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BBEIEHHWE

Hacrosmelf KHHTOH aBTOp mpecyieAyeT Ueab O3HAKOMHTH YH-
TaTead C COBPEMEHHOM METONMKON H3YUCHHS BHIBETPEJHX IOPOXA H
Oponecca BHBETPHBAHAS B, MHXEHEPHO-TCOJIOTMYECKMX  LIEJIAX.
FeHeTMUECKMIA THN OTJOXKCHUN, HASHBACMHEX JMIOBHAJBHBIMA ¥
3aJeralomEx B BHAE coeuudHUUEeCKHX IeOoJIOTHYECKHMX Tea  KOp
BRBETPHBAHHS, O0/7afiaer psgOM XapakTEpHBIX UEpT, Npeaonpe-
IENFIOIAX COEOHATBHYI0 METOAMKY HMX M3y4YeHMsS M ocoOume Tpefo-
BaEAg K Cooco0aM BHIIOJHEHMY HMHXXEHEPHO-TEOJIOTHYECKHX pabor.
OTH UeprH TaKOBHL

1. Pasnnynnie (OPMHE TEONOrMUYECKHMX TEJI H YCJIOBHS MX 3aje-
ragng, O0yC/IOB/ICHHEE THNOM KOPH BHBETPHBAaHWA (IWIOmMAamHas, Ju-
HElHag), HEYETKOCTh IPAHAL] T&JA B JIATCPAILHOM ILUIOCKOCTH.

2. B GonbmAHCTBE C/IyyacB BECbMa HE BHACPXAaHHOE HH B
JIATEPAIbHOM IUTOCKOCTH, HM IO MOIHOCTH 30HAJBHOE CTPOCHHE KOp
BHIBETPHMBAHHS, (€3 UETKO BRIPAXEHHBIX PE3KOCTHHX TEOJIOTHYECKHX
TpaHMll, C MOCTCIICHHAEM 3aMEIMEHHEM OAHMX TNOPHHX IMOPOA APYTMMH,
C MHHMH COCTaBOM, CTPYKTYPOH, TEKCTYpOH.

3. IlocremenHoe "oTMHpaHHe” TCHETHMUECKMX NPU3HAKOB Ma-
TEPHHCKOH mMOpomn (Cy6cTpaTa) ™M HAaKOIWIEHHE YepT, NPHUCYIMX
OCafOYHHM TIOPDHRIM NOpoxaM, (OpMHPYIOIMUMCH B MPHIIOBEPX-
HOCTHHIX TEPMOAMHAMHYECKHX ycjaoBusax. Onu onpemensiorcs ¢H-
JMYECKMMH, XHMHYECKAMHM H OHONOTMYECKMMH B3aMMOXCHCTBHAMH
auTochepH ¢ BHEMHUMH reoo007I0uKaMu ¥ KOCMOCOM. I'eHeTHueckue
NPH3HAKH OXBATHBAIOT BECh KOMIUIEKC YEPT, CBOWCTBEHHHX BhI-
BETPHUBAKINCACS TIOPHOW TMOpPORe: TIpaHyNOMETPHYECKMH  COCTaB,
MHHEDAJBHHA H XHMMYECKMH cOCTaB, CTPYKTYpPy, TEKCTypy,
TPEMHUHOBATOCTh, MOPHCTOCTh, MYCTOTHOCTh, MOKA3aTE/ad CBOMCTB.

4, TlpucyTcTBHe B mnpegenax CpPaBHUTEJIBHO HESOIBIWOro Mo
MOIIHOCTH HHTEPBAa/a pa3pe3a TOPHBHIX MOpOA MOJHOIO CHEKTpa
oOpa3oBannit, OT TPEIMKHOBATON CKAJBHOM IOPOAM 4O AMCHEPCHBIX
IJIAH, OTJMYAIOMMUXCS CTEMEHBIO PAa3yIUJIOTHEHHS, ANCHEPCHOCTBIO H
APYrMMH CBOWCTBAMM,

5. WameHeHHe BeJMuMHH, KXoHbHrypauumn, nNpOCTPAHCTBEHHOM
CTPYKTYPH AKTHBHBIX 3JIEMEHTOB TOJIIH BHLIBETPEJIHIX TDYHTOB OT
N6 A0 KPUCTA/UTMTOB INMH, UX 3(PEKTHBHHMX CTPYKTYPHBIX CBs3eH
(takxe BCA raMMa CBsi3edf OT KpPHCTA/UIM3AUMOHHHIX IO MeExa-
HMYECKMX M KOAryJALHOHHHX); H3MEHEHHE NPOYHOCTHHX, Aedop-
MAUMOHHEX M (UABTPAUMOHHEIX CBOWCTB TPYHTOB, CBSA3aHHOE C
addexTnBHONi CTPYKTYPOI.

IMepeunciieHsHe YEpTH BHIBETPENBIX MOPOA HE TOJbKO SABJSIOTCS
CBHAETENILCTBOM  OOJBIIONO  pasHoo0pasus M CAOXKHOCTH — HX
OCBOCHHSI, HO M OOBACHSIOT; MOYEMY HM3y4eHHE ITHX mopon tpedyer
ocoboit MeTomuKH, crneuu¢pHUECKMX KOMIUIEKCOB MCTONOB.

o cux mop 06CYXmaaMch BONPOCH WU3YYEHHS OJJEOBHS, HO Bedb
CymecTByer €me M TICOJOTMYECKMI Tpouecc, B  pe3yJbTarte
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KoTOoporo ofpa3yercs 3moBHH, IpOoIECcC BHBETPHBAHHA TIOPHRIX
mopor. OH HEpeAKO MHpOTEKaeT HAOCTATOMHO OHICTPO, B TeueHHE
NEPMOAA BPEMCHH, KOTOpHI COM3MEPHMM, a HEPEAKO 3HAYMTENBHO
MEHBIIE NEPHOAAa AMOPTH3AUMH COOPYXEHHS,

Bcaepcteue  3TOr0  Bo3BmKaer mpobieMa  KOJIHYECTBEHHOrO
nmporHo3a mpouecca. Jis nporHo3a HyXHH KOJIHYESCTBEHHHE JAHHHE
O mnapamerpax TIpOIECCa, €ro CKOPOCTH, HWHTEHCHBHOCTH M Ap.
TTonyuyeHue TakuX AARHWX TPeOyeT IKCNEPHMCHTAJILHOIO H3yYCHHS
NpoUEecca BHBCTPHUBAHHSA, €r0 MEXAAM3Ma, YCIOBHH, NPHYHH H
npeacrapaeHnd 3THX (AKTOPOB B BHOE UHCICHHOM MHPOpMaLHM.
Hsyuermem mnpomecca 3aHMMAOTCA B MOJEBHX M J1a60OpaTOPHEX
yCIOBHSAX no CneLnanbHEM OPUTHHAIHHM METOAMKaM,
pPacCMATPHBAEMEM B KHHTE.

EcTh eme ONHO BaXHoE OOCTOATENLCTBO, MENAIOMIEE HACTOAMIYIO
KHATY BeCcbMa AKTyanbHOM. esio B TOM, Yro HM B Hameid, HH B
HHOCTpalrO# auTeparype Gosmee 30 ser He omyGaMKOBAHO HM OMHOIM
MOHOTpahuy, NOCBAMIEHHOH HHXEHEPHO-TCOJOrHYECKOMY H3YUEHHIO
BHWBETPEJHX TOPOA M TNpolecca BHBETPMBAHAA. EIHHCTBEHHas
6pommopa “Meroauueckne YKa3aHHS 0O H3YYCHHIO TNPOLECCOB
BHBCTPHBAHHMY TOPDHHX NOPOJ IS HHXCHEPHO-TCOJIOTHYCCKHX LeieH”
H.B. Konomenckoro (1953 r.) nasHo crana OmGumnorpadmyeckoir
penkocThio. OTAETbEHE HayYHHE CTAThbH, NOCBAIEHHHE BHBETPEIHM
moposaM M BpeMs OT BpeMeHHm nyO/IMKyeMHE B CHELHAJbHHX
XypHanax W COOpHMKAax, He /[alOT CKOJbKO-HHOYAb  MOJIHOTO
NPEACTABJACHUS O COBPEMEHHOM COCTOSHHH METOOMKH MX M3yJyeHHd.
BMecTe ¢ TeM TEOpeTHUYEecKHEe pa3pabOTKM M METOAN HCCAEHOBAHMSA
TOPHEIX NOpOd, B TOM YMCJE 3/IOBHAIBHOIO NPOHCXOXAcHus, B 60-
80-x ropax 6ypmo pa3smBanuch. IIOSBHIOCH MHOTO HOBHIX IIOJIEBHIX
METOAOB HM3yuycHNS TOPHHX HOPOA H TPYHTOB, HE H3BECTHHIX paHee
(AAHAMHYECKOS H CTAaTHYECKOE 30HAMPOBAHME, BPAMATEIBHEIM CpeE3,
NPecCAOMETPAS, IKCIUPECCHHE METONM OUEHKH IPOYHOCTH CKAJIBHHIX
mopox H mp.).

Bomsmme ycnexm NOCTMrHYTH B oOnacti saGOpaTOPHHX WCIThI-
TAaHHM BHBETPEJHX NOpox (CTEHAH, MOIECAMPYIOIHE COBHTH, CTa-
6mnoMerpe, npHOOpPH cXxaTHd - pacTskeHmds H ap.). Ocoboro
BHAMAAMY 3aCJAYyXHMBAIOT CNENMAJIbHHEC METOOW MOJEAMPOBAHUL
NpoUecca BHBETPHBAHHA (BCMECTBCHHOIO H Marematuueckoro). K
HACTOSIIEMY BPEMEHM HAKOIUIEH BeChbMa OOJBMON ONHT W3yuyeHHd
KOP BHBETPHBAHUA B XOAE€ HHXEHEPHO-PEOJOTHUYECCKHX HM3HCKAHUH
and Pa3TMYHHX BHAOB CTPOMTEJIBCTBA. JTOT ONKT aBTOP CUe
BaXHHM 0000mMTbh M MpPENCTABHTH B KHHTE.

ABrop C O/MIarOMAPHOCTBIO NPHUMET 3aMEUAHHS M TOXEJAHHS
YHTaTeNe, KOoTopue OyayT crmocoOCTBOBAaTh COBEPHICHCTBOBAHMIO
najbHEHmeNX pabGOTH N0 M3YYEHHIO TNIPOLECCA BHBETPHBAHHA H
BHBETPENKX TOPOA.



I''nasa 1

NPOUECC BBIBETPUBAHUSA H Er0 NMPOAYKT
OCHOBHBIE TNMOHATHA

BuBerpMBaHME TOpPHHX NOPOJ €CTh TIEOJOTHYECKHH IPOIECC
B3AMMONCHCTBHSA TOPHHX TNOPOJd, (JIaralomMX INPHIOBEPXHOCTHYIO
yacTh 3eMHOM KOpH, ¢ armocdepor, Omocdepoif, HCKYCCTBEHHRHMM
KOMIOHEHTAMH  NPHAPOOHOH copepH, B  pe3yapTate KOTOPOro
H3MEHSIOTCA: CTPOCHHE, COCTaB, CTPYKTYPHO-TEKCTYPHEIE
0cO0EHROCTH M CBOMCTBA TMOPHHX NOPOHd, COCTaB MON3EMHHX BO M
ra3oB 30HH THIIEPreHesa.

K umcny KOMNOHEHTOB BHEHIHMX Cped, AKTHBHO PEarMpylommx ¢
FOPHEIMA TOPOA3AMHA B IPOLECCE BHBETPHBAHHS, OTHOCHTCH:

COJIHEYHOE H3JyYeHHe, MHCOMAUMS;

aTMoc(hepHHE OCamKM, XHMMHUYECKHMI COCTAaB KOTOPHX MOXET
BapbHPOBATH B IIMPOKMX IPEHEax;

KHCJIOPOX M YTJICKHCAHRH ra3 arMocgeps;

PacTATENBHOCTh, YCHIMBAIOMAN  arpecCHBHOCTL  aTMOChEpPHEX
OCaaKOB, NPOXOAAIAX YEPE3 KPOHH [EPEBLEB;

novYBH, yBeymumpalomue pH mnduiaeTpylommxca Bog 3a cuer
kaTuoHHOro obmena m CO, mouBeHHOro BO3yxa;

MHAKPOOPTaHA3ME, NPOAYUMPYIOIMME MHOXECTBO OPraHHYECKHMX
KHCJIOT, MOCTYNAIOIMUX B IOBEPXHOCTHHE M NMOYBEHHHE BOIH;

30HH OKHMCJIEHMS CYJbHAHEX MECTOPOXICHMN, SBJSIOMIMXCS
HCTOYHMKOM ArpecCHMBHHX PAaCTBOPOB;

NMPOMHILIEHANE NPENNpPHATHS, XHAKHE, TBEPAHE M ra3oo0pasHue
OTXONH KOTOPHX SABJSIOTCA AarPECCABHMMH WIHM, pearupys ¢
KOMIIOHEHTAMM BHEIIHMX CpPef, 00pa3yloT arpecCHBHHE IO OTHOMECHHIO
K TOpDHBIM TOPOAAM COCOMHCHHS.

IlepeunciieAHHE KOMMOHEHTH BHEIMIHMX CpeJ HA3LBAIOTCA areH-
TaMA BHIBETPHBAHHA.

Xapaktep H pe3y/nbTaTH BO3JECHCTBHA Ar€HTOB BHBETPUBAHHA HA
TOpPHHE TIOPOAN ONPEENSIOTCa, BO-TIEPBHX, COCTaBOM, CTPYKTYDHO-~
TEKCTYDHEMH OCOOEHHOCTSMH M CBOMCTBAMHM TIOPOX M, BO-BTOPHIX,
NPHPOOHHMM YCJIOBMSMH, B KOTOPHX NPOMCXONHT 3TO BO3aeiCTBHE,

CnapEEMIIAMA M3 TAKMX YCJIOBHH SBJISIOTCH:
KJIMMAT;
pembed;
PACTHTCISHHA HOKPOB;
reoJIOrAyecKoe, TEXTOHAYECKOE H reomopdonoraueckoe

CTPOGHHE MECTHOCTH, CGOPMHpOBaBmMEeCd B NPOOEcce MCTOPHHA
TEOJIOTHYECKOTO DA3BHTHS;

FEAPOTCONIOTHYECKHAE YCIOBHS;

IESTENLAOCTh YEJIOBEKA.

BuBeTpuBaHHEe nPEACTABASCT COOOM CJIOXKHYI0 CHCTEMY B3a-
AMOAEHCTBYIOIMX M  B3aUMOOOYCNOBNIEHHHX  (PHM3HUECKHX, XHMH-
yeckHX, (PU3HKO-XHMHUECKHX, OHOXHMMHYECKHX TIPOLIECCOB -~ KOM-
TIOHEHTOB, COBMECTHOE pPa3BMTHE KOTOPHX B CHCTEME TOpHAd
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CrpoeHve KOPbI BbiBETPUBAHWA (cOCTaB,
CBOWCTBO, BblBeTPENsbIX NOPoA)

Puc. 1. Cxema B3anMOAEACTREA 30HANIBHBIX, PErHOMANIBMBIX H TEXHOTEHHBIX daxropoB
npY GOPMHPOBAHHH KOPBI BbIBETPHBAHHA

mopoxa BOAA ra3 OpraHMYecKoe BEIECTBO CACAyeTr pac-
CMaTPMBATh KaK EAMHBIN TeOJIOTHYECKHIt IPOLIECC.
CocraB KOMILTEKCA MNPOLECCOB KOMINIOHEHTOB BHBETPHBAHMUS

3aBMCMT OT pETHOHANLHHX, 30HAJIbHHX M TEXHOreHHHX (axTopos
(puc. 1), xoTopHie ONMpEAC/SIOT MEXaHM3M IpPOLECCa BHBETPHBAHMA,
€r0 MHTEHCHMBHOCTH, CKOPOCTh M CTENEHb PA3BUTHA.

3oHanpHBIMKH  (AKTOpAMH, NPEXAE BCEMO  KIMMATHYCCKHMM
(6monormueckMMi), OOYCJIOBJAEHH HE TOJBKO MEXaHHM3M MNpolecca
BLIBETPHMBaHHs, HO M €r0 OCOOEHHOCTH, TNPpOSBAAIONIMECA B
pasMMYHEX ~ KJIUMATHYECKMX  30HaX  3eéMHOro  mapa.  JT0
npenonpegendger  CymieCTBOBAHME  MMPOTHOM  30HAJBHOCTH  KOp
BHIBCTPHBAHHS, HAXORAMCH OTPakKEHME B 3aKOHOMEPHOM CMEHE
pasniMYHBEX  TEMIIEPATYPHO-BJAXHOCTHHX kaaccoB (TWK) xop
BHIBETPHBAHWA B MIMPOTHOM HANpAaBACHWY, H  BEPTHKAILHOH
30HAJIBHOCTH, OTPAXaomed H3MEHECHAC KIUMAaTUYECKHX YCAOBHH C
pocTOM aOCOTIOTHHX OTMETOK MOBEPXHOCTH.

A30oHanbHEMH  (aKTOpaMH  CHENyeT CYMTaTh  TEXHOICHHHE,
00yCNIOB/IEHHBIE ACATENBPHOCTBIO YE/IOBEKA.

3onanpieie  (HaKTOPH (KOJIMUECTBO  COJIHEYHOH  SHEPTHH,
TMOAY4AEMOl TOPHBIMH TIOPOA3MM, KONMYCCTBO M COCTaB  armocge-
PHHX OCAAKOB M 3aBUCAIIME OT HMX OHOJIOTMUYECKad NMPOXYKTHBHOCTDb
JaHamadTa ¥ THOH TOYB) onpeeiasior o0/MMK Nop3eMHOM aTMocdepH
M THAPOXMMHYECKYIO OOCTAHOBKY.
6



Bsanmoznciicreue smuTocepR ¢ arMmocdepoit, KOCMOCOM H JApy-
MMM CDEJaMH TP BHBETPHBAHMM Dpeanuayercs B QopMme Macco-
sHeprooOMeHa. PasHMNA B  KOJAMYECTBE COJHEYHOM SHEPIMM W
atMocEepHEX OCaAKOB, MOCTYNMAKIIAX HA EAMHALY IUIOIAAM B Pa3HBIX
KJIMMAaTHYECKMX 30HAX, SBAAETCA NPHUMHON pa3TNuMsS TEMIepa-
TYPHHX M BJIAXHOCTHHX YCJIOBMH B 30HE THMIOEPreHe3a, uTto Cy-
MIECTBEHHO BJIMAET Ha KMHETHKY XMMHYECKHX PEaKuMii M (PU3HYECKHX
NpoLECCOB.

OHepr¥s BHEmMHHX cpex (r1apHHM = 00pa3’oM  COJHEYHAsH)
PacxXoayeTcs B MPOLECCE BHBETPMBAHHSA HA YBEIWYCHHUE YAEIABHOM
IOBEPXHOCTA MOPOAH, Pa3yIUIOTHEHWE, OE3MHTErpalyio, M3MEHCHHS
rpaHyJIOMETPHYECKOTO, MMHEPAJIBHOIO, XHMHYECKOTO  COCTaBa
TIOPOA, MX CTPYKTYPH, TEKCTYDH, CBOHCTB.

Bnmgnme yumcroit sHeprud ComHuma — O0COBEHHO  CUMJIBHO
CKA3HBACTCs B BEPXHEH UYACTH 30HH TIHIEPreHes3a B IIOYBaX,
TIOPOAAaX 30HH a3paluy M COAEPXRAIMMXCH B HUX MPUPOAHEX Boxgax. B
TPOMMKAX TEMIEpaTypa TOPHHX TOpOJ B RBEPXHEH UYacTH 30HH
THIICPreHesa JOCTATOYHO BHAcpxana (29-41 C) wu, kxax npaswio,
BHIIE CPEHETOXOBOM TEMIEpPAaTypH BO3ayxa. B yMepeHHHX mmporax
TEMICPATYPHHEIL  DeXHM  XapaKTepm3yercs  HecTabmwibHOCTHIO,
NEPEXOXOM  TEMIEPATYPH 4epe3 HyJb, LIKTEILHBIM I[EPHOKOM
OTPHUATE/IBHOTO  pammauvoHHoro Oanamca. Wcxons ™3  npasmia
Banr-T'odda, CkOopocTh XMMHYECKHMX peakuuMii B  Ipoueccax
BHBETDNBAHNA NO/DKHA Pa3jMUaThCd B PAa3MYHBX palioHax B 10-100
pas.

B 30He rHHWepreHesa MOAHOTa OCBOCHHN TEILVIOBOH JHEPIHMH
33aBHCHT OT CTEIEHM M PEXMMa aTMOCPEPHOTO  YBIAAXKHCHHS.
OCHOBHWM MCTOYHWKOM BOAH AJiSl TMIEPIEHHHIX NPOIECCOB ABISIOTCH
aTMOC(vapHHC; OCanKH, ofycnosaupalomue  CE30HHO-MHPUNBTPA-
LMOHHHN BOTHHMH peXxuM.

ArMmochepHne OCaK¥M NPEACTABIRIOT Co0O0l MHONOKOMIOHEHTHHIH
XHMAYECKHH pPacTBOp, COCTAB KOTOPOIO MCHSCTCS B 3aBACHMOCTH
OT ECTeCTBEHHHX W HCKYCCTBEHHHX ¢akTopoB. Tak, arpecCHBHOCTb
MX MOXET MHBOINOKPaTHO BO3pacTaTh NpH B3aMMOACWCTBMM C pac-
THTENBHOCTBIO, MHMHEDAJILHHIMM, OpPraHMYECKMMH, B TOM YHCJIE
XHBHMH, KOMIIOHCHTAMH INOYB 33 CueT o0MEHa BOAOpOAa B KOPHCBOM
cucreme. I0.A. DByrenbckuii CYMTaeT, uT0 B BEPXHEH UACTH 30HK
ranepredesa pH Bog MoXxer BapepMpOBaTh B MAPOKMX mpenenax (OT
2,7 nmo 8). BcaeacrBMe 3TOrO0 BOAA ABJASETCS  PABHONIPABHHIM
NAPTHEPOM TOPHHX IOPOX, B3aMMOACHCTBYIOMMX C HMMM B TIpoLecce
puBerpuBaHAs. OHAa axTMBHO Y4acTByeT B TIPOLECCAX AE3HMHTET-
panEM NOpOf, pa3pymIEeHMH MMHEPAJNOB, MHIpaltiM TOponooGpasy-
IOMPAX JJIEMEHTOB M MHMHEpanooOpasoBaHmMili ~ TPOLECCAX, B3ANMO-
06yCNOBAEHHNX H TECHO CBS3aHHHX B IPOCTPAHCTBE H BPEMEHM.

CpemHerofmosas  TEMIeEpaTypa BO3gyXa M €0 BAAXKHOCTh
onpenensior GHONOrMYECKYI0 NPOAYKTHBHOCTh JaHamadra (n/ra »
rog), KoJaeOMOmMYIOCHd B pPa3HHX 30HaX 3eMHOr0 mapa B IIMPOKHX
npenesax: B ApPKTHYECKOH TYHApE 9,5; KyCTapHMYKOBOM TYHIpPE
- 22,7; Gonorax 3amaguoit Cubmpum  32; raiire  70; caBaHHe
mo 1200; snaxsmx Tpommueckux Jjecax - mo 3250.



OpraHHYeckOe BEUIECTBO SBJISETCS MOIIHWM HMCTOYHHMKOM yrJIe-
KHMCJIOTO Fa3a, NOCTOSHHO BHEJSIOMEroCS TPH pa3/IMyHEX OHO-
JOTHYECKAX npeBpamendsx. I[lapuuanbHoe HAaBACHHE YIVIEKHCIIONO
rasa CJHOXHEM 00pa3oM B3aMMOCBH3aHO ¢ Macmralamm MmAHe-
pan3alpA  OPraHMYECKOro  BemecTBa. B cooTBercTsmH ¢
yrnekacaam Ganarcom B atmocdepy ¢ 1 M smpmensercs or 6 mo 10
r/ronp CO,, mo A.A. Konopsxuon. Ilapumansroe namnenme CO;
33KOHOMEpPHO YyBenmymBaercs ¢ cepepa (1,54 MIla) Ha wor (4,23
MIla, paiton Muamitckoro okeaHa). YIIeKHCIWH ra3 sBjiseTcd OXHHAM
H3 OCHOBHHIX HCTOYHMKOB (POPMMpDOBAHHS arpecCMBHHX CBOMCTB
NOA3EMHHEX BOM, TMOCKOABKY MpPH €ro0 pacTBOpEHMM B  BOAE
obpasyerca yrosbHas Knucaora. Ilornmomas yraekucnory, 3eMHBIE
pacTeHHs BHAEASIOT OKBHBAICHTHOE KOJMMECTBO KHCJIOpOAA -
AOTCHONAJ 330aI0WEr0 S5AEMEHTa B 30HE TMNEprene3a. BoJbIHHCTBO
TUOEPreHHHBX TPoNeccos, B TOM UYMCJIE M JATEPATH3ALMS,
COBEPIIAIOTCH B OKHCAHTEILHHX YCIOBHSAX M CBS3aHH C GojabmmMm
norpebsecaneM Kncaopoaa. TakmMm. obpasoM, armocdepHHE OCanKH
copepxar 6OnBmMOS KOAMYECTBO pAacCTBOPEHHHX ra3os  (a3ora,
xucaopona, CO,, MHCPTHHX Ta30B), KOTOpPHE, INPOHMKAd BMECTE C
BOHOH B TFOPHHE NOPOAH, B 3HAYATEJBHO CTCHEHM ONPEREASIOT
o6amK mop3eMHOM aTMochepH.

BHOaBmME Ha TNOBEPXHOCTb 3€MAH aTMOCHEDHHE OCaaKM MH-
GuwipTpyloTcs B TIOpPHHE @OPOAE 30RW aJjpalHM depe3 IOYBHL.
HecMmorps Ha CBOW0O CpPaBHHTENBHO HEOONBLIIYI0 MOIFHOCTB, IIOMB3
npeacTaBaser co0oi axkTHBHEHmYI0 “memOpamy”, Hpm B3aUMO-
OeACTBHH C BEDIECTBOM KOTOPOH CYMIECTBCHHO M3MCHSIOTCHS COCTaB H
CBONCTBA MNPOHWKAOMEHR uepes Hee BOAH. ATMOChEpHHE OCamKH
GoraTHe KHCAOPDOXOM OKHCASIOT, MNDPEXAE BCEIO, OPraHMYECKOE
BEmIECTBO ¥ O0OramaloTcs HONOMHHTEALHHEMH MOPLASIMH YTICKHCIONO
rasa, uYTO TIPHBOAAT K PE3KOMY YBCJIAUEHMIO NAapHMEAJLHONO
JaBaeHHAs  mociaeapero.  OMHOBPEMEHHO  YacTh  OPraHHYECKOro
BEMECTBA PaCTBOPSETCS B DOXK3EMHBIX BOXAX M ramaer Mux
PasHHIMH OPraHMYECKHMH KHCJIOTaMH (TYMHMHOBHMH, (QyIBBO- H
AMMHOKHCNIOTAMM, MYDABBMHOW, WIABENICBOM, YKCYCHOM, JMMOHHOM,
SATAPHOH W JPYTAMM, A TAKXKE NPOAYKTAMH EBX AHCCOMMAINMH).
FymuHOBHE ¥ (yJbBOKMCIOTH MOTYT BH3HBATh IOAKHCJICHME BOX O
pH 3-3,5. Cpeam npyrux KHCIOT, TOCTOSHHO NPHCYTCTBYIONIHX B
NON3EMHBIX  BORAX, ocofas pob  TMPUHANUIEKMT  YIOJBHOI,
NOHMXAKmENX B OTAENBHMX cay4yagx pH mo 4-4,5.

MoxHO yrBEpXaaTh, 4YTO B XOAE CPABHHUTENBHO KpAaTKO-
BPEMEHHOIO B33aMMOACHMCTBAN BHIABMHMX AaTMOCHEPHHX OCAAKOB C
MHEHEPANbHHMHE, OHONOrMYECKHMM, B TOM 4YNCIE JXHBHMH,
KOMIIOHEHTAMA  TNOYBH  (OPOMECCH  PACTBOPCHHWSH, OKMCJICHHL,
BHOIGJIAYHBAHMA) (POPMEMPYIOTCS CYMIECTBCHHO OTAMYAIOMMECS OT
arMOCQEPHHEX MNOYBEHHHE BOXH CO CBOGOOPA3SHEMH XHMHYECKHM
COCTABOM M COCTABOM PACTBOPCHHHX B HMX ra3oB. Munepammsanows

H arpeCcCABHOCTD MOYBCHHHX BOX CHJIBHO BaDHMDYIOT B 3aBHCHMOCTH
OT XAMMAaTra, Hanpumep: cnabad MUHEPANM3ANMS M KMCAHN COCTaB
BOX XapakTePHH i TYMHJHOIO; KOBICHTPANME YOACKMCAHX M
8



Cy/baTHHX COJCH Kaibous mia apupgHoro H 1.4 AM. Tle-
PEIbMaH BHISIBAJI, YTO 1O KHCJIOTHO-IICHOYHHM YCNOBH#M HMOMBCHHHIC
BOAL HOADPA3ACASIOTCA HA YETHPE OCHOBHHIC TPYMNITH.

CWILHOKMC/IBIE  BOABI pH<3
Kucnsie, cnaboxmcmsie BOmbI pH 3-6,5
Henrpasbubie # cnrafomenoamsie pH 6,5-8,7
CywIbHOMENOYHNE BOXH pH>8,5.

Taxmm obpaszoM, 3onanbHEE GAKTOPH KOHTPOIMPYIOT KOJHYECTBO
BOAH, NOCTYHAIOMIEH B 30HY IHMOEPreHc3a, ee TEMOEpaTypy M Xd-
MHUECKHN COCTaB, NpPEJONpeAeSs TIMIPOXEMAYECKHE OCOOCHHOCTH
nponecca (GOPMHPOBAHMS KOpP BHBETPHBAHHSA, €I0 KJIHMATHYCCKYIO
30HATGHOCTD.

C MOMeHTa nonmajgaHns aTMOCEPHHX OCAAKOB B TPEIMWHHO-
NMOPOBOE MPOCTPAHCTBO M MX B3aMMOACHCTBMA ¢ INOPHEMH TNIOPOJAMHA
HAYHHACTCH THNEprenHOe upeolpasoBanme TBepaoit Gasw ®
ONHOBPEMCHHOEC M3MECHEHHME XHMHYECKOTO  COCTaBa HMHOHILTPYIO-
muaxcs BoA. HavaneHee STanh B3aMMONEHCTBMSA BONH C TOPHBIMH
IOpoaMH  XapaKTEpPH3YIOTCS TEPEXONoM B pacTeop moponoolGpa-
3YIONIMX IEMCHTOB B PE3yAbTaTe NPOLECCOB BHINEIAYMBAHMA, pa-
CTBODCHHS, THAPOJH3a, TIuAparanud. HMHTEHCHBHOCTD  BWHOC3
KOMIIOHECHTOB TECHO CBS3aRa C THAPOXNMHYECKHMH YCJIOBHSMHM H
MHTEHCHBHOCTBIO  BOAOOOMEHA, ONpeAeysIomen BpeMs B3auMoncii-
CTBHH BOXH C FOPHHMH mnopofamu. I'sapoauAaMuaueckas OOGCTaHOBKA
KOHTPOJIMPYETCd B 3HAUMTEABHON CTENEHHM pErMOHaNbHEME (ak-
TOpaMH H B OEPBYIO ouepear peapbedoM H CTENEHBIO €ro pacwie-
HEHHOCTH, THICOMETPHYECKMM MOJOXECHHEM IIOPOX OTHOCHTEJIBHO
6Gasuca 3po3md  (reoMOpdONOTHYECKHMH  YCNOBMSIMM), TPEHIMHOBA-
TOCTBIO, Pa3gpOONEHHOCTBIO M TEKTOHMYECKON HAPYIIEHHOCTHIO MOPOX
(CTPYKTYPHO-TCKTOHHUYCCKUMH YCJIOBUSMHE)

IToponu cy6cTpaTa B 3HAUMTENBHOM CTENECHH ONPERENAIOT COCTAB
H CTYPOEHHE MPOAYKTA BHBETPABAaHMA. XapakTep mnpoiecca BH-
BETPHBAHMA KOHTPOJIMPYETCS HE TOJIFKO BAJIOBHIM COCTABOM IOPON,
HO M WMX CTPYKTYPHO-TEKCTYPHHMA OCOOEHHOCTSMH, 3 TaKXe
0COOEHHOCTAMHM  KPHCTALIOXMMHYECKOTO CTPOGHHST  MHHEDAJIOB.
IlepedpopmmpoBanme OFHONO H TOIO X€ MHHEPANAa MOXEY MATH
Pa3MYBHIMH IOyTSMH B 3aBHCHMOCTH OT YCJIOBHM, B KOTOPHX CO-
BEPIAJICA NPOLECC BHBETpEBAHHA. JI1000i KOMOMHALMA 3THX YCHOBMIK
orseyaer cBog MoaMmpUKAOMA TPOLECCa M, CACHOBATE/IBHO,
onpefieicHHNi npoduab KOpH BHBETPHBAHMS, B KOTOpPOM KOJH-
YECTBCHHOE OTHOIIEHAE M pAacnpefeieHHe MUWHEpPANOB, XapakTep
MOPUCTOCTH M TPEIMHOBATOCTH, HaGop M orHomeHwe 30H OyayT
pPa3HBIMH,

B xome B3aBMMOACHCTBHS AarcHTOB BHIBCTPMBAHMA C TODHBIMM
NOPOAAMA  MHTEHCHBHO  PAa3BHBAETCS  KOMIUIEKC  IIPOMECCOB-
KOMIIOHCHTOB - MEXAHHMUYECKOC pa3pymcHHe, XHMHYECKOE  pasno-
XeHHE TOpoA cybcrpata, mnceBRoMopdHOE 3aMemeHue, MEeTacoMa-
TO3, CTAapEHHE Trefelf, KPUCTALTH3ALMA M3 XO/UIOMAHHX PacTBOPOB
H ApPYrde, NPUMBORAMAEC X BO3HMKHOBCHHMIO HOBOH MHHEPANBLHOM 3c-
COIMALMH, YCTOMUMBOM B JAHHOM TEPMOAMHAMHUMECKON (CsenoBa-
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TEAbHO, THAPO- H TCOXMMHUECKOH) OOCTAHOBKE 3€MHOM NOBEPX-
HOCTH.

B..1. Bepraxpckmii OoTMeuas, uTO “UYEJOBEUYECTBO HAa HamMX
Ia3ax CTAHOBMTCA MOIIHOM TEOJIOrMYecKoi CHioi”. JTO MosoXeHHne
B HAaCcTOAMEE BpeMs CTAN0 OOmMEnpuM3HaHHEM B CBASH C 3KOJO-
radecknmMn npoSnemamu. OpyaMsa M NPOAYKTH YEJOBEUECKOTO TPyHAa
PacCMATPHBAKTCH KAaK MOIMHEHIITNE aTeHTH TNPOLECCA BHBETPHBAHMSL.

Illmpoxkoe passuTHE NPOMHILICHHOCTH NpPHBOAMT K ¢opmu-
POBAHHIO OYAarOB HAKOIUICHWS arPeCCHBHHX KOMIIOHEHTOB B Me-
TeOpHHX BOXax M atmocdepe. Atmocdepa 3arps3HSETCS Pa3TMUHBIMM
ra30BHMHA H THMOBHMH OTXOmaMH, coxepxamumu CO.;, SO0, Cl n
T.A.; TOYBH, NOBEPXHOCTHHE M TNOA3EMHHIEC BONH - TBEPABIMH H
XHAKAMH OTXOOAMH, CTOKAMH TEXHMYECKMX XWCInXx Boa. Mcrou-
HHKaMM BOSHHUKHOBEHHMS KHCJIHX BOX HBJSIKOTCS IMaXTH METHOKOJI-
YCHAHHBIX, NOIMMETAUIMYECKMX M YIOABHHX  MECTOPOXACHHI,
MCCTOPOXACHHS, pa3paGaTHBAacMHE  METONAMHM  BHIIEIAYHBAHHS,
UEUTIVIO3HO-OyMaXHHE KOMOMHATH, XMMHYECKHE KHCIOTHHE 33-
BOAW, KOKCOXAMHMUYECKHE, Ta3oBme, He(TeneperoHHne, Cynep-
docdarene, caxapHbe, KPaxXMaJbHO-NATOYHHE M MOJNOUHHE 3aBOAH,
abpukn, nepepabaTHBAOIME CHpbEe AJIA TEKCTHIBHOH NPOMBII-
JICHHOCTH, B COCTaB€ KOTOPHX COAECPXAaTCH CCPHAd, CONAHASK,
a3oTHag, (rToprcTO-BONOPORHAA, YXCYCHAf, CaxapHas KHCJIOTH H
MHOXECTBO [PYTMX AarpecCHBHHIX KOMIIOHEHTOB. BrGpacuBaeMuHe B
atMocdepy XJIOp, CepHMCTHIA ras, ¢rop, CepoBOHOpPON M HKpyrue
3arpsA3HLAIOT BO3RYX, CO3JAOT SApa KOHAeHcaumn and ¢opmupo-
BaHUA "KHCIHX HOXIeH”.

OcobenHo Hu3kme pH AOXAEBHX BOX OTMEYAKOTCA B PAaOHAX
Pa3MENICHHS KDPYNHHX NPOMHIOUICHHHX npeanpusatuil. [To moacueram
CHECLAATHCTOB aMEPHUKAHCKOTO AarcHTCTBA IO OXPaHe OKpyXawomei
CpeAn, MPOMHNLICHHHMH TNPEANPHATHSIMA M JHEPrETHYECKMMH 00b-
extamu CIITA smbpacuBaerca B atmocdepy 4 MJIH T RMOKCHAA CEPHL.
INoctynas B Bo3gymHmit 6acceiH Hanm KaHaACKOM TEpPPHUTOpMEM, OH
SBJIETCS TMPAYMHOM “KUCAHX NOXACH”, caenaBmux Oe3XH3HEHHHBIMMU
148 o3ep B mpopunumm Onrapuo. TIpoMumieHHNE OOBEKTH AHCANM
BHOpPACHBAIOT TOMBKO B OCEHHE-3MMHMiIt mepuox okono 150 TeC. T
CEPHHCTHIX COCHMHEHMI, KOTOPHE BMECTE C ROXIAMH BHNAKalOT HA
reppuroprto CkanpuHasuu. TakuMm o0pa3oM, TEXHOr€HHbI ¢HakTop
OKA3HBACT OrPOMHOE BJIMSAHHE Ha (HOPMUPOBAHME ATPECCHBHBIX
MHOAABTPYIOIMXCS BOA, M CJIEAOBATENbLHO, Ha Xapakrep mpouecca
BHBCTPHBAHHA TOPHHX MOPOX.

ITponykToM mnpouecca BHBETPHBAHMA SBAAIOTCS  JMIOBUAJIBHEE
TPYHTH, caaralomue npodwis Kopw BuBerpuBanud. QopmupoBaHHe
KOPH BHBETPHMBAHMS - CJIOXHHHM MWHTErPAaTUBHHMN Mpouecc, Ana-
JIEKTHYECKH COYETAIOMMUi KOHCTPYKTHBHOE ((POpMHpOBaHMe IMIOBUSK) M
ACCTPYKTHBHOE (paspymeHMe MAaTepMHCKMX mnopox) Hauvana. OH
BKIIOYAET: pa3pymIeHHe H  Pas3jioKeHHEe MCXOAHONO  BEIIECTBA
MaTEPUACKMX IIOPOA; YaCTHYHHN BHHOC W TNeEpepacnpencacHHe
MHHEPAIPHHX  (XMMMYECKHX)  KOMIOHEHTOB, O0YyCJIOBNMBAIOMMNX
opMHpOBaHNE 30H BHIIE/JAYMBAHNS M BMHBAHHS; B3aNMOICHCTBHE

10




KOMIIOHERTOB CHCTEMEH rOpHas mopoaa pacTBop 6nora ras,
pe3yJbTaTOM KOTOPOTO 4BJSETCS CHHTE3 MOBHX MHHEpPAnoB (M B
LICJIOM TOPHHX TOpOA), MPOSBAMIOMMMCE B (opMe MeracoMaTH-
YeCKHX 3aMCHICHUM NMEPBMUYHHIX MWHEPAN0B, POPpMMPOBAHHAI LEMEHTA,
rpaHy/s, KOHKpeuui, OnokoB ("NPIHMKOB”) M B LEJIOM I€OJOTH-
YECKHMX TEJ, TNPEICTAaBAEHHHX pAIHUYHEMH  JIKTOJIOTHYECKHMH
Pa3HOCTSMH, HAXONSIMMHCH MEXay doboit B CTporo (pMKCHPOBAHHBIX
MPOCTPAHCTBEHHBIX OTHOMEHHUAX M COCTaBJASIOMMX ONpeNeICHHREN
npoHab KOPH BHBETPHBAHHUS.

B mpouecce BHBETPUBAHMS OTYETJIMBO IPOC/ICKHBAETCH ACHCTBHE
3aKOHaZ MAaTEPHAJMCTHYECKON JWANEKTHKH - B3aMMHOTO IEPEXona
KOJHYECTBEHHHX HM3MEHEHMH B KauecTseHHBe. OH BHpPAaXaercs B
TOM, YTO MOCTCNCHHHE KOAHYECTBEHHHE M3MEHEHUS B XHMHYECKOM M
MHHEPANBHOM  COCTAaBE IIOpOA, CTEIEHM M XapakTepe HMX pasy-
IUVIOTHEHHd, XapakTepe CTPYKTYPHHX CBA3el IPUBORAT K (op-
MHPOBAHHIO B Tpodwie BHBETPHBAHMA KAYECTBEHHO pA3NMYHHX B
rEOXHMMHUYECKOM,  JIMTOJOrO-NMETPOrpaMyeckoM M MHXEHEpHO-
reo/IOTAYECKOM OTHOIICHHH 30H.

30HAJIBHOCTD CTPOEHHA KOP BBIBETPMBAHHS

CTpoeHHE M MOIIHOCTD KOP BBIBETPHBAHMSA ONpPENEISIOTCS IO-
MHMO pErHOHaJBHHX, 30HAJIbHHX M TEXHOIeHHHX (aKTOpOB Bpe-
MEHEM, B TEYEHHE KOTOPOTO NpPOMCXONH/IH BHIBETPHBAHHME, CHOC M
aKKyMYJSIUMA MPOAYKTOB BHBETPHBAHHSL.

CymecTByOT B3 OCHOBHHX TIOAXOH3 K pa3le/CHHI0 KOPW BHI-
BETPUBAHMS HA  30HH TEOXMMHUYECKHA M MHXCHEPHO-
reojiornueckmif. B OCHOBY mepBOrO MOMOXEHH TreOXMMHYECKHE
kpurepun. CpeAM TEONMOrOB M TEOXMMHKOB Haubonee MmMMPOKMM

Npu3HaHMEM ToAk3yercs cxema, npeutoxennas W.M.Tuu3byprom.
YunTHBag CymeCTBEHHOE BJMAHHE KJIHMaTHyeckoro ¢akrtopa Ha
NpolecC BHBETPMBAHMH, MHOTME aBTOPH NHTAIOTCA YBA3ATh C HUM
30HAJILHOCTh CTpPOEHMS KOopu BuBeTprBaHua (A.I.YepHaxoBckui,
1974).

CxeMH pacy/JIeHEHMs KOpD BHIBETPHBAHMS HAa 30HH B HMHXXCHEPHOM
reomormu  npeanoxedw I.C. 3onorapesmm (1948, 1963, 1971),
H.B. Konomencknm (1952), B.B. IlIseuom (1970), 10.[. MarseeBnm
(1970), D.A. Ixasaxumsmau (1962), I'K. Bougapukom (1963),
AA. Ckuboir (1978), JL.A. dpr (1974, 1985). HauGonee mmpoko
HCTIONB3yEMOM B Hactosmee Bpems sasasercs kiaaccubmkanus I'.C.
3osorapesa (puc. 2).

B npakTHKE HMHXEHEPHO-TCOJOTHYECKHX MCCICNOBAHMA  1nd
MJPOTEXHHYECKOTO CTPOMTENICTBA TNPHMEHSETCS  KIacChpuKaums
Mopox KOPH BBIBCTPMBAHMS, B OCHOBY KOTODOH TIOJIOXEHO Ipen-
CTABJICHHE O TOM, UTO HApPYIIEHUME IEPBUYHOM COXPAHHOCTH TECHO
CBA3aHO C Ppa3yMJIOTHEHMEM MACCHBA BCJIEJCTBHE MCKYCCTBCHHBIX H
€CTECTBCHHHX TNPUAYMH, Ppa3BUTHEM TPEMMHOBATOCTH, CTPYKTYPHOMR
nesuHrerpaumy, BumenauusBauud [15]. Tlo creneHm aesnHTErpauvn
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¥ W3MEHEHUA (PH3MKO-MEXaHMYECKMX CBOMCTB CKAJIBHHX TOpPOd B
KOpe BHIBETPDMBAHMA BHIENAIOT TPH 30HH A, b5, B.

30Ha A - pa3pyIEHHHE CHIbHO BHIBETPEJIHE W Pa3yIUIOTHEHHHE
HOpPORH, XapaKTEpU3yIOmMecs HaauyueM OGonbmoOro yucia pasHo-
OpPHEHTHPOBAHHHX TPEIHH, KOTOPHE YA4CTHYHO MWIH TOJIHOCTBIO
BHIIOJIHGHH PHXJHMH T@POAYKTaMH BHBBETPDHBAHMS WIH TIPHBHE-
ceHHHM MeJiko3eMoM. [IpH JerkoM ymape MOJIOTKOM IOpOAa pac-
CHMAeTcs Ha MeJKHe 00noMkH, mebeHp M IUIMTKH PasMEpOM MEHEe
10 cm. KoaddHumeHT BHBETPEIOCTH OTHOIIEHHE TUIOTHOCTH 00-
pa3na BHBETPEJIOH MOPORH K IUIOTHOCTH TOH € NOpodn B HEBH-
geTpesioM cocrossHuM - K..<0,8. Ob6vemumit  xoadpuument Tpe-
mUHHOM nycToTHOCTH K:im>5%. Iloponw mnommarorcs paspaborke
MPOCTHIMH  MEXaHHYECKUMH  CPeACTBaMM (€3 NpPHMEHEHHMs B3pHiB-
YaTBiX BEILECTB M IUIOX0 YKpPeIusTcd uHbekuuei. OHuM nomaexar
YOQJCHHI0O B OCHOBAHMH OETOHHBIX IUIOTHH M HENPUIOOHH B Ka-
yecTBE HMX MPOTHBODMIBTPAUMOHHHX 3/neMeHTOB. 30Ha 5 cpen-
HECOXPAHHBIE, OTYACTH BHIBETPEJIHIE W PpPa3yMUIOTHEHHBIE MAaCCMBH
MOpPOA C OTAEJbHHMH pACIHUPEHHBIMH TPEIUHAMH, TOJHOCTHIO WIH
YACTHYHO 3aMOJIHEHHHMM MeakodemoMm. [lo TpemmHaM H  30HaM
npobnenus Habmonaercs u3bmparenbHoe BHBETPHBaHMEe OGojee MH-
TEHCHMBHOE, YEM B OKpPYXalomEeH Iopone K, = 0,8-0,9;
K = 2-5%. CkanbHeleé MacCHBH 3TOH 30HH NOAHAIOTCH YKpen-
JICHHIO MHBEKIMEH, XOTH, MO 3KOHOMHYECKHM COOOpaXKEHHAM, yHaa-
JicHHE uX OuhBaer BHIOAHee, 4eM yKperuieHdHe. [loMHOCTBIO WiIH
YACTHYHO IMOPOAB 3ITOH 30HH TMOMJIEXKAT YAAJICHHIO, €CJH IO CBOHUM
(PM3MKO-MEXAHNYECKHMM CBOMCTBAM HE YIOBJETBOPSIOT PacCUETHBIM
tpeboBaHMIM YCTOMUHBOCTH WK yCAOBHSAM HanpsXEeHHO-
1eOPMALMOHHOTO COCTOSIHUS COOPYKEHHS.

3oua B OTHOCHTEJBHO COXpPAaHHBE, CAabOBHBETpPENNE U
Pa3yIUVIOTHEHHHE MACCMBH TOPHHX MOPOA, OTJAMuaroumMecs u30u-
pATENIbHHM BHIBETPUBAHMEM TOJIBKO BOJIb TEKTOHMUYECKMX TPEMIUH M
30H apobnenus. K. = 0,9-1; K = 1-29%. B ocHOBaHMM IUIOTMH
nopoan YAQJICHHIO HE MOMJIEXAT.

Ha ocHOBaHMM aHa/nM3a MEXaHU3Ma IMpPOLECCa BHIBETPUBAHUA U
3aKOHOMEPHOCTEN CTPOEHHS KOpPH BHIBETPHBAHMS MOXHO 00OCHOBATBH
CXEMY paCuIeHEHUs KOPH BHBETPUBAHHMs Ha 30HH. OHa paspaGoraHa
Ha 0ase cxeM pacuneHEeHHS KOpPH BHIBETPMBAHMA HAa 30HH,
npegnoxennnix H.B. Konomenckum, TI'.C. 3onotapeBniM, HO B
OTJMYHE OT HHUX B OCHOBY pasmeJcHUS TOJMOXEHH: MEXAHU3M
Nnpouecca, MHHEPaNbHWI cocTaB, xapakrep 3¢EdeKTHBHBX CTpyK-
TYpHHIX CBS3€l M CTPYKTYPHBIX CBS3€iH MHHEpAJIbHOIO YPOBHS,.
CTPYKTYPHO-TEKCTYpHBIE  OCOOEHHOCTH M (PM3UKO-MEXaHHUYECKHE
cBoMCT-A  mopoxd. Mcronb3oBaHMEe — NEPEYMCIEHHBIX  KPHTEpPHEB
obecne-“BaeT pacwieHeHHe KOp BBIBETDUBAHWS HAa 30HBI, pas-
JHYAIOUIHECS ~ MEXEHEPHO-Te0JIOTHYECKOM OTHoweHuu. [lpuHuu-
NHAJbHLT CXEMA ICLOHHOTO CTPOEHMST KOPHl BHIBETPUBAHUSA NpeR-
crasneHa B Tabsn. 1. Cxema oTBeuaer mnoMHOMY npodMII0 KOpH

BHIBETPUBAHUA, (POPMHDPYIOMENHCS B YCAOBMAX BJAXHWX TPONMMKOB
(puc. 3). Tlo Mepe nBMXEHHS K CEBEpPYy H3MEHAETCS XapaKkTep
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Puc. 3. Crpoenne, H3MEHEHHE cocTaBa (a) M cBolcTB (6) KOpbl BbIBeTPUBaHHA 6a3alb-
70BbIX NOpPUPHTOB BreTHaMma:

] — KaBepHO3HEA MOPpONS, CUEMEHTHDOBAHHAS TMIPOKCHIAMM, Xee3a; 2 — MNECTPO-
OKp8LIeHHbIe K80JIMHOBBIE IIIMHBI KPACHOTO, KOPUYHEBOTro, TEMHOT'O LBETA, IUI8CTHYHBIE
MHMpHBIE, MAKPOMOPHCTEIE C YEPBEOOPA3HLIMM  BIITIOUEHHAMH OKCHIOB Xene3a; J — mie-
Gem» 3G dy3uBoB (pa3mMepomM 2--8 cM) pa3oObimeH IIIMHKCTHIM 3amonnuTeem (o 40 %),
MMHEPWIbHBI COCTSB H3MEHeH, MOpONa MPONMHMTAHA TMAPOKCHIAAMHU  Jkene3a; TeKCTypa
MBTEPHHCKHX NOPOR coxpaHena; 4 — meGens 3¢ dysusap Gonee KpymHOTO pasmepa,
¢ DIMHHCTHIM 3aNONHMTENEM 00 15 %; 5 — TIOPOH3 CO CTPYKTYPHO-TEKCTYPHBIMH 0CO-
GenHoCTAMK CyOGeTpaTa, pa3GuTa TpeUMHAMK BhIBeTPHBAHHA; 6 — 683ay1bTOBbI NOpPdH-
PMT, TEMHO-CEPbIi IIOYTH YepPHbIit

NpoLEcca M TPOMCXOAMT YCeucHHE (CBEpXY) 30H (MOA30H) COB-
PEMEHHOH KOpH BHIBETpUBaHMA. Tak, B YAaCTHOCTH, HAa TEPPHTOPHH
CCCP B mpodwiec COBPEMEHHOH KOPH BHBETPMBAHMS TOJAHOCTHIO
orcyTcrByer 3oHa Y ® mom3oHa 1V-B; momsona IV-A xapakrepua
I8 IOXHHX paitoHoB crpanu (cMm. taba. 1). 3oua lII B moaspumx
paiioHaX BBHPOXHACTCH; TaM KOPH BHIBETDHBAHMA IpPEICTABJICHH
mon3onamMu II-A n II-B. JIpeBHHe KOPH BHIBETPUBAHMS MOIYyT MMETb
MOJHHM npodmiab.

TEMINIEPATYPHO-BJIA’KHOCTHBIE KJIACCBI KOPbI
BBIBETPHBAHHUA U MEXAHHM3M TIPOLIECCA

IIporno3 5k30reHHEIX reosormuecknx npoueccos (IITD) onHa
HM3 BaXHEMIUMX NpoOneM COBPEMEHHOM HHXEHEPHOH reonormu. Ak-
TYaJIbBHOCTh €€ peIeHUS BCe OOJbIIE YBEAMUMBAETCH C  POCTOM
MHTEHCHBHOCTH  XO3SIICTBEHHOIO OCBOEHHS TEpPpUTOpMH. Kpome
TOIO, TIPOrHO3HPOBAHMC 9K3O0T€HHHIX TEeQIOTHYECKMX  MNPOLECCOB
cnocoOCTByeT  pemeHuio r00anbHON npobsiembk OXpaHW OKpYy-
XalomMeiH Cpean W PAUMOHAJILHOTO MCIONb30BAHMS 3CMHHX HEAp.
OcBoeune Teppuropud 0€3  yuyeTa 3aKOHOMEDHOCTEW pa3BHTHS
9K30T€HHHX TEOJIOTHYECKHX NPOLECCOB MOXET BHI3BAaTh M BHI3HIBACT
OTPHUATE/LHBHIE H JaX€ KaTacTpouueckue NOCACACTBHSL.

Paspaborka mporHosa TtpeOyeT M3yueHHMs MEXaHM3Ma mnpouecca,
T.€. HMCCJIICHOBAHMSA €r0 XapakTepa, HWHTEHCMBHOCTH M PEXHMa,
NIPEONPENCAIEMOT0  B3ZUMONCHCTBMEM  TEONOrMUYECKOM cpeasl ¢
BHewHMMHM cpegamu. CBoitcTBa BHEWIHMX cpel OOyCAOBAEHH  1UHM-
POTHOM M BHCOTHOH KJIMMATHUYECCKOM 30HANBHOCTBIO. Paznnumg
TEMIEPAaTyPHO-BJIAXHOCTHOTP  pexXuma  Jjutocdepn  (KOMMuecTsa
COMHEYHONM OSHEPrHM M BJAard, NOCTYNAOWEHd HAa EQWHHILY 3EMHOM
TOBEPXHOCTH) M COOTBETCTBYIOIIME MM THUNBI MOYB M OMOLIEHO30B
ONpEAENIIOT Pa3NHYMsd MEXAHU3MOB.

YepTH npouecca BHIBETPUBAHMA M CTPOEHME €ro MPOAYKTa
KOpH BHBETPMBaHMS - OO0YC/JOBJECHH 30HAJbHEIMM, PErMOHATbHEMM M
TEXHOTeHHHMH (akTropamMu. OHU ONpeaAesqaiOT XapakTep, TEHACHUMM M
KOHKPETHHIH MEXaHU3M MNPOLECCa HA HEKOTOPOM KOHEYHOM ITamne ero
HEYCTAHOBMBIUEHCH CTafWMM, 3a TpeAesaMM KOTOpOro  MNpOIece
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Puc. 4. Cxemariueckan kapra TWK kop BbI-
BETPHBAHHA KapGOHATHBIX MOPOA €BpONed-
cxoit vactu CCCP:

] — u3BeCTHAKM, MOIOMMTLBI, NMPOMEXYTOF
Hble pa3HocTd; 2 — men; 3 — rpanma TWK,
LUudps Ha pucyrke — nHgexc WK

e B Ny

MEPEXOANT B CTAAMIO OTHOCHTENBHOM CTAa0MWIM3AaUNN. IO0HAJIBHHE
¢akTOpH nNpenonpeResicHH HIMPOTHOM KJIMMATHUECKOW 30HAILHOCTBIO
3emuoro mapa, o0ycnoBAuBAT (OPMHPOBAHME B TpPEAENAX KJH-
MATHYECKOM 30HB OOHIMX UEPT CTPOGHMS KOP BHIBETPHBAHHS
Pa3IMYHEIX MCXOAHHX TOPOA. JTO OOCTOATENBCTBO HAET aBTOPY
OCHOBAHHE NPENJIOXKHTb MOHATHE “TEIUIOBJAXHOCTHHH' (KJANMA-
THYECKHMH) THN KOPH BHBCTPHBAHHA, NOX KOTOPHM CJeAyeT HO-
HHMATh TIPHCYINEe HAaHHOH KJAMMATHYECKOM 30He 3eMHOro mapa
THIIOBOE CTPOEHHE XOPH BHBETPUBAHMS, oOupenensemoe Habopom
MOCJEAOBATENBHOCTBIO CMEHH MO pa3pe3y M MOMHOCTBIO 30H KOpH
BHBeTpUBaHuAa [27].

KrauMaTHueckuit THII KOPH BHIBETPHBAHNS 10 3HAUEHMIO OTHOMICHUS
KOJIMYECTBA aTMOC(EPHBIX OCAAKOB K BEJHMUHHE MCIAPEHMS Ue-
necoo6pasHo  pasHeNMTh HA TEMMEPATypPHO-BJAXHOCTHHE  KJACCH
(TWK). TeMnepaTypHO-BJAXHOCTHBH KJAaCC KOpPH BHBETPHBAHHA
NPEACTABAACT coboli CceMeMCTBO KOp BHBETpMBAHMS, GOPMUDY-
omeecs B YCJIOBHSAX OTIPEAEJICHHONO TEMICPATYPHOTO M BJaX-
HOCTHOTO PEXHMMOB TPHMOBEPXHOCTHOM YAaCTH HEKOTOPOM o0aacTH
JATOCEPH M OTBEYAIOMMX KM THIOB MOYB M OMOLEHOB.

TeMnepaTypHo-BJAaXKHOCTHHII KJIacC KOPH BHBETPUBAHHS B 33
BHCHMOCTH OT PETHOHAJbHBX (AKTOpOB, TPEXAE BCErO COCTaBl
cybcTpaTta, MOXHO pPa3fe/iMTh HAa MOAKJACCH, CHOPMHPOBABINMECS HI
MarMaTHYeCKHX, OCaZOMHHX M MeTaMopHYecKHX NOpOxax.

TIpowyutiocTpupyeM pacCMOTPEHHYI KAACCH(MHKALMIO NPHMEPON
kapGoHatHeix mopox espomneiickoit yacth CCCP. Ha 6Gase Kaprm
xaumatnyeckoro parionnposands CCCP nox pemaxuueit B.I1. Anucoss
MOXHO Bugenurp 7 obnacreit (puc. 4), B mnpegenax KOTOPH
MEXaHM3MB THUNEPreHHBIX TPOLECCOB, PA3BHBAIOIMXCA B KapOoHaT
HHX NOPOAAax, AOKHH CYMECTBCHHO OTJHMYATBCS ONUH OT ApPYIoroe
OCHOBHHE 30HAJIBHO-KJIMMATHYECKHE XAPAKTCPUCTHKH BHIICJICHHH
obnacreit npneegeHs B Tabn. 2. ‘
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Ta6nnuma 2
OCHOBHbIE THIThI KIIMMATHUECKHX 30H B Ipefesax
eBpone#ckoit vactu CCCP

Kon TWK npu ycnosum yBsnaxHeHus

Kmumatwueckuii| Xapakrepucruka Cyxo, | Hemocrarouqd Bnax- | U3bwiTouno
nosc TeIUTOBOTO peXxHma , 3 HO BJIAXHO, HoO, BJI3XHO,
cyMmma Tegm‘leé)a’l‘yp U 1-3 0,45_1 0’45

Bwme 10 C, C 10

1050 50—200f 200-800

Cy6apkmudeckuit  XonogHo, meree 1000 1.1

1.2 1.3 14
YMepeHHbIH YMepeHHO X 0NnogHO, - 2.2 - -
1000-2000
Tenno, 2200-4400 - 3.2 3.3 -
CyGrponmieckuif  OveHn Tenno, Gonee - 4.2 4.3 -
4400

IlpumMeuanue. BuHcnuTENne — HHIEKC CYXOCTH, B 3HAMEHATEIe —
CpeOHHI roNoBOM CTOK.

I'eMnepaTypHO-BAAXKHOCTHHH KJIACC JK30T€HHBIX TIE0JIOTHYECKHX
npoueccoB TWK 1.1-1.4 xapakrepeH IAS CEBEPHBIX PANOHOB €B-
pOTIEHCKOM YAaCTH: CEBEPO-BOCTOKA PycckOH paBHMHB, CEBEPHOIO
Tumana u [laiixos.

MexaHu3M Tpollecca BHBETPHBAHMS M BHIICJIAUMBAHMA Kap-
GOHATHHX TOPOX B Cy0apKTHUECKOM XJAHMATE TpH M3OHITOYHOM
YBAaXKHEHHUM MOXHO BHPAa3NUTh HEPABEHCTBOM:

Pcu<Pt2+Pg+Pgn, )
e Pu JIOKaNbHAd  TPOYHOCTh  M3BECTHHAKOB, Pt2
o0BeMHO-TPAlHEHTHOE  HampsxeHue, Pp PaCcKJIMHUMBAOMEE

AeitcTBue JpAa, Pp* - pacKJIMHHMBAKOMEE ACHCTBHE TUICHOK BOAM.

B pasionax ¢ aedMuMTOM BAarM MEXaHM3M Mpouecca 00yCAOBJIEH
O00BEMHO-TPAMEHTHHIMH HATIDAXKEHUAMH, BO3HHKAIOIMMH NPH  3a-
MEp3aHMM M HATPEBAHMHM, M MOXET OHTb BHDAaXCH HEPABEHCTBOM B
BUaE: Py > Ptz'

Kak nokasanmu sxcnepumentn B.M. KysimmeHukoBa, onpenpe-
JSIOMY0 pojib B MEXAHM3ME PA3pymenns KapOOHATHHX NOPOX Mrpaer
packauHupalomee naeicrsue apga {28}, Tax, MoposocroikocTb
CyXMX H3BeCTHSKOoB B 1,5-2 pasa BHime BogoHachmeHHwX. Cy-
IIECTBEHHOE BJMSHUE HAa MOPO30CTOMKOCTh OKA3HBAKOT MOPHCTOCTh M
CTEeMeHb 3amOJHEHHd mop Bojoi. Ilns OveHb IUIOTHHX PasHOCTEH
mopog ¢ mopucTocThio 3-5% packIMHMBAOMeEe ACWCTBHE JbAA, KakK
NpaBWI0, HHXE JIOKAJbHOM mpouHocTd nopoa. Ilpum nopucroctv ot
15 no 339% MOpO3OCTOMKOCTh CyXMX. u3BecTHskoB B 1,25-1,5 pasa
BHINE, YeM BOAOHACHMEHHHX. ['paduku 3aBUcUMOCTH Ko03dbduuneHTa
MOPO30CTOMKOCTH OT TMOPMCTOCTH NpPHMBEACHB HA pHUC. J.

TWK 2.2, 3.2 m 3.3 xapakTepHl AJA LEHTPAJBHBIX pPaioOHOB
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Puc. 5. Hamenenue Korpdmumenta MOpO30-
CTOHKOCTH K., xapGoHatHex nopog B 3a-
BHCUMOCTH OT HCXO[HOH MOPHCTOCTH 71 NpH
Pa3NHUHBIX YCNOBMAX IKCNEPUMEHTa NpH
CKOpOCTH HHQUIBTPauMH 6 ma/mun  (no
B.M. KyBumnnuxosy) :

1 - 20 uniiop 3aMOPaNHPAHNA-OTTaHBAHMUS
M.nH7; 2-N=25pH7; 3 - N=50,
pPH7; 4 - N=20,pH3,1; I — IXOJIOMMT;
Il - yamecrnax, n =15 %; I — H3BECTHAK,
n=11%; IV — uspecrnax, n=3 %

EBPOMNENCKOM YACTM ¥ BKJIKOYAOT 3aMagHOE KpHUIo MOCKOBCKOH
CMHEKJIH3H, IOXHYI0 4acth Tumanckoro nomHarus, Cmiypwmiickoe
wiato, JIaTBMHCKYIO CEAJIOBMHY, KXHYK YacTb BoOpOHEeXckoH H
Bensopycckywo anrexausy, Bsrckmit u  Oxcko-LlHuHCkuit  Bajm,
Toxmosckuii, Xwurymesckuit, Ilyrauesckuii u Boaro-Ypannckuit
CBOAH.

B  ycaoBMsx 9THX THAPOTEPMOAMHAMMYECKHX CHCTEM KpPHO-
THAPATAUMOHHHIN MEXAHM3M Da3pymEHWs YCWINBAET XMMMYECKOE
B3aNMOACHCTBHE B KapOOHAaTHHX moOpogax. BCIEACTBHE WHTEHCH-
¢hukaumM mnpouecca PAcCTEOPEHMS BHHOC BEHIECTBA BO3PacTAET HA
10-20%,. Mexanu3M mpoueccoB BHIBETPHMBAHMA M BHIHICJAYHBAHMA B
YCAOBMAX YMEPEHHOIO KJAHMATa MOXHO BHIDa3UTh HEPABEHCTBOM:

Pu < P+ Py + Pp" + PP, 2
rae PP - CHMXEHHME TPOYHOCTH, OOYCJIOBAEHHOE pPasrpy3koi
HANPIXKECHHOTO COCTOSHMS BOKPYr MOp, NYCTOT M MHKPOTPEIIMH,
dopMupylomuxca BCEACTBHE NPOLUECCOB PACTBOPEHHMS.

