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HETPOCTPYKTYPHBIE OCOBEHHOCTHU AYHUTOB U OJINMBUHUTOB
IPI'AKCKOI'O MACCHUBA
A.B. Kuueesa', A1 I’IepHBIHIOBl, M.IO Tomrckuii®
'Hayuonanvnwiii uccnedosamenvcexuti ToMckuii 20cy0apcmeennblii yuusepcumen,
Tomck, Poccus, 1990.15.10@mail.ru
’Uumemumym 2eonozuu u munepanoauu CO PAH, Hosocubupck, Poccus

OOBEKTOM H3yYeHUs SIBISETCS ODPrakCKhi yiabTpamMadUTOBBIM MacCHUB, PACIOIOXKECHHBIH B KpailHen
CeBEpHO-BOCTOYHOW uactu 3amagHoro CasHa. MaccuB sBnsiercss ¢(parmentom KyprymmOuHckoro
odpuonuroBoro mosica [1] u cocrour u3 nByX OnokoB: JlpicaHckoro m Manosprakckoro. llemsio
HACTOSIILIETO HCCIICAOBAHMS SIBJSIETCS BBIABJICHHE TEPMOAMHAMHYECKHX YCIOBHH IJIACTHUYECKOTO
nedopMupoBaHUs IyHUTOB JIbICaHCKOrO OJioka H  OJIMBUHUTOB Manosprakckoro Omioka. s
JOCTIPKEHHS TIOCTABICHHON e MPOBOAMIICS METPOCTPYKTYPHBIH aHANN3, KOTOPBIM MperycMaTpuBall
JeTajJbHOE HCCIeNOBaHUE TeTporpapuyeckux, CTPYKTYPHO-TEKCTYPHBIX OCOOEHHOCTEH HCCIEIyeMbIX
MOpOJ, a TakkKe M3YyYCHHE B HUX MHUKPOCTPYKTYPHBIX OPHEHTHPOBOK KPUCTAIIOONTHYECKUX OCEH
OJIMBHHA.
Ilerporpadguyeckas XapaKTepUCTHKA
Jlynumet  00bIMHO OOHApPYKMBAIOT TE€TEPOrPAHOKIACTOBYIO CTPYKTYPY. Haubonee xpymHbIe
noppHUPOKIACTOBBIE 3€pHA OJMBHHA HMEIOT YIUIMHEHHYIO (puc. | a), JIMH30BUAHYIO GopMy U
00HApYKUBAIOT CTPOTYIO MPEAMOYTUTEIbHYI0 OpPHEHTHPOBKY, OOHApy>KHBAIOIIYI0 HAalpaBlIeHHE
JUPEKTUBHOCTH M,  COOTBETCTBEHHO,  HANpaBICHUIO  IJIACTHYECKOrO  TedeHus.  Pasmep
NoppHUPOKIACTOBBIX 3€PEeH OJMBMHA B HIMHY A0 3 MM. OHM HMHTEHCHUBHO Jae(OpMHPOBaHBI, B HUX
MOCTOSIHHO ~ OTMEYAaeTCsi HEOJHOPOJAHOE BOJHHCTOE T[IOTACaHWE M MHOTOYHUCICHHBIE —MOJOCHI
TUTACTHYECKOTO H3JoMa. [loJoChl IMIaCTHYECKOTO H3JIoMa HEPEAKO OOHAPYKHBAIOT CHMMETPUYHOE
pacroyio)keHHe K HalpaBICHUIO JWPEKTUBHOCTH, KOTOPOE CBHICTEIBCTBYET O HMHTEHCHBHOM
IJIAaCTUYECKOM TCYCHUU B YCJIOBHUAX CABUTA IIPHU 60.HI)HII/IX CKOpPOCTAX. Menkue CHHTEKTOHUYECKH
PEKPUCTAIUIN30BAHHBIE 3€PHA OJIMBHHA UMEIOT CyOM30METpUUHYI0 POpMy M UX pa3mep oObIYHO MeHee |
MM. 3epHa XPOMIUIHMHENUWIOB 4YacTo OOHApPYXXHMBAIOT LIEMOYEYHOE PACIOJIOKEHHUE COTJIACHO
JUPEKTUBHOCTH 3€PEH OJIMBUHA.
Onueunumpl XapaxTepU3YIOTCS HAJIMYHUEM CPEAHE3EPHUCTOH CTPYKTypsl (puc. 1 ©) M MaccuBHOH
K g AT\ 627 T TS O Co VR,

Puc. 1 — MuUKpOCTPYKTYpBI yIbTpaMauTOB DPrakckoro Maccusa: a — JyHUT (00p. Op-221), 6 — omuBuHUT (00p.
Op-268). On — onuBuH, Xp — xpoMmiunuHe . [IyHKTHpHBIE TUHUM — HANpaBJICHHE AWPEKTHBHOCTH, JTUHUU —
TOJIOCHI MJIACTHYECKOT0 M3JioMa. HUKoMM CKpemeHsl.

