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HAHO-MIKPOMOP®OJIOTIS TA AHATOMLI
KPVCTAJIIB IMITAKTHOTO AJIMA3Y I3 BUIVJIIBCBKOX
(3AXIIHOI) ACTPOBJIEMM (YKPATHCBKMVA ILIAT)

JocnimkeHo HaHO-MiKpoMop(oJIorilo i aHaTOMil0 KpMCTaliB iMmakTHOro amorpacdiroBoro aaMasy (mapamopdo3s) i3
iMmakTuTiB binunisebkoi (3axinHoi) acTpobiaemMu Ha YKpaiHCbKOMY IIUTi. BUKOpHCTaHO MeTOAM pacTpOBOi Ta TPaHCMi-
CilTHOI eJIeKTpOHHOI MiKpockorIii. BuB4eHo neB’siTh mapaMop¢03 YOPHOTO, YOPHO-CIipOTro i CBITJIO-3KOBTYBAaTOI0 KOJIbO-
py. HaiiGinbiu 4iTki 300paxkeHHsT OyJAOBU OTpMMaHi Il YOpHUX Napamopdo3 i3 nmependayyBaHUM BUCOKHMM BMiCTOM
JioHcaeneiToBoi (a3u. Ha nmoepxHsx rpaneit (0001) uux napamop@o3 po3BUMHEHI CKYIBIITYpHi Bi3epyHKH, 110 CKJIaga-
IOThCS 3 GaraThOX MPSIMOKYTHMX 3 3a0KPYIIICHUMU KyTaMU HAaHOIIACTMHOK, 3aKOHOMipDHO OpPiEHTOBAaHUX Y3IOBX Ha-
npsiMky [1010]. TToB3mOBXHIN po3Mip rIacTHHOK He mepesuiye 50 HM. [ToBepxHi rpaHeit (0001) icTOTHO po3YMHEHMX
YOPHMX MapaMopd03 BKPUTI BizepyHKaMM YMCISHHHUX 3a0KPYITICHO-TIPSIMOKYTHHX 3amaluH po3mipom mo 0,5 MKM, Ta-
KOX YiTKO Opi€HTOBaHMX Y3IOBX HanpsiMky [1010]. dopMa i opieHTALis IIACTHHOK Ta 3aMafyH Ha TOBEPXHSX rpaHeil
(0001) mapamopd03 AO3BOJISIIOTh BiTHOCUTH iX 1O MiKPOCKOITIYHO BUAMMOTIO MOP(OJIOTIYHOIO MPOSIBY JOHCIAEICITOBOI
¢azu. BoHu MoxXyTb OyTH 10Ka30M MapTeHCUTHOI TpaHchopMallii mmomuH (0001) kpucTaiB BUXiZHOTO rpadiTy B Mio-
wHK (1010) HoBoyTBOpeHoro JoHcaeneiTy. To6To TBeproda3oBe mepeTBOpeHHst rpadiTy BHACTINOK 3HAYHMX YIApPHUX
HaBaHTaXeHb OGYMOBJIIOE 3aKOHOMIPHY Opi€HTALII0 BUXIIHOI Ta HOBOYTBOpeHoi (a3, a came — rurotunu (1010) noH-
caesieiTy cTaloTh napaieabHuMu miomrHaMm (0001) rpadity. 3adikcoBaHO YHiKalbHE SBUILE POCTY — HAPOCTH BEJUKOI
KIiJIbKOCTI aJIMa3HUX HaHO-MiKporojieapiB Ha moBepxHi rpaHi (0001) yopHo-cipoi nmapamopdosu. Ilonieapu mommpeHi
XaOTUYHO Ha IUIOCKUX JiISIHKaX i 3anagmHax noBepxHi rpani (0001) y BUIJIsIAi OKpeMUX OKTaeIpiB a00 iXHiX CKyN4eHb.
TpamisiioTbCsl TAKOXK 3aKOHOMipHi (ABIMHUKM 3pOCTaHHS i mpopocTaHHs 1o (111)) i He3aKOHOMipHi 3pOCTKM OKTaeapiB.
IpaHi i peOpa ocTaHHIX BKpUTI HAaHOIJIOOYJIaMU po3MipoM a0 40 HM, 1110 CKJIaAaloThCsl 3 OaraThboX YaCTMHOK, HaliMeH-
wuit po3Mip sikux — 1 HM. Lle Moxe OyTH OJHUM 3i CBiTYEeHb KJIACTEPHOro MeXaHi3My pOCTY KpMUCTaJiB ajMma3y, IpoTe
YUHHUK TaKOTO HE3BMYAMHOrO pOCTY IMOJieApiB MOKM 1110 Hes’sicoBaHuii. Po3Mip okTaeapiB 3piaka nepeBuilye 1 MKM.
AJMa3 1bOro TUIMY JIiarHOCTYEThCA 3a (DOPMOIO KPUCTAIB, X 3aKOHOMIPHMMM 3POCTKAMM i 32 XiMiYHUM CKJIaJIOM, BU-
XOIA4M 3 JaHUX PEHTTeHOCIHEKTPaJIbHOro aHali3y Haioinblmx okraenapiB. IlepenbayaeTbest picT OKTaeapiB aiMasy i3
ra3oBoi da3u micyst TBepaoda3oBoro rnepexoay rpadity B HOBi ¢a3u. BUBYEHHSI HAATOHKMX IJTiBOK po3MipoM 15 x 10 x
x (0,2 MKM, BUpi3aHUX i3 Tapamopdo3 neprneHanKyasapHo a0 miomuHu (0001), 103BOIMI0 pO3KPUTHU iX aHATOMIiIO — 30-
OpaXeHHSI MOJiICMHTETUYHOTO ABIMHMKYBAHHS i MOJiKpUCTaNiyHOi OyI0BU caMuX ABiHUKIB. JIBIiHUKMA YTBOpPEHi IO
wrommHi (1121), po3mip ix kprcrariTie 1o 30 HM. EneMeHTH Takoi BHYTpIilIHBOI GYIOBH YOPHUX TTapaMopdo3 iHOmi y
XOIIi HaHO-MiKpoMOp(OJIOTIYHIX NOCIILKeHb (DIKCYIOThCSI Ha pellikTax moBepxoHb rpareil (1010). Ha moBepXHsIX rpa-
Heit (0001) mapamopdo3 ABIHUKK MPOSIBIEH] MapaiebHOIO ITPHXOBKOIO Y3IOBX HanpsMmky [1010], iHoxi cumeTpuuy-
HO B IBOX-TPhOX HaIpsiMKax 4epe3 60°. BuspieHi HaHO-MiKpoMopdoJIoTiyHi i aHaTOMiYHiI OCOGIMBOCTI KPUCTAJTIiB iM-
MaKTHOTO ajiMa3y 3 biniBchbKOi acTpobieMu € MPSIMUM CBiTYEHHSIM TBepA0(a30BOro repexonay rpadity B JOHCACIEIT-
ajiMa3 3a MapTEeHCUTHMM MEXaHi3MOM B YMOBaxX BIMCOKOTO yIapHOTO HaBaHTaXKEHHSI.

