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C 4enon noluuteHufl npoqHocmu adeesuounofi ceasu pesuHu Ha ocHoee KayqyKa CKn-3 K MemannoKop)y uc-
cnedoeauo BJtutHue npoJ)4omopoe adeesuu, npedcmaanatur4ux cofioil uodufiu4upoeaunwfi uouauu ilematlror
nepeneuuoit aorteHmHocmu (Co u Ni) rcpennercuutomuait HanonHumena. florcasauo, qmo maKue nportomopbt
adeesuu He oKa3u6arom cyu4ecmaeHHoeo eltuflHufl Ha mexHoJtoeuqecrcue u Qusurco-aexaHuqecKue caoilcmea
p$uHbt npu KoJvtHamuoit mennepamype, Ho no?uutanm cmoilrcocmb synKaHu3amos rc eos^eircm?un no6bt-
weHHux mei4nepamyp (do 100 'C) u yeenuuuaatum npoqHocmb csfl3u psuHa-MematJtorcopd e yc,coauex eo3-
)eilcmeus aepeccuaHbtx Qarcmopoe 6 npoqecce ?Kcnnyamaquu ilemannorcopdnum usdenufi.

Knnqeeue crrosa: anacmowepH(a rcoMno3uupfl, Mem(uJtorcopd, nflgKocmb, pe./taacauus, KuHemuKa 6ynKaHu-
ga4uu, meepilocma, npoqHocmb, adee3w, cmapeHue

Bneaenne

eo6xoAprMbrM ycJroBneM AocraroqHoft
AOITOBeTTHOCTT4 pe3LrHOMeTa"rurOKOpA-
Hbrx r43AeJrptit ssnl'etcs BbrcoKr4fi ypo-

BeHb a4re3lroHHoft nporrHocrn MexAy pesunoft
14 MerrurJroKopAoM },2l.B npoqecce eKcruya-
Tarmu pe3r4HoMeTiurJroKopAHbre r43AeJrr,rq [oA-
Bepralorc.rr Bo3AeftcrBr4ro raKr4x HeraruBHbIX
Qarropon, KaK noBbrrrr elr'r'afl TeMneparyp a, rurc-
JIOpOA VI BrrArA BO3AyXa, COJrr4, [poHr,lKaroq[e
Ha rpaHr4r{y pe3r4Ha-MeTiurJroKopA qepe3 npo-
KOJIbI I{ IOpe3bI, qTO, B CBOIO OqepeAb, [ppIBOApIT
r ocna6nenurc lr pa3pymeH[ro npoqHocrr4 curr3vr
pe3[Hbr c MertuuoKopAoM. I,Isnecrno [2], .rro
BBeAeHue ro6aarra B naryr{Hoe rroKpbrrr4e r{ Ko-
6arrrcoAepxarrlrD( npoMoropoB aAre3[r{ B co-
craB gnacroMepHbrx KoM[o3r4UI,Ift nono)olTeJrb-
Ho BJrwrer ua ycroftuuBocrb noKpbrrr,Is K Koppo-
gvrv v cra6unbHo crb a,ue3r4 v Irar1yrrvrpoBaHHoro
MeriuuloKopAa x pe3r4He. ero o6ycnoBJreHo reM,
qro B rrpoqecce BynKaHr43ar{uu o6pasyercfl pe-

Ktrir4-f EpMErn;ru..f ifHoiof'fn.*N'e.*;yTi*

aKllrloHHocnocobHrrft cylrQra4 xo6a.nria, Koro -
prrft npuHr4Maer yr{acr[e B aAre3LroHHoM B3arr-
uoAeftcrnun. B ro xe BpeMrr troHbr ro6a-nrra,
CHI,DKA-'I UOHHYIO NPOBO.4IIMOCTb OKCI4IA IILIHKA,

yr{eHbrrranr azQQysnro [oHoB MeAlr r4 ur,rHKa
s o6racrr KoHTaKTa, qro [pensrcrByer o6pa-
3oBaHr4ro pbrxJrbrx t,r HeaKrraBnnx cylrSrllHbrx
IINEHOK.

Pasee 6ruo ycraHoBneHo [3-6], rrro MoAr4-
Ququponannrrft uonaulr MeralrnoB nepeuennoft
BaneHTHocrLr KpeMHerorclornrrft HaflonHlrrenb
oKa3bIBaeT [oJIO)C4TeJIbHOe BILIqHLIe Ha npoq-
HocrHbre r4 tulre3uoHHrre csoftcrBa HanoJrHeH-
HbD( pe3r4H Ha OCHOBe HaTyptUrbHOrO KayqyKa,
a raloKe Ha npoqHocrb cBs3tl MoAenbHbrx (ueHa-
[oJrHeHHbD() pesm Ha ocHoBe KayrryKa CKl4-3
c MeraJUroKopAoM. B csqsr,I c reM, qro B npo-
MbrrlneHHocrlr nau6olee qacro r4crronb3yror
cprHTerr,rqecrraft uoma[3o[peHoBuft rayryr [7],
a Ha[oJrHr4rem (rexymepoA) Moxer oKa3brBarb
Brrvrflrrne Ha aAre3lroHHbre csorlcrsa pe3r4HoMe-
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TZuUroKopAHbIX CIICToM, IIeJIbIO .{aHHOft pa6oTbr

