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KopucHa mogenb HanexuTb 0O BUKOPUCTAHHS MPUPOAHUX XiMIYHUX, Pi3udHMX i GionoriyHmx
npouecis ons 3abesneyvyeHHs XUTTEQIANbHOCTI Ta o6OpOHO3OaTHOCTI AepkaBu. 3okpema, And
NPSMOro OAEPKaHHA enekTPUYHOT eHeprii 3 eHepril po3nagy aaep pagioakTUBHUX efeMeHTIB.

Y BiCiMHagusiTOMy Ta OeB'ATHAQUATOMY CTONITTAX Oynu CTBOPEHi NPakTUYHO BCi NepeTBOptoBavi
NPOoLECIB XiMIYHNX peakuin, di3nyHuX i GionoriYHNMX NPOLIECIB B €NEKTPUYHY eHeprito. Y ABagusToMy
CTONITTi OYNM CTBOPEHI NepeTBOpIOBaYi aTOMHOI i COHSIMHOT eHeprii B eNeKTPUYHY i BENoCcs iIHTEHCUBHE
BAOCKOHAareHHs1 epeKTUBHOCTI CTBOPEHUX cnocobiB. poTe, sik CTBOPEHi aTOMHI eNeKTpocTaHL;ii, TakK i
nepeTBOPIOBaYi COHAYHOT eHeprii B eNeKTPpUYHY He 3abe3nednni o4vikyBaHoi BUCOKOT epeKTUBHOCTI. Ix
KK 3anuwaeTtbes Ha piBHi o 20 %.

Lnpoko Bigomi cnocib i NpuCTpin ogepkaHHA enekTpUYHOI eHeprii 3 pagioakTUBHOro posnagy
agep ypaHy, sikui 3acTOCOBYETLCH Yy BCbOMY CBITi [1]. Y uboMy cnocobi ypaH nomilaoTb B peakTop, B
AKOMY LUTYYHO CTBOPIOOTLCH YMOBM BUHUKHEHHS NTaHLIIOroBOI peakLii posnagy noro saep. flaHuorosa
peakuia CynpoBOLXKYETbCA BUAINEHHAM BENUKOI KiNbKOCTI Tenna, ke BUKOPUCTOBYETLCS AN Harpisy
BOAM OO0 CTaHy napu, sika, obepTatoum TypbiHKW, 3MyLLye npawioBaT enekTporeHepaTop. YTBOpeHUn
npyM UbOMY nap, Npyv NPaBUNbBHOMY BUKOPUCTAaHHI, [A03BONSE [OBECTU €(EKTUBHICTb cnocoby
TeopeTnyHo 8o 30 %. lNMepLui aTOMHI eneKkTpocTaHLii y BCbOMY CBITi OyayBanucsa 3a UMM NPUHLUUMIOM.
Taka Hu3bka edeKTUBHICTb MOSICHIOETLCSA OaraToCTyNeHEeBICTIO MPOLIECY NEPEeTBOPEHHS eHeprii, a
came, CTBOPEHHSI B peakTopi YMOB BWHWKHEHHSI NaHLIOrOBOI peakuii, 3abip Tenna ans CTBOPEHHS
napu, i BUMKOPUCTAHHA Ons ob0epTaHHs enekTporeHepatopa. Kpim Toro, sik nokasana ceiToBa
npakTvka, rOfoBHMM HEeOOSIKOM LbOro crnocody € 1noro BuByxoHeOe3neyHiCTb, fika A0 TOro X
CYNPOBOIKYETLCA PafioaKTMBHUM 3apaXKeHHSIM MiICLIEBOCTI HaBKOMO peakTopa.