Kntouosi crosa: imnakTHuI arorpadiToBuii anmas, napamopdo3a, HaHO-MiKpoMopdOJIoTis, aHaTOMisl, ABIMHUK, HAHOAJ-
Ma3z, JioHcaeneit, binunisceka (3axinHa) actpobiema, YKpaiHCbKUIA IIUT.
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Beryn. Y npotieci TBepaodazoBoro nepexoay npu-
poaHoro rpadiTy B ajiMa3 BHACIiIOK 3HAYHOIO
yIapHOTO HaBaHTaXKeHHsI, SIKe BMHUKAE ITiJ 4ac
¢opMyBaHHSI METEOPUTHUX KpaTepiB (acTpobiieM),
MaiiKe MOBHICTIO YCIaJKOBYETHCSI 30BHIILIHSI MOP-
¢oJorist KpucraiiB rpadity, aje Ipu IbOMY MO-
HOKPUCTAIbHUI TpadiT MepeTBOPIOETHCS B HOBI
MOJIIKpUCTaNiuHi a3y — anmaa i JoHcaeneit [3].
YTBopeHi B Takmii criocid mapamopdosu 4acto
nouidazHi — CKIagalThes 3 ajiMasy, JIOHCAEIEITy
i rpacdity B pizHOMYy criBBigHOIIeHHi. HaituacTiiie
B ITapamMopd03i IMOENHYIOTHCS ajIMa3 i JOHCIeIeiT
(sx koMMmo3ullisg aABox (a3 i3 6GaraTbox HaHOMET-
POBUX KPMUCTAJITIB, 110 3aKOHOMIpPHO 3pOCIUCS),
pigme — anaMas, jgoHcneleir i rpadit. IlepeBax-
HOI0 (ha3010 y OLIBIIOCTI BUIAAKIiB € anma3. Haii-
BUILIUIA BMICT JIOHCIEJEITY BUSBICHO B YOPHUX
napamopdo3ax; HalpUKiaa, OUTMIIIBCHKI YOPHI iM-
MMaKTHI aJiIMa3d MICTITh Y cepeIHbOMY H0 55 %
JIOHCIENeiTy, a AesiKi 3 HuX HaBiTh 10 70 [1— 4]. 3a
Maltke izeaabHOro 30epekeHHs 30BHIIIHbOI Tpa-
¢itoBoi (popMU HAaHO-MiKpOMOPGOJIOTrisl MOBEPX-
Hi KpUCTaJiB iMITAaKTHOTO ajaMa3sy, OCOOJIMBO KO-
muiHix rpaHeit (0001)*, iHima, HiXXK y KpUCTaliB
rpagity. Lle 3ymMOBIIeHO ITOSIBOIO Ha HUX CKYJIbII-
Typ ABIMHMKYBaHHS rpadiTy i HAHO-MiKpPOHHMX
CKYJIBIITYPHUX Bi3€PYHKIB Bil HOBOYTBOPEHUX
¢da3 — JnoHcHeneiTy i anMasy. BHacaigok po3um-
HEHHsI TaKuX napamopdo3 MikpomopdoJiorist ix-
HbOI IMOBEPXHi CTA€ PeNbeHIIION 3aBAIKN YTBO-
PEHHIO Bill’eMHUX CKYJBIITYP pi3HOI (hopmu i po3-
Mipy, {Ki TaKoOX BimoOpaxaiTb HOBOYTBOPEHi
¢a3u. CryniHb 30epeXeHHs Limx napamopdos
yepe3 pi3Hi IpUYMHU AyKe HU3bKUI, HaliyacTillle
TPaIuISIIOThCSl TUIACTUHYACTI (DparMeHTU KOJIUIII-
HiX MMiHAKOInaJIbHUX KPUCTaJiB rpadirty.

Ha YkpaiHCbKOMYy IIMTI BiIKPUTO IEKiJIbKa
acTpobjieM, IMMOAKTUTU SIKMX MICTITh ajiMa3u
[1—4]. Haii6inpimit BMicT aiMasy 3adikcoBaHO B
imrakTuTax binuniBcbkoi (3aximHoi) acTpobaemMu
(Garati pizHOBUMAM iMIAKTUTIB MICTSITb Y cepell-
HbOMY 9,8 Kap Ha TOHHY KpUCTaJliB ajiMasdy po3-
mipom moHan 50 Mxm) [1, 2]. MiHepanoriuHi Ta
KpucTtajgorpadiyHi 0coOJMBOCTI KPUCTAJiB iM-
MaKTHOTO ajMasy 1Ii€i acTpoOJeMH BxXe BUCBITIe-
Hi B IeKiIbKOX Imyouikanisx [1, 2, 4—7, 9]. OnHaxk
ixHst MopoJtorisi i aHaTOMisl HA HAHO-MiKPOPiBHi
3aIMIIAIMCS HE BUBYEHUMU. BUKOpUCTaHHS HO-
BiTHBOTO OOJIaTHAHHS MO3BOJSIE JIIKBiIyBaTH IO
nporajuHy. Taki JOCTimKEHHS BaXXJIWBi VIS I1i3-
HaHHS KPUCTAJIOTeHE31C Y iMITaKTHOTO ajiMa3y.

* Nani mo Texcry nosepxHi (0001).
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3pa3ku i MmeToam aocaimkenb. HaHo-MikpoMop-
¢oJorito it aHaTOMiI0 KpUCTaJiB iMITAKTHOTO aro-
rpacdiroBoro ajimaszy — mnapamopdos i3 binunis-
ChKOI acCTpo0JIEeMH — BMBUYEHO 3a TOIIOMOTOIO Me-
TOIIB PacTPOBOI Ta TPAHCMICIHHOI €JEKTPOHHOI
Mikpockorii. JlocmimKkeHo AeB’ ST MiniopaHux ma-
pamMopdo3 4YOpHOro, YOPHO-Ciporo Ta CBiTJO-
2KOBTYBATOI'O KOJILOPY Pi3HOI iHTeHCUBHOCTI. Yop-
Hi Ta YOpHO-Cipi mapaMopd03u HeNnpo30pi, CBIT-
JIO-3kK0OBTYBaTti — 1po3opi. ITapamopdo3u TOHKO-
IJIACTMHYACTi, YJaMKOBi, TiJIbKU JAesKi 3 par-
MEHTaMM IreKcaroHajJbHUX KOHTYpiB. Po3Mmip ix B
mromuHi (0001) Bix 0,2 mo 0,5 MmM.

