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B pabore paccmMOTpeHbl JBa OCHOBHBIX Kpyra 3ajay,
OCHOBAaHHbLIX Ha HCNOJB30BaHHH CTPYKTYPHLIX MOJenel B HH-
JKeHEDHOH TeOJIOTHH: HCCACHOBAHHE H OIHCAHHE HEOLHO-
POIHOCTH MaCCHBOB TOPHEIX NOPOX M BONpPOCHI TEODHH pas-
BeJIXu H onpofoBanud. MccrenoBaune HEOLHOPOAHOCTH OCY-
LIEeCTBJEHO AMNOHPHUECKHM Ha OOJBLIOM (PAKTHUECKOM Mare-
puaJle, OXBaThIBaIOIEM pa3HOOOpa3HEle CBOMCTBA TOPHBLIX
NOPOJ, B Pas/JHYHLIX T€OJOTHYECKHX YCJIOBHAX.

Ilpu paccmoTpeHun 3alay pasBelKH H ONPoOGOBaHHA
CTAaBHJACh Lieb HOCTPOHTb AJTOPMTMBI, HMHTHpPYWOIIHE Aefl-
CTBHA ONBITHOTO HWHXKeHepa-reojora, [Ipensaraemas Aas
5TOTO CTaTHCTHYECKas TEOPHA OXBaThlBaeT 3aJayH ONTHMH-
3anuH BboIGOpa H KOMIIEKCHDOB2HHA METONOB HCCIENOBaA-
HH4, a TaKXe 3aJaYdl ONTHMAJLHOIO pa3Mellenus TO4YeK
onpofoBaHHS H COOTHOIUEHHA UYHCAa BRHIPabOTOK H 4YHCHAa
npo6 B CJAOHCTHX paspe3ax. B paGoTe mpuBeJeHB! TeopeTH-
YyeCKHe pellleHusi, pe3yJbTaTH MOJEJIHPOBaHHA Ipolecca
onpoGoBanus Ha DBM u npuMepnl HCIOJb30BAHHSA IOJY-
YeHHBIX pellleHHi Ha TeoJOTHUECKOM MaTepHaJe.

Kuura npennasnauena JJf HHKEHEDOB-TEOJOTOB H MO-
KeT OBIThL IOJe3Ha IeojoraM JPYrHX CIelHadbHOCTeH, 3a-
HUMAIOIHUMCS JeTalbHBIMH HCCJAeJOBAHUAMY, Da3sBeZKOH H
onpo6oBaHHeEM OTAENLHBIX YYacTKOB, a TaKXe BCeM Ccie-
LHAMHCTaM, HHTEPeCYIOIIUMCS pellleHHeM reoJorHYecKuX 3a-
Iay MaTeMaTHYECKHMH MeTOJaMH.

Tabnun 25, wumocTpauuii 52, CNHCOK JHTEPaTyphl —
258 nHaas.
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BRBEAEHUE

OOmnprbie o6actTy HHXEHEPHOM MACATENBbHOCTH UYeoBeKa Haxo-
IASTCS B NIPAMOl 3aBHCHMOCTH OT IeoJOTHYECKHX (akTOpoB. BaxHen-
IIAMH H3 3THX obJdacTtell ABIAIOTCA Ao0blya I0.Je3HHX HCKOIIaeMBbIX,
CTPOHTENbCTBO coopy}KeHHﬁ H X03{HCTBEHHOE OCBOEHHe HOBBIX TEppu-
Topuil. B pamkax reosol#d HCTOPHYECKH CIOXKHIHCH CIEUHANbHBIE OT-
pacin NPOH3BOACTBEHHO! MESTENIbHOCTA M COOTBETCTBYIOLIME HM OT-
pPaciu reoJorHYecKol HAyKH, HEIOCDEACTBEHHO o0CHyXHBaWOIIHE YKa-
3anHbple ofJacTH TeXHOJODHH. K YHCITY HauboJiee PA3BUTBHIX U3 TAKHX
reoJIOrHuecKux MHCHUIIUH OTHOCATCS eoJoropasBelodHoe Aefo, Hed-
TENPOMBIC/IOBAas TeoJorHs, HHXEeHepHasa TeosorHs M ropuoe aeno. Kak
N3BECTHO M KaK OyieT fI0KA3aHO HHXKe, IPHHUHNHA/IbHAS IIOCTAHOBKA
3a7a4, HEKoToPble KOHKPETHHle 3aJayd ¥ MEeTolbl UX PeIleHHs SBJs-
OTC O0mUMH AJs yKa3aHHBIX ofsacTeil reosordn. baarogaps artok
of0LHEOCTH OTpPacJyid reoJoruy, HEIIOCPEACTBEHHO 06CJIy>KHBa10u1He HH-
XKEeHEePHYI0 AEATeJNbHOCTh YeNOBeKa, HHOTAA OODbeAMHSIOT NOJ HasBa-
HHeM TeXHHYecKO# reosorud (Cumopenko, 1967).

Jucuunnausb, BXoAsllHE B TEXHHMYECKYIO TeQJIOTHIO, Da3/ HYalTCH
NpexAe BCero Mo TOMY, KaKYI0 HMEHHO OTPaciib TEXHOJOIHH OHH 00-
CayXKUBAIOT. [1pu 3ToM HHXEHEPHAs TeOJOTHs BHICTYIaeT KaK «OTPACIb
reoJIorHH, TPAKTYIOmAsh BOIPOCH INPHJIOXKEHHs! I€OJIOTHH K HHXKeHep-
HOMY CTPOMTEJbHOMY (BHienqeHo MHow — M. P.) npeny» (Capapen-
ckuit, 1939, crp. 7).