Po3yMmiHHA NpUYMH HU3BKOT e(PeKTUBHOCTI NepeTBOPEHHS AOEPHOI eHEeprii B eNeKTPUYHy vepes
TEeNnnoBy 3MyCWUMNO BYEHUX Pi3HUX KpaiH NpOAOBXyBaTU AyMaTu Npo NpsiMe OAepXaHHSA enekTpUYHOI
eHeprii 3 aToMHOi. PO3BUTOK aTOMHUX TEXHOJOriN MPU3BIB A0 OAEPXaHHA NMPUPOAHUX i LUTYYHMX
pagioakTMBHUX i30TOMIB 3 LINKOM AOCTYMHUM ANS Ornsgy YacoMm HaniBposnagy. Taki KOPOTKOXMBYMI
i3oTonKU, B CBOK 4Yepry, Npu3Benu OO0 po3BUTKY OeTa-enekTpmyHux (abo T.3B. GeTa-BOMbTaiyYHMX)
nepeTBoptoBayiB. Llen HanpsMOK TakoX BUSABMBCHA HU3bKOEMEKTMBHMM, OCKINIbKM I'pPYyHTYBaBCA Ha
doToBoOnbTAILi i, NPMPOAHO, MaB Ti X HeOOMiKM, a rOfIOBHUM YMHOM, Yepe3 HU3bKY iOHi3ytouy
3[aTHiCTb GeTa-BUNPOMIHIOBAHHS.

MpoaHaniayemo cnocib ogepxaHHs1 eneKTPUYHOI eHeprii 3 eHeprii COHUS 32 JOMOMOrO LLINMPOKO
NOLUMPEHUX KPEMHIEBUX MEPETBOPIOBAYIB COHAYHOI eHeprii B eneKTpuYHy (COHSAYHI BaTtapei nnockoi
KOHCTpPYKLUii). KoxxeH enemeHT Takoi 6atapei aBnsie cobo NMOWMHHMIA HaMiBMPOBIOHMKOBUIA Lio4
(to6éto P - N ctpyktypy). MNpu ubomy P i N enemeHTn 3abesneveHi CTpymoBiABOAAMU, a MiX
HaniBNpOBIAHMKOBMMY MNMACTMHAMW BWHMKAE MNOTEHUiMHUA Gap'ep 4epe3 B3aEMHE MPOHUKHEHHS
3apsAgis i ix pekombiHaLito.

MpuHuMn poboTn npucTpold nomarae B HacTynHomy. CBiTnoBuMM MNOTIK  MNagae Ha
HaniBnNpoBigHMkoBy nnacTuHy nposigHocTi N (abo P), npoxoguTb 4Yepe3 Hei i gocarae obnacri
3'eQHaHHA OBOX HaniBNpoBiOHWKIB, sika sIBNsie COOOK TOHKMIA MPOLLAPOK TOBLUMHOK 5 3 BNacHO
npoBigHicTio kpemHito (1). MoTpannaym B el TOHKMIA Lwap, KBaHTU CBiTNa BUOMBAOTb 3 HbOMO BiflbHi
3apsiau, Aki HanpasneHo npoxogate Yepe3 N i P (P i N) obnacrti i CTBOPIOIOTE Y 30BHILUHLOMY NaHLKOry
NOCTIMHUIN €NEKTPUYHNIA CTPYM.

3ayBaxunmo, Lo B LbOMY NPUCTPOI MU 3HOBY CTMKaeMocs 3 6araToCTyMNeHEBICTIO NepeTBOPEHHS
€Heprii COHSIYHMX KBaHTIB B eHEeprilo 3apsaiB i nywe noTiM 3MyLyeMO iX NTX B OOHOMY HanpsMKy nig
Ji€l0 pi3HWLi NoTeHuianiB ABOX HaNiBNPOBIAHUKOBMX MAACTUH. YM 3MOXEMO MU KOXEH KBaHT CBiTNa,
Lo nagae Ha hoTonepeTBOPOBaY, NEPETBOPUTU Ha enekTpoHn? [NuTaHHS NOKN He BUpILLEHEe [2], a K
nokasye npakTuvka, >XogHe NepeTBOPEHHs BUAY eHeprii He 06xoanTecs 6e3 BTpaT (Ha AyMKy aBTopa,
came HefooLiHKa LUbOro MOMEHTY € MPUYMHOI0 TPYOHOLWB B OTpMMaHHi Bucokoro KK COHsYHMX
nepeTBOPIOBaYIB).