Hano-mikpomopdooriyHi HOCHiIXEeHHS LMX
napaMopdo3 BUKOHaHO B IHCTUTYTI reoximii, Mi-
HepaJorii Ta pynoyrBopeHHs iM. ML.II. CemeHeH-
ka HAH Ykpainu Ha eJleKTpOHHOMY MiKpOCKOITi
JSM 6700F dpipmu Jeol (SInonist) 3 eHeproaucmep-
citauM anHamizatopoM. Pa3oBuit ckiam i aHATO-
Mito mapamopdo3 BuBUeHO B LleHTpi reosiorivyHmx
nmociimkeHb M. [Torcomam, Himewunna (GFZ Pots-
dam, Germany), BUKOPUCTAHO Pi3Hi METOAU TPaHC-
MiCiifHO1 eJTeKTpOHHOI MikpocKorii. s qocmia-
KeHb Ha nipuiani FIB 200 Oyau miaroToBJIeHI myxe
SIKiCHi Ta HaA3BUYailHO TOHKI IUIiBKU i3 YOTUPHOX
napaMopo3 YOPHOTO i CBITJI0-XXKOBTYBaTOro KO-
JIbOPY, po3Mip maiBoK 15 x 10 x 0,2 mxM. ITniBku
BUpi3aHi epneHauKyjaspHo 1o miomuHu (0001)
nmapamMopdo3 i NpuoJAU3HO TapajeabHO 10 TLI0-
wau (1010). 306paskeHHs [UTiBOK, Y TOMY YHCIT
JIeTaJbHi aHAaTOMIiUHi, OTpUMaHi Ha €JIEKTPOHHO-
My Mmikpockoni FEI Tecnai F20 XTwin. CriekTpo-
CKOITisl eHEePreTUYHUX BTpaT eleKTpoHiB (EELS)
3aCTOCOBaHa IJii BU3HAuY€HHS (a3oBOro cKiamy
nmapamMopdo3 3 METO PO3MiZHABAaHHS MiX ajJMa-
30M + JIoHCaeeiToM (sp3 3B’43K1) i rpadiToM (sp?
3B’43KM). MIXIIIOMMHHI BiacTaHi (d,,,) s rpa-
¢ity BU3HAYEHiI 3a €JEeKTPOHHO-MiKpPOCKOMiY-
HUMM 3HIMKaMM BHCOKOI PO3IiJIbHOI 3IaTHOCTI
(HREM). MeTonuka npUroTyBaHHs IUTiBOK i Me-
TOOW TPAHCMICIHHUX €JIEKTPOHHUX HOCHTIIKEHb
JIleTaJIbHO OITMcaHi B myoJikanisx [10, 11].

OcCKiJIbKM OUTMITIBChKi iMIAaKTHI ajJiMa3u € na-
pamopdo3aMu o KpucTanax rpadiry, To B TEKCTi
CTaTTi i HA PUCYHKaX BUKOPUCTOBYEMO "TpaciTo-
Bi" kpucranorpadiudi cumponu. Tepmin "HaHO"
BXUTHUH TUTBKA CTOCOBHO PO3Mipy KPUCTATIYHUX
YAaCTUHOK, IKi He Oinbmri 100 HM.

Pesynsratu gociimkens Ta ix 00roBopeHHs.
Hano-mikpomopghonoeis kpucmanie imnakmuoeo an-
ma3y. HaliBupa3Hillli i TUMoBi 300paxkeHHsI HaHO-
Mikpomoposorii moBepxHi (0001) Oi1MIiBCHKOTO
iMIakTHOro ajMasy 3adikKcoBaHi 11 YOPHUX Ma-
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Puc. 1. YopHa mmactuHYacTa rmapaMopdo3sa (a) i3 3amamuHamMu po3urHeHHsT Ha moBepxHi (0001). Ha BimHOCHO Tia-
NIEHbKMX IIISTHKAX MOBEPXHi PO3BUHYTI Bi3epyHKU 3aKOHOMIPHO OpPi€EHTOBAHUX MPSMOKYTHUX HaHOTUIACTUHOK (b)

Fig. 1. The black lamellar paramorphose (@) with pits on the (0001) surface. At relatively smooth areas of the surface the

regular oriented rectangular nano-plates are developed (b)

Puc. 2. YopHa minactuHYyacta napamopdosa (@) 3i ciaimaMu iHTeHCMBHOTrO po3urMHeHHs nosepxHi (0001). Jleranizartis

nosepxHi (0001) (b)

Fig. 2. The black lamellar paramorphose (a) with traces of intense dissolution of the (0001) surface. The (0001) surface is

in detail (b)

pamopdo03 i3 nependayyBaHUM BUCOKUM BMiCTOM
JnoHcaeneity (puc. 1, 2). Ha puc. 1 moka3aHa 4op-
Ha mapamopdo3a, MOBEpPXHs SIKOI BKpHUTa Bise-
PYHKaMM MPSIMOKYTHUX 3 AEII0 3a0KPYTJIEHUMU
KyTaMM HaHOIUIACTUHOK, YiTKO OPiEHTOBAHMX Y3-
10BX HanpsiMKy [1010]. LIi HAHOTUIACTUHKM MOX-
Ha TpaKTyBaTHu SIK Qirypu pocTy Ta MOp(OJIOTiuHO
BUIMMOTO TIPOSIBY JIOHCIEJIEITOBOI (ha3u, IXHSI CU-
MeTpis Binmosinae cumetpii rpani (1010) rimore-
TUYHOTO KpUcTaia JoHcaeneity. e cBigunth Ta-
KOX IIpO 3aKOHOMIpHY Opi€HTallil0 CTPYKTypu
HOBOYTBOPEHOI (pa3u JIOHCAEEITY CTOCOBHO CTPYK-
Typu KpucTaja BuximHoro rpadiry. OpieHTallis
HAHOIUIACTUHOK BU3HAYA€EThCS iX MEPINEeHINKY-
JISIPHUM PO3TaIllyBaHHSIM JI0 €JIEMEHTIB OrpaHeH-
Hs (1010) kpucraniB BuxinHoro rpadiry. Iloen-
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HaHHs1 Ha moBepxHi (0001) wiei mapamopdosu
Bim’eMHUX i gomaTHiX ¢iryp — 3amaguH i HaHO-
IUTACTUHOK — IO03BOJISIE BIMHOCUTHM OCTAHHI IO
¢iryp pocrty. [10B300BXHii1 PO3Mip HAHOILIACTH-
HOK He nepeBuinye 50 HM. 3a JaHMMU PEHTIEeHiB-
CbKUX [OCHIIKE€Hb, PO3Mip KPUCTAJITIB Pi3HUX
(a3 y GinmTiBCbKMX iMITAKTHUX ajMa3ax CKJIalae
[1, 2]: nouncmeneity no — 10 HM, anMa3zy — ne-
CSITKU—TIEPIIl COTHI HAHOMETPIB.

