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30J0TO
M 30JIOTHHKH

Cpe/pt OKPY XWX TIONCH BBl HE HIHJICTC SCNOBEKA, KOTOPMA He JHan Oul 0
sosore. Ho Kb 1peIcT2BARCT ero 10CBOCMY.

A 1eX, Y KOro CBCAH JHAHHA OCHOB HCOPTAMMYCCKOH XHMHKH, ITO 19-1
JIEMEHT NCPHOIMYCCKOA cHeTesu Merleneea, HAXOAIGIHCA B I B nonrpyn-
ne urecroro nepuoma. lMonoXkeHHe B CHCTEME JICMEHTOBR ONPLICHNCT Cro
CROACTBA. B TOM HHCIC — HCYCTONYMBOCTb HONTH BCEX COCIIMHCHHE 3071013 M
APKO BHPAKCHHYIO TSHACHLUMIO HAXOUHTHCR B METAUIMNECKOM COCTORHMM.
Tt GonpumHCTEA Moach, Ja0BBIMX WKOALHLIE HAYKH, 30JI010 — Aparouge-
HBIR METAIUL, TAXCAME GpYCKM KOTOPOrO COCTAB/IAIOT BAMIOTHLIE 3AIACH! IO-
CYJIAPCTB M AICAAT B CrelDiaisHbIX XPAHHIKINAX, 4 W00 CIHPHME MIACTIHA — Ha
Gapxate BUTpHi. OBRUCHIBOCTHO TAKKE, YTO J0I0TO HIBICKIAIOT HI MECTOPOX-
ACHMH, IJie OHO COCPEIOTOYEHO B KOJMYCCTRAX, ACAIMIMX NOGLNY IKOIOMM-
WeCKH BLINOJLHOM.

30710TO OTHOCAT K G/IArOpOJIHBIM METALIAM, Cabo NMOABCPKEHHEIM OKH-
CICHHIO H BCAKOIO PoMia XHMMYecKHM BO3feHCTRMAM. HO 310 Me o3MatacT
MONMHOM €ro HEYAIBMMOCTH. B ONpPENeneHHBX YCIOBMAX 301070 clocobio
PACTBOPATHCA H BHOBS BHUIAAITL M3 DACTROPA B BH/AC METAILIA. Kpose 1010,
METUIIHYECKOE J0NOTO OTAMYACTCA OTHOCHTE/IBHO HEBBLICOKOH TBCPNOCTLIO,
KOBKOCTHIO, IJTACTHIHOCTHI0.

TaKkne CHORCTBA OmpeaesAlT 0c000C NOMOKCHHC MMHCPAM, COACPAA-
WIErO OCHOBMYI0 MACCY ITOr0 HECHNHOTO ECMEHTA B MCCTOPDOAMACHHAX -~ CIMO-
POAHOIO 307074,

QHO [IOCTATONHO YCTOHYHBO, YTOOM B TEUYCHHE COTCH MHNTTHOHOB JieT, KO-
TOPLIMI MOXET HIMEPATACH BOIPACT MCCTOPOXJICHMH, COXPANATD, XOTA Om
QACTHYHO, CBOH MEPBHUWHAIE NPMIHAKH, NOABHBIMCCA B TO Bpead, KOIal3 ca-
MOPOIIIOE J0MIOTO TOALKO etite OOPAIOBANIOCE B HEAPAX ICMHOH KOPBI. Ho
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307I0TO, HApsAy C 3TUM, CIOCOBHO 3ameyaTiieBaTh B CBOEM BHELIHEM H BHYT-
PeHHEM ODNMKe CIeipl NMOCTEAYIOMMX BOAEHCTBUN pa3NIMUHbIX MPHUPOMHBIX
IPOLIECCOB.

A ecnu OCTalOTCA TPUMETHI M3HAYANBHBIX OCODEHHOCTEH MHHEpaIa M
HCIBITAHMH, BBHIABIIMX HA [ONI0 Ka3ajloch Ob1 GecyyBCTBEHHOrO MHEPTHOrO
KaMHf, MOXHO Hay4YHMTBCSA MO PsANY MPU3HAKOB BOCCTAHABNMBAThH YCIIOBUSA Ha-
KOIIIEHHs 30710Ta B MECTOPOXIEHHAX ¥ HAXONMTb K HMM IIyTEBOMHbIE HUTH.

H3BecTHpli cOBpeMEHHBIH MHHeparior, npodeccop JI.H.I'puropses, Biep-
BbIE CKa3&l, YTO MHUHEPAJIBI *...BBICTYIIAI0T B HayKe Ka)KIbIH KaK 1eTOCTHBINA
OpraHM3M, MHIMUBHI, CO CBOEH aHATOMHMEH, BCEr[a MO CBOEMY KUBYIMN .
OnHuM M3 MUHEpPaJIOB, MO3BONMBLIMX YYEHOMY CHENATh TAKOE CMEJIOE ¥ TOY-
HO€ cpaBHEeHHE, OBIIIO CAMOPOJHOE 30JI0TO.

Te, k10 B MOBCEAHEBHOM MPAaKTHKE CTATIKUBAETCHA C CAMOPOIHBIM 30710-
TOM, OT CTaparensi 10 MHHEpaJora, ClielanbHO U3yyarllero TOHKHe 0cObeH-
HOCTH CaMOpPOMHBIX YaCTHL, YACTO HA3bIBAIOT UX 30JIOTHHKAMM.

HecMotpsi Ha LUMPOKOE paclpOCTpaHEHHe B YCTHOM peuM, CIIOBO ~30510-
THHKH ', 3aMeHsollee Golee TOYHOE BhIpAKEHHE ~BBIIENEHUA CaMOPOIHOTO
30710Ta”’, MHOTUMH PEBHUTEIIIMHM YMCTOTBI HAYYHOH TEPMHUHONOTUH CUMTAETCA
BYJIbrapu3MOM M H3TOHAETCSA C MeYaTHhIX CTpaHuu. M OfHaKO OHO IpoHUKaeT
B TpPYHbl [aXe TaKUX ONeCTAILMX CTWIMCTOB ¥ 3HATOKOB 30510Ta, KakK

H.B. IletpoBckas, uba KHAra CaMopojHOe 30110T0” YOOCTOEHa T'ocynapcr-
BEHHOH ITPeMHH.

Cornacurecs, uTo 30710THHKA” 3BYUHT MeHee CyXO M GOpPMAIIHHO U POX-
[2eT 3puMbIM 00pa3 npenMera Halliero IMOBECTBOBAaHMA — KYCOUKa 30N0Ta,
CO3AaHHOT O M NTPe0OPa30BaHHOIO NPHPOOHBIMHU NMPOLECCAMH.

[losatomy ycnosumcs, YTO 30MOTHHKM — 3TO BBINENEHHUS CAMOPOIHOrO
301073, 3aKJIIOUEHHBIE B PYIIHBIX H POCCHUIHBIX MECTOPOXIECHHUAX, U TOCMOT-

PHM, KaKyI0 peajlbHy¥0 NONb3y MPUHOCUT U3yYeHHE ITUX IMOCTOAHHO H3IMEHS-
IOLUMXCA CTYCTKOB HEXXMBOH MaTepHH. '



naBal

CaMopOonHoe
30JI0TO

JonoTHIe CIUIaBhI YeJIOBEK M3rOTABNMBaeT caM. B 3aBHCHMOCTH OT HX Ha3Ha-
yeHMs — [UIA IOBEJMpHBIX YKpalleHWH, TEXHUYECKHX W3[eNii, MaCCHBHBIX
CIIHTKOB, COCTAB/AIOWMX TOCYNAPCTBEHHBIE 3amachl, MOHET, TOHYaHIIIeH
¢onErH — 30710TO OYMILAIOT OT MOCTOPOHHUX MpHMeCeH MIIH, HaMpOTHB, 106a-
BIIAIOT B HEro [pyrue 3JIeMeHThI, ONpPe/ieNIAIT pa3Mephl H ¢opmy cnIaBOB,

onpeneneHHbM 06pa3omM ux 0OpabaTHBaloT.

CaMOpOIHOE 30JI0TO — eCTECTBEHHOE 0Opa3oBatue, MHHEPAIl. Cpenu reo-
JIOTOB CYLUECTBYIOT pa3Hble OMpEMENICHHA 3TOro TEPMHHA, HO CYLIECTBO €IO0
BceMy NMOHWMAeTCH OIMHAKOBO. MuHEpam — COCTaBHasA YacTbh 3EMHOH KOPBI,
BO3HMKIIASA B pe3yNbTaTe NPHPOOHBIX (PU3HUYECKHX M XHMHUECKHMX NPOLEC-
COB, IOCTATOYHO OMHOPOAHAA H MMeEIOIaf NMOCTOAHHbIE MM MEHAIOHMECH
B CPaBHHTENIBHO Y3KHX TNpeenax XMMHYeCKHH COCTaB H ITIaBHBIC dusnyec-
KHE CBOHCTBA.

U3 muHEpaNOB — pa3HBIX WIM OJHOIO — COCTOAT ClIaramwuie 3eMHYH
KOpY ropHbie Ioposl.

CylIecTBYIOT, OJIHAKO, MHMHEpAJlbl, AHAJIOTHYHbIE MO KPHCTAJUTHYeCKOH
CTPYKTYpE, B KOTOPHIX aTOMbI ONPefeNIeHHBIX XHMHUYECKHX /IEMEHTOB 3ame-
war fApyr apyra. O6pasyerca T1aK Ha3pIBaeMbIH H30MOpGHBIH PAL MH-
HepaJioB; €ro KpaiHHe WIEHbI COMIEpXaT CYIIeCTBEHHO PAa3HBIC KOJMHUECTEA
3aMeILAILIMX ApYT Apyra aniemeHtoB. Hexoropbie CBOHCTBA M OTHE/IbHBIC
NpU3HAKH MMHEPATIOB B H30MOPGHOM PAMY MOTYT yXe€ 3aMETHO pa3iiiaThb:
cH.

Heuro nomo6Hoe Habnogaerca U y camopofHoro 3onora. OHO MpescTas-
nser cobOil He CTPOrO OMNpeNelieHHblH MO COCTABY M BHYTpeHHEMY CTPOCHMIO
MHHepaJs, a NPUPOJHBIA ANl MHHEPATIOB C pa3NUYHbIM COAEPXKAHHEM [IBYX
OCHOBHBIX 3JIEMEHTOB — 30Ji0Ta M cepebpa. OT GONBLUIMHCTBA APYTUX MHHE-
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pajioB CaMOPOLHOE 30JI0TO OTNHMYACTICH OYeHb LIMPOKMMH BapHalMAMH COC-
TaBa ¥ [IpYTrUX MPU3HAKOB.

[Toaromy mpesxxae YeM MONBITATECA Y3HATH, O HeM e pPaccKa3biBaT 30710-
THHKH, OKHHEM B3INAMAOM BCe MX pasHOODpasue M MOCMOTPHM, YTO OHH M3
cebs NMpencTaBNfAT MO Be/iMuuHe, GOpPMaM, BHYTpeHHEMY CTPOEHHIO M COC-
TaBY.

I'MT'AHTH], KAPJIMKHW U HEBUJIUMKIA

”307010# nEcOK”, caMOPOMOK” — 3TH MOHATHA BCTPEYAIOTCH BO BCEX KHH-
rax, KacawlMXCcs MOHCKOB H NoGhMuU 301072 ,— Oyap 10 pomansr JT.H.Mamu-
Ha-Cubupsika, pacckassel Ihkexa JIOHIOHA MM OBECTH HAILMX COBpeMeHHU-

KOB.
Tem campiM YKE CTUXMHHO ONpENIENACTCA BO3MOXHAA BEJIMYMHA 30J10-

THH — OT MeCYMHOK 10 mibb. Ho B KakKux MMEHHO Npefienax MEHAKWICA pas3-
MEPpBI M Macca OT/IENIbHBIX BBIJENIEHHH CAMOPOIIHOTO 3010Ta?

CeepfeHusi 0 caMOPOKAX-TUTAHTAX XPAaHATCA He TONBKO B JIOJICKON Ma-
MATH, HO M B Hay4YHOH nuTeparype. [paB/a, He Bceryia mo JasHUM OMUCAHUAM
MOXHO yCTaHOBHTb, HIIET JIM PeYb O KOJNOCCalIbHOM LieJIbHOM ~30m0THHe” (6e3
KaBpMEK HEBO3MOXHO OTHECTH 3TO CNIOBO K MAacce B [ECATKHM M HaXKe COTHH
KHJIOTPAMMOB) HIH O HECKONBKUX COIMKEHHBIX, HO He CPOCIUMXCH MEXIY
CODOH BBIJIETIEHHAX CAMOPOJHOTO 30J10Ta, IEMEHTUDPYIOMMX YKITBHbBIE MHHe-
pa’bl, yalje BCero — Kaaplil.

Tak, cambiM GONBUMM CKOMIEHHEM CAMOPOEHOTO 30/I0TA CYMTAETCH
HaWpenHad B Ascrpamvu “Tlinra Xonrepmama”. OHa mpepcraBisna coGoii
KPYMHbiH OGTIOMOK KBapleBOH kHIIbl, IOCTUTAIOLMI B AymHy 6onee 140 cm
H TOMuuHOH B 10 cM u Gonee. Bea 31a KkaMeHHast TUIMTa NIPOHU3AHA TECHO
CPOCILIMMMHCA H NPHUMBIKAIIMMU APYT K OPYIY YacTULAMU CaMOPOJIHOTO 30-
nora. Macca nnuthl npessiwana 280 Kr, a 3aK/OYEHHOrO B Hell 30710Ta —
90 kr.

Cxomnienvisi caMOPONIKOB MM JIEFKO pacnafaioLikecs Ha OTebHbIE Kyc-
KH CaMOpPOJIKH [100bIBaNIUCh U3 “KyCTOB” B 30I0TOHOCHBIX xunax. “Kycrpr”
OBBIYHO pacrionaraiuch CPaBHUTENBHO HEMNYGOKO OT 3eMHOI MOBEPXHOCTH.
JUmiHa ¥X M3MepAnach NEpBHIMA [ECATKAMH METPOB, 4 OBLIAA MAcca H3BJe—
UCHHBIX CaMOpPOJIKOB [OCTHMrajia JIECATKOB KWIOrpaMmoB. Benmumna orpe-
JIBHBIX  CaMOPOJIKOB H3MEHsANIach MPH 3TOM OT rpaMMoB A0 KHIIOTPAMMOB.

B nopasnsiomem GonbUMHCTBE cnyyaes CaMOpPOJIKH MPENICTaBNANT CO-
Goit cnuTHOe 0Gpa3oBaHue, CBOSro pona FHTAHTCKYI0 ~’30JI0THHY . Paszmepst
MX KONeOMIOTCA OT HECKONBKHX MHLUIMMETPOB MO JIECATKOB CAaHTHMETPOB
(puc. 1,2).

Jo HacTosero BpeMeHU CyIIECTBYIOT pa3fiHuHble MHEHHA O TOM, ¢ Ka-
KOH e COGCTBEHHO BeNIMYMHBI YaCTHLA 3071074 MOJIYYaeT MOYEeTHOe NpaBo
Ha3pIBATHCH CaMOPOIKOM?

Ha npaktike ycrtaHaBiMBaercs cBOA rpaHMu@ [UIf KaXI0ro 3010TOHOC-
HOTO paioHa. Tam, roe caMOpPOAKH MacCOH COTHM FPAMMOB M KUIIOIPaMMBbI
MPEAICTABIIAIOT OObIYHOE ABNIEHHE, CaMOPOHOK, BecaumH 50—100 rpammos,
Ha30BYT MEJIKUM, & [ABaJlIATHIPAMMOBBIH, CKOpee BCEro, — MPocTo 305507H-
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Puc. 1. CaMOpOAOK M3 POCCHINH. Veen. 0,25

Puc. 2. CaMopook KOMKOBHmHON dop-
Mbl (M3 pocchinM) . YBen. 3

uoit. Ho B MecTax NMpeMMyIIeCTBEHHOrO pacnpocTpaHerns MENKOro 30101a
[aXe MOMYrpaMMOBYI0 YaCTHLY BE/U4AlOT MpPHITHYHBIM CZMOPOAKOM. Hepa-
pom [0.A . BunubuH OTHOCHII K CAMOPOAKAM “qacTHLBI, PE3KO BBIIE/ISOLIHECH
10 CBOEH KPYMHOCTH M3 OBLIel Macchl MeTanma’” ¥ CYMTall, 410 MHHHMAJIbHAR
Macca caMOPOJIKOB /sl KaXJI0r0 yuacTKa pOCChIi JOMKHA YCTAHABIUBATCA
OTAEJIbHO.

H.B.[leTpoBCKO# Mnpeoxeta KNacCHpruKals caMOPOJIHOTO 30JI0Ta 110
pasmepam ero 4acTHu U ckOIieHui. B 3701 KnacCHPUKALUMU K MeJIKUM OTHC-
CeHbl CAMOPOJIKH MaccOH 5-10 1, cpemHAM — NECATKH IPaMMOB, KpPYIHBIM =
COTHH, BECbMa KPYIHBIM — KHIOTPAMMBI H K TMIAHTCKUM — [IECHTICH KHITO-
rpaMMOB.
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Takum 00pa3oM, MUHMMANIBHAA MACCa 30JI0THIX CAMOPOJIKOB He ABINAET-
CA 4ETKO 3aUKCHPOBAHHOM BeMuuHOM. Cpeliy rMraHICKMX CaMOpOIKOB,
Kpome “Ilnmrer Xonrepmana™, H3BeCTHOCTHIO MOMB3YIOTCA aBCTpanuiCKHe ca-
Mopopku “bnecrammi Bapxnait” (54,2 kr) u “Kenaumwii HesHaxoMei
(70,9 xr ). Bruakue mo Macce k APYIUM aBCTpanmiickum camoponkam “Ka-
Hapen-1” u “Kanagen-2” (50,2 u 40,0 kxr) HadimeHs! B mociemgHue rombl B
Bpasumau. Takoro xe nopspgka 6bU1 ¥ cambii KPYIHBIH H3 CaMOPOIKOB,
Hal[IEHHBIX B Halllek cTpane Ha Kbxxom Ypane, — “Bonsuioit Tpeyronphuk”’
(36.0 kr) .. Turantckue camopoky u3sectHsl B CIUA 1 Kanage.

3HauuTeNbHaA YacTh KPYMHBIX CKOIUIEHHI CAMOPOIHOIO 30710Ta He COX-
paHunacs. OHM NepenyiaBlieHbl, a MHOT[A 30JI0TONOGBITYMKH eI caMo-
PoKM Ha yacTH. COXpaHWIOCh MpefiaHMe, YTO caMbli GONMBLIOHK caMopo-
AOK, HaW[IeHHbIH B MpOUUIOM Bexe Ha JIeHcKMX mpmyckax, craparenu pas-
Py6um npu nenexe Tornopom. OTrensHble 0BNOMKH H3BECTHBIX CAMOPOJIKOB,
HarnpuMep, “Maoro TeienruHCKOro”, HAXOAATCH B Pa3fTMYHBIX K OMJIEKLHASX.
Hespenum “Bonbiinoi TpeyronsHuk”, a takxe PAJL THFAHTCKUX U KPYIHBIX
CaMOpOIKOB, NeMOHcTpupoBaBumXca B OpyxedHow nanmate Kpemna (cm.
puc. 1).

Yem kpymHee caMOPOZIKH, TeM pexke OHM BCTPeYarTcs B npupope. Mox-
HO Iymath, YTO BEPOATHOCTh HAXOJOK THTaHTCKUX CaMOPOIKOB BechbMa He-
BeJIMKa.

Ho Bene 1 300100 necok™ oyeHb HEOIHOPONIEH 110 pasmMepam.

Korpa npu reonoruyecknx pa6orax Gepyr npo6br pIXJIBIX MeCYaHO-TTIH-
HHCTBIX NMOpOJ, 3aJIeTalolMX Ha IUIOTHBRIX KOPEHHBIX NMOPOaxX B 30JI0TOHOC-
HbIX paiOHaxX, BCTPEYaloT 30JI0TUHKH PA3NTHYHON BEJIHYMHBL

A eciii 30JI0TO B IUTHXE H KyCOYKAX MOPOJ He OGHApY KeHO [ake C Io-
MOLUBI0 OMHOKYNAPHOr0 MMKPOCKONA, 3HAYMT JIM 3TO, YTO OHO AeHCTBUTETh-
HO otcyTcrByer? CyluecTBYeT Lenblil psfl aHAIMTHIECKHX CNOCO60B, OGHApPY-
XHUBAKIIKX 30710TO, HEBHAUMOE TIJ1Ia30M, — aTOMHO-a06COPOLUOHHDBIH, HEHT-
POHHO-aK THBALlHOHHBIH, MPOGUpPHEIA... U BOT OKa3biBaeTcs, 4TO MOPOM 30710-
THHOK HE BH[IIHO, a B OTHENbHBIX MHHEpaliaX, BXOOAIMX B COCTAB LIIMXA,
Yalle BCEro B MHPHTE, CONEP)KaHMA 30J10Ta BBICOKHE.

To xe camoe ciryuaeTcs 1 NpPH U3yYeHHH K OPEHHBIX MOPOL, — KBapUeBbiX
KWJL, YEPHBIX YITIUCTHIX CJIAHIIEB, PacCeYEHHbIX KBAPU-THPUTOBBIMH MIPOXMII-
KaMH U JIpYyTHX, 4acTO HeCylMX 30/10TOe OpY/AcHEHHE.

Kycku noponer npo6sr, nonyyas »IPOTOTIOYeYHY 10’ NIPOBY, ¥ M3BNEKAIOT
M3 Hee TAXENBIH KOHUEHTPAT ¢ 30/10TOM. B aKcneMiioHHbIX MONEBBIX YCI10-
BHAX 3Ta MNpoleSypa CBOAUTCHA K TOH )Ke OTMBIBKe IIMXa ¥ M3YUeHHIO C JIy-
mo# ( a eci BO3MOXHO — C NOMOLILI0 GUHOKYNAPAa ) OT/IeNBHbIX 00Opa3uos
(urrydos ) nopopsi.

B panbreiiliem n3BneueHHe MENKOTro 30710Ta M3 IUTMXA MITH KOHIEHTPATA,
TOJTy4YeHHOrO M3 TOHKOpPAa3NpOGJIEHHOH MOPOMbI, MOXeT NMpPOM3BOIUTHCA 1ie-
JIBIM PAZIOM TEXHOJNIOTHYECKHX MPHEMOB. ITHM yiKe 3aHHMAIOTCS He TreOJIOrH,
a CMEIMANMCTBI 10 OOOTaIeHHIO Py B TEXHOJIOTHH H3BJICYeHUA H3 HIX TOJTe-
3HBIX KOMIIOHEHTOB.

A MHHEpAJIOrM HM3YYaloT C MOMOLLKIO CHEMaTBHOTO PYIHOro MUKPOCKO-
N2 B OTPAXEHHOM CBETE HENPO3payHble OTMONMPOBAHHBIE KYCOYKH NOPOMBI —
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anupiudsl. OKa3pIBACTCH, YTO HAPSAY € BECbMA MENKHMH 30JIOTHHKAMH, KO-
TOpBIE €llle MOXHO PasiIMiATh IPH Gompunex (10001500 pa3) yBeimyeHusXx,
yacTO TPUCYTCTBYET M HeBHAMMOE 307107T0. Ero ynaercs, Hanpumep, obHapy-
>KUTH NyT€M TPaJHUMOHHOrO NpOOMPHOro aHajiM3a, KOrja ’nycras’’ Ha BHI
MOpopA NeperviaBiiseTcsa, H COAepXaIeecs B Heil 30710T0 ODpa3yeT MaJjleHb-
KMl [IaPUK — KOpOJIeK. 3010TO [OpOH M3BJIEKAETCA M3 JIMIIEHHBIX BCAKHX
MUKPOCKONAYECKHX BKIIIOYEHHH KBapla, MIHEpIa, COCTOSALIETO M3 [IBYOKH-
CH KpeMHHsi, H CyJb(hHIOB, MPHPOJIHBIX CEPHHCIBIX COeMHeHHH ¢ MeTaljia-
Mu. 3HAUMT JIM 3TO, YTO HEBHAMMOE 30JI0TO TOXeE HMeeT CaMOpOLIHY 10 dhopmy
U NpeJCTABJIEHO 30IOTHHKAMH?

Beas KpoOMe CaMOpPOJHOrO 30J10Ta M3BECTHO Gonee 20 mMMHepaloB, B
COCTaB KOTOPBIX OHO BXOIMT. TONEKO COefMHEHHs er0 C TeliypoM UrpaKwT 3a-
METHYIO POJIb KaK MCTOYHMK [0DBIMH 30710Ta B HEKOTOPBIX MeCTOPOXKIEHHSAX.
ITM MMHepIHI JIETKO OTJMYMTH OT CAMOPOHOrO 301072, HO KOT'Aa peub HeT
0 NMPaKTHYECKH HEBHMMBIX YaCTHLAX, TpebyIorCsa OueHb TOHKHME MCCIIe/IoBa-
HHs1, YTOOBI HE IONYCTHTH OLLM OKH.

Borpoc 0 (opMe HaxOxKIeH!s ~ HEBHAMMOro™ 30JI0Ta A0Nr0e Bpemsl oc-
TaBAJICA MPEAMETOM nuckyccui. OH MMeeT He IIPOCTO MO3HABATE IbHOE 3Hate-
HHMe, He TONBKO [aeT BO3MOXHOCTh Goiee TOYHO IPe/CTABHTD ceGe mpouecc
G opMHPOBaHHs 30TIOTOPYIHBIX MecTOpOXIeHHH. BriacHerHe OPMBI HaX 0XK-
[IeHUA 30JI0Ta HEMOCPEeICTBEHHO CBA3AHO H C pa3paBoTIKOH TEXHOJIOTHYECKHX
TpOLECCOB NOJTyYeHHs 3TOro 3IeMeHTa U3 Py

B knaccudMxauui BbIIeNeHHH 30JI0Ta N0 pasmMepam K BUIHMOMY 30110~
1y oTHOCAT YacTHus! 0,1 MM M KpynHee, a foiee MeJIKHe CYHTalTCHA TOHKOIH-
criepcHbIMH. B 310# rpynne YacTHUbl pasMEpoM 0,5-100 MKM Ha3BIB:#IOT MHK-
POCKOIMUECKHMH, MEHES 0,5 MKM — CyOMHKpOCKOIHYECKHMH. Tocnepxue,
B CBOW OuYepedb, PasfeifalT Ha YJIBTPaTOHKOIHMCIEPCHBIC (0,1-0,5 MxMm)

1 xomnouaHoaucepcubre (mexee 0,1 MKM) BbiJIeJIeHH.

Jloniroe Bpems NPOMOIDKAJICA CIOP MEXY CTOPOHHMKAMM THMIIOTE3bI O
TOM, UTO YJIBTPATOHKOMMCIIEPCHOE 30JI0TO BXOHMT B KPHCTAMUECKYIO
CTPYKTYpY HOPYIHX MHHEepajiOB (B.H. Boituexoscku#i, W.M.KopoByuKu,
B.A.Hapcees, M.M.CrapoBa H 1ip.) , ¥ TeMH, KTO YTBEpP)K[1aJl, YTO 3TH HEBH-
[IMMKM B OCHOBHOM CBOEi Macce ABJIAITCA 307I0OTHHKAMA — cy 6MHKPOCKOTIH-
JeCKUMH BhUIeTICHHAMH camopopHoro 3osora (A.M.I'aBpuios, H.B.Ilerpos-
ckas uap.).Cuop pemaics B Ipolecce H3y4eHHs 30JI0TBIX PY/L, copiepa-
LUX HEBHIMMOE 30JI0TO, ¢ NMOMOLIBI0 KOMILIEKCa HOBEHIMX METOMIOB HCCIIe-
[IOBAHMS BEIECTBA — PEHTTeHOCTPYKTYPHOIrO aHaM3a, PeHTTeHOCIIEKTPalb-
HOTO, PacTPOBOM 3JIEKTPOHHON MHKPOCKOIHH, I12paMarHUTHOrO pe30HaHCca,
HeATPOHHO-AKTHBAIIMOHHOrO ¥ pAfa ApYyTHX. Hexoropbie BONPOCHI NBITAIHCD
BBIACHHTH IyTeM IOCTAHOBKH 3KCrepuMeHTOB. K cojaneHHo, OUTH BCe ITH
MeTOJIbI [ABATM NPHBEPXEHLAM PasJIMuHBIX TOUSK 3PEHHMA TOJIBKO KOCBEH-
Hple, [AIEKO He OJHO3HAYHBle NOMTBEPXIEHHA HX nipepcrasienui. Hau-
Gonee onpeelieHHbIe Pe3yJIbTarhl ObUTH MOYyUeHb! IIPH 3Jie KTPOHHO-MHKPOC-
K OIMMYECKHX HCCIIeIOBAHMAX ¢ NPHMeHeHHeM MHKpObpaKuyy U u3dupare-
nbHOTO pactBopenwsi. A.M.I'aBpuiioBy C cO2BTOpam# yAaiioch yCTaHOBHTb
NpUCYTCTBHE B CyNbQHIAX yNLTPATOHKOMLMCIIEPCHBIX H K OJUIOHTHONHUCIIEPC-
HpiX ( [IO COTHIX JIOTieli MHKPOMeTpa) 30JIOTHHOK. PaccmatpuBas CyjibQHIbI
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C BBICOKMMH CONEPXaHUAMH HEBHIMMOIO 30jI0Ta NP yBeJMUeHHsX Ooree
em B 1100 pas, TONbKO B HEKOTOPBIX KpPHCTa/UIaX yHanoch 3aMeTHTh OT-
JENbHbIE BKIIIYEHHsI CAMOPOJHOIO 30510Ta. PasMepsi HX — HECKOJIBKO MH-
KpPOMETpOB (TBICAYHBIX JIONIEH MuwuiHMerpa). Kpucramist cynpdunoB Ghum
PacKOJIOThl, Ha TMOBEPXHOCTH CKONOB ¢ NMOMOLbI0 MHKPO3OHOMPOBAHHA HC-
CliefioBaTellH BBIABHIN CKOIUIEHHs 30JI0THHOK, BeJIHYHMHA KOTOPHIX BapbHPO-
Bana OT COTHIX /IO [eCATHIX /10J7lel MMKpomeTpa. Bonee menkue 30/I0THHKH
BCTPEYaJIMCh JI0CTaTOUHO penko. Yrobbl He ponyctHIb ounibiu,npoBepsilH,
HET JIH B CKOIUIEHHAX CYOMHMKPOCKONHYECKHX 30JIOTHHOK CYpbMbI H TeIlIy-
pa, Haubonee uacto obpasywmMX ¢ 30JI0TOM NpUponHbie coeauHenus. Ho
KpoMme 305i0Ta M cepebpa, NMpHCYIMX BBIJIEJIEHMAM CaMOPOOHOIC 30JI0Ta,
HHYero He obnapyxumu A.M. I'aBpuioBy yHanoch TakXe MOKa3arb, YTO H C
TEOPETHUYECKUX IO3MIMH BO3MOXXHOCTh BXOXIEHHMA aTOMOB 30JI10T2 B KPHC-
TANMYECKYI0 CTPYKTYpY cynbdHoB >enesa (MMpura) H Mblubsaka (ap-
CEHONMPKTA) , LIHPOKO PacipOCTPaHEHHBIX B 30JIOTBIX PYJiaX H HEPEO
KOHIEHTPUPY IOLLHX HEBUUMOE 30]10TO, KpalHe Mala.

[To-BumiMoMy, nipefiennoM oOpa3OBaHHMsA MeJIBYAHMIIEX 30JIOTHHOK CIIy-
XHUT MOMEHT MX Tepexona B CaMOPOJHOE COCTOAHHE M3 KOJIJIOMIHOTrO,Mpo-
MEXYTOYHOTO COCTOAHHA MeXOY MOJIeKYJAPHOIMUCNEePCHBIMH (MCTHHHBIMM)
pacrBopaMH ¥ rpybopmcriepcHbiMi B3BecAMH. HM3BecTHO, YTO HeKOTOpBIE
MeTalUIMueCKHe CIUIaBbl IpefcTaBiAlT coOOH TakWe TOHKOLMCIEpCHBIE,
nepexonHble K ONHOPOJIHBIM cHCTeMam oOOpa3OBaHH#A, COJiepXKailMe YacTH-
1bI KOJUIOUIHBIX Pa3sMepoB.

Pazmepam 30110THHOK He HanpacHO YJenfeTcs CTONBKO BHUMaHusA. Jleno
B TOM, 4YTO OMNpeJiefieHHbie pasMepbi 0DYCIOBIMBAKNT He TONBKO TEXHOJIO-
THI0 HX M3B/IeYeHns. BeJluuHa 307I0TMHOK OTipefiensieT X MHOTHe [ApyTrHe ux
OCOBEHHOCTH, HallpUMep, XapaKTep PasBHTHA HeKOTOPHIX (HHIHUECKUX U XH-
MHYECKHX NPOUECCOB, H3MEHAIIWMX 30JI0THHKH YKe NocHe X 06pasoBaHu.
Tak, cyGMUKpOCKONHUYECKOE 30/10TO IO CPaBHEHUIO C KPYNHEIMH 30JI0THHKa-
MH pacTBOps€TCA ropasfo 3HepruuHee, Gnaropjaps 3HauMTeNnsHO Gonpluei,
€CITH COOTHOCHTb 2€ C BE/IMYMHON 30JI0THHOK, NMJIOWA/iH CONPHKOCHOBEHHSA C
XHMHYECKH arpecCHBHOM Cpefioi.

Taxum 0Bpazom, cpenu 301I0THHOK €CTh HEBHIMMKH, KapiHKH, THTAHTHI
H BeCh Nepexo[HbIH P OT OJHUX K JAPYTHM. -

Kakue e IpHUMHBL CNIOCOBCTBYIOT BO3HHKHOBEHHIO CaMOPOJIKOB WJTH
MeNnpuanumx 4YacTul 3ono0ta? Uro xacaercs MOCIieJHHX, TO OYEBMIHO, OHH He
MME/TH BPEMCHH K BO3MOXHOCTH CKOJILKO-HUOYIb BBIPACTH HIIH YKDPYHUTLCA
TIpH TOCTIeIY IIKMX NpHpOHbIX 1ipoueccax. B.H.Copoxun npennonaraer, yro
OHHM MOTJIM BO3HHKATH NPH Pa3pyLieHHH CEPHO-MBILLAKOBBIX KOMIIEKCHBIX
COCIMHEHHH 30710Ta B PY/IOHOCHEIX PACTBOpax. 30710TO MPH 3TOM, BepOATHO,
BBIIA[IANIO B KOJ/UIOMAHOW (hOpMe HA MOBEPXHOCTH PACTYLHX KPHCTAIUIOB MH-
PHTA ¥ 2pCEHONMMPHTA K 3aXBaThIBAJIOCH WMK. BriocnesicTByu OHO nepepachpe-
AENANIOCH BHYTPH KPHCTAIUIOB CYNb(GUIOB B pesynbrate mubdysmu u coenu-
HANOCh B MeJbYaHIIHE KpHCTAJUIHKH. HeBHAMMOEe 307I0TO MO0 TaKie
BRINAnaTh U3 MOPCKOH BOJIbI, T7le OHO BCETHA NPUCYTCTBYET B PacTBOpPeHHOM
COCTORHUH, TIpH 0Opa3oBaHny CynbPHIOB B yyacTKaX cepoBOIOPOIHOro 3apa-
KeHus. Jpyrve uccneoBareny CYBTAIOT, YTO GBICTPOE BhIIENeHHe 30/10Ta U3
10



MPOCTBIX 307I0TO-CEPHUCTHIX U 30JI0TO-MbILIbAKOBACTBIX COeIMHEeHHH, KOTO-
peie JIETKO pACMajaioTcs, MPOHCXOMMT NPH KPHCTAIU3ALMH cynbduaoB.
CornacHo MociefiHel runorese, U3 pacTBOPOB CIOXHOrO COCTaBa, COMepXa-
HHX TEJUIYp, ceileH, BHCMYT, CypbMy H HPYTHE 3JIEMEHTBI, crocoGCTBY IOLIHE
[OSIBJICHMI0 YCTOMYMBBIX NOJMMEPHEIX COEJMHEHHH, 30J10TO BBUIAMACT ME/-
jieHHO. [TPOMCXOIUT IOCTENEHHbIH NOC/IOHHBIH POCT 30JI0THHOK; HX Pa3MEepBI
yBEJTHYHBAIOTCA.

A BOT KaKoO# BeJMYMHBI MOTYT JOCTHYb 30JI0THHKH, 3aBHCHT OT LENOoro
papa TpuuMH. BaxHoe oBCTOATENBCTBO — KOJMYECTBO 3071013, KOTOPOE
TPAHCIIOPTHPYIT 30JIOTOPY/IHbIE PacTBOPbl K MECTy HX pasrpy3KH. Oxka-
3BIBAIOT BIMAHKE (hH3NKO-XMMHUECKHE YCIIOBUA B pouecce 06pa3oBaHus pyn
M poOCTa 30JI0THHOK — CKOPOCTH M3MEHEHHS TEMMNepaTyphl, ABJICHHA, cocTa-
Ba PAcTBOPOB, KOHUEHTpallud B HHX 30JI0Ta. Or 3TOro 3aBMCHI CKOpPOCTb
NpoleccoB MHHepanoobpa3oBaHus, BKII0Yas OTIIOXEHHE CAMOPOJIHOro 30410-
Ta, UX JUTHTENIBHOCTH, Macca 3071074, KOTOPas MOrJia BRIIEIHTLCA M3 pacTBO-

pOB.
Bonburylo pONb HMrpaeT IPHCYTCTBHE MHUHEpAIOB, CHOCODBCTBYIOLHX

OCAXIEHHIO 30JI0T4, M BBICOKAsA CTeNeHb pasjpobIeHHOCTH B PYIHBIX TEJIax
M HE PAJIOB, BKITIOUAIOIMX 30J10T0, OCODEHHO KBapua H cynbhHAOB.

HakoHell, 30JIOTHHKH MOryT yBeJIWYMBAThCHA H yYMEHBIIATHCA B pasMepax
yke MOCJie CBOEro BO3HMKHOBEHMsl B pe3yJibTare NeperpyniipoBKH B MpoO-
liecce MPOROIkAILErocst GopMUpOBaHUA PYH (BHYTPHPYIHbIE npeobpaso-
panMs) WIH NOCTe 3aBeplieHus pymooGpasopanus  (NMOCTPY[HbIE H3MEHE-
HHA) .

HabnoneHns Ha MHOTMX MECTOPOXKISHHMSX IMOKa3aJiM, YT0 BeCbma KpyTl-
HOe 30710TO M CaMOPOJIKH BCTPEYAIOTCS B YYacTKax, rae coueraercs paj Ona-
rONpUATHBIX NPU3HAKOB — XPYNKHE aedopMalyy KBapl@ H pyrHx MuHepa-
JIOB, MPOABJIEHHUs BHYTPHPYHOTO BRIIENAUMBAHHA M NePEOTNOXCHHA MUHE-
pPaTbHOTO BEUeCTBA, HAIWYME MHHEPasoOB-OCaJMTENIeH 30JI0Ta H JIerKo 3ame-
1114 MbIX MHHEPAJIOB, MECTO KOTOPBIX MOTYT 3aHATH 30JI0THHKH.

Munepanor, MPUCTYNAIMIKA K HCCIeIOBAHNI0 caMOPOJTHOTO 30110Ta, BCE-
rga HAaYMHAEET ¢ OonpefeNeHds BeJTHIHHBI 30JI0THHOK.

B panpHe#ileM Bce NMPH3HAKH, XapaKTepH3ylole 30JI0THHKH, yCTaHaB-
TMBAIOTCA ¥ OIMMCHIBAKOTCA OTAEBHO [T KaXIOTO Kiiacca KpynHocTy. Ms1 He
6ymeM CTPOro TIPHIEPXKUBATLCA ITOTO NpaBuid, 4Tobbl H3bex@ATh BO3MOX-
HBIX HOBTOPEHMH, HO TIPH CIeNHAIbHOM H3yUYeHHH CaMOpPOIHOIO 307101 3TO
1ipaBuiIo coBIIONaeTCA HEYyKOCHHUTEIIBHO.

MHOT OJIMKUE U TOXOXHE

Ionyuus npeacraBiieHyre O pasMepax 30JIOTHHOK, €CTECTBEHHO INOHHTEpecoBa-
ThCst MX popmon. EciM XOTAT KaK MOXHO TOUHEe 0OXapaKTepH30BaTh dbopmsr
BBIFIENIeHUH CAMOPOJIHOTO 307I0Ta B PyJie, ee HpOBAT MOCTeNeHHO, YTobbl He

PACIUTIOUIMTE 30TI0THHKH, He pa30HTh HX HA KYCOUYKH, MOTEPABILIME ECTECTBEH-
HeIH 06K, Hepeko 3051070, 3aKII0YCHHOE B OTHOCHTENBHO JIErKO Kpouia-
i¥ecs MHUHepallbl, GBICTPO BHICBOBOXKIACTCA W3 HUX. Ho uxHorpa ¢popmy 30710-

THHOK TpPYOHO pasitMyunTh, TaK KpenkKo OHY CpOCHMCh ¢ ApYyruMH MHHEpaJia-
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Puc. 3. 3onoTuHKH KOMKOBHIHOM W IJlac-
TuHuaTof ¢dopm. Yeen. 10

Puc. 4. Pasnuunbie ¢opMbBI BHIOENEHHH
camMopopHoro 3onora. Yeei. 20

Puc. 5. CoveraHue 30JIOTHHOK CIOXHOM
LeMeHTalUMOHHON syencToR KOHOUTYpa-
UMH M NpocTOH NpOXHIKOBOH (OpMBI.
¥sen. 20

MH. 30510TO MOXET, HAMPUMEp, LiEMeH-
THPOBaTh, BbIJENAACH 10 CETH TPELLH-
HOK, KBapl, CylbQHIbl, KapOOHaTBI,
COCTaBNAA C HUMH eMHbIe KYCOUKH
XWibl. B oraensHeIX clyyasx, yToOpi
YBHOETh Bce feTany GOpMbI 30/I0TH-
HOK, NNOCTOPOHHHE MHHepaJibl PacTBO-
PAKIOT B KHCIIOTaX.

Bpocus nepBbiii B3IIAQ Ha 30710-
THHKH, BbI,B 3aBHCMMOCTH OT TOIO,
YTO npejAcTaHer Nepeq BaMH, BbIpasu-
T€ CBOE€ BIcyarNieHHe OfIHOH M3 ¢pa3s:

— Jla onu Bce opuHakopsie! ITpoc-
TO HEPOBHBIE INIACTHHKH M YITIOBaThie
KOMOYKH .

— Kaxwue xe pasneie — kaxercs,
HEeT HH OHOH MOXOXKeH!

— 3pech npeobnagawT OJMHAKO-
Bble 30JIOTHHKH, HO CpefH HHMX He-
Doneliasi yacre OTIHYaeTcs cBoOe-
0OpasHpIMH GOpMaMH.

— Moxno pasnuuure gBa Buga
YacTHI[ — ¢ DoJjiee NpOCTHIMU OYepTa-
HHAMHU M CO CJIOXKHBIMHM, HAIIOMHHAK-
LUMMH BETOYKH, CKpPYUYEHHBbIE IPOBO-
JIOYKH, CKHIIETPBI, 3Be3/HI . . .

Kak yxe yrnoMuzanocs, 30510THH-
KH pa3yiMYHOM KPYIHOCTH MOTYT cy-
LIECTBEHHO pasiuyaThcs U No dopme
(puc. 3 —5).

ITouemy taxk MHOrooGpasum op-
MBI BBIJIEJIEHHH CAMOPOJHOrO 30510Ta
H KaK NPUBECTH HX B CHCTEMy, pas-
AeNMTh Ha psAf TMOXOXHMX rpyrm?

OpHa M3 caMeix BaXKHBIX M [0
KOHIIA HepellleHHbIX NMpoGriem obpa3zo-
BaHHA 30JI0THIX PYA — HCTOUHMKH
METamia B TeX pacrBopax, U3 KOTO-
PBIX OTJIAralTCA 30N0THHKH.



Puc. 6. JleHIpUT 30J10Ta; OT LICHTPATBHON OCH MO ONHHAKOBBIM YIJIOM OTXOIAT YIUIH-
HeHHBIe KPUCTAJUIHYecKHe BhICTyIbL. YBen. 20

Puc. 7. [leHAPMTOMA 307I0TA; CIIOXKHO H3IOTHYThle KPHCTAIUIHUECKHE BBICTYIBI pacriono-
>KCHBI 110 OfiHY CTOpOHY ocH. YBen. 20

ITO CHOXHBIH BOMPOC, 3aCITy>KMBAIOIMH CELHAIBHOTO pacCMOTPEHHA,
eMy yrKe TIOCBAILEHb! MHOTHE paBOTBI M HET OCHOBaHMH CYMTATS, YTO PELUCHHE
ero coBceM 6nu3Ko. [lo3TOMYy OCTaBHM B CTODOHE HECOMHEHHO yBJICKATellb-
Hy10, HO TOYTH HEH3BECTHYH Ha4ajibHyi0 MOpY (POPMHPOBAHHA MECTOPONIE:
HUH ¥ cpa3y nepenzieM KO BpeMEHH NOABJIEHHA 30JI0THHOK.

HauGonee yacto caMopoHoe 3071070 00pasyercs IMyTéM KpHCTa/UTH3aIHH
U3 pYOOHOCHBIX pacTBOPOB, COMEPXKALKMX XHMHUYCCKHE COeIMHEeHHs 30JI0Ta.
OHM yCTOHYMBBI NpH ONpEHeNieHHBIX (U3HKO-XMMHUYECKHX YCIIOBHIX (naB-
JIEHUH, TeMIIepaType, KOHUEHTPALMK BOOPOJIHBIX HOHOB, OKHCIIHTEIbHO-BOC-
CTAHOBMTENPHOM IOTEHIMANE M T.N.) M pacnajaircs MpH UX H3IMEHEHHH, Na-
Bas HAayasio 3apOXIEHWIO M POCTY 30JI0THHOK. B 0piHOH 0BCTaHOBKE BO3HHK-
HOBEHHe 30JTI0TMHOK MOXET IPOMCXO[MTh OIHOBpEeMeHHO ¢ oOpasoBaHHeM
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WO

Puc. 8. OxpyrneHHble KpHCTAaNIs! 3o0510Ta. ¥YBen. 20

Puc. 9. YanuHenHsle NpoBonoyHEle ¥ NANIOYKOBHIHEIE KPHCTAIUTEI 30510Ta. YBen. 20
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[pYTHX MHHEDAJIOB, BKIIIOYAIOIIHX B cebs Mo Mepe pocTa MUK POCKOIHYECKHE
ACTHIbL 30710TA, B APYTHMX CTyuasX HUUTO HE MelaeT 30JI0THHKaM cBOGOAHO
pacTH B HE3aNOIHEHHBIX NOTIOCTAX, HMEIOLMXCH BHYTPH SKHIL. Hepenxo camo-
pPOJIHOE 30JIOTO 3aMeIliaeT Ipyrue MMHEpanbl, KOTOpbIe MOCTENEeHHO pacTBO-
pAIOTCA, YCTYINask MeCTO 307I0TY. B sTHX clyuasX BO3HMKAKT MpaBuibHbie 30-
NOTHHKH — KPHCTA/UIBI, MX CPOCTKH, JEHAPHTHI W NEHAPHTOHMbI (pHC. 6, 7,
Ha3BaHHbIe TAK MO CXOMCTBY ¢ BerBsiuMMucA fnepeBbAMH. IIpu 3ameineHHH
[pyTHMX MHHEpAJIOB, a TaK)Xe MpH 06pa3oBaHHH CaMOPOHOTO 301012 B pe3y-
jpTaTe pacnajga MpHPOJHBIX TBEpAbIX PAacTBOPOB, HanpHMep, TEIUIypHAOB
30/10Ta, — KPUCTAIIBI M X CPOCTKH OBGBIVHO MOJIYYaI0TCA IUIOXO OrpaHEHHbI-
MM, C BRIIYKJIBIMH IDaHAMH H CITIXeHHbIMHM pebpamH (JIMHHAMH Mepeceye--
HHsi TpaHed) M BepuiuMHamu (TOYKAMHM mNepeceucHus peGep). ITO mpuyaer
KPUCTAJUIAM OKpyriieHHbie (GOpMbI, ONHM3KHe K INapOBHIOHBIM H KarljleBH/-
ueiM (puc. 8). lNoaBnArwTcs ¥ yruoweHHble WM pe3KO BBITAHYTHIE, HAIO-
My HalOLIMEe IUTACTMHKYM M IPOBONOYKM Kpuctamiel (puc. 9). 30/10THHKY Ta-
KHX ¥e (opM BO3HHKAWT, €C/IH CAMOPOJHOE 30JI0TO Iocne obpasoBaHusl K-

NbITbIBAET NepeKpUcTa/UIN3anuo. B panpHediieM Mbl YBHOMM, YTO 3TO —
0DObIUHOE SABIIEHHE.

W, HAKOHEll, Ype3BHIYAHHO XapaKTepHO [if Mpolecca pocTa BBI[IETICHHH
caMOpOJIHOTO 30JI0Ta 3aMOjIHEHHe WM BCEBO3MOXHBIX TPEUIMH (npocrou
KOHDHIYPALMA MITH CIIOXKHO TNEePeceKaloumxcs), UeMeHTAHA pasapobieH-
HBIX MMHEpPaJioB B PYIHBIX TellaX H OTJIOXEeHHEe MeX/1y 3epHamMu ApYruX MUHC-
panoB (B MHTEPCTHLHMAX), BCEBO3MOXHBIX MMyCTOTKAX BbILIEIAYHBAHHA. 310
MPUMBONMT K NOSBJIEHHI0 30JIOTHHOK HWHOTO THNAa — HENpPaBHIIBHBIX. Cpenu
HMX, B COOTBETCTBMH C YCJIOBHAMM 06pa3soBaHus, pasiMyaT TPELIMHHBIE HITH
NPOXWJIKOBBIE, LIEMEHTALHOHHbIE M HHTEPCTHUHAIbHbIE BUIDI BpigeneHnd. K
TpelIMHHBIM (pOpMaM 30JIOTHHOK OTHOCAT pa3jIHYHOrO popa MpOXKHIIKH,
MICHKH, YeHIYHKH — pa306ileHHbie WM 00pasywume HellpaBUITbHbIE CETKH
i 6rM3KHe K MapajuieNibHbIM CHCTEMbI NPOXMIKOB (cm. puc. 1, 3) . lemen-
TalMOHHBIE (POPMBI MpeCTaBJieHbl KOMKOBHAHBIMM HacTHLAMM, HEPEIKO
crierka ynsoleHHsIMH. Berpeuarorcsi KOMKOBHHBIE 30TIOTHHKH C IUTOTHBIM
AIPOM ¥ MHOTOYMCIIEHHBIMH CJIOXHBIMH OTPOCTKAMH, MONYUHBIIME HA3BAHHE
nayxooBpa3nsix. K 310My e BHAY BbIIENCHHH NPHHAIUICHKAT HE IUIOTHDIE,
a ryBuaThie, sUEMCTHIE, neTenbuareie 300THHKK ( puc. 10) . MaTepemiimans-
Hble (OpMbI OTIPENIENANTCH KOHQHUIypauHen 3anoiiHAEeMbIX CaMOPOIHBIM
30710TOM TPOMEXYTKOB MEXJ1y MUHEpanamMu, — 3T0 H H30THYThIe TIPOXKHIIKH,
[JIEHKH, KOMOYKH ¢ OTPOCTKAMHU, KIIMHOBH/IHbIE YaCTHIIbI, ¥ X pasHoobpas-
HBIE CPOCTKH.

Kak Bcerpa B npupopje, HMEKTCA W MEpexonHbie (OpMbI, BhUIETICHHBIE
B CaMOCTOATETbHBIA THIT cMelIaHHbIX ¢opMm. JInA HHX XapaKTepHO NPHCYTCT-
BHE HEMOJIHBIX KPHUCTAIUIOB — OTrPaHEHHBIX YYAaCTKOB HA MPOXMJIKOBBHIX H
KOMKOBHHBIX 30JI0THHKAX, CPacTaHMi KPHUCTaNiiOB, APeBOBHOHBIX OTBETB-
NIEHMH ¢ HEMpPaBHMIIBHBIMH YacTHUAMM, NPUCYTCTBHE BBICTYIIOB M OTPOCTKOB
Ha NpaBHIBHBIX popmax (puc. 11).

CMelaHHbie 30JI0THHKM BO3HMKAI0T B HEOIHOPOIHOM cpene. Eciu ofuH
YUACTOK Bbiie/leHHs OT/IArajics B TpellMHe, 3aKaHYMBalOLIeHCH MYCTOTKOH,
B Hell mMoOr o0Opa3oBaThcd KPHCTA/UIMYECKHM OTPAaHEHHBIH  BHICTYI,
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Puc. 10. 3onormska ry6uaro#t dopmer.
¥sen. 20

Puc. 11. 3onoTuHkH cmewanHo# mopdo-
JIOTHH ¢ coYeTaHHeM KpHMCTaJUTHUECKHX
TpaHe# 1 HempaBUWIILHBIX opm. Yeen. 20

BEHYAKLIMH 30JI0TOH NpOXMIIOK. BhiBaer, 4To TpelMHKa, BMECTHBIIAsA 30J10-
THHKY, C OJHOH CTOPOHBI OrpaHWYeHa MHHEPAJIOM, HE PAacTBOPSIOLIHMCH M
He YCTYNaBILMM MECTO 30JI0TY IPH MPOCaYHBAaHUM 30I0TOHOCHBIX PACTBOPOB,
a BTOpasg CTEHKa TPELMHbI CIIOXEHA JIerkKo BhillieIauiBacMbIM BElLIeCTBOM.
Monexyna 3a monexynoi oHO Gy/ieT BBIHOCHTBCA PACTBOPOM, a 30JIOTO
TaKe MocTeneHHo Oyner 3aWuMarh ero Mecrto, npuHUMas Bojlee MM MeHee
npaBunbHbie (Qopmel. IlpoTuBononoxwuas cTOopoHa 30NOTHHKHM MacCHBHO
MOBTOPUT HEPOBHOCTH YCTOHUHBOM MOBEPXHOCTH TPELIMHKH.

Takas obuaa knaccupuxauus Gopm 30JI0THHOK MO3BOJIAET HE TONBKO
BbIIEJTHTh OCHOBHBIE MX THIIBI M BHJIbI, HO H NONYYHTH NIEPBOE NpEHCcTaBIIeHHe
00 ycnoBusix 06pa3oBaHHsA, a MMEHHO O XapakTepe Cpelbl, B KOTOPOH OHM
BBIPOCIIM. ITO MEPBBIH IIar K MOHWMAHMIO ITPOMCXOXKIEHUS YaCTHIL, CaMOPO-
HOrO 30J10Ta.

Mopdororis 3010THHOK CTOMT TOro, 4TOGbI BrNAMETHCA B HUX MpHC-
TaNibHee. Bpsn yM Halietca mpyro# mMMHepal, o6namaroiimii TAKHM MHOFO-
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oGpasueM GOpM H TAKHM HX BEJHKOJIETTHEM. Ho peno He B 3CTETHYECKOM HX
BOCHPUATHH, @ B TOM, 4TO ¢dopma MoOMOXer CyAuTh O Cpefie, B KOTOpOH poc-
M 30JIOTHHKH.

M3yueHue TOHKOAMCIIEPCHOTO 307I0Ta, MPOBENICHHOE B nocjiefiHee AeCATH-
feTHe, YCTAHOBHMJIO, YTO MeJibuailiiie 30JIOTHHKH MPefCTABIICHEL H30MeTpHY-
HBpIMM MITH 1260 yUTHHeHHBIMH KpHCTaJJIaMH.

KpynHsle NpaBuiibHbIE KPHCTAIIEL HabniogalnTcsl pefKo; ualie MOXHO
BCTPETHTh KPHCTAIITbI YIJIOLIE HHBIE, 1A%E nnacTuHyaroro obnyka. Hanporus,
cpenM MEJIKHX 30JIOTHHOK KOJIHYeCTBO KPUCTAJIJIOB 3HAUYMTEJIbHO, XOTA Ipa-
BUJIBHO OrpaHeHHbie KPHCTasljibl B BonbliieH YacTH MECTOPOXKIeHHH Pa3BHUTHI
OrpaHHYeHHO.

Bee BeliecTsa, B TOM UMC/e M MHHepanbi, CriocoGHble K OOpa30BaHHIO
KPHUCTAJUIOB, NPHHUMAIOT HE nio6bie HOPMBI, a TOJIHKO MPHCYLIHe ONpesielieH-
HOH KpPUCTAJLIOrpaduuecKOi CHCTEME. 9to 00yciioBneno NMOPAIKOM pacro-
JOXeHHS B KPHCTAUIHYECKOH pelieTike OT[E/IbHBIX 2TOMOB. Camopopsoe 30-
JI0TO KPHCTANIM3YeTCs B KyGHYeCKO# CHCTEME, OTHOCHILEHCH K BhICILIEH Ka-
reropun cummerpuy. HauGosiee yacTo y KpHCTa/IIOB CaMOpOLHOTO 3011012 OT-
MeualoTCci TpPaHM OKTa3/ipa — BOCBMHMIPaHHHKA ¢ TpaHAMH B dpopme
MpaBWIBHOIO TpeyroJibHUKa, pomboponexasypa — JBeHAMIaTHIPaHHUKA C
pOMOMUECKUMH TpaHAMH, Kyba.3HauMTEIbHO pexe NpefCTaBlIcHbl TpaHH 6o-
jlee CJIOXHBIX MHOrorpaniukoB. CoueTaHve CHMMETPUYHO PaCIIONIOXEHHBIX
rpaHeil TIPUBOOMT K BO3SHHKHOBEHHMI0 PasHOOGPa3HbIX MO BHELUHEMY BHILY
K pucTaIoB. [IpaBuiIbHBIE K PUCTAIUILL TPEACTABICHE! BBUTYKIBIMH MHOIOIpa-
HHKaMM. BIIaronpusTHeIe UIA MX pOCTa yC/IOBHMsA B MPHPOJE BOSHHKAIT HE
yacto. [103T0My 3HAUMTENBHOE YHCIO KPHUCTALUIOB HMEET HCKAXEHHBIC dop-
Mpl. [IpH pe3ko# pasHMlie CKOpOCTEeH pOCTa K pHCTallila N0 pasHbIM Hallpasie-
HUAM, UTO MO>ET GBITh, HANPHMep, CBA3AHO C [IPUTOKOM 30JI0TOHOCHBIX pac
TBOPOB TONBKO C OJIHO# CTOpPOHbI, 0Opa3yloTCa He CIUIOLUHbIe MHOrOr paHH
KM, a CKeJleTHble KPUCTAJUTBl — MOJIbie, C yriIyOJeHUAMH, 3BE34aThIC, JTydnc
ThiE, ceTuathie (pHc.12).

Ha BeplMHax KpHCTa/JIOB MOXHO BHJIETb IIpH3HAKH HX paciueruIeHHOro
pocTa, MpUBONsAWIEro K 06pa3oBanHMo pAad KPHCTAUIHIECICHX BBICTYIIOB —
KaK GpI JONOJIHUTEBHBIX ~TONOBOK .

O65MK KpHCTAIIOB TaKXe YCIIOXKHACTCA, eCJIi OHH NpeaCcTaBIAKIT coboi
[IBOMHMKOBBIE CPOCTKH, HMeIONe OfiHY 0OILyI0 rpakHb. Ux ouepraHms B IUIa-
He omnpemenAwTcd (OpPMOH CpOCTKa, MO3TOMY KOHGUrypauust [BOHHUKOB
MOJYKeT GbiTh BHEIIHE cOBepIIeHHO HECBOHCTBEHHOH CHMMETPHH CAMOPOJIHOTO
sonora. Tak pan ucciepoBaresiel OTMEYallH LIeCTHYTONBHBIC OUCPTAHHA yKO-
POUEHHBIX HBORHHKOBBIX CPOCTKOB M NMATHYTOJIbHBIE — CKENeTHBIX KPHCTall-
JIOB.

Ouenp XapakTepHbl 1A pAOA MeCTOPOXKIEHHH yJIHHEHHbIe KPHCTalljlbl X
UX BOKMHKOBBIE CPOCTKH B BHJE MrOJIOYEK, BOJIOCKOB, JIEHTOUCK, TPOBONIO-
4eK, BBITSHYTBHIX TIO OJIHO# U3 rpaHed (CM.pHC. 9 ). Ha npoBOnouHpix KpHC
Tajnax pacfioNaraloTcs MHOT[A HAa PAasHBIX PACCTOAHMAX APYr OT Apyra HITH
[IONApHO MO ONPEeNIeHHBIM YITIOM K OCH NPOBOJIOYKH KPHCTAUIHYECKHE Ha-
POCTBI, HEOGbIYANHO HANOMMHAKIIME MOYKH Ha IPEBECHBIX BETBAX (pHC. 13).
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Puc. 13. Jlenppur 30nora. ¥Ysen. 20

B HEKOTOpBIX cilyyasix NpPOBOJIOVHBIE BBIEJICHHUS PAa3BeTBIISIOTCH, H OTIE/E
Hpie BETOYKH 3aKAHYMBAKTCA CKENIETHBIMH IMOJBIMH MOJNIOBHHKAMY KpHCTa-
JIJIOB, MONOBHO MaJleHbKHMM 30/10TeIM KaHpensbpam. [IpoBonounsie u nanoy-
KOBH/IHbI€ KPHCTAJUIBI C OKPYIJIEHHBIMH YTONILEHUAMY Ha KOHIIE IOX0XH Ha
ckunerpol. Eciiv e oxpyrinpie 06pazsoBaHHa BO3HMKAKT Ha 0BOMX KOHIAX
YONHHEHHOr0 KpHCTaJIiia, 30JI0TUHKA MMeeT BMII raHTeleH.

Ilpu cpactanum mpyr ¢ Hpyrom K pucTanisi 06pas3yioT 30JI0THHKH pasnuy-
HOH ¢opmbl. EciM KpHcTamiel BRIXONAT KaK Obi M3 O[HOTO LIEHTpa, BO3HM-
KawT [py3bl, IPH OTCYTCTBHH TAKOTO LEHTPa — CIOXHBIE IPY30BH/IHbIE Kap-
Kxacel. HanM3anHbie BIONS ONHOM OCH, paclioiOXKeHHBIE B OMHON HITH HeCK O b-
KHX IUIOCKOCTAX KPHMCTAITBI, MPEeNCTaBNsalT co00H HACTOALIME 30/10ThIe KO-

TIOCKH. YBeHuaHHbI Gonee KpPYNHBIM KPHCTAIOM KOJNOCOK IPHHUMAET
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Puc. 14. IeHOpHTOMOB! W CPOCTKH KPHCTA/UIOB 30JI0Ta NPOBONIOKOBHAHOR W JICHTOBHA-
noit ¢popm. ¥Yeen. 20

dopmy K3sHOTO ckunerpa. Kpucramnpl, Kak OBl NMocaXkeHHbIE Ha EOUHYI0
och (YeTKOBHMIHBIE CPOCTKM); KONBUAd C OKPYINbIMH KpPHCTAUTHYECKHMH
BBICTYTIaMHM; NPOBOJIOKOBHAHBIE M JIEHTOBHUIHBIE CPOCTKH KPHCTA/UIOB, Ha
NOBEPXHOCTH KOTOPBIX TOHKMMH BBICTYNAMM HJIH KaHAaBKaMH HAMEHAKOTCA
rpaHMIbl KPHCTAJUIOB; CIYTaHHO-BOJIOKHUCThIE CKOIUIEHMA BOJIOCOBHIHBIX
KPHCTA/JIOB — BOT JalieKO He TONHbIH nepeteHb GOpM, BOSHMKAIOLIMX TTPH
CpacTaHuM KPHCTAUIOB CAMOPOHOTO 30/10Ta ((pHC. 14—-17).

OcoGeHHO NpHYyNjIMBbIE (OPMBI HMEIOT [IEH/IPHTBI H peHapuroMel. Enw
HOTO MHEHHA O TOM, YTO M3 ceOs NpeJiCTaBAIT AEHIPHTHI, HE cyuiecTBYer.
[penronaraiot, Yr0 3T0 GonblIeH YacTbio ¢urypb1 POCTa, COCTORILINE M3 OT/IE-
NbHBIX, CPOCLIMXCA JAPYT ¢ ApPYroM, KpHCTAJIIOB. U3zyueHre MX BHYTPEHHEro
CTpOEeHUsA NOKa3biBaeT, YTO OBBIYHO KaXK[bIH OEHIOPHT — 3TO eJIMHbIH KpHC-
Tasul, YacTo ¢ NMPU3HAKAMM HE CTUIOLIHOTO, @ CKeNIeTHOro pocia. Jnsa penpw
TOB XapaKTepHO 3aKOHOMEpHOe pacrooXeHHe OTAEJIBHBIX 3JIEMEHTOB —
K PUCTAINIONOAOBOHBIX BBICTYIIOB.

K jieHIpHTOMIaM OTHOCAT 30JIOTHHKH € HEOTYETIIHBO ITPOSIBIICHHBIM pas-
BeTBITeHMeM, CTBOJIOBBIE” EHTpaJIbHbIe CTEP)KHH MOTYT OTCYTCTBOBATD, BET
BM MHOT)Ia CPacTalTca Apyr ¢ APYTroM.

