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MPOBJEMBI PAJJUAITMOHHOM CTOMKOCTH KOHCTPYKIIMOHHBIX
MATEPHAJIOB AIEPHOM DHEPTETUKH

Mypamko B./I.
Hayunsblii pykoBoauTens — K.T.H., o1eHT ['epacumoBa A.I".

Pa3BuTHe smepHON SHEPreTUKU IMPOUCXOIUT B KECTKOM KOHKYPEHTHOM OopnbOe, Kak ¢
TPaJMLIMOHHBIMU TEXHOJOTUSIMU IPOU3BOJICTBA 3JIEKTPOIHEPIUM, TaK U C aIbTEPHATUBHBIMU
uctoyHukamu. KitoueBbIMM BOMpOCAaMHM TaKOW KOHKYPEHIIMHM SIBJISIOTCS 0€30MacHOCTh U
SKOHOMHUYHOCTb. VIMEHHO TIOBEJEHUE KOHCTPYKLMOHHBIX MAaTE€pUalOB 3KCIUIyaTUPYEMbIX H
MPOEKTUPYEMBIX SIZICPHBIX PEAKTOPOB OMpeeNiseT B 3HAYUTEIbHOW CTENeHH 0e30MacHyl0 U
HSKOHOMHYHYIO pabOTy aTOMHBIX CTAHITUH.

Ponb KOHCTPYKIIMOHHBIX MaTEpHUajIOB COCTOUT HE TOJIBKO B 00ECHEYEHUU CTa0MJIBHOCTH Ha
BECh I1EPHO/]] AKCILTyaTallud F€OMETPUM aKTHBHOM 30HBI U, B IIEPBYIO OUYEPE/Ib, TEIIOBBIACISIOINX
coopok (TBC) u TEmaoBBIASISIONIMX 3JIEMEHTOB (TBAJIOB), HO W B YIACPKAaHHM BHYTPU TBOJIA
IIPOJYKTOB JIEJIEHUs TOIUIMBA, COXPAHEHUH PabOTOCIOCOOHOCTH OPIaHOB CHUCTEMBI YIIPABICHUS U
3amuThl (CY3) u obecriedeHM MUHUMAJbHBIX MOCIEACTBUI BO3MOXKHBIX aBAPUIHBIX CUTYAIIH,
T.€. 110 CYIIECTBY B PEIICHUU KIIOYEBBIX BOIPOCOB OE€30MACHOCTH PEAKTOPHOM YCTAHOBKH.

JlocTueHne BBICOKMX BBITOPAaHWW TOIUIMBA OIPAHUYMBAETCS PaAUALUOHHOW CTOMKOCTHIO
MaTepuajoB O0O0JOYEK U 4YeXJIOB TemnoBblaensomux coopok TBC, a cpok skcmiyaranuu
pPEaKkTOpOB Ha TEIUIOBBIX HEWTPOHAX OIPAHUYMBACTCA PECYPCOM MAaTEPHAIOB KOPIYCOB U
BHYTPUKOPIYCHBIX YCTPOUCTB [1].

Paguannonnasi noBpe:xxaaeMocTb KOHCTPYKIMOHHBIX MATEPHAJIOB.

KoHcTpyKkumoHHbIe MaTepHualibl MOJ JEHCTBUEM O0JIyYeHHs HCHBITHIBAIOT CTPYKTYpHbBIE
[IPEBPALCHNS, OKA3bIBAIOIIME OTPULIATEIIBHOE BIHMSHUE B IIEPBYIO O4YEpelb HA MEXAaHUYECKHE
CBOMCTBA M KOPPO3UOHHYIO CTOMKOCTh. M3 Beex BUIOB 00IydeHUs (HEUTPOHBI, O- U [3-4aCTHIIBI, Y-
U3Jy4eHre) HanboJee CUIIbHOE BIMSHUE OKA3bIBAET HEMTPOHHOE OOITyueHHE.

