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1. BBELJEHHUE

[lerpodusuka (¢pu3nka ropHLIX NOPOJ) — AUCUHIIHHA €CTe-
CTBO3HAHHA, B KOTOPOH H3yyalOT 3aKOHOMEPHOCTH H3MEeHEHHS (HU3H-
YeCKHX CBOWCTB TOPHLIX NOPOA W CBSISH MeXIy 3THMH CBOHCTBaMH.

Pu3nuecKkHe CBOHCTBA TOPHBEIX MOPOJ — 3TO HX CHOCOGHOCTbL B3a-
HMOJeHCTBOBATh C €CTECTBEHHBIMH (PH3HUYECKHMH IOJSAMH 3eMJH
(TpaBUTaLlHOHHBIM, MAarHHTHBIM, TeMJIOBBIM) HJH C HCKYyCCTBEHHO
CO3aHHBIMH (DH3UYECKHMH IIOJSIMH  (BOJMHOBBIM, PajiHO4AKTHBHbLIM,
nojem AaBJeHHI (JIOHI0B, ONTHYECKUM H JPYTHMH), CO344BAEMbI-
MU B FOpHBIX MOpOJax.

®unsuveckne cBolicTBA OMLHOPOLHBIX H OLHOG A3 HBIX
FTOpDHBIX NOPOA M MHHEDAJOB B 3HaYHTeJLHOH Mepe oOyc-
JIOBJIEHH CTPOEHHEM aTOMOB XHMHUYECKHMX 3JeMEeHTOB HX CcJjaraio-
mux. Tak, 3J1eKTpHUECKHE, TEIJIOBblE, & TaKXKe JHa- U MapaMarHHT-
Hble ¢BOJCTBA MOPOA ONPeAessIIOTCS CTPOEHHEM BHEIIHe#d 3J1eKTPOH-
HOli 060J104KH; (DeppOMarHUTHBEIE — BHYTPEHHEH 3JIEKTPOHHOH 060-
JIOYUKH; pAIHOAKTHBHbIE — CTPOEHHEM siApa; IJIOTHOCTL H  YyIpy-
roCTb— CTPOEHHEM siipa M BHEUIHEeH 3JIeKTPOHHOH oGoJiouku [6].

®u3uyecKHe CBOHCTBA reTepPOreHHBX H MHOTOQasHL X
TOPHHX mopoj (HanpuMep, OOJOMOYHBIX, TJIMHHCTHIX H Kap-
60HATHHX), NOMHMO CBOHCTB aTOMOB, B 3HaYUTEJbHOH Mepe ollpe-
JAeJs10TCs CTeNelblo HEOJHOPOAHOCTH IOPOA, KOTOpas MOxKeT OLITh
0XapaKTepU30BaHa €MKOCTHbIMH, KANHJAJSIPHBIMH H raso-, THAPOAH-
HaMHYEeCKIMH CBOUCTBaMH.

Bepxnss yacTb seMHol Kopbl (/MTOC(epa), AOCTyIHAs CerojHsd
JAJIs HENOCPEJCTBEHHOTO H3Yy4eHHsl, CJOXKeHa TOPHBIMH MOPOAAaMHU
Tpex IJIaBHBIX TpYyNN: MarMaTHUY€CKUMH, OCAJOYHLIMH H MeTaMmop-
(pUYECKHMH.

Hmeercss cyulecTBeHHOe passinude (HU3HUECKHX CBOHCTB IIOPOJ
KaK MeXkAy Ha3BaHHLIMH PyNIaMH, TaK ¥ BHYTDH KaXAOH H3 HHX.

HeogHopoanocTh (H3HYECKUX CBOHCTB JIEXKHT B OCHOBE BO3MOXK-
HOCTH JUCTAHLUHOHHOTO H3yYeHHsI CTPOEHHs JHUTOCGEpHI, caaralolix
€e TOPHBIX NOPO/ U BHIABJNEHHE B HHX TOJIE3HBIX HCKOMAeMBIX C IO-
MOILIbIO TeO(HH3HUECKHX METOAOB.

KakoBbl MecTo H poJib nerpodu3HKH NpH reo@U3HUIECKHX HCCJe-
JIOBaHHSX?

TexHosoruyeckuil LukA JO60ro reoHUsHYeCKOro HCCAeJOBAHUSA
COCTOHT H3 Tpex 3TaloB:

1) nsMepenusi mapaMeTpoB (PH3MYECKOTO0 MOJS B HEOZHOPOIHOMN
cpeae;
2) reo¢pu3uyeCcKOi HHTEepPIpeTAaUHH pe3yJ/bTaTOB 3ITHX H3MEPEHHH

C LeJblo OnpejeJieHHs (pU3NYECKMX CBOHCTB M IIOCTPOEHHSI BEPO-

ATHOH reoMeTpHH (H3HYECKOH MOJAEJH H3yuyaeMOH Cpejbl;



3) reoJIOrHYecKOll HHTepIpeTaluH (QH3HYECKOH MOJENH H TOCTpoe-

HUSA (PU3HKO-TEOJIOTHUECKOH MOJeJH H3yYaeMOH Cpembl.

B pesyabrate naMepeHusi CBOHCTB (HH3UUYECKOTO MO C IO-
MOLIbIO YyBCTBHTE/IbHBIX AATYMKOB Mbl NOJyYaeM CBEAEHHS O Kaxy-
muxcda napaMerpax ¢usudeckoro nois. KoHCTpPyKuus jgarunka
(npuGopa), ero NPHHLHN NOCTPOEHHS U METPOJOTHUECKHE XapaKTe-
PHCTHKH — OCHOBHbBIE 3BEHbSl 3TOr0 3rama reo@U3UYeCKHX HCCIaEI10-
BaHHH.

B ocHoBe reodu3snueckoil HHTEPIpPETalMH JexXaT MEeTOAH U pe-
3yJbTaThl pELIeHHs TNPAMBIX TreoQU3HUeCKHX 3axal — MajeTKH,
HOMOTpPaMMbl, (DOPMYJIbl, NMO3BOJAIOLINE YYeCTb BJHSIHHE pas/uu-
HOro BHAA HEOZHOPOLHOCTEH U TIJaBHBIM 06pasoM O6JHXKHER
30HBHI.

OcHOBOH 15 Te0JIOTHYECKOH HHTEpPIpEeTAlHH TeO(PH3HUECKHX
JAHHBEIX CJyXKaT HNeTPO(pH3HUECKHE CBS3H, NO3BOJAILIHE mepeliT
OT HEOLHOPOAHOCTEH, OOYCJIOBJEHHHIX (H3UUECKHUMH CBOHCTBAMH
Cpelbl, K TeOJIOTHYECKHMM OOBbexTaM, CJOXKEHHLIM TOPHBIMH TOpPO-
JaMH ONpeJeJieHHBIX JIUTOJIOTHYECKUX CBOHCTB.

Ilpu perHoHasnbHLIX HCCJEIOBAHUAX B KauecTBE 3JeMEeHTOB (H-
3HKO-Te0JOTHYECKOH MOJEJH BHICTYHAIT aCCOIMAIHN TOPHBIX MOPO,
KpYyNHble CTPYKTypHBlE eXWHHILI W CTpaTHrpadHyeckue mojpasie-
JIeHHS, KOTOpBIE ONpPeAessIOTCH CBOMM KOMIJEKCOM  (H3HYECKHX
CBOWCTB, AMaNa30HOM HX M3MEHEHHS.

ITocTpoenue HajxeXHOH (PHU3MKO-TEOJOTHUECKON Momeau Tpebyer
HCIIOJIb30BaHHS KOMIIJIEKCHBIX reo(H3HYeCKHX HCC/AeJOBaHUH H MpH-
BJeueHHs] anpuopHo# reoJsoruvyeckoil undopmanuu. ¥ to u apyroe
HY2XKJaercss B NMOATBEPXK/EHHH OOOCHOBAHHBLIMH MNETPOPH3HUECKHMI
cBs3siMu. OT 3TOro 3aBUCUT KOHEUHHIH HTOr reO(pH3HUEeCKUX HCCIe-
JIOBaHu} — ypOBeHb MOHMMAHMS TeOJOTHUECKOTO CTPOEHHA pEruoHa,
HaJeXXHOCTh NMOUCKOB MECTOPOXKJEHHH MOJIE3HBIX HCKOMAaeMbIX, MpO-
MBbIIIJIEHHAS OLEHKAa 3aMacoB 3THX HCKONAEMbIX.

Pa3paborka MeTOAMYECKHX OCHOB M HPHOOPOB A H3YYEHHUS
(pu3HUeCKHX CBOMCTB TOPHBLIX NMOPOA HayaJach OJHOBPEMEHHO C CO-
31aHMeM M DPAa3BUTHEM METOAOB IpHKJalHOH reodusnku. Eine
B 1920—1960 rr. muorumu coserckumu reodpusukamu (b. A. Aux-
pees, M. II. Bomaposuu, I. A. T'ambypues, M. M. Typsuy,
B. H. Haxuos, A. W. 3a6oposckuit, C. I'. Komapos, A. A. Jlora-
yes, E. A. Jlw6umona, JI. 1. Hecrepos, H. H. ITysnipes, A. C. Ce-
menoB, A, I'. Tapxos, B. B. ®exninckuii, 1. H. ®penkens u ap.)
u 3apybexunimu uccaenosarensimu (C. Akumoro, ®. Bepu, @. bep-
He, M. Buo, B. Bakbe, M. Buaau, B. Bunzaysp, ®. laccman,
X. Oxedpdpuc, T. Harata u np.) OblIH BHINOJHEHB BaXKHbie METPO-
¢u3nUecKUe HCC/ef0OBaHHUS.

OnHako nmeTpodH3UKa Kak CaMOCTOsiTeJbHAs NHCUHHUILIHHA C(popu—
MHpOBaJach Juillb B Havaje 60-x rogo. B 1962 r. Beilies mepBhId
yue6unk B. H. Ko6panoso#, 6bin  ony6ankoBanbl oGobmaloumue
paboTu B 06/7acTH NETPOPH3HKH.
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B pasanunbix opranuzaunuix Coserckoro Cowosa HayaJu NpoBO-
JAUTBCs LIMPOKHE HCCJEJOBAHHA B CNEIMaJH3MPOBAHHEIX J1aGopaTo-
pusx MHUHI mm. M. M. TI'y6kuna (B. 0. Bengeaburreiin,
B. H. Hdaxuos, B. M. Ho6puinns, B. H. Ko6panosa, [I. A. Ko:kes-
Hukos, M. I'. Jlatwiuosa), BHHHIeodpusuku (C. I'. Komapos,
I. T. Koros, E. A. Tloaskos, M. JI. Osepckas), BCETI'EU
(H. B. Hoprmasn, 3. §. Qy6unuak, M. ®. 3oros, M. III. Marugn,
Y. H. Mounceenko, 1. B. Posentaan), CHUHUITuUMC (H. A. Tye-
soBa, JI. M. Jlopornuuukas), B Apyrux opranusauusix (B. C. Ada-
naceeB, T. 3. Bepourckuii, A. M. I'neBacckas, I'. I'. Kambluena,
A, W. Kapxowxun, E. M. Jleontees, JI. M. Mapwmopurreiin,
I'. Y. TlerkeBu4 u Ap.), a Takxke 3a py6exom (X. Bour, H. Kpuc-
teHceH, A. Hyp, . Uanr u ap.).

B st xe rogpt B CCCP u 3a py6e:koM B nerpodHauke pasBu-
JIOCb HOBOe HalpaBJeHHe — HCCAeNOBaHHe (PU3HUECKUX CBOHCTB
FOPHBIX HOPOJ NPH BHICOKAX TEPMOJHHAMHUECKHX mapamerpax. IDTH
patorer B ComerckoM Coio3e Bexgyrca B HM®P3 AH CCCP
(M. T1. Bonaposuy, A. U. JleBrikuu, 3. U. I1apxomenko, 1. C. To-
mamtesckasi), B Mucruryre reopusukn AH YCCP (T. C. JleGenes,
b. §I. CaBenko, B. M. Ulanosaa), 8 MUHI" um. M. M. ['y6xuna
(B. M. Ho6pwuiunn, b. H. Kyankos, B. H. YUepnornasos), 8 II' u
PI' (H. H. Ilamsosa, E. M. Bawok u zap.), so BHHMUI'eopusuxe
(I'. M. Apusan, A. A. Marseerko, C. B. CredankeBuu) u B ApPyrux
OpTaHH3aLHUsIX.

Hccaenosannst Tenno@u3nyeckKHX CBOHCTB FOPHBIX NMOPOJ BBINOJ-
usiorca 8 THH AH CCCP (1. B. Cwmupnos, b. I'. Tloagx), Bo
BCETEMU (¥. M. Mouceesko, A. A. Cwmmcaos), B MHHI
(b. A. S$koBaeB) u B apyrux opranusauusax (B. B. I'opauenko,
P. U. Kyrac, C. B. Jlsicak u 1p.), NTPOBOAATCA HCCICJOBAHHS Mar-
HHTHBIX CBOMCTB ropusix mopox u Muzepasos (C. IO. Bpoickas,
B. B. Kouerypa, H. Il. Muxaitnosa, I'. I1. Ilerpora, . M. [leuep-
ckui, A. H. Xpawmos, JI. E. Illosamno), ynpyrdx KOHCTAHT
(K. C. Anekcauapos, b. II. BeaukoB) [1]. Mayuenne Qpuanueckux
CBOMCTB MOPOJA NPHMEHHTEJNBHO K IpobjeMaM YroJbHOH MpOMBILI-
JeHHocty ocyulecrasiercs B8 MM nmox pyxosoactsom B. B. Pixes-
cxoro u T. §1. Hosuka, o BHUWI'eodpusuke B. B. I'peuyxunsim.



2. HEOOHOPOAHOCTb, AUCNEPCHOCTD,
ME)XPA3HAS MOBEPXHOCTb MOPO

2.1. BELRECTBEHHASI, CTPYKTYPHAA U ®A30BA4
HEOOHOPOIAHOCTb IMNOPOJ,

B reosorun ropnas mopoja paccMaTpPHBAETCS KaK [PHPOAHLIHA
arperaT MHHEPaJOB IIOCTOSIHHOIO COCTaBa, 06pasyroLluil camMocTos-
TeJbHble TeOJOrHUYeCKHe TeJia, cjaralolliue 3eMHYIO Kopy. B merpo-
(bH3HKe TOPHYIO MOPOAY NPEACTaBJSAIT B o0lleM Cjayuae Kak rere-
POT€HHYI0 MHOTOKOMNOHEHTHYIO MHOTO(Aa3HYI0 TEePMOIHHA MHUYECKY IO
cuctemy. Takoe ompejesieHHe TOpPHOH MOPOJBI — XOpOIUast OCHOBA
JJist aHajn3a JaHHLIX SKCIepHMEHTAaJbHOTO H3y4YeHHs TeopeTHye-
CKOr0 MOJeJHpOBaHHs (PH3HYECKHX CBOHCTB TOPHBIX MOPOJ, COCTaB-
JAIHX OpeaMer neTpodU3HKH.

T'opHas nopopa siBJeTCS TeTePOTreHHON — HEOZHOPOZHOH — CH-
cTeMoll, MOXHO yKasaTb N0 KpaliHefl Mepe CJaeLyIOUIHe BHIbl HEOA-
HOPOAHOCTH — (a30BOr0, KOMIOHEHTHOr0 (MHHEpaJsbHOrO0), XHMHUC-
CKOro COCTaBOB, a TaKXe€ TeKCTYPHO-CTPYKTYPHOTO CTPOEHMSA.

®a30BHH COCTaB: NOPoOAa HmpeiAcCTaB/jeHa TpeMs dasaMi —
TBEpAOH, KHUAKOH M ra3zoobpasHol, HIH JBYMs — TBepa0H, XHAKOIl
HJIII TBEpAOH, razoobpasHol.

KoMnoHedTHB I cocTaB: xaxpaas (asa mpeiacrasjeHa
OHHM, AByMS HMJH HEeCKOJbKHMH MHuHepajaMu (TBepiasa asa),
KHAKOCTAMH (kupkasi ¢asa), razamu (rasoobpasuas ¢asa).

Kaxawiii MHHepaJbHBIH, XKUIKHI WK ra3000pasHbll KOMIOHCHT
HMeeT Onpe]e/ieHHE! XHMHYEeCKHHE COCTAaB,

CTPYKTYpPHO-TEKCTYpPHOEe CTpPOEHHe XapakTepusyer
6oJiee Ca0XkHOe 06pa3oBaHHe, cOCTOsIlee H3 ABYX HJan OoJee pas-
JUUYHBIX MOPOJ, UepeAyIOLIHXCs B obbeMe H3yuaeMmMoro reoJoruye-
cKoro oObexTa — 00paslsl NOPOAH, MJjacTa H T.[.

®a3o0Basgs HEOJHOPOAHOCTDb MNOPOABLI TpeAno.Jaraer Ha-
JUuHe TpaHHI, pa3jena MexXAy 000CoOJeHHBMH O6beMaMH, 3aHH-
MaeMbIMH Kaxao0# ¢aszoil. MoJsekyan Kaxao#l (asbl, pacnosozkKeH-
Hble B NPUTpaHUUYHON 0OJACTH, TOJUIHHA KOTOPOH  OLEHHBaeTcs
HOPHMEpPHO KaK YTPOEHHBbIH PajHyC CHJ MOJEKYJSAPHOTO B3aHMOIEH-
cTBHs, 00pa3yloT NOTpaHHUYHLIE CJOW CO CBOHCTBAMH, OTJIHYHBIMH
oT cpolicTB rpanuuamux das. Ilpn ne6oap1IONH NJIOMAN TTOBEPXHO-
cTH pasfena ¢as [0Jd NOTPAHHYHOrO CJAOS B OoObeME MOPOALI
npeHe6peKMMO Maja H HHTErpajbHoe 3HauyeHHe TOrO HJH HHOIO
¢usnueckoro mapaMerpa HOPOJLl ONPEAENTETCS 3HAUYEHHAMH 3TOrO
nmapaMerpa AJsl OTAeJbHBIX (a3 M BKJAAAOM Kaxaod (assl B CyM-
MapHblii 3¢deKT, KOTOPbIH 3aBHCHT OT OOBEMHOr0 COJepKaHHA
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¢aso B mopone M 3aKOHA, NO KOTOPOMY pPacCCYHTHIBAGTCH 3TOT
BkJ1ag. C pocTOM NJOLIafH NMOBEPXHOCTH pasjie/ia BO3PacTaeT A0S
o0bemMa, 3aHHMaeMOro IIOrPAHHYHEIM CJIOEM, H COOTBETCTBEHHO
BKJIaJ| €r0 B HHTErpajbHOe 3HAaYeHHe H3y4yaeMoro napamerpa, Tak
YTO npeHeGperarTbh HaJMYHeM IMOTPAHHYHOTO €108 yKe Heab3s. [Ipu-
MepoM (a30BOH HEOJHOPOAHOCTH MOZKET CJYXKHTb BOJOHOCHDLII He-
I/IHHHCTBIA KOJLJIEKTOD, B KOTOPOM TBepAas (asa MHHepa/bHOrO
CKejieTa H CBOOOJHAsA BOAA B NOpax 3aHMUMawT 060cobjeHHble 06b-
€MBI, pa3feJeHHble MOBEPXHOCTBIO ¢ MaJol mioiwagsio. C mosisie-
HHEM [JIMHHCTOH KOMIIOHEHTH B MHHEpaJbHOM CKeJjere BO3pacTaer
NJ0Walb NMOBEPXHOCTH pasjesa, H A0 (PU3HYECKH CBS3aHHOH
BOJBI, PacroJOKeHHOH B IIDHIPAHHYHOM CJIOE, CTAHOBUTCH 3amer-
HOH.

KOMNOHEHTHY0 HEOOTHOPOANOCTDb MNOPOAbH XapakTe-
PH3YIOT COCTaBOM TBepAOH, XKHUAKOH M razoobpasHoit pa3. Ee mox-
HO OpPOHJLIIOCTPHPOBATh HA CJACLYIOUIUX IPHMepax: JOJOMHTI3HPO-
BAHHBI HM3BECTHSK lIME€eT B COCTaBe TBepAOH ¢a3el nBa MHHepa-
J1a — JOJOMHT H KaJbUHT; He(TEBOJAOHOCHLIH KOJJEKTOP COIepXKHUT
B COCTaBe XKHUAKOH (asbl HeTb M CBOOOAHYIO BOIY.

IlpuMepaMu TeKCTYpHOH HEOLHOPOILHOCTH SBASIOTCSH
Pa3HOBHJAHOCTH TJHHHCTOrO MECYaHHKa, COAepxKallue TJHHHCTHINA
MarepHadJ, pacnpejeseHHbl 1o 00beMy B BHIe APOCJOEB, Yepeaylo-
IIMXCS C TIPOCJAOSIMH  TeCYAHHKa, JHH30YEK HJH THEe3AOBHAHDLIX
BKJIIOUECHHH.

MacwtTabnl HEOZHOPOLHOCTH 3aBHCSIT OT ee NpPHPOAB U 06pasy-
I0T pas3/jMuHbBle YpOBHH HEOAHOPOZHOCTH. PaccMOTpHM 3TH YPOBHH
B NOpsIIKE€ HX BO3PACTaHHS B COOTBETCTBHHM C H3yyaeMbIMH COCTaB-
JSIOIHMH TIOPOJBL

Cocrasnbie nacTu nopodel 1L ux npumMepHele pasmepsl, MKM

ATOMBI, MOHBE . . . + v « v + v W« + . 05-10*—2-10—*
Monekyamt . . . . . . . . . . . . . 107103
MoOHO- H NOJHMOJEKYJApHEE CJI0H (TOJLIHHA) 10-4—10-1
[Topbl, 3anmo.iHeHHBle XKHZKOCTBIO, TA30OM . . . . . 10-4—103

3epua TBEpIOrO Ckeg€TA . . . . . . . . . 1073—10°
IMosocTH BBILIEAAYHBAHMSA . . . . . . . . . 102—107
Ilpocaon, JMH3H, BKJ/IOYEHHS . . . . . . . . 103—107

Ipyu 3KCNEepHMEHTAJ bHOM H3YUYeHHH TOPHOH MOPOAbl HEOOXOAHMO
VUHTBIBATH OJHOBPEMEHHO Pa3pellallyio CIOCOOHOCTh HCNOJb3Yye-
MOTO JJsl M3yUeHHs] (HH3HYECKOTO HJH (H3NKO-XHMHUECKOTO MeTona,
pasMepnl HCCJIen1yeMOro o6pasHa MOPOABl H BepOSTHbE MacuITaObl
€ro HeOAHOPOAHOCTH Ha pasHbIX ypoBHsAX. [Ipu M3yueHUH NOPOIBI
B JabopaTopuy OGBIYHO HMEIOT AeJo ¢ o0pasuaMd pasMepoM IMpH-
mepHo or 1 cm (xycouku miama) po 10 cm (o6pasubl mpaBHJIb-
HOl  (DOPMbI — LMJHHAPE, NPSAMOYTOJbHbIE  NapaJesenuneibl).
PasMephl 06bEKTOB, BbIAE/ISEMbIX B pa3pesax CKBaXUH reopusnka-
MH M H3y4YaeMbIX C MOMOMIBIO MOJYYEHHLIX MNeTPOU3NYECKIX CBsl-
3eff U KPUTEpHEB, COCTAB/IAIOT OT HECKOJBKHX CAHTHMETPOB JO
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HECKOJIbKHX €JHHHL, H [E€CATKOB METPOB. JTO HEOOGXOAHMO YYHTHI-
BaTb NpH MNOJYYEHHH H HCIOJb30BAHHH NeTPO(HU3HUECKHX CBH3eH
THIA KePH — KEPH U reo¢usnka — kepH i(cM. pasg. 13).

PasJinunble puanueckue MeTOALI H3yUYeHHS MOPOAL. B 1aGOpaTo-
PHH H COOTBETCTBYIOLUME MM reo(dH3HYECKHE METOAbl H3YyYeHHS
NOpOJ B YCJOBHSIX €CTECTBEHHOIO 3aJ/eraHHsl HCCJAEAYIOT W OTpa-
JKAlOT pasHble YPOBHH HEONHOPOAHOCTH HCCJIEAYEMBLIX Te0Joruye-
CKHX 00bekToB. Tak, sillepHble METOABI, HAIPHUMEP HEHTPOHHO-aKTH-
BAUHOHHBIA aHaJU3, «paboTaloT» Ha aTOMHOM YDOBHE U COOTBETCT-
BEHHO 1al0T UH(POPMAUKIO O HAJHYUA H KOJHUECTBEHHOM COJepiKa-
HUH TOTO HJH HHOTO 3JeMeHTa. OnpejfesuB 3JEeMEHTHBLIH COCTAB
HOPOJbl KOMIJIEKCOM SIIEPHBIX METOAOB, NpPU 6JaronpHATHLIX YCJIO-
BHAX MOXKHO NPHOJHKEHHO OLEHHTb MHHEpPAJBHBIH COCTaB CKeJeTa
nopoAabl M MOJICKYJASIPHBIH COCTaB XHAKOH M rasoobpasHoi ¢as
B NOpax. DJIeKTPHUECKHE H JEKTPOMATHHTHBIE METOAbl «paboTaroT»
Ha ypoBHE 3epeH MHHEepAaJbHOrO CKeJeTa H MOp, MO3TOMYy H3yuae-
Mble HMH (H3MUYeCKHe MapaMeTpbl Aal0T HHGOPMALHMIO HpexKe BCEro
0 CooTHomeHuu OOBEMOB TBepAoil (pa3bl H (IIOHAOB B  MHOpoie,
a TakxXe O COOTHOLUEHHH 00DBEMOB NOJAPHBIX M HENOJSAPHBIX HJH
NPOBOASIIMX M HENpOBOASIMIMX ()a3 B MOpax MOPOABL. DIEKTPOXH-
MHYEeCKHE W OTYACTH 3JIEKTPOMATCHUTHbie METOABl (B ONpeleNeHHOM
JHana3oHe YacroT) IO3BOJIAIOT HOJYYHTh HHMOPMAUHIO O NPHCYT-
CTBHH H COJEPXKaHHH B NOPOJE NMOTPAHHYHBIX CJIOEB C AHOMAJIbHBIMH
CBONCTBAMH, YTO MO3BOJSET CYAHTb O CTEMNEHH AHCHEPCHOCTH TBEP-
Jo#t (asbl, HanpuMep, MpPH H3yUeHHH THPDY3UOHHO-aACOPOUHOHHON
AKTHBHOCTH OCaJOYHBIX MOPOIX, HJH O CTelleHH JHUCHEPCHOCTH BKJIO-
4eHHH ¢ 3JEKTPOHHON HMPOBOAYMOCTBIO B MacCHBe MOPOJBI JHUIJIEKT-
pUKa (moJHMeTasJIHuecKHe PYIbI).

V3yuenne (UABTPALHOHHO-EMKOCTHEIX [ADAMETPOB  ITOPOABI B
COYETAHUM C H3yYEHHEM €€ aKyCTHUeCKHX, 3JIEKTPDHUECKHX H 3JIEKT-
POXHMHYECKHX NapaMeTPOB MNO3BOJAET, HAXOASCh HA ypOBHE MNOp
H CKeJIeTHBIX 3epeH, YAEJHTbh OCHOBHOE BHHMAaHHE HCCJIEJ0BAHHIO
reoMeTpHH NOP U MHHEPAJbHOIO CKeJEeTa IOPOJHL.

YPOBHH HEOLHOPOAHOCTH 60Jee BBLICOKOrO MOpsiKa HCCAEAYIOT
06LIYHO KOMILJIEKCOM reo(dH3HYECKHX MeTOJOB B paspe3ax CKBaXKHH
MJIM, €CJM OHH HE BBIXOASAT 3a npejesabl 1 MM — 1 CM, Ha KPYIHBIX
o6pasuax NpaBHJbHOH (GOPMBI TaKXke KOMIJIEKCOM (H3HUECKHX H
(H3HKO-XUMHUECKHX METOAOB B J1a60paTOPHH.

Ba’KHBIMH XapaKTePHCTHKAMH HEOJHODPOJHOCTH MOPOADLI ABJSIOT-
cA CTelleHb AMCHEPCHOCTH TBepAOH (aspl M COOTBETCTBYIOULAS €H
IIOBEPXHOCTh pasjiela TBEPAOH H XHAKOH M  rasoobpasHoil ¢as,
KOTOpble PaCCMOTPEHBLl HHXKE.

2.2. FJIMHUCTOCTDb

[JIHHHCTOCTL OCaJOYHBIX TOPHBHIX MOPOJ XapakTepuayercs Co-
ZepXKaHUeM B MUHEDAJbHOM CKejeTe NOPOABI HaCTHI € 3(QeKTHB-
HbiM AuaMerpom MeHee 10 MKM. T[JIMHHCTOCTH — YCTaHaBJHMBAIOT
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OGBLIYHO MO JaHHBIM IPAHYNOMETPHYECKOrO aHAJHM3a H PaCCYHTHIBA-
10T 10 QopMyJie

Cm=k-°-'°—1, @.1)

Myy

rae Crp— MaccoBas TJHHHCTOCTh B LOJISIX E€AHHHIEL Mqs — Macca
CYXOH HAaBECKH aHaJH3MPyeMOro NOpPOLIKA — TBepAO# (hassl MHHe-
paJbHOrO CKejera MODOAbl; Moo — Macca OQPakUHU ¢ dogp<<
<10 MxM.

HocroBepHocTh onpegeneHusi Cr; 3aBHCHT OT TEXHOJOTHH BBI-
MOJIHEHHS] CTAHJAPTHOrO IPAHYJOMETPHYECKOro aHaJH3a B Jabopa-
TOpHUSIX NeTporpaduu u (HU3HKH IJ1acTa: HcciaelyeMblii obpasen 3K-
crparupyior B annapaTe Cokcsera, jaJjiee ero [Ie3HHTETPHPYIOT,
npespauiasi B NOPOIIOK, H obpabaTwiBalor 5—10%-HbIM pacTBOpoM
COJIIHOA KHCJIOTBI, FOCJie Yero OTMLIBAKOT MHOJYYEHHBIl MOPOLIOK
B JMCTHJJIHPOBAHHON BOjAE, BLICYUIHBAIOT B TEPMOCTATE NPH TEMIle-
parype 105°C M npHCTYymalOT K TpPaHYJOMETPHUYECKOMY aHAJIH3Y.
OrMerum no xpafiHeli Mepe JBa CyLIECTBEHHBIX HELOCTATKA METO-
AHKH, 00yCJOBJHBAILUX NOTpellHOCTs B onpejnejenuu Cr,.

1. Ilpn nesunterpupoBanuu (MCTHpaHHMH) obpasua He rapaHTH-
pyercs mepexoj B MOPOLIOK BCeX YacTHI € dsp<< 10 MKM, NOCKOJb-
Ky 4aCTb MX HaXOAHMTCS B 3€pHaxX MOJEBLIX IUMATOB H JPYrHX MH-
HepaJioB, YaCTHYHO Npeo6pa3oBaHHBIX H COojepXkallux B cebe ua-
CTHLB € d5<10 MKM,

2. O6paboTka u3yuaemoro o6b€KTa KOHIEHTPHPOBAaHHEIM pac-
tBopom HCI HeoGpaTuMo H3MeHsieT NepBOHAuYaJdbHYI0 MacCy ob6pas-
113, ero MHHepaJbHBIH H TPaHYyJOMETPHUECKHH COCTaBhbl, NMOCKOJbKY
pPacTBOPSIOTCS He TOJbKO KapOOHATH M THAPOKapOOHATH KaJbUHUSA
¥ MarHusi, HO U psij CMEIUAHHOCJOHHBIX TJIHHHCTHIX MHHEPaj0B —
JIENITOXJIOPHTE], THADOKCHAL Xeje3a H aJIOMHHHUS H JApPYrHe BHICO-
KOJHCIepCHble KOMIOHEHTH MHHEPaJbHOrO CKeJieTa NMOPOAbl, KOTO-
peie, He 6yayun pacteopensl HCI, okasasuch Obl nmpH rpaHyJoMeT-
pHUeCKOM aHaJH3e BO GpakuUuH € dsp<< 10 MKM.

VkasaHHBle HELOCTATKH CTAHIAapTHOH METOJMKH ONpefe/]IeHHsT
Cra B 1260paTOPUSIX MOTYT CYILECTBEHHO HCKAa3HThb NPE]ACTABJICHHS
nceJaeoBaTeseii 06 H3yuaeMEIX TeOJIOTHYECKHX OObeKTax.

B merpodu3nyeckoil H reoU3HUeCKOW MPAKTHKE HCMNOJB3YIOT
napaMeTpsl IVIMHHCTOCTH, NPOM3BOAHBIE OT MaCCOBOH TIVIMHHCTOCTH
Crn, — O6BEMHYI0 Ery 1 OTHOCHTEJNBHYIO Vjra TJIHHHCTOCTD.

[Tpu paBeHCTBe NJOTHOCTH CKeJETHBIX 3€peH IMOpoAbl M TJIHHH-
cToit dpakuun (8cx=0rn) KO3 P bHUHEHT O06BEeMHOH TJIH-
HHCTOCTH

by = Con (1 —ky), (2.2)

rie k;— Koabduunent oblled NOPUCTOCTH.



Ecin 8cx 56,
8exc

4 B

[Tapamerp kr; xapakTepusyer f0a0 06beMa MOPOAH], 3aHHMAaeMyIo
MVIHHHCTBIM MAaTepHaJsoM; ero yjaoGHee HCNOJb30BaThb NPH MOCTPOe-
HHH Pa3JIHYHbIX MOJEJIeH MOPOABI U JJIf CONOCTABJEHUS C reoUsu-
YEeCKUMH ITapaMeTpaMH, HallpHMep C YAeJbHOH pajlH0aKTHBHOCTLIO
TIOPOJHI.

KosdbduumueHT OTHOCHTEJbHON FJAHHHUCTOCTH, HIH
IPOCTO OTHOCHTEJbHAs TJIHHHCTOCTb, 1rx XaPAKTEPH3YET CTENeHb
3al0JIHEHUS TJIMHHCTBIM MaTepHaJoM NPOCTPAHCTBA MEXNKIY CKeJeT-
HEIMH 3epHaMHu:

km": Cr (1 _kﬂ)' (23)

o= km/(km + kn)' (2-4)

C Mra TecHO cBsA3aH Ko3pduuueHT aHdPYy3HOHHO-21COpEUHOHHON
AKTHBHOCTH Aja.

B nopojae-KoaseKTOpe IHHHCTHIH MaTepHas MPHUCYTCTBYET B BH-
Jle arperaToB — CKONJIEHUH [JIMHUCTOTO IleMeHTa, 3aHHMAIOLIHX
o6ocobaeHHble 06beMBl C NpHCYWefi UM BHYTpPeHHEH NOPUCTOCTHIO
knrn. O6beMHOE cOmepXKaHHe B IOpPOAe TaKHUX arperatoB Xapakre-
pusyercss k03(Q¢pHUHEHTOM arperaTHOl TJIHHHCTOCTH

km. arp — km/(l '—kn. m)' (25)

OueBuaHO, uTO BCeraa Krparp>>Fkra, TOCKOABKY kyr:>0. 3Has kg,
Rra, Raora, MOXKHO OLEHHTBH NpejebHoe 3HaueHHe Ko3(duuneHTa
3¢ EKTHBHOH NMOPHUCTOCTH Km.sp.npex TIHHUHCTOTO KOJJIEKTOpA:

k = Ry —Reykn. no/ (1 — Ry, 1s)- (2-6)

PaccmorpenHble mapaMeTphl XapakTepH3YIOT TaK Ha3bIBaEMYIo
PAacCesiHHY0 TJIMHHCTOCTh HOPOJABI, PABHOMEPHO pacnpejelieHHyo B
obbeMe H XapakKTepHYIO AJA A0CTaTOYHO OJHOPOJHEIX TECUaHHKOB
H aJIeBPOJUTOR NPEHMYILIECTBEHHO KBAapUEBOro cocrara. B noaumu-
KTOBBIX TIECUaHUKAX M aJIeBPOJIUTAX YaCTb IVIHHHUCTOLO MaTepHuaJja
COAEPKHUTCA B YaCTHYHO HJH HOJHOCTBIO NMpeoOpa3oBaHHBIX 3epHax
TNOJIEBLIX IUNATOB U OBJIOMKOB ApPYTHX nopoj. XapakTepHO, 4TO ec-
JIH TJAHHHCTHIA LEMEHT, KOHTAaKTHBIH MJH TUNA 3aMoJHeHHSA [Oop,
PAaClOJIOKEHHBIA MeXKAY CKeJeTHbIMH 3¢pHAMH KBapleBHX H MOJH-
MHUKTOBBIX II€CUAHUKOB H aJIEBPOJHTOB, NPUBOJHT K CHHIKEHHIO HMX
3¢ GheKTHBHON MOPHCTOCTH M NPOHHIAEMOCTH, TJIHHHCTBIH MaTepuas
npeoOpa30BaHHBIX 3epeH M 00J0MKOB IOPOJ, MaJjo BJHAET HA (HH/Ib-
TPauHOHHO-eMKOCTHBIE CBOHCTBA KOJJIEKTOPA.

Hapsany ¢ paccesHHOH pasaHualoT CJIOHCTYH TJIHHHCTOCTh, Xa-
PaKTepH3YIOLLYI0 cOJeprKaHHe B IHOpoAe TPOCJoeB IJIHHHCTOrO Ma-
TépHaJa, YepefyIOLHXCsi ¢ npocjosmMu  KoJJekropa. CJoHCTYIO
TJIMHHCTOCTh XaPAaKTEePH3YIOT NapaMeTpOM Yra, BbIPAXKAWIHUM JOJIO
TOJNMINHBI CJOUCTON MOPOABI, NPUXOAALIYIOCH Ha IPOCJIOU  TJHHBL

0. 3¢. OPeg
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B ob6wem ciyuae, ecau Ko3hQpUIHEHTH MOPUCTOCTH NECYAHO-AJEB-
PHTOBBIX H IVIMHHCTHIX MPOCJAOEB HEOAMHAKOBBl (Rgns~Rnrs), Mapa-
METDH Ny H Yrq CBSI3aHBI COOTHOIIEHHEM

Yoo (1 — ko ra)
Xrn+kn,n(1 — Ara) )

Ty = 2.7)

Ecan Apra=knn=~ku, MCHOAb3ys cooTHoweHus (2.4) u (2.7), He-
TPYAHO 1OKa3arh, YT0 ¥rg= Cry, €CTH Ocx=Ory.

B kap6oHaTHBIX MOpPOKax COOCTBEHHO TJIMHHCTOCTH He OMpexeJisi-
ercsi. A HHX HAaXOAAT COAepXKaHHe HepacTBOPHMOro octatka Cy.o,
XapaKTepH3YIOLIET0 BECOBYIO [0JI0 MHHEpaJbHOTO CKeJeTa, 0CTalo-
wyiocsa nocae o6paborku nopoan 5—10%-ubiM pacreopom HCI.
Bequuuny Cyo MOXKHO JMIIb YCJOBHO paccMmaTpuBath Kak Cr,, MO-
CKOJbKY 3HauHTe/]bHad, Hepeiko OO/bllasi yacTb HEPACTBOPHMOIO
ocratka (HO) npexcrasnena kpemuesemom. Tak e Kak npH rpa-
HYJOMETPHYECKOM aHaJju3e TEepPHUTeHHBIX IIOpOx, O6Jjarogaps BO3-
aeiicteuio HCI u3 anainsupyeMoii HaBecKH KapGOHATHOH NOpOabLI
YXOAAT B PacTBOp H BbLIIAAAIOT M3 JajbHeHIUEro aHaJjgusa JenrTo-
XJIOPHTDLI, THAPOKCHIbI Keje3a M allOMHHHA. B suTepartype mapa-
Merp Cyo H TIPOU3BOAHBIE OT HEro Ruo=Cuo(l—ky) U NMuo=
=Ry of (Bno+kn) Hepeiko HCMOJB3YIOT B KauecTBe anajoros Cr,,
Rrz, Nra IPUMEHHTEJIBHO K KapOOHATHEIM NOPOLAM.

Tonxoancnepcras CoCTaBJsOIAs OCAaZOYHOH HOPOAH C pasMme-
poM uactul MeHee 10 MKM HMeeT CJOXHBIH MuHHepaJbHBIH CO-
CTaB — KPOMe IVIMHHCTBLIX MHHEpaJIOB OHA MOJKET COJEpKaTb KBapll,
ona’, xaaleioH, OHOTHT, MYCKOBHT, JHMOHHUT, NEPHAOTHT, POTOBYIO
06MaHKy, THTaHOMAarHeTuT, MHPHT. OJHAKO OCHOBHOH COCTaBJSIO-
wel 3Toit QpakuHu ABJAAIOTCS OGBIYHO TJIHHHCTbIE MHHEPAJiBl, UTO
M TIO3BOJSET, XOTS M C ONpeleJCHHONH OrOBOPKOM, HAa3LIBaTh 3Ty
($pakUHIO TAHHHCTHIM KOMIIOHEHTOM MOPOJBL.

K rauHueTHIM MHHepasJaM OTHOCAT MHHepaJbl aJloMOCHAHKAT-
HOro cocrapa, o6pasyollne TPYNNOb THAPOCJION, KAOJHHUTA, MOHT-
MODHJJIOHHTA. B OCHOBe CTPOEHHS 3THX MHHEpPaJIOB JIEKHT KpH-
cTaJsHyecKast pelleTka, o6pasoBaHHAasl aJIOMOCHIHKATHBIMU TeTpa-
3]paMH, BKJIOYalollas TakiKe aTOMbl KHCJAOpOJa, THAPOKCHJbHBIE
TPYNNBI, KATHOHBLI HATpHs, KaJaus, MarHds, KaJjabuus u T.A. YacTu-
Ubl (MHIEMIb) TJHHHCTBIX MHHEPAJOB XapaKTepHU3YIOTCS pasMmepa-
MH OT HECKOJbKHX MHJHMHKPOH 10 HECKOJbKHX MHKPOH. Baaro-
Japsi BLICOKOH JAHCIEPCHOCTH YaCTHU, TJIMHHUCTBIX MHHepaJoB B OCa-
JIOYHBIX MOPOJAaX OHH 00J1afal0T OrPOMHON afCcOpOUHOHHON TOBEpX-
HOCTbIO, CIOCOGHOH YAEpKHBaTb MOJSIPHbIE MOJEKYJbl BOAL H 06-
MeHHBlE KaTHOHBL.

MHuHepaabl rpynibl MOHTMOPHJJIOHHTA H CMellaHHOCJOHHbIE 06-
pa3soBaHHsl THAPOCJIONL 06JaaloT pas/BHAKHON KPHCTAMIHYECKOR
pelieTKoji H CHOCOGHB MOTJIOAaTh MOJIEKYJbl BOJAB H OOMEHHBIE
KATHOHBI B NPOCTPAHCTBE MeXKAy aJIOMOCHJIMKATHBIMH NaKeTaMH,
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YTO TNPHBOAHT K HAOYXaHHIO YacCTHL H YBEJHYEHHIO HX 06beMa
B HECKOJIbKO pas.

[IpucyTcTBHE B HOpOAE IVIHHUCTHIX MHHEPAJIOB, OLEHKA HX CO-
AepKaHus U H3yueHHe MX COCTaBa H CBOHCTB IPEACTABJAAIT 60Jib-
WOH HHTepec AJsl NeTPOPH3HKH HE(PTEra3oBbIX KOJJIEKTOPOB IO
‘CJ€YIOWHM IIPHUHHAM.

I. Comepxanue TVIHHHCTBIX YAaCTHL B TEPPUTEHHOM KOJJIEKTOpE
KBAPIEBOTO MJH HOJHMMHKTOBOIO COCTaBa CYLIECTBEHHO BJHACT Ha
MX TMOPUCTOCTb M NPOHHLAeMOCTb. C POCTOM T'VIHHHCTOCTH (bHJBTpa-
LHOHHO-€MKOCTHbIE CBOHCTB& KOJJIEKTOpa OOBIYHO YXYALIAIOTCH.

2. OrpoMHasi NMOBEPXHOCTb TVIMHHCTBIX YacTHL OGYCJIOBJHBAET
CBSA3b COAepXKaHHMS B NOpPOAe (H3NYECKH CBSI3aHHOH BOABI C IJIMHH-
CTOCTbI0 H YBeJHUEHHe KO03(h¢HUHEHTa OCTATOYHOrO BOAOHACHILIE-
HHUsl C OJIHOBPEMEHHBIM CHHXKeHHeM Ko3(ddHUHeHTa 2PekTHBHOH
HOPHCTOCTH € pocTOM TIauHHCTOCTH. O6pasoBaHue MJIEHOK ajcop-
6UpPOBaHHOM BOABLI C AaHOMAJbHBIMH (PH3HYECKHMH CBOHCTBAaMH, 3a-
HUMAIOLHX 3HAYHTEJNBHYIO JOMI0 00beMa IVIHHHCTOH NMOPOABI, BEAET
K BO3HHKHOBEHHIO AHOMAJbHbIX (PH3HUYECCKHX H (PH3HKO-XHMHUECKHX
CBOHCTB TVIHHHCTBIX INIOPOJ, KOTOpHe HEOOXOIMMO YYHTBHIBATh IpH
anaJjinze marepuasnos I'MC.

3. ComepkaHue ¥ MHMHEpAJbHBIH COCTaB [JIMHHCTOTO MaTepua-

Jla — IJaBHbie (AKTOPH!, ONpeleNslollHe CIOCOGHOCTh NMOPOALI M-
paTh poOJb JIMTOJOTHYECKOr0 3KpaHa He(TsHOH HJIH rasoBoil 3a-
JIeXKH.
B mnerpodusnke HedTerasoBhX KOJJIEKTOPOB HHMOpMAUHS O
TJIMHHCTOCTH M3yyaeMbiX OOBEKTOB HeoOXoauma AJisi pelleHus cJje-
AYIOUHX BONPOCOB: a) Bbl6Opa MeTPOMU3HUECKUX YpPaBHEHHH U HX
KOHCTAHT, aAeKBATHLIX H3yuaeMoMy o0bekTy, AJMA 3((PeKTHBHOrO
UCHOJMb30BAHUSI MX TPH TEOJOTHYECKOH HHTEpIpPETAlHH pe3yJ bTa-
toB 'MC Ha craausix mojacueTa 3amacoB M NPOEKTHPOBAHUS paspa-
GoTKH MeCTOpOXK/AeHHH HedTH M rasa; 6) IPOrHO3a IOBeNCHHST KOJ-
JIEKTOpOB He(TH U ra3a B NPHUCKBAXKHHHON 30HE NPH BCKPHITHH pas-
pesa Oypenuem Ha npecHom PBO; B) mporsosa MOBELEHHS KOJIEK-
TOpOB He(pTH W ra3a NpPH 3aBOJHEHHM HX INPECHOM BOJAOM, 3a-
KayuBaeMOH B HarHeraTeJsbHble CKBaXXHHBl B MpOLECCe IKCIIya-
Talluu.

Ons 3¢dekTHBHOrO yueTa BJHAHHS TVIHHUCTOCTH MOPOABLI-KOJ-
JIeKTOpa Ha 3HAYeHHUs NOJCYETHBIX MapaMeTpOB H IMapaMeTpoB, HC-
HOJMb3yEMbIX NPH TPOEKTHPOBAHHHM M aHaJH3e pa3paboTku, AJd
NpaBHABHOTO BbIGOpa MEeTPOGdH3HYECKHX yDAaBHCHHH H KOHCTaHT,
BXOASILIMX B 3TH ypaBHEHHS, HEOOXOAUMEl CBeAEeHHs O TJIHHHCTOCTH
B Buae BeJauuuHsl Cr,, NoJydyaeMoil npH CTAHJAapTHOM TpaHYJOMET-
puueckom aHaguse. Cnemmaaucry B 00JaCTH HHTepOpeTalHu pe-
syabratoB 'MIC u ¢usHkH HedTSHOro M rasoBOro njaactoB Tpely-
IOTCSl CJEAYIOLHEe CBEJEHHS O COAepXKaHHM B TNOPOJe, COCTaBe W
CBOHCTBAX BHICOKOJHCIIEPCHBIX KOMIOHEHTOB CKeJleTa MOPOAbI, B Ua-
CTHOCTH IJIMHHCTOrO MaTepHaJa.
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1. Iloanas apcop6uHOHHAs MOBEPXHOCTb HEHADYIUEHHOro 06pas-
ila NOPOAbl, YCTAHOBJIEHHAS! OJHHM M3 CNOCOGOB, PacCCMOTPEHHBIX
HHKE.

2. Jloin mOBepXHOCTH, NPUXOASULMECST HA 3€pHa CKeJeTHOM
¢pakunn (dsp>>10 MKM) H UEeMEHT /s MOJUMHKTOBBIX ECUAHHKOB
U aJeBPOJHTOB H BYJKAaHOT@HHO-06JOMOYHBIX HOPOJ.

3. KoadpduuneHTsl 06beMHOro CoepKaHus B MOPOJie TJHHUCTBIX
MHHEPAJIOB M APYTHX BHICOKOAUCIEPCHBIX KOMIOHEHTOB, pPacTBOpsie-
MBbIX NpM NOATrOTOBKe 00pas3na K aHaJu3y pacTBOPOM COJSHOHR
KHCJIOTHI.

4. CocTaB TJIHHHCTHIX MHHEpaJOB B aHAJH3HpPyeMOM oO0pasile;
pacnpejeneHHe HX B LeMeHTe, 06JOMKax NMOpPOA U npeobpa3oBaH-
HbIX CKEJETHEIX 3€pHaxX NOJHMHKTOBLIX IECUaHHKOB, aJieBPOJIHTOB
U BYJKaHOTeHHO-00/10MOuHbIX nopox. CocTaB M JOJA  TJAHHHCTHIX
MaTepHaaoB BO ¢pakuun < 10 MKM TeppHIreHHLIX H B HepaCTBOpPH-
MOM oOCTaTKe KapOOHATHLIX NMOPOJ.

5. Hoan ramHuCTOrO MaTepuaJta, XapaKTepH3ylollerocs pacce-
STHHOH M CJIOHCTOH TVIHHHCTOCTBIO, B MHKPOCJOHCTOM 06pasle, npesi-
CTaBJEHHOM YepeAOBaHHeM TOHKHX MPOCJOEB KOJJIEKTOpAa H TJIMHbI.

2.3. YAEJIbHASI NIOBEPXHOCTbD.
EMKOCTb KATUOHHOI'O OBMEHA

Ilog ynenpHO! NOBEPXHOCTBIO MOPHUCTOH Cpeabl IOHHMAKT MOJ-
HYI0 NOBEPXHOCTb TBEpJHIX YacTHI, oOpasylolmHux TBepAyl a3y
3TOH Cpeibl, HJU MOJHYK NOBEDXHOCTh MMOPOBBLIX KaHaJOB CpeJbl,
OTHECEHHYIO K €JHHHIe MacChl TBepAO# ¢asbl HJIH K eIuHHILE 00be-
Ma NMOPUCTOH Cpejbl.

B uHxXKeHepHOl reoJioruH, nerporpaduH, MOYBOBEJEHHH YA€Jb-
HYIO NIOBEPXHOCTb Srs OTHOCHAT K €JIHHHUIle MAacChl TBepAoH a3l
¥ Bhlpaxalor B M%/r. B nmerpodusuxke NpHHATO OTHOCHTb YAE/NbHYIO
TOBEPXHOCTh K €AHHHLE ofbeMa MOpPOJBI, BeIpaxkas ee B M ! HJIH
cv~l, Ins mepexoja OT 3HaueHHs Sps B MZ/T K 3HauyeHHIO Sqp
B M~! moab3yorcs opmysion

S, = S8,5 (1— k), (2.8)

TB-TB

Tae 0.5 B I/cM3; By — B JA0JISIX eIHHHILBL,

[lpu Boipaxenuu Sp B ¢M~! B mpaBoit yacTe dopmyas (2.8)
106aBas0T MHOXKHTEAb 104,

YieabHy NOBEPXHOCTh S; MOXKHO ONpefesATb Ha HeHapylleH-
HOM 0O6pa3sie, Stz — Ha NOpPOLIKe, NPHIOTOBJIEHHOM IyTEM [e3WHTe-
I'PHPOBAHHS MHHEpPAJIbHOTO CKesieTa ofpasua Ge3 HapylleHHsS €ro
NepBOHAYAJbHOH JHMCIEPCHOCTH. B KaXaom caydae wuccaeayeMbiid
06DBEKT OTMBIBAIOT OT MHHEpaJibHbIX COJIefi ¥ OpraHHYeCKHX HOpHMe-
cefi u BucywmBatoor npu teMmneparype 140 °C. Onpenenerne yaesb-
HOHl TIOBEPXHOCTH OCHOBAaHO Ha pe3yJabTaTax alACcOpOUUH MOJEKYJI
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HEHTPaJIbHOTO BEILeCTBAa, He BCTYMAIOILEro B XHMHUYECKYI0 PeakKlHIo
¢ BellecTBOM ajcopGenra. Bennunny Srs pacCuuTHIBaOT 10 ¢op-
My.Je

STB = QTB/(OmTB)’ (29)

rae Qrs — KOJHYECTBO BEIECTBA, T-3KB, aJCOPGHPOBAHHOTO ajucop-
GeHTOM Maccoii m; O-— KOJMYeCTBO BEIIECTBA, -3KB, aacopbupye-
MOTO eJMHHlleH NJOWaAnd INOBepXHocTH ancopbenta. Beawyuna o
3aBHCHT OT KOJIHYECTBA AKTHBHLIX IEHTPOB INOBEPXHOCTH TBEpAOH
¢asbl, TPUXOAALMIMXCA HA €JHHHLY Tiomanu. st IpUPOAHLIX af-
COpOeHTOB — IVIHH, KpeMHe3eMa H Jp., 3HaueHHe G COCTABJACT OT
3-107 po 17-10~7 r-3kB/M?, UTO COOTBETCTBYET KOJHYECTBY AKTHB-
HBIX 1enTpoB B 1 M2 nmosepxHoctH (1,8--10)-10Y. TIpu 3tom pasme-
PBl «IOCAJOUHOH TJIOLIAAKH» OJHOA MOJEKYJbl MEHSTCS COOTBET-
cTBeHHO B npexesax (5,5--1).10-18 m?

Takofi cnoco6 pacuera Stz CHpaBefJHB NPH YCJIOBHH, HUTO aj-
copOupyeMbie MOJIEKYJ Bl PACIOJaraloTcsi B BHAE MOHOCJOS PaBHO-
MEPHO Ha NOBEPXHOCTH TBepAoH (asbl, IMO3TOMY IKCHEPHMEHT IO
axcop6IUH TOro WJH HHOrO areHra Ha TIOBEPXHOCTH H3ydaeMo#
NOPOABI CTPEMSTCS HOCTaBHTH Tak, UTOOB 3TO ycCJoBue cobJioma-
JOCE.

Hanbonee ¢hnanueckn 060CHOBAHHLIM M TEXHOJOTHYECKH COBEp-
LWICHHBIM CYHTAIOT CIOCOO ONpefeseHHs y/AeJbHON NOBEPXHOCTH, CBA-
3aHHBI C TOJYYEHHeM H30TepMb! aACOpOIHH HWHEPTHOTO rasa, Ha-
npuMep a3oTa WJW aproHa, U INOCJAeLYIOUeH UHTeprperauHe#f mno-
JYYEHHBIX Pe3yJbTaToOB Mo Meroauke bBpyHayspa — dmmera — Teu-
nepa (BIT). HauGosbluee pacnpocTpaHeHHe B OTEUECTBEHHOH H
3apy6Gexnoit JaGopaTOpHOfl ApakTHKe TMOJYYHJ BapHaHT 3TOro
crniocofa, 3aKJYAIOIWUNACS B MOJYYEHHH  H30TE€PMBl  aacopOuuy
a3oTa mpu HU3KOH TeMmmeparype. PaccMOTpHM yNpOLIEHHYIO MOIM-
dukanMio 3TOro cnocoba.

1. OrMBITHIH OGpasell MOPOAb HPOU3BOJABHON (GOPMBEl BaKyyMH-
pyior ¢ oTkaukoft go 103 MM pT. CT. U OPOrpeBaKT 10 TeMmepary-
pe 140 °C.

2. B cneunaJbHyl0 aMOyJy, cOAepiKalllylo H3yuaeMmul#t obpasel,
TIOC/IeIOBATENBHO BIYCKAIOT AWCKPETHHIE NOPIHH a30Ta NpH TeMiie-
patype —196 °C. Tlocae kaxXaoro BHYCKa H3MEPSIOT DABHOBECHOE
7aBJ/eHHe NMapoB a30Ta B aMiyJe ¢ 06pa3loM ppass H B OydepHOM
o6beme py. B cucreMe KOOPIAMHAT Ppasn—pPv HAHOCAT TOUKH, COOT-
BETCTBYIOLIME KaXKIOMY H3MEPEHHIO, COeIHHsSs KOTOpble, NMOJYyYarT
NpsMylo, Mepecekaoulyio ocb aGeunuce B Touke p= (Po)m. ITO 3HA-
YeHHe COOTBETCTBYeT JaBJIeHHIO a3oTa B o6beMme V, KoTopoe HEOG-
XOJHMO 15 06pa3soBaHHsI 3aBePIIEHHOrO0 MOHOCJOs a1COpOHPOBAH-
HbBIX MOJIeKyJ No.

3mech JKe MOMEHIAIOT KOHTPOJbHBIN rpadHK, NpOXOASIIHi Yepes
HayaJo KOOPAMHAT, MOJyYyaeMbli Ha OCHOBAHMH H3MEPEHHI Ppasu
1 py TO TOl XKe MporpaMme, Kak 1Js H3yuaemoro oGpasia, HO A4
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©o0pasua M3 OprcTeksga, Ha KOTOPOM ajAcopOIHsl a30Ta He NMPOUCXO-
JHT.

3. 3HaueHHe Stz PACCUMTHIBAIOT MO (opMyJie
g . 8.02:10%:273-16,1-107V (pg)m
™ 22,4-10°T-760m ’

(2.10)

rae m— macca obpasua; V — Kanu6poBaHHBIH 06beM, H3 KOTOPOTrO
30T TocTynaer B aMmyJay ¢ obpasuoM; T — TeMmepatypa rasa
B o6beme V. Ilpu T=293 K. Ilocne ynpoiieHH#l moayuaem

S.p=5,35.10"(p,),, V/m. (2.11)

3HayeHHe S, pPacCUHTHIBAIOT 3aTeM Mo dopmyJe (2.8).

B na6opartopHofi nmpakTHKe AOCTAaTOYHO ILIAPOKO HCIOJB3YIOT
Jpyrofi cnoco6 omnpefeneHHst Srs, OCHOBAHHBIH Ha MOJYYEHHH H30-
TepM ajacopOLIH MapoB BOALI C HOCJAEAYIOLUMM pacyeTOM MHHH-
MaJibHOH TFHIPOCKONMYeCKOH BJaXHOCTH obpasna. IToT cmocob He
TpebyeT cneuHaJBHON CJOXKHOH ammapaTyphl, IO3TOMy 6oJjee J10-
CTyINeH paas JjabopaTopHil, BHIOJHAIIIAX MaCCOBLIE HCCJEJOBaHUS
06pasuoB. DKCTPArHPOBaHHLIH M BLICYUIEHHBIH 00pasel MOMel(aioT
B 3KCHKaTOp, B KOTOPOM MOCJEO0BATENbHO CO34AI0T pAasjHYHYIO
YNpyroctb BOASIHLIX napoB. IlpH kaxkaoM ¢HKCHPOBAHHOM 3Hade-
HUU p onpeflensiioT Maccy o6pasua m H pPacCUUTHIBAIOT KaK Maccy
BJA4rd Mgy, TMOIVIOIICHHOH 06pasioM, TaK H pasHOCTb Macce BJaXK-
HOTO Mgy H CYXOro me 06pasnoB. ONBIT NPOBOASAT NPH MOCTOSTHHOHN
TeMmneparype. 3areM B HOPSIMOYroJIbHOH CHCTeMe KOOpPAHHAT HaHO-
CST TOYKH C KOODAMHATAMH My U p/Ps, OTKAAABIBAS MO OCH abCcuHce
OTHOILEHHe TeKYyILlero 3HaueHHss p K MAKCHMAaJbHOH yIPYrocTH ma-
poB ps. CoefnHSs TOUYKH, NOJYYAIOT H30TepMy ajacopOLHHM NapoB
poxabl. Ecau n30oTepma HMeeT YeTKO BhIpaKeHHOe IJaTO — YYacToK,
napaJ/iieJbHbHH ocH abcuuce, AJs AaJbHEHIIHX PacyeToB HCIOJb3Y-
10T BEJIHUHMHY My, COOTBETCTBYIOLLYIO 3TOMYy nJarto (puc. 1). Ecau
NJaTO OTCYTCTBYeT, GepyT 3HAaueHHe My, COOTBETCTBYIOIIEE p/ps=
=0,3—0,35. [Tosaraor, 4To 3TO 3HAaUeHHE COOTBETCTBYeT 3aBepllle-
HHIO 06pa3oBaHHs MOHOCJOS ajxcopOHPOBAaHHOH BOAB. Beauuuny
My=m; HA3BIBAIOT MHHHMAJbHOH THIDOCKONHYECKOH BJaXKHOCTHIO.
Eciu w, BbpaxkeHa B I, KOJHYECTBO aJACOPOHPOBAHHON  BOIBI
B I-3KB COCTaBNT w;/18, a Besnuuna Sz B M2/r:

S, = w/(180m). 2.12)

Sn paccuutbiBalor 3ateM no ¢opwmyae ((2.8). Pekomenayercs GpaThb
o=10=17-10"7 r-3xB/M2.

[penMylecTBOM pacCMOTPEHHBIX CIOCOGOB OmpefieleHHsT St
ABJISAETCA BO3MOXHOCTb PELIeHHs 3aJaud Ha obpasiax MOpoAk! Jio-
6oit popmbl Ges paspyluenust o6pasua. Brarogaps Tomy, uro o6pa-
sen He mojsepraercs obpaGorke pacrropom HCI n He pesmHrerpi-
pyercsi, mosayuaeMble PaCCMOTDEHHBIMH CImOCOGaMH 3HaueHHs Sts
H S, aBasiorca GoJiee TOJHEIME U OOBEKTHBHBIMH XapaKTepHCTHKA-
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MKM/r Puc. 1. HsorepMm ancopbuuu
2k . ° napoB BOAH Ha ofpasiax no-
) L JHUMHKTOBHIX  HECYaHHKOB (MO
- b B. B. Ilocnenosy)

0 4z g4 06 88 p/pg

MH TPUCYTCTBUA B IOPOJAE BBICOKOJHCIEPCHEIX KOMIOHEHT, B TOM
YHCJe TJIHHHCTOH.

BaaronpusaTHBIME OGbEKTaMH HCCIENOBaHHs A TPHMEHEHHs
PaccMOTPEHHBIX CIOCOGOB SIBASIOTCH THAPO(HUAbHBIE OCAJOUHLIE IIO-
pojbl BCEX KJACCOB, NPHHHMAIOUIHX yYyacTHe B Te0JIOTHUECKOM pas-
pese HePTSAHBIX U Ta30BbIX MECTOPOXKIEHUH, — TeppHUTeHHbIE, Kapbo-
HaTHble, BYJKAHOTEHHBIe H CMEIIaHHOrO COCTaBa.

3HauuTeNbHBIMH BO3MOXKHOCTSMH o6Jjajaer crnoco6 ompeaese-
HHA NapaMeTpoB Srs H Sy, OCHOBaHHHIH Ha ONpeJleJeHHH eMKOCTH
HOHHOrG oO6MeHa TBepAoH ¢asbl o6pasua nopojbl. CyIIHOCTb HOH-
HOro O6MeHa COCTOHT B TOM, YTO NPHPOXHBIH HJIH CHHTETHYECKHH
a7cop6enT-HOHOOMEHHHK, HaXOASIIHACT B BOJHOM pacTBOpe 3JEKT-
poJuTa, MMeeT ONpeJdeseHHLI COCTaB HOHOB, 06pa3ylIluX BHeUI-
HIOI0 00KJA4LKy ABOHHOIO CJOS Ha TpaHHIeE TBepaas ¢asa — KHA-
KOCTb, KOTOPBLIH HAXOAUTCA B CTPOrOM COOTBETCTBUU C COCTaBOM
TeX e MOHOB B CBO60AHOM pacrBope. las mpupoaHLIX aacopOeH-
TOB-HOHOGOMEHHHMKOB, B TIePBYI0 Ouepelb TIJIHH, XapaKTepeH MoJo-
JKHTEJIbHBIA 3apsif BHeLIHeH o0KJaAKH ABOHHOTO CJOs, KOTOpas CO-
CTOHT B OCHOBHOM M3 KaTHOHOB. I103TOMy Ass1 TJIHH M JPYTrHUX BHI-
COKOJHCHEpPCHBIX  [OPOAO0OPA3YIOIIHX MHHEpPaJOB  OCAfOUHBIX
TOPHEIX MOPOJ THIIMYeH KATHOHHBIH OOMeH.

Ecan Bo BHeluHel 0OKJazke OBOHHOTO CJIOA Ha [OBEPXHOCTH
TJHHHCTBIX YacTHILL U B CBOOOJHOM pacTBOpPe HAXOAATCA ABa OJHO-
BaJIeHTHHIX KaTuoHa, Hanpumep Nat u K+, oTHollenve KOHUEHT-
pauuii UX B JABOHHOM CJO€ Xna/Xx TORUHHSAETCS 3aKOHY

xNa/xx = KCna/Cxk, (2.13)

raie Cna/Cx — OTHOIeHHe KOHIEHTPAUUil 3THX HOHOB B CBOGOJHOM
pactBope; K — KOHCTaHT2 paBHOBECHS HOHHOTO o0MeHa.
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Ecan B cBoGonHOM pacTBope H3MeHHTb OTHOWIeHHe Cya/Ck,
HaYHercss HOHOOMEeHHas peakuus, KOTOpas 3aBepLIATCS YCTaHOB-
JeHHeM B JBOHHOM CJIO€ HOBOTO COOTHOLUEHHS Xna/Xk B COOTBETCT-
BHH ¢ ypaBHeHueM (2.13).

st mapbl 0AHOBaJIEHTHbIH — JIBYXBaJIEHTHBIH KATHOH, HATIpUMED
Nat—Ca?%, ypaBHeHue HOHHOro 0o6MeHa HMeeT BHJ,

xNa/x2Ca = KCN,l/C2Ca. (2 14)‘

BennunHa KOHCTAHTLI HOHOGMEHHOTO PABHOBECHSI 3aBHCHT OT IIPH-
poAbl HOHOOMEHHHKA M HOHOB, y4aCTBYIOUHNX B OOGMEHHOH peakuuH.

Emkocrh KaTHOHHOro o6MeHa Qs (0GMeHHasi eMKOCTb) HOHOO-
MEHHOro MaTepHaja Onpeaesercss BbIpaxKeHHeM oS (Ha 1 T
TBepAOK ¢ashl), rie ¢ — IJOTHOCTb 3apsjaa ABOHHOIO CJOSI B I-3KB.
Ha €IHHULY MJOWAJH; Sz — MOJHas MOBEPXHOCTb, Ha KOTOPOIi mpo-
HCXOAHT OOMeHHAsl peakuus. JTO 3HaYeHHe Sys MOXKHO paccCMaTpH-
BaTh KaK aHaJor MOJHOH ajAcOpOIHOHHOH MOBEPXHOCTH, NMOCKOJBKY:
pa3mellleHHe KaTHOHOB ABOMHOTO CJI0f Ha IOBEPXHOCTH CBSI3aHO
C TeMH K¢ aKTHBHBIMH LEHTPaMH, KOTOpble 00eCIeundBaloT MOJIEKY-
JApHYIO aacopbuuio.

B na6opaTopHoli MpakTHKe HAayyHHIX oTpacJell, rae GblIdH ycra-
HOBJIEHbl 3aKOHOMEPHOCTH HOHHOro o6MeHa M CO3/laHa MeTOLHKA
ONpeie/IcHUs] €MKOCTH KaTHOHHOro o6meHa Qrs, peKOMeHJOBaHa
cJeaylomlasi cxeMa omnpeieseHHss Q— BeJHUHHBI Qrs, OTHECEHHOM
K 100 r u3yuaeMoro BellleCTBA.

1. OTMBHTYI0 N BLICYUIEHHYIO HaBeCcKy C MacCOH m HCCJIeLyeMo-
ro o6bekTa, HalpuMep IJIMHBI, HACHILAKOT 3aZaHHBIM KATHOHOM,.
Hanpumep Ca?t. [Inst 3TOro HaBecKy IIOMEILAIOT B PAaCTBOP JAOCTA-
TOUHO BBICOKOH KOHIEHTPAUHH 3JEKTPOJHTA, COAEpIKallero AaHHLIR
katuoH, HanpuMep CaCl,. O6paboTKy HaBeCKH pacTBOPOM IPOH3BO-
AT ABaXKABI-TPHIK/BL, NOGWBasACh MOJHOrO HACHIILLEHHA JaHHLIM Ka-
THoHOM. [IpusHakoMm 3aBeplieHHs 06MeHHOH peaKIHH SIBJASETCS OT-
CYTCTBHE B pacTBOpe, HAXOAsSIILEMCS B PaBHOBECHH C HOHOOMEHHH-
KOM, WHBIX KaTHOHOB, Kpome Ca?t

2. Ilonyuennas Ca-riuHa, OTMHEITas OT pacTBOpa, ICMOJAb30BaH-
HOTO /5 HACHIIEHHS TJHHBI KaJjbuueM, o6pabaTbiBaeTcss PacTBO-
poM apyroro ajexkrpojura, HanpuMep NH4Cl, no meToxnuke, obecne-
yuBaloen noaHoe shitecienne Ca?t xatmonom NHy*. Hacwinenue
katHoHoM NH,+ ucciaemyemoll I'JIMHBL NpeKpallaeTrcs IOCJe Hcues-
nosenus Ca?t B pacTBOpe, HaXOAALEMCH B PAaBHOBECHH C IVIMHOH.

3. Bce mopum# pactsopa, HaKOIJEHHbIe NIPpH BLITECHEHWH KaTHO-
na Ca?, COXpaHsIOT, CMEIIMBAIOT, I0JIy4yas CyMMapHL# o6beM pac-
TBOpa V. 3aTeM H3BECTHBHIMH METOJAMH aHAJHTHYECKOH XHMHH OIl-
peneasiior koHuenrpaunio Ca%+ B pactBope (C) B r-sxs. Ilpousse-
nenne CV paer xoauuecTso Q. (B r-3KB), IMOTJIOILEHHOTO HaBeCcKOH
FJIHHHE m (B T) Kaablus. Beauuuny Q paccyuThIBAIOT mo ¢opmyJsie

Q=mQ,,-102. (2.15)
2—679 17



Benuuuny Q rauH W APYrHX NPHPOAHBIX HOHOGMEHHHKOB BhIpaiKa-
10T OGBIYHO B MI-3KB.

Takum ke o6pas3om onpeensiioT Q MHHEPAJBHOTO CKeJeTa IJH-
HHCTBIX NMECYAHHKOB M AaJeBPOJHTOB, BYJKAHOTEHHBIX H BYJ/KAaHO-
FeHHO-00JOMOYHBIX TOpOX. [lis mosiyueHHst BequuydHbl Q, 06Dbek-
THBHO XapakKTepH3ywoulel 00MeHHYI0 aAcOopOLHOHHYI0O CHOCOGHOCTD
HOpOJLI, ee CJeAyeT ONpeAessdTb Ha eCTECTBEHHOM HEepa3pyUIeHHOM
obpasue. EcaiM 3TO HEBO3MOKHO, MOPOAY pa3pylualoT, HO NpH 06s-
3aTeJbHOM COOJIIOAEHHH CJefyIOUlHX YCJOBHH: a) mpeaBapuTebHAsN
o6paGorka o6pasla JO paspylieHHs HJH H3MeJbyeHHOro o6pasiua
pacrBopom HCI Bbricokoii xonueHtpauuu (5—10%) nHemomycrnma,
BO3MOXKHO HCMOJIb30BaHHe JHIIb pasbasieHHoro (¢<<0,1 H.) pac-
TBOPAa YKCYCHO{I KHCJOTH; 6) Ne3HHTerpHpOBaHHe CKeJera IpoBO-
JUTCSl TaK, 4TOGBI HCKJ/KUYATb BO3MOXKHOE paspylleHHe 3epeH Cke-
Jerta, HCIOJb3ysl COBPEMeHHble MeTOAbl BO3JAEHCTBHA Ha paspyliae-
Mbiii oOpasell, — BH6POBO3JeCTBHE, MEKTyalHus H T.II.

Beanuuny Q kapOOHAaTHBIX NMOPOA CJeflyeT ONpeAeJATh TOJbKO-
Ha HepaspylueHHoM obpasue. [Tocse pacrBopennss HCl kap6onart-
HOTO CKeJieTa MOXKHO HOJYYHTb 3HauyeHHe (@ JMIIb HEPACTBOPHMOIO
ocratka. IlpaBna, nss GoablIMHCTBA KapOOHATHBLIX MOPOA Xapak-
TEPHO OTCYTCTBHE MJH BeCbMa HH3KOe COAEpKaHHE THAPOKCHIOB
JKese3a, aJIOMHHHS H JIETrKO PaCTBOPSEMBIX KHCJIOTOH TIJIHHHCTBIX
MHHEpaJIOB, U HepacCTBOPUMBIHl OCTATOK SIBJAETCS TJ1aBHLIM HOCHTe-
JeM o6MeHHOt aICOpOLUHOHHOH CIOCOGHOCTH MOPOILL.

Meroauka onpepeneHusi () HEKOTOPHIX Pa3HOBHIHOCTEH BYJKa-
HOTeHHBIX M BYJKaHOIeHHO-00JOMOUHbLIX NOpox TpebyeT popabort-
KH. DTO OTHOCHTCS Npexje Bcero K o6pasuaM, cogepxalluM Leo-
Jutel, HekoTopble BHAB LEOJHTOB XapaKTepH3YIOTCS OYeHb HH3KH-
MH 3HAUE€HHSMH Q TpPH OrpDOMHOH IOBEPXHOCTH H BLICOKOM cojep-
JKaHHH OCTAaTOYHOH BOJBL.

MHoroyuc/enHble MOAHPUKALHWE METOAHKH ompejeseHus Q mpu-
PONHBIX OGBEKTOB PAa3JHYAIOTCS O NPHMEHSEMOMY areHty o6MeH-
HOH aJACcOpOUHH — KaTHOHY, KOTOPLIM HACHIIAIOT MOPOY, M IO CIIO-
cofy ompeje/ieHHs ero KOHUEHTPALHHU B paCTBOPE, MOJYYyaeMOM I0C/1e
3aBeplIeHHst KATHOHHOTO o6MeHa. B xauecTBe Hacelllaouero obpa-
3el KaTHOHa yalue Apyrux uenoaeaytor Nat, K+, NH,+, Ca?t, Ba?*,
[Tpeanourntenbhee ucnoabzopanue Nat u Ca’*, mockoabKy ocanou-
Hble MOPOJABI, MpeXKae BCero TJIHHHCTLle, CJaaraioline paspesbl Hed-
TSHBIX H Ta30BbIX MECTOPOXKJAeHHI, HMeloT B CBOeM OOMEHHOM KOM-
nJaekce KaTHOHOB B ocHoBHoM Nat u Ca?t, cooTHouleHHe KOTOPLIX
BO BHeLIHeHl O0KJajke NBOHHOTO CJIOS 3aBHUCHT OT NMPOHCXOKAEHUS
NOPOAH (MODPCKOE HJH KOHTHHEHTAJbHOE).

3HauMTe bHAS YacTh Ja60PATOPHH A onpejeseHHs Q HCIOMb-
3yer MeTHJEHOBHIH roayGoit (MT), saBasomuiica c1a6biM 3JEKTPO-
JHTOM C KAaTHOHOM, MOJIeKyJAspHasi Macca KOTOPOrO  COCTaBJISIeT
319. KosnuuectBo MT, morsouennoro u3 pacrsopa MI, Haxoasuie-
rocs B PaBHOBECHM C H3yyaeMbIM 00pasioM, ONpenefsior, (HHKCH-
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Pysl M3MEHeHHe ONTHYECKOH IJIOTHOCTH pactBopa MT, dorocnekTpo-
MerpoM. IlpenmyiuecTBo crnoco6a — ero 3KCIpeCCHOCTh, HEXOCTATKH
crnocoba: HH3Kast TOYHOCTb ONpejeJeHHst (; HEeMPHMEHHMOCTb JJS
06pasuoB C HEHAPYLWIEHHOH CTPYKTYPOH C YABTPATOHKHMH TOpaMH,
B KOTOphle OrpOMHBHIH KaTHon MI He mpoxoaur.

YieapHas eMKOCTh O6MeHa IOPOABI, XapaKTepu3ymouas o6MeH-
HYI0 afcOpOUHOHHYIO CTOCOOHOCTL 1 ¢M® MOPOABI C HeHapylleHHO
CTPYKTYpOH,

Qu=Q (1 —ky) b, 1072, (2.16)

3aecb Qn BblpakeHa B Mr-3kB/cM®, ecaum pasMepnocts [Q] =
= [mMr-3kB/r],[8:] = [r/cM®]. ViesbHas nosepxHOCTH 06MEHHOM aj-
copbuun nopoasl Sy=0Qn/c cM~!, rae ¢ B Mr-aks/cMm2. s 60JbIINH-
CTBA TJHH H JPYTHX BEICOKOTHCIIEPCHBIX KOMIIOHEHT OCaJOYHBIX
nopoja NpHHUMAKT ¢=>5-10"% Mr-skB/cM2.

ConocraBnenne 3HaueHnit Sy, NOJNYYEHHBIX MO JAHHBIM MOJEKY-
JSPHOH aicopOuHKM NMapoB a3oTa H BOABl M MO NAHHHIM OOGMeHHOMH
ancopOLMH KaTHOHOB HA Pa3JHYHBEIX 00pasnax TepPHTEHHLIX H He-
KOTODBIX BYJKaHOT€HHO-O0JIOMOYHBIX IOPOJ, MOKAa3bIBAE€T HX YAOB-
J€TBOPHTEJNBHYI0 CXOAHMOCTb HECMOTPSI Ha pAas3/JHUYHYIO NPHPOLY
sIBJIEHHH, JeXKalluX B OCHOBE onpefeneHds Sz U Sp B KaXI0M H3
yKa3aHHBIX cnoco6oB. Oco6eHHO BaXKHO TO, UTO daKe ecJH Habmawo-
Jaercsl pas/uvyle B 3HAUEHHSAX N0 a30Ty U KaTHOHHOMY O6MeHy, uTo
MOzeT GHTb BBI3BAHO, HANPHMep, HCIO/Jb30BAHHEM HETOYHOH BeJH-
YHHBL ¢ NpH pacuere S, pacHpelejeHHsl 3HaueHHst S, NOJYUeHHBIX
IO JAaHHEIM MOJEKYJIApHOH u OOMeHHO! ajacop6uuu, mo ofpasuam
KOJIIeKHHH OObIUHO COBNAAaloT.

2.3.1. OLLEHKA YOEJNBbHOW NOBEPXHOCTH
O JAHHBIM TPAHYJIOMETPHYECKOIO AHAJIU3A

Ias mopucroéi cpeirl, o6pa3soBaHHOH 3epHaMH cQepHUeCKOH
GopMbl ¢ OIHHAKOBBIM AHMAMETPOM d,, TNMOJHAs yAeJbHAs HOBEpPX-
HOCTh Sp onpeneJsiercs GopMyJIoH

Si=6(1—*ky)d?, [eM], (2.17)
rae ds BLIpazkeH B CM.

Ecau nopnerast cpega o6pa3osaHa chepUIeCKUMH 3epHAMM pas-
JMYHOrO pasMepa, NpeANoJIOXKHM, HECKOJbKHMH TIPYIIIaMH 3¢peH
C MOCTOSIHHBLIM 3HaueHHeM d, B KaxjoH rpymne, To IpH OJHHAaKOBOH
IJIOTHOCTH 3epeH Orp

Sa=6(1—ky) I pdy, (2.18)
fo=

rle p;— BecoBoe cojepikKaHue; d;;— nuaMeTp 3epeH i-H (pakuuH.
Ecau ¢opma 3eped OTJHUYHA OT CHepHYECKOH, UTO XapaKTEpHO
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AJs peajbHbIX OOJOMOYHBIX MOPOJ, HAmpuMmep I/ HECYAHHKOB H
aJeBpoauTos, gopmyaa (2.18) mpuobperaer BU

Sp=6f(1—ky) T pidiyy, (2.19)
i=1

rae [>1—xkosbduuueHT, YIHTHBAIOWMA OTJHUHE (GOPMHL  3epHa
ot chepuueckoit; dyp —3PPEKTHBHBIH JAHAMETp HecdepuyeckKoro
3epHa, IPUHHMAaeMOro 3a cepHieckoe.

dopmyay (2.19) MOXKHO UCMOJB30BaTh A/ pacuera S, IECKOB
H aJeBPUTOB, C/1a60CUEMEHTHPOBAHHBX NECUAHUKOB U AJEBPOJIUTOB,
JIHUIEHHBIX [JHHHCTOrO M APYTHX BHAOB BHICOKOAHCIEPCHOTO LEMEH-
Ta. Ilpu usMeHenuu ky B mpenenax 0,3—0,4 u dsp B mpenesax or
0,1 cM (kpynHo3epHHCTHI Iecyanuk) a0 0,002 cM (TOHKO3EPHUCTbIH
aJeBPUT) MOJyYuM 3HaueHus Sy oT 36 po 2100 cm~!, a ¢ yyerom
Hec)EPHUHOCTH 3€peH NpPUMEDHbIE NpeIestsl H3MEHeHHs Sy COCTa-
BaT 40—2500 cm~L

ITpupoaHble TMeCYaHHKH U aJEBPOJHUTH BCETAd COAEPHAT TIJIH-
HUCTBHIi U APYyrHe BHABI LleMEHTa, MO3TOMYy JJsl pacyera Sy MO jAaH-
HbIM T'DaHyJ/JOMeTpHUYeCKOro aHaJsausa mo gopmyae (2.19) caenosaJo
OBl yuecTh KpOMe BKJaJa 3eDeH CKeJeTHbX ¢(pakuuit (mecuaHoit u
:aJeBPUTOBOM) TakxKe BKJAJ YaCTHI, pa3MepoM MeHee | MKM, T.e.
rauHHcTOR ¢pakund. HeTpyaHo mokasaTb, 4TO jaaKe npHu HeGoJib-
oM cofepxanun 3toit dpakuuu B nopoxe, Hampumep Crn=0,1,
u cpeaneM dyp=2-10"* cM goss Sp, BHOCHMasi IPHCYTCTBHEM [JIH-
HHCTOrO LeMeHTa, cocTaBUT 6oJgee 4000 cm~!. Ecau ke yuecTb, 4TO
1Jsi GOJIBIUIHHCTBA IJIHHHCTBIX MHHEpAJIOB CpelHee 3HAaueHHe dsp<<
=C10~* cM, a Cr; B IVIMHHCTBIX KOJIEKTOpaX MOXKeT OBITh BbLIlE
0,1, TO CTAHOBHUTCS OUEBHJHBIM, YTO B peasibHbIX TEPPHIEHHBIX KOJI-
JIeKTOpax HedTH U rasa BeJHUHHA Sy, pacCuHTaHHas 10 JAHHBIM rpa-
HYJIOMETDPUYECKOT0 aHaJH3a C yUYeTOM BKJaja TJMHHUCTOH (pakuuH,
Moxer coctaButb 10*—10% cM~!. OgHako Tako# pacyeT BbLIIOJIHHTH
MPAaKTHYECKH HEBO3MOKHO [0 CJEAYIIIHM MPUYHHAM:

a) CBeJeHHs O TPAaHYJOMETPHUYECKOM COCTaBe IVIMHHCTOH ¢pak-
MY TIPH CTAHAAPTHOM aHaJM3e He I0JyYaioT;

6) naxke NpH HAJHYMH AAaHHBIX O IPaHYJOMETPUUYECKOM COCTaBe
TJIMHHCTOH KOMIIOHEHTHl PaCyeT He HMEET CMEICJIA, MOCKOJBKY reo-
METpPHsl TJIMHHCTLIX YaCTHI CJ0OXKHA H aNlpOKCHMHPOBATb HX 3epHa-
MH NpPaBUJIbHON (OpMLI, HANpUMep chepuyeckoil, HeT OCHOBAHHI.
Kpome TOro, n/s 3HauHTesNbHOH YACTH TEPPUTEHHBIX MOPOJ, Npe-
CTaBJIEHHOH NMOJHMHUKTOBLIMH NECYAHHKAMH M aJIeBPOJIHTAMH, Cylile-
CTBEHHAast JOJs yAeNbHO! IIOBEDXHOCTH 3aKJueHa B mpeofpa3oBau-
HbIX (MeJMTH3HPOBAHHLIX) 3epHAX MOJEBBIX LIMNATOB, YTO HE YUHTHI-
BaeTcs NpH pacyeTe S, MO JAHHBIM TPaHYJOMETPUH.

OueBupaHO, uTO pacyer Sy no dopmyae (2.19) wumeer cMmbica
JHUIb AJ51 Y3KOTO KJacca KOJJEKTOPOB— YHCTHIX (HErJIHHHCTHIX)
eCKOB M aJ/IeBPHTOB KBapLeBOro cocrama. [Ins HauboJjee MIHPOKO
pacnpoCTpaHEHHBIX KOJJIEKTOPOB TEPPUreHHBIX pa3pe3oB — Mecya-
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HUKOB W aJeBPOJIUTOB C TVIMHMCTBIM H JAPYTMMH BHJAaMH IlE€MEHTa,
pacuer S, MO JaHHBIM [PaHYJOMETPHH He HMMeeT cMbic/ia. [Tockosb-
Ky KapOOHAaTHbIE H ByJKaHOTeHHble MOPOALI BOOOIIe He NMOABEPraioT
rpaHyJOMETPHYECKOMY 4HaJIM3y, AJA HHX BONPOC O pacuere Sq no
JaHHBIM TPaHyJOMETDHH M HE BO3HHKAET.

2.3.2. PACYET YAEJIbHOV MOBEPXHOCTH NOPOJbI
MO PE3YJIbTATAM NOPOMETPHH

B pesyasraTe NOpoMeTpHH AJs H3yuaeMmMoro o6pasma Iopoab
NoJy4aloT paclpeieseHre MOp Io pa3MepaM (CM. paszx. 3). B sa-
BHCHMOCTH OT HCHNOJIb30BAHHON METOJHKH IOJY4YaloT pacipejeJe-
HHUe: II0JIHOe, T.€e. BO BCeM JHAala3oHe PasMEpoB IIOp OT YJbTPaTOH-
KUX 10 Haubojee KPYMHBIX (HIbTPYIOLIHX; TOJALKO AJS CyOKamuJj-
JAPHHIX NMOP (fmop<<! MKM) HJH TOJNBKO AN  (QUIBTPYIOLHX
Makponop (rmop=>1 MKM) c 3axBatoMm HeboJbLIONH uYacTu cybKa-
NUJAASPOB 60JBIIOTO cedeHUsT (1 MKM>7rpop>0,01 MKM).

3azaBasich YHPOLLEHHOH MOJEJbIO MOPOBOrO MPOCTPAHCTBA B BH-
J¢ Nyuxka MapaJJjedbHblX KalHJJASIPOB, MOXHO paCCUHTaTh YAe/b-
HyIO MOBEPXHOCTb Sy AJs BCEro JHanasoHa pasMepoB NOp HJH HC-
CJ/1eJJ0BAHHOH ero 4yacTH:

S,=2kn 2 kil [ov, (2.20)
i=1

rae k; U Iy — NOJA kg H cpe/lHee 3HaueHHe F; B CM JJIA (-To Kjacca
[HOp B CTYNEHYATOM pacnpeaeseHHH F; 110 A KJIacCaM.
[ns yyera M3BHJIMCTOCTH M HEPAaBHOMEDHOTO CEUeHHs KalHJjsd-

pOB Mo AJMHe B IIpaBoif 4acTH BuipaxKeHHs (2.20) HCIOJB3YIOT MHO-
KHTesp f>1:

S = 2fk, s kir ;. 2.21)

3Havenne [ HAXOAAT SMIHPHUECKHM IyTeM JJS M3yyaeMOro KJacca
KOJVIEKTOPOB, CPaBHHBast Sy, yCTaHOBJEHHYIO 3KCIIEDHMEHTAJbHO
OLHHM H3 DacCMOTPeHHbIX Bhbillle CI0OCOGOB, ¢ 3HaueHHeM Sy, pac-
CUHTAHHBIM 1O ¢popmyae (2.21), nas orgesbHBIX 06paslUOB H3yuae-
MOH KOJIJIeKLHH.

3Hauenue Sy, paccuuTaHHoe 1o QopMyse (2.21), Aaa TeppHreH-
HBIX NOPOA C Pa3JMYHBIM COJAEPXKAHHEM IVIMHBl M JPYTHX BBICOKO-
JHUCNEPCHBIX KOMIOHEHTOB C HCNOJIb30BaHHEM IOJIHOTO pacipene-
JeHHs1 TIOp mo pas3MepaM OJIH3KO K BeJMUHHE Sy, yCTaHOBJEHHOM
MeTOAaMH MOJIeKyJsipHOR MM oOMeHHOH axcopbuuu. DBauskoi
K 3THM 3Ha4YeHHSM [Js TaKHX OOBEKTOB GyaeT BesuHuuHa Sp, pac-
CUHTAHHASL C YYETOM TOJBKO CYOKAaMMJASPHEIX MOP, IMOCKOJBKY HX
BKJaJ B CyMMapHoe 3HaueHHe ¥JeJbHOH NOBEPXHOCTH OyJeT pe-
waownm, Beawuuna S, paccuntaHHas Aas QHABTPYIOLIHX MOPO-
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BbIX KaHaJsoB, OJH3Ka K YA€IbHOH NOBEPXHOCTH (HJABTPALHH Sg,
paccMaTpuBaeMoii jaJee. BeanunHa S; KapOGOHAaTHHIX MOPOA 3aBH-
CHT B OCHOBHOM OT Cy.o, HOCKOJIBKY HEPaCTBOPHMEIH OCTATOK, Coaep-
JKalluil TJIHHHCTBHE MHHepaJbl, SBJSETCH OCHOBHBIM  HOCHTEJEM
MOBEPXHOCTH B 3THX Nopoiax. Ilpu OTCYTCTBHH HepacTBOPHMOro
ocTaTKa B KapOoHaTHOH mnopoie S, Haubojee 06bEKTHBHO Xapakre-
pH3yeTcss NyTeM pacueTa ee Ho Qopmyae (2.21), mockoabky 3¢-
(beKTHI, H3MepAeMble NIPH MOJEKYJSPHOH ajncopOuny, OUYeHb MaJbl,
a onpejesieHHe Sy YHCTHIX KapOOHATHBIX IOPOJ CNOCOOOM KaTHOH-
HOro o6MeHa BOOOILe He peKOMEeHJyeTcs.

2.3.3. YAEJIbHAS NOBEPXHOCTb ®HJIbTPALLHU

H1s1 npeanbHOro rpyHTa MOPOBOE NPOCTPAHCTBO INPEACTABJCHO
IYYKOM NapaJuJelbHbIX kKanujansipoB. Mcxons us ypaBHeHus Ilya-
3elJig, XapaKTEPH3YIOUIeTO CBA3b MeXKAy pacXoioM (HIbTpYOILeH-
CH KUAKOCTH U PAAMYCOM KalUJAJApPa, MOXKHO NMOJYYHTb ypaBHeHHe
Kosenn — Kapmana (cM. pasx. 5), cBa3bBalOllee BeJIHYMHE YAEb-
HOH TOBEPXHOCTH S¢, KOS(POHHUUEHTOB HOPHUCTOCTH Kk H NpOHHLde-
MOCTH Ryp MJ€aJbHOTO TPYHTA:

fup = koa/(25%), (2.22)

: 1/ - (2.23)
R P '

IAsi NOpOBLIX KaHAJOB C U3BHJHCTOCTBIO T U HOPMOH CedeHHS,
OTJIMYHOH OT KPYroBOH, BHpaMKeHHe /s Sy NpHOOpeTaer BHI:
1 as

S, = ——
LRV T%np

OTKy/a

(2.24)

rie [>2; T>1.

[lokazano, uto ypaBHeHue (2.24) npHMeHHMO X HOPHCTHIM Cpe-
JaM, CKeJleT KOTOpPbIX HpEeACTaBJCH HeCUEMeHTHDOBAHHLIMH 3€pHa-
MH ¥ He COJEpIKUT BLICOKOZHCIEPCHOr0 MaTepHaja, Hampumep,
K o0pasaM YHCTOrO KBapLEBOTO MeCKa, a TakKXKe K HCKYCCTBEHHLIM
MOje/IsiM TOPHCTOH Cpeabl H3 CTEKJSHHBIX WapoB H T.Mm. st no-
JLOGHBIX CPeL BEJNUHHA Sq O6/1H3Ka K 3HAUEHHIO Sp.

Hdnst nopucToil cpeabl, copeprkallell BHICOKOAUCNEPCHBI MaTe-
puaJj, HanpuMep TJHHY, B IOopaX Kapkaca, 06pa30BaHHOTO CKeJIeT-
HBIMH 3€pHaMH, AJsi pacuera S B Gopmyay (2.24) moicCTaBJsioT
BMECTO Ky y KO3D(HIHEHT 3GPEKTHBHOH NOPHCTOCTH Rmop=/Fn(l—
kso), a B KauecTBe T HCNOJB3YIOT 3HaueHHe M3BUJIHCTOCTH KaHaJoB

¢uabrpauun Tp:

1 / k3n. 3d
- . 2.25
T YT, g (2-25)
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Puc. 2. CooTHoweHHE MeXIY 3

S !
YHEJAbHOH MOBEPXHOCTbIO (HJb- “natpr CM
TPYIOUWIUX KaHA/MOB S¢p H MOJIHOII
YIEJbHO! NOBEPXHOCTBIO Sk 7 1-

7%=

199

2
S| 77 s \ Hen.rp
17 | [

0o k%

PaccMoTpuM, Kak OyJeT MEHATbCs 3HayeHHe S Ha mpuMmepe
cepuH 06pasloB NECYdHHKA C PAa3JHUHOH IVIMHUCTOCTBIO OT YHCTOrO,
HE[JINHHCTOTrO [0 TVIHHMCTOTO IeCYaHHMKa-HekoJJieKTopa. B uucrom
necuaHuke Se~ Sy u cocrasiaser 500—1000 cM~! B 3aBHCHMOCTH
or npeobaajalollero pasMepa 3eped ckesnera. C poctom Rr; yMeHb-
WIAIOTCH 3HAUEHHS Rpop U Rpp, HO TAK, YTO B 3HAYHTEJBHOM JHamna-
30He u3MeHeHHs 0<<kp;<<kp;; BEJHUHHA S DacCTeT C POCTOM  Rr;
i pocruraer suavenud n-10* cm™! (n=1--3). Ilpu paneHeiiurem
pocte kr; B 0061aCTH Rpgi<<Kri<<Prprp BE&IMYHHA Sy OBLICTPO YMeEHb-
LIaeTcsi, JOCTHrasi HyJasi B IOPOJe-HeKOJJeKTope, B KOTOPOH OTCyT-
cTByeT cucTeMa 3G (HeKTHBHBIX (HABTPYIOLIUX NOP, Rnsp=0, Rup=0
(puc. 2). 3nayenne Sy B auanasone 0<kq;<<krm ¢ pocToM k, yBe-
JHUHBaeTcs ObIcTpee, YeM Sg. B AanapHefimeM B 06JacTH  Rry <
<krn<Rrprp BeMMUMHA Sy NMPOAOJIKAeT PacTH H pas3siHUHE MexKay
S, ¥ S¢ PE3KO BO3pacTraer, AOCTHras ABYX-TpeXx mopsakoB [cMm~].
Cootnoutenne Sp>>54 BO BceM auamnasoHe 0<kry<Rrnrp, COOTBET-
CTBYIOIEM NOPOJAM-KOJJIEKTOpPaM, OODBACHAETCS TeM, 4TO 3Haue-
HHe S, KaK yXe OTMeYaJoCh Bbille MpH CPaBHEHHH Sp H Srpau,
OlpeessieTcss CyMMapHOH NOBEPXHOCTbIO BCeX HaCTHH NOpoJ, oc-
HOBHOH BKJaJ B KOTOPYIO BHOCHT IOBEPXHOCTb IVIMHHUCTBHIX YacTHLL,
npuyeM BKJajJ 3TOT pacTeT C pPoCTOM Ry, BequuHHa s onpepeds-
eTCsl TOJIbKO CYMMapHOH NOBEPXHOCTbIO MAKPOKaNMHUJIISAPOB, 110 KOTO-
pbIM TPOHCXOAHT (HJIBTPALHSA, TOTAA KaK OrpoOMHAasl IOBEPXHOCTb
Ccy6KanuAIAapoB, PacloNOXKEHHBIX MeXJAy YacTHUAMM TJIMHBI, He
BXOJHT B S¢, HOCKOJbKY B CyOxamuaaspax (HIbTpalHs He NMPOHC-
XOMIT.

KOHTPOJIbHBIE BOTIPOCHI

1. OxapakrepusyiiTe pasJHuHble BHAB M YPOBHH HEOJHOPOAHO-

CTH TOPHOH MOPOALL
2. Ilpusennte npuMepbl KOMIOHEHTOB, MPUCYTCTBYOMIUX B TBEp-
10#, XXUAKOH u razoo6pasHoil (asax ropHOH MOPOIHI.
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3. Ilepeunciure usBecTHHle BaM pasHOBHAHOCTH YAeabHOH mNO-
BEPXHOCTH, HUX COOTHOWIEHHE [IJIs1 Pa3JHYHBIX NpEACTaBHTENEH rop-
HBIX TOPOJ.

4. JlafiTe KpUTHUeCKHI aHAJH3 DPa3JHYHbLIX CHOCOGOB ompesene-
HHUS TJIHHHUCTOCTH H YIEJbHOH MOBEPXHOCTH.

5. KakoBa poJ/ib IVIMHHCTOCTH NOPOAbl B (POPMHPOBaHHH ee (H-
3HYECKHUX CBOHCTB?

6. MoHHBIl 00MEH B JHCIIEPCHBIX CHCTEMAX.

3. MTOPUCTOCTDb

3.1. BUAbl NOPUCTOCTH

I'opuble moponwl, pyAbl, KAMeHHBIE YIJIH M MHHepaJbl, CJarawo-
lHe 3eMHYIO0 KOpy, He SIBJSIIOTCS CHJOLUIHBIMM TejaMH. Bce onm
COJEepPKAaT MOJIOCTH (IOPHl), KOTOPbIE B €CTECTBEHHEIX YCJOBUSAX 3a-
MOJIHEHBl NJIACTOBOH BOAOH, PA3JHMUYHOIO poja ra3ami, HedTbIO HJIH
CMeChIO 3THX (JIIOHIOB.

ITo npoUCXOXKIEHHIO NMOJOCTH MAEJATCS Ha NEepBHYHBIE, KOTOpHIE
chopMUPOBAJHCE B MOMEHT 00pasoBaHHSl TOPHOH MOPOAB, H BTO-
pHuHble, BO3HHUKILKE yXKe IocjJe oOpa30BaHUA MOPOALL, B Ipolecce
ee JIUTOTEHe3a.

[lepBHYHBIMH SABJAIOTCS pa3/JHYHOrO BHJA MOPH MeXKAy 06JIOM-
KaMu (3epHaMH), OCaA04HOH NOPOJbl, JAOCTATOYHO pPAaBHOMEPHO
paccesiHHbie B MAaCCHBE TEPPUTEHHBIX W KapOoHATHBIX nopod. Takue
NOpHl HA3BIBAIOTCA MeXK3eDHOBHIMH. K BTOPHYHLIM IIOJIOCTAM OTHO-
CATCA TPEUIMHE], KaBePHH MJIH KaHaJbl BHIEJaYHBaHHA MHHEPaJOB.

Knaccrueckne npuMepnl mopoj € MEPBHYHBIMH TNOPaMH — 3TO
OCajlOYHble TeppUreHHble TMOPOABLI: HECKH, [EeCYaHHKH, TJHHLL
(puc. 3, a,6,8). [Ipumeps nopoa ¢ BTOPHYHLIMH NOJOCTSIMU — Tpe-
LIMHHbIE M TpPeLlMHHO-KaBEePHO3Hble H3BECTHAKH H  JOJOMHTHI
(puc. 3,e,0,¢e).

Cunenyer OTMETHTb, UTO B HEKOTOPLIX CJydyasdX MNpH TiyOOKOM
KaTareHese B TEPPHIeHHBIX MOpPOLAX MOryT 0Opa3s0BLIBATLCA BTO-
pHUHBle ITIOJOCTH (KaBepHbi H TpPELUUHH), & B HM3BECTHAKAX, A0JO-
MHTAX U MepressxX — COXPaHATbCST MepPBHYHHIE MOPHI.

KoJnuecTBeHHO 00'b€M BCEX BHIAOB MOP H MOJOCTEH B FOPHLIX MO-
posax IPHHATO OLEHHBATH KO3 (P(PHIHMEHTOM MOPHUCTOCTH:

ky=V4i/V, (3.1}
rie Vu— o6beM moJoOCTeH, 3aKJIOUEHHBIX B Topoje; V — obbeM
HOpoAbI.

1 Oas naGyxawomux nopod; V — o6beM Cyxoil NOPOAH.
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Puc. 3. Tlpumeps! nepsuunoit (a, 6, 8) u BTOpUUHOH (2, 0, €) MOPHUCTOCTH B 0O-
JIOMOUHBIX, TJIHHHCTHIX H KapOOHATHBIX NMOPOAAX:

@ - XOpOoINO OTCOPTHPOBAHHBI{ BHICOKONODHUCTBIH IleCYaHHK; 6 — MJOXO OTCOPTHLOBaHHMHA mnec-

YaHHK ¢ TOHHMXKEHHOIH MOPMCTOCTbIO; 8 — IJIHHBl; @& — TpelllHHOBaTast KapGOHaTHasi Nopoja

(k;=0,16%); 0 —10 me (k;~0,3%); e — TpeuwlHHHO-KaBepDHO3Hast KapGOHaTHasi nOpOAa
~50

(kT+kicaB~5/°)

[Topucrocts — (yHZaMeHTaNbHOE CBOHCTBO NOPOAEI, OT KOTOpO-
ro 3aBUCHT OOJBIIMHCTBO ee (u3nyeckux cBoiictB. OIHAKO NpH
3TOM BHJ (KOH(Hrypallusi) IOJIOCTeH TakxKe HMeeT BaXKHOe 3Haue-
HHe NMpH H3Y4YeHHH (PH3NYeCKUX CBOHCTB. B oblleM ciayuae Ko3pdu-
LHeHT OOLIeH MOPUCTOCTH

ku = (Vu. Ms T VT + VHaB)/V = kn. w1 k’l‘ -+ kHaB’ (32)

rae Vims, Vi, Vkaz— 06beMBl mOp (MeXK3epHOBLIX), TpPEIIHH H Ka-
BEpH COOTBETCTBEHHO; Rima, Rr, Rxas — KO3((HIHEHTH MexK3epHO-
EOf TIODHCTOCTH, TPELIMHOBATOCTH H KaBEPHO3HOCTH COOTBETCT-
BEHHO.

Mo ¢opme mepBHuHblE TOJOCTH — NOPHL MOTYT GbITB poMOO3[-
pasbHBIMH Yy XOPOUIO OTCOPTHPOBAHHBIX DLIXJBIX U OKaTaHHBIX Iec-
KOB, T€TPA3PHUECKHMH Yy TeX e CHJbHO YIJOTHEHHBIX MOPOJ, Lie-
JIEBUAHBIMH y TJIHH, CJIOJ H IPYTHX MHHEpPaJoB ¢ KPHCTAJJIHUYECKOH
pelleTKol MNJacTHHYATOH CTPYKTYpbl, B BHJE KaHaJblleB pacliu-
pawwedca uan cyxaouefcst GOpMBL Yy IJ0XO OTCOPTHPOBAHHBIX
06J10MOYHBIX 00pa30BaHHi, NMy3blp4aThIMU B HEHAPYILCHHBLIX Marma-
THYECKHX HNOpOJaxX; BTOPHUlible  MOJOCTH —— TPELINHOBUHBIMH
Yy CKaJbHBIX MeTaMOp(pHIEeCKHX H MarMaTHYeCKHX INODOJ, KaBepHO-
BHAHBIMH y KapOOHATHBX PasHOCTeH M THIICOB, KaHaJOBUIHBIMH
y JIeCCOB, SYEHCTHIMH Yy H3BECTKOBHCTHIX H KDEMHHCTHIX Ty(OB, CO-
OTBETCTBYIOIIHMY ¢(opMe BHIIeNadYeHHEIM KPHUCTaJJaM MHHEpaJsoB
B IJIOTHBIX MarMaTHYeCKHX, MeTaMOp(HUYeCKHX H OCaJ0YHBbIX MO-
poaax. [To pasmepam nopsl H KaBepHbl MOXKHO XapaKTepPH30BaTh 3¢-
GEeKTHBHBIM JMaMeTpoM!, a TpellUHbl — cpeJHell MIHPHHOH (pac-
KDBITHEM).

! JTuameTp Kpvra ¢ MIOWAAblo, paBHOH MJIOIIAAH H3Y4aeMO# MOPH.
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B ochHoBy KiacCHpHKaunuu MHOP IO pa3MepaM MOJOKEHO B3aH-
MOAEHCTBHE TBEPAOH NMOBEPXHOCTH € HACHILALILEH IOPH MJIaCTO-
BOH BOJROH.

B nauGosee KpyHHBIX, CBepXKaNHJJISAPHBIX, TOPaX, HMEIOIUX
anamerp dsp>10"* M, 10N BOABI, CBSI3aHHOH KANHJJADHLIMH CH-
JIaM¥ H CHJIaMH ajcopbuum ¢ TBepaoH ¢asof,, cpaBHHTEJBHO HeRe-
auka. Ilosromy niacroBast Boga B 3THX IOpPaX MOXKET JBHTaThC
B OCHOBHOM IIOJ JeHCTBHEM CHJIbI TSXECTH B COOTBETCTBHH C 3aKO-
HaMH TPYOHOH THApOMEXaHUKH.