PasnooGpasue ¢opm MEHIPHTOB M [IEHIPHUTOHIOB CaMOPOLHOIO 3051072
HACTONBKO BenuKo, yto H.B.IleTpoBcKas, aBTOp CHCTeMaTHKH (HOpM BhIjENe:
HHIM CAMOPOJHOIO 30J10Ta, NPEeIoXNWiad CrelHaIbHY10 KnaccuduKamIo JieH -
PMTOB.
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Puc. 15. CpocTky KpHCTawios 3onota. Yeen. 20

OBiuwe hopMer 3010THHOK GBIBAIOT IPeBOBMIHBIE, KYCTOBH/IHBIE, MOXO-
BHIHBIE Y TPEXMEPHBIX BhIJIeJIeHUH; BeTOUKOBHIHBIE, JTHCTOBUIIHBIE, NIATIOPO-
THHKOBHM[IHbIE, €NbYaThle, 3BEe3[uarhle, pelleTyaThle, IUIETeHbie, JIANYaTie M
Gapenbedupie y MIOCKMX 307I0THHOK; MPOBOJIOYHBIE C OyTOHYaTHIMH BBIC-
TyTiaMH, CKHTIETpOBHIIHbIE U LUETIKOBHAHBIE (COCTOAIIME U3 I1apaslyieIbHO Cpo-
CLIMXCA CTBOJIOB C 32pOABILLIEBBIMH BETBAMH) y CTEDXKHEBBIX JEHOPHTOB M

LEH{PHTOHIOB.
Tonsxo nepeuncnenve Hassauuit poxkmaer B BOODOpaXKkeHHH CKa30UHBIE

30NOTEIE IANOPOTHHKH ¥ BETBM NIEPEBBEB, CTUIETEHHA NIEHT M Y30 PHBIE JIUCTHA.
A peanbHple 30JI0THHKH 0GHapyKHBAKT BCE HOBBIE COYETAHUSA Y30pOB, Haro-
MUHAIOIIME TO BOJIOTOCKHE KpYXeBa, TO KIJIELIHM MOPCKMX YY[OBMII, TO
¢haHTacTHYECKHE CTEONM U LBETHL.
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Puc. 16. CpocTks KpHCTa/UIOB 30M10Ta. YBen. 20



Puc. 17. CpocToK cCKeNeTHBIX KpHCTAUIOB 305i0Ta. YBen. 20

K xHure aBropa ynoMsiHyTOH CHCTEMaTHKH MBI OTCHUIAEM Te€X, KTO XO-
4eT mnoppobHee y3HaTh O Gopmax 30JI0OTHHOK M NMO3HAKOMMTHCH C PAIOM
MX YHMKaJIbHbIX (pOTOTrpaduii ¥ 3apHCOBOK.

Kpome ¢opMbI 301I0THMHOK, CYLLECTBYET ellle TaKOe MOHATHE, KAK CKYIlb-
NTypa UX [NOBEPXHOCTH. JTO HEPOBHOCTM, BO3HMKAMIUME IpH POCTE Yac-
tvil. Hapacras cnoit 32 ciioem, IOBEPXHOCTb KPHCTA/UIOB W HeNpPaBWIBHBIX
BBIJIEJIEHHH NpuHOOperaer cTyneHyathid penbed (CKynsnTypy) WIM TOHKYIO
JIMHEHHYI0 IUTPMXOBKY, YAPALIENIBHYI) IEpeceYeHMsiM PpasiiHuHBIX IpaHeil.
Crynenu umeloT pasnuuyHylo BBICOTY — OT /IOJied MMKPOMETpA, pasnHYHMBbIX
TONBKO ¢ MOMOLIBIO 3NIEKTPOHHOTO MMKPOCKONA, 10 IPpyOBIX, BHIMMBIX NPOC-
TBIM IJIa30M YCTyIIOB.

Ha 3onore ocratorca Taxike oTneyaTku OTHENbHBIX paHel KpHCTaJUIoB
KBapla, cyibGuiaoB, KapboHaTOB, pexe — [OPYIHX MHHEpPAIOB-COCENeit;
HelpaBWIbHbIE AMYAaThie MOBEPXHOCTH TPELIMH, CIOXEHHBIX pa3NHYHBIMH
MHHepalaMy; TPEUIMHOK CHAaWHOCTH — HAaNpaBJieHHH, MO KOTOpPHIM packa-
JIpIBAKTCA W paccnavBalTCAd MHOTHE MMHEPATIbl H& KYCOYKHM ¢ IJIafiKo#
HNOBEPXHOCTHIO.

PacTBOpBI, UMpKYNMpYIOIIKe B PY[aX M NOCIIe OTJIOXNEHHs CaAMOPOHOrO
3071073, O6pa3yior ¢urypbl TpaBjieHMA — YriIyOneHHs B BHIe MHMKPOCKO-
MHYeCKUX NMHPaMMIOK, LIECTHYTIOJIBHLIX HECKOJIBKO OKPYIJIEHHBIX YTJy6ne-
HUH, YCTYIIOB.

PaccMaTpuBasi NOBEPXHOCTh 30JIOTHHOK C NMOMOMIBIO 3/IEKTPOHHOTO MHK-
pPOCKONa NpH YBETHYEHHAX B HECKOJNBKO THICAY pa3, MOXHO BHJEThL Gonee
TOHKHe — CcyOMHMKpOckOnMYeckMe — CKYJIBNTYpbl. OHM TaK)xe NOMOralwT
CYHOMTb O MEXaHH3Meé pOCTa 30JIOTHHOK — INyTeM HACTauBaHHA TOHYAMLITHX
m1acToB 30n071a. MiHOra noBepxHocTh HAMOMUHAET OKPYIJIbie MHKPOCKOIH-
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gecicHe XOJIMMKH, pa3sfielleHHbiE H3BWIMCTHIMH pyueiikamu. Taxol penbed
a3biBal0T MOYKOBMIHBIM (OH NEHCTBUTC/IBHO HAMOMUHACT CIPOCHME HOBEPX:
qocTH 10¥eK KHBOTHBEIX) . OOBINHO NOYKOBHIHBIA penbed BO3HHMKaEr HPH
oca)KHEHHHM 30J10Ta HE W3 HCTHHHBIX, 4 M3 KOJUTOMIHBIX PacTBOPOE.

Ho HenpaBWIBHO 6bUTO OBl H2 OCHOBAaHHM BCErO CKa3aHHOI'O 3aKIIIOHHTD,
4TO 30TIOTHHKM BCET/Ja K Be3/1¢ OTJIHYAIOTCA pa3xooBpasrem GOpPMBI U CKYIIb-
rTypbl MOBEPXHOCTH.

BClIOMHMM © TIpeMMYLIECTBEHHO OMHAKOBBIX (POpPMaX IOHKOpMCHEPC
ipix 307I0THHOK. M B pypax c 6oJiee Kpy[HLIM 30JI0TOM €CThb YUYACTKH, Iiie
COYTH BCE €r0 YACTHIbI OX0XKH APYT Ha Apyra — IycTh He KaK GIH3HEllbl, HO
kaK BIM3KHE pOACTBEeHHHKH.

Wtak, BCMAaTpHBasfCb B BapHauMk (OpM H CKYIBUTYP HOBEPXHOCTH
30JJOTMHOK, MOXHO TOYYHTh MpPEJICTaBlIeHHEe O MeXaHM3Me MX pocia, BME-
maroied cpene, MHTEHCMBHOCTH pOCTa MHHEpAId M J1aXe 0 TOM, 410 0Bpa3o-
paHue 30/IOTMHOK B OIHOM M TOM e y4acTKe pyHHOro Tejla NMpOKHCXONHIIO He
OOMH pas. .

Crnenytoine, Gonee rmyGokHe ¥ TOUHbIE, 1U1ACTbI MHPOPMAIMH [1AET H3Y-
JeHHe XUMMYeCKOro cocTaBa u BHYTPEHHEro CTPOeHHs 30/I0THHOK.

HEPA3JIYYHBIE U CJIYUAMHBIE

B kaxo# 6bi CBA3K M KTO Obl HM 3arOBOPHII O 30JI0T€ — CAMOPONHOM HIH B
I0BEJIUPHBIX W3HEITHAX — MOXHO OBITh IIOUTH YBEPEHHBIM, YTO UPO3BYMHT
ci1oBO nipoba’.

[Mpo6a 307M0Ta MOKAa3bIBaeT, CKONBKO 30JI0Ta COAEPXNKHICH B CINIABAX
WM 30JIOTHHKaX.

B camopogHOM 30J10Teé [IPAKTHYECKH MOCTOAHHOH, HEPA3IYUHOH ¢ HUM
[[PHMECh10, YACTO MPUCYTCTBYIOILIEH B 3HAUMTEILHOM KOJHUECIBE, sBIIHETCH
cepebpo. OcTanbHpie NPHMECH — NMOCTOAHHBIE, [IOCTATOYHO OOBIMHBIE, BECH-
Ma peJ/iKMe, — KaK TNpaBWlio, Bce BMecre peaxko npespinuarnt 0,2% obuieH
Macchl 30MI0TUHOK H TOJIBKO B OTAENBHBIX CIyuaAx UX CymMma JocTuraer 1%.

[lpoba 30nota omnpepenAercd K4K OTHOIUCHHE COJIEPXAHUA B clUlase
WIH CAMOPOJIHOM 30J10T€ COBCTBEHHO 30JI0Ta K CYMME COJEpPXAHHH 3011012
U cepebpa A=

- 1000.
(Au + Ag)

B oTmenbHBIX 30M0TOPYAHBIX PpaHOHaX BCTPEYAIOTCA 30MOTMHKM C
BbICOKMMH COHEpXXAHHAMH APYTHX NpHMeced — pryTH (pTyTHOE 30010 U
AManbramel), MegH (MEOHCTOE 30J10T0). B TaKuX Clyyasx BHIUMCIAETCH JIH-
tdTypHas npoba, npepncrasnsAmiaa coOoH OTHOLEHHe 30JI0Ta K CyMMe
BCEX npumeced B HeM, WM K€ KOJIMYECTBO 30J10Ta YKa3biBaercs B
MTpoueHTaXx.

[lpoba 30Ji0Ta M3MeEpseTCA B MpoOMMWINIE (°/00), Ho oBo3HaueHwue e}iu-
HHLBI M3MepeHUsT 0BBIYHO ONYyCKaeTCH.

[Tpo6a xummyecku umcroro 3o050Ta pomkHa paBHaTheA 1000, Ho npakTy-
YECKHM TaKasf cTelleHb OYMCTKM CIUIABOB HE MOCTHIrHYTa H MaKkCHMajbHas 1po-
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Ga coctapnsger 9999 — 999.99. B npupoze TaKie BCTPEYEHO 30JI0TO NPOBLI,
npesbiiuaomei 999.

Ilna ob6o3naueHus Gojiee cepeOpUCTHIX WIEHOB NMPUPOOHOro 3010TO - Ce-
pebpsiHoro psapga ynorpebnAiT HasBaHMA ~INEKTPyM M ~KIOCTEIHT . Bepx-
HAA [PaHMLA KOHUEHTPAUMH 30JI0TA B 3THX pa3’HOBUAHOCTAX PpasJIMYHBIMH
aBTOPaMH NMPOBOMMTCA 110-PA3HOMY .

HaunGonee yacTo K 351eKTpyMy OTHOCAT 30751070 Npobsr 250 — 700, K xioc-
tenuty —250 — 101. Bosnee Hu3kue KOHUeHTpauuy 300712 (100 ¥ MenHee) xa-
pakTepu3yloT Yyxe camopopnHoe cepebpo. Ludpossie obo3naueHHs NpoObl
MOXHO 3aMeHATh OOLIENPHHATHIMH Ha3BaHWsAMM, npemwioxenHsiMH H.B.Iler-
POBCKO#: BecbMa (MCKITIOYMTENIBHO) BbICOKOTPOBHOE 30/10T0 — npoba Bhime
950; BricoxonpobHoe— o 900 pmo 950; cpemdeit mpobei— 800— 899;
OTHOCUTENIBHO HU3KONpo6GHOoe — 700 — 799; HuskompobHoe — 600 — 699;
BeCbMa HH3KOINpoOHOe HiIM BricOKocepebpreroe — Hike 600.

[Ipu npomeIieHHOH mOObME 30J10Ta TIPEOCTABIIsAeT HHTEPEC OONA 3TOro
LIEHHOro 37nemMeHTa B oDlled Macce mojlyyeHHoro Metanna. Ha mnepennaBky |
NOoMajaloT 30JI0TMHKH ¢ BKITIOYEHMAMM ITYCTOM MO PO[bl, IOCTOPOHHUE MHHE- |
paipl, MeXxaHuyecKue npumMecu. B aTMX ciyyasx yCTaHaBIIMBAeTCA NIMIaTypHas |
npoba, no3posiowas OUHeH!Tb NODOBMY, HO MaJiO FOBOPALIAA HCCIIeAOBATENI0
O caMHX 30JIOTHHKaX. A TONbKO CBEHeHHA TAKOIO pOHa BaxcHpl AJiA MOHUMA-
HUA YCIIOBHM OOpa30oBaHMA CaMOPOJIHOTO 30710T2 M, B KOHEYHOM cuere, [IA
MOMCKOB M€CTOPOXIEHHH.

JTO 34cTaBlNigeT IPUMEHATh AHAJIM3bI, OCHOBAHHBIE HE HA CIJIABJIEHHH, pa-
CTBOPEHHM MJIH CHKMIaHMW OONBILOTO YMCNa 307I0THHOK, 2 HA M3YUeHUH OT[le-
JIbHO B3ATOM 30JIOTMHKM MJIM HaXke HUYTOXHOM ee Honu. Tosbko [ onpefe-
JleHusl cpefiHeM MpoO6bl KPYNMHOK 30NI0THHBI WM CaMOPOJKa MOXMHO mpuber-
HYTh K aHAJIMTHYECKHUM MeTOHaM, Tpebyloumm Gonbluyux HaBecOK — Mpobup-
HOMY, CIIEKTPaJIbHOMY , MUK POXMMHYECKOMY.

Kaxpii u3 BUIOB aHa/iM3a, NpefHa3HAYEeHHBIN 1A UCCEOBAHUA OHOMN |
30JIOTHHKH, UMeeT H CBOH IOJIOXKHTeJIbHbIE CTOPOHBI M HEIOCTaTKH. |

[lpocreiiumi, GBICTPBIH M TOYHBIH, HO HE3aCNy)KEHHO 3abbIThIA H3-3a
KaXKyllencss NMPUMHTHBHOCTH clloco6 ompefieneHus npobwl 30710Ta — METOM
npobupHoro xamusA. [IpobGa y3HaeTcs myTeM cpaBHEHMs 1[BeTa YepTOYEK,
NPOBENEHHBIX 30JIOTMHKOH W 3TalloHOM (NMpOOHPHOM WIJIOH), Ha CHelMab-
HOM INpoGHpHOM KamHe. EcinM uBeT JByX YeproyeK-IUTPUXOB pa3JiMyaeTcs
cnabo, Ha [1Be cpaBHHBaeMble MONOCKH HAHOCHTCH MONEepPeYHbId Ma30K KHCIIO-
TOU. bonee HM3KONPOGHEBEI IUTPUX CTAHOBHTCH IPU ITOM TEMHee COCEIHEro,
TaK Kak yem Oolibiile cepebpa, TeM OpicTpee 3aTpaBNMBAETCA CaMOPOJIHOE 30-
JIOTO WITH 30JI0TOM CIUIAB. '

OcranbHble MeTOIBI ONpeesienus npobbl TpebywT ClielMansHOro 0Gopy-
OOBAHHA W MOJrOTOBKM 30N0TMHOK K aHam3y. PaccMorpenue NpHMHUMIIOB
OEeHCTBHMSA anmnapaTypbl, CO3[aHHOM IS UCCIIEOBaHHMsA COCTAaBa BelLECTBA, He
BXOIMT B Haluy 3apavyy. Ho Ha npuMepe u3yyeHUs MpoObI 300Ta MOXHO MO-
HATH, HACKOJIBKO OOLMPEH COBPEMEHHBIM KOMIJIEKC AHAMTHYECKHUX METO-

OJOB H Kd4K H36H])HTEHLHO CIEOYET HX MNPUMEHATH [UIA PCLICHHA KOHKpPET-
HBIX 3aiay.
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AToMHO-a6cOpOLUAOHHBIH METOJI MO3BONACT ONPeleNMTh npoby Menkoi
LONOTUHKH MIH YacTu Gosiee KPYMHOTO BbUIENICHHHA, OnpeneHEIMP IIPOH3BO-
TTCs M3 PACTBOpA, NOITOMY Pe3yNETar MONYYaeTcs yCPEeAHEHHbIM [VIA KaXk-
10t wACTHIbI. METOM Hemb3s MPUMEHATH, KOTAa HyMHO ornpeieNuTh NpoBy
o7/ IbHBIX YY2CTKOB 30JI0THHOK MM NMpoOy 3071073, 3aKIIIYEHHOIO B PyZE.

OrpenerieHye 1pobsl METONOM H3MepeHHA KO3QPHIMEHTOB OTPaXEHHs
01072 TIO3BOJIAET B PAMNE CIIydaeB PEWMTH 3Ty 3apauy. JUis NOnyyeHHs TOY-
HBIX Pe3yJIBTATOB TPeOYIOTCA YUYaCTKH NOIMPOBAHHBIX BbIIeNIeHuit 3071012 6€E3
[e(heKTOB MONMMPOBKH. ITOTO HEJIErKko AOCTHYb B MOMPOBAHHBIX KYCOUIaX
pyns (aHuumpax) u3-3a pa3NMuHOM TBEPAOCTH CITAraloLnX pyay MHHEDAIOB.
30570T0 OGBMHO ObIBa€T OMHMM M3 CaMbIX MATKHX MHHEPAJOB M MIIOXO NOA-
aetTcA nonupoBke. BaXxHoe npeMMyLIecTBO 3T0ro Metofa — MOJIHAA COXPaH-
HOCTH 30JIOTHHOK, TIO/IBEPrHYTHIX MCCIIe JOBAHHIO.

IprMeHeHHeE JIOKaJIbHOrO MHKPOCTIEKTPanbHOro MeTona (nma3zepHbId IMH-
CCHOHHBIA AHATM3) TIO3BOJIAET ONpEENnATh Npoby MENKHX 30JI0THHOK, Haxe
ecJTA OHM  3aKiioueHsl B  aHupmMge MIH B KYcOYKax  pynsl
Ecnmu npoba ycraHaBIMBaercs VIS OTHENIbHBIX YYacTKOB 30JIOTHH, cCOCEl:
HHe OCTalTCA HeHapylieHHBIMH. LleHHO M TO, YTO Hapsaay C OnpefeneHHeM
Mpobbl MOXHO MONYYMTh KayecTBEHHbie JIaHHble O HAIMYMH B 30JI0T€ OpY-
rMX 3JTEMeHTO B-TIpH MeCeH .

PeHTreHO CIeKTpaJibHpli  (MMKPO3OHIOBBIN) MeTO[ aHajiM3a 3070Ta
[IOCTATOYHO TPYHOEMKMH M Hoporocrofumi. Mero no3BonfeT yCTaHOBUTS,
CKOJIBKO copepxurcd cepebpa B MHKPOCKOIMYECKHX MalbIX y4YacTKax
30JI0TMH M M3yuaTh pacipefielienue B Mx npepenax cepeGpa u 3ornora. Ilpu
3TOM HWcCllenioBatens 06s3aH TOYHO 3HATH, YTO XK€ OH M3yyaer, KAKOH 3Je
MeHT CTpOEHHMA CaMOpOAHOro 3ojiora. CiyuyanHeie, MacCOBbIe OINpelereH s
npoObl B pa3sHBIX TOYKAX 30MOTHHOK MOIYT HaTh TONYOK JJIi HEBEpHBIX
YMO3aKITI0YeHUH U He0OOCHOBAHHBIX BBIBOIOB.

Tak kak TBepAOCTb CaMOpPOJHOrO 30JI0Ta 3aBMCHT OT COMAEpPXKaHHA B
HeM cepeOpa, MHOrpa Mis OINpeneneHHs MpOoOBI NMPUMEHAETCS MeTOH M3y
YEHMsI MHK pOTBepJIOCTH 30JI0THHOK.

Onpepensates npo6y 30mora nyremM H3MEpPEHHs €ro MHMKpPOTBEPHOCTH
¥ CpaBHEHMA TONYUEHHBIX 3HAUEHMH C JTAJIOHHBIMH MOXHO TOJIBKO B Te€X
Cllyvasix, Korja He TpeOyercs HOJBbLIOH TOYHOCTH.

3amepus OOHMM M3 HauboNee pALMOHAIBHBIX [JIA NMOCTABIIEHHOH LiEH
crnocoboM mMpoBy 30510Ta, y3HAKT COAEpXKaHHe B 30JIOTHHKaX cepebpa wim
[IPH HAJTHYMM IpYTHX TIpUMEced X CYMMY BMeECTE C cepebpom.

Cepe6Gpo nepasiyyHo ¢ mpupomHeIM 3ormoTom. Hemapom sty npumech
HA3BIBAKOT rraBHOH. U Au m Ag OTHOCATCA K OIHOH M TOH >Ke MOArpyImne
cocemHux mnepuomoB tabmunesr JI.M. MenpeneeBa u obnapaior CXOOHBIMM
XHMHYECKMMH CBOHCTBaMM. PasMepsi aroMoB OOOMX 371eMEHTOB OJIM3KH,
U aTOMBI MOTYT 3aMellaTh ApYr Opyra B KpHCTalUTHYecKoH pellleTke (A
BaTh TBEPJIipIe pACTBOPEI 3aMELLIEHNHA) .

B nmprpone o6HapyxeHbl MEHepasibl ¢ TAKMMMU COOTHOLIEHHAMH 3071072 U
cepebpa, 4to OHM 06pa3yioT HeNMpepPBIBHBIH NPHUPOJIHBIK PAL OT CAMOPOHOTO
Jonora mo camopopHoro cepebpa. ITO He 3HAYMT, YTO B KAXK/IOM MECTOPOX-
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JIEGHHH MOXHO BCTpPeTHTh 30JI0TO JI0OOH nmpoOkbl, HO BO BCEX BMECTE B3ATHI
M3BECTHBIX MECTOPOXICHHAX HaHIEHBbI 30JIOTUHKH U CepeOpPHHKH, BBICTpaKBa-
rouuecs Ge3 nepepbIBOB OT MOYTH XMMHYECKM - WMCTOTO 30710Ta (99,9 % Au)
JI0 TaKoro xe uucroro cepebpa (99,9 % Ag ). Hexoropsle uccienoBarey
CYMTAIOT, YTO 3TO HelpPEepBIBHBIM PAJl TBEPHbIX PACTBOPOB cepebpa B 305I0T€
30110Ta B cepebpe, APYTHE CYMTAKT ero NpepbIBUCTHIM, HUCKPETHBIM.

CyniecrByer npermonoxeHue, YT0 30JI0TMHKM TpeHcTaBnsmior coboi HH
TepMeTaJIMYECKHe COeMiMHeHHs 3050Ta ¢ cepebpom. JedcTBHTENBHO, HaAHBO
JIBIUMM pacIipocTpaHeHHeM MOJTb3yeTCsi CAMOPOIHOE 30JI0TO ¢ COOTHOLUEHHSA
MH Au M Ag GIU3KHMH K TeM, KaKHe [0JDKHBI ObIH Okl OBITH Y Npearonara
eMBIX COeJIMHEHUH 3THX 3neMeHTOB. Tax, HauGoslee yacTo HabmIoaeTcs 30710
10 npobm 650, 790, 850--870, 900—-920, 940-960. [No-BupuMoOMy, B 3aBH-
CHMOCTH OT (PH3MKO-XHMHYECKHMX YCIIOBHI KpHCTAIUIM3AIMH, COCTAB TBEPHO-
ro pacrsopa 3omoro—cepebpo” MOXeT BappHpOBaTh NMPAKTHYECKH Ge3 or-
panuueHui. Ho B mponecce majibHEHIINX U3MEHEHHH 30JI0THHOK, peyb O KOTO
PBIX BIlepe/iM, CTPOEHHE 30JIOTHHOK YIOPANOYUBAETCA M COCTaB NMpUGIIMKaeT-
Cfl K COCTABY COeNMHEHHMH 30510Ta ¢ cepebpom.

CymecrByloT M [Apyrue 37ieMeHTHl, OlM3KHe K 30JI0TY MO0 XHMHYECKHM
cBoicrBaM. OpHaxo oHM 0Opa3zyrT B 30JI0TMHKAX TONBKO BTOPOCTENEHHBIE
IIPUMECH, KaK, HallpUMep, Me[lb, IPHCYTCTBYIOLIAsT B HUX IO CTOAHHO.

B padionax pacnpocrpaHeHHs MeCTOpPOXeHHH Me[M H B CAMHMX 3THX MecC-
TOPOXJIEHUAX B 30JIOTHHKAX YaCTO OTMEYAI0TCH MOBBILLEHHBIE IPHMECH MEJIH,
M3MEHAKILIMECA OT JECATHIX HOJIeH IpOleHTa OO0 HECKONbKMX MpPOLEHTOB.
Berpevaerca w mMemucroe 3onoro (Gonee 20 % Cu), v mHTEepMeTanHyeCKHE
COEJIMHEHHUS MeJIM C 30MI0TOM, 30510Ta ¢ MEMIbI0, @ TAK)KE 30J10Ta, MEM H ce-
pebpa. Ho pepxo, nuuis B OTAENBHBIX MECTOPOXAEHHAX WIM PYIHBIX Tenax
MeJMcTOe 3071070 npeobiiagaer. 310 OOBACHAETCH TEM, YTO MeMb ropasfio
Gonee akTMBHaA, YeM 30710TO ¥ cepebpo. Oxa HamMHOro GBicTpee BhINA/IAET U
PY/IOHOCHBIX pacTBOpPOB, 06pa3ys MHOTOUHCIIEHHBIE MHHE Paibl — COEIMHEHNA
¢ cepoM, MeTaiyiaMH, metamnoupamu. Ha monio mospmee oca)aroierocs
Goree  MHEPTHOrO 30J10Ta TPUXOOMTCA TONBKO HE3HAUMTENbHAA TNPHMEC
MeJId.

B 3omotvHKax ycraHoBneHo npucyrcTBue 1o 40 3JIeMeHTOB-npUMecei.
OueHp yacTO B KayecTBe eMEHTOB-TIpHMecel B 30JIOTUHKaX OOHapy»HBa-
0T pTYTh, XKene30, cBUHel. Pexxe BCTpeuawrcs cypbma, BUCMYT, MBIUBAK,
IHHK, Telnyp, cened. Hamuuue ux oByIoBIeHO cOCTaBOM 30N0THIX pyH.
U Il.JIannes ycTaHOBWI, YTO eC/IM ONpeHeNnsATh COAEpKaHWe NpHMeceH Npep-
JIOXKEHHBIM MM CIIEKTpOrpadHyecK¥M MeTOOM M3 MalleHbKOW HaBeckH, 00-
paboTaB 30JI0THHKH KHCTIOTAMM U1 yIaNeHUs C X TIOBEPXHOCTH APYTUX MH-
HEpaJiOB, TO B 30/I0T€ OKaXYTCA MOBBILUEHHBIE COAEPXKaHHA IEMEHTOB, BXO-
JUALIMX B COCTAB TaK Ha3bIBaeMbIX NPOJIYKTHUBHBIX dccolMaliii. 310 coobuie-
CTBa MHMHEpaJlOB, OTJIATaBIUMXCA M3 30JI0TOHOCHBIX PacTBOpOB INpHu GopmH-
POBaHMM pY/ibl BVIM3KO 10 BpeMEHHU ¢ CAMOPOIHBIM 30JI0TOM.

Jpyrue MeToJibl ONpeneneHys: COCTaBa 3MEeMEHTOB-NPHMECEH B 3070TH-
Hax (CHEKTPaJIbHBIH, MUKpPOXHMHYECKHI, XHMMYECKUH) TpebyloT HABECOK B
JECATKH pa3 BOJpluMX. ITUMH criocobaMM B 30710THHAX BbISBNAETCA 3HAYM-
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refpHOE YHCIIO TIPHMECEH, XapaKTepHbIX LI MHHEpPAJIOB, 06pa3oBaBlLIHXCH
0 ¥ TIOCTIE OTIIOXKEHHA MHHEPATTBHBIX COOBIIECTB, HECYLIHMX 30J10TO.

' Taxasi 3aBHCHMOCTs 0OycnoBiieHa GOpPMOH HAXOXJEHHA B 30JI0THHKAX
conpiueit yacth npumeceii. Iomumo cepeGpa, MMILIL HEKOTOPBIE MEMEHTLI
(memb, PTYTh, IIATHHA) MOTYT BXO[MTb B KPHCTALIHYECKYI0 CTPYKTypY
AMOPOJIHOTO 307I0Ta, 06pasys ¢ HUM TBEpAbie pacTBOPBI 3aMELICHHA. Oc-
a7ipHBIE EMEHTHIIPUMECH CBA32HBI C MEXaHHYECKHMH BIIIIOUEHHAMU APY-
riX MHHEpAJIOB.

970 NOJTBEPKIAETCH PEHTTEHOCIEKTPAIIbHBIMA HCCIeN0BaHHAMHU. Bbl-
coxue KOHIEHTpauMM NpHMeced B 30JI0THHKAX OTMEYAITCHA oOpryHO B OT-
[erbHBIX TOUKAX, TIe OJIHOBPEMEHHO NMPHCYTCTBYIOT ApYTHE 3NeMEHTHI (ce-
na. wuciopom). Ilpu yBenuueHHsX, NO3BONAIMIMX BHIETH MeJlbyanILe
yacTHIBI, HAGIONATCH TPAHHMIBI CAMOCTOATENBHBIX (ha3 MHHEpA/IOB, 3aK-
T1oueHHBIX B 30JIOTHHKH.

EcrecTBeHHO, yeM Boibliie HaBecka, TeémM 6Onblile BEPOATHOCTH TOIO, YTO
RO B3ATOM Ha aHAJIM3 30JI0T€ OKAXYTCH MEXaHHyeCKue NpUMecH MHHepaloB,
cnararUuMX pyAHOE TEJIO.

JI/1si 30JTOTHHOK M3 MeCTOPOXKIIEHWH KaK OT/Ie/IbHBIX 30JI0TOPY/AHBIX paH-
OHOB, TAK M OOIIMpHBIX IUIOIIANeH, THITHYHBI PHMECH ON0Ba, MonubeHa,
ponppaMa, XpoMa, Mapraiua, TUTaHa, IVTATHHOUJIOB, xobanbra, HUKeNsA. ITH
npyvimecH TMONYYWIH Ha3BaHHE PErHOHAJIBHO THITMYHBIX. OHH OTpPaXKaAKT re0XH-
MHUECKYH0 OBCTAHOBKY TEPPUTOPHMH M BXOAAT B COCTAB pasyIMYHBIX MHHepa-
0B, BKPAIUTEHHBIX B 30JIOTHHKH B BHJIE€ MENBYAHIIMX BKIJTIOYEHHH ., YyacTue
WX B cOCTAaBe pyJ Yallle Bcero ciiyvaiHoe. 310 0OBIYHO COCEICTBO B OHOM M
TOM JKe MeCTe MMHepasioB, 06pa30BaBLUMXCA B pa3HOE BpEMs, B PasiiHiHbIX
Yy CJIOBHAX.

Taxum o6pazom, OFHM U3 MpUMeECeH B 30JI0THHKAX MOCTOAHHBI H COCTOAT
¢ HUMH B TECHOM pOJICTBE, ApYyrHe BCTPeyaloTCH YacTO M CBS3aHBI C CAMOpPOJ-
HBIM 30JI0TOM MeHee GIIM3KMMH, HO pOACTBEHHBIMM OTHOLLIEHMSAMM, W, HAKO-
HEll, TpeThbH MOABIIAIOTCA KAK CIyYaHHble rOCTH.

Pacripepenetye r1aBHOM MpUMECH B 30I0THHKaX — cepebpa — BO MHOrOM
OllperiensieT MX BHyTpeHHee crpoenue. K rnaBHBIM ero 0coGeHHOCTAM MBI H
Obparumcs.

3EPHO — HAYAJIO U OCHOBA

Hauano »H3HH 30NIOTMHKH — BO3HMKHOBEHHE LIEHTpa KpHCTAUIM3allMH,
MalleHpKOTO 3apopbilua Oynymero uHauBupa. OH MOXET BblpacTi B
KPHCTAIIN, [eHOPHT WM CTaTh HEMPaBMIIbHBIM BhifieneHreM. HeCckonbKo 1eHT-
POB KpucTalyM3auyH, BO3HUKIIMX NMOONU30CTH, AT Havalo pAfy WHIWBH-
/1oB. Paspacrasick, OHM MOTYT CONMPHKOCHYTBCA LOpPYT C IpYroM u o6pa3oBath
Arperar, uMewILMH oOLIYI0 NOBEepXHOCTh, HO pa3[eJIeHHBIH BHYTPEHHUMH
'PaHHLIAMH Ha NpuJleTaiolpe Opyr K apyry 3epHa (puc. 18).

3apopiiiv 3epeH CaMOpPOJIHOTO 30/10T2 BO3HMKAIT B PYIOHOCHBIX pacT-
“0pax W B TBepHBIX MMHepalax 30j10Ta (Halpumep, TeJUTypUJIax), W Iaxe B
CAMMX 307I0TMHKAaX BHYTPH YK€ CyLIecTBYIOILUHX 3epeH — NpH IepeKpHCcTa-
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Puc. 18. 3epHucroe BHyTpcHHee CTpOeHHE Puc. 19. JIsoiHMKM B 3epHaX 30NOTa.
jonoTHHKH. [To mepudepuu 3epeH U HX [MonupoBaHHei cpe3,  NMpPOTpaBlIeHHBINH
rpaHuuaM paspura Kahima, obeHeHHad uapckoft Bonko#t. ¥Ysen. 130

cepebpom (Genoe) . lNomiposanHsl#t cpes,

NMPOTPAaBJICHHBIH PpAacTBOPOM XPOMOBOI'O

aHTMApHIZ B CONSHOM KHCHOTE. YBe.

200

nu3anuK. 300OTMHKKM MOIJIM pactTi ¥ B MarMaTHYeCcKHMX paciulaBax,
Hanpumep, np¥ GOPMHPOBaHHM MeIHO-HUKEJIEBBIX MecTopoxaeHui. Cyiect-
BYIOT [PEANOJIOKEHHUSA, YTO KPUCTATH3ALMA 30JI0Ta B HEKOTOPHIX MECTOPOX-
IOEeHUAX TPOMCXOOUT M3 razoobpasHoro cocrosnua. Ho naubonee yacro nmpu-
XOIMTCA HabGTIogaTh pe3ynbTaT pocTa 30JI0THHKY M3 pacreopa. [Ipu 3toM neHr-
PBI KPUCTAIUTH3a1HH O6bIYHO NOABNAIMCH HA CTEHKAX TPEeLWH B PY/IHBIX TeNax,
CJIOXKEHHBIX KBaplem M ApYruMH MHHeparnamu. UHIMBHOBI POCIH B OJHOM
HalpaBJIEHUH TIEPNEHIUKYIAPHO TUIOCKOCTH CTeHKHM, 06pa3zyst OfHOPAIHBIH

CpOCTOK 3epeH. B Gonee nmMpoKHX TpelMHKaX 3epHa poC/iIH OT 0GeuX CTEHOK
K LEHTPY H, CMbIKasACh, 00pa30BLIBAJITH IBYXPAIHOE BhifieNICHHE.

B GnaronpusaTHBIX YCIIOBHMAX, KOI/a HEHTPOB KPHCTAIIH3AIMK GbUIO Ma-
NI0 U pocllieMy MHOMBHAY He MeLIal¥ HH 3€pHa-CoceH, HU BMeIlalolue MH-
Hepalnbl, BO3HMKAJIM KpHCTaUIbl. B 0cobbIX YCIIOBHMAX pocTa, O KOTOPBIX
MBI YITOMMHAJIH, BO3HHMKAJIU CKeJleTHpIe KpUCTAIIbI, NOABNAIIMCH JIEHPHUTHL
ITH 30JIOTMHKH; KaK M KPHMCTA/UIBI, HE PACYIeHAIOTCA Ha 3€pHa W He MMeEIoT
MEX3EpPHOBBIX FpaHHlLl, HCKII0Yasd CJIy4yau cpacTaHuA [ApYT ¢ APYIOM [OEHTpPH-
TOB, CKeJIeTOB, KPHCTaJUIOB.

Ecnu nBa mHOoMBMzIa CpacTaloTcsi 3aK OHOMEpHO, HANIpKMep, O TPaHM OK-
Tasfpa, T0 obpasyercsa BOMHMK. IInockocTs cpacTanus BHIHA BHYTPH 3epHa
WJTH KpUCTanna B BUAE [ABOMHUKOBOIO I1IBa — JIMHEHHOM rpanulibl. JIBoHHu-
KOBaHHE CBA3bIBAKT C BHYTPEHHMMHM HAlpPAKEeHHUAMM KPHCTaIJIMYeCKOH pe-
LIETKH MHHepana, BbI3BAHHBIMH HanuuyueM npumeceid. Ho MoxxHo mymats, yro
ABOHHHKH TOABIIAIOTCA M B pe3ynbTaTte MeXaHWYecKuX aeopmaumii. I1o no-
ATBEPXKPAETCA Pa3BUTHEM [IBOHHMKOB Y 30JI0THHOK, NPaKTHYECKH JIMILIEHHBIX
npumeced 1 Gonee Yem Ha 99% cocrosmmx U3 3onora. Kpome toro, mmpokoe
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pacrpOCTpaHeHHe [IBOWHUKOB Y TOHKHX, JIErKO CMUHAKIIUXCH, POBOJIOYHBIX,
BOJIOCOBMAHBIX M JIEHTOBHIHBIX 30JIOTHH TaKkxe yGexxmaer B BO3MOXXHOCTH
06pa30BaHUsl [BOHHHKOB y KPHCTANIOB, e OpMUpYIOLMXCH elle B IpoLec-
ce pocT a.

JIsisi 30MOTHHOK THUIIMYHBI HE TOJIBKO NMpOCThbIE NBOMHHKH, COCTOSLIME H3
qByX TOTIOBMHOK (Cy6uHpuBuuoB). Yacto cpacraworcs TpH CyOMHIMBHAA,
[ipHueM CPe[IHHMIA Ha Cpe3e Npe/ICTaBJieH NONIOCKOH pas/IMiHOH TONILIMHBI y pas-
HpIX 30JIOTHHOK. BeTpeuaroTcs M moNMCHHTETHYECKHE OBOMHHKH, 06pa3syouimre
qepeOBaHKE HECKONIBKHX MONOCOK Ha cpese ( puc. 19).

Ilna Toro, 4robpl HAGMIOOATH 3TH MPOCTEHILME 3JJIEMEHTHI BHYTPEHHEro
cTpoeHHs (BHYTpeHHeH CTPYKTYpBI) 30JIOTMHOK, HX ClieflyeT OTpeJieNIeHHbIM
o6pa30M NOArOTOBHUTE.

BHyTpeHHSIAA CTPYKTypa BhIABJIAETCA C MOMOLUBI0 TPABJIeHHsA NONHPOBaH-
HBIX CPE30B 30JIOTHHOK XMMHYeCKMMM peakTHBamu. Heobxoaumeiw npernapar
nonyualoT OByMs criocoGamu. PacmunmBaioT KyCOYEK pYIbl, COMepKaulk#
J0JI0THHKH, WIHGYIOT, a 3aTeM MOJNMPYIOT MOBepPXHOCTh pacnuna. Tak momy-
yaroT aHIWTG. 30JI0OTHHKH B HEM MOTYT ObITh BHIMMBIMM IPOCTHIM IJIa30M

WiH TipK HeGOJNBLLIOM yBeJIMYeHHH, 2 MOTYT pPasjIM4aThCs TOJIBKO C MOMOLIBIO
MHKPOCKOIIA.

Bropoi#i cnoco6 3akinwyaerca B IMPUIrOTOBJIEHHH MOHTHPOBAaHHBIX aHIL-
nudoB (OpuxeroB). Ins 3TOro W3BNeYeHHbIe M3 PY/bl 30JIOTHHKH 3armpec-
COBBIBAKTCA B LIEMEHTUPYIOLIYI0 MAaccCy, Yame BCEro — B 3MOKCHOHYI CMO-
1y, 3aTeM OpHMKeTsl LIHQYIOT ¥ MONHUPYIOT.

3o50THHKHM B aHuumMdax U GpHkerax NMpOTpaBINBawT peakTuBamu. Ca-
Mble PacrpOCTpaHeHHbIE PEaKTHBBI — Pa3JIMYHOM KOHILEHTpPalWK LapcKas BO-
J1IKd, pacTBOpP XPOMOBOI'O aHTHAPHIA B COJIAHOHM KHCJIOTEe W a30THas KHCIIOTa
wik ee napel. Ilapckas BoaKa HaunmyyiuMM oOpa30oM BBISBIISAET 3€pHHCTOE
CTPOEHHE M pa3iiMyHble BBHICOKONMPOOHbIe ' MPOXWIKH H 0bonouky. PactBop
XPOMOBOTO  aHTMApPUAA TIO3BOJNAET NMPOCIEOUTh 30HAIBHOE PacCIONOXeHHE
IIpHMeCH cepebpa.

HaGnopenusa npoBOOAT ¢ MOMOIIBI0 PYAHOr0O MUKPOCKOIA, XapaKTepH-
3YIOLLEroCcsi TeéM, UTO W3006paXkeHHe pacCMaTpHUBaeTCs He B MPOXOMAIIEM, a B
OTpa)keHHOM CBETe.

TpaBnenue nHapckod BOAKOH NpHUBOAMT K TeM Bonee GpICTPOMY pacTBO-
PEHHI0 30JIOTHMHOK, YeM BBbILe B HUX KOHIeHTpauus cepebpa. [lporpasiientas
noBepxHocTh Oypeer. TpaBrieHHe pacTBOpOM XPOMOBOIO aHTHOPHIA B COJfA-
HOM KHCJIOTe CIOCOGCTBYET BhilleNlaunBaHUI0 cepebpa. OHO B3aUMOJIEHCTBYET
C peakTHBOM, 0Opa3ys OCafoK, UMEKLIMH TeM BoJiee MHTEHCHBHY 10 OKPaCKy
Pa3NIMUHOro 1Bera, YeM Gonblue pacrBopwiock cepebpa. bonee Hu3Kompob-
HBIE YYaCTKH 30JIOTHHOK NMOKPHIBAaTCA Gosee TeMHOH IJIEHKOM.

PasnuyHo opueHTHpOBaHHbBIE HAMpPABIEHMA B 30JIOTHHKAX TakKdKe HECKO-
JIBKO OTJIMYaKTCA MO XHMHYECKOH aKTUBHOCTH B3aWMOJICHCTBHA C peaKTHBa-
MH. 3TO CBfI3aHO C Pa3HOM WIOTHOCTBIO PAcCIOJIOKEHHsI aTOMOB AU H AgB
PA3HBIX CeYeHMAX KPUCTATUIMYECKOH cTpyKTyphl. Tak Kak 3epHa B arperarax
OPHEHTHpPOBaHbI He COBCEM OMHAKOBO, OHM NMPOTPABIMBAKTCA C Pa3HOH CKO-
poctero. Pasnuyaercst ¥ OKpacka ABOWHHKOBBIX CYOWHAMBUIOB. JIeHIPHTEI U
HECABOMHMKOBaHHBIE KPUCTAJUTBl NMPH PaBHOMEPHOM paclipefle/IeHHd B HHUX
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Puc. 20. 3oHansHOe CTpoeHHe 3epeH HuH3KonpobGHoro 3osnota. [lonupomaHHbIM Ccpe3,
IpoTpaBJieHHbLIA pacTBOPOM XpPOMOBOTr'0 aHIHpHIa B CONsAHOM kucnore. Yeen. 130

npuMecH cepebpa NpOTPaBIIMBAKTCA OQMHAKOBO, NMpHOOGpeTasi OJHOTOHHYIO
OKpAacKy I0 BCEH 30II0THHKE.

Y HU3KOMpOBGHOro M BbiCOKOCepeGpUCTOro 30510Ta, HauMHas OT NpoOkl
780 u HibKe, HEOJJHOPOOHOCTh B GOJIBILIMHCTBE CllyyaeB MMeeT BH]L 30H pOCTa,
NMOBTOPAIIIKX KOHTYpBl KpHUcTaiuiorpaduueckux Hampaenenui (puc. 20).
Jaxke B HeMpaBMJIBHBIX 3€pHAX B HMX LEHTPaJIbHBIX YaCTAX HAOIIOOAKTCA Me-
JIKHe, OuepueHHbIe BIMCAHHBIMU [ApPYT B [Ipyra pa3HOUBETHHIMH 30HAMHU POC-
Ta, Kpuctawiel. [lo nepudepun TaKHx 30JI0THHOK 30HbI CTAHOBATCS HETIPABH-
JIBHBIMH, 06pe3aloTca KOHTYPaMH IOJIOCTeH, BMeLIalIKUX 30JI0THHKY, H rpa-
HMIIAMM COCeAHMX 3epeH. Y 3omota nmpober 780—800 (uxorma 820) raxike
Ob1BalOT 30HBI POCTA, HO HEYETKHE, pa3MbITHIE.

Kpome HeopgHOpPOHOCTEH Ha MOJIMPOBAHHBIX Cpe3ax 30JI0THH OpIBAOT BH-
[HbI HepaBHOMEpPHO pacioJyIodkeHHble MyCYOTKH, pa3MelaloliMecs Ha CTbiKax
3€peH B arperatax M BHYTPH 3epeH ¥ KpUCTaJUIOB. QPOpMBl MYCTOTOK JIMH30-
BHU[IHble, OKpYIJIbie, YIJIOBaTble, MOJIMIOHalIbHble, HENpaBUIIbHbIE, U3BUIIHC-
Teie. OHM cOmepXKaT ra3oBO-KMIOKHe BKIIIOYEHMsI, 3aXBaYeHHbIE H3 30JI0TOHO-
CHbIX PacTBOPOB NP KpPHCTAUIM3ALMM 30JIOTHHOK. XHMHYECKHE KOMIIOHEH-
Thl BO BKJIIOYEHHAX HECOMHEHHO Te, KOTOpbIe ObUIM U B pacTBOpax, HO KOH-
LEeHTpallMK UX MOIJIH CyLeCTBEeHHO U3MEHUTHCS B Mpouecce 06pa3osaHus py-
[ibl MO CPaBHEHHWIO C IEepBOHAYAJIBHBIM COCTABOM PYHOHOCHBIX pacTBOpOB.

fiBnsatorcs nu ¥ Takue 0COBEHHOCTH BHYTPEHHEro CTPOEHHs 30JIOTMHOK
KaK 3epHUCTOCTE M 30HAJILHOCTH pOCTa MepBHYHbIMH, HEM3MEHUBIUHMMCH C
MOMeHTa 06pa3oBaHKsA 30JI0THHOK B pyHax”?

Benp ¢ 31010 BpeMeHH MMHOBAJIM B JTyullleM cjly4ae [ecATKH, a yale —
COTHH MWJUTHOHOB JieT. 30JI0THHKAa — He MpOCTO MUHepas, HO ¥ CaMOpPOIHbIH
MeTayI, O6GrnafaouKdi BhICOKOH IDIACTHYHOCTBIO, OT3hIBAIOIUMMCA Ha Joboe
HallpsDKeHHe B 3eMHOM KOpe, Ha M3MEHEHHs TeMIEeparyphl, OaBIEHHA...
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[HakoHell, 3@ TAKOH NMEPUOI MOTJIH NPOABHTHCA NPOLECCH €CTECTBEHHOTIO CTa-

peHHs MeTaJlIa. |
Bee 310 Tak. Ho Kak Mbl yBUIHM Jlajiblie, TPH BCEX MEXaHWYECKHX M Tell-

1OBBIX BO3JIEHCTBUAX 30HBI pOCTAa 3aMETHO M3MeHAKTCA. U eciii y 30JI0THHOK
nposABJIEHa 30HATBHOCTD, TIOAYepKUBAKOLIAA KpHCTAJUTOr pauyecK e HarpaB--
jleHMsl, MBI BIIpaBe CUMTATh €€ MEPBHYHOH.

C TOH e [ONeH YCJIOBHOCTH CYMTalOT IepBHYHBIMH OJTHO- U [IBYX-
ps/iHble 3ePHACTbIE arperarbl (Beflb He HCKITIOUEHO, YTO 30JI0THHKH OTHAKIDI
oBpa3oBaHHbIe, ObUIM PaCTBOPEHBI M OTNIOXKEHbI NOBTOpHO) . B paneHe#IeM
Mbl yOeIMMCs, 4TO KOMIUIeKC NPU3HAKOB, [IPUCYIIMX 30/I0THHKAM, CBUIETE-

nbCcTBYeT 00 YCIoBHAX MX 06pa3oBaHus. CrnenoBaresibHO, U3HayaJlbHbIE OCO-
Ge HHOCTH CaAMOPOIHOTO 30710Ta, HECMOTPA Ha €ro MHOrOMHJUIMOHHBIK BO3-

pacT, COXpPaHAKTICH B [IOCTATOYHOM CTEeIeHH, YTOOBI BECTH OT HUX JaibHEHILIY 10
MCTOPHIO HENTPOCTOM XKHU3HHU 30JIOTHHOK.

MEHSKTCAH, EABA YCITIEB POIIUTBCA ...

M BoT 06pa3oBAIMCh 30JIOTHHKH...

Y HMX COBEpLIEHHO OIpeieTIeHHbIe pa3Mephl, MOPGOJIOrHs, COCTaB H BHyT-
peHHsisA CTPYKTYpa. BhIpOCiu 30JI0THHKH BO BpeMs chopMHpOBaHHUA pYAHOrO
MECTOPOJXJIeHHA B 3eMHbIX INy6uHax. [loatoMy ¥ HazBaHHe MOJIyYMIIH IHIIO-
reHHOTO WIM THIIOTEHHOTO 30JI0Ta, TO €CTh BedylIero MpOUCXOXIeHHE W3
r1yOuH.

Ho 3emMHple Hepa He MpelcTaBNAlT cOOOH HEYTO pa3 U HaBCerja 3acThbiB-
lliee, HeM3MeHHOe. B HUX MPOMCXONAT NBMXKEHUA; B Pa3HBIX YYaCTKaX 3eMHOM
KOpbI B TOJIUM NMOPOJL, BHE[IPAETCs pacnaBjieHHas MarmMa, HarpeBas Bce Jiarne-
KO OKpecT WIM NMpOorpeBas nopops! BOMM3M 3aCTHIBAIOLMX MOTOKOB. Packa-
JIEHHBbIe KYMOJid OBIILAT )KapOM, KaK IMraHTCKHe JOMHBI; M3JIMBAIOTCH JIaBhI,
MPOUCXOMAT 3eMIIETPACEHHSA, ONOJI3HH, MOI3eMHbIe B3PHIBBI, PO pPhIBAOLIIMeE-
CA M HA TIOBEPXHOCTS...

Bce 310 He mpoxopur GeccnemHo s 307N0THHOK. Jla U camMo HX poxpe-
HYe He Bcerjla 3HaMeHyeT 3aBeplleHHe mpouecca pyfaoobpasopanus. [lo Tem
Ke TpelllMHaM WM 10 APYrUM HamnpaBiieHMAM, TPHOTKpHIBIIUMCS IPH HOBBIX
[IOABMXKAaX, MOTYT MOCTYIHTb ropsAYde MUHepaJIM30BaHHbIE paCTBOPBI — I'M]I-
poTepmpl. MHOroo6pasHbl BO3MOXHOCTH WX BO3HHKHOBEHHMS W MyTH [BUXKE-
HuA. Ho gy 301I0THHOK BaXKHO, YTO6BI FMAPOTEPMBI HE TOJIBKO MpOTpeBasii
IOpOJly, HO HepeHKO [aBalld >XH3Hb HOBOMY I[OKOJIEeHHI0 30JIOTHHOK — CJle-
OYIilen X reHepauyu.

TonkopmcnepcHble YacTuipl paHee 06pa30BaBILErOCs 30710Ta MOTIIH GbITh
PACTBOpeHbl M MOIJIOLIEHBI HOBBIMM HOPUHMAMM pacTBOpPOB, U Bosiee Moro-
10e (Mnu Mo3jHee) CaMOPOMHOE 30JI0TO B TAKMX CITy4asx YaCTHYHO MITH IOJI-
HOCTBIO pOCIIO 3a CYET paHHero. Takoe BTOPUYHO pOXJIEHHOEe B INyOHHAX 3€M-
JIX CaMOpOHOE 30JI0TO HA3BLIBAETCS pereHepUpPOBaHHBIM.

bonee kpynHble paHHKE 30JIOTHHKH COXPaHSUITMCh, HO TaK)Ke HCIBITHIBANIH
Ha ceBe TernyioBOe W XHMHUecKOe (pacTBOpsiollee) BO3LEHCTBME MMIAPOTEPM.
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MeHsOTCA M BCE MPU3HAKKM 30JIOTHHOK MJIH TOJIBKO HEKOTOpbIE W3 HUX?
— JTO 3aBHCUT OT MHOTHX NPHYHH.

Y1o6B! MOHATH, YTO M KAaK BO3/IEHCTBYET Ha CaMOPOJHOE 30J10TO, HeoGXO0-
OHMBl 3K CTIEpUMEHTBI, MOJeJIipyouMe Npuponisie npoieccel. OnpefeneH-
Hble MpeJICTaBJIeHUs MOJyYaroT M IPH COIOCTABJIEHWH 30JIOTUHOK M3 OTEeNb-
HBIX YYaCTKOB OJIHOIO MECTOPOX[IeHHA WITH U3 Pa3HBIX MECTOPOXIEHUH, eclu
O[IHH M3 HUX HE MCNBITANH Nocie GOpMHUPOBAHHSA Pyl HHKAKHX reojioruyec-
KHX BO3[eHCTBHH, a BTOpbIE, HAallpOTHB, MpeTeplies/id pa3sinuHbie npeobpaso-
BaHHMA. ITH U3MeHeHudA, OBy cIIOBNIeHHbIe NPOrpeBAHMEM MTOPOJ, HX [IBHXKEHH-
AMM U cOYeTaHueM 3THX (aKTOpOB, Ha3bIBaKTCA MeTamophuyeckumu. OHu
ObIBAOT BHYTPHUPY/HBIMHU, IPOABJIABLUMMUCA IOCTie OOpa3OBaHUA OJHOrO
WM HeCKOJIbKUX MOKOJIeHMH 30JIOTMHOK, HO [0 3aBepllieHHsa pYAHOro IMnpo-
1ecca, ¥ nocuepyaHbIMH.

[IpakTHYecKH HEBO3MOXHO HAHTH MECTOPOXKHEHHE, IJie U3MEHEHHA 30-
JIOTUHOK He NMpOosABJIeHbl, XOTA Obl B HE3HAYUTENIBHOM CTeNeHu. Pasnuyua 3ak-
JIIOYATCA B MPUYMHAX, BBI3BaBILIMX Mpeobpa3oBaHus, HX MaciuTabax v HHTe-
HCUBHOCTH.

N3meHeHMsi caMOpPOMHOTO 30J710Ta B pyJax [ONroe BpeMs OCTaBaJIMCh
M3YYEHHBIMH TOJIBKO MOGIHM30CTH OT MarmMaTHYeCKHX TeJl — FOpHBIX MMOpOJ,
KOTOpble KOI[Aa-To NpefcTaBlisiu cOOOH paciyiaBlieHHble Macchl M 3aCThIBa-
M yxe nocrnie obpasopanus Mecropoxaenui. UnbiMu cnoBamu, ¢pukcupoBa-
NUCh U3MEHEHH 30JIOTHHOK B KOHTaKTOBBIX OpeoJlaXx MarmMaTHYeCKUx Tes —
Ha TAKHUX PacCTOSHUAX OT HHMX, HA KOTOpPbIE pPaclpOCTPaHANOCh BO3JIeHCTBHE
[UIMTCIIPHO CYIeCTBOBABILErO TeIJIOBOro nons. B 3HauMTenbHO MeHbllel cTe-
neHv ObUTH H3BeCTHBI NpeoOpa3oBaHusA CAMOPOMIHOro 30J10Ta B yYacTKax Mpo-
paboTKH pyn rMApOTepMabHbIMU PacTBOpPaMH.

JKcrnepuMeHTalbHbIe MCCIe[JOBaHNA MeTaMOpdHU3IMa CaMOPOJIHOTO 30J10-
Ta TipH TOBBIIEHHBIX Temrepatypax Brnepseie BeimmonHun B.I' Mouceenko.

B xavectBe OCHOBHBIX INpH3HAKOB TePMHYECKOTo MeramMopdu3ma OH
yKa3piBaeT Ha MOBBILLIEHHe NMPOOLI W OONBILIOK pa3bpoc ee 3HAYEHHH; HU3KOe
COfep)KaHue WK OTCYTCTBHE B 30JI0Te JIErKO JIETYYHX 3JIeMEeHTOB (pTyTH, Cy-
PbMBI, MBILLIBAKA) , PA3BUTHE PEreHepHpPOBaHHBIX (M3 OBTOPHO OTIIOKEHHOTO
30710Ta) BBICOKONMpPOGHBIX W HU3KONPOBHBIX 0BONOYEK HA 30JIOTHHKAX; 06pa-
30BaHHe B py/iaX BOKpYT 30JIOTHH OpeOJIOB TOHKOOMCHEPCHOrO 30J10Ta U ce-
pebpa; pa3BuTHe 30NOTHH KPMCTAIIUYeCKOH GOpMBI; OTCYTCTBHE THITHYHBIX
ANA HEeW3MEHEHHOrO 30JI0Ta [BOHHMKOB M Tra30BO-XHIKUX BKJIIOYEHHH.

B.I'. Mowuceesxo mnpopomun HaGniofleHUst Hajl  HpeO6GpPa30BAHKUAMM
307i0Ta TMpPEeMMYIIECTBEHHO B KOHTAaKTOBBIX OpeoyiaX OTHOCHUTENIBHO HeBOJib-
IIKMX MarMaTHYecKHX TeJl, 2 IKCIepUMEHTalIbHO — MpPH HarpeBaHMH CaMOpO[-
HOTO 30JI0Ta M 30J10TO-CepeBGpAHBIX CIUIaBOB npu temiieparypax 100 ° C u BbiI-
we. [Ipu 3tom ormeuanocs 06pa3oBakme B 3epHAax 30710Ta HOBBIX GoJiee Mell-
KO3EpHHCTBIX IPaHyIMpOBaHHBIX arperatos. Ilpu remneparypax cBoie 400—
600 °C oHM HauMHAJY [IE3UHTErPUPOBATBCA — OTMENATHCA JPYT OT IApYra
paccenBathes. Jlo 3THX TEMIIEPaTy p, HAPOTHB, Npeobrafany MpoleccH yKpy-
MHEHH, CIMAHKSA, TOHKONMUCITEPCHBIX 30JI0TUHOK .

[eperpynnupoBka npu MeraMopduaMe TOHKONMCIIEPCHOTO 30710Ta, 3aK-
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Puc. 21. CTpyKTypa pacrnajia TBepHoro pacTBopa B MefMCTOM 3oyoTe. [JonupoBaHHbIH
cpe3, MpOTPABNEHHLI! PACTBOPOM XPOMOBOI'O aHTHAPHZIA B CONAHOR KHcnoTe. YBen. 200

TI0YeHHOTO B CYNBbMHIIBL, SKCTepHMEHTaBHO U3y yaiach TakKe IOJ] pyKOBOJC:
tsom M.C.CaxapoBoii. M.A KanurkuHa yCTaHOBMIA, YTO IS YKPYITHEHUA 30-
foTa B NUpUTE HauGOJee GIIArONPHATHBI TEMIIEpATyphl 350-450°C, asB
apcenormpute — 400—500 °C, HO mepepaclpeieNienye 307101 B KpHCTaniax
5THX MHHEpAJIoB MOXeT POUCXom|Th  nipu 250300 °C. Kpucramuinyeckas
CTPYKTypa MHMHEpaia He MEHFeTCs, 2 30JI0TO BHYTPH HEro nepeMeracerc.
lpu Temnepatypax Bouue 600 °C peauHTerpaims 30710Ta npeobnagaer Haj
yKpyTHEHHEM.

H.B.IlerpoBcKas OTMeyaeT y 307IOTHH eile pAf CTPYKTYp, CBA3M KOTO-
PEIX ¢ MOCTEKPHCTATUTM3AUMOHHBIMY SIBJIEHMSIMH Haubollee OTYETIIMBEL:

CTPYKTyph! pachaja: MUacTHHYaThle W pelleTyaThie CTPYKTYPhl pacmajia
MEIMCTOTO 30JI0T2, ¥ BO3MOXHO, NMATHHCThIE 0BOCOOIEHHA 30710Ta, padsiik-
YaiolIMecs MO KOHIeHTpalmu cepebpa (puc. 21);

CTPYKTYpbl COBMpaTenbHOM NepeKpUCTAUIH3AUMH, KOra OIHH 3€phHa
Mpy CBOEM POCTE 3aXBATHIBAKT M BKIIIOYAKT B CBOM IPaHMIbI COCENHHE, H
YKpyNHeHue 3epeH;

CTPYKTyphl PeKpHCTAIUIH3ALMM, €CIH B [1epOpMUPOBAHHBIX 3EpHAX 3d-
POXKIAIOTCA HOBbIE, 6ONIee MeJIKHe, ¢ HEHapyILeHHOH CTPYKTypOH (puc. 22);
 [IBOMHMKH, yamie MOJMCUHTETHYECKHe M OOpHIBAIOLIMECH BHYTPH 3EPEH
(MBOMHMKH MpOpacTanus) ;

30HANIBHOCTH, MOJUMHEHHAs KOHTYpam 3epeH ¥ rpaHul| 30JI0THH (Jrure-
HETUYecKas, BO3HUKLIAS TIOCTe POX/IeHHs 307I0THHKHM)  (puc. 23 I

KOHTYpBI 3épeH paHHero 3070ta ( penuKThl ) B Gorsiee MO3JHMX MO Bpe-
HH OTJIOXKeHus 30110THHAX (puc. 24 ).
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Puc. 22. CrpyxTypa peKpHCTaJUIH3AIHH Puc. 23. KoHueHTpHYecKas 30HANBHOCTE

camopopHoro 3onora. IlomipoBaHHBIN BhIJENIEHHH 30510Ta, MCHBITABIIMX MeTa-

Cpe3, NMpOTPABJIEHHBIA LAPCKOK BOOKOMN. Mopduam. TMonuposausiit cpes, MpoTpas-

¥Ben. 250 JICHHBIH PacTBOpOM XpOMOBOI'O aHIHIpPH-
[a B conAHol kucnore. ¥Ysen. 130

Bonbiuas yacTs Npu3HAaKOB MeTaMOp(HUECKHX Mpeo6Gpa3oBaHMH HAXO-
[UT O6BsAICHEHHE B IepeMellleHHH aTOMOB B 30JIOTHHKaX — B H(dYy3HOHHOM
neperpynnupoBKe cepebpa W Ipyrux MpuMeced ¥ BBIHOCE MX 3a Mpejiesisl 30-
JIOTHH, — a TaKXe B caMoau(pPy3HH 30J10Ta — NEepeMeileHHM aTOMOB 30J10Ta
B KPUCTAJUTHYECKOH CTPYKTYpe 30JIOTHH.

CxopocTs ABIWKEHHSA YaCTHI| ONpefenseTcs Koahdummentom muddy3uu.
¥ cepeGpa OH B 3aBHCHMOCTH OT YCJIOBHH OIbITa OKa3biBaercs B 2—230 pa3
BbILle, YeM y 30J10Ta. B omeiTax ¢ caMOpOJHBIM 30710TOM CKOpOCTH mHpdy-
3MHM 3THX 37IEMEHTOB BO3pacTalli Ha TpU MOpAMKa, Gnarofaps MpeobriafaHuio
M dy3un MO rpaHuLaM 3epeH M BIOJb MOBEPXHOCTH KPUCTALIoB. BHyTtpw
3epeH AuGpy3ua NpoTeKaeT ropasfo MeJieHHee.

EcrectBenno, uto cepeGpo npu TeIUIOBOM BO3[EHCTBHMM, KaK IPaBWIO,
BRIHOCUTCH BMeCTe C ApYTMMH NMpPUMECAMM 32 TNipefielibl 30JIOTMHOK M Npoba
MX ToBbILaeTcA. Yem cunbHee U UIMTeNbHee NporpeBaHue, Tem Gorlee HMpo-
Kasi 30Ha IO Kpal 30JI0THHOK OMMCTHTCA OT cepebpa M mpumeced (cM. pHc.
18) . B uentpe 3epHa ocraercs Gonee cepe6GpucToe MATHO ¢ PACIUTHIBYATHIME
rparvuamMu. Ilpy  3vauMTenbHOM  MeTaMopdM3Me  3amerHasl  YacThb
cepebpa OKa3piBaeTcsl BbIHECEHHOH M3 BCEro 00beMa 30JIOTHHKH U mpoba ee
paBHOMepHO mnoBbiuiaeTcd. Cepe6po mpu 3TOM MOXKET INepeMeCTUTHCH IO
NMOpofe OT 3OJIOTMHKH Ha pasliMuHble pacCTOSHWA, a MOXeT obpa3oBare Ha
ee MOBEPXHOCTH pereHepalMoHHyo KaimMy. Ouniasices oT npumeceit, 30JI0THH-
KM HCIBITBIBAKT NEepeKpHCTAIIH3auMo. M3MeHAeTca He TONBKO COCTaB M
CTPYKTYpa, HO, 0CODEHHO y MenkuX vactull, 1 dopma. Henpapunsubie Boie-
NIeHKsA NMPeobpa3yoTCs B K PUCTAIUIHI.

