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Beryn

Minepanu GopMyIOTh TIpChKI MOPOJHU, IO BXOIATH JI0 CKIIaxy ¢opmartiid,
SK1 YTBOPIOIOTh KOMIUIEKCH, a 13 KOMIUIEKCIB CKJIa/Ial0ThCSi OCHOBHI €JIEMEHTH
3eMHOT Kopu. [[ns Toro, moO po3yMmiTH OUHAMIYHI TMPOLECH, AKi (OPMYIOThH
3emitt0, HEOOX1HO 3HATH BJIACTUBOCTI TIPCHKUX MOPIJ 1 MIHEpaliB, 3 SKUX BOHU
CKJIAat0ThCA.

3 npyroro OOKy, MiHEpaJM € KOPUCHUMH KOTIAJIMHAMH, TOMY O€3 3HaHHS
MIHEpaJorii He MOKHA OLIHUTH PECYPCHUM NOTEHI[IaN PETIOHY.

TakuMm 4MHOM, MiHEpasoris OJHAKOBO BaxkiauBa i (iz-reorpadiB 1 ais
€KOHOM-Treorpadgis.

Ha nanuit MoMeHT Biomo moHajn 5 000 MiHepaJlbHUX BHJIB, 1 iX YHCIIO
NOCTiitHO 3pocTae. Minepaiorn noBuHHI 3HatU 250-300 MmiHepaniB, reorpadam
noctatibo — 70-100. T'eorpadu, Ha BiAMIHY BiJl MIHEPAJIOriB, HE KOPUCTYIOTHCS
PI3HOMAaHITHUMH METOJAMU JOCIIKEHHSI MiHEpaJbHOT PEYOBUHHM, IM HE MOTPIOHO
PO3PI3HIATH MIHEpPAIX OJHOTO BUJIY 13 PI3HUX POJIOBHUII, TUM OUIbIIE — PI3HUX
re’epaiiii ogHoro pojosuiia. ['eorpadgam He mMoTpiOHI TUIOMOP(HI BIACTUBOCTI
MiHepaiiB, (PI3UKO-XIMIYHI YMOBH YTBOPEHHSI MIHEpaliB (TeMmiepaTrypa, TUCK, PH
Ta iH.).

HailiBaxxnuBimmmu aisi reorpadiB € MakpOCKOIIYHA AIarHOCTUKA, B TOMY
YUCIl B TMOJIbOBHX yMOBaX, Ta 3aCTOCYBAaHHS MiHepamiB. J[Jii MakpOCKOMIYHOT
(30BHILIHBOT) JIIATHOCTHKU B PO3MOPSAIKEHH1 AOCTIIHUKA € IIKajga TBEpIOCTI (B
MOJIbOBUX YMOBaXx ii 3aMIHHUKH), (papdopoBa MIacTUHKA JJIsI BA3HAYEHHS KOJIbOPY
pucku MmiHepaniB, 10 % po3yuH CONSHOT KUCJIOTH, KOMMAac. 3a JOMOMOTO IHX
3ac00iB BH3HAYAIOTHCA (PI3MYHI BIACTUBOCTI MIHEpaTiB, JACSKI 3 SKUX €
BOKJIMBUMH J1aTHOCTUYHUMU O3HaKamu (Tema 1).

BaxxnmuBo HaBuMTHCS BH3HAYaTH MIHEPAIbHUA BUA 32 JOMOMOTOIO
JIarHOCTUYHUX O3HAK, a HE 3alaM STOBYBAaTU MiHEpasibHI 1HAMBIAU. [ 11bOTO
ICHY€E eK3aMeHaIliifHa KOJEeKIIis, sIKy, Ha BIIMIHY BiJl HABYAJIbHO1, CTY/ICHTH 0adaTh
TITBKH 1T 9ac MPOBEACHHS MOJYJbHUX KOHTPOJIBHUX POOIT Ta MiJ Yac iCIHTY.
3pa3ku 3 eK3aMeHaIlIiHOT KOJICKIIIi HE MalOTh HOMEPIB, HE BHECEHI B KaTaJIOTH, a 1X
doTorpadiii Hemae B JaHUX METOJAMYHMUX BKa3ziBKax. HesBaxkarounm Ha 1Ie,
€K3aMEHAIliiHI 3pa3Kd MOXKHA [IIarHOCTYBAaTH 3a JIONMOMOTOK  (DI3UYHUX
BJIACTUBOCTEMN MiHEpaIiB.

@Di3MYHKUM BIJIACTUBOCTAM MIHEpAJIIB MPHUCBSYEHA TMepuia Tema JaHuX
METOJUYHUX BKa31BOK. MiHepaau HEe MOXKHAa BUBYUTH 3a0YHO UM JUCTAHIIIMHO.
KoxeHn 3pa3ok HEOOXiTHO B3STH B PYKH, OBEPHYTH TiJ PI3HUMHU KyTamu, 11100
no0ayutu Onrck. BimuyTTs KONbOpY Y KOXKHOTO 1HAMBIAYyaldbHE, TOMY Ba)XJIMBO
BI3yaJbHO 3amam’sTaTd KOJIp 3pa3KiB, SIKUM JEIIO0 BIAPI3HAETHCS BiJ iX KOJbOPY
Ha (otorpadisx. Ilpu BU3HAUEHHI TBEPAOCTI HEOOXITHO MEPEKOHATHCS, IO Ha
3pa3Ky 3aJMIINIACSA caMe MOJAPSNUHA, a He MOPOLIOK 1HIIOro MiHepaiy. Buknagau
MOBMHEH HE TUIBKMA TOKAa3aTH SK NPAaBWIBHO BU3HAYATH (Di3WUHI BIACTHUBOCTI
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MIHEpaJIiB, aje 1 MPOKOHTPOIIOBATH, 1100 J1arHOCTHKOIO 3aiiMaucs BCl CTYJEHTH,
a He JIUIIE Ti, IKUM 1€ I[IKaBO.

Jlpyra TeMa npucBsSiYeHa KpHUCTajiaM, X BIACTUBOCTSIM, €IEMEHTaM CUMETPii
Ta mnpoctuM Qopmam. Ha reonoriyHoMy QaxynbTeTI € OKpeMHuil Kypc
Kpuctanorpadii, B SKOMy AETaJbHO BHUBYAIOTHCS HE TUIBKH BUAM CHUMETpii 1 iX
HOMEHKJIATypH (3a pI3HUMHU aBTOPaMH), IPOCTI (GOPMH 1 IX CTPYKTYpPHI pi3HOBHIH,
CUMBOJIM TIpocTUX (hopM, TpaHel, pedep, aje 1 OCHOBU KPHCTAIOXiMii, METOAH
BUPOIIYBaHHs Ta JOCIIKEHHS KpuctamiB. ['eorpadgam motpibHa TiIbkH dopMma
KPUCTAJTIB, SIK J1arHOCTHUYHA O03Haka. Buxosuu 3 1iux motpeod, 1 po3polbiieHa apyra
tema. HeoOx11HO MaTH Ha yBa3i, 10 B YKPAiHCHKHUX MIAPYYHUKAX 1 MPAKTUKyMax
13 3arajJibHO1 T€OJOrii € JIedKi HETOYHOCTI CTOCOBHO Kpuctanmorpadii (o3Haku
pomOiuHOi cuHTOHIT). 11 mOMUIKM BUMpaBlieHI B JaHUX METOJAMYHUX BKa3iBKaXx.
CumMeTpiro KpUCTaJiB TaKOk HE MOKHA BUBYATU IO MaJIOHKaX, MOJIEJ KPUCTAIIIB
HEOOX1THO TPUMATHU B pyKax Ta pO3IJIA/IaTh 3 PI3HUX PaKypCiB.

Tpers 1 HacTymHI TEMH JIaHUX METOJUYHUX BKa31BOK MPHUCBAYECHI
JIIarHOCTUILl MiHepadiB. MeTo KOXKHOI TeMH € BHUBYEHHS MiHEpaliB MEBHOIO
kjacy. He 1ouinpHO HABOAWTHU TEKCTOBI JIaHi, K1 € B OUIBIIOCTI MIJPYYHUKIB YU
nociOHuKiB. Bcs HeoOxigHa iH(opMallis mogaHa y 3pydHiil TabmuuHiil dopwmi.
baratuii inmrocTpaTUBHUI MaTepian JONOMarae BUBYaTH MIHEPAJH, aje Hi B IKOMY
pasi He 3aMIHIOE POOOTY 3 HABYAIBHOKO KOJIEKIi€l0. [[esKl aBTOpU pEeKOMEHIYIOTh
JIarHOCTUKY MIHEpaJliB 3a TpbOMa O3HAKaMU: TBEPIICTh, pHcKa, Onuck. Ha Hamry
JTYMKY, METOAWKA JIarHOCTHKH MiHEpaliB — IHAMBIAyanbHa. MatepianpbHa 0Oa3a
reorpagigdoro ¢axkynprery CXiIHOEBPOMEHCHKOTO HAI[IOHATILHOTO YHIBEPCUTETY
iMeHi Jleci YkpaiHku 103BOJIsSi€ BUBUUTH BC1 HEOOX1/IHI MiHEpaJH.

MeroauyHi BKa3iBKM 110 BHUBYCHHIO MIHEpAJIIB HalMCaHI Ha OCHOBI
MIPOBENICHHS JTa0OpaTOPHUX 3aHATh 3 Kypcy «I'eoJioris 3arajpHa Ta iCTOpUYHAY) Ha
reorpadgiyHoMy QakynbTeTi CX1THOEBPOMEHCHKOTO HAI[IOHAIBHOTO YHIBEPCUTETY
imeH1 Jleci Ykpainku. HaBonarbest ororpadii 3pa3kiB MiHepasiB 13 HaBYaIbHOI
kosnekuii. [Ipm HamucaHHi BpaxoByBajacs AyMKa HE JIMIIE BHUKIIagaya, aje 1
CTYJICHTIB.