B xanunaspubix nmopax (dse=10""--10"% M) paiuyc MeHHUCKOB,
06pa3oBaBlUIMXCA HAa TpaHHIEe ABYX (a3 B pe3y/bTaTe NOBEPXHOCT-
HOTO HAaTsKEHHs, TAKOB, YTO OHH IPeNATCTBYIOT IBHZKEHHIO BOJB
nojJ IeHCTBHEM CHJIBI TSXKEeCTH, T.€. BOJa B 3THX INOpPax YIepKH-
BAeTCsd KaNWJJISPHBIMH CHJIAMH. .

B cyOkanuansipubix nopax (dsp=2-10"%+1.10"7 M) Bemuxa
J0J BOJBI, HA KOTOPYIO AeHCTBYIOT aACOPOIHOHHLIE CHJABI CO CTO-
pOHBI TBepaoH noBepxHocTH. ITOpEl B 3TOM Cayuae 3anOJHEHDL PBIX-
JIO- H IIPOYHOCBSI3aHHOH BOAOH, KOTOpas NpaKTHYECKH He CI0cO0Ha
K lepeMelleHHI0 B I0Jie CHJIbI TSXKeCTH HJH HOJA BJAHSHHEM  CHJI
MOBEPXHOCTHOIO HaTSAXKEHHS.

B mukponopax (ds3<<2-107° M), AHaMeTp KOTOPBIX COU3MEpPHM
C TOJIIUHOH CJ108 NPOYHOCBA3AHHOH BOJH, NJacTOBasg BOAA IpH
TeMnepaTypax MeHee 70°C mpaxTHYeCKH HEMOJBHIKHA.

CepxKanu/spHble MOpPbl XapakTepHH [Js C€J1a060CLeMeHTHPO-
BaHHBIX TaJIeYHHKOB, TPABHS, KPYNHO- U CPEJHE3EPHUCTLIX IIECKOB,
06/I0MOYHBIX pa3HOCTEH KapOOHATHHIX TNOPOA; B 30HaX BHILIE/aud-
BaHUsl KapGOHATHLIX NMOPOA OHH MOTYT JOCTHraTh BeCbMa GOJbIIHNX
pa3MepoB (KaBepHbI, KapCThl).

Kanunnspusle nopel TUNHYHBL AJf CUEMEHTHPOBAHHBIX MeCYaHU-
KOB, OGJIOMOUYHLIX H KPHCTAJJHYeCKAX H3BECTHAKOB, JOJOMHTOB.
CpepXKamHJIsipHble M KaNWJJISPHBIE HOPH COCTABJASIT OCHOBHYIC
€MKOCTh TPaHyJAPHLIX KOJJIEKTOPOB.

Cy6ranuanspHbie NOpbHl CBOHCTBEHHB TJMHAM, MeJKOKPHCTAJ-
JHYECKHM H MeJaONofoGHBIM HM3BECTHAKAM, AOJOMHTAM, TpemeJaM,
NenjoBeiM TydhaM M APYTHM TOHKO3EDHHCTBIM mopoiaM. B otcyr-
CTBHE TPEIIHHOBATOCTH BCE 3TH NOPOALI HE ABJAIOTCS KOJJIEKTO-
pamu.

MUKponopsl yCTaHOBJEHBEI Y HEKOTOPHIX MPHPOJAHBIX IEOJNHTOB.

TpemwuHoBaTocTs HanboJiee XxapakTepHa A TJOTHBIX, HI3KO-
HOPHCTBIX TOPHHX NOpox. IIpouCXOXKneHHe TpEIIHH Uallle BCero
TEKTOHHYECKOE, XOTS B MPHPOLE MOXKHO BCTPETHTb TPEILIHHLI AHare-
He3a (moJoMuTH3alus KapOGOHATOB), TPEUIMHLI YIJOTHEHHA M Tpe-
IIMHBl aBTOTHAPOpPA3pEHIBA B 30HAX 00pasoBaHHs aHOMAJbHO BEICO-
KHX IJIaCTOBLIX JaBJIEHHH.

HauGosee xopoiio H3yueHa CyOropusoHTa/bHas TpelIUHOBA-
TOCTb MOPOJ, OPUEHTHPOBAHHAs NPEUMYLIECTBEHHO MO HANJIACTOBA-
Hulo. PackpbiTue (mIMpHHA) 3THX TpPeWMH b pelKO TNpeBblIaeT
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10~* M B ¢BSI3M C mpeBBHILIEHHEM BEPTHKAJBHBIX HAMPSIKEHHH B KOH-
COJIMAMPOBAHHBIX TOPHBLIX MACCHB&X HAaJ TOPH3OHTANBHBIMH. ITO
0O6CTOATEIBCTBO CNOCOGCTBYET CMBIKAHHIO TOPH3OHTAJILHBIX TpPELLHH.
OaHako B mocjejfHee BpeMf BBICKA3LIBAIOTCS MHEHHS O 3HAUHTEJb-
HOM BJHSHHHM CyOBepTHKaJbHOH TPEIMHOBAaTOCTH B 3e€MHOH Kope
Ha TeyeHHe MHOIMX Treonorudeckux mpoueccos. Ilo HekoTopbiM
JIaHHBIM PAaCKpBITHE BepPTHKAJbHBIX M CyOBepTHKAJBHBIX TpELIHH
MOseT GBITh BeCbMa 3HAYMTEJNbHBIM. DTOT BHJ TpPeIIHHOBATOCTH
B TOpHBLIX MOpPOAAX TPYAHEe NOANAeTCs HM3YyUeHHIO CYLIEeCTBYIOLIH-
MH reo(H3HUECKHMH METOAaMH HCCJEeJO0BAHHA CKBAaKHH.

Mo xapakrepy B3aHMHOH CBSI3H MeXJAy NOpPaMH H JBHIKEHHIO
GJIONA0B B NOpOIe pas3anyaloT OOILYI0, OTKPHITYIO, 3(QEeKTUBHYIO
H IHHAMHYECKYVIO MOPHCTOCTH.

KosdpduunentoMm obuieit mopucTOCTH KR, OUEHHBA-
eTcAd 0O6beM BCex NOJIOCTeH, Kak coofulammuxes Mexay coboit
(Ha0 OTKPHITHIX), TaK M He coO0IMAIIUXCS (3aKpbIThLIX). Kosnue-
CTBeHHO OOLIYI0 MOPHCTOCTh PACCYMTHIBAIOT MO COOTHOIIEHHIO IJIOT-
HOCTel CyXOf Nopojbl ¥ MHHEDAJbHBIX 3epeH:

kn = (V_“VTB)/V =1 _6[1. c/éwm (33)

roe V—o6bem cyxofl nopoibl; V.s — o6beM TBepaoi ¢assl B mo-
poae; 6n.c, Ors — IJOTHOCTH CYXOH HeHapylLIeHHOH MOpPOAbLl H TBEP-
no# ¢asbl (MHHepaJornyeckasi IJIOTHOCTb MOPOAbI) COOTBETCT-
BEHHO.

YpaBueHue (3.3) wucmoab3yercs mnpu JabopaTopHOM crocobe
onpejaesenus Ko3dduiuuesra obuled mopucroctu obpasuos (crnocob
Menbuepa). C 3Toi#l Uesabl0 B3BeUIMBAHWEM HaXOAAT IJOTHOCTh
cyxoro napaguHHpoBaHHOro 06pasua 8n.c H MJIOTHOCTb MHHEpAaJOB
(rBepmoit da3swl) (8rs) TOro xKe pasapobseHHoro obpasua IyTeM
B3BelWINBaHust B nukuoMerpe. Cnoco6 Mejsbuepa ualle BCero HpH-
MeHsleTcsl st H3YUeHHs MOPHCTOCTH 06pasuoB IOPOJ C MEXK3epHO-
BHIM THMOM MOp. TpellHHB M KaBepHB OOBIYHO HEAOCTATOYHO MOJ-
HO TpeACTaBJeHBl B KepHe.

KoadpuuneHTOM OTKDPBITO# MOPHCTOCTH Rno OLEHHBaeTCd 00beM
nop, coobUIaIUXCss Mexay co6oi B mopoge H C OKpyXKawllieh
cpeao#l. OTKPHITYIO HOPHCTOCTH ONpEEJSIOT NMyTeM B3BelUIHBAHUSA
CYXHX M HACBILEHHLIX KePOCHHOM 06pasloB NOPOL C MOCJAENYIOUUM
HaxoxjaeHHeM oGbeMa napacdHHHPOBAHHBIX 00pasloOB myTeM  HMX
B3BCLINBAHHS B KepocHHe (Meron ITpeoGparkeHCKOro):

ku. 0= Vn. o/Va (34)

rie Vipo— 06beM nop, 3aMOJHEHHBIX KePOCHHOM.

Jlisi HH3KOTJHHHCTHIX BBLICOKOIMOPHUCTHIX H DPHIXJBIX MOPOA 006-
Uas M OTKPhiTasi MOPUCTOCTH OTJHYAKTCS He3HauuTesabHo. [las
nopog, ¢ GoMbLINM COAEepXKaHHEM CyOKamMMIAPHHIX mnop (HampH-
Mep, IJIMHBI) pa3juyie MOXKeT ObITh BeChbMa CYUIECTBEHHBIM.
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Kosdpdpuunenr s3¢pbekTUBHOH MNOPHUCTOCTH KRusp
(nousitue BBegeno JI. C. JlefiGeH30HOM) XapaKTepH3YET MOJE3HYIO
€MKOCTb NOPOAbl AJfA YIJEBOJOPOJACB (HedTH HJIM rasa) M upei-
cTaBJjisieT co00H 00beM OTKDHITHIX HOp 3a HCKJIOUEeHHEM o06beMa,
3aMOJIHEHHOTO (DH3HYECKH CBSI3aHHOH M KalHJJSIPHO-yAEpKaHHOII
IJ1aCTOBOH BOJOH:

ku. ap (Vn. O_VB. CB)/V = kn. 0 (1 '—ka. ca)v (35)

rae Rscs — K03(QGHIHEHT BOJOHACLILECHHS, ONpeAensIOmuil coaep-
JKaHHe CBA3AHHOH BOJbI B efHHHIe o0beMa Nop; Vis.cs — 00BEM CBA--
3aHHOH BOAHIL.

JloCTOBEPHOCTb BENHYMHBI Rpusp OYNET 3aBHCETb OT TOYHOCTH:
OMNpPeJIeJEHHST KOJHUECTBA CBA3AHHOU BOAHB (Raca) B NOpOJE.

Opnaxko He Bechb 00beM He(BTH HJM ras3a, 3aNOJHSIONIHX MOJe3-
HYI0O €MKOCTb T[OpPHLIX NOpOJ, MOMKHO IIPHBECTH B [ABHIKEHHE NI
paspaboTke MecTopoxKJeHHi. OmpeneseHHasi 4acTh HX, HaXOAdAUlag-
¢ B MeJKHX H TYNHKOBBIX NOpax, NpH peajU3yeMEIX TpajueHTax
JaBJelNsl BLITECHAIOLIEH KHAKOCTH OCTaercsi B mopax 0e3 [BH-
KEeHHS.

Kosadbdbuuuedr AHHaMHUECKOH MHNOPHUCTOCTH Knjx
MOKa3LIBaeT, B Kako# uacTH oObeMa NMOPOAB NPH 3aJaHHOM rpaju-
€HTe AaBJIEHHs MOXKeT HalJI0NaThCsl JBHXKEHHE KHAKOCTH HJM rasa.
DTOT 00beM ONpeleNslOT Ha COHepKalleM OCTATOYHYIO BOAY M Ha-
CLILIEHHOM KepOoCHHOM 00paslie Kak pasHHIy Mexkay ob6beMoM 3¢-
¢exTuBHHX NOP (Vno—Vs.cs) H 06bemom nop Vio, B KOTOPHX oOC-
TaJjCsi KePOCHH MOCJEe €ro BHITECHEHHS H3 IMOPOAbl JPYrHM ¢uiioH-
JloM (OOBIYHO BO3AYXOM HJH a30TOM):

kn. = (Vn. O_—VB. CB_-VH. o)/V =
=(Vn.aq>—VH.o)/V=ku.o(l_kn.o—kﬂ. 0)' (3-6)

HekoTopasi HeonpelesneHHOCTb 1aHHOTO BBIpAXeHUsT 3aKII0YAETCs
B TOM, 4TO B@JHYHHA Rn; 3aBHCHT He TOJBKO OT CBOHCTB HOPOJHI,
HO ¥ OT BEJHYHMHBI NDHJOXKEHHOIO IpajHeHTa AAaBJEHHS H BpeMeHH
BLITECHEHHST KepocHHa APYruM duitongoM. Tax, mpH  AJauTesbHoM
NPHJIOXKEHHH BBICOKHX IPAJHEHTOB [IaBJIEHHS BBITECHEHUA Ry—>
—>kysp. OLHAKO NpH HH3KHX TpaJMeHTax MAaBJIEHHS BBITECHeHHS,
KakK NpPaBujo, kpx<<Rnsg.

HecMoTpst Ha BCio neHHOCTh HH(OPMALHMH O ABHXKEHHH (.I0U-
JOB, KOTOpYW Hecer B cebe KO3((uUIHEHT JHHAMHUECKOH MOpHCTO-
CTH, YKa3aHHBle Bblllle HEOJHO3HAYHOCTb U TPYAOEMKOCThb oOIlpeje-
JIeHHsl OUPAaHHYMBAIOT €ro INHpOKoe mnpHMeHeHHe. B mocnennne
roJibl B IeO(H3NKe aKTHBHO Pa3BHBAIOTCS METOMABL ONpeleseHHs Ry g
nytem HabnaoqeHHH B CKBaXKHHaX 34 NPOHMKHOBEHHEM paJHOAKTHB-
HEIX H30TOINOB B IJACT C L€/bI0 BLIAENCHHS NMPOHHLAE€MbIX IIJIACTOB.

B 3akJioueHHe 3Toro pasjaesa Heo0XOAHMMO yKasaTbh Ha CJAeAYIO-
LIYy10 3aKOHOMEPHOCTb B BeJHUHHe KO3(p(HLHEHTOB IOPHCTOCTH, OI-
pefesleHHLIX Ha ORHOM o0pasue: By kyo>>Rus¢ > k.
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3.2. CTPYKTYPA NIOCPOBOTO NPOCTPAHCTBA

[TopoBoe mpocTpaHCTBO TOPHOH MOPOALI, 06pa3oBaHHOE COOG-
LIAIOMHMHCS MeXAy co00H MOopaMH, SBJSETCS BeCbMa CJO0XKHBLIM IO
CBOEH QopMe M COCTOMT M3 COUeTaHusi MOpP pasHbIX pasmepoB. OnHH
IOPBl XOPOUIO TPOBOAAT (JIIOMAbI, APyrHe — 3aMoJHEeHbl aacopOu-
POBAHHOH M KaNHJJSPHO-yIepXKAHHOUA BOJOM.

Xapakrep pacnpefie/ileHus IOp [0 pa3MepaM OObLIYHO HA3LIBAIOT
CTPYKTYpPOH MOPOBOro HPOCTPAHCTBA H3yuaemofl mopogel. Cyiiect-
BYIOT OPsIMble H KOCBEHHLIC METOJbI H3yUEHHH CTPYKTYPEI MOPOBOTC

npocrpaHcrBa. K mpsMbiM MeTORaM OTHOCATCH ONTHYECKHE, Ha-
npuMep, HuccaenoBarHe MHKpodortorpacduit uudos (A. ®. Boro-
moqoBa, H. A. OpuoBa, 1961 r.) U ¢ NOMOLIBIO 3MEKTPOHHOH MHK-
POCKONHUH, K KOCBEHHLIM — KaNlUJIJISIpDHBIE METO/BI.

Onrthueckne MeTOAB XapaKTEPU3YIOT paclpejelieHHe TOp Ha
IIOCKOCTH, H TPeOYIOTCS MHOTOKpAaTHDbIE HCCJEJIOBAHHS Ha mapad-
JeJbHBIX IJIOCKOCTAX JAJf IpeAcTaBJjeHHst o006 H3MEHEHUH I10p
B o6beMe. Mero1 okpalleHHbIX IIH(OB HanboJee IHPOKO NpHMe-
HARTCA TIPU H3YYEHUH CTPYKTYDPBI TOP TPEUIMHOBATHIX H TPELIHHO-
BAaTO-KaBepHO3HLIX nopoj Ha Gospmmx undax (K. M. Barpuuie-
Ba, 1975 r.).

Kanuaasipuble METOAB XapaxkTepH3yIOT CTPYKTYpYy IOPOBOTO
NpOCTpPaHCTBA B 00beMe, HO OHH, KaK TPaBHJO, HE MOTYT OBITb HC-
MOJb30BaHbl 1151 H3VUEHHS TPELIHHOBATO-KaBEPHO3HBIX HOPOI.

M3BecTHBl TpH PA3HOBHAHOCTH KaNHJISPHLIX MeTOAOB: 1) moay-
IpOHHIAaeMOil MeMOpansl; 2) PTYTHOH MOpPOMeTpHH; 3) KamuJ/JIsAp-
HOfl NPONHTKH. DTH METOAbl OCHOBAHEI Ha IpPHMEeHEHHH YpaBHEHHs
Jlanjaca pjs KaOHJIJAPHOrO AaBJEHHSA B KPYIJIOM HHJIHHADHYECKOM
Kanuaaspe AJs OLeHKH 3hGdeKkTuBHOro amnamerpa mnop dsp, M:

d,y = 40 cos O/p,, 3.7y

rjae 0 — MOBEPXHOCTHOe HaTsiKeHHe, H/M; px— KanwajaspHoe Jaas-
Jenue, [1a; 6 — kpaeBofl yros cCMadYHBaeMOCTH.

B MmeTtoze moaynpoHunaeMol mMemMOpaHL H3 BOJO-
HACHILIEHHOr0 06pa3ia, YCTAaHOBJIEHHOTO HAa BOLOHACHIUIEHHOH MC-
KyCCTBeHHOH MeMOpaHe pasmepoMm mop 2-107°% M, a30TOM BBITECHS-
JOT BOJAY H CTPOST 3aBHCHMOCTb BEJHUYHMHBI BOJOHACHIIIEHHOCTH 06~
pasna OT BeJHUYMHBE KanuaaspHoro nasaeHusi. Ilo dopmyne (3.7)
BHUHCJAAIOT 3¢ GhEKTHBHBIE JAHAMETPLI MO, COOTBETCTBYIOIIHE KaXK-
JAOMYy Pk, @ N0 H3MEHEHHIO BOAOHACHIIIEHHOCTH — OTHOCHTEJLHO®
cojepanne 3TUx mop B o0beMe mopoasl. CrposAr rpadux pacmpe-
neneHust nop B obpaslie no HX pasMepam.

BoabuIHCTBO uccaefoBaTesell mpuHaMalT 6=0 u3 ycaoBHR
abCcoNIOTHOM CMAYHBAaeMOCTH BOAOH KBapuUeBOro Kamuagasipa ¥ ¢ —
JJIs TPAHHIBL pa3jie/ia BOALl C BO3JAYXOM HpH JaHHOH TeMrepaType.
JIAMTeNbHOCTL OMNBITA IIPH HCCJIELOBAaHHM OJHOrO ofpasla AOCTH-
raer 30 cyrT.
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Pasmep mop noaynpoHuiaeMofl MeMGpaHbl OrpaHHYHBAET HHIK-
HH# TIpejesl H3yuyeHHs nop. Paauych nop BHYHCAAIOT B AHana3oHe
(2~+-100) - 10-6 M.

Ilnenky cmauuBaollell XKHAKOCTH (BOAEI) HA MOBEPXHOCTH NOpP
IIOPOABI TPYAHO YUeCTb B pacyerax, 4To CHHXKAeT TOYHOCTb Ompeje-
JieHHs pacnpeieJieHds IOP.

B MeToie pTyTHOH MOPOMETPHH B BaKyyMHDOBAHHLII
o6pasel HarHeTaloT PTyTb. UeM MeHblie AuaMeTp Top, TeM 60Jb-
llee JaBJ/eHHe HYKHO NPHUJIOKUTb 1Js NPEOAOJEHHS KANUJJISAPHbIX
cu. CTpOAT 3aBHCHMOCTb pyx OT HACGHILEHHOCTH 06pas3ua pTyTho,
3aTeM — KPUBYIO paclnpeneJseHus mop.

Kpaeso#i yron 6 o6biuHO MpuUHUMAOT paBHeIM 140° W3 ycaoBuit
HecMayHBaHus PTYTH KBAPLEBOrO KamHJJIAPA, a O — AJs TPaHHIbI
pasjpena prytb — Bo3ayx. Ha onmbit ¢ onnum o6pasuom pacxopyert-
Csi BCEro HECKOJbKO YacOB, a AHala3oH H3ydaeMbIX Nop npu pabo-
Teé ¢ 9THM MeTooM paciuupsiercss go (0,01--100)-10-% m.

K HejgocraTkaM MeToLa MOXKHO OTHECTH CJabyi0 H3yYeHHOCTb
3aBUCHMOCTH O OT BJNIa*KHOCTH M JIUTOJIOTHH NOPOL M HEBO3MOKHOCTh
HCH0JIb30BaTh OOpasel, [Jsi NOBTODHBIX HJH TOCJEAYIOIIHX HCCTe-
JOBaHUH.

Ha puc. 4 nsobpaxensl ¢ororpaduu NOBepXHOCTH TpeX THIIOB
HOpOJ, BHLIIOJIHEHHbIE C MOMOILBID 3JEKTPOHHOTO MHKPOCKOMNA, U
FHCTOrpaMMBbl paclpefesieHHs MOp B 3THX NOPOAAX, MOJYYEHHblEe Ha
pTyTHOM TopoMepe. XOpoWO BHJIHA pas3HHLla B CTPYKTypax IOpoO-
BOrO IPOCTPAHCTBA.

B coBpeMeHHDLIX Tpubopax BCe M3MepeHHS C PTYTHBIM fOpoMe-
POM aBTOMaTH3HPOBAHL!, RKJIOYasi U BHUHCJEHHS THCTOIpaMM pac-
npejiesIeHHsi 0P B MOPOJE.

B MeToae KanuaadpHOH NPONUTKH, HIH JIOMHHE-
CLEeHTHO-(oToMeTprueckoM meroze (/1. M. Mapwmopiurteits, 1975r1.),
cMauyHBawllas JIOMHHECUHpYOILas B YJAbTpadHOJETOBOM CBeTe
JKUAKOCTb 1[0J BO3JEHCTBHEM KAaNMJNSPHBIX CHJ BIHTBHIBaeTCs 06-
pasuoM. C moMOIIbI0 aBTOMATHYECKOH (OTOMETPHUECKOH yCTaHOB-
KH HaOJIOZal0T 3a H3MEHEHHEM OKDAaCKH BepXHero Topua obpasua
MOJ BJHSHHEM BIHTBHIBAIOLIEHCS KHIKOCTH.

JlomosHuTe IbBHOE H3yYeHHe H3BHJHCTOCTH IIOPOBHIX KaHAaJoB
3JIEKTPHYECKHMII METOJLaMH IO3BOJISeT B 3TOM MeTOJAE€ OTOHTH OT
MOJ€JIHPOBAHHSI NMOPOBOrO MPOCTPAHCTBA HNYUYKOM IIapaJebHbIX
HHAUHADPHYECKHX KanuaasapoB. OAHako 3TOT MeTOJA, TaK XKe Kak
H JpyrHe MeTO1bl, OCHOBAHHbBIE HA HCHOJb30BAHHH JIOMHHECLHPYIO-
LIHX XHAKOCTEH AJs M3YyUeHHs] CTPYKTYpHl MOPOBOTO MPOCTPAHCTBA
(MeTox cmecuMoro BeiTecHeHnusi, mo JI. M. MapmopuTeiny), noka
He MOJIYYHJIH PacinpoCTpaHeHHs.

3.3. HOPUCTOCTb MUHEPAJIOB

TBepaas ¢asa ropHbLIX NMOPOJ COCTOMT H3 MOPOA00GPasyIOUX
MHHEepaJoB.
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Kospdpuyuent obujeld nopucroctu kn HEKOTOPOLX MUHEPANOS
xapaxTtepusyerca caedyrowjunu gesuqunamu (no b. I1. Beaukosy,
K. C. Anexcandposy u T. B. Peiocosoit), Y%:

Ipanar (rpoccyasp) . . 0,095 Bmotur. . . . . . 1,56
I'panar (ommpon) . . . 0,232 ®mporonur . . . . . 1,66—-3,17
Huoncun (Gaiikaaut) . . 0,152 Mukpoxaug-neprar. . . 0,622
Asrur . . . . . . 2,026 Apvbur. . . . . . 0421
drupud. . . . . . 0575 Onurogknaz. . . . . 031
Huanar S ... 12 Jlabpagop . . . . . 0402
Porosast o6manka . . . 0,89 Hedemmn . . . . . 0,151
Myckopur . . . . . 2,14

Kpucraanbl HJIH OGJIOMKH MHHEpAJOB, CJaralomux TOPHYIO
NOPOAY, UMEIOT, KaX [PAaBHJIO, BEChbMa HH3KYIO IEPBHYHYIO OOLLyiO
NOPHCTOCTDb., JTA HOPUCTOCTb OOYCJOBJIEHA BKJIOUEHHSAMH ra3oB HJH
JAPYTHMH  OCOGCHHOCTAMH YCJOBHH KDHCTAJIH3alHH MHHEPAJIOB.
OTkphiTas nepBuyiasl NOPHCTOCTH Y GOJIBLIKHCTBA MHHEPAJOB OT-
cyrcrByer. IlosToMy H3MeHeHHe o0GbeMa M COCTABa MHHEPAJBHOTO
CKeJieTa TOPHHIX NOPOA MOXKeT OBITb CBS3aHO TOJIBKO C TPOLECCOM
3DO3HH WM 3NMTEHETHYECKUMH TpoleccaMH B JIHTOTeHe3e (pacTBo-
peHneM, ocaxjeHHeM, HepekpHcTaau3anueii u T.1.). Ilopuacrocts
HEKOTOPbIX MHHEPAJOB B IpOllecCe SNMUTeHe3a MOXKET 3HAUHTEJBHO
BO3DACTH, HallpUMeEp IpH paspyllieHud 3epeH I[0JIEBEIX WIMATOB, me-
pPeXOlAUINK B IJIMHUCTEIE MHHEPaJIBL.

Taxum o6pasom, MepBHYHAS TIOPHCTOCTH MHHEPAIOB HeceT MaJlo
HHOpMalUHH 0 mopoae M cjaabo usyueHa. CyliecTBeHHO GoJbliee
NPaKTHYECKOE 3HAUEHHE B IEOJIOTHH W reo(pU3MKe HUMeeT IIJOTHOCTb
nopoa0o00pasylomux MHHEpaJOB, KOTOpas OTpaxKaeT NX 3JEeMeHT-
HBbIE COCTaB.

3.4. HOPUCTOCTb OCAIOYHbLIX NOPOJ

Ocapounrle nopoas:, mo M. C. lBenosy, MOXKHO moApasAealTh
Ha Tpu Gosebline rpynnsl: 1) obsaomounule; 2) XeMmMorensmie u 6Ho-
reHHele; 3) TIJMHHCTHIE.

B nmpupoanbix YCJOBHSIX YacTO NOPOJa COCTOHT H3 HECKOJbKHX
COCTaBHLIX YacTed, TOTJla OCHOBAaHHEM JJSl OTHECeHHs e¢ K TOH
WJIH MHOH TpyNme CJIyXKAT KOJHYECTBEHHbIC COOTHOILEHHS MeXIy
sTHMH 4YacTsaMM. Hanpumep, X 0O010MOYHBIM OTHOCATCS MMOPOHI,
conepxkauie Gosee 50% o60MOUHOrO MarepHala.

K 06J0MOYHHM OTHOCAT rpy06o006J0OMOuliLle, NecuaHble, aaeBpH-
TOBble M 3(Qy3UBHO-OCAJOUHbIE MOPOAH; K TIpyflle XeMOIeHHBIX
1 GHOreHHLIX MOPOJ ~— aJIOMHHHCTHE, JKeJe3HCTBe, MapraHUOBH-
cThle, KpeMHHCTHIE, GochaTHBe, KapOOHATHEIE, CyabdarTHble, €0JIA-
Hble, KayCTOGHOMHUTH; IPyNNa [JIHHHCTHIX MOPOJ MOJpa3jelsaercs Ha
THIPOCJAIOAUCTHIC, KAOJHHHTOBLIE, MOHTMOPHJJIOHHTOBEIE, XJOPUTO-
Bble. HanGosblinyo posb npH (GOPMHPOBAHHH OCAAOUHBIX TOJIL Hr-
palT 06J0MOUHbIE, KAPGOHATHDLIE, TJIHHUCTHE, COJIAHBIE H CYJbdar-
HEBlE TOPOJbI, MPHUEM COJISTHEIE M CyJb(aTHLIC MOPOALI B €CTECTBEH-
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HOM 3aJIeraHHy NJIAaCTHYHBI, HX NOPHCTOCTb BEChbMa MaJja, COCTaR-
JisleT JO0JIH MpPOLeHTa.

IlopucrocTs 06/10MOYHBIX, KAPGOHATHBHIX M TJIMHHCTHIX 1opoj,
H3MEHSeTCsl B IUHPOKMX npefesnax. Ee KOHKpeTHoe 3HayeHHe A
KaxK10#l mOpoAbl Oonpejensercs MHOTHMH ¢akropaMu. OAHAaKO HaH-
Gosee 3HAaUMMBIMH M3 HHX fABJAIOTCS: MakCHMaJbHas ray6uHa IO-
TPyXKEHHS, COJeprKaHHe TJMHHCTBIX  MHHEpAaJNOB, HHTEHCHBHOCTH
BTOPHUHBIX NPOLECCOB, TEMOEPATypa H BO3PACT HOPOL.

34.1. HEOBPATHMbBIE NBMEHEHHUS ITOPUCTOCTH C I''IYBUHCH

Ha puc. 5 noxasano uaMeHeHHe OTKPHITOH MOPHCTOCTH 06.10-
MOYHBIX M [VIHHUCTBIX MOPOJ C TJyOMHOH IO JaHHBIM H3Y4YeHHUS
KepHOB M3 rayGokoi Apascopckoii ckpaxuusl (IIpukacnuiickas
Bnanuna). CKBaXKHHa BCKpbla TepPHIelHbl paspes MOpoa OT 1eo-
réHa 10 NepMu,

Ko duunenter obieli mopucToCTH OCafOYHbIX NMOPOA, KAK Iipa-
BHJIO, 60/blIe KO3(D(MHIUEHTOB OTKPHITOH MOPHCTOCTH TeX »Ke I10-
POJ, MpHYeM B UHMCTLIX BBICOKOMOPHCTBIX MHOpOAAaX 5Ta pasHHULA
OuYeHb MaJa, B YIJOTHEHHEIX NJIOXO OTCOPTHPOBAHHLIX HJIM 3aTJIHHH-
3HPOBAHHLIX aJCBPHTOBHIX NMOPOLAX U B TJHHHUCTHIX TOpPOAAX OHa
BeJHKa M B H3y4aeMOH KOJJEKUHH aocturaer 49 B rnecyano-rau-
HACTHIX H 2% B NJIOTHHIX I'VIHHUCTHIX wu3BecTHsKax. Omnpenesente
OTKPHTOH MOPHCTOCTH METOAMUECKH Ipolle H IPH MacCOBBLIX OIpe-
JeNennsax mponssoauTcs uaile. Ha puc. 5 Xopomro BHAHO 3HaYI-
TeJIbHOEe yMeHblIeHHe OTKPHITOH IOPHCTOCTH C rayOHHOH mast BceX
pPacCMOTDEHHBIX THIIOB NMOPOA. PaccMOTPHM MeXaHH3M 3TOro V-
JOTHEeHHUS. ‘

Ilpn morpysKeHMH o0CafoYHBIX NOPOA Ha OoJbllde TIayOHHLI
B Ipouecce (QOpMHpPOBaHHA OCaJ0YHLIX 6acCefHOB MeJIJIeHHO pa-
CTYT BO3IefCTBYIOIHE Ha NMOpOAY LaBJeHHs H TeMmuepatypel. Ilpu
3TOM YMEHBIIAETCS IMOPHUCTOCTh IIOPOJ, TJIABHBIM 00pa3oM B pe-
3yJabTaTe HeoGpaTUMBIX JedopManuil. DTH H3MEHEHHUS NOPHCTOCTH
MOZKHO Ha0/101aTh MO JAAHHBIM H3yUE€HHUS KEPHOB NMOPOJ, HU3BJICUEH-
HBIX C Pas3JHYHLIX TyOHH.

Hebopmauuio ¥ u3MeHeHHs (PH3HYECKHX CBOHCTB TOPHBIX IOPOJ
B ofleM C/IyYyae pacCMaTpHBAlOT B 3aBHCHMOCTH OT 3((HEKTHBHOTO
HanpsiKeHHSA: Psg=pP—Pny, MJIACTOBOTO (IIOPOBOTO) JaBJCHHA Pna
u Temnepatypb T; 34eCh p—CpejjHee HOPMaJbHOC HaMpsIKeHne,
oTpaxalollee BJHSHYE TOPHOTO JaBJeHHs B AaHHOH TOUKE 3€MHOH
Kopel [15].

[pn u3MeHeHHH 3(QdEKTHBHOIO HANPSXKEHHS NPOHCXOAUT OOb-
eMHas JedopMallusi CIEeMEHTHDOBAHHOrO Kapkaca (ckeseTa) nopo-
Ibl, Hecylllero Ha cefe Harpysky Bbiulejexauleft Toamu. Ilox nei-
CTBHEM HM3MEHHUBIUEroCs MJACTOBOTO JaBJeHUs] NONOJHHTEJBHO BO3-
HHKaeT JAedopMalus MHHEPAJoB, CJaralllux Kapkac NOPOJBIL,
a npH H3MEHeHHH TeMIepaTyphl HHTEHCH(UUUPYIOTCH BTOPHYHBIE
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Puc. 5. VaMenenne OTKPHITOM TMOPHCTOCTH TECYZHO-TJIMHHCTHIX IOPOA C rayGuHoR
(ckB. CI'-1 Apancopckas):

a — necYaHUKH; 6 — AJeBPOJHUTHI; 8 — aPTHJJIHTE H TJIMHHCTO-aJIeBDHTOBble TNOPOAbLL; 2 — CBOA~
Hasg 3aBUCHMOCTH

NpPOLECCH, H3MEHSIOTCST MeXaHHuecKHe CBOHCTBA MHHEPAJOB H IPO-
HCXOIHUT HX TEIJIOBOE paCLIHpeHHe (MJIH cxKXaTHe).

Jasi onpefeneHusl CpeJHEro HOPMAJbHOTO HANPAKCHASA B KAKOM-
TO 3JeMeHTapHOM oObeMe mJjacTa HeoOXOAUMO 3HATHb TPH TJIaBHBIX
HOpMaJIbHBIX HANpSXKEHUS B 3TOM o0beMe. BeNHUMHEl TJIaBHbIX HOD-
MaJbHBIX HanpsiKeHHH 3aBHCAT B 00lieM Cjyuyae OT Beca BhIIese-
XallHX TMOPOJ, TEOMETPHH H YIPYTHX CBOHCTB jAehopMHpyeMOro
nJacra, a Takxke KOHKDETHON TEKTOHHYECKOH OOCTaHOBKH, BJHSIO-
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nieit Ha HalpsXeHHOoe COCTOAHHE NOPOABL B YCJOBHSX €CTeCTBEHHO-
ro sajeranuss. B CBsA3H ¢ pasHoo6pa3ueM TIeOJIOTHYECKHX YCJOBHMH
AHAJHTHYECKOE H3YyYeHWe BJHAHHSA TEOMETPHUECKHX (aKTOpOB H
TEKTOHHYECKHX HaNpsAXKeHHH Ha AedOpPMAUHIO IJACTOB — CJIQKHAs
3aja4ya, NIO3TOMY IJIsl OHpeJeJieHHs CpelHero HOpMAaJbHOTO HATPs-
XKeHHsI OOLIYHO HOJBL3YIOTCA 6ojee NPOCTHIMH cxeMaMmu jgedop-
Manui.

Ecnu npHHSATH, YTO TPABUTALMOHHBIE CHJIBI, CO3[aBAEMble BECOM
BHIILIEJEXAUIMX OCaJKOB, SABJAKTCS  OCHOBHLIMH H ONpeHefsIoT
HaMpsIKEHHOe COCTOSIHHE OECKOHEUHBIX TOPH3OHTAJBHBIX MJaCTOB
Ha pasJHYHBIX [VIyOHHAX 3aJeraHusl, TO BCJEACTBHE OCEBOH CHMMET-
pPHH TODH3OHTAJbHBE IJaBHLIE HOpMaJbHbie HANMpsAXeHHS MO0 OCH X
M Y PaBHBI MexKIy COOOH M COCTaBJIAIOT HacCTb OT BEPTHKAJBHOIO
IJIaBHOTO HOPMaJIbHOI'O HanpsiKeHUs:

Py=ry=Kp,, (3.8)

rie K=v/(l—v) — koaddunuenr 60xoBoro pacmopa; v— ko3pdu-
uuent Ilyaccona uayyaemoit mopogsl.
B 3TOM cayuae cpejiHee HOpMaJbHOE HAaMpsiKeHHE

p=(Putpy+p) =5 (1 +2K)p. (3.9)

OjgHako B OCAaJOYHBIX NOPHCTHIX MOPOAAX, IIOABEPrarOLUIHXCS
BO3LCHCTBHIO MEXaHHUYECKHX HalpsXkKeHHH, B TedeHHe AJHTEJBHOIO
reoJIOTHYECKOr0 BPEMEeHH HX CYLIeCTBOBAaHHS Ha 60JblIHX rayOu-
Hax Heo6paTUMble gedOpManud MOJOOHLI TJAACTHUECKHM, NPH KO-
TOpPHIX HaOJ/I0/laeTCs peNaKkcanus KacaTeJbHBIX HANpAXKEHHH 1 BCe
rIaBHble HODMaJbHBEIE HANpPSIKEHWS] OKAa3LIBAIOTCS pPaBHBl MEKLY
coboil. B atux ycaoBusx K—>-1 u ypaBHenne (3.9) MOXHO 3a-
nucate B GopMe ypaBHEHHs IEOCTaTHKH:

n
p=p.,=g -21 hibyi, (3.10)
i=

rie A;— MOILHOCTb {-rO JHTOJOTHYECKH OAHOPOAHOr0 HHTEpBaJa
¢ IJOTHOCTBIO MOPOX O nmpu 1009 BaaxHoOCcTH; g — yckopelue
cBo6oaHOro najgenus. HopMmaJjibHoe maacToBoe faBjeHHe

Pun= €2h;6,, 3.11)

rae Oz — HJIOTHOCTb IJIACTOBOH BOAEI B MHTepBaJe ;.

YpasreHus (3.10) u (3.11) mosBossiior onpenenuth 3hdHeKTHB-
HOe HanpsiKeHHe AJS Cpefbl, COCTOAIle#l M3 TOPH3OHTAJBHO 3aJjie-
ramouux 6eCKOHeUHBIX MNJaCcTOB:

P—Pu=§ '§1 hi (6ui"'— 6ni)' (3.12)
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Wan, ecnnm BOCHO/NB30BATbCA CpPEJHHMH 3HAYEHHSIMH IJIOTHOCTEf
NOpOJA H BOJABl B JaHHOM pa3spese,

P—Pus=8 (6[1. cp_‘as. cp) h. (3-13)

Brlpaxenue pasa onpejeseHdss HeoOpaTHMOrO H3MEHEHHs K03(-
(MUHEHTa OTKPHITOH NMOPHCTOCTH C IMyOMHOH MOXKHO NOJYYUTb AH(-
(depeHuHpoBaHneM ypaBHeHus (3.4):

dby o dVno AV 314

kn.o—Vn,o—V' (. )
IlnoTHOCTE 1NOPOAOOGDA3YIONHX MHHEpPAJOB MaJo H3MEHSeTCs
¢ ray6unoii. CienoBatenbHO H3MeHeHHe OObeMa IMOPOABI MPOHCXO-
JUT TJaBHbLIM 00pasoM 3a CYeT YMCHBIICHHS IOPOBOIO INPOCTPaH-
crBa nopoaul. Ilonoxus B dopmyse (3.14) dV=dV,, nomyuum:

dkn, o an' o
(0 —Fn o) o ~ Voo (3.15)

Beeaem monsitue xos3dppHUKHEeHTa HeoOpAaTHMOrLO yI-
JOTHEHUA NOPOAB Pa(f, T):
_ ‘ 1 dVya o 1 dVn o
Bl )= = T =~ Voo 2 0nen—On ) O
n.o (P — Pna) m o & (O, cp n. 8)

Beanunna kos¢pduuueHTa HeoOpaTHMOro YIJIOTHEHHS 3aBHCHT He
TOJIBKO OT JHTOJIOTHH H CTPYKTYPH NOPOJBL, HO H OT BpeMEHH VII-
JIOTHEHUS ocajka { ¥ ero teMneparypbl T, T.e. OT KOHKDETHBIX IeO-
gornyeckux ycaosuii. Iloacrapus Bolpaxkenue (3.16) B (3.15), mo-
ayuum auddepernuaspHoe ypaBHeHHE AJs1 ONpeleJeHHs 3aKOHO-
MEpPHOCTH YIJIOTHEHHSI OCaJOYHLIX MOPOJL:

dky. o
T e~ Ba(t T) g (8a. cp— By cp) dh. (3.17)

(3.16)

Kos¢puuuenr HeoOGpaTUMOro yHJIOTHEHHs! HOPOJ YMEHbIIAETCs
¢ ray6unoil, OZHAKO 3TO yMeHbLIEHHEe HEBEJHKO H AJs TpaKTHYe-
CKHX IleJIed MOXKHO BOCIIOJ/Ib30BAThCSl €r0 CPEJHHM 3HAUEHHEM AJIs
OMNpejeseHHbIX JHTOTHIOB NopoA. HanpuMmep, pas IVIHHACTHIX MO-
pox B paspese ApasiCOPCKOH CKBaKHMHLI (CM. pHC. 5,8) rpafHeHT
OTKPLITOH MOPUCTOCTH AkRno/Ah ymensmaercs or —1,3-107% M~}
B untepsaje rayoun 0—1000 m go snavenus — 0,1-10~* M~! B uu-
repsajie 5000—6000 M. Kosdduunent neo6paTuMOro YmjiOTHEHHS
JUJIST TeX e TJIHHHUCTBIX IIOPOJ OTKJIOHAETCS OT CPEJHEro 3HaueHHA
Bu(t, T)=33-10~% MIIa~! ne Gosee ueM Ha 20%.

Cpennee 3naueHne Ko3duuuesra HeoOPaTHMOrO YIJIOTHEHHS
necuanukoB! (cMm. pHC. 5,a), Takxe ompejesneHHoe mO (opMyJe

! Cpennne 3HAYeHHA TJIOTHOCTedl TMOPOALI H TJACTOBOH BOAB MNPHHATHL
On.cp=2,5-10% xr/mM3 u 85.cp=1,1-10% kr/m3
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Puc. 6. HeofpathMmoe yMeHblneHke KO3(MGHIUEHTA MOPHCTOCTH Rn.oyn/R(n.oyp=0
06JIOMOYHBIX H KapGOHATHEIX NMOPOA C TyOuHOM A:

1 — TeopeTHUYeCKHe KLMBBiE, BbIYHCJEHHBE MO ypaBHeHHIo (3.18) Anst pa3jMUHBIX 3HAYEHHI KO-
s¢pduunenTa Heo6paTHMOro YNJIOTHEHHS IPH kn.o(h=0)=0,3; 2 — daKTHYECKH YCpPelHEeHHLIe

3aBHCHMOCTH 1o [15]; 3 — TpeTUuHble TIHHHCTBIE NMOPOALI Benecyansi; 4 — To ke, Cepepo-Bo-
croyHoro [IpenkaBkasns; § W 6 — necyaHHKH U H3BecTHAKH Cesepo-BocTounoro Ipeakankasnhs,
7 — meprenu AsoBo-KyGancko#t Bnaguusl, 1Indp KpUBHEIX — Ko3ddHnuesT HeoGpaTHMOro ynaoT-
nenus B (¢, T), MIla~!

(3.17), B unrepBase 1500—2500 M mpH cpefHEM TeOTEPMHUCCKOM

rpaguente I'=2,2°C/100 M cocraBaser 16,4.10-% MIla~!
MurerpupoBanue ypaBHeHHs (3.17) mo3BoJisier NOJIyUHTb Bblpa-

JKEHHEe /Il ONMHCAHHS HM3MEHEHHS IOPHCTOCTH OCaJOYHBIX MOPOJ

¢ rybuHoH:
kin oy n _ exp [—PBn (¢, T) g (8n, ep — Os. ep) £l (3 18)
R, 0)h=0— 1 — k(n_ 0) =0 {1 —exp[—PBn(f, T) & (&n, ¢p — O, cp) 11}’

Tie Ruop — HODHCTOCTb Ha TAyOHHE A; Ruroph—o— TO XKe Ha IO-
BEPXHOCTH.

YpaBuenune (3.18) xopowo onuchiBaer HeOOGDATHMBIE H3MEHEHHS
MOPHCTOCTH OCaJOYHBIX TNMOPOJ He TOJBKO B pasdpese Apajcopckoi
CKBaxHHBE. Kak BHAHO M3 pHC. 6, TeOpeTHUeCKHe H 3IKCIepHMeH-
TaJbHBlE JaHHble CcOrJacylorces Mexay cobof. Kosdduunentsl ue-
06paTHMOro YMJOTHEHHs 3aBHCAT OT THHma mnopoA. HaunGoabine
3HAUYeHHS] MX OTMEYAIOTCHl y TJHHHCTHIX TOPOJ H MeprejeH, HaH-
MeHbIUHE — Y KBaPLEeBbIX NeCYaHHKOB M YNJIOTHEHHbIX H3BECTHAKOB.

Cnielyer OTMeTHTb, UTO ypaBHeHHe (3.18) sBasetés mamGosee
06LIMM BHAOM YpaBHEHHS YIJOTHEHHS OCajOYHBLIX MOPOJ, ClpaBes-
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JHUBbIM B WIHPOKOM JAHamnasoHe IIyGHH. B JsurtepaTtype H3BecTHH H
Apyrue BhlpaxkeHusa. OHM BO3MOXHE IpH GoJsee NPHOIHKEHHOM
ONMUCAHMH CTATHCTHYECKHX CBA3EH MeXJy IOPHCTOCTBIO H IJyOH-
HOH ocapounbix nopoxa. Hampumep, ecan B ypaBHenun (3.14) mpe-
HeOpeyr H3MeHeHHeM MOJHOrO obbeMa nopoxas dV/V, 10 B pesyab-
TaTe pelleHHsA TaKoro AH(@PEPeHNHPOBAHHOIO YPABHEHHS TOJYUHM

k(u. Y R k(u. 0) h=0 €Xp [— |3u (t7 T) g (6n. cp—_és. cp) h]- (3'19)

Ins nopon JaHHOrO JIHTOJOrHYECKOrO COCTABa, 3aJeraiouiux B Of-
pelieJeHHoM reoJoriueckoM paspese, 3HauenHe Pn(f, T)g (Oncp—
—0s.cp) & const u ypaBHernue (3.19) npuoGperaer BHA, U3BECTHBIH
B JHTepaType TaK ¥Ke KaK IMIHpHYecKoe ypaBHeHHe JI. ©. I3m.

Ecian B pomosiHeHHe K TNepBOMY HNPHOJMIKEHHIO OrpaHHYHTHCS
B ypaBHeHHH (3.19) mepBofi cTenmeHblo psiia pas3JOkKeHHs 3KCHOHEH-
LHAJbHOH QYHKUHH, TO NOJYYHM elle Gojiee NPUOJIHIKEHHYIO JTHHEH-
HYIO 3aBHCHMOCTB!

k(n. o)p =~ k(u. o) h=0 [1 - ﬁu (t’ T) g((su. cp_‘sa, cp) h]- (3-20)

dtor Buj 3aBucumoctu E. M. Crerioxa HaxOANT BO3MOXKHBEIM
UCNIOJAb30BATh JJIst ONHMCAHHUS H3MEeHeHHs1 ¢ rJayOHHOH NOPHCTOCTH
IeCUaHUKOB W H3BECTHSKOB, XAapaKTePH3YIOLIUXCSl HaHMEeHbUIHMH
kKosbhonuneHramMu  leobpatumoro ymiotrHenus. M. JI. Osepckas
u H. B. Ilono6a ans onucaHus u3MEHEHHS MOPHCTOCTH JMIOOLIX MO-
POA ¢ TayOHHON PeKOMEHIVIOT 3aBHCHMOCTD

k(ﬂ. O)h:k(ﬁ O)hzoexp(-0,45h), (3.21)

rac A —rayOHHa 3ajieraHusl “3ydaeMoH MOPOABI, KM.

dT0 ypaBHeHHe — YaCTHBI cayyaii ypaBHenus (3.19) npu Be-
auunse By (¢4, T)=32.10-% MIla~!, 6au3koil K cpefHel BeaHYHHE
kodpduureHTa HeoOpaTUMOro YIJOTHEHHA AJA LIMPOKOH TaMMb
NOPOJ OT H3BECTHSIKOB A0 IVIMH, YIOMSHYyTble HCCJIEROBATE/H 3a-
Bucumocts  (3.21) ¢ mocrosiuubiM  Ko3dduunentom  Pu(f, T)
NPHUCIOCABIUBAIOT K KOHKPETHOMY THNY OTJIOXKEHHI myTeM moabopa
KO3pULUHEHTa B op—o. JTOT IPHEM, HOJYUYMBIUMHE Ha3BaHue rpa-
dho-aHaIUTHYECKOTO MeTOjAa, onpapibiBaeT ce6sg B TOM Cjayuae,
eCc/H yCpeJHEHHe HJIM JKCTpano/sauus KpUBOH NPOM3BOJAHMTCS MpPH-
O/IMKEHHO W B CPAaBHUTEJBHO HeGOJBLIOM HHTepBaje IyO6uH (Ha-
npumep, no 2000 m).

Takum 06pa3oM, HECMOTPS Ha JHTOJOCMYECKOe Da3JHUYHEe MOPo.
(PMHACTBIE MOPOJLI, MECUAHHKH H aJIeBDOJHTHI, H3BECTHAKH H Mep-
resu), NepBHYHAS TIOPHCTOCTh NOPOJ HEOOpPAaTHMO ¥ 3aKOHOMEPHO
yMeHbllaeTcsi ¢ TayOHHON Mo OAHOMY 3akoHy. [laxe K03(pdHUUHEHT
HeoOpaTHMOTO YIVIOTHEHHS JJs HCC/IELOBAHHLIX MOPOJ H3MEHSCTCS
He CTOJb Y 3HAuMTeJbHO — BCcero B 3 pasa or 16,3-107 no
48.10-3 MIla~!. OgHako Heab3s Ge3 pasbopa HCHONb30BaTb 3ITH
3aBHCHMOCTH [J/1 HPOTHO3HOH OLEHKH IOPHCTOCTH Ha IiyOuHax,
He BCKPHITBIX CKBaXKHHAMH,— CJHIIKOM BeJHK DPa3bpoc 3HaueHHil
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MOPHCTOCTH Rn.o C OOBEMHON IJIMHU-
CTOCTBIO krn Ansi nyacta [IK Pycckoro

MecTopoxzaeHusi B 3amagHo#t Culupu Vi
(no E. H. JleonTneBy) kno.%

Puc. 8. Bnunnne 3MHTe€HETHYECKHX DDOUECCOB HA XapaKTep H3MeHEHHS OTKPLITOM
TOPHCTOCTH TeCYaHO-aJIeBPHTOBHX nopold ¢ ray6unoit (mo B. K. [Ipouniskosy):

a — necyaHo-aNeBDHTOBBIe IOPOABI; 6 — TJAMHHCTBIE NOPOALI. I — BocTouHoe IpenxaBkasne;
3 — IIpukacnulickast Bnaguna; 3 — IOxHLIE Manrbimnak; 4 — Boarorpaackoe I1oBoJKbe

NOPHCTOCTH HA OAHOH M TOH ke raybune (cM. puc. 5). Itor pas-
6pocC CyuleCTBEHHO CHHXKAeT LOCTOBEPHOCTb 3KCTPANOJsALHH H 08yC-
JIOBJIEH B MeCYAHO-TJIHHUCTBIX IOPOJAX [BYMs TJIaBHBIMH NPUYHHA-
Mu: 1) pasiMYHBIM COJEPXKAHHEM IVIMHUCTBIX H KapOOHATHLIX MHHE-
pa/oB B mopax NMOPOALI, OTJIOXKEHHLIX B Hpolecce ee 06pa3oBaHHS;
2) pa3/MuYHOH MHTEHCHBHOCTBIO BTODHUHBIX KaTareHETHUECKUX MpPO-
11€CCOB, CONPOBOXKAACMBIX IEPEHOCOM MHHEDPAJOB B NOPOBOM MNpO-
CTPAHCTBE NOPOJHL.

C yBeJMueHHEM TJIHHHCTOCTH NOPUCTOCTb MOPOJA YMEHblIaeTcCsd
(puc. 7). Ora 3aBHCHMOCTb JIEJKHT B OCHOBE OIpejesieHHs MOpH-
CTOCTH NOPOJ MO AAaHHLIM METOAA CaMONpPOH3BOJBHON MOJAPH3AIEHH.
OTKJOHeHHe 3aBHCHMOCTH H3MEHEHHsI MOPHCTOCTH IOpOJ C raylH-
HOI MOXeT OLITh CBA3aHO C PACTBOPEHHEM MHHEpaJoOB M HX Nepe-
OTJIOXKEHHEM B pe3yJibTaTe MHUTPAILHH MJAACTOBLIX BOJ.

B. K. IlpomnsikoB npuines X BHIBOALY, YTO B psAge HedrerasoHoc-
HBIX 0GaccefiHOB OrpoMHas Macca KapOOHATHBIX MHHEpAaJoB, OTJO-
JKEHHBIX NepPBOHAYAJBHO B IECYAHO-AJIEBPHTOBBIX NOPOLAX, BHIHO-
CHTCH U3 3TUX NOPOA B HHTepBaJe raybun or 0 mo 2000 m n mepe-
orJaraercs Ha rayounax csbilte 2300 M. DTO BeleT K HapylIEHHIO
3aKOHOMEDHOCTH H3MEHEeHHs IOPHCTOCTH IMOpPOA ¢ TIJayOHHOMH
(puc. 8). 3aBHCHMOCTbL CTaHOBHTCS Go0Jjiee CJOXKHOH, OHAa OTKJOHS-
€TCS OT SKCNOHEHTHL.
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IluTencHUKaALUA BTOPHYHBIX NPOLECCOB XapPAaKTepPHA TaKxKe
LJIsl 0CaJlouHBIX TOpPOA, 3aJeralollux BOJH3H ¢yHAaMeHTa. 37aech
HalbaonaeTcss DUPKYJAAUUS aKTHBHHIX MHHEPAJH30BAHHBIX PaCTBO-
POB B 30H@X IOBBLIIIEHHOH BePTUKA/AbHOH H Cy6BepTHKAJbHOH Ipo-
HHIAeMOCTH OCaAO0YHOIO YexJia, CBA3AHHOH C TEKTOHHYECKOH aKTHB-
HOCTBIO (yHAaMeHTa. Bo Bcex aTux caywasx GOJblIyl0 pojb B CO-
3/laHnH (GUIBTPAIHMOHHBIX IIOTOKOB MHHEDAJH30BAHHHIX BOJ HIPAET
TePMOAUHAMHUECKHH TIpajHeHT JaBJeHHs NOPOBLIX BOJ, HaNpaBJe-
HUe KOTOPOro MOIKeT H3MEHATbCS B 3aBHCHMOCTH OT HAarpeBaHHUS
WJIH OXJaXKIeHHs TOpHHIX mopox [17]. Dro Takike MOKeT NPHBO-
JUThb K HENpPeACKa3yeMblM H3MeHEeHHSM INOPHCTOCTH HOPOJ B ecTe-
CTBEHHOM 3aJieTaHHH, Ha rJyOHHe [OJ BJHAHHEM THAPOTepMaJbHBIX
[IpOUECCOB, KaK 3TO MMeeT MeCTO, HallpHMep, B HHXKHEIOPCKHX OTJIO-
XKeHHAX (TIOMeHCKas cBura) B 3anagHo#d CuGHpH.

B 10 Xe BpeMs yNJOTHEHHE TJHHHCTHIX NODOJ, IPH KOTOPOM
HHTEHCHBHOCTb MHHEPAaJbHOrO MacCONepeHoCa CYIIeCTBEHHO MEHb-
lle, TPOUCXOAHUT 110 SKCHOHEHIHAJbHEIM 3aBHCHMOCTSM C JIOCTaTOU-
HO BBICOKHM KOppeJSILHOHHBIM OTHolleHHeM. [lo aToll ke mpuuuie,
a TakXe B CBSI3U C 3aTPYAHEHHHIM OTTOKOM BOA HpPH YIJOTHEHHH
FJIHHHCTHIX NIOPOJ HMX BO3DACT H TOMIIMHA OYAYT ABJATHCH TJABHBI-
MH hakTopaMH, onpejessomuMu BeauuHny Bq (¢, T). ‘

Hnas onHoBO3pacTHHIX (HJHOLEH) TJAHHHCTHIX [OPOJ pa3spesa
IPOAYKTHBHOM Toaumu AsepGaiifkand nosydeHa npuHOJHKeHHAS
ceasp (mo JI. A. Bypskosckomy u ap., 1982 r.) mexnay Bu( ¢, T)
M TOJLIHUHON I'JIMHUCTHIX MJAACTOB Afir;, XapaKTepH3YILlas BJHAHHE
orToka naacroBoit Bomsl: Bn(f, T)=(73,2—19,6 1g Ahr,) 1073,

Takum o6pa3oM, NpH HOPMaJbHOM THAPOCTATHUECKOM AABJEHHH
NOPOBLIX BOJ, OTCYTCTBUH 3HAYHTEJbHLIX NEpepLHBOB B 0CAJKOHA-
KOMJIEHHH, TEKTOHHYEeCKHX HapylUeHHH, BLI3LIBAIOIIUX De3koe usMe-
HeHHe THICOMETPHH MOPOJ, I'VJIHHHCThe HOPOAB! YIJIOTHSIOTCS 3aKO-
HOMEpHO, H3MEHEHHE HX NOPUCTOCTH C TIJIyOHHOH MOXeT ObiTh OIH-
CaHO CJIOXKHBIMH SKCIHOHEHIHAaJbHEIMH 33aBHCHMOCTAMH. OTH CBOH-
CTBA TJHHUCTBHIX IOpPOJ Ha MIPAKTHKE LIMPOKO HCHOAL3YIOTCA AJs
IPOrHO3UPOBAHHSA AHOMAJbHHIX JAaBJACHHH B OCAJOUYHBIX  TOJLIAX
[16]. MoxHO Tak:ke NPOrHO3HPOBATh NMOPHCTOCTb IVIMHUCTBIX MOPOJK
Ha rIyOHHAX, He BCKPLITHIX CKBaXKHHAMH.

[Tpu mporHo3MpOBaHMH NMOPHCTOCTH aJEBPHTOBBIX MOPOJ 3axaya
YCJOXKHSIETCST NPAKTHYECKH TPYAHO NPEACKAa3yeMbiM BJIHSHHEM TJIH-
HHCTOCTH M BTOPHUYHBIX U3MeHEHHI] IOPOBOrO NPOCTPAHCTBA, O 4eM
mja peyb Bbille. BoJsbllioe BJAMAHHE HA HMHTEHCHBHOCTb BTOPHUHBIX
npeocOpas3oBaHMnil aJeBPUTOBEIX NOPOL HMeeT  TeMmeparypa, ero
TPYAHO OTIEJHTH OT BJHSHHA BO3pacTa IOPOA.

3ajzauy HpOrHO3HPOBAHHS [IOPUCTOCTH AJIEBPHUTOBHIX IIOPOJ MOXK-
HO pEIUHTb, €CJH H3ydaTb TOJBKO OJHOBO3PACTHEIE MECYAHUKH INpe-
HMYILECTBEHHO KBapIleBOr0 COCTaBa, HMeIOUlHe MaKCHMaJbHOE 3Ha-
yeHHe Ko3()HIHEHTAa NOPHCTOCTH, T.€. €CJH OTPAHHUYUTBCS IPOTHO-
3MpOBaHHEM CBOHCTB HaHOOJee UHCTBIX H XOPOILIO OTCOPTHPOBAHHMIX
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Puc. 9. 3aBHCHMOCTb MaKCHManbHo# MOPHCTO-  Puc. 10. 3aBucumocts Koadhdu-
CTH ku.o UHCTBIX NECYAHHKOB OT TJYOWUHEL NO-  IHEHTa Heo6PAaTHMOro YIJIOTHe-

IPYXeHHus: #ug B (£, T) mecyaHUKOB pasHO-
/ — nauounen Kanudoprun; 2 — MuoueH JlyHsuaHnl ro BO3pacTa OT BEeJHYHHBl Cpex-
u Texaca; § — oanrouen JIyHanaob; 4 — ONHTOHENl  pang reoTep MUUECKOT0 rpazmeu-

Texaca; § — iopa+HuXHHA Mea LlentpaabHoro u Bo-

croynoro Ilpeakaskasbsi; 6 — lopa—+-HHXKHUE Mea 1a 0
IMpukacnus; 7 — kap6on Texaca u OKJaxomul; 8 —

oploBHK Hbio-Mekchko, Texaca, Oknaxombl H Kan-

3aca

pasHocTell, B KOTOPBHIX BTOPHUHBIE NPOLECCH OKa3aJHd MHHHMAaJb-
Hoe BJMSHHE. BaAHsHHe Bo3pacTa NOPOA NMPH 3TOM B 3HAUHTEJbHON
Mepe YUuTeTCs BeJHYHMHOH MaKCHMaJbHOH MOPHCTOCTH, U3BECTHOM MO
H3YUYEHHIO BCKPHITOH CKBaXKMHAMH 4acTH paspesa. Ha puc. 9 mpu-
BeleHbl (PakTHUeCKHe KPHBLIE H3MEHEHHS MaKCHMAaJIbHOW. TOPHCTO-
CTH KBapleBHIX IECUAHHKOB C IVIYOHHOH HX NOTPYXKEHHS, MOJYYeH-
uole B. K. Tlpomuisikosuim (1960 r.), k. Makceeasom (1964 r.)
u B. M. Jo6puuuusim (1965 r.). Ha pucyuxe 3amerna pasHast HH-
TEICUBHOCTDL YMEHbILIEHHs TIOPHCTOCTH ¢ raybunoii. k. Makcsenas
OOBACHUJ 3TO BJAMSHHEM TeMIOEpPaTypbl NOPOJ, NOSICHHB 3Ty MbLIC/b
IKCIIEPHMEHTOM C HCNOJb3OBAHHEM BeCbMa BLICOKHX TeMIepartyp.
Cpsi3b M€Ky HHTEHCHBHOCTBIO YIJOTHEHHS aJeBPHTOBLIX NOPOA H
TeMIepaTypoH B OYeHb IUHPOKOM BO3PACTHOM JAHana3oHe NPOsBJ-
eTC BeCbMa YETKO, eCJH COMOCTaBHTb KO(PGhHIHEeHTH HeoOpaTH-
MOTO YIJOTHEHHS NJS 3THX TOpOJ €O 3HaueHHeM TeoTepMHYECKOro
rpagveHTa B KaxkJoM paiioHe (puc. 10).

Taxkum o6pasoM, passauune B Ko3d¢HIHEHTAX HeOOpPaTHMOro
YIJOTHEHHS UHCTHLIX MECYaHHKOB NPEHMYUIECTBEHHO KBapIeBOro
cocTaBa € MaKCHMAaJbHOW IIOPHCTOCTBIO O0DBACHAETCA  IVIABHBIM
06pa30M MHTEHCHBHOCTBIO HAPaCTaHHS TEMIEPaTyp MOrpy¥Kalollero-
cs MJacTa, OKashBawolleil BJHAHHE Ha IPOLECCHl PACTBOPEHHA H
IIepeoTI0XKeHHsT KBapla B MOPOBOM INPOCTpaHCTBE. B0O3pact u I.ay-
6yHa 3aJjeranus MOPOJA, KaK BHAHO, OKa3blBaloT MeHblllee BJHSAHHE
Ha Pn(f, T). Hpyrumu cjoBamH, ko3dbHIHEeHT HeoOpaTHMOro yii-
JIOTHEHHSI YHCTBIX KBapIEBHIX IECUAHHKOB XapaKTepH3yeT Mpolecc
YIJIOTHEHUS MOPOJ AAHHOTO JHTOJNOTHYECKOrO COCTaBa B KOHKpET-
HBIX TEOTEPMHUYECKHX YCJIOBHSAX.
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Puc. 11. HeoGpaTumoe yMeHbleHHe MAaKCHMAJbHOTO KO3(Q(HINEHTAa HOPHCTOCTH
kn.o UMCTBIX KBapLEBbIX NMeCYUaHHKOB C IJ1yOHHOH HOrpYKeHH AJs paioHOB C pas-
HbIMH 3HAYCHHSIMH I€OTEPMHYECKOro rpaguedta [ g

Ecau mopojabl, 3aseraroillie Ha BCKPHITOH CKBaXKHHaMH TJyOu-
He h;, HMeJH KO3(pOhHUHEHT MAaKCHMaJbHOH OTKPHITOH NMOPHUCTOCTH
k.o » TO TpH Ko3(duuueHTe Heo6paTuMoro ynioTHeHns Pu(f, T)
MOpOJbl 3TOTO K€ BO3PACTa HpPH IMOTPYKEHHH HA raybuny h=~h;+
+Ah Oyayr HMeTb HOBOe 3HAaUeHHe MaKCHMaJBHOH MODHUCTOCTH
Rm.eyn, KOTOPOE MOXHO HafiTH U3 ypaBHeHnus (3.18):

k . km, o) hy €XP [—Bn(¢ T)g(6n cp— s, ep) (B~ hy)] .
(M0 A™" | — kin oy ny {1 —exp [— B (£, T) g (6n. cp — Os, ep) (A — A1) 1}
(3.22)

Ha puc. 11 nso6paxeHol uerblpe rpaduxa 3aBHCHMOCTel, moJay-
YeHHBIX 10 ypaBHeHHI0 (3.22) mas 3HaueHHH Onep=2,5-10% kr/md
H Opep=1,1-10° kr/M® n yerblpex 3HaueHUH reoTepMHYECKHX rpa-
auentoB. Hanpumep, ecanm neBOHCKMH KBapueBHIY IleCyaHHK BoJ-
ro-YpaabCkofi NPOBHHLHY, BCKPBITHIH CKBaXKUHOH Ha raybuue h;=
=2000 M HMeeT MaKCHMAaJbHYIO IOPHCTOCTb Rno=25%, To mpH
reoTepMHYEeCKOM rpajuente B paspese Ioo=2°C/100 M Ha raybu-
He h=7000 m (Ah=7000—2000=5000 M) ero mOpPHCTOCTb COCTa-
BUT Rno=10% (puc. 11). Tor 3Ke mecyaHUK IIPH TEOTEPMHUECKOM
rpaguenTe [i100=3°C/100 M uMes OBl HOPHCTOCTh Rno=40%.

IlopucTocTs KapOOHATHEIX TIOPOJ MOXKET H3MEHATHCA B IIHPOKHX
npenenax. Yncrele xapOoHaTHBIE MOPOABI, ofpasyloLiuecst H3 He-
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YIJIOTHEHHBIX KapOOHATHHX HJIOB, COCTOSILIHX H3 MeTacTabHJbHOro
aparoHnTa, HMEIOT MNOpHCTOCTh A0 70—909%. KapGonaTHbie HJIbI
B 30He JHarcHe3a JOBOJbHO OLICTPO YMJIOTHAIOTCH, KpPUCTAJIJIH3Y-
IOTCS M IIepeXOAAT B PaBHOBECHOE  COCTOSIHHE — MNpPEBpPaLlaloTCs
B XeMOTeHHYI0 ropHylo mopoay. To/iuuHa 30HBI JHareHe3a COCTaB-
asaer 10—50 M u GoJee.

Ilpu mocsenywouiem nNorpykKeHHd (30Ha KaTareHesa) MPOHCXO/JHT
YILIOTHEHHE, NepPEeKPHCTANIH3aLlHs, NO0JOMHTH3ALHS TOPHBIX HOpPOJ,
pacTBOpeHHE HeyCTOMYMBLIX COeAHHeHHH, o6pa3oBaHHe HOBBIX MH-
HepasoB. IlepBHuHasi MeXKpHCTaJJHYecKass HOPHCTOCTb KapOoHAaT-
HbIX NOPOA Ha ray0HHAX 3aJeraHHss [pPOMBILJIEHHBIX 3aJexed
HeTM u rasa yMeHpIIAeTCss A0 3HAYEHHH, NPH KOTOPHIX MOPOABI
CTAHOBSATCS NPAKTHUECKH HENPONHIAeMbiMH, XPYNIKHMH, B HUX pas-
BHBA€TCSI MHKPOTPELIHHOBATOCTb TEKTOHHUECKOIO HJH JPYroro Impo-
ucxoxaenus. [lox BiMAHHEM MHHEPaJH30BAaHHLIX PacTBOPOB, MHT-
PHPYIOWIUX 1O MHKPOTPEILHHAM, IIOCJe/JHHE PACUIMPAIOTCA U o6pa-
3yI0TCs KapcroBnle nycrothl. Ilopona BHOBb mpHoOpeTaeT CBOHCTBO
OpOBOAHTL (JIOMJBI U a3 3a cdyeT BTODHYHOTO 0Opa3oBaHHA Tpe-
IIHHHO-KaBePHO3HOTO IPOCTPAHCTBA.

E. M. CmexoB npeasoKHJ HOAPAas[esidTh TPELIHHBl HA MHKPO-
TpellnHbl ¢ packpuTocTeio oT 10-107% o 100-10-® M u makportpe-
[IHHE C pacKpbTocThIo Gosiee 100-10-°¢ M.

B npouecce 0OMHTH3aLHH KapOOHATHHX MOpox o0beM HX
yMmeHbmaercsi npumepuo Ha 12,3%. HepaBHoMepHast poJsioMHTH3a-
UH{S TOPOABI NPUBOAHT K YBJHYEHHIO ee NOPHUCTOCTH, HOSBJIECHHIO
MHKPOTPEILHHOBATOCTH. [LOJOMHTH3HPOBAHHEIE H3BECTHAKH YacTo
uMeloT GoJsiee BLICOKYIO NOPHCTOCTD.

Pa3amepni TpelllMH H KaBePH MOTYT IpeBLIIATh pa3Mepbl KEPHOB,
OTGHpaeMbIX B CKBaXKHHAX, T.e. HaHOOJiee KPyNHbie TPELUHUHBI H Ka-
BEpHbl He NpEJCTaBJeHH B KepPHaX. KepH NJ0X0 BBLIHOCHTCS H3 BBI-
COKOTpPEIIHHHBIX HHTePBaNOB. DTO NO3BOJsET TOBOPHTb, UTO B CBA-
3H C HENPEACTABUTENbHOCTHIO KEpHOB JOCTOBEPHO ONpeJeJHTb Tpe-
IIHHOBATOCTb M KaBEPHO3HOCTb IIOPOJ [0 HUM He IpeACTaBJIAETCS
BO3MOKHBIM.

BeposaTHo, mo maugaM, H3TOTOBJEHHBIM M3 KEPHOB, MOXKHO
CYIWTb JIHIUb O HHXKHEM NpejleJie TPellMHOBAaTOCTH maacTa. Tak, no
JAHHBIM JHTOJOrO-neTporpaduueckux uccaeposanuit JI. Il I'mug,
KO3()(PUUHEHT TPEIIHHOBATOCTH KapOOHATHHIX NMOPOJ HE IpeBbiLIaeT
0,3%. Mo-BuauMoMy, B 3Ty BeJHUYHHY He BXOAHT 00beM GOJBILHHCT-
Ba KaBepH, 06pa3yloluX AOMOJHHTEIBHYI0 eMKOCTh mopoisl. boJee
JOCTOBEPHbIE Pe3yJbTaTh O TPEIIHHOBATOCTH M KaBEPHO3HOCTK IIO-
PON MOXKHO MOJYYHTb IO MAHHBIM KOMIJIEKCHBIX TeO(pU3HYECKHX
H THADPOAMHAMHUECKHX HCCJEJOBAHHI NPH COMOCTABJIEHHH HX C Kep-
HOM.
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3.4.2. YOIPYTHE (OBPATHMBIE) U3BMEHEHHUS MOPUCTOCTH /
NPH BLIHOCE KEPHOB HA NOBEPXHOCTb

[Tpu orGope npobel MOPOJ C MOMOLIBIO KOJIOHKOBOTO 10.0Ta OT
nJjacra OTTOpraercst 4acTh nMopoianl (kepH). Kepn ocBoGoxpaercs
OT HANpPAXKCHHH, KOTOpble OH HCIBITHBAJ B pe3yJbTaTe JaBJjeHHS
BbIIIEJIeXKAUIUX [OPOA (FOPHOro JAaBJjeHHs). JTOT NPOLece Pasrpys-
KM KeDHa 3KBHBaJIeHTCH YMEHbLICHHI 3((HEeKTHBHOTO HampsiKeHust
[cm. ypaBHenue (3.10)]. KepH pacuiupsiercst u mpouCX0IuT ynpyroe
VBeJMYEHHE €ro MOPHCTOCTH. DTO TJaBHAsl YacTb yIPYTHX H3MeHe-
Hufi nopucroctd. Oanako oToGpaHHBIA KepH BCe ellle HCHBLITLIBAET
B CKBaXkWHe Ha rayOMHEe BJMAHHE [JaBJeHHS NPOMBIBOUHOH KHIKO-
CTH H TeMIEepaTyphl.

[Tpu TpaHcnoprupoBKe OTOGPAHHOrO KEpHA Ha nosepmocrb B
HErepMeTHYHOM KepHOOTOODHHKE JaBieHHe TNPOMBIBOYHOH KILJIKO-
CTH ¥ TeMmlIepaTypa IIOCTeIeHHO CHHUKalTcs 1o aTMocdepHbix. [lpu
3TOM TakK¥ke NPOUCXOAHT AedopMalusd 3epeH MNOPOLOOOPa3YIOLINX
MHHEDAaJIOB. :

Taxkum o6pasoM, o6patumble (ympyrue) H3MeHeHHSI (HU3HUECKHX
CBOUCTB KEDHOB INOpOJ INPH KPATKOBPeMEHHOM  (BBIHOC KepHa)
BCECTODOHHEM CKaTHH HJH pacTsi2KeHUH, KOTOpble MOXKHO BOCIpO-
H3BOAMTb B /MaGOpaTOpHBIX ycJaoBHAX [15], 3aBHCAT OT Tpex ¢ak-
TOPOB: 3(P(DCKTHBHOTO HANPAMXKEHHA (P—pPua), MJAACTOBOrO (HOpO-
BOro) AaBJEHHS Pn; U TeMmepatypsl [, KOoTopele B 0oOlleM ciayyae
MOTYT He3aBHCHMO H3MEHSTBCH.

Kosdduuuenr nmopucroctn mopojsl B MJAACTOBHIX  YC/JIOBHSX
ko (p, pax, T) MOXKHOG ONpENEJHTb H3 YpaBHEHHS:

kn (P, pun, T) — [kn (p— pnn)] [ ka (Pnn) ] X
kg (0) kn (0) P, T ko (0) [(p=ppa), T

. ka (T) _ 1
X[ |, .. = KiaKa (3.23)

rie kn(0) — nopucrocTh B aTMOCHhEPHBIX YCJIOBUAX.

OKCIepUMEHTAJNBHO Yallle BCero onpeaensAloT HU3MEHEHHE [OpH-
CTOCTH NpH BO3ACHCTBHH 3(P(DEKTHBHOIO HANPAKEHHSA NIPH MOCTOSH-
HbIX 3HAYEHHUAX Pux H T. DTH U3MeHeHHs B OOJNBINHHCTBE C.IVYdeB
COCTaBJAIT OCHOBHYIO M0JI0  YIOPYTHX HM3MeHeHHH (QHU3HUECKHX
CBOHCTB KepHOB. JL/s1 MeCUaHbIX KOJJIEKTOPOB, 3aJeraloilux Ha TJay-
6uHax 2—4 KM, OnpejleJeHHast KCIepuMeHTanbHo BeauunHa K=
= ka(p—pun) [ka(0) = 1 —Aky/k; (0) = 1—(0,4=-1,0) /& (0), T.e.cpea-
Hee 3Havenue Ak,=0,7% [3]

Jast Gojiee MKHPOKOTO KJacca NeCYaHO-TAHHHCTEIX NMOPOJ NOJHbE
obparumble (ynpyrue) M3MeHEHHsI IOPHCTOCTH 3aBHCAT OT OTHOCH-
TeJbHOH TJMHHCTOCTH M TJAYGHHBI 0TGopa KepHa (puc. 12).

PaccmorpeHsbie pe3yapTaThl OTHOCATCS K H3YUYEHHIO KOJJIEKTO-
POB € MeX3epHOBOH (IpaHyJsIpHOR) MOPHUCTOCTbIO. 3HAUHTEJbHO
60.1ee CJ0XKHBIM SBJISIETCS 3KCHEpPHMEHTaJbHOe H3yueHHe TpelluH-
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Puc. 12. Tanetkn s OUEHKH YOPYTHX I3MeHeHHH KoahGULHEHTa TOPHCTOCTH
ka(p, poa, T)/ka (0) mecuano-rauHucTeiX NOPOA. ITIOPOAH: @ — XOPOUIO OTCOPTHPO=
BaHHbIE M OKaTaHHbE, § — CPEHEOTCOPTHPOBAHHEE; 8 — IJIOXO OTCOPTHPOBAHHBLIE.
Ulundp KpHBHX — OTHOCHTEJBHAS TVIMHHCTOCTb IOPOJ,

HO-KAaBEPHO3HbIX IIOPOJA B CBA3H C HENPEACTABUTEJbHOCTbIO KepHa,
Ieopemqecxaﬂ OlieHK4d, NOKa3blBalollasa ylIpyrie U3MEHECHHs HOpH-

CTOCTH 1IPH BLIHOCE KEDHOB TPEIHHHBIX [OPOJ, IIpHBeJeHa B pabo-
Te [158]. -

3.5. HOPHCTOCTb METAMOP®UUYECKUX
U MATMATHYECKHUX NOPOA,

[ToprcrocTh 0CaOYHBX NMOPOJ MOA BJHSHHEM YBEJHUHBAIOLIErO-
¢ TOPHOrO JAAaBJjleHHsl ¥ TeMIepaTyphl yMeHbLIAeTCs, W OHH MpPEeB-
pamaiprca B MeraMopduueckne. Peskol rpakullBl Mexay Ocanoy-
HEIMM M MeTaMmopdHuyecKuMu nopojgamu HeT. OJHAKO, Kak BHIHO
u3 TabJj. 1, KBapueBbll NeCOK, ABJSIOLIUACA INEePBHYHBIM OCaJKOM,
0 Mepe YIJIOTIeRHs NpeBpaliaeTcs B OCaJOYHYI0 mopoay (mecda-
IUK), a 3aTeM B MeTaMOD(HYeCKyl0 NOpOAY — KBapuHT. IlepBHu-
HbIH 0Cajl0K — IVIMHHCTBIH HJI, NpeBpallaercsi B OCajO4HLle IOPO-
JAbl — IIMHY H aprujJuT, a 3aTeM B MeTaMOpP(HUYECKYIO — IJIMHH-
cThiff caanel. OCHOBHBIM TPH3HAKOM MeTaMOp®H3aUMU SBJSIOTCA:
HH3Kas TOPHCTOCTb, AJS TJIHHHCTBIX IODOJA — IOTEPST MeKCJ0eBOH
H 3HAYHTEJbHOH 4acTH KPHCTAJJIHM3aLHOHHOH BOABI, CJAAHLEBATOCTD.
MeraMopduyeckne mOpoAbl OOBIYHO BXOAAT B COCTaB (hyHAaMEHTA.

BonpinHeTBO MeTaMOp(HUECKHX MOPOA  (KBapHHTDLI, CJaHIBb,
MpaMOp W Jpyrue) o6JafalOT HH3KHMH 3HAYEHHSIMH MePBHUHOH
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-
Taéauna 1, Tlpepeasl H3MeHeHHsA oOOLIEH TOPHCTOCTH MW MJAOTHOCTH
cyxux o6pasnos nepsHunbix ocajkoB (I10), ocamounwbx (O)

u MetaMopduuecknx (M) mopoa, a takxke nHekotophix pya [6] i
HI;TA TlepBUYHBIA OCaJOK HJAH HOPOAA koo % 8 cr ‘10° KT/M®
4
Q
= ITecox (ITO u O) 4—50 1,3—2,2
g ITecuanuk (O) 0,5—40 1,3—3,6
&’ Ksapnur (M) u xenesucThii xBapuutr (M) 0,2—20 2,19—4,4
Dimsucruiit ua (I10) 50—60 0,8—1,8
Fauna (10 u Q) 4—75 1,2—-3,18
g Aprumur (O) 1—30 1,6—3,35
5 duaaur (M) 0,5—0,6 2,4—2,76
£ | Caanen
= TaWHECTHE (M) 1—25 1,3—3,2
— KpOBeJbHH (M) 0,4 2,79—2,8
acriunubit (M) 0,9—1,1 2,77—2,78
cmoastHon (M) —_ 2,—2,8
% MsectkoBucthit ua (I10) 65—87 —
8 | Mex (O) 10—55 |1,85—2,6
é Hssectusak (O) 0,5—48 1,3—3,5
< HapecTHAK MpaMopusoBaHHEH (M) 0,4—6 1,9—3,5
i) Mpamop (M) 0,1—2,2 2,3—-3,0
—_
Boxkcur 0—44 1,3—-3,4
z Kenesucrtriit natepur 39—56 —
= MapTtut U Gypuii xeje3usx 0,2—28 3,8—1,3
A Cuzepurosast 1—28 2,45—3,58
Topd o 95 0,45—0,80
&~ | Bypnit yroas 12—40 1,2—1,3
S = | KaMeHHblit yroas 2—12 1,2—1,35
= > | AHTpanur I—2 1,4—1,8

nopucrocty. Ilpyu BHXOJEe 3THX NOPOA HA NMOBEPXHOCTH B HEKOTOPHIX
M3 HHX MOTYT Da3BHBAaTbCSl NPOLECCH ¢ 06pa3oBaHHEM BTOPHYHOM
NOPHUCTOCTH (KOpa BbiBeTpHBaHHA). B 3atom cayuae o6uias nopu-
CTOCTh yBeanunpaercsl. Oco6eHIIO0 CHABHO MOXKET  yBEeJUYUBATLCS
HNOPHCTOCTh MeTaMOP(HUECKHX IIOPOA, COAep:KalluX KapOOoHATHbIE
MHuHepaJibl. BoBeTpHBaHHE 3THX INIOPOA H NOCJAEAYIOllee BO3AEHCT-
BHe (UIBTPHPYIOIIHMHUCS THAPOTEPMaJbHLIMH BOLAMH CO3RAKOT yC-
JIOBHA AJs 00pasoBaHHS BBLICOKOMOPHCTLIX pasliocTedl MeTamophu-
4ecKHX nopoj. M3BecTHBl ITPOMBIIJICHHBIE CKOIJIEHHs] He()TH B Ta-
KHX nopojaax. Meramopduueckne nopojsl MOryT npHoGperats Tpe-
LIMHOBATOCThL IMOJ BJHSIHHEM TeKTOHHUeCKUX jaBHxkenHi. 00a st
npornecca BeAyT K aKTHBH3AIlMH  MHHEPaJbHOTO  MaccomepeHoca
B TOJIle MeTaMOpP(HYECKUX NMOPOj C 06pasOBAHHEM HOBHIX MHHepa-
JIOB H MeCT CKONJIEHHH II0JIe3HBIX HCKOIlaeMbIX. Bce 3TH mpoleccH
Ha6GJaIIAIOTCs B TOJlIle MeTaMOp(pHUYECKHX M MarmaTHYeCKHX II0-
pPOA, BCKPHITLIX KosbCKON CBEpXTay6oKOi CKBaXKHHOH,
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MarmaTHuecKHe NOPOABl 00pasyIoTCsl B pe3yJbTaTe OCTHIBAHMSL:
W 3aTBEpJEBAHHs MarMbl MJH IPHPOJAHBIX CHJHKATHBIX PAaCiJaBOB,.
BO3HHKAIOUINX B [JyOHMHHBIX 30HAaX 3eMHON KOpH. PasnnyaloT HH-
Tpy3uBHBIe (3aTBepieBilue Ha TIyOHHe) U 3¢¢y3uBHble (M3JIUB-
liecs Ha TNOBEPXHOCTb) MarmMaTHuecKHe Hopogbl. ITockojbKy cKo-
POCTb OCTBIBAHUSI MAarmbl Ha rayOHHe 3HAUUTEJBHO MeHbIe, YeM Ha
NIOBEPXHOCTH 3€MJIH, HHTPY3HBHbIE NMOPOABI 00J12JaI0T XOPOLIO BbI-
PaXEHHOH NOJHOKPHCTAJJIHYECKOH W OOBLIYHO KPYHHOKPHCTAJJIHYE-
CKOH CTPYKTypo#. B addysuBHbLIX nopomax 3a HeGoJbllioe BpeMms:
OCTHIBAHHSI TOJIBKO YaCThb MHHEpPAJIOB MOMXKET BHIAEIHTBHCS B BHJIE
KpHCTanoB, a OoJbllas 4acTb pacljiaBa 3acThIBaeT B BHIE KpH-
CTaJJIOB — MHKPOJIUTOB HJIH aMOP(GHOTO BYJAKAHHYECKOTO CTEeKJa
H BYJKaHHYeCKHX Ty(oB. D dy3uBHbIE MOPOJABI JOJATO HAXOASITCS 1ia
IIOBEPXHOCTH 3€MJH M NOABEPraloTCsl aKTHBHOMY BLIBETPHBAHHIO.
Bce 3TH mpouecCH H ONpefessiioT  NOPUCTOCTb  MarMaTHUECKHX
nopoJ,.

IlepBuunas ofulas MOPHCTOCTb YJBTPAOCHOBHBIX (AYHHT, MEPH-
LOTHT, IMHPOKCEHMT, CEpICHTHHHT) H OCHOBHHIX (ra60po, 2KJOTHT,.
aHapTo3uT, abpaJOpPHT) HHTPY3UBHBIX IMOPOJ, KaK MNpaBHJO, He
npesbimaer 2% [6].

[lepsrynas obwlas NOPHCTOCTb CPEAHHUX (IAHOPUT, CHEHHT) H:
KHCJBIX (PPaHUT, aJsCKHT) HHTPY3UBHBIX NMOPOA He npeBbiaer 3%.
B BniBeTpeJibIX PasHOCTAX HHTPY3MBHBIX IOPOJ pPa3BHUTa BTOPHUHAS
nopucroctb. OZHAKO H B 3THX [JOBOJIBHO PeJKHX B NPHPOJE CJayua-
AX obmas IOpHCTOCTb MOpoJ peako mpespimaer 10%. B wuesaom:
MOXKHO CKa3aTb, YTO HHTPY3HBHbIE MOPOJBI OGLIYHO XapaKTepH3y-
I0TCs HU3KOH 06ILeill MOPHCTOCTHIO, HOPEL ¢1ab0 COOOLIAIOTCA MEKAY
co00#l M OTKpLITas IOPHCTOCTb, KAK NPABHUJO, OUeHb Maja UJH OT-
CYTCTBYeT BooOlIe.

[lepBuunas mOpHCTOCTb OCHOBHHIX (6aszansT, nuaba3) u Cpei-
Hux (nopdupur) 3¢dysHBHHIX nopoa Takxke HeBequka (mo 3%).
OnHaKO IWIHPOKO pasBHTLIE NPOLECCH BHIBETPHBAHHS CIOCOOHBI yBe-
JIHUATH OOLIYI0O MOPHCTOCTb 3THX mopoa jgo 20—40%.

Oco6Biff KJ1aCC COCTABJIAIT BYJKAHOTEHHO-OCAJ0UYHBle 06paszso-
Banus (Ty¢bl), 3aHMMalOllie NPOMEXKYTOUHOE [OJOXKeHHEe MeXIy
30 y3UBHBIMH ¥ OCafOUYHLIMH MOPOJAMH. ITH MOPOAB MOTYT olJia-
Late oOllel nepBuuHOi mnopucroctsio go 40—60Y%, a Takxke 3Ha-
YHTCJBIOH OTKPHITOH NOPHCTOCTBIO.

B By/kaHOreHHO-0CaIOYHBIX OGpPa30BaHHUSIX CpPELHEr0 3OIEHA
Bocrounoft I'py3un BCTpeueHB! MPOMBILJIEHHEIE CKOMJeHHs1 He(TH.
Hedreconep:xkamune nopoas mpeacraBieHsl 3aech Tydhamu, tyddu-
TaMH, pasHooOpasue KOTOPHIX ONpejesisieTcss MHHepaJbHBIM COCTa-
BOM, pa3MepOM BYJ/KaHHYECKHX YAaCTHL, a Takke HX arperaTHbIM
cocrosguueM. OTKpbITasi MOPHCTOCTb MO KEpPHY H3MeHsieTcsl oT 3 10
27%, B TOM uucne ggas typos U TydomecuanukoB 5—15%; meosnu-
TH3HpOBaHHHIX TydoB 10—27% wu Ttydoaprunmuros, Tydomepre-
aeft ¥ tydounssectusikoB 3—10%.
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Meramopduueckne mopoasl, 00pasoBaBLIHECS] W3 Marmarude-
CKMX, HanpuMep TakKHe, KaK CJaHLbl KBapL-XJOPHUTOBHE H XAODH-
TOBBlE, OpTOaM(pUOOJHT, BTOPDHUYHBIA KBApLUHUT, OPTOTHEHC, CKApHHI,
POTOBHK, a TaKxe pyABl (KeJe3HCTO-MarHeTHTOBAs, CKapHOBafd,
NOJUMETa 1 IHYecKass 1 MeJHas), HMEIOT NepBHYHYIO OBLIyI0 MOpH-
.cTocTb He Gosee 5%. OO6Llast MOPHCTOCTh BBIBETPEJBIX pAa3HOCTEH
3THX e mopox gocturaet 20% [6].

KOHTPOJIbHDBIE BOTIPOCHI

1. Yro Takoe mepBHuYHBIE ¥ BTOPHUHBIE NOPHL B TOPHLIX MOPO-
Aax? HasoBure moponnl, HanboJee THNIHYHbIE C TOYKH 3pEHHS 3TO-
TO pa3jencHHS.

2. Tlo kakoMy ¢u3HYeCKOMY NpH3HAKY KJIACCHPHUUPYIOTCA MO-
pbl 0 pasmepaM? HasoBuTe pasMepsl CBeDXKANMJJISDHBIX, KalHJ-
ASPHBIX, CyOKaNuAAsIpHBIX MOP H MHKPONOP.

3. Uro Takoe K03(HIHEHT NOPHUCTOCTH Mopoi? Kakue BHABI
MOPHCTOCTH Bhl 3HaeTe? Kak cBs3aHbl MexXAy o060l KoahhHIHEeHTD!
OTKPHITOH, 3¢ HEeKTHBHOH M JUHAMHYCCKOH HOPHUCTOCTH?

4. HasoBuTe MeTOabl M3yYeHHSA CTPYKTYphbl MOPOBOTO NMPOCTPaH-
«c1rBa. Ha yeM OCHOBAHbLI 3TH METOIHI?

5. Kak pesuka MOpHCTOCTb MHHEpaJoB?

6. O6bsicHuTe GU3HUECKYIO CTOPOHY HeOOpPaTHMOTO yMeHbIUEeHHS
nopucrocti ¢ raybuHo#t. Uro Takoe xo3dduuueHT HeoOpaTHMOrO
yAJMOTHeHUs nopoA? OT uero OH 3aBHCHT?

7. Uro MBI NOHMMaeM NOX ynpyruMu (oOpaTHMbIMH) H3MeHe-
HUsAMH nopHcrocTu? e onn Haba0AAIOTCA HA NPaKTHKe?

8. TlpuBeanTe mpHMepbl H3MeHeHHs TNOPHCTOCTH HOPOJ TOZA
BJAHAHHEM MeTaMOP(HUYECKHUX MPOLECCOB.

9. Ot uero 3aBHCHT HMOPHCTOCTb 3 PY3HBHBIX MOPOA?

4, BOAO-, HE®TE-
U TABOHACBIILHEHHOCTb MOPO/J1,

4.1. BJJA)KHOCTb, BJIATOEMKOCTb.
CBOBOIAHAS U CBSI3AHHAS BOJA.
JBOWMHOM AJEKTPUUYECKHH CJION

BinaxHOCTb XapakTepHdyeT Cojep:KaHHe B TOPoJe BOJADL
O61mas MakCcHMaabHas BJa)HoCTh mopoasl Wy npencrasiasner coboli
06beMHOE COfepKaHHe BOJALL B NOPOAE, NMOPOBOE IPOCTPAHCTBO KO-
TOpOf‘I [MOJHOCTHI) BOJOHACHILICHO!

W= WTB (1 _kn) + knks. o +kn (1 _ks. o) = Wx. ¢ +Wq>. ¢t ‘ch
(4.1)
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riae Wye= Wi (l—Fky) — 00beMHOe cOfepKaHUe XUMHUECKH CBA3aH-
HOH BoALI B TBEPAOH Qasze (MUHEpAJLHOM CKeJleTe) MOpOJbI;
Wa.c, Wes — 06beMHOE cofiepiKaHue B MOPOJE COOTBETCTBEHHO (hu-
3MYECKH CBSI3aHHOH H CBOOGOAHOH BOJBI, Rso— KO3 HIHEHT oCTa-
TOYHOTO BOJAOHACHIILEHHSI 0P TTOPOJbI, XapaKTepH3YIOLUHA copepxa-
HHe B mopax (PH3HYECKH CBI3AHHOU BOABI, Ry — K03GGHIHMEHT 06-
UeHl TOPHCTOCTH MOPOLHL.

Bennunny Wy HasbiBaloT TakXKe BJATOEMKOCTbIO NOPOJHL.
BiaroeMKocTb IpH ONpefefeHHBIX TePMOLHMHAMHYECKHX yCJOBHAX
H XapakKTepHCTHKE BOJLI, Hacbilalomieli NOPOALI, — MOCTOSAHHASA:
BeJHYHHA 1J151 JaHHOH Mopoabl. BJaXKHOCTh MOPOAB MOXKET H3Me-
HATBCA B IIMPOKHX MpefeJax 3a CUYeT M3MCHEHHS COACPXKaHHUS
B [Opax DOPOABI CBOGOAHON (rpaBHTAUHOHHON) M (H3HYECKH CBH-
3aHHOH BOJDI.

X¥MMHUYeCKH CBS3aHHAs BOJA IPHCYTCTBYeT B MHHCpa-
Jax TOPHLIX NOpoA B BHIe MoJekyad H.O, BXOASIIHX B KPHUCTAJJIL]
(KpucTanau3auLUOHHAN BOAA), HAM B BHae noHos OH—-, H+,
H;O0+ (ruppokcoHHil) KpHCTAIIMUECKOH DELIETKH MHHEpPaJJoB aJio-
MOCHJIHKaTHOTO COCTaBa, B MePBYIO ouepelb JIMHHUCTBHIX MHHEpaJoB
(KOHCTHTYUHMOHHAas Boxa). IIpuMepoM MHHepaJOB ¢ KpHCTaJ-
JM3auuoHHoi Bopo# sasasiorcs runc CaSO4-2H.0, a Takxke npyrue
MUHepaJbl THAPOXHMHYECKOTO IIPOUCXOXKICHUS — alCOMHUT
MgSOs-7H,0, ruppobopauur CaMgBgO,,-6H:0, Goponarpoxasn-
uur NaCaBsOq-8H;0, mnonras Cus(SigO;s) -6H:0. DBoasuinuerso
MHHepaJoB C KPHCTAJNJH3alHOHHOH BOAOH TepAIOT ee MPH NMPOKaJHu-
Banuu a0 200—600°C, onHako OTAeJbHBIE MHHEpasLl Hampumep,
MupaGuIHT Na;SO4-10H0, Brrensor KpUCTaMIU3ALHOHEYIO BOAY
NpH KOMHATHOH TeMmileparype.

KoncrutyunonHass Boja NPHUCYTCTBYeT B MHHepajax, Kak Ipa--
BHJIO, B BHJAE THADOKCH/BHBX HOHOB. COmep:KaT ee BCe INIHHHCTHIE
MHHepaJbl M 60JbIIOe YHCJO MHHEpPaJOB aJIOMOCHJIHKATHOTO CO-
CTaBa, He OTHOCALUUXCA K TMIHHHCTHIM MHHepasaM. IlpuMepsl MuHe-
panoB ¢ KOHCTHTYUHOHHOH BOJOH: KaoauHUT AlsSisO;0(OH)s, nu-
poduanut Al,Sis010 (OH) o, x10put (Mg, Fe, Al)(Si, Al) 4010 (OH) s,
MyckoBUT KAl,Si3A1O0;0 (OH) s, ranaykouut Ky (Mg, Fe) 2 Al (S14010) 5-
(OH),, 6uorur K (Mg, Fe);A1Si;0,0 (OH) .. Koncturyuuonnas soaa
6O/IbLINHCTBA MHHEPAJIOB BLIZENACTCS IMPOKAJHBAHHEM IPH TeMIe-
patype 400—1000 °C.

Hexortopoie MuHepansl cojepxkar Kak KPHCTAJNJIH3aLHOHHYIO,
TaK M KOHCTHTYLHOHHYIO BOJLY, HanpaMep rajayasuT
Al4Si4010(OH)s-4H20. Muorna cymMmapHoe cojpep:XkaHue B TBep-
J10i ¢a3e MHHepaJa HJH TIOPOABI XHMHUECKH CBA32aHHON (KOHCTH-
TYLHOHHO!l U KPHCTAJJIH3AUHOHHOH) BOABI 0003HAYAIOT CHMBOJIOM
H,O+, nogpasyMeBasi BCiO BOAY, BBHIAENSIOUIYIOCS TPOKAJIHBAHHEM
nopoabl nmpu Temneparype Boille 105°C. OueBnpno, uto Wyc=
=H,0%83, rie 8z — MJIOTHOCTD MHHEpAJa HJM CPelHAd IJIOTHOCTh
NopoAH, AJsf KOTOPHIX B JabopaTopHu HafigeHo sHaueHue H,Ot.
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00 ¢ Puc. 13. TIpuMep TepMOTrpaBUTO-
/ rpaMmbl JUIs KaOJHHUTA.
800

KpHuBhie: |/ — nud@epeHnianbHOro H3-
Nf \ [/ MeHeHHs Macchl; 2 — auddepenusalib-
700 o/ HO-TEPMHYECKOTO aHaJjH3a; 3 — pocTa
. TepH Macchl o6pa3ua NpH HarpeBaHHHU

5001

TeMnepaTypbl Harpesa T=f(f); 4 — no-
// m=f(t)
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Bennunny HoOt ompenensiior mpH TEpMHYECKOM —aHAJH3e IO
JMarpaMme TNOTEPH MAacChl INpH  HPOKAJUBAHHMU — TEPMOTPABUTO-
rpamme (TT), xoropast comepKHT KpHBBlE H3MeHEHHss Maccel M
J103bl H3yyaeMoro BelllecTBa H Temneparypn I. Murepuperauuio TI
NPOBOAAT C YUE€TOM XapaKTePHBIX MJs KaXKJAOro MHHepaJa aHoMa-
auit Ha kpuBbIX M u T, oTpakKalOWUX BhlJeJieHHe XHMHYECKH CBf-
3anHOi BoAbl (puc. 13). Bojee TouHBIM sABJSIeTCS  OmpejeleHHe
H,O+ B 1tpybke Ilenduana no cnenuasbHOH MeTognKe. B 3ToM
cjayyae NMPOKaJNMBAKOT aHaJdU3HpyeMmylo mpoby, cobupas H B3BelIU-
Basl BCe MOJY4YeHHOe INpPH 3TOM KOJHYeCTBO BOABL. Ecau o mpoka-
JWBaHus NMpo0a cojepiKasa THTPOCKONHYECKYIO BJary, H3 obuiei
Macchl BOABI Mz, BBIJGJEHHOH NpH NPOKAJHBAHHWH, BBIUHTAIOT Maccy
TUTPOCKOIIMYECKOH BJlarH my M Bhudcasior H.O+ 1no  dopwmyae
HoOt= (mz—m;) /M, rae M — Macca aHanusupyemoil HaBeCKH [0
‘IIPOKA/IMBAHHS.

K ¢usvueckn CcBA3aHHON BOAe OTHOCAT Ty YacCTh BOALI
B TOPOBOM NPOCTPaHCTBE NMOPOJBl, KOTOpasi oCTaercss B Hem Gaaro-
Japsl B3aUMOJEHCTBHIO MOJIEKYJ BOJBl C NOBEPXHOCTBIO MHHEpaJb-
HOTO CKeJeTa INOpOAbl, a TakK¥Xe B pe3yJabTarTe BJAUAHUA KalUJJSAD-
HBIX cHJ1. DPH3HYECKH CBSI3aHHYIO BOAY MOXKHO YAAJHTb HOJHOCTHIO
nyTeM BLICYIUMBAHMS o6paslia ¢ HarpDeBOM HJH B H30TEPMHUYECKOM
pexuMe, 3KCTparupoBaHHeM o6paslla B COKCJeTe, YaCTHIHO — IIeHT-
pudYrHpOBaHHEM, KANHJJNADHBIM BbITECHEHHEM HJH KalHJJaspHLIM
BOUTHBaHHeM. Pasjnuaror ciaepywomue BUAB (H3HYECKH CBA3aH-
HOH BOABI: MJIEHOUHA; yJepXKHBaeMas MOBEPXHOCTbIO TBepAoH ¢a-
3Bl; YIJIOB IIOp H TYNMHKOBBIX HOP; KaMWJJIADHO-yAEpKaHHAS.
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[Inenounas Boja mpeacTaBjeHa NMOJHCIOSMH ODHEHTHDOBAH-
HBIX MOJIEKYJ/I BOJBI, PACHOJOKEHHBIX BJOJb NOBEPXHOCTH TBEpPAOH
(asnl yacTHI MHHEPAJbLHOIO CKeJeTa NMOPOALL. 3HauuTe/bHAsi, BO3-
MOXHO 04Jblast, 4aCTb MOJIEKY. NJEHOUHOH BOALI COCTABJISET TMJ-
paTtHble 00OJOYKH KaTHOHOB, 0Opa3yIOIHX aACOpOUHOHHLIH C0f Ha
MOBEPXHOCTH TBepHOoH ¢assl HJAM pacHpeleleHHHXx AHDY3HO
B mpefesax IJIEHKH B BUIE BHeWIHEH OOKJadKH ABOHHOrO 3JieK-
TPHYECKOTrO CJ10s, TPHYPOUEHHOrO K pasjesy TBEPAOH H KHA-
KoH a3,

TonmuHa cnos NJICHOYHON BOALI, KOTODPBIH HA3LIBAIOT TaKXKe
aHOMaJ/IbHLIM, N0 AAHHLIM pa3J/IHYHBIX HCCJefoBaTelell, cocTaB/ser
OT HECKOJIBKMX JECAThIX HaHOMeTpa (TOJILIHHA MOHOCJOS MOJIEKYJI
BOJAbl MM THAPATHPOBAHHBIX KaTHOHOB) po 100 HM (cymmapuas
TOJILHHA HECKOJbKHX [eCATKOB MOHOCJO0eB). du3HueckHe CBOHCT-
Ba TJIEHOUHOH BOABI OTJIHYHBI OT CBOHCTB CBOOOJHOH BOABI — ILJIOT-
HOCTh H Bf3KOCTb MJIEHOYHOH BOALI Bhillle, yeM cBOOOAHOMN, TemIe-
patypa samep3aHHA H PacTBOPHUMOCTb cCoOJiell HHXKe, JHIJEKTpHUE-
CKasg IPOHHIAEMOCTb M YJeJbHas 3JeKTPONpPOBOJHOCTL MJICHOYHOH
u cBOGOJHOH BOABl TaKXKe pas3jHyHbl. AHOMaJbHBIE CBOICTBA mJe-
HOUHOH BOALI NMO3BOJAIOT BHAEJHTH €€ Kak ocobyio dasy B ob6beme
TIOp TOPHOH NMOPOAHI, OTJIHUHYIO MO (U3HMUECKHM H (PUIHKO-XHMHUE-
CKHM CBOHACTBaM KaK OT CBOOOJHON BOJABI, TAK U OT TBePAOH a3kl
MHHepaJbHOTO CKeJeTa.

B ocHoBanHMM MJEHOYHOH BOALL Ha TOBEPXHOCTH TBepAOH (asnl
HAXOAUTCS MOHOCJO!N aACOPOUPOBAHHLIX MOJIEKYJ BOAbl U OOMEHHBIX
KaTHOHOB. MoJieKyJ/bl BOJAbL H KATHOHBI PacnoJsioxeHbsl 6/1H3 aKTHB-
HBIX LEHTPOB IIOBEPXHOCTH TBepAOH (a3bl, HMEIOUUX OTPHIATEJb-
HbBl 3apAj M TPEACTABJEHHBIX THAPOKCHJBHBIMH TpYNIaMH HJH
H30MOD(HO 3aMEILEeHHLIMH HOHAaMH KPHCTAJIMYECKOH peLIeTKH MH-
HepasoB. YacTb MOJIEKyJT BOABl yAepKHBaeTcsi O6JH3 TpaHHLbl TBEp-
Aas ¢dasa — KUAKOCTb CHJIAMH MOJEKYJASIPHOTO B3aHMOAEHCTBHUA
Jlongona — Ban-nep-Baaanca,  o6paTHo HpPONOPLHOHAJbHEIMH
r=r7 (r— paccTosiHHE MeX1y B3aHMOJAEHCTBYIOLIHMH MOJIEKY-
JIaMH).

