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FA®HHUM — IEPCITEKTUBHBIA MATEPUAJI JUISl AJIEPHOM
HEPTETHKH

Po3nAHYTO OCHOBHI AEPHO-GI3HYHI XapaKTEPUCTUKH TadHIIO SK MEPCHEKTHBHOMO MOMNHHANONOIO
marepiany JUIs OpraHis peryMOBaHHA AACpHUX peakropis. [Tpoananizosaka GpTopuaHa KablLicTepMia-
112 TEXHOOris OTPHMaHHA radHil0 BUCOKOI YHCTOTH, KA OCROEHA B YKpaiHi. [IpeacTaBneni 0CHOBHI
i3MKO-MEXAHTHHI BJTACTHBOCTI i XiMiYHU#A CKNAX BITHHIHAHOrO radHito y NOPIBHAHHI 3 METANOM, 3apy-
GiXXHOrO BHPOOHHMUTBA. 3 METOIO MIMBWILICHHA AKOCTI MeTany Oy/io NPOBEACHO KOMILIEKC HayKOBO-
N0CAIAHUX POBIT MO YIOCKOHANICHHIO METaNyPriiHHX MPOUECIB OTPHMAHHA BHCOKOYHCTONO radHito Ta
fioro neopMatiifiHoi 06pobKH.

‘The basic nuclear-physical properties of hafnium as perspective absorber material for regulatory author-
ity of nuclear reactors are considered. Fluoride calcium thermal technology of obtaining of high pure
hatnium, which mastered in Ukraine is analyzed. The basic physical-mechanical properties and chemical
composition of not imported hafnium in comparison with metal of foreign production are represented.
With the purpose of improvement of the quality of metal was offered and carry out the complex of re-
searches on advancing metallurgical processes of obtaining high pure hafnium and its deformation proc-
essing.

Fapuuit sBngeTca ooHUM U3 Hauboyiee NMEPCIEKTUBHBIX KOHCTPYKLIHOHHBIX
MaTepHaJloB B COBPEMEHHOM AIEPHOM peakTopocTpoeHHH. B nepuon crpouTess-
CTBA NEPBLIX AaTOMHBIX 3HEProbJIOKOB BO3ZHHK HHTEpeC K radHHIO KaK K IOrio-
waroulemy Matepuany. HccnenoBasusMH 6bUIO yCTaHOBJIEHO, YTO OH HAapAMy C
BLICOKOM moryomaioieii cnocoGHOCTHIO, 00J1agaeT BBICOKMMH MEXaHHYECKMMH
CBOWCTBAMM, PaHMAaLMOHHON M KOPPO3MOHHOH CTOMKOCTHIO B BOJAE NMPH BBICOKHX
naBieHusiX M teMmnepatrype. Ho HeECMOTpA Ha 3To B NEPUOA MacCOBOro BBOJA B
3KCILlyaTallMi0 ATOMHBIX SHepro610koB radHuil He HaleN 3aMETHOTO IPHUMEHEHUS
H3-32 BLICOKOH CTOMMOCTH H MaJlbiX 06bEMOB MPOH3BOACTBA.

B peakropax BBOP, kak H B aHaIOrMYHBIX 3apy6exHbix peakropax PWR,
OpraHaMH peryjaMpoBaHMsA C/yXaT KIaCTEpHbIE COOPKH MOTIOIIAIOUINX JIEMEHTOB
(m08) CY3. Knacrepuas c6opka cepuiinoro peakropa BBIP-1000 coctout u3 18
157108, nojiBewEeHHbIX K TpaBepce, UMelolei GpopMy «cuexxuHkn» (cM. puc.1) [1].
B wratasix nanax s kavectse nornomaromero MartepHaia HCTOJIb3yeTca BHOpOy-
IUIOTHEHHBIH Mopoulok kap6kna 6opa (B,C), ¢ MPHPOIHBIM CONEPXKAHHEM H30TOMA

