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TIPETHCIIOBHE

nepsoro w3nanus B HeQTAMMX By3ax

CTpans
n » 1o MiKpo-
OMECKOMY MAYUEHNID MWHEDATIOB  JMIOTEHHSX TODHHX TODOA J1A
CTYAIHTOB OUHOFO M 3A0WHOFO OTAENEHMii BYIOB BHIBAHO TEM, WTO B
TIoCTEHHE FONB MAKCHMATISHOE BHHMAHHE YJIESETCA CAMOCTORTEMBHON
paore cryneTos. Bropoe Hanale PyKOBOICTBA OTBEUAET HOBBIM Tpe00-
BaHHAM OByueHust CTYZEHTOB. B MM awrCR KpaTkue TeopeTHuCCKHe
npeazocun Cpopexe Tol It whch noparopsol pase, tpksc-
THITCS TIOZPOGHOE MATOXERHE XOTa CAM
o Cpummtan ¢ mepRin KSMHRGH BECGIKO YOTWH SGbeM
ocior

CTBO BK/IOWEH HOBHIH pasfel, NOCBSUICHHbIH HIyWeHHIO
FOpHBX IOPOJ PETHOHATLHOTO METaMOPHIMA. B Hew THBOIHTCH OMCa-
W naTaranes ocHOBM
METAMOPQHWECKIX TIOpO, AAETCS KDATKAS XapAKTEDHCTHKA rTaBHEHIIX
TeKCTYp M CTPYKTYD. Ocoboe BHHMAHHE yiereHo Hauboiee PACHDOCTDa-
BERIM NP DECHOLATLNOTO METHMIPRSIS OCHOREI METIMOP
sx ot Kpoe Toro, uacTHuNO 0GHOBTEH WATOCTpATHBIHI MaTe-

pm
JlanHoe PyKOBOACTSO MOIBONSET CTYAEHTAM 3aDaHEE IHAKOMMTBCH C
H nopsaKoM,

i nemKoM ans

OBAAZICHNA MPAKTHUECKHMH MDHEMaM PAGOTSL TP KOHCYLTaW Mpe-

nonaBatens. 1o GesyCIOBHO CMIOCOGCTBYeT JyWIEMy OCBOGHHI METOIH
W ropHBIX Nopos.

I y o5t MeTomKy
OCHOB MHKPOCKOMHUECKOTO H3YUCHHS MIHEDAIIOB, KOTODHE GBI 3210~
xenst CJI. llm:pxmw u Bl dnopehornd i Komoped ¢ yenesou

B MHH]

uxHMM

acemese:
wuimnepumu[:« 8,11, |3],u.mmymuympuwm noces-
meHKME ONpeNENeHMI TOPHMX NOPOX. JIpyrWe LETMKOM NOCBAUCHN
TomKo nopox # x cocra-
By, Texcrype, 4,5,7,9,10, 14], no

HE CONEDXAT AHBIX MO METOMKE KDHCTAIOONTHYECKOTO M3YWeHHs

. Hexoropuem cymen!ywnmx Docofied Gk 75 caols
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Misepano. Hakonew, B HeKoTopsix yueGiukax (1, 6] muewrcs see pasge-
i, 4T0 W B MIPE/TAraEMOM PYKOBOLCTBE, HO O B OCHOBHOM NIOCBAILEHK
‘TeopeTHuECKIM BONpOCaM, a UETKAS Pa3paGoTKa NpOBEEHIS TaGopaTOp-
HAIX paboT B HiX OTCYTCTBYET.

COOTBETCTBUM C 3aaUAMH, CTOSBIIHMS NIEDEN ABTODAMM AHHOTO

B 10 Xe BpEMs B HeM [OCTATOuHO ONPOBHO i TIOCIEIOBATE LHO PACCMAT-
MBAIOTCA Bee NAGODATOPHBE PAGOTHL, MDETYCMOTDEHHSIE YueDHsa Ma
How. CTyJieH? C NIOMOISIO 1aHHOTO PYKOBOICTBA MOKET CAMOCTOSTENSHO
HIYUITS METOLS ORTINESKORD WCCTCIOBIINA MIEpAIOD, OTIECKHE
coiicrs w sanne-
Panr, PRy, TORCTYDY  McpaTRAE cocta MprapmeCKE
CTaMOpCEKIX GODOL, 8 & KOUETHOM DeSYILTITE HpaBCeT Lofoe
onucanue nocne Hassauue 4 B NEPBOM MPHOTHACHMN
OTDAACTNT tx FeHESwc. Eesccrmeknt, 470 415 Ochotts TespeTvCoRol
SBCT KypCa VST SOT OGPALIATICH K NEKLTA 1 DEKOMCHZORS

yastioi nureparype, &  nepeyo ovepens [4, 6, 14], a B Kauectne
Tonomenaon~ K1




METOJTHKA ONPEJIENIEHHS! MEHEPAJIOB
TIOJl MEKPOCKOTIOM

PaGota N 1

YerpoiicTso Mmxpocxoma. B pyKosonctse Npupeneo omcanie
NONAPHIAUMOMMAIX MHKDOCKONOB Mapok MI-3 w MHH-10, Koropsn
xa

Haubonee CTyneHTH, RaHa KPaTKa% XapaKTEDHCTI
moneneit Tuna "Tonax”. )bynl! pocxenon, pacnpocpater:
no caoeit 6o k MII-3

HME B HACTOReE BpEMS, KOHCT)
(MI1-2, MHH-4, MHH-S), mu60 x MHH-10 (MMM) Huemmle:l B X Kom-
CTPYKIMH DAITMUNS CYMIECTBEHHO HE BIMSIOT Ha METONMKY pAGOTH 1
o6 HAKOMbIM XOTA 6

W3 MHKDOCKOTIOB.
lonApsausomIi sarkpockon MII3 (pie. 1) cocrowt wa wraris 1,
ocserurensoii cucresst I, cromuxa [l  TySyca IV.
I7a1e [ AemuTen 3 e VACT: NKIBOD — MACHBAYR, HeTGIBIOK
HYD W BEpXHOW TOBHXHY®, Ha KOTOpOfi CMOHTHDOBAHM Bee IDYTHE
YCrpokros smrpocsoma. Yool xAoms opecl naces wTITRSS otabce:
KpocKon B yno6Hoe A1k
HCCTEZOBATENA MOMOXEHNE W JAKDEMIAS €X0 € NOMOWBN CTOTOPHOTO
Bwma.
OcperurensHas cucrema If COCTONT M3 3epKania, NONAPHIATOPA
uKoHzeHcopa.
3epKaio I WBYCTOpOHHEE, TIOCKOBOTHYTOE, BpAAIILEECS BOKPYT
amyx oceii. B GonsmmHcTBe cnyuaes, ocoleHHo Korxa paboTaIT ¢ ocBeTH
e, PEKOMEHYETCS TOTTbI0BATHCH BOTHYTIM 3€DKATOM. OTPAXASCH O
sepKama, coerose nyms Tonazat b 10 7ApKIETOD 2 (npHna Hiko-
%) - yCTpoiicTBO MR MONAPHIAINH CBeTa. Hax MoTAPHIITOpOM pacriora
raerca amadparma, Koropas ¢ nomun puyaxka 3 DCrYllHDYﬂ
ﬂlyl

npe;
Muu3. HxHss  pacnonaraercs Han mnnpmwpou M HanpaBs¢
mrpueRaL otrona myweh ha. Bocmeyadd ookt Bepuoea
ChauaR Ron P a0, CMEHACIES Ao TSR EXoARRAROCH
nyuKa ceroBuix nyuedi. lIpn OPEXETIEHIM BCeX ONTHNECKIX KOWCTAHT
MINEDATO, 8 HCKTISERICH GEAOKTH K GITHNSCK SHaKh, TS
n noaTomy ¢ puuara 4, pacro-
Pomertoro noR crocat Lhene, oAl BRI RS oemewecKOl Caereuis
Bes cucrema W onyckaeres ¢

Ta 5,
s



Bpamammuites cromuk I Wueer Tuub c rPAXYCHSMH JEACHNA
Mit # ZIBa HOHINYCa U1 OTCUETA YTIa OBOPOTA € TOWHOCTBIO 2O A€CATHX
moneii rpagyca.
la cronmke ¢ llnuouun npyxus — "Nanok” 6 yxpennsercs oGvekt
e, it coboit

Cpes TopHoR Topa Nt anepana TommoioR 043 o1, nouemeinad

MEXJy IByMS CTEKNaMM - TDEIMETHMM ¥ MOKpops. lLnacriaka
ToPRoK BopO AR MEREpARS CHEPRCIER GO CrERRRAR sl s
mm Knnn\'xnu CcocHBI (KAHu]:_Kuu Ganbsam). Kanagckuii Ganssam — 310

3ecTiBM
21897 % 1,59, Secueruoe, mpospuwios K oG enocobuotivn
sonro He nuy Ha cromuke
TOKPOBHEM CTEKNOM BBEDX.

TyGyc IV. B muHeli ero uacTé ¢ NOMOWSO mMENUOBOTO
3axuma 9 ykpennsercs o6bextus 10.

nomb3ywTCA newum-
R —

3,T-KparHoe ~ JU15 W3y EHS CTDYKTYDHBIX 0COBEHHOCTER MOpOTb;

8-KpaTHoe ~ Npw ONpeieneHM GOMLIEN UACTH ONITHYECKHX KOHCTANT
V15 M3y UEHHS MODGOTIOTHH IEPEH MUHEDATIOB;

20-kpatHoe ~ 1A TEX Xe Lene,uro M S-KpATHOE, TIDH MIyueHH
METIKOKDHCTATHUECKHX TIODO;
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60-1KpaTHOE ~ TP OMpEENEHHH OCHOCTH I IHAK MHHEDATA B CXOIF-
IeMcA NlyuKe cReToBBX Ty uek

Ha onpase kaxzoro osmm pecnonaraes s uewTpMpoROULK
‘TR 1 g KTuBa
B WHMOBOM YCTpOFiCTB

D1 yeramomscs COL s el oo gyt RN T RIRY
unmosoro yerpofictas, npasyn pyxy GepyT e azessit ero

COhetrun mponen sacomoh crperca Tax, Wit d)nl(mpymmm ]
ipyRay.

Han B TyGyce nogewKHas
xonomea ¢ 11 - Bropoe yerpofictso,
amanOTWuHoe nonApaTOpy. UaCTh ONTHUECKHX KOHCTAHT MUHEDANos
ONIDEXENAETCS: ¢ BHIKTOUEHHbM aHATTHIATOPOM.

B pepxeil acty TyGyca pacnionaraeTcs MoIBMNAS IIAHKA ¢ NHH-
2ol Beprpana 12 Kotopax mpmuennerca npa mechegosa sorse-

nyueit. Tipu KoHer
H nnpu:munﬂou cpere munay Beprpatia BHKovANT.

sp 13,
e pacomreeTES, RABC) ORyTApoR, Hackuinx 6, B 123 (anm
17,5)-Kpnn|oe yBenuueHe.

B OKyNApe ¢ G-KPATHBIM YB/AUCHAEM HMEETCS MKpOMETpHUECKAs!
SEacins, s} can 14 SUASHES i acopes W poog oo Tobe
MHHHMATHOTO fleNeHs 37O/ MHEHKY C OGBEKTHBOM B-KpATHOTO yBemH:
wenns pasua 0,02 My. B oxynapax ¢ 8 n 12,5KparHiv ypemmuenmen
HMEIOTCS! ZIBE TOHKHE BIAHMHO TIEPIEHITAKY TADHSIE HHTH, EpeceKamE:
¢t B eHTpe nOMS apeHs.

Giiee yBeMrente MUKPOCKONa PABHO MPOMIBEXEHHID WHCET, OKs-
‘3HIBAIONIMX yBEMHueH e yCTaHOBNEHHbIX OGBEKTHBA W OKYNIAPA.

s «

1) nocrasums MuKpocKon wTaTHBoM K ceGe, NpHIaB ey HeOGXOmH
Ml YTON HaKoHa;

2) nomHATS A0 MPEZIENa OCBETHTE Y10 CHCTEMY;

3) ompums madparny;

4 ucnounms massy Maso, samsatop u iy Seprpan;

s) [ S e —
ocnemeHHocTn Mons persy;

7) ycTaHOBHTS Ha CTONMKE UM # OCTOPOXKHO HABECTH Ha POKYC
(nyawe 370 genats, nomEAMAsE TYGYC); AR GOKYCHPOBKH TYGYC MHKPO-
CKolla TIONHHMAETCS M OTYCKAETCSL C NOMOUBIO IBYX Nap BUHTOB:
Bepxaisia napa 7 (cu. puc. 1) CTYRHT 415 TDYGO GOKYCHDOBKH, HIXHAS
napa BT




3. Monspusauuonnsi  suxpocxon
'Ilonmt‘lu'
rin; 11 —

sl ) i
B ey
e o Pl Bl e R e s
e o o B S o

mcass, 6 =
oxyeupons, 7 s cponerpmonon
Goxyexponu

24

ormuaeren Mo KoncTpyKiwH ot MIL3, Ocobernocrs yerpocra MHF-10
TaKoBM: L Ta THB | HETONBHACH 1 COCTOMT M2 OZHOM (2 HE KBYx) uacreit;
Bepr-

Daa BBOIHTCA B ONTHYECKYI0 CHCTEMY MHKPOCKOTa C HOMOII 110B0-
POTHOTO pHUAXKa 2, PACTIOTOKEHHOTO B BepxHeil uacti TyGyca
nonApusywue yerpoiicTsa ~ o Apok s 2 11, a He Mpuspat Huxons.
Buecto meycropotero aepkana & MHH-10 aia ocoemerms moxio
Koropuik B el
et ocpemmemnol cucre (s MHH.8 aeprano soobue orcyrerayer,
€ro 3awensieT BerpoerEs ocpeTHTE ).
Ninepoekon MHH10 oomamen cuessnor okt ¢ 3.5, 5, 20
60-KpaTHBIM YBEHUCHHEM, KOTOpbIE NPUMEHSIOTCS ISt TeX JKE ueei, uTo
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W B MII3, H ABYMS OKyZIADaMI: C S-KDTHBIM YBIAUEHHEM, HMEWIM
MHKPOMETDHYECKYI0 NIHEFIKY, 1 8-KPATHBM C JBYMS BAHMHO TIEpTEHTM"
Ry

B nocneue romst A1A yueGHMX SaaTHi CTYLEHTOB BHNyCKAWTCA
H3aLHOHHAE Mikcpocicomsi Tuna "Mlonaw C-111” w "Monam C-112" -

KECTKOCTS; 21 OCBeIENHs: OBbeKTa ucnnm.sy:'mn cnenyambHi ocseTH-
KoCTh cBeTa;

g n s
iarrams ¢ 40 Go-npere yBenmueHueM cHAGKEHS llpyxmlncmu
onpasoii. Crexyer oTMerHT, uro soocpocamat cepun “Tloma C*
nonyuunH wKpOKoro
TAK KK BTy ORRTeS 5 HEAGCHTOHOM KOTINGCTBS, Sones Tpewo,
WM MUKPOCKONH IDYTHX MAPOK, H TPEOYNOT CrauioHapHol yCTaHOBKH,
TO 1&NeKO He BCErTa BOIMOXHO B YCTOBSIX Byaa.

Octosse souxpoxon. liexce sew npucrymrs  paore ¢

1. Mosepxa CKDEIIIEHBOCTH HHKONEH.
HORAHSAHOIOM MHKPOOKOTE HMERTCS A FAKORS - ToMApASETOD 1
aHANK3ATOD, KOTODBIE NIOJUKHBI GHITH YCTAHOBJEHE! TaK, YTOGE MIOCKOCTH
KoneGauus nyueii coeTa, MpoXORSUEX UEDED Hitx, GATA DACTOTOKCHS
B3aMMHO TepneHauKynspHo. Takoe NOMOXEHHE HMKONEH Ha3LBAT
expeuennun.
i caysac i s aranisaops 63 yeranooensoro a

TOp 0 MEKCHMATLHOO 38TeMHeHHS! NN ape

2. Mosepka monoxeHus HuTEd ul(y:myn Hutn akyxmpa
nomwst nocKocTaM wone,
Mo Wk Hommpusecn OHorD %5 MG (e Ao7epIT:

pa) cosnanaer ¢ IAOGKOCTLD CHNMETpN MAKPOKKOT. Tar Glpaso

OKYNADM NOMXHS GbITh YCTAHOBMEHBI Tak, WIODH OmHA M3 Mx HiTeil

CORTBZAN € NIGEKOXTLD CAMMETPIN MHKPOCKOT (68 OOMT0 Hasissor
K et wuTs ~ i

ips
onpeeneryu NeKampux ONITHUECKHX KOHCTAHT MUNEDATIOB HEOGXOMIMO

p.sm ® 6. B TyGyce MMKDOCKONZ HMeETcA Mpopess L7 GHKcaups
TIDABHIILHORO OO eHHS: OKYADa.



\ N

Puc. 4. Crena uenrpupoaru wuxpocxona ~

Uentpuposka 063 ekTuBa. Jo Hatana MpoBexeHs KpHCTal-

cnenyer obvexus, Te.
SOBMECTITS €10 OITRVECKYD Gk ¢ GEL Spaming EIMCTBCYD CTOTRES.
‘OfmTHuECKast OCh MHKDOCKON IPOXOIAT UEPE3 IEHTD TIONA IpeHIR, pacrio-
Rt B 7ot Dopoeueits FRrel . Hiumein ook Bpadte
Hns_onpenensercs mpu mopopote cromuxa. lipn oTueHTpUpOBAHHOM
oBhekine sepuo, TocTanenioe 8 Touky epeoeuiaL T GRS,
D BPAMEHMH CTOTHKA MWKDOCKOTA He NEDEMEIIETCH H OCTaeTcs B
nenTpe nons speus.

Tlepe Tex KaX IUcI AT, ¢ uTRpOBKE OGiextusa, creayer
NpoBepHTS, MpaBMILHO Tl OH 3aKperUTeH. TIpn LEHTDHPOBKE BOIMONHE

B8 BapHAHTa: NlepBALi ~ 3€DHO, TIOCTAB/IEHHOE B LEHTD TIoT 3pEHNS, MU
nosopore opescroro croms ki 36" e Xom s cro mpeten (puc
4,.0); BTOpO ~ TIpH TIOBOPOTE CTOHK 3EPHO HCHESACT U3 MO Sperns (cM.
puc. 4,6).

B Tiepsow cilyuae A1 NEHTPHDOBKH, NBHTAR WY PYKadk, CTaBAT B
TouKy nepeceueHs! HHTEF 3€DHO HEGONBLIORo pashepa (cu. pic- 4, a, Tou-
Ka 1), 3aTes TIOBODAUHBAIT CTOTHK MHKDOCKONa MPIMEpHO Ha 180°
3T0M sepHo nepememaetcs B Touky 2. H3 31070 MoToweHis Bpai et
IBYX LeTpMpOBOHBIX KIlOUEH', OZTMX HA CHTPHPOBOUHME BHHTH
OBkeKTHB, AOGHBAITCS: TOro, TTOGH 36PHO MIEPEMECTHTIOCh Ha OTOBIKY.
pacctosHusi K uentpy (touxa 3).

Tanee, ABHAR W) PYKaH, CHOBA CTABAT SEDHO B TOUKY Mepecere:
145 HTedi oKkypa (rouKa 1). loBopausBast CTOTHK MAKPOCKOTa, HAG>-
nawor sa sepHom. ECTu OHO yXONMT W3 TONKH Mepeceyenus Hiteil, 1o

nosTopas

B ool X Habopy 4 nesTpu-
poBousX KMIowa.
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115 LeHTpHpOBaHHS: OBBEKTHEE BO BTOpOM Cyuae IOCTY NI Ciexy-
oM OBpasom:

1) Touky nepeceneis T oKy 1908 TOMEIASTCA 3610ty 10BODS"
4HBaS NpEIMETHA CTOMHK MHKDOCKONA T0 B OTHY, TO B IPYTYIO CTOPORY,
MBICTIEHHO HEMEUAETCA OKDYKHOCTS, KAKYI0 OIHCATIO GHl 3epHO ow o
oM HoB0pOTe, W HAMpEBCHE, e KoTopoM DacTofaratc 611 newTp 3roi
oKpysHoeTH (cM. puc. 4, 6, Toua 2);

Yk e T ———

it Koit

Hurteit okyspa;
3) nepememeHuen wHpa PyKoH dEPHO IEPENBHIACTCS B TOUKY 1.
TloBopauusas CTOMHK, ﬂaﬁ.‘!nﬂam’r 33 3€PHOM H, €CTIH OHO HE YXOAHT m
Toukn

coxpuﬂuncn - omauM w3
OnMcaHHIX CocoGoB.

TipH WOYWEHHH MHHEPANOB C MIOMOWSI MONAPHIAIHOHORO
MHKDOCKONa BCe HCCTEAOBANMSE MOKHO DA3CHTS Ha TDH rpyTINA:

1) Mpi oZHOM HHKoZE (¢ BHIKMIOUEHHbNM aHATHIATOPOM) OTpeRENTIOT
DasMeEp 3epeH MiHEpaIa, €r0 (GOPMY, XapaKTep CHliHOCTH, LBeT W Me-
CxpOI Bemruny oKasatend mpencunins;

mKonsX

p
n.pannem,nm eacre ORDUIETT CATY MEyTpTOMTSHAR MAHEPMIOS,
MaYuaIOT XapAKTED TIOTaCAWS. 1 PACTIONOKEHHS OCeii ONTHUECKO WHIH-
Karpicsi;
3) npu Konsix coere

ONTHYECKY10 OCHOCTH. umﬂepnna, era ONTHYECKHH JHAK H NPUGTHIUTENBHO
‘BeuHHY VT2 ONTHUECKILX Oceli (1713 ABYOCHHIX KDHCTAIIOB).

CBOCHH! METOZUKH HCCTIEIOBAHHS TIOPOL0OOPASYIOUIX MIHHEDa-
o B TIPSR MHOCKOna. Heutiat ofumo ¢
olpexierienuii IepBof rpyrm:

PaGora ¥° 2

'H3YNEHHE 0]l MEKPOCKOTIOM ®OPMbI KPHCTAIUIOB H CHARHOCTH
90PN Kpucranion b Mopose SamicT ot KpuCTaIGrpAK
ocoberHoCTel MiHEpaIa, YCTOBHH KDHCTRIUTHIAIH, XHMHUECKOTO COCTA:
e xarne n 1 B genoms cooBosors poct obpaspures Kpmran,
KoTophie 001AAI0T DABHIISHBIMH, IDHCYLIAMIK TOTISKO IAHHOMY MMHEpa-
7y, ouepTansii. OpTOKNa3 # MHKDOKIIHH, HATDHMED, OGDASYIOT KOpoT-
KoCToNGuaTHE KDHCTAITH. B mumnge OHM MMENT MpUIMATHUECKUE WIH
omuBHHa MMEwT
u




nenpas:
UWIMPOKOTAGTHTSATMH WA HECKOMSKO YIMHEHHMMH KDHCTAINAMM C
GUTMpaMMRAMLHBM OKOMuANMSM. [LNA KPHCTAIOR CTION XapAKTEper
MUACTANYATH OGMK, & B WITHYAX OHR UACTO MMENT WECTHYTOTLHYI0 HIK

yTy
‘TaKum 06pasom, GOpMa KDHCTATIOB OTHOCHTCA K IMATHOCTHUECKMM

oup-mn ‘ocoboe BHMMAHHE.

epHa, MMEUDIE AR AAMHOTO MHHEDATA XDAKTEDHSIE OUEDTANNS,
HASHBAIOTCS M AMOMODP G HMMU (r‘pe! idios ~ cBOSOBpasHLL, np»cyum
‘camomy ceGe, morphe ~ dopma, puc. 5)

Ec/n KpucTaniet B npouecce pml npHoGpeTalOT CBOK XapaKTepHyI
$OpMy TONBKO UACTHUHO, OHM umnmxmnuuauopwuuu (rpeu.
'hyPo ~ 4aCTIUHO, OTHOCHTEIBHO, CM. DHC.

B ex Cyuanx, KOLA KPHCTALIS MUHEPAIOD He HMERT TDABWILNX

KpHeT Oueprai ® 0GPAINT JEDHA HEMPABBHON

OpM, OMK HAIMBANTCA KCEROMODOHMMM (Fpev. Xenos — uymol,

oM. pm:.S)
Crenens,

smepaon B nopo;
TIOSBOAET CyTAT 0 TIOCENOBATELHOCTH WX BHACTEHNS: MHHEDATN C
MIMOMOOUMIMH OUEPTAMHSMH OOPAIOBATHCE TIEDBHMH, 8 MHHEDATH,

HauGoriee Sacto MHNEDLS B ITHdaX HAGTORAOTCS B BAXE Sepen

. dopuas, pexe erpeu-
EISH MR, Koo Ry WeCToMMT % SrUIBAETLA opui
(puc. 6).

npu yape nmn

annewn o (uame neero

rpaisn). B aepHaX MiHEpATOB, OBTanAOLUX CRAHOCTLD, HabMonAETCA

ITEN, TApATTETLILX TP, 0O SNETIOX TR MAKOCKaTON:
i NDOSBNATCR TeM OTUCTTHBEE, UeM BIIE CTENEH: COBEPUICHCTBA

cnllnocnl Tiph MMKPOCKONMYECKOM H3yueHMM OOLINHO Pa3THYAIOT MUHE-

2



Puc. 7. Tunw cnaiwoeru

Pansi ¢ coepwenHo K mmmmw cnaitrocrsio. B seprax Munepa-
o8, Tomkme,
uETKHE TpEUHHS, MDOTATMBAUMECS! TAPUTETEHO AYT KDYTY B GObr
WMHCTBE CTyuaEs uepes Bee aepHo (puc. 7, a).

¥ MMHEPRToB  HECOBEDUIEHHOH CTIARNOCTSI0 MW TSN uame
WHMPOKHE WK NPEPHBHCTEIE, HO MHOTIA MOTYT GBITh TOHKHMMM M MIBHIMC:
TIMM, HE DCEZA CTPOTO NapATTEbibMIH, OTHAKO ETMHOE HANDABEEHE
7, 6,6). Ecm

o 3
1;15;7 'HEpOBHLIE, HIBHJIMCTHE M PACTIONaraioTcs Gecropsnouto (cM. puc.
,2).
‘Tpeusist cualiHOCTH MOTYT IDOXOITS B OTHOM HaTpamieHMH (<o~
1), ZBYX (MaMHEDRI FDYTITN NONEBAX LINATOR, aMHGOTOR, MHPOKCEHOR.

 2p.), TpeX (KaMbMT, ZOOMMT, Fa/lUT H HEKOTOHE APYTHE MiHepatL),
wersipex (pmoopur) u wectn (cganepyr) Hanpapnexusx.
lna i craiocrs b ARy u Goee HampaBTEHHSX,

MuHepanos,
‘OZMH H3 MATHOCTHYECKMX MPHIHAKOB ~ BE/AMUHHA YT/Ia MEXIY TPEulMHa"
X (yToX cuafimocrn. Ocoeso Bamto €70 COPEASAGING 7% AEREPAADD
IPYN aMQHGOTOD  THPOKCEHOB, CXONMMX MExy Cobofi N0 paxy
ApyrHx onTHu (CTaHT  PEIKO PASTHUABUBEXCS IO BEHUHHE YT
cnaiisocTu. ¥ nepBix oK cocrapnser S6', a y propeix ~ 87° (cu. puc. 7, dje).
Tipw WoyueHun TIOZl MHKpOCKOTIOM ClIaRHOCTH HEOGXOHMO T
W0, BeTEACTBME GECTODAIOHOTO PACIONOKEHHS 3ePeH B NOPOLC, B

3



mIe olia 3aMETH HE BO BCEX CETEHHAX OMIHOTO M TOFO K€ MiuHepana. Y
MuHEpaTIOB, OBNANAIIMX CHARHOCTSIO B IBYX HANDABJHWAX, rOpA3NO
paspessi ¢

wanpapnes. NosToMy AN NPABHGHO W MOTHON XapaKTEDHCTHKH
ChafiocTn MiHepana HAzo OGAIATENHHO MPOCMOTDETH BCE €70 3€pHA B
wecnenyemom mnude.

Topanok npopexenust paGorsL.

py! pe obvexrusa).

u

2

s crenems waowop{HsNa €ro seper, xapIKTEpiE oseprasus wpuc-

6) Hamaase wn oTcyTCTBME CraiiHoCTH;

B) creme, ee coBepIeHCTB;

1) pactonoxeie Tpeun CrARIOETH OTHGCHTEIHO HAOTOTSEMEX B
cevenat pasell

" o mapannewnl pema cuaBocrs,

3 Illm MMHEpaJIOB CO CMai{HOCTBIO B IBYX i Gofiée HANpaBieHHAX
ONpERENSIOT YroN MEXQ CHCTEMAMM TDEWMH ChaiHocTd. [ atoro
HAXOZAT 3EPHO C XOPOLLIO BHPAXCHHEIMI, T.¢. HaHGOIEe TOHKIIMM 1 Her-

na com
i oacvet o Bohyey, Seves Cromik semspocxona nosopeusent 1o
coBmeuenis ¢ T
Chalioces. et B1opol ORCate, PoSRs Greoerom Aace semRsiy 7778
craiitocTH a.

4. 3epHO MuHEpATa CO CTAMHOCTLIO IAPHCOBIBAIT, OTPAXas OcobeH-
HocTH ero Gophs.

PaGota ¥ 3

H3YWEHHE UBETA H IVIEOXPOHIMA MHHEPATIOB

Cpeui MHHEDAIOB TIDH H3YHEHHH HX B MDOXOJSLIEM CBETE ¢ BHKID-
T sEATESSpOM pASTIANT 30pRa ROE[0SPATHALE ~ OO
cBeToBBe yuH M - noHoctsio wau

weraa0 Iporychsnec cor. K MepBhiM OTHOCATCS! B OCHOBHOM pY.IHHE
Muepansi. B wiiaX ol BUITSIAT COBCPIIEHHO TEPHIMI 1 HX JCTals-




Ko BTOpoi n
HEX B WNQAX TR MAKPOCKOTIOM COBEPIICHHO , apyrne —
‘oKpamensi. Becuperbmn Kaxyres Muepan, Imrmmmnmun omanaxoso
Mywn ¢ pasTHUHOM [UHNO BOHM. OKpAICHHHMI B ITHAX BHIIAAST
eepans, orupus 2yus pasnis st soms mocRor Sopessouy.
Bcex
oy Kpows KyGnecso, cGnasans acorporsscn. 11760 xp0-
M3IMOM HASHBACTCA CBONCTBO KDHCTAILIOB HIMEHSTS OKDACKY B JaBHCH-
MOCTH OT HANDABTICHMS! CBETOBBIX KONeGaHMi, NPOXORSULIX UEPE3 HHX.
OHO OByCrIOBIEHO Pa3NHUMEIM XapAKTEPOM NOITIONIEHHS CBETOBMX Tyueil
1O pasiiin HANDEBNEHHAM B KDHCTALTE 1 TPOABISETCH TpH MIYSCHIH

TLA0CKOCTS, KOEGNNA CBETOBbIX Ayueit B NONAPHIAHOHOM MHKDO-
Cuoce Sk s iRy » olredereyol oSmam R saeth som
Ganuii cromax Tem caus
Mensien nomlem ‘sepea ororemeo sroll Bnockocrs. Tigm srou ¥

MiHepao
promomnh
¥ omux Munepanon n:leexpon:m BHDAKAETCA B IMEHEHNH UBET,

y

‘Hanpumep ot
rux - .mmmnmnmmexp-ummmmamm

zo ceetno-Gyporo (GasanbTiueckas poroBas oGMaHKa); y TpeTHHX — B
WIMEHEHHH ¥ LBeTa, ‘Hanpisiep ot
1o ceetno-kentoro (Guornr).

OZHAKO NpH MSYNEHMH MMIEOXPOMIMA CTEZYET TIOMHHTS, WTO 3€pHA
AHOrO M mauge, MoryT

OBTATATS, DASHBIM XaDAKTEDOM HIMEHCHNS LBETa, & B HEKOTODHIX C

JaXE He MCHSTH OKDACKY MM BPAIUEHHN CTOTHKA MUKDOCKOMA. Tnx,

GHOTITa B CeueIuAX Co CHAfIOCTLI TIEOXPOHIM BIPAXE! OTHCTANBO, &
sepHax

i

Ins paza cOxpONSM CTyxiT BaxHeRIM JHarHOCTH:
R oy s o fsbpepiores syt
2p.). JIn HEKOTOPHX OKPALIEHNAIX MHHEDATOB UBT OTPAXACT OOOEH:
HOCTH XiMMuEcKoro coctapa. [loaToMy Npk XapaKTEDHCTHKE IICOXPOHIMa
HEOGXOIUMO OTMENATS He TOTLKO OCHOBHOH TOH, HO M m mem (m—
npmep, Kj PHuHEBHH, roNyGoBaTO-dENeHMI 1
DRSS OO RRASHEA SKPRCKE B PAGCX PRIposRk Ky eae:
‘Moo MuHepana.

Tlopsinok npopesess paGorsi.

2 ypy

3. CTOMMK MHKPOCKONA, HAGMIOAIOT 3 XaDAKTEDOM HIMEHe-
HUS! OKDACKM 3eDeH MUHEPANIA B DASTHUHLIX PAIPE3aX.



4A BuGipaior 3epHO, O6NANAINICE OTYETIHBO 3AMETHKM TLICOXPOHS-
, KOTOPOE 38DHCOBHBAKT B ABYX NOMIOXEHHAX, HAMGOTEE CHABHO
ooy Tlpu 3T0M Ha pHcyIIKe HEQGXORUMO OTPASNTS

Cnexyer uyvenne TIEOXPON3MA MIHEDATIOB NPOBORAT
NpHBHKNNYEHHOM aHANHIATOPE.

PaGota W' 4

ONPENE/NEHHE BENHHHK NIOKA3ATENIS,
TPENOMIIEHHS| MEHEPAJIOB
& gt "
NpU3MAKOB MuHEDanoB. OTpEXeneiue €ro, B 3ABUCHMOCTH OT LETH HC-
NDOBOTHTCA DASHMMM METONAMH C DasTHWHOi CTeneHsI

e
Tana-pedpaxromerpom. Hawepenne mOKasaTens npenomnewna
ITHM NPUGOPOM OCHOBAHO Ha ABNEHMM NONHOrO BHYTPEHHEro Vrp.l!lml
TIpK N8I CBETOBO BOHAL U CPEM, 6OTEE CHBHO MpeToMAALCHL, B
cpexy, MpeNomTsIomyI Metee CHIbHO. BeMHuAHS IOKA3ATENS MpeToMTe:
HUS MiHepaTia BEHCTSETCS: 10 dopMyne: n = Nsing, tze N - wapecruii
TIOKA3ATEIMs NPENOMIIEHHSE CTEKJISIHHOO TIOAYLIADHS, H3 KOTOPOTO CBETO-

BAR BT ATAC s MEEIERY e MAEDAN (E50 K OGMUHD D
1,8-1,9); ¢ - yron NaeHnss Tyva, Np KoTopoM oH

saymenee orpexeme. Komrazirpobpuctouery mossonter oy

lmwcfnnp-yulouﬂ mum«mnenpmmmmmmn

HOKaSaTeI MpEROLTERAR MAHEPATOB vasie BCET0 CIDOREIRIT NMMED-
CHoNNMM ueToxou. Omio ¥ cymecraemmcx mpanymecTa toro

ans
AR atpens DDA 3 ZRCATS AN MhrimaTon, Cyee AETORM
3aK7IOUACTCA B TOM, U0, TOIS3YSich CIIELMATHBM HAGOPOM KIHIKOCTEil ©
pasHBIM, , noxGupakT
ABe XHKoCTH ¢ pasinel emuii n B 0,003. TIpirues, SHauenue n omHol
XUIKOCTH Byner Gormse n xm:neuy:uurn MuHepana, a Ipyroil — MeHbue.
Taxum 06pasom, TOWHOCTS oM TnoKa3al npenoMAeHUs
IepcHor CrotoGos soctannaer 00010002,

40 301,87,




CpaBHHBAS IOKASATEH IDETIOMIEHHS KHIKOCTH W MHHEDANa, HAGMO-

3 TaK HasuBaemoli CBETOBOH MONOCKOM, WK AHHHEN

Bex ke (no uuenn ancrpulickoro nerporpaga ®. Bexxe). Tipn pasiiue n
Gonee e 0TI NOABAAETCH TOHKZR

0,001 1 e rpaHMLE MuMEDRNA C XK T

CBETOBAS NONOCKA ~ NHHHA Bexke, TOUHO MOBTOPSIOWAN KOHTYDH 3JepHa.
cBeTOBOI NoNoCKH ABJCHAAMM

s w nomHoro HHero orpaxemus nyued, uux Ha noBepx-

obparo. HeoXomiMo TBEpIO SEMOMHMTS Cleaymuee: NpH NOAbEME
Ty6yca MuKpocKona AMES BeKKe mepememaercs b cTo-
pOHY BemecTBa ¢ GOMBmMM MOKa3aTeNeM NpENOMIEHHS,
a4 NpH ONYCKAHMM - B CTODORY BEWECTBA C MEHBIMM
noKa3aTeNeM MpeNOMTERMS.
B MkpocKonax Twna MHH-8, Tonam C-112 u 1.1, £ze GoKycuponKa
Roxenus cromMKa, THHHS
Bekke Mepememaercs B CTOPOHY cpems ¢ GOMbWHM
nOKadaTENEM pENOMNEHHS NpM OMYCKAKUK CTOMMKA. a
NPW €ro MOALEME ~ B CTOPOHY CPEXN C MEHBUIKM MOKasaTe:
nem npenoMaenus.

W RocTYmHM criocoS onpexenemun nokasatens

HeBOHi NOBEPXHOCTBIO, MO XapaKTepy I(mopux M onpenensT NoKasaTels
npenonenNs MuHEpana.

B MONIEpATA UK CORBHERUDN X TOKESATEA IPETOMTSNAR ¢ 10K
SaTenem MpEOMTEHIA KEHAICKORO GATL3aMa MOXHO PAETHTS H ABE
rnvnm-x l)"unl < nx, Zln..n > s

MUHEPIITOB NIEpB Inst NdEMs BeKKe mpu Nombeme TyGyca
K QOEKOTA RepenEuta oA s Kanngc Garaset, 3Topol FPY A =
Ha MuHepan.

remseo. Mo pesiune noxsssrenel mpenoures uanepura
Kaazckoro Ganssama 0,02 w GOTwe epHa IPHTENBHO CTAHOBSTCA BAI-
nYKRMAK, KEXYTCA KaK G5l IPHTIORHSTEMM Ha TIOCKOCTHI0 LA, O,
KaK MPUHATO FOBOPHTS, HMENT peibed. OGBACHHTS 3TO MOXHO TEM, WTO
3epHA MHHEDATOB WIDAIOT POTS COCHPATENbNX MHH3 (cBeToBME Nywn
BCeT8 OTKIGHATEA B CTopony CPemM ¢ GO NoKaSHTEeN TpAOn:

ICreayeT HMETM B BRIY, VIO y HEKOTOpIEX MHEDATOD BETHURNA TOKAMTEAR DpEOM-

8, nanpuMep, y KamIDTE — 07 146 (< my g ) 30 LESIC> mc




‘nexmst), mostomy onm 1 KayTes HaM
K rnasy Grike, ueM OKpyKawwasi cpena.