Puc. 2 pemMoHCTpye iHTEHCHMBHE PO3UMHEHHS
noBepxHi (0001) yopHoi mapamopdosu. Dirypu
PO3UMHEHHSI MAlOTh BUTJISI MPSIMOKYTHUX 3 Jie-
IO 3a0KPYIJIEHUMM KyTaMu 3allafuH, po3Tallo-
BAaHMX TAKOX MapaiebHO HanpsiMKy [1010]. Pos-
Mip IpiOHMX 3aMmaanH 3piaka rnepeuiiye 0,5 MKM.
31uMBapYMCh APiOHI 3aIIafMHU YTBOPIOIOTH BEJIMKIi
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Puc. 3. YopHa 1utactuHYacta mapamopdosa (a) i3 3aKOHOMIpHO OpieHTOBa-
HUMU TIPSIMOKYTHUMU HaHOTUTacTMHKaMu Ha moBepxHi (0001) (b) i Bummmu-
M Ha TrosepxHi (1010) eTeMeHTAMU TONICHHTETUIHOTO ABifHUKYBAHHS 110
(1121) (c, d)

Fig. 3. The black lamellar paramorphose (a) with the regular oriented
rectangular nano-plates on the (0001) surface (b) and visible elements of
polysynthetic twinning on (1121) on the (1010) surface (¢, d)

Puc. 4. YopHo-cipa nnactuH4yacta napamopdosa (a) 3 HapocTaMu aJiIMa3HUX HAHO-MiKPOOKTAEIPiB, iX 3pOCTKIB i CKyTI-
yeHb. Jeranizanis mosepxHi (0001) mapamopdosu (b) i anmMazHuX nojieapiB Ha Hiit (c—f')

Fig. 4. The black-grey lamellar paramorphose (a) with outgrowths of diamond nano-microoctahedrons, their intergrowths
and concretions. The (0001) surface of paramorphose is in detail (b) and diamond polyhedrons on it (c—f)

3aMaJuHU 3i CIOTBOPEHUMMU MPSIMOKYTHUMU KOH-
TypaMHu.

HoBoyTBOpeHi poCTOBi CKYJIBITYPU Ha ITOBEPX-
Hi (0001) yopHUX mapamopdo3 MOXKYTh CIyTyBaTU
JIOKa30M MapTeHCUTHOI TpaHc(opMallii ITOMM-
Hu (0001) BuxizHoro rpadiry B momuny (1010)
YTBOPEHOI'O M0 HbOMY JIOHCAEJEITY, TOOTO BHAC-
JIigoK TBepaoda3oBoro nepexony ¢GopMyeThCS 3a-
KOHOMipHa opieHTawist — rurotuau (1010) ToHC-
JeJeiTy cTaroTh napajieabHuMHU rioiruHam (0001)

ISSN 0204-3548. Minepan. acypu. 2015. 37, Ne 4

rpacdiry. JIo 03HaK Takoi opi€HTallii BKa3aHUX a3
HajlexaThb i CKYJIbIITYpU PO3YMHEHHSI HAa MOBEPXHi
(0001) yopHux mapamopdo3 — Iie 3aKOHOMipHO
OpiEHTOBAHI MPSIMOKYTHi 3aMaJuHMU.

Ha onniii i3 yopHux napamopdos (puc. 3) ok-
piM Bi3epyHKiB MPSIMOKYTHUX HAHOILJIACTUHOK i
IITPpUXiB ABiHMKYBaHHs Ha roBepxHi (0001) 3a-
(bikcoBaHO 03HaKM IBiiiHNKYBaHHA N0 (1121) Ha
0OKOBill moBepxHi IMapamMopdo3u, OJU3bKil 10
rpani (1010) BuxizHoro rpadiry. Ha puc. 3, ¢, d
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Puc. 5. CrieKTpu eHepreTMYHUX BTpaT €JIeKTPOHIB Kpuc-
TaTiYHUX (ha3 BYIJIELIO: @ — CIEKTp ajMasy + JIOHCIee-
ity + rpadity, miiBka i3 yopHoi mapamopdo3u, b —
CHEKTp ajaMa3y + JIOHCIENEITy, TJIiBKa i3 CBITIO-XKOBTY-
BaTol rapamopdo3u

Fig. 5. EEL spectra of the carbon C-K edge typical of sp?
bonding in graphite and sp? bonding in diamond +
+ lonsdaleite: a — the foil cut from black paramorphose,
b — the foil cut from light-yellowish paramorphose

MOMIiTHi MOJICUHTETUYHI IBIMHUKOBI 3pOCTKH ITI0
(1121) i HaHOMipHA MOMIKPYUCTANTIYHA GyI0Ba KOX-
Horo ABiliHMKa. Po3Mip HaHOYaCTUHOK ABIHUKIB
mentne 30—35 HM.

VHiKanbHe IBUIIE POCTY — HAPOCTU HAHO-MiK-
POPO3MIpHUX KpUCTaiB ajlMa3ly Ha MOBEPXHi
(0001) BusiBIEHO Ha 4YOpHO-Cipiil mapamopdo3i
(puc. 4), ixHili po3Mip Bil IecsITKiB HAaHOMETpiB
1o 1 MxMm, 3pigka 6inbiie 1 MxM. HamexHicTh 1iux
KPUCTAJIMKIB O aMa3y BU3HAYAETHCS 1X OKTael-
pUYHOIO (POPMOIO, XapaKTepPOM 3POCTKIB 1 XiMiy-
HUM CKJIamOM (3a JAaHMMHU PEHTTEHOCIIEKTPAlb-
Horo aHanizy). Ha puc. 4, ¢ BUIHO B NMOPOXHMHI
NpaBoOpyY ABIMHUK 3pOCTaHHS OKTaeapiB IO IJIO-
mwuHi (111), a 1iBOpyd — IpopoCTaHHS OKTaeapiB
no (111). Taki MpopocTaHHSI OKTaeApiB XapaKTep-
Hi JJIs1 MiKpoaJiMa3iB Ha IUTiBKax, CUHTE30BaHUX
ra3oIiojlyMeHeBUM MeTomoM. Po3TalryBaHHS aji-
Ma3HUX OKTaeapiB, iX 3aKOHOMipHMX, HE3aKOHO-
MipHHUX 3pOCTKiB Ta CKynueHb Ha rnmoBepxHi (0001)
IMITAKTHOTO ajiMa3y XaoTHU4YHe, 0e3 OyIb-sIKOi 3a-
KOHOMipHOCTi. [neanbHi aaMasHi oKTaeapu Tpa-
IUISIIOTBhCSL Y TIOopoxXHUHaX (puc. 4, c—f). Haii-
Oifblll BipOTimHOIO € KpuCTaji3allisi OnmMCaHUuX