[pu pemennn 3ajay TeXHHYECKOH T'EOJIOTHH BooOILE H HHXKXEHepHOM
reoJIorHH B YACTHOCTH NMPHXOAHUTCHA AC/JAaTh TC HJH HHLIE YIDOILLAIOIIHE
IONYIIEHHs 0 CBoHCTBaxX TeoJornueckux o6bexroB. B pesyibrare stux
ponymenni 6ecKoHeuHo CAOXKHBIA IPHPOAHBIH O0BEKT 3aMeHAeTCH ToH
HJH HHOU cxeMaTnsnp()BaHHOﬁ MOJRJbIO, mpamaxomeﬁ JHUIIb T€ YEPTH
peasbHOoro o0beKTa, KOTOPHE BaXXHBl [JIS peHIeHUs [OCTaBJIEHHOH
sajaud. dasi peiiennss UIMPOKOTO ¥pyra 3ajay TEXHHYECKON reoJIOTHH
Tpefyercsi B 4acTHOCTH CXeMaTH3auHs IIPOCTPAHCTBEHHOH H3MEHUYHBO-
CTH, HEOJHOPOLHOCTH CBOHCTB TOPHBIX Nopoa. Hcnoab3yemble IpH 3TOM
MOLEJNH HAa3LBAIOTCH CTPYKTYPHBIMH. VX NPHUMEHSIOT NIpU peLIeHHH
3axau: 1) ollicaHusi HECOIAHOPOAHOCTH TOPHHIX IIOPOXA H MaCCHBOB;
2) reonornueckoll paspelKH H onpoboBanus; 3) yueTa HEOAHOPOAHOCTH
FOPHBIX IOPOA B HIKeHEPHBIX pacueTax (cucreMmbl pa3paGoTKH MECTo-
POKJeHHH, 0CaIKH HH/KeHEPHBIX COOPYXKEHHI 1 T. 1.).
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[IpuMeHeHHIO CTPYKTY PHBIX MOje/Nell NpH pelleHHH 3THX 3ajay i
nocsflleHa Hacrosmwas paGora. IIpu aToM OCHOBHOe BHHMaHHe Y-
JASETCA ONMHCAHHMIO HEOZHOPOLHOCTH H TEeOpHH ONpPo6OBaHUA KaK OTHO-
CAIHMCS HEelOCPeJCTBeHHO K KOMIeTeHIHH TeosioTa. Y4eT HeoJHOpOI-
HOCTH B HHXXEHEPHBIX DaCYeTrax, BLIMOJHAEMBIX OOBIYHO INPOEKTHPOB-
INMKaMHi, 3aTparuBaeTcd JHIIb B TOH Mepe, B Kakoil 3To HeobXonHMO
JAAs pelllednd coOCTBEHHO IeOJOTHUECKHX 3a7ay.

Hccnegopanne HeOZHOPOLHOCTH B paboTe HOCHT NPEHMYIIECTBEHHO
3MIHPHYeCKHR XxapakTep. OHO OCHOBZHO Ha aHaaM3e pe3yJLTaTOB H3) -
YEeHHSI CBOHCTB TOPHLIX NMODPOJ, BBITOJHABILEroCd Kak CIeLHaJJbHO, Tah
H B XO[e H3bICKaHHH HA KOHKPETHBIX CTPOUTENbHHIX o0beKTax.

3anauy pasdBegKd U oNpoOGOBAHHS HEOAHOPOAHBIX MaCCHBOB CTaBil-
JHCb ¥ H3Y4Ya,JHCh TEOPETHYECKH, a TaKXKe ¢ NOMOLbI0 UHCICHHOTO MO-
jgenupopanus nHa IBM. Iloayuennnle pesyabTaTH H/AJIOCTPHPYIOTCA
OpHMepPaMy H3 NPaKTHKH H3BICKaHHH.

IloCKoabKY CTPYKTYpa peasbHLiX MAaCCHBOB TODHBIX MOPOJ BCeriaa
ClioXKHEee TEeOPeTHYeCKHX CXeM M alpuopHasa HHpopMalua o6 nsyuae-
MBIX MacCHBaxX MaJia, TeOPeTHYeCKHe pe3yJbTaThl pellleHHs 3ajau pas-
BeIKH H ONpOoG0oBaHUA HMEIOT OrpaHHYEHHYIO o00JacThb INpHMeHeHId.
CyuiecTBenHOe pacuidpenie 3Tofl 06/1acTy U JOBELEHHEe TeOpeTHYeCcKIy
pesyabTaToB A0 COCTOsiHHA paboyuX METOLOB BO3MOXKHO C HCIOJBL30-
BaHHEM TaK Ha3LBaeMOro afalTHBHOIO MoAXojAa. DTOT TMONXO[ M03BO-
JAET CTPOHTbL CHCTEMY ONpOGOBaHHA C OJHOBDEMEHHLIM YYeToM Kak
TEOPEeTHYeCKHUX pa3palboToK, TaK M HEeNpepBlBHO NocTynawmed uHdop-
MallHd O CTPYKType m3yyaemoro maccuba. [Ipu 3ToM C eauHO# TOUKU
3peHusa (a IMeHHO ¢ TOYKH 3peHHsl YCaoBHH padorhl NPOEKTHPYEMOro
COOpYXKEeHHA) pacCMaTpHBAKTCA 3aJaYi O BHIGOpPe Meroauku onpobo-
BaHHs H 0 CBOEBpPEMEHHOM I[IpeKpaiieHHy HCCJaeNoBaHHN Iocjae HCIBI-
TaHHA MHUHUMaJbHO HEoOXOLUMOro Yucia npob.

