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97 

B binH Haiine Hbi ycn o BIHI, Heo6 xoni!Mbi 8 nn H nonyqeHH51 Zr Cl 4 n y T eM T OpMo:>KeHil51 

ocKonKOo 'l.e n e HI!51 B r a 3oBoii c pene. H a 9TOM rrpHHUH n e 6bin ocyw ecTB ne H HenpepbiBHbiii 

n pouecr: 6 bJC Tporo H ceneKTliBHor o BbiLleneHH51 Zr 
97 1!3 npOLlYKTOB L18ll8 Hii51 • 

• 

• 



I 

I 
I 
I 

• 

MeTOLlbl pa.aHOXHMH'I8CKOrO Bb!Ll8li9HHR H O'IHCTKH, OCHOBSHHbl9 H8 p83l!H'IHH B IJeTy­

·,..,CTH p83Ll9l!R8Mb!X 3li9M9HTOB Hl!H HX C09LlHH9HHlt, H9 nony'IHliH WHpOKOrO pacnpOCTp8H9HHR , 

O.aHaxo TaxHe MaTOLlbl OTliH'ISIOTCR npocToToA, 6on&woA a¢¢exTHBHOCTbiO o.aHoxpaTHOro 

p83Ll9li8HHR, a T8X>Ke t5b!CTpOTOA, KOTOpaR '18CTO npe.acTaBnReT OCOObllt HHTepec, !J.o CHX 

nop HCnOnb30Banacb npaKTH'I9CKH TOllbKO neTy'leCTb H8KOT0pb!X npOCTbiX B9W8CTB, OKRCliOB H 

H&rHLlp0l!H3YIOWHXCR ranoreHHLlOB, no-BHLlHMOMy, 0'19Hb nepcnexTHBHO •ocB09HHe• LlOBOllbHO 

MHOrO'IHCli&HHOA rpy~ cpaBHHT8llbHO ll8rltOli8TY'IHX BbiCWHX ranoreHHLlOB nepeXOLlHbiX Me­

T8lll!OB, Vfx H8Ll0CT8TKOM RBl!R9TCR nerxaR rH.aponH3y9MOCTb, nOSTOMy H80t5XOLlHMbl .:t pyrHe 

npH&Mbl paOOTbl no cpaBH9HHIO C Kli8CCH'I9CKHMH M9TOLlSMH pa.aHOXHMHH B BOLlHbiX pacTBOpaX, 

Vf CnOllb30B8HH9 r a 3006p·'1 3H b!X C09LlHH9HHft Lll!R p8LlHOXHMH'I9CKOrO p83Ll9li9HHR !l Oll >KHO 

.Q8Tb OC008HHO OOnbWOit s<i:J<i:JexT B TOM CliY'I88, 8Cl!H C8MH 9TH C09.QHH8HHR MO>KHO OVL19T 

nony'I8Tb nyT&M TOpMO>K9HHR 8TOMOB OTL18'1H /•ropR'IHX 8TOMOB•/ B ra30BOit cpe.ae no.axo­

LlSIWero COCTSBS H TpSHCnopTHpOB8Tb HX ra30Bb!M ITOTOKOM, 3TO IT03B0l!Hll0 t5bl BO MHOrHX 

Clly'ISSIX ocywecTBHTb H&npepb!BHb18 npOUSCCbl pa3.aen&HHR, B KOTOpblX npoMe>KyTOK Bp8M9HH 

OT M·OM&HTS ot5pa30BilHHR p8LlH08KTHBHOrO RLlpS .QO ITOLlS'IH ero HS H3M9p8HH9 COCTSBl!Rll 

t5bl LlOnH C&KYHLlbl, 

Uen&IO HBCTORweA pa6oTbi Obll!O H3y'!eaHe ycno&HA, aeo6xo.a HMbiX .a nR nony'I&HHR Zr" 
OCKOl!O'IHOrO npOHCXO )K.Q 9HHR B <i:JopMe ZrC1

