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Pabora BeImonHeHa B BrIcHieil mikosie aTOMHOM U TEIUIOBOW SHEpreTHKU MHCTUTYTa 3HEP-
retuku PenepanbHOro rocyIapCTBEHHOIO aBTOHOMHOT'O 00pa30BaTENbHOTO YUPEXKICHHUS BBICILIETO
obpazoBanus «Cankt-IleTepOyprekuii monurexuudeckuit yausepcutet [letpa Benukoro».

HayuHslil pyKOBOAUTEIIB: |(I)e110p03nq EBrennii /lannnosny
JIOKTOp TEXHUUYECKUX HayK, Ipodeccop, npodeccop Boic-
IIei MIKOJIBI aTOMHOM M TemsoBoil 3Hepretuku OI'AOY
BO «Cankr-IlerepOyprckuii MOJMTEXHHUECKHI YHHUBEP-
curet llerpa Benukoro»

OduruanpHbIC OMMOHECHTHI: CyciioB BayecnaB AnekcaHIpoBUY
JIOKTOp TEXHHYECKHX Hayk, mpodeccop, mpodeccop Bricmieit
mKonsl TexHonorun u sHepretukn OI'bOY BO «Caskr-
[lerepOyprckuil rocyaapcTBEHHBIH YHUBEPCUTET HMPOMBIILICH -
HBIX TexHomorudt w amsaiHa» (CII6GIVIITH, r. CaskTt-
IMerepOypr)

CyxopykoB lOpnii I'epmanoBuny,

KaHIUJAT TEXHUYECKUX HAYK, 3aMECTUTENb F€HEPATIbHOIO
TUPEKTOpa M0 HAYYHOU paboTe - 3aBEAYIONINI OTACICHH-
€M TEIUIOOOMEHHOTO0 M cxeMHoro obopynoBanus TOC u
ADC OrxkpoiToro AxinuonepHoro OOmectBa «Haywno-
MPOU3BOJICTBEHHOE OOBEAMHEHHE IO MCCIECIOBAHUIO H
MIPOEKTUPOBAHUIO HHEPTETUUYECKOTO OOOpPYIOBAHUS UM.
N.U. TomynoBa» (OAO "HIIO IKTHU", r. Cankr-
[TerepOypr)

Benymas opranusanusi: AxmmoneprHoe  OOmectBo  «ATOM3HEpronpoekr»  (T.
Cankrt-IlerepOypr)

3amuta nuccepranuu coctoutcs 21 nexadbps 2021 r. B 14.00 Ha 3acenanuu auccepTanyuoH-
Horo coBeta ¥.05.14.04 8 ®I'AOY BO «Cankr-IlerepOyprckuii moaMTEXHUYECKUNH YHUBEPCHUTET
ITerpa Benmukoro» mo aapecy: 195251, Canxrt-IletepOypr, yn. Ilonurexandeckas, 29 IIT'K, ayn.
411.

Bamm ot13biBEI Ha aBTOpedepaT B 2-X IK3EMIUIIpaxX, 3aBEPEHHBIC IMMEYATHIO YUPEKIACHUS,
IIPOCUM HampasiATh 1o aapecy: 195251, Cankr- IlerepOypr, [lonurexunyeckas yi., 1. 29, CIIGITY,
YUEHOMY CEKpeTapio JuccepTaimoHHoro copera ¥Y.05.14.04.

C nauccepranmeil MOKHO O3HAKOMHUTHCS B (yHAaMeHTanbHOW Oubimoreke ®I'AOY BO
«CTIOITY » u Ha caiite http://www.spbstu.ru/

ABTOpedepaT pazocnaH «___» 2021 r.

VY4eHslii cekperapb
arccepraronHoro cosera ¥Y.05.14.04,

I.T.H., C.H.C. /"‘ : /'47 e - Kyxones M.I.
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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJIbHOCTh TeMbl. B HacTos1mee BpemMs B Mupe Bce OOoIIbIie
BO3pacTaeT MacmTad MpoOIeMBl OOSCIIEUCHHS YEIOBEUSCTBA TPECHOM
BOJIOW. 3amachl MPECHOBOAHBIX PECYPCOB BEIUKH H BO30OHOBISIEMBI,
OJIHAKO MACIITa0bl UX MOTPEOJICHHS TAK)KE OUCHBb BEJIMKH - TIOYTH Ha J[Ba
MOpsZKa TPEBOCXOAAT IO Macce MOTPeONeHHs] BCeX IPYTUX BHUJIOB
MIPUPOJTHOTO CHIPBS BMeCTE B3ATHIX. CHTyalus B MUpe TaKKe TaKOBa, 4TO
3armacel TPEeCHOW BOJBI pacHpesiefieHbl KpaliHe HEpaBHOMEPHO, B
pe3ynbTaTe 4ero psj PerHOHOB 3€MIIM UCIIBITHIBAET OCTPYIO HEXBATKY
BOJAHBIX pecypcoB. IloaToMy OoONBIOION HWHTEPEC H  BaKHOCTH
MPEJICTABIIAET Pa3BUTHE TEXHOJIOTHI MOTyUEHHs IPECHOM BOJBI M3 ITHX
BOJI, U B YaCTHOCTH, U3 MOPCKOI BOJIBI.

Kak 1 Bo MHOTHX JIpyrux ctpaHax, B MpaHe HapacTaeT BOJHBIN
KpH3HC, CBSI3aHHBIN C PSAIOM OOBEKTUBHBIX U CyOBEKTUBHBIX (PaKTOPOB:
n3MeHeHue (MOTEeIUIeHHE) KIUMara, 3acyxa, HEraTUBHOE BIMSHUE
TUTIOTHH, TIOCTPOSHHBIX COCEAHMMHU CTpPaHaMH, a TaKXKe HEIOCTATKH B
OpTraHMU3alliy OXPaHbI U UCTIOJIH30BAHHS BOJHBIX PECYPCOB.

B Upane niyT ciocoObl CIPaBUTHCS ¢ HEXBATKON PECHOM BOBI.
OnHUM U3 IEPCIIEKTUBHBIX IyTeH B PEIISHUH MTPOOIIeM ero o0ecreueHus
BOJIOH ABJISIETCS ONPECHEHUE MOPCKOM BOJIbI, SBJISIFOIIEECS IHEPTOEMKOI
U, CIEJ0BATENIbHO, HEJEEeBOM TexHonorued. B UpaHne ecth HECKOJIBKO
JEHCTBYIONINX ONPECHUTENbHBIX ycTaHOBOK (OY) - Ooubliie Bcero B €ro
FOKHBIX pPaliOHaX, U MOYTH BCE OHU HCIIOJB3YIOT MCKOMAEMOE TOILTHBO
(mpupomaHbIii ra3, yrojib, He()Th) B KAU€CTBE HCTOYHUKA IHEPTUU.

B psane crtpan sAnepHas sHepreTHka MpPOAOIKAET IOCTaBIATH
3HAYUTEIHbHOE KOJMYECTBO DIIEKTPOIHEPTHH IMPH OTCYTCTBUHM BPEIHBIX
BEIOpOoCcOB. OHa SBIISIETCS TakKUM OOPa3OoM OJKOJOTHYECKH YHCTBIM
MCTOYHUKOM 3Heprun. B Hagane 2019 roma B mupe padorano oxoiso 450
aTOMHBIX 3JeKkTpocTannuii (ADC).

[IpenmMytiecTBa siIEPHOTO UCTOYHUKA YHEPTHH IJISI OTIPECHEHUS
MOPCKOH BOJBI ¥ KOHLICTIIINH SEPHOTO OTPECHEHUS ObLTH ITOKA3aHBI eII1e
B pa3paborkax MAT'ATD, Hauatbix B 1960-x rogax. DKOHOMUYECKUN
aHau3 MOKa3bIBACT KOHKYPEHTOCIIOCOOHOCTD SIIEPHOTO
SHEPrOMCTOYHNKA B CPaBHEHHH C FWCIIOJIb30BAHUEM HCKOIMAEMOTO
TOIUINBA.

