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IIpedcmaenensl pezyivmanvl UCCACO0BAHUS MUKPOCHPYKIYPol U MEEPOOCIMU O08YX
2pYnn MOHODa3HEIX HOTUKPUCIANIO8 anmasa, noayiennsix npu P =8 I'lla, T = 1700—
2100 °C na ocnose nopowkos aimasa ucxoonot sepruucmocmu  1/0 u 20/14 mxm,
KOmopbele npedsapumensvio obpabomanel 6 cpede ¢odopoda. Teepdocme onpedensiu
MEMOOOM UHCINPYMEHMANLHO20 A6MOMATNUHECKO20 UHOCHMUPOSAHUS. YCMAHOGIEHO,
YO MIACTHUHECKAA OeopMayus 3epeH aiMa3a Npu CHeKAHUU OCYUeCHENaemcs
NOHBIMU OUCAOKAYUAMU U MHOJICECEeHHbIM Osolinukoeanuem, a npu 1 >1700 °C
npoxooum maxdice pomayuoHnas Oedopmayus. g meakozepHucmuix 00pasyos
meepoocms docmuzaem 81 I'lla, ona kpynnoszeprucmeix — 94 I'lla.

Knroueevte cnoea: ammas, OJegopmayus, O06oliHUKOGAHUE ,0UCTOKAYUU, CHEKAHUeE,
6000p00, 3¢ PHUCHOCHD.

Co3manue HOBBIX BBICOKOTBEPABIX AJIMAa30COACPKAIMUX MATCPHATIOB HICT
Mo MyTH Pa3pabOTKH KOMIO3UTOB. DTO OOYCIOBICHO TEM, YTO Mpu (OPMHPO-
BaHHHU MOHO(I)aSHbIX MaTCpUaIOB Ha OCHOBC MCXOJAHBIX MOPOIIKOB ajiMasa Ipu
BBICOKHX AABICHILIX U TEMIEparypax BCeraa oOpa3yercsl HealMas3HBIU YIICpoa.
3TO BBI3BAHO HAIUYHUCM TMOPUCTOCTU B MNOJHUKPUCTAIIAX HU3-3a TPYAHOCTU
VIUIOTHCHHSI TAKUX MOPOIIKOB 0¢3 Kakux-mudo m00aBok. [lo maHHBIM paboThI
[1], B vcaoeuax cnekanmsa npu P = 8,5 ITla mopomka anmaza 3epHHCTOCTH
1/0 MKM pa3ymIOTHCHUE MOJUKPUCTAILIOB, OOYCIOBICHHOS O0pa30BAHHCM
rpadura Ha MOBEPXHOCTH YACTHL, MPOXoAUT y:ke tpu 1" > 1500 °C, a mopomika
sepauctoctd 5/3 MM — mpu 7 > 1500 °C. B Hacrosimee BpeMs MOXHO
BBLAC/IUTE TPU OCHOBHBIX MOAXOAa AJIA aKTHUBAIIUW YINIOTHCHUA U CIICKAHUA B
LEJIOM MOPOIIKOB anMasa: a) A0OABKH K MOPOIIKY amMasa METAUIOB U HEMe-
TATTHUECKHX BCLIECTB, TO €CTh CO3JAHHC KOMIIO3WTOB HA OCHOBC alIMasa;
6) nobaBka HealMa3HOTO VITIEPOJA, B TOM YHCIC U OCKICHHEM €ro CJIOCB Ha
MOBEPXHOCTH MCXOAHBIX YAaCTHL, C LETABI0 Cro MPEBPAlICHHA B MPOLIECCE
CICKAHUS B anMas, KaKk CBA3YIOIICH COCTABIAIOMIECH HCXOAHBIX 3€PCH, H MOMY-
YCHUSI TAaK HA3BIBACMOIO CAMOCBA3aHHOTO alMa3HOro Matepuana; B) aedop-
MalMOHHAs MNpeaoopaboTka MOPOIIKOB, B TOM YUCIE U IPH VAAPHO-BOTHOBOM
BO3JECHCTBHM [2]; T) OTXKHT MOPOIIKOB B cpeae Bogoposa. B mocnexnem ciydae
9TO YCTAHOBJICHO Ha NPUMCPC YIUIOTHCHUA IMPU BBICOKOM IOABJICHUM U KOMHAT-
HOH TEMIIEpaType UCXOTHOro yabTpagucnepcHoro amvasa (Y /A), nonyueHHOro
IIpH AETOHAIIMOHHOM cHHTE3e [3], a TakKe MPH CHEKaHHHM HAHOAWCTIEPCHBIX
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MOPOLIKOB anMasa, o0pasyromerocs U3 rpaura B YCIOBHAX VAAPHO-BOTHOBOU
oOpabotku [4]. B cayvae HUTpHIa amIOMUHUS TAKKE BBISIBICHO aKTHBHPYIOIICE
BIMSHUC NpeaoOpaboTKH €ro MOPOIIKOB B CPEAC BOAOPONA HA YIUIOTHCHHUC
(cHIDKEHHUE TeMIepaTyphl GOPMHPOBAHHS BHICOKOIUIOTHOTO COCTOSIHUSA) B YCIIO-
BISIX TOPSYETO MPECCOBAHMS MPH OOBIYHBIX AABICHHUAX [5].