gBJTsJIOCb I4C gre,{oBaHue BlrvtflI{vr.g clIHTe3I4pO -

BaHHbri [poMoTopoB aAre3ul4 Ha ocHoBe MoA[-

$nquponaHHoro KpeMHeKl4cnorHoro HanoJIHpI-

TerA Ha csoftcrsa Ha[oJIHgHHbrx gJIacroMepHblx

KoMno3I4u uir. rra ocHoBe Kay{yKa CKI4 - 3.

O6rerru rI Mero,IIbI I{ccJIeAoBaHHt

B raqecrne o6terron lrccJleAoBaHvs' varrolrb-

3OBaJI[ CI4HTe3I4pOBaHHbre [poMoTopbr aAre3LII{,

rpeAcraBnqloq[e co6oft rvro4u@uqnponanHrrft
proHaM[ MeraJrJIoB [epeMeHHoft na;reutnocru

(ro6a.nlroIvr u/uttu nureleu) KpeMHeKr4cJIor-

nnfi nanonuureJlb (MKKH). XaparrepucruKa

npoMoropoB aAre3uI,I IIO COAepxaHLIIO B HI'[X I4O-

HoB MeriuuloB flepeMesnoft BaJIeHTHocTLI [peA-

craBJIeHa n ra6l. 1. flpouoropbl aAre3lrlr BBo-

I.UJTVL B HanoJIHeHHbIe pe3[HoBble cMecpl Ha oc-

HoBe KayryKa CKI4-3 B Konl4qecrne 0,6 Mac. u.

sa 100 Mac. q. KaWyKa. O6pasqoM cpaBHeHl'rfl

flwrflJracb gJIaCTOMepHafl KoMno3vt\prs', coAep-

:xarlafl.0,6 uac. q. creapara ro6anrra.

Onpe4eleune Bs3KocrLI rro MyHu p$I4Ho-

Bbrx cMeceft u roe@SuqlreuroB peJlaKcauull

ocylqecTBrsru Ha poTarI[oHHOM CABI4TOBOM BLI-

cKo3uMerpe MV2000 B coorBercrBvrv c IOCT P

54552-201I, a ncurcgoBaHre KI4HerrKI'I ByJI-

KaHr3aIIur - Ha peoMerpe ODR2000 coulacHo

IOCT 12535-84. TnepAocm pe3lrH orlpeAerlsnr

no IOCT P I4CO 7619-l-2009. Croftrocrb Byn-
KaHlI3aroB r nos.ueft crBulo noBbIIIreHHbD( TeM[e -

paryp oIIeHuBanI4 no u3MeHeHulo SusuKo-Mexa-
H[qecKI4x noKa3areJleft n coorsercrBpll4 c IOCT

1. Co4epxanfie lroHoB MeTaJIJIoB B trpoMoropax a'uesruI

llpouorop a5resml Mera.rur
CoAepxamle lrerrulna
B rrDoMompe, % (uac.)

Cteapar ro6aasra

MKKHI Co

MKKH 2 Co

MKKH3 Co

MKKH1 Ni

MKKH2Ni
MKKH3Ni
MKKHI Co-Ni

IMKKH2Co-Ni
I
I
lurm co-Ni

Co

Ni

Co
Ni
Co
Ni
Co
Ni

10,5
4,6

9,3
2,4
4,2
6 ,1
1,8
0,7
3,7
0,8
5 R

1,2

ONACTII NPNMEHEHUfl

P 54553-2011 ra VICO 188-82. I4ccreAonaHne
flporlHocTrl cBfl3vr p93I4HbI C MeTaJIJIOKOpAOM

ocyluecrBJlsnpt B coorBercrBl4ll c fOCT ISO

5603-2013.

Pesylrtaml u LD( o6cYrl{Aelrne

TexnoloruqecKue csoftcrna KayqyKoB I4 pe-

3rrHoBbIX cuec efi xapaKrepu3ylor pIX noBeAeHue
B npoqeccax nepepa6orl<ll. Ars oqeHKlt r,r rrpo-

rHo3I4pOBaHLIs TexHoJlor[qecKoro [oBeAeHI4s
gnacroMepoB vr gJIacroMepHbIX KoMIIosLIqnfi
HA VrI' OCHOBe LIC[OIb3yIOT pa3nl4qHble MeToAbI

uccnenoBaH[fl. OAHpTM ]I3 TaKIlx MeroAoB flBlrfl'-

ercx porallvro:aHafl BllcKo3lrMerpiln. Bgsrocm

MaTepnana oflpeAen-fleT AI'IHaMIKy npoqecca

nepepa6orKll, cJlyx'Ir uepoft ycrrtrvtL Koro-

poe Heo6xoALIMo rrplrno)fl4Tb K MarepuanY Ns

ocyrqecrBJleHplrl ero reqeHus c 3aAaHHoft cro-

pocrbro na toft utru uuoir. cra4vil4 npoqecca [ 8 ] .