Hcnonp3yemble TEXHOJIIOTUN OMPECHEHHSI MOYKHO pa3JesnTh Ha



JIBE TPYNIBl — TEPMUYECKHE IPOIEeCCHl M MeMOpaHHBIE MPOIECCHI.
MHuorocTtynenuatoe  MraHoBeHHoe Bckumanue (MSF) wu  meron
MHOTOKOJIOHHOM TUCTHLUISIIAA (MED) SIBISIOTCS HauOoJee
MOMYJSPHBIMH TEPMUUYECKHMHU TeXHOJOrHsAMH. Cpeaum MeMOpaHHBIX
TEXHOJIOTHH Tpeo0sialaeT METOJ| OINPECHEHUS BOMABI, Ha3bIBAEMBIH
obpataeiM ocmocoM (RO). B "actu macmTaboB HCIIONB30BAHUS CPEIU
METO/IOB ompecHeHHus mnpouecckl RO nuaupyror (oHH o007agaroT B
HacTosmiee Bpems ~ 53% Bcero MUPOBOTO PHIHKA OTIPECHEHUS).

K 4uciy anpTepHATHBHBIX W aKTHBHO M3yYaeMBIX B IOCIIEIHEE
BpeMs BapHaHTOB IHEPrOyCTaHOBOK OTHOCSITCS aTOMHEIC
ANIEKTPOCTAHIMK (HA HUX MOTYT OBITh yCTAHOBIICHBI ONPECHUTEIHHBIC
mpuctaBku). Takue, a TaKKe CIEMUAIN3UPOBAHHBIE JBYXIIEJIEBbIC
KOMITJICKCHI, TIpeJHAa3HAuYCHHbIC JJIsi OJHOBPEMEHHOTO MPOHM3BOICTBA
AIIEKTPUYECTBA B LEJIAX yIOBICTBOPEHUS YHEPTETHYECKUX MOTPEOHOCTEH
Y TETIOTHI [T OIIPECHEHHSI OONBIINX 0OBEMOB COJICHOH BOJIBI.

B cBsa3m co BceM BBINIECKAa3aHHBIM, KpalHE aKTyaJbHBIM
NpEACTaBIsACTCST  NPOBEJCHUWE  aHauM3a MW BBIOOp  Hambosee
9HEeprod((HEeKTUBHBIX U SKOHOMUYECKH BBITOJAHBIX OV, NnelcTBYOMINX
coBMecTHO ¢ ADC i JEeUCTBYIONIUX B COCTaBe CIEHMAIU3UPOBAHHBIX
MHoro1esneBsx komriekcoB (MAK).

O0bekT nccaegoBanus. Coueranue SACPHON IHEPreTUUECKOM
ycTaHOBKH (SIDY) ¢ TEXHOIOTHSAMH ONPECHEHHS IIPH HCIIOIH30BAaHUH
Pa3IMYHBIX CXEM WX WHTETpallid, MPUMEHHUTENFHO K MOTPEOHOCTAM B
SHEPTUH U BOJE.

Crenenp pa3pabdoTraHHOCTH TeMbl. Bompocsl pa3paboTok
HOBBIX TEXHOJIOTUH KPYMHOTOHHA)KHOTO OIPECHEHUS MOPCKOHM BOJBI C
UCIIOJI30BAHUEM  yCTOWYMBBIX ~ DHEPrOMCTOYHMKOB B UpaHne
paccMaTpHuBaliCh IUPOKUM KpyroM ucciepoBareieid: Gorjian S. (2015),
Ghorbani N. (2016), Shakib S.E. (2019), Rezaei A. (2017). Onnako, mpu
BBITIOJTHEHUU Pa0OT 1O JaHHOW TeMAaTHKE, HX aBTOPhI OTPaHUYHBAIINCH
WCIIOJIb30BAaHUEM KOMIIBIOTEPHBIX MNPOTpaMM Uil  9KOHOMHYECKOH
OLICHKHM, KOTOpBIEe (DaKTHUECKH HE BKIIIOYAJIH THOPHIHBIC TEXHOJIOTUH
ompecHenus. Kpome Toro, B 3THX paboTax, KakK MpaBWIO, HE
paccMaTpuBalich CeUUpUUECKHe A KOHKPETHOH CTpaHbl (perrnoHa)
ycinoBusi  pasmemieHuss MAK, Taxke, Hampumep, Kak JIOKaJbHas
obecrnedeHHOCTh HepTUel U BOJON, MECTHBIE IPUPOIHEIE YCIOBHSA H T.II.
B TO e BpeMs 3TH yCJOBUS CYNIECTBEHHBIM O00pa3oM BIHSIOT Ha



pe3ynbTaThl aHanm3a. Pa3pa0oraHHas HaMH METOJHMKA MOXET OBITh
WCTIOJIB30BaHA U IS APYTUX CTPaH WIM PETHOHOB MHPA, TAe TpeOyroTcs
TEXHOJIOTHH MTOJIyYEHMS YCTOMYUBON YUCTON YHEPTUU U IIPECHOM BOJBI.

Heanr HacTosmed pabOThl 3aKIOYacTCss B  ONpEACICHUH
XapaKTePUCTUK PEKOMEHIYEMbIX NPUMEHHUTEIHHO K TMOTPEOHOCTAM H
BO3MOKHOCTSAM Upana MHOTOIIETIEBBIX ATOMHBIX
SHEPrOTEXHOJOTMUYECKUX  KOMIUIEKCOB,  IpPEIHa3HAUYCHHBIX I
OJTHOBPEMEHHOTO TPOU3BOJICTBA SHEPTUH (ITMEKTPUIECKON 1 TETLTOBON) U
KPYITHOTOHHAKHOTO TPOM3BOJICTBA MPECHON BOJBI ITyTEM OIPECHEHUS
MOPCKOU BOJBI.

3apaum ucciaeJ0BaAHNS:

1. OO630p W wW3yYeHHWE COBPEMEHHOTO COCTOSHHS W TIpoOiIeM
Pa3BUTHS TEXHOJIOTMI ONpECHEHUs MOPCKOW BoAbl B Mpane u
Pa3IMYHBIX METOJOB OIPECHEHHS MOPCKOH BOJBI, KOTOpbBIE
MOTYT  OBITh  WCIIOJNIB30BAHBI ~ MPU  KPYMHOTOHHAXHOM
MIPOMU3BOJICTBE MIPECHOM BOIBI.

2. BpiOop Haubonee mnomXoAsAIUX JuUisi NpuMeHeHus B Hpane
SJIEPHO-ONPECHUTEIFHBIX KOMILIEKCOB IS IeJiell KOTeHepaluu
AIIEKTPOIHEPTHH M TIPECHOM BOJBI C YUETOM HSKOHOMHUYECKHX U
TEPMOAMHAMUYECKIX TTapaMeTPOB.

3. TepmoakOHOMHYECKOE HCCIEIOBAaHME PA3IMUYHBIX TEXHOJIOTUMN
OTIPECHEHHUS TIPHU WCTIOIB30BAHUH PA3INIHBIX BO3ZMOXKHBIX CXEM
WHTETpalnu saepHoro sHeprodmoka ¢ OV.

4. MHccnenosanue pa3nuuHbix cxeM MAK, mpu KOTOpPBIX CTOUMOCTD
MOJy4YEeHHONW MPECHOW BOJBI CHIDKASTCS IYyTEM IPUMEHEHHU
Pa3IMYHBIX TEXHWYECKUX IMPHEMOB, TaKHX KaK HCIOJIh30BAHHE
KOHIICHTpaTa 0JIoka 00paTHOr0 0CMOCa B Ka4€CTBE MUTATEILHON
BOJIbI CHCTEM TEPMUYECKOTO ONPECHEHNS, UCIIONb30BAHNE BOJIBI,
oXJaKAaroIel KoHaeHcaTop TypOounsl DY g nutanus Oioka
obpaTtHOTO OCMOCa.

5. AHamm3 TEXHHUKO-dKOHOMHYECKMX Tokazareneii MAK ¢
UCTIOJh30BAHUEM MaJbIX MOIYJbHBIX peakTopoB (SMR — small
modular reactor) B Upamne.