40

1.01 nm

Puc. 6. EneKTpOHHO-MIiKpOCKOMIYHI 3HIMKM BUCOKOTO
po3niJieHHs, MUIiBKa i3 4opHOi mapamopdo3u: a — Jamenst
rpadity, b — netaiizalisi o0JacTi, MOKa3aHOi CTPLIKOIO
Ha puc. 6, a

Fig. 6. HREM images, the foil cut from black paramor-
phose: a — lamella of graphite, b — lamella in detail, area
indicated by arrow in Fig. 6, a

KPUCTaJIMKiB ajiMasy i3 ra3oBoi a3y micjsl TBep-
nmoda3zoBoi TpaHcdopMmallii rpadity B HOBI ¢as3u.
[1oOynsipHuit XxapakTep rpaHei i pedep aaMa3zHUX
OKTae/piB MOXE CBITUMTH TaKOX ITPO PiCT KpUC-
TaJIiB i3 ra3oBoi ¢a3u. Po3Mmip chepryHux i esin-
COMNOJIOHMX IJIOOYJelt Ha OKTaeapax CTaHOBUTH
10—40 uMm. BoHu ck1agaloThes i3 YUCAEHHUX Yac-
TUHOK — MOJIMBUX KJIACTEPiB, HANMEHIIINIT po3-
Mip gkux — 1 HM. OgHaK TaKuii KJacTepHU Me-
XaHi3M POCTy OaraTorpaHHUKiB ajimasy noTpedye
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~(1010)

Puc. 7. ENeKTPOHHO-MIKPOCKOIIIYHi 3HIMKY HAATOHKOI IUIiBKY (POo3Mip miisku 15 x 10 x 0,2 MKM), BUpi3aHOi 3 Y4OPHOI
mapamopdo3su (a) i moricuHTeTHIHNX OBiHYKIB 110 (1121) (b — THm 300pakeHHS CBITIOTO TOJIST, ¢ — TUT 300pasKeHHST
TEMHOTO T10J151)

Fig. 7. TEM images of foil (@) cut from black paramorphose (size of foil 15 x 10 x 0.2 pm) and polysynthetic twins after
(1121) (b — bright field imaging, ¢ — dark field imaging)

]

' J:"rﬂ’m_‘- i e

N

Puc. 8. EneKTpoHHO-MiKpPOCKOMiYHi 3HIMKHU, TUIT 300paXkeHHSsI CBITJIOTO IOJIs: @ — MOJIiCUHTeTUYHE ABIMHUKYBAHHS 110
(1121), 4opHa mapamopdo3a; b — pO3MHUTE 300paXEHHS IONICHHTETUYHOro IBiliHMKyBaHHs mo (1121), cBimio-
KOBTyBaTa mapamopdo3a; ¢ — IeTaizallst puc. 8, b, 306pakeHHs okpeMoro isiitHuKa 1o (1121), cBiTIo-X0BTYBaTa
napaMmopdosa

Fig. 8. TEM images, bright field imaging: ¢ — polysynthetic twins on (1121), black paramorphose; b — blurred image of

polysynthetic twinning on (1121), light-yellowish paramorphose; ¢ — Fig. 8, b is in detail, a separate twin

OuUTbII JeTaTbHUX NOCHiIKeHb. BimomMuil cuHTe3
aJMa3HUX IUTiBOK i3 TJOOYJSIpHUMU (opMaMu
pocCTy i3 ra3oBoi (pa3u B yMOBax BHCOKOTO Iiepe-
cuueHHs. [IpoTe MoKu 1110 HEMA€E SICHOCTi B TMH-
TaHHI IJIOOYJISIPHOTO POCTY aJIMa3HUX IIOJIieapiB.
ITpo KoHmeHcallifiHe MOXOIXKEHHSI HaHO-MiKpo-
pO3MipHMX KpHUCTaJiB aaMa3y Ha noBepxHi (0001)
iMIIAaKTHOTO ajiMa3y BXe IOBiIOMJISIOCS paHillie
[3], onHak 3a3Ha4YeHO, 1110 BOHU MaJIM TUIACKI IpaHi.

Dasosuii ckrad napamopgos i anHamomis Kpuc-
manie imnakmuoeo aismaszy. ®a3oBuil cKiag mapa-
Mopdo3 BigiOpaHMX OUTMITIBCHKUX iMIIAKTHUX al-
Ma3iB BUBYEHO B XOJi €JIeKTPOHHO-MiKPOCKOMiY-
HUX JOCIiIKeHb YOTUPHOX ILIiBOK, BUPi3aHUX i3
yoTUpbhoX KpucTaiiB. Ha puc. 5 300paxeHi criek-
TPU €HEPreTUYHUX BTpaT €JEKTPOHIB IJIsl TUTiBOK
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i3 YOpPHOI Ta CBITJI0-XXOBTYBaTO1 apaMopdo3, sIKi
BimoOpaxaloTh ixHiil ckiaa: ajima3 + JIOHCHAee-
it + rpadiT mIst mepioi i ajxmas + JIOHCAEEIT AT
npyroi. HasgBHicTh rpagity B 4opHiii mapamopgo-
3i BUSBJISIETCSI TAKOX Ha €JIEKTPOHHO-MiKPOCKO-
MiYHUX 3HIMKax 3 BUCOKOIO PO3/IIJIbHOIO 3/IaTHiC-
TIO (pHC. 6), pO3Mip KpUCTATITIB TpadiTy He Gilb-
me 300 um. Ha puc. 6, b cTpinkamMu BHUIiIEHO
mapametp ¢ = 1,01 HM pomboenpuuHoro rpadiry.