B npoqecce BynKaHLI 3a\vwr pe3[HoBbIX cnaecefi

rrpolrcxoAtlr o6pasonaHlle He roJIbKo [pocrpaH-

crseHHoft cerK[ ByJIKaH[3ara [9], Ho vra4.re3v'-

oHHbrx cu3eft, orBercrBeHHbrx 3a KpeflneHrre

pe3[Hbl K MeranJloKopAy. B cnssIa c sTlIM Ha-
rlarbHbrM grarloM [ccneAoBasufi 6ruo o[pe-

lleJleHlre [nacrogJlacruqecKllx csoftcrn v r<rr-

H erlrtrec Kr4x n ap aMerp o B BynKaHv3arJxr( p e3ll -

HoBbIx cueceft c cuHTe3LIpoBaHHbIMLI npoMoro-

paMu aAre3[u. 3asucnN,{ocrb rexHonoruqecKnx

cBoficrB HanoJIHeHHbIx pgsLIHoBbIX crueceft

or [p[poAbl rrpoMoropoB aAre3[LI [peACTaBJIe-

ua sra6n.2.

2. Termororusecr<ue croftctra Hanonnenlrhx pe3[HoBbx

cmeceI

Ilpoumop attresm{
Bamosrb
noMyu,
yc[. eA.

KoeQ-
$tntuent

Bpeur 4ocrn-
x(EHIIfl OIITII-

uamnofi cte-
flerilr ByJIKaHU-

raumd0. unr
pe3utroBbx

cuecefi.Vo

Creapat ro6alrra

MKKHI Co
MKKH2 Co
MKKH3 Co

MKKH1 Ni

MKKH2Ni
MKKH3Ni
MKKHI Co-Ni

MKKH2Co-Ni
MKKH3 Co-Ni

25,0
26,r
24,6
24,2
23,9
24,r
24,5
25,0
24,7
24.7

82,0
81,6
82,9
82,2
82,4
82,6
82,9
82,4
83,4
81,0

36,70
44,69
43,93
40,62
42,26
43,79
44,33
42,64
41,62
42,83
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Mo d uQu4upoo annwil rcp enne rcucaomnwfi nanotnnmet i ian ry;trii;iit:n::A

Kar nurno rr3 Ta6n. 2,npupo4aMoAr,r0]rKaro-
pa a,qre3r{r,r npaKTr4qecKr4 He oKa3brBaeT Blrufl}{r{s.
Ha BS3KOCTb rro MyHr4 pe3r,rHoBbrx CMeCeft 11 pe-

JraKcarlr4oHHbre npoqeccbr, frporeKaroilI[e n o6l-
eMe noJrLt MepHoft MaTpr/rrlbr.

Ana-nug rorHer[lrecKlx flapaMerpoB [poqecca
BynKaHlr3aqr4u gJracroMepHbrx KoMno3r4rlnft no-
Ka3aJr (cu. ra6r. 2), vro BBeAeHr,re B pe3r,rHoBbre

cMecu rro6oro MKKH [pr4BoArrr K].BernIeH[Io
BpeMeHI4 AOCTIDKeHT4TT OnrnMZUrbHOft CreneHn
ByJrKaHlr3auuu. Tax, Arq o6pa3rloB co creapa-
ToM Ko6anbrat90 cocraBJrrer 36,70 MuH, a B cJry-
qae BBeAeHr,nr B pe3r,rHoBbre cMecr4 cr4HTe3llpo-
BaHHbrx [poMoTopoB a,4re3lrrr SHaqeH[e AaHHo-
ro rroKa3aren r Haxo.urrrcs B A[arra3oHe 40,62-
44,69 unn. Taroft xaparrep [3MeHeH]nI cnoftcrs
Mo)Ker 6urr o6ycroBJreH HzurrtqueM Ha rroBepx-
Hocrrr MKKH norspHbD( cLrJraHoJIbHbIx rpyrrn,
Koropbre Moryr a4cop6zpoBarb ycKopuren[ Byn-
KA}lVrsarlI1'.I.{, IITO tI 3aMeAJlfler CKOpOCTb CTpyK-
TyprlpoBaHurs. ?Iracrolrepa [9]. B ro xe npe-
Mrr r,rcMeHeHue coAepxa}Il.rs. Ha noBepxHocT[
MKKH roHoB Co or 4,6 ao9,3% (wac.) npr,rno-