Heponikn BigoMnx cnocobiB i npucTpoiB Onst odepXaHHs enekTpUYHOI eHeprii 3a J4onoMoroto
doTONEpPEeTBOPIOBAYIB COHSYHOI €Heprii B eneKkTpu4Hy BciM gobpe Bigomi, ane npupogHUMK i
HEe3[oNMaHHMMK € MOBHA 3aneXHICTb KiNbKOCTI ogep)XyBaHOI enekTpoeHeprii Big 4acy Oobu, poky,
Micus X po3TallyBaHHs (LUMpoTw) i BigaaneHocTi Big CoHus.

MpoJoBXMMO po3rnsigaTi cnocid NepeTBOPEHHSI COHSIYHOT €Heprii B eNeKTpUYHy 3a 4OMOMOro
doTonepeTBOptoBada 3 MO3ULINM  KOHCTPYKUii cy4acHoi ©Ge3amemMOpaHHOi nanuMBHOI  KOMIpKM
HaniBnposigHukoBoro Tuny. [3]. MaTteHT Ykpaivm 98283 "Cnocib npsiMOro ogepaHHsl eneKkTpu4Hoi
eHeprii 3 0yab-AKOro enekTponiTy i NpuUcTpini ansa noro peanisauii". UA. (51) MIK (2012) HO1M 8/00,
HO1M 8/06, HO1M 8/08. HeBaxko 3p0O3ymiTu, WO caM (POTOMEPETBOPIOBAY € Hi UMM iHLLIMM, HiX
nanvBHOIK KOMIPKOK HaniBnpoBiAHUKOBOro Tuny, B skomy nnactvHn N i P npoBigHOCTI € enekTpogamu
KOMIpKK, @ MpocTip MK HUMMK (06nacTb 3'eQHaHHS OBOX HaMiBNpPOBiIOHWKIB) 06'€éMOM, SKMA MOXHa
3aMNoOBHUTU ENEKTPOSIITOM, WO MICTUTb BiNbHI 3apaau. Lo i BianbyBaeTbca, KONM MU BNYCKAaeMO B Lien
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NpocTip cBiTNoBui NoTik. KBaHTK CBiTNa, gocaraioyum wapy 3 BMacHOK NPOBIAHICTIO HaMiBNpoOBigHUKA,
obnacti |, ioHi3ytoTb ii (Ha4eBTO HAaNOBHIOKOTL T enekTponiTom). Ane, Npy LbOMY, MU BUKOPUCTOBYEMO
LUTYYHO CTBOPIOBAHWA HaMW €NeKTPONIT, OTPUMaHUA B pesynbTaTi NepeTBOPEHHA COHSAYHOI eHepril,
Lo | BU3HA4Yae nepepaxoBaHi BULLE HEAOMIKN PO3rNsSHYTOro crnocoby nepeTBOPEHHS COHAYHOI eHeprii
B €MNEeKTPUYHY.

B ocHoBy KkopucHOI Mofeni nocTaBrneHa 3ajava CTBOPEHHSA MPUCTPOID MPSIMOrO OAepXKaHHS
€NeKTPUYHOI eHeprii 3 aTOMHOI, WO BUAINAETLCS NPy po3nagi saep pagioakTMBHUX PEYOBUH Y BUrNagi
enekTpUYHUX 3apsiaiB, aki cami No cobi € HociAMU eneKTPUYHOI eHepril i HiKMX NepeTBOpPeHb He
noTpebytoTb.

lMocTaBneHa 3ajaya BUPILLYETLCS LUNSAXOM BUKOPUCTAHHS eHeprii enekTpoHiB, BUMPOMIHIOBAHUX
JXKepenom pafioakTUBHOI PEYOBUHKU, AKMK Chnifg NOMICTUTU MK enekTpogamu 6e3membpaHHOI
nanuBHOI KOMIipK1 HanisnpoBigHWkoBoro tuny. Mpu ubomy, SKWO BMOpaHa pafioakTMBHa pevoBMHA
3[4aTHa B NPUPOAHOMY CTaHi po3nagaTtucs 6e3 y-BMNpOMiHIOBaHHS, cnocib 6yae 6e3nevyHuM, Takum,
o He 3abpygHIOE HABKOMULUHE cepefoBuLLe pafioakTMBHMMMK Bigxodamu. AKWO, 3a TEXHIYHUMU
yMOBaMW, 3py4Hille BUKOPUCTOBYBATW [KEPENo, WO Mae KpiM - We W y-BUMPOMIHIOBaHHS, BCHO
nanuBHy KOMIpKy JOBeAEeTbCA ekpaHyBaTu.