Crenci mosmnenun peroeda ~ caalid, cpeaull, cunt, pes-
Kiil — SABMCHT OT TO0, HACKOTIKO TIOKASATEN:, MPEIOMCHIS MIHED

36pHO Kaetcs MDHIOTHSTHM, KAK GHl BHCTYNAOWWM M3 TIOCKOCTH
WAHQa (Myuw>ny,)- BO BTODOM — 3ePHO Ha JOHE KAHAICKOTO Gambsama
‘BRI Oy EHHEM, BIABMEHHM (M < Mx,g)-

Wlarpenepas moBepXHOCTS, Wik warpeHs. lipu uarorosne-
Hu WA HIWKHIO # BEXHIOD TIOCKOCTH KYCOUKa TIOPOTH WAHOYOT,
HO IpH STOM BCEC4a OGTAWTER MKDOCKOTIISECKHE HEDODHOCTH, auMom:
eMIe BIIOCTIENCTBHH KAHAICKIM GATE3MOM. Y MIHEDATIOB C 7, GIHIKIM

= 1,54, 3T HEPOBHOCTH HE 3AMETHE, TAK KaK CBETOBME TytH B 3TOM
Chyaae na FPANAIIE MIHEpaT ~ KaHATCKHIL GaTS3aM NOWTH HE OTTOHSTOT™
R OF NEPBONANATIGEO HATPATEHLS, TOBCRIOCTy 3Pt OCDRMAETER
psasouspro sz

7 pEONMCHIS MUHEpETa OFTIHGATCH OF NOKa3aTen
penONRErIR KARARCKGRO Gansaans wa 0,15 BT, T0 HEDOBHOCTH Ha
Denegunocns sefius CTaRcEATCE saueee  Gag xaxeron epoxoBaToi.
310 o
erpantiun caoromac: yuck. Noeegorms T H HATOMMHaET
IOBEpXHOCTS BATMAHCKOM BYMATH WM WArPeHeBOi o rooma masas:
nme - warpens). [lofoBHO ToMY, KaK pebed IepeH MEHFETC B 3aBHCH-
MOCTH OT PASHAIIB IOKasaTe e NPENOMIIEHH, TaK  WATpeHs NpORBAACT-
5l TeM Peaue I 3aMETHEE, TeM GOTBILE g,y OTTHUGETCH O N 5.

2

Crexyer , uTo 3 T
Bekxe, XapakTepoM pembea 1 LArpeHeBofi OBEPXHOCTH IPOBOASTCS MPH
WaCTHUHO 3aKPMTOH AuaGpParMe W ONYWEHHOH OCBETH-
TeNBHOA CHCTEME; 3T0 HEOBXOMUMO JUIsl NONYWeHHS NOTOKa CpABHH-
TeJIbHO HEGOMLILIONO UHCTA TAPATTENLHEIX CBETOBKIX Ty Uei

mn: paborsi.

(
D

e o sepo TpESIAEMOTo BT Ha TS  KakasKiM
Gamauon (0BBIUHO Ha Kpaio LT

FR e it AT ——
KphBalor magparmy.

4. TIpi nomseMe H oMYCKaHIH TYGYCa MHKpOCKON HAGTIONAIT THHIIO
BeKKE 1 OTMeUAIOT HATPRRTIEKHE ee IBHAEHS IDH NIOTbeMe TyGyca.

5. OnipeeTSioT XapaKTep WarpeHH  pebeda.

6. Ompexerisior penMuuky NOKasaTes MPENOMICHHA MHHepana ©
noMoIms0 Ta6n. 1.

18



(Onpedenewue noxaserean npenownenun n wuneparos Toganza 1

Tovn W [Henpense ] Harpenemanro | emeb | Tpmeers
[ e o
o
St
1 <15 Ha Xatax- Orvernusas  Orvermumasi  ©moopar
aa < 1)
famonc
1,52-154  Toxe Omcyrcrsyer  Omcyrersyer
s
~154 Orcyr  Tome Toxe Mnaruo-
crayer Knans
koo
piox
paspesax
Ha mune- Orcyrersyer  Orcyrersyer  Ksapn
pan
n To xe Cnabas. Cratuit Criona
(o> ) " Cpeanns  Cpewmwi  Poronss
obunxa

" Commx  Cummal  lnpoxees
" peas Pesxuk Tpanars,
chen

TTTpH FIORSeMe 1YY Wi 0y CXAR00R CTOTHK MIKPOCKOI.
PaGora N §
ONPEJIENEHHE CHIM JBOKHOTO MYWENPENOMIEHHS!
MHHEPAJIOB

Tlo OTHOWENHIO K NIONSIPH3OBAHOMY CBETY KDUCTA/LTM ZIEIAT Ha NBe.

pymIs: ofRvecKa ESorpaRia, ORI OIGALX RN TR
Mn_cBoficTBAMM I AE AR, B conmes (meiriortin,

i,
Jlyu CBeTa, BXON B NNACTHHKY QHIOTPOIHOTO MHHEDATA, pasniaraer-
51 1Ha 1B Tyua ¢ PAIHbIMH TIOKAJTE MM NPENOMIEHNA, PACTIPOCTpaNAIO-

19



neck ¢ PUSTINUHAGH CKOpOCTAH H KOTEGTOUSCR BO BIAMIO fiep:
910 ‘mBoiiHoro

moCKoCTSIX.
nyvenpemunenm T IBynpenoMCHYS.
oro; AFATHpeioN saxn (A) masmmaerca

‘Bemrumna, S00aA HACKOIKS HOKESTETS FpETOMIER OHOrD
nyua CrRBiARTER OT ToKAseTera ‘penoMenys Kpyrort

A=n,=n,, m
TRen, B n, ~ BeNHUMHSN NOKa3aTENEi: MpENoMEHUS.
~ peuana or

SamasTea DOXCEIEIA CSCTa » KPICTALIC O WSMEHAEICA or 030
KaKOrQ-TO MaKCHMYMa, KOTODkii NDHHATO CUMTATh HCTHHHOI BEMHUMHON
TSI TBYTEOMEHHA TARHOTO MHHEDATA.

Agey= Ay = ng= 1y, @

R 1, - NAMOTMLIN 0 BEMKUANE OKESATEN, TDESOMIEHHS RaKHOTO

3uaverust A ans unnwmx MMHEDAJIOB KONEeGMOTCH B JOBOMBHO

ummpokux npenenax. Tak, ansi Hepemna owa pasHa 0,005-0,006, ans
a B 3aBHCHMOCTH OT XMMMuecKoro cocrasa — 0,035-0,040, a nns
Kansuuta nocruraer 0,172 - 0,180.

Onpenenesue Cuitbl ABYNPENOMNEHHMS MWHEDANoB OCHOBAHO Ha
HaySeHHM B WTMGX ABCHNA KHTEDHEDEHIMH CBETOBBIX BOTH, IDOXOLS:
X YEDE3 CHCTEMy: TOMAPHIATOP ~ KPHETAILT ~ AHATHIATOP.

Buum GBINO CKa3aHo, YTO JTyu cshﬂ. axnnn B xpnc\'nml. PpasnpanBaer-
o BBIX BO ®
Koaaats 0. cooltrachuck oF cxopocrim. B Pessurers On aye
OBIOHSIEr ApYro 1 MEXY HIMMH BOSHHKACT PASHOCTS XOTA

Benuiia pasHoCTH XoZa HaMEpAETCs B mnnnmukp\max  npmo

e nym cpene, T.e.

H CHTE IBYTIDETIOMIIEHHS NaHHONO KpHCTanTa A:
R=dA= d(n,* . €]
Tlpn TpoxoxzeHun CBETOBNIX 7yueli WEpE3 aHATM3ATOp HANMUME
MEXIy HuMH TOif WM MHOIi PASHOCTH XONA OGyC/OBTMBACT HX MHTEDGE-
pemnn. B ey aszers epes nepascn T HayemnC i 8 Genu caere
17 be-

nog
penumonnue oxpackn. Kaxiouy ssaveitnn paon coor-
BETCTBYeT CBOSt WHTCDRDEHIHORNAR OKDACKS. C:lenounemno o xa-
PaKTEPy MOXHO olipgne.'mna Pa3HOCTs XOfia, B CBOIO Ouepens
5 more e




mynpem)unellu MUHEDana CBOTHTCA K OMpEENerin HHTEDdepeHIIOH-
HO OKpACKH.

T-um wn Homorpamma Mumens-Tlesu (puc. 8) rpaduuecks Beipa-
xaer samucumocTs R = dA.

Ha 370it TaGMLIE BHUSY MO TOPHSONTAH OTIOXEHA! SHAUEHIS PAIHOC-

BETHbE NI07IOCKH NEPHOTHIEEKH NOBTOPSIOTCS ITo MOIBOAET PAsBHTL
HX Ha NOPAIKH.

K nepnomy nopaziy oTHOCATCA cephiil, Gemsili, XeTut, OpaNxeBi
KpacHiii UBeTa, IOCTENICHHO IEPeXORALUIC APYT B APYTa. Bropoit  Tperuit

HMETCR OTCYTCTBYIOUME B APYrHX TIOPAIXEX CEDHIA H Genbii UBeTa, Ho
HeT CHHero W 3eeHoro.

B iepBOM 1 BTOpOM TIOpSUIKEX LBETHHIE TIOTIOCKH OKpAIIEHS HaHoTee
ApKo. [IaTbuie OHM NOCTENEHHO GIENENT, a NpH OYEHS GOTBIIKX PavHOC-
TAX Xon Bee LBeTA
‘HasuBaenyo Genoii BcuIero nopam

‘Citat no sepraxars nn rabamae Macser-ieas ormomess Tomouma
mnuda d (1 Mx = 0,001 »ov). Ha Hixiero Nesoro yrna TaGmus Beepo-
o6paHo sBep: PRcIODATER EpmAe T, K KORIEX KOTOPK
YKA3AHH JHAUEHNS CHTH TBYTIPEAONIE

Tiow noyeeson SHTCpbepeMONHOR OXpaCKS AGIHEDATA HEOTXOIMD
yMeTs, onpexenTs ee NopsIOK. [LA ITOrO NIOMEYWTCA TaK HASMBAEMBM
MpaBHAOM KaEMOK: Mo NEPHBEPHH IEpHa HADTIONAETS CEPHS LET-
HbiX KAEMOK, NOC/IE0BATE b HO NOBTOPAIOWIAR uBeTa TaGmmusl Muwiens:
Tesn.

TIpiuiia NIOABICHI UBETHAX KAEMOK 3AKTIOUACTCS B TOM, WTO epHa
MUHEDAIOB B WTIGE TOMLKO B UEHTPATLHON CBOSH UACTH HMEIT TOMuIHY
0,03 M4, K MepHGEPHH OHa YMEHBUIAETCH, & CIENOBATENLHO, B ToM Xe
HATIDABNEHHM YMEHMIACTCH M DASHOCTH XONA. 3T0 TDHBOTNT K CMeHe

OKacoK OT HauGONEe BHCOKHX B NEHTPATbHOR
20T Jepha K MK & Kpacaucx wacta. Tocnezoparemsocs  wcno

weny u
UBETHBIX MONOC 1lBlmn)x Muwens-JlesH, PACHONOKEHHbIX BJEBO OT MH-
TepOEpELIONON OKpacks HEHTDATHOT Sacr acpw. Hampitep, ecn
HEHTPATLHOI! UACTH 3€EDHO HMEET OKPACKY CHHION BTOPOFO NOpSLAK, T0 OT
Kpas K uewrpy GymyT nocrnegor lremo Habmonatscs cepasi, Genasi,
EITas, KPACHAR # HONETOBAS KAEMKH. ECTH Xe B LeHTpe epHa HabMO-

CHHSS TPeTBEro VW‘ TO OT Kpaes K LEHTpY pacnonia-
raores cepas, 6eN1as, XenTas, KpacHast KaeMKi NepBOro NopsKa, nanee —
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uzesepxy

Bas, CuiAA, JeMewas, KeMTas, KPACHA BTOPOro NOpAKA 1
e;uonmsu TpeTbero nwpﬂnkn (puc.9).

Tlpocexusan oy 3a KpYTO UBETHHIE KaewKy, HawHHast o Kpas K
€r0 eHTDY, ¥ cpaBHMBAs uX C TaGMMNEH Mututes-Tlesi ceBa Kanpano, Mb
yCTaHaBMHBACM HATEDGEPEHLHOHNYIO OKPACKY U €€ TOPSIOK, COOTRETCT-

ouwii pas

scerma NDABHTHO OMPEAENHTS TIOPATOK. MHTEpdSpEHIHORHOM
Spacsan ueﬂxpansnnn sacrh aepria.

BemuunHH CHs
AicpaTa HooGXoTO & mbe GTHEKTS €70 3epHO C HaMBLCIIE HHTED-
bepeHUMONHOI OKDACKOH, 3aTeM N0 TabHLE Mmuc:m Tlew Haiitw TouKy
310l OKpacki ¢ unme

30 (0,03 — Tomaora weba). Tepes oy TouRy Tpoxomir oga s
BeepoOGPASHO PACXONAUNXCA NN, HA BepXHEM KOHIe KOTOPOH M
yKa3aHa CKOMas BemHuHHA A .

Onpereriente NOPAAKA WHTEDHEPEHIMONHON OKpACKH B aepHax
6CCUBETHLIX MHHEDQIOB OGBIUHO HE BHIHBAET 3ATYNHEHWS, TaK Kax

2



IBeTHie KaeMKH BUIHN oTeeTnuso. lpk MSYUEHAM B WTHGEX OKpaIleH-
X MHHEPA/IOB UBETHHE NOTIOCKH, 0COOEHHO B NPENIENAX NEPBOro NOPRA-
Ka, MHOTZ TPYIHO PEITIHHMEL 30 CBRIAHO C TeM, TTO X0T3 COBCTBCHHAR
OKpacKa MHHEDATA # HE BIHSIET Ha XapaKTED HHTEDJEDEHIMOHHOM, o
IIpOCBeuHBAS HEDE3 ATy OKDACKY, OHa KaK D JaTyIeBHBACT ee.
RaXOMO HOMHT: 5 CTywa6 WSYIeHKR HICHGHBHD OKpAEHAGR
Munepanos.

TIpHHATS HHGKHE OKPACKH TIEPBOO TIOPSUIKA 33 BHCOKTHE,
C.K. OHMKHEHKO TpERNaraeT NpH PaGoTe ¢ OKpAIIEHHNMA MiHEpaTav
‘O6pamaTs BHHMAHIE Ha CTETYIOIME PH3HAKK HAIKOH OKpACKH:

1) 3epHO HMeeT OZKHAKOBYI OKpACKY NpH BHKTIOUEHHOM  BKIIOUCH-
Hom asamusatope;

2) B KpAEBAIX YACTAX, D TOMUHA 3EPHA MHHUMATSHAS, HABTIORAETCS
TewoCepun Kaenca; IBETHE Katun Gonee BHCOKHX OKpACOK. oTcyT-
e

R ————
BACOKX TOPSUKOB JEPHO OKDAIIEHO B BOMEE TYCKHE ToHa.

PR MepoTOD, HanDAMED, XTODITO SAIOTE  HeKoTOpx
apyrio
pu Ku'mpue e ornenor neulcnoau‘remﬂecm ¥ uBery nonoc
o6 Mymens-fles. Oy momywwma anOMaTBHHX.
Tpuansa ux pimosamamin xrmans b o, o cnerosie poms pasko
M PACTPOCTPAHSITCH B KPHCTATINAX MHHEDAIIOB C DasHO CKOPOCTSI0
‘W BENKAMHH DASHOCTH X0 TIDH TIDOXOAIEHHH UEDEs KDHCTAILN pA3IHHb,

3IHAUNT W CHM ABYTIDETOMTICHHSE [UIA HHX TAKKE JAMETHO BAPHHDYET.
Tipn um:pnbr:pemmu cBeTOBHX Myuei B TaKiX MUHEDanax HabMOTAICS

'AHOMATLMC  WHTEDREDEHIIOHHAE OKPACKE OTHOCRTCR K SHCTY
JMETHOCTHUECKHX NDHIKAKOB ¥ TIOITOMY BCErTIA OTMENANTCR NDH OMHCE-
EMy MHEpana. OTIpEIENeHvE BEMITMHS CHIH IBYTPESOMNCHHS Y TAKKX
MHHEDATIOR OBBIHO He NIPOBOTMTC.

1. PeryMupyloT MUKDOCKOT (OcBemeHHe, LeHTPHPOBK, CKDEILEHHOCTh
HaKone).

2. Ha cromax. manp u CBK
AHANHIATOPOM TIPOCMETDHBAIT BCE 3ePHE MOYUAEMOTO MMHEpATA.
Bubupant epHo < HaMBHCuwedl  WHTEDDEDEHUHOHHOH
oKpacKoi. ECTn HHTEDHEDEHLHOHHIE KaeMKH TOHKHE 1 TIpk OBbeTH-
BAX C 8 W 9-KPATHAIM YBOTAUCHHEM TPYLHO PAVTHUHME, HEOBXOMAMO

wnn naxe 40-Kpar
. C momolsio TaGMALe MuteNs-IeBH ONpEReNIT BEMMuMAY CHIL
ABYnpenoMitenns Munepana (1o sepHy C HauBHCIIEH HHTEDGEDeHIIOHHO
oKpackoi).

u



PaGorta ¥ 6

IPRISTEHIS XAPAKTEPA TOTACAHIR YA TOTACNHES
R OTHNECKOH OPAEHTHFO
ITHYCCKI AHH3OTPOMHSIE MMHCPATH NDH CKPEWEHHSX HHKONAX W

opiaim HpeiaseTaoed CTomER surpockora s AU Weripd pacd Te
HeloT (NOracaiot)  ueTsIpe pasa NPOCBETNSNOTCA, NpHOGpETas Ty Wi 1
HHTepgepEHIIOHIYI OKpacKy. KpATKO 3To ABIHME MOXHO OGHACHHTS
cneytous oGpasom. H3BECTHO, 4To KONEGRHHS CBETOBX BOH B KDHC-
TALNAX BIAMMHO MEPEHIHKYIISDHSL H TAPATTIETLES OCM WHIHKATDH-
cur. i ToBopore CTOTA HACTYTCT MOMCIT, Kor4a o0l IINKITDICH
coBnanyT caeropas
Botna, MpokaA depes NOTAPHSATOp  KDHCTA, Gy Rer MoTatieHa anamisa
Topos, KoTOpu R TpOyCTHT STHX KoneSasi. B MoweHT Hannyunei
‘BHIUMOCTH MHTEDGEPEHIMONIOfi OKPACKH KDHCTATIA OCH MIIHKATDHCH!
pacronarawres no yriios 45° K Hanpapero KoneGaiii caeta B aHaTH-
aatope  nonspRaaTOpe.

'AHM3OTPOTHHE MUHEDATS! OBTIANAIT PASTHWHEIM XBDAKTEDOM Torace"
1. O 3 HIX WMEIOT PABHOMEHOE TOTACAHHE — BCE JEDHO TIOracaeT

cTH 3epH: T B pasroe Bpews. P
BHIL HEDABHOMEDHOTO TIOTacaHMS KPHCTAIIOB puccunpunmcu B pasore
W8

TIpyt U3y WeHIH MUHEPTIOB ePBOii DY OYEHS BAXHO ONPENCHTS
OmTICCIYR OpHEHTIDODKY, T OTEIEIUTL B KpICTATTC TOToXere
oceii eii (x, 3, 2).
Hocnegme, ax wsaecri, connazaxt s ¢ Tpeusotson Cnaktocre, At ¢
anpaBeHHeM yTMHEHHS JepHA, WA C XODOUO DASBHTEMH rPRHSMM

Kpuctanna.

onmieckoit cBomuTes K
SaMepy yriia MEXQy oChD WHAMKATDHCH M CMafiHOCTBI WIK
YRNHHEHHEM SepHa. ITor YroJ NOMywAT HA3BAHME YT MOracakist. O
3aMepserca B paspese, MapaensHoM MAoCKocTH WEMAKaTpHCH NN,

PALX 3 MacumaGe OTCIAMBADIEA o KATpEETEHD KOTEGEGH
pacpocTpKsIEIEA ¢ OAKOBOR CKoy
TPHIOHATLHOR, TETpAFONATLHOR W FeKaTORATLS

@y Ly L) i

PUKRIGR Cotoron oMK AT et B VI ¢ R Bsiack




(mnu, uTO T0 XE CaMoE, NNOCKOCTH ONTHUECKHX OCei), KoTophii xnpakr&
prayeTcs HAMBCWENi 217 RANHOTO MuHEpana wTepdepe

BelHuKHe Mgy 2. aN,- |
Kak orwesatocs b pabote W 2, craiiocrs Habmonaerca B Bie chere:
Mot napanens six Tpemus. TloToXeHie ocell HITIKATPHCH OMpENEAOT B
souei norscauia sepus, Kpucraniu noracas, e. crasopsn
s xorm

Koropio KaneGacn cooroucd Ayt s KpacTanne, conut o anpasrie-
nax

TIPABIISHO OTPEry IMPOBAHHOM MHKDOCKOTIE HHTH OKYTISpa OpHe-
‘THPOBAHM NADATNENsHO MIOCKOCTAM KoNeSaklti CBETOBOFO Nyda B NOT-
pH3aTope u ananusatope. 910 HEODXOWNMO NpOBEPHTS, MPHCTYTas K
OTpEBEHI GNTINESKOF OPUEHTIPOBKIL (TOPAIOK TpOBEPKI TpUBOIT-

cs uxce). Cren BATeILA, HATE OKYAPa B MoMex? Doracemiia
aepua oceii uH pHCH B
HaHHOM paspese MiHepa:

lns uamepenns yTnu noracaHusi GepyT oTcuersl no MOy CTONMKA
MMKDOCKONa B IIBYX €ro nonoxenusx. llepssii orcuer Gepyr rorma, Korna
‘HanpaBneHye TpeuH CrANHOCTH NApANENEHO OTHOR 3 HiTell OKyaspa
(10,10, 0, Bropofiarcuer” Hpostis B MOWRLY Seractaes P oo
T oKy MDA ocu sepana

Ny, (. 10,0)
HDAKSTIMES B KPHCTBIEX COCTI CANOTOAAR ~tpHToRa Aol
H HeKoTOpEIX
pespese oHOKTIIAOH CukTown phisiend sl ek
er

B Gombumicn D
KpHCTATNAX TPHKTMHHOM comrounen oo Bsxermcl be Eotataun ¢

B 3ToM cllyuae He pasex
0 & T Toracamn NemiaASTCR KoCkn Taxins o6pasom, Mo Tany
"TIOracaHHs MOXHO CYIMTS O TOM, K KaKofi CHHIOHH OTHOCHTCA MUHEDAI:

Ap3
TIOracaHueM BO BCEX 3ePHAX 06NaaloT KpHCTa/lTbl TPHKTHHHOMH CHHIOHHM.
onmaeckoli Towio
oceit Te.
onpenenuTs, Kaxas 43 Hix ABnFeTcs ochi Ny, a Kaxas Ny.
Aoy KOMTeRCaT0p - KpHCTATTIEYY RTACTIAKY (ats,
rune i Kaapu) ¢ ssecrio ¥ ool et s # s v
npas e atpucss. OB mpmu
KBapieBut KoNTeHesTop < Dasoem o S50 ok, B ARG 10

2



rpucrease. X
I = maocxoen, omspuseon noApRTOPS; |
A~ micexoem, NORApIOMIN. SRABITOPE;
‘@~ yron noracamen lmm
lmm ‘ ‘
A
= n
Ny
a N s
7 - %
xoun Froun
/~’ /”’
N Y

Puc. 11. Homexewue uNTeppepeNuuoNNOil OKDOCKU @ SASUCUMOETU O PaETOROXENUS ocel

TEDEPIDIGHNAR OKPACKS sepH seREpRTA (R = Ry * R 6 =
eBep OB GXPAEKA 4D TR 5 = Ry - )

'DOHS ONIPABH KOTOPOFO PACNIOAATaETA 0Ch MHHKATDHCH Ny, 2 BIOMS Ko~
'DoTKoii — N TIpi OueHb BHCOKIX HHTEDYEPCHIMOMMBIX OKpACK2X HCCTIE-
Ayetoro sauepans yuoSece TpECHAT. CRNAIOH KOMTEHCTp, mucs
il pasoCTS Xo7a 150 MoK
Ecin Tpw BDEZCHNH B ITHSECKYID CHCTEMY MHKPOCKONA KouTescs-
BHeMuB coBnazaor

KoM

no ¢

pemcan pasmocr o omercArops TGaTAeTCR K xona

BC/IEICTBHE YEro WHTEDEPEHUMOHHAS OKDACKA JepHA NOBH-

Tmaerea s 560 n 150w 11,0). B cnyage. coBMAzeNA pasHomMEH-

HBIX oceil HHIMKATDHCH B EDHE 1 KOMIIEHCATODE PasHOCTS XOHa MOCTER-

HEro BHUMTACTCA M3 PAIHOCTH XOma MuHEpana (wi HaoGopor), a MHTED-
sepa npy . puc. 11,0).

Tlopstnox npobeers paGoTsL.

1. Pery MpyIOT MHKDOCKON (OcBeenHe, LIEHTPHOBKA, CKPEUIEHROCTS
sonei).

2. HuTi OKy/Aipa YCTAHABTHBAIOT MaPAILIENLHO MIOCKOCTAM KoreGa-

il TOTAPH3ATOPA W AHATHIATODS, TR 9ETO HCTOMB3YIOT OCOOCHEOCTIE

z



npeoxpousMa GHoTuTa. HSBECTHO, WTO OKpACKA GMOTHTA CTAHOBHTCH

LU JETaRoBK WATEA OKyIAa MOCTYIART CTERYOLI O6pa30M-
ARANHI&TOP BHKNOUANT 4 B TOUKY TEPeceueHns HuTell OKynApa
DA SepH0 AT € X0pODD PApOR¢ R TP chal
TH 3aTeM CTOMMK MHKDOCKONA MOBODAUMBAIOT [0 MOMEHTa HamGonee
TemHoii OKpacku Guotuta. B Takom lwlwxem ©OfiHa M3 HHTed Of Kyn.u'pl
RonxHa Gam
cTeyer NOBEpHYTs OKYNAD TaK, UTOH NATS COBNaRANA ¢ pemsseriedag

wup ¢
MHHGDAIOM  C BXTDSEHNMM aHANHIATOPOM HAXOLAT 3EDHO C
UETKMMH TPEWIMHAMY CHANHOCTH M HauGONee BHICOKOH MHTEPGEPEHLMOH-
HO# OKPACKOft (B TAKOM CeYeHUH B MIIOCKOCTH WG PACTIONAralTes OCH
N4 3n0septonowemam » e s spems.
4. Cronmx. unxpnclmnu ﬂosup.mam DO MOMEHTa, KOTJIa TPeIMHE!
© OppHOl M3

pa. Bmwu nonnxem .uenam TNepBiii oTCuer No MOy cr
5. CTo/UK [OBOpAUMBAIOT B CTOPOHY GMixaiimero noncxe)lun noraca:
HHS 10 mmorn TOracaHusi 3epHa W QeNaT BTOpod Orcuer. Paswuma

OTCUETOB COOTBETCTBYET BEMuMIE YTIA TIOTACAHMS, 0.
6. Ziep)lo 38DHCOBBIBAINT B MOMEHT TOTacat|sl, HAHOCKT OCH HHIMKaT-
rpemmis KpueTan-
I 41m Bampenncan yncieent x VRashiotuT HSMEDeRRAR yroR HoFses-
#% & (pic. 12). 38DHCOBKY MOXHO IETATS 1 MIPH BBIKTIOYCHHOM BHATHSA-
pE, YTOGH Nyqe BHAETS Cf 0CTB..

7. B noroxenR noracatne CTOTR MAKJOCKOTA foRcpSTABALT X

nns
KOMIIeHCaTopa (Ha CIENaHHOM PHCYHKE CTPENKO yl(axunm Hanpasne-

P 12 Onptenene cnrexal apsponn
suawe ydnunena xpucrun

onano » oo rscarn. Ho gucyi-
e’ Toxasu pacnonoxeme. i KD
(N yron Torscamus (a)




e noBopota cromixa). B TaKoM MONOXEHNH JepHA HauBOREE OTYETTIBO
RaETCA €ro wHTEpYEpERIONHAA 0K a ocu wumiKarpucs

MiHepana
pa.
8B npopess B woyce

opu sTou
OTMEUAINT MIMEHEHHE W (OKpack Ha MuHepana.
loBumerNe ee O3HaUACT, YTO B KPHCTAZINE M KOMMEHCATOpE C(

OAHOMMERHSE OGH WHAWKOTPHC M, CTCAOBATEMLHO, OCh MHIMKETPHCH
MMHepana, MapanNeNLHAS MNMHHHON CTOPOHE KOMINEHCATOpa, SBASETCH
ocw Ny, B clyuae xe NOHMWXEHNS WHTEDYEPEHIMOHON OKDACKH = OCBIO
Ny (CEzyeT NoMHT, ¥TO aMeHesbIe OKPACKH TDOCXOIT Ha BEVHRY,

9. Ha aapuconKe oceit "

cN,-u.cN,-w— o
e ¢ = yCnoBHOe 0GO3HAYEHHE CRAHHOCTH.
Hanpuwep, yron noracanns a (c. puc. 12), pomia 15, opasona
enaiitocrsio 1 ocsio Ny, noaTomy cNy 1 rersa =75,
10. Onpenensuor 3uax y) Shar FrmmoR som Moepars.
cantaercs ecnn Smmaiiued ocso
MIIDIKATPHCH TIO OTHOWIEHHDO K TUKHOFi CTOPOHE KPHCTATTA W HANpas-
nemo craiitocru ABNAETCR ocs Ny, T.0. cNy <45', W OTpHUATE BN, ecTH
stoft ocsio awnsercs N, B niocnemsen cayuae cN, <45

PaGota N* 7

OMNPENENEHKE OCHOCTH MEHEPAJIA, ONTHYECKOTO 3HAKA
M BETHYHHK! YTIA ONTHYECKEX OCER (2V)
B ommueckn oo KpUCTISE. RIS sanpaanE,
PACAIDOCTDANAC 10 KOTODHIM TyuH
Tyeenpenounenns (5. = O, v iy bl e
THYECKHX OCei.

cpenmix cunromyii
TPHIOHATIBHON) OXHA ONTHUECKAS! OC, NIOITOMY OHM a-mocncn x rpynne
ONTMYECKH ONHOOCHMX KDHCTaNNOB. Ommw
< omoit HTAKATPHCH.
KpucTannus musuix curOMMii (poMGHIECKOf, MOHOKTHIHOR ¥
KDGiHoR) KK 758 HATpRBREHR, & KOTOPUY HE TPOREXOHIT AROHATO
TMyuenpenOMNeHHS. OHH COCTABASIOT CPYRNY ONTHUECKH HBYOC:

»



Puc. 13 Cevente uxduxsrpucss deyoouozo Kpucrasss.
Paspes nepnemocyRspex: 1 — X GErpoR GucceTpCE;

N, / -
o _Gongor dccempun P58 Py

HMX KpHETannos. ONTHUECKHE OCH B ABYOCHHX KPHCTALIAX pacrio-
TAraTCA B TIABHOM CEWEHMM WHIHKATDHCM fox YTTOM K ZDYT ADYTY.
Sroryron et obosduias 2.

ey KATDHCH HMEET B STTAICS, OMYOCH KOTO-
poro npoopuoHaTL K luuﬁumatynoumm(n,) iulmﬂnmmy

0 Hasusam cu w IOCKOCTLD onTHvECKHX Lo
Ocu umuarpucn Ny n N, cryxar SHcceKTpicaNH yEia onmueckirx ocell
(o 1) Ot i mm ononax ocrpult yron Mexy onTsecKmn
ocmmn u npin

mpyraz ocs —

Bemuuw ercs B
(oBe OCH CHBAKTCS B OXHY H MK HMEEM 2€710 ¢ unwxxuw Kpmumnu)
0

KII( OHOOCHIE, TAK M. nayocmle KPUCTANUTRI fensTes Hl om'mncku
¥ onTuvec omio-
pnplm ey Sepeacum, m0 coommomenn n(ox)u-
nyuei
CouxnonenmuN  TYdow HWMTo Hammes coeTomod ny
aCTpoCTpANIUHCS © NOCTOAHHOM CKOPOCTSI0 # TOCTORHHAIM 0 BEH
aume moxasarene mpenownemns (n, = const), HEOGMXKHOBEN
MM ~ ICTpOCTPARARUMACA ¢ TEPOUEIIM CKOPOCTHD W TOKESATE
(n, # const). B KpUCTAnAaX n, > gy B
craereninm, <
IBYOCHBIX Kpu:nnmx OnTHYECKuil 3HAK onpenensiercs no uxm(m
WEHO 1 = Ny W Iy, = Mgy TAE 1y, — TOKAIATES TPEOMICHAS, IO B
uHHE NPOMEXYTOUHI MeXay gy m ny(n, <ny, <np). Jns on'mve:xu
BOBORITETAX KOMCTANION 1 — > i | 1 21 orpu
ny = nf < Ny = n,. ONTHUECKNI 3HAK MOXHO TAKXE ONPEAETHT M
Hopaxeipy ceapoRl GceKIpucer 2 OIFMUECKR POTORATS AL KPITAT
-Npa iy




Puc. 1. Hurepgepenuuonnan gueype

conaooss wpucru (), onpedenese
maxa (6, o) & puspese,

RepnexyaApoN  onrueoxol et

P Lo Sostgcone: i
conamonore Kpueru o Koo purpese
(empenonu  noxasano St
o coies sumgockons)

ok e
!

Hsyuear ocsocrs, armeckat s u yro zv  nom apoconou »
paspesax npu (

e 60-xpatHoe
YBeutims, 2 X AR Cotre, BN SoTyERiN ROTOporD Rl oA
ol o Dpe1la OSBETHTEMLGH CHCTEME MKpOCKOna BBOLAT o Taso
# Beprpana. Tpn 31oM HaGMmonaeTcs XapakTepHas JIS KaXOoro paspesa
TaK HaahiBaeMas nmpwepenuuannu, WM KOHOCKONuuecKasl, rbnryp.
% sy KoTopol OpERSIAGT OCHOXTS K AIA KBYGCHX KpHCTATIOR
semuny 2V.

e o 34807 B paspese, NEpIEHTAKYIADHOM W
Mo nepneszynApiow K oMTteckok ok, B paspeoe, opueTaposas
K onmrueckoii oc, durypa
e v Kpeees, Beia Komopern nepeceaws » ueTp nona
PN .. B TOKE BDXOIA OTTHSECKOl Ot i COBTATADE C Halpant
Konetasnf noapasaropn H  anamaropa(EHe. 1,01 Ton

BpAchs o M pOAARS Kyecs otaéien DGR,
MHTEPHEPEHUMONHYI0 GUrypy HaGMONAT: B KOCOM pas]
18 oo HepHaeRT AP K Sarevockoh ot 10 Mered hepeceuA
BeTBeli Kpecta Gy eT CMeILeHO OTHOCHTETISHO LIEHTDA IOt 3pEHHsE MAKO-

3



cKona. cTonMKa BETBH K|
Bpens camum ceGe. ropvx-
‘30HTAIbHAS BETBY TIEPEMEIMACTCH CHHIY BBEPX WM CBEDXY BHK3, & BEpTH-
15).

BeTsu Kpecta B OIHOOCHHX KPUCTAANAX pacriofaranTcs Ha gome
eV Ko, TR STk SN o A aaci
‘H3yuaenoro uunepana. B auepanax, y KoTopuix ol

enerxa (ne e 0013 0,01), s Ko cepok & 6oh HiTep:
GepeHuMONIOf oKpacKu NepBoro nopanKa (Ksap, anatwr). B Munepanax
¢ BuicoKoit A (ssume 0,030), Hanpkvep y GMoTHTa W KasuTa, HaGmo-
noTes Komsia oKpacoK, Hec:

‘3HAK MIHEDATa ONPENENAETCS 10 XAPAKTEDY PACTIONOXEHHA LBETHEX
Lo orope o BOMMIM Mepeceuenys Berseil ercn, npu
KoMeHcaTopa. ONTHUECKiii SHAK MHHEDAN2 CIHTACTCR NoNO-

memnmu, ec cumme naTHa O , Tee.
nonepex HanpaBnema IBWXeHUA Kounecaropa (oM. puc. 14,6). Botp:
TEMLHAIX MHHEDANAX CHEME NIATHA 103 Bolln

KpHCTANIT. ONpEAENAIT OCHOCTS, BeTHHY 2V H ONTH
Seckul WK B AByOCHSX KDHCTAMISX B paspese, CpMEHAM
xynapuom & octpoit Guecekrpuce (o.6.), paspesc,
NepmeNAMKyNAPHOM K OMTHUECKOH 0cH (0.0.) (oM. pic. 13).
HurepdepeHunonnas Gurypa B NEPBOM Daspese HMEET BHI JBYX
TEMHbIX M3OTHYTHIX THHMI — urleﬁ rHNepGONK, WIH HIOTHDH,
» none Toukt
BHIXOA8 OCTPOI sumxpum(puc 15 ). Tipn BpameHuH CTONHKS MHKDO-

‘BepuIMHAX HAXONSTCS BHXOMM ONTHUECKMX oceil. Bokpyr Towex Buxozs

rqecKux ocei HaGMOJAIOTCA WHTEPOEPEHIMOHHEIE OKDACKH B BHAC
unemcx ik (nexunckar). Benusta pRCXoRAEAS NepGon upncs
of Bemwwks yrna 2V: uem Goue IT0T yron, TeM GHCTPEe M AamLuc
pacxonsTca Berau ranepbon. Ect yron 2V e npesusaer 35-40°, om
TIOCTOAHO OCTAITCS B MoMIE SEHHS, €T ITOT yrox cocTapuser 45-50°
IHNEP6OTSL PACXOARTCA TOK, TO WX BEPUIH PACTIONATATCA Ha TpAHMLLE
nons speiws. B cnyuse, Koraa yron 2V Gommoi (S0° u Gonee) — seran
UNEpGOTH NpH BPAMERMM CTOTHKA MHKPOCKOTa YXOAAT 33 NDEAEM nonst
apenus.

Onpeneienue ONTHYECKOTO 3HAKS TPOBOIHTES! ¢ NOMONIS KOMTIEHCa:-
Topa. O BBODMTCA B Mowew, KOLA AGCKOCTS ORTHECKNX
oced Kommen-

»n



. 16 Tepeponisonn Suone o _J1n s oot
dayocn

catopa. KpHCTann CulTaeTcs NONOKHTETbHSM, €CMM Ha BMIYKIOW
cTopoHe runep6on nosBsIoTCs cukue nsitHa (oM. puc. 16,6), u  orpuua-
TeMLHBIM, eCTl OHi MOSIBIAITCS Ha BOTHYTOi CTOpOHE THIEpGON (cu. pHc.
16, a)

onmuueckoi oct, omsa
mllcpﬁonn, K:ympaﬂ npn Bpnne)lm CTONUKA MUKpOCKONa TaKxe Gyzer
BpamaTscs, KO B ODDATHYI CTOpOHY. BOKpYT BHXOZA ONTHECKOH OCH
PACTONAraITCS! NONOCKH HHTEDREDEHIHIONHbX OKpAcOK (4aCTH TeMHiC:
Kar), KOTOpBIX Tem GOTbE, veM Bbille NBYTIDETOMICHHE MuHepana (phc.
17,0).

Crenens M3OrHYTOCTH rMNepGOEI 3aBHCHT OT BeWuMHSI yrna 2V u
MOXET GHT, KpITepHeM IR €ro ompeneneis. Uew CATHEe WIOTHYTa
rumepGons, e Meimme 101 2V naoGop (. puc 17 )

Tn o

Gonma pacmonaranace mNomepeK HampaBieHHs BBeae-
HUA KOMUEHCATOPa. Y MONOKHTENHHOMO KPHCTAILIA DM ITOM CHIEe

(BUTCA Ha BLITYKIIOH CTODOHE THNEDGONSI, y OTPHUATEIBHOTO —
sa porsyToi (cw. puc. 17,

1-aa n



LIS Puc. 1. Wureppepenuuonnan_gueype
ayoonoso xpuersass

v yere 3V (0

2v=0"

AN N\

paspess, ans octioc-
T4, ONTHUECKOrO 3HaKA H OTHOCHTEMbHO BEMMHH yTTia 2V, XApaKTEDH-
3YIOTCH HHOKIIMH MHTEDOEPEHUOHMAIMH OKpacKaMt. Pa3pessl, TOUHO
DAY REDHHE K OIRGCKDR Ock, B XPEREHIAL KRKOMRX TEMHL,
o wEpLe i BpALER O W Tpocoerhmenc, K K 17

€ PACTIPOCTPAHSETCS!, He WCTMTHBAs ABOAHOFD Jyue-
Toenarans (A = 0 B R= 0). B Koco OTHOCHTEsHO ONTHUEEKOl OcH
paspese, a Takixe B PAIPE3X, NEPTHTHKY AADHIX K OCTPOH GHCCEKTPHCE,
Sepoo wasoeGaen Miomyn ohpacey (R 0L ko o6 pexoumBpErcs

HCTIOMBIOBATS PaIEsBl ¢ OKpACKoit s g Genoii Wi cBeTnoKenTO
TepBOrO MOPSKA, T.K. WHTEDGEDEHIMONHME BUIYDH B ITOM Cryuae
IO YAIOTCS HESICHMMM, PACTIMBYATMH.