.4LrT K CoKparrleH,rrc OnTr4Myr{a ByJrKaHrBarI[rr
eJracroMepHbrx KoMroslaI1llft sa l0% (c 44,69

to 40,62 MrH coorBercrBeHHo). B cnyvae xe
BBeAeHLrfl B pe3lrHoBbre CMeCII HUKeJrbCOAep)<a-
rrlrl( Mo,qrrSr,rqupoaaHHbD( KpeMHeKr{cJrorHbD(
HanoJIHI4Teneft nonrrrueH[e KoJruqecrBa ]roHoB
MerrurJra or 2,4 lo 6,1% (rraac.) rpuBoArr K He-
KoropoMy yBenr4rreHuro (or 42,26p'o 44,33 uurr)
BpeMeHr,r AocrrD(eHn r o[T[MaJrbHoft creueura
BynKaHr{3arlwvt. flpu uc[oJrb3oB arrvrw B [oJrlr-
MepHbrx KoMno3prqprsx ro6arrrHlrKenbcoAep)G-

3. (Drc[xo-ruexau[qecrure troKagarerm HatroJrneffibur pe3rrn

lllnx [poMoTopoB aAre3r{r4 He BbrsBIeHo onpe-
Ae-rrennoft 3aBr4c[Mocrr{ rr3MeHesus D0 or Ko-
Jrr,FrecrBa r{oHoB MeriuuroB nepeMeHHotl saneFrr-
Hocrlr Ha floBepxHocrn MKKH. Taroe pa3ruque
B rarHerr,rrrecKr,rx csoftcrnax r{ccneAyeMbrx KoM-
nosI,rrlrrft Moxer 6rrm cssgaHo c [pr4poAofi ue-
TaJrJroB flepeMeHHoft saneHrHocrz.

Mexanruecrore ceoft crBa pe3r4H o6ycnomeunr
I,D( BbICOKO9JIACTITIHOCTbIO 11 PCNAKCAIIIOHHbIMI4

csoftcrsaMvr, T.e. 3aB[cr4Mocrbro Haflps>Keurfl,
or BpeMeHu 4eftcln;krfl Halpy3Kr,r rI cKopocrpl Ao-

@opuupon aHvrs. [nx o6ecneqeHr4rr nucoroft aA-
res[oHHoft flporlHocrpl B crrcreMe pe3[Ha-Me-

ra.lrlr Heo6xo,(prMo, qro6rr yflpyro-xecrKocrHble

cnoftcrna pe3lrHbr npn6rmra;rlrcb K coorBer-
crByroulrM xapaKTep[cr]rKaM Merilura. Oanoft
wg xapaKrep[crrrK TaKrx cnoficrn flBrrr.ercfl
TBepAocrb. B cnssrr c gTrrM [poBoArn[ nccJreAo-
rlarrus. TBepAocrrl pe3lrH no IIIopy A, yc.nonHoft

[poqHocTr4 IIpLI pacTffKeHvrv{ v oTHocr4TenbHoro
yrrr4Heuur. npr paspbrne. flocrorbKy B rrpoqec-
ce gKcruryarar\vftr rrrlrHbr noABepranrcs eosAeft -

cTBrlro noBbrrrreHHbx TeMnepaTlp, npeAcTaBJIfl-
Jro lrHTepec BbrsBrrTb BJrr,nrHpre cprHTe3[poBaH-
HbD( npoMoropoB aAre3lru ua crofirocrb ByJr-
KaHu3aroB K TerrJroBoMy crapeHurc. [nx ororo
o[peAeJrsJrlr rBMeHeHpIe ycJIoBHoft npovnocru
npl4 pacrDr(eEvMI u u3MeHeHue orHoc[TeJrbHoro
y4jn,'.He}Iufl npr4 pa3pbrBe nocJre TerrJroBoro cTa-
peHvsnpu 100 "C (ra6r. 3).

Pesynnrarrr lrccneAoBaHr4rr rBepAocrr4 pe3lrH
no IIIopy A norasarrr, qro BeJrprqr,rHa AaHHo-
ro floKa3arerur Anfl Bcex o6pasuon r4Meer 6r[s-
rore 3HaqeHtrfl. vr cocraBnser 68,3-70,7 ycrl eg.

Ilporuorop aAr$r{r
TbepAocrr

no IIIopyA,
ycn. eA.

Ycaornar
rrpoqHogrs

Ilprlpasrffie-
rulr. MIIa

Onrocrrre.m-
HOe ylJrrr-
Eerlue trpn
przpsne,To

llruenerue yorornofi npou-
noctr uon oactmemnr. %

IlgueRerme ornocr{TeJtbnono
Yrurr{Henrrr nur oagorrse. %

nocJre rerr;roBom craDegrrr rrpu 100 'C u terrenne, q

72 16E 72 168

CreaparKOOiIJIbtrA

MKKHI Co
MKKH2 Co
MKKH3 Co
MKKHI Ni
MKKH2Ni
MKKH3Ni
MKKHI Co-Ni
MKKH2Co-Ni
MKKH3 Co-Ni

68,5
70,0
68,3
68,9
68,9
70,6
70,7
70,5
69,6
69,4

2
2l
2
2
2
2
2
2
2
2

t {

1,6
1 ,6
1 ,8

1 , 1
I '  I

t 4

t q
t . I

510
510
505
500
520
505
515
510
510
525

- 5 ?

