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BBeaenne

UzBecTHO, uTO mM0OBIC BHUABI MPOMBIILICHHOW ACATCIBHOCTH YEIOBEKA, Jc-
JKaICH B OCHOBE COBPEMCHHOW LIMBITH3ALIUH, XapaKTCPU3YIOTCS HATUYHICM PUCKA
BO3HHKHOBCHHUS TEXHOJIOTHYCCKUX aBAPHI, BKIIOUAS aBAPHU C CCPhE3HBIMU 3KOIO0-
THYECKUMH MOCTICACTBHAMU. s Ka) ol OTpacid MPOMBILUICHHOCTH TaKOH PUCK
cneuu(UUeH, KaK, BIPOYEM, CIICHU(HIHBI U MEPHI O €r0 MUHHUMH3ALUH. Tak, B
XUMHYCCKOHN OPOMBILJICHHOCTHU 3TO PUCK YTCUKHU BbICOKOTOKCUYHbIX COC,D,I/IHCHI/II‘/’I
B OKPY’KAIOIOYIO CPEY, a TAKXKE PUCK MOKAPOB U B3PHIBOB Ha mpennpusatusx. He
ABJIMCTCH B OTOM ILIAHC UCK/IIHOYCHHUEM U }lﬂ,CprlI‘/’I SHCPTOKOMILICKC, OCHOBY KOTO-
poro cocrasjsier mapk achcTByomux AJC. Onpeacnsromeid TeXHOIOTHICCKOH
0COOCHHOCTBIO 00BEKTOB ATOMHOH 3HEPTETHUKH SBILIETCS 00pa30BaHKUE U HAKOILIC-
HHUE 3HAYUTCIBHBIX KOJIHYECTB BBICOKOPATUOAKTHBHBIX BEIICCTB B MPOLIECCE IKC-
mwryararue PY. Bonbmyio ux 4acTe COCTABIAIOT MPOAYKTHI JCICHUS SACP YPaHa ¢
CyMMapHO#i akTUBHOCTBIO mopsiaka 107 Bx. MMEHHO Mo 3TOi IIPHUMHE IKCILTyaTa-
[usl SACPHBIX SHEPTODIOKOB CBs3aHa CO CneHUUICCKUM PUCKOM - MOTCHIUA/b-
HOW PaTUOIOTHUYCCKON OMACHOCTHIO 3aPAXKCHUSI OOBIINX TCPPUTOPHIA U HAHECE-
HUSl CYLIECTBEHHOTO yIIepda 3A0pOBbI0 NPOKMBAIOIIETO HA HUX HaceneHus. Oue-
BM/IHO, 4TO puCK siaepHbiX asapuil Ha ADC aosmkeH ObTh MUHUMU3UPOBAH.

Uctopus craHOBICHUS W Pa3BUTHSA ATOMHOM SHEPTETHKH OCTPO MOCTABHIIA
MEpe COBPEMEHHOM LIUBHITH3AMEH P HEOTIOXKHBIX mpodiem. [lepsas u, moxa-
AyH, Hanboee BaKHAA U3 HUX — npobiema obecneucHus OezonacHoctn AJC. Ec-
TCCTBCHHO, U PAHCC, HA NPOTHKCHUNW MHUHYBHIUMX HICCTHU ACCATKOB JICT, OHAd HC TC-
psiia CBOCH akTyanbHOCTU. TeM HE MEHEe, MMEHHO B HOCICAHME TOAbl 3T MPO-
Onema npuobpena r100anbHbIN XapakTep, CTAB OAHUM U3 OC3VCIOBHBIX NPUOPUTC-
TOB I BCero MupoBoro coodmectsa. HexaBHas Tsokenas saepHas aBapus, Mpo-
nzomenmas Ha 3Heprodonokax AJC «Pykycuma» (Snonus), HArIIgHO MOATBEP-
JKAaeT 370. byayun Ha 3TOT pa3 HHUIHUHUPOBAHHON HE TEXHOTCHHBIMHU (hakTopamy,
a HEMPOTHO3HUPYEMBIMH HMPUPOIHBIMHU KaTakIH3MaMH, JaHHAs katacTpoda okazana
KpaI‘/’IHC HETAQTUBHOC BJ/MUSHUE HE TOJIBKO HA DKOHOMUYCCKUHI INOTCHIIMAJ camoi
SnoHuM - 0AHOM U3 camblX NEPEAOBBIX ACPIKAB, HO TAKKE U HA TECHO B3aUMOCBSI-
3aHHbIC C 3TUM NOTCHIUAJIOM B COBPCMCHHOM Fﬂ06aﬂl/ISOBaHHOM MUPC SKOHOMUKU
Jpyrux crpad. Takum oOpazoM, 3HAUUMOCTb MPOOIEMBI 00ECIICUCHHS SKCILTYaTa-
IHOHHOM OE30MACHOCTH ACHCTBYIOMIX U TPoekTHpyeMbrx ADC, TecHO B3anMoO-
CBsI3aHHAA ¢ QYHKUUOHUPOBAHUEM H PA3BHUTHEM BCETO SICPHOTO HCPTOKOMILICK-
ca, TaK K€, KaK U KITI0YCBas POJIb ATOMHOH SHCPTCTHKH B SHEPTOOOCCIICUCHHH Ye-
JIOBCUECTBA, SBIAIOTCS HECOCHOPHMBIMHU. Y Ka3aHHYIO (YHAAMEHTANBHYIO mpobie-
My obecnedenus 6esonacHocty AJY orianuaeT KOMILIEKCHBIA XapaKkTep U psa Xa-
PaKTepHbIX 0COOEHHOCTEH.

[lpexxae Becero cospemenHas OV sBasercst CIIOKHBIM M BECbMa TEILIOHA-
[PSDKEHHBIM JMHAMUYECKUM OOBEKTOM, KOTOPBIH TPEOYET NPUMEHEHUS PA3BUTOTO
CHCTEMHOr0 NOJX0J2 K AHANU3Y HE TONBKO IITATHBIX PEKUMOB SKCILUTYaTALUH OT-
JCIBHBIX €T0 3JIEMCHTOB, B MEPBYIO odepear PY, HO Taoke U HEAONYCTUMBIX C
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TOYKH 3PCHUS GE30MACHOCTH HEIUTATHBIX SKCIUTYATALMOHHBIX COCTOSHUH 000py-
posanwu. [TonbITKON peanmn3anyy TAaKOro CHCTEMHOTO MOAXOAA ABIUIACH, B YaCTHO-
ctH, HeAaBHS MoHOrpadus [1], kKoTopas MOCBsIIEHA KOMIUICKCHOMY aHAJIH3y YC-
JOBUW BOZHWKHOBEHWS W PA3BUTUS aHOMAIIBHRIX, TPEJABAPUIHRIX W aBaApPUHHBIX
Terno(U3HIECKUX TPOLIECCOB (B 0COOCHHOCTH, KPH3UCOB TEIIOOTAAYH MIPH KHIIC-
HUU TeIIoHocuTes Ha nosepxHoctu TBOJI) B Ak3 Bomooxmaxaaemerx AP Heku-
msiiero (BBOP, PWR) u kumstiinero (PBMK, BWR) tunios. Kak n3BectHo, ykazaH-
HBIC HEPETTIAMEHTHBIE JKCILTYATAIlMOHHBIE COCTOSHHAA U TIPOLECCH MIPEACTABISIOT
co0oli cepbe3nyro yrpody Gesomacuoctu PY. MHbie Temio- u saepHO-QU3HUICCKUS
ACHEKTHl 3TOW KOMILICKCHOW HPOOIEMBbI PACCMOTPEHBI B HEAABHHX padoTax [2 -
25]. B uacTHOCTH, B HUX MPOAHAIM3UPOBAHA AKTya bHAs MPOOICMATHKA UCCIICAO-
Banuit TI'TI opu cBepXKpUTHICCKOM AaBicHUH TemmoHocutend [2, 10, 22, 25], ko-
TOpAsS TPEIACTABISET IHAUWTEIBHRIN WHTEPEC I COITAHUS HOBOTO TIOKOICHWS
MEPCMEKTHBHBIX PY MOBBITIIEHHOW (GE30MacHOCTH HA TETUIOBBIX W OBICTPBIX HEH-
TpoHax. Bmecte ¢ Tem BO Bcex BeimeykaszaHHbix padorax [1 - 25], B ocHOBHOM,
PACCMATPWBAIOTCS ABAPWHHRIE CUTYAIWW, TIPW KOTOPWIX pacrmaBrnenne Ax3 AP
CIIe HEe TTPOM30IIII0 U TIoBpexkAcHUs obonouek TBIJI BemeacTeie BOSHUKHOBEHUS
Ha WX TETUIOOTJAIOINEH MMOBEPXHOCTH KPHUIUCHBIX SIBJICHWH WMEIOT JTOKATbHBIA Xa-
paktep. CoBEpIICHHO WHBIC TEIIO(U3NICSCKUE POLIECCH U APYras aBapHiHAs AH-
Hamuka PY mmeer mecTo B yCIOBHAX, KOI'AA TIO TEM WITH WHBIM IPHUYIHHAM TSKETIast
aBapus SACPHOro SHEProOIOKa HAXOAUTCS B CTAMNH PA3BUTHS W SICPHOE TOTLIMBO
B A3 yKe pacIuIasiIcHo.

B nacrosiimee BpeMst MPUXOANTCS KOHCTATHPOBATD, YTO, HECMOTPS HA HCKITFO-
YUTEIbHYIO BAXXHOCTb CHCTEMHOIO aHAIN3A TSDKENBIX SACPHBIX asaphi C LEIbIO
HASKHOr0 MPOrHO3UpPOBaHUs asapuMHON auHamuku AP s 3TuUX yciaosusx, vH-
dopmaris 0 COOTBETCTBYIOIIMX TEIMIO- W SACPHODHIHYECKNX, THAPOIHHAMHYE-
CKUX, MATEPUATOBEAIECKIX U APYrUX MPOIECcax, a TAKKE PE3yabTaTaxX MX HUCCIIe-
JOBaHUM A0CTATOYHO OrpaHHMYEHA, HE CHCTEMATH3HPOBAHA U HOCHUT, B OTIHYHE OT
pador [1 - 25], pasposHeHHBIN Xapakrtep. llombITka CHCTEMHOro aHanInM3a 3THX
MIPOLIECCOB, BKIIIOYAsA PACCMOTPEHHE COBPEMEHHBIX METOAOIOIHIECKUX MTOAX0A08
K MaTeMaTHYecKOMY B (PU3UIECKOMY MOACTHPOBAHUIO COOTBETCTBYIOLMX SABIIC-
HUI, KOTOpBIE MPOTEKAIOT MPH BO3HHUKHOBEHWHM W PAa3BUTHM TSDKENBIX aBapyil B
A3 5P oCHOBHBIX THIOB, MPCATMPHUHATA B HACTOAWICH moHOrpadmu. B HEH pac-
CMOTPEHBI TAK)KE THITHYHBIC ABAPHIHBIE COCTOSHHS HE TOIBKO B AK3, HO H B HEKO-
TOPBIX APYIrHX KPUTHUECKH BAXKHBIX Amst OezomacHocTn DY snemeHTtax wn cucre-
Max sASPHOro 3ueprodoka ¢ PY Ha Temmosbix u OBICTPBIX HEHTPOHAX (HATIPUMED,
B III' «natpuii - Boma»), a TakkKe XPOHHKA M3BECTHBIX TKeNbIX aBapuil AP, ux
VPOKH U TIEPCIIEKTUBHEI Peann3anii dPPEKTUBHBIX AMArHOCTHUECKUX TIOAX0/A08 Ha
ocHose MW k panHemy OOHAPYKEHHIO W ABTOMATHUYECKON MACHTH(HWKALMH npena-
BapUHHBIX PEKUMOB IKCILTYATAIH MMEHHO B HA4YaIbHOU (a3e 3apoxACHUSI ITHX
MTOTEHITHAJIBHO ONACHBIX JKCILIYATAIIHOHHBIX COCTOSHIH.

B xauectse mpumepa HEOOXOANMOCTH PEATHM3ALNN YKA3AHHOIO CHCTEMHOI'O
MOAX0AA K AHAJIW3Y BHIIICYKA3aHHOIO KOMITIEKCA aBAPUHHBIX TETIO(QHIHIECKNX,
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THIPOIUHAMHYCCKUX, MATCPHAIOBEAICCKHX H APYTHX MPOLIECCOB, OMPEICIISIO-
IUX, B YaCTHOCTH, AnHAMUKy npotekadus MITA B PY ¢ Bomo-BoastHbIM 3HEpPreTH-
yeckuM AP, nenecoodpasHo MEepeUUCIUTD 3TH NPOLIECCHI, KPATKO OXapaKTCPU30BAB
nx. Kak ussecrno, mogq MITA moHuMaeTcst pasrepMerusanusi MePBOro KOHTYPA
BCJICACTBUE MIHOBEHHOI'O pPa3phiBa TPYOONPOBOAA MAaKCHMATBHOIO JUAMETPA C
OCCnpPEnATCTBEHHBIM JABYXCTOPOHHUM HCTEUCHHEM TEIUIOHOCHUTETS HpU padoTe
peakTopa Ha HOMHHAIBHOH MOIDHOCTH € YYETOM BO3MOXKHOTO €€ MPEBBILICHHS
BCJICACTBUE MOTPEIIHOCTEH U JOMYCKOB CHCTEMBI KOHTPOMS M yhpasneHus. Jis
TAKOW aBapHHHON cuTyauuu Tpedyercs [26 - 29], 4Tobbl cucTeMa aBapuiHOIO OX-
JAKACHUS peakTopa 00CCHeUnIa HEMPEBBILUCHUE TAK HA3BIBAEMOrO BTOPOrO MpPo-
exTHOro npeaena nospexacaus TBIJI (temneparypa obomouku TBIJI He nomxHa
obiTh Gonee 1200 °C), nokanpHyr0 riayouny oxucieHus obomouck TBIJI e Gonee
18 % nepBoHaUaNBEHOW TONIIMHBI U JONIO MPOPEATHPOBABIIETO LUPKOHHUS HE 00-
ace 1 % ero maccer B Ak3. JlomxkHbl Takxke ObITh 00CCIICUCHBI BO3MOKHOCTD Pac-
XOMaKUBAHUS peakTopa U BhIrpyska tomnusa u3 Ax3 mocie MITA. locratouno
MoJHOE onucaHue aBapuiiHoi muHamuku MIIA, a Taoke ocoGeHHOCTH (PYHKIHO-
HUPOBAHUS COOTBETCTBYIOIIMX 37IeMEHTOB mTaTHEIX cucteM CAQO3 paccMoTpeHs!
B psiae pabort, Hanpumep B [30, 31].

Takxum oOpazom, peanu3auns KOMIUICKCHOTO CHCTEMHOTO aHATN3a aBAPHHHON
munamuka MITA wa ADC ¢ BBOP 1pebyer paccMOTpeHHs CICAVIOMUX B3aUMO-
CBSI3aHHBIX TIPOLICCCOB!

a) UCTCYCHHS TEIUTOHOCHTEIIS TICPBOT'0 KOHTYPA, HEAOTPETOrO N0 TEMIICPATy-
PBI HACBILICHUS, U€PE3 BO3HUKIIUN Pa3phlB B COOTBETCTBYIOIICH LUPKYISUOHHON
METIIC B YCIOBUAX PE3KOro MaJCHUS JABJICHUS 33 BPEMs, PABHOC HECKOIBKUM CO-
TBIM JOJSIM CEKVHIBI, HUXKE JABJICHHUS HACHILICHUS, TTOCICAVIOMETO MPOXO0KICHHS
BOITH Pa3peKEHUS U CKATHS, 4 TAKKEC BOZHHKHOBCHUS MCXAaHHUYCCKHX VCHIMH Ha
3JEMEHTHI KOHCTPYKUHMH AK3; AadbHEHIIEro OBICTPOro CHIXKEHHS Pacxoia TeIlIo-
HOCHUTETS ¥ OINPOKHIBIBAHUS LUPKYIALHIN (IPU Pa3phiBE TPYOONIPOBOAA XOIOAHOH
YacTH KOHTYPa LUPKYJSLUH) WIH COOTBETCTBVIOLIECTO €r0 YBETHUYCHHS (IIPH pas-
PBIBE TOPSUCH YacTh);

0) BCKUIAHUS TCIUIOHOCUTENS B BEPXHCH 4act AK3 W pacmpoCTpaHCHUS
MpoLecca reHepauy napoBoi ¢Gassl M0 HHPKYISILHOHHOMY KOHTYPY; YMCHBIICHHS
CKOPOCTH CHIDKCHUS JABICHUS; CHIKCHHS abCONMIOTHOTO 3HAUCHHS Pacxoia Tel-
JIOHOCHUTEIIS, ONPEACISICMOr0 KPUTHUCCKIM HCTCUCHUEM ABYX(a3HOH CMECH; CHU-
JKEHHSI MOILITHOCTH O VPOBHS OCTATOMHOrO TEILIOBBIACTCHUS (okomo 7 % OT Ho-
MUHana), TpaHcopMalmy peKUMOB TEIIoOOMeHa B AKk3 OT KOHBEKTHBHOTO IO
MOBEPXHOCTHOTO U PA3BUTOrO MY3BIPHKOBOTO KUIICHHS,

6) Pa3BUTHS KPH3UCA TCIUIOOTJAYM NPH NY3BIPEKOBOM KHIICHHH 32 BpeMs
0,5+0.8 ¢ mpu pa3perBe XOI0JHON YaCTH IUPKYIALMMOHHON NIETIIH;

&) BO3HHKHOBCHHS MEPBOro nuka remmneparypel obonouku TBIJI BenencTeue
MEPEpacIPECICHU HAKOTUICHHOTO B HEM TEILIA 32 CUET aKCHATBHOW TEILIONpPO-
BOJHOCTH YTOH 00OIOUKH;

0) IMHAMHUKY U3MEHEHU: Temnepatypsl obonouku TBIJI (B TeueHHe BpeMeH-
HOTO WHTEpBaia OKOMO f = 15 ¢), OOYCIOBICHHYIO CIEAYIOIMUMH (PU3NICCKUMHU
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SABICHUAMHU. HEOATAHCOM WHTCHCHBHOCTH TCHEPALMU TEIUIA H3-32 OCTATOYHOTO
TCIUTOBBIACIICHUS U W3-32 SK30TCPMHUUCCKON MAPOLUPKOHUCBOM peakuuu (npu 7' >
> 1100 °C), a TakKe CHHKCHHE HHTCHCUBHOCTH OTBOAA TCIUIA K TCIUIOHOCUTEIIO B
POKUMAX 3aKPU3UCHOTO TCILIOOOMEHA (P MEPEXOJHOM U TUICHOYHOM KUIICHHH),
BO3MOXKHOM VXYIIICHHH OXJKACHHA B ycrosuax pacnyxanus TBIJI (mpu 7' >
> 650 °C). BenuuuHa 0CTaTOYHOrO TEILIOBBIACICHUS, O0YCIOBICHHOTO [3-pacma-
qom mpoaykros aenchus B TBIJI, mocie aBapuiinoro ocranosa P B pesynbrare
cpabateiBanusl A3 COOTBETCTBEHHO COCTABILIET OT €0 HOMHHAIBHONH MOIIHOCTH:
10 % x ucxony 1-#t cexynapl, 7 % - va 10-i1; 1,5 % wepe3 1 u u 0,15 % uepes 30
cyT. B 3THX yCIOBHSIX HEOOXOAMMO TAKKE YUUTHIBATH MPOAQKAMOINCECS UCTCUC-
HUM TCILIOHOCHUTEIIS, MPUBOJIICE K JATBHCHIIIEMY CHIDKCHHUIO AABJICHUS U MOTSPE
TEILIOHOCUTCS B AK3;

e) oueHKY 3¢ dekToB 0T Hauanta GyHKUHOHHpoBaHus naccusHod yactu CAO3
B YCIOBUSIX CHH)KCHHUS MABJICHHUS B KOHTYPC HIKC JABJICHHUS B THAPOCMKOCTH; a
TAKXKE MPU HAYAJIC TOJAYH XOIOAHOH OOPHUPOBAHHOU BOIBI U3 3TOH THAPOECMKOCTH
HC TOBKO B XOJIOJHBIC HUTKH HEMOBPEKACHHBIX neTe/ab SIP, HO Takke U B ropsi-
YUC HUTKH WIH B BEPxHIOKW Kamepy SIP. JlomkHbI ObITh YUTCHBI MPOLECCHI MIEPE-
MCIIIMBAHUS XOIOTHOW BOJBI ¢ TCILIOHOCHTEICM, COACPIKAIMUMCS B KOHTYPE, H
MOCICAYIONICTO MPOHUKHOBECHUS BOJBI MPH 3AJTUBE B XOJOTHYIO HUTKY YEpPe3 Omy-
CKHYIO TPyOy B HIDKHIO Kamepy P (3Tomy mporieccy mpensaTcTByeT BO3ACHCTBUE
BCTPEYHOr0 MoToKa mapa u 3¢gdexr SalinacupoBaHus BCICACTBUE MPOXOAA YACTH
ternoHocutenist CAO3 B MOBPEKACHHYIO XOJIOAHYIO HUTKY U Ja/iee B TE4b); (-
(eKTH OT AAMBHCHINEIO CHUXKCHUS JABJICHHUS B NICPBOM KOHTYPE A0 HECKOIBKHX
JecAThIX Meramackans Ha ucxoge 30-i cexyHasl nocne Hayana MIIA, xoraa pac-
X0 4uepe3 Ak3 OIU30K K HYIIO; MPOLECC OKOHYAHHUS UCTCUCHHS TCIUIOHOCHTEIS
YuePE3 Pa3phiB MPHU BRIPABHUBAHKUK AABICHHS B KOHTYpe U mog 30 Ha yposHe 0,2 -
0,4 MIla; Hauyana 3¢hderTHBHOrO 3anoTHCHUS HIKHEH kKamepsr AP Bogoii (mocne
30-i1 cexynasr MITA); BratoueHus axtushom yactu CAO3 qis mogadu BOJb aBa-
PUHHOIO OXJIAXKACHUST HU3KOro nasicHust (pu gasneHuu p ~ 1 Mlla);

afc) 3anonHeHus HkHEH kKamepsl SP Bogoit (k ucxoay 50-i cekynanr). Ompe-
JCNSIOIMUM B 3TOH (pase aBapuu SABISCTCS MPOLECC pazorpeBa Ak3, MOCKOIBKY C
MOMEHTA BKITtoUcHUs ruapoemMkocteii CAO3 u 10 OKOHYAHUS 3ATOTHCHUS HIKHEH
KaMeprl coOcTBeHHO AK3 Haxoautces 6e3 3(pPEKTUBHOrO OXNaXKACHHUS U HMEET He-
JoctatouHO 3(h(HEKTUBHBIN TCILIOOTBO] MOCPESACTBOM H3AYUICHUS M CCTCCTBCHHON
koHBekimu mapa. Cxopocte Hapactanus temmeparypbl obonouku TBIJI B aTHx
yCIoBHSIX cocTaBisieT okojio 8 - 12 °C/c, B pesyabrare uero 3a 30 ¢ temneparypa
3TOM 000J0YKK MOXKET AoCTHYb 3HaucHui Oonee 1100 °C, uto mpuseaeT K cyiie-
CTBCHHOMY JOMOHUTCIBHOMY BBIICICHHUIO TEILIA BCJICACTBHC MAPOLIMPKOHUCBOM
peakunu. Onpenemomuye GakTopbl 3TOrO MEPHOAA TAKOBBI: OCTATOYHBIH YPOBCHb
BOJBI B HIDKHCH KaMEpe PeakTopa M CKOPOCTh 3arOMHCHUS KAMEPhl BOJAOH CHCTE-
MbI aBAPUHHOTO OXJIAKACHHUS PEAKTOPA,

3) 3¢dexToB 0T 3ammBa Pasorperoii Ak3, KOTOPBIH OOYCIOBICH MOTHATHEM
VYPOBHS BOJBI BBIIIC HIKHETO TOpLA AK3, B CHIIY YEr0 YCIOBUS TEIIOCheMa B AK3
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VIYYIIAIOTCSA 33 CYET HHTCHCHBHOTO HCIAPEHHS BOIBL. JTOT MPOLECC MPUBOAUT K
00pa3oBaHMUI0 BOCXOAALICTO MOTOKA Napa ¢ AUCIEPTHPOBAHHBIMUA B HEM KAIULIMU
VHECCHHOM JKHUAKOCTH, TEIUIOCHEMY € TOPSYHX 31eMEHTOB A3 U mepeiade 3Toro
TEIUIa AUCTIEPCHOMY TTOTOKY, OTBOAY TEIUIA IMOCPEACTBOM aKCHAIBHOM TEITIONEpe-
Jaud B Ax3. Otu 3ddexTs TpUBOIAT K HOBTOPHOMY YBIQKHCHHIO IMOBEPXHOCTH
TB3JI, nepememcHuo GPOHTA MOBTOPHOI'O VBIAKHEHUS BBEPX NMPH MOCICAOBA-
TETBHOU CMEHE OCHOBHBIX PEKHMOB TCIUIOOOMCHA, KOTOPHIC BKIIOYAIOT KOHBEK-
LU0, MY3BIPHKOBOC KUIICHHE, MEPEXOJHOC U IJICHOYHOE KHUIICHHUE B OOpaIeHHOM
KOIBLICBOM M JUCIEPCHOM pekuMax AByX(azHoro moroka. BemeactBrue BO3HHK-
HOBCHH TUICHOYHOrO KUICHHs Temmeparypa obomouku TBIJI B coorBercTBYIO-
IIEM CEUEHHH MTPOXOANT UEPE3 BTOPOU UK M B MOCISAYIONINE MOMEHTH BPEMEHHI
HAYHMHACT CHIKATBCS, OCOOCHHO PE3KO - IPU NPOXOKICHHH YePe3 JAHHOE CCUCHHE
¢ponTta nosropHoro cmauusanus. [lokazatenpHo, uTo 3¢ (EKT, MPEHATCTBYOMAN
3aIUBY, - 3alHMpaHUe YacTH KOHTypa mapom, mpoxoxsmuM uepes 1IN m Hacoc B
paspriB (YKa3aHHOE OOCTOSATEIIBCTBO MPEHATCTBYET 3auBy AK3 BCISACTBUC MAJIOH
BEJIMYMHBI JBHTAIOLIETO HANIOPA LUPKY/ILHUK Ha ypoBHE okomno 0,05 MIla);

BrionHe 04eBHIHO, YTO KOMIUIEKC BBIIICYKA3aHHBIX B3aHMOCBI3aHHBIX HeE-
craunonapueix TI'TL, mporekarompx mpu MITA, He MoxeT OBITE ¢ IPUEMIIEMOH
TOYHOCTBIO U 3((EKTHBHOCTBIO OMHCAH B PaMKax TPaIULUOHHBIX MOAXOAOB,
MPEAIOIAraomuX TPAJULFIOHHEIE METOABI JIOKAJIBHOTO HHKEHEPHOI'O pacueTa
BermeykaszaHHeIX TITI ¢ ucrmonp30BaHneEM PaCcUETHBIX SMITUPHUECKUX KOPPETIAIII
Ut (hparMEHTapHOTO OMHCAHUS OTACTBHBIX MporieccoB. Hanbonee mpoayKTHBHBIM
CIIEAYET CYUTATE HMCHHO CHCTEMHBIN MOAXOM K aHATH3Y TeIIOQU3UKH aBApPUHHO-
ro 5P, xotoperii mpeamnonaraet pa3paboTKy COOTBETCTBYIOLICH MATEMATHYCCKOH
mogenn MITA Ha OCHOBE KOMILIEKCHOTO KOMITBIOTCPHOT'O aHAMH3a BBIIICYKA3aH-
HBIX HECTAITMOHAPHBIX, IPHYEM TECHO B3aMMOCBs3aHHBIX TTTI.

YkazaHHas MaTEMaTHIECKAsS MOACTb MPUHUUIHATIBHO JOJDKHA 00NaaaTh:

BBICOKOU aCKBATHOCTBIO, MO3BOILIIOIICH 00CCIICUNTh BHICOKYIO CTCIICHD Ha-
JEKHOCTH M JOCTOBEPHOCTH pacueTHOro ananmsa HectamuoHapHeix TTTI B mupky-
JITMOHHOM KOHTYpe P B aBapuiHBIX CHTYaIHAX,

JOCTATOYHON OOIIHOCTBIO, KOTOPAst HEOOXOANMA /TSl TIOJTHOTO OMHCAHUS Xa-
pakrepHBIX Ki1accoB pexuMoB TITI, koToppie BO3HHKAIOT TIPH COOTBETCTBYIOIIHX
aBapusx PY OCHOBHBIX THIIOB.

HNmerorcs Bce OCHOBaHHUA IMOJAararh, 49TO HA COBPEMEHHOM JTAlle Pa3BHTHA
ATOMHOH SHCPreTUKH BRIPAOOTKA 3P QECKTUBHEIX HHXCHEPHBIX PEIICHUN HE TOIBKO
Ha 3Tane MpoekTupoBaHus 51DV, HO TakKe MpH ec FKCILIYaTAlWH, BKIIOYA BO3-
MOYKHBIC TSDKCTIBIC aBAPHH SACPHBIX 3HEProONOKOB, 0€3 TAKUX MATEMATHYCCKUX
MOJCTICH, NpeaHa3HAUYCHHBIX 1 3()(EKTHBHOrO pacueTHOro aHain3a HECTALHO-
HapHbix aBapuiHex TITL a Takke 0€3 COOTBETCTBYIOIIUX MPOTPAMMHBIX CPEICTB,
CHOCOOHBIX 00CCIEUUTh KOMIBIOTCPHYIO PCANTH3ALMI0 3THX MOJCICH, MPaKTHUC-
CKH HEBO3MOXKHA.

3a MHUHYBIIHEC TIATh ACCATHUICTHH OBIIM CO3JAHBI OCHOBBI Pa3paboTKH MaTe-
MaTHueckux Mmozaenel HecraumonapHeix TTTL a takke cozmaHo moctaTtouHo -
(PEeKTHBHOE MATEMATHYCCKOE U MPOrPaMMHOC ODCCHECUCHUE T PEATH3ALUN 3THX
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mogaener. Co3maHHbIe A aHANTN3a BBIICPACCMOTPEHHBIX HECTALMOHAPHBIX aBa-
puitapix TI'TI nporpammubie cpeacTBa (TCIIIOTHAPABIMYCCKUAE KOIBI) OTPAKAIOT
JOCTUTHYTHIH HAa COOTBETCTBYVIOIIEM 3TAIC WX Pa3BUTHS YPOBCHb pa3paboTKH CO-
OTBETCTBYIOIIUX TEILIOPUIUUCCKUX MOACICH 3THX mporieccos [32, 33].

OOpyHO mpH pa3paboTKe YKA3aHHOM MaTEMAaTHYCCKOH MOJETH HECTaLHo-
HapHOH aBapuitHOH Terutorupasnuku PY Ha mepBOoHAYaIbHOM IJTAIe Takas MO-
JIeNb B M3BECTHOH Mepe MACATH3NPYETCA € MEIbI0 HE TOJIBKO VIIPOINSHHUS JaiTb-
Helmero omucannsa cootsercTByromux TTTI, HO Takke M BO3MOJKHOTO HCKITIOUE-
HUs 3P (EKTOB U ABICHUH, KAKYIIHXCI MATOCYLIICCTBCHHBIMH THOO HEH3YUCHHbI-
MH. DTOT 3Tal ONpEIeNsIeT MECTO AAHHOW MOACTHM B paay Apyrux. Hampmwmep,
npenebpexenne s dhextamu Mek(pa3HOroO TEIJIOBOTO H CHJIOBOTO B3aUMOACHCTBHS
MPHUBOIUT K FTOMOT'CHHBIM PABHOBECHBIM MOJCTISAM TEILIOTHAPABIMKA IBYX(Pa3HBIX
ITIOTOKOB, CTOAIIMM Ha HIDKHHX CTYIIEHAX HEPapXUM MATEMATHUIECKUX MOAEICH
JBYX(a3HBIX CHCTEM.

CaeayomuM 3TanoM SIBISICTCS MOCTPOCHUE CHUCTEMBI An(depeHIHanbHbIX
VpaBHEHHI MOJICTH HA OCHOBE MPUMCHCHHS (PYHIAMEHTATIBHBIX 3aKOHOB COXPAaHE-
HUS MacChl, UMITYIIbCA M PHEPTUU B paMKaxX MPHUHATHIX NPU UACATU3ALHH HCXOJ-
HOU cHcTeMbI PU3HUCCKHUX AomyineHUH. Kak mpaBmio, moaydyacMble Ha 3TOM STare
cucreMbl TuGdepeHINATBHEIX VPAaBHEHUH CTONb CIOXKHBI, YTO TPEOYIOT JaTbHEH-
IIMX YIPOLICHHH, B YACTHOCTH MPUMCHCHHS HPOLICAYPHl YCPESAHCHHUS BO BPEMCHH
U B TIPOCTPAHCTEE.

OCHOBOMNONAraIOIUM 3IEMEHTOM TAKOH MaTeMaTHYCCKOH MOJENTH SBISETCS
CHUCTEMA 3aMBIKAIOIIUX COOTHOIICHHWH, OIMCHIBAIOIINX 3aKOHOMEPHOCTH IIPOTE-
KarOIIUX TCIJIOBBIX, THAPOJHHAMHUCCKHX U MaCCOOOMCHHBIX MPOLECCOB. bes yka-
3aHHBIX COOTHOLICHUH MOJIYYHMTH 3aMKHYTOC ONHCAHHUE PacCMaTpUBACMOH (H3H-
YECKOM CHCTEMBI HEBO3MOXKHO. IIpakTHUeckoe MCIOIB30BaHUE MONYICHHOTO Ma-
TEMATHYECKOTO ONMUCaHMs KomIutekca HecrannoHapHerx TITI, kpome Toro, cesza-
HO ¢ BBIOOPOM METOAUKHU YHMCICHHOTO PELICHUS NOTYICHHOH cuctembl auddepen-
LIUATBHBIX YPABHEHUH M peain3anncii €€ B BUAE COOTBETCTBYIOIMIETO KOMITBIOTEP-
HOTO MPOrPaMMHOTO KOMIUIEKCA.

Brionne oueBHaHO, 4TO HEM30EKHAA B HMHXCHEPHBIX pacuerax (usmdaeckas
HUICATA3AIIS UCXOTHON CHCTeMBI HecTannoHAPHBIX TI T B UpKyIMIIMOHHOM KOH-
Type AP m mpuHATBEIE IIPU €6 MaTEMaTHYECKOM OIMCAHWM YIIPOIIECHHA, a TaKKe
HEJOCTATOYHASI H3YYCHHOCTh 3aKOHOMEPHOCTCH TEINO(U3HICCKUX MPOLECCOB,
KOTOpBIC OOVCIOBIHBAIOT KOHKPETHBIN BHJ CHCTEMBI 3aMBIKAIOIIHX COOTHOIICHHH
paspadorannoii moaean MIIA u, kpome TOro, HEM3OCKHBIC HETOUHOCTH, CBSI3AH-
HBIC C YHCICHHON peann3auned 3TOH MOJCTH, JUKTYIOT HEOOXOJUMOCTh TINATEIb-
HOTO aHAIIN3a €€ JOCTOBEPHOCTH. B OCHOBY 3TOr0 aHanu3a NpHUHIMIHAIBHO JOK-
HO OBITh MONOXKEHO COMOCTABICHNE TEX YHCICHHBIX JAHHBIX, KOTOPBIC 00CCICUH-
BacT KOMITBIOTEPHAS peanusanus pa3paboTaHHOH MaTteMaTtiiaeckol moaenu MITA,
C Pe3yIbTaTaMU WU3BECTHHIX TCILTOGH3UUCCKUX HUCCICAOBAHUN COOTBETCTBYIOLINX
(UBHYECKUX 3aKOHOMEPHOCTECH MPOTCKAHHS B PACCMATPUBACMBIX ABAPHUHBIX YC-
J0BUAX (YHAAMEHTANBHBIX MPOLIECCOB THAPOAMHAMHUKH U TCIIOOOMEHA B JBYX-
¢asupx motokax. [Ipyu 3TOM K YKa3aHHBIM pe3yJbTaTaM HCCICIOBAHUH CICAYET
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OTHECTH HE TOJBKO H3BECTHBIC U ITHPOKO HUCTIONB3YEMBIC B MPAKTUKE HHKCHEPHBIX
pacueToB o 000CHOBAHHIO OE30MACHOCTH SACPHBIX SHEPTrOOIOKOB SMITUPUICCKHE
KOPPESALNU MO KPU3KUCaM TCINIOOTAAYH, HAYATY KHIICHUS TCIUIOHOCHTENS, PEKHU-
MaM €ro TCUCHHS, HO TAKKE M HOBEUIIHE SKCIEPUMCHTANBHBIC CBCACHUS 00 3THX
CIIOJKHBIX, BEPOATHOCTHBIX U MHOTOILIAHOBBIX MPOLIECCAX, KOTOPBIC OBLIH MOIyUC-
HBI TEMIO(U3NKAMH Pa3HBIX CTPaH B UCCICAOBATEIBCKHUX Ta00paToOpUiIX MHpa 3a
MOCICAHNE TOABL. JHAYUTENBHAS YACTh 3TUX AAHHBIX MPCICTABICHA W MPOAHATHU-
3upoBaHa B HeAaBHEH pabote [1], KoTOpas MPEeALICCTBYET HACTOSINEH MOHOIpa-
¢un. Takum oOpaszom, akTyanpHas 3ajada pa3paOOTKH PACUCTHBIX TEILTOTHIPAB-
JMYECKUX KOJOB, CIIOCOOHBIX aICKBATHO OMUCHIBATH HE TOJBKO IITATHHIC PEXKUMEI
skcrutyataipu PY, Ho takoke MITA u npyrue Bo3MOXKHbBIC aBapyiHEIC peskuMbl P
OOBEKTHBHO CBUACTECIBCTBYET O HACYIMHOW HEOOXOAMMOCTH CYIIECTBEHHOIO pac-
mupeHus ¢poHTa (yHIAMEHTANBHBIX Temmodusmaeckux wnccnenosanuid TITI
MPUMCHUTEIBHO K npobiemMarrke Oe3onacHocTH PY OCHOBHBIX THIIOB.

K coxanenuro, B HacTosee BpeMs MPUXOAUTCI KOHCTATHPOBATbD, UTO 32 MH-
HyBIIKe aBa Aecatuietus B crpanax ObiBiiero CCCP ykazanneie QyHIaMeHTATb-
HBIC UCCIICAOBAHUS B CHIIY M3BECTHBIX OOBCKTHBHBIX NMPHYUH OBUTH (HAKTHUCCKH
cBepHYTH. He MHHOBANA 3Ta yIaCTh U YKPAUHCKYIO LIKOIY PEAKTOPHOU Temnogu-
3uKkH. BMecTe ¢ TeM HMEHHO HEOTIOKHBIC MPOOIEMbI 00CCICUCHHS SKCILIyaTaLH-
OHHOH 0E30MACHOCTH ACUCTBYIOIIMX U MpoekTHpyeMbix B Ykpaune ADC mo3so-
JSIFOT C BBICOKOW CTCIICHBIO YBCPCHHOCTH PACCUHTHIBATH HA BO30OHOBICHHC H
PacLIMpEHNE BHIIICYKA3aHHEIX (YHAAMCHTAIBHBIX TEIMIO(U3NYCCKHX HCCICAOBA-
Hul. TpeOyroT 3TOro Takxke U akTyaibHee NpodaeMbl pa3padoTku 3P QeKTHBHBIX
TEXHHUYECKUX CPEACTB AN MPECIOTBPALICHUS W MUHUMM3ALUHU MOCICACTBUH BO3-
MOYKHBIX TSDKENBIX aBAPHH SACPHBIX SHEPrOOIOKOB.

Kax n3BecTHO, pasBHUTHE aTOMHOU PHEPTETHKH OCYINECTBISETCS HA OCHOBC
HCIONB30BAHMS OMBITA IKCITYaTAlNN ONOKOB-NPEIIICCTBCHHUKOB. Pemenne mpo-
6membl noBeIeHNs 6e3onacHocTH AJC, mpekae BCero, OCHOBBIBACTCS HA PE3Vilb-
Tatax paspaboTOK NPOCKTOB, BBIMOJHCHHBIX MHPOBBIMH JIHACPAMH B 007acTH
SA0CPHON PHEPTUU B PA3HBIX CTPAHAX MHpPA 32 MOCICAHUE ACCATHICTHA. Tak, B me-
puoa mocie YepHOOBLIBRCKOM KaTacTPOodhbl U 0 HACTOSINEIO BPEMEHH pa3paboTaH
pax koHUenTyambHBIX MpoekToB ADC cpenHed W OOMBIIOH MOIIHOCTH C ITOBBI-
LICHHBIMHU XapakTtepucTukamu Oc3onacHoctd. Crexyer otMetuTs, uto SAJY ¢ pe-
AKTOPaMH TPETHErO MOKONCHHUS 001ajaroT CBOUCTBAMH CAMO3ALIMINCHHOCTH OT
PCAKTUBHOCTHBIX aBapPHUH, & TAKKE 00CCICUNBAOT BO3MOKHOCTh OTBOJA TEILIA IPH
CCTECTBCHHOU LMPKYJSIUAN TEIUTOHOCUTENS, YTO CO34AeT HEOOXOAUMEIC MPEAIo-
ChUIKH 118 co3nanus ycosepuieHcTBoBaHHEX AJC. K mpoekram PY HOBoOro moko-
JCHUS CPEAHEH MOIIHOCTH OTHOCsATCs poccutickue AD9C ¢ BBIP-640, BITBP-600,
K mpoektaM Oombinol MomuocTd Ha 6aze BBAP-1000 otHocsarcs mpoektsr ADC-
91/99, A3C-92 u PVY-484, a taxke u3BecTHbIC HHOCTpaHHBIC paspaboTtku - EPR
(European Pressurized Reactor), AP-600 (Westinghouse u Electric Corp.).

[Ipu paspaboTke 3TUX NPOCKTOB BCCCTOPOHHE PACCMATPUBANCSA IIMPOKUH
cnekTp mpolieM oOecredeHUsl OE30MacHOCTH, BKIIOYAS BOMPOCHI XPAHCHHS H
TPAHCHOPTUPOBKH saepHOro Torwiuea, obpamenus ¢ KPO u t.a. LentpansHoii
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MpoOIEMOH SIBIISICTCS OLICHKA COOTBETCTBHUS IMPOCKTA OCHOBHBIM KPHTCPHSM IO
CYMMAapHOH BEPOSTHOCTH TSDKEIOTO MOBPEKIACHUSA AK3, a TaKKE MPEBBIICHUS
MPEICTBHOTO ABAPUMHOTO BEIOPOCA MTPOAYKTOB AcaCHMs 3a npeacinl Ak3. B memix
JOCTYDKCHHS MPHEMIIEMOTO VPOBHS CaMO3AIIHINCHHOCTH B NpoekTel PY HoBoro
MOKOJICHUSI BHECCHBI TNMACCHBHBIC CHUCTEMBl OC30MACHOCTH, KOTOPBIC SBISIOTCS
MPHUHLUHAATBHO HOBBIMH.

TeopeTuueckoe 000CHOBAHUE M 3KCICPUMEHTATIbHAS MPOBEPKA CYLICCTBYIO-
IIUX U ICPCIEKTUBHBIX TEXHHUCCKHUX PEILICHUH MOBBIIICHHUS OC30MAaCHOCTH, pa3pa-
00TKa U KOMIUIEKCHOE 00OCHOBAHNE KOHLEITYAIbHBIX MOAXOJ0B K HEJIOMYIICHHIO
TSDKETBIX MOBPEKACHUH AK3, pa3paboTka PeKOMEHAALNN MO BEIOOPY XapaKTCpH-
CTHK M PacueTy MPOTUBOABAPHUHBIX TEXHUYCCKUX CPEACTB IS HOBBIX NMPOCKTOB
AJC aBIACTCS LENBIO COBPEMEHHBIX UCCIIE0BAHUH MO GE30MACHOCTH.

Cepbe3HBIN aHATHN3 M3BECTHBIX SOCPHBIX ABAPHH C THKCTBIMH MMOCICACTBHS-
MU BBITIOJHEH B padorax [14, 34] ¢ obuux mo3uiuii. BMecte ¢ TeM usydeHue co-
MYTCTBYIOIIUX TSDKEITBIM aBAPUAM TCILTOPH3HUCCKHX TMPOLECCOB B PEAKTOPHBIX
OTICICHUSAX MOBPEKACHHBIX dHEProda0koB ADC HyKIacTCs B JAIbHCHINEM CO-
BEPILICHCTBOBAHUH M PA3BUTHH, IOCKONBKY JHHAMUKA H OCOOCHHOCTH IMPOTCKAHHUS
3THX MHPOLIECCOB, ONMPEACILIIOMMM 00pa3oM BIMSIOLNINC HA CLCHAPHHA Pa3BUTHSA
aBapHH, OO HACTOSAIICIO BPEMECHU H3YYCHBI HEIOCTATOUHO.

[Tpu MozenupoBanum TspKEmbIX aBapuil P oObIMHO pelmaroTcs ciexyroomme
3aJavud: NPeIOTBPALICHUC PA3BHUTHS aBAPHUM, JOKAIH3ALMS aBapHU B KOPIyCE pe-
akropa 1100 B KoHTeHHMeHTe. Mcxoms u3 cnenuduky 3THX 3a4a4, paccMaTpUBa-
FOTCSl BOBMOXKHOCTH OXJIAXKICHHS PACIIIABa SACPHOrO TOIUTHBA HEMOCPEICTBCHHO B
kopryce AP unu yxke BHe ero. Pemnenue 3tux 3agad tpeOyer uHGOPMAIHH O CO-
CTOSIHUM U CTPYKTYPE 3TOTO paciiaBa (COOCTBEHHO PacIUiaB, PaciiiaB ¢ BKIIOUC-
HusaMH pparmenToB paspymeHHex BKY u 1.1.). TpedyioT qansHeHmero n3yuacHus
BOMPOCHI, CBA3AHHBIC C MAPOBBIM B3PBIBOM M B3PBIBOM BOAOPOJA B PE3YyIbTATE
MPOTCKAHUS MAPOLMPKOHUECBOH peakiuy, a Takke moseieHus pacmiasa UO, -
ZrQ,, KOTOpPBIC OKA3BIBAKOT OMPSIAC/SIOIICE BIUSHUC HA CICHAPHH JATbHCHINETO
Pa3BUTHS aBApHHL.

Caenyer OTMETHTbD, UTO OXJIAKACHHUE paciiiaBa (KOpUyMa) HEMOCPEACTBEHHO
B kopryce SIP mpeacraBisieTcs ogHOM W3 HAWOOJCE MEPCIICKTUBHBIX KOHLICIIHI
Jokanu3anuu aBapuu. Ee peanuzaums tpebyer yriyOIeHHOrO U3YUCHHS MPOLecca
BOJSHOTO OXJKICHHUS SACPHOTO TOILIMBA JAKE IPH YCIOBUHU Pa3pYLICHHUS KOPITY-
ca SP. MHOM KOHICOTYATBHBIN MOAXOX K JIOKATU3ANH aBAPUHU - PACTCKAHHC Pac-
I71aBa B HIDKHCH YacTH KOHTCHHMEHTA € MOCICAVIOIMIMM OXJTKIACHHEM €ro Clos
BOJOH.

OCHOBHBIC PE3YIBTATHl TCOPETHUCCKUX H IKCIICPHUMCHTAIBHBIX HCCIICIOBA-
HUH B 00nacTu TsoKenbsIxX apapui PY smepHBIX SHEProdIokoB OBLIH MOMYUCHBL, B
OCHOBHOM, 32 TOJbI, MUHYBIIHE Mocie YepHoOrIbcKkoH kKaTacTpodst B 1986 . D1
paboThl BCECTOPOHHE MPOAHATHU3UPOBAHBI B HeAaBHEeH monorpaduu [35]. Kpome
TOTrO, JOCTATOYHO NMPEACTABUTCIBHBIN 0030p 3THX HCCICAOBAHHMMA BHIIIOIHCH B pa-
6ote [36]. B cooTBeTCTBHM € MPHHATHIM B HACTOSAIIEE BPEMS B ATOMHOM SHCPICTH-
KE MPHHLUNOM T[TyOOKO BIICTOHUPOBAHHOH 3alUTHI HACCICHUS M OKPYKAFOLICH
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CpeaBl OT MOCICACTBUI BO3MOKHOM Tspkeaon aBapun Ha ADC, KoTopas CBs3aHa C
noBpexacHUueM kopnyca SP, B COBPEMEHHBIX MPOEKTAX SACPHBIX SHEProOIOKOB B
Ka4eCTBE OJHOrO U3 (pu3mueckux 0apbepoB HA MYTH PACIPOCTPAHCHHS MPOAYKTOB
JENCHUS TMPEAYCMOTPEH MPOYHBIA KOHTCHHMEHT IUIsl VACPXKAHHS BHYTPH HETO
3THX PaJHOAKTHBHBIX MarepuanoB. Kpome TOro, BHYTPH KOHTCHHMCHTA MpPEAyY-
CMATPHUBACTCA JOMOJHUTCIBHBIA KOMIUIEKC TEXHHUYCCKUX CPEIACTB JUIS JTOKATH3a-
LIUU TAKOW SACPHOM aBAPHUU M OTPAHUUCHHS €€ MOCACICTBHHA. Y KA3aHHBIC CPEACTBA
BKITIOYAIOT HCIIONB3YEMBIC B MPOCKTaX peakTopHbIX oTaencHud ADC ¢ Hekuri-
LIEMH BOJOOOXNaxAacMbIiMu PY pacmbutiTeny, oXIaguTeny, JICAIHBIC KOHACHCA-
TOPBI, a TaKXkKe OACCCHHBI-0apOOTEPH! AN PEAKTOPOB KHIALICTO THIIA U T. 1.

C TOYKH 3PEHHUS 3KOIOTHICCKONU OE30MACHOCTH AN HACEICHUS, MPOXKUBAKO-
mero Ha teppurtopusx, mpuneraromux k ADC, Tskenas aBapus Jaxe B Clydae
paspyienns kopmnyca SP ¢ BEIXOZOM paciiaBiICHHOTO TOILUTHBA HE SBJISCTCS KPH-
THYECKOU B TOM CIIVYaE, €CIH TOIUTUBO YACPKUBACTCA B KOHTCHHMEHTE. ITO 00Y-
CITOBITUBACT BAXKHOCTh HPOOIEMBI OOCCIICUCHHS LICTOCTHOCTH KOHTCHHMECHTA.
VY aepkaHHE LETOCTHOCTH KOHTCHHMEHTA B TCUCHHE HECKOIBKUX YACOB IOCIC Ha-
yana TSOKETOH aBapHH CYLIECTBCHHO CHIDKACT PaJHOAKTHBHOCTD BHYTPH KOH-
TCHHMEHTA BCICICTBHC OCAKICHUS BBICOKOPATUOAKTUBHBEIX a3pPO30ICH Ha €ro
BHYTpeHHHUX NoBepxHocTax. Tak, B CIHA nmg BHOBB cTposmuxcs ADC npuHAITO
TpeOOBAHUE COXPAHCHHS LICTIOCTHOCTH KOHTCHHMEHTA B TeucHHe cyTok. B I'epma-
HUU JCHCTBYET 3aKOH, B COOTBETCTBUHU € KOTOPBIM I'€PMETHYHOCTh KOHTCHHMEHTA
JOKHA 00ECIEUUBATHCS B TIOOBIX CHTYALTHIX.

Kax uzBectHo, cneacteuemM Tspkenon asapuu Ha ADC mpUHATO CUUTaTh pac-
miaBieHue Ak3 SIP ¢ BO3MOXKHBIM TOCACAVIOIIUM PA3PYLICHHEM €ro KOpmyca u
BBIXOJOM U3 HErO PacIUIaBICHHOrO Toruuea. [Iporcxoasdimue npu 3ToM nNpoLeccs
- pU3UYUCCKUE, XUMHIESCKHE H IP., COMPOBOKAAEMBIC MHOTHMH IPYTUMH COIYTCT-
BVIOIUMH SIBICHHAMH, SBISIOTCS KpaliHE CIOKHBIMH. JHAYHTEIBHAS YAacTh THX
MPOLICCCOB M3VUCHA HEAOCTATOYHO JAXE B YIPOLICHHBIX Ta0OPATOPHBIX YCIOBH-
ax. TakoBo, HampuMep, NOBEACHUE BHICOKOTEMIIEPATYPHBIX MMOTOKOB TOILTHBHOTO
pacmiaea, COACPKAILCTO BHYTPCHHHUE HCTOYHHKH TEIUIOBBLACICHUS, HX B3aUMO-
JCUCTBUE ¢ OCTOHHBIMH U MCTALTHYCCKUMH KOHCTPYKLIMSAMH KOPIyCa KOHTCHH-
MEHTA, a TAKKE C BOAOH, IEPEHOC U OCAXKACHHUE MAPOB U a3po3onci u t.4. Hagex-
HO€ MPOTHO3UPOBAHUE AUHAMHUKU PA3BUTUSI BEPOSTHOU TSDKEIOH SIACPHOM aBapuu
SADY tpebdyer AeTanrbHOrO KOMIUIEKCHOTO HCCICAOBAHUS STHX MPOLECCOB.

Tax, pacrnas saepHoro Tormmsa ¢ Temmeparypoi 2000 - 3000 °C cnocoben
PaspyIIHTh KOHCTPYKLUHOHHBIC 3JIEMEHTB KOHTCHHMEHTA, 00pa3ysl HpU B3auMO-
JCUCTBUHU C HUMH HOBBIC BUABI COCANHCHHN C HECH3BECTHBIMH B HACTOAIICE BPEMS
TernoduznuecKkuMu cBoiicteamu. B uactHocT, muorue Buael TI'TI B mpouecce
PasBUTHA TSDKETBIX aBapHUU MPOUCXOIAT B YCIOBHAX, KOIA MOBCIACHUE MaTcpua-
JIOB HE M3YUCHO, & CAaMH TMPOLECCHI SBIIOTCS KOMIUICKCHBIMU M OTHOCSTCS OJHO-
BPEMCHHO K HECKOJIBKHUM pPa3JeiiaM HayKH: MEXaHHKE MHOTrO(a3HbIX CPEa, BBICO-
KOTEMIICPATYPHOU XHUMHUH U (DH3UKE, PAIUAUOHHOMY MATEPUATOBEACHUIO U T.1.

CornacHo 0JHOMY M3 NPHHATHIX CLCHAPUEB Pa3BUTHS TKEIOW aBapuu pac-
I1aB TOIUTUBA BBIXOJUT U3 Pa3pyLICHHOT'O PEaKTOpa B BHIAEC CTPYU B MOAPCAKTOP-
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HOC TPOCTPAHCTBO, TOEC PACIOIOKEH OaccelH ¢ BogoW. Ilpu momazanuu cTpyd B
BOJY MPOHCXOAUT MHTCHCHBHOE NapooOpa3oBaHUE C BO3MOXKHBIM HAPOBBIM B3pPbI-
BoM. Jlanee cTpys apoOUTCs HA KA, KOTOPHIE BIIOCICACTBHU MEPEXOIAT B TBEP-
ayio dasy, o0pasys 4acTUIBl PA3HBIX PA3MEPOB. DHEPTHUs PACILIABICHHOTO TOILIH-
Ba racUTCS MOCPECICTBOM MapooOpa3oBaHMs, HArPEeBa mapa M APOOJCHHUS CTPYH H
o0pasyembix yactuil. [Ipyu BEICOKOH TUTOTHOCTH HX OCEAAHUS BOZHUKACT MpodieMa
OXJIXKICHHS cIa00MPOHHIIAEMOrO CIIOSI ¢ HHTCHCHBHBIM BHYTPCHHHM TCIIOBBIIC-
neHueM. Eciii HHTCHCHBHOCTD NPEINPUHATOrO OXIKICHUS HEJOCTATOUHA, OCTAT-
KH HEPA3pPYIICHHON CTPYU M CJIOW 4YacTHIl OVAYT B JANBHCHIIIEM Pa30rpeBaThCS U
MPUBEAYT K abMALNH JHA KOHTCHHMEHTA C MOCICAYIOLINM €r0 Pa3pyIICHUEM.

ObecneucHUE ETOCTHOCTH KOHTCHHMEHTA KaK OJHOTO U3 BAXKHEHIIHX (hH3H-
yeckux OapbepoB OC30MACHOCTH HA MYTH BO3MOXKHOTO BBIXOJA PaJHOAKTHBHBIX
Matepuanos 3a npeaeiasl AJC ObLIIO U 0CcTaeTCs OJHOM U3 ITIaBHBIX 33434 B CTPYK-
TYPE KOMILICKCA MEP MO JOKATH3ANNN HNOCACACTBHHA Tsbkenol asapun SP. Kak us-
BECTHO, MNPCIAIICCTBYIOIUM KOHTCHHMEHTY OapbepoM OC30MacHOCTH SABISACTCS
cooctBenHo kopmyc SAP. C yuerom pomu 3Toro Gapbepa CO3qaHHUEC HEOOXOTUMBIX
VCIOBUU AJISI COXPAHEHHUS €ro HEIOCTHOCTH MPEAYCMOTPEHO, HAIIPUMED, B MMPOCKTE
AP-600 [37], peanuzoBannom B CIIIA, a Tarxke o0ecrmeueHO Ha IHEProOIOKaAx
¢dunckoit ADC «JloBuuza» [38]. B cBsi3u ¢ U3N0KEHHBIM HEOOXOIUMO MOAUCPK-
HYThb, YTO BRKHCHIOINMH MapaMETPaMHU TKEIOH aBapuH SIOCPHOTO SHEProdiIoka
ABILIIOTCS TEMIICPATYPHEIC VPOBHH aBapuitHOro 5P, a Taioke mMpoaoKUTEIBHOCTb
COOTBETCTBYIOIIMX IMCPHOJOB, 32 KOTOPBIE 3TH YPOBHHU Jocturarorcs. JercTBu-
TEIBHO, XapaKTCPHBIC BPEMEHHBIC MACIITAOBl HTPAIOT ONMPEACTAIOIIYIO PONIb B AH-
HAMHKE Pa3BUTHS TKEIOH aBapHH: TakK, 32 BPEMs Pa3BUTHS HEIITATHOU CHTYALINH,
HCUUCIICMOE HECKOMBKUMH JCCATKAMU MHUHYT, MOT'YT OBITh 3aJCHCTBOBAHHBI Ipe-
JOYCMOTPCHHBIC MMPOCKTOM MPOTHBOABAPUMHEIC TEXHUYCCKUE CPEICTBA; HAMPOTUB,
ABAPUUHBIN TEPEXOTHOM MPOLECC, ATAIIMICT HECKOIBKO CeKyH[ (momxoOHast cu-
TyaLuus UMeNa MECTO B XOAC Pa3BUTHS SACpPHOH kaTacTpodsl Ha YepHOOBLTBCKOM
AJC), UCKIMIOYACT BOZMOXKHOCTD JAXKE OOBECKTHBHOH OLICHKU NEPBONPHYUH BO3-
HUKIIEH aBapuu.

B asapuitnom AP mpouecc HawampHOro pasorpesa Ak3 IO MOMEHTA 3HAYH-
TEBHOTO MOBPEKICHUS €€ SApa COCTABISCT 2 - 3 yaca. ITO BpeMs MO3BOIAET OC-
TAHOBUThH ABAPHIO, CCIIU OINEPATOP B COCTOSHHHM MOJABATh BOAY B peaktop. [Ipo-
LIECC PACIUIABICHHUS M Pa3pVIICHUS CTCHOK PEaKTOpa, OMOKHPOBKA U PACILIABICHUE
SAOCPHOTO TOIUIMBA € MOCICAVIOIUM oOpasoBaHHEM OacceiHa PaCIUIABICHHOTO
KOpUyMa AMATCSA OKONO 4daca. B stoii ¢aze moctym BOABI B peakTop MOXKET OBITH
orpanuucH. Jlo pa3pyiIcHUS KOPIyca peakTopa MOXKET MPOUTH OKOIO TPEX YacoB,
CCITH pacmiiaB, B3aUMOACHCTBYS € OXJIAAUTEIEM, 3aCThIBACT M 3aTEM BHOBBb pac-
ITABISIETCS BCICACTBUE BHYTPEHHETO pasorpesa. Tak, Tsokenas agapus B P trma
PWR HaumHaeTCst ¢ HEMONAA0K B CUCTEME OC30MACHOCTH, H €€ PA3BUTHE OIMPEAC-
nsercs ocobenHocTsaMu nporekanusa TITI u pu3uku B3aUMOACHCTBHS MaTCPHATIOB
BKY [36]. PazeuTtrc aBapum BCICACTBHC HCAOCTATOUYHOTO OXJIAKIACHUA sapa P
BEACT K PK30TCPMHUCCKOMY OKHCICHHIO LINPKOHHUS ¢ HHTCHCUBHBIM TEILIOBBIACIIC-
HHUEM U BBLACICHHEM BOJOPOAA.
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Kax u3BecTHO, B X0Z€ TSDKENOH aBapuH BOAOPOJ T'CHEPUPYETCA B 00BEME
KOHTCHHMEHTA B JOCTATOYHO OOJBIIMX KOMHYECTBAX, MPHUCM TEMIICpPATypa sSapa
AX3 MOBBIIIACTCS ¢ HHTCHCUBHOCTBIO OT OJHOTO IO JACCATH FPagyCOB B CEKVHAY.
Brauane mmasurcs Tormmuso u ameMeHTH BKY, a 3atem crenku AP. B pesymerare
pacmiae cobupaeTcs B HIDKHEH yacTd kopnyca AP, mponnasnser ero u cTekacT B
HWKHIOIO YacTh KOHTeHHMeHTa. Kpome Toro, kopnyc SP Moxer ObITh paspyiucH u
JIO €r0 TPOTUTABIICHM 32 CUET TEPMHUIECKUX U THHAMHYECKUAX HANPSKEHNH.

Bo Bpems miepBoii da3pl TSHKENOW aBapuu BHYTPH KOPITyca peakTopa Hanbo-
Jee BAKHBIMHM IApaMeTpaMH ABJLIIOTCS WHTEHCHBHOCTh TEHEPAlMH BOXOPOJA,
BpeMsI 10 Havana IuiaBicHUsS Ak3, TeMmepaTypa TCILIOHOCHTES B CHCTEME OXJIa-
xxacausa AP, [lepsriii 13 HUX OMPEACTICT BOBMOXKHOCTD B3PHIBA BOJOPOAA, BTOPOH
BAXKCH AJI YIPABICHUS ABAPUUHON JUHAMUKOH, TPETHH B 3HAUUTENBHOH MeEpe
OTIpEeAETIAET KOHKPETHBIH THII CLICHAPHS PAa3BUBAIOIICICS aBapyu.

Craeayer oTMETUTDh, UTO HadanbHas (aza pasBUTHI aBapHH B AK3 BOJOOOX-
naxxacMberx P uccnenosana mocrarouno monHo [39 - 50]. Tak, B akcriepuMeHTaX
[42] obomouku peansubix TBAJI B Momensubix TBC pazorpeBanuck u B JATbHCH-
[IEM Pa3pyLIANNCh MyTEM HX MPIMOT0 3ICKTPOoOOOrpeBa, a XapakTep ACrpajalun
SAOEPHOTO TOILIMBA MPU 3TOM HAOMIOAAICS M aHATH3HPOBANICA. ABTOPHI YCTAaHOBH-
JIH, 9TO MPUCYTCTBUE BOJBI B TOPSAUIEM TOIIMBHOM CEPICUYHHUKE YCKOPSAET Aerpajia-
LU0 TOIIMBA M YCWJIMBAET TEHEPAIIHMIO BOAOPOJA 3a CUET YCKOPEHMS IIPOIecca
OKHCJICHUS [IUPKOHUS BOASHBIM MAPOM. ITH HCCICAOBAHHS OBLTH MPOAOIKCHEI B
pabore [43], pe3yabpTaTh KOTOPOU MOKA3ATH, YTO JOCTATOUYHO NPOTHKCHHAS U pas-
BuTad (¢ ToTUHON okono 0,3 MM) OKHCHAS IJICHKA HA MMOBEPXHOCTH CTCHOK KOH-
CTPYKIIMOHHBIX JJIEMEHTOB 3HAYHUTEIBHO COKPAIACT JOTIOMHATETBHYIO TEHEPALTHIO
Bogoponxa B mpouecce oxiaaxkacaus SP. IlokazaTenpHo, YTO MMCHHO HaYabHASL
thaza aBapuu ONpeacTACT KOIUICCTBO, COCTAB U MapaMeTphl Paciliasa, Monataro-
IIETO B KOHTCHHMEHT IMOC/IC HAPYIICHHS 1iea0cTHOCTH Koprryca SIP. Ipu nanbonee
HEONaronpusITHOM CLICHAPUHU TSDKEIOH aBapud KOHTCHHMEHT MOXET OBITH paspy-
IIEH B3PBIBOM HE TOJIBKO HAKOMMBINETOCSH B HEM BOJAOPOJA, HO TAKXKE M 3a CUET
TEPMHYECKOTO BO3ACHCTBHUA paciuiaBa SASpHOrO TOIUTMBA Ha ero creHku. [locme-
ayroiue (hassl pa3BUTHS TSKEIOW aBAPUN UCCICIOBATUCH B paboTax [37, 44 - 46]
B KOHTCKCTE CICAVIOIIUX ABAPUHHBIX COOBITHH:

a) IpopBIBa CTPYH paciuiaBa gepe3 kopyc JP, HecMoTpsa Ha HaT4IHME BOJEL,

0) oxnaxxaeHus Bonod (BHyTpu SP mmm cHapyxH) clnos 4acTHL TOIIMBA HA
nHe xopryca AP mig mpeaorspaineHus pa3pymeHns KOpIyca,

6) Pa3pyLICHUS KOPIIyca P OTCYTCTBUU BOABI BHYTPH U cHapyxu SP;

2) paspywmcHusa AP u BRXO4a pacmiiaBa TOIUIMBA B HOAPCAKTOPHOC MPOCTPAH-
CTBO;

J) UCTCUCHUS CTPYU paciuiaBa B OACCCHH ¢ BOAOW B MOAPCAKTOPHOM IMPO-
CTpaHCTBE, PparMECHTALIMH PacliiaBa, MPOLECCOB Mapoodpa3oBaHUs U MOCICAVIO-
IIETO 3aTBEPAECBAHNA TACTHII,

e) paspyuenus koprayca AP BciaeacTBue mapoBoro B3phIBa.

B pesynprare uccneqoBaHmii, BBIIOIHCHHBIX B padote [45], ObLIO yCTaHOB-
JIGHO, YTO HETNOCPEICTBEHHOE pa3pyIIeHHE HIDKHEH dacth koprryca P mpu Bo3-
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JCUCTBUHU Ha HEE MOTOKA PACIUIABICHHOIO TOIUIHMBA MPHU 3JICKTPUUCCKOW MOIIHO-
ctu 3Heprodaoka 1o 1000 MBT, B memoM, MOXHO CHHTATh AOCTATOUYHO MATIOBEPO-
aTHeIM. BeimonaeHHbie B pabote [48] mccaenoBaHUs BIUSHUS UCXOOHOTO VPOBHS
TernnoBoi MoiHOCTH AP Ha BOBMOXKHOCTB €ro aBapuHOrO Pa3pyLICHHS TOKA3AIIH,
YTO TpH 3eKTpruecKod MomHocTH 10 600 MBT BepoATHOCTE COXpaHEHHS LIETIO-
cTHOCcTH Kopnyca SIP moctaTouno Beicoka. BmecTe ¢ TeM OTEUECTBEHHBIC HCCIIEAO-
BaHus [49] CBUACTEABCTBYIOT O TOM, ITO 3 KT cTpaTU(hUKALINH PACIUIABA, KOTO-
prIii He ObLT yuTeH B [48], Tpebyer aanpHermero uayueHus. B cuny sroro odcTos-
TENBCTBA, OLICHKH, MPSACTABICHHBIC B paborax [45 - 48], HyKmawTcs B JaabHEH-
[IEM YTOYHCHUH U TPEOYIOT POBEACHHUS CIICHUANTBHBIX HCCICIOBAHUH.

HHoii acnekr 31o#1 mpobaeMbl paccMOTpPEH B pabote [47], koTopast cTtaBuia
CBOCH LIENTBIO UCCIICIOBAHNE OCOOCHHOCTEH NPOXMKICHHS CTPYH TOILTHBHOTO pac-
miaBa uepe3 OacceH ¢ Bomoid. B 3THx skcnepuMeHTax OBIIO YVCTAHOBJICHO YTO
OKOIIO TOJOBHHBEI 00BEMa CTPYH B XOAE 3TOrO MpoLecca AUCIEPTHPYETCS, a He-
JUCTICPTHUPOBAHHOEC €€ SAPO JIOKAIHU3YETCS B BHIAC CIAO0OMPOHULIACMON MacChl B
JOHHOH uvacTH OacceliHa, ATUTENBHOC OXIAXKACHHE KOTOPOH MpPEACTaBIACTCS
CJIOXKHOM TEXHUYECKOH 3aa4ueH.

Becbma npoTHBOpEUHBEIC CBEACHUS O MPEANOIATacMBIX NPUYNHAX MAPOBOTO
B3pEIBA H3JIOKEHBI, HanpuMep, B padore [50], B KoTOpOIl HccnenoBaiocs B3auMo-
nevcteue cTpyi pacmnasos UQ»-ZrO; u Al,0; ¢ Bozoii. B mepeom cayuae mapo-
BBIC B3PHIBBI HE HAOMIOJATUCH, 2 BO BTOPOM CIIYYac OHH UMENIH MecTo. B 3ol cBi-
3u B pabore [35], B wactHocTH, or™meuaercs caenyoomee. Ctpyn UO-ZrO; u
Al,0; NpUHIMNHATEHO PA3THYAIOTC HE TOIBKO THAPOANHAMHYCCKHMHU XapakTe-
PHUCTHKAMH, HO M TEIIO(U3NICCKUMH CBOWCTBAMH COCTABIIAIOIIUX HUX MaTepHa-
noB. Tak, Gomee TIoTHasA (B MEPBOM CIyvac) CTPYS UMEET OONBIIYIO KHHETHYC-
CKYIO DHEPTHUIO H I'TyO)KE MPOHUKAECT B MOAPCAKTOPHBIN OACCCHH, UMes MPH 3TOM
GONBIIVIO TOBEPXHOCTh OxnaxkacHus. Kpome Toro, ata crpys nyuiie gpodutcs Ha
KaIlI¥, OTIHYAsICh HPU 3TOM OT MOJCIBHOH CTPVHM OKHCH ATIOMHUHHSI, KOTOPas
HMECT BBICOKOC TIOBEPXHOCTHOE HATSKEHHE, UTO U 3aTpyAHACT pacnan crpyd. 06
3TOM CBHIETENBCTBYIOT Talkke JaHHbIE padot [51, 52]. B pesynprate asa Tuma
3THX MOTOKOB — HATYPHBIH M MOJECIBHBIN — CYIIECTBCHHO OTIMYAIOTCS MO YCIOBH-
aM uX oxnaxacHus. [Ipu 5ToM B mepBOM ciydae CTpysS HHTCHCHBHO APOOHTCS U
pacnpocTpaHsIeTcd Ha 3HAUYNUTEIbHYIO YacTh 00beMa OacceliHa, a BO BTOPOM — OHa
JIOKATN30BaHA U OCTACTCSl YCTOHYHMBOM BILIOTh OO HAavYana MapoBOroO B3phIBA.

OueBHIHO TaKKe, YTO XapakTep paspyueHus kopnyca AP u turamuka uzme-
HEHHS TCOMETPHH CKBO3HBIX HAPYIICHUH CTCHKH B MPOLIECCE PA3BHTHS TSLKEIOH
aBapHUH TAKKE UMEIOT OIPEEIIAIONIEe 3HAUCHNE Ha ee XoA. Tak, mporiecc Aerpana-
LUU MOBPEKACHHOTO YYaCTKa KOPIYCAa MOXKET OBICTPO MPOrpecCHpOBaTh, CIOCO0-
CTBYSl CKOPEWIIEMY BBEIXOAY PACIUIABICHHOTO TOIUIMBA B IMOJPCAKTOPHOE IMPO-
ctpancTBO. BMecTe ¢ TeM OLICHKH, BBITIOJIHCHHBIC B padoTe [53], CBHACTCABCTBYIOT
0 TOM, YTO HauOonee BEPOATHBHIN pa3Mep OTBEPCTHS NPHU MPOILIABICHUU KOPIIYCa
TorIMBOM nMeeT nmopsaaok 0,15...0,20 M, 94To CyINECTBEHHO MEHBIIE H0NIee paHHUX
MMPOTHO3HBIX OLICHOK. JTO MOATBEPKAACTCS, B YACTHOCTH, JAaHHBIMH padoT [48, 54,
55]. CoraacHO 3TUM JAHHBIM, KaTACTPOUUICCKUEC PA3PYLICHHUS KOPITYCOB BOJOOX-
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naxaaeMbeix P manosepostHel. Tem He MeHee, HEOOXOAUMOCTb MPOBEACHHUS
JATbHEHIINX UCCIEIOBAHUN HE TONBKO MAPOBBIX B3PBIBOB IPU B3aUMOACUCTBUU
pacmiasa UQ,-ZrQ, ¢ BoIol, HO TaKKE H MPOYHOCTHBIX XaPaKTCPUCTHK PEAKTOP-
HBIX CTAJICH B YCIOBUAX PAa3BUTHS TKETIOH aBapHHu MOXKHO CUHTATh OE3YCIOBHOM.