1. Perymupymr MKpockon (ocsemenue, TIaTeTHas UEHTPHPOBKE
OBReKTHBOB ¢ 8- 1T -KpATHAIM yBETHUEHHEM, CKPEUCHHOCTS HiKOTEH).

2 T BKTOGSINOM SHATISTODE WAXOZAT DHO OlpEzeAeworo
Munepana ¢ HauGonee HIKOH HMHTEpdEpEHUMOHHON
OKpacKoil (xenaTenhHo He Bhme TemHo-cepoli i cepoil nepsoro

TenBHO HeHTD) Tockomsky 3101
Ot Mees MATLH AAdieTD oM ISR, HAIIRILE RARG Seodtu
TEMLHOTO IKCCHTPHCHTETa MOXET IDHBECTH K TOMY, To BOPAHHOE A5

u



onpexereHHs: JepHO NpH BPAIEHMH CTOTHKA MAKDOCKON Yilner 3a mpexte-
et oSt Spenns

4. TloHHMAIOT OCBETHTE YN CHCTEMY W BKTIoNI0T M3y Taso.

5. Bunuiior oxynap a sk ovser Teney Beprpaka (a Toonemes
enymeoyap e mnuuml

Ka ‘HaGMozanr
Hyi @mypy, no By Komopolt pESTAT OCHOCTE MAHEDATA H OpHEHT:
PoBKy paspesa.

7. B anyocsix Mukepanax o crenenn usoraytocTs runepSons w7
semume runep6on
ompenetsor yro onTHuECKaX oceit 2V.

8. C IoMOIBI0 KOMIIEHCATOpA ONPENENTIOT ONTHYECKHi SHAK MHHepa:
na.

PaGota N 8

CXEMA TIONTHOTO OMECAHHS| MEHEPATIA IIPH H3YUEHHH ETO
110 MHKPOCKOTIOM

onvcatso Hepan

TETBHO IDOCNOTPETs BCi0 TIODOXY B THGE C MATHM YBETIueHHeM (o0BCK-
B X3,7mnn X 3,5) mpu omHOM HMKOME, B CKDEUIEHHHIX HMKOMSX M
[IDHMEDHO OLEHNTS, H3 CKONBKHX # KAKUX NOPONI006pasyI0mux. uuﬂepn-
7B oHa cocTomt. l'loc.'le 3TOrO YCTAHABMUBAIT OGBEKTHB X 8 Wh X

usy o

1 Muiepana 5 nopore (2 %
Gea NoncueTa 3epeK) OTPEACNAOT NIOX MHKPOCKOMOM BHSYATSHO, MyTeM

P Tz Pa3MEpOB HCNOMLIYIT
MHKpOMETPHYECKYI0 THHEIIKY, MEIILYICR B OKymape X 6 (c. padory
¥ 1). HoMepsoT AaHy  mMpiHY TIpeoGTATaIIAX [0 PAIMEDY JeDes, &
TAKe PASMEDH CaMBIX METICHX K CAMSIX KDYTHbX 3EPE.

3. Xapaxrepucria gopus: sepes epana (cw. padory I 2). Orue-
SALT CTENEH OO SCPEH MAHEPRIa 1 OCOHHOCTH KX $OPM:
e, 6K K mecri-

YTOMBHMM H T

XapaxTepucTaKa BKIIOCHIH. Hanuaye WIM OTCYTCTBUE
BKTIOUEHHH, HX KONHUECTBO, plcnpa,nenenm. coctas (TBepase, KumKue,
rasoobpasmsie).

ATATHT WK IMPKOM B GHOTHTE, INA RHIKHX BITOUCHIH XBPAKTEDHA

3



HETABWTLHE OEDTANIS 1 OTHOCHTENHO TOHKHE KONTYDH, 3 [23000pas-
HHIE aILIe BCETO WMEIOT OKDYTYI0 (oMY C FDYGHIMMH KOHTY DaMH.

5. CrefieHs HIMEHEHHOCTH MuHepaTa. YKasHBAIT HATIHUHE Ik OTCYT-
CTBMe NPORYKTOB pApYWEHHS, KOTMUECTBO NPOAYKTOB PAIPYWIEHHS,
MiHEDATILH COCTAB, XDAKTED MpOLlecca PAIPYIIEHHS 10 Kpasiu depha,

IO TpewHaM WK TIO BCey epHY.
. Crafirocn, Muhepana (cu. pabory N 2). Ormeuaior Hamwume win
i uunuom, e CrereHs CORPIEHCTBA, WHCIO HaNpaBeHLi, B
KoTopeix

7 Liver u incoxpomsm Mkepana (cw. padory W 3). Jns oKpaumenicx
MHHEDAZOB B MPOSPANHHIX LITHGEX OTMENAT WHTEHCHBHOCTS OKDACK,
B sepHax Miepana,

8. loKasaTem MpeoTCHI MINEPaIa OTIDETEATOT METOTOM CPABHE-
HHA €10 ¢ NOKa3aTeNeM MPEOMIEHNS KaHAACKOro Gamb3ama (cM. pabory
w4).

TIepeuCTiae BLlie OTpEAETINLA TPOBOLAT ¢ RN MIKOTEN, ..

mpos:

mmcxpememux HHKOTAX.
9. AHM3OTPOMHOCTS MiHepana. OMTHGECKH H30-
pounan Ahacpam (kpRCTAB R THUECKOR ChprOKR 1 MAESpRE
amopdHOro crpoeius) He o6MazaT ABoiiNMM NyuempenoMTenier (n =
=const, A=0)uc
AuKa ocrawtes nor:

0BaHHE HIOTPOHAX MHHEPRIOD Ha SToM 3AKEHUKBANT. Tlepe-
WHCAEHHNE HAXE ONDEICTEHKS KACAOTCH TOMBKO aHM3OTpOMHAX
Miiepanos.

e DoHEpaS (KPHCTANITS CPEHINX W HIIUINX
CHNTORWH) XBPAKTEDUSYWOTCA HBKWMEM IBORHOFO NyWempenoMTeHMA
(A #0), BerencTame uero b cKpemeNHsX HHKOAX O
bepeHIMONHON OKpacKoi M MNpK BPAWEHMM CTOMMKA MMKDOCKONA 1O
npocseTAOTCS, T NoFacawt.

10. Cany ZBoHOTO NyuempENOwNEHNS ONDEXEIST B JEPHAX C
HAWBHICI € HHTEDOEDEHINORNOR OKpaCKo (c. padory N 5).
U, Xapoxrep noracanes

epana.

N5 MMHEDAOB C PABHOMEDHMM TIOTACAHMEM ONPEENSAIOTCR yrom
TIOraCAHMS, OMNTHUECKAS OPHEHTMPOBKA M IHAK yamanenwst (cu. pabory
w6).

I GiCE KANEPLIOD ¢ HEDSSOMSPIL ToTacemie cremyeT
onueniT, T Koracez: sakohouepsioe — npocroe

30HAMBHOE, HE3aK( 0 = BOMHWCTOE, WK uGJhW.

mperariot, mtanbate 5 39 (g, 10,

12. , ONTHUECKWH 3IHAK W NpUMEDHYO BemwumHy yrna 2V

NDERCTIT B IEPHAX C MEHHMANHOR HETEPYEDEHLHOHHOR OKpAC-
Kou (e Brime TemHO-cepoii WK cepoii NepBoro nopsKa) (cM. padory N° 7).
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Pabowepror Hapabuouepuos

Tpsitoe Kacoe  Cimempurmoe

¢ =
. il [ 2=
| Apesammoe

npocriog /

Nosocamoe  Pewemsmoe

Puc. 18, Xapocrep nosucanna
wmeparon

Muse-

pala 1 €ro ONTHYECKHE KOHCTATHI IO3BOJIAIOT OTHECTH MUHEDA K TOH MM
RPYroii pyMIE i onpexeNHT, €ro Kaspanue. JITS ITOrO CHAYANA MOKHO
socnomaosanex xpyrosoft puarpmauoi (i 19), @ setew yrounm,
SeyesaNe JimRe oo nommﬁ ny ONHCARUID ONTHUECKHX CBOACTS
WM B OTHOM 3

Crpenemirencin et noseti (1, 11 13 ]

Kpyrosen Ausrpisas, 1 souorpaicus A0S cRpERENCHIS sammcpe:
708, MpexcrapnAer cob0ji Kpyr, PASIEACHNLE Ha UETHDE KBATDAHTA.
ABY paBX KBMIDITIX GIETONORE IBYOCHLE MACPETL), 3 B ;myx
Hemux — ouoocie. Bepoitn <acTs TP — TOTE OMTINEcxy

MUHEDATIOB, a HIK

PRk S GO0y B s SRR
HuS n, KOTODast HIMEHSIETCS B KAXIOM KpapaTe of 1,42 10 3. Javermsan
cum

OKpYXHOCTH, IDHEM, €M OHH JQMIbLE OT LEHTPA, TeM Mebiel BemHukie

Ol oTBeuawT. Macurrab WKafist TioKasaTeneli MpeNOMMEHST 1 CHIS

ARGIGED TyGEIpRICATENLEL SKOpAN YGTORAD X CORpAAERSR Toctom-
B yKasaHHbIX Tipeienax.

Ha mrpuuue BHeNeHb! MHA — TIOKA3ATENs NDENIOMIIEHNs! KaHAT-

cKoro Samssama (ny g = 1,537) # cunst meympenomners kaapua (A =0,009),

KOTOpHe TpH KpUCTAOONTHYECKHX ONPEACNEHUX HCTIOMLIYIT B K-

eme amat: amauery
KPYXKOB Ha THarpaMie HIODANEHH HaGOTee PACHPOCTpa:
neuuue mmep-nu 1lugpa BHYTpH KpyKKa 0GO3HAUACT HOMED MuHepana,
 KOTODIM OH OTIHCHIBAETCA B TeKCTe NaHHOTO PYKOBOLCTE,
El



X
N

X

X
X3

>
LK

X

S
-

X

5
=

S
5

Ay

AR

#.g.;o
e

s

X
&
S’

.{'
l
X

iy

e}
o @ ®
P 1. Kpn [ —

Ouszpesca
B.E. Cuupnoay, M.A. Toxspeay, 1584 2.
-

Gecunerinie, 2 — oxpasemase, e 3~ oxpamenne w nneox; .
(Mnnepami, oBnauduDe NEPEMENNIM OTTHUECKXM SHAKOM (+), BKAOEN B WCHO Kix

Kpyxxu paamenchsi ropusowrammoli mumed. Jia Gecuser-
HBIX aHMIOTPOMHBIX MHHEDA/IOB OHA HE BHIXONHMT 32 MpENeNH Kpyx-
Ka. OKDAUEHHNE HEMIEOXPOHDYIUE MIHEDTH OGOHAUEHM KDYX-
KOM ¢ FOpHIOHTALHOR MHHeR, BM X0 ARMEI 32 €r0 MPERCH, & OKpa-
mennme 1 - KpyKom ¢ D y

[

AspM MK a
€ro npegen. [LTI0C WK MHHYC B KPYAKE TIOKaSHBAET SHAK. YUTHeHNHS
WK FTABHOR 30K MuHEpANA.



Taxum 0Bpazom, TTOBBI ¢ IOMOLLBI0 KPYTOBOFE IHATDaMME! ONPECTHTS
HadBAHME MuHEpana, HEOGXOMUMO SHATH CIEyIOUWE ero CBOACTBAI OC-
HOCTS; omTICCIHi aHaK; TIOKE3ATEs NDEIOMNEHNS; CHAY TBYTPENoMJIe-
Bust; OKDACKY; HATWUHE WIH OTCYTCTBHE MIIEOXOM3MS; ONTHUECKY:
opueHTHpOBKy-

Kowrpansisie gonpoct:

1. Kex onpesemims ofusee yoemmienme uakpockona?

2 Kakobo nasmaycie quagpanss?

3. ey papiReTe et MHNIMATLHORD RN MAKPOUCTPHSCCKOH el ¢
ofnexmipon x8?

4. Ka ycTanapupaetcs mawg 1a cromike MuKpocKona?

5. Kakoe nemecroo ciomayercs 1 MpHKTENSat cpesa. TopHo TOpOTS X
pemdemiony u TokpoBHoMy crexiaw? KaKoba Tomika cpesa?

6. 10 HEOGXOmMMO CTATS 2715 MPOBEPKH TPABHTLHOCTH BIKMEOTO PACTIOTONE:
48 TONAPKTOpa  anamisaTopa?

X

B ueM SaKIIDAETCR LEATDHDOBIA MHKOCKOTA?

5.

Kpucranios s
Tlopoax.
10. Uto xapaKTepHo 715 KHCTATIOD, HAWBAEMMX WIHOMOPYHEDE, THTHIHO-
MOPHHMH K KeeHOMOPOHMMH?

11, MoeT 1 GopMa JepeH MAHEDATA OTHOCHTCA K THCTY THATHOCTHWECKHX

iro HaysmaeTes crgiocTsio KpHcrannos?
. Kak IposanAers MOt MKpOCKOTOM crafiocrs?

14, Tlo_ Kaximu NpH3HGKEM MOKHO OTTHUHTS COBEPUICHIYIO CafocTs of Hecor
epmenoii?

15. B ckoMsKix HaNDaBTEHNSX HaGTOAETCH CHAANOCT, Y GOTLINHCTRA Topo-
~2006pasyomX MitHepaToB?

16, Uew paamiruaetcs cnafiocTh MMMEDIIOB Ky TPYNN CTOX oT chaiHocT
uGonos, mipoxceron?

17, KaKoe coORCTBo MHHEpAToD HAJMBACTCS TIECXPOUIMOM?

18. Kakine MoepaTst 06 MaaioT WeoxpouIMOM

19.B e TpoRBAAETes mAoxpelsk 102 MHKDOCKOTOM?

o

2. Tipn Kakom HomoxemiH HHKofeH (TOISPHIATODA M aHATHATOPa) HayuaT
neoxpomsu?

22, Kaih ocoBENROCTAMI ROMXHK OGMAATS TpemNM clailiocTh B Jephe
\iepaTa, BHGPAKHOTO 719 OMpEElek A BENHHI YT caiHocT?

23, KKHMK METORaMS OTpENeNAT NOKASATETH TpEToMCHNA MHNepanos? Uro 5
o o6ero?

24, C nomoms1o KaKinx ceroBs 3peKTOB MOXHO MO MHKPOSKOTOM ompete-
TS ToKasaTeMs MpenowTenHA?

25. o HeobXOmHMO CenaTs NpH HBGTOZCWNAX 2 XapaKTEPOM pemieda u
warpenesoil NoBepxHocts y Muiepanos?

26, Kax onpenemiTs, y KaKoro ¥y MWHEPATIOB B WTHYe BeMMUHA NOKa3aTens
enownesns Gomme?

39



2. Tlpi Kainx SHauewWAx ToKASaTeN MpEMOMTEHSS THHHS BeKKe 1y KOHTAKTE
omepan ~ Kakaga Gamoan e mwal
=

% TIpn Kakow Rofoxesumn TGTApHGHToPA  ARATASETOPS ATAOAAETEE 3006KT
awoiioro ryvempenosenus?

31. Bee 7 Murepams 06ManaoT BN TyTEnpeoMTEIHEM!

32, C Kaonan nemwnapam co73aa cuna 7B0RHOTO TyverpeToMTEH IS

33, Benencrase uero y MHHEpaTOR Mo MIKPOCKONOM HaGTITAOTEA HETEDdEpeH:
o okpacicu?

34 Ha Koo napauetpax noctpoea raba Misers Teon!

% Uesry pannscnen & saepens, ecmi 5 weumpe sepha. nTepepenuROHIES
OKpacKa ApKOJeNCHES, 8 Kallee K €ro KpasM HAGTIOZAOTCA NBe KOHUEHTPHUCEKH
PaCTOTOXemHAIE GHOTeTOBME Kaewis (romupna mhe (d) paska 0,03 1)?

37. Kakyio pasiocTs xoma CovTuer MHepai 3eTeHOro LBera, Ccln TPH cXpemen-
HA HHKOTSX €10 OKpacKa He MenReTeA”

38. KaxoBo moToxeHe ocell WHIHKATDHCH B IepHE MIHEDATa B MOMCHT ero
noracamns?

3, cmmoni o61as

40, CKOMLKo pa3 MOTACaET KPHCTATN Ty TIOBOPOTE CTOTHK MiKpOCKoMa Ha 360°7

41. 3epHo MitHepata HAXORWICR B MoToXeHHM Noracamus. Yo Mpowsofner ¢ K
Mpi moBopOTE cromca MiKpocKona Ha 45°7

{2 Cymocrayer e et wexay nosoemme ek » oxyaape wigocrons

Toracamus # onTHuecKofl opwexTHpOBKH?

“ prcranon
45. Kak nOTacaior Kphcranet Tpicniio cRTOHHH?
46. Tip pasiiocm xona, Kouneca-

Topow. Kakas och WHZKATPMCHI COBMAIAET C RTMINO ClopoHoil KoMeHcaropa?

47. Chjitocrs pacnionaratca Napaiiem o LTAOR Cropote Kpnerania, Ny =
= 15", Kaxos swaic ymmsenns?

48 Tlo Kak NPHSHaKaM BHGHpaETCH B WHpE 2EPHO MHNEDATA IS OTpEgEne-
3 ocHOCTH M oMTHuECKOFD JHaKa?

49, KaKoli 0B3eKTHB HEOGXOIHMO KCTIOMIOBATS 4715 TOTYNENHS KoHoCKOHsEE-
Koi gurypu?

50. Kaxon mpwiumn nocpoerten umatpucn?

51. llaifte ompegencHwe NOHSTHA "OMTHaECKas och KPHCTANA".

52 Uro osmauaer pemrukna 2 V"

3. Kaxon ommueckaul a1aK Kpscranna, ecnt ocrpoii Guccexpicol yraa 2V
snserca Ny?

54, Kakod bz MMEET KOHOCKOMINECKaR WIH WATCDbCPENIIONNES GHTYDS
onHooCHAx KpHCTaIOR?

55. Kk BMTIAINT WATCDGEPEMIMONMAS GHTYDS ABYOCHMX KDHCTAIOR B
'Paspesax, NepmesuKy IAPHbDX oirvecKof ocH?

56. HATepQepenIONNaR QHIYPa HMEST BHR 18X HTEDGOT, DACXOISINXCS TpH
'BPAULCHIH CTOMHKa MHKDOCKoNa 70 Kpa€ fos apeshs. llpi RRCACHIH KoMeHCATopa
a wx i natas.

7. B Tofte 3pemt naGmogaetca onwa runepGona. i BpawEHHK CTOTAKa ofa He

a0



una;z‘:.u Tae pacriofarsercs ONTEGECKA® OCh KPHCTATTA X KiKoBa BemMVANY
yrma

caoticrs wunepana o
mmumpe
59. Tlepewncrure omTHueckKe cBOWCTBA, OTPERCNAEMME B OpHENTHPOBAMINX
pee,
KAKI TPUSHAKEM HEXGEAT PRI A1 CIPERETENKS AT ZBCHNONO

Wnptmnml sepaa’
D e —
numn.. ool s fln o 14
TOPHBX IOPOJT

Cpet MMHEDaZOB, BXOTAUDIX B COCTAB MATMATHNECKH)

QHUECKHX NODOR, BMIENNT TAABHME, HAM moponooGpasy-
ouMe, BTopocTENEHHNE W aKueccopHue. [lepswe crarawr
‘OCHOBHYIO UaCTs TIOPO  HA HX COCTABE W COACPXAHUH CTPOSTCA KJlac-
cuuKau Nopoxn. K ITO rpynIe MUNEPATIOB OTHOCATCA NIOTIEBE WIMATH,
Spuon, IO, KBAP, dE TR 4 23 OmaKo oTH xe MuHepa:
4 Uory? comaniTy SEMRICRYS A0 P Sopod, gy A
FRGKALD B epaoTNTe A KRAPL 8 R, B TaKow cyuae o sBAOT-
o lmpenenemnnm KOMIIOHEHTaMH.

Axueccopisie mnzpum COnepRATCA B TIOPOTAX B MHUTOXHO MATIHX
Kieriax (zon mpoueKTa), B BUIE MEMKX Sepen (necaTsie KomK
MUDTUMETDS) ¥ ML B OTICTLHX CTyUasX OGPAIYIOTCA CKOINEHMS,
MpeZCTABIAOIIE MOMMIITCHHBH

MMO YKAJEMHMX BMIE TPYT, B COCTaB TIOPOZ MOTYT BXOMNTH
'STODHUHME, W STHTEHETHIECKHE, MHHEDAIL, KOTOpNE o
TIDOZYKTAMH 3AMELIEHHS MHHEDAIOB MepBOH TPYNIH, MHGO MPOTYKTaMH
Goree NMOAMHMX (WAPOTEPMATBHSIX Mpoueccon. Hepemko omiw K e xe

Hixe npmmu Emcgpmaiv saxickus mpescrasaenel

nopox, Haubonee pn:npocrpll(ulmix ncnmpm M HeKOTOpHIX WaCTO
BCTPEUAIOIMXCS BTOPHUHKIX MHHEDATIOB.



TIOPOTIOOBPA3YIOMHE MHHEPATH

Tpymna omumusa (1)*

Munepans: STofl TPy MpeACTaBMAIOr coBol MIOMODOHSA pAx,
Kpaiite wnerst Kotoporo gopereput (2) - Mg,Si0, u dannur (3) -
Fe,SI0, o CyKType ot THOCTI K OCTpOR CHMAKSTEN 1 Kpi
crannuaymTest B poGHIECKoH CHET

Mispans. pymms o oA SoMm CXORCTSON; G

o
Seentl, Tend cepof 7D 1EpHORS; MOTHOTT AR HKCARETER,
i TRaeRERRCL o ppcraiea 30 it y Qasust aswaoo oot
MiHEpaTIoB B TIOpONAX TIPWIAET MOCTEHHM TeMH, JeTeHo-
Bne~cepun. HOTZIA NIOWTH wepHAH LBeT.
03PRVHSIX WTHGEX MHHEDATS! TDYTIMA OTHBHHA HAGMIOTAITCH
Buze Becuamux. ckpyemax, pexe pouSomumix sepen (. 20) ¢
CraiiHoCTbI0 B OHOM opast mweer B
Tommare, MpepumCTIx Wi CRTomsnis, Wo. msHICIY Tpeus. o
MHOTHX CRy4asX OHM BOOE OTCyTCTBYIor. XapakrepHO L1 ITHX Mitkc-
DATOB MpSMOE TIOTACANME OTHOCHTEMSHO CTAHHOCTH WIH YITAHEHNA.
MorHe onTHuecKHE CBOFICTBA 3AKOHOMEDHO CBASAHS C X XHMHNECKIM
cocraow (rabm.
MHHEDATS OTIHCHBAEMOfi TPYTINst OTHOCATCS. K WHCIY MaNOyCTOiun-
B

‘samemasics,
CEDNEHTHHOM, TANBKOM, MATHETHTOM, XJIODHTOM, TPEMOTHTOM M JD.
Hnuosnee 'DACIpOCTpAHEH M3 HHX CeprIEHTUH, umpuﬁ omwo ‘passusacr-
empmKam, © it

nmnmmu crpyKTyps. Uacto npouece cepnmmuunum onupu
HACTONBKO MHTEHCHBEH, WTO OH NOWTH HANENO 3aMemaercs nTnpuunuu
e'plmm B Macce CEPIICHTHHa COXPAHSIOTCH B BUTE oc-xpoal)(o o

(puc. 21

UCTE QODCTEPHT BCTPEUACTCS TOMLKO B METAMOPQUECKIX TIOPOTAX.
UncTBili GASTAT BXOTHT B COCTAB KAK MATMATHHECKUX, TaK M METaMOpH-
Weckux NOPOZ, HO OTHOCHTCS K WHCTY DeaKux Mutepanos. Hambonee

3necs w gane BPA B CXOBKax OKOTO HASBANH MHHEDAT OTBESAET HOMEDY 310FO
soaepana wa Howorpasae (e pr. 19).
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® OO

Puc. 20, Cevenus sepen onuauna
o wnigex

Puc. 21. Meremsuaren crpyrypa paspywenus onusua.
Gepuoe — pyamh Maiepar (=3 30, ¢ oo mkonen)

} Tasanus 2

Onruvcoxue caoicras uunepanoe pymnstontouna

narveoxan | Mowepen [Toxsssrem rpenascrenn | Aeng-ny Veonv,
dopayns e e | rpanyest

% [ " | nax

M0, S 10 LGT L5 0t

(MgF)SO, Ommun L7 1695 000 <%

Fe,8i0, o i L Lo oo - 550

PACpOCTPaHeHHsi MHHEPaT IO TPYTI ~ OTHBHH, B COCTaBe KOTOPOTO
npmepto 80 % n 20

OMMBMH THIMYEH IJIA OCHOBHBIX M YNbTDAOCHOBHEIX MHTDYSHBHBIX M
3¢y3uBHLX nopon (my#wr, nepunorur, ra66po, Gasamst u p.).

Tpynna mipoxceson
To sgaceamoyaueexoi crpyieyps oot s K e
O

Tpy’ ey
ocTB e RoporXSTpK MATIHSeh SRR RyREFaNTOR € KPS pesme
THIMM TDAHSMI TIDHIMBI H MHHAKOWIOB (pHe. 22), COBEpIIEHHAS CTAlHC
B Amyx mampeRmER: Ton yracas B1-85, sasumuas AnorEoc KobeE,
motest ot 3 110 3,8 r/ew?, a TeepmocTs ~ oT § 10 6. flo KpwcTannorpagHec:
KuM 0COBEHHOCTSM CPEMTH NMPOKCEHOB BHIENSIOT poMGuaeckue (opromi-
POKCEHEI) M MOHOKTIHHHbi€ (KTHHOMMPOKCEH ).

MGHUECKHM THPOKCEHAM OTHOCTCS MHHEDATIH H3OMOpd-
Horo p&3HCTATHT Mg, [Si, 0] — deppocsut Fe,[S1,0,]. Marnesnamshsie
WIEHH 5TOTO PSNE ABNAITCS CYIECTBEHHON COCTABHOH HACTHI0 YTHTAOC-
HOBHMIX M OCHOBHBIX MATMATHUECKHX TIOPO B ACCOUMALIAH C OTMBHHOM,

]



Puc 22 Brewnai o puc-
1n0a  nupoxcenoa  (no
BE Tpeepy, i35,

@ = aweramus; 6~ mones; o

 OCHOBHHMH Keneanc:
Thie PAIHOCTH GOJlee XapaKTEpHBI 1St METAMOPOHUECKHX NIOPOT, A THCTHi
¢eppccm-m B TIpUpoze BOOGINE HE BCTpEuaeTcs.
wHcny HauGOTee PACTPOCTPAHEHHEIX B MATMATHUECKHX NOPOZAX
puuﬁmec‘(nx NHOKCEHOR OTHOCSTCS SHCTATHT, GPOHINT, THTEpCTEH,
conepame Fe,[5,0,] 8 Kotopux: coomercraeo cocrannser 0-12
0%

30,30~
Jucratur (4) - Mg,[s|,o,] oo Gecuerii Mite-
pan win et ¢

Eesncon s, pexe  Cyposero-sentomah o, o CTexTARHLM BnecKon:
Bpomant (5) - (Mg, Fe), [1,0,] oxpauien » xemroparo-senern
KENTHIH WK Kopvmﬂesuﬁ uper. Brieck Ha NIOCKOCTAAX CNAMHOCTH HANOMH-
Haer Greck GpoHat
Tuneperen (s) - {Fe M) 19,00] smepan sestenenoeo e
upera co Gnec-

HHe, TIOXOXee Ha TOHKOBONIOKHHCTOE. B 3¢y3uBHbIX NOpoKiax MAPOKCEHB!
oﬁpa:ym NOpGHPOBLIE BhINENEHNHS, uMelﬂlllMa nalz'm KBampaTHyio MM
uy, a B e » Buze

aepe KeeHoMopHBX ouepraHi.
H3MeHEHHS XMMWUECKOrO COCTaBa DOMOHUECKMX MMPOKCEHOB OTpa-
oo s s ko ccfer (nﬁn 3). PonGuueckne nmpokceHst
nan Kpucran-
rlmuuuu 13\")-1500 °C) u mpu nolmxesmn NM"!pa‘lypﬂ 3amemaiorcst

noroukhnma WanoX MG THPOKCENOD
HaGo%ce PACTDORTDAHEHs: THXQHHT, QBTHT, MINEDRTH PATA AHORCHA ~
TeneHGeprHT, STUDHE 1 STHDMH-ABTHT. K WHCTY OBOLHO PEIKO BCTpEdan:
XA, 1 TOMHKO B TYGOKO METaMOpHIOBAHHbNX NopoRaX (sKrorTax),
OTHOCHTCA OMGaLIHT. BHEWHE MOHOKIMHHME MMDOKCEHN WMCHT MHOFO
Biuero ¢ poMiuecKuH (CTANHOCTS, TBEPIOCTS, TIOTHOCTS), HO B WK

“
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umlow.lxmm [noxasaren pencnsnenen
e [nreoxze:

mcramur Becuper- Orcyrer: 1658 163 1651
i wyer
Bpowwr Becuer- ., L6  L6R2  L6W 000~  +  70-80

100 168 002~ - S0
‘oKpamen mix pay 004
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ax OTAMNADTCA PAIOM OCOGEHHOCTEH M, B NEPBYI OUEPEms, KOCHM
mrmmnwmmmuwnenu-ummw wiTep-

nn:ounr m (Mg, Fe, Ca) (Mg, Fe) [S1,0,] maxpocxomuuecku
TpyZOM, TAK KaK BeTpEuBETER Beero B Buze

it Sy sepcn, O’ s HeeTRox R raGhETeRck
0BnuK. OKpacka MuHEpANa MEHSETCA B 3ABHCHMOCTH OT XHMMUECKOro
COCTABA ~ OT OUeHS CBETIBIX, GeMbiX, XETOBATIX WM GMETHO-3eMEHsX
pasHocrei 20 Temo-senemuX, NovTH uephsix. Ha omTiecKix caoiicrs,
UK 128 IREHTS, CIERYET CTUETATS MeY SemrTAKy e

onTHyeCKiX 6n. 4).
Asrur (l) = (C-.Ml. Fe*2, Fe*?, Ti, Al) [(Si, A1),0,] un-mmn-
uau

O OITCK CaoReTBAx. MaKpOGKOIICCN o e ¢ 9enerons:
nm WK GypOBATIM OTTEHKOM M CHJIBHMM CTEKNAHHMM GNECKOM Ha

. GopMa KpucTanion
mmnmmu--m-mmm
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Omdaunt - (Ca, Na) (Mg, Fe*2, Fe*?, Al) [Si;0,] rio xunanseckomy
cocTay — MEpEXONHB MEX.TY ABTHTOM, THOTICHIOM H STHDHOM. MaKpo-
CKOMMUECKH OT APYTHX MOHOKTHHHEIX THPOKCEHOB OTTHUAETCE SPKHM

Onmieckue caoiicTaa oMpauuiTa (cM. TaG. 4) GMHaKK K JHOTICHAY, O

Gomsuwenmy yry
Huoncun (9) - Ca, Mg [5,0,] oSpasyer xoporeompusuarusecke

Ko cepo ceporo, mmoc 70 wepHo-
rouers, co
I'ennlﬂ!prn' (lo) - c.. Fe [8i,0,] Berpeuaercs B sune npuamamh-

GecKHX, WHOrRA MNACTWHUATSIX KDHCTAILIOB TEMHO-3E/IEHOTO IO YEpHOTO
uBeTa, HHor A8 Ha6MmogaeTCs B muze cnowHx macc.
Inoncun u

AL,
wneHM KOTOPOrO HASHBATCA CANTAMM M  deppocanuraux. Ome
o pacrpocTpaness, e Kpaii
uecxue coolrsa Mukepaos wsueumica primebig oot
xamareckoro cocrs

Srwpan (11) - Na, Fer? [5i;0,] ornmuaercs conepmanen menot
ro anementa ~ Na, B Kauectse npiveck npucytersywr Al, Ti u Fe,
Muepan Kpuctans
epHoro Wi upera, uucer wepry u
Gneck Ha MoCKoCTAX CRaRHOCTH H FpAHSLX.

Orupun-anrur (12) no xmuuecxouy COCTABY JAHHMAET MPOMEXY-

TIONOXEHHE MEXIy ABrMTOM M JrupuHOM. Mumepan ofpasyer

CTONGUATHE KDHCTATAH TeMHO- nowm uBera, KoTopuie
WACTO MMEIOT JOHATBHOE CTPOEHHE — B UCHTPATBHON GaCTH ABTHT, 8 N0
TepH(EpHH ~ ITHDHH-ABIHT.

PAKTEDHCTHKA ONTHYECKMX CBOMCTB MOHOKJMMHBIX MMPOKCEHOB
7aa B 7861, 4. Tlph CpaBHEHHH wx 15 MHHEDATIOB LAHHO TDYTIT! SHIHO,
\To B OTINUME OT ADYTHX MHPOKCEHOD IrWDHI W STWPHIFABIHT HMEOT
erprsTensioe yaHene ey < 45).

43’

B ;Byx Hanpas-

newmsX no3BONAET JOCT: YT OT IpyTa GasKkue

10 psizy ONITHUECKHX g ° upoxcers. Tax, sepm THKOHHT, aBTHTA K
B 1O

o6paso-

BAHHOTO PAHAMM POMG) ecxol TpusMb # MHHaKowmos (pme. 23, a).
Minepaa paza pucccas ~ repesepewr oGpasyt spis Dowrs Keapar

QuepralMii ¢ XOpOO PASBHTHMH TPANAMH MMHAKOMIOB (CM. DHC.

o CptaNmarm Tyimam Fras (o
pre. 23, o).

Hayuast nHpoKceHs, 0coBEHHO MOHOKTHHHEIE, ¢ BKTIOYEHHH AHATH-
S8TOPOM, CTENYET MOMHMTS, WTO HDATY C DEBHOMEDHSM OMM WHOTZA
MEIT IDOCTOE i NOTHCHNTETHYECKOE IBOHHKOBOE Noracaiye. HauGo-



= aBrwT; 6~ HOnCH; @ — SPHDHN.
Tiee uacTo 370 HAGMOZACTCA Y MUKOHWTA W ABTHTA M PEXE Y THONCHTA 1
arupu-aBruTa.
o cyansemnn ¢ poufieeckaun FupoxCosMa, MokOKmGLE Gonee
-aBrT. ABIHT TpH paspywe

YAIE BCETO 3AMEWACTCH CBET/IOOKDAICHHBM aMGHOONOM —

nefiKoKceHa  KapGOHATOB. MiHepalst pana MONCHITEREHGCPrAT, pas-
pymascs, B anpubons: pana 1

oot - OO Muepan 3h0ySHBH M XUTLHX Maruamice:
xanx nopon, on Ascwt -
ol HCpAR 3 A TpACCoEkArY § OCHOBHALY MATMATINEGKIX D0,
B HEGONBUMX KOJIMYECTBAX OH MPUCYTCTBYET B MOPOJAX CPEIHEero cocra-
Ba — IHOPHTAX M AMIEIWTAX, 8 TAKKE B PAVIMUHMX METAMODOHYECKIX
Topogax.

YTPAOCHOBHOO it RARNS Cheont Smcrs's Sl ponmr
UECKIMH THPOKCEHAMM ¥ OCHOBMMME MIATMOKNA3aMM, HO Hamonee
Wmmmmmnmncwmmwnmm

rupe % SUDWNABUT BCTOCMATER 5 MATMATINGCKIX 0POTAX

mezossoro puts ¢ Bosumenzias copepxmen Na K. Sregms — ram

HTos, sacro

nupusynnmuu=m'unmne-xm eHHS B 3epHAX m@umﬂu, & IrHpHH-
aBrut  GoJlee XapaKTepeH 11 CHEHHTOB M TPAXHTOB.

Tpynna auguGonon

Mysieparst 570fi FpYTT 10 XHMMUECKOMY COCTABY GMSKH K MHDOK-
cenan, Gom: obssarens-
HEDM TpHCY TCTBWEM rIIDOKCHIsHO rpynis: OH-, a WHOTAA W TaKIX TerKo-
nerywx KowmomenTos, Kak Fu Cl.

—oa
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5 = PapaRAETIH mROCKOCTH NN, ¢ X0pOI0 BHNMOH CTARNOETAR B OZNOM NATPRRAEIODE;
"

Tlo KpHCTANNOXHMIECKOH CTPYKTYDE aMBHEOMLL OTHOCATCS K JIEHTOU-
i cumkarau.  OCOOEANOCTI BYTPEINEro CToeHuA_Onpeeiaon
wHorza

naxe uronnlnlﬁ, W Haluse CoBEpuEHHO CuaiiHocTH B ABYX Hanpapie-
HAX N0 yriom 55— 56", TlonepeuHble paspesst sMHBOTIOB HMEIT poMBO-

(puc. 24).

PO, aMGUGOTOB B NOPOMAX, X FEHEIC M. DACTDOCTPAHEHHOCTS
Bechu pusmvens Oppm 3 M BCpEVADTCS  Onetn eI, pyrae
Tpems

nopox.

Cpean o
MHHEDATOB, TAK Xe, KaK } CDETH HDOKCENOB, BHITEN eckwe
W MoHokmummse. Hs mepeux K wAcny HauGonee pl:npocrpmmllux
OTHOCHTCA AHTOQWITHT, & W) MOHOKJHHHBIX — TPEMONHT, aKTHHOMHT,

poroas omanKa, porosanobMaiia,
u rnaykopan. B Toponax mepsse Tp
Mumepana » Kauecrne
W omemmy, 3

Ha)  urpanT poms B "
nopomaX cpeero u menouHoro cocTaBs.

Basa/TiuecKas POroBaR OGMANKA H aPYBETCORNT B MeTaMOpdMuec-
KHX NOPOJAX HE BCTPEUAIOTCS, 3aTO OCTaNbHLEe aMPUOONL! MrpaloT pois
TNABHLIX MMHEDATOB B aM(HOONHTAX, THeficAX, KPHCTAUIMUECKHX ClaH-
uax w ap.

Antopunnur us) Mg, Fe), [sx 0,,] [OH, F], » Buae xopomo

06PAIOBAHHELX KDHCTAIUIOB BCTPEUAETCA UPEIBLUAIHO PEIKO, OBHUHO 3T
arperat: crpoennsi, Gypor por pexe
3enenoro usera.



