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Ob OKPACKE CHHTETUYECKOTIO ®JIIOOPUTA
1 O BKPATIJIEHHOM B HET'O TPA®UTE

A. M. KY3bMHUH

B oaHoit u3 mpobaemubix JsabopaTopuii TOMCKOro MOJHTEXHHUECKOTO
nucrutyTa acnupantom H. M. Tumomenko 6ui nosyyen meronrom Croxbap-
repa CHHTETHYECKHUIl (HJTIOOPHUT, OKpaIlleHHBIH B Macce B 3eseHblH 1BeT. B moe
pacnopsxenne ObI0 MeperaHo HEGOMbIIOE YUCJIO0 OCKOJKOB 3TOIO0 MHHEpana,
BEIOUTEIX N0 cnafinoctu {II1I} nas onmpenenenus mpupoxst okpacku. Ilpenmo-
Jarajaoch, 4yTo OHA CBOUM TPOHUCXOXKJIeHHeM 00si3aHa TIPUCYTCTBUIO PEIKHX
3eMesb, B YAaCTHOCTH camapus, eBponus u urrepbusa [17,5]. Omxuaxo Tima-
TeJBbHO BBINOJHEHHBIE CleKTpasabHble ananussl A. JI. T'nasynoBofi moxasanu
TMOJTHOe OTCYTCTBHE B MP0OOaxX TOJNBKO UTO yKa3aHHBIX 9J1€MeHTOB.

IMepenaHublii aBTOpy MaTepHas] CHHTETHUECKOTO (HJIIOOPHUTA JJs HCCJIe-
NOBaHHUA OBLI TIpENCTaBJEH HECKOJbKHMMH (CHAaHHBIMH MJIaCTHHKAMH B 2—
3 MM TOJUIUHBI, BBIOUTHIX H3 OAHOTO M TOro 2Ke oOpasna. [loBepxHoCTb
OCKOJIKOB OTBeuaJ/ia COBepIIeHHOH crnaiHocTh mo okrasapy {II11} m Geuta roan-
KOH, a eBa 3aMeTHas peaKasi CTYNeHUaTOCTh Ha Hel mpocMaTpUBaIach yda-
CTHHKaMU JMIIb 1107 MHKpOCKomoM. BiokoBoe cTpoeHHe CHHTETHUECKOTO
ta00pHTa Ha MOBEPXHOCTH €ro CHafHOCTH He3aMeTHO, TOr/Ia KaK Ha MI0CKO-
CTH ONaHHOCTH €CTEeCTBEHHBIX KPUCTAIOB GJOKOBOE CTpoeHMe® HaG.iomaencs
YacTo naxke Makpockomuuecku. ITosTomy Ha TOHHOMeTpe OTpazKeHHBIH Jyd
ot cnafinoi rpamu {III} cCHHTETHYECKOro MIAaBHKOBOIO IIMATa HE MOKa3aJ
CKOJIbKO-HHOY/Ib 3aMEeTHOro pa3bpoca 'CUrHAMOB: OHM ObLIH YETKHE U eTu-
#nunble. Torna xak pas6poc curuamnos or {III} ecTecTBeHHBIX KPHCTAJIOB
BhIpaxKeH yerko [11]. :

Oxpacka OCKONKOB (CHHTETHUECKONO (BJII0OPUTA HEOXHOPOIHA, HEPaBHO-
MEepHO 30HapHAas W MATHHCTAaA. Tak, Mo Kpaio HIMHIPUIECKOrNO MITOKA OK-:
packa B mpenenax y3koit B 2—3 mm xa#Mbl GeclBETHA WJIM CJIeTKa CHHeBa-
Tast, 6JaeaHO-pHONETOBAS U faXKe YYTh PO30BaTas. 3aTeM OKpacKka KaiiMBI 1O
HanmpaBJ/JIeHUIO K MeHTPY LITOKA MOCTeNeHHO, HO BMECTe ¢ TeM OBICTPO CMeHSs-
eTCs Pas3InYHOH HHTEHCHBHOCTH CHHHM, CEPOBATO-CHHHUM I[BETOM, KOTOPBIi
TaK>Ke MOCTeNeHHO H ObICTPO CMeHsIeTCsT 3eeHbIM. 3e/leHast 4acTb GIoopuTa
OT 3€JIEHOBATHIX M JKEJITO-3eJeHOBATHIX TOHOB TOCTENEHHO CTAHOBUIACH TY-
CTO-3€JIeHOH ¢ TeM, YTO6 Ha HEKOTOPOM MPOTSIKEHHH TaKyKe MOCTENeHHO U
CPaBHHUTEJbHO OBICTPO CMEHHTHCSH CHHUM W CHHe-(GHOJeTOBHIM IBETOM Pas-
JTHYHOH HHTeHCHBHOCTH. B ofliem mecTpora oKpacku (GJIIOOPHTA TOBOPHT O
TOM, YTO UBETHOH MUTMEHT B M3y4yaeMbIX KpHCTAJIaxX pacrnpeseser KpaHHe
- HepaBHOMEPHO.

HsyueHne OCKOJKOB CHHTETHUYECKOro (JII0OPHTA TI0J MUKPOCKOMNOM [O-
Kasajo, 4YTO B HUX UMEIOTCS penkue, Hebosbumoi Beaudunbl (0,5—2 mn)

=B npenesiax OTAEJbHOTO 6J10Ka KpHCTaJJIa CJjaaramoliie ero KpHCTaJJUThl MPOCTPAHCT- .
BEHHO OpDHEHTHPOBAHBI, HO OJIHH 6JI0KH KpHCTa/Ja OTHOCHUTEJbHO IAPYTrHX 3aMETHO pasopHu-