[Nomoxkurenproe BaustHUE 0OPA0OTKH MOPOIIKA aiMa3a B CPEAS BOAOPOAA
OOBICHACTCA TIABHBIM 00pa3oM OYHCTKOH €ro 4YacTHLl OT NpPUMECCH,
COICpIKAIIUXCS HA TMOBEPXHOCTH, U, MPEKIC BCETO, OT HEATMA3HOTO VIICpoaa
U aacopOUpoBaHHOTO Kucnopona. s ammMasa npuMech KHCIOPOAa OKAa3bIBACT
KaTaTATHIECKOE BO3ACHCTBHEC HA Peakivio 0OpaTHOro (a30BOro MpeBPaIICHUL
anmMa3 — rpaduT. U3BECTHBI TakKe JAHHBIC, YTO BOAOPOA MOXKET OKa3bIBATh
fonee paguKanTpHOE BIHSHHE HA CTPYKTYPY U CBOWMCTBA anMasa, aiMasonogo0-
HBIX (a3 (HUTPHI ATIOMHUHI, KapOUJ KPEMHHS) H BELICCTB C PEIICTKON anMasa
(kpemamii). [Jng amMaza — 3TO H3MEHEHHE OJIIEKTPOHHOH CTPYKTYPHI B
NPUIMOBCPXHOCTHRIX 30HAX (TOMIIMHOW B JABa WM TPH AaTOMHBIX CIIOS)
KPUCTATMUCCKUX IUICHOK [6], mias kapOuga KpemHuss — amopdusaus
MOBEPXHOCTHBIX CIOCB MOTUKPHUCTALIOB [7], IS HUTPUAA AMIOMUHHI — HU3Me-
HCHHEC JHUSJCKTPHYCCKHX XapaKTePUCTHK [5], KPEeMHHS — BO3MOXKHOE
U3MCHCHUE MEXATOMHOH J3HEPTHU XUMHUYECKOM CBS3H B KPUCTAIMYECKOMN
pemeTke [8]. JaHHBIC O PACTBOPUMOCTH BOAOPOAA B PCIICTKC aaMasa Ham
Heu3BecTHEL. OHAKO, YYUTHIBAS OUCHb HU3KYIO IUIOTHOCTh YIIAKOBKH aTOMOB B
pewetke amvasa (0,36) u OAM30CTH Pa3MEPOB MYCTOT B PEIUCTKE M Y3JIOBBIX
aTOMOB, TaKas PACTBOPHMOCTE MOKET OBITh 3HAYHTEIBHOM.

B nanHoli paboTe mpeACTaBICHB! Pe3yIbTaThl UCCICIOBAHUN MUKPOCTPYK-
TYpbl H MHKPONPOYHOCTHBIX CBOWCTB MOJUKPHUCTAIOB, IOIYYCHHBIX Ha
OCHOBC MOPOINKOB anMasa, KOTopele obOpabotanbl B cpeae Boaopona. Jns
HCCJICAOBAHUN HCTONB30BATN 00pasLbl, MOIYUCHHBIE HA OCHOBE IOPOIIKOB
aByx sepuuctoctedt — 1/0 u 20/14 mxwm. [IpenoOpaboTka MOPOIIKOB OCYIIE-
CTBJICHA HA MEPBOM JTare B CPeAc akTUBHOrO Bopopoxa (mpu 7 = 700 °C B
teuenue 40 MHH), a Ha BTOPOM 3Tarie — B CPeJe MPOTOUIHOTO aprona (pu 1 =
= 500 °C B teuenne 30 mumu). Bropoii stanm 06pabOTKH MPOBEACH C LICIBIO
VAAJICHUS ¢ MOBEPXHOCTH YaCTHL aACOPOUPOBAHHOTO BOAOPOJA.

[lo maHHBIM MHKPOPEHTTCHOCTIICKTPATIBHOIO AHATH3A, B MOPOLIKAX IOCIE
00paboTKH COACPIKATHCE TONBKO CJICIbl KAJIbLMS, KUCIOPOJ HE OOHAPYIKEH.
HzeectHo [1], UTO B HCXOAHBIX MOPOINKAX anMasza OOBIYHO MPHUCYTCTBYIOT
MPUMECH MCTAIUIOB, OJHAKO OHH HAaxOJATCA B BHAC H30JHPOBAHHBIX
BKJIIOUEHUH B 00BEME YACTHLI.