Hayuynasi u MeTOAMYECKAS HOBH3HA PaldOThHI 3aKJII0YAETCS B
cJIeyomem:

1. Paspabortana HOBas pacueTHas MOZENb Ui pacueTa TeXHUKO-
SKOHOMHYECKUX TMoKazareneit OY, NeHCTBYIOMNUX COBMECTHO C



SDY ¢ yderom crenuduUEcCKUX YCIOBUH CTpaHbBI-3aKa3dhKa
AIEPHO-OIPECHUTEIBHOTO KOMIUIEKCA.
2. llomyueHsl HOBBIE pe3yJbTaThl HCCIEIOBAaHMS BapHaHTa
unTerpanuun AA0Y ¢ OV, mpu KOTOPOM KOHIIGHTpAT (paccodi)
0510Kka 0OPaTHOrO OCMOCA HCIIOJIB3YETCS B KAUECTBE MUTATEIbHOM
BOJBI CHUCTEM TEPMHUYECKOTO OINPECHEHHs, TO3BOJISIOIIETO
3HAYUTENHFHO CHUKATh 00bEMBI 3a01paeMoii BOJBI.
3. IlomyuyeHsl HOBBIE pe3ynbTaThl HcciegoBaHusi cxembl MAK ¢
HCIIOJIb30BaHKEM BOJIbI Ha BBIXOJE KOHEHcaTopa TypOuHsl A0Y
B KauyecTBe NMHUTATEIbHON BOJBI CUCTEM OOpaTHOTO OcMOca, YTO
MO3BOJIUT  YBEJIMYMBATH  MPOHULAEMOCTb  MeMOpaH W
OIHOBPEMEHHO CHU3UTh CTOMMOCTB IOJTy4aeMOM IPECHON BOJBI.
4. TlomydeHsl HOBBIE PE3YIbTAThl TEXHUKO-3KOHOMHUYECKOTO
aHaJIM3a UCIIOIb30BaHMs B MlpaHe MajbIX MOAYJIBHBIX PEaKTOPOB
i obecnieuenns OY 3JEKTPUUECKOW M TEIUIOBOH SHEpPrueH;
3TOT aHalIW3 MPOBEAEH C IIOMOLIbIO pa3pabOTaHHOW HaMH
MIPOrpaMMBbI U IPOTPAMMBbI TEPMOIUHAMHUYECKOM OLEHKHU SEPHO-
onpecHutenbHbIX cucteM DE-TOP (pazpabotku MAT'ATO).
Metoasl ucciefoBaHusA. MeToau4eckoil OCHOBOM TaHHOU
paboThl SBISIETCSI TEPMOIPKOHOMHUYECKOE MOJICIUPOBAHHE C IEINBI0
OIIEHKH Pa3INYHBIX TEXHOJOTUH ONPECHEHNUS, JEHCTBYIOIUX COBMECTHO
¢ SI9Y. B mHame#t pabore nmpu MOJETUPOBAHUH PA3IMIHBIX BapHAHTOB
uHTerpanuu A0V ¢ TEXHOJIOTUSMU OMPECHEHMsI BOABI MCIIOIH30BaTaCh
paspaboTaHHass  HaMH  TpPOrpaMMa  «IKOHOMHYECKas  OICHKa
WHTETPUPOBAHHBIX ATOMHBIX 3JIEKTPOCTAHLUN C ONpPECHUTEIBLHBIMU
CUCTEMaMM» a TaKXe HCIOIb30BaIach KOMIIBIOTEpHAs IpOrpaMma
«TepMoJHaMHUUecKas OlleHKa sipepHoro onpecHenus» DE-TOP, koropas
paspabotana MAT'ATO.

CreneHb J0CTOBEPHOCTH  Ppe3yJbTaTOB  HCCJIEIOBAHMA.
JlocToBepHOCTh TONYyYEHHBIX B paboTe MaHHBIX C HCIOIB30BAaHHEM
cepruduuupoBanHorr  Cankr-IletepOyprckum  [lonurexHnveckum

yHI/IBepCI/ITeTOM nporpaMmbl «OKOHOMHYECCKas OLICHKa
HHTCTPUPOBAHHBIX ATOMHBIX SHGKTpOCTaHHI/Iﬁ C OIPCCHUTCIbHBIMU
CHUCTEMaMM» MOATBCPIKAACTCA COOTBCTCTBHEM PE3YJIbTATOB,

MOJIYYEHHBIX C HCHOJb30BaHMEM u3BecTHOM mporpammsl DEEP,
paspaborannoii MAI'ATD. [IloBbIIeHWIO YPOBHS JOCTOBEPHOCTH
pe3yIbTaToOB pabOTHI CIIOCOOCTBYET TO 0OCTOSATEIHCTBO, UTO paboTa Oblia



BBINOJIHEHA pu KOHCYJIbTalluu H3BECTHOTO
BBICOKOKBAJIM(PUIIUPOBAHHOTO CIIELUATINCTA - TEXHUIECKOTO MEHEIKepa
ADC bymep, npodeccopa ynuBepcutera uMmenu lllaxuna Bexemru B
Wpane, Amupcauna Hlupanu.

JIuyHoe yyacTHe aBTOpa 3aKJIIOYANOCh B IIOCTAaHOBKE 3amad
WCCIIEZIOBAaHHUS, Pa3pabOTKe CXeM pa3IUYHbIX BApHAHTOB HHTETpaIu
SI9Y ¢ TexHOJOTHSMM OINpPECHEHUS; B MPOBEACHWU MaTEeMaTHYECKOTro
pacyera THOPHIOHBIX TIPOLECCOB ONPECHEHHS JUIS  OINpeleNIeHUs
CTOMMOCTH TI0JIy4aeMOil IPECHOM BO/IBI; B MHTEpIPETaluy U 00001IIeHuI
MOJTyYeHHBIX PEe3yJNbTaTOB IpPU pacyeTe KaXJ0ro BapuaHTa SAepHO-
OTIPECHUTEIBHOTO KOMILIEKCA; B pa3paboTKe KOMIBIOTEPHOU MporpaMmMe
JUIS aHAJIM3a XapaKTEPUCTHUK SIIEPHO-ONIPECHUTEIBHBIX CUCTEM.

Anpobanmsa  pe3yabTaToB  HccieaoBaHusi. [lo  Teme
JyccepTalyy omy0IuKoBaHo 16 meyaTtHbIX paboT, U3 HUX 3 B XKypHaIax,
BXOJSIIUX B mepedyeHb peneHsupyeMblx BAK HayuHbIX u3naHuii, 8 B
MEXIyHapOIHBIX W3JaHUAX, HHAECKCUPYEMBIX B 0a3e JaHHBIX Scopus U
Web of Science, 5 B Marepuanax MeXIyHapOIHBIX M BCEPOCCHUHCKHX
KOH(EpEHIUH.

O0beM u cTpyKTypa padoTbl. JluccepranmmonHas pabora
COCTOWT U3 BBEJCHUS, MATH IJIaB, 3aKII0YCHHUS, TIEPEUHS COKpAIleHUi 1
YCIOBHBIX 0003Ha4YeHUH, crmmcka nuteparypsl. Pabora comepxkur 116
crpanwt, 61 wurrocTpanuii, 20 TaGIHII.

OCHOBHOE COJEP)KAHUE PABOTbI

Bo BBegenmu 000CHOBaHa aKTyaJbHOCTh HCCIIEIOBAaHUS,
chopMyIHpOBaHbI €T0 1IeJb 1 331a41, Hay4YHasi U METOANYEeCKas HOBU3HA,
IIPUBEACHBI OCHOBHBIE TTOJIOKEHHS, BBIHOCUMBIC HA 3aILUTY.

I'JIABA 1. CoBpeMeHHOe cOCTOSIHME M TPOOJIeMBbI Pa3BUTHS
TEeXHOJIOTMii onpecHeHUs] MOPCKHMX U COJIOHOBATHIX Boja B Upane

OcHOBHBIM BOJHBIM pecypcoM MpaHa sSBIAIOTCS aTMOC(EpHbIE
ocagkd. ['omoBoe KOMMYECTBO OCaAKOB B cTpaHe coctapiseT 413
MUJUTHAPJIOB KyOOMETPOB, OHO CHJIBHO BapbHPYETCS MO TEPPUTOPUHU
cTpassl - 0T MeHee 50 MM B HEHTPaJbHBIX peruoHax a0 okojio 1000 mm
Ha nobepexne Kacmmiickoro mops. Beimagenue ocaakoB HaXOAUTCS Ha
YPOBHE OKOJIO OJHOH TpPETH CPEIHErof0BOT0 MHPOBOIO BBINAJEHUS
0CaJIKOB.



Meton mraoBeHHoro Bckumnanws (Multi Stage Flash - MSF) -
Hamboliee  YacTo  BCTpedaromasicss  TEXHOJOTHUS  TEPMHUYECKOTO
o0ecconmmBaHus MOPCKOM BOJbl. MTHOBEHHOE BCKHMITAHUE OTIMYAETCS OT
OOBIYHOTO KHIICHHS NPH KOHTAKTE BOJABI C IMOBEPXHOCTHIO HarpeBa.
[Iponecc reHepupoBaHUS BTOPHUYHOTO TMapa MPOUCXOAUT B CBOOOTHOM
MPOCTPAHCTBE HCIIApUTENbHON KaMepsbl. B COBPEMEHHBIX
MHOTOCTYIICHYATBIX ~ HWCIIAPUTENIBHBIX ~ yCTAaHOBKAX  MTHOBEHHOTO
BCKHITaHUSI T€HEpalus Mapa MPOUCXOMUT TPU ananadaTHOM BCKUIIAHHUU
BOJIBI B CBOOOAHOM 00BEME TIPH HU3KHUX TeMIIepaTypax Ha ypoBHe oT 40
o 110 °C.