Kak u3BecTHo, Tpafulued COBETCKOH HHXKEHEpHOH IeoJornH, OTJIH-
qaoueld ee 0T (POPManbHBIX «IEOTEXHHUECKHX» IIKOJ, ABIAETCH TpakK-
TOBKa@ HHXXEHEDHO-TeOJOrHYeCKHX YCJOBHH CTPOHTENbCTBAa KaK Pe3yJb-
TaTa CJAOXKHBIX [POILECCOB reosiorHYecKoro IHpourioro. BMecre ¢ tem
TIO3HAHHE TeOJOTHYECKOH HCTOPHH K TeHe3HCa B HHXKEHepPHOH reosorui
ABJAACTCA HE CaMOleNblo, 2 CPEACTBOM HOCTHXKEHHS NPaKTHYECKHX pe-
3yJAbTaToB, B 1aHHOM clyuae §oJiee rayGoKoro No3HAHUA HEOAHODPOH-
HOCTH TOPHBIX MOpOJ, HelocpeincTBeHHO BJusdiomiell Ha HX MOBELEHHE
B MaccuBe, 0o0pasywileM OCHOBAaHUE COOPY:KEHHS, H Ha METOIHK)
U3YUYEeHHS 3TOro OCHOBAHHA,

VHKeHepHble 3a7a4d, pellaeMble MO Pe3yabT4aTaM HHXKeHepHo-Teo-
JIOTHYECKHX H3bICKAHHH B XOAe IPOEKTHPOBaHHA 00DLEKTOB CTPOHTEIb-
CTBa, MOI'YT OLITh pa3fefeHbl Ha [Be IPYyIIIbl: HHTErpaJjbHbLIE 3ajauH,
[Py pellleHHH KOTOPHIX HEOAHOPOAHOCTh TOPHBIX IIOPOJ TaK UM MHAYe
OCpenHAeTCsd, H 3KCTpeMalbHbie 3aJauH, pelleHHe KOTOPbIX 3aBHUCHUT
OT JIOKaJbHBIX aHOMajuil CBOHCTB NopoA. IlpuMepamu HHTErpasbibIX
3a7a4 MOTLYyT CAYXHTb PacueThl O0CaloK H (HIbTPalHOHHBIX PAacXOOB,
npuMepamMH 3KCTpeMaJ/bHLIX — pacyeThl cY(P(Ho3noHHON YCTOHUYHBOCTI
OCHOBAHHI, YCTONYHBOCTH CKaJbHBIX OTKOCOB M T. Il. XOTd pelleHHE
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o6enx rpymIIN 3aj1ay CyUIeCTBEHHO CBA3AHO CO CTPYKTYPHBIMH MOAEIAMH,
noaxox K HCCJAENOBAHHIO H OIHCAHHIO HEOJHODONHOCTH WU OCOGEHHO
K 3ajauaM pasBeJKH U ONPOOOBaHHS Pa3Hbll (B 3aBHCHMOCTH OT Xa-
pakTepa HHXKeHepHOH 3amauu). B paHHON paboTe MBI orpanuunBaeMmcs
HCCNENOBAaHUAMH, CBA3aHHBIMH C pelIeHHeM HHTEerpajibHBIX HHXKEHep-
HBIX 3amay. Hecmorps Ha 3T0, KPyr o6CyKIaeMbIX BONPOCOB OCTaeTCs
BeCbMa IIMPOKUM K He HCYepNBIBAeT BCEX BO3MOXHBIX NOAXOLOB K HC-
CAeNOBAaHUAM [/ pelleHHs HHTerpajbHbiX 3agau. O BO3MOXHOCTH
COBEPIIEHHO HHOTO MOAXOAA K CXONHBIM 3a7auaM [IPHMEHHTENbHO K pe-
PHOHAJbHOMN HHXKEHePHOIl reosorun cBuierenbcrsyer pabora I'. K. Bon-
napuka (1971).

B nacrosiueli pa6ore pacCMaTpHBAIOTCA ClIeAYIOLIHE BONPOCHL:

1. IlocranoBka npoGaeMsl (raasa I).

2. IlpumeHeHHe CTPYKTYDHBIX MOJeJell MPH HCCAEJOBAHHM W OIH-
CaHHH HEOLHOPOJAHOCTH FOPHBIX NOPOJ H OCHOBHBIX GOpPM ee HposBJe-
HUS Ha Mukpockonuyeckom (raasa II) m makpockomuueckom (ria-
Ba [1I) ypoBHsx.