Crexkamm obpasupt npu P = 8 ITla B marepsae 77 = 1700—2100 °C.
JnmuaTeIpHOCTD CIiCKaHus TPH KKAOH Temriepatype cocraBmsmia T = 40 c¢. [lnor-
HOCTb OOpa3loB TOCTC CHCKAaHWA OMNPEACISI METOIOM T'HAPOCTATHICCKOTO
B3BeIIMBaHMI B BOAC. JlehopMalioHHY0 CYOCTPYKTYPY 3€peH 00pa3sIioB HCCIC-
JOBATHA METOJAOM NPOCBEUHBAOLICH 3NCKTPOHHOW MHUKPOCKOITHH TOHKHX ()OI B
COUETaHNH ¢ MUKpoandpakuueh. PeHTreHO(ha30BbIM aHATN30M BBISABISIH COACP-
JKaHHE HEaIMa3HOro yriepona B obpasuax. XapakTepUcTHKH oOpa3LioB MpHBEIC-
Hel B Tabn. 1. Kak cnegyer u3 tabn. 1, B HccnenoBaHHBIX 00pasiax KOIHYCCTBO
rpajura BecbMa HeszHaunTenbHOS. Ilo pes3yabTaraM 3ICKTPOHHO-MUKPOCKOIH-
YECKHX UCCIEAOBAHUH, rpaduT HAXOMUTCS B CHIBHO PasyloOpsIOUueHHOM COCTOSI-
HUHM U PACMOJIONCH TOJAPKO B JIOKQJIBHBIX MHKPOOOBEMax 0OpasliOB B IPAHUIAX
3€PEH B BUIC TOHKHX MPOCTOCK. METOA0M MUKPOPEHTICHOCTICKTPATEHOTO aHATH3A
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T aoauunoal. XapakTepuCTHKH HCCIEI0BAHHBIX MOJHKPHCTAJIOB
anmasa

Pasmep 3epHuc- Conepxanue

Homep TOCTH HCXOJHOTO Temmeparypa [LnorHOCTH rpadura B
obpasia TIOPOITIKA aJIMa3a, criekanus, °C o6pasa, T/cM’ obpase,
MKM % (Mac.)

1 1,0/0 1700 3,369 2,4

2 1,0/0 1900 3,395 3,2

3 20/14 1700 3.4 1,0

4 20/14 1900 3,38 1,45

5 20/14 2100 3,38 1,32

T a o awu o a 2. [IpoyHocTHbIe XapaKTePHCTHKH HCCIEA0BAHHBIX
HNOJIHKPHCTAJUIOB ajiMa3a (HOMepa o0pa3loB COOTBETCTBYIOT HOMepaM
B Taba. 1)

HOMep hmax: hc: HIT: % * 0
obpasna| MkM MM | TTla Hir /B E* 11la E,ITla g, %
1 0,743 | 0,502 81 0,153 526 931 4,72
2 0,921 | 0,623 78 0,153 508 875 4,70
3 0,71 0,458 89 0,176 504 863 5,41
4 1,004 | 0,672 82 0,158 517 904 4,86
5 0,964 | 0,623 94 0,175 535 963 5,38
[Ipumeuanue: My, h. — MaKCUMalIbHAsI U KOHTAKTHAasI Ty OUHA BHEJPEHUS UHJCHTOPA
COOTBETCTBEHHO; Hjp — TBepJocTh; Hi1/E* — HOpMHUpOBaHHas TBEPJOCTh, E* —
KOHTakKTHBIM MOJyab yupyroctd; E — wmojyiab IOHra; ¢ — BenwuuHa yupyroi
JedopMmanuu.

HATMYHE TpPUMECEd METAVIOB B TPAaHUIAX 36pEH B HCCICAOBAHHBIX
MOJIMKPHICTAIIIAX HAMHY HE BBISBIICHO.

TBepoocTe 06pa3LOB ONPEACTATN HHACHTHPOBAHUEM HA YCTAHOBKE MUKpOH-
raMMa MpH KOMHATHOHW Ttemmeparype (Harpyska B mpexenax mo F = 5 H)
anmasHoM mupamunoi bepkosuua (00 = 65°) ¢ aBTOMATHYCCKH BBITIOTHACMBIMH
Harpy’k€HHEM U pasrpykeHnHeM Ha nporsxeHnn 30 c. MeToamka onpeaeneHust
MPOYHOCTHBIX XAPAKTCPUCTUK TaKUM METOAOM ommcana B pabore [9].
[lony4yeHHBIC NaHHBIC IPEACTABICHBI B TaOI. 2.

B Tabn. 3 mpuBeneHBl JAMTEpATYpHBIC AAaHHBIE O TBEPAOCTH HambOJCe
W3BCCTHBIX MOHOG}A3HBIX AaIMAa3HbIX MAaTCPHATIOB Ui CPABHCHHS C TOIY-
YCHHBIMH HaMH JAHHBIMH OIPEACICHHSA TBEPAOCTH MONHUKPHCTAIIIOB H3
MOPOLIKOB 2IMa3a, MPEABAPUTEIBHO 00paOOTaHHBIX B CPEIC BOAOPOIA.

Hasee paccMOTPHM PE3YIBTATH 3IEKTPOHHO-MHKPOCKOTIMUECKHAX UCCIEA0-
BaHUM MHKPOCTPYKTYpPHl 00pa3uoe. B oOpa3uax o6GOMX rpymm, MOTYICHHBIX
naxe npu 7= 1700 °C, rpaHuLpl 3¢pEH ABISIFOTCS CILIOIHBIMA (puc. 1, 2, a ).
OnxHako Ha HUX HE BBUBIMICTCA MOJIOCUYATHIM KOHTPACT, XapakTCPHbIH Iis
XOpowo cGPoOpPMHUPOBAHHEIX BHICOKOYITIOBBIX I'PaHMHLI, YTO CBUACTCIBCTBYET 00
UX BBICOKOH nedekTHOCTH. B 06pasuax Ha OCHOBE MEITKO3EPHUCTOrO MOPOLIKA
anmaza, nonydeHubix npu 7' = 1700 °C, uMceTcs 3HAYMTEIbHAS 0N TOHKUX
TPaHHUIl CONPsDKEHHA 3€pPEH IO ILIOCKMM IOBEPXHOCTAM orpaHku (puc. 1, a).
Takass orpaHka MOP(QOSOrHUCCKH IUIOCKUMH TMOBEPXHOCTSIMH  SIBIIICTCS
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Ta6anuma 3. laHHbIe 0 MHKPOTBEPAOCTH N0 BHKKepCY AJI1s1 HEKOTOPBIX
NMOJHKPHCTATIIHYECKHX MOHO (PA3HBIX AJIMa3HbIX MATEPHAJIOB