B ycnoBusx HelTpanbHOM Cpefsl TIPOLECCH PACTBOPEHUS M
BHINEJAYMBAHAS HM3BECTHIKOB IPOTEKAIOT KpaHE MEMIEHHO, C
yBennueHueM mopucroctd Ha 7-339, u pasBuTHeM KapCToBHX (opm
BHYTPHM MaccuBa 0e3 OCTaTOYHOrO NPOAYKTA Ha moBepxHoctH. Ha
TJIMHACTHX MOJIOMHMTAX MNPOMCXOAMT PpacKpHTHE TpEMH, ¢GOpMuU-
poBaHME MYyCTOT, pacmajg Ha Gonee Meskue ofsomkn pasmepoM ot |1
cM 710 eauHMuHBX 3eped (0,1 MM), BRIMBBAHME TIJIMHHCTHIX MH-
HEPAJIOB, BXOOSUIMX B CTPYKTYPY MNOPOA, Ppa3pyLlIEHHE COOTBET-
CTBEHHO KPHMCTA/UTH3AUMOHHO-UEMEHTAMOHHHX CTPYKTYPHBIX CBA3EH
u obocobneHne cBoOOnHHX 3epeH nosomura. B pesynbrate op-
MHPYETCS OCTaTOYHMH MPOAYKT MPOLECCOB BHIBETPHBAHHS M BHIE-
NAaunBaHNs: KapOOHATHHIA JAPECBSHO-TIMHUCTBIE MaTepMan ¢ BTO-
PUYHRMH UEMEHTALMOHHBIMH CBS3AMM.

Bcaencteue  COBMECTHOrO  BO3AEHCTBMA  (HhHM3UKO-XMMUYECKHX
NPOLECCOB MPOYHOCTh W3BECTHAKOB MOXET CHMXatbcs B 2,3-2,6
pa3a, monomurtoB B 6,0 pasa.

TWK 4.2-4.3 xapakTepeH NS WOXHBIX pPaifOHOB €BpPONEMCKOM
yactu CCCP wu sxmouaer HOxuwit 6eper Kpoima, YepHoMopckoe
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nobepexse Kaskasa, Koaxmackyo # JIGHKODAHCKYI0 HH3MEHHOCTH,
Asna3saHckyio aonuny m Kypo-ApakCHHCKYI0O HM3MEHHOCTD.

MexaHM3MH TNIPOIECCOB BHBETPHBAHUST M BHILENAYHBAHMSA B
cyOTPONHUECKOM X/IMMATe NpH H3GHTOYHOM YBRAXHEHHH MOXHO
BHPA3UTh HEPAaBEHCTBOM P, < PP + Ptz.

B ocHOBe MexaHM3Ma pa3pymeHHs KapOOHAaTHHIX NOpPOXN JIEXHT
NpPONECC HMX PAaCTBOPEHHS, MHOrOKPAaTHO YCHIMBAIOMMUIACH BCICACTBME
Gonee BHICOKOTO MO CPaBHCHMIO C APYFHMM KJHMATHYECKMMHM 30HAMM
TEMNCPAaTYpPHOrO (POHA, TMPOTEKAOWMMIE B KHCIHMX CPEAax, BO3-
HUKAIOMUX TMPU PA3JOKECHHH PAaCTUTENBHOCTH M B6aKTEpHOSOrHUECKOM
AeATeNbHOCTH. [IpH 3TOM HHTEHCHBHOCTH IPOUECCOB DPACTBOPEHHMS M
COOTBETCTBEHHO KapcrooOpa3oBaHus MoxeT Bospacrtate B 100 pas
0 CPABHEHHMIO C HEHMTPANBHHMH CPEOAMH.

CocTaB KOHEUHOrO TPOAYKTA KApOOHATHHIX MOPOH CYUIECTBEHHO
3aBHCHT OT KOJIHYECTBA IVIMHHCTOIO BEWIECTBA M HEPACTBOPHMEIX
npHEMEcEif B CcocraBe CybcTpaTa, CTPYKTYPHO-TEKCTYPHHX — OCO-
GenHOCcTEM NOpPOX, CTEMEHHM HMX TPECIIHHOBATOCTU, BEJIMYMHH MO-
PHCTOCTH, TIEOMETDMM  MOPOBONO  NpOCTPAHCTBA.  Pe3yJasTatoM
MpoLmecca  BHINEGAAYABAHMS  SBJASIOTCS  KapOOHATM3WPOBaHHBIMA
OPECBIHO-AHCTICPCHEA MAaTEPHas B JOJAOMMTAX H KApPCTOBHE (POPMH -
B M3BECTHSKAaX,

CxopoCTh BHINENAUYMBAHMS KAPOOHATHHX TNOPOX MHOIOKPATHO
BO3PaCT4€T BCACACTBME TEXHOTCHHHX BO3AEHCTBHM. B 3aBMcHMoOCTHM
OT XapakTepa, BHAAa M MacmTa6a TEXHOTEHHOIO 3arps3HEHMs
CYMIECTBEHHO HM3MEHSETCS M MEXaHM3M IIPOLIECCa.

Yerxas 3aBHCMMOCTb COCTaBa M CBOMCTB BHIBETPEJBIX TMOPOX OT
XapakTepa THAPOr€OXUMMYECKMX, THAPO- W TEPMOAMHAMHYECKHMX
OOCTAHOBOX MPOCAEXHMBAECTCH HE TOJNBKO B MMPOTHOM ILIAHE, HO M
[0 BHCOTE, B 3aBHCMMOCTH OT a6COMOTHBHIX OTMETOK penbeda.

TATABA 2

HHXEHEPHO-TEOJOT'MYECKOE M3YYEHHWE
KOP BBIBETPMBAHHUA

LEJM M 3AJAYHM UCCJIEJOBAHHUMN HA PA3JIMYHBIX
CTAJIMAX H3BICKAHMHA

B xome WMHXEHEPHO-TeOJIOTHYECKMX MCCICAOBAHMIM, HMPOBOAMMBIX
B paiioHax pacrnpoCcTPaHEHNA BHBETPEJBIX TIOPOA, a TaKXKe B paM-
OHaX HMHTECHCMBHOINO NPOTCKAHMA MPOUECCA BHBETPHBAHHA BCKPHITHIX
nopox , NMPUXOAMTCS PEmAaTh HEKOTOPHIE 33[a4yM, XapaKTep KOTOPHX
onpenenseTcs TEMHM BOMPOCAMM, HAa KOTOPHE MPEACTOMT OTBETHTh
npoeKTHpPOBmKKY. OCHOBHBIC M3 3TMX 3aAay, PellacMblX NPH IIaHH-
pOBAHMM, TIPOCKTHPOBAHMM W CTPOMTENLCTBE COOpYyXeHuit, cdop-
MyJIMPOBAHH HHXE.
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1. ¥YcranomfieHde 3aKOHOMEPHOCTEM  pacnpoCTPaHeHnst KOp  BHIBET-

puBaHMd, WX TUNOB (TLNOLIARAHDBIX, JMHEMHBIX), CTPOEHMA, MOWHOCTH,

Bospacra. 2. Pa3pafoTka perMoHasbHOM CXEMbl PacwICHEHMA KOpbl

BLIBETPHBaHKMA. 3. BbisBReHUE CBOWCTB BLIBETPENLIX NOPOR B KEJOM,
C TNOJIHOTOM, ROCTATOUHO ODECHEUYMBAIOUIEN HHKEHEPHO-TEONOrMYECKY IO
OUEHKY TEPPHATOPHH.

4. OueHka COBPEMEHHBIX TEHACHUWH fIPONECC? BLIBETPUBAHMS TOPHbBIX
NOpON, PACNPOCTPAHEHHbIX B MPEAENAX M3YHAEMOrO paioHa.

5. BumBACHME NPHYPOYEHHOCTM OMON3HEd, ofBanoB, ocos, KypymMoB K
30HaM BHIBETPUBAHMS.

6. VCranoBAEHME BO3MOXKHOCTH MCTMOJb3OBAHMS BbIBETpENbIX MNMOPOX B
KAueCTBE CTPOMTENIHBIX MaTepHanos (NpH BO3BENCHMM namb, TIOTHH,
HachbIneit)

1. CpaBHHTCJ'leaﬂ OUEHKA PacCnpoOCTPAHEHUS BbIBETPEALIX 1opox  Ha
NEPCOEKTUBHBIX JUIS CTPOMTENBCTBA YUACTKAX TEPPHTODMU B npepeaax
H3y4aCMOrO panona; CPABHMTENLHAY OUEHKA TMIOB, CTPOCHMS M MOLI-
HOCTH BBIBETPENBIX NMOPOA, NPUOIHIKEHHAS OLEHKA MX CBOMCTE.

2. BuisBicHME 33KOHOMEPHOCTEIt PACMPOCTPAHEHUN BBIBETPENBIX MOPOR
Ha BwfpanHOM yuacTKe, YCTRHOBNEHME TPOCTPAHCTBEHHON  M3MEH-
YMBOCTH MX MOWMHOCTH. 3. PacuneHeHWe KODbl BLIBETPUBAHMS 3. 30HBI.
4. Ouenka nokasartesnei cocraBa M CBOWHCTB nopox B npenenax
BbIREJEHHbLIX 30H C TOUHOCTB) M NOBEPHTENbHOM BEPOATHOCTBIO,
ofecneunBatouieit NPOBEAEHME NPEABAPUTEABHEIX DACUETOB OCHOBAHMI
(060CHOBaHME KOMIIOHOBOUHOIO pelleHMs).

5. TipenpapurensHas ouenka TEHAEHUMH COBPEMENHOIO nipouecca
BLIBCTPHUBAHMS  TOPHBIX TNOPOR B mnpenenax BuIODaHHON  rUTOmAAKY
(CKOPOCTb, MHTEHCHMBHOCTb, W3MEHEHMS CBONCTB).

6. Ouenka nopox pasHOM CTENEHM BLIBETPENOCTH B OTHOMICHHMM CO-
NPOTHBICHHS MX 3DO3HOHHOMY MW a(pa3uoHHOMY pamuisy, Pa3BHUTHIO
BLINIENAYMBAHMS M KapCTa, OCHINAHMIO, OSUTBIBAHMIO, YCTOMYMBOCTH B
O00HAKEHHBIX OTKOCAX M CKJIOHAX.

1. JeranbHoe pacwiCHEHHE KOPbI BLIBETPHBAHUA B npexenax Gymymeit
chepbt B3AMMOAEMCTBUR NTPOEKTUPYEMOTO COOPYKEHHA.

2. Quenka noKasateneit CBOMCTB TPYHTOB KAXIOH 30HbI BbIBETPHUBAHHA
C TOYHOCTBI) W ROBEPUTENLHOM BEPOATHOCTBIO, NOCTATOUHOM  IIA
OKOHYATENbHBIX  PACYETOB OCHOBAMMA  COOPYXEHuS u  paspaborkm
NpoexTa CTPOMUTEIbHLIX pador.

3. KonuuecTBeHHbIH MPOCTPAHCTBEHHO-BPEMEHHOM TNPOTHO3 NPOUECCa
BLIBETPMBAHWS MNOPOJ B MNEPHOA CTPOMTENLCTBA M DKCIUTyaTauMu C€O-
OpyKeHHM.

4. Onpenenenue rIyGHHBI CbEMa B OCHOBAHMU COOPYIKEHMIT M MOMIHOCTH
3AMUTHONO LiEIMKA.

5. Boifop Mep MO YKPEIIEHHIO METONAMH  AHKEPOBAHUS , TEXHUUECKOM
MEAMOPALMHM N Ip.

6. Ouenxa 3hQPEKTMBHOCTH MEPOTIPUSTHIM, HANPARTEHHBIX HA mipe-
NOXPRHEHHE NOPOA OT TNMPOLECCA BbIBETPUBAHMS.

7. Onpenenenne 3ddeKTMBHBIX CnocoGos MX Pas3paboTku B KOTAOBAHAX
Y Kapbepax.

1. TIlposepka coorsercraus (axTHueckux (NOAYHEHHBIX B CTPOM-
TENBHLIX BBHIEMKAX, ONLITHO-IKCTUIYATALMOHHbBIX LUTOJNLHAX) M TNPOEKTHBIX
JAHHBIX O CTPOEHMM M CBOMCTBAX MOPOX  XOPbI BLIBETPHUBAHMS.

2. lposepka HOCTOBEPHOCTM TPOrHO3a TNPOLECCA BLIBETPUBAHHMN 110
(baKTHUECKOM MSKEHEPHO-TEOSIOTUYECKOH MHPOPMAUMH M er0  KOppek-
THPOBKA.



AHand3  3agay  MOKa3blBaeT, 4T0 NpU  IUIGHWPOBAHHH
CTPOMTENILCTBA M B HAuajJe IPOEKTHPOBAHMS OCHOBHHE ACMEKTH
y3yUeHNS  BHIBETPEJHIX TNOPOA  3AKJIOYAIOTCS B YCTAHOBJICHMM
3aKOHOMEPHOCTCH, MX pacnpoCTPaHEHMS M MNPOCTPAHCTBCHHOM M3-
MEHYMBOCTM WX MOMIHOCTM M cBoiicTB. Ha mocrenyommx sranax
POCKTAPOBAHUS OHM TIEPEMEWIAIOTCS B JUIOCKOCTh TNPOCTPAHCTBEH-
HOTO, A 3aTEM BPEMEHHOIO TPOrHO3a CKOPOCTH MNpPOLECCA M HMHTEH-
CMBHOCTH  M3MCHEHWd CBOiicTe mnopoa. M3MecHeHue xapaktepa 3a-
AauM TPENONPENENSET HM3IMCHEHME METONMKM M3YUYCHMS BHIBETPEIHIX
MOPOX Ha PpasHEIX 3Tanax ACATENbHOCTH, NPUMEHCHME Da3/THYHBIX
METOHOB.

T30 1. C6op, obpaGotka M ananu3 naxomnenHoi undOpMaUMKM O BbIBET-
PENBIX MOPOA3aX M MPOUECCE BHIBETPHBAHHS.
2. CpeasemacwitabHas MHXEHEPHO-TEONIOTMUCCKAR CbEMKA C  dneMe-
HTaMH CRAELMANBbHOTO W3y4YeHUS BbIBETPEAbIX MOpoA. CwheMka BKmIOuaeT
CHREemyOmMe METoant: HasdeMHbie wnabmopeHud, reodmanueckme mccae-
ACBaHMA, TNPOBEAEHME TFOpHbIX W Gyposbix  paGor, ompoGosauue,
naGoparopuie paGoTnl.

TIpoexT 1. Cbop, o6paboTka W aHAaNM3 HAKOINEHHOM HHPOPMALMM O NPOUECCE
BLIBETPMBAHHS W KOPAaX BbIBCTPUBAHMS.
2. Kpynwomacwirabuas (1:50 000 1:25 000) cneumanbHan wpxe-
HEPHO-TE0NOTMYECKAS CHEMKA TEPPUTOPUM KOHKYPUPYIOUIMX BAPHAHTOB
(nasemume Habmonenuns, reodmanueckue wecnenoBanus, onpobosannd
u naboparopubie paboTe).
3. HetanvHas wHXeHepHO-TeosiorMueckas cwemxa (1:10 000 wu xpy-
fHEE) CreuHaNbHOTO HasHaueHWs BbIOPaHHON CTPOMTENBHOM TUIOILANKH,
BKJIIOMAIOIAs Hapsfgy ¢ APYMHMMK METORAMHM ONPEAENCHUS COCTaBa ™
CBOVICTB NMOPOJ NMONEBLIMKM METONAMHM MNMPOBEACHUE PEXMMHBIX Habmonenmit
332 NPOUECCOM BLIBETPUBAHMS TOPHBIX MOPOA.

PaGouas 1. JleranbHas MIDKEHEPHO-re0IOTHYECKAS PAa3BEKA MECT DPa3MeIleHHst
NOKYMEH-  COOPYXKEHWIl, BKMOwalowas ropusie u Gyposwie paborsi, nosesbie
TauMs MCCJIEROBRHMA BLIBETPENbIX NMOPOA, C UENBI0 OUEHKM MX IPOMHOCTHBIX,

nedopMauroHHsix M (DUIBTPAUMOHHBIX XAPAKTEPUCTUK MO 30HAM.

2. PexuMmubie Ha0MONEHMS 33 MPOLCCCOM BLIBETPUBAHMS OfHMM VUM
HECKOJNIBKHMHM METONAMM.

3. JIaGoparopHoe MOZEAMPOBAHME TMPOUECCA BHIBETPUBAHMS.

Crpou- 1, HxxeHepHO-reonormueckas NOKYMEHTAUMA  BbIBETPEABIX  MHOPOA,
TENLCTBO  BCKPLITHIX CTPOMTENBHBIMM BbIEMKAMMU.

coopyxe- 2. IlozonHoe onpo6oBalie BbIBETPCABLIX MOPOX C LEJBIO OMNpemeNeHHst
HHH PaCMETHLIX NOKa3aTener CBOWCTA.

3. Habmonenns 3a CKOPOCTHIO NPOLECCA BLIBETPUBAHHS.

4. JlaGopaTopHoe MONEAMPOBAHUE MNPOUECCA BLIBETPUBAHMA (C LEBIO
MPOTHO3a TEXHOrEHHbIX BOSAENMCTBMM, OUEHKa YCAoBMIt paapaborku
ry6okMX ropr3oNTOR, MECTOPOXIEHHMIT MONEINBIX MCKOMAEMBIX M AD.).

3a npomenmue 30 smer 3HaHUSA B 00JACTH HM3yYEHHS MPOLLECCOB
BHBETPUBAHMS BECbMA DACIIMPHIUCH, 4 MPUMECHCHUE HOBHX METOXOB
HCCAENoBaKKi nmoMoraer Gosce mIyGOKO MCCAENOBATh CaM  TPOLECC
BHBETPHBAHMS M  €r0 TNPOAYKT, NO3BOJMsSsS TNOJAyYyuTh Oosee
OOLEKTHBHHWE RAaHHHE, HEOOXOAMMBIE ANA PEIIEHHUST pPA3HOOOPA3HBIX
MHXXEHEPHO-TEOIOTMYECKMX BONIPOCOB, B TOM UMCHE /s pa3paboTKH
nporHosa npouecca. JlioGoe mM3ayyeHue Tnpouecca M KOp BHBET-
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pMBAHHMA, BHIMOMHEHHOC B PpafiOHAX MHXEHEPHO-TEOJIOTHUECKHX pa-
Gor, npenycMarpusaer c6op, 0600mieHME W aHaAM3 HAKOIUIEHHOW
reoJIornueckoi uHgopMauun. ['J1aBHas LEAb aHATIH33a TIEOIOTHUECKHX
OAHHEIX COCTOMT B pa3paboTke paboueil IMHmOTesW 0 mpoLecce H
KOpE BHBETPMBAHMsS H B OOOCHOBAaHMH NPOrPaMMN AANbHEHNIMX MC-
caenopanmil. HakoruteHHas MHGPOPMALHSA BKIWOYAET AAHHBHE I'€OJIOTH-
YECKHX (MHXEHEPHO-TEOJIOTHUCCKHX) CbEMOK, KAaPTHPOBOYHONO H
pasBegouHoro  OypeHwsi, HOPYTMX TeOJIOFMYECKHMX H HHKEHEPHO-
TEOJIOrMUYECKAX NAHHHX.

Hapsagy ¢ nauHeiMH OGIIETO TeoNOrMYECKOr0 Xapakrepa Hudop-
MauMs AO/KHA CONEpXaTh CBEAEHMSA: O riyOuHe 3aneramus, MOM-
HOCTH, COCTaBE€ H CBOMCTBAX KOPH BHIBETPHBAHMS B IIEJIOM M OT-
OENBHHX 30H; O MAaTEPMHCKHX IMOPOAAX, MX BO3PacTe€, MHHEPANBHOM
COCTaBE, CTPYKTYPHO-TEKCTYPHHIX OCOOEHHOCTAX, YCJIOBMSAX  3aje-
raHdsi, CTENeHM MeraMopdu3aMa M pasgpoGJIEHHOCTH, HAJIMYMH DyA-
HOM MPHEDANM33UMHK M OPTraHAKM, THAPOreOIOrMYECKOro Xxapakrepa
(0 MOmHOCTH 30HH a3pauuH, IIyOMHE 3a/IEraHUS TPYHTOBWX BON M
Kone0aHMsa YPOBHS, BHCOTE KANWUISPHOTO MOXHATHUS, XHMHYECKOM
COCTaBe, HAaNpaBJIeHMM M ckopocTn aeuxenus). ColpaHHue cBege-
HHSI 3aHOCAT B XYpPHan1 Win Ha nepdokapry.

Hapsany ¢ reomormueckoii mAcdopMaumein HeoOXOOUMO HPOM3BECTH
c60p JAaHHHX O METEOPONIOHYECKHUX YCAOBHAX PaioHA. DTH JaHHHE
HeoOXomqMMBL IS

OICHKH IpOUCCCa BHIBETPHBAHHS;

COCTABNECHNS NPOrPAMMH NPOBENCHHS ONMHTHHX pabor;

pa3paborkm nporpaMmu paGoT NO MOAENMPOBAHHIO TPOLECCa U

ap.

Cneayer cofpaTe M CHCTEMATH3MPOBATh CPEMHEMECAYHHE AAHHBIC
(3a nBa-TPH AECATHAETHA) O CAEAYIOMMX NApaMeTpax:

KOTHYECTBE AaTMOCHEPHHX OCAAKOB B XHAKOM H TBEPAOM BHAC
€ YKa3aHHSMH JMBHEBONO MAKCHMYMA M PACnpeNeNcHMsSX N0  Mecs-
HaM Iona;

TEMIEPAType  BO3AYXa MaKCUMAJILHHX, MHHMMAJBHKX
BEIHUNHAX M CPCAHEMECSUYHHIX;

BJAXHOCTH BO3QyXa  aGCOMOTHOM, MHHMMAJIbHOM, Aedummre
BJIAXHOCTH;

HAMPAaBJICHHH H CHJe Berpa (po3a BETPOB, € YYETOM
MMKPOYCJIOBHH) ;

ryOMHE CE30HHOTO IPOMEP3AHMI-OTTAHBAHMA H  MOIIHOCTH
CHEXHOIO MOKPOBA, €C/AM TAKOBHIE MMEIOT MECTO;

XaMEYeckoM coctaBe M pH armocdepHnix Box (CHera);

TADax noys ¥ pH nmoYBEHHHX BOX;

HMCTOYHWKAX TEXHOTEHHHIX BO3ACMCTBHMIL, TMNax, Macmrabax u
XapakTepe 3arpsa3HCHMH.

B cocrase paGoT mO H3YYEHMIO BHIBETPENKX TIOPOA BXOAAT:
Hasemane HaOmogenus, reou3MyeCKHe HCCACNOBAHMS, TIOPHHE H
6yposme paboru, onpoGopanue, ompefesicHME COCTABA M CBOMCTB

mopog TojeBHMMHM U 3a60paTOpHHIMM  METONAMM, KaMepaiabHas
obpaborka.
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Hsyuenne mopox, semymeecss B XOn€ HAa3eMHHX HabmoneHmil,
AOKYMEHTaUMU TOPHHX M OypoBmix Bepaborok, npu orGope obpasuos
MOpoA, B NPOLECCe NOJCBHX M JAa0OPaTOpDHHIX HCIHTAHMHA CTABMT
CBOEH LEJNBI0 TNPEABAPHTCIBHOE BU3YAJBHOE pPACWICHEHNWE KOPH
BHIBCTPHBAHASA HA 30HH - MPEUUHHYIO, 0010MOunyio (2amboeyro u
webHUCmyIo ), aumomapia, ducnepcnyro, 6mopushoi yemenmayuu (Ku-
pacy), TOJyueHHE AAHHHX O CTPOCHMH KaXAOH M3 BHACICHHHX 30H,
M3MCHEHHA MHHEPAJIBHOIO (OCTaBa, CTPYKTYPHO-TEKCTYPHHIX 0OCO-
GEHHOCTEH, CTPYKTYPHHX CBH3€H M CBOWCTB NODON,  CAAralomHX
KODY BHIBETPMBAHHMA MO €¢ NMPOQUIIO M NpPOCTHPAHHIO.

HA3EMHBIE HABJIOAEHUA

HazemHHe BH3yasIbHHE reomornueckue HAOMONCHMA ype3BHYaii-
HO MH(OPMATHBHH M BKIIOUAIOT M3YUCHHE BHBETPENHX (M HEBHBET-
PeHX) IMOpPOX, BCKPHTHX E€CTECTBEHHHMH M HCKYCCTBCHHHMM OOHa-
XEHHUAMH (KOT/IOBAHAMH, BHEMKAMHM, TPAHINESAMM, KapbepDaMH, IMax-
Tamn, mroneusmu). B xome HaGmomeHnit OKyMEHTHPYIOT:

reomopdostordyeckuit  o0MHMK TeppHTOpHM M ee  MODGOJIOTH-
YECKYI0O CTPYKTYpY (pacuJieHEHHOCTb), ONpEAC/H[IOmHE YCIOBHA
¢dopMHpOBanNs, PAa3BMTHE M COXPAHHOCTb KOP BHBETPUBAHUS,

YCHOBMS  3aJiEraHMsi, COCTaB M CBOWCTBA, CTPYKTYpPHO-
TEKCTYPHBE OCOOEHHOCTM BHBETPEIBX NOpoA M cybcrpara;

rE0JIOTHYECKOE CTPOCHHE KOPH BHBETPMBAHHS, TNO3BOJISIOLIEE
YCTAHOBUTb BAXHYIO JUIS MHXCHEPHO-TCOJOTHYECKOW 'OLCHKH HAHHOM
CHCTCMH - 30HAJILHOCTb CTPOEHMS;

TEKTOHHYECKOE CTPOEHME CTPYKTYPY, CKJI3Q4aToCcTh W
JNMEMEHTH 3aJIETAHHR TIOPON, TEKTOHMUYECKME HAapyumieHus, COpoch,
30HH ApoOaeHMS, OGpEeKYMpOBAHHS, CJAHLEBATOCTh, TPEIGUHOBATOCTD

(akTOPH, CYMECTBEHHO BJAMAIONIME HA HMHTCHCHBHOCTh NpOIEcCa
BHBETPHBAHMA; 0CO00E BHHMAHHE CJIEAYET YACNSTbH MECTaM Iie-
peceyeHMst 30H KPYNMHHX TEKTOHHUECKMX HaDYWICHWi, BAOAb KOTO-
pHX, KaK NPaBWIO, Pa3BHTH JMHEHAHHE KOPH BHBETPUBAHMS;

THAPOreOJIOTHYECKHE M, B  YAacTHOCTH, THIAPOXMMHMUYECKHE
YCIOBHS, CYMECTBEHHO BJMSIOLIME HA HANpaBJIEHHOCTh TPOLECCa
BHBETPHBAHMA.

CroXHHE NpPOLECCH-KOMIIOHEHTH BHIBETPHBAHUA, HAKJIANKBAIO-
mmecs Apyr Ha HApyra, BCErRa NpPUBOAAT K Oosiee WM MEHEE Cy-
IIECTBEHHOMY W3MEHEHMIO BHEWHEro OOAMKa TOPHOW MOPORM: B Of-
HAX CAyyasX €IBa 3aMETHOMY, B JPYIMX BECBMA CYMIECTBEH-
HOMY, BCJICACTBME KOTOPOTO TIOPOAA CTAHOBHTCS HEY3HABAaEMOM.
Kaxguii npouecc-KOMIOHEHT BHBETPHBAHUA OCTABJISET Ha BHEMHEM
obnuke mMOpOAH CBOM  OTHEYATOK, JI0O KOTOPOMY NPEACTaBASETCH
BO3MOXHBIM HC TOJBKO HHOMLMPOBATH MNPOUCCC, HO M B piAc ciayda-
B HpHGJlH)KCHHO OLICHMTh €r0 MHTCHCUBHOCTD M HCKOTOPHE Xapak-
TEPUCTHKH. I103TOMY ONMCAHHE TOPHBIX TOPON MPH M3YMEHWH TPO-
LECCOB BHIBETPMBAHMSA MOJXHO ObITh OCOOCHHO HETANILHBIM M BCe-
CTOPOHHHM.
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K Haufonee CymeCTBEHHHM BHEIMIHMM NPU3HAKAM BHBECTPUBAHMUS
NMOpPOR, TOMAIEKALIMX OMHCAHMIO, B NEPBYIO Oouyepenb MOXHO OTHECTH
crenyiomue: 1) uBer mopoal (B CYXOM H BJAXHOM COCTOSHHH);
2) cremenb W Xapakrep pasapoGJICHHOCTH  (Ae3MHTErpanym);
3) MAnepasbHBN COCTaB; 4) CTPYKTYpPY H TEKCTYPY TOPOAN;
5) xapakrep M CTemeHp ee€ TPEMMHOBATOCTH; ©6) BIAXHOCTD;
7) MEX3HHYECKYI0 MPOYHOCTS.

Ilaem nopods.. VI3MeHeHne cocTaBa mopog M 00pa30oBaHME HOBHX
MHMHCPAJIOB OTPAXaeTcd HA OKpacKke, NPUAABas €H WHHE OTTCHKM.
ITo31OMy npH ONMMCAHNH TIOPOA KOPH BHBETPUBAHUA Caexyer olpa-
marb BHAMaHWEe HA ux user. [Ipm omnucasum usera UKCHpPYIOT
H3IMEHEHHE LBETA MOPOAH MO rayOuHE, HAUMHAS OT OHEBHOM MNOBEp-
XHOCTH; NPHYPOYEHHOCTh TONO WJIM HHOIO I(BETa K OTACVLHHM IIpo-
CNOsM; HAJIMYME XEATHX, KPacHHX MATEH H TOATEKOB; OKPacKy
BJIaXHOA W CyXOH IOBEPXHOCTH M BHyTpeHHEH uacti. Onmcamme
IBETA COMPOBOXAAETCA 3apucoBkamMM w ¢dororpadmpoBaHneM Ha
I[BETHYIO IUICHKY.

Jns aucnepcHOM 30HH APEBHMX KOP BHBETPHBAHMS PSAA MECTO-
poxnenuii IOxHOro Ypana xapakTepHsl OTpefeNEHHHE LBETA, 3aBH-
cImMe OT cocTaBa cyOcTpara: 3efeHOBaTHE - s Anaba3os, Genme
- DA TPaHOAMODHTOB, TMECTPOUBETHHE KpacHo-Xenrto-Oenuie -
INd  KBAapU-XJOPHT-CEPHUMTOBHX CJAHLEB. JTO MOXET SBHTHCH
OUArHOCTHYECKMM MNPH3HAKOM COCTaBA HMCXOAHHX NOPOA NPH KPyTO-
NaJalomeM HMX 3aJeTaHUH.

Pa3zdpobrennocme nopod. Ilponecc BHBETpHBAHUS TPHBOOMT K
HapyIIEHWIO MOHOJIMTHOCTH MOPOAH M ee aesuHrerpaumu. CeThio Tpe-
mMH mopoaa pasbura Ha Omokm, OONOMKM M KYCKH, ADECBY M OT-
HEeapHHEC MHHEpPAJbHHE 3epHa. TpemMHH, pa3OMBalOmMe NOPOAH,
HIH BO3HHMKAIOT BHOBb, BCJICJCTEMEC HECPABHOMEPHHX HANPIXCHHM,
WIH TPEACTABALIOT CO00M TpemiMHN WHOIO TNPOHCXOXACHHA (TEKTO-
HMUCCKME, HANAACTOBAHMA, K/IMBAXA H T.0I.), paHee CymecTBO-
BaBUIME B HEBHBETPEJIOH MOpPOXE M PACKPHTHE B IpOLEcCEe BHBET-
pUBaHNS.

CreneHp pa3gpobJ€HHOCTH BHBETpENHX TIOPOR, Gonee WiMm MeHee
OHCTPO YMEHBINAKIMANCS C YAAJICHMEM OT NHEBHOH TNOBEPXHOCTH, B
3HAYMTEJIBHOH CTCHEHH ONPEAENIeT NPOUHOCTHHIE CBOWHCTB3 NOPOA B
MAacCMBE M TO3TOMY MAOKHA TINATEABHO JAOKYMEHTHPOBATHCS.
Crenens pasgpol/IEHHOCTH TOPOX - OCHOBA BH3YAJTBHOTO BHICACHHS
30H M TOA30H BHBETPHBAHMS - TPEOIMHHOM, MIHOGOBOM, mWeGHACTOM,
JMCIICPCHOHM.

OCHOBHHMM NpPM3HAKAMH HBASIOTCS NpPH 3TOM pasmep M dopma
oboMkoB B 610KOB, Ha KOTOpHE pa3fura MOpoma, M Xapakrtep ee
TpemuH. IlosroMy npm m3yueHmM CTeneHu pa3gpoGJEHHOCTH NOPONH
ACTANBHO ONMMCHBAIOT KaK C/lATAIOMME MOPOXY OOJOMKH, Tak M
pa30ABAIOIMME €€ TPEWMHH ¢ YKa3aHHeM ux reHeamca. [Ipm ommcanuu
rAGOBOK M MmeOHHCTOM 30H HeobxonumoO yKasath dopMmy H pa3mep
OTAENBHOCTEH, CTENEHP HMX BHBETPEJOCTM B KYCKE, KOJHYECTBO M
COCTaB  3aNOJTHHUTENIA, CTCNEHb OXeEJEe3HEHHA (HAIECTH, IUICHKH,
TIPOHHKHOBEHHE MO BCEMY 00BEMY MOPONH).
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[ps H3yYeHWH pa3pe3oB BHBETPEANX MOpoA Goibimoe BHUMaHHE
OOJDKHO YAEASTHCS TPEImMHOBATOCTH, ITOCKOJbKY TPEIIHMHH ABJSIOTCH
rPAHMLAMH AKTHBHHX 3JIEMCHTOB, HA KOHTAKTE KOTODHIX TPOMCXO-
AAT, BO-NMEPBHX, B3aWMOACHCTBHE TBEpOOH M XuakoH (a3 u,
BO-BTOPHIX, B3aWMHOE MNEpeMEmCHHE NPH MEXAHMUECKUX B3aHMO-
AEHCTBUAX, 0OyC/IoBNKHBalOmMUX AGHOPMMPOBAHHE M YCTOHUMBOCTD
nopox B MaccuBe. BomonmpoHWUAEMOCTh M GIOMHOCTE TOPHRIX TIOPOX
3aBHCAT OT MX TPEIUMHOBATOCTH.

[Ipy onucanuM TpemuH YCTAHABJAMBAKOT AX MPOMCXOXICHHME, BHI-
fesi98 TPEIIMHBE, BHOBb BO3SHMKIUME TIPDH BHBCTPMBAHMH M paHee Cy-
mecrpoBaBmMe. MaMepsior ux 3A€MEHTH OPUCHTHPOBKH - MAfiCHHE H
npoctupakne. TIpu mayuennm tpewmnH dbukcupywor ¢opMmy, RIHHY,
OIAPUHY, TYCTOTY, M3MEHCHME IOUPUHH TpPEMMH C riyOMHOM, Xxa-
paKkTep 3anoJHHTENS M ero cocTaB. ONHCHBAIOT XapaKTep HOBepx-
HOCTM CTEHOK  IJIaAkas, DIEpOXOBaTad, I/NGHIEBAs ¥ T.1I; HaAeTH
Ha TOBCPXHOCTH CTEHOK  JXEJE3NCTHE, H3BECTKOBHE H T.JA; YKa-
3HBAIOT PACNOJOXEHHE OTHEHbHHX KOMIOHEHTOB 3anojHuTens (Ha-
NpUMEP KPHCTA/UIOB Thica, Kanblara). Ocofoe BHMMAaHME YAEIHIOT
BHISBJICHHIO M ONNMCAHMIO OT/IOKEHMS HA CTEHKAX TPCUIMH, SBALIOmE-
ToCd KOCBCHHHM HNPH3H3KOM l'[pOHHKHOBCHPUI BRIBETDHBAHUA H 1IO-
3BOJISIONMETO YCTAHOBMTb TpaHMIly PACHPOCTPAHCHMSA TPEIIHHHON
30HH. CymiecTBOBaHME CKpPHTHX M BOJOCHHX (3aKPHTHX) TPEIIMH
YCTAHABJMBAIOT NYTEM pa3jaMBBAHMA KYCKOB TNODONH, NOCTyKMBa-
HHEM MO KYCKY MOJIOTKOM WJIM METONOM NpoKpamuBaHus B Jabopa-
TOPHHX YCJIOBHSX.

Tunuynne yuacrku tpemy H-Batocth dotorpadupylorca. Caenyer
o0pamaTh BENMaHHE HE TOMbke HA PACNPENEJICHME TPEIIMH, HO M Ha
apyrue (OpMH MyCTOT - KaBepHH, XEONH, KAaHAJIHW, MOpH, OTMEYas
HX B3aHMHOE pACTNOJIOKCHME, pPa3MEpH, KOH(purypaumio, npuypo-
YEHHOCTh K mOpozaM, pxunoueHnd. [10 DaHHWM M3MEPEHHs napamer-
POB  TPEIMHOBATOCTH MOACYMTHBAIOT CPCAHIONW IHPMHY TPEIIMM,
CPENHEE PACCTOSHME MeXOy TPEHMHAMH, ONDEACaAOT MOZYAb  Tpe-
IMHOBATOCTH.

Ilpeobpasoeanus muneparvHozo cocmaéa NOpPOA, U3IMCHEHHS
CTPYKTYPH, TEKCTYPH M XdpaKTepa CTPYKTYPHHX CBSi3€H MHHeE-
PaJBHOIO YPOBHS OMMYTHMO HAUYMHAIOT MPOSBAATBHCA C 30HB JILTO-
MapXa H OCOGEHHO CymecTBEHHH B OMCIEPCHOH 30HE NPEBHHUX KOP
BHBCTPHBAHHS M  COBPEMEHHHX Tpomuuyeckux. OHH  BHPaXaloTCH
NpEeXOe BCETO B M3MEHEHUM COCTABa aJIIOMOCHAMKATHOM YacTH Io-
poo C NEpPeXomOM TEPBHYHMX ATIOMOCHIHKATOB (MOJIEBHX INIATOB,
OJIMBHHA, POTOBO OOMaHkm # Ap.) BO BTOPHYHHE  (KAOJHHHT,
MOHT-MOPHJUIOHHT, THAPOCTIONN).

VaMeHEHMS B COCTaBe OCAAOHMHHBIX, OCOOEHHO IIMHUCTHX, TMOPOX
MEHEE 3aMCTHH M BHEIHE NpOSBISIOTCH B COCTABE HECWJIMKATHOM
YACTH CPEAM MNPOCTHIX pacTBOPMMBIX M HE DACTBOPMMHX B BOAE
MHHepanoB. BmBerpenas wuacte Hepenko MoxeT OwTh oGoramena

THIICOM, KapbOHaTaMM KajibuMs M MAarHds, BOAHWMHM OKCHAAMH
xeneaa.
Ilpn ommcanmu nopogm Mo MHHEPAJBHOMY COCTaBY A3ETcH obmiee
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Ha3BAHHE NOpPOAH. 3aTeM OAN BH3YaAbHO BHACICHHHX KOMIIOHEHTOB
paspe3sa MNOAPOGHO ONMCHBAIOTCY MHHEPANBHHNA COCTaB M €10
H3McHEHHE, GopMa M pa3Mep COCTABALIONINX KOMIIOHEHTOB, COCTaB M
¢dopMH BKIOYCHHH, LEMEHT3, HATEKOB, KOPOYEK, HANECTOB, NPOCIO-
es. Ilpu npoxymerraumm cneayer (MKCHPOBATH CTENEHb 3aMEINCHHS
MEPBHYHHX MHHEPAJIOB BTOPHUYHHMH (MMAPOCTIONAMH, MOHTMOPHILIO-
HHUTOM, K3aOJMHATOM, HOHTPOHHTOM), MNOSBJACHHEC BOJHOPACTBOPHMHIX
MHHEpPAZOB (kapOOHATOB, ApPO3NTa, TIMICA), THAPOKCHIOB XEJIE3a
(IIEHOK, HaTekoB, GOGOBMH, NHM30MMTOB M T.4.). B mnonesoit of-
CTaHOBKE HeoOXORMMO OmpoGOBATH BCE MOPOAH, BKJIIONAY HAJCTH H
HaTCKW, Ha BCKHIIAHHE OT COJNSHOM KMCIOTH, OTAEASS BKIIOUCHHS
OT OCHOBHOH NOpPOJH.

Eci¥ BemecTBEHHH COCTaB OTAEABHHX KOMIIOHEHTOB NOPORAH B
NOJICBHX YC/OBHEX ONPENEAMTb TPYAHO, OTPAHUYMBAIOTCE TOYHHM
onuCcaHHeM BHemHe# ¢opmul, TBepmocTH, uBera, (secka, HM3OMa M
ApYTHX NpH3HaKkoB. HeonpenencHuad B NMOJIEBHX YCHOBHSX COCTaB-
Hafd 4acTb OoTOMpaerca Ha MCCACAOBAaHHME B J1abOpaTopmio.

ITpounocme nopod. Jle3nHTETpUpyS TOPOAY H M3MEHAS €€ XHMM-
YeCKMH H MHHCPAJIBHLI COCTaB, NPOLUECCH BHBETPHBAHWN H3MEHAIOT
M CTPYKTYPHHC CBS3H, CYNICCTBOBABIIMEC B HEBHBETPEJION HNOPOXRE:
KPHCTALIH3AOHOHHLIE CTPYKTYPHHE CBS3H CMEHSIOTCS KDHCTa/UIH-
3aIMOHHO-KOATYJIMIHOHHEM, KOAaryJAsSUHOHHEMH, KOATYJSIHUOHHO-
LEMEATAUMOHHHEMA. JTO NMPHBOAMT K YMEHBIIEHHIO MPOYHOCTH IIOPO-
aul. [lo3TOMy nmpH H3yyeHMM M OMHCAHHH NPH3HAKOB BHBETPHBAHHL
CAEAYET OTMEUYATh NMPOYHOCTD NOPOAH M OTACABHHX €€ 4acreu
NpH pasfiaMBIBAHMHA PyKaMH WIHM DasAaBJMBAHMH NAJIbLAMH.

Ilns CTaHpapTH3aUMH TAKOrO ONMMCAHMS MOXHO paliMYaTh YETHpE
KATETOPHH NPOYHOCTH:

1 - ¢ TpyaoM pacKka/JHBaeTcsi MOJIOTKOM,
- pa3NaMHBACTCE PyKaMH,
3 - pasgaBaMBaeTCcs NMANbLUAMMH,
4 - pacCHMAaETcs NpU JIETKOM NPHKOCHORCHHM.

B xome mosieBOi OLEHKH TIPOYHOCTH HOPOJHN ONMMCHBAETCH Xapak-
TEp YacTeif, Ha KOTOpHE pacmajaercs .mopona: umx ¢opma, pasmep,
IBET BHYTpEHHEH H BHEIDHEH 4YacTel, XapakTep MOBEPXHOCTH.

IIpuMep mOXEBONO OMHCAHMA pa3pe3a KOPH BHBETPHBAHUSA
npHBEREH Ha pHc.6.

TEO®PU3IHIECKHE HCCIENOBAHHA

Feopusuueckue METONB SBASIOTCS HEOTBEMICMOH  COCTaBHOM
YacThI0 KOMILIEKCA HHXCHEPHO-TEOJOTMYCCKHX M3HICKAHMH, TPOBO-
OMMHX TpU MPOCKTHPOBAHMM M CTPOMTE/NBCTBE KPYHNHHX TODHHX,
THAPOTEXHUYECKHX M MPOMBIOUIEHHHX coopyxenmit. C HMX nomompio
MOXHO pemaTth IMHPOKMH KPyr BOMPOCOB, CBA3AHHHX C MCCAEXOBA-
HHSMM KOPH BHBETPMBAHHML. JTH BOTPOCH MOXHO OOBEAMHMTD B JBE
rpynnel.
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1. BompocH CTPYyXTYDPHO-TEOJIOTMYECCKOTO XapakTepa, BKJIKOYAIo-
mHe:

onpenenesMe rIyOMAN 3a7eraHUs  XPORIH KODEHHHX TIOPOA;

YCTAHOBJIEHHE MOIIHOCTH BHBETPEJHX TIOPOA;

pacywieHeHMe KOPH BHBETPHBAHMH H2 3O0HHI

BHIABJICHME MOIIHOCTH OTJIOXKEHMIHA, MEPEKPHBAICIMX SJIIOBHIL;

OKOHTYPHBAHHE JHHEHHHX KOP BHBETDUBAHMS.

2. Bompocuw wu3yucHHS (QH3MKO-MEXAaHWYCCKHX CBOWCTB H CO-
CTOSHHA BHBETPEINX TOPOA, B YAaCTHOCTHM KOJIMYECTBEHHAs OLEHKa
IUIOTHOCTH, BJ3XHOCTH, IOKa3aTenell MEXaHMYCCKHX CBOMCTB, B
TOM uYHMCJI€ ynpyrux H AedopMaLMOHHHX; KOJHYECTBEHHAs OLCHKA
TPCIMHOBATOCTH; H3YYCHHE AHH3OTPOMHOCTH KOP BHBETPHMBAHHA IO
CBOMCTBaM.

IlepeuncneHHBIE BOMPOCH pPEHIAIOTCH 3NEKTPO-, CEHCMOpa3Begou-
HHMA W D3jMOM3OTONHHME METONamM. Pemenue BONPOCOB nepBoit
FpYINH NpPECHEAYET LEAb NOCTPOSHHS INPOCTPAHCTBEHHOM MOOETH
CTPOEHHS KOP BHBETPHBAHHA.

IMonesne reodusHyeckue METOAN MOTYT MPOBOXHTHECH HA AHCBHOM
NOBEPXHOCTH - CEHCMONpPO(WIHDOBAHHE, 3JCKTPONPOPHIHPOBAHME,
B33; B ropunx BHPabOTKax - 3EKTPOKAPOTAaX, YJAbTPA3IBYKOBOM
KapoTax B CKBaXHWHAX, PAIMOM30OTONHHE METOAM B CKBAXHHAX,
celicMonpoHIHPOBaHKME B INTOMAbHAX; Ha 00pa3Lax - HCIOJAb30BaHHE
yIBTpa3ByKa.

B mocnenHue romsl OpPM M3YyYEHHMH KOP BHBETPHBAHMS YCHEIIHO
TIPUMEHSIOTCS METOAH CEHCMOpasBeNKH. YuuTHBas 3PPHeKTHBHOCTH
ITHX METONOB IS HH)XECHEPHO-TCOJOTHUYECKON0 HM3YUCHHS KOP  BH-
BETPUBAHMS, Ha HuUX ciaeayer ofpatuts ocoboe BHuManme. Peanb-
HBE BO3MOXHOCTH CEHCMOPA3BEOKM BEJIMKM, TIOCKOAbKY HabmoneHus
MOryT OBITh BHIIOJIHEHH € MHEBHOM IMOBEPXHOCTH IPH OTCYTCTBHH
pasBeNOYHHX BHPAGOTOK M [aXe NpPH OTCYTCTBMM BHIXOAOB M3yua-
€MHBX KOp BBIBETPMBAHMS HAa XHEBHYIO MOBEPXHOCTH.

Ousnueckoit OCHOBOM HM3ydYyeHMS METONAMM CEMCMOpPa3BEAKH
CTPOCHHS KOPH BHBETPMBAHHA, €€ MOIIHOCTH, 3 TakKXe CBOWCTB
OTHENBHHX 30H (TOA30H) TOPH3OHTOB NBJSETCS TECHAS CBA3b MEX-
Oy COCTOAHMEM TODHOM MOPOXN M CKOPOCTAMHM pPacHpOCTPAHCHHUS B
Hell ynpyrmx Kosebauuii - ceiicMMuyeckux BOJAH. Uem Gosmee BHBET-
penas, cjenosaresnbHo Gonee TpemuHOBaTas, nopucras, ¢ Gospmum
NPOLEHTOM BTOPMYHHX MHWHEpPAJIOB IOPOXA, TEM MEHBIIE B HEM CKO-
pOCTh pacmpOCTPAHEHHs ceiicMuuecknx BonH. CreneHb BHBETpe-
JIOCTH TIOPOAHN MOCTENEHHO YMEHBIIAETCH C rIyOMHOM, 3TO NPUBOXMT
K COOTBETCTBYIOMICMY YBECIHYEHHIO CKOPOCTH OT HEKOTOPOTO MHHH-
MAJIbHONO 3HAYEHHMS Ve O BEAMYHHH Vmax B NOACIIBE KODH BHIBET-
pUBaHuA,

Inst BHSICHEHMS 3aKOHA M3MCHEHMS CKOPOCTH BOJH C riyOuHON
HEeOOXOAMMO MPOBECTH HaOMIOAEHHd N0 METOAMKE IPOIOJIBHOIO
ceiicMuueckoro  nmpodwiaMposaHua. Ha MECTHOCTM  CeHCMMYECKMH
npoduas PaconaraloT Mo JMHUM CO CNOKOMHHM penbedom. IIpu arom
KOpPa BHBECTPMBAHMS MOXCT BHXOAMTH H3 AHEBHYIO HMOBEPXHOCTH HJIHM
GHTh MOKPHTA YEXJOM pPHXJAHX OTJAOXeHnH (ue Oosmee 5-10 Mm).
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[Ipumensis COOTBETCTBYIOmHUE CrOcoOn ob6paGotrku romorpados, MOX-
HO BOCCTAHOBATH CKOPOCTHOM paspe3 M ONpEAeNuTh OO0 MOII-
HOCTb KOD BHIBETPHMBIHHA.

Tlpn wu3yueHnn OCOOEHHOCTEH BHBETPHBAHHA ONPENACJCHHOIO
KOMILUIEKCA TMOPOX Ha HEKOTOPOM TEPPHTODHM 33Aaya MoXer OHTH
OCTaBNAEHA B Pa3IMyYHEX BapumaHTax. MHorma pocratouHo ycra-
HOBATH OOIIHME 3aKOHOMEPHOCTH W3MCHEHHMS CTENEHH  BHBETPEIOCTH
fIOpOI OT IHEBHOM NMOBEPXHOCTH B TIyOHHY.

B TakoM ciyyae ONMHOYHBIE rOAOrpacsl INPOXOJIBHONO NPOhIIH-
pOBaHMsl, MONYYEHHHE B Pa3HHIX TOUKAX HAOJIIONCHMHA, CBOMATCH X
ONHOMY MCTOYHMKY KOIe0aHMi, a 3aTeM IIOMIYYEHHOE CEMEHCTBO
ronorpad)0B YCPERHSETCH OnHOM TnaBHOM  xpuBoi. OGpaGarmsas
yCpeRHEHHH# romorpad METomaMM, MCIONb3YEMHMH Uil TPafiMEHT-
HHX cpel, moaAy4alT 0600meHHHH rpacuk H3IMEHEHHS CKOPOCTH C
ryGuHOiM.

IIns MHXEHEPRO-TEOJOTHUECKNX weei Gombmuii MHTEpeC Ipex-
CTABIFIOT HE OOOOmEHHHE OCOOEHHOCTH CTPOCHMS KOPH BHBETPH-
BaHMd, a4 XapaKkTep e NPOCTPaHCTBCHHOH H3MCHYHMBOCTH B Inipene-
aX H3y4Yaemoil TEPPHTOPMH, CBS3b CTPOCHHS KOPDH BHIBETPUBAHHS B
KOHKPETHHX TOYKAX C 3JEMCHTaMH peibeda, IKCNO3HUHUER CKIOHOB,
MOIIHOCTBIO PHIXJIONO YexJa, cocraBoM cybcrpata M T.m. B 3rux
ClyuasX Kaxaslil moayucHHmi rogorpad o0pabaTeBaor  OTAEABHO
WIM OOJMYYaoT AETAJIBHHE Pa3pesH KOPH BHBETPHBAHHS BIOIL CEMC-
MHYECKHX npoduneli, o6paboTaHHNX NO NOAHHM CHCTEMaM, T.C.
¢ TIQUIy4E€HAEM BCTPCUHBIX B HArOHSIOmMMX rogorpados.

Kaxnoit 30H¢ KOpH BHBETPHBAHHS COOTBETCTBYET ONPCACICHHAS
CTCTICHD AC3WHTETPAUHA M COOTBETCTBEHHO TPEMMHOBATOCTH MOPOA.
3Hag BEABYMHY CHMXCHHS CKOPOCTH NO CPaBHEHMIO ¢ €€ MaKCH-
MaJbHHM 3HAYCHHEM B HEBHBETPENHX HETPEMIMHOBATHX G6nokax,
MOXHO INPOBOAHTh NMPEABAPHTEJIBPHOC PACWICHEHHME KODH BHBETPHBA-~
HAS HA OTACAbHHE 30HH MO CCHCMUYECKMM AaHHHM. C 2TOM DeJbio
B.H. HuxutunuM {18} npemnoxen xoapdpuumedt ks = Veap. (0T-
HOIICHHE CKOPOCTH BONH B JAHHOK 30HE BRIBETPMBAHMA K CKOPOCTH
BOJIH B HEBHBETDEJIOH IOPOAE).

OKCNEpUMEHTANBHO YCTAHOBJICHO, 4YTO HE3aBHCHMO OT THOA
NMOPOA AHCHEPCHAas 30Ha KOPH BHBETPHBAHHHA, KAaK IMPaBHIO, HE
MoxeT OHTH OTAENCHA OT AEMIOBHANBHOTO YEXJd, a3 TPEIMHHAS
OOHYHO OOBLEIMHAETCE € OTHOCHTENBHO COXPAaHHO, HEBHBETPEJOMN
nopoxoif. CremoBaTesibHO,” M0 NAHHHEIM CeCMOpa3sBeakH B OonbIMH-
CTBE CJIyuyaeB 4YETKO BHAEAdercd o0noMOuHAasg 30Ha (rmibosas u
meGancras noxg3onn). Mns Gonee xpenkux MOPOR CKOPOCTs BOAH B
o6noMouHOi 30He cocraBager, kak npaewro, 0,4-0,8 or BeanMuBHH
CKOPOCTH BOJIH B HEBHBeTpeaoir mopoae (tabn. 3). HOas Gonee
C1alHX CIHEMEHTHPOBAHHEIX TIOPOJK CHH)XEHHE CKOPOCTH BOJH B mpe-
Renax oOnoMOYHOM 30HW Heckonpko Gombme (k» = 0,2-0,3), uro
CACAYET YUMTHBATh NPH PACWICHEHHMM KOPH BHBETPUBAHML HAa 30HH,

YabTpassykoBoe TpO3ByuMBAHHE 00pasuoB, OTOOPaHHEX M3
Pa3HYHBIX 30H KOPH BHBETPHBAHMSA, TAKXE OOHADYXMB3ET CHHXEHHE
CKOpOCTA BOJIH, YTO CBHACTEIBCTBYET O BO3MOXHOCTH MCIONB30-
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Ta6nuua 3.

3HaveHun koapULMEeNTa K WIA 0BNIOMOUHON 30HK KOp
BBIBETPHBAHUA NMOPOJ] Pa3HOTO COCTaBa ( 110 MaHHBIM
H.B.Huxurima, J1.A. Sprl

Meron Ilopoma IMon30H3
lllebuucrasn: T'neiGopan

Ceiicmopa3spenka INnaGasel Tparmos (CuGups) 0,5 0,8
MepumoTHTs! H Nepoxcedutal 0,36 0,67
(Cubupp)
Hasectaxku (Cpepusas Asus) 0,54-0,64
Hapecraxu (Cpysus) 0,4-0,75
Hecaanmku (Kasaxcran) 0,4-0,75
Hecuannxyu (Cpepuas Asusn) 0,44-0,6
Aprwumrsl (p. OHectp) 0,2-0,3 0,56-0,68
Aprwumrtsl (Cepepunili Kag-  0,15-0,24 0,45-0,56
Ka3)

YmpTpassyKoBok I'a66po (Bomrapus) 0,94 0,98
H3Bectuaku (Bomrapus) 0,85 0,9
Ipanntl (Yxpaunckut wmr) 0,51-0,7 0,88-0,93
T'panwrst (tor Bomrapun) 0,41 0,82
Cmonsunie rHelicel (Bonra- - 0,81
pus)
Basame1l (ceBep Bomrapuu) 0,51 0,76
Aprwumtst (p. Ouectp) 0,65 0,68—0,86

BAHMS 3TOrO METOA3 IS PAaCWICHCHMS KOpPH BHIBETPMBAHWSA Ha 30HH
(cM. Tabn. 3). Ilng BHOOJHEHHS YJAbTPAa3BYKOBHX HM3MEpEHMI HEol-
XOMMMM NPEACTABHTENbHEE 00pa3ubl NMOPOA, OTOODAHHHE U3 CKBa-
xnH, mypdos, obHaxeHMIl.

IIpaMepoM yCOEmMHOrO NPHMEHEHME TIeOPH3MYECKHX METONOB
(ceficMO- M JNEKTPOPA3BEAKH) NPH HIYYEHHH KOD BHBETPHBAHMS
asngercs ruapoysen Xaobunp (Cesepumit Brernam) [25].

B npouecce WHXEHEPHO-TECOJOTHYECKHX HCCJACAOBAHMM CBOMCTB
NOpOx MOryT OHTH TakXe MCIONAB3OBAHH PAAMOM3OTONHHE METOAM;
METOH TOrJIOHMEHHONO M PAaCCEAIHHOIO raMMa-u3JIyYyeHus JUIs oIpe-
neseHus oObeMHOM MaccH (TWIOTHOCTH nopon). B ocHoBe mepsoro
METOA3 JIEXKMT 3aBMCMMOCTb MEXAY RoJeil NOMIOmAaeMOor0 rpyHTOM
raMMa=n3Jy4eHMs, NPOXOASmEr0O uepe3 HEro, M MAacCcoH TPyHTa,
Tousocts ompepesienus + 0,01 r/cm”. VIHTEHCHBHOCTD PacCEsHHOrO
raMMa-m3ayyeHnd 3aBHCHT OT IUIOTHOCTH IOPON, IJHEPrHH IOTOKA
raMMa-yacTHI, ¥ PacCTOSHUS MEXAY HMCTOMHHKOM TraMMa-JydeH u
nerekropoM. B ycinoBmax crafwimsaumm faByX mocaegumx axropos
N0 HMHTEHCABHOCTH PacCesHHOIO raMMa-aayueHNs OMPENCIHIOT
IUIOTHOCTh TpYHTA C TouHOCThio * 0,03 r/cM”.

BAaxHOCTP DOPOX MOXHO ONpEACHHTb METOROM PACCETHHOIO
HEATPOHHOIO H3INyYeHHs, B OCHOBE KOTOpOro JexHT sddext 3a-
MEUICHAS aTOMaMd BONOPORA BOAW OHICTPHX HEHTPOHOB, HMCITyCKa-
€MHX HMCTOMHHKOM. UMCNO MEIIEHHHX HEATPOHOB NPONOPLHOBAJIBHO
BJIAXHOCTH MOpOX.
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TOPHLIE N BYPOBBIE PABOTHI

[Ipn npoBexeHWH HHXEHEPHO-TEOJIOTHYECKUX MCCAEAOBAHMH Oy-
PAT CHECOHANBPHHNE WHXEHEPHO-TCONOTMYECKHE CKBAaXXKMHH M HCHOJb-
3YIOT IOpHHE BHpaGoTKH. [OpHHE BHpPaGOTKH MpPOXOAAT C UEABI0 ae-
TAJTPHOTO PACWICHCHHS KOPH BHBETPMBAHUS HA 30HB; ONpoboBaHuS
NMOPOR JUIS MCCIACHOBAHHE MX COCTaBa WM CBOMCTB NOJEBHMH H Jabo-
PaTOPHBIMH METOAAMM; MPOBEHCHUS pPEXHMHHX HAOMOmEHHH 3a W3-
MEHEHHEM MOPOX B NMPOLECCE BHBETPHUBAHMS.

Fopane BHpPaGoTKH NPEANIOYTHTENLHEE CKBAaXWH, TAK KaK NaiOT
BO3MOXHOCTP HaOmOnaTh paspe3 IOPHHWX IOPOA, CJAralomMX KOpy
BHIBETPHBAHMS M, CHEAOBATENbHO, BHSBHTb BCE AETAJIM €0
CTPOCHHA, B3aXHHE B HHXEHEPHO-TCOJIOTHYECKOM OTHOMEHHH; OTO-

6paTts Gosce KAUECTBEHHHE ¢ MEHBIHMM HAPYIIEHHEM ECTECTBEHHOrO
CIOXKEHHS MOHOJIMTH. [Ipu pasMemeHus BHPAOOTOK CACAYET YUMTH-
BaTh pPa3IMVYHHMN X3apaKTep CTPOCHHMS KOP BHIBETPHBAHHA HAa Marma-
THYECKHX, MeTaMophHyeCcKNX M OCAZOUHHX IOPOJax H HMX pacmpo-
crpaserne. JIns  xapakTEPHCTHK  TEPPHTOPHM  (MCCAEOYEMOro
Y4acTKka CTPOHTEJIBCTBA) HEOOXOOMMO HMMETh JAaHHHE O paspesax
KODH BHBCTDHBAHNA, chopMupoBaBIINXCH HAa HamboJEee WIHPOKO
pPachpOCTPAHECHHHX B PalOHE TOPHHX MOPOXaX M MMEIOWHX GOAbmYyI0
MomHOCTh. OCHOBOM JUIS PpasMEHICHMS CHEUHATBHHEX HHXCHEPHO-
reQJIOTMYECKNX CKBAaXWH HOKHA CIYXHUTh Kapra MOMMHOCTH KODH
BHBETPHBAHME, TOCTPOCHHAS IO pe3yJbTaTaM NpPeaBaPHTEIBHOIO
H3yYyeHHS ImoBng. Takoil nogxox AAeT BO3MOXHOCTh HOJYYHTh Ha-
ubosiee NMOIHHE pa3pe3s’ THMUYHHX KOpP BHRBETPMBAHMA. B rpouecce
OGypeHAs HMHXEHEPHO-TE0JOTMYECKHMX CKBaXHH NOMXHA OHTh ofec-
ICUEHA BO3MOXHOCTh IOJIHOTO H3yUEeHHd pa3pe3a KOpPH BHBETPH-
BAHMY M YCTAHOBJICHHY IIOJIOXCHHS TDAHHMI| OTACABHHX €€ 30H, a
takxe orbopa oOpasnoB rpyHra TpeOyeMoro pmamerpa, COXpaus-
OLHX HEHAPYIMICHHOE COXEHHWE M ECTECTBEHHYIO BJAXHOCTb (MUC-
nepcHoOM 30HH). BCaeaCTBME 3ITOT0 MPENMOYTHTENAEH KOJIOHKOBHI
cnoco6 Gypenns.

B oraMume OT NPOXOAKH CKBAaXHH B TI€0JOropasBefO4YHOM Heie
MHEKEHEPHO-TEONOTAYECKNE CKBAXHHB KOJIOHKOBHM CrnocoboM mpo-
XOOST ¢ OrpaHMYEHHEM CKOPOCTH BpAImEeHHs cHapsaga (dHe Oosee 60-
150 o6/mmnu), nasnenud Ha 3a6oit (ue Gonee 15 MIla), cokpa-
MEHHEM HMHTEPBAJIOM MPOXOAKM. BypeHne B OOBOAHEHHHX MOPOAAxX
BEAYT “BCYXyI”, @ B CyXMX - ¢ npoayekoi BoanyxoMm. Coliomenue
ITHX Tpﬁ&nalﬂlﬁ HeobxomuMO aag monydyeHus o0pasuoB C HeHapy-
IICHHOH CTPYKTYpOo#ll (B3 AUCIEPCHOMN 30HK) M COXPAHCHMS 3aNOJHH-
Tend M pa3MepoR obnomMxoB (B mebuucroii). Hesasmcumo or ryc-
TOTH Pa3BEAOYHOM CETH BCE CKBAXKHMHH MOJXKHLI BCKPHBATH IOJHBIN
I;p;)d)m‘lb BHBETPEARX MOPOA C YriayOjeHWEM B KOPEHHHE HE MEHee
-3 M.

HMuxeHEepPHO-TEOIOrHYECKYI0 AOKYMEHTAauuK ofHaxeHmit, Oypo-
BHX CKBAXHH, TOPHHX BHPA0OTOK, BKJIOYAIOMYIO ONHCAHHE, 3apH-
coBKy (cdororpadmpoBanue), mNpocTEHMHE HHCTPYMEHTAJbHBIE W3-
MepeHus (MHKPONCHETpanusg, WCIHTAHHE NPOYHOCTH METOROM MOK,
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MooTKOM Kamikaposa), @ TaKXE€ HMHXEHCPHO-TCOJIOTHYECKOE Onpo-
GoBaHHME BHIBETPEIbIX NOPOR BENYT NPEHMYMIECTBEHHO IO 30HAM KO-
pH BHBETPUBAHHMS, BHICICHHBIM BH3yaJbHO B  33BUCHMOCTH  OT
M3MEHEHNS OKPACKH, TCKCTYPH H CTPYKTYPb, MHHEPAJIBHOIO COC-
TaBa H MPOYHOCTH.

OITPOBOBAHHE. PACYET CHCTEMBbI OITPOBOBAHUA

IIpy wM3y4YCHHH BBLIBETPEABIX MOPOA MNPOBOAAT HMHXEHEPHO-
reosioruyeckoe  onpobOBAaHME BCEX 30H KODH  BBIBETPMBAHMSA.
WurepBan onpoOOBaHMS NO CKBAaXWHAaM B 3aBUCMMOCTH OT Te€o-
JIOTHYECKHX YCJIOBUM M CTEMNECHM OIHOPOAHOCTH pAa3pe3a BHWBETPEJIBIX
nopof B 30He MoOXeT OBITh MOJAYYEH TNYTEM  PAacueTa CHUCTEME
onpoGoeanns. [lauHble, XapakTepHbie o00pasunl TOpPOA M3 KOPH
BHBETPHBAHMS M HEKOTOPHIC OCOOCHHOCTM HX OTGOpa NpHBEACHH
HUXe.