Mmuoroctynenuaroe wucrnapenue (Multi-Effect Distillation -
MED) - camas crapasd U3 CyIIECTBYIOIINX HBIHE TEXHOJOTHIH
obOecconmBanus. lcmapeHne TPOMCXOIUT B CEpUM  KaMmep C
NPOTPEeCCUPYIOLINM NOHMKEHHEM JIABJICHUS U TEMIIEPaTyPhI.

[Ipu omnpecHenun Boabl MeTonoM RO  Mopckyr Boay
MIPOITYCKAIOT («IPOJABIMBAIOTY») Yepe3 IMOIYIPOHHUIIAEMBIE MEMOpPaHbI
MOJl BO3AECHCTBUEM NaBIECHMSI, CYLIECTBEHHO MPEBBIIAIOIIETO Pa3HUILY
OCMOTHYECKHUX JIaBJICHUH MNpecHOM u Mopckod Boasl. Ilpenmymiecta
TEXHOJIOTHA OOpaTHOTO OCMOCA 3aKITFOYAIOTCS B OTHOCHUTEIHFHO HHU3KUX
9Heprosarparax, pocToTe KOHCTPYKIIMH anmapaToB U YCTAHOBOK, MaJIbIX
uX radapuTax U MpOCTOTE HKCILTyaTalHH.

Hpan MOXXHO OTHECTH K YHCIY CTPaH C BBICOKMM IOTEHIINAIOM
JUTSL OIIPECHEHUs] MOPCKOM BOJBI, OJJHAKO MAacUITa0HOE ONpPECHEHHE BCe
ellle HaXOIUTCS Ha paHHEH CTaJuH pa3BUTHA B 3TOH cTpane. B HacTosee
BpeMs B PasNUYHBIX pernoHax MpaHa AeWCTBYIOT 73 OompecHUTEIbHbIS
YCTaHOBKHM 0611e# MoHOCTEI0 420 000 M/CyT, ¥ CTPOSATCS 85 YCTAHOBOK
C MPOM3BOIUTENBHOCTHIO 0K0710 400 000 M*/cyT.

I'JIABA 2. OnpecHeHue MOPCKOii BOJBbI € HCII0JIb30BAHUEM
SI/ICPHOT0 NCTOYHNKA JHepruu B Mpane: HacTosiiee cocTosiHMe,
NOTPEeOHOCTH U NMEePCNEeKTUBLI

SlmepHas SHepreTuka SBISIETCS NPOBEPEHHOM TEXHOJOTHEM,
KOTOpas B HACTOsIIEe BpeMs UCHOjib3yercs B Oonee yem 30 cTpaHax.
Bosib110¥i OMBIT 3KCIUTyaTallid aTOMHBIX 3JIEKTPOCTAHIIMI HAaKOIUIEH 3a
MOCJIEAHUE TSITh AECATUIICTUH.

B Hactosiiee Bpems Mpan HykaeTcst B 00JbIIeM IPOU3BOJICTBE



anekTposHepruu. Jletom 2018 roma HexBaTKa 3JIEKTPOIHEPIrEeTUUYECKOM

MOIITHOCTH B CTpaHe cocTaBiuia okono 5000 MBT. CymecTByeT Takxe

OTIpeIeTICHHBIN OTEHIMal UCTIOIB30BAHMS SJHEPTUU BETPa U COJIHIIA, HO

9T DJHEPrOMCTOYHMKHM HE HCMNONb3YyIoTcad Mmupoko. Ilo nmaHHBIM

VYnpaenenust sHepretrueckoit mHpopmanuu (EIA), B Mpane o6mas

BbIpaboTKa anekTposHeprun B 2015 rogy cocraBuna 272 TBT1-4, u okojo

92% oTOW BeNMUYMHBI OBUIO TPOM3BEICHO C HCIIOJIB30BAaHUEM

UCKOIIAeMOTO  TOIUIMBA, YTO  3HAYUTENBHO  MPEBBILACT  JIOJIO

UCIIOJIb30BaHMUS ~ HCKOIIAeMOT0  TOIUIMBA Uil IPOM3BOACTBA

AIEKTPOIHEPTUU B MUpPE (0KOJI0 66%).

IIpoueccsl MPOU3BOACTBA SHEPIMHM B MHPE TJABHBIM 00pazoM
OCHOBaHbl HAa MCKOIIAEMOM TOIUIMBE, TaKOM KakK Yroib, He(Th u
npupoaHsiid ras. Hexkoropeie ctpansl bimknero Boctoka B Hacrosiee
Bpems Ha 100% 3aBUCAT OT HCKOIAaEMOT0 TOIIMBA JJIsl YAOBIETBOPEHUS
CBOUX YHEPTETHUECKHUX MOTPEOHOCTEM.

SnepHast sHEprus 0ojiee YCTOWYMBA MO CPABHEHHIO C JAPYTHMH
HEBO300OHOBIISIEMBIMH HUCTOYHUKAMH SHEPTUH. ATOMHBIT
SHEPrOMCTOYHMK JUId onpecHeHus: B MpaHe wumeer cieayromue
HPEUMYIIECTBA [0 CPABHEHMIO C OCTAIbHBIMU 3HEPIrOUCTOUHUKAMHU:

- Bo3MOxHOCTB peanu3anuu Jito00oro He0OXOAUMOTO YPOBHS MOIIHOCTH
OT HECKOJIBKUX METaBaTT 0 HECKOJIBKUX COTEH U Jaxke Thicady MBT.

- DKOJNOTMYHOCTh — MPAaKTHUECKOE OTCYTCTBHE BpeIHBIX BEIOpocoB CO»,
U IPYTUX MPOAYKTOB CTOPAHUS;

- Obecrie4eHHOCTh TOIUIMBOM Ha JIOJTHE TOJAbl U B OCOOEHHOCTH, €CIIU
yIAcTCs OpPraHM30BaTh B TMPOMBINUICHHBIX MaclITa0ax 3aMKHYTBIA
TOIUIMBHBIA LIUKJ C SAEPHBIMH PEaKTOPaMH Ha OBICTPBIX HEHTpPOHAX, a
TaK)Ke BOBJIEUb B aTOMHYIO SHEPIre€THKY TOPUl KaK AJepHOE TOILIHBO.

ADC «bymep» (tuna BBOP-1000) sBasiercst mepoit ADC He
Tonbko B Mpane, HO u Ha BceM bmmxnem Bocroke. C MOMeHTa 3amycka
ADC B centsabpe 2011 roma mo despans 2014 roma Ha Hel OBLIO
MPOU3BEEHO OKOJO ceMH MipA KBT-u anextposnepruu. Ha ADC
"Bymep" neicTByeT celiuac ouH SHEPTroOIOK ¢ peakTopoM Tuia BBOP-
1000.
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I'JTABA 3. Bo3Mo:KHbIe TUIIBI HHTErPaAUMU ATOMHOI
ajiekTpocTanunu ¢ OY Ui Npou3BoACTBA JHEPTUHU U ONIPECHEHUA
MOPCKOii BOJbI (CeNNATU3UPOBAHHBII MHOTOLIE1€BOIi aTOMHBII

JHEProTexXHoJornyeckuii kommiexkc — MAK)

OY MoryT OBITH OJTHOIETICBBIMHU HITH YCTAaHOBKAMH KOTE€HEPAIIUN
9NIEKTPUYECTBA U MIPECHOW BOMBI. DHEPreTHUECKHe SIEpPHBIE PEaKTOPHI
BCEX TUIIOB B TMPHUHIUIE MOAXOIAT ISl MCIIOJNB30BAaHUS B Ipoleccax
omnpecHenus. [lap Moxker ObITH O0TOOpaH W3 O0OPYIOBAaHUS BTOPOTO
KOHTYpa aTOMHOM 3JIEKTPOCTAHITUH 1 3aTeM HCIoJib3oBad OVY. 3amuTHbIe
Gapbepbl JOJKHBI OBITh MCIIOJIB30BAHBI JUISI TOTO, YTOOBI PEIOTBPATUTh
MOTEHITUAILHOE TTOTIa/IaHNe PAJMOAKTUBHOCTH B ONPECHUTENBHYIO YacTh
ycTaHOBKH. KoOHAEHCATOp 3IIEKTPOCTAHIMU SIEPHO-ONPECHUTEIHEHOTO
KOMIIJICKCA PACIIOJIOKEH Ha Oepery Mopsi, 3a0HpaeT OXJIaKAaloNIyI0 BOLY
13 MOps U cOpachiBaeT OTPadOTaHHYIO OXJIXKAAIOUIYI0 Boay B Mope. Ha
JIByXIIEIEBON YCTAaHOBKE MOYKHO WCIOJIbh30BATh 3TY HATPETYI0 MOPCKYIO
BOJYy B KadecTBe MUTATENbHON BoabI mist OY oOpaTHOTO ocMmoca, TeM
CaMBbIM TOBBIIIAs MPOU3BOAUTENBHOCTE OY.