Muxkpotsep/iocth Hy
YciaoBusa TIOJYyYCHUS TIOJTUKPUCTAIIIOB ¥ Harpyska P IIpH €€
OIIPENICIICHU A Hcrou-
HUK
Pasmep wactuin Hapienue mpu | p
HCXOJHOIO IOPOIIKA, CTICKAHNH, grg(" Hy ,T'Tla P,H
MKM I'Tla
*He >20 7—10 2100 80 2 [10]
**200—300 =
GomnpIne 7—9 >2100 50—80 2 [10]
**%0,1—0,05 8 1600 30—38 5 [11]
[TupomuTHIECcKOE OCAXKICHAE
Meko3epHUCTBIE 00pa30BaHAA 92—85 5—10 [12]
KpynHosepHHCTEIE 00pa3oBaHUs 77 5 [12]
[Inenka Toxmuuoit 400 MKM, 65—78 7 [13
pasMmep 3epeH 2—20 MKM
*, ¥ _— ToproBele MapKhH MaTephanoB MerafaiiMonn um CB. ***[IpenoGpaboTky

HIOPOITIKa IIPOBO/IIIIM B BaKyyMe.

a

Puc. 1. Tunudansle $parMeHTH MHKPOCTPYKTYPH HOJIHKPHCTAIOB alMasa Ha OCHOBE
MEJKO3EPHHUCTOTO MOpoIKa, nonyaeHHoro upu 7' = 1700 °C (o, HECILIOHOCTH, BBISB-
JIsieMbIe B MHKPOCTPYKTYpE, OOYCIOBICHBI BHIKpAITHBAHUEM 3€PEH IIPH IIOJ[TOTOBKE
TOHKOU (ompru 06pasia), U KPYyIMHO3CpPHUCTOTO, mouyuenHoro upu 7 = 2100 °C (6);
CTpeNKAMHK YKa3aHBl [PAHUIEL 3€PEH.

XapakTepHOH Ans OONMBIIMHCTBA YACTHI anMasa 3epHHCTOCTH <1 MkM. B obpas-
nax, cneyeHunix mpu 7' > 1700 °C, Takue TpaHMIBl CTAHOBATCS CHIIBHO
aedexTHeIME (pHC. 2, ).

AnHanu3 cyOCTPYKTYPBI 3€PEH B MOJHKPHUCTA/LIAX MO3BOJSICT 3AKIIOYHTS,
4TO PELICTOYHAS IIacTUICCKas aeopMaims B 0Opas3iax Ha OCHOBE MOPOIIKOB
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Puc. 2. JlepopmannoHHBEIE ABOMHIKK B 3epHaX anMasza HNOJIUKPHUCTAIOB, CIIe-
qennpx mpu 7= 1700 °C, Ha ocCHOBE HCXOHOTO MOPOITKa 3epHucTocTH 1,0/0 MKM
(a, crpenkoll ykazaro 3epHO, OT KoToporo moiydueHa MOI, Ha u300pakeHUH
CTpelKaMHM yKa3aHa IpaHUIla COIPKEHUA JIBYX 3epeH) n 20/14 MxM (6, BBIICICHA
obnacTh, oT koTopoit nosyuena MOI'); Ha o6eux MOI' cTpenkaMu yKa3aHbl TSKH
MEXIY YIIOBEIMHE pediekcaMu (opueHTHpoBKa o0enx MOI tuma [011]).