Tpemonut (14) - Ca:Mgs [suo,.] [nﬂ], uame Bcero msp.,ya
arperata K uncay
WeHHMX aMQUOONOB M MMEET Cephii, MHOT) :mnmpn z0 m
, IIOTHOCT €r0. mnmln 29-3.2r/en’.
Axunnnn (15) - Caz 1M|, Fe)s [5i40::] [OH], ormraaercs or
MuHepaJla HATHUMEM B CBOEM cocTase Fe'?, samemawouero
YACTHUHO M 910 orpaxaerca I(ll( ul ‘uIMUECKHX, TAK ¥ Ha ONTHYECKHX
ero caojicraax. JI1A AKTHHOTHTA XaAKTEDHA CHIIbHO BHTAHYTHE, YACTO
naxe Mrofbuarsie Kpllc-rn)l)lu CBETNIO- WM ADKO-3e/IeHOro uBeTa, nJioT
Hocts 3,0-3,21/c
OGuKHoBeRHAA porosas oSmanxa (I6) - CaaNa (Mg, Fe) ,x
x{Fe, AI{(Si, A1),,0, ] [OH, Fl, xapaxrepusyetca GOABION HIMEHUMBOCTBIO

Ha B
nours it of pexe TabmT
i dophsi. 3o omia 13 .xueﬁmnx COCTABHbX uacTeil CpENHMX MO
KHCTIOTHOCTH MArMaTHuecKyX f0pox (IMODHTH, CHEHMTH), B Kauecrne
'BTOPOCTEMEHHOTO MUHEpATa BCTpEuaeTcsi B KX (FpaHuT, rpasomHo-
i) u ocHoBHsx (raBGpo). Kax yxe ommeuaniocs mhime, poropas obmanKa
n0po;

urpaer poms B
HeHCH M T.1.
BasansTuueckasn porcsas o6manka (17)  mpeacrasnser

coboit ©
Fe20y # TIO;. BHEIHE OHA Mo OTIHYAETCA OT OOMIKHOBEHHOf, HO MOX

Kasi pOroBast OGMaHKa MMEET HCKIOUMTENILHO MarMaTHYecKkoe POHCXOXK:
eme 4 museres cymecrasio coctasol WD TARKX PRCPSETPE
HeHHLX I
An-enconn (m ~ Nas (Fe, Mgla lsuoul [OH, Fl, menounoit
cocrasa

o <o RasoRNT OTPAXEENE B KOMGAE CTwGCKR
Eotirs (A 5 Ou ofpuayes ovtvemie Fourasme, mecrosanss
persri i empamuiiaie epea wepeoro tmers, Apgscaoor ~ o

b e

Inaykodan (19) - N.,n.,u, [s-.o,‘l [on], o6pasyer Kpucrans
TpKsMaTHueCKorTO rabHTYCa cepo: tepato-uepHoro Lpeta,
HHOTZS RACT CPOBETO-CHIOR SEpTY, xpymudi mMpax o apyrMx

¥ BeeX MOHOKTHHHALX aMGHGOTIOD HAGTIONAOTCA KBORHKH = MpOE-
nonoc.

Muorue wenousie aMOON, B ToM wHCIe TMayKodaH i appBenco-
HIT, B CKPEUIEHHLIX HUKOMAX HE JAIOT NOHOTO NOTACAHHS H HMEIT 8HO-
Mam oK duonero-

Bas).
st
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K uuclly XapaKrepihx ocoBeHHOCTEli GRIATSTHUECKOH pOroBoi
‘OBMaHKx CIETyer oTHeCTH 00pasoBaHHE B PALIE CTYuAED BOKDYT €€ 3epei
oNauMTOBOH KaeMKH, CocToRmel H3 arperata MeMsuafumX KpHCTAT-
JMKOB DYZHOTO MHHepATa # MpOKceHa. HHOTZA STOT Mpowece muer Ha-
CTOBKO HHTEHCHBHO, 4T0 3€DHA CTAHOBSTCH TOMHOCTBIO HEMPOIPATHBIMH,
COXpHSIA TIEDBOHANATBHYI0 GOPMY.

Hanmeriee ycTolfansa NpH BHBETPHBAHMH H BOSTECTEIN THAPOT
MaTLHHX DACTBOPOB M3 ONHCAHHAX MUHEDATIOB IPYMM: aMuGOMO:
OBAKHOBEIDIAR POTOBAR OMANKE, o KoTopoR 5 Kadecrse. aropmx
DASBMBAIOTCH XTIODHT, AKTHHOMMT, KATSLIHT, SITHIOT.

Tpymma cog

Tlo xpucranmueckoli cTpyKType cMogsl npexcranisior coBoit e
THE aIOMOCHIHKATH COXHOTO H MEPEMEHHOTO COCTaBa ¢ TMOCTOSH
Py reTonéi TTpoKcATasok YIS OH', Roropen MoRE? suseniaTics
F. Bonzcraue omoTamioR BHYTpEItieR CTDYKIYDH KpHCTanTOrpages-

cBoficrea Bcex i CDYTIISE O%EHS CXOTHB.
KpHCTATHOYIOTCA OHM B MOHOKTHHHOH CHHTOHMM, X KDHCTAITS! HMENT
BHI GMHIKKX K WECTHYTONBHbIM TaGTHUEK W uemyex (pic. 25, g), nerko
PRcHSIImODEC Ha TOHSSINE YIPYTHS TACTOUKE GTECK iy RAOCKC-
X cm CTeKNAHHI ¢ MEpNaMYTPOBSIM OTTHEOM, TBEDIOCT
35 2 Wnoioton spbeyyCe B aRcAOLS o7 KuigoOkare corracn ot
276'y caernsrx cimon 10 3,12 r/cM® y HaHGOMEe XeNeIHCTIX paSHOCT

(CaMiie PACTPOCTpAHEHHNLIE MIHEDAS! TPYTISI CMIOR — GHOTAT, 0T~
T ¥ MycKoBHT.

Buorut (20) - KiMg,Fe 5h AI0,] [OH, F, avemue uepioro uu
TeMHO-6yporo LBeTa, B TOHKHX M cnabo npocaewnpaer. B e
b il i et e
Mutiepanos (sane BCero WHPKoKa), BOKPYT KOTOPAIX OBPA3yWTCS XOpOIo

5 5

Puc. 25

5= neprenpcynapisi X oc  (cnaiocTs e B, @ — MaPEMTETIH o 7 (XopOIID
nceria rpeuon: craisoc)

53



HsMeHer1S! XHMHUECKOrO CoCTaBa GHOTHTa — CooTHOeHme Fe*2 m.,
npHCYTCTBMe B BUAE NpKMECed Ti M ID., 3AMETHO OTPAXAETCA NOUTH

scax ourwecrx :neim-ux Koy Tax, ¢ Eoripaninper. pediosiiniod
i AByTpe-
ancamn. npummne o o coease T orpamscrch e xapaxrepe
IIeoxpoaMa — OKDACKA HIMEHSETCH OT CBETAO-XeMTol, Nout Gecuper-
HOMl 10 KpACHOBATO'KODHUHEBOM, TOPZIA KAK Galle B MOMEHT HauGonee
TeMHOTO OKpAIIMBAHHA OHA TeMHO-KOpHuHEBast. YacTiraoe sameuierme
oxpacki. Hamenerns
XHMHUECKOrO COCTAB CKAIHBAIOTCA H H SHAYCHH YTia 2 V. OmTHuECKHe
KOHCTaHTH HaGOfiee GACTO BCTPEUAWIrOCH GHOTWTA NpHBEACHH B
Taba. 6.

BHOTHT — BECHMA DACTIDOCTDAHEHHbHl TeMHOUBETHs MiHepan. O
X8PAKTEDEH [IR MATMATHUECKHX TIOPOX PASTHUNOTO COCTABA, OCOBEHHO
THIHEH K1 KHCTX W CDEAHIX TIOPOR, 8 TAKKE TAKIX METAMOpJiTec-
Kit, KaK rHeficat, aMGUGOHTL, KpHCTAIIOCTIAHLIH.

©noronut (21) - KMg, [s., AI0,,] [OH, Fl, axpocxacarecsn
, HHOTRA
Wm-mnme,umnmm,umm

MycKoBHT (22) KA], [s.,mo.,,][ou F], Gecuseren wmn uyts.
Gypopar B Kpyniix B rpanuTax, rHeficax ¥ CHOTHCTAX
ARt sct Gae DOpoAoOpSaTIORIRd MEpATon, 3 KAX BEOpaEAGH

Onrusecxue caoiicres ). Tasanus 6

[Oxpacxe
Mimepan |3 mmapax [nssoxpons,
b

Baonn - Orpumen: Cunmd L= L= 161 008 Ol -
sropraelfs 16 160 om0
o
senenc-
xermix

Tomax
Onoro  Crabo,  CraGwi,n 1588 1557 1530 0028~ ~15
mr mx 0030

e
Mycxopur Becuper  Orcyrer- 188 1582 1552 003 35-50 -
i 0040



1O MONEBHM WMaTaM HaGMOmATCA B NOPOAX PAIHUHOTO COCTaBA M
renesuca. B nocneqmem cnyuae on e!puye’: ouems Memcue uemyiiiu,

EvCopw mMGAx. Amrou SO 0 ClABRTI KT
nﬁ!mruurym i npMaTICCRyD $opuy. B aux paspesax onpeacensor
cuny aspesst,
napannensise_cnajiwocr, obnaamnt nenpmumiod w i g
IecTHyronsHol OpMOM. B Hitx OMPEENTIOT OCHOCTS  ONTHuECKHi

Bis comat s apaioe Toracaiats HoSoRTeTLHOS Sammene (:N,
=0°) n HeGombve Tt 2V.

Orrgeckne ceolicTsa COR oueHs GIH3KH (<M. TaG. 6), HO Musepans:
JIerKo asTMUMMEI TIOR MUKPOCKOTIOM, TaK KaK MYCKOBHT BCErfia Gecuse-
TeH, poroniT B0 OKpALIEH, a GHOTHT OKPAIIEH 1 B PASPEsaX co Caii-

o oTUeTTHBO TCOXpOWpYET. BecupeTHiie pasHoCTH GoOromMTa
OTIMSAIOTCR OF MyCKOBHTA MeHbue BEMHTMHON Yria ONTHYECKHX OCeit
2v.

Tonesse mnarst

Sto Hanbonee BaHAS TYNNa TIOPOZOOGPAIYIOLUX MUHEPAIIOR, Tak
KaK OHM BOTPENAITCS! B CMHX PAIHOOGPASHEIX OPOTAX, HACTO ABMAACH
X TTaBHSME KoMIOHeHTaMM. HX HATGHe WM OTCYTCTBHE, a TaKKE
coenan srpat axiyw poms B xn.mqmmmu ‘Meramopduueckix H,
‘ocoBeHO, MarMaTHUECKHX 10D

Tlo ximpueckomy coc“ny nenmue mnatsi mpexctaBnsior coGoi
KapKacisie a, K, Ca, pams.
Buemne Myumepanst 370k rpyrmn Mano ornmaawren apyr ot apyra. Mx
KPUCTATUTH UMEIOT KOPOTKO-TIDH3MATHUECKYI0 HIH TAGTHTSATYI0 $OPMY-
Tonesse wnars, Goramsie Na u K, T coetnyn oxpeccy Gene,
posonse,

o cepse 20 veprL. Hs maznuetkux MpHIHAKOB, KpOME OKPACKH, K
Sy SATHOCTHMECNY. OTROGHTES COBEPUICHRAR CIAHOCTS B TBYX
‘HanpaBeHMAX TIOX now 50° it Sokan K 90, crexnm Gneck H
IIOCKOCTSX CMAiiHOCTH 1 CPABHHTENBHO BHCOKAR TBEPROCTS 6-6,5 Mo
arne Mooca. ILNOTHOCTS TIOIEBHIX WINATOR B SABHCHMOCTH OT XHMHYECKO
Fo cocrapa Kone6eTcs ot 2,57-2,58 110 2,76 rfew’.

Minepan sToli Ty PasIERAET Kt HaTpieB KaTLeslie none-
‘maTu

m ~ omsn a caix noporooGpa-

aylouix MuHepanos. Omn mpnnmcl 20w Lt u Mera-

‘noponax, Koropue

COCTOST 3 OHBHHA W THPOKCEHOR T rareo w0 GO0
HaTpueBo-KaTMMEBHE MOTEBHE MWINATH NPEICTABNSIOT COBOH Hao~
MOpHSIi PR C OO cvecHMoCTio ambGuTa Na[AlSisO,]  anopruTa
ss




Ca[Al, Si, O,]. E.C. 9€10p0B MPERNOAIT COCTABH TIATHOKAAI0B BHPa-
xars Homepams (o7 N* 1 10 NP 100) Tio MpOLEHTHOMY CoTepKaHHI0 aHOPTH-
TOBOFO KOMINIOHEHTa. B COOTBETCTBMM ¢ STHM DaITHaKT cemymouwme
DASHOCTH INATHOKA30B.

Munepan Codepxanue
anoprure, %

Crlexyer ormernts, uTo ¢ yReTueHHEM CONCKAHMA aHOPTHTOBOI

Pa nnarmoknasos ot W 1 1o N 30 otsocsT Kk ke, o1 I 30 1o
N* 50 - x cpentum, ot N° 50 o N° 100 — K ocsosHEM. IT0 nesienme Gu3Ko
COBNAZAET ¢ pa3IE/IeHMEM MArMATHYECKHX FOPHEIX TIOPOA 110 CORCPXAHIID
SI0, Ha Kucmie, cpemme u ocHoBHbNE. OBHIYHO NATHOKasH! pacrpexe-
AIOTCA 110 COOTBETCTREHHAM FpYTNaM.

Bce MNArHOKNA3H KPHCTATHIYIOTCS B TPHKIIMHHOM CHHTOMMM; lmn-
Gonee xapaxtepHa nns Hux TaGNMTUATAs MM H3OMETpHUECKas GOpM:
PASDESOR, HEKOTODME CSUCHHA MMED? JANERI, pUNATHSCRYE
bopuy,

Tlox MIKDOCKONIOM OHit GECUBETHBI  JIErko ONpENeNsioTest Mo oTcyT-

arpenn u penbeda (NOKE3RTENs MPENOMIHMS GIUIOK K My g),

‘HM3KOJ — Cepoii WM Gelof, HHTEpOEDEHIHORHOH OKPACKe U XApaKTEpHO-

My [I15 BCeX HiX CTIOKHOLBOMHMKOBOMY, OTIOCYATOMY i SOHATLHOMY
noracasummo (cw. puc. 18).

Tnaruoxnasst yunmnero COCTaBA OUEHb CXOMHH MEXATY coboit u no

Bemuuune yria omieckkx oceh 2V, Cne nBympeRoMRGHNS 1o,
(ra6n. 7).
JInst OMArHOCTHKM MNArMOKNA3oB B mHpax oﬁuuﬂc MCNoMb3yI0T
i

panos u

nonoxerust weene
aoasamy Tmaraoxe we yastpesnaou crore Setcposs T
PeBOTE i OGIVHOM CIOMIKE MIK)OCKOTa GIDETENEINIE HOMEpa ITATKC-

ofemhing i dml s paspesax, nyTem samepa yrion
noracans. Supecantoces MeXTY BesuioR YEIa NOracaHHs W Cocrason
Ha puc. 27 1 29,

IpUBeneHHBIX HIKe.

s6



Onruvesxue cooilcraa naszuowssos Tagnnua 7

= etV Jomn
yerm ° .
= e :
e = .
Lo -] :

Mpuoscuanie. TloKasareri TpeoMnEiHs MEASOTCS Of ATSGTA K0 AHopTHTa cooTaercr-
‘e ng = or 1538 10 1,585 nyy — o1 1,892 70 1,583; my — 011,528 70 1,576,

iR OnpEAETC cocrass TMAOKTASOR. SRS BCETO BCTOMYKT
eneayoume paspea
C cmerpmuing noracamten asoflunos, mepneszukynapi X

2. Tepnenmuyspentt & rpana Bropero (O10) n mersero (001)
MHEKOHAOR

Tepnsii paspes rauGORCe xapaKTEpeH AT KHGTHX MAaTHOKTS-
30B 1 HAXOTHTES Mo CIl

TOHKHE, UETKHE K CTPOTO NapANTETLHAIE APYT APYTY CTES! IIOCKOC-
Teii CpacTaHust aNbGHTOBBIX NBOAHMKOB, HE CABUTAIOUMECS MpH MepeMe-
meHuy TyGyca MHKDOCKONA # pacnONAraiouecs NapalfeNlsHo JMHHON
cropone aepz;

oxpacka o nonocok B
MOMERT, KOrza XBORHKOBHIH OB NADATTIEER ETSM OKYTApa H 3EPHO
‘MoHOKpHCTAIION;

YEM nOTacaiuA OGeHX CHCTEM IBOWHMIOB OTWHAKOBH — CHMMET-
piruioe noracaiine (Ofa CHCTeMa TBOIHHKOB FACHET MpH TIOBOpOTe CTOMH-
Ka 1o wacoBofi CTpeKe, Apyrast — Tiph TIOBOPOTE POTHB YACOROH CTPETT
xn). .

Jitiactscs sepko yeTaRABIIRSOT B eHTpe TorA SpeNR T, IS

(puc. 26, 6);
TGy cTommKa. Jaten
KaporKora 5 MOUETS THOrb RoracarR oHOR 3 CHETOM TR
08 (o pu- 26,0) ¢ Gepy' sropoi orcuer. Pasuia nepsor ¢ sroporo

eroe coorsetcrayer setwume yrr vt ¢, (e, 2). lason
CTOMMK CTOPOHY ¢
pyToil cHCTEMb! IBO nonoc (cu. puc. 26, u)
HcHoBa . PasHHLia nepBoro

orcu
CrBYeT BeNMuKHE YTIia oracaHys .. YTt TIOFACAHMA O, W 0, AOTKHS!
57



RYE

Pupes oz cuuerpuvn oo

e 0o, § - ooxe, oy Koo 1
Yoo o entiuame ¢ aepre it o ks w mommosan Torockn
omaKosy® mrepdepemumoy OKpack

GbITS PABHEL IDYT IPYTY WM OTMuaThC He Gonee ueM Ha 2-3". B nocnen-

HeM CITyuae Hajlo B3SITL CPEHION BE ( . Hsmepenye yTiop.
TOTacaHust MPOMIBOMST B HECKOMKHX paspesax (He Memee Tpex). Ha
X SHaweH: noracaunst BuOw (AKCHMATBHOE ¥ TI0

nonyu
Hey OTpeIENAOT HOMED 1 Ha3BAKME TNATHOKIA3, TOTIACH JHATDAM-
Mo Ha prc. 27 (kpneas G)i .

Topoii paspes - mepmemuukymApHsA K rpasy (010) u
(001), Moo mafiTs o Ceny UM TpHIHAKAM:

pie OTHSTIBO B TOHKHE TPUBHS CUaliHOCTH, pacnoNarai-

IWECS TIoN MPEMBIM YTTIOM ZPYT K APYTY (cnajiHocTs Myume Habmozars
npUMBMKANUEHHOM aHanm3aTope);

Samr 2 GoTmCTSC crywacs, Do TRolAmXoR, AR
HHX JUMHHO CTODOHE 3epHa, NBOWHHKOBHIX MOIOC, DACIIONO ix
"MEpNEHTHKY NAPHO K TIEpBBIM (EPHKHHOBME NBOHHMKH);

MOMEHT, KOrz1a HHTh OKYIpA COBMEILIENa ¢ TUIOCKOCTSIO CDACTAHHS
ATBHTOBBIX NBOMHIKOB, BCE 3EPHO HMEET OHHAKOBYI0 HHTEDGEDEHIIHOH:
Hy® oKkpacky.

a3pessi C TaKHMH MDHSHAKEMH 0CODEHHO HACTO BCTPEAWTC B Cpen:

HIX H OCHOBHEIX TIATHOK 838X
'BLGpaHHOE 3epHO NIATHOKTA3 CTABAT B LUEHTD N0 IPEHMA TaK, wTo-
b1 HanpapnenMe ambGHTOBLX BOMHHKOB COBNANAo C BEPTHKANHHOM
1T GKY1ADa  Gepys nepoh Greaes (uo. 29, Hosepbepermonnan

* Bere pemranna yena 115,
e nperounesn s 1 KamancKoro Gomstva. i Kt pawocze (pmaepo
201 ) st e MRS g SO TR Tk comaer o

[ —

8



Puc. 2. Ruazpasi dan onpedene- - ;
i ocreea ThasuoKAea @ parpese i
% T
13 !
H T
s AT I
§ |
]
Cottpawarie anapmims, %
Pue 28, Onpedenense s rosscamn ||| Jonmina |
naasuoxnase o peese, nepnenoucy. (4| 0420 Yoo o

aspuos x:zpansi (010) u (001)

a

K| ! ! 2,
s Il
N

oKpacka ABOMHMKOBHIX ONC B STOT MOMEHT JOTAHA GHTh OTHHAKOBOH
g nessuTem,

ToRopautsst CroTX AAKPOCKC CHAUARA 3oy Copouy 8 sevesc o
Ty e yEoat ot i T B @, 1 x, (cM. puc. 28),
KoTopiie G0 pasHs, MHGO OTIHUATCA He Sance vt na 12" Corran
TUATHOK1A30B OpERENSIT Mo JHarpaMe (pic. 29, Kpusas E).

B ajdysmancx Kopogs RIATAOKTAN] SaCTD pesyor ¥ Kpyme

nopomst. Tlo X¥MrECKoMY cocTasy oM B GOTHNHCTBE CTyUaeD oTai-
ATCR APy OF ApyTa.
o cocrasa s = sy

‘axonAT
no qmpme 3epHa — GNHIKOA K. Ksupmnuﬁcrpmiw (cmm(mn), oreyTer-
B0 TBOAHHKOBBIX TIOTIOC M WHOTA BMTAMBIMH TEUHKAMH CTaiiHOCTH
(21



Pu. 2. Ty oan onatenenin

—

I
e rprutn, % |
- :

Bz

(MKPOTHT YCTAHABTHBAIT B LEHTpE NONA IPEHNHS TaK, UTODH rpaHb

(010) connazana ¢ BeprHKansHOf HUTBIO OKyApe. Iph TAKOM NONOKEHHM
3epHa GepyT NepBiili OTCHET Mo MMBY CTONMKA. 3aTeM, MIOBEDHYB CTOMMK

0 MOMEHTA MOTCaHHS MMKDOTHTa, GepyT BTOpOii otcuer. Tlo pasue

OTCUETOB OMPEIENI0T YTOf TIOTaCaHNS, & 3ATEM M0 €r0 BEMHUMHE ~ HOMED

nnaruoKnasa (cu. puc. 29, Kpibas

Ur06i ormuuuts. rpeis (010) or rpas (001), Hyxo mowsTs, 4o

anirsocai 40 I 70 yrou wmeay s w0 (010) u N, Gyser ncerna

a Mexay rpaisio (001) 1 Ny . Tovrony 3 TBYX yr108 noraca-

oy Kompue stpasyur cropom Kbapata ¢ Ny, znn ompexencama

nna

cocr s MeHBI e
Klluu B nopoge GynyT Gonee ucm)m!uuu, wem N° 70, cocras x Mo omucak-
UTh HEM:as, TAK KaK B TAKOM CYyua€ OTIMWHT
b 010 or rpae (001 esosuoms,

B psme ClyuaeR MOKHO MoONBIOBATCA GONEe MPOCTHIM CHIOCOBOM
cocrana A. Horasceriom
(1932r.). HaxopaT Muicpon it
MM MpUSMATHYECKOH (GOPMEI, HE MMEMWi JBOMHHKOBOTO CTpOEHHS,
TIOMEIAT 3EDHO B LEHTD TIONA IPEHMS TaK, UTOGH! €rO YITHHEHHE COB-
NAATO C BEPTAKAMLHON HMTHO OKYNA M ACANT OTCUET Mo NHMOY.
3aTeM CTOMMK MMKDOCKOMa MOBODaUMBAIOT MO YACOBO/ CTPENKe 1o Mon-

HOro noracaHmst :epm W cHoBa Eepy‘l m:m. Pulmuu oTcueros naer
BeMuMHy yrila noracanus. [lanee pOUT B NepBOHauallbHoe

PoCRGIG u Stlephln 6on HofsAien nPR SoBOpare Cranaka SperR
9acoBOli cTpenkH. H3 NOMyUCHHAX YTIIOB NOACaHMA BBIGHPANT MEHE-

MeHee ueM B NSITU 3epHAX H IS OMPENIENEH ST COCTaBA IIATHOK/IA30B 10
KpuBO#i J (cM. pHc. 29) BaSTh M3 HMX MAKCUMaTbHb 10 BeMMunHe
yron.



Tipk ONpenenemix COCTaBa MNIATHOK.1230B B MHKPOTHTAX HEOGXOIHMO
TS couanes scoramy K DoKX SRS OKATeNRA
K KaK y KHCTBX

F 30 MaKaSaTem. MpeROMDEIDA MERMIIE, 6 ¥ KaageKoRo Samaonin, & 7
Gonee ocHOBHIX 10 COCTaBy ~ Goibue. B pyMBHKIX 1 THIAGHCCATMHBX
TIOpOIaX, JATBEPACBAIOLIX B YCTOBHAX GHCTPOr NOHIKENHA TEMMEPATY-
Db, UACTO O6PA3YIOTCH KPHCTAILIB MIATHOKIA0B ¢ JOHATBHEIM CTDOEHHEM
(pme. 30). BNyrpcmmz 30HbI TAKMX KDHCTA/LIOB, Kak NPasiio, OTBEalT
Gone COKCTeMEDATY DM PASHOCTRY, BHEmIME  Sonee
KR knssoTmEpeTIDS

Tt AocainA Nt a0 pesirasas, o Kmcad x e

MiHEDANa, PAIMEPOM B COTHIE JOTH MILLTHMETDA, PAIBUBARTCSH TGO 10
BCeMy JepHy, TGO N0 OmHO 3 CHCTEM IBOHMKOB. TlocKOMBKY BeTa

DEHLIMH CEDHINTA BB, UEM Y MIArMOK/A3A — XENTHE, XEMTO™
OpaHXepMe NepBOro TIOPAIKA, OF XOPOWO JAMETEH Ha CEDOM, TEMHO-

‘CepOM I uepHOM Gote. CEIYeT OTMETHTS, UTO CEPIMT MOXET GhTh
Hepanom nopoz, Nlﬂpuuw-

wmumm, XIOPHT-CEpULITOBLIX CTAHLEB W I
[LNArHOKNA3H OCHOBHOTO COCTABA MIMEHSIOTCH SHAWHTETBHO Merue

aep
Thimi. [IoBOMBHO uacTo Hlﬂ mue'ml 3aMeIeHMe M1arKe
Tou. BCOKOTEMTEpaTYpINE OeoBe pamocTH Mraraxnason nerve

Puc. 30. 3onanswoe nozacanue naseuokAsson




i aplreccul, ieeipuminin S REsGoresepisy Do

P YK OTMEuanOCh, MNATHOKNASH ~ [aBHas COCTABMAR HaCT
TIODOT PASHUHOTO reHesHCa. ATLGHT XBAKTEpEH AN WENIOWHRIX MArMa-
‘THUECKHX IOPO H CIATHTOB, ZUIA METaMOPYHYECKHX NIOPOI METacoMa
HECKOTO NPOHCXOIEHHS, & TAKXE ClaNueB. OMHTOKNA3 - TMUHM
MHHEDAN TPAMHTOB W NETMATHTOB, GHOTHTOBMIX W TAHATOBLIX THEIICOB.
Noaswoxassu cpeamero cocTass ARAREN cymscraciio T T
Ton, rasomiopTos, aizEaeToR, 8 TaKRE momm nopon ~

cranes
mHorza cocrapasior 90-95 % Janarmvicrod mpoml 1n.apuzcwm.
‘AHOPTOSHTH), BXORAT KAK OIHH M3 TABHBIX MHNEDATIOB B ra66D0, 043aMb-
™ ¥ amabass, B Hapauy ¢

= concmmus cnanmax.

passoro_cocrt OpoAaX KOHTAKTOBOTO MeTaMopdmsMa
(cxapis). B ocom'xlmx FIOpORAX MHHEpATA ITofi TPy BCTPEVAOTCH B

ocTSX.
Kanuesse NoneBse WNATH MO XMMIYECKOMY COCTABY GAMIKH
K KHCITBIM IATHOK/1a3aM W MMeIOT C HUMH MHOFO OBIIEr0 KaK 1o BHeurHe-
My 6Ky, TaK 1 IO ONTHUECKMM KOHCTAHTAM. OIHAKO, €T B 0Bpasue
S HX UACTO TPYAIHO OTTHUHTS JIDYT OT APYTa, TO MO MHKPOCKONOM
370 CxenlaTs ropassio npoie.
H3 MHHEPAnoB 3Toji FDYMNM MaHGO7ICE PACMPOCTDAMEHS B KHCIBX,

- oprokas u ximaueck
coctasy TNoNeBHe WMATH OTBEVANT Qupuynz K [AIS1,0,), Ho,
ax Tpanino, concpmar Na [AIS,0,1, Heskaumemayn e c.{m,
§i,0,] u obnanawor pasnHuNbM BHYTDEHHMM CTDOCIH

‘oproKAa3 mw!mmm,lnkwm>u

Cnﬂmn H (23) - BaicoKoTemneparypHuii Kawepii nonesoit wnat,
BCTpEUA TONEKO B FEONIOTMUECKH MONOIMX 3PdYIMBHBX NOpOmaXx;
opmxnn 124) - mae HMSKOTEMNEpaTYPHLH, OH BXOIMT B COCTAB Kak
nopor; cuach

n (25) PasHoCTSH oﬂpuonu-

WHXCA NP MeTTENHOM ComaR oM, § UNRS XAPARTODEN ATA PEFMCHATS-

HO METAMOPHIOBAHHKIX NIODOR.
ianGonee

DpaBWTsHOR GOPMM — TAGTWTUSTOR WK CTOGWATOH —
KPHCTA/UTH KAZHEBHIX MONEBBIX WNATOB BCTPEWATCA B NOPHHPOBMIHEIX
rpAHHTAX, METMATHTAX M HDOYSMBHSX TODONAX KHCIOO M CEANErO
cocrasa.

6



oproxaas , MX NoKasate-

emy (meks Bexke np
non'nmu Ty6yca MHKpOCKONA ntpe,\mm'lmn Ha KaHazckuit Garmssam),
sk - cepe , craiitocts non

uaie, ue Y
OpTOK1asa oBkIHE MpOCTAIE nnumlmm = cpacTaliMe JBYX KPHCTAANOB 0
Kap7CGAZCKOMY, MaleGaXeKoMy H GABEHCKOMY 3aKOHY NBOHHHKOBANS.
‘TaKie CpOCTKH HMERT XapaKTEpHOE Noracae (cM. pc. 18). MuKpoKiH
B GOMBWMHCTBE CrTyuaes OONAnaeT CHAOKHONBONHMKOBEIM CTPOCHMEM
(camolimocoast 50 IBYM KGR ~ STLGATOROMY W BEpAKIILOSCMY

peu
or AR, Yop KD RTHOOD B MARDOCKOBOM B ERpEmSRILK HRRAARY
(cm. puc. 18).
o Py ommruecnae caollrs, Kax memio 3 TSI 8, Kemmeae
WNaTH OueHb GMIKM, NOSTOMy OCOGOE BHHMalME CTenyer
JRAAIL SapeRTeyy Hotacamen. 00 o SproRTS
IBOHHMK) 2V
o s bososkanssonpuistagses sy
BHCOKOTEMIIEPATYDHOTO CAMITHHA XBAKTEDHO OTCYTCTBHE MpOIYKTOB
MIMEHEHNR W TIOTOMY €T0 KDHCTATIHI BCETJA BOAAHOIPOIPATHI.
TlpozyKT HIMeHeHHS KaNMeBLIX WNATOB ~ KaOMMHHT. OH OTHOCHTCS K
IDYINe FIMHICTEX MMHEDATOB M YACTO HASMOIACICA B PASTHANMX N0
o

TeMHIX ToueuHAX BLTeeHHH, TN SToN €PH NOTEBAAX WnATOD CTANOBAY:
5 MYTHBIMH, & HHOT1a TPHOGPETAIOT GYpOBATli OTTEHOK, TaK KaK Kao/n-

Onrusecue cootires Kerueswx noseancx uneros Tasanue 8

Xapoxsepuera Toxaseren mpencwrcmms |8 =g~ [Vron2¥, [omor
Mumepan l = - -y e [uecxui
/T ey

Camngun Copepuenmas  1LSM 1523 LSS 0,006-000720-30 -

Oproxnay Toxe 1525 1SR LS8 0,006-0, -
Comepmemnas 1521 1518 1514 n,lm-o.mw—w -
KD gnyx He-
npap



HHT COPOWDYET TWIDOOKHCTS Aenesa. OueHb MYTHSIE, MATONpOIpavHME
3epHa KaTHEBbIX WINATOB HAIHBAIOT METHTHIHDOBaHHEMMH. [pcyTeTnie
KaOIMHTA I0IBOTAET OTTHUHTL TIO/EBHE WNATH OF KBADU B TeX Cly-
uasix, KOF18 B JepHaX OPTOKIIA3 WK MUKDOK/HHa He HAGTIORacTR it
cnafinoc, i i

B npupozie LIMPOKO PACTIPOCTPANEHO ABTEHHE IAKOHOMEPHOFO CPACTA-
HUS KATIHEBOPO # HATPHEBOO NOCBHIX MnaTo. ECTH B €pHe Kanenoro
Sanesory oty paSaaseTce TURK, BepeTCROOTpINLS KX ppE
BUbHO BPOCTKH OZIMHAKOBO ONTHYECKH OPHEHTHPOBAIHOTO
bl g deiilly bl e isiseglol s st
TaMu (OPTOKNA3 ~ NEDTHT, MMKDOKTHH ~ NEpTHT), IpH OBPATHOM COOT-
HOUIEHMH ~ CPOCTKH HOINBAIOTCH A HTHIEPTHTAMH

Tpynna demmunaronsion

Mieparis 9Tofi TYNIs X8PAKTEDHN TIOWTH HCKIIOWHTETSHO ANt

nopox, Kotopue (510,) u
Gorarus menouasn (Na u K). B nopozax umuoWuuecnura npocxoxze-
U OHM NDAKTHUECKH He BCTpeuaNTes. K uncrly Hamboniee pacmpocrpa-
HEHHBIX GeThITATONIOB, T.. 3MEHHTENE TIOTICBLIX LINATOB, OTHOCATCS
neiiunr = K [AIS1,0,] # negemun ~ Na [AISIO,]. lepauii- erpeuserca
TOMKO B AABIIXCR PASHOCIRX B BALE KpHCTERIOR BpIACHALKGS, &
BTOpOfi ~ B WENOUHAX NOPOTAX PAIMMTHOTO re

Hemuﬂ Tipu Temneparype suwe 625 °C Kps muumxymn B KyGuuec-
Kot Gonlee uaKiX ~ B TETparoHansHOR. [L15 Hero xapax
ToPERL Kpacearind SKEYIOR Gopba Gonoro, CHtaiocepore A Mk
TOrO UBETa 1 JOBOMSHO BHCOKAS TBEDIOCTS (s,H),

B wnax nefu (26) Gecuperiuii, ero waoMerpuuy0
bopuy, uACTO GIHAKYI K BOCHMHYTOTBHOf.  Rowssarer npescuncins
s Ywod Mt R encran SpSRHERY TARAIEACR0 Fumatiia
(ran. 9, aronepa uewy o weer omermm oTpNuBTERS HU

penbed (kawercs puaBNEHHAM MOX MIOCKOCT ULTH(A) H WATPEHEBYI
NoBepxHocTs. Kak MMHEDAT ONTHUECKH M3OTPOMHiti WIM OWeRb C1aGO
By TpeAOMASI, B CKPEUEHHMX HWKOAX OF NOTH Gepiit. ¥ Aeii-
T uacro moHIKH W,
Kax mpauno, moue-
s nupoKcea, Mari Raneckaro croxs 1 P
TieftueT ~ MUHEDal CPABKTEIBHO MAO YCTORUMBHH 1 ocTh0

¥
3aMeILaeTCs KATHEBLIM MONIEBLIM MIMNATOM, HEEaHHOM, :eplmmou ap.
Hedenun (27) orHockTes K KapKacHsIM aIOMOCHIHKATaM, KpHCTaT-
USYETCR B TeKCArOHATBHOH CHNFOHMN, CPABMMTEMLHO DEKO O6payst
KOPOTKOCTONG! 1M TaGNMTYATHIE KPHCTANL. OGMYHO OH BCTpEuaeT-
CAUB BIAC HEMPEBITHHIX 3ePEH T CIIOLINbX IEPHHCTAX Macc. B 06pas-

o



Craitnocrs Oreyrerayer Heconepuentas b 15yx
anpanennsx, @ ~ 90°
TloKasatem mperowrenns
no

LAX MIHEDAT OKpAIIEH B CBETIO-CepHil UBET C XENTOBATHM WM Ki

BATHIM OTTEHKOM, HHOTZIA B TPAIO-3eNHEIH, & B CTUIOWHbIX MACCAX ~ B
Gypo-KpacHsiii MM KHMUuHO-KpacHui user. B otneume Or nonessix
WNATOB M KBapUa, Ha KOTOpHE OH OUEHb NOXOX, Hedemmi obnanaer
o GIECKOM, HMEET HECOBEDUICHHYI0 CIAHOCTS B ABYX Hanpasiie-

" mmtax mopemn 5
36pen, uAcCTO GTMIKEX IO GOPME K KBAIpATaM, MPAMOYTOMLHMHKAM HIH

MNKaM, 8 TAKKE B BHIE 3€peH HeMpaBWTBHOH gopM. Ero
DOKA3ATENH NpENOMTEHMA OUEHS GMUIKM K TOK3ATEMO MDENOMIEHHS
KaHAZCKOro GanssaMa s MWHIA BEKKe B OHIX PASPESaX MpH MOTHSTII
Ty6yca MHKDOCKOTA TIEPEMEULAETCS Ha MHHEDAT, & B APYTILX ~ Ha KaHazc-
Kot Gamaam. Ciia ABOHHOTO 7yuenperoMTeHus Hegemiia Mana i
MHTEDEPEHIMONHAR OKPACKA HUSKAA — TEMHO-CEpas WA CEpas NEPBOrO
‘nopsKa (cM. TaGn. 9), Noracakue paBHOMEDHOE, & B PAIPEIAX C IAMETHON
CHaHOCTHI0 WK OTHOCHTETHHO B TDTMOYTOTHHAX CeuEHHAX —

mpsMoe.
B cuenuTax, rie Hegemum —
MuHepan, B €ro KpucTanax e BKmoGeHS

HM3KOMY, YeM y KBapua,IBYNIpETOMAEHID, HECOBEPUIEHHON

s-oa1



OTDHIATENLHOMY ONTHYECKOMY 3HAKY W HATHGWIO NDONYKTOB paspyiie-
s, K uMCny XODOWIMX JMATHOCTHWECKHX NDU3HAKOB HeQENHa MOXHO
OTHECTH TAKKE €rO 8CCOLMALIMIO ¢ AT MPHHOM.

Tpynma xeapua

KBApUA BHIENAETCH DAN MOMMMOPOHHIX MOTHHKAIA
KpemHesema (x-kapt, f-KBap, TpHIMMKT, KpHCTOGANHT U JIp.), 0Gpasyw-
LLMXCA NIpH PASTIGHbIX TEMTIEDATY DHEIX YCIIOBHSIX, & TAKXKE TaKHE MHEDa-
s, » ona, B Meramop-
QUUECKIX ¥ OCANOUHBIX TIOPOTAX.