V 30Ha O6pa3ibl HenpaswibHOM (GOpMBbI

1V-B MOHOAMTHI C KOHKPELMAMH

1V-A MOHONUTBI C HeHAPYWeHHOM CTpyKTypoit (20x20x20 cm)

L MoHoAUTH HenpasvibHON (OPMBE, BRAKOMAIOMUE (parMenTb
cnabo BoIBETPENbLIX NOPOR

H-A O6pasupi, npeactamnsiomme oot MOHOAMTHBIE 00MOMKH +
+ 3anoJIHUTEND

11-B OGpasusl, oT0MpaeMuie M3 BHYTPEHHMX M BHEWHHX 4YaCTEM
mislf; 3anonxutens (6e3 coxpaHewusi CTPYKTYpbi)

1uo0 O6pasupi, oTOMpaeMble H3 CTEHOK TpewlHH (pa3MepoM

2x2x5 €M) M 3aNOBHMTENS TpeuwwH (JIMMOHWTA, TIAHHKHM
TpEHHd U T.4.)

OnpeaeneHue NapaMeTpoB CHCTEMBI ONPOOOBAHMA CBOJUTCA K
YCTAHOBJCHHIO ONTHMAJBHOTO KOJMUECTBA mnpo0, MHTEpBAaTa HMX
orfopa, 4YMCAa CKBAaXHH M MECT HMX pacnojoxends. OnTHMabHOE
KOJHYECTBO TNpol, HeoOXOoquMOe M AOCTATOYHOE IS TOJYUCHHS Ha-
NEXKHBIX CPeNHUX 3HAYCHUH MOKasaTesJel CBOMCTB IOPOAM, MOXET
O6HTh MOJIYYEHO Pa3IMYHBIMH METOAAMHM: npuOIMXKEHHO-
CTATHCTHUMECKUM M TIYTEM pacueTa OJHOMEDPHOM, ABYX- MU TpEXMmep-
HOM cucTeM onpoGosanusi, npemnoxenunm I'K. Bonpapuxom [3].

IpubauXxeHHO-CTATUCTHYECKMI  METOA ONPEAEACHHS YMCAA TIPoO,
npemioxenunit H.B. Konomenckum u Y.H. BanoBoit, 3aK/i04aeTcsa B
TOM, 4TO ONpPERAEASIOT OObEM ONTHMANBHONW BHIOOPKH, T.€. BHOODKH
C MMHHMAaJbHBIM KOJIMYECTBOM WIEHOB, CpPEAHCE 3HAUCHHE KOTOPOM
HE CyIMECTBEHHO OTJIMYACTCS OT TEHEPAJIBHOIO CPEIHErO.

WUccnenosanuns pasnuuHbBIX PEHETHYECKHMX THIOB TJIMHUCTHX TOPO.
[MOKAa3aJjd, YTO ONTHUMAABHOE KOJMYECTBO Npold HMId MOpPOx Cra-
THCTUYECKM OOHOPOOHBIX MO CBOMCTBaM Koaebnercs y duamueckux
xapakrepuctuk or 4 no 30, a y npouHOCTHRIX OT J mo 235.

Pe3ayabTaThl pacueTa ONTHMAJBHOIO KOJMYECTBA YAaCTHHIX 3HA-
yeHUN rmoKaszateneir (PU3MUYECKHX CBOWCTB IS IMCNIEPCHOM 30HHI,
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TaG6nuua 4
O6GBbeM ONTMMANBHBIX BBIGOPOK NOKa3aTenel
CBOWCTB nopon

Moxa3zarens Ob6»eM BBIGOPKH
OnTUManbHbIA IIpu p= 0,95,
p=10%

BrnaxKHOCTHL 25 9

T1710THOCTB MHHEPAJIBLHBIX YaCcTHI 20 1

[InoTHOCTBL rpyHTA 20 5
[Ipenen NNIaCTHYHOCTH

BepXHUit 10 35

HIDKHUH 10 35

[MecuaHas ¢ppakims 20 -

T'muuucrad ppakuus 15 -

Mpumeuanue O6bem pbi6opox no CHuIl 1.02.07 — 87 — He Menee 10.

cpopmupoBaBmeiics Ha auabazax W anabazoBbix TOPHHPUTAX, TIPA-
peReHH B Tabs. 4.

Taxum obpasoMm, uucao npob, HeoOxommMoe M AOCTATOYHOE IUIS
TIOJIYYEHNS HaJAeXHHX CPEOHMX 3HAUMEHMIN TOKa3aTeneil BJIAXHOCTH,
IUIOTHOCTA TPYHTA, IUIOTHOCTH MUHEPAJbHBIX YaCTHL, NOKa3areaei
capura (yrna BHYTPEHHETO -TPCHUS M CUEIICHMI), cocraBaser 20-
25 npol; npegenoB IUIACTHUHOCTH 10, rpaHyIOMETPHUYECKOrO
cocraBa - 1J5.

Pacuer onpuoMmepHoit cucteMst onpobosanus, npemnoxennsit K.
BoHpapukoM, MOXeT OnITh MCMONb3OBAH IS ONMPEHENCHHS WHTEPBA-
13 onpoboBaHMA OUCTIEPCHHIX 30H KOPH BHIBETPUBAHMS.

H3MeHeHMe noKa3aresas CBOMCTB MNOpPOgM Mo IyOmuHe mnpem-
craBaser coboit cnyvainyio ¢yHkuuioo R no Hanpasiaenuio (£).
PasnocTs Mexny MaTeMaTHYeCKMM oxumaHueM $yskuum M [R(E)]n
OLIEHKON €€ CpemHero 3HAYeHHS, MOJYYeHHOM 10 4YACTHHM 3Ha-
YEHNAM TOKa3aTesnell CBOWCTB, Gymer MeHbIIE HEKOTOPOH 3aMaHHOM
BCAMYUHNW E,, T.C.

1 n
E=MIR®I]-—~1L R

i=1
B aroMm cayuae mias onpeneseHuss MHTEpBaJa onpobGosanus (AE)
MOXHO HCIOJIb30BATh HEPABEHCTBO

E

< 0
Ag = max [Ri(E)I

rae Ri (§) cpemHee 3HaueHME NpPOM3BOIHOM cayyadHOH yHKUMH,

R. R
_ i+l i
R® = gttlg

3
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Beswuuna E  Bxuovaer: cayvailHee oOmMOKM, CBS3aHHEE C
TOYHOCTBIO METONA MCCIAEAYEMOTO IOKAa3aTeNis CBOMCTB IOPOAN;
€CTCCTBECHHOE pacCesHMEe IOKa3aTeNAs CBOMCTB; CJyvaliHue owmmnbkm,
06yC/IOBIEHHHE CNOCOGOM anmpoOKCHMAuUMH CyyaitHou byHKuuM cy-
YaWHOH NOCJECAOBATEBHOCTHIO.

Hcxons w3 21oro BenuumHa E He Moxer ObTh MeHbme a6-
COJIIOTHOM TOYHOCTHM MeETOAa H3MepeHus E, u Goaplle BennmumHu
pasmaxa HcceayeMoro mokasarenss ARypur:

AR‘pu—r' = Rn - R = Sta,

rme Rn KpailHee 3HAYEHME YNOPANOUEHHOTO pAAa M3MEPEHHM
TCOJIOTHYECKOTO mapaMerpa; R OLIEHKA CPEAHEro BHOOPOYHOrO
3HAYCHUS; S CTaHAAPTHOE OTKJIOHEHME; !, BEJHYMHA,

3aBHCANIAA OT 00beMa BHIOOPOUHONH COBOKYMHOCTH H MPHHATOTO
YPOBHS 3HAaYMMOCTH.

Taxkum obpasom, E, < E, < ARcpwr.

OueHKy CTaHAapTHHX OTKJIOHEHHH S ompenenseM mo dopmyne:

Slgpn‘;

e A CpPENHMIA pa3Max, BHYHCINETCS IO pPa3Maxy YacCTHHX

Ta6nuua 5
Ipumep pacyera HHTEpBana onpoGoBaHut

T'nyGuua PaccTonnue MnoTHOCT, Ri 41 — R
orGopa MEOKAY TOUKIMM nopog, Riyy — R; —_—
npo6, m | orbopa npob, M rlem Eiv1-&
9,5 2,33
0,7 0.4 0,57
10,2 1,93
L1 0,10 0,09
11,3 2,03
0,9 0,05 0,05
12,2 1,98
1,6 0,02 0,01
13,8 1,96
4,7 0,03 0,01
18,5 1,99
2,0 0,15 0,04
20,5 1,84
0,7 0,08 0,11
21,2 1,92
0,8 0,59 0,73
22 2,51
0,8 0,36 045
22,8 2,15
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sHauennit R. B noasm6opkax, COCTOAMIMX M3 ABYX BaPHAHTOB
1

— 0,4 + 0,05 + 0,03 + 0,08 + 0,36
A= = 0,184;
S5

p( "), xoodbdULHMEHT, 3aBUCATIMHA OT UHCIA BAapHAHTOB B TOAGOPKe
n, ONMpENensercs MO CIELUANBHON tabnuue [21] mis n = r(p =

=0,886, S = 0,163); Rgur = Sta; f, OPM n = 10 u yposue

aHaunmoctn 5% pasHo 2,41 [21], a ARwypr = 0,163-241 = 0,392,
Cpeanee 3HAUCHME TIPOM3BOXHOM CAy4aiHOM byHKUMH

—,  0,57+0,09+0,05+0,01+0,01+0,04+0,11+0,74+0,45
R.= - =0,229.

ARxpur
Illar ompoGosannsa A = —_ = 1,71 M
R

Pacuer wuHTepBasa onpo0OBaHMA MNPOBOOWJICHE IO YACTHHM
3HauyeHHsM TIOKasaTenaeit ceoiicts (tabn. 5). Hecmotps Ha
HOBOJIBHO INMPOKMH [AHAMA30H TOJYYEHHHX 3HAYEHUH WHTEpBA/Ia
onpobosanus (0,6-4,1 ™), Habmomaercs nOBTOPIEMOCTb MHHH-
ManbpHHX 3HaueHui. IlosyuyeHHBE pe3ysbTaTH MOKA3WBAKOT, YTO mar
onpofoBanMsl HOMXKEH CocraBastb He Oosee 1,5 M (tabn. 6).

Onas orGopa o00pasuoB ¢ HEHAPYWEHHOW CTPYKTYPOH cieayer
MCHONB30BAaTh I'PYHTOHOCH WJIM IBOMHYIO KOJIOHKOBYIO TpPYOy.

Cpasy nociae or00pa MOHOJMTOB M3 AMCHEPCHOW 30HMW HX TINa-
TEJIBHO KOHCEPBHPYIOT C NMOMONIpI0 NapaduHa, ryapoHa WM CHEUH-
aJIbHBIX IUIACTHKOBHIX CTAKAHOB M YNAKOBHBAKOT. Jl0 OTNpaBKH B
nabopaTopuio 06pa3ubl XPAHATCS .B TOMEIICHHHM NPH TONOXHTEALHOM
remmnepatype Bo3nyxa (0-20 C). Cpokn xpaHeHus Mexny orGopoM u
MPOM3BOACTBOM /1a00OPAaTOPHHIX AHANHM30B HE MNOJXHH IPEBHINATH
6 Mec., Tak xak npu 6osee NIMTENBHOM XPAaHEHMH CBOWMCTBA IOPOX
MOTYT CYIUECTBEHHO M3MEHSATBCS,

JIABOPATOPHBIE B NIOJEBBIE METOIBI
M3YYEHHA COCTABA, CTPYKTYPHO-TEKCTYPHbIX
OCOBEHHOCTEH U CBOICTB

BBIBETPEJIBIX TIOPOJ

B npouecce moJeBHX WKCCHAENOBAHMI TOPOA KOPH BHIBETPHBAHHA
IOASl OUEHKH TPOYHOCTHHIX M AeOPMALMOHHBIX CBOMCTB IIPUMEHHIOT
3Kcmpecc-MeToAH. [IpM M3yyeHMH nOpoA, CAAralomux 30HH JE3HH-
Terpamuu, MOFyT OBITh WCIOJB30BAHM TAaKUe METOAH, KaK CONpo-
THBJIEHHE CXATHIO O00pa3suoB HENPaBHABHOM .(JOPMBI, PACKAJILIBAHME
00pa3uoB KJIMHbIMM, MCTOH COYAApHONO OTCKOKA ¢ NMOMOMIBIO  CKJIe-
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pockona Topa, mosorka Kamkapoea, ompejeneHne KPEMOCTH METO-
noM Tomyeums. IS MCCAEQOBAHMST CBOMCTB MOPOX OWCIIEPCHOM 30HBI
NMPUMCHHUMbBL AMHAMHUYECCKOE W CTaTUyeckoe 30HAHPOBAHME, IECHETpA-
LIMOHHO-KAPOTaXXHBIE METORBI, NPECCHOMCETpPHS.

OnHAKO OHEHKA NOpOH JKCMPECC-METOAAMM HOCHMT TOJIBKO IIPEA-
BapUTEJBHEIL xapaktep. OCHOBHbE >X€ ONpEOEJACHHs COCTaBa M
CBOMCTB MOpOA HOJIXHBI NPOBOAMTHLCS B JAa0OpAaTOPHBIX YCJIOBHUAX, B
CTEHJOBHIX YCTAHOBKAX ¥ NMYTEM BHINOAHEHUS CHCUMANBHBIX OMBITHHIX
pabor.

B npouecce naboparoprbix paboT 43yuyaroT XHMHYECKMH H MH-

Hepanoro-meTporpauueckmii  CocTaB M (PH3NKO-MEXAHHYECKME
csoiicrBa mopon. MccaegoBaHmst XHMMUECKOrO COCTaBa TOPOA KOPH
BHIBETPNBAHNA TIPOBOAATCST HAa 00pasiax, oOToOpaHHHX METOHOM
00pO3aH WM 33aOHPKM B KaXaoi 3oHe. [Ipu CpaBHMTE/NbHOM aHanM3e
OAHHHX XMMHMYECKOTO COCTaBa pAa3HHX YYAaCTKOB BEPTHKAILHOIO
npodwid KOPH BLIBETPHBAHUS HEOOXOOMMO COMOCTABJAATH rpaduKu
M3MEHEHHS CONEPXAHMS OKHCJIOB XeJie3d, aJIOMHHNSA, KPEMHUS,
KaJIbIMS.

M3yseHue M M He pa 1 b HOTOM XM MHUYECKOT O
COCTaBa I OpO X KODH BHBETPUBAHHS BEAYT KOMILIEKCOM
METONOB, BKJIIOYAIOMUM BaJIOBHHM aHaNN3, nerporpaHuecKMi, peHT-
FEHOCTPYKTYPHBIH, TEPMHUCCKHIA, IJICKTPOHHO-MHKDPOCKONHMYECKHIM., *
Tlyrem meTporpaduuecKHMX HCCAEAOBaA
H W 1 H3yvyaloTCst COCTaB MHHEPAJIOB, MHKPOCTPYKTYPHHE H  TEKC-
TYpHHE OCOOEHRHOCTH NOPOA, NMOC/IEAOBATENBHOCTh 3aMCIICHHAS  MH-
HCPaJIOB CyOCTpaTa, B3aMMOOTHOIIEHMS HOBOOOPA30BAHHHX MHHEpa-
JIOB; TPOM3BORMTCS YTOUHEHWE BHAENEHHHX B I10J€ CTPYKTYPHO-
MHHEPATbHHEX 30H KOPH BHBETPUBAHMSA. [JIMHHUCTHE MHHEPAJIH HHMC-
MEPCHOM 30HH HACNEAYIOT B HMXHHX TOPH3OHTAX KOPH BHIBETPUBAHUS
CTPYKTYpY ¥ (OpMY NEPBHUHHX MHUHEpPAJIOB, 4 B BEDXHHX - obpa-
3YIOT Pa3HOOPUEHTHPOBAHHEIE KOTOMOP(QHHE CTPYKTYDH, PEAKO Ha-
6monaomuecss B APYrMX FEHETHYECKHMX THNAX CTIAMHHCTHX IOPON.

PeHTreHOCTPYKTYPHHHN aHaNnMm3 WuUCO-

JIb3YeTCS JUIS AHATHOCTHKM IVIMHHCTHIX MHUHEPAJIOB M OHpENEICHUS
0COOEHHOCTEM MX CTPYKTYPH, MOCKOJBKY OT MMHEPAaJbHOIO  COCTaBa.
IJIMH 33aBHCAT HMX IUIACTHYHOCTh, HA0yXaeMoCThb, CXKHMAEMOCTbD,
npoyHOCTh. TIPHCYTCTRHE Kaoaunuma VMRMUMPYIOT YeTkue OasanibHble
pedaexcu 001, 002, 003, cooTBETCTBYIOLIME MEXILIOCKOCTHHM  pac-
croaausm (d) 0,712, 0,356 u 0,237-0,238 um. IIpm ompexeneHumn
KaOJMHATA B CMECH C APYTMMH MHHEpANamMH, RaromuMmu  pedaexcw
okosto 0,71-0,72 uM, HanpuMep XJOPHUTOM, MMEIOmMMUM cjiaboe ortpa-
xenne 001 ¢~0,14 BHM), H COBIIANAIOIIUX C KAOJMHMTOM  OTPAXKEHHS
002 (0,71 vm) u 004 (0,35 M), npuMeHsiercd CHnenMaNbHAsA OTpa-
6orka npober. Haubonee sdgexTnsHO pacTsOpeHHe XJOPHTA B KMMIA-
meH CONSHOM KMCIOTE, KOTOpas pacTBOPSIET TPAKTHYECKH BeCh
XJI0puT. JINS yCTaHOBNEHMS TIPHCYTGTBHS KAOJMHHMTA HCHOAB3YIOT
npokanusanue npH Temneparype 600 C, npu KOTOpoi OH NMOMHOCTHIO
paspymaercs.

IIpucyrcTue MuRepanoB rpynnsl 2udpociod yCTaHaBAMBACTCS TIO
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HAJIMUMIO HA AMQPaKTOrpaMMax CEpUM YeTKMX 6a3anbHBIX OTPaXEHMH,
COOTBETCTBYIOMMX MEXIIOCKOCTHBIM  pacctostHuam  0,105; 0,33 u
0,25 um. IlpuBencuunic peduiekcel He COBNAmarOT ¢ pednekcamu
ApYruX IJIMHUCTBIX MHHEPAJOB M He CMEWAIOTCA NPU HACHIICHHH
[JIALEPUMHOM, 0Tpaforke KMIOTaMH, HarpeBaHuu no 600 C.

Ins onpeneneHUs MOHMMOPUJUIOHUMA AOCTATOYHO YCTAHOBHTD
cMmemenne cepur 0a3asipHBIX PeGIEeKCOB HA PEHTreHOTpaMMax Nocie
HacuumeHus rmuepuaom 1o 0,177-0,178 HM. IT0 CAyxMT HameXHHM
KpMTEPHEM NPHMCYTCTBHA MHUHepasa. [IpM MCHOb30BAHMM CONSAHOM
KHCJIOTBI 1719 YAAJIEHMS XJIODHTA CJIEAYEeT YUMTHBATh, YTO OA-
HOBPEMCHHO TPOMCXOQHT MNOJIHOE WM YaCTHYHOE PACTBOPCHHE He-
KOTOpHX MMHEDAJOB TIPYTNNH MOHTMOPMJUIOHMTA (CANOHHMTA, HOH-
TPOHHUTA).

MuHepans rpynnsl xjiopuma ONPENESSIOTCS Mo cepun Ga3ajbHHX
pedaekcoB 001 u ocolcHHO Mo MeXIUockocTHOMy paccrosauio 0,14-
0,15 ©um pednekca 001. I'maBHas TPYOHOCT QHANH33a XJIOPHTA
COCTOMT B YCTAHOBJICHHH €10 TNpPHCYTCTBMA B C(MECH C APYIrHMH
JIMHHCTHIMH  MUHepasiamu. B 3TOM ciyuae ayyuwe wMCnonn3oBaTh
ODHCHTMPOBAHHBIE NPCHAPATH, yCHauBawlme OazanpHue pedexcu
xmoputa. HaGnmomaemsie ©Ha npudpaktorpammax orpaxenus 003,
COOTBETCTBYIOIIME MEXIUIOCKOCTHOMY paccrosuuio  0,47-0,48 nm,
TPUHANJICXKAT TOJIBKO XJIOPUTY, MO HEMY HAOEXHO YCTAHABJIMBAIOT
OPUCYTCTBHE MHHEPasa.

OnpeaesieHHe CMEWAaHHOCAOUHBIX MUHEPANOd BHIIOJHACTCA Ha
OpPHEHTHPOBAHHHIX Hpenapatax ¢pakuuum Mmexnee 0,001 MM, Tak xak
OHH AMATHOCTHPYIOTCS MO HAJIMYHIO OTPAXKEHMH NpPH MaJNbX YIIax,
COOTBETCTBYIOINMX  CABOEHHBIM  MEXIJIOCKOCTHHM DAacCTOSHHAM OT
0,3 mo 0,24 nM, xapakTepHbM Qs XJOPUTA M THAPOCION.

PenrreHorpaMmMei IAMHUCTON (PpaKi(MK BHIBETPEJBX FPAHONMOPHTOB
Komencaiickoro MaccuBa (FOXxHBIN Ypan), M0 KOTOPHM MOXHO CyAWTb
0 XapakTepe H3MEHEHMS COCTABa IJIMHACTHX MHHEPAJIOB B MeE30-
301CKOM KOpE BHBETPMBAHWA, TpUBEREHHN Ha puc. 7. B mebuucroi
3one (00p. 12, 160) rMHWCTBIE MHHEPATH IPENCTABJICHH B OCHOB-
HOM THAPOCTIONAMHM, KAOJUHHUT NPUCYTCTBYEeT B HeGONBmMOM KOMH-
yecTse; B 30He JuToMapxa (o0p. 9-11) mnpeBaaHpYOT TMAPOCTIOAK
MpH 3HAYUTENBHOM CONEPXAHMHM KAOJMHUTA; B AUCIEPCHOM - mopoaa
COCTOMT W3 KAOJMHATA; KOJAMYECTBO THAPOCIION - HE3HAYMTETBHOE
(obp. 4, 9.

B xauectBe BCHOMOraTe/JLHONO IMATHOCTMUYECKOIO MeEroma Aasd
XapaKTePUCTHKH (POPMBI YAaCTHL TOHKOAMCHECPCHHX MHHEPAJIOB MOXET
OBITD PEKOMEHIOBAH 3/eKMPOHHO-MUKpOCKOnuveckull anarus. Meronx
TIO3BONSET YCTAHOBMTH XApaKTepP TIEPEXOAAa OQHMX MMHEpaJoB B
IpYre M OUEHUTh H3MCHEHMS MUKDOCTPYKTYPH TIOPOX B mpolecce
MX BHIBETPUBAHMS. I[IpUMepnl MHKPOCTPYKTYD TIOPOX XOp BHIBET-
puBaHus TpuBemneHH Ha puc. 8-12. Qororpadmm obpasuos mopon,
OTOOpaHHBIX W3 O0OMOUHO 30HH H JMTOMApPXa TPONMHMUYECKOH KOPH
BHIBETPUBAHUSA, HATJISOHO TIOKA3BIBAIOT XApaKTep HM3MCHEHMS TIeo-
METPpMM  MOPOBONO NPOCTPaHCTBA YyanrpabasmroB Ky6bm 3a cuer
BHIMIE/JAUMBAHNS CEPIICHTHMHA B LEHTPE AueeK B OOJOMOUYHOM 30HE;
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puc. 7. PentrenorpaMma rIHHHCTOH dpak-
MK TOPOX AMCREpCHOH 30HBI KOPHI BhIBET- 0,035 9072
pHBANHA  TPAHOSHOPHTOB Kouwencadickoro g024 0025

KpHCTATHYecKoro Maccuna (H0xaibii Ypan). @207 499 q08,

Lubpbl B XpYKKAX — HOMep oGpa3ua

m

Pa3pyNmICHUS XPH3OTHJIA, O00pasyIoIEro MNETEAbYATYI0 CTPYKTYpPY
nopoH, B 30HEe CnaGo- M CHABHOBHIUEAOUEHHBIX NOPOX - JIHTO-
Mapxa.

Hcnonp3oBaHue 2MEKTPOHHOH MHKPOCKONHM BECbMa  LENECO-
o0pa3HO NpM NPHUHATHM pPELIEHHS MO 3aKPEIUIEHHIO KOPOYEK BH-
BETPHBAHMA NpPH AaPXHTEKTYPHO-PECTABPaLMOHHBIX pabGorax. [Ipu-
MEPOM TAKOr0 ONBITA HBJAAIOTCS J3AHHBIE 1O MHKPOCTPYKTYype
KPaCHOUBETHHIX MecYaHUKOB “TIIMOIKMHCKMX MUCAHAMI” B BEPXOBBAX P.
Jlenn. @ororpadmn, cpenannwuie, ¢ uurepsanamu 0,5; 1; 2; 10; 15;
30; 35 MM (cm. puc. 9), mo3BoAMAM TOJYMMTb TPENCTABJICHHS 00
M3MEHEHHH CTPYKTYPHO-TEKCTYPHBIX OCODEHHOCTEd mopox B mpe-
nenax Majex oObEMOB, YCTAHOBMTb IYGHHY NPOHMKHOBEHMS TPO-
LECC3 BHIBETPMBAHMA B MOPOAKN C HACKAJAbHLIMM PUCYHKAMM, COCTaB-
asgomyo 1-1,5 ¢M, onpeaeauTs TOAWMHY CJOS MOPOA PaBHYWO 2 MM C
MAaKCHMMAaJIBHOM MOPHUCTOCTHIO.

B 3aBHCMMOCTM OT IENM HHXEHEPHO-TEOJIOTMYECKMX HCCJIe-
IOBAHHM JIAGOPATOPHHE MCOBITAHMA (PUIMKO-MEXAHMUECKHX CBOMCTB
BHBETPEJINX IMOPOA  NPEAyCMATPHUBAIOT  BHIMOJHEHHME  KOMIUIEKCA
ONpejesICHMM, COCTAB KOTOPOTO 3aBHCHT OT 30HBH KOPH BHBETPH-
saHufA (Tabn. 7). Meroguka OucHKM (PH3MKO-MEXAHMUECKMX CBOMCTB
CBA33aHA C HaJIMYMEM B COCTAaBE KOP BHIBETPMBAHHA TOPON Pasany-
HOTO TPAHYJOMETPHYECKOIO COCTaBa (DIMH, TECKOB, JPECBHI,
weOHs, ranb CKaabHbBIX NOPOX).

IIpu m3yvenuu 0OAOMOUHOI 30HBI M3 €€ paspe3a OOMKHA OHNTh
oro6paHa npeacraBuTenbHas npoba, Macca Koropoir Moxer OHTh
onpexesesa mo dopmyre I.M. Hobposa [8] Q = aD, rme D
MaKCHMANIBHBIM JUaMeTp BKIIOUeHMit; o - kxodddunument, xapak-
TEPU3YIOWMIA pacnpefenenne ofbeMa BKIIQMCHUI, NPH HOPMATBHOM
pacnpeneseHud paBHBIN npuMepHo 50 r/cm” s aMCnepcHHX MOpPOX
(c pa3mepoM uvacTHI MeHee 1 cM) JOCTaTouHOH sdBAseTCd  Tipoba
Maccoit 50 r, mas ppecssupix  10-20 xr, mebuuctux  30-50 «kr.
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Puc. 8. [OecTpykuma ynbTpa6asutoB Kyb6bl B 30HE
nuTomapXa Mnpu  KpaTtHocTM yBenuyeHus 1000 (a),
10 000 (6), me3oypoBHe (B)

3.M. [obpoB npefnaraeT  PyKOBOLCTBOBATbCA  CMeAyHLWUMMU
obbemamu npo6: npu pasmepe yactuy 6onee 200 mm 1 T, 200-40
MM - 40 kr, 40-20 mm 20 Kr.

Cpeon MeTOfOB oOnpejenieHUs rpaHy/IOMeTPUYECKOro cocTaBa B
NPaKTUKe W3bICKaHUA Hanbofiee LIMPOKO MPUMEHSETCA MeTof Fpo-
xoueHus. [pyHTbl MpuM 3TOM npoceMBaloT 4Yepe3 Habop cuT 200;
200-100; 100-60; 60-40; 40-20 m 20 mm. O6nomMkm KpynHee 200
MM W3MEPSIOT PYNeTKOM WM NMHERKON. YacTuubl pasmepoM MeHee
200 MM noggepraloT CUTOBOMY  aHanu3dy (06beM npobbl 2-5 Kr),
nponyckass 4epes Ha6bop cut 10; 10-5; 5-2; 2-1; 1-0,5; 0,5-
0,25; 0,25-0,1 MM.  AHanu3 NMblNeBaTo-rNMHNCTONM thpakuyunm
NpoBOANTCA MeToJaMW NUNeTKM PYyTKOBCKOro, apeoMeTpuyeckum. B
KayecTBe 3KCMpecc-mMeToAa MWCMoNb3ylT MeTOL HaKUAHOW CeTKU MU
meTog oTorpaguposaHua (A.N. Leko).

Oco6oe BHMMaHWe cneayeT YAenaTb OLeHKe M/IOTHOCTM Mopof,
TaK KaK OHa HaxoguTcs B TECHOW CBSA3M C reomeTpueli NOpOBOrO
MPOCTPAHCTBA, SIBASETCS XOPOLUMM  MHAMKATOPOM CTEMeHW BbIBET-
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Puc. 9. MUKpOCTPYKTypa KPaCHOLBETHbIX MecYaHWKOB B 30He BbiBeTpuBaHuMA (LLUnw-
KWHCKME nucaHuubl, BEpX0BbA P. JleHbl) Ha rny6uHe 1-3 MM OT MOBEPXHOCTU Mpu KpaT-
HocTu yBenuueHns 300 (a) u 3000 (6), Ha rnybuHe 1-2 cM Npu KpaTHOCTU YBeNWYeHus

300 (&) 1 3000 (®

penocT Mopoj M BMeCTe C TeM pacyeTHOl XapaKTepucTuKoW. On-
pefeneHve MAOTHOCTM MOPOA 06/1I0MOYHOM 30HbI (LEBHUCTON WU T/ibl-
60BOM MOA30H) MOXHO NPOBOAUTHL MYTEM HeMoCPeACTBEHHOro B3Be-
LWMBAHMA TPYHTa, W3BMeYeHHOro m3 wypda (N0 BO3MOXHOCTM Mpa-
BWIbHOW (hopMbl) C onpegenieHMeM o6beMa MpsAMbIM  06MEPOM WK
nyTemMm 3anvMBKM BOAbl B LUypd, B KOTOPOM MpeABapuUTesibHO MpoBe-
fJeHa rugpousonsaumMs fHa W CTeHOK (3aTMpKa [IMHWUCTOM NacTow,
MONM3TUMEHOBBIN  3Kpas -1 Apyrue cnocobbl); rMapocTaTUUecKoro
B3BELUMBAHWA; AfepHbIMW MeTojaMu M0 pacCeMBaHW0 HEWTPOHOB U
ramma-nydein (B.N. ®eppoHCKMii). 43



"
Puc. 10. MUKpOCTPyKTypa 6a3anbTOBbIX Puc. 11. MuKpOCTpyKTypa naTeputos Ce-

nopthupnToB TONWN XaobuHb (BYNKaHWYe- gepHOro BbeTHama MpWU KpaTHOCTU yBenu-
CKOe CTeKN0) Mpu KPaTHOCTW YBENMYEHUS  uenys 10 000
2500

Puc. 12. MUKpOCTPYKTypa KBapL-X10puT-
KapboHaTHbLIX NOpoJ 30HbI HpeKYnpoBaHus
~Npu KpaTHOCTK yBennyeHns 1000

B.N. depopoBbiM [23] npeanioxeH 0606WEHHbIA  KO3DHOULNEHT
(DU3NYECKNX XapaKTepUCTUK MT, SBASIOWNIACA KOMMIEKCHOW Xa-
PaKTePUCTMKON 06/10MOYHOr0 FpyHTa MpW COAep>KaHMWM O06/10MKOB OT
20 po 30%:

" P,
T = 1+ /),
I3 p ( )

roe Pi cofjepXaHue 3anonHuTensa; P2 cofep>XXaHue KpynHbIX
o6bnomkos; 1p Yynmcno  MJIaCTUYHOCTM  3amnosSIHUTENS; l.

KOHCUCTEHLMA 3anofiHuTens (nokasaTeflb TEKY4YecTw).

M3yyeHne NPOYHOCTHBIX W AedOpMaUMOHHBLIX CBOWCTB  MOPOA
NpoBOAAT  MNOMEBbIMW, 1abopaTOPHbIMK  cnocobamMy B CTEHAOBbIX
ycTaHoBKax (Tabn. 8).

VMcnbITaHUA MPOYHOCTM MOPOS4 AUCMEPCHON 30HbI B 1a60paTOpHbIX
YCNoBUSAX 06bIYHO MPOBOASATCA TPEMS MeToAaMu: OAHOOCHOr0 CXaTwus,
OAHOM/IOCKOCTHOIO  Cpe3a W TPexXoCHOro  oxkatusa.  PesynbTaThbl
UcCnefoBaHUn 3TUMKM MeTo4aMy MOKasbIBaT, YTO MpU  OAHOM/IOC-
KOCTHOM cpe3e BCMeACTBME HEOAHOPOLHOCTU MOPOA Aaxe B npefe-
nax ogHoro obpasya MOXET mnony4vyaTbCs 60NbLUOK pas3bpoc pesysb-
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Ta6bnuua 7
NepeyeHs Ma6opaTopHEIX HCHIBITAHHHA 3MIOBHATLHBIX nopop,

Onpenenenue, 30Ha KOpB! BbIBETPUBAHHA
rocrt

1-11 ] 1 ] 1v| \%
['paHy/IOMeTpH4YeCKHR COCTaB CHTOBOM, 1253679 - + - +
KOMOUMHUPOBaHHBIA, 1253679 - - + -
I110THOCTD TBepABIX YaCTHIL rpyHra 5180-84 + + + +
finotHocTs, 5180—84 + + + +
[Mopucrocts + + + +
[TopucTocTs 3pPpexTHBHAA + - - +
['paHMLBI TeKYYeCTH H packaThiBaHKA, 5180-84 - + + -
Pa3aMokahme - + +
Habyxanmue - - + -
CHKkMMaeMocTs IpyHTa, 2651885 - - + -
BpeMeHHOe CONPOTHBIEHHE TPYHTOB OIHOOCHOMY + + +
cxaruio, 21153. 2-84, 24941-81
INpenen npoylocTH NPH OIHOOCHOM pPacCTSDKEHHUH, * B
21153.3-85
MeTO KOMIUIEKCHOTO ONpeneneHns Npelenos NIPOYHOCTH + - -
NpH MHOTOKPaTHOM pacKaJILIBaHUH, CXkaTHH, 21153.3—85

Mpumeuanme 3uak "+ — ucribitaHHe nposoaurca, ”—"" — He

MPOBOOMTCA.

TAaTOB, MHOITA HE TNO3BOJAKIONMA NOCTPOMTHL rpadMk CABMra H INO-
nyunts 3Hauenus ¢ u C. Tlosromy mnst onpenescHHS TPOYHOCTH
nopox AMCHEPCHOM 30HH DEKOMEHAYETCd HCIOJAb30BaThb METOAH
OIHOOCHOTO M TPEXOCHOIO CXAaTHS.

IpounocTHHEe M AedOPMALMOHHHE CBOWMCTBA OOJIOMOYHHX IOPOX
BECbMA CYMECTBEHHO 3aBMCAT OT OOBEMHOrO CcONCPXaHHd H
CTPYKTYpH (pacnpefesieHuss B TrpyHTe) OOJOMKOB; pasMepa M MOp-
dosornuecknx 0COOEHHOCTEH KPYMHHX OOGNOMKOB; IUTOTHOCTH H Me-
XaHHUYECKOW NMPOYHOCTH OOJOMKOB (CTENEHHM MX BHIBETPEJOCTH).

B 3aBHCMMOCTM OT COOTHOMICHMS OO/JIOMKOB M 3amOJHUTEJS
B.U.Denopos [23] npemnoXua maTh CXeM, ONMPENEsISIOMUX TOBEAE-
Hue OGJIOMOYHOrO rpyHTa:

I- obsomxu mnasaroT B 3an0aHUTENE C U Pxor = C H Paan ;

Il - o6noMkm conpukacarTca: Pror > @Pany; Cxor = Caan

11 ¢opMupyercs npounmi#i kapkac (xapaxrep 0610MKOB
HAYMHAET BAMATD HA @ U Cyor);
v BO3HMKAET XECTKMM Kapkac (rJIMHHCTBIH 3aTnoJIHHUTEIb

WrpaeT posib CMAa3KH);

V - csolicrBa xpynHooGiaomouHoro rpynra (KOI) He 3aBucar
OT CBOMCTB 3amOJIHHTEJNA.

DKCMEPUMEHTANILHEIM TIYTEM YCTAHOBJIEHO, YTO TPH YBEJIHYCHHH
cogepxauus obaomxoB ¢ 10 mo 509, wabGmomaercs nponopLHOHANb-
HOE yBEIMYEHHE COMPOTHBJICHHS MOPOA CABMTY, MNMOCAE HOCTHXECHMS
sroro npenena (Gonee 50%), no nmawuem I1.B. Pamuenxo, yron
BHYTPEHHETO TPEHMS CYUIECTBEHHO W3MEHSAETCSs B 3aBHCHMOCTH OT
pa3MepoB OOGJOMKOB: NpH VBEJMUEHUM KPYMHOCTH uactuu ¢ 1 mo §
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MM ¢ BO3pAacTaer Ha 11°; npu yseamuennn ¢ 20 no 80 MM Ha
7-8° Conporuenense cxatuio o0pa3uoB TpyHTd, Cogepxamux ob-
JIOMKHM C LIEpOXOBAaTOM NOBEpPXHOCTHIO, HA 15-309, BBILIE comporms-
JIEHMS CXaTHIO TPYHTOB, COHEPXALUMX TO XE KOJMYECTBO OOJIOMKOB
TOO XE€ pPa3Mepa, HO HMEIOUMX T[JIAAKYI0 NOBEepXHOCThb. CTemeHs
OK4TAHHOCTH OO/JIOMKOB HAuUMHAET 3dAMETHO CKA3BIBATbCA HA BEJH-
ynHEe @, Korma Mx couepxaHue pocruraer 35-409%.

BiusiHue IUTOTHOCTH M TIPOUHOCTH OOJIOMKOB HA MCXAHMYECKME
CBOMCTBA OOJSOMOYHBIX TIOPON CTAHOBHUTCA CYUIECTBEHHHWM IPH KX
conepxauuu bGonee 5-15%. 3aBUCHMOCTD YyTa BHYTPEHHErO TPEHHS
OT TUIOTHOCTH NOPOA ONWMCHBAeTca smnupuueckoi dopmynon [23):

p = A5

rae e nopucrocte; A, B KO3(PPHUHMEHTH, [PONMOPLHOHAJIBHBIC
KPYIHOCTH 1IEOHS.

Yem BHmE IUIOTHOCTb, TEM CXKHMAEMOCTb MEHbIIE; YEM HHXKE
MEXAHHYECKAs MPOYHOCTHL 00JI0MKOB, TEM HHXE .

JHlocTOBEpHEE TNPOYHOCTHHIE XAPAKTEPUCTHKM OOJIOMOUMBIX TOpPOX
MOXHO MOJIyYHMTb TOJIBKO NIYTEM MOJICBHX WCHBLITAHWNA MM TIPH WC-
nuTauun 00pa3suoB HOCTATOYHO Gonbmoro ofpemMa B CHEUHANBHBIX
CTCHOOBHMX YCTaHoBKax. Yame Bcero xpynmHoraGapUTHHE CTECHOOBHE
YCTaHOBKHM mpencTasasior coboit ysenuuyeHHwe wmopndukaumn na-
Soparopunx npubGopoB. Ilpu nabopaTOpHEIX HCNBWTAHUAX  KPYHHO-
00JIOMOYHBIX TPYHTOB Tpe0yercd mnpuMeHeHue oO0OpyAOBaHMd, Kyna
MOryT OHTh MOMEWEHH 00pa3uH, PasMep KOTOPHX HE MEHfE YeM B J
pa3 npeBmwIacT pasMep camoro KpynHoro Bkmwouenuns (P.I.TyauHos)
[lpu noaroToBke KpymHOOOJOMOYHBIX O0pa3suoOB TpyHTa Oosabmoe
BHMMAHHE YHEJSIOT TINATENbHOH TMOArOTOBKE MX TOPUOB, KOTOPHE
BHPABHMBAIOT MYTEM YCTpoHCcTBA mecuanoil moaymku. IHomymka coc-
TOMT K3 UHCTOTO KBapuesoro mnecka pasmepom 0,5-1 MM, mnor-
HOCTb M BJAXHOCTh KOTOPOIO COOTBETCTBYIOT IUTOTHOCTH M BJiaX-
HOCTHM MENKO03€Ma B uCnmTyemoM ofpasue.

KomnpeccuoHHble ucnpiTaHUs npoBoast mo Metoauke P.I'.Kans-
Oeprenosa [8] B npubopax amamerpom 210 mm. IaBneHue u3sMepsor
Ha HMXHEM Topue ofpasuya. DTO MNO3BOMSNET YTOUHHUTH TMOJIOXKEHME
KOMIIPECCHOHHOM KPpHBOM B KOOPAMHATax ocanka Harpy3ka H
onpenenutb koddduureHt GOKOBOrO naBJeHMS, KOTOPHIL cienyer
YUMTHBATH TIPM pacuere MOAyAs obumed nedopmaumu.

BoxoBoe maBacHME HA KAaXAOM CTYNEHU HArpy3kH ONPeneasiorT 1o
dopmyne:

Py - P
f’l‘ pFG ox

CO6ox =

rae P, u P, COOTBETCTBEHHO AABJEHUE HA4 BEPXHEM M HWXHEM
topuax oOpasua; F momans 6G0KOBOM mOBEpPXHOCTH 00pasua;

fip - KO3(GHUHEHT TpPEHHS TIPyHTA NO METALIY, ONpeReIsIeMbIi
ONBITHRIM ITYTEM,
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Koagpdpuunenr Gokosoro nasmeHust € pacCuMThHBAOT No GOpMyJIE:

1 n n
£ - Zoocb06ok n ?0‘0% ; c6oxk
n n
2 1 2
>l: Tocs n q: GOCb)
e OCoar M Obox COOTBETCTBEHHO OCEBHE H OJIOKOBHE

HANPSXCHAS; N - YUCIO CTYNEHE Harpysku.

HaubGonee yHMBEpCAnbHEIM METOAOM OUECHKH ACPOPMAUMOHHHX H
MPOYHOCTHHX XapaKTEPUCTHK TPYHTOB CJIEAYET CYHTATh MX TPEXOC-
HHE HCNHTaHMA B crabunomerpe. B npouecce ommita COXpaHsercs
COOTHOIIEHHE MEXIy HANPAXKEHUIAMH, BRINBAIOMMME H3MEHeHHE (op-
MBI, M HanpsXCHHEM, BH3WBAIOIIMM HU3MEHEHHE 00bEMa. DTO MO3BO-
J9ET YYMTHBATh (PAKTOP HANPAXKEHHOrO COCTOAHHS M TOJYYHTh
MHBapPMAHTHHE XapPaKTEPUCTHMKHM HA MACHTHYHRX 00pasnax.

Koagppuuuerr GOKOBOro pacimupeHus Onpegensiercs B BaKyyMHOM
crabmnomerpe, apagiomemcs yactbio YJIC-1 - 10, u paccumtHBaercs

no ¢gopmyne:

- 0,5 (Aev Ael)
iu= 81 )
A Vll Vx

- Ah k.
rae Ae, = " ; be = v ;

Vi - HawanbHHM oObeM; H - HauvanpHas BbicoTa; Vi KOHEYHBIH
obwveMm; h - KQHCYHAA BHICOT3, MOCKONBKY

AV, = IR"Ah;
__Ar . _h
H="R""an

rne Ar/R  orHocurensunas Ookosas nedopmaums; h/Ah oTHOCM-
TenpHaa oceBast xedopMmamus.
Monyas medopMauun pacCUMTHBAETCS Mo (hopmyne:

E =

(Ac; - Ac;.3) (Acy + 280, _3)
’
A0‘1€1 + AO‘2-3(281 - CV)
rae Aoy, A0 npUpameHde OCEBHX HANPSXCHHH; €, £,
OTHOCHTENIbHHE OCEBHE M 00beMHEIEe HedopManyH.

IIpouHocTs rpyura onpenenqaioT rpapuuecku. [nas storo B ko-
opaMHATX "T - " crposar orubGaromue xpyroB Moopa, Kkoropmie
annpoKCMMHUPYIOT NpAMOM, OMMCHBacMoi ypaBHeHHeM KysoHa T =
= otge + C. CrabunoMerpuueckue UCIHTAHAS NO3BOJIKIOT HOJYYHTh
abdexTrBHHE BEIAYMHH IOKA3ATENEH NPOYHOCTH (PN  HAJIMYMH
COOTBETCTBYIOIMX YCTPOMCTB AJIS M3MEPEHHMS TOPOBOTO JABJEHMA).
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Jns onpenenchns mapamerpos npounocty KOT' P.I. Kaanbepre-
HOB [8] pexoMeHnyeTr METox HAKJIOHHOM Harpys3ku, NpUKJIaAHBAEMBI
B TpuOOpax ONHOILIOCKOCTHOrO cpe3a (1a6opaTopHHL METOn) WM
cpe3a uenmka (IosIeBoH).

Cpe3 uenMKoB HAaKJIOHHOM HATPY3KOM BBIMOJHAETCA HA YCTAHOBKE
YUC=1M, nogrotoBKa M IIPOBEACHME MCOBLITAHMA 3aHUMaoT 30 MuH.
B0o3MOXHO NpPOBEOEHUE ONBLITA € MOBEPXHOCTM B KOTJIOBAHAX, OTKO-
cax, mypdax, 3abosx.

Cxumaommue (0‘) M caBuramomue (T) HANpSIXCHUS B MOMCHT cpe3a

pacCUMTHBAIOT 1O (opMyaam:
P P

T = —— sinf; o = —— cosB,
F

rae P CyMMapHas Harpyska; B YroJl HAaKJIOHA HArpy3ku K
HOPMaJM IUIOCKOCTHM Cpe3a; F - miomanb CEYEHWs LEJIMKA.

[punoxenne pesyapTHpyIOWEH HAKJIOHHOM HArpy3KM HO3BOJSET
NMpH TMOCTYNATENLHOM ABMXEHWM CpPE3HOro Kojbua “rmiaaBHoO oOTe-
KaTh” HEPOBHOCTH M BLICTYNH B IUTOCKOCTH Cpe3a M u3bexarp wc-
KaX€HHH, BHI3BAHHHX 33aKAMHUBAHMEM BKJIIOYCHUN MEXAY oboiMammu.

Ing nonyuyepns C M ¢ ONKTH HANIEXMUT TNPOBOAMTH Npd COO-
JIIONECHAM YCJIOBHI:

1) yron pesynaprupylomeii Harpy3ku (B) K LEIMKY HE MOXET
O6nTh MeHbmE @ (BZ¢);

2) orHomeHME 3a30pa Mexay oboimamu A K guamerpy oboiimu D
H0AXHO OuTh paBHmm 0,14;

3) orHomeHue 3a3opa K AMamMeTpy 06nOMKOB d omHoro obpasua
IONXHO cocrasasath 1,3.

Ilnomanes cpesa o06pasua KOPPEKTUPYETCA BBEACHUEM IOTIPABKH
HAa M3MCHEHHE IUIOUIaAM cpesa:
F

AF =

2 “ b
_E_ chr+h” _ (. w/onr  K%)

3
rme F  HayajdbHas IUlomanb cedeHus oOpasua; AF  HM3MEHEHWE
nAoWanM ceueHus; h cTpeaka CerMeHTa; r - pagMyc KOoJbLa-
000IMH; S - mepeMemeHue KoJbLa-000iMEL. }
3HaUCHUS CKUMAIOIIMX M KACATEABHBIX HAMPSXKEHUH HAXOAATCS M3
COOTHOLOCHUH:

P P
o = ———— cosB; T = ————— sinf.
F AF F AF



Taasa 3

HHXEHEPHO-TEOJIOTHYECKOE
HCCIEOOBAHHUE ITPOLHECCA
BbIBETPUBAHHSA B ITIOJIEBBIX YCJIOBHUAX

TIpuHaTO CuydTaTh, YTO MNpOLECCH BHIBETPHMBAHMA HAYT KpaiiHe
MCOJICHHO. Om{axo ONKNT HWHXCHCPHO-ICOJOrHYECCKNUX YICCJICROBaHHl‘;I
MOKAa3HLBAET, YTO MPOUECCH BHRIBETPUBAHMS MOTYT MNPOTEKAaTh CO
3HAUYMTEJBHOH CKOpPOCTBIO (Taba. 9). ITosroMy 3sHanme CKOpocTH M
HHTCHCHBHOCTH NPOUECCOB BHIBCTPUBAHHS HeO6XOIl"MO A OHCHKH
MOHIHOCTH CbEMa TNOPOA, MOIIHOCTH 3allUTHHX LEJIMKOB, YCTOiYM-
BOCTH TOpon B OOpTax KapbepoB, KOT/JOBAHOB, OTKOCAX, CTEHKAaX
MOA3EMHHX BHPAabOTOK M T.X.

IMog CKOPOCTHIO MPOLECCA BHIBETPUBAHMSA CJIENYET MOHMMATL NPH-
PAIIEHHE MOIIHOCTH KOpPbI BHIBETPHBAHHA (30HBI KOPbI BHIBETPHBAHUA)
B CAMHUILY BPEMCHM (OTHOMICHUE MPMPALIEHMS MOUIHOCTH KOPH BHBET-
PUBAHMSA KO BPEMEHH).

HNHTencuBHOCTL npouecCa BHBCTPHBAHUA €CTh CTCHCHb HM3MCHC-
HMS MMHEDANbHOIO, XUMHYECKOTO W TIPaHYJIOMETPHYECKOro COCTa-
BOB, CTPYKTYPH, TEKCTYPhl, CBOHWCTB BHBETPHBAIOIIMX MOPOA B
CAWHHILLY BPECMCHH.

HMureHcuBHOCTE Mpouecca B Kakoj-nmbo Teuke A pa3spes3a BH-
BETPEJNX MOPOA YMCIEHHO pasHa AR /At, rae

ABRY = RY RY M=t

t. t... t,. i
A i i+j i+f
Rt,. HEKOTOPH TMOKA3aTeNb, XaPaKTEPU3YIWuil moboi mpusHaK
nopoam B ToykKe A (COCTaB, CBOMCTBA, CTPYKTYPYy) B MOMEHT BpeE-
MeHu ¢ R TO XE B MOMEHT BPEMEHH t‘.+f

t. .

i+

CxopocTh BHBETPMBAHMS MOXKHO OLEHHTb MO MOIMHOCTH 30HH BH-
BETPUBAHKUs, OOPa30BABUICHCA B OMPEACNEHHBIX YCAOBHAX 33 IOf.
IMokasaresp CKOPOCTM BHIBETPUBAHWA OYNET CYIIECTBEHHO pasNMyeH
B Pa3HHX NOpoAax M OOGCTAHOBKAX, NMPH OTCYTCTBMH WIH HANAYHH
CHOCA (OCHIMAHMA, CMBIBA MEJKO3EMa HAa CKJIOHE, oTMenu, Omues-
HHKE) BHBCTPHBAIOLICTOCY MAaTCpUania.

Ilpn nr3yyeHMH CKOpPOCTH TNPOLIECCOB BHIBETPUBAHHS MOXHO OCHO-
BHIBATbCY HA NAHHRIX HATYPHRIX MCC/AECAOBAHMM M PE3y/IbTATaX MOHAC-
JIMPOBAHNS TIPOLECCA.

HarypHue uccienoBaHus MOTYT NPOBOOMTHCS NyTeM HaOmopeHmit
Ha CyHIeCTBYIOINX TNPUPOAHBIX OTHOLIEHHSX; CYHIECTBYIOIUMX MCKYC-
CTBEHHBIX OTHOWIEHMSAX (OTKOCAX, BHEMKaX, wWypdax, WTOAbHSX);
MCKYCCTBEHHO 3aQdaHHHWX OTKOCAX M OMBITHBIX FUIOLIANKAX; OMBITHRIX
OTBAJIAX M OTBAJAX M3 IUTOJCH; TOBTOPHOH AOKYMEHTALMU M OMNpo-
GoBaHMa KepHa. MomenMpPOBAHME NPOLECCA BBHIBETPUBAHHS MOXET
OCYLIECTBJSATBCS INYTEM HATYPHOIO MOREJMPOBAHMS; J1aGopaTOpPHOIO
MOAEINPOBaHMs; MoAenHpoBaHus Ha IBM.
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CTEPEO®OTONPAMMETPHYECKHUI METOA HM3YYEHUA
BRIBETPUBAHMSA T'OPHBIX TIOPOJ

Ins w3yuyeHHst NpOLECCOB BHBETPMBAHMS B HACTOSImEE BpEMs
NPAMCHIIOT CTEPEOMETOAN, OCHOBAHHHE HA HCMOAB30BAHMM CTEpEO-
dororpamMmerpun. JIas noayueHds CrepeodoTOrpaMMETPHYECKHX Tap
CHMMKOB 00bekT ororpadmpyror ¢ Gauaxkoro paccrosuus (1-20 M)
magodopmarHume kamepamu tHna CKHU-5, 7, 8, BunyckaeMuMmu B
CCCP, wnun UMK-10/1318 ¢upmu “Kapa Lleitcc Uena”. YcranoBku
COCTOAT M3 ABYX KaMep INMOABHXHHX WJIM CHMMETPHYHO 3aKPEIUICHHRIX
Ha Gasucuoi nuHenke. Kameps CHHXpOHHHE, ¢ M3MEHsIOIUMHUCH (o-
KYCHRMH DacCTOAHMSIMM. YCTAHOBKA KDPEMUTCS HA TOMOrpadMyYecKoM
mTaTHpe. CHEMKY MOXHO NMpPOBOAMTb C HAKJIOHHOH ONTHYECKOH OCHIO
(0190 ). C yBenmyeHMeM CHMMKOB MOXXHO TIOJYUYHTh IUIAHH [LTOMALOK
paamepom 10x10 u 15x15 M B macmrabe 1:100 - 1:400.

CoreMkoit ManodopMATHHMHM KaMmepaMu ¢ OJIM3KOIO pacCTOSHHS
MOXHO YCTaHOBMTb, KaxX MAET MNPOLECC BHBETPHBAHMUS, B YaCTHOCTH
Pa3BUTHE TPCIIMHOBATOCTH BO BPEMEHH, ONpEAC/AUTh OOmylo M ce-
30HHYIO POJib B 3TOM Jpxoo0pa3oBaHnu no tpemuHaM. C 5Tod uensio
pPa3HOBPEMEHHHE CHUMKH, TIONYYEHHHE C MOCTOSHHHX Touek ¢oro-
rpaMpOBaHUS NPU OOUHAKOBOM HOJOXEHUM (POTOKAMEP, COCTABISIOT
OIS COBMECTHOIO CTEPEOCKONMMYECKOr0 HAONIONEHHMS B ONpENeNeHHBIX
COUYETAHUSAX, NPH KOTOPWX IOJYYAlT HECKOJBKO HOBHX BMIOB CTe-
PeOCKOMUUECKUX Mopaeaech (Hanpumep AxAs; A.B; wam A3;By), na-
IOMUX 3PUTEIBPHOE OMYHICHME TNPOCTPAHCTBEHHBIX W3MEHEHMH M
neuxeHun [14].

ITpumenenue crepeodoTOrpaMMETpu TPEACTABASIET OCOOBIN HH-
Tepec NpPH H3YYCHUM BHBETPHBAEMOCTH HOPOX B HCKYCCTBEHHHX
OT/IOXEHHMNAX, KOTAa Ipouecc nporekaer Ouictpo. Bo-mepsmix, Meroxn
obecneunBaer OONBITYI0O JOKYMEHTANBHOCTD M HAMISAHOCTH B M3Y-
YEHHN BHBETPHUBAHUS TOPOX BO BpeMeHW. Bo-BTOpHIX, ymaercs Ko-
JIMUECTBEHHO OLEHUTh BJMSHHEC HEOOHOPOOHOCTH MACCMBA, JbROOO-
pa3oBaHM# HAa NPOCTPAHCTBEHHO-BPEMEHHOE NPOTEKAHME B HEM
BHIBETPMBAHUSA, Pa3BUTHE €r0 OT KOHKDPETHRIX JHHUIA, ILEHTPOB,
y4yacTkoB. B-TpeThbux, MO YC/IOXKHEHMIO CETH TPEIUNH BHBETPUBAHUS
OnpeaesIgeTCd BPEMS HAYAJIA OCHINAHMA OTKOCA, a B AAJbHEHIIEM
U €r0 MHTCHCHBHOCTD.

TeHAeHUMH BBIBETPUBAHUS MOTYT OBITh NPOCAEXKEHB C TOMOLUBIO
CIEPEOMETONOB M B TPHYCTBEBHX 4YaCTHX LITOMAECH, T.6. B Pa3HHX
30HaX BBIBETPUMBAHMA. [Ipym 3TOM oOnNpemensioT, Kak MEHSIOTCd Tpa-
HMLIN M MOLIHOCTH Pa3sJM4YHWX 30H.

HABJIKOJAEHUA 3A CKOPOCTBHIO
BBIBETPUBAHHUSA NOPOJ, BCKPLITbIX OTKOCAMMU

Habaonath 33 CKOpOCTHIO BHBCTPHBAHMS MOXHO MO pas3pe3aM 30H
BHIBETPUBAHMSA, CHOPMHUPOBAHHKHX B NpENENAX PAa3HOBO3PACTHHIX 3JIE-
MEHTOB pesneda, ecAM KPOBAS 30HH BHBETPUBAHUA HE TMOHBEpPra-
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JIaCh ACHyJauMH, a Bpems 00pa3oBaHmg OOHaXeHus HM3BECTHO, BO
BCKPHITHX B OTKOCaX JOPOXHBIX W APYrMX BHEMKAX,B 0OOpTax Kapb-
€poB, IJUTEJIBHOE BPEMSA HE MOIBEPraBOIMXCS PACYMCTKE.

Onpenenenne cKOPOCTH BHIBETPHBAHMA MOPOX MO CYIECTBYIOMUM
HCKYCCTBUHHHM M TIPHPOAHBIM OTKOCaM MOXHO NpPOBOANTH CIEOYIO-
muM 00pasoM.

1. Ilepen cocrasnenmem paboueit MPOrpaMMH HMCCHAEROBARWH Bhi-
NOJNHSAETCH TOJEBas PEKOTHOCLUPOBKA, B XOOE KOTOpOM OCMaTpH-
BAIOTCS M HAHOCATCH Ha KapTy BCE MCKYCCTBEHHHIE M ECTECTBCH-
HEi¢ OOHAXEHHS B WCCACAYEMOM paiioHE M NPHICTAIOMER K HEMy
MECTHOCTH,

2. Jing BCeX OCMOTPEHHBIX MCKYCCTBEHHBIX OOHaXEHMH YCTaHaB-
JIMBAIOTCS RO3MOXHO TOYHHE AATH MX BCKPHTHA. JKenaresbHO OTHC-

KaTh TaKHe OOHAXEHHMS, CPOKHM BCKPHITHS KOTOPHX OTAHYANMCh OH
APYr OT APYra Ha HECKOJABKO MECIUeB, a BCE BMECTE OHHM OXBa-
THBaJH OH IEPHOA B HECKOJBKO JIET.

3. Y3 ocMOTpEHHBX MCKYCCTBEHHHX OOHAXCHUI BHAEASIOT TAKHE,
B KOTOPDHX MOXHO Ha0a04aTh MHTEPECYIOMME THIBI MOPOI.

Habnopenus HaudHAOT C uaMepennit GOPMBL M BHICOTH OTKOCA C
NOMOMBIO DYJIETKH H IopHoro xomnaca. OnHOBpeMEHHO (HKCHpYIOT
re0/IOTO-JIMTOJIOFHYECKOE CTPOGHHME, COCTAB IOPOA, JSJAEMEHTH HX
3aJIEraHKd, TPEIMUHOBATOCTb, ODBOXHEHHOCTB, BHBETPEJOCTH, COC-
TOSHHE TIOBEPXHOCTH OTKOCA, MMPOMOMHH, HAJIMYHE OCHIM, pacTd-
TEJBHOCTb, XAPAKTED IEPEMCINEHMS BHBETPEJION0 MaTepwasia, Ha-
JIHYHC HCTOUYHHKOB BOMOH.

4, IIna onpeneneHns MOIMHOCTH BHBETPEIHIX FOPOA, MX COCTaBa
M CTPOEHMS HAa THIHMYHHX OTKOCaX (00HaXCHHHX W 3a{€PHOBAHHHX)
3aJal0TCd ONHO-JBYXCTYNMEHYATHE PACYMCTKH; PACYKCTKH TPOM3BO-
ST Ha BCIO MOIOHOCTb BHBETPENHX LOpod, C 33raybieHMeM B Mare-
puHckue moponsl Ha 1-1,5 M. 30HN aKTHMBHO BHIBETPEJHX IIOPOR
BU3YAJIbHO IMOAPA3AEC/ISIOTCS B 33BUCMMOCTH OT pa3Mepa OTHEIb-
HOCTEH, IUVIOTHOCTH CJOXEHMS, UNCAA TPCIMH, XapakKTepa OXeJae3-
HEHMs, HAJIMYHA HOBOOODPA30BAHMIA FUICA, COJMAHBIX BHIBETOB,
KOHKpeuuM # T.4. EcaM B OCHOBAHMH OTKOCA PasBMTa OCHNb, COC~
TOSmas M3 IPOAYKTOB BHIBETPUBAHMA NOPON, CJIAraromMX OTKOC,
neoOxomumo B 1-3 Toukax no AuHMM npoIS B 3aBHCHMOCTH OT
pa3sMepoB OCHINM A1 ONpPEAE/IEHHsT MOIIHOCTH OCHBIHKIX HAKOIUICHWH
3an0xuTh Mypdu (3akonymku). 3HaHHE MOIMHOCTH (00BEMA) OCHINM -
OCHOBAaHME M/ KOJMUECTBEHHONM OUEHKH CKOpPOCTH pPa3pymeHHs
TIOPOA.

5. B xaxgoM BmbOpanHoM g HabGmomenus nyHkTe W3 npodwis
BHBETPENHIX TOPOA, M3 Ppa3HuLX ero 30H, oréuparor o6pasus miIs
1a60paTOPHHX MCIBITAHMIA,

B peayabTaTe mpoBEAEHHHIX MCCAENOBAHUI MOTYYAXOT HHHOPMALMIO
0 rayOMHE TNPOHMKHOBEHHMS MNPOLECCA, €r0 HHTEHCUBHOCTH, CKO-
pPOCTH, COCTOSHMM M CBOMCTBAX BBIBETPEJHX HOPOA HA CKJIOHAX
Pa3sHOM 9KCHO3ULMU M OOHAXKCHHOCTH.

Ha6nronenus 3a MpoOLECCOM BRIBETPUBAHAS DPA3JHMUYHKIX TEOJOTO-
JIMTOJIOTMMECKMX THMIIOB MOPOH MPOBOAST HAa CYUIECTBYIOIIHX TNPUPON-
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HHXx orkocax. C 2Toit Heabio BHOMPAIOT XapakTEpHHE y4yacTKu (pas-
JNYHOH BHICOTH, CTPOEHUS, 3KCHO3MLMM, HABCTPEHHOCTH), Haxo-
NSMHECE HA PasHEX CTanudax (PopMMpOBAaHMS W B Pas/JIHYHOM COC-
togumn. HabmogeHns Ha S3THX YYaCTKaX HAYHHAWT C HEKOTOPOro
MPOMEXKYTOYHOTO 3Tama MX CYMECTBOBAHHA.

B npupomHHX OTKOCAX 3aKJIAJBBAIOT HECKOJBKO HAGMIOmATEIBHHIX
CTBOPOB, UYHC/JIO KOTODHX OMpPENEeNsiOT B XOHe mMojeBnx pabGor. Bce
CTBOpHL /TSl JOJFOCPOUHBIX HAOMIOOEHMIM AOMKHM OHTh 3aKPEIUICHH HA
KOHIIAX pENnEpaMH, TPOMEXYTOYHHE TOYKH  META/UIHYECKHMM peii-
KaMM; Ha XapaKTEPHHMX TOYKAX Npohmias YCTAHABINBAKIOT NMHKETHHEC
3HaKH.

TonoBkM MeTa/UIMUECKMX peek, pa3MemiaeMue uvepes 1-2 M, B
Hauase HaOmoOZEeHHN HHUBEIUPYIOT, M MOCIEAYIOIHUE M3MEHEHUS B IO-
JIOXKEHHH TIOBEPXHOCTH OTKOCa (PMKCHPYIOT myTeM 3aMepa. B BepxHel
M CPEAMEN YaCTAX CTBOpa peliku 3a0MBAIOT Ha 3HAYMTEJBHYIO TIy-
6uny (1,5-2 M), TaK KaK Ha 3ITHX YYACTKAaX BO3MOXHO WUHTEHCHB-
Hoe ofpymenne. B HuxkHelt Tperm orkoca, rae OymeT NpPOMCXORMTH
HAKAIIMBAHUE OCHIMAIOIICIOCS M CMBBAaEMOIO MaTepHasia, PeHKH BH-
coroit 1-1,5 M 3abusaror Ha mybuny 0,5-1 m.