ABTOp BHCIJIOBJIIOE TIOASKY CTYyAEHTI reorpadignHoro daxynprety ['opbau
BikTopii 3a ¢poTorpadii Ta 10oMory B HamucaHH1 METOJIMYHUX BKa31BOK.



TEMA 1. ©OPMU 3HAXO/PKEHHA MIHEPAJIIB V ITPUPOI

Mera. HaBuutucs 3actocoByBaTH (hOpMH 3HAXOHKEHHS Ta (DI3UUHI BIACTUBOCTI
MiHEpaJiB K J1arHOCTUYHI O3HAKU.

MinepanbHuii iHAUBiA, nOpuUpogHE TBEpAE, OJHOPIAHE MiHEpPAIbHE TLIO
(miHepan), (i3MYHO BiJOKpEMJICHE B MPOCTOPI BiJ IHIIMX TUI HPUPOJIHUMH
MOBEPXHAMH PO3JUTY (HAMpPUKIAJ, MJIOMIMHAMU TpaHEH KpPHUCTaNiB, MOBEPXHIMHU
PO3/UTYy 3epeH a0o 1HIMBITyaTi30BaHUX arperaTiB — OOJITIB).

MinepajibHUii BUA — CYKYITHICTh MiHEPAIBHUX 1HIUBIIIB, III0 HAJIEKATH A0 OJHIET
MPOCTOPOBOI TPYNU CHUMETpIi U XapaKTepU3yHThCS OJIHAKOBUM (OJIM3bKUM)
XIMIYHUM CKJIaJIoM a00 Oe3lepepBHOIO 3MIHOKO CKJIaay B MpUPOAHUX Mexax (B.
[TapmummH, 1997).

MinepajbHuii arperar — CKyOUEeHHS 1 3pOIICHHS MIHEpaJbHUX 1HJIMUBIIIB
(KpHUCTaIiB 1 3€pEH) OJHOIO 1 TOTO K a00 PI3HUX MIHEPAIiB, BIIOKPEMIIEHUX OAHH
B1JI OJTHOTO MTOBEPXHSAMHU PO3JLITY.

IcHyrOTh Tak1 (pOpMU 3HAXOIKEHHS MIHEpPAJIIB B IPUPO/IL:

1) MOHOKpHUCTal — OJNMHUYHHUN, MOOpE BHUpaKEHUN OaraTOTpaHHUK, SIKUA MOXKE
MaTtu ¢opmMmy Kyba, okTaeapa, mpamiau, TeTpaenpa, To0To mpoctoi Gpopmu, abo ix
KoMOiHaIi (KaJbluT, GIOOPUT, KBAPII, TOMA3);

2) npy3u — KpUCTaJH, SIK1 HAPOCTAIOTh Ha CIJIbHY OCHOBY (KaJIbIUT, KBapIl);

3) IeHIpUTH — TULIACTI AepeBOIoAiOHI arperaT (IepeBakHO, CAMOPOJIHI METAJIH:
MiJib, Cp10JI0, PI/IIE, OKUCIU 3aJ113a 1 MAPTaHIIIo);

4) KOHKpelii — KyJIeOAIOH1 arperatu, 3 paJlajJbHO-MPOMEHUCTOK OyAO0BOIO, B
AKUX PICT PEUOBMHM BIIOYBaeThcs BiJ I1eHTpYy 10 nepudepii (pochopur,
MapKasur);

5) cekpelli — NOPOKHUHM B TIPCHKIM MOPO/II 3aIOBHEHI MiHEpajaMu, B SIKMX PICT
pPEYOBUHU BIJI0OYBa€ThCs Bij nepudepii 10 HEHTPY, CEKpellii, B SKUX HapOCTaIOTh
KPHUCTAIIN, HA3UBAIOTHCS KEOTH;

6) 0OJIITH — HEBEJIMKI KYJIbKHU, IIIapyBaToi Oy10BU (OOKCHT, MIPOJIIO3UT);

7) HariuHi ¢GopMu: CTATAKTUTH Ta cramarmitd. L{i dopmu yTBOprOIOTHCS TIpH

MOBUJTLHOMY CTIKaHHI PO3YWHIB, SIKI IMIBHAKO KPUCTAM3yrOThcsa. CTamakTUTH
pPOCTYTh 3rOpH JIOHU3Y (3BUCAIOTH 31 CTENI MedepH), CTalarMiTH — Ha3ycTpid im,
HApOCTalOUYM Ha JHI Te4Yepw, 1 YacTO 3JIMBAKOTHCA 31 CTAIAKTUTAMH Y
KOJIOHOTO/1I0H1 YTBOPEHHSI, sIKI HA3UBAIOTh CTAJIAKTOHU a00 CTajlarMaTH.



Puc. 1.1. Kpucran Puc. 1.2. JIpy3a

Puc. 1.3. Cranaktur Puc. 1.4. Cranarmit




Puc. 1.5.Cekperis Puc. 1.6. Konkperis

Puc. 1.7. Xeona Puc. 1.8. Keona




Puc. 1.9. Oonitu
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®di3u4H1 BJACTUBOCTI Ta IIarHOCTUYHI O3HAKH MiHEpasiB

@®i3uuHi BIACTUBOCTI MIHEpAJiB BIAITPAIOTh BUPIMIAIBEHY POJb IS
MaKpOCKOIIYHOT JIarHOCTUKH. PO3pi3HIOIOTH Taki 30BHIMIHI (MaKpOCKOITIYHI)
GI3UYHI  BIACTUBOCTI MIHEpAJiB: KOJIp, KOJIp PHCKH, MPO30PICTh, OJHCK,
CIalHICTh, 371aM, TBEP/IICTh, B3AEMO/IIsI 3 KMCJIOTaMH, CMakK, 3arax, IIbHICTb.

Konip  minepany BHU3HAYAETHCS BI3yallbHO, BaXXJIMBO BPaXOBYBaTH
OCBITJICHHSI, @ B TIOJIbOBHX YMOBaX BOJIOTICTh 3pa3ka. ICHYyIOTh MiHepaIu-eTalOHU
KOJIbOPY: KIHOBap — YEpPBOHUH, peajbrap — OpaHXeBUHM, a3ypuUT — CHUHIN Ta iH.
OpnHak, OAWH 1 TOM e MiIHepald MOXKEe MaTH Pi3HI KOJIbOPH (KBapIl, MOJIbOBI HIMATH
Ta 1H.). B TOMI >ke yac pi3HI MIHEpaJIX MOXYTh MaTH OJUH KOJIp (aMeTHCT 1
¢ioneroBuit  ¢mroopur). Calg  BIAMITHTH, IO COPUMHATTS  KOJBOPY —
1HMBIIyalibHE, TOMY Ba)KJIMBIIIIE 3aMlaM’sITaTH BIITIHKA Bi3yaJbHO, a HE 1X Ha3BH.

Konip pucku. barato MiHepaiiB y CTaHl NOpPOIIKY MarOTh 30BCIM IHIIUHN
KOJIIp, TaK 3BaHUM Koip pucku (abo mpocTo — pucka). lle BaxxinBa aiarHOCTUYHA
O3HaKa MiHepaiy. s BU3HAUYEHHSI KOJbOPY PHUCKU MOTPIOHO MPOBECTH HUM IO
HeryiazypoBaHii (hapdopoBiil MIIACTUHLII.

IIposopicms. lle 30aTHICTH MiHEpaNliB MPOIYCKATH CBITIO. PO3pI3HAIOTH
npo3opi (kBapil, Tomas, Oepusi Ta 1H.), HAMIBIOPO30pi (XalEIoH, omaja Ta 1H.) 1
Hermpo3opi (TrajJeHiT, XpomiT Ta iH.). bararo MiHepadiB y TOHKHX IIJIACTHHKAX
MPOCBIYYIOTHCS, HAIPUKIIA]T, O10THUT.

bruck. 1le 3matHICT, MIHEpaJiB BIAOMBAIM CBITJIO. BUAUISIOTH MeTasieBUi
(ranenit), anma3zHuil (cdanepur), CKISHUN (KBapl]), IIOBKOBUCTUN (CEJIEHIT),
KUpHUN  (HedemiH), nepiaMyTpoBH (aypilmirMEHT) BUIU OJHCKY. Crin
nam’siTaTd, 10 JesSKi MIHepalu MOXYTb MaTH pi3HI BUAM OJUCKY (KBapil,
MePEeBAXKHO, MA€E CKIISTHUM OJTUCK, aje ACKOJIU — KUupHUi). [ Bu3HaueHHs OIUCKy
3pa3oK CIiJ PO3TISAATH Ipu JOOPOMY OCBITIIEHHI 1 1] pI3HUMHU KyTaMHU.

Cnatinicme. 1le 3maTHICTH MiHEpaNiB PO3KOJIOBATHCH MpU yaAapi 3
YTBOPEHHSIM TJIAJKUX TIOBEPXOHb, SIKI HA3UBAIOTh MOBEPXHI CIAHOCTI.