CornacHo maHHbBIM paboTel [36], 3HauurenpHas yacte (qo 70...80 %) mpo-
JAYKTOB ICTTHOM PEAKUu (MCKTIOUAs TS/UTYP) BBLACISICTCS U3 PACILIABICHHOTO SII-
pa ¥ B3aUMOACHCTBYET C OKHCIAMHM LIUPKOHUS, 00pasys adpo30iH, KOTOPEIE OCakK-
JAIOTCS Ha MOBEPXHOCTIX ¢ Oojee HU3KoW Temmepatypoil. OOImuil BbIXo HH3KO-
JCTYYHMX NPOAYKTOB pacmnaia (OKUCIBl U THAPOOKHCTEL OapHs, PYyTCHUS H Ap.) Ha
MPOTSKCHUU paHHEH (a3bl pa3BUTHS aBapHH HE MPEBBIIACT CAWHUL IMPOLICHTOB.
HcknroueHue cocTaBiseT MOMUOACH, BHIXO KOTOPOro 3HAYUTEIICH, OJHAKO CBEAC-
HHUH O €r0 y4acTUHU B JAIBHEHIINX XUMHYECKHX B3aUMOJCHUCTBUSIX MOKA HEAOCTA-
TouHO. Bechbma cyimecTBeHHas 4acTh OOPa3yIOIIMXCH XHMHYECKHX COCTUHCHUH
MPOAYKTOB pacrnaja MPEACTaBICHA BHICOKOPACTBOPUMBIMU cocauHeHusMu Csl u
CsOH. Takum 00pa3oM, B pe3ynbTaTe HAYAIBHOIO 3TANA TSKEIOH aBapHH CYIIC-
CTBCHHA$ YaCTh TOIUTMBHOTO PacIliiaBa OCTACTCSA BHYTPH KOPITYCa, Pa3orpeBasch 3a
CUET pacnaja NpoIYKTOB JCICHUS, U 3aMETHO YBEIHYUBAS TEM CaMbIM CYMMAPHOE
TCTIIOBBIACTICHUE.

B pesynprate npu nepexoae k Oonee mo3aHuM (haszaM PasBUTHS aBAPUN HUXK-
Hssl yacTh kopryca P okaspiBacTcs 3amOMHEHHONW BRICOKOTEMIIEPATYPHBIM pac-
IJTABOM, B KOTOPOM MPOUCXOTUT KOHBEKTUBHEIN TCIIIOOOMEH. B 3THX yciaoBuaX ¢
LETBIO0 COXPAHECHUS MOBPEKACHHOrO Kopryca SIP Ha mepuos WHTCHCHBHOTO TeI-
JOBBILACTICHHS UCTCKAOIINN M3 3TOr0 KOPIyCa PaciiaB JOKEH HAJCKHO OXJIaxK-
JaThes. 3aJava OXJIKICHUS B M3BCCTHOM MEpPE OCIOXKHAETCA 0Opa3oBaHUEM Ha
3amMBAcMON BOAOHM MOBEPXHOCTH PACILIABA 3aTBEPICBIICTO CIOS, KOTOPHIN, OXHA-
KO, HPEISTCTBYET BBIXOAY BBICOKOJETYUYHMX MPOAYKTOB pacmaza. Crexyer takxke
OTMETHUTh, YTO AUHAMHKA TEMIOOOMEHA B 3THX CHEHH(UICCKUX YCIOBUAX U3YUCHA
HEJOCTATOYHO, YTO B U3BECTHOH MEPE CACPIKHUBACT pa3paloTKy 3¢ PEKTUBHBIX CHC-
TEM aBAPHUWHOTO OXIKICHUS [Tl JCHCTBYIOINX H NpoeKTUpyeMBIx AJC.

AHanu3 AWHAMUKH Pa3BUTHS TSDKEIBIX sacpHbIX asapuid Ha ADC, HauuHas C
paspyucaus Ax3 AP sueproGmoka «TMI-2», caenan o4eBHAHON HEOOXOIUMOCTh
BBCACHHUS B NMPAKTUKY OOVUCHUS ONMEPATHBHOIO MEPCOHANA TAKOTO MOHATHSA, KaK
«o0paTHas CBA3b MO ONBITY IKCITyaTalmmy. Tax, mocie aHann3a 1ol aBapun Pe-
JepanpHON KOMUCCHEH 1o saepHoMy peryaupoBanuto (NRC) GbL10 yCTaHOBICHO,
YTO aHAJIOTHYHOC UCXOTHOEC COOBITHE PaHee MOCTY:KUIO NMPUYHMHOH BO3HHUKHOBC-
HUS AaBAPUMHOM CHUTYaLMU Ha TakoM ke sHeprodioke apyrod ADC. Cyte cobbiThs
COCTOSA B OTKPBITHH U MOCIEAYIOIIEM 3aBUCAHUHN NPEAOXPAHUTEIBHOTO KIIAMaHA
KkoMIieHcatopa oobema PY, 4to, oaHako, TOraa He MOBJIEKIO 3a cCOOOM pasBHTHA
aBapuiHOH cutyamuu. B stom Gonee panHem ciydae oneparop, OOHAPYKHB OTKa3,
MPHHAT HEOOXOTUMBIC MEPBI: 3aKpBLT 3aMOPHYIO 3aJBIDKKY MEPEI OTKA3aBLIHM
KIanmaHoM. TeM caMbiM ACHCTBHS OIEpaTopa BOCHPEIATCTBOBATIHM MOCICIYIOLICH
MOTCHLUHATIBHO BO3MOXKHOU motepe TernoHocurens u3 Axk3 AP, uro u npeaorspa-
TUJO JANbHEHIIEE Pa3BUTHE 3TOrO sSACpHOro mHUHAcHTA. Creayer mojaraTh, YTO
ecmu Ovl mepconan ADC «TMI-2» pacmonaran undopmarpiel 06 3T0H U3BECTHOU
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ABAPHUHHON CUTYaLMH, OH, CKOPEE BCETO, HE JOMYCTHII OBl €€ PA3BHTHUS B TSHKEIYIO
aBaPHIO.

C y4eToM H3JIOKEHHOTO OCHOBHBIMH 33JadaMH «OOpaTHOU CBSI3U MO OMBITY
SKCIUTyaTalu» OBLTH MPHU3HAHBL COOP CBEACHUH, CBA3AHHBIX C OC30MACHOCTBIO
SADY; ananu3 HEMOCPEACTBCHHBIX U BEPOSTHBIX MOCICACTBUHA aBAPHH; BHISICHCHHUE
U CHCTCMATHU3ALHS TCXHUYCCKUX MPHYHH aBapUH, BKIIOYAs OIIHOKY, JOMYIICHHbIE
OIICPATUBHEIM TICPCOHANOM; pa3paboTKa MPEBCHTHBHBIX MEP, HANPABICHHBIX HA
MPCIOTBPALLICHHE AHATOTHYHBIX aBapuid B Oyaymem. He mMeHee BakHA Takke H
peanu3zanys STUX NPHHLHUIOB I[P MOATOTOBKE CTYICHTOB MO CICLUATBHOCTH
«ATOMHAs HEPreTHKa», KOTOPEIM B HX Oyaymied NPaKTHUYCCKOH AEATCIBHOCTH,
BO3MOXKHO, MPEACTOAT HEMOCPEACTBCHHBIC CTOIKHOBCHHS C CEPbC3HBIMU HEIITAT-
HBIMH U QaBAPUMHBIMUA CUTYAIIHSIMH.

K coxanenuto, gaxke HeJaBHHE CICLHMATBHBIC YUCOHBIE MOCOOHS, IIUPOKO
HCIONB3YEMBIC B IPAKTUKE MPEMOAABAHUS (B TOM YUCIE U 003aTEIBHOTO AJIS CTY-
JCHTOB YKa3aHHOU creruaibHocTH Kypca «HaaesxxkHocts u 6e3omacHocTs ADCY)
[56 - 65], yaensatoT mpuYMHAM W AMHAMUKE Pa3BUTHA TSDKETBIX SACPHBIX aBapHi
SBHO HEAOCTATOYHOEC BHUMaHUe. B HacTosmei MmoHOrpaduu npenpuHATA MOMBIT-
Ka 4YaCTHYHO BOCIIOJIHUTH yKasaHHbIN mpoden. C 3ToM LEIpI0 B JAHHOH paboTe
co0paHa U MPEACTaBICHA B 0ONee MHPOKOM KOHTEKCTE HE TOIBKO XPOHHKA COOBI-
THH U (PU3UKa MPOLIECCOB MPH BO3MOXKHBIX MOTCHIMAIBHO ONACHBIX HCINTATHBIX U
aBapuiiabix cutyarusx Ha ADJC ¢ SP pasaudHBIX TUMOB, HO TAKXKE U CUCTEMATH-
3UPOBAHBI OOIIKE CBEACHHUS O HEIUTATHBIX HKCIUTYATALIMOHHBIX COCTOSHHUSIX, KOTO-
PBIC BOBMOXKHBI B COOTBETCTBYIOIINX KOHCTPYKIUAX AV .

Takum 00pazoM, OXHUM H3 MEPBBHIX O0S3ATCIBHBIX YCIOBHH OOCCIICUCHUS
0C30MaCHOCTH SACPHBIX JHEProOIOKOB HA BCEX YPOBHAX VIPABICHHS 3THMH
CITO’KHBIMH TEXHHYCCKHUMH OOBEKTAMH M B INTATHBIX, H B HEPETIAMCHTHBIX aBa-
PHIHBIX CUTYaLUAX (BKIIOUAS TSDKETbIC sacpHbIe aBapuu PY) saeisercs gocrartod-
Hasl TIyOHHA 3HAHHWH O IIHPOKOM CIICKTPE TECHO B3aHMOCBI3AHHBIX MEXKIY cOOOH
SICPHO-(DU3UUCCKUX, THAPOAMHAMHUYCCKUX H, B OCOOCHHOCTH, TCITO(PUINICCKUX
MPOLIECCOB, KOTOPBIE COCTABISIOT (PYHAAMEHT OE30MACHOCTH COBPEMCHHBIX aTOM-
HBIX SHEPTrOTEXHOJIOTHH.

B 3axmroucHue aBTOpPBH MPHHOCAT TYOOKYIO ONaroAapHOCTh MHOTMM CBOMM
KOILICTaM - HM3BECTHBIM CICLHATUCTAM BEAYIIHX NPO(QHUIBHBIX OTCYECTBECHHBIX
HAYYHO-UCCIICAOBATCIBCKUX M KOHCTPYKTOPCKUX OPraHH3alMH, - MHOTOJETHEE
MPOAYKTHBHOE COTPYAHHYICCTBO C KOTOPBIMU B 3HAYHTCIBHOU MEpE CHOCOOCTBO-
BaJIO HAIMUCAHUIO JAHHOH MOHOrpaduu.
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I''masa 1

Oco0enHocTH Ten0¢H3NYECKHX NPOLIECCOB B HEPErJIAMEHTHBIX
H aBAPHHHDBIX PEKUMAX SII€PHBIX PEAKTOPOB

1.1. Ilpouecchl TenJI000MeHA B MEPEXOAHBIX IKCIIYATALIHOHHBIX
COCTOSITHUAX AKTHBHBIX 30H

Duepeoguvioenenue 6 nepexoonvix peocumax. Kax u3BeCTHO, B MEPEXOIHBIX
PeXKHMAX U B PA3TUUHBIC TEPHOABI dKcruiyaTauny AP xapaktep 3HEproBBIICICHUS
mo Beicore Ak3 m3mensercsa. Tax, BBeacHue B AP perynupyromux crep:KHEH
VMEHBIIAECT IFIOTHOCTh IOTOKA HEUTPOHOB H, KPOME TOTO, BUAOH3MCHIET XapaKkTep
SHeproeuacacHU B 00beMe Ak3. KaduecTBeHHBIH XapakTep U3MCHCHHS aKCHATb-
HOTO NPO(]HII 3TOro SHEPrOBBIACICHHS B 3aBUCHMOCTH OT TMOIOXKCHHUS PEryiu-
PYIOLIHX CTepKHEH 1Mo BhicoTe AK3 mokasan Ha puc. 1.1 [57].

%
g Puc. 1.1. Xapakxrep pacmpelcncHus >HEp-
Z % Z % TOBBIACICHHS B Hauane (a) U B KOHIE ()
% %] Kammanuu SIP.

B mepexognbix pexknvax PY nam-

0 0 Oonpimue gedhopMaliu MO SHEPTO-
4, 4,  BbLACNCHUSA B AK3 HMMCIOT MECTO MpHU

o

ymepeHHoM (Ha 40 - 50 %) cHwkeHHH

MOIIIHOCTH H MOCICAVIOIIEM BOCCTAHOB-

JCHUU 3TOW MOIIHOCTH 10 HOMHHANBHOrO 3HavcHwus. [Ipumep muHaMUKKA Takoro

u3meHeHus 3HepropuacacHus B Ax3 BBOP-1000 npeacrasacH Ha puc. 1.2.

. F(2) F(2) ‘ F(2)
f = i - >
| | ‘
I - I 1y 5
o Az I | 3 |
l' | I \ 4
T 4 | 1
Ju=- f | I
2R N =100"% N=350% N=1002%

a o G =

Puc. 1.2. KauecTBeHHBIH XapakTep TpaHCHOPMALINK AKCHATHHOTO SHEPTOBBIACICHUI B AK3
(a) peakropa BB3P-1000 mpu m3MeHEHMH TEIUTOBOH MomrHOCTH PY W pasmriHo#l Amu-
TENLHOCTH JKCIUTyaTanuu 3Toro SIP Ha COOTBETCTBYIOMIMX YPOBHSIX MOIMHOCTH (6, 6, 2):
1-100%; 2-04, 50 %; 3 -4,62 4, 50 %; pabora 5,3 1 Ha 50 % momHOCTH; 4 - 5,3 1,
100 %; 5 - 10,6 4, 100 %; 6 - 15,8 4, 100 %. { = Z/H, F(§) = q({)/q.
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Ipoueccnr aedopmanmu Mo SHSPrOBBIACACHUS B AK3 MMCIOT 3HAYUTCTb-
HYIO TOCTOSHHYIO BPEMCHH, MOCKOIBKY U3MCHCHUE TCIUIOBBIX XAPAKTCPUCTHK 30-
HBl OTHOCHTCIBHO HWHEPLIHUOHHO B CPABHCHHUH ¢ U3MECHCHHEM (MU3HYECKHX Mapa-
MetpoB AP. Jta xapaktepHas ocoGeHHOCTE 3HEproeeiaeacHusd B A3 AP nanbonee
OTYETIINBO MPOSBILICT ceOs MPH BO3HUKHOBCHUHU B PY ObICTpONpoTEKaOINX aBa-
PHIHBIX IEPEXOAHBIX MpoueccoB. Tak, HanpuMep, aBapuUHHBIA BEIOpoc 13 A3 mo-
TokoMm TertoHocutesst oauoi u3 TBC SIP BBOP-440 3a Bpems 0,1 ¢ o0ycaosiuBa-
€T JIOKAJIBbHYIO HEHTPOHHYIO BCIIBILIKY, KOTO-
pasg mo CBOCH WHTCHCHBHOCTH B 15 pa3s mpe-
= BBIIIACT HOMHHAIBHOC 3HAYCHHE HEHTPOHHOTO
rotoka @, mepex 3TOM aBapHitHON CHUTYAIHEH,
a TaKKC WHULHMHPYET VBEIHUYCHHE IUIOTHOCTH
TEMIOBOr0 MOTOKAa Ha moBepxHoctd TBIJI B
cooTBercTByIONCH obmactu SIP, koropoe 3a
3TOT MEPHO YBEIHUMBacTCA b B 1,34 pasza
OTHOCHTEIIPHO HCXOJHOT'O J0ABAPUIHOrO 3HA-
ueHns ¢o. Puc. 1.3 wumoctpupyer xapakrep
BBIIICYKA3aHHBIX COOTHOLICHUH B XOAE 3TOH
ABApUMHOMN CUTyaLUU.

D/ D,

1

th

10

=

Puc. 1.3. JluHamMuKa W3MCHCHHSA OTHOCHTCIBHBIX

\

\

\

\

\

\

\

\

\

\

\

|

T

|

|
13d+——= »

| BCIIMYHH HCHTPOHHOTO TOTOKA (D/D)) U MIIOTHOCTH
1.0 | . TEIUIOBOTO MOTOKA (g/qo) TPH aBApPUHHOM BBIOpOCE

0 0,5 1.0 4c u3 Ax3 oxuoit TBC 3a Bpems 0,1 c.

Hamnporus, npu ocranose P temmosas MOITHOCTh CHIDKAETCS CYIECTBEHHO
MEIJICHHEE IIOTHOCTH HEUTPOHHOTO NOTOKa (puc. 1.4) BclaeacTBHE 3HAUYNTETBHBIX
KOITUYCCTB aKKYMYJIHUPOBAHHOH B AK3 TCIIIOTH H, B OCOOCHHOCTH, OCTATOYHOTrO
SHEPrOBBLACICHUS B TOIUTHBEC 32 CUET [B-pacmajza MpoxyKToB AencHud. [ledcTBu-
TENNBHO, BBICOKAS TEMITEPATypa, HU3Kas TEIUIOIPOBOJHOCTD M JOCTATOYHO BBICOKAS
TEIUIOEMKOCTh JUOKCH/A YPaHa IPUBOAAT K TOMY, UTO B 3TOM TOIUIHBE aKKyMYVIIH-
pyvercsa Oonbimoe koaudecTBO TEIIOTHL. [lpu aBapuiineix otkmoucHusx AP, cBa-
3aHHBIX C VXYALIEHUEM TEIIOOTBOAA, 3TA TEIUIOTa MOJKET ITOBBICUTD TEMIIEPATYPY
obonouxu TBIJI no HenonycTumoro 3HaueHus. [Ipy Hcmoap30BaHUN MeTaLIHye-
CKOT'0 YPaHa WX KOMIIO3UTHOT'O KEPMETHOT'O TOILIMBA, 001aJaroIuX O0JIee BBICO-
KOH TEIUTONPOBOAHOCTBIO, UM AMOKCH ypaHa, KOIWYIECTBO TEILIOTHI, 3allACCHHOS
B TB3JJIL, 3HAUNUTEIBHO MEHBIIE, B CHIIY 4ero Temmneparypa odonouxu TBIJI mpu
orkmroucHnH P okasriBacTcsa B mpeacaax AOMYCTUMOU.

HssectHO Taxske, 9T0 OCTaTOUHOE TEIUIOBBIAETeHNE B AP mocne ero octanosa
00YCIOBIICHO CIEAVIOIUMH siACpHO-(u3maeckumu mpoueccamu. [Ipexne Beero, B
HavaJgbHBIC MOMEHTHI BpeMenH (mepsbie 100 ¢ mocne ocranosa AP) mpoxomxkaror-
s TIPOLIECCHI ACTICHHUS Ha 3alla3JbeIBarOIINX HelTpoHax. B ganpHelmem ocHOBHOM
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BKJaJ BHOCUT YK€ TCIUIOBBLACICHUE OT PAJUOAKTUBHOIO pacnaja NpoIyKTOB Je-
aennd. Ilepuoasl nmonypacmnaga 3THX INPOXYKTOB COCTABIAIOT OT HECKOIBKHX Ce-
KYHJ 0O TBICSY JIET, B CHJIY 4Yero B octaHoBIcHHOM SP, a Taioke B oTpaboTaBimem
TOIUIMBE €IIE JIUTEIBHOES BPEMS IOCIE MPEKPAILECHUS JCICHUS SIACP BBLACIACTCA

DD 4G SHEPrHsl Pacrafd OCKOIKOB JACTICHHUS. JTO
TaEg () a
ey 00yCIOBIMBACT HEOOXOAUMOCTh IOCTO-
100 —
2 ™S aHHOrO oxjaxacuus SIP mocme  ero
v OCTAaHOBA, & TAKKE OXJIKIACHHUsS 0Tpabdo-
60 = TAaBLICTO TOIUIMBA B  CHCLHATH3UPO-
40 k ; '\ BAaHHBIX XPAHHIUIIAX.
20 N\ ~—

0n 7 oA = Puc. 1.4. Xapakrep CHU>KCHUA MOIIHOCTH (/)

f¢ U TCILIOBOTO MOTOKA (2) mocne ocranosa SIP.
b

Tak, ectm SIP 1o ocraHOBa JKCIUTYaTHPOBAICSA B TEUCHHE BPEMEHH T, Ha
MOIIHOCTH Ny, TO IMHAMHKA CHIZKCHHSI MOIIHOCTH €r0 OCTATOYHOrO TCILIOBBIIC-
JICHUS N OIIMCBIBACTCS M3BCCTHBIM COOTHOIIICHUEM

N/Np = 0,065[7" - (1 + 1) ™).

Ecmu 1. >> 1, To N/Ny = 0,0651"°.

Hmxe wmnroctpupyercss ANHAMHKA HU3MEHEHUST MOIMHOCTH OCTATOYHOT'O TEI-
JOBBIACTICHHS B PA3MUYHEIC TEPHOABI mocie octaHoBa SP. Otu maHHble cBUzC-
TEMBCTBYIOT O TOM, YTO, HECMOTPS Ha OTHOCHTEIBHO HEOOMBIIYIO (B CPABHEHHH C
HOMHUHAJIBHOH TEIIOBOH MOIIHOCTEIO SP) BemuunHy MOLTHOCTH OCTATOYHOTO TEI-
JOBBIACTICHHS, CYMMAapHas BEIUYMHA TEIUIOTHI, BBIACILIIOIICHCS 32 ATHTCIbHBIA
MEPUOJ pacnana NPOAYKTOB HCICHHUS, 3HAYUTCIbHA U TpeOyeT pealu3aluy Ha-
aexHOro Termnocsema. Tak, B PY ¢ anekrprucckoit momuocteio 1000 MBT mocne
JUTUTETIBHOM 3KCILTyaTaly B 6230BOM PEXKHME MOIMHOCTh OCTATOYHOTO TCILIOBbI-
JEeNeHNd depe3 Jac mocie ocraHoBa coctasur 48 MBrT, uepe3 cyrku okomo 15
MBT, gepes rox oxomo 0,8 MBr. BrionmHe 04eBHAHO, YTO HAPYIICHHUE HETIPEPHIB-
HOTO OXJIaKJICHMS ocTaHoBieHHOro P cozmaer aBapuiiHYIO CHTYaITHIO.

Mownocme ocmamounozo meniosvloenerus nocie ocmarnoga AP BBOP [57].

Bpewms mocne octanoBa N/Ny, %

lc 6.5
10¢ 5.1

100 ¢ 3.2

1000 ¢ 1,9
lu 14
10 4 0,75

100 u 0,33

1000 4 0,11

1 rox 0,023
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Temnepamypuvie pexcumor TBIJI 6 nepexoouwvix npoyeccax. OOBMHO TOJ
TCPMHHOM «IIEPEXOAHBIC MPOLIECCHI» MOHUMAIOTCS Tporecchl epexona Ak3 SP ¢
OJHOTO TEMIICPATYPHOTO YPOBHA Ha apyrod. Pacuer OOMpIIMHCTBA TaKHX MPOLIEC-
COB, CBSI3aHHBIX, HAIIPUMEP, C YMCHBIICHHUEM PacX0Ja, MOXKET OBITh BBIMOIHEH HA
OCHOBC KBA3UCTALIMOHAPHBIX MOAX0A0B. s Takux pacueToB HEOOXOIUMO paco-
JaraTh 3HAUCHHMSMH TCIUIOBOTO MOTOKA M PAcX0Aa B KAKIBIH MOMEHT BPEMCHH.
KoaduupmeHTr TEMnooT1a9u PacCUUTHBAIOTCA MO 3aBUCHMOCTSM TSI COOTBETCT-
BVIOLIETO CTALIHOHAPHOTO PEXKHMMA, UTO HE MPHUBOAUT K CYLICCTBEHHBIM MOIpELI-
HOCTSIM, ITOCKOJIBKY H3MEHCHUS KO3} (UIIHCHTOB TEMIOOTAAYH B TAKUX MPOLECccax
OOBITHO OTHOCHTEJIBHO HEBCTIHKH.

Hanee paccMaTpuBaroTCsl OCHOBHBIE COOTHOIIEHHS TS pacteTa TEMITEpaTyp-
Hex pexumos TBIJI B ykazanHbIX nepexoansix npoueccax. Kak nssectno, 6a3o-
Bast koHCTpykuus TBIJI B sHeprermueckux P umeer BHA MMIHHAPHUICCKUX
creprkHer. PacnipeaencHue temmnepaTrypel B TOILIMBHOM LMIMHAPE C IUIOTHOCTBIO
0OBEMHBIX HCTOYHHKOB TETLTOBBLACICHHUS ¢y, BT/M OMICHIBAETCS COOTHOLICHHEM

2
(1) = by + 22 1L
81 R

ITnoTHOCTP TEMIOBOrO MOTOKA HA MOBEPXHOCTH TOIUIMBHOIO CEPACYHHKA CO-
craBaser g = g, R/2. Toraga cpeanss mo o0beMy TEMIIEpaTypa TAKOTO LUIHHAPA
R -
It(r)Zm’dr, U TI0CIIC TIOJACTAHOBKH /() B [
0

OIPEIACIACTCA BBIPAXKECHUEM [ = 3

P 2
CPERHAS TEMIEPATypa COCTABUT [ = fyo + ¢, R/8A. OueBHIHO, YTO cpeaHee Tep-
MHYECKOE CONMPOTHBICHUE Takoro unuHpudeckoro TBIJI onpeaensercs kak

t-t,, qR* 2 R

& q 84 ¢, R :4_);

ITpu sToM ypaBHEHKE TEIIOBOr0 OaTaHca A HAIHHIPUUCCKOTO 3JICMCHTA C
BHYTPCHHUM TCILIOBBIACICHHEM (B HECTALMOHAPHOM MPOIIECCE), MOCIC YCPEIHE-
HUS 110 00bEMY, TPSACTABUTCS B BUAC

chﬂzqv—qF, (1.1)
dr

rae V- oobeM, F - momaap moBEPXHOCTH.

Kak w3BecTHO, B yNpOINEHHOH ITOCTAHOBKE PaAHATBHBIA TEeMIIEpaTypPHBIH
npoduae B TommuBHOM cepacunuke TBIJI B yenoBusax mepexomHoro mpouecca B
Ax3 AP (puc. 1.5) moxer ObITh MOTYYECH HA OCHOBE CIACAVIOIIUX COOTHOIICHUU.
Taxol TomIMBHBIN cepACHHUK paiuyca R 6e3 000I0YKH C IUIOTHOCTHIO TCILIOBbI-
JETCHUS, OMUCHIBACMON 3aKOHOM ¢, = ¢,,/(T), OMBIBAETCS TCIFIOHOCUTENEM C IIc-
PEMEHHOH TEMIIEPATYPOH 1,(T) ¥ MOCTOSIHHBIM KO3 () (QUIIUCHTOM TEILIOOTIAYH O
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Puc. 1.5. Pagmanvubli temmeparypHb# mpodmib B TOI-
JUBHOM cepieunuke TBOJL

B 9TUX YCJIOBHAX IINIOTHOCTH TCILUIOBOI'O IIOTOKA
————— Ha Hapymnoﬁ MMOBEPXHOCTH CEPACTHHUKA COCTABUT § =
= & [tws - te (1)]. C Opyroil CTOPOHBI, C yYETOM
TCPMHUYCCKOrO COMPOTHBICHUS TOILIMBHOTO CEPACH-
HHUKAa 3TOT K¢ TCEIUIOBOM ITOTOK MOXKCT 6I>ITI> opea-

ol

thoe

). Hcxoms w3 yka-

nos

47 -
CTaBJICH B BHAC ¢ :?(z‘—t

3aHHBIX BBIPAKCHUM, TEIUIOBOH MOTOK Ha IMOBEPXHO-
CTHU TOIIJIUBHOI'O CCp,Z[e‘IHI/IKa cocTaBuTrt

B t—1, (1)
R 17
R + J—
42 «
C y4eToM HECTaLMOHAPHOrO XapakTepa mepexomaHoro mpouecca B Ak3 AP,

KOTOPBIH OOYCIIOBIUBACT 3aBUCUMOCTD ¢,(T) = ¢y,0f( T), TTOCIC TOACTAHOBKU BhIpa-
skenws (1.2) B ypasaenue (1.1) MoskeT OBITh MOMYICHO
dt q v, 0

[t
dT f( )= 7, ’

(1.2)

(1.3)

rae to = [(R/4%) + (1/o)|Rep/2 - mocTostHHAsE BPEMCHH, KOTOpasi ONPSAC/ISICT AUHA-
MHYECKUC XapaKTePUCTUKU LHUIHHAPHIecKoro cepacunuka TBIJIL [lokasarensHo,
YTO CJIAaraeMble B MPABOH YaCTH 3TOrO IMOCICAHETO BBIPAXKCHUS AJISI IMOCTOSHHOM
BPEMEHH TOIUTMBHOIO CEPACYHUKA XapaKTEPH3YIOT COOTBETCTBYIOINHE IOCTOSH-
HBIC BPEMEHH [Tl OTACTBHBIX TIPOIECCOB: Tp = Tox + Tu. 3AECH Toy = R°/80t - TIOCTO-
SIHHas BpeMeHHU s niporieccoB BHYTpH TBOJI; 14 = Rep/2al - mOCTOSHHASL BpeMe-
HU 711 BHEITHHUX IPOLIECCOB TEINIOOOMEHA.

YuureiBas, uto alt/A = Bi, 1 A/cp = a, MOCTOSHHAS BPESMECHH 151 TOIUTUBHOTO

2
R Bi+4
CCPACIHUKA COCTABUT T, = . Brionxe o4eBHAHO, YTO B CTALHOHAPHBIX

a 8Bl

yemosusax ( 0) = 1, di/dr =

0-

Ecmu e B Mmoment T =0 TCMIICPATypa TCINIOHOCUTCIA CKAYKOM YBCIMINUBACTCA Ha

Aty, 1o Temmnepatypa TBOJI Gymer u3MEHATBCS B COOTBETCTBHH CO CJICAYIOIUM

sakoHOM: Af = At(l - €7%)

BETUYUHY Af aHAJIOTHIHO UMEEM

. I[J'IH MIHOBCHHOI'O H3MCHCHHA SHCPrOBBIACIICHUS Ha
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At =

qV,O TOAf(l_e T/TO).
cp

Takum o0paszoM, T, €CTh HOCTOSHHAS IKCIIOHCHTHI, OMMCHIBAIOLICH H3MEHE-
Hue Temmepatypsl TBIJI mocne ckaukooOpa3HOro U3MEHEHUS BXOAHBIX MapaMeT-
POB (TEeMIEpaTyprl TCIFIOHOCHTENS WX SHEPrOBBIICICHUS).

JU1a mHHEWHOTr0 BO BPEMEHH M3MEHEHHS TEMITEPATYPhl TETUTOHOCUTENS Afy =

p o/
= mt naveHenne Temneparypst TBIJI cocrasur t =m7 —m7,(1—e 7 ™).

MakcrManbHOE 3ama3gblBaHHE TEMIIEpa-
typer TB3JI oTHOCHTEIBHO TEMIIEPATYPHI
TCIUIOHOCUTEISL TPU T —> 00 COCTABIISACT
mty. NHBIME c10BaMH, 3TO 3ama3AbIBaHUC
PaBHO H3MEHEHMIO TEMIIEPaTypPhl TEILIO-
HOCHUTENA 3a BpeMs To, KaK 3TO HILTIO-
cTpupyercs puc. 1.6.

Puc. 1.6. M3MeHeHnE CpenHEed TeMImepaTypsl

TB3JI (E) MPHU TUHEHHOM POCTE TEMIIEPATy-
Pb! TEIOHOCHUTETS ().

~y

[TocTosiHHYIO BpeMEHH A1l TOILTMBHOTO CEPACUYHUKA THOO0H reoOMETPpUICCKON
(hopMBI MOKHO 3aITHCAThH B OOIIEM BHIC

V
7, :RTCva (1.4)

rae V, F - o0beM | II0Imaab MOBEPXHOCTH TEILIOCHEMA C MOBEPXHOCTH CEPACUHH-
Ka, Ry — ero cyMMapHOE TEPMHUECKOE CONPOTHBIICHHE NP TIEPEHOCE TETLTOTHI K
TEIVIOHOCUTEII0, BKIIOUAIOIIEE CPEIHEE 3HAUCHHE BHYTPEHHETO TEPMHUYECKOTO
COTIPOTHUBIICHHS CEPJCTHHKA.

[MocTosiHHas BpeMenu peanpHOro nuauHApuucckoro TBIJL, umeromero 06o-
JIOUKY W Ta30BBIH 3230p MEXKIY TOILIMBOM U 0O0NOYKOH, VIUTHIBACT HX CYMMAPHOE
TEPMHUECKOE CONPOTHBICHUE B COOTBETCTBHM C PACUETHOM CXEMOM Uil ompeie-
JICHUS TeMIlepatypHoro mpoduns, npuseacHHOU Ha puc. 1.7. Brelpakenue mng
OLICHKH TIOCTOSIHHOU BpeMeHH Takoro peanpHoro TBIJI umeer Bug [57]

(R &, 6, 1)\R,
T, =| —+—+—2+— :
44 A Ay a2

Pemienrie uHOH HecTaroHapHoU 3amaun temiodusuku AP, a uMEeHHO OIICH-
Ky TIapaMETPOB TCINIOBOM MHEPLHHU MPOLEcca SHEProBrACACHU B AK3 npH Hava-
Je ee pacxXoJaXHUBaHHUA mocie octaHoBa PY B pesynawsrate cpabateiBanus A3 B
MCPBOM MPHUOIUKCHUN 1EISCO00PA3HO MPOU3BECTH O€3 ydueTa BHYTPCHHETO TEI-
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noseiaeiacaus B TBIJI BeaeacTeue PB-pacnaga
MPOAYKTOB ACACHUS. Y Ka3aHHAS OLCHKA MO-
JKET OBITh BBITIOJIHCHA HA OCHOBE CIICAYFOIIUX
coorHomenuii, Ilycte Ax3  oxmaxkpacres
KUAKOCTRIO € PacxogoM M U MOCTOSHHOM
TEMICPATYPOU [/, MPUYCM HAYAIBHAS TEMITC-
paTtypa TOILIHBA paBHA [, TCIIOEMKOCTD
tommuBa coctasiusier C, = (Vop.c;); Temioem-
kocThb Temnonocutens ecte Cy, = Vpe = SHpe.
B ykazanHbIX cooTHOWICHHSX V; - 0o0bEeM
TomuBa; S, H - miom@aap CCUCHUs Jist mpo-
xoaa Temnonocutens u Beicota TBC.

5 Puc. 1.7. PagnamsHblii TeMmepaTypHbIH IO
(ele]

B TB3JI ¢ ra3zoBbIM 3a30pOM MEXIY TOIUITHBOM H
- » 000/104KO.

Torma M3vMeHEHUE TEMITEPATYPHI 32 BpeMs dT MOXKET OBITh HAHACHO U3 ypaB-
HEHUS TEIJIOBOrO OanaHca

- (Cr + C,)dt = Mctdr. (1.5)

C yuaerom toro, uto Mc = WSpc = (W/H)C, Boipaxenue (1.5) MoxeT ObITh
dt cC

HpPEeICTaBICHO B BUAE — — ——————, rae H/W = 1, — Bpems Tpancnopra
C, +C 1,

termonocuTens uepe3 Ax3. Muterpuposanne BeipakeHus (1.5) mossonser momy-
YHUTh

_C T
C,+C 1y )

I =1,exp| — (1.6)

B kadecTBe mpuMepa OLECHKH XaPaKTCPHBIX BPEMEHHBIX MapaMETPOB TEILIO-
Boit muepuuu Ak3 AP BBOP-440 B mavansHOUH (hase e pacxomaKUBaHUS MOCIS
cpabateiBanusl A3 1enecooOpa3HO BHINOMHUTh CIEAVIOMUN pacuer. OCHOBHBIE
pacHCTHBIC MApaMETpPhI B 3TOH 3a1a4¢ TAKOBBI: 06beM TormBa V; = 4,5 M, paguyc
TOrMMBHOM Tabnerku R = 3,775 mM; BeicoTa TemmoBsiacstomei yvactu TBC H =
=25 M, 06beM TemmoHocHTeTs V= 7,56 M, CKOPOCTh TCILUTOHOCHUTCHS W =
= 3,4 m/c; xooddumment temrooraauu ¢ nopepxnocta TBIJI a,,=2260 Br/(m™K);
Tertodusmueckue coiictea Tormmmea: P, = 10" kr/m’; ¢, = 330 Ix/(krK); A=
= 2.3 Br/(m-K); oxmaxzaromero TtermmoHocurens: p = 750 kr/m’; ¢ = 5460
Jx/(xr-K).

BpemeHHO# CABUT B TEIUTOBBIACICHUH, O0YCIOBICHHBIN BHYTPSHHUM TEPMU-
yeckuM conporusiacHueM TBJJL, cocraBnser
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. _ R _Rep  (3775107°)330-10°
" 8a,  8A, 82,3
BpCMH 3ana3abIBaHUsI, OHpC,Z[CJ'IHCMOC BHCIINHUM TCpMI/I‘ICCKI/IM COHpOTI/IBJ'Ie-

HUEM TEIUTOOTAA4E ¢ moBepxHOCTH TBIJI B TemIoHOCHTEIB, COOTBETCTBEHHO, OIT-
peacmaeTes Kak

=256 c.

-3 4
¢~ Rapr 377510 33(2 10,76
2a,, 2.2,26-10

Toraa obriee BpeMst 3ana3qblBAHUS TCILIOBBIACICHHUS COCTABIISICT
To= Ton T Ty = 2,56+2,76=5 32 ¢c.
IMockompky BpeMst TPAHCIIOPTA TEILIOHOCUTEITS Yepe3 A3 OnpeaesaeTCs Kak
T, =H/W=25/3,4=0,735c,

a TCIIOCMKOCTh TOIUIMBA W TCILIOHOCHUTENSE COOTBETCTBEHHO paBHbl: () =
crprVr = = 330-10%4,5 = 1,485-10" /K u C = cpV = 5460-750-7,56 = 3,096-10’
JLw/K, mpuuem ux xapaxtepHoe ortHowmeHue cocrasmsier (C + Cp)/C =1+ Cy/C
=1++1,485-10" / 3,096-10" = 1,48, To IOMOIHUTEIBHOE BpeMs 3ama3JblBaHUs C
VUCTOM VKA3aHHOTO OTHOIICHHS TCIIOCMKOCTCH COCTABUT

1,=1,(C + Cp)/C =0,735-1,48 = 1,09 c.

Kpusuc mennoomoauu ¢ necmayuonapueix yenoeusx. Kak ykaselBanaocs B pa-
oote [1], noxaBnsroee OONPITUHCTBO HKCIICPUMEHTANBHBIX JAHHBIX 110 KPU3HUCAM
TEMIOOTAAYN B ABYX(A3HBEIX MOTOKAX MONYYCHBI B CTALMOHAPHBIX TEIIOTHIPAB-
JMYECKUX VCIOBUAX. B TO ke BpeMs psa1 HEIITATHBIX TEIUIOTHAPABINYECKUX pe-
JKUMOB AK3 XapakTepu3yeTcs OTUCTIHBO BBIPRKCHHOH HECTALIMOHAPHOCTHIO. Ta-
KOBBI, HaIllpUMEp, BHIIIEPACCMOTPEHHBIE HECTALIMOHAPHBIE YCIOBHUA YHEPTOBBIIE-
jeHuA B AK3 MpH BOZHUKHOBCHHH B HCH HEUTPOHHOH BCIIBIIIKH B PE3yIbTATE aBa-
PHITHOrO BEIOpOCA U3 HEe MOTOKOM TeIIoHocuTems oanoi n3 TBC. Yuuteisas 310,
LENecoO0pa3Ho OLCHNUTh MPEACTbl MPUMEHUMOCTH H3BECTHBIX PACUCTHBIX COOT-
vomenui o KTII, xoropsie moxydeHb MPUMEHUTEIBHO K CTAITHOHAPHBIM TEILIO-
rugpasiardeckuM pexkumaM TBIJI [1], k yeaoBusaM 11 HECTALIMOHAPHOTO TEILIO-
cheMa € €ro TEIUIOOTAAONICH MOBEPXHOCTH. Tak, BpeMEHHOH MacmTad mpouecca
KHIICHUS MOXKHO OIICHHUTH KAaK YacTHOE OT JCIICHHS XapaKTepHOro pasmepa (ka-
MUTSPHON OCTOSIHHOW) HA CKOPOCTh UCTIAPCHU:

=~ /g(p' = p") g/ rp"Y1-p"/ p"].

Jpyroil BpeMEHHOH mapaMeTp - BpPeMs TPaHCIOPTAa TEIUIOHOCHUTENA Hepe3
AK3 - onpeaensieTcss Kak dacTHOS ot AeiacHus quabl TBC Ha CKOpOCTh CMECH:
Ty = LSpew/M, tae S - ceuenne TBC mna mpoxoma temnonocutens, M - pacxon.
Ilpu sToMm ecnm xapakrepHoe BpeMsa HectannoHapHoro TTTI, kotopserii peamusyer-
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Cs1 B PEAKTOPHOM KaHalle, MPEBBILIAET CYMMY BBILIEYKAa3aHHBIX BPEMEHHBIX Mapa-
METPOB, T.€. T >> Tx = T« T Txp, TO PEATUALUIO BBILIEYKA3aHHOIO KBA3UCTALUO-
HapHoro noaxoxa mnsa pacdera KTII B yclnoBusiX HECTallMOHAPHOrO Ipolecca
SHEPrOBBIAEICHUS MOXKHO CUMTATh onpaBaaHHol. Ecnu ke T << 1+, TO HeoOX0ooum
JOMOJTHUTENbHBIN yUeT HecTaluoHapHOCTH. Tak, MpU UMIyJIbCe MOIIHOCTH (AT =
1 MC ) HACTYTIJIGHHIO TUIEHOYHOTO KUIIEHHS MPEIIECTBYET cyluecTBeHHoe (B 5 - 10
pa3) yBeIM4YeHNe HHTEHCHBHOCTH TEIJIOOTAAYH MO CPABHEHHUIO CO CTAL[HOHAPHBIMH
VYCIIOBUSIMU T€Hepaluy mapa. JTH U JApyrue
0COOEHHOCTH HECTALMOHAPHOW TEIJIOrUAPaB-
JIUKU PEAaKTOPHBIX KAaHAJIOB PAaCCMOTPEHBI B
pabore [1], a Takke B CHEHANbHBIX HCCIIE-
T=15¢ JOBaHUSIX. XapakTepHble (pu3nueckue ocoOeH-
HOCTH BJIUSIHUS TIEPHOA YHEPTOBBIACIIEHIS Ha
BenuunHy KTII unmocTtpupyrorcs puc. 1.8.

q, MBm/u?

107

Puc. 1.8. Ocobennoctu KTII B 3kxcnepumenTax co
CKaUKOOOPa3HBIM VBCIMHCHACM MOILIHOCTH
KUITIIICH MOBEPXHOCTH (T - BPEMs MOCIC Havama
/ Habpoca MOIIHOCTH): O - KPUBAs KHICHHS IS
i CTALMOHAPHBIX YCIIOBHIA, ® - KPUBBIC KUICHUS IS

L 10 )7 x  HECTALMOHAPHBIX YCIOBHH.

10

Taxum oOpas3oM, UCIIOIB30BAHNE B OLIEHOYHBIX MPAKTHYECKHX pacderax pe-
AKTOPHBIX KAHAJOB 3KCIEPUMEHTAbHbIX 00oOmaromumx 3apucumocteit mo KTTI,
MIOJIYYEHHBIX B CTALMOHAPHBIX TEIUIOTUAPABINYECKUX YCIOBUSIX, IPUMEHUTENBHO
K 3a7ja4aM HECTAI[MOHAPHOHN TEIUIOTHAPABINKA AK3, B LIEJIOM B Psizie CIy4aeB MO-
JKET CUMTATbCs OnpaBiaHHbIM. Kak cienyer u3 BBIMIEHU3JIOKEHHOIO, TaKUE Olle-
HOYHBIE PacueTsl 00eCIIeUNBaOT HEKOTOPBIH 3amac MO MPeAeNbHON TeroBoil Ha-
rpy3ke TBOJI. B to xe Bpemst yrounennele pacuersl Benuuanabl KTII npumenn-
TEJIbHO K YCJIOBUSIM CHH)KEHMSI pacxona Wi Habpoca MOIIHOCTH JIOJUKHBI YUUThI-
BaTh CIAENYIOLME COOTHOIIECHUS

qxp /qKD,O = F’I[KM (T )]7 qxp /qu,O = FZ [Kq (T)]7

rae Ky = (L/M)(dM/dv)(d’/v) - kputepuii rHAPOIHHAMIUECKON HECTALMOHAPHOCTH,
K, = (1/qupo)(dq/dr) d’/a - xputepuii TeroBoi HeCTALMOHAPHOCTH, qxp, Gip.0 -

KTII nyist HeCTaliMOHAPHBIX U CTALIMOHAPHBIX YCIOBHIL, F1, F, - SKCTIEPUMEHTAIBHO
onpenesnsieMble QyHKIIHH.

Ilpu peanmzanuy TaKMX YTOYHEHHBIX PACYETOB MPUHATO CUUTATDH, UTO KPUTH-
YECKHE MOLIHOCTH IMPU HECTAIIMOHAPHBIX U CTALMOHAPHBIX YCJIOBUSIX B IIEPBOM
MPUOIMIKEHUH CBSI3aHbI COOTHOLIEHHEM

0 =0+ e ppy B prg Wy
dp dmM d (At e )
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rae p - raBiaeHue. Bee Mpon3BOAHBIE B 3TOM BBIPAKEHHH YCTAHABINBAIOTCS IO CO-
OTHOIIEHHUAM JJIS CTAIIMOHAPHBIX YCIOBHH.

Tennosvie yoapwr u nepuoduyeckue korebanus memnepamypol. B nepexon-
HBIX perkumax PY Temmeparypa B pa3nmuvHBIX KOHCTPYKIIMOHHBIX d1eMenTax BKY
OOBIYHO M3MEHSETCS € Pa3IMYHON CKOPOCThIO. Pe3kne M3MEHEHHs TeMIepaTyphl
TEIUTIOHOCUTENA TNPHBOAAT K U3MEHEHHAM TEPEMAN0B TEMIIEPATYPHl B KOHCTPYK-
LUAX, YTO BBI3BIBACT BO3HUKHOBCHHEC TCPMHUYCCKHX HANPSKCHUH WM TEILIOBBIX
vaapos. BemuurHa ykazaHHBIX HANPSDKCHHE ONMpPEACTIeTcs paaoM (HakTopoB: CKo-
POCTBIO UBMCHCHUS TEMIICPATYPHl TCILIOHOCHTENS, 3HAYCHHAMHU KO3 PHULHICHTOB
TerIooTAaun, Terodusnteckumu cBoiicteamu Matepuanos BKY, tommmnoii cre-
Hok obonouck TBIJI u ap.

HaunGonpinyro OmacHOCTh VKa3aHHBIC TEIUIOBHIC VAAPH MPCACTABIIIOT IS
Ax3 H BIEMCEHTOB KOHCTPYKIMH PV ¢ JKUAKOMETAIMYECKHM OXJIAXKICHUEM Ha
BH, nockoneky nozorpes ternonocutens B P 3toro Tuna o0sruno gocturaer 200
- 250 °C, a k03¢ hHUIHCHTH TEIUIOOTAAYH K KUAKAM METAJIaM XapaKTCPU3YIOTCS
BBICOKHMH 3HAYCHHSIMH.

Tak, a1 CTCHKH H30IMpPOBaHHOrO TpyGompoBoga ADY, mmeromneli HavaIb-
HYIO TEMIICPATYPY /o, B YCIOBHAX OBICTPOT'O CHIDKCHHUS TEMIICPATYPHI TCIIOHOCH-
TEmsl BHYTPECHHHE CIOW Takod TpyObl oXia-
t \ JKAaroTCs ObICTpee, YeM HapykHble. PaananeHoe

pacnpenciIeHue TEMIIEpaTypbl B OTOW CTEHKE
MpHOOPETACT BUJ, MOKa3aHHbIN Ha puc. 1.9. [pu
3TOM, €CITH CPEAH:Sd TEMIIepaTrypa CTEHKH COC-

TaBIACT [, TO CJIOH, HMMCIOIUE TEMIIEPATYPY
BBILIC cpe;[HefI, OKa3bIBAXOTCA CXKATBIMH, a HHMXKC
CPEAHEH - PACTSIHYTBIMH.

6 Aﬂm Pactskene Puc. 1.9. PaguansHoe pacnipeeacHHE TEMIEPATYPhl U
TEPMUYCCKHE HANPSDKCHUS 10 CCYCHHIO CTCHKHU
Cixarne TPY6BI.

B »tux YCIOBUAX 3HAUCHUC TCPMHUUCCKUX HaprDKeHI/Iﬁ OICHUBACTCAI B KOH-

alf -
cTpyKimu 1o Gopmyne o = l—[t —1(r)], rae o - ko3ddurmeHT MuHEiHOrO pac-
—H

mupeHus; £ - moxyae yopyroctu; L - koaddumumenr Ilyaccona; ¢ - temneparypa

CTeHKH; [ = ———— IZ (r)dr . OueBUIHO, YTO MAKCHMATIBHBIC TCPMUYCCKUC HA-
R; - R

OPSDKCHHS! BOSHUKAIOT HA MOBCPXHOCTH MOAO0OHBIX KOHCTPYKLIMOHHBIX 3JICMCHTOB.

OO6BIYHO MO TCPMUHOM «TCILIOBOM yAap» MOHUMACTCS OXHOKPATHOC M3ME-

HCHHUE TeMIEpaTypbl MOBepXHOCTH. OHAKO B MOTOKE TEIIOHOCHTENS BO3MOYKHO

Ry
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CYLICCTBOBAHUE BBICOKHX KOJCOAHHH TeMITCPaTyphl, KOTOPEIC HEOOXOANMO YUH-
TBIBAaTh, OCOOCHHO IMPH BBICOKUX TEINIOBBIX HATPY3KAX COOTBETCTBYIOINUX MOBEPX-
HocTel. TemmepaTypHble MyIbCALUH OKA3BIBAOT BIMSHIC HA KOPPO3HOHHBIC MPO-
LIECCHI, MOCKOIBKY MPHUBOMAT K PA3pPYIICHHIO 3aLUTHEIX IFICHOK HA MOBEPXHOCTH U
MOT'YT BBI3BATh YCTAJIOCTHEIC HAMPSKCHHUS.

[TprunHaMy nynbcanuii TeMIIEpaTypbl IPUHLIUIIHATBHO MOT'YT OBITh. Koneba-
Hus MomHoctd AP, TypOylaeHTHBIC MynbCAllMU TCINIOHOCHUTENS, OMpPEIACTISIeMbIE
BHYTPECHHEH CTPYKTYPOH €ro mOTOKa, HCYCTAHOBUBIIHMECS KOHBCKTUBHBIC TCUCHHS
B 3JIEMCHTAX IEPBOro KOHTypa (maTtpyOkax, TPOWHHKAX U Ap.), KOTOPbIE HMCIOT
MECTO MPH HAIWYUHU 3HAYUTCIBHBIX TPAJUCHTOB TEMICPATYPH; CMCHA PEKUMOB
KHTICHHSA (B MECTE KPHU3HCA, IPH NMEPEXOAE K IFICHOYHOMY KHIICHHUIO).

OmnpenencHue yKazaHHBIX TEMIICPATYPHBIX HANPSHKCHUH OOBIMHO TpeOveT Ha-
XOXKJICHUS PACTPEACICHUS TEMIICPATYPhl B CTCHKE TOJIIIUHOHN /2, HA OOHOH U3 MOo-
BEPXHOCTEH KOTOPOHU 3aJaHBl MyJIbCALIMHM TEMIIEPATYPBI, a HA APYTOH — OCYIIECTB-
JSIETCS TEIFIOOOMEH € TPEIOIIUM TEINIOHOCUTENIEM MPH HOCTOSHHOM KO3 HUIIHCH-
TE TEIIOOTAAYH.

B obmem ciayuae TepMOYIpPYrHe HECTALIMOHAPHBIC HANMPSKCHUS HA TOBEPX-
HOCTH 31eMeHTOB SIJY MoryT OBITh ONpEeencHbl HA OCHOBE U3BECTHOT'O COOTHO-
LICHUS U3 TEOPHUHU YIIPYTOCTH

o(x=hr)=—— ok jz(x T)dx —1(h, z')
-u

Kpome Toro, ans oueHKH JOITOBEYHOCTH COOTBETCTBYIOIICH KOHCTPYKLHN
HEoOX0AMMO pacnonarate HHGOPMALMEH O CTATHCTHYSCKHX XapaKTEPHUCTHKAX
VKa3aHHBIX TEMIICPATYPHBIX MyIbCALUH, B OCOOCHHOCTH AaHHBIMH 00 HHTCHCHB-
HOCTH HampspkeHuH Ss B ux sddextuBHOM nepuoae ®. Kak uzsectHo, 3TH mapa-
METPBI CBSI3aHBI CO CHCKTPAJIbHOH IJIOTHOCTHIO MyJsibcanui HampsukeHud Go(w)

LS‘
IGG (0)do, O =21 S—f, rae So - CPEAHCKBAAPATHY-

0 o

COOTHOWICHUSIMH S, =

HOC OTKJIOHCHHE (MHTCHCHBHOCTb HANPSIKCHUH), S; - WHTCHCHBHOCTD CKOPOCTH
HM3MCHCHUS HAIIPSDKCHUH; (O - KPYroBas 4acToTa.

CrexrpanbHas IIIOTHOCTh HAMPSKEHUH (Fo(®) OMPEaSIIeTCs HCXOas U3 CIICK-
TPaTbHOH IUTOTHOCTH MyJbCALMN TeMrepaTypbl Gr(m) U B3aNMOCBA3U TEMIICPATYP
U HanpspkeHHH. Kak mokasslBarOT 3KCIICPUMEHTEL, 1T TAPMOHHYCCKHX KOIeOaHHH
MMEET MECTO cooTHoweHue St = Af/3, wnu At/4, rae Ar - pasmax koacOaHu TEM-
MEPaTypPHL.

A dexTrBHBIN nEpHOA KONCOAHUN TEMITCPATYPHI B 3TUX YCIOBHAX COCTABII-
et O, = 2At/n, rae At - U3MEPCHHBIA HHTEPBAI BPEMEHH, 1 - YHUCIO MPOXOKICHHUH
Yyepe3 HyJICBBIC 3HAUCHH (CpeIHEE 3HAUCHUE TEMITCPATYPHI).

Ocobdennocmu meMnepamypHuIX PeHCUMO8 NPU MePMUHECKOM PACCiOeHUl
menaonocumens. B nepexoqHbIX, 1 0COOCHHO aBapUHHBIX, peKUMaxX B OONBIINH-
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CTBE Cy4daeB HaOmoOAacTcs pacciaoeHue (CTpaTU(UKAINA) TEIJIOHOCHTENSA 10
IJIOTHOCTH B 3aBUCUMOCTM OT TeMIlepaTypbl. [ pagueHT TemnepaTrypsl BbI3bIBAET
MOABJICHUE TEPMOTPABUTALIMOHHBIX CHJI, KOTOPBIE M3MEHAIOT KapTUHY TEUEHHA U
TEMIIEPATYPHBIN PEXUM MOTOKA. Pa3HOCTh Temmeparyp MexIy Oosee U MeHee Ha-
TPEThIMUA OOJIACTAMH TEIUIOHOCHUTEINS B MEPEXOAHBIX pexnmax DY (B 3aBUCHMO-
¢ty oT THna PY) MokeT 1octurarh COTEH IpaaycoB, YTO OOYCIOBJIMBAET BO3HHUK-
HOBEHHE 3HAYUTEIbHBIX TEPMUUYECKUX HAMPSHKEHUH B KOHCTPYKLIMOHHBIX 3JIEMEH-
Tax. Tak, paccioeHne TEIUIOHOCUTEN MOYKET UMETh MECTO B BepxHel kamepe AP
pasmmu”oro tuna (BBOP, BH) B pexumax ¢ yMEHBLIEHHEM SHEPTOBBIICICHHUA.
[Ipn 3TOM Harperbie CIIOM TEMIOHOCUTENSA OKAa3bIBAIOTCA B BEPXHEH YacTW 3TOH
KaMepbl, O0Jiee XOMOMHBIC - B HIKHEH. BITOJTHE OYEBHIHO, UTO yCTONUMBAs CTpa-
TU(UKAIMA TPETATCTBYET PA3BUTHIO €CTECTBEHHON IMPKYJSILUAMN TIPU PeATA3aIN
aBapuitHOrO pacxofiakuBaHWA AK3 B YCIOBHSIX OCTAHOBJICHHBIX (TIO TeM WJIH
uHBIM TipranHaM) ['T{H. Cinemyer oTMETHTD, 4TO MEXIy TOPSUSH W XOJOIHOM 00-
JAacTIMH TEIUIOHOCUTENS B o0beme SIP pacrnonaraercs TOHKWE TOPH3OHTAIbHBIIN
CJIOHM, B KOTOPOM DPEAM3yeTCsl MPAKTHYECKU BECH IEPENA] TEMIIEPATYPBI MEKILY
STUMH OJM3KUMH K U30TEPMHUUYECKOMY COCTOSHUIO OONIAcTAMH. Y Ka3aHHAs TEeMIIe-
patypHas cTpathudukams odsema AP wmmocTpupyercs CxeMoi, peacTaBICHHON
Ha puc. 1.10. UrnopupoBanue mogoOHOr0 TEPMUUECKOTO PACCIOSHUS TEIIOHOCH-
TeNA MPU KOHTPOJIE M0 TEMITEPATYP B YCIOBUAX PA3BUBAOIIEHCA TSKEION aBapun
SIP MokeT MMETh HEraTUBHBIC TTOCIEACTBHA A €€ (POPMHPYIOIIECTOC CIICHAPHS.
, Crenyer Taxke OTMETHTH, YTO yKa3aHHBIA
2 z TEMIIEPATYPHBIA TPATUEHT MEXKITY CTpaTH-
ey PF) J (DUITMPOBAHHBIMU  CJIOSIMH  TETUTIOHOCHTENS
————— JIOCTATOYHO YCTOHYMB M TPAKTUYECKH HE
MEHSETCS BO BpDEMEHHU.

l l Puc. 1.10. TepMuueckoe paccilioeHUE TEIIO-
= L nocwurensa B odveme AP / - Ax3; 2 - yposeHb

TEIUIOHOCHUTENST, 3 - TPaHHIa TOpSUEeH M XO-
\\ / JIOJHOM 30H.

OnpenensonyM KPHTEPHEM TOMO0HS, XapaKTEPU3YIOIIUM YCTOMWYUBOCTD
CTPaTH(UIMPOBAHHBIX TEUEHHI, B KOTOPHIX CHJIBI TUIABYUECTH WTPAIOT TJIABHYIO
ot/ oz
(oW /0z)°
HHIIA pa3zieNa YCTOMUKBA, a MPH MEHBINUX 3HAYEHUAX Ri Ha MOBEPXHOCTH pasena
TOSIBJIIFOTCS KOJTeOaHusI, aMILTATY/Ia KOTOPBIX YBEITHUHUBACTCA C YBETHUCHHEM CKO-

POCTH TeIIOHOCUTENA. Kak WM3BECTHO, KPUTEPUSIMH TOMOOHS, ONMpPEAenstOmyuMu
XapakTep TEUCHUM, ABIAIOTCA Takke uncia Opyna u PeitHonbca:

Fr = W/(gBAtl); Re= Winv.

HHBIM IPUMEPOM PACCIOEHHBIX TEUEHUH ABIAETCA PEKUM IMOJAUYH XOJIOXHON
BOJIBI B TPYOOMPOBO/ OAHON M3 TIeTeNb nmepBoro KoHtypa BBOP B aBapuiinom pe-

pOJIb, ABJIAETCA YMCIIO Puuapacona: Ri = gf3 . Tak mpm Ri > > 0,5 rpa-
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JKUME YTEUKH TeruioHocuTenss. CTpyKTypa TEUeHUs TSIUTOHOCUTENS B DTOM CITydac
COCTOMT U3 JBYX BCTPSYHBIX MOTOKOB, NpeAcTaBicHHBIX Ha puc. 1.11. Termmonocu-
TENIb C BBICOKOM TEMIIEPATYPOM PacmpOCTPAHACTCA HA UIMHY [ B OJHY CTOPOHY,
0oiee XONOIHBIN TCUET B APYIVIO. JlTMHA MPOHMKHOBEHHUS TOPSYCTO TEILIOHOCH-
TCIIsI B TOPU3OHTAIBHBIN TPYOOIPOBOA MOKET OBITH OLCHCHA HAa OCHOBE COOTHO-
MICHUA

Vd = C Re™ Fr'l’,

rxe C = 0,01 m Re=10*+10"uFr< 1.

Puc. 1.11. XapakTep TeueHHUs ropgdero M XomnoJ-
HOTO TEIUIOHOCHTEIs B TPyOOIpoOBOAEe IPH BOC-
HOJIHEHUM €ro LOTePb B YCIOBHAX T€YU IIEPBOIO
KOHTYpa: [ - paclpejie]leHHe CKOpOCTH, 2 - pac-
IIpe ieJIeHHe TeMIIepaTypel.

1.2. Oduue cBeneHnst 0 TEII0PU3NUYECKHUX HPOLECCAX
B HEPCTJIAMCHTHBIX PCKUMAX

1.2.1. O0masi XxapaKTepuCcTUKA aBAPUITHBIX MPOIIECCOB
¢ moTepeii TeNnJI0HOCHTEJIS IEPBOTo KOHTYpPA

Kaxk m3BecTHO, HapymicHHE TETOCheMa B AK3 MPUBOJINUT K HEAOITYCTUMOMY
pasorpeBy u BO3MOkHOMY paspyiucHuro TBOJI u apyrux BaskHBIX 11 O€30IacHO-
CTH KOHCTPYKTHBHBIX 31eMeHTOB SP. TIpuuHoii Takol aBapHiHONM CUTYyaL|H MO-
ryT OBITH. 3HAYUTEIBHBIC MMOTEPH TEIUIOHOCUTEIIA TICPBOr0 KOHTYpa, HArpUMEp
Beneacteue passutust MITA; BHesanHoe 3akmunuBanue poropa [ 1[H; Groxuposka
npoxonaHoro ceueHust TBC ¢parMeHTaMu pa3pyICHHBIX MO KAKOH-THOO MPUYMHE
BKY u mpyrue aBapuiiHbIC MPOLICCCHI, MPUBOUIIIHNC K YXYIILICHUIO OXJIaKICHUS
obomouek TBIJI. Ha puc. 1.12 mpencrasnena oOmiast cxemMa BOZHUKHOBCHHUS U
pasBuTHsI TIOAOOHOM TSDKCITON aBapHH, a TAKKEC KOHKPCTH3MPOBAHBI €C HAUOOICE
BO3MOIKHBIC [TOCICACTBYSL.

WzBecTHO Takske, YTO PSKUMBI TCIUTOOTAAYM Ha TioBepxHocTH TB3JI ompene-
JISTFOTCA KOHKPETHBIMH TETUIOBBIMUA W THAPOJIMHAMHUYECKMMU VCIOBUAMH B AK3
(MaccoBast CKOPOCTh, MAPOCOACPKAHKC, TEMIICpaTypa 00O0IOUKH U Ap.), KOTOPHIC
(hOPMHPYIOTCST B 3aBUCHMOCTH OT KOHKPETHOTO CICHAPWS Pa3BUBAIOIICHCS TSKC-
nou asapun. Ousmieckre 0COOCHHOCTH BO3HHUKHOBEHUS KPH3UCHBIX SIBJICHUM Ha
noeepxHocTH TBOJI B pasmmdHbIX TEIUIOrHAPABINYCCKUX YCIOBMIX BCECTOPOHHE
npoananuzupoBansl B padore [1]. CucTtemHbIN aHaIM3 MPEACTABICHHBIX HA PHUC.
1.12 OCHOBHBIX 3TAIOB TSLKCIOW aBapHM, a TAKKE COMPOBOXKJAFOIIMX ITH HTAITbl
TEITO()U3UYECKUX TIPOLICCCOB B XOJC TSDKEIBIX aBaAPHUM sICPHBIX SHEPTOOIOKOB C
AP mHa TErutoBBIX M OBICTPBIX HCUTPOHAX OCHOBHBIX DHCPTCTHUCCKUX THUITOB IPCA-
CTaBIICH B TIOCITEAYIONIMX TIIABaX HACTOAIMIEH MOHOTPa(hUu.
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BiroxupoBku npo-
XOJTHOT'O CEUEHUS
TBC

OTKITIOUEHHUE YacTH TIETENh KOHTYpa HOTepH TEITIOHOCHUTEIA

\l Kpusuc termoobMeHa
/ Pazorpes anemenroB Ax3 I

ﬂ Hcreuenve mapoBoIsTHOM
cMecHu

Temmepatrypa TBOJI I InaBnenne TBOJI
HE IIPEBBIITIAET TEM- U paspyiieHue A3 ITapoBoii B3pbIB
Tieparypy IVIaBIeHus n
v |
TernmooOMeH 1 B3anMOJeHCTBHE KO- ITporieccH B 3aﬁu/m{0ﬁ 060-
puyMa ¢ kopirycoM SIP: oxraxkzieHue JIOUKE: MaccoIlepeHoC Ka-
Kopiryca CHapyXu, U3JIy1CHUEC KOPHY- TIETBHOU CPEJIbl BOJIOPOA U
Ma, OPOCUTEINbEPE OXJIaXkK/ICHHUE aPO30TICH; TTOBEPXHOCTHAS H

f oObeMHas KOHJICHC AL, TIPO-

OxIaxjieHue Kopuy-
Ma U 3aCThIBaHUE €r0

IECChI C’I‘paTI/I(l)I/H(aL[I/H/I BOJO-

IIpornmasnenue kopmyca SIP N
poJia B 3aIUTHOH 000I0UKe

B3aumoseticTBue xopuyma
¢ MaTepralaMy IMaxTsl SIP

Puc. 1.12. Obmas cxemMa BOZHUKHOBEHUS U PA3BUTHS TSLKEIOH aBapuu

SIIEPHOTO SHEProdmoka ¢ SIP Bog0-BOMIHOTO THIIA.

Tak, Hampumep, B UHCIE aKTYaTbHBIX
mpobimem Oesomacuoctu  SIP tuma BBOP
HaI/I6OJ'ICC BAJKHBEIMU  ABJIAKOTCA HpO6HeMbI,
CBSI3AHHBIC C ABAPUWHBIMHU TCILTOPHU3HUCCKH-
MH TIPOIECCAMH, KOTOPBIC COIMPOBOXKAAIOT
MOTCPIO TEIIOHOCHUTEA TICPBOTO  KOHTYA.
OOmas cxema MPOTCKAHUS TAKUX MPOLICCCOB
B SIP BO#o-BOAgHOrO THHA, a Takxke B 30 PY
MmpeacTaBicHa Ha puc. 1.13.

Puc. 1.13. O0mas cxema npoTEeKaHHUsI ABAPHHHBIX
MPOLIECCOB B XOJE TSDKEIOH aBapHU BOAOOXJIAK-
maemoro SIP ¢ pacrumasirennem Ak3: / - Teub mep-
BOTO KOHTYpA; 2 - paciuaBicHue AK3; 3 - a3po3o-
JIH B 3aIIUTHOHM 00O0NIOYKE; 4 - KOHACHCAIMA Tapa
Ha TOBEpXHOCTAX BHYTpH 30; 5 - paspymicHue
KOpIyca; 6 - MapOBOH B3PBIB, 7 - B3AUMOJACHCTBHUE
KOpHyMa C OETOHOM; & - BO3TOPaHHE BOIOPO/IA.
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Peanuzamus cructeMHOro aHaIH3a TAKOW THKETIOH aBapuu TPeOYET AETaIbHO-

IO PACCMOTPEHHS €€ CIEAYIOMMX TPEX ITAIOB

1. da3za pasrepmernzaunu u ocyenus Ak3 (nepeoie 10 - 15 ¢ mocne Hayana asa-
pun). OmpeaensomuM napamMeTpoM 3TOH (asel aBapHH SABIIACTCS BETHYHHA
pacxona TEIIOHOCHUTEN, TEPAEMOTo U3 MepBoro KoHTypa. JlocroBepHas OreH-
Ka 3TOro mapamerpa tpedyer Haac)KHOU HHPOPMALTHH O KPUTHICCKOW CKOPOCTH
HCTEUECHHS U3 pa3phiBa, YPOBHE MOITHOCTH P, a Taxke HHTEHCHBHOCTH TEILIO-
cpema B Ak3. B cBoro ouepeap kpuTHUECKas CKOPOCTh UCTCUCHHS ABYX(pa3Horo
MOTOKA OIpPEIENAETCS THAPOAHMHAMUYCCKUMH (akTopaMu (HampuMep, peKu-
MOM TCUCHHS), & TAKKE BETHUNHON HCTHHHOIO OOBEMHOTO MAPOCOACPIKAHUA U
reoMeTpun paspeiea. Kak m3sectHo, mpu ucteucHNU TermionocuTens u3 AP, ox-
JKAAEMOr0 HEAOTPETOH BOJOW, NABICHUE OBICTPO CHIDKACTCS OO 3HAUCHUS,
COOTBETCTBYIOLLETO AABICHUIO HACHIIICHHS MPH JaHHOH Temmeparype. Creact-
BHEM 3TOr0 IpoLecca ABILIETCS WHTCHCUBHOE mapoobpasosanue. Kpome Toro,
HAMPABICHUC IBIKCHHS TCIUIOHOCUTENS B AK3 HE TOIBKO HCOTHOKPATHO H3-
MEHSETCS Ha 00paTHOE, HO TAKXKE U B ONPEACICHHBIC MOMCHTHI JBHKCHHE MO-
JKET TONMHOCTBIO IpekpaTutbed. [Ipu 3TOM mapocoaepkaHue IMOTOKA TEIUIOHO-
CUTENS M3MEHACTCH B IIMPOKHMX Ipenenax. PasBUTHe yKa3aHHBIX aBapHIHBIX
TI'TI 06yCIOBINBAECT MACCOBOC BO3HHKHOBCHHEC KPU3HCHBIX SABJICHHI HA TEILIO-
otaaromux nosepxHocTax TBIJI. OueBnaHO, 4TO pacdeT U MPOrHO3UPOBAHUE
JOCTHTaeMBIX IPH 3TOM TEMIICPATYPHBIX VPOBHEH OOONOYEK W TOIUIMBHBIX
cepacunnkoB TBIJI umeeT Ans KOHKPETHOTO CLCHAPHS PA3BUTHS TAKOH TSDKE-
JIOH aBapyH OIPEACSIAIOMEE ZHAUCHHUE.

2. ®aza samonucnus (3aqmBa) Ak3 temionocureniem CAO3. B xoxe 3toit daset
TSDKETOH aBapuu OOPUPOBAHHAS BOJA W3 CHCTEMBbI aBAPUHHOTO OXIAKICHUS
MPOXOIUT YEpPe3 XOIOAHBIM YHACTOK M OMYCKHOW 3a30p B Kopmyce. JTa BoJa
BCTVYIIACT B KOHTAKT ¢ 00Pa3vIOIIUMCS MapoM. B yka3aHHEIX VCIOBHSAX B3aUMO-
JEHCTBHUE BOABI U ITapa MMEET HEPETYIAPHBIN IYyIbCAIMOHHBIN Xapaktep. Tak,
MPH CONMPHKOCHOBCHUU BOJBI C MApPOM NPOUCXOAMT ObICTpas KOHACHCALWS,
CO37aeTCs pa3peKeHue, 3aTeM HMHTEHCHBHOCTh KOHACHCAIIMH CHIDKACTCS, JAaB-
acHue BospacraeT. Jtu HecraumoHapueie TITI o0ycmoBIMBarOT BOZHUKHOBE-
HHUE 3HAYUTEIBHBIX MyIbCALHH pacxoaa ¢ GONBLION aMIUTUTYAOH, YTO MOMKET
BBI3BATh I'MIPABIMYCCKUC VAAPBl. BO3MOMXHBI peKUMEBI 3aXIeOBIBAHUS, KOTAA
BCTPCUHBIN NOTOK Napa NPEMIATCTBYET MOCTYIUICHHIO BOAB B AK3.

Kak n3BecTHO, B INTATHBIX PEKUMaxX JKCIIyaTaudd AK3 COBPEMEHHOTO
SIP Bogo-BogsiHoro Tuma, takoro, kak BBAP-1000, mocrarouno TermoHamnpsi-
JKEHA M IMEET CICAYIOUINE TEMIEPATYPHBIE M 3HEPTETUUIECKHIE XapaKTEPUCTH-
KU CPEIHSS TeMIEepaTypa TEIIOHOCUTEN epBoro kouTypa - 303 °C; cpeanss
Temmeparypa toruea - 870 °C; sHeprus, akkyMyTHPOBAHHAS B TCINIOHOCUTENE
- 3,8-10° M]Ixx; sHeprus, akkymymuposarsas 8 TBIJI - 1.4-10* MIx. Kpome
TOro, aBapuiHbBI ocTaHoB PY wHMIUHpyeT, kak 3T0 OBIJIO OTMEUCHO BBIIIC,
TaKke ocrarounoe remmoBeiaeacHue ¢ TBIJL, cocrapmsromnee 6 — 7 % Nyoy, KO-
TOpOE OOYCIOBICHO PaJHOAKTHBHBIM PACIaioM MPOAyKTOB aencHus. Hocth-
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racMbIC IPH 3TOM BBICOKHE TemrepaTyphbie yposHu 1BJJI cosxaror Heobxo-
JAMMBIC TIPSITOCBUTKM JJIsI MHTCHCHBHOTO 3K30TCPMHUYCCKOTO B3aMMOICHUCTBHS
LIUPKOHMS UX 0DOIOYCK C BOJOM, KOTOPOS PEaTU3YCTCsI B COOTBETCTBUH C XU-
MHYECKOM peakiuei

Zr + 2H,0 = Zr0, + 2H, + 6530 xJ[x/kr.

Peaxrus Hauunaercs nipu temrepatype oxoio 800 - 950 °C, a mpu mocTu-
xeruu 1200 °C ona nproOperaet caMorio AIepKUBAIOIIMICS (aBTOKATATUTHYC-
Ckuif) xapakrep. B pesynbraTte 3TOM MapOoLMpKOHKUCBOM PCAKIMK TIPU B3aUMO-
JCUCTBUM LIMPKOHKCBBIX oOoouck TBOJI ¢ Boxok BEIACISICTCS BOZOPOI B KO-
nudectee npumvepro 300 n/kr, a CyMMapHOE SHCPTOBBIACIICHUE COCTABILICT
6530 xJx/xr.