B. O6onouka mana usrotasnusaercs u3 cramu 06X 18H10T. KunacrepHrie cO6opku
MOTYT JKCIUTYaTHPOBATHECA KaK B PEXHME aBTOMAaTHYECKOro pery/npoBanus (AP)
MOIHOCTH peakTopa, Tak W B pexuMe apapuitHo# 3amuthl (A3). B peaktope
BBOP-1000 umeercs 61 knactepHas c6bopxa CY3, u3 kotopbix 6 paboTatoT B pe-
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xume AP, a octanbHele 8 pexume A3. 'myOHHa norpyeHus B akTHBHYIO 30HY
crepxHcii AP cocrasnser or 1500 MM B Hauane kamnanuu no 300 MM B KOHne
KaMMaHWH, a CTEpXHH A3 NpH HOPMAIbLHON 3KCIUIyaTallMH peakTopa HaxoIATCH B
TOJHATOM COCTOSHHMH Ha paccTossHMM ~ 100 MM OT BEPXHEro kpasi akTHBHOH 30HbI.
TakuM obpazom, npu pabore peaktopa Bce cTepxHH CY3 HaxoasTcs B HEPaBHO-
MEPHOM HEWTPOHHOM TIOJIE, YTO NMPUBOIHT K HEPAaBHOMEPHOMY BbIFOpaHHUIO H30TO-
na '°B B kap6une 6opa no BbicoTe n1a. HanGoALIIMM pafHaOHHBIM TIOBPEXIE-
HHUSIM 110J1BEPXKEHA HHKHSAA €0 4acTb.

CpaBHHTeNBHO HeO0MbILOH CPOK CITykOb! WTaTHBIX 37108 BBAP-1000 (2 ro-
na B pexxume AP u 5 nert B pexxuMe A3) CBA3aH Kak CO 3HAYUTENILHBIM OXPYMTYHBa-
HueM o6osrouku 13 cranu 06X 18H10T, Tak M ¢ pacimyxaHueM MOraoTUTENS 3a CHeT
peaxuun '°B(n,a)’Li npu Beiropanuu usotona '°B Gonee 40%, NpoMCXOIHUT 3aMeT-
HbIH BbIXOJ CBODOJHOrO rejind ¥ HAYMHAET CKa3bIBaThCA pacilyXaHHe YacTHI| Kap-
6uza 6opa mn ero cuwiosoe Bo3eHcTBUE Ha 000IOUKY.
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Puc. 1. Knacrepnas c6opka CY3 u maa ¢ nopoiukom B,4C [2].

MHOro4HCIEHRBIMH HCCIIENOBaHHAMH [2,3], HarpaBJieHHBIMH Ha MOMCK CHO-
co60B yBenHYEHHA cpokKa ciyxObl kiacTepHbIX cGopok CY3, GbII0 YCTAHOBJIEHO,
4TO 3aMETHBIH MPOTPECC B 3TOM HAMpPaBICHHH MOXET ObITh JOCTHTHYT B CITyuae
ucnonp3opaHud B natax CY3 peakTopoB ¢ Bopo# MOA faBiieHHeM KOMOMHMPOBaH-
Horo (n,a)-(n,y)-norynoTHrensa. B pe3ynsTaTe 4ero BHOBL MOSABWICS MHTEpeC Kk rad-
HMIO, OTHOCALIEMYCS K 9HCHy (n,y)-NOrjoTHTenei, MacmrTabbl MpOMU3BOJCTBA KO-
TOPOTO HAa HACTOAILHI MOMEHT Y)KE€ YIOBJICTBOPAIOT NOTPEOHOCTH aTOMHOM dHep-
FeTHKH. Y JOBJIETBOPHTENBHAas paboTa peryaupyloliHX OpPraHoB M3 raQHHUsA B aK-
THBHBIX 30HaX MOABOAHBIX JIONOK U PALE KOMMEPUYECKHX BOLO-BOAAHBIX PEeaKTOPOB
N03BONACT NPUMEHATH radHHil B KauecTBe MOINIOIAIOUIEr0 MaTepHaia B HinkHeH
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qact 1ona. byl paspaboTaH psi HOBBIX KOHCTPYKLMIi M3NOB ¢ KOMOMHHPOBaH-
LibIM HCTIONb30BaHHeM radguus n kapbuaa 6opa. Ha puc. 2 nokasaH oauH u3 Bapu-
A1 FOB 121 C YBENH4YEHHOH QH3uueckoi 3¢ eXTUBHOCTBIO H CPOKOM CllyXObi, NpH
{CITOB30BAHMH radHUs B Ka4YeCcTBe HOIJIOWAOUIEr0 U KOHCTPYKUMOHHOrO Mate-

