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YUCEJBbHE MOAEJIOBAHHSA JE®OPMAIIIM OCHOBH
®YHIAMEHTIB EHEPTOBJIOKIB AEC

o0.m.H., npogh. Cedin B.JL., c.n.c. bayck €.A, acnipanm Kipuoc K. A.
JIBH3 I[Ipuoninposcvka depoicagna akademisi 6y0igHUYmMea i apximexkmypu

IlocranoBka mnpoduevMu. OHUM 3 HAWOLTBII BAaXIMBHX TEXHIYHUX,
TEXHOJIOTIYHUX 1 OpraHi3allifHWX YWHHWKIB, IO BIUIMBAIOTh Ha 3a0e3MeUeHHS
HaIifHOCTI eKCIUTyaTamii eHepreTHYHOro0 YCTaTKyBaHHS CIIOPYA AaTOMHHX
enextpocraniiii (AEC), Ge3mocepeaHbO 3al€XHUTh BiJl OLIHKH CTaHy OCiJaHb i
KpeHiB (yHIaMEeHTIB eHeproOIIOKiB.

HopmaruBHa 6a3a mnpu OymiBHHUITBI TS BEIMKUX 1 MAacHBHUX OyiBenb
PEaKTOPHUX BiJIi/IeHb Oylia HEJOCKOHAIO0. ToMy OYAiBHULITBO OiNTBIIOCTI 3 TAKHX
OymiBenb CyIMpPOBOKYBAIOCh HEPO3PAXYHKOBHM 1 HEMPOrHO30BAHHM PO3BHTKOM
ocizanb i 0coOMMBO KpeHy. Y psji BUNAAKiB (akTHYHI OCIIAHHS MEPEBUIIMIN
po3paxyHKOBi B 2-3 pa3u, a KpeH Ha Iue Oinpinry BeanduHy. DakTUUHHI KpeH,
NpOTE, 3HAXOAMBCS B MEXKaX THX, LIO JIONMYCKAIOTHCA AiIOYUMH HOPMATHBHUMHU
JOKYMEHTaMH 3Ha4yeHb, a OCIJaHHA MOHOJIITHHX 1 YXOPCTKHMX CIIOpYZ, TaKHX SK
pEaKTOpHE BiJUIUICHHS, [OMYCKAJIOCSd B3arajli HE HOPMYBATH, OCKIJIbKH BOHH
OCiJaAl0Th 1 KPEHAThCS pa3oM 3 PO3TAIIOBAHHMH HAa HHX YCTaTKyBaHHSAM
€HeproOIoKy.

BpaxoByroun BHIl[e3a3HaUYCHE, KOMIUICKCHI TEOPETHYHI 1 eKCIepUMEeHTANIbHI
JIOCTIJDKEHHST a0COTIOTHUX BEJIMYMH OCIJaHb i KpeHy (yHIaMEHTIB eHeproOIoKiB,
OIlIHKA XapaKTepy PO3BUTKY OCiIaHb 1 eopMalii B 9aci sl MOJIIbIIOl HaTiiHHOT
eKCIUTyaTanii CIopyA i TEXHOJOrIYHOrO YCTATKYBaHHS AaTOMHHX CTaHIiH €
aKTyaJbHUM 3aBIaHHSM [1, 2].

AHaJi3 ocTaHHIX J0c/TiTKeHb i myomikamiii. OCHOBHI MONOXEHHS B 001acTi
B3aeMoii GpyHmaMeHTiB ckIagHOi (HOPMU 3 TPYHTOBHMH OCHOBAMH 3 YpaxXyBaHHIM
0COOJIMBOCTEH TPYHTIB Ta IX MOBE/AIiHKA B AMHAMIIll BUKJIAACHI B poOOTaX BUCHUX:
Baycka €.A., Bunnukopa FO.JL., T'omoBko C.I., 3amsckoro OI'., 3omenko M.JL.,
DurivoBa B.O., Kamoxa 0.1, Kipiueka }0.0., Cenina B.JI., Crasuiuep JI. P.,
Tumuenko P. A., Illokopesa B.C., [lIgenst B.B., Ta in.