Po3pi3HAI0TH Taki BUIM CHAHOCTI:

a) LIJIKOM JIOCKOHaja - MiHEpaJl MOXKHA PO3KOJIOTH HITTEM Ha OKpemi
TUTACTUHKY, JINCTOYKU 200 JTycoukH (ciaroaa, rpadit Ta iH.);
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0) JocKoHaja - TPHU yaapi MiHepaa PO3KOJIIOEThCS PIBHUMH, ITaJ€HbKUMU
IUIONIMHAMM Ha YJIaMKH, SIKI HaraayloTh MEpPBUHHI KpucTaiu (Tilc, OpTOKJas3,
KQJIBITUT Ta 1H.);

B) HEIOCKOHANa - PO3MI3HAETHCS BAaXXKO HA yJaMKaxX MiHepally. 3HaudHa
YacTUHA yJIaMKiB 00MEKeHa HeTIPaBUILHUMH ITOBEPXHIMHU.

r) cnaiHicTh BiacyTHA. [Ipu ymapi MiHepanl pO3KOJIIOETHCA Y BHIAIKOBHX
HanpsMKax 13 HEMPaBWIBHUMU MOBEPXHIMH 37I0MY (KBapll, MIPUT Ta iH.).

3nam. Jyis BU3HAUEHHS JESKUX MIHEPAIiB BaXJIMBOK JI1IarHOCTUYHOIO
O3HAaKOI0 € 3JlaM — BHUIAJAKOBUN HANpPsIMOK pO3KOJIY MiHepaly. 3a MEBHHUM
XapaKTEPOM IOBEPXHI, SIKa YTBOPIOETHCA MPU PO3KOJI1 MIHEpalLy, BUIUISIOTh TaKl
THUIIN 3J1aMy:

a) pIBHUH, CX1TYaCTHI, XapaKTEPHUI 1JI1 MIHEPAJIB 13 CIIAHICTIO;

0) uepenamkoBuiM (KBapll, XadIeIOH Ta 1H.), SIKUA Harajaye BHYTPIIIHIO
MTOBEPXHIO YepEMaIiKu;

B) cKam4acTHii (poroBa oOMaHKa, TITC Ta iH.) - IPUTAMaHHUN MiHEpayiaM 13
BOJIOKHHCTOO 200 roJr4acTor 0y10BOI0;

I') 3eMJIUCTHH (KAOJIHIT Ta 1H.) - XapaKTEpHUM JIJIs1 3eMIIUCTUX MIHEPAJIiB;
1) 3€PHUCTHI - MalIOTh MIHEPAJIA 36PHUCTOT OYIOBH.

Teepoicmy. lle 3maTHICTh MIHEpAIiB YMHUTH OIIP MEXAHIYHUM 3yCHIUISAM,
K1 PO3'€IHYIOTh WOTO YacCTHUHKH. [[1s1 MiarHOCTUKU MiHEpajiB BUKOPUCTOBYIOTH
BIIHOCHY TBepaicTh. CTyMiHb BITHOCHOI TBEPAOCTI MIHEpAIiB BH3HAYAETHCS
npuOIM3HO B TIOPIBHSHHI 3 TBEPJICTIO €TAJOHHMX MiHEpamiB 3a mKaiown O.
Mooca, Ta0m. 1.1.

JIyist BU3HAYEHHST TBEPJIOCTI MIHEpAJiB y TOJbOBUX YMOBAX KOPUCTYIOTHCS
HIIPYYHUMU TPEIMETaMU, TBEPICTh SIKUX BiJOMa: M'SKHM OJIBEIh - 1, HITOTH -
2,5; migHa MoHeTa - 3-4; cKJIO - 5-5,5; 51e30 OpUTBH - 5-6;

CkJ10 apsmae BCi MiHEpaau 3 TBEPAICTIO MEHINE 5, a MIHEpaJIX 3 TBEPIICTIO
OutbIe 5 caMi JIpsnaroTh ckio. [lumu migpygynuMu 3aco0amMu MOKHAa BU3HAYUTH
TBEPJICTh OUIBIIOCTI MiHEpaJiB, OCKUIBKM MIHEpald 3 TBEPHICTIO Ouibiie 6
TPaIISIOThS, TOPIBHSIHO, PIIKO.



Ta6mu 1. 1. [llkana TBepaOCTI MiHEpAITIB
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Hazga TBepaicTh XapakTepucTuka TBEpOCTI
MiHEpary 3a Moocom

Tanbk 1 Jlerko ApsnaeThCs HIrTEM

I'inc 2 JlpsinaeTbest HIrTEM

Kansiur 3 Jlerko apsimaeTbcs HOXKEM

DIr00puUT 4 Baxxko apsimaeTbes HOKEM

Anarturt 5 Hix He 3anmummae moapsimuH

Oproxkna3 6 3anuiiae MOAPSANUHY HA CKII,
cTal

KBapn 7 Jlerko npsinae ctaib, CKIIO

Tomaz 8 Jlpsimae ckio, KBapi

Kopynn 9 Jlerko npsinae Bcl MiHEpas,
KpIM ajamasy

AnMa3z 10 Jlerko npsinae BCi MiHEepaIu

BonokHuCTI MiHEpaiu Ciij] APANaTyd NEePHeHANKYISPHO 10 BOJIOKOH.

B3zaemoois

Kuciomamu. Yci MiHEpad Kiacy KapOOHaTiB (KalbIUT,

MajaxiT Ta 1H.) pearylTh 13 COJISTHOIO KHUCJIOTOK 3 BUIUICHHSM BYIJIEKHCIIOTO

ra3y, Oyap00UKH SIKOTO CTBOPIOIOTH Bpa)KEHHS KUIMIHHS KUCIOTH. [[eski MiHepamu

IIBOTO KJIacy PpO3YMHAIOTHCS B pO3ApIOHEHOMY CTaHl (moyoMiT) abo mpH
nigirpiBanHi (Marae3ut). J{is Bu3HaueHHs MiHepatiB 3acTocoBYeThes 10% po3unn

COJIIHOI KHCJIOTH,

Kpalurt SAKOro 3a JOIIOMOI'OXO CKJISIHO1

KpareabHHIl HAHOCUTHCS Ha TIOBEPXHIO 3pa3ka abo Ha MOPOIIOK.

najayku  abo
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TEMA 2
KPUCTAJIM, IX BJIACTUBOCTI, EJIEMEHTHU CUMETPII KPUCTAJIIB,
CHHI'OHII I KATEI'OPII, ITPOCTI ®OPMMU. 3AKOH CTAJIOCTI KYTIB

Mera. HaBuuTucsi BH3HAYaTH €JIEMEHTH CHMETpii B KpHCTalaX, pO3Ii3HABATH
CHUHTOHI1, 1arHOCTYBAaTH MPOCTI (HOPMHU, 3aCTOCOBYBATH 3HAHHS 3 KpucTajmorpadii
JUISL JIarHOCTUKYA MiHEpaiB.

Kpucran - TBepze Ti10 3 yHOPSAKOBAHOIO BHYTPIIIHBOKO OyI0BOIO, III0 MA€
BUIJIAJ OaraTorpaHHWKa 3 NPUPOJHUMHU IUIOCKUMHU TpaHSMHU: BIIOPSIKOBAHICTbH
OyZOBM TOJISATa€ Yy TNEBHIM IMOBTOPIOBAHOCTI y MPOCTOpl EJIEMEHTIB KpucTaia
(aTOMIB, MOJIEKYJI, 10HIB), III0 3yMOBJIIO€ BUHUKHEHHSI KPUCTAJIIYHOI IPATKU.

Kpucraniyna rpaTka - reoMETpUYHO MPaBHIIBHE PO3MILIEHHS aTOMIB (10HIB,
MOJIEKYJ), BJIACTUBE PEUYOBHHI, IO MepedyBae B KpUCTaJiyHOMY cTaHi. bynoBa
KPUCTAJIIYHUX IPATOK 3aJIEKUThH SIK BIJ XIMIYHOTO CKJaay MiHepally, Tak 1 BiJ
YMOB, B SIKHX BIH YTBOPHBCS. B mepiiry uepry Bij TeMIepaTypH 1 TUCKY.

3aKOH CTaJIOCT1 KYTiB.

3aKOH CTaJIOCTI KYTIB CTBEPXKYE, 1110 JBOTPAHHUN KYT, YTBOPEHUI IpaHAMHU
a1b B pi3HUX KpUCTaAIaX JaHOI pEYOBMHU, OyJi€ OJMH 1 TOM *e. BimoBigHO y BCiX
KpHUcTajgax AaHOi peYOBHHM OyayTh PIBHI MK COOOIO 1 JBOTPaHHI KyTH, YTBOPEHI
rpadsamu a 1 ¢, b 1 ¢. OTxe, HEe popma KpucCTaliB, HE PO3MIp TpaHEH, a KyT MK
HUMHU € CTAJIOK BEJIMYMHOIO JUIsl KOKHOTO KpUCTaJa.

JIJist BUMIPIOBAHHS KYTIB MK TPaHsIMU 3aCTOCOBYIOTh CHeIlalbHUI Mpuiaja
- TOHIOMETP.

EnemenTu cumetpii kpuctainiB. CUHTOHII 1 KaTeropii.

CumeTpisi — 1[e BJIACTUBICTh TUJIa CYMIIIATUCA 13 caMUM COOOIO MiJ 4ac
NesKux omnepaunid ado mnepeTBopeHb cuMmerpii. Kpucram moxe Matu I1EHTp
CUMETPIi, INIOMMHU CUMETPIi 1 oc1 cumeTpii 2, 3,4 1 6 — ro nopsAIKiB.

Hentp cumertpii (C) ue ysiBHa TOYKa BCEpEIUHI KpUCTANTy MO BiAHOLIECHHIO
710 IKOi KOXKHa TOYKa KpUCTaldy Mae piBHOBiAaneHy. LleHTp cumeTpii € SKuo Ha
MOJIeJIl KpUCTaly KOKHA TPaHb Ma€ MapajiebHy.

[Tnomwuua (P) cuMerpii IUTMTH KpUCTa Ha AB1 J3€pKaIbHO PiBHI YACTUHH.
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Bick cumeTpii (Ln) 11e ysiBHa Bich MpH MOBOPOTI HABKOJIO K01 Ha 360 00’ €KT
MOBTOPIOE ce0e n-Hy KUIBKICTh pas, Je N — MOPSAI0K OCI.