MouiekyIbl MOHOCJIOSL CTPOTO OPHEHTHPOBAHBI H MaJONOABHIKHDI.
Chenyloliuii csolf 06pa3oBaH TakXKe OPHEHTHDPOBAHHBIMH MOJIEKY-
JlaMu BOJbl, OHAKO CTPOrOCTb HX OpHEHTAUHM H 3HeprHs CBsI3H
€ MOBEPXHOCTBIO MeHbllle, 4eM MOJIEKYJ TepBOro MOHOcJ0s. DTa 3a-
KOHOMEpHOCTb COOJIONAeTC M JUIsl MOJEKYJ IOCHeAYIOIHX CJIOEB.
CudTaT, 4TO CBOHCTBA IIJIEHOUHOH BOIBL IIJaBHO H3MEHSIOTCH
B HamnpaBJIeHHH 110 HOPMaJH K rpaHHIe TBepaast dasa — KHIKOCTb,
npHOaAHKaACh K CBOHCTBamM CBOOOAHOH BOABLI MO Mepe yAajeHHs OT
rpanuubl. OJHAaKO AOKa3aHO, U4TO IIpH IIepeXoAe¢ OT INepBLIX ABYX-
TpeXx CJOCB K MNOCAeAYIOINM CBOHCTBA BOJBI MEHSIIOTCS Pe3KO, UTO
MO3BOJISICT BLIAEJNHTb CJOH NPOYHOCBSA3aHHOH BOAB (2—3 MOHO-

cjios1) ¢ HauGoJlee aHOMAABHBIMH 110 OTHOIUEHHIO K CBOGOJHON BOAE
CBOHCTBaMU,
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KnpounocssizanHON BOAe OTHOCAT MOJIEKY.b BOAB I
THApaTHEE OGOJIOYUKH KAaTHOHOB, NOIJIOLIaeMble MeXCJ0EBHIM PO~
CTPAHCTBOM KPHCTAJIJIOB MOHTMODMJUIOHHTA H JAPYTHX CMEUIaHHO-
CJIOMHBIX MJIMHHCTHIX MHHEpaJoB (MeXCJ0oeBas BOAA HJH BOAA Ha-
OyxaHHs TJIHHHCTBIX MHHEpasoB C NOABHXKHOH pemeTkoit). [Ipou-
HOCBA3aHHAast BOAA HMeeT maoTHocTs 1,3—1,5 r/cm®, nussnexrpuye-
CKYI0 NpOHHIIAeMOCTh &=10—30 oTH. ef. (10 HAHHHIM OTAEJBHHIX
lccaefoBaresed, 2,2), xapakTepusyercs TeMIlepaTypoil 3aMmep3a-
Husg —74°C, NpaKTHYECKH He paCTBOPSET COJIH. ¥YjajeHue IMPOUYHO-
CBSI3aHHOH BOJABI, B TOM UHCJe€ H MeXKCJO€BOH, NPOUCXOAUT MpH
Temneparype 106—160°C. IlpouHocBs3aHHAsi BOJA COOTBETCTBYET .
TUTPOCKONIHYECKOH BJAXKHOCTH INOPOALL. BhICOKas CTeneHb cuemnse-.
HHs MOJIEKYJl TPOYHOCBSI3aHHOH BOABl C IIOBEPXHOCTbI TBEpLOH
(ha3bl CTAHOBHTCH OYEBHAHOH, €CJAM y4eCThb, YTO BO3JAeHCTBHE Ha
o0pasen nopoabl AasjeHHeM po 2000 MIla me mo3BosseTr OTXKAaTh.
BCI0 NPOYHOCBA3AHHYIO BOAY H UYTO TelJOTa CMayHBaHus CyXof
NOPOJbl, B YACTHOCTH, NOPOLIKA I'VIHHHCTEIX MHHEpPAJIOB, COCTABJISET
84—113 IIx/mMoJb, T.€. B HECKOJbKO pa3 BLIIIE TEMJOTH CBOGOIHO-
ro WcnapeHust BoAbl, paBHo#t 19—23 J[xk/MoJb. :

PuoxaocsaAs3aHHasg Bojga HMeeT MJOTHOCTL Iie GoJsee 1,1—
1,2, nuanekrpuveckylo nponuunaemocrs 6osee 30. Temneparypa 3a-
Mep3aHusa ee cocrapaser —4°C, oxa objagaer CrocoOGHOCTBIO
K pacTBOpDEHHIO coJieH, HO OoJiee HM3KOH, ueM cBoGoAHas BoAa.
IMpu cywke poixgocBsidanuas Boga ypaasiercss upu 7<<105°C. Io-
CKOJBKY 3Ta TeMIepaTypa B J1ab0paTOpHOH NMpakTHKE ONpeAeIeHHA
K03 PHUHEHTA OTKPBITON MOPHCTOCTH Ruo MOPOAB NPHHHMAETCS
B KauecTBe 3TAJOHHOH, 3HAUEHHS Kge, NOJYUYeHHble IO Crmocoly
ITpeo6paxenckoro (cm. pasi. 3), MeHblle HCTHHHOILO KO3(p{QuuHeH-
Ta OTKPLITOf IMOPHCTOCTH Ha BeJHYHHY, COOTBETCTBYWILYIO 00beMy
NPOYHOCBA3AHHOH BOJBI, KOTOpasi YAAIAETCS TOJbKO npH T >105°C.

B o6beme, 3aHUMaeMOM IJIEHOUHOH BOAOH, paclosoXKeH [ B O H-
HOM snekTpuueckus caoit (JI9C), posuukawuuit 6,143 rpa-
HHLH TBepAofl M XHAKOH (a3 Ojarogaps TOMY, UTO MOBEPXHOCTb
TBepAOH (a3l MMeeT 3JIEKTPHUECKHH 3apsijl, OOBIYHO OTPUILATEJIb-
Hblfi, JIBOHHOH caol Ha TpaHHHe (a3 COCTOMT H3 BHYTPEHHEH U
BHewiHefl 06K/1aJ0K. BHyTpeHHssi oTpuuaTebHas o6pasoBaHa B OC-
HOBHOM aHHOHAMHM KPHCTaJJHYeCKOH pelleTKH MHHepaJos, ualle
noiaMu OH™, pexe y3JaMH pelleTKH, B KOTOPLIX MPOHW3OILI0 H30-
MopbHOe 3aMeLleHHe HOHOB BLICOKO BaJIeHTHOCTH HOHamu Gojee
HH3KOfl BaJIEHTHOCTH C OJHOBPEMEHHLIM BLIAEJEHUEM OTPHUATEINb-
HOTO 3apsija.

BHyTpeHHsAs oTpUlaTeabHas 0OKJIaAKa JABOHHOrO /105 SIBAACTCA
MOHOHOHHOH C TOJIIMHOf, paBHOH pa3Mepy HOHOB, O0pa3yIOLIHX
ce. Buewmnsas o6xjaagka COCTOHT U3 KATHOHOB, KOMIIEHCHPYIOIIHX
OTpHIATe bHEI 3apsi NMOBEPXHOCTH TBEPLOH (hasblL

Boéabmias yacts KaTHoHOB (Gosee 90—95%) cocpenoroueHa
B ajgcopbuuonHoM MoHocgoe (caoif Wlrepua), ocTanbHEe pac-
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npegeneHb! AM(Py3HO B pacTsope, 3anoJHAKOLIEM NOPH, H 06pasy-
1T auddy3Hy dacTtbh (cjaol I'yu) BHelIHedl 00KJIagkH ABOKHOTO
cqios. JBOfHOH C/JOH B LesOM 3JEKTPOHeHTpaJsieH Tak, uTo cymMMap-
HBIA IOJOXKHTEJAbHEIH 3apaj BHEUIHeH OOKJAAKH KOMICHCHPyeT OT-
pHLlaTeNbHLI 3apsAn NOBEPXHOCTH B Hpejesaax OJHOH 11 TOH  xKe
niomasH, Hanpumep 1 cm? IloreHumanm U BHewHeli o6KjaIagKu
B HampaBJeHHH N0 HOPMAaJH K TpaHHLe pasjiena (a3 MeHseTcs
BHAYAJe JHHEHHO B Hpelesax MOHOCJAOS (MOJHLIA CKauyoK), 3aTeM
NpPONopUHOHAAbHO 1/X (rZe X — paccTOSIHHE OT TIpaHHUbl), JOCTH-
ras HyJas B cBoboaHoM pacTtBope. OOLLYI0O Pa3HOCTb HMOTEHIIHAJOB €
MeXKAy [0BEPXHOCTbIO TBepAOH (asnl U CBOGOJHLIM DacTBOPOM
(norenunan HepHcTa) sxclnepHMeHTAaJbHO H3MEpHUTb He YAAETCHA,
IO JaHHBIM TCODETHUECKHX pAacuyeToB OHA COCTABJseT IpHMep-
Ho | B.

Huddysnana uyactp BHelHeH OOKJALKH COAEPIKHT KATHOHBI U
aHNOHBl NpH IOAABJSAIONIEM IepeBece KaTHOHOB. KoHUeHTpauus
HOHOB B JAH(P(Dy3HOM CJoe NMOAUMHSIETCS 3aKOHY

C=Cyexp[— e2U/(RT)], (4.2)

rae Co — KOHILEHTpauHa cBobojgHoro pacrsopa; C— KOHUEGHTPaLHA
KaTHOHOB HJII aHHOHOB B AUGMPY3HOM CJyO€; 2 — BaJEHTHOCTb AaH-
#Horo copra HOHOB; U, & — IOTeHUHAaJ H JU3JEKTPHUECKas NPOHH-
1aeMocTb B TOYKe, rae onpejensercsa C.

[TockoabKy npH MOACTAHOBKE 3HAYEHHS 2 YUHTHIBaercs 3HAK
HOHA, KOHLeHTpauus aHuoHOB Ca pacTeT OT HyJad (Ha rpaHuLe
€ MoHocJs10eM) fo 3HaueHHss Co Ha rpaHHLe cO CBOOGOAHBIM PacTBO-
POM, KOHUeHTpauuss KaTHoHOB Cy majgaer, KocTHrash Takxke 3Haye-
#usi Co, HO cBepxy (puc. 14).

R
.
+
+

Puc. 14. [Bofinoit snexrpuueckuit caoit (JAIC) Ha rpanuue Tsepiasa ¢dasa —
PacTBOpP 3/1EKTPOJIATA:

1 — tBepuas ¢asa; 2 — cqoit llTepHa; 3 — auddysuslt caofi T'yH; 4 — CBOGOZHLIH DPacTBOD;
3aBucHMOCTR: § — Cp=f(x), 6 — C,=f(x), 7 — U=ly(x)
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Tonuuny nuddysnoro cios, NpHHHMaeMyIO 33 TOJUMHY ABOH-
HOTO 3JIEKTPHYECKOTO CJI0SA Ogsc, CM, PACCUHTLIBAIOT IO (HOpMYyJie

! eRT
Onsc ~F ]/:I'LCO (71 F 22) (4.3)
rae Co BhIpazkeHa B MOJb/CM®;, 2| U 22 — BAJIEHTHOCTH KATHOHOB
H aHHOHOB B CBOOOAHOM pacTrBope.

Ecnu cBOGOAHLIA pacTBOpP COAEPXKHT HECKOJBKO COJel, B ¢op-
Myay (4.3) Bmecto Co(21+22) TMOACTABJAIOT Bhpaxenue 2C:2; —
HOHHYIO CHJIy DacTBOpa, B KOTOPOM CYMMHPYIOTCSI IIPOH3BEAEHHS
MOJIIDHOH KOHUEHTPAaUHH H4 BAJEHTHOCTH JJs KaXAOro Copra Ho-
HOB, NPHCYTCTBYIOIIUX B pacTBope. 3HAuYeHHE Ogse, NOJYyUAEMOE
npu pacuere no ¢opmyJe (4.3), COOTBETCTByeT KpardaiillleMy pac-
CTOSAHHIO MEXAY rpaHuiefi paspesa TBepAOH M XKHAKOH (a3 H mo-
BEPXHOCTBIO, SIBJSAIONICHCS TeOMeTPHIECKHM MECTOM TOUEK — KIIEHT-
POB TAXKECTH® 3apsaoB AHPPY3HOrO €05, NOITOMY Opsc< Bcx, ECHAR
Ocn — QU3HUECKas TOJIIIHHA ABOHHOTO CJOA OT MOBEPXHOCTH TBEp-
J0it ¢a3bl 10 rpaHHULEBI CO CBOGOAHBIM PacTBOPOM.

B coorserctBuu ¢ ¢opmynoit (4.3) 3HaueHHe &zc paCTeT
C yMeHblUIeHHEM KOHLIEHTPaUHH W BaJeHTHOCTH HOHOB CBOOOAHOTO
pacteopa. B HachlIleHHBIX pacTBOpax BeJIHUHHA Oppe CTPEMHTCH
K TOJIIHHE MOHOMOJIEKYJSPHOrO CJost, 0 AMGQY3HBIHA CJIOH NPaKTH-
yecku ucueszaer. B pacrBopax HH3ko# KoHUeHTpauun (Co<<0,01 H.)
BeJIHYNHA Ogpe MPUOJHIKAGTCHA K MAKCHMAJbHOH TOJIUMHE §cy aHO-
MaJbHBIX CJI0EB BOJBI, YCTAHOBJEHHOH 3KCnepuMeHTaabHO [14].
Boaee caoxuoft sABJAseTCST 3aBUHCHMOCTb §xsc OT Temmepartyphl. [Ipn
nosuimenun T B mpenenax or 293 K (komHaTHas Temmeparypa) Ao
333—353 K BeanunHa Opsc pacTeT B cOOTBeTcTBHU ¢ (4.3). OaHaxo
npu aanpHelilieM pocre T AHGQy3HLI C10H «pa3MbiBaerca» 6/aro-
Jlapsl HOBBIIEHHIO MHTEHCHBHOCTH JBUMKEHHS MOJEKyJ, MpeojoJe-
BAIOLUX BJHSIHHE 3apSKEHHOH CTCHKH, M §psc CTPEMMTCH K TOJUIH-
He MOHOMOJEKYJsApHOro cJjosi, a npu T'=413—433 K paspywaercs
H MOHOCJOH.

GopMyna (4.3) copaBepsuBa HPH  CJAEAYIOIIMX YIPOUIAKOIIUX
yCJOBYAX: rpaHula pasziena TBepiasd ¢dasa-—— KUAKOCTb SBJSETCH
NJIOCKOH; HOHBI, o6pasyiomue nudy3HLIH CAOH, HMEIOT TOYEUHBIe
pasMepml.

B nopoBHIX KaHajax KOHEYHOro pasMepa, COM3MEpPUMOro C s,
paccuuTaHHoil mo ¢Gopmyse (4.3), peasbHOe 3HaueHHE Opsc OyaeT
CYLIECTBEHHO OTJHYAaTbCA OT TeopeTHyeckoro (ymembiuurcs) Oua-
roflapst 3/EKTPOCTATHUECKOMY OTTaJKHBAHHIO KAaTHOHOB AH((Y3HO-
IO CJ0s, PACHOJIOXKEHHBIX Ha NPOTHBOMOJNOXKHBIX 3JeMeHTax Tfo-
BEPXHOCTH AJs NOPOBOrO KaHaja C JioGOH TreoMeTphedl CeueHHd
(kpyroBoe, wmiegeBuaHOE H T.A.). Jlas [IeJEBHAHOTO CeYeHHs Mpel-
JAOXKeHa Caefyiomasi GopMysaa pacuyeTa peasbHOTO 3HAUEHHS Ouscp:

h
=08,,,— 4.4
61130. P 61(30 2 [exp (h/26;[30) —1] 4 ( )

56



the /il —wupuHa WesH; Oxoc — BENHUHHA, BBLIUHCJAECHHAA 1O (op-
Myae (4.3).

C usBecTHHIM mpuGaHKeHHeM dopMyay (4.4) MOMKHO HCNIOAB3O-
BaTb JJIS1 OLEHKH BEJMYHHBI Opscp B LMJIHHIPHUCCKOM KamHIsIpe
C papuycom r, nojaras B gopmyne (4.4) h=2r.

Bbipazkenus, npeasoxkKellHble HEKOTOPBIMH HCCAEA0BATEIAMH A
pacuera 8zsc ¢ y4€TOM pasMepoOB HOHOB, O0pAa3yIOUIMX BHEIIHIOIO
obkaaaky [NIC, He yuHTHBAIOT, YTO HOHbI, B MEPBYIO Ouepeib Ka-
THOHBI, THAPATUPOBAHLI IJTO OOGCTOATENbCTBO JOJIKHO CYIIECTBEH-
HO MOBJHATh Ha BUA ypaBHeHuit aas HIC, omuako ypOBJIETBOPH-
TeJbHOro Bapuanta Teopun JIDC, yuuTHBAIOIIEro peaJbHble pas-
MepHl THAPaTHPOBAHHBIX KaTHOHOB, 10 CHX IIOD HE CO31aHO.

Karuonrr Buemneii ob6kaagku AIC obaamaror onpeaeseHHOH
NOJBH2KHOCTBIO, KOTOpPAsi MeHblUe NOJBHXKHOCTH COOTBETCTBYIOLIHX
KaTHOHOB B CBOOOJHOM pacTBope. HanMeHnbluylo, 0HAKO OTJIHUHYIO
OT HYJisl, HOJABHXHOCTh HMEIOT KAaTHOHBI aJCOPOILHOHHOTO CJOS.
C ynasienneM OT TMOBEPXHOCTH TBepAOH (asbl MOABHKHOCTb KaTHO-
HOB pacreT, NpuOJHKASACH K NOJABHXKHOCTH B CBOGOJHOM PacTBOPE.
[pannua Mexay ciaosiMy MaJjONOJABHIKHBEIX H OTHOCHTENBHO GoJee
noaBHKHLX HOHOB [IC, BeposATHO, coBmajalolas ¢ rpaHuuei
MEKAy MPOYHO- H PHIXJOCBSI3aHHOH BOJOH, COOTBETCTBYET YPOBHIO,
JUIsT KOTOPOTO H3MepAIT 9JeKTPOKMHETHUECKHE IOTeHnHaa §, pas-
ubiil morenunaay U JA9C Ha paccTOSHHA X, pa3je/siolleM YKa3aH-
HbIfl YPOBEHb U TMOBEPXHOCTb TBePAOH (hashl.

Hanuuue §-moTeHuMasa J€KUT B OCHOBE pAa3JIMUHLIX 3JEKTPO-
KHHETHUECKUX fBJIEHHH — 3JeKTpoocMoca, Karadopesa, NOTeHIHa-
a0B  ¢puaprpauun.  CymHOCTb  MOCJEJHHX  pPacCMaTpHBAeTCs
b pasn. 7. Beqnuuny {-noTeHuMaJa pPacCYUTLIBAIOT 11O COOTBETCTBY-
omuM GopMysaM Aas H3yuaeMOfl NOPHUCTOH cpejbl, B YaCTHOCTH,
obpasua nopoabl, HaO/IOAAsA ABJEHHE 3JEKTPOOCMOca (IBHIKEHHE
KHAKOCTH B TOHKHX KaIUJASPAax NMOJ BJAUSHHEM IIPHJIOKEHHOH pas-
HOCTH TOTEHLHAJOB) WJH BO3HHKHOBEHHSI PAasHOCTH [OTEHLHAJOB
npu GUILTPALKRH KHIKOCTH Uepe3 KalW/IsApbl. 3HAK {-MOTeHIHAJa
COOTBETCTBYET 3HAKY 3JICKTPHUYECKOTO 3apsifia NOBEPXHOCTH TBep-
Jn0#1 ¢azwr nopucro#l cpeasl. IlocKkoabxy mpakTHUeCKH BCe 0Caf04-
Hble TIOPOAR!, 34 DEAKHMH HCKJIIOYEHHSIMH, HMEIOT OTpPHUIATE/bHBIH
3apAl NOBEPXHOCTH, HX (-IIOTEHUHAJ $SIBJSETCA OTPHILATE/bHLIM.
Besnupna C-moTeHUHasJa 3aBHCHT OT TeX Ke (PAKTOpOB, KOTOpHIC
ONPEAEIAI0T 3HAaYCHUE Opsc, B IEPBYIO OUepeAb OT KOHIEHTpAlHH
¢BOOOJHOro pacTBOpa H BAJIEHTHOCTH KaTHOHOB CBOOOAHOIO pacrBo-
pa u BHemHed ob6kjaagku JDC. [lpu NMOCTOSHHOM COCTaBe KaTHO-
HOB BesquuHHa { napaer ¢ poctoMm Co. Ilpn onnHaKOBOH KOHUEHTpa-
UMK cBOGOIHON BOABI BeJIHUMHA { CyLIeCTBEHHO 3aBHCHT OT COCTaBa
kaTHOHOB J13C, yOrBasi B COOTBETCTBHH C IIOCJEA0OBATENbHOCTBHIO
Lit>Na*t>K+>Mg?+>Ca?*. Ecau sHeunsisi ob6xaazka JHI9C
coctouT u3 TpexsajeHTtHbx (Fe®t, Al®*) wuanm deThIpexBaJeHTHBIX
(Th*t) wuonos, {-moTeHIHad MeHSET 3HAK HA MOJOKHTEJbHBIA
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B cBA3H C nepesapsaakofi JDC — noBepXHOCTb TBepno#l (asnl mpH-
o6peTaer MOJIOXKHTEJbHBIA 3aps, a BHeWHIOKW o6kaaaxky JIIC co-
CTaBJSAIOT B OCHOBHOM aHHOHBIL.

AnomanpHE c10f KuAKOCTH H JIDC 3aHHUMAOT NpPaKTHYECKH
OZHMH H TOT e 00beM B IPUrPAHHUYHON OOJACTH BAOJb CTEHKH Ka-
NUIISIPOB — NMOPOBBLIX KaHAJOB IOPHCTOH Cpejbl, B YaCTHOCTH, rop-
Ho# mopoxbl. IlpHunHa BO3HHKHOBEHHS! aHOMAJbHBIX CJOEB — OJIHO-
BpeMeHHOe AEHCTBHE HA IOJSPHBIE MOAEKYJABl BOJALI M HOHLI 3JIEK-
TPHYECKOTO HOJII 3aPAMKCHHOH IOBEPXHOCTH TBePAOH (asnl Cui
MOJIEKYJISIPHOTO B3aHMOAeHcTBHsI JIoHAOHa — Ban-gep-Baasdbca u
MO&EKYJIIPHO-KHHETHUECKOro ABHUKeHHA. [lose cua B3anmomeict-
BHs MOJIEKYJ BOJbI M BelllecTBa TBEPIOH (a3bl MUHHMAJBHO H Orpa-
HHYEHO PacCTOSTHHEM, COH3MEpPHMBIM C pasMepaMu Monexkya. JLajb-
HOAGHCTBHE 3JIEKTPOCTATHYECKOrO IO XapaKTEepPH3YeTCs paccTod-
HHSMH B J€CSITKH HAHOMETPOB.

3HauyuTeJbHYIO, BO3MOXHO OCHOBHYIO, UaCTh (DM3MUECKH CBS3aH-
HOH BOABI COCTABJISIIOT MOJIEKYJBl BOLBI, (pOPMHpYIOIIHE THAPATHYIO
060;104Ky KaTHOHOB, B INEPBYIO ouepeib BOJB OJHXKHEH THApara-
u#d, O6 3TOM TOBODHT YeTKasd KOppeAlds MeXIy YAeJbHOH eM-
KOCTbIO KaTHOHHOTO o6MeHa Qoo H YAEJbHOH THTPOCKOMHYECKOMH
BJIAXKHOCTBIO Qr, MpHYEeM OTHOMIeHHEe BeJHUHH Qr H (oo, BHIpAKEH-
HBIX B MI-3KB/T, COCTAaBJs€T Y Pa3JHUHLIX HCcaefoBaTe’edl oT 5 10
10. 31y BeMUMHY MOXKHO paccMaTpHBaTh KAK YHCJO MOJEKY. BOALI,
NPUXOASALINXCS Ha OJMH KaTHOH, 00pa3yIOUIMX ero THApaTHYI0 060-
JOuUKy (B OCHOBHOM BOfa OauKHe#l rmiapaTaumuu). B pacTsopax
C MHHEepasJH3aIluell TOTO Ke NOPSAIKa, UYTO IJAaCTOBLIC BOALI B pas-
pe3ax MeCTOpoXKIeHHi He(pTH M rasa, IJs Haubojee pacnpocTpa-
HEHHBIX KaTHOHOB NpHpoaHHX Box Nat u Ca?t uuciao Mosekysa
BOAB B 30HEe GJIHMKHEH THIPAaTALHH COCTABJAAET COOTBETCTBEHHO
4—8n 12—16.

®usuyeckH CBA3aHHAA BOJLA NMPAKTHUYECKH LEJHKOM 3alGJHSET
06beM Kanuaasipos ¢ paauycom r<<20—30 HM, npHueM KamHJIAPHL
¢ paauycom r<<1,5—2,0 HM 3anmosHeHH B OCHOBHOM IPOYHOCBSA3aH-
Holi BOIOM.

KanuanspHo-yjaepKaHHasi BOAA XapakKTepHa AJs 10p, pPajuyc
KOTOpLIX cocraBiasger 30—500 M, a Tak¥XKe AJs YrJOB NOpP, NPHYPO-
YeHHBLIX K CTHIKAM MeXJ1y 3epHaMy, o6pasyIoOllMMH CKeJeT Mopo-
Ibl, 0 TYMHKOBHIX mop. KanmuaaspHo-yiep¥aHHass BOAa MO CBOHM
CBOfiCTBAM He OTJAHYaeTcss OT CBOGOAHOA. B mopax yKa3aHHOTO
pasmepa — cyGrRanuIsipaXx — ee YyAepKHBaeT KaNH/JIfpHOe JaB-
JeHHe

pe= 20 cos O/r, (4.5)
Ile 0 — MOBEePXHOCTHOE HATsI¥KeHHe Ha TpaHHIe CMaunBamouied da-
36l — BOJBl M HecMauuBamwllell (asn — BO3JyXa, YrJI€BOAOPOJHOTO

rasa WM HedTH; r— pajguyc Kanuansdpa; O-—yrona cMmMauyuBaHHUS,
475 THAPOGHIBHON MOBepXHOCTH 0<C90°.
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Kanuansproe paBneHHe B THAPOQHABHOH MODOJE-KOJNJIEKTOpE
NPENSTCTBYET BLITECHEHMIO NMOABHAKHON BOALI He(DTbIO HJH YIAEBO-
JOpOAHBIM Ta3oM HpH (OPMHPOBaHUH HeTAHOH HJIM Tra3oBOH 3a-
Jiexu. HedTp U raz 3alofHAIOT TOJbKO T€ KANHJASPHI, AJAS KOTO-
PbIX BEJHUHHA Py NPU 3aJaHHBIX ¢ H 0 MEHblIe JaBJICHHS P, NOA
JedCTBHEM KOTOPOr0 NPOHCXOAHT 3aNOJIHEHHE YIJAeBOAOPOAaMH
TPUPOAHOH JOBYIIKH.

Hns ruapOQHABHBIX MEXK3epPHOBLIX KOJJIEKTOPOB HedTH HA oOC-
HOBe ONBITA U3YYEHHS M pa3paboTKH MHOIMX MECTODOXKIEHUH B Ka-
YeCTBe BepxHell TPaHUIlLl pajguyca Nop, COAEPKALIUX KANUIJAPHO-
YAep:KaHHYIO BOLY, mpuHuMaercd 0,5—1 MKM, A4 KOJJIEKTOPOB
raza 0,1—0,2 mxm. Jlwanasodsl FpaHHYHBIX 3HAUEHHH rrp MOTYT
OBITh U IHHpE YKA3aHHBIX, HOCKOJBKY BEJHUHMHA rrp 3aBHCHT OT 3HA-
YeHHil o ¥ 0, oTpaskaloUluxX COCTaB H CBOHCTBA 11JaCTOBOH HEeDTH
(raza) u BOJH, .a TaKXe IIOBEPXHOCTH 3€peH, CJaTaiollHNX CKeJleT

nopoa.
4.2. OCTATOYHAS BOJA FOPHBIX NOPOJ

CyMmapHOe cojepKaHue B NMOpOAe KAaNHJJSIPHO-YAEPKAHHOH I
HH3NUECKH CBA3AHHOH BOALI ONpefeNsilOT KakK OCTaTOYHYIO BOIV,
XapakTepH3ys COJep:KaHHe ee B obObeMe MOpP NOPOABl K03 ¢ H-
LHEHTOM OCTAaTOYHOTO BOLOHACHIILEHHH:

ko o=V3. o/Va (4.6)

rae Vo, Vi— COOTBeTCTBEHHO 0OOBEME! OCTAaTOUHOH BOJB H IIOD.

Hasi onpeneneHus ks, B NpakTHKe NeTpodusnyeckux Jabopa-
TOPHII IPHUMEHSIOT HECKOJBKO CIOCO60B, KOTOPbIEe MOIKHO Da3felHThb
Ha aBe rpynnsl. K mepBoii OTHOCHTCS €IHHCTBEHHBIH €1oco0, mo.ay-
YHBLIA{ Ha3BaHHe NPSMOH METOJA, HJH METOA J3akxca, B KOTOPOM
ONpEeleNisIoT KOJIMUECTBO BOABI, COjJepiKalleiicss B ofpaslie MOPOAH,
H3BJICUEHHOM IpH BCKPBITHH HPOLYKTHBHOTO KOJIJICKTOPA CKBaMH-
Holl ¢ HeduJbBTPYHIIEHCA NPOMBIBOYHOH KHAKOCTbIO — PaCTBOPOM
Ha HedraHo#t ocHoBe (PHO). Ilpn peasnusauuu npsmoro meroia
HeOOXOLHMEIM YCJOBHEM sBJsETCA COXpaHeHHe B o0pasue 10 3KC-
NCPHMEHTa BceX (UIIOHAOB, 3aHOJHSIOWMX NMOpH o6pasia B mJa-
CTOBEIX YCJOBHAX.

Cnocofbl BTOpOH Tpynnbl pasiHyaloTCa yCJIOBHSAMH MOJEJIHDO-
BaHMs OCTATOYHOH BOABLI B o6Gpasue. OOMHUM A HHX SBJSETCHA
NOArOTOBKa 00pasia K 3KCIEepUMEHTy IIyTeM 3KCTParHpoBaHUs HU3
ofpasua yrieBOAOPOAOB H COJel, paCTBOPEHHHEIX B IJ1aCTOBOH BO-
e, 3alOMHABLIMX MOpPH 06pasiia B €CTeCTBEHHOM 3ajeranuu. Cno-
€0o6Bl BTOpOl TPYNIBl HHOTJAA Ha3HIBAIOT KOCBEHHBIMH.

4.2.1. TIPAMOM METOJ, ONPENEJIEHUS KO3®P HIIUEHTA
OCTATOYHOI'O BOOLOHACBILIEHHU A

Onpenenenue kyo NPAMBM METOLOM BKJIOUAaET Cle-
AyioliHe 3Tanbl: 1) H3yyaeMple NPOJAYKTHBHbIE OTJIOXKEHHS BCKpBHI-
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Baorcs ckBaxKuHO# ¢ PHO npu cnaoutnom or6ope u BeiHOCE 06pas-
OB KepHa B 3aJaHHOM HHTepBaJe paspesa; 2) o006pasubl mocsae
BBHIHOCA HA IOBEPXHOCTb HEMENJIEHHO KOHCEPBHPYIOTCS, B JaJbHefi-
emM COGJIOAAIOTCS YCAOBUS JJIsl COXPAHEHHS] B 06pasue NMaaCTOBBIX
Gumonaos; 3) kaxknaei o6pasel, NOAJEXAIHN HCCAELOBAHHIO, pac-
KOHCEPBHPYIOT M 3KCTPATHPYIOT CIHPTOOEH30JbHOH CMEChIO B anma-
pare 3akca, CHaOXeHHOM CIeLHaJbHOH JIOBYWKOH JAJf  BOAHI,
H3BJeKaeMoil M3 00pasia NpH 3KCTPaKUHH; 4) onpefeasiioT o6bem
Vs.o BOABI, BbIIEJEHHOH H3 06pasla, a 3aTeM, 3Hasi 06beM 06pasia
H KO3(pPUUUEHT NMOPUCTOCTH Ry, BHIUHCAAWT Vi 1 mo ¢opmyde (4.6)
PaCCUHTHIBAIOT Rs o.

IIpsiMofi MeTos TO3BOJIAET YCTAHOBHTb 3HAUEHHE Rgo.np, Xapak-
TEpUsyIOllee NMPOAYKTHBHLIH KOJJIEKTOP B YCJOBHSIX €CTECTBEHHOTO
3ajieraHis. JTO 3HaUeHHe aJeKBATHO PaCCMOTPEHHOMY Bhille Iapa-
METPY Rso HPH CJELYIOIIHX YCJOBHSAX: a) KOJJIEKTOD MOJHOCTBIO
ruApoHIbHLIN; §) BCA OCTaTOYHAs BOAA KOJJIEKTOpA B IJACTOBBIX
YCJOBHAX TPEACTABJCHA KalMJJIAPHO-YAEPXKAHHOH W (H3HUeCKH
CBSI3aHHOH BOAOH. B AeACTBUTEJBHOCTH 3TH YCJOBHS PEAKO COBJIO-
nawrca. [IpOAYKTHBHEIE KOJIJIEKTOP MOXKeT GBITh YaCTHUYHO THAPO-
(GoOHBIM, UTO BeleT K CHHXKEHHIO COAepKaHHs (DM3MUECKH CBSA3aH-
HOIl M KaHOWJJIAPHOH BOAB! B NMOPOJE, M TOTJA 3HAUEHHE Rgo.up OYAET
MeHbllle Rp.o. IIpH 3amo/HeHHH JIOBYLIKM YIJIEBOJOPOAAME B MPOLEC-
ce GopMHUPOBaHHA 3ajexH He(MTH HJM rasa B KOJJIEKTOPE MOXKET
COXPAHHTBCS H3BECTHOE KOJMYECTBO NMOJBHIKHOH BOJEI, KOTOpas He
ABJAsETCA KaNMIADHO-yIepXKaHHOK (BoZa KamesibHas H T.T.);
B 3TOM CJaydae Rponp<Kso. HHeCMOTpS Ha 3TO npsIMOH METOXA CYH-
Taercsl 3TAJOHHBEIM TIPH ONpEJeJeHNH NapaMeTpa Rso, HOCKOJIBKY OH
JdaeT NMpeJCTaBJCHHE O peasJbHbIX 3HAUEHHAX KO3(GPHIHEHTOB BOALO-,
HebTe- W ra30HACHILIEHHS B IJACTOBBIX YCJIOBHAX IS H3Y4aeMOro
reoJiornyeckoro o6bexra. HemocraTkoM mpsMOro Merofa SIBJSETCSE
HEBO3MOXKHOCTh HCHOJb30BAHHA €ro AJs NOJYYeHHS IPeACTaBHTEb-
HOTO MacCHBa 3HAUCHHMH KRgo, NOCKOJBKY CKBaXKHMHBI, OypsliHecs
¢ npuMeHeHueM PHO u nosnbim or6opoMm kepua, — Gosbluas pei-
xocTh. IlosaToMy ocHOBHOI 06bem Hcc/aenoBaHHE Ha obOpasiax
C Ue/bI0 ONpEeJeNeHHs] Rz o BLIIOJHSIOT KOCBEHHHIMH METORAMH.

4.22. KOCBEHHBIE METOA bl ONNPENENEHUS KO3®®dHUUHEHTA
OCTATOYHOIO BOJOHACBILLEHHUA

Ilepen mpoBeneHHeM HCCIeIOBAaHUH JIO0BIM KOCBEHHEBIM M e-
TOLOM oOpasel NOPOJAB, H3BJEUEHHBIH M3 CKBaXKHHBI IIpU Oype-
HHH Ha TJIMHHCTOM pacTBOpe, cojepKalHuil B mOpax ¢HJIABTpAT
NPOMBIBOYHOl KHJKOCTH H HeBBITECHEHHBIe IJIaCTOBHIE  (DJIOHALI,
sKcTparupylor B ammapate Coxciera, HCHOJB3ys CIHPTOO6EH30/b-
HYI0O CMeCh, a TaKKe JONOJHHTEJBHO JPyrHe OpraHHYeCKHe pacTBO-
purenn — xaopodopM, Toxyoa. Jlajsee 3KCTparHpoBaHHEI 0Opasen
BLICYIIMBAIOT NPH NOCTOSHHON TeMmmeparype, o6bludo 105°C. 3ame-
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THM, YTO H3JI0KEHHbIH C10C06 NMOATOTOBKH 00pasiia K IKCIepHMeH-
Ty TOXKJAECTBEH TOMY, KOTODBIH NpPHMEHSIOT MepeJ], OIpeje/enneM
KO3((HLUHUEHTA NOPHCTOCTH IIOPOJLI CHOCOGOM  HACHIEHHS (CM.
pasa. 3). 3arem o6pasel HACHILAIT BOAOH, HCNOJb3ysl B 3aBHCH-
MOCTH OT IIPUMEHSeMOro BapHaHTa KOCBEHHOrO MeToja MOJENb.
IJ1aCTOBOK BOAB HJIH JAHCTH/IHPOBaHHYIO Boxy. [asee yjpanasior
Boay u3 00pasina, (UKCHDPYS B KOHLE SKCIEPHMEHTa COAEPIKAHHE
B 00pasie OCTaTOYHOH BOJHI.

Kocsennrle Meroibl onpeseseHusi Ry, pasaH4arorcss Ccrnoco6om
yAaJjenus Boabl U3 o0pasua. B ma6opaTopHO#l NpaKTHKE MpHMEHs-
I0T CJefyIOlUIHe KOCBEHHbIE METOJLI MOAEJHDOBAHUS H ONpeeseHHs]
OCTATOYHOH BOABI: KaNHJJISPHOTO BHITECHEHHS, LeHTPUGYrHpoBa-
HMS, CYIUKH IDH H3MEHEHHH TeMIIepaTyphl H C COXpaHeHHEeM ee Mo-
CTOAHHOH (M30TepMHUecKas CylIKa), BJaroeMKHX cpej, meron SIMP.
HanGosee mupoKo MPUMEHSIOT METOAB KaNHJJISIPHOTO BBITECHEHUS
H LUeHTpUYTrHPOBaAHHS.

Has onpenenenusti ks, METOAOM KAaNHJJSPHOTO BBH-
TECHEeHHA (KanWJJISpUMETpHH) H3yuyaeMblli o6pasell, HOJHOCTBIO:
HACLIUIEHHbIH BOAOH, NOMEIIAOT B CIEUHAJbHYIO s4elky, B KOTO-
pyo Bcaen 3a 00pasyoM NOMeWaT NOJYNPOHHUILAEMYI0 MeMOpaHy
C mopamu ompejeaeHHoro pasmepa. Iloxg meidicTBueM HeBoablIOro
nepenajga jgasienul, e npessiuatooniero 0,15—0,2 MIla, Boay u3
o0pasna BLITECHAIOT BO3AYXOM. B ympoLleHHOM BapHaHTe MeToja
Bogy H3 o0pasua BLITECHAIOT A0 CO3JaHHA B HEM MHHHMAaJbHOIG
ANl 3aflaHHBIX YCJOBHI (mepemnaf naBiaeHHil Ap, BbiTecHsioulas da-
3a) Koa(pdunuesTa BOJOHACHIIEHHSA Rso. Benwunny Ap BLIGHPAIOT
B COOTBETCTBHH C pa3MepoM INOp MeMOpaHEl, T.€. HEeCKOJBKO MeHb-
UM 3HaueHUs] Apyp, IPH KOTOPOM BO3MOXKeH IPOPLIB yepes3 MeMmO-
pary BhitecHswoumed ¢asp. Cliel0BATeNBHO, YCJOBHS [POBEIEHHS
IKCIEPUMEHTA yiKe 3apaHee ONPEAC/AIOT BEPXHHH Ipejes pajguyca
HOp frp, H3 KOTOPEIX BOAA He OYAET BHITECHATBHCS:

I'mp = 20 cos 0/(Ap), (4.7

rae Ap —cosnaBaeMblii MaKCHMaJbHBIH Iepenaj JaBJeHHs Ha 00-
pasue; 0— IIOBEPXHOCTHOE HaTsKEHHe Ha IpaHHIE BO3IYX — BO-
Aa. 3HaueHne Oepyr B npemenax 0<C0<C45°, ualle mnOJAramT
6=0. BeJnuuny ks, BLIYHCAAIOT OT popmydae Rso= (Vi—Vazur)/Vn.

B ycsoxkHeHHOM BapuaHTe 3KCIEpPHMEHTa H3YYaAlOT JHHAMUKY
BBITCCHEHHS BOJbl BO3JYXOM, MOCTEleHHO YBeJHYHBasg Ap A0 Hpe-
J€JbHOTO 3HaYeHHUdA, NPH 3TOM JJI HECKOJIbKHX HPOMEXYTOUYHBIX
3Hauenuii Ap ONPeeJsiOT COOTBETCTBYIOIHE MM 3HaueHHS Venur
H TEKyHUero Ko3(pQHUIIHEeHTAa OCTATOYHOrO BOJOHACHIEHUS Ks.o.rex-
Pesyaprarsl omblTa H306paKaloT rpaduuyeckKd B BHIAE 3aBHCHMOCTH
Boo=[(Ap) umu kso=f(px), riae Ap=px— nepenajy [aBJeHHH,
obeCneunBaloOLIMi BHITECHEHHE KamnHJ/ISIpHO-yJACpXKanHOA BOABL H3
mop ompepeneHHoro pasmepa (puc. 15). Ecam dAuefika cnHabxeHa
YCTPOHCTBOM [IJ/s1 H3MepeHHs! YAeJbHOrO CONPOTHBJIEHHS 00pasiua,
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kao . Puc. 15. Tlpumep kpusoil Ka-
A NHJVISIPHOTO AaBACHHS
\
29 R
\
g7
g5
43 I ! g
J 0 o5 a1 p,MNa

B XO0Je BBITECHEHHS BOJAB BO34YXoM (GHKCHPYeTCS H3MEeHeHHe BO
BPEMEHH YJAeJIbHOTO CONPOTHBJCHHA 00paslia pn; BHIXOJ KpPHBOH
pn=[(Ap) Ha acCUMNTOTYy IOKa3LIBaeT, YTO NpOLECC BLITECHEHHUS BO-
Abl H MOAEJHDOBaHHS OCTAaTOYHOTO BOJOHACHieHus ofpasua 3a-
BepIUEH.

KpuByio kso={(px) HCHONB3YIT [/ NOCTPOEHUA paclpepele-
HHA 110 pasMepaM IOp, BHIYHCJAAS CpejHee 3HAueHHe r TPYINMbL 1IOp,
COOTBETCTBYIOLEE BEJHUHHE Py KAXKAOH TPOMEXYTOUHOH CTYNEHH
BHITECHEHHST (CM. pHC. 15).

3HaueHust kso, NMOJyUeHHble IIPH BBITECHEHHH BOJbI BO3AYXOM,
1esecoob6pa3HO HCMOJAb30BATh NPH H3YUEHHH Ta30HOCHBIX KOJJIEK-
TopoB. 51 onpeneseHuss Rxo HE(TEHOCHBIX KOJIJIEKTOPOB BOAY M3
o6pa3ua BLITCCHAIOT KEPOCHHOM HJH, 4TO 06oJiee NpPaBHJBHO, MO-
JeJbl0 NJACTOBOH He(pTH H3yyaeMOro reoJIOTHUECKOro 00bekTa.

3HaueHHe ks o PACCUUTHIBAIOT IO dopMmy.ie

kB.o=1-‘ (mg —my) 8s (48)

(mg — my) (8s — 8y) '

rae imi;, Ms, M3 — COOTBETCTBEHHO Macchl 00pasla CyXoro, Hachi-
IIEHHOTO BOJOH M IOC/e 3aBeplIeHUS ONbiTa; 8z H 8y — MJOTHOCTH
BOALL U HE(PTH.

B uacrosiliee BpeMs NPOMEBIIIEHHOCTb BEINYCKAaeT MOJYIPOHH-
naeMble MeMOpaHLl, pacCUHTaHHBIE HAa MaKCHMaJibHOE JaBJCHHE
phTecHienuss 0,3—0,4 MIla, uro no3BoJisieT NOBLICHTH Ap U COOT-
BETCTBEHHO YMEHBIUUTh I'paHAYHOe 3HadeHue rrp. ONTHMaJabHOE 3Ha-
YeHHe APmax B KaIHJUIAPHMETPHUECKOM crocobe ompeneneHus Rso
Noa0UpAIOT AJs1 H3y4aeMOro reoJIorHueckoro o6beKkTa HJH TPYIIIbl
O6bEKTOB TAKHM, UTOOLI 3HAUEHUS] Bso 11O JAHHBIM KanHJAJASPHMET-
PHYECKOro U MPSIMOr0 MeTOAOB OBLIM HanOoJee OMH3KMMH IS BCEH
KOJIJIEKIMH 00pPa3lLoB KOJJIEKTOpA NPH U3MEHEHHH KO3 ()(HIHEHTOB
NOPHUCTOCTH M HPOHHIAEMOCTH B WIHPOKOM Auanasone. Takum 006-
pasoM, AJs «HACTPOMKH» TEXHOJOTHH KaNHJJApUMETPHH HEeOOXOaHU-
MO pacnoJiaraTh pe3yJbTaTaMH ONpeJesIeHHs Kso NPSAMBIM METOAOM
X0Ts 6Bl HJsi ONHOH CKBaXKUHBEI, NPoOYpeHHOI Ha HM3yuaeMOM Me-
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CTOPOXKACHHH HJH TPyllle MeCTOpoXIeHHH. IlpuMensiembie B Ha-
CTOosiHlee BpeMs MOJYNPOHHIAeMble MeMOpaHBl I COOTBETCTBYIOIIHE
UM JaBJIEHHS Pk max OOCCNEUHBAIOT BLITECHEHHE BOJALI H3 KAaIIHJJS-
pos paguycoM r>>0,5—1 MKM.

B MeTole UeHTPHOYTUPOBAHHUSA IOJHOCTbIO BOJOHA-
CBHILIECHHB 00pasew, MpoweAlIMii Ty e IOATOTOBKY, UTO I Tleper
HCCJICIOBAHMEM  KalHJJIADHMETPHYECKHM  METOAOM; IOMEN[AIoT
B siUefKy POTOpa LEHTPUPYTH H UEHTPHPYrUPYIOT B TEUEHHE HEKO-
TOpPOro BpeMeHH ¢ 3aJaHHOH 4acTOTOH BpaulleHHUs1 7. BLITeCHeHHE
BOJABI NPOUCXOAHT GJiarofapsi CO3NAHHIO TpPH UEHTPU(YTHPOBAHUH
IaBJICHHST pPx B NOPOBHIX KaHaJax obpasua:

Pr=1,812A8 (3RL - L?). 1010, (4.9)

rje n-——u4acroTa BpallleHuss poropa ueHTpHdyru, MuHH™'; Ad — pas-
HOCTb IJIOTHOCTEH BOALI H BbITecHAlomeHR dasrl (ecam 3T0 BO3AYX,
10 A§=05), r/cmM®; R m L— paauyc BpallleHHsI H JJHHA 06pas-
na, cM.; px, Mlla.

Yacrory H IpPONOMKHTENBHOCTh BpallleHHs] BBIGUPAIOT OGHIYHO
TaKUMH, YTOOBl NTOJly4aeMble 3HAUEHUS ks, ObLIH Haubojee GAH3KIH-
MH K 3HaueHHSIM Kz, HA TeX ke o0pasuax, YCTaHOBJIEHHBIM Mps-
MBIM HJIH KalilJIspuMeTpHuecKuM MeroiaoM. [last aToro moabupaior
KOJIJIEKIHIO 00pasLoB, NPeACTABHTENBHYIO 0 OTHOLUIEHHIO K H3ydae-
MOMY OOBEKTY, H HA HHX ONPEeICJSAT Rpo METOLOM LEHTPHdYrupo-
BaHHS H HPSMBIM METOIOM, HJH LeHTpH(YrHpOBaHHEM H KaIMJLIS-
pHMeTpHeH, peXHM KOTOPOH OOOCHOBaH CpaBHeHHeM C JaHHBIMH
NpsIMOTr0 MeToJa.

B xagectse BHTeCHAIONlE! (ha3el HCHOJNB3YIOT BO3AYX, pexe—
KepocHH. HacTora H HPOJOJIKHTEJBHOCTh BpalleHHs yCTaHaBJHBa-
I0TCs TeM OOJBILMMH, YeM HHKe KOo3(h(HUHEHT NpPOHHLAEMOCTH 06-
pasua. Jna o6pasuoB ¢ kpp=>>100-10"15 M? 0GBIYHO HCIOJB3YIOT
n<C4000 mun~! npu Bpemenu Bpauenus go 30 muH. C yMeHbuie-
HHeM kpp BpeMs BpallleHUs JOBOAAT A0 1 4, a 4aCTOTy BpallleHHT
1o 6000 mun—!, Kak o npun KanuaIsipuMeTpHUeCKOM MeToje, ycra-
HaBJHBAas 3HaueHHe kg, METOLOM IEHTPH(YTH, peKHUM HeHTPHYTH-
poBaHHs NOAOHPAIOT TakuM, 4TOOBI OGeCneuYHTb BHITECHEHHE BOJbI
H3 Kanuwaasapos ¢ r>0,56=1 MxM.

Beanuuny ks, paccynteiBaioT no ¢opmyae (4.8). Ouesmanoe
NpeUMyIEeCTBO MeTOfa UEeHTPUQYrHpPOBaHHS 110 CpPaBHEHHIO C Ka-
NHIJIAPUMETPHYECKHM 3HAYHTEJBHO MeHbINAs MPOACJIKHTEIbHOCTD
skcnepuMenTa. K Hegocrarkam Merofa OTHOCATCA HeOGXOAMMOCTD
HacTpolikn pexuma LUeHTPU(YrHPOBaHUS HA JAaHHble KalUJJIAPH-
MeTpHH ¥ Gojee HH3KAsl TOUHOCTb ONpejeseHHs Ka.o.

MeTop CyWKu ¢ MOBLIMIEHHEM TeMmepaTypho (Me-
To Meccepa) 3aknouaercs B TOM, UTO IOBHIILIAfA TeMIEPAaTypy A0
110—150°C, duxcupyior Maccy obpasia npH pasJHYHON TemIepa-
TVpe, TocJje yero crpost 3aBucuMocts M=f(T), ucnoabsys Xapak-
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TEPHYIO TOUKY KOTOPOH HaXOAAT I'PAHHIy, COOTBETCTBYIOLLYIO Haua-
Jly uclapeHusl ocTaToyHOH Boxbl. OCHOBHON HEAOCTATOK METOAA —

‘HH3KasA TOYHOCTb OIpPEACJNCHHUA ks.o, ITIOCKOJIBKY HHTEpIIpeTalusa Io-

JIy4eHHOH KPHBOH Hepeako OblBaeT CyOGbEeKTHBHOM.

BoJee coBeplleHeH BapHaHT H30TEPMHUECKOH CYIIKH (METOA
acnupanronsoi TepmomaccoMerpun —ATMM). O6pasen, noagie-
JKallui HCC/AeA0BAHHUIO, IpEeJBapPHTENbHO SKCTPArupOBAHHBLIA H BLHI-
CYLIEHHBIH, HACHILAKT JUCTHAJMPOBAHHOH BOJAOH H MOMeILAIOT
B CICHHAJBbHYIO KaMepy, Iie OH BLICYLIHBAETCSl B IIOTOKE BO3JyXa
npu nocrossHHo# teMneparype T=25°C. B npouecce BrhicyliuBaHusi
PETHCTPUPYIOTCH XpHBasi NOTepH Macchl o0pasua B KOOpAHHATAX
ka=[(t), rie { — BpeMsi, ¥ KpUBas H3MeHEHHS] TeMIEPATypbl HA MO-
BepxHocTH obpasua AT=f(¢). JlaTunkoM Ha BXOJe YCTpPOHCTBa, pe-
THCTpHpYIOLLero AHarpaMmy Rg=f(T), £BJSIOTCE CHelUHaJdbHbIE
BECH, a Ha BXoje perucrparopa xpusoii AT=f({) — Tepmonapa,
NOMellleHHas! Ha NoBepxXHoctd ofpasua. CoBMecTHasl HHTepIpeTaluus
06euX KpHBBIX IO3BOJSET NO XapaKTepHbIM TOUKAM Ha HHX BblIe-
JIUTb pa3JIHUHbie KOMIIOHEHTBL BOJEI, Hachlamllel nmopsl obpasia.
Brauane ypasnsercsa csoGognas Bojga (CB), sarem ¢yHHKyAspHas
(mo obwenpuHsiTofl TePMUHOJNOIHH — KANMJJIAPHAA) H YIJIOB IIOD
(P, V), HakoHell, TpH KOMIIOHEHTAa (HU3HYECKH CBS3aHHOH BOJLI
(M, Mz, Ms), us xoropeix My, M, XapakTepH3YIOT PBIXJIOCBs3aH-
nywo, a Ms, yaajasiemasi nocaefHeil, cooTBeTCTBYeT NPOYHOCBSI3AHHOM
Boge. Ha OCHOBaHUH IOJIyUE€HHBIX AHArPaMM OMpelesSIoT Rso KaK
3HaueHHe, COOTBETCTBYIOUIEE IPaHHLe MEXKAY CBOOOAHOH H (YHHKY-
JISSpHOH BOJOM.

Ha puc. 16 conmocrasgens Kpuas ks=f(T) ATMM c BrizeseH-
HLIMH Ha HeH KOMIIOHEHTaMH BOJEBI B IIOPaX, KPHBAsA KaNUJJISIPHOrO
BLITeCHeHUs ks=[(px) ¥ H30oTepMa aicopOuuH BOALL AJA  OJHOTO
U TOro e 06pasia NOJHMHKTOBOrO necyaHuka. CoBMeCTHHIE alia-
JIH3 KPHBBIX MO3BOJISIET OTMETHTH CJleyIollee.

l. KpuBasi ky={(p«) XapakTepusyer TOJNbKO OAHY TpaHHIY —

“SMexAy CBOGOAHOH M OCTaTOUHON Bopod. Ilojoruit yuacToxk KpHBOH

pacnojoxed B o6jacth @ mo gaHubiM ATMM, HO He jpocruraer
rpaHuuel Mexay @ u ¥. I'paBuna mexay cBOGOAHOH H KamWJIAp-
HO-YAEPXKAHHOH BOJAOH, ONpPEAEJSIOas BEJHUHHY Kso, 110 JaHHBIM
ATMM u KanuaaspuMeTpPHH NPOXOAUT IPHMEDHO Ha OAUHAKOBOM
ypOBHe.

2. O6anactu M, Mz, M; na xpusoii ATMM coOTBETCTBYIOT HH-
TepBaJy 3HaueHuii p/ps=0,55—1 Ha u3oTepMe ajnCOPOUHH BOABL
KoHeuHast Touka na Kpupoit ATMM xapakrepusyer 3HaueHHEe Ka,
COOTBETCTBYIOLLEE THIPOCKOMHUECKOH BJIAZKHOCTH MOPOAbI MM OOB-
eMy MOHOCJIOS aicopOHpOBaHHON BOALL (TOYKa Ha H30TepMe ai-
copbunn ¢ abcunccoii p/ps=0,55). I'pannua mexay 3oHamu Ms
1 M, Ha kpuBoit ATMM Cc0OTBeTCTBYeT MaKCUMaJbHOU rHIPOCKOIH-
YeCKOH BJIaXKHOCTH TMOpOAb (Touka p/ps=0,95 Ha u3oTEpMe ancopo-
uun), IToaTBepxkpaerca caeslaHHBIH paHee BHIBOL O TOM, YTO 30HBI
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Puc. 16. Conocrasienne TepMoMaccoMeTpuyeckoil Kpusoit #s=f(T) (I) ¢ usorep-
Mol afcopbuun ks=/(p/ps) (2), ¢ KPUBOH KANHUMIAAPHOrO paBaeHus kes=[(pk) (3)
H C TOPOMETPHYECKOR KpHBOH ky=[(dx) (4). © — byHuKyJspHass (KamWAJIsPHO-
yAep:KaHHas) Boia; ¥ — Bolda yrios nop; M, M,, Ms— Boja MHKPOKAanKIJIAPOB,
a— Bojla copbupoBanHas no pasubiM J. P. Mopososuua, H. A. Ckubunkoro

M;, M; ATMM CcoOTBETCTBYIOT pBIXJIOCBSI3aHHON Boje (p/ps=
=0,95—1).

3. I'panuubl 3HaueHuii ks 71 BOAbI YIVIOB HOP OHpELENSIOTCHA
yeTKO ToJIbKO Ha KpuBo# ATMM. lM3orepMa ajacopOuuH pacno.o-
)KeHa nojJ HHXKHel rpaHulled Boanl yrJoB nop (¥), a KkpuBasg Ka-
OMJISIPUMETDHH BbILIE BepXHEH IPAHHIBI 30HL ¥,

Hanuple ATMM nospoasior Han6oJsiee HATJASAHO OJHOBPEMEHHO
IpeACTaBHTh BCE KOMIIOHEHTHl OCTATOYHOH BOABI H OLEHHTb BHJIKY
KaXJ0H KOMIOHEHTH B 3HaueHHH K;o.. Ilpakruueckoe mpuMeHeHHe
ATMM puist onpepneneHusi BeJHYHHEL Rpo OTPAHHYEHO OTJHUHEM YC-
JIOBH MOZEJUPOBAHHS OCTATOYHOH BOJABI OT pPeasbHHX YCJIOBHH,
B YaCTHOCTH, HEBO3MOJXKHOCTBIO yueTa BJIHSIHHS 3Ha4YeHUS ¢ Ha rpa-
Hulle He(dTb — MJACTOBAs BOAA MJIHM ras — IJacToBasg BOja Ha pe-
3yJbTaThl IKCIEPHMEHTd, YTO C H3BECTHLIMH OTPAHHYEHHSIMH OKa-
3LIBAETCSI BO3MOKHBIM IpH OHpejleIeHHH Ry, KaNUIJIAPHBIM METO-
JZOM 1l UeHTpUQYrHpOBaHHEM, €CJH BBHITECHSIOIIHM areHTOM $IBJIA-
eTcs Mojesb HJacroBoro Quionia, a obpasell HachlleH MOJAEJbIO
njactoBoit Boabl. [lostoMy Haubosee 3 (heKTHBHEIM NpefCTaBJIsAET-
cs1 coveranre ATMM ¢ meronoM Kanu/UISIPUMETPHH HJIH LEHTPHDY-
THPOBAHHA, KOTOpOe o0eCIeuuT onpejeseHue HanboJjee BEPOATHOrO
IJIsi peasbHBIX YCJOBHI 3HaUeHHS KRpo C NMOCJASAYIOIIMM pasjeJe-
HHeM 3TOifl BeJWYHHLI HA KOMIIOHEHTH! [0 XapaKTepy CBASH 3THX
KOMIIOHEHT C MOBEPXHOCTBIO TBEPAOH (pa3bl NOPOALL.

Meton BnaroeMKuX cpeji ONpelelieHHS Ko 3aKJKOYaAET-
cd B TOM, YTO IOJHOCTPIO BOAOHACHILIEHHBIH 00pasel NOMellaioT

5—679 65



B CyXOH MOPOLIOK THCYEro MeJa HJH TOHKOH3MeJbYeHHOIO KBapla.
Ilox neficTBHeM KaNHJJISIPHOTO BIUTHIBAHHS BOJBI B TNOPOIIOK, OK-
pyxaiouluii obpasen, cBoGojgHas Boja momajaer B o6pasen. MHc-
noab3ysi 3HayeHHA Macc mi, mga, ms, 00 GopMmyae (4.8) paccuuTh-
BAIOT BEJHYHHY Rso. MeTOA NPHMEHAIOT TOJNbKO AJsl NPHOJHMKEH-
HOH OLEHKH Rpo HPH OTCYTCTBHH B a00paTOPUH anmapaTypsl AJs
onpejeJieHust Ry o APYTHMH CHOCOOaMH.

BosbluMMKH BO3MOXKHOCTSIMH [JIS ONpeJe/IEHHST BEANUHHB Kso
u au¢¢epennvalny ee Ha KOMIOHEHTHl 110 CTENEHH CBfA3H C MOBEpX-
HOCThIO TBepjoll ¢das3pl o6Jajgaer MeTOJ ALEPHO-MATHHUTHO-
ro pesonHanca (SIMP), mupoxo ucnoassyooiiufics npu usyde-
HHH GOJBUINX, ManbXx o6pas3loB M KycOykoB miiaMa. Cnocolm om-
peleneHus kg, C HCHoJsb3oBaHHeM saBiaeHHH SIMP ocBelueHb B che-
uHa bHOH JuTeparype [29]. BecbMa BeposiTHO, YTO 3TOT METOX Of-
peiledeHnss kg, OKaxkercsi HanboJiee 3(GEKTHBHBIM 1.5 MacCOBHIX
onvejesNleHHH 3TOro mapamerpa Ha obpasuax Jo60# QopMbL H pas-
JHUHBIX Pa3MepoB.

4.3. CMAYUBAEMOCTb NOBEPXHOCTH TBEPJIOH $A3bl.
FrMaPOPHUIbHDBIE U THIAPOPOBHLIE MOBEPXHOCTH

Panee mpeapnosara/ioch, 4TO HOBEPXHOCTb TBepACli (asbl mo.-
HOCTBIO THAPO(HJIbHA, T.e. H36HPaTEJbHO CMauHUBaeTCs BOILOH.
B aToM cayyae nJjeHKa BOJABI PABHOMEDHO MOKPLIBAET NMOBEPXHOCTD,.
BCE AKTHBHLIE LEHTPHLl MOBEPXHOCTH 3aHATH MOJIEKYJaMil BOALI H.IH
THIpaTHPOBAHHBIMM KaTHOHaMH. PeasbHble KOJJEKTOPH He(TH
I rasa B NJACTOBBIX YCJIOBHSAX HEPEAKO OBLIBAIOT YaCTHYHO THAPO-
(OoOHLIMH., JTO 3HAYMT, YTO YaCThb NOBEPXHOCTH NOp BOJAOH He cMa-
YHBAeTCs; B NpeHesaX 3THX «OCTPOBOB» OTCYTCTBYET MJIEHKAa BOXHI,
a HeTh MJH Ta3 HENOCPEACTBEHHO TpaHHYaT € TOBEPXHOCTHIO:
TBepAOH (asml.

N36uparenpiasi CMauHBaeMOCTb NOBEPXHOCTH TBep10i (paswl BO-
[OH onpejessieTcsi BeJHUHHON yrja cMauMBaHust O Ha TpaHune BO-
JBl ¥ APYrofi MOABUKHOK (a3l B KanHaJdpe (BO3LYX, ra3, HedTb).
ITpu 6=0 noBepxHOCTb CUMTAETCS NOJNHOCTHIO THAPODHALHOM; MPH
0<<0<c90° 1OBEpXHOCTb NpPEHMYIIECTBEHHO THAPOdIAbHA; TpH
00°<0<<180° — npeumyuiecTBento rugpodobua; mnpn 0=180"—
fI0JHOCTHI0 THADOGO6GHA. [IpHUMHBL YacTHUHOR HJAM NOJHOH THAPO-
(OGHOCTH TOBEPXHOCTH MOrYT OHITh PasMYHBLIMHU: CreuHdHueckHe
CBOHCTBa BelllecTBa TBepao# asbl, cocTaB H ¢pH3HYECKHe CBOHCTBA
nJacToBO#l BoAbl, HedTH M rasa.

[IpesmyiecTBeHHO rHAPOGOOHE TBepAble OHTYMBI H HCKOMae-
Mble yrau. [JIHHBI M arperathl IVIHHHCTHIX MHHEpaJioB-B Iopojax-
KOJJIEKTOPAX (IVIMHHCTBIA LEeMEHT), KaK NPaBHAO, TUAPOQHIBHEL,.
€CJH He CUNTATh TJHHHCTHIX He(TeMaTepHHCKHX OTJOXKeHHIt (Ha-
npuMep, NOPOAb OaKeHOBCKOH CBHUTHI HA TEPPUTOPHH  3anajHoil.
Cubupu). 3epHa Kapua M NOJEBLIX UINATOB B MeCUaHAKaX ¥ aNeB-
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POJIUTAX, KAJbIHTA U JLOJOMHTA B KapOOHATHBEIX KOJJIEKTOpax HMe-
10T pa3JHYyHYI0 HM30MpaTeJpHYI0 CMaYUBAEMOCThb B 3aBHCHMOCTH OT
CBOHCTB I1aCTOBBIX (uIIOM10B. B He(DTEHOCHOM KOJIEKTOpE THApPO-
$obu3auns NOBEPXHOCTH NPOMCXOAHT INPH HAJMUHH NOJSIPHLIX
MOJI€KYJI MOBECPXHOCTHO-AKTHBHMIX  YIJIEBOAOPOLOB — He(PTEHOBBIX
KHCJIOT, 4C()aJbTeHOB H T. ., KOTOpble B HNpeJe/aax OTJeabHbX ydya-
CTKOB NIOBEDXHOCTH IPODLIBAIOT MJEHKY BOJABI U 3aHUMAalOT AKTHB-
HbI€ HeHTPHl NMOBEPXHOCTH. B H3BeCTHSIKAX BO3MOXKHA KpoMe OObld-
HOH aacopOuMM MOJIEKYJ YIJEeBOJOPOJOB HX XeMOCOpOUHs, CONpo-
BoKjaeMast o6pasoBaHHeM Ha MOBEPXHOCTH IOpP HOBHX COEAMHEHHII,
HanpuMep Ha(dTeHaTOB KaJbLUS.

BepoATHOCTb NPOPHIBa BOAHOH NJIEHKH H YaCTHUHOH rHAPOhOGH-
3alMH KOJJIeKTOpa BO3PaCTaeT C MOBBLILIEHHEM MHHEpa/H3alHK
I11aCTOBOH BOABl H COoZepxkaHus B Heill HoHoB Ca?t u Mg?*. C po-
crom cozgepxxanusa IIAB B niacToBoll HedTH, MHHepaJH3ALHH BOIbI
¥ KoHueHTpauun B Hed Ca, Mg npu npounx paBHEIX YCJAOBHIX
yMelblllaeTcst 3HaueHHe ¢ Ha rpaHHUe HedTb-— BOfa, UTO MOIKHO
UCIOJAb30BATH KAK CPEACTBO IIPOTHO34 BEPOATHOCTH ruiapodobusa-
uuy kodagexropa Hedru [29]. B xapOoHATHLIX KOJJEKTOpPax yCJO-
Bus1 aasg rugpocdobusannn neTEHOCHOTO KoJJjexkTopa 6oJee 6a-
rONPUSTHBL, YeM B TeppHUreHHbX. Jlisi TEpPPUreHHLIX KOJIEKTOPOB
BEpOATHOCTb rHapodobuzanyvi BO3pacTaeT TaKKe C MHOABJEHHEM
KapOOHAaTHOrO LieMEHTA.

Uacrtuunast rrapodobu3anus ra3oHOCHOTO KOJJIEKTOpa BO3MOXK-
Ha 6Jarogapsi €ro YaCTHYHOMY <«BLICYIIHBAHHIO», IpHYEM BEpPOSAT-
HOCTb THAPOGOOGH3ANHA BO3pACTaeT C VYMeHBUIEHHEM TIJIMHHCTOCTH
H VJayuilleHHeM KOJIJTeKTOPCKHX cBOHCTB. Bo3amoxnocrs ruapodo-
GH3aNK TePPHUTEHHBIX U KapOOHATHHIX KOJJICKTOPOB He(Te- H raso-
HACHIIIEHHBIX BO3PACTaeT ¢ MOSBJCHHEM B IOpoAe OWTYMOB H 4Ya-
CTHL, yrJist.

I'mapodobusanusa nNOpPOALI-KOJNJIEKTOpA OKasblBaeT CyLIeCTBEH-
HOe BJHSHHE Ha BEJHUYMHY NMOACUETHLIX IapaMeTpoB H 3((eKTHB-
HOCTb Pa3paGOTKH MECTOPOXKICHHSA, NMO3TOMY HEOOXOJAHMBI VyyeT
cTeneny ruApodoOU3alnHy ¥ KOJHUECTBEHHAs! ee OleHKa.

PaccMoTpuM pasaMuHble CIOCcOObI KOJMYECTBCIHOrO ofpeneJe-
HUA cTemend rHApodobHocTH mopoasl. B ocHoBe sTHX cmocoGoB
JeXHUT CpaBHEHHE pe3y/bTaTOB 3KCHEPHMEHTA, BBINOJHEHHOrO IO
OJHOH M TOfl e IIporpaMme Ha «ChLpoM» oOpasie, U3BJEUEHHOM H3
CKBAXKHHDBI, C Tpearo/araeMoll YaCcTHYHOH THApO(QOBGHOCTBIO €ro,
H Ha TOM e o6pasle, npouejlieM KCTpaKiuio — 06paboTKy opra-
HHYECKHMH PACTBOPHTEJSMH, B Pe3yJbTaTe KOTOPOH 4aCTHYHO THI-
podo6HbIH 06pasel CTAHOBHTCS NOJHOCTIO THAPOGH/IBHEIM, a THIA-
poduAbHBI coXxpaHseT H3GHpPATeIbHYIO CMauyHBaeMOoCTh. KauecTBeH-
HbIIl NpH3HAK YaCTHYHOH TMHAPOGOGHOCTH «ChHIpOro» obpasua — H3-
MeHeHHe Pe3y/bTaTOB JKCIePHMEHTa II0CJe SKCTPAKUHH.

CpenH MHOTOYHCJIEHHBIX CMOcOGOB — OmpeneseHust  (QUAbHOCTH
TIOBEPXHOCTH TBepAOH (da3p PacCMOTpPUM CJelyloHiue.
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I1. A, Pe6unaep mpeasoXuJ B KauecTBE KOJHYECTBEHHOH Mepb
CMa4¥uBaeMoCTH ((GHJBHOCTH) H3yyaeMoro ob6bekTa BOJOH KO3pdu-
LHEHT

ﬁ = QCM. B/QCM. H (4- 10)

riie Qcws— TENJOTAa CMauyMBaHHA | I H3y4aeMOro BelleCTBAa BOAOIL;
Qcun — TEIJIOTA CMAUMBAHHA TOrO XKe BeleCTBA HENMOJSPHON XKH-
KOCTBIO, HAaNpHMep GEH30J0M.

M nmpenMylleCTBeHHO THAPOGHUIbHBIX 00BEeKTOB f>1, nis
ruapodobHeix p<1. s Hanbosee ruAPOPUIBHLIX NpeACTaBHTEeH
0CaJOYHbIX MOPOJ — IJIMH — } JocTuraer 3HaveHufi 2-—3. Beauuu-
Ha Qews AJs1 TJaUH cocTtaBiaser 8,4—84 JIx/r, aasi TAHHHCTOTO
ueMeHTa HOPOA-KOMNEeKTOpoB 4,2—21 JIkK/r, 174 CKeITeTHHIX 3epeH
NOPOA-KOJNJIEKTOPOB 3HauuTeJbHO MeHbllle 16,8 IIxk/r. CpaBHeHHe
3HAYeHHH [, TMOJyUEHHBIX Ha OJHOM H TOM e obpasue mo (B1)
1 nocje (B2) €ro 3KCTPAKLUHH [O3BOJIAET OLEHHTb KOJHUECTBEHHO
cTeneHb THAPOGOGU3ALHUN «CHIPOroy 00paslia OTHOIIEHHEM

o= (B5— Py)/Po- (4.11)

Ecau «cuipofis o6pasel NOJHOCTbIO FUAPODHIEH, B;=fPs U a=0.
Crnoco6 I1. A. PebuHpepa, UMeIOWIH#A 4YeTKyl0 (DH3HUECKYIO OCHOBY,
He HOJIYYHJ, OJHAKO, IIHPOKOro NpUMEHEHHMs B IpakKTHKe Jabopa-
TOpHii nerpodH3HUECKHX M (HM3HKHM IJacTa BBHAY HH3KHUX 3Haue-
HHH Qcws B TIOPOAAX-KOJJIEKTOpPAX, HMEIOLHX HeOOJbIIYIO NOBepX-
HOCTb aJcopOUMH Sy, ¥ BCJIEACTBHE 3TOTO — HEAOCTATOYHOH HajeXK-
HOCTH OLEHKH CTENeHHM THAPOPOOHOCTH 0ObeKTa.

Kosd¢duurenr cMaunBaeMOCTH B MOXKHO ONpPEeAEJUTb KaK OTHO-
LIeHHe BpeMell CIIHH-PelleTOYHOH peslakCcallid T, B METOjJe SlEepPHO-
MarHiuTHOrO pe30HaHCa, YCTAHOBJEHHLIX HAa KYyCOUKaxX OJHOTO H TOTO
e o6paslia, HaCBILLEHHBIX BOAOH Ti» H GEH30/I0M Tis:

P=Tiw/Ts- (4.12)

B xauecTBe mokasaTeJssl CMayHBaeMOCTH HCIOJb3YIOT TaKxke OT-
HOlIEeHWe BpPEeMeH CIHH-pelleTOYHOR T; U CIHH-CIIHHOBOH T2 peJaK-
cauuit [29].

MameHeHHe CTeNMeHH CMayuBaeMocTH o6pasia BOAOH mocae IKCT-
pakiHH YCTaHABJHBAIOT, CPaBHHBas H30TepMbl aAcopOuUHH NapoBs
BOJB, MOJIyUEeHHblE N0 H II0CJe 3KCTpakuuu obpasuma. B xauecrse
KOJNUYECTBEHHO! Mepbl MOXHO HCNOJb30BaThb KO3(G O HUHEHT rirpo-
CKOTIMYHOCTH Rsr NpH p/ps=0,55, ycraHOBAeHHLII Ha obpasle 10
(kor1) W mocye (Rar2) 3KCTpaxkuuu. BennuuHa

o= (kB. M—kB. rz)/ks. r2e

KaK H B cnocofe OLEHKH o 10 TEMJI0oTe CMAauHBaHHMA, XapaKTepH3yeT
OTHOLIEHHe HEeCMauHBAEMOH YacTH NMOBEPXHOCTH «CHpOro» obpas-
ua AS K noJHoH noBepxHOCTH S rHAPOPHIbHOTO 06pasia.
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Otunoluenne AS/S MOXHO OlLCHHTb, CPaBHHBAas Pe3yJbTAaThl OI-
peslesieHHsl eMKOCTH OGMeHa [0 METHJIEHOBOMY roayboMmy Ha oGpas-
e A0 U NocJae IKCTPaKIHH.

Bce paccmorpeHHBle C€HOCOOE OCHOBAHLI HA H3MEHEHHH BeAH-
YMHBI IIOBEPXHOCTH, CMAuHBAeMOH BOJOH, YACTHYHO TrHAPOGOGHOrO
o6pasua B pesyabTare €ro HAPO(GHIH3ALUMH B MPOLECCE OTMBIBKH.

Hpyras rpynma cnoco60B OCHOBaHA Ha ONpeJeseHHH BeJHYHHBI
KpaeBoro yraa cmauuBanus 0. HenocpenctsenHo 6 ompepesisiior
B «cnocobe KameJb». Ha moBepxHOCTh o6pasna, Haxomsllerocss B
HENOJISIPHON KUAKOCTH, HaHOCAT KaIlJIIO BOJLI; NPOEKTHPYS H306pa-
JKEeHHe KallJH ¢ IIOMOLILbIO CIelHaJJbHOr0 YCTPOACTBA HA KpaH, rpa-
(uyeckH onpeledioT 0 [0 HOoAyYeHHOMY H306paxenuto. Hdasa Go-
Jee IMOJHOH XapaKTeDHUCTHKH CMaydMBaeMOCTH 00pasna pekoMeH.y-
eTCs HAUTH TakXe 3HauenHe § Ha obpasle, TOMeILeHHOM B BOIY,
IyTeM HAHECEHWs] HA €ro NOBEPXHOCTb KAMJIH HemoJspPHOH KHIKO-
CTH ¢ mocJelyiouiefi 00paboTKOH pesyJbTaTOB II0 ONHCAHHON cxe-
Me. DTOT CIocol, MCHONB3yeMbil B (PH3HKe, NMPEAJOKEHHBIH s
OLEHKH CMauyHdBA€MOCTH IVIAJKOH NMOBEPXHOCTH OLHOPOJLHOTO OGbex-
Ta, MO-BHAHNMOMY, MaJO NPUTOAeH JJis OIpeflesieHHs 0 Ha IIepoXo-
BATOH HEONHOPOAHON MOBEPXHOCTH 06pasiia rOpHOH MOPOAH, MO3ITO-
My OH He HalleJ LUXPGKOr0 NHPHMEHEHHS B NETPOPH3HUECKUX KCCJe-
JOBAaHHSX, HECMOTPSs HA TONBITKH OTAEJbHHX HCCAef0BaTe el
YCOBEpPIIEHCTBOBATh €ro ¢ yueToM oOcoOeHHOCTell OCajoYHLIX TO-
pox [29].

Jpyroéi cnocob onpeneneHus O OCHOBAH Ha aHa/uMse JaHHBIX
KallJISIpHOA NPONMUTKH BoA0H 00paslla, HACHIEHHOrO HeNoJspHOH
KHAKOCTBIO, HJH KATUJSIPHON NMPONHTKH HEMOJISPHOH NKHAKOCTHIO
o0pasla, HaCbILIEHHOro BOAOH. ECIH H3BECTHH pachpeje/ienue mop
no pasMepam Muju XoTs 6bl npeobnanaroluil pasMep MOPOBBIX Ka-
Hajos o6pasioB, peliasl ypaBHeHHe KAMHJJSPHOH MPONMHUTKH OTHO-
CuTeJbHO cos 0, HaxonsaT BeauuuHy 0. IIpuMeHMMOCTH 3TOro CHoco-
6a K H3yYEeHWIO KOJJIEKTOPOB He(dTH H ras3a COMHEHHI He BHI3bIBa-
eT, ueM OH BBIFOJHO OTJHUAETCS OT crocoba Kanejb, OJHAKO B OC-
HOBHOM €r0 HCIIOJB3YIOT 1J51 KaueCTBEHHOTO IIPOTHO3a HAJHYHA
ruapodobusalui KOJMJIEKTOpa H peJKo AJA pacyera 0.

a5 onTUMH3anMK pa3paboTku HehTSHOH HJM ra3’oBOH 3a/€XKH
HauGoJbIIMH MHTEpeC MPeACTaBJIsIOT AHHAaMHUUECKNe MeTO A bl
onmeHxu creneny rugpopobHOCTH KOodJAekTOopa. Bxka-
yecTBe MpHMepa ONHOIO U3 TAKUX METOAOB pAacCMOTPHM MeTON
Amorra n Tynb6oBuua. CyIIHOCTb MeTOMAa 3aKJIOYaercs B KamuJ-
JSPHOM BBITECHEHHMH BOJbl U3 MOJHOCTHIO BOJIOHACHILEHHOTO 06pas-
a YrJeBOJOPOAHON KHJIKOCTBIO C IOCJELYIOUIHM BEITECHEHHEM H3
o6pasiia yraeBOJLOPOAHOM XKHIKOCTH BOAOK. B Xxojxe skcnepuMeHT2
BHINIOJTHSIOT PSii B3BelUMBAHHH, HA OCHOBE DE3YJIbTATOB KOTOPHIX
PacCUMTHIBAIOT MapaMerpbl, XapakTepH3yiollye H3OHpaTENbHYIO
CMa4HBAaEMOCTh MOPOAbI BOAOH M HEMOJISIpHON Kuakoctbio. Kamui-
JSIPHOE BHITECHEHHE NMPOU3BOJHUTCA LLEHTPU(YTHPOBAHHEM.
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BoicyureHHbIH ¥ HaCHIIEHHH JHCTHJJHPOBAaHHOH BOxoN o6pa-
3el norpyXaior Ha 20 MHH B KEPOCHH, IIOCJe 4ero HeHTPH(YrupyioT
B KepocHHe B TeueHHMe 20 MMH npHu yacrore BpalleHHs 3500 muu~l.
3arem ofbpasey nomellant Ha 20 Y B AHCTH/AJIHPOBAHHYIO BOJY,
rocJje yero UEHTPHMYTHPYIOT ero B AHCTHAJHpOBaHHOH Boje. Ilpo-
JOIKHTENBHOCTh UEeHTpHQyrHpoBaHusi M mnpebbiBanHA ofpasua
B KepOCHHe M Bofe Oe3 LEeHTPHGYTHPOBaHHS H3MEHSAIOT € YUeTOM
KO.IICKTODCKHX CBOHCTB o6pasua. B XoJe 3KcmepUMeHTa ompeje-
JIFI0T Macchl: 06pasia, HaChLILEHHOrO BOJOH, B Bome — m,; ofpas-
I3 B BOJe TocJae INpeOLIBaHMA B KEpPOCHHE JIO WEHTPH(YrHPOBa-
HUSA — My, oOpasuna mnocjae IeHTPHPYrHPOBAHHA B KepOCHHE —
ms3; oOpaslia B BoAe Ilocje MpebLBaHHA B Bole —my; o06pasua
B BOJe Tocjc LEeHTpHUYTHpOBaHUA B BOJAE— Ms; CyXoro ofpasua
B BO3LyX€ — Ms; HaCLILEHHOTO BOJAOH o6pasuna B BO3JYXe — M7.
Ha ocHoBe mnosyyeHHBIX 3HaUeHHH Macchl 00pasua INpH PasJsMUHbIX
VCI0BHAX BLIYHC/ASIOT 3HAueHHe M — mokasaress THADPOQHJIBLHOCTH:

3HaueHHe P — noka3areJsi THAPOPOOHOCTH:
P = (my— my)/(m; —my). (4.14)

[Tapamerp M xapaxTepHsyeT OTHOLIeHHe oOObeMa KepoOCHHA,
BLITECHEHHOTO NpPH KaNuJJAApHOH nponuTke obpasna BOJOH 1O LEHT-
pudyrupoBaHus, K0 BCeMy 00beMy BLITECHEHHOrO KepOCHHA IIoC/je
LeHTpHdyrupoBaHus. st mnojHOCTHIO rupapoduabHOro obpasua
M=1, nas noaunoctsio ruapohobuoro M=0. Ilapamerp P xapak-
TEepH3yeT OTHOIIeHHe 0ObeMa BOjbl, BLITECHEHHON NPH UEHTpHGYTH-
POBaHHU B KEpOCHHE, K 06beMy KepoCHHA, BLITECHEHHOTO NMpH IIeHT-
pudyrupoBainn B Boae. ns nosHOCTbIO TrHAPOGOGHOH HOPOALI
P=1, nng nmonsocreio ruapodunvHoil P=0.

JlaHHble 3KCnepHMeHTa MO3BOJAAIOT PacCYHTaTh TaKkKe KO3(dH-
LHEHT OCTATOUHOTO BOJIOHACHIUEHHS ks o B 06pasile MOCJAE BHTECHE-
HHSl BOJAbl KEPOCHHOM TpPH KAMUJJIAPHOH HPONMHUTKe H UeHTPHQYIH-
pPOBaHUH:

b =1 Onlm —m) (4.15)

m o (85 — bx) (m; — mg) °*

rae Os, 6x — NMJOTHOCTb BOABLI H KEPOCHHA.

Ko3¢duumeHT oCTATOUHOrO KEepPOCHHOHACBILIEHHA Ry.o=1—Rs.0
HOC/Je BBITECHEHHSI KEPOCHHA BOJOI B Npollecce KamuLISPHOH Mpo-
TIHTKH ¥ UEeHTpHDYyrupoBaHus.

B u3/0XeHHOM MeTOJAE BHauaJe MOJEJHPYETCs 3aNOJHEHHE KOJI-
JeKTopa HedThIO P (POPMHUDPOBAHHH HEPTAHOH 3aJIeXKH, a 3aTeM —
NIpollecC BLITECHEHHsT HedTH BOLOH, MPOUCXOAALIHH NpH paspaboTke
He(TAHBIX MECTOpPOXKAEHHI C NpHMEHEeHHeM 3aKOHTYDHOIro 3aBOJ-
Henus. KepocuH, ucnoJsib3yeMoiii B KauecTBe HedTH, MOXeT ObiTe
3aMeHeH MOJesbl0 HedTH HJIH HedThiO M3 NaHHOrO Te0JIOTHYECKOro
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06beKTa, YTO NPHGJM3UT YCIOBHA 3KCIepHMEHTa K PeasbHbHM YCJIO-
BUAM (QOpMHpOBAaHMsI 3ajeXXH H ee paspaborku. [lpeasoxkedHble
napaMerpel M u P No3BOJAAIOT KOJHYECTBEHHO OXapaKTepH30BaTh
cTenenb rHAPOPOOHOCTH NOPOABI UM BJHAHHE ee Ha (GopMHpoBaHHE
3a/1eXH, 4TOo He0OXOAUMO NpH NOACUYETE 3aNacOB H Ha CTENEHb Bhbi-
paboTKH NMPOAYKTHBHOTO KOJIJIEKTOPA, YTO BaKHO NPH aHaJH3€e pas-
paboTKH.

K uncay Apyruax MeTOAOB OUCHKH HJH KOJHYeCTBEHHOrO ompeje-
JIeHUS] CTeNeHH IHAPO(OOHOCTH NOBEPXHOCTH NOD KOJJIEKTOpa OTHO-
CATCA MeTojbl XpoMarorpadud H HHOPaAKPaCHON CHEKTPOMETpIIH.
Onu nmoppo6HO omucaHbl B CHelHa/bHOH JuTeparype [29] u nMe-
10T 60JbLINE NepCHeKTHBLI IPHMEeHeHUs] B HeTsAHOH U rasoBoil mpo-
MBIILJIEHHOCTH, NOKa ellle ¢1a60 peajH30BaHHEIC.

4.4. HE®TE- U TASOHACBIILEHHOCTb MOPOA

IToponpl-K0JIEKTOPEl B YCJIOBHSIX €CTECTBEHHOTO 3aJjIeraHus co-
Jepxar BOAY, HePTh M ras. B BOAOHOCHBIX KOJJIEKTOpAaX HOPOBOE
NPOCTPAHCTBO OOBIYHO IONHOCTBIO HACHIUEHO Bojoil. OfHako B OT-
JeJbHBIX Te0JOorHYyecKHX o0beKTax HabJI0JaeTcss NPUCYTCTBHE OCTa-
TOYHOH He(TH, KOTOpOe sABJAAETCS CJAeJCTBHEeM MHUTpalud HedTiH B
pPAacnosoXeHHy1o Mo6/JH30CTH JOBYUIKY, Tae copMupoBasach Hed-
TAHAs 3ajexb. B HedTeHOCHOM THAPOMUJIBHOM KOJJIEKTOpE MOPHI
HachllleHbl HeTbio U BoAoH. HedTs 3anumaer o0bYHO MeX3epHO-
Bble NOPH U KaBepHHI pasmepoM Gojiee | MKM ¥ TpellUHBl PACKpPHI-
TOCThbIO GOJibllle 1 MKM; HHOTA2 BO3MOXKHO NPHCYTCTBHE He(pTH B 6O0-
Jee MeJKHX MOpax, KaBepHaX U TpelllMHaX MeHbIUeH pPacKpPhITOCTH.
Bcs noBepXHOCTb MHHEPaJbHOIO CKeJeTa MOKPHITA MJIEHKOH BOJbI.
Bopa 3anonHser ocTaBIUylOCs dYacTb oObeMa Mop, He 3aHATYIO
HetThlo. Conepxanne HeTH U BOAH B 06beMe MOP XapaKTepH3YOT
K03 huuHeHTaMi HedTe- U BOAOHACHIILEHUS — Ry, ks, CyMMa KOTO-
peix paBHa 1. EcaH KoJ1eKTOp HaXoJUTCA B 30HE Npefe/bHOTO Ha-
CHIEHHA JIOBYIUKH He(pTbO, KO3(Q(HUIHeHT HedTeHACHIIEHUA Ky
COOTBETCTBYET BBIPAKEHHIO! Runpen=1—ZFs.0.

B uwactHuHo rujapodob6HOM KOJJIEKTOpe 4YacTk MOBEPXHOCTH
TBepLoH (pa3bl 3aHUMAIOT MOJEKYJAbl NOBEPXHOCTHO-aKTHBHEIX KOM-
TIOHEHTOB He(TH, BOAHAs NJEHKa Ha MOBEPXHOCTH B 3THX yyacTKax
otcyTcTByeT. KoadduuneHT HedTeHACBILIEHHs YacTHYHO THIAPO-
(hoOHOro KOJIJIEKTOpa MpHU NPOYHX PAaBHEIX YCJAOBHAX Bhe KO3 dH-
uHeHTa HedTeHacbilleHHsi TOTO Ke KOJIJIeKTopa IIpU NOJHOH ero
THAPOMHUIBHOCTH, B YaCTHOCTH, B 30He HpejefibHOro HedreHachIlle-
HHS Ry.npes=>1—Rs.0, T1€ Koo COOTBETCTBYET IONHOCTBIO THAPOGIIb-
HoMy Koanektopy. HedTb B ruapodo6HOM KoOJJEKTOpPE He TOJLKO
3aHHMAaeT KanW/JIsipHBIe MOPBI, HO H MOXKeT HaXOAHTbcs B cyOKa-
nHJIApax.

YactuuHas ruapodobHOCT XapakTepHa AJa KOJJIEKTOPOB C BHI-
COKHMH NOPHCTOCTHIO M NPOHHLLAEMOCTbIO M HH3KOH BOJOHACHIUIEH-
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HOCTBIO NPH HE3HAUYHUTEJbHOM COJEpPXKaHUH TJHHHCTOIO MaTepHa-
aa. Takue KoJJIeKTOPB UMEIOT Ry >>95%.

Koadduuuent HedTeHachlleHHsT KPYOHBIX KaBEpPH U TPeLIUH
00/bLIOA PACKPHITOCTH B 30He NPeAeJbHOro He(TeHACHIIEHHS
NPUHHMAIOT paBHbIM €LUHHIIE. '

Jla6opaTopHBIMM METOAAMH BeJHYHHA R, HEMOCPEJCTBEHHO He
onpejensiercsi. HaxoasiT mpAMEIM MeTOLOM Rg.o HIM k, Ha oOpasue
KOHCEePBHPOBAHHOTO KepHa, u3BJeyeHHoro npu Oypenunu Ha PHO,
H/I4 OJHHM H3 KOCBEHHBIX METOA0B Ha 3KCTparupoBaHHOM oOpas-
Lie BeNHUHHY Ry, 4 3aTe€M pacCUHTHIBAIOT Ry 10 (QopMyaam:
B 30HE NpeleNbHOr0 HACHIIIEeHUS

ky=1—Fk, o (4.16)
B 30HE€ HE€JOHAaChILIEHUS
ky=1—F, (4.17)

AnanornusbiM 06pa3oM MOJYYalOT 3HaueHHe KOd(pdHIHeHTa ra-
30HacHIleHus Ry Fa30HOCHBIX KOJJEKTOPOB, ompejesss B Jabopa-
TOPHHU OJHHM M3 PACCMOTPEHHBIX COCOOOB Ry.o MU ks (IPAMBEIM Me-
TOACM), a 3aTeM PacCUHTHIBAIOT IO pOpMyJIaM:

B 30HEC MPejeJibHOIO HACHIILEHUS

ko=1—k, o} (4.18)
B 30HE HeJOoHAaChIIeHUA
ke=1—Fk,. (4.19)

T'a30HOCHBIH KOJIJIEKTOp TaKMXKe MOMKeT GbITh YaCTHUYHO rHapodo6-
e, HanGosee BeposiTHa wacTHuHas rugpodoOHOCTH Ta30HOCHOrO
KOJIIEKTOpa B CJAEAYIOIIUX CJAydasix: a) KOJJIEKTOD C BHICOKHMHU
OPOHHIAEMOCTbI0O W TIOPHCTOCTBIO M OUEHb BBICOKHM 3HAUEHHEM
£:>0,95; 6) KOJIJIEKTOp COJAEPXKUT OHTYM Ha MOBEPXHOCTH TBEPLOWH
¢asml.

B npaxTtHke nojgcuera 3amacoB HepTH H rasa JJs ONUpeLeseHHs
napamMerpoB k; u k. wHpokKo npumensior wmetoan [MC, mo pau-
HBEIM KOTODBIX TaK:Ke ONpejeJsIoT BHauagde kq(ks,), a 3areMm pac-
CUHTHIBAIOT ky uau Ky 1o dpopMysaam (4.16) —(4.19).

B xoanektopax ¢ TpexdasHHM HaCHIIEHHEM, COAepXKallUX B
nopax HedTh, ras W BOAY, HaX0AAT pa3aeabHO KoabbuuueHTr Hed-
Te- U rasoHachlUleHHS, VYUHTHBAs, 4TO Ru-+-Ertks=1. dra 3anaua
pelllaeTcss OAHHM H3 CJAEAYIOIIHX CHOCOGOB:

a) na obpaslax KOHCePBHPOBAHHOI'O KEPHA4, H3BJEUEHHOTO NpH
Oypenun ckBaxkuHel Ha PHO, omnpenensitor coaepxkalie B mopax
He®TH M BOAB, a KO(MOhHUIUEHT ra3oHACHIIEHUS DaCcCUHTHIBAIOT TIO
dopmyae kr=1—ks—Fks;

0) B pa3pesax CKBaXKHH HAXOAAT mapaMerpul R, ¥ kp NO KOMI-

JIGKCY MeTONOB 3JeKTpo- u pagHomerpun TI'MIC, a 3arem paccuu-
TLIBAIOT: Bu=l—Fkr—Fks.
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B sutepaType mpeAsoxeHbl pasjdyHBle BapHAHTH IIPOHCXOXKIE-
HHs KoJJeKTopa ¢ Tpex(asHBIM HachllleHHeM. PaccmarpuBalores,
B 4aCTHOCTH, TAKHE CXEMHI.

1. B chopmupoBaBuyloca panee HedTAHYIO 3ajieXb, KoTopas
3aT€M YacTHUHO Pa3pylLIWIach B pe3y/bTaTe pas3iAHYHBIX TeoJOorH-
YeCKHX INPOIECCOB, MHTPUPOBAJ ra3, 3aMoJIHHB HauboJjee KpyHHBIE
Xopolo coobulaliyecs Nopbl; B OCTAaJbHOH YACTH NOPOBOro IpoO-
CTPaHCTBA COXPAHHUJNCh OCTaTOuYHble HepThb H Bojaa (OpeHOyprckoe
ra30KOHIEHCATHOE MEeCTODOKAeHHE).

2. B He(dTaHO# 3asexn BcaeACTBHe H3MEHEHHS TepPMOAMHAMH-
YeCKHX YCJOBHH IO BJHAHHMEM Te0JOrHYECKHX HJIH TEXHOTeHHBIX
(najenne M1acTOBOTO A4ABJCHHS HHIKE NABJIEHUS HACBHILIeHUsI TPH
pa3paboTKe) MpOLECCOB B BepXHEH yacTH 3aJjexKH obpasyercsi ra-
30Bas llanmKka ¢ coXpaHeHHeM B yacTH o6beMa IIOp OCTATOUHOH
HedTH.

B xoanexkrtopax, cofep:allUX TBepPABIH OHTYM, KOTOPHIH He
3KCTParupyerTcst OpraHHYecKUMH PACTBOPUTEAAMH, IPHMEHSIEMbBIMU B
aabopaTopHOH MPAaKTHKe AJs1 H3BJeueHHsi M3 oOpasla OCTATOUHOH
HedTi (cnupToOeH30JbHAsA CMeCh, XJOPO(hOpPM), ONpeieldaioT KO-
auuredT GUTyMocoaepxanua ks B mopoae. ONHU HCCIeJ0BATENH
nox ko3¢ (QuuueHTOM OUTYMOHACBHILEHHH TOApPa3yMeBaloT 06beM-
HOoe cojepKanue OUTYMa B MHHEPaJbHOM CKeJeTe MNOPOAbl, ApY-
rie — o6beMHO@ cofepKandHe OHTyMa B NEpPBOHAUaAbHOM 00beMe
nop (A0 BO3HHKHOBeHHS B HMX 6uTyma). B mabopatopnoit nmpakTu-
Ke OOBIUHO ONpenessdioT MaccoBoe colepKaHHe 6GUTyMa B TBepHAOH
tdase mopoxsl. HamexHeple cnoco6bl  onpeneseHds KO3 hHIHEHTA
6UTYMOCOJEePKAHUA TeOMPH3NIECKHMH METOAaMH MoKa He paspabo-
TaHol. B .3aBHCHMOCTH OT cTeneHH MeraMopdhH3ma OHTyMa H €ro
XHMHYECKOTO COCTaBa €ro MJIOTHOCTb H3Mensiercss ot 1 go 1,6 r/cm3,
a BOJOPOAHBI HHAeKc (00beMHoe coxep:KaHHe BOAOPOAA MO OTHO-
HIEHHIO K copepxKaHuio ero B Boge) ot 1 no 0,9. Conepxkanne 6uTy-
Ma B MOpOJe HEOOXOJHUMO YUHTHIBATH NMPH ONpEAeseHHH NOACUETHBIX
napamerpoB (ky U kyr) 1o ganneim THUC.

KOHTPOJIbHBIE BOIIPOCHI

1. Jlaiite KPaTKylo XapaKTEPHCTHKY Pa3JUYHBIX (a3, MpPHUCYTCT-
BYIOLIMX B MOPOBOM NPOCTPaHCTBE TOPHOH TOPOJbL,

2. ChopmynnpyiiTe moHATHS: (U3HUECKH CBA3aHHasd M XHMHUeC-
KH CBsI3aHHasl BOAA.

3. Tlepeuncante KOMNOHEHTH (PH3MUYECKH CBA3AHHON BOAH U CIO-
co0bl KX ONpeeseHHus.

4. CroficTBa KOMHOHEHT (PU3HYECKH CBS3AHHON BOLLI.

5. Ocratounas Boja. JlaGopaTopHble coCOObI ee OmpeleseHH ..

6. JIBoino# 3jexTpuueckuii ciofl. Ero mpoucxoxkieHue, cTpoe-
HHe H CBOHCTBA.
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7. l'ugpodunbubie U ruapodobHbe NOBepXHOCTH. JIabopaTopHble
MeTO1bl H3yueHHus! THAPOGHOOHOCTH.

8. Koapduuuentsl HedrTe-, ra3o- H BOAOHACHILEHHST MPUPOAHBIX
KOJMJEKTOpPOB HepTH M rasa.

5. INIOTHOCTDb

5.1. ONPEJEJAEHHUE, OCHOBHbIE 3ABUCHUMOCTH

T110THOCT — 3TO CBOMCTBO BelLIeCTBA, ONpejlensiioliee ero mac-
Cy, colepxKallylocsi B eIHHHULE 06beMa:

d=m/V, (6.1)

rae m— macca, ¥V — o6bem.

PasmeptocTs miaoTHoctd B CH xr/M® uian B 10JBHBIX €AHHH-
nax — rfcme,

IlnoTHOCTH TBEPABIX XHMHUECKHUX 3JIEMEHTOB H MHHEPAJIOB H3Me-
usgercsa ot 0,5-10% xr/m?® (sauruit) o 22,5-10% kr/m® (ocMmuii u HpHU-
auii). TII0THOCTE TOPHBIX HOpPOJ, cjAaraluiux 3eMHyKw kopy, (1,6
-+ 3,5)-10% kr/M3; cpeaHss mjaoTHoctb 3emau 5,52-10% xr/m® [6].

IMopoma obbeMom V MOXKeT COCTOSATH M3 TBePAOH (asbl 00b-
emoM Vrs u mop o6wemom Vi B cBolo ouepeian TBephas (pasa Mo-
KeT ¢JaraTbcsi M3 pas3aHYHBEIX  NOPOX00OpAa3yIOIHX MHHepaJoB,
a nopnl MOryT GBITH 3aNOJHEHBl NacTOBOH BoJoH Vs, HepThIO Vi U
rasom V.. [lnoTHOCTE Takol nopoAn B HauboJee oblieM BHAE MOXK-
110 TIPeJCTaBHTb KaK

1% 4 V Vv
6:1:6'1‘11 ;B +GB—I7B'+6HTH+6Y'VL=
= (1 —kn) 6TB+ kn (k563+ kH6H +kr6r)’ (52)

rae 6, Os, O W 8y — IVIOTHOCTb COOTBETCTBEHHO TBePAOH ¢assl,
BOALI, Hed)TH W rasa; kg, Ry U kr — COOTBETCTBEHHO KO3(HUMEHTLI
BOJ0O-, He(bTe- N ra30HACLIIIEHHOCTH OPOABI.
[1aroTHOCTL TBepAo#l (asnl Ors — CPelHEB3BEIIEHHAA BeJHYHHA
AJIOTHOCTH COCTaBJSIOUINX €€ MHUHEpaJoB:
n Vs
§p= 2 Oy —, (5.3)
i=1 v

TB

rie 8y ¥ Vy; — MJIOTHOCTb U 00beM {-TO MHHEpaJa.

Kak BHAHO M3 ypaBHeHHs (5.2), NJOTHOCTb TOPHBEIX IOPOA CY-
LIeCTBEHHO 3aBHCHT OT Koapduuuenta obuieft mopuctoéTu. Bhiule
6BI0 MOKA3aHO, UTO M8 OOJbUIHHCTBA MarmMaTHUeCKHX U 3HAuH-
TeJbHOH YacTH MeTaMopdhHuYecKHX NMOPOA C IMePBHYHOH IOPHCTO-
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CThIO ‘XapaKTepHa .BecbMa He(boJbllasi  BeJHUYHHA HX OPUCTOCTH
(or 0 mo 2—5% ). Hna Takux nmopoj BeJHYHHA ITOTHOCTH Gyner
OTIPEAEATECA TVIaBHBIM 00pa3oM INJOTHOCTBIO MHHEpAaJbHOTO CO-
cTaBa. '

M3 yparuenus (5.2) caenyer, uto npu Rg—0 8n->06rs.

Jia nepBHUHBIX OCaAKOB, OCAJOYHBIX NOPOJ, YacTH 3 dHy3UBHEIX
M ByJKaHHUECKHX NOPOJ C MEPBHYHON MOPHCTOCTBIO U MOPOJ H3 KO-
Pl BBIBETPUBAHUS JApeBHero )yHIaMeHTa 3HaueHHs R, H3MEHSIOTCA
B BecbMa IIMPOKHX Mpejesnax. JTO NPHBOAHT K LIMPOKOMY Jliana-
30HY H3MEHEHHSI IJIOTHOCTH 3THX MOPOJ M BJHSHHI Ha Hee BHAA
Hacblamwpllero ¢Gamouia. '

s BOAOHACBILLEHHDIX NOPoA B ypaBueHuu (5.2) MOXKHO mpH-
HATb ks =1, ky=k,=0;

8= (1 —ky) 8, - kS, (5.4)
Jaa CyXux nopof MOXKHO NPHHATh Ou=08.~0 u 6,0, Torna
6{1.0:(1"—[311) 6’1‘8' (55)

5.2. IJIOTHOCTb I'A30B, )KUAKOCTEH U MUHEPAJIOB
5.2.1. IJIOTHOCTb I'A30B

V3BecTHO, YTO NJOTHOCTL BO3AyXa NIPH HOPMAJbHLIX YCJOBHSX
(T=20°C u p=0,1 MIla) paBHa 8s3=1,2 xr/M3. [Ipu aTHX Xe
VCJOBHSIX IJIOTHOCTb MeTaHa paBHa §,=0,7 xr/m%, a neHTaHa —
6:=3,17 xr/m3. Takum o6pa3oM, IPpH HOPMAaJbHBIX YCJIOBHAX OT-
HOCHUTeJIbHAsl NJIOTHOCTH I'a3a 1o BO3AYyXY COCTaBHT:

JUTSL UHCTOrO MeTaHa d=06,/8:3=0,7/1,2=0,58;

Las neHtana d=23,17/1,2=2,64.

ITockosibKy mpupoAHblfi ra3 npeicraBnsieT coO0OH CMeCh yrieBo-~
AOPOAHBEIX Fa30B, TO INIOTHOCTh peasibHOrO MPHPOJLHOrO Tasa B HOD-
MaJbHBIX yCI0BHAX O/M3Ka K MJAOTHOCTH Bo3ayxa. OJQHaKo B mJac-
TOBHIX YCJAOBHSIX NPH NOBHIIEHUH [@BJEHHS IJOTHOCTh IPHUPOIHOTO
raza pesko Bospactraer [3]. Tak, MeTan ¢ OTHOCHTeNbHOH IJIOT-
Hocteio d=0,6 npu T=40°C u naBjeHHH pn,=70 MIla 6naroga-
psAd BBICOKOH CXKHMAaeMOCTH HMeeT NJIOTHOCTb Or=300 kr/m3.

5.2.2, MAOTHOCTb XU KOCTEH e

[110THOCTH NPHPOAHBIX MJAACTOBBIX BOJ NpH Temmepatype T =
=20 °C usmeHnsieTcst B 3aBHCHMOCTH OT COAePKAHHS PAaCTBODEHHLIX
conelt oT 8;=1,01.10% kr/mM® (npecHbie Bogbl) A0 Op=1,24.10% kr/m3
(IpH MOJTHOM HacbIUIEHHH ).

[110THOCTL NMAACTOBLIX HedTell 3aBHCHT OT HX XHMMYECKOTO CO-
CTaBd, a B TJIACTOBLIX YCJOBHAX €llie H OT KOJHYeCTBA PacTBOPeH-
HOro B HHX HedTaHoro raza. C yMeHblleHHeM KOJHYUECTBa PacTBO-
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peHHOro B Hed)TH rasa ee oGbeM yMeHbLIAETCs U IVIOTHOCTb BO3pac-
taer. M3BecTHH He(TH, IJIOTHOCT KOTOPHIX B IJacTe MeHblie
0,5-10° kr/m® a npu NOBEPXHOCTHHX YCJAOBHAX (cenapHpoBaHHAA
He(Tb) Bospactaer no 0,8-10% xr/m? [3].

INaoTHOCTL HedTH B TMPHPOAHBIX YCIOBHUAX MEHSETCS AOBOJbLHO
wnpoko — B mpenenax (0,5+1,0) 103 xr/md.

5.2.3. MJIOTHOCTb MUHEPAJIOB

MiuHepadbl Kiaccu(GUUHPYIOTCS HA NAOTHBE (81s>>4-10% kr/M3),
cpenHedl WIOTHOCTH (8= (2,5+4,0)-10% xr/m®) u Mamolf mioTHO-
i (812<2,5-10% kr/m?).

Il10THOCTL MHHEPANIOB ONMpeAesseTcsi OTHOCHTEIbHOH aTOMHOMH
Maccoil COCTABJSIOUIHX 3JEMEHTOB H CTPOEHHeM 3JeKTPOHHBIX 000-
JoueK aToMOB, OOYCJOBJUBAWOUIHX KpHCTaJJorpaduyeckHe oco-
OGEHHOCTH CTPYKTYpBbl MHHEPaj0B B KOHEUYHOM CHeTe — YIaKOBKYy HX
aTOMOB.