4 
nyTeM TOpMO )K9HHR OCKOl!KOB Ll8li9HHR B ra3e.l 

H OCYLU9CTBli9Hii9 Tp8HCnOpTHpOBKH 9TOrO B9LU9CTB a B ra3006pll3HOM COCTORHHH, 

3KcnepHM 9 HT8llbHRR '18CTb 

0nb!T bl npOBOLlH liHCb H8 ycT8HOBK9, OCHOBHOit '18CTbiO KOTOOOit RBl!Rli8Cb npOTO'IHSR 8M­

nyna H3 <i:JToponnacTa-4, nepexo.aRwaSI a Tpy6xy H3 Toro >I< e MaTepi-Iana. 8 aMnyny acTa&nR­

nac& MHLU9Hb, npe.acTSBl!RIOWSR COGOft Cl!Oft BbiCOKOOOOrawefiaoA '!J 0 TOl!LUHHOlt 1,8 Mr/cM2, 

H8H9C9HHbiA HS CliiOLlRHYIO no.anO*KY paaMepOM 53x88 MM
2

, CB8pHyT;IO : Tpy6xy, Cnolt U 0 
2 ' ' 

t5bill aaKpb!T ¢ToponnacTo&oA nneaxoA TonwHaoA 1,65 MrlcM , nponycxa !O Lu eA .aoc TaTO'IHO 

6on&wyiO .aomo ocxonxoa .aeneHHR, AMnyna c Tpy6xoA noMewanac& B TepMocT a THpyeMy!O 

MSCliSIHYIO B8HHy, JV\ HW9Hb OOliY'ISliSCb CT8HLl8pTHbiMH Po-Be aeATpOHHbiMH liCTO'IHHKSMH npH 

5 2 
Cp 9Ll H9M TOKe TSITl!OBblX H9ftTpOHOB HS MHW9HH 1,10 HICM C9K, raa, OO!lS B89~bli! B aMnyny, 

coaep>K8ll, KSK np a BHliO, H9JtOTOpoe KOlii!'I9CTBO 08008 H98KTHBHOrO Xl!Op liCTOrO UHpKOHHR -

HOCHT9l!SI, 6 KOHU9BYIO '18CTb qrroponnacTOBOlt Tpy6KH, BbiXOLlRLUYIO '19 093 ynnOTH9HH9 H3 

BBHHbl, acTaBnRnac& cT9KliRHH8R Tpy5o'!Ka, Ha ee c T9HJtax, aa y'laCTK9 p93KOr·O na.ae HHR 

T&M n9p8 Ty p bl, KOHL19HCH pOB8l!CR HOCHT8l!b, KOTOpb!A 38T9M PS Llll OXI!MH'I9CKH SH 8 l!H3 HpOB !l l!CR ,, 
H8 CO!l9p>K8HH8 2r 

npo a on>K HT9l!bH OCTb OIT ui TS COCT 1 Bl!Rll8 8-7 '18COB, npHM9HR9Mbl9 r a 3bl BbiCY W HB8l!H Cb 

cepHOlt KHCl!OT Oi!, Xnop H 830T O,'IHLUSliHCb OT B03MO>KHbiX npHM9c eA Kli Cl!OpO !l S, 38 IICK III0'19• 

HI!9M OO biTOB CO CM9CiiMII, co a ep >I<S WI!MII B 0 3 Ll yX, 

B aexoTOpb!X onbiTax onp9 aenstnoc& K O!l11'19CTBO pa a l! o aKTIIBH Or o x ce H o Ha, nep9H9C9H-

3 



HOI"O CTpyeA 1"838. 8 T81CHX Cl1Y'l8SIX Bb!XO.lllHl.(Hli H3 Tpy6KH 1"83 nponyCit8l1CSI 'l€pe3 COCY.ll 

.ll0CT8TO'IHO OOllblllOI"O 00'b€M8 1 1'\. KOTOpOM fiOliHOCTblO p8Cfi8.lllll1CSI 
13g 

Xe . Era Kon~qecTBO 
1:19 

pacc'IHTbiBanocb no aKTHBHOCTH .llO'lepaero Ra , oca>K.ll 8 10WerocSJ aa cTeHKax cocyna. 