puaia [2].
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Puc.2. Mouepuusuposannsiit mn [1C CY3 peakropos BBOP-1000:
1 — 1py6a n3 raduus; 2 — kapbua Gopa; 3 — o6onouka 1131 U3 cruasa A1-630Y

PaccMOTpUM HECKOJILKO NOAPOOHEE OCHOBHBIE XAPAKTEPUCTHKH rapHUA.
lapnuit npeacrasutene IV B rpynnel nepuoandeckoit cucremsl. Bmecre ¢ THTa-
HOM M UMPKOHHEM OH COCTABJIAET 3aMeYarTesibHYl0 TPOHKY XHMHYECKH aKTHBHBIX
METALUTOB. XMMUYECKHE CBOFICTBA 3THX METAUIOB OYEHb MOXO0XH, HO X MPHMEHE-
HUE NPHHLUMNUAILHO pa3nNyHOoe u3-3a 0coOeHHOCTEH HX (H3MYECKHX CBOWMCTB.
Jns peakropocTpoeHuns ocoOblff MHTEpeC NPEACTABJIAIOT HHPKOHMH M raQHwii.
I'aduuio npucyma BeICOKas MOrJIOMIAOMIAA CNOCOOHOCTh HEATPOHOB, H OH MOXKET
HCTIOJIL30BATLCA B kauecTBe MOroiaouero marepiana B myjax CY3 [4, 5].

B otnHuue oT ApPYrux marepHanoB, MOMIOLUAIOLIMX HEHTPOHbI, MONepevHoe
CCYEHHE NOTTIOWEHNA radHUA JIMIMb MEMICHHO CHIDKAETCA NPH 3KCIUTyaTallHA B
ycloBusix 00;Ty4eHua Graronaps H30TONHOMY COCTaBY €CTECTBEHHOTO ragHus (CM.
Tabin.1). Mo npenBapUTENLHBLIM OLIEHKAM CPOK CiykObl cTepkHei U3 ragHHs Mo-
xeT GbiTh npoaseH a0 30 ner u Gonee, YTO CBA3AHHO C OCOGEHHOCTAMH TPaHCMY-
TaUHH M30TONOB radpHus B NOToke HelTpoHOB (cM. puc.3) [2]. [IpoxykTsl pacnaaa
M30TONOB radHUA — MOTELMH U TaHTaN! (CM. pyc.3) TakkKe UMEIOT AOCTATOYHO BbI-
COKHE CeyeHMs MOMIOLEHHA HEATPOHOB [6], 4To obecnieunBaer ciaboe cHIKEHHE
dusnyeckoit 3¢ dexTHBHOCTH radHMs B MPOLECCE €ro IKCILTYaTallHH B PEaKTOpe.
Pusmyeckas 3eKTHBHOCTh radHUA XaPAKTEPH3YETCA HE TONHLKO BHICOKHM Ceve-
HHUEM nOryoweHHs HeATPOHOB, HO ¥ CIIOCOGHOCTHIO MOTNOIATH HEWTPOHBI BHICO-
KHX SHepruit (radHuii MMeeT ceMb CHWILHBIX PE30HAHCOB, JIEXKALIUX B IHEpreTHue-
CKoM unTepsase 1...10 3B [7]). OtHocHTeNnbHas du3HYeckas 3PPEKTHBHOCTL rad-
HHA NpumeHnTenbHO K akTUBHO# 30He BBOP-1000 coctasmset ~ 80 % ot 3¢ dek-
THBHOCTH kap6uaa 6opa [7].
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Puc. 3. M3oTtonHbie npeBpauieHUs Npu pabore radHUS B KaU€CTBE MOTNMOTHTENSA B CTEPMHAX
CV3[2]).
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{loBbilLCHHBIH HHTEpec B YKpauHe K ragHuio, Kak K [OrJIoWAoIeMY MaTe-
pHany, 06YyCJIOBJIEH: BO-TIEPBbIX, BO3MOXHOCTBIO Kap/MHAJIBHOrO YBETHYEHUS
cpoka ciiyxObl U HAIEXHOCTH KNACTEPHBIX cﬁvopox ns108 C¥Y3 peakropos BBOP-
1000, COCTABISIOUIMX OCHOBY OTCYECTBEHHOH aTOMHOM JHEPreTHKH; BO-BTOPbIX,
jawa cTpaHa obrasaeT GoNbIMMH 3allacaMi UMPKOHHEBOHA pyas! (NPOM3BOACTBO
raus TECHO CBA3AHO C UMPKOHHEBBIM NpOM3BOACTBOM) H coOCTBEHHOM npo-
mpiliICHIO# 6230/ MO MPOHU3BOACTBY radHUA W M3AENUA M3 HEro (JIUCTOB, NpYT-
xoB, TpYO H np.). B 3710it cBA3M oueBHAHO, uTO WA YKpanKbl HauGosee uenecoob-
a3HO Mcnonb30BaTh B Mtax CY3 BBOP-1000 B kauecTse (n,y)-NOrJIOTHTEN rag-