anMasa pa3IM4IHOM 3EpPHUCTOCTH OCYIIECTBISETCS MOIHBIMU AUCIOKALUAMH U
MHOXCCTBCHHBIM TAPATNICABHEIM JBOWHHUKOBAHHCM. B ciyyac Memko3ep-
HUCTHIX O0PAa3LOB ABOHHHKOBAHHUEC MPOXOAUT B OCHOBHOM IO OJHOH CHCTEME
miockocted Trmna (111). B xpynrO3epHUCTHIX 00pa3nax HaOM0IacTCs B LEIOM
OOapInAs CKIOHHOCTh K JBOHHHKOBAHHIO (B OCHOBHOH [JOJIC YaCTHII
BBIABIAIOTCA HNPCUMYHMICCTBCHHO CUCTCMbI TOHKHX ,Z[BOI\/'IHI/IKOB U B MCHBINCH
MEPe — CKOILICHHHA TMOJHBIX JHUCIOKALM), TPH 3TOM JABOHHHUKOBAHHC
MPOXOIUT MO HemapauienbHbiM miockocTsM tuna (111) (puc. 2). Baxwuoit
OCOOCHHOCTBIO SIBJSICTCS TO, YTO B OOJBIIMHCTBE 3CPCH  0OpasuoB 00OMX
THNOB, moayueHHBIX npu 7 = 1900 m 2100 °C, mpOMCXOAWT CHIBHOC
(hOPMOUBMEHECHHE C COXPAHCHUEM CIUIOIIHOCTH (M3rHOBI, M3MOMEL, (parMeH-
TaMsd U CMEIICHHE (PParMCHTOB) KaK €IUHUYHBIX ABOHHHKOB, TAK M MX TPYIII
(puc. 3). ITO CBHACTENBCTBYET O Pa3BUTHU B 3¢pPHAX aliMasa 3THX 0OpasLoB
TAKKE IIACTHYCCKOM AchopMaliuu myTeM cOpocoodpa3oBaHus, TO €CTh 3a CUCT
KOOTICPATHBHBIX HEKpUcTaorpaduueckux mosopotos. Habmroxatorcs aedop-
MAalUOHHBIC CY6CprKTypr, rAc OTUCTIAUBO BHAHA TAKXKC CBA3b TAKHUX ITOBO-
POTOB (M, COOTBETCTBEHHO, BOSHUKHOBCHHC PA30PHCHTHPOBAHHBIX 00IacTeil B
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500 Hm

2

Puc. 3. JlepopmanmoHnble JBOMHUKYN B 3€pHAX HOIHKPHUCTAIOB, CHEUCHHBLIX NPH
1900 °C, ma ocuoBe mopornka sepuucrocTd 20/14 MxM: 06mactb (POPMOU3MEHCHHSI
IIAKETOB JIBOMHUKOB IO IepecekarormumMest miockocTaM (111) u MOI' (opueHTHpOBKHI
tuna [011]) or BelmeleHHOH oOnacTé (a), H3IOMBL ABOHHUKOB B IakeTe (6),
¢dbparmenTanus TBOWHUKOB (6 — HPOM3BOILHAS U 3a CUET IEpEeceUCHHsI ABOMHUKAMHE
JIpyroff cHCTEMBI, yKa3aHO CTpPEIKaMH OJHO- M JBYXCTOPOHHEH COOTBETCTBEHHO),
pasopHEHTHpOBaHHAasl OOJacTh B IIaKeTe JBOMHMKOB, OKafiMIcHHas TpaHHIlCH Ha
OCHOBE CKOIUICHHUH UcIOKaruit — n300pakeHUsI CBETIO- W TEMHOTIONbHOE W MOI
(opueHTHpoBKa THIA [112]) oT BEIeneHHOI oOnactu (Ha MDOI' crpenkxoi ykaszaHO
OTpaXX€HHE, COCTOAIIEE M3 JBYX PE(PICKCOB, B OJHOM M3 KOTOPHIX H IIONYICHO
TEMHOIIOIBHOE H300paxeHue (2)).