€HTHPOBAHBIL. ITonoGuas pasopueHTanuss MOIKET OLITh JIETKO BHISIBJIEHA npH TOHHOMETpPHH
Kpucramia B popme pasbpoca curnanos rpanbio [11].
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«06JIOMKH» M HepaBHOMEPHO paclpe/esieHHble OTAe/bHble MJIACTHHKH Y Ye-
Wy#KH KpucTanaoB rpadura. «O6J0MKH» HenpaBUIbHOH (OPMBI MpPeaCcTaB-
JA10T co000# yelmyiuaThiif arperat npagura, BHIXBaYeHHBIH paclIaBOM MJa-
BUKOBOI'O IINata M3 CTeHOK rpacduroBoro Turias. Crenyer OTMETHTb, YTO
OKOJIO TaKHX «KYCOYKOB» HHTEHCHBHOCTb 3€JI€HOH U CHHEBATOH OKPacKu Mac-
Cbl CHHTeTHYeCKOTro (hII00PUTA 3aMeTHO BO3pacTaer.
Boapmas vacts rpadura Bo daoopuTe mpencrasaeHa KpUCTaSTHIECKH-
My uHAUBHAYyMaMmu padmepom 0,01 1o 0,0001 mm B momepeuyHuKe U MeHbIIE
rekcaroHaJbHOTO U TPUroHa bHOTO 00Juka (puc. 1). HacTh mx mpencraBiaena
MPaBUJIBHBIMH TIECTHYNOJBHBIME TOHKHMH macTuHKamu ¢ ppansvu {0001}
{1010} (pmc. 1, a). YacTp miacTHUaTBIX KpHCTaMIoB Hecer rpanu {0001}
{1011} mom {0001} {1011} {1010} (puc. 1, 6, 8) # B 3TOM TOCJAEHEM CayYae
; KPUCTAMIBl DpaduTa BHITIAAAAT B
"5 i 2 BUJIE YeJHOKa WM YeueBHLeoOpas-
a ! HbBIX 3epeH. M3penka BCTpeuaroTcs
KPHCTaJJbl IaHHOTO MHWHepaJja B
(popme KOMOMHALMHA JBYX BecbMa
ccxkateix ([0001] pombGosmpos ¢ rpa-
uamu {1013} {0113} (puc. 1, 2, 0).
Muorpa maacTHHUATHIE KPHCTAJJIbI
rpaduta HMMEIOT SBHO TPUTOHAJb-
bl obaux (puc. 1, e, 0, e, x).
Ouenb PenKo, Ha JUIACTHHYATBHIX
KPHCTAJJIaX  MOXKHO HabJI0JaTh
mrTpuxu cxonbkenns mo {1121}
(puc. 1, e). Puc. 1, o nokasbiBaer,
Kak CpacTaioTcs B OTAEJNbHBIX CJY-
yagx I[JacTHHYATble KPHUCTaJJIbl,
o6pasysi |[IBOHHUKH TIPOpPACTaHUS
rpadura. HMuorma rtabanuku Trpa-
¢dura B Macce daoopura obpa-
3yIOT mojgo0ue IenoukH, YJeHbl KO-
TOpO¥ JeXkKaT B KPHCTa//e-X03siuHe
HAa Pa3JUUHBIX YPOBHSAX, TMapan-
neapuwix {II1} (puc. 1, u).
Hepenku cayuau, korja xpas
TaOJUTUATHIX W YElIYHYaTBHIX KpH-
CTaMJIOB IO TMepH(pepUH OKa3biBa-
Puc. 1. Mopgonorus kpucrammros rpapura, OTCH HEPOBHBIMH, KaK Obl PBAHBIMH,
BKJIIOYEHHBIX B CHHTETHUECKHH (hJII0OPHT MSATBIMH H  pacllelJIEHHBIMH {110
cnafitnoctd. Ilnacruuuateie kpu-
CTaJ/Ibl MHOT/IA OKa3bIBAIOTCSA LIECTHAYYeBbBIMH 0Opas3oBaHUSIMH W NPUHUMA-
I0T XapakTep pa3HOOOpasHbIX JENeCTKOBHAHBIX MJHM po3eTyaTbiX (HopM
(puc. 1, 3; puc. 3) uian 06pasyioT MJIOCKHE CIBOHHUKOBAHHBIE KPHCTAJJIBI TH-
na aparonura. Ha moBepxnoctu (0001) miacTuHYaTbIX KPHUCTAJAO0B HEPEAKO
MOXKHO Ha6./1107aTh NMOsiBJeHHe OYropyaThiX HAPOCTOB HJHU BAJHKOB, HE HApy-
mammux B 0611eM CBOHCTBEHHONH UM CHMMeTpHH (puc. 3).
[Tepexonst K yTOUHEHHUIO TOJIOXKEHUsT TpadUTa B Teje MJIaBHKOBOTO LMa-
Ta, OTMETHM HHKECJeIyIONYI0 0COO@HHOCTh B CTPOEHUH camoro Garoopura,
BCKPBLITYIO aBTOpPOM 3T0il cTaTbi. CHHTeTHUECKUH (DJIIOOPHUT, MPOTPABIEHHBIH
COJITHOH KHCJIOTOH, OKa3aJjcsl CJAOXKEeHHBIM CIJIOIIb OTHeJbHBIMH MHKPOKpPH-
crajanukaMu (kpucrannuramu, no Kyspmuny [10], uau cy6MuKpOHaMH, IO
A. B. llly6uuxoBy [25]), B dopme KyGuxoB pasmepom B 0,015—0,0001 sn.
Tpasnenuio moasepranuch maockoctd crnaimoctd mo (I11) B Teuenue 3—4
4acoB, MOCJe Yero MOBEPXHOCTb TPaHH OKTasapa CIJIOWb [OKPbIBAJIach
TPEXTPAHHBIMH BBICTYNAMH U AMKaMH (pHC. 2), TPaHH KOTOPBIX OTBEYAJIH
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Puc. 2 a. Penbed TpaBsen-
woit moBepxuoctu (III) se-
JieHoro ¢Jaroopura, ycesiH-
HOH TpeXrpaHHBIMH BHI-
CTynaMd H SIMKaMH, OTBe-
yaiouiue TPeXTpaHHBIM
BeplIMHaM Ky0a MmjIaBHKO-
BOTO IIMara

Puc. 2 6. Peased TpaBiaeHHOI 1o-
sepxnoctu (II1) mpupomuoro Gec-
IIBETHOTO (DJIIOOPUTA, YCESHHBIN
6OJIbIIEM UYHCJIOM BBHICTYIAIOIHX
TpeXnpaHHbIX BepIIHH Ky6OB pas-
mepom 0,005—0,001 sem

Puc. 3. Mopdoaorus 3e-
peH rpaduTa, BKparJIeHHbIX
B Maccy Kpucrasia ¢Joo-
puta. PoTO mapaJiespHO
rpain  (III) d¢moopura.
Yeeauuenne 600 X




rpaHsM Ky6a, a 06pa3oBaHHbIe HMH BePHIIHHBI ObLIN BepUIMHaAMH Ky6a. ToJb-
KO UTO CKa3aHHOe B COBOKYIHOCTH SBJISIETCSI [DeaJbHBIM BBIpazKeHHeM HAeU
[arou, yT0 KPUCTAJIBI CIATAIOTCS «KUPIHUHKAMUI» HIU <<KOp[IYCKyJIaMII/I>> 1no
I'oiirency u M. B. JlomonoCOBY.