OtpuMaHi 300paxkeHHSI BHYTPIllIHBOI Oym0BU
nmapamMopdo3 OUTMIIIBCbKOTrO iMMaKTHOTO ajiMa3y
Ha OCHOBI €JIEKTPOHHO-MiKPOCKOMIYHOTO BU-
BUEHHSI BMPi3aHMX HAATOHKUX IUIIBOK IE€MOH-
CTPYIOTh iX MOJICMHTETUYHE ABIAHUKYBaHHS IO
(1121) i momikpucTaTiuHy 6yIOBY CAMUX IBiliHH-
KiB (puc. 7, 8). OcobGaMBO YiTKO ABiiTHUKYBaHHS
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Etch figures £~80° (0001)
£~21° (1.1.2.15)
£~159° (11-21)

—

Puc. 9. Monenb NBiHUKYBaHHS

ST YopHMX mapaMopdo3 Oinu-

JIiBCBKOTo anorpadiToBoro im-

— IMaKTHOTO ajMasy

2 E— o Fig. 9. The model of twinning for

- black paramorphose of impact

— apographitic diamond from Bily-

Growth figures Twins

MPOSIBJIEHO B TIJTiBKaX, BUPi3aHUX i3 YOPHUX TTapa-
Mopdo3 (puc. 7, 8, a), Tomdi SIK y ILUTiBKaXx i3 CBITJI0-
JKOBTYyBaTuX Tapamopdo3s (puc. 8, b, ¢) nBiliHuU-
KyBaHH$ HiOU cTepTe, po3MuTe, MaOyTh, BHACII-
JIOK JOMiHYBaHHSI ajiMa3Hoi ¢a3u. [IBiliHUKU Y
HUX 30epexeHi Micugmu (puc. 8, c¢). Take X sIBU-
1lIe CITOCTEPIrajJoch y IUIiBKax MOIraiCbKUX iM-
IMaKTHUX aJMa3iB: 300paXkeHHs ABiiIHMKYBaHHS B
IUTiBKAaX i3 CBITJI0-XXOBTYBaTUX ITapaMop¢o3 He-
qiTKi [8]. 3aramom 1i 300paxKeHHs i KpucTajaorpa-
¢iuHi eTeMEHTH OBIHUKIB HEe BiAPi3HSIOTHCS Bil
BCTAHOBJICHUX paHillle eJIeMEHTIB ABIMHUKYBaHHS
JU1s1 GiTBIIMX 32 PO3MipaMU MOMiraiiCbKUX iMITaKT-
HUX ajimMa3ziB [8]. JIBiiHUKYBaHHSI Ha €JEKTPOH-
HO-MIKpPOCKOMIYHUX 3HIMKaX ITOBTOPIOE PACTPOBI
300paxkeHHs IBIMHMKIB Ha puc. 3, ¢, d. B imea-
JIi30BaHill (opMi ABIMHMKYBAaHHS OUTMIIIBCHKUX
IMIIAKTHUX ajiMa3iB idl0cTpye puc. 9 (CUMBOI
(1.1.2.15) Ha mapamop03i LIbOTO PHCYHKY HaBe-
JIEHO I10 aHaJIOril, BiH BU3HAYEHWI TOHIOMETPUY -
HO Ha BeJIMKMX ITOITiraiicbknx napamopdo3sax [8]).
B pesynbrati ymapHoro HaBaHTaxK€HHS BimOyBa-
€ThCS YTBOPEHHS TOJICUHTETUYHUX NBIAHUKIB
rpaciry o (1121), sike Ha mosepxHi (0001) mapa-
Mopd 03U 4acTo MPOSIBJIEHO TaK 3BaHOO IJIaHap-
HOIO LITPUXOBKOIO y310BX [1010]. BoHa Moxe
OyTH PO3BMHYTa OMHOYACHO B IBOX-TPbOX CUMET-
PUYHKX HampsMKax yepe3 60°, omHaK HaifyacTiiie
ofgHOHampaBJyieHa. Po3Mip KpUCTaJliTiB IBIHHUKIB
y OLIMIiBCHKUX iIMIIAKTHUX aJMa3ax Bapiloe B Me-
xkax 20—30 um (puc. 8).

BucnoBku. Kpucranu iMmmnakrHoro aamMasy i3 bi-
JIMTIBCHKOI aCTpOOIEMH MalOTh 30BHIIIIHI MOPdO-
JIOTiYHi Ta BHYTPIIIIHI aHATOMIYHi 03HaK1 TBEPIO-
(hazoBoro nepexoay rpadity B JOHCAENEIT-aIMa3,
CMIPUYMHEHOTO YIapHUMU HaBaHTaXeHHsIMU. Ha
piBHi MakpoMOpP(OJIOTii 10 HUX MOXHA BiTHECTU
IIEHTUYHI IS KpUcTajiB rpadiry i mapamopdos
ajMasy ix MiHaKoilaJbHUI TabiTyC Ta MlacTUHYAC-
Tuit 06puc. Ha piBHi HaHO-MiKpoMopoIorii 03Ha-
KaMM 1IbOTO TIEpEXOIy € IHTEHCHUBHI OKpeMi mapa-
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livka astrobleme

JIesTbHI ITprxy y3n0Bx [1010], mogekyam — cucte-
MU LIMX IITPUXIB Y TBOX-TPHOX HAIPSIMKAX 3 KyTaMu
60° mixx amMu Ha tororvHi (0001), a TakKoX HOBO-
YTBOPEHi CKYJIbNTYPU Ha TTOBEPXHSIX MapamMopdo3.

IIi cxkynbnTypu Ha moBepxHsx (0001) yopHux
nmapamMopdo3 ajiMasy MpeacTaBlieHi HaHorulac-
TUHKaMU Y4 3allafiHaMU OBaJIbHO-MPSIMOKYTHOT
dopmu, cTporo opieHToBaHMMH y310BX (1010).
Ckynbntypu Ha noBepxHsx (0001) yopHux mapa-
Mopd03 JT03BOJSIOTh BUZHAYMTH TaKi CTPYKTYPHi
B3aEMOBIAHOIIIEHHS MiX IXHIMM KpHUCTaJiYHUMU
dazamu: (0001) rpadiry maparensna (1010) noH-
caeneiry i, mMa0OyTh, mmapanenbHa (111) ammasy.
Otxe, MOP(OJIOTIYHMMY i aHATOMIYHUMHU O3HAa-
Kamu TBepao(ha30BoOro nepexoay rpadir-JoHcae-
JIeiT-aJiMa3 y OLIMIIBChbKUX iMIAKTHUX ajMa3ax €
BepxoHb (0001), mogicMHTETUYHE ABiiTHUKYBaHHS
1 TIoJlikpHUcTajiyHa OymoBa caMUX ABIMHUKIB Ta
3aKOHOMIpHI CTPYKTYPHi CITiBBITHOIIEHHS MiX
KpuctagiyHuMu dazamu. Po3mip KpucraniTiB
JIeI0 MIHSIEThCS Bif omHiel mapamopdo3u oo iH-
moi, 3pinka nepesuinyioun 20—35 aM. Ha mo-
BepxHi rmapaMopdo3 BOHU Tpoxu OuIbIi (10 50 HM).
Poamip kpucTtanitiB rpagity gocsirae 300 HM.