1o mociiesiHero BpeMeHH OcTaBallach MOTHOCTHK) HEOCBELLEHHBIMH 33aBU-
CUMOCTb XapakTepa MpeoOpa3oBaHuil OT 0COOEHHOCTEH CaMHX 30JI0THHOK U
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Puc. 24. PermkTel 30mora (Gemoe) B
Gonee mo3gHeM BEICOKOCEpeOpHUCTOM 30-
nore (cepoe). INomipoBaHHEIA cpes, Mpo-
TpaBjieHHBIA pacTBOPOM XPOMOBOI'O aH-
rMIpHOA B COJITHOM Kucnore. YBen. 90

Puc. 25. TomuappuyecKH3epHUCTaA CIpy-
KTYpa 30JIOTHHKH C MpU3HaKaMH [e3MH-
Terpauy. [IpoMEXyTKH MeXay 3epHaMH
BLINOJHEHB! MPOXWIKAMH HH3KOMPOOHO-
ro 3onora. IloyMpoBaHHBIA Cpe3, Mpo-
TpaBlieHHkIf pacTBOPOM XpOMOBOIo aH-
PHIpHIa B cONAHOM Kuciore. YBesn. 450

MHOTOKpaTHOCTM TEIUIOBBIX BO3feWcTBMH. JINs BBIACHEHHA 3TUX BOIPOCOB
30JIOTUHKH, pa3/IMualoiMecs Mo KpyIMHOCTH, BHYTpeHHEMY CTPOEHHUIO H COCTa-
BY, HarpeBaJich Hamu Iipu gasneHuu go 1000 Gap o Temnepaty psl, GIU3KOH
K HauBornee ropsuMM ruapoTepMaM. 3aTeM 1€ XKe 30JI0THHKH HarpeBaluch 10
500 °C mpu HOpManpHOM AABIIEHHH B BO3MYLIHOW Cpefie. Y CTAHOBJIEHO, YTO
HauBOIThILIMe M3MEHEHHS TpeTeprenu Meikue (MeHee 1 MM) OfHO- H HBY-
MEpHbIe HeOXHO POJINBIE YaCTHIIbI — TOHKHE IUIaCTHHKH, MTPOBOJIOYHbIE OTPOCT-
Ku. Jlns skcrniepuMenTa GbUTH BhIOpaHbI 30JIOTHHKH B pasHoii cTelleHH Ipeod-
Pa30BaHHbIe. ITO ONpeneNAyIoch IO cTeneHy pa3sBUTHA B HUX yUaCTKOB peKpH-
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CTAJUTH3aLMH — HOBOOOPa30BaHHBIX MEJIKHX 3epeH H MeJIKO3EepHHCTBIX arp
raToB Ha ¢oHe Gornee KPYNMHBIX EPBHYHBIX 3€peH.

Cample cnabrie U3MeHeHHs TpeTepreNiu 30JI0THHKU € OTHOPOJHEIM pac
penenenriem cepebpa M 0€3 NPH3HAKOB INpeMllieCTBYIOLMX MTpeo6pasoBaHuik
McknioyeHne cOCTaBIIIO HU3KONpPOGHOE 3071010 C 30HAMM pPOCTa B 3epHa
[lo-BuguMOMy, HeyCTOMUMBAs CTPYKTYpa TaKMX BbifiefieHHH 06y ClIOBHIIA [0
CTaTOYHO MHTEHCHBHbIe NMPeobpa30BaHus — pacnaj’30H Ha (parmMeHTsI, MO
HYI0 yTpaTy 30Ha/lbHOCTH, MOsIBJIeHHe 30H, He CBA3AHHBIX C KpUcTauiorpad
YeCKHMH HallpaBJIEHH AMH. :

Ha MecTe 30HaIBHBIX CTPYKTYP Pa3BHBAIOTCA TAKIKE METKO3EPHUCTHI
YYaCTKH C 3épHaMH B (opme BBITYyKIJIBIX MHOTOYTOJIBHUKOB — MOJIH3POB
JTO OMH U3 THMIIOB PeKpHUCTAUIN3ALMOHHON 3epHHCcTOCTH (pHc. 25). Idpyro
THN XapaKTepH3yercs HelpaBWIbHBIMM MHOIOYIOJIBHBIMH (OpMaMu M OOH:
nKeM O6phIBAIOLIMXCA OBOWHHKOB (cM. pHc. 22 ).

B He3HauMTeNbHO M3MEHEHHBIX 30JIOTWHKAX IMpPH HAarpeBaHMHM IIPOM30LIUT
cobOMpaTe/ibHas PEKpPHUCTATIH3ALMSA, TIpHBeIUIas K HEKOTOPOMY YBeJHYeHH
pPasMepoOB peKpPHCTAJUTH30BAHHBIX 3epeH. BHe MpexHUX yyacTKOB peKpuCTall
JIM3a0MH BO3HHKIIK HOBbBIE 3apOJIbILIEBHIE pa3pO3HeHHbIE PeKPHCTAIUTH3IOBAH
Hble 3epHa.

B ymepeHHO HM3MeHeHHBIX 30JIOTHHKAaX yKpyITHEHHe paHee BO3HHKIIH
PeK pHCTAUIH30BAHHBIX 3epeH ObUTo Bornee pe3KuM: NMOABHIMCH HOBBIC YUacT
KH peK pHCTaJUIN3aLHH.

Haxowuen, B HHTEHCHBHO NpeoGpa3oBaHHOM 307I0TE NMpPH HATPEBAHHM CO:
OupaTenpHas PeKpHCTAIM3ALMA WIpasia He3HAYMTENbHYIO POJib U COMPOBOXK:
janace M3MeHeHHeM (OpMBI HEeNpaBHIBHBIX YIJIOBATHIX MEJIKHX 3epeH, IpH:
HABLIKX BoJee ycTOMUMBLIE MONU3ApHuecKie ovepraus. [Ipeobmananu npus
HAKY HAUaNBHOW JIE3WHTEIpalM¥ M PACTONI3aHHA MeJTKO3ePHHCTHIX arpe
FaTOB — MEeXAy 3epHamMH OOpasoBAIMCh IIHPOKHE, INy6OKO IpOTPaBIHBAI0-
IIHECs UapCKOH BOMKOM, rpanuibl. YacTs 3epen Takike npuobperna nomHIgpH-

ueckyio ¢opmy. Ha cpese 30710THHOK OHM MMENTH BHJ BEITYKIIBIX MHOTOY-~
FOJIBHUKOB,

He3uHTerpaliia BBIIENEHUMH CaMOPOIHOro 30710Ta, KakK ObUIO CKa3aHo,
MPOMCXOMT MpH BGOnee BBHICOKHX TeMHeparypax, YyeM yKpymnHeHue. MoxkHo
MPEIIOJIONKHUTH, YTO MPH ONHHAKOBHIX YCIOBHAX, KAaK B HallleM OIlbiTe, HEH3-
MeHeHHbIe 30JIOTMHKM He pacIajfjaliich Ha 3epHa, a CHJIbHO NMpeoOpa3oBaHHbIe
MCIBITBIBANH [E3MHTErpalMIo TIOTOMY, YTO KX BHYTpeHHSs CTpYyKTypa Gbula
nedopMHpOBaHa.

[ToBTOpHOE HarpeBaHue NMpHBeno K Gonee rNyGOKO#M MNMepexpHCTaIUIN3a-
UMM npeoOpa3oBaHHOro 30j1071a. [lokasatenieM MHOTOKpAaTHBIX W3MEHEHHM
ABHIKCDH TMOJNIMINPUYECKH 3€PHUCTHIE CTPYKTYPH M NPH3HAKH HAYANIBHOM JIe-
3MHTEr pallii HOBOOGPa30BaHHBLIX MeJIKO3ePHUCTBIX arperatoB (cM. puc. 25).

[lepenecernue OMBITHBIX JAHHBIX HA NPUPOMIHBIE TIPOLECCHI ABIAETCH B
3HAYHTENbHOH Mepe (OpManbHBIM, TAK KAK He YYMTBIBAeT MHOTHX 06CTO-
ATENBCTB, H B TOM YMCNIe TaKO€, KaK reoyIorMYecKoe BpeMs. 3a [IeCATKU M
COTHH MHMJUTHOHOB JI€T MOTJIH NPOM3OHTH M3MEeHEeHHA, KOTOpbIe HeJlb3s Mpo-
CIEMUTH HA MPOTSHKEHMH KOPOTKOIO YesioBeyeckoro Beka. OmHaKo H3ayye- |
HHE B 30JIOTOPYIHBIX MECTOPOXAEHHAX 30JI0THHOK, HAXOIALMXCS BMecTe ¢ i|
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[pyTMMH MAHEPAIAMH KaK HECYIMMH NPH3HAKH BHYTPHPYOHOTO M MOCepy-
HOTO MeTaMOpdH3Ma, TaK W JIMUCHHHIMH UX, MOATBEP/IATIO 3HAUCHHE BHIAB-
/lcHHBIX TPM3HAKOB B KayecTBe MOKasaTene npeo6pa3oBaHHH 30JI0THHOK.

JIBOMHHKOBOE CTPOEHHE 30JI0THH Gornee OOBIMHO WIA pyA ¢ NpH3HAKAMH
vieraMOp(H3Ma, YeM DI HEM3MEHEHHBIX, H OCODEHHO B YYacTKaX MEXaHH-
qeCKM HApYLIEHHBIX MOpof. CnoxHple IBOMHMKHM THITHYHBI IJISi 30JI0THH U3
cuTbHO TPEUIMHOBATHIX PYH, KAK M 30HbI JIMHHI TpaHCIAIUH (TMHMH CKOJIB-
SKEHHS) -

Pex pHCTAJUTH3AIMA 30710Ta ¢ 06pa3zoBaH@WeM YITIOBATHIX HETPaBHIIBHBIX
MelTKHX 3€peH OTMeyalnach B YYacTKax TeIUIOBOrO BO3[ICHCTBHMSA M B MeCTaX
UHTEHCHMBHOM TpPELIMHOBATOCTH NOpon 6e3 MpH3HAKOB MX IpOTpeBaHUsA.

Henb3s 3abpIBaTh W MPOCTO O ECTECTBEHHOM CTapeHHH 30JIOTHHOK — Ha
[71a3aX UeJIOBEKAa MEHSIOTCA MCKYCCTBEHHBIE CIUIaBhl, @ He0DO3pHMOe reoso-
rUuecKoe BpeMs He MOJXKeT He HaJIOMMTh OTNeYaToK Ha CaMOPOJHBIA MeTall.

K coXaJeHHI0, BIUAHKE 3TOM NMpUYMHbI HA OCOOEHHOCTH 30JI0THHOK H3Y-
4eHO COBCEM Maslo. Bemp cpaBHMBaTh pa3sHOBO3PACTHOE 30JI0TO MOXHO TOJIb-
KO B MECTOPOXIEHHAX, (POPMHPOBABIIMXCH B OIMHAKOBBHIX (PH3HYECKHX H
XHMHUYECKHX YCIOBHAX W MpeTepleBLIMX OJMHAKOBBIE BHYTPH- H MOCIEpYA-
1ple TIpe0 6pa3oBaHuA. A 310 OYeHb TPYIHO, TAK KaK OOJIbLIAsA YaCTh MOJIOJBIX
(B reoJIOTHYECKOM JIOHMMAHMK ) pyJ[ 06pa3oBanach B MHBIX YCIOBHAX, Ye€M
[peBHee OpyIeHEHME.

3amMeueHO, YTO Haubosiee TpYAHO NMOMIAIOTCA BBIABICHHIO H pacum@pos-
Ke MpPU3HAKH MeTamopdu3Ma M HEO[HOKPATHOTO OT/IOXKeHMs 30710Ta B Gonee
[peBHUX MecTopoXcaeHusaX. CaMple ApeBHHE M3 M3YUYECHHBIX HaMH 30JIOTHHOK
(Bospact 1,8 — 2,2 MpA NeT) HMeNH NIPU3HAKH NEPEKPUCTAITM3ALMH — Ipe-
HMYILeCTBEHHO KpHCTAUIHYEeCKOe CTpOeHHe, OOHIHe OKPYTTICHHBIX KpHCTall-
/I0B, BHICOKYI0 Npo6y ¥ Malbii ee pa3bpoc, OMHOpOAHOe pachpenelieHHe ce-
pebpa.

Ho pae s Haubonee OpeBHMX 30JIOTHHOK INOJIHasi OOHOPOAHOCTH HE
obsizatenpHa. B BricOKOCepeOprcTOM [ApeBHEM 30JI0T€ B OTHENILHBIX CITyYasX
06HapyxeHpl cliabble, eBa yNOBHMBbIE ITPH3HAKH HEOHOPOIHOCTH — CIIEMIbI
JOH pOCTa, MATHHCTOCTh M 3aKOHOMEPHO OpHEHTHPOBaHHELIE 3MYJIbCHOHHbBIE
BKIII0yeHHs Bollee BpICOKOMpo6HOTO 30510Ta. Boree oGBYHBI €1abo BbIpadKe-
HHble 0GeHeHHsIe cepeGpom (Ha 0,5 — 1 % NO CpaBHEHHMIO C AAPOM 3epHa )
BHELHHE 30HbI 30JIOTHHOK.

IIpy mpounx paBHBIX YCIOBHAX, YeM [OpeBHEe CAMOPOAHOE 30JI0TO, TEM
MeHee KOHTPaCTHBI B HEM CTPYyKTypsl npeoGpasoBaHuH, Gornee OHOpPOIHEI
BHYTpeHHee CTpOeHHEe H COCTaB.

JIvHuM cKONMBXXeHUs Heé BCTpeyanuch B 3epHax 30JI0THH, KOTOpHIE, MO re-
OJIOTHYECKMM J[3aHHBIM, He WCMBITHIBAIM B MYOHHHBIX YCIOBHAX HHHaAMHYEC-
KHX BO3[eHCTBMI HA MPOTsHKeHMH nocneauux 220—240 miH. ner.

HMerorcsa cBepieHMsi O NMpeHMYILecTBEHHO BBICOKO# Mpo0e 3071072 B ipeB-
HAX MecTopoXK[eHHsX, HO B apxeickux MpoBMHUMAX (Bo3pacrt Gonee 2,5
MIpO. niet) oHa konebnercs or 700 po 990. MoxHO 1peAnooXuTh, YTO HaH-
Conee BricOKONPOGHOE IpeBHEE 307I0TO MpeoGpa3oBaHO — METaMOpPGhHU3IOBAHO
WK pereHepupoBato. O6 3TOM, B YACTHOCTH, CBHIETENbCTBYET YKpYITHEHHE
30710Ta, BK paluyleHHOTo B JpeBHHe MOPOMb], MpH KX MeTaMopduamMe.
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B MecTOpoXmeHMAX, HMewUMX BO3pacT NpuENIU3MTENBHO OT 1 HO
2,5 muipn. 7ler, BCTPEYEHO 30J10TO Mpo6br 250—995, XOTA B HETIOM TaKKe
MpeoOIafialoT BhICOKONPOGHBIE 30JI0THHKH.

B mectopoxpenusx Bospacra ot 1 o 240 mutH. Jtet npo6a OCHOBHOM
Macchl 30JI0THHOK Bapeupyer ot 750 po 950. Ipu sTrom npo6a 750790, kak
TpaBWIO, MPUCYIA 30JI0TY HEM3MeHeHHOMY, BbIAENABIIEMYCH B MeCTOpPOX-
AEHUAX TIOCTIeNHMM M3 pa3sHOBO3pACTHHIX 30JIOTHHOK. B 1eom B MecTopoX-
AEHMAX ITOro BO3pacTa nmpeobnapaet 3051010 Mpo6e1 Bhiue 800. |

B Tex xe npenenax u3meHseTcs npoba u B psfe Gojlee MOJIOMBIX MECTO-
poxpeHud. OnHako, yxe ¢ Bo3pacra nopsaaxa 220 MIIH. JIeT U OCOGEHHO B
Gonee MONOABIX MECTOPOXIECHHUAX NMPEUMYILECTBEHHBIM PacIpOCTpaHeHHeM
nonp3yercs 3071010 Mpober Huke 750 u 700. EcTh uenbie MPOBHHIMH, XapaK-
TepU3yI0LIMECH LIMPOKHUM pacrnpocTpaHeHHeM Bricokocepebpuctoro (400—
600) 3sonora. Takum 06pa3om, cyllecTBYeT TEHOEHIMA K MOHMKEHHUIO npobsl
30710Ta OT MECTOPOXK[IEHHH, BO3pacT KOTOPHIX COCTaBNIAET OKONIO 1 Muwumap-
na ner, K 6051ee MOJIOIBIM.

IIpu comocraBnienun ocoGeHHOCTeH 30/IOTHHOK K3 MeTaMOP(hH30BAHHbIX
N HEH3IMEHEHHBIX pYJ 3aMeueHO, YTO HabiropaeTcs Lefibld PAN OJIMHAKOBBIX
Tpeobpa3OBaHMH B yyacTKax THOPOTepMalibHOM NpOpaboTKY pyn H B KOHTa-
KTOBBIX OpEOJIaX MarmMaTUYeCKHUX TeNl. ITO MOHATHO, TaAK KaK B OGOMX Cily-
Yasgx 30JIOTHHKH MOJIBEpPralTCsA BO3[IEHCTBUIO IIOBBILIEHHBIX TeMIleparyp.

Kaxum xe 06pa3oM OHM MOryT cOOBMIMTH O TOM OGCTaHOBKE, B KaKOil
(opmupoBanuck pyapi? ITO Mbl y3HaeM NO3[(Hee, 3 MIOKA TOCMOTPHM, YTO
NpOMCXONIMT C 30JIOTMHKAaMM, eC/IM IpPHPOAHBIE NPOLIECCHl BHIBENYT HX U3
3eMHBIX IJTyGHH Ha IIOBEPXHOCTS.
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7N A MOBEPXHOCTH

JlanekO He BCe 30JIOTHHKH IOCIe aKTHBHOrO IepHOAd XH3HH OKaHYH-
BAOT €€ Ha rIyOMHAX, NMOCTENEHHO M3MEHAACh B NpOLECCE €CTECTBEHHOrO
cTapeHus. 32 MWUIHOHBI JIET TOJILUM TIOPO/l C 3aKJIIOYEHHBIMU B HUX PyIHBIMH
Te/laMH M PAcCcesiHHOM 307I0TOH MMHEpalu3alied MOTTIM MCHBITHIBATH NOCTE-
neHHoe Bo3gbiManue. IlepeKpbiBalolMe HX TUIACTHI BBICTYTANIHM HAa [HEBHYIO
NOBEpPXHOCTh, MOCTENEHHO pa3pyluanuch U OBIOMKM MX YHOCHITHCH BOOOH M
BeTpoM. BepxHue ropH3OHTHI py/IHBIX TeJl BCKpLIBANIUCh.

W3 3HOOTeHHBIX, FIYyOMHHBIX YCIOBMM OHM NONAfalT B IMNEPreéHHLIC,
NOBEPXHOCTHBbIE. 3[1€Ch K 30JIOTHHKAM CrnepBa NpOCauMBACTCA BONA, Goraras
KHC/IOpOIOM H yriexucnotoi. OHa pacTBOpsieT HEKOTOPbIE U3 MUHEPAIOB, B
nepsyl0 ouyepeAb CynbGMObl, YacTO COMepXKallle 307I0TO, M HACHILAETCH
Pa3TMYHBIMM EMEHTAMM 3THX MHHEpPaloB — CepOH, MBILILAKOM, XJIOPOM.
310 yke He OObIYHAsA BOAA, 3 AK THBHbIH XMMHUYECKHH peareHT U 37IeKTPOJIUT,
CrocoGHBIN NEPeBOAMTs B PacTBOP Melbyaiiiie 30JI0THHKH 1 BbILEIaYHBATh
C OBepXHOCTH BoNee KpYNHBIX HE TOIBKO NPUMECH, HO ¥ CaMO 30710TO.

PacTBopsl MpPOHMKAKT IO IOpaM M TPEIMHKAaM B pY/bl, BCTYNAKT BO
B3aUMOJIeHCTBHE C MHHEPATIAMHU K He OJTHAXK/IbI MEHAIOT CBOH COCTAB.

OHM MOryT GBITh M KHCIOTHBIMHM, M ILENOYHBIMH, M BONee KOHLEH-
TPHPOBAHHBIMU M pa3BaBlieHHBIMH, MOTYT TepsTb M OOpeTaTh OTAC/IbHbBIC
IICMEHTHI.

B 3aBUCHMOCTM OT pexuma KHCIOpOAa M Cepbl M3MEHAETCA M OKHC-
JINTEeNIPHO-BOCCTAHOBHTENBHAA obcTaHoBKa. Bcee 3T0 NpHBOAMT K TOMY,
YTO BOppI, MPOCAYMBAKIIHECA B BepXHHE rOPH3OHTHI PYAHBIX TEI HIH K
PacCesiHHBIM B TIOPOAax MHHepaiaM, COAEpXallMM 30710TO, ClIOCODHBI pacT-
BOPATh M MepeHOCUTh 30510TO. Ilpy 3TOM MHOrOKparHO MOTYT BO3HHKATh
YCIIOBMA, KOTrJa 30J10TO MOXeT NepeHTH B pacTBOp M YHANATBCA C HHUM OT
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MECTa CBOEr0 POJXIEHHA M KOI[a PacTBOPHI OKa3bIBAKTCH NepechILieHHbIME
3onotom. B mocnepHem cnydae 3070TO BhINagaer B OCafoK, o6Gpasys 3010
THHKH. OHU Ha3pIBAIOTCA IHNEPreHHBIMMU, POXKICHHBIMY Ha MOBEPXHOCTH.

BepxHue CIIOM 3eMHO# KOPBbI, JIeXallMe BhIlLe ¥ HECKOMBKO HUXe Y POBHS
IPYHTOBBIX BOJ, MONYYWIH Ha3BaHWE 30HbI BHIBETPUBAHUA, a (DU3HYECKHE ¥
XMMHYECKHe NMpeoDpa3oBaHUA MOPOJ B ee MpefieNiax — NPOLECcCOB BHIBETPH:
BaHusA. OHM CBA3aHBI C TeM, YTO CBOWCTBA FOPHBLIX MOPOR H MHHEpPAJIOB
BO3HHMKIIMX B 3¢MHBIX IyOHMHax, He mpucnocobieHsi K aTMocdepHoi |
BOJIHOH Cpefie, ¢ KOTOpO# OHW BOLUIM B CONPHKOCHOBEHHE B NPUIIOBEPXHOC
THRIX ycnoBusX. HeycroiuuBbie B HOBO# 06CTaHOBKe MHHepallbI npeobp:
aytorcsi. Ilo TpemmHkam B HMX npoHuKaer Bopa, pacTBOpAA YacTb MHHE:
PaJIbHOrO BEILECTBA; B MOPO3HOE BpeMs OHA 3aMep3aeT, M JIe[siHble KIIMHbA
P43pBIBAIOT HA KYCKH KaMeHHbIe INIbIObl M 3¢ pHBILIKK MHHepanos. Yepeno
BaHWE JKapel M XONOAa yCcKopser (M3WyecKoe paspyuieHue nopop. Ilpu
XHMHYECKOM BLIBETPHBAHWM BO3HMKAIOT HOBbIE MHUHEPAlIbl, 4 YCTOHYMBBIE K,
XHMHYECKHM BO3[EHCTBHAM MMHEpasibl, TAKHE KAK KBapll, COXPaHAKT CBOH
cocrae. TonuM nopop, M3MeHEHHbIE NPONECCAMH XHMHUYECK OrO BbIBETPHBa~
HUsA, OOpa3yT KOpbl BHIBETPHBaHNs. BepxHsas yacTh MECTOPOXIEHUH WIH
OTHCTIbHBIX PYAHBIX TEj, PACrojNiOXKeHHasi B KOpe BBHIBETPUBAHMA BbILlE
YPOBHA IpYHTOBBIX BOJ1, OTHOCHUTCA K 30HE OKHMCIEHMS.

M3MeHAIOTCA U 30TOTHHK M, paccesiHHble B TOJMIE nopopa. Beps 301010 HE.
BCerga obpa3syer MeCTOPOXIeHHA WIIH PY[ONpOABIIEHUA (HenpoMbIlILTIEHHbIE
KOHLEHTpauuu) . OHO B HHYTOXXHBIX KOJIHYECTBAX paccpeoTO4YeHO BO BCeX
NOpOAaxX 3eMHOH KOPpBI, a Ha OTAENbHBIX IWIOLANAX 06pasyer Gonee BbICOKHE
COnepaHuA — Ha OJIMH-ABA NOPANKA NpeBblualoLMe o6bHbIe ((POHOBBIE)!
KOHUEHTPAUMK 3TOro snemeHTa. B Takux ciyyasx KOphl BhIBETPUBAHUSA
OymyT 30n0TOHOCHBIMH. OYEBHMAHO, YTO 30HBI OKHCIEHHA — TO YaCTHBII ciy-
Ya¥ 30JI0TOHOCHBIX KOp BbIBETPUBAHUA. ]

Wrak, B NOBEPXHOCTHBIX YCNOBMAX W3MEHSIETCA 30710TO U3 30710TO-
HOCHBIX KOp BBIBETPHBAHMA M 30H OKHCTIEHMs MecTopoxpeHuidt. [Iperep-
NEBAIT NpeobpasOBaHUA W 30JIOTHHKHM, YlLeNeBlLIMe OT PacTBOPeHHA, HO
W3BJICYCHHBIE U3 YA W NOPOJ MpOLEecCaMy BhIBETPHBAHUA W 3PO3HM U pacce-
AHHBIC WM, HanpOTHB, CKOHLUEHTPHPOBaHHBIE HA Pa3HBIX PACCTOAHUAX OT
MECTa CBOEr0 POXJEHHA — KOPEHHOro MCTouyHMka. CKOIUIEHMA TAKMX 30J10-
THHOK 0Dpa3yioT 30JI0TOHOCHBIE POCCHINH.

B 30Hax OKHCNEHHs BCTPEYAOTCA 30JI0TUHKH Pa3HOro npoMcxoxxpeHus. B
NepByio Ouepedb, IT0 30710TO OcraroyHoe. [lo Bcem OCHOBHBIM npu3zHakam
OHO HE OTIIMYAETCA OT CAMOPOMAHOrO 30J10Td U3 NMEePBUYHBIX, HEOKHCIEHHBIX
PYO ¥ THILUb B TOW HWIH MHOM CTENeHH U3MEHEHO B NOBEPXHOCTHBIX YC/IOBHAX.
Bo-BropbiX, HabnwopaeTcs 3010TO rHNEpreHHOe MM BTOpHYHOe, 06pa3o-
BaBLICECH yXK€ B NOBEPXHOCTHBIX ycnoBusax. OHO OTnaranock U3 pacTBOpOB,
UMPKYIUPYIOLIMX B 30HE OKHCIICHHA.

Kaxpiii THII 30710Ta HeceT HECOMHEHHBIE Ciiefibl CBOEro MPOUCXOXK/Ie-
HUA.



£ JJATOPOJIHOE, HO YSI3BMMOE

30n0T0 — OJIATOPOAHbBIA METaN ; CIEAOBATENBHO OHO OOIDKHO OBITE XMMA-
geCcK ¥ [AOCTATOYHO HHEPTHO.

Ho ™Mbl y)Ke BHENM, YTO CaMOpOAHOE 30JI0TO — HEOHOPOOHBIH IO
pasMepam, COCTaBY H cg'poe.muo MUHepas, OTHIOAb HE TAKOM YCTOHUMBBIA K
pa3nMuHOTO poAa BO3[eNCTBMAM KaK CIUIaBbl XHMHYECKH YMCTOrO 3071074,

910 06YC/IOBIIEHO ¥ MENKHUMH pa3MepaMH YaCTH 30JI0THHOK, M HATHIHEM
npumeceit, M IUIACTHYECKHMH pehopMalMAMYH, YCKOPSIOLWHMH TNEpEeKpHC-
A NK3aLMI, cnocoberBys Gomee GBICTPOMY INPOTEKAHHIO XMMHYECKHX
peaKUHMH.

B NOBEPXHOCTHBIX YCIOBHMAX NPOMCXOMMT PACTBOPEHHE NOBEPXHOCTH
OCTATOYHBIX 30JIOTHHOK. JIOCTAaTOYHO KpYIHbLIE BBIAENEHHA BCE-TaKH COXpa-
0T BCe WM HEKOTOphble NEepBUYHbIE TPU3HAKM POJICTBA, @ MeJbYaHIINE
yacTULIBI MHOTHA MONHOCTHIO NEPEXOAT B pacTBop. Jlaxe, eciii 3010TO CHOBA
ppIafaeT B BHAE CAMOPOMHOrO METajlla, OHO TepfAeT BCe CJIeMbl CBOETrO Npo-
HCXOXKIEHHA.

KOI'IIA KOPPO3MA IEJIAET METAJIT JIYYIIE?

XOpOLIO M3BECTHO, KaKKe YOBITKM PUHOCHT YENOBEUECTBY KOPPO3HiA METall-
noB. B OOBbIJEHHOH >XM3HW MbI, BHOAHM Kak ObICTPO pXaBuMHA pajbe/lacT
Tpy6bl, pa3pyllaeT KPOBENBHOE JKeNe30, U3bA3BNACT MEXAHUIMbI M KOHCT-
PYKIDIH.

CamopOJIHOe 30710TO, HaxosAuieecs BOMU3K 3eMHOH NIOBEPXHOCTH, XOTHA U
JHAYKTENIBHO Me[JIeHHee, YeM CIUIaBbl JKejle3a, HO Takike MNo[Bepraercs
koppo3uu. KpomMe TOro, camopojiHoe 30710TO M3MEHAETCHA M 33 CUET BOIHHK-
HOBEHMA B €ro 3epHUCTHIX arperarax TaK HasblBaeMBIX MEX3€PHOBBIX IpPO-
wwikoB. OQHAKO TNOBEPXHOCTHbIe MpeobpasoBaHus HE TONBKO HE MOPTAT
30JI0TUHKH, HO, HAlIpOTHB, NOBBILIAXT UX LEHHOCTD.

UeM BbI3BaH 3TOT Napajiokc?

K m3ameHeHMAM OCTATOYHOTO 30J10T2 B 30HAX OKHCIIEHMs OOBIYHO OTHOCAT
TOJIBKO pacTBOpPEHME U CTIIAKMBAHWE BBICTYTOB NMOBEPXHOCTH 30JI0THHOK H
Pa3BUTHE MEX3ePHOBBIX NPOXWIKOB. BhICTYIBI CIIIaXMBaKTCA W Onarojaps
[lpoLeccy pacTBOPeHMs M OTYaCTH M3-3a TPEHWA O TBepAble YaCTHIBI MpH
pOCelaHKM 30JIOTHHKH Yepe3 CTaBLIYI0 MeHee IUIOTHOM OKMCIIeHHYy 10 pyay. B
OMBIBAIOLMX 30JIOTHHKHM PACTBOpaxX COMEpXKAaTcs Melbuadiliie B3BelllCHHbIE
YACTHIBI MHHEpPAIOB, ¢1a60, HO HeyCTaHHO LUTHQYIOWMX OCTphIE BBICTYIIBI.

Mesx3epHOBbIE BHICOKONPOGHBIE MPOXHIKHM BOSHHKAWT B 3€PHUCTBIX
arperatax CaMOpPOJHOrO 30JI0Ta BO BpeMs NpeObIBaHHA €ro B 30HaX OKMC-
Newvsn (puc. 26). Peskumi rpaHMlIaMH OHY OTOENAIOTCA OT 3€PEH, Claraioimux
30JIOTHHKY, ¥ OT/IMYAIOTCA BechbMa Bhicokoi — 950-998 — mpoboi, He 3aBH-
CAlueR OT mpoObl MepBHUHBIX 3epeH. [Ipoba 30710Ta MEX3EPHOBBIX MPOXHII-

KOB W3MeHAeTCA B OJHHX M TeX e IpefiesiaX U Y BbICOKOCEpeDPHCTOro Y
HCKITIYHTEIbHO BBICOKONPOOHOrO 30710Ta.
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Puc. 26. MexsepHoBrie BBICOK OITpo6-
HBIE NPOXHMIKH B 30JI0THHE M3 30HREI
oxucnenud. IlonmpoBanueit cpes, npo-
TpaBlIeHHEIH Hapckoft Bogko#t. Yeen. 700

Puc. 27. MenkosepHHCTas KOpPpO3HOH-
Had BrIcokompoOHas ofonouxa Ha 30n0-
THHKE M3 pocchimy. [Tormposanssiit cpes,

NpOTpaB/IeHHLIR Uapckoit Booxko#t. Yeen.
250

Ilo-upMoMy, mponece pa3pacTaHus MeXK3epHOBBIX NPOXMIIKOB MpoTe-
K2eT UPE3BHIYAHHO MeJUIEHHO, MO3TOMY HMHTEHCUBHBIE €rO NpOSBIEHUS U
HAGIIOMANKCh TONBKO Yy 30JIOTHHOK, [UIUTENBHOE BPEMS HAXOMMBIMXCHA B
MOBEPXHOCTHBIX YCIOBUAX. BoIHOC cepe6pa nmpoucxomwt 3a cuet muddy3un
€r0 M3 NBYX MPUMBIKAKIIKX ApYr K APYTY 3epeH 1O MX rpaHulle MM BIOMb
NIOBEPXHOCTH KpucTannos. Jiuddysusa comepkaBllIMXcsd B 30/I0THHAX Ia30B
W TIOCTIE[TYIOlUMH MX BBIHOC YCKOpSUIM 3TOT MpOILece, CNOcoBCTBYA pacimpe-
HHI0O MEXX3epHOBLIX NOJIOCTEH.

HauGonswee paspacramme BHICOKONPOBHBIX NPOXMIKOB OTMEYEHO Y 30-
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OTHH, HCTIBITABLUIMX DPEKPHCTAIUIM3ALMI0 M MMEIOLMX NONM3PHUECKH-3€p-
UCTYI0 CTPYKTYPY. 3TO CBS3aHO C T€M, 4TO GonbiUaA MIOMAAL TIOBEPXHOC-
v 3epeH ofneryaer BbIHOC cepebpa 3a Npefienbl 30JI0THH. Kpome TOro, BHOBb
0fpa3oBaHHBIE MEIKO3EPHHCTDIE arperarsl HepenKo NpeTepleBai, OCObeH-
4o TIpH TOBTOPHBIX METaMOP(HYECKHX BO3[EHUCTBUAX, YaCTHYHYIO [E3HH-
rerpanmio, ofGneryaBlyl0 B JajJpHediieM, B 30HE OKHCICHHA, yOajyieHue
cepebpa U3 30JIOTHHOK.

Bropoil BUJ M3MEHEHH} CaMOPOJHOro 30710Ta B MOBEPXHOCTHBIX ycno-
auAx — KOppo3us. OHa, KaK U B XeNe3HbIX CIaBax, pasbefiaet meTall, 06-
pasysl Ha €ro TNOBEPXHOCTH o6onouxy. BriepBhie KOppO3MOHHbIE 06O~
noukH GbimM oBHapyxeHs: P. MakkoHeNIOM ¥ [ONIIO CYHTAIIMCH obueit oco-
FenHHOCTBIO 30710Ta M3 poccemieil. [losaHee 3apOMpIUEBbIE YHaCTKH BBICOKO-
npoGHOTrO 30J10Ta ObUTH ODHApY KeHbI y 30710Ta U3 30HBI oxucnermsi. I‘paummm
0GONTOUKH ¢ HEH3MEHHBIM 30JI0TOM KOPPO3HOHHEBIE — H3MEHEHHBIH CTION KaK
Gbl BrPBI3aeTCA B AAPO 30TOTHHKH (pHC. 27). OpHako KOppO3HOHHaA 00o-
0uKa, B OTIMYME OT JKeJIe3HOH PXXaBYMHBI, UMEET BRICOKYI0 LIEHHOCTb — OHa
crioeHa BechMa BBICOKOIPOOHBIM 30JI0TOM.

BHelHye rpaHMisr OBONOYKM COBMNAJAT C TNOBEPXHOCTBIO OCTATOY-
HOil 30JIOTHHBI, @ BHYTpeHHHMe — (pecTOHuaTblie, C OKpYTTIEHHBIMH HITH 3y0-
yATHIMM, HATOMMHAIOIIMMHM OUEpPTAHMA KpUCTAINOB, BeicTynamu. Taxwue
e BbICOKOTOGHBIE OGONOUKH OKPYXalT FHAPOKCHIBI XKEjl€3a, KOTOPHIC
06pa3OBAIMCh 32 CUET PAVIONKEHHS CYNbOUOOB XKenesa. Ha cpesax 3ono-
THH 3T OBOMIOYKM BHITTIANAT KaK ApKHE BEHYHKHM IBETOB C TEMHOMW Cep-
[IIeBHHOM, CJIOXKEHHOH TIHWAPOKCHIAMH Jene3a, Ha ¢oHe Gonee cBETNOro
30J10TAa.

TlanpHeliume HabniojeHus MNOKa3and, 4TO0 00pasoBaHHEe KOPpPO3HOH-
HbIX 0BONOYeK, KaK M MEeX3epHOBBIX IPOXXMIKOB, HaYHHAETCA B KOpaX
BHIBETPMBAHMA M 30HAX OKHMCIIEHHs ¥ NPOJOIDKAETCA B PO CCHITLAX.

[unotesa M.C. ®uiepa O BOSHUKHOBEHMM BBICOKONpOGHBIX 060JIO-
YeK B pe3yJIbTaTe JEKTPOXHMHMYECKOH KOpPpO3MHM B INOCIE[HHE TOJpl MO-
nBepriacs kpuTHke. HexoTopeie HcclefoBareld BEPHYJIMCh K TIpEmo-
JIOeHulo, BeiaBMHYTOMYy P. MakkoHHenoMm, 06 OOpa30OBaHHH BBICOKOINpPO-
6HOro cnos TpH BhILENAYHBAHMM cepebpa M3 TPUNOBEPXHOCTHBIX yacreH
sonotus. H.B. TleTpoBckas paccmarpubaer (opMUpOBaHHe OBOJIOUKH Kak
pe3ynpTaT NEPEKPUCTAIUIM3AUNMM, Pa3BHBAIOWIEACS B TOHYAHUIMX MPHIIO-
BEDXHOCTHBIX CIOAX 30710THH. BeIHOC cepebpa TONBKO yCKOpPs/T H3MEHEHHE
CIDYKTYp 3THMX CJIOEB 32 CYET BO3HMKHOBEHHS JIeQEKTOB K pUCTA/IHYECKOH
PElIeTKH 30JI0TA M B CBA3M C HallpAXEHHAMM, KOTOpbIe BO3HHKIIM H3-33 NO-
SIBJICHUS BAKAHTHBIX, HE 3aHATHIX aTOMaMH cepebpa, nosuuuit. OpHaKO, MOX-
HO [lyMaTh, YTO MEXaHW3M O6pa3oBaHMsA ODONOYEK 3HAUMTENIBHO CIIOKHEE M
CBf3aH C OJIHOBPEMEHHbIM BIIMAHWEM HECKONIBKHX IPOLECCOB.

Hecommenso, B $opMHPOBAHHH KOPPO3MOHHBIX 0OONIOYEK WIpaeT ponb
BbIHOC cepeGpa B npouecce muddysum ero aromos. O NepepacrnpeneneHiH
cepebpa HaM TOBOPAT 30HBI TPOMEXYTOYHOIO COCTaBa MENIY 0B0nouYKoH
U AopomM 30M0THHKHM. B 3THX 30Hax mpoba Huxe, YeM Yy KOPPO3HOHHOIO
CII0s1, HO BBIILE, Y4eM B 1IEHTPANIbHOH YaCTH 30JI0THHKH.
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BrusiHiie 371EKTPOXMMHYECKHX (DAKTOPOB CKASBIBAETCH B YBENMNEHE
TOJNUHMHBI OBONOUEK OKOJIO OKMCIEHHBIX CyNbDUOOB, rhe IO I paHHIaN
Pa3sHbIX MMHEDATIOB B IMPOCAYMBAIUMXCA pAaCTBOPAaX MOIVIM BO3HHKATE
IPHPOMHBIE MHUKPOTAJIbBaHHYECKHE TOKH. B pacTBOpax, OMBIBAIOLMX MU
HEpaiibl, NMPUCYTCTBYIOT 3apsDKEHHbIE YACTHIBI PA3/IHYHbIX JIEMEHTOB, TO
3TOMY BCErja MMelTcs MeKTpoiuthl. 06 ypanennu cepebpa myrtem er
BBIETIAYMBAHNA TOBOPAT INOPHCTHIE CTPYKTYPHI BBICOKOMPOGHBIX 06O
uex. Ponb mpouecca nepexpUCTANIM3ALME BHIHA M3 NPAMbBIX HaGMONEHUI
PAITHIHH BHYTPEHHErO CTPOEHHMs NEPBMUHBIX 3epeH OCTATOMHOTO 30710
¥ BO3HHKIUEH 060II0UKH,

Ecni Gb1 popMHpOBaHHE KOPPO3MOHHOH OBOTIOYKH MPOMCXOIMIIO TO-
JIBKO 33 CYET JIEKTPOXMMHYECKOH KOPPO3WH, CJIOH BBICOKOMpPOGHOro 30
JioTa, OTNAraBLIErocs Ha MOBEPXHOCTH 30JIOTHH, HA OMpeesIeHHON ¢
BOCTIpENATCTBOBAN Obl [aibHeWlleMy TNpOTeKaHni0 Npouecca. Ha mpaxty

K€ e HEepeAKO KOppO3usA Hauesno npeoGpadyeT pake KpymMHbie 30TOTHH
KH.

[lepexpucTaniM3aums NpPUNOBEPXHOCTHOIO CJIOA OCTATOYHBIX 30JI0-
THH, CONpPOBOXZAWIMAACA BBIHOCOM cepebpa, oObMHO mNpoTekaer cna6o

M3-32 Maiol aKTHBHOCTH UHMPKYJIMpYIOLIMX pPacTBOpOB 0Opasyercsi TOH-
uamuan (0,001, pepxo 0,002 mm), uacTo npepbBMCTas WIM 3apOfpiile-
Bag “'TOYeyHasn” 0BONOYKa, 3arpA3HeHHas TMIPOKCHAAMH xene3a. Oxa NpH-
A2eT MaTOBBIH GJIECK NIOBEPXHOCTH 30JI0THH.

M3BecTHO, 4TO Cepebpo CNOCOGHO PacTBOPATHCA, [ABaf B PA3NTHMHBIX
cpenax GonbioH HaBOp KOMIUIEKCOB (XJIOPHAHBIX, CYIbMOUIHBIX, CyNb-
(aTHBIX), YTO TPUBOIMT K TNpPEUMYIIECTBEHHOMY BBIHOCY €rO IOpH pacT-
BOPEHHH CaMOpOJHOTO 30510Ta B MOBEPXHOCTHBIX YCNOBHaX. Ilosromy pa-
K€ B pyAaxX C OYEHb HE3HAUMTENIBHBIMM COMEpXaHWAMH CyJIbGHIOB B OT-
PaHHYEHHBIX Y4acTKaX CO3JAITCA YCIOBHMsA, GNaronpHsaTHbIE JUIS BbIle-
NayMBaHus cepebpa M3 30NIOTHH — OBGBIYHO NO KOHTAKTAM JIETKO PacTBO-
PHMOrO HHM3KONPOBGHOIO M BBICOKOCEPEOPHCTOrO 30710Ta ¢ OKMCIEHHBIMU
CylbpuaaMH H OCOGEHHO — C arperaraMy pyJIHBIX, cofiepXKalmx merai-
Jibl, MHHEPAIOB pa3NMYHOrO COCTaBa. B TakMx MecTax akTHBHO NMpOTEKa-
10T JMEKTPOXHMHUECKHE mpouecchl. 3pece oTMeueHsl pesxue (0,01—0,03
MM, uHorna o 0,1 Mm) paspyBs! KOppo3uOHHBIX oBonouex. Yacts mop.
M KaHATOB B HHMX ObIBaeT 3aNOJIHEHA THMAPOKCHIAMM >ene3a. Ha Hexorto-
PbIX MECTOPOXKHAEHHAX C BBICOKOCEPEGPHCTBIM 30710TOM B OTHENBHBIX CITY-
YaAX KOPpO3UOHHBIe OBomnouky sanmmanu 80-90 % mwiowam cpesa 30-
JIOTHH.

EcTecTBeHHO, 4TO NOBBINEHWEe NpOBbI 3a CYET PA3BUTUSA MEX3epHO-
BBIX TNpPOXMIKOB M KOPPO3HOHHBIX OGONIOYEK NOBBILAET MPOMBIIDIEHHYO
LIEHHOCTL 30n0Ta. Bepmp mpo6a oGonouex wusmenserca or 940 mo 999 S U,
KaK M y MEX3EPHOBBIX NPOXHMIKOB, HE 3aBHCUT OT Npobbl OCTATOYHOTO
30110Ta.

JT0, NOXayH, eIMHCTBEHHbIA cNyuyail, Korma KOppO3HA [enaer me-
TAJII NTyYile.
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pTOPOE POXIEHHUE

(GA3aTeIbHO JIK B 30HAX OKHCIIeHWsi TOHKOJMCHEPCHBIE 30JIOTHHKH, OCO-

GeHHO MeNbuaiiiMe, KOJUIOMIHOOMCIepCHple BBIACTICHHA IO/1BEpralTCs
[OJIHOMY PacTBOpeHHI0?

310 3aBMCUT OT COCTaBa BOJ, NIPOCAYMBAKLIMXCSA C TIOBEPXHOCTH M MHIDH-
pylOIUMX Ha Pa3HbIX FOPH3OHTAX 30HBI OKHC/IEHHsA. 3aBUCHT M OT TOro, B Ka-
Kyio Cpey ¥ HaCKONBKO HaJIeXHO 3aKII0YeHbI 30JI0THHKH.

Te WK MHbIe GIATONPHATHBIE UIA PACTBOPEHUS MeNbYaHIIMX 30TOTHHOK
ycrIOBUSA BO3HMKAIOT B Pa3HbIX KIMMAaTHYCCKHUX 30HaX B KOpax BbIBETpHBA-
L3 OPOJL M PYA PasiMuHOrO cocTaBa. 30JI0TO OOpasyer He TOTIBKO MCTHH-
ibie, HO M KOJUIOM[IHBIE PAcTBOPBI, NPHYEM 3aULIMTHYI0 pOTib B HMX WIrpact
«peMHE3EM, 3a[IEPXKHBAA BbINA[ICHUE 30710Ta B OCA/IOK.

Ho Bce-Tak¥ HauboJee YacTo B pacTBOp NEPEXOOMT 30710TO, 3aKIHOUCH
yoe B CyTbUIB WIM BXOAsLIEEe B COCTaB TEJUTYpPHIOB — COeMHEHUM 30/10Ta
¢ TeJUIypOM M JIPYTHMMH 37IeMEHTaMH, PeXe CENeHH/IOB.

Uem Gomplle B pyne cynbUAOB, TEM XHMHYECKH arpecCHBHEe pacTBOPEL,
neficTBYIOLIME Ha 3071010. Yem Gomblue B Cy/IbhHIaX TOHKOAHCIIEPCHOTO 30-
014, TEM CHJIbHEE HACBILIAETCA UM pacTBOp.

Ho HapsAy ¢ MHOTOYMCIEHHBLIMH pear¢HTamu, pacTBOpAIOLIMMH 30JI0TO,
5 30HE OKHC/ICHUSA NPUCYTCTBYET ¥ MHOXECTBO TaK Ha3bIBAEMbIX FEOXHMHUUEC-
kux GapbepOB — YYACTKOB, TN PE3KO M3MEHAITCA PUIHKO-XMMHUECKHE YC-
f0BKA W YMEHBLIAETCA CNOCOBHOCTD 30710Ta HAXOAMThCA B PaCTBOPEHHOM COC-
rosauun. Takue Gapbepbl MOTYT MMETh Pa3fIM¥Hy0 eMKOCTb. Heckonsko 6o-
nee KpYTHBIX 30JIOTHMHOK BBI30BYT OCRXK[EHHE Ha HUX MeNbYaHLLMX KpPYIH-
HOK WJIM TOHKOM TUIEHOYKH 30710Ta. A 30Ha YriiepoAcofepXaliux Nopon cro-
cofHa BOCCTAHOBMTH U3 PacTBOPOB 3HAYMTENIbHYIO 4acCTh 30710T4. Hosbi# mpu-
TOK PAaCTBOPUTENA — M CHOBA 30JI0TO MOJXET MEepPeHTH B pacTBOpP ¥ MUIPHPO-
BaTb B HEM [0 cliefyiolero bapbepa.

CaMOpOJIHOE 30JI0TO, BBIENMBLIEECH M3 PaCTBOPOB, LHPKYIHPYIOIHX B
30He OKMC/IEHHs, COBCEM IPYroe, YeM ObUIO B pyfiax. ¥ Hero HHbie pasmMepsl H
bopMel  30NMOTHHOK, crewaduyeckue COCTaB M BHYTpeHHEe CTpPOCHHE
(puc. 28). ITOro M CNENOBAIO OXHUAATH OT CAMOPOJIHOTO 3071074, OOpa3OBaH-
HOTO B COBEPIIEHHO OCOGBIX YCIOBMsAX. 30I0THHKA, NOBTOPHO POAMBIIAACH
B 30He OKMCNEeHHs, TAK W Ha3bIBaeTCA BTOPHYHBIM 30710TOM. Ho pojmrhes 32-
HOBO 30JIOTMHKM CNOCOGHBI HE TONBKO B 30HE OKHCIIEHKA, I7I€ eLIE MOXHO yC-
T4HOBUTh MATEPMHCKYI0O CBA3b OCTATOYHOrO M BTOPUYHOIO 30710712 C PYHOH.
30/10TOHOCHBIE PAcTBOPHI NPOMMTHIBAIT M MUIACTHI POCCHINEH, COAEpXaluue
KPYNHIBI OCTATOYHOro 30710Ta (B POCCHINAX €ro Ha3plBaKT YyXe pOCChIll-
HbiM) . CopepikaHUs 3071072 B pacTBOPaX OOBIMHO HUYTOXHLI M HOBOTO 33pOX-
JEHUs 307IOTHHOK He TpoucxofuT. OAHAKO B OT/ENBHBIX MECTaX CO3/AITCH
YCIIOBMs, CHOCOBCTBYIOLIME TOBTOPHOMY pOXAeHulo 3070Ta. B otmiwme OT
BTOPUYHOrO ero HapeKiu ’HoBbiM”, OHO NMOABNAETCA MpH BOTBILIEM HAChILLE-
HHK 30J10TOM pacTBOPOB, UMPKYIHMPYIOIMX B POCCHIIAX, HANPUMED, IPH TiE-
PeCeyeHHH MONMHOM NMOPOM, COfiepXaluX cynbGUIbI C TOHKOAMCIEPCHBIM 30-
JI0TOM. BTOpBIM YCJIOBHEM CIY)XHT HAIMYHE FeOXMMHYECKOro bapsepa, Bbl-
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Puc. 28. KomomopdHsie HapocTs! BRIC
KonpobHoro BTopHuyHoro 3onota (6enoe)

BeprHyThi#l TpaBnienyo. Yeen. 350

3pIBAIONIErO BhBINMafeHUe W3 pacTBopoB. bapbepom Hepenxo sBNAETCA ITUIO-
TMK — KOpeHHble TOpOIBI, TIOJCTH/IAIOIIME POCCHINH, — CIOXKEHHBIA H3BeCT-
HAKaMHM WIM YITIMCThIMK crnaHuamu. “HoBoe™ 301070 B Takux yyacTrkax
OXOTHO OCaX[1aeTCsi Ha MOBEPXHOCTH OCTAaTOYHBIX 3O0JIOTHMH, HHOTr[AA CKperl-
NsAA MX OpYT ¢ APYrOM KaK LEMEHT.

Takum 06pazoM, U B 30HaX OKMCIIEHHSA, H B POCCHIIAX BCTPEYACTCH KAK
OCTaTOYHOE, TaK ¥ IHINEpreHHoe, BTOPUYHOE WK HOBOE’’ 30710TO.

Ho npexie yeM monactb B pOCChIlb, 30JI0THHKA [OJKHA TIOKHUHYTh P/
HO€ Teno W NepeMeCTHThCA OT MeCcTa, rie OHa obpa3zoBanace, MO NEHCTBHEM
CHJTBI TSDKECTH, YBJIEKaeMas ONON3HAMMU MM BOOHBIMH NOTOKAMH.

MMYTEMECTBUE 30JIOTUHOK

HacpleHHas KHCIOPOIOM BOIa, Pa3[BUTAiOIas TPELUMHKH MOpOf, OKH-
CNAKILASA W BBINIENAYMBAIONIag MHHEPAIbl, CPOCLLIMECA ¢ CAMOPOAHBIM 30J10-
TOM; Mepenajbl TeMIEepaTyphl, ~ pacllaThiBalIKe’’ CTPYKTYpY NOPOMLL; Nep,
Pa3pbIBAKOIUMH M PacKa/IbIBAIOIIMA KAMHH, KOI/Ia BOJA 3aCTBIBA€T B HX Tpe-
LIMHaX — BCE 3TO YACTUYHO WITH MOJHOCTBIO BBICBODOXKIAET 30MIOTUHKH B 30-
He OKMCJIIEHUA W3 KaMEHHOrO IUIeHa, IeNaeT X CNIOCOOHBIMK K NepeiBHKe-

HUIO. B 32BHCHMOCTH OT COCTaBa pyJ, epPBOHAYANBHBIX Pa3MepOB H (GOpMBI

30JI0THHOK, OT KJIMMAaTHYeCKHX YCIIOBHH OCBOBOXICHHE HACTYITHT paHbLLe
WIIH TIO3XE, a 30JI0THHKA OKaXeTCs JIMLIEHHOW NOCTOPOHHMX BKITIOYEHMH HWIH
Gynmet conep>xarb OBIIOMKH IPYTHX MHHEDAJIOB.

Tpynsee Bcero BHICBOGOXPAOTCS 30NOTHHKH CJIOXKHOM (GOpPMBI — sueHc-
TOH, MeTesIbyaToN, ry6uaToi, a TaKKe TUIaCTUHYATDIE U K PHCTAJUTHYECKUE Kap-
Kachl M YaCTULBI C HENPaBHWIBHBIMH OTpOCTKaMu. M3 MuHepanoB, vaile Bcero
HAXOMALIMXCA B CPAaCTaHHK C CAaMOPOJIHBIM 30J10TOM, HauBomnee NMpoOYHO COeU-

|

HeH ¢ HUM KBapu. TpymHO pacTBOpUMBIH B NOBEPXHOCTHBIX YC/IOBHAX, OH |

CMOCOOeH paspylliarhesi TOJIBKO TIO IPAHUIIAM 3€peH M TpelMHKam apobre-
HUA. MHOTHe Ipyrue MUHepaisl — Kap6OHATHI, TANIeHUT (CynbhU)L CBHHIA) , —
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1OMHMMO TOTO, YTO B 30HE I'MIIEPreHe3a JIErko pacTBOPAIOTCA MIIM pasJiaraior-
cd, OTNHYAKTCH MeHblleH TBEPAOCTBIO M 0ONafanT cnaiHoOCThi0, Oiaropaps
yeMYy PACKaNbIBAKTCA HAa KYCOUKH O ONpefe/ieHHbIM HAllpaBIICHHAM. 310 06-
1eryaeT BhICBOBOX/ieHWe 30TIOTHHOK, OCOGEHHO PaCHONOXKEHHBIX O TPELMH-
«aM CIalHOCTH, Kypa npd GOpMHpPOBaHHM pY[ Jerye MpOHWKAIH pyAOHOC-
fp1€ PACTBOPBI, OTJIArailye 30J10TO.

C paBHHTENILHO JIErKO 30JIOTHHKH COpachIBaOT C Ce0s NUPHUT, XOTA M JIK-
(1eHHBIN CIAWHOCTH, HO YA3BMMBIH [JIsi mpouecca okucnenus. [lpasna, muHe-
pasibl TPYTNBI TETHTA — TUAPOTETHTA, BO3HUKIUKE MPH WIMEHeHWH MUDUTA,
4aCTO COXPAHSAIOTCA B yrnyOleHUsX MOBEPXHOCTH 30JI0THHOK M Kak Obl pac-
[1ON3aKTCA OTTyHa Ha COCeHHE YYacTKH, 0bpasys TeMHO-KOPHYHEBBIE WIH
K pacHO-Oypbie TUIeHKH-pybauky. OcBoGOXaeHHaA NMOBEPXHOCTh 30JI0TMHOK
COXPAHAET OTNEYaTKH MMHCPAIOB: yriyGneHus NpaBWIbHOH GOPMBI, OCTaB-
nenHble KpHCTayiaMu (TMpUTa, KBapua  fIp.) , TOHYaHILIy0 WUTPUXOBKY CHak-
HoctH (KapBOHATOB, rajieHHWTa) , UrOJIbYATHIE IUTPHXH (pe3yNbTaT COCEMCTBA C
MHHEpaJlaMK Tpynnbl ampub0IIoB), HenpaBUIbHbIE BMATHHEI OT HelpaBHIib-
npIX OGNIOMKOB KBaplia ¥ [pyrié [0CTaTOYHO XapakTepHbie cnezpl. [lo Hum
MOXHO CYOMTh, B KaKHe MHHE paibl ObUIH 3aKJI04€HB] 30JI0THHKH B pyHax.

UTaK, 30JI0TMHKH 0BOCOOMIMCH OT BMEILAIOIIEH Cpelibl H rOTOBbI [BH-
HYTbCA B MYTh.

IMocneayem 3a HUMH.

BIIYTH

JlaypHeHIas >KM3Hb 30JIOTHHOK 3aBHUCUT OT OYeHb MHOrMX NpuyMH. Ya-
e — 3aKOHOMEDHO, pexe — ClIyyalHO OHM OOpa3syloT eguHOe Lesoe, KO-
TOpOe W ONpenenseT yCIOBUA, BO3AEHCTBYIONNME HA 30JI0THHKY M ONpeness-
1Me ee Dyayiee.

[IpencraBbte cebe, YTO BepXHAA YacTh )KWIIbI BBIXOJMT Ha NMOBEPXHOCTh
Ha BRIPOBHEHHO#M MIomafke, 6e3 3aMeTHbIX yKioOHOB. [lopopsl, pacceueHHbie
TPELLIMHOM, BMELLAlIeH XUy — IUIOTHbIE NIeCYaHUKH WIM CIIOMCTBIE ITIMHHC-
Tbie criaHlbl, JIKBHEBBIE JOXIM B 3TOM Kpaio pefiKH, H MOTOKH BOMOBI HE MO-
I'YT yBIeYb KpYIHbIe OBNOMKH MOPOJ M 307I0THHKH K CKIIOHY, CyCKaroLe-
Mycsi B nonMHYy. Boga M Betep yHecyT KaKyl-TO YacTh NeCKa ¥ ipecBbl, Iipe-
BPATAT MOCTENEHHO YacTh MOJIEBBIX LUMATOB M CJIIOM, BXOAALMX B COCTaB MO-
poJi, B FIIMHY, pasMeibyaT KyCKH KBaplia, leCYyaHHKa U ClIaHLUEeB.

30/I0THHKM MOTYT OCTAaThCHA INPaKTHYECKM Ha NpexxHeM mecte. Ecnu B
BEPXHEH YacTH PYOHOro Tejna Mx ObUI0 MHOTO, BOZHMKHET 3JII0BUANIBHAA pOC
Chilb, CJIO)KEHHAs HeNepeMelleHHbIM MaTepuanom. Korpa pynHoe 1eno 3ane
[T B JIErKO paCTBOPHMBIX M3BECTHAKAX, BOAA MOXET IPOMBITH B HHX Kapc
TOBbIe NOJIOCTH, Ky[Ja, KaK B JIOBYLUKH, TPOCANET WIH 06BANUTCA CO CKJIOHA
HEM3MEHeHHas WIM YK€ OKHCIIeHHasA pya BMECTE C 30JI0TOM, OCTATOYHBIM M
(ecnu oHO 06GpazoBanocs) BTOpHuHBIM. [loABHTCA KapcroBas pOCCHINb.

Ecnu pynHOe Teno BBIXOAMT Ha [NHEBHYI0 NMOBEPXHOCTh Ha CKJIOHE WIIH
BONM3YM Hero, 30JIOTMHKM BMecTeé C OBIOMKAaMM pydbl W MOpPOAbI Nepeme
wanTca BHU3. [Ipy NOCTATOYHOW KOHUEHTPAalMH 30710Ta MOTYT BO3HMKHYTb
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CKJIOHOBbIe (MHAye — [IEMIOBHAIIBHBIE) POCCHINK. 30JI0TO HAKAIUIMBAETCH
Ha MyTH NBHXEHHA 0GIOMOYHOM Macchl, Croj3aiouled NMoa AeiicTBUEM CHIIBI
TSDKECTH M CMBIBAEMOH BOJHBIMM NOTOKAaMHU, IOTOMY YTO Y Hero Gomnee Bbr
COKas IUIOTHOCTH, YeM Y JNIpYTHX MHHepasioB W nopon. Heobxopumpr Gonb
LuMe YCHIHA, 4TODbl ero mepemectuTh. JIerkue KyCOuUKM KBapla, NMOMEBBIX
LUMATOB, CITIOA U TMOPOJ, B 3HAYUTENIBHOH Mepe CIIOXKEHHBIX ITHMU MHHepasa-
MH, BBIMBIBAKOTCA, CKAaThIBATCA U YHOCATCA Hanpiiie. 30JIOTHHKH OTCTAXOT B
CEOem NBMKeHHH. [1o myTH OHUM ynapsrorca O NONCTWIALIKE NOPOJIbI, HCTIBF
THIBAKT yAApbl NPOHOCALLMXCA MHUMO TBEDJIBIX YAaCTHIL H TEPHAIOT BKJIIOYCHHUS
BMEILAIOLIMX MUHEPAJIOB, CTAHOBACH ellie Tshxellee.

B 3aBucHMOCTH OT TasHMA NENHMKOB WIM CHErOB, I€6HTA BOMHBIX ap-
TepUil, OT BEIMYHHDBI YKIIOHZ NOJNHH, KPYIHOCTH 30TIOTHHOK W TIPUCYTCTBHSA
B HHX NOCTOPOHHHX MMHEPAJIOB HALIW NMyTelleCTBeHHHUIIbI WIM OCTAHYTCH Ha
CKJIOHE B [I€/IIOBHH WIH MONAJyT B JIOXOK, a, BO3MOXHO, U B pexy. [Ipu 6na-
FOTIPUATHBIX YCIOBUAX 30JIOTMHKH MOTYT 0Gpa3oBaTh JIOXKKOBYI0, NEpeXOfE
HYI0 OT CKJIOHOBOW K pEUHOM, MM peuHyio (JUTIOBHAILHYI0) pocChinb. Mo-
KET CIYYMTBCA M TaK, YTO py[Hbie Tena obpyluaT CBOH IEHHbIH I'py3 B MOpe
WIH peKa NOHeCeT [0 Hero 30JI0THHKH, ¥ HEJaneKko OT Oepera BO3HMKHET
TUIsIKEBas MM 1UeNTbHOBaA pOCCHITD.

Ho mio6asi pocceiny — He CIVIOLIHOH pyyeeK OCEeBIUMX HA [IHO 30JI0THHOK.,
JTO  30IOTOHOCHBIH IUIACT, CJIOXKEHHBINH OGIIOMKAMM NMOPOBI U MHHepana-
MH — TMECYaHO-TTIMHUCTBIM MAaTE€PHAJIOM C ranbKoH, OpecBOM, YacTo ¢ BajyHa-
MH, MHOT[@ — webHeM, OOOMKaMM OKHCIEHHBIX CynbbuuoB. [Inacrer pas
JIMYAOTCA MO TONIMHE (MOLHOCTH) M IIMPHHE, IPOTAIMBAKTCA Ha paslIMuHBIe
PaCcCTOAHMA, MOTYT TNIPEPBIBATLCA, PA3MENATbCA KaK Obl Ha pan CTpY#H, MOTyT
PacCcrianBaTbhCA HAa rOPU3OHTBI, pasyieNieHHble HE30JIOTOHOCHOM OGIIOMOYHOM
Noponod. B Takux miacrax paccesHsl YacTHibl 30510Ta. OHu 06pa3yor Gora
Th!€ CKOIUIEHMA M OE/Hbie YYaCTKH, pa3jIMyHble 10 MOLIHOCTH, IPOTAXEHHOC
TH, KOHQUIYpauyH, N0 Xapakrepy 30507a. [IycThie phixjible OTIOXEHHA, Tie-
PEKPBIBAIOIME 30JI0TOHOCHBIE TUIACTBI, HAa3bIBAKT TOPGaMu, KOpeHHbIE TIOpO-
/Apl, TIOACTHIAIOLIKE MIIACTHI — IUTOTHKOM, 3 PBIXJIbIE HE30JI0TOHOCHBIE NIOPO-
Abl, JIEXAMKME MON IUIACTOM, — JIOXHBIM IJOTHKOM. CaM 30710TOHOCHBIN
TUIACT OOBIYHO MMEHYIOT MECKaMM, He3aBHCHMO OT €ro cocTaBa. B pasHbix
PaHOHAaX M pasHBIX PeKaxX M [axke B [IOJIMHE OJHON peKH, HO B DAINTUUHBIX
y4acTKax W Ha pa3HpiX YpPOBHAX OT [JHHILA 30JI0TOHOCHBIE TIIACTHI MOTYT
PasiIMuaThes 1O MHOTHM TpM3HAKaM, B TOM UHCJIE H 1O XapaKTepy o6Jio-
MOYHOI'O MaTepHalia ¥ CAMOPOIHOIO 30710T4a.