BrpoueM, 37a OCOGEHHOCTb CJIOKEHUsST KPHCTANI0B (B/II0OPUTA KPUCTAJ-
JUTAMH CBOHCTBEHHAa M MPUPOTHBIM KPUCTANIAM, B KOTOPHIX KPHCTAJTHTHI
mo pasmepam Mmeiabue (0,005—0,001 ma), a camu KpuCTaabl xedopmMupo-
BaHbl [ YACTO HECYT CJ0KHOe 6JJ0KOBOE CTPOEHHE.

Bce kpucrannbl rpadura B Macce IHIHHAPUYIECKOrO HITOKA CHHTETHUE-
CKOro MOHOKpHUCTaJaa (DJIIOOPUTA PACIONATAIOTCS MaPAIJIeNTbHO TPaHIM OK-
tasgpa (puc. 1, k) M CBOMM 3aKOHOMEDHBIM (PACMHOJOXKEHHEM B HEM HaMe-
YaI0T NOCJAeIOBATEIBHOCTL B (POPMHPOBAHMK BeCbMa TOHKOH 30HAPHOCTH (PO-
cra (puc. 4). 3aKOHOMEPHOCTb CTPOEHHNA 000X MHHEPAJOB HOCHT IMHUTAKCH-

Puc. 4. I'ycras sxpanJeH-
HOCTb KPHCTAJIMTOB Tpa-
¢ura B (DHOIETOBO-CHHEM
CHHTETHYEeCKOM (aroopure.
Bunumbie KPUCTAJIUTHI
pasmepom ot  0,008—
0,002 mm pacnoyararoTcs
napaJjjiensbHO I'DaHH OKTa-
sapa. Ysennuenue 300 X

anbHblid xapaxrep. To ectb B oOulem niaane Hanpasaexue [0001] rpadura
coBrnajaer ¢ Hanpasaenuem [III] ¢uaoopura. Pasmep auaronamu [I11]

(o]
cnpykryproit siuefiku CaF, omBewaer 9,45 A, toraa xax Co mias poM6O3apH-
(o]

yecko# PB-moam¢pmraumu rpacdura orsevaer 10,04 A [2]. Takum o6pasom,
nompaska B 6% BmoIHe JOCTATOYHA /I 3MATAKCHAJIBHONO XapakTepa Cpa-
cranus rpadura ¢ daoopurom [8; 24].

Onruyecku OOJNBUIMHCTBO MJACTHHYATHIX M UYEMIYHYATBIX KPHUCTAJJIOB
rpadpuTa B CHHTETHUECKOM (JII0OPHUTE IIPO3PAUHbI, OECIIBETHBI MM OKPalleHbl
B CBeTJ/IO-CHHEeBaThle WJIH CepOBATO-CHHUE, 3e/eHble Pa3JIMYHBIX OTTEHKOB I[Be-
Ta. Penkue moJsynpospauyHble WelIYHkKH Kaxyrcs OeneceiMu. Hempospau-
HBIMH B OINUCBIBA€MOM (PJIIOOPUTE OKA3BIBAJMCH JHIUb PeAKHEe KYCOYKH rpa-
¢buTa, BEIXBaueHHBIE U3 CTEHOK rpaduroBoro Tursas. KoHTypsl Tabauyex u ue-
uryex rpagura no CpaBHeHHIO ¢ (PIIOOPUTOM BechbMa uyeTkue (puc. 3), CBUIE-
TeJbCTBYIOIHE O TOM, UTO IOKa3aTesb IpejoMJeHus rpadura He Huxke 2,0.
B npoxoxsmem cBere [0001] onu, kak mpaBusI0, GeClBETHH UJIH CHHEBATHIE;
B OTPaKE€HHOM — MeTaJIndecku OJecTslive; B pa3pesax, NapaJsieNbHbIX
(0001), —msomponubl. B paspesax, mepnenauxyaspubix K (0,0001), rpadur
anuzorponen: Np(Ne) mapanamensno [0001], Nm(No) napanneasno (0001).
INneoxpouam sicuwiit: mo Np — cBeTso-cuHuil, mo Nm — cunuii. B oxpauien-
HBIX B 3€JIE€HBbIA I[BET CHHTETHUEeCKHUX (puarooputax miaeoxpousm no Np — Gec-
LIBETHHIH UK CJ1ab0-KeJaToBaTh#, o Nm — 3eJeHbld, 3eJeH0BaTO-CuHuH. M3
TOJIbKO YTO NPHUBEIEHHBIX JAHHBIX CJeLyeT, 4TO CHHeBaTo-(pHoseToBasA U CH-
HeBaTasi ¥ 3eJieHOBaThle OKPACKH (JII0OPUTA CBOMM NPOHCXOXKIeHHeM 006s3a-
Hbl JQHCIepcHo-paccessHHoMY rpadury. IlosToMy BIOJHE €CTECTBEHHO, YTO
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HHTEHCHBHOCTb OKPACKH ()IIOOPHTOB HCCJENOBAHHBIX 06Pa3lOB HAXOAUTCSA
B 3aBHCHMOCTH OT KOJIMYECTBA BKPAaNJEeHHOTO B IJABHKOBHI wmnaTt rpadu-
Ta: yeM Iylle OKpacka (I0OpHUTa, TeM BHIlle COfepxkKaHHe rpadura.