TakuM 4uMHOM, JUIS1 BUSIBJIEHHSI OCOOJIMBOCTEN
KPUCTAJIOTeHE3UCy iMITAaKTHOTO ajiMasy, YTBOpeE-
HOTO BHACJi0K TBepA0(ha30BOro Mepexoiay rpa-
diT-moHCcaeNeiT-aIMa3, HeoOXiTHO 3BepTaTy yBary
Ha Makpo- i HaHO-MiKpoMOpP(OJIOTiI0 KpUCTaliB
BUXiIHOTIO rpadiTy i yTBOpEHMX 110 HUX IapaMop-
(o3 noHcaeneiT-amMazy Ta Ha IXHIO aHATOMIlO.
InenTuHa MopdoJioria KpucTaiiB rpadiry i ma-
paMopdo3 JIOHCeNeiT-aIMasy, a TaKOX B3aEMHE
3aKOHOMipHE OpiEHTYBAHHS iXHiX CTPYKTYp CBid-
yaTh MPO NpsIMUIA Tiepexia rpadiTy B JIOHCAEIeIT-
ajMa3 BHACJiJOK BMCOKOTO MPUPOIHOTO HaBaH-
TaXE€HHS 32 MAPTEHCUTHUM MeXaHi3MOM.

Aemopu e0auni Ani Illpaiibep 3a nideomoexy Hao-
MOHKUX NAI60K 13 Kpucmainle IMNAKMHO20 aimasy ma

1.B. IypHenko 3a donomoey 6 eaekmpoHHO-MIKPOCKONiY-
HUX 00CAIOANCEHHAX KPUCMANI6 IMNAKMH020 AAMA3).
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HAHO-MHWKPOMOP®DOJIOTMA U AHATOMUA KPUCTAJIJIOB
UMITAKTHOI'O AJIMA3A U3 BEJUJIOBCKOM (3AITAZTHOW)
ACTPOBJIEMbI (YKPAUHCKUWH LLINT)

HccnenoBaHbl HAHO-MUKPOMOPMOJIOrUsl U aHATOMUSI KPUCTAJLIOB UMITAKTHOTO arorpapuToBoro ajmasa (napamopgos)
U3 UMNakTutoB benwnoBckoii (3amaaHoii) actpobiemMbl Ha YKpauHCKoM 1uTte. Mcrnoib30BaHbl METOIbI pacTpOBOM U
MPOCBEYMBAIOIIEH IEKTPOHHOI MUKpockonnu. M3ydeHo neBsTh mapamopdo3 4epHOTro, YepHO-CePOTO M CBETI0-XKeT-

ISSN 0204-3548. Minepan. xcypn. 2015. 37, Ne 4 43



B.M. KBACHMLEI, P. BIPT, C.M. IIMBAJT

ToBatoro IBeTa. HamGosee BhIpasuTenbHbIC N300paskeHUsI CTPOCHUS TTOyYeHBI U YePHBIX IMapamMopdo3 ¢ Mpearno-
JlaraeMbIM BBICOKUM COJIEp>XKaHUeM JIoHcAeenToBol (dha3bl. Ha mosepxHocTsx rpaneii (0001) aTux mapamopdo3 pa3BUThL
CKYJIBITYPHBIE Y30PbI, COCTOSIIIIE U3 MHOTOYUCICHHBIX MPSIMOYTOJBHBIX ¢ HECKOJIBKO OKPYIJICHHBIMU yIJIAMH HaHO-
IUTACTHHOK, CTPOrO OPHEHTHPOBAHHBIX BIOJIb HarpasiaeHust [ 1010]. Pa3sMep IUIACTUHOK BIOJb YUTMHEHMSI HE TIPEBBILIAET
50 uM. IloBepxHoctu rpaHeit (0001) MHTEHCUBHO PAaCTBOPEHHBIX YEPHBIX MapaMopdo3 IMOKPHITH Y30paMyd MHOTIO-
YHCJEHHBIX OKPYIJIO-TPSIMOYTOJIbHBIX BIaAWMH pazMepoM 10 0,5 MKM, Takke CTPOro OpMEHTUPOBAHHBIX BAOJb HaMpaB-
senust [1010]. ®opMa n OpUeHTALMs [UTACTMHOK M BMAaAWH Ha IMOBepXHOCTX rpaHeii (0001) mapamMopdo3 Mo3BOISIOT
OTHOCHUTH UX K BUAMMOMY MOP(DOIOTHUECKOMY TMPOSIBJICHUIO IOHCIENeUTOBOM (ha3sl. OHU MOTYT OBITh TOKA3aTETLCTBOM
MapTeHCUTHOI TpaHcdopMatmu wiockocteit (0001) ucxomnHoro rpaduta B Iwiockocty (1010) HOBOOGPA30BAHHOTO JIOHC-
neneuta. To ecTh Npu TBepA0(ha30BOM IMpeoOpa3oBaHUM IpaduTa MPHU BBHICOKOM HArpy3ke BO3HMKAET 3aKOHOMEpHas
OPHMEHTALIMST MEKIY MCXOIHON 1 HOBOOGPa30BaHHOM (hazamu — mnockocty (1010) TOHCHEnenTa CTAHOBSITCS TTAPaLIeb-
HbeiMU 1ockocTsM (0001) rpadura. 3adukcrupoBaHO YHUKAJBHOE SIBJICHME — HapacTaHWEe MHOTOUMCIIEHHBIX aJIMa3HbIX
HaHO-MMKpPOPpa3MepHBIX TMOJU3IpoB Ha noBepxHocTh rpaHu (0001) yepHo-cepoit mapamodo3bl. [Tonusapsl pacnpoct-
paHEeHBI XaOTMYECKHN KaK Ha TUTOCKMX yJacTKaX, TaK M BO BragumHax noBepxHoctu rpaHu (0001) u mpemcraBieHbl OK-
TasapaMu U MX CKOIUICHUSIMU. BBISBICHBI Takke 3aKOHOMEpHbIE (IBOMHUKM cpacTaHUs W mpopacTaHus 1o (111)) u
He3aKOHOMEPHBIE CPOCTKH OKTa’ApoB. [paHu 1 pedpa 0KTa3ApOoB IMOKPBITHI HAHOPAa3MEPHBIMU TJI00YIaMU, UX pa3Mep 10
40 HM. OHM COCTOSAT U3 MHOTHX YaCTHUI] C HAMMEHBILIMM pa3MepoM B 1 HM. DTO MOXET ObITh CBUAECTEILCTBOM KJIACTEPHO-
ro MeXaHu3Ma pocTa KpUCTALIOB ajiMasa, OJJHAKO B BOMPOCE TAKOTO HEOOBIYHOTO pOCTa MOJM3APOB MOKA HET SICHOCTH.
Pasmep okrasnpoB penko mpeBbimaeT 1 MKM. [IMarHOCTUPYIOTCST aiMa3bl 1O (opMe KPUCTAJUIOB, UX 3aKOHOMEPHBIM
CPOCTKaM U TI0 XUMUIECKOMY COCTaBY, MCXOJsI M3 JaHHBIX PEHTTEHOCTIEKTPATHHOTO aHan3a Haubojiee KPYIMHBIX OK-
tasapoB. [Ipenmosaraercss 00pa3oBaHMe OKTa3IPOB ajiMa3a M3 ra3oBoii a3kl mociie TBepaoda3oBoro nepexoaa rpacdura
B HOBBIE (ha3bl. M3yueHne CBEpXTOHKMX TUIEHOK pa3MepoM 15 x 10 x (0,2 MKM, BeIpe3aHHBIX U3 MapamMopdo3 mepreHam-
KyJsipHO K miiockoctd (0001), mo3BOIMIO U3YYUTh UX CTPOSHUE — MOJMCUHTETUUECKOE TBOMHUKOBAHUE U MOJUKPUC-
TAJTMYECKOe 0Opa3oBaHMe caMUX JBOWHHUKOB. JIBOMHNKOBaHME MPOMCXOIUT M0 riockoctH (1121), pasmep KpucTaiiu-
ToB 110 30 HM. DJIEMEHTHI TAKOTO BHYTPEHHETO CTPOSHMS YePHBIX MapamMopdo3 WHorIa GUKCUPYIOTCS Ha TIOBEPXHOCTSIX
rpaneit (1010) B xome HAHO-MUKPOMOPQOTOTHIECKNX Hccaenopanuii. Ha moBepxHocTsx Tpaneii (0001) mapamopdo3
IBOIHUKY IPOSIBIIAIOTCS. apajUIe/IbHOM IITPUXOBKOI BIOIb HampasieHus [1010], HHOIIA CUMMETPUYHO B IBYX-TPeX
HarnpasieHusx yepe3 60°. YcTaHOBIeHHbIE HAHO-MUKPOMOPGOJOTUYECKIE M AaHATOMMYECKIE OCOOEHHOCTH KPHCTA/LIOB
MMITAKTHOTO ajiMa3a u3 beanioBcKoil acTpoOaeMBbl CIIyKaT MPpsIMBbIM CBUAETEILCTBOM TBEpA0(ha30BOro repexoaa rpadpu-
Ta B JIOHCIEJIEUT-AIMa3 B pe3yJibTaTe 3HAUYMTENbHOMN yIapHOI Harpy3Ku M0 MapTEHCUTHOMY MEXaHU3MY.