'Hi3KOTeMNEpaTy DHAs MO HKALIAS B-KBaPIL, WTH TIDOCTO KBAD1 TI0
PACTIDOCTDAHEHHOCTH B 3€MHO Kope — BTOpoit loce NoeBkix umatos. B
KaNECTBE TIABHOTO TIOpOX00GPASYIOIIEro KOMIOHEHTA OH BXOJHT B COCTaB
KHCTHX riopox (rpasur,

Hotll MiHEDAT KBapU BCTEYQETCs: HHOTAS H B CPEIHMX MATMATHWECKHX
Topogax (KBapuessie THOpHTS).
B

B pasmeusx
'MeTaMOpdHUECKHX OPOTAX — THe zﬁm, xpumnmuunu.x, KBapUMTaX i
2. B Bz OB/IOMKOD KBADII COCTABIISET CYIECTDEHHYID GaCTS MECKOD 1
NeCuaNMKOB, /IEBHTOB, ANEBPOTHTOR i NIDOTHX OCANOUHHX 06pasOBa-
M.
Xanorusexan gopuyns waapus ~ S10: Bucoxoreuneperypan ero
apl,

Anw, (B-xBapu)- ii. OBe puneavur

onpenensior guaiuecKHe CaOiCTB MUHEpaTa: BCOKYIO TBEPAOCTS — T,

oTcyTCTBMUe CraiiHOCTH, PAKOBHCTsIi HINIOM, CrexAHHsNI Greck. Maxpo-
cKonuueckH Kpapu Gecusertuii, Gemull cepbi, uMuaTI. HaqHTENEHO
pexe pasocs, B wepnili,
xemonsru u pyrae upers

HCTAN @KBapIs, HASMOTACMAIE B KHCTHX 3pdY-

smmonty Bopomx (khapueERek nopduper. TUnapuTaX), MMEWT KOpOTKO-
pHSMATHUECKHTi U TMTMPAMMTANHL OOMHK (xopnnm e ‘Tpany
MHpaMiz) C WECTHTPAHHBIM TIONEPEYHLIM CeueHu MCTANTS
KOppOMHpOBAHH 3acThBImEN Moaee NaBOH (pHe. "5, B unmymnux
TIOpOZAX KBapI KCeHOMOPeH, TAK KaK KDHCTAIIMYEICH OTMHM M3
TloCne X, 3AHWMAT OCTABIIEEC TIDOCTDAHCTBO MERY PAHEE BEIIEMMB:
LIMHCS: MUHEDANaM.

B

rioposax Ksapi

Hoit MO GuKauueii 1 OBHYEO oﬂpus‘ye'l 3epHa HaOMeTpHuHOH WK Herpa-

BHTBHOI GopMsi. Bo MHOTHX CTywasiX 3T0T MHHEDaT ~ INIABHAS COCTABHAS
THEDOTEpMATHEDX XL,



Pue. 31. Hououopgwue sepma wxoapua o sggye-
o opode
)

B e Keapu (28) Gecuseruiil, npospawisii, 6e3 WATperH  peMbe-
8, TIOCKOTBKY €ro NoKa3aTE K MpEOMTEHNS GAUIKH K M. (1, = 1,544,
Nl = 1,553), pemmumHa meynpeniomnenys vesemuka ~ 0,008-0,009, upeta
MHTEDGEpEHIIM ~ Cepiie i Genuie, noracanue ~ B NOPONAX Marmaruuec:
Koro resesuca oBruHO plwuepuoe. 8 B METAMODHUECKIX TIOPOTEX ~
BomEmCToe WM OBnawHoe. KBapu ONMOOCHME, €ro ONTHNeCKi SHSK
POBRETEKILR. JTOT MENEDAR RE ROCET APORYToB PASOYIEHRS, SepHA
€70 IpO3AUHA! 1 KIS D GOTBUIOM YBEHIEHHH HHOTTIA GHBAIT BHTHA
Memsuafitue BKIIOUEHHS ra3a H XHIKOCTH, PACIONIOKEHHSIE LENOTKAMH.
Tlepeuscnenisie CBOFCTB B NMONABASIUIEM UHCIE CAYYACR MOIBOMANT
7Tk OTAMYATS KBAD OT NOMNEBLIX WUNATOB i HeeuHa.

TIOPOZIOBPA3YIOMHE MEHEPAIIY,
B METAMOPOHYECKHX IOPOJIAX
Tpymna rpasara
Py
max HECKOTHKO H3OMOPYHAX 0B KpHCTaZ:

Koue
oo 2T op. Muhepans 3o YT oBazact S CXOICTBOM
OmemiecKunx npHaKos: CrEKTAH Gneck, oryrerome CraocTH,
OTHOCHTENBHO BMCOKas TBEpHOCTH (6, 5—7,5), GoNblas MIOTHOCTH
3,15-4.3 r/oe’.

Bumsocri

pastio-
pasmuADT rnaBHMM OGpasoM o usery (rabn. 10),

OTMEuTIOCH BeuE, FpANATH OGPASYIOT HSOMODYHNE PATM, PO-
MEXyTOUHM WIeHA KOTODHIX BCTpENaNTCs wale, uem Kpaiiiwe [3].

—Tlon MHKPOCKOTOM B MDO3PAWHX UITHGAX TPAHT GECUBETHS Wt
ouems €180 oKpameHs B XeMoBarsi WIH PO3OBATIE LBeT. 3epHa HX
8ILE MMENT OKPYTTYI, HIOMETDHUHYID WIH HETDEBHNLHYI GOPMY, HO
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Xapoxrepucruxa sunepanoa epynn: paneroa Tabmnua 10

P i B

Tapon Mg, AL[SI0,], ‘Kpacsi, reaesio-Kpacni

A FeALISO By pokpucaas, powsiro el

Checcaprus ¥ l, Pososut, xemonato-6ypsst

Cpoceynap caafsio), Or Gecuserioro 1o KopHueRo-Gyporo fame
oy

Angpazer CajFe,lsi0,], (O seneROBaTo-KETOrO K0 EPHOTO, YalE
S

Yaposnr Ca,Crfs10,], Hympyxmo-senessi

Hpoxonxenxe ra6a. 10

Tlorasren Immum. ‘ Tver s e

Tipon T Pososul, Kpacuomamt

Amvarngn 1830 Becuperma, pososssit
pra 800 Evposant

Tpoceynsp 1734 Becun

Angpazir 1887 v —

Yaapona 1,860 Jenemai

i MECTH- HTH BOCEMHYTOTISHHK..
‘3HaueHns NoKasaTeNneii NPENoMIIEHHS PaHATOB HAMHOIO MPEBHINIAIT
‘BeuHHY NOKa3ATENs: MpEIOMJIEHS. KaHATCKOr BaTsaMa, B PEaYTHTATE
WEro aepHa STHX MHHEDAIOB HMET DEIKO BHDANCHHHE PETLed i WATpe-
~HeBy® NopepxHoCTS.
KaK KpHCTATUTS KyGiuecKol CHETOHIH, FPAHATS! OIITHYECKH H3OTPOT-
HBI, HO KaNTbLMEBHIE PASHOCTH HEPENKO 06Afa0T 3AMETHRIM JBYTPE/OM-
nermen (0 0,012) n RxE NOMMCHHTETHUECKNM ABORHHKOBHIN CTDOCHHEM
(sonamsHoe noracatue).
Orsecerne MiHepana K Cpyne PAHATOR Mpi MIYNEHHH B WHBAX
OBUHO HE BHIILIBACT TPYMHOCTEH, HO Gonee TOUHAS IMArHOCTHKE —
€ Cocrapa, TPEOYET NETATHHOTO €ro WCCTCIOBAHWA M,
Toraris fcnepotn, Onpsine Semams Dobasirors mpeRcAdIoaR
(ratn. 10), erkas Mexay cocta-
BoM TPARETOD  SHASCHTM 1, 8 TBKKE UM TapRMETROM, KK X
notHoCTs. [pagHKH, BHDAXAOIE STy IABHCHMOCTS, MDHBOLATCH
Miorwx crpasowsmkax [3, 8].

6



‘3HaNMe COCTAB IPEHATOB HEODXOMHMO [N PEWEHHS TEHETHUECKHX
BONPOCOB — ONPEACNEHHS TOUHX BETHUMH TEMIEPATYDH H AABNCHHS
TIpotiecca METaMOpGHM. JT0 BEXOIHT 3a NPETENS NPOrPAMM! FEOOr0B-
HEQTAHMKOB, JUIR KOTODHX JOCTATOVHO ONIDENIETHTH HATHUME M OTCYT-
crawe rpanara b nopae.

uacto coxepxar Hist MiHEDa-

(enADTCH
NI APYTIMH Mithe-

xapaxs
AR pasHLX | Neuuopwmecxux ncpou KpHCTAn/IOCaHIeB, rmi-
cKapHoB U

ATCst K weny ummm
W nerMaTHTS.

Cwnmnaanur = AI[AISiOg] = choxonuneplryplmi Jousepan,
ABNAOUBTICS BAXHON COCTABHOf UACTHIO KOHTAKTOBO" W PErHO!

Fueica. Maxpo-
CKoMMeCKN TPYINO ONpeReN, ToK KaK o6pasyer TGO OTREsHME
CPRBMITEMLHO METKHE M TOHKHE KDHCTANTN, TWGO TIOTHME COCTKH

OjHaKo Non MUKpOCKo-

TIOM IMBTHOCUMPYIOTCA JOCTATOUHO nzrko.
(29)

cumrommm, B
npospauIx mMax Gecuperex. epha m, KaK NpABUIO, MIMOMODGH! 1t
HMEIOT B OTHOM CEueHNH LTHHHONDHIMATHYECKYI WIH JXe HrOTBYATyI0

Das

sepen Mapaner-
o i v Tloxasatem npesounesm xoneGmorca or 1,654
1,660 () 20 1,673~ 1,683 (n,), cwna nmoiioro nyuenperoness sepsico-
xa (n nfn—nuzzj. racaie pasiouepioe, T, yaIMIEINE BeEzh
4ux oceli 2V Nonowe i 1

Ve = 0,

meonmon(zn-m

vasnaime ¢n6panuu B mmux Takeg epecamt s

Mbed cnnm-
o Chrvant. 6o Chaboies ¥ Tpeuntam, a mnw o Beemy aepuy




\[ Mmcren (xuarur)
Jlucren — AL[SI0,]0 ~ rumrui MiHepan KpHCTATTIVECKinX Ca-
LieD 1 HEKOTOpLIX APYTHX, MEHEE PACTOCTPAHEHHIX, METaMOpdIveCKinX
Topoz. BCTpeua€TCR OH b DHAE AHHHSLX TVIOCKIX KPHCTAILIOD ronyGoro,
CHHErO, HHOrZI2 G€0ro WM CEpOro LUBETA; HMEeT CHaiiHOCTS B.IBYX Ha-
apiennsix. H3 xapaKTepHsix ocnﬁeﬁllmtﬂ MuHEpania crie;
Gamnye  THepIOCTE RO, MG Cropo KpuCTATGR
4-5, a B NEPNEHHKYIAPHOM HanpaBIeHIH ~ 7.
B mmigux e (30) Gecumeren i o axpemen s ronyGonarih
e, o ue suze

pome )
nepw:y (100) % sropowy (010) menaxowaaM, MpoxozAuUX fon yriow,
GuaKm k 90°, y Hero HaGMIONAETCS OTAENBHOCTL 1O TPETLEMY MHHAKOKIY
(001). Jlncren KpueranuayeTest B TOHKMHNOR CHErOHMM; HOKasaTenH
npenownerus — ng = 1,727~ 1,134, np = 1,121-1,723, n, = 1,712-1,718,
s amympencncdans nemwicona — A= 0012-0016; usiepen aayocan
onTHuecky orpuuaTeNsuhi, yron 2V - Gomsmoii (80-83"). Xapaxrtep
TIOracaHis W SHEK Y UTHHERNHS B DasHMX PAIDEaAX paswe. B cevernax ¢
‘HauGoree copepueHHoN craiiHocTs0 Noracatwe nowrs mpAMoe (0-3%)) 1

NACTO HAGMORANTCA JBOMMMKHM — NpOCTHE M MOTHCHHTETHUGCKHE,
OBTLMBie BKIIOYENHS PAITHUHEIX MHHEDATIOB.
Anpanysur

Aupanysut — AL[Si0,]0 - np-nepen ANS NOPOA KOHTAKTOBOTO M
nopoxam (Dol'onr

K, )

pyTIoM, oGbruto
TEMHO HEGOTBIAX KOTHUECTBX i B BT MENKiX KpHCTaAI0B. Kpymisie

Kpucrannusyercss ammanysur B pomOMueckoi cumromum, obpasys
KPHCTA/UIN KOPOTKOCTONGUATOro OG/MKA, ¢ XOPOUIO PAIBHTHIMM IPAHAMM
i npuasa. B ‘cevenax

nmeor Bug 2B -
6AMIKOro K i yrriom 89°.
" oKpamer B

powmi i :n:llvuruﬁ ey, 5 Dol oyt on nneoxpovpyer
(no N) W nowTH

(o

70



MEHSIETCA B SABMCHMOCTH OT ComepAans NpuMeceit Fe* w Mn*3: ny =
638~ 1,650 (npuconepmati 10 % Fe,0, nocruraer 1,740 [z]), Al
1,633 1,644, n,=1,629— 1,640, A = 0,009-0,011; yron onThuccxux oceli
pasen 80- 85", omueciai SHaK OTPULETEMLHL; NoTacaKHe MPAMOE, B
Ceuennsix, NApRNTENLHBIX PAHAM TDHIMS CO cminucnn B omiom Ha-
Soenni, YT (osis FRABOR soR) vpraeT
MoXHO HaGionaTs inanyswta ~
XHACTORNT, CoNSPRALI OCATLKLS SKTRCHIA HEDDGSpAMERLY YEN:
X AT, PREIGIGRCHAY B DODCPOTAX CENEMLUTX KPECTOOBpask.
OTHOCHTCR K WHCNY IOBOTBHO YCTOMUMBHIX MHHEDATOD,
TaK KaK onanaer BricoKoit TRepocTsio (7,5 Mo mKane Mooca), cpapHi-
TeMAo Gomstoh MoTHOCTI = B16-3.20 F/eu, oW MK HoME-
HeHHH 3aMEMmaETCA CEpHIMTOM.

Craspomr
Musepan orsocures i cuniata. EFO xiniuseckin coctap FeAl, x
(510,10 5: uMg, Fe*d u

A1 2, craspomirs esRete axphcxs Kpngranion o reutod ks

M Gy BaTo-uepHoi 110 CBeTION, KeaToRaTo-Gypoii. Hame
HERHE B XHMIMQECKOU €0TuBS CHATBUORCH B Ha TATEEKX tonicTRAR,
ocoBeHHo Ha aHauekisx NoKagatenls Mpenownenmsi, Kpucranmiayercs
CTaBpOTIHT B pONGHUECK O CHHTOMHH, 0GPA3YS! CTONIGYATHE, KOOTKOMpHS-
MaTiuecKve KDHCTAH, KOTOPHE UACTO CPACTAIOTCS B KDECTOOpAsHSE
amoiiEMKH.

B mmgax crasponur (32) KaGnonaetc B BuAE 3epen MpHsMaTHec-
Xofl, POMGOBHHOT, PexXe WwecTHYTOnBHOf Gopws. Berpeuaercs Minepan u
B Bz HenpawTBHLIX epen. CaMNOCTS Y CTABDOTHTA HECOBCPIIEHHAS B

omiom u nosToMy B ceuermi ne
concen.
MitHepar oTHoCHTCS! K TPYMIe OKpAIICHHSX, MIEOXPOHDYET OT OpaH-
Jsoe I ssiorsto e ok (110 N,) 110 67eHo-enToro, mouTH Gecuser-
ro (10 N,). B aeprax naGnonaerch orsetminuii por. o) 1 warperenas
Bonspmoch (ng = 1,743 = 1,762, ny, = 1,738 = 1,755, n, = 1,734 = 1,752).
une ynpencuneny separa Hesicors - & - 0,016 (urep-
GepeHuONHAE OKpACKH 10 XETTOI MePBOro MopAma). YFoM CITHIECKinX
Cedi monaeTH: # Somoi (2 < 8190, Kak npannia, craspor
TUT CONepIT GOMbLIOE KOTHUECTBO pasiooGpasHiix BKMoueHHi (KBaprL
CpaHT, pYTHIL, pY NI MiHEDaT 1 Ap.).

CraBpOMT ~ THNHUHMI MHHEDRN KDHCTATTHNECKHX CTAHIER, BCTpE:

§ATCH COBMECTHO C DAHATOM, NMCTHOM, CHITHMANWTOM, KBapUew,

pyrmm Kax npasyio, pesmep
smen CraBPOATA B0 MHORD DAs KPYTiHee Sepel ADyTX NEHEpAToD MeTa:
opiuecKof nopomsi.
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Kopamepur

Mo KPHCTATIOXHMMYECKHM OCOBEHHOCTAM le!pln OTHOCHTCH K.
OCTPOBHMM ATIOMOCHNHKATaM KOMbuUEBO# CTPYKTyph. Ero xmmirueckuii
coctas Bupaxaetcs dopMynoii (Mg, Fe), Al, [Siy Alo,.l Kpowme xenesa
Mariu, COOTHOLIEHHE KOTOpAIX CETHO RApHPYET, B CocTal
B Kauecrne npwweceii BXonsT Fe*?, Mn, Ti, Ca, Na u 1., a Taxxe H,0 (10
4%).
B npupone uamGonee WNPOKO DACTDOCTPAHEHS MATHESHATSHHE

"
oax wopamnoR o ~ 003 s, KOPIHEDHT GeCUBET, o ST o
COREPAMNT BKTIOUEHHS, HATIDHMED, WPKOH, TO BOKPYT piguvstekie
THMOHHO-KE T TIEGXPOTHBIE ODEOTIS. 3ePHA MHHEPAIa, KaK NpABHIO,
HeNpaBALHOM GOpMs, CATHOCTS HAGTIONACTCA PEAKO M HMEET BHI Hec:
KOMKIX NPEDMBHCTBIX TPEUHHOK Ha BCE EPHO.

OnThueckme KoHcTanTs Kopaueputa (33) Bapbupyior, uto casano ¢
MR 810 XUMATECKOTD cOeTaRs: Ty = 1527-15T5 = 1524
1,574; 1, = 1,522-1,558; A = 0,005-0,018, yron onTiueckix oceii cnss
KoneSnercst flo pemruntie nnosuaxy (or - 39" 10 +76-90'). Taxas wswesun-

BOCTS OIITHUECKIX CBOFICTB OUEHS 3ATPY IHACT ET0 MHKPOCKOMHYECKOE O

PeneAeHHe, IO3TOMY WHOTAA A5 TOUHOR DHATHOCTHKI NPHXOMIATCA MpHGe-
Th K PEHTTEHOCTPY KTy PHOMY aHaIH3y.

K WHCTY OT/MNITENsHbEX IDHSHAKOB MUHEPANA OTHOCHTCA HaTISHE Y.

dopmy
PHATLIHIE BOMMMKH. VTN MEXTY ABOTHWKOBBIMH WBAMH, PACKOLALK-
s oo ety peas 30, 60 wn 120°,
Hior,

epuTa npoyK-
108 KOMENCHMR - XTopHYE CPULIHTE, TATHKA, CEpREHTHIORMTIORD BewE-
craa. [Tpi STOM TOHKHE THCTOUKH CEDHIIMTA JATOTHAIT TPEUIHB B JEPHE,
paCTOarascl NEpMERAKY IAPHO K HX Creikam, TaKkie HIMENENNHE Kop-
THEDHTH HAIWBAIOT 1 HHTa M

Kopmuepur = THMHUHBIR uunepm ‘BHCOKOrIMHOdeMuCTHX (BoraThix
A1,0,) METAMOPGHUECKHX NOpOX ~ KPHCTATTHUECKHX CaNLIEB, rieficos,
rpanyuTOB.

Kamaprr

Kamsumr -nexHoli rpynne
MUNEDaioB — KapGoHaTam. OIMAKO Ia7eKo He BCE M WX IOOToosy
sywue. O u3 ‘PaCTpOCTpaHeHHLIX KapOOHATOB — KaTbir. B
MarMaTHuECKHX NIOPOZIAX OH YALE BCEro SMMMATMATHYECKHH, TaK KaK 06~
pasyeTea B npouecce ameer ix MHPOKCEHOB, POroBO,

‘OGMBHKH, OCHOBHLIX TIATHOK 3308, 3aTIOMHACT MYCTOTH! I TPEUIH B 3¢~

n



BySHBHLIX TOpoRaX. CYWECTBEHHYID WACTS, 8 WHOTZA TONTH LETMKOM,
KATLLUT COCTARTISET B METAMOPOHIECKIX NODOTAX — MDIMODH, CKADH I

MaKpockoniuecki B 0GpasLAX TOPOR KATLMT ETKO OTIpEREARETCs
o xapaxtepHoii, peaxumit ¢ 10 %-Hoit HCI, no ceernofi, Kak npasuno,
OKpACKE, [0 XOPOWO 3aMeTHO COBEPUICHHOA CAMHOCTH MO rpAHSIM
‘pomGoanipa.

KaTbunt KpHCT&/UUSYeTcs B TpuroHATbHOM cubroHMH. Xopomo
0B6pa30BAHHKE KDHCTA/UTH HAGMIOMAIOTCS B MYCTOTAX, B TPEMHAX, A B
NOpONaX MMHEpaN OGLIUHO NPHCYTCTBYET B BHDE EPEH HENDABMILHOIM,
orza Giakol X nsouerpuod gopus. B nugax xamiuur () Gec-

LUBETeH, B MEMIKHX 3epHaX pasmMepoM MeHee 0,1 MM TDEUIHB! CRaMHOCTH
He HabmomaiTes, a B Gonce KpYMHSX, KaK NpABHTO, BHIHSL TOHKHE
eTKue NHHWH CTIAHHOCTH B OJHOM, IBYX WIH TPEX HANpABEHHAX. xmw
TEpHAsT OCOBEHHOCTs KaNbLNTa, KAK W IPYHX MUHEA/IOB 3TOM rpyIM:
ouei, BuicoKas cuna AByMpenoneHMs (1 — e = 0,172), Kotopoii otae-
‘waeT HHTEDQEpeHINONAS OKpACKA ~ GEnast BHCIIEro NOPAIKa (Tepeu-
Bawasics, nepramyTpOBas).

Kanbuur onTHvecky omHOOCHI, OTPHUSTENbHb, NOKAIATENH Tpe-
nomnemusi — Mo = 1,638, Me = 1,486, OBLikHOBeHHOMY Nyuy oTBeuaer

it penbed (Pmin >

), 5§ = cnaGui,

nrpunnenwuﬁ PeMhed 1 CTaG BHPEXEHNAS WATDEHb. IT0 CHYRKHT

HOW SIBNEHNS, KOTOPOE Huununcﬁ ncesnoabcopbuned

nueb‘l‘ CXOACTBO C MNEOXPOH3IMOM. B KDYMHEIX 3epHaX KaMbumra 9acto
Habmopatores lwnucmn'zmueckun TOMOCUATHE ABOHHUKH.

Tpynna smapora

noponax Komue
Bax (zo 20-25 %) BerpeuaioTest KnHHOLOMIHT (35) M 3mMxoOT (36), 2
TAKKE LOMINT ~ OGBITHO BTOpOCTEMEHHH KOMTIOHEHT, Tame o0pasyi-
mwiicst N0 MIarmoklasaM OCHOBHOTO CocTasa (1aGpamopy, GUTOBHMTY
asoprury). JlpyrHe MWHEDATH rPYNNM MAIOTA NMGO BCTPEYAOTCA B
KauecTBe AKIICCCOPHBIX H COCTABNAIOT B N0poKax 1-2 % u enbme (oprHt),
TUGO OTHOCATCA K WY PEKO BCTPENARUIIXC (TbeMOHTHT), I0ATOMY B
'HACTORILEM TIOCODHH HE PACCMATPHBAITCS.

Knouowsu, smuzor 1 s o

e OueHs NoXoXH. O MmewT

omom
B pyrou = HecobepuEEaR, GMASIHE aawHAR TROPROCTH. (5-7) W
noTsocTk (3,25-3,7 r/esd ). B une e AT spR
7I0B B NIODOXAX OHK NoUTH He HAGMORANTCS, OGPAIYS CTUIOUIHHIE METKO-
HHCTSLE MaCCEL HITH OTZETBHIE JEDHA. OKpauu sicoutos s ot
HMIUECKOrO COCTaBa ~ Cepasi, RETTO-Gypas, JeNeHOBATO-Cepas, HO uale




Onrusecrue caoiicres uunepanos epynns 3nudora Taganua 11

s [Xapwey TToxsrers oerounems | A= ny-ry [Yion[omr
ORI ool 2V, Jqecxun
aa | o [ om rpanye [snax:
Ko Bec- - L6 LEW 161 0005 140+
nowskr  upermui
Ko Bec- - LB LS LIS NS 14
upermai
(comep-
xr15%
smaze
B0fl coc-
Tapn0
medl)
Smugor Bec  Oxpamen 1797 178 1751 0049  65-%0 —
e pasmoc-
HoKpa: T oTueTH-
wen-
mailt  xpowpywr
ot xemo-
senexoro
0
usermoro

20 Gaeuo senenc-
M0 KEOro, SUAROT HASMBACTER THCTAUNT.

BCEro 3eMeHas ¢ pasHLIMU OTTEHKaMu (AGMOUHO-3eNEHAS, KENTO-desIeHas,
d;ucumkclo-:u!emn 1 ). pucyTeTane » nopoge Somuoro Komfuecr-
Ba MuHEDAIOB TPYTTSI SMHIOTa ACTO OTIDENENAET €€ LBeT B

e Cay Al [Si0, ] [Si0; ] O(OH) ~ 1 smazor ~ ConFers AL

x[8i0,)[8i,0,]0(0H) - obpaayior
AN MUHEpATIOR, B KOTOpHX HIMEHSIeTCA comepxanne F&'S i cooraercr-
Lo smamoh orecore coohcTss (O 11

5 i CHHrOHMH.
Ton B mmpax 5 Bz TaGmur

aTHIX 1A HEMpABHLHOM OPMb 3EEH, HHOTIA OGPASYIOUX PATHATHO-
NySuCTE CPOCTKH; CTAMHOCTS B ABYX HATpaBJCHMSX NOX YoM 65",
‘npHuem B omHOM a B mpyroM —
Ui, B AHAE KopoTHAX TpEILH. YroN noTacauA KoneGmeTca ot 0° 7o
25-30°. Ero BeNWuMHE # SHAK Y[UIMHEHWS SABMCAT OT T0rO, C KaKHM
~HATIDABIEHHEM CAiHOCTH HSMEHACTCR YTON.

cTepHA OCOBEHHOCTS MHHEDATOB TDYAM IMATOTa ~ HamMuHE
aHOMATbHOR MHTEDOEDEHIMOHHOM OKDACKH. OCOGEHHO 3ameTHa OHa Y
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uoMSHTA (TYCKNAs CEpO-CHHSAS, KeNTOBATO-Gypas), y KIMMOLOMIMTE
cnabee (rycrsie uBere

‘Bupaxena anizo-
Ta ocoeno Kpaciue, w senense
Toma.

KTMHOLOMINT  STMIOT OTHOCATCS K WHCTTY YCTORNMBLX MIHEDAZOB 1
9CTO CaMI ABISIOTCS IPOTYKTAMI PAIIONEHNS CHIUKATOB 1 AIOMOCHITH-
xaos. B

Tnopon bawm
n nap).

Tpymna xnopuron
K 310fl rpymne orsocures Goee 25 NEPEMERHLX IO XHMMYECKOMY
)y ATOMOCKTAKATOB €O CIOHCTOR Ocobesmoct

W maBnexme,

Hux Bombl. O6was dopuy”a xioputon — (Mg, Fe*?, Fe'?, Alh. (i,
u), 0y0) (ox-n,.. B xropuax HABMOARETCS HECKOTBKO BHIOB
BCex ndlm amnx.

sanepaTon.

B nopozax B

MATMATHUECKIHX TIODORAX OHM, K&K NDABIIO, HADSLY C APYTHMHM SMAMar-
ofpasywrea no MiHepaian

6HOTHTY, POrOBOfi OGMAHKE, MOHOKTIHHLM THPOKCEHaM i MATHOK-
38M OCHOBHOFO COCTaBa, BMOTHAT MYCTOTS! i TPEUVIHA B MITHBIHXCS
Soponax. H » ueTsuoparuECKax POLAY IOPKTA acTo FEpem ot

e, Hapasy ¢ o, noposur, npem.m-mx cofiol mpomyr

TR X sapreneh »  sencoocxsmmal q;mm, xmpum B accouwtawn ¢
ATLGHTOM, SITHIOTOM, KATBIIHTOM H HEKOTOPBIMIE TpYTHMH MHHEDATAMH

pacnonar
0 XMMHYECKOM COCTABE MMHEpana Gwlee TnonpoGHoe omca-
e HecKoKHX pasHoBHIHOCTEH
XIOpHTH KDHCTAIUTHSYWTCA B MOHOKMuHHOR cHMTOMMNN. Hyewt
W THCTOUKH ¥ . Gacto
Sopaxyi cpoerea ¥ arperan, Odasgae wﬂemﬁ cnafinocrio B
B obpasue - JeNeHuI, HHOINA TEMHO-3ene-

it 0 v wepor.



neGmor-
csor 156701, ss lommﬂ " nwmﬁ 3toro sua:u: on.epxume xenesa
mHmMAETCS B

B wmigax xnopurs woryT nm i ¢ sos g
oKasare;

DEHIMOMMME OKPACKH C TYCKUBIMH TEMHO-CHHMMH, GHOTETOBBIMH,
OMMBKOBO-GYpHIMI W XpYTHMH uBeraMu. Bee XJIOpHTH IBYOCHHE, HO
yTON ONTHUECKHX oceft (2V) OGIUHO HEBEMMK, a WHOTa GMMIOK K 0
(ncesnooaoocHste).
ennun (43) - Hmeenee pucrpocrputenmi w2 xnopiron,
omHocHTeR K s ¢
Horo noKasare:
Konetmaoncs s mpecr 156 1,58, cuna naynpemmnesnn He npesbiua-
10,005, yron oniueckux oceli HeGOBMON, OTPHIATENLHEl, HO MOXET
6uiTh 1 MoNloXHTEb b, HaNGOMEe BAXHOE TMATHOCTHYECKOE CBOCTBO
MeHMHa, NOMIMO - anoMansHas
‘OKpACKA — CHHSS HITH QHOTIETOBAS.
Oexs GTUSOK K TewHAY ApyTofl Miepan 9 rpyII XopiTOD ~
HAKOM OTTTHYEC-
Kix ocefl, a aHOMATbHAR oD bepeHAOHRAR OXDaCKS - FDASHO-AETTO:
aenero-cepas.
leneccur mms omocercs x oxpameaial iz 5 mnngax
 cna B Kemosatsiit
i senehonaTall UBCT o SGTeHOT0 T GTABKOBO-S6TEHORD, ROKAM:
1. HECKOBKO BEIIE, UM Y ZBYX NDEABYLHX X/IOpH-
o8 (1,598 1,602), cuia ABynpenowierns pasia 0,005, yron ORTHYECKUX
ocei 730K K (0, aHOMATBHHE 1BETA HHTEDHEPEHLIH TAKHE X, KaK ¥

KmHOXOpa meneccuta - s
! cTpoennst ~ cpepom-

ToB.

Cepriexmun u Tk

CeprieHTHH M TaNMbK — NPOAYKTH H3IMEHEHHS! ! arHUEBBIX CH/IHKATOB
~ onpHHa u MapoKceroB. HapAAY C STiM, B NIOpORA, OBpA3yKUIXCS

npu
KiX pasHocTell OCHOBHOTO H YTLTPAOCHOBHOTO COCTaBa, TH MUHEpAN
wrpant pors nupenmapuywmx KOMIOHEHTOE.
Ocobe MMITHECKOTO COCTABA CEpMICHTHHA H TATISKA — HATHUHE
THIPOKCHTLHOR o
Ceprenmun B wmigax Secuseraii unmﬂypwenenm

Senie, wnocaa Gneaowemmi. o ARy CrRyKTYDH, SnpeneIAeuOR
7



Wi anamson,
BLIETIAOT HECKOMHKO PAJHOBMIHOCTEH CepNeHTIHA: XPHIOTILT, QHTHO:
P, CePTIOQHT, MH3apIHT u GacTur.
TamsK N0 ONTHYECKMM KOHCTAHTAM OueHb GIM3OK K Myckoamy "
copmuTy. I Tousoero marioETI | MeoGxomie ompezea
ToKasarems npenomnennst (np = 1,589 - 1,600, np, = 1,589 - 1, 594
np =1,539 ~ 1,550). Tipu mmmuu TaKoit Bo:Mmll(ac-m cnenyer opuen-
Tomsneres
TAs 530 28 XAPARISD BiseAEARA (10 TpOA 10
nepuq:epm sepen).

AIIECCOPHNE MHHEPATH

it rpy! Komaecr-
BaX, HO ABJIAIOTCS XapaKTepHOH npnMeuna‘mﬁ mm HHO rpynne
i 10po;

MINEDATOB B DA C1yach CoT MpABHte KDHETARTOrpAGHYECKHE
CuEpTaII (IOOPI), WO GBYCIOBTEHO fx BHCOKOR KPUCTANI:
Man - coThie Wi
et gecrmi Jonel Mvmmmnpn, no3ToMy onpeneneiue y Hix
x taom:m,m OCHOCTS, ONTHuECKHMi 3HaK,yron 2 V B GoMbumHcTse
cnyuacs B
s oA AKISOOMATS Spanon.
PKoR - ZISI0, (37), Koneranmayercn o TerparonansHoit cuiro-
san, oBpasyst
B

Toponia; P

3€pEeH MNH 3epeH Hellp.!nnm)loﬁ ‘Gopmbi. Pasmep ux ofbruHO He
npeaumm 0,1 My KpoMe caMOCTOATEbHEIX BHTENeHHi! LMPKOH uaCTo
Hab! IeTCS1 B KauecTBe BKIIOUEHUi B Nopofoobpasyiomux: KOMIOHeH:
2 POroBOit_oGMalKe, KopmiepHTe H ap. Bokpyr Takix
pr—— nﬁpuywm ‘Opeons: Temnll, OYTH uepHH B e

o e o ottt S et i
ii WM PO3OBATHI,
OKMM = 01), unTepdepen-
OHHBIE OKpacKH rpzuem u werseproro nopsnka (A = 0,044-0,062),
lvoracnsne nps» e. '(m HMCG\' soullbl(oc cxpo:nue. ocobento B

=

Anarur (JBi - Ca,[PO,L rE Cl) rexcaroHaNHoli CHHTOHHH, B
noponax B Buze MaTHueCKix

O HTOMLUATHX 3eDeH, a B METAMOpHIECKHX = Wale B BWIE SEpe
OKpYI IO A HENpaBHbHO# opMsl. B mumMpax anarhr GecupeTHbiii,

‘n0oSpasyuur. Hanpusaep, anarut 5 wesoutr foponan.

y

b



ToHKIMMIH ueTKMMH OrpaHMuEHHMGH (1 = 1,630~ 1,655), HusKunu ~ ceph-
MH WM CBETIO-CEDHMM WHTEPOEPEHILIOHHLMM OKPACKAMM MIEDBOFO

oMy
BECkMa CTOXHO. ANATHT OueHS YCTONuMBLGi MuRepan M NPOIYKTH €ro

enus HewspeCTHL
Coen (marasr)(39) ~CaTi [S0,] O noxer 5 ravecrse  opuniecn
conepxars Fe, AL, Mn, TR, F 1 Ipyrie aniemexts, uro Ha upet
mepara B Stpesue, Kimcranmyeres o B uommicl oo
1w, x0pomo KPHCTATTH HMeRT

KOHBEPTOOBpasHYI0 popMy. B uIHdax oM NaKT POMGOBHIHEIE, mmrnl
KimHononobHse cevenusi. Hapsuy cotim cpen BeTpeuaercs B Henpa-

bix 3ep:

B MHOTAI8 B CPOCTKAX C DYHBMH  JDYTHMM MUMEDana-
Mt Mukiepan o6nazaer 3 BITHA OYEHS EIKO H TOTHKO
B KpymHkix, Gonee 0,5 v JepHax.

ibax MMUHEDANOB, HO
% BMCOKHM JHAUEMMSAM MNOKasaTenedi mpenownewws (g =
=1,975-2,054, n,= 1,888~ 1,913) oM Kaxercs cepomamin, a_MHOTAA
xemmopato- wnn Gypopato-cepun (peaxo nqwi:mlu marpens). Eme

ona

oKpacKa ~ Geas Biicuero nopAnKa (A = 2 0090-0,140). Torsa nabmo-
M8€TCA TBOMHKKOBOE NoracaHHe.

TIpH PaSpYIIEHHH THTAHCONCPXALIX MIHEDANOB — CeHs, GHOTHTa,

no
~Henpoapauili arperar 3epet, COCTORU, KaK TIOKAIHBANT JETATLHNE
CCTENOBANHS, U3 ChEH, AHATASN, PYTHIA WM GpYKHTA. OM nomywHn
Haspaine neRKoKCEH. B OTpaXeHHOM caere NeliKOKcew - Gemil,
XEATOBATH K NOXOX Ha KYCOKH BaTML.

PyTin (40) - TiO, Brpeuacrca B unTpysuBHsX

axn
v‘m \'BHKlle MrONOYKH PYTHIA B BHZE cmm&mmnl
n yraom 60° ;pyr K mpyry, ofj
TATRCORSp e MHHEpANOD, KATBYACE, Gacrira (CaremT).
PyTiun oGbIuHO HAGMIOMAETCA B BMIE MEMKHX 3CDEH, PAIMEPOM. B
CoTHE W JecATHE TOTH pemo
Gonee kpynsnan sepuas. Ero XapaKTepHsie cBOACTBa CTCANUME: B

oue:
Dt (e = B85 2001, B, 2 2,605-2,613), nirepgepeamuioNNaR OKpac
Xa plicokas — Genas muicuiero nopazKa (A = 0,286-0, 296), no e
Bue oKpack Mumepana

"



SHIHA . BRI AHAISATOpOM PYTHT TAKOTOXe  oera, Kk
TIDH ONHOM HMKO!

Kar s ey, o, maeer npsvoe
Tnoracanne. Me/Kie ero KpHCTa/ibi Mro/buaroit ¢ﬂpM‘H HabmoganTcs B
KauecTse BIIOUEHMHi B KBapue, MpHUEM B HAX BCErJa XOPOWO BMIHA
'BHICOKAS HHTEPhEPEHIHOHHASA OKpacKa.

Monaunr - (Ce, La, Th) [PO, ] scrpeuaeres  rpammax, nermaru-

pucral crammax. B wmgax

Tee & TER tokxe MO, nioMeTpULE X KOpOTKG-
pHaMaTHuecKHE, MiHepan Gecusered, NOK&IATEm: NpENOMTEHHA
‘Bhicokite (7, = 1,828~ 1, ssn n,,, =1,777-1,801, 1, = 1,774~ 1,800), Ho ruxe,

Zmyx €HILSX, HO B WMGaX OGMIGHO BILTNA OTHA CHCTEMA TPEUH,
Yron noracas Ny = 2-7', ByOCH, ONTHYECKH NONOXHTENHb.
TYPMAnuH ~ MUHEDAT CTOKHOTO # NIEDEMEHHOTO XHMHUECKOrO
cocrana, B n
usomopdisie pms. Haubonee pi atux
panos apasur - NaMj l. lS-. ..I lBO,l, (OH F)v mevn =
(Na, Ca) Fe33ul, [Si,0,, ,](Mﬁ, (OH, Fyn3ns6aut ~ Na (Li, Al), Al x
% (5140, [BO,1,(OH, F).
Kpucranmisyorca

ML B TPUTOHATLHO CHEFOHMW, OOpASYR
CTONGuATH, AMMHHO-IDHIMATHUECKHE [0 MFONGUATHX ~KDHCTAZTM,
KOTOpME VACTO CPACTANTCA B MYWACTME QDEFATSl — TYPMATHHOBHE
"conua”.

OcOBEHHOCTII XIMINECKOTO COCTABa MHHEPAIOB STOM TPYMITN KA
BATCA Ha IX OKPACKE U B OGPAIUE, i B WHPAX TIOZ MHKpOCKoTIoM, Tax,
MaKPOCKOMUNECIKH ZPABMT ~  Senewsi, Wepn — uepHs, a SMOMUT

B0

KEITOrO WM CBETNO-GYOTO KO GECUBETHOTO; WEpA = OF 3ENEHOro WK
cunero 1o po:omoewom, MHOTZIa OKPACKA JOHATHAR WK MATHHCTS,
amsGaut uTH GeCUBETHOTO 110 uuynoro n Kpacaoro,

IpH3ML, Bee TYDMATHHS OTMOOCHN, OTPHUATENHBIE, TIOTACAHHE NS~
MOE, YILTHHERYE OTpHIIATENLHOE.
Bemtunist u cuna

12).