B oreuecTBeHHO# JTUTEPATYpe TIepBble CBEIEHUS O MPO3PAaUHbIX MJTACTHH-
yaTblx Tpadurax npuHanexar [1. T1. [Tumurenko u M. Y. Opemkuny, KOTo-
pble H3yyasd JaHHBIH MHHepasJ M3 TaJdbKOBBIX ciaHues 3abailkaabs [14].
H3yuenubli umu rpaduT OB MPEACTABASH MIACTHHYATHIMH M YellyHyaThIMuU
pasnoctamu B 0,5—0,0002 mm Tomugnael. HauGosee ronkue ma Hux 0,2—
0,0002 mm mpospaunbl. Ux noxasatenn mpesoMJIeHUs ONpeae/SeHbl aBTOpaMH
B '1,98—2,03 1151 KpacHbIX Jydeid. B TOHKHX MJacCTHHAX M UYEIMyHKax IBET
3a6alikaJbCKOr0 Tpa@uTa TEMHO-CHHUH, CHHEBATBIH, 3€/1eHOBATO-Cephlil 10
teMHo-3enenHoro. Okpacka ppadura To posHasi, To msatHucraa. ITo [aGepy,
npo3paunble yemyiiku rpacdura 8 0,002—0,0002 mn TOMUHHBI B TPOXOASALLEM
cBeTe 3ejeHoBaTo-cephle m N=2,00+0,04 [29]. A. P. V66emome u
®. A. Jlptowc npuBOAST AJas rpadura Gosee yrouHeHHbIe MOKa3aTesH mpe-
JoMJseHns, a umeHHo Nm=2,156+0,04 u Np =2,04 =0,04 {[19].

LIser oxpameHHoro (GJioopuTa B MOCAEIHHE T'OJAbl CTaJ CIeIHaJbHbIM
npexgmeroMm mccaenosaius, OxHako nmpobdaema OKPacKH MJIABHKOBOIO IaTa
OOJBIIMHCTBOM HCCJAEI0BATENIEH 10 HACTOSILero BpeMeHM CUUTAETCs Hepe-
mwenroi [15, 12, 7 m ap.]. TeM He MeHee HOCJaeTIOBATENH JAeNalOT OJHY 3a
APYrod MONBITKM HAWTH YACTHBle pelleHusi 3Toi mnpobseMbl, paccManpuBas
uBer (GIIOOPHTOB ¢ PA3THUYHBIX To3uiui. JluTepaTypa 06 OKpacke MIaBHKO-
BHIX IinartoB oOmmpHa., OrpaHHYUMCs. JHLIL KPATKUM PaCCMOTPEHHeM OT-
JIeIBHBIX OCHOBHBIX HAMpaBJAeHHUE, 00bACHAIOWAX Tak uan unave nsetr CaFo.

Hrak, onnma rpymnma mcciaegoBaTesed 1Ber (GaioopuToOB 0O0BACHAET Kak
CJ1e/ICTBHE MOIVIOIIeHHsT Y4aCTH CBeTa TOHKOIHCIeDPCHOH MEeXaHHYeCKOH MpH-
MEeChIO YTJIHCTHIX, KPEMHEe3eMHUCTHIX U IIHHUCTBIX BemecTB (B. C. Kopmuau-
ubie, A. A. UBanos ([9]) mau npucyTcTBHeM HeOOJBUIMX KOJHYECTB M30-
MophHbIX npuMeceii kenesza, mapranna (A. H. Bunuenn m I'. Bunuenn [5],
A. Ceppa, 1947). ITo B. U. Co6oseBckoMy, IpuMech Mapraiua o6ycaoBHaa
nosigjieHne (HONETOBLIX, TEMHO-(QHONETOBbIX M JUJIOBHIX [Pa3HOBHIHOCTENH
NMJIABAKOBOTO HINATa.

Hpyras rpynna uccienoBateneli LBeT (/I0OPHTa OGBSCHSET MPUCYT-
cTBHEM B HHX atomapHoro Kaasuus u ¢ropa (H. C. JlaBposuu, A. H. Bun-
uenn m I'. Bunvenn, A. E. ®epcman, B. M. Co6oneBckuit m np.). A. E. ®epc-
MaH B cBoell monmynaspHo# kuure «lIBera munepanos» (1936) mapsny co MHO-
TUMH TIPUYMHAMHU, 00YCIOBAMBAIOIIMMH OKPACKY MUHEPAJIOB, 0C060 OCTAHAB-
JUBAETCs Ha LBeTe MHHEPAJOB B 3aBHCHMOCTH OT COCTOSIHHS BO30YKIEHMUS
aToMoB 1 MOHOB [23] 6e3 M3MEeHeHMsi XHMHUECKOT0 COCTaBa M B OTCYTCTBUH
Kakux-a1u6o XpoModopoB, HO MPH YCIAOBHH TOSBJIEHHS, HANPHMED, B CHHEM
raJiuTe aToMOB HATPHsl, MPHCOSIUHUBIIETO K cebe 3MeKTpoH XJopa. B cyi-
Hoctd, 3to to, uro He-Byp (1937) nasBasn mentpoM oxkpacku, F-umeHTpom B

. KpucTaJJgax, BO3HHKAIOIIUX B (Pe3yJbTaTe JIOKaAJAU3AUUU 3JIEKTPOHA BOJIH3H

BaKaHTHOTO AHHOHHOTO y3Jja M HefTpanusaluu npu 3TOM HEKOTOPONo UHCIa
HOHOB HaTpud. [IpuMeHUTENBHO K MHHEPAJOTHH TEOPHUIO OKPACKH MyTeM BO3-
HukHoBeHusi F-wentpos menoab3oBajs C. M. Crumes [18] mis o6bscHeHHs
MOSIBJIGHMS] OKPACKH B rayiuTax, (JI0OpHTaX, CIOAyMEeHaX, KBaplle, MaKkMaHH-
Tax, aMas3oHMTax u Kaabuurax. [Tomo6Hoe BO3HMKHOBeHHUE F-1eHTpOB B yKa-
3aHHBIX (MHHepa/jax, (B TOM YHCIe M B KPHCTA/LIAX (DJIIOOPHUTA, MBICTHTCS
B TIPUCYTCTBHH PaJAHOaKTHBHOTO M3JTYYeHHUs, MCTOUHHK KOTOPOTO MOMKET Ha-
XOJMTbCS B CAMOM TIIABUKOBOM ILUTATE MM BHE €ro «rjae-HUOYIb TO COCe/-
ctBy» [118]. ITonaratoT, yTo B MPUPOAHBIX YCJIOBUSAX, HANPUMEP, OKpACKa ra-
JUTA NP 'PaUOaAKTUBHOM U3 TydeHHH 13oTona K4 MoxkeT NoABUTLCA 110 HUCTe-
yenuy 20 000 qer [15]. e