[onmxonsmuii  (0OBIYHO  HCIONB3YEMBI)  TEMIEPaTypHBIN
JIMara3oH Jyisi onpecHeHus coctapisieT 65—120 °C npu ucnonb30BaHUU
TETIOBHIX TporieccoB MSF u MED.

[Mpuunna npeoOnagaHusi BOAO-BOASHBIX PEaKTOPOB B COCTaBE
MPOEKTUPYEMBIX SIEPHO-ONPECHUTETHHBIX KOMIUIEKCOB OYEBHIHA — STOT
THI pEaKTopa OCBOEH B JKCIUTyaTallid BO MHOTHX CTpaHax M IMOKa3al
BBICOKHI ypOBEHb 0€30MacCHOCTH U HaJeKHOCTH. PeakTopbl 3TOrO THIIA
MO0 CBOMM XapaKTepUCTHKaM (yYpOBHSIM MOIIHOCTEH, MapaMeTpam
MPOU3BOANMOTO BO BTOPOM KOHType Iapa) BIOJHE MOIXOAST s
HCIOJIb30BaHMS B COCTaBE KOT€HEPALIMOHHBIX CUCTEM.

Juctumisuuonnele yctaHoBku Turna MSF, 0ocoOeHHO KpyTHEIE,
0OBIYHO COEMUHSIOTCS C ANeKTpocTaHiusamu. [Ipu sToM orpaboTtaHHas
TEIUIOTA AJIEKTPOCTAHIIUH HCIIOIB3YETCS UIA HarpeBa MOPCKOW BOJIBI.

Texnonoruss ompecuenuss MED  oTHocuTcd K Kiaccy
Tepmuueckux TexHojorud. [lpum ompecnenuu Boasl metogom MED
nepBas (camasi «Terias») CTyNeHb OOBIYHO paboTaeT MpH TeMIeparype
Hmwke 70 °C, uroObl u30exarh oOpa3oBaHusi Hakumu. Harperas B
KOHJIeHCcaTope TypOMHBI BoAa (MM TEIIoTa OTOOPHOTO Mapa OT KaKhuX-
mbo cryneHei TypOWHBI) MOAaeTcs B TEIUIO0OMEHHHUK, T/e TeMIIepaTypa
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NHUTATENbHON (OmpecHsIeMOol) BOABI IOBBIMIACTCS O HEOOXOIMMOTO
yposus (o1 70 mo 90° C).

CoueraHue aTOMHON OJIEKTPOCTAHIIMM C TPOMBIIUICHHBIM
MPOLIECCOM YTWIIM3alMKM TEIUIOTHl (B JAaHHOM cJy4ae C MpOLEeccOM
OIIPECHEHHS) MOKET OBITh OCYILIECTBICHO C HOMOIIBIO IIPOMEXYTOYHOTO
KoHTypa Mexay 510V u OV.

TI'JIABA 4. TeXHUKO0-IKOHOMUYECKHE XaAPAKTEPUCTUKH SIIEPHO-
ONPECHUTETHHOT0 KOMILTEKCA

[lomyueHHsle  TpW  MOICTUPOBAHMUM  DKOHOMHYECKHE U
TEXHUYECKUE XaPaKTEPUCTUKUA 00BEKTa MOTYT OBbITh HUCIIOIB30BAHBI MTPH
MOJICTMPOBAHUN  JCWCTBHUH, HEOOXOAWMBIX I TPHUBICYCHUS
MOTEHITHAIBHBIX HHBECTOPOB M KPeAuTOpoB mpoekta. OCHOBHAS LENb U
colepkaHMe [AaHHOTO pasjena Hamed pabdoTel — paspaboTka u
WCIIOJIb30BAaHUE  HAACKHOTO  METOJa  OMNPENCICHHS  TEXHHUKO-
SKOHOMHYECKHX XapaKTEPUCTHK, ONpeAeTICHHE I[eHbl Ha OMPECHEHHYIO
BOJIy TIpY UCTIOIB30BAHUN PACCMATPHUBAEMOM CXEMBI COYETaHUS SACPHON
U OIPECHUTEIBHON YaCTeW KOMILIEKCA.

W3-3a OonmpImmMX pa3nuumii B CTOMMOCTH 3aTrpaT B Pa3HBIX
pernoHax / cTpaHax JOCTaTOYHO TOYHBIE IMPOTHO3BI CTOMMOCTH MPOEKTa
MOTYT OBITh CHEJIaHBI TOJIBKO B OTACIBHOCTH ISl KaKIOrO pPeruoHa /
crpansl. HkenepeurcneHHbIE XapaKTEPUCTUKU (TIapaMeTphl) MPOEKTa
3aBHUCSAT OT PeTHOHA / CTPaHBI:

- CTOMMOCTBH MECTHOTO TPYAa;

- XapaKTepuCcTHKa MECTHBIX MOTPEOUTENBCKIX M CEPBUCHBIX PHIHKOB;

- Bun moapsaunka-ucioSHUTENSI ONMPECHUTEIBHOIO MPOEKTa M OLIEHKA
PHUCKOB, CBS3aHHBIX C BBIOOPOM TOIPSTUNKA;

- BriussHre MECTHBIX HOPM OOECIIEUECHUsSI COIUATBFHOU U IKOJOTHIECKOM
0€30MacHOCTH Ha MECTOIIOJIOKEHUE M MACIITad MPOEKTa;

- Croco6 3a60pa MOPCKO# BOJIBI;

- BanroTtHblie pucku;

- McTounuku puHAHCUPOBAHUS;

- llpyrue peruoHanbHbIe (aKTOPHI - OHU MOTYT TakKKe UMETh (OOBIYHO
OTPaHWYEHHOE) BIHMSHIE HA CTOUMOCTB TIPOEKTA.

Paznuunbie CXEMBI TEXHOJIOTMH OIPECHEHHS JOJDKHBI OBITh
W3y4eHHl B YaCTH WX TEPMOJWHAMHYECKUX U OSKOHOMHUYECKHX
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XapaKTepUCTUK. i1 3TOH 1en MOTYT OBITh HCITOJIb30BaHBI U3BECTHHIC

pa3paboTaHHBIE KOMITBIOTEpHBIE TporpaMMbl. Camasi M3BeCTHast M3 HUX

— »ar1o mporpamma DEEP, paspaborannas MAI'ATD. OcHoBHbIE

MPUYUHBl HCIOJB30BaHMs Hamleil METOHOJOTMM BMECTO HpOrpamMMbl

DEEP 3aknrouaercs B CIEAYIOIIEM:

1) Bo MHOrux ciy4asix ynpoueHHs U allpoKCHMAINH, ITpejiaracMmbie
nporpammo DEEP, NpuBOAST K HMOBBIIIEHUIO HEOIPEAEICHHOCTU
(HeTOYHOCTH) PE3yNbTATOB BBIYHCIICHHI; (HAIPUMEpP, CTOMMOCTh
OINPECHEHHOMU BO/IbI METOJIOM RO npu pa3IMYHON
MPOU3BOAUTENBHOCTH TIO BOJE TONMy4YaeTcd OJUHAKOBOHM, UTO
HEBEPHO).

2) CymiecTBYIOT HEKOTOpbIe BIUSIONINE Ha pe3yibTarT (HaKTOpPHI,
KOTOpble He yuuThiBaroTca mnporpammoil DEEP, nHanpumep,
pasnuuMe B CTOMMOCTSX 3a0opa MUTaTeNbHOW BOABI H
MPeBApPUTEIBHON ee 0O0paOOTKU TPHU HCIOJIb30BAHHH Pa3TMYHBIX
METO/I0B OIIPECHEHHUSI.