3epHe) C (OPMHPOBAHHEM MPOTSHKCHHBIX BBICOKOIUIOTHBIX — CKOIUICHHI
oucnokamuii. Ha MO or 3epeH ¢ TakumMH CyOCTPYKTYpamH Y3IIOBBIC
OTPaKCHHUsT OOBIYHO PA3MBITHI B JYTH, YTO YKa3bIBACT HA HAIMYHC B HHX
pasopueHTHpOBaHHBIX obOnacteh (puc. 3, o). [lBoitHukoBanue B oOpasuax,
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MONYYCHHBIX BO BCCM HHTCPBAJIC TEMICPATYP CICKAHHS, MPOXOAUT TAKKE CO
3HAYUTEIBHBIM Pa3ymHopSII0UcHHEM B HampasgeHuHu oceit Tuna [111]. Ha arto
yKka3elBaeT Hamuuue Ha MOI' B psaax, mapamieabHBIX 3THM OCSIM, CIUIOITHBIX
TOKEH MEXKIY Y3IOBBIMH OTpakeHMAMH (puc. 2 u 3, a). B 3epHax kpymHO-
3CPHUCTHIX 00pasuoB, moayucHHbIX Tpd 7' = 1900 u 2100 °C, BbISBICHO aBa
THIIA CYOCTPYKTYP, KOTOPHIC  PEIAKO HAaOMIOJAIOTCA B MEIKO3CPHHUCTBIX
ob6pasiax, noayucHusix mpu 7' = 1900 °C. ITepBas U3 HUX — € OUCHb BBHICOKOH
IcEKTHOCTRIO B BHAC (PArMCHTOB AHCIOKAIIWA B COYCTAHHH C MEIKHUMU
HU3rHOHBIMH KOHTYPaMH U ABOHHHUKOBBIMH T'PAHHULAMH C BEICOKOU IIOTHOCTHIO
aucnokanuii B HUX. Ha MOI' ot yuacTkoB Takux CyOCTPYKTYD BBLIBISCTCS
auddy3HOE pasMBITHE Y3TIOBBIX OTPAKEHUHA B COUCTAHHM C PA3MBITHEM B IYT'H
(puc. 4, a). Ha M3OI' ot 3¢peH ¢ MPOTSHKCHHBIME 00Pa30BaHUSAMHU TOA00HBIX
IcCKTOB BHUAHO 3HAYHTEIBHOC A3UMYTATBHOC PasMBITHE PedICKCOB, a Ha
TEMHOTIOJBHBIX H300PAKEHUAX B TaKUX peiaeKkcax BBUIBISIOTCS OTACTBHBIC
001acTH, OrpaHUYCHHEIC BBHICOKOIUIOTHBIMH CKOIUICHHSMH OC(CKTOB B BHAC
B3aUMO/ICUCTBYIOIINX AUCAOKALMN U ABOHHUKOB (puc. 4, 6, ). Bropoii Ttun
cyOoCcTpykTYp (OHH OOHAPYXKCHBI TJIABHBIM 00pa3oM B 00pasnax, MmoJyuCHHBIX
npu 2100 °C) — 310 001aCTH, AT KOTOPBIX XAPAKTCPHO MHOMXKCCTBCHHOC
HeTapaieIbHOC JBOWHUKOBaHUE. B Takmx obmacTax comeprrarcs H30IUpoBaH-
HBIC TIOPbI, UMCIOINHE B IUIOCKOCTH H300pakeHUs (popMy paBHOOCAPCHHBIX
TPCYTOIBHUKOB; WX Pa3MEPHI MO BBHICOTC TPEYTOMBHUKA COCTABIAOT 30—100 HM
(puc. 4, ¢). BO3HHKHOBCHHE TAKHUX MOP MOKET OBITh BBI3BAHO (HOPMHPOBAHUEM
TaKk Ha3bIBacMBIX KaHamoB Po3e (KaHATBHBIX TOpP NPABWIBLHOW OTpPaHKH),
KOTOPBIC HOSBIAIOTCA B MHHEpanax (Hanmpumep, kampiure) U Metamax ¢ [TIY
pelieTkol (HAmpUMEp, LWHKE) NPH NEPECCUYCHHHM JBOWHHKOB Pa3TUYHBIX
cucteM [14]. OTMeTuM, 4TO Takue MOPH HAMH HAOMIOZATHCh B 3CPHAX B
00MacTiAX MEPeceUeHUs HEMApAICIbHBIX IBOWHHKOB mo mockoctu (111)
B CHIBHO Ie(hOPMHUPOBAHHBIX 00pasuax MOHO(pa3HOro chalcpuTHOrO HUTPHIA
Oopa, UMEIOIIETO aTMAa30MoA00HY 0 KyOUUICSCKYIO PEIICTKY.

Panee uccneaosana aedopmanmonnas cyOCTPyKTypa anMasza B MOTHKPHU-
CTa/laX, MONYYCHHBIX HAa OCHOBC HMCXOJHBIX MOPOLIKOB 0€3 KaKHX-THOO
npeaBapurebHbix  obpaboTok [15, 16]. (Ormetum, uro B padbore [16]
HCIOIb30BaHbI OPOLIKY IPHPOIHOTO anMasa). Y CTAaHOBICHO, 4To AchopManusl
MPOXOAUT  COYCTAHHUEM  JABOHHHMKOBAHHMS M CKOJNBXKCHHSA  TOJHBIMH
JUCTOKAaWsIMH. BBIBICHO Takke, 4YTO poTauuoHHas acdopmarmsa B
OTACTBHBIX 3CPHAX MOXKET OCVINCCTBIATBCS B KPYIHO3EPHHUCTHIX 00Opasmax
npu 7> 2000 °C u crnocoOCTBOBaTh (hPArMEHTALIMHM 3¢PCH HA Pa30PHUCHTHPO-
BaHHbIe oOmactu [15]. Ilpu 5TOM ABOWHHUKH COXPaHIATUCh MOP(OTOrHUCCKU
MPSMOTUHCHHBIMU, UX (OPMOU3MEHEHHS (HM3ruObl, H3IOMBI) H (hparMeHTALINN
HC HAOMIOAAIOCh BILUIOTH A0 Temmeparypsl achopmaumu 2300 °C u Beimie.
OCcOGEHHOCTRIO SBISIETCS TO, 4TO B TakuX obpasuax mpu 7' > 1800 °C mmeer
MECTO HadaJlbHas CTAaIHs MEPECTPOUKH CYOCTPYKTYPH B 3¢pHax. B paGore [17]
CAENAHO TNPEATIONOKEHNE, YTO MEPECTPONKA MOKET OCYINECTBIATHCS 3a CUET
B3aUMOJCUCTBUA JABOMHUKOB M MOJHBIX AMUCJIOKALMH U NPOXOAUT MO TaKOU
CXEME: CTOK MOJHBIX AWCTOKALMH B ABOHHHKH C HAPYLICHHEM KOTCPCHTHOCTH
WX TPaHHL —> TMOBBIICHHE TUIOTHOCTH JUCIOKALWH B JBOWHHKAX BIUIOTH JO
(dopMHpOBaHHS HAa HX OCHOBE OOBCMHBIX CYOTpaHHI —> MEPeCTpoika
JUCTOKAIUH B OOBEMHBEIX CKOIUICHHUAX C OOpPa30BAHHEM HOBEIX B3JICMCHTOB
cyoctpyktypsl. Takas mepectpolika CHocoOCTBYET YMEHBIICHHUIO ITIOTHOCTH
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Puc. 4. lebopmarmonnast cyOCTPYKTYpa B 3€pHaX IIOMHKPUCTAIIOB, CIICICHHBIX IIPH
T = 1900—2100 °C, na ocHoBe moporika 3epHucTocTH 20/14 MKM: 0GIACTH BHICOKO-
IUIOTHEIX CTyIMeHWH jaucnokanuit w MBI ot Hee (@), PpparMeHTHpPOBAHHOE 3EpHO 3a
CYET MPOTSDKEHHBIX CKOIUICHWH MucIoKarmuif W JBOMHHKOB (6, 6 — H300pakeHHs
ceerononbHoe ¢ MOI' oT BBIeneHHONH OONacTH WM yBEIMUCHHEIH (parMeHT Iocie
HakJIOHA TEMHOIIONILHOTO COOTBETCTBEHHO), YYacTOK 3€pHa ¢ JBOHHUKAMH W
nopaMu (e); opaeHTHPOBKHA o6erx MOI tuma [011].