TeKCTypbl. OHU OTJIMYAIOTCS OT JYHUTOB OTCYTCTBUEM MPHU3HAKOB TUIACTUYECKUX JIeOPMAITUi, Tl HUX
XapakTepHO OJHOPOJHOE TIoTacaHWe. 3epHa OJIMBHHA YacTO WMEIT Y/UIMHEHHYIO QopMy U
O00HAPYKUBAIOT TPEINOUYTUTENFHYI0 OPUEHTUPOBKY, OTPAXKAIONIYIO HAMpaBlieHHE JUPEKTUBHOCTH.
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Pasmep 3epen onuBuHA MO AMuMHE OOBIYHO MeHee 3 MM. XPOMILIHMHEIWIbl HAOMIOJAIOTCS B BUAE
MEJIKUXBKJIIOUEHUH B OJINBUHE.

IleTpocTpyKTypHBIEHCCIe10BAHNS

Jlynumsei. OIMBUH WMEET CTPOTHH MEeTPOCTPYKTYpHBIH y30p (puc. 2). Ocu Ng oOHapyXHBarOT
TEHJEHIMIO K PAaCTATHUBAHUIO B ITOSIC HOPMAJIBHO IUIOCKOCTH YIUIOIIEHHOCTH. B mosce oTtmeuarorcs 1Ba
MaKCHUMyMa ¢ IJIOTHOCTBIO 12 % 1 4 %. DTN MakCUMyMBbl PacIONararoTCsi CHMMETPHYHO IO OTHOIIEHHUIO
K JINHEHHOCTH 3€pPEeH OJMBHHA M COCTABIIOT ¢ Hel yron ~30°. Ocu Nm 00pa3yroT mosic KOHIICHTPAIHH,
HOpPMaJIbHBIN HaubonbLIeMy MakcuMyMy oceil Ng. B mosice Habmonatorcst 1Ba Makcumyma 8 % u 4 %.
[Tpu 5TOM MakcuMyM HanOoJbIIeH MIOTHOCTH 8 % JIGKUT B TUIOCKOCTH MUHEPALHON YIUIOMIEHHOCTH U
oprororanbHo K L. Ocu Np 00pa3yroT mosic KOHIICHTpAI[MK, COBMEIIEHHBIH C mosicoM ocedt Nm, B
KOTOPOM OTMEYaIOTCs JBa MAKCUMYyMa IIPOCTPAHCTBEHHO COMMKEHHBIE ¢ MaKCUMyMaMu oceid Nm.
Onueunumpel. JIns1 ONVBUHA YCTAHOBJIEHBI CTPOTME NETPOCTPYKTYPHBIE Y30pBI I BCEX TpPEX
KpHuctamioontuueckux oceit Ng, Nm u Np (puc. 2). Ocu Ng KOHUEHTPHPYIOTCS B TOPH30HTAIBHBIN MOSIC
B IUIOCKOCTH YIUIOIIEHHOCTH 3€peH OJMBHHA. B Tmosice OT4eTIMBO MPOSBISAETCS MAaKCUMYyM
3HAYUTENBHOU MIOTHOCTH (8 %), ¢ KOTOPBIM NMPOCTPAHCTBEHHO COBMelIaeTcs JnHeiHocTh 3epeH (L).
Ocu Nm u Np o0pa3yror Oauskue y30psl. HacTh UX ocell TakKe KOHIICHTPUPYIOTCS B TOPU30HTAILHBIC
nosica, COBMeIleHHbIe ¢ mosicoM oceil Ng. B moscax pacnonaratorcs Makcumymsl Nm u Np (4 %).
Hpyras 4yacte ocei Nm u Np 00pa3yloT OTYETIHMBBIE COBMEHICHHBbIE MakCUMyMbl (8 %),
OPHEHTUPOBAHHBIE HOPMAJIBHO K IUIOCKOCTH YIUIOIIEHHOCTH 3€PEH OJIMBUHA.

