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METO)lbl Ml.fHEPAnOrHqECKHX HCCnE)lOBAHHil, 
JJ,I.fAfHOCTHliECKHE fiPH3HAKM H KOHCT AHThJ MHHEPAnOB 

METOAblHCCnEUOBAHHH 

np11 na6oparopHoi1 o6pa6orKe o5pa3uoe, oro6paHHbtX e xot~e npoeoA11BWI1XCR HBMI1 noneabJX 11Ccne­
AODBH11H aHrponoteHa Ky6bl, oco6oe BHI1M8HI1e yt~ennnocb A11arHocT~otKe TOHKot~KcnepcHbiX lot cnOI1CTbiX 
(rllKHI1CTbiX) 81110M0Cioti111K8THbiX M1111epai10B 11 M11HepanbHbiX o6p830B8HI1H M8TOAOM peHTreHOAM¢paKTO· 
M8Tpl1~ecKoro . 8H81lK33. not~8BI1RIOLUee K011H'IecTBO onpet~efleHI1H 61>1110 Bb11l011H8110 Ha peHTf8HOA1ot¢paK· 
roMerpe YPC-111 -M. l-1cnol1b3oaaHo CuKa1, 2 ·1131ly~eHIAe, . ¢HnbTpoeaHI1oe HI1KeneM. CKopoc Tb epaLU8H11A 
c~er~11Ka Kaa11roa rHna MCTP-4 cocraannna 2 ° 28 a MHH. B r11n1A~HbiX ycnoe~-tRx pa6oTbl annaparyp1>1 H 
¢11KCI1poeaHHOM nono>t<eli1111 :-oH~-toMerpa nony~!:Hbl peHrreH0.£1114JpaKrorpaMMbl t~nR scex o6pa3uoe. 
cflp8KU~-tl1 < 0,001 MM B B11A8 o p t.lllHTI1pOBBHHbi X npenapaTOB B r pex COCTOAHHAX ~ BOJAYWHO·CyXOM, 
c 3T~-ti18Hfn11Ko11eM lot npoKaneHHI>IX np11 550°C. B Heo6xoAI1MI>IX cny~anx CH11Mani1Cb o6pa3Ubl nocne 
npOK811HBaHI1A AO 300°C. AnR MHorl'lx o6pa3uoe nony48Hbl, KPOMe roro, peHrreHOAI1¢paKrorpaMMbl 
a npeAenax 28 = 57- 63° or nopuwKoabiX npenaparoe, AnR 113Mepei111R 3Ha4eHt.~i1 d 060 npE.'o6naAa10 Ll\ ~-tX 
.:jla3. ,[InA 01lP81l8118HI1R •1Ht18KC-8 CTPYKTYPHOi1 ynOPAA0~8HHOCTI'I KaomtH11TOB, no X11HKI111 . [ Hinckley, 
1965J , Ar.R PAA8 o6pa3UOB npOBOA11nacb Co8MKIJ peHTreHorpaMM or nopO!"KOB 8 np8A8118X 2tJ = 18-
260. noi11AM8PHL I8 MOA1Acflt.IK8UI1H cntOA T8M, rAe 3TO 6btno B03MO>t<HO, onpeA8!1RI11!JCb no nOpOWKOrpaM-
M8M a npeAe11ax 28 ~ 16-35°. · 

6onbWBA ~acrb onpen.eneHI11ii or nopowKOBbfX npenaparoe, a raK>t<e onpeAeneH~<~A MHHepanoe, rpe6ytO­
LU11e pa3p8W8HHA 6J1M3KIIIX 110 3Ha'I8HI1f0 d/n pe<j>11(!KCOB, T8KHX, Hanp i1M ep, K8K fi'I66CI1T, 6ai'fep~-tT, HO!)A· 
crpaHA~-tT, npoaOAI1J11<1Cb Ha annapare APOH-2,0. ' 

B uenr.x o6ecne'leHI1R 11eo6xaAIAMOi1 ro~11ocr~o~ 113MepeHI1H din np~< o npeAeneHI1H MI1Hepanoa rpynnl>t 
Kap60H8TOB, B OC06eHHOCTI1 np11 HA8HTI1tPI1K8UH11 M8fHB3118J1bH biX Kani>U11TOB 11 np0TOA0110,MI1TOB, pa3· 
IlV,'IHbiX no COA(!P>t<aHI110 MarHe3<'~81lbHOH COCTaBnAIOLU8H, npOBOAI1118Cb peryllApHaA npoeepKa IOCT~-tpOBKH 
np~ot6opa no rOHKapacrepTbiM nopowKaM HcnaH.QcKoro wnara 11 Keapua. npaKTH~ecKI1 ecerAa 6~>ma 
B03MO>t<HOCob, KPOMe TOfO, npoeepKTb TO~IiOCTb 113MepeHI1H 00 BHyrpeHH8My CT8HAapry, K8K08biM 8 
6onbWI1HCree cny~aea 61>111 Keapu. 

Bbt6op MeTOAOB, npHeMoe 11 pelKI1MOB pa6arbt annapatypbt onpen.enAnCI'l ABY IVIA rl1aBHI>tMI1 o6c;on ­
rel1bCoSaMI1. Bo-nepabiX, crpeMneHI18M no11y~I1Tb conacraei1Mbte Me>t<AY co6oi1 ABHHbte AJ1A r nHHI1CrbiX 
MI1HepanOB BO QlP8KUHAX < 0,001 MM B I'ICXOAHOM COCTORH11&.!, T.e. C p eHTf(!H08MOp¢HOH COCT8BJ1AI011.18H 
¢lpaKUI1H. Bo·eropbtX, l!<enaHHeM o6ecne'II1Tb ·Aocrar04HO n.eral1bHYIO xap aKrepHCTHKY ¢la3oeoro cocraea 
TOHKOAI'ICnepCHOfO MarepHalla 11 CTpyKrypHbfX OC06BHHOCT(!H OCHOBHbiX M11Hepai10B. nony~eHHbl8 o8KHM 
06pa30M Marep11an1>1 COCT8BHnH OCHOBHOH 06oeM 11HtPOPM8UI11'1 0 QJ830BOM COCTaBe QJP8KU11iit <0.001 MM 
'laTBepT&.!~HbiX OTnOl!<eHHiil 11 KOP BbfB8TpHB8HI1A. n oCKOnt.KY pe>t<HMI>I pa6o1bl annaparypbf He 113M8HR· 
llHCI>, 3TO A88T BOJMOlKHOCTb npRMOrO COOOCTaBn8HI1R A11¢paKU110HHbiX Kapri'IH He TOnbKO no 3H8~eHI1RM 
d/n, HO 11 no HHTeHCHBHOCTRM. 

8 rex cny'laRX, KOfA8 11.£18HT11¢HKBUIIIR ¢a3 no ynOMRHYTOMy BbtWe KOMnneKcy A8HHbf X 6bflla 38TPYA· 
HI1T(!JlbH8 BC1l8ACr6118 CJ111UJKOM BbiCOKOfO COA8P>t<BHHA peHTf(!H08MOp¢HI>IX C0(!AI1H8HI1H 1'1111-f (!CflH 6bfl10 
He06XOAHMO noriy'lt.llb 6onee AeT8J1bHYIO xapaKrepi1CT11KY K8KOf0·11H60 KOHKP8THOrO MI1Hepana, npo 
BOA111l6Cb peHrreHOC"b(!MKB OT npenapa;oe, npeAB8pl1rellbHO o6pa6oT8HHbiX C nOMOll.lbiO M8TOAOB M3pa­
A>K8KCOH8 [Mehra, Jackson, 1960] 11n~<~ Xac~o~Moro-Al!<eKCOHa [ Hash imoto, Jackson, 1960]. MerOAOM 
M3pa-A>t<eKCOHa c naMOll.lt.fO A11TI'tOHI1T·Il11MOHHOKI1Cnoi1 CI1CTeMbf c 5y¢lep HbfM pacreopoM 5HKap6oHa;a 
HaTPKR 113 npeneparoe yAanRIOTCA "cae>t<~<te" peHrreHoaMOPQJHbfe ri'IAPOOKI1Cnbl >t<eneJa ~o~, no·BHA~<~MOMy, 
aniOMI1HI1R. B M8ToAe XaCI1MOTO·A>t<eKCoHa ~otcnonb3V8TCR 6btc;poe Kl11lR'IeHI'Ie e pacrsope NaOH. C ero 
naMOll.lbiO 113 ¢paKUHH yAaoRIOTCA ·:Jacrapenbte'' peHTreHOaMop¢Hbte coeAt.~HeHHA antOMHHI1A "' KpeMHHA. 