PeaynbT8Tbl H o6cy)f{neHHe 

97 
LliHI H3y'leHHSJ sonpoca o5 o5paaoB a HHH Zr Cf-

4 
npH B38HMO.ll9liCTBHH OCKOIIKOB nene-

HHSl C ra30B0l! Cp9.ll0l! Mbl IIOCTaBHllH pSlll · onbJTOB C H3M9H9HHeM COCT8B8 H T9MIIepaTypbf ra­

.38. P a aMepbi r a30Boro npocTpaHcTBa c MiiweHbJO B Hawl!x onbiTax 5binH cpaBHHMbi c npo5e-

!'OM R OCKOIIKOB neneHHSI B ra3e. B TaKHX cnyqaSJx, soo6we rosopSI, 3aMeTHaS! nonSJ oc-

K OIIKOB , Bbll19T810UJIIX 113 MIIW9HH, MO>I<eT He YCII9B8Tb llOliHOCTbto 38TOpM03HTbCSl B 1"830BOM 

o6be.\I e 11 6yneT B51!B aThCSl B cTeH KII. Benw·IHHa TaKoro pona noTepb ecTh cpyi-!KuHSI npo5era, 

T.e. nf.HI apO'l!!X paBHbiX ycnoBH!lx · 3 B BHCHT OT npHpOLlbi ra3a 11 ero napaMeTpoB. HeKOTOpbie 

cj"JOpMyllbl !J.llSl pac'leTa l10Tepb npHBOLl SlTCSJ B r1pllliO JKe HHH. i-1 X cnpaBe!ll!HBOCTb 5b!l18 HilMI! 

3KCII !ep HMeHTilllbHO ll0Ll TB9pA< Lle Ha LlllSI MHWeHI! B BII IJ. e KaH8l18 KB8Llp8THOI"O Ce'leHHSI. JV\ bl 
J3g 

onpe ~ enRnH 38BIICIIMOCTb KOllH'lecTBa Xe , yHeceHHOro ra30BhlM llOTOKOM, OT COCTaBa H 

T€M1IepaTypbl r838. llp!! T aKOii cjJOpM e MIIWeHI! !lOllS! OCKOIIKOB, BOHB810U(IIXCSJ B CTeHKII, p ea-

139 
~o b 03 p acTa e T c ysenl!'leHHeM npo5er a H

1
co o TBeTcTBeHHO BhlXOLl . Xe nanaeT. 

OnHa K o KaK noK a 3aHo a rl pH n o>t<eHHH, "reoMeTpH'lecKa SJ acpciJeKTHBHOCTbN uHnHHLlpH'lec-

KOii :VIHWeHH, 3 3 K pblTOii c noe :-..1 HHepTHOrO Bew e CTB8, OCT 8 9 T CSJ llOCTOSJHHOH npH H3M9H9HHH rrpo-

6 e 1· a B HeKOTOpb!X npene naX, T8K KaK B6HB8Hl1e B CTeHKH He npOHCXOL!HT. LlnSJ npHM9HSl9MOl! 

97 
Ha ~IH Ml! weH H 3 T O HMeno MeCTO npH R < 40 MM Ll llSI OCKOIIKOB Z r · H npH R < 60 MM 

anSI Xe 
139 

£3 YCIIOBHSJX H8WHX Ol1b!TOB npo6er OCKOIIKOB 6b!ll BCerna MeHbW€ 3TOH npenenb-

H Oft B •' Jll1 'l H H bl. 