O6p. Ip-221

O6p. Op-268

Puc. 2 — JlmarpaMMbl OPHUEHTHPOBKM KPHUCTAJUIOONTHYECKUX OCEH OJNWBWMHA B yhbTpamadurax Dprakckoro
MaccuBa. JluarpammMsl noctpoens! o 100 3amepam KpUCTAIIOONTHUECKUX ocell MuHepanoB. M3omunun: 1-2-4-6-8-
10-12 % ma 1 % cerkm Imuara. [Ipoekums Ha BepxHIOI moiycdepy. TodedHble JIHHHM — ITIOCKOCTD
IJIACTHIECKOTO TeUeHus, L — TMHEHHOCTD.

Oocy:xxnenue pe3yJbTaToB

Jynumpt. 11eTpocTpyKTYpHBIN y30p OJMBHHA B AYHUTAX C MOPGHUPOKIACTOBON CTPYKTYypOoi 00yCIOBIEH
CABHIOBBIMU Je(QOpMalusIMU, Ha YTO YKAa3blBa€T YIJIOBOE COOTHOILEHHE MEXIY JMHEHHOCTBIO U
MakcuMyMoM oceil Ng ool mnotHoctH (30°). Ilpu TakoM yriie BeIMYMHA yrila COBUra B IpOLEcce
nedopmarn  coctarisia ~60° [S]. IlosiBiieHHe BTOPOro CHMMETPHYHOIO MakcuMyma ocedl Ng
CBUJIETENILCTBYET 00 AKTUBM3ALUU TPAHCIIALUMOHHOIO CKOJIBXKEHUS B JIBYX HAIIPaBICHUSAX IO CUCTEME
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{Okl} [100] [3]. IIpu sTOoM OmHO W3 HANpPABIEHHWH SBIACTCS TOMHUHUPYIOIINM (MaKCHMyM OOJbIIEi
TUIOTHOCTH) W OPHEHTUPYETCS MPENMYIIECTBEHHO COTJIACHO C HAIPaBIIEHHEM HAJIO0XEHHOTO CIBUTA.
Bropoe HampaBnieHWe TpaHCIAIWU (MakCUMyM MEHBIIEH IUIOTHOCTH) PAcCIONaraercs IOJA YIIIOM K
wiockoctu casura. [locnemoBaTenbHoe yBenndeHNe CTeeHu AepopManny ¢ BO3pacTaHUEM YTJia CIABUTa
1o 40-60° cnocobcTByeT (OPMHPOBAHHIO IBYX MHOXKECTB 3€PEH OJIMBHHA, B KOTOPHIX MHOTOYHCIICHHBIC
MOJIOCHI M3JI0Ma OPHUEHTHPYIOTCS CHMMETPUYHO K HAIPaBICHUIO WX YAJIWHEHUS, T.€. OOHApPY>KWBAIOT
nepucroe pacnonoxenne. [Ilpu 3Tom Hanboee OIaronpusTHO OPUEHTHUPOBAHHBIMIA OKa3bIBAIOTCS 3€PHA,
B KOTOPBIX IUIOCKOCTH TPAHCTSIUU COBMAJAIOT C IUIOCKOCThIO caura. DopMHpOBaHUE TaKOTO
METPOCTPYKTYPHOTO Y30pa, OYEBUIHO, OCYIIECTBIISUIOCH B HUKHUX YACTSAX 3€MHOM KOPBI MPU BBICOKOM
CKOPOCTH ILIacTHYecKoro Teuenns (10 e~107 ¢'), koTopas crnoco6cTBOBAIA BO3PACTAHMIO TEMIIEPATYPhI
(mo 1000 °C) B pe3ynbTaTe BHYTPEHHErO TPEHHUS MpPH CIABUTOBBIX nedopmanusx [4]. B ycnoBusx
OBICTPOTO BO3pacTaHHs CKOPOCTH AedopMalMyd W TeMIlepaTyphl MJIACTHUECKOE TEUCHUE HEeycIeBaeT
pealn30BaThCsl TPAHCISAIUOHHBIM CKOJIBKCHHEM B OJIHOM HAIPABICHUM, MOITOMY AaKTHUBU3UPYETCS
BTOpOE, CyOHOpPMaIbHOE NIEPBOMY.