AnA orO>t<AecreneHI1A PAlla rni1Ht.ICTbiX " rOHKOA~<~CnepcHbiX MHHepanoe, e 48CTHOCTI1 xnop11roe, 
6eiiit~ennl1ra 11 Apyr~o~x, np11M8HAniACb o6pa6orKI1 ¢paKUHiii a ropn~eiii 10%-Hol\ HCI, a raK>Ke H8CbiLU8H11e 
ni1TH8M, K811118M, Harp11eM 11 K8nbUI1(!M. 

llHAfHOCTHKA MHHEPAflOB 

Al1arHocr~-tKa M11Hepanos o cHOBbtaanacb Ha 11x onTI'I4ecKI1x ceoiiicr eax. 11 AattHbiX ¢VIJI1'1ecK11X Mero­
AOB: p8HTreHOAI1¢paKTOMerpO!'IeCKOf0, repMt.<~eCKOfO 11 li!K-cneKTpOCKOni1'1(!CKOf0, C0ri18CHO np113118K8M 
11 KOHC1'8HT8M , lotM8fOlUHMCR B cneu~<~anbHOiit 11 CnR8BO'IHOi1 I111Teparype [ 811114enn , 1933; rop6yHOB H AP·• 
1952; BHH'Ienn, B1111~enn, 1953; MeraAbt 11Jy'<eHI1R ... , 1957 ; WrpyHU, 1962: 6payH, 1965; Kocroe, 
1971 ; rpaAycoe, 1976; ApVIU, CaxapOB, 1976]. B pa6ore paccMaTp11B810TCA M~-tHepanbl cneAYtoll\HX 
Kll8CCOB: CI<!J1KK8Tbl, OKI1Cnbl npoCTbl8 VI CllOIKHble, rH.QpOOKI1Cflbf, Kap60H8Tbl, cynb¢8Tbl 11 ¢ oclj)aTbf. 

CHmtKaTbi 

PaCCMa Tpt.IBaiOTCR MHHepal11>f, OTHOCRll.IVIecA np8KTIA~8CKI1 KO eCeM OT.r,enaM 0 6 WI1PHOrO Kll8CC8 CVIJ111· 
K8TOB: CJ10HCTbl8, K8pK8CHbf(!, CflOVICTO·Uen0484Hbl(! t1 uen0'18~Hble 11 OCTpDBHble. 
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C I IOUCTI>le CU!luKaTbl 

CnoHCTbte cl-tnHKaTbl - OAHa H3 HaH6onee w~<~poKo pacnpocrpaHeHHbiX rpynn MHHepanos a 'lersep·rl'l't · 
HI>IX orno)l{eH~<~A X Ky61>1. OnpeAeneH~o~e 3TI'IX MHHepanos rpe6oaano KOMnneKCHoro np~<~MeHeH~<~A MeTOAOa: 
11erporpa¢~<~'1BCKoro, peHrreHocrpyKTYPHOro, repMII!'teCKoro, IAK-cneKrpocKonH'IecKoro.., XHMII!'IecKoro. 
IIIK-cneKrpocKonH'teCKHiil MeTOA o6n3arenbHG npHMeHnncA AnA HAeHr~<~ljJHKai.IH~<~ Mf.fHepanoe KaonHHosoiil 
rpynnbl 8 TOM Clly~ae, OCillol OHH np~<~CyTCTBOB81llol 8 He60nbW~X KOilH'IecTBaX B llOfli'IMioiHepanbHbiX lj:JpaK· 
I.IHRX 1'1111'1 BO lj:JpaKUHRX, 6oraTbiX pBHTreHOCIMOpljJHbiMiol KOMI10HBHT3Mio1 o 

rpynna K30JJHHifT3, MeTarannyaJHTa, annolj:JaHa 

KaonuHuT- 6ecuserHble 'lewyiil'laTble arperarbl c Nm = 1,559- 1,569; Ng-Np = 0 ,0060 XapaKrepH­
Jyercn CIIAAMerpH'IHbiMI>l Alo1¢paKI.IIo1!lHHbiMH n~o~KaMH c din nepaoro 6a3ant.Hor o pe¢neKca s npeAenax 
7,16-7,18 A, eroporo - 3,58-3,56 A 1'1 orcyrcTal>leM o6LUII!X pe¢neKcoe. Pecf>neKC.bl MII!Hepana ~<~C'!e-
3atoT nocne npoKanHBaHI>lR AO 550°C. Ha TepMorpaMM<!X ~<~MeerCA OCTpbiH 3HAOTepM1'1'10CKHiil OHK npH 
580- 600° H 3K30TepMH'tBCKHiil- npH 980- 100o<'C, a Ha JI1K-cneKTporpaMM3X AY611BT B o6naCTII! BalleHT· 
HbiX Korie6aHHiil (OH) -rpynnbl ' np1o1 363 0 1'1 3700 CM -I o npo¢Hili> nHKOB Ha AH¢P3KTOrpaMM8X 60ilb· 
UJHHCTB8 HCCilBAYBMbiX KiiOilHHHTOB HI'I3K1>1iil, Tynoiil 1'1 Wlo1pOK11iil, a I'IHABKC CTPVKTypHOiil ynOpRAO'ieH­
HOCTH, no XloiHKilH, ·COCT3BI1ABT 'la(Ue acero < 0,2, pe)l{e 0,2-0,4, 'ITO xapaKTepHJYBT KiiOili'IHHTbl KaK 
Kpai/IHe HeynopA;J,O'IBHHbiB Hlllo1 nnOXO ynopAJIO'IBHHbleo 

Meracannya3uT - ~o~JorponeH "'""' n~o~ulb cna6o Aeiilcrsyer Ha nonRpHJoeaHHblj;i ceer c N = 1,549-
1,561. PeHrreHOMeTpH~eCKH AlllarHOCLIHPYBTCR no . w~o~poi<HM ac~<~MMerpiii'IHbiM 5a3anbHbiM orpa>t<eHHRM 
npH 7 ,18-7,35 A .., 3,55- 3,52 A npH o 6R3aTellbHOM HanH'IHH Ha peHrreHorpaMMax or opl>leHTHpoeaHHbiX 
npenaparoR o6LUero pe!jlneKca c 4,4 A, BbiCOTa Koroporo cocraenF!eT He Mettee 1/4-1/ 3 SbiCOTbl Ka>t<AOro 
H3 6a3allbHbiX pe¢neKCOB. npH HBC!>ILUI!HHH 3THileHrniiiKOJleM H HarpeeaHHH AD 1QQ-2Q0°C d001 'la~e · 
Bcero OCT38TCA nOCTOAHHbiM, HO I'IHOfAll yeem1'1HB8BTCR (npH H8CbiLUBHio1H 3TI1!1BHrJ1HKOileM) Ill COKP8· 
LUaercA (nor.ne npoKanHaaHMA AO 100-:W0° C) 0 Ha repMorpaMMax HMeercA 3HAOJ¢¢e~<r 140- 150°, 
3CIIIMMe-rplol'iHbli\ 3HA03¢!jleKT npH 550- 570° 1'1 3K303<j)¢eKT nplol 900- 920°C. . . 