3. IlpumeHeHHe CTPYKTYPHBIX MOJeNell IPH PelleHHH 3a7ayY HHXKe-
HePHO-reoJiornyeckoll paspejKH u onpobobanua (raasa IV).

B ocHoBYy paGoTHl NOJNOXKEHBI HCCAEL0BAHHA, IPOBOAUBIIHECS aBTO-
poM mepBOHauajJpHO B HHCTHTYTe [Hiaponpoekr (1958—1964 rr.),
a 3ateM B [Ipou3BOACTBEHHOM M HaYYHO-HCC/IEI0BATENbCKOM HHCTH-
TyTe 10 HHXKeHEPHBIM H3bIcKanusaM B crpourtenscrse ([THUHMUC)
Tocerpost CCCP (1965—1969 rr.). Kpome Toro, ncnosb3osalsl 06mup-
Hele matepuansl ['upponpoekra u ITHMHMHCa. Ha nporsikennu mHoO-
rux ger asropy mnomoranx E. M. Cepree, I'. A. lonoakosckas
u B. H. Tyry6aaun (MIY). C6op u o6paborka martepuaia NpOBOAHU-
JHCh Npu HemocpexncTseHHOM Yyuactuu JI. A. Aponosoi, M. U. Ilo-
rpebuckoro, H. M. Xaiime, C. H. Uepuummesa (ITHUUUC). Ilpo-
rpammbel aas OBM B3CM-4 cocrasaanuce A. M. KoMaposuM.
E. I1. Emenbsinosa, H. B. Konomenckuii, M. C. Komapos, U. B. Ilonos
u JI. A. PonsoHOB NPOuNH PYKONHCb H CHEJANH pSj IMOJE3HBIX 3aMme-
yaHpll. BceM IepeurcieHHRIM JHIAM aBTOP BbIpaXaeT HCKPEHHIOI
NpH3HATeNbHOCTh. ABTOp 0c0oGeHHO 6/arofjapeH Hay4uoMy peNaKTopy
kuury A, C. JleBnapuaHu.



TAABA 1
O CTPYKTYPHBIX MOJEJISIX B HH)KEHEPHOW FEOJIOTHU

§ 1. MNocraHoBka NpoGaemMbl

s onucanusi TeoJ0OTHYECKOr0 CTPOSHHA MeCTHOCTH, B 4aCTHOCT.I
Yy4acTKOB, BRIOpaHHLIX [JIsi CTPOHTENLCTBA, Ieosol pacnonaraer Gora-
TEHINHIMH BO3MOXKHOCTAMHU' HADSAAY CO CJAOBECHbIM ONMHCAHHEM OH MOXKET
HCIIOJb30BaTL hapThi, paspedbi, BCAKOro poaa tabauupl u 1. n. Hens-
MepHuMo GellHee BO3IMOXHOCTH HHIXKeHepa, KOTODL XOUeT HCIO0Jb30BaTh
JaHHBIE O TeOJOTHYECKOM CTPOEHHH MECTHOCTH NpPH PCIICHHH TEX HJIH
WHLIX HHXKEHEeDHHIX 3aJadY, B YaCTHOCTH IPH pacueTe HHXKeHeDHHIX
coopyxenun, PacueTHOl cxeMoll HMHXXeHepHOH 3aflduH YYHTHIBAETCH
JHIIb OrpaHHYeHHOe YHCJIO [IOKa3aTesiell cBOiCTB ropHLiX nopol. Te uau
uHble GopMBl 11 OCOGEHHOCTH 3ajieraHHs TOPHBIX NOPOL MOIyT OHITH
YUYTCHBI B pacueTe COOPYXKEHHUA JHIIb MOCTONbKY, ITOCKOJLKY OHH OTpa-
JKalOTCd Ha I[IPOCTPAHCTBEHHOM pacnpellefieHHH TeX CBOHCTB MNOPOXA
OCHOBaHHSA, KOTOPble YUHUTBIBAIOTCS PacueTHON cXeMOH.

B npupone Hapsay ¢ 3aKOHOMEDHBIMH H3MeHeHHAMH CBOHCTB MOPOJ
B IIPOCTPaHCTBE, MMEIOIINMH YeTKYI0 IeONOTHUecKYI0 HHTEPIpPeTallHio,
0o0bIyHO HaGJaI0MA0TCd XaOTHYeCKHe KoneGaHHa De3ynbTaToB HCIHITA-
HHIl BOKPYT HEKOTODHIX CPeJHHX 3HaueHuH. IIpun 3TOM BO3HHKaeT OoueHb
CJI0XKHaA KapTiHA HeperyJsipHOH M3MeHYHBOCTH CBOHCTB NOPOA OCHO-
BaHusA. Urofu BBeCTH B pacyer HHDOPMAIMIO, COLEPKAULYIOCA B MHO-
TOUHCJCHHBIX Pe3yAbTaTaX HCHBITaHHI CBOHCTB MOPOJ, IPUXONUTCH NPH-
feratb K PasjiHuHBIM YIPOLIAIOIHKM IPEeRNONOXKEHHAM O IPOCTPaHCT-
BEHHOM pacrnpele/eHHH CBOHCTB