Onnako namHasi TEOPUS OKpAIIMBAHMsS (BIIOOPHTA HAXONUTCS B MPOTH-
BOpEUHH ¢ NeACTBUTENbHOCTbIO. Tak, HampuMep, (JIIOOPUTHI M3 MECTOPOIK/Ie-
yns Cyymnaim mmeloT 3oHapHoe cTpoenue. Ha puc. 5 mpencrasien oaun u3
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Mo v
m""ﬁ,,,%um MHOTHX 00pa3iUoB ¢ NOJO6HBIM 30HAPHBIM CJ/l0ZKe-

Wmmm“ﬁ” ------ m___ HHeM, KOTOpoe MOXKHO pa3OuTh Ha OT/HeJbHbIE 30-

3 gﬂ?yﬂgyﬁm‘“”% ‘_‘lv__ﬁ' Hel. Kaxnas 3ona, Hanpumep V, VI u VII, nauu-
y ) , 'W vil HaeTca MaJaoi 30HKOH (1), CJIOXKEHHOH TOHKO-
: o 3epHHCTBIM ~arperaToM 6eJOro W HPO3PavyHOTO
3 A ¢mooputa. OHAa TOKOHUTCS HaA TIOBEPXHOCTH, BHI-
;‘lm%nmgq'”‘";ﬁ : JIOXKEHHO HeonHHaKOBoﬁ BEJHUHHBI 3e/ICHBIMH
TEAAPGURTELY kpucrannamu (3) ‘moxcrunaiomeii sonsr 1V. Ha
B o o, 7 o i 3TOH 6eJsioil 30HKe (hOpMHpPYeTCs LBeTHas, B JAaH-
A .' . HOM cayuae 3enenas (2) sona V. Ilo mepe aBu-

T JKeHHs BBepPX pasMepbl KPHCTAJ/JIOB 30HBI yBeJH-

AR i YMBAIOTCS M NOBEPXHOCTb 30HBI V 3aKaHUMBAET-
—t CSl OTHOCHUTEJIBHO KPYNHBIMH KYOHUECKHMH KpPH-

crannamu (3) ¢aroopura. Uro Kacaercs OKpackH,
Puc. 5. 3oHasbiOe CTPOC 1y pper gejeHbli, B APYrHX CAYHAsX (HOMETO-
HHe IOJHXPOMHOro (HJII00- ,, ’
pATA. 30Ha HAUMHAETCH BBHIH, TI0 Mepe JBHMIKEHHS CHH3Y BBepX, OT OCHOBa-

GeciBeTHEIM (I0OpHTOM 1, HHS 30HBI K €e KPOBJe, I'YCTOTAa OKPaCKH BO3pa-
ee cmensier 3eneHast (2) craer. Ilpn mepexome x 3one VI HepoBHas mo-
3aBerae;g’:u{ (g’”o'““e' BEPXHOCTh 30HBI V, OOYC/JOBJEHHAsI BBICTYAIO-

wumu kpucraanamu CaF, (3), mepekpniBaercs
HayuHawomuM HoByio VII 30HYy Meako3epHHUCTBIM
OeabiM  (mpo3pauHbiM) (JIIOOPHUTOM, HA KOTOPBIH 3aTeM HakKJalblBaeTcs
IIBETHO} 3eJieHblHl NJIaBUKOBHIA mmnat, U 3oHa VII 3aBepiiaercss mosepxHO-
CThIO € BBICTYMAIOLUUMU HA HeH YaCTHYHO OTPAHEHHBIMU KPHUCTaaIaMH (JIo-
opura Ky6uueckoro obsauka (3). DTa NOBEPXHOCTb, KAaK H B TNpPeAbIAYIIHX
caydasix, pe3Ko MNepeKphlBaeTcss 30HKOH Oesoro (Guoopurta, HayMHAIONIEH
opopmaenue caenyiomeit, VIII sons u T. 1.

BemaTtpuBasice B Mo o6HBIe 3aKOHOME@PHO MOCTPOEHHbIe 30HaAJbHble ar-
peratel (JoopuTa, MBI JeJaeM CJeAyloliHe BbIBOABI: 1) pe3kue rpaHH-
(bl MEXKJy B0HAMH CBH/IETEIbCTBYIOT O HAJHUYHH HEKOTOPOTo TepepbiBa BO
BpeMeHH MeKJy KOHLOM (POPMUPOBAHMUS OJHOH 30HLI M HAYaJOM IPYro,
foJsee mo3aHei; 2) QopmupoBaHuie 30H QIOOPHTA HAYHHAETCH C OTJIOKEHHUS
3oHKH (1) MenkosepHucTono Gemoro (GecupeTHOro) GJIOOPHUTA, KPHCTAJIJIH-
3allisi KOTOPOTro, BUAUMO, HeT M3 MepechlleHHOro ([pacTBopa, 3aTeM ¢ Hava-
JIOM TIOSIBJICHHSI IBETHOH 30HBI CKOPOCTb (POCTa 3aMeMJIsercs, a K KOHILY
(OpMHUPOBAHUS 30HBI MOJHOCTHIO 3aTyXaeT; 3) LBeT KPUCTALIOB (JIH0OPHUTA
B Tpenesax KaxAoH 30HbBI 3aKOHOMEPHO H3MEHSIeTCsl OT ee OCHOBaHHs K
Bepxy. Taxk, B paccMaTpHBaeMOM NpUMepe 30HA HAaYMHAETCH C OTJIOXKEHHUs
Gesoro (mpo3pauHoro) aOpuTa, KOTOPHIH 3aTeM CMeHseTcs LBeTHOH,
NpHUYeM HHTEHCHBHOCTL OKPACKH YBENHUHMBA@TCS MO Mepe pocTa KPHUCTAJIOB
B 30He. MHorjaa B 1BETHOH WacTH 30HBI, HANPHMEP 3eJeHOH, MOXKHO BH/ETH
NosIBJIEHHe 30H BTOPOrO MOPsiiKa: y3kue (HOJeTOBble 30HKH B 1-—2 MM — B
3eJIeHOi M B (PHONETOBBIX YacTX 30H — TaKKe y3Kue 3esenble 30HKH. W3
HaGJIOIeHHbIX (PAKTOB ..CJEIYeT, UTO OKpacka (JioopuTa MOSIBHIACH OJHO-
BPEMEHHO C€ POCTOM KPHCTAJJIOB, a 3aKOHOMEpPHOe HM3MEeHeHHe OXPACKH B
npefesax 30HE TOBOPHT O TOM, UTO OOycJOBAHBAIOWMiI nBeT (JroopuTa
IMUTMEHT B HEM TOXKe 3aKOHOMEPHO KOJHYECTBEHHO H3MEeHSJICS C POCTOM KpH-
craana. To ecTb, €CaH TPHBJIEKATh K OOBSICHEHHIO OKPACKH Je(eKTH KpH-
CTaJIJIOB M JIOKAJIH3aIlHIO 3J€KTPOHOB, TO €CTECTBEHHO M0JIanaTh, YTO M YHCIO
F-1eHTpOB KOJIHYECTBEHHO BO3PACTaeT B COOTBETCTBUH C (POCTOM HHTEHCHBHO-
CTH OKPacCKH. '