97 
Pe3y JibT 8Tbi onbi TOB n o o6pa30BaHHJO 11 uepeHocy Zr CI

4 
B ra3ax p a 3nH'lHOro cocTasa H 

97 
TeMue r aTyphl II OK83 8Hhl B Ta6nHue. AKTHB~OCTb Zr B K OHLleHcaTe npHBeneHa K 0 Ll HH8KO-

Mb!M ycnoBHSIM o6 ny'leHHSJ H H3MepeHHSI. B peM SJ nepeHoca npen cTaBnSJeT speMSJ n BIOI<e HHSl ra-

3a OT cepe Ll liHbl l10l10CTI1 C MHU18 HbiO :.:1.0 M € CTa K O H!l e HcaUH:i H OC HTel!Sl. L}aBneHii e napa 

ZrC/
4 

-HOC!iTelJSI COCT C! B.T!Sll!O 10-20\lo OT :IIlBJieH I!Sl ero HaCb!Ul € HHOro napa npli TeMnep a T ype 

I I 2/ ·· 
O II blT8 ' . 

K aK BH.c:J.II O 113 3TH X naHHbiX, np11 T eM nepaT y pe > 170 ° B r830BbJX CMeCSIX, co n ep.>I<8W l1X 

97 
ZrCI 

4 
, ocKOllO'lH blli Zr cTa6Hl1113HpyeT cSJ B cj:JopMe 'le"f J..Ip e xxnopiiCToro uwpKOHIISI. Heo>Kw-

97 
.:tllHHblM cj:la KTOM RBnSJ e TcSJ TO, 'ITO Zr Cl o6pa3yeTCSl B ra3ax cTonb pa3nii4HOro c o cTaBa , 

4 

;J 8 >Ke B OTCyTCTBHe CB060!lHOrO Xnopa II npH 60llbWOM conep>K8HHH KHCl!OpO LJ. a B CMeCH. 3T O 

' 9 7 
C K Opee B cero YK83b!BaeT Ha T0 1 4TO B OCHOBe np01Iecca o6p830BaHHSI Zr C/

4 
n e>K HT 06MeH 

97 
ropSI'l ero aToMa Zr c MOJieKynoii ZrCI 

4 
0 .' tHaKO nony'leHHbie Ll8HHbJe He II03B0 l!Sl!OT 

c ".( 8 Jlll1'b OJJpe.::te Jle HHb!H BbiBOLl 0 MeX8HY-3Me OOp830BaHHSl Me4eH b!X MOJleKyJl. 3TOT BOIIpOC 

fl b !HI <·T c;I upe.c:J.MeTOM H ll WIIX !.lllJILHeliuJHX HCCJle!.lOB8 HHli. 

97 97 
"X H \ 1Ji'leCK11li Bb!XO!.l" np ouec ca npeBp8u te ii11Sl OC KOJlKOB Zr B Zr C/ MO >~<eT Ob!Tb 

4 

tl b l'lHCJleH T OJlbKO C HeKOTOpOH ueonpe.::teJleHHOCTbiO. 06wee KOJ1H4eCTBO 
97 

Zr , nonyqaeM oro 113 

.• 11JI.!l eH H 38 C'l e T BbilleTa OCKOIIKOB , 6biJ10 Haii ,:J. eHO IIOI"JlOU(eHHeM BCeX OCKOIIKOB B 8JIIOMHH He -

Bo il cpon br e . Pa<~6poc IJ.B HHbiX o BbJXoae Zr 97 CI , nony'leHHbiX npH TeMnepaTypax > 
4 . 
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anSI p83H006p83Hb!X !'830Bb!X CMecelf, HBXO!lHTCSI, no-BH!lllMOMy , B npea enaX OWH60K U3Me-

97 
peHHSI. CpeaHSISI senH~HHB H3 3THX onpeaene HHfi cocTaBnSieT - 75% OT KOnH~eCTBB Zr 

Hal!aeHHoro B aniOM I'IHHesofi cf:Jonbre. He38BHCHMbiH BbiXoa Zr 
97 

aon>KeH 

T a 5 .n H u a 

97 
06pa3oBaHue Zr Cl 4 B ra30BbiX cMecHx pa3nu~Horo c6cTaBa H TeMnepaTypbl. 