AHamornyHas CHTyauHs BO3HHKaeT M IpH Hay4HOH pa3pafoTKe 3a-
Hay TeopuHu H MECTOLHKH DasBelKH. MeTOIII/IKa pasBedKH 3aBHCHT OT
BO3MOXHOCTEH juUeTa ee pe3y’nbTaToB B pacuere coopyxenud. Ilocae
00beKTHBHOTO BLISICHEHHA TeOJIOTHYECKOrO CTPOEHHA ydYacTKa HHKe-
HepHO-Te0J0THYECKasd Pas3BefKa NOJKHa BHIABHTb, CJAeAOBATEIbHO, BCE
Te 3JeMeHThl HeOZHOPOLHOCTH OCHOBAHHS COODYXKEHHS, KOTOPhle MOTYT
OLITh yuTeHH B pacueTre, H [JaTh Marepuan NJs HX KOJAHUECTBEHHOH
XapaKTepUCTHKH TeM OoJee TOUHOI, yeM CHJIbHee BJAHAET HCCJenye-
MBIl 37€MEHT Ha pellieHHe HHKeHepHoli 3ajaun. Orciona BHITEKaer,
4TO TEOPHA Pa3BelKH U ONpoGOBaHUs AOAKHA CTPOHTLCA B COOTBETCTBHUHU
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C TeMH e MOIENAMH, KOTOpble HCIOJNB3YIOTCA B pacuere COOpY-
KeHHH.

Takum o6pa3oM, MBL ONPHUXOAMM K BBIBOAY, YTO B IPOEKTHO-CTPOHU-
TeNbHOM Jefie, KaK U B JI0G0il [e/l¢HANPaBIeHHON AeATeNbHOCTH 4Yea0-
BeKa, I0Jie3HO PasjHyaTh Aa ypOBHA: YpoBeHb O0bEKTOB U YPOBEHb
moneneil. O6beKTaMH HHXXeHepHOi AEATENbHOCTH UeJOBeKa B J@HHOM
cIydae ABJAKTCA HHXEHepHOe COOPYXKEHHE H TOT y4aCTOK 3eMJH, I'le
OHO JOJXHO GHTH BO3BeneHo. CoOPTBETCTBEHHO MOMAENAMH ABAAIOTCA
IIPOEKT COOPYXKEHHSI H COBOKYNHOCTD CBElEHHH O NPHPONHBIX YCHOBHAX
CTPOHUTENBCTBE, CAYXKAIUHUX 060CHOBAHHEM IIPOCKTA. 3Ty COBOKYIIHOCTDb
CBEeNleHHH O NpPHPOAHBIX (M B TOM YHCIe HHXKEHEPHO-TeOJIOrHYECKUX)
YCJIOBHAX CTPOUTENBCTBAa MB OyneM Ha3HBaTb MOZEJbIO INPHPOLHBIX
yCAOBHA (M B TOM HHC/Ie MOIEJBK) ECTECTBEHHOTO OCHOBAHHS COODY-
JKeHHs),

CooTHOweHHsT MEXNY YKa3aHHPIMH DeaJbHHMH O0beKTaMu H HX
MOZleIAMH MOTYT OBITh NpefcraBi¢HBl B BHAe cXeMbl. UBsi3H, YKas3aH-
Hble Ha CxeMe HEYETHBIMHW YHcJAaMH, OUEBHIHH: [ — H3BJieyeHHe HH-
(bopMauym O NPHPOAHHX YCJIOBHAX CTpOHTeJIbCTBa-—CO6CTBe<HHO H3BIC-
KaHud; 3 — yuyeT H3BCKAaTeJbCKHX NaHHHIX B NpPOeKTe (B TOM 4HCIE
B pacueTe) COOPYXKeHHH; § — CTpOHUTENBCTBO COOPYXKEHHS MO paspalo-
TaHHOMY NPOEKTY; 7/ — BO31eicTBHE COODYXeHUA Ha NMPHPOAHbBIE YCJIO-
Bus mectHocTd. OOpaTHble CBsi3Y, HAaNpaBJEHHHE MPOTHB YacCOBOH
CTpeJIKH, yKa3aHHl YeTHEMH HomepaMH. CMBIC/ CBSI3H 6 COCTOMT B TOM,
YTO NPHPOAHBIE YCJIOBHS BO3AEHCTBYIOT Ha COODYXKeHue (HampHMep,
HalpsXeHHUd, BOSHUKAIOIKME B CTPOUTEJABHBIX KOHCTPYKUHAX B pe3yJb-
TaTe HepaBHOMEpHOil ocagku u T. N.). CBA3b 4 OTpaXkaer u3MeHeHHS
B IIPOEKTe, BO3HHKAIOIHE B XO/4€ cTpOUTENbCTBA, 4 HHOI'AA KU 3KCIJIya-
TaluKn coopyxKeHud. CBs3p Z 0COOEHHO BaXHa JUif HaC-—oOHA YKasH-
BaeT Ha TO, 4TO MOJEJb NPHPOIHBIX YCIOBHA NONKHA NaBaThbCs MpH-
MEHHTEJbHO K TPOEKTYy KOHKDETHOTO COOPYXKeHus (3TO moJjokKeHHe
H. B. KofioMeHCKHH CuNTaeT «OCHOBHBHIM IDHHUHIOM HHXeHEpHON reo-
Jaoruuy»). MHBIMH ca0Bamu, MOJe/ib NPHPOAHBIX YCJIOBHH NOJXKHA CTPO-
HTBCA IJs pelleHHdA KOHKPETHBIX 3ajpady, a He <<3006Lue>> (<<r60JIOI‘I/Iﬂ
1 MaTemartnka», 1967).