p v
HHUH.
Tab6smua 1
ITonepeuHsbie ceueHMs MOrOEHUA AN H3oTonos radpuus [4,5]
[ PacnpoctpasenHocts, Ilomepeunoc cevenne  Bknaa B monHoe no-
Hsoton % abcop6buuu (6apH) TepPeYHOE CEYCHHUE

— PHf 0.16 500 0.8

1764 f 5.2 26 1.4

1TTHf 18.6 371 68.8

178Hf 27.1 80 21.7

P HE 13.8 49 6.7

180Hf 35.2 13 4.6

B Vxpaune Ha I'HIIT «L{npkonuii» (r. [iHenpoasepxuHCK) paspaboraHa M
OCBOEHa NPHUHIMITHANBHO HOBas (TOpPHAHAA KaJbLHETEPMUYECKas TEXHOJNOTHA
nomy4euus ra¢puus [8]. ['uapomeTautypriudeckuii nepenen B TEXHONOTHK ragHus
SBIAETCA YACTHIO TEXHOJOIMM OYMCTKH LIMPKOHHSA, OH XapaKTepH3YeTCs WHEHTHY-
HOCTBIO ONEpaLUiil ¥ OTIHYAETCA YBEIHYEHHEM YMCNA CTyNeHeH 3KCTPaKLIMOHHOrO
paznenenus. Ilpouecc rHApoMeTaLTypPrHYeckoro mepejenia 3aBepHIaeTCa MONyYe-
HUEM (TopucTOro coenuHenus radpuus — Terpagropuna rapuus (HfF,). B ocHoBe
METaypru4eckoro nepeaena NexuT Mpouece KalbLUMETEPMHYECKOr0 BOCCTAHOB-
newus Tetpadropuaa ragHUA M NOCHEAYIOWMA ABOHHOM 3NEKTPOHHO-IY4eBOH
TeperUIaB YepHOBBIX CIUTKOB. BeiGop Tepadropuna raguus B kayecTBe CONM LA
KaJIbUHMETEPMHUYECKOTO BOCCTAHOBJICHHUA OMNpEAEIICH ero GH3MYECKHMH H XUMHYE-
CKHMM CBOMCTBaMH, a TaKKe BO3MOXKHOCTBIO €ro rimybokoit cybnHManMoHHo#H odn-
CTKH OT KHCI0pOAa U a3ota. Boccranornenue HEF, xkansumeM no3sosseT noaydarb
KOMNakTHbie CIMTKH ragHus, a NEKTPOHHO-Ty4eBbie MeperuiaBbl AT BO3ZMOXK-
HOCTb 10CTaTOYHO MONHO OYMCTHTH €ro OT MHOTMX mpuMeceil. Takas cxema no-
3BOMAET nostyyaTs radHuii ¢ cogepXkaHueM CyMM ragHuA W LMpKOHUA 99,9%, npu-
TONHbIN IS HCNIONIB30BaHKMA B ANEPHOM JHepreTHke. XMMUYECKHil cOCTaB radHuA,
TIONY4EHHOrO MO pasNMYHBLIM TEXHOJOTHAM, NpuBeaeH B Tabn. 2. [Ipu cpaBHeHMM
MOXHO cenaTh BLIBOM, YTO KalbLIMETEPMHYECKAsA TEXHONOTHSA MO3BONSET CyUIECT-
BCHHO CHM3NTL ColepikaHHe PAAa HEXENATENLHBIX IPHMECEH, BIMIOMMX Ha IU1a-
CTHYHOCTS METaJna, ero KOppO3MOHHbIE CBOMCTBA.
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Tabnuua 2