”»



Onrusecxue caoilcroa rypueaunoa [3] Tabanma 12

e N
n 1,635-1,661 1,655~ 1,675 1,6400-1,655
ne L610-1632 1,625-1650 LS1S-1620
A=ng=n, 0021-0026 0,025-0034 0017-0024

B mmgax rypmani (42) MOXHO CTTaTS € GHOTHTOM WK POrOBOL

HATIO TIOMHWTS, TO, BO-TIEPBX,

€ B OPONE TYDMATHHA BCETAA HESHAWHTEMSHO (T0TM WAM

i %), boBTopls, o e et craiocrs, STOCTI, Ty,
IUIEOXPOPYS, IPHHKMAET HAHGOTIEE TEMHYI OKDACKY, KO

Cropona. NoweTAATe MepTERTARYAADHL, K ABPARAGRND. KoneGuceh

CBeTa B NONADH3ATODE, B TO BPEMST KAK GHOTHT HMEET CAMYID TEMHYIO

'y B

[Vt ———
DEXeE OH BCTpEuACTCR B TPAHNTAX; H3 METAMODHUECKIX T1OPO, B KOTO-
Pl w207 Aecmaper, Mo Maaaer comkags, Sropiroase

raMODGOT EHHBIE TDAHNTON M.
onoopuT - CIF, om0 perxo maGmserea » Kavecrae
s nopomax ¢
o smnacres s mermaTHToD 1

0COGeHHO ANt FpeliseHOB. DII0ODHT ~ MIHEDAN OTITHYECKH H3OTpOH,
TAK KaK KDHCTATTHSYeTcs B KyGHuecKoii cumrokiw. Kpucranmi ero
MMEOT B Ky0a WM NPABWTLHOTO BOCHMMTPGHHMKA —OKTadipa, HO

waue B on aepHasan
‘i OKpyT O dopMt. B NPo3pawHLIX WX GMOOPHT GecuiBere, ero

KB3ATET NPETIOMTICHHS MHOFO MEHbIIE,JeM ¥ KAHAACKOTO GasoaMa
(n = 1,434), nostoMy y MuHepana OTYETNMBO BHPAXEHHHH OTpMuUA-
TensuuH pemed M cThMas marpeis. [LS GUNODHTE XapaKTEpHA
HO B mAHGaX T B
OTeTLHBIX ceueHSIX MOXHO HADTIORATS TP CHCTEMB TDEWIHH IO YTIOM
60° mpyr K pyry.-
Orpuuarensisi

DeTsed  OTCYTCTBME HiTEpdEpEHIMONHOM OKPACKH
nossonsT
M3 pyaHHX MuHepanos Hawbonlee DACNDOCTDAHEHN KaK B
MarMaTHYECKMX, TaK M B METAMOPOHUECKHX MOPONAX MAFHETHT, HibMe:
HUT, THTAHO-MATHETHT, FEMATHT M MUPHT. [IMArHOCTHKA 3THX MMHEPAJOB
5t N0 0coBOM METOmMKE C NOMOUILI0 CTIEUMANBHOTO PYIHOrO
MHKDOCKOTA, MIocKO5KY OHH B LLTHQaX Henpospaunil. MOXHO BoCTOM-

80



S0BTHCH W TIOTIAPHIAIIHOHHEIM MIKPOCKOTIOM, OCHALIEHHEM OZK-MIIL
salszropon.

Mayuan nopon » rpospau umupas, mpezmapITEGe onpese:
7IeHHe DYIHX MHHEDATIOB NDOBONAT B OTPAXEHHOM CBETE, HAMDES:
Cae? MR I cotpy, ECAM 5 MPOROTATEN cBOTS pYRE sthcpanis ce
OmHHAKOBH (1EDHHE), To B OTPANEHHOM OHM WMEWT pasHii wBET, WK
om0 m Doseoxser pesmeumy wx. MarsieTi 5 ompexcaou

HKOM;
gt cepmaamrxn.m o crerka xemropaTs memem o
OBBIUHO OKpYeH GeNlLMU BATONOZIOGHEMY NIDORYKTAMH aspyUIeHUS —
RefiKoKCeHOM; aTeRO-upTREIHT B orpaxeHHoM caere Cepsiit W
OuEHS TIOXOX Ha MATHETHT, HO B OTTHYHE OT HETO TIPH HIMEHCHMH 3aMe-
IAETCH NEMKOKCEHOM; T €MATHT — CTAbHO-CepHl, ¢ CHILHO BHPAXEH:-
"HBIM METATLTHYECKHM GIIECKOM, TOHKHE TUIACTHHIH 3TOTO MHHEDATA TIpo-
CBOUMBAIOT KPOBABO-KDACHEIM UBCTOM; MHDUT = CBETNO-KENTi M

‘30IOTHCTO-KENTHI ¢ METATTMYECKHM GIECKOM.

KoutpossHsie éonpoce:

1. KaK nospasze I0Tesl MHHEDATS Mo Hx PO B FOPHAX Tloponax?
2K

3 i

4. Kakue s onTeseckux cBoicTa SBNADTCS OGUMK A1 MHHEDATOB TPYMTH
ompua?

5

3 0 omTHecKix caoiicraax?
6. K KaKouy ToKiaccy MHHEPAJIon OTHoCATE TWpokcems?
7. Mo KaKiM OCOBEHHOCTAM MOXHO OTTWNTS B WINGX MHPOKCEHS of

8. B KaKoii CHHTORMH KpHCTAIISYI0TCA TUpOKCeHH?

9. HasoBHre MHHEpAT! H3 FPYMIIN NHPOKCHOB, KOTOHE B WMiGax GecumerH
WM nouTH GecueTHit.

10. Jlaiite xapaKrepHCTUKY TOTacAHWS POMOMYECKUX H MOHOKIHMMNHX MHPOK:
ceHoB.

u "zpnlulmn OTIHUMIETSHME TDHSHAKW THREDCTEHa TR MMKPOCKOTOM.

KaKoro MMPOKCEHa CTa ABYXMDETOMIEMS JOCTHIacT HaWGomued

BOMWNHM W KaKoW HaMBscmel HHTEDOEDEHUNOMNO OKpacKof OH ofmamaer!

n mmm MaHepaT, wp-:y-umnm DR TpoLeccaX MIMEHEHNS MHPOKCEHOB.

" TaB KaKUX MOPOR MMPOKCEHN BXOZST KaK fiopoxooGpasywoume
Mlil:p.nu'

15, Kakas Qopua pajpeson HaGMionaetca B LITMax Y Mutepalos Fpymms
aupubonos?

16. Haifte xapaxrepucuiy cnaiiHocTi aMpuGOos.

b—aat



17. K Xaxoi rpyTile Muepanon ~ OKpaIIEHHAX TH GECLBETHAX Tl MHKDOCKO"
Tow,oTHOCHTCA Gommas vacTs aupuGonon?
18 "
weckoli porosoil ogMamK?
1

. ._..z ._o§_.
20, B uem cXOICTBo K PaVINUMA MKHEPATIOD 3 TPYINL THDOKCEHOB H AMH-
Gonon?
21, K KaKoMy CTpYKTYpHOMY MOTKIACCY aTOMOCKTHKATOD OTHOGSTES cioz?
20, Cymecroyer T JABHCHMOCT MEXIY XFMMNECKHM COCTABOM COZ H X
omtveciunn caoiicroann?
2,
24, OxapaKrepuoyiite ocofeHHOCTH TOacaiHs ¥ ONTHYECKOH OPHENTHDOBKH
MHENpETI0B FpYTIS TR,
25, Kak Hashipaeres: MenKouemyuaras paHOBHIHOCTS MyckopwTa? Kakosa ee
PO B pasTHUHAX TopHAX TOpOTEX”
2. Kakosa b WTpEX GOPMA DAIDEI0B IMOMOPRHSX KPHCTATIOD cmox’
. B KaKof CHHFORHH KpHCTATHAYI0TCs MIQrHOKMaaH?
28, Nlepeunciuure Baxceffe onTHueCKHe caoficTaa NaTHOKaa08. Kakine Hy Hitx
SBAOTES HAHGOTee HAEXHHMH TIPH THATHOCTHKE IIATHOKa%08?
29, Ha uew ocHoBal ONTHeCKi METon OMEIENEHHS XHMHUECKOTO COCTaBa.
‘nnarHoKnz2087
30, Nlepeunciuure Mph3HaK, o KoTopHM B LITH(EX BHEHPIOT IeDHS IIATHOKTa-
308 713 Opeeenusl ux cocrasa?
. Yeb 3AMeLIAIOTCS MTATHOKTash: IpH wx paspywieHun?
B Kaxinx loponax IIaTHOK/Ia3i HaSTIOAICA B BHAE MHKDOTHTOR?
lepeuHeITe HauGOTee ACIDOCTPANEHIME MMHEPATS YIS KATKEBAX
HoneBix wnaton.
34, Uro ofimero # KaKOBM PATAUNS B OITHYECKHX CBOACTBAX MAHEPATOB H3
DY IIATHOK 12308  KaTHEBX NoNepsry mnaros?

35, B KaKoM Hanpap RN Niepenemaetcs: TS BeKKe Ka KONTAKTE KAHAZCKOTO
6a7TL3Ma ¢ MIHKpOKITiHOM BpH IOTHATHN TYBYCa MHKpOCKona?
3. o camummna

E aneners
ES
39, Hasosute HauGoflce pacTIDOCTpANEHNHE MHWHEPATS Wy [PYNTA Gemsuina-
Tomnos.
40, MoryT 7 B COCTAB MATMATHYECKOHl TIODOS! BXOINTS OTHOBPEMEHHO KBapI i
Hegems
41. B Kakanx rioponax KBapIl UaCTo GHBCT NDEACTABIIEN SEPHAI WIHOMOPOHEX
oueprami?
42, Hasosite arsocTieckie coolcrsa Kapua, o KOTOPHM €70 MOXHO y3HaTs,
TR skpocKorioM?

w2



OrpamaioTes i Ha CROiCTBaX MHHEDIION TDYIIS TDIHATOR HaMEHEIHS i,
xaecxoro cocrapa?

. Kakie 43 OIS Conirs ABTROTER GO BN TP BUaToc:
5 pane s mimbis

T ToracaHs 1 B xprcrannax
cHmTMRHT.

46. B Kakiix TopOREX CHTUTMMHNT SBTSETCH CYWECTRENHOR COCTARHOR vacThio?

4. 910 HasspamT "guGponHTON"T

45, B KaKinx Tpenenax KoneSmoTen DeTRAIM ToKsaTeneH TpEToMTEIAA Y
wcrena?

‘9 ‘Obmagaer s ucren neoxpousson’

KaKofi Tan Noracaius HagTofaercs y nncvcu.'
soicrs

53 Cana amofinoro Mysenpenownemta anpanysima passa 0,009-0011. Kk

2ot

4 late auprrepsy e casptinh

5. O6azaer M crasponwT cnailfocrsio? ECMH 1, To B CKOMLKKX RATpABAEHHAX

 xaxosa crenems ee conepmencra?

56. K Kaxok [pyIle OTHOGHTCH CTABPOTHT - ONHNECKH OHOOCHIDS MK
mmyouman?

57. Hasopure »separs, Ha Korophe T MHKpoEKGMoM TIoxoX Kopneput?

58, OmoCTIER T K WNETy qWaTHOCTRACCnX CDORCTD. KOpAHEDHTS BeTATHIA
noKasarens npenomnera?

59, Kakoll Tun goiluWKop HaGToRaerea.y Kopmuepura?

60, Kaxoli uicpan my rpymmt Kapforarop STACTcs HanSoiee. pACTpOcTDa-
!

61, Hasosute ommuueckwe coofcroa, xapaKTepHME A7A MiNepanos YT
xapSorazon?

62 Kako pom ks » pusmiix Fopxneposax?

63.Uro smnAerca iAo NceBnoatcopOHAT

64, Tlepeuncire amiepant rpyIT oMugors, KGTopiie uacto FpaNY pom
T0poRoOGpasyIOIX KoMTORERTOR.

65, Kakue npaHaKM SBTANTCH HaHGonee AZKMHMM MpH mATHOCTEKE
MnHepoTon rpyTI STz B Gax?

.

67, Tloxasatem, mperonenxs xnopwtos Konegneres 5 mpegenax 1,56-166.
Kaxos ves
68. Kakym pos Hrpam? B Nopozax cepnesmatt 1 TaTok?
8B oo utsene aacopia cieparon?
OPOIX KAKGTo OICKGNZENUA I CoETaBa STATHT MOXET WIPATh por
nuwnmwsyrmm wsepane!




Onpedenurensuas riuus MazMaruvecKiux zopwx nopod.

‘Miepammni cocran. Tiperoe Spdyswame nopomt
wero
[

(Crpyxrypa noppupones — repes-

[rouepmosepmncran ¢ kpymace
xpannemocanos » crexnonaro s
[im—————

Hebemun, xameasie noncewe wmars,  10-15 Gonomrr

KHCTIE TaTHOKTASN, IenoURE

auguGom n mmpoxcen, croxs

wnar, xcmie 15 Toeom Tperonssi

IRATNOKRaS, poroBax owaRKa (me- (oproxnasossch)

oo i ofurumc uporcer,

uon)

Koapu, Kamuessie noese wrats, 10 Tanapur (uo- Tinmapnomsa

Kncre nnaroKnas, cTog: (pore- ) (promwromsci

‘Bas obManKa) nopgup’

Koapu, cpemmne nmarwoxnase, poroses 1520 lawr Nauprromsii

TP —— (xsapuessa)
Guor (msporcen)

manionass, muposcerss S0 Buamt  Basamooms
(o, poromas ofsaa) noppupar
Moo, omumi, pyie neps: 95100 Meibeusr

it (poromas obwarxa)

MATMATHUECKHE I'OPHHE IOPOJIH

CoBpemerHaR CHCTEMATHKA TOPHBX TIOPO CTDOMTCA Ha BHIETEHMM

pasmmunBX "
CJMHHL: THI ~ Kflacc ~ Tpynna - X - cemedicteo ~ B Haubonee
KpyuEe ompaenesRd — T4 ¥ ey nnpon - BugensioTca o

HaKy — yorioBHsIM HX
Cpenu BCEX TOPHIX NOPOR BUIENAIOTC TpH i HRGRRY T




Tabanua 13

orpyswamaie iopomt Tpymna nopon o | Pazropoa o
conepao | wenowocr

Hepemmon cacnm - Hogemmons (e Cpama, Ao
wmaropHH) ene  SI0,-S3-64%  pemmumaro-

e

Cuesrr-nopmp Crear enowsoft
Sespema-
‘wnatom gk

Tpannr-nopdup Tpamur Kucnas, Si0,>64 % Hopmamssiii
m merouno-
privei
Tysmomopmrnopgup  Tpascmsopkr

Zimopur-nopgup Hwopur Cpegnss,
510,=53-54 5%
s, raGpo-suatas  Tadpo
SI0,44-53 %
I I
wpoxcesur 5I0,<44%
Marmaruucckue ropHsie - mpomyKTH KpHCTanMsamhM

XUAKOPO TPHPOIHORD CHKKATHoP® pRCTTABE. (uarvie) - OTnsaasoTen gyt
O APYTa, B NEPRYID oNCpes,YCTOBHANIox OGpa20BaAS 1 OXTABON. I
A2 OCHOBHBIX PH3HAKA H MOJIOKEHE! B OCHOBY KNACCHOUKALMU MArMaTH-
‘9ECKHX TOpHBIX Nopoj. Tlo yc/ioBusiM ryGuHHOCTH 0GPAIOBAHKA HIH, KaK
TPHHATO TOBODHTb, NO (AUMANBHBIM MPHIHAKAM BCE MArMATHUECKHE
nopomst Ha TpM Kracca - aGi runaGuc-
cansmme M 3QdyIuBMME, KaXUH M3 KOTODHX XaPAKTEPHIYETCH
Onpexe/eHHEIM THIIOM CTPYKTYD (rabn. 13).

3a NpeaeNaMy TAGMHII OCTANTCA TIOPONS! X H TIb KO, WK Raii Ko~
BOM, CCPHM, KOTODHE GMH3KH N0 YCIOBMSM OGPaIOBAHHS K THAGHC-
CATBHOMY KIIACCY, HO OTIHYAIOTCA OT HOCTIETHEO XaPAKTEPOM CTDYKTYDH
# peak coermm




Ha0Gopor samepans-
X COREPRANNEM B AHATOTHUHBIX rHTAGHC
coninc x ateccanne nojoss. likompizonue xumae tope

(e
TRqacKn) TOTMATRTU K NUIKOKPRETANTONECKES 7ANTH © Xapak
TOpHMMR CIPYXTYpANK, MIMMOKPATORMS pRISOCT XATMIX 10D
lanant mmuouownuupunuou CTPYKTYpoit M oGvemuHsOTCs

rpyany namnpodupo

potitae AcompRKAIN SaruaTRSCKAE Fopicx BOpOR 0. KX
COCTABY 4peIBHHAINO CIIOKHA, BCTEACTBHE YErO EAMHON CXEMM KX PasAe-
MeHMA B HacTosuee Bpems He cymectsyer. HauGonee paumoHansHoe

npunsToe B
OTPAXAET CBA3b XMMHUECKOTO COCTABA MATMATHUECKHX TIOPOI € HX eans-
HUM MuHepansHBM cocTaBoM. [lpi 3ToM HauGosee KpyMHKIE KIacCHpMKa-
SRS A = 17YCRC & DAL YURENGY N RIS B3

cocraBy, Ho ¢ yueTos Mnmepa-
208%. ﬂmwmuenluxmnpnnzmnﬂﬁ ceuehcrs, sxa0s u paamosus:
HocTell 38 0CHOBY KIACCHMKALIK IPHHMAIOT COCTZB # KOTHUECTBO I
Heftumx mponmﬁpnynnmx MiHepanon. OZiHa #3 TakHX Kllncm@nnmm
Guuna B pane
nocHeHHX yuaﬂnnko- 50 Demperpedun waraTsKax BOgol, Bruaas
no npwHu

wecKoil Ko i ecxoro xewnen AR CCCP.

3a OCHOBY yKa3aHHBIX mrm@unuui NpMHMMaETCH COnepMaHHE B
TOpHIX TIOOZAX KpemMesema (Si0,) M OKCHIOB WIETOUHX METannoB
(N30 + K;0), a Taicxe HalWuke Wik oTcyTcTBE HauGofee BAXHMX A1S
XApAKTEDHCTIKH TIOPOL MHHEpTIOB: KBAPLA, (eNsLINATONIOR, TONEBX

LIBETHbIX KOMITOHEHTOB,
B Hactosmem TpMHATA C

Komccneii Tletpo-
TPadHYECKOrD KOMMTET: Ha NpEACTaBNeHa Ha ABYXKOMIOHEHTHOM
Tatpmate SI0, - (Nag0 + x,m, FA€ BHIETAOTCS OCHOBHME TPYMIL 1
AL MATMATHYECKHX NOPOJL. 31€Ch Xe NOKA3aHb! 0BNACcTH ¢ CoNepKaHueM
KBapua MeHee 5 % H IPHCY TCTBHEM d:emmnnnnmmn (puc. 32).

Tlo conepxarmo Kpemeaema (SI0,) CPeIH MATMATHUECKHX NODOR
BUAC/IOT YETHDE TPYMIIA: Y BTPAOCHOBHE, OCHOBHIE, CPETHHE, KHCTSE.

Tpanus

N0ITOMY Ha rpadMKe NOMMMO MHHMH, MX DAINENSIOUMX, WTPHXOBKOH
BHIENEHS! 30HM, W "MIONS HeONpe A

BaxHuii MOKA3aTeNs, MCMOMBIYEMBIH ANS  KNACCHOMKALMOHHBIX
uerteit, ~ conepmane b MarmaTHueckol ropHoii nopoge menouei (Na,0 n

yenomh ofpasosamin. .
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K,0). TIpi 5TOM YuHTHBACTCA HE ux KOTHUECTBO, KOTOPOS CHIIBHO Baphi-

DYeT, a coomHomese conepaHns weouei 1 Kpextiesexa. 1o sTomy
IBHSHKY tlo TREACTABICHNOR Dulie CxoMe SAETAT 1ph DA TopoR
{ow. prc. 7). Tommmns Mexay Wi KOppempyICA ocoReoctH

MHHEpABHOT CocT:
1. Tlopoast

PONBE ZAHHOTO PATa HAKGONEE PACHPOCTPAHEHS! B MDUPORE 1 OTMHYaIOT-

* Hasmanine ceaeAcrs Taerch o AGEaTb s pasHOCTALL



Tlopoder_wsenoumiza pda
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sseumoomouenul nsansix tunos enySumsex nopod (1o Tryeosoi
Taruany Bt 9835, o)

OT MATMATHUECKIX TIOPOR ADYTHX DSZIOB OTCYTCTBHEM (ellsAUIATON-
om, masoutaas TIMDOKCEHOB  aMHGOTOB.
4

Ges-
densamnaronnuse (o puc. 32), Taxxe usuuam'uno KHCTIOTHOCTH
OT YLTPAOCHOBHBIX 10 KuCTbIX. IT0T PAN BKMOUAET cemelicTBa cymne-

cuermiros,
o BB Pk - GoNsa EneYousnLS  (od: pat32)
‘Haumenee pacnpoctpaenst 5 npupoe. Cpems MpeIcTasuTeneii SToro pAza
M3BECTHE TS PASHOCTH OT Y bTPACCHOBHSIX 10 CpemtkX. 13 menouiix
TI0poR uAmE APYTHX BCTpEWAITCS GelbAUNATOMTHIE (HedeNHOBbE Wi
NeHLIUTOBHIE) CHEHMTEL.
(ra6in. 13), B KoTopoli yUHTIBAETCR TGHHHOCTS MIOOTEI, €€ Gaumiail-
i epaKTep, OnpeseIAEMA o an CTPYXTYpH (KTace: .mmmun,
wnn
COCTaB, COCTABNIEHA HCXOJIS 3 OCHOB pa:mﬁpunmu Bhilue KiatcHpuKaimH.
To coorHoweHMI0 eruheseul 1 CyMMBI meNouedi BHISISIOT rpyIEI,

psmst  cemeiictea rueciux ropHsix mopog. fIph ITOM HameHetme
SbIeoKoro cottaBa EXasNBACTON TOXEE BCETO Ha. MoRBNEIMN WM
Horo Munepana. H Beex

Toro pan
IepeuHCTeHHAIX BHINE CeMeficTB AN OGIei ONpeNeNuTENBHOM TabMHLE
88



(c. Ta0n. 13) BuGpas HauSonee pacnpocTpaHEHHHE, B TOM WiCTE Bee

oty o sy OHBIX TIOPOA H MX MNPOMEXYTOUHMX

pasHocreit MarALIHO
HBIX THTIOB Ty GMHBIX nopon (puc. 33).

ann ropHoii nopoms B
TAGOpATOpILK YCIODIR EOGKOANO YCTaRORNTS €€ CTDYKTYDY W 1O
‘THRY Noce el OTHECTH HIYHaEMYI TIOORY K ORHOMY M3 TEHETHYECKHX
Knacco - Wi
Kounnexe
Hopane, Toomore BAGDMS CcommErCIRYIOLYE FopHSOHTATLIYID FPOY
a6 13. Hassanue opons: GyIeT HAXONHTBCR Ha epeceuehun BuGpak-

Tipu paore ¢ onpe e MTEMs KO/ TaGMMIEH HEOGXOMUMO UMETS B BUIY
uiee:

1. Hassamus pox B Tabmm
pasocTM ¢ x-p-mpnai nmmamoﬁ n-pynypon B cnyuse runa-

SHCCATbHAX 10pO;
XOR CTDYKTYDOR oW HASBADTCA flo Y CooTBerCTByRUER ACHCCATL-
ol IOPOZS ¢ MPHCTABKOR "MMKDO”, HANDHMED MUKDOTPAHNT, MHKPOCHE-
HAT, MHKDOTaG6pO H 1.

2. 3¢¢y3HBH NOAPAIENATCH Ha B PAAA ~ HEOTWINME (reonorm-
HECKH MO0, HEpAJpYLIEHHSE) H NATCOTHIHME (BTODHUNO HIMEHeH-
Hite) nopomsi. flepBble XapaKTEpHSYNOTCH TONTH NOMHAIM graczam

BTOPHUHBIX M3MeHEHiHi BKDATICHHMKOB M OCHOBHOi MACCH, NpO3pau-
)lncnn B windax. B naneoTnuuix pasHOCTAX al(pnnnounuxu ucnnua
o]

MenKo-

Kpu:nunuuecl(uﬁ ATpere? SMATMATINECKIK  AOGHEPANGD W DRSTONY
PO B LLIHPAX MATIOTIDOIDAUHSLE, MYTHSE.

3. B adyauBHMX NIODOZAX UACTO ECTPEVAIOTCH HE BCE MUHEDAIM,
XpAKTEDHME ANA UX CNYGWHHAIX GHATOTOB, BCMECTBHE HATHKA B
TopoRe creKoBaToil dashi. Kpome TOro, CoCTaB MMKDOTHIOB OCHOBHON
MaCCHl UACTO HE MOXET GLITh ONpEenesier H3-3a MaJoro Mx Tloaro-
My ZMATHOCTHKA SGdY3MBOB NDOBOTHTES HA OCHOBAHHN MINEHHS Mite-
packpmc-

TAANMIALMK OCHOBHOH MacCH. CBS3L ONPENENEHHEIX CTPYKTYD C XMMMKO-
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Munepasorusecxid cocTason sbdySKER Dopos NITGKERS 8 Dy,
TIOCBAEHHOM MIYUEHHIO CTDOCHHS PSTMGHMX MATMATHYECKHX

4. Munepans, sapaxregense e ok Ty Bopas (. e 1)
B nopone, a
Tor 0 yaSAIL B CROOKEX, N ABTAITEA OUASArSmE AT nopon
310l rpynns.

5. Tlpu ONpene/cHIN HAIBAHNA MATMATHNECKIX FOPISIX HOOR K
Shcny B IDKIHAKOD OTHOCHTEA TpOLEHTIOE COEPXANIE B Topoaax
e MuHepanos (uperHoe wnco). [In% HAHGOTEE XapaKTEpHbX
Taba. 13.
B cnyuae snawsTenHOrO npmnneuu- WBETHOTO wHCTA NpOTHB HopM (ia
i %) X HasBaMMO nopoxst

ipH CHitKe-
o xommecTBH TewNOUBETIX MIHEPAZIoB Mo cpaBHeo ¢ ko
anphvep,

it (mar

CTPYKTYPM MATMATHYECIX TOPHMX TIOPOX
MarmariuecKie FOpHHE IOPOIN 06PA3yITCs B MpoLiEcce 3aTBepAeBa-
B

cnyuaes,
pacrnaBa — MarMi. B 3aBHCHMOCTH OT YCOBHI ee KDHCTA/NH3aWAH BOS-
(KaILHE MATMATHUECKHE TOPHBIE TIOPOT PASTENSOT Ha 3BYIHBHHE
e,

W MHTDYSHBHME ~ KDHCTAMTHSYIOUIMEC BEYTDH d€MHOR Kopi. llocneunne
B CBOW Ouepeb AENATCS N0 PAUHAM TYCHHHOCTH Ha aGMccaTahke (1
Gunisie) 1 pHCTAH-
saumn pacnnasa ~ Marw 1

CpE, NABJIEHHE B MATMATHUECKOM OMATe W TNYOHNA €ro saneraHis,
XMMuECKfi COCTAB MATME! ~ OTPAXAITC B NIEPBYI0 QUEpEs Ha CTPYKTY-
DE TIODOIH, T.¢. XAPAKTEDE €€ COCTABHAIX HACTEIR H HX BIAHMOOTHOLIEHHH
Mexy coboii. Boneactsue SToro msywemse CTpyKTyp, Bl 08
X8PAKTEDHEX OCOBEHHOCTEI! HAPATY ¢ NOEBHMM HABMITIEHMSMMN

AISET YCTAHOBUTS YCIOBHA 0GPAIOBAHNA MATMATHIECKOH NODOTS, qmmn
e ryGusHoCTH.

Tlon CTPYKTYpOji NOMHMAIT CTOEHHE TIODOMH, KOTopoe ompese-
nsieTcs: 1) CTENEHBIO KPHCTAZHUHOCTH; 2) aGCOMIOTHMIM PAIMEPOM 3epeH;
3) oTHoCHTEnLHMM PasMepOM 3epen i 4) GOpMOli JEPEH H COOTHOEHHEM
X Mexy cobofi N0 cTenemn waMOMOpHIMa. lepBiie TpH MpHIHAKA B

SaH Marai 4 OMpERENST COBOR OCHOBHOR T CTDYKTPSs, uerBeprat

NIpUSHAK 3ABHCHT B nepnyn OUEPElL OT XHMIUECKOrO COCTABA MATMb H

XaPaKTEDH3YET BUIIOBIE NDHIHAKH CTPYKTYDSL
Mo cren

‘pasnuant
WecKMe Nopoms, OBpasylomMecs Ha TOfi I WHOM TTYGUHE M UETHKOM
92



COCTORUIE H3 KPHCTAILIOB MIHEDANIOB; NONYKPHCTANNHUECKHE, B
KOTOPMX Mapsy C KDHCTaZiaMit MPHCYTCTBYET nynnmnbcxoe crexno;

wecnn crecnou. TlocnezMe ABa THIA CTPYKTYD XapaKTEDHI 1A oKD
WHXCA = 3Py IMBHEIX NOPOA.

Tlo aconoTHOMY paSMEPY 3€peH BAACISIOT FHFATOKpHCTAN-
nuueckue (pasmep sepen > 20 MM), KPYIHOKDPHCTANAHUECKHE
(5-20 wu), cpeanexp! (1-5 nav),
Tannuueckne (1-0,1 MM) H CKDHTOKPHCTATIHUECKHE
(<1 ) pesmocr cxpyxeyp.Tocnemnue mpucyiss somaacs sye-
HecKi

nopoam.
Tlo pasmepy aepen
HEPABHOMEDHOIEPHUCTHE myxmm Cpeam nocnenix ummse
CTPYKTYpH, 418 KoTO-
uacrell: KpyMHMX KpHCTAnion - NEHMHKOB B METKOKHCTANTH-

*p
ueckoll (nopuposumsie crpykrypu) = CKpHITOKpHCTATIHuECKOH 1

©OpMa IEPEH IABHCHT OT GHIMKO-XMMMUECKHX OCOBEHHOCTEI Jana,

Mumieans Cymectaentoe BIMsHHE Ha NPOLECT KPHCTA/HIALIN e
e o & ok, ey Rapagaeaiod (Munepanusatopos),

pacnnase. ra308 ¥ napos
Caococrmyer Ganee Mool 670 pecKpRTAABISIA. B CoutoeTeraan ¢
HIMCHEHHEM YCAOBUH KPUCTAIIMSAINN MATMM MEHSETCR W CTenemws,
MIMOMODOUIMA [IAXE OTHHX H TEX K€ MMHEDATOB, UTO OTPAKAETCH B
Ha3BaNH KONKDETHSIX CTDYKTYD.

Hayueie BOeX OCHOBHAIX TDHIHAKOB CTYKTYDH, €€ TIOTHAS XapaKTe-
PHCTHKA TIOSBOIAIOT OTIPETEMTS YCIIOBHA OGPA3OBANIS TOPOB! ¥ OTHECTH
ee

CTPYKTYPM ABHCCATHIX TIOPO
AGHccam e Opom: OGPASYIOTCA MK KHCTATHSAIIH MATMATHYEC:
Kmpu:nnlnmrn’yﬁm-y &mmxmcplﬂ'wunm

pasuuust B
wu BenencTaue 31oro npouece ocTHBANKA wnun s Limgmps

OCpasoBabumecs NODORM  MMENT TONHOKDHCTANIMUECKOE
CTpOCHHE, ONH DABHOMEPHOKDHCTAMNMUECKHE W CPEXHE:
WM KPYNHOKPHCTANNHUECK HE. T MPHIHAKH OBUIME ANA CTDYK-
o nopon. cpean ix pasu-
wawoTes 1o crenenn n nopoxy.

9



Puc. M. Manuduomopguosepuucren _crpyrype
(nepudorur,  xopowo sameren  uduouopgusm
onuauns; Ouoserp noa spenun (d) 37 uaw, ¢
axaouenn ananuserop

53, 3epHa KaeBoro noneporo weTa (Kmu) w eapus (KB) xmww (rpasomropnt,
455 v, ¢ BKTOuCHIAM shATI aTOpOM); 6 oas, nrarvokmss wasamec:
K s, TpoKe (06 Bk PSS KeNEMOD RN P B - 11

M KCHOMOD M SePHRMOY, TITATHOKIAD  BETHIE MGHEDLIS. — 8BE? ¥ GHOTHT — HMEDT
4

IaHITHOMOPHOSEPHHCTAS CTDYKTYpa OTIMYZETCA TeM, §To Gots-
LIMHCTBO MUHCPAZIOB HMeeT WIHOMODOHHE OuepTanun (puc. 34). Taxast
CTDYKTYDa UACTO HaGTIOACTCS! Y NIOPOL Y ITPAOCHOBHOTO COCTaBa, Hanpk-
Mep, MEPUOTHTOR, AYHHTOB.

sl
‘MUHEDAIOB, BXORALLX B COCTAB HIOOT. Taxas

DYKTYD:

IpH 3TOM HaHGOTIEE UETKO HIMOMODDHIM BHDAXEH Y UBETHBIX MHHEDATIOB

(6orur, poroBas 06MaHKa), HECKOTBKO XX Y IUIATHOKIIa30B H OPTOKIa-

31,8 septia Keapus 4 MIKPOKINAD = DESKO KeeHomopmst (puc. 35, a).
3 seTc

[Lnst Hee XapaKTepeH pesko supn»(emlun ~MIMOMODHIM TIDHIMATHUECKIX

9



Puc. 36 Tuttposn cmyxrype. Puc. 37, Tawccenowopgnan erpyxiypa
U1 anarwoka; T — ueproe = (nepudorur, 4= 5 u, Ges anaauserops)
Marwener (emcsepuctoe 146670, d =
=25, 6es smmosrope)
W TACAMTUATMX JepeH MNATHOKIAI0D MO OTHOWEHMD K
KOTOpHIE 3aHHMAIOT NPOMEXYTKH MEXUY IepHamH. 31a CrpyKrypl npucy-
111a HEKOTOPIM rab6po H rab6po-muabasam (cm. puc. 35, 6).

4

X crpyKrypa pesko
MIHOMODGHIMOM TLIATHOKIZ30B 10 OTHOUIEHHIO K KATHEBMM MOTEBHIM
WnNaTay, MPHYEM NIOCTIEAMME HMEWT GONce KPYTHBIE PAIMEPH, YeM TIEpBKE
(em. puc. JS, 6). 30 Taxxe Desmcagmcn, T wonoxpuumn
crpyxryp: e Beero y

oo Tomomamt PpeacTuBRoT CoBoh Aopoms nepexumlu: no cocrasy, B
KOTOpHIX HADSLTY ¢ KATHEBKIM NIO/IEBLIM WIATOM TIDHCY TCTBYIOT OCHOBHKIE
nariokasst (psina 1a6panopa), asruT, GHOTHT i HEGOMbIIOE KOTHUECTBO
xpyrix MiHEDaoB.

noponas u xapaxTe-
PRSYETCR IpRLIEpHO GUARAKIEA MINOMOPRSMOM SOMETPRTIILK 3epe
 MMpoKceHoB (puc. 36).

cTpyKTypa Ke
ENCTaR RADURTOOHE AAN Y RLTPACCACRMLX HopOR - TRpORSERNTOR, BoPi
HOTHTOB. OHA OTIHUACTCA TeM, UTO 3EPHA MHHEPATIOB, CIATAIOUAX TOPOY,
KCEHOMODQH, T.c. HE MMEWT XaDAKTEDHHX KDHCTANIOrPaQUUECKI®
oueprasuit (puc. 37).

CIPYKTYPH [HIABHCCATILHHX HOPOX

nopog, 3ewtoii Kope Hy
MATMATHYECKIX DACTTABOB HA OTHOCHTENbHO HeGOMbON CnyOuHe B
yen suemiaol pramkiut TesnepeTyD MaruM W oKPyxsnae
CPeN, XAPAKTEDHIYWTCR MONHOKPHCTANTHUECKHM M.

95



OjHAKO, B OTIMUME OT ACHCCATBHEIX, CTPYKTYDA FHNAGHCCATHHBIX TIOPOX
uexko umm cpenexpmorannmueckas. Kpoue toro, uuocue

nopoms MeroT Hye ~ Ha
GOHE MENKO-CPETHEKPUCTATHNECKO/ OCHOBHOM MACCH TIDHCYTCTBYIOT

Kamepe, B ycnoBusX abuccanbHbX TYGUH, 1O BHEIpE:
MarMui B BEpXHHE STaKH ey Kopst. THI HEPABHOMEDHOKDHCTAHTEC-
KuX CTYKTYD niopox, rze

xpynusie u ‘Macca, nony-

wnn Haspaye N Kyp.

Takc 0pas0w, A1 TATABACCATLAALK TOPOR XAPAKTEpIK oa oc-
HOBHAIX THNA CTDYKTYD: PHCTATITECKAS, MEMKO- WK
CpemexpHCTANIECKAS 1

CTDYKTYD M OCHOBHOH MaCCH TIOPQWDOBHIHbIX CTDYKTYD AHATIOTHUHO
esmanut cpyeyp aCHCCATBHAX NOPOT, HO C MPHCTABKOH “MAKDO”.
mp uniep, crpyxTypa, nHas

c Mac-

coi % T
ToMuMO yKasaHHbIX Bhile, 7l THNACHCCATHHEIX TOPOR TIDHCYILM 1
HEKOTOpHE CTIEUHYHIECKHE CTPYKTYDH, TOTYUHBLIME CBOH OCOBHIE HA3BA™
. HaHGoree pacpocrpatetl cpe i GHEAy oue:
1. TloHKHMHTOBS ~ GecrIOPANOUHOE BKTIOUCHHE MHOFHX 3EPEH OTHOFO
HIM PAIHLIX MUHEDATIOB B SHAUHTETHHO Gonee KDYMHBE 3epHA ApYroro
(puc. 38, a).

Puc. 38, Crpyryps aunaSuccanswsx nopod:

T ookmnRIGRo poscens (porosooGuaKon e, d = § o, s aramATap, Tl

s, d =

o AR » Kpymion
Koucauine xamieno ponort whars — KL, pesonssboren ozmekoso0 mn;npe..w:
] <27 E.




2. Jimabasosast ~ cpemse- u
pasHoBMAHOCTH OQTOBOH coyryp (xupwm obpasoBanie ATHHHO-
nHpOKCeH), B KOTOpHX
PAIMEDH ILIATHOKNA308 M o NpHGTHIHTENEHO OTMHMAKOBH (CM. PHC.
38,

3. TlermaTuToBas - TNOPORA CTIOWEHA 38KOHOMEPHBIMM CPOCTKAMM
JBYX MWHEDATIOB (HaTIpHMep, KBAPUS M KATHEBOFO HOTEBOFO NaTa),
TpUYEM OMIMH 3 HMX OOPa3yer KPyMHbIe BhLACICHUS, NPOPOCIIME ONTHYEC:
KM OIHHAKOBO OpHEHTHPOBAHMKIMH KpHCTaLTaN APYToro (c. pHc. 38, 6).

CTPYKTYPH 300Y3HBHNX IOPOX

300y:namﬂ nopoms cbpuymu 3 unrm'mueuwm pncnn-u.
€ naa.