3
. . — | Mouzenp (1poeKkT) HHXKeHepHOTO
Monens nprpOAHLIX YCAOBHA 2 COOpYKeHNs
e G
1 4 5
6
[Ipuponuble yeaoBUS 7 Hnxenepnoe coopyxeHnue
R e —




Taxum 06pasoM, NPHPOAHbLIE YCIOBHS, H3bICKAHHUS, IPOSKTHPOBAHHE
¥ CTPOHTENBCTBO CYThb 3JAeMEHThI, KOTOpble 00Pa3ylOT 3aMKHYTYIO B He-
KOTOPOM CMbICJE CHCTeMY, NOKa3aHHylo Ha cxeme. Ha ypoBHe mare-
pHaJbHHX OODEKTOB CHCTEMa <«IPHPOJHBIE YCJIOBHS — HHXKeHEepHOe
COOpY2KEHHE» MOXKeT HOpMasibHO (QYHKUHOHHPOBATL B LOBOMLHO IIHPO-
KOM pauanasoHe yciaoBui, CoBpeMeHHbIe METO[b! I[POSKTHPOBAHHA H
CTPOUTENbCTBA B IIPHHIHIIE NO3BOJAIT BO3BOAUTb COOPYXKeHHS IpakK-
THYECKH B J1I00bIX IPHPOAHBIX ycloBHsax. OnHako NOTOXKeHHe B KODHE
MEHSieTCsl, eCJH IIOCTaBHTb YCJIOBHE MHUHHMH3ANMM CyMMAapHLIX KallH-
TAJOBNOXKEHH] B NPOEKTHO-H3BICKATENbCKUE H CTPOHUTEJbHBE paBoThL.
OnrumaibHoe (QYHKHHOHHPOBAHHE 3TOH CHCTEMBI BO3MOXKHO JIHIIb
B Y3KOM JAHAaNa3oHe YCJAOBHH, NPH M3yYeHHH KOTOPHIX BO3HHKAIOT,
B YaCTHOCTH, 3aJauH, CBS3aHHLIE CO CTPYKTYDPHBIMH MOJEJSMH H OXa-
PaKTepPH30BAHHbIE BhLILIE.

KapanHanpHbIM gBASETCA BONPOC o BHOOPE THIIA CTPYKTYDHBIX
Mozesael. 3xech Npexae Bcero HeoOXoguMo BHIOHPATh MEXLY Herep-
MHHHDOBAHHHIMH M CTaTHCTHYCCKHMH MopmensiMu. Hmesd B- Bumy, 4To
1e1eco06pasHOCTh HCIOMb30BAHHS TeX HJHM HHBIX MOje/ell olpenesnsd-
eTCA XapaKTepoM DelllaeMOH 3aLa4uH U HCXOLHOTO MaTepHasa, 3aMeTHM
BCe Ke, YTO B TEXHHUYECKOIl I'eQJIOTHH CTATHCTHYECKHe MOJENH YacTo
00.1a1aI0T CYLeCTBEHHRIMY NPeHMYyllecTBaMy NMepell MOAENAMH AeTep-
MHHHDOBaHHBIMU. [1oA0TBOPHOCTD IPHMEHEHHS CTATHCTHYECKHX Me-
TOAOB B TEXHHUYECKOH TEOJOTHH ONpPejedsercs pagoM obCTofTenbeTB
VkaxeMm BaxHedllIne U3 HUX.

a) CpolicTBO OPHBIX NOPOM, C KOTOPBIMH HMeeT Aelo TeXHHYecKas
reojorus (MOPHCTOCTb, NMPOHHLIAEMOCTb, AeDOPMHDPYEMOCTb, COepIKa-
HHe TeX HJH HHBIX KOMIIOHEHTOB B NOPOAE U T. A.), OHEHHBAGTCS C Mo-
MOIbIO 3KCIEPHMEHTOB, NPOBOANMLIX B PAa3/UYHBIX (PU3HYECKHX TOY-
KaX MacCHBa ToDHbIX NOPOA. Pesyibrar sKcHepuMeHTa Io ofpemele-
HHIO M0Ka3aTesas HCCAEIYeMOro CBOHCTBa yLoGHO NPENCTaB/IsATL B BHIE
HEKOTODOH CTATHCTHKH OT [IOJIA 2TOTO CBOHCTBA B Hpenenax obsacrh,
OXBaTblBaeMOH 3KCIIePHUMEHTOM: Yallle BCETO B BHJAE CpelHeil BEAHUHHBI.
B BHJe MHHHMYMa H T. I. (moapo6Hee cm. ra. II). ITockodabKy uu pas-
Mep, HH NOJMoXeHHe oOMacTH, 0XBAaThIBAEMOH 3KCIEPHMEHTOM, He MO-
ryr ObTb 3adHKCHpPOBaHBl COBEPIUEHHO TOYHO, 3HAYeHHe CBOMCTBA.
ollpejefieHHoe 2KCIIePUMEHTAIbHO, OKa3LIBACTCS CAYYaHHON BEAHYHHOH
OTo NoNOXKeHHe OCTAeTCs B CHJE, AaxKe eCJH HIpeaCTaBHTb cefe, uTo
HaM alpHOpH H3BECTHHI CBOACTBA H3yyaeMoro MacCHBa ¢ J0Goli cre-
NeHbIO JeTaJbHOCTH H TouHocTH! B 3ToM 3akmawuaercs, Tak ckasars,
«CTaTHCTHYeCKasA NPHPOAa» CBOHCTB Iopox *.