X HMHYECKHI COCTaB OTEYECTBEHHOTO U 3apyGexHoro raduus, mac.% [9]

Maruug(cb;::;qecmu ”Oﬁ':;::';gg)_ ';"" Kanbunerepmuueckuit radpumit
nement | ASTM B 737-84 | T[OCT 22517-77 Mapia KTI TV 95.2195-90

Mapka R- lIMapKa R-2 Tpeb. dakr. Tpeb. q)l:g’::s ¢:;g A:m
I'adumit + | ne Menee | He Menee | He MeHee | He MeHeEe | HE MEHEE | HE MEHEE | HE MeHee
LUMPKOHHIA 99.8 99,6 99,8 99.9 99.8 99,92 99,94
LiMpkoHHi 2-4 24 1,0 0,8 1,0 0,7 0,7
Asor 0,010 0,010 0,005 0,003 0,005 0,003 0,003
Amomunwit | 0,010 0,020 0,005 0,003 0,005 0,003 0,003
Bananuii 0,0050 0,010 - - - - -
Boaopoa 0,0025 0,0035 - - - - -
Bonsdpam 0,0150 0,0150 - 0,01 0,001 0,001
XKeneso 0,0250 0,050 0,04 0.007 0,04 0,02 0,003
Kanbumit - — 0,01 0,01 0,01 0,001 0,001
Kucnopoa 0,40 0,080 0,02 0,05 0,05 0,04
Kpemuuit 0,010 0,020 0,005 0,004 0,005 0,005 0,003
Marumuii - - 0,004 0,003 0,004 | 0,003 0,003
Maprasen - - 0,0005 0,0003 0,0005 0,0003 0,0003
Mens 0,010 0,015 - - 0,005 0,002 0,002
Momubaen | 0,0020 0,0050 0,1 0.07 0,01 0,001 0,001
Hukens 0,0050 0,010 0,05 0,01 0,02 0,01 0,003
Hwob6wuii 0,010 0,020 - 0,01 0,002 0,002
OnoBo 0,0050 0,010 - - - -
Twuran 0,010 0,020 0,005 0,003 0,005 0,001 0,001
Vrnepon 0,015 0,015 0,01 0,01 0,01 0,003 0,003
Vpau 0,0010 0,0010 - - - - -
Xpom 0,010 0,020 0,003 0,003 0,003 0,001 0,001