Korpa 6ypHbie naBoiky HauMHAIOT TIepeMBIBATH MIIACT, TO[IXBATHIBAS Bee,
4TO 1O CHiaM, W YHOCHA [asblue, KpynHple 0GIOMKH NOpPOM yNapsoT No 30-
JIOTHHKAaM, MENIKHE MEeCUYMHKM O0OaMpaloT M UUIHGYIOT MX NOBEPXHOCTH, @
CIIpECCOBAHHAA ITMHA YNEepXXWBAET 30JI0TMHKM HA [HE WIM HAa TMOBEPXHOCTH
BallyHOB, OOBONAKMBAET HMX, IPEJOXPaHAs OT rpyObix LApANUH U CMATYast
YH2apsl.

[Ipn cBOem pasBMTHM pexu Bpe3alTCs B [HMWA JOJMH, OCTABJIAA Ha
CKJIOHaX BBIPDOBHEHHBIE YYaCTKM — Teppachl € 30JI0TOHOCHIMH IUIACTAMH,
¥ HOPMUPYIOT TIacTel B pycrax. Ha teppacax mnacrer moryrt COX paHUThCA
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i ObITh B TOM MM MHOM CTeIeHM pa3MBIThl M MEpPeOTIIOKEHbL. 30NIOTHHKH
5 TAKMX CIYYasiX OKa3pIBAalTCA NepeMelieHHbIMY Ha Goree HU3KHH Y pOBEHbD.

M, KOHEYyHO, NMPONMIMBAA KOpPEHHBIE IIOPOMbI, PEYHOH MOTOK MOXET
5CKpBITh HOBBIE PY/IHBIE TENa C 30JI0TOM, PaspyILUMTh UX U yBileUb 30JIOTHH
«u ¢ coboi. EciM YKIIOH JIOJNMHBI HEBEJIMK WIM IUIOTHMK pasOuT TpeliMHKa-
vy, 0BpasyommMMy pebpucTsii Tpadaper, 'IeTKy ™, 30JI0THHKH YacTo 3ajep
«MBAIOTCA B HEM M OCTAOTCs BOIM3KM OT MeCrd, Tie MX MONXBAaTWI NOTOK.
Ho mnpH OpyroM XapakTepe IUIOTHKA 30JI0THHKH CrOCOBHBI NEpeMeLaTbCA
14 3HAYMTEJIBHBIE PACCTOAHMA, H3MEpAEMbIe KWIOMETpaMH.

JI0 HOBOrO Bpe3aHHsl peKH, CBA3AHHOIO C ABVDKEHMAMM KPYIHBIX 6I10-
OB 3€MHOM KOpBI, @ B COBpEMEHHBIX PYCIOBBIX OTIOXKEHMAX — B NEPUOML
MEXY CHIBHBIMM TNABOIKAMM, 30JIOTMHKM JIEXaT B IUIaCTe. Mumo HuX,
cMaWBasi TIOBEPXHOCTH, IMPKYJIMpPYIOT PACTBOpBI, OBbIYHO Goree pasbaBien-
Lpie ¥ XMMMUECKH MeHee arpecCHBHbIe, YeM B 30HE OKHMCIIeHH:A. Benb pyHbie
MHHEpaJibl, COflepXKalljie MHOTHME PacTBOpeHHpIe B BOJIE 3JIEMEHTHI, yKe Npe-
06pa30BaHbl B MOBEPXHOCTHBIX YCIOBMAX, @ OCTAaBIUMECH PAacCeAHbI B obno-
vouHOM MaTepmasie. Ho 3a10 UMpKYJIAIMA BOABL B POCCHINAX HaMHOTO MM
TeHCHBHEE.

B nopopax MmIoTHKa ¥ B 06JIOMOYHOM MaTepHasie MOTyT NPHCYTCTBOBaTh
BKparuieHHsle CyJIbUAbI, MPEHMYIIECTBEHHO MAPHT. VX MIOTHOCTH MeHbile
ueM Y 30JI0T2, HO B HECKOJILKO pa3 NMpEeBLILIAeT IUIOTHOCTh KBaplia ¥ MODPO..
[losTOMY CYNbGMMIBI TAKXKE CKAIUIMBAOTCA B POCCHINAX, ODBIMHO B HEMOCPEN:
CTBEHHOM GIM3OCTH OT 30JIOTHHOK. IIpH OKHNCIIEHHH CYJIbPHUIOB, B OCHOBHOM
NMpUTa, Kak W B 30HAaX OKHCIIEHHMA, 0Bpa3yrTcs MeCTHbIE KOHUEHTPALHH
cepHOM KHMCIIOTHI ¥ CyJibdaTa eje3a, B3aMMOJIEHCTBYIOUE C 30JIOTHHKAMM.
PacTBOpSIIOTCA M OpYTHe MMHepalsl, OCTaBJIfAA B BOMbI LEJbIH PAL 3IeMeEH
r08. [lpeGpiBasi B pacTBOpe B BHJle NPOCTHIX ¥ KOMIUIEKCHbIX HOHOB, OHH
NpeBpallial0oT ero B ATeKTPOJIUT, YTO CIOCOBCTBYET BOSHUKHOBEHHMI0 MMKPO-
rJlbBAHWYECKHX TOKOB IO KOHTAKTAM CAMOPOJHOIrO 30JI0T2 C PYJHBIMH
MHHepaJyiaMH.

Takum o6Gpa3om, ¢ €aMOro Hayana MyTeLIeCTBHA 30JIOTMHKH HCIBITHE
B4J0T MHOTOYMCJIEHHbIE BO3[EHCTBHA — M MEXaHHYeCKHe, W XMMHUCCKHe, H
JeKTpoXumHudeckue. M, KoHeyHo, OHH He NMpOXOHAT GecciieTHO: 30JI0THHKH
M3MEHAITCA W BHELIIHe ¥ BHYTpeHHe.

OBJIMK MEHAETCH

OctaBasich HA MeCT€ CBOEro pOXIEHHs M TONbKO CJlerka Nnpocepas BHH3,
JOTIOTMHKY B TIOBMATIBHOM POCCHIMM BHelHe Nouty He mamenstorcs. Cier
Kd CMHHAIOTCA WIH M3rubarTcs TOHKME OTpOCTKM. MOTyT HEMHOrO NpHTY-
IMThCA W CITIA0MTBCA OCTphie OKOHUAHMA BBICTYTOB W OTBETBJIEHHH, TODLbI
[7IaCTHHOK, pebpa ¥ BeplIMHBI KpUCTAJUIOB. Ellle B 30HE OKHMCIICHHA CIerka
PAaCTBOpSETCS MOBEpXHOCTh, IlpH OMyCKaHMM B KapcTOBhbie NOJNOCTH OGMst
THe, OCTaBAsCh BCE ellle (1abbiM, NIPOsABIIAETCs BOJiee OTYETIIHBO.

UTo6bl MONACTh B POCCHIM IPYTHX THNOB (CKJIOHOBBIE, peyHble), 30JI0-
THHKH JOJKHBI HCIIBITHIBATh He TOJILKO BEPTHKAJIBHOE, HO ¥ FTOpH30HTAJIbHO®
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Puc. 29. Tleperu6rl TOHKOH ImIaCTHH-

HaTOH 30NIOTHHKM M3 pocchlimM. YBen.
20

nepemMeilenne. ITOT MPOLECC MOXKHO MOIEIUPOBATh Ha MPOMBIBOYHOM npw
bope. YacTuilbl CaMOPOIHOTO 30J10Ta BHAuAJle IHEPTMYHO YBIIEKAIOTCH BHH3
BMeCTe ¢ Maccod obmomkoB. Oy cnepBa kak 6bl B3BelleHbl B MyJIblie, HO
MOCTENEHHO, MO Mepe BBIMBIBAHMA IJIMHBI, CKPEIUIAIOLIeH IeCYaHO-TIIHHHC
TY10, FajleuHyto WiH 1eBHHCTYI0 Maccy, 30JI0THHKH Mpocenatot. ITpu aTom oHu
4acTo NepeBOpauMBAKTCA, KAK BYITO KYBBIPKAACh, KATATCA ¢ ropbl. CKonsas
Hajl HUMH, OBJIOMKM 3a[eBal0T 30JIOTHHKH, YHAapAaloT HX, NMepeKaTbIBaIOTCH,
LMdyoT ¥ UapanaoT NOBepxXHOCTh., YacTvisr MOpOn, yBleKas ¢ coBoii
30JIOTHHKH, MOATANKMBAA ¥ OOroHss, 3aCTaBIIAIOT UX BOJIOYHTHCA MO TBEPLIO-
My [HY, COMpaluleMy C HIKHEH NMOBEpXHOCTH 30JIOTHH TOHKHE YellyHKH.
BepositHo mostomy oGpaiuenHas BHM3 NOBepXHOCTD XOpOLIO OKaTaHHBIX
30JIOTBIX MECYMHOK M rajleKk ObIBaeT IUIOCKOM, CpaBHHTENIBHO POBHOM, a Bepx-
HAA — HEPeKO BBINYKIJIOH M MEHee pOBHOM, XOTA B LejioM dhopMa OKaTak-
HBIX YaCTHL 32BHCHT OT WX NEPBHYHOH K OHGHTY parimu.

Korna xommyecTBo 06IIOMOUHON Macchl YMeEHbILACTCH, XOpOLIO BHIOHO,
KaK IO HAarMopoOM CTPEMMTENBHO HECYuleNca BOIbI M NEeCYHHOK, CKAIUTHBAK-
LUIMXCA OKOJNO 30NIOTHHOK (0cOBeHHO, eciiM OHM HMEKT YIUIMHEHHBIe dop-
MbI) , YACTHILbI 30JI0TA PA3BOPAUMBAKTCA 10 TEUEHHI0 MOIOBHO JIOMKAM, 2 32
TeM YCTpeMIIAIOTCA Brnepesi,  BHH3. OHM NepelBUralOTCA CKAUYKaMH;, HIIH
TIONI3YT, HE OTPBIBAACH OT [IHA; MM, HAKOHEI, KaTATCH, ONpaBIbIBad Ha3Ba-
HHe Nponecca, BCEro CWIbHEE M3MEHAWINEro OBJNIMK 30JI0THHOK B pPOCCHF
NAX — OKAThIBAHHKE.

Hapsiny ¢ stim, npu [BMWKeHMH 30JIOTHHOK TPOMCXOOMT MX YacCTHYHOE
MCTHPaHHE M YIUIOIIEHHE, XOTA M3HAuaJIbHO M30METpHYHBIE OKpYIJIEHHBIE
KPHCTAIUIbI MOTYT paBHOMEPHO MCTMpPAaThesl CO BCEX CTOPOH, COXpaHAs [io
KOHIa NyTH LLIapOBHAHYI0 dopmy.

OkaraHHble W yNNOlIeHHpIe 30JI0THHKH CIOCOGHBI OMATH MepeMelaThes,
BOBJIEKATbCA B HOBYI0 MHrpaimio. Mexanuueckue fedopmalyu, MOTyyeHHbIE
OKaTAHHBIMH 30JIOTHHKAMM, HaspIBAlOT NOCHeOylolmMMy (CiieyIomyuMy 3a
OkaTpiBaHueM) . OHu MHOTOOGpasHb! — MIrMGBI, Kpyyelne, HAKJIe, pasphiB.
BHewmne npusHaky nocnemyoummx fepopMalui — CKpyuMBAHHE TOHKMX
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puc. 30. Haxulembl M WITPUXOBKAa Ha
[10BEPXHOCTH MENIKHX CaMOPOAKOB M3
poCCHINH. YBen. 3

OTPOCTKOB, IPOBOJIOKOBHMAHBIX M JICHTOBHIHBIX 3OJIOTHH, 3arHObl KpaeB
JIACTHHOK M TepernObl LeNbIX 30JIOTHH, paspbiBbl HX CIUIOLIHOCTH, Mapall-
feJibHas IITPMXOBKA Ha [MOBEPXHO CTH, HAKIIENBI HA KPaAX H B LIEHTPEe 30JI0THH
(puc. 29, 30).

30JI0THHKH ¢ TOHKMMHE OTPOCTKaMM CKOPO YTPaTAT MX B pe3ylbTaTe o6
MATHA WIA 32 cyeT OTphiBa. JIeHIpUTHI C HECPOCLIMMMCA BETBAMH [0JIrO
OynyT MMeTs HpeBOBMAHbIH OGNMK, 8 HEHAPUTHI B ()OpMe CIUIOLIHBIX CIOX
HbIX KPYXEBHBIX Y30pOB ropaspo ObicTpee CTaHyT Oe3nuyHbIMH POBHBLIMH
UIaCTMHKAMH. BacHbl ¥ pa3Mephl 30JIOTHHOK. ¥ KpYIHBIX OpI1CTpO OOMuUHE-
0TCA OTPOCTKM M OKATHIBAIOTCA MACCHBHbIE BBICTYTBI, HO 3aTO B yriyGie
HHAX [IONIrO COXPAaHAKITCA HeM3MeHEHHBbIe YYaCTKM MOBEpXHOCTH M BKIIKOYE
HHs IpyruxX MHHepaJloB.
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BepoATHO, ONperieNleHHy0 3aIMTEYI0 POJib MI'PAIOT [NIMHHCTHIE MHHEpPa
JIbl, B KOTOpPBIX 3aCTPeBAIT MeJIKHE KpPYIHHKH 305107Ta. Jla ¥ B mpouecce
MEPEHOCA 3TH KPOWIKH JIETAT B BOOHOM IIOTOKE, He OTCTaBas OT OBNIoMOw
HOHM MaccChl, @ BMECTE C HEH.

s 1010, 4TO6BI CPaBHMBATH CTENEHb OKATAHHOCTH 30JIOTHHOK, npeg
JIOXEHBI pa3nuyHple rpajaimi. HauGonee wacto mcmons3yiorcs naty M meo
THOA/UTBHAS CHCTEMBI OLIEHOK.

[Ipy coBepuieHHOW (MoeasbHON) OKATAHHOCTH 30JIOTHHKH YTPAYMBAIOT
BCE NPH3HAKM MepBOHAYANIBHOH GopMel. Y M3oMeTpHYHblE KPUCTAIUIBI, ¥ HX
JIBOMHHKOBBIE CPOCTKH, H KOMKOBMIHbIE 3€pHa W TyGuaThbie KapKachl —
BCE NPeBpallaloTCA B IIAPHKH, APOOHHKH, 30JI0ThIe KATEbKH.

IIpoXMIKY, NEeHOPHUTHI, YIUIOLIEHHBIE KPHCTa/UIbl CTAHOBATCA Tabimmw
KaMH ¥ IUIaCTHMHKAMH pa3JIMMHOH TOJILUKHBI U pasHBIX OYEpPTAHMH B IUIaHe —
OBaJNIbHBIX, TPYLUEBHIHBIX, Kpyrneix. Ho paxe taxwme, xasanock Gp1 06e3mm
HYCHHBIE, YACTHIBI ODHapYXHBatoT GOJIbIIOe pa3HOOGpasye BHYTPeHHElH CTpyK-
TYpbl ¥ COCTaBa. ITO OBYCIIOBNEHO He TONBKO H3HAYATBHBIMM pPasiTHYMAMM
SOJIOTHHOK, NOCTyNaBIIHX B POCCHITH, HO H XapaKTepoMm MNpeobGpa3oBaHMil.
Jlexxar nu 3070THHKH B TUIACTE WM NepeMelaloTcs BMeCTe ¢ OBIOMOYHBIM
MaT€pHaJIOM, HO OHH HEYKJIOHHO, MEIUIEHHO WM GbicTpee (B reosoruvec
KOM, H3MEpAEMOM TBICAYEIETHAMY U MWUIMOHAMH JieT, MaciuTabe BpeMeHH) ,
H3MEHAITCH.

WUCTIBITAHUSA U BO3PACT OBJIATOPAXXUBAIOT

B ofmH 1 TOT e 30JIOTOHOCHBIH IUTAaCcT MONANK [BE 30IOTUHKH. OHK o6paso-
BAIHCh B PYIaX OOHOTO M TOYO X€ THMMA, B OIMHAKOBEIX YCIOBHAX, MMEIH
Gmi3kue NepBoHavanbHble pasMepsl, GOPMY, COCTAB H BHYTpeHHee CTpOEHHE..
Ho nytu, npuBemume ux B peunyio pocchins, GbuiM pasnmuyHbiMU. OpHa 30-
JIOTHHKA BBICBOOOAMIACh U3 PYAbl COBCEM “HE[ABHO”, MOXET BbITh HeCKOIb-
KO [ICCATIKOB THICAYENIETHH WIH THICAY JIeT TOMy Ha3aj, Korpua GopMupoBancs
fU1acT B pyciIe COBpeMEeHHOTO noToka. Bropas, BMecre ¢ o6nomkamu kBapua,
BLIKpOLIMBUIMMHCAH M3 >XWIbl, ObUIa CHeceHa B NOJIMHY TOH Xe PeKH 33 M-
JIMOH JIET 10 370r0. OHa HaxOuIach B IUIACTAX HECKOJNLKMX TEPpac: 1o Mepe
BPC3aHUA PeKH M yriyOneHns NONMHBI BONA pasMbiBana ee y6exuua u rnepe-
OTKJIA[IBIBATIA 30JIOTHHKY B 307I0TOHOCHBIH IUTacT, HOpMHpPOBABLIMIicA Ha 6o-
JIee HH3KOM Yycrynie — Gonee monopoi teppace. He ymanocs 3a/iepXKaThCA
30JIOTHHKE W Ha MocIeHeH , cAaMOH HH3KOH Teppace. IlyTh 06eux 3010 THHOK
pasyuueH. A BOT CTelleHb OKaTaHHOCTH MOYTH OIMHAKOBASA H BHELIHE 30JI0THH-
KH NOYTH HEpasNH4yMMBbl, MOTOMY YTO ’MOJIOfasn” yclella ¢ NaBOMKOBBIMH BO-
AaMH TIEpeMECTUTBCA C BEPXOBBEB PEKM B €e CpeHee TeueHWe, a ’peBHAR”
(BO3pacT OTCUMTHIBAETCA NO BpPeMeHH NOCTYIUIEHHS 30JI0THHOK B POCCHIIB) ,
OKaTaJIach, NepeoTNarasch BCe HWXKE M HHIXKe, XOTsA BAONH HONMHBL ObUIa CHe-
CeHa He3HAYHTEJILHO.,

Eci u3yunTh BHyTpeHHee CTpOeHHe OBYX 30JIOTHHOK, KaxKyiuuxcs Gnus-
HELldMH, OTK pOeTCA COBEPLICHHO pasHasA KapTuHa. “"Monopan™ 30110THHKA Gy-
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neT MMeTh Ha NOBE PXHOCTH OTHOCHTEJIBHO TOHKYI0 KOpPPO3HOHHYI0 00B0N0UKY,
303MOXHO Ji@Xe He CIUTOLIHYIO0, 3 HECKONBKO NpPEPBIBUCTYIO, C OTACTIBHBIMH
pacLMpeHHAME (“’pa3spyBamu’™) OKOJIO BKJTIOUEHHH OKCHIOB HeJie3a.

HanpoTuB, ”[ipeBHAA” 30TIOTHHKA OTIHYAETCHA LIHPOKOH BBICOKOMN PO G-
HOM KOPPO3MOHHOH 06O0TIOUKOH ¢ MOLIHBIMH Pa3nyBaMH. Mano Toro, HHOTa
;72 KOPPO3HOHHasA Kaima, umetowmas npo6by 940—960 u cnoxerHas 3epHamMy,
pocTHraomumy B nonepeunuke a0 0,01 MM, cama NoBEpraeTcs KOppO3uH.
OGpa3yeTcA HAa ee BHEIHeH CTOpOHe eiue Oonee BBICOKONpOOHasA KaemKa,
fipe[ICTABJIEHHAA 3ePHBILKAMHA BEJIMYHHOH B THICATHBIE WIH [ECATHTBICAIHBIC
1OJIH MITUTMMETPa TIONTH XHMHYECKH WHCTOro 3onota (npobst 980—999).

BriepBbie NpeamonoXeHHe O TOM , YTO TOJILIMHA BBICOKONpOOHOM 06oI10u-
1} IOJDKHA GBITH TeM BOrblile, YeM IpEeBHEE POCCHINHOE 3071070, OBUIO BHICKA-
sano AJL Ilepensienbim. 3HauntensHo mosjnee astopy ¥ C.B. fGnoxoson
yJ1a7iOCh YCTAHOBUTH, YTO BO3HHKHOBEHHE KOPPO3HOHHOH 060IOYKH Ha 30710~
THHAX — Mpouecc, TpeGyouuil He TOJIBKO BpeMeHH, HO U ONpe/ieNIeHHbIX Y ¢TI0
puil. OH MPOTEKaeT, KOTJA 30JI0THHKA HAXOIMTCA B TNIOKOE H €€ NOBEPXHOCTD
BIaMMOJIEHCTBYeT ¢ XMMHYECKM arpecCHBHBIMH pacTBOpamMH, KOHTaKTHPYET C
OKHUIAIOWMMICH PYTHBIMM MMHEpalaMH, KOpoue roBops, B 0OCTaHOBKE,
crocoBCTBYIONIEH XMMHUYECKUM ¥ JEKTPOXMMHUECKHM ITpe0 6pa3OBaHuAM 30-
nota. B 310 e BpeMs OCYLUECTBIAETCA M IepeKpHCTALTH3ALHA 30JI0THHOK,
npuyeM HauboJlee MHTEHCMBHAA WMEHHO B MPHUNIOBEPXHOCTHBIX CJIOAX, IOITY=
UMBIMX NPU [IBMKEHMH 30JI0THHOK MaKCHMANbHBIE IUTACTHYECKHE negopma-
nvH. B 1epuon NOKOs, KOra nepeMeleHne YacTHIl CAMOPOIHOTO 3071074 Ipe-
KpalaeTcs, B Gojee KPYMHBIX TepBHYHBIX Ae(GOPMHPOBAHHBIX 3€pHAX BO3-
HUKAIT MeNKMe, ¢ HEeHApYIIeHHOH KpHCTAIMYeCKOH CTPYKTYPOH, NMOJTYYHB-
livie HA3BAHWE PeKPUCTAIUTM3OBAHHBIX. ITO YCKOpseT BHIHOC cepebpa 3a mpe-
neisl 30JI0THH — KaK 3a cyeT prddy3um No NoBepXHOCTH MEIKHX 3€peH, TaK
W nyTem [POHMKHOBEHMA 10 MEeX3ePHOBBIM rpaHMI[@M PaCTBOPOB, BHILIE/IA-
yMBalOLMX cepeGpo. Yem monmbilie repyos] MOKOsA, TeM, Iy MPOUHX PaBHBIX
yCIOBMAX, Pa30BbeTCs HA 30JI0THHKAX Gorlee MIMPOKaA BBICOKONPOOHAS 060-
nouxa (pue. 31; cM. puc. 27).

Tlpu mepeoToXeHHH 3071012 Ha Gojiee HU3KHH yPOBEHb WM NEPEHOCE ero
BHM3 IO TeYEHHIO peKH npouecc GopMHpPOBAHHA KOPPOSHOHHOTO CJI0A 3aMeE/l-
NsieTcA WIM TpepbBaeTcd. 30TIOTHHKH MCHLITHIBAT HOBBIE MEXAHHYECKHE
BO3[eHCTBYA U NpeTepleBaloT iacTuieckue nedopmauun. MHora yacrs KOp-
PO3HOHHOTO (JIOsl Cpe3aeTCH KaK HaXKIaKOM TBEpBIMH I10pONaMH, 1 NOTHARA
TONIKUHA 0BONOYKH COXPAHAETCH, TOJIBKO B YTy QiIeHHAX MOBEPXHOCTH 30710~
THH. Yame 060I0UKa YIUIOTHAETCA U B €€ 3epHax NO3[IHee TaKXKe MpOABIIALT-
csi pex puctasui3anuaA. ITockonbky B KOPpPO3HOHHOM CJI0e ellie B HeQOIblIoM
KOJIMYecTBE CONEPHMUTCA cepebpo, TO NpH HACTYIUIEHHH HOBOTO [JIHTENIBHOIO
Meprozia MOKOSA BO3MOXHO (OpMHpOBaHHME NOBTOPHOH KOpPPO3NOHHOH 06O-
JIOUKH, Ipe0 6pa3syoiieH Nepeyio.

Tak co BpeMeHeM TOBbIIIaeTCA MpoGa pocchimHoro 3onora. Hackonbko
CyiiecTBEHHO Takoe ofnaropaxusaHue?

Ina *’moioporo” 3050Ta OHO WIH He WrpaeT poiiM WIM MNOBBIUIAET €ro
poBy Ha JIONM MPOLEHTa — MepBbie MpoueHThl. CpeHAA Npo6a ”peBHEro”
30710Ta NO CpaBHEHHIO ¢ Npo0OH HeM3MEHeHHBIX rMIlepreHHbIMH ITPOLECCAMU
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Puc. 31. Mougias menKo3epHUCTaA KOPPO3IHOHHAA 06onouka, ,,pasbefaolas’ nepsny-
Hoe 3onoto. [lompoBanHzif cpe3, MpoTpaBeH sl Hapcko# Bopko#. Yeen. 320

UEHTPaJIbHBIX YacTeH 30JI0TMH M3MEHseTCA B IUMPOKHX Npepenax — ot 10 mo
100%. Taxue Bapuanum oGbACHAITCA COYETAHHEM MHOTHX OBCTOATENIBCTB.
[loBbmueHne nMpober ByneT MeHee 3HAYMTENbHBIM YIS Tie pPBHYHO BBICOKOMN PO G-
HbIX yacthu. Kopposus Gbictpee pazbenaer Gonee cepebpucToe 301010. Bob-
LIy¥o pOonb, KaK Mbl BHM[EIH, UrpaeT BpeMsA. BimsAroT KiumMaTHyeckue yciio-
BHs1, ONpeliesIAloIiye Nepernazibl TeMIepaTyp ¥ BOOHBIN PeXXHM Ha NPOTAKEHHH
BCEro BpeMeHH NpeObIBaHUA 30JI0THHOK B pocchiAX. OYeHb Ba)keH COCTaB
MHHEDAJIOB B IU1ACTe ¥ B NMOACTWIAMIIHX ero Nopofiax — OT 3TOT0 3aBHCHT XH-
MH3M pacTBOPOB, BO3MEHCTBYIOIMX Ha 30/10T0. B xucneix cpepax (pH < 5)
KOppO3HsA NMpOTEKaeT CHIbHee, YeM B /1200 11eJIOYHBIX H HEHT paTsHbIX. MiMe-
€T 3HaueHHe pa3Mep 30JIOTHHOK — KOPPO3HOHHBIN ci10¥ TonumHOM 0,05 MM y
KPYNHOH 30JIOTMHBI paaMepoM 4 x 2 x 1 MM 3aiiMeT HeckOIIbKO Gortee 10% ee
obreMa, a y menxoun (0,5 x 0,5 x 0,2 mM) — cBbite 50%. U uem Gosibliie MH-
TEHCHBHOCTb IJTaCTHYECKMX e Op MaLMH, TO €CTh CTeNeHb aAKTHBALMH 30JI0THH,
TeM CKopee HayHETCHA MPOLECC PeKPUCTAUIH3ALMH, YCKOPAKIMA KOPPO3HIO,
TeM GOJIbllle BO3HMKHET LEHTPOB HOBBIX 3¢DPEH, MeHbllle GyIyT NX pa3Mephl U
3HeprUYHee CTAaHeT BBIHOCHTBCA cepebpo. CliefoBaTeNBHO, YeM CHIIbHEe OKa-
TaHa 30/10THHA, yeM GOrblle MOMYYHsIa OHA MOIeAYIOWMX AedopMalmii, TeM
1y 6ke NPOHAKAeT KOPPO3UA.

HeoGxommo BCOMHHUTS, YTO NOBbILUEHHE NIPOGBI 30JI0THH NPOHCXOMUT H
32 CHET paspacTaHuA B “ApeBHeM’ 30J10Te MeXX3epPHOBBIX BHICOKONPOBHBIX
NpOXWIKOB. JlondA uX yyacTus B 06/1aropakuBaHUH POCCHITTHOTO 3071072, KaK
[IpaBWIO, MeHee 3HauYMTelIbHA, YeM BBICOKOIpOOHOH oBonoukH. Ho B otmens-
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ppIX CIYYafXx IMPUXOOWIOCH BHAETH, YTO Ha cpe3e 30J10THH Gonee 40% Iuiolua-
¥ 3aHATO 3THMH 0Dpa3OBaHUAMH.

MHOXeCTBEHHOCTb IpHYMH, BIHAIOIIMX Ha GOpMHpOBaHHE BHICOKONPOO-
HOTO CIJIOfl ¥ MeX3epHOBBIX NIPOXWIKOB, He TIO3BOJIAET UCIOJIB30BaTh CTeNeHb
pa3BUTHA BHICOKONPOOHBIX rMIepreHHbiX HOBOOOPa30BaHWi B 30JIOTHHKAEX B
kayeCTBe YHHBEPCAIBHOIO pPeTPOCIEKTUBHOIO KajleHOaps, OTCYHTBHIBAIOILETO
ppems NpeObIBaHKsA 30710Ta B POCCHITH.

I Kaxoro panoHa, KaXI0H POCCHITM M WIA OTHENTBHEIX THIOB CaMO-
pOIHOTO 30JI0Ta, MOCTYIABIIErO U3 PasyIMYHBIX KOPEHHBIX HCTOYHHKOB, Cpefi-
HAA TONMUKMHA KOPPO3HOHHOTO C/IOA Y 30JIOTHHOK, B OHO H TO Xe Bpems 1o-
MaBUIMX B POCCHIb, ByieT OTIINYATHCA.

OpHako, M3MepsAsA TOJNMUHHY KOPPO3HOHHBIX 000JIOYEK y 30JIOTHH OIlpe-
fe/ieHHOTO pa3mMepa, COCTaBa H OJMHAKOBO OKAaTAHHBIX, YIAeTCHA YCTAHOBHUTh
151 OTIpEJEJIEHHBIX 30JI0TOHOCHBIX TePPUTOPHH, KaKoe 30JI0TO MOCTYMNasno B
pOCCBHIIb PaHbllie H KAaKOe — Nno3aHee. A CONOCTABNASA 3TV [aHHEIE CO CBEJle-
HHAMM, TIOJTYYEHHBIMH IPH M3YYEHHH IeOJIOTMYecKOH MCTOPUM paiOHa M Ipo-
ecca OpMUPOBAHMA POCCHITEH, MOXHO HOCTATOYHO TOYHO (IO reoyiormyec-
KHM MepKaM) OIlpelielTiTh U BpeM#A NOCTYTUIEHH 30J10Ta B pOCCHINTD.

I MeHee TOYHBIX NOCTPOEHMM JOCTATOYHO pa3NIM¥aTh 30JI0TO “JIpeB-
nee” (crapure 300 ThicHY JieT) M “’Monooe”, NOCTYNHBILEEe B pOCCHINb B 6O-
nee TMO3pHee BpeMs. Y NepBOro BeICOKONpoOHbIe HOBOOGPa3OBaHKUA 3aHMMA-
01 0T 10 go 100% miomanu cpesa 30JI0THH, y BTOpbiX — MeHee 10%. Pazyme-
eTcsl, HAMNO CTApaThes MPH TaKHX HaGMIoeHUAX, YTOOBI 3epHO OBUIO pa3pe3aHo
nocepe/lMHe ¥ pa3pe3 NMPOXOHMI NOA NPAMBIM YITIOM K €ro foBepXHOCTH,
WHauye He OypeT BHHA MCTHHHAA TOJILMHA OOOIOYKH.

MoryT nu 30N0THHKHK MCIBITaTh Iy GoKMe Npeobpa3oBaHuA, He NepeMe-
uasck B pocchmb? Takue cnyyau Hepenxm. B mpeBHMX KOpax BbIBeTpUBaHMA
CaMOPOIHOEe 30JI0TO, OCTaBlileecsd Ha MecTe O6pa3OBaHHMA WIH HEMHOIO CMe-
CTMBIIIEECA MO CKJIOHY OT KOPEHHOrO MCTOYHMKaAa, ObIBaeT B pAne CllyyaeB

r1y6oko npeobpasosanubiM. Ero ¢opma npu 37oM coXpaHsieTcs, HO COCTaB
H CTPYKTY P2 BBIICJIEHMH pa3uTelibHo HaMeHsrorcs. Hanbonee cunbsHoO npeobpa-
3yeTcsi 30J10TO, HCNBITABLIEE B CBOE BpeMA MeTaMOpdu3M B NIyOMHHBIX yC-
JI0BHAX. B pacnasiieMcs Ha NMONMMIIPHYECKHE 3epHA M OCOGEHHO B JI€3MHTETr-
PHpPOBaHHOM 3€pHHCTOM arperare NpPOMCXOOMT pa3pacraHHe MeX3epHOBBIX
BbICOKOMPOBHBIX MPOXWIKOB. MemjieHHee, YeM B pOCCHINAX, TaK KaK KpHC-
TAITHYeCKasa CTPYKTYypa He MCIBIThIBAeT fedopManyi, HO B KOHEYHOM cyeTe
11y 6oko npeobpasyeT 30JI0THHKH H KOPPO3HH.

B kaino3zokckux (0,7 —25 miiH ner) u 0ocoGeHHO B ellle Honee IpeBHHX,
Me3030MCKHX, KOpaxX BhLIBETPUBAHUA BCTpEYeHO IMOYTH JIMLIEHHOe cepebpa H
ApPYTHX IIPUMECEH 30J10TO.

Hicniprtanusa U Bpems oGaropa’xdBaioT camMOpOOHOE 30J10TO, HOBBILIAKT
€ro LieHHOCTb.

B omivuMe OT %HBIX OPraHU3MOB 30JI0THHKH He NMOJBepKeHbl 3a601eBa-
HUsiM, a2 MX “cMepTh” OT pacTBOpEeHHA WIM MCTMpPaHWA O3HauaeT TOJIBKO Bpe-
MEHHBIA Mepexop B MHYyI0 dopMy cymectBoBaHus. Iloatomy mnara 3a oGna-
FOpakiBaHHe He NpeJICTaBIIAeTCA Upe3MepHOiA.

55



HEWU3TJIAIUMBIE BOCITOMWHAHMA

[TaMATh O XXM3HH B 3e€MHBIX TITyOMHAaX COXPAHAKT 30JIOTUHKM M3 MNepBHY-
HbIX PYI, OCTaTOYHOE M pPOCCHIMHOe 3010TO. [loka KOppo3usA U MeX3epHo-
Bble MPOXWIKH He HCKa3AT NepBMYHbIe COCTaB W CTPOEHME 10 Hey3HaBa-
eMOCTH, Jake HeDoJblUMe penmuKThl HEM3MEeHEHHOrO 30JI0Ta MOryT pac-
CKas3arh O TOM, B KaKHX YCJIOBHAX POCIIH ¥ MEHAIMCH 30JIOTHHKH.

BocriomuHanusa 060 BCex 3Tamax XKH3HH Y, 3eMHOH NOBEPXHOCTH COXpa-
HAKTCA He Bcerja. BcroMHuM, kak H3MeHSIOTCA BO BpeMeHM 30JIOTHHKH,
BoicBODOmMBIUKECA M3 pyaHoro Tena. OpHako [ANsA Hac BaXKHbI M T€ CJIEHbl
MPOLJIOro, MyCTh HEJABHEro, KOTOpBIE ellle MOMXHO 3aMeTHTh IpH Habio-
LCHUAX .

Eule pa3 mpocneguMm mnyTh 30JIOTMHKH OT KOPEHHOTO MCTOYHHKA [0
MOJIO[IOH pPOCCHIMU B pyciie pekH, obpalliaf BHHMaHHE TOIBKO Ha IUIACTH-
yeckHe pnedopmMalyM M HENOCpeNCTBEHHO CBA3aHHBIE ¢ HMMM npeobpaszo-
BaHWA BHYTPEHHEH CTPYKTYpBL.

[lepemecTUBIIMCH, B NEpBBIM pa3 B CKJIOHOBYI0, JIOXKKOBYH, a Yac-
TO — M HENOCPE[CTBEHHO B TEpPPacoBYI0 POCCHINb, 30JIOTUHKH Hepenko
MOJyyaloT He3HauuTellbHbie JedopMalinyd, Hebonblme HAPYLIEHHA CTPYK-
TYpbl TOHKOrO HapyXHoro cios. Ilpum TpaBreHWd NONMPOBAHHBIX CPE3OB
30JIOTHH OHM MOTYT W He NpPOABMTBCA — aKTHBaLMA ele Majia, YTODBI
Hayanach nepexkpucTautM3auua. Jlaxe, ecnu OHa M NpOM3OIWIa, TNOA-
BHMBLUAACA TOHKas KOPPO3HOHHaA 0DOJIOYKa 3aMacKupyeT Bce Ciledbl Ipe-
06pa30BaHMi MNPUNOBEPXHOCTHOro cnosi. Moryr oBoirHce Ge3 BHIMMBIX
NPH3HAKOB HedOopMalMi M 30JIOTHHKM, MMONABIIWE B PYCIOBYI POCCHIIMDb
HEMNOCpeACTBEHHO W3 OOproB MM AnWia nommHel. WHOrpa ypaercs oT-
METUTh YIUIOTHEHME KOPPO3HOHHOIO CJIOA, OCOGEHHO B TOHKMX OTpPOCT-
KaX, HO OObMHO 000JI0YKAa HAaCTOIBKO TOHKAA, YTO MMKPOCKOIMHYECKHE
HabJ1lo eHNA HHYEro He JIaloT.

Ho cnyuaerca u obparHoe. 30JIOTHHKHM Ha CBOEM elile OYeHb KOPOTKOM
MyTH Cpasy TMoNyvYawT 3HauYMTelbHbie HedOpMalHK, BbI3bIBAIIKME CKOJIb-
)KEHHe MUKPOYYaCTKOB KPHCTA/UIHYECKOH CTPYKTYPhl W TOABJIEHHE XOpO-
U0 PpasnMYMMBIX C [OMOUBI0O PYOHOrO MHKPOCKOIA 30H TpaHCIIALUH
B IEPBHYHBIX 3epHax 30JI0THH (pHuc. 32).

Uem cwibHee 3TH pedopMalluM, TemM CKOpee Ha HMX MeCTe BO3HHU-
KHYT CTPYKTypbl pexpuctauimsanuu. OHa mMoxker ObITh mposiBneHa y ''mo-
JIOMOro” 30J10Ta, MCIBITABLUETO 3aMETHBIH IIEPEHOC OT KOPEHHOro HCTOY-
HHKA, ¥ OYeHb PEAKO — Yy Mallo nepeMelleHHBIX 30710THH. Haxonsce B nokoe,
"moriofias” 30NI0THHKA O03aBOMMICA HErjlybOKOH KOPpPO3HOHHOM 06070u-
KOH, €€ TOJNIIMHA 3aBHCHT OT HAJlbHOCTH IlepeHoca, a CTPOEHHe pPHIXJIOE,
nopucroe. Ecnv 30710THHKA Npekpaujaer MyTeleCTBHe, phIXJiag 0BO0JIOUKa
Mo Mepe CTapeHHA MOCTENEeHHO pa3pacTaeTcs.

Taxkum 06pa3om, 30I0THHKH, HEHABHO IIOCTYTHBUINE B POCCHIMS,
OTNIMYAITCA MAaJIOH TONMUWHOH KOPPO3HOHHOH OOOJIOYKH M [IalieKo He
BCErjla MMEKT MNPU3HAKH IUIACTHYeCKUX fedopMalldii M nocliefdywouei pe-
K PHUCTaITH3aLIMH.
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Puc. 32. 30HBI TpPAHCIALHMA B NEpBHIHBIX
3epHaX 30JIOTHHKH K3 pocceimd. Ilomipo-

BaHHEI# Cpe3, NpOTpaBlieHHBIR LAapcKoi _
sonkoi. Yeen. 250 Puc. 33. KopposuoHHas' 0605109Ka, UCNkI-

TaBIUAS PEKPUCTAIUTM3LHIO, Ha 30JI0THHKE
M3 pocchny. IlonmpoBaHHEIf Cpes, npo-
TpaBJIeHHEIH# Lapcko#t Bopko#. Ysen. 350

CTpyKTyphl PEKPHCTAUIM3ALMH, MOABHBLIHECH y 30JIOTHHOK B pOC-
CHIMAX — CIIEbI NIEPEXKHUTHIX IUTACTHYECKHX AedOopMaLu.

[Ipu panbHedilleM NepeMellleHUH C Teppachl Ha Teppacy WiId B/OIb pyc-
7la HOBBIE MeXaHHYeCKHe BO3[EeHCTBHMA OOpYIIMBAWICA Ha 30JIOTHHKY, NO-
BbIllIaf CTeMeHb AaKTHBAIMH KPHUCTAJUIMYECKOH CTPYKTYpbl NepPBHYHOIO
3onota M pedopMupys Gonee NopamnMByl0, MATKYH M MOPHCTYIO, KOPPO-
3UOHHYI0 060NouKy. HapyHbii ee CIOH YIUIOTHAETCH, IIOPHCTOe CTpoe-
Hue yTpauuBaerca. Jaxe cnabbie, HO MHOTOKpaTHble YHapbl H TpeHHE
nedOpMHPYIOT KPHMCTAIMYECKYI0 CTPYKTYpY 3OJIOTHHOK [0 TaKOH cTere-
HH, 4TO 3TO CTAHOBHUICA OYEBHIHBIM [ HaOioparena -— MNOABIIAKTCH
J0Hbl TPAHCNALMH, OCIIOXHAWNIME NEPBHYHBIE 3€pHA M 3€pHA, Cllaraluwxe
KOPpPO3HOHHBIN CIIOH.

CiielloBaTebHO, 30HBI TPAHCIALMI B 3€pHAX KOPPO3ZHOHHOH O00ONOY-
KH — NpH3HaK BO30OHOBIJIEHUSA MHUTPaLKH.

WHorga kOppO3MOHHbIE 3€pHA BHITATHBAIOICA MapaieNlbHO OKaTaH-
HOM MOBEPXHOCTH 30JIOTHHOK, a [OPOM MEX3EPHOBbIE TPaHHIpI yTpauu-
BAlOTCH, 3E€PHAa CIIMBAJOTCA, M OCTAETCH CIIOMCTaA BBICOKONpOOHas 000yI0u-
Ka; cyGnapaieNbHble CIIOH ee NOBTOPAIOT KOHTYPBI BhIIEIEHHA.

Eciy 30JIOTMHKH TOCJIE 3TOrO [OCTaTOYHO IUIUTENIbHBIM TEpHON Ipe-
GHIBAIOT B OKOE, 30HbI M JIMHUM TPaHCIALME “CHUMAIOTCA™ 3apOIMBLIMMA-
CA B 3THMX HapyLIEHHBIX YYaCTKaX M BHIPOCIIMMH PEKPHCTAUTH30BaHHBIMH
sepiamu (puc. 33). Pexpucraniu3alys KOPPO3HOHHOIO CJIof — INpH3HAK
MEepeoTNIOKEHH 30JIOTHHOK IOC/IE TNPONOJDKHTENHOrO INepHona TMOKOA,
B TeueHWe KOTOpPOro cOpPMHPOBaNach BBHICOKONpOOHaa obonouka. B 10
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Prc. 34. 3oHe! TpaHCnAIHi B peKpHCTan-
JIM30BAHHEIX 3€pHAX 30JIOTHHKH H3 poC-
cermd. Ionuposanukitt cpea, MpoTpaBlieH-
HBI# Hapckoit Bopxo#t. Yeen 130

e BpemMs, 3TO IIOKa3aTellb HAaCTYIUIEHMA HOBOIO MepHONa NOKOs, KOrpa
BO3HMKAKT peKPUCTAIUIH30BaHHbIE 3€pHa.

Ho 305i0oTHHKH MOryT NepeoriiararbCi HEONHOKpaTHO. Yem ke OTMme-
YeH uX pansHedmit myts? OueBMIHO, BO30OHOBJIEHHA MeXaHHWYECKHX BO3-
OEHCTBMH IpHBeOyT K HOBBIM IUTacTHYeckuM Hedopmaimam. OHH HCKA3AT
yXe He TOJNBKO CTPYKTYpY PeMKTOB NEPBHYHOrO 30J10Ta ¥ KOPPO3HOHHBIX
3epeH, HO H CTPOEHHE PEKPHMCTAJUTM3OBAHHBIX 3€peH, BO3HHMKIIKMX Ha (hoHe
NEePBHYHOr O 30J10Ta ¥ KOPPO3HOHHOT O CJIOH.

BoitsaruBaHHe 3epeH, 30HBI TPAHCIAUMH B PEeKPUCTAIUTM3OBAHHBIX 3ep-
Hax KOPPO3HOHHOH ODOJIONKHM — 3pHMMBble CHEMBI ellle OHOro NepeMelleHUs
30JI0THHOK.

30HBI TPAHCIAIMHA B PEKPUCTAUTM30BAHHBIX 3€PHAX, BHIPOCIIHX B PESTHK-
Tax MepBHYHOTrO 30JI0Ta, — IOKa3aTesb MOBTOPHOH MHIPALMH 30JIOTHHOK IO
OTHOILIEHMI0 K TOMY BpPEMEHH, KOrla CTpyKTypa Mx Obuta pgedopmupopana
HACTOJIBKO, YTO BbI3BaNa pekpuctaumizamdio (puc. 34 ). K coxanenwio, ue-
pe3 Kakoe-TO Bpems, npebbiBas B c(OpMHPOBABLIEMCS IUIAaCTe B IOJIHOM
NOKOE, 30JIOTHHKH B Npoliecce HOBOH PeKPHCTANIM3AUMH YTPaTAT MpPH3HA-
KH OBYKpPAaTHOH MurpaiMd. Muio Toro, HoBooOpa3oBaHHEIe 3€pHa B pe3yib-
TaT¢ COOMpaTeNnbHON INEePeKpPUCTAVIM3ALMH YKPYIHATCA H MEIKO3epHHCTasA
CTPYKTYypa PpPEKPHCTAUIM3aUMM CTAHET cpelHe- M [JaXKe KPYNHO3epPHUCTOH.
Tonsko no pacnonoxeHuio ¥ ¢GoOpMe 3epeH HX MOXHO Oyaer OTIIHUMTL OT
TNePBHYHBIX.

Opmnako ciyuaercss OBGHapy»XHUTh Cilefibl elle OJHOTO NepeMeIeHHs 30-
JIOTHHOK.

Ecm nepBas KopposHOHHas 06onouka cama NOJOBEpPraerc KOPpPO3MH
M BO3HMKAeT TOBTOPHBIH HCKJIIOUHTEIBHO BHICOKOMPOOHLIA MEIKO3epHHUC-
ThIH KOPPO3HOHHBIH CJIO¥, a2 Ha HeM BH/IHBI 30HBI TPAHCIIALMA H PEeKpUCTaI-
JIH30BaHHbIE 3€pHa, MOXHO HE COMHEBAThCA B TPEXKPATHOM MepeMEILCHHH
30JIOTHHOK.

IloueMy BCe-TaK# MbI He CUMTaeM, YTO NMPH3HAKK MHOTOKPATHBIX Iepeli-
BHKEHMH, YEepEIyIOIMXCS ¢ NEPHOaMH NMOKOsA, OTPAXAT BCEro-HaBCero mne-
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peHoC 30JIOTHHOK MNMABOAKOBBIMH BOJIAMH B IPOLIECCE ¢bopMHpoOBaHUA 30110~
TOHOCHOrO IDIacTa omHoro ypoBHsa? Haum nocrpoeHus He ABIAIOICA yMO3-
putenbHbIMH. TIpexyie ueM NpHiATH K BHIBOIAM O TOM, KaK H3MEHSACICH B
pOCCHIIAX CTPOEHHE 30JIOTMHOK, OBUIH H3YUCHbI MHOTHE HX TBICSUM. Pabo-
71 TIPOBOOWIHMCh B T€CHOM KOMIUIEKCE C MCCIIEIOBAHMAMM CTPOCHHSA, Bpe-
MEHM M TIOCIIEHOBATENHHOCTH (OPMHPOBAHHMS 30JIOTOHOCHBIX IUTaCTOB.
VCcTaHOBJIEHO, UTO 00Gpa3zoBaHHE KOPPO3UOHHOTO CJIIOA M CTIPYKTYpP PEeKpHC-
ra/UTH3AlMH — JUIHTENIbHbIE TPOHECCHl, 3aMETHO HE NPOABIAIOLIMECS [aXe B
[EpMOf, HE MEXJIy ©XEerofHbIMH, a JOCTaTOYHO PEAKHMH KaTacTpogmudec-
KMMH TIABOJIKaMH, YBIEKAIOLMMK B IyTh 30JI0THHKH. [Ipn Takom mepeHo-
ce eOBa 3apOIMBILMIACA KOPPO3MOHHBIH CIIOH Cpe3aeTcss NMPHPOMHLIMH ab-
pasMBaMM — OOIIOMKaMM TBEpAbIX HOpOA. CTpPyKTyphl peKpUCTALIM3aLMHU
He ycleBawT 0Opa3oBarh YYaCTKHM ¢ HEHapylLIeHHOM CTPYKTYpPOH H CTeperh
30HbI TPAHCIIALHN K.

JlecATKM M COTHH ThICAUeNieTHi (GOPMHpYeTcs KOPPO3HOHHas 00050u-
ka. ThICAYENETHA HEODXOMMMSI [ BO3HHKHOBEHHS PEKPHCTa/IM30BaH-
HBIX 3€PEH B NPUPOJIHBIX YCIOBHAX.

TMo3ToMy He H3ITIAXMBAIOTCA [0 KOHI@A CNe[bl NEPEHeCEHHBIX 30J10-

TUHKaMH MCIbITAHMH, a HaM yJaeIcs NpPUIOJHATH 3aBecy HaJ HCTOpHEH
YKU3HHM 30JI0THHOK Ha 3¢MHOH NOBEPXHOCTH.
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Teneps Mb1 mpepncraBnsem cebe, YTO TaKOe 30JIOTHMHKH — WX pa3mepsl, Gop-
My, COCTaB, BHYTpEHHEE CTPOEHHE H BO3MOXKHBIE TIPe0Gpa30BaHMUs ITHX NPH3-
HakoB. M1 yGemwnuch, uTO H3MeHEHHEe YCJIOBHH CYLIECTBOBAHMA 3aCTaB-
NifgeT onpeneneHHbIM 00pa30M MEHATHCA BCE MIH HEKOTOpPHIE YepThl 30nom-]
HOK.
OcobeHHOCTH 30NI0THHOK, MO3BONAIIIHE NPOHHUKHYTh B HCTOPHIO M3~
HM MMHEpalia, M ecTh MX s3bIK. Ha Hem 3ameuatnens! H cBeeHus 06 obcra-
HOBKE B MOMEHT POXICHHSA, H ClTelbl KATAKJIH3MOB, NOYTH [I0 HEy3HaBae-
MOCTH H3MEHHMBIIMX 30JI0THHKH, H NOBECTBOBAHHUE O CIOXHBIX MyTAX, NPH-
BOJALIMX YaCTHLIBI CAMOPOJTHOTO 30710Ta U3 Py B POCCHIIIH. ‘
IIpu3Haki MHHEpaIOB, XapaKTepHble VI ONpedelleHHbIX YCJIOBHA MX
obpa3oBaHHA, Ha3bIBAT TUNOMOPGHBIMH WIH MHIMKATOPHBIMH. Y HeKo-
TOpPBIX MMHEpA/IOB OJIHAa -eOMHCTBEHHas 0COOeHHOCTh CrmocoOHa cpasy pac-\
CKa3aTh, B KaKMX IOPONax WIH pyHdaX oOHH 0OpasoBalHch—HaNnpumep, pop-
Ma KpPHCTAUJIOB IMPKOHAa, COCTaB IpPaHAaTOB, KPHUCTA/UTMYECKAs CTPYKTypa
anMasos. :
A3k 30710THHOK TpyHHEe Vi NMOHMMAHMA, HO €CIIH MM OBJIaleTh, MOX-
HO Y3HaTh MHOTOE U3 TOr0, O YeM JpYTHe MHHepaIsl PacCKa3aTh HE B COCTOS-
HMM. Bonee NOCTOAHHBIE MO COCTaBY WIH CHIbHEe ITO[BEep)KeHHbIe MeXaHHYeC
KHM pa3pyllleHHAM H He criocobHbIe COXPaHHTh Cliebl MHOTOKpPAaTHBIX npeob-
pa3oBaHHM, OHM, B OTJIMUHE OT 30J10Ta, AT O cebe orpaHUYeHHbIe CBEICHHA.
Ho ecnu 30N10THHKH NO3BOJIAIOT 3aITIAHYTh B 1abOpaTopHio NpHPOMb,
OGbuio ©Obl  HeBEpHBIM He BOCNONB30BATBCA TAKOH BO3MOJXKHOCTHIO.
BrionHe ecTeCTBEHHO IPEeNNOJIOXUTh, YTO 30JIOTHHKH MOTYT [aTh B PYKH HC-
CIIE/IOBATENI0 My TEBOJIHYI0 HUTh, NPOTATHBAIOLYIOCA K PyHJaM M POCCHINAM.

60



B mpensigyuied IiiaBe MbI YXX€ BCIYIIMBATIMCh B MOBECTh 30JIOTHHOK O
nepUIeTHAX MX MyTEUIECTBHH MO 3€MHOH noBepXHOCTH. OBpatumcs Terepk
K PaccKa3aM O XM3HH CAaMOPOJIHOIO 30J10Ta Ha Ty OuHaXx.

HA KAKOW T'JIYBUHE POCJIU 30JI0TUHKN?

30N0TOPY/AHbIE MECTOPOX/IEHUA (GOPMHPOBATTHCH HAa Pa3HOM YIAJIEHHH OT NO-
BePXHOCTH, CYI1leCTBOBABLIIEH B pa3lIHuHbIe reONIOTHYECKHE NIePHOIbI — Maleo-
nOBEPXHOCTH. TeopeTnyeckue pacueTsl H HaOIIOJIEHHA Ie0JIOTOB NMPHBENH K
pa3sHbIM NPEACTaBIICHHAM O TOM, YTO CUMTaTh OonpllioN, CpefHel U MaloH
rnyOuHaMH oOpasoBaHus pyA. Yauie Bcero MaipIMH CUMTAlOT PaCCTOAHHA
0T JIECATKOB MeTpoB 00 1,2 KM OT NajyieONOBEpPXHOCTH, cpefHuMy — 1,5 mo
2,5—3 KM H CONBLIMMH — CBbIIIE 3 KM.

IIpamoe onpenenenue rnyduHsr 0Opa30BaHUA Py BO3MOXHO TOJIBKO B
OTAEbHBIX, HE OYEeHb MHOTOYMCIIEHHBIX CITy4YasX, KOrfa reojord o ocrart-
KaM KaMeHHBIX TUTAaCTOB H yIJIaM MX HaKJIOHa MOTYT BOCCTaHOBHTb rpacu-
yeCKH BCI0 HBIHE OTCYTCTBYIOLIYI0 TOJLLY, 3aKJIIOUABLIYI0 MECTOPOXIEHHE.
Bripouem, abconiotHeie ImyOuHBI GOPMHMpPOBAHHA Py[A HE TaK BaXKHBI A
NOMCKOBBIX Lenied. Belb B HacToslllee BpeMs PacCTOSHHE MECTOPOXKIEHHH
0T NOBEPXHOCTH COBCeM He TO, YTo ObUIO B 3moXy pynoobpa3oBaHHs, HHa-
ye IO MHOTHMX M3 HHX MBI ObI eme gonro He Mornd nobparsca. BaXsl MHlb
pa3/THuMA MECTOPOXKIEHWH; OHHM B 3HAYMTENILHOH Mepe 3aBHCAT OT IJTyOHHBI
¥X BOSHHKHOBEHHA.

Ha 6Gonmpumx riybuHax o0pasopaHue pyd NPOMCXOOWIO NpH OOLIeH
HArPETOCTH MOPOJ M NpH NOCTeNeHHO HAPACTAoUMX H JUTHTENIBHO [IeHCTBYIO-
KX HanmpskeHusax. Ha cpegHux riyOMHax cKaspiBajlMCh MECTHBIE NpoOTpe-
BAHHA MOPOJ BO3JIe PacIUIaBJIIEHHBIX Tell OrpaHHyeHHOro obbema, TaK Ha3bl-
BAEMBIX MAIBIX MHTpY3HMH, GIM3KHX MO BpeMeHH BHEJIpeHHsA K (OpMHpOBa-
Huo pyn. Ha Maneix rmyBuHax npoucxonwiu bojee pe3kue, YeM Ha [pyTrHX
YPOBHSAX, Tepenajpbl [aBjieHus, a ero M3MeHeHNs CITYXaT OHOH M3 ITIaBHBIX
NpuYHH O6Gpa3oBaHMA MHHepanoB. BeICTphie CMagbl AABJIEHHA BBI3BIBANOT
BCKHMIIAHWE PYOOHOCHBIX pacTBOpoB. OT HHUX OTHENAKTICA JIETyuHe KOMIIO-
HEHTBI, W TIPOMCXOMT pa3pylleHHe KOMIUIEKCHBIX COEIMHEHHH 30710Ta M
cepebGpa, HaxomuBummxcA B pacrBope. OcobeHHO OnaronpHATCTBOBAIO BEI-
NaJleHH 0 H3 PACTBOPOB 30JI0Ta BCKHMAHHE YIJIEKHCIIOTHI, OKa3bIBaBIlEE
BIHSAHMEe HA M3MEHEHME KHCJIOTHO-umeNoyHoro pexaima. OGpasoBaHue pyn
NpepeIBAIOCh BHE[IPEHHEM BYIKaHHYECKMX Tesl. BbicOkas CeMCMHYHOCTE
BIIMAJIAa HAa QOBWXXEHHE riyOHMHHBIX BOCXOOAIIMX pYy/i0obpasywoummx pacr-
BOPOB M Ha CMellleHHe MX C BOJAMHM, MpOCAUHBAIOIIHMHCA C NOBEPXHOCTH.

[TocTenmeHHO ObUT YCTAaHOBJIEH PpAJ CaMbIX Ppa3HbIX NPH3HAKOB, CBU-
NETENBCTBYIOIMX O IIyOnHe (OpMHUpOBaHHA MecTOpoXaeHHH. K HuM OT-
HOCATCA CTPYKTYpsl (CTpOEHWE) MHMHEpaloOB, TEKCTYphl (CIOXeHHE)
PyOHBIX TeN, 0COBEHHOCTH MHOTHX MHHEPAJIOB M IpyTHe NMOKa3aTelH.

HeomuHaxkopeie YCNOBMA MuHepaniooGpa3soBaHWsA Ha pasHbIX IIyOH-
Hax, ONpeMefIMBLIME CEPHI0 3aKOHOMEPHBIX Ppa3NMUMH 30MOTHIX pYyX, He
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MOIJIH He OTpasuThCA Ha OCOBEHHOCTAX OJHOTO M3 CaMbIX M3MEHUMBBIX
KOMIIOHEHTOB pY[I — CaMOpPOMHOTO 30J10Ta.

Ha xako# >xe rnyOHHe pOC/TH 30JIOTHHKH H 3aueM Hy>HO 3HaTh 00
3TOM?

Boripoc coBcem He npa3spgHeii. PasHpie (HHIHKO-XMMHYECKHE YCIIO-
BWA, TWIIMYHbIE I KKOOH M3 TIIyOMHHBIX 30H, BJIHAT Ha GOpPMHPpO-
BaHHe TaKHX YepT MECTOPOXIEHHH, OT KOTOpBIX 3aBHCHT MX IPOMBILL-
JICHHasA LEHHOCTh. JTO M NPOTAXEHHOCTH PYJAHBIX Te/l Ha riyOMHY, H Xa-
paKTep pacnpefesicHHA B HUX KOHIEHTpalMH 30/10Ta.

MecTopoxeHuaM pa3nuyHOH DIYOHHHOCTH NPHCYLIH CBOM 3aKOHO-
MEpPHOCTH pacnpOCTpaHEHHA M OCOOEHHOCTH pa3MelleHHsA B TOJNLaX rop-
HBIX MNOpOA, TNpPHYPOYEHHOCTh K OIpEE/IeHHBIM TIeOJIOTHYECKHM CTpYK-
TypaM — CKJafikaM IUIacTOB, 30HaM pacciaHueBaHusA, AOpobneHMs, Tpe-
LIHHAM, OMNEpAIUIMM TIIIyOMHHbIE pasfioMbl, KOJBLUEBBIM M pagMalbHbIM
passiomMaM, 30HaM NpoceHaHus, 06paMIIAIOIIMM Xepila BYJIKaHOB.

WMeHHO HAa HayanbHBIX CTA[MAX MCCNIEIOBAHMH, KOrJa [pyrHe MCTOY-
HHKH MHQOpMAalMM OrpaHHYeHbl, a TOpHbIe pabOTbI HE BCKPBUIH KOpEH-
Hble IOPObI, MEPBbIE CBEACHUA O 30JI0TOHOCHOCTH HaAYT 30JIOTHHKH.

Ux o6HapyxHBalOT B UUIMXaX, B3ATBIX M3 PBIXJIBIX OTIIOKEHMH Ha
BOOpasfenax M CKJIOHAaX [IONIMH, B pycilax pyubeB H peK, 2 TaKxe B
KOHUEHTPATax, BBIJENICHHBIX W3 TNpOTONIOYEK — pa3gpobneHHsIX npo6
KBaplia ¥ MHHEPAITM30BaHHBIX KOPEHHBIX NOPO[I.

30NOTHHKH H3 UUIKXOB NpeXJe BCEro OLEHHBAWT IO CTENEHH HX
OKaTaHHOCTH — YeM CHIIBHEe OKaTaHHOCTb, TeéM DOJnblLIee YUCNO pa3 30J10-
THHKH [MepeMellaluch ¢ Teppacsl Ha Teppacy WIM TeM [aliblie YHEeCeHbI
OT MeCTa CBOEr0 pOXJeHWsA. 3aTeM H3MepAKT pasMepbl YacTHL, M3yualoT
X ¢opMmy u omnpepensiior npoby. Ha reonmoruyeckol xapre NOABIAOTICA
OTMETKH, YKa3blBAIOILHE, e BCTPEYeHbl 30JIOTHHKH TOM MIIM MHOM pa3Ho-
BHIHOCTH.

[loxa reonoru conoCTaBNAKNT 3TH HAaHHbIE C KAPTHHOH TeONOrHYecKo-
FO CTPOEHHA IMIOWIANH, MHHEpAaOTH HILYT TOATBEPXHEHHMA CBOMX Ipensa-
PUTENIBHBIX BBIBO/IOB, H3YYas BHYyTpeHHee CTpOeHHe 30NI0THHOK.

[ToyeMy nepBbie NPEANONONEHHA MOXHO ObIIO CHeNaTs, 3Has JIMIUb NpO-
By 30JI0THHOK?

Jlonroe Bpems GbUTH H3BeCTHbl TONBKO pe3yNbTaThl HabGNOOEHHH,
MOKas3pIBaBILUME, YTO 4allle BCEro i MEeCTOPOXOEHHH riIyOHMHHOM 30HBI TH-
MHYHO BBICOKONPOOHOE 30NI0TO, mIA MANOTIYOMHHBIX — HH3KONpPOGHOe
H BBICOKOCEPEOPHUCTOE, 3 [UIA CPE[HEryOGHHHBIX MEeCTOPOXIEHHH Xapak-
TEPHO H 30710TO cpefiHe# IpoGpl. COOTBETCTBEHHO M3MEHACTICA H pasmax
KOjnebaHuH MpoGel 30JI0THHOK B MNpenenax OOHOTr0 MECTOpOXXIEHHH — OH
HaUOOMBLIMH B MANOTIYOHHHBIX M MHMHHMANBHBIA B IIyOHHHBIX 0Gpa3oBa-
HUAX. JTa 3aKOHOMEPHOCTH, MOjAMeyeHHas eme B.H. BepHanckuMm u ppy-
MMM HUCCIIENOBATENAMH, [UIMTENIBHOE BpeMsA He HMeNa KOJIHYECTBEHHOrO
BBIPAXKEHUA H IKCNIEPHMEHTAIBHOTO MOATBEPXKICHHS.

M3yyeHne NpouecCOB COBMECTHOTO OCAXIEHHSA M3 pacTBOPOB 305I0Ta
M cepebpa, npoBefeHHOe Mof pykoBomctBoM M.C. CaxapoBo#, nokasano,
YTO NpOGa HCKYCCTBEHHO BBIPALLEHHBIX 30JIOTHHOK NOHMXAETCA 10 Mepe
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yMEHBIIEHHAs B pacTBOpe 30JI0TO-CepelbpAHOro oTHoweHus (Au/ Ag),
KUCIOTHOCTH cpeast (pH), yBenMueHMA TNOTeHIMaNa KPHUCTA/UIM3ALMM M
B TPUCYTCTBMH TAIOMIHBIX MOHOB, NMPEMMYWIECTBEHHO XJopa. CornacHo
nauieiM B.I'. Mouceenko, npoba noHmxaerca nNpH BO3pacTaHWH pOJIH HOHOB
xanua. H.B. [leTrpoBckas nomuepkuBaeT 3HayeHWe MOBBILLIEHHA OKHCIIHTENb-
HO-BOCCTaHOBMTENIPHOTO MOTEHIMANA 1A CHHXXCHUA MPO6LI.