Meroro crarri € po3poOKa KOMIUIEKCHOTO — IMIJIXOAY  YHCEIBHOrO
MOJICJTIOBaHHS Ta eKCIEPUMEHTAIBHUX JIOCHIDKEHb PO3BUTKY XapaKTepy ocifiaHb i
KpeHiB (yHZaMEHTIB, L0 [O03BONsE CTalimi3yBaTH OCiTaHHS Ta 3AiHCHIOBATH
peryioBaHHs KpeHiB (GyHIaMeHTiB peakTopHuX BiytiieHb (PB) ms 3abesneueHHs
eKCIuTyaTaniiHoi HaiiHoCTi eHepro6iokis AEC.

Buxmnan ocHoBHoOro Martepiamy. Ha cboromHi 0OMexeHiCTh pecypceiB, 110 He
MOHOBJIIOIOTBCS, Ta B TOW K€ Yac 3pOCTaHHS MOTPeOM B EHEpril, SBISIOTHCS
He3alepeyHUMH (pakTamu, SIKi CTBOPIOIOTH YMOBH JUIS IOAAQIBIIONO PO3BHTKY
aTOMHOI eHepreTuku [3].

OcobmnuBicTio OymiBenb i cnopyn cydacHux AEC 3 Touku 30py OymaiBenbHOI
HayKH, € OLIbII KOPCTKI BUMOTH IO AedopMamifHHX IMapamerpaMm sIK YChOTO
CIIOPY/KEHHS, TaK i OKPEMHUX HOTO €JIeMEHTIB.
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HepiBHoMipHi ocifaHHsi TpyHTOBOI OCHOBH (YHIaMEHTY pPEaKTOPHUX
BiJUIUICHh BHKJIHMKAIOTh KpPEH CIOPYOM 1 C€amMoro peakTOPHOrO —armapary.
OCOONUBICTIO SAEPHUX PEAKTOPIB € HENPUIYCTHMICTh HAaXWIiB B IEpiof
eKcIuTyaTalii. 3a HOpPMaMM IIPOEKTYBaHHS AaTOMHHMX CTaHI[H KpeH CrHopyau
MepUIoro Kjacy, A0 SKHX BIZHOCHTBCS DPEAKTOPHE BIJUIUICHHA, HE IOBHHEH
nepesuiryBatu 0,001 (0e3 ypaxyBaHHs CEHCMIYHUX BIUIMBIB) 3 MOMEHTY I1OYATKY
OyniBaunTBa [4, 5].

B skocTi OCHOBHOTO 00'eKTa JOCTIDKEHHS Oylno NPHHHATO MaiJaH4nK
3anopisbkoi  AEC, mo skiii  Oyau orpumani Oinbll  HOBHMH — oOcsr
eKCIIepIMEHTAIBHAX JIOCTI/DKEHb, MPOBEJICHI JONAaTKOBI BHUIIPOOYBaHHS IDYHTIB,
BiJIIpallbOBaHa METOAMKA TPOBEJICHHS HATYPHUX CIIOCTCPEIKECHb, a TaKOXK
anpoOoBaHi i BIIPOBA/DKEHI pe3yabTard i€l podotu. /s MopiBHSIIBHOTO aHAJi3y
BUKOPHCTaHi  pe3yJbTaTH MPOBEJCHHX JOCTI[DKCHb 1 CIOCTEPEeKEHb Ha
MaiiaHunkax XwmenbHullbkoi, Kaminincekoi, bamakoBcekoi AEC Tta AEC
«Ko3znonyii», ki peAcTaBiIeHi PI3HUMU IPYHTOBUMH YMOBaMH .

Jlyis BUSIBTICHHSI 3aKOHOMIPHOCTEH PO3BHUTKY AedopMamniii IpyHTOBOI OCHOBH
OyaiBenb peakTopHOro BimmineHHs eHeprodmoky Ne 1 Ta Ne 3 3amopizskoi AEC
(BAEC) y 2003 poui Oymu BHKOHaHI pPOOOTH 3 BCTAHOBJEHHS TJIMOMHHHX
IPYHTOBHX MapOK B 30HI BIUIUBY «BOPOHKH OCIIaHby i 3a ii Mexamu. [{J1s1 BUBUCHHS
CTHCIMBOI TOBILI 1 MOIIapoBuX Aedopmariiit Mapku Oyau BCTAaHOBJICHI Ha IIHOWHAX
12, 35 i 48 meTpiB.