3. (aza nosroproro cmauuBanus TBIJI. B xoxe aToii (aser passuteiss TSHKETOM
aBapum OopuposanHas Boga CAO3 momaercs B AK3 M3 HIDKHCH WIH BEPXHECH
kamepbl AP. B 3TUX ycIOBHAX MPU B3aUMOJCHCTBUY MOAABACMOMN BOIBI C pa3o-
TPETBIMKM 0 BBICOKOM Temrieparypsl obomoukamu TBOJI obpasyercs snawum-
TEBHOC KOJTHUYCCTBO Mapa ¢ AUCTICPTUPOBAHHBIMY B HEM KarULIMU BOABL [1yib-
CHPYIOILMI MpH 3TOM (PPOHT CMAYMBAHMS MPESPHIBUCTO ICPSMCIIACTCS H3-3a
HEPABHOMCPHOTO PACIIPSACTICHHS IOTOKA TCIUIOHOCHTEISI M HEPaBHOMCPHOTO
pacnpenenecuus 3a30pos B TBC. Boxa, BeiOpomiennas uz A3, rpu 3aj1MBe CHU-
3y MOKET CHOBA PCLIMPKYJIMPOBATH M BEPHYTHCS B HEC. DTOT BO3BPAT IPUBOIUAT
K moBTOpHOMY cMauuBanuo TBIJI. XapakrepHas AMHAMUKAa U3MCHCHHUS TCM-
repaTypHLIX ypoBHeH obomouku TBIJI npu ucronb30BaHHUM pa3inaHbIX BUIOB
TOIUTMBHBIX CEPACYHHKOB B XOAC PA3BUTHS TDKCIOH aBapyUH BOJO-BOISHOTO
5P, xoTopast uHMIIMHMPOBaHA Pa3pbIBOM MEpBOro KoHTYpa PY, mpencrasieHa Ha
puc. 1.14.

t°'C
1500

1000
Puc. 1.14. JlmHaMuka W3MEHEHUWS TeMIIe-
parypsl obomoukn TBOJI mpm paspsme
TpyOOIIpOBOJIa TEPBOTO  KOHTYpa  BOJO-
oxmaxgaemoro $P: — - xepammueckoe

1 1
0 50 100 150 200 rowmmBo (UO,); - - - - - KepMeTHoe

L TOIUIUBO ¢ BBICOKOI TCIUIOIIPOBO JHOCTBIO.

Kax BHAHO M3 BBIICH3IOKEHHOTO, KayKAas U3 PACCMOTPEHHBIX (pa3 TLKEIOH
aBapuM B BOJO-BOJIHOM »HepreTuucckoM P xapakrepusyercs OIpenesieHHOM
crict(hUKOM TEIUIOBBIX U THAPOJMHAMHYCCKUX TIPOIICCCOB, KOTOPHIC COMPOBOXK-
JAIOT OUHAMHKY Pa3BUTHA COOTBETCTBYIOINEH aBapuiiHOH (asel. Tak, mporecch
TEIITO00MEHA TP PA3TEPMETU3AIIMH TIEPBOTO KOHTYPA B 3HAYUTEINBHON MEpE Orl-
PCACIAIOTCS UCTCUCHUEM M3 HEr0 TCIUIOHOCHUTEIA. B 3THUX YCIIOBHAX AABIICHUC B
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KOHTYpPE MaJacT OO0 3HAUCHHS, COOTBETCTBYIOLICTO AABICHUIO HACHILICHHUS IIPH
JaHHOM Temneparype. JKuIKoCTh Y MOBEPXHOCTH HArpeBa MOJKET 0Ka3aThCs Iepe-
IPETOM HACTOIBKO, UTO €€ TeMIiepaTypa OVACT NPEBOCXOAUTh TEMIICPATYPY TOMO-
TCHHOT'0 Mapoo0pa3oBaHus, B TO BPEMS KaK LCHTPHI NapooOpa3oBaHHs HE YCIETH
aKTUBHPOBATHC. BemencTerue 0JHOBPEMEHHOTO PE3KOT0 POCTA MAPOBBIX My3bIPEH
o0pa3yercs CIUTOIIHOM HapOBOH CIOH, T.¢. OOPAIICHHBIN KOJBICBON PEKUM, KOTAa
JKUAKOE SAPO MOTOKA OTACICHO OT MOBEPXHOCTH TEIIOCHhEMA MAPOBOH TICHKOU.
Vxazannsiit TITI cooTBETCTBYET YCIOBHAM BO3HHKHOBEHHUS KPH3HCA TEILIO-
OTIaYM Ha OXJIAKAACMOW TEpsieMbIM TEIUIoHOCHTEIeM noBepxuocT TBIJI [1].
Craeayer, omHaKo, MOJUEPKHYTh, YTO B 3TOH (haze pa3BUTHA aBAPUHHOrO MpoLecca
BO3HHKHOBCHHEC KPH3UCHBIX SBICHUN B AK3 MOXKET SBUTHCS CIEIACTBHEM HE TOJb-
KO (popMUpOBaHHS BBHIIICYKA3AHHOTO OOPALICHHOI'O KOIBIECBOTO PEKUMA TCUCHHS
TCIIIOHOCUTENS, HO TAKOKE U PE3YJIbTATOM ABAPHIHOIO CHIKCHHS €T0 Pacxoia B
MEPBOM KOHTYpE. XapaKTep aBapHUHBIX TEILUIOTHAPABIMYECKUX VCIOBUH, GOpMU-
pyromuxcs B Ak3, B 3HAYUTCIBHOH MEPE OMPEACIICTCS OONACTHIO JIOKATU3AIMH
paspeiBa mepBoro KoHTypa. Tak, mpu ero pasrepMeTH3auny 4acTo BO3HUKACT 00-
paTHas LUPKYILILUS, 3aTEM 10 MEPE ONOPOKHCHHS KOHTYPA HAIPABICHHE ITOTOKA
CHOBA MCHSETCS W, HAKOHCL, PACXOJ VMCHBINACTCS A0 OUCHb HHU3KUX 3HAYCHUU.
VYkazaHHas aBapuiiHas JUHAMHKA U3MCHCHHUS PacXoJa TEINIOHOCUTEIS B XOAC TH-
JKeJToH aBapuu npeacrasieHa Ha puc. 1.15. Pacemorpennsie TI'TI, koropeie mpore-
A KalOT B YVKA3aHHBIX YCJIOBHAX B aBapUHHOH AK3,
> L 00ycnoBnuBaT (HOPMHUPOBAHHE HA MMOBEPXHOCTH
) TB2JI creayomux peXUMOB TEILIOChema: /)
KOHBCKTUBHBIA TEMIOOOMEH C JKUAKOCTBIO; 2) IMy-
LE 3BIPPKOBOEC KHIICHHE, 3) KPH3HC TCIUIOOTAAMM,
4) 3aKPUBHUCHBIN TEIIOOOMEH; 5) KOHBEKTHBHBIH
. TerooOmMed ¢ mapoM. OCHOBHBIC TEIIOTHIPAB-
JWYECKUE XAPAKTCPUCTUKU 3TUX PEKHMOB NPEI-
crasycHsl B Tabn. 1.1.

[
—
<

Puc. 1.15. /lunamuka U3MEHEHHS Pacxoa TEIUIOHOCH-
2k Tens B AK3 BogooxiIaxkaaeMoro SIP B HauaapHOH (hase
aBAPHH C MOTEPEH TEMIOHOCUTEA.

Tabmuya 1. 1. TenAoruapaBIAIeCKHe XAPAKTEPHCTHKHA OCHOBHBIX PE:KAMOB
TerI000MeHa B aBapmiinoii Ax3

Peskum P o, 10° Br/(v™K) (I -T9.°C

KoHBeK1MS JKHIKOCTH 0K0J10 0 20 MeHee 6
ITy3bIppKOBBIIT 0-0,09 i5-100 6-60
Kpuzuc 0-0,09 15-100 30-60

3aKpH3HCHBIN TCILIOOOMCH:
TIEPEXOAHBIN 0-0,05 1-80 60 - 300
TUICHOYHBIN 6omee 0,5 1-3 200 - 800
Konsexnusa mapa 1 3-5
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Kax wsBectHO, BemnunHa K03hPHIMEHTA TEMIOOTAAYN ¢ B IITATHBIX YCIOBHU-
sIX KcIUTyatannu Ak3 BOIO-BOMSHOIO 3Heprerudeckoro AP cocraBiser okomo
(2:4)-10" Br/(m>K). ITocrie HACTyIIeHHS KPH3HCA KUITe-
HUS BEJIMYMHA OL YMEHBIIAETCs Ha MOPsAAoK u Oosee. Ta-
KO€ YXY/IIEHNE HHTEHCHBHOCTU TEIUIOOTAA4H MPUBOIUT
K TOMY, YTO B T€YEHHE HECKOJIbKUX CEKYH/]] TeMIepaTypa
00OJIOYKH BO3PACTET A0 CPEeHEeH TeMIepaTyphl TOIUIHBA
(puc. 1.16), HecMOTpsi Ha CHHXKEHHE HEHTPOHHOMN
MoirHoctu SP.

Puc. 1.16. Xapakrep paguaibHOro TEMIEPATYPHOrO PO
TB3JI npu aBapuiiHom ocrtaHoBe SIP B  ycrmosmsx
pasrepMeTH3aLMH MEPBOro KoHTypa: (—) o u ( - - - - - )
MOCTIE OCTAHOBA.

B cragum pasrepmerH3anuM NpU HECTALMOHAPHBIX YCIOBHAX HMPOUCXOIMUT
BCKUIIAHHE B 00BbEME TEIUIOHOCUTEISI, TPUBOASLICE K BEICOKUM 3HAYEHUSIM HCTHH-
Horo o0beMHOro napoconepsxkanus. OIHAKO MPH Maol Te4H, KOraa JaBjieHue na-
JaeT OCTATOYHO MEIJIEHHO, POJib OObEMHOI'0 BCKHUIIAHUS HEBENNKA, ¥ MEXaHH3M
HACTYIUICHUS] KPU3HCa CBA3aH C MEPeXOqOM My3bIPbKOBOrO KHIEHUs B MJICHOYHOE.
B cny4ae 3HauuTeNBHBIX TeUel, TPUBOISINX K HHTEHCUBHOMY O0BEMHOMY BCKH-
NaHMI0, NMPeodNafaomMM CIeAyeT CUMUTATb MEXaHHU3M TeIIOO0OMEHa Ha OCHOBE
ucnapenus skuakoctHoW meHkr. Ouenounslie pacuersl KTII B ykasanHOH dase
TSIKEJTON aBapHy Lef1ecO00Pa3HO BBIMOIHATH HA OCHOBE SMIIUPUYECKHX PACYETHBIX
3aBHCHUMOCTEH, MOMYYEHHBbIX B CTALOHAPHBIX TEIJIOTHIPABINYECKHX YCIIOBHSX,
UCIOJB3Ysl MIPH 3TOM COOTBETCTBYIOLIME TonMpaBouHbie Koddduurentsl. Tak, Ha-
pUMep, INIOTHOCTh TEIUIOBOIO MOTOKA, KOTOPBIA OTBOMUT UCHAPSIOLIAsCs IUIEHKa
(8 MBT/M’), B HECTALIMOHAPHBIX YCIOBHUSAX MOXHO OLEHHTD MO COOTHOLIEHHIO § =
=3,15(0,84 - x).

Hmeer cBom xapakrepHble Temiodusnueckne ocoOeHHOCTH U ¢asa 3aiuBa
asapuitnoii A3 Temmonocurenem CAO3. K nauany stoii dassr aBapuu TBDJI vac-
TUYHO WJIM IIOJHOCTBIO OCYIIEHBI, U TemIeparypa 0o0OJI04eK MOXET IOCTUIaTh
1000 °C. OcHoBras 3amaua CAO3 - o0ecreveHue Takux yCJIOBUI OXJIAXKIACHUS,
4yTo0BI TeMIepaTypa obonouku He npesbicuia npenenbHyto (1200 °C). Tlocne Ha-
yajia 3aimBa (MM BO30OHOBJICHHUS PacXOfia TEIUIOHOCUTENIS) TeMIiepaTypa 000od-
ku TBOJI moxer npomomkark HapacTaTh, XOTS U C YMEHbLIAIOIIEHCS CKOPOCTBIO,
3a CYeT OCTATOYHOI'O TEIUIOBBIAEICHUS U TeIUla, aKKyMyJHPOBAHHOIO B TOILIMBE.
Xapaxrep usmeHenust Temrepatypbl obomoukun TBOJI B ykasanHo# ¢ase aBapuu
npeacrasiied Ha puc. 1.17. Ilpu nmepBoM KOHTaKTe 3aJIMBaeMOro B aBapuiiHyro Ak3
terioHocutenst CAO3 Ha nmoBepxHoctu pasorperbix TBIJI peanusyercs nepexon-
HO€ WIN IUICHOYHOE KUIIEHHE, KOTOPOE COMPOBOXKAAETCS] OPOLICHUEM MOBEPXHO-
CTU TEIIOCheMa KaIUTAMHU JUCIIEPTHPOBAHHON xuakoctd. [lpu manmbHeliem mo-
HIDKEHHH TeMIIEpaTypbl HACTYIAET MOBTOPHOE CMaYMBaHNE MOBEPXHOCTH JKHIKO-
CTBIO, T.€. BOCCTAHABIIUBAETCS KOHTAKT XUIKOCTH C MOBEPXHOCTHIO.
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T Puc. 1.17. Xapakrep uH3MEHEHUs TeMIepaTyphl
obonoukn TBJJI B pexuMe mnocneaBapuiHOro
/ OXJIKACHUS. T - BpeMsi mocie 3aiuuBa AK3, T« -
BpeMsI  JOCTIDKCHHsS MAaKCHMAaJIbHOTO  3HA4YECHHs
temneparypel TBOJI, 73 - temneparypa ¢ponTa
OXNaXIEHUS; 1oy - TEMIIEPATYPA CMAYHBAHMS.

NN, W — ];[)

D (— Ten

Tx

[Ipomeccel TemmooOMeHa B KaXKAOW 30HE
pasorperoro TBDJI cBsA3aHBl ¢ HampaBICHUEM,
CKOPOCTBIO MOTOKA U TEMITEPATYPO IOBEPXHOCTH B 00JaCTH ()POHTA CMAUMBAHUSL.
CxemMa peKHMOB TEIIOOOMEHA TIPH aBapHUHOM 3aIONHCHUN AK3 W3 HIKHEH Ka-
mepel SIP mpeacrasnena Ha puc. 1.18. B uenom npuseaeHHbIe Ha 3TOH WILTIOCTpa-
IIUU CTPYKTypHBIE ()OpMBI AMa0aTHOTO MapOXKHUAKOCTHOTO MOToKa [1] coorBercT-
BYIOT TEUEHHIO >KMIKOCTH W MAPOKUIKOCTHOH cMmecH B BepTukanmbHOM [IK, TOe
CYIIECTBYIOT YBIIQ)KHEHHBIE W HEYBIAKHEHHBIC YYaCTKHA TOBEPXHOCTH. B HeyB-
JKHEHHOW 00JIaCTH Pa3IMyaroT TPH BHIA TEIUIOOOMEHA: MJIEHOYHOE KHIIEHUE,
OXJIAXKJIEHH e Pa30pBI3rMBAEMBIX Karlelb, EPEXOAHOE KulleHne. Bee 3Tu Tpu BUAa
PEKUMOB T€HEPALIMK TTAPOBOH (Pas3bl COMPOBOXKIAIOT 3aKPHU3UCHBIN TEMIOOOMEH.

= "":“"‘“ 4 Puc. 1.18. Ctpykrypa pexxumMoB Te-
e “re YEHHs [IPH aBapPUHHOM 3aIOTHEHUH
. o Ax3 cHu3y: a - ObICTpOE 3arnosHe-
o fls° of .  l nue (7, < Ty) - GonblIne MaccoBble
o ° od CKOPOCTH 3arlojiHEHus, O — Me-
., 5 nennoe 3anonuenue (1~ T5) — ma-
)\ 2o 4] 3 JIble MAcCOBBLIE CKOPOCTH 3amojiHe-
: 11% B |} HUs, | - 30HA BLIHYXKJIEHHOH KOH-
;II: ‘ L] I BEKIMH, 2 — 30Ha HEPA3BUTOrO My-
4 ,”5, J cbal ol 3BIPBKOBOrO KUIleHus; 3 - 30Ha pas-
S |26 M3 "Iq? BUTOTO KHNeHus; 4 - QpoHT cMma-
Rl | FALC | b |.{ . YMBaHUA, J - 30HA IUICHOYHOIO
| XA i | AL KHIeHns1 (OOpaILEHHbINA KOMBLEBOH
3 }m T T, P [~T, pexum), 6 - 30HA IUIEHOYHOrO

d a KUTIEHUS (IUCTIEPCHBIN PEXKUM).

Puc. 1.19 nmmocTpupyeT pexuMbl TEIIIOOOMEHA M PACTIPEACTICHUs] TEMITepa-
TYpBl IIPU 3aJIMBE OCyLIEeHHOH Ak3 M3 BepxHed kamepsl SIP 1 moBTOpHOM cMauu-
BaHWW OXJaxaaembrx moBepxHocTed TBOJI muenkoit xupkoctn. [lpm 3ammse
CBEPXY BO3MOXKHBI PEKUMBI «3aXJI€ObIBAHMS», KOra 00pas3yercss BCTPEUHBIN TMO-
TOK Mapa M IUICHKAa TOPMO3UTCS MM JaXK€ YBJIEKAETCs IMOTOKOM Iapa BBEpX (Tak
HasblBaeMasl rnaposas OJOKHMpPOBKa). PU3NYECKH MONOKEHHE (PPOHTA CMAYMBAHUS
OTpeAeNnseTcss aKkCHaIbHONH KOOPAWHATON CEYeHUs, B KOTOPOM Pa3BUBAIOTCA KpH-
3UCHBIE SIBJICHUS TEMIO00OMEHA.

TemmnepaTypa Torumsa B npouecce 3anuBa Ak3 B OCHOBHOM OIPEAENSAETCS
CJIEAYIOIUMH TEIIOPU3NIECKUMH TTapaMerpaMu: Kod(PUIIMEHTOM TEIOOTIaun
ot obonouku TBOJI k Bone (o) mnu k mapy (a”); ko3¢ uIMeHTaMu THIpaBIye-
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CKOT'O COTIPOTHBIICHUS TPCHHSI M MECTHBIMH COIIPOTHBIICHUAMH (BKITIOYAS BO3MOXK-
HBIC OIOKHMPOBKH); HAYAIBHOM TEMIICPATYPOH TOIUIMBA, AKCHAIBHOU TEIIOMpPO-
BOJHOCTBIO, HA OCHOBE KOTOPOU TeruioTa u3 ropsucii oomactu TBIJI ¢ ogHol cTo-
POHBI (PPOHTA CMAYMBAHKS NEPEAACTCA B APYTYIO €TO 4aCTh, KOTOPAsk UMEET Oonee
HHU3KYIO TeMreparypy. B aTux ycmosusix temmeparypa creHku asapuiinoro TBOJI
Ha (pOHTE CMAUNBAHMS IIPH MAJIBIX MACCOBBIX CKOPOCTSIX B NIEPBOM NPUOIIDKCHUH
MOXET OBITh OLICHEHA HA OCHOBEC BBIPKCHHS

Ty =T+ 180[1 - (p/p)’]. (1.7)

[ /J T;}Iﬂ
. ‘ 1 Puc. 1.19. Crpykrypa peXMMOB KHUIICHHSA, a
%) ° TAKOKES PACHPSACICHHE TEMICPATYPHI HA TIO-
i o BepxHocTH TB3JI mpu mOBTOPHOM CMaYHBAHUA
2 O oT JTOM  TOBEPXHOCTH  CTCKAMOMICH  IUICHKOM
F° SKHAKOCTH: [/ - 30HAQ KOHBCKIHH, 2 - 30HA
al L MY3BIPHKOBOIO KHICHHS (KAILTH YBJICKAKOTCS
34 40  mapom); 3 - 30HA MyIBCHPYIOIIEH MAPOBOITHON
o /_ N cMecH, 4 - ()POHT CMAYMBAHHA, 5 - 30HA
5 é °: IJICHOYHOTO KHICHHUA, 6 - 00JACTh BIMSHUS

A

AKCHAJILHOU TEILIOMPOBOIHOCTH.

Hanuure MHTCHCHBHOTO TCIUIOBBLACICHUS B CTCHKC YBCIMYHBACT TEMIICPA-
Typy (poHTa Ha JECATKH TPAmyCOB M CHIDKACT CKOPOCTh JBIIKCHHS (DPOHTA.
OLCHKY TEMITEPATYP MOBEPXHOCTH 3a (PPOHTOM CMAYHUBAHUS, TIC MPOUCXOIUT OX-
JKICHUE TTOBEPXHOCTH TIAPOM ¢ KATUTIMH JKHIKOCTH, B 3THX YCIOBHAX IENECO00-
Pa3HO BBIMOIHATH MO M3BECTHBIM (OpPMYyIaM Ui PacuCTOB 3aKPHU3HCHOTO TEILIO-
obmena [1].

1.2.2. BzaumopeiicTBHe pacijiaBa TOIJIHBA C TEMJIOHOCHTEJIEM.
ITaposoii B3pbIB

Kax u3BecTHO, THIIMYHBIA CLICHAPHH Pa3BUTHS TSKEIOW aBapHH SHEProOIoKa
¢ SIP BOmo-BOZMHOrO THIA, KOTOpas COMPOBOXKAACTCS IUIABICHHEM ero Ax3,
BKJIFOYACT CeAyIomue (assl 3TOW aBapuH: MPEKPAIICHHUE (WM COKPAINCHUE) OX-
JQKICHHSE, TIEPETPEB TOILTUBA, OKUCIeHHE 00onouek TBIJI; xumuueckas peaxius
B3aMMOJCHCTBHS LTUPKOHHS C MAPOM; BBLACICHHE BOJOPOAA; pacIuiaBicHHE 000-
nouek TBIJI u TONNMHMBHBIX CEpACUHUKOB, OOpa30BaHHUE KOPHUYMA, B3AHMMOICHCT-
BHC KOPHYMa C TCIUIOHOCHTENIEM; (pparMeHTALNs paciiaga; 00pa3oBaHKe yIAPHBIX
BOJTH; MAPOBOH B3PbIB; OXJIAXKACHHE PparMeHTOB paspyuicHHOH Ak3. Ocoboe me-
CTO B YKa3aHHOM CLICHAPHUH 3aHUMAET CJIOXKHBIH NMPOLIECC B3AaUMOACHCTBUS KOPHY-
Ma — pacIiiaBa MATCPUATIOB Pa3pPYIICHHOH AK3 — ¢ OXJTKIAOINM aBapuiHbii SIP
TETIOHOCUTETIEM. Y KQ3aHHBIH MPOLECC SABILICTCS OJHUM W3 HAaUOOIEE CIOMXKHBIX U
MHOTOIIAHOBBIX B TCIUTO(U3HKE TSLKENBIX aBAPUH BOAO-BOASHBIX SHEPTCTHUCCKUX
SP. Ero ornugaer KOMITIEKCHBIN XapakTep, MMOCKOIBKY IPH B3aUMOAEHCTBHH KO-
pUyMa C TEIVIOHOCHTENIEM TECHO IMEPEIICTAIOTCS HE TOJBKO MPOLECChl (pasoBoro
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MEPEX0a MPH KUMICHUH TEINIOHOCHTEIISI M PEATH3YEMOTO TIPH STOM CJIOKHOTO TCII-
T000MCHA, HO TaKXKe (PUBMKO-XUMHUYCCKHC SIBJICHHS, KOTOPBIC COMPOBOKAAIOT
mwiasnenue TB3JI u BKY, a Taxke nocieayomee B3auMOACHCTBHE MEXKAy COO0H
TOIUTMBHBIX U KOHCTPYKLHOHHBIX MaTepuanos SIP B mupoxoM amama3one temre-
parypel. Kpome Toro, ogauM u3 HanGonee CIOKHBIX 3((EKTOB MPH YKA3aHHOM
B3aUMOJCHCTBHH SIBJSICTCS TAPOBOI B3phIB. Kak M3BECTHO, MAPOBBIM B3PHIBOM Ha-
3bIBAIOT B3PHIBOOOPa3HOE (3a BpeMs Ookomo 1 mc) oOpazoBaHuE OOIBIIMX KOIU-
YCCTB Mapa, COMPOBOMKAAOIICECCS MCCTHBIM MOBBIIICHUEM JABJICHHS, BCICACTBHC
MEPEX0a TEIIOBON SHEPruM (3aTpavunBacMOil HA UCTIAPCHHE KUAKOCTH U PACLIH-
PCHHE mapa) B SHCPTHIO MCXAHUUCCKOTO PA3PYLICHHUS.

JU1st BOBHUKHOBEHHSI U PA3BUTHSI KPYITHOMACIITAOHOTO MApPOBOrO B3phIBA HE-
00XOAMMO BBITIONHCHUC CIICAVIOUIMX VCIOBHUIL: /) 00pa30BaHHE TAKOW CTPYKTYPHI
CMECH PacIUiaBa U TCIIOHOCHTENS, KOTOpas Obia OBl JOCTATOYHO KOMITAKTHOH U
MO3BOJISIA BOJHE JABJICHUS PACIPOCTPAHATHCS BHYTPH HEE, 2) CMECh NOKHA
HUMETh JOCTATOYHOC KOIMYCCTBO TCIUIOHOCHTENS Al 0OpasoBaHus mapa; 3) A07-
JKCH MPUCYTCTBOBATH CIIYCKOBOH MEXaHH3M - UMITYJIbC AABJICHUS, KOTOPBIH MpH-
BelT OBl K CPBIBY IUICHKH MMapa Ha KAIULIX PACIUIaBa, PE3KOH HHTCHCH(HUKALINK TCII-
JT000MEHa.

Takum 00pa3om, B VCIOBHSIX TSDKCIOH aBapUH MAPOBOH B3PHIB MOMKET BO3-
HUKHYTB IPH KOHTAKTE KOpUyMa ¢ TeruionocuteaeM. [1pu atom Hanbonee BasKHBIM
3¢ HEKTOM 3TOr0 aBAPUHHOTO SIBICHUS CACAYCT CIUTATh €ro MOTCHIMAT pas3pyLic-
HUSI, KOTOPBIH 3aBHCHT OT CKOPOCTH oOpasoBanus nmapa. [locneauss onpeaesercs
XapakTepoM TEIUI0oOMeHa KopuyMa ¢ Bogod. Tak, konudecTBo TeIa, nepeaasac-
MOT'0 OT pacmiiaBa K BOJAE U Mapy 3a HEPHOX Ty COCTABISCT

0 = [ate)F (T, () T, (18

rae /(1) - miomaae NOBEPXHOCTH TEIIOOOMEHA; 1,,(T) - TeMIepaTypa KopuyMma.
MexaHuueckast SHEPrys MapoBOro B3PHIBA OLCHUBACTCS Kak £ = On, tae 1 -

KO3 PHUHUCHT KOHBEPCHH - JOJISI TCILUIOBOH SHEPrHHM, MCPCLICINIas B MCXaHHYC-

CKVIO. 3aBHCUMOCTb YKA3aHHOTO KO3 HUIHCHTa KOHBEPCHU OT XapaKTEPHOTo CO-

n OTHOILICHUSA TEIUIOEMKOCTEN KOopuyMa Ipea-
crapicHa Ha puc. 1.20. DHeprus yaapHou
3 BOJHBI, PACHPOCTPAHSIOIANCI B CPEIe H3

cepHueCKOro HCTOYHHKa paauyca R
MOZKET 6I>ITL OLICHCHA U3 BBIPAKCHUIA

>

Puc. 1.20. 3aBucumocts K03((huimeHTa KOHBEP-
CHHM TIPH TAPOBBIX B3PHIBAX OT COOTHOIICHMS
00BEMHBIX TEIUIOEMKOCTEH KopuyMa (uHIEKC K)
H TETIOHOCHTEIA (MHACKC 7).

| | | |
0 1

Z =, Gt M)
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rAC P, ¢ — INIOTHOCTh, TCINIOCMKOCTD CPCABI.
C YUCTOM TOI'0, YTO AABJICHUC, Pa3sBUBACMOC IIPHU IMapOBOM B3PBIBC, U3MCHII-
-1/©
CTCA TI0 3aKOHY p(T) = pme’™” ", UHTETPUPOBAHKE MOCICAHETO BBIPAKCHHS TIO3BOJIA-
€T TMOJIY4YUTh
2
AT’ R Q)
E= 2 Pon™ (1.9)
Jod 2

T Pmax ~ MAKCUMAJIBHOC JaBICHUE (MUK «JABJICHHSY ), O - HOCTOSHHAS BPEMCHHU.

Kax crexyer n3 maHHBIX, KOTOPBIE IpeAcTaBiaeHs! Ha puc. 1.20, makcnmans-
Hasl WHTCHCHBHOCTh B3aMMOJCHCTBHS PCANTH3YETCs MPH COOTHOLICHHH OOBEMOB
pacnnasa u Boasl 1,5+2.0. Ilpy qpyrux COOTHOIIEHUAX YKa3aHHAS HHTEHCHBHOCTD
CYLICCTBCHHO MCHBINE, YTO MOXET OBITh CICACTBUEM KaK HEJOCTATOYHOTO KOJH-
YyecTBa paciuiaBa (U, CICIOBATEIBHO, HEAOCTATKA AKKYMYIHPOBAHHOU MM TEILIO-
THI), TAK U HEAOCTATKA BOABI T PCATH3ALNH [TAPOBOTO B3PHIBA.

Benmurzaa miomaayn moBepXHOCTH TEIUTIOOOMEHA CHIIBHO 3aBHCHT OT CTCIICHU
JpoOnenust (pparMeHTauM) paciiaBa, MOCKOIbKY MMEHHO (parMeHTanus pac-
I1aBa MPHUBOJHUT K VBEIMYCHHUIO IUTOMANN KOHTAKTa B3aUMOACHCTBYIOIMX (a3 B
10°:10° pa3 u k HHTEHCHBHOI TeHepaLMK napa 3a Bpems 107107 ¢.

VYKka3aHHBIC BBINIEC MEXaHH3MBI (HPParMCHTALMH KOPUYMA CBSA3aHBI C JIOKAITb-
HBIMU TCIUIOBBIMH H THIPOIUHAMHYCCKUMH SBICHUSAMH Ha T'PAaHHLEC paciliaBa U
termoHocutens. [leproamdaecknii pocT ¥ CXIOMBIBAHHE MAPOBBIX MY3BIPEH, Pa3HH-
A B CKOPOCTSIX KaILIM M PAcIiaBa NPUBOAIT K BOSHUKHOBCHHUIO CHII, BBI3BIBAIO-
mux apoOneHue kanenb. OOpasyromuecs NpH B3aHUMOJCHCTBHH € KAIULIMH pac-
I71aBa VIAPHBIC BOIHBI TAKKE NPUBOIAT K APOOICHHUIO Karnelb. XapakTepPHbIC 0CO-

I OCHHOCTH (PparMCHTALMH KAICIb PACIUIABA
\@/ e, 6 o B VIApHOH BOJHE CXEMATHYHO H30-
= °© Rogo | 00 Opaskensl Ha puc. 1.21.

f@‘ o o o €° %0 00 p p
‘< ‘@’ @0 {o e o ©
A b B

P

Puc. 1.21. ®parmeHTauusa Kaneiab B yIApHOU
< BOJHC: A4 - 30HA HCXOZHOH cMmecH, b - 30HA
B3PBIBHOTO TPCBpAIICHUS, B - 30HAa pacmmpe-

—M_
HHUSA cMecH; [ - KA, 2 - mapoBad 000JI04KA.

B aBnenmm mapoBoro B3peIBa, COrNacHO [57], BELACIAIOTCS UETHIPE CTAIMH -
daser (puc. 1.22):
1) daza 3aAepKKH - CMCIICHUE TCINIOHOCHTEISI M KPYITHBIX Karejb PacIliaBa,
o0pasoBaHue NAPOBOU IUICHKH HA MOBEPXHOCTH PacIljiaBa;
2) dbaza WHTCHCUBHOTO B3aUMOACHCTBHS - MPOPBIB TUICHKH Mapa, pparMeHTaus
Karienb, BOSHUKHOBCHHE YAAPHOH BOMHBL,
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3) daza pacrpocTpaHEHH MAPOBOTO B3PHIBA — PACIIPOCTPAHCHHE (POHTA YAAPHOU
BOITHBI, TUCIICPTHPOBAHUE KAIICIIb PACILIABA 32 CUCT YIAPHOU BOIHBI, HUHTCHCH-
(duKays nepeMeIIUBAHNS, YBEIUUCHUE SHEPTUHU BONHBL (cTaanu 2, 3 COOTBET-

CTBYIOT (ha3e mapoBOro B3pHIBA),

4) daza 3aTyxaHHS UMITYIBCOB AABICHUS, KHIICHUE TCIITIOHOCUTEITS HA 3aCTHIBLINX
(parMeHTax KOpuyma.

XapaxTep U3MEHCHHS Pa3BUBACMOIO MPH MAPOBOM B3PHIBC JABICHHS CXEMa-
TUYHO TIpeAcTaeyeH Ha puc. 1.22. [lpu 310M crieayer OTMETUTSD, UTO JUITUTEILHOCTD
(daspl mapoBoro B3pbIBA (AT) MPONOPIHUOHATPHA KOPHIO KyOMYCCKOMY K3 MACCHI

pacrmasa: At ~ m'”, T.e. mpomopuu-

P OHAJIbHA JTHHCHHOMY pasMepy oObema
xopuyma R, Tax kak R ~m'”,
g MV-M.--—

Puc. 1.22. Xapakrep UMIyIbCOB JABICHHUS
J 5 ; 4 B Pa3IMYHBIX (ha3ax mapoBoro B3phIBA: [ -
. (daza zagepxkm; 2 - (asa WHTCHCHBHOTO
| B3amMoncicTeua, 3 - (haza mApOBOTO

~

ay;

0 re
L B3pbIBA W pacmpocTpaHeHms1  (hpoHTa
YAapHOH BOJHEL, 4 - (Da3a 3aTyXaHU.

Craeayer TakKe OTMETHTD, UTO OJHUM H3 HAnO0Iee BAXKHBIX 3(EKTOB, KOTO-

PBIC HIPAIOT POJb CIIYCKOBOI'O MEXaHH3MA NMPHU WHHIMUPOBAHNUHN HapOBOTO B3PhIBA,
ABIIICTCS. HHTCHCUBHOCTh OTBOAA TEIUIOTHI OT KAaIUTH PaCIIABICHHOTO KOPUYMA.
XapaxrepHbie $a3el TEIOChEMA, KOTOPBIE

\ COOTBCTCTBYKOT OCHOBHBIM PCXKHUMaM TCILIO-

OoOMEHA MPH KUIICHUHM TCIUIOHOCUTCIS HA
MOBCPXHOCTH  TAKOW KA  (MMCIOIICH
HUICATH3NPOBAHHYID CHEPUICCKYI0  opmy)

CXEMATHUYHO MPCACTABICHH Ha puc. 1.23.
: Puc. 1.23. Xapakrep TEIIOOTBOAA OT OAUHOYHOMN
1 2 = cepruucckoll kamm kopuyMma: [/ - IDICHOYHOC
7> xuneHue; 2 - mepexogHoe; 3 - MHy3BIPHKOBOE

c@) % (romIanc mapoBOH IIICHKH).

Kax crenyer n3 npeacrasieHHBIX Ha pUc. 1.23 1aHHBIX 0 XapakTepe pekKUMOB
KHIICHHUS TCIUTOHOCHUTEIS HA MOBEPXHOCTH OCTHIBAIOLICH KAIUTH KOPUYMA, B PEKH-
M€ TJICHOYHOrO KurieHus (00nacts /) Kod(QPUIMCHT TEILIOOTAAYH HAXOAUTCS HA
yposse 3-10° Br/(M*K) u nuIb mpu MMITy/Ibce JABICHHS MOXET YBETHUHBATHCS
Ha mopsaaok. [Ipu HaCTYmneHHH My3BIPHKOBOTO KHIICHHS WHTCHCHBHOCTB TEILIO-
ChEMa CVIIECTBCHHO MOBBILMIACTCSA M TEMIICPATypa KaIllM Pe3KO CHUXkaerca (00-
aacTth 3).

T
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1.2.3. IIpoGjieMbI OXJIaKACHHS PACIIIABJIEHHOT0 KOPUYyMa
H KOpPIyCca ABAPHHHOI0 PEAKTOPA

ITockonmeky B mpoIecce pa3BUTHS TKEIOW aBApPUH BOAO-BOJSHOTO SHEPTETH-
yeckoro AP B ero kopmyce gopmupyercs o0beM PacIUIaBICHHOTO OJHOPOIHOTO
KOPUYMa, TO BHYTPH 3TOr0 00BbEMa BO3HUKAIOT TOKH CCTCCTBCHHOU KOHBCKLIWH,
HHTCHCHUBHOCTb KOTOPBIX 3aBucuT OT uncen (r, Pr wnm ux npomseeacHus Ra =

gBATT

va

Jitg pacdera TEIIOOTBOAA OT TAKOTO PACIUIaBa ¢ BHYTPEHHHUM TEIUIOBBIIEIIE-
HueM O HCIONB3YETCs MOAHPUIMPOBAHHEIH Kputepuit Ra; —=gBOFval, mockoms-
Ky AT=QF/\. PexuM eCTECTBEHHOM KOHBEKIHHU ATl 00hEMa TAKOrO PACIIABICH-
HOTO TOIUTHBA XapaKTCPU3YETCs AOCTATOUHO GObIIMME urciamu Ra;, ~ 10710,
MPHYEM MHTCHCHBHOCTh TEILIOChEMa M3 00beMa KOpUyMa B 3HAUUTCIBHOM Mepe
OTIPEIENACTCS OPUCHTAMECH COOTBETCTBYIOLICH MOBEPXHOCTH 3TOro odrema. Oue-
HOYHBIC JAHHBIC O TEIJIOBBIX MOTOKAX, KOTOPBIC OYAYT OTBOAUTHCS B YKA3aHHBIX
yenoBusax B asapuiiHoM AP, npencrasnens! Ha puc. 1.24 coBMECTHO ¢ XapakTepoM
3aBHCHMOCTH TEIUTOBOM HArpy3KH HA JHHUINE €r0 KOPIyCa OT HHTEHCHBHOCTH KOH-
BEKTHBHBIX TOKOB, BOZHHKAIOIIUX B 00BEME KOPHYMA.

= Qr-Pr=

Q}’I‘Q
Qlf 20 % 0.4F
0, INu, 02 L
45 % Nz 7
{) 1 1 z 1 1 1
0.¥35 % 10'10°10° 10" 10"
Ra,
a 5]

Puc. 1.24. JlanHbIc OLEHKH TEIUIOBBIX MOTOKOB, BO3ACHCTBYIOIIMX HA CTEHKU KOPIyCa aBa-
putinoro fP: a - xapakTep pacmpeAcICHUS TEIUIOBBIX HArPY30K HA CTCHKH kopmyca SP;
6 - 3aBUCHMOCTb MHTCHCHBHOCTH TCILTOBOTO TMOTOKA, BO3ACUCTBYIOIICTO HA THHUINC KOPITY-
€a, OT HHTCHCHBHOCTH KOHBCKTHBHBIX TOKOB B 00BEMC KOPHYMA.

Craeayer OTMETHTh, YTO HHTCHCHBHOCTD TEIIOOOMEHA HA COOTBETCTBYIOLIMX
CTCHKax apapuiiHOro kopmyca (cM. puc. 1.24) mMoxkeT ObITh OLICHEHA HA OCHOBE
CIEOYIOMUX KPUTEPHAIBHBIX 3aBUCHMOCTEH, XapaKTEPH3YIOIUX ECTECTBEHHYIO

v 0,1
KOHBEKLMIO KOpuyma B aBapuitom SIP: Nuis ~ 03Ra]>; Nus ~03Ra" .
B xoHTEKCTE M3I0KEHHOTO CIEAYET MOMUEPKHYTh, YTO NPEACTABICHHAS Ha
puc. 1.24 pacuetHas cxema fABISCTCS HACATA3UPOBAHHOM, IMOCKOIBKY 00BEM KO-

puyMa B kopryce aBapuiiHoro SIP ¢akTtiueckn He IBIICTCS TOMOTCHHBIM BCICACT-
BHC €r0 TEMIICPATYPHOH M IUIOTHOCTHOH cTpaTuduKaimy. Xapakrep yKazaHHOU
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cTpaTH(UKAIME CXEMATUYHO npencrapiied Ha puc. 1.25. OueBHIHO, YTO MCIOJb-
30BaHUE BBILIEYKA3aHHBIX COOTHOIIEHUN IJIsi pacyera TeIJIOBBIX HArpy3oK Ha
CTEeHKH Kopmyca aBapuiiHoro AP BecbMa UyBCTBUTEIBHO K M3MEHEHHIO OCHOBHBIX
MapaMerpoB U3JIOKEHHOW PaCUEeTHOW CXEMbl, a WMEHHO MNPUHSITHIX B pacuere
MPEANONOKEHUN O TONIIAHAX U TEMIO-
(bu3HUECKHX CBOMCTB Pa3IHYHBLIX CIIO-
€B pacCIlIaBa.

M

/4
—

Puc. 1.25. Xapaktep crpatuuxarmu
npoaykroB pacuiaBa Ak3: / - cMmech
yrepoxa, B,C mpu 1400 °C; 2 - cram

oko110 2000 °C (#,,, ~ 1400 °C); 3 - xopuym
é— okomo 2000 °C (t,, ~ 1800 °C); 4 —
f-o JKUIKAM KOPHYM C TEMIEPAaTypOM OKOJIO

T 2800 °C; 5 - rapamcax (xopka TBEpAOro
xopuyma) 1600 °C; 6 - maxra AP.

NANNNNNNANNNNAN ¢

NN

Brionue odeBUOHO TaKk)Ke, 4TO IS ODECHEUYEHUs] COXPAHEHHUS IETOCTHOCTH
kopryca SIP mpu aBapum ¢ pacruiaBienueM Ak3 He0OXOIUMO HHTEHCUBHOE OXJia-
JKIEHHE KOpImyca. ITO MOXKET ObITh JOCTUTHYTO OXJIAKIECHHEM KOPIyCa BOIOM
cHapyxu B maxte AP. B 3TUX yCIOBUSX HETOCTHOCTH KOPIYyCa HPHHIMITHAIEHO
MOXKET ObITh ODECIeyYeHa 3a CUeT MPOYHOCTHBIX XapPaKTEPUCTHK PEAKTOPHON Cra-
JIM, a TaK)Ke MPH YCIOBHH BO3HUKHOBEHWS B MPOLECCE ITOr0 OXJIKICHUS TPHEM-
JIEMBIX TEPMHYECKUX HanpspkeHui. s orenku 3(hQGEeKTHBHOCTH TAKOH CHCTEMBI
OXJIAKIEHHS 11eJIeCO00Pa3HO PACCUMTATE CPEAHIO TEMIIEPATYPY CTEHKH KOpIyca
U Tlepenaj TEMIepaTypsl B HEW B pa3IMUHEIX ee 30HaX. Crenyer moauepkHyTh, YTO
HA MOBEPXHOCTU KOpIyca, 00palieHHoi B maxTy 1P, BOZBMOKHO OCYIIECTBIIEHHE
Pa3IMYHBIX PEKHMOB TEILIOOOMEHA, HAUMHAS C KOHBEKTHBHOIO TEIJIOChEMA U 3a-
KaHYMBAs 3aKPU3MCHOW TEIIOOTHaderd K moToky mapa. Ilpu atom dopmupoBanme
YKa3aHHBIX PSKUMOB B 3HAUUTEIHFHON Mepe ONPENeSIIeTCs TAKUM I'eéOMEeTPHUECKIM
napamerpoM axTel AP, kak BemuunHa 3a30pa O MeXAy HAPY>KHOH CTEHKOH KOp-

nyca SIP u cobcrBenno maxroi. CTpykTypa

o
Y U XapaKTep PEKUMOB TEIUIOChEMA, KOTOPbIe
/ (GhopMHPYIOTCSI B yKa3aHHBIX YCIOBUSIX B
Z maxre P Ha ero HapyXHOH CTeHKe
é * 22N> l CXEeMaTH4YHO MpeJCTaBiIeHbl Ha puc. 1.26.
(]

% \ NN Puc. 1.26. Xapaxrep pexumoB TeriooOMeHa Ha
é — 0 - Hapy>KHOM ToBepxHOCTH Kopryca SAP: [/ - xoH-

7 : - : -
%// T, BOKIMAL 2 My3BIPHKOBOE  KUIICHHE, 3

1 P IUICHOYHOE KHIeHUE; K - MECTO KpH3HCa.

BBuny toro, uto B COOTBETCTBUU C IpencTaBiieHHONW Ha puc. 1.26 cxemoit
peanm3arusl mporecca My3bIPbKOBOIO KHUIEHUs OCYIIEeCTBISIeTCS MPH 3HAYSHHUSIX
JABJIEHUS] TEMJIOHOCUTENS, OMM3KUX K aTMOC(hepHOMY, OLeHKY Kod(duumenHTa te-
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IJIOOTAAYM Ha moBepxHOCTH AP B 00macTw mokamuzamuyl 3TOro PeKuMa TEIUIo-
CHEMa LEIECO0OPA3HO BHIIOMHUTH HA OCHOBE COOTHOIIeHHs o =~ 4,35-¢"". B T0 xe
BpPCMS ONMPECACICHAUC MEPEX0Aa K TUICHOYHOMY KHITCHUIO CBI3aHO ¢ oneHKoH KTII
Ha KPUBOJIUHEHHON MOBEPXHOCTH.

Benuuuna KTIT 8 MBT/M® Ha HaKJIOHHOM nmosepxaocT ;s 0 < 30° moxer
OBbITh OLICHEHA MO U3BECTHOMY COOTHOIICHHIO

o= 0,310 +0,0126 0. (1.10)

Js Gonee mmpokoro guamnasoHa mpuroana moauduumposanHas (opmyna
C.C. Kyrarenanze

4., = K@)ryp"Yog(p'~ p"), (L11)

KoTopas gaet 3amac npumepso B 10 %. 3xecs K(0) =0,0125 (10 + 0)™, rae yrom 0
u3mepsiercs B rpaaycax. OleHKa aaeKBaTHOCTH pacueTHOro coorHomeHus (1.11)
IpeacTaBieHa Ha puc. 1.27.

Gy MBm/a? Puc. 1.27. ConocTaBleHne SKCIIEPHMEHTATbHBIX
1,0 JanHbiX o KTTI Ha HAKIOHHOM MOBEPXHOCTH C
P pacuernoii 3aBucuMocter0 C. C. Kyratemamse

” a.11y: ----- - pacyer; ---O--- - 3KCIICPUMCHT.

08 4
7
Ve

// BeimonmHeHHBIE K HACTOAIIEMY BpeMe-

0.6 = / uu oneHku KTII B npencrasnenHo Ha puc.
& // 1.26 cxeme oxnaxaenus asapuiiHOoro P
7 MOKAa3bIBAIOT CICAYIOLICE: 3amac 10 KPU3Kca
e // B JI0OOOBOW TOUYKE JHHINA MOXKET COCTABHTD
& 200 %, a Ha OOKOBBIX MOBEPXHOCTIAX KOPITY-

02 |- ca Beero 20 - 30 %. Takum oOpaszom, Hoko-
BBIC MOBCPXHOCTH OVAVT HAXOTUTBCA B

0ojee TKEMBIX YCIOBUAX. TermiooOMeH

b ﬁ'() 4:) (!() OPU TUICHOYHOM KHIICHMH Ha HAKIOHHOM

' > MOBCPXHOCTH YIIYUIIACTCS € YBCIUUCHUEM

8. zpao yria HaKJIOHA W TPUMEPHO TMOTUUHACTCS

COOTHOLIECHHIO O/Clop, = (sin 0)' 3, TS Ologo - KOIPPHUIMEHT TEIIO0OMEHA MPH TIe-
HOYHOM KHMIICHWH HA BEPTUKATBHOM MOBEPXHOCTH.

1.2.4. OcobeHHOCTH ABAPHITHOI0 TEIJIOMACCOOOMEHA
B 00beMe 3alHTHOI 000/10UKH PeaKTOPHOI0 OTAEeIeHUS

Ilpm aBapum ¢ paspslBOM HEpBOro KOHTypa Bogooxiaxaaemoro P B Bo3-
OYIIHBIH 00beM repMernunoi 30 mocTymaeT BoJa M BOASHOM Map, YTO BBI3HIBACT
MOBBILICHHUE AaBICHHs BHYTPHU 30 U MOBBILICHHE TEMIICPATYPHI MAPOra30BOH CMe-
CH, pa3IH4HbIX 371eMEeHTOB obopyaoanusd U 30. ITH NpoOLECCHl HMCIOT HECTALHO-
HapHBII XapakTep U pasHooOpasHbl MO cBoch (usuucckoi mpupoxe. OHHU BKITIO-
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YAKT PA3HOOOPA3HBIC CTPYHHBIC TCUCHUS, CCTCCTBCHHYIO KOHBEKIIUIO, TYPOYICHT-
HBIC ITOTOKH HapOBOS,Z[yIlIHOﬁ CMCCHU € KaIlTAMH, MCPCHOC TCIUIOTHI U3TYyUCHUCM,
00BEMHYIO KOHIACHCALHIO Mapa, IJICHOYHYIO U KaleIbHYIO KOHACHCALMIO Hapa Ha
MTOBEPXHOCTIX B NPUCYTCTBHUH HEKOHACHCHPYIOIIUXCS ra3oB. Bromne odeBuaHO,
uTO BCC 3THU MPOLCCChI UMCHOT PA3HYHO MHTCHCUBHOCTD. TaK, MOTOK U3JIYUYCHUA B
pEaTBbHBIX YCIOBHAX TSKEIOW aBapvH OT MApOora3oBoil CTPYH UMEET MOopaaoK 1 -
5 kB1/M", a TEMIOBIC MOTOKH MPH KOHACHCALIU IIAPa U3 MAPOra30BOH CPEIbI OKO-
10 1 - 100 kBr/v”.

B momemennn 30 MOXET CKAIUIMBATLCS Ta30Bas CMECh, COCTOAINAS U3 BO3-
Jayxa, BOASHOrO mapa, Bogopona. OOpa3oBaHHE BOAOPOAA MOKET OBITh PE3yNbTa-
TOM PaAHMONH32a BOIBI, & TAKKE CICACTBHEM MapOLHPKOHHEBOH peakunu. Kpome
TOTO, TEINIOHOCUTETh UMEET 100aBKH OOpa, KOTOPBIC H3MEHSIOT CIICKTP SLACpP KOH-
Jgencaruy. MHTEHCHBHOCTD KOHACHCALIMH YHCTOTO Mapa ONPEICIeTCS CKOPOCTBIO
noaBoaa Imapa K MOBCPXHOCTHU CTCHKU U OTBOAA TCILIA OT MOBCPXHOCTU KOHACHCA-
umu. [lpr KoHACHCAINKM W3 MAapOra30BOH CMCCH OMPCACIIAIOMICC 3HAUCHUC UMCCT
CKOPOCTh MOJBOJA Mapa K MOBEPXHOCTH paszzena (a3 uepes anddy3unoHHbIH crnoi
HEKOHACHCHPYIOLIMXCS Ta30B, KOTOPHIC CKAIUTUBAIOTCA HA MOBEPXHOCTH TEILTO00-
MEHA.

Ha mepBoM sTane pa3Buths aBapuu ¢ pa3pbIBOM NEPBOr0 KOHTYPa OCHOBHBIM
MCXaHU3MOM, OIIPCACIIAOIUM POCT AABJICHUA U TCMIICPATYPhI B 30 ABJIACTCA pac-
X0A mapa u oObeMHas KoHAcHcaus. MiMeHHO Ha 3TOM sTame Hanbonee GBICTPO
pacTyT maBicHHE U Temneparypa. Ha BTopoM sTarme OCHOBHEIM MEXaHHU3MOM TEII-
JoMaccooOMEHa SIBISICTCS OTBOA TEIUTOTHI M KOHACHCALMS Mapa Ha MOBEPXHOCTIX
30 u obopyn0BaHNN BHYTPH HEE.

Jis mpakTHYIeCKUX PacueToB KOA((OUIIMECHTOB TEIIOOTAAYH O TPU KOHICH-
caliy Mmapa U3 NapoBO3AYINHOH CMECH LeTIecoodpa3HO UCMOIb30BaTh COOTHOLIC-
HHUE, KOTOPOE MPEIACTABIIACT COOOH CYMMY TEPMHUCCKHX CONPOTHUBICHUH IUICHKH
KOHACHCATa 1/al;; W TEPMHUECKOrO COMPOTHBJCHUS Au(P(HY3MOHHOrO MapPOBO3-
JOYLIHOTO COsl Y MOBEPXHOCTH KOHACHCAunu 1/o;;

Vo, = Vo, + Vay, (1.12)

re O = 32707p°% (1 - )y )* (dp /dT)s; dp /dT = 0,0355(T /100) ; v, = p/p -
OTHOCHTEITBHOC TA30COACPIKAHHME; Py - JABICHHUE Ta3a; p - nonHoe nasncHue, MIa;
7 - TemIoTa KoHAcHcamuu, JLx/Kr.

Bropoe ciaraemoe B dpopmyiae (1.12) paccauThiBacTCs MO COOTHOIICHUEO

o= 11,4 + 284(my/my), (1.13)

TAS My, M - MACCHI Mapa u Bo3ayxa (rasa); m. = pV/R.T; V - oobem obomouku; R, -
ra3oBasi MOCTOSHHASL BO3AYXA, My = Mgy - My, IAPUHAIPHOS AABICHUC HAPa Pr = Ps
- Pr ; OOBEMHBIEC COCTABBI CMECH - Ty = Py/Ps, Fr = Py/Ps; MOIICKYISIPHASA Macca CMECH
Moy = MeFr T UpFy, TOC Wy = 18, 1 = 28,96.

l"azoBas mocrostHHas cMecH K., = 848/, Macca cMecH Mgy, = pV/RouT s
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HHoe cooTHOIICHHE, KOTOPOES MOXKET MCIOIb30BAThCA LIS pacueta ko3 du-

OUCHTA A, HMCCT BUI
ot =379(my/my)™"" (1.14)

1.2.5. KonaeHcaluoHHbIE THAPOYAAPHI
B 3JIEMEHTAX CHCTEMbI OXJIAKIEHHS

®du3KKa KOHACHCALMOHHBIX THAPOYIAPOB 00YCIIOBICHA MPOLIECCAMU KOHICH-
caruu Jerkoi (azel B ABYX(Pa3HOM MAPOKUIAKOCTHOM MOTOKE. Y KasaHHBIC GHU3U-
YCCKHUE SIBJICHUS MOTYT MPOHUCXOAUTH MPH BIPBICKE HEAOTPETON [0 TEMIICPATYPhI
HACBIIICHHS BOABI B TPyOy, 3aIlOTHCHHYIO MAPOM; BIIPBICKE Mapa B HEAOTPETYIO
SKUJKOCTh, BCTPEUYHOM IMOTOKE MMApa M KUAKOCTU, PA3rOHICMON MapoM BOASHOMH
mpoOKku (CHapsAa), BCKUNAHUU NEPErPeTOr MKHUIKOCTH U APYTHX MOJOOHBIX MPO-
reccax.

IMpu gBwxeHuMu B TPyOe, NMEPBOHAYATIBHO HEAOTPETON A0 TEMICPATYPHl Ha-
CBILICHUS JKUIKOCTH, TOCICIHSSI HArPSBACTCS 32 CUCT TEIUIA KOHACHCALMY Mapa Ha
MOBEPXHOCTH JKHIKOCTH M 3a CUCT TCILIOOOMEHA ¢ HArPETOH CTCHKOM TPYOBI (PHC.
1.28). Pa3nast HHTCHCHBHOCTh KOHACHCAIIMU MMPUBOAUT K MEPETALy JABACHUS (P -
- p2) ¥ BO3HHKHOBCHHUIO TMOTOKA Mapa HABCTPEUy mocTymaroinei sxkuakoctu. [Ipu
3TOM BO3HHKACT BOJIHA KUIKOCTH, MCPCKPHIBAIONIAS CCUCHUE TPYOBI. JTa BONHA
JEITUT MapoBOC MPOCTPAHCTBO TPYOB! Ha ABE OONACTH C PA3NUYHON HHTCHCHBHO-
CThIO KOHACHCALMHK Mapa. B pe3ynbraTte »HUIAKOCTE B BONHE PA3rOHACTCS 3a CUET
nepenaja JABICHHS ¢ TOCISAYIOIUM IHAPOYAAPOM IPH €€ TOPMOKCHUH.

Puc. 1.28. OOpazoBaHHE >KHIKOCTHOTO
CHapsiga TPH BCTPCUHOM IOTOKS HEMO-
TPETOH JKHAKOCTH M Hapa.

Cka4yok JaBICHUS TPU TOPMOXKCHHH JKHUAKOCTHOTO cHapsaaa Ap; = p'clW,
30€Ch P |, ¢ - IIOTHOCTh U CKOPOCTh 3BVKA B JKUAKOCTH; W - CKOPOCTb JBHIKCHHS

cHapsga: W= \/ 2Ap(S/M)L, rae Ap - pasauua gasneHuii o 06¢ CTOPOHBI CHA-

paza; S, L - nnomans ceueHus U ANWHA KaHana; M - Macca cHapsa.

O0pasoBaHHUE KHUAKOTO CHAPSAA MOXKET MPOUCXOAUTH MPU BO3HUKHOBECHHH B
TpyOe PACCIOCHHOTO TECUCHHUS KUIKOCTH M TIAPOBOM (hasbl, KOT/Ia HA TIOBSPXHOCTH
pasaena (a3 BOZHMKAIOT BONHBI M JKUAKHC TPOOKH. CHapAIBI 00PasyroOTCs TAKKE
MPH B3aUMOJICHCTBUH MTOTOKA YKUIKOCTH C TIPEISTCTBHSIMH HA €rO TYTH (ITOBOPOTHI
u mp.). [ MaBHBIM apaMeTpoM, ONPEACTIIOIAM BETHUWHY THAPOYAAPA, SBIIIOTCS
VCIAOBUSA, 0OCCTICUMBAIOINEC HHTCHCUBHOCTE KOHAcH Ay, [locneanss ompeaens-
ETCA KOMITIICKCOM TIPOIIECCOB TCILIOOOMEHA.

JlpyruM mapaMeTpoM SBIIACTCS TEMITCPATypa MOCTYHAOMICH B TPYOY KU IKO-
cti. C YMCHBIICHHEM HEIOTPECBA JKUAKOCTH BEIMIMHA MHTCHCHBHOCTH THAPOYIa-
POB YMCHBITIACTCA, YTO CBI3AHO C YMCHBINICHUEM CKOPOCTH KOHACHCAIIMH HA TO-
BEPXHOCTH JKHIKOCTH.
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1.3. ®Pusznyeckre 0cO0EHHOCTH PA3BUTHS TSKEJIbIX ABAapHii
B SI€PHBIX PEAKTOPAaX OCHOBHBIX THIIOB

B npeamecTsyrommx moapasaenax HACTOSIICH ITIaBBl PACCMOTPEHBI OIMpEc-
JSFOLOHE OCOOCHHOCTH HEPErJIaMEHTHOTO TEMIOOOMEHA U HELITATHOH T'HAPOANHA-
MHKH BOJO-BOASHBIX 3HEPreTHdeckux 5P, KOTOphIe OOBIMHO HUMEKOT MECTO MpH
BO3HUKHOBCHUH TUITHYHBIX ABAPHIHBIX CHTYALIUH, BO3MOKHBIX IPH IKCILTYATALIUH
SIP 3toro tuna. Tam e mpoaHamM3UPOBAHBI HANOOICE BAXKHBIC AT OOCCICUCHUS
Oc30nmacHOCTH yKasaHHBIX PY acmekTel Termmou3nueckux MpPOLIECCOB, KOTOPBIE
OOBIYHO CONPOBOXKIAOT HAUOOIEEC BEPOATHBIM CLICHAPUHA PAa3BUTHS TKEIOH aBa-
pHH HA TOZOOHOM PHEProdIOKe, MPEAYCMOTPCHHBIN CTAHJAPTHBIM MPOCKTOM CO-
BpeMeHHoit ADQC. Crneayer, oqHaKoO, HOAUYCPKHYTh, UTO MPH AHAIN3C ABAPHHHBIX
CLICHAPHEB MOAOOHOrO THNA OOBIYHO MOCTYIHPYETCS (GakT coXpaHEHUs paboro-
cnocobnoctu mratHoii CAQO3, xoTopas B mponecce aBapHHHOW JHHAMUKA BOAO-
BoxsaHOro AP cumraercs cnocoOGHOH 00ECICUHTE PeaTH3aLMI0 CBOUX MPOTHBOABA-
putinbix ¢GyHkumi. BMECTe ¢ TEM HAKOILICHHBIH K HACTOSIICMY BPEMCHU OIBIT
SKCIUTYyaTallK SACPHEIX dHEproOnokos ¢ AP ykazaHHoro tuma, BKIOUas HEOaB-
HIOI TsoKenyio aBapuio Ha ADC «Dykycuma» (SIMOHUs), CBHASTENBCTBYET O Clic-
AYHOLIEM:

Pa3BUTHE THKETOW aBAPUU C YACTUYHBIM HIIU TOJHBIM PACIUIABICHUEM TOI-
auBa B AK3 MOXKET UMETh MECTO TAKKE U B yeioBusx otkaza CAQO3;

aBapuiiHas AMHAMHKA TOBPEKACHHOrO AP MOXKET CYIIEeCTBEHHO OCIOKHUTb-
Cs TOMHOH MOTEpPEeH SICKTPONUTAHHS MOBPCKICHHOTO SHEProONIOKa B TEUCHHE
JUTUTETIBHOTO BPEMCHH, KOTOpas OOYCIOBICHA HEBO3MOXXHOCTBIO HCIONb30BAThH
PC3CPBHEIC TU3ENb-TCHEPATOPHI,

CCPBE3HBIC OMMOKH, JOMYIICHHBIC ONCPATUBHEIM ICPCOHANIOM AaBAPHIHOTO
SHEProONoKa, CIOCOOHB HHULMHPOBATH BEIXOX CTAHAAPTHOH aBapHWHHON cHUTya-
1uy, Bo3HUKIIEH B PY, 3a mpenensl, npeaycMOTPEHHbBIE TIPOCKTOM COOTBETCTBYIO-
mei AIC.

VYka3aHHBIC BBHIIIEC HECTAHAAPTHHIC CLICHAPUH PA3BHTHS TKEIBIX aBapUd BO-
JO-BOJSIHBIX 3HEPreTHieckux SIP MOryT MMETh MECTO TaKOKe M HA SHCProdIoKax,
ocHaieHHbIX SIP qpyrux sHepreTrdeckux THNOB, DU3HUSCKUE OCOOCHHOCTH YKa-
3aHHBIX ABAPUHHBIX CLICHAPUCB PACCMATPUBAIOTCS JAJICe.

1.3.1. IIporao3npyemsle TsizKeJibie ABAPHH B PEAKTOPAaX OCHOBHBIX THIIOB

Ecnu mocae aBapuu ¢ motepeit temionocurens B A3 oxnmaxkacaue TBIJI
(nammpumep, nocpeacteoM nogaun 6opuposannoi Boasl CAQ3 B xopnyc AP Bono-
BOJASIHOTO THIIA) MO KAKUM-THOO MPUIHHAM HE MOXKET OBITh 00CCIICUCHO, TO MOCIIS
aBapI/II\/'IHOFO ocraHoBa JP ocrarouHoe OHCPTOBBLACIICHUC B TOILIMBHBIX CCPACUHU-
KaX MHUOUUPYCT 3HAYUTCIIBHOC YBCIMYCHUC TCMIICPATYPHOI'0 YPOBHA HUX 060.]'[0'
uek. B ykazanHbix ycmoBusx B Ak3 BOJO-BOASHBIX dHepretudeckux AP Hexurs-
mero (BBOP, PWR), a taxke kumnsimmero (BWR) Tunos peanusyercs crneayromias
MOCICIOBATEIEHOCTE COOBITHE!
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VYBenmueHnue temmeparypsl odonouek TBIJI obycnosmusaer creayromue aga-
PHIHBIC IPOLIECCHI: a)PACIUIABICHUE 3THX 000104eK; 0) HOTEPI0 UMH NPOYHO-
CTHBIX CBOWCTB BCIICICTBHC YBCIMYCHHS JABJICHHUS Ta30BBIX OCKOJIKOB BHYTPH
Hee. llocmeannii 3¢ dekT MOXKET NPUBECTH K OTPAHUYCHHIO MTOTOKA TEILIOHO-
cutens Mexay TBIJI u BBI30OBET CEPbE3HBIC TPYAHOCTH NMPU UX OXIIAXKICHUH.
Tem HEe MEHES BO3MOXKHOCTH pacmyxanus 00omouck TBOJI 0ObivHO y4IUTHIBA-
€TCS IPUHATHEM COOTBETCTBVIOIIUX KOHCTPYKTHUBHBIX MEP HAa CTAAUU IMPOCK-
THPOBAHHS TOIUTUBHBIX CEPIACYHHKOB, YTO B 3HAYUTCIBHOH MEPE MO3BONSCT
CHH3UTh HETATHBHEIC MOCICACTBHS BO3MOMKHBIX ONOKHPOBOK MPOXOAHOTO CE-
ucanst TBC.

Hanbueitinee ysenuuenue temeparypsl TBIJI unuimupyer Hadamo Beimepac-
CMOTPEHHOM NMapOLMPKOHUEBOM PEAKLUU, CACACTBHEM KOTOPOU SIBISIETCS pas-
pyizenue obonouck TBIJL. Dx3oTepMUYECKH XapaKTep STOH PeakLuy Crioco0-
CTBYET €€ PacCIpOCTPAHCHHUIO BJOJb AKCHUAIbHON W paJuajbHONM KOOPAWHAT
AK3, CICACTBHEM HEro SIBIISICTCS MpeBpalneHue marepuana obonouek TBIJI B
OKCHJ LIUPKOHUSL.

. HpI/I IPOAOJDKAOIICMCA YBCIMUCHUN TCMIICPATYPhI TOILUIMBA AOCTUTACTCA TCM-

nepaTypHelid ypoeeHb B 1400 °C, mpu KOTOPOM HOSBIIIOTCS MEPBBIC MPHU3HAKH
IIABJICHUST KOHCTPYKIIUOHHBIX MaTepHaioB Ak3. YKa3aHHBIH MPOLECC SBIISCT-
Cc4 JOCTAaTOYHO CIOXKHBIM U IMPOTEKAOIIHUM C MaJIOH IMOCTOSHHOM BPEMEHH,
0CcOOCHHO B TeX obmactsax Ak3, B KOTOPBIX mepes octaHosom SIP Obut goctur-
HYT HAaHOOIbIIUI HEHTPOHHBIN MOTOK, T. €. B 00JACTAX ¢ HAUOOBIICH KOHLICH-
Tpalmel NPOAYKTOB JCICHUS, YCH pachaj U BBI3BIBACT HArPeB. Pemierka,
vaepxusaromas TBIJI, Tawke mnasutca mpu temmeparype okono 1400 °C,
paBHO, Kak U CTepkHH KiaacTepHoro perynuposanus CY3. XapakrepHsie ¢assl
ykazaHHOro nporecca paspyiucausd BKY npeacrasncns Ha puc. 1.29. Tak, puc.
1.29, a nnarocTpupyeT XapakTep PacILIaBICHUS U TCPCMCIICHHSA KOHCTPYKIIH-
onHbix MarepuaioB Ak3 B HmwkHIOW Kamepy SIP. Ilepexox »Toro TomiuBa B
TBepAYIO (haly B HIDKHCH 4acTH AK3 BBI3BIBACT ONOKHPOBKY BO3MOKHOTO IO-
TOKA TCIJIOHOCHUTEIS, YeM eIie 0ojiee yXyamaer oxaaxkacaue (cm. puc. 1.29, ).
Pacmnasnennsiii marepuan BKY yaepxusacres B mpeaenax Ax3 BO3ZMOKHBIMH
omokazamu TBC (cm. puc. 1.29, ), oqHako mpoAoKaeT BRACIATh TCILIOTY H
MMEET TCHACHIIHIO OMYCKATHCS B HIKHIOK 4acTh AK3, YBEIHMUHUBAICH B 00BEME
(oM. puc. 1.29, 2).

[IpoaBmxeHne Macchl pacriiaBa K HIJKHEH OMOPHOH miuute AK3 NPHBOAHT K
BPEMCHHOU OJOKHPOBKE JANbHCHIICTO MPOABUKCHHS 3TOH MacChl K gHuIy SAP
JIO TEX MOP, MOKA KOHCTPYKI[US 3TOU IUTHTHI COXPAHSCT YCTOHYUBOCTh. B 3THX
YCIIOBHSIX, HECMOTPS HA BBICOKUE TEMIICPATYPhl B BepxHel uactu AP, B HkHEH
YACTH €0 KOPIYCa MOXKET OCTABATHCS JOCTATOYHOS KOMHUYSCTBO TCILJIOHOCUTE-
as. PaspylueHue OMOPHOH IJIMTHI M MPOPBIB PACIIaBA B COXPAHSIOUIHICI B
HIKHEH uacTtu koprmyca AP oObem BOmBI CMOCOOHBI WHHUIHMPOBATH MAPOBOH
B3PBIB, KOTOPBIH, B CBOK OUEPE/Ib, MOXKET TaKkKe paspyuuthb SAP.
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Puc. 1.29. OcnoBHble (a3sl miasneHus AK3 B X0J€ pa3BHTHA TsDKeo# aBapuu SIP BBOP:
Hayao miasicHuI TB3JI B ycnoBUsIX OTCYTCTBHS aBapHHHOTO OXIAKACHHA (a); 00paso-
BaHHC JTOKAIBHBIX OMOKax B 6onee xomoausix odnactsax TBIJI (6); (opMupoBaHHE M POCT
OacceliHa ¢ pacrumaBiacHHbIME MaTepuanamu BKY, (dopvmpoBanme o0seMa c pacmiaBoM
(8); yBenmmucHHC 00BEMA PACILIABA B PAOHATBPHOM H AKCHATHLHOM HATPABICHHAX (2). [ -
pacnmasiacHHBIH MaTepHarr, 2 - TBOJI; 3 - BHOBB 3aCTHIBINUC KATUTH: 4 - PACIUIABIICHHBIC H
pacrekmmuecs TB3JI; 5 — xopmyc SIP; 6 - TBepaas xopka; 7 - HemoBpexaeHHbie TBIJI
(000IOYKH OKHCIICHBI); 8 - YPOBCHb TCIIOHOCHTCIIA, 9 - YACTHYKH TOILTHBHBIX TAOICTOK H
OKHCJICHHBIX 0005I04€eK; /() — MOTOK TEIIOBOTO H3JIYUCHUS, HANPABICHHBIH BBEpX; [/ -
HAIPABJICHAUC MAPOBOTO MOTOKA.

5. VkazaHHOE B3pHIBOIONOOHOE B3aHMMOACHCTBHE PACIUIABA C TEIIOHOCHUTEIEM B
HWKHEH yactu koprnyca SP oOycnoBnuBaeT AUCIEPrUPOBAHUE TOILTHBA ¢ 00pa-
30BaHMEM €ro (pParMeHTOB, TOKATH30BAHHBIX B JOHHOH YacTH kopiyca SP.

6. Ilpu orcyrcTBHH moxadn aBapuiiHOro oxnaxaeHus B P xHO ero xopmyca pac-
IJIABJIAETCS, OTKPBIBAas AOCTYI KOPUYMa B HIKHIOIO 4acTh maxtel SIP. Ecim ata
MOJIOCTh 3aMOTHEHA BOJOH (HanpuMmep, BCICACTBUE Pa3phiBa IEPBOro KOHTYPA),
TO CYIIECTBYET BEPOATHOCTH MOBTOPHOTO MAPOBOTO B3PHIBA. JDTOT B3PBIB MO-
JKET OBITh JOCTATOYHO CHJIBHBIM, YTOOBI paspymuTs 30 PeakTOpPHOro OTALIC-
Hus. JIpyroil BOSMOXKHOCTBIO SIBIIsICTCS (DOPMHPOBAHUE CJIOSI (PPArMEHTOB TOII-
muea B HrokHed wactd 30. Ilpu ycinoBuu Haze:kHOro (PyHKIHOHHPOBAHUS
cnopuHKICpHOH cucrteMbl 30, a TaKKE CHCTEMBI €€ CHCLUBCHTHISLHN YAACTCS
00ECTICUHTE OXNAXKACHUC TOILTUBHBIX ()PArMEHTOB M HCKIIOYNTH NMOMAJAHUE
PaANOAKTUBHBIX NMPOAYKTOB AcicHUA B atMmochepy. Takum oOpaszom, B 5TOH
(haze aBapuu BO3MOXKHBIHA MAPOBOH B3PBIB, KAK U B3PHIB BOJOPOAA, BEIACTHBIIC-
rocsl B Pe3yAbTaTe MAPOLMPKOHUECBON PEAKIHH, CO3AAI0T NPAMYIO YIPO3y LENIO0-
craoctu 30.

7. Ecnu oxnaxkacHue clos TOIUBHEIX (parmeHToB BHYTpH 30 PY HeBo3MOXKHO,
TO MPOJOJIKAIOIIEECS SHEPTOBBIACICHUE B 3TUX ()ParMCHTaX MPUBCACT K abusi-
IUU OETOHA PEAKTOPHOrO OTACICHUS, U MONAJAHUIO MPOAYKTOB JCICHUS B Ma-
TCPUKOBBIC TIOPOABI, Ha KOTOPHIX BO3BeacHbl kopmyca ADC. Bmecte ¢ Tem
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MPOHUKHOBCHUE KOPHYMA B 3TH MOPOABI JOCTATOYHO OTPAHHYCHO, MOCKOIBKY
00JIaCTh TOKATU3ALUH PACIUIABA B HUX JOCTATOYHO CTaOWIIbHA H, B CIIy4ac CO-
xpanenus nenoctHoctd 30, 3arps3HeHus atMochepbl TPOIYKTAMH JCICHUS B
3THX YCJIOBHUAX HE MPOUCXOIUT.