B mpupope B TaKOM HalpaBlieHWHM H3MeHAeTCA 0BCTaHOBKa pynoobpa-
30BaHWA [P yMeHbIlleHUH ero ri1yOMHHOCTH. 3HauuT, Mpoba MOXeT Ciy-
YHTh 06BEKTHBHBIM NOKa3aTelleM IJ1yOHHBI OTIIOXEHU S 30JI0THHOK.

Yhanock YCTaHOBMTH KOJMUECTBEHHbIE IpajallM¥ MPOOHI Pa3HOTIIYDMH-
HBIX 30JoTHHOK. OKa3anoch, YTO HM3BECTHAA TEHOCHUMA HAKOIUIEHHA Ce-
pebpa B CaMOpOMIHOM 30JIOTE€ H, CIIe[IOBATENbHO, IOHMXEHHA ero Npobsl
Mo Mepe YMeHbilleHWA mIyOMHBI OOpa3oBaHus pyn NposABiAeTca B Oonee
CIIOXHBIX (OpMax, YeM MPEACTaBiAIOCh paHee. DbUIM BBIABIEHBI LIMPOKHE
MepeKphIBAOIMECs HHTepBAlIbI NpOOGBl 30JIOTHHOK H3 PpPa3sHOTIIYOHHHBIX
mecTopoxxnetmit. Hanpumep, u3BecTHbl pyasel, o6pasoBaHHe KOTOPBIX, KaK
OJTHO3HAYHO YCTAHOBMWIM TeOJIOTH, INpPOMCXOAWIO Ha HEGONBLIOH, MeHee
1 KM, — rnyOuHe OT NaIeONOBEPXHOCTH. A BOT Npoba caMOpOIHOro 30J10Ta
371eCh BHICOKAA W HEpEeKOo B cpefiHeM cocraniseT 930. OBpIdHO xe Takas poba
THIIHYHA JIJIA 30JI0TMHOK, BBHIPOCLUMX Ha rimybunax Gonee 3 kM. U, HampoTHB,
npoba 750, xapaktepHas [UIfi 30JI0TA MAaNOTIYOGHHHBIX MECTOPOXIEHHH,
ObIBAET Y 30TIOTHHOK APYTHX INTyOHHHBIX YPOBHEH.

B nenom pa3smax koneGanui npoOGBI, OTMEYEHHBIH Y 30JIOTHHOK BCeX
H3YYEHHBIX MECTOpOXMIeHud Gonpumx rayouH, cocrasnser 380-999, a
Mansix — 160—960. Cpentsisa nmpoGa OTHOENBHBIX MECTOPOXIEHHH BONbUIMX
M cpenHux rnybuH moxer koneGarsca ot 380 (xpaiiHe penxo!) mo 998 u
OomBaer Huxe 750 B ManornyOuHHeix. UCKiTloueHHs COCTABIIAIT HEKOTOpbIE
MaTOrNyOHHHBIE MECTOPOXKIEHHA 30JI0TO-TeJUIYPHIHOrO THMa C BBICOKO-
MpOGHBIM 307TOTOM.

UHTepecHo, 4to mpoba 30JIOTHHOK YacTO 3aBHCHT OT MHHEpaIa-XO3sH-
Ha, BKIoYawuero camopopHoe 3onoro. H.C. bepmanoM ¢ coaBropamu
MOKa3aHo, YTO Takas 3aBHCHMOCTb NpOABIAETCA JIMIIH TaM, rje pa3smepsl
BBIJIEJIEHMH MHMHEpAIa-XO3fMHA [JOCTATOYHO BENIUKM, YTOOB! BNHMATH Ha
XMMH3M Cpefisl BO BpeMs MHHEpasioobpa3oBaHHA.

CileloBaTeNbHO, HEODXOMMMO He MpOCTO 3HaTh BEJNHUMHY Npo6bI, HO
W UMeTh [OMONHUTENbHbIE ee XapakTepucTHKH. Ilpexne Bcero, 3To cpenHue
3HaYeHHA Npo6bl ¥ OLEHKH OTKIIOHEHHA MpOOBI OTHENBHBIX 30JIOTHHOK OT
cpenHux (oumenxku mucnepcum). CpepHsas Npoba BHMMCIAETCA KaK CpeaHee
apupmeTHUeckOe 3HaueHue npobsr 10-50 30moTMHOK (YeM OoOmblle, TeM
nyuyilie, HO KPYNHHKH 30710Ta BCTPEYAlOTCA HE BCEI/ia TaK 4acTo, Kak Xore-
noce 6si) .

B kayecTBe olleHKH OMclepcud Oepercsi cpelHee KBapaTHYHOe OTKIIO-
HeHue. CnocoBel ero BhIYMCIIEHHA MMEIOTCA BO BCeX pYKOBOJCTBAaX MO Ma-
TEMaTHYeCKOW CTaTHCTHKE, H MBI He DyZieM Ha HHX 3aJlepXUBATHCA.

B kaxOOM MeECTOpOXAeHMM GonplMX M CpefHHX TIIyOHH BapHaluWH
MpoGel MONABNAIOIIErO YHCNA 307IOTHH He ocoBenHo BenukH. Ilostomy 10 —
15 30/I0THHOK MOMOTYT JOCTATOUHO TOYHO ONpENelMTh H CPEeIdHIoW Npoby
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H ee pgucniepcuio. B manoriyBGHHHBIX MeCTOpOXIeHWAX Ipoba 3051072 4acro
W3MEHAeTCA B LIMPOKMX Tpefenax W [JIA TOYHOro OnpefeNeHHs TpebyeTcs
npoaHanu3upopats 25 — 50 3onoruHok. Tak Kak Bce MIIH MOYTH BCe BapHa-
UMM MpoObl Oy[yT NpH 3TOM HaXOIUTHCA B MHTepBajie Hidke 750, cpenHsas
Tpoba B m0GOM Clyyae OKaXKEeTCA B Npefenax 3HAUCHWH, THIHYHBIX JUIS
MeCTOpOXeHUH Manbix rny6uH. Tam, roe npo6a xone6nercs He3HAYUTEIIBHO,
HEBEITMKM M OLEHKH ee IUcliepcHi M Hao60poT.

Ha ocHOBaHMH OrpoMHOTO, M3MepfieMOrO [eCATKAMH ThICAY, YMCIIA
aHAJIA30B 30JIOTHHOK YCTAHOBJIEHO, YTO CpefiHAf MX Npoba Ha MecTOpOX=
AeHMAX Gonsumx rny6uH OwiBaer He Hibke 850, cpemHux rny6un — 800,
a Ha manornybuHHbIX — He Beiue 750. CpepHee KBafgpaTHYHOE OTKIIO
HeHWe NMpobbl B INYOMHHBIX M Cpe[HErTYOHHHBIX MECTODOXIEHHAX Baph
pyer ot 12 po 70, B ManoriyOuHHbix — NpeBsiiaer 70, a yacTo cOCTaBiseT
100 u Gornee.

Huorpa Ha nepom 3rtane paGot npoBy NMpHXOOMTCA OMNpefeNfaTh BCEro
IUIA HECKONBKMX 30JI0THHOK. Kpome TOro, Bcerga HMeIOTCA HCKIIOYeHHS
U3 npaBuwi. UMEHHO NMO3TOMY MHHEpasIOrM M He [eNaiT cpa3y Kareropuyec
KHMX 3aKJIIOYEHHH O TOM, HA KakOH IyOuHe obpa3oBanuch 3010THHKH. OHE
obpamawTcs 3a MONONHUTENBHBIMH CBEIeHMAMHM K TOH e Npobe, ecnd
NIO3Hee yOanoch 3aMEpHTh ee y Donpliiero YHMCIa YacTUll, ¥ K BHYTpEeHHEMY
MX CTpOEHHI0, OYEHb YETKOMY I[10Kas3aTtelilo YCIoBMH (OpMHUpPOBAHMA 30710+
THHOK, @, 3HAYHT, ¥ rITyOMHHOCTH MHHEpaJlo06pa30BaHUA.

Hrak, ecimu 3amepeHa Npoba HECKOJNBKHX HECATKOB 30JI0THHOK, MOXCHO
Y3HaTh ellle HEKOTOpbIE XapaKTePUCTHKH, OTIIMYAOLIMe 30JI0TO MECTOPOX/Ies
HUH Pa3NIMYHOM IITyOHHHOCTH — 0CcOBEHHOCTH pacnperieNnieHus TPOGHI.

Ecnu mo ropu3oHTansHOH OCH OTJIOKUTH 3HauyeHMs MpoObl, 4 MO BEpPTH:
KalbHOK — [I0J110 30/IOTHHOK KaXJOH Npo6bl B MPOLEHTaX, TO HAa MOJyYeHs
HOH KpuBOM O6O3Hauarcss MMKH-MakcuMymsl. OHM TOKaXyT, 30J10TO
Kakod npo6sl BeTpeyaeTcAa Hauboree YacTo B MECTOPOXAEHHAX, A KOTOS
pbIX NOCTpOeHa KpHBas paclpeneiieHu.

HauGonee oryernuBo pasnuuusa nNpoGbl BHIABIAKTCA NpH aHAIKH3e
pacnpocrpaHeHHs 30710Ta NMpobpl Hibke 850 1 ocobenHo — ke 700.

Pasnuuusa 3akmovaroTca B MONOXEHUK MAKCHMMYMOB H B HX BelTMUMHE.

PacnpocTpaHenne 30710Ta pasHOii NMpobwl GNIM3KO B MeCTOPOXAEHHAX
OonbuMX W cpefHMX IiyOHH, TOe YCIOBMA O6pa3OBaHMA MHUHEpANOB He TaK
KOHTpAcTHbI. B 3THX 30HaX MOYTH Bcerga OTCYTCTBYET 30JI0TO NMpO6bI HUXKE
600; xonmuyecTBO 3010Ta NMpober HWxe 700 cocranser He Gonee 3,5 %. B
Manoriny6MHHOM 30He BBICOKOcepebpHcToe 30JI0TO pacHpOCTPaHeHO BO
MHOTMX MECTOPOXOEHHAX, a 30JOTHHKHM Npober Hwke 700 cocTaBnsak
ot 75 po 100 %.

Yro no6aBnser K 3TOMY HM3yueHMe BHYTpPEHHEro CTpOEHMs 30JI0THHOK?

Ui HU3KONPOBGHBIX M BBICOKOCEPEOPHCTBIX YaCTHI[ XapaKTEPHO 30
HaNlbHOE pacrpefeneldne NpuMecH cepebpa. EcnK 305I0THHKHM He HCNbITAIH
MeTamopdhu3Ma, COXPAHAIOTCS 30HBI POCTa, NapajlielbHble KpPHUCTA/UIOTpadHs
YECKHM  HAMpaBJieHHAM M CO3JajolMe TIpH TPaBJieHHH [OIMPOBAHHBIX
CPe30B 30JIOTHHOK PHCYHOK BITHCAaHHBIX OpPYT B [pyra Kpucraulos. MeTamos
pduueckHe MpeobpasoBaHUA UCKAXKAKT 3TY KapTHHY. BO3HHKA0T 3NMreHe TH-
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yeCKHe 30HBI, TIOBTOPAKILME KOHTYpPbI 30NIOTHHOK WIH COCTaBJIAIOLIAX
ux 3epeH. Ho 30HanbHOCTD pOcCTa M JMMreHETHYECKas TUIIMYHA He IA
11060 HHU3KOIMpPOGHOH 30JIOTHHKH. TONbBKO T€ M3 HHUX, KOTOpble POCITH
Ha MaJIBIX TNYOMHaX, NMpUOOpenu 30HanNbHOEe crpoenme. Ha cpepHux riy-
cuHax He Gonee 40 % HU3KONPOOHBIX YACTHL, HMEIOT HEACHYI0 30HANILHOCTB,
ga ¥ TO B OTHOCHMTENIbHO MOJIOMBIX M0 TeOJIOTHYECKOMY MacuiTaby BpemMeHH
MeCTOpOXIeHUAX — He crapuie 200 miH. Jer.

B riIyGHHHBIX MeCTOpPOXXOAEHUAX, e HU3KOMPOOHBIE YaCTHIBI BechbMa
pellKH, TOJIBKO eMHULIBI M3 HUX UMEIOT HesiCHbIE CIIeibl 30HANIBHOCTH. U3BecT-
Hbl OTEJIbHBIE PYHOINpOABIIeHH A, cHOPMHUPOBABILHECH, 1O 3aKITIOYEHHAM TIeo-
j10rOB, Ha BOnbUMX riyOMHAX, HO Hecyluue HM3KOINpoOGHOe 30710TO (NMpobsr
700 u mke). OpHAKO 3ONIOTHHKH IpH 3TOM JOCTATOYHO OJHOPOJHBI MO
pHyTpPeHHEH CTPYKTYpe H He OBHapy HBaT NMPH3HAKOB 30HANBHOCTH. OTHO-
cuTeJIbHAA MPOCTOTa CTPYKTYP 30JIOTHHOK B pyHax rilyOMHHOrO MpPOHCXOX-
JieHMA TPAKTYeTCA KaK CIEACTBHE CTHpaHHA HX HEOIHOPOOHOCTH B IpoOLecce
BHYTpH~ H MOCIepYOHOH Nepexpucraum3auud. KoHTpacTHO HeomHOpOMHOe
CTpOEHHE BBIZIETICHHH 30510Ta B MECTOPOXICHHAX MAaJIbIX IJyOMH CBsA3aHO
KaK € TYJbCHPYIOIIHM M3MEHeHHEM OKMCIIMTE/IbHO-BOCCTAHOBHTENBHBIX
yYCTIOBHH B OTKPBITOH CHCTEMeE, TaK M C NeperpynmmpoBkoii cepébpa B Xo-
e CIIOXHOro, MNpepsIBUCTOrO, MHOrOKparHO BO300HOBJIAKILIErocs Mpo-
ecca pynoobpa3oBaHHsA ¢ BBIJIENIEHHEM B OJHMX M TEX € yYacTKax MMHe-
pasioB, OT/NIAraBIIKXCA B pa3jIMuHOe BpeMH.

[Tosatomy, HaGiropas y 30JIOTHHOK 30HANIbHOE CTPOEHHE MIIH ero Clie[ibl
(Ba)XKHO He cIyTaThb MX C 30HAMM pereHepanMu WM BbIHOca cepebpa npu
metamopdusme!), MOXHO cuMTaTh, YTO HU3KONpOGHEIe uacTUubl O6pa3so-
BaJTMCh B YCIIOBHAX MaJIbIX Ty OHH.

Ects M pOpyrde NpU3HAKH, NOATBEPXJAIGIIME WIM OTBEpraiouiMe Hal{
BbIBOJIbl, HO OHM BTOpPOCTENEHHbI, TAK KAaK BHIPAXXAKT He 3aKOHOMEPHOCTH,
2 TONBKO OIfpejeNeHHble TeHACHIIMA W3MEHEHHsA XapaKTepHBIX YepPT 30J10TH-
HOK TI0 Mépe yMeHbIIeHHs rITyOHHBI HX 0Dpa30oBaHMA.

B nepBywo ouepenp, 3TO 3JIEMEHTHI-IIPUMECH B CaMOpOIHOM 30I10Te.

BxoxxpieHue B COCTaB 30JIOTHHOK NpPEeHMYILECTBEHHO B BHIE MeJTbYalliX
BKITIOYEHHH [PYTHX MHHepanoB ODYC/IOBJIHBaeT B 3HaYMTEJIBHOM Mepe cCiy-
N2HHBIA XapaKTep KOHIEHTpaLHK IIpUMECeH.

Opnaxo, Ha npuMmepe BGONBLIOrO YHCIA MECTOPOXIEHHWH [IOKa3aHo,
NTO IO Mepe YMeHbllleH!A riTyGHHb1 0Bpa3oBaHua HabiogaeTcs BO3pacTaHue
Ylcra 3NeMeHTOB-TIpUMece B CAMOPOIHOM 30J10T€ OTAEJIbHO B3ATOrO MeCTO-
POXXIIEHHA, MOBBILIAYTCA KOHIEHTpalUy NpuMeced CypbMbl, CBHHIA, CEJIEHa,
Tejulypa, IMHKa, MapraHiia B 30JI0THHKaX. JTO CBA3aHO C Dojee Cl0XHBIM
COCTAaBOM PAacTBOPOB, OTJATAIOIMX PYZIbI B 30HE MalbiX ITyOHH; ¢ cOBMeLle-
HHEM B OIOHMX M T€X >X€ MecTaX MMHEpalbHBIX COOOLIECTB, OTNAraBUIMXCA
B pa3HOe BpeMA; C MHTEHCHBHBIMH IIpoOlLecCaMM NEeperpyniMpOBKH PYIHOTO
BeulecTsa, GrnaropapsA NpPOABIEHWAM CeHCMMYECKOH AKTMBHOCTH M BHYTPH-
PYIIHOH BYJIKAHHYECKOH IeATENbHOCTH.

Bo Bcex MecTOpOXOEHMAX BapHalMH COMEpXKaHHH MpHMeced ObiBaloT
LIMPOKHMH, HO Ha BONBUIMX riTyOHHAX KOHUEHTpalHMy OT[ENBHBIX 3JIEMEHTOB
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COCTAaBNIMIIOT Yaille BCETO THICAYHBIC M NECATHTBICAYHBIE NOJIM NpOLEHTa, Ha
CpeIHMX — TbICAYHBIE H COTBHIC, @ HA MAIbIX — HEpPEOKO COTBIE M [EeCATHbIE
[OJK MpOLEeHTA.

UsmensieTca u Komiulekc npumeceid. Tak THTaH Ha GonpluMx riiy6HHax
BXOMT B UHCJIO OCHOBHBIX TIpHMECEH B 30JI0OTHHKAaX M BCTPEYAaeTCA B
50-100 % cnyvaeB, a Ha CpeHHX H MambIX OTHOCHTCA K YHCILy BTOPOCTENEH-
HbIX. Ha cpemHux ¥ manerx rny6uHax B caMOPOIHOM 30JI0T€ YaCTO MpPHCYTCT-
BYET CypbMa, a Ha GOMBIIHX OHA HIPaeT NOJYHHEHHYIO POJIb.

[loBbieHHble KOHUEHTPALMH OTJENbHBIX 3JIEMEHTOB-TIpHMeceH MOTYT
OBBACHATBCA KAK PpasnWyMAMH WCTOYHMKOB pYIOHOrO Bel[ecTBA M YC/IOBHH
0bpa3oBaHHsA, TaK M OCODEHHOCTAMM HX INOBENEHHWS B PYOHOM IpoOllecce.
Hanmpumep, cypsma reoxumuyecku Gomnee TeCHO cBA3aHa C cepebpom, uemM
C 30JI0TOM, a TaK KaK BBICOKHE KOHIEHTpalMH cepebpa nmpucymM 30/10THH-
KaM ManorilyOMHHBIX MECTOPOX[EHUH, eCTECTBEHHO, YTO AJIA MOCHEIHUX
THITHYHBI [TOBBIILIEHHbIE COIEPXXaHUA CYPbMBI.

Takum 06pasom, NOCTOBEPHOCTH BHIBOMIOB O TIIyGHHE (HOPMHpPOBaHHMSA
PYA BO3pacTaeT, eCd NPHHUMATh BO BHUMAHHE COJICPXKaHHA M COCTaB IpH-
MeceH B 30I0THHKAX.

TenpeHuus yBenuueHMs YMCA M CONEPXKAHWIA 3JIEMEHTOB-TIPHMeCE
OT DITyOMHHBIX MECTOPOXXICHHH K MANOTITYGHMHHBIM MOXET OC/OKHATHCA
B CBfA3H C FTEOXMMHUYECKOH OOCTAHOBKOH T€pPUTOPHHA.

JNeMEHTEI, ONpeNieNAIOLME FEOXHMHUYECKHH THII 30MOTHIX pyJl, Hau-
Gonee pacnpocTpanelsl B CAMOPOIHOM 30J10TE.

30JIOTOPYNHbIX TPOBHHUMAX, I/€ OTCYTCTBYIOT MECTOPOXICHHS
Apyr¥x METaUIOB, KOMIJIEKC TMpHMeceH B 30JIOTHHKAX OOYCIOBIEH
NpEUMYILECTBEHHO COCTABOM pYH00DpasyiomMx 3JIEMEHTOB IPOLYKTHB-
HBIX Ha 30JI0TO ACCOLMAIIHH.

B obnacrax co cnoxHoO#M HcTOpHeld (GOpMHpOBAHMA OpyNeHeHHA B
CTOpOHE OT MECTOpOXAEHHH 30J10Ta WIM Ha OFHMX M TeX XE€ YyYacTKax
BCTPEHAIOTCA PpYMbl, cOAepicalue napyrue meramipl. Tak, B 30710TBIX py-
faX MOTYT TIpHCYTCTBOBATb MMHEpajbl BONb(ppama, ONIOBA, CYpbMbI, PTYTH,
MonubaeHa. MeTannel MOrIM NOCTYNAaTs WM M3 OHOTO C 30JI0TOM WIIH M3
PA3HBIX MCTOYHMKOB PY[HOTO BEILECTBAa, HO HecyLIMe WX MHHEpaisl MOYTH
HHKOTrJJa HE BXO[OAT B COCTaB 30JIOTOHOCHBIX MMHEPANIbHBIX COOGLIECTB.
[losToMy M >7meMeHTBI, HAXONALMECH B COCTABE MePeYHCIIEHHBIX MHHepa-
NIOB, WK HE OOpasyloT NpHMeceH B 30JIOTHHKAX WM BCTPEYAITCH B HHX
CIIOpajiHyeCKH, 2 KOHUECHTPALNK TAKHX 3JIEMEHTOB pe3KO BAPBHPYIOT.

3HasA, KaKMe pyspi, KpPOMe 30JI0THIX, PaclpOCTpaHeHbl HA M3yuyaeMOii
IIIOIIANH, MOXXHO BHECTH HY)KHbIE MOMPAaBKHM B [aHHBIE O COCTaBe M COpep-
YKaHHAX NIpUMeced B 30J10Te.

He umeroT caMOCTOATENIBHOrO 3HaUCHUA B KayecTBe OHO3HAYHOTO MpHU3-
HaKa H [pyrue TEHOCHUMM, MPOABNAILIMECA IIpH Nepexode OT TiIyBHHHbIX
K MATOTTYOHHHBIM MECTOPOXIICHHAM: YCIIOKHeHHe (GOPMBI KDHCTAIIIOB
M KOHQUrypauuu 30JI0THHOK; YBEJIHUEHHE KOIMYECTBA MEJIKHX Bbiele-
HHH; TpeobnanaHue MeNKO3epHUCTBIX CTPYKTYp; YCIOXHEHHE [IBOHHUKOB.

H3meHeHHe KpucTalmMyeckux ¢(opM, Kak MOKa3biBawT pabots H.3.

EB3HKOBOM, [OCTATOYHO HANEXHBIM IMOKA3aTelNb IIYOHHHOCTH, HO KpHC-
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TAJUTBI 30J10Ta, OCOOEHHO XOpOWIO OrpaHeHHbIE, NPUCYTCTBYIOT HajieKO He
BO Bcex MecTopoxuaeHHsX. COBceM peNKO OHH BCTPEYAIOTCA Cpeid Kpymn-
HBIX M CpefiHeil BeITMUMHBI 30JIOTHHOK. JTO pe3K0 OrpaHHYHBAaeT BO3MOX-
HOCTb MCIOJIB30BaHHA KPHCTa/UIHUeCKHX (GOpM B KauecTBe WHIMKATOPHBIX
MPU3HAKOB, OCOGEHHO HA HAYaJbHBIX CTA[MAX [eEOJIOropasBeIOYHBIX pa-
boT.

Kondurypauusa HeNpaBHIbHBIX 30JIOTHHOK, 3aBHCAWIAA, TJIABHBIM
o6pasom, OoT GopMbl BMELIOUMX TONOCTEH, NEHCTBHTENBHO Golee IMpH-
XOTIHBA B MECTOpOXAEHUAX ManbiXx rinybuH. Ho Hepenxo 30JIOTHHKH
TOYHO TaKo# e (opmsbl, MycTh B MEHbLIEM UMCIie, HAONIO[RKTCA B IIIy-
GMHHBIX M OCOBEHHO B cCpejHeryOuHHpIX oBpa3oBanusxX. Ecmu wicno
M3YUYEHHBIX 30JIOTHHOK HEBENMKO, MX MOp(ONorus MOXeT NPUBECTH Hac
K OLMOOYHBIM 3aKIIIOYEHHAM, XOTS B KayecTBE [IOMOJIHUTENIBHOrO IIpH3-
HaKa (popma 30JI0THHOK [I0JDKHA MPHHHMATECA BO BHHMAaHHE.

U, HakoHel, KpyNMHOCTs 30JIOTHHOK H DAa3BMTHE MEJIKO3EPHHCIbIX
ctpyktyp. Ilpexne npeobnapgaHMe KpyNHOro 30J10T2 W KPYIHO-(Haxe
rpy00-) 3epHECTOrO CTPOEHHA 30JIOTHHOK B MECTOPOXAEHHAX OGONbLIMX
riayOHH Ka3ajock HECOMHEHHBIM, HO B MOCTiejHEe BpeMsA 3TO CTAIO HeJib-
37 CYMTATh OE30rOBOPOYHBIM = (akTOM. BO BceM MHpe OTKpPBITHI HOBbIE
MECTOPOXIEHHA, 3aKJIIOYEHHpIE B CHOHMCTBIX TONIAX OOGNOMOYHBIX TO-
pOJl, YacTo cojepxauux pasusie ¢opmsr yrepopa. Onu chOpMHpOBaHBI
MpeuMYLLECTBEHHO Ha GONBIIMX W CpeJHHMX INybMHax, a 30NIOTHHKHM B HMX
TOHKOMMCIIEPHBIE HIIH OueHp MmesikHe. CeloBaTeNbHO, B MECTOPOXICHHAX
GonblLMX IIIyGMH MOxeT mpeobnanaTte ¥ MenkKo3epHucroe 3onoro. Ha
MaJibIX TIIYOHMHAX, XOTA W 3HAUMTENIBHO pex<e, YeM Ha BOJIBIIHX, BCTPEYaroT-
CA KpYTNHbIE 30NOTHHBI M [AKe CAMOPOIKH. 3HAuuT, M TaM BCTpeyaercs
KPpYNHO3epHHUCTOE 30J10TO.

[Mpoueccel NepeK pHCTATUIM3ALMH NPHBOLAAT K MOABIEHHI B KpPYIHBIX
3epHax Gonee MeNKHX WIM IOJHOCTHIO MPEBPaIAlOT 3¢pHA B MENKO3ep-
HHUCTBIH arperar. JT0 ClyvaeTcd C 30JIOTHHKAaMM, BBIPOCIIMMM Ha pasJidy-
HoH ©nybuHe. Yame Bcero MHOroKparHoe BO3[CHCTBHME, NMpHBONfALICE K
MOABJIECHUIO MEJIKMX HOBOODpa30BaHHBIX 3€peH, BCe Xe MNpOABIACTCA
Ha MaypIX riyOunax. Tam >xke Gonee paclipOCTpaHeHBI AYEHCTHIE, IyBuaTbie,
MPOBOJIOKOBU/IHBIE (POPMBI 30NI0THHOK. B HX Mepexumax W TOHKHX OTpOCT-
Kax OBBIYHO TPOXOMOAT rpaHuLpl 3epeH. U crerneHp paclpoOCTpaHeHHA Mell-
KO3EpHHCTBIX arperarToB, He KaK 3aKOHOMEpHOCTh, HO KaK TEHOEHLHA,
[OIDKHA YYMTBIBATHCA NpH OmnpenesieHHM riyOHMHBI pOXKOEHMA 30JIOTHHOK.

Jlecenxu Ha aTaxax

Kaxipii  riyGHHHBIA YpOBeHb CO CBOMMHM 30JI0TOPYIHBIMH MECTOPOX[e-
HUAMH — KAk Obl THFaHTCKHMH 3T&X BEJIMYECTBEHHOTO 3[1aHKs, BbICTPOEH-
HOro mpuponoH. B pasHbIX 3070TOPYAHBIX NMPOBHHUMAX H [1AXe B OT/eNb-
HhIX paHOHaX 3@ COTHH MHUIMOHOB M MHMIUTHApObI JIET TeO0JIOTMYECcKOH
WCTOPHH OKAa3BIBAKOTCHA pa3pylLIEHHBIMH He TOJIbKO KpOBJIf, HO H pasHbie
3TAKH 3TOr0 COOpY>XeHUA. MecTOpOXIeHHA paclloNaraTca [AOCTATOYHO
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OM3KO OT COBpeMEHHOH MNOBEPXHOCTH 3eMiIH M MOryT ObiTh OBGHapye-
Hbl € MOMOILLBI0 COBPEMEHHBIX METOJIOB MOHCKOB.

3aKOHOMepHOe M3MEHEHHE OTHEeNIBHBIX O0COBGEeHHOCTEH MEeCTOPOXIeHUH
B BEPTHKAJILHOM paspe3e KaMEHHbIX TOJIIIl Ha3bIBAIOT BEPTMKAlIbHOM 30Ha-
NbHOCTBI0. OHKYM 13 ee BBIPAKEHUH CITY>KMT MHHEpPAJIOTHYeCKas 30HAIIBHOCT
— HW3MEHEHHe XapaKTepa MHHEPANbHBIX COOBILECTB MIH NPH3HAKOB MHHEpa-
JIOB HAa pas’HBIX rOpU30HTAX MeECTOpOXKAeHWH. MeHAKTCA U 0COBEHHOCTH 30-
JIOTUHOK.

HaBHO y>e BBUIO W3BECTHO, YTO MO Mepe NPOABHKEHHSA TOPHBIX BhIpabo-
TOK CBepXYy BHHM3 30JIOTMHKH B py[e, Kak IpaBHJIO, CTAHOBATCA Gonee Men-
kumH. TIpoGa 30510712 NpH 3TOM OGBIYHO HECKONBKO MOBBILIAETCH, CONEPKa-
HHE 3JIEMEHTOB-TIpMMECEH NaJiaeT, a COCTaB UX NOPOH U3MEHAETCH.

Onxako B MecTOpOXaeHUAX GOJBIIMX TIIYGHH 3TH H3MEHEHWA ObIBAIOT
BBIPAXXEHbI HAacTONBKO C1abo, YTO He BCErna YNaBIMBAIOTCA W TP [eTalb-
HBIX HCCIIe[IOBaHMAX. Besib MIyOHHHBIN 3TaXk XapaKTepHsyeTcs 110 Beel CBOEH
”BBICOTE” [IOCTATOYHO ONMHAKOBBIMH (DH3UKO-XMMHYECKHMH YCIIOBHAMM.
3aT0 M Opy/neHeHue 37lech OOBIYHO MMeeT GOMNbBLIYI0 NMPOTAXEHHOCTh Ha
rIyOHHY ¥ He CKJIOHHO BHE3aITHO BHIKJIMHHBATHCH.

Cpemnuit 3Tax, KaKk W NOJIOXKEHO, 3aHUMAaeT MPOMEXYTOYHOE MOJIOXe-
mie. IlpusHaku BepTHKANBHON 30HANBHOCTU OpYHEHEHHS B 1IEJIOM M CaMoO-
POJHOro 30710Ta B YaCTHOCTH, B MECTOpPOXIEHUAX CpemHuX rinyouH Gojiee
OTYETIIMBEI, A IPAK THYECKasA LeHHOCTb TAKKMX NIOKa3aTesiel BhIlLe.

W, HakoHel, MeCTOpPOXIEHHA BEPXHEro 3Taka OTIHYAITCH YETKO BHI-
paXeHHOH 30Ha/IbHOCTBIO. YeM Giike K NaneonoBepXHOCTH (POPMHMpPOBa-
NIoCch OpyneHeHue, TeM 6oJiee pe3KO H3MEHUHMBBIMH CTAHOBHJIMCH YCJIOBHSA
00pa3oBaHusi MUHEpanoB: OGWIBHee ObUI NPUTOK IIOBEPXHOCTHBIX BOI,
HaCpIIEHHBIX KHCIOPOAOM, 3HAuYMTeNbHEe Nepenajpl OaBJleHWA, ObicTpee
nafeHus Ttemneparyp. BynkamMyeckas eATENBHOCTh M pymooGpazoBaHHe
Ha BpeMs MNpeKpaulanuch, Ha TMOBEPXHOCTH HAKAIUIMBAIMCh TOJIUM O3ep-
HBIX M JIAryHHBIX OTJIOXEHHUH. 3aTeM CHOBA He[lpa OXHUBAJM, COTPACAA U [IpO-
O pynpl, corpepas WX BYJIKAHHYECKHM TEIUIOM, NMPHHOCH HOBBIE NOPUUH
30JI0TOpPYAHBIX pacTBOpOB. CnoxHas MCTOpHA pocta U NpeoGpasoBaHUM
CaMOpOHOTO 3011074, CBOS Ha KAXIOW CTYINEHH, OTpakeHa B OcoBGeHHOC-
TSX 30JIOTHHOK.

YcranoBneHo, YTO OT KOpHEBBIX YacTell pYAHBIX Tel K MX BEPXHHM
ropu30HTaM HabnioHaeTca 3HAYMTENIbHOE YBeNTMUeHHE Ppa3MEpOB Bbiene-
HUH CaMOpPOIHOrO 307m0Ta. ECM MBICTIEHHO BBIENMTH TPH CTYNeEHH, pas-
AeNAKLIIHe MaTIOTNYOHHHY0 30HY Ha TOPH3OHTHI, TO NMpPHU NMOABEME Ha KaXx-
AYI0 CIleflyIollyl0 CTYNeHb CpeliHsAs KPYINHOCTh 30JIOTHHOK MO>eT BO3pac-
TaTh Ha NOPANOK, COCTaBiAsA, COOTBETCTBEHHO, THICAYHBIE, COTBHIC M [ecH-
Thie fonk MHUiMerpa. OGBMHO yKpYNHEHHe HE CTOJb CYLIECTBEHHO.
Tonbko Ha BepxHeM TOpPH3OHTE, KAK NpABMIIO, BCTPEYAIOTCH KPYIHbIE BbI-
[eJIeHHsl H MHOT[1a JaXke CAaMOPOIKH.

Mehnsercs, xoTs W He Bcerpna, MOpdONOrHs BhIfIENIEHHH — BHH3Y 3TO
KPHCTa/UIbI Dosiee MpocTod (OpMBI, YacTO YIUIOIIEHHBIE, & TaKXe YeLryi-
KH W WHTepCTMLManbHele BhigeneHus. [lo HanpasneHwio Kk HOBepXHOCTH
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dopMa KpPHCTAIIIOB YCIIOXHAETCH, HAGIIoNAlTCA COYETAHHA pasTHIHBIX
rpaHeil, @ TaKke TOABIIAIOTCA HENPABMIILHON (GOPMBI CIOXHBIE BBIACTICHHA
— CMellIaHHbIe, AYEHCThIe, [eHApHTHbIEe, KAPKACHBIE.

[Ipo6a 30mOTa B LEJNOM IOHIDKAETCHA, 3 IMCIepCHA ee BO3pacTaeT, TaK
KaK Tpo6a BapbUpyeT B OYeHb LIMPOKHMX Npejienax. Cpefiye KBapaTHUHbIe
OTKJIOHEHHMs NpoDObI Jake B OTrpaHMYEHHBIX YYAaCTKaxX PYIHBIX TeJNl MpEBbI-
maror 100.

O6pyHO npuuuHa OONbllleH YacTH MeTaMopgO3 PpacKpbIBaeTCH MpH
H3YUYEHWHM BHYTPEHHEro CTpPOEHHs 30JI0TMHOK. CTaHOBUTCA OYeBHU[IHBIM,
KaK [AONro ¥ CIOXHO GOpMHUPOBATOCH TO, YTO MBI BHElIHe BOCIpHHUMaeM
KaK OfHOpoyHOe BuifeneHHe. OueHb YacTO 30JIOTHHKM TIPECTaBIAIT CO-
6o cpacTaHHe HeckoNbKMX (a3 caMOpPOOHOro 30710Ta, HeOJHHAKOBBIX IO
npoBe u crpoeHMio. MiHorpa 3TH pasyuuMs HEBEJIMKH — HalpHMep, 30710-
10 1Mpo6sr 600 ¢ KOHTpacTHBIMH 30HAMM POCTa KOHTAKTHUpPYET C 30JI0TOM
npobel 650, CTpoeHHe KOTOPOrO HesiCHO30HAbHOe. (a3pl MMEIT POBHBIE
B3aMMOINPOHUKAWOIME TPAHWIBI, TAK YTO TPYOHO ONpefeNiuTh, Kakas M3
HMX OT/araiach padpiue. JIMib WHOrAa BHIHO, YTO GOniee HM3KOMPOGHOE
30JI0TO HapacTaer Ha HeACHO30HAJIbHOe. (®a3bl MMET POBHBIE B3aMMOIPO-
HUKAIOUHe TPaHMIBI, TAK YTO TPYAHO OIpedeNuTh, KakKasd W3 HMX OTara-
nace paHbmie. JlMnip MHOIIA BHMAHO, YTO GOJiee HU3KONpPOOHOE 30710TO
HAapacTaeT HA HesCHO30HA/IbHOe. MOXHO MpemnonoXuTh, YT0 06e pasHO-
BUIHOCTH 30JI0T2 BechbMa OIM3KH 1O BpemeHH ornoxenua. Ho Hepemko
OflHA 30/I0THHKA ObIBaeT CJIOXKeHAa pa3HOBHIHOCTAMH CaMOPOJHOro 30I0-
Ta, pe3KO pasnHUAIOIMMHKCH IO COCTABY M 110 BpeMeHH 00pa30BaHHA.

IlpepcraBbre cebe arperar NONMroHaIbHBIX 3epeH npober 750. Ha
MasbIX TTYGHHAX, rfie pOIMIMCh 3TH YacTHIIbI, 30JI0TO TaKOH MpoGsI OObBIY-
HO 30HAJBHOE, HO B HamleH 30NOTMHKE 3epHa nouri opHoposHsie. OHM Kak
Obl pasgBHMHYTBI H B INPOMEXYTKAX PACIMONOXWIUCE MPOXHIKH KOHTPACT-
HO-30HAJIPHOTO 30J10Ta. 3O0HBI PACHONOXEHBI CHMMETPHYHO IO OTHOIICHHIO
K OCH NpOXMNKAa; B YrinyOneHMsiX MOBEPXHOCTH 3€pHMCTOrO arperara
CTpOeHHe 30710Ta KOHUEHTpHYecKH-3oHanbHOe. IIpo6a ero 600. Cosep-
IIEHHO O4YeBM/IHO, YTO BbIeNeHHe Oonee HM3KONPOGHOro 30710Ta OTOPBA-
HO MO BpeMeHH OT OTIOXerus 3onora npober 750. IlocnemHee Gputo Mera-
MOp(H30BaHO, NMpHYEM 30HBI POCTA MCYE3NTH W BO3HMKIIM NONMIOHANIBHBIE
Mejikue 3epHa. Mx arperar MCrpiTan JE3HMHTErpalMio, M yxe [Mocne 310ro B
MPOMEXYTKAaX MeXAy 3epHamMH OTIOXWIOCH Gornee MO3jiHee HU3KONPOGHOE
30710TO.

Berpeuarorcs M TpeX-(peaxo — uerbipex-) pasHele  30JIOTHHKH C MpPH3-
HAKAMH TOCIIE[IOBATENIBHOTO OTJIOXEHMs 307I0Ta pazHoro cocrasa. [IpoBa
KaXKIOH (ha3pl 3aMeTHO OTIMYaeTcs OT Apyrux — Ha 50 — 200 ey

B npepenax MeCTOPOXXIEHMs NMOPOMbI MOTYT ObITh cpe3aHbl 3pO3HEH B
pa3sHOW CTENeHM: B OfHMX MecTax Hermy6oko, B Apyrux — 3HauurensHo. Hc-
criefys 30TMOTHHKHM, OGHapy)XeHHbIE B Y4YaCTKax BBIXOIOB Ha MOBEPXHOCTH
PYOHBIX TeN, Y3HAKOT, KAKOH FOPH30HT YLeENell OT pa3pylieHu.
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Poouvie, Gauzxue u coceou

I TOMCKOB W OLEHKH MECTOPOXIEHHH HelOCTATOYHO 3HATh, HA KaKHUX
rnyouHax oHM oO6Gpa3zoBanuch. Ha pasHeiX TeppHTOpHMAX B OHOM M TOW Xe
rnyOHHHOM 30He pacrpOCTpaHeHbl MECTOPOXIEHHA, HECKOJIBKO pas3Ninyaios-
HMecsa MO reoNOrMyecKkOH OOCTAHOBKe, B KOTOPOHM OHH HAXONATCHA, H 1€
KOMIUTEKCY OCOGeHHOCTEN. |

Kak u A Bcex pyOHBIX MOJIE3HBIX MCKOMAeMBbIX, IJIA 30J10Ta BBIJE-
NAKT pyOoHble (GOpMALMM — TPYINbl MECTOPOXIEHHH CO CXOOHBIMH MO
COCTaBY YCTOMYMBBIMM COOOLIECTBAMM MHHEpATIOB, (OpMHUpYIOLLMECcH
BIIM3KMX re0JIOrHYECKHX YCIIOBHAX.

B Hacrosuiee Bpems ¢(opmMauMoHHas xnaccudUKaUMa 3010TOPYIHb
MECTOpOXKIEHHH MMepecCMaTpUBACTCA M COBEPLIEHCTBYETCA HAa OCHOBE HOBBIX
3HAHUH, HAKOIUTEHHBIX 34 nocienHee necsrwierve. Ho xakas 6p1 cucteMaTHKa
HM Npeiarajiace, OHA BCEryia yUYUTHIBAeT MHHEpaTbHBIM COCTaB py/l, K60 OH
CBHJIETEJILCTBYET HE TONBKO O XapakrTepe 30JI0OTOHOCHBIX pacTBOpPOB, HO H
ofpenensieT MoBeeHHe 30JI0Ta B pY/HOM rnpouecce. MuHepansHeii cOCTaB
py[ BIIMAET Ha W3BJIEYEHHE 30JI0Ta M3 py/l, a 310, B CBOK OYepesib, BIIMAET HA
MX ueHHocTs. B cryyae Xoporio 060raTMMbIX Py, ¢ U3BJIEKaeMbIM NnoytH 6e3
OCTaTKa 30J7I0TOM, HY>KHbI MEHBLIHE PacXOmpl Ha NMosyyexne metayuia. TpynHo
oforaruMeie py st TpebyioT GONIBUIMX YCHIIHA U CPEJICTB, M BCE Xe 3aMeTHas
YacTh 3071018 MOXKET OCTATHCA B NOPOJE. ‘

MoryT JiM 30JIOTHHKM paccKasarh YTO-TO O MHHepaJibHOM CcOCTaBe pyH
[0 TOro, KaK pynHoe Teno 6yjer BCKpPHITO TOPHBIMM BbIpaboTKamy, a ero
MHHepaJIbHBIH COCTAB MIeTaIbHO M3yYeH?

30MI0TMHKH BCEr/Ia CONEPXAT BKJIIOYEHUS [IPYTMX MHHEpaOB, Cl1arai-
WMX pynobi. Hepeaxo 3TH YacTHubl XOpOIIO BUIHBL C MOMOLUBIO JIYTIBI, ou-
HOKYJIAPHOTO MHUKpPOCKONAa, a B KPYMHBIX BhIOENEHUAX M CAMOPOIKAX
M HeBOODYXEHHBIM r7ia3oM. HO uame Bcero TaK pasNHualT MHHEpAIbI,
oTndraBuIHecs N0 06pa30BaHMA 30/10TAa H POJICTBEHHOIO €My MMHEpaibHOro
coobiiecTBa, WIM, HanpoTHB, GoNee MO3[HHE BbiAENEHHA. MHOrOUHCIeHHEIE
[MCTTepPCHbIE YaCTHLl MHMHEPAIOB, 0COGEHHO OIM3KHX CAMOPOAHOMY 30710
Ty MO BpeMEHM H YCIOBHAM OOpa30OBaHMA, MOXHO pasjIMuMTh, TONBKO Hab-
JTIOOAas UX ¢ OYeHp 6OJIBIIMMM YBETHYEHH AMH . |

Ectp eme OOMH KOCBEHHbIH cnoco® npefcraBUTh cebe, ¢ KaAKHMH MH-
HepalaMH B PYyOHOM Mnpolecce ObUTO CBA32HO 30JI0TO: HYXXHO U3Y4HMTh COC-
TaB 30JIOTMHOK M CY[IHTh MO 37IeMEHTAM-PHMECHAM O BO3MOXHBIX CITyTHH=
Kax 30710Ta. |

Cnexrtporpaduueckoe OnpeneleHde M3 MAalibiX HAaBECOK B 3HAUHUTEIIb=
HOM CTeNeHH YNaBJIMBaeT 3JIEMEHTHI, CBA3AHHBIE C MMHEepaTbHBIMH €000~
IeCTBAMM, B COCTABE KOTOpBIX OTNIAraiuch 30NMOTHHKH. MMeHHO 3TH c006-
LUEeCTBA OMNMpeneNfalT MHHEpPATbHBIA THII MECTOPOXICHHA, XOTH KOJIMYeCT=
BO MX B pynax uacro ycrymaer npyrum muiepanam. Ilo pannsmv W.IL. Jlans
leBa, B OOHOM MECTOPOXEHWH 30JI0TO-TONMCYTHPUIHO-KBAPUEBOH (OpP=
Mauui MpeoBraialoliiM pYIHBIM MHHEpaJIOM ABIAJCA apceHonuput. Ho
MBILIBAK, BXONAIMA B €ro cOcCIaB, B 30JIOTHHKAX BCTpPEYICs B MAIBIX
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ONIHYECTBAX WM OTcyTcTBOBan. JLisi caMOpOOHOro 3070Ta OBUIH Xapak-
repHb! MOBBIILIEHHBIE CONEPXKAHUA CYpbMbl H ME[IH, TaK KaK 3TH 37IEMEHTHI
sXOMWIH B COCTaB MHMHEPAIOB, POJCTBEHHBIX 30JIOTMHKAM. Ouu BMeEcCTE
¢ 3010TOM M cepeGpOM HaXOWIHCh B Py/OOOpasyrUIMX pacTBOpax M IH-
ra7M pacTyline MHMHepaibpl — OJieKnbie pynbl, cynsOCONH CypbMBl, CamMoO-
PO[IHOE 307I0TO, — KOT/JIa MBIIILAK H XKETE30 ke yCrenH 06pa3oBarh B XHIb-
HOM KBaplie cBoe coO6luecTBO, copepiKaiiee apCeHONMUPHT. OpHOBpeMeEH-
4O C HUM BBIIEIWIOCH HeGONbIOe KOJIMYECTBO TOHKOAMCIEPCHOrO CaMopos:
HOTO 30JI0TA, HO "HE OHO OMpEeNeNuNO ITIABHY0 LEHHOCTb 30JIOTBIX Py H
e ApCEHONMMPHTOBAs MHHEPAIW3alWs [aTa HasBaHHe MHHEPATbHOMY THILY
MECTOPOXKIEHUA.

HermpaBunsHo Gbui0 Gl ymars, YTO [pyrHe MHHEpANbl, COCEACTBYIO-
Me C 30JIOTMHKAMM, XOTH M OTJIArajiuch M3 pacTBOPOB paHbllie WIH MNO3M-
Lee 30JI0TA, HE OTABAJIM €My YacTh CBOMX BBIJIETICHMH C NPHCYLUMMH UM 3Jie-
veHTaMi. Ho nognenHHe NosBNAKICA B 30JIOTHHKAX CIIOpa[HYeCKH W KOH-
[[eHTPALMM MX Yallie BCero BeCbMa HE3HAUHTEI bHBIE.

Jlpyroro popa 3aTpy[HeHMs NpH paclM(ppoBKe MHHEPATBHOIO THIA
MECTOPOSK/IEHMI 307I0TA CBA33HBI C TEOXMMHYECKHMU OCODEHHOCTAMM Tep-
PUTOPHH, IJie NMPOBOOATCH MOHUCKH.

Tak, B OOHOH 30NI0TOPYIHOM NMPOBMHIHHM BCE 30JIOTHHKH OTIIHYAKOTCAH
OBBILLIEHHBIME copepXaHuaMu pryTd. OOHAKO reoNoruyecKue Mccieno-
paHWA NMOKA3aIH, YTO PTYTh CBA3aHA ¢ GoJiee MO3[IHHM pYIHbIM MTPOLECCOM,
MpOSBUBLIMMCA KOrfa MEeCTOPOX(ICHNA 30/10Ta YXKe chopMHPOBATHCE.
MecTOpOXIEHHS PTYTH 06pasoBwIMCh BOIN3M 30N0TOPYIHBIX. Jlerko ne-
Tyuag pryTh HOGpanacs OO KBapLEBBIX %AUI C 30JI0TOM M BCTYNWId C HHM
R0 B3aMMopeiicTeMe. OGpa3oBanMCh NaXe COeIMHEHHs 30710Ta, cepebpa M
PTYTH — amaibraMpl. B 370M cilyyae MpHMECh PTYTH OIpefiefifAeT TONbKO
reOXMMHYECKYH0 crieudpUKy NpOBHHIHHM, 3 HE MHHEpPATbHBIH THIT 30JI0TO-
PYIHOrO MeCTOpOXKIECHHA.

Cnyyaercsi, 4TO 307I0TO M [IPyrO# META/UI BBIENATUCH HA NMPOTHKCHHH
¢IMHOTO pynHOTo mpouecca. Hanpumep, BHauaie OBpasOBAIMCh MHHEPATBI
BONbdpama, a 3HAYMTENIBHO NO3[Hee BBIIETHIIOCH 30710TO. B 3toM ciyuyae
BONbGPaM, CBA3AHHBIA C HE30JIOTOHOCHBIMH MHHEpalbHBIMH coobiecTBa-
VM, TONBKO CIMOpPAJHYeCKH BCTPEYAETCA B 30JIOTHHKAX.,

Bce mpHcylye OnperieNieHHOH TeEpPUTOPHH MEOXHMHUUECKHE 0CcOBEeHHOCTH
CllemyeT YYHTHIBATH TIPH H3YUYeHHH MIPUMeEceH B 30J10Te.

JIOMONMHUTENBHBIM TMPH3HAKOM MHHEPAIBHOTO THIA MECTO POXKIe HHH
30710Ta CAYXHUT ero mnpo6a. B MatormyOMHHBIX MECTOPOXAEHHAX MOABJIE-
Hue GONBIIMX KOJIMYECTB BBICOKOMPOOHOTO 30J10Ta TMO3BONAET CTABMTH
BONpOC O IMpHHAJIEXHOCTH MX K 30NI0TO-TEJUTYy pMIHOMY THITY. Bricoko-
NpoGHOE 30J10TO C MpPHMECHhI0 CYpbMbI XapaKTEpHO [UIA cpe/iHersly OHHHBIX
MECTOpOXIEHUH 30710TO-CYJIbhOAHTHMOHHTOBOTO H 30J10TO-aHTHMOHHTOBO-
'O THMA.

WMurepecHo, YTO yXXe He COCTaB 30JIOTHHOK, @ HX dbopmMbl H BHYTpEeHHee
CTpOEHHE MOTYT B OT/IENIBHBIX CJlyYyasaX pacckasarb O TOM, MHOTO JIH B py-
Ne cynpHIIOB, CONEPXAMWHKX TOHKOAMCIIEPCHOE 30I10TO. [lpaBpa, 3tH 0CO-
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GEHHOCTH YKa3bIBAKT HE HA MUHEpPANbHBIM THII MECTOPOXOEHHsH, a Ha KO-
JIMYeCTBO Haubonee paclpOCTPaHEHHBIX PYAHBIX MHHEpAIOB W Ha pa3mepbl
Bhbie/ieHH# camoponHoro 3onora. Ho pna nepepaGoTKH pyn TakHe cBepe-
HUA Ype3BBIYAHHO BaXkHbl. MX MOXHO NONyuHTh, H3yuyas 30JIOTHHKH M3
30HBl OKMCJIEHHsT B TeX paHOHax, rie YCTaHOBJIEHO ILMPOKOE pacnpocTpa-
HeHWe BTOpHYHOTO 307m0T1a. Ha opHOM M3 mOnOGHBIX IUTomiafgeH OpUIO ycCTa-
HOBJIEHO, YTO IUIOMIafb, e 30JIOTOHOCHBIX CyNIbGHOOB B pynax MeHee
5 %, BTOpHYHOE 3071070 O6HIYHO He OOpa3syer CaMOCTOATENIBHBIX BbIfielIe-
HUH, 4 OTJIaraeTcsi B BH/E TOHKOH IUIEHKH HAa NOBEPXHOCTH OCTAaTOYHBIX
30/I0OTHHOK B 30HaX OKMCNeHHA. B pynmax c copepXaHMAMHM CYIb(QUIOB
or 7 mo 15 % BTOpUYHOE 307I0TO BHIOENAETCA HA MOBEPXHOCTH OCTATOYHOIO
B BHMOE TOJICTBIX KOpoueKk. Berpeuarwrca ¥ 0o6ocoOieHHbIE 30IOTHHKH, Ha-
LIENIO CIIOXKEHHbIE BTOPHUYHBIM 3010TOM. ECIM e KOIHYeCTBO cynbpuIOB,
COZIEpKalMX TOHKOJMCIepcHoe 30710710, npeBpnuano 30 %, caMoCTOATEND
Hble BbI/IeJIeHHA BTOPHYHOTO 30JI0T2 BCTPEYATHCh OYeHb YacTo.

I'.B. Hecrepenko ypanocs NOKa3aTh, YTO B KOHKDETHBIX 30JI0TOHOC-
HBIX paloOHaX coHepXaHus B IpefCTaBUTENbHBIX BHIOOPKAX CaMOpPOAHOTO
30]10Ta 3JNMEeMEHTOB, OOpa3yluMx B HeM TBep/bie pacTBOphl (cepebpa,
PTYTH, MeOM), MOTYT CIYXWTb [JIfi DACIO3HABAHMA THIIOB 30JI0TODYA-
HBIX MECTOPOK/IEHHH.

Cnenyer Bce e €Ka3aTh, YTO O CBOMX POJCTBEHHBIX CBA3fAX 30JIOTHH-
KM NOKa paccKasbiBaKT cKymno. 310 0bbsicHAerca KAK T€M, YTO OOJBIIHHCT-
BO 3VIEMEHTOB He BXOOMT B KPHUCTATMYECKYI0 CTPYKTYpPY CamMOpOJIHOTO
30J10Ta, TaK M HEJOCTATOYHBIM YHCIOM AHAIM30B 30JIOTHHOK, MMEHOLIMX
TOYHblE YKAa3aHWA HA pOJCTBeHHbIe MMHepanbHbIE COOOLIECTBA, W3 KOTO-
PbIX OHH OBUTH U3BJIEUYEHBI.

- Tonsko coGpaB GONbILIOH NpeNCTABUTENBHBIN MaTepHan M 06paGoras
ero CTaTucTHyeck, Mbl OyJeM B COCTOSHMH 1O COCTaBY OT/[ENIBHBIX 30J0TH-
HOK He NMpOCTO Mpeanonaratb, a TOYHO 3HaTh, KAKOMY MHHEPAIBHOMY THIY
MECTOpPOXIeHUH 06fA3aHBI OHU NPOMCXOXKJEHHEM. JTa 3a7aua XJIET CBOMX
HCCIIe10BaTeNIeH.

Paznwle noxonerun

Yenopeyeckass WCTOPMA OTCYMTBIBAETCA 3PaMM, THICAYENIETHAMM, BEKAMM...

leonoruyeckas M3MepsieTCd CBOMMH BENTMYWHAMM, HECpaBHEHHO 6ojiee
MPOMIONKMTEITBHBIMH: 3pAMH, TIEPUOZIAMH, OXAMH, BEKAMH.

O6Gpa3oBanue pyn TaK)Ke OXBaThIBAaeT MPOTSDKEHHbIE OTPE3KH BpPEeMEHH.

I'eonory BhIENAKT METAJUIOreHHYeCKMe 3MOXH, MaBIME HAayalo MHO-
MM MECTOPOXIEHUAM, YacTO HelOXOXHM Ha OBpa3OBaHMs HpPYTHMX 3MOX.
Boree kpaTKOBpemeHHble NepUOmbI (OPMHPOBaHHA OOCTZHOBOK, Grnaro-
NPUATHBIX [UTA BOZHHKHOBEHWS MECTOpOXHIeHMH — 3ranbl, OHM OTJIMYAIOT-
CA [ApYr OT [pyra BpeMeHeM TMpOSBJIEHHUA, reOJIOTHYECKHUMH YCIIOBHAMH
M XapaKTepHbIMH uepTamu oOpyneHenus. CylecTBYWT MECTOPOXIEHHA,
06pa3oBaBIIMECH B TeYeHMe OJIHOro, [BYX, a Mopoio u Gomee stamos. U,
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HAKOHell, 3TaNl pyfOOGpa3OBaHWsi PA3NENACTCA HA pPAN CTA[MH. Kaxpasn
U3 HHX XApaKTepu3yercs ONpeJeleHHBIM, OTJIOXEHHbIM Ha [IaHHOM CTaflvH,
kommiekcoM MuHepanoB (H.B. IlerpoBckas Tak W HasBaia ero "OMIHO-
CTAIMIHBIM MMHEpATbHEIM KOMIUTekcoM™). OH MOxeT ObiTh NpercTaBiieH
OOHOH MMHEpaIBHOW accouMalMed — COOOILECTBOM MWHEPAIOB, — HIIH
PANOM TAKHX COOBLIECTB, OT/ATABILUMXCH MOCNIENIOBATENBHO N0 MEPE H3Me-
HeHnsl (U3MKO-xMMHueckol obcranoBku. Kaxpgas Takas accouMauus
(MapareHe3uc) MUHEpAIOB BHIAENAETCHA MO OOWHOCTH COHAXOX/JCHUA M
OMMHAKOBBIM MJIH GIM3KHM YCIOBHAM HMX BO3HMKHOBEHHsA B OIMH M TOT
)K€ OTPe30K BpEeMeEHH.

JuTensHOe Bpems CYLIECTBOBAIM TpPEACTABIIEHHA 00 OHOAKTHOM
OTJIOXKEHHM 30JI0Ta B OfIHY CAMOCTOSATENIbHYI0, [O3[HION, CTa[lHI0 pYIHOTO
npouecca. Ecmu 651 370 OTBEYasO MCTHHE, pedsb 30JIOTHHOK CBEJIACh Obl K
eMIMHCTBEHHOM ¢pase: “Mpl 30ech, @ CKONBKO HAC — Yy3Haere, /I00bIB H
nepepaboras pyny”.

He Bhimensercd JM 30JI0TO HAa BCeM NPOTMKEHWH PYHOHOro Inpoiecca,
KaK [{yMaeT psj HcclieioBaTesien?

YCTaHOBNIEHO, YTO 30/10TO OT/araercs M3 pacrBOpOB B JIOCTATOYHO
y3KOM [Mafia3oHe TEMMNepaTyp M KHCIOTHO-IENIOYHBIX YCJIOBHH, YTO H
TpefonpenesseT ero cBfAsp ¢ OrpaHUYEHHBIM YHCIIOM coobiuecTs — NMpoOAyK-
THBHBIX (307TOTOHOCHBIX) MHHEPAJIBHBIX 3CCOLMALMH.

A pa3 TaK — 30JIOTHHKH MOTYT OKa3aThCsl XOPOLUMMH NNPOBOIHHKAMH O
PYOHBIM TENaM H PYJOHOCHBIM TIIOLIAZIAM.

H.B. IlerpoBckas Beipenser A 307I0TOPYIHBIX MECTOPOXIEeHHH H0C-
TATOYHO OJHOTHITHBIE MEPHONBI MHHEPATOOGPA30BAHMA, OTBEYAIOLME MPEA-
CTABJIEHMAM O CTAAUHHOCTH PYIHOrO Mpouecca.

UccnenoBatemi MHOIMX KOHKPETHBIX MECTOPOX/IEHUM 30710Ta BbIfE-
JISHOT [IBE WIK GOJblliee YMCIO MPOAYKTHBHBIX Ha 30710TO PY[HBIX CTajlHi,
OTMeYas U KAXIOH M3 HMX CMEHY MHHEepabHbIX COODLIECTB, CBHAETEND-
CTBYIOLIYI0 O KHCJIOTHO-LIEJIOYHOH 3BOJIIOUMH PYIOHOCHBIX pacTBOpOB H
e pHOMYHOCTH ITHX H3MEHEHHH.

COOTBETCTBEHHO, CAMOPOJHOE 30JI0TO MOXeT OBITh CBA3AHO C HECKOIIb-
KHMH TIpOAYKIMBHBIMU MMHEDWIBHBIMH COOOLIECTBAMH, OTHOCHIAMMHCA
K pa3HbIM WM OTHOM M TOH e CTa[IHH.

W3yuenve MHHepaabHBIX COOGLIECTB CAMOPOJHOTO 30JI0Ta MNOKAa3alo,
YTO OHO BBIOENANOCH B OCHOBHUM B 3aBepilidioliye CTafiMid pypAHOro Ipo-
Hecca, MO3ZIHEE, YeM KBapli, M JIMIIb B MIOTTTYyOMHHBIX MECTOPONICHHAX —
opHOBpeMeHHO ¢ HuM. OnHAKO 4YacTh CaMOPOAHOrO 3070Td — B OIHHX
MECTOPOXIEHHAX He3HAuMTeIbHasl, B [PYrMX, HanpOTHB, TOJABJIAIOMIAA,
OTNIarajiack B PAHHIOK PYIHYI0 CTa[MI0 OOHOBPEMEHHO C NHPHTOM M apce-
HOIIMPHUTOM.

Haywithcsi pasnuyars 30JI0TO, CBA3aHHOE C pPasHbIMH CTAQMAMH Py
HOTO MpOIEeCca, — 3HAYMT MONYYHTh B PYKH YyTKHH MHCTPYMEHT, [IOMOTaio-
wMit pacimpOBLBaTH AT 33 IIATOM MCTOPHI0 (GOPMHMPOBAHHA MECTOPOX-
NEHHU .

Urobsl BBIABUTH 3aKOHOMEpHbIE paslIHYMs CaMOpPOAHOro 301074,
OTNIAraBHIerOcs HAa pasHBIX CTafMAX pYAOOOpa30BaHMs#A, ClIE[IOBAIO Ipes:-
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BapUTENbHO NOCMOTPETh, B KAaKOH cTeleHH MEHSIOTCH ero 0coGeHHOCTH B
MMHEpPATBHBIX COOGLIECTBAX ONHOM M TOH K€ CTafyH PYAHOro MpoLecca.
Hapo 6pu10 3HaTh, HACKOIBKO MOXOXH ApPYr Ha Opyra 30JIOTMHKH OJHOTO
NOKOJICHHA, a 3aTeM Y K€ MCKaTh MX OTIIMYHA OT YaCTHILl, POOMBIUIHXCA B APY-
roe BpeMA.

Oxaszanoce, 910 305I0TO paHHEH pYIHOM CTaJMM Ipe[icTaBiieHO B
OCHOBHOM HEBMIMMKaMHM M KapjMKaM{d — TOHKOMMCIIEPCHBIMH, IbUIEBH/I-
HHIMM M BeCbMa MEJIIKMMM YACTHIAMH, HOCUTENIAIMM KOTOPBIX ABJISAITCH
B OCHOBHOM CYJb(MIbI PAHHMX TFeHepanHH. ;-

O pannem (Gonee crapiiieM) NOKOJIEHUM 30JIOTHHOK MOXHO 3aKJIX0-
YHTh, YTO B MO[aBJifioileM OONBIUMHCTBE C/IyydeB HA OOHOM M TOM e
MECTOPOX/JIEHUH OHM XapaKTepH3ylTCcs OGIHM3KMMH OCOBEHHOCTSIMM CTpoe-
HHA M cocraBa. McknroueHus COCTaBIIANT MECTOPOXIAEHUS, TIe B PaHHIOW
PYBHYI0 CTafii0 OTJIarajioch HECKONBKO pasHOBPEMEHHBIX MMHEpaJIbHBIX
cOODIECTB, HECYILIIMX 30JIOTHHKH.

[TopoBHO cembe, rae AeTH pa3liMyalTICH He TOJIBKO MO BO3pacty, M 30J10-
THHKH OfJHOTO MOKOJIEHHsA WMEIOT IpHCYLIHe UM YepThl, COXPaHss, OJIHAKO,
HeyTo Obliee — ceMeHHOe CXONCTBO.

CamoponoHOoe 3051010, OTnaraBuleecsi B MO3[HME pPY[HbIe CTagMH, OT-
JIMYAETCH MEHBIIIMM MOCTOHCTBOM IpH3HAKOB.