O0poOKa pe3ynbTaTiB CIOCTEPEkKEHb 3a IMUOMHHIUMHU Mapkamu PB-1 i PB-3
3a nepiox 3 2003 o 2013 poky 300paskeHo Ha puc. 1.

OcipaHHa, mm

0,0 2,0 -4,0 6,0 8,0 4100  -120  -140  -160

InubuHa Bia nigowsm, m

60

Puc. 1. Ipogpini ocioans rpynmosux enubunnux mapox PB-1 (ninis 1) i PB-3
(ninisi 2) no enubuni ocrosu 3a nepioo 3 2003 poky 0o 2013 poxy

B naniif poGoTi B SKOCTI TEOPETHYHHX MOCITI/UKEHb OYyB 3alpONOHOBaHHUN
Meron uucenbHoro MozxemoBanHs (UM) nedopmariii ocHOBH (yHIaMEHTIB
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€Hepro0JIOKiB.

IlepeBara UM mosnsirae B ToMy, IO LI METOJ J103BOJIsIE BUKOPUCTOBYBATH
GaraTroBapiaHTHICTb 3MiHH OCHOBHUX MapaMeTPiB JOCIiHKEHb.

3 miero MeToro OyiH CHCTeMaTH30BaHi 1 KiacudikoBaHi pakTopu i mapamerpy,
10 BIUIMBAIOTh HAa OCINAHHS 1 KpeHW (YHIAMEHTIB eHeproOJIOKiB, Ta BHSBIICHI
HalBaromiii 3 HUX Ha ITiJICTaBl HOPMAaTUBHUX PO3PAXyHKOBUX CXEM:

— PO3PaxyHKOBI 3HAYCHHS ITOKA3HUKIB ()i3WKO-MEXaHIYHHX BIACTHBOCTEH
IPYHTIB, OTPUMAaHMX Ha OCHOBI JAHHWX TEOJOTiYHHUX, TiJPOreoN]OriuHuX Ta
IHKEHEPHO-T€OJIOTIYHIX BHIIYKYBaHb | ary3eBoi HayKOBO-IOCHTITHOI JTabopaTopii
atomuux crannid JIBH3 «[IpuaHinpoBchka nepikaBHA akaaeMis OymiBHHITBA Ta
apXiTEeKTypn»;

— CepeHil THCK IT0 MiI0MmBi QyHIaMEHTY.

B ocHOBy umcenbHOro MozentoBaHHs aedopmariiii ocHOB (yHIaMeHTIB
€Hepro0JIOKiB MOKJIAJACHO YHIBEPCAIbHHN YUCEIbHUN METO KIHIIEBUX €IIEMEHTIB.

TlobymoBa KiHIIEBO-EIEMEHTHOI MOJETi CHCTEMH «OCHOBa-()yHIAMEHT»
3aificHIOBaNach KiJlbKOMa eramamMd 3a JOIMOMOroOl  3aco0iB  MPOrpamMHOrO
KOMILIEKCY:

- Mo0y10Ba MOJZIEi OCHOBH;

- mo0y/oBa TreOMETPHYHOI i 3BHYAiHOI eneMeHTHOI Mozelni (yHIaMeHTHOT
IUTHTH;

- 00'eqHaHHS 3BUYAHHOI €JIEMEHTHOI MOJIEITI TUTMTH 1 MOJIEJII OCHOBH,

- no0y/10Ba 3BUYaiHOI €JIEMEHTHOI MOJIENI CHCTEMH «OCHOBAa-()yHIAMEHT»;

- 3aBJJaHHS TPAHUYHUX YMOB, TOOTO BU3HAUEHHS] HABAHTAXKEHD 1 IEPEMIILICHb.

®dopmapHO YHCceTbHA MOJIEIB SBIISIE COO00 a0CTPaKTHY CXeMY BiTHOCHH MiXK
BEIIMYMHAMH, IO XapaKTepU3ylOTh aJeKBAaTHICTh peanbHoro mporecy. Tomy
pe3yabTaTH, OTPHMaHI Ha OCHOBI UYHCENFHOTO MOJETIOBAHHS, OYIH KUTBKICHO
OILiHEH] 32 JOIOMOTr0I0 eKCIEPUMEHTATIBHUX JaHUX OCITaHb I KPeHiB (pyHAaMEHTIB.