-1,9

-4,6

-2,8
-4,1

-4.6

-52,6
-41,7
-41,2
-49,1
-46,0
-41,7
-41,9
-45,5
-48,4
-45,2

- ?5  5

-??  5

-20,8
-22,0
-2r,2
-23,8
-24,3
-r9,6
_ t?  q

-?1  R

_7) \

-62,7
-62,4
-66,0
-63,5
-60,4
-59,2
-64,7
-62,7
-63,8
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AHar[s $usvlxo-uexaHuqecKl4x xapaKTepl,IcrplK
pe3r4H BbrqBr4ll, qro npl4poAa I4 KonuqecrBo Lto-

HoB MeraJrnoB nepeMeHHoft BiueHTHocr[ Ha tro-

BepxHocrlr MKKH [paKTI,IqecK]I He oKa3blBalor

Blwrr'nug. Ha rtpotlHocrHble csoft crsa HaTIoJIHeH-

Hbrx ByJIKaHpI3aroB Ha ocHoBe Kay{yKa CKI4-3.

Tar, ycJIoBHafl [porlHocrb rlppl pacrfiKerrnvr

14 oTHOCTTTeJIbHOe yMI4HeHI4e npLI pa3pblBe 9JIa-

croMepHblx xoMnos[q[ft c npoMblr[neHHbrM

rvro4IasuraropoM aAre3llll cocraBnslor coorBer-

crBeHHo 21,3 MIIa u 5I0%, a 3uaqeHvrfl.uaHHblx

noKa3areJleft pesun, co.(ep)Kalqux cplHTe3upo-

BaHHbre flpoMoTopbl aAre3[[, HtxoAflTcs B [pe-

Aenax or 20 ,6,uo 2 1 ,8 MIIa n or 500 to 525Vo co-
OTBETCTBEHHO.

AHa-[us pe3ynbraroB ]IccJIeAoBaHvs. yfipyro-

nporlHocrHrrx cnoftcrn ByJIKaHpI3aroB flocne re-

ruloBoro crapelJprfl. noKa3aJI, qro HarIoJIHeHHbIe

SJracToMepHbre KoM[o3llIII{I{ Ha OCHOBe Kay-
qyra CKI4-3, cogepxanllle cpIHre3I4poBaHHbIe

[poMoropbr aAre3LII,I, uMelor 66lrupo croft-

Kocrb r nosAeftcrBl4lo [oBbIIIreHHbx reMnepa-

Typ [o cpaBHeHLIIo c pe3l1HaMu, B cocTaB KoTo-
pbur BXoALrr creapar ro6alrra. Tar, nocle 168 u

crapeHvrfl. rr3MeHeHI4e yclonuoft [potlHocr[ rlplr
pacTflr(eHl4[ BynKaHI43aTOB CO CTeapaToM Ko-

6a-nrracocrasr.fl er-52,6Vo,aMl1/.I/'vrMiurbHoe3Ha-
qeHr4e AaHHOTO floKa3arerq B cJlyqae [c[onb3o-

Banvs. B pellerrrypax pe3[HoBrx cueceft HoBbx

l,roAn0nraropoB aAr*un na6nroAaercfl.[p[ BBe-

Aenvrvr MKKH3 Co, co,qepxauero 9,3% (rraac.)
LroHoB Co, u cocraBrser -49,1%. Aualorrqnuft
xapaKTep LrMeer lI [oKa3areJlb [3MeHeH[JI OTHO-

cureJrbHoro yIJrprIJe}lI."'.q ilpn pa3pblBg: ero MII-

Hr4MaJrbHoe 3HaqeHple, paBHoe -66,0Vo, rrocJle

168 u crapesns Ha6moAaercfl, TaICKe y o6pasuos

c MKKH3 Co, n ro BpeMrI KaKAn-fl p$I{H co cre-

aparoM ro6a.nrta 3HaqeHI4e AaHHoro [oKa3are-

JUr cocraBnqer -72,5%. floerrureHne croftro-

cTr4 K TeTTJIOBOMy CTapeHtIIO BynKaHLr3aTOB, CO-

Aepxarqrfi HoBbre npoMoropbl a'{re3plrl, Moxer

6nrrr o6ycloBneHo MeHbIITtIM KoJrLrlIecrBoM rro-

HoB MeruIJrJIoB nepeMennoft BaJIeHTHocTLI Ha no-

BepxHocrll MKKH n, cJIeAoBareJIbHo, MeHbrrrllM

vlx BJrvrflFIvIeM Ha OKUCJILITeJTbHbIe [poqeccbr,

flporeKaloq[e s o6teMe rlonl,IMepHoft uarprqu.