HN3MepeHne MOJOXEHNS OMOPHHX TOYEK NpPodwiIs NEepUOTHYECKH
MPOBOAAT C TOMOLIBIO TAXCOMETPHUECKOH CheMKH. JIIMTENBHOCTD
HaONMIONEHNA 3aBHCMT OT CKOPOCTM TIPOLECCA BHIBETPUBAHHA M
HO/IXHA COCTAaBJIATh He MeHee 5-6 ser.

HABJIIOAEHHUA 3A CKOPOCTBIO BBIBETPMBAHHA
HA CIHENUWAJIBHO CO3JZAHHBIX OTKOCAX
W ONBbITHBIX TIJIOIHAAKAX

HauGosiee OOCTOBEPHHMHM METONAMH OTPENCACHHUS CKOPOCTH BH-
BETPHBAHUA CJIEAYET CYMTATh HATYPHEE HAOMIONEHMS HA ONWTHHX
OTKOCAaxX M IMiomaakax. BHBeTpWBaHHME MOPOX B MCKYCCTBEHHHX OT-
KOCaX TNPOMCXOAMT B BEChMA CHeUM(UUECKHX YCIOBMAX M OTJIMYA-
€TCH OT BHIBCTPHBAHMSA NOPOA, CJAATAIONIUX ECTECTBEHHHIE CKJIOHH M
TOPM3OHTAJIBHEE IUIOMAAKKH. 10 O0YC/IOB/eHO OHCTPHM M3MEHEHHEM
HANpPSXEHHOTO COCTOSIHMS TIOPOXA, HM3MEHECHHMEM TEPMOXMHAMMYECKHX
YCAOBHH H BJHSHMEM TPOM3BOACTBCHHHIX MNPOLECCOB (Hanpumep
B3pHBHHX pabor). CKOPOCTh BHBETPHBAHMS NOPON M BKIAX MpO-
IecCa BHBETPHBAHMS B (POPMHPOBAHHE NMPOPHAS OTKOCOB 3aBHCAT OT
MX KPYTH3HH. Pa3spymeHse KPyTHX OTKOCOB TPOMCXOAMT B DPE3ysib-
TaTe OCENaHus M OOpymIeH#s KPYNHHX OJIOKOB TOPOA, OTWIEHSIO-
MAXCA MO BEPTHKAABHHM TPEIOMHAM 3akojia (amamor TpemuH Gop-
ToBOro OoTmopa). [lponcxoadmue ONHOBPEMEEHO BHBETPHBAHHME TOPON
Ha O0HAXEHHHX CTEHKAX M OCHNAHHE MEOEHKHM WrpaloT NOAYHHEHHYIO
pons. Ponp mpoueccoB BuBerpuBaHMsS B (GOPMHDOBAHMM MOJOTHX
CKJIOHOB Bo3pactracT. Ha cCkiIoHax WONOTMX M CpeaHel KpyTH3HH
(12-257) ycnoBUs pA3BHTHS NPOLECCOB BHIBETPUBAHNA JOCTATOYHO
6aroNpHATHHE; MOMHOCTh JIOBMS ONPEAEAAETCS COOTHOMEHHEM
BAIAYHMH CKOPOCTEH BRIBCTPUBAHMSA M IOCHYXAUHH.
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YuuTHBas BHILICH3NOXKECHHOE IS PELICHHA BONPOCA O CKOPOCTH
BHIBETPHBAHUSA MMOPOX B OTKOCAX, PEKOMEHAYETCH YCTPOMCTBO MC-
KYCCTBCHHO 3aJaHHBIX OTKOCOB C pasHbiM 3aqoxenHuem (2:1; 1:1;
1:1,5; 1:2) B HeBmBeTpeanx nopoaax. OHM AO/KHH OHTb BHCOTON
ve menee 10-12 M, pa3Hoil 3KkCnO3WMuWH, C pPA3TMUHON OPHEHTHPOB-
KOW 1O OTHOIIEHHIO K TIOCMOACTBYIOIIMM HArnpaBJCHHSIM BETPOB H
pasMEMIEHN Ha THIHYHBIX MOPOnAX.

Cpasy Xe noCie€ BCKPBITHS OMNBITHOIO YYACTKA MPOBOALT €ro
OETANBHYIO TEOJIOTHYECKYIO NOKYMEHTAUMIO C KOJMUYECTBEHHOM OLEH-
KOM TPEmMHUHOBATOCTH M OjoynocTH nopon. JKenatennHo mnposencHue
dororpammerpnn. IlepBuunoe onpoboBaHME FOPHBIX NOPOA B Npexe-
JaX ONMBITHHX OTKOCOB (IIOMIAAOK) MPOBOAST MO KBAAPAaTHOM CETKE.
Yucao npod n ONpeResdiOT KHCXOAS M3 CPEAHEro 3HaucHus Kodhdm-
LUEHTAa M3MEHUYMBOCTM MNOKA3aTeNsl BPEMEHHOTO COMPOTHMBJICHUS
mopox CXaTHI0O M YPOBHSL JOBEPUTEIbHOM BepositHoctH (a = 0,9;
0,95).

Yucao npod paccuMThiBAOT 1o dopmyae

2 2
Vch. tO’.
n=—/F"—" .
2
poc

PexnMubie HaOAIOXCHUS 33 COCTOSHUEM IOPOX BHINOJIHSIOT IYTEM
NpOBEACHNSA TOBTOPHOH (bOTOrpaMMETPHH WJIM TMOBTOPHOH OKYMEH-
TAaUMH € KOMMYECTBEHHOM OLEHKOM M3MEHEHHUS -TPEmMWHOBATOCTH,
MHTEHCMBHOCTH OXEJIE3HEHHs M HOBOOOpa3zoBaHMil. BuayannHbie Hal-
JIIOEHUS CONMpOBOXAAIOTCS O0TOOPOM npob anst 1aGopaTOpPHBMX HCNK-
TAHMH TIOPOA.

Yepes 1 rog ONBITHYHO IUIOMANKY BCKPHLIBAIOT TPAHIICSIMH MIH
PacYHMCTKAM¥, MO KOTOPHM IPOBOAST MCCACHOBAHMS CKOPOCTH BHI-
BerpuBaHusa. [Ipm 3TOM HEOOXOOMMO YUHTHBATH CKOPOCTH 3SPO3HH
(MHTEHCHBHOCTD OCHNAHWs nopod B ycrymax). C 3roit menpio mpe-
AYCMATPHBAIOT 3aKJAAKy TOPH3OHTAJBHBIX W BEPTMKAJIBHHIX PEMEPOB,
TIO3BOIAIOMMX OCYIECTBAAT HHCTPYMEHTANBHYIO ChEMKY TOJIOXKECHNS B
iaHe GpOBOK  yCTynmoB M moBepXHOCTeH orkoca. Kpome Toro,
chAeayeT NPOBOAMThL 3aMEPHl MOMWIHOCTH U ofpeMma ofpasyromeiica y
MONOIIBH YCTYNa OCHIIH.

Habarodenus 8 noaesvix ycaAoGusx CKOpOCMI GbleempuéaHust Ha
onbimnbix naowadkax TpeGyioT NpoBeneHMs TOPHHX paGor M mim-
TENBHOrO Ccpoka Habmonewwit, [nas  9toir  uennm  HeoOXoguMmo
cexgyomee.

1. Bekputh B upepenax mioMAnKH HE 33aTPOHYTHIE BBHIBETPUBA-
HMEM KopeHAme mopoAn. Kaxpas Takad miomanka npeacTaBageT
co00M ON¥H MOCT UIMTENBHOTO HAOMIONEHHMS 33 NpPOLECCOM BHBET-
puBaHUA (€r0 pEeXMMOM), BXOASIIHA B PEXMMHYIO CETh.

2. IMocrH HabGmOAEHMs pacnoNaraloT TakuM o0pa3oM, uTOOH OHM
HAXORAWJIKCh Ha pasauuHuXx cdopmax peanveda (aro, CKIOH, AOIM-
Ha) M pa3MEmANUCh HA THUNMYHLIX MOPOAAX.

3. Hocra HabmomeHuit pacmoaaraloT 1o CTBOPY; BCE BHABL pabor
(nmpoxofika, nepuopndyeckue Habmonenus, orbop npod Ha sabopa-
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Puc. 13. Ouenka CKOpPOCTH BbiBETpH-

CM B3aHHA Ha OIEITHOM OOHa)XXeHHMH no

160 O3aHHBIM MHOTOJIETHMX HaGIogeHui
(mo C.B. Huxonaesy, 3.JI. Ondepo-
BOi#t) :
" ) i
1 — mepreab H3BECTHAKOBBIA; 2 —

necuammk; 3 — aprwumr; 4 .— Mep-
reyb TIIHHHCTBIA; KONTYPbl NOGEPXHO-
CTu OORAXEHUA 6 paznuunvie 200wl
Kabarodenuii: 5 — 1971 1.,6 — 1972 .,
7-1973r,8 —1974r,,9 —1982r.
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TOpPHHIE MCCIENOBAHMS M T.A.) B NDPSRENaX OAHONO CTBOpa mpo-
HM3BOJAT OXHOBPEMEHHO.

4. Yacrory M cpoxm HaO/MIOACHHA YCTaHABIMBAIOT B 3aBHCHMOCTH
OT KJMMATHUYECKHX YCAOBMM M mepBre 2-3 Mmecdila BHMOAHSIOT 1 pa3s
B HEOGMIO, & 33TEM CXEMECIUYHO HAa TpOTSAXeHMH roaa. Ilo AaHAHEM
PEXMMHHX HAO0IIOICHAN, BHIIONHEHHHX B TEUCHUE TOXA, PACCYMTHI-
BalOT mepnox (MNM YACTOTY) OAJbHEHMMX HAaOMIONEHHH, PYKOBOA-
CTBysCh Tpe0yeMoil TOYHOCTBIO OLEHOK MNPOLECCa M JOBEPHTEIBHOM
BeposSTHOCTHIO [4].

5. Ina xaxmoro HaGMIONaTENBHOIO CTBOPa BEAYT NOJEBOM XYp-
HaJ, B KOTOPOM pPErHCTPHPYIOT (3aNMCHBAIOT, 3apUCOBHBAOT, (O-
TorpadMpyIoT) pe3yJabTaTH HAGMIONCHHIA.

TMonpobune HaOMONEHNS NO3BOAMIOT MOBHCHTD HANEXHOCTb KOJIH-
YECTBEHHOM OLEHKHM CKOPOCTH BHIBETPHBAHNS PA3/IMUHHX THIOB IO-
pox, oOHaXawmuxcs B NpeNeaax H3Y4YaeMHX TUIOMAAOK, OLEHHTh
HEPaBHOMEPHOCTh CKOPOCTH BHIBETPMBAHMS .IIOPOA, BHISICHUTb CTe-
TIeHb BO3JACHCTBHS HA NPOLECC BHBETPUBAHHA PA3JMYHBIX NMPHPOXHHIX
M TEXHOreHHHX ¢axtopoB. PesynpraTHl npomemenus Ttakmx 10-
JIETHMX PEXHMMHHX HaOntoneHuit B 00HaXEHHH (AMIIEBON TOMMM MENIO-
Boro Bo3pacra Yepmomopckoro mo0epeXbs NpUBEIEHH Ha puc. 13.

YCTaHOBJAECHO, YTO HAAECKHOCTh OLICHKH CKOPOCTH BBIBETPHBAHMA
NpY 5THX MCCJICAOBARWSX HA HECKOJBKMX ONMHTHHIX YYacTKaX MOXHO
nonyunth 3a 3-4 roma HaGmopeHuii.

PeaynapTathl KpaTKOBpeMEHHHX (HECKONBKO JieT) HabaomeHuit 3a
CKOPOCTHI0 BHIBCTPMBAHMS IIOPOA HA ONMHTHHX IUIOIAAKAX IO BO3-
MOXHOCTH 1IeJ1IeCO00Pa3HO AOMOJHATh AAHHHMU O MOIIHOCTH M CTpPO-
€HHH KOpP BHBCTPABAHMS, BCKPHTHX OTKOCAMM ROPOXHHX M HWHHX
BHIEMOK, CYIIECTBYIOHMIMX HECATKH JIeT. YCTAHOBMB H3a OCHOBaHHH
JIMTEPATYPHHX WM APXHBHBHIX MATEPHANOB (OTYETHHX AOKYMEHTOB O
CTPOMTEJNBCTBE), ONMpPOCa MECTHHX XHUTEJEH BpeMa (rom) coopyxe-
HUY BHEMKH M ONpEACINB MOIIHOCTh KODH BHIBETPHBAHMA HA MOMEHT
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NPOBENEHUS WCCACKOBAHHI, NPEACTABJAETCS BO3MOXHHM OLEHHTD
CKOPOCTh TIPOLECCA € AOCTATOYHOM TOYHOCTHIO.

Modenupoesarue 6030eiicmaus HeKOMoOPLIX AZeHMOE BbLBEMPUBAHUR
Ha 20pHble nOpodbl Ha onvimnoli naouiadke. IIns u3ydyeHUs CKOPOCTH
BHIBCTPUBAHUA IOPON B YCJOBHMSX MNEPEMEHHOTO BOAOHACHIIIEHHS,
CBA33aHHOTO C CYXMMH M BJIaXHBIMH CE30HaMM TI0Aa, KonaeGCaHusaMH
YPOBHS BOIW IIPHM HANOJHEHWM BOJOXPAHWIMII M T.X.,MOXHO IIPOBO-
OHTL MOJNCJbHHE WCNHT3HWS, MO3BOJAKOLIME COKPATHTb BPEMS, Tpe-
Oyemoe Ay pemieHHS BONPOCA O CKOPOCTH NpOLEcca.

C a10it menbi0 nopoan, 00HAXXKEHHHE HA ONMBTHON IUIOMIAAKE pas-
MepoM 1x1 M, noaBepraroT MONEpEMEHHOMY YBJIAXHEHHIO MYTEM HC-
KYCCTBEHHOIO TIOJIMBA M BHCYMMBAHMIO. [10/1MB MOXHO OCYIIECTBAATH
MOCPEACTBOM HOXKIAEBOTO PAacNbUIATENS C 3aJaHHOM HMHTEHCHBHOCTEHIO,
pPacTBOpaMM PA3JHUHOK KHCIOTHOCTM M DPa3HHIM KOMMOHEHTHHM COC-
taBoM. UYepenysa nepuonsl ysaaxsenus (5 axeir mo 300 mm/cyr) m
BucymuBaHns (7 CyTOK), COOTBETCTBYIOUIHE CE30HY AOXAEH M Cy-
XOMY CE30Hy TOO3, MOXHQO BOCMPOM3BECTH TONOBOM LMKJA BOAOOO-
meHa 3a 10-12 pweit. Bumonnenue 10-20 umknos nossosaser npu-
GIMXXSHHO BOCTIPOM3BECTM NPOUECC BHBETPUBAHMS, NPOTEKAIOMUNA B
npupoge B TteueHme 10-20 ser. IlpuMeHeHHe B mnpouecce MOXENH-
POBaHHs DacTBOPOB Pa3JMYHOIO KOMIIOHEHTHOIO COCTaBa (C yueToM
H3MCHEHHS OKDYXalomeH Cpean NpPH BO3BEACHHMHM COOPYXXEHHH) MO3-
BOJINT TOJYYMTh AAHHHE VIS HWHXEHEPHO-TEOJOrMYecKoro INporHosa.
o mpoeeneHus oMHTa ¢ IWUOmManku OTOMPAOTCH o0pasun AJag HCCe-
JOBAHMA IUTOTHOCTH, NPOYHOCTH, k03(dduUMEHTa KPEnocTH MOPOA.
Ilnomanka TIMATENbHO JOKYMEHTHPYETCH, HAETCH KOJHMYECTBEHHAH
OLICHKA TPEMMHOBATOCTH M OZIOUHOCTH NOPON.

INo okOHYAaHMM 3SKCHEPUMEHTA HA IUIOWIAAKE NPOXOAST wypd,
(bnkcHpYs nNPU3HAKM BHBETPUBAHHS TOPHHIX MOpPOXA; NMPOBOAAT OTOOp
npod0 Ha MHMKPOCKOTIMUECKHE MCCNENOBAHWS M m3yuenue usuko-
MEXAHMYECKUX CBOKMCTB MOPOXN.

Habniodenue 3a aevisempuaanuem monoaumos-"6ausneyos”. JIlng
TIPOBEACHUS SKclepuMeHTta noabupaot 12 MOHOAMTOB TMOpOX, Xa-
PAKTEPUIYIOMMXCH UACHTHUHBEM MHHEPAJIBHHM COCTABOM, OXMHAKOBHIM
pa3sMepoM, C OTHONMIEHMEM BHICOTH K aumamerpy pasHem 2:1. Ha
npeABapuTENbHO BHOpanHo# Twiomaaxke pasmepoM 1x2,5 M 10 o6-
pasuOB 3aKaNMMBAIOT 3aNOAJULO C TNOBEPXHOCTBIO B IJIOBHAJIBHHE
TPYHTH, [BAa MOHOJMTa OCTaBASIOT B KauecrBe 3ranonHmX. Habmo-
JEHHMS 332 XApPaKTEpPOM H3MEHEHHA TOPOA B MOHOJNMTAX  BHIIONHAIOT
B Tteuenne 10 mec. B mpouecce HaGnroneHmit Kaxami MeCsSl, H3BJIE-
KalOT MO OJHOMY MOHOJMTY. MOHOIMT MOABEPracTcs Maxpo- M MHK-
POMCCAENOBAHMAM, COMPOBOXAAIOMIMMCS OTPENEICHMEM  ITUIOTHOCTH,
BPEMEHHOTO COMPOTHBJECHAS TNOPOX CXAaTHIO W KoddduUMEHTa Xpe-
noctn. Habmionenus B “nureHcndyuuMpoBaHHHX” YCJIOBHAX Tpeny-
CMATPHBAIOT AHAJOMMYHKIN KOMIUIEKC HCCJICHOBAHHMH TNpPH  JONOJAHM-
TEJLHOM YBJAXHEHHM JOXKACBHIM DACNBUTHTEIEM PacTBOPOB 3aaHHOIO
cocTaBa.

HccnenoBanus TakuM CrocobGoM 1enecoo6pa3Ho NMPOBOAUTH B TEX
CIyuasix, KOTAa MOIIHOCTb PHIXJHX OTJOXCHHWH BEJHKA M COOpYyXEHHE
ONHTHHX TUIOIANOK CBA33aHO ¢ GonbpinuM o6beMoM 3eMisHBIX pabor.
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KOHTPOJIBHOE OBCJIEZOBAHME ONBITHBIX OTBAJIOB
TFOPHBIX ITOPOX. NMOBTOPHAA NOKYMEHTALIMA
CTAPBIX LIYPO®OB, YCThbA ILITOJIEH, KEPHA CKBAXHWH

IIna ycraHOBJEHHS XapakTepa W3IMEHEHHs MOPON B Teske Ka-
MEHHO-HAOPOCHHX IUIOTHH Lesiecoo0pazHo nposeneHne nabmoneHmin
33 NMOPOAAMH B ‘ONKNTHHX OTBA/IAX.

H.II. Jlymsos (1977) npemnaraer ¢ 3T0M UEABI0 OTCHNKY M3
HMCCAETYEMHX ITOPOA ONPEAEJeHHOr0 (PpakKLMOHHOIO COCTaBa OMKITHOH
nosiocl  pasmepoM JSx10 M, Buicoroit 0,8-1 M. Yepes 1, 10 u 24
MECIIa ¢ MOMEHTA HaOJIONeHNi ONpEeNessioT CTENEHb BHBETPEJIOCTH
o0pasuoB MopoA, HAXOAAMMXCA HA TNOBEPXHOCTH W PA3NMYHOM IIy-
OHHe; B KOHLE ONHTAa NPOM3BONAT pacces Marepuana ua 9-10
dpakumit xpynaocTeio o 2 f0 1200 MM,

H3ayuenne mopox B OTBa/Nax, BPEMS OTCHIKH KOTOPHX H3BECTHO,
TO3BOJSIET OLEHMTb XapPaKTep MX H3MEHEHHS:

33 ONpene/iCHHHE TPOMEXYTKHM BPEMEHM, T.€. MOTYYHTH rpaduk
3aBUCMMOCTH X = f(), toe x T0Ka3aTeJb COCTaBa HWJIH CBOM-
CTBa; ¢ - BpeMd;

no rnybune x = f(H), rne H - rny6una.

Kourponpunie o0CaenoBanus PEKOMEHAYETCS NMpPOBOAUTH 3 pasa B
TOA, BHIOJHSSL NMPH ITOM CJICAYIOMMA KOMIUIEKC pPaboT: BM3yanbHOE
ONMCAHME XAPAKTEpa M3MCHEHMS [Opod € 3aMepaMd pPa3MEpoOB
OTAEABHEX O0JIOMKOB;

orbop npob Ha muHbE;

orbop npo6 nas MCCIEHOBAHMA (PU3MKO-MEXAHMUYECKHMX CBOMCTB
TOPOA: TUIOTHOCTH, 3P(EKTHBHOH MOPHCTOCTH, BPECMEHHOINO COMPO-
THRJICHHS TIOPOX CXAaTHIO B CYXOM M BOJOHACHIICHHOM COCTOSAHMH
(mo 10-15 ofpa3suoB M3 Kaxjaoro 0Teana);

onpefeNeHHe TPaHYJIOMETPHYECKOTO COCTAaBa BAJOBHIM  CIOCOOOM
(Tpu onpeneseHUs W3 KaXAOro OTBajaa).

PaccMOTpEHHHE BHIIE ONHTHHE PaboTH PEKOMEHAYETCH BHIIOJ-
HATh Ha CyHIECTBYIOIIMX B PaiOHE OTBAnax NOpPOXA, M3BJCYEHHHX M3
TOPHHX BHPAaGOTOK NpH AOOHYE TMONE3HHX HCKOMAEMHX WIH H3
CTPOMTEIBHEIX BHEMOK.

Hoemopnas doxymenmayus cmapolx uypgoe, ycmss wmoneH, Kep-
na. W3yyeHue CKOPOCTH BHIBETPMBAHMS INOPOA MOXHO TNPOBOXUTH
myreMm oOctenoBaHus CTapHX WwypdoB, NPOHIEHHHX B PAa3HOE BpeMs
H BCKDHBIIHX HEBHBETPEJHE TNOPOAH. [leranpHas NOKYMEHTALMS
TIOBTOPHO PaCYHIEHHMX M yraybnenHmx (ua 0,5-1,5 M) BnpaborTok
TO3BOJIACT  ONPEACAHTh AOMOJHHMTENBHOE NPHUPANICHME MOIIHOCTH
BHBETPEJIHX MOPOX 33 BpeMs, MpomEqumiee CO AHS Npoxoaxu mypda.
AHAJIOTHYHBIE HCC/ICOBAHMA PEKOMEHAYETCH NPOBOAMTH B YCThE-
BOM wyacrm mrtoneH. JloOkyMeHTaUHs compoBoxpaercs orGopoM mpod
/IS MCCHENOBaHMSA (HPU3MKO-MEXAHHYECKNX CBOIMCTB TOPOX.

IToBTOpHAS MOKYMEHTALMS M aHAJN3 KEPHA CKBAXWH, NMPONICHHHIX
B pasHHE TOAH, B pPANE CJAyYyaeB MOTYT OKAa3aTbCsi BeChbMa TOJE3-
HHMH, TaK KaK JalOT CBEOCHHS O XapakTepe H3MEHEHWs TOponm 3a

AOCTATOMHO MPOROJXMTEABHHNA OTpe3ok BpemMeHH (or 1 roma 7o
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HECKONIbKMX Jer). Jlas noayyeHus HeobxomuMMon HHPOPMaLMH peko-
MEHAYETCSA PpEBM3NS KEPHOBOIO MaTepHana (OBYX-TPEX CKBAaXHH
KaXxOoro roaa NPOXOAKM) C JOKYMEHTALHUEH WHTEPBaIoB raybmm,
OXBAaTHBAKMMUX 00JIOMOUHY0O (WEGHHCTO-TNHOOBYIO) 30HY ¥ HEBBBET-
pesisie mopoan. B mpouecce moxkymedrauuu HeoOxomum otbop 06-
Pa3’uoB Ha MHUKPOCKOMMYECKHE HCCACAOBAHMS H J1a0OPATOPHHE MCNH-
taaus mopon. Ilocne nposencHust naGopaTopHHX paboT mo moay-
YEHHHM pPE3yNbTaTaM CTPOST rpadMKN M3MEHEHHd COCTaBa M
CBOMCTB TIOpOJ BO BPEMEHHM X = f(I).

IT0JIEBBIE HABJIOJAEHUA C LEJLIO OMNPEJEJEHHA
TJIYBHUHBI CBEMA BBIBETPEJIBIX ITOPOJ

Ilna onpemeneHns rnyOMHH CheMa BRBETPEABX HOPOX HeoOXomm-
MO YYMTHBATb KOMIUTEKC DPa3TMUHHX (hakTopOB:

KOHCTPYKTHBHHCEC 0C06€HHOCTH COOPYXKEHHA;

3KOHOMHYECKHE COooOpaxeHus;

MPOCTPAHCTBEHHYIO M3MEHUMBOCTH MOIUHOCTH BHIBETPEIBX IOPOX;

CKOPOCTH TPOLECCA BRIBETPUBAHHUS,

30HAJIBHOCTh CTPOEHMS M (PU3MKO-MEXAaHHMUECKHE CBOMCTBA BHI-
BETPEJIHX NOPOH.

IIng pemieHMss BOMPOCA O 3aKOHOMEPHOCTIX MPOCTPAHCTBEHHOM
HM3MEHYMBOCTH MOUIHOCTH BHBETPEAHX TOPOA HEOOXONMMEL:

MCIO/Ib30BAHHE PE3YNbTATOB TIEONIOrMYECKON CbeMKHM H OypOBHX
pabor;

npoxoaka mypdoB, PacYHUCTOK (BCKPHIBAIDIMMX MATCPHHCKHE IO-
PORM) /S AETAJBHOTO ONUCAHMSA KODPH BHBETPUBAHHA, C YCTAHOB-
JieHneM OOmMX TPU3HAKOB BHBETPHBAHMA I OTACABHHX THIIOB
nopox;

TIPOXOAKA BHPAOOTOK W HENOCPEACTBEHHOE YCTAHOBJICHHE MOIN-
HOCTH BHIBETPEJIHX TOPOA HAa MECTE KAXIOIO TPOEKTHPYEMOrO COO-
pyXenusi (Ha cTagum pabouyero mpoekTa);

Onpo0OBaHHE TOPHHX MOPON, CJIATAOMMX PA3JHYHHE 30HH KOpH
BHBETPUBAHHA, M M3yUCHHE UX (PH3NKO-MEXAHUYECKHX CBOMCTB;

OMNpeReeHHE YACJBHOTO BONOMOIVIOMEHUS METONOM HAJMBa B
OTAENBHHEE 30HH MJIH CPAaBHUTENBHON OLEHKH OTAEJBHHX IOPOa M
30H.

CKopocTh TipoliecCa BHBETPUBAHMA MOXET OHTb yuTeHa B pe-
3y/JbTATE MOCTAHOBKM CHEUMANBHHX HaGnogeHui.



Fanasa 4

HU3YYEHME ITPOILIECCA BBIBETPHBAHMS
B JJABOPATOPHBIX YCJIOBHAX

BEINECTBEHHOE MOJAEJHWPOBAHHUE TPOLIECCA
BHIBETPHBAHHA B JIABOPATOPHBIX YCJIOBHAX

IIpaMeHMTENBHO K pPEMEHHI0 HHXEHEPHO-TEOJIOTHYECKHX 3amau
BHACASIOT CAEAYIOMME BHAH MOICJMPOBaHHMS: OOpasHOe, JIOTHKO-
MAaTEMaTHICCKOE, 3BPHCTHYECKOE, NpPEAMETHO-MATEMAaTHUECKOE,
dusnueckoe [20], xubepHernmueckoe um compepxarenpHoe. Ilpm pas-
pafoTKE MPOrHO30B NPOLECCOB BHBETPHBAHMS MOXHO HCIO/B30BATH
¢dmn3nueckoe MOZEIAPOBAHME HAa SKBHBAJCHTHHIX MATEpPHAJaX M BeE-
IIECTBEHHHX MOAECANAX.

Meroauka BHIIECTBEHHOTO MOJAEIHPOBAHHS MPOLECCA BHIBETDHBA-
HMA TOPHHX TOpPoxy B Aa0OPaTOPHHX YCJAOBMAX 33BHCHT Mpexnie
BCETO OT LeJied M 3a/ja¥ WHXCHEPHO-TEOJIOTMYECKUX HCCACOBaHHM
M KOHKDETHHIX NPHPOTHO-KJIMMAaTWuYecKMX yciaoBuii. o Hawanma 3kc-
TEPpUMENHTa HeoOXOAMMO YCTAHOBHTh IVIABHBIC AreHTH Tpolecca
BHIBETpHBaHKA (TeMmepaTypy, Bomy, kuciopon, CO., opraHumyeckme
U HEOPraHMJYECKHE KMCAOTH M Ap.), IS TOoro uto0m CO3XaTh B
na6opaTopHHX ycnoBMAX cpeny, ONM3KYyI0 K TNPHPOXHOE NyTeM
onpeaeJIeHHOro coueraHud ¢GaxkTopos.

JlaGopaToproe MOXENMPOBAHHE TIPOLECCA BHIBETPUBAHWSA IO3BO-
JISET PEWMTh CAEAYIOMME 3adaun:

BHISSBUTh BJHSHNE TUAPOXMMHYECKOH cpean (pH u xOMNOHEHTH
coCTaBa WMHQWIBTPYIOMXCA BOA) HA MHTEHCHMBHOCTh NPOIECCA BH-
BCTPHBAHKS;

YCTAaHOBHTbH 3aBMCMMOCTh CKOPOCTH TpOLECCA BHBETPHBAHUSA OT
THAPORMHAMHYECKHX YCJIOBHH;

ONpENEJMTE OTHOCMTEIBHYIO CKOPOCTh BBHIBETPHBAHMS PAa3JHYHHX
OPOJA, PacHpOCTPAHEHHHX HA HM3y4YaeMOM TEPPUTOPHHM;

KOJIMYECTBEHHO OLCHMTH, BKJAX PAa3HHX KOMITOHCHTOB B TIPOILECC
BHIBETPUBAHMA TIOPOX;

pa3paboTaTh pPEKOMEHAAUMH MO TNPOTHO3y M3MEHEHUs COCTaBa M
CBOMCTB TIOPOX B IIPOLIECCE BHBETPHMBAHMS B HATYPHHX YCJIOBHSX.

B 3aBMCHMOCTH OT MPHPOAHHX YCJIOBMIf NMPOLECCA BHIBETPHBAHMS,
COCTaBa TOPHHX TOPOX M 3afayY MCCACAOBAUMA MOXHO PpEaNM30BaTh
Pa3THYHEE MOAENM MPOLECCa HA COOTBETCTBYKOMIMX MM J1aG0PaTOPHHX
ycraHOBKax. Monesnp HO/IXHA BOCIPOM3BOANTbL KOMILIEKC MpPOLIECCOB
- KOMIIOHEHTOB M MEXaHH3M MX B3aMMOJACHCTBHMA, UYTO B KOHCYHOM
CYeTe NPHMBENET K H3MEHEHHMIO COCTABA M CBOMCTB 00pasiioB TOPHHIX
nopon B naGOpaToOpHOIl yCTaHOBKE, aXEKBATHOMY HATYPHHIM YCJIO-
BHSIM, M JACT BO3MOXHOCTh H3YUHTb XapaKTE€p M CKOPOCTb XHMHKO-
MMHEpPAJIOTHYECKMX H3MEHEHHMM COCTaBa IIOPON, MX CTPYKTYpPHO-
TEKCTYPHHX OCOOEHHOCTEH M CBOWCTB.

ITpaBHabHHE BHOOP MOZENH M METOOMKM MNPOBENEHHMS IJKCIEpU-
MEHTa, OTBCYAIOIMHH YCJIOBHIO HOCTHXKEHHS LEJH MONCIHPOBAHHMS,
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Puc. 14. Cxema npuGopa MAK:

1 — po3upyioupsit kpan; 2 — BepxHuii pesepnyap; 3 — Tpy6Ka-peakTop; 4 — repmMomer-
pbi; 5 — ammapar Kumma; 6 — 06pasusr rOpHBIX mopoyn; 7 — Tepmocrar; 8 — GasuioH co
CXaTbiM ra3oM (KMCIOponoM); 9 — miniamit peseppyap; /0 — Bosgyxonyeka

obecneynBaeTca COONMIONEHUEM YCJIOBMI OJHO3HAYHOCTH H paBEH-
CTBOM KPHTEPHEB TIeoJOrMyYecKoro mnopobus. [Ins mMonesmpoBaHus
MpOLECCa BHBETPHBAHHSA MOryT OBITh HCNOJB30BAHH MUHAMMMECKHE
uupkynsumonHsie ycraHosku MAK-1, MAK-2, npu6op tana Cokcrer,
ammapar Ixeitmca (puc. 14-16).

TIpu naGopaTopHOM MOAEJMPOBAHMM NPOLECCA BHBETPHBAHUS K-
HAMHMYECKHME YCTAHOBKHM IO3BOJIAIOT:

1) BOCHIPOM3BOAMTD PA3TMUHHIEC FHAPOXMMHYECKHE YC/IOBHS IIyTEM
COUCTAHMS pPa3MYHHX HEMCTBYIOWMX KOMIOHEHTOB (tabm. 10);

2) CcOo3maTh [ABE 30HH, PA3IMYAIOMMECS I'HAPONCOJOrHYECKOH
XapaKTEpMCTHKOK - 30HY ajpaluM, B Npeaejax KOTOPOH pacTBOpH
uHOUABTPYIOTCA uYepe3 TOpPHHE NOPOIBl, M HHXHIOI - 30HY momepe-
MEHHOIO YBJIAXXHCHMS;
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1 — xomomwrbuuk; 2 — uwmupp; 3 — Gokossie cudonn; 4 — xonba; 5 — Harpena-
TenbHbI NpuGop; 6 — anmapar Kunna; 7 — KHOTOPORHLET GALTIOH

Puc. 16. Npu6op JxeiimMca Ansi H3yNeHNA PACTBOPHMOCTH KapOOHATHBIX MOPOA:

1 — wacoc; 2 — w3mepuTens KOHUEHTPAIMH PacTBOpa ¢ caMommMcueM; J — pe3uHOBas
npoxnanka; 4 — o6pazen kapGOHATHBIX MOPON ¢ TpewmHamu; S5 — TepMETHYHbET M-

JIMHAPUMECKHIA pe3epByap



Ta6Gnuualld
JlaGoparopHble MOJIeIM POLIECCa BbIBETPHBAHUA
H OTBEUYAIIME UM PHAPOXHMMUYECKHE YCTIOBUS

'uapoXHMAYeCKasn pH | Moaens HaGop arenros
cpena
CHNBHOKUCNAA ¢ yyacTieM oprawi- < 3 1 H,0, CH, COOH
YECKHX # HeOpraHH4YeCKHX KHCJIOT I H, 0, CH,COOH, CO,
111 H,0, CH,COOH, O,
v H, 0, CH,COOH, CO,, O,
H, 0, HNO,, H,SO,
Kucnas 3-6 v H,0, CO,
VI H,0,CO,,0,
He#iTpanphas 7 VII H,O0
Vil H,0, CO,

3) wWMWUTMpOBAaTh pPA3NMYHHE TMAPOAMHAMMYECKHE YCJIOBHS . (W3-
MEHATb CKOPOCTb MHOMALTPAIHH aTMOCHEPHHX OCAAKOB, YC/IOBHS MX
APEHHPOBAHMA, CTOKAa, NMEPUOAMYHOCTb YBJIAXHEHHS TOPHHX TOPOX,
MOIOJHOCTP 30HH a3pauvHv H NMONCPCMCHHOIO YBJIAXXHCHHS, @ TAKXEC HX
COOTHOIICHHME) ;

4) BOCCO31aBATH, MEHSATH, WHTEHCU(DUIMPOBATH TEMIOCPATYPHHIK
PEXMM BEIIECTBA, B3aMMOACHCTBYIOIIENO B Xome JiabopaTopHoro
MOICTMPOBAHNUSA IIPOLECCA BHBETPUBAHUS;

5) momBepraTh MPOUECCAM BHRBETPHBAHHS 00pa3ubl TMOPOX Pas3HBIX
pasamepos u ¢opMu  (00JOMKOB HENpaBUIbHOM (OPMH, KyOMKOB,
YJIOXEHHHX B BHAC NPHPORHOTO pa3pesa).

HavanpHuit 37an MOAEIMPOBAHMA COCTOMT B BHOOpe Momenm n
O00OCHOBAHMH ICOJIOrHYECKOr0 MONO0MS MOXEMPYEMOro, npouecca
HATYPHOMY (KpHTEpMM nOROOMs, yCOBUS ORHO3HauHocTH). Cosna-
HUE MOIEJICH, OTBEYAIOIMX PA3THMYHHIM THAPOXHMHUECKMM YCJIOBHSM,
Beaercs nyteM nogbopa pacTBOpoB, TpeOyeMoro KOMIOHEHTHOrO
cocraBa u pH. PacrsopoM HanonHsioT BepxHu#M pe3epByap (cM.
puc. 14), oTKyma OH uepe3 RO3MPYIOmMI KPaH NOCTYNAEeT B BHAC
Kaneap B UeHTpasbHuit peakrop. Ilogsonm raszos CO,, O, wu ap.)
MOXET OCYLIECTBJAATHCS IIyTEM HACHIICHUS PacTBOpAa B BEPXHEM pe-
3epByape WIM HENOCPEACTBEHHOM MOJAauYd MX B PEaKTop.

BappupoBaHHE KOMMOHEHTOB (BOAM, KHUCJIOT, KHUCJIOpoga, yIjie-
KMCJIOTH) MO3BOJISET BOCCO3AaTh B MOAEAM TpPeOyeMyl THAPOXH-
MHUYECKYHO OOCTAHOBKY NpONECCA BHBETPMBAHMA. VIHTEHCHMBHOCTD
¢bmnapTpanuu pacrsopa peryJMpyercs A03MpPYIOIIMM KpAaHOM. 3anaHue
TpebyeMoii BENMUMHH 30HH NONEPEMEHHONO YBJIAXHEHHS JOCTHIAETCA
YCTAHOBKOM COOTBETCTBYIOMENO MOJOXEHUS KOJICHA CAMBHOLY cudo-
Ha. Ilocrogucrso 3apanHoit B amanasoHe ot +100 go -20 C Tem-
nepaTypH B PeakTope WIM MOAAEpXKaHue TpeOyemMoro ce pexuma
06ecne‘msae'r TCPMOCTAT. ECJIH ueaaMd MOACTIMPOBAHNA nonycxa—
€TCd NPOBENCHME JKCHEPUMEHTA B AMANA30HE KOMeOaHHS KOMHATHOM
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TEMIEPATYPH, TO MOXHO HCMNONb30BATH YCTAHOBKY OoJsice mpocToi
KOHCTPYKLUH 6e3 TepMocTara M C OAMHAPHLIM UEHTPAJIBHBIM
PEaKTOPOM.

IMocne BuOOpa napaMeTpoB JKCIEPUMEHTA B PEAKTOP 3arpyXxalior
ofpasusl TOpHHX NMOPOA MPABMABLHON M HenpaBwibHOM ¢opMm, obmeit
maccoir 500-1000 r. B 3aBMCHMOCTH OT LEJHM IKCIIEPUMEHTA MCIBI-
TaHHSM TOABEPralotT o0pa3ubl ONHOH MNOPOABM WM HECKOJBKHX B
COOTBETCTBMM C nNpUpogHnM mpocduiaeMm. Hanpumep, MCHOBITHBAOT
MOPOAK Pa3JNYHOM CTEMEHH BLIBETPEIOCTH, 3¢ddysuBsl € KBapH-
KapOOHATHHIM 3aMOJHUTENEM W3 30H OPeKYMPOBAHHSA, NEPECIAMBAHUE
KapOOHAaTHHX TOpPOA pPa3HOIO CocTaBa (ROJOMHMTOB, HW3BECTHSKOB,
OOJIOMMTH3HPOBAHHHX M M3BECTKOBUCTBIX Pa3HOCTEN) M AP.

IIpensapntesnbHO, A0 MOACIAMPOBAHMS, HM3Y4awOT cocTaB H u-
3WKO-MEXaHMYECKHUE CBOMCTBA mnOpoA. IIpomoIXMTENBHOCTh JKCHE-
PYMMEHTA 3aBUCHT OT LIEJM MOACAMPOBAHMS. JKCMEPUMEHT PasHe/sioT
Ha 9tanel. [{AMTENBHOCTh OJTama ONpexeaseTcss COCTABOM IOPOX M
MoxXer Koaebatbcs or 0,5 1m0 § Mec (0 MOsBJEHMS CYmMECTBEHHHIX
BM3YaJbHHX TMPH3HAKOB U3MEHEHWA Topom). s ycTpaHeHMs BiIHS-
HHS CHCTEMATHYECKHX OMMOOK KaXAulil Jtan onbira XyGaupyior.

Tlocne npoBemeHus SKCHEPUMEHTa HCCJIEAOBATENb pacnoJsiaraer
asyMs dazamn BuBeTpuBaHusa. JKmuakas ¢asa B HMXHEM pe3epByape
CONCPXHT BCE KOMNOHCHTH, BHHECEHHBE “M3 TOPHHX IOpox. Ee
AHAJN3 TIO3BOJAET OLCHUTh MHTCHCHBHOCTb NPOLECCA BBIBETPHBAHHS
(Mo Macce cyxoro ocrarka ¢puibTpata) M MHCPALMOHHKI psax 3ue-
MEHTOB (10 XMMMYCCKOMY aHanu3y ¢uabrpara), H3MEHEHHE KHC-
JIOTHO-HICJIOUHHX YC/IOBHil (mytem wusmepeuus pH npubopamu THna
pH-340). Ananus tBepnoit ¢dasn pasauuHnMM MeTogamu (OMHOKY-
JIPHHEM, MHKPOCKONMYECKHM, PEHTTCHOCTPYKTYPHHM, TCPMOMETPH-
YECKMM, MHMKDPO30HAOBHIM, JJICKTPOHHO-MHUKPOCKOIHYECKMM) TIO3BO-
JASeT YCTAHOBMTh MpPeoOpasoBaHMs MHMHEPAJIBHOTO COCTABA M HM3Me-
HEHMS CTPYKTYPHO-TEKCTYPHHIX OCOOEHHOCTEH MOpOX B XOHmE 3IKC-
TNIEPHMEHTAJILHONO BHBCTpUBaHud. Wsyuenne tBepmnoin ¢asm xesa-
TENBHO CONPOBOXAATH ¢rororpaduposanueM obpas3uos ¥ mUnGOB.

OcHoBHOIT 3amaueit meTporpadMyeckKuX WCCAECTOBAHMI  ABJIETCH
M3y4YEHHME M3MEHEHMS BEIIECTBEHHOrO COCTaBa NOPOA, CTPYKTYPHO-
TEKCTYPHHIX OCOOEHHOCTEH, JTAmoB pPAcTBOPEHMs, (POPMUPOBAHMS
HOPHCTOCTH, PacHpPOCTPAHEHMS M CTPYKTYPH TJIMHWCTOrO BEUIECTBA.
Ilns yTOUHCHHS MHMHEPAJBHOTO COCTAaBA M OLCHKM HM3MCHEHHMS KOJIH-
YECTBEHHOIO COOTHOIOCHUS pPAa3JIMUHBIX MHMHEpAIOB LEaecoodpasHo
MCNOJB30BATh KAUYECTBCHHHIM M KOJHYCCTBCHHHI  PEHTIEHOCTPYK-~
TypHEH avanmsu. OnpefesieHMEe KOJHYECTBEHHOTO COAEPXAHHUA MH-
HEPAJIOB, BXOAAIMX B COCTAB MCCACAyeMoro o0pasua nopoaH,
MOXeT OHTb MPOBENEHO NYTEM OLEHKH MHTEHCHBHOCTH AM(paKIu-
OHHHIX MAKCHMYMOB Ha TOPOIIKOBOM pEHTreHorpamme. Bo3MOXHOCTH
peImeHAd TAKOM 3aJayM OCHOBMBAECS HA CyIIECTBOBAHUH 3aBHCH-
MOCTH ARMPAKIHOHHHIX MAKCHMYMOB OT KOHLICHTPAUMM KaXH0M KpHC-
Tajyuorpapuueckoil (asn, BxoggmeM B cocras mopoad. HMcnoan3o-
BaHHE MHKPO3OHJAOBOTO  METOAA TWO3BOMSET BHISIBHTh HAYAJILHHE
CTagum mpeoOpa3oBaHMd MHMHEDPAJBHONO BEIIECTBA (B MajHX KOJM-
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YeCTBaX HA OTPAHMYCHHOM MNPOCTPAHCTBE). CKAHMDPYIOMMI 3/€KTPOH-
HHH MHKPOCKON NPEACTaBJAAET BO3MOXHOCTH 3aMISIHYTh B “MMKPO-
MHDP”, OLCHHTh WM3MEHEHHE CTPYKTYPHO-TEKCTYPHHX 0COOEHHOCTEN
TOPHHX NOPOA NpPH AaGOPaTOPHOM MOLCIMPOBAHMH NpPOLIECCA BHBET-
puBanug, Ha oOpasumax xy6mueckoit W HenpaswibHOH ¢opM mpen-
CTaBaseTcd BO3MOXHHM [AETATBHO M3YYHTb M3MEHeHue On3uKo-
MEXAaHMYECKHX  CBOMCTB TOpOoX -  IUIOTHOCTH,  NOPUCTOCTH,
MPOYHOCTH.

IOns naGoparopHOrO MOKENMPOBAHMS TPOUECCA BHIBETPHBAHUS
TOPHHX NOPOX B YCJOBHMSX XAapKOTO BJAXHOTO KJAMMAaTa MOXHO MC-
nonp30Bath npubop Tvna Coxcmer (cMm. puc. 12). Ilpusumn paGorn
M BO3MOXHOCTH €ro HpHMMEHeHus NoapobHo o0Cyxaanuch B JIATEpa-
Type [27]. B oramume or auHamuueckoit ycraHoskm MAK-1, on
6osee mpoCT, HO HE MNO3BOJSET YMAPABISTbL TEMNEPATYPHHIM pEXH~
MOM, a [aeT BO3MOXHOCTb JHIIb MOMACPXHBATh TEMNEPATYpPy ONKITA
B CTpQro omnpegeacHHux mpeaenax: 70-80 C B 30HE adpaluH,
mo 40 C - B 30HC MoOnEpeMEHHOro yBjaaxHeHwus. Kak u3secTHo, ¢
YBCJIMYCHHEM TEMIEPATYPH YMEHBIIACTCH PacTBOPUMOCTH YIJIEKHC-
JIOTO Ta3a H KHCJAOPOAA, NMOITOMY MX POJIb B TNPOLECCE IKCNEPH-
MeHTa B npubGopax thna Cokcner wuBesnmpyerca. Cremyer oGpaTtuth
BHHMAHHE Ha HEKOTOPHE TEXHUYECKHE AETAIN: KONOH W pesepByaph
npubopop HeoOXOAMMO HM3IOTaBJAMBATH M3 IMPEKCOBONO CTEKJIA WM
MHCPTHHX MCKYCCTBCHHHX MAaTepHAIOB; B CTAaHAAPTHEX npubopax
Cokcner HeoOxommMma nepenaiika G0KOBOro cmdoHa B COOTBETCTBHH
C 3afaHHHM COOTHOIICHMEM 30HK 35PAUMH M NONECPEMEHHOIO YBIAX-
HEHHS.

I{3yuyeHne CKOpOCTH PacTBOPCHHS IIOPOA WO TPEMMHE MOXHO
nposoauTh B anmapare A. JIxeimca (cM. puc: 13). Bee peranm
3TON0 anmaparta - COeAMHCHMs, paboune TpyOKHM, KJIaNaHH #u  pe-
3epByap CAEJIaHH W3 Hepxasewmei cranu. IIpunnun paGoT npnbopa
3aKJI04aeTCd B CeAyomeM. PacTBop 3agaHHOM KOHRUECHTpanuM LMp-
KyJBpyeT mo cucreMe oOBoAMBIX TPYO IO Tex mop, MoKa HE YyCTa-
HABJAMBAETCA ONpEAC/HCHHAs KOHLUCHTPAUUd W COOTBETCTBEHHO
3JIEKTPOTIPOBOAHOCTb. 3aT€M, M3MEHAS NOJIOXCHHE KJIANaHOB, pacT-
BOP HAnNpaBagioT uepe3 o0pasel, Mpy 3TOM BEJHUMHA HPOBOXUMOCTH
AOCTHTAET BENMYHMHH Or. PacTBOp LMPKyAMpyeT MO CHCTEME BIUIOTh

A0 MOMCHTA IIOJHOINO HACHIICHHA O I Tax kakx ApPOBOAMMOCTE IJJICKT-

POMIITA NPONOPUMOHAIBPHA YBEJMYCHHMIO B HECH KOHLIEHTDAUMH MHOHOB,
T.€. PACTBOPHMOCTM, TO CKOPOCTb DACTBOPEHHMS MOXHO  NOJYYMTb
n3 ypasHenus dM/dt = kA(Cs - Cy, rae k - CcKOpocTb  pacTBope-
HMd, OmpeneaseMas IKCIepUMEHTaNbHO; A - comepxanue CaCQO; B
ucxoaHon nopoae; C; - monxas Hacwuiennocth pacrsopa CaCOs; G-
HCxofiHas HacwuieHHocTs pactBopa CaCOs.

B npn6op MOoXHC nomewaTs 06pasun KapOOHATHHIX TNOpon pas-
JIMYHOTO BO3PACTa, CUCTABA M CTPYKTYPHO-TEKCTYPHOIO CTPOCHHS.
ONHTH NPOBOAATCA ¢ YHCTOM BOAOH Win pomoi, Hacenuennon CO,,
npu ckopoctn teuenus 0,25 M/c. A.JIxeAMCOM YCTaHOBJICHO,  4TO
B 3aBMCHMMOCTM OT IUMDMHB TPEIMH M arpecCMBHOCTH pAacTBopa
CKOPOCTh PDaCTBOpEHMsi mopop OyAeT pasjvuyHOM, Tax Kak paccTo-
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SHHE, Ha KxoTopoM Boxa Hacwmaercs CaCQO;, mnponopuMOH
AJTbHO
CKOPOCTH pacTBODCHES. ’

Hcnom3yas wMeron 1a6opaTopHOro MomenMpoOBaHMS  MpOLECCA
BHBETPABAHHY, BO3MOXHO NPHOIHXEHHO OUECHHTh BKJAX PA3TMUHHX
daxropos B npouecc BHBeTpuBannd. Pemenue 5Toi 3a1auM BO3IMOXHO
MYTEM PEUTH3AUMHA METOAMKH JpoOHOrO (akTopHOro 3KcnEpHMEHTa.

Ond rniauupoBaHHMsS IKCHNEPHMMEHTAa HCNOAb3yeTcs MeTon bokca
Yancona. B xavecrse mapamerpa ontWMmmsaumm BHOHpaloT Maccy
BCIICCTBA, BHIHOCHMOIO M3 IODHHX INOpoN; M3 uucaa (akTopos,
-Haubosiee CymIEGTBEHHO BIMSFIOMMX HA TPOIECC, MOTYT GWTh B3STH:
temnepatypa ( C); ckopocts mHbWwiIbTpaumm (MJ/MHH); KOHLEHT-
paups CO, (Mr/m) m ap. Mevonuka npobuoro ¢axTopHOrO 3KCHIE-
PHMCHTa H €ro BOSMOXHOCTH MOAPOOHO pPacCMOTPEHH B paHee
onybaukosannux paborax[27].

OH3HNKO-XHMHMYECKOE MOIEJIMPOBAHHUE NMPOLECCA
BBIBETPHUBAHMSA HA 3BM'

Ou3NKO-XHMHYECKOE MOACJHPOBAHKE TEOJOTHYECKHX TPOLIECCOB
npencTapaser cofoi MeTon HX HM3YJYEHHS IIyTeM CO3NAHMS HAEaTb-
HOM MOJEJHM, KAaYECTBEHHO M KOJMUYECTBEHHO ONMCHBAIOMEH HCCHE-
AyeMHi npouecc (WM TreoJorHuyeckuit 00beKT) B COOTBETCTBAM C
HMCIOMMMMHACS TEOJIOrMYECKAMM M TeOXMMHYECKMMH 3KCIEPHMEHTANb-
HBIMH J{aHHLIMH,

DOu3NKO-XUMAYECKOE MOAEJMPOBAHHE HAUMHAIOT C IOCTPOEHHS
CONEPXATEABHOM MOAENM TICONOTHYECKOro Ipollecca Ha  OCHOBE
KOHKPETHHX TEOJIOTHUECKHX HAOIIONEHUIt M OKCIEPUMEHTAILHNX Te-
OXMMHMUYECKHX, THAPOTEOXMMHMYECKMX M JAPYrMX AaHHHX. 3aTeM mpo-
BOJST aHANM3 BO3MOXHHX XHMHMYECKHX NpOUECCOB B PAacCMaTPHBA-
€MOM TEONIOFMYECKOM MONEJH M MX ONHCAHWE Ha OCHOBE 3aKOHOB
TEPMOAMHAMHMKH H XHMHYeckod kuHernku., Ha 3axmounrensHoM
grane PUIHKO-XHMHYECKYIO MOXE/Ib NMPOLECCA OMMCHBAIOT, C IOMOIIKBIO
CHCTEMH MATEMATHYECKHX YPaBHEHMIi; BHOMDAIOT METOOH M aNro-
PHUTMHL €€ PEIICHUS C UEAbI0 MOJYYEHHS KOJIHWYECTBEHHHX AAHHHX 00
HMCCJICTYEMOM TEOIOTMUECKOM mnpouecce (unu obwekrte). Iag omm-
CaHMd pPEaJBHONO TIEOJOrMYECKOro Ipouecca Tpefyercs OueHb
croxHag (DU3NKO-XHMMHYECKasd MOAE/b, BKIIOUAIOMAs HECKOABKO NE-
CATKOB, @ TO H COTEH MNpOIECCOB-KOMIIOHEHTOB. BoiencTsue 3Toro
CHMCTEMA MAaTEMATHYCCKMX YPABHEHHMH CTAHOBMTCS HACTOIBKO CJIOXK-
HOM W TPOMO3IKOM, YTO I/ €€ pemeHns Ttpebyercs NpHMeHERMe
BHCOK02(DEKTHBHHX BHYHCAMTENbHNX HPOrpaMM W OHICTPOREHCT-
syromux IBM.

B cnayyae HECOOTBETCTBHS pE3YyNbTATOB YHCJIEHHOIO MOAETHPO-
BAHAS MMEIOMMMCE FCOXMMHUYECKAM IKCEPUMEHTANBHEIM JaHAKM HE-
0OXOAMMO CKOPPEKTHPOBATH (PU3MKO-XUMHYECKYIO WIH TC0JOTHYECKYIO
MOAEE,

B mHacrosmee BpeMs Bce Oosnpmiee pacnpocTPaHEHHE IOJYYaeT
(DM3MKO-XHMHYECKOE  MONEIMPOBAHME  TEOJIOTHYECKMX  NPOLIECCOB,

lPaane.n nanucan A.Il. HukanoposbiM.
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NpENYCMATPHBAIOMES YYET TCPMORMHAMHKH H IPHMCHCHHE COBPEMCH-
HEX JBM. IlomobHoe MOmENHpPOBaHHE HA3HWBAIOT TEPMOAMHAMUYECKHM.
MOJEJTHPOBAHMEM TEOJIOTHYECKHX mnpoueccos. OHO IO3BOJSET pemIaTh
MHOTHE 3aJauM TMAPOTEOXHMMH, TEOTEXHOJOrMH, HMHXEHEPHOHM Teo-
JIOTHM, OXPaHH OKPYXalOmEH Cpeabl.

OCHOBHHE NOHATHE XHMHYECKOH TEPMOZMHAMHKH

TepMonuHamMuueckas cucremMa (WIM NPOCTO  CHCTEMA) 3To
mobag obnacte JAMTOC(EDH, BHECACHHAS TrEOJOTMYECKHMH WIM OMNE-
PADMOHHHMY TDAHANAMH, B TOM YHCIE MECTODOXAEHHE, YYACTOK
pa3MEmEHAd COOPYXEHH W 1.4 PaccMaTpuBaeMas NpAMEHHTENBHO K
3ajayaM MOJEJIAPOBAHME CHCTEMA AOJKHA COCTOATH M3 6OABIEOro
KOTHYECTBA YaCTHL, T.€. OHTb MaKPOCKONMHMYECKOH, TaK KaxK TOJb-
KO MAaKPOCKONMYECKME CHCTeMH MOryT OHTh OXapaKTepPM3IOBAHH Ta-
KHMM TOHATASMH, KaK TEMIEpATYpa, HaBJEHHE, TEIUVIGEMKOCTb,
TEIUIOTA.

O1kpHTas cucreMa MOXer OOMEHHMBATHCH C OKPYXAIOUEeH Cpenoit
SHEpPrHcHi M BEMICCTBOM.

3akpurag cHCTeMa MOXeT OOMEHMBAaThCI C OKpyXawomel cpemoi
SHEprueH, HO OOMEH BEMIECTBOM OTCYTCTBYET.

Hsommpopanrag cucrema He 0OMEHMBAETCH C OKpyXaiomed cpenoi
HA BEIIECTBOM, HM JHEPrHed, M OObeM e€ OCTaeTcd NOCTOSHHHM.

B nprpoxe HEBO3MOXHO HAMTH aGCOMNIOTHO W30/MPOBAHAYIO CHC-
remy. Ho Ha npaxrmke vacro npexefperaior oGMeHOM JHeprued WiIH
BEIIGCTBOM, €CJNH ITO JONYIIEHUE CPABEHTENBHO MAJ0 BAHSET H2
TOYHOCTh KOHECYHOIO PE3yNbTaTa.

Cucrema gBngercd TOMOreHHOM (ORHOpONHOM), ec/M OHA COC-
TOMT H3 OfHOM (pasH, W TETEPOreHHOM, €CAH COCTOMT M3 ABYX HJIH
6ompmero umcna ¢as. [IpumMepoM TIOMOTEHHOM CHCTEMH MOXET CIay=-
xuth pactsop NaCl B Bonme, rereporeHHON - HACHIMEHHWH PpacTBOp
xamsnura CaCQO; B Bome (cocrosmuit M3 rteepmoit da3m CaCQ; H
MCTHHHOTO pAacTBOpPa KajabOATa B BOAE), CMECh KDPHCTAJUIOB KaJib-
IMTA H AOJOMATA H T.J.

Bcaikas CHcTeMa XapakTepHM3yeTcd COBOKYMHOCTBIO €€ ¢uamuec-
KHX M XHMHYECKMX CBOMCTB, TaKHX KaK o0BbeM, HaBJICHHE, TEMIIC-
paTypa, XAMHUYECKMM cocraB, Macca ¥ ap. DBaaromaps HaaMumio
YPaBHCHHH, CBS3HBAIOMHAX pDA3IHYHHE CBOMCTBA CHCTEMH, AJAd OX-
HO3HAYHOM XapaKTEPHCTHKH €€ -COCTOSHMS OKa3WBAaETCd JOCTATOY-
HHM 3HAHHAE HE BCEX CBOMCTB, a JMIIb HECKOABKMX M3 HHX. OJTH
CBOMCTBA BHOMpPAIOT B X3aYECTBE HE3aBHCUMHX TNEPCMEHHHX W HA3H-
BAIOT NapaMeTPaMH COCTOSHHUS CHCTeMH. Ux BHOOp B KaXHOM KOHK-
PETHOM CiIyyae oOnpegensieTcs CcooOpaXeHHSIMH IeJ1eco00pa3HOCTH.
Tak, HanpaMmep, B CAy4Yae MACAILHONO ra3a B KayeCTBE Napamer-
poB cocTosHM® MOryT Omrtp BHOpaHm mwoOme a8a mapamerpa u3
Tpex: nasncHme P, obbeM V u Temmeparypa T, TaKk KaK MeEXAay
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HHAMH CYOISCTBYET CBS3b B BHAc ypasHcHus Menpeneesa  Kuameit-

pona:
PV = nRT,

TAE 1 YMCJIO MOJIEH MAeanbHOIO 1333, R - yHHBEpcanbHasg ra-
3oeas nocrosnuag (8,31441 Iuc-rpan  -r-mMoub).

OKCTeHCHBHMIE CBOMCTBA CHCTeMH (HanmpuMep o0meM, Macca,
BHYTPEHHSS JHEDIMS, OSHTDOMHs, CBoGoaHas aHeprus I'mb66ca cwmc-
TeMH M T.I.) NPONOPLHOHAJIBHEL KOJHUECTBY BEIIECTBd B CHCTEME.

HurencuBHHe CBOWCTBA (TeMIepaTypa, HAAaBJACHWE, MOJISpHAS
TEIUIOEMKOCTb, MOJSPHHHE 00beM, XUMMYECKMH NOTEHUMAN KOMIO-
HEHTA M T.IL) HE 3aBHCHT OT KOJHMYECTBA BEIIECTBA B CHCTEME.

Ecnu B CHCTEME NPOMCXOAMT HM3MEHEHHME XOTS O ONHOrO W3
TEPMOIMHAMMYEGCKHX CBOKMCTB, TO 9TO 3HAYMT, UTO B CHCTEME
NpoTeKaer TepMOguHAMMYECKHM npouecc. Ecnm, Hanpumep, Habmo-
HAETCS W3IMEHEHHE XHUMMYECKOTO COCTaBA CMCTEMHI, TO TAKOM Tep-
MOAWHAMMYECKHAN TPOLIECC HA3HBACTCI XMMHUYECKOM peakimeit.

Bce npomecch, BCTpeuamommecs B NPAPOnE, ACAATCS HAa CaAMO-
NMPOH3IBONLHKEE M HECAMONPOM3BOJbHEE. CaMONpOH3BONBHHEIE IIPOECC
NpOTEKaeTr CIHOHTAHHO ¥ HE Tpedyer 3aTpaTH 3HEPrHM W3IBHE, Ha-
NMPHMEDP pPacTBOPCHHE BEMECTBA B BOXE, Muddy3us rasos, mepexon
TeIoTH or Gosee HArperoro Tesia K Teay C Oonee HU3KOM TeM-
nepatypoir m T.m. CaMONpoM3BOJIBHOE NPOTEKAHHE TIPOLECCOB BO3-
MOXHO TOJIbKO B HANpPABJEHHM BHPABHHBAHMS HMHTEHCMBHHX CBOHCTB
BO BCEX YAaCTAX CHCTEMH, YTO B KOHEYHOM CUETE NPHBOJHT CHC-
TEMy B COCTOSHME paBHOBecHs. HecaMOnpomMsBoJbHHE MNPOLUECCH
TPeOYIOT VIS CBOEIO NMPOTEKAHAS 3aTPATH JHEPIHH H3BHE.

- PasHOBEeCHOE COCTOSHHME TaKOE COCTOSHME CHCTEMEI, KOTOpOe
COXpaHdeTcs TOCTOSHHHM BO BpeMeHH. B cucreme, Haxoxpdmeiics B
PaBHOBECHOM COCTOSHHH, CaMOTPOM3BOJBHEE NMPOLECCH HEBO3MOXKHHL.

Hesasucumile KOMMOHEHTH CHCTEMH — 9TO HauMeEHbmuit HaGop
TAKHX CTPYKTYDHHX CAHHML], C NOMOMBIO XOTOPHX MOryT OHTH COC-
TaBJIEHH XHMHUeckne (OpMyJH BCEX BemEeCTB CACTEMH. B kxauectse
HE3aBHCHMHX KOMIIOHEHTOB BHOMDAIOT NPOCTHE H CHOXHHEE BEMECTBA,
xuMuyeckue nemeHTH. Tak, Hanpumep, B CHCTEME BOAA - KaAbIAT
- YIAEKHCAB Ta3 B K3ayeCTBE HE3aBHCHMHIX KOMIIOHEHTOB MOXHO
subpars Ca, C, O, H.

3aBuCMMEBIE KOMHOHEHTH CHCTEMBl  3TO BCE BEMECTBA, M3 KO-
TOPHX COCTOMT CHMCTEMA: WOHH WIM MOJIEKYJH B BORHOH d¢ase,
ofpa3zoBasmyecss B pPe3yabTaTe NPOLECCOB IMEKTPOSMTHYECKOM IMC-
COUMALAM M THAPONM3a; MOJCKYJH BEmECTB B ra3oBoil ¢ase, Mu-
Hepans W BEmecTBa, obpasyomue Teepayo ¢asy. Xumuueckue ¢op-
MYJH 3aBHCHMHX KOMIIOHEHTOB CHMCTEMB ROKHH GHTH M3BECTHH M
OXHO3HAYHO BHPAXAaThcd HAO0POM BHOPAHHHIX HE3aBHCHMEIX KOM-
IIOHEHTOB.

Ha npakTHke HEPEAKO BCTPEYAIOTCHS TEPMOAMHAMHUYECKAE CHCTE-
MBI, HaXonsmuecd B HM300apHO-M30TEPMMUYECKHX YCJAOBHAX (T.e. mpH
MOCTOYHHHX AABJEHMHM M TeMmIneparype). B 31oM ciyyae ycioBHeM
PaBHOBECAST CHCTEMB C/YXHT MHUHMMAJIBHOE 3HAYCHHE H300arHO-
H3QTEPMHUYECKOr0 TOTCHUMANAA CHCTEMH MM  CBOCONHOM JHEPrHM
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M'n66ca. Ee MOXHO BHPAa3HTb 4CPE3 XHMHMUYCCKMC HNOTCHLMA/B 3a-
BUCHMHX KOMIIOHCHTOB CHCTCMBI:

G; = ? B np
rae n'. - KOJHYCCTBO KAaXIN0ro KOMIMOHCHTA B CHCTCMC,
l.l'. = _gg_ XUMHUYCCKHUH MOTCHUHAN KOMMOHCHTA CHCTCMNL;
i’ P,T,n,

J
B TBepaou ¢asze - G;To u300apPHO-U30TCPMUUCCKHI TIOTEHLUMAN ITOrO
BewecTsa: M, = AG . 3TOT NOTCHUMAN XaPaKTCPHU3YCT H3MEHCHHC

svepruu 'm66Gca npu obpasosanmu 1 MOns BEWECTBA M3 TIPOCTHIX
BELICCTB NMPH RAHHBIX KABJCHUM M TCMICPAType.