AnnoifJaH - 6eCI.IBeTI'Oe 1'1111>1 oKpaweHHOe rHAPOOKio1cnaMH >t<eneJa HaorponHoe eeLUecreo c N = 1,47-
1,510 PeHTreHOaMop!jleH. Ha repMorpaMMaY. o 6bi'IHO Aaa :~¢cf>eKTa : 3HAOrepMH'IecK..,j;i npH 150° "'3KJO­
r epMH'Iect<Hi1 npH 900-920° Co 

f pynna cepneHTHHa 

AHruzopur - nnacTHHbl 6ecuseTHbte HllH JeneHoeaTble c Nm = 1,57; Ng- Np = 0,0110 Ha repMorpaM­
Max MI/IHepana eCTb ABa 3HAOTepMH'IBCKHX J!jlcf>eKTa llpH 140-150 H 720-730° H OcTpblH 3K30TepMH· 
'iecKHiil 3<P¢e1<T llPIII 840-860° C. 

Xpu3orun - 6ect.~eeTHble "'""' 3eneHoear~•e aonoKHHCTble nnaCTHHbl c Nm = 1,54; Ng-Np = 0 ,013. 
Ha repMorpaMMaX rpH JHAOTepMIII'iecKHX J¢¢eKra npH 140- 150,660-670 H 820° .., ocrpbliil 3K303¢¢eKT 
npH 840- 860° C. 

Cepncxftur - KOnnOIIIAilllbHble pa3HOCTH cepneHTHHOBbiX MHHepanoe. 
Bee nepe~HcneHHhle MHHepanbl peHTreHorpa¢11'1eCKio1 onpeAenAIOTCA no ocrpbiM orpa)l{eHHRM, 3Ha'le­

HHA d/n t<OTopbiX o6paJyiOr ueno'II-!CneHHYIO cep~o~to or 7,36 A (d002 = 3,65- 3,68 A) , "' HanH'ti'IIO Ha peHT· · 
reHorpaMMaX OT Opl1eHT1o1pOeaHHbiX npenapaTOB 06LUero pe<Pnec<ca c MBKCioiMYMOM np11 4,5 A. 

AnJOMocepneHTUH (?) - xpynKOe lj:Japlj:JoposHAHOe KOI1110MOp¢Hoe H 'IBWyH'IiiTOe se~eCTBO 6enoro 
H rony6oro t.~'eera, cna6o AeiilcrsYtoLUee Ha nonnpH30BaHHbliil cser Hlllll HJOTponHoe c N = 1,498-1,543, 
HaH5onee '!aero - N""' 1,530. Cocrae (e %) :. SiOz .. 30,86-341 3~; AI2 03 = 26, 17-2~,79; Fe20 3 = 
= 1,39-1,93; FeO - Her HnH 1,93; MgO c 18,57- 19,74; H2o= 14,54-12,98; H20 = 6,46-3,860 
MHHepan xapaKTepH3yeTCA t.~ellO~HCI18HHOH cepl'lei/1 OTP3>K8HHH, 3Hil'leHio1R d/n KOTOpbl X KPiiTHbl .7,07-
7, 11 A (d0 0 2 = 3 ,53-3,55 A; d0 0 3 = 2 ,37 A) 1o1 d 0 • 0 = 1,524 A. Ha peHTreHorpaMMax or opHeHTHpoaaH­
HbiX npenaparoe ecrb 'leTKHe o6LUHe pe¢neKCbl c d/n = 4 ,4 A. TepMorpaMMbr M~<~Hepana 6nH3KH xp~-tao­
THny : HB HHX OCTb TPIII 3HAOTBPMH'IOCKHX 3¢<I>BKTB npH 120- 130, 660--£70 11 820° C lo13K30TBpMH~eCKI'Iiil 
3¢!jleKT npH 850- 860° Co Bee nepe~lo1CJ18HHble 3¢lj:JeKTbl, OAHiiKO, 3H8~1'1TBilbHO M8HBB '18TKO Bblp8>KBHbl, 
~eM y XPio130Tiol113. IAK-cneKTpbl 3TOr0 MHHepana xapaKrepH3YIOTCA cepHeiil WHPOKHX H He«eTKO Bblpa­
>t<eHHbiX nonoc B o6nacTH Ae¢opMBLIIo10HHbiX KOne6aHHiil 8TOMHbiX rpynn crpyi<Typbl 450-700 CM-l 
H ABYMR WHpOKHMH 110110C8MH C MiiKCIIIMYMOM npH 1020 H 3450 CM-l. 

rpynna cniOA 

MycKoeur - 6ect.~aeTHble "'""' 'IYTb 3eneHOBaTbte 111o1CTO'IKIII c coeepweHHOiil cnaiiiHOCTbiO no 001. 
Nm = 1,582-1,619; Ng- Np c 0,036-0,054. PeHTreHOCTPYKTYPHbiM MBTOAOM onpeAenAeTCA no ueno­
'IHCI18HHOi;\ cep1111o1 pe¢neKcos or 3HB'IBHI1R d001 "' 10- 10,2 A. IIIHTE!tiCHBHOCTb orpa>KeHHA sroporo no­
PRAKa MHHepana cocraanAer He MB>Jee 1/3- 1/4 HHTBHCHBHOCTH nepsoro 6a3BilbHOro pe<PneKca. 3Ha«eHI1e 
d060 ~;~a nopowKorpaMMB paeHo 1,43- 1,49 A. Ha peHrret~orpaMMax or nopowKOBbiX npenaparos·Ha6niO·­
AaiOTCA HeKOTOpble 1'13 OCHOBHbiX pe<PneKCOB, xapaKrepHbiB AnA C1110A J101111MOp<j>HOH M0AH¢HKBI.IHH 
1M d 11 npH3HaKH MOAH¢111Ka!4HH 2M 1 (3,5; 3,2; 2,98 A), pe>t<e 1M (3,65; 3,10; 2,85 A) o 

napaZOHUT - HaTpHesan C1110J13, no OnTI'I'IeCI(IoiM CBOHCTBaM CXO.AHBA C MYCKOBHTOM. PeHTreHOrpa¢H· 
'leCKH Onpep.enRe!'CA nO OTpali<BHHRM C d/n= 9 ,65-9,8; 4,82; 3,22 A_ 

6UOTUT - TyCTOOKpaWeHHble B 6ypbiB 1'1 38JleHOB8T0-6ypbiB TOHB, pE!3K0 nneoxpoHpytoLUHB nnaCTHHbl 
c Nm = 1,609-1,696; Ng- Np = 0,039-0,081 0 Ha peHn·eHorpaMMax or opHe>JTHpoeaHHbiX npenaparoe 
6HOTio1TY npHHaAne>t<ar pe¢neKCbl c d/n ~ 10,0-'- 1 0,2 A ... 3,33-3,34 A. Peq,ne~<c or (002) He <I>H~<c~o~pyer­
cR HllM O'<BHb cna6b1M. Ha peHrreHOAIA¢pai<TOrpaMMax or nopowKOBbiX npenaparoe d 0 60 c 1,54 A. 

fpynna CMeKTHTa 

06LUI'IMI1 npii3HBKBMH MHHBPBilOB rpynnbl CMBKTHTB, 0TilH'f8toLUHMI1 HX OT CMBWiiHOCilO~HbiX 06pa-
30B8HI'IH C BbiCOKHM COA8P>KSHHeM COOTB8TCTBYtoLUero naKeTa, RBilRIOTCA Hiii111'1He pe¢nBKCB C d/n = 12,5 
Hlllol 15-16 A C 6onee 111llo1 MBHee Clol11bHO BblpS>KBHHOj;i BCHMMeTp~.reiii3THX pe¢neKCOS B peJyllbTSTB 601188 
nnaeHoro cnaAa HHT.BHCMBHOCTH CO CTOpDHbl OTpa)l{eHIIIiil MeHbWHX yrnos Ha peHTreHOrp3MM3X B B03AYW-. 
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HO·CYXOM COCTOAHHH, H811H4H8 M8KCHMYMOB npH 17- 18 A {AD 19-20 A y Al-ICnepCHbiX CM8 KTl-IT08) 
H 8,4-8,8 A HB peHTreHorpaMM8X OT 3TI'IneHr11l-IK0118BbiX K OMilllBKCOB l-1, H8KOH8U, COKpa~BHl-18 CTpyK­
Typbl Ml-1Hepa11a AO 10 A nOC118 npoKallHB8HHR AO 550°C. TepMorpacPH'I8CKl-1 ace CMeKTl-!Tbl xapaKTepl-1-
3YIOTCR CH11bHbiM 3HAOTepMH'IecKHM 3cP¢8KTOM npot 120-150°C. _ 