Kperutenue pe3l{Hbr K Meranny flpeAcraBnser

co6oft oAHy tI3 cloxneftrurlx 3a,uaq, [ocKoJIbKy

B 9TOM Cflyqae KOHTaKTI4pyIOT COBeprIreHHo pa3-

OEJIACTN IIPNMEHEHIIfl

HOpOAHbre MaTepI4iuIbI, K ToMy Xe C'IJIbHO pa3-

rr4rranqrlec-s rro MoAyJIIo. B cn.ssn c 9TI4M aAre-

3lIS pe3UHbI K MeT'UIJIOKOpAy I{MeeT pelllarcuee

3HaqeHI4e s o6ecne.reHuv HanexHocrtl pI3Ae-

:l;uit tr lrx AoJIroBeqHocrI4 [10]. C qenblo npo-

rHo3r4poBauun pa6orocnoco6Hocrll pe3LIHoMe-

TannoKopAHblx cI4cTeM Ha [paKTI4Ke O[peAe-

r.flIoT [poqHocTb cBq3vl, pe3I,IHbI C MeTIUIJIOKOp-

Ao M nplr nosAe f{crn w p a3nvrgHbrx arp e c c I4BHrIX

$axropon.
Pesylrrarm l4c cneAoBauvrfl Blrvt flrtlln npoMo -

TOpOB aAre3iltl Ha [potlHocrb cBs3I4 Ha[OnHeH-

Hbrx pe3r4H Ha ocHoBe Ka) ryKa CKI4-3 c Merul-

JroKopAoM 9n20/35 npeAcraBneHbl B ra6t.4.

flpuueHerue B gJIacroMepHbIX KoMno3I4III,HX

B3aMeH npoMbllrueHHoro [poMoTopa aAre3l4ll

ro6a.nrr- ra ro6a-nrnruKeJlbcoAepxalqlrx MoAII-

SnqupouaHHbx KpeMHeKr,IcJIorHbIX HanoJIH[Te-

reft He [pr4BoAtIT K cyrqecrBeHHoMy pI3MeHeHLIro

flporlHocru cBflsur p$I,IHbI C MeTAJIJTOKOpAOM

npu 20'C. Thr, 3HaveHue AaHHoro [oKa3areJrfl

o6pasrlon, coAep)Kalqplx creapar ro6altna, co-

craBrser 421,8 H, a y pe3IlHoMeraruIoKopAHbIX

cr4cTeM c KpeMHeKHCJTOTHbIMId HanOIH[TeI-sMI4,
iraoAu$uqupoBaHHblMu ro6anrroM u coBMecrHo

ro6alrronr I,I H[KeJIoM, B 3aB[cLIMocrpI or rLI[a

rI KoJrrnrecrBa MeTaJIJIoB rlepeMennoft BaneHT-

Hocrpr HaxoArrcs B [peAenax 390,I-419,3 H.

O6pasuu c HlIKenbco.{ep)KaIrII4M}I MKKH o6la-

4. Ilpovnocm cBfl3II pesllnhl Ha ocnoBe KayqyKa CKI4-3

c MErarrrroKopAou 9 Jl20 / 35

Ilpoumop alxe3url

flpovnocm crt3l{ pesnubl

c uEra.nnoxoD,uou. H

npr{ TeMne-
paryoe. "C rrocJle crapeHllt

20" 100 TEIIJIO-

soro'
coJre-
BOIO

lapoBo3-
.{yrrrnofo"'

Creapar ro6ama
MKKHI Co
MKKH2 Co
MKKH3 Co
MKKH1 Ni
MKKH2Ni
MKKH3Ni
MKKHI Co-Ni
MKKH2Co-Ni
MKKH3 Co-Ni

EG-""" t6rnp" I
"Kvttts,rcHnes 5Vo-u
'--B 

reseHrae 120.r np

42r,81
395,6
408,6
419,3
378,4
38 1,3

1386,5

l:ro,r
1396,8
l+rs,:
20"c.
pacrBol
r  90 'C.

250,8
270,0
285,9
268,5
246,6
251,2
262,3
263,6
287,6
291,9

re NaCl

287,l
294,3
306,2
320,4
) 1 )  7

274,6
270,6
291,6
292,5
293,7

B TEqEHI

325,6
320,1
327, l
344,2
321,3
315,6

I 310,3
| 3rs,2
I n+s
I zze,t

r e 6 q .