,Z[I/ICJ'IOKaLII/II\/'I u ,Z[BOI\/'IHI/IKOB B 3CpHAX U MOXKCT pacCMaTpUBATHCA KAK OAUH U3
MEXaHHU3MOB AMHAMHYCCKOTO BO3BpaTa C VYACTHEM ABYX BHIOB JC(CKTOB —
aehOPMALTHOHHBIX TBOHHUKOB M MOJHBIX AWCIOKaImi., OTMETHM TaKXKe, 4To,
o JaHHBIM paboThl [ 18], MpH crekaHUN MOIHKPUCTAIIIOB HA OCHOBE MOPOLIKA
amMasa 3epHHcTOCTH 1/0 MKM (MCHONB3YEMBIX B COCTOSHHUH IOCTaBKH)
aedopManoHHOE IBOMHIKOBAHUE B 3¢pHAX HAOMIOAATIOCH PEAKO.
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[peacraBisercs, 4To U3NOKECHHBIC JAHHBIC O pa3nuyuu AchOpMALMOHHON
CYOCTPYKTYPBl B HCCICIOBAHHBIX MOJHKPHUCTAIAX anMasza u obpasuax,
MONYYCHHEIX HAa OCHOBE NOPOIIKOB B COCTOSIHUH TOCTABKH, MOTYT OBITH
OCHOBAHHEM I 3aKIIOUCHHS, YTO NPeAo0OpadoTka B CPEAC BOAOPOAA
HCXOJHOTO MOPOLIKA HOBHIIIACT AcOPMATUBHOCTh anMasa. Beckum noateepixk-
OCHHEM 3TOrO SBIACTCS IIACTHYECKOE (OPMOM3MEHEHHE Ac(opMaiMOHHBIX
OBOUHHKOB, OOPa30BaHHEC PA3OPUCHTUPOBAHHOW CYOCTPYKTYPBI, a TaKXKe
CHIbHO JAC(PEKTHOH CYOCTPYKTYPBI 3a CYCT B3aUMOJCHCTBHUS  MOJHBIX
JUCITOKAUI U ABOMHUKOB, NPOSBJICHUE JBOMHUKOBAHHUS B 3€pPHAX MOJUKPUC-
TAIOB HAa OCHOBE ajmasza sepHuctoctu 1,0/0 MrM. OTMETHM, YTO 3HAYH-
TeapHOC (OPMOM3MCHCHHE JBOMHUKOB B 3¢pHAX HAOMIOJANOCH TaKXKE NpPHU
CIOCKAHUHU MOPOINKA aaMasa TMOC/AC yAapHO-BOMHOBOH oOpabGotku [19]. Ha
MpUMEPE MHOTHUX KEPAMHUYECKHUX MATCpUaNOB, B TOM YHCIC W Ha OCHOBE
BEIIECTB C PpEIIEeTKOH anMasa (KpeMHHH, TepMaHHi), YCTAHOBJICHO, HTO
achopmaloHHas mpeao0paboTka CrnoCcOOCTBYET MOBBIMICHUID MIACTHYHOCTH
HeMeTtamumuuecknx  kpuctamios  [20, 21].  be3ycmoBHO, YTO  BOMPOCH
PacTBOPUMOCTH BOJOPOAA B aIMa3c B LCJIOM H B BRIOPAHHBIX B JAHHOH paboTe
VCIOBHAX OTJKUTa B CPEAC BOJOPOAA, a TAKKE €r0 BIMAHHI HA MCXaHHYCCKHE
CBOMCTBA anMasa TPEOYIOT JATbHEHIIINX HCCIICIOBAHHUM.