N pucras e Mot :mu llpnmxa,nm' s ane gasa: nepn

HSATLARR CTanR KPUCTAIIIGALNS ~ TPK GTIGCHTERLIG MeZTEUNON
eRyane B ncpumpul MaraTwcah KacepO

Mo hp TepeCTERIX S0 5 BCpxIe Sacra SeunoR KO, BTO-

A

Pas — Mpit GHCTPOM OCTHBAMMN B MIDOLIECCE HAMHAKHS NaBbi Ha NOBEPX-
Hocts. B niepayi pasy o6pasyeTcs HEGOTHLIOE KOMHUECTBO KDYMHBX M
XOpOIO OrpaHEHHNX KPHCTAK xpan

Pe3KOE MOHAEHHE TEMTIEPATYDH H JABICHHA NIDH WITHSHNK Nab)
BHOMBACT UPEIBHUANHO OHCTDOE €€ IATBEPICHHE, BCIEACTBME Wero
pacnnap sacTeBaeT B BMie Menbuaiimux (< 0,1 MM) KpHCTAnIMKOD

u crexna,
KoTopiX HenocrosHo. MHOTA8 MHKDOTHTH OTCYTCTBYNT W BCA 1aB
3ACTHBAET B BHE BYTKAKKUECKOTO CTeKTal.
‘TaKim 00PasoM, CTPYKTypH 3@YSHBHAX TIOPOR XaPaKTEpHIYRTCA
obuuMH - omn

ueckue u HepamHOMepHodepHmcTHe. llp HamMuH TOro WK
KOTHAECTSA KpYTHBIX KPHCTAIIOB-BKPATIIEHKHKOD Ha GOHE CKDH-

TOKPHCTAITHCCKOR HIH CTEK TOBATOI OCHOBHOI MACEH CTDYKTYDH Hadb

Bawotes nopoas, 1

BKPAIIEHHHKM OTCYTCTBYNOT. B TaKow cllyuae CTPYKTYDH OTHOCATCH K

THY 8§ MpOB i X. CIpYKTYDH Ni€PBOTo TANA OTMYAKTCA ZIDYT OT APYFa

CTpoeHHEN ocHOBHOR Macch.
S

Macent nopoa cae-

aywoume.

Do amss i e A sy someg i oy s
MEATENNe, eu KpACBAR W NOBEPRNDCTNAS; B PESYUTATE VEFQ UACTO BOSFHKAY CIPYKTYPH,
g
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e
Acacc woueer BpodupoRy Wi Crexo-

e oy uan, T <

s amasaTopon)

Puc. 40, A, 3 )
- ~ casonon, cocront ws e

recaonan ¢ bmnganAGh crpyypoh 30 sxpannemoax | NAarwoKnas, abuton
, 63 aammsatopa); o nseer e

oy (626 st 3 smararopn) o

1. Burpogmposas win crexnosaras (rwanunonas) (puc. 39),—
OCHOBHAS MACCA CTOMEHA HEDACKDHCTATTHIOBABLIAMCS  BYTKaHi-
weckmM CreKiom. TaKas CTPYKTypa HaGMOZACTCS, T1ABHHM 06pasoM,
B KHCIbIX IOPOZAX THIIA TMNapuTa (TODGHpOBKIH THN) K OGCHIMaHa
1z¢npnauu ).

Lxxtobes - ociomsn st fogosst ChoRRLS cyGraper:

Kaneno-

o MONEBOFO WALTA ¢ HESHAUNTELHARA KOTMYECTOM BYAKAINUEEKD-

ro crekna memay M (pic. 40,a). TaKas CrpyKTypa HauGonee

xapaxTEpa A1 TpAXITOR.

3. ILIOTAKCKTOBAS — MOPGOTOTHUECKH GHIK K Tpenroenk; 5o
OTAMSIETCH COCTABOM MMKPOHTOB, KOTOpHE MPEACTABAHH NAATH
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Kilasamu. XapaKTepHa NS HEKOTODHX AHIESMTOB, CHHIHTOB, TPaxi:
anesuToB.

4. 0 (¢moxryauponnas) - BeTpeuaetcs B 3bdysuBHbX
NI0POZaX PA3IHIHOO COCTABA # XDAKTEPHIYETCA HAHUHCM B OCHOBHOI
Macce C/IGTIOB TeueHMs — MMKDOTHTS WIH CTEKAO Kak Gbi OGTeKaioT
otnenbise BKpanAeHHHKiK (cM. pic. 40, 0

5. Basams: pranhas, - XapaKrepHa A1 GasambTOB
(puc. 40, 6). OctosHas Macca SopOR S yrkooHe RS0 Kpyimiies
ay Komopuan pacnons
TakTen OUEHD METKRE a€pHa THOKCEHOR, x)lnpm W pymibii Mitiepar.

i Gecropso-
4HO DACTOMOXEKHLIE MHOFOWCTEHHSE MHKDOTHTS! NONCBHX o,
Mexqy KOTOpHIMH HaGMOfaeTcsi ByTKaHWueckoe crekno (puc. 41, a).
Konuuectso mocnieiHero MoXeT Gbith paduuHO. TaKOe CTPOEHHE OCHOB"
HO# Mnccbl HauGonee TUIHYHO ISt AHIEIUTOB.
opas (cw. puc. 41, 6)~ oOMuHO BCTpEURETCH B BHI

y-ucrkos ‘Ha obuweM poHe PeNIbIUTOBOI CTPYKTYPHI, HO HHOrIA coc'{asrls‘lew
BONBIIYIO YACTh OCHOBHOI Macchl. XapaKTepH3yeTcs HAIMUHEM BOJIOKHAC:
ThX KPUCTAAIOB, ualle BCEro KBApua W MOTEBHX WINATOB, PacTyuus
Pestamtio 5 omsors neHega. MRy KL WORGR pocTRaFarSER creRD
MM MHKDOGENE3INTOBAS Macca.

8. 42)-

yKTypa octos-
ol Mace, CoCTomaR U5 Memani, Teco cpecmum. otensno
wa nonsp-
sosanini coeT _(arperatuce noracauue). Takoe crpoee octonies
acca ® peayms
crexna. XapaKrepHa 11 (npesinx)
zé&y:uswux NOPOJ KMCIIOFO # CPEHErO COCTABOB — TPAXHTOBIH, MUMa-
PHTOBBl, ZAUHTOBbH MopOHDSI.
B psife cyuaes NDH MIWeHMM TODOX TIOX MHKDOCKOTOM MOKHO

HEIX
cenokynm‘mn MpRSiaKoR BHKEro CrpocE, 0BYCTIOBNeHHbIX OpHENTH-
poBK cocraBibix

ool nopom.

IpHBezen HecKObKo MPHMEDO. TTOPObI HAIHBAIOTCS MACCHBHSINH,
0 eCTh OBMANAIT MACCHBHOMH TEKCTY DO, ECTH OHM Ha BCEM BUIH-
MOM MPOCTPAHCTBE HMEIOT OIHOPOAHOE Crpoenye. llpy sacTuBanMu 1aB B
Pe3YIIBTaTE BHIEIEHHS PACTBODEHHbX B HUX Ta30B # NapoB OGPAsyIOTCH
NOpOZN, HMeloLMe MOPHCTYR - TeKCTypy. B nocnenywmee spewms
nopst Hepezko w3 KoTophiX




optoxasson (d=3,7 s, ¢ BAOuERINM ANATHTC-

pon)

PASNMUNME MMHEDATH, W TIODORA NPHOGPETACT TAK HASHBAEMYI MMH-

AaneKaMenny® TeKcrypy.

K TexcrypHsIM mpusHAKAM ST Tcas OTNRREROCTE et
MaTHuECKHX NOPOR,
(RepoBaR, oonDuEEaR, MATDMASRMTIAR # 30,

‘ONMCAHME MATMATHYECKHX TIOPO

nopon yenopusx
MASHMAETCA ¢ ACTATLHOTO OMHCANKA X BHEWNEro BIAA: SEPUNCTOCTH,
‘OKPAcKM, KPeMnocTH, MIOTHOCTH, TEKCTYPHBX OcoBeHHOCTe!. 3arem npuc-
TYRAKT K HX MHKPOCKONMUECKOMy Maywenmo. [pu 3Tom Hano yumtssarts,
O NEIA CBOIT. NETPOrpAGHYEEKOE OMACANINE. Tl K MPUBKIMHONY
onpenesienMo HaspaHus Nopoas. HeoGXOmMMO NPHBECTH HACTONBKO
HOHYD XAPAKTEHCTINKY CTDYKTYPIi M BEUICCTBEHHOTO COcTaRA NOpOIH,
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4TOB! MOKHO GHLIO CIENAT: NABMABHHE TEHETHUECKHE U MPAKTHUECKHE
Bunom. T Taxan ofpasou, TETporpagmIECHoe OIACAENE FOTKED OTBESATS
eneny ouum TpeSopat

B A37% Aok e Y 30 TR LSBT D
neneHHA B Hell MUHEPATIOB H B3AHMOOTHOLICHHS 3THX MHHEDAnos (creners.

CONEDKATS XADAKTEDHCTHKY MHNEDATIbHOTO COCTABA, KOTOPas OTpaKa"
78 BBl KaK KOTHYECTBEHHEE COOTHOUIEHNS MHHEPATOB B NOPONE, TaK M

0COBEHOCTH KAXI0TO H3 STHX MHHEDATIOB;
GHITh KpaTKHM, HO B TO K€ BPEMS HACTONGKO MONHBIN, WTODH MO
mcaen oo o Cocmamrs HpEACTastenne of mysacok ojo.
omuka

cTpyK1yp nopon
0GYCII0BIMBAIOT HEKOTOPHIE PA3THYH TIDK OMHCAHIM TeX  APYTHX.

Onicatue wHTpysHBHOK NOPO:

A MaKpockoniueckoe onucanie (PHBOLAT CBETEHHA O SEPHHCTOCTH,
BETe, ILIOTHOCTH, KDENIOCTH, TEKCTYDHEIX OCOBEHHOCTSX).

5. MHKDOCKOTHUECKOE OMHCAHHE.

. O6ias xapaKTepHCTHKa NOPOT! MOZt MHKPOCKOTIOM. 31ECh HEOGXor
MO YKa3ATS Ha CTeNleHb OIHODONHOCTH CTPOEHI H XapAKTED HaMEHEH-
'HOCTH TOPOSI B IEIOM, OTMETHTS COOTHOUICHHE GECUBETHLIX 1 OKpaILIeH-
X MALEPATO, ATHULE T OCYTCTONE MHKPOTDELL 1 ADTEHE obuume
caexen

. Orstcasme expyeypa, Crpoeithe opaci Hopos ¢ GOl Eropons,
XapAKTEpUIYET c¢ QHIMKO-MEXBHHUECKHE CBOCTBA, & C APYTOH ~ NO3B0-

nsier pewnts BoMpoc o6 ycllopiH €€ GOPMMpOBAHHS (CKOPOCTS OXTAXE-
Bt pACTTABA, TIOPANOK KPHCTAILIHSALIH MUHEPAIOB H AD.).
Jpw omicat CTOYKIYpsy eoGXomiMO oruetiri 1) aGeonoruuti
pasmep 2 paswel
3 cronein nnomopBHH KEHCTAROR PaSTININLY MHHEDUIOD. YTIDAR
EETHCISHIE GEOGEHHOCTH CIPOCES TOpOA, TPWEECTH HOTAOE Haoa:
Hanpmep, raG0posas, imata-

s0Ban
1. Ocane MaepaTsHOF0 Coerass. Cpez MINEPATOB HEOBKOIMD
MIEHTs THIaBHEE NOPOA0OGpAa3y0mMHeE, Claranume GONLLIyD
ancs hopoy {pwmecsu nepesen ¢ yasamen mpouenioro conepxans),
aKueccopHHe, MPEACTaBACHHHE OGH KM KDHCTATIAMS
TpaBHTLHO GOPAE, 1 AMATMaTHYCCRHE, .. TPORYICTS HouEHE:
‘HUSE TIOPOKOOGPA3Y OUIIX MHHEDAIOB.

e CTCRYeT NpUBECTH KpATKylo XAPAKTEPHCTHKY KAXIOTO U3
0PONIO0GPA3YIOUIMX MUHEPATIOB C yKaJaHHEM IMATHOCTHYECKHX MDHIHA-
KoB i TTECKI KGHCTAl, KOropile o yicaoubaor 12 ocobesHocT

e Toro,
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MeHEHHOCTH TAaBHNX
Mneptnis, BoGRKINS B peSTITATe BOCHATMATINOCL npoteccos.
Oncakine AKIECCOPHBIX MHHEDATIOB MOXHO HE IDHBOIHTS, & OFPAHIATS.
5 TOMBKO HX NlepeuHCeHHeM.

IV. Buosst 06 ycroBusix 06pasoBanus (abuccansHas ik runabuc-
caTbHas) M XHMMUECKOM COCTaBE MODON! (mm, cpennss, menownas

V. Haspaue nopoms. JIns onpeneneius NOMIywTes 1abn. 13, ans
aBuccabHbiX NIOPOA HAIBAHHE YTOUHAETCA B TaOL. 14,

Omncasue aﬁy-u nopos
AKPOCKOMMYECKOe OMHCaHWE (OTMENAIOT ORHOPORHOCTS WIM

Nennnupnnnwb OKpACKM, WUBET, NIOTHOCTS, HANHUKE MYCTOT, CREion
TeueHu 1 .1

B. Mikpocikoniuecioe oncaie.

1. Obuasn nopomst nox
YKA32Th Ha COOTHOILEHHE MEXY OCHOBHOH MACCOH # BKDATTICHHHKaMSH,
KOMMNECTBO B COCTABE NMOCTIETHHX CECUBETHBX M OKDAIICHHMIX MHEpa-

7I0B, CTENeH WIMEHEHHCCTH TIODOTH B UEMIOM, HATHUME MKpomyctor,
MHKpOTpEUDIH

1L Oniicanue crpyKTypii. XapaKTepusys CTpOEHME MOPONS, crexyer
omeTus:

KOMUUECTBO TIOPOUPOBAIX BHENEHHH, HX PAIMED W paCTpENETeHHE
(KOTHUECTBO BRPALIEAHKKOD OUEHHSATER B TPOLEHTAX o0 Cotsucmmn

RUIOWIARMH, JAHKMAEMOF HMH, 1 ITOWATH W a)

ocobenmocT crpoeia ocnopo Maccsi 3dysusa (x.pmep ee

pacnpenesienue M OPUEHTHPOBKA NOCTEAHHX B WiHE, Kllemt cnenos
HaspamHe ee CTDYKTYpH (nmzpcepummu. demantosas,
annesuTonas u Ap.).

Il Oncanwe MiHepanos-Bpannentukos. lipexe boero nepeusc-
JISI0T MHHEDATIEL ¢ YKA32HHEM CONEPXAHWA KAKAOTO (nocnesee Moxer
GHITE 12HO B NPOUEHTAX OT O6beMa IOPOBI B UE/IOM WITH OT CYMMApHOrO
KOITHUECTBA BKDATLIEHHHKOB), a JATEM OMHCHBAIOT HX. [Ip XapaTepuCTs-
Ke MUHEDA/IOR NPHBOTSTCH ONTHUECKHE KOHCTAHTH M OGA3MTETLHO OTME-

Hb HX HIMEHEHHOCTH.

V. BiBozi 06 ycroswax oGpesossiun Hopoms W ee uarveckou
cocrase. IR peuieHus BONpOCa o6 OTHeceHuM 3ddyauBHOH
IPYTNE HEOTHIMMX W NANEOTHNHHX HEOGXOTMO 0COOE BHIMAHHE

(€HHOCTH MUHEDATIOB-BKPATLIEHHKKOB H OCHOB-
Hoii Maces. B ESERAUS janocite mem—. ¥ i
npeacTaenst npo3pas (OTHOCTSIO WM MIONTH NOTHOCTSIO MHIeH-
M IPOAYKTOB AaeheaT XpuceaATaMR ¢ ETKIBN GOPTAEAR, 8

02



BYJIKAKUECKOE CTEKIIO, €CITH OHO BXORMT B COCTAB OPOIH, HE ackpHe-
Tanmor

na pasmocTax s
KBADUA, CTAHOBATCA MYTHBIMH, MANONDOIDAUHBMM, WHOTAA HAUENO
crexno

PACKDHCTA/LINIOBMBACTCH U OCHOBHAR MACCA NDEBpAliacTcA B arperar
STOPHUNCX MIHEPAAOD  XTODHTS, ATLEATa  1p. BHBOH 0 xaMvECKoM

cocTasy
anlllle annnll. Jlns onpenenenus Hassamusi dysunoil

TOPOJINI TAKXE NONb3yI0TCS Tabn. 13.

Taxuu 06padom, cxeMa OmHCAHHS NGO MArMaTHYCCKON MOpOH
Hneer crenyiou Buz.

A MaKpocKomuueckoe onucatme.

B. MUKPOCKOMHUECKOE OmsicaHKe.

1. OBuiast XaAKTEpHCTHKa OPOL.

IV. BuBOM 06 ycroBMSX 0GPAJOBAaNHSA M XIMHYECKOM COCTaBE

V. Hasanme nopossi.

OPHAIX TIOPOT

rpmomm
\, KpymHo-
lmpcuu MACCHBHOTO CIOREHUR ¢ XOpOWIO PASTHNHMAIMI BHIYATBHO
cepenan ey Guotura 1

TEMHO-JeTeHAIMM, TIONTH EPHIIMM NDHIMATHYECKHMH EDHAMM DOTOBO
oBManK:

5. 1. Tlpn Hoyuensn flopoai [0 MHKPOCKOOM B WAMpax orvermao
aamerH crpoeinn
Dovasas, oOmml AekoxpeTonu xAPeAeEp (TpaOTARMANG SeNTRETRI
MHHEDAJIOB HAZl OKPAUICHHLIMH), HEIHAUMTE/LHOE DAIBHTHE BTOPHUHBIX,
SMHMATMATHYECKHX MIHEDATIOB.

11. CrpyKrypa nopost DTS, ORI
Mwueckan runMamomMopgHosepHicTas (puc. 43). Xapaxtepen Gomui
HIHOMOPYUSM TIATHOKIAI0B, MHOTLS POTOBOR OGMAHKH H GWOTHTa f10
OmmCmetD X XATiERCAY TOIESOMY ISIATY K KRSDAY. nocaemx
scerna  sumomsOT Mexy

ApYTHX M) o3
. POZOOGpASYIUE MHHEPATS: CPINMi NAATHOKNA3
(45-50 5). Kupn (20-25 %), muxpoxun (10-15 %), porosas obManxa
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P . pwduopar sumuaopucseprcl oy ey Koty 46 s ot

(10-15 %), Guomut (5-10%). H3 aKueccopmbix MUHEpanoB BeTpeueHms:
THTANMT, NATWT, UMDKON, MATHETHT W WIBMCHWT. OMUMArMATHUECKHE

MuHEpanL cpemu Mux Kaonunyr,
CepULMT 1 XIIODHT.

Inarmoxnas usorza
2 it dopusi ¢

ORI MOMRCHTETHUCEKR ADORAIKALN, PEXC ¢ SORATLMADA
HueM. B OTIEABHbIX JEPHAX MDHCYTCTBYIOT MOMKWAHTOBHE BKIOEHHS
GuoTra  porooit oGmaick. Tlo yray noracanis (21°) B paspese, nepnen-
Ky aspion K (010) i (001), IArHOKNA3 OTHOGHTCS: K TpYRME aNAESHHA
¥39-40. Ero sepHa OGHIuHO NpOJAUHSHE, HEHIMEHEHHHE W TONLKO B
PEIKHX cAyuanX cnabo Paswep sepen

Mensiercs: o1 0,5 10 5 (10 aHe); NpeoGnananT sepHa B 1,5-2,5 M.

KBapu 0pasyeT HeMpABMIbHMNE KCEHOMOPOHHE 3€DHA PA3MEPOM OF
0,5103 e, D MeXZY ApyTiMH B
OTAEMBHbX KpYMHBX KDHCTAZIAX KBADUA OTMEdeHH NOHKHIHTOBHE

BKJIOUEHHS CEPMUMTHIMDOBAHHOTO NAaroKknasa. Tloracae Kpapua
DABHOMEDHOE, PEXe C1a00 BOTHHCTOE; OTMEUEHS! MHOTOUHCICHHE Touew-
HblE BRAIOUEHHS.

MMUKpOKIH, TOROGHO KBapuly, OOpasyer HempaswTBMMe SepHa,
pasMepon 0,54 M, KOHTYDE KOTODKIX COOTBETCTBYIOT GOPME BTOMHSEe-
MHIX WM WHTEPCTHIUAA. BHYTDH 3€pEH MHKDOKTHHA WaCTH BKOUEHAR
Me/KHX nefict GHOTHTA M KDHCTALIOB arMoxnasos. [locemectso
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K KpOK-
NWHa. PeweTuaToE TOFACAHHE EMETHO HETIOBCEMECTHO, MUKPOKIHHOBAS

Porosas oGMaMKa MPEACTABIEHa THINIHOMOPGHAMI SEPHAMH NpHS-
MATHYECKOro i POMGOBHTHOTO raGMTYCa. B MOCAEMMX XOpoo 3ameTHa
CnafiHOCTL B ABYX HANABEHHSX NOM YoM 56°. OKpamena oka B dene-
HEIE TOHA ¥ OTYET/IMBO MNEOXPOMPYET OT CBETIO-3E/EHOBATO-KEATOrO nu
aenenoro usera. OnTieckue ceOMCTB (ny ~ n, = 0,022-0,023, ¢ Ny

Z3¥'= §0-70°) nosponsor omsecri Mepan' rpynne obakHOBCHHNX
porossix o6MaHOK. PasMep sepen Mensiercsi or 0,2 0 2 MM, NPOIYKTOB

HB 110 NOpOZie HEPABHOMEDHO 1 O6PAIYIOT BMECTE ¢ GHOTHTOM HeGOTBIHE
cKoneHKA pasmepom B 2-4 mu. K arm sy npuypouena Gons-
LAt YACTE, PYAHBIX 3EDeH.

Buotur mMCTOuKAMH
dopast posuegon cx 0,3 50 2,5 o, Jlns uuuepm x-pnmpen puml

Boninn s Sepon GALTES Coad HOaacEAA b TOTARD B OTASTL

W BIOMS TpeuHH

craitnocTn. B 3epHax 9ACTO OTMEUANTC BKIIONEHHA KPHCTANIOR NAHO"

K308 1 AKIECCOPHAX MKHEDANOB ~ ATIATHTA, WHPKONA, WILMEHHTA 1
MareTuTa.

1V, V. Cpene- u pnnouepuoxvlm‘wmecm Xapaxrep nopoas,

HATMNME TUIHUHOW TIHIHOMODQWOIEPHHCTON CTDYKTYPM, MaccHBHAS

TeKcTypa CaUA

. ot BRMION Komecrst Kedpus oKt 1000t o
npHHALTEXHOCTH MayuEHHOi nopOm

Spoac apacyverRus anmeauna (cpeunl BAarsORes) B PoroRci CGuALIN

OTMuAET €€ OT THIMUHBIX FPRHHTOB  TIO3TOMY TIODOAY CTEAYET HAIBATS,

IPAHOTHOPHTOM.

Aspesut
A. Cepas, NJIOTHAS, OTHODOAMAS, MONYKPUCTATIIMUECKas TOPOA C
NOPOUDOBEIM  CTPOCHMEM M MACCHBHOW TEKCTYPOW. JaMeTHs! uepHue

pH

5. L Ilpu ‘nopgupo-
i Mexay
KOTODHIMM DACIIONIOXEHA TIOMYCTEKNOBATAR OCHOBHAR Macca. llopoxa
NIOUTH He M3MEHEHA BTODHUHBIMI NIDOLIECCAMM, NYCTOT  TPELLIH HE HMeEeT.

1L CrpyKrypa Nopomsi HopdupoBas ¢ anxesuTosoit (rManomumToBo#),
YuacTKams 613Kof K GoNzaTBHON ocHOBHOR Maccoit (puc. 44). Tlopu-
20 % obuero

noponst. Pasmep i

02 20 2 o, p



Puc. 4. Anden
CrpyxIyps nopbwposes ¢ sknesrrono ocoMNOR Macco, e GoRe Kotopoi pacroRsraTC
"BRpARNEWIOUCN OrOBOR OGaKN N TAMHOKIASOD (PASED KaZS 4X6 2, ¢ BKIDNEHIONM
r—

B 0,5-1 MM. Cpen BKpan/ieHHMKOB, PACTIDENENEHHEIX B TIOPOTE PABHO-
MEpHO, IpHCY TCTBY 0T narHoK a3 (10 60 % ot obiero KonHueCTB BKpa-
emiinkon), Gasanstueckas porosas obmaika (30 %) u aprur (10 %).

OcHoBHas macca nopomst H 40~ 50 % COCTOMT 13 MHKpOTHTOR NnarHo-
KA1830B 1 MEAKHX JEPEH DYIHOTO MHHEDA, DABHOMEDHO pacnipenenei
Heix B crexnoBatow Gasuce (50-60 %), wTo xapaxrepHo N3 rHATOMNTHTO-
BHX CTDYKTYD. B DAIIE YUaCTKOB MHKDOTHTM NIATHOK/I230B DHNMMAT

KaK Ont

. Buuzenen HIMOMO]
HbMMH, TAGTHTHATOR WK mouﬂpmecxoﬁ POPMSI KM HCTATLIAMM C XOPOWIO

ameTHEM noracasyen.
5o saTyonyn STopuvALLA oUW TPCORETIL B TpaxaRIRM
coere. MX COCTAB COOTBETCTBYET CpEAHEMy MIArKOKTasy - ajeans

4344 (yron noracares  paopese, nepnenumeynapwon  (010) (01,
panen 23).

porosas ofManKa - pexe Tabmur-

AT KT E7Dord AT TAORpOWp MM o7 coeTrcL seneRORETO:

Gypok 10 Gypoit u TeMHo-Gypoil okpackw. B ceuemmsix pomGoBmzHOI

GopMb HabmOmaeTCH XapaKTepHas ANA aM@uOONOB CHAfMOCTL B ABYX

non yrriow 56°. -ny=




=0,030, e, = 12-13", -2V = 70- 80° noarsepxaant e

HIA AHHOTO MHHEDATA K 6A38THTHUECKO POTOBOY OGMaHK

emnen mmouopdiaa s, Fniii 5

b Paswiep ux
eFII, w366 IIarHOK 4508 1 PoroROR OOMARKH, 1 He MpeBMILacT
0,4-0,5 . B mane Munepan Gecuperen, ero KOHCTAHTH OGbHbN A1
asruta (n - np = 0,024,cN = T, 127 = 50- 60).

IV. H3yuaeasi I0DOZa OTHMUGETCS MOMHEIM OTCYTCTRHEM STAMATMA-
THNECKUX MMHEDATIOB M MORET GbiTs OTHECEHa K TPy SGOyIMBHX
'HEOTHIHEIX TIODOI CPEXHErD COCTaBA HOPMATISHOTO MM WEMIOWHO-3eMeTs
Horo pana.

Hamiravte CpeIin BKDATTEHHHKOB NTATHOKA%-aHIEIHa H Basah-
THUECKOf POroBOf OGMAHKH TIOSBOTIAET HAIBATE NOPORY AHZEIHTOM.

rwﬁpomrm
lo-Cepasi, NOUTH uepHas, KpemKasi, ABHO KPUCTAMNWUECKas

nopm.‘u s e
B. L Tlopoa UueeT 0HOPORHO, DAHOKDHCTAILIHUEEKOE CTDOCHHE K

nowTn

IL. CrpyxTypa nopoms MOpHpOBWINAS, MOMKHINTOBAR, MECTaMit
6mHaKas K MHKDOOGHTOBOI W NORKWIIO-0QHTOBOM. B Kpymuuix Henpa-
BRILALK Sepex mhpoKceHon, corammc 060 § opozs, e

e BpocTKH Kpuctannos

Tt = omuauma (e, 45). TpOWRRYTKNR MERAY 3€DHINH THPOKGSROD

u)mounanu cpemesepmcTok Maceod, CIOXERHOR DpEEWL i neiicra-
aepHams

- Tranrmse. noponooGpasymAS. summepams mpoxeen (S0-60 %),

a:
o (20225 #), mnaruoKnas (20-25 %), Guomt (e sepia),
marnerut (~ 5 %).
LOM KOJHUECTBE MPHCYTCTBYET xnopm, 0BpasoBaBuIMiics 3a CUET H3MeHe-
s sunmn, H CeprieHTHH.

Tupokcei

ZBYX THIIOB.
KpynHste, pasuepow or 1 10 6 o, peako KC%ﬁBMop@HhIC Jepﬂa, nepenos-
e

neficr Kpucran-
Hasn omuzaka. Boocrn nrardoxnezon u omeua nSmganTe poal
BHYTDH, TaK W 7O KpASM JEDEH TMDOKCEHOB; B NOCTEAHEM CIYUae MX
KoiTypi cranopares wpuauwnuﬂo HepopiimH, WIpesanisivit. Kpome
OMCAHHbX, BCTPEYaNTCA CPABHHTENHO HEGOMbiME, padMepom 0,2~
015 v, sopes TpOKEEROR HUpaBATABOR, TAGTATaRT oA e TOOMETpIRISC
Kol OPME, CTATAIUME BMECTE C ILIATHOKNAIaMH H OTHBUHOM YUACTKi
TIODOIE! MHKOODHTOBOH CTPYKTYDH, KOTODHE pACTOTAraiorTes Mexay
KpYnHBIMI 3epHaMH mHpOKceHoB. Tlo OMTHWECKKM KOHCTaHTaM (B mHpe
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P 4 Tobcunorguroou rpycyps astpo Qs

o KNS B~ A ~ BTN PONTON OISO ¢ TSGR
orcks # KDY 5650 OmMBNHS — 6690 (Prouey espe X6 st ¢ mmOwoHL
p—)

GecuperHsii, ny ~ n, = 0,024, cN, = 42', +2V = 50-60°) S
£rpyims anowrs Ylpcnykm Hatean, oK oTCyTUTEY
Onups —

sepHa,
ax oacgraah, WHOLRA ¢ HECKOMKD onJRACHHMG KcmypzMn, pasve-
PoM0.2-1,4mm. Muiepan CraGo MIMEHEH: NDOLECC CepreHTHHH3AIMH
TIDHYDOUEH K TOHKIM TPEIUHAM W JHIIL B HEGOLIIOM KOJHUECTBE epEr.
OnTHUECKME KOHCTAHTH XapAKTEpHS! 115 OMMBHH (GecuBeTHkl, Heconep-
At craiinocTs B omHOM Hanpannenns, cN, = 0°, ng = n, = 0,40; 2V = 90°)

sepami — pexe
KAK BHYTDH W 10 KPAM KDYTHSIX SEpEH TOKCEHOB, TaK Hf MERAY,
'BMECTE C THPOKCEHOM H OTHBHHOM OBDA3YIOT OTHOCHTENHO
Boncs s Twasepiascrte Yehcima, saixpoofarsosel croyaypa. Paawep
uaenseTes or 0,2 50 1,
0,4-0,7 s Tlo CoCTABY MIATHOKTA3 OTHOCHTCH K NaGPAnopy i
'BHOTHT NUCYTCTBYET B BAZIE MEKHX EIHHAUHBIX TIECT, X/IOPHTHSH-
s 1 Kt Oy MpUYDOUEHH K MECTaM NOBBILIEHHOTO COREpIa-
HiS MarHe
Marnerit pacupenenei Tl opoze e DADHOMEDHO, 8 KOHSHTDH:
Ferea B cpeIux yuscTKax NI sokisc i s perpecan oas;;us:yer
o




1V. Hamaue xapaxuphorn Sop{ppoenyory crpoeis x oreevuzok
cTpyKTypst Mo3o-

JRE e ReyNEEEY S POpRY . TPYIIG FATAGGCCATAVAR pastocreh
MuHepasHsti cocTan (oCHOBHOM MTATHOKIIA3, OMBHH, ABIHT) COOTBETCT-
BYET OCHOBHBIM MATMATHUECKHM TIODONAM IENIOUHO-3EMENLHOTO  DAA.
V.Hasamwe mopomsi (oM. mabn. 13) raGGpo-mmaGas.

Kowrponsnsie aonpocs:

1. KaKite MpiaHaKin TOTOKEHAL B OCHOBY KTACCHOHKALI MATMATHECKHX TOPHAX
nopog?

3. HasomHTe PAIA I0pO, OTTHYARIIAXES COTEPAHHEM LETOUHELX KOMIOHEHTOB.
3,0+ K,0).

4 KaoBa c3A5 MEXAY XHMISEEKIM  MIICPATSIIN COCTABOM MATMATHNOCKIX
ropmusx nopoa?
i Hpmnm! TIpHMEPEI TIOPOA CeMelicTBa rabpo. Yem OHH OTMHYANTCA PYT OT
aoym

@ e cpasHHTE Ty XapSKTEpHCTIKY TPANATS H FPRHOTHODITS.

L o nomHMaeTes o TepMHOM "BeTHOE wHCIO"]
5 Kawns Bopars ovmie 1 aery e KORBATORL, § KARHS " K M
Kpatonunn?
10.fakoe ompegenene owmun opyerype.
1. Kaxie ocoBeHHOCTH IpHEYLLH CTYKYpaM WATDYSHBHAX n0pox?
11 Tmneames Dpuepls EaBEone PATRpOCTARGGRER CTOTATYP USMGCATESK

u. B s COCTORT O1INUAS CTDYKTYD ABHCCATSHAX OPOR OF ETDYKTYD runaGie-
can

e L opdpon  shipomic o<y !
16. Jlafre XapaKTepHCTRKY BHTDOQHDOBO CTDYKTYDH oCHOBHOR Maccst agyomm:
ol ek opom
.

Mil MKPOTNTAMN ATHOKNASOB, MCKTY KOTODHM)I HAGTOTATCH 10 WIM WHOE
KOTMYECTBO BYIKaiHUECKoro crexia. Kak MaIMBAeTCs B 3ToM. Cyuse CrpyKTypa?
18 Ins

15 Kasomuacobemtoe. gersautono crpy<rypu?
IpHBezTE XApaERAETICYMHAEPABAOND COc T80

21, Kax nasstnaiones sy

2 Kaxe wkepan it i e
mapoxceniT syt

. Hisosure Apysinsyio saccamy Soposy, B corape Koropol Copepxam
Kanaggiox T0ATBE LITaTon TpeBMILACT KaMNecTaS TTATHOKTRSoR, & K04 MPAKTH:
secxy oy
o e mseor s e

g el ~eemHoBx cHerNTon?

26t o Y MaPUATINGEKA HopO% PoroBeR OOwancs ABTAETO opO:
TS mp—"—3



2. oM wapuers wsraariveckofl Bopasss Wa KAKwe ceoSeiocr os Basuero
sas choaye obpenen
28,

sanam-
el 'wnnu
Uro HeOGXOTMO OTMETHT OPH XSPAKTEPHCTHKE CIDYKTYPM WNTPyswBoR

IhpenlY

3% Kuxan 1oyt ummpe e 20 KX JOM 8 Sopaus SRSt Dpe Omamm

T XapaKrepHCTIKH CTPYKTYDH 3dyswBHOR
HOPON pH e€ MHKPOCKOMIYEEKOM OMHCAIGHH

32. Ha Kakix

3. Tlepeancare MPRIRAKN, 10 KOTOPHM MOXHO PASTIHYATS aHCCATMINE, TS~

34. Ha30BIMTE MarMaTHVECKie TIOPOZM, OTHOCALDICER K WHCTY HanGOMee acnpoct-
paneiaix.
it nopox?

METAMOP®HUECKHE 'OPHHE IOPOIIH

TIOHSITHE O METAMOPOHIME W ETO THIAX
Meramopguam (ot rpeueckoro metamorpho ~ npeoopuym.. npes-
o

npeppauenusi MOPOR (OCANOUMBIX, MATMATHUECKHX H plNee obpasosas-
WIHXCA MeTaMOpuuecKix) Nox augores
npoug HaMenenue yenosuii

»seol Kope.

‘MabHie GaKTOPH METEMOPYHIMA — Tewmepatypa T, nanenuep
T oy sl s pactBopss i rassi C. B 3aBHCHMOCTH OT
XapaKTEpa OTEKAHMA METAMOPOHIECKHX NPOLIECCOB BLICTANT PAITHY-
MM TATM METAMODHIMA, KOTODHE MOTYT B TEDBYO ouepeay, ONTH
PaseNeHit Ha FPYNNN NOKATBHOO  PETHOHANBHOLO METAMOP-
. Roxameuck uerasmpllcn » acw ovepen Lomer Goers ompuiat

unp@mu

- ropHuix
nopnn 10X BAMSHHEM NETYWHX KOMIIOHEHTOB AZHHOFO MATMATHUECKOTO
a. [nasibiii IpeoGpasyiounsii GakTop B ITOM CTYuaE — XHMMUECKH
pomindii
KONTAKTOBMHA METAMODYUSM HAGTORGETCA B FOPHMX NOPORAX,
oKpyXaux MarsaTHuecKudi ouar. [IpH ITOM raBHi GEKTOp KX HSME-

NECTBO M COCTAB BHCMFOUIIXCA I MATMM TETYWHX KOMIOHEHTOB.

1o



BonLioe BAWSINHE Ha XaPAKTEp KOHTAKTHBX METAMOpOUYECKUX npouce
OB OKASHBACT COCTAR KOTAKTHDYIOLWX C MATMOM FODHEIX

Box-
HUKACT B YIKIX 30HIX DAIDHBHBX HADYMCHMS M DBHBICTCS KpAT-
Xospeiud aecakes HATpASBEAICRD TamneuAR (cpec), o asc:
T B MeDBYID OUEDes K PAITARMBSHID — KATAKIIA3Y M MITORWTISA"
1w roposst. TlpH BHCOKOT TeMNEPATYpE, HAPSAY C STHM, MIOPORE MOTYT
perepnens epexpucransa,
Tamopdna mpossnierca na obumpHmx
SepDETEPMIS B PSR AR Poge et SN et Lo s et

BbICOKAR TeMNepaTypa T W JaBNIEHHE P BOSHMKAOWHE NMOA BIMAHHEM
TEMUIOBLIX BOH, WIILMX U3 HED IEMHOTO 1ADA B UCHTPATBHIX YaCTAX
FEOCHHKIMHATbHX 06MACTel] B XOTe IBOTILHOHHOTO PAIBHTIA CTB IS
THIX TI0SICOB.

PaaiuaioT NPONCCCH! TPOrPECCHBIOND METAMOpdHaMa, HAyLLHE Tpi
yBemuucHuin T U p, U DETPECCHBHOTO MeTAMODOHIMa WM IHagTope3a,
Dpomxesaini spn Yssmici 1.8 p. B pesynutate 3mux npoueccos.
BosHuKal Frmamcrse,

u ap.) (gunnuTst, crogmcrsie

cnanuu. KBADUMTO-CIAHIILL, KBADUHTEL, THECH, aMGHOOIMTLL, rpAHY THTH,
THTSI H D.) CAHIB.

nporpamme Kypea “llerporpagus” st reoNoroB CneuManbHOCT!