Karouegovle cro6a: MMTIaKTHBIN anorpadUTOBEIN anMma3, mapamMmopdo3a, HaHO-MUKPOMOPMOJIOTHSI, aHATOMMUSI, TBOMHUK,
HaHOaIMa3, IoHcnenent, benvnoBckas (3amamHas) acTpobieMa, YKpauHCKUH IIINT.
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NANO-MICROMORPHOLOGY AND ANATOMY OF IMPACT
APOGRAPHITIC DIAMONDS FROM BILYLIVKA (ZAPADNAYA)
ASTROBLEME (THE UKRAINIAN SHIELD)

Nano-micromorphology and anatomy of impact apographitic diamonds (paramorphoses) from Bilylivka (Zapadnaya)
astrobleme in the Ukrainian Shield have been studied. The methods of scanning and transmission electron microscopy were
used. Nine individual black, black-grey and light-yellowish paramorphoses have been studied. Impressive images of nano-
micromorphology and anatomy for black paramorphoses with alleged high content of lonsdaleite phase were acquired and
displayed in the article. Sculptural patterns consisting of multiple, rounded rectangular plates, strictly oriented along [1010]
are developed on the (0001) surface of these paramorphoses. The size of plates along their extension is aproximately 50 nm.
The intensively dissolved (0001) surface of black paramorphoses is covered with numerous rounded rectangular pits (up to
0.5 pm), and strictly oriented along [1010]. The shape and orientation of the plates and pits on the (0001) surface of
paramorphoses allow us to refer them to the morphological manifestation of lonsdaleite phase. They can evidence for a
martensitic transformation (0001) plane of the original graphite to the plane (1010) of the newly formed lonsdaleite. That
is, when a solid phase transformation of graphite under high load takes place then an orientation relationship between the
original and newly formed phases is formed — the (1010) plane of lonsdaleite parallel to (0001) plane of graphite. The
unique phenomenon — the growth of numerous diamond nano-micropolyhedrons on the (0001) surface of black-grey
paramorphose is fixed. The polyhedrons are presented by octahedrons and their intergrowths. They are distributed on the
(0001) surface, randomly on flat areas and in the pits. The intergrowths (growth twins and nucleation twins on (111)) and
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irregular intergrowths of octahedrons are identified. The faces and edges of octahedrons are covered with nanoscale globules.
The size of globules is up to 40 nm. They consist of many particles with the smallest size of 1 nm. This may be an evidence
of a cluster growth of diamond crystals, but on the issue of this unusual growth of polyhedrons is no clarity. The size of
crystals rarely exceeds one micron. Diamond is confirmed by the octahedral form of the crystals, their intergrowths and by
chemical composition, based on the data of X-ray analysis of the largest octahedrons. It suggests the formation of diamond
crystals from the vapor phase after the solid-phase transition of graphite to the new phase. The study of ultrathin foils (15 x
x 10 x 0.2 um) cut from the paramorphoses perpendicular to the (0001) plane allows us to reveal their anatomy — to receive
the images of polysynthetic twinning and polycrystalline structure of its twins. The twins are formed on the (1121) plane,
the size of its crystallites is up to 30 nm. Elements of the internal structure of black paramorphoses sometimes may be fixed
on the surfaces (1010) with nano-micromorphological studies. The twins can be observed on the (0001) surfaces of
paramorphoses by parallel striation along [1010], sometimes symmetrically through 60°. Installed nano-micromorpholo-
gical and anatomical characteristics of the impact diamonds from Bilylivka astrobleme are direct evidence of a solid phase
transition of graphite into lonsdaleite-diamond under high shock load by martensitic mechanism.

Keywords: impact apographitic diamond, paramorphose, nano-micromorphology, anatomy, twin, nano-diamond,
lonsdaleite, Bilylivka (Zapadnaya) astrobleme, the Ukrainian Shield.
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