6) OOGbtuno pa3Mepnt 00aCTH SKCIEPHUMEHTOB MaJgbl MO CPaBHEHHIO
C XapaKTEePHLIMH pa3MepaMu B pelllaeMoil 3apave. Beaencrsue cymect-
BOBAHHA HEONHOPOAHOCTH PAa3HBIX YPOBHEH H3MEHYHMBOCTb TAKHX YC-
PenHEeHHBIX «BMaJiOM» XapPaKTEPHCTHK OKa3biBAeTCs BeCbMa Heperysip-
Holi. 3 nByx B0O3MOXKHBIX CH0COG0B OMHCAHHS TaKoH H3MEHUHBOCTH —

* Kak BUIHO H3 Cka3aHniioro, 3Ta «IpHpoaa» eCTb CJeICTBile OIlpeneseHHbIX MO-
J€ TbHbIX HpP,’ICTaBJIEHIIl“I
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TeTePMHUHHCTHYECKOTO H CTATHCTHYECKOro — MOCIeAHHIl FOpa3fo 3KO-
HOMHee.

B) JlucKpeTHBlll (B momaBaslolieM OOJBUIMHCTBE cjaydaeB) Xapak-
Tep reoJOTHYECKUX HAGIIOAeHU] KeiaeT AeTepMUHUCTHYECKOE ONUCAHHE
00beKTa OUeHb YYBCTBHUTEJNbHAIM K PACHOJOXKEHHUIO ‘U YHCAY TOYeK Hal-
aiofenus. HaoGopor, craTucTHueCKoe OMHCAHHE OKA3bBAeTCHA OTHOCH-
Te/IbHO YCTONYMBBIM H B MeHbLIEH CTeleHH 3aBHCHMBIM OT HPUHATOH
cicTeMbl HaGIIOAeHH .

B cBA3KM ¢ H3JI0XKeHHBIMH OOCTOATENLCTBAMH MPeANOYTEHHEe OTHA-
€TCAl CTATHCTHYECKHM MeTOAaM HCCJefROBaHHA. B reosorun OOGLIUHO
NPUMEHAIOT CTATHCTHYECKHE MOJeNH He3aBHCHMBIX CAyYaillHbIX BEJUYHH
HJAW MOJEJH, HCHOJb3YIOIIHE TeOpHIO CayuadHublXx (ynkumil. Kaxmas
13 3THX Moneledl MMeeT CBOM TIPEHMYILECTBA M CBOM HENOCTATKH.

B HHXeHepPHO-TEOJOTHUECKUX HPHUJOKEHHAX H3-34 OTHOCHTEJLHO
HeOoabIIOre (GAKTHYECKOT0 MAaTepuana H HeCTAUHOHAPHOCTH HO.IeH
CBOWCTB MOPOJ B 30HE THIEpreHesa MeTOHAbl TEOPHHM C.IV4alHBIX (DYHK-
niufi Bo MHOIHX cjydadaX NOKa HempuMeHMMbl. Kpome TOro, TOYHOCTDb
HHXKeHePHBIX pacyeToOB M TOYHOCTL 3KCHepHMEHTAJbHOII OUEHKH mapa-
MeTpOB (U3HUECKHX MOjejeldl rOpHBIX MOpPoA (mapamMeTpos AedopMH-
pyeMoOCTH, [POYHOCTH, NMPOHHIAEMOCTH) B pPAAE CJAY4aeB CTOJb HEeBe-
JIHKH, YTO HCMOJb30BaHHE CJOMXKHBIX CTPYKTYPHBIX Mojae/eil ceGf He
onpapamisaer (Beawr, 1957). IlosromMy B HHXKEHePHO# TeoJOTIIH,
fospllle YeM B APYIHX OTPAC]AX TeXHHYECKOH TeOJOTHH, HYKHO HC-
MO.1b30BATh BCE BO3MOKHOCTH, NpPelOCTaBjfeMble OTHOCHTENBHO MpPO-
CTHIMH MIPHEMAaMH MAaTEeMAaTHYeCKOH CTATHCTHKH.

CraTucTHuecKHe 3afauH, BO3HHKAIOIIHE MPH CHOeUMAJBLHOM H3Yyue-
HUH HEOJHOPOAHOCTH TOPHBIX MOPOX M NPH HHKEHEPHO-Ie0J0rHUECKOM
H3YYEHHH HEOJHOPOIHBIX MACCHBOB B OCHOBAHHAX HHIKEHEepPHBIX COOpPY-
KeHul, pa3esisioTC B OCHOBHOM Ha deThipe Tuna. [10CKOJIBKY B X04€
IanbHeHIIeTo M3J0XKeHHA 3TH 3ajgaud GYyAYT NMOCTOSHHO BO3HUKATb H
pewmaTbes, pacCMOTPUM HX OB1YIO MOCTAHOBKY.

3apaun npoBepky runore3. PasiinyHble NPeRON0KEHHA O CTPYKTYpe
II CBOWCTBAX u3yuaeMblXx OOBEKTOB, BO3HHMKAIOUipe HEMOCPeNCTBEHHO
npi a"anuse PaKTHYECKOrO0 MaTepHasta WM BhITeKaiol[He M3 TeQJIOTH-
4yeCKHX MpeJCTABJeHUH, B NepeBOAe HA A3BIK MOAEJH BO MHOTHX CIy4afX
vro6HO (QopMyaupoOBaTL KaK CTATHCTHYeCKHe runotesnl. Ilpm stoM
BO3HUKAET 3aJauya MPOBEPKH HENPOTHBOPEUHUBOCTH CGHOPMYIHPOBAHHOM
runotessl GakKTHUECKOMY MaTepHaJy.