3) Ilporpamma DEEP oxBaTbiBaeT HECKOIBKO PpAa3IUYHBIX CXEM
unterpauun  OY ¢  aTOMHBIMU = BJIEKTPOCTAHIUSAMHU, OJHAKO
cnenuduyecKkue TpeisiaraeMble HaMH  KOHKPETHBIE  CXEMBI
WHTETPALX HE MOTYT OBITH JOCTATOYHO TOYHO CMOJEITHPOBAHBI C
noMouipto DEEP, MOCKOJIBKY OHM OTJIMYAOTCA OT OXBAaThIBAEMBIX
nporpammoii DEEP.

UToObI BBITOJHUTH SKOHOMHYECKHIH aHAIN3 PAa3IUYHBIX CXEM
couetanust AA0Y wm OV, Hamu pazpabotaHa coOCTBeHHas THOKas
KOMITbIOTEpHas [porpamMma, OCHOBaHHas Ha si3bike Fortran.

CTOMMOCTH TEIJIOBOW YHEPTUU PACCUUTHIBAECTCA HAMU C YUETOM
CHIDKEHHUS KOJINYEeCTBAa BbIPAaOOTAaHHON 3JIEKTPO’HEPTMH B pe3yJbTaTe
nepefayn TemIoTsl 0TOopHOro mapa Typounsl Ha OY. Paspabortannas
HaMU KOMIIBIOTEpHAsl MporpaMma OLEHUBAET BEJIUYHMHY TEIUIOBOH U
3JIEKTPUYECKON SHEPTHH, HCIIONB3Ysl HCXOJHBIE MaHHBIE O TpedyeMoid
MIPOU3BOAUTEIBHOCTH IO MTPECHOM BOJIE, COJIEHOCTH MCXOAHOM BOJIBI U €€
Temreparype. 3aTeM (YuuTbIBas Takke M JApyrue HEoOXOIAMMBIe
WCXO/HbIE JaHHbIE) PACCUUTHIBAIOTCS 3aTPAThl, CBA3aHHBIE C JEHCTBHEM
saaepHoit OV, 4TOOBI MOTYYHUTH LIEHY KyOMUECKOro MeTpa OMpecHEHHOU
BOJIBI.

B rmpemmaraempix HaMH cXeMax THOPHIHOTO OIPECHEHUS

OIICHUBACTCS JIKOHOMHYSCKHHA d(PPEKT OT HCIONB30BaHUS paccoia



13

onmHoro mporecca onpecHeHus: (RO) B kadecTBe MUTATENBHON BOABI IS

JIPYTOTO TIpOIIecca OMPECHEHUS (TEPMUIECKOTO).

IlenecooOpa3Ho HCIIONB30BaTh 4YacTh OXJAKIAIOIIEH BOIBI
KOHJICHCATOpa TYpOWHBI AaTOMHBIX OJJIGKTPOCTAaHIMA B  Ka4eCTBE
MUTATEIbHONH BOJBI CHUCTEM OINPECHEHWs. Takod MOAXONI MPUBOAUT K
3HAYUTEIHFHOMY CHIDKCHHIO CTOMMOCTH OIpecHeHus. TeMriepaTypa BOJIbI
Ha BBIXOJIC KOHJCHCATOpA 3HAYMTEIILHO BHINIC, YE€M TEMIleparypa
MOPCKOH BOJBI, YTO TaKKe SIBIISIETCS OnaronpusaTHBIM (aktopom. bomree
BBICOKasg TemIlepaTypa NUTATEIbHONH BOJBI Ha BXOJE B MeMOpaHBI
MPUBOJINUT K JIy4Illel IPOHUIIAEMOCTH MeMOpaH.

IlepBas ©3 pacCMOTPEHHBIX HaMHU CXE€M HMEET HPOCTYIO
cTpyKTypy. B Heit rexHonorust RO u MeToj; TepMUYECKOTO OMPECHEHUS
HE CBsI3aHbl JpYr ¢ JapyroM. Kaaplii METOA ONPECHEHUS BOJbI UMEET
aBTOHOMHYIO COOCTBEHHYIO CUCTEMY B0J103a00pa U €€ MPeABAPUTEILHON
ounctku. llpm »TOM mMTarenmbHas Boma Anusi  cuctembl RO He
MOJIOTPEBAETCSA, a PACCONl CHUCTEMBl TEPMHUYECKOTO OIpPECHEHHS He
UCHOJIBb3YETCs B KAYECTBE MUTATEIBHON BOJIBI MEMOPAHHBIX CUCTEM.

Bropas ©3 paccMOTpEHHBIX CXeM HMEeT IENbI0 CHUKEHUE
obmero o0bema BoOm03a00pa. DTO TO3BOJIMT YMEHBIIUTH TPeOyeMyro
MOIIHOCTh HA TPOKAYKy BOJBI H, CIEJAOBATEIFHO, CTOUMOCTh
MPOU3BOACTBA BOABL. B manHOi cxeme KoHIIeHTpaT (paccou) cuctembl RO
UCTIONB3yeTCsI B KadecTBe MUTATENbHOW BOABI UISI  CHCTEMBI
TEPMUIECKOTO OTPECHEHUSI.

B Tperbeiil cxeme, 4acTh OXJIayKJAOIIEN BOJBI MOCIIE BBIXO/AA €€
W3 KOHJICHCATOpa HCIIONB3YETCSI B KAUECTBE IMUTATEIBHON BOIBI CHCTEM
onpecHeHus. [IpenmymecTBa Takoi CXeMbI 3aKJIIOYAIOTCS B CIETyIOIIEM:
- Ucknrouenne 3abopa MOPCKOW BOJBI JUISs [HUTAaHUS  CHUCTEMBI

OTIPECHEHHA,

- 3HaYUTEIHHOE CHIDKEHUE CTOMMOCTH 3a00pa Mopckoii Bojbl yist OV,

- YBenuueHWE MPOHMIIAEMOCTH MeMmOpaH cucteM RO Omaromapst
MOBBIIIICHHON TeMImepaType IHUTaTeJbHONH BOAbI (OHA HAXOIMTCS
npumMepHo Ha ypoBHe 36 °C),

- DHepro3arpathl Ha TMPOKAYKy BOXBI depe3 MeMOpaHwl cucteM RO
CHW)KAIOTCS IIPH UCTIOIB30BAHUU 00JIEE TEIUION MUTATSILHOU BOJIBI.

B uyetBeproit cxeme npeanaraercs B cocraBe MAK npuMeHsTh
Majible MOAYJIBHBIC siaepHble peakTopel MMP (SMR). Hebomnpmioit
pasMep W BBICOKas CTeNeHb MoayiabHocTH MMP  oOneruaror
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OCYILECTBJICHUE COYETAaHUA AaTOMHOH »snekTpoctaHuuu c¢ OY. B
YaCTHOCTH, KOHCTPYKIHS MMP mo3BoJIseT Kaxa0oMy MOIYIIIO padoTaTh
KaK ¢ MeMOpaHHBIMH, TaK U TEPMUUYCCKUMHU TEXHOJOTUSIMH OIPECHEHHUSI.

I'JIABA 5. Pe3yabTaThl TEPMOIKOHOMUYECKHX PACYETOB
Pa3JIMYHBIX BO3MOXKHBIX JUIS HCI0JIb30BaHusA B UpaHe cucrem
onpecHeHUs] MOPCKOH BOJbI B COUETAHUH C I/IEPHBIMU PeaKTOPaMu
Pa31u4YHON MOLIHOCTH

[Tpu ucnonszoBannu MMP, paccmoTpum Tpu BapuaHTa 0TOOpa
mapa JIsl TOJIa4d TETJIOBOW SHEPTHH, HEOOXOIUMOW ISl TEPMUYECKUX
oVv:

a) [lap BBICOKOTO AaBIIEHUS MOCIE TAPOTEHEPATOPA,

b) OTGopHBIH Hap CpeaHETO MABJICHUS ITOCIEC YaCTH TYPOWHBI BEICOKOTO
JIaBJICHHUA,

¢) [Map TypOuH HU3KOTO JAaBIICHUS.

PesynbraThel poBeICHHOTO HAMU TEPMOJMHAMUYECKOTO aHAITN3a
couetanus MMP c¢ tepmuueckoit OV mnpousBoautenbHocThio 15000
M*/CyT HpuBeieHbl B Tabmune 1. MUHEMYM 3Hepruu, HoTpeduseMoii as
OTIPECHEHHS, IOCTUTAETCS MIPH HCIIOJIb30BaHUH BapHaHTa (C) B COUYETaHUU
¢ TexHoznorueid MED.