,llUOKTa30pu<i8CKU8 8fli0MO·M82HU88b/8 CM8KTUTbl (6eiJiJennUT, MOHTMopunnOHUT} - 6ecuaeTHble, 
'IYTb 3elleHOB8Tble 01111'1 >t<e11TOB8Tble TOHK011118CTl-!H'I8Tble, cnyT8HHO·B011.0KHl-ICTble l-1111'1 KU11110MOp¢Hble 
arperaTbl c Nm = 1,50-1 ,55; Ng- Np = 0,025-0,035. 3Ha'leHHR d060 Ha nopowKorpaMMax = 1,49-
1-,50 A. AnA Gei:tAen11HTa xapaKrepeH cot11bHbiH 3HAOTepMI-1'1eCKl-1iii 3¢!1leKT npl-1 540-560° l-1 cila6bri1 3K3o­
TepMwtecKHi1 - nplit 900°C. Y MOHTMOpl-111110HiitT8 3HAOTepMl-149CKl-!H 3<1J¢eKT npL1 6 50- 700° Bblpa>KeH 
cna6o, 8 npH 850-900°C - 6onee OT'IeTill-180. 

,llUOKT830pUY8CKU8 JKen83UCTb/8 CMBKTUTbl (HOHTpOHUT} - 38118Hbl8, >K811T0·38J18Hbl8 L11llit K0pl-14 He­
Biole n11aCTHH48Tbl8, 48WYH'I8Tbl8 Hlllit K011110MOp¢Hbl8 arperaTbl C Nm = 1,54-1,65; Ng-Np = 0,03- 0,04 . 
Y MeTaKonnoHAHbiX pa3HOCTeiii Ng- Np = 0,003-0,004. 3Ha'I8HHe d 0 6 0 Ha peHTr8HOAHcj>paKTOrpaMMax 
oT nopoWKOBbiX npenaparoe pasHa 1,502-1,505 A. Ha TepMorpaMMa~ o6bi'IHO npOABnRroTcR WI-1POKHe 
c na6bl8 3HAOTepMH'IecKHe J<!l<IJeKTbl npH 430-500° H C1186bl8 3K30TePMl-148CKl-le -;- npl-1 900- 1000°C. 

TpUOKTt130pU'18CKUe 8b/COKOM8ZHU8Bb/8 CMBKTUTbl - n o OnTl-1'18CKl-1M CBOiiiCTB8M H <!lopMaM Bbi,Q 911B· 
HHR 6111-13KH MOHTMOp1-111110HI'ITy, HO OT11l-1'1810TCA 38118HbiM UBeTOM. 3Ha'IBHt.18 d 0 6 o OT nopOWKOBbiX npe­
napaTOB paBHO 1,53-1,54. A. Ha r epMorpaMMaX OTCYTCTBYIOT t.1 11L1 c11a6o Bblpa)l(eHbl cpeAHeTeMneparyp­
Hble 3HAOTepMH'IeCKI'Ie J<!l<!leKTbl, HO BCTb MOUlHbl'l 3 K30TepMH'!eCKHi;; 3¢¢eKT npl-1 800- 950° C. 

fpynna xnopnroe 

X 110PI1Tbl BCTp8'1810TCR B Bl-1A8 'leWV'l~aTbiX BbiA811eHHH B c<t>epOil l-!TaX l-11111 nnaCTHH~8TbiX arpera n .x 
3eneHOrO, >Kemo-aeneHoro 11111-1 CHHe·38118HOro I.IB8TB, c Nm = 1,57- 1,66; Ng-Np e 0,001 - 0 ,025. HeKO· 
TOpbre l-13 HI1X (neHHI1Hbl) 06118,1l,BIOT 8HOMBflbHbiMl-1 ¢11011eTOBbiMI1 I'IHTepcj>epeHUl-IOHHbiM~ OKpaCK8Ml-1. 
B 6onbWI1HCTBe cny11aee n11eoxpOI1'1Hbl. 

8CTP848Hiol TPHOKT83APH'!8CKI1e XOOp1-1n1 c ·d 060 = 1,53-1,54 A. PeHTreHOM6TPH'!eCK~ OHl-1 onpeAe­
nAOIIICb no ocypr.IM CIIIMMeTfliii'IHbiM peq,neKcaM c d in OT aoJAYWHo-cyx!-1x 1-1 Hacbtl!leHHbiX 3TrAneHrni-1K011eM 
OpllletiTHpoBaHHbiX npenapaTOB: 14,0-14,2; 7 ,07-7,10; 4 ,75 lA 3,54- 3,52 A. 3Ha'leHl-l·e d 001 11-HOrAa He­
CKOnbKO YMeHbW88TCR (AO 13,8-13,5 A) OT npOK81111188Hr.tfl npl'l 550°C. Pe¢11eKCbl MHHepa11a 'IBCTO, HO He 
acerAa I'IC'Ie3aror np11 o6pa6aTKe npenaparoe ropFt'lei110%-Hoiii HCI. 

rpynna nnpo$unnTa H ran1>1<a 

nupo¢unnur ·- DIACTOBaT0·'16Wyi1'1aTble 6ecu aeTHbl8 arperaTbl c Nm = 1 ,588; Ng- Np = 0,048. Pe HTre­
HOrpa<!llll'lecKH ·onpeAenReTCR no ue110'IHC11eHHOi1 cepl'll-1 6aJanbHbiX pe4!11eKcoa or 9,2 A, d060 = 1,49. 
Ha TepMorpaMMax ecTb wHpOK~i13HAOTepMl-!'lecKHi1 3¢<1leKT np11 750- 800°C. 

TBnbK - 11t.1CToearo-'lewyi1'1anre 6ecuaeTHbl8 arpe;arbl c Nm = 1,589; Ng- Np = 0,045-0,050. Ha 
peHrreHorpaMMax cepl-IFI pe¢119KCOB c d/n = 9,36; 4,68; 3,12 A; d060 = 1 ,53- 1,54, a repM orpaMMbr 
X8PBKTBPH3YIOTCfl 3HAOTepMH'IeCKHM 3¢<!leKTOM npl'l 900-960°C. 

CilOUCTble CU/lUKQTbl CO CMeUlaiWC/lOlUIOU crpyKrypOU 

8 OCHOBy HAeHTH<!>HKBUHH CMBW8HOCOOi;;HbiX o6pa30BaHHH n0110)1(8Hbl pe3yllbT8Tbl cneUI181lbHbi X CTPYK· 
TYPHbiX HccneAOBBHHH B.A. A PI1UB, 6.A. Caxapoaa [ 1976] 11 c.n . f paAycoaa [ 1976] .. Qnl-ICbiBBIOTCA 
CM8W8HOC110MHbl8 MHH8pa11bl C 'lepeAOB8HI18M ABYX· L1 TpeX3TB>KHbiX Cnoea (KB01li'IHHT-CMeKT11Tbd , Tpex ­
;3 TB)I(HbiX C1108B C p831111'1Hb1Ml-1 l\iiS>KC1108BbiM11 npoMe>KyTK8MI1 fc1110A8·CM8KTlo!Tbl H CntoAa-aepMl-!KY · 
11HTI>rl , rpexJTa>KHbiX c11oea l-1 OAH03TB>KHbl x xnopl-ITOBblx npocnoeK lx110Pl-IT-cMeK'ri1Tbl 1-1 c ntOAa-xnopl-1-

.nr}. OnpeAe11eHHe nepe'111C118 HHbiX cMewaHocnoi1Hbi X o6paaosaHHiii npoaoAl-lnOcb rnasHbiM o 6pa30M no 
paHTretiOCTpYKTYPHbiM OOK838TB11AM, paapa6oraHHbiM c .n. fpaAyCOBbiM [ fpaAyCOS, 1976 } . 