BoJbIIMHCTBO NOPOA0OGPA3yIOUIHX MHHEPAJOB HMEIOT HOHHYIO
WM KOBaJIEHTHYIO GOPMY KPUCTAJJHYECKON CBS3M M XapaKTepH3y-
10TCS cpejHed mioTHocThio oT 2,2-10% no 3,5-10° xr/m®, 3t mpe-
JieJIB M3MEHEHHs IJIOTHOCTH ONpeJeNsiiOTCS BJHAHHEM MHOXKeCTBa
¢daxktopos. Hanpumep, B psiay 0JIHBHHA NOSIBJICHHE XKeJsesa, obaaja-
ou1ero 60AbIIOH OTHOCHTENbHOH — Maccof, NPHBOAUT K YINIOTHEHHIO
nopox ot 3,22-10° (¢ocrepur) no4,32-103 xr/m® (dasaaur). Kap-
KacHble CTPYKTYPH coeluHeHHs TeTpasApoB SiO; obpasyioT MuHE-
pajabl HEBBICOKON TMJOTHOCTH (IIOJIeBble WINATHl, KBApl, NJarHoKJja-
3bl), a Kpucraanusauusa terpasgpos SiOp B BuAe lenouek Xapax-
TepHa [Js NHPOKCEHOB, HMEIOLIHX 0o0Jjiee BBICOKYX IJOTHOCTD.
B usovopdHOM psigy MJIarHOK/1a30B, HaYHHAIOLEMCs HaTPHEBHIM
MuHepajoMm — anb6utom (2,61-10% xr/M%), nocreneHHoe 3aMelleHHe
HATPUS KaJblHeM 3aKaHUMBAaeTCsl Ka/JbUHEBbLIM MHHEPaJoM — aHop-
tutom (2,76-10° xr/mM3®). B noauMopdHBIX mpeBpalleHUsX Trpa-
(UT — aAMa3 CMeHa rekcaroHaJbHOR CHHFOHWH (rpadur) Ha KyOH-
yeckylo (anMas) NPHUBOAUT K YBeIWYeHHIO MJOTHOCTH oT 2,2-103
1o 3,6-10° kr/m3,

CrnoxHple NOMUMOP(HBE o- M f-NpeBpallleHHs] HMEIT MecTo C
KpemHe3eMOM, Koraa o0beM BellecTBa cokpamaercs B 1,8 pa-
3a|6].

[lnoTHOCTL GOMBIIMHCTBA pPYAHBIX MuHepanos ot 3,5-10% mo
7,5-10% kr/m3, 3TH MuHepanwl 006JaRalOT KOBaJEHTHO-MeTa/lnye-
CKOHl M HOHHO-MeTaJHuecko#l dopmaMmu BaJjeHTHOH cBsizu. OueHb
IIHPOKHE Npelesbl H3MeHeHHst IIOTHOCTH (mo 18,3103 kr/m® y 30-
JI0Ta) HAaOJIOAAIOTCS ¥ CAMODOJNHBIX METaJJ0B, HMEMUX MeTals-
Judeckne (GopMbl BajeHTHOH cBaA3u [1]. Bricokas MmIOTHOCTL DYA-
HBIX MHHEPasloB 00bacHsAeTcss 6OJBLIHM COREpXKaHHEM 3JIeMEHTOB C
BBEICOKOH OTHOCHTEJbHOH aTOMHOA MaccoH, ManblM paiHycOM 3STHX
aTOMOB H YacTO NJOTHOH HX YKJaAKOH — KyOHueckoit M rexcaro-
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HaJbHOll. K MuHepasaMm Majioff MJIOTHOCTH OTHOCATCH rpadur, ce-
pa, Jel, oman H MHOTHE M3 MHHEpaJoB KJacca CHJIHKAToB (rTamiaya-
3HT, MOHTMOPHJJIOHHT M AP.), a TaKXKe XJODHIBI — CaJIUT, CHJIbBHH,
OTH MUHepaJbl COCTOSIT H3 3JEMEHTOB C MaJOH OTHOCHTENbHOH
aTOMHOIl Maccoil, IX aTOMBl HMEIOT 3HaUHTEJbHLIE Pa3Mephl H MHO-
THe M3 HHUX XapaKTePH3YIOTCSl DBHIXJOH CTPYKTypoit ymakoBku [1].
B tabn. 2 npuBeseHbl 3HAauYeHMs IJIOTHOCTH [JIaBHEHIIHX NOPOALO-
00pasyoluX U PyAHBIX MHHepaJoB [6].

5.3. NJOTHOCTb OCALOYHbIX HOPOJ
5.3.1. MHHEPAJIOTHYECKAS MJIOTHOCTb MOPOA

IlnotHOCTE OCAJ0YHBIX IOPOJX B €CTECTBEHHOM 3aJIeraHHH 3aBH-
CHT He TOJBKO OT CBOHCTB CaMOH NOPOAB (IIJIOTHOCTH TBepROi da-
3bl H TMOPHCTOCTH), HO M OT IVIOTHOCTH HAaCHILAKIHUX (QUIIOHAOB U
ux coorHoleHHus. [TI0THOCTE (JIIOHAOB OnpelensieTcss HX COCTaBOM
(ras, HedTs, BOAA), a TakkKe mHuHepanuzauued Boabl. UToOH HC-
KJIOUHTh 3Ty HEOJHO3HAYHOCTb, B J1a60PaTOPHBLIX YCJAOBHAX OOLIYHO
OIpeAeNsIOT IJIOTHOCTh CYXHX o0pasloB OyTeM HX CHAPOCTATHYEC-
Koro B3BewnBauusa. Ilo gopmynaam (5.2) uiu (5.4) 3TH 3HAyeHHUR
MOJKHO NepecyliTaTh Ha KOHKPETHBIE [IaCTOBHIE YCJIOBHUS,

CornacHo vpaBHeHHIO (5.4) NJOTHOCTH CYXHX IOPOA 3aBHCHT
OT TWIOTHOCTH MHHepaJbHOTO CKeseTa U ofweli mopucroctd. ILioT-
HOCTb MHHEPAIbHOro CKeseTa MOXKHO YCTAHOBHUTb SMIHDHUYECKH KM,
3Has MUHepaJbHEIH COCTaB, BHIUHCJAXTL 10 ypaBHeHHWO (5.3).

Ha puc. 17 npuBeleHB pesysabTaThl 3SKCIEPHMEHTAJBHOIO H3Y-
YeHHsT MHHEeDPa,J10THYeCKOH NJOTHOCTH NeCcYaHO-TAHHHCTHIX TODOA B
00/1b1IOM HHTepBaJe IyO0HH. DTH, a Takxke IpPyrue MHOFOYHCJEH-
Hble KCIepUMeHTaNbHEle HCCJAEA0BaHUsl IOKa3bIBalOT, UTO OGBIYHO
He HabaonaeTcsi 601bIIOT0 M3MeHEHHS] MUHEPAJOTHYECKOH IJIOTHO-
CTH 0CaflouHbIX TOpoA ¢ ray6unoit. JlanHble puc. 17 nmokaswbBaioT
JHIIE HeKOoTOpyo TeHAenuuo. Koadbunuedt HeoOpaTumMoro ymior-
HeHHs TBePAOil daspl MoJ BO3AeficTBHEM IHAPOCTATHUECKOTO AaBJe-

HUA B MHTepBaJe IaybuH Ak no aHaJjoruu ¢ ypasHeHuem (3.16) pa-
BeH [15]:

— 1 AGTB 5 6
Bty T) =g m (5.6)

Jlas apruJauToB M TIVIMHHCTO-aJeBPHTOBLIX IIOPOJ, B KOTOPBIX
Habaopaercs HanboJbliee H3MeHeHHEe Ors, CPEJHSIA BeJHYHHA
Brs (¢, T) B nurepBaje ray6un 2500—6000 m cocraBaseT:

B (t, T)~0,3.107 MITa™, (.7)

V3MeHeHHe MHHepaJiOTHYECKOH MJIOTHOCTH TJIHHHCTBIX IOPOL
TIPOHCXOAUT BEPOSITHO 34 CUET BBIXKHMAHHS CBSI3AHHOH MeXCJIOeBOH
BOABI U YBeJHYEHHs COAEPXKAHUS OKCHIOB KeJje3a H PYAHBEIX BKJIO-
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Tasanua 2. Maornocts (r/cM®) nopoaoosdpasyomux
M pyaHbIX MuHepaJos [6]

TTaoTHOCTH MaoraocTs
yuctoil unu |IIpeneast u3- ypctoil nan | [pegeast H3-
MHHepan HauboJee MeHeHHH N‘HHepaJl nauGoee MEeHeHHU
pacnpocTpa- TJIOTHOCTH pacnpocrpa- MIOTHOCTH
HeHHOH pas- MHHEpaJa HeHHOH pa3s- MItHepaJa
HOBHAHOCTH HOBHJIHOCTH
Anaodan —_ 1,85—1,89 MarHesur 2,96 2,9—3,1
Aamas 3,52 — CHAEPHT 3,89 3—3,9
Aayuut 2,58—2,75 | 2,5—2,8 Kaccutepur 7,03 6,8—7,1
Amdubon Knanur (auc- 3,59 3,59—3,68
actodua- 3—3,16 | 2,8—3,4 TEH)
JHT Koseanun 4,59—4,65 | 4,5—4,76
akTHHOdHT | 3,1—3,2 2,9—3,35 | Kopauepur | 2,57—2,66 |2,57—2,78
TpemodutT |2,99—3 2,9-3,1 Kcenorum 4,45—4,51 { 4,4—4,56
poroBasa |3,15—3,25 3—3,47 || Kynpur 6—6,15 |5,856—6,15
o6MaHKa Jlefinur 2,5 2,45—2,5
Amdpuboa Jlumonut 3,5—3,8 | 2,7—4,4
L1eJIOYHOH: (reaporérur)
apoBenco- |3,44—3,46 | 3,3—3,46 | Marremur 4,88 —
HHUT Manaxur — 3,9—4,03
racTHHICHT 3,37 3—3,45 | Monauur 5,3 4,9-5,5
pHOEKHT 3,44 3,3—3,46 | Mont™mopua- 2,5 2,04—2,52
AHai]bIJ,HM 2,22-——2,23 2,2—-—2,3 JOHHT
Auruapur 2,96 2,8—3 Hedenun 2,62 2,55—2,65
Anaaaysur | 3,1—3,2 | 3,1—3,22 | Honrponur |[,72721,87 [1,72—2.5
Aururopur |2,56—2,58 | 2,6—2,7 Onaa 1,921 |1,9—2,5
Anarut 3,18—3,21 [3,16—3,27 | Ilupokcen
Bapur 4,5 4,3—4,7 BoJiacto- | 2,8—2.9 |2,79—2,9¢
BéMur 3,01 3,01—-3,11 HHT
Bopuur —_ 4,9—5,2 resenGep- 3,55 3,5-8,6
Boasdpamur | 7,1—7,5 6,7—7,5 IHT
Taaut 2,168 — MHKOHHT 3,2—3,4 —
Taanyasur 2,0—2,2 1,9—2,6 3THPHH 3,56—3,56 |3,43—3,6
I'mapoaprua- 2,43 2,3—2,43 | [Tupomosur — 4,7—5
JHT  (ru66- Mupodummur — 2,66—2,9
ciT) Muppotun 4,7 4,58—4,7
Tune 2,3 2,3—2,4 Hpenur — 2,66—2,9
Caaykonnr | 2,3—2,7 2,2—2,9 | Pyrun 4,23 |4,18—4,0
Tpanat CepnenTHH — 2,5—2,6
aTbMAHOHR 4,25 3,69—4,33 | Cuasmumanur |3,23—3,25 —
angpaaur |3,75—3,78 13,64—3,9 F || CunbBun 1,99 —
rpoccyaisp 3,53 3,53—3,71 | Cxanoaur
nupon 3,51 3,5—3.8 AHTHD 2,6—2,68 —
cneccaprun |4,18—4,27 | 3,8—4,25 muugonnr 2.68—2,75 | 2,6—2.8
Tpadur 2,2 2,09—2,25 mefionnr |2,75—2,8 —
Iucren 3,5—3,7 — Ciiona
Huacnop 3,3—-3,6 3—3,5 GHOTHT 3—3,12 {2,693
HapMeHHT 4,79 4,7—5,2 nenufonaur | 2,8—2,9 —
Kaoaunur |2,98—2,6 — MyckoBur |2,76—3,1 2,5—3
Kap6onar ¢aoronur |2,75—2,83 | 2,7—2
aHKEPHT — 2,9-3,1 CragpoJur 3,74 3,65—3,77
aparount | 2,9—3 2,85—3 Coanepur 3,9—4,0 3,5—4,2
JOJOMHT 2,87 1,8—3,15 || Coen 3,4—3,56 {3,29—3,56
KaJblIHT 2,715 2,6—2,8 | Taaek 2,78 2,7—2,8
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ITpodoascenue

{lnoTHOCTE ITaoTHOCTH
e | Muaveman endonee | Tineacan: u3-
Munepan pacnpocrpa- [JIOTHOCTH Munepan p:ca:pt;)cjﬁ)ea- nﬁiﬁﬁﬁﬁfu
HeHHOH pa3- MUHepaJia HeHHOH pas- MHHepala
"HOBHUAHOCTH HOBHJHOCTH
TuTanomar- 4,72 4,4—4,9 aMesHT 2,71 —
HETHT KJAHHOXJOD {2,65—2,78 —
Typmaany: Xnoputoun | 3,4—3,6 3,3—3,6
APABUT 3,05 - L upkon 4,68—4,7 3,8—4,86
wepa 3,16 2,9—3,2 Hleenur — 5,8—86,2
Ypanuuur —_ 10,3—10,6 IInuuens 3,6 3, 3,7
(DJ"OODHT 3,18 3,01—-3,25 9““101‘
XaJbuesoH 2,59—2,64 nousur  |3,25—3,36 -
Xanbkosnn - 5,56—5,8 kansonou- |3,35—3,38 |3,07—3,5
XanpKonupur - 4,1—4,3 3HT
Xnopur OPTHT 4,1 3,5—4,1
TICHHHH 2,6—2,84 | 2,6-3,0

YyeHHH OT MEJIOBBIX K TpHAaCOBBLIM OTJIO2KCHUSM. O}lHaKO BEeJHYHHA
Bre (£, T) Ha nmopsitok MeHbUIe Ko3(ddUHHEHTAa HeoO6paTHMOro
yIIOTHCHHA TI0P Pn (£, T) ANsT 3THX Ke MOPOJ, YTO MO3BOJISIET Hpe-
HeGpeub ee n3meHeHueM. CpeaHsAs MHHepaJOrHueckKass IUIOTHOCTB
NeCYaHO-TJAHHHCTHIX OTJOXKEHHH B 3TOM HHTepBaje rJyOHH COCTaB-
aseT 8:e=2,72-10% xr/m2.

Takum o6pa3ov, OLHAM U3 Ba)KHeHIUIHX (PAKTOPOB, ONpeHeNsIo-
X MJOTHOCTH JIHTOJNIOTHYECKH OJHOTHNIHBIX OCAJOUYHBIX TOPOJ,
sABAseTca X obmasa nopuctoctb. Ha puc. 18 mpeacrasniena 3aBH-
CHMOCTb TJAOTHOCTH CYXHX TeCYaAHO-TJIHHHCTHX Iopoj OT obuueft
IOPHCTOCTH. YpaBHeHHe (5.5) AN jpaHHOR KoJasieKmuH o6pasios
HPUMET BHI: 8n.cn=2,72-10% (1—£kx).

AnasioriyHble 3aBHCMMOCTH MOTYT GBITH NOJYYeHBI M JJAS JAPY-
IHX OCaJ0YHBIX NOPOJ ¢ MEPBHYHON MOPUCTOCTBIO (MECUAHHUKOB, H3-
BEeCTHAKOB, 100MHTOB). Passuune OyjgeT 3aK/JAO4YaTbCA JHILIL B
BEJHUHNE cpelHell NMJIOTHOCTH TBepho# ¢asnl (cM. Taba. 2).

5.3.2. YINIOTHEHHE OCAOOYHBIX NOPOJ C INIYBHHOM

[TockosibKY K03(pPHIHEHT MOPHCTOCTH OCAAOYHBIX MOPOJ 3aBH-
CHT OT TAYOGHHBL HX 3a7€raHHs, TO BTOPHIM CYLICCTBEHHBIM (haKTo-
poOM, BJAMSIOLIIM Ha MJIOTHOCTh MOPOJ, siBAsieTcsi raybOuHa 3aJjera-
unga mopoant (puc. 19).

CornacHo ypaBueHuio (5.5) misi cyXHX TOPOA TPH S(reyn =
22 O(rsyhi==0 MOXHO 3aIHCATh:
Om. e) n 1 —kmyn
~ T . (5.8)
8n. ¢) h=0 - k(n)h=0
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Puc. 17. ViaMeHnenue MUHEpaJOrHYeCKOHA MIOTHOCTH Ors MECUaHO-TIHHHCTHIX TOPOR
¢ raybunoit £ (Apancop):

a — NecyYaHHKH H ajeBPOJHThL; 5—apI‘HJlJIHTbI ¥ TJIHHHCTO-AaJCBPHUTOBBIE NOPOALI; 8 — CBOJAHAR
3aBHCHMOCTB

[Tocsie MOACTAHOBKU 3HAUeHMs OOIIell MOPHCTOCTH R(mnr U3 ypaBHe-
Hig, anajgoruutoro (3.18)

b¢n. ‘
o e {1 = gy e (1= @3 (= B b )€ G e 0. cp) B
(5.9)

C yuetom paBenctBa (5.5) ypapuenne (5.9) MOXHO Jerko mpe-
o6pasoBaTh K BHAY:

Srp -1
Bm.cy n A Ora {1 + (m — 1) exp[—Bx (£, T) & (8a.co—B5.cp) h]}
(5.10)

Jl;a KOJJIEKIHH KEPHOB M3 CKBaxkuH Apajacopa (cm. puc. 19) ypas-
wenne (5.10) ans Bn(f, T)=30-10-% MIla~! u S.op=0= 1,8 X
% 103 Kr/M3; Oy.cp=2,5-108 kr/m3 (mpu 100% BraxHOCTH nopon) u
8s.cp=1,1-10° kr/m% npuHuMaer BUL

8.g o4~ 2,72-103 [} 40,51 exp(—4,2- 10-40)],

rie h B M.

Ha puc. 19 noxasaHa KpuBas, yAOBJETBOPSAIOILAA 3TOMY ypas-
Henno. OHA XOPOIUO COTJIacyeTcsi ¢ SKCNEePUMEHTANbHBIMH JaHHbI-
Mu. TIpH ONHCAHHOM TOAXOAe OBLT TaKXKe HCMOJb30BaH KO-

(1. €)

80



»©
\\ PY [ ]
(X
42 o N

20!

1

5 " 15 2 kg%

Puc. 18. 3aBucuMoCTb IIIOTHOCTH Om.c CYXHX IMECUAaHO-IVIHHHCTHX [OPOA OT ofulei
NOpPHCTOCTH kn (Apascop)

ILHEHT HeoGPATHMOrO YIJIOTHEHMSI NOp NOpoAn Pr(f, T), B KOTOPOM,
KaK H HPH H3y4YeHHH MOPHCTOCTH, OTPa)KeHO BJHSIHHE JINTOJOCHH,
BO3pacTa IOPOA M TeMNepaTypHOro rpajueHta B ocafoyHOM Oac-
cefine.

HJsi Makcuma/dbHO BJAaXKHHIX NMOpPOJ ypaBHeHue (5.4) mosBoJis-
€T MOJIYYHTD:

Oy =078~ (8rn — o) K (ay 1r (5.11)

rie k(mn— NOPUCTOCTh MOPOJA Ha rayOuHe h, HafijeHHas 1O ypas-
nenuam (3.18) uaun (3.19).

CywecTByloT ¥ 0ojee MPOCTble NPHEMbl ONHCAHHS M3MEHCHHA
nJa0THOCTH nopox ¢ raybunoii. M. JI. Osepckas, HampuMep, peKo-
MeHAYeT AJIsl CYyXHX MOpOoJ ypaBHEHNUE

Sea. ¢y »=Ors [1 — k(g nmo €Xp (—-0,45h)], (5.12)

rae h—rayGuHa 3ajeranus, KM.

B sToM ypaBHeHMH OCOOCHHOCTH YIMJIOTHEHHS IIOPOJ Pa3HOTO:
JIHTOJIOTHYECKOTO COCTaBa, HAXOAAIIUXCA B Da3HHIX YCJAOBHAX
0CaJKOHAKOMJIEHHS, NPEANaraeTcsi yYUTHIBATb SMIUPHYECKHM IIOJ-
Gopom kKoauUUEHTA Rimyr—o. DTO — rpacto-aHaTHTHUECKHH MeTON
OTMHCAaHHS H3MEHEeHUsI MOPUCTOCTH H IJIOTHOCTH OCAJOYHBIX MOPOA C
riay6unoit [6].

3HavyeHue O¢n.cyn, BHIUMCAEHHOE IO ypaBHeHHIO (b.12), coBmana-
eT CO 3HaAueHHeM Ow.cyn, ONpeNeNeHHBIM Mo ypaBHeHuio (5.10), ecau
B IOCJCJHEM HCIOJb30BaTh cpeigHHe 3HaueHdus Pq(f, T)=33X
X 103 MIla™!, §m.cpp=o=1,9-103 Kr/M3 u 8;5=2,65-10% kr/m3. Oa-
HAKO 3TO JHUIL YacTHBIA ciyuyail pellleHUs H TakoH MOAXOJA He yuH-
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“THIBAET BO3MOXHBIE H3MEHEHHS YyCIOBHH o0cajKooOpa3oBaHHs B
H3y4aeMoOM paspese.

HsMeHeHHs MJAOTHOCTH MOPOJI NPH YRAPYFHX (06paTHMBIX) KpaT-
"KOBPeMEeHHBIX NedopMalyfax, HanpuMep NPH BHHOCE KEPHOB NOPOA
U3 CKBa)KHHB Ha NMOBEPXHOCTb, MOJAPOOHO paccMOTPeHH B paboTe
[15]. D11t u3MeHeHHus] NJIOTHOCTH 00YCJIOBAEHH H3MEHeHHeM ofbeMa
nop B TBeplo# ¢ase, a Takxke o0bemMa (GJIOHAOB, 3aMOJHALIHX 110
‘pel mopoabl. OfHAKO, NOCKOJNBKY H3MeHeHHs o6beMa nop H (JIoH-
10B (¢puabTpaTta NPOMbIBOYHOH KHIKOCTH HJH MJIaCTOBOH BOABI)
‘MMEWT pasible 3HAKH, CYMMapHOe H3MeHeHHe IIOTHOCTH MOpPOJ
HEBEJIMKO Il UM BIOJIHE MOXKHO npeHeGpeub NMpH NMpaKTHYECKIX HC-
. CJIeIOBAHIISX.

Cyxile ocajKi H 0CaJ0YHbIe NMOPOAL! KJAaCCHUUUPYIOT IO NJOT-
‘HocTH Ha nste rpynn [1].

I rpynma — mJOTHOCTL upe3BbIYAfHO HHU3KAs H O4YeHb HH3Kaf;
Bpe=(0,5=-1,5) . 103 kr/m%;, 310 BHICOKOMOpPHCTHE HJbBI, M€, Tpe-
TeJ, onoka, TydH, a Takxe Topd H yriu;

11 rpynma— mJOTHOCTL HH3Kas M NOHUKeHHAS; Onc=(l,5-+
+2,5) -10% kr/m3; 3T0O MHOrHe OcCajouyHble NOPOJABI, BKJKYasg KaMeH-
HYIO COJib, THIC, GOKCUTBI, MeTaMOpPHU3OBAHHbIE YIJAH H T. I.;

II1 rpvnna— cpefHsisi MAOTHOCTb;, Onc=(2,5+3,5)-10° xr/m3;
9TO MJOTHLIE OCaJOuYHBle, MarMaTHYeCKHe H MeTaMop(pHUecKHe IO-
POAE!, H3BECTHSKH ¥ AOJOMHTBLI C PYAHBIMH BKJIIOUEHHSIMH, aHTHA-
PUTHL U T. IL;

IV rpynma — njgoTHOCTh TOBBILIEHHAs] H BHICOKAHA; Ope=(3,0+
=+ 4,5) - 10° xr/m®;, HeBBIBeTpe bl MeTAANHYECKHE PYIb;

V rpynna — oueHb BBHICOKAsi ¥ 4Ype3BHUAHO BEICOKAs IJOT-
HOCTh; On.c>4,5-10% kr/mM®;, oueHb NIOTHLIE pPa3HOCTH CBHHLOBBLIX,
OJIOBSHHBIX, CYJAb(UIHBIX MEIHO-HHKEJEBbIX, MOJHMEeTadAnIecKnX
DY C BBICOKHM COAepKaHHEM PYIHEIX MHHEpaJoB.

Haubosee BepoSTHHIH PSAA MJOTHOCTH BaXHeHUIHX OCAJOUHBIX
nopox: KaMeHHas coab, rumc {2,0=-2,3)-10®° xr/vM® — necuaHuku
(2,1—2,4) - 10® kr/w® — axespoautn (2,1—2,5)-10° kr/m® — ryuHb
n aprunaute (2,2—2,5) - 10 kr/vm® —usBectHaxu (2,4—2,6) X
X 10% kr/mM® — gonomursr (2,5—2,6)-10°® xr/m® — auruaputer 2,8X
X 103 xr/m3,

5.3.3. IJIOTHOCTb MAKCHMAJIbHO BJA)KHbIX NTOPOJ

Jas Toro uto6bl O BeJHUYHHE NJOTHOCTH CYXHX TOPOA &g OMN-
peNeNuTh MJIOTHOCTb MAKCHMAJbHO BJAaXKHBIX On, HY2KHO COIJIACHO
ypaBHeHuo (5.4) HafiTH:

6ﬂ=8n.c+kn6m (5.13)

rae §s — I[LIOTHOCTh MHHEPaAJM30BaHHON BOALI, 3aMOJHAIOLIEH NOPHL.
[Ipn aTom mpenmosaraeTcst, 4TO BeJHYMHA On. HafileHa 3Kcre-
PUMEHTAaJbHO.
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OnHako mpu BHICYLUMBAHUM IVIMHHCTHIX HaOyXaloLIUX MOpoI
TIPOUCXOAHMT MX ycajKa, o6beM MOpPOAbl yMeHblIaeTCsl M BEJHUYHHA
-onpeaeasieMoll MJIOTHOCTH OKa3blBaercs 3aBBIIEHHOH, §'nc Aas
BBeJleHHsl NONpaBKH 3a ycaaky nopoast B. H. Ko6panosa [1] pe-
KoMeHayeT sMnupuuyeckoe ypaBHeHue H. X. IOa6oposckoro nas
TJIUHHUCTHIX MOPOJA M [JIHH:

Op. o= 1,48, ¢ — 0,96, (5.14)

rae &' nc— 3aBHIleHHOe 3HaueHHe MJIOTHOCTH, NMOJYUCHHOe NPH H3-
MepEeHMH Ha cyxoM obpasie.

Ec/y norpeuwHocts B ONpefeseHHH MIOTHOCTH CYXHX TVIHHHUCTBIX
nopoa mocturaer 0,2-10° kr/m® no cpaBHeHHIO ¢ OnpejeeHHEeM Ha
o6pa3nax ¢ ecTeCTBEHHOH BJAXKHOCTbIO, TO HCIOJNb30BaHHe (OpMYy-
.JIbI] (5.14) nosBoasieT cHH3HTb morpewHocth Ao =4=0,03-103 kr/m3
[1].

Ha puc. 20 npuBeleHE H3MEHEHHS NIOTHOCTH U NMOPHUCTOCTH IO-
pol B paspese Ilpukacnufickoil Bnagnnbl. DTH BeJHUHHBI VCpPeaHe-
HBI TIO CTPATUrpA(HUECKHUM MOJAPAa3AeTeHUsIM.

5.4. IJJOTHOCTb MATMATHUYECKHX
H 3¢PY3HUBHDBIX NOPOJI

B marmatuyeckux mOpPoOAAax HOPMAaJbHOrO (lLIeA0YHO-3€MeNbHO-
ro) psiza rpaHuT —rab66po HauboJjiee HHU3KOH CpeiaHed NJIOTHOCTbIO
006/1a1a10T MOPOABl KHCJOTO COCTaBa M rpaHuThl. OT APYyrux mopom
OHH OTJHYaWTCs GoJee BLICOKHM COAepKaHHMEM KpemHeseMma.

[Toponel KucaOro cocraBa NOAPa3ASIIOTCS Ha TPAHHTEL aJjsc-
KHTOBBIE CYIIECTBEHHO MMKPOKJHHOBHE, GHOTHTOBBIE M OGHOTHT-pO-
roBoo6MaHKoBEe. [IJIOTHOCTL 3THX MOPOA pasaHuaeTcs MeXAy Co-
Goit Ha Adre=(0,03+0,05) - 10% kr/M® [6]. BospacTanue nsoTHoCTH
E HOPMAaJIbHOM DPfAy OT KHCJBIX IIOPOA K HOpoAaM CpeiHero H oc-
HOBHOTO COCTABOB TPOHCXOAHT B pe3yJbTare NOCTENEHHOFO YMEHb-
LieHHs1 COAepkKaHusi MHKPOKJINHA H KBAplla, YBEJIHUCHHUSI KOJHYECTBA
H OCHOBHOCTH HJA4THOKJ1a30B, H3MeHeHHsS KOJHYeCTBA POroBOH 00-
MaHkH (pHc. 21). B pailloHax pyAHBIX MECTODOXKAEHHH 4YacTo yBe-
JHUUBAETCA COAEpIKANHE aKUECCOPHBIX MHHepasoB o 5—8Y%, uto
TIPHBOJAHT K BO3PaCTaHHIO IJIOTHOCTH MOPOA: TPaHuTOB 10 (2,70~
+2,75) -10° kr/m®; ocHoBHBEIX mopox xo (3,3+3,5)-10% xr/m® [6].

YabTpaoCcHOBHLIE TOPOABL IO COAEPIKAHHIO KpeMHe3eMa Nojpas-
LeJSI0TCA Ha TPH KPYMHbIE T'PYIIE: OJUBUH-AYHHTHI, NePHAOTHTHI
¥ nupokceHUuTH. CpenHss MJIOTHOCTb 3THX NOpOJ HauboJbias cpe-
M1 MaTrMaTHUeCKHX TOPOJ M HaXOAHTCA B mpefenax ot 3,0-10% no
3,4-10% kr/m®. Tlpu obuiefl 3aBHCHMOCTH OT COJepPXKaHHS KPeMHese-
Ma GoJblloe 3HAaueHNe HMeeT OXKeJIe3HeHHOCTb MHHepaJoB B Psaax
TIHPOKCEHOB H OJMBHHOB [6].

HnTpysuBHBHIE KOMIIEKCH Hopoj (opMHpyIOTCE B Ipolecce
Marmartnyeckoii au¢depennnanuu. Ha panmeli craguu auddepen-
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‘Puc. 21, VameHenusl NJOTHOCTH M CXEMa MHHEDPAaJbHOTO COCTAaBa CPEIHHX THIIOB
HHTPY3HBHLIX MOPOJN (Uu(paMi yKazaHa MNJOTHOCTb MHHepastoB Oqp- 10~ Kr/m3)

IEauuy 06pa3yloTcA MHTPY3HH OCHOBHBIX mopof (ra66po, ra66po-
HODUTHl H AHODHUTHI), B CPEAHIO CTAAHUI0 TEKTOHO-MarMaTHYeCKOro
1MKJa — M&CCHBLl MHTPY3UBHEIX HOPOJ OT OCHOBHOTO RO KHCJIOTO
cocTaBa.

B nosgHefi cTaguu pasBHUTHs W B IEPHO] TEKTOHHUECKOH aKTH-
BH3AlHK CKJaL4aTHX obsacTell 06pasyoTcs CyLIECTBEHHO I'PAHHTO-
uaHple opmauny. Ilosydalor pasBHTHe NMOPOAH MOBLILIEHHO Iile-
JIOUHOCTH (rPaHOCHEHHTH, CHEHUTBI U ApP.). [IMOTHOCTD 3THX TOPOA
HHKe MJIOTHOCTH NOPOA CPeAHHX THHOB. TakuMm 00pa3oM, NJIOTHOCTb
TOPOJA 3aKOHOMEPHO yMeHbllaeTcsl OT OAHOM TeKTOHO-MarmaTHuec-
KoHl (paswbl k Apyro#. Ilopoasl nocjaenHero Komiiexca, Kak npaBHJIo,
UMEKT KHCABIE COCTaB U IMIOTHOCTH  (2,57-+-2,60)-10%3  xr/m3.
B nnardopmerHbIX ¢opManuax MIOTHOCTH IIOPOA CHOBa BO3pacra-
er [6].

Ilpn 6/1M3KOM XHMHYECKOM COCTaBe KaHHOTHIHHIX M NMAJEQTHII-
HBIX aHaJoroB 3¢ PysHBHBHIX NOPOJ UX MJIOTHOCTL U3MEHseTCsd B LUH-
‘poKuX mpefesnax (pHc. 22). DTH H3MeHeHHH OGYCJIOBJEHH NEepBOHA-
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Puc. 22. Tlpepens uaMeHeHus TNJIOTHOCTH CPeAHHX THNOB 5(hdY3uBHHIX [OPOA B
CpaBHEHHH C IJOTHOCTBIO HHTPY3UBHLIX [6]

YaJpHOH CTPYKTYPOH M TEKCTYPOW NOPOA U CTEIeHbIO HX NOCAeAYIO-
uiero AvareHesa [6].

YBenuuenHe IVIOTHOCTH B HODMaJbHOM PALy 5¢@y3uBHEIX MO-
POA OT KHCJBIX K OCHOBHBIM IIDOHCXOAHT 3a CUET yBeJIHUEHHs co-
LepKaHHg (PEeMHYECKHX OKCHAOB H OKCHAOB KaJbLHA ¥ COOTBETCT-
BEHHEIM yMeHblIeHHeM COJepXKaHHsi KpPeMHe3eMa, OKCHAOB KaIHs H
natpus |[6]. Kpome TOro, ycTaHOBJeHa TEHAEHUHS K YBEJHUYEHHIO
NJAOTHOCTH 3()(y3UBHBLIX NOPOA OT MOJOABIX K ApeBHHM (Taf.1. 3).

IlnoTHOCTHAsT XapaKTeDHCTHKA 3(P@y3UBHBIX KOMIJIEKCOB aHa-
JOTHYHA TaKOBOH AMAS UHTPY3Huil. CyllleCTBEHHBIM OTJIHUHEM SIBJS-
€TCsi JIHUIb CBSI3b C KaHHOTHIHOCTBIO H NAJeOTHIHOCTBIO H TEKCTYP-
HbIMH ocoOenHocTAMH. D ¢ysuBHble 00pa3oBaHus paHHeH i1 cpei-
Hell cTaiuil TEKTOHO-MarMaTHYecKMX LHKJOB XapaKTepH3VIOTCH B.
cpeaHem GoJiee BHICOKOH MJIOTHOCTBIO B CPaBHEHHH ¢ 00pas3oBaHHUsI-
MH KOHUa cpeanelf, HadaJsa no3fHeli cragud. OAHAKO THIIHYHbIE
o0pasoBalHsl MO3AHeH CTaAMH, Nepuoja AaKTHBH3aUUM H m1aTdop-
MeHHbIE HMEIOT CYILEeCTBCHHO OCHOBHOH COCTAaB U TOBBILUEHHYIO
NJOTHOCTH [6].

5.5. INTOTHOCTb METAMOP®HYECKHUX NMOPOJ

Mertavoppuueckne npeo6pas3oBaHHs THOPOL HPOTEKAIOT MOL
BJHSHHEM H3MEHEHHMS TeDPMOAMHAMUUYECKHX YCJOBHHA HUX 3aJeraHus.
Ilpu 3T0M NpPOUCXOAST YNJIOTHEHHE nOpoj Oe3 H3MEHeHHs XIMHUe-
CKOT0 €OCTaBa, a TakxkKe OoJsee raybokue XHMHUECKHE H3MEHEHHS B
pesyabpTaTe MeTacOMaTHYeCKHX NpomeccoB (meracowvaTurel). Ecan
MCKJIOUMTb METaCOMAaTHTEl, TO IO 00lleMy XUMHUYECKOMY COCTABY
MeTaMopduyecKue Nopoabl O6JH3KH K XHMHUECKOMY COCTaBY HCXOA-
HBIX NOpOJ (0CaaoYHBIX, HHTPY3HBHBEIX HaH 3Gdy3uBHuX) [6].
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Ta6anua 3. MaorHocts 3Pdy3UBHHX NOPoA Pa3JHYHOrO COCTABA
# Bo3pacra, +103 kr/m® [6]

Nopona KZ MZ PZ AR, PR KZ—AR
Jlunaput - 2,35 — — 2,35
TMopdup ksapuesbii — 2,59 2,61 2,55 2,60
Kepatodup, ansbutobup — — 2,65 — 2,65
Aunesur 2,30 2,66 2,68 2,46 2,49
TlopdupaT awAe3HTOBHI — 2,63 2,73 2,76 2,73
Basaapt 2,45 2,67 2,64 —_— 2.54
Jua6as — 2,75 2,79 2,68 2,79
Meiimerur — 2,85 — —_ 2,85

[Tpu perxoHanbHOM MeTaMOp(pH3Me H3MEHEHHS JAaBJEHHS U TeM-
nepaTypel OXBaTHBAIOT §oJbllMe yyacTKH 3eMHOI xophel. [Ipoiecc
meramopdiudMa NPOHUKAeT Ha GOJbILIYI0 MMIyOHHY H NPOSABAAETCS B
mpoueccax cKaaaxoobpasoBaHusi. Passnnualor yeTelpe (aluu peruo-
HaJqbHOTO MeTaMOp(H3Ma: NMPEHHT-UYMIICJIUTOBAS; 3eJeHOCAaHIe-
Baf; 3MHI0T-aMGHuO0AUTOBas, aM(pHOOIHTOBAA; POTrOBOOGMAHKOBO-
rpanyaurosas (mo JI. M. Bepuuny).

Kax BuaHo u3 puc. 23, HanbGosblIHe H3MEHEHHs MJIOTHOCTH NPG-
HCXOAAT ¢ 3(y3UBHHIMH U OCAaJOYHBIMH mopojamMu (Ha 8—129%)
B NePBYI0 NPEHHT-LUYMNENIUTOBYIO a3y Meramopiusma. O6ycaos-
JIEHO 3TO YMeHDbIIeHHeM HOPHCTOCTH YIOMSIHYTHIX mopox xo 1—2%.
[Tpy cHHXKeHMH AaBJIEHHS M TeMOEPaTyphl MOPOA, HAGMIOLAIOLIEM-
csl npu MoxbeMe OJOKOB 3¢MHOH KOpPBI M3 HHMXKHHX TODPH30HTOB B
BEPXHIOI0 ee YacCTh, NMPOHCXOAUT IIpolecc yJabTpameramopdhusma.
ODTH nponecchl NMpUCNOCOGAeHHs NMOPOA K GoJiee HH3KHM TepMmoGa-
pUYECKHM MNapaMeTpaMm NpHBOJAAT K HEPEKPHUCTANNU3ALHM, METAaco-
MaToO3y H CeACKTHBHOMY DAacl/laBJeHHIO TIOpOx (YEePHOKHTH3AIHA H
rpanuTH3anus nopox). Amdubomutsr (3-10° xr/m3), GHOTHT-aMm-
pubonoBule ruefics (2,77-10% kr/m?), GuoTuTOBHE THefich (2,65X
X 103 kr/m3) mepexoisitr B MeTacoMaTuueckue rpauuTel (2,60 X
X 103 kr/m3) [6].

B 30HaX TeKTOHHYECKHX HADYUIEHHII NPOABJISETCH KOHTAKTHBIH
MeTaMoOp(pU3M — H3MEHeHHe IUIOTHOCTH B pesyJbTate paccjaauBa-
HHA M NEePeKPHCTANJNH3aUNH IO0POJ B ydYacTKaX HaNpaB/JeHHOro
OeHCTBHS FOPHOTO AaBJeHHUS.

I'uaporepMa/bHO-MeTacOMaTHYECKHE NpPOllecCchl (CepIeHTHHH3a-
llisl) TaKzKe NMPUypPOUEHBI K 30HAM TPELIMHOBATOCTH M Pas3JOMOB.
B nocneanem cayuae mopoisl ¢ GOJBLUIOH IJIOTHOCTBIO (MIPOKCEHSH
H OJMBHH) mpeobpasyloTcs B MaJOMJNOTHBIH cepneHTHH [6]. DTu
U3MeHeHHA Hal I04al0TCs MPeUMYIIECTBEHHO ¢ TIOBEPXHOCTH, HO MO-
TyT 3aXBaTbiBaTh H GoJsiee ray6oxue ropusoHTsl (2o 1000—1500 m).

lFupporepmanbHO-MeTacOMaTHYECKHE TPOLECCH, CBA3aHHbLIE ¢
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Puc. 23. ViameHeHHe NJOTHOCTH H3O0XH-
MHYECKHUX PSIIOB NPH PErHOHAJBHOM Me-
tramopdusme (mo JI. M. Bepuimy):

I — peMsMeHeHHble NOPOALI; (QauMH MeTaMOp-
¢usma; [/ — npedHur-Eymnenanrtosas, [[f —
selteHoc/naHueBasi, [V — snupoT-aMduéOIHTO-
Bast, aM¢uboanTOBasi; V — poropo-o6MaHKo-
BO-TpaHYJUTOBasl, ByJKaHHTHl NOJeHT-Oa3anb-
TOBOrO THna: [/ — Anafa3bl, 2 — YNJOTHEHHbIE
Auabassl, 3 — meTanuabasbl, 4 -— aMPUOOTH~
Thl, 5§ — KpHcTaajocaadunsl (eNnueckoro co-
cTaBa; OCAMOYHLIE TIOPOABI: 6 — CJAHHHCThie
caHusl, 7, 8 — QUAAUTHI, 9 «— GHOTHTOBLIE
rHefiChl ¢ rpaHaTOM, CTaBPOJHTOM W aHZaldy-
25 1 ! ! L 3uTOM, 10 — KOpAMEPHT-GHOTHTOBhIE rHEHCHL

s /4 ¥4 o ¥ ¢ rpanatom
Agem cmenenu memamopguime

LUHPKYyAsiued B paspe3e MHUHEPA/NU30BAHHBIX TEPMAJbHHIX BOJ, Yac-
TO TIPHBOASAT K POPMHPOBAHUIO MarMaTOreHHBIX DPYAHBIX MeCTOPOXK-
JeHHHA. DTHU IIPOLECCH TaKKe TPUBOASIT K H3MEHEHHIO IJIOTHOCTH
nopoj (raba. 4).

BuinsiHue rHnepreHesa Ha TMIOTHOCTh COPHBIX TOPOJ] 3aKAi0dder-
¢ B NIPOSABJEHHH MEXAHHYECKOrO U XMMHUECKOIO BHIBETPHBAHHS
KakK pesy/abTaTa IJaBHBIM 00pa3oM AefCTBHS MOBEPXHOCTHBIX BOA.
IIponcxoaaT 3aMeHa KoMILIeKca GoJliee TIJIOTHBIX MHHEpDaJOB Ha Me-
Hee TJVIOTHBIE, YBeJUUYEHHE MOPUCTOCTH nNopox no 20—25% u ato
yMeHblIAET MJIOTHOCTb. Kuc/ble MarMaruyeckHe HOPOXAH MOZABepra-

TaG6aunua 4. HamMeHetine NMJOTHOCTH TOPHBIX TIOPOR,
APH THAPOTEPMAJNBHO-METACOMATHYECKHX mpoueccax [6]
(no A. A, Cmeaosy, P, C. Ceiidyauny u ap.)

IMaoTHOCTE IliorHOCTD
o HeM3MeHeHHOH n H3MEHEeHHOH Mectopoxae-
poaa TIOPOJH, porecc MOPOAEL, HHE, MacCHB
-10% xr/m® -10° kr/m?®
T'pado HOPHT 2,65 CepuuuTH3AUUS 2,55 Capasu
Tecuannk 2,69 > 2,40 Axrai
I'paHOAHOPHT 2,67 Xnopurusauus 2,61 Yumut
Tecuanuk 2,69 ApruanuTasanys 2,62 Ax6actay
Tlopdupur 2,74—2,80 | OkBapuepanue H 2,65 »
SMHI0TH3ALHS
Huopur u rpamo-{2,70—2,90 | Anp6urusanusa u  |2,66—2,58 |{Maranaun-
JHODHT OKBapleBaHHe CKHIf
T'paHOAHODHT 2,62—2,65 | Cepuumruzauuss n [2,54—2,50 [Capau
rpefizeHusalus
I'paunr 2,58—2,61 | I'pefiaeHusanus c
o6pa3oBaHueM:
KBapleBHX rpeitse-|2,59—2,62 |Koyupaz-
HOB, CJAIOLHCTO- KUt
KBaplUeBHX H cawo-|2,77—2,83
JAHCTO-TONA3-KBap-
LeBHIX TI'peif3eHOB
KsapuesHii ZHOPHT 2,78 AnupoTHIANHA 3,00 Kyemypyn
Tlopoupur 2,7—2,8 » 2,85—2,95 »
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torcs GoJjlee CUIbBHOMY BBHIBETPHBAHHIO. B pe3ysnbTaTe mJIOTHOCTH
TPAHHTOB B KOpE€ BLIBETPHBaHHs MNOHHXKaeTca Jao (2,2+-25) X
X 10% xr/m3 [6]. Kopa BbIBETpHBAHHSI HMEET TJIHHHCTO-CJIONUCTI
HAH XJOPUTO-THAPOCIONHCTEHIA COCTaB € NMEPEMEHHBIM COfepIKaHH-
eM 00JOMKOB KBaplla, MHKDOKJHHA, OHOTHTA U NOBBILIEHHBIM CO-
JiepKaHHeM aKUecCOPHLIX MHHepasoB. IIpH GaarompuATHHX yCJ0-
BHAX B TAaKHX NOpojax MOryT OBITb 3ajeXH He(TH M rasa,

KOHTPOJIbHBIE BOITPOCDI

1. TlnoTHOCTL TOPHBIX HOPOJA, OT Yero OHa 3aBHCHT H B KaKHX
€JIMHHLAaX H3MepseTcs?

2. Or 4ero 3aBHCHT IJIOTHOCThL MHHEPAJIOB, a TaKXKe Ta3oB H
JKHIKCCTeH, HAChIaI0LIUX TOPOLH?

3. Kak MeHsieTcsi MJIOTHOCTbH MHHEDAJOB, CJaraloiux ocajiou-
HBIe NOPOIH, C IIyOHHON?

4. llsmenenre IVIOTHOCTH OCAAOYHBIX NOPOJ ¢ FayGHHOH; Kak
KJ1aCCH(HUUPYIOTCH TIOPOABI 110 NMJIOTHOCTH ?

5. IlnoTHoCTh MarmaTHueckKux H 3G QY3UBHBHIX MOPOA, OT YEro
OHa 3aBHCUT?

6. IlnoTHOCTE MeTaMopbHuecKux mopoA. Yrto Takoe tamuu pe-
THOHAJBHOrO MeTaMopduama?r

6. IPOHUUAEMOCTD

IlpoHumaemocTb — 3T0 CBOHCTBO TOpPHEIX TIOPOA (HJILTPOBATH
gepes cebs (QIIOUAB (KHAKOCTH WJM rasa) I0J[ BO3JAeHCTBHEM Tpa-
AdenTa AabJeHHs. [TouTH Bce ocajlouyHBle MOPOABI C MEPBHUYHOM MO-
pPHCTOCTBIO 06/1a7a10T MPOHHLAEMOCTHIO. JIyUINyI0 HNPOHHIAEMOCTb
UMEIOT TPyGOoO6JOMOUHBIE HOPOALl (II€CKH, IeCUAHHKH, aJIeBpPOJIH-
Thl). TOHKOAHCHEpPCHBIE MOPOABLl (TVIHHBL, aPFUJJAWTH, TOHKOKDHC-
TaJJAueCKHe H3BeCTHSKH H T. I.) HMeIOT BechMa TOHKHE KaIMsi-
pBl H TO3TOMY NPAKTHYECKH HeIpOHHIaeMBbl. Takue IOPOABLI 4aCTO
CayXKar 3Kpanamu HedTH ¥ rasa. OLHAKO NPH TOSBJAEHUM TpPeLIH-
HOBATOCTH MPOHHIAEMOCTb 3THX NOPOJA 3HAUYHTEJHHO BO3PACTAeT.

Marvarnueckne 1 MeTaMOp(HYeCKHe MOPOABI ¢ HU3KOH mepBHY-
HOH NMOPHCTOCTBIO TaKKe 06JafaloT OUeHb HU3KOH IIPOHHIAEMOCThIO,
He HMelollel NpaKTHUeCcKOro 3HaueHus, HckawoueHue coCTaBAsiOT
ByJKaHOTeHHO-00/M0MOuHbIe (3 dy3uBHbe) mopoas. OaHaxo B Mac-
‘CHBAX, CJOXKEHHBIX MarMarHyeCKUMHM H MeTaMoD(GUUECKHMH MOPO-
LaMH, B 30HaX Pa3sBUTHS TPELIMHOBATOCTH H B KOPE BLIBETPHUBAHUS
MOTYT BCTPeuaThCsl TaKxXKe NPOHHIAeMbie PAa3HOCTH, B KOTOPBLIX Ha-
GaonaeTcss MHTEHCHBHAS (GHUABTPALUS NPHUPOAHBIX (JIOHAOB. ITH
TIOPOAB — HaUMEHee M3yuyeHHBle B HacTroslllee BpeMms, q)axmqecme
JaHHBIE TI0 HAM NPAKTHYECKH OTCYTCTBYIOT.
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6.1. ONPENEJEHUE. YPABHEHHUE JAPCH

J11 KOJHYECTBEHHOrO OnNpejedeHHs] NPOHHIAEMOCTH TOPHBIX
nopoJ OOBIYHO IIOJb3YIOTCA JHHEeHHBM 3aKOHOM OHABLT-
pauuu [ apcu: aubefinas cKOPOCTb (IUIbTPALHH XKHIAKOCTH B
nopoje NpoOMOpUMOHAJbHA TPaJHEHTy JdaBJjeHHs H 006paTHO Inpo-
NOpPUHOHAJbHA AUHAMHYeCKOH BA3KoCTH. Kosdduuuent nponopuuo-
HaJbHOCTH knp B 3TOM YPAaBHEHHH HA3BIBAIOT KO3((HUHEHTOM HpO-
HHIIAEMOCTH TIOPOJBL:

% L Q 1 Apng
. V=X =p — —Fo1 6.1
F ap p‘ AL ) ( )
rie v-—JuHeiHas CKOPOCTh (UABTPanuy; Q — o0BEMHEH pacxof
XKHIKOCTH; F—momaab GUAbBTPANHH; W-— AHHAMHYecKass BA3-
KOCTb KHAKOCTH; Apus— llepenaj pasJjeHus; AL — 1auna duabt-
pytoliell HOPUCTOH Cpelbl.
OTkyaa
QuAL ¢
ap = o, (6.2)
ApnaF

[1pu n3MepeHUH NPOHHLAEMOCTH IIO rasy AJs yyeTa CKHMaeMo-
cTi mocsenHero B ¢dopmyay (6.2) noactaBasioT o0beMHBIN Pacxo
rasa uepes NMOpPOAY Qr, NPHUBELEHHHI K CPeJHEMY aBJEHHIO Pnn=
= (p,+p2)/2, rae p; U p2 — COOTBETCTBEHHO JaBJIeHHe ra3a Ha BXO-
Jne H Beixode u3 oGpasuna nopoinl. Ilo 3akoHy DBoiiaia-Mapunorra
QI H1€ea bHbIX Ta30B

Qr = 2Qopo/(P1 -+ P2) (6.3)

rie Qo — pacxox rasa npu atMocdepHOM AaBjeHuH po. Ilomcrae-
asa (6.3) B ypaBHeHue (6.2) moJyuum

kap = 2QupottALI(p%y — p) F. (6.4)

B MexnyHaponsoii cucreve enuHuy (CH) Beanunns, BXoas-
uie B Qgopmyasl (6.2) u (6.4), umelor pasMmepHoctH: [AL]=wM;
[Fl1=w?% [Ql=wm?%/c; [p] =D1a; [p]=Ia-c.

CJaeaoBaTebHO,

M3

T-Ha-c-u

[kap] = —m— =M"

Takum oGpasom, 32 eauHuLy NpoHHuaemoctd B | M? npHHHUMA-
€TCA NPOHHIAEeMOCTh TAKOH NMOPHCTOH cpeadl, NpH (GHAbTPALIMH ye-
pe3 obpasen Kotopol maouwiaipto F=1 w?, aauuHoit AL=1 M u npu
nepenajie aasJjeHHs Apnn=1 Ila pacxox XHIKOCTH BSI3KOCTHIO U=
=1 Ila-c cocraBur Q=1 M3/c. D10 OueHp KpynHas eAHHHLA H B
NpakTHKe NPHUMEHHAIOT A0JbHOE ee 3HAaueHHe: KBaADaTHHH MHKDPO-
MeTp (MKM?).
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B crapoif TeXHHYECKOH CHCTEMe eIHMHHI AJs1 M3MEDEeHHA MPOHHU-
1(aeMOCTH HCNOJb30BaJHCh eAuHHUB Japcu (L) u Muaauzapcx
(mA): 10=1,02-10-12 M?=1,02 mrm2.

ITpoHHIIaeMOCTb TOPHBIX NOPOJ 3aBHCHT HE TOJBLKO OT CBOHCTB
caMoii HMOPOAB, HO ¥ OT B3aHUMOJAeHCTBHS (PHABTPyIOIUXCH (DJIOH-
OB € TopodaMM M uucsaa buabTpyromuxcs ¢as. B coorBercTBHIE C
3THUM Pasan4arT abcoJIoTHYIO, (as30BYI0 H OTHOCHTEJNBLHYIO MPOHH-
ILAEMOCTH.

INNox aGcoawTHOH (Mau PH3UUECKOHN) NMPOHULLAEMOCTHIO TIO-
HHUMAIOT MPOHHIAEMOCTh MOPHUCTON CPEAE], KOTOpAs ONMpEAeaeHa mpH
¢bunbTpaUlH eAUHCTBeHHOH (Dashl, PH3HUYECKH M XHMHUYECKH HHepT-
Hofl K mopoge. O6buHO Takoi ¢pazof sBASIOTCS razoobpasHble a3oT
UM BO3AYX. AGCOMIOTHAA MPOHHLAEMOCTb — 9TO CBOHCTBO NOPOALI
M OHa TPaKTHUYeCKH He 3aBHCHT OT cBoilcTB dmonaa. Onpenenerne
€€ TPOH3BOAHTCS Ha OTMBITHIX H 3KCTPATHPOBAHHEIX OT YIJIEBOI10-
POLOB cyxux ofpasuax.

OnbiTH NOKa3aju, 4T0 abCOJIOTHAST TPOHHUILAEMOCTb, OMNpeje-
JeHHas mo rasy no ¢gopmyte (6.4) 3aBHCHT OT BEJIMUHHBI CpeIHEro
JaBJEHHSA Pnx:

k“p - knp - K3 pnn

rae k%®p, — NpOHHLAEMOCTh MNPH pn;—~00; K —yraosolt Kosbhdu-
UHEHT NpAMOH.

310 gBJeHHe MOJYUMJI0 Ha3BaHue 3ddeKTa NPOCKANb3LIBAHHA
rasza nau apdexra Knuugenbepra.

Beauunna k*,, npubauzkaeTcs K NPOHHIIAEMOCTH MODOAHI, Of-
PelesneHHOf 0 HecXKUMAaeMOH HHePTHOH KUIKOCTH.

® a30Bb e POHUIAEMOCTH ONpele]sIOT TPH HAJHUYHH B TO-
POBOM INpOCTpPaHCTBe mopoianl 6oJee ofHOH (uabTpylolleiics da-
3bl. B npHpOAHBEIX YCAOBHSIX MYCTOTH B MOpOJe MOTYT OGLITH 3amoJ-
HeHH BOJOMH, HedThlo U razoM. IlosToMy mnpoHMIAeMoCThb AJA
danpTpauun J1060# U3 3THX (a3 Oyler HHKe abCOJIOTHOH TpO-
HHI1aeMOCTH H 3aBHCeTb OT COOTHOLIeHHs ob6bema (a3 B mopoje H
X BsiskocTH. Bona wame Bcero fBAsieTCsl cMayMBalolllell MO OTHO-
HIEHNIO K nopoje ¢as3oil.

Hanpuwmep, ypaBHeHue (6.1) aJs ropHsoHTaJNbLHOTO ﬂBvxq)asﬂo~
TO MOTOKa HedTh— BOJA pacmalaeTcs Ha ABa YpaBHEHHS:

_ QH . 1 Apy . . Qs 1 Apg
UH—T—knp.HT" AL Y="F =kup x Te AL (6.5)

TAe Ropu H Rups— (DA30BBIe NMPOHHLAEMOCTH COOTBETCTBEHHO /A
HedTd H BOAB; Apy==Aps—mnepenaj AaBJeHUs TIPH YCTaHOBHUB-
weMcs TeYeHHUH; Uy M Us — JHHEHHble CKOPOCTH (buabTpauuu Hed-
“TH W BOIBI.

®azosble IPOHHLAEMOCTH B ypaBHeHH# (6.5) GyaAyT M3MeHATHCA
B 3aBHCHMOCTH OT 06BEMHOI0 COOTHOWIEHHSI (a3 B MOPOBOM MPOCT-
PaHCTBE.
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Al Puc. 24. K BuiBOLY Vpas-
nenusi Kosenn — Kapmana

© JALL }wk

[Tockonbky abconioTHass U (asoBag TNPOHHUEEMOCTH TOPHBIX
NopoJ M3MEHSITCs B IIHPOKHX Ipelenax, Oojee yroOHOH (opmoi
MX CONOCTABJICHHS ABJsETCS OTHOCHTeJbHas (pasoBasg OPOHH-
HaeMoCTb, NpeAcTaBasollas co6oil oTHoUIeHHe (a3oBol MPOoHHUILae-
MOCTH K aGCOJIIOTHOH, ONpeleJeHHON C y4eTOM SBJEHHs IPOCKalb-
3bIBaHHA rasa’

Eup. = knp. n/k;;; Enp. B knp. B/kE%; Tiznp. r= knp. r/kgop- (6~6)

OtHocutesbHasi (a3oBasi INPOHHIAeMOCTb — BeaHyuHa Gespas-
MepHas.

6.2. ABCOJIOTHAA NPOHUUAEMOCTD

6.2.1. TPOHULLAEMOCTb NOPOJ, C ME)K3EPHOBOH
NOPHCTOCTbIO (YPABHEHHE KO3EHH — KAPMAHA)

ITpeacTaBum cebe mOpHCTYI0 cpelly B BHIe UHUJAHHIDA CedeHHeM
® M AJuHO# AL, BHYTPH KOTODOI'O PAacCIOJIOKEH H3BUJAHCTHIHA IIH-
JUHAPHYECKHHA KaHaJ IJUHOH ALx cO cpefiHeCTaTHUECKHM CedeHH-
eM oy OTHOLUGHHE @y/w =1 TpeicTaBjser coboll cpeaHeCTaTHCTH-
YeCKylo NMPOCBETHOCTb MOPOAHl B JI060M ceyeHnu 06pasna, nepireH-
JHKYJASPHOM K CDEIHEMY HallpaBJeHHIO NOTOKa (pHc. 24).

JIuHeliHy10 CKOPOCTb HCTeUeHHs (JIONAA Yepe3 TaKOH KaHal Uy
MOXHO ollpefequTb 10 3akoHy [lyazeitns:

2
o= =& Spu (6.7)
g 32p ALk
rae Q — pacxox XHMAKOCTH; d — AuaMeTp KaHasla; p — BA3KOCTb
JKHAKOCTH.

Hcnonbsyem mnouarue O THAPaBIMYECKOM pajHyce KaHanaa npo-

u3BoabHOro ceueHust (bBaefix, 1921 r.):

) so

r Ve U/U __ ka g (6.8)

! Yacro aga 9Toil 1enM Ha MPaAKTHKE HCIOJb3YIOT NPOHHIAEMOCTh, ONpefeNeH~
HYI0 110 MHHEPaJH30BaHHOH BOAE.
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rie vy, U—00beMbl (QUIBTPYIOIIUX KAaHAJOB H obpasua; Sx— mo-
BEPXHOCTb (GHJABTPYOIUUX KaHAJOB; Kngx — KO3Gh(HUUEHT AHHAMH-
YeCKOH INOPHUCTOCTH; Sy — YA eJbHas NOBEPXHOCTh QUIAbTPYIOUIHX Ka-
HaJ0B.
B uyacTHOM cayyae KanuJjisipa KPYrJoro ceueHus
2

nf ALg d L2

d?=16r%,,, = 16

TP = "TdAL, T 1

noa

2 (6.9)
5 )
C yueroM H3J0KeHHOro, ypaBHeHHe (6.7) Ana JHHeHHOH CKOPOCTH
HCTeueHHs (GJIoHAa Yepe3 HHUJIHHADHYECKHE KaHaJ MOIKHO IIpej-
CTaBHTL:

167 Bpna K g 1 Apng

Y%= "Hp AL, — 9%, p BLg (6.10)

B To ke BpeMms nuHeliHyl0 CKOPOCTb (QHABTPALHH, IOJYUYEHHYIO My-
TEM OTHECEHHs! pacxoja (JIoHAa K ceueHHIO BCero obpasia, MOXK-
HO ompelesnuTh H3 ypaBHeHus [lapcu:

1 A
v¢=g=knp_ﬂﬂ__ (6.11)
® w AL
3aBHCHMOCTb MEXIY HCTHHHOH M (HUKTHBHOH CKOPOCTAMH
GHABTPALUH HAalJeM M3 COOTHOIUEHHS UyWx=Vg® HIH Up= Uy 0/ ®.
C zpyro#i cTopoHH,

wxAL
Fra =" o

rne Tr—ruapaBanyecKkas HSBHJNCTOCTb KaHaJOB; ) — NMPOCBET-
HOCTb IOPHCTOH CPEAbL.

Hs ABYX NOCJCJHHX DABEHCTB MOXKHO MOJYUUTDH

k
vcb=vu“T—‘rn- (6.12)
[ToncraBus (6.12) B ypaBHeHue (6.11), mosyuum:
v, =—tr p L APur (6.13)

knog T AL
IlpupaBuseM JeBble uacTu ypasueuuit (6.10) u (6.13):

kzn_u 1 Apnﬂ . Tl‘ 1 Apnn
2% @ ALg  Rn g P p AL

OTKyAa HaljgeM BbIpaxKEHHE AJ4 NMPOHHIAEMOCTH:

kan- A .
an =g (6.14)

1o ypasuenne Kosenn— Kapmana i MOAENH MOPUCTOH cpe-
Abl C KanuaJasipaMH KpyrJjoro ceuenus (mudpa «2» B 3HaMeHare-
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Jie — ko3 duuyeHT GopME cedeHus Kpyraoro xanuiiasapa). I1. Kap-
MaH Ha OCHOBe pemienuss ypaBHeHuii HaBbe — CTOKca Halues, yTo
JUIsL KPYTJIOTO, 3JJHITHYECKOTO, KBaipaTHOrO, TPEyroJbHOro, Ips-
MOYTOJBHOIO, ILEJeBOTO ¢ KOAKCHAJbHBIMH CTEHKaMH CeYeHHH Ka-
HaJOB BeJHuYMHA TOCTOSIHHOrO Ko3hduuueHTa u3MeHsieTcss oT 2
po 3. Cpexnnee 3Hauenue 2,5. O0o3nayuM 3T0T Ko3(hPUUMEHT de-
pe3 j. Torna ypapHenue (6.14) nJs KaHal0B JIOGOTO CeUeHHS IPHU-
MeT BIL ’
R p

DxcnepuMeHTanbias npoBepka ypaBHeHus Kosenn — Kapmana
Obljla MpOM3BeJeHAa MHOTHMMM aBTOpaMHM Ha CaMbIX pasHBIX MOJe-
J9X HEKOHCOJNHAHPOBAHHBIX NMOPHCTHX cpel. IlpoBepka mokasana,
YTO €CJIU YAeJbHYIO TOBEPXHOCTb (HU/IbTPALMU 3TUX MOJesell Bbl-
YHCJATH KaK CyMMY HOBepPXHOCTeH OTAeNbHHIX (paklufi 4acTHI H
pasMepbl YacTHL B KpafHUX (paKOUAX He OTIHYANOTCH OoJiee deM
B b pas, To ypapHeHHe (6.15) XOpouwIO ONHCHIBAET CBSI3b MEXAY
NPOHHIIAEMOCTBI0, NOPHCTOCTBIO M YAEJNLHOH MOBEPXHOCTBIO HEKOH-
COJIMANPOBAHHBIX HOPHCTHIX CPel.

YpaBuenue (6.15), kpoMe TOro, O0ObACHAET . CYLLECTBOBAHHE
LeJOH rpyNnbl NeTpopU3HUUECKHX CBA3EH JIs KOHCOJHAHPOBAHHBIX
nopoa ¢ HCHOJIb30BaHHeM KOd((dHIHeHTa NPOHHIAEMOCTH.

1. JJas clleMeHTHPOBAHHBIX JIMUTOJOTHYECKH ONHODOAHBLIX H OI-
HOBO3PAaCTHHIX NeCYaH0-ajieBPUTOBLIX CAa00TIHHHCTHIX MOPOJA, B KO-
TOPLIX KO03()GHHHEHTH NOPHCTOCTH U YA€MbHOH MOBEPXHOCTH MeHs-
I0TCA CpaBHHTEIbHO MaJjo (kyp~ const n sy=rconst), a BeauyuHa
OpOHHLaeMOCTH 00ycJOoBJEeHa MepeoTaokKeHHeM BTOPHUYHOTO LEeMeH-
THPYIOILErO MaTepHana, W3MEHAIOUUM H3BHJIHCTOCTh KaHaJOB,
ypaBHeHue (6.15) npuHEMaeT BUI

kyp & const/T?,.

3aBucumocTu Takoro ponaa mnoayueHsl O. A, UepHHKOBHIM H
A. H. Kypenkosbim (1962) nasi necuannkos: XVII ropusonra ¥YseH-
CKOro MmecTtopoxaeHus, miacrta C; MyxaHOBCKOrO MeCTOPOXKAEHHA
u naacra [, Tyfimasunckoro mectopoxienus [1] u M. M. Danau-
CKHM /s NecYaHbiX KOJJIEKTOpOB KaJjy:KCKoro moj3emMHOro xpa-
HHJMULA Ta3ad,

2. lns caaboynnoTHEHHBIX KApOOHATHHIX NIOPOJA € MEXKKpHCTal-
JMYCCKOH M MEXK3ePHOBOH IOPHCTOCTHIO yAeabHas NMOBEPXHOCTb U
H3BHJIHCTOCTb U3MEHAITCH B Y3KHX Ipefenax (Se~rconst), a H3-
BHJIHCTOCThL B pe3yJjbTaTe ¢a1aboro yIJIOTHEHHA HMeeT HeGOJbLIOE
3HauyeHHe, KOTOPOe TaK¥Ke MOXKHO IIPHHATH B NE€PBOM NPUOMHKEHHH
paBubiM T~ const.

Haun6oaee cuapiipiM ¢$akTopoM, BAHSIOLWHUM Ha HPOHHLAEMOCTb,
B 3T0M cJyudae OyJeT MOPHCTOCTb B TPeThell CTeNeHH:

kop = const B2 .
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Ha puc. 25 npusesneHa ata npubauxKeHHas 3aBHCHMOCTb.

3. Jlag nopHcTHX KapGOHATHBIX INOPOA COAEPIKAHHE OCTATOUHOMN:
BO1bl Rg.o B 30He NPeleJNbHOr0 HedTeHACHIUEHHA MOXKET GhiTh OIl-
peAe/eHo C NOMOIIBI0 BBEAEHHUS [OHATHA O CpelHell TOJIIHHE
NVIEHKH CBA3aHHOH BOABI H BOABI YIVIOB NOpP B FHAPOGHUALHBIX 110-
poAax Tep:

kB. o™ tcpsq/ku. 0r
OTKyZa
sch = k%, of’n. o/ TPeps
€CJIM clesaTbh AONYLIEHHE, 4TO Rin = kuo (1—Fks.o)!, TO DNOACTABUB
B (6.15) aBa mocjeAHHX paBeHCTBa, NOJYYHM

kn, oks, 0T2cp 1 i 3
Fup = —7T, )

ks, 0

Ilpn Rs.o—>1, kup—0— TOHKO3epHHCTHIE HH3KOMOPUCTHIE H Ma-
JONPOHUILAEMble M3BECTHAKH, a HPU Ry—0, kyp— 0o — BHICOKOIPO-
HHUllaeMble H3BECTHSKH C MOBBHILLIEHHON MOPUCTOCTHIO.

[Tockoapky 1451 kapGoOHATHBIX TOPOL B HEPBOM NPUOJIUMKEHHH
MOXKHO MHPHHATb Rnokso=const u (tep/lr)2=~const, npeasigyinee:
PaBEHCTBO MOJKHO 3alHCATb TakK:

— 1)3.

Ha puc. 26 npuBeleHB 3aBHCHMOCTH, VAOBJETBOPSAIOLIHE MOJY-
UYEHHOMY yDaBHEHHUIO.
4. VI3 ypasuenus (6.15) HaligeMm:
kaﬂ. b

T2 kny

kyp & const (

\kB,O

2
S(b——

ITO — BO3MOKHOe ypaBHEHHe AJs ONpeiedeHusi yAeAbHON MOBCPX-
HOCTH (HJABTPaLUH.
B 1BoiiHovm JorapudMuyeckoM Maciutabe ypaBHeHHe

kSH. a

1
lgsy =518 ( T ko )

npeicTas/ager coboll mpsiMyio ¢ yriaoBbiM KosdpduuuenTom tg a=2.
IlpoBepka 3TOTO BHIpaKeHHs BHINOJHEHAa MHOTHMH HCCJAENOBATLNS-
mu. OHO JaeT BO3MOXKHOCTb BBIATH Ha onpeleseHue (UIbTPALHOH-
HOH HeOJHOPOAHOCTH MOPOA MO JAHHBIM reopH3UUECKUX HCCJ/IeAOBA-
HHH CKBaXkKuH.

! B aToM cayyae Mbl IpeHeGperyid BJIHSIHHEM OCTaTOuUHOK HedTH (CM. ypaBHe-
nie (3.6)).
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/(np;w"MKMZ Puc. 25, TlpuGamxeHHble CBA3H
00 MexAy KoaddHU¥eHTaMH NpPOHHU-
¥ LLaeMOCTH Kgp M HOPHCTOCTH Ko
JJIsl H3BECTHSKOB!

1 — ¥3BecTHAK OOJHTOBLIH, CMakosep,
/ MarHoausi; 2 — H3BeCTHAK KPHCTaJH-
YecKHff CO BTOPHAHOH IOPHCTOCThIO,
Cen-AHApeac, BecceH; 3 — JeBOHCKHH
MeJOBHAHBIH H3BecTHSAK, Kpocer, Te-
Xac; 3alUTPHXOBaHb! 06JaCTH BO3MOXK-
Horo paa6poca Touek (1]

Puc. 26. 3asucuMoctb Ko3hbH-
L[UEHTa Ta30NPOHHIAEMOCTH KRnp
oT KosduiHeHTa OCTATOYHOrO
BOJOHACHILEHNsT Kpo HAJAS pas-
JUYHBIX IO TpPOHCXOXKACHHIO H
CTPyKType KapOOHATHHIX TIOPOX
(no B. Y. Tyan6oBuuy).

Ussectusku: [ — 6uomopdune, II —
CrycTKOBhHie H KoMkoBaTtole, III — nme-
6pHUTOBbIE, 1J1aMO-AeOpHTOBbIE

1000 _—‘\,
[

160 L ' )

e 3 f\\ :

T
[ ]

40 80 4g 80 7 B0 kg 0, %
-6.2.2. TPOHUILAEMOCTb TPELLIHHOBATbBIX MOPOJ

Pacxon xkuakoctn Q yepe3 IPSMOYTOJBHYIO LUEJb C PACKPBITH-
eM (BbICOTOH) b M IIMPHHOH @ MOXHO YCTAaHOBHTbL M3 H3BECTHOTO
ypaBueHus Byccuncka (B opurunase Bce pasmeproctd B CI'C):

— ba Apan
120 AL (6.16)
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OTKyJa MOXHO HaHTH JIHHEHHYI0 CKOPOCTb HCTEUEHHSI KHAKOCTH U,
OTHeCsl PACXOA K NJIOAJH TPeLIHHbl @r=ab:

v,=% = 0 APu (6.17)

Ecan, Kak B nopucroii cpefe, pacxoJ OTHeCTH He K INVIOLIAdH
TPELHHH, a KO Beell Muoilafn GHALTPYIOMEH Cpelsl », TO COrJjiac-
HO ypaBHeHHO Japcu

_Q_, 17Apua
Vp=" kup AL (6.18)

Memny Uy H Uy UMEET MECTO COOTHOLIECHUE

V0, = Uy 0; Uy =0, —=
H-T [i ek [i1] H © .

OrHolleHHe ®r/@ €CcTb NPOCBETHOCTb TPEILIHHHOH Cpejfbl B Ha-
npasJeHud ¢GuabTpauuy. Ecau TpelluHBl B NOPOAe pacno/araioTcs
B ORHOM HampaBJeHHH, TO IPOCBETHOCTbL paBHa Ko3PhHUUEHTY
TPELINHOBATOCTH B HaIpaBleHHH (QUABTPALHH k:= w+/o.

IIpn paBHOMEpHO# cHCTeMe TPEIlHH B TpeX B3aUMHO IepHeHH-
KyJPHBIX HaNpPaBJEHHAX NPOCBETHOCTb CpeAbl B HAIpaBJeHUH
GUIbTPaUHN paBHA 0:/w=2[3 k.. [1st aTOTO Cayuas

-~

u ypapHeHue (6.17) mpumer Buj
2k b2 Apna

U, =
®T s T on AL

(6.19)

IMpupaBuuBas seBble wacTH ypaBHeHu#t (6.18) u (6.19) u pas-
peliast 3T0 PaBeHCTBO OTHOCHTEIBIO Rqp, NMOJYYUM AJds paBHOMeD-
HOH CHCTeMBI TPELIMH B TpeX B3aHMHO MNePNeHIHKY/SPHHIX Ha-
NP aBJIeHUSIX:

ko = 1—‘8 bk, (6.20)

W ans aByx cucTeM B3aHMHO MepPNeHAMKYJSPHBLIX TPeLIHH, napad-
JIeJIbHHX HampaBJeHHIO (PUIbTPaLMH

1
kyp=—1"1% 21
== Ve, (6.21)

rae kop BcM? U b B cM; Ry —B J0JAX €IHHUILEL

Ha npaxrtuke npoHuunaemocth 0OBIYHO uaMepsioT B gapcu (L)
uau B MkMm2, HsBectHo coorHomenue: 1 J=1,02 wmxm2=1,02.
<1012 2=1,02.1078 ¢m? u | MEM=10"* cMm.
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C yyeToM NOCJEIHHX paBeHCTB ypaBHeHue (6.20) masa cucrteMh
TPELHH B TPeX B3aUMHO MNEPUEHAMKYJADHBIX HalpaBJeHHAX IpH-
MeT BHJ

10-8p2
=-——k.=5,6.-10"2% 6.22
TN v (6-22)
H JJs CHCTEMBl TPEIIHH OJHOro WJIH ABYX IapaJJiebHbIX Hanpas-
JIeHUH
10-8p2
=-——F =83.10"%%,, 6.23
4P 12108 T (6:23)
riae ko B MKM?2 M b B MKM; R: B 101X e IHHHILHL.

KoaddhunueHT TPEIHHOBATOCTH Br MOXKHO TaKKe NPEACTaBHTb B
BHJIe NPOH3BENEHHsT OOBEMHOM MJIOTHOCTH TpemuH [p=S/V (S —
N0 aAb TMOJOBHHB MOBEPXHOCTH CTEHOK, MKM?, V — 06beM mopo-
IBl, MKM3) Ha packpbiTHE TPELlHH 8, MKM:

by =Tp. (6.24)

Torna, Hanpumep, A5 cayuas CUCTEMBl TPEUIHH TpeX HamnpaBJeHHD
ypaBHeHHe (6.22) mpumeTr BH[

bp = 5,6.10726°T'sp. (6.25)

Ilpu ompeneneHUM TPEUIHHOBATOCTH HOPOL B KPYNHBIX MJIOCKO-
napanieaphbx waundax (E. C. Pomm, JI. I1. 'mun) sto ypaBHeHnue
MOKHO HCIOJb30BAaTh [Js NPHOIHAEHHOH OHEHKH NPOHHIAeMOCTH.
Bce BeanunHbl, BXOASLINE B ypaBHeHHe, MOXKHO ONpPeAeJHTb BH3Y-

aJIbHO.
Ecau NPpHUHATDL, UYTO Haubosee yacTo BCTpeuawlnasacsa BeJHUNHaA

PacKpHITOCTH MHKPOTpeIHnH B IAH(ax YNJIOTHeHHBIX KapG6oHAT-
HBEIX TNOPOJ cocTaBisieT b=z 15 MKM, TO MOJYYUTCA NPHOJIUKEHHAR
CBSI3b NPOHHMIAEMOCTH MHKPOTPEUIMHOBATHIX NMOPOA ¢ Ko3apdnuuen-
TOM TPEUINHOBATOCTH:

Eup = 5,6-1072.255k, = 12,6k,

Kosthduunent TpeuinHoBaTOCTH KapOOHATHHIX MOPOJ NPH Ompe-
JeJleHHAX Ha KepHaX IOPOA PeiKo NpeBHINaer BeauunHy k.=0,3%
(/1. TI. T'mux). dro o3HauaeT, 4TO NPOHHIIAEMOCTb MUKPOTpEIIH-
HOBATEIX DPa3HOCTell He M0JKHA OHTb Bbllle

fap=12,6.3.1073 & 38.1073 mKM2,

KosbhgunuedT TpEIIHHOBATOCTH, YCTAHOBJAEHHE N0 AJKMHE MHK-
pOTpellluH B uLIH(e, XapaxkTepusyeT He BCIO MNOJE3HYI0 €MKOCTh,
BKJIOYAIOIIYI0O KaBEePHBI, paCIIHDEHHs,, OTAeJbHble IOPH, a JHUIb
o6beM MHKpOTpelinH B uiinge. OIHaKO BenuuyuHa Rr ompenenser
(UIbTPAUMOHHBIE CBOMCTBA MHKPOTPEUINHOBATLIX IOPOA. YMEHb-
leHue Kos(pHUIHeHTa TPEIHHOBATOCTH A0 3HaueHHs R.<1,0.10-*

98



{0,01%) cHH)KaeT MPOHHIAEMOCTb MOPOALI [0 BeIHYHHBI Rpp<l1X
X 10—8 mgm2. Taxas mopoja yKe nepecTaer GHITb KOJJIEKTOPOM.

Ecan mpeacraBuTh cefe TPEIIUHHYIO CpPeAy B BHIAE CHCTEMH
GeCKOHEUHBIX NPAMBIX TPEUHH TPeX B3aHMHO NepINeHAHKYJISPHBIX
HanpaBJeHHH, ¢ pacKpbiTHeM b M paccTOsSiHHEM MeXAY TPelHHHAMH &,
TO AJAs eRHHHYHOro OJoka! HalineMm k.=3ba?/a®=3b/a. OTkyna
pasmep eLHHUYHOrO 6JoKa a=3 b/k..

Ecan npuHsTL 32 packphiTHE TpEIIMH CPEAHIOI BeJHUHHY b=
=15-10"% M, MOXHO HalfTH pacCTOSHUE MEXJy TpelLlHHAMH B Ta-
goit mopoge: mnpH kr,=0,3-10-2 a=3-15.10-%/(0,3-10-2) =1,5X
X102 M; npn k,=0,01.10-2 a=3.15-10-¢/(0,01.10-2) =0,45 M.
Hpyrumu caosamu, npu R:=0,3% paccTosHHe MeXAy TpPEIIHHAMH
coCTaBJseT 0KO0JIO | ¢M M MOXKHO ellle Hab6aOAaTh 3Ty TPeUIHHOBA-
TOCTb Ha OOJbLIMX KepHAax WX B wWaHdax pa3mepoMm okoso 10 c¢m.

OueBufHO, uTO NpH GoJee BEICOKOH DaBHOMEDHOH TpelHHOBa-
TOCTH uan npu GoJblieM PacKPHITHH TpEILIMH IOpPOJZA, CKOpee BCe-
TO, He COXDAHHT CBOIO CIIOIIHOCTH — KePH paspyLIUTCS NPH €ro
or6ope. Tlo kpaiiHeli Mepe, BepoaTHOCTb oTO0opa KepHa ¢ Gosee
BLHICOKOH DABHOMEPHOH TPELIHHOBATOCTBIO CHUKaercs. KepH us
BBICOKOTMPOAYKTHBHBIX II1ACTOB, NMPOHHIAEMOCTh KOTOPHIX obecre-
4yuBaeTcsi GoJiee BLICOKOH PACKPBITOCTHIO TPEILIHH, TaKxKe, KaK lpa-
BMJIO, He BBIHOCHTCS HJIH BEIHOCHTCS NPaKTHYeCKH HETpOHHIlaeMas
MaTpuLa.

Msyuenne no xepHam uau miaxdaM nopoj ¢ paBHOMEPHOH OT-
KPBITO/l TPEUIHHOBATOCTBIO H C HH3KUM KO3 (uuueHrom £.:<0,01%,
f10-BHANMOMY, TaKXe 3aTPyAHEHO, TaK KakK [Js 3TOro IMOoHano6u-
Joch Obl ¥MeTb 00paslbl HepeasbHO GOJbUINX Pa3MepoB. DTH IPH-
MepBl MOKa3blBAlOT, YTO B CBSI3H C HEJOCTATOYHOH NpPeACTaBHTEJb-
HOCTBIO OT/JE/BHO B3ATHIX KEDHOB TPELIVHOBATHX MNOPOM, AJS AO-
CTOBEPHOTrO H3yUeHHS HX NPOHHHAEMOCTH B IIMPOKOM JHalla3oHe
H3MCHEHUSA TPEHIHHOBATOCTH HeO6XOﬂﬂ/IMO HCITIOJIB30BATh KOJJEKHHH
KepHOB IIDH YCJOBHH €ro CIUIOUIHOTO 0T6opa B Ga30BLIX CKBAXKHHAX
HJIU NDHUMEHATbH ApynHe MeTOABI, o6ecneqnsaroume HCCJea0BaHuA
GonbluHX 00BEMOB IOPOJ, HANPHMEp, THAPOAHHAMHYECKHE H reo-
¢usnueckue.

6.2.3. 3BABHCUMOCTb NPOHHHAEMOCTH NOPOJ
OT I'lNYBHUHbI 3AJErAHHUA

Ilpu nmorpyskeHHud 0CaJOUHBIX MOPOJ Ha IIyOHHY MPOUCXOAUT HX
VIJIOTHEHHEe B TeyeHHe reOJOCHYECKOrO BpEMEHM H YMeHbLIAercs
IIPOHHLAEMOCTb. [IOMHMO PODHOrO W ILTACTOBOrO JaBJIeHHH, TeM-
nepaTyphl U TeoJIONMUecKOr0 BPEeMEHH Ha BEJHUMHY ITPOHHILAEMOC-
TH BJHSIIOT W ADPYCHe MpPOLECCH, HampHMep, MepeHoC MHHepaJbHBIX
BellecTB (UILTPYIOUIUMHCH IJACTOBLHIMH BojaMH. llpoiecc msme-

! Baiok, KOTOpHIil HMeeT N0 oJHOH TpelluHe KaX/A0r0 HANpPaBJCHHS.

7 99



Tab6anuna 5 Hamenenus Ko3apdHUMEHTOB NOPUCTOCTH M NPOHULAEMOCTH
1IECYaHUKOB C I'PaHyJdAPHOIl NOPHCTOCTBIO C rAyOHHOM 3ajeraHus
(CeBepo-Boctoynoe IIpeaxaBkasbe)

FayGuna, m kp.cp MO KEpHY Bppe MEM?
0 0,33 1—10
1000 0,26 10-1—1
2000 0,165 10-2—10-!
4000 0,07 10—2—10-2
6000 — 10—4—10-3

HeHUsl TPOHHLAeMOCTH O4eHb cJioxeH. IlosTroMy TeopeTuueckue
pacueThl, TpHBeieHHBIE HUXKE, HYXKHO paccMaTpUBaTb KaK BecbMa
NpUGIHKEHHYIO OLEHKY, NO3BOJSAIOULYI0 [OJYUHTh CBeAEHHS O TeH-
JeHIHAX B H3MeHeHUU npoHunaeMoct [15].

Heo6patuMas medopmanus ocajouyHbIX HOpOJ B pas3pe3ax B Te-
YeHHe T'e0JIOTHYECKOr0 BPeMEHH IPOMCXOAMT 10 3aKOoHaM, 6Jus-
KHM K 3aKOHaM VIUIOTHEHHs PHIXJbIX HeCLleMEHTHPOBAHHBIX IPYH-
ToB. OHH MOryT OBITh KOJHUECTBEHHO OXapaKTepH30BaHbl Ko3f)-
¢UIIIEHTOM Heo6paTHMOro YIJIOTHEHHS Nopox P, T).

B pa6Gote [15] mpuBemeHa cJaeaywolllas 3aBHCHMOCTb MEXAY
H3MeHeHHeM KO3(D(hHUMEeHTA MNOPHUCTOCTH NECYAHO-TJIUHHUCTHX NOPOXR
¢ r1yOMHON ¥ H3MEHEHUCM NPOHHIlAaeMOCTH:

k(np) h/k(np) h=0 = (k(u. 0) h/k(n.o) h=0)" (6-25")

IloacraBus B (6.25’) 3HaueHHE MOPHCTOCTH M3 ypaBHenusa (3.18),
HOJNyUHM:

k ~p B f exp [—Balt, T) g (On. cp—0s. cp)h] }4_
= O ) 5o L1—exp (—Ba (6, T) & (m.op—Bs.on) )]
(6.26)

DT0 ypaBHeHHe NOKa3blBaer, 4YTO KO3(DGhHIHEHT IPOHHHAEMOCTH
yMeHbllaeTcss ¢ IMy6HHON 3HAUHTENLHO OBlcTpee, ueM KO3M@HIHEHT
NOpPUCTOCTU. B Tabs. 5 npHBefeHH pesyJbTaThl OHpelesleHus: H3Me-
HeHHil NPOHHUIIaeMOCTH C rJyOuHO# A5 mecuaHnkoB CeBepo-Boc-
TouHoro IlpeakaBkasbsi. IIpH aTOM HCnOAB30BaHO cpejHee 3Haue-
Hue Ko3d(hpHUIHeHTa Heo6PaTHMOro YIJIOTHEHHS, ONpeAe/eHHOe AJs
3THX XK€ TMOopoA N0 JaHHHM KepHa (puc. 5): Bx(f, T)=34X
X 10—% MITa-1,

[Ipencrasienve o BAMSAHUM HM3MeHeHHss TeMmepaTypH Ha TIpo-
HUIIAEMOCTb TEPPHIeHHLIX NMOPOA MOXKHO IOJYyYHThb Ha OCHOBAHHH
H3YUEeHUS] CBOMCTB UMCTHIX KBapleBHIX TlecyaHukoB. [Ha puc. 27
NnpHUBeZeHbl NMPOTHO3HblE KPUBBHIE H3MEHeHHs KO3(p{pHULHeHTa IPOHU-
HaeMOCTH YHCTBHIX KBaplEBLIX IECUYAaHHKOB B 3aBHCHMOCTH OT IV1yOH-
HBl HX NOTPyKeHus1 Ah Anst pallOHOB ¢ BLICOKMM M HH3KHM reoTep-

100



o ) 7 .- é N
/{HB)’ ,‘]ﬂ JMKMz
1007 1000

T TTTTT

100

T

100

0 7

i

TTTTTY

L
2000 4000 g 2000 4000 Ah,m

Puc. 27. HeoOpaTuMoe yMeHbIlIeHHE MAKCHMaJbHOrO KO3(pbHUHEHTA NpPOHHLLAEMO-
CTH Ryp KBapleBHIX NECYaHUKOB B 3aBUCHMOCTH OT TJYOHHH NOrPYXKeHus h (Teo-
peTHuecKas OLeHKa):

@ — pas paiioHOB ¢ reoTepMuueckuM rpaauenrom I'=3°C/100 M; 6 — 1o xe, I'=1,43°C/100 m.
Kos¢duuuent NOPHCTOCTH X KOJJeKTOpa 10 norpymenHsa, %: I —40; 2——3 §—20

MuueckuMu rpaguedtamu, Kosdduunentsl Heo6paTHMOrO yIJIOTHe-
HusA, HeoOXoAMMBIE [Jsi pacueTa no ypaBHeHHIO (6.26), BLIGpaHH
no rpaduky Ha puc. 10. Kak Buano u3 puc. 27, sHaueHue K(npa
KBapueBHX NeCUaHHKOB B TepMHYeCKH AaKTHBHOM pafioHe (['=
=3°C/100 M) cHHXKaeTcsl BeCbMa HMHTEHCHBHO. B Halulem npumepe
npu Ah=6000 M K03p(PHUUEHT NMPOHHLAEMOCTH YHCTHIX KBapIEBHIX
KOJIJIEKTOPOB yMeHblllaeTcs §oJiee ueM Ha TPH NOPSAKA CBOell nep-
BOHAYaJbHOH BeJIHYHHBI.

BeposiTHO, Tak Xe KakK H KO3()(HIHEeHT MOpPUCTOCTH, abcoJioT-
Has BeJUYMHA KO3(p(HUINEeHTa NPOHHILAEMOCTH TEpPPHIeHHBIX KOJ-
JIEKTOPOB J10 HX NOTPYKEeHHd B 30He MHTEHCHBHOIO OCaAKOHAKOILJIe-
HHUS JOJI2KHA OTpaxKaTb U BO3PACT TMOPOL.

Taxum 06pasom, mepBHYHBIE MOPHCTOCTh M NPOHIIAEMOCTh Nec-
YaHO-TJIMHHUCTHIX ¥ KapOOHATHHIX NMOPOJ AOBOJBHO PE3KO YMeHblla-
I0TCSl Ha OoJbliHX ray0uHax. V3yyeHne rJjaBHBIX NPHYHH, NPHBO-
JSIIUX K CHUXKEHHIO KOJJEKTOPCKHX CBOMCTB, BBHIIOJHEHHOE € IpH-
BJleUeHHeM pe3yJabTaTOB HCCIEAOBAHUSI KePHOB M3 pasJiuHBIX reo-
JOTHUGCKHUX NPOBHHUHMH, CBHAETEJbCTBYET, UTO BeIMUIIHHl MAaKCH-
MaJIbHOH MePBHYHOIT HOPHCTOCTH M HNPOHHIIA€MOCTH 3aBHCAT OT BO3-
pacrta, rayOuHbl 3ajeraHus KOJJEKTOPOB H re0TepMHYECKHX yCJ0-
BUIi palioHa.

Ha 6oapinx riayO6uHax yBeJMUHUBAETCHA MNEPCHEKTHBHOCTb KOJ-
JIEKTOPOB ¢ BTOPHYHOH, TPELIHHHOH H TPEUIMHHO-KaBEPHO3HOH IO-
pucroctblo. Bropuunas nopucrocTh, 06pa3oBaHHasi B YIJOTHEHHBIX
OCaJloUHBIX NTOPOAAX Ha 6GOJbUIHX TMIyOHHaX B pe3y/bTaTe TEKTOHH-
YeCKHX H SMHIeHeTHYeCKHX TPOILECCOB, MOXKeT 00€CHeUHTh KOJJIeK-
TOPCKHe CBOHCTBA NOPOL. ‘
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6.24. UYBMEHEHHUE NPOHHUAEMOCTH NPH BLIHOCE KEPHOB
HA TMOBEPXHOCTb

[lpu BHIHOCE KePHOB TOPHBIX MOPOJ H3 CKBAXKHHH Ha IOBEpX-
HOCTbH yMeHblIawTCs 3pPeKTHBHOe HANpAXKEHHe H IJacTOBOe JaB-
JieHHe, TNOHHXKAaeTCs TeMIepatypa. TO BeleT K PacUIMPeHHI0 Iopo-
A H YBeJHYeHHIO ee KO3(QHUHEHTa NPOHHLAEMOCTH B Pe3yJbTare
yrnpyrux (o6paTuMbix) dedopmaunui. dtu AedopMalHU MOAEIHDY-
10TCs B 1a60PATOPHEIX YCAOBHSX.

ITo aHanorun ¢ u3MeHeHHeM KOo3(ppUnHEeHTAa HOPHUCTOCTH HOPO-
bl H3MeHeHHe KO3pdUIUueHTa NPOHHLAEMOCTH ONHCHIBAeTCH ypaB-
Henyiem [15]

kap (P, Pras T) ~ kap (P — Poa)
- [ knp (0) ]pnn, TX

kenp (0)
kap (Pna) kap (T) _
Xl: kap (0) ]p—pnﬂ' T[ kap (0) ]p, Pan K1K2K3, (627)

rie knp(0) —x03pdULHEHT NPOHHIAEMOCTH B aTMOC(EpPHHEIX ycJo-
BHUSIX; OCTalbHble 0603HAYeHus Te XKe, uT0 B (3.23).

OcHoBHOe BaANHSIHHE Ha NMPOHHIIAEMOCTb OKa3blBaeT 3ddexTuBHOE
HaNpsiKeHHe pP—pPua, T03TOMY K; MOXKET H3MEHATbCA CYILUECTBEH-
Ho. CpeaHee 3HavyeHwe K| O/ II€CYaHBIX IIOPOJ MOXHO OLCHHTb
Teoperuyecku [15]:

9 (3+a)
K‘= knp (p— Pn.—:) :[kn (p—Pnn) :I (2+(Z) s (628)
kap (0) ka (0)

TAe o — NMoKasaTeldb CTPYKTYphl (CLEMEHTHPOBAHHOCTH) HOPOBOIO
npoctpaHctBa. 113 skcnepuveHTa u3BecTHo: —1,8<Ta=C—I.

Ecau npuHSTbL cpefHHMe 3HAUYEHHs AMsi MeCYaHbIX KOJJIEKTOPOB,
3aJeralilux Ha raybunax go 2000—3000 m sHauenus kno=209% u
ku(pse) =20—0,7=19,3% (cm. pasn. 3) u a=—1,5, To, nmoacraBus
3TH 3HaueHHsa B (6.28), Haiigem cpenHee 3HayeHue K;=0,81.

DxcHepHMeHTaAbHAasl NPOBEPKA, BEIIOJHEeHHAad Ha GoJabLIONH KOJ-
JIeKIMH TeCYaHHKOB H aJeBPOJHTOB H3 CAMBIX pa3HOOGpa3HHX Hed-
THbEX pafionoB CoBerckoro Colosa, NOATBEPAHJIA TO TEOpeTHUEC-
KO€e NpeANoJoKeHne.

3MIHPHUECKOe YpaBHEHIe HMEeT BUA:

Rup (P — Pra) = 0,818y ) & 0,8k5p () (6.29)

Koa(pduuuent koppeasinuu pasel 0,98. OnHako BO3MOKHBIE Iy6H-
HbI 3aJleTaHHs KOJJIEKTOPOB 3HAUHTEAbHO OTKJOHSIOTCS OT NPHHA-
TBIX CPeNHHX 3HaueHH#. VI3aMeHsATCA TemsnoBbe YCJIOBUS 3aJjera-
Husl mopoA. D10 TpebyeT BBedeHUdA APYrux mompaBok (Ki-Ks). DtH
JaHHBle NpuBeleHbl B paGore [15].

Ha puc. 28 npencrasneHbl 0606IeHHbIE 3aBHCHMOCTH MOJHEIX
o0paTHMBIX H3MeHeHHH NPOHHIAeMOCTH NEeCYaHO-TIHHHUCTHIX IOPOA
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him

Puc. 28. Tlanetka AnA oueHku ynpyrux (o6paTuMbix) wuaMmedeHuit Kosboduuuenrta
NPOHHLAEMOCTH Rnp(p, Paus, T) NecuaHO-rAMHHCTHIX NMOpOA. IIndp KPHBHX Nrn

C TpaHy/JADHOH MOPHCTOCTBIO NPH H3MEHEHHH BCeX YCJOBHH ecTe-
CTBEHHOTO 3aJIeraHHsl MOPoL.

Y3 puc. 28 BuaHO, uto HauboOJblIHe N3MEHEHHS NPOHULAEMOCTH
NPOHCXOLAT € TJIOXO OTCOPTUPOBAHHBIMH, TVIMHHUCTHIMI, KaK IpPaBH-
Jo, c1aboNpOHHIIaeMbIMH IOPOAAMH.

B unucTo TpeWMHHOM H TPELUMHHO-KAaBEPHO3HOM KOJIIEKTOpe
TPEeUWIMHB COCAHHAI0T c000f mOpH M BTOpHuHblEe nycToTH. Cieno-
BaTeJbHO, Ae(opMalHs 3TUX KOJNEKTOPOB MOA BAHSHHEM AaBJEHHA
OyzZeT onpelensiTbCsd CKHMAEMOCTHIO TPEIlHH.

Ecan B ypaBHeHnu (6.25) npeHeGpeur H3MeHeHHEM OOGBEMHOM
IVIOTHOCTH TpewyH Ty, TO MOXKHO MOJYYHTh:

dkn db dv
— 3 — =3 =—3pd(p— Pu)

knp b Ve
I/IHTeI‘pI/IpOBaHHe [nocJjaeaHero paBeHCTBa INO3BOJAAET MOJYUMTD:
b ( ) (P—Paa)e
np \P — Paa
— T ~exp| —3 f d(p— . 6.30)
fmp (7 — Pl p B:d(p — Pa.) (

(P~ rna)

B pa6ore [15] npuBesena TeopeTHueckas 3aBHCHMOCTb K03(d-
¢GuuMeHTa CXHMaeMOCTH 3JeMeHTapHO# TpeuwwHsl Br B MIIa™! or
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9(h(HEeKTHBHOTO HampsiKeHHst NPH ee ynpyroit (oOpatumoit) pedop-
MalHu:

ﬁ 135-10-2
T (p — Pun) )

3To ypaBHeHHe MOJy4YeHO H3 TNPEANOJIONKEeHHS, UYTO IPH YIOpy-
roM J1edOPMUPOBAHHN MHKDPOTDELIHHBl MaKCHMaJbible HAaNPSAXKEHUA
He [JOJIXKHBI NMpeBHIIATbh Npefesbl NPOYHOCTH KPHCTAJMJIOB MHHepa-
JIOB, CJaramowux nopoxay. Hpyrumu cjaoBaMH, YypaBHeHHe Olpene-
JsieT BepXHHH npefes YIPYTHX Aedopmaluil MHKDOTPEILHH.

[oncranoska (6.31) B (6.30) u mocaeaywoluee MHTErPHPOBaHHE
[103BOJIAIOT IOJAYYHTh:

kap (P — Pan) < [ (p — Pun)1 ]0’405, (632)
knp (p — Pua)s (P — Pun)

rae (p—pua)1 — dpdexkTHBHOE HanpsiKeHHe B 3axKHMe, IPH KOTO-
pom ofpasel u3yuaercsi B aTMOCHEPHBIX YCJAOBHUSAX; (P—pPaa) — TO
2Ke Ha IviyOHHe 3ajeranusl HOPOALL

CorjsacHo ypaBHeHuio (6.32), Ko3b¢UUHEHT NPOHHILAEMOCTH
TPELIHHOBATONH HJIH TPeWlHHOBATO-KaBepHO3HOH KapOGoHaTHOH mo-
poasl kup(p—pra)i1, ONpeneeHHbl!l B J1a6opaTOPUH B 3aXKUMe HaT-
poHa TNpH HaBA€HUH (P—pPua) =2 Mlla, mpu (p—Ppua) =40 Mlla
(H~3000 M) 6ynetr paBeH Rup(p—pua)=0,3 Eup(p—pPux)1. Dpy-
MMH CJIOBAMH, NPOHHIAEMOCTb TPELIMHOBATHIX NOPOA BechbMa Cy-
LIECTBEHHO 3aBHCHT OT 3(¢eKTHBHOro Hanps:xeHHs. Kpome Toro,
NPH H3MEHEHHH JaBJEHHs NIPH BHIHOCE KEPHOB MJH B Ipollecce
pa3paboTku 3anexell HepTH M rasa B TPEUHHOBATLIX NMOPOAAX MO-
ryT HabJaw0aaThCsi HeoOpaTHMBle AedopMallnd, CBA3aHHBE C paspy-
LIeHHeM NOopojbl. JTo HeoOXOAHMO TakKXkKe YUYMTHIBATb NPH H3yde-
HHH 3THX NOPOJ.

(6.31)

6.2.5. KIIACCUPUKALU WS OCALOUYHDBIX MOPOL
Nno NPOHULUAEMOCTH

B mnpakrtuueckoii He(TErasoBoil reosorud U reodusnke oOBIYHO
pasinyaloT NpoHULaeMble HOPOAB (OJaCTBH), KOTOpHE
NpU JAHHOH BeauuynHe THAPONPOBOAHOCTH maacTa (kaph/m) obecme-
YMBAIOT NPOMBLILITEHHBE NPHUTOKH HedTH, Trasa HJIM BOJH, H He-
IPOHUIlAeEMBle— U3 KOTODHIX OOBIYHBEIMH METOJaMM OCBOEHHS
CKBa:KHH HeJb3s NMOJIYUUTh NPOMBILIJIEHHOrO NMpHTOKAa. Mexay 3TH-
MH JBYMS TPYNNaMH HaxoAATCS HOPOJH, NPOHHIAEMOCTb KOTODHIX
JIMILb TPH OTpeLeeHHBX YCAOBHAX HACHILEHHA IJACTa H KOHKPET-
HOH BSIBKOCTH ()JIIOMJAa MOXKET 00eCHeYHTb HHKHH{i YPOBeHb HpO-
MBllIIeHHOro mpuToKa. [lo aTuM mopojam B KaXKAOM KOHKPETHOM
cjydae OMNpeAessioT CBOIO TaK Ha3hiBAeMYIO TDaHHIly KOJJIEKTOp —
HEKOJIJIEKTOp.
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Stu onpefenenus nossoauan B. H. Ko6panosoii [1] npeamo-
XHUTb NPOCTYIO CHCTEMY KJaacCH(MKALHH TOpOJ Mo NPOHHIAaeMoc-
TH, MOJPA3JeIUB UX HA NPOHHLAEMEIe, IOJYIPOHHLAeMble H IpakK-
THYECKH HeNpOHHLlaeMble.

K nponnaumaembom (knp>>10-2 mMrm?) orHOocatcs rpyGoobao-
MOUHLle OCaJ0YHEe MOPOAHb (rajJeyHHKH, TPaBHil), CLleMeHTHPOBAH-
Hble ¥ OTCOPTHPOBAHHbIE MECYaHO-ATEBPHTO-TJIHHUCThIE IOPOJHI, TPe-
IIMHOBAaTble ¥ KaBepHO3HO-TPEIIHHHbIE H3BECTKOBO-MarHesHaJbHEBIE
NOPOALI, TPEIIHHOBaTHe MeTaMOpP(HYECKHe U MarMaTHUeCKHE IOo-
POABL.

Kos¢pduuuerT nopuctocTH HMOpOA € TPaHyJASPHBIM THIOM MHOD
BeaUK H coctaBaseT 20—40% or o6bema mopoabl. B cHcreme mop
WJH TpelluH HMeeTcs HeboJbluoe YHCJIO CBePXKaNWIfPHBEIX, KPYyII-
HOKaNMJJISPHBIX U KalHWJJISIPHEIX KaHAJO0B.

K nmnoanynponunmaeMom (107%<k;p<<10-%2 MKM?) OTHOCHAT-
csl MeHee OTCOPTHPOBAHHLIE [IMHHCTHIE NECKH, HEKOTOPhIE Pa3HOCTH
aJIeBPOJIATOB H MEeCYaHHKOB NOPHUCTOCTbI0 MeHee 10—159%, a Tak-
’Ke KapOoHaTHBle NOPOABI, BKJAKOUAsh MHKPOTPENMHOBATHlE H3BECT-
HSIKH M J0JOMHTH. [lopoBoe mpocTpaHCTBO 3THX NOPOA B 3HAYH-
TeJ1bHOM 00beMe NpelcTaBleHO CyOKamu/AspHBIMH KaHalaMH, 3a-
HOJIHEHHEIMH CBsi3aHHOl BOAOI.

K mpakTuyeckn HeNnpOHHLaeMBI M (Bnp<<10-* MEM?) oTHO-
CATCSl [VIMHB, apTUJJUTH, TJIMHHCTHIE CJaHLBl, Mepreiu ¢ cybka-
NUJAAPHLIMH TIODAMH, CHJIbHO CHEMeHTHDOBAaHHBIE TMECYAHUKH K
aJIeBPOJINTH], IJOTHHIH M€/, H3BECTHSIKH, HeBBIBETpEJble METaMop-
({HYecKHe H MarmMaTtddeckue nopoibl H T. n. KospduuneHt obuieit
TIOPHCTOCTH TJIMH M MeJOBMJIHBIX H3BECTHSKOB MOXKET JOCTHIAThb’
50%, a aprujauToB, caaHUeB, Mepreseli, MeTaMOp(UUECKHX H Mar-,
matuueckux nopon Huxe 6—8Y%. [Toutn Beca BoAa B TOH WM HHOMK:
CTEeNEeHH CBA3aHa CUAaMH afcoOpOIMH H TPAKTHYECKH He MOXKET IIes:
peMeniaTbCst NMOJ BJAHSHHEM TPaJHEHTOB 1aBJEHHUS, CYILIECTBYIOLIHX.
B NpUPO/E.

B omnpejeseHyH HempoHHUAaeMbIX TNOPOJ He Yy4YTeH (akTop Bpe-
MeHHn. ITosaToMy B J0MoJHeHHe K NMepCUMCJAEHHBIM TPeM THIAM IO-
POL MOKHO OBIIO 6Bl BBIACAHTL €llleé OAMH—NOPOLH-3Kp a H bl
HedpTu u rasa (Ryp<<l0-® mMxm?). Toraa npakTHyecku HEMpo-
HHIlaeMble HOPOAB 3aliMyT Anamas3oH 1078<Ck,,<10-* MrM2, B oT-
JHUHe OT NOCJAeAHHMX MOPOAH-3Kpailbl HedTH M rasa ofaagaioT Ta-
KO HH3KOH NMPOHHIaeMOCTbIO AJSA He(TH H rasa, koropas olbecme-
YyHBaeT cOXpaHEHHe INPOMBHIIEHHBIX 3a/eXel B TeueHHue Te0JOrH-
yeckoro Bpemenn. K nmopoaam-skpaHaM HedTH M rasa OTHOCSTCA
KaMeHHas COJb, aHTHAPHUT, MIUHBL CJa60leciaHucThie NJAacTHUYHEBE
HeTpeUIHHOBaThbe, NIOPOJAEl B MHOTOJIETHEMEP3JHX 30Hax. Juamerp
MaKCHMaJbHEIX TIOP B 3THX MNOpPOAaX He IpeBHIIaeT 1 MKM.