B3aemoisa enemMeHTiB cuMeTpii

1. SAkimo B KpucTaji € BiCh APYroro MOPSAKY 1 MEpIeHIUKYJISpHa TUIONIMHA
CUMETPIi, TO € 1 IIEHTP CUMETPIi.

2. SAkimo y Kpucrajai € BICh CUMETpii, sfKa JICKUTh B IUIONIMHI CUMETpIi, TO
KUTBKICTh TaKUX IJIOIIMH JOPIBHIOE MOPSAKY OCI.

3. Skmo y Kpuctaimi € BiCh CHMETpli 1 MEpHeHIuKYJIspHa BICh JIPYroro
MOPSIJIKY, TO KUTBKICTh OCEH APYTOro MOPsAKY TOPIBHIOE MOPSIIKY TOJIOBHOT OCI.

BunoM cuMeTpii Ha3MBaKOTh MOBHY CYKYITHICTh €JIEMEHTIB CUMETpIi Kpucrana. Y
Kkpucrajorpadii HaTidyt0Th 32 BUIU CUMETPIi, SIK1 3TPYNOBaH1 y 7 CHHTOHIH.

CuHroniss - rpyna BHUAIB CHUMETpIi, 1[0 MarOTh OJAWH a00 KUIbKa OJIHAKOBUX
€JIEMEHTIB CUMETPIi Ta MalOTh OJIHAKOBE PO3TAIlyBaHHS KpUCTaIorpadiyHUuX OCEH.

Bumia xareropis
Ky61una
- HANWOUIBIII CUMETPUYHI KPUCTAIH

- 000B'SI3K0Ba MPUCYTHICTh YOTUPHOX OCEH TPETHOTO MOPSAKY 1, OKPIM TOTO,
a00 TpHU B3aEMHO MEPIEHIUKYIISIPHI OC1 UETBEPTOTO MOPAIKY, a00 TpU OC1 APYroro
TOPSIIKY

- PUKJIAAN - KaM'siHa CUTh (TaNIT), TIPUT, TaleHIT, (IFOOPUT TOIIIO.
Cepenns xareropis
I'excaronanpHa

- OJTHa BiCh CUMETPIT mocToro nopsaxy (L)

MPUKJIAJIU - allaTUT, OEpPHUII TOIIO
TerparonasibHa
- oJtHa Bichk cuMeTpii ueTBepToro nmopsaxy (L)

- MPUKIIAIU - KACUTEPUT (OJIOB'SHUM KaMiHb), XaIbKOMIPUT (MITHUIN
KOJIU€JIaH), IIMPKOH TOILIO
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TpuronansHa

- OJIHA BICh CUMETPIi TpeThoro mopsaky (Ls)

- NPUKJIAAN - KBapIl, KAILUT, TeMATUT, KOPYH]I TOIIO.
Hwxua kareropis

Pom6iuna

- KUIbKa oceit pyroro nopsaaky (L,) 1/abo kigpka momuH cumetpii (P), a He
TUIBKH TpU OCl apyroro nopsaky (L), sik BKa3aHO y OUIBIIOCTI MIAPYYHHUKIB 13
3araibHOi reotorii. Bun cumerpii L,2P BigHOCHTBCS 10 pOMOIYHOI CHHIOHII,
HE3Ba)Kal04yM Ha BIACYTHICTb TPhOX OCEHl IPYroro MopsIKy.

MPUKJIAJINA - TOTA3, OJIBIH TOLIO
MoHOKI1HHA

- 0JIHa BiCh cUMETPIi ipyroro nopsaky (L2) i/a6o ogna miommua cumerpii (P)

MPUKJIAJN - OPTOKJIIA3, CIIOJA, TIIC, TIPOKCEHHU TOIIIO
TpuxiainHa

- HallHECHUMETPUYHIII KPUCTAJIH, K1 HE MalOTh €JIE€MEHTIB CUMETPIii a00
MaroTh TUTbKHU 1eHTp cuMeTpii (C)

- MPUKJIAJIN - TIIAr10KIIa3H, 1ICTeH, MIHUN KYIIOPOC TOIIIO.

Tabmuus 2.1. Kareropii Ta cuHroHii

Kareropis Cunronii XapakrepHi KinpKicTh OTMHUYHIX
€JIEMEHTH CUMETPii HampsIMKiB
Huxua TpukitinHa L;;C Bci
MoHoOKITIiHHa L, abo P a6o L,+P Bararto
Pom6iuna L, abo P Ginprmre 1 Tpu
Cepenns TpuronanbHa Ls Onun
TerparonanbHa L4 (Lig) Onun
I'ekcaronaspHa Le (Lig) Onuu
Bumia Ky6iuna 4l 5 Hema
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[TpocTi hopmu

IIpocToro popmoro Ha3UBAETHCA CYKYITHICTh TpaHel, 3B I3aHUX MK COOO0I0
eneMentamu cumetpii. Ilpocti dopmu OyBaroTh 3amkHeHi (KyO, OKTaeap,
TeTpaeqp, pomMOogoaeKaeap, IuIipaMmiga Ta 1H.) 1 HE 3aMKHEH1 (MOHOeEMp,
MHAKOIM, A1eAp, IPU3MH, TipaMiay Ta iH.) .

Beworo icaye 47 npoctux opm (48 3a IeIKUMU JOCTIAHUKAMU), ACSKI 3
SKUX BKa3aHl Bule. BuBeeHHs BCiX MpOCTUX (POPM BUXOIUTH 3a MEXKI MPOrpaMu
Kypcy ['eosorist 3arajibHa Ta iCTOpUYHA.
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Puc. 2.1. IIpocti popmu kpucrtamis [13].

1 — pombiuHa mipamiga, 2 — TpUroHaibHa mipamiga, 3 — AUTPUTOHAJIbHA Tipamija,
4 — TeTparoHaNbHA MipamMina, 5 — JUTETparoHaJbHA MipaMisia, 6 — reKcaroHajJbHa
mipaMmiga, 7 — JUTEKcaroHajbHa Ipamiga, 8§ — pomOiuHa aumipamiga, 9 —
TpUroHajibHa Aumipaminga, 10 — quTpuronanbHa numnipamina, 11 — TerparonanbHa
nunipamina, 12 — qurerparoHaibHa aumipamiaa, 13 — rekcaroHanabHa AuImipamizia,
14 — nurekcaroHajdbHa aumipamiga, 15 — pomOiuHa mpusma, 16 — TpuroHaibHa
npusMa, 17 — auTpuroHaibHa mpusMma, 18 — TerparoHanbHa npusma, 19 —
JUTeTparoHanbHa mpusma, 20 — rekcaroHajibHa npusma, 21 — aurekcaroHajibHa
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npusMma, 22 — poMmOiuHMil TeTpaenp, 23 — TeTpaeAp, 24 — TPUTOHAILHUU
Tpanenoenp, 25 — TeTparoHaldbHUM TeTpaenp, 26 — TeTparoHAJbHUN
Tpanemnoenp, 27 — pomboenp, 28 — rekcaroHaapHUN Tpanernoenp, 29 — kyo, 30 —
oktaeap, 31 — mmenp, 32 — miHakoim, 33 — TeTparoHaJbHUN CKajeHoenmp, 34 —
MOHOEp, 35 — NUTPUTOHAIBHUN CKajeHoeAp, 36 — TpuroHTputerpaeap, 37 —
TEeTparoH TpuTeTpaenp, 38 — MeHTaroH Tpurerpaeap, 39 — pombogoaekaenp, 40 —
MeHTarol goaekaenp, 41 — Tterparekcaenp, 42 — rekcarerpaeap, 43 —
nunoaekaenp, 44 — TeTparoHTpuokTaenp, 45 — TpUrOHTpUOKTaeap, 46 —
MIEHTarOHTpUOKTaep, 47 — TeKCOKTaeap.

[TobynoBa rHOMOCTepeorpadiyHUX MPOEKIiH, CTPYKTYpHI PI3HOBUIAM IPOCTUX
dopm, cumBoim npoctux Gopm (rpaHed, pedep), IHBEpCIHI OCi, TpaBuiIa
YCTaHOBKHU KPUCTAJIB Ta 1H. BUXOASTH 32 MEX1 IPOrpaMu JIaHOTO KypCy.
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TEMA 3
CAMOPO/IHI EJIEMEHTHA
Tabauya 3.1
KOpOTKa XaAPAKTEPUCTUKA CAMOPOAHHUX eJIEMEeHTIB
HasBa . Cnaiinictb; | TBep- ®opmu IarHOCTHYHI
Ne bauck Kouip Pucka ’ 2ep P A 3acrocyBaHHs
(¢popmy.ia) 3j1amM aicTh 3HAXO/’KeHHS 03HAKH
Henaputu, .
. Kouip, Enexrponna
MiHo- MiHo- Bincyras; CYHUIBHI MacH, TBEPAICTh IPOMUCIIOBICTh
1. Mine (Cu) | MetaneBuit A . A ACYT . | 2,5-3 HUTKOBU/IHI, pa ’ P ’
YepBOHUI | 4YEepBOHA | TayKyBaTHM . dbopma BUPOOHUIITBO
MOXOBH/IHI,
. 3HAXOJKEHHS TpyO, IpoTy
JPOTOBI arperaTu
Meraio-
MOA10HUH; 3asnizo- Kupnauit Ha
MpUXOBa- YOpPHUI 10HOTyCKYBaTI OTHK Enextpo-
. P p Yopna Jockonana; A YeRy JIOTHE, P
2. I'padit (C) | HO-KpUCTa- hi(s) N 1-2,5 arperaTu Ta TBEPJIICTh, TEeXHIYHA
o onmuckyda HEPiBHUMA !
TiYH1 CTaJleBO- BKpAIUICHHS pUCKa, MHIIIE IO | MPOMUCIIOBICTH
arperatu ciporo namnepi
MaToBI
Ha rpansix . Henockona- . . . XimiyHa
patt Pi3n1 Cnabo- AocKoHa” 3eMJIIUCTI XKosTuii kouip, .
. AIMa3HUH, o J1a; HepiBHUAN MIPOMUCIIOBICTb,
3. Cipka (S) . BIJITIHKM | >KOBTYBa- 1,5 arperaru Ta pHCKa, .
y 371ami 10 . CLIbCBKE
. YKOBTOTO Ta BKpAIJIeHHS KPUXKICTh
KUPHAN YeperarnikoB TOCTIOIAPCTBO

oro
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Puc. 3.1. Minp B 6a3anbTi Puc. 3.2. T'padit