CraugapTHHM XHMHYCCKMM TIOTEHUHWAs TBEPAONO BCIIECTBA
310 3Heprust I'm66ca oOpasosaums | Mons 3TOrO0 BElleCTBa W3
MPOCTHX BEWECTB TIPH CTAHAAPTHBIX ycnosuax (P = 0,1 MIla, T =
298,15 K):

0_
“i"AGo,zos’

3navenne sHeprun I'm66ca 06pa30BaHMA CJIOXKHOIO BEWECTBA NPH
JOOHX NABJECHMEX M TEMMEPATYPAX MOXHO BHUMCIHTD NO ypPaBHEHUIO:

- o -
DG = BGY 105 = D) 205(T - 298) +

208 © 298

+} C, dr T} delnT+\}{,'AVTdP,
me T  abcomornas temnepatypa; AV,  u3smeHenne ofwema Be-
mecTsa oTr nasiacHus P npu temneparype T; Cp TENJIOEMKOCTD
BCU{ECTBA; AS?Z98 SHTponMa 00pa3oBaHMs CJIOXKHOIO BELIECTBA
M3 MPOCTHX BEMIECTB NPH CTAHAAPTHHX YCJOBMSX, BHYNCJASETCH TO
CTAHJAPTHHM 3HAUCHMSIM AaOCOMIOTHHX SHTPONMIA BEMIECTB (8298).

Hanpumep, nad xansuura

AS; 545 (CaC0y) = Spgp (CaCO) S50 (Ca) S50 (O

298 298
3 0
/2 5298 02).

3aBHCMMOCTD TEIIOEMKOCTH Bemectea C P OT TEMOCPATYPH

ONMUCHBAETCY IMINPHNYECKMMHU MHTEPIOIAUMOHHBIME  YPABHEHHUSAMM,
HanpuMep

C,=a+ bT - -5,
P T2

me a, ¢, b xoxphuuMeHTH, TPHBOAMMHIE B CHPaBOYHMKAX TeEp-
MOXMHAMHYCCKHX CBOMCTB.

69



H3menenne obbeMa TBEPAOrO BEmECTBA HE 3aBMCHT OT HABJICHUS
npu P < 10 MIJa n ero MOXHO CYHTATh PaBHHM MOJAPHOMY 00BEMy
npH CTaHAaprHHX YycaoBaax. OH MoxeT OHTh BHUYHCIEH IO ypaB-
HEHHIO Vm = M/p, tme M - MOndpHas Macca BellecTsa; P - IUIOT-

HOCTb.
XuMByecknil MOTEHIMAA KOMIOHEHTA CHCTEMH, HAXOAAWEroCs B
XHAKOM Wam rasoo0pasHoi ¢ase,

0 0 .
M uJ.+RT1n a; .pj+RTln(7jxj/)l; x),

e u? = AG?. - CTAHHAPTHHH XMMHYCCKHH NOTEHIMAJ KOMIIOHCHTA B

pacTBOpe mnpM 3aNaHHOM TeMIepaType W paBjicAun 1- 10° IMa; B
CTAHAAPTHOM COCTOSIHHH AKTHMBHOCTH KOMIIOHEHTZ B pacTBOpPE paBHA
I; @ - aKTHBHOCTh KOMIOHEHTa; R YHHBEDPCAJIbHAs Tra3oBas
MOCTOSSHHA 7}. K03PUIHEHT aKTHBHOCTH, XapaKTEepH3yIOomui
OTKJIOHGHHE CBOMCTB BCHIGCTBA B PEAJbHHX YCIOBHIX OT CBOMCTB
3TOr0 BEINECTBA B CTAHAADTHOM COCTOSHHH.

Pacuer paBHOBECHOIO COCTaBa COXHBEIX
TAJPOTCOXAMHYECKMX CHCTEM METONOB
MAHEAMA3ALMH cBoGomMolt 3meprmu u66ca

Bo/mmuHCTBO 3aKay TMAPOTCOXMMMM, TEOTEXHONOTHMH, WHXEHEP-
HOM reo/OrMM M T.II., CBA3aHHHX C HM3YYEHHEM IEPEXOAa BEMECTB
nyTeM (PH3AKO-XHMHYECKMX NpPOLECCOB MEXAY TBEPHO#, XuAKON H
ra3oBoit ¢azamm, CBOEMTCS K ONPEACJACHHI0 KOMHYECTBEHHOIO PpaB-
HOBECHOTO COCTaBa TBEPAOH, XHAKOH M rasoeoii ¢as. Dry samauy
MOXHO DEIHTh METONOM MHHMMM3AUHH CBOGORHOM 3sHeprmu I'w
CHCTEMH ¢ npuMeHeHHeM OricTpoxeicTByromux IBM.

IMocmanoska 3adauu. PacCMOTPHM CHIOXHYIO TETEPONeHHYIO CHC-
TEMy, COCTOsmy!0 M3 N KOMMOHEHTOB BOAHOTO pacrtBopa m P ¢as.
O6osmaunM j - HOMEp KOMmosenra pacteopa (1 < j < N), a p -
momep dasu (1 = p = P), Ilycts BORHHI pacTBOp sBAstercd ¢hasoi
Ne 1. Boma - mocnegsmii KoMmOHeHT BOgHOM a3 (szo = N).

Tsepaue ¢a3u, KOTOPHX MOXeT OHTh HECKOJBKO, MOTYT PacTBO-
PETBCS WM BHIANATHP B OCAfAOK, NPH ITOM KOHHERTPALHM KOMIIO-
HEHTOB B pactBope OyayT H3MEHATBCA, a CJEAOBATENbHO, OymyT
MCHATHCH XHMHUCCKHUEC NMOTCHLIHAJN 3aBHCHMBX KOMIIOHCHTOB CHCTEMB
IO TEX TIOp, NMOKa HE HACTYNHT TEPMOAMHAMHYECKOE PAaBHOBECHE.
CocTosHMI0 paBHOBECHS CHMCTEMH GynyT oTBEYaTh TAKAE KOJIHYECTBA
KOMIOHEHTOB BOAHOM ¢(hasm X; M BEUICCTB B TBEPAHX ¢asax x,, npu

xoTopux JHeprus 'mbGOca cucreMum Oyner MMETh MHHHMMANBLHOE 3Ha-
YeHHe (IpH NMOCTOSHHHX AABJICHHH M TEMIEpaType):
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N X,
i
G‘;-.Z X; (uj+RT In 3 + RT In 7}) +
j=1
5 3
+ £ M, x, (
paz PP
e M, Mp  XHMHECKME NOTEHUMATH KOMIOHEHTa COOTBETCTBERHO

B pactBope W TBepmoi ¢ase npu 3amaHHNX NABJICHHMM M TEMIIEpa-
TyPe; ¥; - x03¢PAUMEHT AKTHBHOCTM KOMIOHEHTA J B pacreope; R

YHMBEpCANbHAA ra3oBas nocrosuHas. OOmee KOJIHYECTBO BeE-
meCTBa B BOOmHOM (pase

N

x =Z x. . “4)
j=1’

3anumeM CHCTeMy ypaBHeHHMil Gajanca Macc B BHAE:

n P
Z a.x.+Z a,x,=b (i=12,..I
j=1 7T pap il TP i

l=N+P-1). )
3mecs I  YHMCJIO HE33BHCMMHX KOMIIOHEHTOB CMCTEME; [  HOMEp
HE3aBHCHMOIO KOMIIOHEHTa; a; - uHeIo MOJIeHl  HE3aBHCHMOIO
KOMIOHCHTa B pacTeope j; a,, YHCAO MOJIEH HE3aBHCHMOIO
KOMIIOHEHTa i B TBepoii dpaze P =1+ 1 - NN+ 1 <[ s N + P-
-1); b‘. - ofmee HAYaNBHOE KOJHMMECTBO HE3ABHCHMOIO i KOMITO-

HEHTa B CHCTEME.

Kaxpoe m3 ypaBHeHHit (5) gBngercd ypaBHEHHEM MATEpHAJIBHO-
ro 6anaHca g OJHOTO M3 HE3ABMCHMHIX KOMIIOHEHTOB TEPMOIHHA-
MHAYECKOH CHCTEMH.

Chopmyampyem ¢yHKumoHan, Kak 3T0 OENAIOT B METORE HEON-
peneneHHNX MHOXHTENEH Jlarpauxa:

Gy I
<D(xj; xp;“,) = —§7—+i2:l ui[bi-
N P '
zZa, x.-Z% a; %pl 6)

j=1 17 pa2

THE u; - MHOXHTE/IH Jlarpanxa.

3amaya HaxXOXACHHA PABHOBECHOTO COCTaBa CHCTEMH MyTEM
MHUAMMHM3ANMK JHepruu I'wbGGca (3) mnpu orpanwuenusax (4) u (5)
CBOAATCA K HAXOXACHHI0O MHHUMyMa ¢ynkumonana (6), rze Bce X, u

Xp MOTYT PAacCMATPHBAThCH KK HE3ABHCAMHE MEPEMEHHHIC.
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BeeaeM oGosHaucuus uj/RT =z Mp/RT = z, n HasoBeM ux

P
NPUBCOCHHHIMM XMMHYECKMMM MOTCHUManamu. Bynem noka cuurats,
YTO pacTBOP HAEAJIbHBIN, T.C. arj = 1.

H3 ycnosus MuHHMyMa dyHKUMH

i
0D - It B -
( axj ]xp'“,- Z + In X u a 0
MOy YHM
I
X = X exp (-zj +Z a; “i)' Q)

i=1

M3 cootHowenus (7) BUAHO, uTO MHOXuUTEAH Jlarpanxa u; MOTyT

MHTEPNPETHPOBATLCS KAaK TIPMBEACHHHE XMMHYECKHE TOTCHIHAIN
HE3aBHCHMBIX KOMIIOHEHTOB CHUCTeMbl. OOHYHOE YC/IOBHE pPaBHOBECHS
B BHAE PaBEHCTBA XMMHYECKMX TMOTEHLHMAJIOB KOMMOHCHTOB B PasHHX
c¢asax 3aech 9KBHMBAJIGHTHO paBEHCTBY XMMHUYECKHX IOTEHIHAJIOB
HE3aBMCHMBIX KOMIIOHEHTOB BO BCEX 33aBHCHMMBIX KOMMNOHEHTdX CHC-
TEMHI.

CyMMHpys JIEBYIO M NpaBYl0 4acTtun ypasHeHus (7) ¥ yuurmBas
(4), momyumM:

N I
Z exp (-2, +%2 a,u)=1,
j=1 P M

T.6. CyMMa MOJILHHIX MOJIeil KOMIMOHEHTOB BoAaHO#H ¢ha3wm pasHa 1.
AHANOrMYHO M3 YCJIOBMS MHHAMYMA (DYyHKUMM MNOXYYMM

I

oD_ - _ -

[ axp] =2 -% a,u =0
Xjul.

TakuMm o00pa3oM, 3amaua HAXOXACHHA PABHOBECHOIO COCTaBa
TEPMOAUHAMHYECKOH CHCTEMHEL CBOIMTCA r PEMICHHMIO CJIEAYIOMICH CHC-
TeMul [/ + P] ypaBHCHHMH OTHOCHTEJIBHO HE3aBHCHMMEIX NEPEMEHHHIX
u M xp ypaBHeHHMst GasaHca Macc, MOJYYEHHHE TNOACTAHOBKOM

M B 5):

N I P
x, £ a.exp (-z,+Z a.u)+Z a,x,=2b; 8)
]j-l if J i1 UV pop il 7P i’

ypaBHEHHMSI IS CYMMH KOHIECHTPAHMi KOMIIORCHTOB BOJHOH ¢asu:
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N i
Z exp (-zj + Z a; u) = 1j ()]

i=1 i=1

P-1 ypam-leum"i g XUMHYECKHMX TIOTCHUMAJIOB OAHOKOMIOHCHTHRIX

a3
I

-zp, +i§la” u, = 0. (10)

Pewenne 310it cHcTeMBl HCMHEHBX ypaBHeHui (8)-(10) moxHo
nposectd MeronoM Hblotona (wam mcropoMm  urecpauni). Marema-
THYECKME MOAPOOHOCTM J3TOr0 pCUIEHMS NAPUBCACHW B pabore {1}.

Yuem neudeanvnocmu pacméopa. B pcaynprate pacyeros noay-
YEHbH PABHOBECHBHIE KOHLEHTPAUWM KOMIIOHCHTOB pacTBOpa M KOJM-
yecTBa BEWICCTB B (pa3ax B MNPCAMNONOXKCHUM, YTO PacTBOP BCACT
cebs Kak MacanbHbii, T.¢. KOOPHUUMCHTH aKTUBHOCTH KOMNOHEHTOB
BOZIHOTO  PacTBOPA 7, MPUHUMANHCH PaBHBIMM 1. Nas TOro urtobm

y4yecTb HEHMACANbHOCTb PACTBOPA, , HEOOXOAMMO BHIYNCANTL KOXDDU-
LHACHTH AKTHBHOCTH KOMIIOHCHTOB pacTBOpa. 3T0 MO>XHO CacaaTthb,
HanpuMmep, ¢ nomoubio dopmynu [cbas - Xwokkens:

AQf»/I

l+er\/-l_

g 1/. = - + CI, an

rae QJ., rj COOTBCTCTBCHHO 3apsaa M "paamyc” | KOMNOHCHTA

pactsopa; A, B oMnupuucckuce napamerpnt  [Icbas Xwokxens,

XapakTCPU3YIOWMNC PACTBOPUTCAbL (AN BOALI NPH CTAHAAPTHHIX YC-

nosuax A = 0,5098, B = 0,3284 |[17); C IMNMPUYCCK U

napaMcTp, XxapakTCpM3ylIUUH IJaHHWK OJACKTPOAMT (BO MHOFHMX
N-1

cnayvasx npuHumaembil pasiueim 0,05); 1 =0,5 £ Qf m;  WoHHas
j=1

cuna pacteopa; m, MOJNIS/IbHAS KOHUCHTPAUUS KOMMOHCHTA | B

pacteope (Moab/1000 r H201).

HU3 ypaeHenns (3) BuMAHO, YTO YYCT HCUACANLHOCTM PAcTBOpA
COOTBETCTBYCT MOAN(DHUKAUMHM XMMHUUCCKMX TOTCHUMUAIOB KOMAOHCHTOB
pacTBopa:

X, X

M.+ RTIn —% + RT In 5. = p’ + RT In —L-,
Ji X, J / xy

y: (3 p’j =‘uj+ RT In 7/" MOAN(PHULUMPOBAHHBIN XUMHYCCKHNA NMOTCHUUWAN
KOoMNoHcHTa j. Jlanee nposoaMTCd PCUICHWC CUCTEMK ypaBHeHui (8)
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~ (10) ¢ yueroM MOEMPHMUMPOBAHHHX XUMWUECKMX MOTEHUMANOB. ITY
npouenypy (”He6aii”) MH peKOMEHAYEM BHIIOJHATH NOCKE PEIICHUS
cucremu ypaBHenmin (8) - (10) meromom Herorona. ITpomeaypy
"lebait” NPOBOAST AO TEX IOP, NMOKA 3HAYEHHE MOHHOM CWIHW pa-
CTBOpPA HE NEPECTAHET M3MEHNATHCH.

Yuem oxucaumenvno-éoccmanoeumensviuix npoyeccos. Tak kak B
XOA€ MpOIMECCa BHBETPHBAHHS HMACT OKHCAHTEIBHO-BOCCTAHOBHTEIThH-
Hasf peakiHsd, TO HE3ABHCHMHE KOMIIOHEHTH HMEIOT Pa3/IMYHYIO CTe-
IeHb OKHCJICHHS B Pa3fiMYHHX 33aBHCHMMHX KOMIIOHEHTaX (HampuMep,
Fea;ﬂeaamcnmuﬁ KOMIIOHEHT MOXer GHTb B pacTBope B BHAE Fe?* u
Fe™). Bcnencrsme 3100 B CHCTEMY YPaBHEHHHA HeoOXOAMMO
BBECTH YPaBHCHHE 3neKTpomeirTpansHocTh (Gananc 3apsma). 3to
IENAIOT, BBOAS HOBHIH HE3aBHCHMHEII KOMITIOHEHT - 3JIEKTPOH (€) H
COOTBETCTBYIO! €My HOBYIO HE3aBHCHMMYIO NMEPEMEHHYK Ue. LTgraa
MOH xene3a Fe“ Oymer mmers Bupg coctaBHOM wvactunu Fe” -e.
PaprOoBecHOE 3HaueHHE ue, OTBEYalImee pEMEHHI0 CHCTeMH (7),
HMeeT ScHul ¢usnveckmit cMuca. OHO xapakrepusyeT OKHCIH-
TENBHO-BOCCTAHOBHTEIbHHM TMOTEHIMAN CuCTeMB Eh:

RT
Eh = — Ue,
F .
raie R YHUBEpPCAJNbHAd ra3osast mnocrogaHas; T abcomoTHas
Temneparypa; F - uncno Papanes (96484,6).

Buiiucaumensnas npozpamma ons nepconanavHvix IBM. 3apaua
pacyeTa TETCPOTCHHHX PAaBHOBECHI B JIOXHHX THAPOTCOXMMHYECKHX
CACTEMAX pEaJM30BaHA B BHAE JEHCTBYIOmICH mporpamMMu “Bananc”,
paspaboranHoit ®a kadeape xummu MOCKOBCKOIO reosoropasee-
AoyHoro MHCTMTYTa. Ilporpamma ”Banamc” Hanmucada Ha sS3mKe
QOPTPAH-4 u peannsoana Ha muxpodBM IIBK-2. Masg nmoxyyeHus
Gonbmed TOYHOCTH PE3y/NbTATa NMPOrpAMMa OMEPUPYET NMEPEMEHHHMHE
aBoitHOit TOuyHOCcTH. QOOBEM 3aHMMaeMOil ONEPATHBHOK maMatTn 35
KGaitr. IIporpamma mno3BOASET DPacCUMTHBATD PABHOBECHS B CHCTE-
Max C YHCJIOM HE33BMCHMHX KOMMOHEHTOB [ =< 15, xoMmoHEeHTOB
BopHoit dasw N =< 60, umciom TBepamx M rasoofpasmuex ¢as p =<
=<]15.BpeMs pacuera 3aBHCMT OT CJOXHOCTH cucremn. Hampumep,
npu [ =8, N = 30 u p = 8 BpeMa pacuera cocrasiaser okosio 15
c. OrpandyeHMEe HAa CJIOXHOCTh CHCTEMH CBS33aHO C Pa3MEpoOM oOle-
parusnoit mamatu y JIBK-2 (xoropas cocrasaser 64 K6aitra). 1o
OTPaHMYCHHE MOXET GHTh CHATO, €C/H WMCIOJAb30BATH NEPCOHANBHYIO
9BM (win Gonemyxo IBM) ¢ Gonbmeir omepaTneHOI namaTbio. IIpor-
pamMa "Bananc” nerko moxer OmTh amanTpoBaHa Ha moOyio OBM.
CymecTByIOT M ApyrHe NpOrpaMMHB pacueTa PABHOBECHN B CJIOXHHX
rereporeHHHX cucremax: “Cenekrop” m "GIBBS” mia EC-OBM.
OTH nporpaMMu Peanu30BaHH H3 MakpoOBM H y HHX HET OTpaHH-
yewuit, CBI3aHHHX ¢ o0beMoM omepartmsHoM mamsaTa. OpHako, mpe-
HMYIIECTBOM TNporpaMMi “Bananc” sBASETcs BO3MOXHOCTh PaGOTH €
MaIlMHOM B AMaJOrOBOM pexume. B mpomecce pacyeToB MOXXHO
ONEPATHBHO MEHSATh MCXOOHHE AAHHHE: QU3NKO-XMMMYECKYIO MOIENTh,
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TepMOONHAMHYECKHE NAHHHE, HAYaJbHHE yCaoBus H T.a. C noMomsio
nporpaMmu “"Bananc” MOXHO pemaTh, HANpPUMEpP, TAKHE 3ajaud, Kak
pacuer paBHOBECHOIO (COCTABA CHCTEMBl C 33aJaHHEIM XHMMUYECCKHM
COCTaBOM, BKJIIOYAIOMEN TBEPAYIO, XHIKYI M ra3oByl (ha3m; cocrasa
pacTBOpOB, HACHIICHHHX OTHOCHTGJMBHO 33aJaHHOH  acconHauMu
TBepauX ¢a3; CTeneHM HACHMEHWS NPUPOAHEIX BOX OTHOCHTEJBHO
3ajadAOM acCCOLMALMM MHHEpAJIOB; (POPM HAXOXKICHHS XWMHUYECCKHX
9/ICMEHTOB B TIPHPORHHX BOAAX; PAaCTBOPHMOCTH DAaJIMYHHX MHHE-
PaJioB M MEHCPAIBHEX AaCCOLMALMIA mnpM 3agaHHHX HAABJCHHAX H

temmeparypax ¥ ap. HamGonee BaXHOH M HWHTEHCHMBHO Da3BHBAIO-
mieiica oOMacThi0 MPUMEHEHHA PAcyeTa PAaBHOBECHMH B CJIOXHHX TIeo-
JIOTAYECKHX CHCTEMAX SBASETCS MONESIMPOBAHNEC TIEOXMMHYECKHX
NPOLIECCOB.

On3uKo-XMMHUECKOE MOJEJHUPOBAHUE DACTBODEHHSH
xapOOHATHHIX TIOPOX BOA3MM Da3JTHUYHOIO
XHMHYECKOTO COCTaBa

B npakTHKE MHXEHEPHO-TEOJIOTMYECKMX PafOT 4acTo NpPHXOIATCS
pemare 3anayM TNPOrHO3a pa3BUTHS IMIPOLUECCA BHBETPHBAHMSA IION
BJIMSHHEM TPHPOJAHHX MJIM TEXHOFEHHHX (PakTOpoB. ONMH M3 METOHOB
pemieHHs TAaKMX 3afay - UHCJACHHOE (PH3MKO-XHMHYECKOE MOXEIH-
POBaHHME MpOLECcCA PacTBOpeHHd KAapSOHATHHX mopon Ha DBM.

OH3AKO-XUMHYECKOE MOACTHPOBAHME TNpPOLECCA  pPacTBOPEHMS
NMOPOAN HAYHHAIOT C AHANMH3a PACTBOPHMOCTH MHHEpAIOB (KOHrpy-
JHTHOINO, HWHKOHTPYIHTHOIO, 'PACTBOPEHHS C Ppa3yOKEHHEM), COC-
TABAMIONHX TOPOAY, M BHOOPa BO3MOXHHX KOMIIOHCHTOB TBEPIOM,
XuaKoi W raszoobpasHoi ¢as.

Ina pacuera mo nporpamme “Bananc” Heo6XOAMMO NOATOTOBHTH
CIEAYIOMUE AAHHHE. .

1. HaGop HE3aBHCHMHX KOMIOHEHTOB CHCTEMHL.

2. Ha6Gop 3aBMCHMBEIX KOMIOHEHTOB CHCTEMBI - BO3MOXHHX HOHOB,
MOJICKYJI, KOMIUIEKCHHX HOHOB, BOAHOIO PpACTBOPA BO3MOXHEIX MH-
HEpaJOB M ra3oB.

3. H300apHO-H30TEPMHUYECKME NOTEHUHMAAN O00pa30BaHMA 3aBH-
CHMHX KOMIIOHCHTOB CHCTEMB IIPH 33J3aHHBIX TEMIEPAType M HaB-
JICHMH.

4. 3HaueRMa SMnupuuecKuX Koadpduuuenros A, B u C u pagm-
ycoB HOHOB B ypasHeHuu [eGas  Xiokkens. Pemenme 3amaum cBo-
OMTCA K PEOICHMIO CHEAYIOMEH CHCTeMH ypasHeHwit. | ypaBHeHmMe
6ananca macc:

N 1 P
X1 & a,exp (-2, +X a, u) +% a,x,=25b;
j=1 if I U i P2 il P i
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11 ypasHenMe CyMMH KOHLEHTpPaudii KOMIOHCHTOB BOAHOM (hasm:

N I
Z exp -z +2Z a,u)=1;
j=1 I VY

III ypaBHeHME XHMHYECKHX NOTEHNHAJIOB OXHOKOMIIOHEHTHHBIX

N

-z, + &
P o

u, =0,

i

me a‘. AKTHBHOCTD KOMITIOHCHTA, ahl

CHMOTO KOMTIOHEHTa i B TBepuoi dase P; b, ofmee HavaJbHOE

YHCJIO MOJIEH HE3aBH-

TaGnuuna 11

KOMIOHeHTEI CHCTEMBI HIBECTHAK — OOJIOMHT — BOJA

KomMmoHent He3ssucumblie KOMIIOHEHTB! IIpuBenenmbie 3apan Papuyc
MOTeHIHANIbI HOHS8 MOHAE
MM66ca 1) re10},
AG%.298 HM

Ca|Me | €| O | H| P2s=gens

Boownan gpasa
H* _ 0 0 o0 o0 1 0 1 9
OH 0 ] 0 1 1 6345 -1 35
Ca 1 0 0 0 0 -223,00 2 6
CaOH* 1 0 0 1 1 -289,08 1 4,5
CaHCOJ; 1 0 1 3 1 -462,57 1 4,5
CaC04 1 0 1 30 -443,37 0 45
Mg 0o 1 0 0 0 -~184,49 2 8
MgOH" 0 1 0 1 1 -253,02 1 4,5
MgHCOs* 0 1 1 3 1 —423,69 1 45
MgCO3 0 1 1 3 0 -404,31 0 45
H,C03 0 0 1 3 2 -251,37 0 4,5
HCO4" 0 0 1 3 1 -23674 -1 4
0, 0 0 1 30 -21296 -2 45
H,0 0 0o 0 1 2 95,67 - -

Teepdas u 2azoean gazvt

CaC0O3, k 1 0
CaMg(C03)2,x 1
CO,, ras 0 0
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3 0 -455,38 - -
6 0 -874,19 - -
2 0 -159,09 - -
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Tabnuua 12

PapHoBeCHDBIC KOHUEHTPAHH KOMBOHEHTOB
(8 mons/ n H,0) npx cTaRPTHLIX YCIOBHAX

KoMroHeHT Cucrema

CaC0; — H0 CaMg(CO,), — | CaCO3 - CaMg(CO3),-
H,0 H,0

Bodwas paza

H 1,231-10 1,343-10 1,183-10
OH™ 8,638—0,5 7,898—05 8,998—05
ca®* 1,223-04 5,440-05 1,129-04
caoH* 1,339-07 5,471-08 1,284-07
c:mcoo,+ 1,634-07 6,727—08 1.570-07
CaC0; 6,083-06 2,296-06 6,083-06
Mgt - 5,480—05 1,621-05
MgOH" - 6,392-07 2,138-06

o, - 4,686—08 1,559-08
MgC03 - 1,336-06 5,044—07
H,C03° 1,293-08 2,311-08 2,298-08
HCO?— 8,631-05 7,952—05 9,010-05
C0o5%” 3,612-05 3,035-05 3,933-05
pH 9,910 9,872 9,927

Taepdas u 2a306an fassl

CaC03, K 1,287-04 0 1,023-04

CaMg((C03)2; k 0 5,682-05 1.694-05

00, ra3 0 0 0
KOIMYECTBO HE3ABMCHMMOTO {-KOMIIOHEHTa B CHCTEME; i HOMED
HC3aBHCHMOIO KOMIIOHCHT&, I - YHCIO HE3aBUCHUMBIX KOMINIOHCHTOB,
a; - uAcno MOJNIEH HE3aBMCMMONO KOMITOHEHTAa i B pacTsope j; 2=

M/RT z, =M /RT M M, - XMMHYECKHE MOTEHIHANK xomlo—

nemon B pacTBope H 'rnepnon q)aae NpH 3a0aHHOM NaBjacHMH P H
TemMnepatype T COOTBETCTBEHHO; R - rasoBas IOCTOSHHAL, u, -

MHOXHUTEaH Jlarpanxa (IpPHMBEACHHHE XMMHYECKME MOTEHIMANHN HE3a-
BACHMHEX KOMIIOHCHTOB CHCTEMH).

B cucreme CaCQ; - CaMg (CO»), - H,O u CaMg (COy); - H,0
MOXHO BHOpaTh B KauecTBC HE3aBHCMMBIX KomnoHeHrosB - Ca, Mg,
C, O, H; BOSMOXHHX KOMIIOHCHTOB BOJHOINO PacTsopa - HOHW H+,
OH- Caz+ Mg2+, CaOH+, MgOH+, CaHCO,., MgHCOs,, HCO3-,
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CO} u monexyaw CaCO$, MgCO$, H2CO?, H20; B xauecTse TBEpAHX
tdas - CaCO; u CaMg(COs): (tabn. 11). PesynpraTe pacueroB no
nporpamme “BanaHc” noka3zasm, YTO PacTBOPHMOCTb B BOAEC Kajb-
[MTa BHIIC PAacCTBOPMMOCTH AojaoMuTa npubiansnrensHo B 2,3 pasa
(raba. 12). B cayuae, ecnd mopoAa COCTOMT M3 KaiblMTa M JO-
JIOMMT4, PacTBOPHMOCTb Ka/JbLMTA B TAaKOW IOPOXE CTAHOBHTCE B 6
pa3s BHIIE, YEM [OJOMHUTd. BHHOC MaCcCH BEMECTBA W3 MOPONH,
cocrosmeit u3 xampuura 12,88 mr/kxr H:O; u3 monommra - 10,45
mr/kr H,O; u3 kaneumura + gonomura - 13,36 mr/xr H,O. Pacuern
MOKA3aJIH, YTO NpPH PpACTBOPEHMH KapOOHATHEIX TIOPOX B YHCTOM
BOXC YIICKW(JIHH ra3 HE BHACIACTCAH.

Hccnegosanne BAMSHHSA YIVIEKUCIOTO Tas3a,
PACTBOPOB YKCYCHOM, a30THOH

M CEpHOM KMCJOT Ha pacTBOPUMOCTb
KapOOHaTHHIX. IOPON

KapGonaTHnie MOpoAsl YBENWUYUBAIOT CBOX PACTBOPHMMOCTh B BO-
IaX, HaCHUIEHHBIX YIJIEKMCIBIM Fa30M M CONCPXAUUX OPraHH4YECKHE M
HeopraHWueckue KuCioTe. Ilo nporpamme “Banauc” Gnila paccum-
TaHa DACTBOPMMOCTh MNOpoaW B BOAHHX pactBopax  CO;, H,SO,,

g8 P
a
/
pH N
lgm
§r 47 4g°f¢
7 2
12
j)—
4173
-1r
4r 14
15
Ik
) SR SR L 1 -2 L N I 1 L L
A T B A A T

Puc. 17. 3aBucumocts pacrsopumoctn CO
nnA CO; (@) u pacTROopumoOCTH nopoasl,
HBIX PaCTBOpAX OT HaganbHoro pH (6) :

1 —CO2; 2 - pH; s00nble pacTaopur: 3+ HNO3, H,S04; 4 — CH,COOH, 5 — CO,
78

2 H pH pactBopa or napumansnoro paene-
COCTOAUER M3 KAIBUHTA H JIOAOMHIA B BOJ-



puc. 18. W3MeHeHHe DacTBOPHMOCTH KapGoOMar- 7, Mo/b/ In
HbIX TMOPOJ B BOAe H BoAHOM pactBope H,SO4 B
3aBHCHMOCTH OT TeMIepaTypbi KHAKO#H (ha3bl

/' Z 1 1 1 1 1
0w s w Wi

HNO3 u CH3COOH npu pasnuuumx HavanbHux pH mcxomamx
pacTBOpOB.

PeaynbTaTH NpENBapUTEIBHO MNPOBEACHHHX pPacyeToB N0 pacT-
popumoctd CQO, B Boge M pH moayyaeMoro pacTsopa B 3aBHCHMOC-
™ 0'{7 NapUUanbHOIO [AABJCHMS YIJIEKMCIONO ra3a NpPUBEICHH Ha
puc. 17,

K cucreme CaCO3 - CaMg (CO3)2 - CH3COOH - H20 pobasns-
much B Kauecrse Hesapucnmoro kommonenta CH3COO m xoMnomeHT
ponuoit ¢asm CH3COOH (2% = -10,951). B cucremy CACO3
CaMg (CO3)2 - HNO3 - H20 poGasnsuics komnoneHTr NO; M KoM-
noHeHT BonHoi ¢asn NO3 (2% = -44,95). B cucreme CaCO3
CaMg (CO3)2 - HSO4 H,O x He3aBHCHMBIM KOMHOHEHTaM aobas-
.ne}S{OSO4 a X KOMNOHeHTaM BogHo# ¢asm  CaSOf, MgSO$, HSO;
H 4

PesyabraTm pacueroB mpusenenn Ha puc. 18. OxHu mokasusawr,
4TO PACcCTBOPHMOCTh KapOOHATHHIX NOPOX ORWHAKOBA B DACTBOPax
A30THOM M CEpPHOH KHMCJOT M CHJILHO BO3PACTaeT INpPH Y4YaCTHH
OPraHMYECKMX NPH HPOYMX PABHHX YCIOBHIX (OAMHAKOBOM HCXOXHOM
sHaueHud pH Bo3aeHCTBYIOmMMX pPacTBOPOB).

JlaHHBE TEPMOTMHAMHUYECKOTO MOJCJHPOBAHHS COBMANAIOT C pe-
synbratamid  aGopaTopHOro BEmMECTBEHHOrO MoxmesupoBanus. Mx
MOXHO HCMOAB3OBATH MPU MNPOTHO3E PA3BMTHUA TPOLECCA BHIBETPH-
BAHHS B XOAC TEXHOTEHHHBIX BO3NCHCTBMIL



F''maBsa 5

OBPABOTKA WH®OPMAIIMHU O KOPE
BbBIBETPUBAHHS M INNPOUECCE
BbBIBETPMUBAHHS

TEOJIOTUYECKHM AHAJIH3 PE3YJIbTATOB
HUCCJIENOBAHHSA KOPbI BBIBETPHBAHHS
M NOCTPOEHHE KAPT TWK

Pe3syabTaTH M3ydeHHs KOP BHBETPHBAHHS NOIXHH OHTH rayGoko
H BCECTOPOHHE TNPOAHANMIMPOBAHE IJiA TNONYUYCHWS NPEACTABIACHMIA
06 OCHOBHHIX 3Tanax KopooOpa3oBaHMs, BO3PacTE€ KOP BHBETPHBA-
HHMS M HX NPOCTPAHCTBEHHOM pAa3MEINCHHH; 30HAJIBHOCTH MX  CTpoe-
HHS; COCTaBe, CTPYKTYPHO-TEKCTYPHHIX OCOOCHHOCTSX M CBOMCTBAx
CNaralomMx KX NOpoR. AHANM3 pe3yJbTATOB PErHOHAJBHHX HCCIAEH0-
BAHMI MNPERNOJAracT WCHOJb30BAHHE CHCUMANBHEX  WHXEHEPHO-
TCONIOTAYECKHUX Kapt, B yacTHocTn TWK KOop BHBETPMBAHMS.

B kauecTtBe NpHMEpAa HMXE NPHBOAMTCH ONHWT noxoOHoro 0600-
NEHAS MATEPUaOB O KOpaxX BHIBETPHBAHMS IOPOX TCPPHTOPHH OCT-
posa Ilpu-Jlanka.

Lllpn-Jlanka - oaMH u3 OCTpoBOB M HAMICKOro ok€aHa, pacmo-
Joxenuuit mexay 5 u 107 c.m. Hecmorps Ha cpaBHuMTEsibHO HeDOIB-
myo wiomans (Okoto 66 ThC.KM®), WIS Hero xapakTepHH Gonpmioe
pasuooOpasne penveda, 3HAUNTENBHHE HM3MEHEHHS KOMMYECTBA M
pacnpeneneHns  aTMOC()EPHHX OCaAKOB M TEMIEpaTy, BO3AYXa.
IlenTpanbHas yacThb OCTPOBA TOPHCTAas C OTACALHHWMH BEPIOTMHAMH OT
915 mo 2524 M (r. Mynypyranarana). HusMeHHHE paBHMHH, OIOS-
CHBAIOMME TOPHYIO. YaCTh, MPOCTHPAOTCY RO Oeperos oxeana. Pey-
Hadg CeTb TECHO CBA33aHA C JIOKWILHOH H PETHOHANBLHOH CTPyKTy-
pamn. [Toutn Bce 72 pekd OCTpPoBa, B TOM YMCJIE M cAMAsS KPymHas
p. Maxasennu, 6epyT Ha4asNo B LEHTPE TOPHOH CTPaHH.

Knumar llpu-Jlankn Bnaxumit, Tponnyeckuii. Pasyuung remmepa-
TypHOrO pexuma olnmacreii_(ceseproe nobGepexne 28-33°C, uenr-
panpHast vacte - Menee 15 C, wro-socrounas - 26 C) obycios-
JEHH xapakrepoM pemneda. KonmuectBo arMocepHHX 0CaaKoB
xonebnerca or 1000 nmo 4000 MM B rom u Gonee; uepenoBaHme
CYXHMX M BJAXHHX MYCCOHOB NpeRoNnpeneiaser Haauume cyxoro (3-4
MeC.) M BaaxHoro (6-7 mec.) ce3oHoB.

Crpyxrypaue m MoOpdonornueckue AaHHHE, HECOMHEHHO, CBMAe-
TEABCTBYIOT O TOM, YTO (POPMHPOBAHME IJIABHHX REHYHALMOHHEIX
NMOBEPXHOCTEH MW TMOBCPXHOCTEH BHPABHMBAHHSA NPOMCXOAMJIO 33 CYET
midpepeHIMPOBAHHKX BO3AKMAHKA TEPPUTOPUM M 3IPO3MHM KOPEHHEIX
IOpOX B TEYEHHME BCEH MCTOPHHM ICOJIOTHYCCKOIO pa3BUTHS BIUIOTH
0 HACTOSLIETO BPCMCHM.

Ha ocHoBammu avayim3a Bucor [l.Bammem BoABHHYTA rHmoresa o
6NOKOBHX TNOJHATHSX, HPHBENWHMX K OOpPa30BAHMIO TMOBEPXHOCTEN
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Puc. 19. Cxemartwueckam mopdo-
CTPYKTYpHan kapra lilpn-Jlankn (no
I1. Butanre, 1970) :

1 - mebicokoropse, aGc. oT™, Gonee
1000 Mm; 2 ~ Haropse, aGc. oTM,
300-1000 M; 3 — HM3MeHHOCTH,
abc. ot™m. 0-300 M; 4 — 3po3mon-
Hblé OCTAHMNBI; J — KpYNIHBIE yCTYy-
nbl; § — MaKCUMATBHAR OCh NOTHA-
THA TeppHMTOpUM; MOpPPOCTDYKTYD-
Hble palonbl: 1A — cepepo-3ananHan
HU3MEHHOCTh, MPHUIICOHATHIE [UTANM,
nosiorue pasauMbs; 1B — cesepo-Bo-
CTOYHAas , BOCTOWHAA, IOr0-BOCTOYHAN
HHIMEHHOCTH ¢ XpeGTaMm M 2po3u-
OHHbIMM OCTaHuUamMu; 1B — peurinie
Teppachi pexk Maxaseyumd u Manypy;
1T — nonorue npuoGpexxHbie papHu-
Hbl OTr0-3aMaga; 2A — I0KHOe Ha-
ropse; 2B — xpebGrm CaGaparamy-
6a; 2B — naropbe Marane-Iam6yi-
na; 3 — BBICOKOropbe

T
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l||°
v
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i
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|
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BHpaBHHBAaHUA Ha abcomorHmx ormerkax 30, 90 u 120 m; 720,
1500 u 1800 M.

Cospemennnii pesibe) MOXKHO NOAPasAEAMTh Ha TPH MOPGOCTPYK-
Typu ofsactd  HM3MCHHOCTH, HAroph M BbICOKOropbe (puc. 19).

BHCOKOropee 3aHMMAEeT UEHTPANBHYK YacTh OCTPOBA M COCTOMT
U3 CEPMH YETKO BHPAXCHHHX IUIATO (IIO3MHEIOPCKUX TMEHEIUICHOB Ha
abc.orm. 1500 u 1800 M, c penMKTaMH JNAaTEPUTHHX XOD BHEBETPH-
BaHMY), OKPYXEHHHX BEPIIMHAMH rop ¢ a6c.otT™. go 2524 M.

Haropes (abc.orm. 300-1000 M) 3anuMalor 10T0-3a03aJHYI0 M
IEHTPANLHYIO YaCTH ocTpoBa (okoso 309, TepputopuM) M xapakrte-
pH3YIOTCS (JIOXHHM peibedoM; CIoga BXOAAT W3PE3aHHOE Y3KUMH
OOMHHAMA I0XKHOE Haropee, ioro-danmaaHue xpebrm Cabaparamyba,
Haropse Martane-llambysina ¢ mNOBEPXHOCTAMM BHWPABHUBAHMS HA
abc.orm. 720 M.

HuaMenHOCTH 33aHWMMAIOT GONEE TIONOBMHBH IUIOLIAZN TEPPATOPHM
ocrposa. [Ipubpexune pasHuan (abc.otm. 30-50 M), nporaruBasch
B BHAE Y3KOH 4-KWIOMETPOBOIl TMOJOCH Ha I0re, pacWUpsIorcs K
ceBepy, Tiepexoas B OOmMMPHYIO PaBHMHY, TPOCTHPAOMYIOCH OT 3a-
nagHoOro mo BocTrouHOro mobepexns. Ha cesepo-zamape npociaexu-
BAaIOTCS TNOBEPXHOCTH BHpaBHUBaHMs (aGc.otm. 30 M), CAOXEHHEE
" KpacHHMM 3emusMu”; Ha Oro-3amane, B miyOuHe ocTpoa, ne-
HEIJICHH3NPOBAHHHE OCTAHUW (abc. otM. 120 M) ¢ JaTepUTOBHMM
nuisnamu B (popMe "COMHH uepenaxu”.

JInd BOCTOYHHX M IONO-BOCTOYHHX PAMOHOB OCTPOBA XapaKTEPHO
IIMPOKOE Pa3BHTHE IOKONLHO-HEHYJAUMOHHBIX PABHUH, NEPEXORAMUX
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7 5 JI_;’; Kuzo Teonornyeckan kapra lHpu-
@2 -L-.‘ I3 1 — noponm amuGonuToBOH datm;
‘7 7 2- wspecTHAKH; J — KPacCHbIe 3eMnu;

4 — nmnecuansie mNIsKEBble, MOHHBIE
OTIOXKeHusa; 5 — MeTamopdHYeCKHe Ho-
poast; 6 — rpannua IlonkeKkoro rpaGe-
Ha; 7 — KpyNHble TEKTOHWYECKHE pa3-
oMbt; & — 30HDBI OBBINIEHHOM TPeum-
HoBaTocth; | — gppeBsas Unpocran-
CKaA mwiatdhopmMa, CIOXHAA KYHOXO-
BHOH3A  TEKTOHMYECKAfl CTPYKTYpa,
xommiekc Bumkaan; Il — nporeposoii-
CKWA aBJIAKOTEH [OTO-3aNAMHOTO Npo-
CTHP3aHMA, JIMHEHHBLIA NOAC Cepuu Xaii-
seun; III — nporeposoiickist abnaxo-
TeH CeBepo-3amafiHOr0 MPOCTHPaHHUA,
JIMHEAHbIHA KOMIVIEKC cepun Xaivtenm;
IV - mononan mMe3o-kaitHo3oMcKan
mwiardopma, rpaHuyamias ¢ [onxkckum
rpaGenom

Yy TIOMHOXbS BO3BHILIEHHOCTEH B 5PO3MOHHO-AKKYMYJSITUBHHE H TIPO-
caexusaomuxca g0 abc.orm. 300 m.

Bonpmas uacte (90%) reppuropum Lllpu-Jlanku crnoxeHa moxeM-
GPMIACKMMM KDHCTAJUIMYECKHMM TOpOAaMH (MIEHTHUHHIMH AOHaxap-
BAPCKOMY KOMILIEKCY NOPOR I0OXHOMK uacTn MHAOCTaHCKOro muta), B
TEYEHHE JUINTENHHONO BPEMEHH TMOABEPraBIIMMMKCH BHIBETPHBAHMIO M
MHOTOKpPaTHOMY u3MeneHuIo. OcranbHag 4acTtb TEPPHTOPMHM (B OC-
HOBHOM CeBepo-3amagHoe mnobepexne) CI0XKEeHA BEePXHEIOPCKHMH,
HH)KHCMHOHCHOBHMH H MCTBCPTHYHBIMH OTJIOXCHHSAMM.

I1.Kyped BnepBme BHACAWI JBE KPYNHHE AOKeMOpHiickue To/mmy,
OTJIMYAIOMMECS N0 TEKTOHHYECKOMY CTPOCHHUIO M IIETPOJIOTHH: CEpHIO
Xaiinenn (Highland), sanuMaomyio LEHTpajibHYI0 4acThb OCTPOBA H
komiutekc Bumpxaan (Vidgine) - Bocrounwit (EVC) u 3anmamusii
(WVC) (puc. 20). KoHTakTH 3TUX TOJMI HEYeTKue. Papx mccaemo-
patened (M.Kartu, X.Korc, I.Bagmit) [19] cumTaer, 4TO0 KOMILIEKC
BugxagH CyXHT ocHOBaHUEM cepuu XaiieHK, 4 MCXOAHHM MaTEpH-
a70M AAd HHX SBWIMCh OCAJKH TNPOTOr€OCHHKJIMHAJIIBHONO THIA.
Cepus Xaitneng (HS) npexacraBnieHa runepcTEHOBHIMM —THEHCAMH
(YapHOKMTaMM), TPaHAT-CWIIMMAHUTOBHIMU THEHCAMH  (KOHIOANH-
TaMM), TPAHYJINTAMH, KBApPUUTAMH, KaabuudupamMu ¢ maukaMm Mpa-
MOPH30BAHHHX H3BCCTHAKOB.
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Bocrounmit komiviekc Bupxasn (EVC) cocromt U3 MOHOTOHHHIX
ONHOPOAHHX  KBapI-NMOJIEBOMINATOBHX (MHKPOKJIWHCOAEPXKAIIHX)
rHENCOB, OHOTHT-POroBOOOMAHKOBHIX THEHMCOB ¢ TEMHBIMH MpPOCIOIMHM
amdubonuros. B samagaom kommiekce Bumxasn (WVC) npeobnaxaror
MHIMAaTH3MPOBAHHHE PO3OBHE  KBAapL-TIONEBOIMNATOBHE TPAaHUTO-
THEHCHI.

B perHoHanbHOM IUIAHE TEKTOHMUYECKAs CTPYKTypa aokemOpus
o.lllpn-Jlanka npeacrasnsger coboit couneHenne Bocrouno-Tarcko-
ro modca u ro-3anagHoro mosica Kepana MOxuoit Wuanu, otge-
NEHHOE OT Hee B JoueHe Ilonkckum rtpabenom (pudrom) (B.E.
Xaun, 1979; K.Kpumnan, 1968; M.Karu, 1978). B mnpeneqax
OCTPOBa BBIAEASIOTCS:

1) npesusa HOxno-WHpocranckas mnargopmMa, CI0XEHHAas apxeii-
CKMMH METaMOpdHUECKUMH MOPOAAMH KOMILieKca BumxasH cyOmepn-
JHOHAILHONO MPOCTHPAHMS HA CEBEPE M OCTOXKHEHHAS KYMOJOBHA-
HHMH CTPYKTYpPaMH H3a BOCTOKE;

2) npoTEpPO30NCKMIA aBJIAKOTE€H CEBEPO-CEBEPO-3amajHOro  IIpo-
crupanusi  (npomomkenue  BoctouHo-I'atckoro mosca), JMHEHHBIA
nosc cepu XaHieHn;

3) nporepo30MCKMif aBJAAKOreH IOTQ 3aMagHONO  MPOCTHPAHHS
(npoponxeHue 1oro-3amaaHoro mnosica Kepana), savHeHHu# mosc
cepun XaiiieHn;

4) wmMonomas Me30-KalHo30ickasd mwaatdopMa, rpaHHYamada ¢
TMonkckum rpaGeHoM.

B nokemOpwiicKoit TOJE MMMPOKO PpACIPOCTPAHEHBI PAa3JIHUYHbIE
PaspHBHHEC HAapyOIEHHS  Pa3/iOMH, 30HBH ApPoO/ieHUd, CMSTUSA, pac-
cnaHueBaHns. J[aHHHE a3POMAarHUTHOM ChEMKHM MNO3BOJIAIOT MNPEANo-
JIOKMTh CYMIECTBOBAHHE TPEX METATMHEAMECHTOB Kana-Oa (K-0),
Marepa (M) n Parnarypa (Rt), coBnapanommx ¢ #0KHO-WHAMHCKHMHU
npu ycnoBuu nmepememenus Gnoka Ilpu-Jlanku BRosb nMpoTOKpaesoro
cbpoca (puc. 21). B mnpemenax oCTPOBA BHISIBJIEHHW [BE KDYMHHE
30HH CKANWBAHUE (ApOONEHMS): MEPHAMOHANBHOIO HAMPABICHUSA
MSL (smons p. Maxasesuim, fnauHoit 65 kM) W IIMPOTHOrO (MO JIMHHM
r. Kumbynaurora r. Munume, 20 xm). B ceBepHmHx u cesepo-
3amaHHX paMoOHAX  M3BCCTHH CHCTEMHB  B33UMOMEPECEKAIOMIMXCS
COBUr-cOPOCOBHIX  PA3/IOMOB  (CEBEPO-CEBCPO-3aMARHOIO M CEBEPO-
BOCTOYHOIO HANpPaBJICHUIN) C aMIUIMTYROH CMEIIEHHS [0 1 kM.

B HCTOPpHH TI€O/JIOTMUECKOTO pA3BMTHUS BHUACAAIOT HECKOJbLKO
gsranos ¢opmupopanus Ilpu-JlaHku: nepBoHAYANBHO KaK 4acTu
WMHI0CTaHCKOrO CYOKOHTHHEHTAa, a 3aTeM KaK CaMOCTOATEIBHOM
CTPYKTYPH.

K cepennHe paHHeapxeHCKOro 3ramna 3aKOHUYWICS LMK METaMop-
¢u3Ma u rpamdTH3auMd; chOpMHMpPOBALOCH APEBHEHLIEE TIHEWCOBOE
ocuoBanue IOxHo-UHpoctanckon mnardopme. K kouHny aroro srana
mwiarhopMa HAXOAWIACh B TIPHITIOAHSTOM TOJOXEHWHM H NMOABEPrajiach
HMHTEHCHBHOMY, OKEMOPHICKOMY BHLIBETPMBAHMIO M NEHYAALMM.

B no3mHeapxeiCcKuid 3Tam B 3€MHOH KOpE B OCHOBHOM JEHCTBO-
BAJM CAMBl PACTSXKEHHUS, TPUBEOIME K OOpa30BaHMIO apXeHCKMX Me-
TaJIMHEAMEHTOB CEBEPO-BOCTOYHONO M  CEBCPO-3MAJHONO Harnpaeje-
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Puc. 21. CxemaTHyeckasn TeKTOHHYeCKas
Kapra ioxHoro Hupocrana (no H.A. Epe
MeHko, [1.B. Buranra) :

1 - ppesnue noxemGpuiickne panomer; 2 —
" TpoiHbIe Y3J10BbIe TOUKH’’

c;U.Ipu * flanwa:

HHH ¥ asiakorcHa Bocrouumit I'atm - Xadiaenn, B Hacrosmee BpeMsi
YETKO OrpaHHYCHHOIO 30HaMM CKaiabiBavus Maxasesuiu (MSL) u dn-
Oita (JSL).

B paHHEnpoTepOo30MCKHIA 3Tam NMPOMCXONWIM OCAAKOHAKOIUICHHE B
aBJIAKOTE€HE, RXBE CTaaMM MeTamopdusma, OpPMHUPOBAHME CKIAATYATHIX
cTpykryp Xaiiewaa.

B senn-pannexapGoxosmit sran IOxso-Uupocranckas mnardopma
HCIHTHBAAA o0mee NOgHATHE, CONpPOBOXIABIIEECH IPOLECCAMM per-
PECCMBHOTO MeTaMop(u3ma, OpOTCHE3a, BHEADPCHHEM MEJKHX MHT-
pysuii. K xoHny sroro mepuopma teppuropus Llpu-Jlankm aBasiace
YacTh OrpoOMHOr0 KOHTMHeHTa lonpBana. [laneoMarHuTHHE HaHHBIE
CBHAETEJCTBYIOT, YTO OH HAXOAWJICH O CPEAHErO TPHAaca B I0OXKHOM
MONymapuu M ¢ MNO3AHEr0 KapOGoHa OLT OXBAYEH TMIaHTCKUM 'oJie-
JAECHEHHEM, HOCMBIIMM HAa WHaocTaHe NONYNOKPOBHHM Xapakrep. B
ITOT MEPUON KPUCTAJUIMYCCKUE TOPOAH, CJIAraiomue BEPXHIO YaCTh
paspe3a MAaTepHaka, IOBEPrajinCh BHBCTPUBAHHI0O M 3PO3MOHHO-
ACHYNALMOHHEM mnpoueccaM. HuBanpHHil KIMMar CnocoGCTBOBA
PasBUTMIO TNPOUECCOB (PH3HYECKOrO paspymeHUS H (POPMHUPOBAHMIO
NaJIC030MCKON KOpPH BHBETPHBAHMSL.

TToanHeTpnacoBHii-paHHEMENIOBOH JTall SBWICS HayaioM obpaso-
BaHMs BHYTPH MATEPHKAa TPOTOKPAEBHX MPOrHOOB C OXHOBPEMEHHHM
BO3JBMAHUEM TEPPUTOPUMH BIOJb ORHOr0 M3 HuxXx - ITonkckoro (PS).
Ocrpos orcraer or Mupocrana npmmepHo Ha 200 xM; B mpepesax
INonkckoro mpoTokpaesBoro npormda HAKAIUIMBANMCL MOPCKME OTJIO-
xeuuda. K KoHUy 3Tana WHTEHCHBHOCTh NOAHATHS WEHTPAJIbHOM
YACTH OCTPOBA YBEJMYWIACh, a OONMBIIMHCTBO nepudepuitHRIX paii-
OHOB ORUTO MOKPHTO MOpEM. OpPO3MOHHO-IEHYRALMOHHEIE MPOLECCH
Pas’pywiann najaeo30MCKyI0 KOpPY BHBETPMBAHHSA C MOCJAEAYIOMMM Ie-
PEOTIOXKEHUEM €€ B HHM3MEHHHX YacTaX cOpoCOBHIX BNAAMHAX.
Knnmar paiiona, no ¢ayHHCTMYECKMM HAHHBIM MODCKHMX OTJIOXKECHHMH
(J3), CTAaHOBUTCS YMEPEHHO-BJIAXHBIM.
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B Hayane nMO3OHEMENOBOTO - PAHHEHEOr€HOBOIO 3Tama, Mo AaH-
HBIM NaJICOMAarHATHHX asoMmanmii, FOxHo-Uugniickas wiatgopma nepe-
ceKJIa IKBATOP M OKa3ajnach B CEBEPHOM moaymapun. B 3TOT me-
pHOA, BIUIOTH A0 OJMIONEHA, NPOROIXKANOCh OTACVIEHME OCTPOBa
Ilipn-JIanka ot joxHoro Mupocrana. OHO cOnpoBOXAanoCh “OMONOXe-
HUEM” OPEBHUX NOKEMOPHMIACKMX Pa3jiOMOB, MHTEHCHBHHM MNOXHATHEM
LCHTPAJIGHOM YacTH OCTPOBA, HAKOIUICHMEM MEJIKOBOOHHKX MOPCKHMX
OCafAKOB MEJIOBOIO, IAJICOTEHOBONO M MHOLEHOBONO BO3pAacTa MOmI-
Hocteio 70 2100 M B IloskckoMm mporuGe.

YCTaHOBMBIIMIACH K TO3AHEMY MEJNY TPONMYECKMI KJIMMAT o0yc-
0B (DOPMHPOBAHME JIATEPUTHHX M MOIIHHIX JHHEHHHX KOP BHBET-
PUBAHHMA, COXPAHMBIIMXCS AO HACTOAMIETO BPEMCHH HAa TNCHEIUIEHM-
3MPOBAHMEX MOBEPXHOCTAX Haropuit (abc.orm. 750 M) u BmCOKO-
ropuit (abc.orm. 1500 u 1800 ™).

INo3nHeHEOreHOBHI-YETBEPTHYHRI 3TAN HAYAJICd OOIIHM BO3ABIMA-
HMEM TCPPUTOPHMHM, KOTOPOE CONPOBOXAAJOCh BHBETPMBAHHEM H
NEHenIeHu3auuMei Kpucrauimuecknx (abc.orm. 120, 90 M) m oca-
gounmx (abc.orm. 30 M) mopon. B xoHme HeoreHa npoM3oULIA
OTHOCHTEJIbHAS crabmausanus TEPPUTOPHH B reosioro-
TEKTOHMUECKOM oOTHOmeHHH. C paHHEueTBEPTHYHOTO NEPHOAd H [0
HACTOAIIEr0 BPEMEHH NPOSBJASIOTCS HEOTCKTOHWUYECKHE JBHMXCHHS.
KaMMaT OCTPOBA OCTAETCS TPOMMYECKMM, GIM3KMM K COBPEMECHHOMY.
B o0cobeHHO OnarompHATHHX YCNOBMAX (IOr0-3amafHasd uacTs Tep-
puropmn) oOpasosanuce Haubojiee MNpOpaGOTAHHHE KOPH € MOM-
HOCTBHIO KMPAacH 10 7 M.

Takum 00pa3oM, Ha NPOTAXKCHAM HCTOPHH FEOJIOTHUECKONO pa3-
ButHa Teppuropun [pn-Jlanku MoXHO BRAENTD Clenyomue NEPHORRE
KOpooOpa3oBaHus:;

NOKEeMOPHICKMIE  KOpa BHBETPHBAHMA THCIMCOB CepHM Bumxasu
IBUAACh HMCTOMHMKOM MaTepuasa npu ¢opMUpOBAHMM MOPOA CEpPHH
Xaitnenn;

NAJICO30MCKUNH  MEPEOTIOKEHHAA KOpa BHBETPHMBAHUA 3aJ€TacT
B IOPCKMX BNAAMHAX;

ME30-KaWHO30HCK U KOpa BHBCTPMBAHMUS COXPAHWIACh B BHIUE
OCTAHIIOB BHICOKOTOPHHX TICHCIUICHOB B LECHTPAJBHOM M  KOIO-
3amagHOM 4acT4X OCTPOBA;

ONIMTOLICHOBHM - OCTATOYHA$ XOPAa BHBETPUBAHMS PaCcNpocTpa-
HEHAa HA XOJMMCTHX LOKOJBHO-ACHYRALMOHHHX DAaBHMHAX;

YETBEPTHYHHI - KOpa BHBETpMBaHMsS (’XpacHme 3emnu”) pac-
NPOCTPAaHEHA B CEBEPO-3aMajiHOM 4acTH OCTPOBA.

B coorBeTcTBMM C OCOGEHHOCTAMH CTPYKTYPHO-TEKTOHHUYECKOIO,
TCOJIOTHYECKOTO,  reoMOpGOSIOrHYECKOT0 M THAPOre0JOrHYeCKOro
cTpocHnd H xapaktepa paspuths OI'Tl teppuropus ocrposa Illpu-
Jlanka Moxer OwTh NOAPa3NeCHA HA YETHPE HHXKEHEPHO-
reoJornyeckne 00IacTH, paioHN M moapaionm (puc. 22).

O6nacrs 1 - ppesusa IOxHo-Ungocranckas maatdopma, CIOXeH~
Has apXeMCKUMH MeTaMOp(HUYECKHMH TIOPOXAMH; 1O COCTABY NOPOA M
Xapakrepy penbeda mompasxesieHa Ha HBa paioHAa.

I-A - NOKpHTHE JECHHMH MAacCHBaMM HU3MEHHHE matoo0pasnnie
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Puc. 22. Kapra HHKeHEepHO-reonoruyecKoro
PafiOHHPOBAHKA TEPPHTOPHH ocTpoBa lUlpn-
Jlankn u TWK kop sBmiBerpuBauua (no
H. Pauarynra, 1985 r. ¢ pononsenusmu
I1.A. flpr).

O6aacrs 1 — ppepusns HMMOOCTaHCKaa mnar-
¢opma, crroxeHHAN ap X el CKUM KOMIUTEK COM
Bumokasu: I-A — cemepo-aananuble HM3MeH-
Hble UTatroo6pa3Heie pashuHbl (abc. oT™. Do
50 m); I-B - oro-socrowsre M BocTOUHDIE
HHU3MeHHOCTH (a6¢c. oT™M. mo 150 M) u Ha-
ropsa (a6c. otm. 10 300 M). Obnacrs 11 —
MPOTEPO3OACKUN aBJIAKOTeH CeREepPO-BOCTOY-
HOTO TPOCTHPAaHHA, NMHEAHLIA MOAC Cepuu
Xaitrenx: 1I-A — xonmmucrast papuumHa 3posu-
OHHO-IEHYIAUHOHHOTO NPOHCXOXKACHUSH
(a6c. oT™. 300 m) ; II-B ~ Haropss ¢ kpaiiHe
CITOXHBIM P3CWICHEHHBIM pensedoM 3po3m-
OHHO-TEKTOHWYECKOTO IIPOHCXoXaeHua (abc.
otm. 300—1500 m); II-B — Bricoxoropbe
(TH TOp — TeKTOHMueCkMit 6J10KOBO-
MOHO KJIHHAJIbHBIA, CBOROBO-TNIBIGOBBI) .
O6aacrs 111 - npotepo3soiicknit apiaroren
CeBEpO-3aMaqHOTr0 MPOCTHPIHNA, JIHHEHHBT
nosc cepun Xaivtena: III-A — unaxoropusi
penbed (abc. oT™M. mo 150 m), paitou pac-
MPOCTPAHEHHA JIATEPHTHBIX KOpP BbIBETPMBa-
wun. OGaacry IV — monoman Me3osoiickan
MNaTHOPMa ¢ MOMHOCTBIO 0CANOUHOTO YeXIIa
no 200 M, CII0KEHHOTO MHOUEHOBLIMH M3BecTHAKaMu: IV-A — ceBepo-BocTouHAA HM3-
MEHHOCTb, BKJIougiomas nop XXadbdua; IV-B - meHenneHH3upoBaHHble OCTaHUbI;
1V-B ~ nasixn

PaBHMHH LOKOJBHO-ACHYIALMONHOFO TIPOMCXOX/ICHMS; CIOXEHH mo-
poxaMH 3amanHoro xommnekca BunxasH (WVC) - rpaHHTOrHEHCAMH M
GHOTHT-POrOBOOOMAHKOBHMH THEHCAMH  CyOMEPHIHOHAJNLHOIO  NpPO-
CTHPaHMd; C TOBEPXHOCTU MNMEPEKPHTH KAOJIHHOBHMHM KOPAMH BHBET-
puBaHMs MOmMHOCTRIO A0 30 M, Ppa3pe3 KOTOPHX MPEACTABICH HNMC-
AEPCHOM M MEOHACTO-THOOBON 30HAMH.

1I-b PaMOHH pAacNpOCTPAHEHHS METaMOP(HUYECKHX IIOPOX BOC-
ToyHoM cepum Bupxasu (EVC) 6no'ru'r-?0mnoo6maﬂxonux rHEHl-
COB, KBAPU-TONEBOMINATOBHX TPAHHTOTHEHCOB; IHEJIMTCE Ha [Ba
noapaitona: I-B-1 - foro-socroyHas M BOCTOYHAS HHU3MEHHOCTH
(abc. otm. 10 150 M) ¢ MHOrOYMCJICHHBIMH 3DO3HOHHHMH OCTARUAMM
(abc.otm. 550-685 M), mratooGpasubic IPOIHOHHO-AKKYMYNSTHBHBIC
H LOKOJIBHO-ACHYRAUMOHHBIC paBuuHb; 1-B-2 - npenropumbiii pacune-
HEHHHI peabed paropbst  (abc.otm. 150-300 M) ¢ ropHHMH
xpebramu ¥ yskumu ponuHamu. OI'TI: BHIBETpMBaHHME, 3pO3us, MOp-
ckas abpasnst, OMOJ3HH.

O6aacrts 11 NPOTEPO3OHCKMI  aBJAKOTEH  CEBEPO-CEBEPO-
BOCTOYHONO npocTipanug (npopomxkenue Bocrouno-Tarckoro mosca
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JOxuoit Unnuu), CAOXEHHBIH NPOTEPO30HCKMMK METAMOPHHUESCKHMH
nopoAaMu cepun XaiuieHa, AEANWTCS HA TPH paiioHa.