VYV pesynbrati UM Oynu oTpuMaHi pO3paxyHKOBI 3HAYCHHS TEOPETHIHUX
«BOPOHOK OCIJTaHB)» OCHOBH peakTopHOro BimminenHs (PB) ta mammmHOro 3aimy
(M3) (cymineHa niHig Ha puc. 2). Ha pucyHKy 2, Takok MMOKa3aHO ITyHKTHPHOIO
niniero rpadik ociaHb 3a pe3yabTaTaMU EKCIIEPUMEHTAIBHUX JTOCIIIKEHb.

FB 1 M3 S
0.0 50.0 109.0 150.0 2000 Jym
0.0
=20.0 4
-40.0
-60.0 +
-80.0 +
-100.0 4
-120.0 1
-140.0 +
=160.0 1
MM

=

Puc. 2. I'paghix ocioanv ocnosu PB ma M3 63006dic oci y 3a pe3ynvmamamu
YUCETLHO20 MOOETIOBAHHS | eKCNEPUMEHMATLHUX 00CTTIONCEHD
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[TopiBHSUIBHUH aHali3 MOKA3aB, IO KUIbKICHI XapaKTePUCTHUKU OTPUMAaHUX
TEOPETHYHNX «BOPOHOK OCiJIaHB» QHAJOTIYHI JaHUM EKCIICPHMEHTAIbHHX
CIIOCTEPEKEHb 32 OCIIaHHAMH 1 KpeHaMH (DYHIaMEHTIB PeakTopiB eHeprodokiB Ne
1, 3 3AEC.

Ha mifcraBi BUIIEBUKIAaACHOT0, OYB 3p00JIeHNIT BUCHOBOK, 110 MeTorka UM
MOke OYTH BHKOPHCTaHa JUIsl MOJAJBIINX JOCTIIKEHb, SIKi 3 PI3HUX IPHUYHH HE
MOXXYTb OYTH BUKOHAHI €KCIEPUMEHTAILHUMU JTOCITI [PKSHHSIMHL.

BHCHOBKH i nepcneKTHBH NOAANBIINX J0CTi)KEHb B IAHOMY HANPSMKY.

UYucenbHe MOJICTIOBAHHS Jla€ MOXJIMBICTH BPaxOBYBaTH pi3HI 3HA4YCHHS
TIOKa3HUKIB ()i3NKO-MEXaHIYHUX BJIACTHBOCTEH OCHOB, OTPHMAaHHUX Ha OCHOBI
JAHUX TEOJOriYHUX, I'iJIPOTreONOriYHUX Ta IHKCHEPHO-TCOJIOriYHHX BHIIYKYBaHb,
HaBaHTa)XCHb Ha OCHOBY ()YHIIAMEHTIB, a TAKOXK BIUIAB JIOBKOJHIIHIX Oy/iBelh Ha
ocianHs (yHIaMEHTIB.

TTpoBeeHHS KOMIUIEKCHHX TEOPETHYHHX Ta EKCIIEPUMEHTAIBHHUX JIOCIIIKEHb
JI03BOJISIE 3HU3UTH BUTPATHU 4Yacy Ta KOLITIB HA BU3HAUCHHS MICL PO3TAlLlyBaHHS i
3arajibHOI MacH MPHBAHTaXKCHHSI.

3anpornoHoBaHa METOJMKA YHCENbHOr0 MOJEIIIOBAHHS BHUKOPHUCTaHA JUIs
peTYIIOBaHHA KpPEHIB KOPIYCIB PEaKkTOpiB 3a JOIIOMOTOI0 3aJli300€TOHHOTO
HPHUBAHTAKECHHSL.

Jlana MeToAMKa 03BOJISi€E BH3HATH BIUIMB KOKHOrO 3 HHUX (akTopiB Ha
OCiZIaHHS 1 KPEH, 3 METOIO NPOBEJICHHS HAWOLIbIII e()eKTHBHNX TEXHIYHHUX 3aXOMiB 3
OOME)KeHHsI HEpIBHOMIPHOCTI OCiJaHb 1 pEryNiOBaHHSI KpEeHiB. A Tak caMo
po3paxoByBaTé B 4aci aedopmariii ocHOB (yHAAMEHTIB CIIOpY] eHeproOJIOKiB Ha
HoBux AEC.
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