HeiitponHnoe o0ny4yeHne MaTepuanoB MPUBOAUT K CIEIYIOIIUM U3MEHEHUSM XapaKTePUCTHUK
MaTepUajIoB: YIPOYHEHUIO; HU3KO- M BBICOKOTEMIIEPAaTypHOMY paJAHAllMOHHOMY OXPYIUYUBAHUIO;
paauanMoOHHON MOJI3Y4eCTH; PauallMOHHOMY POCTY U paAuallMOHHOMY PaclyXaHHUIO; MOSBIECHUIO
HaBeZleHHOW akTuBHOCTH [2]. [lo3TOoMy OZHO M3 OCHOBHBIX TpeOOBaHUM, NPEIBSABISAEMBIX K
o0y4aeMbIM MaTepHaliaM, — UX BBICOKAsl paJHallMOHHas CTOMKOCTh. Paduayuonnas cmouxocms —
CIOCOOHOCTH MaTepuaia COXPAaHITh B ONPECIIEHHBIX TOMYCTUMBIX IIPEJeNax pa3Mepbl, CTPYKTYPY
Y CBOMCTBA MPU JJIUTEIBHOM BO3JEHCTBUH paUalliOHHBIX U3ITyUYECHUM.

Monensb paaraloOHHBIX MOBPEXACHUH, BO3HUKAIOIINX npu COy/IapeHHUH
BBICOKO?HEPTE€TUYECKUX HEUTPOHOB C aTOMaMHU KPUCTAJUIMYECKOM pElIEeTKU MOKa3aHa Ha pPUCYHKe |
[3].

CoynapeHns BbI3BIBAIOT CMEIIEHNSI aTOMOB MJIM KacKaJ CMELIEHUH B PELIETKE B 3aBUCUMOCTH
OT KOJMYECTBA SHEPruu, NepeaaBacMoll HEUTpoHOM artomy Mmetamia. l[loaBeprummiics ymapy
HEHUTPOHOM MEPBBI aToM, TOJJ00HO OMIUTHAPAHOMY HIAPY, yAApss MO IPYTUM aTOMaM, BHI3BIBACT B
pelIeTKe JIOMOJHUTENbHBIE cMelleHUs. B pe3ynbraTe pa3BUTHS Kackajla o0pa3yroTcsi oOBbEMBI C
BBICOKOW KOHIIGHTpallMel BakaHCHH, MO mepudepur OKPYKEHHbIE 30HAMH C TOBBIIICHHON
MJIOTHOCTBIO MEXY3eIbHBIX aToMOB. OMH HEUTPOH crocoOeH co3narh B amomuHuu Oosee 6000
BaKaHCHii, B OepHUIMH, ¢ OOJIbIIEH SHEpriel MeXXaTOMHOMN CBsi3H, — Oosee 450 BakaHCHIA.
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OfenHeHHas 30Ha Mesky3elbHbIE aTOMBbI

Pucynox 1 — Monens panuaninoHHbIX TOBPEKACHHH, BO3HUKAIOIINX IIPU COYAAPEHAN HEHTPOHOB
C aTOMaMHM KPUCTAIUTHIECKON PEIIeTKH (MOIenb 3eerepa)

[ToMmuMo cmemienuit OoJiblIEe HEWTPOHHBIE TOTOKH 3@ CYET CBOCW SHEPrHUH BO30YXKIAIOT
aTOMBI, YCHUJMBAIOT HMX KoyiebaHHs (3TO SBJICHHME HA3BAIOT «PAJAMALMOHHON TPSCKOI»), 4YTO
COIIPOBOXAAETCS JIOKAJIbHBIM IOBBILIEHUEM TeMmIepaTypsl. PocT TemmepaTypsl crnocoOCTByeT
paiualliOHHOMY OTXHIY, COMPOBOXKIAIOIIEMYCS] AHHUTHISIIMENH BakaHCHM M MEXY3elbHbIX
aToMOB. Bpicokue TemmepaTypbl 1 HEHTPOHHOE O0Iy4eHHE MOTYT BBI3BAaTh B MaTepUalIe SACPHBIC
peakiuu ¢ 00pa3oBaHUEM TeJHs, YTO B CBOIO Ouepellb MPHUBOIUT K MOSABICHUIO Ta30BBIX My3bIpeit
10 TPAHULIAM 3€PEH.

CTpyKTypHBIE U3MEHEHUS! MPHUBOIAT K M3MEHEHUI0O MEXaHUYECKHX CBOMCTB. B pesysnbrare
IIpU TEMIIEpAType HIKE TEMIIEpaTypbl PEKPUCTAUIM3AIMN — HU3KOTEMIIEPATypHOTO OOIYYEeHUS —
METaJul YIPOUYHSETCS, HO TEPSIET BA3KOCTh U INTACTUYHOCTD.