8. Ilo mepe pacnaga paJHOAKTHBHBIX NPOAYKTOB JCICHUS B TOKATU30BAHHOW MOJ
CTPOUTENBHBIMH KOHCTPYKUmAMHU 30 obnacTu MaTepHUKOBOrO TPyHTA (€€ Teo-
METPUYCCKHE XAPAKTCPHUCTHKH MPHOMKEHHO COOTBETCTBYIOT monmycdepe ¢
JUaMeTpoM 0Kkono 30 M) HPOUCXOIUT CHIKCHUE TEMIICPATYPhl 3TOH 0071acTH U
¢¢ moclIeayiomee oTeepacHUC. [Ipu 3TOM OTBEPACBINMI TPYHTOBBINA MOTYMAacC-
CHB MPEACTABILICT COO0M CTEKIOBUAHYIO MaccCy (€€ OCHOBY COCTABIISICT KOHT-
aomepar kopuyma ¢ (pparMeHTaMu OCTOHHBIX CTPOUTEIBHBIX KOHCTPYKIHI),
CTPYKTYpa KOTOPOH B H3BECTHOH MEPE OrPaHHYUBACT MOCICAYIOLIVIO MHUTpa-
LU0 MPOAYKTOB JACTCHUS B OKPYKAIOIIVIO CPENy.

Takum obpazoM, coxpaneHHe HETOcTHOCTH 30 ABIICTCS HEOOXOAUMEIM VC-
JOBUCM MHUHHMH3ALWN TOCACACTBHUM BHIIICPACCMOTPCHHOHN TKEI0U aBapuu PY ¢
pacmiaeicHreM A3 M paspyLICHHEM KOPIyca BOAO-BOMSHOIO SHEPrETHUCCKOTO
SP.

Omnpenensromue przmdeckne ocodeHHOCTH SHepretuueckux SP, oxmaxknae-
MBIX JKUAKOMETALIHYECKUM TeIoHocuTeneM (oreuectBeHHbIX AP tuma BH u nx
3apyoesknbix anamoros LMFBR) cocrosr B cneayromem. OxHuM U3 BO3MOMXKHBIX
CLICHAPHEB THIIOTCTHYCCKON aBAPHU ABIIACTCS OTKA3 BCEX LHPKYISALHMOHHBIX HACO-
COB IIEPBOr0 KOHTYPA U MOIHBIA OTKA3 CUCTEMBI yIpaBicHus U 3amuTel. [Ipn qoc-
THKCHUH HATpHEM B HamOonee HeproHanpszkeHHex TBC temnepatypsl KUIICHUS
HAYHETCSl €r0 WHTCHCHBHBIM MEPEX0] U3 KHUIKOW B MapoByIO ¢a3ly. YBeIUucHHE
MacCOBOT0 MapocoacpKaHus B Ak3 HHULIMUPYET PE3KOE YBEIHUCHHE MOLITHOCTU B
cuy npucymero 5P 3Toro THIa nojaokKUTEIbHOro Naposoro 3¢ dexra peakTHBHO-
ctu. [Ipumepro uepes 1 ¢ mocne nogsrenus B oraeapHod TBC mapoBeix myseipeit
B HATPUECBOM TEIFIOHOCUTEIIC HAYMHACTCS IIIABICHHE TOIUNBA U obonouek TBIJL
BuyTpH cO0pkH MOSBISETCS CIOXKHAS CMECh PACILIABICHHOI'O TOILIMBA, HATPHEBO-
ro mapa, JKUAKOH craimm, (parMCHTOB TOIUIMBA, TA30BBIX OCKONKOB, 00pa30oBaB-
IUXCd B Ipouecce ACTCHUs, W pacmuiasneHHbiX ¢parmentos BKY. Ecmu yexon
aBapuitHoii TBC pacrmiaBuTcst, TO COCEIHUES TOIUTUBHBIC COOPKH OYIyT TAKXKE MO-
BpexkacHsl. [Ipouece paspymenus Axk3 nmpuoOpeTacT B 3TUX YCIOBHSIX HEOOpATH-
MBIH JTaBHHOOOpasHBIH xapaktep. TeopeTHueckne pacueTbl MOJOOHBIX aBapHil
JOCTATOYHO CIIOXKHBI, TOCKOIBKY TPEOVIOT yueTa pa3BUBAOLIMXCA B AK3 SACPHO-
(du3HUECKUX, TEIUTOPU3HMUECKUX U THAPOJHHAMUICCKUX IMpoleccoB. B 3aBucnmo-
ctH OT KoHKpeTHOU koHCTpyKiuu P Ha BH, a Taxcke ero ¢puandeckoro CoOCTOsSHUS
Ha MOMCHT Hayala aBapyuy BO3ZMOXKHBI 1B CICIYIOIHX HCXOAA.

1. Ecnmu BO Bpems mpouecca IUIaBJICHHUS OONbIIas A0S HENOBPEKACHHOTO
TOIIMBA OCTaeTcd B 00nacTH Ak3, TO 3TO MPHUBOAUT K YPE3BBIYANHO OOIBIIOMY
VBEITUUCHHIO PEAKTHBHOCTU M MOCICAYIOMIEMY BEIOPOCY M PACCESIHUIO TOILTHBHBIX
MaTEpPHAIOB 3a CUCT rasza, 00pas3vIoLIEerocs B MPOLECCe ACTICHUS U COACPIKALIEIOCs
B TpCIUHAX M MOpax TOILTMBHBEIX Tabnerok. PaccemBanue Tommmea mpekpaimact
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SAOCPHYIO PEAKIIMIO, XOTs 00pa3yomascs NpH 3TOM yIApHAsS BOJHA MOXKET MOBpE-
JUTh KOHCTPYKIHIO peakTopa u paspyuuts 30.

2. Ecnau B pe3yapTaTte MOCTOSHHOU YTEUKH KOTHYECTBO TOILIHMBA YMCHBIIH-
J0Ch A0 MPUONHU3UTENBHO MOJOBHHBI ICPBOHAYAIFHOTO KOIUYECTBA WIIH €CIIU TO-
ITHBO OBIIIO Pa30aBICHO GONBLIMM KOTHICCTBOM MATCPHAIOB 30HBI BOCIIPOH3BO-
CTBA, TO 3HAYUTEIBFHOIO YBEIMYCHHS MOIIHOCTH He mpousonaet. PacmnaeieHHOE
TOILIMBO MepeMecTuTes Ha qHo P, v nanpHEHImas mocieaoBaTenbHOCTE COOBITHH
OyAeT cXOJHA C ONMUCAHHOW AN BOAO-BOMIHBIX AP, BKIOUAs BEpOATHOCTH mMapo-
BOTO B3PHIBA M3-32 B3AMMOJCHUCTBHS MEKIY PACIIABICHHBIM TOITUBOM H JKHIKHM
HATPHUEM, OCTABILIMMCS B KOPIIYCE PEAKTOPA.

BeposrHocTe Takoro poxa aBapuil HHHULHHPOBANA IIHPOKHE HUCCICAOBAHHS
Mo OOECICUCHHIO HAJCKHOCTH CHCTEMbl aBapuitHoro octanosa SIP na BH. Tak,
OJHHMM M3 BO3MOXKHBIX NyTeH oOecreueHs saepHon Oe3onacHocta AP sToro tuma
apnseTcs npuaanne Ax3 cmocoOHOCTH HHTCHCHBHOTO TEPMHUYCCKOTO PACIIHPEHHUS
€¢ MaTCPHANIOB B ABAPUHHBIX YCIOBHSX C LICTBIO MPCKPAIICHUS LICITHON PEaKiiu
JgencHud. B couetaHnu ¢ TeM, UTO TEMIOTA, BBIACIMIOWANCS IPU pacnaie, MOXKET
ObITh OTBCICHA C IMOMOINBI) CCTCCTBCHHOW KOHBEKLHH H PACcCEsIHA € MOMOIIBIO
BO3AVIOHBIX TCINTOOOMCHHHKOB, & TAKXKE C YIETOM BBICOKOW TEIIIOEMKOCTH 3HAYH-
TEMBHBIX 00BEMOB KHIKOI'O HATPHA B yKasaHHBIX mpockrax PY Ha BH noseimes-
HOU 0€30MaCHOCTH MEPCICKTHBBI UX IMHPOKOrO MPOMBILIIICHHOT'O UCIIONb30BAHHUS
B DHEPreTHKE OYAVIIEro CICAYET CUATATh HEOCTIOPUMEBIMHU.

Pazeurue Tsoxenoit aBapun B Tsoxenosogubix AP tnma CANDU xapakrepusy-
eTcd CNCAYIOMHUMHI 0coOeHHOCTIMH. AP 3TOro THIa UMEIOT KaHATBHYIO CTPYKTYPY
Ax3, mpuueM KaKAbIH TOIUITMBHBIM KaHAT B €€ MpEaeNiax MPOXOAUT uepe3 Oak-
KaJaHJp 3HAYUTEIBPHOTO OOBEMA, HANOTHCHHBIH TSKCTOBOTHBIM 3aMEITHTEIICM.
Hanvuue 3HAUATENBHBIX KOMUYECTB CTOMb 3QPEKTUBHOTO KUIKOTO 3aMCATHUTCIS
CYLICCTBCHHO CHIDKACT BEPOITHOCTh BOZHUKHOBCHHS TSDKCIOH aBapHH C ILIABIC-
HueM Ak3 B P storo Tuna. Tak, BRIOTHEHHBIH B psac paboT aHATN3 aBAPHIHBIX
ternodrznyeckux npouecco B SIP CANDU cBHAETETBCTBYET O TOM, UTO IMOCTE
aBAPHH C MOTEPCH TEIUIOHOCHUTENS M OTKA30M aBAPUUHON CHCTEMBI PacXOIa’KHUBa-
HUS 3HAYUTEIBHOTO MIABICHHS TOIUIMBA HE MPOU30HWICT, OCOOCHHO MPH HATHYUH
CPEACTB OTBOJAA TEILIOTHI OT 3aMeanuTens. OTHAKO eCaH NPOU30WICT Pa3phiB OTU-
HOYHOrO KaHana Ak3, HAXOAALIErocs MOA BBICOKUM JABICHHEM, TO U B 3aMCIITH-
TEIe, 32 CYET MOCTYILICHUS B HEro mapa, MOJHUMETCS JaBicHHe. B aTom crmywae
3aMCITHTENb MOKET OBITh BRITECHEH, M €r0 CIIOCOOHOCTh OXJIAXAATh APYTHE Ka-
HaJbl B 3HAUYUTEIBHON Mepe OyaeT yTpaducHa. AHAIN3 W3BECTHBIX ABAPHIHBIX CH-
TyaluH, UIMEBIINX MECTO Ha 3Heprodmokax ¢ AP ykazaHHOro THIA, MOATBEPKAAET
3TO 3aKkmoucHUe. TakuM 00pa3oM, IpU OTCYTCTBHH NAPOBBIX B3PHIBOB M COXPAHE-
uHuu nenoctoctu 30 mocneacteus Tsokenoi asapuu B Ax3 P tuma CANDU wmo-
I'YT OBITh MUHUMH3HPOBAHEL.

lazooxnakgacmeie SIP xapakTepusyroTcs CICAVIOMICH CHCHU(DUKON BO3HUK-
HOBCHHSI aBapHMHBIX pe:KUMOB. OmblT 3KkcrmmyaTanuu razorpadurtoseix 5P tuma
Mangox mepBoro mokoJICHUS MOKa3aj, YTo ykasanHele PY obnazaror moctaTodHo
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BBICOKHMH XapaKTCPUCTUKAMH OC30MacHOCTH. Tak, OTHOCHTECIBPHO BBICOKHE TEII-
JOTIEPEAAIOIINES CBOHCTBA rpadhuTOBOrO 3aMeIIUTEIs B 3ToM SP mo3BossitoT 0TBO-
JUTh 3HAYMUTCIBHBIC KOMMYECTBA TCIUIOTHI U3 MOBPEKIACHHOH AK3, B CHIY 4ero
nHTeHcHBHOE pacmnasicHue TBIJI B asapuitnom P Mangox seisercs Mamnose-
POATHBIM. ITO MOATBEPKAACT OMBIT aBAPHH, MMEBIIHX MecTO B AP »TOoro tuma, a
TAKXKE CHECLHATIBHBIC HCCICAOBAHUSA, B KOTOPHIX PACCMATPHBAINCE OCOOCHHOCTH
BO3HUKHOBCHUS ABAPUHHBIX CUTYALHH, CICICTBUEM KOTOPBIX SBUJIOCH ILIABICHHC
OJUHOYHBIX KAHAIOB, B OCHOBHOM HaWOOJICe SHEPrOHANMPKEHHBIX. ONBIT yKa3aH-
HBIX aBapHUi CBUACTENBCTBYET TAKKE O TOM, uTo oTcyTcTBHe 30 B AP THma Man-
€OX B PAC CIVYACB MPHUBOAWUIO K HE3HAUUTCIBHBIM YTCUKAM PaIHOAKTHBHBIX
npoxaykros aenenns B atmochepy. ['asorpaduroseie AP AGR creayromero noko-
acuus, noaodHo AP tuna Mangox, Takke OTJIHYACT MOBBIIICHHAS 3aIHINCHHOCTb
OT BO3HHMKHOBCHUS TsDKEIoU aBapuu ¢ miasicHueM Ax3. bonee Toro, B IP AGR
MOXET MOLICPKUBATHCS OOJICE BBICOKAS TEMIICPATYPa TOIUIMBA JO MOMCHTA €ro
MTOBPE)KICHHUS, TaK KakK 3/16Ch TOILTUBO HUCIOIB3YETCA B BUAC AMOKCHAA, U OHO 3a-
KITFOUCHO B 000IOUKY M3 Hepskaseromieh cranu (B SP Magnox ucmons3yercs Tor-
JWBO B BHJC MCTAIMYCCKOTO YPaHA, 3aKIIOUCHHOTO B MAarHHUECBYIO OOOJOUKY).
JxcnepuMeHTH Ha SIP 3TOrO THmNa, BHIMOMHEHHEIC B CBOE BpeMs B BemukoOpura-
HUH, CBUACTCIBCTBYIOT O MOBHIIICHHOH ycroiurBoct TBIJI stux AP orHOCH-
TENBHO JOKAJIBHBIX IEPerpeBoB. B T0 jke BpeMs ItaBieHHE TOINIHBA B OAMHOYHOM
KaHaJe M3-3a JIOKAIbHOH OIOKaabl WM OOpBIB MOABECKU TOILTHBA BO BPEMs Iepe-
IPY3KH PACCMATPHUBAIOTCS KAK BEPOSTHBIC COOBITHS U MPHUHUMAIOTCS BO BHUMAHHUE
mpu npoektupoBanun. Poct Temmeparypsl Ak3 B Xoae aBapuu C MOTEpPEH TEIIO-
HocuTensd B AGR mmeer cymecTBeHHO GONBINYIO MOCTOSHHYIO BPEMCHH, UM aHa-
JOTHYHBIA MPOLECC B BOAO-BOASHBIX 3HepreTuucckux SP. YkazanHoe o0cTos-
TEMBCTBO CO3AACT HEOOXOAMMBIC MPEANOCHUIKH AN CBOCBPEMCHHOM peann3anun
OTICPATUBHEIM MEPCOHATIOM aJCKBATHBIX NMPOTHBOABAPHUHBEIX MeponpusTtuid. Bme-
CTC C TEM, HECMOTpPS Ha YMCHBIICHHE BeposaTHOCTH muaeicHus Ax3 B AP trma
AGR, orcyrctre 30 B ykazaHHBIX PY He HCKITIOUAET BO3MOKHOCTH YTEUKH ra30-
00pa3HBIX NPOAYKTOB ACTICHUS B OKPYKAIOLIVIO CPEIY.

C y4eToM H3I0KECHHBIX OCOOCHHOCTEH TWHAMUKH PA3BUTHS TSDKEIION aBapyun
B Ax3 BogooxmaxkgacMbeix SP, a taioxe SIP ¢ sKHAKOMETATIHYCCKUM OXJIAMK ICHH-
€M, KOTOPBIC PACCMATPHUBAIOTCS B KauecTBE OA30BHIX B SICPHOM SHEPIETHUCCKOM
KOMITICKCE, BHAuYalC LEICcOOOpPa3HO PAcCMOTPETh KAuCCTBEHHBIE OCOOCHHOCTH
ABAPHUHHOTO OXJIAXKICHUS TOILTMBHBIX ()PArMEHTOB B XOAC MOXOOHOH aBapuu B 5P
VKa3aHHBIX THIIOB.

1.3.2. OcoGeHHOCTH aBaAPHHHOI0 OXJIAXKIAEHHS TOMIHBHBIX ()PArMEHTOB

KauecTBeHHas kapTHHA aBAPUMHOTO OXJIAKIACHHUS TOTIMBHBIX (hparMeHTOB
cocrout B ciacayromeM. CIou TOIMBHBIX (PParMEHTOB MEPBOHAYAIBHO O0pasy-
OTCs HAa JHE OacceiiHa ¢ TerioHocureaem (Boaoi miau Hatpuem). Ecniu mmeercs
BO3MOXKHOCTh 3((EKTUBHOTO OXJIAKICHHS TAKUX CJIOCB, TO MOXKHO H30CKATH MO-
BTOPHOTO PACILIABICHHS U TTOBPSKACHHUS KOPITYCa HITH TIOJIOCTH, 3aHATOM cioeM. B
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MOCJICIHUE TOAbI, U 0cOOCHHO mocae aBapun Ha ADC «TMIy», Bonpocy oxmaxae-
HUA TaKUX CJIOCB YACIACTCA MHOI'O BHUMAHUA.

OxnaxaeHHe CI0CB (PParMEHTOB TOIUIMBA SBISICTCS KOMILICKCHBIM U MHOTO-
ITAHOBBIM TEIIOGU3MICCKAM MPOLIECCOM, KOTOPBIH ONMPEIeisIeTCs PSIaoM mapa-
MeTpoB. B ux uncne, HanmpuMep, pazMep YacTHL, 00pa3yIOIUX CIOH MOMTCKAIINX
OXJIZXKICHHUIO TOILTHBHBIX ()PArMEHTOB, CIIOCOO MOABOJAA TCILIOHOCHUTENS K 3TOMY
CNOK0, €ro riayOvHa, BENMMYHMHA JABJICHHUS B CUCTEME OXIaKIcHUs u ap. Ha puc.
1.30 npeacraBneHsI XapakTepHble 0COOCHHOCTH TAKOTO OXJIAKICHU.

TIap
[Ipouece xiorenns © ° o .vu 5 a.: ER— TelmoHOCUTETE
20 tetate o AT : AL
K(}}[BeI\IUI_LHH B ClI0€ 7///////////////1 TR0 % %/’ ////é f % f///f
nBcod 3 1 1
T f f I\'pa\iepm

TermmorOCHTETR

-

a (@] G

Puc. 1.30. OcobeHHOCTH OXNAXKACHUS CIIOS TOIUTHBHBIX (DPAaTMEHTOB: @ - TEIUIOOOMCH B
CTPaTH(HUUUPOBAHHON CTPYKTYPE CIOS; 6 - XapaKTep ABWKEHAA (a3 MPH MoAave TEIIOHO-
CHTEIII CBEPXY; 8 - XapaKTep MOBEPXHOCTH KOPHYMa.

1. IpsMoTOUHBIA MOTOK Hepe3 ciaoi paspyiecHHbIX (parmeHto BKY (cm.
puc. 1.30, a). [Ipeamonaraercs, 4To MKHUAKOCTh AOCTUTACT HIDKHEH YaCTH €10 Jac-
THIL] TOILUIUBA U 3aTEM ABUXKETCA CKBO3b CIOH MOA ACUCTBUEM ECTCCTBEHHOM WU
BBIHYKICHHOH KoHBEKUUH. [IpH 3TOM ecTecTBEHHAS KOHBEKLHS BO3HHKACT 32 CUCT
Pa3HOCTH MIOTHOCTH TCINIOHOCUTENS BHYTPH U BHE c1osl. B ycrnoBuax, koraa Ten-
JIOHOCHTENb JBHIKCTCS CKBO3b CIOH (parMEHTOB TOILTHBA MOCPESICTBOM €rO IpH-
HYJUTCTBHOW LUPKYILILIUH, 00CCIIeunBacMON COXpaHMBIICH PadOTOCHOCOOHOCTD
CAO3, oH nocneaoBaTeIbHO MPOrPEBACTCS, MPEBPAINAACH B BEPXHEH YacTH CI0s B
nap. Hemocrarounas ¢ (eKTHBHOCTE TEMIOOTBOAA K MOTOKY Mapa CriocoOHa IpH-
BECTH B 3THX VCIOBHAX K MOBBIIICHHIO TEMIICPATYPHl BEPXHEH YACTH CIIOS TOI-
JMBHBIX (PArMEHTOB, KOTOPHIC HAYUHAIOT CILIABILITHCS APYT C IPYTOM.

2. OxnakICHUE 3aKPBITHIX TTYOOKHX cnoeB. B aToM crywae, kak mokazaHo Ha
puc. 1.30, 6, oxyaxkaaroImuil TCIIOHOCUTEIb MOMAAACT B CJIOH TOIIMBHBIX (ppar-
MEHTOB cBepxy. [Ipy 3TOM KHAKOCTB MpOCAYMBACTCA B CIIOW, OXIAXKIACT €ro U
MPEBPALIACTCS B Map, KOTOPHIH MOXKET BBINTH M3 CIOS TOJNBKO B HAIPABICHUH,
MPOTHBOIOIOKHOM OXJIAXKAAIOMEMY TCIIOHOCUTENIO. JTO NMPUBOIUT K 3ddekty
HEPaBHOMCPHOT'O MMPOHUKHOBCHHUS JKUAKOCTH B ClIoW. B 3TOl cuTyaruu ABMKEHUE
napa CyLICCTBCHHO OIPAaHHYUBACT MOCTYILICHUE JKUIKOCTH B €rO BEPXHIOK YaCTh.
Peaynprarom Takol opraHu3alu MPOLIECCa SIBSCTCA T0CTATOYHO S((PEeKTUBHBIN
TEMIIOCHEM TOIBKO B BEPXHEH YACTH 05 PparMeHTOB, KOTOPHIN, OJHAKO, COIMPO-
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BOJKJACTCS TICPETPEBOM €r0 BHYTPEHHUX O0nacTeil. Y kazaHHbii 3GNEKT yCHIuBa-
€TCs [0 MEPE VMEHBIICHHS Pa3MEPOB TOILTHBHBIX YacTHL B clioe. Brionxne ouesu -
HO, YTO YXYJAUICHUC OXJIQKICHUS BHYTPCHHUX OOIACTCH CI0s OOYCIIOBIMBACT MX
BO3MOXKHOC CIUIABJICHHE 32 CUCT BHYTPEHHETO TEIIOBBIACICHUS, 00YCIOBICHHOTO
PAANOAKTUBHBIM PaciaoM MPOAYKTOB ACICHHUSL.

3. OxJaxacHUE TOCTATOYHO TOHKUX CIOCB KOPUYMa HMECT CleAyromue Gu-
smdeckne ocobeHHoctH. [lpexkae Bcero, ecnmu MOAIEKAIMUA OXTKICHUIO CIOH
TOIIMBHBIX ()ParMEHTOB, MOMABIINX, HAIPHUMEDP, B HIDKHIOK 4acTk 30, nocrarou-
HO TOHOK U 3aJIUT CBEPXY KUIKOCTBIO, BHELIHSAS TOBEPXHOCTE 3TOrO clos (popmu-
PYETCA HapoOBBIMH KpaTepaMHu (XapakTep 3THX KpaTepoB CXEMATHUYECKH MPEACTAB-
jeH Ha puc. 1.30, g), yepe3 KOTOpbIC OTBOAUTCS TCHEPHPYEMBIH B c1oe dparMeH-
ToB map. OXIaKAA0IAS JKUAKOCT TPAHCIIOPTHPYETCS B CIIOH MEKAY KpaTepamu
3a CYET JCUCTBHS KaMHULIPHOTO 3¢ (eKTa, BOSHUKAIOMETO MEKAY YaCTHLIAMH TO-
IITHBA

BeimonsenHsie B psac paboT OLCHKH HHTCHCHBHOCTH TEIIOOOMCHA, peasu-
3YEMOro0 B CJIOC¢ TOIUTUBHBIX (PParMeHTOB, CBUACTCIBCTBYIOT O TOM, YTO NPH JAB-
JeHuH B HacceliHe ¢ Boaoi, Onn3koM k atmochepromy (105 klla), rnybune cnos B
1 M u amamerpe yacTul 4 MM MOXKET OBITh JOCTUTHYT YPOBEHb TCINIOOTBOAA OKO-
0 750 kBr/a’. Creqyer moUepKHYTh, YTO ITOT YPOBEHb TEIIOOTBOAA, B LIEIOM,
ABILICTCS TOCTATOYHBIM TSl PCAOTBPALLCHHUS 1aBICHHS (PParMEeHTOB TOIUMBa. B
TO K€ BPEMs MAaKCHMAaJbHBIH YPOBEHb TEIIOOTBOAA A0 HAYana BBICHIXaHHS H
CIIaBIeHHs €10 M3 uacTuil guamerpom 0,1 mm ue mpesbimaer 20 kBr/v’. Takum
o0paszoM, 3¢ HEKTHBHOCTh OXTAKIACHUS CIOS TOIUTUBHBIX (PParMEHTOB MOKET OBIThH
JOCTATOYHO HAACKHO OLICHCHA TOJNBKO B CIyYac, €CIH pa3Mep YacTUI B HEM H3-
BecTeH. BMecTe ¢ TeM HageHOE NPEACKa3aHNuE BO3MOKHBIX PA3MEPOB TOIUTHBHBIX
yacTul, (OPMHUPYIOIINX HOATICKAIMUN OXJIAXKACHUIO CIOH paspyIIeHHBIX (par-
meHToB BKY, B Hacrodmee BpeMs mpencTaBiaseT U3BECTHBIE TPYAHOCTH. TeM He
MEHEE HMCHHO 3TOT mapaMerp Tsxenod asapuu SP ompenemsrommM obpaszom
BIIHSCT HA €€ MOCICAVIOWEE PA3BUTHE, a TAkKe Ha 3(PCKTUBHOCTh PCATH3YEMbIX
MPOTHBOABAPHIHBIX MEPONPUATHI. BBINONTHCHHBIC OIICHKH MOKA3bIBAOT, YTO TH-
MUYHBIA CIOM TOIUTMBHBIX (PPArMEHTOB MOXKET HMETh 3HEPrOBBIACICHHE OKOIIO
1000 kBt/M’ B TeueHue 3 u mocie HAYaIA TOKETOH aBapHUH. ITOT BPEMEHHOH M
SHEPTEeTHUCCKUH MapaMeTpbl COOTBETCTBYIOT yenoBuaM riasneHus A3 B P Bo-
no-poagHoro tumna (Hampuvep, BBOP, PWR). Cneayer noauepkHyTh, 4TO yKa3aH-
Hasl TEIIOBAs MOIIHOCTh MPHHYIUTCIBHO MOXET OBITh OTBEACHA OT CIOS TOILTHB-
HBIX $parMeHTOoB TommuHONW 0.5 M NpH YCIOBHH, YTO pasMep YacTHI] TOILIHBA
npesbimact 2 MMm. CXOTHBIE OLICHKH aBapUHHOrO TEIUIOOTBOAA BEITOTHECHEI TAKIKE
mst SIP va BH (BH, LMFBR). Ilo peaynsraTtam yka3aHHBIX OLICHOK, B YACTHOCTH,
VCTaHOBJICHO, YTO BBICOKAs YHEpProHanpsukeHHOCTs AK3 atux AP (u cnegosartens-
HO, DHCPTOBBIACICHUE NMPH pacnajc NPOAYKTOB ACICHHA) B 3HAYUTCIBHOU MeEpe
KOMITCHCUPYETCS BBICOKHMH (B CPABHCHHH C BOJOH) 3HAUCHHUAMHU CKPBITOH TEILIO-
THI TAPOOOPA30BAHMS HATPUS, UTO MO3BONSIET AOCTATOUHO 3(dekTuBHO peanuso-
BBIBATh MPOLIECC MOCICABAPUIHOrO oxaxacHus Ax3 stux SP.
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1.3.3. Ilo3anue ¢asbl TAxKEI0H aBAPUH ¢ PACTIABJIEHHEM AKTHBHOM 30HBI

[To3mxue dassl TsoKENON aBapuu B COXPaHUBIICH CBOIO yeToHunBocTh 30 pe-
AKTOPHOTO OTACACHHS THIIMYHOIO BOAO-BOIsHOrO sHeprerudcckoro SIP (BBOP,
PWR) npeacrasnena Ha puc. 1.31. Kak ormeucHO BhImIE, B Clyyac IUIABICHHUS
Ax3, npoHHKHOBEHHS ¢¢ uepe3 kopnyc AP, yepe3 mpocTpaHCTBO MOA KOPIYCOM H,
B KOHIIC KOHIIOB, 4€pe3 OCTOHHOS OCHOBAaHME, 0acceiH pacmiaBa OyJeT mpomosi-
JKaTh BBIACIATh TCILIOTY. B psae uccimeaoBaHuii, Hanpumep B pabore [66], mpo-
AHATM3UPOBAHO MOBCACHUE OacceliHa ¢ pacmuaBoM, obpasyromerocs u3 Ax3 Temn-
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oot MomHOCcThI0 3000 MBr. Ilpm amammse
AaBApUMHON AUHAMUKH KOPUYMa B XOAC TSDKEION
aBapuu ¢ paciuiaBicHueM Ak3 oOBIMHO paccMa-
TPHUBAIOTCH JBA CIECAYIOUINX XapaKTEPHBIX CIIyYasd.

Puc. 1.31. TlocneaBapuitnoe cocrosaue TUMHIHOH 30
SIP PWR u (opma Oacceiina ¢ paciiaBoM uepe3 OTUH
TOA TMOCIC TSUKCIOH aBapuu. [ - CTambHAs OOHIIOBKA;
2 - pazopspruBatens BHyTpu 30 SP; 3 - mocroBoi
KpaH; 4 - I1I"; 5 - HACOC MEPBOro KOHTYpa; 6 - KOPILYC
SIP; 7 - opma OacceitHa paciiiaBa KOpHyMa uepe3 OOUH
rox; 8 - oopma OacceiiHa mocie 0JHOTO T01a; 9 - HacOC
nepBoro koHTypa; 10 —I1T.

Puc. 1.32. TeoMeTpuUeCKUE U TEMICPATYPHBIE XapaK-
TCPUCTHKH OacceliHAa kopumyMa w3 AK3 TCmIOBOH
MOITHOCTBEO 3000 MBT (razoBoe mepeMEIIMBAHUE HE
VUHTHIBACTCS) YEPE3 OIWH IO IMOCTC TSLKETOH aBapHu.
H30TepMbl mpHiIeraromux mopoa 0003HAYCHBI B CH-
HHUNAX TPEBBIICHHUS TEMICPATYPhl HAA HEHATPETHIMHU
mopogaMu. 3AIMTPHUXOBAHHAA 00JACTh COOTBCTCTBYCT
PAcCTIONOKEHIO DAacCeHA C KOPHYMOM.

Puc. 133, [Jlmrammka mnepeMemicHHS —OacceifHa
KOPHYMa JTHH30BHIHOH (hopMsI (06BeM 3 M°): XQo =
=100 MBT; £ =2 B1/(M-K).

1. Ecnu pacimiaB COCTONT B OCHOBHOM M3 OK-
CHIOB, TO BEPOSITHO €r0 CMCIIHBAHUC C OCTOHOM
(dyHAaMEHTA U TPYHTOBBIMH MopoAaMu. bacceiH ¢
pacniaBoM OYAET UMETh OTPAHMYICHHYIO FTYOUHY
(oxomo 3 M) u amamerp oko10 13 M (cm.puC.
1.31). Dror Gaccelin OyaeT ocraBaTbCs B pac-
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ITAaBJICHHOM COCTOSHHM B TeUcHHE Heckompkux ner. Ha puc. 1.32 uzobparkena
CUTYaLMA YePe3 OAMH TOJ W MOKA3aHBEI TEMICPATYPHBIC POQHIN B OKPYKAOLICH
nopoac u OeroHe BOKpYT Gacceiina. TemoTa, BeIgenseMas 3a CUET pacmaia mpo-
JOVKTOB JCIICHHS B OacceiHe, paccenBacTCd B OKPYKAIOIICH TOPoAe H3-3a HATTHIUS
H300PaKEHHEIX TEMIICPATYPHBIX IPAIUCHTOB.

2. B npouecce miaBnaeHus odpasyercs paciuiaB CTanH, KOTOPBIH MOXET pac-
TBOPATH NMPOAYKTHI ACTICHU M3 TormBa. Eciu sTa pacnnaBieHHas cTaib OKHCIIC-
Ha, TO PacliiaB MOXKET NepeMemarbes ¢ OeTOHOM QYHIAMEHTA U MPHIICTAIOIHMHU
mopoAaMu H oOpasyercsi OaccelH, aHAJIOTMYHBIA H300pakeHHOMY Ha puc. 1.32.
Ecnu sxe cTanms He OKUCIIEHA, TO PAacTBOP CTAU U NPOAYKTOB ACICHUS, HE CMEIIH-
BasICh C PACIUIABICHHBIM TOIUTMBOM, OCTOHOM H TPYHTOM, €IIE [NTy0XKEe MPOHUKHET
B moxactuatonmie mopoasl. Ha puc. 1.33 mokasaHbl pe3ymbTarhl OICHOYHBIX BBI-
yucneHud. M3 HUX crenyeT, 4To pacIuiaBIeHHBIH MeTal, oOpa3yIonui HeCMEIIH-
BAaFOLIUICS OACCEHH € PACIUIaBOM, MOXKET IPOHUKHYTEH B MOYBY HA MAKCHMATIBHYIO
[IIyOHHY NPUOTH3UTEIBHO 10 14 M.

Ha nmpeacraBiaeHHBIX WILTFOCTpanUaX aBa OacceiiHa KOpuyma, H300pPasKCHHBIC
Ha puc. 1.32 u 1.33, BernonHeHsbI B TOM ke MacmTade, uro u cxema 30 aBapuitHOro
P na puc. 1.31.

Heo6xomumMo oTMeTHTB, YTO B3aUMOACHCTBHE MEXKAY PACIUIABICHHBIM TOII-
JWBOM M OCTOHOM WM TPYHTOM IPHUBCIET B PE3YIbTATE XUMHUYCCKOH PEaKIMH K
BBIICIICHUIO 3HAYUTEIBHOTO KOJIMYCCTBA MApa WM raza. JTO MOXKET NMPHBECTH K
MOBBIIICHHOMY JaBjicHUIO BHYTpH 30 aBapuitnoit PY B TeueHue JTUTEIBHOrO Bpe-
MEHH, 0COOCHHO, €CIH OXJIKICHUE HEBO3MOXKHO. BIioiHe 04eBHAHO, UTO U TaKkoe
COOBITHE TOMKHO MPUHUMATHCS BO BHUMAHUC MPH PacueTax MOCISICTBUN MOx00-
HOM TSKEION aBapuM.

1.3.4. ABapuu ¢ noBpexAeHHEM KOHTeHHHMEHTA

Agapus Ha ADC «TMI-2» mokazana BaxkHocts Hamuuus 30 SP mist noxamu-
3aIMH TSDKEIION aBapUH C LCIBI0 MUHHMHU3ALMH €€ MOCICACTBHN /Tl HACCICHUS U
okpysxaroei cpeast. Kak nzsectro, 30 SBASCTCS OAHUM U3 BAKHCHINUX (hu3Hye-
ckuX GaprepoB OE30MACHOCTH HA MYTH HA MYTH BO3MOXKHOT'O PACIPOCTPAHCHHS B
xoxe Tspkenoi asapuu SIP paamoakTuBHBIX MPOAYKTOB AciacHUs. COBPEMCHHBIMU
MPOCKTAMH SACPHBIX SHEProOIOKOB ¢ OCHOBHBIMU THIAMH PY mpenycMoTpeHo ux
ocHarteHue creayrmumiu sugamu 30.

1. IpexBapuTenbHO HAMPSKCHHBIC APMUPOBAHHBIC OCTOHHBIC O0OIOYKH, MO~
Jno6HbIe n300pakeHHOH Ha puc. 1.31, koToprie COCOGHBI BBIACPKUBATE H3OBITOU-
HOE T10 OTHOIICHHUIO K atMocdepHoMy AasieHue nopsiaka (3 - 4)-10° IMa.

2. Cdepuueckue CTaabHBIC KOPIYCA, CXOOHBIC ¢ OCTOHHBIMH KOPIYCAMH H
BBIICP KUBAIOLIIC MPHOIU3UTEIBHO TAKOE ke AaBncHue. CTambHBIC HITH OCTOHHBIE
KOpPIIyCa, B KOTOPBIX /ISl KOHACHCALIMK YTCUCK Mapa U3 PCaKTOPHOW CHCTEMBI HC-
MONB3YETCS 1A (TaK Ha3bIBACMBIC JICASHBIC KOHACHCATOPEI).

3. 30 ¢ cucTeMoii yMCHBIICHHS AABICHHS, KOTOPHIC CKOHCTPYHUPOBAHBI TAKUM
oOpasom, 4yTobbl modas yTeuka mapa u3 koHTypa SIP uepe3 coorBercTByROIIHE
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KOMMVHHKALINK HAIPABJIAIAch B 0ACCCHH C XONOAHOW BOJOU, TAC Map KOHACHCH-
pyercs.

4. Benrunupyemeie 30, KOTOpPHIE MO3BOJSIOT YMEHBIIATE H3OBITOYHOC AAB-
JICHUEC aBTOMATHYCCKH UYEPE3 BOASHOU 3aTBOpP, OOCCIEUUBAIOIINN KOHACHCALIUIO
mapa. Takas cucrema ucmomp3yercs B P ¢ xumsgmed TsDKCTOH BOJOW THIA
SGHWR, paszpaboranHom B BenukoOputanuu.

Hecmotps Ha TO, ITO BEPOATHOCTH TSAKEION aBapPHUH, CONPOBOXKJAIOIIECHCS HE
TONIBKO mporiaBicHueM Ak3, HO Takke U paspyuicHuem 30, TOCTATOYHO Maa,
aHaju3 OC30MACHOCTH SIACPHOrO HHEProdioKa O0YCAOBIHBACT HEOOXOAUMOCTD
BCECTOPOHHETO YUETa BIHSHUA TE€X (AKTOPOB, KOTOPHIE CIIOCOOHBI HHULMHPOBATh
MOTCPIO0 YCTOWYIMBOCTH KOHTCHHMEHTA Kak Oapbepa OczomacHoctH. K uncny yka-
3aHHBIX (hakTopoB paspyiicHus 30 CIeIyeT OTHECTH:

1. Pagpyinenune nonHou yactu 30 peakTOPHOrO OTACICHHUS BCICACTBUE aOms-
WU OETOHA 3TOH CTPOHTENBHOW KOHCTPYKLUH MOJ BO3ACHCTBHEM BBICOKOTEMIIC-
parypHoro pacmiasa Ax3.

2. MexaHHYeCKOE MOBPEKACHUE 0DONOYKH OOBEKTAMHM, BBIICTAIOIIUMH H3-
o 0D0IOUKH HITH MONAJAIOIIUMH Ha Hee cHapyku. [lepBbie MOryT COCTOATh M3
KOMITOHCHTOB KOpIyca (BBIOPaCEIBAEMBIX MAPOBBIMH B3PEIBAMH), POTOPOB HACOCOB
U U3 mToKOB KiamaHos. Ko BTopeiM oTHOCATCA camoneTsl (OCOOCHHO aBHAITHOH-
HBIC JABHTATENN) M YacTH POTOPOB TYpPOHH. [ MUHHMHU3AIMH MOBPEKACHHH Ta-
KOr0 PoAa MPEANPHHUMAIOTCS COOTBETCTBYIOIIUE KOHCTPYKTUBHEIC M OpPTaHH3a-
LIUOHHBIC MEPBI, KOTOPHIC MO3BOJIIOT MHHUMHU3UPOBATh BIHSIHUC 3TUX (PakTopoB
paspyIICHHS.

3. IlpeBbimenne gonycrumoro aaeiacHus B 30. VTeuka HCIapsmooLerocs
BHYTPH KOHTCHHMEHTA TEIIOHOCHUTENA NEPBOTO KOHTYpa asapuitHoW PY mpuso-
JUT K moBhILICHUO AaBneHus B 30. BMmecTe ¢ TeM B yCI0BUSIX COXpaHEHUs pabo-
TOCIIOCOOHOCTH CIIPUHKIEPHON CUCTEMBI KOHTCHHMEHTA, KOTOpas mpu3BaHa odec-
MEYUTh PACHBUICHHEC OOPHUPOBAHHOM BOABI NIOA aBapuiHOH obonoukoii PY, moce-
JOVIOIYVIO KOHACHCALMIO HCIAPSIOIIETOCS U3 MEPBOr0 KOHTYPA TCIUIOHOCHTENS U
cHmkeHue pasneHus B 30, ee IEmoCcTHOCTh yaaercs obecneuntb. B To ke Bpems,
€CITH 3Ta PACHBIIMTEIBHAS CHCTEMA 10 KAKUM-THO0 MPUYHHA OKAXKETCS BHIBCACH-
HOU W3 CTPOsI, MPEBHILICHUE JABJICHHUS MOJKET MPHUBECTH K moBpexkacHuto 30 xoc-
TATOYHO OBICTPO MOCTIC Havana apapun. Bo3pactaHue JaBICHHS MOMKET MMPOH3OUTH
TAKXKE B PE3YNIBTATC B3PbIBA BOAOPOJA, BBELACSIOLIETOCSA MPH MApOLHUPKOHHUCBOU
PCaKLNHU, YTO MPUHLHUITHAILHO BO3MOMKHO Ha JTHOOOM 3Tale Pa3BUTHS TSLKEIOH
asapun P. Kpome toro, BzammozaeicTBre MEKAY PaCIDIaBICHHBIM TOIUIMBOM H
GCTOHOM WITH TPYHTOBBIMH IOPOJAMH MOXKET MPHUBECTH K BBIICICHUIO 3HAUUTCIb-
HOTO KOJHMYECTBA rasa, HANPHUMEP YIVICKHUCIOrO, KOTOPBIH HMEET BO3MOMHOCTD
npoHuKkHYTh 104 30 W OPUBECTH K MPEBBILICHUIO AOMYCTHMOTO AABICHUA. JTO
MOYKET TPOH30MTH B TCUCHHUE MEPBBIX ILATH CYTOK MOCIE HAYAA THKCTOH aBapHu.

4. Hapywenne repmerrasocta 30. Bo3MoxHBIE MOBPEKICHHUS H30THPVIO-
KX KJIANaHOB, OPYTOH apMaTtypsl U TPYOONPOBOAOB, COCAMHSIOINX Pa3MCIICH-
Hoe B 30 obopyaosanue PY ¢ apyrumu snementamu Y, a Takke KOMIIOHCHTA-
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MH CHCTEM O€30MacCHOCTH CIOCOOHBI MPUBECTH K YTCUKE MPOIAYKTOB ICICHHS B
okpyxariyr armochepy. B kauecTBe mociaeacTBuii TaKoro BRIOpOca OOBIYMHO
MPEAIOIAracTCs, YTO razoo0pa3Hbic HMPOAYKTHI ACTCHUS OYAYT BBICBOOOXKACHBI
MOTHOCTBIO, & JAPYTUE NCTYIHE NPOAYKTHL, TAKHE, KAK LE3UH U WO, - TOIBKO Hac-
TH4HO. [lpyrue mpoayKThl AENEHHUS BHICBOOOXKIAIOTCS B OUYCHB MAIBIX KOJTHYCCT-
BaxX, U MX BKIQJ B PACUCTHYIO CTENCHb pUCKa OOBIMHO HesHauwtencH. Ilpeamomna-
racTcs, YTO JOJS BHICBOOOAMBLIECTOCH LE3MI U HOAA COCTABUT MPHUOIUZUTEIBHO
10 %. Ha ocHOBaHHHU 3KCIICPUMEHTAIBHBIX JAHHBIX 00 YACPKAHUU MPOAYKTOB JC-
JICHUS 4acTO MPEANONAracTcs, YTO MEHEE ICTYUHE BEIIECTBA BBLACISIOTCS B KO-
yectBe 0Kkomo 1 %. OKoHUATENTPHOE pacceHBaHUE MPOAYKTOB PAclaia NpU TAKOM
BBIOpPOCE CYLICCTBCHHO 3aBHCHT OT HOTOJHBIX VCIOBHH W BPEMCHH aBApUIHOrO
BBIOpOCA MPOAYKTOB JCTICHHUS.

1.4. OcoGeHHOCTH aBapHHHBIX PE:KHMOB PEAKTOPOB HA OBICTPBIX
HEATPOHAX € KHIKOMETAUNIHYECKHM OXJIaKAEHHEM

Asapuiinoe xunenue nampus ¢ Ax3. Bbicokas MIOTHOCTh TEILIOBBIACICHHS B
Ax3 SAPBH (600 kB1/1 u Gonee) B yCIOBHIX HECOOTBETCTBHS SHCPTOBBLICICHHUS
TB2JI u orBoAuMO# 13 PY MOITHOCTH MOXKET MPUBECTH K OBICTPOMY POCTY TEM-
MepaTypel TOIUTMBA U TEMIOHOCUTENd. B 3tnx ycmoBusax B A3, oxnamaacMou
JKUAKAM HATPHEM, MOXKET HadaThcd KureHue. Kak WM3BECTHO, MIOTHOCTH MapoB
Hatpus npuMmepHo B 2000 pa3 MeHbIIE, YeM IIIOTHOCTh €ro xuakon dasel. B cuny
3TOro OOCTOATENBCTBA HCTIAPCHUE JAXKE HEOOMBIIOrO KOIMYECTBA HATPHS MPHBO-
JUT K 00pa30BaHHIO 3HAYUTEIBHOTO 00bEMa Mmapa, KOTOPBIH MOMKET OCTAHOBUTb
LUPKYJSILAIO )KUAKOTO HATPUSL.

Ha puc. 1.34 moxazaHo pa3BuTHE IpOIECCA KUIIEHUA NIPH OCTAHOBKE LHPKY-
asaunn Hatpus. KuneHue HaunHaeTcs B BEpXHEH uacTH Ak3, rae Temmeparypa Te-
ITIOHOCHTENST MakcuManpHa. CHavana my3blpyu mapa YHOCATCS MOTOKOM U KOHICH-
cupyrorcs. [lo Mepe mOBBIIICHUS TEMIIEPATYPhl TCIUIOHOCUTENS STH MY3BIPH CTa-
HOBATCS 00JNECE KPYIHBIMH, 4 3aTEM PACLIUPSIOLINECS Maphl HATPUS OCTAHABINBA-
IOT ¥ «OINPOKHIBIBAIOTY MOTOK YKHIKOMETAITHICCKOTO TEIIIOHOCHTEIS.

A

Puc. 1.34. OOpa3zoBanne nmapoBbIX My3bIpei B
KAHAJIC C HATPHEM B HAYAIGHOH CTAIWH aBa-
PHIHOTO pekMMa, KOTOPBIM CBA3aH C Ipe-
KPAIICHHCM [HPKYJIANHAA TCIIOHOCHTCIA: [ -
AK3; 2, 3 - BepXHSIA M HIDKHAS 30HBI BOCIPO-
m3BoACTBA; 4 - TBC; 5 - >xunkuii HATPHH; 6 -
| TN mMapel HATPHSA, T - BPEMA C MOMCHTA HAYaJa
0 0,5 KUIICHUSL.
Tc

LV8Y

[Tpu ananuze Bckunanus Hatpuesoro TermoHocurens B Ak3 SAPBH B ycnosu-
AX Pa3BUTHA HECTALIMOHAPHOTO MEPEXOAHOTO MPOLECCA C AOCTATOUHO OOIBIIOH
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MOCTOSHHOU BpeMEHH B PY 3TOro Thma (pa3BUTHE yKa3aHHOTO MPOIECCa MOXKET
ObITh CBs3aHO, Hampumep, ¢ BoiOerom ['T[H mpu ero aBapuitHoM 00€CTOUMBAHKH)
Lenecoo0pa3Ho PacCMOTPETh JBE B3AHMMOCBA3AHHBIC 3aJa4U. PACYET CKOPOCTH 00-
pa3oBaHHSA TMApOBOH (ha3sl B AK3 M OMPEIACICHHEC MOMCHTA HACTYILICHUSA KPH3HCa
TEITO00MCHA.

YcnoBus 00bEMHOTO KUIICHUS JOCTUTAKOTCA MPUMEPHO uepes 10 MuH mocie
BBIOCTa HAacoca, Koraa pacxon OyaeT coctaBiath okoio 10 % HomuuanaeHOro. Ha
puc. 1.35 moxkazano u3mcHeHue xapakrepuctuku ['TIH mpu mageHum uyucia ero
obopotoB (/) u xapakrepuctuka cetu (2). Ilpu OTKIFOUESHHH HACOCOB padouas
Touka mepemeniaetcsa u3 A B B, a satem B C, oTpakas pe3kuii criag pacxoaa. Mex-
ay Toukamu B u C BO3HUKAST HACTYIUICHHE KpH3uca Temootaaqu. [Ipu cmaae pac-
X0Ja W Hayale PEKUMa KHIICHUS MPOHUC-
XOAUT TIOCTCTICHHOS 3aMOJHCHUE KaHaja
MapoM, 3aTeM HAYHHACTCIH POKUM MCPHO-
muyeckoro Beickixanus TBJJI ¢ mynbecu-
PYOIIHMH BHIOPOCAMHE SKHKOCTH.

Prc. 1.35. Xapaxrep cHwKeHWS pacXoja IIpH
orkmouennu ['TIH: 7, I”, I”” - XapaKTepUCTUKHI
Hacoca; 2 - xapakrepuctuka cetu (ABC); AM -
AM o cmaj pacxoja, Ap - Iepenajl JaBICHHS TpH
3aJAHHBIX TeMIlepaType Ha BXOJe, IOJBOJMMOMN
MOIIHOCTHY U JaBjaeHnu Ha Bxoje B TBC.

x==] x==(

Kunenne 8 TBC MokeT HauaThCs mpu 00JICE BHICOKHX Pacxojax, YeM B pac-
CMOTPEHHOM CIy4Yae, 33 CUET U3BECTHOU TEILIOTHIPABIMYCCKON HEPABHOLICHHOCTH
sueek TBC [1], xoTopas o0ycaoBAHBaeT HEPABHOMEPHOCTh paclpeacIcHHUs Mac-
COBOTO PacX0/a TCINIOHOCHTEIS IO €€ CEUCHHIO.

Ocobennocmu asapuiinozo paspyuienus TBOJI B xone pa3BUTHS aBapUHHOTO
TI'TI obomouka TBJJI moxer pacmiasuthes. KomuuecTBO pacmiasieHHOH 06o-
JIOYKH OMPEICTSACTCS TEIUIOBBIM OamaHCOM MEXAY KOJTHYCCTBOM TEIUIA, KOTOPOE
BBIACIACTCA TOINIMBOM, H KOJIHICCTBOM TCILIA, OTBOAUMBIM YCPE3 060HO‘IKy B TC-
ILIOHOCHUTEITh. [IBHIKCHHE PACIUIABICHHOW OOONOYKH ONMPEICIACTCSI B3aHUMOICHCT-
BHEM JBYX CHJI. CHJIOH TSDKCCTH PacIliaBa M CHIIOM TPCHHA BOCXOAILIETO ITOTOKA
mapa Hatpusa. B pesynbraTe BO3HHKACT 3axjIeObIBAHHEC JTHOO YHOC CTEKAIOLICH
IUICHKH BOCXO/IIIIHUM IOTOKOM ITapa. Takoe SBICHHE MOXKET MPUBECTH K IEPEXOAY
pacmIaBUBLICHCS 000JI0YKH B TBEPAYIO (hazy u 0Opa3oBaHHIO OJOKHPOBKH B BEPX-
uelt yactu TBC, mocae yero Bo3HukaeT ocymenue TBOJI, pacrimaBiacHue HIDKHCH
yacTH 000J0YKH U BOSHUKHOBECHHUC OJJOKHPOBKH B HHKHCH YaCTH COOPKH.

TOHJ’II/IBO, Haxoaameecsa TOJIBKO ITOA HeﬁCTBHCM CHJIBI TAKCCTH B IIPOLICCCE
IUIABJICHUS, ABIXKCTCS B HIDKHIOW 4acTh AK3. K umciy apyrux cui, BO3IACHCT-
BYHOIIIMX HAa pacIiuiaB TOILIMBA B ﬂP, CICAYyCT OTHCCTH. T'PAAUCHTBI JABJICHUA B
AK?), CHIIBI TPCHHUA B ITIOTOKA HATPUA, AABJICHUC Td30BBIX MPOAYKTOB ACICHHUA, ad
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Take mapos mmassmuxca BKY. B atux ycmoBmsax HepaciiaBUBIIHMECS YacTH
TB2JI nepemernarorcst B HIKHIOK 4acTh Ak3 u ganee k aaumty SP.

Ocodennocmu usudeckux oapwvepos Gesonacrocmu. [lonoOHO BoOOXTAK-
maembim sHeprerudeckum P (BBOP, PWR) SAPBH c xnaxomeranmnuecknm ox-
JTKACHHEM PacroiararoT HeCKOMBKUMH (PU3MICCKUME GapbepamMu 0€30MacHOCTH,
KOTOPBIC B aBAPUIHBIX YCIOBHIX MPEIOTBPAIIAIOT PACIIPOCTPAHCHHUE PATUOAKTHB-
HBIX MPOAYKTOB JENCHUA B OKpyxamomyio cpeny. HanGonee sddextusHpME cre-
OyeT cuuTtath Tpu (usnueckux dapbepa - odonouxu TBIJI, mepBbiii KoHTYp TEm-
aoHocurens (koprayc PY ¢ unTerpaapHOi GakoBol KOMITOHOBKOH miau kopmyc AP,
TEIOOOMCHHUKH W COCAMHUTEIBHBIC TPYOONPOBOABI B PEAKTOPAX € METICBOU
KOMIOHOBKO#H), a takke 30, B koropoit pasmenieHa PY. TommmBo u mpoaykTsl ae-
JICHUS 3aIIUIICHBI BCEMH TPEeMs OaphepaMu, a MPOAYKThI aKTHBALWH, BKIIOYAS HA-
TPHH, - ABYMSI IOCTICAHAMHU.

JocTtatoyHo XOpOIIO 3alIMINCHHBIMH OT BBIIICPACCMOTPCHHBIX aBapuil ¢
KpH3UCHBIM noBpexkacHneM obomouek TBIJI cneayer cuutare APBH, B koTopbIxX
HCIONB3YETCA OKUCHOE TOITUBO. He3HauuTenbHEIC TOBPEKACHUS 0D0IOUCK 3TUX
TOIJIMBHBIX CEPACYHUKOB BO3MOXKHO, TTIABHBIM 00Pa3oM BCICACTBUE MPOLICCCOB
KOPPO3WUH HWIH BO3ACHCTBHS MPOAYKTOB JACICHUS HA 3TH OOONOYKH, a TaKKe
BCJICACTBUE BO3MOMKHBIX ACEKTOB UX M3TOTOBJICHUS, KOTOPBIC CIIOCOOHBI MPOMYC-
KaTh B TCIIOHOCHTENb ra3o00pa3Hbic MPOAYKTH AcncHus. KomuuecTBo paanoak-
THUBHOCTH, MPOHHUKAIOLWICH B TCINIOHOCUTEIb B 3THX VCIOBHSX, OYICT Majo, €Ciu
He OyAeT 3HaYUTENbHO OOMBINMX TOKambHBIX paspymenud TBIJI, T.e. ecnu ma-
JICHBKAs TPCLUHA HE Pa3pacTeTcs B MPOLecce NTUTENbHOH pabotsl SIP 6e3 3amMeHE
MOBPEKACHHOTO TOITHUBA. BBIMOMTHEHHBIC SKCIICPUMEHTHI MMOKA3AIH, YTO JAAKE B
ciaydae 0obinux HOBpexkAcHHUE o0omouck TBOJI koauuecTBO TOMIMBA, MOMA-
JAIOIIECTO B TCIFIOHOCHTENb, BECBMA HE3HAYHTEIBHO.

ITpu Gonbmiom uucie nospexacuuii odbonouek TBIJI razoobpasHbie mpoayk-
TBI JCJICHHUS TPOHHKAIOT B Ta3oBYIO MOJOCTh HAJ TCIUIOHOCHTEIEM B BEPXHEH
kamepe SAP. B aTux ycnoBusix razoo0pa3Hbie TPOIYKTH ACICHUS JAOKHBI HAICK-
HO VACPKUBATHCS HE TONBKO VIUIOTHCHHSAMH KpHIIIKH kopmyca AP, HO Takke u
VIUIOTHUTEIBHBIMU CAITBHUKOBEIX YCTPoicTB mpueoaos CVY3, 3amuTHBIX Opo-
OOk u ap.

BrionHe 04eBHOHO, YTO MPOYHOCTHBIC XAPAKTCPUCTHKH OAKOBOH KOHCTPYK-
uuu AP B ciydyae ero WHTErpaIbHOH KOMITIOHOBKH WM KOHTYPBI HUPKY/ISLUHA NPH
METICBON KOHCTPYKUMU PY nOmKHEI 06eceunBaTe CliocOOHOCTh MPOTHBOCTOSHHS
BO3JCUCTBUIO aBApPUIHBIX HAIPY30K, KOTOPBIE MOTYT JAEHCTBOBATh KaK CHAPYXKH
(Hampumep, yaapel 4acTed paspylmBIIErocs sjaeMentoB YY), Tak ¥ HU3HYTPH
(BozaeiictBue nmoBpexacuus BKY).

Tpebosanus, npeapsasnseMele K aBapuiiHod yerorunsoctu 30 SAPBH c xuna-
KOMCTALTHICCKHM OXJaxAcHUueM AK3, B LETIOM, KOPPECIOHTUPYIOTCA € aHAIO-
THYHBIME TpeOOBaHUAMH K O€30MaCHOCTH KOHTCHHMEHTOB BOJO-BOASHBIX PV
(BB2P, PWR), xoropsie paccMOTpeHb! Bhilie. ECTecTBEHHO, YTO KOHTCHHMEHTHI
stux AP momkHBI OBITH OCHAIUEHBI BHICOKO3((CKTUBHBIMU (PUIBTPAMH U CHCTC-
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mamu crneusosayxoounctku. Kpome toro, 30 SPBH ykazanHoro tuma JOKHBL
OBbITH IOMOTHUTEIBHO OOOPYIOBAHBI CHCTEMAaMH MOKAPOTYIICHHS, CIOCOOHBIMU
MPOTHBOACHCTBOBATh BO3TOPAHHIO HATPHUS B PE3YIbTATE PA3PYIICHUS MIEPBOTO WU
BTOPOro KOHTYpPOB TerutoHocutensl. CaMo 3JaHHe TOMKHO ObITh CIIOCOOHBIM IPO-
THBOCTOATh HArPy3KaM, MPOU3BOAMMBIM BETPOM, 3emueTpsaceHusamu (ecnu AP
JOTKEH OBITh MOCTPOCH B 30HE, IAC OHH MOTYT HPOMCXOAWTH), MU VAApaM OT
BHCINHUX HMCTOYHHKOB, TAKHX, KaK B3PBIBbI MPHJICKAINUX YACTCH CTAHLMH HITH
0o0opyroBaHUSL.

Xapaxmepucmuxu 6ezonacnocmu AP. CyIIeCTBEHHEIM MPEHMYIICCTBOM Ha-
TpueBblx AP ¢ Touku 3peHus 6€30NMaCHOCTH ABIACTCS HU3KOE JABJICHHUE TCILIOHO-
CHUTEN, BCICACTBHE YEr0 KOHCTPVKIHMH MEPBOrO KOHTYPa HCHBITHIBAIOT YMEPCH-
HBIC MCXaHHYICCKUE HATPY3KH, B CHIIY YEro WX PaspyLICHHE, B LEIOM, MaIOBEPO-
atHO. CleAyeT OTMETHUTBD, YTO B CIIVYAC Pa3pYIICHHS MEPBOTro KOHTYpa AK3 MOXKET
ObITh 1OCTaTOYHO 3¢ PEKTUBHO OXNaXAcHA Oc3 MPUBJICUCHHUS aBAPUIHOrO 3araca
TCIIIOHOCUTENS. DTOr0 MOXKHO JOOUTHCS, OKPY>KUB KOPITYC U TPYOOIPOBOIHI MPO-
THBOTCUCBEIM KOXKYXOM U momecTus kopnyc AP B maxry, uto 3amurur P Oaxo-
BOW KOMIIOHOBKH OT OCVIICHHS AK3, IOCKOIBKY TEILIOHOCUTENB MEPBOTrO KOHTYPA
HE CMOXKET ONMYCTUTHCA HIKE YPOBHA AK3 M HPOMEKYTOUHBIX TCINIOOOMEHHUKOB.
OTBOJ TEIUIOTHI M3 aBAPUHHO OCTaHOBJCHHOTO P Moxker ObiTh AOCTATOYUHO -
(eKTHBHO OOECIIECUCH TEIUIOHOCUTENEM BTOPOrO KOHTYpa (IIPH YCIOBHH, UTO MPO-
MEKYTOUHBIC TCIIIOOOMECHHHKH HE TIOBPEKACHBI) MM € MOMOIIBIO CHCTEMBI aBa-
puitHoro pacxonaxusanusa. C 3toi nemeto B AP ¢ merneBoli koMIIOHOBKOH TPy6O-
MPOBOABI TCINIOHOCUTENS JOKHEI OBITh PUCOCTUHECHBI K KOPIYCY BBILIC VPOBHS
AKk3, ecnmu HEOOXOAMMO, YTOOBI OHA OCTABANACH MOKPHITOH TCILIOHOCUTEICM B
cyyae paspeisa Tpyoorposoga. OLCHKH MOKA3BIBAIOT, YTO B OTHX YCJIOBHIX OTBOX
OCTATOYHOTO TEILIOBBLACICHHS U3 AK3 NPUHIMITHAIEHO MOYKET ObITh 0OCCIICUCH 32
cueT QYHKIIHOHUPOBAHUS TOJIBKO OXHOW U3 METENb epBoro KoHTYp a PY, xoropas
coxpaHmia paboTOCMOCOOHOCTh B yCIOBUAX aBapun. C 3TOU LEABIO B PAAC MPOCK-
toB PY Ha BH npexycmotpeno pezepeuposanme npusogoe I'IIH. Ykasannsie koH-
CTPYKTUBHEIC PCIICHUS MPHU3BAHBI OOCCIICUNTh LHUPKYJIILHIO TCIFIOHOCHTENS TEp-
BOTO KOHTYPa CO CKOPOCTBIO, JOCTATOUHOH A1 OTBOJA TCILUIOTHI OT PAJUOAKTHB-
HOTO pacraja Jake Ipu BeIxoae u3 cTpos asurarenei seex I'TIH mmm mpexparme-
HUS MOJAYU K HUM diektponuTtanus. Hapsny ¢ oprannzaiuieli eCTeCTBCHHOH LUp-
KYISILHH SKAIKOMETATITHYECKOT0 TEINIOHOCUTENS B OcTaHOBICHHOM P, 3TH Meprr
CcnoCOOHBI 00ECTICYUTh HAACKHBIH TCIIOOTBO B YCIOBHIX BO3HUKILCH aBapHH.

Takum o6pazoM, MpU aHATN3E BHIIICYKA3AHHBIX aBApHHHBIX peskuMoB SIPBH,
XapaKTEPUIYIOHUXCI HU3KHM JABICHUEM JKUAKOMETAITHICCKOTO TCINIOHOCUTENS,
HEOOXOIMMO VUHTHIBATE CICAYIOLUIHEC OCOOCHHOCTH MPOTCKAHHUS B YKa3aHHbIX PY
aBapuiHBIX npoueccos. [Ipexae Bcero, AOCTaTOYHO HHU3KHN VPOBEHb MEXaHHUYC-
CKUX Harpy30K Ha METaJ IepBOro KOHTypa 3THx P cyimecTBeHHO CHIKaeT Bepo-
ATHOCTh UX BHE3AMHOro paspymecHus. Kpome Toro, B yCIOBHSX BO3HUKHOBCHHS
TAKOW aBapHUU COXPAHACTCS BO3MOKHOCTE TOCTATOYHO 3((EKTHBHO OTBECTH TEIm-
J0TY B-pacnajga mpOAYKTOB AECICHHS U COXPAHUTh TEMIICPATYPY OOOIOUYKH B JO-
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MYCTHUMBIX MPEIEeIax, 4ToObl MPEIOTBPATUTh KPYIHOMACINTAOHBIC PA3pyLICHUS,
KOTOPBIE MOTYT COIPOBOKAATh Pa3BUTHE TsOKeIoH aBapuu B AP ¢ xxuaxkomeramin-
yeckuM oxnakacHueM. IlogobHas camozalmuineHHOCTh yKka3anHeix PY or aBapuii
€ TOTEeped TEIUIOHOCHUTENS CYIIECTBEHHO OTIMYACT MX OT ra3o- U BOJOOXJIAKIAC-
MbIx SIP, B mepBOM KOHTYpE KOTOPBIX UCHOIB3YETCA BBICOKOE AABICHUE U TIOTCH-
LUATBHO BO3MOXKHOE Pa3pyLICHUE 3JIEMEHTOB KOTOPHIX TPeOYeT pa3pabOTKU riy-
OOKO3IICTIOHUPOBAHHON 3AIMUTH OT ABAPHH, CBA3aHHBIX C MMOTEPEH TePMETHIHOCTH
KOHTYpPa MUAPKYJISALINHN TEILTOHOCHTEIS.

Eme oxuo cBoiictBo camozammumenHoctd JPBH ¢ sxuaxomerammmaeckum
oxnaxacHueM AK3, B 0COOCHHOCTH Mpucyliece TakuM PY ¢ nHTerpansHoi Kommo-
HOBKOH, 00¢CIICUNBACTCS 3HAYUTEIBHOW MACCOH TCINIOHOCUTENS B MIEPBOM KOHTY-
pe, xoropas Mosket npessimats 2000 1. [Ipn yemosun mUPKYIAINAN TETUTOHOCHUTE-
1s mocpeactsom ['LIH wmu ecrecTBeHHON LUPKYIAUH B AK3 €ro TeMmeparypa
pacTeT AOCTATOYHO MENJICHHO JAXKE B YCIOBHUAX OTCYTCTBHA TEILIOCHEMA CO CTO-
POHBI BTOPOTO KOHTYpa. YKa3aHHAs aBapHiHAA JMHAMHKA TEMIEPATYPHBIX YPOB-
HEH JKUIKOTO MeTaiuta wrmroctpupyercs puc. 1.36 [67], Ha KOTOpOM moKa3aH pocT
CpeIHEH TeMITepaTyphl TEINIOHOCUTEN NEPBOTO KOHTYPA B IPEATIONOKEHUH, ITO
AP ocTaHOBJIEH M OJHOBPEMEHHO ITOJIHOCTBIO OTCYTCTBYET BTOPHYHOE OXITAXKIE-
Hue. [lpencrasieHHbIE JaHHBIE CBUACTEIBCTBYIOT O HAIMYHN OTIPEICSIEHHOTO pe-
3epBa BPEMEHH A PEATH3AIUM NPOTUBOABAPUHUHBEIX MEPOIPHATHH, UMEIOIIHIX
CBOCH LIENIBI0 BOCCTAHOBICHUE PabOTOCIOCOOHOCTH BTOPOro KoHTypa AV mpex-
JIe, IeM IIOBBIIICHUE TEMIEPATyPHl BBI30BET CEPHE3HBIC NMOBPEIKICHHS TOILTHBA
(xoTopsie MOTryT mpou3olTH B auanasone temmeparyp ot 800 xo 1000 °C B 3aBu-
CHUMOCTH OT KOHCTPVKIHUH TOIUTMBA W TIyOWHEI e€ro Bhiropanus). Crexyer 3ame-

THUTb, YTO NPH aTMOCHEPHOM AABICHUU Ha-
Ter,'C Tpuii kunut npu 892 °C.

700 -
Puc. 1.36. JluHAMHKA 3aBHCHMOCTH CPEIHEH TeM-

600 - MEpaTypsl TEIIOHOCUTEM HEPBOro KOHTYpa B AP

Tina BH ¢ meTneBoil KOMIOHOBKOH OT BPEMCHH,

MPOIICAIIETO ¢ MOMEHTA ABAPUITHOTO OCTAHOBA,

400 \ \ ! COMPOBOKAAEMOr0 TONHBIM OTKA30M  CHCTEMBI
3 6 9 L1 temmootBoma u3 AK3.

500 -

Baxnyro pons Bo BHyTpeHHEH camozamuiieaHoctd PBH ¢ xuakomerammm-
YCCKUM OXJIAKICHHEM UTPACT OTPHULIATCIBHBINA MOIMHOCTHBIN KO3 (DHUIIHCHT peak-
TUBHOCTH, BLKHCHINCH COCTABISIOICH KoTtoporo siBjsercs sddexr Homepa. B
pe3vnbrate 31oro 3G ¢eKkTa BOSHUKACT HAACKHAS MIHOBCHHAS OTPHLATEIbHAA 00-
paTHas CB3b MO TEMIICPATYPE TOILUIHBA C PCAKTUBHOCTBIO.

[Tpu anamuze GezomacHoctn SAPBH ¢ XuaKoMeTaITUUECKUM OXTaKACHUEM
CICAYCT YUHUTBIBATH TAKKC U HCTATUBHBIC OCO6€HHOCTI/I YKa3aHHBIX PY B mmane
BO3MO)KHOCTH BOZHHKHOBEHHS B HHUX aBapMMHBIX PEXUMOB. B mepByio ouepenp k
3THM OCOOCHHOCTSM CIICAYET OTHECTH BBICOKYIO SHCPrOHANPSDKEHHOCTh AK3. 1O
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O3HAYacT, 4To eciau oxiaxiacHue A3 HapyieHo, To temmeparypa TBIJI mmeer
TCHACHIINIO K KaTacTpoduueckomy pocry. Tak, ecau B nentpansueix TBC TBIJI
MO KAaKUM-TO MPHYHHAM JHIICHB OXJaKaeHus npu pabdoratomem AP, To ux tem-
reparypa OyJeT MOBBIIATECSA CO CKOpocThio 0k0j10 600 K B 1 ¢, cneacTBuem uero
SBUTCA WX IUIaBJICHUE 32 3 - 4 ¢. Bionae 0ueBHUAHO, UTO B YCIOBHAX PACILIABICHUA
TB3JI BO3HHKAET BO3MOXKHOCTb OBICTPOT'O HCIAPEHUS TEIIOHOCUTETA. B 3THX
VCIOBHAX HEIb3 UCKITIOYUTh BO3MOKHOCTH HATPHUCBOTO MApOBOr'0 B3PHIBA, KOTO-
PBIH MOXKET OBITh BBI3BAH CMCLICHHEM PACIIIABICHHOT'O OKHCHOT'O TOILTHBA C JKUA-
KM TCIUTOHOCHTEIIEM.

Kpome Toro, BricOkas moKapoOOMacHOCTh JKUAKOTO HATPHS OOVCIOBIHBACT
HEOOXOAUMOCTh PCATH3ALUN COOTBETCTBYIOIIMX MPOTHBOABAPHHHBEIX KOHCTPYK-
THUBHBIX PELICHUN, KOTOPHIE CIIOCOOHBI CYIIECTBECHHO CHU3UTH BEPOSTHOCTh BO3IO-
PaHHS 3TOr0 TCIFIOHOCHTENS MPH €ro KOHTAKTe ¢ Bo3ayxoM. C 3Tol LEeNbio B Mec-
TaX BO3MOXKHOH YTEUKH 3TOrO TEILUIOHOCHTES M3 3JIEMCHTOB IEPBOrO KOHTYpPA
SI9Y emkoctu u TPyOOMPOBOABI, COASPIKAIIME HATPUH, JOKHBI ObITh 3aKITIOUCHBI
B CIUIOLIHOW MPOTHBOTEYEBBIH KOXKyX. [IpocTpaHCTBO BHYTPH 3TOrO 3aIUTHOrO
KOJKYXa 3aIOHACTCA WHEPTHBIM razoM H OCHAINACTCS ACTCKTOpamMH Hatpus. Bo
BTOpPOM KoHTYpe DY ycTaHOBKa 3aIIUTHOrO MPOTHBOTEUCBOrO KOXKYXa HE IPEAY-
CMATPHUBACTCA, OAHAKO YCTAHOBKA COOTBETCTBVIOLIMX CCHCOPOB HATPUCBBIX TCUCH
ABICTCS OOSA3ATEIBHOM Tak ke, Kak 00OPYIOBAHHE COOTBETCTBYIOIUX ITOME-
meHuil AJY cucteMaMH NOXKAPOTYIICHHS, HANPHUMEp, MOPOLIKOBOTO THIIA,
MPEAYCMATPHUBAOLINX HCIOIb30BAHNC MEIKOIUCIICPCHOTO XJIOPHIA WIH KapOo-
HATA HATPHSL.