II-A - ceBepHas, CCBEPO-BOCTOYHAA M IOXKHAas YacTH OCTpoOBa,
XOJAMMCTass pasHuHa ¢ abcorm. nmo 300 ™M 3po3noHHO-
NeHyJAUMOHHOTO TIPOMCXOXAEHMSN ¢ MArknMH  ¢opmamu  penveda,
MOKPHTAsA JIECHRIMH MacCMBAaMH, C HU3KUMH NMApasUIeIbHBIMU YCTYTIaMu
¥ xpeBramu, OTAE/NbHHE BEPIIMHB KOTOPHX HocTHranT abc.orMm. 766
M. I'pyHroBnie Boam 3azeraror Ha rayOune 3-10 M, uMewoTcs Tep-
maabHHe BcrouHMkn. OI'Tl npeacTaBiecHB CIOBPEMEHHHM BWBETPHBA-
HHEM, KapCTOM, IUIOCKOCTHBIM CIUIBIBON.,, MODCKOM alpasueil BIoab
CEBEPO-BOCTOYHOM GeperoBoi JIHHHUM,

II-B I0r0-3aNagHoe, 3aMagHOE, BOCTOYHOE H  LECHTPAJIBHOE
HAropbsi, C KPaMHE CAOXHRM InyGoKo pacuneHeHHHM peabedoM ¢
a6c.orm. 300-1500 m; THM TOPHHWX COOpYyXEHHH IPO3IHOHHO-

TEKTOHMYECKHIi; mopoam cepun XaiieHD CMaTH B CKJIAAKH, B Ce-
BEPHHIX- YaCTIX  CyOMEpMAHOHANBHOIO, B IOTO-BOCTOYHHX - CyOmm-
potHoro npocrupaumns. HaGop OI'T1 Bxuirouaer BoBETpHBAHHE, KapCT,
OnoJ3HH, OOBAJIH.

II-B - ropumit peased, chHOPMUPOBAHHBLIA B YCAOBHAX MHTECHCHB-
HHX Bocxomsmux aswxeHmit. Octpsie ropame xpebtat w rayboxme
J0MMHH OKpyXawTt miato (abc.orm. 1500, 1800 m). Twar rop
3PO3HOHHO-TEKTOHMYCCKMH (610K MOHOKJIMHAILHBIH, CBOJOBO-
mOoBHH). B IEHTpe pacnosoxeHa camas BBICOKAsT BEPIIMHA OCT-
posa Ilyaypyranarana (2524 ).

Obnacts 11l - nporepo3oiCKMit aBNAaKOreH CeBEpPO-3amagHoro
npocThpauns (MpoxosiXeHne 10ro-3anagHoro mosica Kepana, IOxnas
WUngusa); npencraBnena ogHum paiioHoMm  [II-A, saumMmarommm 3a-
NMafgHYI0 M IOr0-3aMANHYI0 YacTH TEPPUTOPUM C HH3KOTOPHBIM pefbe-
dom (abc.otm. mo 150 m). Topw nmeor oxpyrayio ¢opMmy (”cnmHe
yepenaxu”). Paiton c0XeH TIPOTEpo30MCKHM  MeTaMophHUEcKuM
KOMIUIEKCOM cepnn  XaiUIeHT CeBepo-3amajHOro IIPOCTHPAHWUs, Tie-
PEKPHITHM JIATEPHTOBOM KOPOH BHBETPUBAHUS MOWMHOCTHIO 10 40 M.
I'nybuna 3anerannst rpyHToBHX BOX - S5-20 M. B paiioHe passuth
OI'Tl: BuBerpuBanme, 3posus, cyddosus, mopckas abpasus (BEOIBL
3amagHoro mobepexnd), 3abonmauusanHne B nonuHax peku Kenanu (8
ce3oH moxpeit). Paiton rycro saceneH.

Obnacte IV - ceBepo-samanHas 4acTh OCTPOBA, MOJIOHAd MeE30-
30McKadg muatdopMa ¢ MOIMHOCTBIO ocamouHoro yexnaa Gonee 200 M,

ornenenHaq IToakckmm xpaeBHM cOPOCOM OT COCEMHEN KYIMONOBHXHOM
TEKTOHMYECKOH CTPYKTYpH KOMIUIEKCa Bumxaan. Pesbed paBHMHHHIL,
cnabo BexonmieHHmd ¢ abc.otM. 30 M M YKIOHOM MOBEPXHOCTH
0,0008. Ilo xapaxrepy peiabeda, COCTaBy M TEHE3HWCY OCAAOUYHHIX
nOpoA B npefenax o0sacTu BHEJCHO TPM paMoHa.

1V-A - nm-oB XaddHa, cnoxeHHHI MHOIECHOBHIMH CBETJIO-CEPHIMH
OpraHONETPHUTOBHMH HM3BECTHAKAMHM MOMHOCTBIO Gosee 200 m; OIIT -
KapcCT. ’

IV-B  neuemwicansnpoBaHHue ocranum (abc.orm. 30 M), mok-
PHTHE C MOBEPXHOCTH “KPAaCHBIMH 3EMJISIMM~ - TOPH3OHTAMHM KDPACHHIX
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W KOPHYHEBHX IMECKOB M TPABHUSA MOIIHOCTHIO 2-15 M, 3ajerarommmm
Ha MHOUEHOBHX HM3BECTHAKAX; BO3pacT OTAOXEHHA - Qum.

IV-B  paiton (abc.orm. or 0 mo 30 M) pacnpocTpaHeHus an-
JIOBMANBHHIX, JAryHHHX, ACNBTOBHX OTJOXKEHMH, MNPENCTABICHHHX
rajbKoM, rpaBHEM, MECKAMHM, IVIMHAMM, MOWHOCTL 5-10 M.

OcobGennoctn crpoeHus xop BuBerpuBanus llIpu-Jlanku npepon-
penescH TeM, YTo (GOPMHPOBAHME BCCX METPOJIOTMUECKMX THIIOB ME-
TaMOPHPHUUECKUX TMOPOA 33aBEPMWIOCH OO PAHHEro KeMOpHA M conpo-
BOXIAJOCh TEKTOHOMArMaTrH4yeCKOil aKkTHBH3aUWEH; MOPOAB IMOXBEP-
rajuch, No KpalHed Mepe, ABYXKPAaTHOMY PETMOHAJIBHOMY MeETaMmop-
¢u3sMy M Ha TNPOTSKEHWM BCEH HAJbHCHIICH MCTOPMH NCIHTHBAIH
obmee nuddepeHUNPOBAHHOE TOAHATHE. YCTAHOBJICHME TPOMHYECKOTO
KJMMATd HAYMHAS C HO3AHEr0 Meaa TO HACTOAIee BpeMs Crocob-
CTBOBAJIO WHTCHCHBHOMY DPAa3BHMTHIO NpOUECCA BHBCTPHBAHMA H BO3-
HUKHOBEHMIO TUIOMAAHBIX M JIMHEHHHX Kop. Paznmumsa B MX cTpoeHun
OOYC/IOB/IEHH  Pa3iMYMAMM  TEMNEPATYPHO-BAAKHOCTHHX  YCHAOBHIL,
CBS33aHHLIX, B TEPBYI0 ouepedb, C BBHICOTHOM 30HANBHOCTHIO. Tak, B
npeResiaX HArOPMi M BHICOKOIOPbS IIPOLECC BHBETPHBAHMA TOPHHBIX
MOPOX PACNpOCTPAHICS HA 3HAYHTENBHYIO TAyOuHy - Gosee 100 M,
HO B HEKOTOPBIX CAy4asfiX IJI0BHAJIBHHEMN TIOKPOB MOJHOCTBIO OTCYTCT-
ByeT. B 1oro-samagHeXx paioHaX Pa3BUTH JATEPHTOBHE KOPH BHBET-
pusanus MOmMHOCTHIO 0 40 M. Ha HM3MEHHBIX ¥ BHICOKOMOPHHX MAATO
¢hOpPMHPOBA/INCh IUIOMAAHHE KOPH BHBETPHUBAHMS, COCTOSIIME M3
OMCHEPCHO-00IOMOYHHX 30H KAOJMHOBOIO CocTaBa. JIMHeEHHHE M
JIMHEHHO-KOHTAKTHHE KOPH BHBETPHUBAHNS NPHYPOUCHH K 30HAM TEK-
TOHHYECKHX HAPYMIEHHI, MECTAM BHEIPCHUA NMErMATHTOBHX M IOJC-
PATOBHIX RAa€K, KOHTAKTaM MNOPOH Pa3HOIO COCTaBA MPH HMX KpyToO-
nanawonmem sanerannd. Ilepeorsoxennnie u norpebeHHHEE KOPH COXpa-
HWJINCh B OCHOBHOM B HM3MEHHHX OOMACTAX AKKYMYJISLMM.

Onupasch Ha WCTOPHIO TEONIOTMYECKOTO pA3BUTHS OCTPOBA C
OHOM CTOPOHH, M €I0 KJIMMaTHYECKHE OCOOEHHOCTH C Apyrou,
asTopoM B npeaenax teppuropnu llpm-Jlanku suaeneso nare TWK
kop BuBerpusanms (tabs. 13, 14). Tlpu cocrapnaenum xapra TWK
MCIOJIb30BAHK  MATEPHAKl  MHXCHEPHO-TEOJIOTHYECKNX HM3BICKAHMIA,
BHMOJMHEHHRX JUIS THAPOIHEPreTHYECKOrD, TpakAaHCKOro, MpOMBIMm-
JICHHOIO CTPOHMTEJBbCTBA, COOPYXEHWS BOAOXPAHWININ, HPPHralHOH-
HHX KaHANOB, TEONOTHUCCKMX MCCIEAOBAaHMIA, TNPOBENCHHHX IS
TIOMCKOB GOKCHTOBHX pyn (cM. puc.19)’.

Huxe npuBeneHa XapaKTECPHCTMK3 OCHOBHHX TeMIIEpaTypHO-
BJIAXHOCTHHX KJIacCOB KOp BHBETpmBaHuaA ocrposa llpu-Jlauka.

TWK 5.4. TeMnepaTypHO-BAaXHOCTHHM KJIACC JATEPUTHOH KOPH
BHIBCTPHBAHHS PAasBUT B IPEAENAX HHXECHEPHO-TECOJIOTHYECKONO paii-

1l/lcc.nezlonamm BbMoaHsIHCh JlenapraMenrtoM Mppurauun Lipu-Jlakku, auramis-
ckumu pupmamu Sir William Halorow; Sir Alexander Gibb B corpyaumuecrse ¢ uenr-
panbHbIM KOHCYbTaTHBHBIM Glopo C.E.C.B. Ilpu-Jlauku, snoHckumu dmpmamu Japan
International cooperation, Japan Engineering consultants CO LTD, I'maponpoextom
CCCP, Texnoupomakcnoprom CCCP wu H.Panatynre [19].
88



Ta6nunall
OcHoBHEle THITH KJmMaTHUecKuX 308 ¥ TWK kop
BRIBETPHBaHUA Ha TeppuTophu o.lpn-Jlanka

KNMHMaTHYEC KHi MTOAC, CYMMa TEMIIEpaTyp Bbille 30na BIIAKHOCTH
10 9C, °C

Cna6o0 apua- | Cemurymna-
HasA, Han,
0,75-1,25% | 1,25-1,75"

Ymepennsiit, 1000-2200 34
Cy6Tponmdeckuit, 2200-4400 g,g g,:

Tponwueckn#t, 4400

* HHpeKc CyXOCTH.

ona III-A, 3aHMMaOmeEro 3amagHyi0 ¥ IOr0-3aNagHyl0 HH3KOropHHE
uacti ocrpgea ¢ abc.orm. mo 150 M. CpemueronoBas Temmepar,
po3nyxa 28 C, xoamuectso atMocdepHux ocankos or 3000 no 4
mM/rom u  Gonee. TIlporepo3oiicKME€ TrpaHMTOTHEHCH, OMOTHT-
POTOBOOOMAHKOBHE, PO3OBHE KBapU-TUTATMOKJA30BHE THEHCH CEBe-
po-3anagHoro mosica cepun XaileHJ NEPEKPHTH JATEPATHOM KOPOW
BHIBETPNBAaHNA MOIHOCTHIO N0 40 M, cocrosmed M3 nUTH 30H
(cBepxy BHHM3).

30Ha BTOPHYHOM UEeMeHTaUMH (KMpaca) KaBEPHO3HAs [0~
JIyCKaJIbHAad HNOpOAa, CIIEMEHTHPOBAHHAN THIPOKCHAAMH Xejie3a M
KPEMHHEM, BHH3 N0 pa3pe3y NEPexXoismas B PHXAYID MacCy BCaen-
CTBME YMEHBIICHMS CTENCHM HEeMEHTaluH. KpemocTs mopox M3MeHsd-
eTcs B INMPOKMX TNpeaenax: chaabue pasHocTH pa3spabarwsaiorcs
KHDKOM, KDENKHE - ITHCBMATHYECKHM MOJIOTKOM. Kupaca 3aneraer B
BHAC XEJICIHRX IUIATT HA HU3KHUX XOJMAX OKpyriod ¢opMu (”CnMHE
yepenaxu”), MOMHOCTh ee m3MeHgerca or 0,5 mo 7 M (Makcumanb-
Hasd 14 M). Kupaca CnyXHT OCHOBAMMEM MHOTMX TIPAaXAAHCKMX
COOPYXCHMIf, KXpPOME TOro, u3 Hee BHpyOawT ONOKHM, KOTOpHE
HMCTOAB3YIOT KaK CTPOMTCJIBHHIM MaTepnai.

IV nucnepcHas 3oHa momHOCThIO OT 1 1o 20 M cocToMT U3 ABYX
noA3oH - sareputHod (IV-6) u rauuucron (IV-a):

IV-6 NECTPONBETHHE CYCAMHKM WM DJIHHB C  PO30BaTo-
KOPHYHEBBIMH XEJIE3HCTHIMH KOHKPELMIMM, CO CBOGOXHHMH KBaple-
BHIMH 3CPHAMH M C/JCAAMH PEJIMKTOBOM CTPYKTYPH B HHXHEH 4acTH
rOPH30MTA;

IV-a - necrpouserHue rAHHH C GEABIMM M XEATHMH [RKTHAMM,
MAKPONOPHCTHE C OTYET/IMBHIMH NpPH3HAKaMU Cy6cTpaTta, € BKJIIOUE-
HHSIMH KaONMHU3HPOBAHHOM ApeCBH pa3MepoM 1-3 cM, B HMXHEH
YaCTH MOA3OHH - ¢ "AApaMH” HEM3MCHEHHHX JATEPUTHHX TMOPOH.

HI 3ona - nuroMapxa BH3yanbHO NPOCAECKHBAETCA B BEPXHEN
yact 00J0MOYHOM 30HH; B €€ mpenenax HaGmogacrcst KaonwHM3a-
OMd TIOPOR N0 IUTArMOKJIa3aM, XOPOIIO MPOCAEXHBAIOTCS IEpBHYHAL
CTPYKTYpPa M TEKCTYPAa MOPOA; MOZOMBA 30HH YaCTO HAXOXMTCH Ha
OJIHOM YPOBHC € TPYHTOBHIMH BOJAMH; MOILOIHOCTb €€ HEBEJIHK3 -
0,5-5 m.
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I 3ona  obnoMouHas, croXeHa meOHeM M rAHOaMHM KODPEHMBIX
Nopod, pa3Mep KOTOPHIX YBEJMUMBAECTCS C TTyOHHOM, 'CMEHSIFOMIMMUCS
TPEWHMHOBATHM CYOCTPATOM; MPOCTPAHCTBO MEXIy OOJIOMKAMM 3armoji-
HEHO [IHHAMHM, CYTIMHKAMM W IIECKOM; MOIIHOCTb 30HH 2-20 M.

1 30Ha - TPEIIMHHAS, B MOPOAE TPEIMUHK BHIBETPHBAHMSA Pacnpo-
CTPAHEHH CIIOPAZMYECKH; TOBEPXHOCTh MX MOKPHTA TIMAPOKCHAAMHK
XeJe3a; MO OTAEAbHEIM TPEMMHAM TMOPOAH HM3MEHEHH Ha MyOHHY
0,5-5 cM; MOIIHOCTh 30HHW HE MPEBHIIAET § M.

TWK 5.3. TeMmepaTypHO-BJAAXKHOCTHHIH KJIaCC KaOJHHOBHX KOpP
BHIBETPHBAHKMS DA3BHT B TMPEAEJAX HHXCHEPHO-TEOJIOTHYECKHX pai-
onoB I-A, I-b, II-A, 3anuMaromux “3acynuiMBYyIO” 4acTb OCTpOBA €
rofoBHM KoJnyecrBoM ocanko 1000-2000 MM u  cpenneromoBoit
temnepatypod 33 C. 3T0 TeppUTOpUs CEBEPO-3aNAAHBX HH3MEHHHIX
wiarooOpa3Hbix paBHMH C abc.otM. @0 S0 M, CEeBEpO-BOCTOMHHX
XOMMHCTHIX paBHMH ¢ abc.orm. 10 300 m (I-A), BOCTOYHHIX M 10TO-
BOCTOYHBX HH3MEHHOCTEH M Haropuit (abc.orm. 150-300 M) wo-
KOJABHO-XCHYAAIMOHHOIO NPOMCXOXACHMS, CJIOXeHHAd mopogamu WVC,
EVC u vacruuro HS. 3necs coopyxenn ruapoysnbnl ManBary-Ois u
Hurpaumutns na p.Mu-Oita (I-A) u Kupnngu-Oiis B6am3n r.Tucca
{d-b).

X.B.Xeparom (1980) sra Teppuropus onpemeseHa Kak 00aacTh
pPacnpOCTPAHEHUSI MOHTMOPWUIOHHT-KAOJMMHOBHX [JIHH, KOTOpPHE
ABJAAIOTCH BEPXHEH UYaCThi0 KOPH BHIBETPHMBAHMS MOMHOCTHI0 5-20 M.

B BeprukasnHOM e¢ npodwiec BHACIAOTCA (CBEPXY BHH3):

IV mucnepcHas 30Ha NpEACTAaBJA€HA KPACHOLUBETHHIMH TJIHHAMH H
CYI/IAHKaMH, HE COXPAHMBIIMMH CTPYKTYPHO-TEKCTYDHBIE OCOOEH-
HOCTH MAdTEPMHCKMX TOPOJA; B HMXHEHM UYACTH pa3pe3a NeCTPOLBET-
HBIE DPA3HOCTH HOCAT CJIEAB PENMKTOBOH CTPYKTYPH M TEKCTYDH
cybcrpara. KpacHas, KupnuuHO-KpacHas, KOPUYHEBATO-XKeEJTad
okpacka ofycnoBneHa HanmuueM OKHCHHX ¢opm xeixesa. B mune-
paJbHOM COCTABE MOPOX NPeoONafaloT TMHMCTHE MHHCPAJIBl TPYNIH
KaOJMHHTA, MOHTMOPWLIOHMTA, KapOOHATHI.

II obsoMo4yHAs 30Ha COCTOMT K3 INEOHMCTON M IIHGOBOI
nogson. Ilepsas u3 mmx I1-6 mommocteo no 12 M cnoxeHa obmom-
KaMM TopoA o c1aGoBHpPaXXeHHOM -MePBUYHON CTPYKTYpPOi, BTOPHYHO
CIIEMEHTHPOBAHHEIMM  THApOKCMAaMU Xxene3da. Il-a rawmboBas mnoa-
30HA MMEET MOIMHOCTh HO 5 M.

I TpemuHHas 30HA MOWHOCTBIO A0 5 M TMOCTENECHHO TIEPEXOAUT B
HEBHBETPEABIEC TIOPOAHL.

TWK 4.4, 3.4. TemnepaTypHO-BIaXHOCTHHE K/AACCH KOPH BHBET-
pHMBAHMS PpACIPOCTPAHEHH B LEHTPAILHOM YacTH OCTpOBA B mpene-
JaX MHXeHepHo-reonormueckux pavoHoB II-b u 1I-B, oxBaruBa-
jomux Haropbs ¢ abc.orm. 300-1500 M u BECOKOropest ¢ aGc.oTM.
1500-2500 m w pame. KonumuectBo atMocdepunx. ocamkos 3500-5000
MM/rox, Temmeparypa Boaayxa 15-24 C. 3pecs COOpYXEHH THAPO-
yaasl Kyma-Oita (1I-B), Kormane-Oiist B BepxoBbsx p.Maxaben-
au (tabn. 15); Buxktopus B cpeaHeM TeyeHuu p.Maxasewm; TIaHa
u Camam Bese (paiion II-B).

Huxe mpuBeneH XapakTepHHM pa3pe3 KOpbl BHIBETPHBAHMSA paHoHa
ruppoysna Kormane-Oifg (cBepxy BHM3). 91



Ta6nuua 15

XapaxTepHCTHKA IOPOJ KODHI BEIBETPHBAHNS
(ruppoysen Kotmane-Oits a p.Maxasem)

3oua MoumsocTs v, Py Breixon RQD
BbIBETPUBAHHA J0HBI, M M/fcex Om KepHa, %

Hemosuit 10 200 - 500 40 - 50 0 0
Hucnepchan . 10 600 — 900 40 —- 50 0 0
IleGuncran 10 -12 1000 — 1400 10 — 300 0 0
Jluromapx 15 1500 500 60 0
I'iei6opan 3-20 2300 500 80 40
Tpewyntan 4-25 2400 — 3400 - 100 30
Ornocuremno 3500 — 5600 1 100 90

COXpaHHasi nopona

HpuMegaHUe ¥V - CKOPOCTS MPOXOKIACHHA YIBTPA3BYKOBBIX BOJIM,
POy ~ KDKYIIEECHA ITTEKTPUIECKOE COTIP OTHBIIEHME.

IV aucnepcHas 30Ha (I/4I0BHANBHO-NEJIIOBMANbHAA) pa3BUTA Cla-
60, npeacraBNieHa CyNMeCcsAMH, CYraMHKamu OypoBaTO-KOPUYHEBOTO M
KPacCHOrO IBET3, MAKPOMOPHCTHIMH, C BKJIOUCHHSIMM OOJIOMKOB CHJIb-
HO BHBeTpennx mopoa (mo 10 %), mepexopdmux BHM3 MO paspesy B
TEeCYaHO-APECBAHYI0 Maccy. OOpa3oBaHmst MOBCEMECTHO NMEPEKPHBAIOT
KOPEHHHE MOPOAH, OTCYTCTBYS JHMIb B NpeENeaax KPYyNHHX CKJIOHOB
M BEpHIMH rop; MOIMHOCTs MX HeBeawka - 0,5 - 3,5 M.

1I-6 - mebumucTas NMOX30HA MPEACTABICHA APECBIHO-IIEOHHCTHIMK
Y MEeCYAHO-TIHHMCTHMH PETEPOreHHHMH 00pa3OBaHHAMM C PEJIHKTaMH
coxpaneHHHX mopon. CoxaepxaHue TECYAHO-TIIMHMCTOIO MaTepuana
CHHXKAETCE BHHM3 MO pa3pesy, a KOJMYECTBO OGJOMKOB YBEIHYHMBA-
erca. IlepsnyHas CTPyYXTypa B BEpXHEM YacTH 30HH BHPAXEHA
cnabo, B HMXHEH - HaOGMoOAaeTcs BTOPHYHAH LEMEHTAUMS TMAPOKCH-
aamu xenesa. Comepxaune mebus cocrasaser okono 60 % . O6aomku
UC/IMKOM TNPONHTAHH THAPOKCHAAMM Xeje3a, 33 CueT Yero OHM MpH-
obperalor xupnuuHo-KpacHuil user. ITopoan Jerko paspywaiwrcs oT
yAapa MOJOTKOM, PAacCHNasCh Ha MEAKO3epHHCTYI0 Maccy. Tonko-
mucnepcHas  (pakuMs COCTOMT M3 MeEJKHMX OONOMKOB MHHEPAJIOB
CybcTpaTa M rereporeHHEX MHHEDAJiOB, B YAaCTHOCTH KAaOJAMHHMTA.
Bropuunue o00pa3oBaHHs pacnpelefeHH HepasHomepHo. MomuocTh
30HH M3MmeHgercd oT 1 no 30 M (HAa nosnorMx CKJIOHAX M BAOAB 30H
TEKTOHMYECKMX Hapymenunit). IIpoyHocTs M nedopMupyeMOCTh NOPOX,
N0 CPABHEHUIO C MATCPMHCKHUMM, M3MEHSIOTCA B Aecatku pad. Cxu-
MaeMOCTh TOPOJ B MAaCCHMBE ONMPENESNSETCS COCTABOM OOIOMOYHONO
MaTEepHANA, CTENMEHBI0 BHBETPENOCTH, pa3MepoM OOJIOMKOB M CJIO-
JXKEHHEM; COMPOTHBJICHHE TIOPOA CABUTY COCTABOM  JMCTICPCHOIA
dpaxunn,

III 30na nAWMTOMapXa pacnpocTPaHEeHa MOBCEMECTHO, MaKCHMaJb-
Has MODIHOCTh 30HH OTMEYAETCd Ha BOAOPA3NCAbHBIX YHACTKAaX H
NOJIOTHX CKJIOHax. JT0 pa3bopHas CKana, CrOXeHAa MIbaMy CHIIBHO
BHBETPEJIONO CyOCTpaTa KOpHUHEBaTO-Oyporo 1LBeTa, NOJHOCTBIO
NPONHTAHHOTO TMMAPOKCHAAMH XeJie3a. [anbb pasnesieHs TPemMHaAMH
€ NECYaHO-ITMHECTHM 3anoaHuTenAeM, cocrasasiommuM  30-40  %.
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HabmozaeTcs KaoANHU3aNMd MOPOA MO NOJACBHM muataM. Dnubu (pas-
MEp MX YBEJHYHBAETCH ¢ MIyOWHOM 70 1 M) NMPOHM3AHH BOJIOCHHMM
TPEMMHAMH M OPH YA3ape MOJOTKOM pacnagarTcs na mebexb. B or-
JIMYHE OT TPCUIMHHOM 30HH, B JHTOMAPXE HaGMONAaeTcd TCHACHUMS K
CHHXXEHHIO AHH3O0TPONMM M HEONHOPOMHOCTH CBOMCTB B MAacCMBE;
MOIIHOCTh 30HH HM3MEHYETCd B 3aBHCHMOCTH OT reoMopdosorHauecKnx
yCJIOBHM, MakCAMaiabHad (o 25 M) OTMEYaercd Ha MOJIOrHX XOpomo
APEHHPYEMHX CKJIOHAX.

II-a - o6nomouynas 30Ha (rANOOBasg NON30HA) CJAOXKEHA MHGamu
H oracnbHeMH Omokamm a0  BHBETDESIHX NOPOH  TEMHO-
KOPHYHEBOINO IBETA, COXPAHSIOMMX CTPYKTYPHO-TEKCTYpHHE 0COGeH-
HocTH cy6cTpara. Tnubu M 6nokM pa3obmEHHE OTKPRTHMHA TPEIQMHAMM
C TNECYAHO-IVIMHMCTHM 3aNOJHHTEIEM, cocrapamommMm 10-20 9.
Packpurne TtpemuH pocruraer 20 cm. Pasmep oraensHOCTElH Tpe-
BHmaer 1 M M 3aBHCHT OT TFE€HE3HCa, COCTABA TNOPOA H CTENEHH
TEKTOHMYECKOH HAPYIECHHOCTH. [HOM ¥ (JIOKH YaCTHYHO MPONMTAHKI
rHApOKcHAgaMA xene3a. JIpouHOCTh HOPOAH B IEHTPANBHOM 4acTH
OTAENBHOCTEM  COOTBETCTBYET TIPOYHOCTH  MATEPHHCKUX  DOPOA.
MommsocTe 30HH - 1- 10 M.

I rpemmBeHag 30Ha. MomHOCTH €€ M3MEHIETCd B 33aBHCHMOCTH OT
penbeda; ¢ mpUGIMXEHHMEM KDOBMM 30HH K AHECBHOH NOBEPXHOCTH
ona gocruraer 30-40 m. Crons raryGokoe HNPOHMKHOBEHHE MPOILECCA
BHIBETPHBAHHA CBS3aHO C TEM, UTO METAMOD(PHUECKHE NOPOTH HMEIOT
6JI04HOE CTPOCHHE M CJIOHCTOE CJIOXEHHE C KPYTHM INAjJEHHEM IUIOC-
XOCTCH HAIUIaCTOBAHUA.

B mnonsome I-6 BHBETPHBAHHE MPOHWUKAET BAOJL IUIOCKOCTEM
HAMIACTOBAHMY M TpemmuH HAa raybuny 0,5-5 cM, npu 3TOM CTpyK-
TYPHO-TEKCTYpHHE OCOGEHHOCTH CyOcTpara coxpaHsiorcs. Packph-
THE OTACABHHX TPEIHH He MNPEBHINAET HECKOJBKHX CaHTHMETPOB.
OcrHOBHAag Macca MOPOX HE M3MEHEHA.

B umxHelt mnop3zoHe - I-a TpemMHN pPAa3BHUTH CHOPajAYECKH,
TMOBEPXHOCTh MX TMOKPHTA TUAPOKCHAAMM XEJE€3a; HBET, COCTaB,
CTPYKTYPHO-TEKCTYPHHE OCOBeHHOCTH Cy6CTpara He M3MEHEHH.

ITpn noneBHX OMNpefeNeHNEX MPOYHOCTH MOHOKJMHANBHO 3aJera-
JOIMUX TOpPO, KPYyTOHMAJAIOMMUX B CTOPOHY HUXHero Obeda IIOTUHH
Kormasne, monyyeHH CIEYIOmME OUCHKM: yroA BHYTPEHHENO TPEHMS
uamensercs or 12 go 16, cuemnenue or 0 mo 1,2 MIla. B uenom
AJg TOpOX TPEIMHHOM 30HH XapPAXTEPHH  HEOXHOPOXHOCTH M AHH30-
TPONIHOCTh CBOMCTB B MaccuBe. [IpM DOArOTOBKE KOT/ZIOBAHOB M
BHEMOK TOPOAN pa3paGaTHBAaIOTCH B3pHBHEM criocoboM. IIpaBunsHOE
YCTAHOB/IEHME TPAHMUK ITOH 30HH RANMO0 BO3MOXHOCTH DPEIIHNTb TAaKHC
BAXHHE BOMPOCH, KakK OMNpefesicHne TAyOMHH CbheMa BHBETPEIRX
MOpOH; YCTaHOBJAEHHE TAYOHMHH TpPOTHBOMHILTPAIMOHHOM 3aBECH;
oBOCHOBAHME IIMHH aHKEPOB TMpPH YKpPEIUIEHHH OTKOCOB, Geperos u
ADYTMX 3aMMTHHEX MEPONPHSTHH.

TWK 4.3. TemnepaTypHO-BJIAXHOCTHHMH KJIACC KOPH BHBETPUBAHMSA
("KpacHHE 3eMaHu”) pa3BHT B TMPERENAX HHXEHEPHO-TeoJIOrMYecKoro
paiioHa IV-A, pacnonoXeHHOrO B CEBEPO-3aMAJHON YAaCTH OCTPOBA,
B Iipefeaax MOJOmoit Me30-kaiHo3oickolt maatdopmul. Ee uexon

93



MOIHOCTEIO 10 200 M CI0XEH MUOLEHOBHMH H3BeCTHSKamu. Kosm-
uectBo arMocdiepHmix ocankos Menee 1000 MM/TOZ, Temneparypa
posayxa 28-33 C.

B npenenax Hu3MeHHOW pasuuuul ¢ aGc.otm. no 30 M mpocnexu-
BAIOTCd HHXHE-BEPXHCUYETBEPTHUHHE MOBEPXHOCTH BHIPABHHBAHWUS,
HMEIOIIHE XaPaKTEPHYIO POPMY MEPHAHOHAIBHO BHITSIHYTHIX BAJIOB A/IM-
HOMt 3-5 xM M mmpunol no 2 kM, Bo3BHWAammuxcs Ha 30 M Han
OKPYXAaloEH NOBEPXHOCTBIO. B BEepTHKaNbHOM HMX paspe3e BuAEAd-
OTCH (CBECPXY BHH3):

V 30Ha TrpaBUiiHHX OTJOXCHUH, NPEACTABJCHHHX YIIOBATHIM
KHUPIMHMYHO-KOPHYHEBHM  XEJIE3UCTHM TPaBHCM, KpPYTHO3CPHHCTHIM
meckoM M 0010MKaMu KpeMHsI. OOGIOMKH CEMEHTHPOBAHAL XEAE3HCTHM
MaTepUA/IOM; HAa MOBEPXHOCTH HEpPEnKOo o00pasyercs HOgyJapHas
(XOHKPEIMOHHAS]) XEJIC3NCTAasd KHPACa HEBHIOCPXKAHHOM MOILIHOCTH
"cnon PatHanypu”. Ciaom zaneraior B BUAE MOATEH HA MHOLIEHOBHIX
M3BECTHAKAX, PEXE HAa TMNEHEIVICHU3UPOBAHHOM KPHCTA/UTHUECKOM
¢dyHnamenre.

IV pucriepcHasi 30Ha CJIOXEHA. IMHMCTRIMH KBAPLEBBIMA MECKAMH,
MEJKO3ECPHHUCTHIMKE, OKATAHHHMH U CyrMHKaM¥ C XapaKTepHRM Xup-
MHYHO-KPACHHM LBETOM, OOYC/JIOBJCHHBIM NPHCYTCTBUEM [EMAaTHTA;
cpeaHsas MOMHOCTe 30HHW 20 M, MakcuMajibHasg 35 M (paitoH
Apyaxanm).

H3noxeHHWH Marepnas NOKasHBaeT, YTO /aXe B Npeaesax Ccpas-
HUTEJIBHO He(ONBIIOro OCTPOBA, CJAOXKCHHOIO AOKEMOPHIICKHMH OIHO-
THIOHEIMM TIOPOZAMM, MOXHO BCTPETHTh AOBOABHO pPasHOOOpasHoe
CTPOEHHE  KOP  BHBETDHBAHUSL. Buimenenne  TemmepaTypHO-
BJAXHOCTHHX KJIaCCOB KOP BHBETpUMBaHUS Ha Oase rnyGoKoro aHa-
N33 MCTOPMHM TCOJOTMYCCKOINO pPAa3BUTHS M OUECHKM COBPEMEHHHX
KIMMATHYECKUX YCITOBHI MO3BOJMIET YCTAHOBHTb 3aKOHOMEPHOCTH HX
MPOCTPAHCTBEHHOIO pacnpocTpaHenus M ofseryaer 3agaum M3yue-
HHS M NPOTHO3 MHXKEHEPHO-TEOJOTHYECKUX YCJIOBHM, TpeGyeMule npu
NPOEXTHPOBAHMY PA3JTMYHKIX MHXCHEPHHX COOPYXCHHIA.

COCTABJIEHHUE JETAJIbHBIX KAPT MOUIHOCTH KOPBI
BBIBETPUBAHHSA W OLIEHKA EE
NPOCTPAHCTBEHHOHM M3MEHYHMBOCTH

OCHOBHO# LENBI0 COCTABJCHHMS KApTH KOPH BHBETPHBAHMA SBJISI-
erCs YCTAHOBNEHHME 3aKOHOMEPHOCTEH NPOCTPAHCTBEHHOH M3MEHYM-
BOCTH MOWHOCTH B Npeaenax HeOOnbWHX MO TUIOLIAAM TeppdTopuii. B
Ipouecce M3YUEHHUS pa3pe30B KOpP BHIBETPMBAHMSL B NEPBYI0 OUYEPEHb
onpenaeasioT Mx MopdoNOrMuecKui THM (UIOIIARHHIE, AMHEHHHIE, JIH-
HEHHO-KOHTAKTHHE), BO3pPacT, CTCHEHb, COXPAaHHOCTb, XapakTep
NEePEXpHBAIOIGUX TOPOH, NMOJOXKEHHE KOp B penbede M OTHOWIEHHE K
THAPOTeOJOTMYECKHM YPOBHAM. 3aT€M MNPHCTYNAKOT K COCTABJICHMIO
MHXEHEPHO-TEOJIOTHYECKOH KAapThl KOpPW BhIBETPUBAHHS WIH €€
OTOENBHHX 30H.

B ofmem cnyuae xpynHomacwrabuas xapra (M-6 1:2000,
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1:1000) xopu BHBETpPHBAHMS CTPOMTCS Ha IEO/IOTHUECKOH OCHOBE.
Ha neil monxHH OGHTh OTOOpaXKeHW I/MIEMEHTH IPEBHENC M COBPEMEH-
poro penveda, MuKpoaneMeHTH pesabeda, obpasopaBmmecs B pe-
3yAbTATE PAa3MHBA JOKANBHHX M NMHCHHHX KOP, JIMHHHM pPa3pHBHHX
HApyHICHHH M 30HW NOBHIICHHOH TPEUIMHOBATOCTH, NMAJEHHE CJIOCB B
OCAOYHHX H MeTaMOpdHYECKHX TOAmAX, COCTaB M MOIMMHOCThL (B
H30MaXHTax) KOpH BHBETPUBAHHA WM NepekpuBaiomux nopox. HeoOxo-
IHMO TAKXE OTPAa3uTh MNPOABJICHHE HEOTEKTOHHUECKMX NBHUXKCHHHA -
HOBEMIIMX TOAHMTHI, HANDPABJACHHE MOJOAHX pa3zaomMoB H T.a1. ller-
ponorus CcyGcTpara maercs B CXEMaTH3MPOBAHHOM BHAE; CJIaralomue
MOPOAK CAMHSIOTCA B TPYNNH HE TOJBKO COIVIACHO NMPHHATHIM B
nerporpadud NPMHUMNAM, HO M B 33aBHCMMOCTH OT CTEHEHH MX
YCTOHYHBOCTY K THIEPr¢HHEM IPOLECCaM.

Yro6u m3bexarTs neperpyXeHHOCTH KapTH uMH@opMaumeid, MOXHO
COCTaBJIATh CEPHI0 KapT: MOMIHOCTH KODH BHBCTPHBAHHSA, MOIIHOCTH
OUCIIEPCHOM 30HHI, W30MAXHT KPOBJH KOPH BHBETPHUBAHHS, MOMIHOC-
TH TEPEKPHBAOMMX NOPOA.

CoBMECTHHI1 aHaJN3 KOMIUIEKCA KapT TO3BOJSET  YCTAHOBUTH
o0mue 3aKOHOMEPHOCTH, KOTOPHM NONYMHAETCE (OPMUPOBAHME M
Pa3BUTHE KOP BLHIBCTPHBAHMS, BHYBUTD KOMIIOHCHTH PreOJIOTHYECKHX
YC/IOBHH, ONpPENCASIONMUX MX MPOCTPAHCTBEHHOE  PacIpOCTPaHEHHE,
MOIIHOCT M CTPOEHHME. DJTOT BOMPOC MMEET KAK HAYUHOE, TaK H
6ONBImIOC TIPAKTHUECKOE 3HAYEHHE, TPEXAE BCEr0 B THAPOTEXHH-
YECKOM H TOPDHOM CTPOHTEJBCTBE, IMPH TPOEKTHPOBAHHM KapbhEepOB
raybOKOro 3anoXeHms, TaK Kak MOIIHOCTb, COCTAB M  CBOMCTBa
nopoA KOPH BHBETPHBAHMS B 3HAUYMTEJIbHOM CTENEHH BJMLIOT Ha
BHIOOpP KOH(HUrypauMu M YIJIOB 3aM0XKEHHMS OGOproB Kaphepos, OT-
KOCOB CTPOMTEJBHHX KOTJOBAHOB. 3HAHME 3THX INAPaMEeTpOB HE00-
XOAMMO NpPH ONpENeIEHAH MOIHOCTH 30HH ChEM3 MOpPOd B OCHOBAHMHM
H NPHMHKAHHH COOPYXCHHH.

Huxe npuBeAcHH NpUMEPH KapT M aHAJM3a MPOCTPAHCTBEHHOH
H3MEHYMBOCTH MOIIHOCTH JPEBHMX KOp BuBeTpuBanus IOxnoro Ypana
H Tponmnueckol kopw BwBeTpuBaHMs CeBepHoro Brernama.

leonormyeckue 3akoHOMEPHOCTH (GOPMUPOBAHHUH
JIPEBHUX KOP BHBETPHUBAHHS

Hccnenoanss NpOBOXHAHMCh B NMEPHON ACTAIBHHIX IEOJIOTHYECKMX
pPa3sBegOK Ha MECTOPOXJCHHMEX C MCIOIbL3OBAHMEM BCEH IreoIOrHuec-
KOH ROKYMCHTanHH. M3yuyeHH MECTh YYacTKOB MECTOPOXACHHH, NETh
u3 xoropux (Ocennee, Becennee, Jlernee, "50 ner Oxtabpsa”,
IIpuopckoe) .c MequokonyeRanHHM opyacHenueMm K oguo (TepeHcait-
CKO€) NbE30KBAPLEBOr0 CHIPhS, pacnonoxenuoe B JlomGapoBckom
paiione Openbyprckoit 061acTH Ha CPaBHHUTENBHO HEGONABLIIOM pac-
CTosHMM OaMH ot apyroro (20-50 xM) u muMelor Oam3koe reo-
JIOTHYECKOE CTPOCHHE.

B'npenenax BCEX PacCMATPMBAGMHX MECTOPOXACHMH  pacmpocT-
paHeHH NpeHMYIIeCTBEHHO OasajbToMAn (MnabasH, 6a3anbToBHE W
nuabazosme mopduputn), chopMMpoBaBIIKECH B pe3y/nbTaTE TpE-
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MAHAKEX MATASHUE B ofuact rayGokosomHoro pudra (S-D).  Bya-
KAHA3M, THI KOTOPOrO0 MEHSUICS BO BPEMCHH OT TPCIIMHHEX H3/IM4g-
HUIi K HABEPXKEHWSM IEHTPAJILHOTO THNA, HPHBEA K 00pa3’oBaHMIO Ha
mecropoxacEasx Ocernee n JlerHee TOMMHM BYJIKAHOTCHHHX HOPOX -
Ty()oB OCHOBHOIO M CPEOHETO COCTaBa. 3aBEPIIAIOIIMM ITAanoOM  Ppas-
BATHS BYJKaHH3Ma SBWIOCH (POPMHPOBAHHE PAHHEKAMECHHOYTONBHEIX
MHTPY3HMH B 30Hax IayOMHHHX padsiomMoB. B mpenenax Mmectopoxae-

TaGnuua 16

Teonoruyeckue ycnoBus Mecropoxienndt I0xuoro Ypasa, onpegentiomye
MOIHOCTE peBHe KOPKI BEIBETPHBAaHUS

Mecro- | Texronmuecknuii pe- | Heorexronugeckuii | ®axropni, pri3zpan{ Cpequsa Mou-

pox- 2HM B MepHOI, KO- pexum. Cymmap- mue paIgpobiieH- | HOCThE KOPM
oeHKe pooGpalosaHun HOE BOIOLIMAHUE HOCTD, PACCJIAH- | BhIBETPHBAHMA
OJIMIrOIECHOBOM UOBAHHOCTS NOPOa| IWIOCMAKHOE (B
NMOBEPXHOCTH (B),MJ qHCNUTENE) U
nuneitnon (B
3mueutreue).m
Tepen- lMpenmymectsento 300 > B > 250 Oporenes 15
call- TMOJIOXHTeNbHRIE —_—
CKOe TeKTOHHYECKHE BH- -
KeHHA, Cnoco6eTBo-
BaBlume HOpMHEPOBa-
HHIO OTHOCHTEJILHO
MOMIHBLIX 30H JE3HH-
TelpaiH
Jlernee 250> B >200 To xe 15
55-65
Ocen- Brioku Mecropoxae- Hanmue xpymioro 25
Hee HMA HCOBITLIBAJIH B36pOCa-COBUTA;

MOMHATHA Pa3Nky-  BHEfIpEHHE CHUIO- 48-74
HOM HHTeHCHBHROCTH 06pasHoro cybsyn-

HA NPpHITOAMATOM  KaHHYeCKOro 06-

6i10Ke I'IHHUCTAA Pa30BaHMA JIMIA-

30Ha PaIMBIT2 PHT-IHALIATOBLIX
B 2200 nopdupon
Becen- Omnocuresmiio cra-  OrHockTeNMBHOe nor- Hamintme Pa3noMos, 38
Hee GWIRMLIM TeKTOHH- PYXXeHMe, CTIocOG-  MHOTOTHCIIEHHRIX —_—
Yeckuit pesHM, CIo-  CTBOBAIO COXpaHe- pasHoBospacthix  43—70
co6cTBOBAN HOPMH-  HIIO TTMHHCTOH 30- HHTp Y3
PpOBaHHIO MOIUHON HBI OT Pa3MhIBa

KOpEI BEIBeTpHBa- 200> B > 150
Hus

* Bce MOPORBI MPETEPIIEITH PErHOHATIBHALIA 3e1eHOKBMEHHbIH MeTaMopduIMm,
06ycnopuBmuit 06pazopanue ampubona, 3nMXOTS, KBApUa.

9%




HUH OTMEYAIOTCE KPYNHHE M MEJKWE HHTPY3UBHHC Tea, TPOHM3H-
palomue BCIO Tonmy GazanpToMpoB. KOHTpOAMpYIOTCS OHM, KaK npa-
BHNO, 'JIHHHSMH DA3IOMOB M ONEPSIOMHMMH TPEIIMHAMHY.

Haumnas ¢ pansero xapGoma teppuropust Oxmoro Ypana
[IEPEXHBAET CJIOXKHYI0 TEKTOHHUYECKYI0 MCTopwio. Bymyun obmactsio
CXATAS - PACTEXCHHS OHAa WMCIHNTHBAIA NONECPEMCHHHE NONMATHL M

onyckannd. B cBg3m c oOHOBNCHMEM APEBHHX M

BO3HHKHOBCHHEM

MetamopduimMm, MarepuHCKHe

TOpHBIC NTOPOABI

06 yCTOBRBIINA
H3MeHenne cocraps | Ycnosua | Ipynma no

ncxomnbix nopon* | 06pa3zosa-| xucnor-
HHA HOCTH

Ha3ssanwe

MOLHOCTL KOPhI
BRIBETp HBAKMA Ha
Pa3nHIHBIX IOPO-
nax: obmasn (B
YMCTIHTENIE) M TIM-
HWCTON 30HBI (B
IHAMCHATENE) , M

TporpeccCHBHBIN: Oddysus- OcHoBHBIE

o6pa3oBaHHe KaK Hble
BecbMa HeycToNH-

BbIX (6HOTHT, CepH-

IHT) , TaK ¥ YCTOHUH-
BBIX (KBapK, aymbur)
MHHEpaNnon

Iuppotepmansio-  Cy6Bynka- Kucnsie
MeTacomarmeckuit; HHICCKHe
o6pa3oBaHue XJIOpH- Hurpysus- Ilenouno-
Ta,CePHUNTA, KBAPUA, g0 cpemime
KapGoHaron
' OcHOBHBIE
3ddyans-
Hble
Hutpysus- Kucmele
HEle
Kucneie —
cpetue
OcHoBHbIE
3ddysus- »
Hble
Meramopdrueckue

ua6a3, nopdupurons

6a3ansTOBOro COCTaBa
raG6po-nua6a3

Ilnaba3 maccHBHOR
TEKCTYpPbI

HNra6a3, nua6a3oBuii

nop¢hHpHT apopoit
TEKCTY pbl

Jlnmapuro-pauM ToBBIA
nopdup

CHEHHT-IMOPHT
ra66po-ra66po-nuabas

Jnabas, nnaGa3osbiit
nopduput

I'panur
I'panonuopur

I'a66po-nuaGa3s
Jlua6a3, 62325 mTOBBIH

nopOHpUT

AMHGONHT, pOroBHKH

Ksapu-xnopur-cepuuu-

TOBbIE NOPOBL

15

0-1

15
4

19-22

16-30

42-46

30-39
25
15-30
10-28
15
24-46
32-47

34-45
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HOBHX pa3iomoB Tepputopus IOxmoro Ypana npuobpena 6sokosoe
crpoende. K KOHHY OpOreHHoro mnepuwoxa, NPHUXOZAMIEroCs Ha paH-
Huit Tpuac, IOXxumit Ypan SBASUICS TOPHOCKJIAAYaTOM O00JAaCTHIO.
3areM Hacrynwa riatOpMEHHHH 3Tanm pa3BHTHL.

B ycnoBMsiX XapKOro BJIAXHONO K/JIMMAaTta MHTCHCHBHO Pa3sBHBAJICA
NpOLIECC BHBETPMBAHMsI, KOTOPHIH B COBOKYMHOCTM C TEKTOHHYECKH-~
MM (AKTOPAMHM CHITPAJl OCHOBHYIO PO/b B YHHUYTOXCHHH TEPIHHCKOrO
H PaHHEME3030MCKOr0 TOpHOro pesbedpa W cmocobcTBOBan — MpeBpa-
HICHHIO TIOCJEAHEro B mcHemnieH. Pacuern B.A.PomanoBa nokasanw,
YTO 30HBI YCTOMUMBHIX BO3ARIMAHUN B TECYCHME ME30-KANHO3OHCKOIO
9Tana OLUIM TPHMMOAHATH M pa3spymcHW Ha ray6uny Gosee 3 xm. JTH
AaHHHEE COrJIACyIOTCs ¢ CyMMapHBIMH 00beMaMM MEJIOBHX M HHXHENa-
JeoreHoBHX oOpa3zosauuit 3anagHo-Cubupckoit HM3MEHHOCTH, cdop-
MHpPOBAaBIMIMXCA 33 CueT OOJOMOYHOIO MaTepHasa, MOCTYMaBIIEro ¢
Ypana. HeorekToHnmueckuii nepuon (OJHIOLEH TO3MHEYECTBEPTHY-
HOE BpeMs)) XapaKTEpU3YETCS IMPONOJIKECHHEM BO3NBMAHHA TEPPHTO-
pud, coctasuBwuM 150-300 M. HMHTEeHCMBHOCTD MOAHATHMH Ha pas-
JMyHEX yuactkax IOxHoro Ypana Gsuta neomuhakoBoum (tabu.16),
YTO NpHBEJO K 00pa30BaHMIO JIOKaNbHHEX CTPYKTyp. Paccmarpuea-
E€MBIE MECTOPOXICHUSA IPUYPOUYEHB K CTPYKTYPaM TPEThEro M YET-
BEPTOr0 NOPAAKOB, KOTOPHE B CBOIO OUYECPCAb OCJIOXHEHH CTPYKTYy-
pamu eme Oonee BHICOKHX MOPSIAKOB.

Bce mMarMatrdyeckue MOPOOH HMCHOHTAMX METaMOpdH3M pa3THUHOrO
poja:  rMApOTEPMaIbHHM, ¢ KOTODHM CBSI3aHO pyA000pa3oBaHMe,
KOHTAKTOBHH - NPH BHEAPEHHU KPYNMHHX MHTPY3UBHHIX TEJd, pe-
rvoHaNbHHN, B peaynsrate mnoponw aMpubGonM3MPOBAHH, CKap-
HUPOBAaHH WJIH METACOMaTHUECKM M3MEHEHH. Takum obpasoM, B npe-
neax pacCMaTPHBACMBIX MECTOPOXNCHWH pasBUTH: 3b¢y3uBH OC-
HOBHOTO COCTaBa, NpPEACTaBACHHHWE auabasamu, auabas3oBHMM M
6azansroBuMu mopdupuTaMu; Ty(dH CPEAHENO M KHCJIOTO COCTaBa,
MHTPY3HBHBIC® MOPOAH PAa3JIMYHOIO COCTaBa TPAHOAMOPHUTH, AMO-
putH, rab6po; meramopduueckue MOpOaH - MCTACOMATHTH. Bce oHm
HAYMHAY C PAHHETPUMACOBOIO BPEMEHH TMOABEPrajuCh BHBETPHBAHHIO.

H3yyeHne npOCTPAHCTBEHHHX 3aKOHOMEPHOCTEH, KOTOPHM IIOK-
YHHYETCA PACNPEACTCHHE MOIMHOCTEN APEBHEH XOPH BHBCTPHBAHUSA,
NMPOBOAMJIOCh TYTEM THOCTPOEHMS KAapT M30maxur (10 pe3yapTaram
IeTalbHOM pasBegku) (puc.23). AHanM3 TakuX Kapr mokKasaj, 4To
MOIHOCTh KOPH BHBETPMBAHUS B NMPEOENaX KaXAOTO MECTOPOXIACHHUS
Konebnerca B mMpokmx npenenax or 3 mo 90 M. B BepTHKampHOM
pa3spe3de KOpH ueTko BHpenasorcs aucnepcHas (IV-A) u obaomounas
(I) 30HMH, COOTHOWIEHWE KOTOPHIX MEHSAETCA.

IIpocrpancTBeHHOE pacnpefeNeHHE MOIMHOCTEH KOPH BHBETPHBA-
HMY B 3HAYMTEJIBPHOM MEpe 3aBMCHT OT MCXOTHOIO COCTABa NOPOA.
Tak kak Ha Bcex MecTopoxacHuax OosblIe BCETO PACNPOCTPAHEHHI
fa3anpTOMAN, TO pOJMb PA3JTHYHBX MNOKA3aTENEH reoJOTHYECKHX
YCJIOBMI, OTIPEAENSIOMHX MONHOCTh KODH BHIBETPHBAHUSA, LEJIECO00-
Pa3HO pacCMOTPETh HA MPHMEPE ITHX IIOPOA.

Ilo MOmMHOCTH KOPHW BHBETPWBAHMS, PAa3BUBAOIIENCHE Ha Ga3zanbTo-
MIax, MECTOPOXICHUS pasgensiorcs Ha asc rpvombl. K nepsoit or-
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B2s

Puc. 23. Kapra MOMIHOCTH KOpbI BhiBeTpHBanHA MecropoxaeHus [puopckoe (10xk-
HbiH Ypan) :

] — nmecyaHWKH, APrWUTHTDL, AJIEBPONMTBI; 2 — nuabaspl, Mukponnabasel; 3 — crmm-
ThI, TOHKOJIEHCTOBbIe NMa6a3nl; 4 — aHIe3INTHI, AHNE3NTOBBIE MOPpUPKHTBI; J — CTeKsI0-
BaTast, NMTOMU30BaAA KHOTIAaA naBa (nepsurbl); 6 — BUTPOKIIACTHYECKHE W JIHTOBMTPO-
KnacTudeckue Tydnl, rydonaser; 7 — quopursl; 8 — reoyioruueckue rpauuum; 9 — rex-
ToHMueckue Hapywmenus; /0 — uaonaxursl (B M)



HOCATCS MECTOPOXAECHMS, Ha KOTOPHX MOIIHOCTb KOPH BhIBETPUBAHMS
cocrasnger 3-15 m (Tepencaiickoe, Ocennee, Jlernee). Ko Bropoi
(Becennee, "50 ner Oxrabpa”, IIpuopckoe) - MeCTOPOXAEHUA ¢
KOpoit BHBerpuBauus MomHocthio 11-27 M, chopmupoBaBmeiics Ha
6asansrounax. Hayueume reonormueckoift MCTopum paiioHa TOKa3a-
JIO, 4TO TNepBas Ipynna MECTOPOXAEHMH Haxoawnace B obsacTh
YCTOMYMBHX IIOOHATHH B TEYEHHE BCENO IUIaT¢HOPMEHHONO 3ITamna
pa3BuTHd. B HEOTEKTOHMYECKMIM 3TAam SHEPrHYHOE BO3ARIMaHHE
npoxonxaysiocb 1 B obmem cocraswio 200-300 M. Bcaencreue 3toro
¢dopMupoBaBmIasncs B ME30-KaHHO30{CKOE BpeEMs KOpa BHIBETPHUBAHHA
TMOCTOSIHHO CHOCHIACh. B pesysabraTe B HacTosmee BpeMs MOIMHOCTD
KOpH BHBCTPHBAaHMS 3AEChb HEBEJMKA, MW NpPEACTaBJIeHA OHa
npeumymecrseHHo oOaomounoi (II) w MajoMomHOM AMCIEPCHON
sonoi (IV-A).

MecTopoXaeHHS BTOPOM IPYINIK PacnoJ0XeHH Ha rpaHUIAX Kpyn-
HEX HanoXeHHuX Brnamur: Opckoit ("50 ner Oxtabpsa” u Ipuopckoe)
u Jombaposckoit (Becennee). TexToHHUeckmit pexmm obaaman 3mech
OTHOCHTEJNBHOM YCTOWYHMBOCTBIO, YTO CHOCOOCTBOBAIO (HOPMHUPOBAHHIO
6onee moaHOTO Npouis KOPH BHBETPUBAHHS C MOIIHOM TIMHHCTOM
MOA3OHOM M MasoMomHoi obaomounoit (II). JloctaToyHo akTHBHOE
BO3ALIMAHHUC TCPPHUHTOPHH OpCKOi'l BINAAUHH B HEOTCKTOHHUCCKHH
Jran, mo cpaBHeHni0 ¢ JlomGaposckoif, 0O0yC/NOBWIO HMHTEHCMBHOE
paspymieHHEe KOpPH BHECTPHBAaHHMS Ha MectopoxaecHusx 50 ger Oxk-
Ta6ps” u IIpHopckoe no CpaBHEHMIO ¢ MeCTOpoxaeuneM BeceHHee.

H3yueHne mnpouecca BHBETPUBAHMS MOKA3aJ0, YTO B YC/IOBHSAX
JKAPKOTO BJIAXKHONO KJIMMATa BHBETPHBAHHE MACT MO JIMHHU XHMHYEC-
KHX W3MCHEHMH NOpOX, KOTOPHE OMepexanT ¢usnmucckoe paspyme-
Hue. CaeacTBHEM ITOro ABASETCHS HAMHUME MOMHHX TIMHMCTHIX TO-
30H B JIaTEPMTOBBIX KOPAaX BHLIBETPMBAHUS M HE3HAUYMTEJIBHBIE MOII-
HOCTH MNM TOJHOE OTCYTCTBHE OONMOMOUHOW 30HH. YYMTHIBAfA, 4TO
JKApPKMH BJIAXHBIH KJIMMAT ME30-KaiHO30¥MCKOro Nepuosa B OJIMMOLECH-
YETBEPTHUHOE BPEMS CMEHWICH YMEPEHHO KOHTMHEHTAJBHHM, MOXHO,
ONHPadCh HA AHAJIM3 OTHOMICHMHM MOMIHOCTEH 30H KOP BHIBCTPMBAHMS,
NPEATIONOXKNTh, YTO Ha MecropoxacHuax Tepencanckoe, JlerHee,
OceHHee ME3030MCKas KOpPa BHBETPMBAHMS OwhUla pa3pymesa, a
MMEIOmAAcd CeHuac aBAIETCd OnuroncHoBoif. Ha  mecropoxaeHmsax
Becennee, 750 ner Oxrsbps” m Ilpuopckoe COXpaHMNAch ME3030M-
CKas KOpa BHBCTPUBAHHAI. .

Taknm 00pa3oM, TEKTOHMUYECKMM PEXHM B TEPHON KOpPooG-
pa3oBaHMA H ‘TIO3XeE OCHOBHOE YCJIOBHE, ONpexeagdiomee co-
XPAHHOCTh JPEBHHX XOp BHBETPUBAHMA. JIpeBHHE KOpHW BHBET-
pUBaHMS B TPEAEAAX PACCMATPHBAEMBIX MECTOPOXICHMH OTHOCATCH K
IVIOMAAHKEM OCTATOMHOIO THNA, M TpPOLECC KOpooOpasoBaHUS
OXBATHBAET NMEPHOX C ME3030f1 MO MNO3XHEYETBEPTHYHOE BPEMS.

OCHOBHBAfCh HAa COOTHOIMIEHHWH MODIHOCTEH OUCNEPCHOM M 00-
JIOMOUHOH 30H, MOXHO BBUIC/JMTh KOpPH BHBETPUBAHHMS ME3030MCKOI0
M OJMIOLEHOBOTO BO3PacTa.

INoMHUMO MIOMAAHONW KOPH BHIBETPUBAHHSA B TPEOCIaxX MECTOPOX-
ICHUN Pa3BHTA JMHECHHAsA, NPUYPOUECHHAR K JIMHMSM KPYMHHX TEKTO-

100



HHYECKHX Pa3sioMOB M OCOOEHHO0 K MecraM Mx mepeceyeHus. IIpo-
1eCC BHIBETPHBAHHS B 30HAX TEKTOHMYECKHX HAPYNIEHHH TNPOHMKAET
Ha 3HAUATEABHYIO [JIyOMHY B 3aBACHMOCTH OT CTENEHM pasppobsieH-
HOCTH TOpoji. Pa3suTuio JIMHEWHHX KOP BHBETPHMBAHMSE CIOCOOCTBYIOT
HEOTEKTOHHYECKHME TONBHXKH MO JMHHSM pa3/ioMOB, TaK KaK OHHM
NPUBOAAT K KaTakjaasHpoBammiw mnopon. Kartaknas, npossissace B
peOpManMyM  KPUCTA/LUTMUECKMX DPEMIETOK MMHEPAIos, 00pasoBanumn
ABOMHHKOB CKOMbXEHHSA, M3MEHeHWH (OPMH M pasMmepa 3epeH, pacr-

HBAaHHH H APOOJIEHHH, BH3HBaeT OCAabNeHME CTPYKTYPHHIX CBS-
3eil H BO3PacTaHHE NPOHHLACMOCTH TOPOA, YTO PE3KO CHHUXAET MX
CONPOTHBJILSEMOCTh BO3NEHCTBMIO AarcHTOB BHBETPHBaHMA. Hesamn-
CHMO OT COCTaBa NOPOA MOIMHOCTh JHMHCHHHX XKOP BHBETPUBAHHSA
aocturaer 43-74 M, T.e. yBeJIMUHMBAETCd MO CPaBHEHHMIO ¢ ¢oHOM B
3-5 pa3 (cm. puc. 20).

Pa3npo06neHHOCTh MOPOA OTMEYAETCAd HE TOABKO BIOAb JIMHHIK
TEKTOHMUYECKHMX HAapyIIEHHH, HO M B CBOAOBHX YaCTAX CKAaioK
(mecropoxaenns Ocennee, Ilpuopckoe). SBasach 30HAMM MaKCH-
MaJIPHOTO PacTAXKEHHME, 9TH YaCTH OTJHUYAIOTCH NOBHINEHHOM OTKPH-
TOH TPEIMHOBATOCTHIO. B pe3ynbTaTe MOMHOCTS KOPH BHBETPHBAHMS
B CBOJOBHIX YacTaX CKJagok Goapme B 2-3 pasa, yeM Ha KpeUIbSX.
Ha mecropoxnennn IIpmopckom npu ofmieit cpemmed MOIMHOCTH KOPH
BHBETPHBAHAE 16 M B CBOZOBHX YacTdX CKJIaOKM OHAa NOCTHTAET
31-53 M, a na mecropoxncaun OceHHCM ( NpH CpegHEd MOMMHOCTH
26-30 M) - 59-69 M.

Kak yxe ormeuanoch, Tomma 6a3aibTOMAOB NPOHM3AHA aKaMM
pa3MAMYAOIO COCTaBa. VX BHEAPEHME NPOMCXOOWIO B HECKOJLKO
JTAMOB, NpPHYEM KAXAOMY NpPEqmECTBOBANO NEPETHPAHME M pac-
CNAHUEBAHKME BMEMAIOMMX TMOPOA, YTO B HANbLHEHIIEM CKA3anoCch Ha
WHTCHCHBHOCTH BHIBCTDHMBAHHMS M IpPUBENO K OOpasOBAaHHIO  BOKPYr
JacK 30H JIOKAGHOTO YBEJIMUCHHS MOLIHOCTH KODH BHIBETPHBAHHS B
B 1,5 - 2 pa3a no cpaBHenwnio ¢ ¢onoMm. IIpu stom HambGonsmee
YBEJHYCHHE MOIIHOCTH KOPH BHBETPHBAHMS OTMEYACTCd B MECTax
TPYNONOBONO PAcNONIOXEHAS N3€K, KOHTPOJMPYEMHX TEKTOHNYECKUMH
pasmoMamMu. B nocnemHeM cayyae TpPEIMMHOBATOCTE M pasgpob-
JICHHOCTb TOpOJ OCOOCHHO BEJIMKH, M 3/eCh pa3BUTH Haubonee
ocnabnenHne (MPOHMIAEMHEE) Y4acCTKM MAaCCHBa,

HccnenoBannsg moka3anu, 4YTO MOIIHOCTh APEBHHX KOp BHBETPH-
BaHMA B 3HAUMTEJBHOM CTENEHM 3aBMCHUT OT YCJoBMM ¢opmmpora-
HHS, MHHEPAJIBHOIO COCTABA M CTPYKTYPHO-TEKCTYPHHX 0COOEH-
HOCTEH MCXOOHHX mNOpoA. OTOT (PaKT OTMEYEH Ha BCEX MECTO-
POXACHHUSIX.

IIo ycnopuam ¢opMHpPOBAHAS NOPOAW PACCMATPUBACMHIX MeEC-
TOPOXJEHWI pasAEASIOTCH HA YETHpe MOATPYNNIH: BYJKAHHMTH,
npeacrasieHEne TyhaMH aHae3auToba3anrbTOBONO COCTaBa; 3hpy3HBH
(IPOAYKTH INMOABORHHX JABOBHX M3MugHui)  nuabasm, auabGasoBue
M OasanbToBHC NOPGMPHTH, CHMIMTH; MHTPY3HBH, CJaralomue
KPYTIHBE TeNa, - CHMEHHUT-JUOPHTH, TPAHOAMODATH, TPAHHTH - ¥
OaHKM, NPEAMYmECTBEAHO raG6po-mnaba3oBoro CoCTaBa; MeETaco-
MaTATH, oOpa3oBaBIIMECd B PE3yJIbTaTE KOHTAKTOBOIO METaAMOp-
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¢msMa M IMAPOTEPMAJIbHO-METACOMATHYECKUX npeobpa3oBaHuit’
3¢p¢dy3nBOB OCHOBHOIO COCTaBa.