Carenyrouias npynmna yueHblX OKpacKy (GJIIOOPHTOB CTABHUT B 3aBHCHMOCTH
OT BXOXK/I€HHS B MUHepaJ pelKuX 3eMeJb B BUe U30MOp(OHOH mpuUMecH, 3aMe-
maroulei B MIaBUKOBOM Irmate Kaabuui. A. TTummopam [15] okpammBanue
(arooputa OOBACHSET HAXOXK/AEHHSM B ero COCTaBe (pex/e BCero camapus,
eBponus u WTTepous. B moamsepxkaenue ckaszamnoro O. K. Kosmosa [6]
IPUBOJUT JaHHbIe MO COAEPKAHHUIO PEAKHX 3eMejb B IJIAaBHKOBOM LIMaTe
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PA3HUHBIX MECTOPOKACHHIT C MeJbi0 OUEHKI CHIPbS /5 MOJNYUeHHs CHHTe-
THYecKoro (aooputa. M3 JaHHON CTAaTbu CJe1yeT, UTO €e aBTOPOM H3y4YeHO
Gosiee 65 00pasOB M3 PA3HbIX MECTOPOXKAeHUH. M3 HUX Ha 1010 3ejeHo-
OKpameHHsX Gawoopuros npuxoaurces 31Y%, us xoropeix Toapko 18% mnartos
colepKaT caMapuil ¥ eBpomuit, ocrajbhbie 13% —TOJbKO eBponuil B CONpPO-
BOXKJeHUU ragoauHus. I'pynma ¢uoseToBbX (IIOOPUTOB, CHHHX M PO30BBHIX
cocraBaser B cpeaneMm 38%, u3 koropbix 9Y daooputoB comepxar ca-
mapwuii, 259% — ToabKo eBponuil ¢ raxosuHueM. becuserTHble u Gesble mJa-
BHKOBBIE INNAThi OT OOLIETO YHC/Ia H3YYeHHbIX O. K. KosaoBoit cocraBasior
31%, u3 Hux 6% coaepxar camapuii M esponuii, 25% — eBpOMNMi, TaL0IH-
HUH, TepOHi M JUAUMUI, mpryeM B OeJbiX 1 OeclBeTHHIX (DJIIOOPHUTAX 10 CPAB-
HEHHUIO ¢ OKPAalIeHHBIMH 3THMH IPUMECSIMU COASPKHUTCH B BHICOKHX KOHLEHT-
pauusax: camapusi — 0,8-1073%, esponus —1,1-107%, ragonunua — 2,0—
2,6-1073, rtep6us 2,0-1073 u awmumus 1,4-1073, Anaam3 MarTepuanoB
O K. KOSJXOB‘OH [6] we paer ocHOBaHMii CUMTATH MOSABJEHHE 3€J1EHOH OK-
packu, o6yC/IOBJIEHHOl TPHCYTCTBHEM TOJNbKO camapusi. IHTeHCHBHOCTH OK-
packu (GAIOOPHTOB He HAXOAUTCS B COrJIACHM C COASpKaHUeM B HHUX caMma-
pHs.

IkanepuMenTanbhble wecaenoBanns M. B. Crenanopa m [1. I1. ®eodu-
JIOBA, TIOCTaBJIGHHble C IeJIbl0 [0Ka3aTh, YTO BHHOBHUKOM 3€JIeHOH OKpPaCKH
(haroOpUTOB ABJASIETCS ‘CaMapuil npu ero AobaBkax B muxty CaF, B Kommye-
crBe 1075—107*9% B npucyrcrBuu rpaduroBoro nopomka oxosao 1072 2. Ilo-
JYUeHHBIH B Pe3yJbTaTe ONbITa CHHTETHUECKUH (HII0OPHT OB OKpalleH B 3e-
nenblit nser [31]. TTo3anee COBMECTHBIMH HCC/T€LOBAHHAMH [0 BbipallHBa-
Huio cuHTeTHYeckoro CaFy B yC/JI0BHSIX BOCCTAHOBHTEJBHON Opeabl ¢ 100aB-
Kol B mmxTy okomo 0,1% oOT Beca BBIpAll@HHOTO KpHCTaJaa TpadHuTOBOrO
BEIIeCTBA M PEAKHX 3eMeJp |(camapws, eBpomus, HUTTepOHUs) B KOJHUECTBE
okosio 10729 B opme ¢ropunos M. B. Crenanos u M. Tl. ®uoduaos mno-
JYYH/TH MCKYCCTBEHHBIH OGeCHBETHDIH | TPO3paUHbIH ¢aoopur. menno B
TAaKOM BHJIe ero o0pasiibl nokasanbl Ha (oronpaduu aBTopos [17]. IToayuen-
HBIH MMM CUHTETHYECKHH (JII0OPUT comeprkaJ JABOSIKOTO Pojia TMPHMECH C H30-
TPOTIHBIMU M AHH30TPOMHBIMM cBofictBamMu [17], KOTOpble OKa3aJuCh KPH--
crannamu npospaunoro rpadmura (A. K.). Takum o6pa3om, MONKHO CUHTATS,
uto H. B. Crenanos u M. I1. ®uodpunos [17] u O. K. Kosnosa [6] noxasa-
a4, yto TR, npucyTcTBysl B NMJaBHKOBOM ILNATE, HE SIBJSIOTCS BHHOBHHKAMH
HX OKPaCKH.