Bonbwoii 06beM Hay4HO-UCCIEROBATENBCKHX PaboT no W3yueHMo (PHU3HKO-
MEXaHMYECKHX CBOMCTB KajibLeTepMHiecKkoro ra¢pHus 6bu1 MpoBeleH B mociel-
Hue roabl. Ha obpa3iax nutoro u aepopMHpoBaHHOro raHMs W3y4eHbI: TBEP-
IOoCTh o bpuHeUno, MHKpOTBEPIOCTh, YIapHas BA3KOCTh, MHKPO- H MakpoCTpykK-
Typa, NMPOBEAEHBI CTATHYECKHE HCMbITAHHA HAa PACTHKEHHE, BIIMAHHE CTEINECHH Jie-
tdopmaimy Ha cBoiictBa M apyrue. OCHOBHbIE (H3HKO-MEXaHHYEeCKHe CBOMHCTBA
radpHHsA B JHTOM H B Ae(POPMHPOBAHHOM COCTOAHHM MpPHBEAEHbL B TaOn.3. Peak-
TOPHBIE UCTIHITAHHA H 1IOC/IE PeaKTOPHbLIE UCCIEOBAHHA M0Ka3alH pafHallHOHHYIO
cTo#tKocTh 06pa3oB radgHUs BIIOTH 10 moencos 5-10%%cm™.
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Tabnuua 3
'BOMCTBA rad)HUs B TUTOM H 1ePOPMUPOBAHHOM COCTOAHHUH

T N TEMHepa'rypa C Tpy6a nociie omxura
Ceoficteo ucnbrranni,°C| TN TpeGoBanus daxThy.

“Teepaocts, HB 20 150-220

MuxpoTBepaocTs, Mlla 20 2500-3500 - -

%"é@__f‘;}%mm, Jix/cm® 20 13-18 - -

- 20 190 He Menee 250 | 335...355
YCoBHBIA PEACIH TEKYHE 380 ne Mcee 200 | 380...250
ctn o, Mlla 900 26...68 - )

— 20 250...450 | ue mence 400 510...560
Fpeacn Npo'HOCTH O, 380 e menee 300 | 380...420
Mlla 900 48...75 - -
OTHOCHTENBHOE YIUTHHE- 328(:) 2...5 He McHee 18 22...32

o He Menee 20 22...40
nue 8, % 900 22...48 . .
Koppo3us B BoOJIE, MM/T 350 - - meHee 0,005

C 1enbl0 TMOBHIILEHHA KavyeCcTBa KalbLUeTepMHYECKOro radHus aBTOpamu
6bU1 TIPEAUIOXKEH M NPOBENCH. KOMIUIEKC HAy4HO-HCCIIENOBATENbCKUX paboT mo
YCOBEPHICHCTBOBAHHIO METAILTYPrHYECKHX NPOLIECCOB MONYYEHHS BbICOKOUHCTOrO
rapuus 1 ero AepopmanMoHHOHK o6paboTke [9-13].

Ha mexaHu4eckHe CBOHCTBa raHus CYIIECTBEHHOE BIIMAHHE OKa3LIBAaeT Ha-
JIMUKE ra30BbIX MpUMeceH, B 4aCTHOCTH, Kuciopoaa. 'agHuii obpasyer ¢ kucnopo-
JIOM MPOYHLIE COENHHEHUS, TIO3TOMY CHUW)KEHHE €r0 B METaJUIE [0 OCHOBHBIM Me-
XaHU3MaM yJaleH!s IBYXaTOMHBIX ra30B BO BpeMs JIEKTPOHHO-JTy4€BO# IUIABKH B
BaKyyMe NMpakTHYECKM HEBO3MOXHO. [lna yaaieHus kuciopoaa u3 rapHus Obuio
MPE/UIOKEHO BBOAMTh B METAUT TPETHIl KOMIOHEHT, KOTOpPBIA 06pa3ossiBan neTy-
4uil okucen [10,11]. Ha ocHoBaHuM aHa/IW3a JMTEPATYpPHBIX JaHHLIX B KaueCcTBE
packucnutens rapuua 6pi1 BHIOpaH aJIIOMHHMIA H POBEAEHA TEPMOAMHAMHUYECKAA
OLIEHKA HalIpaBJICHUs MPOXOKICHHUA PEakUMK MEXKAY KHUCIIOPOAOM M AIOMHHHEM B
radHuM, U3 KOTOPOI CTANO SICHO, YTO PEaKLMs JO/DKHA MPOXOXHTH B CTOPOHY pac-
KHCneHust rapHusa. [TpoBeReHHbIE IKCIEPHMEHTAILHBIE HCCIEAOBAHUS NOKa3aiy,
YTo No6aBka aIIOMHHMA B KalbUHMETEPMIUECKHA radHMi HA CTallUM BOCCTaHOBJE-
HUA Tetpadropupa radpHMA KalnbLIHEM C NOCHEXYIOWEH 3JIEKTPOHHO-TYYeBOH
TUIaBKO# noHmxkaeT conepkanue kucaopoaa B radpuvu no 0,03...0,04 mac.%.