Bonee nmonnas kiacchHKaUups [eCYaHo-ajJeBPUTOBHIX PO~
HHIdeMEIX NODOJ IpelcTaB/ieHa B Tabs. 6 B 40ONOJAHEHUE K ONHCAH-
HOH KJacCH(pUKALHUH MOPOA. \
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6.3. OTHOCHUTEJIbHBIE $A30BbIE TPOHULAEMOCTH :

6.3.1. COBMECTHOE TEYEHUE HECMEIIUBAKOUIUXCS
IJIACTOBbBIX $JIIOUA0B B NOPHUCTOW CPEAE

Ectb ABa npeicTaB/ieHHs O MeXaHH3Me COBMECTHOIO TeueHUst
m1acToBHIX (hIOHLOB B nopuctoit cpene. CoraacHo mepeBomy, mno-
ApoGHO omucanHoMy M. MackeToM, NpH TedeHHH ABYX HeCMellH-
BaoIluxca (as yacTh Haubojee TOHKUX HOPOBHIX KaHAJNOB H YIVIBI
KPYHHBIX NOp 34HATH CMaudBalolleli $as3oifl (maacToBoi BOJOH),
a 110 OCTaJIbHBIM KaHaJjaM, COAepKalllUM CMayuBaloyIo XKHAKOCTb
Ha NOBEPXHOCTH II0P, MOXeT NPOMUCXOAHUTh CTpyHHOe ABMIKCHHE He-
CMauuBaIollero M cMmauuBaloulero ¢awonaoB. KoaudyecTBo ABHraio-
IUXCsA (DIIOUA0B B KaXKABH MOMEHT ompelesifeTcs BeJlHYMHAMU Ha-
CHILIEHHOCTH H NPOHHLIAEMOCTH CDeABl AJs 3THX ¢aiounosB. C poc-
TOM HACBILIEHHOCTH MOPOJLl OLHOU (pa3oit yBelHuHMBaeTCs AOJS Ka-
HaJIoB, 00eCleYHBaOUUX ABUKEHHMe 3TOH (Dashl M yMEHbLIAeTCs A0-
Jisl KaHaJ0B I Apyroi ¢assl.

IIpu BHITECHEHHH BOAB He(Thio B mpolecce HehTeoO6pa3oBaHUs
BOJIOHACHIEHHOCTh TOPOABl MOHHKaeTcA. Ilpu 3ToM OBICTPO BO3-
pactaeT npoHHIaeMmocTb Aas HedTtH. OJHAKO He BCSA BOAAa MOXKeT
OBbITL BLITECHEHa M3 MOpoAbl. YacTh ee, cBsA3aHHas CHAaMH aAcopO-
UMK U Mexk($a3HOr0 HaTSAKEHHS, OCTaeTcsl B BUAE OCTATOYHOH BOJBL
(ks.o). Ilpu CHHIKEHUHM BOJOHACHIIIEHHS IO BEJHUYHHBI Ry NPOHH-
1LaeMOCTh MOPOABL /s cMauuBalouleil (hasbl OKa3EBAeTCs paBHOM
HyJ10. BesnuiiHa Rz B 3aBUCHMOCTH OT MHOTHX (PAKTODOB MOXKeT
MensaToest ot 0,15 mo 0,35,

[Ipu BoiTecHeH¥n HetTH BOJOIl B mporecce pa3pabOTKH yBesaH-
YHUBaEeTCsl HACHILIEHHOCTb NMOPOABI cMauuBaiowe# ¢asoit. [Ipn atom
NPOHHIIAEMOCTb JJIg HedTH pe3ko ymeHbwaercs. OpHakKo He Bcst
wedThr Mo¥KeT OHITh BLITECHeHa Bojo#l. Uacte ee ocraercs B mo-
Pax Jaxe NPH yMeHbIIEHHH NMPOHHIAEMOCTH AJs HedTH A0 HYyJs.
D10 ocTaToyHoe HeTeHACHILIeHHe XapakTepusyercs Ko3d ¢ u-
IHHEHTOM OCTATOYHOTro HedTeHACHUEeHHUS kyo Kak
T{PaBUJIO0, BEJIUUNHA Ky o HECKOJILKO NPEBBIIAET Ry .

[Ipn Hannuum B mopax KoJagekropa Tpex ¢as (rasa, HedTH U
BOJIbl) NPHUHUMI HX pacrnpejeseHus CX0AeH ¢ ABYX(a3HOH cHCTEMOH,
Boaa nonHOCTBIO 3aHUMAacT TMOPbHl HAaWMCHBINEro pa3Mepa, YIJH
fiIop H B BUAE TOHKOH IJIEHKH CMAadYHBAaeT OCTaJbHLIE MOPLI. Heq)Tb
3aHuMaeT 6oJsiee KpymHbie TMODHl, a ra3 — HEeHTPaJdbHbBle YYacTKH
HauboJiee KPYNHBIX 10P, 3aHATHIX He(TbIO, H C BOAOH NpaKTHUECKH
He KOHTaKTHpyeT. Bmecte ¢ Tem M. Macker AOmycTuJ, 4TO B3aH-
MoJelicTBHE ABYX HecMauuBamomuxcs ¢as (HedTH u rasa) H3yueHo
c1ab0 M MOILYT CYUIeCTBOBATb YCJOBHs, KOUZa H B 3TOM cJaydae
KDYIHBIE MOPHl MOrYT OBITh 3aMOJHEHB TOJNBKO Ia3oM H BOAO.

OmnucaHHOe BHILIE TPEACTABJAEHNE O TEUEHHH HeCMeIIMBalOLIHXCH
¢hJI0MI0B TTO3BOJISET HCHOAB30BATh UH(POPMALUIO O pacHpelreseHUH
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fop 1o pa3MepaMm IJs OIEHKH JHHAMHKH (ha30BBHIX NPOHHLIAeMOC-
Tel.

Hpyroe mpefacraB/eHHe 0 MeXaHH3Me COBMECTHOH (QHJIbTpaLun
TIpeNo/araeT TeyeHHe HECMELIUBAIOUIMXCA KHAKOCTeH 10 NOPOBHIM
xaHalam 8 GopMe UeTOK HecMauMBaloUleH KUIKOCTH (HedTH) B
cMaunBaemoli (Boje). DTO NpeACTaBJdeHHe npejrnoJsaraer odpa3oBa-
HYe B nopax He(»TAHOH 3MYJbCHH, CO3JAlOLIEH BBHICOKHe (UJIbTpa-
ILHOHHEIE CONPOTHBJIEHHA B 30HE cMeCH, 00yCJOBJMBAIOLINE CHUXKE-
HUe (a30BBIX NPOHHIIAEMOCTEH.

IlpouHocTs 3MyJbCHU, BpPEMsI e¢ CYIIECTBOBAHHSA 3aBUCAT OT
CBOHCTB MeK(asHBIX IJIEHOK, a AHCIEDCHOCTL ONPEAEJSeTCs CTPYK-
TYPHBIMH CBOHCTBAMH IIODHCTOH CPelbl H CKOPOCTbIO (hUIbTPAIlNH.
Kak BHUJAHO, Takoe MpejicTaBJcHHE MOXeT OOBACHHUTb MHOTHE fBJe-
Husi, Habmwjaaliuecs npH MHorodasHod duabtpauuu. OpHako
mpolecc 00pa3oBaHHs 3MYJbCHH OueHb TPYAHO mojjaercs opma-
JIM3allHH H THAPOJHHAMHUECKOe MOAEJHPOBaHHe 3TOro Ipoliecca ¢
IMOMOIUIBI0 KANW/JAAPHLIX H CETOYHBIX MoJeJsell IIOKa He MOJY4HJIO0
NIPaKTHUECKOTO IPHMEHEHH .

BeposiTHO, MOKHO OyAeT AONYCTHTb, HYTO B INPHPOLHBIX ycCJO-
BHSIX MOTYT HMETb MeCTO 06a MeXaHH3Ma TCUEHHMS, KOrJa OAHH BH[
JIBHXEHH (JIOHIOB MOXKET NepeXOAuTb B APYTOH.

6.3.2. METO/1bl ONPEJAEJEHHSA OTHOCUTEJbHBIX $A30BbIX
NPOHUUAEMOCTEN (0O®T)

CylLecTBYIOT NpsiMBIE H KOCBEHHbIe MeTOAB onpedeneruss OPII.
K npsameiM oTHOCSTCA JabopaTOpHLe MeTOAB: 1) cTramuoHapHoi
(ycrasoBuBwelicst) ¢uabTpanuu ¥ 2) BblTecHeHHs. K KOCBeHHBIM:
pacueTHble METOJBl 10 KPHUBLIM KaNUJJSPDHOTrO JaBJIEHHS; MO MIPO-
MBICJOBHM JaHHLIM; TI0 JAHHBIM TeO(U3HUECKHX HCCIe0BaHHI
ckBaxuH [30, 33].

Hau6ogee pocToBepHH NpsiMble JafopaTOpHBIE METOABL Olpe-
Jenenus OPII.

Ias cobatofeHUs] TeOMETPUYECKOTO MNoxoOHsA JabopaTopHOro
MmozenupoBanus 1. A. ddpoc pekomeHnayer cob/I0AaTb COOTHOLIE-
HHE:

(knD/Lz)Mernb = (knp/Lz)ﬂa-rypa, (633)

rae L — nauxa.

B sKcnepuMeHTax IO CTALlMOHApHOH (uabTpanuu ycaosue (6.33)
‘MoxkeT GLTh coBJMI0EHO MPUMEHUTENBHO K 3JeMelTy miacra (Tpy6-
Ke TOKa), TJe CYUIeCTBYIOT Te e YCJOBHSA (UJBTPALHUM, YTO H B
JnabopaTopHHy.

B n1a0opaTopHBIX ONBITAX IO METOAY BHITECHEHHS NPHOJHNKEH-
‘Hoe mojobue cobJiofaeTcss SKCIepHUMEHTANbHBIM NOAGOPOM CKOPO-
CTH BBITECHEHHSI Tak, uro6bl cAeJdaTh  BBHINOJHHMBIM  YCJOBHE
(6.33). BribpaHnas CKOpocTb BHTeCHeHHsl OyJeT 3aBHCETb OT OCO-
OeHHOCTell U3yyaeMoro o6beKTa.
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Puc. 29. Kpueie OOPII mnecuannkos
np.s maacra AB,_; Cawmotiopckoro mecro-
g PO AEHHS:

a — TpaJlHNHOHHEE IUKaAs; 6 — HOPMHPO=

BaHHBle KOOpAMHaTH. Hludp kpunabix — abco-

JIOTHAsi NPOHHLAeMOCTh, +10—? MKM?

/?np. H k
h

3 BE=F2 ]

95+

Puc. 30. Bnusnue ruapodoO0HOCTH KO-
aexTopa Ha BUA KpuBbix OPIL

IMopoawi: I — ruapoduavube, 2 — ruapodob-
Hbl@

Ha ocnoBanum uayuyeHus 00pasloB KepHa MOJy4YalOT 3HAYEHHRE
OIl®, oro6paxkalomue CBOHCTBa KOHKpeTHOH nopoanl. Ha puc. 29, a
n3o6paxkensl ycpenneHHsle KpuBbie O®II, mnosyuennbie MeToAOM
yCTaHOBHBLIEHCS AByX(asHOH (HUABTPAIHH Ha KOJJIEKUHH 05pasuon
NOJHMHKTOBOro mecuanuka AB._; Camorsnopckoro HedpTAHOTO Mec-
TOPOXKAEHHUS.

B cuay cnenuduueckoro CTPOeHHs NMOPOBOrO NPOCTPAHCTBA KPH-
Boie O®TIT a5 HedTu B 5THX TMOPOLAX pa3fesUJHCh 10 a0COIOTHOM
nponuiaemoct. 3aBucumoctd OPIl  aas BOAB XapaKTepH3YIOTCS
onHo#t kpuBoH. Hust Toro uto6sl yGeaurbesi, uto Bee KpuBbie OQII
A5 He(TH NMPUHALIENKAT OLHOMY JHTOTHIY, IEPEeCTPaHBAWT KPH-
Bble B HODPMHPOBAHHBIX KOODAHHATax Mo cnocoly, MPeoKeHHOMY
P. Konaunsom. HopMmupoBaHHbie 3HaueHHS BOJOHACHIIEHHOCTH

Onpeae/IdoT!

k*n = (kn - kB. o)/(l - ka. o kH 0)" (6'34)
CootsercTByIOUIHe HOpMHEPOBaHHbe 3HayeHust OPII:
(6.25)

T T — T =z —
k op. a7~ kDD. H/knp. HBOY k op.s = kn‘p. a/knp. BHO»

110



\

CAe Eop.uso U ERapaono — OTHOCHTENbHEIE TNPOHHILAEMOCTH IJ51 HedTH
# BOJBl COOTBETCTBEHHO HPH OCTATOYHBEIX BOAO- H He(TeHaCHIeHUH.

KpuBele O®II aas HedTH B HOPMHPOBAHHBEIX KOOPAMHATax (CM.
puc. 29, 6) onuceBarmTcsa enuHoit kpuBokt. CoxpaHujach eqHHOH 3a-
BucuMpcTh O®DII ang BOAH, UTO fABJASETCS NPH3HAKOM €JHHOrO JiH-
'romng H3y4YeHHOH MOPOABl, UMEIOmeHd OAMHAKOBYK CTPYKTypy HO-
posoro‘npocrpancrsa. [locaentee 0GCTOATENBCTBO NO3BOJISAET HC-
T0JIb30BaTh J1a60paTOPHEIE 3aBUCUMOCTH B HODMHPOBAHHBIX KOOD-
AuHatax aas pacuera OO®II o6pasuoB ¢ pasnHuHOR abCoMIOTHOM
TIPOHHULI2eMOCTDIO, HO 00/1a4a101HX NOAOOHOR CTPYKTYPOH NOPOBOTO
TIPOCTPAHCTBA,

Ha xapakrep sakcnepuMeHTaJpHEX KpHBBHIX O®II momMumo cTpyk-
TYpHl IOPOBOTO NMPOCTPAHCTBA OKa3bIBAIOT BJHSHHE TAKXKe DAL APY-
rUX (axKToOpoB: NOBEPXHOCTHOe M MexX(da3HOoe HaTsXKeHHS; THAPO-
¢$OOHOCTE KOJJIEKTOPAa, TeMHepaTypa; CKOpPOCTb (MUAbLTPALUH; U3Me-
HeHHe HanpaBJeHHs HaCBILEHHS H Ap.

ITpu cHUKeHHHM MeX(a3HOro HATAXKEHHsi ¢ (al30Bble NpPOHHIAe-
MOCTH He3HAUHTeJLHO Bo3pactaloT U Kpusble O®II nogHuMaroTcs.
TIponunaemoctb AJsl He(TH CYLIECTBEHHO BO3pacTaeT JHIUIb IPH
OueHb HU3KHX 3HaueHusx ¢ (MeHee 10—2 H/M). YBennueHuHe o cy-

JKaeT AHana3oH coBMecTHoro rteueHus ¢uuongos (. O. Amaedy.,
JI. JI. XaHau, 1982 r.).

F'uapodobusanusi KoJNJEKTOPOB B INPHUPOAHBIX  YCJAOBHAX 06y-
CJIOBJIeHa ajcopOuuell Ha NOBEPXHOCTH MOPOXBLI HOJSIPHBIX KOMIIO-
HeHTOB Hedtn ¥ 6utymonjgoB. C yBennueHuem ruapodoGHOCTH MO-
BepXHOCTH nepecevyeHde Kpueix O®PII cMmelraercs BieBO, B CTOPO-
Hy Oosiee HH3KHX BOAOHachilleHMit (puc. 30). B coorBercTBHH €
STHM OTHOCUTEJbHAsl NMPOHHIIAEMOCTb AJS BOJLBI CYLIECTBEHHO BO3-
pacTaer, a Ajas HedTH — cHHKaeTcq. Kpome Toro, oTHolleHHe OTHO-
CHTeNbHOIl MPOHHII2eMOCTH MJ/si He(TH NPH OCTATOYHOM BOAOHACH-
HIeHHH (Rap.eo) K OTHOCHTE/BHOl NPOHHIIAEMOCTH [AJis1 BOABI NPH
OCTAaTOYHOM HedTeHachlIeHHH (Rmp.swo), paBHO 0,3 B ruapoduib-
HBIX KoJjiekTopax H Oqusko K I B rugpodobunix (C. I'. Pas3a,
J1. E. Tpeiibep, 1. JI. Apuep).

C yBenuueHHEM TeMIepPaTyPhLl YMeHbUIAETCs] MOBEPXHOCTHOE Ha-
TSAXKeHHe, H3MeHAeTCs Mex(dasHoe HaTsXKeHHe, YBEJHUHBAETCS
rugpoduapHocts nopoxasl. C yBenuyennem temmepatypul O®II pas
HedTH pacTeT, a AJS BOLB H3MEHsSeTCs B Ty HJH APYIYIO CTOPOHY
(kpuBnte O®IT cMemaoTcss B CTOPOHY MOBBILIEHHBIX BOJOHACHIIIE-
HHM, 0cOGeHHO NpHM HH3KOM Mexdasnom HaTsxenud), OODII paa
rasa npakTHYeCKH He H3MEHSIOTCS OT TeMIepaTypHl.

3nauenus OPII ¢ yBeanuyeHHeM CKOPOCTH (HALTPAIlHH Bo3pac-
-TatloT. M x0T (pU3HuUecKast CTOPOHA 3TOr'O siBJIEHHSI HE COBCeM SICHA,
-onblTel no onpeaenernio OPIT pekoMmeHAyeTcs NMPOBOAHTL HAa CKO-

‘POCTAX (GHABTPAUMH, OJU3KHX K ITACTOBHIM YCJIOBHSIM KOHKDETHO-
'O MECTOPOXKAEHHS.
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Co CKOpOCTbIO (UIAbTPALHU CBSI3AHO BO3HHKHOBEHHE TaK Habhl-
BaeMBIX KOHIEBBHIX 3(p(eKTOB — NOBHIIIEHHE HACHIIEHHOCTH KEJHOB
cMaunBarwnlei (asoil (BoAoH) Ha BEIXOAHOM KOHIE, a TaKHe Ha
CTHIKaX COCTaBHOro o6pasua. C yBelHUeHHEM CKOPOCTH (DUIBTpA-
uuu xoHneBo# sdpdexr cuuxkaerca (T. T. Puuapacon u gp.). dtu
o6cToATeNbCTBA TPROYIOT HCNOJIbL30BaHUS JJIHHHEIX 06paslosf (B Ko-
TOPLIX KOHILEBhle OOpasllpl UrpaloT poJib HACadoK, a H3MepeHHe
MPOH3BOAUTCA B ILEHTPE) H TUIATENbHOH NpPUIUIHGOBKH 00pasloB.

[Iponecc BhITeCHeHHs HecMaduBalolledl asn (HedTH) cmauH-
Bawolled (BOROI) HA3LIBAIOT BIHTHIBAHHEM IKHAKOCTH, o0OpaTHHI
HpOollecc — BHITECHeHHe BOABI He(TbIO — ApeHHpoBaHueM. Ilpu mo-
CJeloBaTeJbHOM MNPOBeJeHHH 3ITHX ABYX TPOILECCOB Ha KPHBHIX
O®II nabaopaercsa rucrepesuc, oObACHAWINMACA HeaAeKBATHHIM
pacnpejpeneHueM He(hTH B MOpax NPH TeYEeHHMHM 3THX MPOLECCOB.
Ocob6enno 3amereH rucrepesuc Kpusnx OPIl paa HecMauuBaroulei
¢dasw (HedTH).

Tpextdhasnas ¢uabTpanus (HedTb, ras3 H Bola) MONKET HMEThb
MECTO IpHU paspaboTKe MeCTOPOXKJeHMH HedTH Ha NMO3AHEH CTAAUH,
rasoBBIX MECTOPOXKAEHHH ¢ HeTAHOH OTOPOUKOH, NpH 3aKauyke ra-
3a UJW BOJOTA30BLIX cMecell B He(hTAHOH IJacT.

PesyabpTaThl 2KCHepUMEHTAJbHBIX HCCJAEA0BaHUHN TpexdasHOR
¢unpTpanuy BecbMa HeMHorounciaeHHsl (M. K. Jlesepert, B. B. Jle-
Buc, 1941 r.; B. H. Koyzea u ap., 1951 r; C. A, Kynaun, 1960 r;
C. H. upcon u ap., 1964 r.; B. A. Hsanos, 1965 r.).

PesyabraThl M3MepeHHH OTHOCHTENBLHLIX NDOHHILAEMOCTEll TpH
tTpexdasHoll (QUAbBTPAUHM NPHHATO H300paxKaTb B BHAE TPEYTOJb-
HBIX puarpamm (puc. 31) mnu 3azaBaTh B BHAe Tabauil.

PesyabTaTel GOJBUIMHCTBA U3 yKa3aHHBIX BhILIe aBTOPOB Kaue-
CTBEHHO cOrJiacyloTcsi ¢ nepBbiMu jgaHubMu M. K. Jlereperra Ha
HACEIIHOM FPYHTE, KOTOpHe c(OpPMYJHPOBAHH CJelyiolliuM obpa-
30M:

NPOHHIAEMOCTh A/l BOABI 32BHCHT TOJBKO OT BOLOHACHIILIEHHO-
CTH;

IPOHULIAEMOCTh JAJs He)TH H rasa 3aBHCHT OT HACHLIIIEHHOCTH
Bcex Tpex ¢as;

NPOHUIIAEMOCTh JJIg ra3a B TpexdasHo# cHCTeMe HECKOJbKO HH-
XKe, 4eM HpH TOH ke ra3oHAaCHILIEHHOCTH B JAByX(asHo# CHCTeME;

NPOHULAEMOCTb AJsl He(TH B Tpex¢asHoH cucTeMe MOKeT GHITb
foJbllle HJAU MeHbllle ee NMPOHHIAEMOCTH B ABYyX(a3HOH cHCTeMe
[IPH TeX Ke Ko3(pduuueHTax HedTeHACLILIEHHUS;

(a30Bble NPOHHMIAEMOCTH AJAA He(TH, raza M BOXH He 3aBUCAT
OT BSI3KOCTH He(@TaHOH (asbl;

CyLleCTBYeT CPaBHHTeAbHO HeboJgblllag 06J1aCTh, B KOTOPOH Ipo-
HCXOJHUT QUABTPALMA BCeX TpexX ¢as.

B xo/nn4YecTBEHHOM OTHOIIEHHH pe3yJbTAThl pasHBIX aBTOPOB
CylLIecTBeHHO oTjauualoTesi. OdeHp MHOTO €llle HESICHOTO B MeXaHH3-
Me Tpex{a3Holl PpHAbLTPALHH.
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HeYmb Puc. 32, Tlpumep pacueta GyHKUHH
Y/ (1) O®II (1/px?=f(ks) Mo Kpusoir
(Zf) kxanmmpﬂoro HaBJEHHA pPx=
={(ks)

Puc. 31. JIuaun paBrO# NpoHHUaeMOCTH AJs nedTtn (a), rasa (6) u Boau (8).
OTHOCHTeAbHast NPOBHIAeMocTs, %, no RaHHBIM: [ — M, Jleseperra, B. Jlesuca (1941 r.);

2 — P, Cueana (1962 r.); 3 — C. A. Kynauuna (1960 r.)

Takum o6pasoMm, AJs NOBHILIEHHS AOCTOBEPHOCTH JalopaTop-
HEIX ompefnenenuit OQIl ucciaegoBaHuss HEOGXOJHUMO MIPOBOLHUTH C
coOJII0/leHHeM BceX KpHTepHeB NMOAOOHSA HATYpHEIX U Jabopartop-
HBIX ycaoBHHA. C 3TOH mesabi0 AOJKHBI HCIOJb30BATHCH €CTECTBEH-
Hble KepHH NODOJ, HaTypaJbHas He(Tb U MOJeJb NJIACTOBON BOJEL,
IPHPOJHBIE JaBJEHHe H TeMIeparypa.

B pacueTHBIX MeToZax HcmoJb3yeTcsi ypaBHenue Y. Ilypceaa,
yCTaHaB/AHBaWllee CBA3b MEXAY HPOHHLAEMOCTBIO Aqp, NOPHCTO-
CTbIO An U KPHBOH KaNmMJJISIPHOTO JaBJeHHA pyx=f(ks):

1
kn (0 cos )2 dky
kop= A .

e 8 S P (k) (6.30)

0

rle 0 — MOBEPXHOCTHOE HATSXKeHHe; O-—yrol CcMauHBaeMOCTH;
A — JquroJornueckuit kospdunueHT, ounpejnenensoit H. Bypaafinom
K4K OTHOCHTeJIbHAsl U3BHJIUCTOCTb NOPOBLIX KaHAJOB.
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Ha sTo#i ocHOBe mnoJsydeHBl pacyeTHEle (GOPMYJH IJS pacyera
“OTHOCHTEJbHOH NPOHHLAEMOCTH JJs cMauyuBawlled (Boxa) W He-
«cMayuBawllell (HedTb) das:

ky 1

5 (kB—kB.o 25 dg 5 dky
.8\ T ko) J e | ) Pt
0 0

1

1
- (1 by — ks o )2 y dhs Y des
opP. v 1 _ kB, 0 — kH. o J pZK . .

(6.37)

2
N s Pk

Metonnka pacyeta O®Il no KpUBLHIM KamHIJISPHOrO IaBJEHHA
“CBOJHTCH K CJeiyllleMy. DKCHEPUMEHTAJIbHO ONpeleseHHble KDPH-
Bbie KaNMWJJISPHOTO IaBjaeHHs px=f(ks) mepecTpauBaloTCs rpagu-
‘geckH B (ynrumnio 1/p%c=f(ks) (puc. 32).

Jas BeOpaHHBIX 3HAUeHHH ks PACCUMTHIBAIOT 3HAUEHHS HHTer-
pasoB B ¢opmynax (6.37). 3HaueHUss HCKOMBIX HHTEIPaJOB COOT-
"BETCTBYIOT IJOWaAH moj KpHBOft 1/p%x=[(ks) Ans 3ajaHHEIX mpe-
JleJIOB HHTErpHpoBaHUs. 3areM, 3alaBasiCb BeJHYHHAMH KRgo U
-Ry.0, onpenensiior OPIL.

KanminsipHele KpuUBble MOIKHO HCIOJb30BATb AJS BHIUHCJIECHHUS
“O®PIT no Gonee CAOKHBEIM TPEXMEPHBIM CETOUHBIM Momeasm (DatT,
EnroB u Yeu-Cun, Cadppman, Hukonaeckuii). Opuako B 3TOM
«cayyae TpeGyTCS BHIUHCAHTENbHBIE IPOrPaMMBL,

B wmerozax omnpegesnenuss OPI] no npomeicioBeIM U reous-
YeCKHM JLaHHBIM MHOI'O HEOJHO3HAUHOCTH M OHH He IOJYYHJIH IIH-
POKOI0 pacnpocTpaHeHHs.

KOHTPOJIbHBIE BOTIPOCHI

l. Hanumwnre ypaBHeHue Japcu ajast GHJABTPAUHH XKHAKOCTH U
‘Tasza B NMOPOJax C MEXK3EPHOBOH MOPHCTOCTBIO; B 4eM 3aKJAI0YaeTcd
‘pasanyune?

2. Kak onpeznensiioress KoagpduuueHTe abco10THOH, ¢a3oBoil H
‘OTHOCHTEJ/IbHOH MPOHHLAEMOCTH TOPHBIX NOPOA?

3. B uem sakmmouaercsi cymHocTh ypaBHeHHs Kosenu — Kap-
‘Mana? Kak MOXKHO HCIO/Jb30BaTh 33BHCHMOCTH H3 HErO BHITEKAlO-
i ue?

4. Kaxyne BeqHYMHBI ONpPElEJANT MPOHUIAEMOCTb TpeUHHOBA-
“Teix nopoxa? IloueMy HNpOHHLAEMOCTh KeDHOB M[OPOJ HE BCerjaa
MOKeT NpEeJCTaBJASTb IPOHHLIAEMOCTh MOPOJ, B €CTECTBEHHOM 3a-
.JICTaHuu?

5. Kak u3MeHseTcsl IDOHHUAEMOCTh TODHBIX TODOA C Mexks3ep-

'HOBOH IOPHCTOCThIO OT TiyGHHE! 3ajeranus? HasoBure raaBHble
TIPHYHHBDL
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6. Uro Takoe ymnpyrue (o6paTHMble) H3MeHEHHs NMPOHHIAEMOC-
TH TOPHBIX nopoi? Korjga Tpefyercsi OnpenefsiTb 3TH H3MEHEHHs?'
KakoBa ux Beqn4MHa?

7. OTHOCHTe/IbHLIE (ha30Bble NMPOHHLAEMOCTH TOPHBIX mopox. OT
KaKHX TJIaBHEIX (DAKTOPOB H3MeHSIeTCs HX BeJHUHHA?

7. 9JIEKTPUYECKHE CBOMCTBA

7.1. TEOPETHYECKHWE OCHOBbI
AIEKTPHYECKHX SBJEHUHN B TOPHbBIX MOPOJAX

Ilo MaKCBeme NJOTHOCTH NOJHOTO 3JEKTpHUYEC-
KOTO TOKa B Cpede onpeaecaaeTCcs BhHIPpaxeHHeM

juonn=jnp+jCM7 (7.1p

TA® jnp, jew — TMVIOTHOCTH TOKa MPOBOJHMOCTH H CMeEILEHHS.
B coorserctBuu ¢ 3akoHoM Oma B auddepennnanbHoit dopme

jup=0E, (7.2)

rae ¢—yhedqabHas NPpOBOAHUMOCTL CpEeAbI; E— HanpAXKeHHOCTD-
3JIEKTPHYECKOro noJs.
—

BennunHa joy mo MakcBensy onpelessieTcsi BHPaXKeHHEM
fow=0D/0t = £,0F /o1, (7.3)

— -—
rae D=g,E — NHAYKUHSA 3IeKTPHUYECKOTO TMOJS; &, — aGCOMIOTHAS:
IU3NEKTPUYECKAasi NPOHUILAEMOCTL CPENlbl, IPHUEM €4==€&, T1€ & —
OTHOCHUTENbHAST JH3JEKTPHUECKAs] NPOHHIIAEMOCTb CPeiLl;, go=
=8,85-10-12 ®/m — 3naueHue ee B BaKyyMe.

Takum o6paszom:

- - -—

fnona==OE - €,0E/0t. (7.4)
B mose, rapMOHHYECKH H3MeHSIOIIEMCS BO BPeMEHH C YacTOTOH

—:) - . -—

Jnom =O0E +iwe,E. (7.5)

B nmocTosHHOM M HH3KO4acTOTHOM nNepeMeHHOM MOoJAX IOJIHBIH TOK
onpepensaeTcsa HEJHKOM TOKOM NDOBOIHMOCTH. B BrICOKOYaCTOT-
HOM IE€DEMEHHOM IIoJIe TIOJIHBI TOK sBJISIETCS CyMMOﬁ TOKOB IIPO-

BOIUMOCTH M CMEUICHUA.
Toxk NMPOBOAHMOCTH BO3HHKAaeT HENOCPEACTBEHHO IIOA LeHCTBH-
_—

=
eM sjektpuueckoro noas E. Kak ciaenyer us (7.2), BetHuuHA jgp.
onpenensieTcsl 3HaueHueM o=1/p.
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IIpoBoanMocTs cpelbl — COCOOHOCTb TNPONYCKATh 3JeKTpHuec-
KHH TOK, CONPOTHBJIEHHE — CIIOCOOHOCTb NPENsITCTBOBATHL NPOXOXK-
JEeHHI0 TOKa, YaesbHas 3JeKTpHYeCKas IPOBOMIH-
MOCTb Cpelbl 0 H ee YACJbHOE 3JAEKTPHUYECCKOE CO-
NMpoTHBJeHHE p! paBHLI COOTBETCTBEHHO TPOBOJHUMOCTH X H
conportuBiaennio R eaunuuubl obbema (1 M%) cpeabl. PasmepuocThb
-0 1 p coorBeTcTBeHHO CuM/M H OM - M.

[IpoBoauMocTb cpeldbl 0OycCJ/IOBJeHa NePEeHOCOM 3JeKTPHYeCKHX
3apsIAI0B CKBO3HBIM TOKOM — 3JIGKTPOHOB, HOHOB, IBIPOK. B Belle-
«CTBaX C 3JEKTPOHHOH IPOBOJAHMOCTbIO (MeTaJlabl, 'paduT) TOK pac-
npocTpaHsiercss OJarofaps ABUKEHHIO JICKTPOHOB. B Au3JeKTpH-
Kax NpUpoLa NPOBOAMMOCTH HOHHaf, B NMOJYNPOBOAHHKAX — ABIPOY-
Hast. PacTBopHl 3/71€KTPOJUTOB 00/1aa10T HOHHOH NPOBOIHMOCTBIO.

B BBICOKOYUACTOTHOM MOJe B CPeAaX C HH3KOH NMPOBOAHMOCTBIOQ,
OpeJCTaBJeHHBIX AMJIEKTPHKAMH H MOJyNPOBOAHUMKAMH, HapsAAy CO

—_—

CKBO3HBIM TOKOM jcks HOSIBJASIOTCH peJaKCalMOHHasi COCTaBJSOILafA

TOKA jpes, OOYCJOBJEHHAS NOJAAPH3aHell 4acTHI cpelnl. B pesyJb-

‘Tare MOJASpU3ALUH HapsAAY C OCHOBHBIM IIOJIEM BO3HHKAeT AOMOJI-

HHUTEJbHOE, HapaBJeHHOe INPOTHBOMOJNOXKHO OCHOBHOMY, MOJSIPHU3Y-

toutemy. Ilonspusamnus P nponopuHoHaJbHa MOJSPH3YIOIEMY IO-
- -

Ji0: P=ok, rje o — nojspusyemoctb cpeinl. IlojspusyemMocTs xa-
PaKTepHa, KaK HPaBHJIO, IJs CPEA C HH3KOH HPOBOAHUMOCTBIO — JH-
3J1eKTpHKOB, Jli06oe BellecTBO CNOCOOHO OLIThH MPOBOAHHKOM H HO-
JISIPH30BaThCs; B OOlLIleM CJAyuae ero OTHOCHUTEJNbHas AH3JEKTpHUec-
Kasl IpOHHLAaeMOCThb oIpenensieTcss Kak e=1-4-4na. Pasiuuator no-
JISIPH3ALUH CMellleHHs, OPHEHTALHOHHYI0, CTPYKTYPHYIO.

l. [Toaspusanusag CMEUIeHHd COCTOUT B YIPYroM cMe-
1IeHUH 3apsA0B NOJ JelcTBUEeM BHemHero mnons. K 3Ttoil rpynme
OTHOCSIT 3JIEKTPOHHYIO, MOHHYIO H aTOMHYIO HOJAPH3aLHIo.

DNeKTpoOHHAs NOJfAPDH3AaUHUg 3aKJOYAETCHs B cMelle-
HUH 3JEKTPOHOB aTOMa OTHOCHTEJNbHO €ro sijapa, XapaKkTepH3yer-
sl BpeMeHeM T CMeILeHHs H peaakcauuu nopsaxka 10715 ¢, He 3a-
BHCHT OT 4acTOThL I10JIsl @ BIJIOTh A0 ONTHYECKHX 4acTOT, HabJoAa-
€TCA B TBEPABIX, XKHJKHX U ra3000pa3HLIX BelecTBax.

MoHHas noasApH3amnHsa OPOMCXOAHT B TBEPABIX Teaax C
HMOHHOH KDUCTAJJIMYECKOH pelLIeTKOl, BHpaXKaeTcsd B YNPYroMm cme-
IIEHHH HOHOB OTHOCHTENbHO Y3JIOB PEleTKH, XapaKTepuayercs T
10-12—10-12 ¢.

AToMHas noagpusamug HaObNOAaeTCd B BelleCTBAX C
BaJIEHTHBIMH KDHCTAJ/JIAMH, ¥ KOTODBIX aTOMBI COeJHHEHH B MOJe-
KyJibl Gaarofapsa oOMeHHOMY B3aWMOJEHCTBHIO BaJeHTHBIX 3J1eKTPO-
#HoB. Bpemena cMeuleHnsa u penakcanud t=10""1+10"13 ¢, Bemwe-
CTBa C MNOJMSIPU3ALHMEH CMElLeHHs XapaKTePH3YIOTCsS 3a peiKHM HC-
KJIOUeHHeM 3HaueHUsiMH € oT 4 1o 12.

! B pajbHeinieM -—— pOBOJAUMOCTh (O) H YAeJbHOE CONOPTHBJ/eHHE (pP).
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2. OpueHTalUHOHHAasa (pelaKcallHOHHAs, AMIONbHAA) 1 O-
JApH3aLHsA o0OycJoBleHA HaJAHUHEM B JHIJEKTPHKE IOJAPHBIX
MOJIEKYJ, KOTOpBlEe PAaCNoJaaraloTcsi BAOJAb CHJIOBBLIX JIHHHH MOJSIpH-
3yOlIero noJs, xapaxkTepHa JJ5 XHUAKOCTH C HOJSIPHBIMH MOJIEKY-
JlaMH TIpexJe Bcero AJs BOoAbL. Bpewms v coctaBasger 10-7+-10-19 ¢,
3HAUeHUA & AJMA JKHAKOCTEH ¢ OPHEHTAUHMOHHOH TNoOJspH3alueil oT
HecKoJbKHX eauHun go 80 (Boxa).

Pa3sHOBHAHOCTD OPUEHTALHOHHOH MOJSAPU3ALUH SIBJASIETCA HOH-
Has (He CMelIMBATh C HOHHOH NOJAspH3aLHell CMeIleHHs), Xapak-
TepHa AJs1 KPHCTAJJIOB CO cNaboCBA3aHHEIMH HOHAaMH, HANpHUMeD
AJsi TAHHHCTBIX MHHEDaJoB, COAepXKallHX B pellleTKe THAPOKCHJb-
Hyio rpynny. Takne MHHepaJbl HMelOT 3HaueHHs &>10—I12, 1. e.
6osiee BBICOKHE, YeM GOJbIIMHCTEO MHHEDaJoB, [Js KOTOPBIX Xa-
paKTepHa NOJSApH3ALUA CMEUICHHUA,

3. CrpykTypHasa noasapuHsauus wabJoLaeTcsi B ie-
OJHOPOAHBIX cpelaX C MeX(a3HBIMH I'DAHUIIAMH, XapaKTEePH3YETCst
3HaueHusimu t 107'—10-¢ ¢, B 3aBHCUMOCTH OT COCTaBa rpaHHUa-
wux ¢as pasjauyalT MErpanHoHHyI1o (t=10-%5=10-3 ¢), KkoH-
HeHTpaULHOHHO-AHPIyYy3uoHHYIW (t=10"!'+10c), 316K T-
POMUTHYECKYIO (T— elMHHULDB, [ECATKH CEeKyHA H OoJaee)
noasipuzauuio. CTpyxTypHasi, mo-BHAUMOMY, He HIpaeT poJd IpH
H3YYeHHH & B NOJSX ¢ 4acTOTOH OoJee eLHHHUL, Merarepl, HO sBJS-
eTCs OCHOBHOII B (OpMHpOBaHHH moJiell, H3ydaeMbix Meronom BIIL.

O6oco6eHHyI0 00/1aCTh COCTABJISIIOT SIBJIEHHS CaMONpPOH3BOJIb-
HOH ToJsApU3alUH B HOHONPOBOASILUMX NOPOJAAX, BO3HHKalOlleld 6e3
BO31elCTBHS BHEIIHETO 3JeKTPUIECKOTO 1OJIs.

BaxHefimmue BHAB NOJNSAPHU3ALHHU TOPHBX MO-
poA.

1. IMonsipusanus mopoi NOX BO3AEHCTBHEM BHELIHEr0 3JE€KTPH-
YeCKOro moJsl.

1. Ilonapusaius cMelleHHs1 3apsifoB  (3JEKTPOHHAs, HOHHAf,
atoMHasa). Bo3HuKaeT B rasax ¥ TBepPABIX AUIJIEKTpHKaX; [=
=108=107 I'y; v=10"15+10"" ¢; g=4-+12.

2. OpueHTalHOHHAA MoJsApU3alUusa. Bo3HHKaeT B BOJe U HEKOTO-
peIX rasax: f=10=-107 Ty 1=10"1-+10"7 ¢; e=3--80.

3. CtpykTypHas moJgpuidauua. BosHukaeT B HEOZHODOAHBIX
HOHONPOBOAALUMX mopoaax; [=10+-103 Tu; w=10-6=-10-3 ;
Ay=2-10-2=5,0%.

4. daexTposuTHYecKas NoJaspH3anus. BosHHKaeT B mNOpoLax,
COZepxKalIHX BKJIOUCHHS 3JEKTPOHONPOBOISILINX MHHEpaJoB (pyA,
yraet); f=10=10% I'uy; 1=109+10"1¢; A;=2=40%.

II. CamonponsBoJibHas NOJSPH3aLHsT B HOHOMPOBOLSALIMX MOPO-
Jax c pasBuHTOH Mex(dasHOH moBepxHOCTbIO. BosHukaer 6e3 BO3-
JEeACTBUSI BHEUIHErO 3JIEKTPHUECKOTO IOJIS.

1. Juddysuonno-ancopbuuonnasa noasipusanus; Ay,=0—70mB.

2. dunpTpannoHHas nonapusaunsg; Ap=0—2 MB.

3. OKHC/IHTeNbHO-BOCCTAHOBUTE/IbHASA HOJSIPHU3aLHUsL.
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7.2. 9JIEKTPONNPOBOAHOCTDb (YAEJbHOE '
CONMPOTHUBJIEHHE) U NUAJEKTPHYECKAA
NMPOHUULAEMOCTb MUHEPAJOB, )KUAKOCTEH U TA30B

7.2.1. TBEPJASI ®A3A — MUHEPA/JIbI

Ilo BennuMHe M NPHPOAe TIPOBOAHMOCTH H AHIJEKTPUUECKOId
HPOHUILAEMOCTH BBIAEJSIOT TPH TPYNNLL MHHEDAJOB.

1. CamopoaHble MeTaanbl U X NPHPOAHLIE 00pa3oBaHusd, rpa-
(hUT — BelleCcTBA C 3JIEKTPOHHOfl NPOBOAHMOCTHIO; HX YIeabHOEe CO-
nporuBiaenne p cocrasaser 107%+10-° Om-m, 3HaueHHe OUIJIEKT-
pHUYECKON TPOHUIIAEMOCTH & CTPEMHTCA K 6eCKOHEeYHOCTH.

2. DBosbluass yacTb OKCHIOB, CyJb(HA0OB, apCEHHIOB, CeJEeHH-
OB — MHHepaJbl C 3JeKTPOHHOH U ABIPOYHOH NPOBOAMMOCTEIO,
B OCHOBHOM MOQJIyNPOBOAHHKH; p 5TOH rpymnel 10-%-+10% Owm-m,
¢ Hepenko Goabluie 80, HanmpuMep y apCEHONHPHTA, TajeHHTa, MO-
JubneHnTa, pyTHJA, NUPpPOTHHA. BLicOKHe 3HaueHus & oOycaoBJe-
Hbl HajJH4Y¥eM B ITHX MHHepasnax BEICOKONMOJSIPHBIX HOHOB aTOMOB
KHCJIOpOJa, cephl, MelH, Xeje3a, CBHHHIA H Ap. OnHako B 3Toi
rpylne OPHCYTCTBYIOT TakKiKe MHHepaJ/bl ¢ HeGOJBIIHMH 3HaueHHS-
MH & H BHICOKHM p (cdaJiepuT, KHHOBaph, aHTHMOHHT).

3. Béabiast yacTb MHHEPAJOB TPeTbeH IPYNNBl — THHNHUHBIE AH-
9JEKTPUKU C YAEJBHBIM compoTuBjenHeM or 5-107 po 3-10'® Om-m
(uawe Bcero p>10'" OM-M) ¥ AMDJIEKTPHYECKOH NMPOHHIAEMOCTBLIO
e=4-+12, npuuem JJs OOJbIIHHCTBA MHHEDPAJOB XapaKTepHH &=
=4--8. [IpoBOANMOCTh MHHEDAJOB TPETbEH IPynnbl — HOHHAS, A4
HHUX XapaKTepHEl pa3JiHuHble BUABI NOJAADH3ALUH cMellleHHs. K aToi
Tpynme OTHOCHTCS OONBUIMHCTBO TNOPOAOOODAa3yHMHUX MHHEpaJoB
0CafOYHBIX NOPOJ — KBapll, NOJAEBHE HINATHl, KaJbLIHT, LOJOMHT,
FUIIC, aHTHJPHUT, TaJdHT, CuIbBHH. OTAesNbHBEIE MHHEpaJabl 3TOH Tpym-
B OTNHYAKTCS HOBBILIEHHBIMH 3HAaYeHHAMH &: aima3 — 16, cepu-
uur (ruapocmoga) — 19—25.

Bausinne TeMnepaTypel T Ha nmapaMeTpsl p H & Pas3iHYHBIX MHU-
HepasoB HEOJHHAKOBO. YIeJNLHOE CONPOTHBJEHHE  IPOBOAHHKOB
(MuHepanbl mepBoi rpynmnel) ¢ poctoMm T pacTer 6.Jaroiapst BO3-
PACTaHHI0O MHTEHCHBHOCTH KosleGaHuil HOHOB KPHCTaAJHYeCKOH pe-
UIETKH, MPENATCTBYIOIUX NePeMeLIeHHIO 3JeKTPOHOB; p MOJyHNpo-
BOJHHKOB M JHSJIEKTPUKOB HANPOTHB yMeHbLiaeTcss ¢ poctoM T
6iarogapsi: BO3pacTaHWI0 KOHUEHTPAaUUH CBOOOIHBIX 2JEKTPOHOB
BOJIM3H ABIPOK M POCTY 4HC/A IBIPOK (IOJYIPOBOAHHKH); yBeaude-
HHMIO YHCJIa NMOJABHXKHBIX HOHOB B peuleTke (IH3JEKTPUKH). Beanuu-
Ha & MUHEDaJIOB BHauaje ¢ pocToM I He MeHseTCs HJIH pacTeT He-
3HAUHTEJbHO, & 3aTeM, HauuHasl ¢ HEKOTOPOro 3HaueHus T, xapak-
TepHOro AJisl ZaHHOTO MHHepaJa, BO3pacTaeT HMHTEHCHBHO [0 Ompe-
JeJIeHHOTO 3HaueHHd &.

Buausinne gaBjeHUsT p Ha napaMeTphl o U ¢ MHUHEPAJOB He3Ha-

YHTEJbHO.
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7.2.2, )KHIKASl ®A3A

Paccmorpum  aJekTpuuecKHe CBOCTBA BOJAHBIX  PacTBOPOB
3JEeKTPONUTOB U YIVIEBOLOPOAHBIX KHAKOCTEH.

Bopna, nHaceunamouiasi Nopoay B YCJOBHSIX €CTECTBEHHOrO 3aJe-
TaHHs, ABJAseTCss OOGBLIYHO BOJAHBLIM PAaCTBOPOM COJIeHd, CPeAH KOTO-
prix Haubosee pacnpocrpaHensl NaCl, KCl, MgCl,, CaCl,,
NaHCOs, NapSO,. VaeabHoe conpoTHBIeHHE BOAHOrO pacTBopa
CHJIBHOTO OJHOBAJIEHTHOr0 OHHADHOTO  9JEKTPOJHUTa, MNOJHOCTHIO
JAUCCOLHNDPYIOIEro B BOJE, IIPH IIOCTOSIHHON, HAMpUMeEp KOMHATHOI
Temneparype {=20°C, onpenensieTcs BhpaxKeHHeM

10 10
(u-}v)Cy  AC
e u, v—TMOJABHKHOCTH KaTHOHA M aHHOHA; A — 3KBHUBaJEHTHAs
/IEKTPOIIPOBOJHOCTb 3JjeKkTposura npu T=20°C, Belpa)KeHHas B
Owm—t-cm?; Cy — KOHUEHTPALUSA 3JEKTPOJHTA, I-3KB/J.

Beanuunsl u, v, A asasioTcs GYHKUUAMU Ci, 4TO He0GXOAMMO
YYHTBIBATL MPH pacyeTe ps 1o Gopmyae (7.6). Has GoJblIHHCTBA
JEKTPOJNUTOB, B YACTHOCTH [JS THIHYHBIX cOJeil MJIacTOBHIX BOJ,
XapaKTepHO yMeHblleHHe #, v H A ¢ poctoM C;, uTOo 00yCJ/OBJIH-
BAeT OTK/JOHEHHe 3aBUCHUMOCTH ps=[{Cs) OT JuHeHHOH B 0o6aacTH
BoicokiX Cp (puc. 33). ¥Ymenbiuenue u, v, A c poctom C, BBI3BaHO
yCHJICHHEM B3aMMOAEHCTBHSI MeKIY HOHAMH NPH ABHXKEHHH HX B
pacTBope ¢ POCTOM KOHUEHTPAIHH PacTBopa.

Ilpu remneparype pacrBopa T, otauunoli or 20°C, p, ompene-
JISIeTCst BhIpaXKeHHeM

Ps. 20=

[Om-M], (7.6)

Pur = P10y 0= I+ ar F();,Zf_ 20°C)’ (7.7)
rie o — TeMIOepaTypHbI KO3((dUIHEHT 3JeKTPONPOBOAHOCTH, H3-
MeHSIOIHUICA AJds paccMaTpPHUBAEMBIX 3JEKTPOJHUTOB B Ipefenax
0,021—0,023 [1/°C].

Hsmenenne p; B 3aBucumoct ot Cy u T pactBopa NaCl xapak-
TEPU3YeT CEMeHCTBO 3IKCIEPHMEHTaNbHBIX 3aBUCHMOCTeH ps=](Cs)
Aast pasnuuHblx T =const.

BesnunHy ps pacTBopa CO CJOXHBIM COCTAaBOM  3JIEKTPOJHTOB
paccuuTHBAIOT N0 Gopmye

Oe=—"F", (7'8)

rae A; 1 C;— 3KBHBaJIeHTHBHIE 3JeKTPONPOBOXHOCTb H KOHIEHTpa-
IHs {-TO 3J1eKTPOJINTA B PAaCTBOpE, COAEPIKALIEM 1 3JEKTPOJHTOB.
Besnuuny A; OmpelensiioT A/ KaxKAOro 3J€KTPOJHTA MO A2HHBIM
CIpaBOYHHKA HJIH SKCIEeDHMeHTaNbHBIM KpHUBEIM An=f(Cs) (puc.

n
34) nna 3agaHHO#l cymMapHO# KoHueHtpaunu Cy= X C; ¢ ydyeTroM
i=1
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Puc. 33. 3aBUCHMOCTb YAEJbHOTO 3JICKTPHUYECKOIO CONPOTHBJEHHA BOAHOTO PacTBo-
pa XJOPHCTOTO HATPHS OT KOHLEHTpaUHH.
IIugp xpusbix — Temueparypa T, °C

TeMnepaTypsl pacteopa. lIpuGauxenHyio OLEHKY ps pacTBopa
CJIOKHOTO COCTABA BHIIOJHSIOT, ONpeAelss ps 10 rpadHraM ps=
=f(Cs) nna pacreopos NaCl, ucnonp3ys B kauectBe Cs cymmap-
HYI0O KOHIEHTDAUMIO pacrBopa cJoxHoro cocraBa Cyx=3C; B
r-akB/J1. YIeabHOe CONpOTHBJeHHe HedTelt cocraBaser 100+
-+10' Om- M.

JlnaneKTpUUecKass NPOHHILAEMOCTb AHMCTHJJIHDOBAHHOH BOAH
ec—o npu T=20°C cocrapaser 80. [Ipu uacrore nojst @ B €AHHH-
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Puc. 34. 3amcumocts skmu- 9 ol 2
BANGHTHON  SJAEKTpHYECKOR

POBOMMMOCTH PAcTBOPOB CO-
neit (I —NaCl, 2—CaCl,,
3—KCl, 4—MgCl,, §—
NaHCOs) or ux sksusanent- /2J[7_
HOH KOHUEHTpaUHH

7

i

60

-

|
0 g2 QU

| | | ! I 1 !

| 11
005 42 R

{IBl U AECATKU Merarepil BeJHYHHA € 3aBHCHT OT MHHEpaJH3alUHu
BOJBl B COOTBETCTBUHH C YPABHCHHEM

e=¢ec_o3,79VC, (7.9)

rae C — KOHIEHTPAUHs pacTBOPA, MOJb/JI.

C pocrom uactoTh noas BiaHsHHe C Ha e majaer H NpakKTHUe-
ckd He HaGuaopaercst npd w==1 I'Tu. Biausnne C Ha BEJHUYHHY &
BOJHEIX PAaCTBOPOB 3/]EKTPOJIUTOB CBS3aHO, IO-BHAHMOMY, C IOJA-
pusauyeii HOHHON aTmocdepbl U THAPATHOH 060JOYKH HOHOB, IVIaB-
HBIM 00pa30M KaTHOHOB.

BennuuHa & AHCTHIJMPOBAHHON BOAHB M BOJHLEIX PacTBOPOB CO-
Jell 3aKOHOMEPHO CHHXKAeTC NPH H3MeHEeHHH YacTOTH @ OT HAecsT-
kKoB merarepl go 1—2 I'Tu. Ilpupoaa atoro fiBIeHHs paccMOTpeHa
jlajiee B CBSI3H C aHAJMH30M MPHYHMH YACTOTHOH JHUCIIEPCHH &.

3HaueHHe & JQHCTHJJIHPOBAHHOH BOAH npH u3MeHenuu I ot 0
Jo 100 °C cuuxkaetcst ot 88 no 55. COOTBETCTBEHHO YMeHbIIAETCS &
BOJHBIX PacTBOPOB JEKTPOJHTOB NPH yBeJuuYeHHH I B yKa3aHHOM
Juanasone. IIpu 3aMep3saHun BOABI € CYLIECTBEHHO He MeHseTCs H
Eas jbaa npu I'=0-+-—2°C cocrasJser 79.

[usnekTpryeckas MPOHULAEMOCTb (DH3HYECKH CBSI3aHHOH BOJAB
B aHOMaJbHBIX IIJIEeHKaX Ha NOBEPXHOCTH TBepAOH (a3l MO JaH-
HbIM Da3JIMYHBIX HCCJaeloBaTeliell cocTaBJgseT oT 2 fo 40 u 3aBHCHT
OT TOJIUMHH IJIEHKH §. 3HaueHHe € NPOYHO CBSI3aHHOH BOJAHI OKO-
JIO 2, o Mepe yAajeHHs OT IOBEePXHOCTH TBepLoH (pasm oHO pac-
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TeT NpomopuHoHasbHO In 8, nocTuras & cBo60oAHON BoAbl. C pocToM
T BesquuyuHa e (U3NUECKH CBSI3aHHOH BOABLI yBeJIHYHBAeTCs, CTpe-
MSCh K & CBOOOJAHON BOIB. 3HaueHHe & YrIeBOAOPOAHHIX KHAKOC-
Teil, B 4aCTHOCTH HedTel, cocTaBJiseT 2—3 u cn1al0 3aBUCUT OT TEM-
IepaTypHL.

3aBHCHMOCTb & XKHJAKOCTEH OT LaBJEHHSl p U3yueHa HeLOCTATOY-
HO. MOIKHO NMpeANnoJoOKHUTh, UTO 3TOT ()aKTOp MaJjo BJHMSET Ha Be-
JIMYHHY & KHUAKOCTEH.

7.2.3. TA3bl

IIpoBoAHMOCTb Ta30B HMeeT HOHHYIO NPHPOAY H ONpedelseTcs
ypaBHEeHHEM TOTO K€ THII4, YTO H NPOBOAHMOCTb PACTBOPOB 3JEKT-
poJiuTa. YIenbHoe CONPOTHBJEHHE p CMeCH ra3oo0pasHBIX YIJEBO-
JIOPOJOB, TAK e KaK H BO3JyXa Yy NOBEPXHOCTH 3eMJIH, COCTaBJs-
et 10'* Owm-M. Beanunna e Bosgyxa npu T=0—20°C u paBieHun
p=1—2 MIla pasna 1-+-1,01. BenuuuHa & yrieBOJAOPOAHHLIX r'a30B
C pOCTOM JaBJIeHHsI yBeJHYHUBAeTCs, H3MeHssACh OT | 1o 2 B CBA3M
C yBeJHYeHHeM IJIOTHOCTH Tasa. YIefbHOe CONPOTHBJEHHE ra3oB C
POCTOM TeMIepaTypH HE3HAUHTE/JIbHO YMEHBILIAETCS, BeJHUMHA &
rasoB IPaKTHUECKH He 3aBHCHT oT TeMmmeparyphl npu T<I500°C.

7.2.4. 3ABHCHMOCTb INPOBOOAHUMOCTH H JHUBJEKTPHYECKOU
NMPOHHUAEMOCTH BEMIECTBA OT YACTOTHI ITOJ A

[IpoBoauMOCTL M AMAJEKTPUYECKAs TPOHHHAEMOCTh BellecTBA
He 4BJSAIOTCS ero KOHCTAHTAMH M 3aBHCAT OT HacTOTHl @ TMOJS,
B KOTOPOM IIDOHCXOJHT H3MepeHHe ¢ H &. JTO sBJEHHE Ha3LIBAIOT
YacTOTHOH AUCHepCcHedl NapaMeTpoB ¢ | &.

[Ipupona yacToTHOH NUCHEPCHH ¢ U & CBsI3aHA C NPOSABAEHUEM
pasJHYHBIX BHAOB IOJAPH3alHH B pPasJHYHOM JAUANa30HE ® U
BJHAHNEM NOJsPH3aUHU Ha BeJIHYHHYy o U e. [IpeamosoxuM, uro
MBI HCCJeLYeM CJ0XKHYIO CPEAY, COCTOALIYIO M3 HECKOJIBKHX KOMIIO-
HEHTOB, B KOTOPBIX MOT'YT BO3HHKATbh BCE PACCMOTPEHHBIE BHIIIE BH-
Ibl noJifpH3auud. B nose ¢ ONTHYECKUMMH YacTOTaMH BO3HHKAeT
3JIeKTPOHHas NOJASPU3AIUS CMellleHHs, AJs1 KOTODPOli XapaKTepHE
HauboJee HH3KHe 3HadeHHs &. B moje ¢ MeHbluell 4acToToit Kpome
3JIEKTPOHHON BO3HHKAET aTOMHAs NOJSAPH3ALHUS, NPH ITOM CPERHHIH
YPOBeHb & HeCKOJBbKO Be3pacrtaer (puc. 35). [lanee K aJeKTPOHHOM
H aTOMHOH moJsfpn3auuu Ao8aBJseTcs AUMOJAbHAs, UTO CHOCOOCT-
ByeT AaJjbHeflleMy pOCTy &, OCOOEHHO eCcaH HCTOUYHHKOM [HEOJb-
HOIl ToJfApH3anHu siBAsieTcs1 BojAa. HakoHenu, ¢ mepexoiom B 06-
JIacTh PafHOYaCTOT K NEPEUMCJICHHLIM BHAAM MOJspH3aUHH 106aB-
JgeTcqa CTPYKTypHas, KoTopasi B 00beKTax, COJAeprKallHX MHHepa-
JBl C 3JIEKTPOHHOH NPOBOLUMOCTBLIO, MOXKeT GHITb OrpoMHO# (CM.
noapasa. 7.6). [Tockosbky B objacTd 4acToT MeHee JeCSTKOB KH-
JIOTePIl OCHOBHYIO pPOJb CPeAHu APYTHX BHAOB NOJSPH3ALUH MrpaeT
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CTPYKTypHasl, onpeleisiomas siBJIeHHS BBI3BAHHON MOJAPH3ALHH,
B HacTosilleM pasjese yyeGHHKA PacCMOTPUM BJHdsIHHE YaCTOTHI
noJisi Ha BeJHYHHH ¢ M ¢ B o6/1acTi o=>10—100 xI'y [12].

B nossix Hu3KOf uacToThl (@=<20—50 xI'n) npoBoanMoCTL Be-
LIeCTBA ¢ HMEET YHUCTO OMHUECKYIO NPHUPOLY M He OTJAHYAeTCsi OT
IPOBOLUMOCTH Gp B MOCTOAHHOM moJIe, T. €. npu w=0. Beanuuua e
NpaxkTHIeCKH He OTIHYaeTcs OT & (OpH ®=0) u onpefexasieTcs B
OCHOBHOM INoOJsipH3aunuefl OpPHEHTALHOHHO-AHIOJBbHOH M YAaCTHYHO
noJsipusauyefl cMemlesus. ¥ TOPHEIX IOPOJ 3TH BHAH TOJsIpH3a-
LHH XapaxkTepHBl JAJ5 BOABL B IIOPOBOM IPOCTPaHCTBE (QUNMOJLHAS
noasipu3aiis) I MHMHEpaJoB, COCTABJISIIOILUX CKeJeT NopoAbl (mo-
JspU3anHsa CMelleHHs).

C poctoM ® B o6aactn | MI'u — 1000 MTI'y omyuraercs ymeHb-
LIeHHe & B BellecTBaX ¢ JUMNOJbHOH moasipusanueli (Boga) M B
CJOZKHBIX CHCTEMaX, COJeplKalllHX 3TH BellecTBa (BJAaxHBlE MOPO-
IBl). DTO OOBACHACTCS TeM, YTO NMOJSIPHBIE MOJEKYJB, KOTOphie MPH
©oJsiee HU3KOIl 4yacToTe ycneBa/dll MEHATh CBOIO OPHEHTAUHUI0 B CO-
OTBeTCTBHH C H3MEHCHHMEM HaNpaBJeHHS IOJSAPU3YIOUIero ImoJs,
HayuHasi C OIpejeJeHHBIX 3HaueHH{l HE IOCNEBAOT 3a H3MEHEHUsI-
MH TOJSA. DTO NPHBOJAUT K YMEHBIIEHHIO TOKA CMelleHHs H CHHKe-
HHIO Beau4HHBl £. OJAHOBPEMEHHO MOSMBJSIETCS KOMIIOHEHTa TOKa,
caBuHyTast Ha 90° M0 OTHOLIEHHIO TOKA CMELIeHHsl W COBIajaroulast
10 HaNpaBJEHHIO C TOKOM NPOBOJHMOCTH, 3T0O BeleT K POCTY TOKa
IPOBOZHMOCTH, YTO O3HauaeT Bo3pacTanue o. Takum o0pasoM, Mpu
NOBBLILICHHH  BeJHYHHA & 3aKOHOMEpPHO TajaeT, a o¢-—pacrerT.
YMeHblUIEHHE & H POCT G NPOHCXOAST OOBIYHO MJAaBHO, 63 CKAUKOB,
10Ka AMamnasoH 4YacTOT COOTBETCTBYET ONpeldeeHHOMY BHAY IIOJIsI-
pusauuu. Tak, 175 BoAH BeJMYHHA € NOCTENEHHO CHuXKaeTca or 80
no 30 npu pocre o or 10—50 MI'u no 1—2 I'Tu [12].

JanbHellUH{T POCT @ He MPHUBOAHT K 3aMeTHOMY HU3MEHEHHIO &
M ¢ 10 TeX Nop, NOoKa 3HaUeHHHA « He JOCTUTHYT o8JacTH, COOTBET-
CTBYIOIIell PA3AHYHBIM BHAAM MOJSIPH3ALMH CMelleHHs (CM. DHC.
35). B atom caydae naMenenue ¢ u ¢ Gyfer 00yC/aOBIEHO OTCTaBa-
HHEM ODHEHTAIHN NOJSPHEIX aTOMOB M HOHOB OT H3MeHEeHHs TOJs.

Teopernueckast OCHOBa SIBJEHHS YaCTOTHOH AHCIEPCHH BEJHUYHH
o U g paspabotana [debaem. B coorBercTBUY ¢ (7.5)

s L7

j=(0-+iwe) E.
Hast Toro uToGbl 0OBACHUTL BO3HHKHOBEHHE JONOJHHTENBHOTO
TOKa, CABHHYTOTO 1o ¢a3e Ha 90° mo OTHOUIEHHIO K TOKY CMeIlleHHs

# COBIMAJ4OIIEro 1o HampaBJ/JeHHIO ¢ TOKOM IPOBOJAHMOCTH, NMpen-
CTaBJAdAIOT € B BHAE:

e=¢ Jig (7.10)
# 10c/Ie NOJACTAHOBKH B ypaBHeHue (7.5) HOJydYaloT:
J=(0-+oe" Live)E. (7.11)
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&) Ezsasp+c Puc. 35. CxemaTHsupOBaHHas
~ 34aBHCHMOCTDH JAUSJCKTPpHUE-
CKOH TNIPOHHIIAEMOCTH OT YHC-
TOTBHl II0JII TNPH DNPOABJCHUH
————— — PasJHYHBIX BWIOB HOJAApPH3A-
uuu (mo M. C. Haesy):

€, — 3JeKTPOHHOI; &, — aTOMHO#;
€, — AMNONbHOH; €. — CTPYKTYP-
HOH

CpaBuuBas Beipaxenus (7.11) u (7.5) n nonaras e=¢”, HaX0uM,
YTO NPOHU3BefeHHE @e” U sIBJsieTcs JOMOJHHTEJAbHOH IPOBOAMMO-
CTbIO, OOYCJIOBJEHHOH OTCTaBaHHEM IOJSPH3ALHH IIPH TOBhIe-
HHU ©. B saurepatype mo Teopuu JAHIJIEKTPUKOB H 3JIEKTPOTEXHHKE
HCIOJIb3YIOT NapaMeTp, Ha3blBaeMbli TAHTeHCOM YrJa IHOTepb:
o+ we”
tgd=——— (7.12)

(037

)

XapaKTepH3YIOIINH KOJHYECTBEHHO paccMaTpHBaeMoe sBJeEHHe.

Ecau npeanosoxXuTh, 4TO IOJASPH3ANHUS NOAYHHAETCH SKCIOHEH-
LIHaJbHOMY 3aKOHY € NOCTOSHHOH T (BpeMsa peJakcaluH), NoJay-
YUM BHIpaKeHHEe A/ KOMILIEKCHOH AM3JEKTPHUeCKOH NDOHHIIaeMo-
CTH CPeJH &:

£ =t 0 C (7.13)

| +iot
rle e« -—MNpeaea & NpU ®—>oc; go—Inpelea & npu o—0. Brge-
Jiga B npaBoi wacti (7.13) HeHCTBUTENBHYIO W MHHMYIO KOMIIO-
HeHTH, nosayuyaeM opmyanl Hebas:
g et 0T oy g () O (7.14)

1 +— @212 1 -} w2
Bripaxenus (7.14) oObsCHAIOT OCHOBHHIE 3aKOHOMEPHOCTH HOBeje-
HHA 6 H & C H3MeHeHMeM @, YCTAaHOBJIEHHBIE 3KCIePHMEHTAJbHO.
Tak, us (7.14) cneayer, uTo & MakcuMagdpHO TpH =0 H MHHH-
MaJbHO TIpU w—oc, DaKTOp AU3JIEKTPUUECKUX MOTepb &’ nocrura-
€T MakCUMyMa Ipu wtv=1.

[Tonyuyennrle ypaBHeHHs! CIPaBeIJUBBHL AJS Cpedbl ¢ (dHKCHDO-
BaHHBIM 3HayeHHEM BpEeMEHHM peJakcalluH NpPH ee NOJAspH3aluH.
Onnako Teopus [ebas cupaBeiiuBa U Ajsl cpel, BKJINOUYAOMHUX
KOMTIIOHEHTHI C PA3HBIMH 3HAUEHHSMH T.

Ecnn BeauunHa T pacnpefieseHa BO BceM AHManasoHe @, B COOT-
BeTCTBHH C BBIpa)kKeHHeM 15 3(GhekTHBHOH HPOBOANMOCTH!

oad,:co[l 4.2y _“”—] (7.15)

Oy ;=1 |+ (01)%

! Ga¢p — YCPEAHECHHOE 3HAUCHHE ¢ B pacCMaTpHBaeMOM JHUanasoHne . B
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rie t;— BpeMs peJakKCcallMH JJIs i-H KOMIIOHEHTH CpeAbl; O¢—
npoBoauMocTh NpH o =0. AHanu3 BuipaxeHus (7.15) mokashiBaer,.
YTO HU3MeHEHHEe 0,4 C YAaCTOTOH ONpeaensieTcsi BeJHUHHOH we/dy, T.e..
COOTHOIIEHHEM TOKOB CMeUleHHsI H NPOBOAHUMOCTH. Ecau mpeobna-
JLal0T TOKH HPOBOAHMOCTH, e/0e<l, ;=09 U YacTOTHasa AHCIep-
cusl ¢ He HaOmopaercsi. Ilpu wefop>>1 BeauunHa 05 CTAHOBHUTCSH:
6oJIbllIe Gy H PACTET C YBEJHUCHHUEM .

C yyeTOM M3JI0KEHHOTO W MaTePHaJOB OOLIMPHBIX 3KCIEPUMEH-
TaJbHBIX HCCJEROBaHUH YaCTOTHOH Jucmepcud ¢ u & [12] MoxHo.
<opMyNHpOBaTh CJAEAYIOLIHE OCHOBHBIE 3aKOHOMEDHOCTH.

1. Iucnepcus 3HaueHU#t ¢ u & HabJOAaeTcss B oOJacTd @, Tl
TOK CMellleHHs npeobjaznaeT Haj TOKOM NpoBoxumocTd. He cyue-
CTByeT €JMHOTO 3HAaueHHs o, pasjessiollero oO6JacTH HaJAWYHA U
OTCYTCTBHSI AHCIEPCHH, TaK KaK 3TO 3HaueHHe 3aBUCHT OT € H o
cpeJbl.

2. C poctoM BeTHUHHBI we/0p 3HaUeHHe & IJIAaBHO yMeHbIIaeTcs,
0 —pacTeT. [ucnepcusi € ¥ ¢ IPH NPOYHX PABHBIX YCJAOBHSAX TeM
GoJblile, yeM 60blile BAAKHOCTb CPEABL.

3. Ias nopoxn c 3HauenusamMu o=1--1000 Om-M u £<<20 B 06-
JaCTH ® €JMHHIL-IeCSITKM Merarepl JUCHEpPCUS & H G He3HaAUH-
TeqbHa. [Ipn o<1 MI'n mucmepcusa p u ¢ orcyrcTByeT. Hucnepcus:
& B HeOJHOPOAHBIX cpefax ¢ MeX(asHBIMH TpaHHIAMH NpU @<
<1 MTIn Bospacraer c yMmeHblleHHeM  OJarojaps fBJEHUIM
CTPYKTYPHOH NOJMAPH3ALMH.

7.3. YAEJbHOE CONNPOTUBJEHHE OCAHO4YHbIX NMOPOX

ITocKONBKY ynenbHOe CONMpOTHBJEHHe GOJBUIMHCTBA TNOPOI00G6-
PA3yIOIIHX MHHEpaJoB 0CaJ0YHBIX NOpojx Ha 5—10 nopsakoB BhIle
YAEJbHOTO CONDPOTHBJIEHHS IJAACTOBOH BOLBl Ps, TO YAEJbHOE CO-
IPOTHBJEHHE TODOALI 3aBHCHT B OCHOBHOM OT pg, HacHIlamollel
nopony, o6beMHON BJaXKHOCTH Wy H TeOMETPUH NPOCTPAHCTBA, 3a-
HUMaeMOro B IIOPOJe BOJOH.

7.3.1. YIEJBHOE CONPOTHUBJIEHHE
NOJIHOCTbY) BOAOHACBIILEHHOW NOPOJ1bl

Yncrele (HerJMHUCTBIE) MOPOAbl. PaccMOTpHUM yHAelabHOE COMpO-
THBJIEHHE Pp.; NOPOABI, NMOJHOCTBIO HACHLILEHHOH BOJAOH, C HPOCTEH-
ulefi reoMeTpuell mop, NpeACTaBJeHHBIX NYUKOM IapaJjiesbHBIX LU=
JUHAPDHUECKHX KaNWIJspOB IOCTOSIHHOTO CeueHusi, B HanpasieHHH,
COBNAfAWOUIEM C HanpaB/JeHHEM OCell KanuwljasfpoB, YHAeJbHOE CO-
HOPOTHBJEHHE COCTABHT:

1
kg

Ops (7.16)

Ps.n=
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Tan=1 Puc. 36. Cxema, noscHsiomas
BJIHSIHHE T'€OMETPHH IIOPOBOTO
KaHaja Ha BeJHYHHY [apa-
MeTpa MOPHUCTOCTH Pq

wrje ps— YJeJbHOE CONPOTHBJIEHHe BOJBl, HACHINAILEH MOPOAY;
£n — K03 UIHEHT NOPUCTOCTH B A0JAX €AHHHUILBL

Ecau nanpasjieHue, B KOTOPOM H3MepSAIOT yAeJbHOE CONPOTHB-
.JleHHe, ¥ HampasJ/ieHNe KanuwlasipoB He COBIAAaloT,

2
s, o= T;" P (7.17)
n
rie T.n— OTHOIIGHHE AJHMHE KalmulJafpa K KpaTdaifilleMy paccros-
HHIO MEXJYy COOTBETCTBYIOLIUMHU IpaHsAMHU Ky6a MOPOLHI.
AnasoruuHo BHIpaxKeHHe ANl YAEJBHOTO CONPOTHUBJIEGHHS Ps.n
TOPOJBI ¢ H3BHJIHCTBIMH KaNuajasgpamu (puc. 36), AaMHA KOTOPHX B
T,, pa3 GoJblile AJMHHE KanWIJASPOB ¢ mpsAMOR ochbilo. Benuunny
T5; Ha3HIBAIOT 3JIEKTPHYECKOH H3BHJIMCTOCTbIO KAMHJ/JIAPOB B OTJH-
‘Yge OT U3BHJHCTOCTH IMAPOAMHAMHUECKOll, paccMaTpHBaeMoO#l NpH
TeyeHHUU XKHUAKOCTH M rasa. Beerpa Ts;>=1. Ilas nopoAsl ¢ npocreit-
el reoMerpuein mop Top=1; ¢ ycroxuenneM reoMetpuH mop Ty,
pacTeT, IPH 3TOM e OPH HEH3MEHHOH IOPHCTOCTH BO3pacTraer
TPONOPHHUOHAJBHO 125,
Cootuomenus (7.16), (7.17) MOXKHO 3amucaTth B BHIE

Pp.x= Pups’ (7- 1 8)

.rie Pp— s1eKTpuuyecKnil nmapaMeTp NMOPUCTOCTH, HJIH IPOCTO Hapa-
MeTp MOPHCTOCTH, npedJoxxeHHB# B. H. IlaxHoBBIM, KOTOPHIH 3a-
BHUCHT OT K03(h(HIUeHTa IOPUCTOCTH H TeOMETPHH 1O0D.

Hns mopon ¢ pasmepom mop Goapute 0,1 MKM, KOTZa MOXKHO
npenebpeub BauaHueM J3IC Ha noBepxHOCTH TBepAod (as3wl Ha
9JeKTPONPOBOJHOCTh HOPOBBIX KAHAJOB, NapaMeTp MOPHCTOCTH Py
“fIBJIfleTCS KOHCTAHTOH AaHHOH IOPOAHL:

Py= 05 1/0y (7.19)
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KOTOpas He 3aBHUCHT OT MHHepaausauuu Cp H yA€JbHOTO CONPOTHB-
JICHHUS pp BOJBl, HACHILAIOWIEH NOPONY.

Has nmapaMerpa P, NMOPHCTBHIX CPel C DA3JUYHOH TeOoMeTpHeli:
NOPOBOTO NPOCTPAHCTBA IOJYUYeHBl TeOpeTHUecKHe BhipaxeHnus [1].

OpHako reoMeTpHs IIOPOBOrO NPOCTPAHCTBA PeaJbHLIX 0Cafoy-
HBIX IOPOJX HACTOJbKO CJ0XKHa M pasHoobpasHa, uto IeJsecoolpas-
HOCTb IDHMEHEHHsl TeOPeTHYECKHX BBIDAXKEHHH [Js ONHCAHUA Xa-
pakTepa cBsi3H MexkAy Pn M k; BecbMa orpaHuuena. Ilas npakT-
YeCKHX LleJiell yao0Hee BhpaxKaTh CBs3b MeXAy Pn u k; smMoupu-
4eCKHMH (hopMyTaMu

Py=ak,™, (7.20)
Py =k, (7.21}

rje @ W m-— KOHCTAaHTHl, KOTOPble ONpPELE/SAIOT 3KCIEePHMEHTAIbHO
LA KOJJIEKIHMH o6pasuoB, NMPEICTaBJAAWE! H3yYaeMEBIH reoAori-
gecKHit 06BEKT.

BeanunHy m Ha3bBalOT IOKa3aTeJieM LEMeHTaUuH mopoanl. [Ipn.
a=1 u m=1 Bupaxenus (7.20), (7.27) roxpectBeHHn (7.16).
C ycJoxHeHHeM IeOMeTPHH TOP /M CTaHOBUTCA GoJblle 1; oTandHe
m ot | Tem GoJgblie, UeM CJIOKHEe T€OMETPHS MOP.

3aBUCHMOCTH, ONHCHIBaeMble BHIpaxeHusimu (7.17) u (7.21),.
n306pazkarT NPAMBIME B JBOHHOM JorapupMuueckoM Maciutale.
Hak/noH npsAMBIX pacTeT ¢ YCJIOKHEHHEM TeOMETPHH TOp, T. €. C
poctom m u T. 3aBucumoctd Pn=f(k;), onucriBaembie Gopmyna-
mu (7.17) n (7.21), o6pasyloT IyyoK NPSIMBIX, NPOXOASALIHX uepes:
TOYKY € KOOpAHHaTaMu Pp=1, ky=1.

Ha npaxTuke yalle HCNOJNBL3YIOT 3aBUCHUMOCTh Pr=[(ks) B BHIE
(7.21). Ilpx oTcyTCTBHHM BIMSAHHS IVIMHHCTOCTH HaumboJjee Xapakrep-
HEIMH SIBJSIIOTCS CJAeAYIOLHe 3HaueHHs mi: AJS XOPOLIO OTCOPTH-
POBaHHBIX NMECKOB H cJa00CiteMeHTHPOBAHHLIX NeCUaHUKOB m=1,3+
<+ 1,4; INs TeppUreHHBIX U KapOOHATHBIX NOPOJ, C MeXK3ePHOBOH I10-
PHCTOCTBIO XOpOLIO CIeMeHTHPOBaHHHIX m=1,8--2; nna mopoa ¢
KaBepHOBO-MeX3epHOBOH MOPHUCTOCTLIO M >>2, MpUUeM BEJHUHHA M
TeM GoJblle, 4eM BhIIe KaBeDHOBAsl COCTABJSIOLIAS BEJHYHHBI K
H uyeM OoJiblle pasMephl KaBepH; JJs IIOTHBIX CLEeMeHTHPOBAHHBIX .
NOPOJ, COREpIKAIIHMX TPELIHHBI, BeJHYHHA m CyILleCTBEHHO HHXe
3HaueHHs1 m=1,8--2, xapakTepHOro AJsi TaKHX HNOPOA NPH OTCYTCT-
BHM TPeLLHH, B npejese m—-1.

YnenbHOe CONPOTHBJEHHE BOJB, Hachmlamomie#i MNOpOAy, Haxo-
ISIT, UCIOJb3Ysl 3aBHCHMOCTH M IPHEMBl, H3JI0JKeHHBIE B HOApasje-
Jge 7.2, 1js M3BeCTHHIX MHHepaJH3alllH, XHMUYeCKOr0 COCTaBa pac-
TBOPEHHHIX €OJIell # TeMIepaTyphl pacTBopa.

MpuHepasnuzauus IJ1aCTOBHIX BOJ B paspe3ax He(THAHBIX U raso-
BBIX MeCTOPOXKAeHui u3meHnsiercss ot 5 po 400 r/n. Huskne KoHIEHT-
palHu XapakTepHH IJ51 paflOHOB, pas3pe3bl KOTOPHIX NpEeACTABJEHDL.-
OTJO0KeHHSIMH J01eHOBOTO BO3pacTa IIpH aKTHBHOM NHTAHHHM HX aT-
MocepHEIMH BOAAMH (30LI€HOBHE 0TJ0XeHHa Bocrounoit I'pyauu).
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Z 774 Puc. 87. Cxema, nosicHfiomas

/ & } 7- BoIpajKeHHe IJA 3JeKTPempo-

asc Pasc & BOJHOCTH TOPOBOr0 Kauaja

NOpH HaJHYUM Ha [OBEPXHO-
2 Gy P ¢ cTH KaHana J3C:

I — J13C; 2 — cBOGOZHEIN pacTBOP

‘Cpennne KoHuHeHTpauuu 15—>50 r/n THOWUYHB AJs OGLIHDHBEIX Tep-
puropuil 3ananuoir CubGupu, yactuuso SIkyrtun, CeBepHoro Kaexka-
3a, CpenHeilt Asuy, rie OCHOBHYIO YaCTb padpesa IpeiCcTaBJIAIOT
Me3030[CKHe, YaCTHYHO KalHo30fickue OTJIOXKeHHA. DBHICOKHe KOH-
neHtpauuu (Gosee 100 r/a) xapakTepHH MJsl IaJe030HCKHX OTJIO-
"2KeHHH Ha Tepputopun Pycckoii m Cubupckoil nnardopm. OcHoB-
HEIM KOMIOHEHTOM IJIACTOBBIX BOJ IPH J000# HX MHHepanu3aluu
apasiercs NaCl. Insi Box HeGoJpIIOH KOHLUEHTPALHH XapaKTepHO
takxke Hajauune NaHCOjz; u NaySO,. B Bozax cpenHeit u BHICOKOM
KoHneHTpanuu noasiasiorca CaCly,, MgCl,, abGconoTHoe M OTHOCH-
TeJbHOE COJepiKaHue KOTOPHIX TeM 00Jbllle, yeM BhIe 06Llass MH-
HepaJH3anHus.

Temneparypa m1acTOBHIX BOJ HU3MeHseTcss B mpepenax 10—
230°C, yneabnoe conporuBiaenue ot 0,01 no 1 Om-M. [Tpumepuo B
‘TeX Xe NpefeNax U3MEHAeTCS Ox B pa3pe3ax YroJbHBIX MeCTOPOXK-
JleHHH.

Faununctele nopoasl. [Topoarl, comepxaline TAMHHCTBIE H JAPYTHE
MHHEepaJbl, HaXOAslHeCs B BBICOKOAUCIEPCHOM COCTOSIHHM B INpPH-
poje, HampuMep, JHMOHHT, LEOJHTH H JAp., XapaKTepH3YTCS
"HaJauuHeM B ofmiem o6beMe mop cyOKaMWISAPHBIX HOPOBBIX KaHa-
JIOB, pafuyc r KOTOPHIX coH3MepuM ¢ tonaumuuoft [13C Ha noeepx-
HocTH 1op. IlosToMy yIenbHOe CONpPOTHBJEHHE NOJHOCTHIO BOAOHA-
CHILICHHBIX TJIMH H IVIHHHCTBIX NOPOJA 3aBHCHT He TOJBKO OT pac-
*CMOTPEHHBIX BhIlle (PAKTOPOB, HO H OT BeJHUHHBH aAcOpOILHOHHO
TIOBEDXHOCTH MOPOALI S M COOTHOLIEHHS YAEJbHBIX 3JeKTPOINPOBOX-
Hocrelt JIDC 6., u cBoGoAHOrO pacTBopa o (puc. 37).

YieabHast 3JeKTPONPOBOAHOCTh IMJIMHAPHYECKOrO KAHANA Okan,
3aMOJIHEHHOTO BOJOH € YARJbHOI 3JEKTPONPOBOAHOCTBIO Os, ONpE-
LeJISIETCS. BEIP aXKEHHEM

Ogan = 805+ (1 —E) ¢, (7.22)

rie E— noas o0beMa KaHajaa, 3aHHMaeMas CBOGOAHBIM PacTBOPOM
(puc. 37).

Benuunna os= (u-+v)Cs. BennuuHa ocqx N0ZOGHO o5 Ompenens-
-@TCSl KaK NPOH3BeJeHue cpefHell 9((heKTHBHOCTH MOJBUMKHOCTH Upse
kaTtHoHOB JIDC Ha KOHIEHTDAIHIO NMOIJIOLIEHHEIX KATHOHOB B 00b-

eme I3C q/(1—§):
On == Upscq/(1 —E), (7.23)
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rjie g— npuBeleHHAasl eMKocTh oOMeHa (cM. pasfen 2).
TMoacraBasis 3HAUEHHS 0z H Ocx B (7.22), moyunwm

Oyan = (4 1-0) Ca + Upsed- (7.24)

VunrpiBasi, 4T0 yIeJdbHOE COMPOTUBJIEHHE KAHANa Pxan=10/0Ckan,
BBHIYHCJIHM MCTHHHOe 3HaueHue P, no ¢opmyae (7.19), noacrasiass
B HEE Pxan BMECTO Pg!

Pn = g, n/pxaﬂ' (7-25)

[Ipn BuuMCJAEHHH NapaMeTpa MOPUCTOCTH TMOPOJABl C TOHKHMHU
kKanuaiaspamMu no ¢opmyae (7.19) moayuum (HKTHBHOe 3HAUEHHe

Pn.(b:pB. u/pm (726)

KOTOpO€ He fIB/ISEeTCH KOHCTAHTOH NMOPOALI M 3aBHCHT OT BEJHYMUHBI
pp. OTHOIEHHe (HKTHBHOTO mapaMeTrpa NOPHCTOCTH Pyg K HCTHI-
HOMY Pq

N=p, ,JP,= T 7.27

n.nb/ 14 EGB+(1—§)GCA ( )

Ha3uBaloT KO3(p(UIUEHTOM NOBEPXHOCTHOH NPOBOAMMOCTH. Be.t-

ypHa [l 3aBHCHUT OT COOTHOHI€HHS 3HAYEHHH Oy H Ggy H OT J01H
o6bema nop, 3anuMaemoit J19C.

PaccMOTpUM YacTHBIE CAyYaH.

1. Uuctasn HerauHHCTasi OpojJa, pasMep HOp HaMHOro GoJjblie
O1sc, MO3TOMY E=1, Pro=P,, II=1, noBepxHoCTHAas IPOBOAUMOCTD
OTCYTCTBYET.

2. I'nuHa, mopoBoe IPOCTPAHCTBO KOTOPOifl NpeacTaBJaeHO Ka-
NHAAAPAMH C 7 & Opse. AIC HENMKOM 3aMONHSET Kanuwaaapsl, &=
=0, Pro="Pu 06:/0ca, I=04/0ca. B 3TOM cayuae II=1 ToabKO mnpu
Op=0ca, IIPpH Cs =>0cn H>1, npu 0 <0Oen IT<<1.

B anexrpoxumun JIC 1HCIEepCHBIX CHCTEM pPacCMaTpHBAETCs
TOJIBKO YCJIOBHE Op<l0cn, KoTJAa Hamuuue JIC co3gaer HONONHH-
TeJIbHYI0 NMPOBOAMMOCTbL ITOPOBBHIX KAHAJOB, B 3TOH 06JacTH BJHS-
Hue JI9C MPHUBOIHUT TOJHKO K CHHMXKEHHIO YAENBHOTO CONPOTHBJIE-
Hus nopucToll cpearl. CyllecTByl0T ABe 06JacTH 3HaueHHH KOH-
LeHTPAaUuH DPACTBOPOB, B KOTOPHIX COOTHOUIEHHE Gex U Op PA3JIHU-
Ho [8].

HazoBem yc/n0BHO TOuKy mepecedeHusi Tpa@HKOB Gusc=f(Cs) U
0s=[(Cs) MHBEDPCHOHHO! ¢ KOOPAHHATAMH Oy U Cpy {(puc. 38). O6-
Jactb Cs<<Cuy COOTBETCTBYET Gcn=>Cs, NPH KOTOPOM CIIPaBeAJIHBLI
3aKOHOMEPHOCTH, YCTAHOBJEHHBIE B 3JEKTPOXHMHH JUCIEPCHBIX
cucreM. B o6aactu Ce>>Cyuy CUpaBeNNUBO COOTHOIUEHHE Geq<Z Os,
npx Koropom Haauuue [IDC Ha TOBEpXHOCTH KaHAJOB, 3aMOJHEH-
HBEIX CBOGOAHOH BOMOH, NPHBOAHT K CHHUIKEHHIO UX NIPOBOAMMOCTH
Oxan H DOCTY YAEJBHOTO CONPOTHBJIEHHS] MO CPaBHEHMIO CO 3Haue-
EHAMH Oy H Py COOTBETCTBEHHO. DTa 3aKOHOMEPHOCTh COOTHOLUIEHUS
€ H Ocn OBLJIA B JaJjbHEHLIEM MOATBEPIKAeHA PARKOM HCC/eoBaTe e
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d,OnﬂW Puc, 38. CooTHOWEHHE 3JIeK-
rponposoaHocTell 3C G B

500 cBoGoAHOrO pacreopa O; npud
200 |- T=20°C:

100 1= 0550=[(Cy); 2= 05=F(C,)

!
2
10
g1 I ) |
4,058 4358 58 58 g,

[25, 36]. YaeabHOe COTMPOTHBJIEHHE B TOUKE HHBEDCHH N0 LAHHBIM
pasanuyHeix aBTopoB cocraBaser 0,2—0,8 Om-M, nO3TOMY MOXHO
TOBODHTb O HAJWUUHM 30HBl HHBEPCHH OTHOIUEHHH Qs/Prsc H Os/Onsc.

Ilpn temnepatype 20—100°C, xapaxrepHo 114 pa3pesoB
60/IbLICH YacTH M3BECTHEIX MECTOpPOXKAeHHH HedTH H rasa, yka-
3aHHas 06JacTh 3HAYEHHH Qe COOTBETCTBYET YAEJBHOMY CONPOTHB-
aenuto pacteopoB NaCl c xonuenrpanueit C,=0,2—0,6 1 (mpHu-
mepHo 10—25 r/n). Takum obpasom, o6aacTH Cs>Cuy, Gcn<<Os,
Pca=>0s COOTBETCTBYIOT yCJIOBHSA, XapakTepHble MJs 10POA Hedrs-
HbIX H Ta30BBIX MECTOPOKAEHHH, HacblUleHHBIX NJacTOBBIMU BOAA-
MH, MHHepaJju3amds KoTopblXx o6buHo Bhime 20 r/a. Creayer orT-
METHTb, YTO AJIi 3HAYUTEJBHOH 4aCTH IPOAYKTHBHHIX OT.IOXKEHHH
Sanaxno#t CubOUpPH XapaKTePHBl YCI0BHA, COOTBETCTBYIONINE HHBEp-
CHOHHOH 30HE, KOTZa MOXKHO IPHHATh Oca < Os, Pea Qs. I8 30HHL
TIPOHUKHOBEHUsI HUIAbTpATA NPOMBIBOYHOH KMIAKOCTH B MOPOAaXx-
KOJJEKTOpax Npu GyPEHHH CKBaXKHH Ha MPECHOM IJHHHCTOM pac-
TBODE HANPOTHB OYAYT THIHYHLI YCJIOBHS, XapakKTepHble 1/ «KJjac-
cHYeCKOi» 06JacTH NOBEPXHOCTHOH nPoBOAUMOCTH: Co<<Cyx, Oca>>
=08, Pea<<Ps:

Oco6eHHOCTH TOBeEHHU S YAeJbHOTO CONPOTHBJCHHSA Pnra B HK-
THUBHOTO MapaMeTpa HOPUCTOCTH Pp¢ FIMHHCTBIX MOPOA H CYCHEH3Huit
NpY H3MeHEeHUH B WIHPOKUX HpefesaX Ko3((OHULUHEeHTa NOPUCTOCTH Rq
(oas cycneH3uii — oObEeMHON BJIAXHOCTH), KOHUEHTPauHuu csoboa-
Horo pactBopa Cs, pa3vepa 4YacTHLI @ H, CI€Z0BATEbHO, aAcOpPG-
LUHOHHOH CIOCOGHOCTH TJIMHHCTOTO Martepuaja ( paccvoTpuM Ha
npuMepe pacyeTHHXx TrpadukoB Pneo=[(k:) Ans pasanudbix Cs=
=const npu a=const asas Kaxnoro cemeficrBa H Pnpop=[(ks) AAR
pasnnunblx @=const npm Cs=const Ans KaxkA0ro cemeiictTea
(puc. 39).

Pacuernuble rpaduki Pre=f (k) monydeHsl A MOJeIH «MOHO-
MHHEDAJIbHOH TJHHBIY, 00pa30BamHOl KyOHUeCKHMH HacTHLAMH MO-
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Puc. 39. Pacuetioie (/) m skcnepuMertanbinte (2) kpusble Pnra (004 Pug)=f(k1)
IJsi MOHOMHHEPANbHbIX [VIMH M TJHHACTHIX cycmeHsui. ludp pacueTuuix n 3xcme-

PHMEHTAbHBIX KPHBBIX — KOHUeurpauus pactsopa Cg, T-3KB// (3KCNEPHMEHTAJb-

Hbie 32BIICHMOCTH cocTaBJeHn 1o jaHHeiM I1. T. Korosa, E. A, Ilo.askopa)

CTOSIHHOT'O pa3Mepa @, pPacHoJIOXeHHBIMH 1o KyOGuueckofl ceTKe ¢
IOCTOSIHHO IIHPHHON ILUeNeBHIHBIX NOP, pa3feJsioliuX CJIOH KyOu-
KoB. Beanununa Fk; usmensercs B npemenax 1>kn>Enmin, riae
Rn min — NpeAeTbHO YIVIOTHEHHAs «IJIMHa», JJ7 KOTOPOM IMHpUHA
Ienel A Mexay psAAaMH KyGHKOB yMEHBIIAsiCh AOCTUraeT XBOHHOI
TOJILIHHB MOHOCAOS Amin=208c,. M3MeHeHue k; B Takux mnpepeiax
‘OXBAaTHBAET BeCh CHEKTP IVIHHHCTBIX IHCIEPCHBIX CHCTEM, BKJIOUa-
IOLIHIH IVIHHUCTBIE CYCNEeH3HH, IVIMHHUCTbII HEYINJOTHEeHHBIH OCajoK,
YNJOTHEHHBIE B PA3HOH CTENeHM IVIHHBL. BeJHunMHa Ry min, OUpele-
JsieMas OTHOIIEHHEM Hmin/@, TeM Gosble, YeM MeHbllle pasMmep
uyacTHll a. M3meHeHue a B mpeflenax 5<<a<<5000 HM mo3BoaAM0
AMHUTHPOBATh [VIUHHCTEIE MHHEPAJE! ¢ PA3JUYHON NUCHCPCHOCTBIO H
0OMenHOol afcopOLHOHHON cnoco6HOCThIO TBepaoH dasn 2,3<<Q <<
<23 wr-3kB/r. Mogenu «Hachimanuchk» pactBopom NaCl, xoH-
LeHTpauisi KOTOPOTo H3MeHanach B npexenax 0,001—4 n., a sHaye-
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q Puc. 40. PacuetHble 3aBHCH-

100 moctH Pnp=[(kn) AI7 MOZe-
s Jeit MOHOMuHepaJabhbX Na-
- TAMH H HX CYycHeHsuii mnpu
ar 076 pasauyHOit MuHepanusaunn Cs.
51076 pacrBopa NaCl.
- [B=l/”' I —Cy=4u; 2—C,=0,ln Ungpp
KPUBBIX -~ pasMep 4acTHy a, CM
201
P
whk ¥
N
\ e
5k 5-70'5Q§\
Lg=0,In,
P\
RN
2r . N
N
7 L 1
w0 S0 100 Kn,%

HHS ps M 03 npH T=20°C coorBercTBeHHO B mpelenax 0,05—
94 Om-m 1 0,106—200 Om—t-cMm~L,
3HayeHHe On.rn PACCUUTHIBAIOCH O (POpMYyJIe

Pu. ra ™= PuPran-

Beauuuna P, BBIYUC/IANACL B COOTBETCTBHH C 3afaHHEIM Rg 1O
dopmyne B. H. JaxHoBa and MOAeJH HOPUCTO cpelbl ¢ KyOHue-
ckumu 3epHamu [1, 13]. BeauunmHa pgas paccuuteBagach mo ¢op-
MyJe (7.25), B KOTOPYIO NOACTABJANOCH 3HaueHUe E, BLIUHC/JAEHHOE
B COOTBETCTBHUH C OTHOIIEHHEM O.n/h. BennunHa oc; onpeneasach.
no rpaduky cea=/[(Cs) (cM. puc. 38).

3HaueHne Pp.g BBIUHCISIOCH O GpopMyae

Py, ¢ = Pm. m/ps' (7-29)’

HecMoTpst Ha ynpoHlaioliue NPeAno/a0XKe s 0 GopMe TJHHICTBIX
YacTHL, TeOMeTPHH MOPOBOTO IPOCTPAHCTBA U T. A., PacueTHbe rpa-
¢uKH Pho=[(ky) HaxomsATCcsa B YAOBJETBOPHTEJILHOM COOTBETCTBUH:
C 3KCIepHMEHTaJbHBLIMH, NMOJYYeHHBIMH pas3Ju4YHBIMH  HCCJIeLOoBa-
TeJASIMH Ha HCKYCCTBEHHBIX 00paslaXx MOHOMHHEDAJbHBIX [JIHH (CM.
puc. 39 u 40).

AHnann3 pacueTHHIX KPHBBHIX NO3BOJSET OTMETHTb Ciaeiyloiliee.

1. Bo Bcem muamasoHe M3MeHEHHs Ry C yMeHbIIeHHEM KOHIEHT-
paunu Cp cBOGOAHOTO pPACTBOPA, HACHILAIOILErO [VIMHY HJHd ABJS-
1ouerocss BoLHO! (a30H cycneH3HH, BeJdHuYHHA Png yMeHbHIAeTCH.
Crenedb CHUKeHHSI Pgg Tem O0Jbllle, uYeM BHIle IUCIEPCHOCTDL
FJIHHBL.

2. Boabuiaa yacts KpUBBIX Png=f(kn) XapakTepusyercsi MOHO-
TOHHBIM DOCTOM Ppng ¢ yMeHblieHneM k& npu Cs=const. Kpusbie

(7.28)
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Poo=f(ks) Ansa 3nauennit Cz<<0,002 H ¥ rIMH HHU3KOH AUCHEPCHO-
crd, Ans 3HaveHu#t Ce<<0,02 H 1 rJIUH BBICOKOH AHCAEPCHOCTH HMe-
10T aHOMaJbHy0 (OpMY: B 06aCTH BHICOKHX Ky (CYCIIEH3HH I TJH-
HHCTBIE HEYIJIOTHeHHBle OCAaJKH) ¢ YMeHbllleHHeM &, 3HaueHHe
P..p yMeHbIlaeTcsi, AOCTHFasi MHHMUMYMa, NOcJe dero pacter. [Ipu
5TOM 3HauHTeJbHasg 4acTb KPHUBOH pacnojoxKeHa B 00JacTH Pgg<
<1. Takoe siBleHHe «CBePXNMPOBOAMMOCTH» TJHHHCTBIX YacTII[ B
NpecHHX pacTBopax OOBACHAETCS TeM, YTO IPH ONpelesieHHBIX CO-
OTHOLIEHHNX AHUCIEPCHOCTH PJIMHBI M KOHHEHTPALHH CBOGOAHOrO
pacTBOpa CHHXKEHHEe YIeNbHOrO CONPOTHBJEHHS] [JUCIEPCHOH cucre-
MBI 32 CUT BBLICOKOl 3JeKTPONPOBOAHOCTH Oca>0s AIC Ha moBepx-
HOCTH YacTHI{ NPeofoJeBaeT NPOTHBONOJOXKHOE BJIHsiHHE, 06y Ca0B-
JINBaIOIl¢e POCT YAEJbHOTO CONPOTHBJEHHS CHCTEMBI TIO CPABHEHHIO
C ps OJarogaps 3amellleHHIO YacTH o6beMa IPaKTHYECKH HENpOoBO-
ASIIUMH YaCTHIAMH TVIHHbL.

3. 3aKOHOMepHOCTb H3MeHeHHs! Pn¢ ¢ H3MeHeHHeM JHCIIepPCHOC-
TH TJIHHB OpH Cez=const pa3iuyHa B 3aBUCHMOCTH OT 06.14cTH
KoHueHTpauuu Cu. Tak, npu Ce=4H u IH rpaduku 3aBHCHMOCTH
Puno=f(kn) AJs TIMHBL ¢ MEHbIUeH AHCIEPCHOCTHIO PACIOJAFAIOTCS
HHKe 3aBHCUMOCTH Ppo=[(Rn) MJs rauHbl ¢ GOJblUell AUCHEPCHO-
creio. [Ipu Ce<<O,! H., HanpoTHB, rpaduku Pne={(ka) AJas BICO-
KOLHCTEPCHBIX IVIHH PACIONOXKEHbl HHXKe IPpadHuKoB AJIs TVIHH MeHb-
meft pucnepcHoctd. llpn Cy=~0,2 H. 3Hauenus Py gy~ Py [losto-
My AJs TJIMH Jio6of aucnepcHocTd rpaduk Pn=f(k,) mpaxkTuuecku
OJHMH U TOT Xe. Bu1 ero onpepensiercs BAUSHHEM TOJLKO TeOMeTPHH
0P, BJAHSHHUE JeKTPOXHMHUECKOTO (aKTopa OTCYTCTBYET.

[TonyueHsl Takxke pacueTHble rpathuxrd I/ MOJEJNH TJHMHUCTOH
TOPOJBI, B YaCTHOCTH NJIHHHCTOIO KOJIJIEKTOPA € PACCESIHHON IJIHH-
crocTblo. [TapaMerp Prg pacCuHTHIBAIM IO hopMyJe

Pn.¢=&‘Pn.cw
Pa

rie Ppcx— HapaMeTp MOOPHCTOCTH YHMCTOrO MHHEpaJbHOTO CKeJje-
Ta, He cojep:Kallero IJIHHACTHIX YacTHI, p; — yAeJbHOE COIPOTUB-
JICHHe Cpenbl, 3aNOJIHAKLEH HEAaKTHBHbIE cKesjer, oO6pa3oBanHOK
CMeCbI0 arperaToB IVIHHHCTHIX YacTHH (IVIHHUCTBIA LEMeHT) M CBO-
6oaHOM BOABL BeanunHa p; 3aBHCHT OT YAEJNBLHOTO CONPOTUBJICHHS
FJIHHHCTHIX arperaToB U CBOGOAHOTO PacTBOPa Ps, CTENEeHH 3amoJHe-
HHS TJIMHHCTHIM MaTepHaJOM MPOCTPAHCTBA MEXKAY CKeJeTHBIMHU
3epHaMH, a TaKXe OT reOMETPHH yYacTKOB, 3aHHMMaeMblX TVIHHOH H
BOZOH, U HX B3aHMHOT'O PAacHOJOKeHUs.

B kauecTBe MOZeJNH YHCTOrO CKeJieTa HNpHHSIT TPeXMepHHIH Iife-
aJbHBI TPYHT C pacnojoxeHHeM KamWIIpOB B TpeX B3aHMHO-
NEPIEeHAMKYJASPHbX HANpaBJeHHAX; BeJUUHHY Prcyx pacCYuTHIBAJIH
10 COOTBETCTBYIOLle# (opMyJae nAs 3aJaHHBIX Rn.cx. Momens 3a-
NOJIHeHHS CKeJeTa NpejcTaB/jeHa 060coOJeHHBIMH YyacTKamil, 3a-
HHUMaeMBIMH TJHHHCTBIMH arperataMu H cBoGOJHOH BOAOH; 4acThb
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Puc. 41. Mogenb INIMHACTOrO KOJJIeKTOpa:
1 — HeaKTHBHBIY CKeNeT; 2 — TJIHHUCTHIR LeMeHT, § — cBOGOAHbIN PacTBOp

CJIHHHCTOrO MaTepHaJja pacloJoXkeHa mnapalseNbHO ydyacTKaM, 3a-
HAMAEMBIM BOJOH, 4acTb — TOCJEAOBATENbHO C HUMH (puc. 41).
Besn4yuHy ps pacCuuTHIBAIHN O dopMyJe

Ora [Prna (1 — ) +pp (1 —a)] (7 30)
P (1 — )2+ praaa (1 —a) 4-ps (1 --a) o’ ’

rie o — JOJs TJIHHHCTOTO MaTepuaja, pasMelieHHOro IocJaejoBa-
TeJLHO C PacTBOPOM; @ — CTeNeHb 3aHOJHEHHS TJAMHHUCTHIM MaTe-
pHajg0M MyCTOT YHCTOro ckenera. B dopmyay (7.30) moicraBasiu
pacueTHble WJM SKCIEPUMEHTaJbHble 3HAUEHHUS Pra, AJS 3aJaHHBIX
Cn, R ra, Qr.n-

BenuunHa K03(p(HUIHEHTA NMOPHCTOCTH MOAENH TJIHHHCTOIO KOJ-
JIEKTOD& ¢ pacCesiHHOM [VIHHMCTOCTLIO

n=ku.CH[1"‘a(1—kn.m)]' (7~31)

PacuerHbie 3aBucuMocTd Pro=[(ka) 419 Rucx=0,3 U raunHucro-
ro MaTepuaja pasJHYHON AHCIIEPCHOCTH, TIOJy4eHHBle NIPH Passiud-
HBIX ps=const, oXBaTHBAIOT UHTepBaa k,=0,18=-0,3 nag nopoi-
KOJIJIEKTODOB C pas3JIMuyHBIM COJAepIKaHHeM TJIHHHCTOrO MarepHana,
KOTOpOe HMHUTHPYeTCcs H3MeHeHHeM a B npejenax 0—I1, cooTsercT-
BYIOLIHX YHCTOMY KOJIJIEKTOPY M TJHHUCTOH HNOPOZe-HEKOJJIEKTOpY.

32BUCHMOCTH Pro={(ky) XapakTepusyooTcs CJIeAYIOLINMH OCO-
GenHoctaMu (puc. 42).