JleiicTBrE HU3KOTEMIIEPATYPHOI'O OOJIyUE€HHUsI Ha CBOICTBA HAIIOMMHAET HAKJIEN — XOJIOJHYIO
IUIacTHUecKyto aedopmanuto. OnHaKo, HECMOTPS. HAa TAaKyl0 aHAJOTHIO, MEXaHU3Mbl BO3EHCTBUS
paZvalOHHOTO MOBPEXKACHUS U HaKJleNa Ha CTPYKTypy Marepuayia MPUHLMIIHAIBLHO Pa3iMyHBbI,
MOCKOJIBKY paJualliOHHOE MOBPEXICHHE CBSI3aHO MPEUMYILIECTBEHHO C 00pa30BaHMEM TOUYEYHBIX
nepexToB, Toraa Kak Jae(OopMallOHHOE YIPOYHEHUE CBSI3aHO B OCHOBHOM C IOSIBJICHUEM
JMHEWHBIX 1€(PEKTOB.

B ycnoBusx 00myuyeHUs BbIIIE TEMIEpaTypbl PEKpPUCTAJUIM3ALMK (BBICOKOTEMIIEpATYpPHOE
o0JlyueHHe) poJib TOUYEUHBIX DPAJUALMOHHBIX J1e(EKTOB CHIKAeTca. BakaHCHMM M MeXy3elbHble
aTOMbl YaCTUYHO AHHUTUIUPYIOT APYr € JIPYroM, YacTMYHO B3aUMOJIEHUCTBYIOT C NPUMECSIMH,
JUCIIOKAalMsAMHY, TpaHuuamu pasfena. OcTaBIIMECS MEXY3€IbHbIE aTOMbl M BaKaHCHH
O00BEIMHSIOTCSL B KJAacTephl, KOTOPHIE B CBOIO OYEpEab MOTYT IpPEBpaIlaTbCsi COOTBETCTBEHHO B
JMCIIOKALIMOHHBIE NETIIN MEXY3€JIbHOI0 MJIM BaKaHCHOHHOTO Tuna (puc. 2, [3]).

BricokoremneparypHoe — oOnyuyeHue — akTUBM3UpYeT  AUGQy3MOHHBIE  MpOLEcChl U
CIOCOOCTBYET pacmajly MepechIlEHHbIX TBEPAbIX PacTBOPOB — CTAPEHMIO. DTUM OOBSCHIETCS
BBICOKOTEMIIEpATypHas XPYIKOCTh ayCTEHUTHBIX XPOMOHHMKENEBbIX cTaje. AKTHUBU3aLuen
Iu(GGY3MOHHBIX IPOLECCOB TaKKe OOBICHAETCS CHIKEHHE JUIMTENIbHOW MPOYHOCTH MpU
obOnyuyenuu. IlajeHue >kaporpoyHOCTH pPacTeT C YBEIMYEHHUEM TeMIIepaTypbl U MHTEHCUBHOCTH
HEHUTPOHHOTO MOTOKA.

IIpu  BBICOKOTEMIIEpATYpHOM  OOJyd€HUU OOJBIIMMHM HEUTPOHHBIMH IOTOKaMH B
ayCTCHWTHBIX CTalsfiX W ciwiaBax Ha ocHoBe Ni, Ti, Mo, Zr, Be 3apoxnmarorcss W pacTyT
BAaKaHCHOHHBIE TOpBI, a Oojiee MOJBHUYKHBIE MEXKYy3€JIbHbIE aTOMbl yXOJIAT Ha JallbHUE CTOKU
(KpaeBble IHMCIOKALMU, TPAHULBI 3epEH U JIp.), UTO MPHUBOAMUT K 3aMETHOMY YBEIMUYEHHIO 00beMa
MeTalljIa — paouayuOHHOMY PACHYXAHUIO.
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Pucynox 2 — DBomonust 1e(eKTHOH CTPYKTYPBI ayCTEHUTHON CTAIH IPU O0TydeHUH
nonamu xpoma (E = 1 MaB):
a — KJIacTepbl U3 TOYCYHBIX JIe()eKTOB Npu oOiaydeHnu 1o 0,1 cmenr/atom;
0 — MUCIOKAIMOHHBIC TIETIIH MPU 2 CMEI/aToM;
6 — IMCJIOKAIIMOHHAS CeTKa Ipu 15 cMer/atom;
2 — BakaHCHOHHbIe opbl ipu 100 cmemn/aTom