Puc. 3.3. Camopopna cipka
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TEMA 4
CVJIb®II
Tabnuys 4.1
XapakTepucTHKAa CYJb(iliB — CIOJIYK i3 CIPKOIO
Ha3sga . ChnajiHicTb; Teep- ®opmu IarHOCTHYHI
Ne bauck Kouip Pucka ’ pep P A 3acTrocyBaHHA
(popmy.ia) 3j1aM AicTh 3HAXO/IKeHHA 03HAKH
Kozmip,
3epHUCTI MacH | CHANHICTH IO
. . ab0 BKparuieHi KyOy, 1110
IManenit . . . | CipyBaro- | JlockoHaisa 1o P oy, I
1. MeraneBuii | CBUHIIEBO-CipHUid 2,5-3 BUUICHHS BUSIBIIATBCA Y Pyna Ha cBunenn
(PbS) JOpHa KyOy . !
HENPaBUIBHOI | CTYHiHYacTo-
dbopmu MYy 371aMi,
BAYKKUI
Bypuit OCKOHaJjia Kpucramiyni AnmaszHuit
Coaneput . YPUH, ScHo- A y p .
2. (Zns) Anmazuuit KOPHYHEBUHI CODIUHERA 6-Tn 3,5-4 arperaru 1 OJUCK, pUCKa, [MunkoBa pyna
, YOPHUI p HanpsMKax BKpAaIlJICHHS CHalHICTh
CsiTnmii naTyH- o .
HO-KOBTHI 23,(;{0 Bincyrus; Kpucraniani | Komip, bk, Jist BUpOOHUIITBA
3. | Mipwur (FeS,) | MeraneBuit , Yopua ACYTH, 6-6,5 arperati 1 pHCKa, BUCOKA ' DS 5
COJIOM’STHO- HEPIBHUIA . Cip4aHOT KUCIIOTH
. BKparuIeHHS TBEPAICTh
KOBTUH
. - Ha Binminy
XanpKo- JlaTtyHHO- YopHa 13 Kpucraniuni .
. . . Henockonana; . BiJl MIPUTY HE .
4, MipUT MeraneBuii YKOBTHU 13 3€JIEHUM . . 3-3,5 arperaty i Minna pyna
) . o HEepiBHUN JPATIAE CKITO,
(CuFeSy MIHIUBICTIO BIITIHKOM BKpAIICHHS . .
MIHJIMBICTh
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M'saxuii,
OpyIHUTD
Cipuii JlucryBati Ta pyKH, Mae
qa}:) o ; JTyCKyBari niapyBary
Moui6eHit . CBUHIIEBO- Jockonana; arperaru, CTPYKTYDPY. [Ipomucnosa pyaa
Meranesuii NV 3€JICHyBa- 1-15 - .
(MoSy) cipuii, cipuii TN [0001] TOHKOJYCKY- Kupnnii Ha MOJIiOIeHy
.. Barti IOTHK.
BiJITIHKOM S
BKpaIuIeHHs CaiTnimmuii Ta
BaXXUUU aH1K
rpadit
Konkpenii,
Temna . cheponitu Komip, 6muck
Mapxkaszur . . ’ Bincyrns; (bep L P, > | [ns BupoOHHUIITBA
MertaneBwuii Kosruit 3eJICHyBaTO o 6-6,5 HaTivHi pHCKa, BUCOKA ' .
(FeSy) ) HepiBHMIA . Cip4aHOi KUCIOTH
-cipa arperaru, TBEPAICTD
CyIIlJIbHAa Maca
o Tl BUPOOJICHHS
, CyminpHi . A p'
. Ornog'saHo- Bunosxeni MU SIKY,
ApceHorniput . . . - arperaru, .
MeraneBuii | Oinuii, y 3mami Yopua HEPIBHUU 5,5-6 . KpHUCTAaJIH, OTpUMaHHs cpibia,
(FeAsS) L. royacTi .
CTaNeBo-Cipuid KPUXKUH 30JI0Ta, KOOAIBTY
KpUCTaIn . .
Ta IHIINX METaliB,
Bxpanuenns,
KpUCTAIIYHI .
p YepBonuit
. . arperard, )
KinoBap . . He nomitHa; KOJIip, HU3bKA
AnmazHui YepBoHuit YepBoHa o 2-2,5 MIOPOIIKOTIO- . Pyna na pryth
(HgS) HEepiBHUN 16 TBEPIICTh,
KPUXKICTh

IMPpUMA3KH Ta
HaJIbOTH
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Komip, pucka

3a3Buyaii
. BukopucroByetbes
3yCTpPIYaETHC
a3 JUIsl OTPUMAaHHS
. . CIOJIYK MHUIII'AK
Haunir, kipku, aypimnirmex- K Yo,
. oJiepKaHHs eMal 1
OpanxeBui, JIpy3H, 10 TOM
Peanbrap . . Cnabo CKJIa MOJIOYHOTO
9. CMoaguui IHKOJIA OpanxeBa 1,5-2 CKJIQJaIOThCS 3
(ArsSs) . BUPAXKECHA . KOJIbOPY, B
YEPBOHUI JIp1OHUX . .
. HIKIpSHIT
KPHUCTAIIIB .
MIPOMHUCIIOBOCTI y
BUPOOHUIITBI
XKOBTOI (hapOu.
Hemeramiunmii st orpuMaHHs
OnuCK, CHOJYK MHIII'SIKY,
[utpuHOBO-, Tocuts PanianbHo- JIMMOHHO- oJIep’KaHHs emalli 1
.. 30JI0THCTO- . MPOMEHUCTI | JKOBTUH KOJip, | CKJIa MOJIOYHOTO
Aypinirment | Ilepmamyr- . Csito- JIOCKOHAJIA;
10. s YKOBTHUH a00 1,5-2 3POCTKH, Ta 3HA4YHA KOJIBODY, Y
(As,S3) poBuit KOBTa 3JIeTKa . . )
OpPaHKEBO- . cdeorniTy, M'SIKICTb. BUPOOHUIITBI
9 PaKOBUCTHIA . . .
JKOBTUI HaJIbOTH, KIPKH 3a3Buyait #KOBTOI (papou. Sk
3YCTPIYaEThCS 130715 TOp Y
3 peanbprapom PEHTIeHOTEXHIII
Mae MarHiTHi
BJIACTHBOCTI, .
. .. Pyna Ha 3anizo,
bpon3soBo- Henockonana; Kpucranu, TBbM'sIHI€ Ha
. . - . . - . .. TaKOX IS
[Tipotun . YKOBTHU, 13 Cipysaro- HEPIBHUU JI0 3JIMBHI Macu TOBITPI.
11. P Meranesuii ’ PYyB p1t A 3,5-5 ’ p BHUPOOHUIITBA
(Fe1xS) Oyporo YOpHa HariBpaKo- PO3ETKH, Hobpe . .
R CIpYaHOi KUCJIOTH
MOO1KAIICTIO BHCTOTO arperaTu MIPOBOJIUTH
CIICKTPUYHUI

cTpy™M
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[Tocriitnuii
. B enexrpuunux
MeTaeBui aAKyMYJIATOpaXx, JJIs
CBUHILIEBO- 31 OJIMCK .
. Apysu. . KabOeiB,
cipwii, cTaieBo- KpPHUCTAJIH, rOJI9acTi,
. LT . . . MEJIUYHOTO
AHTHUMOHIT . cipui, iHO/I CBHUHIIEBO- Jockonarna, CIUTyTaHi pU3MaTUYi
12. Meranesuit . 2 2-2,5 ) oOnaHaHHsA, Y
(Sbh2S3) CHHIOBaTa a0o cipa PaKOBUCTHIA BOJIOKHHUCTI Ta | arperaru. Ha ) :
. HaIBIPOBIIHUKAX,
4OpHa 3EpPHHCTI IpaHsix S
. . : BHCOKOSIKICHIN
MIHJIUBICTh arperaru criocrepi- .
eMaJi Juist
raeThCs .
XOJIOTUTHHHKIB
IITPUXOBKA
Pannyxuui,
. . Bix migHO- . Henockonana; KPUXKHI
13 boprit Haripvera- qe 1):0H(flro hi () CipyBato- I iI(ISHo aKOBI/; 3,5 CyminbHi Macu HerII) 030 p;ﬁ Pyna na minp
(CusFeS,) JTYHUR p JOpHa protopa ’ i PO3OPUH, y
Oyporo CTUM napamarHiT-