Hab6aonaercas 3akoHOMepHOE CHHXeHHe Prg € yMeHblIeHHeM
C: npH TOCTOSHHON [IHCHEPCHOCTH TIVIMHHCTOTO MaTepHana, Kak H
sl MOJeJiel UHCTHIX MOHOMHHepaJibHBIX JHH. CTenmeHb CHHXKeHHS
TeM OoJiblue, 4yeM GoJbliie aKTHBHOCTb Q riuubl. B obaactu Cs>
>0,2 H. pucnepcusi 3aBucumocTeir Pn=f(ks) nns pasanunbix Co
n Q HeBenuka. dTa JHCHEPCHs CYLIECTBEHHO Bo3pacTaeTr mpu Cx<
<0,21.,, a npu Cs<<0,01 n. BenuunHa P, yMmeHblIaeTcs TIPH CHH-
JKeHUN Rn, UTO OODBACHAETCS pAacCMOTPEeHHBIM Bhlllle 3ddekToM
CBEPXNPOBOJAMMOCTH TJIHHUCTHIX YaCTHI, B TNPECHEIX pacTBOpax.
B o6aactu Ce>0,2 4. 3HaueHHsA Ppg>Pn.cx, B 06aactn Ce<<0,2 H.
sHaueHHe Ppg<Ppcx CuoepoBartenrno, npu Cp;>0,2 H. mpucyrcr-

Ps=
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Puc. 42. PacueTHbIe H KClIepHMEHTA/IbHbIE 3aBHCHMOCTH Py o= (k) a8 MIHHICTHIX
KOJIJIEKTOPOB:

@ — pacueTHble 3aBHCHMOCTH Py =f(k ) anA Momesu xoaneKTOpa ¢ TIHHOH pasauuHON Aiice
nepcHOCTH, mudp KPHBBIX — §.; 6 — SKCIEPUMENTAlbHbIE 3aBHCHMOCTH Py=i(k;) nas oGpaa-
HOB ¢ pa3nuyHOA TIaHHHCTOCTbIO ) (WHpP KPHBBIX), HACHILEHHLIX DPacTBOPOM BBICOKOH
(0,=0,06 Om-M, no B, 0. Benzensmtefiny) H HH3KOI (py=3 OM-M, no B. JI. Anekcauapo-
BY) MHHepaJH3anHf

BHe B NIOPOAE TJIMHBL BLI3bIBaeT yBeJauueHHe Ppg MO cpaBHEHHIO ¢
Phck nas uuctoit mopogme, a npu Cs<<0,2 H. — yMenbmedue Pgg
MO OTHOWIEHMIO K Ppnck. BausiHue rauHucTOCTH TeM GoJblie, deM
BBIIE €€ JAHCIEePCHOCTD.

PaccMoTpeHHEle 3aKOHOMEDHOCTH MOBENEHHS 3aBHCHMOCTel Pr=
=f(ks) NMOATBEPXKAEHBH OOWHUPHEIM (DAKTHUYECKHM MaTepUaJIOM,
NOJy4eHHBIM [1Js peajbHBX TJIHHUCTHIX MOPOA-KOAJMEKTOPOB. HMH-
BepcHOHHOe 3HaueHHe Cy H €0OTBETCTBYIOLIEE MY Pp AJISt KOJMJIEKTO-
POB € PasJHYHBLIM COCTaBOM TIJIMHHCTOTO LeMeHTa, OOMEHHOro Ka-
THOHHOTO KOMILJIEKCA TJIMH M TIPH Pas3JHYHOH TeMIepaType MeHSIOT-
csa B npepenax: Cs=0,2-+-0,5 H. 1 ps=0,2—0,8 Om-um [8, 25, 36].

YuuTeiBasi 3T0 006CTOATENbCTBO, PEKOMEHAYETCsl B KauecTBe KO-
s puuyeHTa IOBEPXHOCTHON NPOBOAMMOCTH NMOPOJAB Kak XapakTe-
PHCTHKH BJIMSIHHS [VIHHHCTOCTH Ha CBsA3b Pn={(k:) ucnmonb30BaTh
napamerp II:

H= Py o/Pu. upens (7.32)
rie Prapexn— npelesbHoe (MakcHMalbHOE) 3HaueHHe TMapaMeTpa
HOpHCTOCTH, COOTBeT‘CTBy}OH_Iee YAEJBbHOMY COIPOTHBJAEHHIO IMODOABL

NPH HachIIEHHU ee BBICOKOMHHEPaJH30BaHHOH Bojo#. Paccuuras-
Has 1o dopmyae (7.32) Bennuuna IT<C1. 3Hauenue II TecHo cBs3a-
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Puc. 43. xcnepuMenraibHEE 3aBHCHMOCTH Mex Ay napamerpamu Il u gq (a) u II
H Aza (6) DJst TePpUTEHHBIX OTJOXKeHHE AeBoHa Daumxupun.

3unayenue IT Buluueseno Ans Beauuun P, usMepennbix npu C,=3,9 1. u € ;=043 nu.; pacTBo-
pbt NaCl

HO C NpHBEJeHHOH eMKOCTblo OOMeHa gy H Audy3noHHOo-aacopOuu-
OHHO# aKTHBHOCTBIO A s MOpoAB (pHC. 43).

Bce Tpu napamerpa XapaKTepH3YIOT aicopOUHOHHYIO cHOCO6-
HOCTb NOpoAbl. JJsi MopoA ¢ pasiHYHBIM COAEPIKAHHEM TIJIHHUCTOrO
MaTepHaJa INOCTOSIHHOTO MUHeDaJbHOI'O COCTaBa HalJlojaeTcsi Tak-
Ke TecHas ¢Bs3b II u mra. Hag onpenenenus BennuuHsl II cocras-
JIEHbl NAJIETKH B BHJAE cemeiicTBa KpUBLIX IT=[(ps) A5 pasiuyHbIX
gu=const uau nrp=const, nossosouue HalTH II NpH H3BECTHHIX
0w H XapPaKTepHCTHKaX TJIMHHCTOCTH MOPOABI §y UJAH Trm (pHC. 44).
st nernosb3oBaHus npu uHTepnperanun matepuanoB I'MC yno6-
HBl TaJleTKH, NpelCTaBJeHHHeE ceMeiicTBOM rpaduxkoB II=f(ps)
LN PA3JUUHBIX acr =const, rae oTHocHTeNbHAs aMIWIMTYAA ol
HIDAeT poJb apaMeTpa rJIUHUCTOCTH,

TpewnHoBarbie, KABePHO3HbIe U TPELIHHOBATO-KaBePHO3HbIE MO-
poabl. PaccMoTpum HOpOdy, re BCe TPEUIHHBI HMEIOT Tpaluibl B
BUJe TJAaAKUX NapaJebHbIX TJaockocTell. Lcau 6J0KH HOPOIHI,
MeX1y KOTOPBIMH PAacHOJOXKeHH TPellHHBl, IpeACTaBJeHbl HENpPO-
BOJISLIMM MHHEPAJbHBIM CKEJeTOM, KO3(p(HUIHEeHT MOPHUCTOCTH Ta-
KO# MOpoJBl paBeH OTHOIUIEHHK CcyMMapHOro of6beMa TPeLIHH K
o6beMy mopoabl, T. €. KO3(h(HUIMEHTY TPEIIHHOBATOCTH Rr. YAeJb-
HOe CONPOTHBJIEHHE HOJNHOCTHIO BOJOHACHILIEHHOH TDEIIMHOBATOCTH
NOPOALl C ORHOM cucTeMO# mapaJfefbHBIX TpellHH, PacloJoXKeH-
HBIX [I0 HalpaBJeHUIO TOKa,

Pp.u.r= pa/krv (7.33)
OTKyJa CJlelyeT, YTO NMapaMeTp MOPHUCTOCTH Prr=~Rk,~!. Ecan Bce
TPeUlHHBl OPHEHTHPOBAHBI NEePHeHAMKYJASAPHO K HamlpaBJeHHIO TOKa,
Pe.n. =00,
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Puc. 44. Tlpuvep najeTkn AJs onpeieaexnsa mapaverpa Il mpu 3apannex 3Haue-
HHFIX Qg U mapameTpa fen=1-— AxafAgamax; Pe=0,05 Om-m. Illudp xpuBbIX —
ocn

st nopoAabl ¢ ABYyMs CHCTEMAMH TPCIUHH INIPpH DACIOJNOXKEHHH
OJHOH CHCTEMBI IO HanpaBJeHHIO TOKa, ;prroﬁ—nepneﬂﬂm(yﬂﬂp-
HO K HEeMY IDH OAHMHAKOBBIX CyMMapHBIX o0beMax CHCTEM

Pe.o.r= QPB/kT' (734)

JIasi mOpOABI € TPeMsi CHCTEMaMH B3aMMNO MNepIeHAHKYJSPHBIX
TPELIWH NIPH DaBHOM pacrnpele/eHHH ob6beMa TPELUIMH MEXIy CHC-
TeMaMH

Pp.m 1= 3pB/(2kT) (735)

Qopmyna (7.35) cupaseanuBa U AJsi GoJee obluero cayuas —
X40THUYECKOTO PAClOJIOXKEHHs TPEUIHH ¢ PABHOBEDOSITHBIM paclipee-
JeHHeM 0GbEMOB B pa3HbIX HaANpaBJEHHSX.

C yuerom BHpaxenuit (7.33) — (7.35) mnonyvena oGoblueHHast
dopmysia AN napamerpa HOPUCTOCTH Ppnr TPEUIHHOBATON [OPOJIBI:

»= (AR, (7.36)

rae 0<<ALI.

B peanblbix yc/a0BHsSIX GJOKM TPEUIHHOBATOH MOPOAbLI HMEIOT
MeJK3epHOBYIO NMOPHCTOCTb Ky M COOTBETCTBYIOLEEe YIeJNbHOE COMpo-
THUBJIGHHE Qpgn. ¥ A€JNBHOE CONPOTHBJIEHHE MOJHOCTbIO BOJOHACHILIEH-
HOH TPEUIHHOBATON MOPO/IbI

— P, 61 7.37
pB.l]. T _—_AkTPHGﬂ+ l’ ( )
rie A TakkKe naMelsiercsi B npepeiax 0<<A <1,

[lapamerp nopucrocTH TpewHHOBATOH MOPOABI B paccmaTpHBae-
MOM cJyuae

Pn 6n
Pﬂ.T m (7'38)
Herpyano noxkasaTb, 4TO NPH pPrgz—>o0 Bbipaxenus (7.37),
(7.38) nepexogsar B (7.36) u (7.33)—(7.36).
XapaxrepHuole 3nauenus A=0; 0,5; 0,67 u 1 B popmyse (7.38)
COOTBETCTBYIOT PacCMOTPEHHBIM BBHILIE CHCTEMAM TPEUIMH AJS Tpe-
UIHHOBATOH NMOPOJKI C HENPOBOASIUMH 6J0KaMH.

137



Pacuer P,. no ¢opmyne (7.38) mas 0,5<<A<C1 nokasmiBaer,
yTo rpadukH 3aBHCHMOCTeH Pnr=f (R;) AJA DAasNIHYHBIX R.=
=const pacrnosararorcsa Huxke rpaduxkoB 3aBHcHMOCTell Pren=
=f(knpms). [Ipuuem orauuue Py, OT Ppey TeM OoJblie, yeM Bbillie
k.. Bennunna k. peasbHBIX TPEHIHHOBATHIX NOPOJ He TPEBHILACT
0,01. TTostoMy pacyersl BHMOJMHeHH Mg 0<<k-<<0,01. Buausuue
TPELIH CYLUIeCTBEHHO JJIA HHU3KOMOPHUCTHIX HOPOA NpH Rx<<0,1 u
npu k.=const Bo3pacraer ¢ yMeHblleHHeM kn. B noponax cpenneit
¥ BBICOKOIl MOPHUCTOCTH BJHSIHHE TPEIIHH NIPH peaJbHBIX 3HAYCHHSX
k. npenebpexumo Mano (puc. 45).

Tlpu 3amofHEHHH TpelllUH BOJAHBIM pPAaCTBOPOM O6o0Jiee MPECHBIM,
yeM Boja, Hachllaloomas OJOKH, Tak, 4TO YIeJbHOe CONpOTHBIE-
HHE pacTBOpa B TpeUInHaX pg==10ps;, BeTHUHHA pp, ONpeAeasercs
BbIpaKeHueM

P, 6208
Og = | 7.39
b Akpg/pp + 1 ( )

Baisiue TpeUHH Ha BEJHUHHY pr, YMEHBIIAETCS M NPH pg—>
—>png1 Hcue3aer. Te 3Ke 3aKOHOMEDHOCTH CIIPaBEAJHBHL H NpH 3a-
TOJIHEHHH TPENIHH CMECBIO BOJABI U YIIEBOAOPOJAOB C YAEJBHEIM CO-
HPOTHBJIEHHEM Py

Topony ¢ KaBepHOBOI NOPHCTOCTBIO MOXKHO TPEACTaBHTb Kak
MHHEPAJbHBIH CKeJseT, B KOTOPOM DEryJsipHO MO ONpeleseHHol cuc-
TeMe HJM XAOTHUECKH pachpelesieHbl KaBePHBI, 3aloJHeHHble pac-
TBOPOM C YIeJbHBIM CONpPOTHBJEHHEM pp. Takas mopoja HMeeT
Oy =00, NMOCKOJBLKY HPOBOASIIHE YYACTKH CPEIbl — KaBepHE —
pasobllleHsl HENMPOBOIASINHM MarepHasoM. B reoJoruueckux paspe-
3ax TIPHCYTCTBHE TAKOH TOPOAM MAaJoBeposATHO. PeasnbHbie KaBep-
HOBLIE TOPOAH TPENCTABNeHH OOGBUHO OJ0KaMu ¢ MeX3epPHOBOH
NOPHCTOCTBIO Rp.vz, COLEPKAT KaBEpPHHB Pa3JM4HOro pasMepa, 60Jib-
ILIEr0 pasMepoB MeK3epHOBHIX nop. KaBepH:l U MeK3epHOBble NOPH
HacHUEHB BOAHBIM pacTBOPOM ¢ VAeJBbHBIM CONPOTHBJIEHHEM Os.
YiensHoe COMPOTHBJEHHE Takofi NMOPOJLI ONpefeNsieTcs BhIparKe-
HueM

o — Pu. 6a (1 — kxas) + kxan + 2 0 (7.40)
BB K P (1 2kian) + 2 (1 — Fxap) © 0 67

rie Eyas — KO03(p(UIHEHT KaBepHOBOI NOPHCTOCTH HJH KaBepHO3-
HOCTH, paBHBII cyMMapHOMy o06beMy KaBepH B eRuHHIe o6beMa
HOPOJHL.

Kosdunuent obuiefi NOPUCTOCTH TAKOH MOPOAH

ku=kxan+kn, M3(1 _‘kmn)’ (7-41)

TOCKOJBbKY KO3((HLUHEHT MeXK3epPHOBOH TOPHCTOCTH GJIOKOB YKa3bl-
BaeTCst MO OTHOIWIEHHIO K 06beMy GJIOKOB, a He K BceMy o0bemy rMo-
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Puc. 45. 3aBucumocTd nmapameTpa MOPHCTOCTH Pn OT KoadhdHUHEHTa NOPHCTOCTH
kg aas mMojenell mopoA:

a — ¢ MeX3epPHOBOH (/), MeX3epHOBOA # TpPeMmHHHON (2), MEXK3epHOBOM H KaBepHOBOH (3)
NODHCTOCTBIO; 6 — C MEeXK3epHOBO#, KaBepHOBOH H TBeuLHHHOR NOPHCTOCTBbIO. Bce BHABI nOp

HacBIeHbl BOJOH OJMHAKOBOR MHHEDANM3alHH, Ry,q/R.

poanl. [Ipn Manbix 3HaueHUsix %, BeauuuHa Pp>>1 u Bejuunie
Osmx TPHMEHHMO NPUOJIHIKEHHOE BLIpAXKEHHE:

-k
Ps. n. K=T2}::3pn.6n' (7.42)

[Tapamerp nopucrocT# KaBepHO3HOH NOPOABI Pnx=pn«/ps BHILIE
3HayeHus P, [Js1 MOPOABI C MEK3E€PHOBOH NMOPHCTOCTHK), 3HAUEHHE
kn KOTOpOH ompefensercss BelpaxeHnuem (7.41). PacueTHsle XpuBbie
Pryw=F(ka) nna pasnuuubX kuas=const pacnosaraiorcs BhllIe 3a-
BUCHMOCTH Ppon=f(knms). [IpH MOCTOSIHHOM 3HAUEHHH Ryan OTJH-
une Ppy OT Py Bo3pacraeT ¢ ymeHbluenueM kn. Takoe BJHSHHE Ka-
BEPH HA BEJHYHHB Ppnx U Prx OGDBACHIETCS YCAOMKHEHHEM TeOMET-
PHH TOKOBBIX JIMHHA B KaBEeDHe H, CJel0BaTesbHO, BO3PAacTaHUEM
HX U3BUJIMCTOCTH T's; 1O CPABHEHHIO ¢ M3BMJIMCTOCTBIO JIHHHH TOKA
B MeXX3ePHOBHIX NOpax.
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KaBepHOBO-TPellHHHYI0 TIOPOAY MOXKHO NpeICTaBUTh KaK pac-
CMOTPEHHYIO BbIllle KaBEPHO3HYI TNOPOAY C MOPHCTOCTbi0 OJI0KOB
knws', OTIHUHOHA OT HYJIS, pacCeueHHyI0 OAHOH, ABYMsA wWJIH 66Jb-
UM YHCJOM cucteM TpewlnH. Kosddguuuert oblielt nopuCTOCTH
Takoil Mopoasl

ku = kn (1 — kT - kﬂan) + k'r+ kHaB' (7-43)

YaenbHOe cONpOTHB/EHHE KABEPHOBO-TPEIIHHHOH MOPOAB Qg iyt
MOXKHO BBIYHCJ/IHTh, NMOJACTaBUB B ¢dopmyanl (7.40) wuau (7.42) 3na-
YeHHE Ougn=pPprr 0 Puon=Pur, Tl€ ppmr H Py, ONpeseasercs B-
paxenusimu (7.37), (7.38):

P o (1 — kxas) -+ (2 1 kyas) 7 44
" Prok = P2 (1 2an) = 2 (1 — Foxan) Py 10s (7.44)

HJIY APHOJIMKEHHO MpPH MajbX Ry

1 — Ay
O kv = Trgps L P (7.45)

Pacuerw 3aBucuMocteil Pyyxr=f(ks) ¢ Hcnosb3oBaHHEM BHIpa-
weuult (7.44) unu (7.45) BAS Psn.xr MOKA3BIBAIOT, UTO OJHOBpEMEH-
HOe MPHUCYTCTBHE B IOPOJE TPEIIHH U KaBepH yMeHblldeT BJIMSHUE
KaKJOT0 M3 STHX BHAOB NyCTOT Ha BeJHYHHY Pp.. IlosatoMy oriu-
yHe 3aBUCHMOCTH Pryw=[(ky) or Py=f(ks) mjas mopoabl c MeX-
3epHOBOH MOPUCTOCTBIO CTAHOBHUTCSI MeHee 3HAUMTEJNbHBIM. 3amer-
HOe BJMsIHHE TpEeLIMH Ha BeJHUYMHY Py Habaofaercs JHIIB NIPH
Ryan/kr<<2 (cuuxenue Ppyr TO cpaBHeHHIO ¢ Py), a BJuAHME Ka-
BepH lpeobjiafiaeT Haj BJAHAHHEM TPEUIUH TPH Ryas/k:>10. Tlpu
H3MEHEHHH OTHOWIEHHS Ryas/kr B AuanasoHe 2—I10, THIHUHOM AJS
KaBepPHOBO-TPEIIMHHON NOpOAbI, pacueTHble TpaGUuKU Prur=f(ku)
mMano oTanyaloTcs ot Pyp=f(ky). B Tex ciayuyasx, Koria Ha BeJHYH-
He Pnyr CKaseiBaercss B GOJblllell cTelleHW BJAHSIHHE KaBepH HJIH
TpeulllH, 5TO BJIMSIHWEe, KaK H IIpexJe, TeM OoJblle, yeM MeHblle
kn (cM. puc.45).

7.3.2. YAEJBbHOE CONPOTHBNEHHE
YACTHUYHO BOOOHACBILIEHHOM NMOPOADI

YIeapHOe CONPOTHUBJNEHHE Pu.n MOPOABI C YACTHYHBIM BOJOHACHI-
meHneM o6beMa Nop oNnpellessieTcsl BhIpaXKeHHeM

Pu.n= PHpB. o (7-46)

rie Py — napamerp HacwimieHus, npenyoxenHslit B. H. JLaxHoBmM,
NOKa3bIBAIOUINHA, BO CKOJBKO pa3 BO3pacTaeT BeJHUYHHA py.n YACTHY-
HO BOJOHACHILIEHHO! MOPOJALl HO CPaBHEHHIO C ee YAEJBHEIM COIIPO-
THUBJIEHUEM pp; NPU NMOJHOM HACHILIEHHH BOAOH o6beMa mop.

! Bennunua kg.uo Gepercs 1o OTHOUIEHHIO K 06beMy GJI0KOB. .
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BeauuyuHa P, 3aBHCHT 0T 00bEMHOM BJaXHOCTH @ WK KO3(hH-
glHenTa BOLOHACHIIIEHHS ks, a TaK»Ke OT reoMeTpHu obbema, 3aHH-
MaeMOro B [Opax OCTaTOYHOH BoJAOH. [l HjaeasbHOro rpyHTa, B
KOTOPOM OCTaTouHas Boja obpasyeT UHJIHHADHYECKOE KOJBLO IO-
CTOSIHHOH O JJIMHE KaMWLIsipa TOJIUMHEI, TOTAA KaK LEeHTPaJbHYIO
yacTh KaMHJAJAAPA 3aHHMaeT HeQTb WJIH ras.

P =k, (7.47)

[Tpu ycjoKHEHHH TeOMETPHH TOKONPOBOASAINEro NPOCTPAHCTBA 3a
«cyeT TOABJEHHA H3BUJIHCTOCTH KAaIlHJJISAPOB, LIEPOXOBATOCTH IO-
BEPXHOCTH TBepAoil (asbl, NIPEepPLIBUCTOCTH CJOS IJEHOYHOH BOJBI H
T. A. BeauduHa P, onncelBaeTcst mo anaJjoruu ¢ (7.17) ans napa-
Merpa P, BBIpaXeHHEM

Py=T%,/ky, (7.48)

1ae Ty — 3JEKTpHUECKass H3BHUJIHCTOCTb TOKONPOBOAAIIUX myTeH B
paccMmartpuBaeMoM ob6beKTe.

Kax n nas napamerpa P, OblJIH TOJy4YeHBH TeOpeTHUYeCKHEe BbI-
paXkeHusi napaMmerpa Py, cnpaBefJuBble AJisi KOHKPETHBIX NPOCTHIX
Mojleselt MOPHCTON CPelbl ¢ YaCTHUHBIM BoJoHacHueHuem [1, 13].
OZHAKO NMPaKTHYECKOR LEHHOCTH 3TH BLIPAXeHHS He INPelCTaBJA-
10T, TIOCKOJBKY peaJibHble MOJAeNH He(dTerasoHacHIEHHHX KOJIJIeK-
TOPOB 3HAUNTEJNLHO CJOXKHEe HCIOJb30BAHHBIX NPH TEOPETHUECKHX
pacuerax. [losTOoMy cBA3p Mexny mnapamerpamu Py 1 ks BBIpaxa-
10T IMIUPHIECKHMHE (HOPMYJaMH

Py=ak™"; P,=Fk™", (7.49)

rfie @ ¥ n KOHCTaHTH, XxapakTepuayrline onpelesleHHbIH KJaace Opo-
AYKTHBHOTO KOJJeKTopa. Yallle HCMOJB3YIOT CBSA3b Py=ks™".

PasnuuaroT nBa Buia ¢Bsi3u Mexnay Py u kz no crnocoby ux no-
JYUeHHS.

1. daa xaxjoro ofpasiia, mpeiacTaBJ/sIOLIero u3yyaembléi KOJ-
JIEKTODP, PACCYHTHIBAIOT HECKOJBKO 3HAUeHHH Py=0pu.n/0s.n NpH pas-
JIHYHBIX 3HAYEHHSIX Ry, KOTOPBIH H3MEHSIOT B Npelenax ks,<<ks<l.
[1pu atom P, usmensiercss B nperenax Pynpen>Pu>1, rae kso H
Py npes, COOTBETCTBEHHO KO3()(ULUHMEHT OCTATOYHOTO BOAOHACHILIIEHHS
(cM. pa3x. 4) u npeleabHoe (MakcuMaJsbHoe) 3HaueHHe mapaMeTrpa
P, orBeyawoliee ks,. B pesysbTaTe Takux HCCAelOBaHHME AN Kax-
zoro ofpasta TMoOJYUalT HHAUBHUAYAJBHYIO 3aBHCUMOCTh Py=
=f(ks). B manvuefimuem cesau Py={f(ks), NoAyueHHBIE AJIS OTHEJNb-
HBIX 00pasioB, O0BEAMHAT B OJIHY TpyINy, XapakTepPH3YyIOIIyIo
ollpeflesleHHBIH KJacc KOMJekTopa. B pesyabrarte Aiaa pasjHUHBbIX
KJacCOB KOJIJIEKTOPOB H3yYaeMOTro OOBEKTa NoJAyuawT CceMeHRCTBO
rpaukoB Pu={(ks) c¢ pasanunniMu n=const. Takum cemeficTBOM
yaile BCero XapaKTepH3yloT CBf3b Py W ks JJISI TePPHIeHHBIX OTJIO-
JKeHuH ¢ H3MeHeHHeM pacCesHHOH TJIMHHCTOCTH KOJIJIEKTOPOB B UIK-
pokux npefienax (puc. 46). B xauectBe mudppa rpadukoB Puy=
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Puc. 46. dxcnepuMenTtasbHble 3aBUCHMOCTH NapaMeTpa HachleHus Pr 0T Koaddu-
LHeHTa BOLOHACHINIEHHS Ag IJIA TEPPHUTEHHLIX KOJJIEKTOPOB PAa3HBIX KJaCCOB!:

4 — Bawkipus, neson (1o pauuwim JI. H. Opaosa). 3uavenns kg, 10-12 n%: 1 —0,1—0,6, 2 —
0,6—2, 3 — >2]I; 6 — TioMeHcKasi 06n1acTb, BapTOBCKHIl ¢BOA, rOpH3OHT AB: / — Kpusunie P =
=f(ky), mndp — acrp; 2 — sasacumMocts Py=f(ky o)

=f(ks) HUCHONB3YIOT OJHH H3 IapaMerpoB, XapakTePU3YIOWH{ [JIH-
HUCTOCTb — NeTPOMPU3HUECKHH (Nra, §n) WM reodH3HueCKHH (otcr).
C mepexofoM OT HETJIMHHUCTBIX U CJa0OrIMHHCTHIX KOJJIEKTOPOB K
TJIHHHCTBIM 7 OGBIYHO yMEHbILAeTes.

2. Hasa xaxporo o6paslia H3yuaeMofi KOJJIEKLIHH ONpeleiasiorT
TOJIbKO BEJHUYHHY Rso H COOTBETCTByIOLlee eMy 3HaueHHe Pynpen.
3aTeM HAHOCST TOYKH ¢ KOOPAHHATAMH Punpen, Bs.o AJS PasIHUHBIX
o6pasnoB Ha 6JaHK H METOJOM HaHMeHbIIMX KBaJAparoB HOJyYa-
10T CTATHCTHYECKYIO CBSI3b Py npen—~Rso IJI5I BCETO T'€O0JOTHYECKOTO
o6bekTa. Ha puc. 46 sTa cBsI3b siBASAETCS T€OMETPHYECKHM MECTOM
TOueK Py.upen, Bs.o HAN orubaromiefl cemeiictsa Py=f(ks) nns mo-
"POJ € PA3JIHYHOH TVIMHHUCTOCTBLIO.

3aBucumoctu Py=f(ks) mepBoro poia xapakTepH3YIOT CBsi3b
napamerpos Py u k, B TNepexoHO# 30He HedTAHOH HJH [a30BOi
3ajJeXH B HeJOHACHIUEHHBIX YIVIEBOJODOAAMH KOJIIEKTOpax, a 3a-
BHCHMOCTb Py np=f(ks.0) — B 30He Npele/bHOro HAaCHILleHUs 3aje-
XKH yrJIeBOLOPOLaMH.
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Onnako Hepeaxo 3aBHCHMOCTH Pu={(ks) ans pasHeix (1O rJu-
HHUCTOCTH HJIM (HJIbTPAUHOHHO-eMKOCTHBIM CBOHCTBaM)  KJacCoB
KOJIIEKTOPOB H COTPSAXEHHYIO ¢ HHMH 3aBHCHMOCTb Py np=[(£s.0)
TPYAHO OTJNHUYHMMEI, TOTAA NOJMb3YIOTCH €AHHOH [/ H3y4aeMOro
obbekta cBAsbl0 Py=f(ks;). Takast curTyanus xapaktepHa IJa Kap-
00HATHLIX KOJIIEKTOPOB MeX3epPHOBOrO THIIA.
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PaccmotpuM HanboJsiee xapakTepHble BUABI CBA3el M HX OCOGEH-
HOCTH, YCTAHOBJIEHHBIE PA3JIHYHBIMU HCCJEAOBATENAMH A5 pealb-
HEIX KOJLIGKTOPOB He(TH u rasa Ha OOGIIMDHOM 3KCHEepHMEHTAJb-
HOM Marepuaie.

1. Jlast MeK3epHOBBIX THAPOGHIBLHBEIX KOJJIEKTODOB, TePpHreH-
HHIX M KapGoHAaTHBIX, B 3HAYHTEJBHOM JHalla3oHe H3MeHeHus ks 3a-
BucuMoctd Py=[(ks) xapaxrepusyworcs ypaBHeHuem (7.49). 3na-
yenus 1,3<n<C1,6 THUIHUHBI JAJsl TJIHHHUCTBIX TEPPHUIEeHHBIX KOJJIEK-
TOpoB, 3navenus 1,8<n<(2 — AJad XOpOWO CUEMeHTHPOBAHHBIX CJa-
GOTJIHHHCTHIX KapOOHATHBIX U TePPHreHHBIX NMOPOA. [ 3HauuTeIb-
HOM yacTu 0OBEKTOB IOJYUeHbl HeJuHeilHble (B ABOiHHOM Jorapud-
Mudeckom Maciira6e) cBsiau Puy—f(ks), KOTOpBlE MOXKHO HpEACTa-
BUTh COBOKYIHOCTBIO OTPe3KOB cBssell Py=[(ks) ¢ pasiuunbiM 7.
Jaa cnaborauHUCTBIX M HETVIMHMCTBIX € HH3KHM Kso MO Mepe
yMeHblleHUst Ry HAOGMIOAAETCA POCT 7, TOrAa KaK B FJIHHHCTBIX KOJI-
JEeKTOpax ¢ yMeHblIeHHEeM kg 7 OOBIYHO YMEHbIIAeTCsI.

2. B xosunekTopax CO CJOXKHOH TreoMeTpHEH NOp 3aBHCHMOCTH
Py=[(ks) cyliecTBeHHO OTJIMYHBEI OT 3aBHCHMOCTEH HAJf MeK3epHO-
BbIX KOJJeKkTOpoB. Tak, A KaBepHO3HOI NMopoisl 1<n<1,3, a aisa
TpelluHoBaToH n>>2. J{as TpelllHHOBATO-KaBEPHO3HON MOPOAB! BO3-
MOJKHBl Pa3JHYHBIE 1 B 3aBHCHMOCTH OT TOrO, KaKOe BJHSHHE Ipe-
o6Jajaer Ha BeJHUYHHY pun — TPELIMH HJAU KaBepH, [Ipn B3auMHOH
KOMMEHCAUUN 3TUX BJAHUSIHHI HauboJee BepOSTHO n=2.

3. B ruipodolHBIX KOJJIEKTOpax ¢ MeX3epPHOBOH NOPHCTOCTDLIO,
a TakXKe CMeEIWaHHOTO THma (MeX3epHOBble IIOPHI, KaBepHB!, Tpe-
LIMHBI) A>>2, NpUYeM OTJHUHe n oT 2 TeM O6oJblle, UeM BHILIE CTe-
MeHb rHApodo6H3aALNHH KOJJIEKTOpPA. DTO 00DBSICHAETCS PEe3KHM yBe-
JIMUeHueM H3BUJIHCTOCTH TOKOBBIX JHHMH 6Jarofapsi mpepbiBHCTOC-
TH NMJEHKH BOABI Ha NMOBEPXHOCTH TOpP, BBI3BAHHOH ruipadobuiamu-
eit. .

[TonyuaiorT Takke 3sKcHepHMeHTanbHble 3aBHCHMOCTH INapaMer-
poB Hacweimenua P, u Banaxunoctu P,=PyP; oT 06BbeMHOA BJ1aXKHO-
CTH W YaCTHYHO BOAOHACHILIEHHOH MOPOAH, KOTOphle OOLIYHO OJH3-
KH K NpsiMOH B JABOHHOM Jorapudmuueckom maciurabe u oMICHBA-
I0TCA 3MIHDHYECKHMH YpaBHEHHAMH

P,=wr,; P,=w",. (7.£0)

TlocnenHee BpeMst B NMpaKTHKe MOJACUeTa 3aMacOB HCNOJNB3YIOT TaK-
2Ke 3aBHCHMOCTh

P u=w_nsv (7'51)

KOTOpYyI0 moayuyaioT no marepuaidam I'MC u kepHa B CKBaXuHe,
npobypeHHoit ¢ pacTBopom Ha Hedrsiolt ocHoBe (PHO), como-
CTaBJIsA 1[I0 HHTepBaJaM paspe3a ylesbHOe CONMPOTHBJIEHHE Pu.q HO
nanueiM MC uaun kepHa ¢ BeTHYHHON Ws, YCTAHOBJEeHHOH B Aabo-
PaTOpHH NPSIMBIM MeTOJAOM B amnmapare 3akca.
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[Mosyyenne saBucumoctd (7.51) aaa usyuaeMmoro ofbekra HJIH
rpynnsl 06beKTOB M03BoJAeT H36exkaTb MHGOPMALUUH 06 yleabHOM
CONPOTHBJIEHHH pPp OCTATOYHOH BOABI BHYTPU KOHTypa HedTsHOI
HJIH Ta30BOH 3ajeXH. DTo CYLIeCTBEHHO, TOCKOJbKY HEKOTOpHIE
WCCJeN0BaTe/IH YTBEPIKAAIOT, UTO MUHEpaJu3anHts, cOCTaB H yIedb-
HOe CONPOTHBJIEHHE NJIacTOBOH BOABI 32 KOHTYPOM M BHYTpH 3aJe-
JKH, KakK TpaBujao, oTaudatorcs. [losToMy npu pacuere mapamerpa
Pu=0pun/Pups He clefyer 6paTh 3HaU€HHE Oz, COOTBETCTBYIOIIEE CO-
NPOTUBJEHHIO 3aKOHTYPHON BOAB. B TO Ke Bpems yAOBJIETBOpPH-
TeJbHBIX CNOCOOOB ONpeleJCHHsI Py OCTATOUHOH BOABI NPOAYKTHB-
HBIX KOJIJIEKTOPOB, OCOOEHHO B 30HC IpPeAeJbHOrC HACHILIEHHs, HE
cymectyer. [losTomy cnop o TOM, Kakoe 3HaueHHe ps HCIOJb30-
BaTh Npu pacuere Py, fBAsercss GecripeaMeTHBIM, [locrpoetine cBsi-
3U pun=[(Ws) IIpH YCJOBHUH €€ JOCTATOUHOH TECHOTH NACT HaLCHK-
HOe CpeiCTBO ONpejesieHUs] BeJHUYHHBI Ws, a TPH W3BecTHOM Ky I
3HaueHUst ks (puc. 47).

PaccMOTpUM CBfI3b YAENBHOTO CONPOTHBJIEHHS IIOPOJ-KOJJIEKTO-
POB C Pa3JIHYHOIl CTENeHbl HACBILIEHHs] YrJI€BOAOPOAAMH H MOPOA-
KOJIJIEKTOPOB € KO((PHIHEHTOM NOPHCTOCTH NpPH (PHKCHPOBAHHOM
3HaueHHH pes=const 1Js Bcel COBOKYHNHOCTH IOPOA H3yuaeMoro
o6bekta (puc. 48). I'paduk psn=f(ky) AN HEKONJIEKTOPOB H BO-
JOHOCHBIX KOJJEKTOPOB OIPaHHUYMBAET CHH3Y 006JacTh BO3MONKHBIX
3HAYCHHH pn. 3HaueHUe Ry=~Rprp LEAUT IPadHK pan=[(ky) H BCIO
KOOPJAHHATHYIO IJIOCKOCTh Ha JABe 00J1aCTH, COOTBETCTBYIOLIHE KOJI-
JEeKTOpaM H HekoJlIektopaMmM. CBepxy MOJie BO3MOXHBIX 3HaueHHIT
On 4aCTHYHO BOJOHACHIIEHHBIX (He(pTerasoHachHIIIEHHEIX) KOATEKTO-
POB OrpaHH4eHO TPAMHKOM QPu.nnpen=](Rn) 3aBHCHMOCTH YAEJMLHOrO
CONPOTHUBJIEHUs NpeleabHO HedTe(ra3o)HachllleHHHX KOJJICKTOPOB.
I'padux punnpen=f(kn) nepecekaer 3aBHCHUMOCTb psn=f(ks) BOJIH-
34 TpaHUlBl Rn=~Fyrp. Ha niomanu, orpannuentHoil rpaduxamu /1,
2, pacnonoxeHbl 3aBUCUMOCTH pyn=(ky) AJS pasHUHBIX GHKCHPO-
BaHHBIX 3HAa4YeHHH KO3 GHULHEHTa OTHOCHTENBHOIO BOJOHACHILEHHA
ks =const:

T kB—kB o
kB:l——kB:o, (752)

rie ks — K03 UIHEHT BOJAOHACHILEHHS, B o6uIeM Cjyuae OTJIHY-
HBI OT Rso (CM. pasm. 4).

3HaueHnsl ke, paBHble | u 0, coorBercTByioT rpaduxram [/ u 2,
NPOMEXKYTOUYHble 3HAYEHHS] Ry — PasJuyHOH cTemenH HedTte(raso)-
HachIlEHHsT KoJsinekTopa. Mcnonb3sys KOppessiiMOHHBIE — CBSI3H
kso=[(kx) n 3aBuCHMOCTH Fupn=[(ks), Empa=[(ks) oOTHOCHTE/D-
HOH (a3oBoH NPOHHIAEMOCTH IJs PAa3JIHYHBIX KJACCOB KOJJIEKTO-
pa, XxapakTepH3yeMbIX OnpeleseHHBIM HHTepPBAajOM 3HayeHHH
kn, MOXHO HaHTH IpaHUYHElE 3HAUYEHHA kg, pasiedsioiulne 06JacCTH
KOJIJIEKTOPOB, AAIOIHX IIPH HCIBITAHHM UHCTY0 HedTts (ras),
HedTb (ras) c BoJOH M uMCTYI0 BOAy M 06O3HAUHTL 3TH OGJTACTH
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Puc. 47. 3aBHCHMOCTb YAeJbHOrO CONPOTHBIE-
HHf Op NPOAYKTHBHOTO KOJJIEKTOP2 OT e€ro
o0beMHOH BJAAXHOCTH Wi AJS NPOAYKTHBHBIX
oTjoxenuil Baprosckoro csoga (mo B. X. Axu-
sipoBy i I'. TayTusinCKOMY)

Puc. 48. Tlanerka Ansi pasheseHHs KOJJIEKTO-
POB IO XapaKTepy HachIIeHHsS N0 AaHHBIM Me-
TOAO0B CONPOTHBJEHHSA H TIOPHCTOCTH.

Kpuebie: 1 — Py npen=f(%y), 2—py=flky): 3-—
0,=f(k;) mas pasamdnbx k, (wudp xpuswx); 4 —

g 10 15 Opep=f(ky); 5 —TrpaHHUA KOMJIEKTOp — HEKOJJeK-
Wy, % T0p; 6 — HedTh (ras); 7 —medbTts (ra3)+Bsoga; 8§ —
BOZAa
#n,Cu-m
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(cM. puc. 48). llonyueHHOe NIOCTPOGHHE MOKHO HCIOJIB30BATh - AJs’
IIpOrHO3a XapaKTepa HAaCLIIIeHHS KOJJIEKTOPAa MO MOJOXKEHHIO TOY-
KM, COOTBETCTBYIOLICH 3TOMYy KOJJIEKTOPY, B CHCTeMe KOOpPAHHAT
On — R

[IpuBenennas Ha pHC. 48 maJjerka cnpaBeiJiuBa Aaas THAPO-
(QHABHBIX NOPOA NMpPH OTCYTCTBHH B HUX MHKDOCJOHCTOCTH M MOCTO-
SHHOH MUHepaJu3alluy IJIaCTOBOH BOAB B INpelesiax H3yuaemoro:
reoJIOrH4ecKkoro ob6rexkTa.

7.3.3. BIUSSHUE TEMITEPATYPbl U JABJIEHHA
HA YAEJBbHOE CONPOTHUBJIEHHE NMOPOABI

YaenbHOe CONPOTHBJEHHE MOJHOCTHIO BOJOHACHIIIEHHOH MNOPOL6]
NpH NJACTOBBLIX YCJAOBUAX On(P, Pux, I') — FOpHOM JaBJEHHH P,
NJ1aCTOBOM JaBJEHHH pna, NJIACTOBOH TeMmnepatype T — oTamuaer-
Cs OT YJeJbHOTO CONPOTHBJIEHHsS TOH XKe NOPOJABI NPH aTMocdep-
HBIX ycJaoBHSIX pn(0). IIpu HacwlieHud mOpoaAbl BOZOH ¢ MuHEpaJu-
3auuell, oTBeyarolleli AUANa30Hy MHUHepaJH3allUM IJAaCTOBHIX BOI.
GoabliHHCTBA He(TAHBIX H Ta30BHX MecTopoxKAeHHlH Cp=20—
200 r/a, BenMYHHA pq NpPH NIJIACTOBBHIX YCJOBHsSX BBIIME, UeM TIpH
atmocepHbix. JIAsl OLEHKH BeIHYUHH pn{P, Pun, 1) TPH H3BECT-
HHIX 3HaueHusx pn(0), p, Pux, T MOMB3YIOTCS ypaBHEHHEM

en (P, Puny T) T o (Psg) ] [ on (Pnn) ] [pn (T) ] _
pn (0) [ o (0)  JPans TL pu(0) Up, TL 0u (0) 1ps Py, KiKsz-
(7.53)

B npaso#t uactu ypaBHeHus (7.53) — Tpu MHOXKHTEJs, KOTOpbIE
XapaKTepH3YIOT cJenyollee: H3MEHEHHE Oy C POCTOM Doy NPH Puy=
=const, T=const; H3MeHCHHE Py C POCTOM Pny NpH p=consl, T=
=const; uameHenue p; ¢ poctom T npu p=const, ps.=const. Oc-
HOBHBIM (DAKTOPOM, H3MEHSIOUINM p; B MJIACTOBBLIX YCJHOBHAX IO
cpaBHeHHIO ¢ pq(0), sBasieTcs 3 PeKTUBHOE NaBJEHHE Psg==pP—Pna;
C POCTOM psp BENMUHHA pPn(Psgp) BO3pacraer GJaarojaps yMeHsblile-
HHIO TapaMeTpa Ay M POCTY 3JEKTPHUECKOH H3BHJAHUCTOCTH Tyq IO-
POBBIX KaHaJIOB NOPOABI. l3meHenune p; mOx BJAHSIHHEM psg OLEHII-
BaloT koa(punuentom K,, s3HaueHHe KOTOPOro AJsl 3a/]aHHBIX yCJO-
BHII ONpele/IfIOT MO najJeTKe Ha puc. 49.

Bausiuue pn, 3HAUHTENBLHO MeHbIIE; ero OLEHHUBAT KO3hhHIH-
eHToM K, 3HaYeHHE KOTOPOTO PACCUHTHIBAOT MO0 HPHOIHKEHHOH
popmyse Ky=1—Krppns, rie Kip — KO3QGUUKEHT, yUHTHIBAKUHIT
BJAHAHHE AepopMaluu TBeplOii (as3wl Ha yleJbHOE CONPOTHUBICHHC
nopoasl. s cnaGOrIMHHCTHIX TEPPHIEHHBIX KOJJIEKTOPOB cpefliHee
3HaueHne K.a=1,5-10"3 MIla~!. Buusinue TeMrepaTypnl CJOXKHee,
MIOCKOJIBKY OHO co3JaeTcst AeHcTBHeM Tpex (PAakTOPOB: a) CHHIKEHH-
eM ps ¢ pocToMm T; 6) uameHeHueM R, u T,y B pe3ysbrare TelI0BO-
IO paCUIMDEHHd CKeJICTHBIX 3eDeH; B) H3MEHeHHEM COOTHOLIeHHS
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Puc. 49. Tlanerka AJs OUEHKH U3MEHEHHH YJNeJbHOrO CONMPOTHBJEHHS TEPPHIEHHbIX
nopop ki=pn(pse)/px (0) mnpun Bo3melicTBHM 3ddexTHBHOCTH AaBjenus (mo
B. M. {o6peiHuny).

3nauenus p,y, MIla: a —15, 6 —30, 6 — 60, e — 100, Iludp kpusbix — k;, %

npoBoAuMocTH [3C 0z5c B CBOGOAHOTO pacTBopa 0s C H3MEHEHHEM
W3meHeHHne ps ¢ pocToM I DacCUMTHIBAIOT No QopMmylsie psr=

=Prps20, THEe Pr— TeMuepaTypHBIH KO3(PGhHIHEHT 3JeKTPONpPOBOA-
HOCTH paCTBOPOB:

Pr=[l+a(T=20°C)+p (T —20°C)"1, (7.54)
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rAe o JUIS pasHYHLIX 3JEKTPOJMTOB MeHsdeTcs ot 10-10-3 1o
26-10-3, p —or 1075 g0 1075, OOwuHo mosaraiot p=0; aas pact-
popoB NaCl a=21,6-10"% BiusHueM Ten/oBoro paclIHpeHHs 3e-
peH ckeseTa oObIYHO mpeHeGperalor.

B nopoaax co 3HaYMTEJbHBIM COJAEPXKAHHEM IVIHHBEI, HAlpUMEp B
[JIHHHCTHIX KOJIJIEKTOpaXx, NpH HarpeBaHHM TOSBJASETCA JONOJIHH-
TeJIbHAs] MOBEPXHOCTHAA IIPOBOJHUMOCTH 3u CUET M3MEHEHHS 3JICKT-
ponpoBoaocTe JADC Ha nOBEPXHOCTH TBeplOil ¢asbl:

Ry=[0Pel)) | =expl— (ar+b:) (T —To)l,  (7.55)
pn (0)  Jps Py

TAe §7 — KOS PHLUUEHT, YYHTLIBAIOLIHH AONONHHTEIbHYI0 HPOBOMH-
MOCTb TJIHHHCTOIO KOMIIOHEHTa, 3aBHCHT OT 3Ha4YeHHll gy U C,. 3Ha-
yeHHe Or, BbIUHCJEHHOE JJIsS IVIMH Pa3JIHYHOIO MHHEpAaJbHOrO COCTa-
B84 10 SKCIEPHMEHTAJIbHBIM JAaHHBIM, MeHseTcss oT O (KaoJIMHUT) 10
0,01 °C~! (MOHTMODH/IIOHHT); NPOMEKYTOUHBEIE 3HAUEHHS COOTBET-
CTBYIOT FHAPOCHIOAAM U HX CMECH ¢ KaOJHHHUTOM H MOHTMOPHJIIO-
HUTOM.

Ilpn HacbimleHnn 06pasnoB BOAOH C yAeJMbHBIM CONPOTHBJIEHHEM
e HHXKE HHBEDCHOHHOTO 3HAUEHHA» QPpun~0,4+06 OM-m npu
HarpyxeHin obpasua poct py U P, IPOHCXOJAHT BCJAEACTBHE Kak
YCJAOXKHeHHSI TOKONPOBOAAIIMX NMyTeH (pacTeT aJMeKTpHyeckas H3BH-
JINCTOCTb), TAK M YBeJHUCHMS HOJH MeHee IpoBoasilero IIC B
o6beme nop (pcs>>ps). IlpH HacbllleHHH 06pa3uoB BOJAOH € Ps>
>pppue U IPH BBICOKOH aicopOUHOHHOH AKTHBHOCTH MHHEPAJbHOTO
cKeJjleTa ([VIHHHCTBIE KOJIJIEKTODPHI, 3¢ (y3HBHBE NOPOABI) BO3pacTa-
Hue gouain J13C B o6beMe mop npu Harpyxenuu obpasua, Hao6opoT,
CHH)KaeT 3HaueHus pq U P, U, cJelloBaTesIbHO, CYLUIECTBEHIO YMEHb-
1aeT NPHBLIYHBIA AJIA 3KCHEPUMEHTAaTOPOB POCT pn H Py ¢ yBeaHve-
HHEM psp 32 CUET M3MEeHEHH H3BHJAUCTOCTH. [IpH onpeleseHHOM
CoueTaHHH MapaMeTpoB 06paslia, HACBHIIIEHHOTO PacTBOPOM HH3KOH
muHepadauszauu (Ce=1—10r/1 1 MeHee), nMpu HArpy:KEHHWH BO3MO-
3eH obpaTHbll adexT — 3HauYeHUd pn W Py GyAyT yMeHbLIATHECS C
POCTOM Psg, T. €. BAHsHHe Bo3pacTatolleir poan [13C B o6beme 1mop
OyZAeT cH/IbHEe BJHSIHHA pOCTa M3BHIHCTOCTH.

YaenpHOe COIPOTUBIEHHE YACTHYHO BOJOHACHILIEHHBIX HODPOJ
M3MEHAETCA B IJIACTOBBIX VCJOBHSX BCJELCTBHE H3MeHEHHH COJep-
JKaHHsl H pacrpeleseHdss B NOpPax BOJABL. Y JAeJbHOe CONPOTHBJIEHHE
rUAPOGHABHBIX CJa6OTJIHHACTBIX YACTHYHO BOAOHACHIIIEHHBIX KOJ-
JIGKTOPOB H3MEHSIeTCS TaK Ke, KaK M TOJHOCTHI0 BOJOHACHIUIEHHBIX,

CcJe0BaTe/bHO, NapaMerp Py TaAKHX MOPOJ C POCTOM Psp M T IpakK-
THYECKH HE MEHseTCs.

7.3.4. YAEJbHOE CONPOTHBJIEHHE MHUKPOCJIOUCTOW NOPO/1bI

OcapoyHble NMOPOJBI, B IePBYIO Ouyepelb TepPpPUTeHHbe, HepedKO
©00/1a1210T MHKPOCJOHCTOCTBIO, UTO 0OYCJOBJIMBAET OTJAHYHE 3HAUe-
HUH yIe/bHOTO CONPOTHBJIEHHS, H3MEPEeHHBIX BJOJb CJIOHCTOCTH
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p: U 10 HOpMaJH K Heil pnp. MHKpOCJOHCTOCTb OGpasoBala yepeno-
BaHHeM TOHUYAHIIHX HPOCJOEB MeCYaHHKOB WJH aJeBPOJIMTOB C pas-
JHYHON TJIMHHCTOCTBIO, MEeCYaHHKOB (aJeBPOJIHTOB) M [JIHHE! I T. [.
lMpuuem ToauyHa mpocjoeB A<C1—5 MM 3HAUHTENBHO MeHbLIE
CTaHZAPTHHIX pa3MepoB 0O6PAas3LOB, HCHOJNB3YEMbIX B MPAKTHKE MET-
podusuueckux Hccaeposanui. Ecam Muxpocsoncras nopoaa mped-
cTaBJeHa uepelOBaHUeM ABYX BHJ0B IPOCIOEB C yA€JbHBIMH CONPO-
THBJIEHHSIMH Q{, Pz U OTHOCHTEJBbHBIM COJEpIKaHHEM N0 TOJIUHHE
COOTBETCTBEHHO % U Yo=l—y1, TO

= Papa ; 7.56
b X2+ (L —x1)p1’ ( )
Pn = PX1 02 (1 — %) (7.57)

HerpyzaHo nokasatb, 4TO On>>p. AJIfA BCeX ClyyaeB KpoOMe Q;=ps
nWiu g =1, T. e. KOIraa CJOHCTOCTb OTCYTCTBYeT H NMOPOAa OJHODPOI-~
Ha.

KosdbduuneHT aHU3OTPONHH A 110 yAEJIbHOMY CONPO-
THBJIEHUIO ONPCAENSAeTCst BhIpaXKeHHeM

A=V od/pz. (7.58)

Bcerpa A>=1; npu pg—>oc nau p;—0 A—o0; npu pg—>p, HIK
w1 A—>-1.

B npakruke uHTepnperauud AaHHbix I'MIC B CJAOHCTBIX raAMHHC-
THIX KOJIJIeKTopax Bblpaxenust (7.56), (7.57), ocobenno (7.56) wuc-
NOJb3YIOT AJS1 XapaKTEePHUCTHKH NPOAOJBHOTO p, ¥ NOMepPeyHoro
On COTDOTHBJAEHHH, NOACTABJIAS Q17=QPrg, %1=Yrm» Q2=Qum, TAE
Pri, Oum Yrm COOTBETCTBEHHO YIAE€JbLHBIE CONPOTHBJIEHHS TJHHIUCTHIX
M HecyaHbIX MPOCJOEB, Yrn — OTHOCHTEJIBHOE IO MOUIHOCTH COJep-
JKaHHe TIPOCJOEB TVIHHBL B Mauke.

Jpyroit npuMep aHM3OTPOITHOH NMOPOABI — TPEIHHHEIA KOJJIEK-
TOP C OJHOH cHCTEMOH TpewHH. B 3ToM ciyyae uepenyroLHMHCSH
cpelaMH SBJSOTCS CJOH OJIOKOB ¢ MeX3epHOBOf INOPHCTOCTHIO K
yA€JbHBIM CONPOTHBJIEHHEM Qnex W TPEUIHHH € YAEJbHBIM COMPO-
THBJIeHHeM pg. llogcraBassi B Boipaxeuusa (7.56), (7.57) sHaueHus
01=08, 02=Pusx, Y1=Rr U nojaras l—~k, 1, DOJYUHM COOTBETCT-
BYIOLIHE (POPMYJBl [Jisi YIEJNbHOrO0 CONPOTHBIEHHS TPEIHHHOIO:
KOJJeKTopa (IpelenbHble CJydaH), NpUBeAeHHBle BHIe. [loacras-
Jislsl TIOJIy4eHHble BBIPAXKEHUS IS pn H p. B dopmyay (7.58), noay-
YnM GOopMyJay LA pacuera A.

7.3.5. IPEJAEJIbl UBMEHEHHS YA EJNBHOTO CONNPOTHUBJIEHHUS
PA3JIUYHBIX JIUTOTUINOB OCAJOYHBIX MOPOJ,

YlenbHOE CONPOTHBJIEHHE Ppn BOMXOHOCHBIX KOJJIEKTOPOB — Ifec-
UYaHHUKOB M aJIeBPOJIMTOB, B 3aBHCHMOCTH OT MOPHCTOCTH HOPOAbI H
MHHepanu3aluH IJACTOBOH BojJH H3MeHderca or 0,2—03 nmo 15—
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920 Om-m. Haubonee xapakrepHble 3HAYEHHS Pgpq BOJOHOCHBIX KOJI-
JIEKTOPOB GO/IbIUMHCTBA HePTera3oBbIX PETrHOHOB 3aKJIOUEHH B
npepenax 0,56—5 OM-M. YieabHOoe CONPOTHBJIEHHE NPOAYKTHBHBIX
THAPO§HALHBIX KOJJIEKTOPOB 3aBHCHT B OCHOBHOM OT HX BJIAXKHOC-
TH, B NEePBYK> ouepelib OT KoabhduUNeHTa HedTerasoHACHILEHHNA, H
H3MeHseTcs OT HecKOoMbKHX OM-MeTpOB H TIVIMHHCTBIX KOJJIEKTOpax
20 100—200 OM-M B BHICOKOTIOPUCTHIX ¢J1a6OTARHUCTHIX KOJJIEKTO-
pax. B ruapodobHEIX KOJJIEKTOPaX BO3MOKHE GoJjiee BEICOKHE 3HA-
TEHNS! Pu.n. DEJTWYHHA p; NOPOA-HEKOJJIEKTOPOB B TeppPHIeHHOM
paspese H3MEHsIeTCs B 3aBHCHMOCTH OT NOPHCTOCTH M B MEHBIIEH
CcTelleHd B CBA3H C MUHepa/JH3alliell NJIacTOBOI BOABI OT eAHHHL
10 COTE€H OM-MeTpOB. YJeJbHOe CONPOTHBJEHHE TJIHH 3aBHCHT B
TIepBYIO Ouepeib OT UX MOPHCTOCTH, 3aKOHOMEpHO BoO3pacrtas OT
1—2 OM.M B cJa60OyTJIOTHEHHBIX TJIHHAX 10 JEeCATKOB OM-METpPOB
B apFRJUIHTAX M TJIHHHCTHIX CJaHuax ¢ Rp=1—5%. [as rauu s
paspesax HedTSHBIX M Tra30BbIX MeECTOPOXKJAeHHH npH raybuHe |—
'3 kM Hanbolee xapakTepHBl 3HAYEHHUS Prp paBHble 2—5 Om-M. Tlo-
siBJleHde B [VIHHAX Necuanblx M KapOOHAaTHHIX NpHMecell NMOBHIIIAET
UX Pp. Y/I€JbHOE CONPOTHBJeHHE THAPOGOGHBIX GUTYMHHO3HBIX JIHH
H3-32 BX HH3KON BJI2XKHOCTH MOXKET JOCTUraTh COTEH H JlaXe ThICAY
‘OM-METPOB.

YnenpHOe CONPOTHBJEHHE yraefl, MpHYPOUEHHEIX OBGBLIYHO K Tep-
pPUTEHHBIM OTJOXKEHHSM, U3MeHsIeTCs B OUeHb UIMPOKMX Tpejesax.
VYran nauboiee BBHICOKOH cTenmeHW MeTaMopdu3Ma — aHTPAUUTH —
cojepkar rpadur, nosTomMy ux pp=10"*+1 OM-M ¥ OHO TeM MeHb-
ule, ueM BHILIe CoZepixkanue rpadura. C yMeHblUeHHeM CTeNeHH Me-
TamopdH3Ma aHTpalHTa W COIepKaHUA B HeM rpadura yAeapHOe
CONPOTUBJIEHHE €ro pacTeT, NOCTHrasi elUHHII OM-METPOB, B YIVIAX
TIepeXOAHBIX MapoK OT aHTPAllUTOB K KAMEHHBIM. YJeJbHOe COmpo-
THBJIEHME KaMeHHBIX YTJefl 3aBHCHT TOJbKO OT HX BJAXHOCTH H
JOCTHraeT COTeH H THICSIY OM-MeTPOB B KaMEHHKIX YIJsAx Haubosee
‘BHICOKOH cTeneHn MetaMmopduama. B npanbHelliiem ¢ nepexoloM OT
KaMeHHBIX yrJeft Kk 6ypblM yle/bHOE CONPOTHBJEHHE YIJisi 3aKOHO-
MEpHO CHHIKEeTCsl B COOTBETCTBMM C POCTOM €ro BJIAXKHOCTH H 30Jb-
HOCTH (COAep KaHHs TNIMHHCTOTO MaTepHaJna), AOCTHras eIHHHI OM-
meTpoB. TakuM obpasoM, 115 yryefl yeTKo yCTaHOBJEHL JBe Xa-
‘paxTepnble 06.1aCTH H3MEHEHHSl pn: B MepBOH pn ONpelessieTcst CO-
nepXaHHeM MIHepasJa ¢ 3JeKTPOHHOH OpOBOIHMOCThI0 rpadwura,
‘BO BTOPOW — BJA*KHOCTBIO YIVIS.

BuTyMHHO3HBIE NOPOIH HMEIOT V/IeJbHOe CONPOTHBJICHHE OT
HeCATKOB [I0 THICHY OM-METPOB, MAKCHMAJbHEE 3HAUEHHS Py COOT-
BETCTBYIOT NOPOJaM ¢ BBICOKMM GHTyMocoiep:kauuem 50—809% u
'OYeHb HH3KOM BJAXKHOCTBbIO., YIeJbHOe CONPOTHBJIEHHe KapGoHaT-
HBIX TIOPOJ MeHseTcst B Tex ke obOLIMX Tpeflenax, uYTo W TeppPHreH-
HeIX. JIMi HEKOJITEKTOPOB pn AOCTHraeT 60jee BLICOKHX 3HAUEHHMIl
(THICAYH OM-METPOB), YeM B TEPPHLEHHOM pa3pese, IOCKOJBLKY
"'BCTPEYAIOTCA U3BECTHSAKH M JOJOMHUTHI ¢ Ry=1—29 . VoeabHoe co-

151



TIPOTHBJEHHE Qpn BOJOHOCHBIX KOJMJIEKTOPOB HECKOJbKO BHIIIE, YEM
y NeCYaHUKOB K aJjleBPOJIMTOB. ¥JeJbHOe CONPOTHUBJEHHE MPOAYK-
TUBHBIX KOJIJIEKTOPOB H3MEHSIeTCS B TeX XKe Mpelesax, UTo H B Tep-
pHTEHHOM paspes3e, OT €JHHHUIL OM-METPOB B TOHKONOPHCTHIX MEJO-
NOoAOOGHEIX H3BECTHSIKAX JO COTEH OM-METPOB B KPYIIHOMOPHCTHIX
M3BECTHAKAX M JOJOMHTAX ¢ BBICOKHM He(TerasoHachll{eHUeM.
Ilpu npounx paBHBIX YCJOBHAX yHAeJbHOE CONPOTHUBJEHHEe KapOoHaT-
HOH THOPOJbl CHHIKAETCS! C NMOBBLILIEHHEM B Hell COAEPXKAHHUS [VIHHHC-
TOro Martepuasna (Mepresu) H BO3pacTaeT, NOCTHrasi, Kak i B Tep-
PHrEeHHOM paspese, THICSU OM-MeTPOB ¢ POCTOM OGHTyMOcoep:Ka-
HHA.

Y aenbHOe CONPOTHBJIEHHE THIPOXHMHYECKHX OTJOXKEHHH 06BIUHO
BLICOKOE H OUYeHb BBICOKOE — OT COTeH A0 AeCATKOB THICAY OM-MeT-
pPOB — B COOTBETCTBHH C OUEHb HH3KOH HX BJaxHoOCThIo W< 10,

7.4. JUAJEKTPUUYECKAS MPOHULLAEMOCTbD
OCAJOYHBIX OPOM!

7.4.1, JUAJEKTPUUYECKAS MPOHHUUAEMOCTD
MMOJIHOCTbIO BOJOHACDBIULEHHBIX NMOPO/,

JIU3eKTPHUECKYI0 MPOHUIIAEMOCTb MOHOMHHEDAaNplof  TOJHO-
CTbIO BOJAOHACHIIEHHON (MAaKCHMaJbHO BJAXKHOH) TOPOLHB €pn
MOZKHO BBIPa3uTb NPHOIHKEHHOH dopmynol

€g.n— Sakn + Ean (1 - kn)r (7'59)

TAe €ck, €s — AUIEKTPHUCCKHE NPOHHUIIAEMOCTH MHMHEPaJbHOrO CKe-
JeTa W BOJAM B IOpax IOPOAB! NPHU PacrnooKeHUU TBepaod 1 XKul-
koit gas B BHJE NapaJyie/IbHBIX CJI0€B B HaNPaBJeHHM CHJIOBHIX JIH-
HUH noJs.

Jlyulree nmpuban:KeHHe K SKCIEPUMEHTAJIbHBIM JaHHBIM MOXKHO
NOJIYYUTb UCNOJb3YS SMIIHPHUECKYID hopMyJay

€. n= askmn -+ Scx(l - kmn)’ (760)

rie 3HaueHHe m=1—2 noabupaior, fo6HBAsICH HamJyullero cobNa-
JleHusl PaCUeTHOH 3aBHCHMOCTH epn={(ks) ¢ pe3yJbTaTaMu oIpeje-
JeHHS &€pn M Ry Ha MccJelyeMoil KoJaekuuu ob6pasuos. Xopoulee
corjpacve ¢ JAHHBIMH 3HKCIIEDHMEHTA YCTAHOBJEHO /s PAaCUeTHBIX
3aBHCHMOCTeH g5 n=f(k4), MonyueHHslx mo QopmyJe

€, u=a+Va2+€mSa/2, (761)
rae

a=[(2— 3ky) qy + (3kg — 1) ,/4. (7.62)

! IuaaeKTpUyeckass NPOHHLIAEMOCTb OCafOUHHIX MOPOX paccMaTpHUBaeTcsi B
AvanasoHe gactoT {1—50 MTI'n), xapakTepHOM IJs cepHitHON oTeuecTBeHHOfl amma-
paTyphl AH3JEKTPHYECKOTO MeTOJAa HCCJAefOBaHHs pa3pe3oB CKBamuH [12].
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®dopmyaa (7.61) nosnyyeHna B pesysabrare peleHHs ypasHeHus Oje-
JeBckoro [25], koTopoe cBf3bIBaeT AHM3IJEKTPHUYECKYIO INPOHHIAe-
MOCTb €cy MHOTOKOMIIOHEHTHOH CHCTEMbI ¢ 3HAUEHHAMH &; U 00BeM-
HBIM cojJepKanueM K; 5THX KOMIOHEHTOB MNPH Xda0THYECKOM

HX
pacnoJoXeHHH B NPOCTpPAHCTBE H OTCYTCTBHH B3aHMOACHCTBHA
MeXJAY HHMH:

nog—eg
3 LT K, =0. (7.63)
i=1 & + 28cy

PacueTHble U 3KCHEPHUMEHTAJILHBIC 3aBUCUMOCTH €pn=](ky) AJA
TIOPOJ ¢ MOHOMHHEDAJbHBIM CKeJeTOM MOKa3bIBAlOT, YTO C POCTOM
ky, 3HaueHue g yBeaunuuBaercsi. Ilpu k=0 BeJHUMHA €n=8ck.
[TockoabKy &s HE3HAUHTeJbHO MeHAeTcsi ¢ u3MeHeHueM Cs, Hablo-
JlaeTcs HU3BECTHAsi JUCTEPCHA 3HAUeHHH €.

FeoMeTpusi NOPOBOrO NPOCTPAHCTBA HE BJIMSET CYLIECTBEHHO
Ha XapaKTep CBS3H MEXKAY €s.n U Rn, O UeM CBH/JETEJLCTBYET cpaB-
HeHHe PacueToB AJst pas3HYHBIX Mojaesned moponsr [1].

Ilpn pacuere 3aBucHMOCTell &5y=f(ky) HCHIOIB3YIOT

3HayYeHHe

€cx AJ4 COOTBETCTBYIOULIEI'O MHHEpaJa:
Kpapu . . . . . . 43—46 Agrugpur. . . . . . 57—6,0
Xaauenox . . . . b6—75 fume. . . . . . . 63—=79
[Monesod wmnar: raqiur . . . . . . b6—64
KaJIneBHI 4,5—6,0 CumbBuH . . . . . . 48
KaJ/bUHEBBIH . 5,4—7,0 JluMouur . . 10—11
Kanbuur . 7,5—8,0 Tuapocmoaa. . . . . 17—25
Homomnt 6,8—10,0 Kaomuuur . . . . . 90

Ins GoNbLIMHCTBA MHHEPAJIOB yKa3zaHb He (HKCHPOBAHHBIE

3HAYeHUsl €cx, @ UX JHATA30H B CBA3H C TeM, UYTO IIOJHOLO €IHHO-
FJIaCHsl MeXAY JaHHBIMU DPAa3JUUHBIX HCTOUHHKOB HET.

MiajieKTpuueckasi NPOHHLAEMOCTb €cx OCHOBHBIX IOponoobpasy-
0LUHX MHUHEPAJOB [Js TepPpHreHHOro H Kap6OHATHOTO paspe3oB Me-
HAETCA B Y3KUX Ipejesax, MO3TOMY BJHSIHHE MHHEDaJbHOro COCTa-
Ba cKeJleTa Ha BEJNHYUHY €pn M CBS3b MEXKIY €sn U R; HecyllleCT-
BEeHHO IJs GoJawbuinHcTBa Topon. Tak, B TeppuUreHHOM pa3pese Ha
BEeJIMYHHY €sn; NOUTH He BJIMSET 3aMclileHHe YacTH 3epen KBapua
TOJIEBEIMH IUNTATAMH, a B Kap6oHATHOM paspese -— A0JOMHTH3AUHUA
H3BECTHAKOB. McKalouenue npencraBisieT IJIMHUCTBIL KOMIIOHEHT,
XapakTepHBIE TIpexJae BCEro NJisi TEPPUreHHBIX MOpoA. Bauanue
IJIMHHCTOCTH MOPOJABI Ha BEJIUYUHY €p; OOYCJAOBJEHO CJAELYIOIIUMH
dhakTOpaMy.

1. TiuHHCTEHE MHHepaJbl COLepkKaT XHMHYECKH CBSI3aHHYIO BOLY
B Buie rpynn OH B kpucrannumueckolt pelnetrke, a HEKOTOPbIE —
MEeXCJI0€BYI0 BOJAY B MeXNMAKeTHOM MNPOCTPAHCTBe pa3ldBHIKHOMN
KDHCTANNHYECKOH pelIeTKH. DTO IPUBOAHT K AOMOJHUTEJLHOH MO-
Jspusaunuy, obecneunBamnllell sHaueHHe g.x 10 25, T. e. B 4—5 pas
BbIIIIE, YeM Y KBApLAa W HOJEBHIX LUNATOB.
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2. TlpouHocBsi3aHHAash BOJA M YaCTh DPbIXJIOCBSI32HHOH BOABI H®
NOBEPXHOCTH TVIHHHCTBIX YaCTHL HMEIOT 3HAYEHHS €pcs 110 LAHHHIM
pasanuHbix aBTOpoB OT 2 10 40, CyLIeCTBEHHO OTJIHUHbIE OT €y CBO-
60AHOH BOXHI,

3. CrpykrypHas HOJspH3alua ABOHHOro cjI0A Ha NOBEPXHOCTH
IVIHHHCTHIX YaCTHIL — siBJeHue, QopMHpYIOLlee BEHI3BaHHbHlE MOTEH-
uuanae (cM. moAapasj. 7.6), MOXKeT BLI3BATb MONOJHHTEJbHbIH POCT
£ TJIHHHUCTHIX TOPOAL.

[lepBrift 1 TpeTui#l (DaKTOPHl BLI3BIBAIOT POCT € I[VIHH H [JIHHHC-
THIX TIOPOJ IO CPABHEHMIO ¢ HEMVIMHHCTHIMH TE€DPHIE€HHLIMH MOpOAa-
MH C TOH XKe NOPHCTOCTbIO, BTOPOH NPUBOJAHT K CHHMIKEHHIO & CHC-
TeMBl, COAepKallell BbICOKOAUCIEPCHBI TJIHHHCTBIH MaTepHadl.

PesysabTaThi J1a60opaToOpHbBIX MCC/AEA0BAHUHA, PacyeToB H JaHHbIE
T'YC nosBoJssiioT 3akJIOUHTb, YTO NPH H3YYEHHH IlapaMerpa & B
juanasoHe vactor 10—50 MI'L BausiHHe TJIHHHCTOCTH HA  €sam
o6yc/noB/IEHO ABYMsl NepBBIMH (PaKTOPAMH, HDHYEM JIOMHUHHPYET,
6eccriopHo, mepBBIH, uTO 00ycl0BAMBAeT 3HAYEHHS] €rp; B IJACTAX
UHCTBEIX IJIMH DpHUMepHO B 2—2,5 pasa 6oJiee BHICOKHE, 9€M €sn YHC-
THIX ¥ CJAA0OTJIHHUCTHIX BOJOHOCHBIX KOJJEKTOpOB. TpeTnemy ¢dak-
TOPY, BEPOSATHO, NPHHAJEKUT pellanllast pOoJb NpH H3YYeHUH &
npu w<<1 MI'u. OnHaKo 3KCHepPHMEHTAaJbHO OH H3yueH IOKa Hexo-
CTATOYHO, a 3HAuUeHUe ero IPH HHTepIpeTalMu pesyabTaToB JH-
adexTprueckoro Mertoga ['MIC HecyllleCTBeHHO, TOCKOJBKY 3TH HC-
C1eJ0BaHHs BBINOJHAT OpH w>10 MI'L.

Biusinie TIMHUCTOCTH HA BEJIMYMHY €z AEMOHCTDHPYIOT 3KC-
nepHMeHTaAbHble naHHBle puc. 50. PacueTHBIM myTeM BJHSHUE [VIH-
HHCTOCTH HA Erxn T[JIHHHCTOII NMOpOJBl YCTAHABJHUBAIOT, HCIOJbL3Ys
ypaBHeHHe

€ra. 1= €k (1 - kn - km) + Smkm—i— eskn (1 - kB. cn) + g, cnkn. cskn

(7.64)
WJM pellasi ypaBHeHHe
€exk — €ra, n € — &ra. n ‘
€k - 2erp n (1 - kn - kM) + ernt 28rqn ™M v
(7.65)

€y — &€ €s.es— €ra,

+ €s 28, n

OTHOCHTE/IbHO Erp.q.

kn (1 - kB. cs) T B. cnkn =0

€y, cu t 28pn,

74.2. JUDJIEKTPUUYECKAS MPOHUUAEMOCTDb
YACTHYHO BOJAOHACBIUIEHHbIX NOPOJ,

B npupoAHBIX yCA0BHSX YACTHUHO BOQOHACHILIEHHBIMI ABJSIOTCS
OGLIYHO HedTerasoBble KOJUIEKTOPH. BeinunHy ey HedTe(raso)-
HACBILEHHOTO YHCTOTO MOHOMMHEPAJbHOro  KOJIIEKTOpA MOXKHC
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Puc. 50. 3aBHCHMOCTH BEJHYUHB
€y TA30HOCHHIX TIECUAHHKOB H
2JeBPOJHTOB OT NapaMeTrpa Ke
(no E. Y. JleoHTbeBY):

J 4 2 —necyaHuK uHCTHA H caaGo-
TINHHCTHI COOTBETCTBERHO; & — IJIH-
MUCTBIA aAEBPOJHT

7 1 I 1 !

7 49 ﬂ” kg o

fIpeACTaBHTbL YpaBHeHHAMY BHAa (7.59) uam (7.60) ¢ gononHeHHeM
HX TIpaBOil YacTH OJHMM CJaraeMblM, COOTBETCTBYIOLMM HedTe(ra-
TO) HaCBILIEHHIO J0JIH IOPOBOTO MPOCTPAHCTBA:

€y n= 8(:1-:(1 - kn) + Snknks + 8;{, xkn (1 - ka); (766)

€41 =8« (1 - kmu) _{_ eakmnkmn + 811, rkmn (1 - k'mn)’ (767)

rie ks — KO3Q(UHHEHT BOJOHACHILIEHUS, €y — JAHIJEKTPHUECKAR
fIpoHNLlaeMocTs HeTH (rasa) B MJACTOBHIX YCJIOBHSX.

Ilpoussoas B (7.66) u (7.67) noActanoBKy Rskn= Wy, moaydum

&y o= 8 (1 —Ry) + €Wyt ey ((Ry—Wy)s (7.68)

€4 1= e (I - kmn) + EBWmB _}' SH, r (kmn - Wmn)' (769)

Ucnoaw3ys (7.63), mony4uMm AJsi pacCMaTpPUBAEMOro cJ/yuas
ypaBHeHHe

€ek — 8y, 1 €s— 8y €y, 1 .
Eox + 284 0 (1 - ku) + .———_83‘*‘ %4 n knkn—r 8———" o Zen k (1 —_ )= 0;
(7.70)
U1K
€ek — €4, ey — &y, r—8&: 1 o

80K+2€H.n(1_k)+8 +28 o B+_—__I__2—g—n-(kn—wa)=0, (771)

pelras KOTOPble OTHOCHTEJIbIO gynp, NOJAYYHM (GOpMYJaBl AJAA pac-
YyeTa 3aBHCUMOCTEH gun OT kp NPH pPa3INUHBIX ks WJIH OT Wi,
Ecan ycranosnena xoppeasiiuOHHAs CBfid3b MeXAy Kod(DbuuHeH-
TaMH OCTATOYHOI BOJOHACHILIEHHOCTH Kz, M IIOPUCTOCTH K, BBOAA
napameTp OTHOCHTEJNBHOTO BOJAOHACHIIEHHS R, MOXKHO, HCIOAB3YA
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Puc. 51. TlageTku Aas pasfeseHHsi TePPHIeHHBIX KOJJIEKTOPOB N0 XapaKTepy «d-
CHILIEHHS1 TIO BeJIUUYHMHE AMAJCKTPHUECKOH NMPOHHIIAEMOCTH €x M KoaddulHedTa mo-
PHCTOCTH Ry TOPOABI

I— ey npea=l{ky); 2—gy =[(ky); 3 —e,=f(k;) nas pasamuubix k, (wudp KpHBLIX); 4 —
en.Kp=f(ku); 5 — IDaHHLA KOJJIEKTOP — HEKOMJIEKTOp; 6 — HedTh (ras); 7 — Hedrn(ras)--eo-
JHa; 8 — BOAa

0AHO M3 Bbipaxenui (7.66), (7.67), (7.70), mosyuuts ceMeHCTBO

pacueTHBIX I'padUKOB £un=[(%n) AJs pasyiMuBbIX kz=const, 3aia-
BasCb 3HAYEHHSIMH KOHCTAHT &y, € C YUETOM OCOGEHHOCTeI H3yda-
eMOro reoJoruueckoro o6vexra. OTmeTuM TIJaBHBHe 0COOEHHOCTH
aToro cemeficrsa (puc. 51).

OCHOBHBlE 3aBHCHMOCTH ceMeficTBa caepyouine: 1) esn=f(kn)
¢ wHppoMm ks=1 Mjs HEKOJJEKTOPOB H IOJHOCTBIO BOAOHACKHILEH-
HHIX KOJIJIEKTOPOB paccMarpuBajach paHee; 2) euwn=][(ks) c wwud-
poM k=0 mnsi npeleapHo HedTerasOHACHIUEHHBIX KOJJIEKTOPOB
pacrnoJioxkeHa TpaBee IPAaHUIBI KOJJIEKTOP — HEKOJJIGKTOP, HpOBe-
JIEHHO! 1O M3BECTHOMY 3HAYEHHIO Rprp. JTa 3aBHCHMOCTb OTpazKaer
cnaboe YMEHBIICHHE €4 C POCTOM Ry, NOCKOJBKY €4, OOBIUHO He
npepbiliaer 2,5 u ¢JIeJ0BaTENbHO MEHBLIE €cx; 3) TPaduKH  ky=0
n k=1 06pas3yor «HOXKHHLBL®, OTPAHHYHBAIOLIHE 06/1aCTb BO3MOXK-
HBIX 3HAYEHHH eyy AJA KOJNJIEKTOPOB JAHHOIO O6BEKTA C PA3JIHUHBIM
BOJOHACHILEHHEeM. MexX 1y HHUMH PaCroJOXeHb rpaduKu AJs pasauy-
BHX ks=const, BHIXOAsIIHE, KAK W 3aBHCHMOCTb €un=[(kr) AaA
Ek:=0, B3 TOuKH, PACMOJIONKEHHOH Ha JHHUU €sn=](Rq). C pocToM
ks npu PHUKCHPOBAHHOH MOPHUCTOCTH Kn=const BeJHUYHHA £4n PACTET
NPONOPLHOHAJNBHO 06beMHOH BJaXHOCTH mopoasl Wy (cM. puc. 51).
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CeMmeficTBO rpadHKOB e€qn=[(Rx) HJAS pasJUUHBIX k= const
MOXKHO HCIIOJIb30BaTb B KauecTBe OCHOBHI JJIsi OLEHKHM Xapakrepa:
HACBILIEHUSI KOJIJIEKTOPOB HedTH M rasa NpH HHTEPIpeTalluy Auar-:
paMM AH3JEeKTPHYECKOTO MeTOJa, eCJH JAJs H3yuyaeMOro reoJioruye-
CKOTO 00beKTa yCTaHOBJIEHO I'DaHHYHOE 3HAUeHHE Ky p HJH BEPOAT-
HBHIH AHanasoH ero H3MeHeHH Ha OCHOBE 3aBHCHMoCTell Ko3dhduiH-
€HTOB OTHOCHMTEJILHOH (Da30BOH INPOHHLLAEMOCTH 0T KosddumHeHTa.
BoJOHAchIleHUsA (cM. pasfh, 7.3).

Pacuernnie rpaduku ewn=f(ka) A pa3IHUHBIX Ks=const,
enn=[(ke) ¥ ean=[(Ws) L5 pasauuHbix k;=const mpu npasuJb-
HOM BLIGOpE KOHCTaHT HeTPoH3HUSCKHX ypaBHEHHIl XOpolio corJa-
CyloTCA ¢ AAHHBIMU Ja00pPaTOPHEIX HCCJeLOBaHUI,

Bansauue creneru ruapodobusanuu NOBEPXHOCTH TBepJoi ¢rasbl
Ha BeJHYHHY € YaCTHYHO BOJOHACHIIIEHHBIX IOPOJ H3YUEHO T[OKa.
HeZocTaTouHo. M3BeCTHO TOJBKO, uTO ruApodobusauus MNOBEPXHOC-
TH BeJeT IPH NPOUHX PABHEIX YCJOBHAX K CHHKEHHIO BeJIHUHHBE
€n 10 CPaBHEHHIO CO 3HAUEHHEM E€n JJs MOJNHOCTBIO THAPOGUILHOMN
nopojbl. CTenenb BIMAHUS THAPO(POOHOCTH Ha BeJUUHHY en Cylle--
CTBEHHO MeHbllle, YeM Ha BEJUUHHY Qn.

7.4.3. AHH3OTPONKA JHUIJEKTPHYECKOHW NPOHUUAEMOCTH

AHHM30TPONHUS NMOPOABI N0 AUIIEKTPUUECKOH NMPOHULAEMOCTH BO3-
MOXHa, KaK H [0 OTHOLIGHHIO K yJAeJbHOMY CONPOTHBJIEHHIO, B IO-
poiax MHKDOCJOHCTHIX H TPELIMHOBATBHIX NpH HepaBHOMEpHOH mpo-
CTPAHCTBEHHOI OpHeHTauuu TpelwuH. is mMolenu mOpOAH, pac-
MOTPEHHOH Ipu MoJydYeHHH BeipaxkeHuit (7.56), (7.57) mas yaenab-
HOTO conpoTHBJIEHHA (cM. pasi. 7.3), MpPEACTaBJeHHO uepeloBa-
HHEM CJIOEB C DA3JHYHBIMH BeJHYHHAMH [AHIJIEKTPHUECKOH NPOHH-
aeMOCTH €; U €3 C y4eTOM OTHOCHTEJBHOrO COJepIKaHUA ¥ H
%2 c1oeB 1 u 2 mo TonmuHe, 6yAyT cNpaBeJJHBH CJAeAyIOLIHe BbI-
paKeHus:

AJNA BEJHYHHB &y, H3MEPEHHOH NpH NapaJjJelbHOH CJOHCTOCTH
OpHEeHTallMH CHJAOBBIX JIMHUI N0JA

egy =&X1+ & (1 —%4)s (7.72)

sl BeJIMYHUHB! €5, U3MEPEHHOH B MoOJe, CHUJIO0BbIE JUHHU KOTOPO-:
rO HepPIEeHAHKYJSPHBI K CIOHCTOCTH
Vegs = xuleq+ (L —x1)/e, (7.73):

OTHOlIeHHe 3HAYEHHH &ny H &n,, XaPaKTepHuaymwilee aHH30TPO-
NHIO Cpelbl N0 NapaMeTpy &, 3aBHCHUT OT PasjiMuusd B BeJHYHHAX.
€1, €2 U 3HaueHHs y;. JLJIS MHKPOCHOHUCTOH MOPOIHI, MpeACTaBJIEHHON.
yepefoBaHHEM MNpOCJIOEB, HanpuMep, rauHbl (1) u mecuanmka (2)
B ypaBHeHusa (7.72), (7.73) noiacraBasieM &)==¢&ry, 82=E&mxm, Y1 =Xra-
Jnst TpellMHOBAaTOH MOPOALI ¢ OLHON CHCTEMOH TpPeLWHH €;=~Egpa-
(rie ega — AUBJEKTpUUYECKAs NPOHHLIAEMOCTh (JIIOHIA, 3aNOAHAIO-
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“Tadauua 7. Auatekrpuueckass NPOHHUAEMOCTb, MOJAAPHIYEMOCTH
0CAAOMHBIX NOPOJ,

[Mopoaa £, OTH. el. AL %
Ilecox 4—30 2,5-1072—-2
Tlecuanuk 3—30 3-1072—5
AneBposHT 3—30 0,7—10
Tauna 20 0,1—1
Apruaaur 8—12 0,5—3

L[Er0 TPEIIUHBI), &2=&6n — JHIJEKTPHUECKAs HPOHHIaeMOoCTe 6Jo0-
KOB TIOPOJABI, Y1 =K.

Bo3MoXHa aHH30TPONHS  IH3JIEKTPUYECKOH  INPOHHLAEMOCTH,
o6ycaoBJeHHass U TeKCTYPHBIMH OCOOEHHOCTSIMH BHellHe OAHODOI-
HOH NOpOJbI, OJHAKO OHA M3yueHa HejpocratouHo [, 12].

7.4.4. BIIUSHUE TEPMOBAPHYECKHX YCJIOBUM
HA N HUBJEKTPHYECKYIO NPOHHUILAEMOCTD

Biiusinue tepMoOapuuecKux YCAOBHH (3¢ (eKTHBHOrO AAaBJeHHA
M TeMIepaTypbl) Ha JHJIEKTPHUECKYI0 TNPOHHIIAEMOCTh NOPOJb
£n ONpelesisiercsi B OCHOBHOM BJIHSHHEM 3THX (DAKTOPOB Ha napa-
MeTpHl &cx TBEPIOH (da3bl M epn (PIOHIA, HACHIIAWIINEr0 IOPOBOE
NPOCTPAHCTBO MOPOAH (cM. 1OoApasf. 7.2). MameHeHusr en, o0OycC-
JIOBJIEHHBle BJHsiHHEM 3¢ dEeKTHBHOrO AaBJeHUst U TeMIepaTypsl Ha
"CTPYKTYPY NOPOBOTO NPOCTPaHCTBA TOPOJH], CYLIECTBEHHO MeEHblle,
YyeM JAJISl YAeJBbHOT® CONPOTHBJEHHS MOPOAB. DKCIePHMEHTAIbHO H
TEOPETHUYECKH OHH He HCCJEeLO0BaHHL.

7.4.5, MTPEJEJIbl UBMEHEHHWSA N U3JEKTPHYECKOH
NMPOHHUAEMOCTH

[Ipenensi usmeHenusi e€; pas3JjiMuHBIX JHTOTHIOB B paspesax,
MpeACTABJEHHBIX TePPUTeHHbIMH, KapOOHAaTHBIMH H THADOXHMHYEC-
KHMIT OTJIOXKCHHSIMU, AaloTcs B Taba. 7.

Otmerum Haubojiee CyLIeCTBeHHBle OCOGEHHOCTH e, OCAMOYHBIX
110poA, KOTOpbie CaedyIOT W3 AaHHHX TabJ. 7.

1. [lpepens U3McHEHHSI &5 TEPPUIeHHBIX W KapOOHATHLIX MOPOL
ONpCLeNsIIOTCs HX BJAXKHOCTBIO, a JIJIsT NMOJHOCTbIO BOJAOHACHILIEH-
HBIX TOPOJA — HX NOpPHCTOCTHIO. Ilpu Huskofi Baaxuoctn w<<1%,
T. €. B OUEHb IJIOTHBIX BOAOHACHIIIEHHBIX [OPOAAX, B NpelesNbHO
He()Tera3oHacChHIIeHHBIX KOJIJIEKTOpax W GHTYMHHO3HBIX TNOPOAax ¢
HH3KHM Ksp, BeJIYHHA €n CTAHOBHTCS MHHHUMAJbHOH, MpHOJIHIKAACH
K 3HAUEHHIO €cx AAHHOH MOPOABI.
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MakcuMmaJibHble 3HAUEHHS €; COOTBETCTBYIOT IJIHHAM M BBICOKO-:
TIOPUCTBIM BOJOHOCHBIM KOJIJIEKTOPAM, NPHYEM €r; [VIHH OGHIUHO BBI-
lIe ep KOJIJIEKTOPOB B TeX XKe OTJIOXKeHHAX. Benuuuna ey, 3aKOHO-
MEpPHO YMEHBbLIAEeTCsl ¢ yBeJHUYeHHeM rJyOHHBI H BO3pacrta OTJIOXKe-
HHH, OIHAKO COXpaHsAeTCs JOCTATOUHO BBICOKOH Aaxe [ apruJlJiH-
TOB M FJIMHHUCTBIX CJIaHIEB, 3HaueHHEe By KOTOPBIX gocTHraer 1—29%
6narofapsl BLICOKOMY 3HaueHHIO & TBepAoit ¢asul Go.JbLIHHCTBA
TJIMHUCTHIX MHHEPAJIOB.

2. B rulpoXHMHUYECKUX OTJIOXKEHHAX, BJAAMKHOCTb KOTOPHIX OGBIY-
MO OYeHb Majia, 3HAUEHUS € ONPeJIeNSTIOTCS B OCHOBHOM BeJHYHHOH
Eck, T. €. MHUHEPAJbHEIM COCTABOM IOPOJHL.

3. Besqinunna e, yraeit meHsiercst B 10BOJILHO IUHPOKHX TpeHeiax
B 3aBHCHMOCTH OT CTEIICHH HX MeTaMopdu3sMa. MaKcuMmanbuble 3Ha-
ueHUs g¢; (0Kos0 15) coorBercTByIOT HaubGosee MeramopdH3OBaH-
HBIM YTJISIM — QHTPALMTAM, COREpPXKAIUHM MHHepasJ ¢ 3JeKTPOHHOMN
NpoBOAHMOCTbIO — IpaduT. C yMeHbIIEHHEM CTEIleHH MeTaMopQu3-
Ma aHTPALMTA M [ePexol]oM K KAaMEHHBIM yTJsiM BeJHUHMHA &g IO-
CTENeHHO CHHUzKaeTcs A0 2,5—3, NOCKOJBKY colep:kaHue rpadura
yMeHblliaeTcsl A0 HyJsd, @ BJAXHOCTb YIJIEH OCTACTCS OYeHb HM3KOH
W Ha BEJHUHHY €n NPAKTHYCCKH He BJHsieT. C epexoioM OT KaMeH-
HBIX yraeil K 6ypblM B yIJIIX BO3PacTalOT cOAep:KaHHe TJIHHHCTOrO
Martepuaaa (304bHOCTb Ag) U COOTBETCTBEHHO BJIaXHOCTh, YTO BE-
IeT K POCTY &n, KOTOpas jfocTuraer HauboJibuiero sHaueHus B Oy-
PHIX YIIIIX CaMOTO HHU3KOrO KauecTBa.

7.5. YAEJIbHOE CONMPOTUBJIEHUE
U JUINEKTPHYECKAS NPOHUUNAEMOCTD
MATMATHYECKHUX U METAMOP®UYECKHX MMOPOJ

TeopeTuuecku yjaesbHoe CONPOTHBJAEHHE W AHIJIEKTpHUYECKAS
NPOHHLAEMOCTb MarMaTH4eCKUX H MeTaMoOp(UUECKUX FOPHBIX MOPOL
ONHCHIBAIOTCA BBIPAXEHHAMH AJS1 On=l/pn U &, KOTOpHIE NOJYUAIOT
npu pemreHnH ypasHeHHs (7.63). B xadecTse ynpolllenno#i MoJesH
3TUX INOPOJ, OOGLIYHO HMEIOUHX CJIOXKHBIH MHHepaJabHBIHE COCTas.,
MOXKHO NPHHSITbH CTATHCTHYCCKYIO CMeCh TDeX KOMIIOHEeHT: 1) MHHe-
paJiel ¢ 2JeKTPOHHOH NPOBOAMMOCTBIO; 2) MUHepasbl AMIJIEKTPHKH
M TONYNPOBOAHHKY, O/H3KHe 1O CBOHCTBAM K JAHJIEKTPUKAM;
3) TMOpoBOe NMPOCTPAHCTBO, OGBIYHO MOJIHOCTHIO HACHIIEHHOE BOAOIL.
CooTHOlLIEHHE 3THX KOMIIOHEHT H ONpefe/sieT B OCHOBHOM 3HaueHUE
£n TIOPOJAHL.

IIpelesinl H3MeHEHHS NMapaMeTPOB QPnn M €; MarMaTHYeCKUX H
MeTaMOD(pHUeCKHX TOpPOJ mpuBeleHH B TabJ. 8, 9.

YienpHoe CONpOTHBJEHHE MarMaTHYECKHX NOPOJ ONpedessercs
B MEPBYI0 ouepeldb MX NOPHCTOCThIO. IIpM oueHp HU3KOII nopucToc-
TH BCEX BHJIOB MarMaTHYeCKHX NOPOJ BeJHUHMHA k; BO3pacraer IpH
nepexoje OT OCHOBHEIX K CPENHHM H KHMCJBIM HOpPOAaM, COOTBETCT-
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Ta6auua 8. YaeabHoe cONPOTHBIEHHe (MAKCHMAJBHO BAAXKHBIX),
AMSIEKTPUYECKAS NPOHULAEMOCTD, NOJAPH3YEMOCTh METAMOPQHUECKHX MOPOX PYA,
yraeii, o6pasosapumuxca U3 ocagounsix nopoa (mo B. H. Ko6panosoii)

ITopona p, OM-M €, OTH. en. A %
- DHAIHT 103—10% 13 —
Treiic 103—10¢ 9—10 1,3—4.,6
Kpapuut xeje3ucThift — 5—10 0,5—10
Mpamop 105—108 8—14 0,2—2
Pyna MarHeTutoBas 10—105 8—14 2—20
» reMaruToBas —_— — 2—20
» MapTUTOBaf 104—108 15—18 2—10
Boxkeur 10—!'—103 — 2—35
I'padur 10-5—10 — —
¥Yroap Oyphiit 10—102 — —_
»  KaMEHHHIH 102—108 2,5—15 —
»  aHTpalHuT 10—35—10 — 95

Tadoauuna 9. YneabHoe cONPOTHBJAEHHE, AUINEKTPHUECKAs NPOHHLAEMOCTH,
NONAPH3YEMOCTh MAarMaTHYECKHX NOPoJ U 0Gpa3oBaBIIHXCSA .
W3 HuX MeramopduHueckux mopox u pya (mo B. H. KoGpaHnosoii)

IMopona 0, OMm ' g, oTH, eml. A, %

[epugotat 105—108 5—16 —
Ta66po 103—108 9—15 0,5—2
Ipannt 103—104 4,5—11 0,1—4
BasaawT 5.102—108 6—19 0,2—4
Aupesur 5-102—10¢ — 0,4—4
Jlunapur 10—103 — 0,5—4
Pypa MarserutoBas 10—105 30—35 2—20
»  TNOJHMETaJIHUecKas 10—-5—104 — 3—70
»  TUPHT-XaJbKONHPHUT- 10-7—10-2 — . 10—20

cthasieputoBast

»  MeJHO-KoJuejaHHas — — 8—70
»  CBHHIOBas — — 0,1—10

BEHHO YMEHbIIAETCs HX y[EJIbHOE CONPOTHUBJEHHE. YAelbHOe CONpO-
THBJIEHHE MarMmaTHUeCKOH MOPOJLl MOXET PE3KO CHM3HTHCS TOJBLKO
IIpH A0CTATOYHO BBICOKOM COAEPKAHHH MHHePasoB (OGBIUHO pYR)
C 3/ieKTPOHHON I[POBOJAHMOCTBIO, 06Pa3yIOIUHX €AMHYI0 TOKOIpPOBO-
Asmyio cucTeMy. JlusjexTphyeckass NPOHHLAEMOCTL NPH Iepexoje
OT KHCJBIX K OCHOBHBIM IIOPOAAM H3MEHSETCS TOJ BJHSHHEM ABYX
(aKTOpOB: yMeHbIIEeHHs! BJIAXKHOCTH, KOTOPOe BeAeT K CHUKEHHIO
€n; POCTa CONEPXKAHHS 2Kese3a W APYTHX 3J1eMeHTOB, NPHCYTCTBHE
KOTOPHIX BRISBIBA€T POCT &n. Posib Broporo ¢aktopa okasbiBaercs
CHJbHEE, TIO3TOMY NIPH HepeXOJe OT KHC/IBIX K OCHOBHBIM MOPOAaM
:€n pacTer.
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YaenpHoe COMPOTHBIIEHHe GOJblIefi uyacTH MeraMopdHiecKHx
nopoA Goabire 102 Om-M, gocturaer 108 Om-M, uto Takxke obyc-
JIOBJIEHO HX Ou€Hb MaJiofl Inopucroctblo. HcK/loueHHeM SABJASIOTCSA
TJIHHHCTBIE CclaHUbl ¢ pn=1-+5-102, NOPHCTOCTh KOTOPHIX BHILIE IIO-
pHcTOCTH GOJBIIMHCTBA MeTaMOp(HUeCKUX NMOpoA. 3HauyHTeJbHOE CO-
IepXKaHue MUHEPAJOB C 3MEKTPOHHOH NPOBOAHUMOCTBI) PE€3KO CHH-
Xaer p; MeraMmopduueckux mopoxa. Ilpu OTCYTCTBHH HAH HH3KOM
collepKaHHH MHHEDPAJIOB-NIPOBOJIHHKOB BeJHUYHHA gy OMNpPEeJeasierTcs
B OCHOBHOM IODHCTOCTBIO, a TpH OAMHAKOBOH MOPHCTOCTH — €y,
TaK g; KBAPUHTOB MEHbLIE g; MpaMmopa.

7.6. BBI3BAHHAS 3JEKTPOXUMHYECKASA AKTUBHOCTbD

SIBsieHne BbI3BAHHON MOMSPU3aLMH 3aKJAOYaeTCAd B TOM, YTO HpPH
MpONyCKaHHH HMIYJIbCa TOCTOSIHHOTO TOKa uepe3 obpasen NOPOALI
nocnenHut npuobperaer pasHocTs noreHuuanoB AUgn, XoTopylo
yAaercss o6HapyXHTh M M3MEDHUTb IOCJe BLIK/JAIOYEHHS NOJAPHU3YIO-
mero Toka, Benuuuna BeI3BaHHBIX noTeHuuasnoB (BI1) AUpn cnana-
€T BO BpeMelH N0 KCNOHEHUHANbIOMY 3aKOHY

AUgr = AUgp €xp (— Agt), (7.74)

rie AUpno— MakcHMaJibHOe 3HayeHHe, HabJal0LaeMoe cpasy mocie
BBIKJIIOUEHHS MOJSPU3YIOLLET0 TOKAa; As — MOCTOSIHHAA pacnaja Io-
asa BIL

Hns 6onplmuHcTBa mopoj 3akod crnafa AUgnm Bo BpeMeHH BBHI-
paxaeTcss CyMMOH 3KCIIOHEHT C pa3JHYHbIMH 3HAUEHHSAMH As. BHI3-
BaHHBIE NMOTEHUMAJBl BO3HHKAIOT OJarofapsi MOJISPU3aLUH IOPOJbI
M B030yXAeHuio B Hefl PAas/MUHBIX 3JEKTPOXHMHUECKHX IIpOUeccoB
MPONyCKaeMblM 4Yepe3 Hee NOCTOAHHBIM TOKOM. AHaJIOTHUHBIE NPO-
uecchl BO30yXA4l0TCsi B NIOPOAAx NMpu o6paboOTKe ee U nepeMeHHBIM
TOKOM 4aCTOTOH OT eJMHHL Tepll A0 COTeH KHJOorepl (CTPYKTypHas
noJisipusanus — cM. noapasi. 7.1), Cnoco6HOCTh NOPOABI CO3AaBaTh
BI1 npu o6paboTke TOKOM Ha3bIBAIOT BbHI3BAHHON 3JEKTPOXHMHUEC-
KO aKTHBHOCTBIO H XapaKTepH3yioT ee mapaMerpoMm Ay

Ay = AUgy/AU,, (7.75)

rie AUnp — pasHOCTh NOTEHLHAJOB, NPHJIOKEHHAss K 06pasly IJist
€O3/lallusl BBI3BAHHOM MOJISPU3ALKH.

Beerza As<<1 u mas GoabliuHcTBa mopona Ax<<0,01, ciaeroa-
TeNbHO, 06b19HO AUpn<&AUnp. OfHaKko MJIsi MOPOJ C 3HAYHTEJBHOH
Ap Bequunnoft AUpn Hesb3si npeHe6peus 1mo cpaBHerHio ¢ AUp, U
CJeflyeT pacCUMTBIBaTh As 10 dopMyJie

Ay = AUgp/(AUgy, + AUyp), (7.76)

nOCKOJIbKY npH obpaborke obpasua noaspusywium Tokom BIl B
obpasle NPHCYTCTBYIOT.
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OcHoBHO 06beM 3KCnepHMeHTalbHBIX HcciaepoBanuilt BII B na-
GopaTopuu npeicraBieH 3aBucuMocTsiMH BI1 or miaotHocTn moss-
pusyiouiero toka AUpn=[(j), KOTOpble BO MHOTHX CJIy4asx JIHHEH-
1ibl B ONpeJesIeHHOM AHaNa3oHe j; TOr[a TaHreHC yria HakJoHa 3a-
BHCHMOCTH HCHOJb3YIOT s pacuera As. DBaXXHEIMH yC/IOBHAMH
OTBITA SIBJAAIOTCS BpeMsi 3apsiiki — 06paboTku TOKOM o0pasua Hu
BpeMs, Mpoluejiulee I0C/e BBK/IIOUEHHs MNOJIAPU3YIOLIEro TOKa L0
moMenTa usMepenust BI1. CpaBHuBasi 3HaueHus A, NOJyYeHHBIE
PasHBIMH HCCJefOBaTesiMH, HeOGXOAUMO YUHMTHIBATb 3TH YCJOBHS.

[Tpupona BIT pasnuuna B MuHepajiax ¢ 3/JEKTPOHHOH NPOBOAM-
MOCTBI0O M IOPOJax, COJAepKalllHX TaKHe MHHepajbl, H B IoOpoaax
C HOHHO NPOBOJMMOCTLIO.

7.6.1. TOPOJbI, COOEP)XAIUHE
3NEKTPOHONPOBOASIUE MHUHEPAJIBI

B MuHepasax ¢ 3JEKTPOHHOH NPOBOJAMMOCTbIO OCHOBHYIO pPOJb
B Bo3HukHOBeHHH BII urpaioT npouecch, NpOHCXOJsillHe NPpU M0Js-
pU3alliH 3JeKTPOAOB B XOfe 3JNeKTposu3a. Ilpu nponyckaHnu Toka
yepe3 BOAHBI PacTBOP 3JEKTPOJNHTAa K KAaTOLy HANpaBJAIOTCS BO-
popoaustit H+, Na*, K+ u npyrue KaTHOHB, K aHOAY — IHAPOKCHJIb-
et annon OH—, Cl- B pacTBOpax XJIOPHAOB M JApYrHe AHHOHBHL.
Ha kartoje KaTHOHBI OTGHPAIOT Y BelIeCTBA 3JEKTPOAA 3JIEKTPOHBI
H TIpeBpPalaiTCcs B HeliTpaJbHbE 4TOMBI, IIPH 3TOM BOJOPOJA, WT-
paouuii BaXKHYIO POJb B 3JeKTPOJHOH INOJAPH3ANHH, HAXOAACH B
aTOMapHOM COCTOSIHHH, HacblllaeT MOBEPXHOCTbL 3JEKTPOAa, a 3a-
Tem 6Jiarogapsi ob6pasoBaHuio MoJexkya IHo Boilesnsiercs B Buie
Ny3HPpbKOB Ha NOBEPXHOCTH 3JeKTpoia. Ha aHojxe aHHOHBI OTRAIOT
3JIEKTPOLY U36GBITOUHBIE 3JEKTPOHBI, THAPOKCHJBHEIN aHHOH Iepexo-
JHT 3aTeM B BOJY U KHCJOPOJ, KOTOPHIA BHauaJje NPOX0ds uepe3
aToOMapHyI CTaJHI0, HACHILAeT NOBEPXHOCTh 3JEKTpPoda, a 3aTeM
IIePEXOHT B MOJIEKYJSIPHOE COCTOSIHHME, BHIAESSICh B BUJIE MY3bIPb-
KOB, aHHOHBLI XJlopa NepexoisT B aTOMBbI, a 3aTeM B MoJeKyas Clg,
Takxe 006pasys NMy3LIPbKHM Ha NMOBEPXHOCTH 3JeKTpopa. PaccMor-
peHHBIE TIPOLECCHl H3MEHSIOT 3JIeKTPOAHbBIH IMOTEHIHAJ KaTOAA H aHO-
Ha, yTo NpuBOAUT K ob6pasoBanuio D C sMeKTpOAHON NOJAPHIALHH,
paBHONl cyMMe TIOTEHIHAJOB KaToJla M aHOAd, a TakxKe K CyllecT-
BCHHOMY H3MCHCHHIO OMHUECKOrO COMPOTHBJIEHHS LENH, B KOTODYIO
BXOAMT 2JIGKTPOJIUTHYECKasi BaHHA, JTO OTPaXKaeTcsi Ha 3aBHCHMO-
CTH H3MepsieMOH B LleNH Pa3HOCTH NOTEHUHAJOB £ 0T MJIOTHOCTRA
TOKa j. Bnauane E pacTer npomopuHOHAJbHO j B COOTBETCTBHH C
sakonoM Oma (oTpe3ok ab Ha puc. 52), 3aTeM IPOHUCXOAMT PE3KHI
poct E mpu He3HauHTeJbHOM yBeauueHunu j (oTpe3ok bec, puc. 52),
COOTBETCTBYIOIUHHA mepHoay o6pa3oBaHusi JABOHHOTO CJOST 3J€KTPOJ-
HOW MOJIAPH3AUH W HACHILEHHIO NOBEPXHOCTH 3JE€KTPOAa aTOMaMH
rasa (H, O, CI).
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Puc. 52. CxeMaTHueckass 3aBHCHMOCTb 3JIEKTPGI-
HOro moTexunana Ep; OT MJIOTHOCTH MNOJIAPH3YIO-
wero Toka. Toyka d COOTBETCTBYET MOMEHTY J0-
CTHIXKEHUST HaNPSIKEHUs Pas3JioKeHHust

Puc. 53. Cxema BO3HUKHOBEHHS BBI3BaHHBIX MO-
redunaso (BI1) B nopoaax, o6aamalomux 3JjeK-
TpoHHofl mposoguMocTeio (mo M. I'. JlaTeiogoil)

ac¢

4 Jp‘
alg,

Ton nanapusayguu

b’m@wiammud moK

Beauuuna E!, cOOTBeTCTBYIOLLAS TOUKE ¢, SIBJAsAETCsT 0OpaTHMBIM
ssauennem D C snexrponuoil noasipusauuu. Ilpu E>Eqsp HauuHa-
eTcs BbilesleHHe NY3BIPbKOB rasa Ha 3JeKTPoAax, BesuyHna E ¢
poctoM j pacrer OoJiee WHTEHCHBHO, yeM Ha ydacTke b¢, HO He B
COOTBETCTBUH ¢ 3akoHoM Oma. B sToit ob6aactu (c—d) BesJHYHHY
Esn MOXKHO TIpeACTaBHTb CYMMOR Esp=Eosp+ En (34ech En— 3. . C.
nepeHanpsi>KeHus), onucHBaeMas ypaBHennem Tadens:

E=a-+blgj, (7.77

rfe @ U b — sMOupHYecKHe MOCTOSIHHBIE. BeJuunHa a AJ MeTaJllH-
YeCKHX H YroJibHBIX 3JEKTPOLOB MeHsercd B npefenax 0,5—1.5,
suauenue b or 0,1 no 0,2, npuuyem iaa GOJBIIMHCTBA METAJNJIOB b=
=0,1186.