OOBeM ayCTEeHHMTHBIX CTajeid, OOJIy4eHHBIX IpH paboueit Temmeparype 450°C, nuueitHO
pacTer ¢ yBeJIMYEHHEM HEUTpOHHOro moroka. O0bemM MoxkeT yBenuuuThes Ha 20 % u Oolee.
Pacniyxanue ycuiuBaeTcsl B pe3yibTarTe CKOIUIEHHS B MUKpOIOpax ra3oB, 0Opa30BaBIIUXCS IPU
o0nydyenuu. JlernpoBaHre XpOMOHUKEACBBIX CTajlell TUTAHOM, MOJIHOIEHOM, HUOOUEM CHUYKAET UX
pacnyxaHue. BblcokoXxpoMucTeie (EPPUTHBIE M MEPIUTHBIE CTATM C MEHbIIEH PaCTBOPUMOCTHIO
BOJOPOJa XapaKTEPU3YIOTCS MEHBIIEH CKIIOHHOCTBIO K PACITyXaHHIO.

[Ipn oOnydeHHH pEe3KO CHUXKAETCS KOPPO3HOHHAs CTOMKOCTh METAUIOB M CIuiaBoB. Boja u
BOJSIHOM Tap SIBJIIOTCS] TEHJOHOCUTENIIMUA B BOJHOM U napoBoAsHoM TpakTtax ADC. Benencrsue
paavonM3a MEHSIETCSl COCTaB. JJIEKTPOJUTa — MPOMCXOAUT pa3pylIEeHHE MOJIEKYI BOJBI C
0o0pa3oBaHMEM HOHOB M aTOMOB KHCJIOPO/a, BOAOPOAA U IIEI0YHOM IrMIpokcuibHOM rpynnsl OH .
KoHCTpyKIIMOHHBIE peakTOpHbIE MaTepHalibl, OJBEprarouecs o0Iy4eHo, padoTaloT B KOHTAKTe
¢ BoJIoi 1 mapoM. OOpa3yrouuiics KUCIOpO OKUCISET METANI, @ BOJOPO]] €ro HaBOJOPaKUBAET U
TEM CaMbIM JIOTOJHHUTEIBHO OXpYyMUuBaeT. Paauonan3 BOJIbl W YBEIMYEHUE KOHIIEHTpAlUU
TMJIPOKCUJIBHOM TPYMIBI CHOCOOCTBYIOT PACTBOPEHHIO IOBEPXHOCTHBIX OKCHUIHBIX IJICHOK, B
OOBIUHBIX YCIOBHSX 3alUIIAIOIINX METAUT OT KOPPO3HUH.

AyYCTCHUTHBIE ~ XPOMOHMKEJIEBBIE  CTalM  BO  BJIAXKHOM  Iape  IOABEPKEHBI
MEXKPUCTAIUTUYECKON KOPPO3UH U KOPPO3UOHHOMY PACTPECKUBAHUIO.

PaguanyoHHass CTOMKOCTb KOJMYECTBEHHO XapaKTEPU3YeTCs MAKCUMAJbHBIM 3HAUYECHUEM
noryomeHHon 10361 (['peit), mpu KOTOpOoW MaTepuan CTAHOBUTCS HETPUTOJHBIM ISl KOHKPETHBIX
yCI0BUI NpUMEHEHUs. PaguanioHHas CTOMKOCTh KOHCTPYKIIMOHHOM CTajl UMEET 3HAaYEHHUE OKOJIO
5.10" T'p.

[IpenBaputenbHas paaralmoOHHO-TEpMUYecKkasi 00padoTka — 00JydeHHE U OTKUT — TO3BOJISIET
YBEJIMYUTH PAAUAllMOHHYIO CTOMKOCTh MaTtepuanos B 10—15 pas.