Ectb mMecTopoxyjeHus, roe B mpefenax OfHOH CTagM¥ — TNOKOJIeHHSA
MHUPHO Y)XHMB3IOTCA C KapIMKaMHM M 30QJIOTHHKAMH Cpe[Hero pocra HeBH-
MMMKH ¥ rHranTel. OpgH3ko npeoGrnapjalT MeCTOPOXIEHHS, B KOTOPBIX
mpepenbl KOneGaHu#i KpYNMHOCTH 30JI0THMH ropasgo meHswe. Cpemu Tiny-
OuHHBIX OGpa30BaHHH W3BECTHBI PYAbl C NPEeMMYILECTBEHHBIM pasBUTHEM
307IOTHH CpefHeM KpYMHOCTH WM NBUIEBMOHOTO M MENKOro 30710Ta Ha
MO3HUX CTaIHAX PYOHOro Mpolecca; HAaNpoOTUB, B OOJNBLIOM YMCIEe MaJio-
rIyOHHHBIX MeCTOpPOXEHHH B MO3[HMX coobllecTBax 30NOTHHKH KpynHee
1 MM BeTpeuaroTces peaKo.

Pasmeps! 30/I0THHOK OJHOTO TOKOJEHHA CYIIECTBEHHO 3aBUCAT OT
TOTO, NpeTepresld OHH MeTaMOpdU3M MITH HeT.

B HemeramMopdHM30BaHHBIX pyHax pacnpefefieHMe YacTOT BCTpeyaeMoc-
TH 30JIOTMHOK pas/IMyHOM KPYNHOCTH, NpUHAIIEXKAIMX K OOHOMY IOKO-
JIEHN10, MOXXHO NpEJICTaBUTh B BH/E KPUBOH C OOHUM "NMHUKOM” — MaKCH-
MyMOM. JIONONHUTENIbHBIE MAKCUMYMB! TNOABIIAIOTCH, €CIIM pacCMaTpPHBAThH
COBMECIHO 30JIOTHHKH OHHOrO NOKOJIEHMH, B3fAThiE KAK M3 HEM3MEHEHHBIX,
TaK H U3 Npeo6pa3oBaHHbIX PY/I.

CamoponiHOe 30710TO, OTJlaraBiueecsi B COCTaBE MMHEPAIbHBIX aCCOLMA-
WA ONHOH CcTajMM PpyAHOro mnpouecca, OOLIYHO O6NTaaeT OIMHAKOBHIM
KoMIieKcoM ¢opM. CpelH HMX pa3nuyaioTcs Mpeobnapaoime U COMyTCT-
BYIOLLME M.

Bonee opHO3HaYHBIMM NpPH3HAKAMH OTIOXKEHWA CAMOPOLHOrO 30J10Ta
B TEUECHHE OJIHOM ¥ TOH e CTalM¥ pPYIHOro MpOLecca Ciy»Xar 0coBeHHOCTH
COCTaBa H CTPOCHUA 30JIOTHHOK.

Ha mectopoxpmeHus mjisi 307I0THHOK, OTHOCALIMXCA K OHOMY IOKO-
TIeHHI0, THIMYHO HOpMATbHOE pacirpefielieHHe CONEep)KaHWH B HUX cepebpa,
a4 TaKXe psAja [OpYrux IpHMEced, r1aBHbIM O00pa3om CBMHIA, CYpPbMBI,
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BUCMYTa, Xelle3a. JTO 3HAYMT, YTO Ha [JuarpaMme, rie MO BEepPTUKAIbHOM
OCH OTJIOEHBI YACTOTHI BCTPEYAEMOCTH OINpefieNIeHHBIX COMEpXaHuH, a 10
rOpPM30HTaNIbHOM —COMlepXKAHHA TIpUMeceH, pacrpefieNieHHe TPHMET BHI [OC-
TATOYHO CHMMETPHYHOH KPHBOH C OIHHM MakcHMymoMm. HckimoueHHs W3
3TOH 3aKOHOMEPHOCTH HAGIIIONAIOTCA NOCTATOYHO PEAKO, HECKONBKO BO3-
pacTasi B uciie OT [Ty GHHHBIX K MaoriyGHHHBIM MeCTOPOXIEHUAM.

Pacripenienienie cojiep)KaHMii MeJiM, MO-BHAMMOMY, BCIIEACTBHE TOTO,
yro GOpMa ee BXOXJIEHUA B CAMOPOIHOE 30JI0TO MOXET GbITh [BOWCTBEH-
HOM — B BHIE M30MOpP(QHOH NMpHUMecH B KPHUCTA/UIMUECKOH CTPYKTYpe H JIHC-
TIePCHBIX BKINOYEHHH COBCTBEHHBIX MHHEpATIOB MeH, HEPE[KO OKa3bIBAETCA
C MBYMS MaKCMMyMaMH Jidke B 30JI0OTHHKAX OIHOro NMOKOJIeHH .

Cpenuue copepXaHHsi MajibiX IpMMeced B 30710Te OJIHOro MOKOJie-
HMA, TAK e KaK M cepeBpa, YacTo He MMeEIOT 3HAUMMBIX PasNHuiH, OfHAKO
9TO HOCHMT XapaKTep YeTKO BhIPaXKeHHOW TEH[EHIMH, HO He 3aKOHOMEpPHOCTH.
Yro KacaeTcs KOHUEHTpalMH cepeGpa, TO 3aKOHOMEpPHOCTh CYUIECTBYET, HO
ee HapyllalT TaKMe ABJIEHHA KAK METaMOp(H3M, MECTHbIE H3MEHEHUHA
YCIIOBHH py000pa30BaHus U T.II.

MMeeTcH TeHOEHIMA PpABEHCTBA COHEPXAHHH 3JIeMEHTOB-TIpHMeCeH
B 30JIOTMHKAX OHOIO MOKOJIEHHA.

HauGonsiumm NOCTOAHCTBOM XapakTepH3YIOTCH COOepxaHus cepebpa
M 11poba 30J10Ta B MECTOPOXAEHHAX GONBIIMX IITyGHH.

Hexorophie BapHauuM cOCTaBa ¥ BHYTPEHHETO CTPOEHHH 30/I0THHOK-
POBECHHI| HabIIIa0TCA ONATH-TAKK B MECTax NpOsABJIeHHA BHYTPH- U TNOCIe-
PYAHBIX Npeobpa3oBaHuM.

Eciu mopmoGHeie M3MeHEHUs TMPOMCXOOAT B KOHTAaKTOBOM Opeosie
KpPYMHOr0 MarmMaTHueckoro Teyia, npofa 30710Ta BCero MOKOJNEHHs MOBBI-
mwaetca. Eciu ke NpOrpeB MeCTHBIA, HanpuMep, B 30He NPOHWKHOBEHHA
HOBBIX IOPUMH rOpAYMX IiyOMHHBIX PacTBOpPOB, W3MeHeHHA NpoGel 6OMb-
1lied YacThi0 MPOABIIAKTCA HEPe3KO M 3aXBarbiBalT TOJIBKO OTJENbHbIC
30/TOTHHBI MIIH BCe 30JI0TO, HO B OrpaHMYeHHbIX yyactkax. Cpensas npoba
B TAKOM Cjlyyae OTJIHYaeTCHA OT cpenHeH npoObl HEM3MEHEHHOro 30510Ta
U1 MECTOPOXKACHHS B L[EJIOM.

B ycnoeusx cpenHux ryOMH BapHauMH COCTaBa 30JIOTHHOK OAHOro
MOKONeHMs B MecTax MeramopduuecKux Npeobpa3oBanuil GbIBaOT 3aMeT-
Hee.

B MecTOpOXIEHHAX MallbiX TyGuH 30/10TO MO3MHUX MOKOJNEHHH TaK
Ke, KaK NMpaBWIo, He OuYeHb M3MeHuMBO. OHAKO OTKIIOHEHH# OT CTaHAap-
Ta, CBOHCTBEHHOTO NMOKONEHHI0, HabMoIaTCA yalle.

XapakTepHpii npumep. BuouMbie 30I0TMHKM B MAlorjlyGHHHOM
MECTOPOXICHUH CBA3aHBI C OABYMsA NMPONYKTHBHBIMH CTamuaAmH. B mepBoi
OHH OT/IaTAIHCh B COCTaBE 30JIOTO-XaThKONMMPUT-GIIEKIIOPYIHOH, BO BTO-
poii — 3070TO-chaNepUT-TEJUTY PHIHOH MUHEPATIBHOH ACCOLHALMH. Tlpoba
30JI0THHOK TIEPBOTO MOKONeHus B cpemHem 850 (pasmax xoneGamui 750—
910), a Broporo — 710 (500—750). Cpennss npo6a 30710Ta, HCIBITABIIErO
B pa3HO¥ CTeNeHH NpOsABNIEHHbIE THIPOTEpMATIbHbIE H KOHTAaKTOBBIE METa-
mMopduueckue NpeobpazOBaHKs, COCTaBNIAET COOTBETCTBEHHO 900 M 750
Mp¥ MaKcHMAanbHbIX 3HaveHusax 940 u 800.
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OTKNOHEHHs OT CpeOHMX 3HAaYeHWH COHEpPXKAHWH pANA 3JIeMEHTOB-

MpUMeced — MeIM, CYpbMbl, MbIIUbAKA M APYrHX — TaKXe OTMeYEeHBHI B
HHTEHCHBHO MeTaMOp(pH30BaHHOM 30J10Te.

BHYTpeHHAs CTpPYKTypa 30JI0THHOK OJIHOrO MOKOJIEHHs B cOOBLiect-
BaxX MO3[HMX pYOHBIX CTa[lM¥ XapaKTepU3yeIcsd ONMHAKOBBHIMH OCOOGEHHOC-

TAMH. ITO TMOATBEPXJIEHO HaG/IIOEHUAMH JaKe Haj, Haubolee HEOOHOpOH-
HBIMH 1O CTPOEHHI0 BBIJE/ICHUAMM CAMOPOOHOr0O 30710Ta MaIOrIyOHMH-

HBIX MEeCTOPOXXIEHHH.
Euie Gonee ogHOTHIHEI CTPYKTYPhI 30JIOTHHOK OIHOIO MOKOJIEHHS B Iy~

BHHHBIX M CpeiHerTyOHHHBIX MECTOPOXIEHHAX.

Cxonpko-HHOynp 3aMeTHBIe pasHuMsd CTPYKTYpPhl BBIOEJIEHMH 30-
JIOTA OJIHOM TreHepalHM BCTpeYaluch, KOrjJa MOXHO ObUI0 MPHATH K 3aK-
NI0YeHHI0 006 H3MeHEeHWHM YCIIOBHH OTJ/IOXeHWS MHHepajJioB HIIH O Ioce-
KPHCTaJUTH3ALHOHHBIX Npe0bpa3oBaHHsAX.

Taxkum oGpaszoM, [Ofis 30JIOTHHOK OIHOrO INOKOJIEHHs, paHHero MM
NO3/IHETO0, CMOTPA 10 BpeMeHH ero (OpMHPOBaHMA B pyHax, THIMYHBI OfIH-
HaKoBasi cpefHsAs Mpoba, ee HOpPMAILHOE paclipe/ieNieHHe; OOHOMOMANIBHOE
(c opHMM MakcHMyMOM) pacnpeneneHHe APYrMX NPHMeEced ¥ YacTo — pa-

BEHCTBO WX CPEeIHUX CONEpXKaHWM, UIEHTHYHbIE MJIM BecbMa OJIU3KHE BHYT-

peHHHe CTPYKTY Phbl.

OnmHaxko camMopopHOe 30710TO, OTJIaraBlieeci B COCTaBe MUHEPaib-
HpIX aCCOLMAIMH OOHOM CTAIMM PYOHOrO IpolLecca, XapaKTepU3yeTcs U
HEKOTOpOH M3MeHUYMBOCThI0. Bapuauuu ocoGeHHOCTEH 30JIOTHHOK OOYCHOB-
JieHbl BHYTPH- M TOC/IepYOHBIMH HM3MeHEHHWsIMH, HEeO[HOKPAaTHBIM OTJIOXEe-
HHEM 307I0T2 HAa NpPOTSKEHHH OJHOHM CTAMM, MECTHBIMH W3MEHEHHWAMH yC-

JIOBMH pynooGpa30BaHUs.

OcoBGeHHOCTH CaMOpOHOrO 30JI0T2, CBA3AHHOrO C PasHbBIMM CTafIusA-
MH pYZAHOro npouecca, 06bACHANTCA HEOIUHAKOBBIMH YCIIOBHAMM KpUCTal-
JIM3AIMHK H 110 ClIe oy IUMMH Ipeobpa3oBaHUAMM.

M3BecTHble NpeXxne NpH3HAKH pa3sHOBPEMEHHOro OOpa3OBaHMA CamO-
popHoro 3onora Opum HemHoroudcneHHeivM. [lpepnonaranocs, uyro s
paHHeH pY[OHOHM CTa[ii¥ BCerJa TMIHYHO paBHOMEpHOE pacrpejiefieHue 30J10-

1a B cynmpdunmax. OpHako A.M. I'aBpunos nmokasan, yro 0Gpa3OBaHHOE OJIHO-

BPEMEHHO C pPaHHMMM NMMPHUTOM M APCEHOIMPHUTOM CYyOMHKPOCKOIMHYECKOE

30JI0TO COCPeAOTOYEHO B LEHTPAIBHBIX YAaCTAX KPHCTA/UIOB CYJbdHIOB.
Copepxanusi 3071072 3aKOHOMEPHO TOHIXAKWICA K nepudepud  KpHCTAI-
JIOB B pe3y/sTaTe ObICTpPOrO MajieHWsl KOHLEHTpauM 307I0Ta B pacTBOpax
BO BpeMs KpPHCTAJUIM3alMHU CynbduaoB. Takxe HepaBHOMEpHa 30JI0TOHOC-
HOCTb CyJibhHIIOB H B 1EJIOM HA MECTOPOXJEHHAX — OHA YObIBaeT Mo mepe
YOANEeHHs OT TaK Ha3BIBAEMBIX PpYAOKOHTPOJIMPYIOIIKX TeOJIOTHYECKHX
CTPYKTYp — 30H CMATHA, pa3/IOMOB ¥ T.Il., ¢ KOTOPBIMH CBA3aHO OpyIeHe-
HHe.

Taxue npu3Haky, KaKk yKpyMHeHHe paHHEro 30510Ta INpH BbIJENIeHUH
B TeX e Yyacrkax Oosee mosgHeir 30510TOH MMHEpPaNH3anMM, Obpacranue
O30HHM 30JI0TOM KBAapLEBO-30JI0TBIX ArperaTtoB paHHEW pPYOHOH CTAa[uH,
HabnoparnTes fanexo He BCEera.
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B yem e MpOABIIAIOTCA PAa3IMYKHA 30J10Ta Pa3HbIX MOKOJICHHN?

JUiA BUOMMBIX 30JI0THHOK pasHOro BO3pacra ODbIYHBI ONMperesieHHbIe
npenensl KonebaHui KpynHoctd. Tak, WA OJHOro MaaoraybHHHOro MecTo-
pPOXKIEHUS Pa3Mepsl 30JI0OTHHOK paHHe#d crapuu usmensworcs or 0,001 po
0,05 MM, a no3aHen — ot 0,04 po 0,3 Mmm. Ha npyrom mectopoxaeHHH 30710~
THHBI MEPBOTO NMOKOoNeHus umeror pasmepnt 0,03—2,5 mm, Broporo — 0,01 -
0,2, peaxo 00 1 mm. Ho GeiBaror cnyvau, koraa npepenb! KonebaHud Kpyii-
HOCTH OOMHAaKOBBI. PasiuuMa 3aKJI0ualoTCA B paclpe/ie/ieHHH YacToT BCTpe-
yaeMOCTH 30JIOTMHOK OMpefeNIeHHbIX pa3mMepoB: HAlpuMep, UIA NepBOro
NOKOJIEHHsT HaWBONbLUCE YHCIO yYacTHL (MMK HA KPHUBOUM paclpeienieHus)
nonapaer Ha 0,06 mm, a w1a BToporo nokonenus — Ha 0,12 mm.

30NI0THHKH, OTIIaraBliMecs Ha pasHbIX CTafiUAX pYAHOro nporecca, OTIM-
YAIOTCH TaK)Xe MO CBoed MOpGONOrMM — HHOrJA CYLIECTBEHHO, a TOPOH
pa3xIMyMs COCTOAT JIKLLIEL B NpeobnasaHuu Tex WiK MHBIX GopMm.

YBuOeB ofHy 307I0THHKY, MBI HE pELUIHMCA Ha OCHOBaHHWHK TOJILKO pa3me-
poB H GOpMBI OTHECTH €€ K OMpeneNieHHOMY IOKONeHHI0. A OCODEHHOCTH
KPYNHOCTH M MOpPONIOrUM HeGOJNBILIOr0 CKOIUIEHHS 30JIOTHH YXX€ MOryT
CIYXHTb XOTH HE OHO3HAYHBIM, HO [IONMONHUTENIBHBIM MPU3HAKOM IpH H3Y-
ueHHM CTAIMHHOCTH 0Opa30BaHKA MHUHEPAIOB.

boriee siBHbie pa3zHyus OOHAPY)XMBAET COCTAB 30JIOTHHOK. AKajeMHK
A E. ®epcman oTMeuall TEHIEHUMIO OYMILIEHHA 3071072 OT NpUMECEH Mo Mepe
nepexofa OT paHHUX reHepauMi K 1Mo3OHUM. BrocnencTBuy 310T BhIBOJL MOJT-
BepOMIICA [Jisl pAlia MecTopoxaeHnH., OQHaKO yCTaHOBIEHH CJIyyad U 0bpart-
HOM 3aKOHOMepHOCTH. M3BecTHO Takke, yTO U3MEHeHHe Mpobbl BO BpEMEHH
IPOUCXOMHUT AAIIEKO He BCerya.

B MecTopoxeHuax ¢ HeBbICOKMMH (He Bonee 5 %) cofep>KaHUAMM CyIib-
bumoB nMpoba 30510Ta OGBIYHO MOHHKAETCH B 30JI0THHKAX MO3OHEro nokone-
HUSL WIM U3MEHAETCA HEe3aKOHOMEPHO B 3aBMCHMOCTH OT COCTaBa MMHEpalib-
HbIX COOBLIECTB, ¢ KOTOPBIMH 30JI0TO CBA3aHO.

Bo3spacranue npo6el 30710Ta OT PAHHHX €r0 reHepalyi K MO3IHUM OTMe-
YaJI0Ch MPEUMYLIECTBEHHO B MECTOPOXIEHHAX C TMOBBIMIEHHBIMH COMEpIKa-
HUSAMH CYJIbHAOB, KOHUEHTPUpPYMIOLIMX cepebpo, H B  MECTOPOXOEHUAX
C pa3BHUTHEM INO3JHUX, CONEPXALMX TEJULYPUIbI, NPOAYKTHBHBIX MHHEpA/Ib-
HBIX cOOB1IeCTB.

B mMectopoxpenusx, rie GOpMUPOBAHHE OPYLEHEHHs MpOTeKalo B [IBa
Pa3fiMYHBIX 3Tana, 30JI0THHKH, CBA3aHHBIE C MOCIEHUM U3 HUX, OBGBIYHO UMe-
10T Gonee HU3KYr0 Npoby. 310 OGBACHAECICA TEM, YTO BO BCEX H3YYEHHBIX
[0 CHX MOp Clyyasx OpyHeHeHHe BTOporo 3tana ¢GopMHpOBaNoch B MEHee
ryOUHHBIX ycmoBuax. OHAKO He MCKIII0YEHa BO3MOXHOCTh 06pa3oBaHHA
BBICOKOCEpeOpHCTOro 30510Ta U B IJIYOMHHBIX YCIIOBHAX, €CJIM KOJIHYECTBO
cepebpa B pyIOHOCHBIX pacTBOpax Byner OCTaTOYHO GOJbLMM.

Conocrasnenue Npo6bl CAMOPOOHOro 3051072, CBA3AHHOIO ¢ MHMHEpalib-
HbIMH COODILIECTBAMM pPa3HBIX CTAAMH PYyAHOIO Ipouecca, NMoKasano, yYro,
B KakoM Obl HanpaBiieHMM HHM M3MeHsUTace Npo6Ga, cpelHME ee 3HAYeHHH,
KaK MpaBwio, UMEIOT CTATHCTHYECKH 3HAYMMBIE pas3TTHuMs,

Pacnpenenenue cepefpa B 30JI0TMHKAX, OTHOCALLMXCA K IBYM WK Gonee
CTagMsAM pYJHOTO MpoLEecca, He COOTBETCTBYET HOPMaJIbHOH MOLETH.
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Kommnekc M cofepxaHue MaiblXx 3JIeMEHTOB-MpHMECEH B 30JI0Te pas-
JIMUHBIX CTAIUH pPYNOOTIIOXKCHUA B MECTOPOXKIECHHAX OONBIIMX M CPEeOHHX
ry6MH B HEKOTOPHIX CJIyuyasiX CyLUECTBEHHO He pasJIHYalTCA. ITO 0COOeH-
HO XapaKTEepHO I MECTOPOXKIEHHH, B KOTOPbIX MMHEpAlbHBIA COCTaB B
TEUeHHe BCero mnpouecca pynooOpa3’oBaHHWs OCTaBajICAd OJIWHAKOBBIM HWIH
Bnu3kum. V3BecTHBI OBGILMPHBbIE 30/I0TOHOCHBIE NTPOBUHIMH C OYEHb OJTHOOD-
pasHO# muHepanu3auued. OfuH 3Tan pynoobpa3oBaHHs OT ApPYroro mpak-
THYECKH HE OTIHYaercs MO BelleCTBEHHOMY COCTaBy 30JIOTOPYAHBIX MeC-
TOPOXJIEHHH, @ [PYTMX py/[ HAa 3TMX TePPHTOPHAX HET. ECTECTBEHHO, YTO
' 3NEMEHTHI-IpUMECH B 30JIOTMHKAX pasHBIX 3TaloB, a Tem Doliee OTHeNb-
HBIX CTa[IM{ OJIHOTO 3Tala, He pa3NMyaloTCH.

B ppyrux paioHax B ri1yOHHHBIX MECTOPOXKACHUAX, Ife PasjIHuHsA HpH-;
Mecei B pa3HOBO3PACTHOM 30JI0T€ CYLUECTBYRT, OHH ODBIMHO 3aKITIOYaloT-
CA B TIOAB/IEHHH B TMO3[HEM 30JI0TE 3JIEMEHTOB, XapaKTepHBIX 1A MpPOCTHIX
M CI0XHBIX cynbhHIOB (cynbdoconei), pexxe — TEUIypHHOOB — LHHKaE,
CYpbMBI, TEJUIYpa, ¥ B NOBBILLIEHHBIX CONEPIKaHHAX CBHHIIA.

HanpotuB, B cpefHe- M MaJOrilyOMHHBIX MECTOPOXIEHHAX 30JIOTHHKH
PazMYHBIX CTaJ{H 3aMeTHO OTJIMYAKTCA IO COCTaBYy MPHMECEH M MX CO-
DEPXAHUAM: HAJIHUYHI0 WIM OTCYTCTBHMIO PTYTH, MbILIBAKA, MApraHua, LMH-
Ka, CPeITHHM COJIEPXaHUAM 3THUX JIEMEHTOB, CBHHLA, CYPbMBI.

Tam, roe dopmupoBanue opyneHeHHsi 6bUI0 MHOTOCTaIMHHBIM, pacrpe-
[eJieHHe COHEepP)KaHHH HEeKOTOPbIX JIEMEHTOB, BXOMSILIMX B 30JI0THHKH, B
BH/IE TOHKMX MMHEpAIbHBIX NpUMeceil (CBHHEL, BHCMYT M [Ip.), He IMOMYM-
HAETCH HOPMAbHOMY M JIOTHOPMAaNbHOMY 33aKOHaM, TaK KaK MPOHCXOJMT
MCKYCCTBEHHOe ODOBeMHeHMe pa3nHuHbIX pacnpeneneHud. Kpueas pacrpe-
[eTIeHUs CONEep>KaHUH MOy YaeTCA C HECKOIBKUMH MaKCHMYMAMH.

Eue Gonee OTYETNIMBO 3Ta TEHICHUMA NMPOCIEXUBAETCA IPH [BYX3Tall-
HOM (POPMHPOBAHUH 30/I0TOTO OpPYIEHEHHS.

CnepoBatenisHO, OCODEHHOCTH cOCTaBa MpUMECEH B CaMOpPOJHOM 30J10=
T€ HepeaKO MOTYT CIYXMWTh NMOKAa3aTeIAMM €ro MHOrOKpPaTHOTO OTIIOXEHHHA
B pydax. Ho B uenom 3t¥ NpU3HaKH HeCyT MEHbllie CBEIEHHH, YeM paciipe-
[ieNIeHAe COmep)KaHui cepebpa.

CrpyKkTypa BhIJIEJICHMH CaMOpPOJHOro 30J10Ta, OTJIAraBlIErocs Ha pas-
HBIX CTaJMAX PYOHOro Iponecca, Kak MpaBWIO, XOpPOLIO pa3/HyaeTcs no
pApY NPH3HAKOB — 3epPHUCTOCTH, 30HAJIBHOCTH, NPOSBJICHUAM NOCIIeK pHCTaT=
JIH3aLHOHHBIX Npeobpa30BaHHH.

OcoBeHHo yeTKO cBOeoOpa3ue BHYTPEHHHMX CTPYKTYpP H B3aHMOOTHOILLIE-
HUs BBIIEJIEHUH pasHOBO3PACTHBIX 30JIOTHHOK YCT2HaBIIMBAKWTCA B MeECTO-
POXICHUAX, TOE pasHeie NMOKONICHHA 00pa3ylT KakK CaMOCTOATENbHBIE py[:
Hple TeJla, TAK M py/bl, CJIOXKEHHBIE COOBLIEeCTBAMA MHHEPAIOB HECKOJIBKUX
CTa[IMH.

Ha uenmom psane MectopoXxeHHH MO3[Hee 30JI0TO HepeIKO HAapacTaer
Ha paHHME 30JI0TUHKH, OOpasys CIUIOLUHBIE WM MpepbIBHCTbIE 30HbI. I1pH
3TOM DoJiee paHHME HU3KONPOOGHBIC BBIOENIEHUS B MaOTNyOHMHHBIX MECTO-
POXOEHUAX MMEIOT HETHIMHuHbIE I HUX HE30HAJIbHbIE WIH MMPEPBIBUCTO
30HaJIbHBIE CTPYKTYpPbl H HEOJHOPOAHOE cTpoeHue. B HUX oTMeueHbr 060c06-
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Puc. 35. Beigenenue no3pHero Goslee HE3KOMPOOHOIO 30HANBHOrO 30510T2 (TeMHo-Cepoe)
o 30HaM pocTa paHHero 3onoTa (Genoe), COXpaHUBIIMMCH B BHIe ¢parMmeHToB (ce-
poe). IlomupoBaHHBI# cpe3, NMpOTpaBiieHHLIH pacTBOPOM XPOMOBOI'O AaHIHApDHAa B
conaxolt xucnore. ¥Ysen. 130

-

JICHWA APYIoro cocrapa, OObIYHO Be€chbMa BhICOKONPOOHbIE B BHIE HEHOPH-
TOB, OKPYTJIbIX ¥ HENPaBWIBHBIX YACTHII.

[lupokO pacrnpocTpaHeHO OInepexaioliee pacTBOopeHHe Goliee paHHero
30/10Ta MO €ro OociabneHHbIM yYacTKaM — IPaHMI@M 30H pOCTa, MeX3EpHO-
BEbIM TPaHULAM, — C MOCIEAYIOLKM OTIIOKEHHEM TMO3[IHEro 301071a B 06pa-
soBaBLIMXcA nonocrax (puc. 35).

Jpyro¥ BHI B3aWMOOTHOLUEHMH 30JIOTHHOK pa3HbIX MOKOJEHHH — Bbl-
[leJIeHHe MO3OHETO 30/I0Td MO MEX3EPHOBBIM NPOMEXYTKaM B [€3HHTEIDH-
POBAaHHBIX arperatax paHHero (cm. puc. 25). B Hem BIOfb TrpaHHll ¢ MO3J-
HUM 30JI0TOM Hepeako ofpasyercs y3kas 30Ha MMPOMEXYTOYHOro cOCTaBa
C pacluIbIBYaTOM BHYTpEHHEH M pe3KOH Hapy>XHOH rpaHMUaMH. ITO MOXKHO
06baAcHUTh OMPQY3HOHHBIM TPOHHKHOBeHHWEM cepebpa u3 bonee cepebpuc-
TOTO MO3/IHEro 30J/10Ta B paHHee.

HHorpa MeXx3epHOBBIE TPOMEXYTKH HE3HHTErpHPOBAHHBIX 30JI0THH
HEe LEJIMKOM 3anoiHAKTCA 6ojiee MO3[HHUM 30JI0TOM: B HHX pAacClOJiarawnTcs
TOJIBKO OTHENbHbIE 3epHa Pa3HOH KOHGUIY palluu.

WT1aK, MHOTOYMC/IEHHBIE TIpH3HAKH MO3BOJIAIOT OTHECTH 30JIOTHHKH K
OJHOMY WIH pa3HbIM MOKOJEHUsAM. JTH NpH3HAKM ObUTH Gb1 COBCEM TOY-
HbIMM, ecjid ©Obl HAa OTHENBHBIX yYacTKax He BMELUMBAJIMCh HEOXXMIAHHbIE
FIBJIEHHS — MECTHbIE M3MEHEeHHs YCJIOBMH oOpa3OBaHHsA MHHEpAJOB, MeETa-
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MOphHu3M... OHM HECKOIJIBKO YCIOXHAKT paclMppoBKY KO3, 3alHCaH-
HOTO B 30JIOTMHKAaX, HO, KaK MBI NOTOM ybeaumcsi, He MOryT MOMeLlaTh
€ro TNpoYTEHHIO,

HA TTEPECEYEHHH OPOT

[TpencraBbre cebe, YTO reONIOrM TONBKO HAYMHAKOT TPUCTAIBHO M3YudTh
TEPPUTOpHIO, THe MO CambiM OOLIMM IIpeCTaBIeHMAM MOXeT GbiTh pa3BH-
TO 30J710TO€ OpY/IEHEHHE. o

B pacnopsxkeHMHM COBPEMEHHOHM TeONIOrMHM 1ieJibli apceHasl TOMCKOBBIX
cpenctB. TyT reoxMMMyecKMe MeTOMbl, OKOHTYpPHBAIOLIME IUIOMIAAH C TO-
BBILLEHHBIMH CONEpPXAaHHAMH 30J10Ta, U reodH3HUeCKHe, BHIABIIAIOLIHE
[yOHHHBIE CTPYKTYpPbl, ONaronpusTHeIE I BO3HMKHOBEHHS MECTOPOMX:
JI€HHH, W [aXKe CIelHanbHble XWIOHCKaTelM. BypoBUKH pa3bypAr TONWK
B yyacTKax IIpe/iojlaraeMoro HaXOXXHIEHHs PYOHbIX Tell U HOCTaHYT C Ty-
OHHBI KEPH — CTOJIBUKH NMOPOJL ¥ pyA.

Ho tepputOopuuM OrpOMHble; HeNlb3s OpPOCHTH Ha HMX APMHI0 HAYKH H
TeXHHUKH H NIpOYechIBATL” Bce MOAPAN; GeCCMBICIEHHO BYpPHTh CKBaXKHHBI
HaobyMm. Komneuno, reonoru Bnafieior psfoOM METOJOB, NO3BOJAMLIMX Ha-
METUTh YYacTKM Iyis nmouMckoB. Ho Hermnoxo mocnyiuats, yTo CKaxyT 30I10:
THHKH.

BOoT B LUIMXaX BCTpEeualoTCs JIMILL Pa3pO3HEHHbIE 30JIOTHHKH, HOCTa-
TOYHO OpHoTHNHbIE. U BIApYr, Ha OpHOM yuaciKe MOABIIACTCA elle OJiHA!
MX PpasHOBHMIHOCTb C COBCEM [pPYrdM KOMIUleKcoM ocobenHocren. Pazme-
pbi, Mopdosnorus, npoba, IMEeMEHTHI-IPUMECH, BHYTPEHHEE CTPOEHHE — BCE
uHoe. OGe pa3HOBMIHOCTH 1O CBOMM I[IPU3HAKAM JIOJIXKHBI OBITH OTHECEHBE
K 0Opa3oBaHHAM 30HbI cpemnHMX rinyOuH. Ieonoruueckas 06CTaHOBKA MOMT-
BEpXIaeT TaKyl BO3MOXHOCT. M BOT mnpoBepka NOKa3pIBAET, YTO ECHH
COCTaBHTh BbIGOPOUHYI0 COBOKYNHOCTH MO Ppe3ysbTaTaM aHaTH30B OOEHX
PasHOBHIHOCTEH, TO pachlpefieNieHHe COHepXKaHui npumecu cepebpa He Gy-
AET COOTBETCTBOBATb HOPMAJIBHOMY 3aKOHY; cOMepxaHus cepebpa u npoba
30JIOTHHOK KaXX[IOH pa3HOBHIOHOCTHU CYLIECTBEHHO passiuyHbI.

[lepsoe npennosioxesne — 30eCh CKPECTWIMCh HOPOTH 30JOTHHOK
POAMBILHMXCs B pa3HOe BpeMsi WIH B MECTOPOXIEHUAX Pa3HbIX MHHEpalb-
HeIX THIOB. [lockonsky riy6una mx o6Gpa3oBaHusi OMHAKOBA, Cpasy TpPYM-
HO OTBETHTb — BCTPETWIMCh JIM pasHble NOKOJIEHHA OIHOTO pOfa ¥ OOHOM
ceMbH (OHOH pynHO# (OPMALMH, OIHOTO MUHEpANBHOTO THTIA) WIIH, TIOJb-
3yACb OIHHMHU H TEMH XK€ MYTAMM, NPOHUKITH K OTJIONWIIH 30JI0TO PYIOHOC
HbIE pACTBOPHI — POMOHAYANIBHHKH Pa3HOTHUITHBIX MECTOpOXIeHUuH. Bo3mox-
Hbl 00a crlyuas, W CTelleHb POJCTBA M BO3PACTHBIE PAa3/IMYMA MOXHO OYIer
BBIACHUTL mo3ptee. IIoka BaKHO OHO — COBMECTHOE HaXOXIEHHe BYX
NOKOJIeHHH 30/I0THHOK .

IIpy “’Be3eHHH”, a OHO NMPUXOOMT K MCCIENOBATEN0 BMECTE C TepreHHeM
H HapalllMBaHHEM KONMuYeCTBA HAaOMIONEeHUH, OOA3ATENIBHO YIAeTCH yCTaHO-
BHTb NOCTIENIOBATENIBHOCTh HAPACTAHMA OHHOM IE€HepalMH 30JI0TAa Ha JIPYryIo
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j yBeIuTHCH, YTO NMepBOHAYAIBHOE 3aKIioueHne OBUTO BEpHBIM: OOHapye-
HO MECTO BCTPEYM pa3sHOBPEMEHHO BBIEN ABIIETOCA 3071074,
A BOT KaKyw [IOJII0 BHeceT B oOuily: KONWIKY paHHee M KaKyro no3f-
jee 30510T0 — pellaTh CIeAyeT MO COOTHOIIEHHI0 MAacchl TOTO M Jpyroro.

O6BbIYHO OIHO M3 NMOKOJIEHWA 30JIOTHHOK COCTaBJisieT B MECTOPOXIEHUH
OCHOBHYI0 MAcCy 1IeHHOIO KOMIIOHEHTd, @ BTOpOE — ,,30710TOM (hOH™ HIIH Mec-
rupie ckomlenus. Ho pmpyr Ges mpyra oBoATHCH OHM He MOTYT. ,30N0TOH
hoH” M CKOIUIEHHs NOGABNAIT 30JI0TO B NMPHPONHYI0 KIAIOBYI0 H YKa3bl-
AT HA YYAaCTKM, THE CKPECTWIMCh JOPOrH NPOAYKTHBHBIX aCCOLMALMH.
Ctano ObiTh, 3T0 MECTa PasTpPy3KH 30JIOTOPYIHBIX PaCTBOPOB, ONArOMpHAT:
Hble 1A OTIOXKEHHA CAaMOPOIHOTO 30JI0Ta.

OCcOBHAKOM 4YacTO CTOAT Mallory6uHHbIE MecTopoXaeHHs. CroxHas
crienudrueckan obcraHoBKa UX 06GpasoBaHHs HEpEAKO NMPUBOAMT K TOMY,
4yTO HE OHO, @ [Ba-TPH NMOKONEHHs 30JI0THHOK MrparT NMOUTH paBHbie POJIH
B CO3JIAHMH MECTOPOXIEHHS. 3HAUMTENIbHbIA BKJIaJI MOTYT BHECTH M Npouec-
ChbI PereHepalM, OCTABJIssA HAa HIKHWX TOPM30HTaX MECTOPOXJEHHH 06e-
HEHHbIE PY[bI.

Berpeuas B npo6ax, B3ATHIX HA ONpPEeNEHHOM TIIOINA/H, 30MOTHHKH
HECKOJIBKMX TIOKOJIeHMH Kak o6ocofiieHHbie Apyr OT gpyra, TaKk @ Cpoc-
[IMECA B eJIMHBIE BBIJENIEHUA, MHHEPAJIOT MPUXOOUT K BHIBOLY O MHOrOKpar-
HOM TIPOSIBIIEHUH 3[ECh NPOAYKTHBHOH MHHEPATH3ALMH.

[loka peys HUIa O 307I0T€ PA3HBIX MOKOJEHWH, HO OIHOTO IilyDBHHHO-
ro YpOBHA.

He MeHBLIMHA MHTEpeC MNpENCTaBIIsieT NepeceyeHHe MNyTeH 3I0NOTHHOK,
OTNIATaBUIMXCHA HA PA3HBIX DTYOMHHBIX YPOBHAX. Yke YNOMHHANIOCh O TOM,
YTO MEJUIEHHO BO3BIMAIOIIAACA 30JI0TOpY[HasA TEPPUTOpHs MOIMIA Ha Ofpe-
[eJIEHHOM 3JTane pasBUTHA MCNBITaTh AKTHBU3ALMI0, CONPOBOXIABLIYIOCH
pynooGpasoBanuem. Torpa Ha OJHOM YPOBHE WIM HECKOJBKO Bblle Bonee
[ipeBHHX M Gojiee TIyGHHHBIX MECTOPOXIEHHH BOZHHKAIH MaJiorily BHHHbIE
30510TeIe pynapl. OHH He 006A3aTENIBHO HCIOJIB30BAJIH T€ XK€ TEKTOHMYECKHE
CTPYKTYPBI, K KOTOpPbIM IIPHYPOYEHO paHHee OpyJeHeHHe, HO MOTJIH paclio-
naraThCA B HEMOCpPEHICTBEHHOH OnM30cTH K HMM. Torga B OJHOM M TOM Xe
YYaCTKE BCTPEYAKTCA 30MIOTHHKHK He MNpOCTO PasHbIX MOKOJIEHHH — pa3HbIX
INMOX.

Uro6sl MOHATH, C KaKUMH XK€ TeOJIOTMYECKHMH CTPYKTYpaMH, nopopja-
MM, ¢ KaKOH MHMHepalM3auMel CBA3aHBI 30JI0THHKM Da3HBIX 3MOX, MOKO-
JICHH#t M THMTIOB, BCE CBEJIEHUs O HUX HeOOXOIMMO BHIHOCHTH HA rEOJIOTHYEC-
Kyro Kapry. TobKO TOrza MOXHO YBMAIETH, I7I€ CKPECTHIHCH IOPOTH 30710-
THHOK, Ha KaKOM YYacTKe OHM COLLUTHChH M I'Jlé pacCTAIMCh, H OT KaKHX Ie0JIo-
THYeCKHX OOpa3oBaHMH TAHETCA TPOMNMHKA, MPONOXEHHAA KaXKIbIM IOKO-
JIeHHEM.

Pacrno3HaBaHye 30JIOTHHOK pPa3HBIX MNOKOJIEHMH MOXXET NMOMOYb M IpPH
BHIJIEIEHUM B Mpefeax MeCTOPOXACHUN THIIOB py/l, pasiiMyaioliUXCa 10 HX
MMHepaJlbHOMY COCTaBY M TE€XHOJOTMYECKHM CBOMCTBAM.

C 370# LeNbi0 BaXKHO BBISBUTH MHUHEPaJIOTHUYECKYI0 30HANIBHOCTh MECTO-
POXIEHUH — 3aKOHOMEPHOCTh PacnpOCTPaHEHUA MHUHEPAIbHBIX COOBILECTB Ha
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riny6uHy (BepTHKalbHAA 30HATBHOCTH) M MO FOPU3OHTAIH (JlarepajibHas) .
OueBupHO, €CIM MECTOpPOXKJIEHHE BCKPBHITO BbIPAGOTKAMH H M3YYEHO Hac-
TONBKO, YTO MOJIOXEHHEe MMHEpaIbHBIX COOOILIeCTB YCTaHABIIMBAaeTCA Nps-
MBIMH HAGJIIOEHHAMH, 30JIOTHHKH TOJIBKO MONTBEPXKAANT WM OTPHIAKT
nonyyeHHole BbiBOABI. HO ecin cTeneHs M3yuyeHHOCTH MECTOPOXKIEHHA HEIOC -
TATOYHA, 307IOTHHKH IOMOTAalT HAMETUTh 30HBI, pa3lHyaKLIMecs IO COC-
CTaBY MHMHEpaIH3aL1H.

IlomuuTe neceHky mMexay 3taxxamu?

Ilo ropusOHTaIH, KaK ¥ N0 BepTUKaIM, HAUBOJEe YeTKO 30HAIBHOCTH
MpOABNAETCA B MAIOMIYOMHHBIX MECTOPOXACHHAX, HO IMpH THIATEJIbHBIX
HabmooeHNaX OHa OOHapyxxuBaercs U B Gonee riyOuHHBIX OOpa3oBaHMsX.

Ypaerca uCHonp30Bath NPH3HAKH PAa3sHOBPEMEHHOTO OTIOXKEHHS Ca-
MOpOOHOro 30710Ta ¥ IJIA TOTO, YyTOOBI Y3HATH [0 IeJOBATENIBHOCTh 06Pa30-
BaHHUA 30JI0TOM MHMHEpAIM3ALMH OTAENbHBIX MECTOPOXIEHHH H HCTOPHIO
dbopmupoBanus OpynieHeHMs HAa OOUIMPHBIX TEppUTOpHUAX. JTO Haubonee
Lenecoobpa3Ho fenarh, KOrOa COBOKYIHOCTH OCTaJIbHbIX TEOJNIOTHYECKHMX H
MUHepaJIOrHyecKux MpHU3HAKOB HE NaeT OIHO3HAYHOW KapTHHBL.

Cneowl HenezKux ucnviTanuil

Mo>xxHo nM M3BlIeYb peasipHyl0 MOJIb3Yy M3 H3YyueHHMs NpeoOGpasoBaHHM 30J10-
THHOK ?

[Tpexpge Bcero, 370 OMH M3 MPU3HAKOB TMOCIIEIOBATENBHOCTH UX OTIIO-
JKEHUA — paHHUE NMOKOJIEHHsA, DOJIbille HCMbITABIIME HA CBOEM BEKY, CHIIb-
Hee u3MeHenbl. Ilpoueccrr meramopdusma, cnocoGCTBYHOIIME pereHepaluu
¥ TIEPEOTIIOXKEHHI0 TOHKOJHCIIEPCHOTO 3071074, CKOIUIEHHIO €ro0 B OMNpefieieH-
HBIX MECTaX, BCErja 3a/ieBalT M Ooree KpyInHble 30JI0THHKH, OCTaBlifisi HA
HUX CBOM cilefpl. MHOrma k MccienoBatesnio NMOMajaeT CIMLIKOM Malo 30-
JIOTHHOK, YTOObI YBEpEHHO paxIMyMTh Cpedy HUX pasHble NokoneHus. HO
NMPU3HAKK MHTEHCHBHBIX NMpeobpa3OBaHWH BUIIHBI M HX HeNb3a cOpaceiBaTh
CO CcYeTa — OHM TOKAa3bIBAOT, YTO TreOJIOTH BBIIUIM Hd MECTO, HJOCTOMHOE
MPHUCTANIBHOrO BHUMAaHHA.

He TONBKO MOOBMOKKM 3eMHOH KOpHI B NMEpephIBaX MEX[Y CTagMsaiMH
PYAHOrO rpoiecca, He TOJIbKO HOBbIE NOPLUHH PYIOHOCHEIX PaCTBOPOB CBOMM
TEIUIOM ¥ XHMHYECKHUMH BO3[EHCTBUAMH H3MEHAKT 30JI0THHKH.

briBaer M TaK, YTO OCHOBHAas MAacca 30710Ta OTJIOXKHMIACH B TEUEHHE
O[IHOH TMO3[HEH pYOHOH CTaguM, HO BHENPHUBIIHHCA NOBIH30CTH Marma-
THYECKHH pacIUIaB, TOCTENEHHO OCThIBafg MW 06pasys WHTPY3UBHOE TeJIo,
JUIMTEJIBHOE Bpems BO3JEHCTBYET HAa MECTOPOXX[EHHE CBOMM TEIUIOBHIM
nonem. MecTopoxkzeHHe HaXOOMTCA B KOHTAKTOBOM Opeosie NpOrpersix
KaMeHHbIX Toj. Ilof BiIMAHKHEM NMOTOKOB TelUla H3MEHAITCA 30JI0THHKH —
TeM Gonbuie, YeM OHH ONMXe OKaXKYTCA K BHeApHBILEHCA MarMe. B KOH-
TAKTOBOM Opeojie HaMeyaloTCs MOCTEINIEHHO CMEHAILIME [PYr ApYyra 30HBI,
KaXKas M3 KOTOPBIX Pa3lIMYyaeTcsa IO XapaxkTepy IpeoOGpa3oBaHMN 30OTH-
HOK. B OZHHX 30Hax BHIJIEJIEHMS CAMOPOIHOTO 30710Ta GYHYT YKpPYIHSATh-
CA, B OPYTHX — pacCeMBaThCs. 3aCThIBILIME MarmMaTHYeCKHe MNopoibl He 0bs-
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jaTeJIBHO € TEYEHHEM BpeMeHHM OCBOBOXKIAKTICA OT BCEX MNEepPEeKpbIBaKIIMX
TOJIIl M BBIXOMAAT HAa MOBEPXHOCTh, MOITOMY HE BCErjJa MOXHO OLIEHHTb, Ha
KaKOM PacCTOAHMHM OT IPAaHHL HHTPY3UBA 3aJIeraloT py/iHbIe Tena.

3nech Ha MOMOMIL ONATH MOTYT NPHMHTH OCOGEHHOCTH 30JIOTHHOK — HX
npeoGpa3oBaHis, THIMYHBIC U151 ONPE/ICTICHHbIX 30H.

[Ipu3HaKH BHYTPHUPYIHBIX M3MEHEHHH CaMOpPOJIHOTO 30710T2 YKa3bIBaOT
4a THAPOTepMasibHylo NpopaboTKy pyn. OHa crniocobcTBOBaNa MHOTOK paTHO-
My OTJIOMEHHIO 307073, €r0 pereHepauMu W MeperpynipoBKe B npepenax
py/HBIX Tell.

TIposiBNeHHs pereHepalMy ¥ MeperpynnupoBKH 3070Ta THITUUHBI H s
30H KOHTAKTOBOTO MeTaMOppH3Ma.

O6MaAHYUBOE CX0OCTEO

HecMOTpsa Ha KaXKyHIyloca MpOCTOTY A3bIKA 30JI0THHOK, NPHOTKPhIBAIOLLETO
TaifHBI MX POXXIEHHA M )KW3HM, OT/Ie/ibHbIE BHIPBAHHBIE H3 TEKCTd CIOBA HE
BCErjia MMeKT ONpeeIIeHHOE 3HaUeHHe.

Heobxoaumo 3HaTh (paszst B Haxe uesbie abzausi, uToObI y3HATb JKe-
niaeMoe.

Tonpko B NOCHAEOHME TOAbI YAaloCh MPOYMTATh HE TNOMIABABILIHECH
pacumdpoBKe MUCbMEHa.

B 4eM e 3aKITI0YATHCh TPY/IHOCTH M KaK YANOCh HX MPeosoNeTs?

BcriomHMTe, yTo B J1I0G6OM BONpOCe Mbl NpeXAe BCEro MCKalM 33dKO-
HOMEPHOCTH — TBITAJIHCh YCTAHOBHTb, KaK OCODEHHOCTH 3O/IOTHHOK OTpa-
AT YOIOBHA MX O6Gpa3soBaHMsA M JAIbHEHIIMX HeNlerkux MCNBITAaHUM, BbI-
NafjarMMX Ha [0 30/10TeIX YacTHl. M 3aKOHOMEPHOCTH WITH OIpe/CeH-
Hble TeH[eHUMH, TpUBIIKAIIMecs K 33aKOHOMEPHOCTAM, BCErJd HAXOMM-
nmuck. OmHAKO TMOYTH B KaXKIOM Cllyyae Mbl YIIOMHHAIIH 00 MCKIINYEHHAX.
I10 Te caMple MCKITIOYEeHHMSH, KOTOphie NOATBEPXKAAOT NPaBWIa, HO 34CTaBJIA-
10T IPUMEHATH HX HE MEXaHHUYECKH, a 0Ol MaHHO.

He TOnpKO CaMOpOIHOE 30JI0TO, HO M JIpyrdé MHHEpanbl HE BCEr/ad
[O3BOJIAIOT YATATh CBOM NPH3HAKH KAK OTKPBITYI0 KHHUTY.

Axagemux @.B. UyxpoB HenapoM MOAYEPKHBAll, YTO HMCIOp30BAHMUE
NPH3HAKOB MMHEPAJIOB B KayeCTBe WHMKATOPHBIX OrpaHUYMBACTCHA ABJIE-
nneM KompepreHmuu. OHO 3aKJTIOYa€TCA B TOM, YTO NPH (POPMHpOBaHWY B
pa3HOM OBGCTAHOBKE Y MMHEpPAJIOB BO3HMKAKT OOMHAKOBBIE INMPH3HAKH. JTio-
Gasi 06CTAHOBKA MHHEpanooOpa3oBaHUsA CKIa[pIBAETCA U3 MHOXECTBA yTIO-
Bl — TeMIepaTypbl, JABIEHHUs, XMMM3Ma cpefipl M T.I. M coueTanus Hemo-
XOXHX YCIIOBHi NOPO# MPUBOMAT K POXNJICHAI0 MUHEPAIOB-GIIH3HELOB.

BO3MOXHbBI M JIpYrHe BApUAHTBI — Ka3aJoch Obl,B PAa3HOH reONOTHYEC-
KOl 06CTaHOBKE BO3ZHHKAIOT B OTHETBHBIX MECTaX OYeHb CXOMHbIE PUIHKO-
XMMHYECKHE YCIOBHS M KakK pesysibTaT — MOABJIAKTCA OIMHAKOBbIC NPH3-
HaKH y 30JIOTHHOK.

Kak ke INOCTYNHTb, ecid OGMaHUYMBOE CXOJCTBO Melaer 6e3OrnsajHo
[IOBEPUTHCA TIPU3HAKAM, KOTOpbI€ Mbl, Hd OCHOBaHMH MHOTOJIETHHX CHC-
TeMaTMUeCKMX HaOIIOIeHMH, CYMTAIIM MHOMKATOPHBIMH, OTHOCHWIHCH K HHM
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KAaK K Ha[Ie)XHbIM CBHIETEIsIM YCIOBHH BO3HUKHOBEHHA M IOCIEHYIO
H3MEHEHHUH 30JI0TMHOK?

Hpaana, Mbl HE 3a0ObIBaJli OTMeEYaTh ClIy4Yan M3MEHYHMBOCTH CaMOpon

paHbllle, H CXOJCTBO LEJNOTO psjia OCOGEHHOCTEH 30J10Td B PYOHBIX MECTO
POXIEHUAX, pasNHualOLIMXca MO ycdioBusim obpasoBammsa. Ho kak mnpeos
[0JIeTh TaKUe MpenATcTBus?

EctecrBenHo BO3HMK@eT BONpPOC — KAaKOBBI XK€ INpepeNipl  MpPHMEHes
HHsl OT[ENBHBIX IPH3HAKOB 30JIOTHHOK B KayecTBe MHOMKATOpHBIX? MO
HO JIH M30exaTh OLIMOOK M YBEPEHHO CIIe[IOBATH YCTAHOBIEHHBIM 3aKOHO-
MepHOCTAM?

[lyte mpeoponenus TpynHocredt pacuimdpOBKH HEONHO3HAYHOTO S3BIs
Ka 30NMOTHHOK ofuH. Crielyer paccMOTperb HauGolee YacToO BCTpEyaroLIMe:
CA OTKJIOHEHHS MPH3HAKOB CaMOPOJHOrO 30JI0Ta OT THIMYHBIX VI TeX
WIM MHBIX YCoIoBMH. [IpM 3TOM Halo BBIACHUTH, YTO TPOMCXOMHMT C OCTANb
HbIMH OCOOEHHOCTAMH 30JIOTHHOK: HM3MEHSIIOTCA JIM OHH WIM HeT, a eCliM
MEHAKTCA, TO B ueM M noyemy. M, HaKOHel], COCTABUTL  MLENYIO COBOKTI=

HOCTb MpPH3HAKOB, KOTOpbIC, HEB3Mpas Ha HETMITMYHOE MOBEJEHHE pANA U3
HUX, MO3BONWIM Obl crenarb BepHBIH BbIBOM 06 YCIOBHAX 0Opa3oBaHus M
OATHHEHILMX H3MEHEHUAX 30JIOTHHOK. .

HauneMm ¢ uckiiroueHui, BCTpeyaBLIMXCA HAM NpH 3HAKOMCTBE C 30J10-
THHKaMH K3 MECTOPOXKJIEHHH Pas3JIMYHON 1y OMHHOCTH.

Haum BBIBO/IBI O 3aKOHOMEpPHBIX PasNIMUMAX 301072 OBUIH OCHOBAHBI HA
BBIJIENIEHHH HauboNee XapaKTepHBIX NMPU3HAKOB M Ha MpHBIICYEHHH HEKOTO-
PbIX CTATHCTMYECKHX NaHHBIX. OTKy[a MOXHO NMOYEpNHYTh CBEJEHUS O BO3-
MOXXHOH mNpupoyie Habniopaembix oTkioHenmit? IIpekae Bcero W3 aHanuaa
KOHKPETHOH Te0JIOrHyeckod OBGCTaHOBKH, 3TOM. KaMeHHOMN JeTormMcu”, Ka
Ha3piBaer ee C.JI. lllep, noxecuresn #3 TITyOHHBI 310X CBUIIETE/IbCTBA CTAHOB-
JIEHU5 TEOIOHYECKHX CTPYKTYp M DasBUTHA OpyneHeHMsi. M, KOHEUHO e,
U3 TPHUCTPACTHOrO M3YueHUA BCEH COBOKYIHOCTH IPHU3HAKOB CaMOpPOIHOTO
30J10T4A.

MTaK, KaKkue e HCKITIYEHHA BCTPeYaloTCs NpH U3YUYeHUH NpOo6bI 30710~
Ta?

3uavenun ee mopsanxa 750-800, npucyume B NOJABNAMIIIEM UHCTE
CITy4aeB 30J/10Ty MECTOPOX/IEHHH CpeHUX ri1yOHH, HHOT/IA BApYT NOSABISAIOT-
CA B MECTOPOX/IEHHSX, KOTOpBIE TeONIOTH M0 CyMME [pyruX NpU3HAKOB Ge3
KOJeBGaHHi OTHOCAT K riyGuHHbIM. Ipo6a Huxke 750, THITHYHAS IR 30710TA
ManoriybHHHBIX MECTOpPOXKIEHHH, OTMeueHa B MECTOPOXICHHAX KaK Cpef-
HHX, TaK M Donbumx rny6uH. OHa HaGmopaeTcs He TOJIBKO HA OTHENIbHBIX
YHacTKax, HO Mopou M B Npefenax uensix Mecropoxxuaerwit. Ilpu atom Hetu-
IHYHas Npoba OGHapy>XKWBAETCA Y 30JIOTHHOK, JIMLIEHHBIX NIPH3HAKOB Ty~
BMHHBIX MPeO6GPa30BaHKi U OTHOCALIMXCH K OBHOMY M TOMY )€ NOKOJICHHI0.

MoxHO npeamonoXurh, YTO NOHMIKEHHAS mpo6a H, COOTBETCTBEHHO,
Gonee BEICOKHe comepxaHus cepeGpa B 3THX Cllyyasix CBsi3aHel ¢ OcobeH-
HOCTSIMH COCTaBa M 3IBOJIIOLMM PYJIOHOCHBIX pactBopoB. Ho, k coxaneHwio,
NIPe/ICTaBJICHHA 06 MCTOYHMKAX PYOHOro BeniecTBa PYZHBIX MECTOPOX/ICHHH
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30/10Td TIOKA IMNOTETHYHBI, 32 (POPMBI €ro MepeHoCa OCTAKTCH UCKYCCHOH-
JbIMH, M TIpEJUIOXKeHHOe OObsCHEHMe OCTaeTcs B cgepe TN pe oo XeHHH.

A BOT OCOBEHHOCTH BHYTPEHHErO CTPOEHMA M COCTAB IpHMeceH moka-
3pIBAIOT, YTO 3OJIOTMHKH JIEMCTBUTENIBHO HE IMO[BEPrajMCh meTamopduuec-
xuM nipeo6pazoBanuaM. CrieioBaTeNbHO, OfHA W3 NPHYMH Pa3BHTHS B 1y 6uH-
HBIX MECTOPOXHEHHAX HM3KONMpOOHOro 30710Ta — OTCYTCTBHE NpOsABJICHHH
repeK pUCTATUIN3ALMM, MPUBOMBLIEH K YJATIEHUIO cepebpa H3 30JIOTHHOK.

KakoB xe B 11eJIOM KOMIUIEKC PH3HAKOB 30710Ta?

CpemHHe conepXkaHusi B HeM cepebpa OTIMYAKTCA OT THIMUHBIX JUIA
MECTOPOXIEHHH GOJIbLIMX WIH CpefHuX rilyGuH He Gonee ueM HAa HeCKOJb-
KO IPOLIEHTOB.

OcransHpie 0cOBEHHOCTH cOCTaBa, BHYTPEHHErO CTpOCHHA BBIJIEJICHHUH,
uX (POPMBI OCTAIOTCH TMONMHOCTHI0 TUIMYHBIMH [Uif 30JIOTHHOK M3 MECTOPOX-
JIEHMH OIpeie/IeHHOM IJ1yOMHHOCTH. [Noatomy pns ee ODOCHOBaHWA MOTYT
GbITh MCIIONB30BAHBI BCe paHee  BbIAIBJIEHHbIC HHIMKATOPHBIC MPUIHAKH
somota (BKJIlouas AMCIEPCHI0 NMpoBbl) 32 MCKITIYEHHEM TOJNBKO MOHMHKEH-
HOM MPOGHI.

Henb3sg MCKJIOYMTH M BO3MOXHOCTH TOTO, YTO HETHIHMUYHO HH3Kas
cpefiHsAs Mpo6a MOXeT BCTPETHTHCS, ECIH HA O/THOM yPOBHE pacipOCTpaHeHO
OpyHeHeHue ¢ Mpu3HaKamH (POPMHMPOBAHMA HA PA3NUUHBIX rinyouHax. Hs-
BeCTHbI TIyOMHHBIE MECTOPOXKIEHHs, rfie HapAay C XapaKTEPHBIM i HUX
BHICOKONPOGHBIM 307I0TOM INPHCYTCTBYET BbICOKOCEPEOPHCTOE C MOBBIIEH:
HBIMH  COHEPXKAHMAMH TPHMECEH M 30HAIBHOW CTPYKTYpOH. Huskonpo©b-
HOe 30JI0TO, Cyls MO Tre0JIOTHYecKo# OOCTaHOBKE, OTIOXKWIOCH pANOM C
BBICOKOMpPOGHBIM 3HAYUTENIBHO TO3[Hee, KOrjga MEWIEHHO M HEYKIIOHHO
NOAHMMABLIMECHA KaMeHHbIE TOMILM ObUTH Cpe3aHbl M paspyLUEHbl, W TIIy-
GuHHOE Opy/ieHEHHe NPUOITM3AIIOCH K 3eMHO¥ MOBEPXHOCTH.

Teneps NOCMOTPUM NMPOTUBONOIOXHBIE OTKIIOHEHH.

Korzna npoba 30710Ta MajorIyOHHHBIX mecTopoXkaenui npessiaer 8007
O6s14HO 3TO ObIBAaET TOJILKO B OTJENbHBIX yHdCTKAX mecTopoxaenui. O6pa-
IMBIIMCH K reojiorMyeckuM OOCTaHOBKaM, BHIMM, 41O rnopobHoe ABJIEHHE
BCTpeYaeTcA B JBYX ClyuasX: NMpH MeramopduyecKux Mpeodpa3oBaHHAX Pyl
Y B pyJax, HECYLIMX 30JI0TO-TEJLTYPUAHY 10 MUHCPATHIAIHIO.

O TOM, 4O NpoBa BO3pocia B Mpolecce MeTaMOPpU3Ma, rOBOPAT MPH3-
HAKH NepeKPUCTAUIH3AIMH 30710Ta. K HUM OTHOCATCA, HApALY C noTepex yac-
TH cepebpa, BBIHOC W3 30JIOTHHOK €lle HEKOTOPbIX Boriee MeTyuMX NpHMeceH
(PTYTH, MBIIIBAKA, CypbMBI) ; TIOBBIIEHME COLEPXKaHHH MEIH, JKemeaa, CBHH-
12, IPOHUKAOLMX BO BHELIHHE CJIOM 30JIOTHHOK M3 OKPYXAIOWMX PYJHBIX
MHHepanoB; IMpeoOpa3oBaHKe CTPYKTYPhI: 30HATBHOCT, YTPauMBAETCH M
OCTaloTCsA (hparMeHThl 30H, HEsCHBIE JIMMUIEHETHYECKHE 3OHbI. O6BIMHO TYT
ke TIPUCYTCTBYIOT 30JIOTHHKHM GOjiee HH3KONpPOOHBIE, CO CTaH/APTHLIM Habo-
pOM TMpEMeceH H 30HANIBHBIM CTPOEHHEM.

Boicokasi mpo6a 305072 B MIOrTYOHHHEIX MECTOPOXIEHUAX 30JI0TO-
TEZIYPHIHOTO MMHEPAIBHOTO THMA CBsi3aHa ¢ Goree MHTCHCHBHBIM OCKIE:
HueM 3011012 (10 CpaBHeHHIo ¢ cepebpom) BMeCTe ¢ COeIMHEHHAMM TEIUTypa,
4TO OGBACHACTCA HX FEOXMMHYECKHMH CBOHCTBAMH.
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BbicokonpoBHoe 301010 obpasyerca M npu pacnapme TEJUTY pHOOB 30J10-
Ta — MHHEPANIOB, NPEACTaBIAIUIMX CODOM HHTEPMETATIIIHYECKHE COeIMHEHHS,
J10 yXKe OBYCIIOBJIEHO KPUCTAIOXHMHYECKUMH OCOGEHHOCTAMY TEJUTY pH-
[OB. JHepreTHyecku Gortee BHIFOLHO 06pazoBaHMEe KPHCTAIUIOB 30J10TA M30-
METPHYHOU popmbl. OHM IIeHCTBUTENBHO HanGoree NIMPOKO PacHpOCTPaHEeHs]
B YHaCTKaXx 30JI0TO-TEeJUTy pHAHBIX MECTOPOXIEHHH C BbICOKONPOBGHBIM 30710~

1oM. Ilpu pasnoxeHuu Te/UTypHIOB MHOI[A BHIPACTAIOT M HUTEBUOHBIE
K PHCTaJITBI.

Takum o6pa3om, NpU3HAKAMHU ¢0pmnponl§§ma 30JI0TO-TEJUTY PUOHBIX
MECTOPOXXIEHHH HA MaNbIX r1yOuHax clenyer CYUTaTh COBMECTHOE IPUCYTCT-
BHE M30METPUYHBIX M HHTEBM/IHBIX KPHUCTAIOB 30J10Ta. XapaKTepHO MpUCYT-
CTBHE B HHMX NpPHUMECH TeluTypa. A 1A MECTOPOXIEHHH B IEJIOM THIMYHO
HEeOOBIYHOE paclipefieieHHe NpoGhl — ¢ MMKAMK YaCTOT BCTPEYaeMOCTH KakK B
OofyiacTH BBICOKHX, TAK M B OBJIaCTH HM3KHX €€ 3HaYeHHH. ITO CBA3AHO C TEM,
YTO B pPyAaX pPasBUTO 30JI0TO BhICOKONpoOHOe M Bolee HU3KOMNpobHOE, OT/Ia-
raBilieecs U3 py/JOHOCHBIX PACTBOPOB BHE CBSA3M C TEJUTYPUIAMM.

Ho, nomumo cpenHeit mpo6bl, eCTh elle OHa XapaKTepU3yIoilas ee Beslu-
YHHa — OlleHKa aucriepcud. OHa TOXXe HHOTra MOXKeT OKa3aThCA HETHITHYHOH.
Y106p1 He NMOMACTH HA NIOXHBIM MYTh, A NOJOOHBIX ClyyaeB nopGupawTcs
CBOH COBOKYINMHOCTH MHAMKATOPHBIX ITPM3HAKOB, INO3BOJALIME OLEHHTH TI1y-
OHHHOCTDL py00Opa30BaHHUA.