CraHoB/ieHHe BeqUYuHH E,; BO BpeMeHM HPOMCXOHT 1O 3aKOHY
Ess=a+plgt, BpeMs CTAHOBJEHHs CTa6MJIBHOrO MNOTEHLHasla CO-

! 91y Bennuuny 06o3uauaot Takxe E, H HA3HBAIOT HaNpSKEHHeM Pa3Joxe-
HUSA.
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cTaBJaseT AJs PasinuHHX MeTaJJoB oT 90 go 120 muH, 4TO CBA3a-
HO C NPOTEKAHHEM Ha 3JeKTPOJAax OKHCJHMTENbHO-BOCCTAHOBHUTEJb-
HBIX XMMHYECKHMX PeaKUHi MeXAy BellleCTBAMH, BHAEJIHBUIHMHCS
Ha MOBEPXHOCTH 3JIEKTPOAA, W MaTepHasoM 3sJjekrpoia. Cnax Bo
Bpemenu E,; 1mocJie BHKJIIOUEHHS IOJAPU3YIOLIEr0 TOKA BbipaXKaer-
csi ypaBHeHHeM E,;=Kexp(—A ). Ilpn npounx paBHBEIX yCJOBHSAX
ckopocTh cnaga Es; Bo BpeMeHH TeM O0oJiblile, 4YeM MeHbIle IJIOT-
HOCTh | MOJSIpH3YIOLlero ToKa W OoJiblile cOAepXkKanue B PacTBope
OKHCJIUTRJICH.

BIT usyuator Ha o6pasnax MHHEPAJOB W IOPOJ C 3JeKTPOHHOM
NPOBOAMMOCTBIO B ClelHasbHOl stuefike (puc. 53). Mceaeayembrit
obpasel; passesisieT OTAeJNEHUS SUCHKH ¢ OJHHAKOBBIMH PACTBOpPaMHu
saektposauta. [Ipu nmpomyckaHuu NOCTOSHHOTO TOKa depe3 CHCTEMY
9JEKTPOA A — pacTBOD 3JeKTPOJIUTa -— 00paszel — pacTBOp 3JEKT-
poauTa — 3aekrpojd B obpasyoTcst kxak Obl ABe Napbl 3JEeKTPOAOB
A—C u J1—B, rae C u I — noBepxHoctu ob6pasua, oOpallleHHble
COOTBETCTBEHHO K aHOAy (anektpoa A) u kKatony (aJjextpox B),
npuueM Ha sJjekTpoje C NPOHCXOAST IpolecCH KAaTOAHOH, a Ha
3sekTpode [ — aHoAHON NMOJSPU3alLMH 10 CXeMaM, PACCMOTDEHHHIM
Bollle. B pesymabrare na obpasue Boznukaer JC aaekKTpoaHOH MO-
JNsipU3anuH, paBHasd aarebpaHuecKoil cyMMe 3JIeKTPOJHBIX NMOTEHIH-
agos C m JI. BenuunyHa CKauykoB HOTeHHHMada Ha noeepxHocTsix C
H J1 onpepneJsiercsi NJAOTHOCTBIO TOKA, COCTaBoM o6paslla M KOH-
TAKTHPYIOULETO C HUM pacTBOpA 3JEKTPOJHTa U KOHLEHTpalHueH
nocjenHero. 3HaueHnue AUgn, puKcHpyeMOe Kak pas3HOCTb IMOTEH-
UuaJsoB MexXAy aJjektTpoiaMu M u N, TNOAYMHAIOTCS yPAaBHEHHIO
(7.77). CranoBynenue BIl u ux cmag Bo BpeMeHH NPOHCXOILAT IO
3aKOHAM, YCTAHOBJIEHHBIM [JISl [OTEHLHAJOB 3JEKTPOJAHOH NOJADH-
3aiuH.

3nauenns Usn, Habawpaemble Ha oOpasllax MHHEPaJOB C 3JeK-
TPOHHOH NPOBOAUMOCTBIO, Jaxe NpPH Majofi u cpefAHeH NJIOTHOCTIX
TOKa j AOCTHTAIOT HECKOJbKHX BOJIBT, UTO COOTBETCTBYeT BEJHUYHHE
Ay 0,1+0,7. Dtu 3nauenust AUpn u Ay Ha OAMH-IBa NoOpsidka mnpe-
BocxoAAT 3HaueHuss AUgn u Ay, 1nabuaojgaeMble B 0CaJI0UHBIX MOPO-
Jdax, He coldepxKallUX YacTHI C 3JEKTPOHHOH NPOBOAUMOCTHIO, SIB-
JSIIOIIMXCA HOHHBIMH NpPOBOAHUKAaMHU. [1o3TOMy nmpu HaJHYHH B oca-
IlOYHOH TNOpoJe pacCessHHLIX YacTHL MHPUTA, TeMaTHTa MWJIH YIJd,
a B MarmMaTHYeCKoll WM MeTaMopgHueckoii mopole BKpanjeHu
nojgumera/uioB BIl Tako# mopoabl 06yc/oBJIEHO B OCHOBHOM IpH-
CYyTCTBHEM YacTHIL MHHepala ¢ 3JEeKTPOHHOHl INPOBOAUMOCTbIO.
B stOoM cayuae npd npomyckaHHHM TOKa HOJSIPH3YETCs KaXKaasi vac-
THIA [0 CXeMe, PAaCCMOTPeHHOH Bullte AJs1 ofpaslla MuHepaJa-npo-
BoiHuMKa. B pesyjbTaTe BO3HHKaeT CHCTEMa TOCJEN0OBATEILHO H
mapaJjJ/esbHO COeJHHEHHBIX 3JeMEHTOB, KOTOPHe MpPH BBIKJ/OYEHHH
NOJSPUSYIOLLero NOJs paspsxarorcs, cosaaBass mnosae BIL. Ilpu
npounx paBHBIX ycJoBHAX BII mopoab, copepxallell paccesiHHBIRA
MUHEpaJ-NMPOBOAHHK, TeM 0oJiblle, ueM Bblllle COAepKaHHe B NOPO-
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A€ NPOBOAALINX YaCTHIL (llO HU3BECTHOTIO fpejaesia, xorga BO3HHKAaeT
€/liHasl TOKONpOBOJsllasd CHCTEMa TaKHUX qacmu) u ueM O6oublile
CyMMapHas IOBEPXHOCTb YacCTHIL. [locnennee gokasaHo HCCJIeA0Ba-
HHEM BLI3BAHHBIX NOTEHLHAJOB IIOPOJ, COAEpXKAUIUX BKpanJeHHus
NOJIUMETaNJ OB,

7.6.2. TOPHBIE 1IOPOAbI C HOHHOH MPOBOAHUMOCTbIO

B HOHHBIX NPOBOAHHKAX, K KOTOPBIM OTHOCATCA OCAJOYHble H
MarMaTHuUeCKHe IOPOJABI, He COAep:Kalllie MHHEDPAJOB ¢ 3JeKTPOH-
1Oi1 IPOBOAMMOCTbBIO, MPHPOAA BHI3BAHHLIX TMOTEHIHAJOB CBfA3aHa C
3JIEKTPOKHHETHYECKHMH SIBJCHUAMH B NOPOBEIX KaHaJax, 3aloJHeH-
HBEIX BOJHBIM pacTBOPOM 3JeKTDOJIHTA.

PaccMoTpuMm NpHpOAYy BHI3BAHHBIX [OTEHHHAJOB B OCaJOYHBIX
[OpoAax Ha NpHMepe ABYyX MOJeJel IOPHCTOH AHCIEPCHOH cHCTe-
MBI, KAKOH fIBJsieTcs ocalouHast TMOpOAa.

B kauecTBe mepBOil MOjJeJH HCNOJb3yeM (DUKTHBHBIH IPYyHT, 06-
pasoBaHHBII COBOKYNHOCTBIO C(hepPHYECKHX 3epeH OJHHAKOBOIro pas-
Mepa, TpH YKJaike 3epeH mo KyOuueckoif, TeTpasipHUeCKOil HJIH
HPOMEXKYTOUHOI pelleTKe (FeOMeTpHst pelicTKH B AaHHOM clydae
3HaueHusi He uMeer), [IpH BKJIOUEHHH NOJSPH3YIOLIErO MOJSA IPO-
HCXOJUT AeopMalius JBOHHOTO 3JEKTPHUECKOTO CJIOA Ha NOBEPXHO-
CTH KaXJ0H 4YacTHUBl, KOTOpasi BLIPaXKaeTcsi B IepeMelleHHy Mo-
JBHKHBIX KaTHOHOB BHellHe#l ob6ksajaku [12C B nanpaB/ieHHH KaTo-
a, B pe3yJbTaTe 4Yero Ha TNMOBEPXHOCTH YAaCTHUH, OOpalleHHOH K
aHody, BO3HHKaeT M30OLITOK OTPHLATENLHOr0, Ha IMOBEPXHOCTH, 00-
paleHHoll K KaToAy — M30BITOK [OJOXKHUTeJbHOTo 3apsana. Takum
o6pasoM, Ha CTalHH 3aps/ki BO3HUKAeT CHCTeMa JHIOJIeH, pacnpe-
JeJeHHHX B o0beMe NOPOAbl (06beMHAasT NOJSPH3AUUA B OTJIHYHE
OT MOJAPH3ALKH TOBEPXHOCTH 3JEKTPOJA M MHHEPaJOB-HPOBOIHHU-
KOB), C MOMEHTOM p KaX(oro JHMNOJIsI, PaBHLIM TPOU3BEJCHHIO 3a-
psila e Ha JMaMeTp 4acTHUH d,. BeauumuHa e ompefensercs 3Haue-
HHEM ¢-IIOTeHIIHaJa Ha NOBePXHOCTH TBepPAOH (a3l H COHEpIKAHHEM
B eaunune ob6beMa mop KatuoHoB JIDC — nmpuBeAeHHOH eMKOCTBIO
ob6MeHa gn. TIpH CHATHH NOMSIPU3YIOLLEro MOJsI PAaBHOBECHOE COCTO-
sune J19C Ha NOBepXHOCTH YaCTHIBI BOCCTaHaBJAHBaeTcs MNyTeM
BO3BpAaTa CMeUIeHHBIX KaTHOHOB, IIPH 3TOM CO3JaeTCst clajalolilee
BO Bpemenun mnose BII, kotopoe ucuesaer npu poctuxkenun 1IC
paBHOBecHsl. JTa runoresa, npeasoxendas B 1951 rogy M. I'.JlaTs-
WOBOH, OObACHSIET OCHOBHEIE 3aKOHOMEPHOCTH, XapakTepHele AJs
BIT ocanounbix mopoa, ycTaHOBJIeHHBIe 3KcIepuMeHTanbHo [23].

1. Beanuuna Ap nopoibl ¢ HOHHOH NPOBOAMMOCTBIO IpH HEH3-
MEHHBIX CBOHCTBAX CaMOH NOPOABI (CTPYKTypa NOp, rPaHyJOMeTPH-
YeCKHH COCTaB) pacTeT NPONOPLHOHAJBHO YIeJbHOMY CONpPOTHBIE-
HHIO ps PACTBOpA, HACHIIAWILETO MOPOAY, YMeHbLIAETCS NpU H3Me-
HEHUH COCTaBa KaTHOHOB BO BHellHell o6kjaagke IIC ¢ mepexoloM
OT OJAHOBAJIEHTHHX K ABYXBaJ€HTHBIM KaTHOHAaMm, a NPH 3aMeleHHH
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JBYXBaJIEHTHBIX KAaTHOHOB TPEX- M YeTHIPEeXBAJIEHTHBIMH De3KC
yMEHDbIIAETCSi H MEHSieT CBOW 3HAK B CBSI3H C H3MEHEHHeM 3HaKa
BHemnel ob6kaaiku JADC (mepesapsiaku). dtu  ocobennoctu BII
NOJIHOCTBIO OTPaXKaloT IOBejeHHe {-NoTeHluasa B CB3H C H3MeHe-
HHeM yKa3alHbix (pakTopoB: uem Oogbute §, Tem Gospiie BIT u As.

2. Bennunna As TeppHIreHHBIX NOPOA-KOJJIEKTOPOB MpPH YCTOHYU-
BOM MHHepaJibHOM COCTaBe CKeJIeTHbHIX 3€DCH H TJIMHHUCTOH dpak-
IHHM, HACBILIEHHBIX PacTBOPOM OAHHAKOBOTO COCTaBa M KOHUEHTpa-
ILMM, 32KOHOMEPHO pPacTeT ¢ yMeHblieHHeM NPOHMIAeMOCTH U Cpel-
Hero pajuyca Inop, pocToM Yy/e/bHOH NOBEPXHOCTH H TJIHHHCTOCTH
J0 OonpeJeseHHbIX 3HAaYeHHI Rgp, dn, Sq H Cra, IIDH KOTOPHIX CBsi3b
As ¢ yKa3aHHbBIMH NapaMeTpaMH CHayaja BBIOJAXKMBAaercs, a 3a-
TeM MeHsieTcsi Ha ofpaTHylo (puc. 54). Hanuuue Tako# 30HBI HH-
BepPCHH paccMaTpUBaeMBbIX CBsideil NMOATBEPIKAEHO 3KCIEePHMEHTaMH
Ha HMCKYCCTBEHHBIX MOHOMHHEpaJsbHBIX o06pasiax ¢ pas3jHyHbIMH
rpaHyJIOMETPUYECKMM COCTABOM 3epeH, pa3MepoMm mop u T. A. [ua-
[430H 30HBI HHBEPCHH 3aBUCHT OT KOHUEHTPAUHH M COCTaBa pacCTBO-
pa, Hachiamowmwero obpasel. st pacTBOPOB ¢ KOHUEHTpauuei, xa-
PAKTEpPHON A5 GUJbTPaTa [JIMHHCTOrO pAcTBOpa M cjlaboMuHepa-
JU30BAHHBIX MJaCTOBLIX BOJ, 30HA HHBEPCHH XapaKTepH3yeTcs 3Ha-
YeHUSAMH kmp=20—50-10-12 M2, dy=5—10 MKM, S§4=10°—2-103
cM™!, THNUYHBIMK [J5 Iepexoja OT XOPOIIMX K IJIOXHM KOJJIECKTO-
pam. BIl nopoxa-HeKoMJIeKTOPOB € Rnp<C107!2 M? H3yueHo MeHblle,
OJHAKO H3BECTHO, UTO B IVIMHAX M HEKOJJIEKTOPax C BBICOKOH IJH-
HuctocTblo 3Havenuss BIT muskue. Takum obpasom, B obiaactu mo-
POA-HEKOJIeKTOpOB ¢BA3b BII c lpoHHNaeMOCTBIO U CpegHUM pa3-
MepoM Iop ofpaTHas.

Takoi#t xapakrep cBsisn A, ¢ napamerpamu Ryp, S¢ (puc. 54, 55)
M Ap. xopolio O6BICHAET M3JOKEHHAs THIOTe3a, eClH YuecTb CO-
BMECTHOC BJHAHME IBYX (HaKTopoB — gy H . Has Oogabuiefr yacTu
KOJIJIEKTOPOB C yMeHbIIEHHEM CpeJIHEro pa3Mepa CKeJEeTHHIX 3epeH,
POCTOM TJIHHHCTOCTH pPacTyT 3HAueHUs Sy H n, IPH 3TOM yMeHbLIA-
eTcs Rap H dn. PoCT gn 1 Si 0OycioBauBaer yBejaHdueHHe KOJHUECT-
Ba MOABHXKHEIX KaTHOHOB [IDC, dopmupywmux sbdexr BII, uro
NPUBOAUT K pocty As. B 3Tofi o6iacTu Beqnumda {-ToTeHUMaga 3a-
BHCHT TOJIbKO OT KOHLLEHTpalliu cBOBGOJHOrO pacTBOpa, cocraBa Ka-
THOHOB JI9C H npuponbl NOBEPXHOCTH TBEPAOH (pas3bl H He 3aBHCHT
OT pasMepoB nop (puc. 55). Ilpu Bxoae B obsacTh nop Majaoro
pasmepa, cousmepumbix ¢ Toawwmuoit JIIC (ecm. mnompasn. 4.2),
Oxsc, @ COOTBETCTBEHHO M { HAUMHAIOT CHUXKATbCS C YMECHbUICHHEM
dn. CHuKeHHe § NPOUCXOAHMT MHTEHCUBHEe, 4eM POCT §n, UTO M BbI-
3bIBAET H3MeHeHHe XxapakTepa cBfisu Az ¢ NPOHUILAEMOCTHIO  (CM.
puc. 54) u napameTpaMu, XapaKTepH3YIOIHMH IHCHEPCHOCTb MOPO-
Ibl. B moponax ¢ yabTpaToHKuMM mopamu (MJIOTHble TJIMHBI) TDH
6/IM3KHX K HYJIIO 3HAYEHHAX [ 3HAUEHUS Ay MUHHMAJbHHL.

3. B wactmyeo BaaXHBIX TOpoAax, HampuMmep, HedTera3oHachi-
II€HHBIX TEPPUreHHBIX KOJJIEKTOPaxX NpPH IPOYHX TMOCTOSHHBIX YCJIO-
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Puc. 54. Conocras/eHie BHI3BAHHOH AKTHBHO- a
¢t A, NEeCKOB M NECUaHUKOB ¢ Kosdduiued- Ag, MB

3
TOM NPOHHIAEMOCTH kyp (mo M. I'. JlaTwimo- e mA
BOIt) : E o
a — KBapueBblit mecox; pactsop NaCl; C,=0,01 u; -
6 — NecYaHUKH, AaNEeBPOJIUTLI KBapueBblie; AeBoH Tyi JyE ©
Ma3MHCKOrO MecTopomxJeHHs; pacteop NaCl; CB= =
=2 r/n =
208
E [+
O U il i b g
J 0 24 5 4 o0
knp,-f[/ MKM2
~
, U
00 - ;
a L
2 <§/0 =
o [
Y —
e
04 T . N RN TN B N N L OO R IR | Loy oty
i Vi i 109 100
/‘np > 17 MM

BUsix A, BHayaje pacreT ¢ yMeHblienuem W u ks, a 3areMm 1pH
Hu3kuX W u ks cHUXKaeTcsl. DTO siBJIEHHe ¢ NO3HLHE pacCMOTPEHHOH
FHIOTEe3bl Takke uMeeT 00DbACHEHHE: BHAuUaJe ¢ yMeHblieHHeM W H
ks pacTer KoHIUeHTpauusi xaTuoHos J19C ¢’y B nposoasiiem o6beMe
N0p, MOCKOJbKY §'nw=(u/Rs, UTO NPHUBOJHT K POCTy As, HO HauuHas
C HEKOTOPBIX Ry TOJIIMHA CJIOSI OCTATOYHON BOALI CTAHOBHTCS COH3-
MepUMOH C §gsc, UTO TAKKe NPHBOAUT K CHIDKEHHIO [ 6oJiee HHTEH-
CHBHOMY, YeM DOCT §’y, @ 3TO B CBOIO ouepejlb H3MeHsieT XapaKTep
cBasu As ¢ W u ks (WHBepcHsi, KaK H B NpelbAylieM CAyuae).
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As, 1772 Puc. 55. 3aBucumoctb

MeXAy napaMmeTpoM Ag u
" VAETbHOH  TOBEPXHOCTBIO
dunpTpanuu Se; KBapile-
Bole mecuaHukH (I) ©
2+ aJIeBPOJHTEL (2) (no
B. M. JloGpuiHuAY)
1661
Pt
950 -
! _ L
7 5 " 15 S,/

4, BpeMs 3apstAku NopoAnl A0 crabuabHbix 3Hauennit BIT u mpo-
NoJKHTeNbHOCTh crnafa BII Bo BpeMeHH 3aBHCAT OT pa3MepoB dac-
THI, CJAramliux MOPOAY, a CJAeJ0BATeAbHO, OT MapaMeTpoB Ry, H
gn. C yBenuueHueM CpeJHEro pa3Mepa YACTHH, BeJHMYHHB Rgp H
yMeHbIIEHHEM ¢ BPeMsl 3apSAKH H pas3psafiKH PacTeT, 4yto 00bic-
HsieTCs yBeJHYeHHeM HNYTH, a cJleJoBaTeJbHO, H BpeMeHU BO3Bpa-
IIEHHs CMEIIEeHHbIX TPU NOJAPH3ALHH KATHOHOB K HX paBHOBECHO-
My rnosoxeHuo. s moHogMcnepcHeix cuctem cnax BIT Bo Bpeme-
HH Xapaxkrepusyercsi NPOCTOA 3KCNOHEHTOH ¢ OZHOH IOCTOSIHHOMH
pacnana nosas BIL. Ing nonuaucnepcHBIX CHCTEM, B TOM uHCJe 006-
pasuoB TeppureHHblx NOpPoOA, pacnai nonas BIl onucelBaercs cywm-
MOH 3KCHOHEHT ¢ Pa3JHYHBIMH IOCTOSIHHBIMH pacnaja.

B kauecTBe BTOPOH MOJ€JH NOPHCTOH Cpelbl PacCMOTPHM CHC-
TeMy NapaJjiie/IbHBIX KalHJAsPOB NepeMEeHHOTO CEeUYeHHs [0 OCH Ka-
nuanapa. Kaxablil KaoHLIsp NpeacTaBUM uYepeJOBaHHEM 3JIeMeEH-
TOB | ¥ 2 — cy:KeHHS IJHHON [; ¥ nJollajiblo ceueHuss S; M paciuu-
peHust MJIUHOH [, u ceueHueM S,. DiemeHrts 1, 2, B Kotopeix [13C
3aHHMaeT COOTBETCTBEHHO OOJIBINYI0 H MEHbUIYVIO 010 06beMa Top,
pasjauqaTcs YHCJAMH IlepeHOca KAaTHOHOB M aHHOHOB. [Ipu Haso-
XEHUM BHELUHEro noJisi, KAk U B CAyyae NMepBOil MOMENH, NOJBHXK-
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pble katHoHbt JAC cMellalTcs B OAHOM HamNpasJeHHU, YTO NPHBO-
JIUT K HAKOIJEHHIO H30BITKA NOJOXKHTEJNbHBIX 3apA0B B OAHOH CTO-
pOHe KaXKIOro 3JjieMeHTa H AepUUHTa UX B APYrod, BAOJb KaXKI0TO
KaHasna obpasyercst LeNouyKka IMOCJHeA0BATENbHO pPacnONOKEHHBIX
nunoJieit, cosfgatpomux noje BIL. Tlocae caAtusa noJspH3yroliero
[OJs CMEIIeHHBIe 3apsijibl BO3BPALIAIOTC Ha NpexkHee MeCTO, CO3-
JaBas [PH 3TOM CHajamllie BO BPEeMEHHM Pa3HOCTh NOTEHUHAJIOB H
Tox BIL

AsTopbl  3TOW MOJean M cooTBeTcTByiolieii runoressl BII
A. @. TlocrenpuukoB (1959 r.), . A. ®puapuxcbepr, M. I1. Cu-
gopoBa (1961 r.) ocHoBHbIM (hakTOpOM BO3HHKHOBenus BII B mopo-
Jax ¢ HOHHOH IPOBOAMMOCTbIO CUMTAIOT UepeloBaHHe B KallUJLJIsA-
pax y4acTKoB C Pa3JMUHBIMH YHCJaMH I[lIepeHOca HOHOB M Bo3pacra-
HHMEe 3TOr0 pasjuuus B JOKaJbHBIX 30HAX TOPOBBLIX KAaHaJOB MHpH
HaJOXKEeHUY NOJISPU3YIOLICrO MOJsi, a B KaueCcTBe MeXxaHH3Ma TOKa
BIT npennarator aud¢ysnio HOHOB H3 YUAaCTKOB C MOBBIIEHHOH HX
KOHUEHTpPAlue# B 30HB NOHHUXKEHHOH KOHUEHTpPaluu. DTa THIIOTe3a
NOJIyuHJa Ha3BaHHe KOHUCHTpauHOHHO-AUdPy3uOHHOl. BennunHa
Ag BhIpaxkaertcst ciaenyiouwell dopmysoir (. A. ®puapuxcbepr):

Yo (An)* (7.78)
s , .
(I4+o)y(v+9)

rie Yy — OTHOLIEHHE 3JeKTPONPOBOAHOCTeH B obbeme y3koro (1) u
urnpokoro (2) xanuanaspos; ¢=3S3/1/S1lp; At — pasHOCThL YHCeJ Tie-
peHOCA B Y3KOM W LIMPOKOM KamUJJAspax.

Bropast Mozenb, Kak u nepBasi, oGBbACHSAET Pe3yJbTaThl 3IKCIIe-
prMeHnTadbHoro uayuenus BIl mopucTeix cpen ¢ HOHHOH TpOBOAH-
MocThlo. Baxnasa oco6eHHOCTb 3TOff MOJeNH — aKLeHTHPOBaHHE pPO-
JIH HEOZHOPOAHOCTH CeUeHHS KANHUJJsipa Kak OJHOro M3 yCJOBHUHI
nosisacuns BIT B nopuctoit cicreme. Posib 3storo ¢gpakropa nokassb-
BawT uccaegoBanusa BIl na HckyccTBeHHbIx o6pasiax ¢ NOCTOSH-
HbIM CcedyeHHeM IIOPOBBIX KaHAJ0B, OPHEHTHPOBAHHBIX [0 HAampaBJie-
IO T0JsIpH3YIoLlero Toka (BoJokHHCTas Bara). Ha takux o6bek-
Tax BeJHUMHA Ap CYILECTBEHHO HHXKC, 4eM [Js TPHPOAHBIX W HC-
KYCCTBEHHBIX 3€DHHCTBIX 00pa3lUoB, NMOCKOJbLKY 316Ch He BO3HHKAET
MHOK€CTBO JIOKAQJIbHBIX NMNOJIEH, IPHYPOUYEHHBIX K 3epHam (mnepBas
MOJieJIb) WJIHM PacCLIHDPEHHSIM NOPOBBIX KAaHaJoOB (BTOpas MoJenb).
[Tponcxoxaenue BIT B o6bekrax ¢ mpocTeiiuleil reoMerpueil MOp
(myuox napaJ/iesbHbIX KAIUJJIAPOB IOCTOAHHONO CEUEHHSl HIAH CHC-
TéMa TapaJjesbHbIX ILIEJEBHAHLIX MOP — TPEThsi MOLENb) MOXKHO
OOBSCHUTL COYETAHHEM IPOLECCOB 3JAEKTPOOCMOCA, BO3HHKAIOLIETO
Ha cTaluu 3apsiikd, B 06pa3oBaHHs (DUIBTPAUHOHHBIX NMOTEHILHAJIOB
(eM. moapasn. 7.7), CO3MaHHEIX 3JEKTPOOCMOTHHECKHM IepeMellie-
huem xuiaxoctH (B. H. Ilaxuos, 1947 r.). Komnonenta BII, o6yc-
JIOBJICHHAsT 3THMH TPOLECCAMH, NMO-BHAHMOMY, BO3HHKAeT B NOpPHC-

TOH cpelle ¢ M060i reomerpueit mop, HO JA0Js ee B cyMMapHoM 3¢-
¢exre BII nesnaunrenbha [21].
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CpaBuuBasi MepBYIO M BTOPYIO MOJENH, 3aMeTHM, 4TO MPHHIK-
NUaJbHOH pasHHIBl MeXAy HHMH HeT, Tak Kak B O0OHX cClydasx
MexXaHH3MOM, co3faminuM noJde BIl, sBadiorcs nepememieHue nox-
BIDKHBIX KaTHOHOB BHellHel oOknagku J2C BHOJL rpaHuubl pas-
aeqa TBepaas ¢asa — KIAKOCTh €O CJIOXKHOH TcomeTpuefl ¥ BO3-
HUKHOBEHHE CHCTEMBI JIOKAQJbHLIX AHMOJEH, a mpoueccom cnaja BIl
BO BpeMeHH — BO3BpallleHHe NepeMecTHBIIMXCS NPH NOJspH3alliH
KaTHOHOB B TNepBOHAuyaJibHOe TIoJOXKeHHe. MexaHM3M paspsiky —
crnaza mosas BII, npenJsioxenHbl#i aBTOopamMu BTopoit Mojenu (aud-
(hysusa HepeMellleHHBIX NPH 3apsjke KATHOHOB), COMHHTeJIeH, 1O-
CKOJIbKY CKOPOCTh Hab.101aeMoro B aKkcnepuMeHTtax cnaga AUsn BO
BpEMEHH 3HAUMTENBLHO BHILIE TOH, KoTopast HabJaoAanacs O6bl B CJy-
yae BO3BpaTa NOJSPH30BAHHOH CHCTEMBI K PaBHOBECHOMY COCTOSN-
HHIO 3a cueT npolecca AuDPy3u.

7.6.3. BbI3BAHHAA 3JIEKTPOXUMHUYECKASI AKTHBHOCTD
OCAOYHbIX, MATMATHYECKHX H METAMOP®HYECKHX NTOPO.

OtmernM BaxHefimine ocobenHocty BIT B paspesax, mpeicras-
JIGHHBIX OCAQJOUYHBIMH, MAarMaTHUECKHMH H MeTaMOp(HYECKHMH I10-
poaamu, caenyiollne W3 aHajusza JaHHeX Tabuaun 10, 11, 12.

Ocapounble nopoabl. TeppHreHHble OTAOX eH U . Tlpu o1-
CYTCTBHM UJIH HE3HAUHTEJbHOM ([OJH TPOLEHTa) COAEPIKAHHH MHU-
HEepPaJioB-NPOBOAHUKOB B TIOPOJAX-KOJJIEKTOpax BelqHuyuHa A, pacrer
C YMeHblUIEHHEM MPOHHIAEMOCTH H POCTOM IVIMHHCTOCTH KOJJIEKTO-
pa, JocTHrasi MaKCHUMAaJbHBIX 3HAUEHHI B IJIOXHX  KOJJEKTOpaXx,
GJIM3KHX [0 CBOHCTBAM K TpaHHIe KOJJIeKTOp — HeKoJlieKTop (cM.
puc. 54). B noponax-HekoJJIeKTOpax BeanynHa Ap majaeT ¢ pocTOM
IJIMHACTOCTH, CTENeHd YIJIOTHEHMs TJAMHHCTOTO MaTepHasna W B KO-
HEYHOM CyeTe C POCTOM mapaMerpa ¢n. As TEPPUTEHHBIX TMOPOX, He
COAepKAIIUX YIJUCTBIX M PYAHBIX BKJIOUeHHEH, cocranJgsier 0,001—

Ilnacrel yroaist, TeppHreHHEIE TOPOALI CO 3AYHTENBHBIM COAepIKa-
HHEM NHPHTa, MarHeTHTa M YLJHCTBIX YACTHIL XapaKTepH3YyITCs
NOBHILIEHHBIME 3HaueHusiMu As. Beanunna A, yrJeit pacrer ¢ poc-
TOM COACpIKAHHA B yrJje rpaduta, 0TpaxKalollUM CTENCHb METaMop-
¢usMa yris, u ¢ yMeHnbleHHeM 30JbHOCTH Y. Ay THUPHTHIHUPO-
BaHHBIX NOPOJ YyBEeJHUHBAETCS IIPONOPLHOHANILHO POCTY cojepiKa-
HUA B NOpOJe MHPUTA, NMOKA YACTHLUH MHPHTA He 06Pas3yloT eAMHOI
TOKOIIpOBOAsilied cucTteMbl. Bpemsa pacnaga noas BII B nHpUTH3H-
POBaHHBIX MOPOAAX CYLIECTBEHHO HoJIbIle, UeM B APYTHX JHTOTHNAX
TePPHUTreHHOTO pa3pe3a. Ap TEPPUTEHHBIX NMOPOJ € YIJHCTHIMH K DYX-
HLIMH BK/IIOYEHHsMH (mHpHT U 1p.) cocrasaser 0,06—0,6.

[To mapamerpam Az u As, onpefensieMbiMm MetonoM BII B ckBa-
KHHe, MOXHO NMPOBOAMThL JIHTOJOTHIECKOE pacueHeHHe paspesa,
BBIEJATh KOJJIEKTOPH M OLEHHBaTh WX NPOHHIAEMOCTH C YYETOM
nanuex Apyrux merogoB I'MC. Ilo manueim meroga BIT uweTko BH-
AeNSI0TC TJIACTH YIVI BCeX Mapok, YyTo ObLIO LIMPOKO HCHOJB30-
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BaHo 0 TOsBJCHHS ramMMa-raMmma-Merojla [AJsl BhlAeJeHHs [JIacTOB
Gyporo yris H TepexoAHBIX Mapok yrjs oT OyphiX K KaMeHHbIM, He-
3HAYHTEJBLHO OTJAHYAIOUIHXCA OT BHELIHMX IOPOJ MO yAeJbHOMY CO-
NPOTHBJAEHHIO.

Kap6ounaTHbe OTAOXeHHUA DBo3MoXHOCTH HCOOJB30O-
Banus napamerpoB BII ans u3yueHus xapOOHATHOro paspesa HC-
c/lefoBaHbl B MeHbllell cternend. MMeloTcs NpeANOCHUIKHE 1/ Bblle-
Jgenus B KapGoHaTHOM paspe3e TPEUIMHHBIX 30H NYTeM HCIOJb30-
BAHHUS aHOMaJbHOH TFeoMeTpPUM NOpP TPEIUHHHOIO KOJIJIeKTOopa.

BricoxHe 3HauecHHa As B BOAOHOCHBIX KOJIJIEKTOpax, HAaCHILIEH-
HBIX 1IPCCHOI BOJOI, SIBHJAHCH OCHOBaHHeM JAJs IIHPOKOro MpHMeHe-
nus Meroaa BIT B passepounoli reogu3uke 11PU IIOHCKAxX H pasBeld-
Ke CKOMJIeHHH MpecHoil BOIBL

Marmartuueckde u mMetaMopduueckue nopoabl. [Ipu orcyrcruH
B 3THX MOPOAaX BKJUEHHII MHHEPaJOB-NPOBOAHHKOB Az MarmartH-
YeCKHX U MeTaMOp(pUUeCKHX 0po/J HeBeicoKoe u coctaBaser 0,001—
0,04. B 3oHax opyAeHEHHUH 3TH NOPOABl COAEPIKAT BKpAIJIEHHS PYI-
ILIX MHUHCPAJOB, YTO HPHBOAHT K pe3KoMy yBeJuuennio Az 10
0,1—0,6. Ilpu npounx pasubiXx yciaoBusx A, tTeM 6oJjblle, yeM BbI-
Ile cojep:aHHe MHHepaJa-NPOBOJHWKA U OoJblle obuias MOBepXx-
HOCTh PYAHUBIX BKJWUEHHH, ITO ABHIOCH NPEANOCHUIKOH JJsT HC-
noanszoBaHusi Metoxa BIT B paspefouHoit reodusike ajas NOHCKOB
MeCTOPOXKAeHHI BKDaIlJIeHHBbIX PYA, B IePBYIO ouepelb NMOJHMeTali-
audeckux [20].

7.7. ECTECTBEHHAS 3JIEKTPOXUMUHYECKAA
AKTHBHOCTbD

EcTecTBeHHas 3J1eKTpOXUMHUUECKAasi aKTHBHOCTh TOPHBIX MOPOJ —
HX CclOCOOHOCTb CO3/aBaTh CTCCTBEHIBIC 3JEKTPHUCCKue 104 (mo-
Jsi cOOGCTBEHHOH MJH CAMONIPOH3BOJIBHON MNOJISIpU3AllMH) B pe3yJib-
TaTe BO3HHKHOBEHHsI B 1IOpOJde pAa3JHUYHBIX 3JeKTPOXHUMHUYECKHX
NpOLeCCOB, NPHYPOUCHHBIX, KaK IIPAaBHIO, K IPAHUUaM IJAacTOB H
GoJiec CJOXKHBIX TeOJOTHUECKUX TeJ, a TAKXKe K TPAHHLE CKBaXKH-
Ha — 1OpPoJa IpPH BCKPLITHH TeOJOFHUECKOTO pa3pesa CKBAXKHHOH
1 usydyenuu ero Merogamu I'MC. K 3tum mpoueccaM oTHOCATCA:
ouddysusa coqefl Ha rpanulle PACTBOPOB 3JIEKTPOJUTA PA3JHYHON
KOHLEeHTPaliH, TeueHHe XKUAKOCTH B IIOPHCTOI cpeae 110/ BAHSHHEM
nepernaja AaBJeHHH, OKHCJHTCABHO-BOCCTAHOBHTEJbHbIE pPEAKIHU
Ha TpaHuUe pyAHOe TeJso — BMmellawolue 1opois. COOTBETCTBEHHO
pasanuaior AHQy3HOHHO-aacOPOIHONHYI0, (UILTPALHOHHYIO, OKHC-
JIUTEJbHO-BOCCTAHOBUTE/IbHYIO 3JEKTPOXHMHUYECKYIO aKTHBHOCTb,

7.7.1. NHP®Y3IUOHHO-ALCOPBLLHOHHASl AKTUBHOCTh

Ha rpanuue BOAHBIX PACTBOPOB 3/IEKTPOJHTA pa3JHYHON KOH-

LeHTpalnu obpasyercs audysnonHas 3. 1.c. onpefensemass Gop-
mynoit Heprera: : : '
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En:ﬂt.ﬁxu_—&n__x g (7.79)
F ngzxt 4 nazav Co
rie R — yHuBepcaJibHasi rasoBasi NOCTOSIHHAS; T—TeMnepaTypa,
K; F —uncsao ®apagesi; Ag, B, — YHCJAO KATHOHOB W AHHOHOB B
MOJIEKYJ/I€ 3JIEKTPOJIHTA; Zx, Za — BAJEHTHOCTH; 4, U — MOJBHXXHOC-
14 KaTHOHA M aHuoHa; C;, Cy— KOHIEHTPALUHH pacTBopoB 1 u 2;
Kz — ko3¢ duuuent aucpdysnonsoir s.a.c., mB. Ilocnenosarein-
HOCTh MHJAeKcoB npu C onpefessier 3HaK IOTeHLHala B pacTBOpe
| mo OTHOUIEHHIO K IOTEHIHaJy B pacTBope 2.
B obiem cayuae

E,=2 3R (N —N,)1gC,/C,, (7.80)
rne
F P P VI | R
K NgZyll ~} NaZal ’ a ngZgl -} NaZa0

COOTBETCTBEHHO UYHCJa HepeHOCa KaTHOHOB M aHHOHOB, ONpedelIsio-
U(He JAOJH 3JEeKTPHYECTBA, NMepeHOCHMBble Npu ANQQPYy3uu KaTHOHA-
MH H aHHOHAaMHU.

7151 0NHOBaJIEHTHOTO 3JIEKTPOJIHTA

Ky=232F . (7.81)

Ilpn T=293 K xosthdunuent B popmysax (7.80) — (7.81) npu-
HuMaeT 3HaueHHe 58 MB, a BesnunHa K, 1Jisi HEKOTOPBIX HauboJiee
TUNHYHBIX 3JEKTPOJHTOB IJacTOBBIX BoJA cocraBiaser, MB: NaCl —
11,6, NaHCO3;— 2,2; CaCl;— 19,7, MgCl, — 22,5; Na,SO, +
+2; KCI+0,4.

Ananuns BeipaxeHuit (7.79)—(7.80) nokasmiBaer, uTO AJS BO3-
HUKHOBeHHs! Hu(b(Py3HOHHON 3. . C. HeOOXOAMMEI [Ba yCJOBHSA: pas-
JHUHe YHCeJl MepeHoCca KATHOHOB M aHHMOHOB 3JEKTPOJHTA, B JIpOC-
TelllleM cJydyae OJHOBAJEHTHOTO 3JeKTPOJIUTA — Das3J/HyHe NOJBHXK-
HOCTell KaTHOHA M aHWOHA; pasJiHuHe KOHIEHTPAUHi KOHTAKTHPYIO-
IIUX PacTBOPOB.

Ha rpaunue pacrBopoB I u Il co cJOXKHBEIM COCTaBOM 3J€KTPO-
JIUTOB, H3 KOTOPBIX KaXKJABIH PacTBOP COJAEPIKHT COOTBETCTBEHHO M
U N Pa3JHYHBIX 3JEKTPOJHTOB, BeJIHYHHY £y paCCUHTHIBAIOT MO (Op-
myae 'engepcoHa:

E =R _W—-V)—=Wu=Vi) , YV1+Vh (7.82)
AOF UV —Wn4Vi) Un+ Vi

rjae

m m
UI = 3 nRiCK,-ui; V[ = i21 I’LaiCaiU,‘;
=1 =

m m
U,II = '21 nKiCK,-zHiui; V'” = tZI naiCaizaivi,
i= =
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Puc. 56. Cxema nuddbysun MoHOB uepes WIMPOKHE (a) u y3kuit (6) KanHIspH
{C, C; — KOHLEHTpaUHH PacTBOPOB)

Uy, Vi, U'n, V' — BeipaXeHHusi, aHa/JOTHYHbIE COOTBETCTBEHHO
Uy, Vy, U, V1, Ho aas pacrBopa Il ¢ cymmupoBaHHeM IO # KOM-
TIOHEHT.

HuddysnonHo-agcopbunonnast . .C. BO3HMKAeT TakXke MeKIy
pPacTBOPaMH 3JEKTPOJNUTA pasiuyHoil KoHUeHTpauuu C; u C,, KOrAa
nocjefHHe He KOHTAKTUPYIOT HENOCPEeICTBEHHO, a pasfeseHnl MO-
pucToil meperopoAKOl H3 AH3JEKTPHKA, HANpHMep, o6pas3loM NOpo-
JAe. Ecnn obpasel pa3fiesifseT pacTBOPHI OJHOTO H TOr0O ¥Ke 3JEKTPO-
JINTa 10 aHAJIOrHH ¢ BHIpaxeHusiMu (7.80) u (7.81), mMoxHo 3anH-
caTh cJejyloliye Bhipaxmenuss aJas  Auddy3uoHHO-aacopOHHOHHOH
s.0.¢c. Ega v kosbouument Kpa AnddysHOHHO-ancopOuHOHHOM
3. 1. C.

Ea=K,,18C,/Cy; (7.83)
Ka=23 RF—T (N~ N,), (7.84)
rie Ng, N, — uucsa nepeHoca HOHOB npu AHGDY3UM HX uepes IO-

poLy, pasfensiomly0 pacTBOPHL.

Has nopoabl ¢ KPYNMHBIMH NIOPaMH, pasmMepbl KOTOPHIX TOpasno
foabuie ToJHEE I3C Ha noBepxHOCTH TBepHoii (assl (YHCTHIA
MecYaHuk HJH H3BECTHSK), 3HaueHus Ny U N, He oTauualTcss OT
YHCeJ TlepeHoca AJisS HeloCPeACTBEHHOTO KOHTAaKTa TeX e PacTBo-
poB, noaToMy Kpa=K; u Eja=Ex (puc. 56).

[Ipu pasaeneHHs pacTBOPOB MOPOAOH ¢ yAbTPATOHKMMH NMOPAMH
(«nneanbHasi meM6paHa» B HayKe O KOJJIOMAAX), PAAHyC KOTOPHIX
cousmepuM ¢ tosawunoil J3C (nnoTHast BHICOKOAMCIEpCHAst TIJIH-
Ha), noaBuiKHbe KathoHnl JIDC, npuHHMas yuacTHe B gubDy3HH
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HOHOB M3 pacTBopa ¢ OoJibHIEH B pacTBOP MeHbIUEH KOHIEeHTPALHH,
pe3Ko uaMeHSIOT cooTHolleHHe Ny u N, tak, uto Ng=1, N,=0.
ITpu s1OoM Kz, npubauzKaeTcs K NPeleJbHOMY 3HaueHuo Kpanp=
=2,3 RT/F uan 58 MB nnst oaHOBadeHTHBIX 2JI€KTPOJUTOB npH T =
—293 K, xapakTepHOMY IJs HAeaJbHOH MeMOpaHbl. SHAYeHHS Ky =
=Ky 0 Kya=Kpanp onpeanensior Buf 3aBucumocreii Ega=f(lgCi/
/C2), COOTBETCTBYIOIINX KPYNHOMNOPHCTOH HErJIUHHCTON NOpoJe:

Eja= K18 CJ/C,, (7.85)
U [IJIOTHOH BBICOKOAHCIEPCHOH TIJIHie:
Ep,a. np=K;1a.leg Ci/CZ’ (786)

STH 3aBHCHMOCTH OTPAHHUMBAIOT 06JacTh 3HaueHHA L, A7 naH-
HOW mapbl pacTBOpOB npu (ukcuposanuoil T =const. 3aBucuvocrtu
Ena=[(lgCi/Cs) nnst mopod ¢ TPOMEXYTOUHOH XapaxkTepHCTHKOMR
(rJIMHECTHIC MeCUaHHKH W aJIeBPOJIUTH, NecyaHble PJIHHBI U T. I.)
pacnoJaraiotest MexXay pPAacCMOTPEHHLIMM 3 @BHCHMOCTHMH
JAJIsSL nipefdebibix cayuaeB, JJIst pacTBOPOB XJOPHCTOIO HaTPHS HPH
T=293 K Ky=—11,6 MB, Kpanp=58 MB, n Belpaxenus £, 1as
npeaeLHLX cayuaeB NpHHEMaOT BuA: Lx=—11,6 C/Cy: Ejapp=
=58 Ig Ci/C,. Tlo mMepe 1epexoaa or nopolsl | K nopoie 2 yMeHb-
u1aeTcsi CpefHuil paguyc mop F, pacter oTHowenwe §/F, npud.auxka-
siICb K €JHHHLe, 3HaueHUS Nx M N, CTpPEMATCH COOTBETCTBEHHO K
eIHHNIE U 1Iy/10. YMelblIedHe r 06ycJ0BJHO POCTOM COIepKaHHSA
B MOpOJ€e BBICOKGAHCIEDCHON KOMNOHEHTH, NMpeXAe BCero — IJHU-
HUCTBIX MHlicpasoB. CojJeprKaHue ITHHUCTOTO MaTepnasa B IOpoje
xapakrepusdyerca mnapamerpaMu Crg, Bra, Nea, gn (CM. pasa. 2).
B kauecrse mndpa sasucumocty Ep,=f(C,/Cy) uenecoobpasto uc-
N0JIb30BaTh NMapaMeTphl ¢y (PHC. 57) WIH Nr1.

B Bolpaxenusix (7.85), (7.86) orHOUIeHHS KOHIEHTpAUHH NOJT
3HaKoM Jorapudma MOMKHO 3aMeHHTb OOpaTHBIM OTHOIIEHHEM
YAeJbHBIX CONPOTHBJCHHIT 0y H ps pacTBopoB 1, 2:

Ena - Kna 18 po/py- (7.88)

IKenepuMeHTalbible 3aBHCHMOCTH Epa=f(p2/p1) Ansa mopoa ¢
Pas3aHuUHLIM §n=const sBJSIOTC KaK 6bl 3ePKaJbHBIM OTpaKeHHeM
saBucumoctell Epa=[(C,/Cs) 1JI51 COOTBCTCTBYIOUINX YCAOBUH.

3aBucumoct  En.=f(C\/Cs), Eqa=[(p2/p1) mnoayudaiotr nyrem
uamepenuit Eny A5 KaxKAOro u3ydaeMoro obpaslla B clellHaJbHOI
2JMeKTPOXUMHUECKOli siuefike, rae obpasel pasjgessieT ABa BOAHBIX
pacTBopa 3JIEKTPOJHTa PasJHuHOU KOHUeHTpauuu. O6BIUHO HCIOJb-
3yloT pactBopbl NaCl, KOHIIEHTpaLUH KOTOPhiX BEIGHpAIOT TaK, UTO-
6bl pactBop 1 uMHTHpOBaa (HJIBTPAT NPOMBIBOYHONH XHIKOCTH, &
pacTBop 2~ miactoByio Boay. O6pasew, Kak NOpaBHJO, HACHIAIOT
pacTBopoM «25iklpH. crelnaNbHBIX HCCAECAOBAHHSIX B KauecTBe pac-
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Puc. 57. 3asucumoctu Exa=f(lg C1) npu Cy=const (a) u Epa=f(lg p1) npu
pg=const (6) ans mecyaHo-TMUMHHCTHIX nopod B pacTBopax NaCl. Illudp KpuBEX —
qn, Mr-skB/cM?

TBOpa 2 HCMOJB3YIOT MOJEJAb NJAacTOBO#l BOAH, pacTeopa | -— MO-
neap GuIbTpaTa NPHMeHAeMBIX B JaHHOM pafioHe TNPOMBLIBOUHBIX
swugkoctell. Kpusyo Eqa=f(Ci/Cs) uan Exa=[(po/p:1) ANa eAuHUU-
Horo obpasua CTpOST [0 HECKOJAbKHM TOUKAM, H3 KOTODBIX KaxKzaast
COOTBETCTBYCT H3MeEpPeHHU!0 CTabUIbHOrO 3HaueHus1 Exa A5 KOHKPET-
Heix BequuuH Ci, Co WM pg, p;- B cepun ONBITOB AJSI KaxkA0ro 00-
pasita o6LIYHO COXPAHSIIOT NOCTOSINHBIM 3HaueHue C,, usMmensas C) B
JIOCTATOYHO LIMPOKHX Tpefenax (ABa-Tpu mnopsizka BedHuHHel C).

CriocoGHOCTb MOPOABI BBI3BIBATH OTJHYHE AH(Py3HOHHO-ancopO-
LHOHHOH 3. A. C., u3mMepseMoll a oGpasle 3TOH MOPOJB, OT COOTBET-
CTBYIOILEI'0 YCJOBUAM ONblTa AUGMPY3HOHHOH 3.1.C. Ha3bBaeTcs
Audby3uoHHO-aCOpOIHOHHOA aKTHBHOCTBIO. OHA XapakTepu3yeTcs
napamerpoMm Aza, Kotophiii npexsgoxen B. H. JlaxuoBeim (1943 r.):

_ (E'ga—E'ga) — (E"n— E'j)
Asa s , (7.89)

rac E'na, E/x v E”pa, E”y — 3HAUEHHs 3.1.C. AJs KOHIEHTpaIHH
€’y n C”) npu Cy=const. [Ipubiauxenso Aza=Kz,—K;. 3HaueHus
Aja m Kya He SIBAAIOTCS KOHCTAHTAMH, H3MEHSIOTCS B HEKOTODHIX
npejesiax ¢ H3MEHEHHWeM JHana3oHa KOHUEHTPAUHui, JJsi KOTOpPOro
OHM pacCcuuTHIBAIOTCH. B KauecTBe mapameTrpa HOPOJAL PeKOMEHAY-
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eTcsl onpefedsitb Az, B HHTepBajle KOHUEHTPAUUH, AJAf KOTOPOTo
cBsasb Epa=[(lg C)) nuHelina.

Teopun nu(pHY3HOHHO-aACOPOUHOUHBIX IOTEHIHAJIOB MNOCBSULEHbE
MHOTOUYHCJeHHbe PaBOTH, B KOTOPHX pAacCMOTPeHa CBA3b BeJHUYHHBE
E.. c cocTaBoM M KOHUEHTpalHell coJefl B pacTBopax, pasjelfieH-
HBIX 00pasioM W HachllamplleMm o6pasell, ¢ napamerpaMu obpasiia.

®opmysna T. Teopesnna (1953 r.) anas pacuera £y, MexXxay pacrT-
BOpPaMH OJHOBAJIEHTHOTO 3JIEKTPOJHTa ¢ KoHuentpauusamu C,, Co,
NOABHKHOCTBIO HOHOB U, U, pa3fieNeHHbix 00pa3luem c NpHBeLeHHOH
€MKOCThIO 0OMeHa Gn:

RT u—v Cy (Kyu 4+ v/K3) 7.9
Ep=" [ln + Ot e ] (7.90)
_ " 1+4qn In | l—}—qn i
rie Ki=V taepE ey’ e ~ G

Gopmyna (7.90) nosnyyeHa B IPeANOJNOKEHHH, YTo E;, sBasercd

ajre6panueckoil CyMMOll CKauykKoB norteHuuasta Egi, Egs 1a rpan-

max obpasiia ¢ BHeIIHUMH pacTBopamu ((asoBble HOTeHLHAJb) R

N dysHoHHOR 3. A. c. £, ucKaxeHHO BJAuAHHeM obpasua.
Oopmyaa b. 0. Benaeaswrefina (1970 1.):

Epa= Erpgai + Erpnazv (7.91)

rae Epa1™, Epae™ — 3. 1. cC. Ha rpasuuax obpasma c pactBopamu I,
2, KOTOpble PACCYHTBEIBAIOT Mo (opmyiae

Erpna:aEn'i"(l_a)» E;;a. Bp» (792)

rie oo U |—a — noau obluell MJOWAAH KOHTAKTa BHYTPHIOPOBOH
JKUIKOCTH o6pasia C BHELIHHM pacTBOPOM, NPHXOAALIMCCS HAa CBO-
6onunit pactBop u JDC B mopax obpasna. B uacrnom caydae s
pacTBOPOB OJHOBAJEHTHOrO 3JEKTPOAUTA

u—1v
Era= g (2 270 11— a)InC/Cy (7.93)

3HavyeHHe o PACCUMTHIBAIOT KaK f0J10 ob6beMa 1op, 3aHUMAEMYIo
CBOOOAHBIM PacTBOPOM, C yu4eTOM NOPOMETPHUYECKOll XapakTepHCTH-
KH obpasua u rouaiuHs JIC.

Pacueruble rpaduku Ep,=[(1gCy/C;), nonyueHHblE C HCMOJB30-
BanueM ¢opmysa (7.90), (7.91), xopoulo corJaacyloTcss ¢ 3KClNepH-
MEHTaJIbHBIMH [JaHHBIMH M TMO3BOJAIOT NPOrHO3HPOBATH BEPOATHHIE
3HaueHust £na U Aza MU PA3JHUHBIX YCJIOBHIL.

PaccmoTpum ocHoBHBIE ocobeHHOCTH AHGMPY3INOHHO-aACOPOIHOH-
HOH aKTHBHOCTH Ay, FOPHBIX MOPOJ, IMABHBIM 06pa30M OCaJA0UHEIX,
ZLJISl KOTOPHIX 3TOT napamerp udyuyeH HauGoJsee MOJHO.

1. Ilonapasioniass 4yacTb OCANOUHBIX NOPOA HUMEET OTPHIATE/b-
HBI E-MOTEHLHAJ, MMOJIOXKHUTEJIbHYI0 BHellHOl ob6knaaiky IIC Ha
NOBEPXHOCTH TBepAoH ¢asbl, MosTeoMy ux 3HaueHHe A, ==0. Iloso-
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Puc. 58. 3apucnMocTty BesnuuHel Ayz OT NapaMeTPOB, XapakTEpPH3YIOWHX codepKa-

HHME B IIOPO,1e AHCIECPCHOI (asbi:
¢ — OT HpdBeleHHOH eMKOCTH ofMeHa ¢, (TeppHreHHbie oTJOXedus, no b. 0. Benaeabumrefi-

Hy); 6 — OT OTHOCHTeJBHON TAHHUCTOCTH Y., (TEPPUTeHHBle OTJOXeHHs, nmo B. I0. Beruenb-

HITeAHY)

JKUTeJAbHBIH E-NOTEHIHAJJ OTMeyaercsl y HEKOTOPhIX pa3HoBHaHOCTelR
5($y3HBHBIX, MaTMATHYECKUX U MeTaMOP(QHUECKHX HOPOA, A HUX
Aza<<0. B panbpHefilleM paccMaTpUBaeM MNOPOABI TOJbLKO € MOJOKH-
TeqbHOH AHPDPY3HOHHO-aACOPOLUHOHHON aKTHBHOCTBIO.

2. Ilpenensl usmenenusi Aza (B MB) mssi  pacTtBopoB: oAHOBa-
JI€HTHBIX 3J€KTPOJIHTOB — OT HYJAsl A0 58—Kj; IBYXBaJEHTHBLIX —
oT nyas A0 29—Kj; TpexBaleHTHbIX — OT HyJs a0 19—K,. B Bol-
paxKeHuax MJs BepxHero npeiena A, TOCTOSIHHOe cJaraeMmoe —
BeJHUHHA Kpanp COOTBETCTBEHHO AJSI pPAcTBOPOB OAHO-, JABYX- H
TPeXBaJeHTHHX 3JCKTPOJHTOB. [Ipu HaMdHuMM B pacrBOpax 3JEKT-
POJIMTOB Pa3HO¥l BAJIEHTHOCTH BepxHHIl mpenes Ky, U Aza 3aBHCHT
OT COOTHOLUEHHS 3JEKTPOJUTOB PasHOH BaJIeHTHOCTH.

3. Bennuuna Ay, npu IPOYHX PABHBIX YCJIOBHSIX 3aBHCHT OT CO-
OTHOLIEHUS B o6beMe NOp NOPOABI KOHUenTpauui katwoHos J13C
gn ¥ HOHOB cBoOOAHOro pacrsBopa C, W pacTer ¢ yBeJHYEHHEM OT-
HOWEHHS ¢n/Cs. TIpu Cy=const Besuunna Ay, onpenesnsercs sHaye-
HHUEM @n, ¢ KOTOPHIM OHA TeCHO CBsi3aHa (pHC. 58, a).

4. Jlnsi TeppHTeHHBIX NMOPOJ C Pa3JHYHON TJIMHHCTOCTbIO MPHBE-
NleHHas eMKOCTb oOMeHa

Q 1—4k
qnz_"*c
100 &y
34BHCUT NpeXJe Bcero or cofepxauusi Cr; ¥ azcopOUHOHHOH ax-
THBHOCTH Qrx TIMHHCTOrO MaTepuasta. OT 3TuX (aKTOPOB 3aBHCHT H
Aza, KOTOpasi pacTeT ¢ yBejHYeHHeM TJIMHHCTOCTH M AKTHBHOCTH
TJIMHHCTOrO MaTepraJja MOPOLH.

(7.94)

pnaTB
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[Ipu usyuenuu napamerpa Ag, NOPOAB C/eldyeT HMeTb B BHAY,
MTO KPOME TVIMHHCTHIX CYLIeCTBYIOT ADyrHe MHHepaJbl, Hanpumep,
I'HAPOKCH/BI KeJe3a U aJIOMHHHS, o0/ajalollue 3HAUMTENbHOH al-
«€OpOIIMOHHOA aKTHBHOCTBLIO, CPABHHMOH C aKTHBHOCTBIO TMIHHHCTBIX
MuHepaJsoB. [IpucyTcTBHe B NOpOJe 3THX MHHEPAJOB OKashlBaeT Ha
Ajpa Takoe e BJAUSHHE, KaK TJIMHHCTOCTb, [IO3TOMY COAepXKalHe H
.AKTHBHOCTh 3THX MHHEpPAJIOB TaKkKe CJACAYeT YUUTHIBATh, MOHHUMASsI
NOJ TJHHHCTOCTHIO COJiepXkKaHue B NOPOAe JIIOOBIX BLICOKOJAHCHEPC-
HBIX aKTHBHBIX MHHepaJIbHEIX KOMIIOHEHT.

M3 Bcex nmapameTpoB, HENOCPEACTBEHHO XADPAKTEPHUSYIOLIMX [JIH-
HUCTOCTb TOPOAB, ¢ Ax, Haubojee TeCcHo CBsi3aHa OTHOCHTEJIbHAS
IJIMHUCTOCTD Wrn. Ha puc. 58,6 npHBeleHB TPH XapakTepHHE 3a-
BHCHMOCTH apaMmerpa Axa OT Vra AJIS OTJIOKCEHHH C PasJHUIHON aK-
THBHOCTBIO TJIHHHCTOTO MaTepHana, KoTopas OTpaxaer BO3PacT H,
cJIel0BaTeNbHO, CTelleHb MeTaMopguaMa Nnopol.

[IpucyTcTBHe B TeppHreHHO#H NOpoAe HeaKTHBHOro (kKapOoHaT-
HOTO MJIM CHJHKAaTHOIO) LieMEHTAa He OKasblBaeT BJHSHUS Ha BeJH-
YiHy Apa, [OTOMY NDH Pas3JHYHOM COAEPXKAHHH B IecYaHHKax M
aJeBPOJIMTAX STHX BHJAOB LEMEHTA U IIPH OTCYTCTBHH B HHX TJIMHHC-
‘Toro matepuana Apa=0.

5. B Kap6oHaTHHIX OTJIOXKEHHSX BEJHUHHA ¢y BHIpaxaercs ¢op-
mMynolt, ananoruuro#t (7.94), ecau BMecTo Qrn M Crx B Hee TMOACTA-
BUTb Qu.o B Cu.o — AKTHBHOCTb H COJep:KaHHe B NOPOJdE HepacTBO-
PHMOTO OCTATKa, 3HAUMTEJbHYIO Y4aCTh KOTOPOrO MNpeLCTaBJSIOT
riHHHCTle MuHepadabl. Kpome ¢q sHauenue A, Haubojee TecHO
‘CBA33HO C OTHOCHTEJBHBIM COJepiKaHueM B TIOPOJe HepacTBOPUMOIo
'OCTATKA Mu.o!

M. o= kH. 0/(kH. ot kn)’ (7'95)

rie Ku.o— oO0beMHOe COAep:KaHHEe HepacTBOPHMOTO OCTaTKa.

XapakTepHo, UTO HOPOABI C CYLIECTBEHHBIM pa3JHyWeM B 3Haue-
auax napamerpa Cu.o, Hanpumep, mepreib ¢ Cyo=0,3 u IJIOTHHIH
13BeCTHSK ¢ Cu.o=0,02, HO OZHOBPEMEHHO H C Pe3KO OTJHYAIOULEeH-
csl 11opHCTOCTbIO (cooTBercTBeHHO 2;=0,2 u 0,02) wmoryr umers
‘GJIH3KHE 3HAUCHHUS Tu.o, 4 CJIAEJOBATENBHO, H Aga.

6. Besnunua Any TeCHO cBsizaHa ¢ mapaMerpom Il B nopopax
Jnoboll surosiorun. Oco6bii  HHTepec TMpPeACTaBJASIOT TpaHHUHDBIC
3HAUEHHST Aza, COOTBETCTBYIOLIHE I'paHHlle KOJJIEKTOP — HEKOJICK-
TOp B TeppuredHom paspese. Bennwuuna Azarp H3MeHAETCH B J0-
BOJIBHO WIHPOKHUX Npelenax — 10+25 MB nja koaJgekTopos c pac-
‘CeAHHOA TTHHHUCTOCTBIO; Aparp TeM 060JIbllEe, UeM BHIIIE aKTUBHOCTb
TJIMHUCTOTO MarepHala.

st reosloruueckux OGBEKTOB, NPEACTABJIEHHBIX TePPHIeHHLIMH
OTJIOXKEHHSIMH ¢ TpeoGJjafaHueM TJIHHHCTOTO 1lleMeHTa, AOCTaTOuHO
BHIJIEPXKAHHOTO MHHepaJIbHOTO COCTaBa, OTMeYaercs HasHyHe KOp-
PEJSILHOHHON CBSI3M MeXAy NapamerpaMu Apg W Rq, Aza U Bop B
‘06J1acTH 3HAYEHUH Ry M Rqp, TAe BEJHYHHA 3THX NapaMeTPOB 3aBHU-
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CHUT OT IJHHUCTOCTH. Ha 3THX Xe cBfA3sAx 06bIUHO BhILenasieTcs 06-
JacTb HauboJjee BBICOKHX 3HAUeHWH R, 1 kyp, B Ipenenax KoTopoil
Aza=0 HJIH HEKOTOPOMY MUHHMAJBHOMY 3HAUCHHIO, KOTOPOE He Me-
HAETCA UPU H3MEHEHHMH Rn W kyp B JIOBOJBHO WIHPOKHUX IIpejeax.

7. Iuddysnonno-aacopbUHOHHAs aKTHBHOCTL B MJIACTOBBIX yC-
JA0BUSAX Aga (P, Pua, T) Xapakrepusyercsi ypaBienuem

Ap,a (P, pua, T) Nl Ana (pavb) J lAua (Prn) ]
A | A ©  Jpna 7L A (00 Jpg, 77<

X[y = Kt

rae Az (0) — audbysnonHo-aacopbuHoOHHAsT aKTHBHOCTL O6pasiia
npH atMochepHbiX YCJIOBHSAX.

Kosdouuuenr K; yuursiBaeT H3McHetne Aya, oO6ycloBiieHHoe:
BCECTOPOHHHM CKAaTHEM HOPOJAbIl. DTO H3MEHEHHE MOXKIO paccui-
TaTh, HCHOJbL3YS CBA3L MCXKAY Aza M IPHBEIEHHOH eMKOCTbIO o0Me-
Ha ¢, lla OCHOBEe TOrO M3MEHEHHH, KOTOpoe NMPOH30HAET B Pe3yJb-
TaTe yMelbllenHst Ko3(h(duunenTa nopucTocTH Ry HPH BCCCTOPOHHEM
cxKatuu. Pacuersl M gaHHBle 3KCHCPUMEHTa [OKA3bLIBAIOT, YTO 4
CJIabOrIHIUCTBIX KOJJIEKTOpOB ¢ By >10% Besununna K, cocras.sier
1,03—1,08, cacnoBarenbHo, usMmesenue Az, noj Bausinuem 3sddoex-
THBHOrO HalpsizkeHusi He npeBbicHT 10%. B maoTHbIX rimHax poct
Aza TOL BJAHSHHEM Psp AocTHracetr 25%, uTo o6DbsICHsieTCs pe3kuM
yBeJIHUcHUeM foqH, 3anumaemoll [13C, B cybkanuaiasipax IIHH NPH
COKpallleHHH uX o0beMa B pe3yJbTaTe BCECTOPOHHEro CXKATHSI.

Besnuuny koadduuuenra K, YUHTHIBAIOIIEro BJHSIHHEe Ha H3Y-
ygemblii napametrp Aedopmaluu TBepAol (a3wl MOPOAB! 101 Ieii-
CTBHCM MJIACTOBOTO NABJIEHUS IIPH Pag=const, MOXKEO MPHHSTHL paB-
HOIl cMHMIE, TIOCKOJBKY CHYMAaeMOCTh OCHOBHBIX THOpPORoofBpa3sylo-
uiHX MHHepaJoB B AUalla3oHe IJACTOBBIX AABJEHUH, THOHUHBIX IS
GosbUIMHCTBA He(DTEra30BBIX MECTOPOMNJIEHHH, HEBEJIHKH.

Buausinue TemnepaTypsl HAa BeJHUMHY Ay, B NepBOM NpHOBIHIKE-
HHH OLENHBAIOT, paccuuThiBast Ks mo dopmyJse

Aga (T) T 4 273
K,= ~~ ,
Aga (0) 293

EOTOpasi YUMTHLIBAET TCPMOJMHAMHUCCKHE O0COOEHHOCTH KOHTAKTHPY-
IOLIHX 3JeKTPOJHTOB.

B neficTBHTENbHOCTH BJIHMSIHHE TeMIePaTypPHl Ha BEJHUYHHY Ajxa
cJ0JKHee, MOCKOJbKY C POCTOM TeMIlepaTypsl H3MEHSIOTCSl napa-
meTpel JIDC Ha NMOBEPXHOCTH IOPOBLIX KAaHAJOB. IJKCHEPHMEHTaJb-
HBIE JlaHHBIE TOKA3bIBAIOT, UTO Xapakrep pocta Az, ¢ yBesHUeHHEM
T onpeaensieTcst OTHOCHTENBHOH TJIHHHCTOCTBIO 06pasla.

7.7.2. ®PUNbTPAIIUOHHASA AKTUBHOCTD

Ilpu OUABTPANMH KHAKOCTH, B UACTHOCTH, BOJIHOrO pacTBopa
3/JIEKTPOJINHTA 4Yepe3 KANHAJSp KOHEUHOH IJIMHBI MeXIy KOHILaMH
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£pMB Puc. 59. IxcnepuMeHTaJbHbE 3aBHCH-

moctd  Eg=f(ga) mas pasumx Ap
150
5 60
4o
oy 3
20
50
FR]U\
g __:-Il\l!\
g1 05

(wndp KpuBHX) npu Pz=1,5 Om-M (1m0
00 , 5 g

Xuany u Aunepcony)
KaluJ/aspa BO3HHKAaeT (GHJIbTPALMOHHAs 3.[.C. (MOTeHUHas] Teue-
uusi) Eg, onpenensemasi ypaBHeHueM [esbmrosbua:

__ €&ps
Ey= g Ap, (7.96)

TIe &, Ps, L — COOTBETCTBEHHO JAM3JIEKTDHUecKasl IPOHHIAEMOCTD,
yaeJbHOEe CONpPOTHBJIEHHE, abCONIOTHAS BA3KOCTb (UIAbTPYIOLUEHCsS
KHIKOCTH; Ap — mepenaa AaBJeHHs] MeXAy KOHIAMH KalMIapa.

dopmysa cnpaBelJuBa TaKxKe AJs CHCTEMbl NMapaJjesbHbIX Ka-
NHAJSIPOB  (1AeaJbHbI TPYHT), MOAENHPYIOIIUX TOPHCTYIO Cpeny,
TPH YCJOBHH, UTO PaJHyC KANHJJIAPOB ry HAMHOTO NPEBHIIIAET TOJ-
muHy JAC §asc.

O6o3nauas MHOXKHUTeJb Nepen Ap B BuipaxkeHuu (7.96) uepes
Ag, nonyuuM FEg=AeAp, rie Ay — KO3 PULHEHT PHABTPaLHOHHOH
3J1eKTPOXUMHUECKOH akTUBHOCTH. [locsenusisi npencrasdser cobolt
€IOCOOHOCTL IIOPUCTON Ccpelbl, B YaCTHOCTH, o6paslia FOPHOH MOPO-
JBbl CO3/1aBaTh PAasHOCTh NOTEHIIHAJNOB TeueHHs] INpH (HIbTPaALUH
JKUJAKOCTH uepes3 o6pasell.

OuAbTpaUUOHHEIE 3. A.C., HabJJofaemble B 00pasnax TeppHren-
HBIX NOPOJ-KOJJIEKTOPOB H HEKOJJIEKTOPOB C Pa3JMUHOM IJIHHHCTO-
CTbI0, XapaKTePU3YIOTCSI SKCIEePUMEHTAJLHEIMH  3aBHCHMOCTAMHU
Ep=f(gu) nas passmuunblx QUKCHPOBAaHHKIX Ap=const mpu mnocro-
SIHHOM 3HAaYeHHH MAJisi paccMaTpPUBAEMOro ceMeHCTBa KPHBBIX (DHC.
59). Auanus 3THX 3aBUCHMOCTeH [10Ka3blBaeT CYLIECTBEHHOE BJIHS-
HHe NapaMerpa ¢u, CJASA0BATeJNbHO, cpefHerc 3GdeKTHBHOTO paliuy-
ca mop 7 Ha BequHunHy Ee. Oast mopon ¢ 7>10 MkM u  gn<0,lmr-
-3KB/CM3, T. €. IJIsl CPeIHMX M XOPOIIHX KOJIJIEKTOPOB, BeJHYHHA
Ep NpakTHUECKH He 3aBHCHT OT 7 M paBHa 3. 1.C. [eabMmrosbna.
Has mopon ¢ #<<10 MKM u ¢y>0,1 Mr-skB/cM®, T. e. IJig HNJOXHX
KOJIJIGKTOPOB, HEKOJJEKTOPOB, TVIHHHCTBIX KOPOK H IVIMH, 3HaueHHd

7 COM3MEPHMHl C §psc. B NMOPOBHIX KaHaJax ¢ TaKHM 7 BeJHYHHA §
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3aBHCHT He TOJbLKO OT COCTaBa H CBOHCTB TBepAO# (pasbl U KHAKO-
CTH, HO TaK¥Xe OT 7 Gaaromaps 3JeKTPOCTATHUECKOMY OTTAJKHBA-
HHMIO KaTHOHOB NoABHXKHOH yactu IDC Apyr oT apyra c mepeMelle-
HHeM MX B HalpaBJeHHH TIpaHHNBl TBepAas (asa — XHUAKOCTb.
YMmeHblileHne § B KaNHIApaX KOHEYHOTO PajHyca 1O CpPaBHEHHIO
C 3HaueHHeM §p B KaNUJIApPAX C F>0gpe NPOHCXOANUT MO 3aKOHY

E— goﬂ In (1 _ _‘%‘L\) (7.97)

6nac \ r— 61130 /

[Tpu 7 —6zsc E—-0, nostomy Ep—-0.

WsjioxkeHHoe mno3soJisier caenaTb BHIBOJ, UYTO BeJgunuyuHa FEg
NpaKTHYECKH He 3aBHCHT OT BeJHUHHBEl F, a CJeI0BareJ/bHO, H OT
Ko3(pulHEeHTa NPOHHLUAEMOCTH Rpp B LIHPOKOM JHAalIa30HE H3Me-
HEeHHst NocjelHero AJd NOPOJA-KOJIJIEKTOPOB, HCKJIOUasi IJIOXKe
KOJIJIEKTOPBL. VIHTepecHO OTMeTHTh, UTO TpaHulla obJacTell 3Haue-
HUH Gn, T, Rop, TAe BelnuHHBl Eg W E NPaKTHUECKH He 3aBUCAT OT
nepeuHC/IeHHBIX TTapaMeTpoB U Tle 3Ta 3aBHCHMOCTh HabJIojaercs,
TIPUMEPHO COBIIaJaeT ¢ IPaHulleld, pasjensdiolleds obJacTu 3Haue-
HUH Ruop, Gn, 7, AJIS1 KOTOPBIX YCTAHOBJIEH Pa3JHUYHHI XapakTep CBd-
30 Koa(pduuHenta A; ¢ paccMaTpHBAaeMbLIMH NapaMeTpPaMH.

[1pu uabTpauyn XKUIKOCTH Uepe3 [Ba MOCAEI0BATENBHO paclo-
JIOKCHHBIX 00pasua ¢ PasAHUHBIMH §q, kgp U T. X., CyMMapHas 3.1.C.
puabTpanun o6oux o6pasLoB

Esz = Ad)lApi + A(XJZAPZ’ (7.98)

rie Agp1, Ape — QUIBTPALMOHHBIE 3JEKTPOXHMMHUECKHE AKTHBHOCTH,;
Api, Ap» — nepenaas AaBJeHHSI COOTBETCTBEHHO /51 MePBOro H
Broporo o6pasiuoB. CyllecTBEHHOH 0OCOGEHHOCTHIO  BBLIpAKEHHS
(7.98) aBmsercs To, YyTO BKAAA KaxKAoro ofpasia B CyMMapHBIH
3¢ dekT nponopuHoHaJeH Ap MeXAy KOHIAMH 3Toro obpasia, a
c/efoBaTeNbHO, 06DATHO NPONOPUHUOHAJEH BeJWuHHE Ry, ITO 3HA-
UHT, YTO €CJH OAMH H3 06pa3noB MpeACTaBJeH KOJJIEKTOpOM, a
Apyrofl — HeKOJJIeKTOpOM, TJIMHOH HJIH MOZENbI0 TVIHHHCTOH KO-
KH, TO CyMMapHas 3.1.¢. £y GyAeT NMpakTHYeCKH 3aBHUCETh TOJbKO
0T (HALTPALMOHHON aKTHBHOCTH ciaabonpoHulaemoro obpasna, Ha-
npuMep, IJIHHHCTOH KOPKH, NOCKOJBKY BKJaj 00pasna-KoJJIeKTopa
Oyner npeHe6pexXHMO MaJ.

HanGonpuinit uuTepec A1s OueHKH (HUIBTPALMOHHOH COCTABJA-
omedl amMnauTyas aHomanuu CIT npu umHTeprnpeTalun pe3yabTaToOB
I'NC npeacraBadioT pe3yabTaTHl, MoJyueHHble M. A. BelsaKOBHM,
npH QHABTPAIMH TJIHHHCTHIX PACTBOPOB ¢ pas3jHYHON BOXOOTAAUEH
yepe3 oO0pasibl KOJJIEKTOPOB C DPAa3JHUHOH [POHHIAEMOCTHIO.
B sTHx onnTax B xole GHIbTpaAUHM yepe3 06pasell TJIHHHCTOTO
pacTBopa yacth ofpasila KoJbMaTHpPOBaJdach, a Ha Toplle o6pasiia
BO3BHHKaJ/a IVIMHHCTAasl KOpKA. B paspHedlieM NpOHCXOAHJIO TeUEHHE
¢duabTpaTa TIHHHCTOTO PACTBOpa 4epe3 IOCJAeN0BaTeNbHO PacroJio-
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Puc. 60, DKcnepHMeHTaIbHBlE 3aBUCHMOCTY (DHJBTPAUMOHHOH 3. A.C. Ey oT Koap-
HUMeHTA TIPOHHLAEMOCTH Knp (n0 M. A. Beasikoy):
] — GuabTpalua BOLbI depe3 obpaseu; 2 — QUALTPALHS T[JHHHCTOrO pacTBoOpa uepea obpaseil.

1
/4
10 w2

JKeHHbBle TJIMHUCTYK KOPKY — 30HY KOJbMATallUi — KOJJIEKTOD, IIpib
KOTOPOM (PHKCHPOBAJIHCH CTabuJ/bHble 3HAUeHHSt Ef.
Cornocrasaenne Egy ¢ napaMmeTpoM knp M03BOJSIET yCTAHOBHTB:
caepyiotee (puc. 60). Ilpn Quabrpaunu pactBopa 3JeKTpoJuTa,
He COAep Kallero FIMHUCTBIX UACTHIL, B IIMPOKOM JHanasoHe Rgp
nabmonaercs poct E¢ ¢ yBejuuenueM Rpp. Ilpn dunabrpauun ram-
HHCTOrO PAacTBOpa XapakTep CBA3H Mexay Eg M Ryp Mensercs c me-
PEXOJAOM OT HEKOJJIEKTOPOB K KoJJeKTopaM. IIpuueM HakJoH rpa-
¢uKa npe annpoKCHMamuu 3aBHCHMOCTH Eg=](lg kmp) npsamon Me-
psieTcsl Ha oOpatHblil ¢ yMeHbuIenHeM BogooTiaun (BO) ranuucroro
pacTBopa, T. €. C NOBBHIILIEHHeM KauecTBa MVIMHHCTOro pactsopa. Jas
HEKOTOPBbIX NpPOMEXYTOUHBIX 3HaueHuii BO Beamuuna Eg ocraercs
IPAKTHUECKH MOCTOSHION NPH M3MCHEHHMH Knp B LIMPOKHUX Npedesax.
dunbTpauuoHHas cocrasisiomiass aHomaaunn CI1 B KoaxdekTope
Es.q siBasiercss  anrebpanueckoil pasHOCTblO0 Egrk — Egau 3. 4.C.
(UABTPALUH B IVIMHHCTON KOpKe!, BO3HMKILUEH HAa rpaHUle CKBAaMXKH-
Ha — NJ1aCT — KOJIJIEKTOP W BO BMeWJAIOUIUX MOpOAax, Hampumep,
rauHax. Beauuuny Lsy MOXKHO OUEHUTHb AJsT KOHKDETHBIX YCJOBHH
pa3pesa: a) no rpadukam THNa NPHBCACHHBIX Ha puC. 59; B 3TOM
cayuae JJs 3ajallHblX 3HAUeHUH ¢, XapakTepH3yHUHX [JHHUCTYIO
KOPKY H BMeEUI2IOlIHe TJIHHDLI, H M3BECTHOrO0 Ap MO COOTBETCTBYIOLIE-
My rpaduxy Lg=f(gs) HaxousaT sHaueHuss E¢rx ¥ Egra, Jajec BH-
UHCJSIIOT HX Pa3HOCTb Eg.rx — Egra=FEsp; ecau 3HadeHHe pg OTIH-
yaercst oT pp=1,5 OM-M, nmoayueHHoe Egp MEPECUHTHIBAIOT C yuye-
TOM pasJiudus pg oT 1,6 Om-m; 6) 1no rpadguxam Ha puc. 59 Haxo-
DAT BeAHYHHY Egr¢ AJst M3BECTHbIX 3HaueHuit BO raumnucrtoro pac-

1" 3uauenne Eg.rx siBasieTcst CyMMOH 3, I.C. QUIBTPALKHA B IJIMHHCTOH KOpKe:
H 30He ‘KOJIbMaTallHu, - :
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TBOpa U kyp KOJJIEKTOpA; M3 3HadyeHUs Egr, BbluuTarT Eg¢pg, Hc-
[0JIb3ysl MHHHMaJbHble 3HadeHHss Eg B 00JaCTH HEKOJJIEKTOPOB.

Ilna KoqsekTopoB HedTH H rasa, 3aJjeramlolux Ha ray6uHax 1—
3 kM, duaprpanuonnas koMmnoredra CII cocraBaser 10—30 mB
ISl TIMHHCTLIX pactBopoB ¢ BO 5—10 cm® 3a 30 mun. Ilpu Gype-
HHH Ha TEXHHUYECKOH BOJe WM HA TVIHHUCTHIX PacTBOPAax C BHICOKOH
BO B 30Hax MHTEHCHBHOrO MOIJVIOLUIEHHS IIPOMBIBOYHOH KHIKOCTH
1npu GOJbIIMX pPeNnpeccHAX Ha MJaacT 3HauyeHusi FEgg MOCTHraioT
100 MB u 6ouee.

7.7.3. OKUCJIUTEJIbHO-BOCCTAHOBUTEJIbHASI
JNEKTPOXUMHUYECKASI AKTHBHOCTD

OKHCIHTEIbHO-BOCCTAHOBUTENIBHAS  3JCKTPOXHMHYECKAsT AKTHB-
HOCTb XapakTepHa AJs MHHepaJioB ¢ 3JeKTPOHHOH NPOBOANMOCTBIO
M TIOPOJ C BLICOKHM COAepXKaHHEM 3THX MHHepaJoB. OHa o6ycioBae-
Ha NPOIecCaMU 3JeKTPOAHONH TOoJApH3aluy ¥ OKHCIHTENbHO-BOCCTA-
HOBHTEJBHBIMH DEeaKUHAMH, IPOHCXOASIIHMY Ha TpaHHue 3JeKTpPOH-
HO-TIPOBOASIIEro MHUHepana ¢ OKpyKalolell cpeaoH.

daekTpoAHbie norenuuadbl. Ha rpaHule merasnia ¢ BOAHBIM pa-
CTBOPOM 3JEKTPOJIHTA aTOMBI MeTaJjljla NepeXofsT B pacTBOp B BH-
Je K4aTHOHOB, NPH 3TOM CBOOOJHBle 3JIEKTPOHBI, COXPaHssiChb B Me-
Tase, cOOOILAIOT €ro NOBEPXHOCTH OTPHUATEJbHBIH 3apsi, a KAaTH-
Ol MeTaJss1a — IOJOXKHTeNbHLIH pacTBopy O6/1H3 NOBEPXHOCTH Me-
Taja. MexKAy MeTaNJoM M pacTBOPOM BO3HHKAeT PAa3HOCTb NMOTEH-
HHaJo0B — 3JeKTPOJHHH NOTEHIHAaJ, KOTOPHl MOXKHO pPAacCUUTaTh
no ¢opmyse HepHera

E, =Rl P BT < (7.99)
2F P zF c
rje p ¥ ¢ — OCMOTHYeCKOe AaBJeHHe W KOHLEHTPalus HOHOB Me-
Taana B pacTBope; P — 3/ieKTpoJiMTHUECKast YNPYrocTh pacTBope-
Hust Meraj1a; C — KOHLEHTpPalUuss HOHOB MeTasljla, COOTBETCTBYIO-
nas HOPMaJbHOMY 3JeKTPOJHOMY NoTeHUHaly F, JaHHOTO MeTaJ-
Ja.

WuTeHCHBHOCTb DacTBOPeHHsT MeTaJJa TeM GoJblile, yueM MeEHb-
e HayaJbHasd KOHIeHTpalus ero B pacTBope, MHHUMAaJbHAs
HHTCHCHBHOCTb PACTBOPEHHS COOTBETCTBYET KOHTAKTy KOHLEHTPHUPO-
BAHHOTO PAacTBOPA HOHA AAHHOTO MeETasla C 3THM MEeTaJjJOM,

Ecan merann ssekrpona o6pasyer IpH pacTBOPEHHM HOHBI pas3-
JIUYHOH BaJIGHTHOCTH, BO3MOXKHBI DEaKIMH CJAeAYyIOLIero THIA, MO-
poxjamouue 3. 1.C.:

[Fe—>Fe?t, Fe—>Fe3t, Fe?t—-Fed+
E=-—0,43 B; E=-0,04 B. £=0,77 B,

Eciin 3/1eKTPOAB M3 ABYX Pa3IMYHBIX METAJJIOB COEJMHEeHb Ha-
KOPOTKO H TOTPYKEHHl B PAacTBOP 3JEKTPOJHTa BCJAEICTBHE PAa3JiH-
aus B 3HaveHusix E, merannoB (raba. 10), stu snektpoasl obpa-
3YIOT rajJbBaHHUECKHI 3JEMEHT.
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Ta6auuna 10. 3nauenns £, pa3inyHblX METAJNNOB

Meraan " Uon E,, B
Harpuit Na* —2,71
Marnuni Mg2+ —2,38
AnroMunni Al3+ —1,66
Keneso Fe2+ —0,43
CauHelt }P_’Ili ——8,43
Bomopoa
Menn Cu* 0,34

TaapBaHHuecKas mapa co3jlaeT 3./.C., PABHYIO Pa3HOCTH JEeKTPOl-
HEIX TOTEHIKAJOB, BBIUMCJEHHBIX no dopmyje (7.99), npm sToM
TIPOMCXOAHT KOPPO3Hs MeTasa ¢ 0oJjee HU3KMM 3HaueHHeM L.

OKHMCJUTENbHO-BOCCTAHOBUTEAbHblE peaKuuu. PasiHuHbie MHHe-
pajibl ¥ TOpHBle NMOPOABI (CyJb(QHIB METa/IOB, IKeje3Hble pYAH,
rpa@ur, aHTPaUUT U T. II.) B YCJOBHSX €CTECTBEHHOro 3ajeraHus
NOJABEPraoTCs OKHCIUTEIbHO-BOCCTAHOBHTENBHLIM peaxluusM. Bun
3THX peakUHfi onpejesisieTcss XHMHUYECKHM COCTABOM MHHepaJa HJH
MUHEpPaJbHBIM COCTaBOM MOPO/LI, BOAOPOAHbIM PpH M oxucauresbno-
poccTaHoBUTeabHEIM Eh (pakTopom cpeibl, TeMmIiepaTypoi, xuMmuue-
CKHM COCTaBOM M KOHLEHTpaLHeil 3JeKTPOJUTOB B KOHTAKTHPYIO-
LIIHX C MHHEpaJ/oM BOJAax.

OKHCJIHTENbHO-BOCCTAHOBUTENbHBIE pEAKIHHU TakXke NPUBOAAT K
NOSiBJAEHHIO 3apsija Ha NOBEPXHOCTH MHHepaJa HJM NOPOAb U 06-
Pa30BaHHUIO JBOMHOTO 3JIEKTPHYECKOr0 CJO0sl, KAK U Ha NOBEPXHOCTH
3JIEKTPOAA, MOTPYXKEeHHOro B pactBop. Ilpu nporekanun OKHUCIH-
TeJbHOH peakUHH MOBEPXHOCTh OKHCJASEMOro MHHepaJa 3apsxaer-
Csl OTPUUATENBHO, a PacTBOP — MOJOXKHTeaAbHO. [lpu BOCCTaHOBH-
TeJIbHOH peaKUUH 3HAK TBepAOi ¢asel U pacTBopa 6JM3 TPAHHLB C
Hel — NPOTHUBONOJOXKHBIH YKAa3aHHOMY [Js OKHCJHTEJbHOII peax-
L HH.

BenuMHBl 3. 1. . OKHCJIUTENbHO-BOCCTAHOBUTENBHOTO IPOHCXOXK-
JeHHst B pa3pesax OCaJOUHBIX, MATMATHUECKHX U MeTaMop(dUUeCKHX
NOPOA AOCTHralOT COTCH MHJIJIMBOJbBT, 3HAUUTEJBHO IIpeBhIlIast 3Ha-
UeHHS 3. 1.C. AHPPY3HOHHOTO H (PUILTPALHOHHOTO MPOUCXOKIAEHHUS.
Makcumanbble aHoMadann CIT Takoro npoucxoxaeHusi HabJjoAa-
IOTCSl B CKBAXKUHAX, NepecCeKalollUX pYJAHble TeJa MJH NJIaCTH BhI-
coKoMeTaMOpP(dH30BAaHHOTO yras (aHTPAaLUT), B KOTOPHIX COAepkKa-
Hue MHHepasna ¢ 3JEeKTPOHHOH NPOBOAMMOCTBIO NOCTATOUHO BHICO-
KO 1Jisi 06pa30BaHHsl €IHHON TOKONPOBOASLUEH CHCTEMBI.

KOHTPOJIbHBIE BOITPOCHI

1. Tlepeuncante n3BecTHBle Bam 3ssekTpuuecKHe cBofieTBa rop-
HBIX TOPOL.
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2. HasoBute ¢akrophl, onpele/siOliHe BCJHYHHY NIPOBOJUMOCTH
TOPOAHL.

3. Kak 3aBHUCHT yJesbHOe CONPOTHBJEHHE MOPOAH OT BJaXKHOC-
TH?

4, Kakum ypaBHEHHeM ollpefeJisieTcsl NPOBOJAHUMOCTb PacTBOPOB
2JIEKTPOJUTOB?

5. IlpoaHanusupyiite BIUsSIHHE TIHHUCTOCTH Ha yA€JbHOE COIPO-
THBJIEHHE OCAAOYHBIX NOPOL.

6. Haiite xpaTkuii 0630p NpHPOABI AUIJEKTPHUECKOH NMpOHuILae-
MOCTH PAa3JIHUHBIX MHHEpPaJOB M JKHJAKOCTEH, HACHILAIIIHX [OPO-
Aay.
7. Uto Takoe uacToTHas gucOepcHst AM3JIEKTPHUECKOH MPOHH-
uaemocTH? JlafiTe npuMeph.

8. KaxoBo BaHsHHe TeMnepaTypbl W J[aBJCHHS Ha MNPOBOIH-
MOCTb H AM3JEKTPUUECKYIO NPOHHLAEMOCTb TOPHBIX MOPOA?

9. PacckaxuTe o mpupojde BBI3BAHHOH MOJAPU3ALHH B 3JEKT-
POHHBIX U HOHHBIX IPOBOJAHHKAX.

10. Hakite anaaus ocHOBHHIX (akTopoB AHbdy3HOHHO-ancop6-
ILHOHHOM aKTHBHOCTH TOPHBIX MOPOJ.

8. MATHUTHDBIE CBOUCTBA

[Tox mMarHeTHsMoM NOHUMAOT 0cobyl0 ¢opMy MaTepHaJdbHBIX
B3aUMOefiCTBHH, BO3HHKAWUIMX MCXKAY ABHKYLIUMHCA 3JIEKTpHUE-
CKH 3apsKeHHBIMH uacTHnamHd. B merpodusuke marHetusm nposiB-
Jaser cebs Kak cnocOOHOCTL TOPHBIX NMOPOA M MHHEpPAJOB HaMarHu-
YHBATbC B MATCHUTHOM I[0J€, H3MEHSTb €ro W HHOrJa COXPaHATh
HaMarHiuyeHHOe COCTOSIHMe TocJje TpPeKpalleHus JeHCTBUS  MOJIA.
B pesyabrare HamarHuuHBaHus JI060f o6bem mopoAan npuoGpera-
€T MarHUTHBIE MOMeHT. MarHeTuam nposiBiasieTcst npu BlauMogelcT-
BHUHM [BYX HaMarHHYeHHBIX 06pasloB MOPOJ HJH 00pasla MOpoAbl H
NPOBOAHUKAE, N0 KOTOPOMY TeueT TOK; ero OnpepedsitoT KOHIEHTpa-
U8 M paclpejeseHde B NOPOJe MArHETHKOB Pa3JHUYHBLIX THIOB, UX
XUMHYECKHH C€OCTaB, CTPYKTypa KPHCTAJJHUYECKOH pelleTkd MHHe-
paJjoB, B YaCTHOCTH, THI CBSI3H B HeH aTOMOB HJIH HOHOB. MarHuT-
Hble CBOHCTBA 3aBHUCAT OT NPOWCXOXKIAEHHSI H YCJIOBHH JXH3HH IIO-
poa. OHKN M3MeHSIOTCS ¢ U3MEHEHHEeM COCTaBa M CTPYKTYPHl NOPOL,
TepmoGapHyeCKuX YCJAOBHH ux 3asjeranusi. [lo Tunmy MarHerusma
BBIICJSIOTCA [JHa- U NapaMarHUTHble XUMHUECKHe 3JieMeHTh, obpa-
3yI0lllHe BCe rJaBHble TOpoRooOpasymoline MuHepasdsl, H deppHU-

MarHuTHble, ¢peppo- u aHTHHepPOMArHUTHBIE 3JEMEHTH H MHHEpPaJIbl
(taba. 11).
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8.1. IPOUECCHI HAMATHHYHUBAHHWA 1 MATHUTHBIE
CBOMCTBA MUHEPAJIOB, )KXUIAKOCTEHN H IrA30B

B BelecTBe, NOMeLIEHHOM B MarHHTHOE IOJIe, NOsiBJAsieTcss BHYT-
peHHee MarHUTHOE TOJe, KOTOpOe HaKJaAbBaeTcs Ha BHellHee (Ha-
mMarsnuyBaiolliee). HanpsxeHHOCTP CyMMapHOro MarfuTHOro I10JIs
(BHeIHero W BHYTPEHHEro) XapaKTepH3yeTcsl MArHUTHOH HHAYKLH-
eii. MarHuTHas MHAYKIHS

B = (H +J). @®.1)

-
HaMarHunuenunocTtsh BeulectBa J fBJseTcss QyHKuuei Ha-
TIpsKeHHOCTH BHeluHero nodas H. JIas nmapaMarHeTHKOB CBSI3b MeXK-

—_

ay J H B wupokoil objactu noJieii umeeT JIHHEHHBIH Xapakrtep:

7= xH rae Ge3pasMepHas BeJMUHMHA % HOCHT Ha3BaHHWE M ATl HHT-
HOH BocmpHuMUYHBOCTH. [ns ¢eppOMarHeTHKOB YCJOBHO
NPUMEHSAIOT Ty XKe (GOpPMy 3aNUCH, HO HX % CJOXKHBIM o6pasom 3a-
BUCHT OT HANPAMKEHHOCTH NOJ.

C TOI/I ’Ke OTOBOPKOIX CBAA3p MEXIY BEeJIMYMHOH MAarHHTHOH HH-

AYKIHH B H BHEIIHHM INOJEM H BbIpA2KAETCA Yepe3a MATHUTH Y 10
NIpPpOHHLAaEeMOCTDH

p=1-x (8.2)

Jaa xapakTepHCTHKH MATHHTHOH NDOHHLAEMOCTH BaKkyyMma HC-
1I0JIb3YeTCSl BEJHUHHA o, paBHast 107/(4m).

Hua- u napamarHuTHble MHHepaJbl. BOJBIIHHCTBO MHHEpaJOB
Jia- 1 mapaMaruHTHbIE; aHTU(EPPOMATHHUTHBLIX MHHEPAJIOB 3HAYMU-
TeNbHO MeHbllle (OueHb PeJKO BCTpeyalolleecss MeTEOPHTHOe KeJie-
30, W-TeMATHT H HEKOTOpble TeMOHJbMEHHTH). PeppHMArHUTHBIX
MHHEpPAJ0B IPHMEPHO IOJTOpa AecsiTKA, HO WX COAep:KaHdeM B OC-
HOBHOM 00yCJ/IOBJI€HAa HaMarHHUEHHOCTb MOPOJ, TAK KAK MAarHeTH3M
ApYTHX MHHEDPAaJoOB (MCK/IWuYas MNPUPOJHOE XKeje30) 3HAYMTENbHO
MeHbLIE.

CpoiicTBO AHAa- U NAapaMarHUTHBIX MHHEPAaJOB HAMarHHYHBATLCHA
B noie H XapaKTepusyloT HaM arHMUUEHHOCTH yAeapHBIE

obbeMHuas JV U MaccoBag Jm
-

Jy=uH; T, =yH. (8.3)

KoadduuueHTs NpONOPUHOHAJBHOCTH B COOTHolieHusix (8.3)
Ha3BaHBl y 1eJbHBMH O6BbEeMHON ¥ H MACCOBOH 7 BOC-
HPHHUMUYHBOCTSAMH.

YiaeapHasi MaccoBas HaMarHHYeHHOCTH (MaI‘HHTHHﬁ MOMEHT

- — — — et
€HHHLE Macchl nopoab) Jm=Jv/6=yH;, orciona Jy=8xH =u
Ox=x%, a y=x/6 M3/kr (uau cm3?/r), rae & — NJIOTHOCTH MOPOAHI.
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opOuTH [ BOKPYr BeKTOpa Mar-
nutHoro noast H (mo C. B. Bon-
COBCKOMY)

TH Puc. 61. Tlpeueccust 3JeKTPOHHOI

Kaxjas u3 3JeMeHTApHBIX ABHAKYIINXCA yacTul, objanaer cub-
CTBeHHBIM (CHHHOBBIM) H OpPOWTAJIbHEIM MAarHUTHBIM MOMEHTAMH.
MoMenTe HEHTPOHOB H TNIPOTOHOB H pe3yJbTHDPYIOUIHH MarHHTHBIH
MOMEHT aTOMHBIX silep O4YeHb MaJjbl. B CBf3M ¢ 3THM MOXKHO pac-
CMATpPHUBAaTh TOJbKO CYMMapHBIE MarHuTHBlE MOMEHTH AaTOMHBIX
3JIEKTPOHHEIX 06GOJIOUeK QHA- M NapaMarHUTHBIX MHHepaJoB.

JyamarHuTHele MHHepaJibl B leJOM 10 AeHCTBHS NHOJs He Ha-
MAarHU4YeHbl, TaK KaK HX 3JEKTPOHHbIe O0OJOYKH CHMMETPHYHBI H
CnuH-opOUTaNbHbIE MOMEHTHI 3JE€KTPOHOB cKOMIeHCHPoBaHbl. Hanpo-
THUB, aTOMBl TapaMarHeTHKoB 00/1aJal0T Pe3YJbTHDPYIOUIUM MarHuT-
HUM MOMEHTOM B CBSI3M C TE€M, UTO Y HX 32JIeKTPOHHBIX 060J04YeK
BuyTpenHne (3d u 4f) sHepreTHyeckde NOAYPOBHH HEAOCTPOEHBI H
CiUH-0p6UTAIbHbEIE MOMEHTH 2JEKTPOHOB HeypaBHOBelneHbl. OAHaKO
U l[apaMarHHTHEIE MHHepaJbl B OTCYTCTBHE NOJs He HaMarHH4YeHH
IOTOMY, 4YTO MX pPe3yJbTHUPYIOLIMe aTOMHble MarHHTHBle MOMEHTHI,
wMesi Joboe MPOCTPAHCTBEHHOE HalnpaBsJiellHe, B3aHMHO CKOMIEHCH-
pOBaHHI.

B MarHuTHOM noOJie 3JIeKTPOHBl NMPHOOPETAIOT AONOJHHUTENbHBIE
CKOPOCTH BCJEJCTBHE JTapMOpPOBCKOH mpeneccud. [locaennss cocro-
HT B TOM, YTO B pe3yJabTaTe HHIYKIHOHHOIO AEHCTBHsS MarHUTHOIO
TOJISl 3JEKTPOHB OGOJOUKH aToMa IpuHoOperaroT Ty A0OABOYHYIO
YIJIOBYIO CKOPOCTb, C KOTOPOIH HX OpPGHTH NIPelecCHPYIOT BOKPYT
BHeluHero moJjsi (puc. 61), W Kak CJAeACTBHe 3TOrO NOJYUYaT JA0-
HOJHHTENbHB MArHUTHBIE MOMEHT, TNPONOPIHOHAJIBHLIA M0JI0 H
HanpaBJeHHbBIH B COOTBETCTBHM ¢ NpaBujoM JleHua npoTus Hero.

CTaTUCTHUECKH ONpejeJieHHasT HaMarHHYeHHOCTh NapaMarHuT-
HBIX MHHEPaJIOB BO3HUKAET HPH DAaBHOBECHH MEXKAY OpPHEHTHPYIO-
II¥M MAarHHTHBlE MOMEHTHI AeHCTBHeM HaMarHHYMBaIOUIero NOJs H
Je30pPUeHTHPYIOLIUM HX BJHSHHEM TEIJIOBOTO JBHKEHHA.

C pocrom TeMnepaTypw MarHHTHas BOCIpHHMYMBOCTb napamar-
HUTHBIX MHUHEPAJIOB YMEHBIIAeTCs, Y AHaMarHUTHBIX OHa OOBIYHO He
3aBHCHT OT TeMIepaTyphl.

[lonMsjieMenTHbIE MHHEPAJBl MOLYT COCTOSATb W3 HECKOJbKHX
YHCTO AHA- WIH MapaMarHUTHBEIX 3JeMeHTOB, HO uallle OHU fABJIAIOT-
Cs CMECAMH TeX H APYFHX, U TOrJa UX MArHUTHAs BOCIPHUMUYHBOCTh
33BHCHT He TOJNbKO OT MATCHHUTHOH BOCIPUHMYHBOCTH OTAeJbHBIX
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aTOMOB, HO ¥ OT HX COOTHOMIEHHH B INOJIH3JE@MEHTHOM MHHepaJe, W
ero KpHCTaJJIMYeCKOH cTpYKTypnl [1].

HaMaruHueHHOCTb H MarHuTHas BOCIHPHHMUHBOCTb, CBS3aHHbBIE
C J1apMOpPOBCKO} IpelLleccHell aTOMHBIX 3JIEKTPOHHBIX OpPOHMT, Xapakx-
TepHBl AJIs BCEX MHHEDPaJoB, HO HX YUHTHIBAIOT TOJbKO B Clyuae:
YHCTHIX AMa- H IapaMarHUTHBIX MHHEPAJIOB, TaK Kak J H x 3TOro,
mpollecca MHOTCO MeHblle TexX K€ BEJHUHMH, BbI3BaHHHX (eppH- H
(peppoMarHeTH3MOM.

YienbHasi o6beMHasT MarHuTHast BOCIPHHUMUHMOCTE JAHAMATHUT-
HHIX MMHepaJOB HeBeJHKAa W OTpHUATeJbHA: oTr —5-10~*% (rpoccy-
asip), —1,6-10-* en. CH (BucMyT) A0 1yJasl.

CusiHKaTHBEIE N0PO000pasyloline MUHEpaJbl JHaMarHuTHo, ecJH
B HUX cocraBe HeT HOHOB Fe?" Fe®r Mn?+ u HexOTOpBIX ApPYrux, H
napaMarHuTHe! B IIPOTHBHOM cJayuae.

K nuamMarHUTHHIM OTHOCATCH MHOFPHE BarkHelllllne noponooGpa-
3yI0lIHe MHHepaJibl OCAJ0UHBIX MOPOA (KBapll, KajHeBble MNOJIEBbIE
WINaTe, NJarvoKJaasbl, KaJabUUT, aHTHAPHUT, CUIC, TaJHT, CHIbBHH,.
rpacdur). lnaMarHuTHB TaKkXKe cepa, BHCMYT, MeJb, 30JI0TO, CBH-
Hell, PTyTb H AP.

[TapamaruuTHbl, HanpuUMep, MYCKOBHT, LUNHHEJH, PYTHJ, AGJO-
MHT, MarHe3uT; MUX MarHuTHas BOCIPHHMUHBOCTb ¥ TAKKe HEBEJH-
Ka: or 12,6-10-¢ (mosnomur), 37,7-10—% (marHesur) no 21-10-5 CU
(myckoButr) no (no-supumomy 25-10-% exn. CH. OnuBuHBI 3Ke, NHU-
pOKceHbl, rpaHaThl, OHOTHTHI, aMbUBONBI, KOPAUEPHUTH, BOJILPpaAMHU-
Thl, KACCHTEPUTHI, XPOMHTH, MaTHHTHAsi BOCIPHHUMUYHBOCTb KOTOPBIX
JOCTHraeT HEeCKOJBbKHX TBHICAY MWIJIHOHHBIX goJsiefl eaumnuns CU,
HeJIb3sl COIVIaCHO HCCJEeJOBAHMAM MOCJAEIHHX JIeT CUMTATh YHCTHIMH
napaMardieTHKaMHi. Bo MHOT'HX PasSHOCTSX 3THX MHHEPaJOB COJAEp-
xKarcs mukponpumecu (1073—10-19%) ¢eppumarHeTHKOB B cocTaBe
OTHOCHTEJIbBHO KDYNHBIX KDHCTAJJIOB KeJe30COepKallux MHHepa-
JIOB. JTO corylacyeTcst ¢ HX OCTATOYHOW HaMarHuYeH-
HOCTbIO J,s HACBIILEHUS ¥ ¢ TeMd OGOJNBIUIUMU DAaCXOXKICHHUAMH
B 3HAYeHHAX ¥, KOTODHIe NOJyualoT NPH H3MEPEHUH 3THX BeJHUHH
Ha YHMCTBIX BellecTBaX M NMPHUPOAHBIX MHHepaJsax [1].