H3BecTHO, uYTO B MpollEcCEe BHBETPUBAHMA (MPUCHOCOONEHMS K
OKpyXawien cpeae) Hambosnee CWIBHO H3MEHSIOTCS TE TODOAHL,,
ycnoBus  o0pa30BaHMS  KOTOPHX CYHLIECTBEHHO OTJMYAOTCs  OT
NoBepXHOCTHHX. Tak, MeramopdM3oBaHHEE TOPOAB (METaCOMATHTH)
M HMHTPY3MBH, o0pazosaBmuecs Ha Gonbmmx rnyOMHAX B YCIOBHMSX

BHICOKMX TEMIEPATYp M [OaBJCHWIA, HM3MEHSIOTCS B IIPOLECCE BH-
BerpuBaHus (onpme, €M NaBH, N3JIMBIIMECS NON BONOM MM Ha
MOoBEPXHOCTh CymH. Ilo cTenmeHM yMEHBIIEHMS MOIIHOCTH KOPH BHI-
BETPMBAHMS TNMOPOAH MOTYT OHITB PacnoO/NIOXKEHH B CACAYIOMEH mocie-
JOBATEJILHOCTH: METAMOP(PU3OBAHHLIE -~ HHTPY3uBHHE - 3¢dysuBHHe-
BY/IKAHOTEHHEIE,

IToMuMo ycroBuit GOpMHPOBAHNS MAaTEPMHCKHMX ITOPOX Ha MOIIHOCTD
KOD BHBETDHBAHMA BJNSET WX MMHHEDAaNBHHN CcocTaB. B rpynne
MarMaTHYECKMX MOpPOX MOIMHOCTh KOPH BHBETPUBAHHMS BO3PAcTacT MO
MEPE YBEIMUEHMS KWCAOTHOCTH MCXONHHX TOpod. JTa 3aKOHO-
MEpPHOCTh YEeTKO (UKCHPYETCS IS KPYNHHX MHTPY3MBHHX TeEJI.
INoponst B mopagxe BO3PACTAHMSA MOITHOCTH BO3HMKAIOMEH HA HHX
KOpDH pacmoiaralorcs CACAYIOmMMM 00pasoM: JHOPHAT - CHEHHT-
OVOPHT-TPAHOAMOPHUT - TPaHUT. MOMIHOCTH KOp BHIBETPDHBAHHUA B
psSAy 3THX mopox coorBercrBeHHo pasHH 30, 35, 39, 50 M. DOra
3aKOHOMEDHOCTh OOBIACHACTCS YBEJMYCHHUEM CORECPXKAHHA B KHCJBIX
TIOpOiaX HEYCTOMUMBHIX K BBIBETPMBAHHUIO MOPONOOOPAsyIOMHMX MUHE-
PajIOB: KAJIMCBONO MNOJEBOrO mmnara, anapbura, OmoTHUTa, PpOroOBOit
OOMaHKH,

Ha MOmHOCTP KOpPH BHBCTPHBAHMS BAMSIOT TAaKXe pasHyMd B
MHHEPANBHOM COCTaBE NIOPOA, OTHOCSOIMXCA K OAHOM Trpynme no
kucnorocte. JanHwe no MecropoxaenuaM Ocennee um Becennee
CBHACTEJABCTBYIOT O TOM, 4YTO MOIMMIHOCTE KOPH BHBETPHBAHHS
nra0a3oB MEHBME MOIMIHOCTY KOPH BHBETPUBaHMS AMa0a30BHX
nopdupuToB, HO GO/BIE MOIMHOCTH KOPH BHBETPHBAHUS CITWIKNTOB.

MomHOCTs KOpH BHBETPHMBAHWMA, CHOPMHPOBABIIEHCA HA MOPOXAX
OJHON0O H TOTO X€ TNETPOrpaHUEcKoro THNA, H3MEHAETCH B 3a-
BHCMMOCTH OT MX CTPYKTYPHO-TEKCTYPHHX o0coOeHHocTel. 3aBu-
CHMOCTh MOHIHOCTH KODH BHBCTPHBAHMS OT CTPYKTYPH M TEKCTYPH
HCXOOHHIX TIOPOX YAAIOCh MPOCJAEHUTH NPH aHAMM3E JAHHHX O KOpax
BHIBETPUBAHUS 3(y3NBOB OCHOBHOIO COCTaBAa HAa MECTOPOXACHHSAX
Jletnee n Ocennee (Tabn. 17).

Iuabasst u auwaGasosme mopdupuTh, H3MUBmMECT B ray6o-
KOBOQHOM 30HE M CBS3aHHHE CO CTPYKTypaMu pUdTa M OCTPOBHHX
AYyr, XapakTepu3ylOTCd COOTBCTCTBEHHO INAPOBOH M  MAaCCHBHOMN
TekcTypoit. [Iwabasm m auaGa3oBnie nopdMPUTH IHAPOBOM TEKCTYPH
CIOXEHH TOAYIICYHHMM OTACTbHOCTIMH pasmepoM okoso 1,5 M
(xpynHomaposnic), 1 M (cpenuemaposrie) u 0,7 M (MesKoOmaposHe),
MOTPYXEHHHMH B MEXMOAYIICUHKMN HEMEHT XJOPHUT-SnMaoT-aMmbu-
6onosoro cocrasa. ITlogymeunoe crpoeHue anaba3oBHx nOphHPHTOB
TMOTYEPKUBAETCA pacnpefeieHeM BKPAIUICHHHMKOB, Gojiee MHOTOYMC-
JICHHHIX B LEHTPE OTACABROCTE M Oofiee PEAKMX B KpaeBHX dac-
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Ta6nunal7
MOUHOCTL KOpBI BHIBETpHUBaHHA (B M) 110 MECTOPOXACHAAM

MaTrepHHCKHE Tekcrypa CTpyKTypa JleTHee OceHHee
HOPO&LI
06- | Ununn-| O6uwan| I'nvanc-
mas | croit TOM nop-
nog3o-! 3OHBI
HBI
IlnaGa3bl MaccuBHast Adanwnropan 15 4 - -
Kpynromapo- CpenHesepanc- 22 4 25 1
pas Tas
To xe CpensesepHnc- - - 28 11
Tag MHHAATC-
BUOHaA
TNna6a3zosbie KpynHowaposas CpepdHesepHucTad  — - 30 3
nopdupursr Cpemsewaposas  Menwosephucrat 19 4 19 5

TTSX, M CTPYKTYpOH OCHOBHOM MacCcul. KOJHYECTBO BKpAanIeHHHKOB
NMPONOPUMOHANBLHO pa3Mepy otaenbHocreil. Kpynnowaposwe auaGa-
30BHE NMOPOUPHTH HMEIOT CPENHE3CPHHUCTYIO CTPYKTYPY'B LEHTPAb-
HOM YacTH M MEJIKO3EPHMCTYI0 B KpaeBo (okono 10 cm). ‘Konu-
YECTBO BKPAIUVICHHHKOB B HuXx cocrasaser 35-40 %. Cpeanesepnuc-
ThHie 1ab6a30BHE NMOPOHUPHTH MMEIOT MENIKOIEPHHCTYIO. CTPYKTYpY M
MEHBIIEE KONMMYECTBO BKpamwieHHUMKOB (20-25 9).

B psne cryvaes nuabassl OTIMYAIOTCH HAJMYHEM OKPYIIBIX, MEJ-
KHX (ZHaMeTpoM MeHee 3 MM) MMHAAIMH, KOJHYECTBO KOTOPHIX yBe-
JIMYMBAETCS B HANIPABNCHUM K KPACBHM YaCTIM MOAYMEK. MuHIANMHEL
SBASIOTCA KaK Obl AeEKTOM CTPYKTYpH, TaK KaK CJIOXKEHHW HEYCTOM-
YMBHIMH K BHBETPMBAHHIO MHHEPAJIAMH - XJIODHTOM, SIMHAOTOM, Kap-
Gonaramu. Mx samemeHnne BTOpHYHBIMM WeT GHCTPO M CO3HAET OC-
nabNeHHBE 30HH B KPAEeBHIX 4acTAX MOAYMEK, CriocolcTBys Gomee
MHTCHCHBHOMY BHIBETPHBAHWIO MOPOA.

IlpnBeneHHBE AAHHHE NQKA3WBAIOT, 4TO: 1) MOMHOCTE KOpH
BHBCTPHBAHMA Ha AMA0a3ax ¢ MACCHBHOH TEKCTYypoOil MEHBIIE, YEM
Ha 7nua0a3ax NOAYWIEYHOIO CTPOEHMS; 2) MOIIHOCTh KOPH BHI-
BETPHBAHMS HA NOAYMEYHHX MMHAAJIEKaMenHux nuabaszax Gonbme,
YeM Ha NMOAYMCYHHX MACCHBAX, MPUYEM PE3KO BO3PACTAET MOIGHOCTD
IJBHMCTOM 30HH KOpH; 3) Ha ana6a3ax KpyMHONOOYLIEYHHX MO~
HOCTh KOPH BHBETPHBAHHA Oosblle, YeM Ha CpeaHenoayineyHux; 4)
npH OAMHAKOBOH KPYNMHONOAYMICYHOH TEKCTYPE MOIIHOCTb KOPHl Bhi-
BCTPHBaHHA Ha nmnala3ax Meubme, yeM Ha auabazoBwix nopghupHTax.
ITH 33aKOHOMEDHOCTH TECHO CBS33aHH €O CTPYKTYPHO-TEKCTYpPHWMH

HHOCTSMH TIOPOZ. ;

Bausane meramopdusma nmopoa Ha MOMHOCTh PA3BHTOM Ha HMX
KOpH BHBETPHBAHHHA OOYCJIOBJIEHO M3MEHEHUAMM MMHEPAILHOTO
coctaBa. OCHOBHAA YacTh PAaCCMOTPEHHHX MECTOPOXACHHM SIBASIOTCA
memHOKOMuenannnmMy. OOpa3oBaHMe PpyAHBIX TEa CBI3aHO C THA-
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POTEPMANBHO-METACOMATHYECKMMI npoueccamu. Ilocaemune obycio-
BWJIH OKOJIOPYOHHE M3MEHEHMS TOPOI C YaCTHYHHM HJIHM TOJHHM 3a-
MCIOEHHEM HMX IEPBHYHOTO COCTaBa. B pe3yabTraTe OKOJMIO PYAHHX
TeN pa3BUTH amMpuOONH3MPOBaHHHE MUabasH, amM(HOOIHTH M KBapm-
XJIOPHT-CEPHIINTOBHE NOPOAW. BHeZpeHHMe WHTPY3HMBHHX TEJ H CO-
TMIPOBOXAAIOMHI €r0 KOHTAKTOBHIH MEeTaMOpP(PHU3M NMPHBEJINH K BOSHHKHO-
BEHHI0 OGHOTHT-KBapu-aNbOMTOBHX M KODOMEPHT- aHTODHLINTOBHX
POTOBHKOB, TNEPEPaCcHpPEACSCHMIO PYAHOH BKDAalyICHHOCTH H BTOpHY-
HO#l TNepexpHCcTa/UIN3anMe pya. Bce 9TH Tena MeHee YCTOAUYMBHE B
3oHe runepreHe3a. Iloaromy spech chopmmpoBaTach ee MOomHas
KOpa BHBCTPHBAHHA,

ITporpeccaBHHE METaMOPGH3IM, NPOSBHBIIMACE HA MECTOPOXICHAM
Tepencalickom, BH3Ban o0pa3zoBaHme Gosee BHCOKOTEMNEPATYPHHX
accouuaumii - anpOMT-3MMAOT-aMPUOOIMTOBHX M CJAHLEBHX (aumi,
H TEM CaMbBM TOCAYXWI NPHYHMHOM BO3HMKHOBEHMS 3HAYHMTEIBHOMN
MOIRHOCTH BHBETPE/NHX IOPOA.

CymecTBeHHOE BAMSHME HA MODIHOCTD KOPH BHBETPHBAHHS
0Ka3aj0 HAMMYME MEAHHX PYA, MX paciupegeJcHMe H XapakTep
saseranng. HabGmopcHus nokasamM, YTO NPUCYTCTBHE PpyAHON
BKPAIUICHHOCTH OOYCJIOBJIMBAET YBEJIMYCHHE MOTTHOCTH KODH BH-
BETPHBAHMA: OKHCJICHME THPHTA, CONPOBOXAawomeecs o0pa3oBaHMEM
CepHOM KHMCJIOTH, CHWIBHEHIIETO Aarc¢HT3a  BHBETPHBAHHA, CIO-
cofCTBYeT aKTMBHOMY pa3pyLICHHIO INOPOA.

Ilpy HanNMUAM DIOJOTO3AJICTalOMMUX PYAHHX TN, BHXOAAIIHUX HA
MOBEPXHOCTb, Co3aarca GnaronpmarHHe ycaosug mag  dop-
MHPOBAHHS JIMHCHHEIX KOP BHBETPHBAHUA C " XEJIC3HHMH OUISTIAMA " HA
noBepxHOCTH (MecTopoxnaenue Jlernee)., [lpuumn mx o6pasopanHmg
HECKONBKO. OCHOBHHIMM GBJISIOTCS: HAJIMYME MEAHHX pyA (MHApHTA),
THAPOTEPMATLHO M3MEHEHHHIX NOPOJ OKOJNO PyH, TPEIMHOBATON 30HH
(gpiasomelicas MarMONoABOASINMM KaHAJIOM), crnocoOCTByomel ycH-
JICHHOH HMAGWIBTPaIMH OKOJIO PYA BOOW H CEPHON KMCJIOTH; YCJIOBHS
3aJIeTaHMd PYAHHX TeN, ONpeaeadiomue ckopocth (uabTpammm. Ha
MecTopoxacHnn JlerHee JmHeHHas KOpa BHBCTPHBAHHMA IO PYAHOMY
TeJly pacIpOCTpaHEHa R0 TAyOMHN 74 M.

Takam 006pa3oM, OCHOBHHM KOMMOHEHTOM  T€0JIOTHYECKHX
YCNOBMIL, ONpEE/IMBIIMM COXPAHHOCTh HPEBHHX KOP BHBETPHBAHAY
Ha JOxHoM Ypane, crenyer CUMTaTh TEKTORMYECKHMIl peXHM padioHa B
mepuo KopooOpasopanms. IIpOCTpPAHCTBEHHAS HM3MEHUMBOCTh MOII-
HOCTH KOPH BHBETPMBAHMS ONpENEASETCS TCKTOHHYECKOH pasapob-
JIEHHOCTBI0O M Ha/MyueM OCnabieHHHX 30H (B CBOAOBHIX YacCTdX
CKJAROK M MECTaX BHEAPCHMS AaeK), ycaopuaMM (HGOpPMHPOBAHAA,
MHHEPANIbHHM COCT3BOM, CTPYKTYPHO-TEKCTYDHHIMH OCOGEHHOCTIMH M
xapakTepoM MeTramopdn3Ma MaTEPHMHCKMX NOPOR H pyA. 3HaHHE
OCHOBHHX 3aKOHOMepHOCTEeH ¢opMHMpOBaHMS APEBHEH KOPH BHBETDH-
BaHUE MOXeT OHTh HMCMONAB3IOBAHO AN TNPOTrHO3a €€ MOIMHOCTH M
CTPOEHMS TNPH HHXEHEPHO-TEOJIOTHUECKOM OOOCHOBAHMHM  yCIOBHM
pa3paboTKM  MOJE3HON0  MCKOMAEMOr0,  OICHKE  HMHXCHEPHO-
TCOJIOTHYECKHX YC/IOBHH CTPOMTEIBCTBA COOPYXEHMIA,
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Ipocmpancmeennas U3MeHHUBOCHb MOUZHOCMU KODBL
avidempueanus (na npumepe Ceseprnozo Bvemnama)

IMpocrpancTBeHHas M3MEHYHBOCTh MOIMHOCTH KOPH BHBETPHBAHHS
pacCMaTPMBAETCH MO pPE3yAbTaTaM M3yYCHHS €€ Ha TEPPUTOPHM
ruapoy3na XoaGuHb.

B reonorMyeckoM CTPOEHMH TEPPHTOPHH TUAPOY3/Ja YYACTBYIOT
NOpoaN TEPMH, TPHAaca M ueTBepTHuHHE oOpasopanus. Ilepmckme
omioxenns (romma Xoabmup Phb) npencrasaenHa >¢dpdysmsamm oc-
HOBHOTO cocTaBa (GazanproBeMu M nuabasoBmmu  nopdupuTamsu,

COMANTAMH, JaBOOPEKYASAMH) C TNpPOCAOSMM  M3BECTHSKOB. Ilo
CTPYKTYpHRM OCOGEHHOCTSM, CTENEHH PpACKPHCTA/UIM3AUMH W CO-
CTaBy' BHAEAAIOTCK 6a3anbToBHE NMOPHHUPHTH NMMPOKCCHOBHIE, ONMBMH-
IMHPOKCCHOBHE, CTEKJIOBATHE M MENIaHOKpatosme. M3BecTHskm cBer-
JI0O B TEMHO-CEPHE, TOHKOCJIOMCTHE, HEPEAKO AOJOMHTH3MPOBAHHHE
M OKPEMHEHHBEE, 00pa3yloT MaccuB Yanb-Hbsaub, Tpuacosne oryioxe-
HHS INPEACTABNCHN (PAYHUCTHUYECKH OXapPaKTEPH3OBAHHHEIMHM IIECTPO-
UBETHHMH TydoaneBponuTaMn, TyGhONeCUaHHKAMH H KOHIJIOMEPATaAMM
(romua KaHoi#), KOTOpHE CaraloT I0ro-BOCTOYHYIO uacth CrioHOBBEIH

a6, [1opof MOHOK/JIMHANBHO NAjaloT HAa IOr0-BOCTOK NOX YIJIOM
0-60 . TexToHMuecKoe CTPOCHME TEPPUTOPMM OTINYACTCS MCKIIO-
YATEJbHON CJIOXHOCTEIO. [lopoasl pa3buTH Ha 610kM GonblimM umnc-
JoM pa3zzomoB. [lo xapakrepy HApYMIEHHOCTH TMOPOX BHAEASIOTCH
30HH apobsieHnsi, OpeKuMpOBAHMA, DPACCIAHUEBAHMS M TOBLIMIEHHOM
TpemmHoBaTocTH. [llmpnHa nepsux Tpex TMNoOB 30H konebaercs or 3
a0 30 m. 3oma npoOneHMS XapakTepu3yeTrcs HAJIMYMEM ONHOM IUTH
HECKOJIBKMX TPeIMH-CMECTUTENENH, BOAb KOTOPHIX MOPONA CHIIBHO
paanpobiieHa W HEPENKO TMepeTepra A0 JApPECBH M TJIMHKH Tpe-
mug. Pasmep obnomxos 1-10 cM. Ha crenkax TpemmH BUIHH 3epka-
/13 CKOMbLXEHHd CO mTPUXOBKOH. 30HH GpeKuMpoBaHMS B 3HAUMTE/b-
HOM CTENMEHH 3aJICYECHH KBAaPU-KANBUHUT-IOOMUTOBHM TMMIAPOTEPMANIE-
HHM MaTepHanoM; MeCTaMM HaOMomaeTca BTOpMYHOE ApobaeHue
nopox 3a CYer NMOJHOBACHMA TEKTOHMUYECKMX HapyuwreHui. 30HH pac-
CNAHLUEBAHNA MPEACTABMECHH CEPHE YAaCTHX KPYTONAaaalomyX TOHKHX
(mo 1 MM) TpemuH, pa30MBAIOMMX TOPOAN HA TUTHTKM H TUIACTMHKM,
HEPEAKO CLEMEHTMPOBAHHBIE MHHEPAJIBHLIM  3aNOJNHHTENEM. JOHb
TOBHINEHHOM TPEIMMHOBATOCTH NPEACTABNCHE CEPHEH TPEmMH, MOPOXK
MEXIY KOTOpHMH cnabo pasnpobneHw.

OCHOBHBAaAChb HA HNAHHWX OO0 HMCTOPHM TEOJOTMYECKOTO Pa3BUTHS
CesepHoro Brernama, MOXHO NpEANOJOXHTb, UYTO MHTEHCHBHHE
NPONECCH BHBETPHMBAHMS M ACHYAAUMH B YCJIOBMAX MNpeodaafaommx
TOJIOXKHTEABHHEX ABMXKCHHH TEPPUTOPHH CHOCOOCTBOBA/IM IIOJIHOMY
HMBEJIMPOBAHMIO INEPMCKO-TPHACOBHIX CKJIAAMATHX COOPYXEHHi B
TEYCHHE IODH, Mena M naneorcHa. HeoTeKToHHMYECKMEe HBHXKEHHMS B
YETBEPTHYHOE BpeMsa (aMIUTMTYAa KOTOPHX cocraBmwia okoso 200 M)
M 5K30TCHHHE TE0JIOTHUECKHE TPOLIECCH IPHBENH K 00pa3oBaHMIO
copeMenHoro penseda. Hcexoms u3 arux coobpaxeHwit BO3pacT
KOPH BHBETDHBAHMS OPHEHTHPOBOYHO MOXeT OBTh JAaTHPOBAH Kak
YETBEPTHYHKIH.
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Hecmotps Ha cpaBHuMTEABHO HeGonbwioit mnepuoa  KopooOpa-
30BaHMd, TOPOAH 3aTPOHYTH BHBCTPMBAHMEM HA 3HAUMTEIBHYIO
raybuny. MomuOCTh BmHBETpENHX TOpoa Koxaebaerca or 2,5 no
100 m. Ilo xapaxrepy 3aieraHusi MOryT OHTb BHEIICJICHH KODPH
BHBETPHBAHHS IUIOMAAHLE, JMHHEAHHE M JIMHEHHO-KOHTAKTHHE.

IIpocTpaHCTBEHHAS H3MEHYMBOCTD MOIMIHOCTH KODH BHBETPHBAHMS
ONPpEENAeTCa: YCIOBUSMH (DOPMMPOBAHMSA, COCTABOM M CTPYKTYDHO-
TEKCTYPHHMH OCOOEHHOCTSMH TIOPOX, MX pa3fpo0JIEHHOCTBIO B 30HAX
TEKTOHHUYCCKHMX HApPymeHW#, NaHamadToM MECTHOCTH, OT KOTOPOro
3aBUCAT MHOMIBTPALMS NOBEPXHOCTHWIX BON M YCJOBHA TOBEPXHOCT-
HOro CHoca Mmarepuana. OgHMM M3 OCHOBHHX (haKTOpOB, ONpeAes-
OIMX MOIHOCTD BHBETPEJNIHX TIOPOH, SBASETCS MCXOMHHII COCTaB
MarepuHcKuX nopoa. Cpensue 3HAYEHMS MOIIHOCTH KOPH BHBETDH-
BaHHa cocTaBnsioT ans  bdysmso 5-9 M, gaa  rydorenso-
ocagouHux mnopox 60 M, and m3pectHskos - 3-15 M (raba. 18).

Kopa suBeTpusanng a¢ddys3nsos Tonmu Xoabunp umMeeT HeGONBIIYIO
MOMHOCTh, YTO OOYC/IOBAEHO psiioM mnpuuuMH. KpyTHE CKAOHH M
HH3Kad CONPOTHBASEMOCTh BHBETPENNX TNOPOX CABMrY CHOCOGCTEYIOT
DHEPrHUHOMY TIOBEPXHOCTHOMY CHOCY TEPPHIEHHONO MaTepdaa,
MOITOMY MOIIHOCTb KODH BHBETPDUBAHUS, TaK X€& Kak M JIEJIIOBHMS,
Mana, a JOBMIl 3aYacTyi0 OTCYTCTBYeT. MOXHO CYMTaTh, YTO CKO-

Ta6nuua 18

MowHocTs (B M) M CTpOEHHe KOp BBIBETPMBaHWH NOPOA,
CeBepHoro BretHama (paiion Xoa6unp)

3oua (nMop30Ha) KOpb Toama XoaGuns Tommna
BbIBETPHBAHHA Kanoit
JlaBo6pe- Bazanb- Cmunu- | Tydoreuno-
KUHA TOBbBIe NOp- THt ocagouHan
bupnTHl TONILA
)
NucnepcHas 1 2,2 0,7 11,9
(J1aTepHTHI)
0-4 0-8 0-4 0-45
JNMutomapx 2,2 1,2 2,5 31,8
0-6 0-3 0-14 0-53
O6nomouHast
ueGHM cTan 1,7 1,7 1,5 10,9
0-6 0-7 0-3 0-38
TnsI6oras 1 3,6 2,7 8
0-5 0-9 0-10 0-32
30HbI TEKTOHMUYECKHX HAPYILEHMH 13-33 8-25 21-49 Ho 150

n PHMEUYaAHKE. B uncnurene — CpeHHE 3HAUCHHA MOIGHOCTH KOPbL
BbLIBCTPHBAHHA, B 3HAMCHATEJIC — HHTEpBaN 3HAYCHH M.
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pOCTh HACHYJAIHH INPUMEPHO pPAaBHA CKOpPOCTHM BHBeTpuBAaHUA 3bdy-
3uBoB. Cpeau 3¢dpdy3usos Hanbonapmass MOIQHOCTb KOPH BHBETPUBAHUS
(mo 9 M) xapakTepHa AJAS CHWIMTOB; M Ga3anbTOBHX NOPPHPHTOR
oHa cocraBaser 4-5 M M mis nasoOpexyuit - 1-8 M. Paznnuusg
MOIHOCTEH OOYC/OB/IEHH CTPYKTYPHO-TEKCTYPHRIMH OCOGEHHOCTAMU
nopoxd. Taxk, CHAIMTH, SBASIOIAESCS NPOAYKTOM TIONBOLHHIX HM3JAMS-
HUH, AMEIOT noxymeyHoe crpocHue. lllaposne oTaenbHOCTH pasMepoM
0,3-2 M ¢ KOHLEHTPHYECKHMM pPAaCHOJOXKCHHEM B KpAaCBHIX YACTAX
MHHAAJCBHAHEX MOAYIIEK TMOrPYXeHH B 3amoJHMTENb. B mnpouecce
BHIBCTPMBAHME B MEPBYK OYye€peab NOABEPraeTcs paspyLIEHHIO Lie-
MEHT, MNpPEBPAMAIMUNCH B JMMOHHT - CAMHONOZOOHOE 0OpasoBaHMe
KOPHUHEBATO-XEJITONO, TEeMHO-Oyporo usera. MMHIA/NMHB, KOTOPHIE
ABAAIOTCA Kak Om "nedexkramMu” CTPYKTYpH, ocnabasiior KpacsHe ua-
CTH IMAPOBHX OTAEJBHOCTEH M CIOCOOCTBYWOT MEHBIIEM YCTOMUHBOCTH
nopox K BO3ACHCTBHIO areHTOB BHBETPMBAaHMA. bosee yCTOMYMBH
naoOpekund u Gasanerosne mnoppupuTn, obiaamalonmiue MacCHBHOMN
TekcTypoil. CmabHas pasgpoOJICHHOCTb MOPOX B 30HAX TEKTOHMYEC-
Koro apobscHust GlaronpusTCTBYET NPOHUKHOBEHHIO ATCHTOB BHIBET-
PUBAHMS K CHOCOGCTBYET YBEIHUYEHHIO MOLIHOCTH XOPH BHIBETPHBAHHSA
Ha GasanbToBHX nOpdMpHMTAX, JABOOPEKUMSAX M COWIMTAX COOTBET-
crBerno no 25, 33 u 48 M. HauGonbione MOMHOCTHM KOpPH BHBETPH-
BaHng 3P y3nL0s OTMEYAOTCA B TOUYKAX INEPECEUCHHH 30H TEKTO-
Huueckoro Apobsienus. B 3oHax OpekuMpoBaHMst H NOBHIIEHHOM Tpe-
MWHOBATOCTM HE BHISBJICHO CYIIECTBEHHONO YBEJIMYCHHUS MOUIHOCTH
BHBeTpennix mnopoa. Kak mpaBuio, Takoif mnpoumecc, Kak KaTakJa-
3MPOBAaHME MOPOA, pPa3BHUTHIA B 30HAX OpPEKYHMPOBAHHSA, OOBIYHO
00YCJIOBANBAET MEHBIIYK YCTOMYHMBOCTH TIOPOX MO OTHOIUICHHUIO K BH-
BETPUBAHMIO. B naHHMOM C/lyyae KaTakJa3sUpOBAHME HE CKA3aJ0Ch Ha
YBEIMYEHHH MOMIHOCTM KOPH BHIBETPHBAHMS. DTO CBA3AHO, OUCBMI-
HO, C MOC/EAYIOMMM OKBAPLUEBAHHEM MOPOA B 30HAaX GpaxuMpoBaHMd,
KOTOpO€ CnocoOCTBOBANO OMOHONMYMBAHMK) MACCHBA, M YMEHBLIEHMIO
HX TpoHHuaemocTH. JIOKasbHOE YBEJMYEHME MOMIHOCTH KOPH BHBET-
puBanus 3¢ddysuBoB o 15 M oTMeEyaeTCs OKOMO HAEK, BHEAPEHHE
KOTOPHX, KaK MNPaBWJIO, COMPOBOXAANOCH HOMOMHUTENbHHM pPaCTpec-
KMBAHHEM TIOPO, 4 TAaKXKE€ HAa KOHTAKTAX PAa3JWYHBX IMOPON IpH
KPYTOMajaomeM MX 3ajieraHMd. Tak Ha KoHTakTe 6a3anbroBeX TMOp-
tupuroB M TydorenHo-ocagousoi Tonmu (CnoHOBBS rpsna) Moi-
HOCTh KOPH BHIBeTpMBaHMA yBennumBaercs no 150 m. 3pecs cdop-
MMPOBAJICH JMMHEHHO-KOHTAKTHRIA THI KOPbI BHIBETPMBAHMA.

CyiecTBEHHOE BJIMAHME HA W3MEHEHHWE MOUHOCTH KOPH BHBETDH-
BaHUA OKadmsaer MeramopdusM mopoa. XJOpPUTH3ALHMA H CEPHUMUTH-
3aUMs MOPOA, BO3HMUKAIOWIMC MPU PETHOHANLHOM M THIAPOTEPMAIBHOM
Meramopdusme, CnocoOGCTBYIOT yBEIMYEHHIO MOITHOCTH KOPH BHIBETPH-
BAHH#A; OKBAPLEBAHHUE M OKPEMHEHME  YMCHbILICHHIO.

Hanbonee mommuass xopa BuBerpuBanus (25-100 M) cdhopmu-
poBajach Ha mnopoaax TydoreHso-ocagounoit tomuu Kanos, Bep-
THKAIBHHI pa3pes XOTopoil XxapakTepusyercs OGoabwioil HeomHo-
POMHOCTBIO COCTaBA M CBOMCTB MNOPOXA. ITO OOYC/NOBAECHO NETTPHM
MHHEPAJbHEIM COCTABOM M KPYTONANalOMMM 3a/ICraHNEM MATEPMHCKOrO
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cyGcrpara. XapakTepHwM pajs pa3pe3a KOPH BHIBETPHBAHHMSA SBJISACT-
CA HAJAYHE MOIIHHX 30H JHTOMapXa H JXHCNEPCHOM (CyMMapHas
MOIIHOCTB [0 43 M).

O6pa3oBaHMI0 MOIIHON KA0IMHOBON KOPH BHIBETPHBAHWS HA TPHa-
COBHX mnopopax cnocoGerByer o0MaMe THAPOCTION, COXEPXAaHHE KO-
TODHX B npocaosx apryumroB aocruraer 70%. B tydoanesponnrax
H TyGOmecYaHHKAX HHTEHCHBHOCTD BHBETDHBAHMS ONpEncafcTCa Ha-
JHYHEM TIMHHMCTO-XEJIE3NCTONO M XEJE3HCTO-KapOOHaTHOrO LEMEH-
Ta, HEYCTOWYMBOIO B 30He rumeprene3a. Bomee riyGokomy mpo-
HHUKHOBCHHIO areHTOB BHBETPMBAHMHA CNOCOOCTBYET KpyTOmagaiomee
3aNeraHMe IUIOCKOCTEH HAIUTaCTOBAHMA, MO KOTOPHM B 30HE pasy-
IUIOTHCHAS PACKPHBAIOTCH JIMTOTCHCTHYECKME TPEIMHH,

H3MeneHne XMMHMUECKOTO ¥ MWHEpPANbHONO COCTaBa, CTPYKTYp-
HO-TEKCTYPHHIX XapaKTEPHCTMK KapOOHATHHIX IMOPOX NpH BHBETPH-
BAHAH 3aBHCHT OT CONECPXaHHS KapOOHATOB ¥ NPHCYTCTBMS B IOPO-
Aax OPyrMx KOMMOHEHTOB, MpPEXAC BCErO TeppureHHHX. KomuuecTBo
KaTbIHTa B HM3BECTHEKAX Ha yuactke Yauo-Heaue mocturaer 90-
95%. ITopoan YaCTHYHO MpaMOPH30BAHH, OKBAPLOBAHH M OKPCMHCHH,
orMeueHo pynHoe BemecrBo (mo 10%). OcHoeHoMt mnpouecc-
KOMTIOHEHT BHBETPHBAHHS - BHIIEJIauMBaHue kapbonartos. ITockoneky
KQJIHYECTBO MPHMECEH B H3BECTHAKAX HEBEANKO, TO 30HH JIMTOMAap-
Xa H JHCnepcHas (1aTepuToB), (POPMHPYIOIMIMECH 33 CUET XHMHYEC-
KHX mpeoGpa3oBaHM MEPBHUYMHX MMHEDAJOB M MMIpauMM OKCHIOB
XeJe3a, OTCYTCTBYIOT. BCKpHTHE CKBaXMHAMH IJIMHH H3 H3BECTHA-
Kax SBISIOTCS NPOAyKTaMd BHBerpuBanusg 3Pdy3uBoB, Hekorna
nepexpuBapmux KapbonaTtHee nopoau. IToATBEPXACHHEM 3TONO BHBO-
Aa CAeAyeT CYHMTAaTh XapakTep CTPYKTYPHO-TEKCTYPHHX OcoOeH-
HOCTEM TIJIMHMCTOINO JMIOBMS (DEJMKTOBHE CTPYKTYypa M TEKCTypa) M
MHHEPANbHHI COCTAB BKJIIOYEHHH meGHS. .

BepruxkanpHui paspe3s KOPH BHBETPUBARMS NPEACTABJICH IJIaBHHIM
obpa3zom obGmomounoit 3oHoi (1), ruGosoit M meOHUCTON MOA30HA-
M (II-a m 1I-6). T'neiGoBad cCAOXKEHA TEMHO-CEPRHMH, MECTaMH
CBET/IO-KOPHYHEBHMU H3BECTHIKAMM, TOHKOCJIOMCTHMH, TOHKO3EDHH-
CTHIMH, OXCJIC3HCHHHIMH, CPEIHEH KPEemoCTH, CWIBHO TPECIHMHOBATH-
MH; TIOBEPXHOCTH TPCIMH MOKPHTH IMAPOKCHIAMH Xese3a, KPYNHHE
TpEIUHN BHNOJHEHN rIHHOM. Momsocrs mop3onm I-a - 10-15 M.
Ille6uncras NOA30HAa MPEACTaBACHAa MIEOHEM MENKO- M CPEIHE3CPHMC-
TOIO HM3BECTHSAKA; HA BWBETPEJNOH OXENE3HEHHONW NMOBEPXHOCTH Imel-
Hsi HaOMIOAAIOTCA C/IOM TPEBEPTMHA XEATOro usera. MommuocTe mox-
soput 11-6 cocrasnger 0,1-0,5 ™. WMapectHSkM BHBETPHBAIOTCS
MéJUIeHHEe N0 CPAaBHEHHIO C APYTHMH NOpoAaMH. DTo  00ycioBjieHo
PSAOM TIPHYWH, B YAaCTHOCTH OKBAPUEBAHHEM M OKPEMHECHHEM, KOTO-
pHE YBEJMYMBAIOT YCTOMYMBOCTh IIOPOX- K BO3NECHCTBMIO A4reHTOB
BHBETPUBAHHA.

"Tycras TponMueckas PpaCTHTENBHOCTh, C ORHOM CTOPOHH, He-
GuaronpusThHuit GakTOp, NPENATCTBYIOMUEA PA3BUTHIO MPOLECCA BHI-
BerpuBands. OHa NMOKPHIBAET M3BECTHSAKOBHE OCTAHIW H YMCHBIIAET
KOJIMYECTBO COJHEYHOM SHEPrvMH, NOJAYYyaeMOH MNopoxaam, HO, C
OPYIOM CTOPOHH, - CHMXAET CKOPOCTb TOBEPXHOCTHOIO CTOKA H
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criocobcreyer mubWIbTPaunMH atMocdePHHX BOJ B TOPHHIE MOPOAM,
HE TOBOPA yX€ O TOM, YTO SIBAMETCS MCTOUHMKOM OONBIIOrO Koau-
4yeCTBA OPraHMYECKOro BEHIECTBA M YIIEKMCIOTH. BHmenauyupanue
No TPEIMMHAM NPHBOINT K (POPMHPOBAHHIO M YBEJHUCHHIO KABEPHO3-
HocTH mopoxa. Hamuume pynnoro MmHepasa B M3BECTHSKAX M opra-
HUYECKOTO BEIIECTBA B MOUYBAX CHOCOOCTBYET OXENECIHEHHMIO M OIVIe-
€HHUIO TOBEPXHOCTEH OTHEJBHOCTH H3BECTHAKOB.

MOCTPOEHUE YCPEQHEHHBIX I'PA®HKOB
HU3MEHIYMBOCTH ®H3HKO-MEXAHHYECKHX CBOWCTB
TIOPOJ KOPHI BBIBETPUBAHHUSA

Ona oueHkM Xapakrepa M3MEHCHMS (PU3HKO-MEXAHMUECKMX
CBOMCTB MOPOA KOpPH BHBETPHBAHMSA CTPOST rpachMKH U3IMECHEHMs NO-
Kasareneit ¢ miayGunoit. OmHaKko, KaK TNOKa3WBAET ONMBIT, CyAuTs OO
H3MEHCHUHM CBOMCTB MO OQHOMY rpaHKy, XapakTepH3ylomIEMy HEKO-
TOpoE CEYCHHME pa3pe3a KOPW BHBETPHBAHMA, HEJAB3d, TaK Kak
nanHne Oyayt menoctoBepHu. Jlaxe oueHb AETaNbHOC HMCCICHOBAHME
OIHOTO CCUCHHMS pa3pe3a KOPH BHBETPMBAHHE MOXET [JaTh HEXapak-
TEpHY10 KapTuHy. I8 oObeKTHBHOM ONEHKM XapaKTepa M3MEHUMBOC-
TH HEOOXOAMMO HMETh HECKONLKO CCUCHMIl pa3pe3a IMIOBHSl, HeC-
KOJIBKO peasn3aumil (PyHKUMM M3MEHECHUS NOKa3aTesieH CBOMCTB. JTO
TpeOOBAHHE OTPAXAET MOJIOKEHHE O TOM, UTO 3HAUYCHHS MOKA3aTeNs
(bn3MKO-MEXaHHYECKHX CBOWCTB MOPOX B JHOOOH TOYKE KOpPW BHIBET-
PHMBAHHS SBJISIOTCS CAYYanHOH BEJIWUMHOH, a COBOKYNHOCTH 3HaYe-
HMH 2TOrO mOKasaTead, NPEACTaBJECHHAas B BHAC rpadHka 3aBHCH-
MOCTM NIOKa3aTess OT TAyOMHH, Takxe npeacrasaser coboit cuy-
YAIHYI0 ITOCTENOBATENBHOCTD (ORHY PEaM3auMio CyyanHoi ¢yHK-
wnu). ITo aHanormMu €O CTaTHCTHKOH CAy4alHelX BENHYMH JUIS NOJIY-
YeHHMS HANACXHHX RAHHHX 00 M3MEHCHMM MOKA3aTeJs CBOHCTB C IJIy-
OMHON HYXHO HMMETh HECKONbKO TaKHX CAYYAMHHX MOC/IENOBATE/Nb-
HOCTEH, T.6. DPACHONAraTh [JAHHHMH OO0 HM3MEHUMBOCTM NOPOX B
HECKONBKHX BEPTHKAMBHHX CCUCHMIX KOPH BHBETPHBaHMA. Bricka-
3aHHO€ CooOpaXxeHMe TNOATBEPXMAETCS CPABHEHMEM  PE3YJibTATOB
OLICHKM H3MEHYHMBOCTH CBOMCTB MO YACTHHIM 3HAYCHHSM MOKAa3aTeieH
€ JAHBHMH 00 H3MEHUMBOCTH, ONMUPAIOMMMUCH HA CPEXHME IHAYCHMNSI
nokaszarenqa (puc. 24). Ilockonpky MODIHOCTh OTAENBHHX 30H BH-
BETPMBAHUSA MOXET BAapbHPOBAaTh B HIMPOKMX IPENEIaX, NOCTPOEHME
rpadpkoB M3MEcHEeHHS (PU3IMKO-MEXAHHYECKMX CBOMCTB JOJIKHO IPOHM3-
BOAUTBCH € YYETOM B3BCHIMBAHUS JAaHHHX 1O CPEAHCH MOWIHOCTH
30H. JTO AOCTMraercs CJAEAyomuM 00pasoM.

ITo uMeromuMcs HECKOJIBKHM pa3pe3aM KOp BRIBETPHBAHMS onpene-
JSIOT CPEAHHE 3HAYEHMS MOIIHOCTEH OTAECNbHHX 30H M COCTaBASAIOT
ycpeauennsiit paspes. Ha sror pa3spe3 Touxku orbopa ofpasuos 1o
OTACBHHM CKBAXHMHAM HAQHOCAT B COOTBETCTBYIOMHX NPONIOpuMAx K
CPeAHMM MOIMHOCTSM 30H.

B3semmBaHuE MO MOIDHOCTH MOSICHMM HAa mpuMeEpe.

ITycte cpeaHss MOIIHOCTH AMCHIEpPCHOM 30HW pasHa 0,8 M; no
cKBaxdHHe 7 MOIMHOCTL 3TOM Xe 30HH cocrasaser 1 M, a obpaselr
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W3 Hee B CKBaxmuHe orobpan ¢ raybunm 0,75 m. Torma ma ycpen-
HEHHOM pa3pes3e MOKa3aTeJiM CBOUCTB IToro ofpasua Hano HaHOCHTD
Ha raybmue 0,6 M, Hcxoas W3 ICAYIOIIETO  COOTHOIICHHS
0,8/1=x/0,75, x=0,8-0,75=0,6 m. Tlpu TakoM NOCTPOEHHH BCE
TOoukM OTOOpa MOMmagyT B COOTBETCTBYIOIIME 30HH, M MH CMOXEM
MOJYYHTh HECKOJIBKO KPHUBHIX M3MEHEHMS T€X WIM MHBEIX roxasatenei
CBOMCTB IOpOI, NMPHBEACHHHX K OZHOM MOUIHOCTH. B3pemmpaeMue 1o
MOIIHOCTH M NPHBEICHHHE K OAHOH AJIMHE KPUBLIE M3MEHEHUs MOKa-
3aTesie  (PH3NKO-MEXAHHUYCCKHX CBOMCTB MOpoA MCRONb3YIOT ANIf
NOCTPOEHNS YCPERHCHHOH KDHMBOM H3MEHCHMS IOKAa3aTejaeidl CBOJCTB
nopoa. lns 3TOro nNOAGHPAIOT ONpPEAENCHHNH WHTEpBan Ty6uH,
KOTOPHI GymeT yKk/JafHBaTLCA B KaXIOW 30HE WEAOE YMCIAO pas;
BCIO KOPY BHBCTPMBAHHMS REJSAT HAa TAKUE MHTEPBANH, M 3aTEM IUIS
KaxJor0 M3 MHTEPBAIOB ONPENCAAIOT CPEAHEE 3HAYCHHE  MOKa3aTe-
asi. CoeniHMB CpEAHME 3HAYCHHUS MOKA3aTeNs, NOJAYYAOT YCPEAHEH-
HYI0 KPHBYI0O €r0 M3MCHYMBOCTH.

Ilpu obpaborke CpeaHMX AAHHHIX PA3JMUHBIX TOKA3aTE/NCH TEH-
OCHIAA B HM3MEHCHHM CBOWMCTB MOXET OHTb BHPAaXeHa 4ETKo, a
MHOTAA 3arymeBHBaeTcy. JIs ompenesieHds HAIMuYMS TEHACHUMH B
H3MEHYHBOCTM MOXHO TNPHMEHHTb HEKOTODHE MaTEMaTHYECKHE
METORHL,

ITPOBEPKA HAJIMYUS TPEHIAA
B U3BMEHYUMBOCTU ®HU3HUKO-MEXAHUYECKUX
CBOVMICTB BBIBETPEJNBIX NMOPOX

Hepenko Bompoc 0 HanmuuM TpeHAa® B W3MEHEHHH CBOIWCTB
NOPOJA, CAAralomUX KOPY BHBETPHUBAHHUA, PEWIAECS NOBOJBLHO INPOCTO.
Tlocrpoenne rpaMKoB HM3MCHEHMS TEX WM APYTHX CBOMCTB BHIBET-
pesTHX MOPOA € rIyGMHOM MO3BOJISET YCTAHOBUTH 3aKOHOMEPHOCTH B
uX H3McHeHMH. VHOTAA Xe TEHACHLUMS B H3MECHECHUM CBONCTB HA

rpaduxe 3atrymesana. Jlng ycTaHOBJICHMS HAJHYHSA TPCHAA B TakKoM
C/Iy4Yae MOXHO NPMMEHHTh HEKOTOPHE MaTEMATHUYECCKHE METOAM: KpH-
TEPMM YHCAA “CKA4yKOB”, UHMC/AA CMEHH 3HAKOB, Jcpmepm"{ Cnup-
MEHA, OCHOBAHHHE Ha NMpPOBEPKE THIOTE3HW O CJAYYAWHOM pacmosIoxe-
HHMM 3JIEMEHTOB TNOCAEAOBATEPHOCTH, INPEACTABJICHHHEX YHCIAMH HJIH
YCJIOBHHIMM PaHramMH. MaTeMaTHUeckoe NOKa3aTeJbCTBO ITHX KPHTE-
pHMEB TPHBEACHO B PYKOBOACTBAX IO TCOPHH BEPOSTHOCTH M Mare-
mataueckoii crarucruxe B.JO.Ypbaxa (1969), H.B.Cmmprosa u
U.B.lynnna-Bapxosckoro (1965), P.Mwurepa um JIIx.Kana (1965).
HanGosee mnpocTIM KpUTEPHEM SBAAETCS KDUTEDHiT  uMCIa
”ckaukos”. CymHOCTh KPHTEPHS 3aKIIOUAETCCH B CJICAYIOMEM.
Jiobas ToC/AENOBAaTENPHOCTS MOXET OnTh mpeobpasosana B Jne-
MEHTH JHUXOTOMHYECKOH IOCNAECXOBATENIDHOCTH NYTEM 34MEHHW 3Haue-
HMS TIOKa3aTesel 3HaKoM “+” mam ”-” B 3aBUCHMOCTH OT €0

¥ Tpeun - n06ast 3aKOHOMEPHOCTh B YNOPAAOUEHHOM NOCJIEAOBATENBHOCTH UHCEN WM

anementoB (P.Munnep, . Kan).
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OTHOMCHHY K CpeAHeMy 3HaucHMIO (Gospime WIH MeHbme). B pesynn-
TaT€ NIYYAT NOCICHOBATENbHOCTD, COCTOSIIYI®O W3 JBYX THIIOB
3IEMEHTOB, KOTOPHE HEPA3MMYMMH BHYTPH oOxgHoro Tuma. Ilpumep
TAKOM IOCACHOBATEBHOCTH  +—~—Hr-——+,

ITopo6Has mOCNAEROBATENBHOCTD XapaKTEPH3yercs OOmMM WHCIOM
3/1eMeHTOB N, WHCJIOM 3JEMEHTOB KaXJOr0 M3 [BYX THIOB +, - H
YHCIOM CKAYKOB 4. Ilog CKaukoM moapa3syMeBacTcd NOCACAOBATENb-
HOCTb, oOpasoBaHHAas omHHMM WiH 6Gonce ONNHAKOBHIMH INEMCHTAMH,
NPeqWECTBYIOMAs JIEMEHTY APYTOTO THNA WIH CJICAYIOIAs 33 HAM.

P(u) - BEpOSTHOCTP TOIO, UTO B IOCNCHAOBATENABHOCTH M3 N
3NEMEHTOB conepxuTca u CKauKOB, BepogTHoCT P(u)
PacCUMTHBACTCH NpPH L - YETHOM mo dopmyne:

(n1-1) 1 (nz-1)ny'ny!
Pu) = u " " " e (12)
(= + l)!(T D! (m ‘2—)!(nz =) N

Ecnn u - HeyeTHOE YHC/Io

- '(np-1)ngtng! [ 1
Plu) = +
EHrdsh (. S, b
+ — z ] a3
(m- 555 Hna- £

Ecru B pesynbraTe noayyeHHOE 3HAYEHHE BEPOSITHOCTH P(u)
BEJHKO, TO 3TO O3HAYaET, YTO B JAAHHOM TOCAEHAOBATENBHOCTH
YHCAO CrocoBOB MONyueHMS AAHHOTO KOJIHYECTBA CKAUKOB 3aBHCHT
OT 00mEero KOJMYECTBA 3JEMEHTOR. EC/M UMC/IO CKAukOB MANO miad
HCCACAYCMOH TMOCACAOBATCABHOCTH, TO THHOTE3y O CJIyyailHOM pac-
NOJIOXCHHHA CAEAyeT OTBEPrHYTh, NMPH3HAB HAJIMUYHE TPCHAA.

Buuncienne 3HaueHus BeposTHOCTH mo dopmyaam (12) u (13)
CTAHOBHTCH TPYAOCMKHM TpPH GOJABMOM KOJMYECTBE 3IJIEMCHTOB
BC/ICACTBAE HANMAYMS MHOXHUTENICH, NPEACTABACHHNX (HAKTOPHAIAMH.
Noaromy mpu n;, 17,>10 MOXHO NO/MIB30BATHCE NMPHOMHXEHHEMH op-
MYJaMH pacueTa, YJUHTHBAf, uro dyskuus P(u) npubnuxaercd X
HOPMAJIBHOMY DPacrpeNecHUIO, €CHH YHMCIO0 WICHOB B  TOC/IEOBa-
TEABHOCTH CTpeMuTCE K OeckoHeunocTu. MaTtemaTHueckoe oXxupaHue
E(w) w nucmepcus umciaa  CKaykoB D(uw) NOACYMTHBAIOTCH 1O
npubmExeHHEM (opMyIam:

D) = 2nin2(2n3na~ny-n3) : as

(n1+n2) 3 (ny+n2-1)
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Onpenengerce 3uauenue pynkuuu V(P), obpatHol wuHTerpansy Be-
POATHOCTH MO opmyse

¥(p) = LW (16)
vD(u)

ITo tabanue dyuxumn ¥(P), Ha3uBaeMoil Takxe Tabauuei HOp-
MaJBHOTO pAacCnpefeSieHus, OnpegenscM 3HAYCHHE BEPOATHOCTH
Pu).

PaccMOTpHM TpUMEHEHHE KPHUTEDHS YMCIA CKayKOB Ha npumepe
mecropoxneHnd Becennee. HMMeercs cayyaiinas nocnenoBaTeslbHOCTh
3HAYEHMi OOBEMHOH MACCH TNOPOJ, CJIaraloWHX KODY BBIBETPUBAHHUS
rpasoauopuToB (taba. 19).

YucieHHWE 3HAYECHMA fokKasatens o0beMHOM Macch mpeobpasyem
B J7EMEHTH NUXOTOMHYECKOMK  MOCJAEKOBATCABHOCTH, IPHUIMCAB
KaxjgoMy N0Ka3aTtemio 3Hak "+” mwinm "-” B 3aBHCHMOCTH OT €10
OTHONmICHAS K cpeaHeMy 3HaueHuio (2,98 r/cM®). Yuciao anemenros
B nocaenoBaTensnocth N=18, snementoB ofo3naueHHHX "+”7 m=13,
35aKoM "-" nz=6, uMCIO CKauykoB u=4.

IloncunTHiBaeM wMaTemaTHueckoe oxuaanue E(w), avcnepcuio
q;xg.na clx63qxon D(u) u 3naveHue ¢pynkunn ¥Y(P) no dopmynam (14),
(13), 16):

2:13°6 - 0o
Ew =355 +1=9%

2°13:6(2°10°6-13-6)

D(u) = 7 =33
(13+6) “- (13+6-1)

V(P = —‘3—;151— =.23.

Mo TabaMue HOPMANBHOIO PACHpPEAC/ICHHMS ONPEAEISIEM 3HAUCHUE
Pw)=0,01. TlonyueHHoe 3HAYEHHE OYEHb MAaJI0 W CBMACTECABCTBYET

Ta6nuua 19
Moxa3arenyu cBOKCIB H 06pa3uoB H3 KOPH! BLIBETPUBAHHA MPAHOOMOPHTOB

Homep | Cny6u- | IMnor- Hanuyue Homep | Fny6u- | Mnor- Hanuuue
o6pas- | ua,Mm | mwoers, wemen- o6pa3- | Ha, M HoeTh, | anemen-
ua ricm | TOB ua rjem TOB
1 3,5 1,81 t 10 13,8 1,96 +
2 5,5 1,83 + I 18,5 1,96 +
3 6.3 1,77 + 12 20,5 1,75 +
4 1,5 2,02 + 13 21,2 1,75 +
S 8,5 1,98 + 14 22,6 2,48 -
6 9,5 2,33 - 15 22,8 2,12 -
7 10,2 1,93 + 16 23,8 2,55 -
8 11,3 2,03 + 17 25,5 2,66 -
9 12,2 1,98 + 18 26 2,45 -
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> Puc. 25. YcraHonnenue tpenpa B H3-
/hyiwfd MEHEHHH NOoKa3artelieli CROHCTB BbI-
BETPeNnbIX NOPOA KPUTEPHEM 3HAKOB

FHAVEHUE
noNasamenn

flonasamens

0 HAIMYMH 33aKOHOMEPHOCTH (TpEeHAA) B H3IMEHUHMBOCTH OOBEMHOM
MAacCH.

Eciu npoBepka IMIOTE3H, BHIOJHEHHAs € IOMOMIBIO KPHUTEPHS
UMCEa ”CKAuykKoB”, HE TIO3BOJIIET YBEPCHHO OTBETHTh HA BONpPOC O
XapaxTepe H3MEHUMBOCTH CBOMCTB B KODE BHBETPHUBAHHMS, TO MOXXHO
HCNO/b30BaTh ApPYroi Gosee YyBCTBMTEJBHHIL KPHTEDHIl, HAanpHUMep
KPHUTEPHH 3HAKOB, OCHOBAHHHI HA UYHCJIE TOYEK CMEHH 3HAKaZ M Ha
COOTHOIIEHHH 2TONO YHCJAd M 4YHCI3 J9JCMEHTOB B TOC/ICAOBATENIb-
Hocry. IlpenmonoxuM, uto MMeercs KpUBasg M3MCHEHHMS KaKoro-yiubo
MOKa3aTeysd CBOWCTBa mo rrybume (puc. 25). Ona 3anmucHBaeTcs B
BHRE IIOC/ICAOBATENBHOCTH, COCTOSMmMEM M3 m”"+” H ny"-" aneMen-
TOB OTHOCHTEJPHOIO CpeHEro 3HauyeHus. TOukH, B KOTOPHX rpa-
IHEHT NOKa3aTeAs MEHSeT 3HaK, SBASIOTCS TOUKAMH CMEHH 3HAaKOB.
Ecan umcio uieHOB TOCHeaoBaTesibHOCTH N cTpeMuTcs K GecKoHeu-
HOCTH, TO pacnpcIc/ICHHE YHCIA CMEHH 3HAKOB npubnuxaercs K
HOpMaJIbHOMY. PacmpepeneHue uMcna TOYEK CMEHH 3HAKOB B TIOCHE-
JOBaTEJbHOCTH M3 N 3/€MEHTOB MOXHO BHPA3NTh Yepe3 HOPMAJIbHOE
pacnpeneacHne. IIpH 3TOM pacCYHTHBAIOT MAaTEeMAaTHYECKOE OXHMIAHHE
E(f), pucnepcuio D(f) uyMcaa TOYEK CMEHH 3HAKOB M 3HAYCHHE
pynxknun ¥(P) BEpOATHOCTHM TOrO, YTO XapaKTep PacHONOXKCHUS
3JIEMEHTOB B TIOCACNOBATE/JbHOCTH CAyJYaWHHM,

ITapaMeTpu pacnpenesieHMd ompenensiorces no dopmynam:

E@ = 24 an b = 42 a8
yp) = LELD a9
YD(?t)

Ilo Ta6nuie HOPMANBLHOTO PACNPEACICHHS ONpPEAEAAEM 3HAUCHME
pepostHocTdH P(f). Benuuuna nmoc/AeaHeEH Jaer OCHOBAHME PEILHTD,
KaKOB XapakTep pacrnpexesiCHNs IJIEMEHTOB MOCACAOBATCILHOCTH:
eC/IM 3HAYCHHE BEPOSATHOCTH BEJMKO, 3HAYMT MAHHOE PACMOJIOXKECHHE
JJIEMEHTOB B NOCAEKOBATCABHOCTH  CJIy4aiiHOE, €C/IM  3HAUYCHME
BEPOSTHOCTH MAJIO, TO MMEETCd TPEHA.

PaccMOTpHM TIDUMEHEHHE 3TOTO KPHTEPHS HA NMpUMEpE M3MCHEHHA
IUIOTHOCTH B KOPE BHBETPUBAHHS TPAHOXHOPATOB (CM. Tabm. 20).
B paccMaTpMBaeMO# TIOCTENOBATEIBHOCTH, cocTosmed u3 18 ane-
MEHTOB, YMCJIO TOuEK cMeHH 3HakoB #=3. [IpoBomaum pacueTH Mare-
MATHUYECKOrO OXuaauus E() mucnepcuyn D(f) uncyia CMEHH 3HAKOB W
byskuuun ¥(P) mo dopmynam (17), (18), 19):

114



E@®) = L%:ﬁ_ =38 D@ = _16_%_%:_22_ =29;
¥ = 8- s

3HaueHHe BEPOSTHOCTH, B3ATOE 10 TabAMUE HOPMANBHOTO pPaci-
peaesieHud, CTOAb MajO, UTO HE MNO3BOJSCT NPHU3HATH PACMONOXKE-
HHE JJICMCHTOB B TOCJICHOBATEJIBHOCTH CJYYAMHBIM, T.€. B H3MCHE-
HHHM IUIOTHOCTH BHBETPENNX TPAHOQHOPUTOB N0 miyOHHE HMeeTcs
TPEHA.

Inga ycraHoBAEHMS NHHENHOTO TPEHAA B M3MEHUYMBOCTH (bpu3mko-
MEXAHMYECKHX CBOMCTB NMOPOA B KOPE BLIBETPHBAHMAE MOXHO NpHME-
Huth K03(dHUMEHT PaHroBoil Koppensuun CnupMmena.

IIpuMeHeHHE 3ITOFO KPHMTEPUS OCHOBAHO HA TOM, YTO 3HAYCHHIO
HCC/IEAYEMOr0 TMOKA3aTeast CBOMCTB MOPOA TPHNUCHIBAIOTCH COOTBET-
cTBylommue panru or 1 mo N (rae N - obweM cookynuoct). Ilony-
YEHHYI0 COBOKYMHOCTh DAHIOB CDAaBHHBAIOT C PAAOM HATYPATbHHX
yucen. Ecim mccnenyeMas COBOKYNHOCTh OOHAPYXHMBIET TOCTOSHHYIO
TCHOCHIMIO K YBEJHUCHWIO, TO PAa3HOCTb MEXKAY COBOKYNHOCTBHIO W
pANOM HATYPANBHHX uHcesn Oymer pasHa aymo. OTCTynJieHMe Tocae-
IOBATEABHOCTH PAaHMOB OT HATYPAJIBHOTO PSla YHCEA NPUBOOMT K
TOYBJICHUIO 3HAYCHHMI d OTAMYHHX 0T Hyas. CnemoBaresnbHO, COBO-
KYINHOCTh 3HAaUEHHH d MOXET CIyXHuTb MEpPoi Koppensumu. Tak kax
Zd scerna Oymer paBHAa HyJAI0, TO MEPOif KOpPENALMH MOXeT OwiTp
242 Tlpm 310OM OYEBHAHO, UTO ueMm Gonblle PasHOCTh MeXAy Hamek
COBOKYNMHOCTBIO ¥ HATYyPaJbHHIM DANOM 4HCEN, TeM ci1abee BHIpaXeHa
CBSA3b M MeHbine KoddduuueHT Koppensauuu. PopMyna pas noxcuera
pPaHroBOM KOppensuuu, npuBoauMas Oe3 HOK33aTesbCTBA, MMEET
BHX

2
Ps = l_ggi_——’

N(N2-D

me Zd*° - cyMMa XBajpaTOB pasHOCTet d MeXay uMCIaMH
HATYpaJbHOTO psna M paHramu; N - 4uCjI0 WiCHOB B WCCJAEHYCMOit
COBOKYNHOCTH.

Panrosniit K03hPHUMEHT KOPPENIUUNA MOXET NMPUHUMATL 3HAUCHUE
or -1 go +1. Ilpr p. ® O TpeHn orcyrcTeyer, npu p > +1 wm -1
MMEETCH CHIBHO BHPAXEHHAS TEHACHUMA K YBCAUYCHMIO WIN
YMCHBIICHHMIO BENHYHH NOKA3aTENCH.

PaccMOTpHM npuMeHeHHe KPHUTEPHS HAa MPHUMEPE aHAK3A.

HMameHeHud 1oKasaTens TUIOTHOCTH NMOPOA B KOPE BLIBETPUBAHMSA
muabaszos (Becennee) mo raybume nokaszano B 1absi 20. 3nauenme
xodpduiumenTta panrosoit xoppensumu p~=-0,04 csuncrenscTeyer o6
OTCYTCTBMM TpPEHA.

3asepmag 0OCyXNeHHE KDATEPHEB IPOBCPKM HaNHuuMs TpPEHIa
mokasaresnie  (PU3MKO-MEXaHMYECKMX  CBOWCTB  IOpOxX,  C/IEAyeT
crenarbh CAEAyOmMe OTOBOPKH:

NpUMEHEHNE CTATHCTHUYECKUX KPHUTEPMEB TIPOBEPKM HANMUUS
TpeHAa HYXHO TOJBKO TOrAQ, KOFA3a BH3YalbHO TCHACHUHMS B
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Ta6nuua 20
CxeMa pacuera Ko3dduLMeHTa paHToRo#t Kuppesiu CiupmeHa

I'ny6una, M ]IlnoTHOCTS NO-] Hatypanbueii Paur Pa3HocTh d?
pon, rf cm? pPAR uMcen d
1,6 1,59 1 5 —4 16
2,9 1,71 2 8 ) 36
1,58 3 4 -1 -1
5,7 1,61 4 [ -2 4
6,8 1,48 5 3 +2 4
8,5 1,4 6 2 +4 16
10 1,24 7 1 +6 36
11,5 1,8 8 9 -1 1
14,6 1,67 9 7 +2 4
1

Mpumewanune 2d> = 118.

M3MEHYMBOCTH TOKA3aTENCH CBOWCTB BHIBETPEJRX NOPOX MO raybume
He O0HApYXUBAETCH;

onpelesieHNe HAIMYME TPCHAA B M3MCHUMBOCTH  (DM3HKO-
MEXAHHYECKMX CBOMCTB JIYYMIC TPOBOAMTH 1O CPCAHMM 3HAYCHUAM
OOKa3aTeNell, TAaK Kak YacTHHE peafu3auuM MOoryT OHTh Cay-
‘YAWHBIMH;

KPUTEPHIL CKAQYKOB, €CJIH IOCNEHOBATEJIbHOCTh MMEET HebOoJB-
my»o pmay (P.Mwurep, [Ix.Kan), naer /umb KOCBEHHBIE YKa3aHUS
Ha HAMMYMC WIN OTCYTCTBHE TPCHAA;

Kputepuit paHrosoM koppenasuumn CnMpMEeHa TPMIONEH TOJIBKO
JIS MPOBEPKH NPEANONIOKEHHS O HANMMUM JIMHEHHOIO TPCHAA.

BBIABJIEHHE OCHOBHbBIX NMPHYHH U3MEHYUBOCTH
®U3HKO-MEXAHUIECKHUX CBOMCTB B NOPOAAX
KOPbI BBIBETPHBAHHSA

Tlpu wm3yueHMH W3MEHYMBOCTH (DMINKO-MEXAHHUECKMX CBOMCTB
BHBETPEJIHX TOPON BAXHHM SIBASICTCS HE TOJBKO BHISBACHHE XapakK-
Tepa M3MECHYHMBOCTH, HO M TNPHYHH, OOYCJIOBJMBAIOHIHX 3Ty M3-
MEHYMBOCTb.

YcraHoB/ieHHE OCHOBHHIX TPMYMH W3MEHYMBOCTH MMEET M Hayd-
HOE, M NPAKTHYECKOE 3HAYECHME, TAK KaK TMO3BOJISET MIPOrHOIHPO-
BaTh HM3MCHECHME H3y4YacMOI0 MOKAa3aTeas CBOMCTB C TayOuHOi M B
HEOOXOAMMHX CAy4asX pa3pabaThiBaTh COOTBETCTBYIONIHE MEpONpHUS-
THS TIO MEJIMOPAIMM BHIBETPEJIRIX ITOPOA.