HMwmeercs eme oxana npynma ydyeHBIX, KOTOpas aJJIOXPOMHYIO oxpaCKy,
Hanpumep, OYPBIX M JKEJATHIX KaJbIHUTOB, /[BIMUATOTO KBaplla H MOPHOHA W
JPYTHX MHHEpPaJoB OOGBSCHSNA TMPUCYTCTBHEM B HHX OPraHHUYECKOrO Belle-
crea [4, 1, 23, 9]. Oco6eHHOCTBIO TOJBKO UTO YKa3aHHBIX MHHEPAJOB FIBJs-
JIOCh TO, UTO OHHU Mpu HarpeBaHuu B mperenax 100—600°C serko obecre-
UHBaJuCh OJarofaps ero cropaHuio I[5] nau ero mcnapenuio [9]. dxcre-
pumentel A. M. Kyspmuna mo o6eclBeuHBaHui0 MPO3PAUHBIX JKEJNTHIX, OY-
pO-XKeaThX, O6YpHIX, (PHONTETOBBIX, PO3OBLIX CHANWHBIX KYCKOB TYPYXaHCKOTO
mmara M IINaToB M3 JAPYNHX MECTOPOXKIeHHIi -MOoKa3alu, 4To MpH HanpeBa-
HuM mx B npenenax (125—180°C w Bbilre yrJeBOAOPOAbl MPUXOASAT B JBHIKE-
HHe, YaCTHYHO OHHU, HCMAPSASACh, KOHIEHCHPOBAJIUCH B TPUMNOBEPXHOCTHOI
YacTH KPHUCTANJIa B BUJE TOHKOH MaCHSHUCTOH 6ypOH MIEHKH B0 TPELLHH
CHaffHOCTH M B OTCJOEHHBIX [0 CHAfHOCTH YyyacTKax MuHepasaa. Ilpu
6BICTPOM HaANpEeBaAHUHU KeJThle KAJbIUTH CTAHOBUAMCH OVPbIMH BCJIEICTBUHE

- OCMOJICHHSI TSKEJBIX 6GHTYMOB. MOpHOHbBI ‘06eCliBEUHBAIUCH TPH HAFpPeBaHUH
B npenenax 400—800°C. ITpi MeaIeHHOM HATpeBaHUH LIIO (paKIHOHUPOBA-
ile YIJ1eBOJOPOAOB, X yAajieHHe TyTeM HCIapeHHs H3 TesJa KPUCTAJJIOB H
OTYACTH IO KOH/IEHCHPOBAHUE TAXKENBIX OUTYMOB Ha MOBEPXHOCTH KpPHCTaJI-
Ja B Buae OypbIX IJIEHOK, KOTOpble moToM .Hcuesnu. [lpu 6GbicTpoM mHarpe-
saHmu 10 '800°C KpHUCTaIIbl JOMTATHCh €O B3PLIBOM M PasJeTaIiCh Ha MeJTKHe
OCKOJIKH, 'KOTOpbIE B TeueHne 4—>5 qeT ocTaBaiuch 6eClBETHHIMA.
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B Xafinapkanckux <aoopurax yepHo-(pHOJETOBBIX, CBETJIO-()HOIETO-
BBIX U OeCUBETHHIX Pa3HOCTEell CIeKTpaJbHBIMU aHaJAu3aMu ObLIO YCTaHOB-
JeHo mpucyrctBre Mapranma (0,003—0,29%), turama (0,001—0,003%),
menn (0,003—0,3%); Obl10 TaxkkKe YCTAHOBJIEHO TIPHCYTCTBHE LE€pHUS, JaH-
taHa, urtpus (0,003—0,0005%) [12]. Kpome Toro, GBLIH NpOBENEHBI CIELHU-
aJbHbBle MCCJAEJ0BaHHsi Ha CoJepikKaHue yrjaepojaa M Bojaopozna. B gepHo-¢pu-
ojetoBom Guioopure Oblio ycranosaeno: C — 0,33 mw H — 0,37%, B cBer-
Jao-¢puoseropom —IC — 0,16 u H—0,73 u 8 6Gerom —C—0,09 u H—
0,019% [12]. IIpu obecuBeynBanuu yepHo-(uoseTOBHIX (ioopuroB u3 Ce-
BepO-Enuceiickoii Tafiry Takxke HaO0JI01al0Ch MOsBJAEHHe OypHIX TJIEHOK
Brosib Tpemun crnainoctu. Hepenko ¢uoopecuenuuio ¢a0opuTOB, 0COOEH-
HO 6ypBIX, 00BACHSIOT TIPHCYTCTBHEM B HHX OpraHHYeckoro BemiecTna [28].
Okpacka TeMHO-(HOJIETOBbIX (JIAaBHKOBBIX mmmnaTtoB mo dopay obszana
npucyTcTBuio yraesogoponos [28]. Xabepaaux [20], Mionnep [31] unTen-
CHBHOCTb OKpack# u (JroopecieHnuo (IOOPUTOB CTaBAT B 3aBHCHMOCTb
OT CONEPKAHHSI B HUX JMHCIEPCHO-PACCESTHHBIX OMTYMHHO3HBIX TIPOAYKTOB.