B muHepasax mMarMaTHYeCKHX H pexe MeTaMODQHueCKux nopos
B KauecTBe MOCTOSHHBIX NMpHMeceH uauie HAXOJAHTCS MAarleTHT.

®eppo- u ¢eppumariutible MuHepasanl [1]. HMsoauposauHble
aToMbl (peppOMaArHUTHLIX MHHEPAJIOB HMEIOT 3HAUHTEJbHBIE pPe3yJib-
TUDYIOLIHe CIHH-0pOUTAJbHBIE MarHHTHblE MOMEHTH BCJAEACTBHE He-
3all0JTHEHHOCTH NOAYypoBHe#t 3d u 4f ux o6osouek. OgHaKo B OJHO-
3JIEMEHTHBIX MHHepaJax (CaMOpOJHOe METEOPHTHOe Keje30) OHH
B OCHOBHOM CKOMIEHCHDOBaHbH U He CNOCOOHBI K OpHEHTAUUH B
Mar{iTHOM IoJie H3-3a 60JBLIOH MJIOTHOCTH YNaKOBKH 4TOMOB 3THX
BelllecTB. 3aTO CIIMHOBEIE MOMEHTH 3JEKTPDOHOB B  OMpefeleHHBIX
He3HauuTeJbHBIX (OKoJo 10-° cM3) obaactsax (JoMeHax) OpPHEHTH-
POBaHHl mapaiesbHO APYT APYTY, H, CJAeJOBAaTe/bHO, 31ech (heppo-
MAardeTHKH HaMarHHUYeHbl 10 HAChILIeHIIs.
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DTa OpHEHTAllHsI CIIHHOBHIX MarHHTHBIX MOMEHTOB OObsICHsETCs
BeCbMa 3HAUMTEJLHLIM MOJOMXKUTENbHBIM OOMEHHBIM B3aMMOJEHCTBH-
‘eM MeMJAy 3JCKTPOHAMH He3amnoJHEHHHX 000JI0YeK COCEIHHX aTo-
moB. Takoe B3aUMOJAEHCTBHe H3MeEHseT y aTOMOB (eppoMAarHeTHKOB
(Fe, Ni, Co, Cd) pacnpegesneHue 3JeKTPOHOB O BO3MOXKHBIM COC-
TOSIHUSIM M OPHEHTHPYET fapaJiie/bHO CIHHOBBle MAaTHHTHbLIE MO-
MCHTHI, XOTSI TENJOBOe JABHXKCHHE M CTPEMHTCS HapyWuTb 3Ty
«cTpykTypy. IIpocTpaHCcTBeHHas OPHEHTALHA IapaJJieIbHEIX CHHHO-
BLIX MArHUTHLIX MOMEHTOB OJHMHAaKOBa JHIIb B Npefenax OIpeic-
JICHHbIX, Pa3HBIX 110 BeJHUHHE JOMEHOB MOHO3JeMeHTHoro (eppo-
MarHHTHOIO MHHEpaJia B CBS3U ¢ OCOOEHHOCTSIMH €ro KpHCTaJJHyec-
KOl CTPYKTYpPbl MU Ha/JWYHeM 3HEPTHH dHHM3OTPONHH KPHCTAJJIOB.
Paznuuibl no 31HauyeHui0 ¥ HATPaBJEHHIO TakXe pe3yJbTHPYIOLIHC
CIHOBbIE MOMEHTHI, TI0TOMY B LeJoM Ao AelicTBus noJs deppo-
MarHHTHBIl MHHepaJs He HaMarHhueH. [IpH HaJOXKeHHH MarHUTHOTO
019 MAarHUTHbIE MOMEHTHI JOMEHOB HM3MEHSIIOTCS [0 BeJdHuHHe I
OPHEHTHPYIOTCS MO €ro HampapJeHHIO, UTO NMPHBOAHT K HaMarHHuel-
HOCTH (ePPOMATHHTHOTO MHHEpasa. HaMarin4eocTb coXpaHsercs
H [OCIe CHSTHS NPHJIOKEHHOro noJs (ocrarounasl HaMarHuye-
{tHOCTb).

Ilpu temneparype Bbille Touku Kiopu T, deppoMarieTuku cra-
HOBATC MapaMarHeTHKaMH. HamarHMuuBaHHe B MAarHHTHOM  HOJie
xapakrepuayercs kpuBoit Jy=[(H), koTopasi Aast (eppOMarHeTHKOB
(puc. 62, 6) 3HaYMTEbHO OTJIHUAETCS OT aHAJOTHUHBIX KPUBBIX AJA
I1a- 4 napamMarHeTHkKoB (puc. 62, a).

BospactaHne HaMarHHYeHHOCTH C yBeJHYEHHEM HANpsiKEeHHOCTH
noJis y deppoMarHeTHKOB HeauHedHo. KpuBas HaMarHUYMBaHHs
MMeeT XapakTepHble yyacTku [—3 (cMm. puc. 62, 6). Yuactok I co-
‘OTBETCTBYeT OO6paTHMOMY Tpoleccy, NPH KOTOPOM CBSA3b MEXKAY
Jv n H nuHefiHa M HaMarHWYeHHOCTh HCYE3aeT BMeCTe CO CHITHEM
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HAMACHHYUBAOLLEro 1oJsi. JTo npoliecc OOPATHMOTO CMeLleHHsT
rpaHull, NpH KOTOPOM HAMAarHHYeHHOCTb PacTeT 3a CYET yBeJaHye-
HHMSI MarHUTHOIO MOMEHTA OTHEJbHBIX JAOMEHOB B CBSI3H C POCTOM
HX pasMepoB Ge3 M3MeHEeHHs ODHeHTALMH T'DaHHIL.

Ha yuactke 2 HaMarHn4eHHOCTL Pe3KO BO3pacTaeT ¢ yBeJsiHue-
uneM H BCJeACTBHe cMelleHHs TPaHHIL: BBIPACTAOT Da3Mepel A0-
MEHOB C OpHEHTalHeH BEeKTODOB HaMarHHYeHHOCTH, OJAHHAKOBOII U
6au3Koil XK HampaBJeHHio noas. [Ipounecc Heo6paTHM, Tak Kak 3Ha-
unTeNbHAS J0Js SHEPTHH pacTpaunBaeTcs B BHAe Temna, Ha yuacT-
ke 3 Jy MeaJeHHO BO3pacTaeT C yBeauueHuem H, cTpemsceh X mnpe-
AeJIbHOMY 3HA4YeHHIO M3-3a obpartumoro Bpaulenud. [Ipuuem ob6bem
OTAEJNbHBIX JIOMEHOB He H3MeHseTcsl, a UX BeKTOPH HaMarHHYeHHO--
CTH OPHEHTHPYIOTCS B HaNpaBJeHHHU TOJIA.

[IpH yMeHbLUCHHH HaNpPsKEHHOCTH TOJIST A0 HYJsT HaMarnuuct-
HOCTb NOHUXKAeTCs 10 HEKOTOpPOro 3HaueHus Jy,, Ha3blBaeMoro o c-
TATOYHONH H3OTEPDMHUECKOH HAMATHHUYEHHOCTH IO.
HyneBas HaMarHuueHHOCTh AOCTHraeTcsl NPH HANpsSXKXEHHOCTH HOJIA,
FaBHOH KO3PDLUHMTHUBHON cuae H, (cM. puc. 62,6).

®eppoMarHeTHKM ¢ OTHOCHTEJNbHO He3HAUMTeJbHOH IJION[aAbIo:
THCTepPe3UCHON KPHUBOH M KO3PDUMTHBHONH cuJjoft (cM. puc. 62, 6),
He TpeBbIIIAIONICH THICSY ammep Ha | M, Ha3bBalOTC MSATKHMH B
NPOTHBONONOXKHOCTb 2KECTKHM (CPPOMArHeTHKaMm, XapakTepH3ylo-
IHMCsl WIMPOKOH HeTJell rHCTepe3nca W KOIPLUHTHUBHOH CHJIOH B 1ie-
CKOJIBKO JeCSiTKOB W/ Ja)Ke COTCH ThicAY aMIlep Ha | M.

OcraTouyHast U30TEepMHUYECKass HAMAarHHYEHHOCTH Jyr+ W KO3PLH-
TuBHaa cujia H. HapaBHe ¢ Jy, Jvs, %, %, B H T. 4. XaPAKTEPH3YIOT
MAarHuTHble CBOHCTBa (pePPOMArHeTHKOB NP HX HODMAaJdbHO
HaMarHuyeHHocTH HopMmaspbHas HaMarHHYeHHOCTb BO3HHKA-
€T NMPH HAJIOXKEeHHH NOCTOSTHHOTO MAarHHTHOrO IOJST Ha MOPOAY TNpH
HopmanbHbix Temnepatrype (20°C) wu masaenmn (0,1 MIIa). Tlpu
3TOM M3MEHFIOT HanpaBJjeHHe Ha NapaJljiejibHOe HaMarHHUYUBalo-
IeMycsi NOJIO T€ BEKTOPH HAMAarHHYEHHOCTH JOMEHOB, Y KOTOPBIX
3TO H3MEHEHHe He COIPOBOXKAAeTcsl IpeoJOJeHHeM 3HAUUTeJNbHBIX
sHepretnyecknx 6apbepoB. HopmasdbHast HaMAarHHYEHHOCTL MOJIY-
yaercs, HalpuMep, y ocajouHoH MOPOABI B COBPEMEHHOM reomar-
HuTHOM noJte (H.~40 A/m).

Kpome HOpMasbHOM, pasnuyaloT HA€aJbHYIO M TEPMOH a-
MarHiu4YeHHOCTh. MaeaspHass HaMarHHueHHOCTb HabJi01aeTCs
IIDH COBMECTHOM JeHCTBHH NOCTOSHHOI'O W MepPEeMeHHBIX MarHuTHBIX
nojefl ¢ amMnaMTYROH, H3MeHsouwefcss oT moJefi HacHIleHHs 10
Hy.IA.

TepmoHamaruuueHHOCTh OGBIUHA AJISI MOPOMA, HArPETHIX N0 TeM-
neparypbl Boilie TOYKH KiOpH B OCTHIBAIOIMUX 10 HODMaJbHBIX TEM-
nepaTyp B NOCTOSHHOM MarnuTHoM moJie, [Ipy 3TOM BO3HHMKaeT HaH-
Gosiee 3HauMTEJbHAsl OCTATOUHAS HAMATHHUYEHHOCTb Jy, MOPOX, Tak
K4K TNpH BBICOKMX TeMIepaTypax B YCJOBHSX He3HAUHTEJbHBEIX Me-
XaHUYECKHX HaNpsXKeHHH OPHEHTHpyeTcss HauGoJIbliee YHCAQ BEK-
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a & 6 Puc. 63. Cxema pacnpeleneHus
BEKTOPOB HaMaruuuyeHHOCTH B
KpHCTaN1ax:

a — deppomarnetis; 6 — aHTHhEppO-

i * MarueTHk; 8 — QeppAMarHeTHK

TOPOB HAMarHHYEHHOCTH JOMEHOB 110 T0JI0, HalpaBjieHHe KOTOPbIX
10CJIe OCTHIBAHHS TOPOJ 3aKpenssercs.

HOas sToro mpouecca MakCHMaJbHBl TakKe oObeMHas MAarHuT-
Hasi BOCIPHMMYHUBOCTb %, OTHOCHTE/IbHAS OCTATOYHAsi HaMarHHYeH-
HocTh Jyr/Jvy ¥ OTHOCHTENbHAS KOIPUHTHBHAA cuaa HyfH, unu ee
abcosoTHOe 3HaueHue [l NpM OAMHAKOBOI OCTATOYHOH HaMarHu-
YEHHOCTH.

MarnutHas BOCIPHUMUHBOCTE (HepPOMArHETHKOB NPH HaNpsXKeH-
HOCTH noJs1, GJAH3KOH K HYJIO, NOCTOSIHHA, 3aTeM OHa BO3pacTaer,
JOCTHTHYB MAakKCUMyMa, B jaJjbHelfilleM yMeHbUIaeTCd.

BOJBUIMHCTBO CHJBHO MAarHWTHBIX MHHepaJsioB, uMmest OJu3Kne K
¢eppHMarHeTHKaM MarCHWTHble CBOMCTBa, 3HAUMTENBHO OTJIHYAIOTCS
OT TNOCJEIHMX TIO MAarHHTHOH CTPYKTYpe W OTHOCATCS MO 3TOMY
NIpH3HAKy K oco6oil rpynne — QeppUMarHeTHKaM.

B xpucrammax ¢eppuMarieTHKOB BeKTODH HaMAarHHUYeHHOCTH
06pa3yloT ABe TPYMIbl; B IPyNIax BEKTOPH HaMarHAYeHHOCTH MNa-
pa/JejibHBl, @ y Pas3JIHuHbIX TPYIN — aHTHNapaJsjeabHel, Tak Kax
pe3yJbTUpPYIOLIHEe MarHdTHBEIE MOMEHTH TPYNMN He paBHBl (pHc. 63),
BO3HHKA€T 3HAUUTeJbHAas COGCTBeHHast HaMarHW4eHHOCTb (eppH-
MAarHeTHKOB,

CaoiictBaMH (heppOMarHeTHKoB 06/1aa0T (eppPOMAarHuTHble TH-
TaHOMAarHeTHTHl, caabodeppoMariuTHblE IeMaTHT, THAPOKCHIBI XKe-
Jiesa (TeTHUT, FHAPOreTHT U JEeNHAOKPOKHUT), CHAEPHUT, Takue deppH-
TBl, KAK MarreMHT, TPEBOJHUT, SIKOOGCHT, HPAaHKIUHUT, MarHesuodep-
‘PHT, TEMOUJBMEHHUTHI (peJKHe pPa3sHOCTH aHTHdeppOMATHUTHHIE CO
caabuiv deppomMarHeTusaMoM), a Takxke cyJbdodeppuTh — NUppo-
THH (HEKOTOpble PA3HOCTH €ro), BaJaJepHT, KyOaHHT.

MarzeTut uMeeT GoJibluyio BocnpuuMuuBocTs (ot 1,25 no 25 en.
CH), namMarHuueHHOCThL HAacbllleHUs okoJjio 490-10%8 A/m, TOUKY
Kriopu okosio 576 °C.

s kyOuueCKHX MOHOKPHUCTAJJIOB MarHeTHTa OOBYHA MAarHuT-
Hasi aHU30TPONHUSI — HAMAarHHYABaHHE TPOUCXOAUT Jierye BCero IO
*OCH AMaroHanu Kyba u Hambosee TPyNHO B HANpPAaBJEHHH €ro pe-
'6ep. B HampaBseHun AuaroHaseii rpaHuiy ky6a HaMarHHUYeHHOCTb
HMeeT NPOMEKYTOUHOE 3HaueHue,
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MarsuTHble CBOHCTBa (epPPOMATHHTHBIX MHHEpPAJIOB 3aBHCAT H
OT BeJMYHHBI HX 3epeH. Hanpumep, MarHuTHasi BOCHPHHMYHBOCTD
reMaTuTa yMeHblIaeTcsi C MOBbILIeHHeM KX AHcrepcHocTH. [locaea-
Hee OOBACHAETCS CHHXKEHHEM 4HCJa AOMEHOB B 3epHax IIpH yMeHb-
wieHyn MX pasmepoB. [lo Tofl e NpHUHHE ¢ yMeHbUICHHEM paiMe-
pOB 3epeH KOIpLUTHBHAs CHJIa Bo3pacTaer.

CoBmecTHOe OeficTBHE MAarHMTHOIO IO/l H  MeXaHMYeCKHX Ha-
NPsKEHHH, TaK e KaK H TeMmepaTyphl, oka3biBaeT 6oJiblloe BJHA-
HHE Ha 3HAUeHHss MarHHTHBIX XapakTepHCTUK NopoAd. B marHuTHOM
noJie 06pasiipl peppu- H GeppOMarHHTHbBIX MHHEPAJIOB MOTYT HMeEThb
KaK MNOJAOXKUTEJIbHYIO, TaK M OTPHUATEJbHYI0O MACHHTOCTPHKLHIO —
OTHOCHTeJNbHOE YAJHHeHHe o6pas3la INpH ero HaMarHu4HBaHHH.
C pocTtoM pacTsirMBarllell Harpy3ku HaMarHHYeHHOCTb MAarHUTHBIX
MHHEpPaJoB C NMOJOMKHTEJbHON MArHHTOCTPHUKLHeH (HalpHMeD, mar-
HETHTa) yBeJHUHBacTCsl, a ()eppOMArHUTHBIX MHHEPAJIOB ¢ OTPHLA-
T@JbHOH MArHuUTOCTPHUKUHEH yMeHbIlIaeTcs.

MarnuTHasi BOCIPHHMYHBOCTh MHHEDAJOB H3MeHAeTcs Noja jefi-
CTBHEM OIHOOCHOrO cKaTud. TUTAHOMAarHeTHTH TNpPH  OJAHOOCHOM
naiaenun 10° MIla u namarnuuuBaiouiem noJe 800 A/m HMeOT %
NOYTH B 6 pa3 MeHbIIYIO, YeM IIpH aTMOC(CPHOM AaBJeHHH, a IpH
H{~1700 A/m — B 7 pa3. 3HaueHHs] x MarHeTHTa NpH TeX Ke Jas-
JIEHHH W HaMariHHYHBAIOIUX TOJSAX YMEHbLIAIOTCS COOTBETCTBENHO
B 4, 5 n 6 pas. [Ipu 3HauUHTEeJBHBIX Harpy3kax » MarHeTHra crabu-
JIM3HPYETCSl W He 3aBUCUT OT noJas. M3meHeHne » non JaeficTBHeM
OJHOOCHOTO J1aBJeHHs] p OOBACHSAIOT BpalieHHeM BeKTOPOB Jys JO-
MEHOB.,

MsoTepMHyeckas ocTaTouHass HaMarHH4YeHHOCTb MHUHEpPAasoB,
BO3HHKAIOIAs B NOCTOSIHHOM IOJie, TaKKe MajaeT MPH HX Harpy-
»KeHnn. [louTH Bce BHABI OCTATOUHOrO HAMATHHYWBAHHS MHHEpaJIoOB
reMaTHTa, MarHeTuTa, THTAHOMATHETUTOB H T. . YMEHBLIAIOTCA MOJ
JedCTBHEM BCECTOPOHHEro JaBJeHHs.

Crabu/abHOCTh H30TEPMHYECKOH, TEPMOOCTATOUHON YAeJbHOH Ha-
MarHHYeHHOCTell NPH U3MeHeHWH [aBJeHHst pas3iuuHa, HauboJjee
cTabuabHAa TepMOOCTATOYHAS.

W3-32 ux pasnnuHOfi cTaGUJILHOCTH TOA AABJEHHEM MOXKET 13-
MEHAThCS HAlpaBJeHHe CyMMapHOH HaMarHUYEHHOCTH, BO3MOMKHO
Takke H3MeHeHHe 3HAaKa OCTATOUHOH HAMAarHHYEHHOCTH. YBeJnue-
Hue JaBJjieHHsi OOLIYHO TOHHXKaeT ClIoCcOOHOCThL MHHEpPaJsoB K Ha-
MarHHYMBaHHIO.

BiusiHue naB/ieHHs yMeHbInaeTcsi, KOT1a MHHepajbl npuoGpera-
I0T TeMIepatypy, cooTBercTByoulylo touke Kiopu. Ilpu sT1oit Tem-
nepatype yMeHbIIAIOTCH TAaKXe HAMaTHHYEHHOCTL HACBILIEHHS H KO-
SPUHTHBHAS CHJA.

Ecin munepan ycTofiumB K HamarHWuuBaHWio (MarHeTHT), TO
%x=[(T) nepBoro HarpeBaHHsi MarMaTHUECKHX nopon, rae oH Haxo-
MUTCA, He OTJIHYAKTCS OT TeX e KPHBBIX NPH NOBTOPHBIX HArpeBax
{puc. 64, a), uto He/lb3s ckaszath 0 kpuBHX Y =[(T) AJIA Tex xKe
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Puc. 64. 3aBUCHMOCTH MAarHWTHOH BOCHPHHMYEBOCTH 7y OT Temnepatypu T,

Kpusnle THNa: @ — OGBIYHOTO 0OPaTHMOro; 6 — OGLIYHOTO HEOGPAaTHMOro; € — HEOGLIYHOIO O6-
PaTHMOrQ; & — HeOGLIYHOrO HeoOGpaTHMOro, I — Harpep; 2 — OXJaxJAeHHe



{IOPOL ¢ HEYCTOHUHBBLIMH K HarpeBaHHIO (eppo- U (eppUMarHeTuxa-
MH (THTAHOMAarHeTHT, MarreMHT, UPPOTHH) (pHuc. 64, 6).

Autngeppomarieruku npu H=0 He HMEIOT pe3yJbTHPYIOLLEro
MarsHHTHOTO MOMEHTA, HO MarHHUTHBIE MOMEHTH COCE/JHHX aTOMOB B
HX KPHCTAJJIax aHTHIapaJieJbHbl. Takoe pacno/oxeiHe MOMEHTOB
06yCAOBJEHO OTPHLATE/IbHEIM OOMeNHbIM B3auMOAelicTBHEM, HabJamo-
LAOUIUMCs, KOTJa aTOME cOJiHKAIOTCS MeX/y co6oft 3HauyuTe/bHee,
uyem y deppomarHetukos (puc. 64,6). M3-3a 6osblioit 06ulHOCTH
MarHHTHBIX CBOHCTB aHTH(eppOMAarHeTHKH W NapaMarHeTHKH OTHO-
CATCS K MapaMarHUTHBIM BellleCTBaM.

Teepaas, xuakas u rasopas ¢aspl [1]. TBepnas ¢asa.
OO6BIUHO COCTOUT M3 CMECH AHa-, napa-, ¢eppu- u pexe eppomar-
HHTHBIX MHHEpAaJoB, WHOTJa TNpEeACTaBJeHa OZHHM HJIH ABYMsS U3
3THX MuHepaJoB. MarHuTHble CBOHCTBA 3TOr0 KOMIIOHEHTa NMOPOId B
OCHOBHOM 3aBHCST OT COJAEPXKAaHHs M pacilpelesleHUs B ero obbeMme
deppy- u peaxo ¢eppoMarHHTHBIX MHHepaJoB. 3HAuUeHHs % H3Me-
asotes or —0,4-10% go 1 en. CH.

Kunxasa ¢asa Boaa n HepTs gHaMarHuTHBl (U BOJBL ¥ =
=%=0,9-10"% en. CH, a ans vedpru y=—1,04-10-5 ex. CH), T.e.
5TH KOMIIOHEHTBHI NPHPOAHHX MKHAKOCTEH MNPAaKTHYECKH He MarHut-
HBl. MuHepa/ausauus BoJ MaJjiO BJHsIET HA HX MarHHTHBIE CBOHCTBA,
Tak Kak obobrunble Aas Hux conn (NaCl, CaCly, MgCl, 1 np.) Takxe
NHaMarsuTHEH.

[azoBas ¢pasa. dra ¢asza mopoa, nmpeiacTaByenHasi BO3LY-
XOM, ellle cnabee HaMarHHYMBAETCH H MMEET MEHBIIYIO BOCIHPHHM-
YHBOCTb 110 CPABHEHHIO C XKHMAKOW (pa3oif, H Bce ee KOMIIOHEHTHI, 3a
HCKJIIOUCHHEM KHCJ0POAa, JHAMAarHHTHHL.

[TockoabKy MarHuTHasi BOCIIPHMMYHMBOCTL NaPaMarHUTHOTO KHC-
JIOpO/Ja 3HAYMTEeJbHO NPEBOCXOIAHT X JAPYTUX as0B, ero COAepKa-
HHe B BO3AyXe no o0beMy OTHOCHTEJbHO BeJIHKO, a % OUeHb MaJa
(0,17-10=% ex. CH), To BO3Ayx TaKKe SIBJAsIETCS MapaMarleTukoMm,
1 ero x=0,04-10-% ex. CU. OueHp He3HauuTeJbHa H AHAMArHHT-
Has BOCIPHHMYHBOCTbL CYXHX YIVIEBOAOPOAHBIX I'a30B.

8.2. MATHHUTHBIE CBOMCTBA OCHOBHbBIX THIIOB NMOPOJ

8.2.1. MATMATHYECKHE NITOPOJ bI

MarnutHele cBoificTBa MarMaTHUECKHX NOPOA ONpedessieT Mar-
HeTH3M HX TBepAoH (a3pl. BHICOKYI0 M MOBBILUIEHHYI0 MAaTHHTHYIO
BOCIPHUHMYHBOCTb 3TOT0 KOMIIOHEHTA OOBACHSIOT HaJUYHEM B ero
cocTaBe MarHeTHTa, reMaTHTa, MHHEDAaJOB THTAHOMATHETHTOBOH H
reMOMJIbMEHUTOBOH cepuil. BaXkKHeHIIMMH M3 HHX SBJSIOTCS Marde-
THT, THTAHOMArHeTHTHl ¥ reMouJbMeHHTH [ 1, 6].

HUnrpysusHble nopoabl. CpaBHeHHE CBOHCTB (PePPOMATHETHKOB B
KHCJIBIX, CPE€HHX H OCHOBHHIX NMOPOJAax NOKa3blBaeT, yTo: 1) ynrenb-
Hast MarHUTHas BOCIPHUMYHBOCTL HX BO3pacTaer ¢ yBeJHUYEHHEM
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pasMepoB 3epeH; 2) TpHBeACHHAsi K OJHHAKOBOMY pasMepy 3epeH
HauaJbHas yjeJbHash MarHHTHAas BOCIPUHMYMBOCTb TeM GoJblue,
yeM MeHbIIE B 3THX MUHepaJax OKHCH THTaHa.

JJIsi MHTPY3HBHBIX KOMIIJIEKCOB MAarHHTHble CBOHCTBAa 0GYC/OB-
JeHbl Kak (eppH-, TaK U IapaMarHuTHBIMH MHHEpaJdaMH.

MarHuTHas BOCIPHHMUYHBOCTh MarMaTHYeCKHX II0pOJ BapbHPY-
€T OT JEeCSITKOB 10 coTeH Thicsiu (n-10%) noneit exunnus CH. Ilu-
POKHe Tpelesbi H3MEHeHHs % ONpPEAEJSIOTCSl B OCHOBHOM COCTaBOM
1epBOHAYa/bHBIX PacH/iaBoB, TePMOOADHYECKHMH H OKHUCJHTENbHO-
BOCCTAHOBHTEJbHBIMH YCJOBUSIMH TPOUCXOXKAEHHS M XKH3HH IOPOJL K
GOYC/IOBAMBAIOT HX 3HAUHTEJbHYIO AM(depeHiHalnio 1o HHAYUHPO-
BAHHOM ¥ OCTATOUYHOH HaMarHH4YeHHOCTH.

CpenHHe 3HaYeHHS % BO3PACTAOT OT KHCJABIX K OCHOBHBIM H
YJAbTPAOCHOBHBIM nopoaaM (rTaba. 12) [6].

OcHoBHBIE M CpefHHe NMOpoAbl (a3 BHeAPeHHs OTJHYAITC BO
BCEX MHTPY3MBHBIX KOMILJIEKCAX DasJquyHEIX PopMmaluil GoJjee BHICO-
KOH %, ueM TocJeAyolux ¢a3. DTo CBA3AHO ¢ POCTOM KHCJIOTHOCTH
nopol ot ¢assl K ¢aze (cnabOMarEUTHHE KOMIJIEKCH), JHOO Tak-
XKe ¢ yMeHblIeHHeM cojepKaHus (eppuMmarHeTukon. OAHAKO MOPoO-
Jibl C OAHHAKOBOH OCHOBHOCTBIO (B UACTHOCTH, KHCJBIE) MOTYT OBITH
OT CHJIBHO- JI0 cl1abOMarHUTHHIX.

d¢ddysuBHble mopoabl. bBwicTpas cKOpocTb OCTHIBAHHSA 3(dy-
3UBHBIX MOpOoJA OOyCJORJAMBAET HaJH4YMe B HHX He TOJbKO Mar-
HETHTAa, HO M THTA4HOMArHeTHTOB, 0COGEHHO B OCHOBHHIX TNOpPOoAax.
Turanomarnerutsl Fe;_,Ti04 mpu 0<x<<1 U OKHCJEHHBlE KATHOH-
Je(UUUTHEEe THTaHoMarHeTuThl (turaHomarreMuTs) (FeTi.)sOu
SIBJSIIOTCS TJIABHBIMM JIEFKO HaMAarHWUMBAIOUIUMHUCS MUHepaJaMu
3¢ (dy3UBHBIX NOPOJA OCHOBHOro cocraBa (6asanbTbl, JgHabasbl KU
Ap.) KaK KOHTHHEHTaJbHOro, TaK U rMyOHHHOrO OKeaHHueCKoro npo-
HCXOXKIeHH .

Paznuunslli pasmep 3epeH, WX HEeOAHOPOAHOE pacHpefescHUe
onpeneadior 60JblIOH pasépoc MArHHTHHIX XapaKTEPHCTHK.

Kospuuruenas cuaa, ecrecTBeHHas OCTATOUHAsh HaMarHW4eH-
HOCTb M ToukM Kropu. Ko puHTHBHAasA cuJda MarMaTHYeCKHX
nopoJ, uaMeHsiercsi ot —400 no —37000 A/m, npuyem y OGOJBLIHH-
ctBa He npesblliaer — 8000 A/M. MarHuTOXKeCTKHE pPa3HOCTH 00-
HapysKeHbl B OCHOBHOM cpenu 6a3asibToB, 'PAHHTOB U CHEHUTOBLIX
nopgupos.

OcratTouHass HaAaMarHHYeHHOCTHL ONpeleNsercs MNpH-
ponoii, KoHUeHTpauuell H pasMmepamu 3epeH (GeppoMarHeTHKoB. Tep-
MOOCT4TOYHAs] HAMAarHHYEeHHOCTb YBEeJHYHBAETCA C YMeHblICHHEM
pasMepoB 3epeH (peppOMarHETHKOB.

EcrecTBeHHasi yaesbHast 06beMHass OCTATOYHAS HaMarCHHYEH-
HocTb Jy, nopoa uaMmeHsierca ot 10-2 1o 102 A/m u Gosee U MoXer
GbiTb GOJble M MeHblle HHAYLUHPOBAHHOH HaMarHWYeHHOCTH Jyi=

=wnH,, u3MepenHofi Ha NOPOMIKOBEHIX NpoGax B MAarHWTHOM IIOJe
oxoJio 40 A/m.
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TaGauua 12. MarautHas BOCNIPHHMYHBOCTb % HEPBMYHBIX OCAAKOB U NOPOX

IlepBHuHBIl OcaloK HJAH NOpona

BOCIIPHHMYHBOCTh

YaenbHasa o6beMHast MarHHTHas

%®, -10-% en, CH

HauGonee Be-

deppuMarHiuTHbie H
Apyrue MHHepabl
C OTHOCHTEJbLHO BBI-

COKO#i %, HaXoAslHe=

npeaenbHas poATHAsA < B pyaax
Hepsuunvie ocadku, o6pasosasuiuecs U3 HUX 0cadouHbie
u meramopguueckue nopodel u pyoot
ITecox 0-—3800 —_— —
Ilecuanuk —3—>50 000 12,5—125 —
Keapuur 0—380 0—50 —
Anespoaur —3—6300 12,5—125 —
I'auHuCTHE HA 15—>50 — —
I'nuua 2,5—3800 12,56—125
Apraaaut 2,5—1250 12,5—125 —
Sunnur ~0—125 —
Wn
H3BECTKOBBIH 6—~9 — —
dhopaMuudepoBbIit 1,3—~6 — —
Hasectnsx 0,15— ~ 3800 1,25—30 —
MaBectHak  Mpamopu3oBaH- —6— ~0 — —
HBIH
Mpamop —5—~6 —2,5—6 —_
Hoaomur 0,15—>125 0—125 —
Mepreas 0,15— ~ 250 1,25—30 —
Tunc 0,15—125 — —
AHruapur 0,4—12,5 — —
Kamennas coap xo >10 — —
Pyaun dopmanui
JKeMe3HCTHX KBapLHTOB 125 000—380 000 — Marnerur, TurTaHo-
MarHeTHT,  Marre-
MHT, Maruesiodep-
PHT
GOKCHTOHOCHOH  TeppHIeH- ~ 0—4400 - Marremnr, marHe-
HOH THT, TeMaTut (mno-
CJeHHX MeHble)
GOKCHTOHOCHOHt KapGoHaT- ~0—1250 — Marnerur
HOit
JENTOXJOPUTOBOII  (KeJes- <90—>300 — Maptut, cniepHr,
Has pyaa) THAPOTeTHT
MapTHTOBHX M OypeIx Xe- | >125—>250 — To xe
JIe3HSIKOB
CHAEPHTOB 125—625 — -
MEJUCTHIX NMeCYaHUKOB >6—>125 — —_—
Yrau —7,5+—9 —
Maemaruneckue, ofpasosaswuecs us nux meramopduueckue nopode. u pyds
HutpysusaHe
Jeunur >1—>50 000 — -
ITepuaorur >1—>50 000 — -
ITupokceHuT >1—>50 000 — —
CepHOHTHHHT 190—>60 000 |3800—50 000 —
T'a66po <1—>25 000 - —
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Ipodorsxenue Taba. 12

[epBHYHBIE OCAaJOK HJH HODPOAA

YneabHass o6beMHass MarHUTHas
BOCNPIHMYHBOCTG ¥, +10-° ex. CH

deppUMarHuTHbIE H
ApyrHe MHHEpPa.bl

npeaenbHas

C OTHOCHTEJAbHO Bbi+
COKOfi %, Haxoasuue-
cA B pyaax

HauGonee Be-

posiTnast
Juoput <1—>15 000 —
JHOopHT KBapUeBHH <1—>7500 —_ —
CHeHHT <1—>8000 —
'panur <1—>7500 — —
['panoguopur <1-—->7500 — -
Sdody3uBHBE
baszaapt ~0—>25 000 —
Anpesur ~ 0—>3800 — —
Jlunapur >1—5000 —_ —
Juabaz ~0—>15 000 — —
Kpapuesniit nopdup ~ 0—<900 —_ -
OproMeTaMoppHUECKHe NOPO-
Jbl
CanaHel
KBapli-CEPHIIUTOBHIH ~0—1900 12,5—125 -
KBapL-XJOPHTOBHII ~ 0—>8800 12,5—125 -
IO ASHOR ~ 0—1900 12,6—125 -
AKTHHOJHTO-XJOPHTOBBI I ~0—3800 — —
Amdpuboaur ~0—>15000 [(12,5—125)— —
: (1900—3800)
DKJOTHT — 38—90 —
Tueiic
GHOTHTOBHIf ~ 0—>7500 12,6—200 —
NIPOKCEHOBbIf ~ (0—3800 1900—3800 —
[panyaur
KHCJIBI ~ 0—880 —
OCHOBHO 380—>7500 — —
IpaHuT nXarMOMMKPOKJHHO- ~ (0-—3800 - —
Bhill
Murmatir —_ 0—7500 —_
YapHOKHT KOHTAKTOBBIf ~(0—1900 380—1250 —
CnaHell TATHHCTHIH ~ (0—380 — —
Porosuk 6HOTHTOBHI 3MHAOT- ~0—>7500 0—880 —
MUPOKCEHOBRIH
Cxapu Jo 3800 125—1250 -
12,5—15 000 —
JIHCcTBHHAT 0—380 — —
Kap6onarur 0—>380 —
I'peiizen
KBapUeBbIH 0—>125 —
CJIOAHMCTO-TONA3-KBapleBLlit 0—>125 —_ —
Pyan dopmanuii
MarHesHodeppUTO-CKapHO- 125 000— — Maruerur, THTaHO-
BO# <57 000 MarHeTHT, marre-
MHT, MarHesuooep-
pHT
MarHeTHTO-CKapHOBOIl >75 000— —_ To xe
1 000 000
THTAHOMArHETHTOBOMH 38 000—440 000 — »
OJIOBOHOCHBIX CKapHOB 125—>750 000 — Maruetur
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ITpodoascenue 1a6a. 12

YaeabHass o6beMHasi MarHHTHas
BOCIPHMMYHBOCTD X, -10-5 eg. CHM| PeppHMarHutHbe
JApyrHe MIHIHepaJbl
nepBll‘!Hb]ﬁ OCajaox HJIH mopohaa C OTHOCHTENbHO BbI-
Haubonee pe-| COKOH X, HaxojlsulHes
npeaenbHas posATHas ca B pyaax

KacCHTePUT-CyabbHAHOM 8800—10 000 — [MappoTun
KaCCHTEPHT-CHIUKATHOR <125 —_ Maruertur, rematur
KaCCHTEPUT-KBapleBoi <12,5 — —_
OJIOBOHOCHBIX TErMaTHTOB >5 — —
ra66po-nepHrOTHTOBOM ~ 125—41 000 — IMupporun, wmarue-
(cyabdHAHBE MeIHO-HHKe- THT

JeBLie)

nepHAOTHT-THPOKCceHnTOBOMR | 3800—125 000 — To xe
(cyibbuaHble MeJHOHHKe-

JieBHi€)

MeHO-KOoJue 1aHHOH >5—25 000 — »
MeH0-nopdHPOBOI >6—12 500 — Marnerur, rematur
MeXHO-MONHGIeHHTOB O 12,5 — —
XPDOMHTOBOII  (QYHHT cep- 1000—7000 — Maruerur
HEeHTHHH3HPOBAHHBLI)

XPDOMHTOBOIT (XPOMHT) < 90—<2300 — »
peRkoMeTa/ibHON kBapue- | o 1900—2500 — Marurernt, nuppo-
BOIl (30JJ0TOHOCHBIE) THH
30JI0TO-KBapueBoit  (30J10- 630 — [Tupporun
TO-CyAbbHAHBIE)

KBapl-aHTHMOHUTOBOM <125 - —
KBapl-CepHUUTOBLIX MeTa- 6—12,5 — —
COMAaTHTOB

30710TO-cepebpsiHoi <6 — —
CKapHO-CYJ/b(HAHO-LIIECTUTO- 3,8—630 —_ [Tuppotuu

BOH (Boab(paMoBHE)

BOJbbpaMo-cyabHHIHO- <12,5—1000 — »
CKapHOHIHOI

KBapl-*HJIbHO-TPeli3eHOBOI 12,5 — —_
(BoabbpaMoBLIe)

KoJlue 1aHHO-NOJHMeTaIH- >6—1000 -_— [Tupporun (npu no-
yecKoii BBILIEHHBIX X)
CKapHoBOl  (moammerammu- | n*—n*-1000 — To xe

4eCcKHe PYIH)

KBapu-cyabduanoii  (nosau- 6—20 — »

MeTa IHYecKHe)

CBHHIIOBO-UIHHKOBblE (MOJIH- <6 — »
MeTaLlInyecKHe)

* HeCKOmIbKO exuHHL.

EcrecTBeHHasi ocTaTouHast HAMarHHUEHHOCTh Y KPHCTAJIHUYECKHX
NOPOJ ¢ MaJbiM COJeprKaHHeM KPYNHO3ePHHCTHIX (peppuMarHeTHKOB,
HanmpuMep y JeHKOKPAaTOBBIX TIDAHUTOB, OLEHHBAETCS AECSATHIMH
BoasaMHU Jy;. 3HauenHs Jyn, B HECKOJBKO pa3 MJAH AaXKe Ha HeCKOJb-
KO IIOPAJAKOB INpeBocXoAdiue Jy;, HaGJ0AAI0TCH wallle OPH BBICO-
KOM COLepXaHHH peppUMAarHETHKOB.
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OTAHYUTENbHBIMH OCOOEHHOCTSIMH  €CTECTBEHHOr0 OCTATOUHOTO
HaMarHHUHMBAaHUs SABJSIOTCA HEOAHOPOLHOCTHL B Npejenax OLHOrO
MaccuBa M yCTOHYHBOCTD K pasMarsuuuBanuio. C pocToM TeMIepa-
TYpbl TEPMOOCTATOYHOE HAMATHHYHBAHHE YMEHbIIAETCA H HOCTHIa-
eT HyJeBbIX 3HaueHHil npH Toukax Kiopu.

Touxu KiopH MarMaTuyecKHX TOPHBIX IOPOJ HE 3aBHCAT OT
pasmepa 3epeH H COAepXKaHUsA (PepPOMArHeTHKOB M XOPOIUO OMNpe-
JeJAI0T MX BEUIECTBEHHBIII cocTaB. MarmarnueckHe nopoasl Xapak-
TepU3YIOTCs OJHOH — O06bIuHOH TOYKOH Teo, HIM ABYMS — OOGBIYHON
Tco ¥ HeoObIuHOU T¢e — TOukamMu KiopH, ycTaHaBJMBaeMbiMu, Ha-
npumep, u3 3asucuMmocteil y=[(T) mnepsoro HarpeBaHusi 06pasioB
B NOJIAX HaNpsXKeHHOCThIO okoso 160 A/M (cM. puc. 64).

Touka Kropu Tco moayuyaercs u3 OOBIUHBIX 3aBHCHMOCTeH ¥ =
=f(T) (cm. puc. 64,qa,6), Toraa Kak ase TOUkH Tco H T Modayua-
10Tca H3 HeoOGuuHBIX (cTyneHuaThlx) 3aBucumoctedl y=f(T) (cMm.
puc. 64, 2, 8). [Ipu atom kpuBbie ¥=f(T) (cM. puc. 64, a) Ha3bBa-
JoTC 06paTHMBIMH, €CJIH HX MOKHO NOJYYHTh HE TOJBKO B pe3yilb-
TaTe HarpeBaHusi o6pasna MOpoJbl, HO TaKXKe H IIPU ero oxJaxie-
HHM M TIOBTOPHHIX HarpeBaHusix. KpHBble 3TOro Tuma COOTBETCTBY-
10T TOPOAAM, Y KOTOPHX (PePPOMArHeTHKAMH SIBJSIIOTCH MAarHEeTHT
HJIHM MATHETHT ¢ He3HAUWTEJbHOH TPHUMeCblo OKHCH THTaHa. Heob6-
paruMbiMH (cM. puc. 64, 6) HaseBawoTcs kpusbie y=f(T), KoTopuie
HEIIOBTOPUMBI NPH OXJaXKACHHH HJIH TOCAeIYIOUIHX HarpeBaHHAX
06pa3lLoB C HeCTOHKHMH K HarpeBaHHIO (eppOMarHeTukKam, HalpH-
Mep THTaHoMarHetutamu. CTyIleHUaThle KpHBblEe TOJy4YalTCcsd MNpH
Ha/JHuHH B n0Opojax (eppOMarHUTHBIX MHUHEPAJOB Pa3jHYHOTO XH-
muueckoro cocraBa. [IpHuem HeoOGpaTHMBle KpuBBIE THOHYHBL [J5
HOpOJ, COAEPIKAIIUX MAarHeTHT M He CTOHKMUEe 10 OTHOIIeHHIO K Ha-
rpeBaHuI0 (eppoMarHeTHKH (THTAHOMAarHETHT, MarreMHuT H Ap.).

Coraacuo uccaenopanuam A. C. Cemenosa u @. C. ®aitubepra,
0o6paTHMOCTh H HeoOpaTuMocTh Kpusbix ¥ =f(T) 3aBHCAT OT cpels,
B KOTOPOIl NMPOHCXOAAT HArpeBaHHE M OxJaXAcHHe deppomMarHeTu-
koB. Ilpu mpogo/KHTENLHOM HarpeBaHuu 06pa3LOB IeMaTHTOBLIX H
JIUMOHHTOBBIX PyJ, cuaepura u muputa fo 800°C npu poctyre BO3-
Jyxa o6HapyxeHa HeM3MEHHOCTb HX MAarHUTHBIX CBOHCTB. Ilpm Ha-
IrPeBAHHH B BOCCTAHOBUTEJILHON cpefle NMPAKTHYECKH HEMArHHTHbIE
66pasubl NpHOGPETANU NMOBHILIEHHBIE HJIH BBICOKHE J, W 7 BCJEACT-
BHe NOSBJIEHHS] B HX COCTaBe MarHETHTa M HHOTJA XKeJje3a.

8.2.2. METAMOP®HYECKHE MOPOABI [1]

MaruuTnas BOCIPUHMYHBOCTb METAMOP(HUECKUX NMOPOA H3Melisi-
eTCs NPHUMEPHO B Tex XKe UIMPOKHX INpejesax, 4TO M MarmarHuec-
KHX — OT NPAaKTHYeCKH HEMAarHHTHHX A0 CHJIbHOMAarHHTHBIX.

HesHauurenbHass marHuTHasi BOCIPUHMUHBOCTb XapaKTepHa IJs
MeTaMop(PHYECKHX MOPOA, NPOHCXOASIUUX W3 NMPAKTHYECKH HeMmar-
HHUTHBIX OCAJOYHBIX (IJIHHHCTHIE CJAAHUB, QHIMUTH, KPHCTAJLIUYCC-
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KHe cJaHubl, napaam@puOOJUThl, KBADUHUTH, aparHedCr, Mpamop 4
Jp.) HAM M3 NPAKTHUECKH HEMArHMTHBIX MarMaTHueCKHX (rpaHHTO-
rHeficel ¥ Ap.) MOPOA.

QueHb BBHICOKHE 3HAUEHHSI MarHUTHON BOCIDUMUMUYHMBOCTH (OObIu-
Ho cBoiute 7500-10-% ex. CHM) nmabalomaloTca vy KeJde3nuCTblXx KBap-
LMTOB (A2KECIHJIHTOB).

MarguThasi BOCIPHHMYUBOCTb APYTHX MeTaMOP(QHUECKHX HOpOXd
(HanmpuMep, XJOPHTOBBIX H TAJbKOBHIX CJ/IaHLEB, FHEHACOB, THOPHTO-
BOTO cOCTaBa M APYrHx) oGbIYHO 3akJjlouyaercss B npenenax (12,5-
+7500)-10-5 ex. CH (cM. Taba. 12). DTH HOPOALI NPOHCXOAAT H3
MaJjiooforalleHHbiX ¢eppoMarieTukaMid MarMaTHYeCKHX TFOPHBIX TO-
pox.

3HaueHnss XapaKTePHCTHK HaMarHHUeHHOCTH MOPOJA IMIPOMNOPHHO-
HaJbHBl COAEpPXKAaHHIO (eppHMArHEeTHKOB, KOTOpHle B PErHOHAaJbHO
mMeTaMop(pH3HOHHBIX NOPOJAX IiPeJACTaBJEHBl MArHeTHTOM, a B IO-
polax, H3MEHEHHBIX THAPOTEPMAJIbHO-METaCOMAaTHUECKHMH H THIep-
IeHHBIMH IIPOICCCAMH — MarHETHTOM, TeMaTHTOM, MAarreMHTOM H
IpyruMu deppuMarHeTHkaMu. B cyJbOHIHBIX MECTOPOXKIEHHSAX ua-
CTO BCTpeuaeTcsi MHPPOTHH.

8.2.3. OCAJOUYHBIE NMOPOADI [1]

MarHeTHsM 0CalQYHBIX HOPOJA CBS3aH B OCHOBHOM C HX aKlLiec-
COpPHBIMH MuHepajamu. ®Peppo- U (peppUMaTrHUTHBIE MHHEpaJbl
BCTPEYAIOTCS 31€Ch B BHJE: 3€peH MarHeTHTa, MapTHTa H reMaTura
¢ a¢pdexTnBHEIM AnaMetpoM oT 0,01 no 2 mM; no3gHeguareHeTHyec-
KHX M 3THIeHeTHYeCKHX o0pasoBaHMil M3 JIUMOHHTA, TPOIYKTOB
OKHCJICHHSl M 3aMellleHHsi CHAEPHTOB, NMUpUTa U MarHeTuta. Qeppu-
MAarneTHKH (KakK MarreMHT, FeMaTHT, PeXke MarHeTHT) OKa3blBaloTCst
B TJIMHHCTOH (DPAKUHH 3THX MOPOJA B TOHKOPACCESIHHOM COCTOSIHHH
HJH B BHA€ CKOILTEHHH M IMJIEHOK I'MAPOOKHCH KeJje3a.

MaruuTHas BOCHPHHMUYHBOCTL HOPOJ OCAJ0YHOrO uexsaa (BKJIO-
yas pyabl) B CCCP naxoanrcst B mpemesnax —3-10-5—50-10-2 ex.
CH. Tlpu 3TOoM y raHH, aprUJIINTOB, NMECYaHHKOB H  aJIeBPOJHTOB
npeo6aafaloT PAsHOCTH €O CPABHHTEJbHO HH3KOl MarHuMTHOH BOC-
NPUHMYHBOCTBIO B npesesax (12,5-+125)-10-5 ex. CH, a y u3sBsect-
HSIKOB, N0JIOMHUTOB H Meprenei (1,25+30)-10-5 en. CH. Maxkcu-
MaJibHble 3HAUEHHS! % yCTAHOBJIEHBI Y MECYaHHKOB W  aJeBPOJHTOB
BOJIH3H HMCTOUHHKOB CHOCA, U OHH OOYCJIOBJEHH OTHOCHTEJNBHO BHI-
COKOH KOHLeHTpalHell MarHeTWTa. HauMeHbllleli MarHuTHOH BOC-
npunMuHBOCTBLIO (06bluno 30-10~5 en. CH) obnamaloT H3BeCTHAKH,
AOJIOMHTBI, AHTHAPHTH, THICHI, KaMEHHast COJb W YIJH. AHTHAPH-
Thl, THICEl, KdMeHHasl COJb, UHCTBIE PAa3HOCTH H3BECTHSIKOB, YIJIH,
coliepxallie B OCHOBHOM JAHAMArHHTHBIE MHHEpaJbl, MOTYT OBITb.
TaKXXe JAHAMAarHHTHHL.

Y ocazmounbix mopox obHapymena oueHp ciabas (ot 10~* g0
10-1 A/m), HO Becbma cTabuibHasi ecTECTBEHHAs OCTATOYHAS HAMAr-
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HuyeHHOCTb, OHA pacTeT ¢ yBeJIHUYEHHEM cOAepkaHHa Qeppomar-
HUTHBIX MHHEPaJOB, B UaCTHOCTH MAarHeTHTa.

Hanpae/eHHe eCTeCTBEHHOTO OCTATOYHOTO HaMarHHYMBAaHHUSL Oca-
JOUHBIX TOPOA OOBUHO MaJo OT/JAHYAETCSl OT HalpaB/JeHHA COBpe-
MEHHOr0 reoMarHuTHOro mnoJs. OJHAaKO BCTPEUAIOTCH MOPOJBI, Y KO-
TOpPLIX OpPHEHTAalus BeKTOPOB Jy, He COBNajaeT C OPHEHTAlHeH co-
BpeMeHHoro moss 3emad. Ilpsimoil cBasm mexay J, U MHHepa.b-
HBIM COCTABOM OCaJOUYHBEIX NOPOXA He oGHapyxeHo. DoJabuiue 3Haue-
Hust J, OOBIYHBI 1/ OCaJOYHBIX OOKCHTOBBIX H JKeJE3HBIX pyi, a
MaJible — JJIsI H3BECTHSIKOB, OOJOMHUTOB, KBADLUEBBIX MECYAHHKOB H
ruiicoB. TepmoocraTouHasi HaMarHWUEHHOCTb TaKiKe YCTaHOBJeHA
NpH NOBTOPHBIX HarpeBaHWAX 3THX NOPoOJ A0 TeMilepaTyp, Hab.ao-
Japlliixcsl B atMocdepe, H IIPH HAJHUYWH TeOMarHUTHOrO MOJS, NpH-
yeM 3HaueHue Jyn,<xnH. (H,— HanpsxeHHOCTb F€OMAarHHTHOrO MO-
Jisl) He NpeBeiliader, No-BuaumMomy, 1072 A/m,

Jlis ocaflouHBIX MOPOJA XapaKTepHAa aHU30TPONHS MACHHTHON
BOCTIPHHUMYHBOCTH Ay= (¥max—Hmin)/%cp. OHA JOCTHTA€T MAKCH-
MaJbHbiX 3HaueHud (A,~1,5) y cuIbHO MeTaMOpP(H30BaHHLIX OCa-
IOYHBIX Topoja. B cxaaguarteix pailionax A, 6oabpllie, dYem B [.IaT-
QopMeHHBIX 06J1acTaX.

[1smepeHue MarHuTHOII BOCIPHHMYHMBOCTH OCAJ0YHBIX OTJOKe-
Huil (KanmaMmeTpusi) B NPHUHIUIE NO3BOJSAET NOJAYYHTb BAKHYIO HH-
(popmMalHI0 O JHTOJOTHMYECKHX, (pallHaJIbHHIX, CTPYKTYPHBIX M ApPY-
rux ocobeHHOCTAX paspe3a. TexHuueckass peaju3audsi MAarHHUTO-
({paKuHOHHO-MHHEPAJOTHUECKOrO HM3YUeHHs] OCAJOUHBIX MOPOJ OKa-
3ajlach BO3MOXKHOI G.aronapsi paspaboTke BBICOKOTOUHOH aMmapa-
Typbl MATHHUTHEIX HCCJI€JOBAHUH B CKBaXHHAX C HCNOJb30BaHHEM
conenouaHoro szouga (M. M. Ilmiocuun, 1982 r.). CoJeHOUAHBIH
30HJA COCTOMT H3 JABYX AJIMHHBIX HHAYKIHOHHBIX KaTyllek — co.e-
HOMIOB, OCH KOTOPBIX COBMAaJalOT C OCbI0O CKBaxKHHHOro npubopa, a
paccTosiHue MexXJy HMX COJIMXKEHHBIMH KOHUAMH (AJHHA COJIEHOMA-
HOTO 30HJ1d) MeHblIe AJHHBl KaXA0ro U3 CONEHOHIOB.

[Ipn noMeuienuu 30HAa B CPeAy ¢ MAarHUTHOA IMPOHHLAEMOCTbLIO
MW UHo 3.7.C. HA 34KMMaxX H3MEDHTEJIbHOH KaTYLWIKH H3MeHSAeTCH
(mo cpaBsHenuio ¢ 3.4.C. £y B HEMarHUTHOi cpele) Ha BeJMYHHY
AE=FEq—Es/un. Ilpn manslx MarHHTHHIX BOCHPHUMYHUBOCTAX Cpeibl
(v<l): u=14+%, AE=xnEy. OcalouHnlii paspes BecbMa AeTaabHO
paculeHsieTcss no MarHuTHOH BocnpuumuuBocTH (1075 <Cn<C1,D-
-1073 e1. CH). MHHUMaJbHbIMM 3HAUEHHSIMH OTMEYalTCs THIICHI,
ZHTHAPHUTH, MAKCHMaJbHBIMH — [JIHHHCTBIE npoctou [27].

CoBpeMeHHass OCTATOUHAS HAMAarHHYEeHHOCTb SIBJISIETCS Pe3yJbTH-
pylolleli co3laBaBIIUXCSl M HCUE3aBUIMX CO BpeMeHeM OCTaTOYHLIX
HaMmarspueHHocteii nopoa. Ee HM3MeHeHHS CBS3aHBI C H3MEHEHHAMH
MarHHTHOTO noJjs 3eMJu H ¢ psajom JApyrux npuuud. OJHako He-
PEAKO BEKTOp J, MOXKHO NMpeACTaBUTh FeOMeTPHYECKOH cymMo# mep-
BOHAYAJLHOM €CTeCTBEHHOH OCTATOYHOH HaMAarHHYEHHOCTH Jno H
BTOPHUYHOH COBpeMEeHHOH HaMAarHHYeHHOCTH ¢ HalpaBsJ/ieHHeM cCylle-
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CTBYIOLIET0 B HacTosillee BpeMmsl NoJs. DTo TMO3BOJseT H3yyaTh
HCTOPHIO MarHuTHoro mnoJs 3eMaH. Ectb m Apyrue acmektel npH-
MEHeHHsi T1aJeoMarHUTHBIX HCCJeJOBaHHH (perHoHaJsbHbBle TeoJIOrH-
YyeCKHe HCCJeLO0BaHHs, reoJIorHuecKoe KapTupoBaHHe) [6].

8.3. MATHUTHDBIE CBOHUCTBA NPH PA3JIMYHDBIX
TEPMOBAPHYECKHX YCJIOBHIAX [1]

MarunuTHas BOCIPHHMUHBOCTb, ONpeJeJeHHass B HalpaBACHHH,
rnapaJiaeJbHOM OJHOCTOPOHHEMY CXKaTHIO, OOBIUHO yMeHbIIAaeTC C
ero poctoM. BOCIpHHMUYHBOCTb, H3MepeHHas MepHeHAHKYIApHO K
CAaTHO, Y psja o6pasloB BHayaje YBeJAHYIIBAETCS pe3ue, uem
BIOCJEACTBHY, W B JaJbHelillleM CXaTHe He BJHSCT Ha 3HAYeHHS
%. Ectb 06pa3ubl, y KOTOpEIX HabJiofaeTCsl HE3HAUHTEJNbHOE yMEeHb-
\leHne » NpH cxkaTHu. OrpHUATe/bHble H3MEHEHHUs] % MPH CHKAaTHH
00 BACHSIOTCS NMPHCYTCTBHEM B NOPOAAX MarHeTHTA.

Pasanune B xapaktepe M3MeHEeHHsi MAarHHTHON BOCIPHHMYHBOC-
TH NOPOA C 1iX CXKATHCM, BEPOSITHO, OLipeIeseTCsi HEOAHHAKOBON
YIPYroCTbl0 MHHEDaJioB, BMellalollux (eppOMArHeTHKH, a TaKke
B€JINYHHOI], (OpMOH M B3aHMHBIM PAaClOJOMKEHHEM 3epeH MocJeA-
HHX.

HccaenoBanne BJHSIHHS BCeCTOpPOHHero AaBJjenusa (800 MIla)
Ha ycToliunBocTb H3oTepmuueckoil (Jvr), uieanbuoit (Jvr;) u Tep-
MOOCTaToOuHO! (/v,;;) HaMarHuueHHocTH rab66po-iuabasoB, wiENOU-
HbIX TPaHMTOB, KBapleBblX AHODHTOB M IJIArHOTHEHCOB M0OKa3aJo,
UYTO BHE€ 32BHCHMCTH OT THIA NMOPOA H COCTAaBa HX (epPpUMAarCHUT-
HBIX MHHepaJoB 3HaueHns Jy, yMeHbILAOTCS NOJX JeHCTBHeM AaBJe-
Hust nouth Ha 85Y% B ycaoBusix onbita, npuuyem 609 s3TOro H3McHe-
HHUST MPHXOAHTCS Ha HHTepBas AaBieHuit 0—200 MIla. C poctom
noJsl poab AaBJeHus yMmeHblraercsd. OTHOCHTEIbHOE H3MEHEHHE Tep-
MOOCTaTOUHO HaMarHuueHHoctH Jy,¢ ne Gosee 159%. YcroitunsocTh
K pasMarHuyuBaHuio Jy, HMeeT NpOMEXYTOuHoe 3Hauenue, TakuMm
o6pasom, Haubosee ycrofunBa K JAaBjaeHuio Jy,+ M HauMeHee —
Jl’r.

Ilpu HarpeBaHHH MarMaTHYeCKHX NOPOJX, COJACPIKalUHX yCTOHUH-
Bblil K nocjeiHeMy (eppHMAarHuTHBIH MHHepaJa (Hanpumep, Mmar-
HETHT), HX MAardHTHas BOCIIPHHMYHBOCTL CllepBa BO3pacraeT, 3aTeM
najaer 4o 3HaueHMH, OJAH3KHX K HyJIO, NIPH TeMIeparypax, AOCTH-
raijomux touku Kiopu, M npu TNOBTOPHBIX HarpeBaHusx KpUBHIE
»=[(f) MOryT coBmazaThb c NepBOHAyaJbHBIMH (CcM. puc. 64,a).
Ecnu ¢eppumarHeTHk HeycTOHUMB K HarpeBaHHIO, TO NMOpoJAe NpH
TeX JKe YCJOBHSX COOTBETCTBYET AHANOTHYHBII BHJA KPHBOK x=
=f (), xoTOpHIi, 0AHAKO, HE COXPaHsieTCcst NMpU NMOBTOPHBIX HarpeBa-+
HUSIX B CBfI3H C H3MeHeHHeM coctaBa ¢eppuMartHeTHkoB (HanpHu-
Mep, THTaHOMAarHeTHKOB) ( cM. pHuc. 64, 6). [lopoabl, B cocTaBe KO-
TOPBIX HaxoJsATcsi ABa u Gojee ¢eppu- uam ¢peppoMarHerdra (Ha-
TpHMep, MarHeTHT M THT2HOMATHeTHT WM MAarHeTHT W NHUPPOTHH),
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XapakTepuayoTcss OoJiee CHOXKHBIMH no dopMe KpUBHIMH =/ ({)
{(cM. puc. 64, 8), OOBACHAIOWHMHC ABYMs HJH Gosee ToykaMu Kio-
pu (eppuUMAarHeTHKOB. JTH KPHBbie MOTYT ObITb Takke oOpaTHMsI
(ecin deppHUMarHeTHKH YCTOHYHBBI K HarpeBaHHI0) U HeoGpaTuMbl
(onuH nau o6a QeppumMarHeTHkKa HCYCTOHYHBHI K HarpeBaHHIO) (cM.
puc. 64, 2).

[Tpu noswiienuu Temiuepatypn go 200—300°C cHuxkaeTcs He
TOJIbKO MarHHTHast BOCHPHUMUYMBOCTb, HO M HaMarHMYeHHOCTH M30-
TepMuueckasi, HieanbHas, Bsa3kas u Ap. [Jpu Harpese mnopox o
Toykd Kiopu TepMoocTaTtoyHast HaMaTHK1eHHOCTb, BO3HHKILAs TPH
‘OCTBHIBAHUM TNOpPOJ B nose H, Tepserca. YMeHblIaeTcss ¢ POCTOM
TeMIIepaTypBl U KO3DLHUTHBHAsA CHJA.

8.4. CBSA3b MATHUTHOX BOCTIPUUMUYHUBOCTH
C APYITMMH NETPOPHU3UYECKHMH
XAPAKTEPHCTUKAMH

MeX1y MarHUTHEIMH H ADYTHMHU HeTPO(QH3HUECKHMH HJH NeTpo-
XMUMHUYECKHMH BeJHUHHAMH BBHIABJIEHBl CJEAYIOLIHe CBA3H.

CpenHsis MarHuTHasi BOCIPHUMUYHBOCTb MOPOJ, COCTOAUIMX M3
MHHEpPAaJOB C PAas3yMYHOM MAaTHHTHOH BOCIPUMMUMBOCTHIO H Haxo-
AALIXCS B HEOJHMHAKOBOM COOTHOILIEHHH, MOXkeT OBITb Takxke pac-
CUHTAaHa N0 ypaBHEHHIO

”cp=f(”nM9 VLIM) +f(%¢m1v Vdmi) +f(“cbmzv ’CbMZ)’ (8-4)

rie ®uw U Viy — COOTBETCTBEHHO BOCIPHHUMUHBOCTL M 06beMHOE CO-
JepKaHue AHa- U [apaMarHMTHHIX MHHEPAJIOB; Xgui, Vom1 — TO XKe,
paccessHHbIX (ePPUMArHHTHBIX MHKDO3epeH IIDH KOHHEHTpalHH,
menbiredl 0,01—0,1%; %oz, Voue — T0 Ke, heppUMaTHUTHBLIX MUHE-
panoB npu KoHueHTpauusx Gosee 0,01—0,1%.

[IpuHuMas BO BHHUMaHHe cjaloe MarHUTHOE B3a”WMOJEHCTBHE
MeXJy AHa-, mapa- M pacCcesiHHLIMM MHKpPO3epHaMH (eppUMArHuT-
HBIX MHHEPAaJoB, MOXKHO AOMNYCTUTb, UTO HX MATHETH3M MOXKHO OI-
peleJUTh 10 TIPOM3BEACHHI0 BOCIPHHMYMBOCTH Ha KOHUEHTpPALHIO,
T. €.

f(”mvxv VHM) = 2;' %nMVm\xf ("q;mv Vd)Mi) = ?’ ”d)Min)M 1 (85)

YpaBHeHHe, OLEHHBAOLlee CPEIHIOI0 MATHHTHYIO BOCHPHHMYH-
BOCTb C YY€TOM MAarHHTHOTO B3aHMOJEHCTBHs (eppHMarHeTHKOB
npH OOLIUHON JJIE MarMaTHUeCKHX [OpoJ KOHUEHTPalHH, HMeeT
Bug (no A. K. Beitu6epry)

n n Xpm2V o2
%Cp = 12 xHMVHM + zl X¢M1V¢Ml + - 1

(8.6)
I+ -3 angue
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VpaBHeHHe NPHMEHHMO IPH HAHOMOp(hHOM BKJOUEHHH (eppH-
MarHeTHKOB, KOTOpPOe OGBIUHO AJIsi MarmMaTHueckHx Tnopod. Ecau
BKJIOUeHHe (eppUMAarHeTHKOB HMeeT KCelNoOPMHBIA Xapakrtep, TO
3HaMeHaTeJb NOcjdedHero wieHa ypaBHeHHs rnpeobpasyeTcs K BHIY
(14 4mnpme) 13

Jlasi nopoj, B COCTaBe KOTOPBIX HaXoAATCs (eppH- H Iapamar-
HMTHBIe MuHepajsl, dopmynaa (8.6) npuobperaer cjaelyOlUHH BHA:

Aep = “nMivau + %uMZVl]M2 + e + %bein)Miv

IAC %owi M ®onz — MACHHTHble BOCHPHHMUYHBOCTH PAa3JHUYHBIX AHA- H
napaMarHUTHBIX MUHepanoB; Viywi H Vime — HX 06BEMIIOE cOLepiKa-
Hie.

Tax kak nocaenHuil uied dopmyan (8.6) HamHOro GoJablie Apy-
TUX, TO TIPH HAHOMOPQHLIX BKJIIOUEHHAX (PeppHUMATHETHKOB

4
xcp=%d)M2/(1 + EHKQ)MZ)'

MarnuTHble CBOHCTBA TOPOA OIpPeAe]floTCs He TOJNBKO cogep-
JKAHHEM MAarHETHTOBBIX H THTAHOMArHETHTOBHIX 3epel, HO H HX pas-
Mepamy, Qopmoit, pacnoJoxenueM. CyLIECTBEHHO BJIHSIET MNPHCYT-
CTBHE JIeFKO HaMarHM4YMBAIOUIMXCS MHHEpaJOB, HallpUMep MarreMu-
Ta, NMUPPOTHHA, a HHOrja W cJabGOMAarHHTHBIX pas3HoCTeil aBrHTa,
OuoTHTa, pOroBoil 0OMAaHKH, XPOMHUTA.

[Ipn atom npsiMo NpoNOpPLHOHAJIBHAS 3aBHCHMOCTb MAarHUTHOI
BOCIIPUMMYHBOCTH OT COJAEPKaHUS (PEPPOMATHUTHBIX MHHEDPAJOB MO-
JiyyaeTca JHWDb AJ5 00pa3loB H3 He3HAUHTENbHBIX MO 0GbeMy 06-
JiacTefl MHTPY3UBHBIX TeJ W APYTHX TeoJlorHieckux oOpasoBaHuil,
BO3HHKIIHX B KOHKDETHBIX YCJOBHUSIX H COAEpPKAUIHX TOJBKO OIHH
¢peppumarderur. Ilpy oAHOM H TOM XKe COAEPXKAHHUH MArHeTHTA,
HO Da3JIHYHOM PacMoJIOXKEHHH ero BKJIOUCHHH B NOPOAE MOXKHO HO-
JIyUHTh 3Ha4Y€HHUs MarHuTHOH BOCHPHHMYMBOCTH IIOPOJX, OTJIHYal0-
1yecs NOUYTH Ha TOPSIOK.

BbisiBJeHBE! JOCTATOUHO TECHLIE W YCTOHYHMBBle TpsAMble CBA3H
MeKNy: MarHHTHOH BOCIPHHUMYHBOCTbIO H COAEPIKAHHEM OKCHAA XKe-
Jie3a B KOHLEHTPAaTe; MarHUTHOH BOCIPHHMYHBOCTBIO M OTHOLIEHHEM
Fe3t/Fe?* ns1 mopon ¢ peppUMAarHHTHLIMH MHHepPaJaMH H TOPOL C
(deppH- 1 NapaMarHHTHLIMH MHHEpA/JIaMH; MATHUTHON BOCIPHUMUM-
BOCTbIO H COAEpXKaHHEM CYJb(PHA0B; MATHHTHOH BOCIPHUMUYHBOCTBHIO
H TJIOTHOCTBIO; OTHOWEHHEM Jyg/Jy,e H KO3DUUTHBHON cHJOH H;
€CTeCTBEHHOH OCTAaTOYHOH HAMArHHYEHHOCTbIO Jy, H COJepKaHHeM
MarHeTHTa; 00paTHble CBA3HM MeXKIy: MarHHTHOH BOCIPHUMUYHBOCTHIO

H collepXKaHHeM OKCHJAA XPOMa; MATHHTHOH BOCHPHHMUYHMBCCTBIO K
KO3(P(pHILHEHTOM NOPHCTOCTH.

KOHTPOJILHBIE BOITPOCHI

1. Onumure SJIeMEHTAapHble HOCHTEJNH MarHeTH3Ma B TOPHBIX MO-
poaax.
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2. B yeM COCTOHT pasjinude Mexiy Aua-, napa-, ¢peppo- u dep
pHMarHeTHKaMu?

3. OxapaxTepHu3yiiTe TeMIepaTypHYI0 3aBHCHUMOCTb HaMarHuyeH-
HOCTH B MarHeTHKax PasJHuHOrO THIa.

4. Yto Takoe KOIPUHTHBHAsA cHja W Touka Kiopu?

5. OnuiuuTe 3aBUCHMOCTH MAarHHTHOH BOCIPHUHMUYHMBOCTH # Ha-
MAarHHYeHHOCTH OT JaBJIEHHS H TeMNepaTyphl.

6. Uem ompejensioTcsi MarHHTHBIE CBOHCTBA TBEPIOH, MKHUAKOH K
ra3oBoil (a3 B FOPHBIX NOPOAAX?

7. KakoBH OCHOBHBIe pa3JuuHs MeXAy MAarHHTHBIMH Xapakxre-
PHCTHKAMH MarMaTHYeCKHX, MeTaMOP(pHYECKHX H OCaJO0YHBIX MO-
pPOA?
8. Iai#ite nerpodusnueckoe 060CHOBAHHEC HAJMHUYMA (HIH OTCYT-
CTBHS) KODPEJSILHOHHEIX CBsi3elfl MeXAy MAarHUTHBIMH H APYTHMR
CBOHCTBaMH: .

€CTeCTBEHHON PaAHOaKTHBHOCTLIO;

VAEJTbHBIM 3JIEKTPUUYECKHM CONPOTHBJCHHEM;

TenJOo(pU3HIECKHMH CBONCTBAMH;

CKOPOCTBIO PAaCNpOCTPaHEHUs M 3aTyXaHHeM YNPYyrux BOJH;

IJIOTHOCTBIO;

HOPHCTOCTHIO;

HeATPOHHEIMH CBONCTBAMHU.

9. TENJIONPOBOAHOCTD, TENMJOEMKOCTb,
TEMNEPATYPONIPOBOJOHOCTD

HNayuenne TemjodH3UUECKHX XaPaKTEPHCTHK TOPHBIX NOpOJ Je-
JKHT B OCHOBE NpHMEHEeHHs MeTOJOB TepMOMETDHH INpH TOHCKaXx,
pasBellKe M 3KCIIyaTaluu He(PTSAHBIX U razoBbIX MECTOPOACHHI.

3Hanne TenAo(MH3NIECKHX XapaKTePUCTHK HEOGXOAUMO [JisA pe-
LUIeHHs] CJeAYIOIIMX 3a1a4: 1) M3yueHHe eCTeCTBEHHBIX TeMJMOBHIX
noJseii B Heapax ¢ UEJbIO BbifIBJIEHHs TMIYOHHHBIX CTPYKTYP; KOp-
peasinusg pa3pe30B U JHTOJOTHYECKOE pacujeHeHue; BHAEIEHHEe Ta-
30HOCHBIX TFOPH3OHTOB B pas3pe3ax pasBelOYHBIX CKBaXXHH; 2) H3y-
yeHHe MCKYCCTBEHHBIX TeNJIOBLIX MoJjell, HanpuMep, pacnpocrpaHe-
HUs1 (POHTA TeNJoBOH BOJHBEI NPHU TEPMHYECKOM BO3JefiCTBUH HA
NJacT; M3yueHHe TeNJIOBOH KOHBEKIHH KUAKOCTH, CMECH KHAKOCTH
W rasa B CKBaXXMHe W IJacTe; TeOPeTHUYeCKOe W JKCIepHMeHTa/b-
HOe HcCJeloBaHHe Tpoliecca TeNJIoo6MeHa NIPH ABIMKEHHH TelJOoHO-
CHTeJsl B TIOPHCTOIl cpele, NP HCMOJB30BAaHUH TIyGHHHOrO TelJja
3eMaH.

Baxneiiline tensodusnyeckne xapakTepHCTHKH FOPHBEIX MOPOA—
TeNJIONPOBOIHOCTh A, TEMIIEPATYPONPOBOAHOCTE @ H TeIJI0eMKOCTb

C.
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}9.1. MTPOLECCDHI U 3AKOHbBI TENJIONPOBOAHOCTH
U PACNTPEOEJEHHUS TENJIA B TOPOJAX

\/9.1.1. MEXAHU3Mbl TEINIONEPEOAYH

MexanuaM nepefayu TENMJOBOH IHEPTHH ONpelesseTCA XapakTe-
pPOM B3aHMOJeHCTBHS YacTHI[ BCLIECTBA — MOJIEKYJ, aTOMOB, HOHOB,
3JIEKTPOHOB — B MIpOllecce UX TeIJIoBOro ABHXKenus. TensooOMeH
MOXET NPOUCXOJUTh B JMIOOLIX TeJax ¢ HEOAHOPOJHLIM pacmpenele-
HHEM TeMIepaTypsl. MexaHn3Mm NepeHOca TEMJIOTH 3aBHCHT OT ar-
peraTHoro COCTOSIHMs Tela. B KHMAKOCTSX W TBEPABIX TeJax —
AM3JeKTPHKAX — [EepPeHOC TEeIJIOTH OCYLIECTBJAsSeTCS MNyTeM Heno-
CpelCTBEHHO!l MepeJadn TelJIOBOrO JABHIKEHHS MOJEKYJ H ATOMOB
COCeJHUM YacCTHIaM BemecTBa (KOHIAYKTHBHBEH NepeHOC); B
razoofpasHbIXx TeJax — BeJedcTBHe oOMeHa 3Heprue#t npu coyiape-
HUU MOJIEKYJ, UMeIOIHX Pas/iHuHble CKODOCTH TemJIOBOIO JBHIKe-
HUS, B MeTaJjax — [VIaBHBEIM 006pPa3oM BCJAEACTBHe ABHIKEHHS CBO-
©O0AHBIX 3J€KTPOHOB.

$IBjeHHe KOHBEKTHBHOIO HepeHOCa TENJIOTH HaGJI0laeTcs JIHIIb
B XXHIKOCTSIX I rasax.

KonBekTHBHB A TEepeHOC — 3TO PacHpocTpaHEHHe Ten-
JIOoTel, O6YCJIOBJACHHOE INepeMelleHHeM MaKpOCKOMHUECKHX 3JeMeH-
T0B cpear. OO6beMBl KHIKOCTH HJH rasa, nepemeriasich 13 obJacti
¢ Goabliefi TeMmepaTypol B o6JlacTH C MeHbIIEH TeMmepaTypoii,
TIEPEHOCSIT TEILIOTY.

KOHBEKTHBHEIA NEPeHoC MOKET OCYILEeCTBJATHCA B pe3yJbTarte
cBOGOAHOrO HJIK BBIHYXKJAEHHOTO ABHXKeHUs TenjaoHocuTesst. CBobo-
AHOe IBHIKEHHe BO3HHMKaeT TOrZa, KOrAa YacTHUB XKHAKOCTH B pas-
JHYHBIX Y9aCTKaX CHCTEeMbl HaxXOAATCS NOX BO3AeHCTBHEM MAaCCOBBIX
CHJI Pa3nu4yHOH BeJHMYHHBL, T. €. KOrja IoJie MacCOBBIX CHJ HEOAHO-
poano. Eciu MaccoBule CHIB O0OyCJIOBJEHB TpaBHTALHOHHBIM MO-
JieM, TO B HEH30TepMHUeCKOfl CHCTEeMe HEeOJHOPOAHOCThL IMOJsS 06yc-
JIOBJIeHAa M3MeHeHHeM IJIOTHOCTH, KOTOPOEe H BHI3BIBaeT CBOOOJHOE
NBHXKeHHe.

Tenaoo6MeHn n3ayuyeHHeM (WJIH pafHaLHOHHBIH TeIMJIO-
©00MeH) COCTOHT H3 HCIYCKaHMsl 3HEPTHH H3JYYEHHs TEJOM, pacinpo-
CTPAHEHHS ee B NPOCTPAHCTBE W TNOIJIOUIEHHSI ee APYTHMH TeJaMHu.
B npouecce ucnyckaHus BHYTPEHHsSisi SHEpPTHs H3Jyvaiollero Tesaa
npeBpaliaeTcs B SHEPrHI0 3J€KTPOMAarHHTHBIX BOJH, KOTOpHIE pac-
NPOCTPAHAIOTCA BO BCeX HAIpaBJeHUAX. Teja, pacnosioXKeHHBIe HAa
MNYyTH PacTpOCTPAHEHHS SHEePIHH H3JydYeHHs, MOrJOLIAI0T 4YacTh Ma-
NawllnX Ha HUX 3JEeKTPOMATHHTHBIX BOJIH, H Takum o6pa3oMm 3Hep-
THS H3JyYEHUs NpeBpaulaeTcss BO BHYTPEHHIOI 3HEPTHIO MOrJa0Wal0-
ulero TeJa.

Beakaa MoJiekysna B 9HEPreTHUECKOM OTHOLUEHHH MpPEACTABJISET
c060ii 3IeKTPOMArHHTHYIO CHCTeMY. BHYTpPEHHIOIO 3HEPTHI0 MOJEKY-

207



JB (NoJsl KPHCTAMJIHYECKOH pPeLIeTKH) B IlepBOM  NPHOJIHKeHHH
MOXKHO NpPEACTaBHTb B BHJE TpeX alAUTHBHEIX COCTABJSIOLIHX:

HEPTHS ABHXKEHHS JeKTPOHOB B MOJEKy.Je;

2Heprusi KosebaHuil, oO6pasyoLIuX MOJEKYJY aTOMOB;

3Heprusi BpallleHHsl MOJIEKYJH Kak 11eJIoro.

Kaxnomy BuLy BHYyTpeHHEH 3HEPIMH MOJEKYJbl COOTBETCTBYeT
omnpefeseHHas cleKTpaabHasi 00/1acTh, NpudeM KoJsebaTeqbHOH K
BpamaTeJbHoli ¢opMaM ABHXKEHHS COOTBETCTBYyeT HHGpparpacHas
o6JlacTh CIIeKTpa, IPOCTHPAIOLIASCS OT TPAHUIB BHIHMOrLO CBeT&
10 paguonuanasoHa. [Ipakruuecku Bcerja oAHOBPEMEHHO C H3MEHE-
HHEeM K0/1e6aTeJIbHOTO COCTOSIHHSI MOJIeKyJ/bl M3MEHseTCs W Bpalla-
TeJibHAsi SHEprHsl MOJIEKYJbl KaK [eJO0ro, 4To NPHBOLHUT K o6pas3oBa-
HHIO BpallaTejbHO-KoJe6aTeNbHbIX MOJEKYASAPHBIX CIEKTPOB.

Tlpu nmpoxoxaeHHH yepe3 BellecTBO HHOpakpacHux jayued (HMK)
MPOUCXOAUT BO3OyKIAeHHEe KoJeOaTe/bHO-BpalllaTeJbHEIX YPOBHEM
mousiekya. Ecau yactora MK usnyuenus coBmagzaer ¢ 4acToTol KoJse-
GaHHs MOJIEKYJH, TO NPOHCXOJAHMT Pe30HAHCHOe INOrJOLIEeHHe 3Hep-
run ¢ ob6pasoBanueM noJsochl. [losoca MOTVIOIEHHsT XapaKTepHsy-
eTcsl YacTOTOH WM AJHHON BOJIHBEI, (OpPMOii ¥ HHTEHCHBHOCTHIO.
IIpn 31OM NOJIOKEHHE TIOJOCH B CHEKTPe HCNOJb3YeTcs AJsl Kayect-
BEHHON OIleHKHM COCTaBa HCCJEeAyeMOro BellecTBAa, B TO BpeMs Kax
HHTEHCUBHOCTb TOJIOCHI XapaKTepH3yer KOJHUYECTBEHHOe cojepiKa-
HHMe HCCJIeIyeMOro KOMIIOHEeHTa B COCTaBe aHAJH3UPYeMOro Bellle-
ctBa. [ KOJMUeCTBEHHOrO aHajH3a Uclosab3yercsi 3akoH byre-
pa — Jlambepra — Beepa, cBs3bIBaOUUA WHTEHCHBHOCTH MpOLIE-
uero uyepes npoby uccaegyeMoro ofpaslia M3JyueHHsi B 3aJaHHOM
JAuanas3oHe AJHHBI BOJH C KOHUeHTpauuell KOMIIOHEHT:

T () =J, () exp[-- e (M) Cd],

rae J(L), Jo(\) — HHTEHCHBHOCTh MNpOIICALIEro W Nagalollero Hamay-
yeHUsl ¢ AJHHON BOJHH A; €{(A) — kKoadduunent skcrunkuun; C —
KOHIlEHTpalust HCCIeyeMOro KOMIOHeHTa; d — TOJUIMHA NpoOsbl,

KoanuecTBeHHHH MOJEKYyJAsIpHBIH aHa/Au3 1[0 UH(ppaKpacHHIM
CHeKTpaM TOIJIOUeHHsT OORUHO MPHUMEHSIOT K CMECSIM, KOTOpbIE
COCTOSIT M3 HEB3aHMOJAEHCTBYIOIIUX M HEACCOUMHPYIOIUUX KOMIIOHEH-
ToB. B 3ToM cayuae uH(pakpacHblil ClIEKTP CHCTEMH NOJy4YawOT al-
JMTHBHO H3 CHEKTPOB €€ OTAEJbHHIX cOcTaBasiomuX. Ilocnae oToX-
NeCTBJEHHS HabMAaeMBIX TIOJOC NIOIIOLEHHsT ¢ OTAeJbHBIMH ¢op-
MaMH KoJsieGaHH OMHCAHHBIMH BBILIE CHOCOGAMH BBIGHPAIOT MOJOCY
norJouennsi, HauboJiee TPUrOJHYIO NJs1 aHAJIH3A.

PaspaboTansl cnocobvl omnpejeseHnss CcoAepXKaHUS OJHOrO M3
KOMIOHEHTOB B CJIOXKHO# cpeje, peajusyemble B Merojae HHODpa-
KPACHOTO H3JIYYEHHS, HCNOJB3YIOLIEeM HCKYCCTBEHHBIH HCTOYHUK H3-
JgiyaeHunsa (A. C. Monceenko u ap., 1986 r.). B ecrecTBeHHLIX YcJo0-
BHSIX, B HeApax 3eMJaHd, Ha riay6GuHe TennooOMeH H3JyueHHEM HMe-
eT nojuynHeHHoe 3HaueHue. OH MoxKer GBITh 3AMETEH B TIa30BHIX
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njaacrax KakK pe3yJabTaTt CoOyAapeHHda MOJEKYJ CHJAbHO Harperoro
rasa.

/

91<yPABHEHuE TERJONPOBOAHOCTH

[Ipouecc pacnpocTpaHeHds Tensja B IPOCTPAHCTBe MOXKeT OBITh
oxapakTepu3oBaH TemIepartypoit T (r, t), sBastolleiics (QyHKU el
—

KOOpPAHHAT r ¥ BpeMeHH {. YpaBHGHHe HePa3pPHLIBHOCTH TeIJIOBOTO
1I0TOKA MOXKHO 3anuCcaTb B BHAE

dQ/dt = — div g, 9.1)

rie Q — KOJMYECTBO TemJa B elHHHLUE o6beMa BellecTBa, paBHOE
npousBsefeHto o6beMHoll TennoeMkocTd ¢§ Ha TeMuepatypy T (¢ —
—

MOJISIDHAS TeNJIOEMKOCTb, 8 — IJOTHOCTB); ¢ — BEKTOpP IJIOTHOCTH
TCIVIOBOTO NOTOKa. TemoBoli moTox omnpepeJssieTcsi 3akoHoM Pypbe

{=—hgradT, (9.2)

raie A — Ko3(h¢hHUHEHT TCIJIONPOBOAHOCTH, AJS H30TPONHOIl Cpeabl
SIBJAAIOUHIICA CKAJAPOM.

IMoacraBasgsa (9.2) B (9.1), noayuaem nuddepeHunaabioe ypa-
BHCHHME B YACTHBIX IPOU3BOIHBIX BTOPOro nopsiika napabo/Hyecko-
ro Thina (ypaBHeHHe TeIJIONPOBOAHOCTH), Bbipaxalolllee 3aKOH CO-
XpaHeHHusl TelnJa B eAHHHUE o0beMa:

¢ ‘;_f — div (b grad 7). (9.3)

®u3nuecknili cMBICJT 3TOTO YPaBHEHHA: H3MeHEHHe KOJHUECTBAa Tell-
Ja B eluHlUe o6beMa B CAHHULY BpeMeHH 00yCJOBJIEHO NpOCTpaH-
CTBEHHBIM NepPeHOCOM TemnJsa (a TakxKe TelJIOBBIAeJeHHeM B eJHHH-
ue obbemMa B pe3ysabTare JAeHCTBHsi HCTOUHHKOB Temaa S).

B onnopoaHoli usorpomHoii cpeie B 06.1aCTAX NPOCTPAHCTBA,
CBOGOJAHBIX OT HCTOUHHKOB TeNja, HeCTAllMOHAPHOE ITI0Je TeMrepa-
TYD olpelelsieTcsi ypaBHEHHEM

oT/3t=aAT, (9.4)

rie A — auddepenunanvinii oneparop Jlangaaca, a — koadduuu-
€HT TeMIepaTypOIpOBOAHOCTH,

a=A/(cd). (9.5)

CraunonapHoe noJse TeMIeparyp B ofuleM cJydyac HEOIAHOPOLHOH
Cpe/bl ONHCHIBAETCS YpaBHEHHEM

div(AgradT)=0. (9.6)

Takum o6pasom, cBOHCTBA HECTAMOHADHBIX TENJOBHX IIOJeEH
(dQ/dt=0) onpenensloTCs TeMUEPaTypONPOBOAHOCTBIO BellleCTBA
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{MOXKHO CKasaTb, YTO @ SBJSAeTCA MePOH TeIIOBOH HHepuUHH),
a ‘cBOHCTBA cTalHOHApHHIX noaeit (dQ/dT=0) onpeleasorcsa Tem-
JIOEMKOCTBIO A.

3axkoH Dypbe ABJISETCH YACTHLIM (TENJOBBIM») aHAJOTOM 34-
KOHa MepeHoca BelliecTBA B PA3JHYHBHIX ero Gopmax:

JJisl mepeHoca 3JeKTpHYeCKHX 3apafoB 310 3akoH Oma B aud-
tepeHnuanabHOl popme:

.
j= - O'VU1
—_—
TIe j— IJIOTHOCTH TOK&; O — NPOBOAHMOCTh: U — ToTeHuHuas;
Jiasa IuddYHIHPYIOLIHX 4YacTHI (MOJeKyJ/, HeHTPOHOB, ravMa-
KBaHTOB) 3TO 3aKOH PHKa:

& =—DVN,

-
tae ® — noTok uactul; D — ko3pduuuent audoysuu; N — naort-
HOCTb (KOHIIEHTpAIHs) YaCTHI;

JJsT KUAKOCTH, QUJAbLTPYIOLIEACS B NMOPHCTON cpele, ITO 3aKOH
Hapcu:

—Q)z_@Vp’
W

—
rie (@ — KOJIHYeCTBO XKHMJAKOCTH C JHHAMHYeCKOIl BA3KOCTBIO W,
TpoueAlIell Yepe3 eJHHHIY NOBEpXHOCTH Cpeldbl B eIHHHLY Bpeme-
HH; kpp — KO3 HIHEHT NPOHHLAEMOCTH CpeAbl; p — AaBJeEHIHe.

9%{3 KO3®dHUHUEHTHI TENJTOEMKOCTH,
T ONPOBOAHOCTH U TEMNIEPATYPOTIPOBOJHOCTH

Tenm0eMKOCTh € BELIECTBA — 3TO KOJIHYECTBO TEILIOTH], HE00Xo-
JAKMMOe AJSl TMOBBILIEHHSI €ro TeMIepaTyphl Ha | rpaayc npH 3alaH-
HOM TepMOJHHAMHUeCKOM Tipolecce (p=const, V=const u 1. 1.):

c¢=dQ/dT,

rae dQ — GeckoHeYHO MaJjloe KOJHYeCTBO IepedaHHOro ofpasny
tenna; dT — GeckoHeuHo MaJjoe H3MEHEHHe ero TeMmnepaTyphl.

CpenHsisi TemJ0eMKOCTb 00pa3ua NpH H3MeHeHHH ero TemIrepa-
Typst ot Ty 00 T»

c=AQ/Ty—Ty),
rie AQ — KOJHYeCTBO 3aTpPaueHHOH TENVIOTHl NPH H3MEHEHHH TeM-
nepatyphl o6pa3ua or I, 20 T»

Tak kak o0pasubl pasHbIX BellecTB OOBIYHO OTJIHYAIOTCA IO
Macce ujd o6beMy, AN CPaBHUTENIbHOH OLUEHKH HX CBOHCTB HEOAHO-
KpPaTHO MOTJIOWIATh TEINIOBYI0 3HEPTHIO NPH TelJooOMeHe BBeAeHDI
yleJbHBE TEIJIOEMKOCTH: MaccoBas, o0beMHas H MOJsSpHAs.
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YaenbHas MaccoBas TeNJO0eMKOCTb Cm B X/
/(kr-K) — KO.1HYEeCTBO TEMJIOThHI, HEOOXOAHMOE 1151 H3MEHEHHS Ha
] rpanyc TeMmnepaTtypbl eAMHHLBI Macchl m o0pasua B ONpeleJeH-
HOM TepMOAHHAMHUECKOM INpouecce (p=const, V=const u 1. 1.):

Cm=dQ/dT = c/m,

rae dQ — GeCcKOHEYHO MaJjoe KOJHYEeCTBO TeIJIOTH, CooGLiaeMoil
€JHHHIle MaCCH BelllecTBa — yJAeJbHOe KOJHYECTBO TemIoTH; dI —
OeCKOHeYHO MaJjoe H3MeHeHHe ero TeMIlepaTyphl; m — ero Macca.
CpeldHsis yaeabHad MacCOBag TEeNJOEMKOCTDL im
B JIx/ (kr-K)— 310 TO KoauyecTBo Temiotel AQ (B IxK/Kr), Ko-
TOpoe Heo0XOAHMO COOOLIHWTH €AHHHIE MacChl BellleCTBA AJs H3Me-
HEHHsl ee TeMIlepaTyphl Ha 1 rpaiyc B ONpeleJeHHOM TepMOAMHA-
MHUECKOM IIpolecce B HHTepBaJe Temnepatyp oT 7T; a0 Ts:

Cn=AQ/(T, — To) ml.

YienbHas oObeMHas TenJOoeMKOCTb ¢y B Jx/
/(M3 K)— KOJIHYeCTBO TEIJOTHI, KOTOpOe HAl0 COOOINHTL ¢/HHHIE
o6beMa BellecTBa IJis1 NOBLILEHUS] eTO TeMIepaTyph Ha 1 rpaayc
B onpeleleHHOM TepMOAHHAMHuecKoM npoiecce (p=<const, V=
=const):

cy =dQ/(dTV) = bc,,,,

rie dQ — s1eMeHTapHOEe KOAHYECTBO TelnaoThl, Hx; dT — anemen-
TapHoe npupauleHne Temnepatypel, C; V u 6 -— COOTBETCTBEHHO:
o6beM, M3, H IJIOTHOCTb, Kr/M3, o6pasla BellecTBA NpH HOpMaJb-
HBIX (u3nyecknx yciosuax (I'=0u p=0,10 MIla).

Cpeansisgs yalenbHas o6beMHas TENJOEMKOCTDL &y

B Jx/ (M3-K)
ey =AQIV (T, —Ty)) =&,

rie AQ — KoJHYeCTBO TeIJOTH, coobllaeMoe o6pasiy AJds H3Me-

HeHNga ero teMneparypsl ot Ty no To.
Vaenvuass MoasipHas TenadoeMmMkocTbh B JIk/

/ (kMOab- K)— KO/1MuecTBO TemJoTH, KOTOpoe Heob6xoaHMo co006-
HINTb €ANHHIEe MOJSPHOTO KOJIMUeCTBA BellecTBa AJist H3MEHEHHS
€ro TeMmnepaTypsl Ha | rpaiyc B OnpeleJeHHOM TeDMOJAHHaMHYe-

cKkoM mpouecce (p=const, V=const):
oy =dQ/(vdT) = Mc,,,,

rae dQ u dT— cooTBeTCTBEHHO GECKOHEHUYO MaJoe KOJHYecTBO Ten-
Ja0TH, [, U H3MeHeHue TeMmnepatyphl, °C; v — MOJAsipHOE KOJIHYe-
CTBO BellleCTBa, KMOJb; M — OTHOCHTeNbHAs MOJEKyJasipHas Macca
BEIeCTBa, KMOJb/Kr. MossdpHas TennoevMKoCTh 175 BceX BellecTB
MOCTOAHHA H paBHa 25-1073 Jxk/ (kmoab- K).
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CpenHsia yAelbHAasg MOJADPHASN TENJAOEMKOCTh
cy=AQ/[v (Ty=T)l= M,

Tle v — MOJISIpHOE KOJIHYeCTBO BeHIeCTBA.

Tak xak npu 3ajaHHBIX YCJIOBHAX TEIIONEPENayH TEMI0eMKOCTh
BbIpAKaeTCsl 4epe3 YyJeJbHYI0O MAaCCOBYIO 3HTaldbnuio W=FE-+pV
(rae E — BHyTpeHHsA 3Heprus obpasua; V — ero o6beM; p — aas-
JieHHe), TO BBIIGIAIOT TaKXKe TeIJIOEMKOCTb Cym LPH HOCTOSIHHOM
o0beMe M Cpm NPH NOCTOSHHOM JAaBJEeHHH Ha o6pasue B TIEPHOL Ha-
rpeBaHHsa. ¥YAe/bHasg MaccoBas TelJOeMKOCTb OpH V=const ¢y, =
=(0E/OT)v—=const XapaKTepH3yeT TEIJIOEMKOCTh BelIeCTBA B TOM
cayyae, KOrja B MepHOJL HarpeBaHHs (OXJaKIeHHS) COXpaHARTCH
TIOCTOSIHHBIM €ero o0beM M Bca Temnora dQ=dE pacxoayercs Ha
npupalieHHe BHyTPeHHEeH sHeprHH.

IIpu p=const coobuiennas BellecTBy Temnora d@Q=dE-+dA=
=dE+pdV pacxoayercsi Ha H3MeHeHHe ero BHYTPEHHell TelJOoBOH
3Hepruu U Ha pabory dA=p dV aas pacuupenusi o6pasua, Tak Kak
TIpH HAarpeBaHHH 4YaCTb TeNJOBOH 3HEPrHM HCIOJb3YyeTCs Ha pacilH-
perHe 00pasua Cpm>Cym.

TIpu Temmepartypax, JanexHx OT TeMIepaTypsl TL1aBJEHHS,
CTPYKTypa KpPHCTAJJI0B yCTOHUMBA, T. €. KOJeOaHUA 4aACTHL MaJbl
H SBJSAIOTCS rapMoHuueckumH. BemlectBo, cogepixkawee N uacTil,
MMEET CHCTEMY TpeX KJAaCCHUECKHX FapMOHHYECKHX OCLHJJIATOPOB
(uacTHUBl KOJMEOMIOTCS B TPeX He3aBHCHMEBHIX HampasJeHHAX). B co-
OTBETCTBHH C 3aKOHOM pacnpeleleHHs] 3HePrHH MO CcTelNeHAM CBO-
601bl HA KaxJbl KJIACCHYECKHH OCLMJMATOpP IIPHXOAHTCS B Cpel-
Hem sHeprusi £=~kT (rae T — aGconloTHas TeMIepaTypa KpHCTaj-
na). ChenoBaTensHO, BHYTPEHHSA 3HEPrUs, OIpele/IAWILIaAnCs
KOoJe0aHNsIMH pelleTKH MUHepaJa,

E = 3NkT,

MO3TOMY Cym= (OE/OT) v =3Nk.

Oasa opnoro Moast BeuiectBa (N=Na) cym=3N k=3R=
=25-10% JIxk/ (kmosb- K).

Tenn0eMKOCTh — aAJAHTHBHOE CBOHCTBO MOJIEKYJ, T03TOMY AJd
MHOTOKOMIIOHEHTHBIX CpPejl PACCUHTHIBACTCA KaK CpejlHee

C—_—Z(}iki; Zki=1,
3 i

Tlle ¢;, ki — COOTBETCTBEHHO OOBEeMHAs TENMI0eMKOCTh M 0ObeMHbIE
JIOJIM KOMITOHEHT TBepAol (asbl MOpoJbl U IAACTOBOro (aroHaA.

KosdpduuueHT TenJONPOBOAHOCTH A XapaxkTepHuayer
CBOHACTBO Cpelbl NepelaBaTh KHHETHUECKYIO (TEMJIOBYK)) 3HEPTHIO
ee mousekyn, [A]=[q]/[T]=B1/(M-K)—3T0 KoauuecTBO Tem.a,
NPOXOASIIIEro 3a eIHHMIY BpeMeHH yepe3 KyOuueckuii o0bem Be-
IECTBA C TPAHBIO €AMHHUYHOH AJIHHBI, HA MPOTHBOMOJIOKHBIX TPAHAX
KOTOPOTO MOAAepkKuBaeTcsi pasxocts Temmepatyp 1 °C.
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B ropHeix mopoiax, mopoBoe NpOCTPAHCTBO KOTOPHIX HACHILIEHO
$IIONA0M, TENJIONPOBOAHOCTL ONpEeAeNsieTCs: TEIIONPOBOAHOCTHIO
3epeH MHHEDAJIbHOIO CKeJleTa IOPOABl; TEMJOTPOBOAHOCTBLIO (HJIIOH-
Jla; KOHTAKTHOH TENJONPOBOLHOCTbID B MeCTax CONPHKOCHOBENHSA
(koHTaKTa) 3epeH NOPOACOGPA3YIOLIUX MHHEPAJOB.

BesanuuHa, ob6paTHas TENJONPOBOAHOCTH, HA3bIBAGTCS TETIJ O -
BhiM conporuBaenuem E TemnoBoe CONPOTHB/IEHHE TOPHBIX
MOPOL — OJHH M3 OCHOBHHIX (AKTOPOB, OIpEeAEJsIOUHX XapakTep
©CTeCTBEHHOTO TeMJIOBOro NoJis. BeanunHa E pasyIMYHBIX TOPHDLIX
[OPOJA M MNOJE3HBIX HCKONAeMBIX BapbHPYeT B LIHPOKHX IIpejesax
(neckoabko mopsiakoB). OHa NOHMXKAETCA € yBEJNHUYEHHEM INIOTHO-
CTH, BJIAXKHOCTH, MPOHUIAEMOCTH H CTEeMeHH JbIHCTOCTH TOPHLIX
MIOpPOA, NOBBILIAETCA NPH 3aMELIeHHH BOJDbI, HAchIaWOLIel NOpoBoe
IPOCTPAHCTBO HedTblO, a30M HJIH BO3AYXOM, H 3aBICHT OT CJIOMC-
TOCTH TIOPOJ (TemJioBasi aHH3OTPOIHS).

MarmaTnyeckue H MeTaMOp(HYECKHEe IIOPOABI XapaKTepH3ylTCs
MHHHMAaJbHBIM TeIJIOBBIM CONPOTHBJAEHHEM, a KOMILIeKC OCaloy-
HBIX TIOPOJ TO TEIJIOBHIM CBOHCTBAM 3HAUHTEJNbHO AHb{epeHUHpO-
Bad. Haubo/abuinM TerJIOBHIM CONPOTHBJEHHEM 06Jalal0T KaMeH-
Hbie YIJIH, CyXHe M Ta30HaCHILCHHbIE TOPOABI; NPH MNepexofe OT
TEPPHTCHHBIX K KAPOOHATHBLIM OTJIOXKEHHSM OHO YMEHBINASTCS; MH-
HUMaJbHblE BeJHUYHHBI UMEIOT THAPOXHMHUECKHUE OCAAKH. [JIHHHCTDLIE
IJIACTH CpPedH APYTHX OCAA0YHLIX BOJOHACHILEHHBIX NOPOJ BblAe-
JSI0TCS HaHOGOMBIIHM TENJOBBIM CONPOTHBJICHHEM.

\] KosbpdbHuueHT TeMHepaTypOMPOBOLHOCTH a Xa-
pPaKTepH3yeT CKOpPOCTb H3MeHEHHS TeMHepaTypbl B HEYCTAHOBUB-
meMcsl (HecTalMOHApHOM) TeNJIOBOM TIpOILlecce; pasMepHOCTb d:
m2/c.

Ha TensioBsle cBOHCTBA TOPOA CHJLHO BJHSIOT HX CTPYKTypa
(k03] dulUHEHT MOPHUCTOCTH, IJIOTHOCThH, pa3Mepbl H PaCIOJONKEHHE
1op), XapakTep HachlleHus (ras, Bona, HedTb), TepMOAHHAMHUEC-
CKHe YCJOBHsl 3ajeranus nsacra (AaBjeHHe, TeMueparypa), XHMHU-
KO-MHHepaJIOTHUeCKHH COCTaB CKeseTa,

3akoHovMepHOCTH (OPMHPOBAHHA TENJIOBLIX HOJefl B AeHCTBYIO-
IHX CKBAXKHHAX OIMNpEeNeasIoTcsd TepMOAHHAMHUECKHMH Tapamerpa-
MH XKHAKOcTell U ra3oB — Ko3(duiuHeHTOM aanabaTHyecKoro pac-
mupeHus ns U koabduunentom xkoyasi — Tomcona e. Ilpu no-
CTYIJIEHHH KHAKOCTH WJM rasa M3 NjacTa B CKBAXKHHY NPOHCXOAHUT
ApOCCeNHpOBAHME ~— pACIIHPEeHHe ¢ H3MeHeHHeM TeMIepaTypbl TIPH
TIPOXOXKAEHHH uepe3 NPHCKBAXKHHHYIO 30HY IJacTa H nephopamnuoH-
Hble OTBEPCTHs. DTOT TeMIepaTypHBIl 3(deKT, CONpoBOXKAAIUIHA
npoccequpoBanue, HaspiBaercs sbdektom Jlxoyas — Tomcona

OubdbepenuuanpHbli aguatGaTuuecKHH Ko03( -
GHIUHEHT ns OmpelessieT H3MEHEHHe TeMIepaTryphl BellecTBa B
H30JMHPOBAHHON CHCTeMe B 3aBHCHMOCTH OT H3MEHEHHs AaBJeHHS:

n,=dT/dp,
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Jas He0OoJpLIMX NepenajoB AaBjeHHi NOJAb3YIOTCA yCpelHEHHOM
Benuuuaol ns=AT/Ap. O6buHO Ns>0; npu agnabaTHUeCKOM CKa-
THH BellecTBO HarpeBaeTcs. MIcK/aioueHwe COCTaB.IsieT BOAA: NpH
teMneparype oT 0 1o 4°C n:<0. Beanuuny aubbepeHianbHoro
aanabarudeckoro Kos(@HuIHeHTa MOXKHO paccuHTaTh no hopmyJe

1%
N,=—aoF,
‘o€
rae V —o6bem; T — Ttemneparypa (K); ¢, — TenaoeMkocTs npH
NOCTOSIHHOM AABJIEHHH; g — YCKOpDeHHe CBOGOAHOTO TNaleHHA, o —
K03 pyuUHeHT MHHEHHOTO pacllipeHHs.

9.1.4. KO3®PHUHUEHT J)KOVJIA — TOMCOHA

Koappunuenr Hxkoyas— ToucoHa e omnpeneisieT H3MeHeHle
tTemmepaTyphl d7. ¢ H3MeHeHHeM 1aBJIeHHS dp HpH ApOCCeNHpo-
BaHUHU:

e=dTe/dp— —L (1 —aT)=———n..
o8 cpg

BennuuHa e onpepensiercss AByMs caaraeMbiMu: V/c,g onpeie-
JqsieT HarpeBaHHe BewdlecTBa 3a cyeT pabOTHl CHJ TPEHHUS; Ms —
oXJlaXJeHHe BelllecTBa 3a cueT agHabarHueckoro pacwHperud. [das
xupkocrell V/c,g>ns (B npolecce ApoccesUpOBAHHUSI HArpeBaloOT-
cs). las raza B peaJsibHBIX IJIACTOBBIX ycaoBHAX oObyHO £<0. Ha
NpaKTHKe M0Jb3YIOTCA CPeJHHMH 3HaueHHAMH Kos(duinenra JIxo-

yas — ToMcoHa €:
AT =¢€Ap.

9.2. TETNNIO®U3HYECKHE XAPAKTEPUCTHKH
FA30BOH, )KUAKOUW U TBEPAON A3 [1]

9.2.1. TA3OBAY ®A3A

TengonpoeroaHocTs. IlepeHoc 3HeprHM MOJeEKyJaMH rasa TecHo
cBfA3aH O cpeiHell AanHOH [ HX cBoOoAHOro npodera (cpeliHee pac-
CTOsHHE, KOTOPOE NPOXOAHT MOJeKyJa B rase A0 ee CTOJKHOBCHISA
¢ apyroifi moaekyJof). Kospduunent TensonpoBol1HOCTH Ta30BLIX
cmecedt Ar=0,5(As+Ar), T As H A, — CcpefHHe KO3()(DHUHEHTHI Tel-
JIOTIPOBOJHOCTH, pacCUUTHIBaeMble 110 GopMysnam
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