KaonUHUT-cMBKTUTbl. OnTI-1\IeCKHB CBOHCTBa K801111HHT-cMeKTI1TOB 6111'131<11 Kaon i1H11Ty: Nm = 1,56-
1,68;- Ng- Np ;= 0,007-0,011 , HO OHH 0Tilt.1'1810TCA 3811etiOB8TbiM OTT8HKOM, 'ITO 11HOrAa 1103B011AeT l-IA8HTH· 
<IJHUHPOB8Tb MI1Hep811 nploi nerporpa¢H'I8CKHX HCC118AOBBH11AX. OnpeAeneH~e o6pa30BBHHR npOBOA11110Cb 
peHrreHOCTPYKTYPRbiM MeTOAOM no pe4111eKcaM c d = 7,2-7,6 11 3,56-3,50 A or npenaparoa a a03AVLUHO· 
CyXOM COCTOAHHH . 8 3THileHr11HKOOeBbiX lit flll-ILI8Pl-IHOBbiX KOMn11eKCBX d nepaoro OCHOBHOrO pe¢neKCa 
yMeHbwaercA . Ha611roAaeTcA yeer.H'IeHHe d noro pe<1J11eKca nocne npoKa11HBBHI-1A AO 350°C. B 3Tl-lneH­
rni1K011e 1-1 r11H1.18pHHe d BTOporo OCHOBHOrO pecj>118KCa CM8LU8HOC110HHOr O o6paJOB8HHA C0oTB8TCTB!iHHO 
yeenH'II-1Ba8TCA. n ocne npoKB11 14B8HI1A AO 550°C o6a Pe4111eKca HC'IeJaiOT. n pl-1 BbiCOKOM COA8P>K8HI1l-1 
B n oriHMHHepanbHOH ¢paK4H11 K801111HHT-cMeKTl-1T8 Ha At.1¢paKTOrpaMM8X MO>KHO BHABTb W HPOKI-1iii Clla· 
6b1i1 pe¢11eKc c d = .11-12 A. B OT1111'1He or MeTaran11ya3HTa Ha peHrreHorpaMMax or opHeHTHpoaaHHbl x 
nj:>enapaTOB 06Ulr.t8 pe<!l118KCbl HB ¢HKCHPYIOTCR l-lnl<l OHH HM810T BbiCOTY, MeHbWYIO 1/ 4 BbiCOTbl 6a3Bilb· 
HbiX pe<!lneKCOB. . 

TepMOrpacj> l-1 '!8CK8fl xapaKT8PH.CTI>IK8 K80111-1Hl-!T-c M8KTHTOB 611H3K8 MHH8Pa11aM KBODHHOBOH rpynnbl . 
Ha TepMOrpaMM8X BI'IAHbl. ABe 3HJlOTepMI1'18CKHe OCT8HOBKL1 npH 120-150 l-1 580-560° 11 3K30T8pMH· 
'lecKotM a<IJcj>eKT n pH 950-970°C. Y HeKOTOpbiX o6pa3UOB 3K30T8PMI1'18CKI1H 3¢¢eKT no cpaBH8HI-fiO C 
Ka011111HioiTOM CMe~aeTCA B CTOpoHy 6011ee Hl-f3KHX TeMnepayyp (AO 880- 930° C ) . 

puoKra3opuwcKue zuawcmodbl - 'lewy,iii'laTble arperaTbl c Ng' = 1,6- 1 ,56; Np' = 1,57-1 ,53; Ng'­
Np = 0,035-0,030. Ha A H<IJpaKTOrpaMMaX 3H8'18HI-fe d OCHOBHOrO ·6a3anbHOrO pe¢neKca paBHO 10,2-
10,5 A, H~ peHTr8HOrpaMMBX OT 3TH118Hr11HKOil8BbiX H rllHLI8PHHOBbiX . npenap8TOB OHO CM8Ul88TCA B 
o611acn. 6011bWHX yr11os H paBHO, KaK npaaHno, 9,8-9,9 A. Ha repMorpaMMax He 0 '!8Hl. Cl'lllbHb l8 3HAO· 
repMH'IecKHe ocTaHO BKH npH 140- 180, 450-600 H 850- 980°c.· BbrcoKoreMnepaTypHbl e 3K30r epM1148· 
CKHe 3<!l¢eKTbl He Bblp8)1(8Hbl 1'11111 Bblp8>K8Hbl cna6o. 

Cntoda·cMeKTUTbi (co cntoduCTbtM naKeTOM MycKoeur-cepuquroeozo runa}. B 3aar.1Cl-!MOCTt.1 OT cooT­
HOWeHHA naKeTOB d OCHOBHOrO 6a381lbHOrO peq,neKca 60J1bW8 10 A, HO M8HbW8 15,5 A y B03AYWHO· 
cyx111x npenaparoe; 6onbwe 10 A H MaHbWe 18 A a mHuepi1HOBbiX KOMnneKcax H 6onbwe 9,5 A, Ho 
MeHbwe 10 A nocne npoKanHBaHHA AD 550°C. 06paJoaaHt.1e He pacraopFteTcR a 10% -Ho'l ropA'!er:i HCI , 
do6 o ero pasHa 1 ,49-1,50 A. 
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Cn~pMuKynUTbJ unu zudpo6uo ruTbJ {co cmooucTbJM naKeToM 6uorur-¢nozonuroeozo runa). 
r~TMTI>I no onr~o~~ecK~o~.M ceoiilcr eaM "'xapaKrepy TepMorpa MM 6mt3KH eepM~o~Kym-na·M [ rttHJ6ypr, 
PyKliBMWHHt<OBa, 1951]. Ha A"~¢PaKTOrpaMMax ()HH onpeABJ1AIOTCA nod OCHOeHoro 6a3Bl1bHoro pe<jlneK· 
ca, 1JH~8HHB KOTOpOrO OT B03AYWHO<yXHX npenapaTOB 60J1bWB 10,2 A, HO MBHbWB 14,4 A, B fJ1HI.tBpHHO· 
BOM KOMnl1CKCB OHO HB H3MCHACTCA, a nocne npoKanHBSHHA AO 550°C COKpaUIBBTCA AO 9,5-1 () A; d0 6 0 
o6pa30BaH"'A = 1,53- 1,54 A. B Manoyrnoaoiil o6nacr~o~ Ha AH¢pat<rorpaMMax rlo1APQ6ttOTHTOB, o6paJoBaH· 
Hbi X a npouecce rpaHc¢opMattHH 6"!0TI-1Ta, o6bi~Ho npoABJ1RIOTCA pe¢net<cbt c d > 23, HO < 30 A, 'ITO 

Xap81<TBplo13YBT lo1X KBK ~BCTI>1'1HO ynopAAO'IBHHble t.1J1H ynopAAO'IBHHbiB. 
Yeen11~eH1o1e KOJ1M'Iecrea eepM HKyl11o1TOBbiX naKeTOB a rHApo61o10THTe n p HBOAIAT K YMBHbWBHHIO d 

nepaoro 6a3BJ1bH0fO pe<jlneKCB AO 3HB'IBH"'A 23- 25 A, a TPCTbBfO pe<jll1BKCB - AO 3H8'1BHHA < 8,4, HO > 8,28 A · 
XnopUT·CMBKTUTbl - ny~HCTbiB, 'IBWYH'IBTb iB HJ11o1 CBT'laTO· B0110KHHCTbiB arp eraTbl CBBTJ10-3!!J1BH0f0 