lMepekoHaTUCA B LbOMY MOXHa, MPOBIBLUM LOCTYMHUIKA eKcrnepuMeHT. BisbMeMoO ABi KpeMHieBi
nnactuiu N i P Tuny 3 ctpymosigsogamu (Poto 1). Y npocTip MixX HAMM BBeAeMO naneposun inbTp,
NPOCOYEHUI Cinnto ypaHy 238 i BUCYLLEeHUI 40 NOCTINHOT Baru.

BeavembpaHHa nanuBHa KOMipka Onsi NPSIMOro ofep)kaHHsi eneKTPUYHOI eHeprii 3 eHeprii
posnagy sgep ypaHa 238 rotoBa. 3anvwaetbCs 3amipATVM Hanpyry i CTPyM Ha BuMXodi CTBOPEHOI
NanvBHOI KOMIPKW 3BUYaWHMM TecTepom (MiKpOBONbLTMETPOM i MikpoamnepmeTtpom). [Onsa rapHoro
KOHTaKTy MDK HaniBNnpoBiAHWMKOBUMKM NNactMHamu i inbTPoM, NPOCOYEHVMM  pPadioaKTUBHUM
MaTepianoM, MOXXHa CKpINMTK iX MO Kpasx i3oNsuiiHOK CTPIYKOL.

AKy KinbKiCTb enekTpoeHeprii MM OTPUMaeEMO NMPOMNOHOBaHUM CNOCOBOM HecknagHo nigpaxysaTtw,
BM3HAYMBLLN KifbKIiCTb po3naniB BUOpaHOi padioakTMBHOI pedoBUHU 3a cekyHay. KoxeH posnag sapa
CYMNPOBOMKYETLCA BUAINEHHAM OAHOro enektpoHa. OOuH KynoH MIiCTUTb 6*10"° enekTpoHiB. Cuny
CTPyMy Ocepefky Bu3HayaloTb 3a chopmyrnoto I=g/t, no Hin oTpumyemo 1 (amnep) = 1 (KynoHy) B
cekyHay. KinbkicTb eNnekTpoHIB, WO BUNPOMIHIOETLCSA OOHMM rpamMoM ypaHy 238 (abo iHworo isoTony)
B OHY CeKyHay niapaxoBYOTb 3a METOOUKO, HaBeeHo B 3aa4HuKy (3aBgaHHa 1.10) [4]. B sapaudi
HaBeeHO POo3paxyHOK cepedHbOro Yucna agep, Wo nNpupoaHO po3nafarTbCs 3 OAHOro Kinorpama
ypaHy 238 B ogHy cekyHAy. Y pe3synbTaTi BAXOAUTb B CEpeAHbOMY YMCHO S4ep, WO po3nagalTbes B
CEKyHAY, CTaHOBUTb 12 MinbNOHIB.

Y nabopaTopHux ymoOBax Ham BAanocs OTpumaTtu 3 Takoi ManvMBHOI KOMIpKW CTPYyM B Kinbka
Mikpoamnep nNpw Hanpysi ecATb MIKpOBOMbT. AK AXXepeno BUMPOMIHIOBaHHS MW Bpanu cinb ypaHy
238-UO,(NOs),. PesynbTtaT, OTpUMaHuUm Hamu B nabopaTopHMx ymoBax, HabaraTo nepeBuLLMB
po3paxyHKoBMIN. Lle MOACHIETBCSA TUM, WO 3MEHLUEHHsI KiNbKOCTi agep Oyab-akoro isotony, WO
NpyMpoaHO po3nagaloTbCs, BiAOYBAETbCA 3a EKCMOHEeHUianbHUM 3aKOHOM. 3poOuvBLUM TOW Xe
po3paxyHoK Ansi ogHoro rpama isotony Topito 229, nepiog HaniBposnaay sikoro Bcboro 7340 pokis,
3'AcyemMo, Lo YMcno po3nagis 6yae B MinbloH pasiB Ginblue, a e A03BONUTb oTpumaTty cTpym o 10
amnep, o pobutb NPONOHOBaHUI CNOCIO KOHKYPEHTO34ATHUM.