M . 3omst

BOFO METaMOpHIMA, aBTOMETAMOPGHIMA M MMHEDATHI, MX Charaiume,
OyHARTER B KYDce MINCRLIOTL b GBLEE, AOCTATOUCM L3 re0T0F0D

HegTerasosoro npoguns.

ocHoBH

npoueccor eTamop-
QUIMA GASMDYWOTCH HA TDHHIMTE BHUETCHWS MHHEDATbHLX Gaunii,
BrepBE OTuETTHBO CopMyMMpOBanHOM IL. Jcxona B 1920 r. Tlox Meta:
Mapq:mecxon uumed o moman coeoueymice, Topos, ofpasomsmEr.
yeron W nasnenus.
SocTaS Mo ok mopon K TR Raagees §ymaneh B
u
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Lnsa.semofoi_pocrant

L | =
500 1000 7500 p, Ml

Puc. 46, Cxena gauuii xons f
b3 * foue ovowcrasesu peonasuios uenucpp s (o 1. Jopeuoey §

1L Scxom plelngeen el s otk bosy ¢.|mi Ha xauecr
T-p (rabn. 15).
"5, mecm Taros 1R pRCUEHEINA W KOMCUKTATYDN dal G
TDHHSTS _ WIMPOKO
Tovima. [ Xaxaoh Gum xapaKTepu KpUTATOKAR  AcCO:
EKAURS, Mmpeton, T, KOG smepuaoe, crmecTafomc D
Askx TEMTEpaTYE W AaBiEH, O 3 BEXILIX CTNUTETLIX
NpHOMAKOB QMM SBNACTCA XaPAKTED aMQHGOTA METAMODOHICCKON
Popoe, 8 ket MM NEA ORYRCTORG. KARSKOAMMODURGS, T
MIHEDRIOD CYILECTBYIOUUKX LD B CPABHMTENLHO Y3KuX Npesenax T i p.
Haugon

MAX Qi DETHOHATBHOTO METAMODQHIMA NpHBEREHN B TabA. 16 M Ha
puc. 46.
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oo | o o
T | 1 | R ‘ I s
T, Tpanymima
o n a.::E:_.E e -Gty s s G
i
Ty (i yekomn v asram)
Tommie 3.
Keapu,cepiuwnr, amowr, K oo, K & o
. r* Pl i opa-
o, craspoer Gaara,porobh cour, oo
mupokces, manar, -
st 1 35
1 K e
— s, KpapTy, Knap  Crawu caaan
wmo-crarm
n xopi, Kaapu ¢ Koapu (rwneperes, kop-
am, Gnonnr) anganya n 7p.) T, KnarT, - anepi, rpanar)
Hat  2p.)
1 % Tpanymums
KN TTCTIO KBAPIXTODKT-CEpHIITO- K CARIA — GHOTITO:  GHOTIT-cAnmIAHTOBRe,
ueueiou owie 1 . cra B, MYCKOBHTOBME H 1.  GHOTHT TpaRatoBie, po-
foBooGMaKKoRwe # xp.
I Kesps, o P— K
cepiaui, GuoTHr i e T L oL

‘noneso mnar? 38, GHOTNT, POTOBa OGMAH:  ZHEPHT, ZHONCHE




2, KaapremOn o MycKaaImL, R pustrosus

Tomsie - Asuwe, cToucro-ToAeno-
‘mnarosse x 2p.
K o K swome, K K
amOuT, xioput Honeboil Wna, rpaNat,  WTATH, ATATWOKTADN,  TePCTSH, TPANAT, Kop-
ES [ ———_
Har, a2
~ xnopa-

¥ ocKoBHoro coct T —— e ——
Ba, ueprems, ray- . w
Ban I Anom, Angn, i

AXTHNOMT, KaZhuT, Guc-  OBMANKa, GHOTIT, [pasaT ~ MAATHOKAS, pOroBax woncaz,

ur (cepuuur, kpapu)  (kpapu) ‘OOMaKa, GHOTHT, Fpaiat,  IpaHAT-AMBMANINE
TopoRM ymTpsoc e, TpewoTOBME, aNTo  mmpoKceoBwe topo-
HoBKoro coctana o — m

cran

Ceprienmun, Tk, Tpemo  PoroBas OBMANKA, ANTOQUIT, KyMNAITORNT 0. OMHBHY, poKcest

T, antowaTT, BT

o
Havecrnsman Hapecrxonsie Mpaxop, chamKaTHME MpAMOPH
ovarrs) [ ———

" onnacromme, mioncaz, wmes,
rpoccyasp oy, doper,

ocRoBIE NaHOKTA3H



i

5 apyr OF APyra nem«umn ‘oTHOmeHus !!unepllyvu W nasne:
OBochontn b 1961 1. A, Muat po. B Hacrosuuee Bpemst Somunerno ne
npusimact pluenenml

aaul s copc cayGaemocnc l)mukux RaBneHHit TH GaUIH KOHTAKTO-
BOro MeTaM( aBeHii; 3) BHCOKIX AaBnCHUiL.
Tepexoms K xapnx\'epu:mxe m.uup@macxux TIOPOR NpH MAKPO- K.
eni, ., UTO Hx OcOBEHHOC
T 38BUCAT MpeX BCETO O NEPBUUHOTO COCTABa TIOPOAS H CTEREHN
MeTaMOpOUIMa. OGWUHO BRUIEANT PATM MOPOX PAIHOFO NEPBHUHOTO
" nipi niepexoze OT OAHOR

uueckoil Gatwan K 1pyrofi (raba. 17).

‘TEKCTY?H H CTPYKTYPH METAMOPOHYECKIX HOPOX

TEKCTYPH # CTPYKTYPH METaMOQHYECKHX MIODOA IABMCAT Kak OT
ot HOXORX HOpal, T O XEPAKTEph MROLSCCO, TpMBCIAEX
K GOpMIHDOBAHMIO  METAMODMHUECKHX Mo ocobennoctam

B2 THna -
MaccaBE  opuEHTDoBatIM CTPOSOM:
Topoast ¢ crypoit
crpocHmenr, Kor2s B8 KOTORGHTY BYORALNG B Wx COCTAD, pacnpene-
MAIOTCA PABHOMEDHO H HMEIOT OIMHAKOBHH WK GMiaKinii paswep. Takoe
Topsl MeT:

HISLH KT8 NOCAE I O6AANAIT OHOPOTHAIMH TEKCTYDaM

H3TeKCTYPC ODMEHTHDOBAMHLIM CTPOCHH™M 1A pemuu.muo
Meramopd) HauGonee XxapaKTepHM MoMOCUATHE
(medicopnmste) u c1a EaeRasis: On 06pasyITCR NpH NepexpHCTan-
TM3aUMH B YCIOBHAX OTHOCTOPOWHETO MaBACHNA. TMaBHAN OCOBEHHOCTS
TR TERCTTp = ATORNOGAPAAMETAOS nmaiuampwnemnoe pacnono-

B
wm.npummmummnmmmammoc

30HH, B T1peot: Muriepan —
GHOTHT, aMUGONLL, MMPOKCEHSL M ZID., 3 B ZIPYTHX — CBET/OOKpAMIEHHHIE
(kBapu, kanuesie nonessie wnathi, NNarwoknass u xp.). Mosocuarsie u
SHMISTUS TEACTIPM UCIO HOCAT I30aKTCP YHACRENORAZEMX

CTpoeHMSA MCXORHBIX

nopox.
CrpyKTypH MeTaMOpMuECKHX TODON MOMpAINENANTCA Ha TPH
rpynm K n aTax "

Ina nopox Kabonee
[P —

16



XaDAKTEDHH! CTPYKTYDH NepBOii rpymmst. OHM 0GpasyiTes B peymrare
TEPEKPHCTATTHAALLM B TBEPAOM CocTosmuu. Tt mpouece
”6nsictoc” ~ poctok).

TIDH 5TOM 3EpHA MHHEDATIOB MOTYT HMETh, KaK NpABHILHKE KDHCTAIIOT-
DagHueCKHe OuEpTAMIS, T.c. OHTh WIMOMODOHMM, TAK W HEMDABMTE:
HEIMH, KCEHOMODOHHMM. B METAMOD@MUECKHX MODORAX, B OTMHUHE OT
ArMATHYECKIX, CTEMeHs UMOMOpHSMA JEDEH JABHCHT He OT Rocneno:
BATETLHOCTH X BUAGACINIA, 8 OT 1 KDHCTAIASALIOHAOHR CrocoocTH.
Mukepa BHICOKOH
(coen, rprn, TYPMalNiH, [NCTEH M HEKOTODHIE MDYTHE), MpeiCTaBlens!
HauGonee XOpoto 0GPAIOBAHHHMH KDHCTATTAMH. MWHEDATI ¢ MeHbmel
KPHCTA/LTHSAIONHOF  CTIOCOGHOCTSO,  HATIDHMeD, IMHIOT, MHMDOKCeH,
aepen

ana,
ouepranwii. H, HaKomen, MuHepam, y KoTo| TH3aLOHHbE
CHIlL BHpaxeHs! ouews cnaGo, 00pasymT it panme,
KceHOMOpOHbE 3epHa (KBApU, KambuuT, KamdeBuii NoneBoit wmar).

0COGEHHO 3AMETHO B PaCTIONOXEH i Y sepei ampuGOnOB Wk
AT HCTOUKGD SO AT XIOpHT

s Someioro. wcna KpwCTaTGSRacroBsEx cTpyKTyp, Mpucymux
pernoHansHo Meraand)muanNmM NoposaM, NpuBeneM  Hambonee
pacrpocrpasen

oecooaS CTOYKEY A~ MopO TOREH SCpUEME pAAEGTD
onnmko:ora Da3Mepa MaOMETpHUHOH WM OKDYTIOH, OBATLHOR, Hempa-
BUTLHON GODMHI H OBHIHO HE HMET WIHOMOPOHHIX Ouepraiii, Takast
KTYDa BCTPEUACTCs: Y MPEMOPOB, KPHCTANIHUECKHX CTaHIIER, HHOTAG
Vncican (one. 47,
2. M CIPYKTYpa RBNAETCA paSHOBKIHOCTL0 FPAHOBTACTOBOH.
epranms usomeT-

D sepett neparon (puc. 4.
3

(puc. 49) y nopox,
COCTaB KOTODHX B SHAWMTEMMHOM KONHUECTBE EXONST THCTOBATHE
MUHEPAT ~ GHOTHT, MYCKOBHT, XJIODHT # Ap-, TIDHHEM WX euyiki
DACTIONAraoTCst CyGuapaneNsHo Apyr Apyry. ECTu 3T MuHepans peako
NpeoB1anaioT B NOPORE, T0 P OMHAKOBO OpHEHTHPOBAHHOM PACHIONOKe:-
s HaswBaeTc
4. HemaToGNACTOBE CTDYKTYDH CBOACTBEHHH! NIODOTIaM, COMEHHEM
GoMsuicii CBOeH uaCTH MiHHEpalam, KDHCTALNH KOTOPHX HMERT

Goms, cun
Bail B OfHOM Hanpasnewmy (pwc. S0). Ecnu B nopone HapARy ¢



Puc. 47, Tpanotinactonen crpycrypa Meaxo-

sepitctoeo Guorurnageuoagsosoeo enelcs 8020 KpucTaAROCAT

(@~ 2 ou, ¢ GKMONEHHbM. anausoropow,  Jepma mipoKcens
o, )

Hyo Gopuy ©
orpasriesms (4=

Tiopona croxena none  Topo

Kprcraninn aubuo-
KomtuecrBo mctowKon GuomiTa pacnonara- e ymmdemioi bopuas (4=25 we, Ges
orea cySnapannenuo. MpeoSnuzanr sepra  axamusarops)

oo L5-0 8 (30,60 s

32METHYI0 DOTh WIDAIOT MMHEDATH, SEDHA KOTODHX HIOMETDMUHH, T0
CTpYKTypa mOTyuaer HaJsaHMe HEMATOTPaHOGNAacCTOBOW, WM

lepeuHCIIeHHbE Bhe CTPYKTYDH XapaKTEDHE AT NOPOI, CAOKEH-
HbIX OMMIKHMM TIO DAIMEDY 3JepHAMM MuHEDanos. TaKue CTpYKTyps

T oBHX, :
Tipu Gobmofi pasiuKe B pasMepe 3epeH CTPYKTYDH OTHOCHTCA K reTe-

us



puc. 51 Puc.

paatose- pescranens rpakaTon, 8
JiEToe Crposuie. BeCTopANONNO pACTONG:  MERKGOEDRACTIS WicTy — CYSTAPMLICTLHD

G 2oyt o zpyra o pavepy — o1 005 20 (3=3,5 v, e amaserops)
3 (d=5 v, Gos amamavzops)

» Puc. .
Pemukryi  penokpncranion . pumomiens:  Xopollo BATH OSTOMOUKE 3EDHA Knapa
srperatms MenKosepHHETOrO Xnapus ocrpoyromnoii_win  yrnoparoh dopuas.
@ pyminix sepet (4=25 hov, ¢ LIewENT MCXOWHOTO eCuaHKa TOMMOCTHO

mnc | amammssmopow, o 0N, DEPEKpRCTUUM0BEN K Opespanucs B
Tononwsnson) e e o

prr
oy samegaron e s 0 s
10 10.H. onommocino)

DOGRACTOBLIM, T.e. PAIHOICDHHCTEIM, U 3TO OTPAKAETCH B HAIBAHHH,
Hanpumep, reTeporpanoGnactoBas (puc. 51).
5. lopupobactoBas cTpyiryps AGBRaeTe: 5 Hoposa, & KoTophx
Gom

Hepa,
crocoBocs0. Om, xax_opesno opaayior Kpymiwe KpcTa,
Buze na

19



MenKosepHHCTOM (oke. Ha pic. 52 OTUETIHEO BHIHA KDYTIHSIE, HMERUME
S ppeaRimae xpmnmmpwmmm ouepratus aepHa rparata,
octor acca TODOTH CTOKEHa METKMMM PHIMATHUECKHMH

Kpncnnnm(nm el il

6. TloikunobIacToBast CTDYKTYpa OTHOCHTCS K WHCIY reTepobnacto-
Bbix. JUNs Hee XapaKTEpHO HMAVMe KpYMHHIX sepeit (NopdHpoOnacTos)
KOTOPHIE COTIepaT OGHITLHAE BKITOYEHMS. GECTOPATOTHO PaCrIONOKEHHX
3epen upyrux Mumepanop. Taxue CTDYKTYDH YacTo HaGMOTAOTCA B
CpaHaT W CTABPONHTCONEPXALLIX IOPOTAX.

M B CTPOEHHH METAMODWUECKOH MOPOIS! HAGTIORAITCS PETHKTS
CTPYKTYD HIHAUATLHbIX TIODOT, TO TIEpe HAIBAHHEM HCXOTHOH CTDYKTYPH
YIOTDEGIAEIEA IPUCTaBK GTACTO, KOTOpsA YKASHERET Ha npovece
nepexpucTan

crpykrypa (pue. 53) xapaktepuayercs
Humuueu Ce0B NepBOHAUATSHOH MOpYHPOROH CTDYKTYDHI, CROMCTBER-
oR 3gdysmmiut uaruemiK Dopos. Kax npaswio, ocHosHas

dyam
¢=le(puu'u|:|u m (opanne)
crpyk

e s WA Pocamet. D
JaMeHCHHOR  NepEKpHCTATTHAIEA NOpONe HAOTONATCH  DEMHKTH
GromoB, 54

PaccMorpuM cocTas u croyryDy nuuﬁonee ‘pacripocTpaHeHHsX Nopon
i

i ompebloimgiormmlagehcpnlay g sl e
Gouns).
3eNEHBIX (remneparypa or 300-350 no 450-500 °C,
nasnexne 400850 Mlla).
awra -
HOPO CEPOTO, TeMHO-3CCHORATO-CEpOr0 70 TOVTH GEPROTO. HBCT3,
COCTOSIME M3 KBapLia, CEDHLMTA M MHOrJa X/IODHTa, ansGuTa Mi GMOTHTA.
Xapaxtepen luull(enucmn GnecK Ha NNOCKOCTAX CNaHUEBATOCTH WM
pacxon, wemyex
cepma. CrpyKtypa
Ounmuri obpasywores B pe:y:m‘me M:'uuDWISMH CTMHHCTBIX nopmx
Cnanun
xnopuToste u 7.1, — uem(oupnmue cumo paccraimoBaie opomst
s

poro
x7I0puTa # aMGHTa, OHY mmp:m s KBap: Kompuectso
npessunaer 50 %, 10 370 OTpaxaeTcs B Hassawuu nopoms (manpumep,
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KBapII-CePHIMTOBKI Cratew). OT QWITHTOB OHK OTAMHAITCA Gobuweit
KpYNHOIEDHHCTOCTB!0 # TIONIOCHATO TeKCTYPOf — b i nonocok
KBapiesoro i nm

ro coctapa. CrpyKTypa CRaHIeB IT0il rpymm TR X DAt
Bas. llepe\mc:lelmue Bbilne CNaHIIs! 0OPA3YIOTCS KaK D IDOrPECCHBHOM
METDMODOUSME ETHIICTEX i TESSAFBIX TIODOI, K H NpH perpeccHonon
eraMopoHaME KHTAX MAFMETINECKICk D

KpapuuToBHANHE Mecuan S apunts w Kpapuu-
T0-CMARUM - AIIUHO OKpAUCHHNE, MIOTHNE, CTBHHE MOPOIH
oo T FPAHOGTACTOR0 TPYACY[, COCTORLLE TOWTH FALET0 13
TecHo cpocimxcs Jepei Kpapuia. Cpeau OpOR STOf FPYNMbt BCTpedaioTes
aK acce paskoet, Tak  crasesarsie, pn coxpaerunt ocrarow

an xpap!

ion <A XgopET, SareTS WA A A7YIRS MenepAIT. B
310 C1y¥aE Mt GYICM HMETS DS NEPEXOIHBX TIOPOR OT KBAPUATO-CIaH-
11€B K CepUIIT- 17 XTIOpHT-KBAPUCBHM CTGHIAM.

Paa/uuHbie IO COCTaBY 3€/leHbe CHAaHUB BOIHMKAKT MpH MeTa
MopdHame B 3eNeHOCTaHueBOH ¢Bum1 CPEMIHHX ¥ OCHOBHBIX MarmaTiuec:
KHX IOpO, a TaKxe Mepreneit Gorat
Memtera o caern ot scnenora; TexcTypa CAamIcBaTas, Tonocua

; crpyktypa ez,
)IeM.!'mv mm nenuporpaHobnactoBas. B pane ciyuaes mMoryT cexpuﬁlnr)l
DETHKTH MepBHOl: MOPYHPOROH CTDYKTYDH, BCTECTBHE YEro SeneHiie
cmnuu GynyT uMeTs 611acTONOPOHPOBYIO CTPYKTYPY. OCHOBHbIE MUHEpa-

— aTAGHT, XTOpUT, AKTIHOTAT, MHEDATsI FDYTIT SITAIOTA, CEDHLMAT,
Kam, i Tonyreyer Kaag » sefomuow somwvcres Hace
HoBaHe. aencHsM eTCR MO KOTNCCTECHHO MHHEDATHHOMY
Mormizy. Tax, nopon, concomamas 10 % answra, 20 % angora, 3
aKTHHONHTA ¥ % xnoputa, GyneT HajLBaThCS ANBOMT-3MMIOT-aKTHHO™
muTXTOpHTOBR Ca

cnan-
um wm o um
'MBCCUBHOT TEKCTYDH! i HEMATOGNACTOBO WIH BOTIOKHHCTOl CTPYKTYDH. B

OHH HMEIOT KETTOBATO-3eMeHki 1B e, 10

et unn T
‘wepHOro. OBpasyITCst CTaHIIb! 3TO TPYMMS! NIDH METAMOPOUIME YTTpa-
OCHOBHBIX I0POA. B COCTABE HX TIDHCYTCTBYIOT CEpIIEHTHH, TATSK, X/IOPHT,
DEXe AKTHHONMT WIH TPEMOMHT W HTOQWAMHT. XapaKTEpHIi MPHIHAK
3THx cnanmes — orcyTcTBue Keapua. Haspaiue cllaiuaM naercst TaK Ke
KaK # B i rpynne - no

MMEROIIIXCS MAHEDANOB. HATDHMED, B aKTHHOTHT-TANLK CepNIEHTHHOBHIX
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CTlaHaX MpeOG/IATA€T CEPTENTHH, HECKONKO HIKE COTEPXAHHE TATHKA
ewe MeHbue — aKTHHOTHTA. MHHepA, NpHCYTCTBYIUU B KOTHuECTse.
westee 10 %, HA3BAHIM TIODOIS! HE YKAIHBACTCR.

HapecTKOBHCTHE CHAHNH M MPAMODHIMPOBAHHHC
MIBECTHSIKM BOJHMKAT B YCTOBMAX 3SICHOCTAHIEBOR daunm Npu
MeTaMopHaMe MIBECTHAKOB!. OHH OTTHMAOTCA CDEHE~WIM KpyMHo-
KpHCTAUTIUECKIM CTDOEHHEM, rPAHOGNACTOBO/ HITH MOSINUHON CTPYKTY-

TOBBIX, TATBKOBHIX 1 1IDOHX M3BECTKOBHCTLIX CTAHIIEB,

aumst muTepsan or 450
500 1o 600650 °C, nanere or 750 no 1000 Mila).
AHBC KPMCTANIWUECKHE CRANIH ~ MPOAYKTH Mera-
kil e, Spkcoeer neaRKGe fprocaamun) umi o
e

awnn. JInt Hix nmmmn cnaHueBatas m nonmam Texcrypa, fienu-
cTpyKrypa,
EPCAHGSCTHHCIOS CAPOGHE ¢ DASMEDOM 60CH HE EAes 0.5 1 104, : Pea
Thl TIepBHUHOTi CTPYKTYDH H TEKCTYDH NDAKTHUECKH o1 . Ils
Hopos wsueknErea oF coern- 20 Tewo<eporo. Ociomne nnmoespu—
3yomme i: GHOTHT, MyCKOBHT, KBapu. B Kauecra
Ty By asats ToA i SAARANOBE FpyEe, POt
anzeryam, cTen, OIS KaX MREBATS, KYTIE KpRCTanT ~
B 1CTO MpHCYT-

croyr pyma, wpeor, g ‘TypMasuH, anat
BAHHM KDUCTATTHUECKUX CIIAHUEE, QHATOTHUHO JETCHMM M

ercs
conepxaue Ghorma — 40 %, cvupe:lma - W% o 10 %, o
ua- 30 %

Keapunts oSpasyorea mp MEnMupd)mMe KBapuestix i
KOB NpH MEPEKPHCTALI3AIIN 1 TIONHOM yTepe NEDBITHBIX TEKCTYPH M

, C
MacciBHs, THGO CTaKLERATas, CTDYKTYDa reTepo- Wik rpaHOGIaCToBas,
mHorna MosamuHas. OCHOBHOH TIOPONOOGPA3yU MHHEDA — KBapli.

£ ANaTorsE TOpOT MOFYE BOSKATS 1 FpH METAMODHIME TonoNGHToR. B coorner-
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Tip MATHUMM B NIECUAHWKAX TIMHHCTOTO LEMEHTA B COCTABE KBPIUMTOB
MOTYT TIOSBAIATLCS T€ X€ MHEDAT, 4TO } B KPHCTAJIHUECKHX CIOIHC-

X cnamuax. Takum oGpa3OM cymiecTsyeT Nznpcpunuuﬁ pan nopon or

KBApUUTOB, uepes K cmomer:

natia)

M.

Ocolkii WHTEpEC MPEACTABIAIOT KBAPUATH CATHO oGOramenibie
oKcinamu wenesa: remarutom (Fe,0,) wmn marnerurom (FeFe,0,). 3m

i
MOXET RocTHTaTS MpOMMIEHHIX SHaveHi H TOF1a XETESNCTLe K pun-
T paspaGaTunanTes B Kavectne xeneanoii py (Kypekas MarHnTHAS
‘anomamasi, Kpunoii Por u ap.).

¥ X mmnﬁomﬂomﬁ M TpaMynMTOBON Gaumii KBapuMTM
coxpansior oneueiie Bau ocTH, M. TeKeTypa WX, KaK
Spemhd, cramsarch scrancds ooy cOmca KB4pNTOS 3 YR

Mpamop - Kpymio cpennexpumnnumme MaCCHBHbE TIOPOT
cTpyK?

3 npw

METAMODHIME WHCTAIX WIBECTHAKOB # JIOTOMHTOB B YCTOBMAX IMH-

noT-ampuBONHTOBO 1 rpaRyMTOBON daiwwil. BonencTeme uero ux ommca-

e 3 JamneAuen ue DostopRrres. Frame Kunepar Mpeopoe =
KaTbIHT 1 7070

7 MeriBaopgmaE MHCTCK RABECTAAXD X ZODOITOD o Spuayur

5 CHIHKaTHIE MPAMODS, B KOTOHX HBPALY C I

CONEpXATCA IWONCHI, TDEMOANT, BOLNACTOHNT, Toincya, woaon =
nnaroKnas.

ANBGHT-3NMAOTOBHE aMOMOONMTH M CNAHUN oGpasyor

4 I METHMODHES KX CPERIE st CEROBHAEK MaATIVECK 10500

910 resio-

rpano-,
OWKWNOGACTOBO CTPYKTYDH. OCHOBHME MUHEDATsl — A/LGHT, OGHKHO"
BeHHs poropas OGMaHKa, nMIOT. KpoMe TOFo, MOTYT MpHCYTCTBOBATH
GuoTu, rpaar wik Ksapu. lIpk conepxanum ux B nopone Gonee 10 % k
‘Ha3Bamuo "auuGonT” noGeBnseTcs mu-my-mee npunaratemsoe

O 3K 10 cocTasy # crpyxrype nopor mm:unnem oum
TaKuX Kax HUB H ID.
MTH ¥ AU OTMAYAITC npu:ymaum BMECTO aKTHHOMMTA aauxno-
BeHHOi POroBoji oGMamKH. OT aMPUGONMTOB Gollee BLCOKOTEMNEPATYD-
Ho#

‘ampuGonHTOBO} l.ﬂmmmmnummmn,nww
Kax BXORAT cpemHuit M
OCHOBHO 1O COCTAB;

K 310ii e rpynne umuowumux TIOpOR OTHOCATCS! CAHUEBATHE
MM MACCHBHME DASHOCTH, COCTOSIIME MIOUTH LEMMKOM H3 MATHESHATBHAX

1




ampuGonoB (poroBoi oOMatk, semsbors s xp). Hx

o
novun. Topomsi ects H B

atn. cTypHbe
sl b i ke & Gk
.

AuguSommopas pamst (remnepatypa ~ ot 650 z0 800 °C, aasnenue
800~ 1000 MIla).
B ycnoBusX MGHGOTHTOBO/ Gt NDH BHCOKOM CONEPXAHIN BOTH
B TIODONE MOAET HACTYMTH WACTHUNOE DACTIABCHHE — AHATEKCHC C
6pasoBaHMEM TPAHKTHOTO PACTAGBa, KOTODHI, BHENPAACH B OKpYXan-
e rHedicsl, O6PA3YIOT CMEMIAHNHE MOl ~ MMTMATHTH (MHIMA —
CMECh), COCTORIE K3 YUACTKOB TPAHHTHOTO # HelicoBoro coctasa. flo-
Beunsiseeirys Lo sima oxfems S, rHelicu
— BuoTHTOBH ux gone
XOPOIIO BHIENAIOTCS POIOBHE npo»mmm HTDY THpOBaMHOTO ki
Matepuana.

suruatiTon no creneru
¥ XapaKkTepa

Bompocs OGPASOBAMA MHTNATHIOS, 1 COCTaB, CTDYKTYDA H B3aHMO"
OTHOWIEHHS C OKPYKAIOWMMHN NOPONaMH NPENCTABNSIOT GOMBUION TeOpeTH-
‘weckuli MHTEDeC, HO WX H3YUEHHE BHXOHT 3a NPEIENs! IDOTPAMMM KYPCa
"lleporpagus” 1715 r€0TOrOB-HEGTARHKOB.

THefics - HauboNee pacripocrpaleiiibie NOPOIH aMGHBOTHTOBOH
baumm, espazymu TIDH METaMODQUIME I, pKOJOBKX MECUaHKOD

Onu

Kucsix nopon
oomanane oo, norocuol s MacouBoi TeKcrypol cpese:
Y‘D

uepezio-
BAHMM TEMHBIX TIOTOC, e b METAHOKDATOBLIMH MUHEPATaMH €O
cBeTTBIMH, NefiKOKPATOBLIMH MONIocaMH. K WHCTy TNABHEX KO

HOTO KONMUECTBA NOJEBMX WNATOB - NABHOE OTMM-
wae rNeﬁcon o1 CTNTAUT KPHCTAZINTCKAX CRNeS.

B 4aCTO BCTpeuanTcs comsi (GHoTHt M
uymam), Pl goroees cSunnKn o mporce. Huorna mpucyr-
CTBYIOT rpaHaT, CHTHMAHWT, CTABDOTT, KODNMEDHT, anganyaut. Ha
ROCCOpHALY MEASpANOR = KR, BRI, MOHATIE cben, marwernr.

G TEMHOUBETHLIX MIHEDANIOB B KoMuuecte Goree 10 % K
Haspato “rieiic” (or
MUHEPaNa C MEHBUIMM CONEpXaHHeM K GoMbmeny). Hanpuep, conepxa:
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sne rpanata 10 %, Guorwra — 15 %. Hassaswe noponi ~ rpamar-GHoTHTo-
Buit riedic. ECTu NOEBME mnaThi NDEAICTABIEHN TONKO MIATHOKAA30M,
70 €10 Ha3MBAKT NAATHOrHeEliC.

AMOHGOMMTI GAHIKM K aHATOTHUHNM MOPOXEM 3MMAOT-aM-
®HOONHTOBON (aLyMH H, KK YXKE OTMEUAJIOCh, OTIMUANTCA OT HIX MORBE-
HHEM BMECTO a/b6HTa CDERHKX, PEXE OCHOBHEIX 110 COCTABY MIATHOKNA-

308, OTCYTCTBHEM JMIIOTA  BOIMOXHHM NIORBNIEHHEM MOHOKTHHHOFO
TMpOKCeHa. B 9HCI0 OCHOBHAIX MHHEDAZIOB aMGHOOTHTOB, NOMMNMO M-
HOKA30B, BXOTHT POTOBaR OGMANKA — JeTeHas Wi Oypasi, B
TEMHO HEGOTbUIMX KOMMYECTBAX MOTYT MDHCYTCTBOBATH [PAHAT, MHPOK-
cen, marrerur. IIpn SHAUHTEBHOM CONEPAAHHH NOCTEIHMX K HAIBANHI
nopomst ~ GuotuToBli
nwmmn ‘rpaHaTOBL aMBUGOHT K .

ewie aMPHOOMHTS TEMHO-3ECHME 1O YEPHAX, cpeme x xpym:
MACCHBHAE NIODOH ©

Dopodae o st
OTUETIHBYI CUAMIIEBATYI0 TEKCTYDY, HATHBANTCS aMQHGOTOBMIH Clak-
navn.

Tpanymosas pauns (remneparypa ~ ot 750-800 no 900-1000 °C,
naBnexye ~ mtoo-soo:mm—lm Ma).
r

caero- w60

TIOPOIN MACCHBHOf, TIMHSOBITHOM WM TIOTIOCYATO TEKCTYDH B PE3yTbTa-
T 0GOCOGNICHMS TEMHOUBETHBIX MUNEPANOB OT CBETAMX. CTDYKTYpa
IpAHYJIMIOR uaie rPAHOGNACTOBAS, WHOTNA C THHIOBHIHBIMH 3EDHAMI
KBapua. OCOBEHNOCTL COCTaBa ITHX NIOPOA — TIONHOE OTCYTCTBHE FHAPO-
KCHICONEPXANIX MUHEPA/OB (CoMM, aMpuOOML, SMUAOT K AP.), 8 TAKXE
CcrasponuTa u aupanysura. HawGonee TWNMuHME MMHEDATM - KBapl,
‘OpTOKNA3, FpaKAT, THIIEPCTEH, HHOTA KOPIMEDHT WIH JHONCHA.

TpanyIHTL OGPASYIOTCS B DESY/BTATE METAMODYHIMA B YCTOBMAX
EiooR SeumADRTYD. ApKGSOBY. SelKSE,  F K. KA A
‘CpeHIX MarMaTHUECKIX

OcHosume xpucunnne:xue casmus (am mo meroi

uy ) = 310 cepue W TeHOCepiic MacCHBNME WA chaeBaTIE,

cpene: wam noposst ¢ rp.nmu-
romck crpyrypol, Tafunae Musepan ~ ook, peme cpeiie
nNArKOK a3, TAEpCTeH W HONCHA. TIOMHMO HIEX MOTYT TpHCY TCTBOBATS
rpasiar - anarur, #py

OGpasoBasHe OCHOBHSX KDHCTANIMECKHX CTAHES MPOHCXOTNT B
nopo

WM MEpreneii B yCIOBUAX rpaiy HTOBOH pamumm.
u nopoam
oBpasynes mpu nopon B




aumn W ¢ GOTSUING TYZIOM MOTYT GHITs OFAMWMMS OF MATMATHUSCKUX
IYHWTOB, THPOKCEMHTOB.  TIEHIOTHTOB 110 HATHYHIO GRACTOBHX CTPYK-
™,

3 o (remmeparypa 750-1000 °C, napnenue cobue
1200 Mla).
IKNOTUTH ~ TEMHO-SETEHME, MONTH UEPHME, CPETHE- H KDYTHO-

Tnasiue
sHepa, Saarsom SKIIOTHTH, ~ MOHOKMHHHBIi MUPOKCEH-OMGALNT,
MaHIMH MHDOUOBOTO pAZa (ONOHHTEILHEX

mmaton, OGpeoGRENNE IKTOrHTOR TpORCAOANG. HpM OVGRL SucORON
nasnenuw. Tlo naunsin O, TepHepa u JIx. depxyrena naAcHue JONKHO
nipessumars 1300 Mlla nipw Tenmieparype okoo 700 °C. 3aneranT SKAOTHTH
umpmuﬁpummmmecmymmnxnunewmpnu&
HBIX TEN Cpemm
18 TPaHY/HTOBOH BaLMW; B BHE KCEHOMHTOB B Kuuﬁepmnlx. Basamax,
ymrpaccioasix topomus. o e Somuuicraa weenenossrened,
IKTIOTHTH TYKT rTyGOKOro METaMOPHIMA OCHOBHBIX MarMarTiuec:
o mopos. H:mee Cusaar, «to akoruT ofpesyerca » sepnx
3eMHYI0 KODY B PE3YTISTaTe TEKTOHHUECKHX

MaHTHH B
S ooy npuuucou

METOJNYECKHE PEKOMEHIAIIHH K OITHCAHHI
METAMOPOHWECKHX TI0PO
OmICHHAE METAMGDSHYECKIK TOPHLX TOPOR TPOBOITES 10 Touy X
sty U0 N arisemenec
. MaxpocKomu

3ua — Maccus
"THefiCOBMIHLL WM NOfoCuaTHI. OTMeuaIoT wmeme nkokesrocTs, KRS
KOBHCTOrO G7i€cka, 3epKall CKONLKEHHS Ha TVIOCKOCTAX HAIUTACTOBAHMS
WM AIPIBA, UBET, PAIMED IEPEH M T.1.

B. Muxg MHYECKOE HOCNENOBAHHE.

yKTypa nopomst. lipu x-pcxnpnmxe cTpyKTypH uﬂlmw.t

HecKoli NIOOT! OTMENAIOT a6COMOTHAITE # OTHOCHTETS

HANUUHE WIH OTCYTCTBHE NIPHIHAKOB CTPYKTYD NEPBHUHBIX nopon (dnu-
), Hep:

mnpyrcmmu Bmwmwwﬂmwumu

1. Onycanwe MuHepaBHOro cocrasa. Ipexe BCEro NEPETHCIAOT B
seuneparat nopom ¢ auzenetnen s CraBHEX (> 0%, aropo.
crenentux (< 5 %
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MoxHO " oueHK: pesKo He
GOTBIIOE KO/THYECTBO, ETMHHUHSE IEpHa 1 T.11

Manice onucsiBanT Kax il Mitiepas. TIpi 3Tom yKASHBAIT pasMep K
(bopMy 3epeH, OCHOBHME ONTHYECKME KOHCTAHTH, MONTBEDKTAIOUME
NDABWILHOCTS OMpEZENNMS MUHEpaTa, KaKHE-THOO WHIMBHIYATbHiE
OCOBEHHOCTH (OTTHKM NpH MNEOXDOKIME, CPACTAHHE C ADYTHM MUHEDS-
7I0M, HanHuMe GOTBIION WHCTA BKTIOUEHIH, NPHYPOYEHHOCTS K TEM MK
e wap.

1. Ha OCHOBE ZAHHMX MO TEKCTYDE, CTPYKTYDE H MMHEDATHHOMY
cmany 10 7aGn. 17 ONpenen7OT Ha3BANME MOPOTH, NO-BOSMOXHOCTH
¥ Off MHHEDATHOT GAIIH OHa TDHHAZTERHT, NPHBORAT

© ee nepswunom (o COCTaBE W TeHESMCE.
B npems-

s
Zymewm paszene nocoGus.

Konrpossie aonpocsi

L. afre ompegenesme moNSTHS "MeTaMopHIN".
2 Hepeswcme aasie daktops era
3. HasoBHTe FnaBiESe THITH JOKATSH0T0 METAMOPHIM.
4. OxapaKrepusyiite ocHOBHME OCOBEHHOCTH DETHOATLHOTO  METAMOPOHIMA.
5 1o racoe ersopgesecar gaas” e pisaaca?
(CTUNTE OCHOBHME MTAMODQWYECKNE GANH PETHOMATLHOTO METaMOp-

7 o TaKoe "XPATHVECKAR SCOLIAIAR MANEDUIGH” METMMODOIVECKG Qa!

. B e Grtune cxpYKry Meraoppseci 10 o1 TV st
anx oy
m T empyKrypa o
1 Tepeuwcrte sastofe ICTJSCTpUNSILS KpATARIGETACTOBNE CTDYKTYPH.
i 0 sy s S remactincd T
Ka e PRI K METMOpEE TR Topo 8 e
st cuimen K o oz o ot
14. T
15, Koo toposs cOpaayones mom urmwwluue KHCAMX. ManaTHGEcKiX

16. B KaKoil Gamtn # 3 KaKIX N0pOX OBPA3YOTCA XAOPHTOBME, XHOPHT-2KTHHO
Terosste u gpyrwe crasu.

17. B KaKNE OpOTAI MpEBPALIAIOTCS DI METAMOPGMIME MATMATHYECKHE OPOTN
Kmenoro cocrana?

18. KaKoBo FaBROE OTHUMNE KPHCTAITHUECKIX CTaHLes (CTIOICTIX, anganysk:
‘ToBBOX M 1p.) of FHeicon?

i pi seeTaMopdH

M€ P MaraTIeCKI TOpOS KNGO

2 Hisouune nopoRostpasymin g KAoratos.



IpHBEHTE MpHMEp NOpOR ax@UGOTHTOBO Pasck.
24. Kaxue Nopomt oGpasyiTes TpH MPOTPECTHBHOM METaMOPIIME KBApUEBELX
‘necuanKon?
Hy KaKNX MATMATHNECKMX W OCATOWNMX TIOpOm MOTYT OGPajOBaTICH
e

2. Ha30BHTE METAMODOMNECKYI TIOpony, KOTOpaS 0Gpa3yercs H3 apKosomhix
necuaHiKop B axguGo: Y.
i

TOpOM, XapAKTEpHIE ATS o senemscx

2.y
(ocHopnse) kpucranmuwecicne cnanzs?
.
. neperainix
Hoswe eTabopdwuecicne 1opormT

0BpaIyIOTeR OTNBMI-THPOKCENOBME i MUPOKEE-

CIHCOK THTEPATYPI

. Benoycoas O.H, Muxuwa B.B. O6uuehl xype nerporpads. -M.: Hezpa, 1972.
2. Jewunooa AM. TiopoooSpasywue Aaxnepami. e wsn. - M. Bucuas

1974,

T Sesuisax 511, Eypuune JLB., Kunapenxo PJL. Oupeneaeiass 5oposooSpesy-
mn MHEDanoB B WIMPAX W MMMEPCHORNMX Npenapatax. 2-¢ HMaz. -M.: Hexpa,
5

b Stputoe M. Lerprpude uentmIvcxa  eop$wuecces mopon. =
M. H
-r MaruaTEuecKix rophsx nopoa/E.JL Akape
esa, 0.A. Borarxuuia M . Bopoaepckas M xp. — M- Heapa, 1981,
6. Kysmeu usl Kpamorl kype nerporpaduun. — M. Hsz. MI'Y, 1970.
. uinnXos B.K. Ocon nerporpadi. ~ M. Hexps, 1961
sameparon
- M.: Heapa, 1971
9 Terpocpaun DL . Ton pea. AA. Mapaxymena - Wi s, MIY, 1983,

BT T L —————
xx topo. T. 1w 2. ~ M. Hepa, 1966
11.Cuporun K.M. Onpegemurens ounepanos. ~ M.: Bucuas wkona, 1970,

2 Cuspuoe D5, Toxspes A ToRspuh wefon b MWEpRTGrA X Terpo-

 BHMHOSHT,

1. M 3 ey SO —
Aaseparon. —M.: Coereomexiaa,
ToToyeass u, epnon B Terporpadus sanarivca  uesuoppus
o nopoz. - Mo Heay
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