HUU




Puc. 4.1. Tanenit . 4.2. Chanepur

Puc. 4.3. Tlipur . 4.4, XanpKommipuT




Puc. 4.5. MonioaeHit Puc. 4.6. Mapka3zur

Puc. 4.7. Apcenoniput Puc. 4.8. KinoBap




Puc. 4.10. AypinirMeHT

Puc. 4.11. Ilipotun Puc. 4.12. AHTUMOHIT




Puc. 4.13. BopHit

27
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TEMA 5
OKUCJIN I TTAPOOKUCIIN
Tabnuys 5.1
XapakTrepHi 0c00JIMBOCTi OKHCJIIB TA TIIPOOKHCIIIB
Hassa . Cnaiinictb; | TBep- Dopmu IarHOCTHYHI
Ne Bauck Kouaip Pucka ’ i P A 3acrocyBaHHs
(popmy.1a) 3J1aM AICTh | 3HAXOMKEHHSH O03HAKH
. Bucoka Bupo6aumnreo
. Kpucraniyni )
. Bincyrhs; TBEPAICTB, CKIa,
1 Ksapi (SiOy) CxugaHuit bum, Bincyrus HEpIBHUM 7 arperati, BIJICYTHICTb T'€30KBapI]
' P 2 0e30apBHUI yr p . KpHUCTaJH, M . R
PaKOBUCTHI sepiaL CHAHOCTI, I0BeINipHa
P KOJIIp MIPOMHUCIIOBICTb.
Caitio- ITpuxoBaHo-
Kupuuid, cipui, Bincyrths; JKoBHa, KpUCTaTIYH1 IOBesinHa
2. | Xamuenos (Si0y) MaTOBUH, cuHIoBaTui, | Bincyrnsa HEpIBHUIA, 7 MIPOKHIIKH, arperary, o alls)a
BOCKOBUI YepBOHUH Ta PaKOBUCTHIA HaTiyHi popmu BHCOKA p
1H. TBEPIICTh
binnii, .
o Hemeranesnit
KOBTHIA,
. . CranakTuTy, OJIHCK,
Bockosui, Oypuii, . o
. . Bincyrhs; CyHUTBHI 200 3aJTMIIae .
Omnan CKJISTHU, YepBOHUH, . T . OBenipna
3. % . . Bincyrna HEPIBHUIA, 5-6,5 3€MJIUCTI NOJPSANUHY Ha
(SiO2*nH,0) nepaaMyTpOBUI 3€JICHUH, N . . cripaBa
. . PaKOBUCTHI CKYITYCHHS CKJIi, 30BHI
a00 MaTOBHM OJIAaKUTHHIA, : -
N . IIUTBHUX Mac CXOXHI Ha
pait Ty KHHIA,
XaITIE/I0H

6e30apBHUI
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1HOJII KpUCTAIN

Hemeranesunii .
IOBenipna
Kpucranu, OJuCK, BUCOKA
CuHroBato- . . CrpaBa,
Bincyrhs; BKpAIJICHHS, TBEP/ICTb,
. abo . o . BUT'OTOBJICHHSI
Kopynn (Al,03) CxnsiHui Biacyrus HEPIBHUH, 9 3epHa, BEepETEeHON 0,110 .
YKOBTYBATO- . ) . KpYTiB
T paKoBHCTHUI 3€pHHCTI Hi a0 .
cipuii . 1T yBaIbHUX
arperatu OOYKOBHTHI .
BEpCTATIB
KpUCTAIIN
Pynu1 minepann
. 3aunizo- Bumnesuit
MertaneBut 10 N . .. o
) YOPHHUI 10 Bincyrths; Kpucraniuni (KOpUYHEBHIA)
HAI1BMETAJIEBO Bumneso- . o . . .
I'ematut (Fe,03) o CTaJIeBO- 4EDBOHA HEpPIBHU, 5,5-6 arperaru 1 komip pucku | Pyna Ha 3amizo
ciporo, 0ypo- p 3eMJIUCTUI BKpAIUICHHS BaXKHUH,
YePBOHUI HEMarHiTHUN
Kpucraniuni
. . . p MarnitHicTb,
Hamismeraie- 3anizo- Biacyrns, arperard, )
l\/IzaFHGSTI/IT it SODHH Yopua HepiBH 5,5-6 yopHa pucka | PyJa Ha 3ami3o
+ +
(Fe?*Fe>*,0,) P p KPHUCTAIIH
JlimoHiT Bix ipxxaBo- Evna Bixcyrns: 3emucri
(FeO(OH)-nH;0) . Oyporo 110 _oYP CYTH, arperar, Komip, ipxaBo- .
MartoBwii ip>kaBo- HEpiBHUM, 1-4 . . Pyna na 3amnizo
— «THOTIOHOBA TEMHO- 2 OOJIITH, TUTIBKU Oypa pucka
Oypa 3eMITHCTHI
pyna» Oyporo
. Hnst
. ToHko3epHHUCTI
. Bincytus . BUPOOHUIITBA
. . YopHunii, arperaru, 3ai3Ho-
. HaniBmeraniu abo 5,5- L . . XPOMOBHX
Xpomit (FeCrOy) - KOPHYHEBO- bypa CYLLTBHI YOpHUI KOJIip,
HUH N HEIOCKOHANA, 7,5 . ¢bapo,
YOpHUH N 3€pHUCTI MACH, Oypa puca "
PaKOBUCTHI AHTHKOPO31HHO

T'O ITOKPUTTS




30

[Tiponro3ut
(MnO2)

MatoBuit

YopHuii,
TEeMHUU
CTajeBo-
cipuii

OKcaMHUTO
BO-YOpHA,
1HKOJIN
KOpHY-
HEBa

Bincyrhs;
HEPIBHUH,
3CMJIMCTHH

2-6

IIpuxoBaHo-
KpUCTaTIYH1
arperatu

Komip, pucka,

HU3bKA
TBEPAICTh

Pyna Ha
MapraHellb,
CHUPOBHUHA JIJIA
OTPUMAHHS
XJIOpY Ta
KHUCHIO
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Puc. 5.1. [lumuactuii kBapi Puc. 5.2. Mopion

Puc. 5.3. Ametucr Puc. 5.4. TIpo3zopuii kBapii



Puc.5.5.Monouro-01mii KBapIy Puc. 5.6. Arar

Puc. 5.7. Xanuenon Puc. 5.8. Onan




Puc. 5.9. Onan Puc. 5.10. KBapuur

Puc. 5.11. Kopynn Puc. 5.12. Kopynn




Puc. 5.13. Kopynn Puc. 5.14. 'ematut

Puc. 5.15. Maruetur Puc. 5.16. JI>xacoiiit
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o A et |
A TR |

Puc. 5.17. JlimoniT Puc. 5.18. Xpowmit

Puc. 5.19. Xpomit Puc. 5.20. [Tiponro3ut
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TEMA 6
KAPBOHATU
Tabnuys 6.1
XapakTepucTuka KapOoHaTIB
. CnaliHicTb; Teep- Dopmu iarHoCcTHYHI
Ne | Haszsa (¢popmy.ia) bauck Kouip Pucka ’ pep P A 3acTrocyBaHHA
3J1aM JiCTh | 3HAXOIKEHHS 03HAKH
XimiuHa,
.. | Ckumae 3 HC], .
. Kpucraniyni .. OyniBenbHa
be3bapBHui, CHAMHICTH I10 .
Kanbur . . . Jockonana; arperary, ramysl,
1. Cxugaauit MOJIOYHO- bina, cipa o 3 pomboenpy, .
(Ca[CO3)) S KPUXKHI KPHCTaIIH , MeTaypris,
TBEPJICTb
OITHKA
Binwnii, Henockonana; Konmip, He
. . . . Cranaktut abo .
2. | Aparonir (CaCOs3) CxusiHuit KOBTYBATO- bina PaKOBHCTHI, 3,5-4 CTANAIMIT CHasHICTb, BUKOPHCTO-
O1iuit KPUXKUI 31aM, OJIUCK BYETHCSA
B3aemonie 3 . .
A VY OyniBHUIITBI
. . Jockonana; KHUCJIOTOO
Jomomit . Yopuuit abo . . Kpucranu, Ta I
3. Cxnsani o bina HamiBuepenam | 3,5-4 JMIIe y
(CaMg[COs3]2) Oimii N arperatu . BUPOOJICHHSI
KOBHH BUTJISI T
CKJIa
HOPOIIKa
51
bnuck, A
BUTOTOBJICHHS
Jockonana; cepelHs .
) . . BOTHETPUBIB,
Marnes3ur . . . . CX119aCTHH JI0 Kpucranu, TBEPIICT, .
4, CKssHA# CaiTanit bina 3,5 . Marsesiajib-
Mg[COs] YepenankoBo 3epHa CKHUIAE 13
. . HOTO IIEMEHTY,
r0, KpUXKHHA HigirpiToro
OJIepKaHHS
KHCJIOTOIO

COJIE! MAarHiro
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KopTtuii,
HKOBTYBATO- Jlockonana; Hpy3w, [Tpu peakiii i3
Cuneput (FeCO3) . cipwmii, 6ypo- | be3bapBHa . KpHUCTaJH, COJISIHOIO Pyna na
. N CkIstHu# R HEpIBHUU, 10 4 . )
— 3QII3UCTUH mImar cipuii, Oypo- | abo Oypa qeLeHALIKOB 3EpHHCTI KHCJIOTOIO 3aJ1i30
HKOBTH, oro arperaru pKaBie
YOPHUU
PamianbHo- Cuniit xomip 1 Jos
[IToBKOBHC- MPOMEHUCTI | CKHUIAHHS IMPH | BUTOTOBJICHHS
Azypur THH, Cuniit EaKHTHA JlockoHana, 35.4 arperarTy, i CUHBOI (hapow,
(Cus[OH]2[COs3]2) MaTOBHH, PaKOBUCTHI ' KOHKpeIIii, po306aBiieHOT pyna s
CKJISTHUI HIUTBHI MacH, COJISTHOT OJICpKaHHS
IPYy3H, MITKA KHCJIOTH Mii
Linue
JIEKOpaTUBHE
3eneHuil Koip KaMiHHS,
) Hennputy, 1 CKUTIaHHS CUpPOBHHA IS
Mannaxir . . bino- Hlockonana, . KPHUCTaIN npu il BUTOTOBJICHHS
MatoBuii 3eneHuit cKopiymyBatuii, | 3,5-4 ’ . .
(Cuz[CO3][OH]y) 3eJIeHa okaKyBaTHit TOHKOBOJIOK- posbasienoi | apO migHOTO
HUCTI arperatu COJISTHOT KYTIOpOCY;
KHCIIOTH pyna ans
no0yBaHHS
il