1.4.1. IIpoGsiemMbl HAeHTHHHKALHH NPeAABAPHHHBIX PEXKUMOB
B TEMJIOBBIACSIFOLHX COOPKAX

OOHapy»XCHHE HAYANBHBIX CTAJAWH BO3HUKHOBCHHS MPCAABAPUNHBIX TEILIO-
¢duznueckux mporeccoB B Ak3 P tuna BH, oxyaxaaeMpIx KUIKOMETAITHICCKUM
TCIIOHOCUTEIIEM, SIBJSICTCSL BEChMA aKTYAIbHON AJIs1 X OS30MaCHOCTH POOICMOH,
PCIICHUEC KOTOPOH TPeOyeT peanu3alvi KOMIUICKCA CIOKHBIX HAYYHO-TEXHU-
4ueCKuX 3a4a4. JeHCTBUTEIPHO, HACHTU(UIIUPOBATE HAYAIO ABAPUH B OTACITBHOMH
TBC namuoro tpyaHee, 4eM OOHAPYKUTh ABAPHIO, OXBATHIBAIOIIYIO BCIO AK3, HO
JINaTh 3T0 HCOOXOAMMO, TAK KaK IMPH JOCTATOUHO ObIcTpoM octanoBe AP mMoxkHO
MPEIOTBPATHTh PACHPOCTPAHCHUE MOBPCKACHHUIA;, ITPH 3TOM MOCICACTBHS aBAPUU U
CTOMMOCTh PEMOHTA OyAyT CYIIECTBCHHO MCHbINE. |PyaHOCTh MOCICI0BATCIBHO-
ro kouTposst coopok TBIJI cocrour B ToM, uro B A3 1 OJaHKETS 3aKIIOUCHBI
corau TBC. Eciu COOTBETCTBYIONIME JATYUKHU BKIKOYATh B KOHCTPYKIIHIO KAXKIOH
cOOpKH U 00ecreunBaTh UX TPOMHOE PE3CPBUPOBAHHE, TO MOJYUCHHAS CHCTEMA
aBapuiiHoro ocranoBa SIP craHeT upe3MEepHO TPOMO3AKOM, MOCKOMBKY CACIACT
HEBO3MOXKHOMU tieperpy3ky TBC, ocHaICHHOM TakUMU MOMOTHUTEIBHBIMH JaTUH-
kamu. B 310l cBsi3u moaiekar pa3paboTKe U TAKUE MIEPCICKTUBHBIC BHICOKOUYBCT-
BHUTC/IBHBIC JUATHOCTUYCCKUE CCHCOPBI, KOTOPBIC, HaXomsich BHE Ak3, mornu Obl
BBISIB/ISITh PA3BUTHE aBapuu B J11000H e¢ Touke. CyIecTBYIOT 1Ba OCHOBHBIX THIIA
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CCHCOPOB, KOTOPBIC NPHUHLMIIHATIBHO MOTYT OBITh MPUTOJHBI JUTs1 peIucHus chop-
MYJIMPOBAHHOMU BhILIE Mpobnembl. K dpcny yka3aHHBIX CEHCOPOB CIEAYET OTHECTH
JATYHUKHY, BRUIBILIIOIAC MOBPEkKACHU 00omouek TBIJI, u garumku, BhIsSBISIOLIIC
BCKHUIIAHHE TCIUTOHOCHTES B AK3.

[lepBas u3 Takux cUCTEM - cHCTEMa OOHAPYKCHUS MOBPEKACHHBIX 000I0UEK
TB3JI npussana obecrnieunts OOHAPY:KEHHUE ACPHEKTHBIX 000TOUEK MOCPEIACTBOM
KOHTPONS COACPIKAHUS B TCINIOHOCHTENE U Ta30BOU MOAVIIKE HaJ AK3 paanoax-
THUBHBIX MMPOAYKTOB ACICHHUS, KOTOPBIC BBIACIAIOTCS U3 Takoro aedexraoro TBIAJL
J10 obecreunBaeTcs AByMst myTsMu. [IepBEIi M3 HUX COCTOHUT B BBISBICHHUH [3-
WJIH Y-aKTUBHOCTH, €CITU MPOAYKTHI ACICHHUS BBIACICHB U3 TEILIOHOCUTENS, KOTO-
PBIH Y-aKTHBEH caM mo ceOe. BTopoli moaxox COCTOMT B PEruCTpali HEUTPOHOB
OT MPOAYKTOB JACICHHUS, SBJISEOLIMXCS MPEIIICCTBCHHUKAMHE 3ara3 bIBAIOLINX HEH-
TPOHOB B MPOOEC TEIFIOHOCUTES, U3BATOH U3 30HBI JSHCTBUS HCUTPOHHOTO TTOTOKA.

CTpYKTYPHO Takas AMACHOCTUYCCKAS CHCTEMa COCTOHT M3 YCTHIPEX BIECMCEH-
ToB. [Ipoba TemaoHOCHTE IS TIEPBOrO KOHTYPA OTBOAMUTCS MO TPyOOmpoBoay B 00-
nactek ¢ 0oJee HU3KUM MMOTOKOM HEUTPOHOB, ueM B Ak3. Tam 3ta mpoda mpoxoaur
Yyepe3 eMKOCTh, OKPYKCHHYIO 3aMEUIIOMINM MATCPUATOM U JETCKTOPaMH TEILIO-
BBIX HCUTPOHOB (OOBIYHO CHETUMKAMH ¢ TPUPTOPHAOM OOpa), KOTOphic OOHAPY-
JKUBAIOT HATHYHE TIOOBIX MPEIIICCTBCHHUKOB 3aNa3AbIBAIOINX HEHTPOHOB B TEII-
JOHOCHTENE. DTO MO3BOJSICT BBUIBIIATE MOBPEKACHHUS 000M04YEeK B LeIoM 1o Ak3
MPH YCIOBHH, YTO MPo0a OTPaKacT CBOWCTBA BCETO TCIFIOHOCHUTEIS, MPOIICALICTO
yepes Hee, T. €. Mpoda JODKHA ObITh B3ATa B TAKOH TOUYKE, B KOTOPOH TEIMIIOHOCH-
TENb TOCAC BhIXOAA U3 AK3 M0OCTATOYHO XOPOIIO MEPEMEIIAH, T.€. TAKOH 0TOOp
SIBISICTCSL HHTCTPAIBHBIM.

Hapsny ¢ ykazaHHOIH WHTErpaabHOH MPOoOOH AOMKHBI OBITE 0OCCIEYCHBI OT-
OOpBl MPOO TEIUIOHOCHTENS AN ACTEKTOpPa 3aMas3bIBAOIIUX HCHTPOHOB MOOUC-
PEAHO ¢ BBIXOJ0B KaKI0H U3 cOOpoK. 10 mo3sonut yokanu3osark TBC, B koTo-
po¥i mpou3zonuio noBpexacHue. M3-3a OOMBIIOro KOMHYECTBA TECTUPYEMEIX €OO-
POK JIOKQTU3ALH TMOBPEKACHUS TAaKUM CIOCOOOM TNPOHUCXOAMT OTHOCHTEIBHO
mMemneHHo. Cucrema mogoGHoro otdopa npod temnonocutens ot rpynn TBC no-
3BOJISIET HECKOIBKO YCKOPUTh MPOLIECC TAKOT'O 30HIUPOBAHHUI.

CornacHo eme 0JHOH METOIUKE MPOBOIUTCA OTOOpP MPOOHI raza U3 ra3oBoro
o0beMa, U30IaUpyIoIero Hatpuil B kopnyce AP qsa mocienyromero aHanmsa ¢ uc-
MOJBb30BAHUEM Y-CIICKTPOMETPA U [B-0caguTens ¢ MOABMKHOH mpoBonokoi. B mo-
CIICAHEM HCIONb3YETCs 3apsUKCHHAS MPOBONOKA IS OCAXKACHHS JOUCPHHX IPO-
OVKTOB [-pacmaia OCKOJKOB JCICHHS. 3aTeM MPOBOIOKA MOMEMIACTCS B KaMepy,
comepskamyio P-gerekrop. [loxoOHas cucreMa HEYYBCTBHUTEIBHA K HIMPOKOMY
CIICKTPY MPOAYKTOB AKTHBALIHH, KOTOPHIC MOTYT MPUCYTCTBOBATh B MPoOE, U CIIO-
coOHa BBISBUTB [3-aKTHBHBIC JOUCPHHUE MPOAVKTHI [3-aKTUBHBIX ra3000pa3HEIX OC-
KOJKOB JeiieHns (B OCHOBHOM "'Rb kak mpoaykr B-pacmaga “Kr). B pesyasrare
Takas CHCTEMa IMO3BOJICT JTOKATH30BATh JAHHBIC O BO3MOMKHEIX MOBPEKICHUIX
obonouek TBIJI. [ampHelimas uropManys O HYKIWAAX, HNPHCYTCTBYIOIIHX B
mpobe, 00eCICUUBACTCS Y-CICKTPOMETPOM.
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IIpeumyrnecTBa BBHIIICPACCMOTPEHHBIX MPHHIMITAAIBHBIX MOAXOJ0B K KOH-
tposro TBC ¢ momoripio obHapyxkenus aedexraoro TBIJI coctosT B ToM, 9TO OH
HAJCKEH U UCMONB3YET KOCBCHHBIC CBHACTCIIBCTBA BBIXOJA PAAUOAKTHBHBIX MPO-
JAYKTOB JACICHUS B TCILIOHOCUTENb. OMHAKO JA)Ke TPYIIOBAs CHCTEMA KOHTPOJIS
TCIUTOBBIACSIOIUX COOPOK SIBJISICTCS. OTHOCHTEIBHO WHECPIIMOHHOM, TPEOYHOLISH
HECKOJIBKO JACCATKOB CCKYH[I A BeissBiicHUst aedexranoro TBIJL. Droro gocra-
TOYHO JJIS1 KOHTPOJIS 32 BBIACICHUEM PATHOAKTUBHOCTH B TCINIOHOCHTE/b, OHAKO
KOHTPOJIb COOCTBEHHO TEILIO(YU3UUCCKOTO MPOLECCa, PE3YIbTATOM BO3HHUKHOBE-
HUSI KOTOPOT'O U SBIISICTCS MOBpEkAcHUE 000onouck TBIJI, sBsiercs, HECOMHEHHO,
0ojice MPEANOUTUTEIbHBIM, B 3TOH CBsI3U ClieAyeT OOpaTUTh BHUMAHHE HA TOT
dakr, uro ecnu nospexkacHre TBIJI Bei3BaHO HEPErpeBOM, OHO MOKET COMPOBO-
JKIAThCS BCKUMIAHUECM TCILIOHOCHTESS (KOTOPOS MPH AABJICHUH, MOJACPKHBACMOM
B AK3, nmeer Mecto mpu Temneparype okoio 920 - 940 °C). B atux ycnoBusx
MCPCIICKTUBHAS CHUCTEMA aKyCTHYECKOrO ACTCKTHPOBAHUS IPOIECCA KUIICHUS B
Ak3 oxipaxkmaeMoro kuakoMeraunaeckum temionocurenem SPBH cnocobna mo-
JATh CHUTHAJ MPSAYIPSKACHUS 3HAYUTCIBHO OBICTPEE, YEM BBIIICPACCMOTPCHHBIC
KOMIUICKCHI JJisi OOHApYy»XeHHUS AC(PEKTHBIX, T.€. MOTCPSABIIHX TECPMECTUIHOCTD
TB3JL

H3BecTHO, UTO OOHAPYKEHUE HAYAIA KUICHUS KUIKOMETAUTHYCCKOrO TCII-
JOHOCHTEIISI MPEACTABISICT CEPhe3HyI0 mpodiemy. Ee Temmodusndeckue acmeKTh
paccmoTpensr B Monorpaduu [1]. Mubie uHbOpMAIIHOHHBIC 33Ja4u JCTCKTHPOBA-
HUSI TUATHOCTHYCCKOTO MOIC3HOT0 CUTHAMA, MOTYT OBITh KPAaTKO OXapaKTePU30Ba-
HBI caeayromum oOpazom. Brnosgae ouesuano, uto Axk3 SIPBH xapakrepusyercs
BBICOKUM YPOBHEM (DOHOBBIX AKyCTHYCCKUX IIIYMOB, MACKHPYIOIIUX IOJC3HBIH
AKYCTHUYCCKUH CHTHAJ, KOTOPBIH (hOPMUPYETCS pasaiHdHbIME (hazaMu pocTa U JIe-
rpajaiy mapoBbIX MY3bIPSH, FCHEPUPYEMBIX B MEPETPETOM MPUCTCHHOM CJIOC HA
nosepxHocTH TBIJI. Takoli (hOHOBBIH akyCTUYECKUH IIYM T'C€HEPUPYETCS LTUPKY-
JSIIHOHHBIMUA HACOCAMHU, TYPOYICHTHBIM TCUCHUEM TCIUIOHOCHTEIISI U KABHTALIUCH.
Kasutanus 0COOCHHO TPYIHOMPEOIOINMA, TaK KAK €€ MOXKHO CUUTATH OJHOU W3
¢dhopM KuMeHUs (BBI3BAHHOTO JIOKATbHBIMH TTOHKCHUSMU JABJACHUS B TOYKAX, TS
MOTOK TCIJIOHOCUTEISE YCKOPSICTCS, TAKUX, KAK OCTPBIC YIJIBI HIIU JIOMACTH KPbLTb-
YATKHA HACOCA), M OHA MPOU3BOIUT IIIYMBI, OYCHb MMOXO0KUEC HA IIYMBI OT KHIICHHUS,
BBI3BAHHOTO TICPETPEBOM. ITY TPYAHOCTh, OJHAKO, MPCIACTABIISICTCS BO3MOMKHBIM
MPEOAONETh, €CAH MPH MPOCKTUPOBAHMU KOHTYpa IwWpkKymwsiuuu P xaBuraiwro
CBECTH K MHHUMYMY H OTCEYb OCTAJbHBIC (POHOBBIC IIYMBI MOCPEACTBOM (HOPMHU-
POBaHHS JUATHOCTHYCCKUX MPU3HAKOB B TOM AMAINA30HC YACTOT, B KOTOPOM HC-
TUHHOC KHMCHUC (POPMHUPYET XaPaKTCPHYIO CIICKTPAIBHYIO CTPYKTYPY aKyCTHUC-
CKOr0 CHTHaJja, KOTopas OOYCIOBICHA JUHAMHUKON POCTA W JCTPaJalliy MapOBBIX
My3bIPEH.

Hapsiay ¢ dusmyeckuM ACTEKTUPOBAHUEM MPOLIECCA KHUIICHUS KHIKOMETAI-
JAUYECKOTO TEIUIOHOCUTENISE B AK3, MEPCICKTUBHBIM CICAYCT CUHUTATh TAKKE HC-
MOJIb30BAHUC IS YKA3AHHBIX TUATHOCTHUYCCKUX LICICH TEMIICPATYPHBIX IIYMOB —
(daykTyamui TemMreparypel MOTOKA HATPUS HA BeIXOAC U3 KoHTponupyemoi TBC.
Caenyer, OAHAKO, OTMETUTH P OOCTOSATENBCTB, HPHU KOTOPBIX HCIOJIb30BAHHUC
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3TOr0 AMATHOCTHYECKOT'O MapaMeTpa SBILIETCS MpoOneMaTuiHbeIM. Tak, yacTiaHas
OJNIOKHUPOBKA TeUCHUs TEILIOHOCHTE s rae-mubo B TBC MokeT ObITh AOCTATOYHOMH
JUTSL TOT'O, YTOOBI BRI3BATh CEPLE3HBIN MEPETPEB B 3aCTOHHOH 30HE (BO3MOXKHO, JIa-
K€ IO TOUKH KHIICHHSA), HO B TO XK€ BPEMS OHA MOXKET UMETh OYCHB MAJIOC BIHSIHUE
Ha OOIIMH Pacxoi TCINIOHOCUTENS U €ro CPEIHIOI TeMIlepaTypy Ha Beixoae. ['ua-
pasauueckoe conporusjicaue TBC BecbMa BETHKO, U 1O CPABHCHHUIO ¢ HUM 100a-
BOYHOC CONPOTHUBICHHE, OOYCIOBICHHOC YACTHYHOH ONTOKHPOBKOH MPOXOAHOTO
CCUCHHS KACCETHI, MAJI0, BCICACTBUE UCr0 CHIDKCHUE PAcX0a TCIUIOHOCHTEIS Ue-
PE3 Hee UL HE3HAYUTEIBHO.

C mpyroii CTOPOHEI, HA OCHOBE CIICKTPATBHOTO aHATIN3a TEMIICPATYPHBIX IIY-
MoB Ha Beixoae n3 TBC mpeacraBiasercs BO3MOXKHBIM HACHTH(ULHMPOBATE AAXKE
HE3HAYUTETBHYIO YACTHUHYIO OTOKUPOBKY HMPOXOAHOrO CeUeHHUs. JlelCTBUTENBHO,
OIOKMPOBKA TOBBIMIACT TYPOYJICHTHOCTh TCUCHHUS TCIUIOHOCHTENIS M PAa3HOCTD
TEMIICPATYP MEXKAY Pa3THYHBIMH YaCTSIMH €r0 MOTOKA M BBI3BIBACT, TAKHM 00pa-
30M, yBETHUCHHUE (IYKTYALUH TEMIICPATYPhl WIH TEMIICPATYPHOrO IIyMa HA BbI-
xoae n3 TBC. BMmecte ¢ TeM HH aKyCTHYECKHE CEHCOPHI, HU MAJIOMHCPLIUOHHBIC
TEpMOTIAPhl Il KOHTPOIS TEMIICPATYPHBIX MyMOB B AK3 HE BBILIIM U3 CTAAUH
HAYYHBIX UCCIEIOBAHUN U HE HAIUTH MIMPOKOTO MPHUMCHEHHUS B CHCTEMAaX 3aIlUThI
SAPBH.

Bce BrImIepaccMOTpeHHbIE JHATHOCTHYECKHE TTOAXOMABL, 4 TAKKE paspadaThi-
BacMbIC HA WX OCHOBE mepcrekTHBHBIE cvcTtembl 3ammTtel Ak3 AP tuma BH wu
LMFBR wumeror cBoei 1enpio oOHapy:KeHHUE paHHEH ctamuu asapud 3THX AP u
MPEAOTBPALICHHE €€ JambHenero passuTus. MHOro poxa 3amury — orpaHHYCHUE
MOCNCACTBUN YK€ BO3HHKIICH aBapuu — mpusBaHbl obecrieunBath 30, ocHaimae-
MEBIC MPOTHBOABAPHIHBIMU (PHIBTPOBCHTUISIIUOHHBIMH CUCTEMAMH, & TAKKE TEX-
HUYCCKHUMH CPEACTBAMH LTSl ABAPHIHOTO OTBOJA TCIIOTHL.

JluHaMHKa CHWKCHHS MHTCHCHBHOCTH JHCPrOBBIACICHUSA B OCTAHOBICHHOM
SPBH, oOycnoBieHHas paguOaKTUBHBIM PacmiaioM MPOAYKTOB AcieHus B TBIJL
namoctpupyercs tabdn. 1.2.

Tabmuya 1.2. Koam4ecTBo TEIJIOBOii SHEprum,
BBIIC/ISIIOINECHCS TIPH PATHOAKTHBHOM PACHAAC MPOAYKTOB JCICHUS
B 3ABHCHMOCTH 0T BPEMEHH, IPOIIEAMICT0 ¢ MOMEHTA OCTAaHOBA P

Bpewms, Joma MotHO- Bpewms, Joma MotHO- Bpewms, Joma MomHO-

mpomen- | ctu AP, Ha xo- | mpomen- | cru fP, Ha ko- | mpomen- | ctu AP, Ha KO-
IIee ¢ MO- | TOPOWH OH pado- | miee ¢ MO- | TOPOH OH pado- | mee ¢ Mo- | TOpoi OH pado-
MEHTA OC- | Taj mepe] OcTa- | MEHTA OC- | TaJ IEPexd OCTa- | MEHTa OC- | Tal mepes ocTa-

TAHOBA HOBOM TAHOBA HOBOM TAHOBA HOBOM
lc 0,062 g 0,015 1 mec 0,0011
10 ¢ 0,050 1 cyt 0,0045 1 ron 0,00056

100 ¢ 0,035 1 Hen 0,0019 10 mer 0,00026
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3HauynTeIbHAS YacTh OOMIECrO SHEPTOBBIACICHUS B ABAPUHHO OCTAHOBICHHOM
SIPBH tuna BH win LMFBR moxker ObiTh OTBEACHA MOCPEICTBOM CCTCCTBCHHOM
KOHBCKLHH € UCTOIB30BAHUEM OT TPYOOIPOBOAOB BTOPOrO KOHTYpa B atMochepy.
OnHaKko HAAEKHBIM OTBOJ TEIUIOTHL JOJKEH OBITH 0OECIIEUEH Ha HECKOJIBKO HeE-
JETb, B TCUCHUE KOTOPHIX MOIMHOCTh SIP OyaeT cHmkaTbest 10 YPOBHS CIUHHIL] Me-
raBaTT, U JaKEe HA OOJee JIUTCIBPHBIA CPOK, B CIVYae BBHIBOJA M3 CTPOSI BTOPOrO
koHTypa Temionocutens. C 31oi uenso B kopayce SAP obbvuHO mpeaycmaTpuBa-
IOTCSl ABTOHOMHBIC HE3aBHCHMBIE KOHTYPBHI IUPKYJLIUHN 11 aBAPUIHOTO OTBOAA
TEMIOTH, CHAOKCHHBIC BHCLTHHMHU BO3IYLIHBIMH TEINIOOOMEHHHUKaMU. B ykazaH-
HBIX aBTOHOMHBIX KOHTYPAaX PacXOTaKWBAaHUA KHIKOMETATHICCKUHM TEIUIOHOCH-
TEIb LUPKYIUPYET MOJ ACHCTBUEM ECTCCTBCHHON KOHBEKLIUH UCPE3 TEIIOOOMEH-
HUKH, OXJaKIacMblec BO3ayxoM. Ilockonbky HaTpuil mepexoguT B TBEPAVIO (azy
mpu temneparype 98 °C, To yka3aHHBI TEMIOHOCUTETb, 0OCCIICUNBAIOIINN aBa-
puitHoe pacxonaxkusanve AP, oOprvHO npeacTaBiseT coO0H IBTCKTHUCCKHH CIIIAB
«HATPHH — Kanuit», KOTOPBIH 3aTBEpACBAcT NpH Ooce HU3KOH TemMmeparype. Yka-
3aHHAS CHCTEMA aBapuiiHOrO pacxonaxxuBanus P mossomsT o0ecneunTs HAACK-
HBIU TCIT0OTBOA U3 AK3 B YCIOBHSIX BBIXOJA H3 CTPOs OOOPYIOBAHHUS BTOPOTO
KOHTYpa, & TAaKKE MPH OTCYTCTBHU LUPKYISUMH B AK3 (Hampumep, BCICACTBHE
norepu snekrporuTanus ['LH).

Ilpm amanmze anHaMuku passutug Tsokenod asapuu B SIPBH Henwss taxoke
HCKITI0YATh BO3MOKHOCTh MaccoBoro paspyiucaus TBIJL, oOpazoBanus kopuyma,
a TaKKe MOCIEAYIOMETO €ro MEPEeMEINEHU K JHUIY Kopryca. B atux ycmosmax
CYMMAapHOE 3HEPrOBBIICICHUE OOPA30BAaBIICTOCS PACILIaBa SABIACTCS JOCTATOM-
HBIM 71 OBICTPOrO MPOIMJIABICHHS TOHKOCTCHHOTO JAHMINA KOPIYyCAa U MEPexoia
KOpUYMa B HIKHIOK 4dacTk o0bema 30. B ToMm cayvae, eciau Ha cTaauH MPOCKTH-
posarus P He mpeayCMOTPEHBI CHEIHANBHBIE MEPHI, B XOJE PAa3BUTHS TSDKETOH
asapud B AP ¢ KMAKOMETATUIMYIECKUM OXJIAKACHHEM HEIb3d HCKIIOYATh TaKKe
BO3MOXKHOCTH 00pa30BaHUs BTOPUYHON KPUTUICCKOW MAacCHl B PACILIABE TOILIUBA.

Bwmecre ¢ Tem pasmernenue B obnactu auuma kopryca AP cnenuansHBIX jke-
710008 I Pa3mencHUs MOTOKA KOPUYMa, PEaIM3yeMOe B KOMITICKCE C MHTCHCHB-
HBIM OXJIKACHHUEM KAXKI0H M3 TAKUX OTACIbHBIX YACTCH PACILIaBa, CIOCOOHO 3¢h-
(hEeKTHBHO MPOTHBOACHCTBOBATh OOPA30BAHUIO BTOPUYHON KPUTHUECKOH MacChl.

1.4.2. lunaMuka pa3BUTHS TSI2KeJIbIX ABAPHIH B peaKkTopax
HA OBICTPBIX HEHTPOHAX C KHIAKOMETALNIHYECKHM OXJIAKACHHEM

Xapaxrep aBapuitnoi xuHamuky PY Ha BH npn BOZHUKHOBEHMH HEIITATHOTO
ternoduzmyeckoro npouecca — sekunanusa B APBH »xuakomerannuueckoro temn-
JOHOCHUTENS — LEIECO0OPA3HO PACCMOTPETh HA IPUMEPE BO3HUKHOBEHHS U PA3BH-
THA TaKOH TSDKENOH aBapuMHOM CHTyanyy. Y KazaHHas aBapHs CBA3aHA C BHE3AIl-
HBIM BO3HHKHOBCHHEM OJIOKHPOBKU mpoxoaHoro ceucHus oxHod uz TBC ¢par-
meHTamu paspymusmmxcsa BKY. Jlunamuka pa3sutisa 3ToH aBapHH IIPEACTaBICHA
Ha puc. 1.37.
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Ofpazoparne Kunenne Pacnmnapnenne | | Trxem1i Ham seinmee
. ) TeILno- napoBoil pacnpocIpaHeHHe
GIOKHpOBER BoCaTes ToNIHBA BIpLIE aBapin
. v i
Kunenns PacinapeHms D PacnpocTpanenna
' mapoeoit
HeT HeT S aBAPHH HeT
ITapororo
La  e3pema
HeT

Puc. 1.37. luramuka passurust apapuu B oxHOH u3 TBC mpu BCKHNAHWU B HEH SKUIKOTO
HATPHS, BBI3BAHHOM 00pa30BaHUCM OJIOKHPOBKH MPOXOTHOTO CCUCHHUA 3TOH COOPKH.

Kak ormedeHo BeIIIE, HCOOXOXUMBIM VCIOBHUEM NPCAOTBPALICHUS JATbHCH-
LICTO Pa3BUTHS CXEMATHYCCKU H300paskeHHOH Ha puc. 1.37 aBapuiiHOW cHUTyalu
ABILICTCSL €€ HAJCKHAS HICHTU(QUKALMS B PeaabHOM Maciutabe BPEMEHH U CBOC-
BPEMEHHOE OCYINECTBICHHE S((EKTHBHBIX MPOTUBOABAPUHUHBIX MEponpusaTui. B
MPOTHBHOM ClTy4yae MmoJoOHAas aBapHiiHas CUTYaLHsl cocoOHA MPHOOPECTH LICITHOH
XapaKTep U BHI3BATH MOBPEKICHUE BCeH Ak3. QUeBUIHO TAKKE, UTO MPU OTCYTCT-
BHU CBOCBPCMCHHOHM AWATHOCTHYCCKOW HMH(OPMALIMHA OTHOCHTEIBHO HAYATBHBIX
a3 Takoil aBapuu 3Ta GIOKHPOBKA MOXET BBI3BATh IMCPETPEB, KOTOPBIH MOXKET
JOBECTH O KHUIEHHS TEILUIOHOCHTEIh M 3aTEM PacIUIaBUThH TOILTHUBO, UTO B CBOO
o4epeap MOXKET pa3pyuTh Bcro octanbHyio AK3. Llensro ananmsa sBisercs npe-
o0pa3oBaHHE STOH MOCIEAOBATEIBHOCTH COOBITHH B JACPEBO COOBITHH, H300pa-
JKEHHOS B yrpoineHHOU (opme Ha puc. 1.38, rac mokaszaHbl BO3ZMOKHBIC HCXObI
KQKJIO0M U3 BO3MOXKHBIX BETBEH Pa3BUBAIOIICHCS aBAPHU, A TAKXKE OLICHKA BEPOAT-
HOCTH TOT'0 HCXOZHOTO coOwITHS (OnokupoBku npoxognoro ceueHus TBC), xoto-
PO€ HHULIMHUPYET 3TOT ABAPUUHBIN PEXKUM.

ObpasopnHIe Apapmiineni  Kumemme — Aeapniieeli  Apapumiineri  [Inaenerme  IIaporoit Pacmpoct-
GIORHPOBRI  OCTAHOR Temmo- OCTAHOR OCTAHOR TOIUTHBA BIPBIR paHeHIE
no HOCHTEJII no no MOBpEsK-
CHTHAITY CHTHAITY CHIHANY OeHHH
o TORPEK- "TeMmepa- gt
TeHHH TYPHBII BCKHIAHH"
TB31 M
TTa onr Ja —» OIT Ha —=PII
Ma Hda —» OIIT Ha
Her Her ,E[a Her ——— OIIT
Her L 51T Her Her L »11T
Her L 311T

Puc. 1.38. [lepeBo cOOBITHH B YCIOBHSX PA3BHTHA TSDKCIOH aBapWH, CBSI3AHHOH C OJOKH-
poskoit TBC, B CpaBHCHHH C XOJ0M ABAPHIHOTO MPOLCCCA MPH CBOCBPCMCHHOM OOHAPY-
JKCHUH 3TOT0 moBpekacHUS B Ak3: OIIT - ocraHoB SIP mpu mMOBPE:KACHHH HEKOTOPOTO
rommaectsa TBIJL, OIIT - sxkcmayaramms SIP ¢ HEKOTOPBIM KOIHYECTBOM IOBPEKICHHBIX
TB3JI; PI] — nanpHEHIIEEe pacpOCTPAHEHHE TIOBPESKACHIH B AK3.
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Kak m3BectHO, Bxoaneie natpyoku TBC cHaOxKeHBI COOTBETCTBYIOIIUMH Pe-
LICTKAMH, KOTOPBIC PEMATCTBYIOT MONAJAHUIO Pa3PYIICHHBIX (PparMeHToB MepBo-
ro KoHTypa BHYyTpb AK3. B aTHx ycnosusx 6roxkuposka npoxoxnoro ceueHus TBC
MOXET BO3HHUKHYTh TOIBKO B pe3yibrare paspymeHus omHoro uz TBIJI aroit
cOOpKH B pe3yNbTaTe BBIMBIBAHHS TEIUIOHOCHTEICM MAaTepHAla TOILTHBHOIO
CTCPIKHS Uepe3 3HAYUTENbHBIA AedekT B ero obomouke. BMecte ¢ TeM BBINOTHEH-
HbIE B paae padot akcrepumentsl ¢ TBAJI SAPBH ceuaerenscTByIOT, UTO MON06-
Hoe paspyuicane TBIJI ¢ oOpasoBanuem (pparMeHTOB, CHOCOOHBIX OJOKHPOBATH
npoxognoe ceucHue TBC, uvmeeT HU3KYIO BEPOSTHOCTS.

Takum obpaszom, 6moknposka TBC moxer octaTbess HCOOHAPYKEHHOM TOMb-
KO B TOM Ciiy4ae, eciu cucrema oOHapyxenus aedexktaeix TBIJI obmamaer
HexocTaTouHoW 3¢ (EKTHBHOCTRIO WK BoodIIEe HepaborocnocobHa. B sTux ye-
JOBUAX ONOKHPOBKA MOXKET CTAaTh JOCTATOYHO OONBINOH, YTOOBI 3aCTABHTh TEILIO-
HOCHUTETb KHUIIETh, YTO COOTBETCTBYET BEPXHEH BETBH BTOPOrO PAa3BETBICHUS HA
puc. 1.38.

R PeaynpTaThl  3KCIIEPUMEHTANBHOIO  ONpPEIEIe-
HUS PACHPEICICHUS TEMIICPATYPhl TEILIOHOCUTETS B
sactoiiHoll 30He TBC 3a ceucHmeM ONOKHpPOBKH
npuseaeHs Ha puc. 1.39. IlokazaTtensHo, 4TO TOUKA
kurieaus npudnusurensHo Ha 400 K Bbime mratHOH
2 Temmepatypsl Temnonocurens B TBC.

/ Enoxuposexa

5‘ 1'0 Puc. 1.39. 3aBHCHMOCTE TEMIICPATYPHI TCILTIOHOCHTEII OT
0

Pacemonnue om Groxuposxy ~ PACCTOTHIL OT OIOKHPOBKHU (BBIPAKCHHOTO B €€ JHAMET-
¢ ee ouamempay ~ PAX) B 3ACTOHHOM 30HC (/) M B CBOOOAHOM KaHANE (2).

OueBHIHO, YTO KUICHHUE TCINIOHOCHUTEIS JOKHO OBITh CBOCBPEMEHHO HICH-
TUUIUPOBAHO 3PPEKTUBHON CHCTEMONW OOHAPYKCHUS Havalla FCHEPALUH mapa B
Ax3. [Ipu oTCYTCTBHH COOTBETCTBYIOLICTO ABAPUHHOIO CUT'HANA, KOTOPHIM MPHH-
LUNHUATIBHO JODKEH OBITh COPMHUPOBAH B PEATBHOM MAcIITaOe BPEMEHH, MPO-
m3oiiaer ocymenue TBIJL. Ecmu Takoe yXyAIICHUE TEILIOOOMEHA TPOIIUTCs 6O-
aee 2 — 3 ¢, To AehSKTHOES TOIIUBO, THINICHHOS OXJIAKICHHS, PACIIIABUTCS.

IMocnename nBa passerBieHMA Ha puc. 1.38 XapakTepu3yiOT BO3MOXXHOCTB
BO3HHKHOBCHHSI TNAPOBOTO B3PHIBA, KOTOPHIH, KaK IOKA3BIBAIOT IMPOBCICHHBIC
OLICHKH, JOCTATOYHO MAalOBEPOATCH. B MPOTHBHOM ciydae SHEPTHsS HATPHEBOTO
MapOBOT0 B3PBIBA ABICTCH JOCTATOUYHOU AT paspyiueHus yexia agapuiiHoi TBC,
CIICACTBUEM YErO SBISETCH JIABUHOOOPA3HOC PAa3BUTHE aBapUH, KOTOpPAas B ITHX
YCIOBHSIX HAYMHACT OXBaThiBaTh coceaquue TBC.

HcxonHrie COOBITHS, KOTOPBIC CIIOCOOHBI MHULHHPOBATH ABAPHIO, OXBATHI-
BaKOIIYIO BCIO AK3, MOXKHO Pa3ACaUTh HA ABA CIACAYIOIIUX KIAacCa. ¢) HECTALHO-
HapHbIH pa3ron AP, BeI3bIBACMBII BBSACHHUEM MOIOKHUTEIBHON PEAKTUBHOCTH, U 0)
MAJCHAE PacXoa TEIJIOHOCHUTENS, BBI3BIBAEMOES CHIDKEHHEM PacxXxo/a TEIUIOHOCH-
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temst uepes A3 B ernoM. [lepBoe MoxeT ObITE 00YCIOBICHO, HAPUMED, ABAPHIA-
HBIM H3BJICUCHUEM DPCTYIHPYIOIINX CTEPXKHEH WIH VIUIOTHEHHEM AK3 HapOBBIM
B3PEIBOM; BTOPOE MOMKET OBITh PE3yabTaTOM BhIX0Aa U3 ctpost ['TIH.

B cny4ae BEIIBNCHUS BBHIICYKA3aHHBIX HCXOMHBIX ABAPUUHBIX COOBITHH, LIS
MPCAOTBPALLCHHUS JANBHEHIIECIO PA3BUTHS ABAPHH JODKCH OBITh WHHULMHPOBAH
BBOA morjomiatomux crepxkuei CY3. Ipu 3ToM B ¢iaydae HECTALMOHAPHOTO pas-
roHa P meperpes TOIIMBA MOXKET HMPUBECTH K PACILIABICHHIO MOCICIHETO U MO-
BpexacHuio odonouck TBIJI B obnactu nentpa Ax3. B 3THX ycraoBusaxX pacrias-
JICHHOE TOITHBO OYIET B3aMMOJCHCTBOBATE C TEILIOHOCHTETIEM, BO3BMOXKHO, C Ma-
POBBIM B3PBIBOM, & KUIISIIHHA TCINIOHOCUTETb OVACT BEIHOCHTbh TOILUTUBO M3 AK3,
CHIDKas TEM CaMbIM PEaKTHBHOCTb W, BEPOATHO, Mpekpawas asaputo. [lpu ymeHs-
LICHUH PAcX0Ja TCIIOHOCHTEIb BCKHUIHT B MEPBYIO OYEPEAb B BEPXHEH 4YaCTH
AX3, B pe3yNbTaTe Y€ro ¢ BHICOKOH CTENMCHBIO BEPOITHOCTH MOXKHO TPOTHO3HPO-
BaTh MPEKPAINCHUEC JATbHEWINErO pa3BUTHS aBapuu. |IporHO3HEIC OLICHKH AWHA-
MHUKH pasBUTHA aBapuu, oxsaTeiBaromed scro Ax3 SIPBH B Hactosimee BpeMs BbI-
MOTHSIOTCS HA OCHOBE Pa3pabOTKH KOMIUICKCHBIX MAaTEMATHICCKUX MOJCICH pas-
BHTHS TAKUX aBAPHH, & TAKKE COOTBCTCTBYIOIIUX MPOIPAMMHBIX KOMIIICKCOB TSI
UX KOMITBIOTEPHOH peanu3anuy. AHAIN3 3TOr0 MATEMATHYECKOT'O H MPOrpaMMHO-
ro o0ecreueHUsl MPUBCACH B 3aKIIOYNTEIBHOH TIaBe HACTOAIICH MoHorpaduu.
BmMecre ¢ Tem, mpeaBapsis H3TOKEHHUE 3THX CBCACHUH, HEOOXOIUMO OTMETHTD CJIC-
JYIOIIEE.

PesynpTaThl TAaKMX KOMITBIOTEPHBIX PACUECTOB B 3HAYUTCIBHOW MEPE 3aBUCHT
0T 0cOOCHHOCTEH KOHCTPYKIHUH U cocTossHUS AK3. Tak Hampumep, pacnpeacincHue
BBITOPAHUS M HAKOILICHUS ra3000pa3HbIX MPOAYKTOB AencHHUs B pazmuuHbix TBC
OKa3bIBAIOT CYIIECTBEHHOE BIHMAHME Ha apapuiiHyio aunHaMuky SP. Ilpm omenxe
MOCICACTBUN aBapul HECOOXOAMMO VUHTHIBATH, YTO B KOHECYHOM HTOrE CYLICCT-
BCHHAs YacTh TOIUIMBA OyIET BbIBeACHA 3a mpeaensl Ak3, B pesynbrare dyero AP
CTaHET MOAKPUTHUYCCKUM M MPEKPATHTCA pasBUTHC aBapud. Ak3 OVICT cepbe3HO
MOBPEKACHA, 4 MEPBBIM KOHTYP TCIUIOHOCHTENS CHIIBHO 3arps3HCH TOIIMBOM H
MPOAYKTaMHU AcTcHUSA. TeM He MCHEE ONTHMHCTHUCCKHE CLICHAPUHA PasBUTHS MO-
JOOHOH TSDKEOW aBapuHl CBHACTEIBCTBYET O TOM, uTo 30 Kkak Oapbep Oe3omacHo-
CTH COXPAHUT CBOIO LICTIOCTHOCTD, & OBPEXKICHHUS BHE MEPBOrO KOHTYpa HE OyayT
HUMETh KaTacTPOQHUSCKUN XapaKTep.

OnuH U3 BO3MOXKHBIX CLICHAPHEB pasBHTHA Tspkenod asapuu B Axk3 SIPBH
JODKCH IPEAYCMATPUBATh MOTCHUUANBHYIO BO3MOXKHOCTD €0 pasroHa Ha MTHO-
BEHHBIX HeWTpoHax. IMEHHO 3TOT THII aBapuitHOTO IepexoaHoro nporecca B SP
ABIICTCS TEM UCXOTHBIM aBAPUHHBIM COOBITHEM, KOTOPOE CHOCOOHO WHULHHPO-
BaTh NojHOE paspyuicaue SP. BaxxHO! 0COOCHHOCTBIO 3TOU aBapuu SIBISICTCS TO,
YTO BO3MOXKHOCTb NMOA0OHOTrO pasroHa AP MoxeT BOZHHKHYTE VK€ B XOIC Pa3BH-
TS BBIIIEPACCMOTPCHHON TSDKETIOH aBapuu, oxsaTeiBaromeh Bcro Ak3. Xapakrep-
HO, YTO B 3THX VCIOBHSAX MOMKET BO3HHKHYTH BO3MOJKHOCTb (B 3aBHCHMOCTH OT
KOHCTPVKIIHH H COCTOSHUS AK3) TAKOrO MEPEMEIICHHUS TOIUTUBA U TCIFIOHOCHTES
B XOJC aBapHH, OXBATHIBAIOMICH BCIO AK3, KOTOPOEC MPHUBEACT K POCTY PCAKTHBHO-
CTH BIUIOTH JO KPUTHYHOCTH HAa MTHOBCHHBIX HeirtpoHax. [lpm mocTwkeHnu B
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00bEMEe TOIUTMBA KPUTHYHOCTH HA MTHOBCHHBIX HCHTPOHAX MOIIHOCTE H3MCHSCTCS
CTOJIb OBICTPO, YUTO JATBHEHIINE MEPEMCIICHHUS TOIIMBA U TCINIOHOCUTENS HE SB-
JSFOTCSl ONPEACTSIOMIMMY, a PEIIAIOIIYIO POIb UIPAIOT TEMIICpaTypa TOILUTUBA U
00YCOBICHHOEC €€ M3MCHCHHUEM IMOBBIIICHUE JABJICHUS, KOTOPOE PACCCHBACT TOI-
JUBO W, CIICAOBATCIIEHO, pekpamnact pasron AP. Creayer orMeTUTh, 4TO AOCTHT-
HyTas PCaKTUBHOCTh O0YCIOBIHBACTCS CACAVIOUIMMHE ABYMS (pakTopamu: ) peax-
THUBHOCTBIO, BBIJCTHBIICHCS BCICACTBUC ABAPHMHOIO MEPEMEIICHHS TOIUIMBA U
TCIUTOHOCUTEIISL B XOJAC Y)KC PA3BHUBIICHCS TKEIOH aBapuu, 0) OTPHULATCIBHON
00paTHOH CBA3BIO MO TEMIIEPATYPE TOIUIHMBA, KOTOpas obecreunsactes 3¢ dexkrom
Hormnepa v pacImupeHUEM TOTLTHABA.

JeiicTBre ykasaHHOW OOpaTHOM CBsi3M COCTOMT B crneayiomem. Korga oOy-
CIIOBIICHHAS aBAPUUHBIMU MpoueccaMu B AK3 PeakTHBHOCTb BO3PACTACT, MPEBbI-
mias 3HaYCHUE, COOTBETCTBYIOLICE KPUTHIHOCTH HA MTHOBCHHBIX HEHTPOHAX, BMeE-
CTE C HEH pacTeT U TEMIEpaTypa TOILTHBA CO CKOPOCTBIO, KOTOpas MO3BONSICT 3d-
dexry Jlommepa KOMIICHCHPOBATh POCT PE3VIBTUPYIOIICH peakTHBHOCTH. B cuny
TCMJIOBOM HHEPLIUU TOIUTMBHBIX Macc MX TEMICPATYPHOC PACLIMPCHHE CYIICCT-
BEHHO OTCTAEeT OT SHEPTOBBACICHUS, CIOCOOCTBYS pocTy nasicHus B Ak3. Conyr-
CTBVIOLIMH 3TOMY HApacCTAHHIO JABJICHUSA BRIOPOC TOrMBa U3 1eHTpa AP cHmkaer
PCAKTUBHOCTD M MPEKPALIACT PA3TOH.

KomuuecTBo sHEpruy, BRHICBOOOKIAIOIICHCS PH TAKOM PA3rOHE, B OCHOBHOM
3aBHCHT OT moctosHHOU Jlomnepa (koTopas ompeaenser rnyOHHY oOpaTHOH CBs-
3HM), OT CKOPOCTH NPUOIIKCHUS K KPUTHYHOCTH HA MTHOBCHHBIX HEHTpOHaX
(0OBIYHO HA3BIBACMOHM CKOPOCTHEO U3MCHCHHUS PEAKTUBHOCTH) H, KPOME TOTO, OT
COCTaBa M COCTOSHHUS TOIUTUBA. Pe3yNbTaThl COOTBETCTBYIOLIMX PACUCTOB MPEa-
craeycHbl Ha puc. 1.40. CymmapHast 3HEprus, KoTopasi BEIACTISICTCS PU MOJ0OHOM
pasrone AP Ha MrHOBEHHBIX HEHTPOHAX, IPUMEPHO MOCTOSHHA, YTO OOYCIOBICHO
PC3KUM YBEIMYCHUEM JABJICHHS, Pa3BUBACMOIO B TOIUTUBHOH KOMIIO3HWLIUK HPH
CYLICCTBCHHOH TCINIOBOH HMHEPLUUOHHOCTH €€ TCPMHUYCCKOr0 PACLIMPCHUS, YeM
0o0yClOBNMHUBAaETC  NPUMEPHOE  MOCTOSHCTBO
obbema TomnuBa. B TO ke BpemMs KOMHYECTBO
KHHCTHYICCKOM ~ SHEPIHH, MPHUXOMAINCECS  Ha
pacmmpsomeecs TOIUIUBO (IITPUXOBBIC KPHBBIC
Ha puc. 1.40), CYIIECTBEHHO 3aBHCHT KaK OT
CKOPOCTH H3MCHCHHS PEaKTHBHOCTH (CIUIOLIHBIC
KPHUBBIC), TAK U OT MOCTOSTHHOH Jlomepa.

E MTx

10

10°

Puc. 1.40. BiumsHue CKOpPOCTH HM3MCHEHHUS peEak-

THUBHOCTH W TOCTOAHHOM Jlomaepa Ha KOJIHUYECTBO

0 20,002 -0.004 3HEPIHH, OCBOin)KI[aIOH.IGI/IC}I npu pasroHe P Ha
TMocTosEAAL Jlommepa ~ MTHOBCHHBIX HCHTPOHAX.

WMmenHO ykazaHHAs (QHEPTHS PACHIHPSHUSD) OMPEACIICT Ty HATPY3KY, KOTO-
poti moasepraercst KOHCTpyKIws 30. Pacuersl moqo0HBIX aBapuil, OXBATHIBAIOLIHX
BCIO AK3, MO3BOMNSMIOT OMPEACIUTh 3HAUCHHUS CKOPOCTH pasrona SIP Ha MrHoBeH-
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HBIX HEHTPOHAX; KHHCTHICCKOHM SHEPTHUHU PACIIUPCHHUS TOILTHBA, MPOHUCXOAAIICTO B
PE3VIBTATEe TAKOTO PasroHa, a TAKKE APYIHE ONPEACIIIOINE MapaMeTphl paspy-
LICHUS BCErO PEAKTOPHOrO OTACICHUA. Y Ka3aHHBIC PAcUCTHl SIBISIFOTCA OCHOBOM
JUTS pa3paboTKU TAKWX KOHCTPYKLMH 3aIMUTHBIX KOXKYXOB IIEPBOrO KOHTYpa, KOp-
myca P U ero KOHCTPYKTHBHBIX 3JICMEHTOB, KOTOPHIC CIIOCOOHEI IMPOTHBOCTOSTD
MOCIEACTBUSAM pasroHa P ¢ yTeukol paJuoakTHBHOCTH, HE MPEBBIIAOIICH TOrO
VPOBHS, KOTOPBIM MOXKET ObITh yAepkaH 30 — mocaeqHuM QH3HICCKHM Oapbepom
6e3onacHoctu. [IpunaTeIe B HacTosInee BpeMs MOAXOIbI, OOCCICUUBAIOIIUE CO-
XpaHeHHe yeToHuuBocTH 30 MpH BO3HUKHOBEHHH MONOOHOH TSDKETIOH aBapvH B
PV na BH, paccMatpuBarotcs B 3aKITIOUHTENBHOM I1aBe HACTOSIIECH MOHOTpadHH.

[Tpu BEIpa®OTKE BO3MOMKHBIX CLCHAPHUEB MOAOOHBIX THIOTCTHUCCKHX TSKE-
aerx aBapuii APBH, a Tawoke BogooxnaxzacMbeIx sHeprerrucckux AP onenke mox-
JeXKAT TAKKE U MOCISACTBHS BO3MOXKHOTO paspyiucaus 30 B X0A€ TAKOH aBapuH.
CyLIHOCTD TAKHUX PACYCTOB IS OLICHKH BIUAHHSA BHIOPOCOB HA HACEICHHE, HPO-
JKUBAIOIIECE B 30HE Tspkeaon aBapuu Ha ADC, a Takke OMPEACICHHUS OMACHOCTH,
KOTOpOH OHO MOABEPracTcs, CBOAUTCA K cienyromemy. [Ipexxae Bcero, mocne-
JOVIOIas AWHAMHKA BRIOPOCA PATUOAKTUBHBIX MPOAYKTOB JACICHHS CYIICCTBCHHO
3aBHCHT OT CTAaOUIBHOCTH aTMOC(EPBI H OT CBOMCTB MECTHOCTH, B CTOPOHY KOTO-
poli xyer Berep. MoXkHO paccuuTaTh J03y OOMYUCHHS, MOTYYCHHYIO TEM 4EIOBe-
KOM, HaJ KOTOPBIM MPOXOIUT 00IaK0.

BaanMocBs3p Mexay m1030d OONMYyUCHHS, KOTOPYIO MOIVYHT YETIOBEK, U CTe-
MCHBIO MOPAKEHHS, KOTOPOE 3TO €My HAHECET, 3aBHUCHT OT cocTaBa obnaka. Hau-
Boree CephE3HYIO OMACHOCTh OOBIYHO TPEACTABISICT co00i ' I, HO OKHCTBI > Pu,
**Pu u '"Ru B dopme a3posoneit, Tak xe Kak U Sr u °'CS, TOXKE MOT'YT BHI3BATH
nopaxxerue. Kak HM3BECTHO, BOCIPHHUMYHBOCTh K PATHALMOHHOMY MOPAKCHUIO
CYLICCTBCHHO 3aBUCHT OT BO3pAcTa 4enoBeka. B GOMBIIMHCTBE CIyYacB MOpaXke-
HUE MPHBOIUT K MOBBIICHUIO BEPOSTHOCTH BOZHHUKHOBCHHS B OVAVIIEM TOH WM
vHOM (POPMBI OHKOJIOTHUCCKUX 3a0oieBanuii. B Hacrosiee Bpems paspadoTaHbl
JOCTATOYHO COBCPLICHHBIC PACUETHEIC METOMUKH, KOTOPHIC 00ECIICUHBAIOT TOMY-
YCHUE JOCTOBECPHBIX OLICHOK JO30BBIX HATPY30K A HACCICHHS, TPO’KUBAIOIICTO B
30HE PaANOAKTUBHOIO BEIOpOCa B pe3yibTare norepu repmermanoctu 30 aBapui-
Horo SIP. C y4eToM KOHKPETHBIX METEOPOIOTHUCCKUX YCIOBHH B 30HE aBapHH, a
TAKXKE COOTBETCTBYIOIIETO JEpPEBa COOBITHH, OOVCIOBUBIINX €¢ BO3HHUKHOBCHHC,
VKa3aHHbIE METOIHMKH MO3BONAIOT TAKXKE OLICHUTh odmee KommdaecTso N mocTpa-
JABIINX OT PaJHALIMOHHOTO OOMYUCHHS B PE3yIbTaTe HEONArOMONYYHOTO Pa3BH-
Tus Tsokenor asapuu Ha ADC. BepodTHOCTh BO3HHKHOBECHUS COOBITHS 7, HHULIMH-
PYIOLLIETO aBaphIO, MOXKET XapaKTCPU30BATBCS YACTOTOH f; (0KHUAAECMOE UHUCIO
BO3HHKHOBCHHH Takoro coObIThs 3a rof skcrutyaranuu SP). Hampumep, Hempen-
BHJCHHOE moBpexacHue oaunounoro TBIJI mosxker umers vactory f DopmanbHo
3TO 03HAYACT, YTO CCITU F MOBPEKACHUHA MPOUCXOMAT 3a M JIET SKCIUTyaTaluu (o1-
HOTO WJIH HECKOJIBKUX OaHOTUIIHBIX SIP), To F/n — fpu n — oo,

JTa yacToTta MOKET OBITh YCTAHOBICHA 3KCIICPUMEHTANBHO NMYTEM HAOMIOC-
HUs 33 peanbHbIMU MOBpSKAcHUsIME TBIJI, HO MHOTHE COOBITHS, HHUILTHHUPYIOIINC
aBapUH, UMEIOT 3HAUUTEILHO MEHBIIYIO YACTOTY - 0koa0 10™ B ro, 4To He MOXeET
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OBITh MOATBEPKIACHO SMITUPUUCCKH, TaK KaK IS MPOBEPKH MOTPSOOBAIUCH ObI
MUJLTHOHBI J1eT dkcutyatanuu SP. CTons HU3KHE 4acTOTHI 3aTPYAHSIOT MPHHATHE
PCLICHHS O 3aIUTHBIX Mepax, U, MO-BUAUMOMY, ONBIT XOPOLIO SPYIUPOBAHHOTO
YEIOBEKa JIDKET B OCHOBY PELICHHUS BOIIPOCA, OYACT TH HOAOOHOE COOBITHE UMETh
MECTO HJIH HET.

Ananus gepesa COOBITHH 1Tl COOBITHS I, HHULUHPYIOMICTO aBAPHIO, U CTATH-
cTrdeckas HHPOPMALKS O METCOPOTIOTHIECKUX YCIOBHAX AT OLCHKH BEPOSTHO-
ctd p; (N) TOro, 4To aBapuiiHas CUTYaLUs NPUBEACT K MOSBICHUIO N YEIOBEK, HO-
CTpaJaBLINX, CCTH { HMpon3oieT. YacTora, ¢ KOTOPOIl aBapuH THIIA i BBI3BIBAIOT
nopakeHue N UeI0BEK, paBHA MPOU3BEACHHIO fp; (N), a o0Imas 4acTota aBapwii,
MPHUBOMAIINX K MOPAKCHUIO /N YETOBEK, COCTABUT

JN)=2./p(N). (L15)

Koneunas nenrs ananuza 6ezonacHoctu SIP cocrout B onienke pyHkumu f (N).
Jta QyHKIMS 3aBUCUT OT KOHCTPYKUuK AP, MUKpoKIrMaTa JaHHOW MECTHOCTH H
pacnpenenenus mioTHoctTd HaceneHus BOmu3u ADC. [punaTue pemenus o xocra-
TOYHOCTH VPOBHS 0GE30MACHOCTH COOTBETCTBYIOIICH koHCTpykimu SP ocymecTs-
JSETCSL HA OCHOBE CPAaBHECHMSI TOM NOTEHLHAIBHONH OMACHOCTH, BBIPAXKEHHOU
¢dyHkuumer f (N), KOTOpyIO MPEACTABIACT 3Ta KOHCTPYKLH, C KPUTCPHEM HPUEM-
JEMOCTH, ONPEACTSICMBIM HAa OCHOBE ACHCTBYIOIIEIO CTaHIapTa OE30MacHOCTH
AJC. YkazaHHBII KPUTEPHH OOBIMHO BRIpaskaeTcs depes yactory a (N) mpuemie-
MOCTH BO3MOXKHOM aBapuH, MPUBOAAIICH K mopakeHUIO N uemoeek. AP cumraercs
JOCTATOYHO Oe30macHbM, ecau f (V) < a (V) miast Bcex N.

VYka3aHHas BBIIIEC BEPOATHOCTb i UCXOAHOTO COOBITHS, KOTOPOE CIIOCOOHO
WHULIMAPOBATh Ty WM HHYIO aBapuio 5P, MOKeT ObITh YCTAHOBIICHA, HATIPUMED, U
SKCICPHUMEHTAIBHO MyTEM HAOMIOACHUS 32 PEaNTbHBIMH MOBPCKICHUAMU KOHCT-
PYKTHBHBIX 37eMeHTOB AK3, B yactHocTH TBOJI, omHako MHOTHME COOBITHS, HHH-
LHHPYIOLINE ABAPHH, HMEIOT 3HAUHUTEIBHO MEHBIIYIO 4acTOTy — okoxo 10™ B roz,
YTO HE MOXET ObITh, OJHAKO, OATBEPKACHO SMIHPHUICCKH (MTOCKOIBKY ISl KC-
MEPUMCEHTANBHONU NPOBEPKH NOTPeOOBATUCH OBl THICAIM JeT Skcruyaranuu SP).
CTosp HHU3KHE YaCTOTH BO3HUKHOBCHUS TSUKENBIX aBapuil P He a0mKHBI, 0AHAKO,
CO3J1aBaTh WILTIO3HUIO HEYA3BHUMOCTH COBpeMeHHBIX SOVY. BrnomHe o4ueBHIHO, YTO
TOJBKO rTyOOKOE MOHMMAHHE MPOUCXOISIIUX B 3THX CIOMKHBIX TCXHUYCCKUX CHC-
TeMax TEXHOIOTHYCCKHX MPOLIECCOB, MPHYCM HE TOIBKO LITATHHIX, HO TaKXKe U
ABAPHUHHBIX, B OCOOCHHOCTH TCIUTOPH3UUECCKHX, SABIACTCS HECOOXOAUMEIM YCIOBH-
eM obecnieucHus OE30MACHOCTH ACHCTBYIOINX U mpoekTHpyembix ADC. Topue-
CKOC HCIIOTb30BAHNC YKA3aHHBIX (DYHIAMCHTANBHBIX 3HAHUH C LICIBIO MPHIAHHSI
SAOEPHBIM SHCProdJIOKaM CBOMCTB CAMO3AINUINCHHOCTH, NATBHEHINCE PAa3BUTHE U
COBCPLICHCTBOBAHUE T'TYOOKO BIIEIOHUPOBAHHOH 3ammthl PY, ocHamenue AQY
BBICOKOTEXHOJIOTMIHBIMH pa3paboTkaMu B 0OIaCTH AWATHOCTHYECKOTO odecrede-
Hua DY ABNAIOTCS HEMPEMEHHBIMH YCIOBHSMH NPUAAHHUS 3THM MOTCHLHATBHO
OMACHBIM PHEPreTUYCCKUM OOBEKTaM BBICOKOM CTEICHH WX HAACKHOCTH M 0e30-
MACHOCTH.
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I'masa 2

Apapuiinbie TeropusndecKHe IpoLuecchl
B PCAKTOPHBIX YCTAHOBKAaX OCHOBHBIX THIIOB

B xoHTekcTe paboOT, BBINONHSACMBIX C LIETbEO OOOCHOBAaHUS OE30MACHOCTU
JEUCTBYIOIMX W MPOCKTUPYEMBIX ADC, BCCCTOPOHHEMY H3VUCHHIO W AHATIHU3Y
MOJJICKUT P TPUHLMITHAIEHO BOZMOXKHBIX B MPOLIECCE SKCIUTYATALIUH SICPHOTO
SHEProONOKa HEPErTaMCHTHBIX 3KCILIyaTannoHHBIX coctosHui AJY. Ilpu stom
CTCIICHb OMACHOCTH KKAOTO U3 TAKHX HEIITATHBIX SKCILTYATALMOHHBIX PCKHMOB
OTIPEIENACTCS MOTCHUHAIBPHOH CIOCOOHOCTBIO KKAOTO M3 BO3MOXKHBIX HApVyIIC-
HUH UHULUHPOBATh cephesHbie oBpexkacHus Ak3 SP. [lokazarensHo, 4yTo pa3Bu-
THE VKA3aHHBIX MOBPEKACHUH B ONPEACTAIOUICH CTEICHH OOYCIOBIHBACTCS Xa-
PaKTEpOM TEX HEIUTATHBIX TEIIOQU3UYCCKUX MPOLECCOB, KOTOPHIC PEaATH3YIOTCA
MPH BO3HUKHOBECHHH COOTBETCTBYIOIMUX HEPETIIAMCHTHBIX JKCILTYaTALIMOHHBIX
COCTOSIHUE HE TONBKO Ha moeepxHOcTH obomouck TBIJI (ocHOBHEIC (H3HUECKHE
O0COOCHHOCTH IITATHBEIX, AHOMAJIbHBIX, MPEAABAPHIHBIX H aBAPUHHBIX MPOLIECCOB
paHee ObLTH BCECTOPOHHE paccMOTpeHbl B MoHOrpaduu [1]), Ho Takke u B 00beMe
toruBHOM Kommozuimu TBIJI. C ydyerom poiu 3THX MPOLECCOB B MPoOaeMe
obecnieucHus GesonacHoctd AJC aanee B HACTOAIICH I'NIABE MPEIACTABICH AHAIN3
TEO(H3UKH TOITMBHOM KOMIIO3UIUH B €€ LITATHBIX M HEPErJIaMEHTHBIX OKC-
ITYaTALMOHHBIX COCTOSHUAX. Y Ka3aHHBIH aHATU3 MPEABAPSET MOCICAYIOEE pac-
CMOTPEHHE TEITO(PHU3NUCCKUX ACTICKTOB TSDKEIBIX aBapHi, BO3MOXKHEIX B PY oc-
HOBHBIX THIIOB.

Tax, Hanmpumep, K aBapHUHHBIM KCITYATALIMOHHBIM PEXKUMaM, KOTOPBIC MPE-
CTaBJISMIOT COOOH HEMOCPEACTBCHHYIO Yrpo3y OS30MacHOCTH SIICPHBIX SHEProdo-
KOB, OCHAIICHHBIX BOAOOXJIAxAacMbeiMu 3Hepreruucckumu SIP BBOP u PWR —
HauboJee pacnpocTpaHeHHBIM THIOM PY, - B mepByio oueper claeayeT OTHECTH:
paspvinenue (paspbiB) mepeoro koHTypa SP; HapymmeHue yCIOBHH OXTaXKACHHS
TB3JI BcneacTBue CHIDKEHHSA pacxoaa ternoHocuTers B Ax3. IlepBriii n3 ykazaH-
HBIX aBapHiHBIX pexuMoB SIP coorsercTByer MIIA, mox KoTOpoi, B COOTBETCT-
BHU C CYIICCTBVIOIOUMHM HOPMATHBHBIMH JOKYMCHTAMH, ITOHUMACTCS TaKoH pas-
PBIB TPYOONPOBOAA MEPBOr0 KOHTYPA, KOTAA BOZHHUKINAS TCUb MPEBBIMIACT MOJATY
MOJMNUTKH, BCICACTBUE YETO JABICHUC B KOHTYPE LUPKYILILUH CHIKACTCS HIKE
JABJICHUS HACBIICHH, H TCINIOHOCUTEIb BCKHUIIACT, CTAHOBACH ABYX(asHeM. Kap-
JUHAITBHOC HAPYIICHHE YCIOBHH IITATHOTO OXJIKIACHUA AK3, KOTOPOE UMEET Me-
c1o B ycrnosusax MITA, mpHBOIUT K BOZHHKHOBCHHIO KPH3HUCHBIX VCIOBHU TEILTO-
ChEMa Ha TCILIOOTHAOLICH moBepxHOCTU OonbinuHCcTBA TBIJL, motepe umu rep-
METHYHOCTH M MaccoBOMy paspyuenuro. Kpome toro, mpu BoszHukHOBeHNH MITA
TCIIIOHOCUTENh UCTEKACT B MOMelIeHUA PY, moBblnas B HUX JAABJICHUC U CO34aBas
TEeM caMbIM yrpo3y paspymenus 30 — mocnegHero ¢usmdeckoro dapbepa 6e30-
MACHOCTH SACPHOTO 3HESProO/I0Ka B YCIOBHSIX MMOJOOHOM aBapHH.

Ilpu ananuze GezomacHocT PY BCE 3KCILIyaTallMOHHBIC HAPYIICHUS B 000-
pvaoBanuu AJY paccMaTpHBAIOTCS, B IEPBYIO OYEPEAb, C TOUKH 3PCHHS UX BO3-
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MOKHOTO BIUSHHUS HAa BO3HUKHOBCHHC HEPETIAMCHTHOTO — KPH3HCHOTO - TEILIO-
obmena Ha moepxHocTH TBJAJI, creacTBueM KOTOPOro, Kak WU3BECTHO, SIBIISCTCS
MEPEkKOr O0O0I0UCK TOIUTMBHBIX CEPJACYHHUKOB U BBIXOJ BBICOKOPAIMOAKTHBHBIX
MPOAYKTOB JCICHUS B TCIUIOHOCUTEIb. C y4eTOM H3I0KCHHOIO MMEHHO TC DKC-
IIyaTauoHHbe HapymeHus AJY, mpu KOTOPBIX Takas OMacHOCTh BO3HHUKACT,
PaccMaTPUBAIOTCS KAK aBAPUUHBIC, T.C. TAKUC, KOTOPHIC HWHUIHHPYIOT BOZHHUKHO-
BCHHUE PAJAUALIMOHHON OMACHOCTH. BMOMHE OYEBHIHO, YTO O BOZHHUKHOBCHUU Pa-
JUAILHOHHONW OMAcHOCTH B pe3yibTare asapuu DY CBHACTCIBCTBYET BBIXOA pa-
JUOAKTUBHBIX MPOAYKTOB ACACHHS, & TAKXKES MOHU3UPYIOICTO U3TYyUCHHUS 34 TpPe-
JICNbl OCHOBHBIX JIOKAJIHU3YIOMHX (U3MUCCKUX OaphePOB B TAKUX KOJHUYCCTBAX,
KOTOPBIC OOYCIOBIHMBAIOT IMPEBBIIICHUC COOTBETCTBYIOMIMX MPSACIBHO JAOMYCTH-
MEIX pu skcrmyaTaund AJC 3HaYCHUH paJuallMOHHBIX NAPAMETPOB.

Hapsny c BeImmeyka3aHHBIME aBapUHHBIMA pekuMaMu PY, xoTopsie cBsS3aHBI
¢ MOTEPCH TEIUIOHOCHTEIIS MEPBOrO KOHTYPA, BOZMOXKCH TAKKE PsiA APYTUX DKC-
ITYaTAUOHHBIX HAPYLICHUH B paboTe SACPHOrO 3HEProdIoka, KOTOpEIE CIOCO0-
HbI BBI3BATh CCPHC3HBIC U3MCHCHUS HAMOOJICC BAKHBIX — ONPEACIMIOIUX C TOUKH
3penuns 6ezonacHoctH SIP — mapamerpos AJY. MMeHHO Takoil aBapuiiHbIH mepe-
XOIHOU MPOLECC UMEET MECTO, HampuMep, npu nojHoM obecrounsannn AJC. B
JTUX YCIOBHUAX PACXOJ TCILIOHOCHTSIS B MEPBOM KOHTYPE OBICTPO CHHXKACTCH,
PE3KO UBMEHSICTCS TEMITCPATYPHBIH HATIOP OT TOILTUBHOIO CEPACYHHUKA K TEIIOHO-
CUTCIIIO U CO3AAK0TCS HECOOXOAUMBIC MPEIANOCHLIKU A1 BO3MOKHOTO BO3HUKHOBE-
HUS U Pa3BUTHS ABAPHUHHBIX KPUIUCHBIX SIBJICHUN HA TCIJIOOTJAIOIICH MMOBEPXHO-
ctu TBAJI. CxoaHbiil O CBOMM MOCISACTBHSIM IS OS30MACHOCTH SIICPHOTO SHEP-
ro0JIoKa HEIITATHBIA TEIIOChEM B AK3 MOXKET HMETh MECTO TAKIKE U MPU BO3HUK-
HOBCHHUH HEKOTOPBIX APYTUX MEPEXOTHBIX MPOoLieccoB B Y. AHamu3y yKazaHHBIX
ABAPHUUHBIX PEKUMOB SIICPHOTO YHEProOIOKa U B3AUMOCBI3AHHBIX C 3TUMHU PEIKHU-
MaMH TeILIOU3UUCCKUX MPOLIECCOB B TOITMBHOM koMmmo3zuiuu TBIAJI, a Taxke B
JPYTUX KPUTHYCCKH BAXKHBIX AJ1s1 OC30MACHOCTH 3JICMEHTAX U CHCTEMAaX SACPHBIX
3HEpro0iokoB ¢ SP OCHOBHBIX THMOB, BKIIOYAs W MECPCHCKTHBHBIC THMbI Y,
MIOCBSMICHA HACTOAIIAS TJIABA.

2.1. Terwio(pu3HKa TOMIHBHBIX KOMIIO3HIHI

B GonbmmacTBe OTeuecTBeHHBIX M 3apydexHbix SIP — BBOP, PWR, BWR,
AGR, CANDU u SGHWR, a taxxe BH u LMFBR - ucnoss3yercst OKHCHOE TOIT-
auBo. OTamure TormmuBHEIX koMmmosunuii B TBOJI stux SIP cocrosrT, riaaBHBIM 00-
pasoM, B cTeneHu ux oboramenus. Tak, B kauectse Tomrea SIPBH paccmarpusa-
€TCS CMECh JABYOKHCH YPaHA U JBYOKHCH IUTYTOHUS, a B TCIUIOBBIX SIP mcmonb3y-
€TCH ABYOKHUCH OOOralCHHOTO YPaHA ¢ MaJbIM COACPIKAHUEM ILIYTOHUS B OOIy-
YCHHOM TOIUMBE. B OOMbIIMHCTBE BOmoOXIAKAACMBIX SIP mpuMeHSFOTCS 000104-
ku TB3JI Ha ocHoBe criaBoB 1upkonus, B SIP tuna AGR - Hep:kaBeromas crasib.
BeaenctBrue OTHOCHTEIPHON OMHU30CTH TEMIICPATYP TCIUIOHOCHUTEICH MOBEIACHUS
tomuea B P tuma AGR mmeer MHOro oOHIMX YEPT ¢ MOBEACHHEM TOILIHBA B
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SIPBH. Oanako uMmeeTcs u psif CYIIECTBEHHBIX OTiauunii. Kak U3BECTHO, BO BCEX
PV sxoHOMUUECKH BEITOAHO 00IyYaTh TOILIHMBO A0 MAKCHMAIbHOTO BeITOpaHus. B
ternoBbiX SIP 3TOT mpeaen oOVCIOBICH MOTEPEH PEAKTUBHOCTH BCICACTBHE IO-
rJIomEeHUs HelTpoHos npoaykramu aeneHusa. B APBH moreps peaxtuBHOCTH Cy-
LICCTBEHHO MCHBINE, OCOOCHHO €CIM JOCTATOYHO BEIUKO BHYTPCHHEE BOCIPOM3-
BOJCTBO SACPHOTO TOIUTMBA, W MPEACT MO BEITOPAHUIO OOYCIIOBJICH B 3HAYUTCIb-
HOM MEPE LEIOCTHOCThIO 00010uku TBIJL.

B pesynprate 8 APBH MakcuMaapHOE BHITOPAHUE OKA3BIBACTCS HAMOOIBIINM
IO CPaBHEHUIO ¢ BhiropanusMu B AP apyrux tunos. Hapsay ¢ BosaelicTBreM BbI-
ropatomiero toruea obonouka TBIJI nmoasepraercs Takke WHTCHCHBHOMY HEH-
TPOHHOMY OONVUCHHIO, CYLIECCTBCHHO BIMSIOMIEMY HA €€ MPOYHOCTHBIC XapaKTe-
pucTHKU. B CBS3HM ¢ M3MOMKEHHEIM 1IETeCO00Pa3HO PACCMOTPETh OCHOBHBIC TEILIO-
(u3HUECKHE H MATCPHATOBEIUCCKUE (PAKTOPEI, KOTOPHIC ONPEACTSIOMIM 00pa3oM
BIIHSIIOT HA COXpaHeHue padorocmocodnocTr TBIJL

2.1.1. TemneparypHbie pesKHMBbI TOIJIHBHBIX CEPAEYHHKOB

Pacnpeodenenue memnepamypsi. B IHIMHAPUYECKH CHUMMETPHYHOM TOILTHB-
HOM 3JIEMEHTE TEMITEPATypa Ha IOBEPXHOCTH TOILINBA /7 CBA3aHA C TEMITEPATYPOI
OKPYKAIOIIETO TEINIOHOCUTENS 1, COOTHOIIEHUEM

In(R /R )

T =— , 2.1
e 2| Rh K R.h, @D

N

TIe ¢ - TUHCHHAd TEIUIoBas Harpyska; A - ko3 HIUCHT Teronepenaun MexKIy
MOKPBITHEM H TEILIOHOCHTENEM; K, - KO3 HUHEHT TEITIONPOBOAHOCTH 000I0UKH
TB3JIL; Ay - x0nhPUIUECHT TEMIONEPEaa Iy MEKAY TOILUIMBOM W BHYTPEHHEH ITO-
BEPXHOCTBIO 000Nouky; Ry U Ry - HApY>KHBIH U BHYTPCHHHH Paguychl 00OIOUKH
TB3JL

Pacnpenenenue remneparyprl B TOIUTUBE JOCTATOYHO CIOXKHO B CBSI3H C TEM,
YTO TEMIEPATYPHAS 3aBUCHMOCTh KO3 HIMEHTA TEIIIONPOBOAHOCTH TOILTHBA K
HUMEET HEMUHEHHBIN XapakTep.

Ecnu Temmnepatrypy B TOIUIHBE Ha PACCTOSHUH ¥ OT OCH 0003Ha4uTh 1 (¥) U
MPEATIOIOKHUTD, YTO B TOIUTUBE COXPAHAIOTCS YCIOBHS KOHTHHHYMA, & IIOTHOCTD
TCIIIOBBIACICHHUS HA HEM PABHOMCPHA, TO
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Ecnu tennoBeiaeneHNE B a3UMYTATBHON TUTOCKOCTH TOIUTHBHOTO CEPACYHUKA
PABHOMEPHO, & B €r0 LEHTPAIBHON YaCTH UMEETCSI AKCHAIBHOEC LUIMHAPUIECKOE
OTBEPCTHE C PATUYCOM Rj, TEMIIEPATypPy HA PaARYCE ¥ MOJKHO BBIYHCINTE U3 YpaB-
HEHUS

Trn 2
| K (Ndl =—L—|1-Z 1 201n| — || .4)
., Ar(l—-a) I R; R, ]
rae o = R,/R7. MakCHMyM TeMIIEpaTyphl ONPEAeAETCS U3 BEIPAKECHHS
& In
jK (7)dT = 4 (), ona) 2.5)

47\ l—Ol

N3 cpasuenust Boipaxenunit (2.3) u (2.5) cneayer, uto mpu ¢ < 1 u moCTOSIH-
HOM 3HAYCHUH ¢ HAJUYHC LCHTPAIBHOIO OTBEPCTHUS CIOCOOCTBYST CHHKCHHIO
MaKCUMAJIBHOH TEMIICPATYPHI TOTLTUBHOW KOMIIQO3UIINH.

Tennonposoonocms. Ha puc. 2.1 noka3ana 3asucumocts Ky (1) u J' K (IhdT”’

oT Temmepatypsl 1’ 11 HCOOIYICHHOW IBYOKHCH ypaHa B auanazoHe ot 500 °C xo
touku wiasnacHus (okoso 2800 °C). Ilpu Hu3KOM TeMIEpaType TEIIOTa NCPSAACT-
ca nocpenctsoM anddyzun GoHOHOB uepe3 kpuctamwiel. C POCTOM TEMIEPATypHI
IJIOTHOCTh (DOHOHOB YBETHYHBACTCS M BCICACTBHE TOTO, YTO JUHAMHUKA KPHCTAI-
JWYECKOU PEIIETKH B U3BECTHOM MEpE HEIMHEIHA, BEPOATHOCTh B3aUMOIACUCTBUS
MEKAY (POHOHAMH B 3THX YCIOBHSAX BO3PACTACT, CPEAHSS JJIMHA UX Mpodera CHU-
) JKaeTcs U MpoBoAMMOCTE najaet. [Ipu Gonee

Ep. BU(WKE [E7dT. sB1i/m BBICOKHX  TEMIIEparypax IPOBOAUMOCTb
CHOBA YBEIMYHBACTCS BCICACTBHUE TOT'O, UTO
CTaHOBHUTCS CYIICCTBCHHBIM TEILIONECPEHOC
H3IYYCHHEM BHYTPH KPHCTAIOB, & TAKOKE
W3-32 MOBBILICHHS VACIbHON TEIIIOEMKOCTH.