Tabnuma 1. Pesynsrarer TepMoanHaMudeckoro aHanmmza MMP npu pa3ziamaHbIx
BapHaHTaXx 0TOOpa mapa Juisi ONPECHEHUs
a b c a b c

MED | MED | MED | MSF | MSF | MSF
KII/I xorenepanimoHHOro KomIuiekca, % 40,7 41,9 427 41,8 432 43,6

ITapameTp

OnexTpudeckas MOIIHOCT, MBT,,) 96,7 100,9 | 103,7 94,3 99,3 100,5
Koadpuuuent norepu MouHoctu', % 37,6 25,9 18 37,6 259 23
Pacxon sneprun Ha onpecHenue, MBT(,y, 16,1 11,9 9,1 20,6 15,7 14,5
KIT4 MMP, % 34,2

Moumsocts BeIOpanHoro MMP, MBT,;, 113

! oTHOIIIEHHE MOTEPH MOIHOCTH H3-3a 0TOOPA Mapa K IOTPe6I1eMOii TEMIOBON MOIIHOCTH B IPOLIECCE
OIPECHEHHS

Pe3ynBTaTBI CpaBHCHU cebecTouMocTer OHpCCHCHHOﬁ BOJEBI C
HCIIOJIb30BAHUEM Ppa3HbIX CXEM COUCTAaHUA A2V ¢ I‘I/I6pI/I,Z[HI>IMI/I
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TEXHOJIOTHSMH OIpecHeHUs (OHM TMOApPOOHO OIMHMCaHBl B pasneie
pe3yIbTaTOB AUCCEPTAINH ), B 3aBUCUMOCTH OT TpOon3BoauTebHOCTH OY
MpeacTaBlieHbl Ha pucyHkax 1 m 2. CriemyeT 3aMeTHTh, YTO IIPHU
HCTI0JIb30BAaHUU IpeIaraeMoro MMP MaKCUMaJIbHAas
npousBoauTensHocTh OY cocTaBnser okorxo 60000 M*/cyTKH.
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I[pousBoautensrocTs OV, M3/cyT

Cxema 1, RO+MED = - = Cxema 2, RO+MED
Cxema 3, RO+MED = = = MMP, RO+MED

Pucynox 1. CromMocTH moirydyaemMoil pecHON BOIBI THOPHIHONW TEXHOJOTHEH
RO+MED, nist pa3Hbix BapuanToB KoMOuHauu 0V u OY B 3aBUCHMOCTH OT
npousBoauTensHOCTH OY

[Ipu ucnons3oBanmun MMP momHOCTEIO 0K0J0 110 MBT,,,
OTHOIIIEHHUE 3aTPpaT Ha ONIPECHEHUS /ISl BAPUAHTA C TUHIIMYHBIM PEaKTOPOM
0OJIBIION MOITHOCTH TMOKa3aHO Ha pUCyHKe 3. CTOMMOCTh ONPECHEHHUS C
HCIIOJIb30BAaHUEM OJHOT0 peakTopa MolHocTeio 110 MBT npumepHo Ha
10%, 14% u 19% Bemme pma texuoiormii RO, MED um MSEF,
COOTBETCTBEHHO IO cpaBHEHUIO ¢ DY ¢ peakropom MomHocThio 1000
MBT,,. UHTepecHbI BBIBOJ, KOTOPBIM MOXHO CJeiaTh, 3aKJII0YaeTCs B
TOM, YTO CTOMMOCTb OIPECHEHMsI C HCIOJIb30BaHUEeM wecte MMP B
kauectBe MAK HEMHOTrO MEHBIIE, YeM CTOMMOCTH OIPECHEHHUS C
HCIIOJIB30BaHUEM peakTopa MontHocThio 1000 MBT,,.
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Cxema 1, RO+MSF = « = Cxema 2, RO+MSF
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Pucynoxk 2. CromMocTH mojydyaeMoil IpecHOH BOIBI THOPHIHONW TEXHOJIOTHEH
RO-+MSF, s pa3ubix BapuantoB koMOuHauuu I3V u OY B 3aBUCHMOCTH OT
npousBoauTensHOCTH OVY.
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Pucynox 3. CpaBHeHHE CTOMMOCTEH ONPECHEHWS IS PAa3HBIX TEXHOJIOTHH
ONPECHEHUS, B 3aBUCUMOCTM OT KojumuectBa MMP, MOIIHOCTBIO KaxKIoOro
peakTtopa 110 MBT,,.

3AKVIIOYEHUE

Hns  obocHOBaHHOTO BbIOOpa Hambonee >PPEeKTUBHBIX B
SKOHOMHUYECKOM OTHOIIEHHM CXeM H cucTeM (00opymoBaHMs)
JIByXIENEBBIX aTOMHO—OIPECHUTENBHBIX KOMIUIEKCOB HEOOXO0IUMO
UMETh  HaA&KHBIA  WHCTPYMEHT  CPaBHHUTEIBHOTO  TEXHHUKO—
9KOHOMHYECKOTO aHAIN3a BAPUAHTOB ITUX KOMIUIEKCOB C Pa3IMYHBIMHU
TUTIAMH W MOIIHOCTSIMH KakK B SIICPHOH DHEPreTHYECKOH WX YacTH
(ImepHBI peakTop, MaporeHEepaTophl, MapoBble TYpPOWHBI), TaK WU B
OTNPECHUTEIHFHON YacTH, WMes B BHUIY TEXHOJOTHIO MHOTOKOJIOHHOM
muctiusinu — MED, TeXHOJIOTHI0 MIHOBEHHOTO Bckumanus — MSF,
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TEXHOJIOTHIO 00paTHOTO 0ocMoca — RO u rubpugable TexHonorun (MED+
RO u MSF+RO). B kadecTtBe Takoro MHCTpYMEHTa HaMH pa3paboTaHa
KOMITBIOTEPHAS MPOrpaMMa «3IKOHOMHUECKas OI[CHKA WHTETPUPOBAHHBIX
ATOMHBIX JICKTPOCTAHIIUN C ONMPECHUTEILHBIMUA CUCTEMaMMI).

B rmaBe 5 muccepranuu mpencTaBlIeHBI PE3yNbTAaThl CPABHEHUS
TEXHUYECKUX U DKOHOMHYECKHX TIOKa3aTejeii BapUaHTOB SIIEPHO-
OTIPECHUTEIHHBIX KOMIUICKCOB, IMOJyUYECHHBIC C TOMOIIBI0 MPOrPaMMbI
«IKOHOMMYECKAs OI[CHKa HHTETPHUPOBAHHBIX aTOMHBIX 3JIEKTPOCTAHIIUHN C
OTIPECHUTEIHHBIMH CHUCTEMaMW» a TakXKe pe3yJbTaThl pPacyEéToB
TEPMOJMHAMUYCCKIX XapaKTCPUCTHK MaJbIX MOJIYJBHBIX PEaKTOPOB
(MMP), oxnaxkaaeMoro BOOH MOJT IaBJICHUEM, MTOTyUYE€HHBIE C IIOMOIIBI0
mporpammbel  DE-TOP  (Desalination Thermodynamic Optimization
Program, pazpabotka MAI'ATD). Pe3ynbpTaTsl cCpaBHUTEIHHOTO TEXHUKO-
SKOHOMHYECKOTO  aHaliu3a  BapHaHTOB  JIBYXIIEJICBOIO  SIJICPHO-
OTIPECHUTEIHHOTO KOMIUIEKCA PEKOMEHIIyeTCs HCIONb30BaTh IpHU
MPOEKTUPOBAHUH TaKWX KOMIUIEKCOB Kak s MpaHa, Tak u s APYTHX
cTpaH (IIpH UCHOJb30BAHMM HMCXOJHBIX JIAHHBIX, CHEHH(DUUSCKUX st
JTAHHOW KOHKPETHOW CTPaHBI/PETHOHA).

Pekomenmyercs  wmcmonp3oBaTh B HOBBIX  pa3paboTkax
KOMIIBIOTEPHYIO porpamMmy «IKOHOMUYECKOAs OTICHKA
WHTETPUPOBAHHBIX ATOMHBIX 3JICKTPOCTAHIUH C ONPECHUTEIHLHBIMU
CHUCTEeMaMW» JJIs TPOBENCHWS aHallM3a JBYXIENEBBIX SIEPHBIX
ONPECHUTETBHBIX CcHCTeM. I[Iporpamma ruOKas, T.e. JOITyCKaeT
JaJIbHEH1IIee OOHOBJICHUE U J00aBIICHUE IPYTUX BO3MOXKHOCTEH pacueTa
TaKUX KaK: pa3jNyHbIe THIIBI SJEPHBIX PEAKTOPOB, HWCIOJIh30BAHHE
BO30OHOBIIIEMBIX HCTOYHMKOB DHEPrUM (TaKMX Kak COJHEYHas
JJIEKTPOCTAHIMSA) B KauyeCTBE HCTOYHHUKA DHEPTHHM OMPECHUTEIHHOM
YCTaHOBKH, JPYTHE KOTCHEPAIlMOHHBIE CHCTEMBI, TaKHE KaK CHCTEMBI
[EHTPAITM30BaHHOTO OTOTUIEHUS 1 OXJIQXKIEHHS, IPOM3BOICTBO BOIOPOIa
U APYTHE HEIICKTPHIECKIE PUMEHEHUS.