Onueunumel, 0O4EeBUAHO, 00Pa30BAUCH B IpOIECCe BTOPUYHOM PEKPUCTAIUIM3AIMU OTKHTa
WUCXOJHBIX IUIACTUYCCKH Je(DOPMHUPOBAHHBIX IIYHUTOB IOJ KOHTPOJEM BHEUIHETO TOJIS HAIPSKCHUS
(03), ¢ukcupyeMoro MakCUMyMoM oceld Np, HOpMaJbHBIM K YIUIONICHHOCTH 3€pEH OJIMBHHA.
Pexpucrammmszanis OTKuUTa CIIOCOOCTBOBaNa Pa3pacTaHWIO CBOOOJHBIX OT HANpPSKEHUH OIMBHHOBBIX
WHIMBHJIOB 32 CYET MOTJIOMICHUS TUIACTHYeCKH nedopMupoBaHHBIX [2,3]. B pesymbrate pocTa 3epHa
OIIMBMHA  TPHOOPETAIOT 3aKOHOMEPHYI0 OPHEHTHPOBKY IO ¢GopMe W BHYTPEHHEMY CTPOSHHUIO C
o0pa3oBaHMEM OTYETIMBOW YIUIOMEHHOCTH W nuHewHocTH. [lpm stom mnmuehHocts (L) oTpaxkaer
MPEIMOYTUTENHHBIA POCT 3epEH B HAIIPABIIEHUH PACTSHKEHHS (G;), C KOTOPHIM COBMEIIAETCS MaKCHUMyM
oceii Ng. Makcumym Nm, HOpMaJbHBINA YIUIOUIEHHOCTH, YKAa3bIBAET HA MPOSABJICHUE OJHOPOIHOIO
TPAHCISAIMOHHOTO CKoJmkeHus mo cucreme (001) [100]. OOpa3oBaHuEe OJUBUHHUTOB C YIOPSI0YCHHON
CTPYKTYpOH, OYEBHMJIHO, OCYHIECTBISUIOCH B TPOIECCE JUIMTENBHON pPEKpUCTAUIM3AlMM OT)KWUra, B
yCIIOBHSIX Bo3pacTaronieii Temmeparypst (T>500°C) u memtenHoit ckopoctr (<10 ¢') mractiaeckoro
TeueHus [3].

BriBoabl

Takum oOpa3om, yiabTpaMaduThl DPrakCKOro MaccHMBa IOJBEPralkCh HEOJIHOPOIHBIM
BBICOKOTEMIICPATYPHBIM IIJIaCTUYECKUM JedopmarusaM. JlyHUTb JIbICAaHCKOro 0JioKa TMpeTeprienu
WHTCHCHBHOE IUIACTUYECKOE TEUEHHE B YCJIOBUSAX CJBHra M BBICOKOW CKOpPOCTH jaedopmanuu
MEXaHU3MaMH TPAHCISIIIMOHHOTO CKONBKEHHMSI W CHHTEKTOHWYECKON pEeKpUCTaUIU3aIH, dYTO
CIOCOOCTBOBANIO 00Pa30BAHUIO MOPHUPOKIACTOBBIX CTPYKTYP C BBICOKOW CTETIEHBIO OPUEHTAIIUU 3€PEH
onmuBrHA. ONUBHHUTHI MaJjO3KrakCKOTo OJIOKa, B OTJIMYME OT JYHHTOB, 00pa30BalUCh MEXaHU3MOM
BTOPUYHOHN PEKPUCTAILTU3AINH OTXKHUTa TMOJI CTPYKTYPHBIM KOHTPOJIEM BHEIIHETO MOJISl HANPSKEHUS U
YCIIOBUSIX MEIJIEHHON CKOPOCTH IIACTUYECKOr0 TEUEHMs, B pe3ysibTaTe 00pa3oBaliich rpaHOOIacTOBEIE
CTPYKTYpPBl C HE3HAUYUTEILHOW CTENEHBI0 OPHEHTAIlMH 3epeH oyuBHHA. [lomydeHHBIE pe3ynbTaThI
CBUJICTENILCTBYIOT O pPa3jIMYHBIX TEPMOIAVMHAMHUYECKHX YCIOBUSX (OPMUPOBAHUS yIbTpaMa(uToB
JIpicanckoro u Masioaprakckoro 0JIOKOB DprakCKOro MacCuBa.
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