?17 5

339,6
7<1 4

363,2
3 1 1 , 0
324,6
?74 )

326,2
336,4
341,2
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AaroT MeHbrrreft [poqHocTbro cBfl3r4 IIo cpaBHe-
Hr4ro co BceMrr r4ccJreAyeMbrMr4 cr4cTeMaMI4: AIq
HI4X 3HAqEHIIE .IIAHHOTO TIOKA3ATENS COCTABJUIET

378,4-386,5 H.
PesraHol,{erannoKoplHble cucreMbr, coAep)Ka-

IIIue npaKT[qecK]r Bce cr4HTe3lrpoBaHHbre [po-
Moropbr a4regvtut, uMeror 6oree BbrcoKyro aAre-
3r4oHHyro flpoqHocrb upu 100'C no cpaBHeHprro
c o6pa3rlaMrr, coAep)Grrlr4Mr{ creapar Ko6anb-
ra. flpn gToM MaKcr4MiurbHoe 3HaqeH[e rrpoq-
Hocrlr cBflsvr (291,9 H) nrumeuo y o6pasqon
c MKKH3 Co-Ni, trro Ha 16% 6omtte, qeM
y c[creM co creaparou ro6a-nlra.

Pesyrrrarrr [ccJreAoBaH[rr pe3[HoMeraJrno-
KopAHbrx cprcreM nplr Bo3Aeftctsuu Ha Hux no-
srrIrreHHoft reMreparypu (120'C) rarcre cBLIAe-
TeJrbcTByroT o ToM, qTo SlacToMepHbre KoMIIo3rl-
r\vwrc xo6a-nrr- Lr HuKeJrbcoAepxarq[uu MKKH
LrMeror 66muryro ilpoqHocrb cBs3ra pe3r{Hbr
c MeraJUIoKopAoM, .{eM o6pasqbr c npoMbrrrureH-
HbrM MoArrQuraropou aAre3r{}r. Tar, ynernve-
Hr4e KoJrprqecrBa noHoB MeraJr,JroB nepenaeHHofr
BaJIeHTHOCTI Ha TTOBepXHOCTV KpeMHeKr,rCJrOT-
Hbrx H arroJr uvtt eneft, rvroluQuqnpoBaHHbx Ko -

6arrrou, npr{BoArlT K noBbrrrreH[ro [poqHocrrl
cBfrsvr B crrcreMe pe3nHa-MeraJrnoKopA or 294,3
lo 320,4 H, n c.nyrae MoAu0rqr4poBaHHbD( Ko-
6alrrou lr HrrKoJreM - or 29I,6 to 293,7 H.
3na.reHr,re AaHHoro noKa3areJr.s Altg o6pasqos
co creaparou ro6a-rrnra cocraBrser 287 ,l H.

Irlccre.uonanrre aJlre3proHHbx cnoftcrs cucreM
[ocne coneBoro crape}{lrg floKa3iulo, qro Ha]r-
6olrnrgo [porrHocrb cBfl3vr. pe3unbr c MeraJuro-
Kop,qoM (344,2 H) r,rrr.reror o6pasqrr, coAepxa-
rrlrde uo.quOuquponaHnrrfr
ro6aarrou KpeMHeKr4cnor-
Hrrfi nanorHureJrb MKKH3
Co.

AnaJrorlrqHas 3aBncil-
Mocrb [3MeHeH[s cnoftcrs
p e 3 14 H o M e T ann o Ko pA H brx
cprcreM na6ruoaaercq rr rro-
cne [apoBo3AyrrrHoro cTa-
penvfl. Tar, npu BBeAeHrara
B gJraCTOMepHbre KOM[O3rr-
quer MKKH3 Co (c rrrarclr-
MAJIbHbIM KOJINIECTBOM LIO-

non Co) [poqHocrb cBs3u
pe3uHbr c MertuuroKopAoM

cocraBJrrer 363,2 H, 4 y o6pagqon c [poMbrrrr-
JreHHbrM rrro4uQuxaropoM - 337,5 H.

Ha ocnosaHvrv 9Kc[epr4MeHTaJrbHbrx AaH-
srrx 6rura paccqr,rraHnr roeSSnqlreHTbr coxpa -

HeHLnr npoqHocTu cBs3u pe3rrHbr c MeTanno-
KopAoM k llll rocJre pa3rrtrHbrx BktAoB crape-
Hrax (pucynor).

Cparuuremnrrft aHaJrrr3 roeSSuqueHroB
coxpaHeHlrrr npoqHocTlr cBfl3vr. pe3uHbr c MeTaJr-
noKopAoM [oKa3tul, qTo pe3nHoMeTaJrJroKopA-
Hbre clrcTeMbr, coAep)Karrl[e cuHTe3r{poBaHHble
npoMoropbr a4resvwr, r4Meror 66nruryro croft-
Kocrb r sosAeftcrBrlro rIoBbIIrIeHHbIx reMne-
paTyp, coJreBoro lI [apoBo3AyrrrHoro cTapeHvrfl.
[o cpaBHeHurc c o6pa3rlaM[ c [poMbrrxneHHbrM
uo.uut0nraropoM. flpu erou BBeAeHlre B gnacro-
MepHbre KoMno3urleu MKKH2 Co u MKKH3
Co noseon-ser florfrlrTb cr,rcreMbr c rroBbrrlleH-
rroft croftrocrbro K nosAeftcrsr{rc arpeccr,rBHbrx
$arropon.