3agadelo KOPUCHOI MOAErNi € CTBOPEHHSA CNocoOy MPSMOro OAepXKaHHSA EneKTPUYHOI eHeprii 3
eHeprii agep pagioakTMBHMX €MeMEHTIB, WO po3nagatoTbCs, | IPUCTPOIO ANS MOro peanisawii.

lMoctaBneHa 3agada BUPILYETbCA LIMSAXOM BUKOPUCTAHHSA BRacTMBOCTI  Ge3ameMbpaHHuX
nanuBHMUX KOMIPOK 3abupaTu enekTpuYHy eHeprito 3 enekTposiTy, SIKUM MOBMHEH 3HAXOOUTUCS MiX
enekTpogamMu ManvMBHOI KOMIpKM B HEOOXiOHiA KinbkoCTi abo NOCTIMHO MOMOBHIOBATUCSA 330BHI,
Hanpuknag, Big CoHuUs, SK ue BiabyBaeTbcsa B hoTonepeTBoptoBavax COHAYHOI eHeprii.

PagioakTnBHui posnag 3aBXaM CyNpOBOMKYETbCA [3-BUMPOMIHIOBAHHSAM | Le HanHaginHiwe
Keperno enekTpoHiB, sike cTBopuna cama npupoga. beskiHeuHe mxepeno eHeprii, ske AaHO HaMm
npupoaoto y BUrNadi po3nagy saep panioakTUBHUX PevYoBUH MPUPOLAHUM i NPUMYCOBUM LLNSIXoM. Ham
3aNULWIAETLCS NULLIE BHECTU NOro B 6e3memMObpaHHy nanveHy KOMipKY, O MM i NPOMOHYEMO.

KinbkicTb enekTpoeHeprii, sIky MOXHa OTpumaTyh MpPOMNOHOBaHUM crnocobom, 6Ge3nocepedHbo
3anexuTb Bif Yacy XUTTA pajioakTUMBHOIO erieMeHTa, SKUMA KONMBAaETbCS Bif OAMHULL CeKyHO 00
MifIbAOHIB POKiB, MacK pagioakTUBHOI Pe4YOBMHM | NNOLLI eNeKTPOoaiB NanMBHOI KOMIPKHU.

TyT cnig 3ayBaxuTu, WO KOpUCHaA Mogenb nepeabayae BMKOPUCTOBYBATU SIK DKEPENio eHeprii
pafioakTMBHI PEYOBUHK, WO MalTb 34AaTHICTb MPUPOAHOro po3nagy 3 BUMNPOMIHIOBAHHAM o i B
YACTUHOK, OCKiNbkM Lie abcomoTHO Ge3neyHo. Taky 3gaTHICTb MakTb, Hanpukniag, Ypad, Topin,
Bepunin i ix izotonu. OcobnmBo NpuBabnvBuin B gaHuM 4vac izoton Topito 229. BiH mae nepiog
Haniepo3nagy 7,340 pokiB i 4O3BONSE CTBOPUTU BENUYE3HI MOTOKW €MNEKTPOHIB Y NOPIBHSAHHI 3 ypaHOM
238, HaniBposnag skoro gopiBHe 4,5 minbspaa pokie (7,340 tucay i 4,498 wminbsapgis). PisHuus



10

15

20

25

30

35

40

45

UA 102169 U

HaCTINbKN Benuvka, WO AoBeAeTbCA AyMaTu Kyau HanpaBUTU HaANULIKW eHeprii. Ane, Ha BiaMiHY BiJ
TENNOBUX aTOMHUX eneKTPOCTaHUiN, NanvBHY KOMIPKY MOXHa BUMKHYTW, K OyOb-sike XiMivHe
[Xeperno cTpymy.