Puc. 6.1. Kanpiur Puc. 6.2. Kaapiur

Puc. 6.3. Aparosnit Puc.6.4. Jlonomir
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Puc. 6.5. Maruesur Puc. 6.6. Cunepur

Puc. 6.7. ManaxiT 1 a3ypur
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TEMA 7
CYJIb®ATHU
Tabnuya 7.1
XapaxkrepHi 0c00JMBOCTI CyJab(daTiB
HasBa . Cnaiinictb; | Tep- ®opmu IarHOCTHYHI
Ne bauck Kouip Pucka ’ >ep P A 3acrocyBaHHs
(¢popmy.1a) 3J1aM OICTh | 3HAXOMKEHHS O03HAKH
Jpsnaerbcs
HII'TEM, bynisenbHa
, binuii, HOCKOHa‘H%’ Kpucraniuni CIIaiHICTh B ranysb, IIEMEHTHA
I'inc . . . PaKOBUCTHIA, i
1 (CaSO,*2H,0) CrunstHnit 6e36apeumii | bima iHozi 2 arperary, OHOMY MIPOMHUCIIOBICTD,
. HanpsMK
BOIOKHHCTI KpUCTAIIN p y MEIMIIMHA
JOCTaTHBO
JOCKOHAJIa
OCKOHaJa .
A y . He pearye 13 Cuposuna i
. . o TPHOX 3epHUCTI
AHr11pUA IlepmamyTpoBui, biunmii, . : COJISTHOIO OJIEp>KaHHA
2. - . | bima | HampsmKax; 3-4 Macu, pijiie . ..
(CaSO0y) CKJITHUI roxyoyBaTHii o KHCJIOTOIO, CIpYaHOi KUCIIOTH,
HEpiBHUH 110 KpHCTaIN .
TBEpIUH K TOOPHUBO B C/T.
CKaJIKyBaTOI'0
binnii . o
o -~ JlockoHana; Keonmu, 3a3puyaii XiMIYHA Ta
3 Henecti HepnamyTpoBHi, | - HepomHit bina HepiBHUI 3-3,5 KpHCTaIN 3YCTPIYAETHCS ¢dapmaineBTHUHA
| (SrSO.) CIIAHH 460 caiiIo- KpI/IXKI/II\/'I, ’ pzl 34 ’ yi:I():i KOO 1} I())MI/ICJ'IOBiCTL
OnaKUTHUN P Py P P
3epHucTi,
paaianbHO-
MTPOMEHHUCTI, Jst BUpoOHUIITBA
JlockoHana; TOHKO- 61101 (hapOm,
4. | Bapur (BaSO,) | [epnamyrpoBwuii binuit bina HEpiBHUI, 3-3,5 | BOJIOKHHCTI Baxxuii OapieBUX
KPUXKUN arperary, npenaparis,
IJIbHI narepy, ryMu
CYLLTBHI

MacHu




Puc. 7.1. T'inic Puc. 7.2. Cenenit

Puc. 7.3. Aarigpun Puc. 7.4. llenectun




42

Puc. 7.5. llenectuH i3 Cipkoro Puc. 7.6. bapur

Puc. 7.7 baput 13
BUTATHYTUMU KPUCTAJIaMU KaJbIUTY
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TEMA 8
OOCDATHU I BOJIbOPAMATHU
Tabnuys 8.1
XapakrepHi ocoduBocTi pocdariB Ta Bosbppamarin
Ha3sga . CnaiiHicTb; ®opmu IarHOCTHYHI
Ne Bauck KouJip ’ P A 3acTocyBaHHS
(popmyiia) 3J1aM 3HAXO/KEHHS O03HAKH
be36apsHuii,
3€JICHUI Kouip,
Anarut Ha rpasx T Kpucraniugi | TBEPIICTH )
(Cas (F, ClI, - JKOBTYBATHH, Henockonana; CinbCchbKe
1. CKJISIHUH, Ha o arperaru,
OH, CO3) : . Gl HEpiBHUH rocroapcTBO
3J1aM1 — JKXUPHHUU ) KpUCTAIA
[PO4]5)
CHHIOBATO-
3CJICHUI
Kpucranu,
Bonbdpamin | HaniBmeraneswuii OCKOHaJIa; 3epHUCTI
(panin . ’ bypo- A o PHuCT] . . Pyna na
2. (Mg, Fe) CKJISTHHH, . HEpiBHUH, CYLTBHI Bauck 1 kodip
o YOpHUI . BOJIb(paM
[WO,] KUPHUAN KPUXKHUHA arperaru,
BKpaIUICHHS




Puc. 8.1. Anatut nykpuctuii Puc.8.2. Anatut nykpuctuii

Puc. 8.3. Anatut 3Bnuaiinuii Puc. 8.4. Bonbdpamir




45

TEMA 9
CUIIIKATHU
Tabnuys 9.1
XapakTepHi 0c00JJUBOCTI CHJIIKATIB
o Hassa Banck Koaip Pucka Cnaiinictb; | TBep- ®opmu JiarnocTuyHi 3acrocyBanns
“ | (dpopmy.ia) 3J1aM IicTh 3HAXOKEeHHSA 03HAKH
. ) 3U, JKEPIAUHUCTI )
Enmoa E}Ha, ?;II];E))ZTKI/I ME))XOBI/IZ[Hi Koip, ngCK’
(Cag(Fe™, c1pa, JlockoHaia; Ki Oq;(H ire CHAHHICTS, IOBenipna
1. | AD)AI,O(OH CxustHUiMA 3eneHuii ¢icram- ’, 6,5 p » b TBEPIICTh. Y pH
.ro: . YepenamKoBHi TOHKO3EPHHCTI 200 MIPOMHCIIOBICTh
)*[Si04][Si; KOBO- . KHCJIOTaX HeE
3JIMBHI arperatu
O7]) 3eJIeHa . PO3UHHAETHCS
(emi103uTH)
['panar BincyrHs; YepBomwii i AOpa3uBHi
5 (R2+ R3* [ P Bypo- Bigcyr- e 775 Kpucraniuni Oypo-4epBOHUIH MaTepiai,
: 3 2 HepiBHUI, =7, . )
SiO4]5) YEPBOHMI Hs P 0 arperaty, KpUCTalIl | Kojip, BUCOKA foBeTipHa
al3 3CpHUCTHH TBepI[iCTL HpOMI/ICHOBiCTB
binuii, cipuid,
. KOpUYHEBUI C CupoBuHa 11
Hedenin 6p BaTO- ’ Bincyrs: CyuuibHI IIbH1 binck, Bucoka of HMaHIiI
3. | ((Na,K)AISI Kupuuit yPyBa bina ACYTIRL | 5. 3epHHCTI MacH, TBEPIICTh, p
cipui, YepernanKkoBuy . IIEMEHTY, CO/IH,
O.) BKparuieHHs KOJIip D
YEepBOHYBATO ATFOMIHIIO