Ilonrrruenpre flpoqHocrpr cBs3lr pe3r4Hbr
c MeraJr,noKopAoM nppr Bo3Aeiltctnnu arpeccuB-
nrx SarropoB, a raroKe noBbrrrreH[e croftxo-
crrr K ror sosAeftcrBr{ro y o6pasqoB, coAep)Ka-
rrlr,D( cr,{HTe3[poBaHHbre npoMoTopbr aAre3l4rl,
Moxer 6rrtn cs.f,saHo c MeHrIITI,IM Kararurur{e-
cKr4M nosAeftcrslreM MeriIJrJroB nepeMeunofi sa-
JIeHTHOCTIT Ha peaKrllltl OK]ICJIeHI{,I rIepeXOAHOrO
a,qre3[oHHoro cJlog BBrrIy r4x MeHbruero KoJr]I-
qecrBa. Kporue roro, Bo3Mo)KeH z raroft ac[eKr

rettctnus. HeopraHlrqecKr,rx ro6arrrcoAepxa-
IIII/D( IpOMOTOpOB A/'re3vIII, KaK CHI,DI(eHI€ CKO-
pocrrr o6pasonaHlr-fl ns6rrroqHoro Kor[rrocrBa
cynrOlrlos MeAlr rprr crapenuu ll2l, Koropbre

x 0-9
E
(D

E 0.8
X F
9 X

E F O . 7g a
E - o . a
EI
og o,:

100 'c TEIIJIOEOE coJreBoe napoBosnyIIIH0e
Brlcrapsurs

KoeQ$rmrerru coxpaqen[r npoqrocrlr cBrln EanoJrnennofi permu Ha ocHoBe KayqyKa
CKII-3 c MeriluroKopAou B saBrrcnMosrn or npoMoropa 4uesrrn:
1 - creapa:r ro6aarra; 2 - MKKHI Co; 3 - MKKH2 Co; 4 - MKKH3 Co; 5 - MKKH I
Ni; 6- MKKH2 Ni; 7- MKKH3 Ni; 8- MKKHI Co-Ni; 9- MKKH2 Co-Ni; /0-
MKKH3 Co-Ni
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$opunpyor Ha noBepxHocrl4 natryr.u pbIXIryIo
rIneHKy c Hr,rsroft MexaHl4qecrofi npovHocrblo.

3arurrcqeune

Taxuu o6pasou, Ha ocHoBaHI4I4 npoBeAeH-
Hbrx r4ccJreAonanuft ycraHoBJIeHo, qro BBeAeHIle
B HarroJrHeHHbre 9nacroMepHble KoMno3I4II[lI
Ha ocHoBe Ka) {yKa CKI4-3 cLIHTe3I4poBaHHbIX
[poMoropoB a,4re3r{r{:
O HE IPI4BOAPIT K 3HAq[TEJIbHOMY II3MEHEHI4IO

Bq3Kocrr4 no MyHu pe3r4HoBbIX cueceft;
O HE OKA3bIBAET BJIII'IHkIS, HA PENAKCAIII4OHHbIE

lpoqeccbr, [poreKaroque s o6leNle [on]IMepa;
o yBellrrrrrBaeT BpeMs AocTuxeHIaJI o[TLIMtUIb-

Hoft creneHr4 BynKaHvna\nv onacroMepHblx

roNrnosruzft Ha lI-20% ro cpaBHeHr{Io

c KoM[o3r4r\vtflMvr, coAep]€IIIl4Mil creapar Ko-

datrcta1,
. He cKa3brBaercfl cyrqecrBeHHo Hayponue $u-

3r4Ko -MexaHr,rqecKlrx csoft crn pe3I4H;
o no3BoJrfler [oBbIcrITs sa 7-22% croftrocrn

ByJIKaH[3aroB K Bo3Aeficre[Io noBbIIIreHHbrx

reMneparyp.
B sasucraraocrrr or KoJrr{qecrBeHHoro I,I Kaqe-

crBeHHoro coAep)KaHr4q lloHoB MeTtUIJIoB nepe-
rueHHoir BaJIeHTHocrvI Ha rloBepxHocru MKKH

[poqHocTb cBs3u pe3uHbl c MeraJUIoKop.uoM npl{

sosAefi crsuu arpecc[BHrx QarropoB [oBbllrra-
ercs.Ha5-16% rro cpaBHeH[Io c cllcreMaMrr, co-

Aep)KarrILrMLr creapar xo6arrra. MarcuManrHas
npoqHocrb cBfl3vt pe3llHbl c MeraJrnoKopAoM no-

cJre TerrnoBoro, coJleBoro 11 napoBo3AyllrHoro

'..:':,\':.. .:: oHacTn nPnMEHEHnn:.: :: :,: ,:,:

crapeuuft Aocr[raercfl npv BBeAeHI,ILI B gJlacro-

MepHbre KoMno3lrquu 0,6 Mac. q. MKKH3 Co,
coAepxarqero 9,3Vo (lrac.) uonos Co.
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