M onTUMK3auMK Mpouecca 31E€KTPOHHO-TY4YeBOH IUIaBKM Gbula MpoBeneHa
Pac4eTHas ouenka u3MeHeHHs KOHLIEHTpaUMK METALTHYECKMX nmpuMeceii (kelesa,
ATOMUHUSA, ME[IH, HUKENS, THTAHa, KPEMHUS ¥ XpOMa) B raQpHHH NPy 3MEKTPOHHO-
TY4eBOil nnaBke B Bakyyme A PasNHYHbIX TeMmrepatyp pacniasa. [lonydemsr
JaHHbIC, XapaKTepU3yIOUIHE TIEPHOi BPEMEHH, B TEYEHHE KOTOPOTO KOHLEHTPALMA
PuMecH B radnuu NMpu onpenesicHHONH MOUIHOCTH (TEMNEpaType) yMeHbLIAeTCs
R0 Benuunnel 1 107 Mac.%. Pe3yabTaThl SKCNIEPUMEHTAIBHBIX HCCTCI0BaHUHA, Mpo-
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BEJEHHbIX MO MOJlyYeHHbIM NapaMeTpaM, YNOBNETBOPHTENLHO COBMNANAKOT C pac-
YeTHBIMH HaHHbIMK [11].

ITpoBenens! paboThl MO0 OTPaboTKe MPOLECCOB NONYYEHHS H3AENHH H3 KalTb-
uMetepMyueckoro raguus (npytok, Tpy6a, NUCT, JIeHTa U Ap.) H UCCIIENOBaHHIO
CBOWCTB moy4eHHbIX uimenuit [12]. BeinonHeHs! paboTsl 1o ycoBepLIEHCTBOBA-
HHIO KOHCTPYKUMH CyOJHMMalIMOHHBIX amMapaToB W PeXHMOB CyOiHMauMOHHOM
OYHCTKH, YTO MO3BOJIMIO O0ECNEYUTHh BLICOKOE KayecTBO MpoaykTa. Beayrcs pa-
60Tb!I 10 YCOBEPIIEHCTBOBAHHIO NPOLECCA KaNbIIHETEPMHYECKOTO BOCCTAHOBJICHHSA
M APYTUX IIPOLECCOB METAJLlypruyeckoro nepenena [13).

OcBoeHHne KaibLMETEPMHUUECKONW TEXHOJIOTHHM MMOJNy4eHHs raQHusA sAACpHON
YHCTOTH! B MPOMBILLIEHHOM Maciitabe B YkpauHe OTKpbIBaeT BO3MOXXHOCTBL €ro
IIMPOKOIO NPUMEHEHHA B AaTOMHOH JHEpPreTHKe. A IOJIOKMTENbHBIA OMNBIT 3KC-
[UTyaTaHH [3J10B Ha OocHOBe komMOuHupoBaHHoro B,C-Hf-normoturens no3BojMr
MPUCTYNIHTb K LieIEHaNnpaBJeHHOMY pacLIMpEHMIO TPOH3BOACTBA rapHusA, a TakKe
oTpaboTKEe NpPOUECCOB MONYYEHHS U3NENHH W3 HEro C 3aJaHHBIM KOMILNEKCOM
CBOHCTB ISl HyX /1 YKpauHCKux ADC.
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