HJ1H JeneHoro usera, 11acro nneoxpoHPYIOUIHe c Nm ~ 1,56-1,60; Ng-Np ~ 0,005-0,035. 3Ha~eHHe 
d OCHOBHOfO 6a3al1bHOro pe¢net<ca Ha AH¢pat<rorpaMMax or aoJAYWHO·CYXHX npenaparoe 6onbwe 
14,2 A, HO MCHI>We 15,5 A B rnHttBPHHOBbiX KOMnnet<cax 3H84BHI1B JToro pe¢neKca yeemt~lo1BaercA, .. 
ttOHe60l1bUIB, 'IBM AO 18 A, a np11 npOK8111AB8HHIA AO 550° CHH)!(8BTCA AO BBJ111'1t.1Hbl 10,2-14,0 A; d06 0 
o6pa30BaHHA = 1,53-1,54 A · 

npM BbiCOKOM COABP)f{BHHI1 XnOp11TOBbiX J18K BTOB d OCHOBHOTO 6a3aJ1bHOf0 pe4Jnei<C(I 6mt3K0 14 A 
B B03AYWHO<YXOM COCTOAHHJ;t, erO 3HB4BHI1B npat<TH~BCKiol HB MBHABTCA npiA H8CbiUIBH I11A f J11o1QBpHHO M 
lot COKPBUIBBTCA AO 12-13 A nocne npOK811HB8HHA AO 550°C. YM8HbWBHHB 'llo1CJ1a xnoploiTOBbiX OBKBTOB 
B CMBWBHOCnO£itiOM o6pa30BBHio1H H yeenH'IBHI-18 CMBKTHTOBbiX naKeTOB npHBOAHT K nOCTBOetlHOMY 

cnaAY lo\HTeHCIIIBHOCTH pe¢neKcoe 14 "' 7 AHa peHrreliorpaMMa X OT B03AYWHO-GYXI-1X o6paJL{OB, yeenH· 
'leHHIO 3H8'1BHHA BTOpOro pe¢neKca OT 7,1 A0 .7,4 A, COKPBI.J..IBHI110 loiHTBHCIIIBHOCTM 6a3BJ1bHbiX pe¢net<COB 
C d = 4 ,7 - 4,8 A lot , HBKOHBQ, K YMBHbWBHI-110 d 'IBTB8pTOro pe<jlnet<ca AO 3HB'IBHHA < 3 ,54 A. C 3TH11BHf11H­
KOJ1BM XnopHT-cMBKTio1Tbl C 6onbWIIIM COA8P)f(BHHBM CM8KTIIIT0BbiX naK8TOB ABIOT peHTfBHOAH4JpaKTO­
rpaMMbl c nepebrM 6aJanbHbiM pe¢neKcoM > 16,0 A. B noni-1MHHepanbHbiX ¢paKl\loiR X, co.Qep)f(a~Hx 
xnop1AT·CM8KT~Tbl, c pa3HbiM COABP)!(BtillleM xnopi1TOBbiX 11 CMBKTio1TOBbiX naKeroe, HBOAHOPOAHOCTb 
CM8W8HOCJ10£iHOrO 06pa30B8Hio\A BbiRBJ1ABTCA HB pBHTreHorpaMMBX OT HBCbiUIBHHbiX 3THJ1BHf01o\KOJ1BM 
npenaparoe no o6oco6neHHIO 14- 16 A "' 16- 18 A pe<jlneKcoa. 

TepMorpaMMbl x nopHr-cMeKTHTOB xapat<repH3yiOTCA rpeMA 3HAorepMH'I8CKHMH OCT8HOBK8MH : 
nplll 120-140, 530-57 0 H 830°C. 8biCOKOT8M11Bp8TYPH8R 3HAOTepMioi'I8CKBR OCTBHOBKB nepeXOAIAT B 
3K30TepMioi'IBCKio1H3¢¢eKT nplll 880-890 ° C. , 

Cmooa·xnopurbl - 6ec4aeTHble ~o~nH ~yn. 3BJ1BHOBBTiole ny'lr-ICTble "'""' nnacTio1H'IaTbiB arperarbl~ onr~ot· 
'leeK He CBOHCTBa KOTOpbiX 6J1H3KH Alo10KTB3APH'IBCKOH T11ApOCJ110.Qe. 3HB'I8Hio1B .d OCHOBHOfO 6a3BJ1bHOf0 

pe<jl118KC8 o6pa30B8Hio1R HB Alol¢pat<T0f'PBMMBX OT B03AYWHO-<:yxoro 14 H8Cb1UietlHOfO · 3THJ1CHrJ1 1o\KOJ1BM 
HJ1M rnHttepHHOM npenapara KOne6nercA a npeAenax 11-12 A H He CHJ;t)f{BBTCA HH)f{e 11 A nocne npoKantA· 
BBHHA AO 550°, 

Kapilacnoze CUIZUKanz 

KapKaCHbl8 CHJ11o1K8Tbl OOPBAB11Ani\Cb rnaBHbiM o6pa30M neTpOrpa¢111'lBCKio1M MBTOAOM J;t B HMM8pCHio1. 
AnA 1-1ABHTH¢Ht<att~otl1 3TI1x MHHepanoa a noni1MIIIHepanbHblx TOHKOAIIIcnepcHbiX ¢pat< l\loiRX 1o1 Al1R KB'Ie­
craeHHoil xap8KT8plo\CTHKH p83Y11bT8TOB" 31110BHBJ1bHOrO npOl\8CC8 np111M8HJWCA peHTTBHOCTPYKTYpHbliil 
aHaJ1113. • . 

nnai!UOKfi83bl - 6 aCQBBTHbiB npH3MBTH'lBCKH8 HJ1H HenpaBHJ1bHbl8 no¢OpMe BbiAB11BHio1A. no'ITI-1 acer,na 
B HHX MQ)f{HO Ha6J110A8Tb nOJ11o1CioiHT8T..,'IBCKVI8 ABOHHHKH. 0nTIA'l8CK..,e CBOHCTB8 ril18Tio10KJ1B30B 38KOHO· 

MepHO H n OCT80BHHO MBHAIOTCR C Xlo\MH'!8CKJ.1M COCTBBOM : 

MHHepan 

Am,6.1AT 
On~AroKnaJ 
na6pa.nop 

Nm 

1 ,534 
1,541 
1,558 

Ng-Np 

0,010 
0 ,007 
0,008 

flo 3HB'I8HHRM din (a A/HHTetiCio\BHOCTiol Ha AH¢pa~<rorpaMMBX onpe.nenRnl-1cb: anb6HT (6,39/6; 
4,02/ 8; 3,77/ 7; 3,66/8; 3,18/ 10) H na6pa.Qop {4,04/8; 3,75/ 8; 3 ,63/7; 3,22/8). . 

·Kanueeb/6 noneebJ6 wnaTbl - 6ecl\BBTHble, 6ypoeaTble J;tJll-1 t<pacHoaaro- 6ypble, Henp aslo\11bHble no 
¢opMe 3BPH8 lo\1111 TB6J1HT'l8TbiB Bbi.Q8l1BHHA C npenOMJ1BHio1BM, 3BMBTHO MBHbWHM KBH8,11CK0f0 6811b3BMB 
(Nm = 1 ,525- 1,531; Ng-Np = 0 ,006). AsoiiiHHKI-1 npOCTble HJ1 1o1 OTCYTCTBYIOT, Y MHKPOKJ11o1HOII 48CTO 

Ha6J110ABJ18Cb xapaKT8pHBA Mlo1KPOKJ1HHOBaA PBWBTKa. 

PeHrreHorpa¢H'lBCKIA onpe.QenRnHCb no p e¢neKCaM c d/n = 4,21 "' 3 ,25 A (AnA MHKPOI<11HHal 11 4 ,26; 
3,79; 3,46 A (AnA oprot<naJa). 

U eonurbt - 6ecueeTHble Hr On b'IBTbr e, n y '!HCn.re, nnaCTHH'IBTble 11 HenpaaHn.bHbiB no ¢opMe a rperaTbl 
c Nm ~ 1,47- 1 ,54; Ng-Np = 0-0,015 (6nH)f{8 He o_npe.AenRniACb) . 