OcHoBHbie KOMnoHeHTbr n .apu. ynpyrocTb TeMnepaTypa · AKTIIBHOCTb BpeM SI 

CMeCII . napoB ZrCI 
4 

B8HHbl Zr 97 B KOH- nepeHoca 

!l BHC8Te 

o6beMH. % MM pT, CT. oc IIMITIMIIH ce K 

C/2 - 100 0 20 0 30 
CI

2 
- 100 10-4 150 .U 35 

C1
2 

- 100 0,12 178 1550 33 
Cl - 47; N -"53 0,04 173 1490 14 2 2 
Cl . 22, N -78 0,.12 173 1810 20 
C1 2 

- 17' !'I ::.. 83 0,08 173 1830 7 
2 2 

fl 100 0,31 1 ts4 1760 18 
N2 100 0 174 0 24 2 
C1

2 
52, B03!lYX - 48 0 ,16 173 1840 17 

CI
2 

22, so3 a yx - 7t:S 0,08 173 1t:i50 20 
CI 3, B03!lYX 1- 97 0,03 173 1720 28 

2 

06ll.l 8 Sl 8 KTIIBHOCTb 
'7 9 7 
.ur B AI- cf:Jo nbre 2300 

/ 3 I 
cocTaBnHTb HeCKOnbKO MeHbwe nonoBHHbi e ro KyM y nHTHBHoro B brxo a a nplf aene HIIIf Cne-

97 
!l OBaTenbHO, MO>l<HO npll !lTII K Bb!BO a y, ~TO Zr CJ

4 
o6pa3yeTCSl KBK 113 nepBII~Hb!X OCKOn-

KOB Zr 
97 

, TaK If 38 c~eT aToMOB Zr 
97 

, B 0 3HifKBIOll.liiX np11 {3 -pacnaae Y 
97 

97 97 
B o 3MO >K HO, •n c HeK o T o p a ll HenonHOT a np 2 Bpall.le HIISl Zr B Zr C1

4 
CBSl38H8 HMeHHO 

c Toll ero a oneil, KOT opaH o6pa3yeTC.Sl 113 Y 
97 

• T a K K B K HTTplfi1 H ere coealfHeHIISl Hene-

T Y'l ll, TO OH 
1
no-Bif!l iiMOMy, COp61fpyeTC51 fl8 CTeHKBOX 8 Mf!Y11 b!J If ero !lO ~ e pHifH 8KTIIBII~OB8HHb!l! 

aTOM Zr 97 HM eeT 3Ha ~HTenbHbie -w a HCbi npop ea rr1pos a Tb c ;v~aTeplfanoM cTeHOK. 

KoHaeHcaT ZrCI
4 

coaep >KilT 2.r 
97 

B8CbM 8 Bb!C OK OH p11!llf0XIfMif~ eC KOH '! II C T07 bl . 

06 3TOM CBifaeTenbCT B yeT Tllfiii~H8SI KplfB8Sl pacna aa BKTHBHOCTif KOH !l eHC8T 8, He fiO~Bepras­

werOCSI paaHOXIIMif~ecKoll o~HCTKe / eM. plfCYHOK 1 / , OT~eTnlfBO npOSIBnSi e T c SI TOnbKO 3arpa3-

HeHife KOpOTKO>KHByll.lel! 8KT11BHOCTb!O C fl8pHO!lOM nonyp F1Cfl8!l8 - 20 Ml1 HyT. 3 aMe~eHO, ~TO 

ee KOlllf~ecTBO TeM MeHbWe, ~eM 60nbWe K01!11~eCTBO KOH !leHC8T8 II ~eM 6onbll.le KOHUeHTpa-

UIISI Cl B !'830BOl! CMeCII, np11poay 3 TOH 8 KTHBHOCTI1 He Y !l81!0Cb f!OK8 y cT a H OBifTb. 
2 

Vf3BeCTHO, ~TO np11 Kp8TJ.(OBpeMeHHOM o6ny~e Hiflf OTHOCIITenbH8SI 8KTifBHOCTb Zr 
97 

B 

/ 4,51' 
CyMMe OCKOnKOB aeneHIISl QOCTUraeT M8KCUMyM8 - 8% ~epe3 - 30 ~8COB ITOCne o6ny~eHifSl • 