Puc. 2.1. TemmeparypHas  3aBHCHMOCTb
0 ; ‘ , KO3(puIHCHTa TCIUIONPOBOAHOCTH IBYOKHCH
300 1500 2500 T.°C ypaHa.

Ha tenmiaompoBOIHOCTE CYIICCTBCHHOC BIUSHHUC OKA3BIBACT M XUMHUCCKUM
COCTaB TOILIHBA, KOTOPBIM MOKHO MPESACTaBUTH B Buae cootHomnenus (Pu, U; . ,)
0,4+, TAC @ - AOJS TUTYTOHHS, X - OTKIIOHCHHE OT CTCXUOMETPHUSCKOTO COACpKa-
Hus kuciopoga (00eraHo - 0,03 < x < 0,03, B HCKOTOPBIX HCCICIOBAHUSIX MMOTYUC-
HO x = - 0,00).

Ecnu mayronuii orcyrereyet (@ = 0), TO BAUSHUE CTCXHOMETPUU HA TEILIO-
MPOBOAHOCTE OKaskiBacTcd caexyromen. Huke 1400 °C K MOHOTOHHO CHIKACTCS
¢ pocroM x, a soeime 1600 °C Krumeer MakcumyM npu x = 0 B yMEHbIDAESTCS MIPH
OTKJIOHCHHH B JTHOOVIO CTOPOHY OT CTEXHOMETPHUSCKOTO COCTABA.
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VYkazanHbH 3(hekT 00yCIOBIACH TEM, UTO MPH BBICOKOH TEMIIEpaType BIH-
HUE N30BITKA HITH HEAOCTATKA KHUCIOPOJA, HE IMPEBHIIAOLICIO HECKOIBKO MPOLICH-
TOB, KOMIICHCHPYETCS BOBHUKHOBCHHEM BAKAHCHU B KPHCTAUTHYCCKOH PCIIETKE.
ITH AUCIOKALMY YMEHBIIAIOT CPEIHUE npoOer (JOHOHOB M, CIICAOBATEIBHO, MPO-
BOIUMOCTD, a IPH HU3KOH TeMITEpaType U30bITOK ypaHa (x < () BELACTICTCS B BHIC
METAJIa U MOSBILIOIUECS CBOOOHBIC 3JICKTPOHEI YBEIMYHUBAIOT (POHOHHVIO MPO-
BOJUMOCTb.

Cutyaiys OKa3bIBACTCSl COBEPLICHHO WHOH, €CNHM B TOIUIUBE NMPHCYTCTBYCT
IUTYTOHHN. YPaH U IUTYTOHHH UMCIOT ONHU3KUE HOHHBIC PAJUYChI, U MIO3TOMY CTE-
xuoMmerpuueckue UQ; u PuO; o6pasyior TBepabic pacTBOPHI MPH TEX HPOITOPLIHIX,
MPH KOTOPBIX OHHM CMELIMBAIOTCA (U1 BCEX 3HaUeHUH ). OmHAKO eclii cMEIIaH-
Hasl OKUCh HecTeXuoMeTpuvHa ¢ ¥ < 0, TO BIMsSHHME H30BITKA METAIA KOMIICHCH-
PYETC MOCPECACTBOM BO3HUKHOBCHHS MUCIOKAINM permeTku ag X > - 0,02 u BeI-
genennem Pu,O; mis x < - 0,02, Takum 00paszoM, AJist CMEIIAHHONH OKHUCH C TOJICH
IIYTOHUEBOM (ppakumu, xapakTepHoi ams sHeprerudeckoro AP tuna BH (a = 0,2),
MPOBOAMMOCTE YMCHBIIACTCS IO MEPE TOTO, KAK KOMIIO3ULUS OTKIIOHSETCS OT CTe-
XHOMETPHYECKOH B modyio cTopory (x <0 mau x > () mpu Bcex TeMrepaTypax.
Mg x = 0 mpoBOANMOCTh HECKOTIBKO CHIDKACTCS TPH VBETIHUCHUH d.

C apyroii CTOPOHBI, HAMMYUE CTPYKTYPHBIX AC(EKTOB B TOILTHBHOH KOMIIO-
3ULHU CIIOCOOHO OKa3aTh Ha e¢ (POHOHHYIO MPOBOAUMOCTH CYIICCTBCHHO OOIBINCE
BIHSHUC, YEM BBILICPACCMOTPCHHOC BIHMSHHUE IUIYTOHUSA. B 31O CBA3M ompene-
JSFOLOMM CICAYET CUUTATh BIHSHHC MOPHUCTOCTH TOILIUBA, KOTOPAs CHIKACT €ro
3¢ dexTrBHYIO MpoBOANMOCTE. B nepeoM npubnmkennu 3¢ (eKTHBHAS TEILIONPO-
BoaHOCTh mponopunoHanbha (1 - P), rae P - mopucrocts. OtueHky 3ddekra mo-
pucrocta B paboraromeM TBIJI BHINOTHUTE YPE3BBIYAHHO CIOKHO, MOCKOIBKY
MOPBI MEPEMEINAOTCS MOA ACHCTBHEM HEPABHOMEPHOCTEH TEMIIEPaTypHl U MO3TO-
My HPOBOIUMOCTb U3MEHSCTCH BO BPEMCHH PA3NMHYHBIM 00pa3oM Ha Pa3IHuHBIX
vyuacTkax Tornusa. JlanpHelmue HapyIeHus CTPYKTYPEI TOILTHBHON KOMIIO3UIIUH
00YCIOBICHB PACTPECKUBAHUEM TOILIHBA, KOTOPOEC MPOHCXOMUT MOJ BIMSHUCM
Pa3THYHOrO TEPMHUYECKOTO PACIIMPEHUS H KOTOPOE OKAa3bIBAECT CYIICCTBCHHOE W
HEMPOTHO3ZUPYEMOC BIMSHUE HA MPOBOIUMOCTh. KpoMe Toro, mpoaykTsl JeneHus,
KoTOphIe AUPPYHIUPYIOT MO TOMIHBY, H3MEHSIOT €0 KPUCTATITHICCKYIO CTPYKTY-
PY U OKa3bIBAIOT CYLIECTBCHHOE BIHMSHUEC HA MPOBOAUMOCTD TOILTUBHOU KOMITO3H-
LIUH, KOTOPOE, OAHAKO, B HACTOAIIEE BPEMS H3YICHO HEAOCTATOUHO.

Kax m3BecTHO, MAaKCUMYM JIMHCHHOH TCILTOBOM HATPY3KH ¢ VCTAHABIHBACTCS
B COOTBETCTBHH ¢ TpeOOBaHHUEM, YTOOB! TOILTHBO HE paciuiaBisuiock. Ecnu Temme-
patypa Tomnea Ha moBepxHOCTH 17 coctasmsier 1000 °C, To u3 3aBucumoctu (2.1)
BEJIMYHMHY 3TOT'O MapaMeTpa I CTEXUOMETPUUICCKOH OKUCH MOYKHO OLICHUTB CIic-
JYIOIIUM 00pa3oM:

Tm
IKf (1dT ~4,3 xBr/m.

Tg
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st oxucHOro TormHBa ¢ M30BITKOM Meramia (x =~ - 0,02) BenruyuHA 3TOrO
HHTErpana HECKOJNBKO BBILIC YACTHYHO H3-32 00JIee BBICOKOH MPOBOIAUMOCTH IPH
HU3KOH TEMIIEPATypPE U YACTHYHO H3-32 TOTO, YTO TEMIICPATYPA IUIABICHUS TAKOTO
torunea npuMepHo Ha 100 K Brime.

W3 dopmyst (2.3) ceayer, uro pemmumna | KdT = 4,3 kBr/M npusoaut K
3HAYCHUIO ¢ = 55 kBT/M, ecny TOIUTMBHBEIA CEpACYHUK HE MMEET LICHTPAIBHOIO
akcuanpHOro orsepcrrsa. OXHAKO MPHU HANMHYHU TaKOrO OTBEPCTHS C PATHYCOM,
cocrasiirorum 20 % paauyca tomnusa (o = 0,04), u3s serpaskenus (2.5) cneayer,
YTO 3HAUCHHUE ¢ TCOPETHUCCKH MOXKET OBITh YBEIUUCHO MpuMepHO 10 63 kB1/M. B
TO K€ BPEMsI HEONPEIACICHHOCTh BIHAHHA 3P (EKTOB pacTpeCKUBaHHUS H TIOPHCTO-
CTH, a TAKKE HEOMPEICICHHOCTE B 3HAUYCHHH MPOBOAMMOCTH MEXAY TOILTHBOM H
obonouxoii TBIJI aukryer HECOOXOAUMOCTh OrPAHHYCHUS BETHUUHBI ¢ 3HAUCHUEM
nopsaka 50 kBr/m.

Tennonpogoonocmo 3a30pa Medcoy MONAUBHBIM CEPOCHHUKOM U 0O0TOHKOI].
OcHoOBHas TPYAHOCTh B ONPEACICHUH TEMIICPATYPhI TOIIMBA CBA3aHA C OIPEACie-
HUEM KOHTAKTa WM 3a30pa MEXIy TormuBoM u obomoukor TBIJIL. Tak, ecnu Ton-
JMBHBIA CepAcUHUK chopMupoBan HAOOPOM LIUIMHIAPHUCCKHX TAOICTOK TOILTUBA,
pasMeIeHHEIX B TpyOouaToii obonouke TBIJI ¢ paguansHbiM 3a30poM okomno 50
MKM HIH 007iee B XOIOJHOM COCTOSHHH IHPH €ro cOOpPKE, TO 3TOT 3a30p YMEHbIIA-
€TCS BCICACTBUE PA3IMYHOIO TEPMUIECCKOro pacmupenus, korga P paboraer Ha
MomHOCTH. Ko3hPUUHMEHT TepMHUYECKOrO pacIiHpeHHs MaTepHaia O0ONIOYKH
(oxomo 18-10°/rpax) mpeBBIACT BETHUHHY 3TOTO MAPAMETPA V TOIUIHBA (OKOMIO
13-10°°/rpa), HO MOCKOMBKY YBETMUYEHHE TEMIICPATYPhl TOILTHBHON KOMIIO3HIIHH
npu padote AP Ha MomHOCTH GOMBIIE, TO BETHYHHA 3TOrO 3a30pa yMeHbIactcs. B
TO K€ BPEMs, BBUAY HEMPEICKA3YEMOCTH XapaKTepa HEPABHOMEPHOTO PACTPECKH-
BaHU$ TOILIHBA, CTCIICHb YMCHBIICHHUS 3a30pa SBIETCS TPYIHO HNPOTHOZHPYEMOU
BEITUYHUHOM.

C Lenpo NOBBIMICHUS BEIWYHHBI KO3 QHUUCHTA TEIIONPOBOAHOCTH 3a30pa
(hy) BayTpenH:s nonocts TBIJI 0OBIYHO 3aMOTHAIOTCS TETHEM IIPH U3TOTOBICHUH,
TaK KaK 3TOT ra3 HMEET XOpouyr TemionpoBogHocTh (okomo 0,3 Br/(m-K) mpu
600 °C) . Ecnu 3a30p, 3amoaHCHHBIN TeaueM, COCTaBIICT 20 MKM U CHMMETPHUYICH,
T0 hr mocturaet 15 kB1/(M-K). B npornecce obayaenns TormmBo oOBYHO paciryxa-
€T | 3a30p YMCHBINACTCA. DTO NPOUCXOTUT OO TEX MOP, IMOKA TOILTHBO H MOKPHITHE
HE BCTYILIT B KOHTaKkT. OHAKO BBUAY TOTO, YTO UX KOHTAKTUPVIOLIHE MOBEPXHO-
CTH HE SBISIOTCS WACATBHO TNaaKuMU, 3(QQeKkTHBHAS IIHMPHHA 3a30pa HE CTaHO-
BHTCS paBHOU Hymi0. B pesyiprare yacTh MOBEPXHOCTH TOIUTUBA, KOHTAKTHPYIO-
el ¢ IOKPBITHEM, MOXKET COCTABIATh TONBKO 1 % M MOXET BO3pacTH MpH HaU-
YU CKUMAOIMUX YeUIud. J(EKTHBHAS TOMIIUHA Ta30BOT0 CIIOS, KOTJa MOBEPX-
HOCTH HAaXOAATCS B KOHTAKTE, 3aBHCUT OT LICPOXOBATOCTH MOBEPXHOCTEH M MOXKET
cocTaBiATh OKOo 0,5 MKM, €CITH OHHU IJTagkue. TPEIIHBI B TOIUIMEE YBETHIHBAIOT
€ro Ha HeompeAcacHHYI BenuunHy. HeompeaeneHHOH oKka3pBacTCs H BETHYHHA
MOBEPXHOCTH TBEPAOTO KOHTAKTA.
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Ere Gompinast HCOMPEASICHHOCTh BOZHUKACT OT U3MCHCHHS B COCTABE ras3a B
ykazanHoM 3azope. [lo mepe Toro kak oOpa3yroTCs ra30BbIC MPOTYKTHI ACICHUS,
KCCHOH U HEKOTOPOE KOJIMYSCTBO KPUITOHA B OCHOBHOM BBIXOAT U3 TOILIHBA. W3-
3a OOJBIIOH OTHOCHUTEIBHOM aTOMHOM MAaCChl TEILIONPOBOAHOCTE THX a30B Ha-
MHOTO MeHbIng, ueM y reaus (0,026 Br/(m-K) qns kpunrona u 0,016 Br/(m-K) s
kceHoHa mpu 600 °C). CkopocTe MX BBIXOJA M3 TOIUTHBA MOXKET OBITh OLICHCHA
BEChMa TMPHUOIMKECHHO U, CIICAOBATEIBHO, S(P(PEKT YMCHBIICHUS 3THMH Ta30BBIMHU
MPOAYKTAMHU ACICHUS MPOBOJUMOCTH 3a30pa MEKAY OOOMOYKOW M TOILTUBHBIM
CCPACYHUKOM SIBIISICTCSI B M3BECTHOM MEPE HCOMPEACACHHBIM,. Tak, Hampumep, He-
CMOTPSI Ha TO, YTO PACUCTHOS 3HAUCHHUE TCMIICPATYPHOTO MEPENAaa B 3a30PC MEK-
ay TormuBoM U obonoukoit TBIAJI moxker cocrasute 440 K, ero peamsHoe 3HauC-
HHC MOXKCT HAXOTUThCA B nHTEpBaic oT 200 mo 800 K.

2.1.2. PusnyeckHe CBOHCTBA TOMJIHBA

Pacnyxanue monauea. B ycnoBHAX COXPAHEHHS TEPMETHIHOCTH OOONOUKH
TB3JI npoayKThel LICMHOM peakiyy ACICHUS OCTaITC mox obomoukoi. Hekoro-
PBIC U3 HUX SBJSIOTCS Ta30BBIMU WM JICTYYUMH U, B OCHOBHOM, BEIXOAAT U3 TOII-
J¥Ba, OXHAKO OONBIIMHCTBO COCTABIIIIOT TBEPAbIC MPOoAYKTH aencuus. OHu ocra-
IOTCSl BHYTPH TOIUIMBA KaK MPOMEKYTOYHBIC BHEAPCHHBIC aTOMbI B KPHUCTAJIAX,
OTACTbHBIC BKIIOUCHHS TBEPAOH (asbl, a TAKXKE B BUAC A30BBIX MPOAYKTOB JCIC-
HUS (MAJIBIX MY3BIPHKOB BHYTPU KPUCTAILIOB WIH HA TPAHULIAX 3EPCH).

Craeacreuem 00pa3oBaHUs YKA3aHHBIX NPOAYKTOB JCTICHUS SIBISICTCS YBEIH-
YyeHHe o0beMa TBEpoH (asbl TOIUTMBA, TAK HA3BIBACMOE €TI0 pacIyXaHHE MPHOIH-
JKEHHO omuchiBaectcs 3apucuMocThio 0.8 B, rae B - rnyOuHa Beiropanus. [lpu
stoM, ecnd oo B TBOJI HaxoguTcs B IIIOTHOM KOHTAKTE ¢ OOOJIOYKOH, TO
oHa aehopmupyetcs, 4ToObl 0cnabUTh BO3ACHCTBUE PACIYXAIOIIETO TOITHBA. Tak,
Hanpumep, 10 %-Hoe BbIropanue nmpuBomuT K 3 %-HO# Aedopmarum 000mMOUKH
KaK B a3sUMVYTAJIbHOM (HM3-32 TPCHUS MEXKAY TOIUTUBOM U OOOJOYKOH MOXKET HE
MPOUCXOANUTH OTHOCHTCIBHOI'O MEPEMEIICHHS), TaK U B AKCHAJIBHOM HAIPABICHH-
ax. CnocobHocte 06onouku TBIJI k mnactuueckolt nedopManuy MOXKET 0Ka3aThb-
€Sl HEIOCTATOYHOM, YTOOBI BBIIACPKATD 3TO BO3JCHCTBHE, CICACTBHEM UCTO MOXKCET
SBUTBHCS POCT TPCLIMH B 3TOH 00ONOYKE U MOTEPs €H0 repMETHYHOCTU. Pe3ynpra-
TOM TaKOro aBAPUHHOTO COCTOSHHS OOONOYKH SIBISCTCHA BBIXOJ BBICOKOPAIHOAK-
THUBHBIX MPOAYKTOB JENCHHS B TCIUIOHOCHTEIb. TakuM 00pa3oM, KOHCTPVKIIHS
TB3JI nomkHa obecneunBaTh MaKCHMAIBHOE BRITOPAHUE O€3 paspyLICHUs IOKPbI-
trs. OOnyHUeHHOE TOIUIMBO JOMKHO yaansaTbes n3 P, xorga B HeM JOCTHrHyTa
SKOHOMHYECCKH 00OCHOBAHHAS INTyOHHA BBITOPAHUS, JATPHEHUIIEE YBEIUYCHUE KO-
TOPOU HMPUBOIMT K BEIXOAY U3 CTPOs 3HAUMTEIbHOro uncna TBIJL

Kak u3BecTHO, ¢ 1e7bpI0 IPEAOTBPAILICHHUS PACITYXaHHS TOILIHBA BO BHYTPCH-
Hed momoctd TBOJI oOBIMHO NpeaycMAaTpHBAIOT HEKOTOPHIH 00BEM, KOTOPBIH
MPCAHA3HAYCH A 3aAOJHCHHS €ro ra3oBBIMH MPOAYKTAMU JCTICHUSA U HCKIHOUC-
HUS UX MEXAaHUYCCKOrO Bo3acticTBus Ha 00omouky TBIJL B psaxe ciaydaes 3toT
00BEM MpeayCMATPUBACTCS MPH U3TOTOBJICHUH TOIUTUBHBEIX TAOJIETOK C LICHTPAIb-

32



HBIM OTBEPCTHEM, KOTOPOE M 0OCCIICUHMBACT MOJHOC HIIM YACTHYHOE 3aNOTHCHHE
ra30BBIMU MPOAYKTAMH JeICHUS CHOPMHUPOBAHHON TAKUM OOpPa30M B TOILTMBHOM
CCPACYHHKE LICHTPAIbHON akcHanbHOU monoctd. MHOH moaxon — co3jaHue pac-
MPEACICHHBIX B TOIIMBE MUKPOMOIOCTEH TS IIPUEMA 3THX MPOXYKTOB — COCTOHT
B H3TOTOBJICHHH TOIUTMBHBIX TAONECTOK C PACHPEACICHHON MOPUCTOCTBIO, KOTOPas
cocraBisier 10 — 20 % ot ux pabdouero odbema. MceaeaoBanus TOMIHBHBIX KOMIIO-
3HULUH, BHIIOTHCHHBIC B PAOE CTPaH, MOKA3AIH, YTO MOPEl MUTPUPVIOT B IIPOLIECCE
pabotel AP u ueHTpanbHOE OTBEPCTHE MOXKET 00pa30BaThCH JAXKE TOTAA, KOTrJAa
COOTBETCTBYIOIIMMH MPOCKTHBIMU PELICHUSAMH OHO HE OBLIO mpeaycMoTpeHo. Ha-
psSIay € VKa3aHHBIMH KOHCTPYKTHBHBIMH MCPaMHU, HMCIOLIMMH CBOCH LICTBIO CHH-
JKCHHC MCXaHHUECKUX HANPSDKCHUN B 000JI0YKE TOMTUBHOTO CEPACYHUKA, HEKOTO-
POC CHIIKCHHC BETUYMHBI YKA3aHHBIX HAIPSDKCHUH 00ECIICUMBACTCS 33 CUET pac-
nmyxaHust cobctBeHHO 000mouck TBIJL, koTOopoe UMEeT MECTO B MMOJIC HEUTPOHOB
paboraromero Ha MmomHocTH SIP. C MexaHW4YECKOH TOUKU 3pEHHS KOHSYHBIM pe-
3VIBTATOM YKa3aHHBIX (u3nueckux 3(QQEKTOB, MPOUCXOMAIIUX B Marepuaiax
TB3JI B mpouecce €ro SKCILTYATALUH, SBISETCA BO3HUKHOBEHHE B 00OJOUKE
TB2JI ciokHOHAMPSIKECHHOTO COCTOSHUSL.

Texnonocuueckue ocobennocmu Npouzsoocmea monausHvix komnozuyuti. Ha
MPCANPUATUAX MO MPOU3BOACTBY TOIUIMBHOIO JUOKCHIA VpaHA MPEABAPHTEIBHO
o0orameHHbIH (¢ HCImoab30BaHneM Ta30andQy3HOHHBIX Pa3JCTHTCIBHBIX CTYIIC-
HCH WK Ta30BbIX HEHTPUGYr) U Haxomsiuiics B ra3ood dasze UFs xumuueckum
myTeM npeodpasyercsa B mopomkoBeid UQ,, U3 kotoporo u GopMHPYIOTCS COOCT-
BEHHO TOIUTMBHBEIC TabneTku. [Ipon3BOACTBO CMEIIAHHOTO OKHCHOTO TOILIMBA B
dopme cniecucHHBIX TaOICTOK, KOTOPBIC MpeaAcTaB/sioT coboii cmeck UQ, u PuO; B
COOTBETCTBYIOIICH MPONOPLIUK, UMECT CICAYIOIMNE TEXHOIOIMYCCKHE OCOOCHHO-
ctu. [Ipexkae Bcero nopomwkn UQ,; u PuQ, U3roToBAMrOTCS OTAENBHO, HOCIEC YETO
OHHU CMCILIMBAIOTCS B BUJC HUTPATHBIX PACTBOPOB B COOTBETCTBVIOIIUX MPOIOPLIH-
X € MOCICAVIOIAM OXHOBPEMECHHEIM OCKICHUEM YKA3aHHOM OKHCHOU CMECH.

[IpenmymecTBO TakoH TEXHONOTHH COCTOUT B TOM, YTO IONYYAROLIASCS
cMech sBIsIeTcs 6oee TOMOreHHOU. By cMemuBaroTCS OTACIbHEIC TOPOLIKH, TO
CYILIECTBYET OIMACHOCTh MOSIBJICHUS TaK HA3BIBACMBIX ropsuux mmsateH B TBOJI
BCIICACTBUC BBHICOKOH JIOKATBHOM KOHLICHTpAUuu ruryToHns. Ecnmu momuocTe SP
BO3PACTACT JOCTATOYHO OBICTPO (HAMPHUMEDP, B XOAC PCAKTHBHOCTHOH aBapuH), TO
CHIDKCHHE PEAKTHBHOCTH, 0bycaosiaeHHOe ddexrom Jdormrepa Ha >~ U, yMmeHbma-
€TCA, €CITH TSPMUIECKOE COIMPOTUBICHHUE MPH Mepeaade TEIUIOTH OT 00IacTH ¢ Ho-
BBIIICHHBIM COACPKAHUEM ILTYTOHHUS OKAXKETCS CYINECTBCHHBIM.

[Topomok okucH CMEIINBACTCS CO CBA3YIOIIUM BELIECTBOM, OOBIYHO C Opra-
HUYCCKHUM COCIAUHCHHEM, KOTOpOe 0DCCIEUNBACT BO3ZMOMKHOCTh CIIPECCOBATH MO-
POLIOK U MPHUIATH EMY COOTBETCTBYIOLIYIO opMy. 3areM TabneTku cnekarmr. Bo
BpEMsI IpoLecca CICKAaHUs CBA3YIOIICE BEMIECTBO paspymaercs u yaamsercs. [lo-
PHCTOCTh M3TOTABIMBACMBIX TaOICTOK MOXKHO KOHTPOTHPOBATH, TINATEIBHO BHI-
Oupas OpuUpoayY U KOIUYECTBO CBA3YIOLIETO BELICCTBA, A TAKKE MOAOHPAs BpeMs U
TeMreparypy cuekanus. Takum o6pazoM MOKHO HONTYYATh JKEIACMYIO IOPHCTOCTb
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TOIUTMBA, HAINPUMEP, HA4HMHAA C YPOBHSA OKOJIO OJHOTO IporeHTa. B mpomecce
MPOM3BOACTBA MOXKET MOTpeboBaThes MIMH(POBKa TAOIETKH OO HYXKHOTO pasMepa.
ITO AOPOroCTOSMIMN MPOLIECC, TAK KAK MPH 3TOM 00pa3yeTcs Mblb, COACPKALIAs
IUTYTOHHH, KOTOpas MPEACTABIICT COOOH CEpPhE3HYIO IKOJOTHYCCKYIO VIPO3V.
Bumecte ¢ TeM TIMATCTBHBIM KOHTPOJB MPOLECCCA CIICKAHUS TO3BOIACT TPOH3BO-
JUTh Ta0JICTKU TPEOYEMOU IJIOTHOCTH M ¢ MAJTBIMH JOITYCKAMH.

Hpyrast TeXHOIOrHs, UCHOAB3YEMAs TPH H3TOTOBJICHHH TOILTHBA, OCHOBAHA
HA METOAC BHOPOYIIOTHCHHS. [lpu 3TOM METOAC MENKHE CICUCHHBIC YACTHIIBI
OKHCH ypaHa W ILIYyTOHHUs 3achmaroT B obonouky TBIJI, koTopyio 3arem moasep-
raroT BUOPALUK [0 TEX MOpP, MOKA YACTUIBI HE YILUIOTHSKOTCS A0 HY:KHOW IIJIOTHO-
cti. UtoOBl JOCTHYD BBICOKOH IJIOTHOCTH YACTHI], HCOOXOMAUMO KCIIOIB30BATh 110
MCHBIICH MEPE YACTHIIBI ABYX PA3MEPOB (XapaKTEPHBIC TUAMETPHI YACTHUI[ COCTAB-
arot 800 m 80 mxm). Henocratok BHOPOYILTOTHEHHOTO TOIUIMBA COCTOUT B TOM,
YTO JasKE MPH MOPUCTOCTH OTACIBHBIX YACTHUI[ HE BbIle 3 % o0Imasi mopucTocTh
tomua B TBJAJI muamerpom 6 MM ¢ mcmoap3oBanueM yactui pasmepom 800 u
80 MxM He MOXeT ObITh MeHbLIe 18 %. UToObl 1ocTHYb 0OIEE BEICOKOH IIOTHOCTH
TOILIMBA, TPEOYETCs NOOABICHHE B HEIO APYTHX YaCTHLl MCHBIIETO pazMepa. ITo
CYIICCTBCHHO VBCIHMYMBACT CTOMMOCTh M3rOTOBICHUA. [pyroif HEAOCTATOK 3TOTO
TOIUTHBA COCTOHUT B TOM, UTO CCIIM MCIIKUC YACTHIB COACPKAT ILIVTOHHH, TO OpH
mzrorosyiciun TBIJI yBenuuuBaeTcst pucK MOMafaHus 3TUX YACTHI[ B AbIXATCTb-
HBIC OpraHbl PabOTHUKOB MPEANpUITHi. ECIH TUIyTOHHH COACPKUTCS TOJBKO B
KPYIHBIX YaCTHIAX, TO 3TOT PUCK MCHBIIE, OAHAKO MOSBIISICTCSA HECAOCTATOK, CBS-
3aHHBIA C JIOKAJBHBIMH MCPCTPCBAMH W BBIIICPACCMOTPCHHBIM 3ana3ablBAHICM
oTpHIaTenbHON cocTaBmsromeii sddekra Jomepa va > U. Hecmotps Ha mepe-
YUCJICHHBIC HEIOCTATKH, METOJA BUOPOYIIOTHCHHSI CUHTACTCS BEChbMA IMPHUBJICKA-
TEIBHBIM U3-32 CBOEH OTHOCHUTEIBHOM MPOCTOTHI U BO3MOXKHON SKOHOMUYIHOCTH.

B nro0om cnydyae TOIUIMBO AOMKHO MPOHTH IMPOLIECC CIICKAHMS, W HA 3TOU
CTaANH B HEM MOKHO KOHTPOIHPOBATH COAcprKaHHEe kuciaopoda. Ecmu crexkanne
OCYIIECTBILICTCS B PA3peKEHHOH atMocdepe, coaepKaiieii BoIopo, COACPKaHUe
KHCI0POJa MOXKHO CHH3UTh J0 TOCTCXHOMETPUICCKOro ypoBHs (x < 0). Bo Bpemst
creKaHus GONMpIIas YacTh CBA3YIOIIECTO BEINECTBA VAATIICTCS, OXHAKO CISAB BOAO-
POJa M YIJICPOAa MOTYT OCTABATHCS, IIPUBOAS BIIOCICACTBUN K PAAY HCKCIATCITb-
HBIX 3} (eKTOB.

Cmexuomempus moniuea u kuciopoouviti nomenyuai. Kopposus: moxkpsITus,
BOZHHKAIOINAS B PE3YABTATE €r0 B3AUMOACHCTBHS C TOILTHBOM, B OONBINON cTemne-
HU 3aBUCHT OT KHCIOPOJHOT'O TIOTCHIMANA B TOIUIMBE M, CIECAOBATENbHO, OT €T0
crexuoMerpun. Ha puc. 2.2 moka3aHo u3MeHeHHe KUCnopogHoro norenuuana (Pu,
U; ..) Oy, mpu U3MEHCHHUH X TPU MOCTOSHHON TEMIICPATYPE AJISI PA3THYHBIX 3HA-
qcHUH g. Kak u ciaeayer okuaath, OH BO3PACTACT € YBCIMUCHUCM X, HO TAKXKC OH
oombie qis PuO, (¢ = 1) no cpasuenuro ¢ UO, (¢ = 0), moTomy 4TO ypaH xapak-
TCpU3yeTcst OOMBIICH BAJCHTHOCTBIO, YeM ILIyTOoHMM. KpyTH3HA BO3pacTaHus Ku-
cnopoanoro noreHunaia UQ,,, npu nepexone X Yepe3 HyJIeBOEC 3HAUCHHUE SIBIISCT-
€4 BOKHBIM MOKA3ATCICM KOPPO3UOHHOH aKTUBHOCTH TOILINBA.
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W3MeneHne KUCIOPOAHOrO MOTEHIHAIA C TEMIIEPATYPOIl MPUBEICHO HA PHUC.
2.3. Kucnopoa cTpeMuTcss MUTPHPOBATh B CTOPOHY XOJIOJHOM YacTH TOIUIMBA, €C-
mu x < 0, mpu x > () 3Ta TCHACHIUS CYLIECTBCHHO 0CIabeBact.

AGao,. KA MO AGa,. K/ Mom
] ]

- 400 - 400

] | - 800 I
o 0 x 1000 2000 5T

Puc. 2.2. 3aBucmMocTs KHCTOpOAHOTO TO- Pumc. 2.3. 3aBHCHMOCTH KHCIOPOJHOTO IO-
tennuana npu 1500 °C or mapamerpa, xa- Ttennmana rommmsa (Ug;Pugs) Oz, OT TEM-
PAKTEPHU3YIOUWIECTO OTKIOHCHUE COCTaBa TOM- TEPATYPBL

JMBA OT CTEXHOMETPHYECKOTO.

BrusiHue BeiropaHus Ha U3MEHCHUE KHCIOPOJHOTO MOTCHIIMAIA OUYCHD CIIOMK-
HO H3-3a IMHUPOKOro HAOOpa 3ACMEHTOB, BXOASINUX B MPOAYKTHI AcicHus. [Ipu ka-
SKIOM ICJCHUH OCBOOOXKIAIOTCS ABA aTOMA KHUCIOPOAA, KOTOPBIM OKUCIICT TAKUE
MPOXYKTHI JCICHUS, KaK IUPKOHUH, CTPOHLIMH U Oapuii. YHCIo aTOMOB KHCIOPOAA,
HCOOXOAMMOE TSI TAKOTO OKUCJICHUS, 3ABUCUT OT BBIXOJA PA3THYHBIX MTPOIYKTOB
JICIICHUSI, KOTOPBIC PA3TUYAOTCS ISl PA3HBIX ACTSIIUXCS HYKIUA0B. [lpu nenenun
ypaHa obpasyercs OONbIIC MUPKOHUS U CTPOHLIUS (KOTOPBIC 00Pa3yIOT OKUCITBI) H
MCHBIIC PYTCHUS U TALIaANus (KOTOPBIC HE OKHUC/ISIOTCS), YeM IIPH ACICHHH ILTY-
Tonust. B pe3yapTare A OKUCICHHUS MPOAYKTOB ACACHUS SAPA YPAHA PACXOAYETCS
HECKOJIBKO 0OJIBINE BYX ATOMOB KHCIOPOJA U HECKOJBKO MCHEE IBYX aTOMOB KH-
C0pOAa TMPH ACICHUU OAHOTO SAPA IUTYTOHHUS. BIMSHHUE BBITOpaHHS HA KHUCJIO-
POIHBIN TOTCHIIUAI MTOKA3aHo Ha puc. 2.4.

B tomee Ax3 P mpoucXomuT 3HAYUTEIBHO OONBIIC ACICHHI 239Pu, yeM
#%U, m03TOMY KHCIOPOS ITIOCTOSIHHO BEICBOGOKIACTCS M KHCIOPOXHBIH MOTCHIHAT
CMECH TOIUTMBA C MPOAYKTAMH JACICHUS yBeIuuuBacTcs. CyIIECTBYET TAKKE 0CO-
OCHHO PE3KHUH MOABEM KPUBOH KHUCIOPOAHOrO MOTCHIHANA B MPOLISCCE BRITOPAHUS
(cMm. puc. 2.4), Korga HACTYIACT COCTOSHUC CTEXHOMETPUYHOCTH CMECH TOILIUBA U
0CKOIKOB. OMHAKO KUCIOPOAHBIH MOTCHIHA MPU 3TOM YBEIMIHBACTCS HE CTOJIb
cyiecTBeHHO. D hEKTUBHBIN BEPXHUH npenen onpeacasiercs moaudaeHom. Cuc-
TeMa Mo/MoQ; uMeeT KUCTOPOAHBIN MOTCHIUA, ONM3KUHN K MOTCHUUAIY TOILIH-
Ba, U TaK KaK BBIXOJ MOIHUOACHA OTHOCHTEIIBHO BRICOK (0k0710 0,06 aToMOB Ha Je-
nerme > Pu n **U GeicTpeIME HEHTPOHAMH), OH sBIIsIeTCs Kak Ob1 Oydepom. Koraa
B MPOLIECCE BHITOPAHHUS TOIUTHBO CTAHOBUTCS CTCXHOMCTPUUCCKUM, TO KHUCIOPO/,
BBICBOOOKIAEMBIN MPH JAJTPHCHIINX ACICHUSX, PACXOAYCTCS HA OKHUCICHUE MO-
aubacHa.
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Jomn oxucuennoro Mo, o1 e

1.0 Puc. 2.4. Brusaane royOMHBI BBITOPAHHS HA
KHCITOPOAHBIH ToTeHIMAN AGo, M OKHCICH-
05 | HOC COCTOSHHE MOIHOACHA A1 TOILIMBA

(UO,BSPUO,IS)OI,96~

ﬂGOz. kL Moms

-400 = Buixoo eazoobpasmnvix  npodyxkmoe

denenusa. llpu gencHun oOpasyroTcs pas-

= JAUYHBIC W30TOIBI KPHUNTOHA W KCCHOHA.

OOwmumii BBHIXOA CTAaOMIBHBIX H  JOJI-

- 800 I I ! I TOXKHUBYIIUX HM30TOMOB 3THX 3JCMCHTOB
0

. & . . 10 npusenen B Tabm. 2.1.
Bremopamtre. %6

Tabnuya 2. 1. TIpOAYKTHI JeJICHUs B BU/IE JOJITOKABYIINX H30TONOB HHEPTHBIX TA30B

Hsoton Ilepuon Beixon atomos | M3oton Ilepuon BeIxon atoMoB
nojypacnaga |Ha 1 akT aencHus noyypacnaga |Ha 1 akr gencHus
BKr CTaOunbHbIH 0,005 Blxe CTaOunbHbIH 0,029
$Kr | CraGmibHbIi 0,010 "*Xe | CrabumbHbit 0,043
SKr 1031 0,003 "'Xe | CraGubHsii 0,080
% Kr | CraGuibHBbI 0,020 Xe | Crabwrsmsit 0,064

BonpminHCTBO M30TONMOB 00pa3yeTcs HE HEMOCPECACTBCHHO NPH JCICHUH, a
KaK KOHEYHBIH MPOAYKT LIEMOYeK B-pacnaia. bonpmuHCTBO epHOAOB monypacmna-
Jla COCTABIIAET HECKOJIBKO MUHYT, U TOJBKO JJISI ABYX U30TOIIOB BXe u P*Xe onn
COCTaBIIAIOT HECKONBKO CyTOK. [lomHbd BEIXOX coctasisger 0,04 aroma kpunToHA
n 0,22 atoMa KCCHOHA HA OXHO ACACHHC. JTO TOCTATOYHO OONMBIIOH BRIXOXA. Tak,
ec/y TOILTHBO MIOTHOCTBIO 10° kr/M’ mocturaer 10 % BeIrOpaHMs H 0Opa30BaB-
[IFeCs] KPUOTOH U KCCHOH CYIECTBYIOT B BUAE raza npu 400 °C u atmocdepHOoM
JABJICHHUH, TO OHH 3aHUMAOT B 53 pasza Ooblumii 00beM, YeM 00BEM, 3aHITHIH TO-
muBoM. Ecnu ke oHM 3aHUMArOT 00bEM, PaBHBIH 0OBEMY BBITOPEBIIETO TOILTUBA,
To oHHU oKkazbiBaroT gaeiacHue 3,3 Mlla npu 400 °C unu 6,8 MIla mpu 600 °C.

VYka3aHHBIC 3HAYCHHS BHYTPCHHETO JABJICHHS ra3000pa3HbIX MPOLYKTOB Jc-
JICHUS TIO3BONAIOT OLICHUTh YPOBECHb MEXAHHUCCKHUX HAIMPSIKCHUH, PA3BHBACMBIX B
obomnouke TBIJI npu sTux Temmepatypax. B To e BpeMs KPHNTOH M KCCHOH 00-
PasyroTcs He Kak rasbl, a KaAK OTACTBHBIC ATOMBI B TBEPAOM TOIUTUBHOM PacTBOpE.
PacTBOpHMOCTh MIX HE3HAUMTENBHA, MOSTOMY PACTBOP BCKOPE OKA3BIBACTCA IEpe-
CBHIICHHBIM U aTOMBI TPYIIMPYIOTCA B My3bIpbkU. OHU COCOUHSIOTCS B IY3BIPHKH
onarogapst udPy3un CO CKOPOCTBIO, KOTOPAs 3aBUCHUT OT TEMIICPATYPHI, OJHAKO
aTOMBI MOTYT U ITOKHJATH My3BIPHKH, U BO3BPAILATHCS B TOIUTHBO BCICACTBHE MPO-
mecca nepepacTBOPCHHUS.
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ITO MPOUCXOTUT CICAVIOIUM oOpaszom. Ecnu neneHue nmeetr MecTo B HETo-
CPCACTBCHHOM ONM30CTH OT Ta3oBOro MY3BIPHKA, TO OAWH M3 OCKOIKOB MOXKCT
MOMACTh B €ro MojaocTb. OCKONOK MOXET UMETh KHHETHYCCKYIO SHEPTUIO OKOIIO
100 M>B wm BeITIE, 1 B TOM CITYYa€ €CIIH OH CTAIKHBACTCS C aTOMOM Iasa, MOXKET
JCTKO TEPEAaTh €My OOCTATOYHO OOJNBINVIO SHCPIHIO, YTOOBI TOT, MOKHHYB IO-
JOCTBh NY3BIPBKA, BHOBb OKA3aJICS B TOILTHBC.

Pa3smep m pocT ra3oBoro myseIppKa 3aBHCAT OT CKOPOCTEH, ¢ KOTOPBHIMH OH
MPHOOPETACT U TEPSCT ra3osbic aToMbl. B TBepaoili macce Tomnusa npu auddy3um,
a TAKKE MPH CBOEM MEPEMEIICHHH MY3bIPhKH KOOIIECPUPYIOTCS C AaTOMaMH WIH APY-
MMM TY3BIPEKaMH, HO OJHOBPEMCHHO M TCPSIIOT HX B PE3YIbTATC MEPEPacTBOpE-
Hus. [ly3eipeku 00BIMHO HMEIOT chepriaeckyio GopMy auaMeTpoM okoao 50 HM.
[Ty3bIpbky HA TpPaHULC 3€PEH, OAHAKO, PACTYT IO MEpPE ABHIKCHHS UX rpaHul. bo-
JIee ropsvas 4acTh TOIUTUBA HEMPEPBIBHO MEPEKPUCTATUTU3YETCA, IO MEPE TOrO Kak
OJHO 3CPHO PACTET 32 CUET COCCAHEIO, OHO B PE3VIbTATE MEPEMEIICHUS COOUpacT
ra30BbIC ATOMBI M MY3BIPbKH HA CBOEM NyTH. Takol oucHb 3PQeKTUBHBIN Mexa-
HU3M POCTa MYy3bIPHKOB MPUBOJUT K TOMY, YTO Ha TPAHULEC 3€PEH ra3oBbIC IV-
3BIPBKU OKAa3bIBAIOTCSA KpYyHHEE Mo pasmepaMm. MHoraa oHum mpuoOperarpT YILo-
mEHHYI0 (opMmy Win (GOpMy ABOSKOBBIYKIOH THH3B H JOCTHTAIOT MONCPEUHBIX
pa3MepoB okoio 20 MKM.

Ha puc. 2.5 uzo0paxeHa THIOMYHAS CTPYKTYPa TOILIMBA € Ta30BBIMH IY3BIPh-
kaMu. C pocTOM ra3oBbIX My3bIPHKOB HA TPAHHLC 3€PEH OHH MOTYT COCIHHSTHCS
MEKIY co00M, mpuodperas (opMy KaHAIOB, MO KOTOPBIM T'a3 BBIXOAUT U3 TOILIH-
Ba. Jloms raza, KOTOPBIH BBIXOAMT TAKUM IMYTEM, CIOXHBIM O0Opa3oM 3aBHCUT OT
[TyOMHBI BBITOPAHUS M TEMIEPATyphl. BeneacTsue Toro, 4ro 3T0T NpoLece OYCHb
cnoxkHbIl, ipu paspadorke TBIJI npeamonaraior, 4to BECh 00Pa30BABIIUICS KCE-
HOH W KPUIITOH BBIJCIAETCS B BHAC ra3a. B aelictBurensHOCTH, oxHAKo, 0koi0 10
— 20 % rasa ocTaeTcs B TOIUTHBE H MOYKET CHITPATh BAXKHYIO POJIb B CIYYAC ABAPHH.
Ecnmu Tomnueo meperpesaercs, TO ra3, OCTaBIIMICS B
XOMTOAHBIX 00NACTAX, MOXKET BBIMTH HAPYXKY U IO-
BIHATh HA MOCIEAYIOMEEe pa3BuTHe npouecca. [pea-
nomnaraercs, 4yro npu 1800 °C B Tommuee oOCTaroTCH
2 % o0pa30BaBIINXCS Ta30BBIX MPOAYKTOB ACTICHUS,
npu 7' = 1400 + 1800 °C — 50 % u npu 7' < 1400 °C
=70 %.

Puc. 2.5. Crpykrypa my3bIpbKOB Ta30BBIX HPOAYKTOB
JCIICHUS B OONYyUCHHOM TOIIHBE (BhITOpanue — 0.8 %,
THHCHHAS MOIITHOCTH — 50 KBT/M).

Ocodennocmu eepmemusayuu oborovex TBIJI. OueHKH MOKA3bIBAIOT, YTO
eCA TPSAYCMOTPEHHBIN BO BHyTpeHHEH monoctu TBIJI amas ra3oBbIX OCKONKOB
JencHus 0OBEM paBeH 00beMY, 3aHHUMACMOMY TOIUTHBOM, TO TOCIIE BBITOPAHUS
10 % TonuBa maBICHUE HA BHYTPCHHIOK MOBEPXHOCTD €r0 000IOYKH MOXKET A0C-
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turate 5 - 7 MIla. Ecnmu npenycMoTpeH MeHbIIMHA 00beM, TO AOKHA OBITh VBEITH-
YCHA TONIMHA 000TOYKH, YTO MPHUBEACT K PIAY HEraTHBHBIX 3¢ PEKTOB, HAIPUMED
K CHIZKCHHIO koadduiuenTa Bocnpoussoactsa B APBH. Yeennuenue odbema ra-
30BOU MOJOCTH MPUBOAMT K Bo3pactaHuio AnuHbl TBIJI u k HeoOxoaumocTH yBe-
av4uTh pasmepsl kopnyca AP u o6opyaoBaHus neperpy3ku TOIUIHNBA, B PE3YIbTATE
yero Bospactaer ctoumoctb AJY. Kpome Toro, us-za yBeIMUCHHS THApaBIAYC-
ckoro conporusiicHus TBC yBenuunsaercs HeoOxomumas momHocTs ['TIH.

Hampotus, ecnu TONMHBO SBISCTCS BCHTUIHPYEMBIM U Ta3 OTBOAMTCS H3
TB3JI, TO BO3HUKAIOT 3HAYMTCIBHBIC MPEHMYIIECTBA KOHCTPYKUMHU SIP, cBs3aH-
HBIC C YMCHBIICHUEM BBICOTHI Kopryca SIP u, mo-BuauMoMy, TONIIMHBI 00OI0UKH
TB2JI. CyiiecTByIOT, OJHAKO, W CYIIECCTBEHHBIC HEIOCTATKYA BEHTUIHPOBAHHUS TO-
IUINBA, OAWH M3 KOTOPBIX CBA3AaH C TPYAHOCTHIO M30JIMPOBAHHA ITOTOKA TEIUIOHO-
CHUTENS OT KOHTAKTa ¢ TOILIMBOM. Tak, eciaw HaTpueBwld Temmonocurens B SPBH
BCTYIIACT B KOHTAKT C TOILTUBOM, TO NPH HEKOTOPBIX VCIOBUSAX B PE3VIbTATE XHU-
MHYCCKHX peakuuii obpasyercsa cMeck ypanara Harpus Na;UQ4 v mnyToHara Ha-
pus Na;PuQ,. DT coeaUHEHUS XapaKTEePU3VIOTCS HU3KOH MIIOTHOCTBIO, MTO3TOMY
TOIUTHBO PACIIYXaeT M MOKET PaspyIINTh MOKpeITHE. Ecim ra3 yaangercs, To Kax-
et TBOJI pomken ObiTh CHAOKEH YIIOTHEHHEM, KOTOPOS OOCCIICUMBACT OTBOJ
rasa, HO IPEMATCTBYET HMPOHUKHOBEHHIO TEIUIOHOCHUTES NAXKE MPH OCTAHOBIICH-
HoM SIP u monHwmwkeHHnn Temnepatypel, koraa gasicHue BHyTpu TBOIJI Hinke, yem
cHapyxu. BTopoit HeA0CTaTOK BEHTHINPYEMOTO TOILTMBA COCTOUT B TOM, UTO OHO
HEU30€KHO MOMYCKAECT BBIXOJ PATUOAKTUBHBIX MATepHAIOB B TEIIOHOCHTEIb.
Kpome nzoronos, nepeuncneHnubix B 1ada. 2.1, 0Opa3yioTcs Takke KOPOTKOKHBY-
LIIFE HM30TOMBI KPHUIITOHA ¥ KCEHOHA, Takue Kak ~ Kr (T, = 33 ¢), MeTacTaGHIbHBIH
BKr (T, =114 mun) u 3Xe (72 = 5,3 cyr). UtoObI MpeIOTBPATUTh UIA CHU3UTH
BBIXOJ 3THX H30TOMNOB, AOJKCH OBITh BBEACH Y3€I, KOTOPBIHM 3a1ep:KuBai Obl BbI-
XOJ] Ta3a, MOKa 3TH H30TOIHI HE PACTIaAyTCA, MOCKOIBKY IPHUCYTCTBHUE B TEIUIOHO-
CHTENE MPOAYKTOB MX PACMAfa, TAKUX, KAK ST (IPEIUIECTBEHHHKOM KOTOPOrO
apsercst Kr), siBusercss HexomycTuMbM. KpoMe TOro M3 BEHTHIMPYEMOTO TOI-
NIMBA TPAKTHYECKH HEMb3s MPEIOTBPATUTD BHIXOA * KT, PABHO KaK M JPYTHX JETY-
YHX IPOAYKTOB AEIEHHS, TAKUX, Hanmpumep, kak 1 (71, =8 cyr) u 'Cs (11, =29
JIET), BBIXOABI KOTOPBIX JOCTATOYHO BEIHKH.

B cuny ykazaHHBIX TEXHHUYECKHX TPVAHOCTEH, CBI3AHHBIX C peanH3aluch
BeHTHANpYeMbIX TBOJL, B 3HEpreTHKE YKazaHHBIC TOIUIMBHBIC CEPACUYHUKH pac-
MPOCTPAHCHHS MPAKTUYICCKH HE HOTYUNIIH.

Kapouonoe monaueo, npuvensemoe, B yactioctd, B APBH ¢ xuakomeran-
JIMYECKUM TEINIOHOCHUTEIIEM, UMEET PsIA LICHHBIX 3KCITYATALIMOHHBIX U TEXHOJO-
THYECKUX mperMyinects. Takoe Tomreo, coaepxkamee cMeck UC u PuC, otmmua-
€T BBICOKas IUIOTHOCTBH, XOpOIIas TEIUIONPOBOAHOCTh W XHUMHYECKas COBMECTH-
MOCTh €r0 C HAaTPHEBBIM TEILIOHOCHTENEM. Tak, BBICOKAA ILIOTHOCTh VIIVUIIAET
MoKa3atesb U3OBITOUHOTO BOCIIPOM3BOACTBA MO cpaBHEeHMIO ¢ SIP, B KOTOpBIX HC-
MOJB3YETCA OKUCHOE TOILTHBO. BrIcokas TermmonpoBoaHoCTs 03Ha4aet, uro TBIJI
MOT'YT UMETh OONBIINH JHAMETP, B CHIY Yero OHHU Aeuiesne B u3roroincHun. Co-
BMCCTUMOCTb C HATPHEM O3HAYACT, YTO 3a30p MEXKAY TOILTUBOM H ODOIOUKOH MO-
JKeT OBITh 3aIOHCH HATPHEM, U MO3TOMY €ro TEPMUYECKOE COMPOTHBICHUE HE-
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3HAYNUTENBHO. B pes3ympraTe MOXKHO YMEHBIIUTD TEMIIEPATYPY LEHTPa TOIITMBHOTO
cepaecunuka. Ecmu temneparypa 8 TBOJI momaepkuBacTess HA BO3MOXKHO HHU3KOM
VPOBHE, TO CHIDKACTCS BBIXOJ ra3000pa3HBIX MPOAYKTOB JEICHHS, UYTO MO3BOIICT
VMCHBIINUTh Pa3Mepbl ra3ocOOPHUKA W Pasrpy3uTh OOONOYKY OT HANPSDKCHHM,
0o0yCIOBICHHBIX JAaBiIcHUEM raza. llpm 3ToM crleayer omacatbesi BBIACICHHS
GOJIBIIOr0 KOMUYECTBA Ta3a B CIy4ac HEMPEeIBUACHHOrO neperpesa tormvea. Kap-
OHIHOC TOIUTUBO HE pacnyxaeT HojJ oOIYUCHHEM B TaKOH CTEICHH, KaK OKHCHOE
TOIUTUBO, W ITO3TOMY YaCTHYHO YCTPAHAETCS MPUYHNHA, BBI3BIBAIONAS HAIIPSDKEHUA
B Matepuaic HoKpbiTHia. OAHAKO U KapOHIHOE TOITHBO OOIAJACT U PAAOM H3-
BECTHBIX HEJOCTATKOB.

Bo-niepBBIX, ra3oBbIe MPOAYKTHI ASICHHUS, BEIXOJAIINE B 3a30p MEXY TOILIH-
BOM H TIOKPBITHEM, 3aIOHCHHBIH HATPHEM, CIOCOOHBI OOpPAa30BBIBATH Ta30BYIO
ITOJIOCTh, MPHUBOAAINYIO K BO3HMKHOBEHHUIO 3HAYHTEIHHOIO MECTHOTO IIEPETPEBA,
KOTOPBIH MOMKET SIBUTHCS NpuunHON paspyumenns TBIJI. Bo-Bropsix, cymecTByer
TAKXKE ONACHOCTh HAYTIICPOKUBAHUS OOOTOUKH, €CTH HATPUHA MEPCHOCUT YITICPOX
n3 torumBa. [IpeacraBngercs, oqHaKo, YTO 3TY ONACHOCTh MOYKHO IPEXOTBPATHTS,
€CITH YITICPOJHBIH MOTCHIHA MAaTEpHaja TOIUTHBA BEIOPATh JOCTATOYHO HU3KHM.
BMecTte ¢ Tem OTMEUEHHBIE HEAOCTATKHA HE MPOSBIIOTCS, €CIH 3a30p 3aITOJHEH
ra3oM, Kak B CIy4Jae OKHCHOTO TOIUIMBA. B TO jke BpeMs Hamm4ue ra3oBoro 3asopa
MEKAY KapOWIHBIM TOILUTUBHBIM CEPACYHHUKOM U 00010ukoii TBIJI obycnosnusa-
€T HEKOTOPOE MOBBIIICHAE TEMIIEPATYPHI TOIUIUBA.

2.1.3. IloBeaeHue siAepHOro TOIIHBA B YCJIOBHAX €r0 00/ 1y4eHHsI

Hepexpucmannuzayus. B npouecce oOnydeHHs KpH-
CTAJTMYECKAsA CTPYKTYPA TOILTMBA IIOUTH MOJHOCTBIO M3-
mensgercsa. Ha puc. 2.6 mokazaHo ormmugOBaHHOE H
MPOTPABICHHOE CCUCHHUE TAONIECTKH TOILTUBA MOCIE 00Iy-
qCHUA, a Ha puc. 2.7 - COOTBCTCTBVIOIICC MPOTOIBHOC
ceucHHE BUOPOYITIOTHEHHOT'O TOILTHBA.

Puc. 2.6. TTonepeunsrit pazpe3 TBIJI, 06mydeHHOTO 10 BBITOPA-
Hus 7,2 % nipu nuHEHHOH MomHEOCTH 40 KBT/M.

Puc. 2.7. Tlpomommsni paspe3 BHOpOYIITOTHCHHOTO TBIJI,
00JIy4CHHOTO A0 BHITOpaHUA 4,6 % mpH THHCHHON MOIMHOCTH
31 xBt/m.

Kak MOXHO BUACTH, B LICHTPAIBHOW YaCTH TOILTHBA
obpaszoBasiock orBeperue. OHO OKPYKEHO 001aCThIO TO-
IIMBA C BBICOKOH ILIOTHOCTBIO, KOTOpPAs COACPKUT
JUIMHHBIC W V3KUC CTONOYATHIC KPHUCTAJUIBI, OPUCHTH-
poBaHHBEIC o paguycy. Manmee pacnonokeHa oOnacte
PaBHOOCHBIX KPUCTANIOB C XaOTUYHOH OpHUEHTAIUEH,
pasMepbl KOTOPBIX OOMbINE, Y€M Y MCXOJHOr0 MaTepHa-
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ma. Bo BHEmHEHW YacTH TOIUIMBA COXPAHAETCS 00NACTh HEKPUCTATH30BAHHON
MEPBOHAYATBHON CTPYKTYPBL. IJTH TpU 00IacTH npeactasicHsl Ha puc. 2.8. [locne
obnyuenus TBIJI B Ax3 AP takas cTtpykTypa TOIUIHBA VCTAHABIUBACTCS AOCTA-
TOYHO OBICTPO - B MPEJENax 4aca Mo JOCTIKCHHU MONTHOW IIOTHOCTH SHEPrOBbI-
pencausd. B teuenue Oomplned yactu mepuoAa oOIYUCHHUS AOCTATOMHO XOPOLIHM
MPHONKEHIEM MOXKHO CUHTATE CICAYIOLICE, B KOTOPOM BHELIHSIS MPaHuLa o0nac-
TH CTONOUATHIX KpucTamios coorserctByer 1 ~ 1800 °C, a rpanuna oOnactu pas-
HOOCHBIX KprcTamios - 7'~ 1600 °C.

Puc. 2.8. VBenw4cHHBI TONEPEUHBIH pa3pe3 TOILIHMBHOTO
CEepICYHUKA, OOIYICHHOTO A0 BHITOpaHUs 8 % mpu THHEHHOH
momrHOCTH 40 KBT/M, C XapakTEepHBIME CTPYKTYPHBIMHU 30HAMH
pexpuctammm3ammd: ... / - 001acTh CTOMOYATHIX KPHCTAILIOB,
1.2 - obmacTe paBHOOCHBIX KPHCTAJUIOB; 2.3 - 00macTs Hc-
XOAHOH CTPYKTYPBL

[Ipu ykazaHHBIX 3HAYCHHUSAX TEMIICPATYPHI TOILIHBA
MPOLICCC CICKaHHS, KOTOPHIA HAdalcsd BO BPEMs €ro
H3TOTOBJICHUS, MPOJOKACTCSA, HMPU 3TOM MOPBI MEKIY
KPHCTAIAMH CTPEMSTCS KOAryJHpOBaTh, B PE3VIbTATC
YEro OTACIBHBIC KPUCTALIBI PACTYT U 00Pa3yroT 00JaCTh
PaBHOOCHBIX KpucTawios. [Ipyu moBbIIICHNH TeMIEpaTy-
PBI TIOPBI CTAHOBATCS €Iue Oonee MOABHKHBIMHU H IIEpe-
MEINAOTCS BAOMb TEMIIEPATYPHOro rpagucHTa. [Ipu moBepXHOCTHOM, a Takke 00b-
eMHOH anddy3umu aToMbl KPHCTAIMYECCKON PEIICTKH TOIUIMBA MEPEMCILIAOTCS B
MOPE OT e¢ TOpPSICH CTOPOHBI K XOJIOAHOH. B pe3ynprate mopel Take mepemerna-
10TCs B 001acTh ¢ 6onee BEICOKOH TEMIEPATypol, a TOILTHBO PEKPUCTAIIH3YETC.
ATOMBI, ICPEMECTUBIINECS HA XOJIOAHYIO CTOPOHY HOPBI, 00pPa3yloT HOBBIM MOHO-
KPUCTA/LI, OTHOCHUTEIBHO CBOOOMHBIM OT AShEKTOB, KOTOPBIH 3aHMUMACT OOBEM,
OCTaBJICHHBIN MOPOU B MPOLIECCE €€ ABUKCHUSL.

Takum 00pazom, TOPHI MEPEMEINAOTCA K HAUOOJICE TOPsUeH 4acTH — K LICH-
TPY TOILTUBA — U TaM 00Pa3vIOT LEHTPATbHYIO MOJIOCTh, B TO BPEMS KaK IUIOTHOCTb
00NacTy CTONOUATHIX KPUCTAILIOB VBEIIUYHUBACTCS A0 3HAYCHUS, OJU3KOro MIOTHO-
cti MOHOKpHcTata. CKOPOCTh, ¢ KOTOPOH MepeMeIaroTcs HOphl, B OONMBIIOH cTe-
MICHH 3aBHCUT OT TEMIICPATYPHI, IPH 3TOM, KaK U B 00JaCTH PABHOOCHBIX KPHCTAI-
JIOB, BHEIIHSA IPaHUIA 00IacTH CTOI0YATEIX KPUCTAIOB CHAYAIA NICPEeMEIIacTCs
OBICTPO, a 3aTEM CHIDKAET CKOPOCTh CBOCTO MEPEMEIICHUS.

Pacmpecxueanue monnuea. Temnepatypueiid nepenag AT ~ 1500 K u Gonee
MEKAY LEHTPOM H MOBEPXHOCTHIO TOILIMBA BBI3BIBACT OONBIINE TCPMHUCCKUE HA-
MPSDKEHUS, KOTOPBIC MPUBOAAT K PACTPECKHUBAHHIO TOIUTMBHOTO cepacunuka. Cre-
JOYET OTMETHTD, YTO XapaKTep PACTPCCKUBAHMS PA3IMYICH B 3aBUCHMOCTH OT TOTO,
XOMOAHBIM JIH SIBJIICTCS TOIIMBO WJIH OHO HAXOAUTCH MOJ OOIYUCHHEM (CM. PHC.
2.6). Ilpubnu3uTeNbHEIA XapakTep Pa3BUTHS TPCIIUH B TAONCTKE TOILIMBA HJLTIO-
cTpupyercs puc. 2.9.
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Puc. 2.9. KadecTBeHHBIH XapaKTep Pa3BUTHS TPEIIUH B TOIUIMBHOM CEPACYHUKE B MPOLEC-
ce OONYUCHHA: ¢ - HAYAJO KAMIIAHUM, 6 — PSKPUCTAILTH3AIMSA H «3AJICIHBAHACY TPCILHH,
6 — KOHEIl TOIUIMBHOH KAMIAHWH.

B nauane TOIIMBHOU KaMIAaHWUH TEMIICPATYPHBIC HANPSDKCHUS MPHBOAAT K
pacTpecKuBaHHUIO TabIETKH, KaK 3T0 BUAHO Ha pHC. 2.9, a. OKpyKHBIC HAIPSKCHUS
B HapPYKHBIX COSX MPEBHIIIAIOT HANPSDKCHHS PaspbiBa, H 0Opa3vIOTCS PagHallb-
HBIC TpeIUHbl. B TO ke BpeMs B LICHTPAJbHOH YaCTH TOILIMBHOTO CEPACUHHUKA
TPELIMHBI OBICTPO «3AJICUHBAIOTCSY Onaroaaps mpoueccy pexpuctammmnzanud. [lo-
CJIC OIMPEACICHHON ATUTCIBHOCTH 00myueHus, 0ObruHO, HauuHas ¢ 0,1 % Beiropa-
HUS, TOILTHBO PACHYXaeT U MPHUXOIHUT B COMPUKOCHOBEHHE ¢ 000noukoil. [locne-
JAVIOIISE pachyxaHue orpanuuuBactcs obojoukoi TBIJI, B cuny 4ero tommmso
OKa3bIBACTCS MOJ BO3ACHCTBHEM CxkuMaromux HanpsokeHud. [lon BamsHuem pas-
BHBAIOIINXCA B TOIUTMBE MEXAHHUYCCKUX HANPSDKCHUH TPEIHHBI B LCHTPAIbHOU
YacTH TOIUTUBHOTO CEPACYHHKA 3aKpbiBaroTCsA. ECTu TpemmHBI 3aKphIIHCE, MPO-
LECC PEKPUCTAIUTH3ALMH 3ATICUUBACT UX. TakuM o0pa3oM, MOCIE MPOIOIKUTEIb-
HOTO OOTYUCHHS LICHTP TOILIMBA OKA3BIBACTCS CBOOOMHBIM OT TPCIIMH, B TO BPEMs
Kak ero mepudepus ocTacTcs B TPEIIMHAX, NPHHUMAOIUX (OPMY pPagdanbHBIX
MOJIOCTEH, OTKPBIBAIOIIKUXCS BHYTPE (cM. puc. 2.9, 6). Ilocne ocranosa SP tommu-
BO OXJIKAACTCS, U B LICHTPE OHO CXkUMaeTcs Oouplie, yeM Ha nepudepun. B cuny
3TOH NPUYMHB BHOBb 00Pa3yIOTCs paAHaIbHbIC TPEIIUHEIL - O0JEE IIUPOKUE K LICH-
TPY ¥ 3a0cTpeHHBIC K nepudepun (cM. puc. 2.9, 6). ITH TPEIIUHBI SCHO BUIHBI HA
MOTICPEYHOM Cpe3e TOILIHBA (CM. pHC. 2.6), oaHako mpu padote P Ha MomHOCTH
OHHU OTCYTCTBVIOT.

Honsyuecms monnuea (TepMudeckas u nmog odmydenneM). TepMudeckas mon-
3VUECTh TOIUTHBA AOCTATOUYHO TOYHO OMHCHIBACTCS SMITUPUYCCKUM COOTHOLICHHUEM
BHIA

e =Ac"exp(-B/T), (2.6)

mepm

IIC G - BHYTPECHHEE HANPSKCHUE, € repw = CKOPOCTH Achopmariuy; T - Temnepary-
pa; A, B u n - koucrautel. O0buno # = 1, B - okono 4- 10 K u st CTCXHOMCTPH-
ueckoit UO, (x = 0) 3xaucHne A oxassiBacres pasueiM 2-107 ¢'-TTa™”. Ecou Tormn-
BO HE CTCXHOMETPUYHO, OHO SIBJISICTCS OOIECE TBEPIBIM.

Bpemennast 3aBUCHMOCTD PEIIAKCALIMN TCPMHUUCCKUX HATPSKCHUN TMPUBSACHA
Ha puc. 2.10. Pesynprupyromee BpeMs pelakCallii OYCHB KOPOTKO IS LICH-
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T c f pemakcammr, ¢ TpaHbHOﬁ obmactu TOIUIMBA, U IO MIPOLIC-

| ¢ CTBHH BpeMeHHU mopsiaka 1 ¢ uiu Oonee 3ta
Bmamre 10

} OBy e YacTh TOMJIMBA MOXET NOAACPKUBATH

500 |- | |¢*  TOIBKO rHAPOCTATHYCCKOE JABICHHE. Bue-

-] IIHSASA YACTh TOIUIMBHOM TaOICTKU OCTACT-

5

110° ¢S IOJHOCTBIO KECTKOH.

2000 -

1500 41 Puc. 2.10. BpemeHHas 3aBHCHMOCTb PENAKCA-

. UM HATPSDKCHUM, OOYCIOBICHHBIX TCPMHHC-

16q LR | L ‘ 107 CcKoOM TOM3Yd4eCTHIO TOIUIHBA TPH IHHCHHON
0 02 04 06 7 omexg morrocTH TBDJT 45 xB1/Mm.

Wuoti mexann3m aedopmanny, 0OYCIOBICHHOH MON3yUECThIO, CBA3aH C CO0-
CTBCHHO OOJYUCHHEM. JHCPIHS], BBIACISMIONIASNCS TPHU ACICHUU SIPA, BBI3BIBACT
IUIABJICHUE MHKPOoObemMa ToruuBea. JIio6oe cABUroBOC HAMPSDKCHUE B MPUIICTA0-
el 0671acTh mepeJacTesl OKPYKALIEMY MaTepuaity, KOTOPHIH B pe3ynbTaTe He-
ckonbko aehopmupyercst. Tlocmenyromumii akT ACNCHUS TaKKEe MPUBOAUT K pac-
IIABJICHUIO MUKPOOOBEMa, BBI3bIBAS JOMOMHUTSIBHYIO AcdopMaiiuio, U T. 1. B
Pe3yabTaTe CKOPOCTh AcopManny MPOMOPLIMOHANBHA BEIHYHHE HAKOIUICHHBIX
MEXaHUYCCKUX HAMPSDKCHUM, & TAKXKE CKOPOCTH ACICHUS SIACP B CAUHULEC 00beMa
TOILUTHBA U C1a00 3aBUCHT OT Temrepatypsl. JleiicTBue ykazaHHbX 3()(EKTOB Omu-
CBIBACTCS COOTHOIICHUEM BHAA

éoGn:A,fG: (27)

rae A~ 1,8:10°° v-TTa™"; f - muoTHOCTs AeeHMi, M -¢'; o - HanpsokeHne, Ila;
€ 46 - CKOpOCTH Aedopmarmm, ¢

XapaxTep pacrpeacacHus HAIPSKCHAN B
TB3JI mox oOnyueHHEM NPEACTABICH HA
| ! puc. 2.11. Tlepmom penakcaumwu BO
| | | PacTikente  ppermpeif yacTH TOILIMBA COCTABISIET OT

i} HECKOJIbKHUX JHCH IO HECACID.
‘ | | | CRATIIE

1 PammansHOe

HopmaneHoe

{ TMorepxHOCTHOE

Puc. 2.11. Xapakrep pacnpeacincHus Hamps-
skernit B TB3JI mox 00 IyUCHHEM, TTOCTIC TOTO
KAK TOIUTHBHBIH CCPACTHUK BOLICI B KOHTAKT
C IMOKPBITHEM.

INocne Toro kak pacmyxaromee TOIUTMBO BOLLIO B CONMPHKOCHOBEHUE C 000-
JIOYKOH, OHA HAYMHACT OKAa3bIBATh HA TOILTUBO COKHMAIOIICE YCHUIHE, HOPMATbHO
OPHEHTHPOBAHHOE K €Tr0 IOBEPXHOCTH. PacmpeneneHue pe3ynpTHPYIOMIEro Ha-
npsokeHns u3o0paxeHo Ha puc. 2.11. Tomnueo B neHTtpansHol obmactu TBIJI
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0CBOOOKAACTCS OT TAHTCHLHAJIBHBIX HANPSKCHUH B PE3YNbTATC MIACTHYCCKOU
nedopmanuu. B Hapy:KHOM cloe TOIUIMBA IIACTHICCKAs AeQOpPMALIUI OTCYTCTBY-
€T, MO3TOMY 3[ECh OOPa3VIOTCSA paaualbHBIC TPCLIMHBL. TakuM 00pa3oM, CHKH-
MAIOLIEE MOBEPXHOCTHOE HANPSKCHUE MTOPOXKIACTCS OKPYKHOH HArpy3KOH TOIBKO
B Y3KOH KOJBLICBOM OONACTH TOILIMBA, PACIOIOKCHHOH BO3/IC KOPHCH TPCIIUH.
IIpu mocrosiHHOM ypoBHE MoimHOCTH P KombiieBast 00MacTs, HECYINAsh HArPY3KY,
MEIJICHHO CMEIIACTCS HAPYXKy, IO MEPE TOro Kak HAMpPSKCHUS B TOILTHBE OCNIA0-
JSIFOTCS, ITO COMPOBOXKAACTCS 3aMCUUBAHUEM TpeuH. OQHAKO €CITH BOZHHKAIOT
mmenenmns Momroctr SIP, a crexoBaTenbHO, W PACIIPEEesIEHH TEMITEPATYPHl B
TOILIMBE, TO PA3BUTHE 3TOr0 IpoLecca HapymaeTca. Tak, eclii MOIHOCTE BO3pac-
TAeT, TO TPCLIMHBI BHOBb PACKPBIBAIOTCA M TOrAA KOIbLEBas 00IACTh, HECYyIIAs
HArpy3Ky, CMEIIACTCS BHYTPh TOILTUBHOTO CCPACYHHKA.

Bzaumooeiicmeue monnuea ¢ obonrouxoti TBOJI. B npouecce 0bay4eHUs TOM-
JUBO PACIIYXACT CO CKOPOCTBHIO, OJU3KOH K MMOCTOSHHOM, W MPUXOAUT B KOHTAKT C
mokpeiTreM mociie Beiropanus okoio 0,1 %. TokpeiTre Takke pacmyxaer: B Haua-
Je MEAJICHHO, a 3aTEM VBEIUYHBAs CKOPOCTh MO MEpe pocta TeMmeparypsl. Jis
HEKOTOPBIX MAaTCPUANOB MOKPBHITHH W AN HEKOTOpbIX obmacrell Ak3 CKOpOCTb
pacnyxaHus OOOIOYKH MOXKET B KOHCYHOM HTOIC MPEBBICHTH CKOPOCTh pacmyxa-
HUS TOIIMBA U MPHUBECTH K YMEHBIICHHIO CHIIOBOTO B3AUMOJICHCTBHUS C TOIUTHBOM.

Koraa Tonmueo u 060m04ka HAYHHAIOT KOHTAKTUPOBATh MEXKIY COOOM, MEXK-
Y HUMH BO3HUKAECT MEXaHHUUECKOE B3anmMoelicTeie. B Takux ycnoBusx marepua-
abl 3tux komrnoHeHToB TBIJI moaseprarores noasyuectu. Pacnyxanue neHTpasib-
HOU YacCTH TOIUTMBA B MPEACNAX BOCIPUHUMAIOIIETO HATPY3KY KOMbLA KOMIICHCH-
pyeTcd YMEHBIICHHEM LICHTPAIBHOIO OTBepcTHs. PacnmyxaHue BHEIIHEro Clos TO-
IJIMBA YaCTHYHO KOMIICHCHpYETCs pacmyxaHueM odonouxku TBIJL. B To xe Bpems
nedopmarus 000I0UKH HE BCETAA OJHOPOIHA U B HEKOTOPBIX CITYYasX MOXKET KOH-
LCHTPUPOBATHCS B MECTAX BO3IE TPELIMH B TOILTHUBE, YTO MOJKET BIHATH HA Xapak-
TCp BBITOPAHUS TOILTUBA.