Clloucro-qeno~Je'lHble u !jeno~te'lHbLe cuJZUKanz 

CnOIACTO·U800'lB'lHbiB CHJ1HK8Tbl (cenr-IOJ1HT lot 11BJ1b.lfOpCKioiT) onpe.QBJ1RJ11o1Cb KOMJ111BKCOM MBTOAOB: 

nerporpa¢1A'IBCKHM, HMMepCIAOHHbiM, peHTfBHOCTPYKTYPHbiM lot TBpMorpa<j:lH'IBCKHM, a uen o 'IB'IHbiB CHnH· 
I<BTbl " (nttpot<CBHbl H aM¢1-lOOnbl) - rnailHbiM o6pa30M OBTporp a¢1A'IecKio1M H lo1MMBpCHOHHbi M MBTOABMH. 

fpynna cenHOJIHTa, naJJLifOpcKHTB 

Cenuonur- 6ecl\B8THbte aonOI<HI1CTble arperaTbl c Nm ~ 1 ,52; Ng-Np ~ 0 ,009-0,010. PeHTreHorpa· 
¢H'IBCKH onpeAenReTCR no cep1o1"' pe¢net<coe c d/n ~ 12,1-12;3; 4,6; 3,23; 2,6 1 A. Ha r epMorpaM Max 
'fen1pe 3HAOTepMI1'lBCKIII X a¢¢et<ra: npr.~ 100, 300-350, 500 1>1 800°C. BblcOKOTeMneparypHaA 3HAOTep: 
Mlo1'lBCKa>'l .OCT8HOBK3 HenoCpBACTBeHHO ·nepexO.QitT B CHI)bHbiH 3K30TepMH'IBCKHH3(j:J¢eKT l1P H 820-850 °C. 
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nanbtzopcKur - 6ec1.1e~THbtl1 eonoKHHCTbtl1 arperar c Nm c 1,512-1,55; Ng-Np = 0,007. Ha peHrre· 
HorpaMMax BH.AHa cep11n pecjmeKcoe c din = 10,4; 6,4; 4,3; 3 ,25 A. TepMorpaQJ11'1ecKI1 onp~Aennercn no 
rpeM cHAbHblM 3HAOTepMI1'tecKHM 3ct>4>BKTBM: 100-150, 280-350"' 500-530° . BbtCOKOTeMneparypHhte 
3HAO· 11 3K~OTepMio1~eCKHe 31jl<j)eKTbl Bblpa>KCHbl cna6o. 

llupoKcenbl 

Kp11CTannbt 6 ecuaeTHbte, 'IYTb 6ypoaaTble 111111 leneHosaTbte, e 3TOM cnyqae·cna6o nncoxpoHpyiOLl.IHC, 
KOPQTKOnPI-I3MaTH'ICCKI1e C ACH0i1 CnaHHOCTbiO OOA yrnOM 87-88°; Y r on noracaHI1R pOM6H'tecKHX 011-
pOKCeHOB 90°, y MOHOKIIHHHbiX - 30--40°. Ha peHTrCHOrpaMMaX pe<j)neKCbl C d i n = 3,0; 2,52; 1,48 A 
(6nH>Ke He onpeAennni1Cb). 

AM<jju60flbl 

Kp11CT81111bl >KBIITOBBT0-3BIICHbiC, 3CIICHbte, 6ypbiB, CI1HC-(jl"'OIICTOBbiC, C"'llbHO nneoxpoHpyiOll.I"'C, 
pe>Ke 6eci,IBeTiibiC, 06bl'tHO AII11HH011PM3M8T"'4ecKHC 111111 HrOAb'IBTble C COBepWCHHOH cnaHHOCTbiO noA 
yrJJOM OKOIIO 56°. PaM6H'IecKI1e aM<j)1160IIbl 0TIIH'1810TCR npAMbiM noraCBHHCM, a y MOHOKIIHHHbiX -
yron noracaH11A 0-25°. He peHTraHorpaMMax Ha6niOA810TCA peljlneKCbt c di n= 8,4--8,5 A. 

Pozosble o6MBHKU - JeneHbte Hnl1 5ypbre, xopowo nneoxpoMpytoll.IHe npH3MBTH'IeCKHe KPHCTannbr 
c Nm ~ 1,620-1,725; Ng-Np = 0 ,020- 0,070; yron noracaHI1A eNg - 15-25° (5nH>Ke 11e onpe.Qennni1Cb). 

OcrpoeHbze CUflUKaTbl 

0CTpOBHbte CI11111K3Tbl onpe.Qennnr.~Cb rnaBHbiM o6pa30M neTporpaljli1'1CC KHM MCTOAOM H B HMM8pci'UI. 
QnUsUH- 6~1.\BeTHbiB HAlo! 'IYTb >KeATOB3TbiC KQPOTK011pi13M8TH'ICCKI1B KpHCTBIIIIbl C OCTpbi MH rpaHRMH, 

YracaHHB npRMOe, napannenbHOB yAni1HBHHIO 11 TP8Ll.IHHBM cnai1HOCTI1. Nm ~ 1,6 70; Ng-Np = 0,035-
0 ,050. 

l.Jou3UT - - 5CCLIBCTHble npH3Mbl 11 CTe6ellb'I3TO-HrOIIb'IBTbiB Bbi.QeACHHA C 8HOM811bHOHI1HTep<j)epelfUIIOH· 
HO~ OKPBCKOH: >KOIIT0-6ypoi1, ~He~ 1-11111 TYCKnO-KP8CHOH. Nm = 1,72; Ng- Np = 0,005-0,009. 

JnUOOT - cTOn6'taTbiC HAlf HenpaBIIIIbH03BpHHCTble BbiABiletiHA 3eneHaro 111111 >KenTOBBTOrO I.IBeTa, 
OT'ICTnl1eo nneoxpo~o~py10~11e c Nm ~ 1,74; Ng-Np ~ 0,032 • . 

Cqcc10pur - arperaT·UOif3HTa H an11AOTa cpBAH nnarlfoKnaJOB. 

0KHCJ1bl DpOCThle H CJIO)I(Hhle 

MHHepanbl onpe,ABIIAIII!Cb MBTOABMH nerporpa¢1111. 11 PeHTreHOrpacj,HI1 . 
Keapq - 6ec1.1aeTHble Henpae~<~nbHble no ljlopMe abtAeneHI1R c No =- 1,544; Ne-No ~ 0,0 09. Ha peHTre­

HorpaMMax pe<PneKcbl c d/n = 4,26; 3,34 A. 
Keap(IUH - OTIIII'IaeTCR OT KB8PL\8 6onee Hlf3Ki'IM 110K83BTeneM npenOMIIeHI<!R C No ~ 1 ,535. YA1111HeHHB 

nonO>KHTOAbHOe. PeHTreHOCTPYKTYPHaA xapaKTepMCTHKa aHanori1'1Ha Keapuy. 
XanqeooH - 6ecuseTHbiB paAHBIIbHD-IIy'l\oiCTble If MeTBKOIIIIOHAHble BbiAOOeti"'R. 0TnH'I8eTCR OT KBap-

1.18"' KBBPUHHa nOHH>KCHHl>IMH noKa3arenAMH npenoMneHHR, No= 1,531 - 1,539; Ne-No ~ 0,008-0,010. 
Onan - 6ecuaeTHbiH, lf30TponHbli1 c N'" 1,41 -1,46. PeHTreHoaMopljleH, HO HHOrAB P8f'HCTPI<IPYIOTCR 

peljlneKCbl np11 4,1 A, KBK y KPI1CT06anHra . · 
.MazHeTUT - 'lepHbli'i, Henpo3p8'!HbiR, C CHHeBaTbiM OTIIHBOM B OTpa>KeHHOM CBBTO. CHAbHO MarHHTCH. 