[Ipn uccnenoBaHMM METAJIOB HAa paJMallMOHHYIO CTOMKOCTh HanOojiee UyBCTBUTEIIBHBIM
ABJIAETCA METOJl M3MEPEHHUs DJIEKTPOCONPOTHBIECHUS, T.K. UX DIIEKTPUYECKOE COINPOTUBIIECHHUE
BO3pacTaeT 3a cueT o0pa30BaHMs pauaAlMOHHBIX AeheKTOB [4].
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Marepuanbl siiepHbBIX peakTopoB. llenecooOpa3sHOCT, HMCHOIB30BAHUS MATEPUAIOB B
SJIEPHBIX PHEPreTHYeckux ycTaHoBkax (DY) ompenesneHHOro THMa 3aBUCUT OT KOHCTPYKTHUBHBIX
ocobeHHocTel DY, UCTONB3yeMOro TEIJIOHOCUTES, SHEPTeTUIECKOTO CIICKTPAa HEUTPOHOB H T.II.
Kak roBopunoch paHee, HEUTpPOHHOE OOJIyueHHE MaTepUajoB TMPUBOAUT K CIEAYIOLUIUM
U3MEHEHUSAM XapaKTEpPUCTUK MAaTEpUaAOB: YIPOUHEHUIO; HHU3KO- M BBICOKOTEMIIEPATYpPHOMY
paivallMOHHOMY OXPYIYUBAHUIO; PAJAMALMOHHOM TOJ3YyYeCTH; paJUAlMOHHOMY PpOCTYy H
paiMalliOHHOMY  pacIlyXaHWIO;  IIOSBJIICHHUIO  HABEJACHHOM  akTUBHOCTU. lmenHo »31H
XapaKTePUCTHKU, HAPSLy C KOPPO3UOHHON CTOMKOCTBIO, SIBJSIOTCS IPUOPUTETHBIMU MIPH OLICHKE U
CPaBHEHHUHU DAa3IMYHBIX KOHCTPYKIMOHHBIX MaTepuanoB. Ilpu pa3paOoTke HOBBIX MaTepuaoB
TJIaBHOM 3ajjauell sBISETCS JOCTHKEHHE MUHUMAIbHOIO WM JONYCTUMOTO HM3MEHEHUS HTHX
XapaKTepUCTHK C LEeNbl0 oOecredeHuss TpeOyeMoil HaJeKHOCTH M JOJITOBEYHOCTH JIIEMEHTOB
KOHCTPYKLHUU.

TpeboBanne Manoil akTHBHPYEMOCTH WM OBICTPOrO CIaja HaBEICHHOW AaKTUBHOCTU B
HACTOIIEee BpeMsl SBISETCS 00sA3aTeIbHBIM MPHU Pa3pabOTKe MPOEKTOB TEPMOSACPHBIX PEaKTOPOB
(TAP) BBuAy CYIIECTBEHHO OOJBIIEro, 4eM B aKTUBHOM 30HE peakTopa JIeNeHUs, o0bhema
00 Iy4aeMbIX KOHCTPYKIIHIA.

Craym GeppUTHO-TIEPIUTHOTO ¥ MAPTEHCUTHO-(DEPPUTHOTO KIIACCOB SIBISIOTCS OCHOBHBIMHU
Marepuaiamu JJis U3TOTOBJIEHUS KOPIIYCOB BOJO-BOJISIHBIX PEAKTOPOB.

HepskaBeromue cranu v CIUIaBbl HA OCHOBE HUKEIS M XpoMa HCIOJIb3YIOTCSI B KauecTBE
000JI04eK MOTJOMIAIOIINX AJIEMEHTOB, MPYXUHHBIX 3J€MEHTOB TBAIOB U TBC u B OTIENbHBIX
cirydasix ais auctaHipoHupyonmx pemerok TBC. s ObIcTpBIX peakTopoB, pabOTaIONMMX MPH
0ojee BBICOKMX TeMIEpaTypax M SHEPrOHANpPSIKEHHOCTH, HCHOJB3YIOTCA KapOMpPOYHbIE
X0JOAHOIe(DOPMUPOBAHHBIE AyCTEHUTHBIE CTAlld, XPOMHCTHIC MapTEHCUTHO-(EPPUTHOTO CTAaJH,
HUKeENEeBble CIUlaBbl. JlJI1 MEpBOl CTEHKU TEPMOSACPHOIO0 PEaKTopa € TEJIUEBBIM OXJIaXJICHHUEM
OCHOBHBIM MAaTEpPHAJIOM SBJSIOTCS MaJIOAKTUBHPYEMBIE XPOMHCTBIE CTalld, MPU OXJIAKICHUU
JUTUEM — CIUIaBbl BaHAAWs, JIETUPOBAHHBIC TUTAHOM M XPOMOM. YKa3aHHbIE MaTepHallbl
UCTIOJNB3YIOTCS KaK B OTEUECTBEHHBIX, TaK W 3apyOeXHBIX peakTopax. OTINYHS COCTOSAT B
JIETUPYIOLIUX 3JIEMEHTaX U TEXHOJIOTUU IIOIYYEHUs, KOTOPbIe, B KOHEUHOM CUYETE, U ONPEEIAIOT
UX CIIy’KE€OHbIE XapaKTEPUCTUKH.
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