Hns 301m071a 1yOGUHHEBIX K CpeHErTYOMHHBIX MECTOPOXKIEHHH QHUCTIepCHS
Mpo6bl MOXET BPYT pe3KO NMpPEBBICUHTh KPHTHYECKYIO.

10 CIIyyaercs, ec/id Ha O[IHOM THIICOMETPHYECKOM Y POBHE IIPUCYTCTBYET
Opy/ieHeHHe pa3iMyHOM rny6uHHOCTH. Habniopanuce nopobHeie OTKIIOHEHHA
U NpH HEpPaBHOMEPHOM, NMpOSABIIEHHOH B OTpaHHYEHHBIX Y4YaCTKaX, MepeKpHuc-
TaluIM3aluM 3051074, IloBbiieHHas nucnepcHs Npobbl OTMeYeHa B CpeiHerTy-
OMHHBIX MECTOPOXIEHHAX B MECTAX COBMECTHOIO HaXO)XXHOEHUS S0/0Ta pas-
HBIX MOKOJIEHHH.

O6patHas KapTHHA — CHHXXEHHE M CIIePCHH NMpOOhI HUKe THITHYHOH BesTH-
UMHBI B MECTOPOXXIOEHHSAX MasibIX ITyOMH MpOABAETCA OObIYHO B OrpaHHYeH-
HBIX YY4CTKaX M MO>eT OGhITh BHI3BaHA [IBYMs OCHOBHbIMHM NMpuuMHamH. Of-
HOHM M3 HHX CIY)XMT 0Opa3oBaHHMe BBICOKOMPOOHOrO CaMOpOMHOIO 30J10Ta,
OTNIaraBUIErocA ¢ TeJUTypHJaMM MM 0Dpa30oBaHHOIO 3a CyeT pacraja Terny-
punoB. JlucnepcHs ObiBaeT HE3HAUMTEIIbHOM, ECIIH B 3THX YYaCTKAaX HET HU3KO-
npoBHOro 30J10T3, BHIIAJaBLIEr0 HEMOCPENCTBEHHO M3 pacTBOpoB. Kak pac-
MO3HATh TPHPOY OTKIIOHEHHS, CKa3aHO Bblilie, IPH PACCMOTPEHHH MPOOBI.

Kpome 1oro, nucrepcrs 3aMeTHO INOHMXKAETCA, €CJIM B OTHENBHBIX YYacT-
KaX MECTOpOXJIEHMA YycIOBUA OOpa3oBaHUsA MHHepasioB Gojiee CTaGWIbHBI,
yemM 310 OOBIYHO ObIBaeT Ha ManbIX riy6uHax. O0 3TOM CBUIETENBCTBYET Clia-
Gasi HEOQHOPOOHOCTb BBIJIEJIEHHH HM3KOIMPOGHOro 30J10Td NPH OTCYTCTBHH
MPH3HAKOB €ro MeTamMopdu3ma.

Eciiu OT TMIMUHBIX [UIA 30710Ta ONpenerneHHON rily BMHHOCTH OTKJIOHAIOT-
CA COIEPKaHHA U COCTAB IEMEHTOB-TIPHMECEH, TO, B IIePBYIO Ouepelib, B 3TOM
NMOBUHHA FeOXUMHYECKas crienpuKa TEPPHTOPHH.

Ectb O6umpHbIe IUIOIIANH, TAe I 30JI0Ta XapaKTePHbI BICOKHUE cOep-
)KAHHA M TIOCTOSHHOE TNPUCYTCTBHE PTYTH, CYPbMbI MITH IPYTHUX 3JTEMEHTOR;
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H3BECTHBI M 06/1acTH, B KOTOPHIX pAfl IpHMeceH Boree peaKo, HO MOCTATOHO
CHCTEMAaTHYeCKM BCTpeuaeTcsl B 30JIOTHHKAx. Takue OCOGEHHOCTH XOpOLuo
HAIOT TEOJIOTH ¥ MMHEepaJlOTH M YYMTbIBaloT B CBOMX BbiBopax. O rny6une
OpYyIeHEeHH A BaM PaccKaxcyT OCTAIbHbIE OCOGEHHOCTH 30/I0THHOK .

K pacumperuio Habopa MpHMecerd B CaMOPOJIHOM 30710T€ H TOB bILLEHHIO
X KOHIEHTPALMii MOXeT TPUBECTH CJIOXHOE, MHOTOCTaIMHHOE ¥ MHOTro3Tal-
Hoe (OPMHPOBAHHE MECTOPOXIEHHH W, OCOOEHHO, COBMELIEHHE Ha ONHOM
ypOBHE OpyJeHeHH Pa3NIMUHON rTyOHHHOCTH.

B atux ciyyasx riayBHHHOCTD MECTOPOXISHMH JONXHA ONpENenAThCA C
y4eTOM IPH3HAKOB BBIJE/ICHUS 30JI0Ta B Pa3Hble CTAIMM pYIHOTO NpOIecca H
Ha pas’HBbIX MTyOUHAX.

OTKIIOHEHHA CONEPXKAaHUH IIPHMECeH OT THITMYHBIX HAOMIOJAINCh TAKKe
B YYACTKAX C IpOABJIEHHSAMH KOHTaKTOBOrO Meramopdusma pyn. B takux
MeCcTax OBBIYHO M OCTaNnbHBIE 0COGEHHOCTH CAMOPOIHOTO 30J/10Ta HECYT IpH3-
HAKK U3MEHEHMH B 36 MHBIX [1yOHHaX.

Mgl paccMOTpenu OTKJIOHEHHS OT THIIHYHOTO WA MECTOpPOXIEHHH OIpe-
eJIeHHOM TITYGUMHHOCTH TOJIBKO COCTaBa 30JI0THHOK.

A BeIb eCTh €11e TaKas BaxHeHilas MX OCOBEHHOCTb, KAK BHYTPEHHAA
CTPYKTYpa, M TAKHE NONOJHHUTENIbHbIE MPUIHAKH, KAK dbopmMbl M pa3Meps! Yac-
THil. Y MHTEpecyeT Hac He TONBKO IIyOHHA pOXJIEHH# 30NIOTHHOK, HO H ITpH-
HAIIEXHOCTh MX K OIHOMY WIM HECKOJIBKHMM MNOKONIEHHAM, K XapaKTep nepe-
HeCeHHBbIX Mpeobpa3oBaHuH.

Korma B MeCTOPOXIEHHAX MajlbiX TIyOMH HM3KOIPOOHOE 3071070 He30-
HAJIBHO, TeONOTHUeCKas OBGCTAHOBKA IMOJICKA3bIBAET HAM [BE TIPHYMHBI 3TOTO
spenusi. VIHOrpa 30HBI He BO3HMKAIOT M3-338 KPHCTAIIM3AUMH B [IOCTATOUHO
cTrabWisHBIX YCNOBHAX. OHM NPOABIIAITCA B OTOEJIBHBIX YUdCTKAX, HANpHMED,
Ha HWKHAX TOPH30HTax MecropodxaeHni. O TaKOH OTHOCHTENIBHO YCTOHYMBOH
0BCTaHOBKE HAM TOBOPHMT NpPHCYTCTBHE OrpaHMueHHOTO YHCJIa MHHEPAJIbHBIX
cOOBLLECTB, HECYLIMX 30J10TO, U HEBONBbLLIOE YHCITO pa3HOBUIHOCTEH CaMOpOL-
HOrO 3011012 (30510TO-cepebpsaHbIX (as).

MyHepaIbHbIH COCTaB OTHOCHTEJIBHO GefleH W pyAHble MHHEpajlbl Bornee
OJJHOPOMIHEI, YeM Ha [PYTHX FOPH30HTAX MECTOpPOXKIECHNMH. Cocras camopof-
HOTO 30JI0TA M XapaKTep paclipefie/leHHsi COfiepXannii B HeM cepebpa ocTa-
JOTCH THUIMYHBIMM I8 MAIOTITY BUHHBIX MECTOPOXXIIEHHH.

Bropoit cyuai — yTpata 30H B Ipolecce NepeKpHCTAHIALNH. [lpu
3TOM COCTaB M cOJep)KaHue TpMMeced MOTYT IpeTrepreBarh H3MEHEHHH, d
BHyTpeHHee CTpOeHHe 30J101a, KaK MNpaBWIO, OBHAPYXMBAET pAL MOMOIHH-
TENBHBIX TPU3HAKOB Mpeobpa3’0BaHui, TAKUX KaK IMOABJIEHHE PETHIKTOBBIX
CTPYKTYP, HE3HHTETr palji M T.11.

Ipyrue 0coBeHHOCTH CTPYKTYphI 30J10Ta — 3€pHHCTOCTD €r0 arperaros #
IBOHHUKORAHME — B 3HAYMTENBHON Mepe CBS33HBI C pasMepamid M (pOpMOH
YACTHMIL, KOTOpbIE BECbMA U3MEHUYMBbI. MeJTKO3epHHCTBIE CTPYKTY PRI, B LIETIOM
XapaKTepHble [UIfi 30JI0Ta MaOriyOHHHBIX MECTOPOKIEHUH, M3BECTHBI H B
MeCTOPOXIEHUAX BONBIIMX MTYGHH C JOCTATOYHO KPYIHbIM, HO MOPp¢OIOTH-
YECKM CJIOXKHBIM 3010TOM. OHHM NPUCYILH TAKKE MEIIKOMY 30710TY MECTOPOXK-
feHuil pasnuuHbix My6uH. Hanporue, KpynHOe MOPGOIOTHUECKH NpOCToe
30/10T0 MAIOTTYBGUHHBIX MECTOPOXIEHHH MOXET HUMETh KPYINHO3EpHHCTBIC
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CTPYKTYpbL. bBoJlee HHTEHCHBHOE pasBHTHE BOMHMKOB C NMOSBIEHHEM OBOM-
HUKOB NMpOpacTaHus, OOphIBAIOLIMXCA BHYTPM 3epeH, TAK)Ke Hemnb3s abeornio-
TU3KPOBAaTh, KAK 3TO MHOIHA [IENalT, B KayecTBe IPU3HAKA 30JI0THH MaJio-
ryGunHbIX Gopmauui. [lonucHHTeTHYECKHE IBOHHUKH M IBOHHHKHM Npopac-
TaHWA HABITIONAIOTCA B PYIHOM 30J10T€ C NMPU3HAKAMMU YACTHYHOM MEpeKpHC-
TAJUTH3ALMH U B MECTOPOXKIEHU X BONMBILIMX rily6HH.

OueBHHO, 4TO ONHUM M3 NPH3HAKOB B KOMIUIEK Ce TIOKa3aTeneil riyGuH-
HOCTH OpYyHEHEHHs MOXET CITYXXHTb TOJIBKO MpeoGriafanue y 30J10Ta Olpejie-
JIEHHOTO THNA 3€pHUCTOCTH, CTENlEHb PA3BMTHA [BOHHMKOB M CIIOXHOCTb MX
¢ OpMBi Ha MECTOPOXKIEHUM B 1IEJTOM. ¥

liltpoxo pacrpocTpaHeHHOe NpOSABIIEHHE KOHBEPTEHTHOCTH 30JI0THHOK —
CXOHCTBO MX (POPMEI ¥ pa3MepoB.

To, uro BHmMMBIE BhIOENTEHNS 30JI0T2 KPUCTA/UIM3YIOTCA B KOHEYHBIE
Mepuofbl 0OPa3OBaHKA MUHEPAILHBIX COOBIIECTB, CKA3bIBAETCA Ha HX (hOp-
me. OueHb YacTO OHA 3aBHCHT OT XapaKTepa BMEIIAIOUICH CPELIbl — HATUMUA
TPELUMH, NyCTOT BbILE/TAYUBAHUA, JIETKO 3aMEILIAaéMBbIX MHHEPANOB. JTa e
TpUYHHA B ONpeiesIeHHbIX CIIyyasiX BIIMAET U HAa pa3Mephi 30JI0THHOK.

[lostomy B pypmax, 06pa3oBaBUMXCS HA pa3HbIX [1y6HHAX, BCTpeYaeTcs
IKPOKHH HaGop dopm 301m01a. U XOTA OTMEUEHO NPEUMYILIECTBEHHOR pa3Bu-
THE TeX WIH MHbIX (OPM B MECTOPOXKIEHMAX PA3NUYHOM TIyGMHHOCTH, 3Ta
TEHICHLMS HE BCETa BhIJEPXKUBAETCA. BapHauuu yoIOBHH poCTa, CBA3AHHBIEC
C XdpaKTepOM Cpe[ibl, MOTYT B OTJENIbHBIX CIy4asX NpPUBECTH K Npeobnana-
HUI0 GOpM M pa3mMepoB YacTUIl, HE TUITHYHBIX [JIA 30710Ta JAHHBIX rIyOMHHBIX
ypoBHeW. OHH He CONPOBOXIAKTCA M3MEHEHHEM JIPYTMX OCOBEHHOCTEH ca-
MOpPOJHOTO 301072 (MPO6bI, BHYTPEHHErO CTPOEHHS) .

HHorpa pacnpocTpaHeHue 30710T2 ¢ HECBOMCTBEHHLIMM [AHHOI dhopma-
LMK pasMepaMH ¥ MOP(QOJIOrHeH BhIIETIeHHH He MOeT BbITh OGBACHEHO Xa-
PaKTEPOM BMELUAIOLIEH Cpefipl: HallpuMep, NpeofiafaHie KpUCTALIOB 30710
Ta B TPELHHHBIX MONOCTAX U UHTEPCTUIMAX 3EPEH WUIIbHBIX U PYIHBIX MUHe-
PAIOB B MECTOPOXICHHAX OTHOCHTENIBHO GONBUIMX M CPEHHX ITIyGHH; Npe-
MMYLIECTBEHHOE Pa3BUTHE TPELUMHHBIX GOPM M KpPYIHBIX BbIAC/IEHHH 3010Ta
B M2JIONTYGHHHBIX MECTOpOXIEHHAX. B 3THX cilyyasx ocTanbHbie 0COBEHHOC-
TH 3071073 0OBIYHO HMEIOT NPH3HAKH, YKa3hIBAILIKHE Ha €T0 TlepeK pUCTAIUTHEA-
UAI0 (PeIMKTOBBIE CTPYKTYPBI, IEMEHTALMA U T.I.), COXPAHAS B TO e Bpe-
Msl CBOE 3HaueHHe B KayecTBe MOKaszaresiel ryGHHHOCTH OpYJIeHEeHUs (cne-
UMPHKE COCTABA, IPUIHAKY 30HATIBHOCTH) .

Takum 06pasom, ycraHaBIHBaeTCsi MHOrOOGpa3He NPHYMH, BHI3bIBAKOLIMX
OTKJIOHEHHA OCODEHHOCTeH CaMOpOOHOTO 3071072 OT THIMYHBIX [UIA MECTO-
POXXIEHHH ONpeieIeHHOH TITYGHHHOCTH.

OCHOBHBIMH M3 HMX ABJISIIOTCH COBMELUEHHE HA OHOM THIICOMET pUYec-
KOM YpOBHE Opy[EHEHHs PasnUYHOH INyOHHHOCTH, MHOTOCTaIMiHOE (hOpMH-
POBaHHE 30710TOrO Opy/IeHeHHs, MeTaMOpdHueCKHe NMpeobpa3OBaHKsA, MeCT-
HBIE U3MEHEHHs! YCIIOBHI MHHEPAIOO6PA30BaAHNA, PErHOHATbHAA TeOXUMHYEC-
Kas 0OCTaHOBKaA.

Tonexo Ha OCHOBaHMM aHaM3a BCEro KOMIUIEKCA NPH3HAKOB, XapakTe-
PHU3YIOLIMX CAMOPONIHOE 307I0TO, €r0 OCOGEHHOCTH MOXHO PacCMaTpuBaTh B
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icayecTBe ToKasareneil ry6uts1 GOpMUPOBAHUsA 30TIOTOH MHHE pATTH3AIHH.

[Ipu3HaKH, THITMYHBIE UTA 30JI0THHOK pa3HBIX TMIOKOJIEHHH , TOXE He BCer-
J1a OTHO3HAYHBI.

B OCHOBHOM OTKJIOHEHHS OT YCTAHOBIIEHHBIX 3aKOHOMEpPHOCTeH BCTpeve-
Hbl Y 30JIOTHHOK MAOMTYOMHHBIX MeCTOpOJK/IeHHii. M3MEHUMBOCTD YCIIOBHH
pynoo6pa3oBaHuA [axe B TEUCHHE O[IHOM CTaguM pYAHOIrO Ipouecca MpuBo-
JMT B OTHEIBHBIX CyYasiX K OTIOXKEHHIO B Pa3HBIX yYaCTKAX MECTOpPOM/IEHHH
30/10TA CO CTATHCTUYECKH 3HAYMMBIMH PATHUMAMA KOHUEHTpAIMH cepebpa u
[IpYTHX NpHMeced ¥ BHICOKMMH KX THCTIEPCHAMM.

B MecTOpOXaeHUAX OONBUMX M CPEIHHX ryOuH BBICOKAs CTeNeHp M3-
MEeHUMBOCTH COCTaBa 30J10TA B MHHEPAIBHBIX COODIIECTBAX OJIHOH CTajiuH py-
noobpa3opaHus KpaiiHe pefika (Hanmpumep, 3HAYHMBbIC pasNMyHsA CpeHeH
npo6ei 3071072 Ha ¢raHrax H B LEHTPAILHOH YaCTH OTHAETBHBIX MECTOpPOX-
[IEHUH) .

Ha nprpody KOHBEPreHUHH B TAKHX ClyyasX yKas3blBaeT OTCYTCTBHE
MpH3HAKOB Pa3HOBpeMEHHOTO BhIJIENIEHHs 30JI0Ta.

HeTHNuyHOE TMOBeOeHWe 3JeMeHTOB-TipiMeceH OpiBaer, KaKk M C/leIOBa-
J10 OXMIATH, CBA3aHO C PETHOHANIBHOM IeOXHMHYECKOH 06CTaHOBKOH.

Tak, B 30JIOTOHOCHBIX MHHEpaIbHBIX COOOIECTBAX, OTHOCALMXCA K
Pa3HBIM CTA[MAM PYMHOTO TPOLECCa, HO OJMHAKOBRBIX MO XapaKTepy MHHE-
paNBHBIX ACCOLMAIMH, COCTAB H COJepXaHHe B 30JIOTHHAX npumeceH, 32
ucKmioueHueM cepebpa, mMoryT GbiTh omMHakoBbiMH. [IpH3HAaKaMH, yKasbl-
BAKIMMH Ha PasHOBpEeMEHHOE OTIIOXKEeHHE 307I0Ta, B TAKHX CIyYasXx ciyXat
CTATHCTHYECKHM 3HayMMple pasiiMuus COJepxaHui cepebpa W XapakTep BHYT-
pEHHero CTpOeHHs 30JI0THH.

OcOoBeHHOCTH, AHAIOTHYHBIE TEM, N0 KOTOpPHIM OTIHYaXT 30JI0THHKH
Pa3sHBIX MOKOJEHH#, BO3HWKAIT M NpH NEepeKpHCTAIM3ALHY OHOBO3pACT-
HBIX 30JIOTMHOK. JTO TIPOMCXOMIMT ITyTeM BBIHOCA W3 HUX cepebpa M JeTyuHx
TpUMecei 1 MPOHHKHOBEHHsI HEKOTOPBIX IEMEHTOB B 30J10TO H3 PYIHbIX MH-
HepaJIoB.

B pesyibTate pacrpefieNieHHe cOJepkKaHuH npuMeced B 30I0THHKAX OT-
KIIOHAETCA OT HOPMATHHOTO, BO3PACTAET NHUCTIEPCHsA MX COMEPXKAHMH H B pas-
HBIX YYaCTKaX PYAHOTO TeNia 30JIOTHHKM OJHOro MOKOJIEHHA HMEHT SHAtUM-
MBle paznuuMs Mpoo6sI.

Borbliei YacThi0 MBI CUMTaEM, YTO HECMOTPA Ha pa3/IiuMsA COCTaBa, neper
HaMH 30JIOTHHKH — POBECHHKH, OMUpasch HA HAOIIONCHWS Hall MX BHYTPEH-
HMM CTpOEHHEM.

B nopapnsioneM GONBILMHCTBE CJ1yyaeB [UIA TAKOIO BBIBOJIA JOCTATOYHO
y6emuThcs, YTO MOJHOCTHI0 OTCYTCTBYIOT CTPYKTYPBbI, FOBOpALIAE O HEOQHO-
K paTHOM OTJIOXEHUH 30710T4.

Criefyer eiue pa3 NOYEPKHYTh, YTO B 3aBUCHMOCTH OT KOHKPETHOH reo-
JIOrMYecKkoil 06CTAaHOBKM YCIIOBHA MMHEpaIOOOpa30BaHHA MOTYT 3HAYHTEIID-
HO BapbMpoBath. [To3TOMY OKOHYaTeNIbHOE pelleHHe BOMPOCOB O CTaiMifHOC-
TH PYAHOIO Mpollecca BO3MOXKHO TONbKO NpH aHANK3e BCEH COBOKYMHOCTH
reoJIOro-MHHEpayIorHYeCKHX JIaHHbIX.

Kpome riTyGHHHOCTH 06pa3oBaHKs py[, M CIOXKHOH MOCTIEI0BATENBHOCTH
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OTNOXEHHA 3071074, €CTh e1le ONMH BaXKHbIH Npoliece GOPMHPOBAHUS MECTO-
POXXHeHWH, HAKITABIBAOLIHA OTNEYaTKH Ha OCOGEHHOCTH 30IOTHHOK. 310 —
MeTamopduueckue npeo6pazosanus pyn.

Ceiuac ysxe yCTaHOBJIEHbI OCHOBHbIE BUIBI M3MeHeHHIT BHYTPEHHEro CIPO:
€HHA 30110Ta B pynax. Beinenenp: crenuduueckue CrpyKTypsl, BO3HHUKAIOUHE
TIpH H3MEHEHUAX OTpe/IeIeHHOTO MCXOIHOTO BHYTPEHHErO CTPOEHHSA, H CKBO-
3Hple, ODpasylolyecs Mpu Mpeobpa3oBaHKM Lenoro psaja crpykryp. Ho pac-
UM poBaTh 3TH CTPYKTYpPHI TaK, YTOBHI MEPEBECTH HX peub Ha A3BIK reoJio-
THH, He BCErja npocro. g .

OmuHaKoBbIEe M3MeHeHHs NPOUCXOAAT TPH BO3EHCTBUAX TMOBBILIEHHBIX
TeMIlepaTyp W faBneHud. He Bcerma MOXHO pasnmuuth CTpyKTYpsl 307073,
BOSHHKIIME TIpH HArPEBAHWH TOPAYMMH PACTBOPAMH, NPOHUKAIOUMMH B py-
Jbl, WM TeTUTOBBIMH NOJIAMU OTHEObIIANeH MarMel.

Haubonee tpynHo pacnossars npupopy CTPYKTYP PeKPHCTAIUTH3ALMH.

B uckyccTBeHHBIX CIIaBax M NpH 3KCHEPHMEHTAX ¢ CAMOPOIHBIM 30710~
TOM NOJOGHbIE CTPYKTYpbl BO3HMKAKOT NPH HATPEeBAHWH H NOCIEMYIOIIeM
OBICTPOM OXJIAKIEHHH.

B nmnpuponHo# 06cTaHOBKe BCTymaer B feiicTBME HOBBIM MOT yYHH
¢bakTOop — reonmormyeckoe Bpemsa. OHO NO3BONAET NPOABHTBCA TPOLIEC-
CaM, KOTOphI€ B KOPOTKME CPOKM PpealM3yloIcid TOJNBKO B ONpe/ieleH-
HBIX yCTIOBMAX -— Hanpumep, Npu ObICTPOM OXNaXJleHHd NOCie Harpe-
BanuA. Tak, B MecTOpoXeHHsx GONBUX W CpesHuX riy6uH 3a cot-
HH MWUIHOHOB JIET CTPYKTYPhl PeKPUCTA/UIH3alMM BO3HHUKAIH B 30JI0-
THHKAX B y4aCTKaX MexaHWieckHMX nedopmaunii pyn. OTIHUMTE 3TH CTPyK-
Typb! OT T€X, YTO NOABIIAKTICA IIPH HArPEBaHHH, I0KA He YaeTCA.

A BOT B MaoOrnmyGMHHBIX MeCTOPOIKIEHHSX CTPYKTYpBl Takoro pona
THIIMYHBI [UIA 30110Ta M3 30H KOHTAaKTOBOIO H THOPOTEPMAIBHOIO METa-
MOp¢du3Ma. ITO CBA3AHO, BEPOATHO, C TEM, YTO HAa MAJIbIX rinybuHax cy-
IIECTBOBAMN YCIIOBUA IA GBICTPOro OXNaXIeHUA NOCiie NPOrpeBa.

Jna toro, 4ToGHI CYOMTh O THNE MeTaMOp(dH3MAa, H3MEHUBLIEro pyabl
H 33KIIIYCHHBIE B HHX 30JIOTHHKH, HYXHO He 3abbpiBath 06 aHaiu3e reoso-
rHYeCKOH oOcTaHOBkH. JIMIIE B KayecTBE [OMOHHUTEIBHBIX NPU3HAK OB
MOTyT BBICTYITAT OCOGEHHOCTH 30J10Ta, OTPAXKAIOLHE PA3NTHUYMA B CIene-
HH €ro npeobpa3oBaHMii U PacIpPOCTPAHEHHH HX B Tpefernax MeCTOPOXIeHHSI.

TAKMM OCOGEHHOCTAM OTHOCHTCA npoba 3omora. Tam, rje PYyasl
nepepaboTaHbl BHYTPHPYIHBIMH TOPAYHMH pacTBopamM, mpoba 30JI0OTHHOK
PaHHHX TIOKOJIEHHWH MOBBLLAETCH, a pa3Max konebaHuit NpoBrl HECKOMBKO
CHHDKaeTCs.

Ecmu xe nocmotpers cpenHioro npo6y BMecCTe B3ATHIX pPaHHMX W
NOSOHMX ~ 30JIOTHHOK, TO paCTpefiefieHUe 4YacTOT ee BCTPeYaeMOCTH
CTAHOBMICA ©oNiee CIIOXHBIM, a [HMCUEPCHA BO3PACTaer. Cpennas
npoba MOXeT OKa3aThCsA HWXKe, YeM Npoba PaHHEro 3010Ta, 3a cuer Gonee
cepeOpHCTOro NO3Hero.

Ilpy nocmepynHOM KOHTaKTOBOM MeTaMopguamMe npoba noppiuaeTcH
Y 3OTIOTHHOK BCEX NOKOJIEHHH. B 3aBMCHMOCTH OT BeJTMUMHBI BHEIPUBLIMXCH
B TIOPOZIbI MAarMaTHYECKMX TeNl M OT PACCTOAHMA OT HHX DPYA NPOMCXOMMT

90



onpeyieNenHblit BhIHOC cepebpa 3a mpemenbl 30NM0THHOK. [loatomy cpenHAs
npoBGa MOBbILIAEICA M Y 30JI0Ta HA MECTOPOXICHHH B IIETIOM. XapakTepHO
pa3sBHTHE HEKOTOPOTO KOJIHYECTBAa CaMOPOMHOro 30J10T2 BEChbMa BBICOKOH
npo6sr (940-999).

Uro Kacaercs BHYTpPEHHEro CTpOeHHs 30JI0OTHHOK, TO B yYacTKaX rugpo-
TepMallbHOM TepepaboTkH pyll OHO OBYCIIOBJIEHO Pa3sHOBPEMEHHBIM OTJIO-
KeHHeM 30J10Ta M3 pacTBOpoB M OGoree cHibHbiM NMpeobpa3oBaHHEM CTPYK-
TYP PaHHero 30J10Ta.

Ilnsg 3070Ta B KOHTAaKTOBBIX Opeojiax MarMaTHYeCKHMX TeNll THIMYHbI
CTPYKTYPHBI, CBfi3aHHbIC C [JIMTENIBHBIMM M MHTEHCHBHbIMHM MeTaMOpdu3yio-
[IHMH BO3[EHCTBHAMH: ODHIMe KPHMCTA/JIOB, IIMPOKOE Pa3sBHTHE pereHe-
PAMOHHBIX KaHM, MOIIHBIX Nepu(epHuIeCKHX 30H, 0OeNHEeHHBIX cepebpom.

JIOTIONHHUTENbHBIME TIPU3HAKAMH 3HAYHTE/IHOM CTENEHH TITyOMHHBIX
npeofpa3oBaHuii MOryT CIYXWTb: Haluune OONBUMX YYaCTKOB HIIH
CIUTOIUHBIX TIPOSABIEHHH CIPYKTYP PeKPHCTAUIH30BAHHBIX, PEIMKTOBBIX;
OTCYTICTBHE 30H pocTa M MX (pparMeHTOB; IMOfBJIEHHe CTPYKTyp, HamoMH-
HaIONMX CTPYKTYPhl pacnajia TBEpOOro pacTBOpa — COTOBBIX, NETENbYATHIX,
IMYJIBCHOHHBIX, IpapHUeCKHX.

Takum o6pa3om, B3siTbie OTHENbHO, M3OIHPOBAHHO OT BCEH COBOKYIN-
HOCTH, OCODEHHOCTH 30JIOTHHOK He BCerfia CIyXaT B KauyeCTBe MHAMKAaTOp-
HbIX TPU3HAKOB. TONBKO COBOKYIHOCTH NPHU3HAKOB PAacKphIBAIOT YCIIOBHA
o6pa3oBaHusa pya.

Mb! OTMETHIIH LENbIA pALl NPHYMH, MOBHHHBIX B TOM, YTO M3 3aKOHOMEP-
HOCTeH, yCTaHOBJIEHHBIX I OCOOEHHOCTEH 30JIOTMHOK Pa3sHOro MPOMCXOXK-
nenus, GeiBaroT uckouenus. OOHM M3 HUX MoryT ObiTh ompeseneHsl 10CTa-
TOYHO yBEpeHHO: ryOuHHbIe Npeobpa3oBaHusA 30710Ta; MECTHbIE H3MEHCHHA
YCIIOBHH pYyNOOGpa3oBAaHMSA;  pervoHalbHag FeoXMMHYeckas OOCTaHOBKaA.
Ilpyrue B HacTosiuee BpeMsi OCTalOTCA B 00/1aCTH FHNOTETHYECKHX NPEACTaB-
JIeHH# — cOCTaB 30JIOTOHOCHBIX PACTBOPOB, IBOJIOLIMA HX B Npoliecce pynoo6-
pa30OBaHMA.

UctonkoBaHue npupoasl HabmwoJaeMpiX MCKITIOYEHHH OKAa3biBAETCA BO3-
MOXHBIM B CHIY HABYX 06CTOATENHCTB: 1) OTKIIOHEHMs OT YCTaHOBJIEHHBIX
3aKOHOMepHOCTeH OObIYHO OBIBaIOT OLQHOBpPEMEHHO NPOSBIIEHBI TOJIBKO Y
yacTH OCOGEHHOCTEH CaMOPOJHOrO 301I0Ta; 2) CaM XapakTep HU3MeHeHHs
IIPU3HAKOB 30JI0Ta TNOJICKA3bIBAET, KAKHe TPOUECChI HX BbI3bIBAIH — KPHC-
TAJIM3alMA B Pa3xTHYHOW Cpefle, MHOTOKpaTHOe OTJIOXKeHHE 3071073, ero
nepeK pUCTA/UTH3a1MA.

KaxxoMy H3BECTHOMY WJIH BEPOATHOMY CIlyval0 OTKJIOHEHHMA KaKo-
ro-mubo mpH3HaKa 30/I0TMHOK OT THIMHYHBIX [JIs ONpeeeHHbIX YCIIOBMH
MX XH3HH NMPOTHBOCTOMT LBl KOMIUIEKC [APYIHX TNpPH3HAKOB, NMOMOIalo-
i BOCCO3HaTh 00CTaHOBKY pyaHoro nmpouecca. Kaxjioe HEMOHATHOE CIIOBO
BIUCHIBAeTCA B KOHKPETHbIH TEKCT M TMOJIyYaeT COBEPLUEHHO ONPEeNIEHHOe
3HaYeHHe.
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HE ONIMBUTHCAHA

O6maHuMBOE CXOACTBO MOTYT OOHAapy>XMBATh HE TOJNIBKO IPU3HAKH, Nprobpe-
TeHHBIE 30JI0TMHKAMH B 3eMHBIX INyOHHAX.

OumbxH nopcreperaloT HEKOMINETEHTHOrO WIH MPOCTO HEBHMMATENBHO-
ro MCclepoBaTtesis NPy H3yYeHUH NMEPBHYHOTO M BTOPHYHOrO 30510Ta — HHOIJa
oHu ObIBAIOT YHOUBHTENBHO mnoxoxumu. PacriosHate npeobpazoBanus, IHOmy-
ueHHBIe 30JI0THHKAMH B 3eMHBIX Hefipax ¥ Gnarofiaps npoueccam, NponCXofs-
HIMM B 30HE OKHCIIEHUA B B POCCHINAX, OOBIYHO 3HAYUTEBHO lipoLe.

U, X015 KaMHel NPeTKHOBEHUSA B NMOJOOHBIX CITyuasix 3HAYMTEILHO MEHB-
Lie, 4eM MpH M3YUYeHHH TOJIBKO INyOHHHBIX MPU3HAKOB, HX TAKXKe Hallo YMETh
0BOHTH, YTOOBI MPAaBUIIBHO NOHATH A3BIK 30JI0THHOK.

Xot#, Kazanoch 6b1, HUYero obiuero B ycnoBusx oGpasoBaHus 30710TH-
HOK Ha riiyOHHe U Ha IOBEPXHOCTH HET, CXOACTBO BBIHENECHHH CaMOpPOIHOro
30/10Ta Pas’HOTO IPOHCXOXIEeHHs HHorpa Oojee 3HauMTENbHOE, YeM HaM XO-
TeNnoch Obl.

3011070, PpOJMBLIEECH B TOBEPXHOCTHBIX YCIOBHAX (BTOpHYHOE M
“HoBoe™) , obnanaeT XapaKTepHbIMH NPH3HAKAMH. ITO IpeXxIe Beero hopMbr
BbIJICTIEHHH: B BHJIe MEJIKHUX M MEJIbYaHILMX KPHCTAIJIOB, IeHAPUTOB; TOHKMX
IUIEHOK CaMbIX Pa3sHBIX OYEPTAHHH; B BH/IE HATEKOB, aXXypPHHIX ryboK, HHTe-
BHIHBIX HapOCTOB, MOXOXXHX HA CTEJIOLLUMECS UITH CITyTaHHbie B KIyOoK Bopo-
pocnu. CiioxkeHHe arperaTtoB, COCTaBIIEHHBIX 307I0THHKAMH, HATEUHOE, 3eM-
NKCTOE, MOYKOBH[IHOE, KOIIIOMOp(dHOe, ¢ NPUXOTIMBO H3OrHYThIMH KPHBO-
JIMHEHHBIMH FPaHHIIAMH.

CTpyKTyphl 30N10THHOK KpPHCTA/UIHYECKHE, TOHKO3EPHHUCTbIE, IOPHCThIE,
OYeHb HEO[HOPOIHbIE MO pacmpenenenuio cepebpa u apyrux npumecei. OueHs
LIMPOKO BapbHPYIOT 3HaYeHHs npobel ¥ coctaB mpuMeceii. Bee 3ato obycion-
neHo 06pa3oBaHKMEM 30710Ta MPU HU3KHX JIABJIEHMAX M TEMIEpaTypax M3 pas-

HOOOpasHbiX pacTBOopoB. OHM MOryT OBITB MCTHHHBIMH M KOJUIOMIHBIMH.

[lo mMepe nmpocauuBaHuMA uepe3 MOPMCTbIE M TpeLUMHOBAThIe OKHMCIAIOMHECH
PYABl M CKBO3b PhIXJIbIE PEYHbIE OTJIOXKEHHS COCTAB PacTBOPOB BbICTPO H3me-
HAETCA; BapbUpYeT W OKHCIIMTENIBHO-BOCCTAHOBHUTENNbHAA 06¢cTanoBka. U BOT

B 3TOH YPE3BhIYAHHO M3MEHYMBOM Cpefie BO3ZHHKANIT 30I0THHKH, PALL IpU3Ha-

KOB KOTOPhIX — popma, MeNKasi 3¢pHHCTOCTb, HEOTHOPOJIHOCTb CTPYKTYPBHI,
BeICOKasA Nnpoba — OpiBalT Bechma ONMU3KM K ocobeHHOCTsAM 3051012 BM3no-
BEPXHOCTHBIX MECTOPOXXICHHH. JTO paclieHHBAETCH KAK MPOABIIEHHE KOHBEp-
FEHIMH, HO, BO3MOXHO, Ha BEPXHUX FOPH3OHTaX MaJIOTNyOMHHBIX MECTOPOX-
JIEHHH YCNIOBHA MHHEpalooOpa3oBaHMA MMEIOT ¥ HEKOTOphie OOIMe YepThl
C NOBEPXHOCTHOHM 30HOM. BHeine TpyaHo OTAHYMMBI OT NIEPBHYHOIO 3011074
MeJIKHE KPHCTAIbl HH3KONPOOGHOro HOBOro™’ 301012 B POCCHINAX, HUTEBH]I-
HbIe M KPHCTA/IJIMYeCKHUE BhIJENIeHHA BTOPHYHOTO 30/10Ta B 30HaX OKHMCIIEHUA
MECTOPOXKIEHHUH.

CxopnspiMu ¢ Mopdonorueil MepBHYHOTO 30J10Ta ABNAITCA GOPMBI Bhifle-
JIeHWH BTOPUUHOIO 30J10Ta B TPELIMHAX M HMHTEPCTHLHAX 3epeH MepPBHUHBIX
MHHEpAJIOB: IUIEHOYHBIE, YellyHuaThle, KOMKOBH/IHbIE , AYEHCTHIE. 3[1ech Onpe-

[eNA0LLYI0 pPOJib MrPaeT He NMPOMCXOXK[EHHE 30JI0THMHOK, 4 KOHQHIypauHs:
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nyctoT. OHH 3aNONMHAITCA OTIATAIIIHMCS 307I0TOM KaK [IETCKHE dbopmouxku
[1ECKOM, TPUHHUMAs HX OUePTaHHA.

CrnienoBaTelibHO, OTHEBHO B3fAThbI€ MPU3HAKHA NEpBHYHOrO H BTOPHUHOIO
30710Ta He MOTYT CIIY)XHTb JIJIs Pacro3HaBaHKA WX MPOUCXOXICHHA.

Hy>xHo onatk oBpauiathes KO Becemy Habopy ocobGeHHOCTeH CaMOPOIHO-
ro 30)10Ta. B Hem Bcerga MOXHO OTBICKATh NMPH3HAKH, XapaKTep KOTOPBIX
TECHO CBA3aH C Pa3HOH NPUPOJIOH 30JIOTHHOK.

Tak, yeTKHe 30HaIBHbIE CTPYKTYPHI, IIHPOKO PaclpOCTpaHeHHbIE Y HH3-

KONMpoGHOTO 30710Ta B MANOITYGHHHBIX MECTOPOXICHHAX, IUIA BTOPHYHOTO
30/10Ta He THITHYHBI.

BropuuHoe ¥ “HOBOE” 30JI0TO OTJIMYACTCA IO THITY CBOEH HEOHOPOJHOC-
1. Pacnipepenenne cepeGpa B mpefeiiax 30J0THHOK MATHHCTOE, cybrpaduuec-
KO€, METeNbUaToe, IMYTHCHOHHOE, HHOT/IA OTUETIIHBO MHOTO(a3sHOe. 30HATIb-
HOCTh TOXKe MPOSBIIEHa, HO UPE3BHIUAHHO HESCHO H HE TOJIbKO Y HH3KONpO©b-
HOTO 30J10Ta, HO M y YacTHI( J1x0Boi mpoGbi. BeisBUTH cnabyio 30HAIBHOCTD
yHaeTcs TONBKO C MOMOLIbI0 MHKPO3OHIUPOBAHMS; MpH TPABIICHHH CPE30B
J0JIOTHHOK OHa Heé OoOHapyxuBaercs. Bce 3T HEO[JHOPOTHOCTH BO3HMKAIOT
MyTeM Tiepepacrpe/ie/ieHusi B NOBEPXHOCTHBIX YCIIOBHAX KOHIIEHTPallHH 30-
10T, CYLECTBOBABILIMX B NEPBHYHBIX pylaX, a TaKxe B pe3ylibTaTe BhInajie-
HMS 30710Ta M3 KOJUTOMIHBIX PAacTBOPOB NpH KoarynsAuuy rejiei. Takou me-
XaHu3M oOpazoBaHWs NPUBOOMT K TMOABIIEHHIO BAXHOIO HHAMKATOPHOrO
NPH3HAKA, NPHCYILEro BTOPHYHOMY 30J10TY — NMOYKOBMIHBIX CyOMHKpOC-
KOIMMUECKHUX CKYJBNTYpP NOBEPXHOCTH 30JIOTHHOK .

Mexanu3M o0Opa3oBaHWA - BTOPHYHOTO 30710Ta MpENONpe/eisneT pe3-
KYI0 M3MEHUMBOCTb COJIEP)KAHMH B HEM NpYTHMX, NOMMMO cepeDpa, anemeH-
TOB-TpUMecell. B 3aBMCHMOCTH OT COCTaBa OKMCIAIOUMXCA PYA, cocrasa
W KOHUEHTDALMH UMPKYIHPYIOLMX PACTBOPOB, KHCIOTHO-UENOUHOH 06cC-
TAHOBKHM H [ApYyrux ¢akTopoR MuHepanooOpazoBaHMs, BTOPHUHOE 30JI0TO
MOXeT TIOUTH He COMEPXKaTh MaIbIX NpuMeced Win obnamars OGLMPHBIM
ux nHaGopom. 30510TO, BO3HHKLIEe B rnyGHHHBIX YCIIOBHAX, MMeeT Gonee
MOCTOSIHHbIE COCTAB M COMIEPXKaHHe MPHMECEH.

Eule oguH upe3Bbi4anHO Ba)KHBIH OTJIMUMTEIIBHBIA MIPH3HAK — MPHCYTCT-
BHe (WM, HAMPOTHB, OTCYTCTBHE ) ra30BBIX BKITIOUCHHH.

Korga B 3eMHBIX ITyOMHAaxX nagaer faBiieHHe, BCKHMIAKT PYNOHOCHBbIE
PACTBOpPHI M HAUMHAETCH AKTUBHOE OTIIOXEHWe MMHEpAIOB, K NOBEPXHOCTH
PAacTyIMX 30JIOTHHOK NPWIMMNAT IMy3bIPbKM YITIEKHCIIOTO W OPYIHX rasos.
OHM OKAa3bIBAOTCA 3aKOHCEPBHPOBAHHBIMHM B 30JI0T€ M NMOMOTralpT MOTOM
MCCITEOBATENAM Y3HaTh, KaKuM ObUI COCTaB PYJ/IOHOCHBIX rOpAYMX BOL.
Bo BTOpHYHOM 30710Te, [1aXKe B MECTaX CKOIUIEHHs KPYIHBIX €ro BhIJIEJICHHH,
ra3oBbie BKIII0YeHUs He BcTpeueHsl. [10-BHOMMOMY, MPUUMHON 3TOMY CIyXKat
nu3Koe (atMocdepHoe ) [aBneHHe, NpH KOTOPOM He MPOMCXOMHUT BCKHIIAHHA
301I0TOHOCHBIX PAaCTBOPOB, a TaKde OONbILAasi poNib B MepeHOCe 30/10Ta KO-
TIOMIHBIX PacTBOPOB.

Haubonee HameXxHbie JaHHBIE O NPOHCXOXIEHHH CaMOPOMHOro 3071073
MOTYT GbITh MOJyYeHbI M3 AHATH3a MHHEPAIbHBIX COODIIECTB: €CIu Habur0-
[AI0TCH MPHU3HAKH OJHOBPEMEHHOro OTIIOXEeHWA 30J10Ta C BTOPHHHBIMH MH-
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HepaTamMH, MOXHO YTBEPX/ATh, YTO 30JIOTHHKHM HMEIOT FHNEPreHHYIO npnpo-.!
ny. Ecii e 3051070 mpocto 06pasyer CpocTOK ¢ rHNEPreHHBIMK MHHepana-
MH, HE HCKIIIOYEHO, YTO 3TO OCTAaTOYHOE BbIfIEIEHHE, 3 MHHEpaibl Mpeo6pazo-
BaHbl B 30HE OKHCIIEHNS, HO HE HCTIBITAIH ePEOTIIONEHHS.

Ha6mioienns HaJ B3aMMOOTHOLLIEHUSIMH THNEPreHHoro M OCTATOYHOTrO
30710Ta, BTOPHYHOIO 30710Ta ¥ BTOPHUHBIX MHHEPAITOB M UCCIIENOBAHHE KOMII-
JIeKca 0COBEHHOCTeH 30JI0THHOK JIENal0T BBIBOMIBI O €r0 TPOHCXOXKHCHHUH on-i
HO3HaYHBIMH,

Lensii psap noxoxmx obpaszoBanuit pasBUBaeTcs Y 30NOTHIX YaCTHL] IPH
M3MEHEHMAX KX Ha 3eMHOM ITOBEPXHOCTH M B TTy6HHax. B Toii 1 Ipyrou obcra-
HOBKE Ha 30JTOTHHKAaX BO3HHKAWT BBICOKONPOGHbIE kaemku. ObemuenHbie
cepebpoM JIMH3OBHIIHBIE TNpPOXWIKHU MOABINAKICA B HEHTPA/IbHBIX YacTAX
Bbifle/IeHuH; 0OpasyloTCs CIOXHBIE BOMHUKH M CTPYKTYpSI PEK pHCTaNI132-
uuu. OOHAKO NPH [ETaNbHOM PacCMOTPEHHH NIOBOJIBHO JIETKO 3aMETHTE pas-
JIMWMsA TNyOMHHBIX M TNMOBEPXHOCTHBIX W3MeHeHMii. Bce HOBOOOpa3zoBaHusA
npuobpeny NMpu3Haku, obycnoBieHHble (HUINKO-XUMHUECKOH O0GCTAHOBKOI, |
B KOTOPOH OHH BO3HHMKIIH. |

B rny6unHoi 0GCTaHOBKE BO3ZHHMKHOBeHHE Ha 30JIOTHHAX BBICOKOIIPOG-
HbIX K2aHM CBA32HO ¢ MeTamMOpdHU3IMOM M OBYCIOBIIEHO nuddysuei npume-
ceit M3 nepugepHyecKUX CIIOEB 30JI0THH.

[Tpu wHTeHCHBHOM MetaMopdusme (npu TeMIiepatypax Beiie 600°C),
no panHeiM B.I'. Momuceerko, Ha NMOBepXHOCTH 30JI0THH obpa3syiorcs perene-
PALMOHHBIE KaHMBI YMCTOrO 3070Ta. CTpOEHHe MX He3epHHCTOe, TPaHHUIBI C
30NIOTHHAMH paBHOBecHbie. [Ipy Gonee HM3KHMX TeMINepaTypax KaWMbI, Ham-
POTHB, Hepeako oborauiens! cepeGpom. OHo nepeMewiaercs Ha MOBEPXHOCT *
30JIOTHHOK, HO He BBIHOCMTCA 33 HMX TIPEensl — HelOCTaeT Terna.

llupokoe passutHe TpH MeTamMOpdU3IME MMEIT TAKXKE OBeIHEHHLIE
cepebpoM nepudpepuueckue 30HBI, MOBTOPSAIOLUE KOHGUIYypaUHI0 30JI0THH
1 OTHEIILHBIX 3EPeH B 3ePHUCTHIX arperarax 3o00t1a. Yerkux ¢a3oBbix rpaHui
3OHBI HE MMEIOT, CTPOEHHE MX He3epPHWUCTOE, 2 COCTAB KOPPENUpyercs ¢ COCTa-

BOM HEHM3MEHEHHOr0 30710T2 — OHM HMEKT HECKONBKO Gollee BHICOKYI0 Mpo-
Oy.

[lepexpucTammu3auyus OCTATONHOrO 30710TA C 0bpa3oBaHueM BBICOKO-
NPOBHBIX KalM B TNOBEPXHOCTHBIX YCIOBHMAX TaK)Ke HAUMHAETCH 11O 1
nepuGepHH 301I0THH, HO NOJ BIMAHHEM MHBIX BO3EHCTBHiL

[ToBbiLIeHHe TeMIepaTypbl CHCTEMBI 33 CYET TEIUIOBOTO IpdexTa peak-
LHM OKMCIIEHUS CYJIbHIOB HE ABIAETCH OCHOBHOW NMPUUMHON NepeKpucTan-
JI3aLMK M MOXET JIMUIbL CHOCOGCTBOBaTh el B OrPaHMYEHHBIX y4YacTKax
30JIOTHH. -

Mexaununueckue negopmainu nNoBepXHOCTH 30710THH NMPUBOIAT K BOHHK-
HOBEHHI0O MHOJXXECTBEHHBIX LEHTPOB PEeKpPUCTAININ3AIMH, a 3TO crocobeTryer
06pa3oBaHHI0 MENKO3epHUCTOM CTPYKTYpPBI 06onoukwu. [lepexpuctanuzanus
BHELUHErO CIOf CNOCOBCTBY €T ylaneHuIo U3 Hero cepebpa.

BriuienaunBanune cepebpa cospaer TIOPMCTYI0 BrICOKONpPOGHYI0 060- |
JIOYKY C PE3KMMH KOPPO3HOHHBIMM IPaHHUIAMH.

Camonuddysua cepebpa ¢ HoBepXHOCTH 307MOTHH ycKOpsieT npollecc
PacTBOPEHHH.

94




Takum 06pa3oM, CTPYKTYpHl TOBEPXHOCTHOH NepeKpHCTaIlTM3aLKK
OCTATOYHOTO 30JI0T@ Yallle BCEro MMEKT, B CHIy HX MPHPOMbI, OCOOEHHOCTH,
OTJIMYHBIE OT CTPYKTYP ITyOHHHOM NepeKprCTAITH3a1IHH.

O/MHAKOBBIMH ABJIAIOTCS JIHIIb CTPYKTYPBI PEKPHCTAIINU3ALNH.

Pacro3HaTh MX MPOMCXOXIEHHE MOXHO MO HEKOTOPHIM KOCBEHHBIM [1aH-
ubiM. TaMm, roe y pYAHOro 30710Ta NPAKTHYeCKH HEM3BECTHbI WM ciabo
NpOABNEHbl MONMIAPHYECKHU3EPHHUCTBIE CTPYKTYPBI, OHM HE THIMHYHBI IJIA
30710THH u3 pocceinedl. Ecnu B pyIHBIX MECTOPOXACHHAX [UIA 3051072 XapaK-
TepHA TONMIPHYECKas 3EpHHCTOCTb, OHA uacto HaGnmiopaercs M B Guimane-
AKX pocchinax. Modxmo mo3roMy NPEedNoNONHUTh, YTO MONHINPHYECKH-
3ePHUCTBIE CTPYKTYPHl PEKPHCTAIM3aUM¥ BO3HMKAaKT B OCHOBHOM B IIIy-
OMHHBIX YCIIOBHAX.

HanpoTtuB, pa3BUTHE CIPYKTYP PEKPHMCTa/NIM3alMM C yT/IOBaTBIMH He-
NPaBUIBHBIMH 3€pHAMM W [BOHHHKaMH MNpOpAacTaHWA B 30J10T€ PYAHBIX
MECTOPOXIEHHHA ¥ MPUIIEralolMX K HUM pOCChINeH KOPpeNHpyeIcs fanexo
He Bcerga. Takue CTPyKTyphl MOTYT OTCYTCTBOB2Th Y 30JIOTHHOK B KOpEH-
HBIX MECTOPOXIEHHAX M 30HAX OKWCIICHHS U ObITh IIMPOKO PacTipOCTPaHEHBI
B pocchinsx. Pesakoe Bo3pacTaHue CTeNeHH PEKPHCTAUTH3ALKMH B POCCHINTHOM
30J10Te MO0 CPABHEHHIO ¢ PYAHBIM (TOM e Pa3HOBMIHOCTH) CBHIETENbCTBYeT
B NOJIb3Y Npeobpa3oBaHKi B MOBEPXHOCTHBIX YCIIOBHAX.

[pakTHUECKOE 3HaueHHe TAaKHX MPH3HAKOB TPYJHO INePEOLEHHTD. Onu
NOMOralT no OCOBEHHOCTAM 30JIOTHHOK, HaWleHHbIX Ha TNOBEepPXHOCTH,
ONpeeNiATh THIbI KOPEHHBIX HCTOYHMKOB, y3HaBaTh, I/le OHH PacTONIOXKeHBI,
NpsAMO JIH M3 Py NONajai¥ 30JIOTHHKH B POCCHIMb WM MyTh X Gbul
CIIOHBIM, MHOTOCTYNEHYaThiM — CJIOBOM, MOJNYYHTh HauGonblIyio HHGOP-
Mall{I0 OT HeDOJIBILOTO YKCTIa 30JI0ThIX KPYNHHOK.

IMTocMoTpHM, KaK 3TO [e1aeTcs.

KAKHUE MECTOPOXJEHN A UCKATDH?

MBsI y3ke CTAIKHBAIMCH C MOXOXKEH 3afiauel, KOrjia TOBOPHIIM O 30JI0THHKAX
H3 MeCTOpOXMeHH#, cOPMUPOBABLIMXCA HA PA3HBIX FTyOMHHBIX YPOBHSAX.
Ceityac HaM cTaja M3BECTHA OJHA OYeHb CYLUECTBEHHas ferajb — BONpOC O
rnyOMHHOCTH CllefyeT 3afaBaTh TOJIBKO OCTAaTOYHBIM 30JIOTHHKAM, /e Gbr
OHH HH HAXOJIWINCh, B 30HE OKHCIIEHHA WIH YXe B pocchmax. Tam, nomyuus
Ha3BaHWE POCCHITHOrO 30JI0TA, OHM N0 CBOEH CyTH MPOHOJXaKT GBITH OCTa-
TOYHBIMH, T.€. OCTABIIIMMCS Henpeobpa30BaHHbBIM 10 KOHIa PY/IHBIM 30JI0TOM.
BTOpMYHOE 30JI0TO HMKAKMX BHIMMBIX BOCIOMHHAHHH O rilyGuHe pYaHbIX
MeCTOpOXXIeHHIl He COXpaHseT, pa3Be YTO MOXeT MO[CKa3arh, YTO B HHX
CYIIECTBEHHYI0 POJIb UTPaio TOHKOINHCNEPCHOE 30JI0TO B CyJbpUIAX, TeNy-
pHBI KM TAKHX MHHEpAJIOB ObIJIO HEMHOTO.

VayyeHue MPU3HAKOB OCTAaTOYHOTO 30JI0Ta 1A TOro, YTOOBI ONpe/ennTh
rinyOHHHOCTD MECTOPOXIEHHMH M TMOCIEI0BaTellbHOCTh HX (HOPMHPOBAHHA
(3TanmHOCTD, CTAAUAHOCTD), NPHHIMIHKATLHO HE OTIIMYAeTCA OT UCCIIeJOBaHMA
C TeMH e HeIAMM 30710Ta, NOJIyYeHHOr O U3 py/, He 3aTPOHYThIX BTOPHYHbI-
MM U3MeHEeHHIMH.
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Hyx#H0 1ONbKO 0Opamarh BHMMaHWe Ha HenpeoOpa3OBaHHBIE, OCTATOY-
HbI€, YYAaCTKH 30JIOTMHOK, OCTABINAA ~3a CKOOKaMu’ BBICOKOMPOGHBIE ME-
3€PHOBbIE NPOXWIKKH ¥ KOPPO3HOHHBIE 060NOYKM M ¢ GONBIIOH OCTOPOX-
HOCTBIO MOAXONA K CTPYKTYpaMm pexpuctainusauuu. OnpeneneHuio rity6uH-
HOCTM OHHM He MOMEILAKT, a BOT CHYTaTh NPU3HAKH CTAOMHHOCTH W MeTa-
MOp(}H3Ma C MPU3HAKAMH BTOPHUHBIX H3MEHEHHH — MOTYT.

I'naBHbie W3 MHOMKATOpPHBIX OcoBeHHOCTEH — mpofy, 3JIeMeHTBI-IIPHU-~
MECH, HAIHUYHE WIH OTCYTCTBHE 30HAJIbHOCTH, — MOXHO BBIABHIb OaXke MO
HeDONBUIUM peNTMKTaM OCTATOYHOrO 30J10Ta, OKPYXEHHbIM TyCTBIM KpY-
)KEBOM IMIEpreHHON KOPPO3HH,

Koneuno, ecnu aHanu3upoBaTh M3MeHeHHble 30JIOTHHKH LETMKOM,
CONEpXaHMA MpHMeced B HuX Oynyr MeHbllle, ueM B HeM3MEHEHHOM
3omoTe. M3 KOppo3uoHHo# 0BONOYKH BhimETaYMBAETCA He TONbKO cepebpo,
HO M [pyrue anemMeHThl. Mckiouenue cocTaBAT KOHUEHTPALMH MeOH W,
MoxeT Obrb, dkenesa. OuM HAKAIMBAWICA INyTeM Xemocopbuuu B
KOPPO3HOHHOM ClIOE.

[Toatomy no cocraBy 30MOTMHOK M3 pocceimeil MHorpa GbiBaer Tpyh-
HO CY/IMTh O MHHEPAILHOM THUIIE MECTOPO/IEHHA.

Opsako xopposus fanexko He BCerfa MHTEHCHBHA, a PENMKTHI FHIO-
TEHHOrO 3071072 TaKk Maiibl. Bo MHOrMX Ciyyasx CoOTHOLIEHHMA KaK pa3s
oDpaTHbie, ¥ 3JIEMEHTHI-IPUMECH MCIPABHO CIYXKAT [ OMONHHTENbHBIMH
NOKA3aTeNAIMM  BO3MOXHOIO MHHEpPAIBHOrO THMNA MeECTOPOXIEHHA W
PEerHOHATbHOH FeOXUMHYECKOH 0BCTAHOBKH.

Bcerma nu crefyer ynoBNETBOPHTBCHA TeM, YTO HaHIeHO caMOpoIHOE
301I0TO B POCCHIMH — B PYyCJie WIH Ha HEBBICOKHX Teppacax Mo CKIIOHaM
MONUHBI, — KU NO OCOBEHHOCTAM 30JIOTMHOK YCTAaHOBIEHO, KaKHe 30J10TO-
PYLHEBIE MECTOPOXICHHA Hal0 HCKATh?

3a Bpems CyuIeCTBOBAaHMsi 3E€MHON KOpDhI OHa B Mpepenax paioHa
npereprienia CNoXHele BO3MEHCTBMS IIyOMHHBIX CHI M OKasanach pa3bu-
TOH Ha OTHeibHbIe GIOKH. 3eMiIs MPONOIKana [bIIATH, MONHUMAS U omyc-
Kas orjenbHbie Gioku. Ha ee moBepxHoctu cyGrponmueckue neca cMmeHs-
JIHCh XBOMHBIMH, HACTYNATH H yXOIWIM JIEHHKHK. BuicTynarowme Ha noBep-
XHOCTb MOPO[ibl H3IMEHAIIUCH NPOLECCAMM BRIBETPUBAHMSA; BO3HMKAJIM KOPHI
BBRIBETPHBAHHA, IMOKpbIBaOLMe OOLmMpHeie IUIon@aaM (WiowanHsie), M
KOPb! BBIBCTPHBAHWA BIOJIb TEKTOHWYECKHMX HapYLUeHHH — paslioMOB,
pasfensiouyx OMOKM M pasGMBaOWMX M OPOBANMX TONUM NOPOL
(J1MHelHbIE) .

JlpeBHue pexn pasMBIBaIN KOPY BbIBETPHBAHMS, HECIIH M OTKIIAIBIBATH
NEPEMBITHIH 0BNIOMOYHBIH MaTepual, oBpasys peuHsle OTIIOKEHUS — AIITHO-
BuH. Korpa meixanme 3emin 3aMHpaio W pexku NpeKpaiany NMPONKWIKBATh
AONHHY, BLIBETPHBaHHIO MOJBeprajauch uX OoTNoXeHHsa. HoBadA axTHMBH3a-
UMA HENp — HOBOE Bpe3aHHe BOLOTOKOB — Pa3MBIB KOP BbIBETPUBAaHHUA
W anoBusA. IIpu 3TOM B peuHble OTNOXeHHSA MOTJIO MOCTYIATh 307I0TO — M3
KOp BBIBETPUBaHHMs, U3 "CBeXHX~ Bpe30B B BOPTaX W [AHMIIAX [ONMH, U3
NePEeMbITOrO aNJIlOBMA.

Ilpn ocBOeHMH HOBBIX TeppuTOpHii COBCEM He6Ge3pasnuyHo 3HaTh,
OTKY/1a B3AJIOCh 30JI0TO M i€ OHO €111€ MOXeT ObITh.
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Ha teppuTOpMsAX pacnpocTpaHeHHs POCCHIMTHOH 30JI0TOHOCHOCTH OYeHb
4aCTO B MOJIOMBIX POCCBHINAX BCIpevyaercs ~ApeBHee” 30JI0TO — 30JIOTHHKH,
NOCTYIIMBIUME B POCCHINb [2BHO M HEPEOKO NpOLIE/IIHe CJIOXHBIA MyTh C
yepe/IOBaHHEM HEOHOKPATHBIX TIepeMelleHHH | NIepHOOB MOKOoA. 310 cephb-
e3HOe TpefynpexieHue O TOM, YTO B paHoHe, NOMHMO MOJIOABIX POCCHITIEH,
mMoryT OmiTh ¥ Gonee npeBHMe, pacrolioXKeHHBIE HA BBICOKHMX Teppacax, yue-
fieBILKE OT Pa3MbIBa NMPH BPEe3aHHH [IOJTHHBI.

Tak kak pocchbinHpie 30JI0THHKH HECYT B pslie CJIy4aeB MPU3HAKH HEO-
HOKPATHBIX NepemelleHHH U MpebbiBaHus B MOKOE, BO3MOXHO IPHCYTCTBHE
He OJHOrO, a HECKOJIbKMX ypOBHeH [peBHHX Teppac, CIYXHBIUHX IMPOMEXY-
TOYHBIMHM HCTOMHMKAMM NUTaHus pocchined. CKONBKO 30JI0Ta OTHACT KaX-
[IpI W3 HHX B MOJIOMYI0 POCCHINTb HA TOM WIH HHOM YYacTKe [OJIHHBI,
ONATH-TAKM TOYHEE BCEro paccKa)yT 30JIOTHHKH — CTOMT JIMILUb CPaBHMUTDH
COOTHOIIIEHHE YACTHI, PA3NIMYAKILMXCA MO BpeMeHH NOCTYIUICHHA HX M3 KO-
PEHHBIX MCTOUHMKOB M TIO YHCIy BO30GHOBNABIIMXCS NePEeABHIKEHHH.

110 CJIEIAM 30JIOTUHOK

Ilyckasich B HEBe[IOMBIH MyTh IO 3eMHOH MOBEPXHOCTH, 30JIOTHHKH NpHOG-
peTaloT Bee GoJibiue HOBBIX PU3HAKOB, TOBECTBY IOILMX 06 MX MePEABHKEHNH.

I[lpoiiTi TO CJlefaM 30JI0TMHOK — 3HAYMT MOHATH MHOTOE M3 TOTO, YTO
JAPYr¥M IIyTeM y3HaTh TPYHO WIIH HEBO3MOJKHO.

Crneppl 3070TMHOK MOryT OpiTh OCTaBIeHBl B BHE BecriopspouyHo pac-
CeAHHBIX YaCTHIl WIH BHITAHYTHI YaCTO B MpepbIBHCTBIE, HO Be[yllUHe B ONpe-
[IeNeHHOM HanpaBJieHHH TPONHHKH-TIOKKH. TPOMUHKH CIMBAKTCHA B JIOPOX-
kH, BoiGeraoT Ha GOy JOpOTY, @ OHAa MPHBOJMT K IVABHOHM Tpacce —
[IOTIHHE KpYIHON pexu. JIoxKok — pyueit — peuka — peKa... A fajblue H MOp-
CKOM TUISDK, U 3aJIHB.

Jlaxe paccesiHHbIe 30JIOTHHKH CNOCOOHBI paccka3arb, U3 KaKHX MeCTO-
POSKJIEHHMH OHH B3sUTHCh, OMHAKOBBIM MIIM Pa3HbIM OBIIO HX IPOHCXOXICHHE,
CK pELIIMBAITUCH JIH HX MYTH-JIOPOTH.

30JIOTHHKH C MPOTOPEHHBIX AOPOXeK MOBEe[dlT TO )Xe caMoe, HO pac-
CIpallMBaTh X Oy/ier yierye. B pocchIAx ckamMBaeTcs OoJibile YacTHI| caMo-
POIHOTO 3071072, XapaKTepH3YIOMHMX OBLIMpHBIE YYaCTKH — IUIOIMAH CHOCA.
IlpocnexuBast OT CKIIOHOBBIX POCCHINEH [0 OOJNBIIMX MOJHH 0cOoBEeHHOCTH
30JIOTHHOK M MX W3MEHeHMs, HaHOCA 3TH CBefIeHHs YCIOBHBIMH 3HaKaMM Ha
reoyIOrMyecKye KapTbi, MOXXHO HaMETHTh MECTONONIOXEHHE HCTOYHHKOB, IH-
TABIUHX POCCHITM 30JI0TOM, YBH/ETh IpHYpOUYEHHOCTh MX K ONpeNelIeHHBIM
reoJIOrMYeckKUM CTPYKTypaM M 30HaM MHHEPAIM3AlLHH M YCTAaHOBHTH 3dKO-
HOMEPHOCTH PaclpoOCTPaHEeHUsA Ha W3YYEHHOH TepPHTOPHH.