Ha Alf<j)paKTOrPQMMaX onpe.QenAeTCR no pe<j)·neKcaM c d/n = 2,53; 1,61; 1,48 A. 
TeMBTUT - TeMHO-KpBCHbl~, Henp03PB'tHbl~, II TOHKHX Wnl1$ax npOCB9'11o!B8eT KP3CHbiM UB8TOM. PeHT­

reHorpa<j)11'!ecKif o npe.QenRercn no pe4>ncKcaM c d/n = 2,69; 2,51 A. 
MazzeMur - 'tepHbt~ "'""' reMHO-..:pacHbt~, HenpoJpa'IHbli1. Cna6o MarH~o~.reH. Onpe.AenAercA Ha A~<~IJlpaK­

rorpaMMax no pe<j)neKCBM c d/n = 2,9; 2,51 A. 

fHApOOKHCTIJ.I 

MI!Hepanbl rpynnbl TMAPOOKHCIIOB onpeACIIR1111Cb KOMOIIeKCOM MeTOAOB: neTpOrpalj)H'IeCKHM. HMMep­
CIIOHHbiM, petiTreHOCTPYKTYPHbiM, TepMorpa$1f'lecKHM,IIIK-cneKTporpa<j)H'IecKHM H X11Mif'teCKHM. 

Tu66CUT - 611CUBCTHbiC Ta6AHT'I8Tble Bbi.QeAeHHF\. H1111 MeT3KOnAOHAHble arperaTiol C Nm = 1,566....: 
1 ,568; Ng-Np ~ 0,021 . Ha paHTreHorpaMMax 'leTKI1e peljlnei<Cbl c d/n =- 4,83; 4,36 A; r epMorpaMMbt 
xap8KTBPH3YIOTCR aHAOTCpMH'IeCKOH OCT8HOBKO~ np11 280-310° C, 8 VIK-cnaKTPOrpaMMbl lo!MOIOT TPI1n11BT 
S 06118CT"' 3450, 3530 11 3630 CM-l . . 

51JMUT - SCTPB'IBflCA TOnt•KO B AI!ICOepcHOM COCTORHIII1. ,!:ll1arHOCUI1POB811CR PBHTreHOrpaljli1'19CKH 
no pe¢neKCBM c din ~ 6,1; 3,16 A. 

5aiiepur- o6Hapy>KilH Ha peHrreHorpaMMaX no peljlneKcaM c di n=- 4 ,72; 4 ,36; 2,21 A, s napareHe3e 
C 6~111!11TOM H HOpCTPBHAHTOM. . , 

HapcrpaHour·· - o npeAeneH PeHTreHorpa<j)H'tCCKH no peljlneKcaM c din~ 4 ,79; 2,39; 2 ,26 A 8 napa­
reHe3HCe C 6ai1epHTOM 11 fieMMTOM, 

Tiirur- >t<emoearo-Kop11'1HOBble AHcnepcHbiB arperaTbl c d/n = 4,15- 4,16; 2,67 A If 'IOTKOH 3HAOrep- · 
MK'IecKOH OCTaHOBKOH n pH 330--360° C. . 

0KUCfli>I·ZUOpOOKUCilbl JKenB38 (6mi>KC HeonpeAeneHHbiB) - AI1CnapCHble o6p830B8HI1R nMrMeHTHOH 
COCTBBIIAIOll.leH 31110BHR H ocaAO'IHbiX OTIIO>KOHI1H - OHK Henpoapa'IHbl B npOXOAALl.IBM ceere If 11MBIOT 
KpaCHOB8TbiHI.IB8T B OTpa>KBHHOM CBeTe. 

OKuCnbi-ZUO(X)OKUCnbi MBpzaHI.JB (6mt>KBHeonpeAeneHHbl e) - ca>KHCTbl , HenPQ3P8'1Hbl c nonyMerannH­
'!eCKHM 11nH MBTOBbiM 6neCKOM B OTpa>KOHHOM caere. C yKcycHOKHCllbiM .6eH311AI1HOM A310T ClfHife 

·oKp3CK11. 
Ha PeHTrBHorpaMM8X 60IIbWHHCTBB 113 nep9'1HCI19HHbiX MHHepanOB rpynnbl r11APOOKIICJ10B 3a 11CKIIIO­

~eHioi8M rH66CHTB 113-38 TOrO, 'ITO OHII IIIIOXO KPHCTBfllllt30BBHbl If HBXOAATCR B llOIIHMifHBpaObHbtX <j)paK­
·UifRX C 6onbWHM CO,IIep>KBHHOM peHTreH08MOp<j)HbiX KOMOOHeH.TOB, peanbHO H86AIOABIOTCR 11HWb HaH6o­
nee CHllbHble pelj)J1eKcbl: 6,1 A - AnR 6eMitTa, 4,72 A' - AliA 6aiilep~<~ra , 4,79 A - Ann HopCTp8HAifTB 11 
4 ,15-4,16 A- AnA ri!T11ra. '' 
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Kap6oHaTLI 

Kap6oHBTbl onpe.r.~enRnHcb nerpo~pa4JH~ecKHM, peHrreHOCTJlYKTYPHbiM · H repMM'IecKHM MeTOAaMM. 
ApazoHuT- MeraKOntiOHAHble BbiAeneHHR 6ypoaaroro oTTeHKa c Nm = 1,68; Ng- Np = 0,15. Ha 

peHrreHorpaMMaX cepMR peq,neKcos c din~ 3,39: 3,27; 2,70; 1,97 A. 
KanbUUT - 39PHa "' aepHMCTble arperaTbl 6ecuaeTHble MnH 6ypoaaTble or npMMeceii. CnaiiHOCTb noA 

yrnoM 75°. O<~eHb CHllbHOe AeynpenoMneHHe c No = 1,658; No-Ne ~ 0,172. Ha peHrreHorpaMMax pe<j)­
neKcbl c d/n = 3,03; 2,49; 2,28; 2,09 A, a Ha repMorpaMMBX MOUIHbliil 3HAOrepM~o~~eCKMii1 34J4JeKT npM 
860- 940°C. · · 

fl106nUHUT- BOHllOKOn0A06HaR M0.!1HcPHK3UHA KBllbUMTa. 
MazH!13U8flbHbiU 1(8flbUUT - OTllH'IaeTCR OT KBllbUHTB 3HB'IeHHeM din MeHbWHM 3,03 A, HO 60JlbWMM 

2,9A. . 
nporoiJonoMur- onpeAenRnCR peHrreHocrpyKrypHbiM MeToAOM no d/n = 2,9; 2,67 A. 
,4onoMuT- 6ecueeTHble 11nM 6ypoeaTble 3epHa c poM603APH'IeCKoli1 cnaiiiHOCTbiO H No = 1,682; No­

Ne = 0,180. Ha peHrreHcrpaMMax pecj>neKCbl c d/n = 2,88; 2,67 A, a Ha repMOrpaMMax - ABa pe3KMX 
3HAO"fepMM'IecKMX 3cf>cf>eKTa llPM 800-850 M 920- 950°C. 

CynbcJlaTLI 

Cynbcj>aTbl AM3rHOCUioiPOBBl111Cb neTporpacj>~o~'leCKHM MeTOAOM, B MMMePCHM H TepMH'IecKMM aHallM30M. 
rune - 6ecuee.-Hhle ra6nHUbl M ·arperaTbl c Ng' = 1,530; Np' = 1,520. Ha repMorpaMMax ABa 3HAO­

repMH~ecKHx 3cf>cjleKTa npH 125- 250 M 150-280" C. 

cJ)occJla TLI 

KonnotjJaH (?) - 6ypble HllM KpacHo-{iypbl9 KOJll10MOp4JHbl9 H OOm1TOnOAOOHbl9 cna6o A9HCTBYIO~Me 
Ha nonApHJOBaHHbliil caer sbiAeneHv.-'l c IV~ 1,::57-1,60. PeHrreHorpa4JM'IecKH onpeAenl'lnCI'l no pe<j)neKcaM 
c din~ 3,44; 2,79; 2,70 A. 
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