97 
VfcXO Q Sl 113 3TOl! Ulf ~> pbl1 MO >K HO OUeHIITb HII>KHIIl! npe a e.n K03cPcPIIUUeHT8 O~IICTKII Zr OT npo· 

LlYKTOB aeneHIISI B H8WIIX Oflb!T8X. 0H paBeH - 300. H a 0CHOB8HIIII LlBHHblX 0 COCTaBe OCKOn-

KOB ael!eHHSI MO>KHO c ae naTb Bb!BOLl , ~TO npeanaraeM b!M MeTOLlOM MO>KHO 6b!CTpO II acf:Jcf:JeK-

TIIBHO O~IICTIITb Zr
97 

OT 1130Tonos Sr y Ce Pr Te J Tc , 

Xe 11 apyr11x aneMeHTOB. 

MIIHIIM81!bHOe speMSl nepeHOC8 B HBll.liiX Oflb!TBX COCT8BnSI1!0 7 CeKyHLl. np11 3TOM XIIMII~ eC KIIl! 

BbiXOLl He yMeHbWIInCSl. 3T OT cPB KT npeaCT8 Bl!SieT npSlMOe !l OK 8 3 -1 Tel!bCT BO TGrO, ~TO o6pa-

30B8H He Zr 
9 7 

C1
4 

npOIIC XOLl liT He 6onee ~eM 38 1-2 CeKyHLlbl nocne BbineTa OCK0l!K8 11n11 

pacnaaa 
9 7 

E Zr 
9 7 CI , Y • cn11 sepHO npeanono>KeH!fe o ropSI~eM MexaHII3Me o6pa30BBHIISI • 

TO speMSI H3Bne~eHIISI 1130Tonos Zr 113 npoa yKTOB aeneHII Sl MO:>KHO .aanee cyw e cTBeHHO co-

Kp8 1'11Tb, 

5 



n · pHn ·o.lKeH . He 

' 

reoM8TpB'19CK8Sl ·. :aciJciJeKTH!IHOCTb fCTpoiiCTB, paooTAIOWHX Ha npHHUHile TOpMO.lK91JHR oc­

XOJIKO!I aeneHHA a raae 

reoM9TpH'19CKOA 9cPcP91tTHBHOCTbiO '7 MHW9HH H830BeM Ty aOJJIO OT OOUI9rO 'IHCJI8 

OCICO!lXOB, 0Dp83YIOWHXCH 8 MHW9HH, XOTOp8Sl IIOIIAaaeT B ra3 H IIO!lHOCTbiO, B H9M TOpM03HT­

CSI, n o TepHMH W "' 1 - ~ 6yaeM H83bi88Tb CyMMAPHYIO .,001110 TeX OCKOJJKOB, KOTOpble He 

nonaaa10T a raa H Tex, xoTopble, nonaaaa a raa, He ycneea10T a HeM aaTopM03HTbCR H a6a­

aaJOTCR a cTeHKH raaoaoro o6~eMa. 

0003H8'1HM 'lepe3 cu IIOTepH, p8CC'IHT.8HKbl9 ansr D9CKOH9'1HO M41TOI D!lOW.SaJt• MBW9HR 

dS • 0HH H8XOa SITCSI K8K CyMM8 K9CXOJibKHX '18CTHbiX /a reOM9TpH't9CKOM CMblCJJ9/ BHaOB 

noTepb cu 1 • BbJ&oa ciJopMyn anSI BbJ'tHcneHHR cu1 npoaoaHnca npH cneayJOWHX npeanono-

.lK6HHSIX: 

a / Bee ocxonx1t HMeJOT cTporo oaHuaxo&biA npo6er H pacnpeaeneabl H30Tponao. 

r ae 

6 / ilpH npOXO)!{aeHHH '19p93 B9W9CTBO OCKOJIKH H9 p8CC9HB810TCSI, 

a t 3aBHCHM OCTb npo6era OT 9HeprHH HM99T BHa 

R "' lc En . 
. '161 n He 38BHCHT OT llpHpOabJ 89W9CTB8 

111 

ilpl'l . yc!lQBKH 1 'ITO 110 ace A MHW9Hii 'tHC!lO OCK01lKOB 1 00p83YIOIU KXCSI H8 9LlHHHUY ee niJo-