-O1ui
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Pisti Bincyras
.. Bincyrths; CHAMHICTH Pyna na
bepun BULTHHKH Binc HE iBHI/Iﬁ’ Kpucramm, npysu, BHCOKA ’ oepuiiit
(Al,Bes[Sis CxisaHuit 3€JI€HOr0, HﬂyT ‘]-;I)aCTO ’ 8 CYILUTBHI 36pHUCTI TBEDIICTS IOBI;Hi H;
O1s]) pizure — . MacH PAICTE, p
- YepenanKoBHit crpaBa
TBepaicTs,
. bnakuTHui OCKOHaJIa Sk
CxnsiHuit ’ JockoHnana B a .. . .
T01_1a3 BHUHHO- Bizcyr- onHOMY i3 Kpucranum, apysu, criaiHicTb, 1uTih yBaIbHHMA
(AlL[SIO4])(F POKEBHIA, e HATIpAMKIE: 8 CYIJIbHI 3epHUCTI Ta OB3/I0BKHS IIOPOIIIOK,
,OH),) cipui, qepeHaLHKo;s IIUTBEHI Macu IITPUXOBKA I0BEJTipHA
0e30apBHMI i rpaHeit crpaBsa
Komip,
Tanbk HeromiTHa: IIpuxoBano- ) BoruerpuBki Ta
. . VIR . ; . TBEP/ICTh, .
(Mgs3[Si4O10] Kupnuit binmui, cipuii bina L 1 KpUCTaTIuHI cpaic MaCTHJIbHI
(OH),) HCpIBHIN arperatu AKUPHUU HA marepiaiu
JOTHUK
. N . Hewmeranesunit
Typmanin YopHuii, Bizcyras: CroBmyacri GIHCK
(Na(Li,Al); Oypui, e i}Bim?I’ KPHUCTAaJIH, TOYACTI 1 TBe mCT’B VY pamioTexHii,
Alg[(OH)4|( CrusHUA POXKEBHI, bina 1 i6§ e e’na 7-7,5 IPOMEHHUCTI cnagHiCTL’ IOBETIpHIHT
BO3)3Sig013] 3€JIEHUN Ta P 1‘3 arperaTtu, 3€pHUCTI ’ cripasi
) . ITKOBHH, dbopma
iH. o CKYITYCHHS
KPUXKUHT 3HAXOKEHHSI
OB3 Tiis
JlicTeH - JIOBK [TogoBxkeHi, . .
C . Pi3Ha TBEpIIiCTh | BHTOTOBIICHHS
KiaHIT . . . JlockoHnaira; -45, IJIACTHHYACTI, )
. CrusHUMA bnakutauit bina ’, ) ) B OJTHOMY BOTHETPUBIB,
(AI2[Si04]0 CKaJIKyBaTHil | morme 3ITHYTI KPUCTAIIH, . ; .
MiHepai I0BeJTipHa
peK - 3epHa, arperaTu
cripaBa
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o st
. [Ipu peaxuii 13 -
3epHHCTI arperaru, CONAHO0 BUTOTOBJICHHS
OmniBin . 3eneHuid, 3 piakicHi BOTHETPHUBIB,
Cxurstauii abo ) Cnabka; ) KHCIIOTOIO )
: , . .
9 (Mg OJIMBKOBHM bina 7 KOPOTKOCTOBITYACTI oKpemi
] KUPHUH o paKoBHCTHUI . bopmye .
Fe),[SiO4]) BIATIHKOM PHU3MaTHYHI KO NIGH PI3HOBHIH — SIK
KpUcCTaJln Y JIOPOTOIlIHHE
Macy .
KaMiHHS
KamieBo-monpoBi mmaTtu
Komip,
Bin 6inoro OCKOHaJa, i
; - TBEP/IICTh, .
10 Oproxas CxiistHA 710 CBITJIO- bina Hi[ iBHHI 200 6 Kpueranti e Kepamitra
" | (K[AISi30g]) P! . arperatu, KpucTajiv JAOCKOHAIa CHpOBUHA
4EPBOHOTO CX1A4acTiu chaifHicTs y
JBOX HaIPSIMKax
bruck, xomip,
AMa3oHIT Hpysu, kpucrany, TBEPJIICTh,
11. | ((K.Na)[AIS CKIIsHuM, § EJ‘IaKI/ITHf)- Bina JIOCK.OHaI{a; 6-6.5 BKpAaIlJICHHS ) JOCKOHANA Sk BI/IPO6H€
i506]) nepaaMyTpOBHHA 3eJeHui HEepIBHUH HETPaBUIBHOT CriaifHicTh v KaMiHHS
bopmu JBOX
HaTpsMKax
[Tnariokmna3u
. N [Tpomenucti bnuck, xomi .
Anp0iT . binnii p13aux . Jockonana; P . > KOTp, VY ciabCbKOMY
12. . CxugHni L bina NN 6-6,5 arperatu y opmi TBEPAICTb, 4
Na(AlSi30g) BIJTIHKIB HEpiBHUH i rOCTIIOJIaPCTBI
3epeH, KPUCTaIN CITalHICTh
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be36apBuuii .
60 G bauck, kouip,
AHOPTHUT cipuit iHOIIi Jlockonaina, Kpucramu, cyminpHi CIIaMHICTD, Kepanita
13. | (CaAl;Si20g CKIsHUIA PHIL, M bina HEPIBHUIA, 6-6,5 abo pearye i3 p .
) POBTYBTHH, i 3€PHHCTI arperatu COJIIHOIO HPOMHCTIOBICTS
YepBOHYBA yepenamKkoBun p p
i KHCJIOTOIO
JIaGpanop Tockonaa: Kounip, ipu3anis,
Ca, . Temuo-cipuit ) . o Kpucraniuni i OO0UILIIOBAIEL
14, (( CKisaHuM ) .p bima HEPIBHUH, 6 P TBCPAICTD, N HoB
Na.)[(AI, 3 1pU3aLI€ro paKOBHCTHﬁ arperartu, Kpucrain craiiHicTs y HUU KaM1Hb
SIAISIZOg]) JIBOX HampsMKax
[Tipokcenu
ABrizn
Ca(Mg, Fe, o
15. (Ca(Mg . Hewmeranesunit .
AD[(Si, . SIk kepamiuHy
Al),06]) ONuCK, KOip, CHPOBHH
26 . Bix wopHoro . . o Bxpanuenns, [IpU3MaTUYHA P Ys
. CxuiaHui Cipa ITig xyrom 87 5-6 JITIEBY pyay Ta
16. Hiobeun 710 3€JIEHOTO KpHCTaIN bopma T
. B IOBENIpHIl
- KpHUCTATIB .
Eripun CIIpaBi
17.| (NaFe*[Si, | cmonammii
Os])
Aupi1601m
3eneny- Komip, pucka, q
TemHO- ; Kpucraniuni &
18. Porosa CxuaHnit eMHO BaTO- Cepeni 5,5-6 P TPUSMATHHEHA | pyyopucTOBYETH
obmaHKa 3eneHui . ro4actTui arperaty, KpucTajin dbopma st
cipa

KPHCTaIIB
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AKTHUHOJIIIT [Ipomenucri,
Caz(MgFe CxuistHMiA . . N azbecronoaioHi [Tpomenucra IOBenipna
19. ( .2( gFe)s - 3enenunii bina PiBumii 5,5-6 A0 P PH
[Sis011]2[O | moBKOBHUCTHI BOJIOKHHCTI OynoBa IIPOMHUCIIOBICTh
H]y) arperaru
Crmrou Ta TiApOCIIOU
Koumip,
. . . MalHICTh IV
MycKoBIT . o . inkom 25 JlyckyBari arperatu CHAHHICTE, [3omsaniiinnit
20. . [lepnamytposwuii | be3bapBuuit bina , . THCTVBATA .
(61Ha CIII0J12) JOCKOHAaJa 1 BKIIFOYCHHSA Yy marepian
dhopma
KPHCTAIIB
Koumip,
i : . CIIalHICTh JIS1 OYMILEHHS
21 | T3 N . T . Bincyrn koM 25.3 JIyckyBari arperatu ’ A : -
. | Tingpocmiona | IlepnamyTtpoBuit eMHUI N TOCKOHATA : - THCTyBaTa Ta NOM'SIKIIEHHS
dopma BOIH
KpHUCTAJIIB
Kounip,
biotut Bina Lisxon CIIaiHICTB, Tepmocriiikuit
qo Ha v ~ ’ 2 5 . . LK) (3
22. (10p [lepnamyTtpoBuit Yopuuii cipa TOCKOHATA ) JlyckyBarti arperatu nMcTyBaTa 130JLAUINHAN
CIIIOZA) dopma Mareplain

KPHCTaJIB




Puc. 9.1. Emigor Puc. 9.2. Emigor

Puc. 9.3. I'panatu Puc. 9.4. Hedenin




Puc. 9.5. Hedenin Puc. 9.6. bepun

Puc. 9.7. Tanbk Puc. 9.8. Typmainin




Puc. 9.9. Cepnentun 3 azdectom . 9.10. CeprienTuHHIT

Puc. 9.12. KamieBuil 1OJIbOBHNA
[III1aT

Puc. 9.11. licTen




Puc. 9.13. KamieBuii m0OJIbOBHI Puc. 9.14. KamieBuili mOJIbOBHIA
[IIaT [Irar

KamieBuii moJsiboBuit

Puc. 9.16. Ama3zoHir




Puc. 9.17. Ans6iT Puc. 9.18. Anoptur

Puc. 9.19. IInariokna3s Puc. 9.20. JIabpamop
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Puc. 9.21. JIabpanop Puc. 9.22. ApriT

Puc. 9.23. Mioncun Puc. 9.24. Eripun



Puc.9.25. Porosa ooOManka Puc.9.26 AxtuHOIIT

Puc. 9.28. Timpocmona
(BEpMUKYJIIT)

Puc.9.27. Myckosit




TEMA 10
TAJIOIJIN
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Tabnuysa 10.1

XapakTepHi 0c00JJMBOCTI rajioiiiB
HasBa . Cnaiinictb; | Tsep- Dopmu IarHOCTHYHI
Ne Bauck Kouaip Pucka ’ >ep P A 3acrocyBaHHs
(popmyia) 3J1aM AICTh | 3HAXOKEHHS O03HAKH
Binwuii, CoutoHul cMaK, Xapuosa Ta
. 0e30apBHUM, Jockonana . HU3bKa pH¢
[Namir . L . 25 Kpucraniyni . XIMIYHa
1. CxuigHuit cipui, bina Yy TPbOX ; TBEPIICTb,
(NaCl) . arperaTu o IIPOMHKCIIO
ONaKUTHUH, HaAIpPSIMKaXxX CHAHICTH 1O BICTE
pOXKEBUI KyOy
binuit, . .
L I'ipko-cononuii
cipwid,
. . Jockonana o CMakK, HA3bKa XapyoBa Ta
CenbBiH .. | 6e30apBHMIA, . 15 | Kpucramusi . ..
2. CxuissHui . bina y TPHOX ;D= TBEP/ICTb, XiMi4Ha
(KCI) POXKEBHIA, arperaTu o .
- HaIpsSIMKaX CHAWHICTh 110 | TIPOMHUCIIOBICTh
p . KyOy
rojgyouit
diojreToBUH,
KOBTHI, PizHO3a0apBieHi
3€JICHUH, Jockonana Kpucraniuni p Mertanypris,
3 Pamooput CxirsHui 0KECBUH bina YOTHPHOX 4 arperari i KprcTai, iMi
' (CaF,) po ’ Y P P OKTaepiuHa XIMIHHa
prame HampsMKax BKpaIICHHA CHAHICTD IIPOMHUCIOBICTh
MPO30pUH, o
. KPUXKUHT
6e30apBHUI
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Puc. 10.1. TamT Puc. 10.2. CuiibBiH

Puc. 10.3. ®arooput
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