MponoHoBaHuM cnocib He BMMarae, ane i He 3abOPOHSIE KOHLUEHTpaUil padioakTMBHOI pevyoBUHU
00 KPUTUYHOI Macu, [O03BOSIIE NOCMigoBHE | napanenbHe 3'€dHaHHA ocepeakiB i gonyckae
3aCTOCyBaHHSA NPOCTUX 3acobiB 3axMCTy Bif pagiauiiHOro OnpoMiHEHHST (EKpaHYBaHHSAM CcaMux
ocepeaki).

3anacy Topilo Taki BenuKi, WO MOro BUKOPUCTAHHSI BUKITHOUUTL MOSIBY €HEPreTUYHOI KpU3su i
noninwnTbL ekonoriyHy obctaHoBky 3emni B Haubnwkyi 7 Ttucadvonite. Haragaemo, WO nanuedi
99,7 % [5]. BescymHiBHOIO nepeBarold NpoOMo3uuii, WO NOOAETbCA, € TOW hakT, Wo Ans
BNPOBAKEHHA 3anpoOroHOBaHMX pilleHb MOXe BUKOPUCTOBYBATUCA BCS TexHonorivHa 6asa Ta
TEXHOMOrYHI  NPUAOMK,  AKi  BMKOPUCTOBYIOTbCS  MPU  BUFOTOBMIEHHI  HaniBNpoOBiOHWKOBUX
nepeTBOPIOBaYiB, BKMOYa4uM iMMOBinisauito AOMILLOK | CTBOPEHHSA pafioaKTUBHOIO LLapy.

KopucHa mogens intocTpyeTbes ogHieto dootorpadieto i ogHMM MartoHKOM.

Ha @ir. 1 npeacraBneHa 6eameMbpaHHa nanuBHa KOMIpKa, WO CKNAOaeTbCs 3 OBOX KPEMHIEBUX
nnactuH N i P Tuny, MK sSkMMK po3TalloBaHe MXeperio pafioakTUBHOIO [(-BMMNPOMIHIOBAHHS.
ToBwwuHa nnactmH pgopisHioe 0,4 mM. [Dkepeno B-BMNPOMIHIOBaHHS SIBNsie cobok CTaHAapTHUN
nanepoBuin pinbTP, NPOCOYEHN Cinmnto ypaHy. MoxnnBe BUKOPUCTaAHHS Oyab-SIKOro pagioakTUBHOIO
ernemeHTa, 3gatHoro o 0OeTa BUMPOMIHIOBaHHIO B Oyab-AKOMY arperaTHOMY CTaHi, Hanpuknag
MeTaneBa nnacTuHa ypaHy, TpUTilo i T.4...

Ha ®ir. 2 306paxeHo po3pi3 nanmMBHOI KOMiIpKK, NpeacTtasneHoi Ha dir. 1 (nepepis A-A),

ae 1, 3 - ctpymosHimayi ang 3HATTA 3apagis 3 N i P nnactuh; 2, 4 - nnactMHn HaniBnposigHukis N
i P tvny, 5-mxepeno B-sBuMnpomiHioBaHHA (obnacTe MiXk ABOMa HaniBNpoBiAHMKaMW, LIO 3amnOBHEHa
pafioakTMBHOK PEYOBUHOM, 34aTHOK A0 B-po3naay).
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®OPMYIA KOPUCHOI MOJESI

MpucTpin nNpAMOro oAepxaHHs enekTPUYHOI eHepril 3 eHeprii po3nagy sgep pagioakTUBHMX
eremMeHTIB, WO MiCTUTb 6e3memMOpaHHy nanvMBHY KOMIPKY HaniBnpoBiAHWKOBOrO TWMy, fika Mae
cTpymoBiasoau, Asi nnactuHn P i N Tuny, Skuin BiApi3HAETbLCA TUM, WO MK NnacTMHaMu JoO4aTKOBO
BBEAEHO pPafioaKkTUBHY PEUYOBUHY.
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