.. WllLlH, 0LlHH8KOB Q·, . ll OT 9 pH -an st. B.Cell MHW9 HH 

· l1f ~ L f cu d $ = L r~ w ds. 
S I . ·· 5 . f I .·. I · 

npeanoJJO )!{ HM, 'ITO eiecxoae'IHO TOHXKA cnoA uenflwerocSI MaTepHana oT ueneu oT raao"" 

aoa aT_Moc¢epbl cnoeM eewecTea TonwKnoA d lcM. pHc, 21 •. 05oatia'IHM qepea R npo6er oc­

xonxoe a ra3e npH aaua HHbJX ero napaMeTpax, qepea R'-npoeier ocxonxoe a a ewecTee noxpoeHo-

ro cnoa; 7 .. 1-'- • Korua HMeeT MecTo aaBKcHMOr.Tb TKn·a /1 I, TO . non Hoe paccToSinHe 

p 1 npoXOaHM09 OCKOJIKOM, p8BKO 

p - d aec (J + n ( 1 - j.l. aec 0 ) . 

Talt KAK npaKTH•tecJtH ecer u a R' << R • TO MO)KHO HCII01lb3088Tb np1t6JJH)K 9 HH 9 

p = R ( 1 - 1-'- aec (J ) • 121 

¥13 ypABH9HIIH /2/ Obl!lH onpea eneHbl II OT 9 pH 3 8 C'I9T BDHB8HHR OCKOJJ K OB B CT911KH paa­

!lH'tHOro p&CIIOJIO )i( QHHSI H clJOpMbl /pHC, 2/, 

1/ noTe_pH OCKOJIKOB 38 C'I9T llOrJJOUl9H!ISl 8 MHW 9Hit • 

.LlnSI MHW9HH B BH ae CllOSI Ll9JIRUl&rOCSI MST9pKSll8 T OJJUlHHOII 1-'-o 0 3SKpbiTOrO TOHKHM 

CJJ09M IIH9pTHOrO B9Ul9CT.B8 TOJJLUHHOA Ill /06~ 89llH'IHHbl B 9 Ll HHHU8X npo6era B C OOTBeTcT-

BY 10ut9M l!rewecTBe/ 1 K8H9C9HHOrO H8 TOJJCTYIO noano>kxy 0 H91lpOHIIU89MYIO LlJJR OCKOJJKOB, 110-:" 

T9pll w1 (111 , j.1. O) 9TOro THil8 paBHbl 

w,fl-'-,•1-'-o)"'l/;(l+p.,+ -jo-J. 
. 2/ noTepH OCK0llK08 38 C'!9T B6H88·HHSI B ll8p8ll119JibHYIO CT9HKY, HSXOLlHLUYIOCSI H8 paCCTOSI-

liHII · a OT UllOCKOA MIIW9H11 

w (p. •1-'- )clf: (l-lt- ~-'---4-a) 
2 I 0 ' I - 2 . , rue a ·"' a 

R 

6 

3. 

w 

r L 

YP 

4 1 

ll01 

Ko 

rae 

ll p 

n P 

p8TH• 

Cneu 

Zr( 

eTcH 

H3BJJe 

HOCTH 

pol!cT: 

Ll9p>Kt 



:>c-

a 

15R-

i8HR 

OB 

no-

o-

13 0'"' 

oc-

>BH O-

e 

lHKHM 

BBTCT .. 

no-

3/ noTBpH OCKOliKOB 38 C'leT B6HBBHHH B nliOCKy~ CT e HK y, n epneH a HKYliHpHyiD nliOCKOCTH MH -

weHH 

(LJ (11 •11 ,(3) 
3 1 0 

l11+11o 02 {3 
__ 1 __ J I Arccos sin 0 dO d11 
2 TT 11 0 e sin 0 - 11 t/1 0 ) 