Bmecrte ¢ TeM camMu TomnmUBHBIC TaONETKH MOTYT MPHBOAUTH K HEPABHOMEP-
Hol aedopmannu obomouku. B mponecce obnyueHus kaxkaas takas tabiaeTka u3-
MEHSCT CBOIO FCOMETPHUCCKYIO (OpMY, KaK 3TO HWILTIOCTpUpyeTcs puc. 2.12 (pas-
MEp TPCIIUH CHUIBbHO vBenuueH). KoHIbl TablaeTku BRITHOAIOTCS HAPYKY H MOTYT
BBI3BATh MOSBJICHUC OKPYXHBIX TPEOHEH V MOKPHITHS, mpHaasas emy popmy Oam-
OYKOBOH TpoCcTH. ITH rpeOHN OOBIYHO HE MOCTOSHHBI, & MOSBISFOTCS IO MEPE TOrO
Kak TaOJETKH MPUXOAAT B COMPHUKOCHOBEHHE APYT C APYLOM, IPUYEM 3TH TPEOHU

HWHOTJa HAaOMIOJATUCh M B TOIUIMBE, KOTOPOE
MOJBEPTaIoCh HECTAHIAPTHBIM PEKHMaM HC-
MIBITAHUH.

Puc. 2.12. Xapakrep uzmMeHeHUs ()OPMBI TOIITMBHOH
TabIETKHU 1O/ OOy ICHHUEM.
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Hnymonuii u muepayus xuciopooa. HecMoTps Ha paBHOMEPHOE pacmpeacne-
HUE 0D0MX KOMIIOHCHTOB — YPaHa M IUTYTOHHS — B CMCIIAHHOM OKHCHOM TOILTHBE,
JAXke MOCIC ero HEMPOJO/LKUTEIBHOrO o0ayucHus (MeHee ueMm 1 % Boiropanwus)
OTHOCHTEIIbHBIC KOHIICHTPAIINH YPaHa U IUTyTOHUA U3MEHAIOTCA, a XapaKTep mepe-
pacnpeneicHus 3aBUCHT OT CTEXHOMETPHYECKOTO ITapaMeTpa X.

Ha puc. 2.13 mpuBeneHbl SKCIIEPUMEHTAIbHBIC 3HAYCHHS PACIIPEISIICHUA
KOHLICHTPALMH ILTYTOHHS B LICHTPE TOILTUBA A0 U nocie obmydeHus. M3 atux nan-
HBIX BHAHO, 9T0 M1 X < - 0,04 mryTOHME MUTPHUPYET K BHEIIHEH MMOBEPXHOCTH
TOIJIMBHOTO CEpAcYHUKA. Bo BHemHel, Oonee XOI0JHOH YacTH TOIIMBA ITYTO-
HUH 3HAYUTCIPHO MECHEC MOABIKCH. THITMYHOC pacnpencieHue ILTyTOHHS Mo 00-
JIVICHHOMY CTEXHOMETPUIHOMY TOIUIMBY TIOKa3aHO Ha puc. 2.14.

,I[OJIE[ IITVTOHIL, OTH. &7,

,I[OJIF[ IIIVTOHIDL. OTH. €7

0.35 |
e
B 0.3 B ’\
1

0.25 | 0.2 i \\

[MomocTs \—\/\/

0.1}

0,15 N | !

0 0.5 ¥, OTH. e]l.

-0.10 - 0.05 0 x

Puc. 2.13. Bausaaue ucxogHoro otHomeHus Puc. 2.14. IlepepacnpeneneHue ILTyTOHUA B
KHCIIOPOJA K META/UTy HA MUTPALMIO IIyTO- TOIIMBE C  HCXOJHOH  KOMIO3HLUEH
HUS B TomumBe ¢ mcxomHoH kommosuumeil (UggPUg2)O.: 1 - 1o oOxyueHus;, 2 - mocie
(UosPUg2)004x: 1 - 10 oOmyueHms; 2 - mo-  OOIydCHHS.

e O0IyHCHMS.

MexaHH3M 3TOrO MEPEPACHPEACICHUS 3aBUCHUT OT MPCHMYIICCTBEHHOTO HC-
MapEHUS U MUTPALUM OTACTbHBIX (pakumi. CTEXHOMETPHIECKOE OTHOLICHUE SB-
JIACTCA BAYKHBIM ITOKA3aTCIICM, IMOTOMY YTO IIPU I/I36LITKC Kucjiopoaa CMCChb IapoB
B PaBHOBECHH CO CMCIIAHHOW OKHCBHIO coaep:kuT Ooabine UQ;, a mpu HegocTaTke
Kucaopoda oHa coaep:kut oombine PuO u ams x < x (rae xo = - 0,03 WM - 0,04)
npeobnagaer PuO. Takum obpaszom, npu x > x ypan B opme coemunenus UO;
ucnapsercs u3 6onee ropsaunx odIacTei TOMINUBA U KOHACHCHPYETC Ha Oonee Xo-
JIOAHBIX, B TO BPEMs Kak MpH X < X, myToHud B dopme PuQ nBrokercs B ToM ke
HaIpaBJICHUU. B 10 xe BpPCM: yKasaHHasd (I)I/ISI/I‘{CCKaH MOAC/Ib HC B COCTOAHHU
OOBACHUTh peabHO HAOM0AaeMBIH 3 EKT NPOCTPAHCTBCHHONU OTPaHHYCHHOCTH
g dy3un mapoB KOMIIOHCHTOB TOIUIMBA YCPE3 IUIOTHYKO OONACTh CTOMOYATHIX
KpHUCTAIOB. BMecTe ¢ TeM 6omee CHIBbHO BBIPAKCHHOE NCPEPACIIPEACICHHS TLTY-
TOHHA U ypaHa B CMCHIAHHOM OKHCHOM TOINIMBC MOTJIO 6LI HUMCTh HCTATHBHBIC I10-
cneacteus. Ilockonpky mayTOHUE reHepupyeT OONBIIVIO YacTh MOIIHOCTH, €ro
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CYLICCTBCHHAS MUTPALIUS K LEHTPY NpUBEa Obl K YBEIHUCHUIO TEMIICPATYPHI LICH-
Tpa TOILIHBA W, BO3MOXKHO, BBI3BaNa Obl €ro IUiaBjicHuE. B cBOIO ouepeap 310 Mor-
710 OBl IPUBECTH K BO3HHKHOBCHUIO 3((eKTa YMEHBIICHUS 10 OTPULATEIBHOH J0-
IJICPOBCKON OOPATHOH CBA3H MO PEAKTHBHOCTH. B yKazaHHBIX BEILIC VCIOBHSX
MPOCTPAHCTBCHHOW OrpaHU4eHHOCTH (P y3uH mapoB KOMIIOHEHTOB TOILTHBA 3TH
3¢ deKThI TPOSBISIOTCS, HO OHH OKA3BIBAIOTCSA HECYINECCTBCHHBIMH.

[MonoOHbI  u3Huecknii MEXaHNU3M BBI3BIBACT H MHTPaLMIO Kucnopozaa. [Ipu
x > - 0,04 opouecc ucnapenus u nepekongcHcanun UO; TPUBOAUT K MUTPALUH
KHCIIOPOJa B HapYKHYIO YacTh TOIUTMBHOTO CepAcUHMKA. B pesympraTte cHapyxu
TOIIJIMBO CTAHOBUTCS OJM3KHUM K CTCXHOMETPHUYECKOMY, B TO BPEMs Kak B LICHTPE
MMEET MECTO HEAOCTATOK KUCIOPOA.

Boszpacranne cogepxaHusA KHACIOPOAA BO BHEIIHHMX CIIOSX TOIUTMBA YBEIH-
ypBacT mnapuuansbHoe gaencHue UQO; W MPEMMTCTBYET TNEPEMCIICHHIO YPaHA
HapYXKy.

Hoseoenue npodyxmoe Oenenus. B tabn. 2.2 mpuBeACHBI NPOAYKTHI ACTICHUS,
MPUCYTCTBYIOIINE B HaubombIneM konmdectse mocine 10 %-Horo BeIropaHus TOI-
muea Tunnuaoro SIPBH (coaep:kanne mayronus coctasmsiet 30 % ¢ xapakTepHbI-
MU 3HAYCHUSMH KOHLICHTPALHH TSKEIBIX H30TOIOB).

Tabruya 2.2. Konmenrpanuu npoaykros aejenus B romsmee APBH
nocje 10 %-Horo BLITOPAHUS

Xumuec-| Konuenrpauumst | Xumuec- | Konuenrtpaumsa | Xumuec- | KoHueHTpauwms
KU 371¢ | aTOMOB Ha mep- | Kuii 37¢ | aTOMOB Ha Mep- | KuM 3JI€ | aTOMOB HA IEp-
MEHT BOHAYATbHBIH MEHT BOHAYAITbHBIH MEHT BOHAYATbHBIH

TSDKEJIBIA aTOM, TSDKEJIBIA aTOM, TSDKEJIBIA aTOM,
10~ oTH. ex. 10~ oTH. ex. 10~ orH. ex.

Kr 2,0 Rh 5,2 Ba 6,5

Rb 1.7 Pd 13,7 La 5.4

Sr 3.9 Ar 1,6 Ce 12,9

Y 2.1 Te 3,2 Pr 4,2

Zr 20,2 1 1,6 Nd 14,4
Mo 20,6 Xe 20,5 Pm H

Tc 5,8 Cs 18,7 Sm 3,7

Ru 21,1

* [TpHBEICHBI YTEMEHTHI C KOHIIGHTPALMAMY Bhimme 107,

BrionHe oueBHIHO, YTO XUMHUCCKAd KMHCTHUKA CHUCTEMBI C TAKHM OOIBINTHUM
KOJIMYECTBOM KOMITOHCHTOB UPE3BBIYAWHO ClOokHA. Becbma mpuOIM:KEHHHAS
OIICHKA TOBCACHUS TPYII 3JCMCHTOB H3JI0KCHA HIDKC, OTHAKO CIIOKHOCTH TIPOUC-
XOISIIMX MPOLIECCOB TAKOBA, YTO PEaIbHOS UX MOBEACHUEC B KOHKpeTHOM TBIJI,
KOTOPBIH HMEET CBOI TEMIICPATYPyY U MPSABICTOPHUCIO OOIYUCHHS, MOXKET HE-
CKOJIBKO OTJIMIATECS OT MPOTHO3UPYEMOTo. BakHCHIIIE MPOXYKTH ACICHUS IICITC-
C000pasHO PACIPECACINUTD MO CACAYIOUIHUM TPYINaM, B MPEACTaxX KOTOPBIX MOBEAC-
HHC 3ICMCHTOB COXPAHSCT HOCTOSHCTBO.
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Huepmmuvie eazvl (KPUNTOH, KCCHOH) B OCHOBHOM BBIXOJST M3 TOIUTHBA, HO
HEKOTOPOE KOJTHYECTBO OCTACTCS B PACTBOPCHHOM BHJC WM B BHJC OTICIBHBIX
My3bIPKOB B KPUCTALIAX B 0OJICE XOIOHBIX O0ONACTSIX TOITHBA.

T'anozenvr (1). CTabuabHBIC WK AONTOXKUBYIIHE H30TOTBI HOaa 00PA3yIOTCS B
MAJTBIX KOIMYECTBAX (3TO OTHOCHTCS TAkKe M K Gpomy), a '] pacmagaercst ¢ re-
puogom nomypacnazaa 8,04 cyr. BereacTeue ero BEICOKOH MOABHKHOCTH 3TOT H30-
TOIl KOHLICHTPUPYETCS BO3IEC BHYTPCHHEH MOBEPXHOCTH OOONIOYKH U B KOHLICBBIX
3oHax TBOJI. On MOkeT MPUCYTCTBOBATh KaK WOMU LIC3HSL. Hox moker ObITh BO-
BICUCH B Mpolecc kopposuu o6onouku TBIJL, uro mpencraBiseT H3BECTHYIO
OTACHOCTb.

Hlenounvie memannvt (pyouaui, uesnii). OHU YPE3BBIYANHO JICTYYH B DJIc-
MEHTapHOH (hopMe B MUTPHPYIOT K Oonee xonoanou nepudepnun Tormusa. Ha puc.
2.15 mpuseseno pacmpenencHie - Cs, YCTAHOBIGHHOE C IIOMOIIBIO Y-
cnekTpockonuu. B psje ciyyacB H30TOIEL, KOTOPHIC SBIIOTCS JOUSPHUMH IO OT-
HOIICHHMIO K MHCPTHBIM Ta3aM, TAKHC, KaK S, SIBISIOMIHICS IPOAYKTOM Paciaia
" Xe (I, = 5.3 cyt), u “'Rb, o6pasyrommuiics

VaembHad aKTHBHOCTE., OTH. e]l. 87
FIEISHAS 2 = npu pacmage = Kr (71, = 78 mumH), Moryr

5
L] = | 127 B MOSBIATHCA B rasopodi momocta TBOJI, B
1000 aa Cg—= KOTOPYHO MUTPUPYIOT X NPEAIICCTBCHHUKH.
€ u
W0F wse b L, e o
o o 0% Puc. 2.15. PacnpeneneHue NpOAYKTOB ACIICHUS
10 |+ o o Mo paamyCy OONYUCHHOTO TOIUmMBa: [ — IICH-
1065 TpajmbHAsl TOIOCTH, 2 - 00IACTh CTONOYATHIX
1 oo O ¢ . KpHCTA/OB, 3 - 00JacThb PABHOOCHBIX KpH-
0 0,5 r,oIH ex CTaJLIOB; 4 - 001aCTh HCXOJHOH CTPYKTYPBL

Memannvl, obpaszyiowue myeonniagxue okcuOs (CTPOHLMH, UTTPUH, LUPKO-
Huli, Oapwii, JAHTaH, UCPUM, MPA3COTUM, HCOAUM, ITPOMETHi, camapuii). O0pazys
OKCHJBI, 3TH 3JICMCHTBI HEC MUTPHUPYIOT H OZHOPOIAHO PACTIPEACTIIOTCS MO 00BEMY
TOMMUBHON KoMmo3urmH (cM. puc. 2.15 ams ™ Ce). M30TOMEI, KOTOPHIC SIBISIOTCS
JOYCPHUMH IO OTHOIICHHUIO K X JICTYYUM U Ta30BBIM NPEALICCTBCHHUKAM, TAKHM,
kak *Ba u "Ba (m3 **Ce u '*'Ce cOOTBETCTBEHHO), pacIpeaCIeHb YKe MCHEE
OZHOPOAHO; ST (JouepHHil MpoayKT pacmaga = Rb, mmeromuii 71, = 15,4 Mun),
MHTpHpYeT ciibHee, ueM St (13 "Rb ¢ T, = 2,7 MuH).

Memannvl, xomopwie He 0bOpasyrom oxcuOvl (TCXHEUHH, PYTCHUH, POXUH,
naanaauia, cepedpo, Temtyp). OGHAPYKEHO, YTO OHH MPSACTABIIAIOT COOOHM MeTaI-
JWYECKUE BKITIOYCHUS, HHOTIA PACCESHHBIC TIO TOILTUBY, NPHYUCM B PAAC CIYYacB,
0CcOOCHHO B cIy4ae BbICOKOW Temmeparypsl B 1entpe TBIJL, oHn cocpenoraunsa-
FOTCs B OOJBIICH MEpe B 00JACTH LICHTPAJIBHOTO OTBEPCTHA. Tam OHU 00pa3yroT
KareIbHBIC (PparMeHThl COOTBETCTBYIOIIUX METAIUIOB B PACILIABICHHOM COCTOS-
Huu npu padore AP Ha MOIHOCTH, U B BUAC TBEPABIX MCTATUTMYCCKUX YACTHULI, KO-
raa TommuBO m3BAcUcHO w3 SP. Metamaudeckue BKIIOUCHHS COACPKAT TAKKE
vpaH u miyToHui. B 1o ke Bpems u3 puc. 2.15 cneayer, 4TO B LIEHTPANIBHBIX 00-
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JacTAX TOIUTUBHOH KOMITO3HMLIMH, UMEIOLIMX O0Jee BBICOKYIO TEMIICPATYPy, KOH-
LCHTPALHS PYTCHHS MPOJOKACT OCTABATHCS BHICOKOU.

Memannwvl, odpasyowue oxcuowvr (MomubaeH). IloseneHrue MomuGaACHA B TOMI-
JMBE 3aBHCHT OT 3HAUCHHS KHCIOPOTHOrO moTeHuuana. Ecnmu oH man, To Monu6-
JCH HAXOAAT B 00pa30BaBLIMXCS METAUTMICCKUX BKITIOUCHUSAX, €CIIH OH BBICOK, TO
oH oOHapyxeH B hopme MoO,.

Kopposus obonouxu TBOJI ¢ AP muna bH. Ilocne Hayana oOnyueHHs BHYT-
PCHHSIS1 IOBEPXHOCTh MOKPBITHS MACCHBHPYETCS, HA HEH 00pa3yeTcsl TOHKas IJICH-
ka okucH, B ocHoBHOM Cr,0;. Jlo Tex mop, moka 3Ta IJICHKA COXPAHSET CBOH II¢-
JOCTHOCTh, CTallb 3AlIMINCHA OT JalbHEHIIECH KOppo3uu. B HEKOTOpBIX ciayuasx,
OJHAKO, OHA Pa3pyLIACTC B HECKOJNBKUX MECTaX, U TOrJa MPOLECcC KOPPO3UHU Mpo-
Jomkaercsa. Kaxnoe HapylmeHHe LIEMOCTHOCTH OKHCHOHM IUICHKH M MOCTICAYFOLIAs
KOPPO3HUs 3aBUCAT OT BO3PACTAHUS JOKAIBHOU KOHLICHTPALIUU MPOAYKTOB JACTc-
HUS, CPEIU KOTOPHIX K HAWOOJee BAXKHBIM OTHOCAT LIC3HH M, BO3MOXKHO, TEILUTYD
i Hox. He mckimroueHo, 9To me3uil, MATPHPYIOIINH K HAPYKHOH ITOBEPXHOCTH
TOIIIMBA, HAXOOUTCS TaM B KHIKOW (paze, koTopas AeHCTBYET MOAOOHO 3IEKTPO-
nuty u pacteopset Cr,0;.

ITo cBoeMy xapakTepy KOPPO3MsI MOXKET ObITh OOIICH M BEChbMa OTPaHHYUCH-
HOU, 2 B HEKOTOPBIX CIyYasdX HAOMIOAATACh MEKKPUCTATUTHAS KOPPO3US TOKPHI-
THs HA ryOuHy 25 - 75 mxm mpu T > 500 °C. J1o gBICHHE NPUBOJUT K CYLIECT-
BEHHOMY YMEHbIICHHIO 3 dexTusHOl Tonmuue obomouxu TBIJI, a B HeKOTOpBIX
cnyyasx HabIrAAT0Ch TOTHOE €€ Pa3pyLICHIC.

Mexanu3M KOPpO3WH HOCHT B OCHOBHOM XapakTep OKHCICHHS, KOTOPHIH BhI-
BOJUT aTOMBI XpPOMa C BHYTPCHHCH MOBEPXHOCTU MOKPBITHS. JTO MOXKET OBITH
KUAKO(AZHBIN TCKTPOIUTHUCCKUHA MPOLIECC, B KOTOPOM HOHBI LIE3US ACHCTBYIOT
KaK MOCPSAHUKH, WM MPOLEecCe 00pa3oBaHus mapoBoii (hasbl, BKIOYAOIINN 00pa-
30BaHHMC M PaA3IOKCHHE NETY4ero Womucroro skene3a. HesaBucumo ot meranci
3TOrO MPOLECCa B HACTOSIIEE BPEMsI YCTAHOBICHO, YTO OH CHIIBHO 3aBHCHT OT 3HA-
YCHUS KUCIOPOAHOrO MOTCHLMANA TOILIMBA U PE3KO 3aMEIIICTCS, KOrJa KHCIO-
POAHBIA oTeHIMAT HU30K. [103TOMY CYINECTBYIOT BECKHE AOBOJIBI B MOIB3Y TOTO,
4TOOBI KOHLECHTPALHIO KHCIOPOJa BEIOHPATh HUKE, UM AT CTEXHOMETPHICCKOTO
OKHCHOTO TormuBa. OIHAKO BCICACTBUE MUIPALIUM KUCIOPOAA K BHEIIHEH oOnac-
TH TOILTUBO B HEH XapaKTEPU3YETCs COCTABOM, OMH3KHM K CTCXHOMCTPHUCCKOMY.

2.2, Dusuueckue 0C00EHHOCTH ABAPHITHBIX PEXKUMOB
B SI/ICPHBIX PEAKTOPAX OCHOBHBIX THIIOB

2.2.1. ABapuiiHble epexoaHble mpoueccol B peakropax BBIP

Peocumbl ¢ napyutenuamu pacxooa menaonocumens. CHIDKCHHE pacxoja Te-
MAOHOCHUTEII MOXKET UMETh MECTO B CIYYae BHIXOJA W3 CTPOS OJHOTO WU HE-
ckonbkux ['TIH. Beixon uz ctpost I'LIH moxkeT ObITh CBSI3aH KaK € DJICKTPHUCCKUMH
HCHUCTIPABHOCTSIMH, TAK U ¢ MCXAHUYCCKHUMH MOBPCKICHHUSIMH, JJICKTPHUCCKUC
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HEHCIIPABHOCTH BO3MOXKHbI Kak B camux ['LIH, Tak u B muTarowmx ux sIeKTpryc-
ckux 1emnsx. B pesyaprate npoucxoaut obecrounsanue I'TIH.

KomuuectBo oaHoBpeMenHo Bhikmrovaromuxces u3 padorel ['IH no npuunne
HEHUCIIPABHOCTH MUTAIOIIUX 3JICKTPHUCCKHUX LICMCH 3aBHCUT OT CXEMBI 3JICKTPHUC-
CKUX COCOUHCHUH moTpeduTencd coOCTBEHHBIX HYxA. s YHUQUIHPOBAHHOrO
mpoekta ADC ¢ P BBOP-440 B03MOXXECH OZHOBPEMCHHEIM BBIXOA M3 CTPOS HE
oonee tpex I'LIH, gt ADC ¢ BB2OP-1000 - we Gomee asyx I'lIH. OtxiroucHue
I'IH mozkeT mpou30HTH TaKKe U3-3a OMITHOOYHBIX ACHCTBUI OMEPATOPOB.

Mexanndeckne nospexacana ['TIH Bo3MOkHBEI M3-3a MOmajaHus MOCTOPOH-
HUX NPEIMETOB B MPOTOYHYIO YaCcTh HACOCA, OJIOMKH Padovero Kojeca WiH y3ia
viotHenus Baia ['1IH. TlogoOHbIe mpUYHHEL MOTYT BEI3BATh 3aKITHHHBAHHE POTO-
pa I'lIH. XapakrtepHoii 0COOCHHOCTRIO aBapuH ¢ 3akiuHuBaHueM poropa ['TIH sB-
asercs Ooree peskoe, ueM npu otkiroueHnn I'LH, cHmkeHre pacxoaa TemIoHOCH-
tems yepe3 Ax3 SIP. Beuay manoli BEpOATHOCTH Takod aBapuu OOBIYHO CUHTACTCS
BO3MOJKHBIM 3aKIMHHABaHUE poTopa Toibko oxHoro I'TIH.

BrarompuarHoe mpoTekaHWE MEPEXOIAHBIX MPOLIECCOB NMPH BOZHHKHOBCHHU
HapyIeHUH obecreunBacTcs paboToOH aBTOMATHYECKUX PETYIATOPOB, 3alIHT U
OIOKHPOBOK.

OOBIYHO MpEAnoNaracTcs, YTo0 HapyIICHUE MPOUCXOIUT B MEPHOM, KOTAA BCE
OCHOBHBIC MapaMeTpsl OII0Ka CTAOUITH3UPOBAHBI HA 3HAYCHUAX, COOTBETCTBYIOLINX
HUCXOOHOMY YPOBHIO MOIIHOCTH, WIH OOIEC BBICOKHMX 3HAUCHHAX C YICTOM BO3-
MOKHBIX OTKJIOHCHUH, BBI3BAHHBIX HETOUYHOH pabOTON CHUCTEM peryaupoBaHus. B
HUCXOJHOM PEXUME (QYHKIHOHHPYIOT ABTOMATHYCCKUE PETYIATOPBI MOITHOCTH P,
JABICHHS BO BTOPOM KOHTYPE, VPOBHS BOJBI B KOMIICHcaTope oobema. [Ipu Brrxo-
Je u3 cTpos ogHoro unn Heckonskux ['L[H mpoucxoxut aBromaTHueckoe H3MEHE-
HHUE CTPYKTYpHI peryauposanus Moumoctn SAP. B pabory Bcrymaer POM, koro-
PHIH IEpEMEINACT VIPaBIAoMue cOOPKU 10 TEX MOp, MOKAa HE OVICT JOCTHTHYTA
ponycrumas MomHocTb AP. [Tpu stom APM BeIBomuTcs n3 padotel. OaHOBpEMEH-
HO ¢ BkatoucHueM POM eerynaer B pabory PM/I, mpuBoasmuii Harpysky TypOu-
HBI B COOTBETCTBHE ¢ MOIMHOCTHIO SP.

[Mopaepxkanue HaBICHUA B MAPOBOM KOMIICHCATOPE 00BEMA OCYINECTBIACTCS
PETYATOPOM JABICHHS, KOTOPBIH MOCIEIOBATEIBHO BKIIOYACT HIIM BBIKITIOYACT
TPYIIIEL 3JCKTPOHATPEBATEICH WM KIAMAHBI BIOPHICKA BOJBI B 3aBHCUMOCTH OT
JABICHUS B MEPBOM KOHTYpe. Ecam BHpBICK BOOB B KOMIIGHCATOp 0oOBEMa HE
o0ecreunBacT CHIDKCHUC AABICHUS, TO OTKPBIBACTCSA KIAalaH Ha JHHUH cOpoca
napa B Oapborep. Ilpomycknas cmocobHocTs 3TOM guauu aas AP BBOP-440
MPH TIOJHOCTBIO OTKPBITOM KIANaHE PaBHA 5 T/4, AaBICHUE OTKPBITHS KiamaHa
133,5 xre/em?, 3akperTas kiamana - 131 kre/em’.

[Mopaepkanue 3a7aHHOTO YPOBHS B MAPOBOM KOMIICHCATOPE 00BEMa OCyIIe-
CTBJIICTCS PETYIITOPOM VPOBHS B COOTBETCTBHH C €TI0 CTATHUCCKOU XapaKTCpH-
ctukoii. B HopMmansHOM pexkuMe paboTh 6I0Ka MOAACPKAHKE 3aJAHHOTO VPOBHS
ocyLiecTBIACTCs Oaroaaps COBMECTHOH paboTe KianaHa ClMBa MaJIoro pacxoa u
perynaropa Majiol MOANUTKY, BO3ACUCTBYIOLIETO Ha KJIanaH MajJou NOAMUTKY.
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Ha A3C ¢ P BB2P-440 u BBOP-1000 mpeaycMmoTpeHs! nBa pexuma pado-
THI KJarnaHa ciauBa. Eciau KiIrod ynpapieHHS KIanaHOM HaXOAWUTCS B ITOIOYKEHHH
«AMCTAHIIMOHHOY, CTENEHb OTKPHITH KIAMAHA YCTAHABIMBACTCA BPYUHYIO OIEpa-
TopoMm. Ecnu xmrou HAXOmUTCA B MONOKEHHU «COJTOKHPOBAHOY», OTKPBITHE H 3a-
KPBITHE KIalaHa MPOHCXOAAT Ho Onokupoeke apromaruuecku. Ha ADC ¢ AP
BB3OP-440 xnamaH civBa MOTHOCTBIO OTKPHIBACTCS MO OJIOKHPOBKE MPH MHPEBbI-
MICHUU 330aHHOro ypoHSA Ha +300 MM ¢ OCTAacTCSA TMOTHOCTBEO OTKPBITHIM IO
yposHa Ha 400 MM HIDKe 3agaHHOrO. IIpHM OTKIOHEHHH OT 3aJaHHOTO VPOBHS Ha
400 MM KJamaH CIMBAa MAJjOro Pacxoga MOTHOCTBIO 3akpeiBactesa. [IpomyckHas
CHOCOOHOCTh KJanaHa MajoH MOJIHTKH ONMPEACIIICTCS CTATHUYECKOH XapaKTepH-
CTHUKOM PEryIsTOpa MajJou MOAIUTKH.

Ilpu cHmkeHUM ypoBHA HImke 3agaHHOro Ha 300 MM perymarop Manol mox-
MMATKA OTKITIOYAETCA, a KJIalaH MaJIOH NOAIHUTKH ITOTHOCTBIO OTKPBIBAETCS HE3ABU-
CHMO OT HOJOXEHH, B KOTOPOM OH JIO 3TOr0 HaXOAWJICS, BKITIOYAECTCSA PETYIATOP
0O0JIBIION MOAMUTKY, BO3ACHCTBYIOIINN HA KiaanaH O0onpimon moanutkd. [lpu cHu-
JKEHHH YPOBHS HIDKE 3agaHHoro Ha 400 MM BKITIOYAETCS PE3EPBHBIHN MOATTUTOTHBIH
Hacoc. Takum oOpaszom, MPH CHIKCHUH ACHCTBUTEILHOTO yPoBHs HA 400 MM HIDKE
3aJaHHOTO B paboTe HAXOMATCS JBa MOJIHTOYHBIX HACOCA C HOMHHAIBHOH mona-
yeld mo 65 1/4 kaxapii. KomuuecTBo momaBacMoil B MEPBBIH KOHTYP BOABI MPH
3TOM onpeaensercs paboToi peryniaropa 0oabIIoN NOAMUTKH.

Beixon u3 ctpost I'LIH npuBoauT k CHIKCHHIO Yncia 00OPOTOB €ro poTopa u
K COOTBETCTBYIOLIEMY CHIDKCHHIO pacxoioB Terutonocurens. [lpu obectounBannn
I'l[H 3akon cHuxenus odboporos poropa I'LIH ompeaensiercs B OCHOBHOM MOMEH-
TOM MHEPIMH €r0 MaXOBHKA.

Ipu zaxmuuuBanuu poropa I'LIH cHmkenue oGopotos poropa Oyaer onpeae-
JATBCS XapaKkTepoM MOBPEKICHUS, OZHAKO B MOOOM ciydac OHO OyaeT 3HA4H-
TempHO Oonee pesknm, yeM npu obectrounsannu ['TH. Ipu pacuerax pexumos ¢
saknmuHuBanueM poropa ['IH oOpraHO mprHHMacTcs Haubonee HEONArONPUATHBIA
ciaydal - MTHOBCHHAs ocTaHoBKa potopa I'LIH.

B pesynerare cHIKEHHS 000POTOB POTOPA MPOHCXOAUT U3MECHCHHE Pacxona
TEIIOHOCUTEN B nieTisix ¢ Heucnpasubivu [ LIH, B metsx ¢ paGorarormumu ['TTH
u usmeHeHue pacxona uepes Ak3 SP. B mernax ¢ veucnpasueivu [TIH 1 B Ax3
SIP pacxonx TCIIOHOCHTES CHHUXKACTCA, a B PAOOTAIMUX METISNX MPOHUCXOAUT HE-
KOTOPOE BO3pacTaHHE Pacxoja BCICACTBUE CMCLICHHS pabodyed TOUYKH Hacoca
BIIPaBO B PE3yJIbTATE HEKOTOPOT'O YMEHBIIEHNS THAPABINICCKOTO COMPOTHUBICHUS
ceru. B xoHue BriGera B netiix ¢ HewcnpasHeiMu [ L[H HanpasieHue aBrkeHUS
TCIUTOHOCUTEITSL U3MEHSICTCS Ha oOpaTHoe (oOparHbiii TOK). Pacxom oOparHoro To-
Ka ompenendercs nepenaaoM nasineHusa Ha SP. Xapaxrep cHIDKEHHA pacxoza Ten-
JoHOcHTeNs uepe3 Ak3 onpenensercs nHepuuonHocThio I'HH, ero xapakrepuctu-
KOH, THAPaBIMYUECKUM CONPOTHUBICHHEM KOHTYpa, kommdectsoM I'T[H, ocrasmmmx-
cq B pabore.

OIHOBPEMEHHO CO CHIDKCHHEM PacxXoJa TCIUIOHOCHTENS CUCTEMA PEryIHpO-
BaHUs YMEHbIIACT MOITHOCTH SIP u pacxoxa mapa Ha TypOOreHEpaTOpHI.
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POM cHmxaer momuOoCcTh SIP 10 HOBOrO JOMYyCTHMOIO YPOBHS, COOTBETCT-
Byfoiiero uncny ocrasmuxcs B padore ['L[H. Eciu B pesyasrare aBapuu B pabote
ocractca MeHbIIE monoBuHB BCeX [ TIH, mommaocTs AP cHIDKAcTCs 10 YPOBHS OC-
TATOYHOT'O TCIIOBBIACTCHUS. XapaKkTep M3MEHEHUs pacxoja mapa Ha TypOorcHe-
PaTOphl OIMPEACIAETCS HACTPOUKON M CTATUUECKON XapaKTEPUCTHKON CTEPErYIIErO
perymaropa PM/JI.

Bonee peskoMy M3MEHEHHIO pacxona TEIUIOHOCHUTENS B HaYaJIbHBIH MOMEHT
aBapHH B PEKUMax ¢ 3aKmuHuBaHUEM potopa oxHoro ['LIH cootsercTByeT 1 Gonee
pPE3KOE M3MEHEHHE TEMITEPATYPhl TEIUIOHOCHTENS W JABICHHS B KOMIIGHCATOPE
o0bema, a Takxke u ko3dduimenTa 3anaca A0 kpusuca temtooomena B Ak3 SP.

Xapakrep W3MEHEHHS NABJICHHS B MAPOBOM KOIIIEKTOPE OIPENEIIeTCA Xa-
paKkTepoOM M3MCHCHHS pacxoja mapa Ha TypOuHsl, MOmHOCTRIO AP 1, B McHbIICH
CTETICHH, U3MEHEHHEM TEMIIEpaTyphl BOABI IEPBOro KOHTYpa. B pexmmax, xoto-
pBIE XapaKTEPU3YIOTCS CHIDKEHHEM MOIMHOCTH AP 10 ypOBHA OCTaTOYHBIX TEIIO-
BBLACICHAN, naponpoussoautensHocTs [1IT B KOHIIE mporiecca HEAOCTaTOYHA I
paboTel TypOMH Ha XOJI0CTOM Xoxay. HaunmHaercs cHIKEHHE ODOPOTOB POTOPOB
TypOOreHepaTopoB, KOTOPOE ONMPEICIICTCS MEXaHHUECKHM BBIOSTOM TYpOOTCHE-
PaTopoB U MAapOBBIM BBIOETOM BTOPOro KOHTYpa. Tako# pexum padoThl TYpOHHEL
MOXKET BBI3BATh MOBBIIICHNUEC TEMIICPATYPHl €€ XBOCTOBOH YacTH. YToObI 3TOrO HE
MPOUCXOANIIO, COOCTBCHHBIC HYKIbI JOJKHBI OBITh TIEPEBEACHBI HA PE3CPBHOC MH-
TaHHE U MOATOTOBICHA K paboTe cXeMa pacxXoNaKHBAHUS A OTBOAA OCTATOUYHOTO
TCIIIOBBIACICHUS Yepe3 CICUHATIBHO NPSIHAZHAUYCHHBIA U 3TOM LENH TEII000-
MEHHHUK PAaCcXOJIXKHBAHHS, a TYpOOTCHEPATOPE! BHIBCACHBI M3 PAOOTHI.

Ha puc. 2.16 — 2.18 B xadecTBe mprUMepa MPUBEACHBI PE3YIIBTATH BBHITTOTHEH-
HeIX B BTU pacdeTroB OCHOBHBEIX XapaKTEpHBIX PEKHMOB CO CHIKEHHEM pacxoaa
termonocutens uepe3 AP BBOP-440 yvauduunposannoii AJC. Pacuers! BBIION-
HEHBI C TIOMOINBIO OTFCAHHBIX BBIIIE MATEMATHUIECKUX MOJEIEH, pealn30BaHHBIX
B pacuetHrx nporpammax KOHTYP, KOMITEHCATOP, CTALIMOHAP. B npea-
cTaBJICHHOM Ha puc. 2.18 pexumve obecrounsanus apyx I'LIH u3 tpex padoraBmmx
morqHOCTh AP cHIKaeTcs 10 ypOBHSA OCTATOYHOTO TEILIOBBLACITICHUS.

Hawnxymmme yenosus oxnaxaeHus TBIJI ckmaapiBaroTcs B PEKUME 3aKITU-
uuBanus ogHoro I'LIH u3 mectu paboraBinmx, 0AHAKO MPH 3TOM 3amac A0 KPU3Uca
TEIII00OMEHA OCTAETCS JOCTATOYHO OONBIINHMM, HE CHIDKASACh Hinke 1,95.

Ha puc. 2.19 npeacTaBacHB pe3yabTaThl PactucTa PCKUMA C 3aKTHHUBAHICM
poropa oaxoro I'lIH u3 mectu padorasmux qis ADC «Jlosuca-1». Cratuueckas
xapakrepuctuka PM]I 310l cTaHUMU OTAMYACTCS OT MPHHATOH B MPOCKTE VHHU(DH-
uuposanHo AJC Tem, uto npu BkmoueHHr PM/I Bcaeactere cpabaTbiBaHus 3a-
umrtel P oH paboTaeT mo CTaTHYCCKON XapaKTCPUCTUKE, 0OCCIICUMBAIOIICH MTO/-
JaepkaHie 0Oolee BBHICOKOTO JABJICHUS B MAPOBOM KOJUICKTOPE, YeM B Clydae
BKITIOUCHHS €r0 B paboTy MO CUTHANY CHIDKCHHUS JABICHUSA. JTO H3MCHSCT Xapak-
TEp MEPEXOTHOTO MPOIECCa, CHIDKAS OTKJIOHEHHUSA TEMIIEPATyp U JABICHHS B IEp-
BOM KOHTYP€, YTO MOXHO BHAETh M3 COIIOCTABIICHHUA PE3YIBTATOB PACUETOB, TIPH-
BCIOCHHBIX Ha puc. 2.16 m 2.19.
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Puc. 2.16. 3axmmamBanme omHoro ['T[H m3 Pumc. 2.17. ObectoumBanme Tpex ['TIH m3
mecTd paboTaBIMX Ha YHHGHUIMPOBaHHON TrecTH paboTtaBmmx Ha ADC ¢ SIP BBOP-
ADC c¢ P BBDOP-440: I - orHocutenbHblt 440: I - OTHOCHTENBHBIA pacxoj mapa
pacxon mapa 4epe3 TypOUHBI, 2 — OTHOCH- uepe3 TYypOWHBLI, 2 - OTHOCUTEIbHAs TeIl-
TeIbHAS TEILIOBas MOIMHOCTL SIP; 3 — oTHO-  J10Bast MOIMHOCTD SIP; 3 - OTHOCUTEIbHBIN
CHUTEIBHBIN pacxo]| BoAwl uepes SP; 4 — naB- pacxon Boasl uepe3 SIP; 4 - maBieHne B
JIEHWEe B IIAPOBOM KOJUIEKTOPE, 5 — TeMIlepa- IapoBOM KOJUIEKTOpe;, 5 - TemIeparypa
Typa BOJBl Ha BhIXoJe W3 AK3; 6 - cpefHssl BOJBl Ha BbIXoje W3 AK3; 6 - cCpemHss
TeMIlepatypa Boabl B AK3; 7 - TeMIepaTypa TemIeparypa B Ak3; 7 - TemIeparypa
BOJBI Ha BXojie B Ak3; § - JaBiIeHHe B KOM- BOJBI Ha Bxojie B Ak3; 8§ - HaBlicHHE B
rmeHcaTope obbeMa. KOMITeHcaTope obbeMa.

B ocransHOM mpeacTaBieHHbIC TPa(UKU MEPEXOTHBIX MMPOLIECCOB HILTFOCTPH-
PYIOT IPUBEICHHOE BBILIC ONHCAHKE M HE TPEOYIOT JOMOTHUTEIBHBIX OSCHCHHUH.

Ilomepa enewneii nexmpuueckoii Hazpy3Ku MIPUBOAUT K BPEMEHHOMY HECO-
OTBCTCTBHIO MCKAY KOJNMYECTBOM TEIUIA, BhIpadaThBacMbIM B SP, M oTBOIMMBIM
M3 BTOPOTO KOHTYpa Ha TypOWHBL [IpOAOMKHUTEIPHOCTh TAKOTO HECOOTBETCTBHS
MEKIY BHIPabaTHIBACMBIM H OTBOAMMBIM TCILIOM, a CICJOBATETBHO, H OTKIOHCHHE
OT MX HOMHHAJBHBIX 3HAUYCHHH 3aBHCAT OT PaOOTBHl CHCTEMBI ABTOMATHYCCKOTO
perymuposaHus. IIpHYnHBI, IPUBOIIIIHE K MOTEPE BHEINHEH 3JICKTPHUYCCKOH Ha-
IPY3KH, MOTYT OBITh CBSA3aHBI C HCHUCHIPABHOCTAMH B SICKTPHUYCCKUX LICIAX KAK
caMOH CTaHIMH, TaK U 3a €€ MPEJCIaMH, B MEXaHHYCCKOM 4acTH TypOOoreHepaTo-
POB H BCIIOMOTATCIBHBIX CHCTEM, B CHCTEMC aBTOMATHUCCKOTO PETYIHPOBAHHA U
sammThl TYpOouH. KpoMe Toro, cOpoc 3MEKTPHUECKOH HATPY3KH MOKET TIPOH30UTH
B PE3yJIbTaTe OMMOOYHBIX JCHCTBHH OMEPaTOPOB.

Jlisa mpeoTBpalleHUs HEJOIYCTHMOTO IIOBBINICHUS JABICHUSA BO BTOPOM
KOHTYpE, KOTOPOE MOJKET BOHUKHYTh B PE3yIbTAaTE ITOTCPH BHEIIHEH 3JICKTPHUC-
CKOM HArpy3Kd, HCIPaBUIBHOU pabOThl CHCTEMBI PETYIHPOBAHMA H T.IL, MPEAY-
cMmotpensl: yeraHoBkH bPY-K u BPY-A; mpenoxpanutensubie knananst [11.
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Puc. 2.18. OGecrouuBanue aByx [TIH u3
Tpex padoraBmux Ha ADC ¢ SIP BBOP-440:
1l - oTHOCHWTENBHBIN pacxon Iapa depes
TYpOHHEL, 2 - OTHOCUTENLHEIH pacXo BOALI
yepe3 SP, 3 - OTHOCHTENBHasl TEIUIOBas
MOITIHOCTE, 4 - JaBJICHUE B IapOBOM KOI-
JEKTOpE; 5 - TeMIIEpaTypa BOJLI Ha BEIXO/IE
n3 Ax3; 6 - cpemHsAd TeMiepaTypa B AK3;
7 - TeMIieparypa BOJBI Ha Bxojie B AK3;
8 - TaBIeHME B KOMIICHCATOpe o0heMa.
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Puc. 2.19. 3axnuauBanue oguoro I'TH u3
mectu paboraBmmx Ha ADC «JloBuca-1»:
1 - naBiieHHE B IIapOBOM KOJUIEKTOpE, 2 —
OTHOCHTENBHBIH pacXox BoJHI depes S1P;
3 - OTHOCHTENLHBIN pacxojx Iapa depes
TypOUHEBL, 4 - OTHOCHTENLHASsI TEIIOBAs
MOIITHOCTE;, 5 - TeMIleparypa BOJALI Ha BHI-
xoJle W3 AK3; 6 - cpelHss TemIleparypa
BOJBI, /7 - TeMIlepaTypa BOJBI Ha BXOJE,
8 - naBneHNEe B KOMIIEHCATOpe o0heMa.

BPY-K u BPVY-A MoryT BcTynate B paboTy TOIBKO MPH AOCTHKCHUU JaBIIC-
HHEM B TTIABHOM MAapOBOM KOJUIEGKTOPE YCTABKH BKIFOUCHHSI, MOCIIE YEro CTCICHb
HX OTKPBITHS OMPEACISICTCS! CTATUUCCKIMHU XaPAKTEPUCTHKAMH HX PEryIATOPOB.
Opnaxo qs cpabareianus BPY-K HeoOxoammo cobmromeHue erme 0QHOro yeio-
BHS - Pa3pEIIAFOIUN CHUTHAJ MO 3HAYCHUIO COPOIICHHOW HATPY3KH, YCTAHABJIH-
BAaCGMBIHM B MPOLEcce paboThl OI0Ka OMEPaTOpOM, MOKESH OBITh MCHBIIC WU PaB-
HBIM cOpoIIeHHON Harpyske. B mpotueHOM ciiyuae cpabateiBanue bPY-K Boobme
He mpomsonaeT. Eciu, Hanpumep, paspemrarornuii curnan paseH 20 %, To cpaba-
thiBaHue BPY-K mpoucxoauTt TOapKO B TOM Ciydae, €Clid MPOU30IIea cOpoc Ha-
rpy3ku Ha 20 % wunu Gonee. [Ipu paspernarornem curHane, pasaom 0 %, BrmrOUC-
Hue bPY-K mponcxoxur B moboM ciydae mpu AOCTIKEHHH YCTaBKU BKIFOUCHHS
BPY-K mo maenenmo. Ha ADQC ¢ aByms TypOWHaAMH OpH TAKOM Pas3perIaroLicM
curHane cpaGateiBaroT bPY-K ofenx TypOuH He3aBHCHMO OT TOrO, Ha KakKOH W3
HUX IIpousoen copoc Harpysku. Ecium ske paspelnaromuii curaan Gonblie HyIs,
10 Tpoucxoaut cpabareBanue bPY-K tomsko Ha To# TypOuHE, Ha KOTOPOH COpO-
IICHHAsI HATPy3Ka MPEBBICUT YCTAHOBICHHBIN Pa3pellaroi CUIHATL.

ITpu aBapusx co cOpocoMm Harpy3KH B Pe3yJbTaTe MaJeHUs AABJICHUS B IIPO-
TOYHOH YacTd TypOHMHBI IPOUCXOJUT OTKIIOUEHHE IOJOrpeBaTeNcii BBICOKOTO
JaBJICHUSI U NHTaTeNbHas Boda noctymnaer B III7 ¢ TemmepaTypoil, paBHOM TemIie-
patype Boabl B Aeasparope. CHabxeHHE mapoM Jea’paTopa Takke M3MeHsercs. B
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HOPMAaIBbHOM PEKUME PadOTHI Map Ha Aca’3parop NOCTYIACT M3 MapoBOW MarucTpa-
JIM ¢ JaBieHHEM 7 KIc/CM’, KOTOpPAs, B CBOIO OUEPEIb, IIHTAETCS MApOM H3 OTGOPOB
TypOuH. [Ipu cOpoce Harpy3ku MPOUCXOANT NAACHUE JABICHH B OTOOpaxX U Hapo-
Bas MATHMCTPA/Ib C AABICHHEM 7 Krc/CM MEPEBOAUTCS HA CHAGKEHHE MApOM depe3
PEAYKLHMOHHBIC YCTaHOBKU. KommdecTBo mapa, mocTymaromero B Aeasparop LIS
MOJOTPEBa MUTATEIBHON BOJBI OO TEMIICPATYPHI HACHILICHUS, B JCadpaTope VBeE-
JWYUBACTCS, TAK KaK YacTh MOAOTPEBATEICH HU3KOTO JABICHUS M3-332 CHIKCHHS
JABICHHS B MHUTAIOIINX HX OTOOPAX OTKIFOYACTCSA U TEMIIEPATypa KOHACHCATA, HO-
CTYHAOLIETO B ACA3PATOP, YMCHBIIACTCSL.

Ecnu npu cOpoce Harpy3ku MpPOUCXOAUT CPAaOATHIBAHUE CTOTOPHBIX KJiara-
HOB 0beux TypOuH, To cpadoraet A3 5P, 4To CYIIECTBEHHO CHHMXKACT PAaccOriaco-
BaHUC MEXKIY HEPBEIM M BTOPEIM KOHTYPaMHU. JHAYUTEIBHO OOJIBIIEE PAacCcOriaco-
BaHUC MEXKIY KOHTYpaMH OyJET MMETh MECTO B TOM CIIy4ae, €CIHU CTONOPHBIHA
KJarnaH cpadoTacT TOIbKO HA OOHOH TypOWHE, a PEryIupOBaHHE APYrod TYPOUHEL
COPABUTCA CO CHH)KCHHEM HArPy3KH OO 3HAYCHUH, HEOOXOTUMBIX LI obecmede-
HuUst COOCTBEHHBIX HYKJ. B aTOM ciyuae He mpousoiiaer cpabareiBanue A3, a Oy-
JET UMETh MECTO CPAaBHUTCIBHO MCAJICHHOC CHMXKEHHE MoinHoctH AP perymaro-
pom APM. CpabarriBanue A3 npu TaKOM MPOTCKAHUHU PEKAMA MOMKET MPOH30UTH
JWIIb B CIYYAC BBIXOJA B MEPEXOZHOM MPOLECCE KAKOro-THOO U3 TEXHOIOTHYC-
CKUX MapaMeTPOB 32 YCTAHOBICHHBIC Mpeaeibl. [Ipu KOPOTKHX 3aMbIKaHUSIX, TPH-
BOASAIINX K COPOCY HArpy3ku Ha OOCHX TypOHHAX, OOBIYHO PAaCCMATPUBACTCS
HMCHHO TaKOC MPOTCKaHue aBapu. [Ipu KOPOTKUX 3aMBIKAHUAX, NPUBOISIIIUX K
cOpoCy Harpy3ku Ha OJHON TypOHHE, OOBIYHO MOCTYIUPYETCS CPpabaThIBAHUE CTO-
MOPHOTO KJIAMaHa Ha TypOUHE, TaK KaK 3TOT CIVYall COOTBETCTBYET HANOOIBIIEMY
BosmylueHU0. Ecnu ¢Opoc Harpys3ku AByMs TYpOHHAMHU CONMPOBOMKAACTCS MOTHOU
MOTEPCH IHCPTrOCHAOKCHHUST COOCTBECHHBIX HYXJ CTAHIHH, TO OyIST UMETh MECTO
MOJTHOE OOCCTOUMMBAHME, KOTOPOE PAcCMATPHUBACTCA OTAENBHO. TakuM oOpaszom,
3I€Ch LENeCO00Pa3HO PACCMOTPETE CICAVIOIIUE PEKUMBI, BO3MOKHBIC IIPH MOTEPE
BHCIIHCH 3ICKTPHYCCKON HArpy3Ku: cOpOC HArpy3KH Ha OAHOH TypOuHe, cOpoc
HArpy3Kkd Ha JBYX TypOMHAX C COXPAHCHHEM 3HCPTOCHAOKCHHUS COOCTBEHHBIX
HYXJ, cOPOC HArpy3KH Ha ABYX TYpPOMHAX C OTKA30M aBTOMara BbiOera poropa oj-
HOU TypOuHBI. Pe3ynpTaThl pacueToB TakUX pe:KUMOB, BoimonHeHHbIe B BTU ¢ uc-
MOJb30BAHUEM HM3BECTHBIX MATEMATHUCCKHX MOJENCH s VHHPHUNPOBAHHOU
AJC c AP BB3IP-440, mpuseaeHr! Ha puc. 2.20 — 2.23.

Peskoe ymenbinenne pacxoia mapa, UMEIOIICE MECTO MPH cOpoce 3IEKTPH-
YEeCKOH Harpy3ky, MPUBOJUT K YBECIMYCHHIO JABJICHHS B TJIABHOM MApOBOM KO-
JIGKTOPE CO CKOPOCTHIO, 3aBUCAIICH OT COPOLICHHON Harpy3Ky.

B HavyanpHbIi MOMEHT HaOMIOZAECTCS CKAYOK JABICHHS, BO3HHKAFOLIUH
BCJICACTBUEC YMCHBIICHUS Tepenaia masicHUS mexay I v rmaBHBIM HapoBBIM
KOJIIEKTOPOM, KOTOPbI B HOMHHAIBHOM PEXKHME PabOTHI 610K PaBEH 2 Kre/cM’.
[lepBoHauanbHBIA CKAYOK JABICHHS 3aBUCHT OT COPOIICHHOW HATPY3KH, H €ro
MAKCHMATBHOE 3HAUCHHE MOXKET OBITh PABHO 2 KI'C/CM’ MPH TIOTHOM TIPEKPALIEHHH
pacxona mapa u3 [1I'. Ilpu 3ToM naBieHHE B ITaBHOM MAPOBOM KOJUIEKTOPE PABHO
marmernio B [II'. B mampHCHIIEM M3MCHCHUC JABIACHUS B TJIABHOM MApPOBOM KOJI-
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JIEKTOPE OIPEEIAETCS XapaKTepoM U3MEHEHHUI CyMMapHOro pacxoga napa u3 I1I,
KOTOPBIN 3aBHCUT OT pexkuMa paboTsl peryisaropa BPY-K u xapakrepa nzmeHenus
TEIIOBOM MorHOoCcTH SP.
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Puc. 2.20. COpoc Harpy3Kku HA OTHOU TypOH-
He ADC c SIP BBOP-440 mpm ympasieHuu
BPVY-K no gaBiacHHIO U pa3peIlaroIieM CHI-
HaJIC IO cOpomicHHOH Harpy3ke 20 %, oTka3
oxHoro knamana bPY-K Ha oTkmounBmieiics
TypOuHe: / - OTHOCHTEIBHBIA CYMMAapHBIH
pacxon mapa; 2 - OTHOCHTEIBHASA TEIUIOBAs
MOIIHOCTD; 3 - JABJICHUE B MAPOBOM KOJLICK-
TOpE; 4 - TEeMIepaTypa BOABI HA BBIXOAC M3
AK3; 5 - cpemHAa TeMIeparypa BOIBI B
AX3; 6 - Temneparypa BoabI Ha BXOZAC B AK3;
7 - JaBIICHHUC B KOMIICHCATOPE 00BEMA.

Puc. 2.21. COpoc Harpy3Kku Ha JBYX TYp-
6urax A3C c SIP BBOP-440 mpu ympas-
nennu bPY-K no masiaeHmro: / - OTHO-
CHUTCJIbHAS TEIJIOBASI MOIIHOCTH, 2 - OT-
HOCHTCJIBbHBIH ~ CYMMAapHBIH  pacxon
mapa; 3 - TeMIEpaTypa BOABI HA BBIXOJC
3 AK3; 4 - cpeqHsI TEMIEpaTypa BOJbI
B AK3; 5 - Temmeparypa BOIBI Ha BXOIC
B AK3; 6 - TaBICHHC B MAPOBOM KOJLICK-
TOpe; 7 - MJABICHHEC B KOMIICHCATOPE
o0bema.

B pexxnmax co cOpocoM Harpy3ku Ha OXHOU TypOHHE HAUOOIbIICE YBEIHUC-
HHE JABJCHHS B MAPOBOM KomaekTope (10 50,9 kr/cm” uepes 30 ¢) MMeeT MecTo B
TOM BapHaHTE, KOrAa paspemaromuii curaan Ha otkpeitie BPY-K no copomennoit
Harpyske pasex 20 % (puc. 2.20). B atom cayuae BPY-K HopmansHo paGoraroreit
TYpOUHBI OCTAIOTCS 3aKPBITHIMH, TAK KaK U UX OTKPHITHA TpeOyeTrcs cOpoc Ha-
IPY3KH Ha 3TOH TypOHHE He MeHee ueM Ha 20 %. PaGoTaer TONBKO OAWH KiamaH
BPY-K Ha otkmrounsiueics TypOrHE, Tak KaKk BTOPOH KIanaH CUUTAIOT HCHCIIPAB-
ubiM. Kak BugHO u3 puc. 2.20, uepes 30 ¢ mocnme cOpoca Harpy3ku AaBICHHUE B Ma-
POBOM KOJUICKTOPE HAYWHACT CHIDKATHCA M JOCTHTACT CBOCTO HOMHUHAIBHOTO 3HA-
uenms (45 kr/cm”) Grarogaps pabore APM.
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Puc. 2.23. COpoc Harpy3kdH ¢ MOIIHOCTH
100 % 10 MOIMHOCTH, PacXoxyeMoil Ha COO-
CTBCHHBIC HYXIBI HA OAHOH TypOWHE, ¢ 3a-
KPBITHCM CTONOPHOTO KJIATIAHA TPYTOH TYP-
OMHBI W OTKA30M aBTOMATa BBIOCTA POTOpA
muraronmxca ot Hee ['T[H: / - oTHOCHTETD-
HAS TCIUTOBAS MOIMHOCTH, 2 - OTHOCHTC]IB-
HBI CYMMApPHBIH PAcXoAd mapa; 3 - OTHOCH-
TEIBHBIA pacxoA Boasl uepe3 SAP; 4 - gasie-
HHC B MAPOBOM KOJIICKTOPC; J - TeMIICpaTypa
BOJBI HA BBIXOAC W3 AK3; 6 - TeMmepaTtypa
BOJbI HA BXOJAC B AK3; 7 - JABICHHC B KOM-
TICHCATOPE 00BEMA.

Puc. 2.22. COpoc Harpy3ku Ha IBYX TYp-
6unax ADC c SIP BBOP-440 npu ympas-
geauu bPY-K no aasaenuro n no copo-
IICHHOM HArpys3Kke, oTka3 knamaHa bPY-K:
! - OTHOCHUTCIBHBIM CYMMApPHBIA PacXon
ndpa, 2 - OIrHOCHICIbHAS TCII0BAAL MOL-
HOCTb; 3 - JaBICHHC B MTAPOBOM KOJLIEKTO-
pe; 4 - Temmeparypa BOAbL HA BbIXOAE U3
AK3; 5 - cpeaHas TeMmmepaTypa BOIBI B
AK3; 6 - TemmepaTtypa BOXBI HA BXOIC B
AK3; 7 - gaBICHHC B KOMIICHCATOPS 00BE-
Ma.

JlaBneHre B mapoBOM KOMIICHCATOPE 00beMa JOCTHTACT B 3TOM PEKHME CBO-
€ro MAKCHMAIbHOTO 3HAUCHMS, paBHOro 128 4 xr/cM” uepes 18 ¢, ¥ MHHHMATBHOTO
- 118,7 xr/em” uepes 180 c. ITpu OpeBBIECHHH AeHCTBHTEILHOTO YPOBHS B KOM-
neHcatope oObeMa Haj 3azaHHbBIM Ha 300 MM uepe3 23 ¢ OTKpHIBACTCH KIANaH
CIMBA, PACXOJ YCPE3 KOTOPhIH coctasiser 10 T/4, K1amaH OCTaeTCs OTKPBHITBIM Ha
MPOTSDKEHUH BCETO JATBHEHIIETrO Mporecca.

Xapakrep MepexomHOro MPOIECcca B PEKUMAX CO COPOCOM HATPY3KH ABYMS
TypOUHAMH U ¢ COXPAHCHUEM 3HEPTrOCHAOKCHUS COOCTBCHHBIX HYK A (puc. 2.21 u
2.22) TakoH ke, Kak ¥ MpH cOpoce HAarpy3Ku OAHOW TYPOHHBI, HO OTKJIOHCHHE Ta-
paMeTpoB OT HOMUHATBHBIX 3HAUCHHH HECKOJIBKO OOIBIIC.
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HauGonbinee 3HAaYCHHE JABICHHS B TAPOBOM KOIEKTOPE PaBHO 52 Kr/cm’
OnxHako HECMOTPS HA TO, YTO OTO JABICHHE COOTBETCTBYCT IO CTATHUCCKOU Xa-
PaAKTCPUCTHKE TONMHOMY OTKpbITHIO KinamaHoB BPY-K (cm. puc. 2.21), monnoro
otkpeitusa kianaHos bPY-K ve nponcxoaur. K MOMECHTY qOCTIKCHHS JABJACHUS B
napoBoM KkomaekTope 32 kr/cvm” k1aman BPY-K He ycreBaeT MOMHOCTBIO OTKPHITh-
¢4, a TIPH MOCICAVIOMECM CHIDKCHHHN JaBicHUsA oTkpeitne bPY-K mpexpamaercs.
Knamanst BPY-K ocraroTcss HCMOOBIKHBIMU B TCUCHUC BPCMCHHU, COOTBCTCTBYIO-
[ICTO M3MCHCHHUIO JABICHHS B MAPOBOM KOMICKTOPE HA 3HAYCHHUE, PABHOC 30HC
HEUyBCTBUTEIbHOCTH perymstopa BPY-K (8P = + 0,25 kr/cm’ ), mocne 4ero Kia-
MaHbl HAYMHAIOT HPUKPHIBATBECA B COOTBETCTBUU CO CTATHUCCKOH XapaKTEpPHCTH-
kol perymaropa bBPY-K.

B pexume cOpoca Harpy3ku asyms TypOuHaMu npu yopasicHud BPY-K mo
JABICHUIO W COPOLICHHOH Harpy3ke (cM. puc. 2.22) KIanmaHbl OTKPHIBAOTCS MOJ-
HocThro. OmuH knanan BPY-K ocraercs momHOCTBIO OTKPBITHIM HA HPOTSKCHHH
Bcero mporecca. pyrue gsa BPY-K, cOpaceiBatomiue map B KOHACHCATOPHI BTO-
PO¥ TYPOHHBL, OCTAXOTCS MOTHOCTBIO OTKPBITBIMU A0 JOCTHKEHHS 90 ¢, TIOCKE Yero
KJIaraHbl HAYHHAIOT MPHKPHIBATHCA. JTO BBI3BAHO POCTOM VPOBHS B KOHACHCA-
TOCOOPHHKAX KOHACHCATOPOB 3TOM TYpOWHBI BBHIIIEC YCTABKM Hayaua 3aKpPBITHS
knanaHoB BPY-K (1200 mwm).

JaBneHre B mapoOBOM KOMIICHCATOPE 00bEMa JOCTUIaeT MAKCUMAIIBHOTO 3HA-
uenms, paBHoro 130,7 xrc/em” uepes 14 ¢. Tax xe Kak M B PEXMMAX CO cOPOCOM
HArpy3KH Ha OXHOU TypOWHE, B TCUCHUE BCETO MEPEXOIHOrO MPOLECCa, HAUMHAS C
MOMCHTA MPEBBIICHUS ACHCTBUTEIPHOTO YPOBHS B IAPOBOM KOMIICHCATOpE 00Be-
Ma Hax 3amaHHeM Ha 300 MM, OTKPHIT KJTalmaH CIHBA, PACcXOXd YCPe3 KOTOPHIH pa-
BeH 10 1/4.

Ha puc. 2.23 npeacraBieHsl pe3yapTaThl pacuera cOpoca HArpy3KH Ha OBYX
TypOMHAX C OTKAa30M aBTOMAaTa BHIOEra poropa TYPOHMHBL, HA KOTOPOH 3aKpBLICH
CTONOPHBIH knanaH. B 3Tom pexknme cOpoc HArpy3KH U MOBBILIICHHE MapaMETPOB
BTOPOTrO KOHTYPa COMPOBOKIAIOTCSA PE3KHM CHIDKCHHEM PacxXoJa TCIUTOHOCHTENS
yepe3 SIP Bcnencreue otkmroucHus tpex I'LIH, uto mpuBoaut k 3HauuTensHO 60-
Jee PE3KOMY IO CPABHEHHIO C MPEABIAYIIMMHU PEKUMAMU POCTY MApPaMETPOB MHEp-
Boro koHTypa. Orpanuucaue MomuocTd 5P B TakoMm pekuMe HOPMAIbHO AOMKECH
obecnieunBate POM, nelictys uepe3 A3-3. OnHako B JAaHHOM aHAIU3C MOCTYIIH-
POBAJICS OTKA3 BCEX ITHX YCTPOUCTB M yYUTHIBAIACh pabota Toapko A3-1. ITosTo-
My Ha Ha4YaJbHOH CTaAWU HEPEXOAHOro IMmporecca cHkeHue Momuoctu AP mpo-
HCXOJUT TONBKO 32 CUET BIHSHUS TEMIEPATypHOro 3(deKTra peakTHBHOCTH.

Uepes 29 ¢ mocne Havana aBapuu TeMmeparypa Ha Berxone u3 Ax3 AP moctu-
ract 314 °C, a naBiecHUE CTAHOBUTCS paBHBIM ycTaBke cpadateiBanus A3-1. Iocie
cpabateiBanusl A3-1 mapamerphl mEepBOro M BTOPOrO KOHTYPOB OBICTPO CHHIKA-
FOTCH.

HecmoTps Ha skecTkHe MOCTYTHPOBAHHBIC VCIOBHS MPOTCKAHHS PEKUMA B
oTHOWICHUH pabothl 3amutel SP, kpusuc temnoodMmena B Ak3 He HACTYMAeT, OJ-
HAKO MPAKTUYCCKH JOCTUTAKOTCS YCIOBHUS €0 BOSHUKHOBEHUS. TakuM oOpazom, 3
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PacCMOTPEHHBIX PEKHMOB HAHOOJICE THKEIBIM SBILIETCS PEKUM cOpOca HAIPY3KH
JByMs TypOuHamu ¢ padotor Tomapko A3-1. Tak kak B 3TOM PEKUME NPAKTHICCKH
JOCTHTAIOTCS YCIOBUS BOZHUKHOBEHHS Kpuzuca temnoodmena B Ak3 AP, To crme-
JOVET CUUTATh BEPOATHBIM MOBpexkaAcHUE otacabHbix TBC.

Pexumbr o cOpOCOM 3ICKTPUUCCKON HATPY3KH HE MPUBOMAT K cpadaThiBa-
HUIO COPOCHBIX VCTPOHCTB mapa B atMocepy, HECMOTpPs Ha MPEANONOKEHHE 00
otkase ogHoro knanana bPY-K Ha TypOune, monHOCTBIO COPOCHBIIECH HATPY3KY.

Hpexpawenue nooawu numamenvnoli 600vl. OIHOBPEMEHHOE OTKIIOUCHHE
BCEX MTUTATEIbHbIX HACOCOB MOKET HMETh MECTO, HAPUMED, B CIy4ac cpadaTbiBa-
HUl 3ALUUTbl TUTATETIbHbIX HACOCOB OT NOHW)KCHH JABJICHHs B HATTOPHOM Marucr-
pasm. [Ipw Taxoit aBapwu JOMKHbI BKIIOUATECS B pabOTy aBApPHWHHBIC TTHTATETBHbIC
Hacochl. CrielMaabHbIC CHTHATBI HA Pasrpy3Ky ONOKa MPH OTKIIOYCHUH MUTATEIb-
HbIX HACOCOB Hale BCETO HE MPEIyCMATPHBAIOTCA. B 3TWX ciywasx pasrpyska
MPOM3BOANTCS TIO TEXHOJOTHUESCKAM MAPAMETPaM TOCIE WX BbIXOJA M3 YCTAHOB-
JICHHBIX JJIS1 HOPMaJIbHOM 3KCILIyaTally npeaenos. B wactHocTH, HAa yHUGHUIHPO-
BanHoit ADC ¢ SIP BBOP-440 mpexycmarpuBactes cHmkenue mowHoctn AP ¢
noMompio A3-1 npu cHmkennu yposHs B aByX 1" Gomee 400 mMm.

Cuctema asapuitnodt noxmutku [1I° mo BTOpoMy KOHTYpPY SIBISAECTCS CHCTEMOKH
6e3onacHocTd. OHA BBINOIHEHA ¢ U30BITOYHOCTHIO IO AKTHBHBIM 3IEMEHTAM, PaB-
HOWM 2, ¥ OOCCIICUMBACT BBIMOJIHCHUE BO3IOKCHHBIX HAa HEEC (YHKIHH B Cliydyac 3a-
BHCHUMOTO OTKAa3a M €JUHUYHOTO OTKA3a AKTHBHOTO YCTPOUCTBA B CAMOH CHCTEME.
Takum oOpasom, xots OBl OJUH aBAPUHHBIN MHUTATEIBHBIN HACOC AOJDKCH obecre-
gusate moanutky 1" mpu aBapum. Bmecte ¢ Tem aBapus Ha ADC «TMI-2» B
CIHIA rnokazajia, 9TO JAXE B CAy4ac MPUMCHEHHUS CHUCTEM OE30MACHOCTH, 00ja-
JAOIUX TPeOYEMOH H30BITOUHOCTBIO, HENNb3S UCKIIOYATh IMOTHOrO OTKAa3a Ha He-
KOTOpOE Bpemst Bcelt cucremsbl B meioM. Ha ADQC «TMI-2» umen MecTo momHbIH
OTKa3 CHCTCMbI aBAPHUIHOH MOAMUTKH MO BTOPOMY KOHTYPY, €€ paboTocmocol-
HOCTb OBbLIIa BOCCTAHOBJICHA Yepe3 8 MHH MOCTIc Havyana aBapud. XOTsS paccMoTpe-
HHE TIOJIHOTO OTKA3a CHCTCMBI OE30IMACHOCTH, O0JIaNaronci HEOOXOAMMON H30BI-
TOYHOCTBIO, HE TPEOYETCA ACHCTBYIOIIMMH HOPMATHBAMU, TEM HE MCHEE aBapus C
OTKJIFOUCHHEM BCEX MUTATEIBHEIX HACOCOB B TAKOM BAPUAHTE, B KAKOM OHA Pa3BH-
Bamach HA ADC «TMI-2», unTepecHa B TOM OTHOIICHUH, YTOOBI OMPEIACITUTE BpPE-
M, TIO HCTEYCHHH KOTOPOTO MOCJIC HaYala aBapHy OTCYTCTBHE MOMMUTKH IO BTO-
POMY KOHTYPY CTAHOBHTCH ONAcCHBIM. HWke NpeacTaBIeHBI Pe3yIbTATHI TAKOTO
pacuera, seinonaeHHoro B BTU g yangummposannoit A9C ¢ SIP BBOP-440.

Pacuer nposoamicsa no T = 2000 ¢. B manpHEHImeM no mapaMeTpaM OepBOro U
BTOPOrO KOHTYPOB, KOTHYECCTBY BOJBI B HUX M 3aBHCHMOCTH OCTATOYHOTO TEILIO-
BBIICIICHUS OT BPEMCHH OLICHHUBAJICA MOMCHT 3aKHIAaHHs MepBoro koHtypa. Camo
mo ceOe 3aKUMaHue MEPBOro KOHTYpa mpHu padore AP Ha MOIIHOCTH, COOTBETCT-
BVIOLICH VPOBHIO OCTATOYHOTO TCIUTOBBIACICHHUS, HE ABISACTCS ONMACHBIM 11t Ak3
SIP. OnacHo e¢ MOCHEAYIOICEe OroJICHUE MPH BHIMAPUBAHUH TEIUIOHOCHTEIIS TEP-
Boro koHTypa. Ha A9C «TMI-2» mocne 3akunanus TEMIOHOCUTENS ObLT HOTEPSH
KOHTPONb HAaJ COACP KAHHEM BOABI B IMEPBOM KOHTYpe ycraHoBkH. [lo sToit mpu-
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YUHE AOBOAWUTH ABAPHIHYIO CHTYALMIO A0 3aKHUIAHMS IEPBOrO KOHTYpPA HEXKETa-
TENNBHO, ¥ OLICHKA MOMEHTA 3aKUIIaHUS JOIDKHA CIY)KUTh OPHEHTHPOM IPH ITJIAHH-
POBAaHUU MPOTHBOABAPUMHBIX ACHCTBUM 3KCILTYaTALHOHHOTO MEPCOHAJIA, HAMPAB-
JICHHBIX Ha BOCCTaHOBJICHHE MOAIHUTKH 110 BTOPOMY KOHTYPY.

Jng pacdera 0CTaTOMHOTO TCILTOBBIACACHHUS HCTIONb30BaHa Metoauka BTU ¢
yaetoM norpemHocTd + 20 %. [Ipu BBINOMTHEHNN aHATH3a TPUHUMATOCH, YTO KIla-
nadbl BPY-A npu noBbIIICHUN AABICHUS OCTAIOTCS 3aKPBITBIMU.

Pesynprarer aHammza aBapuy ¢ TIOTHOH MOTEPEH MHUTATENBHOM BOJABI IPHBE-
JeHsl Ha puc. 2.24. Kak MOXHO BHJAETH M3 3TOT0 PUCYHKA, MPEKPAIICHAE TIOJAYH B
III" muTaTenpHOM BOABI MPEXKIE BCETO CKAa3bIBACTCS HA CHIDKEHHWH yposHA B I
Bckope sTo mpusoaut k Hauany oronenus Tpyook [T m x pocty Temmepartypsl
riepBoro koHTypa. Uepes 54 ¢ mocne Hauana aBapuu VpoBeHb BOAH B [ cHImKacT-
ca Ha 400 MM, cpabateiBacT A3-1. B pacuere ObLIO NPHUHATO, YTO IPH 3TOM 3aKPbI-
BAIOTCS OTCCYHBIC KIAMAHBI HA naponposogax u orkarodatorcs ['LIH. TTapamerpst
B IICPBOM KOHTYpE (TEMIICpaTypa U JABJICHHUE TEIUIOHOCHUTEI) PE3KO CHIKAKOTCS.
Bo BTOpOM KOHTYpE, KOTOPBII CTAHOBUTCSH H30JHUPOBAHHBIM IIOCTIE 3aKPBITHA OT-
CEYHBIX KIIAIIAaHOB, HAYMHACT pacTy JaBicHue. Yepes 85 ¢ mocrne Hauama aBapuu
MPOUCXOANT cpadaTeIBaHUE MPEAOXpaHUTENbHBIX KiamaHoB Ha [1I'. [lasnerue BO
BTOPOM KOHTYPE OBICTPO CHIDKACTCS, W KJIANaHbl 3aKkpeiBaroTcs. B mampHeimem
MPOUCXOAUT MEPHOTUICCKOE cpadaThIBAHHE MPeIOXpaHUTEIbHBIX Kananos [1I" u
cTyneHdaroe cHmwkeHne yposHA Bogsl B III'. Temmeparypa B mepBoM KOHType
MyJIbCHPYET B COOTBETCTBHU € PabOTON MpPEIOXPAHUTENBHBEIX KianaHoB. CpenHee
3HAUEHUE TEMIEPATYPBl MEIAIEHHO BO3PACTAET M3-32 YMEHBINCHHS ITOBEPXHOCTH
termoodMmena. OneHka no 6anaHcy PHEPTUU MOKA3BIBACT, UTO MOITHOC HCIAPCHHE
Ccpeasl BTOPOTO KOHTYpa W 3aKHIIAHHS

70,03 % 0. %M. %
st 12,3 4 i . \“_’ TEIUIOHOCUTENA B TIEPBOM KOHTYpE IIPO-
sorsor ‘ 1 soiigyr mpumepHO uwepes 3 4 mocue
1040} ﬂ } 40440  Hauana aBapuu. TakuM BpeMEHEM pac-
ol o = od ¢ TIOMAraeT JKCIUTyaTAlMOHHBIM IEPCOHAT
P, xr/em? ‘ aaa  BoccraHoBiaeHus mnuTtanusa 1[0 1o
=l 7 BTOpPOMY KOHTYpY. M3MeHeHme Temie-
| paTtypsl Ha BBIXOAS U3 A3 Ha HAYAIBHOU
or | CTaAUM aBapuu TaKOBO, 4YTO KpHU3HUCA
46 |- . . } TEILIOOOMEHA OKUIATH HE CICAYCT.
r°c |
200} 6,7 1
Puc. 2.24. Tloreps nutaTenbHOM BOABL [/ — OT-
2701 ! HOCHTCIIBHBIM CYMMAPHBIH pacxod mapa; 2 —
250 ‘ ‘ } ‘ OTHOCHUTENIbHBIM pPacxod BOAbL, 3 — OTHOCH-
P xrfo T[mnm}n’meHen{M TCIIbHAS TCIIOBAS MOIMHOCTh, 4 — OTHOCH-
- | MActTaa TEIBHOE KOMMYECTBO BOAI B I, 5 - maBncHue
3 | B I[II'; 6 - TemmepaTypa BOIBI HA BBIXOAC W3
1251 } AK3; 7 - TemmepaTypa Ha BXoe B AK3; 8 - 1aB-
17 N } w JICHUE B KOMIICHCATOPE 00BEMA.