Uem BriMxe YUaCTOK POCCHINK K KOPeHHOMY MCTOYHUKY, T€M 30JI0THHKH
KpyIiHee, OKATaHHOCTh MX cjlabee; yalle BCTPEYalOTCHA CPOCTKH CaMOPOAHO-
ro 30JI0Ta ¢ KBapleM [OpyrMMd MHHEpajlaMH; MEHBIlIe KOppOAMpPOBaHA MO-
BepXHOcTh. HO 3TO ewie He 3HAUMT, YTO KOPEHHOH MCTOYHMK MNpe[CTaBIIAeT
coboii pyaHOe MecTOpOXaeHHe. ITO MOTYT OpiTh paspo3eHHbIE Py[IHbIE TeNa,
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OTHelibHbIE pYyHONposBieHHs. Bce BMecTe OHM B COCTOSIHMM HaCBITHTH POC:
CBIIb 30JI0TOM, HO B OTHEJILHOCTH HEe HMEIT NMPOMBILUIEHHOH LEHHOCTH.

Haubonee OGnaronpuATHbIE YCIOBHUA IS MUTAHUS TIPOTSHKEHHBIX POC-
CchilleH GBIBAIOT, KOT[a [NONMHA He MNepeceKaer 30Hy C 30JI0OTOHOCHOW MMHepa-
NH3alMe, a TPOXOMT BAONb Hee. B Takux cnyyasix Bo Bced poOCCHINK HapAmy:
CO 3HAYMTEITBHO M3MEeHEHHBIM NpH TepeHoce 30JI0TOM, MOCTYNUBILMM H3
BEPXHHMX MO TEYCHHIO YYaCTKOB [IOJIMHBI, BCTPEYalTCcA U ¢J1abo npeobpa3zoBaH~
HbIE YaCTHIBI.

CymecTBYIOT liefible NpPOBHHIMH, TJIe 30JIOTHHKH, He YHOCATCH NAIEKO.
OT KOpEHHBIX MCTOYHWMKOB. HO 3HauMTenbHO Yame OHM NepemeanTca Ha
COTHH METPOB H KWIOMETpPhI, 3 MeJIKHe YaCTHIIbI — M Ha NecCATKH KWIOMEeT-
POB OT MecTa CBOEIrO pOXKIeHus.

CamopopHoe 30110TO He pacripefiefisieTcsi paBHOMEPHO Ha BCEM TIPOTH-
)KeHHH pocchimi. CaMbie KpyTiHble KYCOYKH Mepemelarorca cnabee, caMmpie
MeJIKHe nepeABHraTcs Haubonee manexo. B cOOTBETCTBMM ¢ 3THM pasiiv-
YAIOT TOJIOBHBIE, CPEIMHHBIE H XBOCTOBBIE yYaCTKH POCCHINEH.,

TonosHele, pacmonokeHHple 6iiMxe K HCTOYHMKY TMTaHMA, yua |
pocceinen yacto Hambornee Gorareie, XBOCTOBbIe — Gepubie. OmHAKO He Clie-
ayer 3abpiBaTh O MHOrooGpasuu NpupoaHbiX GaKTOpOB, cnocobCeTBYIO |
00pasoBaHuio CKOIUTEHHMH POCCHIMHBIX 30JIOTHHOK. OBBIYHO BOMHM3M KOPEH:
HBIX HCTOYHMKOB MNPaKTHYECKH He BCTPEYATCH XOPOILNO OKATaHHbIE 30710
THHKH. Ho mHOrja BApyr B JIOXKe MOSB/ISETCA MHOIO OKATAHHBIX 30JI0TH
HOK. TyT y>xe Hajio 3amymaTbcsi — He pa3smbiBaer JIU JIOKOK JIPEBHION pOC-
Chillb, He NEPEeXBaTWIIa JIM OflHA [ONIHHA Yy ApPYroW B IpPOIECCE CBOEre
Bpe3aHMsA YacTh MPHTOKOB BONMKM3M Bomopa3pena. CeTb peuHBIX MOJIMH Nepe-
CTPauBaeTCA, YriyGsercs, NepexBaTbiBaeT Y COCEIOK BEPXOBbA U NPUTOKH.
W mMuHepasior fieiaeT CBOH BHIBOJIbI, OGS3aTENBHO ONKPAaAch HA AHATU3 KAPT,
TEOJIOTHYECKHX M TeOMOpPGONIOrHYecKHX, OTOGPAXAIUIMX TreoJIOTHYECKOe
CTPOEHHE TepPPUTOPHH U 0ByCroBIeHHBIH UM penbéd. Hawnyuiuve pesynsraTsl
NONMYYaI0TCA MPH KOMIUIEKCHBIX MCCIIeIOBAHUAX, KOIIa MUHEPAIOrH, reoyio-

TH ¥ reoMop¢oNoryd paboTaT BMecTe M BMecTe 06CYXIa0T Bce HOBBIE [aH-
Hble.

APBUTPHI B CIIOPAX

[TozHakOMHBLINCE ¢ OCOGEHHOCTAMH 30JIOTHHOK M COBOKYMHOCTAMM HX
NMPU3HAKOB, MOXHO yBelHTbCs, YTO OHM B COCTOSHUM CITYXKHTh IS TIOHCKOB
30JI0TOPYIHBIX MECTOPOXXICHHH U TePPUTOPHI pacnpOCTpaHeHHs POCCHIMTHOM
30JI0TOHOCHOCTH.

Ho ¥ 310 elle He Bce MX [JOCTOMHCTBA.

briBaoT CiyyaM, KOT[Ia OHH CTaBAT TOYKY B CHOpAaX HCCIeIOBaTesleH,
H TOJIBKO 30JIOTHHKH OTBEYaloT Ha BOMPOCH!, JeCATWIETUAMH COCTaBJIABLINE
NpeaMeThl XapKHX OHCKYCCHH, TO 3aTMXABILUMX, TO BCIBIXMBABIIMX C HOBOM
CHWJIOH cpefu TeX, KTO NOCBATWI ce6A HayKe O CaMOPOMHOM 30JI0T€ H €ro
MEeCTOPOXIEHNAX.

OpuH M3 MHOTHX THCKYCCHOHHBIX BOTIPOCOB — CIIE/LY IOLLIHH.
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PACTYT JIU CAMOPOJIKH B POCCHITIAX ?

CaMoponikH, 0cOBEHHO KpyMHbIe, uaile BCEro BCTPEYAKTICS B POCCHINAX.
Kaszanoce Gb1 ectecTBeHHBIM: YeM Goiblile Macca 30JI0THHOK, TeM Tpy[Hee
YBJI€Yb €€ BOJHOMY NOTOKY BMecTe ¢ OGIIOMKAMM JIErKMX FOPHBIX MOPOLI.
M BOT OHM BBIMBIBAIOTCS, MEPEHOCATCH OT TOrO MECTa, Tjie paspylianack
KWIA, a CaMOPO/IHOe 30JI0TO IBHXKETCHA MeyIeHHee, NMyTh ero Kopoue, a y
IHTFaHTOB ¥ BOBCE HeJaJieK.

Ho noyemy KpynHble caMOpOZIKH HAXOMAT B KOPEHHBIX MECTOPOXKIEHHUAX
Yaule BCEFO B BEPXHHX YACTAX XXWI, B 30HaX okucieHusn? Moxer 6biTh, OHH
TaM ¥ 06pa3yrorca?

Benomuunte BeprukanbHyi0 30HAILHOCTD MeCTOpPOXeHHi. Yem riyBke
YXOOHT pyaHOe TeNio, TeM Gonbiue Menxkoro 3onora. He orpenshbie cny-
Yau — 3aKOHOMEPHOCTb, 8 HCKIJIIOYEHHS, KaK M MOJIaraeTcd, ee NOATBEPxa-
woT. IlpaBpa, kpynHoe 3051010 pasBMTO M Ha BePXHMX FOPH3OHTAX CIIEMbIX
PYAHBIX T€Jl, HE BBIXOIALUMX Ha MOBEPXHOCTb M He 3aTPOHYTHIX IPOLECCOM
OKHCITEHHS.

N BOT yxe MHOrHe HecATWIETMA MHMHEPAJIOTH M TeONIOTH HENATCH Ha
nBa jyareps. IlpefcTaBHTeNH OAHOrO Jyarepsi HOKa3biBAlOT, YTO KpYMHbIE
BBIACNICHHA CAMOPOJHOrO 30JI0Ta OTJIAralTCH B PYIHBIX MECTOPOXICHHUSX,
CTOPOHHHKH JpYroro yBepeHbl, YTO CaMOpPOJIKH O6pasywTcsi B TOBEpX-
HOCTHBIX YCIIOBHAX — B 30HAX OKHCIIEHUS M JIaXe B POCCHINISAX.

BO3MOXHOCTb YKpPYIHEHHsI CAMOPOMIHOTO 30JI0T2 B TIOBepXHOCTHOM
obcraHoBKe fnokasana. [loatoMy BO BTOpO# rumoTese HeT HHYETO HeBepo-
ATHOro. OcraBajioch TONBKO OOHO — HAMTH HEOCTIOPHMBbIE [OKA3aTEJIbCTBA.
Hx He XBaTa/10 CTOPOHHUKAM 06GEeHX TOYEK 3PeHHS.

Ho Bepp mepBHuHOe, pynHOe, W BTOPHYHOE, I'MIIEPreHHOE, CAMOPOIHOE
30JI0TO OTJIHYAETCA MO COBOKYIHOCTH NMpu3HakoB. Temeps, KOrga OHH H3Be-
CTHBI, Ha apeHy CIOpa C MOJIHBIM IIPaBOM BBICTYTIAIOT 30JIOTHHKH, MYCTh MX
THFAaHTICKHE pa3sMephbl TAKOBBI, YTO 3TO YMeHbIIHTEIbHOE Ha3BaHHe MaJlo UM
NOAXOOHT.

WUtak, 0 yeM paccKassiBarwT CaMOPOKH?

BriepBrie, H3yunB meiikie camopopku M3 poccomieit, H.B. [lerposckas
obpaTHiia BHHMAHHE Ha TO, YTO BHyTpeHHee CTPOECHHE H COCTAB CAMOPOJIKOB
M3 Py M pocchiliel OfMHAKOBBL TONBKO TOHKHH NMPHIOBePXHOCTHBIH CIIOM
POCCBIHBIX CAMOPOAKOB ObUT H3MeHEH B pe3ysibTaTe OKAThbIBaHHA H KOPPO-
3HH.

B panbHeHieM Ha OCHOBAaHMM OrpPOMHOrO (haKTHYECKOTO MaTepHana,
CODpaHHOrO HAMH M LEJIBIM PAOM MCCHe[OBaTelnel, MOOTBePOMIOCH: /4,
MOYTH BCErJa CaMOPOIKH H3 KOPEHHBIX MECTOPOXIeHWH, B TOM YMCiie U3
HEM3MEHEHHBIX DY M M3 30H MX OKHCIIEHHA, a TAKE U3 CBA3AHHBIX C HUMH
pocchilied HMET O[JHHAKOBbIE NMpu3HaKH. HeT HUKaKMX OCHOBaHMii CUMTATB,
YTO YCJIOBHA M MeXaHW3M 00pa3oBaHMsa caMOpPOAKOB OBUIH pPazTHYHBIMH.

Bot camopopok u3 30HBI okucneHus. Ha ero nonuposasHoM cpese Bbi-
TPaBJIMBAeTCA CTPYKTYypa, THIHYHAA [UIA CaMOPOJHOrO 30JI0Ta ¢ MIyBOKHX,
He 3aTPOHYTBIX NMOBEPXHOCTHBIMH M3MEHEHHSMM, FOPH3OHTOB PYIHOrO Me-
CTOPOXIEHHA: [BA pANA HENPAaBWIBHBIX 3€pPeH TAHYTCA OPYr [ApYry Has-
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CTpeuy OT CTEHOK TpelWMHBI B KBaplie, CMBIKAACh B LIEHTPE IO HEPOBHOM rpa-
Huue. Ta e KOHUrypauus 3epeH, ONHHAKOBBIM XapaKTep JBOMHUKOB, paB-
Has npo6a. Tonbko B camopopke U3 30HBI OKUCIIEHH ST MHOIIA Pa3BHTHI MEX-
3€pHOBbIE BBICOKONPOOHBIE MPOXWIKH, [1a NOPOH — OTHENIbHBIE 3apOJIbILLIe-
Bble KOppo3uOHHbie 3epHa. [lepelimeM k pocchimu, Gepyuieli Havyaso 0T KO-
PEHHOrO MecTopoXXiaeHHsA. B ee BepXOBrAX caMOPOAKH NPAaKTHYECKH HEOTITH~
YHMbI OT TeX, YTO BCTpPeYeHbl B 30He OKMCIJIEHHS, TOJIBKO WX 3HAUHTENHHO
Gonbuie (3a cueT pa3MbIBa BePXHHX FOPU30OHTOB OKMCIIEHHBIX PY.), 1a TOH-
KHe OTPOCTKH npumAThl. Hixe Mo TeyeHHio BO3pacTaeT OKATAHHOCTh CAMO-
POKOB, BepHee HX YYaCTKOB, OCBODGOMIEHHBIX U3 BMelUAIUIHX MHHE PajIoB.
Or 3toro H3meHserca ¢opma, yBeIMUMBAETCH TOJMUIMHA KOPPO3ZHOHHOIO
CJ1051, NOABNAKICA 30HBI TPAHCIAILMHA, YYACTKH pex pucTam3amyi. Ho B ueH-
TPaJIbHBIX, HE 3aTPOHYTHIX H3MEHEHHAMM, YACTAX CAMOPOAKOB COXPaHSIOTCH
BCE Te IIPH3HAKH, KOTOpbIe BhUTH y PYHOIO 30JI0Ta.

B3auMOOTHOILIEHHSI CaMOPOIHOTO 30JI0Ta C BMeILAILMMH MUHepaTaMH,
B NEPBYK OYepefib C KBapLeM M Cyilb(uOIamMu, COBEpPLUEHHO OIHHAKOBBI B
PYAHBIX M POCCBIHBIX camMopoakax. CamMopoliku, NMOKPHIThIE KOPOYKAMU
BTOPHYHBIX MMHEPAJIOB KeJle3a, BCTPEYAITCA JAJIEKO He BO BCEX 30HaX OKHMC-
JIeHNs] M POCCBHINAX. YCTaHOBJIEHO, YTO TaKHe XKeJe3HCThle KOPKH — 'py-
GanKku™ Jerko OTCIauBaKICA C NMOBEPXHOCTH CAMOPOAKOB, 0BHaXAas HHIIb-
HbIH KBapl| ¢ NPOXWIKAaM{ 30710Ta WIH CaMOPORHOe 30J10T0. CBeXHil KBapl
M HEOKHCIIEHHbIE CY/Ib(HbI, PABHO KAK M [pyrHe IepBHYHbIC MUHEpalsl py-
ObI, HepeAKO ObIBa0T 3aKJIIOYEHbI BHYTPH CAMOPOAKOB.

CamopoikH H KpyINHbIe 30JIOTHHBI B 30HE OKHCIIEHHA M B POCCHIIAX
HMEIOT ra3oBbie H ras’0BO-KHIKHE BK/IIOYEHHA — OCTAaTKH PYHOHOCHBIX pact-
BOPOB; HX HET BO BTOPHYHOM 30J10Te. COCTaB ra3oB BO BKJIIUeHHAX (OTCyT-
CIBHE B HHMX KHCJIOpOJa, COOTHOLLUEHHE MHePTHBIX ra30B M T. [l. ) YKa3biBaer,
YTO MPOHCXOXKIEHKHE HX He aTMOchepHOe, a riyBuHHOe.

CrpykTtypa Bbygenenuit, npo6a, cocTas, cofiepkaHye NMpuMecei, ra30Bbie
BK/IIOUEHH ... Y10 e eme? “Euie” 3aKiinueHo B OroBOpKe “NOYTH Beerma’.

BbiBarwT caMOpoOIKH, BRIPOCIIIHE COBCEM HHave.

06 op1HO# 13 TaKMX BO3MOXHOCTEH TOBOPAT PAJI YUACTHHKOB IHCKYCCHH—
ClydyaercA  YKpyIHeHWe BLIJEIIEHHH 30JI0Ta 33 CYeT MEepeOTIIONKEHHS B 30He
OKHCIIEHHA TOHKOAMCHEepCHBIX 30710THHOK. IlpaBpa, Hy>xHbI BBICOKHE copep-
KaHHA TAKOTO 30710Ta B DONBIIOM KONMMYeCTBE CYNbGHAOB MM CKOIUIEHUA
TEJUIypHNIOB 3071072, YTOOBI MHHEpallbl, ero HecyluMe, JIerko pasfiarajimck, a
OCBODOIMBILIErOCA 30J10Ta OKA3aJIOCh IOCTATOYHO VTS 06pa30BaHUA CaMOpPOJI-
KOB. W 0JoKHBI 6b1Th reoXHMMueckue Gapbephl, He TO3BONIAIONIHE PACTBOPAM
YHOCHTB 3010710. Heobxomumo coverane MHOr#X (hakTOpOB: KIIMMATHYe-
CKUX (HalWyMe Telula, BOAMI), (PM3MYECKHX, XHMHUYECKHX, YTOOBI caMmopop -
HOE 30JI0TO, HapacTas BOKPYI UEHTPOB KpPHCTAIIH3aluH, chopmHpoBano
EIHHOE LeTIoe — caMOopooK. Pesiko, HO TakHe YCIIOBUA BO3HHKAIOT.

Cameie Gonbiine, TOYHO MUATHOCTHPOBAaHHBIE KAK BTOPHYHBIE, CAMOPOJ-
KM obHapyxetp! C.B.fl6noxopoi. Pasmeprr ux pocturanu 20 Mm B rore-
peutiike. BHYTpeHHee CTpOeHHE CaMOPOAKOB pAa3HIENBHO OTIHYANIOCH OT
CTPOCHMA DYNHBIX 30I0THH M OBUIO COBepIlEHHO HACHTHYHBIM CTPYKTYpe
BTOPHYHOTO 301107a. Pasnmuuyanuce npo6a, pacriperiesieHHe NpHmecel; GbUIH
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MPU3HAKKU OJHOBPEMEHHOIO BbI[ENeHUs, NepecilaiBaHUA ¢ OPYTHMH BTOpPHY-
HBIMH MHHepajiaMH.

MHOrHe CaMOpPOOKH OIUMOOYHO OTHOCAT K IOBEPXHOCTHRIM 06pa3oBa-
HUAM TIOTOMY, YTO He AaT cebe Tpyna cONMOCTABUTH BCE NPH3HAKH caMOpof:-
KOB W 3aBeJOMO PYJIHOTO 30510Td, H OTTOrO, YT0 CAMOPOKH B 30HE OKHCIIE-
HHA ¥ B POCCHINAX YaCTO HaXOOATCA B CPACTAHHM C BTOPHUHBIMH MHHEpasiaMH,
obpa3zoBaBLIMMKCA B 30He okHonenusa. Ho Takas cBA3p yKaspiBaer Ha poJiCT-
BeHHbIE OTHOLLECHHSA TONBKO, €C/IH YCTAaHOBJIEHO ONHOBPEMEHHOE OTJIOXKECHHE
CaMOPOIHOro 30710Ta ¥ BTOpHYHbIX MuHepanos. Kak Ha puc. 28: criou 30510713
(cBe1OE) uepemywICs CO CJIOSMM THOPOKCHIOB >ene3a (TemHoe). BupHel
UX HaTeyHple GOpMBI, XapaKTepHble 1A OTIOXXEHHA MHHEpaJIOB B MIOBEPXHO-
CTHBIX ycnoBHsAX. Ecnu e B pyfe caMOpOIKH UMeITH BKITIOYEHHA CYJIbDHIOB
»ee3a U MBIlUbAKA, Noc/eIHue NpeBpaTaTcs BO BTOPHYHbIE MUHEPAJIBI — Te-
THT — TMAPOTETHT M cKOpoouT. CaMOpoOnoOK OKaXKeTCs TeCHO CBA3ZAHHBIM CO
BTOPMYHBIMH MMHepaliaMH, HO caM OH Oyger NpefcTaBlieH OCTaTO4MHBIM pyQ-
HBIM 30JI0TOM.

Oryero Bce-1aKy camble KpyIHble CAMOPOOKH TaK J06sAT BepXHHe YacTH
PYAHBIX TeN?

B uyactHOCTH, MOTOMY, YTO pYyAHOE TEJI0 KOHYAeTCs, MOAXOHNA K reo-
XUMHUeCKOMY Bapbepy, K 30He, rge (GHIMKO-XHMHYECKHE YCIIOBMA H3MEHA-
KOTCA M NPOUCXONUT paspyllleHHe COeIMHEHWH 30J10Ta B PYIOHOCHBLIX pacrBoO-
pax. Bea macca 3051071a, He ycreBuias OTIIOXMTHCA HAa NMPOTAXEHUH pyIHOIO
TeNa, OT ero KOpHeBbIX OO (hPOHTAJIBHBIX YacTeH, BBIIANAET H3 pacTBOpPOB.
J1oMy crniocobeTByeT Gonee cWiIbHas TPEILMHOBATOCTh M pa3BeTBJICHUE Tpe-
IIIMH Ha BEPXHUX FOPH30HTAX, NOJIHOE U MHOTrOKpaTHOE MpOsiBJIeHHEe 30JI0TOH
MHUHEpa/IM3alMH B YYacTKax CMelleHHs riybHHHBIX PacTBOpOB H IPOHHMKa-
IOLIMX C NOBEPXHOCTH BOJL.

30/I0THHKHM PAcCKa3ajii U O HEKOTOPBIX APYrHX MexaHuamax obpasosa-
HHA CaMOPOAKOB. ITO yxe Kak Gbl “He HacTOAUME” CAMOPOJKH, a HCKY CCT-
BEHHO CKpelUIeHHbIe OpYr C JpYyrom Bhifie/leHHs 30510Ta, TAK Ha3bIBacMbIe
KOHITIOMEpPaThl YacTHIL.

KoHriomMeparb-caMOpOIKH COCTOSIT M3 YACTHL[ OCTATOYHOrO WIH poOC-
CBIIHOTO 30710Ta (307OTHIX rajiek WIH MeCYHHOK, CMOTpSA TO pasmepam),
CKPeIUIEHHBIX BTOPHYHBIM WIH “HOBBRIM’ 30JI0TOM WIH XK€ OPYTHMH MHHe-
paslaMH.

BerpeyaroTcss YacTMI{BI OCTATOYHOIO 30J10Ta, CLEMEHTHpOBaHHbIE (ec-
TOHYATHIMH HATEKAMH TEMHO-KOPHYHEBBIX I'MIPDOKCHIOB XeJjie3a U APKO-Xel-
TOrO BTOPHYHOTIO 30JI0Ta.

Takum o6pazom, He oTpHL@s BO3MOXHOCTH 0Opa3oBaHMA B omNpepe-
JIEHHBIX YCNOBHSX CaMOPOAKOB 3a CYeT OTJIOXEHHS BTOPHYHOIO 30JI07a,
MOXHO YTBEepXK/aTh, YyTo B GOnblIeH YaCTH 30JI0TOHOCHBIX PaHOHOB MOJAB-
JIAKUIAA YacTh KPyMHOro 30/107a oOpa3zoBanach B NepBHYHBIX pypax. He wc-
KJIYEHO, YTO B (POPMHPOBAHHMH KPYNHBIX BbIIE/IeHMH GONBUIYIO pOJIb Hrpa-
Tl OMHUCAaHHBIE BhIllle NPOLECCH BHYTPHPYIHOH H NOC/IEPYIHOH Ie peK pHucTall-
NIH3aLMH H pereHepauyuu 30otHH. Ho 310 ye Apyroi paccka3 H3 HEHCCAKa-
€MOT0 3aIaca HCTOPHH, KOTOPKe FOTOBBI MOBEHATh 30JIOTHHKH.
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INTOMOINHUKHU NETEKTUBOB
l

B crapom dmwisme “Tlapern U3 Taiiru’ ecrs HeGONBLLUOH, HO XapaKTePHBIA
anu30f. Mosnonoi maxTep NOKa3piBaeT HEBYLUKE-TEQJIOTY XKENTYI0 KPYIMHH-
Ky, JieXalyo Ha JIAOOHH, H clpallMBaer, 4ro 310 Takoe? “3onoTHHKA”,
“Bepro! A orkyna?’. U reomor, pasmpiiuUifs BCIYX, HA3BIBA€T POCCHIIb,
B KOTOPOH 30JI0TO TaKOrO e pa3Mepa H I[BeTa.

JTOT [MaNior KaK B Karjie BOIBI OTpaXkaeT JIBeé CTOPOHBI NpobieMsr,
M3BECTHOH B KPHMHHATHCTHKE MO HAa3BaAHHEM MHOIOCTYNEHYaTOro HIeH-
THQUKALUHOHHOTO HCCeOBAHHA: BO3MOXHOCTb OIpEHENeHHs no OcobeH-
HOCTSIM 4acTHI{ CAMOPOOHOrO 30J10Ta — 30JIOTHHOK — MecTa ero JoObiuu ¥
OrpaHHYeHHOE YKMCJIO MPH3HAKOB, MOJIOXKEHHBIX B OCHOBY TaKOIO aHaJIM3a.

JIboi pabouni, 3aHMMaroumiica HOGbIYEH 30JI0TA U BMEBIMI Oparo-
LUECHHBIE KPYTIHLBI, CPa3y OTJIMYMT 30JI0TO 3HAKOMBIX €My pOCCHINEH HIIH
Pa3HBIX YYaCTKOB OJIHOH POCCBHIMH. 3TO JIETKO CHENaT U pabOTHHKH 30/10TO-
NPHEMHBIX KacC, TNpelCcTaBHTENM a[MHHUCTPAlMH, MPUCYTCTBYIOLIHE TIPH
CbeMKe 30JI0Ta C INPOMBIBOYHBIX NMPHOOPOB, ¥, KOHEYHO, reOJIOrH, KOTOphIE:
BeJIH pa3BelIKy M NOMOTAKT NMPH IKCIITYyaTalMH MeCTOPOXKIEHUH,

OnHaxo NO3HaHMA reosloroB O XapakTepHBIX OCOBEHHOCTAX CaMOPOJi-
HOro 30JI0Ta PeKO BBIXOHAT 3a Mpeesbl 30JIOTOHOCHOTO paloHa, a mMped-
CTaBJICHHS] HECNEeUHAJIUCTOB OTPaHUYMBAKTCA TEPPUTOPHEN [NeATeJIbHOCTH.
OJHOIO NPUKCKA HITH HECKOJIBKHMH MECTOPOXIEHHIMH.

s Tako# CpaBHHTENBHO HEGOJNBIION IJIOIIAAH OeHCTBUTEIBHO MOXHO
y3HaTh, OTKY/1a MOJIyYeHO CaMOPOOHOE 30JI0TO, HCIIONB3Y A BCEr0 HECKOJBKO
XapaKTepPHBIX MPH3HAKOB — pa3Mepbl 30JI0THH, MX (HOpMY, LBET IUIEHKH HA
noBepxHOCTH. EciM ke BOPYr BO3HMKHET HeOGXOOMMOCTS ONpPEHESIHTh MECTO
[06buHM 30710Ta, TAHHO COBEPIUMBIIETO MyTelIECTBHE, OT/IENIbHbIE YepThI 30710~
THHOK OKaXyTcs BeCCHIbHBIMM.

Tonpko aHanM3 KoMIUIEKCa BCEX IMPU3HAKOB 30J10Ta NO3BOJMT POBECTH
onpefeneH’e HEMOBTOPHMOCTH HJAaHHOM CHCTEMBI M OIHO3HAYHO OTBETHTH HA
Bonpoc. K uueny 1akux BaXKHEWIUMX NPHU3HAKOB OTHOCATCA COCTaB 30/10Ta
¥ ocoGeHHO ero npoba, MoxkaspIBawIlas COOTHOLIEHHE B CAMOPOIHOM 30710+
Te 3051072 W cepebpa, opmMa M pasMepbl BBIIEJIEHHH, XapaKTep IOBEpX-
HOCTH, MpPH3HaKH npeobpasosanuit. O6A3aTeNIBHO UCCNIEQYIOTCA W MHHEpPaIbl,
CpOCIIHECS C 30JIOTHHKAMH, a TAaK)Xe MHHepasibl C BBICOKOH IUIOTHOCTBIO,
CONPOBOXAKOLIHE 30710TO B pOCChMAX, 06pa3ys BMeCTe C HUM TaK Ha3bIBae-
MYI0 TSDKeJTY10 (PpaKuMi0 30JI0TOHOCHBIX NECKOB (LUIHX) .

Ho nyxHo mu BceM 3tHM 3aummarecs? [IpH paccrefioBaHMM CiTyuaeB
XMIUEHHH 30J10Td, €ro yTauBaHHsA, He3aKOHHBIX BaNlIOTHBIX ONepaliii He3a-
MEHMMBIM 3JJIEMEHTAM B PACKPBITHM HCTHHBI CITYyXMUT Npe[CTaBJIeHHEe O TOM,
OTKY[a ¥ KOrga fo6eIT caMOpOAHbIH METAJLL.

PackpbiTHe myTe# ¥ METONOB XMUIEHMM, ONpeNeNieHHe TMKECTH BHHBI,
HEOTB pPaTHMOCTb 3aCNY>KEHHOr0 HaKa3aHHs, BOCCTAHOBJIeHHe 106poro umeHH
YETTOBEKa — 3ABHCAT OT 3HaHWH JKCIepTa M YMEHHUs ero H3BJieub BCro HHPOP-
MalM0, 3aKJTII0YEHHYI0 B CAMOPOIHOM 30JI0Te.

Ha papge npumepoB H3 3KCNEpPTHOH NMPaKTHKH MOXHO YOeIHTbcsA, HAC-
KOJIBKO Ha[IeXXHBIMH NMOMOIUHMKAMH [€TeKTHBA MOTyT ObITh 30JIOTHHKH.
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HEYIAYHA S MECTb

Ha crapom npumcke 3onoroii Jlenn 6ok o Box »um mpa HIaxrepa.
Benas MasaHka oHOro u NMUCTBeHHYHas u3ba ApYroro CTOSJIM CpelH Kapto-
GbeNbHBIX PAAKOB, OTCTYNAs OT MbITBHOM HOPOTH, ¥ COODBLIAMCE C HeH Y3KH-
MH TPONHHKamH, BbIOeraBIIMMH K kaiHTKaM. [lo 3tHM TponmmHkam Xxosse-
Ba IOMOB H HX OETH YacTO HaBeIbIBAJIHCh K COCESM.

PazHble Mo XxapakrTepy M NpPUBBINKAM 'TNIaBbl cemeil He Ghud Ipy3bAMH,
HO, KasaJlocb, HMYTO He MpefBellano ¥ oTuyxaeHHe. OIHAKO XO3SAMUH JIMCT-
BEHMYHOH H30bI Be3 BMIMMOW NMpUUMHBI CcTaN 4ypatbes cocefia. OH HEXOTs
KHBaJl NPH BCTpeye, u3berayl pasroBopoB, a Ha paboTe POHs HesACHbIE Hame-
KH Ha TO, YTO HE BCe er0 3HAKOMBIE XXHBYT IO CPEJICTBAM.

Haxowen, He Briiepxal, 10 €ro croBaM, yKOPOB COBECTH, H 3asBHII, YTO
CIIy4aHHO BBIHIS HOYbI0 NOKYPHTb, BHAEN KaK COCel BBIHYJI CBEPTOK M3
KaprodensHor GOTBbI M COPATAN MOA [OEPeBAHHOH NPHCTYNIKOH Y NOpOra.
YT0 Apyroe, KpomMe NOXMUIEHHOTO 30M10Ta, HAfO Gbl nepenpAThIBaTh HOubK?

Ilpx obbicke B MPHCYTCTBMH MOHSTBIX M3-MOJl NMPHCTYTIKH BbIHYJIA 3a-
NaYKaHHBIA 3eMJIeH H TPYXOH YBECHCTBIH MalleHbKHil Y3e/I0K H3 3aCTHPaHHO-
IO PO30BOro CHTLIA B MEJIKHA KPAaCHbIA ropollex. B y3emke Haxomumace NpH-
FOPLIHSA CAMOPOAHOIO 30/10Ta.

XO03AMH MAa3aHKH Ka3ajics MCKpeHHe NOPa>KeHHBIM M HAYHCTO OTPULAT
CBOX0 BHHY. OH paboTan Ha [0GbINE 30JIOTOHOCHBIX MECKOB B HM)KHEM Teue-
HHM O[IHOH PEYyIIKYM U HH K KaKUM JPYyTuM pa3paboTkam DOCTYyTIa He HMeJl.
Otnyck npoBomMi Ha fore, OXOTOH He GanoBancsa, KOPOBEI He HepXkall H B
TaHry Ha TMOKOCHI HE XOHWI, @ 3HAUMT, HE MOI I[E-TO B MOTACHHBIX MECTax
HaMBITh 30J10TO.

Iostomy copepiaimMoe y3enka nepenamm Ha JKCNEePTH3Y MHHEpaory.

He cocraBwio tpyna ycraHoBHTB, 4TO 3010TO M3 y3enKa ¥ 30/10TO U3
POCCBIIH, Ha KOTOPOH paBoTall NO03peBae MBI, Pa3HTENTBHO HEMIOXOMXKE.

Menkoe, HeoxaTaHHOe, HANPABUITBHOM ¢dopMBl, ¢ yyacTKamH TOBepXHOC-
TH, COXPaHHMBIIMMH SPKUH MeTalUIHueCKHi Greck, Jiexano B po30BON TpA-
MOYKE 30/10T0, CMELIAHHOE C MeJIbYAaHIIMMH YepHbIMH 3epHaMH MAarHeTHTA.
30JIOTHHKH HaXO/MIKCh B CPACTAHHM ¢ MOJIOUHO-GelbiM KBapLeM, crarax-
UMM 30/I0TOpy/iHbIe %Mibl. B uvimxe Gbin oBOHapyeH MHHepal rajeHWT
(cBUHIOBBIH 6iieck), .wacTo CONPOBOXJAKILUHA B 3TOM paiioHe 30JI0TO B
XKHIIaX.

Bce 3TM npM3HaKM HECOMHEHHO YKa3bIBaH Ha BIM3OCTH POCCHITNH, H3
KOTOPOH B35TO 30JI0TO, K HCTOYHMKAM €€ NHTAHUS — pas3pyLuarniMmMcs
KBapUEBBbIM XHJIaM.

[Ipo6a oTaebHBIX 30/I0THHOK M3MeHsIIach o1 790 no 840,

Taxoe 30n0T0 HMrze B paiioHe u TemM Bonee Ha NpHHCKE He NoORIBAITOCH,
HO MO [aHHBIM JKcrepra, ObUIO MOMYYeHO NpU pa3BeliKe ONHOrO KIoya
B BEPXOBbE GONBIIOH 30JI0TOHOCHOM PEKH.

Ilpepnonaraembriii Biiagernel; y3enka pa6oran Ha [oGbme OpyTOro 3o1no-
Ta. C ero yuactieM M3 pOCCHINHK U3BJIEKAJTHCH K PYTIHbI€ 30JI0THHBI, MHOXECT-
BO MEJIKHX, 2 HEPENIKO ¥ KPYIHbIX, BeCUBLIMX Gonee kuorpamma, camopoyi-
KOB. 30/10T0 BbIIO XOpPOIIO OKAaTaHO, Cria)XeHO BOIHBIM NMOTOKOM, mnepe-
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MelIaBLUIMM 30JIOTHHBI MO JIOJIMHE, ¥ OHU npHoGpenu GpopMy MIIOCKHX HIIH
TpeyrosHbIX rajiek. IIoBepXHOCTb 30JIOTMH BBIITISZIENIa Uy Th Llie POXOBATOH,
MAaTOBO#, JIMIIEHHO# 6JIeCKa 3a CYeT pa3BMTHA BHICOKONpPOOHOH KOPPO3HOH-
HOM oBonoukHu. B cpacTaHMH ¢ 30JI0TOM HHOT[a HAXOOWIICA KBapll, OKpaLleH-
Hbli B Gypeii 1BeT rHAPOKCHIAMM Xene3a. Xenesncrble IUIGHKH U KOPOUKH .
0GBONAaKHBAIM OTHE/IbHBIE 30JIOTHHBI MIOTHRIMH “pybanxamu™. B numxe,
OTMBITOM M3 30JIOTOHOCHBIX NMECKOB, BMeCTe ¢ 30JI0TOM OCTaBaJINCh TEMHO-
KOopuuHeBble KyOHkH, oBpasoBasiMecs NMpH OKHCIEHMH NMHpHTa (CEpHOro
KoJuenaHa) — 06bIYHOrO MHHepalia KaK 307I0TOPYAHBIX XHJI, TAK H BMellai0-
IIMX M3 MYCTBIX FOPHBIX MOPO/I.

I[1po6a 3onora Bapsuposana ot 870 po 940.

[Monyuns 3aKJIxOueHHE 3KCIiepTa, CliefloBaTenb Cpasy e O0OpaTwi BHH-
MaHHe Ha TO, YTO 6OMTeNbHbIH cocel paboTaeT Ha pa3Befike TOro CaMoro K-
ya, OTKYHa JOBhITO MOXHIlieHHOE 30710T0. M cBHIeTeNnb NpeBpaTHIICA B NMON03~
peBaemoro. He morpeGoBanoch M MATH MHMHYT, 4TOGbI HalTH B €ro Jiome
OCTaTKH [OETCKOro CHUTIEBOrO IUIaThsd, M3 KOTOPOro ObUT BBIPBAH JIOCKYT
JUTA 37IONONYYHOTO y3eJIKa. .. |

3ayem ke NMOHaJOOMITOCH JIOKHO OrOBOPHTH COCEa, [a elle NMNOXHTHB
JIOTO M pHcKys cBoBopon?

[IpuunHoO# OKazwlock XKejlaHWe OTOMCTHTb. B Bemoi Ma3aHke OTNpasi-
HOBaJM cBanpby chlHA M He NpHIJIacWM Ha Hee cocena. Cnyluas OT3BYKM
Yy>KOro BECEeNIbs, COCEl MYUMWICA OT 3aBHCTH M MHHMMOro yHixenus. Jlocapa
nepepociia B HEHABHCTh, @ HEHABUCTD MOJITONIKHYNA HA MECTb.

A 307TOTHHKH B OY€pelHOM pa3 MOMOIIIH BOCCTAHOBUTb HCTHHY.

[MPECTYITHAA LEIIOYKA

Mpencroan ponpoc 3yGHOro Bpaua, 3aKIOYEHHOrO B CIE/ICTBEHHBIM
usonsitop ByTteipcko# TropsMbr. Ha ouHyio c1aBKy cllefoBarellb NPHIJIackl
3KCIepTa, NMPOBOIMBIIErO MCCleJOBaHUE BELLIECTBEHHOIO JI0Ka3aTeNlbCTBa,
CaMOpPOJHOTO 30JI0Ta.

3y6Hol Bpay GbUT apecTOBaH Ha MHOTOJIIONHOH BeYepHeH MOCKOBCKOH
yIIHLE cpa3y e MOcie TOro, KaK MOMYuusl OT HEMOJIOAOTO COJMAHOIO MY

MpeUIOKKIT KYTHTh 30JI0TO NEPBOMY BCTPEYHOMY Y€JIOBEKY H HHKOIIA
3TOTO 30JI0Ta B PyKax He Jepxas. ITOH ke BEPCHH NPHIEPKUBAJICA H MO
natesb.

OH He 3Ham, YTO ONepaTHBHbIC PabOTHHUKH COBCEM He CIYy4YaHHO C1d
oueBMIUAMH cHeNkH. 3yGHOH Bpau He 3aMmevyall, KaK 3a HMM [JaBHO M IpHC:
TanbHO Habmropanu. Korpga xBapTHpa CKpOMHOrO BBINMYCKHAKA MeIHUMHCKO
rO MHCTUTYT4 32 KOPOTKOE€ BpeMs CTaJla HallOMMHATh CKJIA[, aHTHKBapHOro
MarasvHa, HaOGMTBIH peOgKHMH, [OpOrMMH, HO CJIyYaHHBIMM BellamM, 3TO
He ocTanock He3ameueHHBIM. CaHTeXHHK, 06CIyXXMBaBLLMiH GONBIIOH KOONEe=
PATHBHBIX OM B LIEHTpe CTOJIMLpBI, MEPBhIH BCIYX BBIPasWl yAMBIIEHHE, YTO
Y HAYMHAMLIETO CTOMATONIOra B KBAapTHpe HaMHOro Gojibilie IOPOrMX BeiieH,
YeM Yy cOcedeil — M3BEeCTHBIX yueHBIX M aptuctoB. HenmapmHoe TOYyBCTBOBAJIH
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H B NOJIHKJIMHUKE, ITie Bpay BCEMM NpPaBJIaMU U HenpaBpamu pobwics pabo-
Thl Ha NOJICTABKH, HO NOMONTY 3afiepXuBaics y cBoBomHOro 3y60B pauebHOro
Kpecna. Brnpouem, Tak Npogomkanoch TONBKO HECKOIBKO MECHIEB. [Ipen-
NPUHMYMBBIH MOJIONION YelIOBeK OTKPBUI [OMAllHKH KabGuHer mis U36paH-
HbIX KIIMEHTOB. B MX Kpyry pacrnipoCTpaHHJIMCh CJIYXH O TOM, YTO Y HOBOTO
CIELHATMCTa MOXHO BCTaBHTb 3070Thbie 3yObl, He 3a60TsCH O MOKYNKe uc-
KOB.

M BOT 3aKOHOMEpHLIH PpE3yNbTaT HE3aKOHHOrO npenpUHHMATEITbCTBA.
Ho xak poxaszats, uro 3y6HOM Bpau He ‘[OBONBCTBOBAICA CITYyYaHHBIMH
MOKYMKaMH, a OCHOBaJl CBOE [1eJi0 B pacyeTe Ha MOCTOSAHHOE MOCTYIUICHHE
3070Ta?

[Ipu obbicke B ero kBapTHpe 0BHapYXWTH TAfHHK C 30JI0TOM B BBIIONG-
JIEHHOH HOX(Ke IPOCTOr0 KYXOHHOro Tabyperta, Hererno TOPYABILIEro cpenu
rapHATYpHOro BenHKoNenus. Korpma taGyper NeroHsko TONKHYIIM, OH He
CABHHYJICA C MeCTa, HO NOBEPHYJICS TpajycoB Ha TPHILATH BOKPYT O[IHOH
U3 HOXEK, KaK BOKpyr ceSa. OTopBaB iepeBAHHOE CHAEHHE, B HOXKE YBH-
Aeny ryboxoe OTBEpCTHE, HA [IHE KOTOPOro B KapTOHHOM TpyGouice mexa-
10 CaMOpOJIHOE pOCCHITIHOE 30JI0TO. Brapenen KBapTHpHI yTBEepsKaan, yro
OHO TaKXe CIYYaHHO KYIUIEHO y HEH3BECTHOrO JjiMua. Ilpumersl, ecTecTBeH-
HO, ObUIH 3a0bITHI.

Housro obbick npoussenu y pommteneii Bpaua B Uepku3ose, B Te Bpe-
MEHa — JIepeBAHHOM OKpanHe MOCKBBI ¢ MHOFOUYMCIIEHHBIMM YaCTHBIMU JI0-
MHKamH. B OZIHOM M3 HMX [IBEepb Ha 3BOHOK OTBOPHMIIM Cpasy, KaK ByHTo
AAH, [a, BIpoYeM, TaK OHO H ObUIO: BecTh 06 apecte chiHa M 0BbIcKe B €ro
KBaprvpe gouuia 6sicTpo.

Ha nopore crosa nonHas noxwias eHIMHA, KyTa0Wascs B LI POKHH
xanar. OHa He MOIJIa YHATh HEBOJIBHOM JIPOOKH M BCe BpPeMs MOKa LIWICH
0BBICK CHJIeNa NocpelH KOMHATBI M THXO0, Kak Byro i cebs, bopmorana:
”$l HHYero He 3Hal0. fl HMYEro He3aKOHHOrO He fenana. ManpuMika NnoaowIIH
ToBapuui. OH HMKorga Hac He oropuan”. Ei MOBEPHIIM, HO BCE-TAKH MOMN-
POCHIIH TIOHATYX) NPOU3BECTH JIHUHBIH focMoTp. OKaszanock, Yro, KyTasch
B Xajar, “MOTPACEHHAas MaTh” MPHXUMAIA PYKOH K TNy MELIOYeK ¢ 30J10-
TOM.

Kak u criefioBano oXxuparh, nosBieHHe U 3TOr0 30710Ta NOACeCTRE HHBIL
OOBACHUII OYePEIHOM CITYYaHHOH MOKYTIKOH Y HE3HAKOMIIA.

Bce Tpu nopiuu 30510Ta GBUTH NepeNiabl IKCHePTy-MHHEPasiorTy.

[Ipexcie Bcero cefoBano ycTaHOBMTh, rje [OOBITO 30/10TO M3 KMKIOI
YTIaKOBKH.

Oxa3zanoce, uTo0 Bce CaMOPOMHOE 3010TO MOMYYEHO U3 POCCHIITM OJIHOTO
H TOTO Xe 30JI0TOHOCHOTO PaHOHa M [aXe OJHOTO M TOTO Xe Mpuucka. OmHa-
KO COBEPpIUEHHO OYEBHIHBIM CTANIO M TO, YTO pasHbie MOPUHH CAMOPOJHOIO
METAJIJIA M3BIIEYEHBI W3 Pa3JIMUHBIX YYAaCTKOB. 30J10TO, H3BATOE U3 TAHHMKA H
COPATAHHOE MaTephio, OTTHYANOCh Donee HMPOKHMM BapHauUsMH TPOGHI
OTACITBHBIX 30NI0THH, XapaKTepom INpeoBpa3oBaHMii MOBEPXHOCTH, 0COGEH-
HOCTAMHM BHYTPEHHErO CTPOEHHA BBI[ENIEHHH OT 30710Ta, HAXOMMBILEIOCH
B OymaxkcHoM karncyne. B 10 e Bpems, nepBrie ase MOPLUHHU 30J10Ta UMEJTH
NpU3HAKH, TO3BOJIsABIIME YTBEpPXJaTh, YTO OOHA YacTh 30J10Ta HO6BITA B
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LIaxTe, pacroyIO’KEHHOH BHILE IO TEYEHHI0 OCHOBHOHM 30JIOTOHOCHOW DPEeKH,
a BTOpasi — B3ATa C NPOMBIBOYHOro npHbGopa rufpaBiIMKH, PacloONOXeHHOH
HMDKE TIO JIOJTHHE.

UnrepecHo, YTo poCChHIlb, M3 KOTOPOH 30JI0TO MNomnano B BOymaxkHyro
Kancyjnay, TONBKO HEeJaBHO crana orpabarbiBarees. CreoBaTesIbHO, OHA
nosgHee Moryia GuITh BOBJIeYeHa B OpOUTY IeHCTBHA NOXHTUTENIEH.

Ounas craBkKa He pana pe3ynpratoB. He misaps B rnasa skcrepry, Nop-
CIIeJICTBEHHBIN NMPOMOIDKaN YTBEPXKIaTh CBOE.

OmHako pe3ynbIathl KpONOTIHWBBIX MCCAEJOBAHWH CO BCEH OYEBHJ-
HOCTBI0 OGHApPYXMNM, YTO XMIIEHHE 307I0Ta Ha MPHUCKE He MOIIIO NPOH3-
BOMTHCA OfHMM JMIOM. BepositHo, opynmoBana rpynna, WwieHbl KOTOPOH
paGoTany Ha pa3HbBIX YYacTKaX, MM MMEJICA CKYTILMK 30JI0Ta, YKPa[ieHHOro
BOBJIEYEHHBIMH B mpecTyiviehne miomeMu. U HeACTBHTENBHO, MalbHEHLIEE
pacciefioBaHMe, NpOBeNEHHOE C YYETOM JaHHBIX IKCIEPTHOrO 3aKJIKYEHHS
BBIABMJIO MPECTYNHYI LENOYKYy M JUKBHAMpoBasio ee. Ha mpuucke ObuH
MPHHATEL MEPHI, CHeNaBlIHe HEBO3MOXHBIMH XHIUEHHS 30JI0Ta C LIAXT H
THOpPaBITHK .

KYBIIWH 30JI0TA

B ManeHpKkOM YKpanHCKOM FOpOAKe >XHJIa HEeMOJIOHas OIyCTHBIUAsCH
xeHuHa. Myx ee or6bul IIMTEeNbHOE 3aKIIOueHHe MW 6bUI Ha MOCe/IeHHH
rpe-to Ha CeBepe. Be3 Hero nopgusia Ha HOrM AoYepeH, BhIasa MX 3a
H, OCTaBIIMCH OJIHA B [IOME, MOTHXOHBKY NPHCTPACTWIACH K CIIHPTHOMY.

JIBaXk[pl 3a MOCHEQHUE 1IECThb JIET MYX IpHe3Xal B OTIYCK M, HAKOHEl,
BepHysncs coBceM. [lomnpaBun oceBumit fom, obuxomwn cap. XeHa rmna
pexke, YKpafKoi; TekJia YCTOSBLUASACA >XM3Hb HECTaphiX XO3AHCTBEHHBIX
MeHCHOHEPOB.

BHe3anmHas cMepTh My>XKa NepeYepKHYJIa HanaxeHHbIH O6piT. BoBa cHoBa
HauaJia e)<eJHeBHO BbIIMBaTh, [IEHEr He XBaTaJio, H OHa NpPeIJIOXWIA COCEIAN
KYIIUTD y Hee 30JI0Thie CAMOPOIKH.

W pasble He YyXOble CNEKYJSAUMH, 3TH JIIoOM pa3paboTand peTtanbHbIH
wiaH Geictporo oborauenus. Kynus 3a GecueHOK CaMOpPOJKH, OHM peiiiH
pasbedkaTh MO AaNbHAM PHIHKAaM B [OPYruX padoHax M NpOJaBarh 30JI0TO
BIIECATEPO MOPOXKE XKEHIUMHAM, He BHYIUAIOUMM onaceHus. “Tosap” npemias
FaTd NPOCTOBATHIM ¢ BHOY 0coBam, Hoporo, Ho Ge3BKYCHO OHeThiM, C AB=
HBIMH H3JIHLUKAMU 30JIOThIX YK PAILIECHHH.

[lepBblit e Bbie3[ OKa3aJicA ¥ NMOCIIEIHHUM — YeTY B3sUIH C NOJIHYHBIM.

B capaiiuvke y BIOBbl OTKONANM KYBIUMH, HAINOTHEHHbIA 30MOTHIMA
camoponixamu. Heckonbiko HeGONBIIMX CAMOPOKOB HALUTM Yy CTapiued
JouepH, a MIafilllag CTOJIbKO ke AO6POBONBHO MpHHECHa B MWIMLHMIO —
310 GBUTH MaTepUHCKHE NMOJAPKH U3 OTLOBCKOrO HAacNeCcTBa.

ITpoucxoxpenue Haciencrsa ObUIO MOHATHO — 30J10TO NMpPHBE3, BO3BPa~
THBLLUMCh H3 aJIbHEH CChUIKH, MOKOMHBIH MYXX H OTell.

Ho nepen cnegcTBHEM CTOSUT OTHIOOb HEMAaJlOBaXXHBIH BOINpOC — ObUIO!
JIA 307I0TO MOXMIIEHO IeCATHIETHS TOMY Ha3ajl, KOrja ero Biajeer 3a TaKoe
MpecTyIUieHHe NpencTan nepen CyfoM, HIIM COBEPILMIIOCh HOBOE NpecTyIuies
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Hue? 3HauMrTeNIbHOE KOJIHYECTBO CAMOPOIKOB, MAcCOW JIECATKH rpaMMOB
KaXpii, He Mor Oo6biTh 4enoBeK, BGE3BBIe3THO HAXOMUBIUMICH B rOpHILL-
KOM TOCeNIKe OKOJIO MECTOPOX/IEHHS OJIOBA BJANM OT 30JIOTHIX POCCHITIEH.
Ho paGoras modepom noxapHo#H MalIHHBI, OH YacTO BbIEIKAT M3 rapaxa
B MEXdHHYECKHE MacTepCKHE, Ha 3alpaBOYHYI0 CTaHIMIO, HA 03€pO MbITh
MAllIHHY H MOTI' TaM BCTPEYaThCs C CaMbIMM PasHBIMHM miogbMu. Eciu oxa-
METCA, YTO 30JI0TO IOXHKILEHO B MOC/EeHHE TOABI, HAI0 CPOYHO BHISABHUTH
TNpECTYTIHYX0 LETIOUKY W MePeKphbiTh MyTH XHiueHus. Eciu e 301010 XpaHu-
JIOCh HECKOJIBKO [ECATWIETHH, 3HaYHT HAXO[Ka KYBIIMHA C 30JI0TOM IOCTa-
BHJIA TOYKY B MCTOPHH, CIIYUHBIUCHCA B JAIEKHE OB,

JKCnepTy Npex/ie Bcero Hafo GbUI0 yCTaHOBMTS, OTKyHa pobpIThl camo-
POAKH M BCE JIM OHM B3ATHI M3 pOCChINe# ofiHOro paioHa. [TpH mopmoGHBIX
MCCIICIOBAHUAX HENb351 HCXOOHTH M3 OIHOHM MIIM JABYX BEpCHH, KAKMMM GbI
HEBCPOATHBIMH OHH He NpeacTaBIAIHCch. Heobxomumo cpasuuTh 0COGeH-
HOCTH HCCIIElyeMOro 30J10Ta M CaMOPOHOTrO 30JI0Ta H30 BCEX 30JI0TOHOCHBIX
PaHOHOB cTpanbl. Hamiune wim, HanpoTHB, OTCYTCTBHE TeX HIIH HHBIX Xapak-
TEPHBIX MPU3HAKOB Y 30JIOTHHOK NO3BOJIAET MOCTENEHHO HCKIIIYATh U3 pac-
CMOTpeHHs1 O[HY TEPPHTOPHIO 3a pyroi. HakoHew, ocTanTca TOIbKO IUIOma-
i PaCTpOCTPaHEHHS 30JI0Ta, AaHATIOTHYHOTO TOMY, KOTOPOE MCCIIelyeTCs.

Ha stot pa3 Bce ocoBeHHOCTH caMOpOIKOB MOATBEPAWIIH, YTO OHHU BEOYT
TIPOHCXOXICHHE H3 TOrO 30JIOTOHOCHOTO paioHa, rae paspirpaliach CTapas
npama. Ho ko BpeMenn Bo3BpallieHHs K Heit CAMOPOIKOB CTasIo HOBBIBATHCS

HEMHOrO, XOTA HOBas TeXHMKa Nomoraer 6path Bce GoNbllie AParoleHHOrO
metanna. Pefkne camoponxu, nonapawumecsi B obieit Macce 30510Ta, HECYT
Clefibl HHTEHCHBHON 06paboTich B BOTHOM NMOTOKe, HE XapaKTepHbIe [UIA Ca-
MOPOJIKOB M3 KYBIUWHHA. 3TO M He YIHBUTENIBHO — pa3paGOTKU NpOABHHY-
JIMCh OT BEPXOBBEB PEK M MX ycrbaM. Bopma cMorna moraldts Tyda TONbKO
OT[IeNIbHBIE KPYIHbIE 30JIOTHHKH, CAMOPOIKH, MCIBITABUIME MO NYTH JJIH-
TeJIbHOE BO3[IEMCTBHE B3BEILEHHBIX B MOTOKE YAaCTHI[ IOPOJI H MHHEPAJIOB.

B yronoBHoM fiefle XpaHWIOCh H 3aKJIIOYEHWE MHMHEPATOTHUECKOH IK-
cneptusbl. M3 Hee y3Hanu, Kakue NPU3HAKHM HMeEJIO NOXHLIEHHOE 30JI0TO
H KaKHe MpU3HAKH ObUTH TUOHYHBIMH JUIA 30JIOTHHOK Pa3IMYHOM KpPYIMHOCTH
B OTpabaTeIBAIOLIMXCSA B TO BPEMS POCCHITIAX.

CoMHeHHH HE O0OCTaBaJIOCh: 30JIOThie CaMOpPOJIKH M3 KYBUIMHa ObuiH
YacThI0 NMOXMILEHHOrO MHOIO JIeT TOMY Ha3aj 3onoTta. Paccnenosanue ycra-
HOBHJIO, YTO|Yye3as HaBCerJa C ONIOBAHHOIO pyIOHMKaA, IOdep- KONHIKa’
TMONYTHBIM PEHCOM 3arjifiHy)l B paHoOH, OTKYHA B CBOE BPEMS YHATTWICA C
MeHBIIHM KoMdoprom. OH 3Ha, YTO He BCE €ro npexkHHe COOBLIHUKH YILUTH
M3 XKHM3HH H He OTKPBIBAJI /IO BPEMEHH 3aBeTHOIO KYBILUMHA.
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Yuenne o tTHnoMopdH3IME CAMOPOLHOrO 30JI0T3 H O BO3MOXXHOCTAX HCIONb=
30BaHHA ero ocobGeHHOCTel B KauyecTBe NoKasatened ycioBHH (opMHpoBa-
HHUA Py H POCCHINEH 3apOJHIIOCH U TIOJIYYHIIO pa3BHTHE B HallleH CTpaHe.

U3 nokoneHuss B NMOKOJNeHHe NepemaeTca pacckas o 1om, kak K. JIus-
Heil Ha BOIpOC, NOYEMYy OH CTOJIBKO BPEMEHH TMOCBATHI H3YUYEHHIO HOX[Ies
BOTO uepBs, OTBeTWI: “UepBsAK TakoOH IMHHBIA, a XH3Hb TaKas KOpOT:
Kasa...”. |

3010THHKH GBIBAKT HAMHOIO BOJblLIe H HEM3MEPHMO MEHBLLE YEPBH, HO
yCTpOeHbI OHM emle cloXxHee. M ecniM yBHOETH M Y3HATh MX OCOBEHHOCTH
MOJKHO ITyTeM CKpYNyJne3HbiX HAONIOpeHHH, TO TOHATH MOXHO TOJIBKO BQ
B3aHMOJEHCTBMM BCeX IIPOLIECCOB M SIBJIEHHH, [ENAOLMX 30JI0THHKY MMEH
HO TAaKOM, KaKOH Mbl ee Hablomaem.

IIpournre mioGbie paBOTBHI MOCJIEOHHMX JIET, MOCBALIEHHBIE CAMOPOJIHO-
MYy 30JI0TY, H B Ka)XXHOH W3 HUX Bbl BCTPETHTE TOHATHA ~HEOIHOPOIHOCTD
M M3MEHYMBOCTB’, JTH OCOOEHHOCTH NeNanwT MA3bIK 30JI0THHOK HENpoc:
ThIM, HO OHH JKe M CJIArarT 3JIEMEHTHI MX peyM.

O uyeM paccka3biBalOT 30JIOTHHKH?

O rny6uHe, Ha KOTOpOH (GOPMUPOBATIHCH MECTOPOXOEHHS, O CIIOXKHON
npouecce pymoobpasoBaHus, O TOM, KaK B XOJE €ro H nocjie 3aBeplieHHS
He3aTHXAMIKHEe reoJIOrMuUecKHe CHIIBI MEHSUTH pyObl H pacCeHMBaIM HWIH COOH-
pajli B OfHO MecCTO 3071070, GOpMHpYs pyaHbie cTONObI H GOrarbie yuacr=
KH.

O TOM, KaK, ONaB Ha 3eMHYI0 MOBEpPXHOCTH, CAMOPOJIHOE 3010TO Npeo-
Pa3’0BBIBAJIOCH, MOBBILAIO NMpoOy, PaCTBOPAIOCh H 33HOBO POXIANIOCH HIIH
CKAIIMBAJIOCH B 30JI0TOHOCHBIX IUlacTax.
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O TOM, KaK yueHple pasrafpIBaIM TaiHbI NPOMCXOXICHUA CaMOPOOKOB
W LCJIBIX MECTOPOX[ICHMH, a NpAKTHKH NOJYYATH IYTEBOJIHBIE HUTH s
TIOMCKOB 30JI0TBIX PYII B JIAOMPHHTAX reOJIOTHYECKH X CTPYKTYP.

A BeOob Mbl BHUIOEIH TOJIBKO OCHOBHbIEe, HanbOJlee NMpOCTBIE M JIErKO
pacno3HaBaemMple OCOOEHHOCTH 30J7I0THHOK. MBI IIOYTH He Kacaliuch U3yye-
HUA UX CTIOXHBIMH COBPEMEHHbIMU NPpUBOPAMM — Bellb OHH NOKa €CTh He BO
BCEX IeOJIOYHYECKHX O PraHU3aLUAX.

Yoke celyac monyyeHO MHOTrO CBEJEHHH O TOHKHX 0COOGEHHOCTAX 30JI0-
THHOK. VX BBISIBWIN ¢ NOMOMNIBIO IMEKTPOHHOTO MMKpOCKONA, NpH paciumd-
POBKE COCTaBa NpuMeced, H3yYeHUH KpPUCTAUINYECKON CIPYKTYpBbl, JI€Tallb-
HOW pacuM(pOBKe KPUCTAITHYECKUX ¢opM u H3yYeHUH HX pacpocTpaHeHus
C HMCTIOJIb30BaHHEM METONOB TOTOJIOTMH, M3YYEHMH COCTaBa TOHYAHIUMX, H3-
MEPAEMBIX CTOMWUIHOHHBIMU [IONIAMM CAHTHMETPOB, CIIOEB NOBE PXHOCTH
30JI0THH. BObIIas yacTh 3THX JAHHBIX elife Tpebyer pacumdpoBkH.

He tonsko yBupmers, HO M TOHATH ITYOUHHBIA CMBICTT KaXIOTO Mpu3-
HaKa, NPOABNIEHHH HEOHOPOJHOCTH, NPUYHH M3MEHUMBOCTH H, B KOHEYHOM
CHETE, 3aCTABHTD UX CITYXKHTh YEJIOBEKY — LIEJIb H3YYEHHS 30JI0THHOK.

Te u3 munepanoros, xro HHUKOIZIa He BCTPEYaercs ¢ 30710TOM, IycTh
NPUCTANIbHEE BCMOTPATCA B KPYNMIBI [IPyTMX MHHEpaios. Ilpupona He-
HcyepnaeMa B KaXJI0M CBOEM IpOABIieHHH.

Tem, k10 pmanex ot reonmorum, xorenoch Gbr NepefiaTh YyBCTBO HHTEpe-
(3 H YIMBJICHMA, BbI3BAHHOE 30JIOTHHKAMM — TaKHMH pasHoobpa3HpIMu
H H3MEHUMBBIMH, YTO KaXeTCA TONBKO MO HeOPa3yMEHHI0 MX OTHOCHT K
HEXXHBOH NpHpoJIe.

LleHa 30707THIX CIVIABOB MeHSeTCH B 3aBHCHMOCTH OT CIIOXKHBIX MeX-
AYHAPOIHBIX CHTYalMH, HO B KaX/Ibli ONpe/ieNieHHBI MHUI OHA W3BECTHA.

JIioGas 3070TMHKA MMeeT CBOX LEHHOCTb; OHa MOXeT pacKpBITbCH
HE Cpasy, HO yBM/IEHHasi M NOHATAA, B KOHEYHOM CYETe MOBJIMAET HA CIOW-
MOCTb TeX CaMbIX 30JIOTBHIX CIUIaBOB, KOTOpbIE TaK HYXXHBI COBpeMeHHOH
TeXHHKe, MeOMUHHe, HeoOXOmMMBI WiA yKpellleHua (PUHAHCOBOTO Mory-
LLECTBa M MOTYT JIOCTaBMTb pPajioCTh, CTAHOBACH MPOM3BENEHUAMH HCKYycC-
CTBA M U3ALIHBIMH YK palLIeHHsAMHU.
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Huxonaesa /Iuausa AneKcaHpoBHa

O YEM PACCKA3BIBAKT 30JI0THHKH

3asenywoumit penaxuueit B.A. Kpviwanoscrkuii
PepakTop M3paternsctea f0.A. Poxnoe
XynoxecteedHsilt pepakrop I.H. IOpuesckan
Texumueckue pepaxropst C.B. Kumueea, JLA. Muporosa

Koppextop B.T. H0dosuy

HB N° 7061

IomnmucaHo B MeyaTh ¢ pelponyLMpyeMoro opuruHan-maxera 17.02.89. T — 05659.
@opmar 60%X90 /;e. Bymara KHMKHO-KypHanpHas nas odcerHoit nevatn. I'paHuTypa
Ilpecc-pomaH. Ilevatr odceTHaR, Yen.-newn. 7,0. Yen.xp.-orT. 7,25.
Yu-uzpa. 7,50. Tupax 50 000 sxa. 3ak.N? 6 [1242-2. llena 30 xon.
Ha6op BrimornHeH Ha HabopHoO-TK1LYyLLeH MallHHe.

OpneHa ,,3Hak [Mouera” usparenscrBo ,,Heppa™.
125047 Mockgea, . Benopycckoro Boksana, 3.

MockoBckas Tunorpadus N2 6 I'ocynapcreenroro komurera CCCP no nevatu
109088, Mocksa, X-88, I0xmonoproeas yin., 24.