OCHOBHBIE PE3yNbTAaTHl HACTOAIIEH pabOTBl CBOJATCA K
clenyIolmemMy:

1. BremonHeHHbII B ee 0030pHOM YacTH aHalIu3 COBPEMEHHOTO
COCTOSIHMSI W Pa3BUTUS  KPYHMHOMACIITAOHBIX  ONPECHUTEIIBHBIX
Mpou3BOACTB B VpaHe yOemuTeNnbHO TOKa3bIBaeT Ha HEOOXOIMMOCTH
YCKOPEHHOTO Pa3BUTHI STUX MPOU3BOACTB — KaK B CBSI3U C PACTYIIMMH
MOTPEOHOCTSIMH B DJICKTPOIHEPTUU W MPECHOU BOJE, TaK M B CBS3U C
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HanmnureM B VpaHe TNpOTSHKEHHBIX TEPPUTOPHIA, OMBIBAEMBIX BOJaMHU
[Tepcunckoro m OMaHCKOTO 3aJIMBOB. ATOMHOE OIpPECHECHWE, T. ©.
OTpEeCHEHHE C UCIOIb30BAHUEM OSHEPTuH, MPOU3BOANMON aTOMHBIMU
ANIEKTPOCTAHIIMSAMY, KaK HENb3sl JIy4lle COOTBETCTBYET pealu3aluu
eJield TaKOTo Pa3BUTHS, TAK KaK OHO DKOJIOTUYECKH YHCTOE M ITO3BOJISIET
9KOHOMUTH LIEHHOE OPTaHMYECKOE TOIIUBO (HE(PTh, Ma3zyT, MIPUPOIHBIN
raz), B OCHOBHOM HCIIOJIb3yeMO€ B HACTOSIIEE BpeMsl KaK HCTOYHUK
SHEPTHH ONPECHUTEIHHBIX ITPOU3BOICTB.

2. Hambonee 3¢ heKTHBHBIM BapraHTOM 0TOOpa Iapa, IpOU3BOIUMOTO
ADY nmns momauu TEIIOBOM YHEPTHH, HEOOXOIUMOM IS TEPMHUUECKHUX
OV sBisercs HCMOIB30BAaHUE OTPAOOTAHHOTO Mapa TYpOWHBI HHU3KOTO
nmaBieHns. CoriacHO TIONYYeHHBIM —pe3yJbTaTaM pacyeToB, IMpH
nucroiab3oBannn MMP tennoBoit momnocTeio 330 MBT B coueranuu ¢
texHonorueir MED mpomsBomutensrocthio 15000 v*/cyT, obmuit KITJ]
MAK moxer yBenunuuBaTbcsi Ha 8,5% C MOILHOCTBIO NPOU3BOACTBA
anexktposHeprun 103,7 MBT.

3. Hcnonp3oBanue KOHIEHTpaTa (paccoiia) CHUCTEM OOpaTHOTO
ocMOoca B KadecTBe IUTATENbHOW BOABI CHCTEM TEPMHUYECKOTO
OTNPECHECHHS TIPHUBENET K CHIDKCHHIO OObeMa 3a0upacMoOi BOIBI, H,
cleoBaTeIbHO, K  CHHOKGHHIO  CTOMMOCTH  Bojo3abopa u
IIpEABAPUTEIbHON 00paboTKH MIPUMEPHO Ha 20% pu
npomBoguTensHoct 100000 MP/cyr.  CormacHO — pe3yibTaTam
SKOHOMMYECKHX pacyeToB, NpM TPOM3BOAMTENbHOCTH 50000 M’/cyr,
croumocth onpecHenus anst OY MSF, MED, u RO cocrasnsiet 1,99 $/m>,
1,3 $/M°, u 0,88 $/M°, COOTBETCTBEHHO TIPH KOH(PHUIYPALMH C OTIENbHOM
CHCTEMOM BOMI03a00pa I KaKIOH TEXHOJIOTHH ONpecHeHUs. B ciydae
WCTIOJIb30BAaHUH OXJIAXK/AIONICH BOJBI KOHACHCaTOpa TypOuHbel S0V B
Ka4yeCcTBE MUTATENBHOM BOJIbI OY, CTOMMOCTH OIIPECHEHUS TEXHOJIOTUSIMU
MSF, MED, u RO cocrasusier 1,94 $’°, 1,25 $/M°, u 0.8 $/m’,
COOTBETCTBEHHO.

4, [pu rcroNIb30BaHUY OXJTAXKTAOIIEH BOJIBI KOHJICHCATOPA TYPOUHBI
S0V B KauecTBe MUTATENFHOW BOJIBI CHCTEM OIPECHEHUS, TeMIepaTypa
KOTOpOW HaxOaUTCs MpUMepHO Ha ypoBHe 36 °C, cTeneHb rudpuan3aui,
HeoOXoAuMas i TOJIYYCHUS TPUEMIIEMOT0 KadecTBa OMpPECHEHHOU
BOJIBI cocTaBisieT 22%. Ilpu 3ToM CTOMMOCTH OnpecHEeHMs] THOPUIHBIMU
texnonorusimu RO+MSF 1 RO+MED cocrasmsier 1,06 $/m> 1 0,91 $/m°,
COOTBETCTBEHHO. Cpenu TMOPUIHBIX CXEM ONpPECHEHHs HCIOIb30BaHUE
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OXJaKIaroIel BOJbI KOHACHCAaTOpa TypOuHbl 10V sBisercs Hauboiee

SKOHOMHYHOH KOH(UTYypannel, 4To0 MPUBOIUT K CHIDKEHHUIO CTOUMOCTH

onpecHenus Ha 6% mna texmomormn RO+MSF u wa 7,4% s

texHosoruu RO+MED.

5. B mpuHmHMIIE MOXHO HCHONB30BaTh KaK PEAKTOPHI OOINBIIOH

MOIITHOCTH, TaK M Majble MOAYJIbHBIC PEaKTOPHI B coueTanuu ¢ OV mis

OJHOBPEMEHHOIO IIPOU3BOACTBA 3JIEKTPOIHEPTMU U MPECHOW BOJBL

[IpoBOIMMBII HaMHM SKOHOMHYECKHH aHadu3 IOKa3bIBAa€T, UYTO, €CIHU

HCII0JIB30BaTh HECKOJBKO MOJAYJIBHBIX PEaKTOPOB HAa OJHOM IUIOLIANIKE

U1l obecrieueHrss HEOOXOIMMOM TEIJIOBOM DHEPTHUU M DJICKTPUUCCTBA

OV, KOHKYypEHTOCIOCOOHOCTh B YacTH SKOHOMHYECKHX IIOKa3aTeien

MOXET OBITh IOCTHTHYTa II0 CPAaBHEHHIO C pPEaKTOPOM OOJBIIOH

MomHOocTH. Hampumep, mpu obmeir mommuocta 1000 MBT, crouMocTh

onpecHeHHs ¢ ucnoib3zoBanueM MMP npumepno Ha 1,5%, 3% u 4%

MEHBIIE, YEM CTOMMOCTD MOJIy4aeMOU MPECHOU BOJBI C UCIOJIb30BAHUEM

peaktopa OomipmIoi MomrHocTH s TexHojornid RO, MED m MSF,

COOTBETCTBEHHO. YUWUTHIBasA MOTEHUHUAIbHBIE MPEUMYIIECTBA MAaJIbIX

MOAYJBHBIX peakTopoB B kauectBe MAK, Takue Kak KOMIIaKTHOCTb,

THOKOCTh B JKCILTyaTalllH, BBICOKAs CTENEHb O€30TTACHOCTH M MEHBIIIee

BpEMsI COOPYKEHHUSI, HCTIOIh30BaHne MMP MoXeT OBITh PEKOMEHIOBAHO

TaKUM CTpaHaM, Kak HpaH.
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