W3 cpaBHeHmst nmaHHBIX TaOm. 2 W 3 CIEAyeT, YTO TBEPAOCTh B
HCCTICOOBAaHHBIX HaMH ofOpasuax anMasza Omu3ka K - BEIHYMHAM, XapaKTCPHBIM
Il HEKOTOPBIX HW3BECTHBIX MOHO(A3HBIX MOMUKPUCTALTHYCCKHX aAIMa3HbBIX
MaTCPHAIOB, BKIIOYAs MOHOJIMTHBIC, TIOMYUCHHBIE METOJAOM MHPOIHUTHUCCKOTO
ocaxacuus. OXapakTepu30oBaHHBIC B TA0/. 3 THOMMKPHUCTA/UIBI, CO3NAHHBIC HA
OCHOBE HCXOJHBIX MOPOLIKOB B COCTOSIHHH MOCTABKH, CIICKAOT OOBIMHO MpH 7'
> 2100 °C. Takum 006pa3oM, MOXHO 3aKIIOYHTh, YTO NPUMCHCHHC
mpeaoOpaboTKu B cpelc BOAOPOJA HCXOAHOTO IMOPOIIKA anMasa MO3BOJSCT
MOJYYUTh BBICOKOTBEPABIC MOHO(]A3HBIC MONMHKPHUCTAIIBI MPU TEMIICpaTypax
cickanus <2100 °C. Crone BBICOKas TBEPAOCTh MOJHMKpucTaioB (Gomee 80
I'Tla) moxet OBITH OOBACHEHA JBYMS OCHOBHBIMH (PaKTOpaMu: HE3HAYHTCIBHBIM
COACPKAHUEM B HUX HEAJIMA3HOTo yriaepoaa (13 maHHelX Tabn. 1 u 2 BUAHO, 4TO
YeM HIKE B TIOJHUKPUCTAIIC COACPKAHHUE TAKOTO YITICPOAa, TEM BBIIIE BEIHIHHA
ero HOPMHPOBAHHOH TBEPAOCTH) W HAJIMYHEM CIUIOIIHBIX TPAHUL U CHJIBHO
aeopMupOBaHHBIX (VHOPOYHCHHBIX) 3€peH. OJTH (AaKTOPbl  OMPEACIISIFOTCS
MOJIO>KUTCTBHBIM BIMSHHEM OOpPaOOTKH B CpeAc BOAOPOJA HA TEXHOJNOTHUICCKUE
XapaKTCPUCTUKH MOPOIIKA anMasa (0YHUCTKA MOBEPXHOCTH YaCTHI] OT KUCIOPOJa
Y TIOBHILICHHAS YIUTOTHIEMOCTB), 4 TAIOKE HA YBEIMYCHHE CKIOHHOCTH anMasa K
IUIACTHYCCKON  JedopMalliid MPU  BBICOKUX JABICHISIX W TeMIEpaTypax.
Baxueiimim (daxTopoM B ONPEACICHHH TBEPAOCTH MOIHKPUCTAIUIOB anMasa
ABIACTCA, TO-BUANMOMY, HATHYHMC B 3¢pHAX BBICOKOHW IUIOTHOCTH ABOMHHKOB.
Pance Ha mpumepe TpUPOIHBIX MOHOKPHCTAILUIOB aiMasa YCTAHOBJICHO [22], 4T0
MPUCYTCTBHC B HUX JBOWHHUKOB CIIOCOOCTBYET MOBBILICHHUIO TBEPIOCTH.
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Bnuine nonepeaHboi 00po0KH BUXITHOTO MOPOLIKY AJIMAa3y
B cepe0BHILI BOAHIO HA TBEPAICTH NMOJIIKPHCTAJIIB HA HOr0 OCHOBI

I'. C. Onetinuk, B. ®@. I'opGanp, A. B. Kotko, B. M. Bepemaka, A. A. boucuka

IIpeocmaeneno pesynomamu 00CHIONCEHHA MIKPOCIPYKIMYPU A MeepOOCHi 080X 2pyn
MOHOasHux noxikpucmanie armasy, odepxcanux npu P = 8 I'lla, T = 1700—2100 °C,
Ha OCHO8I NOPOUIKie anmasy euxionoi sepuucmocmi 1/0 u 20/14 mxm, ujo nonepeonso
0bpobneni 6 cepedosuwyi  6ooHio. Ilnacmuuna Oedopmayis 3epeH aimasy npu
CHiKaHHi 30IHCHIOEMbCA NOGHUMU  OUCTOKQYIAMU | MHONCUHHUM deileuKyeaHH}lM, a
npu T >1700 °C npoxodums maxoxc pomayisina degopmayia. Jlia Opibnosepnucmux
spasxie meepoicms cseae 81 I'lla, ons kpynnosepuucmux — 94 I'lla.

Knrouosi cnosa: anmas, depopmayis, O6iliHuKyeanHs, OUCIOKAYIL, CRIKAHHA, 800€Hb,
3epHuUcmicme.

Effect of pretreatment of starting diamond powder in a hydrogen
medium on the hardness of polycrystals obtained

H. S. Oleynik, V. F. Horban, A. V. Kotko, V. M. Vereshchaka,
A. A. Bochechka

The results of investigation of the microstructure and hardness of two sets of single-
phased diamond polycrystals obtained at P = 8 GPa and T = 1700—2100 °C on the
basis of diamond powders sizing 1/0 and 20/14 mcm which were prior treated in a
hydrogen medium are presented. It has been shown that plastic deformation of diamond
grains under sintering proceeds via perfect dislocations and multiple twinning. Also, at
T >1700 °C rotary deformation takes place. Hardness reaches 81 and 94 GPa for fine-
and coarse-grained samples, respectively.

Keywords: diamond, deformation, twinning, dislocation, sintering, grain size,
microhardness.
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