B CBsI3u CO CKAa3aHHBIM HEBOJLHO BO3HHKAeT BOIPOC, UTO CHOCOOCTBYET
yJaJeHHI0 IPH HaDpeBAHWM Ta30BO-KHUIKHX BK/IOUeHHI n3 munepanos. Ho
ylaneHue ra30BO-XKHIKHX BKJIOUEHH MOXKeT NMPOHUCXOAUTh M 0e3 Harpesa-
pus. YacTHIMH TIPUMUHAMH, CHOCOOCTBYIOIIMMH YIaJE€HHIO T'a30BO-KHAKHX
BKJIIOUEHHH, SBJSIOTCS TPELIMHBI, KaK 3TO MMEJO MecTo mpu obecuseyHBa-
nun MopHoHOB. Ho mMerorcsi ofiime HMPHYUHBI, CIOCOOCTBYIONIHE YAATEHHUIO
MONBMKHHIX cpeficTB. Tak, kpucrainsi, no A. B. Ily6muxosy [16],
JI. H.OpuunnukoBy (1951, 1952, 1959) u A. M. Kysbmuny [10, 11], siBasA-
I0TCS B TOH MM HHOM CTENeHH TMOPUCTHIMH B CHJIY TOTrO, YTO OHU CTPOATCH
B Tpomecce KPHCTAAJIM3AlUH KPHCTALJIHTAMH ((CyOMUKpPOHAMH, IO
A. B. lly6HuKOBY) pasJuyHON BEJHYHHBEl H He BCerja yK/JAaAblBalOTCsA Hie-
aJbHO IJIOTHO M NPOCTPAHCTBEHHO flapasielbHO OTHOCHTENBHO APYT Jpyra.
Bce 3T0 BMecTe B3siTOe 0OGYCJOBJHBAEeT MOSBJIEHHe B KPHUCTAMIax pasiavy-
HOW BeJaWuHHBl TOp, kaHasnoB u cBuieir [9, 10], B KoTopeIx B mpolecce
KPHCTA/JJIH3ALWH 3axBaThiBaeTcss MaTouHelll pactBop. Tlpum HarpeBaHuu u
NaBJEHHH Te Ke TOpPhl M KaHaJbl, TaKk M/IH HHAYe TeCHO CBSI3aHHBIE MEXKIY
co6ofi, croco6CTBYIOT YIAJEHHIO Ta30BO-XKUAKHX BKJIIOYEHHH, W OHH Ke SB-
JS0TCA TYTSMH TMOBTOPHOTO 3aTOJHEHHSI TOpP H MYCTOT SNHTeHEeTHYECKHMH
rasoBo-KUAKUMU OoO6pazoBanusMu. [TosTOMy BNOHE €CTECTBEHHO OKHIATh,
4TO TOABHMKHBIE Cpeapl MOTyT OBbITh VaJeHbl M3 'KPHCTANJIOB MOJHOCTHIO
WJIM YacTHYHO. B 9TOM MOCHeaHeM C/Ayduae OCTABIIMECS B KPHCTAJJe yrje-
RONOPOMAbI MOJ JEHCTBHEM JIYYHCTOH SHEPrHH B TIPUCYTCTBHH KHCIOPOJA
MOTYT TIOBTOPHO OCMOJIATBHCSL U TeM CaMbIM BHI3BATh BHAHMOE OKPAllIHBaHHE
KPHCTAJIJIOB.

B 3axmioueHne Halleii CTaTbH KPATKO OCTAHOBHMCS Ha OKPAcKe SKYyT-
CKHX a/JIMa3oB, MPHUPOLA KOTOPBHIX JO CHX TOP OCTAETCS HEeACHOH M IO CBOe-
My XapakTepy HamoMHHaeT Okpacky aioopuros. Hambosee pacmpocrpa-
HEHHBI B a/IMa3ax 3eJIeHBIH [BET PA3JHYHBIX OTTEHKOB OOBSICHAETCS MaJibl-
MH colepKaHHAMH npuMecu xemaeza [26]. duoseroBble oxpacku aamasa
Pa3JHYHBIX OTTEHKOB H TYCTOTHl CUHTAIOTCS HE 3aBHCSAINUMH OT IPUMECH
J)KeJse3a, HO MO aHAJOTHH TIPUPOJAL OKPACKH BUIIHEBO-IBIMUATHIX aJIMa30B
.¥pana [27] ykasaHHble [BeTa MOTYT GBITh OOBSICHEHH MPUCYTCTBUEM B HUX
TOHKO nucrnepcHoro rpagura. B naTHucTo oxpameHHBIX anmasax, mopdo-
JIOTHYECKH CJOXKHBIX KPHCTAJJIHYECKUX OOPa30OBAHUSAX 3eJIeHbLle, CHHEe-3eJe-
HBle, BIMYaThle 1 Oypble OKPACKH CTaBSITCS B 3aBHCHMOCTH OT NPHCYTCTBHS
rpadura, BKIIOUEHHS] KOTOPOTO HauGojee HaCThl B SIKYTCKHX anmasax [26].
B srom cayuae rpadut B GpopMe OKPYIVIBIX JIHCTOYKOB, MJIACTHHOK, PO3ETOK,
XJIObEeB U MeJbYaHIINX JHCNEePCHO-PACCESTHHBIX UACTHYEK BKpAmJjeH B Mac-
cy anmasa u pacnpenensercs B napamnensubix {III} mmockocrsix pocra. As-
TOPHl «AJIMasHBIX MecTOpoxkaeHuit Skyruu» [26] B cormacuu ¢ A. A. Kyxa-,
peHko [27] rpaduT B asMaszaXx paccMaTPHUBAIOT KaK  IMHIEHETHUECKOE
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BKJIIOUEHME, C 4eM e/[Ba JIH MOXKHO COIVIACHTBCS: ajiMa3 U rpadur ABASIOTCH
CHHTI€HeTW4eCOKHMH 00pa3oBaHHSIMH.

Mrax, npuunnbl nosiBleHUsi OKpacox (ioopuTa U ajMasa MHOroobpas-
Hbl, OJHaKo OObIYHble JJsi HUX OKPACKH TE€CHO CBfI3aHBl € HaJMYHeM B HHX
BKJIIOYEHHH rpaduTa M yYIVI€BOJOPOJOB B PA3JHYHOH CTENEHH IHCIIEPCHOCTH.
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