111 1 

rae 
HBliH IDTCH KOpHHMH B nepBOM KBa a paHTe 

ypa BH eHHH 

{3 = sin e - 11 tg e 
4/ noTepH OCKOliKO B 38 C'leT B6HBBHHH B CTeHKH UHliHHapH'leC KOH MHWeHH paaH y ca C 

npH YCliOBHH, 'IT O 

R < 8 11 , c npH 11 1 ::; 0,5 

H i?. .:s _2c_ npH f1.1 ~ 0 ,5 
1 - 111 

noTepb 8TOrO poaa HeT, 

Koraa 9TH ycnOBHH He BhrnonHH~TcH, noTepH pacc'!HT biBaJoTcH no cpopMyne 

w(l1•fl,y ) 
4 I 0 

1 

TT 11 0 

l11 + 11o j 
J I Arccos 2Y - 1 sinO dO d11

1 fl. 1 sin 0 - 11 tg 0 
rae y = ~ . 

1 ( 

npeaellbl HHTerpiipOBBHHH; npH fl. < 0,5 H 1-11 
2 

< y < 1 

npH n~6oM f L 

npi!Mep; 

Arccos _1 + /1 -Spy ~ 0 < Arccos 

, xoraa y < ~ 
2 

4y 

o::; 0::::. Arccos 1 - V l-BI1y 
4y 

811 

1-,~ 
4 y 

LlnH MHWeHH B BH ae CflliOWHOrO flOKpb!THH H B HBK OT OpOM Y'IBCTKe CTeHOK K B H alla KBaa-

paTHOrO Ce'!eHHH CO CTOpOHOH 

• 

(LJ = (LJ (11 'fl.)+ 
1 1 0 

h , xoraa , nOTBpH 

CneaoBaT el!bHO, 8 cpcpeKTHB HOCTb TBKOH MHWeHH liHHeHH O naaaeT npH yBel!H'l eHH H npo6era , 

1, noxa3BHO, 'ITO npH TOpM O)f{eHHH OCKOliKOB aeneHHH B ra3e , COLlep)f{aweM napbi 

ZrC1 4 , npH T eM n e paT ype > 170°C 6onbwaH 'IBCTb a T OMOB oTaa'IH Zr 97 cTa6HnH3Hpy-

eTcH B cpO pMe 'leTwpeXXl!OpHCTOrO UHpKOHHH, 

2. C noMOLUbiD ra3oo6pa3Horo ZrC1
4 

ocywecTaneH npouecc H enpepoiBHoro 6biCTporo 
97 

H3Blle'leHHH Zr H3 OCKOl!KOB aen eHHH C K09cpcpHUHeHTOM O'I HCTKH 300 / no {3 -aKTHB j _ 

HOCTI!/, 

3. B biBeaeHbl HeKOTOpbie 
cpOpMyllbl a nH pBC'leTa reOM e TpH'l eCKOH 9cpcp eK THBH OC TH yeT-

pOHCTB , pa60TB~WHX H B npHHUHne T OpMO>KeHIHI OCK OliKOB aeneHHH B ra3e, 

ABTOpbl npHHOCHT rny6o K yiO 6naro a apHOC Tb r.H. ¢ne poay 38 nOCTOHHHbiH HHT e p ec H nOLJ. ­

aep>KKy npH B biO Ol!HeHHH H 8CT OHWBH pa60Tbl, 

7 



ZgA 3 

2 

'1 

ljA 3 

2 

1 

0 

~ 

' 

1 

p 11 c. 1. 
1 

K pH B bie p ac n aLta a KTHBHOCTH K OH LteHc aTa 

paLtHOXHMH'IeCKO~ O'IHCTKe . CnnowHall KpHBall -

a 

2 3 

2 3 

ZrCI
4 

, H e noLt B e pra s werocll 

Tv, = 17 "18COB , 

CocTaB r a3a : a - fl : Cl :: 5:1, 6 
2 2 

C1
2 

- l00'1o , 

8 

. t aHu 

0 

0 

t dHU 

0 

I. 

2. 

3 . 

4. 

5. 

6. 



JHU 
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