0 100 200 300 4001000 T,c
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Taxum oOpasom, Tpu aBapHH € MOJHON MOTEPEH muTtareapbHON Boabl Ha ADC
¢ JAP BBOP-440 onacHeic yclaoBHS B IIEPBOM KOHTYpPE (3aKHUIAHUC TEILIOHO-
CHUTEIIS1) HACTYIAOT MPUMEPHO Yepe3 3 4 MOC/Ie Havaaa aBapun. 3a 3TO BPEMS JKC-
ITYaTalUOHHBIH TIEPCOHAT JOKEH BOCCTAHOBUTh moAnmuTKy I1I' mo BropomMy KoH-
typy. Ha ADC ¢ AP BB3P-1000 ato Bpemsa O6vAeT 3HAYUTEIBHO MEHBIIUM, TaK
kak konmuectBo BoAbI B I Takoit ADC Ha eauHHIy MOIMHOCTH B 2,3 pa3a MEHb-
e, ueM Ha ADC ¢ SIP BBOP-440.

Honnoe obecmounsanue AIC. Ilpn nmomaom obecrounBanun ADC craHuums
MEPEXOTUT HA aBapUHHOC IHEPrOCHAOKEHHE OT Au3enab-reHneparopos. [lo curnamy
00ECTOYMBAHHS! - CHIIKEHHE HAMMPSKEHWs HA, LUIMHAX COOCTBEHHBIX HY I CTAHIVH -
npoucxoaut cpabareiBanue A3-1. [Ipu Takoii aBapun cOpoc napa B KOHACHCATOPHI
TypOWH HE JOTMYCKAEeTCs, TAK KAK OTCYTCTBYET PACXO] OXIANKTAOIEH TEXHHue-
CKOH BOABI. DTO MPHUBOAUT K MOBBILICHUIO JABICHUSA BO BTOPOM KOHTYPE U K cpa-
GareiBannio BPY-A u mpenoxpanutensneix kiaamanos [II. Padora BPY-A mpu
3TOM TIPOMCXOJWT B COOTBETCTBHH CO CTATHUCCKON XapaKTEPHUCTHKOW PErysiTopa
BPY-A.

B pesyabrare obecTounBaHus UH COOCTBEHHBIX HYKA TCPSIOT IUTAHUE BCC
I'l[H. Ux oGopotsl u pacxoa TerioHocuTes Yepes P CHMkarTCs B COOTBETCT-
e 5, % Bun ¢ kpusoit Beidera ['L[H. Ilocre Beibera I'LIH
wolsok? 23 o Dbacxon TEMUIOHOCHTENS obecrieunBaeTcs

CCTECTBCHHOU LIUPKYIIALHCH.

a0l-40f 40
Lo o Ha puc. 225 mpusegeHsl pe3yibTaThl

P, xr/en? BemmonHeHHoro B BTU  pacuera momHOro
L& obecrounBanusa yauduuuposannoi AJC ¢ AP

NAS BBDP-440.

48

rec

290\ 6 .7,8

— Puc. 2.25. TTonmroe obecrounBanne ADC: / — OTHOCH-
TCIbHAS TCIIOBasg MomHOCT, SP; 2 — oTHOCH-

TEIABHBIM CYMMApPHBIM pacxod mapa, 3 — OTHOCH-

TEIBHBIA pacxon Boabl uepes SP; 4 - mapnenue B I11;

5 - [MABJICHHC B TMAPOBOM KOJUICKTOpS, 6 — TCM-

TepaTypa BOABI HA BRIXOAC W3 AK3; 7 - CpSAHAT TCM-

L ‘ mepatypa Boasl B Ak3; 8 - TeMmeparypa BOABI HA

0 40 80 120 160 200 240 Tic BXOAC B AK3; 9 - JABJICHHC B KOMIICHCATOPS 00BEMA.

113

B pesynbraTte 3aKphITHS CTONOPHEIX KIAMAHOB TYPOHH PE3KO BO3PACTACT
JABICHUC BO BTOPOM KoHType. [Ipn mocTwkeHnn JaBneHHs B ITIABHOM HapOBOM
KOMIEKTOpe 34 Kr/cM” BKmouaercs perystop BPY-A, KOTOpbIil HAYHHAET OTKPHI-
Bath kianansl BPY-A, cOpaceiBas nap B atmocdepy. JlaBiaeHue Bo BTOPOM KOHTY-
pe IPOJOIKACT BO3PACTATh, M MPH masicHHH B 11" 56,3 kr/cm” cpabaTeBalOT MM-
MyJIbCHBIC KJIAMAHbBI, BBI3bIBAS OTKPBITHC OCHOBHBEIX MPCAOXPAHHUTEIBHBIX Kiara-
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HOB. Cpa3y ke MOCIEe OTKPBITHS OCHOBHBIX HPEIOXPAHUTCIBHBIX KIAaHOB JaBJIC-
HHUE BO BTOPOM KOHTYPE HAUHMHACT PE3KO MaJaTh, U K 36 C MOCIC JOCTHKCHUS JAB-
nenns B 1T, paBHOro 48 Kr/cM’, MpPeIOXPAHUTETBHBIC KIATAHBI 3aKPHIBAKOTCA.
Knanausr cOpoca napa B armochepy BPY-A He ycneBaroT MOTHOCTBIO OTKPBITHCS,
TaK Kak BpeMsl, B TCUCHUEC KOTOPOTO AABICHHC B MAPOBOM KOJUICKTOPE CTAHOBUTCS
BEITIE 54 Kr/cM’, paBHO 9 ¢, a BPeMs IIOTHOTO OTKPHITHS KIamaHa coctasiser 11 c.

[Mocne 3akpeiTasa npegoxpanurensHerx kiaanados [1I7 cOpoc mapa B atmocde-
PY U AaBICHHE B MAPOBOM KOILIEKTOPE OVAYT MOTHOCTHEO COOTBETCTBOBATh CTATH-
ueckon xapakrtepuctuke bPY-A. JlapicHue B rJIaBHOM MApOBOM KOJIJICKTOPE H
masiacaue B 17 coBnaaarotT BBHIY Majoro pacxoa uepes kmamansl BPY-A u He-
3HAUATCIBRHOTO TANCHUA JaBIcHUSA Ha vuactke ot [T mo maposoro xosmickropa.
Temmepatypa Temnonocurens Ha Beixoae u3 Ak3 AP mocturaer uepes 6 ¢ Makcu-
MaapHOro 3HaucHus, paguoro 300,5 °C. HauGospinee 3HAYCHUE AABICHUS B MAPO-
BOM KOMIeHcaTope oobema 130,4 kr/cm”® pocturaercs uepes 9 ¢ MOCTE Hauama
aBapuu. PaGoTaror kiamaHsl BOprICKa B KoMIeHcaTop oobema. Ha Bocemoit ce-
KVHJE OTKPBIBACTCS KIIAMaH CIUBA, PACXO0[ Uepe3 KOTopeii paseH 10 T/4, u ocraer-
€Sl OTKPBITEIM HA MPOTSDKCHHH BCETO MPOLIECCA. DNICKTPOHATPEBATENN B PEKUME
obecrounBanust AJC He paboTaroT.

3navycHue ko3 QUIMEHTA 3amaca Mo MOLIHOCTH 0 KPHU3UCA TEIIOOOMEHA B
Ax3 SIP B 3TOM peskume He cHmkaercs menbine 2,0, Ot Ak3 obecnicucH HaACKHBIH
OTBOJ TCILJIOTHI.

Pesxum noaOro obecrounBanust ADC mportekaeT 6e3 riy0oKOro pacxoaaku-
BaHUS, YTO JACT BO3MOXKHOCTb IMPH ONEPATUBHOM OOHAPYKCHUH M YCTPAHCHHH
MPHYHH, BBI3BABIINX MOJTHOC OOCCTOYHMBAHUC, OBICTPO BBIBECTH ONOK HAa MOII-
HocTb. [Ipenoxpanurenprrie knanansl [T cpabaTeiBarotr oxuH pas. B nanpreimem
OTBO/ TEIJIa U3 BTOPOTO KOHTYpa obecneunBactes yepesd bPY-A.

Aeapuu ¢ nomepeii mennionocumens nepgoco xowmypa. Iloteps TemnonocH-
TEISl HEPBOTO KOHTYPA MOXKET MPOHCXOAUTH B PE3VIBTATE PA3pPHIBOB IIABHBIX
OUPKYJIHOHHBIX TPYOONPOBOAOB MM TPYOOIPOBOJAOB MPHUCOCAMHECHHBIX K HHUM
BCIIOMOTATCIbHBIX U ABAPHUHHBIX CHCTEM, TAKHX, KaK CHCTEMa CHECLBOJOOYUCTKH,
cucrema asapuitHoro oxnaxacaus Ak3 P u ap. Moryt uMets MECTO Kak 4acTHd-
HBIC, TAK U MTOTHBIE Pa3PhIBBl 3THX TPYOOIPOBOAOB.

Bce tpybonpoBoabl mEpBOro KOHTYPA, Pa3phIBBI KOTOPHIX MPEACTABISIOT CO-
00l ONpPEACICHHYIO OMACHOCTh, MOJABCPTarOTCS MEPHOAUYCCKOMY KOHTPOIIO HeE-
PaspyLIAIOIUMHI METOJAMH B LETIX OOHAPYKEHHS BOBMOXKHBIX AC)EKTOB HA paH-
HEHW CTaAWU WX Pa3BHTHA U ycTpaHeHWs. OIHAKO HECMOTPS HA TaKOW KOHTPOIb,
BEPOATHOCTE PAa3pyLICHUH TPyOONPOBOXOB COXPAHSICTCS, B CBA3U € YeM HEOOXO-
JUMO AHATU3HPOBATh UX MOCIEACTBUA. PazMmepsl mOBpexkIcCHUHA TPYOONPOBOIOB
MOT'YT OBITh KaK MaIBIMH, TaK U OONBIIUMH BIUIOTh A0 MOJHOTO MONEPEHHOrO pas-
PBIBA TJIABHOTO LIUPKYILIHOHHOTO TPyOONPOBOAA ¢ OCCIPEIITCTBECHHEIM HCTEYC-
HHUEM TCINIOHOCHTENS Yepe3 o0a ero koHua. [locneanuii cnyyail npeacraBnser co-
601 MIIA.

110



[MocneactBus aBapuu ¢ MOTEPEH TEIIOHOCHTENS 3aBUCAT OT pasMepa TEUH.
[Tpu manerx Teuax Ax3 MOXKeT OBITH HE MOBPEKICHA, a NP OONBIINX aBAPHIX,
Bkmouas MITA, coxpanuts AK3 HENOBPEKACHHOH HE yIACTCs, HECMOTPS HA IPH-
MEHCHHUE 3amuTHHIX Mep. [Ipu aBapusax ¢ morepell TEMIOHOCHUTETS ASHCTBYIOT
MPAaKTHICCKH BCE CHCTEMBI OE30MACHOCTH, HpexycMoTpeHHBIC mpocktoM. [lo-
CKOITBKY MPH TAKHX aBAPUAX MPOUCXOAHUT ABAPUHUHBIN OCTAHOB OJIOKA, TO BO3MOXK-
Ho noiHoe ooecrounBanue AJC. B ¢cBs3m ¢ 3THM Bce aBapHIHBIC CUCTEMEL, paboTa
KOTOPBIX MIPH aBapHH HEOOXOAUMA, TOJKHBI IPOCKTHPOBATHCS € VIETOM BO3MOXK-
HOCTH IEPEPHIBA 3NCKTPOIMUTAHUS, BEI3BAHHOTO MEPEXOAOM HA aBAPUIHBIC HCTOM-
HUKH SHEPTOCHAOKCHH.

Teun TEMIOHOCHTENS U3 MIEPBOr0 KOHTYPA MOXKHO Pa3ieTUuTh HA CIEIYIOLINE
BH/IbI; KOMIICHCHPYEMBIC, Mabie, cpeanue, Oonpinue (Biouas MITA).

Komnencnpyemele Teun HE MpeaCTaBIAIOT onmacHocTH ansa PY. Mx pasmep
OMPEACTACTCI TPCAYCMOTPEHHBIMU CpeacTBamu moanmutku. Tak, qus SIP BBOP-
440 moanuTKa MEPBOr0 KOHTYPA MOMKET ObITh 00CCHEUCHA MITATHBIMH ITOJIHTOY-
HBIMH HAacOCaMH CYMMAapHOH mojaued a0 12 T/4 m Hacocamu CHCTEMBI GOPHOTrO
peryaupoBaHus ¢ mogaduer 65 1/4. Ilpu kommeHcHpyeMoit Teun napamerpsl PY He
HU3MCHSIOTCS, TaK KaK YTEUKa TEINIOHOCUTENS U3 MEPBOTO KOHTYPa KOMIICHCHPYET-
€4 32 CYCT HNOAMUTKH. Takas TeUb, MO CYLIECTBY, HE SBILICTCS aBapHCH.

I'panuna mManpIx TeueH OMPEACTACTCS TaK HA3BIBACMBIMH NapaMeTpamMH Ma-
J0H aBapuy. JTO TAKHWEC 3HAYUCHUS JABJICHUS, TEMIICPATYPhl U BIAKHOCTH B IOME-
meHuax PY, nmpu koToprix Bce 000pyAOBaHHE, PA3MEIICHHOE B OTHX HOMELICHUSX,
cOXpaHseT paboToCOCcCOOHOCTh. JDTO O3HAYACT, UTO IMOCIC YCTPAHCHUS MPUYHHEL
Manoi aBapuu PY Moxer OBITh BKIIOUECHA B PpaboTy 0€3 NMpeABapHUTEIbHON PEBH-
3un ¢¢ obopyaosanus. it ADC ¢ SIP BBOP-440 mapamerpsr mManoii aBapuu ciie-
ayiomue: aasiacHuc 1,2 KF/CMZ, temneparypa 70 °C, sraxuocts 100 %. Teus Ten-
JIOHOCHTEJIS IIEPBOT0 KOHTYPA, MPH KOTOPOH AOCTUTAIOTCS MapaMeTphl Malol asa-
PHH, 3aBHCHT OT OCOOCHHOCTCH NMPHHATOM CHUCTEMBI JTOKAIH3ALHUH aBapuu. Tak,
aist ADC «Jlosucay ¢ SIP BBOP-440 naubosnbinast T¢Ub Py Maiod aBapuu COOT-
BETCTBYET pa3pbiBy TPYOOIPOBOJA, IKBUBAICHTHOMY IO CCUCHHIO OTBEPCTHIO
guameTpoM 13 MM, Tak Kak mpu OOMBIINX pa3pbiBaxX MPOHCXOANUT CPadaThIBAHUE
aexoBoro kouacHcaropa. Hns yaudumposannoit AJC ¢ AP BBOP440 ¢ Gapbo-
Ta)KHO-BAKYYMHOM CHCTEMOH NOKAJIH3AaLUHU aBAPUU OTBEPCTHE, SKBHBAICHTHOC IO
CCUCHHUIO HAUOONBIICMY PA3PBIBY MPH MAJIOH aBapyH, BO3PACTACT 10 32 MM.

I'panuna cpenunx teueli cooreercTByeT A1t AJC ¢ AP BBOP-440 amamerpy
sxBuBasicHTHOTO OoTBepeTrsa 200 MM. Tlpm Takoit Teum €Ime HE MPOUCXOAUT MACCO-
Boi1 pasrepmerusanuu TBIJI. Bonpuiue Teun conpoBoKIArOTCS MacCOBOM pasrep-
metuzauen TBIJI uz-3a Toro, 4ro, HECMOTPS. HA MPUMCHCHHUE CIICLIUAIBHON CHC-
TEMbl aBAPUMHOTO OXIAXKICHUA, HE vaaerca uzdbexarb oroneHus Ak3 SAP. Oco-
OcHHO omacHa B 3ToM otHotueHun MITA.

Iepexoonuvie npoyeccol 6 nepeom xoumype npu MIIA. Xapaxrtep nepexoaHbIX
mporieccos mpu MITA B 3HAYHTENBHOMW Mepe ONPEAEIAETCS XapakTePOM UCTCUCHS
TETUTOHOCHTEIST M3 TIEPBOTO KOHTYpa. B HauanbHbI MOMEHT aBapwu pacxo] Ter-
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JOHOCHUTCIIA U3 MCPBOTO KOHTYPa MOCTHTacT OTPOMHON BeawumHbl. Tak, g SP
BB3P-440 npu pa3priBe rIaBHOTO UUPKYISALHOHHOTO TPYOOIPOBOAA, BHIIOIHCH-
HOro u3 Tpy0 auamerpom 500 MM, CyMMapHBIH pacxos uepe3 o0a KOHI[A COCTABIIs-
€T BHavane okoyio 28 1/c. DTO MPHUBOAMT K OBICTPOMY OCBOOOXKICHHIO MEPBOTO
KOHTYpa OT TerioHocurend. [laBicHue B MEpBOM KOHTYPE TakkKe OBICTPO CHH-
JKACTCS, YTO CHIDKACT CKOPOCTh UCTCUCHUS TCIIOHOCHTEIS, TEM HE MEHEE MEPBBIH

P, MTa G, 10°1ic kouTYp ADC ¢ P BBOP-440 o6peMoM 0KOJTO
3 1 230 M’ OMOpOXKHSETCs pEMEpHO 3a 25 ¢. Ha
12F 1%  ADC ¢ SIP BBOP-1000 310 mpoucxoauT erme

11 22 Opictpee (mpuMepHo 3a 10 ¢), Tak kak guameTp
a0  TJAaBHBIX LHMPKYJISALHOHHBIX TPYOONPOBOIOB
stux PV cymecrtBeHHo Oombine W paBeH
750 mm. M3MeneHne pacxoja TEIUIOHOCUTENS
16y napaenns mpu MITA mna ADC ¢ SIP BBOP-
14 440 mpuseaeHo Ha puc. 2.26.

12

10
18

4  Puc. 2.26. I3MeHEHHUE JABICHHUS B IIEPBOM KOHTYPE
H pacxoga HCTCKAMMICTO TCINIOHOCHTCI TPH
MITA gna ASC SIP BBOP-440: 1 - naeachuc; 2 -
. ' ' : 0 pacXox TEIIOHOCHTEIIA.

Havanenas cramus pa3BuTHS aBapHH XapaKTEPH3YETCS BOTHOBBIMHU IPOLICC-
camu B niepBoM KoHType. [locne paspeiBa raBHOrO HUPKYISALHOHHOTO TPYOOIpo-
BOJAa OT MECTa pa3pbiBa MO OOOWM HAIMPABICHUAM LHPKYISALHOHHON METIH pac-
MPOCTPAHSIOTCS BOMHBI paspexkeHus. Tak Kak paccTOSHHE OT MECTa pasphiBa 0
Ax3 HEOOMHAKOBO, TO BONHBI PA3PEKCHHUS HEOTHOBPEMEHHO JAOXOMAT OO HIKHEH
U BepxHeH vacteldd Ak3. ITO MPHBOIUT K BO3HUKHOBCHHIO HA AK3 obpaTHOro me-
pernaja JaBICHHS, BO MHOTO Pa3 MPEBBIIIAIOIICTO MEPEHai OAaBJICHUS MPH HOP-
MaNbHOW 3KCIyaTannd. B Mectax pe3skoro M3MEHEHHUS eOMETPHH MEPBOrO KOH-
Typa IPOUCXOJUT OTPAKCHHUE BOJIH, B HTOIC BOZHUKAIOT CIIOKHBIC KOJICOAHUS 1aB-
JICHUS B MEPBOM KOHTYpPE, HCOOUHAKOBEIC B PA3IMYHBIX €r0 TOUKAX, YTO OOYCIOB-
JMBACT TIOSBICHUE JOMOTHUTEIBHEIX JHHAMHUYCCKHX HATPY30K HA BHYTPUKOHTYP-
HBIC ¥ BHYTPHPCAKTOPHBIC KOHCTPYKLIUH.

PacrionoskeHHsIe BHYTPH IEPBOro KOHTYpa M B Kopmyce AP xoHCTpYKIMK M
VCTPOICTBA TOMKHBI OBITH CIIOCOOHBI BhLACPKATh Bo3HMKaromue mpu MITA komne-
GaHus JaBICHUA. B CBA3M ¢ 3THUM pacyeT UX AOKEH OBITh JOCTATOUHO HAICHKHBIM.
Ha pesynpratel pacucra xoneOaHWI JaBICHHS OKa3bIBAIOT BIMSHUEC CTPYKTYpa
pacueTHOH MOJCTH M KONHYECTBO PACUCTHHIX 371eMEHTOB. C YBEIHUYCHHEM YHCTIA
3EMEHTOB HAOMIOAAETCS CTAOMIN3ANS MOMYIaeMbIX PE3YIbTATOB. JTO BUIHO U3
puc 2.27, rae mpHUBEICHBI PEe3yAbTATH pacucra nepemana nasneHus Ha Ax3 AP
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APz, Mla

Ne papmaHTa

OKP

OKP

KonmoneHT

-3 IcIo HeMeH-
TOB PACUETHOIT

CXeMEL

%

&)

-2

esesses 5

75 100 125 Te

BB3OP-440 ams pasmuuHBIX PACUCTHBIX

cxeM.  MoaeaupoBaHHE  OIYCKHOTO
kananma P derslppMa  3meMeHTaMH
MOJKHO CUHTATh [JOCTATOYHBIM IS

[MPABUJIBHOTO  OMPEACIACHHUS IMEpPEenaaa
naBieHUS Ha AK3.

Puc. 2.27. Bmmsgaue 4mcIa DSICMCHTOB
pacyeTHOM CXeMBI HA AP a3

CyIIecTBCHHOE BIHMSHUE HA NCPENa] AABICHHS OKA3bIBACT BPEMS PACKPBITHS
ceucHus mpH paspeise. OOBIMHO MPEANONaracTcss MCHOBCHHBIH paspeiB. B aetict-
BHUTENNBHOCTH )K€ PACKPBITHE CEUEHUS MPOUCXOIUT B TEUEHHUE HEKOTOPOTO IIPOMe-
JKyTka BpemeHu. Ha puc. 2.28 mokazaHO BIMAHHE BPEMEHH PACKPBITHA T, CCUCHUS

Ha nepenan nasiacHus Ha Ax3 P BBOP-

ARIIZKC, MIa
4

440. Tam ke BBIACICHB MaKCHMAJIbHBIC
3HAUCHUS STOTO TICPCIana
APyave. VI3 mpeacrasicH-
HBIX Ha puc. 2.28 pe3yib-
TAaTOB MOKHO 3aKIIOYHTh,
qTO MPCAMONOKCHUE O
MTHOBCHHOCTU PACKPBITHS
CCUCHHUS TIPU  Pas3phIBC

0,02

TpyOOIPOBOAA  SIBJISICTCS
BCCbMa KOHCCPBATUBHBIM.

0,03 0,04 Tp,c

Puc. 2.28. BiusHuie BpeMEHH
PACKDBITHA CEUCHHA Pa3phIBa

75 100 125 150 175

J
T.c

HA TIepenaj JaBJICHAI B AKS.

[lepenan nasnenus Ha Ax3 KoneOneTcs, HEOTHOKpaTHO n3MeH:AA 3Hak. CooT-
BCTCTBCHHO M3MCHSICT 3HAK, MPOXOJs UCPE3 HYJICBOC 3HAUCHHE, PACXO[ TCILIOHO-
cutens uepe3 Ak3. B cBsazm ¢ atuMm yke B camoM Hauane MITA BozHukaror ycio-
Bust qiist kpuzuca Teriooomena B Ak3 AP. Temneparypa obonoduek Hanbosee Ha-
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npsokeHHBIX TBJJI uepe3 HecKoNbKO CEKVHI MOCTEe Havada aBapHH JOCTUTACT
sraueHui, npesermarommx 700 - 800 °C. 310 MOKET MPHUBOIUTH K HOBPCKICHHUIO
obonouek TBIJI u BEIOCNCHHIO B TCINIOHOCHUTENL PAAUOAKTUBHBIX MPOLYKTOB,
HAKOIUICHHBIX I10J 000I0YKAMH.

Kax-mubo moemusats Ha paszorpes TBIJI Ha sTOoM 3Tane pa3sutus aBapuu HE
npeacrasisaeTca Bo3MoxHbIM. Crenyromuii atan pasorpesa TBIJI cazan ¢ omo-
POKHEHHEM NIEPBOT0 KOHTYPA U oroneHueM Ax3.

Bcneactere cHIDKCHHS JABICHHUS MPOWCXOTUT 3AKUIAHHE TEINIOHOCUTETS B
nepBoM KOHTYpe. Uepes paszopBaHHBIN TPYOONPOBOA HCTECKACT ABYX(a3HBIN MOTOK.
BricTporeunocTh mporecca U CBA3AHHBIC C 3THM BBICOKHE CKOPOCTH ABYX(Da3Horo
MOTOKA MPAKTHYECKH UCKITIOYAOT CCHapaliiio BOJbI B MEPBOM KOHTYpe. OCHOBHAS
€€ Macca BBIHOCHUTCS M3 KOHTYpa BMecTe ¢ mapoM. [ImoTHOCTE cpenpl, oxiaxkaaro-
med A3 P, GeicTpo cHuKaercs. YCIOBHS €€ OXIAXKICHUS YXYALIAKOTCS, HAYH-
HaeTcs BTOPOU stam pasorpesa obomouck TBIJL. MakcumansHas temmepaTtypa
obonouek TBIJI, kotopas mocturaercs Ha 3TOM 3Tane, 3aBUCHT OT 3P dexTusHO-
ctu padoter CAO3.

Broprick Bogsl B AP cucteMoll aBapuiHOTO OXJIXKACHHUS HAUMHACTCS IOCIIES
Toro, Kak gasicHue B SP ymaner Hipke maBiIcHUS a30Ta B THAPOAKKYMYISATOPAX.
Hna AP BBOP-440 paGouece maBneHHE B MHAPOAKKYMYJIATOPE MPHHATO PABHBIM
55 kre/em’. Kak MOXHO BHAETH u3 puc. 2.26, TaKoe JABICHHE TOCTHTAETCS YCPE3
~7.5 ¢ mocne nauaja aBapun. Hauunate Bopeick Boabl B SIP paHbiie Heuenecoob-
PasHo, Tak Kak OONbIIEEe KOTHYECTBO BIPBHICHYTOH BOJBI MOCTIC MEPEMEIINBAHUS C
Haxozsumcs B AP tenmonocurenem Oyaet BeiHeceHo u3 P B Buae napoBoastHO#
CMECH BCIIEACTBHE CAMOBCKHIIAHUA B IIPOILIECCE MOCIEAVIOMETO CHIDKEHIS JaBic-
HuA. OZHAKO CIHUINKOM 3aTATHBATh HAYAIO BIPBICKA OMACHO, TAK KaK MPH 3TOM
BO3PACTACT BPEMs, B TCUCHHE KOTOPOro AK3 OroicHa W MPAKTHICCKH HE HMECT
OXJTKICHUA.

Hauano sopeicka Bogst B AP cucremoii CAO3 HeoOX0auMO BHIOpATh TaAKUM
obpasom, urodsl Temmeparypa obonouek TBIJI ue npessicuna 1200 °C, a k koHIy
BIIPBICKA OBLIT JOCTUTHYT YPOBCHB 3aTOIUICHHS AK3, paBHBEIH NPUMEPHO 2/3 e¢ BhI-
COTHI.

KoamuectBo Boxbl, BeiHECCHHOE M3 P B mpoliecce BIPBICKA, CYIICCTBCHHO
3aBUCUT OT MECTA, KVAa OCYHICCTRIACTCS BIPEICK. Ha oTcuecTBennanx AP, oxmax-
JACMBIX BOJOW MOA AABICHUEM, BIPBICK OT FHAPOAKKYMYIATOPOB H HACOCOB HHU3-
KOT'O JABJICHUS OCVIICCTBIIACTCS HEMOCPEeACTBCHHO B SP. HacTe BOABI BIPHICKHUBA-
erca B BepxHIOO kamepy AP, a apyrasg wacte B onyckHolM kanan SIP. HebGespas-
JMYHO, B KAKYO YacTh OMYyCKHOT'O KaHAJA MOJABATh BOAY. YeM HIDKE OCYIIECTBIL-
€TCs BIIPBICK BOABL, T.C. UeM Omike K HrokHeH kamepe AP, TeM mpu mpounx pas-
HBIX VCIOBHAX OOJbIIEE KOMTHYECTBO BOAbl ocTactcs B SIP u TeM caMeiM moctura-
eTcs 00JIee BRICOKHU ypoBeHb 3aromuicHus Ax3. 9to BuaHO u3 puc. 2.29, rae no-
Ka3aHbl Pe3ybTaThl pacuctoB, BomonHeHHBIX B BTU mo mporpamve PAMIIA c
BIIPBICKOM BOJBI B Pa3MHYHBIC 3JEMEHTHI MO BBICOTE, MOJACIUPYIOIIUC OIyCKHOH
kaHan SIP BBOP-440. Bnepsrie Takoi sxe pesyaptat Obi1 nonayueH OKB «['uxpo-
MPECC» ¢ MOMOINBI) Pa3pabOTAHHOW UM CHCHHUATBHON METOIHKH, YIUTHIBAOIICH
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Mixcioxe, T B3aUMOJACHCTBHUC CTPYH BOIBI M mapa.
31eCh OH MOMYYCH PACUCTOM IO METO-
mquke BTU. TlonBox B HMXKHIOI YacThb
KOJBLEBOTO 3a30pa BIPBICKMBACMOMN
BOZBI B PCATBHON KOHCTPYKIIUH TOCTH-
racrcs BBIACACHHECM B  KOJBICBOM
3a30p€¢ CEKTOPA BIPHICKA C HOMOIIBIO
HAMPaBILTIOMUX ITACTHH.

30
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10 o =1, \ o
) ¢ Puc. 2.29. BmuaHue pazaenurenci MOTOKA
L - eeicoTa OKP \--_. ”
) —~——— B KOJIBLEBOM OIYCKHOM KaHane fP Ha
{- JIIIHA Pa3IemITeNeI IT0TOKa
: | o¢dexruHOCTS 3aromnenus  Ak3 P
0 10 20 T,c BBOP-440.

PaspriB rmaBHOrO HUPKYIALHUOHHOTO TPYOOIIPOBOAA MOMKET POU3OHUTH B JIEO-
0OOM MeCTe Ha BCEM €ro npoTsbkeHuH ot Bxoga B AP no srixoza. HanbGonee onac-
HBIM SIBISIETCS Pa3priB TpyOonpososa Ha Bxoxe B JAP. B stoMm cnyuae 3a cuet rua-
PaBIMYECKOrO COMPOTHUBICHHS AJTHHHOTO yYACTKA MOBPEKACHHOH MHETIH, B TOM
YHCIC COMPOTUBICHUS THUAPO3aTBOPOB, CCIM KOMIIOHOBKA IETIH OOCCIICUHBACT
yCIoBHs Ui uX oOpaszoBanus (Ha puc. 2.30 nokazan rugposatsop Ha Bxoxae B [0
BbICOTOU AH.,), B BepxHei kamepe AP cozgaercs moanop, npusoasinuii k o0paso-
BAHUIO PA3HOCTH ypoBHEH BOAbsl B Ak3 u B onmyckHoM kaHane SIP (cm. puc. 2.30).
N3-3a aToro Ax3 He MOKET OBITh 3aMOTHEHA BOAOH HA BBHICOTY OOIBINVIO, YEM BbI-
cota H,y., paBHAS OTMETKE BXOAHOTO naTpyOka AP 3a BbIueTOM yKa3aHHOM pPa3HO-
ctu ypoBued. Best Boma, BopeicHyTas B SIP, mociae A0CTHREHUS BRICOTBI H e OY-
JET BBUIMBATHCA UePe3 pa3opBaHHBIN BXoxHOH naTpyook SAP. 3aronnenne Ax3 Bo-
J0H OyaeT BO3pacTaTh JHINb 10 MEPE CHIIKCHHS OCTATOUHOT'O SHEPTOBBLACTICHUS U
YMCHBIICHHUS KOJUuecTBa reHepupyemoro B Ak3 mapa. [IpoGrema npeogoncHust
VKa3aHHOTO MPEIATCTBUS 3aTomicHni0 AK3 BOJOH H3BeCTHA Kak mpodieMa mapo-
BOH mpoOku. B HacTosInee BpeMs M3BECTHHI ABA MYTH PELUICHHS 3TOH MPOOICMBL.
HawuGosee pacmpocTpaHCHHBIM PEIICHHEM SIBISCTCS MOAABICHUS MAPOBOU MPOOKH
MOCPEACTBOM BIPBICKA YACTH BOJBI CUCTEMOW aBApUIHOTO OXIAKICHUS B BEpPX-
Hiot0 kamepy AP. Jlpyrum pemmenueM 3T0# 3a1a4uu, npuMeHseMbeM Gupmoit «bas-
kok 3HA Buabkokcy (CHIA) sBiseTcss yCTaHOBKA OOPATHBIX KIAMAHOB MEKIY
BepxHel kamepoit P u omyckHbeiM kaHajgoMm Ha Bxoae B SIP. C momormipro 3THX
0oOpaTHBIX KJIamaHOB map u3 BepxHed kamepsl SP mepenyckaercs B onyckHOU Ka-
HaJ U BhIXOAUT B momenicHue PY uepes Bxoanoi nmatpyGok AP. Takum obpazom
o0ecrieunBacTCs BBHIPABHUBAHUC JABICHUH MEXAY BepxHEH kamepoil AP u Bxon-
HBIMU TaTpyOkamu. Tem cambiM CO3JArOTCs VCIOBHSA A1 OCCHPEISTCTBCHHOTO
sarorieHust Ax3 Bogoi. Caeayer, OMHAKO, OTMETHTh HEAOCTATKH TAKOTO PCIICHHUS
IO CPAaBHCHHUIO € MOAABICHHUEM MAPOBON MPOOKU MOCPEIACTBOM BIIpbICKA BOABL. Bo-
MEPBBIX, OOpPaTHBIC KIANaHbl MPEACTABIIIOT coboil pasmenieHHYO B SIP koHCT-
PYKLHIO, BKITIOYAOIIYIO B CE0S MOABIIKHBIC 3JIEMEHTHI, HEMIPEPHIBHO MOABEPraro-
IHeCs BO3ACHCTBUIO CHIBHO TYPOYIM30BAHHOTO MOTOKa BOIBL. JTO CO3JACT
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ONACHOCTb MX IOJOMKH M IOMaJAHMS
MOCTOPOHHMX IpenMeroB B Ax3 SP.
Bo-BTOpBIX, 3TH KJamaHel MOTYT
CIOCOOCTBOBATh CPHIBY €CTECTBEH-
HOM  LUPKYJSIUH TpPU  MAaIbIX
aBapusix C MOTEPEN TEMIOHOCUTENS,
YTO HUMEIO0 MECTO IIPH aBapuu Ha
A3C «TMI-2».

Puc. 2.30. Cxema 4aCTHYHOTO 3aTOILIC-
Hut Bomod Axk3 P um obpasoBamms
TUIPO3aTBOPOB B TPYOOIPOBOIAX.

OcobenrHocmu u3uyecko2o0 MoOeIUPOBaHU GBAPUTIHBIX CUMYayuli ¢ nome-
peii menionocumens nepeoco KoHmypa. Beuay Toro, 4To pacueTHOE OmpeneieHne
pacxona UCTeKaromero uepe3 paspeis B mpornecce MITA npyx¢a3HOro TEmioHOCH-
TSl 3aTPyAHUTENBHO, TPOBOIITCS KPYIMHOMACINTAOHBIE MOAETHHBIE HCIBITAHUS.
JU1st iMUTALUU pa3pbiBa TPYObI OOBIUHO MCHONB3YETCS MPUHYIUTETBHBIA Pa3phiB
3arJy LKA HAa TOPLE SKCIIEPUMEHTAIBHOTO yUacTKa.

JpyruM xapakTepHBIM THUIIOM HCCISIOBAHUS SBJSETCS MPOBEpKa HATSKHO-
cTH oxJaxaeHust Ak3 mpu Bbixoze u3 crpos 'IIH unu nepepuiBe UX 3JIEKTPONUTA-
HUs. B 9TOM Cllyuae MMHTUPYETCS pacueTHasi KpUBasi BbIOEra HACOCOB C yUETOM UX
MaxOBOH MacChl M pacueTHasi KpUBasi CHUKEHUS TEIIOBBIIEICHUSI MTOCIE aBapuii-
HOlt ocraHoBKkHU SIP (ocrarounoe TernoBbiaeneHne). COOTBETCTBEHHO MPOBOAUTCS
OBICTPOE YMEHBIIEHUE PacXoia Cpepl Mo 33IaHHOMY IpaduKy U mocneayomuii (¢
HeDONBIINM OTCTaBaHUEM) COPOC TEIIOBOM HATPY3KH TAKXKE MO 33, JaHHON KPUBOH.
OOBIUHO BCJIEN 3a CHIJKEHHEM Pacxoja BOJbI €ro HECKONbKO VBEIHYHBAIOT, HMH-
TUPYSI BBOJ B AeiicTBHe aBapuiitHoro oxiaxaeHusi Ak3. B atux ciayuasx Tpedyercs
napaiejbHoe ObICTPOE M3MEHEHUE PAcXx0a, TEMIOBOM HArPy3Kd W BXOTHOU SH-
TaJIBIHH 10 33JaHHOMY CIOKHOMY rpaduky.

ITpu mozenbHBIX HCCIenOBaHUsIX HecTauuoHapHbIX TITI, BO3HHKaWOIIMX B
pesybTaTe aBapuitHOro oOpa3oBaHUs Teud C motepeii padoueit cpeapl, pemaercs
PSO CIOXKHBIX MeToauuecknx 3anad. K HuM, B 4aCTHOCTH, MOKHO OTHECTH OpPTaHH-
30 ABAPUIHOrO WCTEUEHUS! B 3aJaHHBIM NMPOMEXYTOK BPEMEHH, HU3MEpEeHue
HECTALMOHAPHOr0 Pacx0Ja Yepe3 HEONMPEAENEeHHOE pa3pbIBHOE CEUEHUE IPU Mepe-
MEHHOM TapOCOEpKaHuK, Pa3pabOTKy CHUCTEMbI H3MEPEHHUs IHHAMHYECKOTO
cOpoca JaBieHus, U3MEPEeHNe pacrpeneleHus TMHAMHYSCKIX XapPaKTePUCTUK pa-
Ooueii cpeabl B 00bEKTE UCCAEIOBAHUS, U3MEPEHIE HECTAIMOHAPHBIX TEMITEPATY]
MOBepXHOCTel Harpepa. Jlake MpU YIPOLIEHHBIX YCIOBHUSX MOJOOHBIE HCCIEI0BA-
HUSI HECTAIIMOHAPHBIX IMPOLIECCOB, BBI3BIBACMBIX ABAPUHHON CHUTyalmel, BecbMa
CJIOKHBIL

3HAUUTETBHBIA OMBIT MONOOHBIX HCCIeNOBaHMN HakorieH B MOU. Tpume-
POM MOTYT IMOCTY>XHTb THIHUYHBIE CTEHIOBBIE IKCIIEPHUMEHTHI, BEBITOJHEHHBIE C
LENbI0 U3YUYEHHUS HECTAMOHAPHBIX IMPOLECCOB, BO3HUKAIOUINX B PE3yJbTaTe aBa-
puitHOro 00pa3oBaHUs TEUH, CBSI3AHHOM C moTepeli paboueit cpenab! [68].
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VYka3aHHBIC UCCTICAOBAHMS NMPOBOANUIHNCE HA YCTAHOBKE, NOKA3aHHOW HA PHC.
2.31. g nmuranun padotsl yetanosku ¢ AP BBOP skcnepuMeHTambHas eMKOCTD
(160 1) cHabOxeHA BHYTPUKOPIIYCHBIM YCTPOWCTBOM, a C LETbE0 HMUTALIMN 00pa3o-
BaHUS TCUYM OHA O0OpPYAOBAaHA COPOCHBIM YCTpOHCTBOM. EMKOCTh 00OpymoBaHa
MOABOAAIINM ¢ OTBOASINUM TPyOOIpPOBOIAMH
ropsdeld BOJBI, € TOMOIIBED KOTOPBIX OCYIIE-
CTB/IACTCA CC TIPOrpCB MW BBIXOJ Ha PCKUM.
YcTaHOBKa TPOCBEUMBATIACE Y-H3MYVUCHHEM OT
YUCTBIPCX HCTOYHUKOB 137CS, PaCoOIOKCHHBIX Ha
pa3HOil BBICOTE.

Puc. 2.31. Cxema y31a 3KCHEPHMEHTATBHON YCTAHOBKH
JUIA OPTaHW3AalUHM W WCCICAOBAHWSI HECTAIMOHAPHBIX
MPOLIECCOB NPH aBAPUHHON MoTepe paboueh cpeasl: [ -

ol =1 I T MUTATCIBHAS BOMAA; 2 - MPOCBCYMBAIOIICE YCTPOHUCTBO;
5 3 - SKCHEpUMECHTAIbHAA KaMepa, 4 - NOABOAALIUIN
=2 e = TPyGONPOBO, 5 - HACOC; 6 U 9 - BO3MymHEKH, 7 U 0 -
| | JPCHAXKH, 8 - EMKOCTH I COpOca MApOBOASHON CMCECH;

p I 11 - cOpoCHOC YCTPOHCTBO; /2 - pa3phIBHOC YCTPOH-

CTBO; /3 - OTBOAAIIHIA TPYOOTPOBO.

[Tocne BpIXOAa HA PEXKHM MO AABICHUIO, TEMIIEpaType paboyel cpeasl U cTe-
HOK 3aITUCBIBATUCh MHTCHCUBHOCTU U3JIYUCHUA 10 A4 BCEX OTMETOK IIO BBICOTC H
3aKPbIThIX CBUHIIOBBIMHA HpO6KaMI/I HUCTOYHUKOB HU3TYUCHUA. 3aTCM HpO6KI/I HU3BJIC-
KaJIUCh U (DUKCHUPOBATHUCH 3HAYCHUS [ BOABI npu pabounx mapamerpax. [lo saxan-
HOMY CHTHAITY KOHTYP Pa3yILIOTHSICS C IOMOLIBIO COPOCHOTO YCTPOUCTBA U MPO-
M3BOIUNACE 3aMMUCh NAPAMETPOB MIporecca copoca 0T HOMHHATBHOTO JABJICHHS O
0,1 MlIla. ®ukcupoBaaoce BpeMs mpoiecca (a CICA0BATEIbHO, H CKOPOCTh), KOJIH-
YECTBO OCTATOYHOM BOABI, TEMIIEPATypa CTCHKH U cpeapl. OctaTouHas Boja Ciu-
BaJ1aChb B MCPHYIO CMKOCTb U NMPOU3BOAUIIACH 3alTUCh MHTCHCHUBHOCTU HU3TYUCHUA
Ha mape. OOw@as xapakTepPUCTUKA M3MCHCHHUS JAaBJICHUS B MPOLICCCE HUCTCUCHHS
Yyepe3 pasphiBHOC YCTPOMCTBO M PETHCTPHPYEMOH MHTCHCHBHOCTH HPOXOSIIETO
H3IYYCHUS, a CICAOBATEIBHO, M MAPOCOACPIKAHUS MO BEICOTE KCIICPHUMCHTATBHOU
EMKOCTH TTOKa3aHa Ha puc. 2.32.

B npouecce ocymenus AP n3-3a Teun pesko mopblmactes remneparypa Ax3
3a CUET aKKyMVIHPOBAHHOrO B Hel Temna. Temmneparypa mo JaHHBIM Pa3THYHBIX
uccnegosareneii noseimaercs 10 700 — 1200 °C u Gonee. s uccneaosanus pe-
JKUMOB H Xapaktepa ternoooMena mpu padore CAO3 8 MOU takxke BHIMOTHINCH
CTEHJOBBIE 3KCOCPUMEHTHI ¢ UMUTALMEH aBapUMHON CUTYaLlUM ITyTEM BHYTPEHHE-
IO 3JIMBA CHHU3Y OJUHOYHOW TPYOKH OXIAKIAIOIIECH BOXOH. JKCIECPHUMEHTAIbBHASL
VCTAaHOBKA MPEACTaBIAIa cOOOH PAa3OMKHYTYIO IPSMOTOYHYIO CHCTEMY, OCHOBHBIM
3JEMEHTOM KOTOPOH SBILUICSA SKCICPUMCHTATIBHBIN y4acTOK TPYObl M3 HEpiKa-
BCIOLICH cTamu AuaMeTpoM 14 x 2 MM 1 BBICOTOH 2,5 M C 3JICKTPUUCCKUM 000rpe-
BoM. CxeMa 3KCIICPUMEHTANBHOTO YIACTKA NPUBEICHA Ha pHC. 2.33.
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Puc. 2.32. JIlunamuka mapaMeTpoB MPOLECCa MPH aBapUHHON moTepe padoucH cpensr: [ —
3aIMHCH HYJICBBIX MOKA3AHUH /; (KOTHMATOP 3aKPHIT MPoOKaMu), 2 — TAPUPOBKA HA BOAC
mpu pabounx mapaMeTpax; 3 — mporuecc cOpoca JABICHHS, 4 — CIIMB OCTATOYHOW BOJBI,
5 — TapupoBKa Ha mape; 6 — MPOBEPKA HYICBBIX MOKA3aHUH (KOJUTMMATOP 3aKPBIT MPOOKa-
MH); X — MOMEHT Pa3yILIOTHCHUS KCIEPHMEHTATbHON EMKOCTH.

7o Puc. 233 Cxema y3j1a 3KCIICPUMEHTAIBHOU YCTAHOBKH I
EI [J» ¢  OPraHM3ALMH H HCCIICIOBAHMA HCCTAIHOHAPHOTO TEII000MEHA

7 IPHU TOCIeaBapuitHOM oxnaxaeHun TBOIJI: / - or mwra-
TEJNBHOTO 0aKa; 2 - INMEKTPHUCCKUH poramerp; 8 m 7 — 0T-
CCUHBIC KJIAMAHBIL, 4 - JKCHCPUMCHTANBHBIM YYacTOK, S5 -
TAPUPOBOYHAS JHHHSA, 6 - CTCKIHHBIH poTaMeTp; & - (iaHie-
BBIH TOKOHM3OIHPYIOIMHA pa3dseM; 9 - uepe3 cemapaTtop B 0ak;
10 - B 6axk.

B oboreBacMOM  3KCIICPUMCHTAIBHOM  YYaCTKE
oOpasoBsiBaiack naposonsaHas cmeck. Ha mapannensroit
JUHUY, CIIYKaIEH A PEryJIHpOBaHUs Pacxoja U Tapu-
POBKH, OBLIT YCTAHOBJICH CTCKISHHBIH POTAMETP CO CIH-
BOM BOJbI B 0ak. Kpome Toro, ycraHoBka Obliia CHaOXKeHA
OpCABKIOYCHHBIM KOMIICHCAIITUOHHBIM YUIaCTKOM,
MHOT'OTOUCYHBIM TCPMOIIAPHBIM KOHTPOJICM, HACOCOM,
00€eCTICUHBAIOLITIM MTOCTOSHHBIH pacxon npu
MCHAOMICMCA BHCIITHCM THAPABIUYUCCKOM COIIPOTUBJICHUH, a4 TAKXKC aBTOMaTH4C-
CKOC YIIPABJICHUC OTCCUHBIMU KJIATIaHAMH.

Jis UMHTAIIUN aBAPUMHONW CHTYALMH TOCNS MOTCPH Paboucii CPEIapl IKCIEe-
PHUMCHT HAYHMHAJCA C Pa3orpeBa SKCICPHUMCEHTAIBHOIO ViacTKa 0e3 ero oxXjiakiae-
HUS U NPOINYCKa BOJBI HUEPE3 THHUIO CTCKITHHOTO poTtaMerpa B Oak. [locne moc-
THXKCHUSL H€O6XO,Z[I/IMOI‘O YPOBHA TCMIICPATYPhI U TEMJI0BOI HArpy3Ku Ha SKCIICPHU-
MCHTAJIBFHOM YYACTKC M PAcX0Ja HA JMHHUU CTCKITHHOTO POTAMCETPA ¢ MOMOIUBIO
OTCCYHBIX KJIallaHOB pacXod NPaKTUUCCKHU MTIHOBCHHO ICPCKIHOYACTCA HA SKCIIC-
PHUMCHTAIBHBIH y4acToK. B pesyiprare ObUIN MOTYUCHBI XaPaKTCPHUCTUKU CKOPO-
CTU CHIDKCHUA TCMIICPATYyPhI ITIOBCPXHOCTHU HArpPCBa B PA3JINYHBIX TOUKaX.
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Hamumune TBC, 0ocoOcHHO Mpu TECHOM PACHONOKECHUU CTCPIKHCH, BHOCUT
KOPPCKTUBBI B TEMITCPATYPHBIH PEXKHM MO CPABHECHHIO C OJHHOYHOW TPyOOMH, mo-
ckonbKy veaosus mporpesa TBC B pesynprare pasrepMeTH3alud CUCTEMBl U OX-
naxaeHus nocie BkaroueHHI CAO3 pa3nuuHbL 4715 pa3HBIX CTCPIKHEH.

B xaucctse mpumepa Ha puc. 2.34, a mokazaHa SKCIICPUMCHTAIBHAS YCTAHOB-
Ka JUIS OPTaHM3aliH HECTALIMOHAPHBIX MPOLIECCOB U HCCICIOBAHHS TEMIICPATYp-
Horo pexuMa TBC ¢ pasmu4HBIM KOTHYECTBOM U PACIOTIOKCHHEM CTCPIKHEH B
VCIOBUAX aBAPUH. Y CTAaHOBKA COCTOSIA M3 MPOTOYHOI'O KOPIYCA C OMBITHBIMH
IMyYKaMH, aKKyMyITopa mojadn oxnaxkaaromero areara u [II' ¢ perymaropom
pasneHus. [IpoTouHEIl KOpPIIYC ¢ 37IEKTPOOOOrPEBACMBIMH CTCPKHIMU HMHTHPO-
Bai1 Ax3 AP, a crepxxkau - TBIJL

e P PN T A R Y R T

Puc. 2.34. VY3en SKCHCPUMEHTAIBHON VCTAHOBKU JJIsI OPraHH3alMH U UCCICIOBAHUS
HECTALMOHAPHOTO TEITOOOMEHA TpH mocjeaBapuitnoM oxnaxacuun TBC: a - cxema; 6 -
3IEKTPOOOOTPEBAEMBIH CTEPKEHB;, | - IIPOTOYHAS 3JCKTPOOOOTpEBacMAas SKCIIEPUMCHTAb-
Has cOopka; 2 - [T 3 - akkyMynsaTop; 4 - OAIIOH C Ta30M.

C uenpro JOCTIDKEHHS TPEOYEMOH TeMIepaTyphl OXIAXAAIOMEH BOABI aKKYy-
MyJITOp OBUT 0OOPYAOBAH BHELIHMMH 3IICKTPOHArpeBatcisiMH. bamnon ¢ razom
BBICOKOT'O AABIICHHS 00CCIICUMBA MONCPKAHUE B AKKYMYIIATOPE TPEOYyEeMOro Imo-
crosaHoro pasieHus. I1I7 Takke oOopynoBascs BHEIIHUMH 3JICKTPOHATPEBATEI-
mu. Konctpykiusa temmosoro mmuraropa TBIJI B ykazaHHBIX SKCIEPHMCHTAX,
MOKa3aHHas Ha puc. 2.34, 6, ABIACTCS TUIHUYHOW A1 TAKOTO POJA UCCICAOBAHUL,
B KOTOPHIX BHYTPCHHHUE 3JICKTPOHATPCBATCIH MOACITHPYIOT COOTBETCTBYIOLIHHA
3aKOH SHEPTOBBLACICHUSL.

HccnenoBanue HaUHHATOCH C YMEPEHHOTO 000rpeBa 3ICKTPOHATPECBATEILIMH.
Cuauana uepes TBC npoaysancs BoasHoit map ot I1I'. Tlocne nmoeitneHus emre-
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patypel crepakaed 10 300 — 350 °C mosblmanace MOIIHOCTh HarpeBatened. Kax
TOJIBKO TEMIIEPATypa CTEPXKHEH AOCTHUTaNa 3aJAaHHOTO HAMOONBIICIO 3HAYCHUS
(1000 — 1100 °C), Brnrouanach aBapuiiHAsI CUCTEMA BIPBICKA BOABI ¢ OMPEACICH-
HBIM PacxoaoM. Y CIOBUS OXJIaxAcHUs yiydmannck K nepudepun TBC, a onrtu-
MAaNbHBIA PEKUAM OXJIKICHHUS YCTAHABINBAICS KCIICPUMEHTATBHBIM IIYTEM.
PeaynpraTtel mogoGHBIX TEMIOPU3UYECCKUX HCCICAOBAHUN TEMIECPATYPHOU
quHamuku o6onouck TBIJI mpu BosuukaoBeHun MITA paccmarpuBaroTcs majee.
Kax uzBectHo, npu BosHukHOBeHHH MITA BCleacTBHE WHTCHCHBHOU T'€HEpaLlUH
napa Ha nosepxHoctu TBIJI npoucxoauT Kpusuc TEMI00TAAUH C MOC/AE Y FOIUM
MEPEXOJOM B PEKHM 3aKPUBUCHOH Tem-
100TAa4M. Y Ka3aHHEIC TIPOLIECCHI TPUBO-
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600 7 f‘a f—_g Puc. 2.35. H3MeHeHHE TeMIepaTypsl 060-
i m%%\ 1% l k nouex TBIJI Tes mpu MIIA.: / - Kq = 1,65;
400 IV LL WU 1Y 2-Kq=160; 3-Kq=150; 4-Kq=135;
- 5-Kq=1,20; 6-Kq=1,10; 7 - Kq = 1,00;
200 8 -Kq = 0,90; 9 - Kq = 0,80; 10 - Kq = 0,65;

0 20 40 60 80 100t,c 11-Kq=0,50; 12 -Kq=0,36.

Pazjamunbie kpuBbic Ha puc. 2.35 orHocarcsa k pasaeiM rpyrmam TBC ¢ pas-
TvuaHBIM KoagduimenToM, HepaBHbiM Kq. Makcumanbeaas temmeparypa 000mouek
TB3JI va wayamksHOM JTare arapuil He JOCTHTAET TeMTieparyphl tuiareHns. Kak-
HubOyap moBausaTh Ha paspeiB TBIJI Ha mocneaywimeMm stane HeBosmoxHO. [lo-
crenyromas yreuka TH 13 KOHTypa IPHBOAWUT K €ro OMOPOKHEHHUIO M TIOTHOMY
OCYIIICHHIO.

Ha puc. 2.36 npeacraBineHsl pe3yapTaThl pacIETHOT'O ONPEACICHNS TEMITEpa-
TypHO# quHamuku obonouku TBIJI B aByx dazax MIIA: B ee HauansHOM mEproOAE

Tenmeparypa oSomoHKIL, °C u mnociae cpabareiBanus CAO3.
1400 — COBPEMCHHBIC METOABI KOMITBIO-
TEPHOTO MOJCIHPOBAHUSA TaKHX
aBapmil JeTajpHO paccMaTpHBa-
FOTCS B CIIEAYIOLIEH IJ1aBe.
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| Puc. 2.36. TemmepaTypHast JUHAMHKA
i obonoukn TBIJI mpu MITA: / — Ha-
| yaneHast (aza aeapum;, 2 — cpada-
\ , sanne CAO3; 3 - mywwas oueHka
1 |  MOMEHTA TOBTOPHOTO OXJAKICHHA
(B mpeaenax NOrperrHOCTH).
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Craeayer OTMETUTb, YTO HAWOOJNEE COBCPLUCHHBIC PACUCTHBIC METOLHKH OII-
penenenus remneparypHex pexxumoB TBIJI B yenosusax MITA xomkHBI YAHUTHI-
BaTh TAKXKE U PACCMOTPEHHBIC BHILIC B oApasacie 2.1 ¢usnueckue 3pdekTrl, cBsi-
3aHHBIC C pacHyXaHHEM OO0ONOYEK TOIUIMBHBIX CEPACYHHMKOB. Kak HM3BECTHO, K
KOHLIY TOIUIMBHOM KaMmaHuu Bojooxnaxgaemoro P maBnenne mon obomouxoi
TB3JI moxer Bospactu a0 10 Mlla u Gonee. Ecnyn BHeImHee faBicHUE (TEILIOHO-
CHUTENS) CTAHOBUTCS MCHBIIC BHYTPECHHETO, TO NMPH ONPCICICHHON TeMIIepaType
MOXET MPOH30HTH pacilyxaHue 0OONOUKH, & HE MIHOBEHHbIH €€ PaspbiB, KaK 3TO
Ob1710 Obl Tipu OOJIEE BHICOKOM TeMIepaType. PacmyxaHue MOKET MPUBECTH K OO-
KHPOBKE KaHAJIOB TEIUIOHOCHTEIS W OrPaHHU-
TUTh €ro MOTOK. DTO, B CBOKO OUCPEAb, MOMKCT
MPUBECTH K  CEPbESHOMY  IIOBPE)KACHUIO
rormuBa. Puc. 2.37 WLTIOCTPUPYET OPOIIECCC
pacnyxanust obomoueck TBIJl B TunuuHOMN
TBC AP PWR.

Puc. 2.37. ®Dusmyeckuil XapakTep pacIyXaHud
obomouck TBIJI B Tumrauoit TBC AP PWR: / -
HOPMAJIbHBIC TOIUTUBHBIC CTEPKHHU; 2 - paCIyXaHHUE
TOILTHBHBIX CTCPXKHCH, 3 - TOILTMBHBIC TAOJICTKH,
4 - 0bonouKa; 5 - TUCTAHIMOHUPYIOIAS PEHICTKA.

2.2.2. OcHOBHbBIE THIIBI ABAPHIHBIX PEXKUMOB B BOAOOXJIAMKIAEMBIX
PeAKTOPHBIX YCTAHOBKAX HEKHIISIIEr0 THIIA

Peakropst ¢ Bogoi mox gasicHueM (oreuccTseHHbic BBOP u mx 3apybOexHbIe
aHanoru PWR) sBrsrorcs Hanbosee pacnpoCTpaHECHHBIM THIIOM 3HEPTETHUCCKUX
PY. ®yukumonameHbie 0cOOCHHOCTH VKazaHHBIX SIP, a Takke XapakTepHBIC IS
HUX BHIBI aBAPUHHBIX PEKUMOB LIETeCO00Pa3HO paccMaTpUBaTh HA NPUMEPE aBa-
PHIHBIX paboYHX PEKUMOB I THIIHIHOH KOMITOHOBKH OJHOTO M3 COBPEMCHHBIX
AMEPHKAHCKHUX MPOCKTOB BOJOOXIAXKAACMOH aByxnerieBor PY Hexunamero tuna.
VYkazannsie AP mupoko ucnone3yiorces B atoMHoU 3Hepretuke CLUA, Anonun u
psaa APYTHX CTPaH.

HImammvoie pesrcumor sxcnayamayuy munuarnozo AP PWR. IpuanunuansHas
cxema PY ykazanHoro tuma, a taxxke mnporuBoaBapuitHoro kommickca CAO3
mpeacTapiieHa Ha puc. 2.38. B xaxao# u3 ABYX IUPKYILIIHOHHBIX TIETEIb IIEPBOTO
koHTypa I'LIH mpokauneact nmocrymatomuii u3 [1I7 TemmoHOCHTENE ¢ TeMIIepaTy-
poti 292 °C uepes Ax3 AP, rae on marpesactes g0 325 °C (Boga HE KUIUT Ipu
3TOH TeMIeparype, MOCKOIbKY HAXOANUTCS HUKE JIMHUH HACHIIICHHSA). 3aTeM TEI-
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JIOHOCHUTEITh TICPBOTO KOHTYpa Bo3Bpamiaercs B U-oOpasusie TpyOku I1I7, rae ox-
naxxgaercst 1o 292 °C, otaasast CBOE TEIUTIO BOJAC BTOPOTO KOHTYPA, KOTOPAs KUITUT
¢ obpaszosanueM mapa. [lap mogaercs Ha TypOuHy, pacnonoxkenHy o Bae 30, mocie
YEro KOHACHCHUPYCTCS M C IMOMOIIBIO MUTATSIBHOTO HACOCA BO3BPAILACTCS B CCK-
umu BToporo koutypa III'. Ha puc. 2.38 Tawke mokaszaHbl pa3lTUYHbBIC KOHTYPBI
CAO3, npexHasHAYCHHBIC T UHDKCKIUH B TICPBBIN KOHTYD BOABI MIPY aBaAPHUHHOM
oxnaxkaeHnu Ax3. CAO3 Brirouaer:

a) TAAPOAKKYMYJISITOPBI, JTABIICHUE B KOTOPBIX TIOIICPKUBACTCS C TIOMOIIBIO
A30THOW MOIYIIKH. | UAPOAKKYMYIATOPHI COSAUHEHBI C TIEPBBIM KOHTYPOM aBTO-
MATHYECKAMU KJIaliaHaMH, KOTOPBIE OTKPBIBAIOTCS, €CITUA JABIICHUE B HUX T1AJacT
HIDKE YCTAHOBICHHOTO (06brarHo 4-10° ITa);

0) cHCTeMY MIDKCKLIMK BOABI BHICOKOTO JABJICHUS, KOTOPAs MO3BOJLICT MOAA-
BaTh B KOHTYD BOy MOX AaBicHueM okono 107 TTa ¢ OTHOCHTEIBHO MaibIM Pacxo-
JOM;

6) CHUCTEMY MIDKCKIMM BOIBI HHU3KOTO AABICHMS, KOTOPAasi MO3BOIICT TOJa-
Bath B AP Boay ¢ GOnbIIMM PacxoaoM IpH AOCTATOYHO HU3KOM JABJICHHUH (00bIH-
Ho Hike 3-10° TTa).

Puc. 2.38. IIpunnunmanbsHasg KOMIIOHOB-
kxa PY tuma PWR u npoTtuBoaBapuiinoro
komiuiekca CAO3: ] — rujpoakkymy-
JSITOp, 2 - TeIUNIOOOMEHHVK aBapHitHOTO
pacxoNaXMBaHWS CHCTEMBl HMHXEKITHH
HHU3KOTO JIABJICHWS, 3 - HACOC JUISI BIIPHI-
cka Bomapl mox 30; 4 - IJaBHBIM HHUTa-
TEeJIBHBIM Hacoc, 5 — BCIIOMOTATEIBHBIN
Hacoc, 6 - pesepByap ¢ BojoH; 7 -
cHUCTeMa HMHKEKITMH BOABl  HU3KOTO
JIABIICHUS, 8 - cHCTeMa MHXKEKITHH BOJIBI
BBICOKOTO JIABJICHUSL.

CoueraHue 3TUX CUCTEM HHXCKLIMU MO3BOISICT OCYLICCTBIIATE aBApUHHOE 0X-
naxacHue A3 Mpu pa3TUYHBIX aBAPHUIX C IMOTCPEH JABJICHUS U MOTCPEH TEIUTOHO-
cutens. B xone aBapuu TEIUNIOHOCUTENb, UCTCKAOIIMI U3 IIEPBOrO KOHTYPA, COOH-
pacTcst IPEHaXKHOUM CUCTeMOM B HrokHeH vactu 30 U MOXET OBITH BO3BPALICH B
MCPBEIH KOHTYP ¢ momorubio HacocoB CAO3. B cructeMe MHKSKLMM HU3KOTO 1aB-
JeHus Bo3Bpamaemas B S|P Boxa mpoxoaur yepes TeII0OOMCHHUK, IAC OXJIaKaAa-
©TCsl CUCTCMOM IMOAaYM OXJIKJAOMICH BOoabl K KoMroHeHTaM SIP. Oto obecrieun-
BACT BO3MOXKHOCTh JOJTOBPEMEHHOIO OTBOJA OCTATOYHOIO TCIUIOBBIICTICHHS H3
AP npu aBapum ¢ moteper TerutoHocutena. Kpome Toro, mpu aBapuy ¢ MOMOIIBIO
HAaCOCOB CHUCTEMbI MHKCKLMM HHU3KOTO JAABIICHUS MOXKHO BIIPHICKMBATH BOIY IO
30, KOHACHCHUPYSI HAXOISIIUICS TaM Iap M MOHIDKAs, TAKUM 00pa3oM, JaBICHUE.

Ha puc 2.39 wratHeie pabdoune pexumsl AP uzo0pakeHbl Ha auarpamMme B
KOOpAMHATAX «JIaBlicHHUEC — TemrepaTypa». CIuionHoM nuHuel 0003HaYCHA 3aBU-
CUMOCTh TEMITICPATYPBI HACHIIECHUS OT AABICHUS. YTOOBI HCKITIOUYUTH TMOABICHUC
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napa B P, ero pabGouast Touka JOKHA HAXOTUTHCS CJICBA OT JIMHUU HACHIIICHHUS.
Ha pucyHke Taroke 0003HA4YCHBI TPaHHLBl Pa0OYEro PEXKHMA, MMOKA3BIBAIOLIUC
BXOJHYIO M BEIXOAHYIO TEMIICPATYPHI TCINIOHOCUTENS MPH padoueM AasicHuH. Pe-
I'YINPOBKA AaBICHUA B SP ocyImecTBIsSETCS C MOMOIIBIO KOMIICHCATOPA JABJICHUS,
B KOTOpPOM O6’I>CM KUAKOCTH HaXOOUTCAd B KOHTAKTC € IMapoOM IIpU AABJICHUU Ha-
cermecHud. McnapeHueM sKUAKOCTH HITH KOHACHCALMCH Tapa B KOMIICHCATOPE JaB-
JICHUS 00CCIEUUBACTCS OAACPKAHUE B COCTUHCHHOM C HUM MEPBOM KoHTYpe AP
3aJaHHOE AaBicHUE. TakuM oOpaszoM, cornacHo puc. 2.39, pabodas TOUKa KOMIICH-
caropa AaBJICHUA JICKUT Ha JIMHUU HACBIIICHUA.
2,10° I

7

Puc. 2.39. /lmarpamma paboumx cOCTOSHHH
SIP PWR: [/ - jguHHS HACBIONCHUA, 2 -
COCTOSIHHC BOAbI B XOJIOTHOH HUTKE ICTIIH,
3 — mratHbie paboume ycmoBmsi: 4 - CO-
CTOSIHME BOIBI B FOpsSUCH HUTKE, 5 - BOJA;
6 - map; 7 - pabo4ast TOUKa KOMIICHCATOPA
JABICHAA, 8 - (DAKTHUCCKOC COCTOSHHC
TCIUIOHOCHUTEIST Cpa3y IOCIEC BO3ZHHKHO-
BEHUS ABAPUH C €0 MOTEPEH.
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Haxonsmuiica B SIP TenIoOHOCHUTENIB MOKET OKA3aThCSI B COCTOSIHMN HACHIIIC-
HUs TUOO0 B PE3YJIBTATE NMOBBIMICHUS TEMITCPATYPBI, THOO B PE3VIIbTATE MOHHKCHHUS
jgasneHusd. OOBIMHO MEPEXO] B COCTOSHUE HACHIIICHHS MPOHUCXOANT MPH NAICHUU
JABJICHHA, KaK 3TO [TOKA3aHO HAa pyucyHKe. Ecin mageHue qaBieHNs BHI3BAHO TEUBIO
B IIEPBOM KOHTYPE, TO B HaYaJIbHBIE MOMEHTHI BPEMEHH OHO TIPOHCXOIUT C BEChMa
BBICOKOH CKOpocThi0. OQHAKO MOCIE JOCTHIKEHHS YCIOBHI HACHIIICHHUS CKOPOCTD
MAaACHHUS JABICHUS CYIICCTBCHHO CHHKACTCS U MPOLIECC AAKE MOXKET MOUTH B 00-
paTHOM HANpaBJICHHUHU C KPATKOBPEMEHHBIM MOBBIIIEHHEM JaBIcHAA B SP.

[Tpu nycke u ocranoBe AP HEOOXOANMO HCKIIOUNUTH BO3MOXKHOCTh TAKHX IIC-
PEXOIHBIX MPOLIECCOB, KOTOPHIE MOTYT MPHUBECTH TEILNIOHOCHUTEh B COCTOSHUE Ha-
CHIICHUA ¢ oOpasoBaHueM mapa. Kpome Toro, He cneayer HOBHIIATH AABICHUE
BHYTPH KOPITyca MPH CIUILIKOM HHU3KOH TEMIIEPATYPE, TIOCKOIBKY 3TO MOXKET IPH-
BECTU K POCTY UMCIOLIMXCS B HEM JUCITOKALNN, HX PA3BUTHIO H 0OPA30BAHHIO 3HA-
YUTEIBHBIX TpemuH B Kopiryce SP. IloaToMy 30HY, BBLAETEHHYIO B JIEBOM YacTH
puc. 2.39, tacke HeoOxomuMo u3derate npH mycke u octanose AP. Taxum obGpa-
30M, cyiecTBYET padoyas o0IacTb, OrpaHUYICHHAS KaK CO CTOPOHBI HU3KOMH, TakK U
CO CTOPOHBI BBICOKOH TeMIEpaTypsl, Kak 3TO IMOKa3aHo Ha pucyHke. Ha mpakrtuke
SIP BrIBOAMTCS HA PAOOYHI PEKUM JOCTATOTHO H0JTO - mpumepro 24 1. KoHtpo-
JUpyeMas OCTAHOBKA C BO3BPATOM B «XOJIOAHOE» COCTOSHHE TAKKE 3aHMMAET OKO-
70 24 4.

Tunuyeble HApYIOEHHS PEKHMa INTATHOM sSkcruyaramuu SIP moryt ObITh
KIacCU(UIIMPOBAHB! B COOTBETCTBHH CO CIICAVIOIUMH KATCTOPHMH:

a) Hapywenus, npueoosuyue x UIMEHEHUIO KOIUYECTNEA MENIOHOCUMENs 6
nepeom konmype. llpexxae Bcero, 3To MOXKET OBITh TIOTEPS KUIKOCTH Uepe3 mpe-
JOXPaHHUTENBHBIN KIalaH WIN APyrHe BeromMoratenbHsie KOHTYpH SP. Kpome To-
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ro, KOJIU4ECTBO BOJABI B MEPBOM KOHTYPE MOXKET BO3PACTH B PE3yJbTaTe HEMpen-
HaMEPEHHOM IOJa4Yu BOJbI B KOHTYP HArHETaTeIbHbIMH HACOCAMH BBICOKOI'O JaB-
nenns. B urore xoMreHcaTop naBiIeHHS MOXKET OKa3aThCsl MOJHOCTLIO 3aIOIHEH-
HBIM BOJIOW, W PETyJIMPOBKA JABJIEHHUS B IEPBOM KOHTYpPE CTAHET HEBO3MOXKHOM.

Ha puc. 240 — 2.44 crpenkamu
0003HaYEHBI COOTBETCTBYIOIHUE 00-
JACTH  JIOKaNU3alMH  HCXOAHBIX
aBapUHWHBIX  COOBITHH  IPUMEHH-
TEIbHO K OCHOBHBIM THIAM He-

PErIaMeHTHBIX 3KCIUTYaTallHOHHBIX
cocrosiuuii SIP PWR, BBOP.

Puc. 240. Hapymenue mTaTHOro
pexuMa SKCIUTyaTallid, CBS3aHHOE C
MPEBBIICHHEM YPOBHS B KOMIIEHCATOPE
JABJICHUSL

0) Hapywienus, cesisaunvie ¢ 0meoOOM Menia MenioHOCUMeENeM 6MOpo20

KOHmypda. B 3Ty kareroprio MO>XHO OTHECTH INpEKpalleHHe MoAaYl NUTATEIbHON
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BOZbI WJIM HU3MEHEHHE ee TemIiepa-
TYpPBI, JIOKHOE cpabaTbiBaHHE TIIaB-
HBIX KJIAMaHOB MapoIpoBOIa, OCTa-
HOBKY TypOWHBI, & TaKXe JIOXKHOE
cpabaTbiBaHHE KIIAMAHOB peryJiu-
POBKH JaBJ€HHs M MPEIOXpPaHHU-
TeNbHBIX KanaHos (puc. 2.41).

Puc. 241 Hapymenus wmTaTHOro
pekuMa JKCILTyaTalldy, CBSI3AHHBIE C
HapylleHHeM [OJaud MNUTATeIbHOM
BOJIBI.

8) Huvie 6uovi napyutenu. Ita KaTeropysi BKIIOYAET, B YACTHOCTH, CAMO-

npousBosibHOe cpabarsiBanne CY3,
a TaKKe BO3MOXKHOCTb BHE3AITHOT'O

3aknuHuBanus oxHoro u3z I'IIH
(puc. 2.42).

Puc. 242 Hapymenus mTaTHOro
pexuMa SKCIUTyaTalldH, CBSI3aHHbBIE C
saxnuHuBaHueM oxHoro m3 I'IH u He-
periaMeHTHbIM cpabatbBanueM CY 3.































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