Kak 6nino mokasano, moxasarean (PU3MKO-MEXaHMYECKMX CBOMCTB
3aBUCAT oT paaa ¢axTopoB. 3amaya 3aKAOYACTCA B  BHACICHMH
OCHOBHOTO ¢hakTopa. Insa BHACSCHHSA OCHOBHONO (pakTopa, OKa3HBa-
IOMEero Pemialomee BJHSAHHE Ha HM3IMEHYMBOCTh (PH3HUKO-MEXaAHMYECKHX
CBOMCTB, MOXET OHTb MCNONB30BaH KOIDPHLMEHT PARIOBOM Koppe-
aaizm Cnupmena.
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Ta6nuua 21
Daunbie a1a prrciennn xoapbuipenta

PRHTOBOH KOppenIAH
Homep TnyGuua Ycno Copepixa- Emxocts norno- | Konuyectso Bon-
o6pa3- ot6opa, | wacmy- | Hue kapGo- | meHnsA KATMOHOB, | HOPACTBOPUMMBIX
ua M HOCTH, HaToB Mr-3KB conen, %
% CaCO3, %

1 2 3 4 S 6

117 0,2 224 0,68 24,89 0,13

217 0,5 24,6 0,45 23,95 0,30

3N 1,4 16,2 9,98 18,58 0,25

4/7 1,6 19,7 6,81 21,51 0,75

117 35 205 7,94 22,31 0,90

8/7 4,5 135 10,44 16.4 1.40

Tlpoponxenne 1a6n. 21
Paur i

Jp CaCO3 v s d Ty dy dg | dCaCCy

7 8 9 10 11 12 13 14
i

5 2 6 1 +3 -1 +4 -4
6 1 5 3 +5 +1 +3 -4
2 5 2 2 -3 0 0 +3
3 3 3 4 0 0 —1 0
4 4 4 5 0 0 -1 0
1 6 1 6 -5 0 -5 +5

2 2 2 2
Npumeuanne. N=6. Zdjp=68; Tdy =2; Zdg =52; EdCaC03=66-

IMokaxeéM e€ro MCnoOAb30BAHME Ha clexylomeM npumepe. U3
CKBaXHMHH, NPOMICHHOM B KOpPE BHBETPHBAHHUA MAWKOINCKMX [VIHH

A6xasum, u3 BCex 30H Onumm

oro6pasn 00pasupl ¥ NPOBENEHH Ompe-

ACNACHHA YMC/IA IUIACTMYHOCTH, KAapOOHATHOCTH, CONEPXAHMSA pPACT-

BOPHMHIX COJICH,

eMKOCTH mnornomenus (raba. 21),

PaccmorpaM

BJAMAHHEC Ha IUIACTHYHOCTh IJIMH KAaXAOI0 M3 NOKAa3aTeNiech B OT-
nexbHocTH. s aTOrO 3ammmeM 3HAuYEHWs BCEX IOKa3aTtesned B
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puge pauros (rpadm 7-10). BolumcanB pasHOCTH MEXAy pPaHraMH
YHCAA TLIACTMYHOCTH M KaXABIM M3 Tpex moxasateseit (kapOoHaTHOC-
TH, EMKOCTH MOTJIOMICHMS M KOJMYECTBOM BOJHOPACTBODMMHX CO-
nef), 3anMiueM OOJaydYyeHHEE 3Hauenus B rpagax 11-13. Hanee mo

2
dopmyne ps = 1 ~8Zd BHIUHC/ISEM 3HAUYEHUS KO3pduineHToB

NN2-1)
PAHTOBOI KOPPEeNASUMHA MEXAY YMCIOM IUIACTHUYHOCTH M HCCIEAYEMBIMU
NMOKA3aTCaAIMMI:

668
-1 8188 _ g4
Pu.cacon™ ! 216 0
6:2 .
Pauw =1 T216 T 0%
652 _
PUpse =1 216 T 044

Ilonyuenusie 3HayeHHs KO3(GHIHEHTOB pPAaHIOBOH KOPPENSALMM
CBMAEALCTBYIOT O TOM, UTO HaubOoAblIee BAMAHHE HA WM3MEHEHME
YHCJIA IUIACTUYHOCTH B KODE BHIBETPHUBAHMS IJIMH MAaWKONCKON CEpHM
A6xa3mx OKa3bhBAKT HW3MCHCHHA BC/IHUUNH CMKOCTH TOMJIOIICHUA H
xapbonatHoctd mopoa. Yem Oonble "€MKOCTh TOIVIOIIEHHSA, TEM
GosiplIe 3HAYEHHA YHCAA IUTACTHYHOCTHM; ueM Oospme XKapOOHAaTHOCTh
TOPOX, TEM MEHbIIE TUIACTHYHOCTD IVIMH. M3MeHeHMEe KOJMYecTBa
BOAHOPACTBOPHMH X cojen B AdHHOM CJIydyac BJIMSHHS HA IUIACTHYEC-
KHE CBOMCTBA IJINH HE OKA3HIBAET,

ConocraBnsis paHrd XapOOHATHOCTH M E€MKOCTH HOIVIOLICHMS,
TmoJiyyaecM 3HaueHue koddduuMeHra paHroBoit koppenasuuu p=-0,83.
OHO CBHIETENBCTBYET O TECHOH CBA3M MEXUY I3THMH NOKA3aTENSIMH.
TakuM 06pa3oM, NOBHINEHNME KAaPOOHATHOCTH B KOPE BHBETPHBAHMS
COMPOBOXAAETCH CHUXEHMEM E€MKOCTHM TOIVIOWICHHMS.

IIpuBencHHB TpuMep YKAasHBAET HAa NEPCHIEKTHBHOCTh IPHME-
HEHHS KOPpPENAAUMOHHONO aHaNHM3a JUIS TeOJIOTHYECKOM HHTEp-
TIPETaUHY JAHHHX HM3MEHUYMBOCTH CBOWCTB BHIBETPENHX HOPOX.

PACYJIEHEHUE KOPHI BBLIBETPUBAHMA HA 30HBI
MO0 KOMITNEKCY NOKA3ATEJIEM CBONCTB TOPOJX

OtnenpHBE 30AH B KOPAaX BHBETPHBAHHA HE HMEIOT PE3KMX
TPaHMI, M TEPEXONAT OfHA B APYryl IocTenmeHHo. [loaromy mx
BH3YaJbHOE DasNE/ICHHE CJIOXHO M, KaK NpaBWao, uMmeeT CyOmek-
THBHHH XxapakTep. OOBEKTHBHOE PAcWICHEHHE KOp BHBETPMBAHHS Ha
30HB MOXET OHTh OCYIIECTBJIEHO TNYTEM TEOJOTHYECKOTO COB-
MECTHOTO AHAJW3a MW aHaaM3a Habopa mokasaTeneir (pm3mKo-
MEXaHHYECKNX CBOMCTB IIOPOA € MOMOMBIO TOr0 MM WHOTO MaTe-
MaTHYECKOTO KpuTepus. Mcnons3oBande MaTeMATHYECKOTO aHANH3a
IS pasuesNieHMsi KOpHl BHBETPMBAHMS HA 30HH B NAHHOM Cayvae
060OCHOBaHO H C TrEONOrMYECKHX MO3ULMA, TAaK KaK [PH ITOM
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obecieunBacTcs BHICJCHHE CJIOEB, HMMEIOUIHX CYUIECTBEHHHE pa3-
JIMYMS C TOYKHM 3PEHUS UX HMHXEHEPHO-TEOJOrMYECKHUX CBOWCTB.

Huxe paccmaTpuBaoTcs HEKOTOPHE METOAH pPAaCWICHEHHMS KOpH
BBIBETPHBAHHMS HAa 30HB N0 KOMIUVIEKCY TNOKasareJsed ¢usuko-
MEXAHMYECKHX CBOMCTB: METOHI MAHCKPMMHHATOpA 2o, KpuTepmii Vi
PonuoHoBa, METOA B3BEIMBAHMA KOODAMHAT TOYKH pPa3TPaHUUCHUS
I'.K.Bongapuka.

Wnes Merona AMCKpPMMWHAHTHOW (DYHKLMH 3aK/II0YAETCS B 3aMEHE
Habopa WMCXONHHX TIOKA3aTECi HEKOTOPHM KOMIMAEKCHBIM TO0Ka-
sateneM z=f(R, R;, Rs, .., R.), npeacrasasiomuMm coloit
KOMOMHAUMIO MCXOAHKX NPU3HAKOB M COREPXALINM MAaKCHMAJIBHO
BO3MOXHOE KOJIMUYECTBO MHGpOpPMALAN.

ITo sTOMy XKOMILIEKCHOMY TOKAa3aTeaI0 NPOH3BOAIT Pa3rpaHHYeHHE
KOpH BHBETPUBAHHMS Ha 30HH. HepasauumMmeble 1o OTAENBHEIM TpU3-
HAKaM, COBOKYNHOCTM OKa3HWBAIOTCS CYUIECTBEHHO Pa3IMYHBIMH,
KOrga OHM o6o0meHH Ha 6aze x03pHUMEHTA Zo - AMCKPUMHHAHTHOM
¢GyHKOH. AHAIH3 NMHEHHOR AMCKPAMUHAHTHON (DyHKUMHM B rCOJIOTHMH
BIICPBHE Hcnonb30Bad A.B.Buctrennyc (1950) nadg XapakTepucTHKH
MHHEPAJIBHOTO COCTaBa TaXenol (hppakuMu TecKoB. Brocaemcrsun
ANCKPHMUHAHTHEHE GyHKuud npumeHsyim B reonorud C.B.lonsanme u
B.AKytomun (1964), P.Mwinrep u O.Kan (1965), M.E.Jlemuna u
O.M Kamurun (1968), I'K.Bowmapuk (1968). JucKpMMHHAHTHHIH
ananm3 Tpebyer mpuMenenns ODBM, Tak Kak, XOTs BHUNCJICHWA H HE
C/IOXHHE, HO YPE3BHYAWHO TPYHOEMKHE,

O.M.Kanaeud m B.3.[JoKTOpOB NpEmIOXMINA AAS pPa3rPaHNYCHMS
COBOKYNHOCTEH mno Halopy mNOKasaTesiecit HCNOAB3OBaTh HTHCKDPH-
MHHATOP 2. OJTOT METOX WCHONAB3YETCd B TEX CAyvasx, KOragd
HMEETCd BO3MOXHOCTE 10 KaKUM-THOO TIPM3HAKAM YCTAHOBHTb
MOJIOXKEHAE TPAHHLEI, a METOA TNO3BOJSET TIPOBEPUTH TPABMJIBHOCTH
HMX pa3rpaHUuCHMS.

I[ucxpnmgnamp HMEET BUJ

m R . R, .
1i - 2i
zp = 3 Ri, ¢ noporoMm
i=1 s
5 N2 o 22
\m (Rl ) (R2 )
L= _z i - 1
24 2
=1 s
]
me m YHCIIO MOKAa3aTeJaeH CBOMCTB;, R CpenHEe 3HAYCHHE

1

i-TO moxasaTens IS NEpBOil BHOOPKH; R2i TO Xe, I BTOpOM
BHOOpKH: R, yacTHOC 3HAYEHHE -TO NOKa3aTens: s? CBOAHASA

AUCHEpCHsl i-T0 MOKa3aTesad 1Mo ABYM Buibopkam.
Caonuyio aucoepcHio TOACYMTHBAKT 1Mo Gopmye

2 1 a1 ~.2 & - 2
Si T Tz | Ry; - R)Y™+L Ry, - Ry)
172 1 1

k4

119



roe Rll.j H R2ij 3HAYCHHUS [-TO NOKAa3aTeyid B NEPBOHM M BTOPOH
BHOOpKax (30Hax KoOpeD); Ry;
TOKa3aTeJid B pasfendeMHX IO COBOKYNMHOCTHM NPH3HAKOB 30HAX
BHIBCTPUBAHKA;, 1, M n; - OObBCMH TIEPBOM H BTOPOil BHOOPOK.

Tlpu paspesieHM¥ COBOKYNHOCTEH MO IWUCKPHMMHATOPY 2o PacyeT
BEAYT B CJACAYIOMIEM TOPSIKE.

1. BHuuMCAgIOT CBOAHEIE AMCHEPCHHM A TOKa3aTeiel CBOMCTB,
BXORSOIME B CPaBHHBAaEMbIE COBOKYNHOCTH (s?, 3, s"l).

Rli RZi

2
s.
i

H R2i CpEOHHE 3HAYCHHA i-TO

2. OnpenensOT 3HAUCHHUS g BCEX Rl, R .

m

3. TonyyeHHBlE 3HAYCHHS YMHOXAIOT Ha COOTBETCTBYIOMME WC-
XONHHE 3PAYEHHUS KaXEOro NMoKas3aTess

R Rli R2i
i 2 :
S,

i

4. TloaCYUMTHBAKT 3HAYCHHA AWCKPHMHHATOPA 2o, CYMMHPYS

pa—

R . R

PEJITMYMHH Ri#—z—Zi

i
Ka3aTejged, OTHOCAMMXCH K ONHOM rayOuHe pa3spe3a KOPH BHBET-
puBaHHUA.

5. Crpoar TouyeuyHnie AMATPAMMEL DPACOpPEAE/ICHMA RHCKPHUMH-
HATOpPa, HA KOTOPHIX MOKA3HBAIOT NMOPOr  TPaHANY MEXAY ABYMS
30HAMH BBIBCTPHBAHMA.

B xauecrse npuMepa, WUIIOCTPMPYIOIIETO NPHMCHEHHE METOAa
AMCKPMMWMHATOPA IS PACWICHEHMS KOP BHBETPHBAHMS HA 30HH MO
HECKOJIBKHM TIOKA3aTENIM (DM3NKO-MEXAHHYECKHX CBOMCTB, TIPHBEIEH
pacdeT OUCKPMMMHATOPA I/ KOPH BHBETPHBAHHSA, CHOPMHpPO-
BAaBIICHCA HA aJeBpOAMTaX O0aNKkapcKoro KOMILIEKCa B paiioHe 3e-
aenuykckoit I'OC. B npenesax ONMCHBaeMO KOPH BHICAAIOTCH TPH
3oub; TpemmuHas (), ob6momounas (II-1II) m mucmepcmaa (IV).
Ilepsast W3 HMX BHEEAAETCA AOBONBHO uyeTko. I'pannua mexay III u
IV 30HamMu BHIpaxeHa HEYETKO ¥ BU3YaJbHO NPOBEACHA AOBOJBHO
ycaopHo. WMcxopHeie pgaHHble, Koropue xapakrepusyior III um IV
30HH, BHIIEJACHHHIE HA OCHOBAHMM BHM3Ya/IbHOM OLIEHKH, NMPHBENXCHH B

Taba. 22.
Tlopsmok pacuera CBOAHOH AMCHEPCHM MOKasaH B Taba. 23.
_ Iloncuuras 3HaueHwe CBONHON NUCMEPCHH, TONYYAEM 3HAYCHHS

(Rwi - Rmi)/s§ OJs  €CTECTBEHHOM BaaxHoctw (+2,6), mnor-

Hoct (-30), koadbdwnumenta nopucroctd (+65), umMCIa TIACTHY-
HOocTH (+1,76). YMHOXaeM mONYYEeHHHE BEJIMYMHH HA COOTBETCT-
BYHOmHue HC)?ORHHC 3HAYCHHUA KaXA0ro mokasatrensg

y NOMYUYCHHBIC IS KOMIUICKCA HCXOAHHX I10-
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M 33MHCHBAEM TOJIyYECHHHE npousseacHus B 1abn. 23 (rpadpm 1-4).
Cyumlpyg BEJIMYMHHL
Rivi  Ryp
' s?
1
mokasarens z, (taba. 24).

AHanN3 MOAYYEHHHX 3HAVEHMM zo MOKA3WBAET, YTO MO BEJIMYMHE
AMCKPEMHMHATOPA PacCMaTPHBAEMBIH Pa3pe3 BHIBETPEJHX IOPOI YETKO
pasmensercs Ha JiBa CA0f. JTO TaKXKE WUIIOCTPHPYETCS TOUCYHOH
AMATPaMMOM pPaCrlpenciAcHHs OucKpuMuHatopa (puc. 20).

IIns yTOYHEHMS NOJIOXKEHUS TPAaHMUK MEXAY 30HAMHM TIPHBENEM
pacuer wopora:

R O MCXOAHBIM TOKA3aTeNsIM, MOJAY4YaeM 3IHAUCHMEC

m - (R, )
Ls_;_z I1Vi 111 =63,7.
i=1 S

3nauenne nopora L ykasmiBaer, uro rpannua mexay II m IIL
30KaMM NpoXomuT Mexny 7 u 8 M.

JI.A.Ponguonos paspaGotan MeToa OLEHKH OTHOPOOHOCTH MHO-
TOMEPHHX T'COJIOTHYECKMX COBOKYMHOCTEH € MOMOMPBIO KpHTEpHs V.
CymHOCTh METOHA 3aKJIIOYACTCS B TOM, YTO VIS CyXIeHHs o6 ox-
HOPOTHOCTH MHOIOMCDHOH BHOOPKH NOACYHTHBAIOT 3HAYCHHI KpH-
Tepust V,, TMOCTCNOBATENLHO YBEAHUHBAS obbem BeGopku. Kpurepmit

TaGnuua 22
Tokasaremm pu3uKO-MeXaHHUeCKUX CBOKCTB Mopoy,

B KOpe BLIBETPHBAHHUA aJIeBPONMTOB GalIKapCKOT0 KOMIUIeKca
paiioHa 3enenuykckoi '3C

3oHa T'nyGuna ' EcrecteenHas | IInotHocts,| KoadduupeHt Yucno

BBIBET- | ONPOGOBA- | BIIAXKHOCTSH, r/cm TIOPHCTOCTH | INIACTHIHOCTH
puBa- HHA, M l [XOIH eTMHULbE
HUA
I |

v 0,75 0,218 1,53 0,78 0,156

1,35 0,231 1.58 0,73 0,163

2,25 0,244 1,55 0,76 0,191

2,7 0,228 1.53 0,78 0,184

3,5 0,26 1,46 0,86 0,181

4,2 0,213 1,62 0,68 0,176

54 0,205 1,66 0,64 0,159

7,1 0,205 1,68 0,63 0,138

8,1 0,15 1,68 0,46 0,135

I 9 0,163 1,83 0,50 0,126

9,5 0,161 1,89 0,45 0,126

11 0,154 1,89 045 0,131
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Puc. 26. Tovevnan awerpamMma pacripefieneHHs noxa’areneli CBOWCTB B KOpe BbIBETpH-
BaHNA aneBpONKTOB B pafione enenuykxckoit 'IC w amarpamma pacnpegenenwns muc-
KPHMAHATOPA:

1 — 11 30ua; 2 — 111 30ua; 3 — mopor

pacCUMTHBAIT No dopmyne n
1 m [(n-k) T kIR, ]2
V = n- t=1 t=k+ 1 0]
k£ nk(n-1) 2, f: 2 1 (ﬁR )2 ’ '
R . — .

=1 ti n =1 ti
IME n - YACJO WIEHOB BO BCeit cosokymsoctw 1, 2, 3, ..., k,
k+l, .., n; k TIOPAAKOBBIM HOMEP WICHA COBOKYNHOCTH, IO

KOTOPOMY NPOXORAT NPEANOJaracMasi TPaHMI@ ONHOPOAHHIX YaCcTEH
BHOODKHM; m - UYMCJIO NOKAa3aTeNeH COCTaBa H CBOMCTB B MHO-
roMepHOi BHOOpKE; R,; - 3HaueHHME MPH3HAKA.

Mocne nomcyera 3mauenmit V, mposepsior rumoresy H o6 ox-
HOPOHOCTH BHOOPOYHOH COBOKYMHOCTH. Ecim Bce 3sHauenus V),
YAOBJECTBOPSIIOT YCJIOBHIO V,-c < X’npn 3amaHHOM YpPOBHE 3HAYHMOCTH
g m m - cremeHu CBOOGOAH, TO CUMTAETCH, YTO IKCHCPUMEHTANBHHIC
RaHHBE HE NpOTHBOpevar runorese Ho M MHOrOMepHas BOopka
SBJISETCH ONHOPOXHOM, T.€. BHYTPM HEEe HENb3d IIPOBECTH TIpa-

munn. Ecmm xe xors 6w ogHo H3 3Havenwit V|, okaxercs Goabme
x’, To BHGOPKY CNEAyeT pasmenuTh Ha nge mo V, 4 npomoa-

XHATh NPOBEpKY THOOTE3HW 06 omHOpoamocrnm (Ho) I Kaxmod m3
BHIAECJICHHHX 4acred coBokynmHOCTH. IlociemoBaTenbRYI0O NPOBEPKY
NPOAOIXAIOT A0 TEX NMOP, NMOKA BCE BHJECJICHHHE YaCTH COBOKyN-
HOCTM HE OKaxyrca ogHopoxHuMH. Hcmons3osanme xpurepus Vo npu
PACWICHEHHMH XOP BHBETPMBAHMS HA 30HH TNO3BOJSET IPOBEPHTH
CYIMIECTBEHHOCTh TPAaHHMII,
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Ipn ucnonpsosanum xpurepus V,, Tak Xe Xak H NP MC-

NO/Mb30BAHHM AUCKPHUMHMHATOPA, CACAYET YCTAHOBHTb 3HAYMMOCTD
NPH3HAKOB, IO KOTOPHM HYXHO BECTH PacyeT M, IO BO3MOXHOCTH,
COKPaTUTh MX umcao. IIpH 3TOM, €CTECTBEHHO, CAEAYET HCK/HOVMTH
BCE MPH3HAKH, KOTOPHE HE HECYT AOMOJIHHTEABHON MHPOpMaUMM WiH
SBJINIOTCS TIPOM3BOHEIMH.

[preeneM mprMep MCMONB3OBAHUS KPUTEPHS V), Id PAcCWieHERAS

H3 30HH KODH BHBETDHBAHHS AJCBPONMTOB (aIKapcKOro KOMIUIEKCA
paiiona 3enemuykckod IIC. Ilokaszatens (PHINKO-MEXaHAYECKHX
CBOIWCTB BHBETPEJIHX NOPOX NpHBEAcHH B Talu. 2J.

B paccMaTprBaeMOM npuMepe 00beM MHOTOMEPHOMN BHOOpKH n=12,
YACI0 moKa3daTteneli cBOMCTB m=4. 3agaeMcs YpOBHEM 3HAUMMOCTH
¢=0,01 m no cmenmanvuod tabnmue HaxommM mis m 1-3 crenemm
cBobopm X*=11,3. TlogcumTHBaeM 3HAYECHMS KPHTEPHS V, nms

Pa3IMYHKX HHTEPBA/JIOB TIyOMH MCIKTAHMIA,
Buuncneras  yaoOHO  HAuaTh ¢ NOACYETA  BHPAaXEHHI

ZR;. %(ZRti)’nxonmem B 3HameHarens ¢dopmymn (20). 3ro

BHPAXEHAE MNPEACTABANET COOOM PpasHOCTh CyMMH KBAaApaTOB 3HA-
YEHHI MOKa3aTesis Kaxoro-nmbo CBOMCTBA HOPON M KBaApaTa CyMM
3HAYCHAM JITHX X€ IOKa3aTeacH, ACJICHHOIO HA YHCJAO WICHOB B
IOCNCAOBATEABHOCTH. BHuUMC/ICHHRE 3HAYCHHAS [Id
noKa3aTeJicii CBOMCTB 3anmcwBaiorca B rpadm 11-14 rabu. 235.

Hanee mpuHEMMAag, YTO TPAHUNA MEXAY CJIOSMH IIPOXOAHT mo K=l
BHYMCASEM BHPAXCHHE IS TIOKA3aTeNs BJIAXHOCTH:

k n
[(”“k)iRw -kflRuf [(12-1)-21,8 1-221,5)°
- - 2,16.
S 2 1 2 164,4
?RW ;(ERW)

TTopo6muiM. 00pa3oM nNpPOM3BOAMM pacyeT A/MS OCTAIBHBIX @OKa-
3arencil CBOMCTB (IWIOTHOCTH ckeyera, Kodd(puumeHTa IIOPHCTOCTH,
YACNAA IUVIACTHYHOCTH) M CYMMHPYS HX 330MCHBAEM pE3yJbTATH B
rpadpy 15. Ilocse 3TOrO NOACUMTHBAEM 3HAYCHHE v, mo dopmyne

Q0):
v 12-1

k" 121 Qzin B4 - 23
AHanorAyHNEe BHYMCICHHS NpPOM3BOAMM anqg k = 2, 3, ..., 10 n
noayJyeHHHEe 3Hauenms Vi, Vi, ..., Vi 3anucwsaem B rpady 16.

CpaBHerne 3HauCHMI Vk C BEJMYMHOM KpuTepus X’mokasmBaer,

YTO B NEBYTH Cayvasx V, okasuBaercs Gosbme RONYCTHMOIO 3HA-
ueyng. CnemoBaTENBHO, THIOTE3a 00 OJHOPOAHOCTH MHOINOMEDPHOM
BHOOPKH OTBEpraeTcs M mpoBEpseMyio BHEOPO COBOKYMHOCTh
HyXHO pa36mth MO Kpaiineit mepe Ha aBe vactH. [lposemem rpamumy
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TaGnuua 25

TMopcyeT 3navenuii Kpurepun pan cosoxynsocw K =1-11

BaaxHO CTDL IInoTHOCTL Koabduumenr Uucno
TnyGuna, m TIOPHCTOCTH TUISCTHIHO CTH
Rw| Ry’ Ry | RA?| Re | Ré Ry | Rup®

1 2 3 4 5 6 7 8 9

0,75 21.8 475,2 1,53 2,34 0.78 0,61 15.5 2434
1,35 23,1 5336 1,58 2,5 0,73 0,53 16,3 265,7
2,25 244 5954 155 24 0,76 0.58 19,1 364,8
2,7 22,8 5198 153 2,34 0,78 0,61 18,4 338,6
35 26 676 1,46 2,13 0.86 0,74 18,1 327.6
4,2 21,3 453,77 1,62 2,62 0,67 0,45 17.6 309,8
5.4 20,6 4244 1,66 2,76 0,64 041 159 252,8
7,1 20,5 420,2 168 2,82 0,63 0.4 13,8 190.4
8.1 15 225 1,68 2,82 0,46 0,21 13,5 182,2
9 16,3 265,7 1,83 3,35 0.50 0,25 12,6 158.8
10 154 237,2 1,89 3,57 0,45 0,2 ‘13,1 171,6
11 16,1 259.2 1,89 3,57 0,45 0,2 12,6 158.8
n=12 243,3 50854 - 19,1 32,2 7,71 5.19 186,6

ZR) 2 59050 - 396 - 59,44 - 34600 -

2
ZR,' - 1 X
n
x(ZRP? 1644 - 0,22 - 0,22 - 50,3 -

mo Vkmax=44,75 mMexny 7 u 8 M raybunn. Hanee npoposxaeMm

MpOBEPKY THHOTE3H 00 OXHOPOAHOCTH BHJICJICHHHX YaCTeH COBO-
KYMHOCTH: TEPBOH YacTH COBOKYNHOCTH,
tepsan ™ay6mm 1-7 M (V) ), H BTOpOH YacTH COBOKYIHOCTH,

orBevaomelt murepsany raybun 7-11 m V- Ins nepsor uyacTu

BH6OpKM MMeem creayiomme Rauuue: n=8, k=1-7, m=4; pna Bropoi
yacTh - n=4, k=1-3, m=4. 3HaueHHs KpUTEpHEB Vkm ) Vldl g
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N P TRE 3y eRE ~ .|
. Q|8 v | L4 ]
CLT.l 2 x| ) & R < {8
a o l = | (] ! N g‘ (g 1 *N-‘ ""l
Q‘ 3 ~= Bl & |-I= 4
12 py-] ! I & = n 2
K il NN Y BRI LAt B I T R Vi
il Y ladal % |aw ) g E | F
s Ear] L .| & : < | = &
ST S| S Frif = Ry el
10 11 12 13 14 A 15 | 16
1 2,16 10,40 12,4 0,002 25.4 2,3
2 138 28 33,1 175 175,65 8
3 62 41 76 54 233 10,1
4 160 147,7 204 151 762,7 18,4
5 240 44 454 258 996 26
6 277 265 307 403 1252 3,9
7 287 328 241 439 1295 34
8 197 6580 1560 310 8647 44,75
9 205 300 175 187 867 294
10 92,5 144 96,5 83,6 416 9,1
11 15,3 33,8 24,2 13,7 87 7,3
29645

nepsoit 1 BTOpOl uyacreil BHOOPKHM NPHBEAECHW HEXE:

k 1 2 3 4 ) 6 7
Vam 1,2 1,3 0,6 3,72 9$ 11,1 6,1
Vxn, 435 6,8 6,7 - - - -

Monyuennne 3HaueHAs V), HE NPEBHINAIOT SHAYCHAS x%=11,3,
CIEOBATENBHO TIHTOTE33 00 ONHOPONHOCTH NPOBEPACMBIX MHOFO-
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MEPHHX BHOOPKaX BTOPOrO TOpPAAKa AOMXKHA OHTh NMPUHATA. Janbwue
NOJIXKHA CHAEAOBATH OLIEHKA 3HAUMMOCTH BHUIGJICHHHX TPAaHML, HO Tak
KaK Yy Hac BHAENHIACh TOJBLKO ONHA TPAHHLE, TO 3Ta NPOLEAypa
HMCKJTIOYAETCS.

Taxkum ob6pasom, rpanuua mexay II u III 3oHaMH XOpH BH-
BETPHBAHMS QJICBPOHMTOB OajJKapcKOr0 KOMIUIEKCA NPOXOAMT Ha
rryGune Mexay 7 u 8 M. ITonyyeHHNe NaHHBIE DOJHOCTHIO COBMANAIOT
C NaHHHMHA, NOJYYCHHHIMH IPH DACWICHEHMH 3TOr0 XXE paspesa ¢
MOMOIOBIO AMCKPUMHMHATOPA: 2.

Cnexyer OTMETHTH, UTO NPUMEHEHME KpHTEpHL V, npu pac-

WICHCHAM MHOTOMEPHHIX COBOKYNMHOCTEH He Tpefyer CIOXHHX pac-
YETOB, HO IBASETCY TpymOoeMKuM M TpeGyer npumeHenus DBM B Tex
Cy4yadx, KOTIA VYHCJO TIPA3HAKOB, BXONSIIKX B MHOTOMEPHYIO
COBOKYNHOCTh BEIMKO, a o0beM BHOOpKM - GOMBIIOlN.

I''K.Bongapux [4] npemmoxun Gosee npocroit cnocod GPac-
YICHEHAS MHOTOMEPHHX COBOKYNHOCTEH, KOTODHI MOXET OHTBb
NPHUMEHEH IS PACUYICHEHMS KOpP BHBETpMBaHMd HA 30HH. CymHOCTh
METOA3 33KJIOYAeTcs B TOM, YTO Ha OCHOBAHMM JGHHLIX 00 H3-
MCHEHMH B MCCJIENyEMOM HANPABJICHMM PAa3HHIX NPU3IHAKOB, BXOASHIMX
B COBOKYNHOCTb, BHACASIOT TIPAHMIlY MEXAY COBOKYNHOCTSMH OT-
NENBbHO MO KaXAOMYy NPHM3HAKYy (moxasareaio CBOMCTB mopom). 3aTem
NpoBEPAIOT 3HAYMMOCTH BBHIACJACHHHX PIPAHHL C MOMOMBIO COOTBET-
creylomero kpurepus. Ilocne wero, mnpumeHss nponexypy B3Be-
ITABAHNA, HAXONAT CpEAHEE B3BCOIEHHOE 3HAYECHME TIPaHHMOH IO
K03((PUMUHEHTY H3IMEHYMBOCTH pPa3sHOCTH CpPEHHX 3HAYEHUH mOKa-
3aTens Njs PasrpaHMYECHHHX yYacreil BHIOGOpKH.

Pacwienenve paspe3a IpH MOMOIMM 3TON0 METOAA CBORMTCE K
CHEAYIOMHUM OTIEPALIHIM:

1) mpoBoasST aHa/NM3 JAHHHX M3MEPEHHS NOKA3aTEJIEH COCTaBa M
CBOMCTB MOPOA M MCKJIOYAIOT HE3HAUMMHE TIOKAa3aTeMHM W IO0Ka3a-
TEMH, ABASIOIHUECS MPOM3BONHHIMH OT OCHOBHHIX;

2) cocraBasior rpadMKM HM3MCHCHMS B , MCCICAYEMOM Hampas-
JICHHM, NPHHATHX 9 AHAIH3a TMOKA3aTeJiel COCTaBa H  CBOMCTB
TOPOAH, YCTAHABJMBAKOT OPHCHTHPOBOYHHE TPAHMUH IO OTACABHBIM
TIOKA3aTENaM;

J) mna pasIMYHHX MOKA3aTEJNeH ONpeessioT OLEHKH CPEXHHMX
3HAUYCHAN M WX NUCIICPCHM JUIS BHIACJICHHRIX 30H BHIBCTDHBAHMA,

4) npoBepsOT IS KaXJAOTO MOKA3aTeJNS CYMECTBEHHOCTh HJIH

£
HECYIIECTBEHHOCTh PA3/MUMA CPEAHMX 3HAUEHHMH JUIL COCETHMX 30H
no KPHTEPHIO

AR-R. ., - R. <205 =
i+1,k ik R i+, k'Ri, k’
- - o2 o
oR'lk'R'kn i+l k i,k ,
Bk miv nik

rRe n, M n obpeMH BHOOpOK TOKa3arens Rk B (+l) u i-Mm
CJIO€ COOTBETCTBCHHO;
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5) nmopcuBTHBAKT KOIPPHUAEHT HIMEHUWBOCTA Pa3HOCTH CPETHUX
3HAUCHHN MOKa3aTesd

pages —
Voo = Rivi 4 Rix
AR, AR'k

6) pacCUMTHBAIOT CpEOHEC B3BCOICHHOC 3HAYCHAE TOYKH, OT-
BEYAIOMEH IPaNMne MEXAY 30HAMH BHBCTPMBaHKY No (opMyne
m -1
Yh V5
g1 K AR,

hH-l,lc - E -1 2D
V —
k=1 BR,

Tloxaxem npamenenne cmocoba Ha npumepe. C 3Toil LEabi0 MC-
NOb3yeM AAHHHE N0 XOPe BHBETPMBAHMSA AJICBPOIMTOB Oakapckoro
KOMIUIEKC3, IO XOTOPHM pacCUMTHBAMHCL TPAHMUH ¢ IOMONIIBIO
kpurepus z u V,. o rpaduxam M3MEHEHHS eCTECTBEHHOMN

BJIAXHOCTH, 00beMHOM MacCH ckeyera, x03¢xpHUMEHTa MOPHCTOCTH M

TaGnuua 26
OUeHKH CpeTHMX 3HAYCHHII ¥ CTAHAAPTHLIC OTKIIOHEHNA
nokasarenedt ceoitcrs Il H Il 30K

Jona Ouenxa IMoxasaTens cBOACTD
BMBeT- | cTaTHCTHK
puBa- W, ¢ % Jp
HHA
m R 22,6 1,59 0,73 17,3
om +19,2 30,07 40,08 *1,3
1 Rn 15,6 1,87 0,47 13,1
oy 40,63 10,0035 10,0024 10,51
Ta6bnuua 27
Pacuer Ko dHLMEHT HIMEHUMBOCTH
TMokazarens AR mu | %Ar TipoBepPKe 3HATUAMOCTH V AR
cpoiicTn IPRHKIL IO OTAENLHAIM HO-
K838TeNAM
BraxuocTs 7 0,77  72>2°0,77 I'paHuua 3ua- 0,11
YHMad
Mnomocrs 0,28 0,03 0,28 >2+0,03 To xe 0,1
HNopucrocts 0,26 0,03 0,26 >2+0,03 0,11
Yucno mna- 4,2 0,5 4,1>2:0,5 ” 0,12
CTHYHOCTH
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YHCAA [NACTHYHOCTH, BH3YA/JBHO TPAaRMUE MOryT OHTh NPOBEREHH
COOTBETCTBEHHO Ha raybumax 7,5-8,5 m; 7,5-6,5 m.

OCHOBHHE CTATHCTHXM NOKa3aTeael CBOMCTB NpPHBEACHH B Tal,
26, 27.

IIpoBepseM CyImEecTBEHHOCTh Pa3dIAUMY OLCHOK CPETHAX 3HAVYCHmE
MOKa3aTeyiel o KPHTEPHIO ARu,m-Rm-R,,>20'AR,

o? o?
LR 113R
Irae o A.R = f 11 +
T ,R nx 1.R
WUcnonn3ys BHpaxeHne (21), NORCUMMTHBAEM CPEAHIOI0 B3BEIICHAYIO

ray6uny, nmo xoropoii mpoxomur rpammua mexay 1II m II somamm
BHIBCTPHMBAHHS!

huu = 7,48 M.

INonyyennue pesyabTaTH OO PACCMOTPERHHM TPEM METOHNAM AAIH
oucHbr Gnmuakue 3navenus. Ilo3ToMy, YyuMTHBadg CJIOXHOCTH KpH-
TepHs, AAS NPAKTHKM pACWICHCHHS KOP BHBCTPHBAHHMS, MOXHC
PEKOMEHAOBATh METOH B3BCIIMBAHHE KOOpPAMHAT TOYKH pa3rpa-
mivenns I X. Bonnapuka xak Gonee npocToit.

Pacnenenue mo6uUs MEModom ” KOPPEnsyuL
HAKONAEHHBIX  CYyMM”

Ond pacwicHEHAS IOBHANGHHX TIPYHTOB Ha HHEXCHEPHO-
FEOJIOTHYECKHE JJEMEHTH MOXHO HCNOIb30BaTh HArAsgHuid rpadm-
YeCcKMi METOR “KOppesiSuMH HAKOIICHHHX CyMM” 3HAUeHMH mOKal3a-
TeaeH cBoMCTB rpyHTa. CyTh €I0 3aK/MOvYaeTcd B NOCTPOCHHH IO
RaHHOM /MHAM CKaHMpOBaHHS (paspesy mam npodpmmo) rpaduxos
CBS3H HAKOIUVICHHHIX CyMM 3HauYCHWN moka3aTeied; NO OfHOH ocH
HApacTalomMM HTONOM OTKJIANHBAIOTCS 3HAYEHAM OAHOIO M3 INOKa3a-
TeJIEd CBOKCTB TpyHTa (MONYCTHM, IUIOTHOCTHM), IO APYroH - Apy-
TOoro (HampuMep, mOKa3areJeH IUIACTHYHOCTH MWJIH CXHMAaeMOCTH).
MacmTabs mo ocaM IpH NOCTPOCHMM TpaMKOB 3aBMCAT OT AMANA30-
Ha M3MEHEHHd CBOMCTB M KOJHMUECTBA ONpeEHe/cHMil 10 rrybude Wwim
B TUIAHE N0 RAHHOH JIMHAM CKAHMPOBAHNS,

Ecnm cBolicTBa rpyHTa HE MEHSIOTCS WAH MX M3MCHCHME HA JIaH-
HOM WHTCPBAJEC pa3pe3a ONPEAEdeTCs OQHEM H TEM Xe Habopom
dakropos, To B mpeaenax I3TOro HATepBana rpadMK CBI3M HAKOM-
JICHRHX CYMM TEOPCTHYECKM JO/KEH MNPEACTaBASTh COBOM mpamyio
mupmio. Ilpa aToM mcmome3yercd CBOBCTBO HAKOMJIEHMS CHCTEMATH-
YecKol moJe3Hoi MHGOPMANMN O CPEAe C OTHOCHTE/IBHHNM CHHXEHAEM
YpOBHS HecHCTreMaTEyeckmx moMeX (ommbox onpefesieHmii, BHCOKO-
YACTOTHEIX BApHALAH CBOMCTB H T.IL.).

* .Pnanen nanucan T.M.Kocreposow.
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Hammame Touxm nepern6a na rpadmke CBI3M HAKOIUIEHHHX CYMM
CBHACTEILCTBYeT OO HM3MEHEHMM pamHyca KOPpesIsiHH  CBOWCTB,
r.e. 00 OBmMEM H3MEHCHMM XapDAaKTEDPHUCTHK TIDYHTAa, €r0 CTPYKTYPH
# cocrosHnd. IIpm paccMaTpHBacMOH METOAMKE pPacWICHEHMS IIO-
CYIIECTBY NpOBEPAETCE KOPPEAMPOBAHHOCTD MexAy coloil He cammx
napaMeTpoB Cpemu, a WX NPHPAIEHHH HA Pa3AUUYHBIX PACCTOIHHIX
OT TOYKH OTCUETa (HAMpPAMEp OT NHEBHOM TMOBEPXHOCTH).

Ilpn n3MeneHMm CBOMCTB TIPYHTa, C€CTECTBCHHO, MEHSIETCH W
XapakTep KOPPEMPOBAHHOCTH NMPHPAMECHHH (WIH HAKOIJIEHHHX CYMM)
3HaYEHHM €€ MNapaMeTpoB, T.€. M3MCHSETCA YroJd  HAKJIOHA
rpapmka. Touxa mepermba B 3TOM CiAyuae (PUKCHPYET NOJIOXEHHE
rpaBHI H3MEHEHME CBOMCTB M COCTOSIHMS [rpyHTa. B cayuae
TIOCTEICHHAOIO HW3MCHCHUS CPEAW YroJ HAxJIoHa rpaduka H3MeHdercs
TaKXe TOCTENIEHHO - TOI[Aa NOJOXCHHE TPAaHMIH OMPEACHSET yXE HE
TOuKa, a "30Ha” mepernba.

JoCTOHHCTBOM PacCMaTPHBAEMOTO METONA SIBASETCS BO3MOXHOCTDH
PasTPaHAUCHAS TPYHTA HE TOJLKO NO €r0 CBOMCTBAM, HO M MO MX
B3ammMocBa3H. [lopoOHHIT TipHeM NO3BOASET AOBOJILHO YETKO BHE-
JSTh B pa3pe3c TOPM3OHTH INMIOBHAILHEX TPYHTOB C PC/IHKTOBOM
HOBOOOPa30BaHHOM CTPYKTYpoi. I'padukn KOppeJsSLMH HAKOILICHHHX
CyMM TIOKA3aTeJACH CBOWCTB I/I0OBHA IUIATHOrPAHHTOB B  paitoHE
Yensbuncka npencrasacAn Ha puc. 27. Touku nepermba rpaduxos
COOTBETCTBYIOT . TPAHHIIE, PAacnofiOXeHHONM Ha rayOmme 10,5-12 M,
oTAeagIomel MOBAANIBHHE IPDYHTH C PEJAKTOBOM CTPYKTYpO# (30Ha
VI-a) or rpyHToB ¢ HOBOOOPa3OBAaHHOH CTPYKTypoH (3oHa IV-G).
TouyrOCTh [a3rpaHWNCHHA, NPOBEPEHHAS MOCTpOCHMEM rpamkoB 1o
Pa3AYHLIM CBOMCTBaM, cocrasiaser 1-2 M.
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Puc. 27. Tpadukn KOppeNsiMi HaKOTUIEHHBIX CYMM 3HauenHit npefena Texydecrn (4) u
qHCna anacTHsocTd (5) B FOPH3OHTAX ¢ >peMKTOBONH" CTPYKTypoOi (IVa) u ¢ HoBO-
obpasosannoli crpyxrypoii (IV 6) amoBus rpasomopuToB (r. YenaGmcx)
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NOJIYYEHUE OBOBIUEHHBIX ITOKA3ATEJIE COCTABA
M CBOMCTB BBIBETPEJIBIX HOPOJ IO 30HAM

K BouncneHHio O0OOIEHHHX MOK23aTeNe cienyeT NPHCTYNaTh
TOJIBKO IOCJIE PACWICHCHHS KODH BLIBETPMBAaHHMs Ha 30HH. IIpuHsTas
B HMHXCHEPHOM TeOJIOTMH CTaTHCTHYecKas oO0paborka mokasareneit
dbm3nKo-MexaHNUECKMX CBOMCTS IS NOTyuYeHMs OBGOOImIEHHHX NOX3~
3aTese NpuMeHMM2 g BHOOpoK, cocrosmux m3 15-20 wieHos u
6onee. Tlpu m3yueHuH pa3pe3a BHBETPENHX IOPOA peaKO YAAETCH
BHIMOJIHUTh TAKOE KOJHYECTBO MCHHTAHUM MM Kaxpod u3 3ou. Iloa-
TOMY BO3HHKAac€T HEOOXOAMMOCTh B NOJIYUYEHMH CTaTHCTHYECKMX Xa-
PAaKTEPHCTAK MO He(ONBINOMY XOMHMYECTBY orpenenennit (rabn. 28).
C oroit mesnbio MOryT OHTh MCMONB3OBaHW NPUOIMXEHHHE METONH
OUEHKM CTATHCTHK &S MaJRX BHROOpPOK:

CpenHee 3HaYeHme X = % x;/n;

pasMax 3HAYCHHH R = Xmax =~ Xmin;

cpenHee KBaAPaTHYCCKOE OTKJIOHEHHE O=R/0,;

x03¢ubALHEHT M3IMEHUMBOCTH V = %' 100%,

e xi - YAaCTHOC 3HAUCHHC NOKa3arcada, n YHCIO Ol'lpchJlCBRﬁ;
Xmax H Xmin ~ COOTBCTCTBCHHO MAKCHMAJIPHOC M MHHHMAQJIBHOC 3HA-

yeHns; o - TaOyAMpOBaHHAS BENMUMHA, 3aBUCKIAY OT 7 (MpU-
RCICHA HHXE).

n.. 2 3 4 § 6
.. 1,128 1,693 2,059 2,326 2,534
n.. 12 13 14 15 16
.. 3,258 3,336 3,407 3,472 3,532
n.. 7 8 9 10 11
«.. 2,704 2,847 2,97 3,078 3,173
n.. 17 18 19 20
.. 3,588 3,64 3,689 3,735
Ta6nuuya 28 )
TpuMep pacyera CTATHCTHMECKHX XapaKTePHCTHK
fioKasareneii WIOTHOCTN NOPOA KOpPs!
BLIBETPUBaHWI Mepresiel soueHa (I'py3us)
30na MNnorHocTts nopon » CTATHCTHUCCKAA XAPAKTEPHCTHKAE
BLIBETPH- BrIpaGoTKe, r/cm3,
BAHHA —
818 668 448 n x L g V
v - 1,54 1,83 2 1,68 0,25 15,2
i1} 2,07 1,92 1,8 6 1,96 0,06 3,07
1,98 2 2,01
1 2,01 2,04 2,04 5 2,06 0,05 2,42
- 2,13 2,07
2,08 2,02 2,21 7 2,13 0,08 3,17
1 2,08 2,2 2,23
2,12 - -
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KOJIMYECTBEHHBIE NMOKA3ATEJH CTEMNEHHU
BBIBETPEJIOCTH U CKOPOCTHU BBIBETPUBAHUS

OneHka cTeneHM H3MEHEHHS IOKA3aTeaeil CBOHCTB nopon npu
BHBETPHBAHHM RMECT GOJIBIIOC 3HAUCHME IUIS DEIICHUS PAfa MHXeE-
HEPHO-TEOJIOrHYecKHX 3amay. HexorophiMu crieumanucramm B paskmhce
TOAH TIPCANATAIHCD KOJHYECTBCHHHIE METOAH OLEGHKH CTCHEHH
BHBETPENOCTH nopon (tabn, 29).

Anamnz dopmyn (rpada 3) mnokasmBaer, uTO GONBIIAHCTEO
CHCHMA/INCTOB NHTANOCh BHIPA3UTh W3MCHEHHE CBOMCTB, COTIOCTAB-
JiSd HX IOKA3aTe/IH Jnd BHWBETPENAHX M HEBHBETpeanx nopon. He
OTPpHIAs BO3MOXKHOCTH MCNOJIL30OBAHHA MPEIJIOKEHHNYX MCETOXOB OLCH-
KH BHBETDEJIOCTH, CJEAYET OTMECTHTh, UTO OHM HMMECIOT OrpaHHYEH-
HOC TMPHMEHEHHWE, T.€. B HUX HE YYTCHO BPEMS M3MEHEHWS MOKA3a-
TeneH Scxopocra BHBCTPHBAHMA) KM X€ MOMHOCTh MOPOAH,  JUIS
KOTOPOH ONpPEREASETCY pa3nmyde MEXAY 3HAYCHHAMH II0Ka3aTess
(MITeHCHBHOCTh BHBETPMBAHMA).

H.B. Komomenckmii, C.B. [po3moB u ApyrHe CHELHANMCTH
TIPEIVIOXKIIH ONPEACHSTh CKOPOCTh BHIBETPUBAHUS NOPOA KakK INPHPa-
HICHWE MOHIHOCTH KOpH, BHBCTPHBAHMS, OTHECEHHOE KO BPEMEHH
Habmofieana, wm BpeMa o0pa3oBaHMst HEKOTOPOTO CJIOS TMPOAYKTOB
BHBCTPHBAHMS Ha CBEPXBCKPHITHX mopomax. IIpemmaraemoii HMH
METG[ AACT BO3MOXHOCTh YCTAHOBATh MHHMMAJILHYI) MOIQHOCTH 33-
IATHHX LEJPKOB TIPH BCKPHTHH KOTJOBAHOB MJIM BpEMd, B TCUCHHE
KOTOPOrO MOXHO OCTaBJISTh TMOPOAH B KOT/IOBAHE OTKPHTHMH. i

He Memee BaxXHHMHM J1d NPOrHO3a M3MEHEHNS (PHINKO-
MEXAHRYECKEX CBOMCTB NMOPORX BO BPEMCHHM, a 3HAUMT AJIS TPOTHO3a
YCTOMUMBOCTH COOPYXCHHS, OTKOCOB M T.Ji., ABJIAIOTCS AaHHHE O
CKOPOCTH HM3MEHCHHS NOKA3aTescll CBOKCTB MO BPEMEHH, MOXK KOTO-
poil CneAyeT NOHHMATh OTHOIICHWE DPA3HOCTH MEXAY 3HAUCHUSIMH
Kakoro-mbo Hokas3arend CBOMCTB NOPOAH, M3MEPEHHOTO B OOHOM H
TOlf X€ TOYKE MAacCHBa, K NIPOMEXYTKY BPEMEHH MEXARY H3Me-
pECHHIME:
V Rl - Ro AR

- -

R t 1 t (] A t

me R ®H R 3HaueHWs  NOKasarens, H3IMEPEHHOro
COOTBEICTBEHHO B MOMEHTH BPEMCHH ! H fo.

MOXHO NPEANONOXHATh aNPHOPH, M 3TO MOATBEPXIACTCA AAHHBIMM
B.M. Jomvarosa (1967) m npyrmx mccnaenomatesied, YTO CKOPOCTH
HM3MCHCHHA IOKA3aTE/IS NpH BHBETPHMBAHMM MOPOAH HE TOCTOSHHA.
TFpapux Bupa Vp = f(T), e T - Bpems npoTekaHus mnpouecca
BHBETPHBAHHS, B mepBoM npmbanxenun Gyaer mpencrapaste coboit
KPHBYK rEmepGOIMUECKOTO BHAA, ACHMNTOTHYECKH NMPHOIMXA0MyIOCcs
K HEKOTOpOM YCJOBHO TOCTOSHHOM ckopoctH Vi, saBasiomencs
CKOpOCTBIO AeHyAammn (puc. 28). YuwWTHBag, UTO CKOPOCTh M3ME-
HEHAS noxaaal:znn menocrogyHa, 10.JI. Marsees (1968) mpennoxmn
BHPaXECHME JUId BHUACJICHUS CPENHEH CKOPOCTH M3MCHCHHS MOKasa-
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Ta6numa 29

ABTOp, TON IMoxa3aTens DOopMyna OuLHKH CTeNeHH BLIBOTPETOCTH
nyGmxamm
dopmynsl
1 2 3
PosuBane, Nokaszatens V= (H —h)/h, roe h — pelicZBUTENEHAA TBEPHOCTD;
1896 BoBerpelio- H — teopemnueckan tepaocts (100 H =Pk + Pyh 5+
cu V + ...+ Puhy,, roe Py, P, ..., Py —uacv oGLema NOpONLL,
NpUXODAHEc Ha oTAeNEHbIC MAHepansl); Ay, Ay, ... .Hy-
CpeHAs TBepHOCTL NOpon,
B.E. JleBnu- Koadpuim- iy ‘
Khit, 1967 eHT BemeTpe- Ky =— - i ¢; — yCUIOBHBLI W cnopo# Kos(du-
moctn K ,2"1'.
UMEHT TPYNNBI BHIBETPENIOCTH; N; — YHCNO 3epeH TO# win
A. Xampon, INoxasartens HHOH rpy LI
1962 cTeneHy Bbl- 42— q;
BeTpeJIocTH | =——— —  Tlig¢ §1 — Macca oGpaaua B CyxXom co-
nopop, i q,
CTOSIHHH; , — Macca 06pa3ua nodie BONOHACKIICHAR HPA
GuicTpom normomiesnH (1,5-2 4)
C.II, Bopon- Toxasarens A
KeBHY, CTeNeHH co- € — €
1963 XpaHHO CTH Bc=———"—Tne 6‘}'.— K03(pPHUUMEHT TOPHCTOCTH:
Bc ef" =6
NOpoibl B COCTOSIHAH Ipenernia TeKy4YeciH; €, — Koadr-
dbuLYeHT OPHCTO CTH NOpoakl HaGNIONaeMOTO yYaCcTKA
30HbI BRIBETPHBAHKNA: €g — KO D PHUMEHT NOPHCTO CTH
NOpOJibl B HEBLIBETPEJIOM 0O CTOSHHH
1. H. Mauio- Nokaszarens n=R;/Ry, TAe R, R, — pouHOCTH Nopon cOOTBET-
xoB, 1962 CTONKOCTH CYBEHHO Haua/IBHAsA M Yepe3 Iof Nodie ee 06HAXKeHU A
(BBTBETPH-
BaeMOCTH) Ky~ Ky
B.B. liseu, Moxasatens, Kp=—r———mek, = 4,/4, (¢, —macca
1968 BBIBETPEIIO- 1
cr Ky MeJIKO3eMa MeHee 2 MM, ¢4 — M2CCA KPYTTHBIX Ya-
cmi 6oliee 2 MM) 3 K, — NoOKa3aTenh KCTMPaHHA B
GapaGaHe
I'.C. 3ono- Koagdu- Fy-Fq
TapeB, UHEeHT BoBeT- Bc =—————— rpe F — xapakrepHuiil NoKa-
1969 penoctu Bc Fy - F
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3aTeNb AIOBHA (IUTOTHO CTh, IO PH CTOCTh, CONPO-
THBJIGHHE OHOOCHOMY CHATHIO, CUEIUICHHe, CORep-
>kaHpe OKCHIOB XeNe3a H T.1,) ; HHAEKCh H, 0, A —
COOTBETCTBYIOT HEBbIBE TPETLIM, OLEHHB2EMBIM K
NpeneSibHO B LIBETPeIBIM NNOPOAAM

0.9 <Be <1 ciITBHO BBIBETpEIIbIE;



TMponomxenue Tabn. 29

As»10p, rOO TMoxa3atens DopMYNE OROHKH CTONEHH BLIBETPATOCTH
nyGmK awn
dopmynm
1 2 3
0,7 <Bc <0,9 BhBeTpeNLE;
0,3- <Bc <0,7 cpenneB hBeTpeshie;

0 <Bc<0,3 cnaGo pLBeTpelILic MOPOAK!
10.[i, MatBe- Tpr crappu 1. Cragui HHTOHCHBHOTO BLIBE TPHBAHHA

e8,1970 CKOPOCTH m =g+\/t, Te M — MOLIHOCTh 30HKl BRBETPHBAHUA ;
palBHTHA t — BpeMA BRIBETPHBAHNA; 4 — KO3pHUKEHT, WHC
npouecca: JIGHHO PABHKLIA MOIIHOCTH 30HbI BLIBETpHBAHNHA, 06
HHTEHCHB- pasoBapumecs 38 ron. 2. Craous 3aMeJICHHOIO BBl

Hasf, 3aMen- BCTPHBEHH E
JICHHAA, 38Ty~

Xapuwan t3 = m?|a?
JLA. Spr, - -
1974 MNokaza- Rin-Rin-y
TenbuHren- KR = h h =2AR,
CHBHOCTH n  "n"1
BLIBETPH- 2t
pamua KR -
roe R — cpeppee 3naueHne HoKasaTens ceoicrB nopon
I COOTBETCTBYIOLICH 30HN BRIBETPUBaHNAS; hi —
MOLIHO CTh 30HBI BHIBETPHBAHHA
KR — n3menserca ot 0 oo °°
CHaull
Koapduun- Crabo puserpennie 0 — 0,5
1-02-07_ eHT Bmm- ————
87 JIOCTM Kpyn- 0-0,33
HooGnomomoh
dbpakunu Bemetpensie 0.5 0,73
0,33-0,67
Ky w CunsHo BuiBeTpelibie 0,751
0,671

(10 xe, yT0  3HaueHuA koapdHUMeHTa (B WHUIHTENE KOPDHUKEHT
Kp,n0 B.B. i MarmMaTHuecKHX H MeTaMOPhHYE CKUX NOPox,

lilaeny) B 3HaMeHATENle — VIR OCANOYHBIX Clie MeHTHPOBAHHLIX
ROpOA)
TeAS 33 IOA. JOTO BHPAXCHAEC WMEET B!
Vi =alNT,
Mme a - NOCTOSHHAs, WYHCACHHO paBHas CpegHEH CKOPOCTH

BHIBETPABAHMSA 33 NEPBHH Ioa; { - BPEMsS BHBCTPHBAHMA,
Hccnenopanne M3MEHEHHMS TIOKa3aTesel  (PM3MKO-MEXaHMYECKHX
CBOICTB B KOpE BHIBCTPHBAHMSA TIOPOA, OTHOCAMMXCA K Ppa3HBIM
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. 4 Prc. 28. Cxopocrs uimesenna xo-
3¢dpuumenTa noprcrocM aNeBponN-
TOB OpAOBHKa (Gacceftn p. AHrapu)
R limgpaf(n)>vg
V9=cnnst(

7

TDYNnaM (oCagovHHE, MarMaTMYecKme, Meramopdmuueckue) (puc.
29), norpe6oBano  pa3paGoTKM  XapaKTEPHCTHKH,  HCTIONB3YS
"KOTopylo MOXHRO OHJI0O 6H COMOCTAaBJSTL WMHTEHCHBHOCTH ONHOIO M
TOrO XK€ HOKAa3aTens CBOMCTB (HAampMMEp, BPEMEHHOTO CONPOTHBJIC-
HHA CXAaTHIO B pasHHX mopoiax). B kauecTse Ttakoro mokasarens
aBTOP TNpeAnaracT nNoKasaTeNb WHTCHCMBHOCTH  BHBETPHBAHHA,
NpEACTAaBRATIONUH coBOM OTHOMERNE NMPHPAMICHAS BEJIHYHHN NMOKA3aTe-
ns xakoro-qubo CBOMCTBA K NPHPAMECHAIO MOWIHOCTH BHBETPEAHIX
nopox.

R xS § §F <

N
T TN

Jorsr wopvr Bsibempubanun

|

- A L I

0 20 30 40 50 n% W0 200 300 400 S0RMMa

Puc. 29. I'paduku H3IMeHEHHA NNOTHOCTH MUNHEPAILALIX wacTan (d) , mnoraoc (0), no-
PHCTOCTH (8) H CXHMaeMOCTH (2) NMOPOA OCHOBHOTO COCTABY PANMYHOIO BO3pacrTa:

1 — naneosoit (Bonrapua); 2 — rpuac (CCCP, Mpumopck); 3 — nepme (BretHam) ;
4 — mesozoik (Teunesn); 5 — memou (CCCP, Ypan); 6 — neoren (Bonarapna)
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Puc. 30. Moxasarens WHTEHCHBHOCTR Bbi- Ji .
BETPHBANNA TOPHMX NOPOA MO 30MAM Kopyl | L~~~ ———————— - A —

BHIBETPHBAHNA r-——-—-- f ?f_-

IfF———= t+t———————-
Iloxasaress smpaxaerca dopmyoi: Ky
K. = Ri LN Ri o) AR Hh
R n ey 8h
me R cpenAee 3Havennme Kakoro-ombo j-To  mokasarens

GR3IAKO-MEXAHMYESCKHX CBOMCTB NMOPOA IS COOTBETCTBYIOMIMX 30H
KODH BHBETPHBAHEA; 1 - 30HH BHBETPHBAHHUS.

— JTOT NOKa3aTeNb YWCJIEHHO PaBEH TAHICHCY HAKIOHAa rpadmxa
R-f(H) x oca opamrar (pmc.30). Ilokxa3sarenp MHTEHCHMBHOCTH
BHBETDHBanMIS MOXET M3MeHSTHCE OT 0 no * . Ecim 3mavenme
noxa3arens CBOMCTB NOPOAN B KOPE BHIBETDHBAHME HE M3MEHACTCH,
10 AR - 0 m coorsercreennio K, - tga - 0. Yem Gonsme pasnocts
MEXNy 3HAYCHMSMH TOKa3aTelielr Kakoro-nmGo cmoMcra, TeM
Gonemie 3@auenHe IOK23arend MHTEHCWBHOCTH. [Ipennaraemsnk
DOKA3aTe/Ib MOXET HMMETh 3HAK '+° WM =" B 3aBHCMMOCTH OT
yBEIMYCHHd WM YMCHBIOICHAS 3HAVCHHS nokasartens csoficrs. Ilpm
yBENWYCHWA 3HAYEHWS TIIOKa3arens CBOMCTB (HAanmpuMep, MOPHCTOC-
TH) TOK33aTeNh HMHTEHCHBHOCTH BHIBETDHBAaHMS OyAeT NOMOXMTENL-
HHM; B CIyyac¢ YMCHbIIEHMS 3HAYCHAS NOKAa3arTead CBOHCTB (AAOT-
HOCTH, MpOYHOCTH) noxasatemp K, 6ymer orpuuarenbHeM.

AHAanH3 noKasareNis HHTEHCHBHOCTH BHECTPHBAHHMSA, DPacCUHTaH-
HEGt g conpoThiieHnd CxaTtEio bdysuBanx mopon Bonrapuw nos-
BOJIMJI YCTAHOBHTB, YTO 33KOHOMEPHOCTH H3MCHEHHS TIOKas3aTend
CONPOTHRACHUS CXATHIO CBS3aHA € XO0XpPHIMEHTOM XHCAOTHOCTH
HCXONHHX nopoa. MHTEHCMBHOCTS BHBETPMBABHY OOpAaTHO NPOIOPLIH-
OHANBHA XO03(PHOBMEATY XHC/IOTHOCTH. IJ0 MHTEHCHBHOCTH BHBETPH-
BaHHS 1O PAaHXHDYIOTCd B  PSA: OCHOBHOIO  COCTaBa
(K&.- ,99-3,14)>cpenmero  cocrasa (KRc = 0,41-2,58)>xucnoro

2 93

COCTaBa (K&.' 0,17-0,37)>menounoro cocrasa (KRC:-O,II). Ta-

Kad 3aKOHOMCPHOCTD CBS33aHA C  YBEJTMUCHACM KOJIMYECTBA
HEYCTORYHBHX K BHBETPUBAHMIO MHHEPAJIOB.

PaccMoTpeHHETT npuUMEp CBMACTEABCTBYET O IEPCIEKTHBHOCTH
RCIOXb3OBAHAS MAHHOIO TIOKA3aTCJAS /IS CPABHMTE/NLHOINO aHa/IN3a
HIMEHCHHS CBONCTB IOPOA B Ppa3MMYHHX KOPAaxX BHBETPHBAHHS,
BHSBJICHAS 3aKOHOMEPHOCTCH H3MCHCHHS CBONMCTB BHBETPEIHX IOPOX
H YCTAHOBJICHAS NPHYHH AX H3MCHCHMA.
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F'nasal.

Tipouecc BoiBeTpHBAHME H €10 MPOAYKT
T'nasa?2

HHXEHePHO-TCONOIMUEcKOE M3YUYEHHE KOP BLIBETPHMBAHUA
'nasa3.

HKeHEPHO-Te0JIOTMUECKOE MCCAENIOBAHME TIPOLIECCA
BLIBETPMBAHHS B TOJIEBbIX YCJIOBHUSX

I'napsBad4

Hayuenne npouecca suiseTpmsanna B naGopatop-
HBIX YCNOBHAX

F'nasasl.
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MeToas AHXEHEPHO-TEOIOTHYECKMX HCCIEROBAHMI TPOLECCa H
Kop BuBeTpuBanng.- M.: Henapa, 1991.- 139 c.: un.,

ISBN 5-247-02371-4

TIpupenennl OCHOBHLIC TMOHNTHR NPOLIECCA BLIBETPUBAHMA M €10 MPOAYKTA
- xopsi swmperpusanus. PaccmMoTpena B3aumocBsab  GOpMMpOBAHMS  KOP
BLIBETPMBANMS C PETVOHANILHBIMM, 30HANBHLIMM, TEXHOTeHHBIMM (akTopam,
ONPENENIIOMIHUNY NPOCTPAHCTBEHHYIO M3MEHYMBOCTh KOP. OnuCaHbi nosiesme M
7260paTOpHMIE METONBI WM3y4eHMs COCTABA W CBOWCTB TOPOJ KOPbl  BHIBET-
punanng. ManOXEHB METOAM MHIKEHEPHO-FEONOrMUECKMX HCCHER0BAHMA
PEXUMNBIC, NOBTOPHOR NROKYMEHMTALUMM, HATYPHOMO MOREAMPOBAHMS. YIeneHo
BHUMARHHE MATEMATHHECKMM METOAAM 00pPaGoTkM  WHKEHEPHO-TEOAOrMUECKOR
uHpopMaumm.

Jlna WHXMEHEPOB-TEONONoB, MALICKATENEH, CTPOMTENECH.

1804090000-213
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MPOU3BOACTBEHHO-ITPAKTHUECKOE H3JAHHME

fpr JhoaMmna Anexcanpposmwa:

METOIbl HHXEHEPHO-TEOQJIOTHYECKHX
HCCJENOBAHMHA IMPOLIECCA
M KOP BbIBETPUBAHHS

3asenayrommii penaxumedt E.M Kur

Penaxkrop usnatenncrsa M.B.Porauesa

Obnomxa xynoxHuka B.K.Cunaesa

Xynoxecreennsiit penaxrop O.H.3aiiuesa

Texuuueckne penaxropsl J0.B.Brexuna, H.C.Anamkuua
Koppexrop T.H.Yepusa

Oneparop A.B.I'nasynoBa

UB Nt 8935

MoanucaHo B MNeYaTh C PenpoRYUHPOBAHHOTO OpHruHan-mMakera 05.05.91. ®opmar
60x88'16. Bymara opoermas Ne 2, Tapuurypa Mpeccpoman. Tleyars odceTHas.
Yen.-med. n. 8,82 Yen. kp.orr. 9,060  Yu-mam n. 9,42, Tupax 980 3ka,
3ak. N° 1810 /2761-1. llena 50 xon.

Ha6op mmio/mMel Ha HaGopHO-mHIIY Iieft MallHHe

Opnena “3nak Moyera™ uaparenscreo “Henpa”.
125047 Mocksa, TBepckad 3acTaBa, 3.

Mockosckas Tumorpagus N9 HITO Bcecowosnast kmuxHan nanara "Tockomurera CCCP
no nevaTtH.
109033, Mocksa, BonoyaeBckas yn., 40