Hanpumep, B ra. 11 dopmyaupyerca runoresa o BIHAHWM pa3Mepa
npo6 Ha pa3bpoc pe3yabTaToB UCHbiTaHHi. OOGBEKTOM HCCIENOBAHHA
ABJAETCA CePHA pe3yJbTAaTOB HCHOBITAHWH, [POBeJEHHBIX Ha npobax
Pa3HOH BeJHUYHHBl U, 4 MOMEJbI0 CIYXKHT COBOKYNHOCTb He3aBHCHUMEIX
caydaiHblx BeqauunH. COOTBETCTBEHHO CTeleHb Pa3Gpoca pe3ysibTaToB
HCOBITAHMN HA MOAeNH oTobpaxaercs BeawyumHoidl nuonepcun D (cral-
JapTHOTO OTK/JOHEHHA WM Ko duuHerTa Bapuauuu). [Iposepsaemasn ru-
noresa Hy Moxker ObTh MpeACTaBJeHa B clelylolleM Buie: Ho: DL1_1=

=DL,, npu aavrepuatuse Hy: DL, =DL,, rie uMHIeKCH U3 H Uz
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0603HAYAIOT COBOKYNHOCTL Pe3YJbTATOR 3KCNEPHMEHTOB, NPOBEHEHHBIX
Ha npo6ax ¢ pasMepaMH Uy B Uz (NpuyeM Uiz=vz). lpunartue uan He-
npuHATHe runotesnl Ho onpenessercss nyTeM BHUHCAEHHA KPUTEPHA
®uurepa F.

3ajgaud NpPoBePKH THNOTe3 BecbMa pasHoobGpasubl. [loMumo npuse-
IeHHOTO INIpHMepa MpPOBEPAIOTCA THNOTE3Bl O 34KOHE pACIpefeneHHs
CAy4aiiHO¥ BeJMUHHBL, O HAJHYHH TPeHAA (CHCTEMATHUECKOro H3MeHe-
HUS CPeHero 3HaYeHHs CaydaliHOW BeJWdMHB B NPOCTPAHCTBE), O Ha-
JHUHH KOPPEJAHUOHHBIX CBASCH MeXKIY pPa3HLIMH CJOYYaHHBIMH BedH-
YHHAMH, O PaBEHCTBe CPeIHUX 3HAUEHHH U T. 1.

3apauyd ONHCAHMA TECHO CBA3AHEI C 33XaYyaMM MPOBEPKH THIOTE3
H OTJHYAKTCA OT HHX TE€M, UTO TpeéyloT OTBE€Ta Ha BONPOC «KakK»,
TOTAA KAK NepBble — JUIIbL «Xa» HAH «HeT». Hanpumep, yGenuBuincy,
4TO pa3Mep npod CyIieCTBEHHO BJHAET HA Pasdpoc pe3y/abTATOB HUCIH-
TaHHi, NPABOMEPHO NOCTABHTL BONPOC: «KaK BaHAeT?»> OTBET MOXKHO
NOJAYYUTh He TOJbKO NyTeM 06paGoTKH 3KCIIePUMEHT AAbHBIX JAHHBIX, HO
B pfife CJydyaeB M TeOpeTHUeCKH. BriACHAETCA, YTO XapaKTep 3TOTO BIHA-
HHSI HEKOTOPLIM O6pasoM 3aBHCHT OT M3ydYaeMBbIX CBOUCTB NOPOZX, KOTO-
pBle TOXKEe MOXHO ONUCATE C TIOMOILDBIO PAa3IHUHBIX Moxedeln (cM. ra. I1).

Jpyroit npuMep. YOenuBUIMCh NyTeM NpPOBEPKH COOTBETCTBYIOLIEH
THNOTE3H B HAJMYHM TPeHAA (ZONYCTHM CHCTEMAaTHYeCKOTO M3MEeHeHH:
BOLONPOHUIIAEMOCTH TOPHHIX NOPOX C FiayGuHOi), npaBoMepHO NOCTa-
BUTb BONpPOC, 10 KAaKOMYy 3aKOHY M3MeHfeTCs BOXONPOHHILAEMOCTD.
OtBeT OKasblBaeTca (B OTJHUHE OT NMPeABIAYLIEro NpPHUMepa) B HU3BeCT-
HOH CTeleHH [POM3BOJBHBIM: BBHAY OTCYTCTBHA NOAXOAALUEH TeOpHH
MOXKHO [0100paTh pasawduble ¢GYHKIUH, YIOBAETBOPHUTENBHO ONHCHI-
BalOIliie 3TO U3MeHeHHe.

HekoTropas NpoM3BONBHOCTH peLIeHUs ONMCATENbHBIX 3ajad (mpH
OTCYTCTBHH TEODHH) SABJAETCH HX CYIHECTBEHHON OTJAMYHUTENbHOH uep-
TOH MO CPaBHEHMIO ¢ 3aJayaM¥ NPOBEPKH T'HIOTE3 WJIH ONeHKH Napa-
MetpoB (cM. HuXke). Hlpu pemennu mnocnegHux BCceria (Mo KpaiiHefi
Mepe TeOpeTHUeCKH) MOXKHO yKas3aTb ONpefeJieHHHH cnocob AeHCTBHY.
Cnioco6 Xe onmucaHuA MoxKeT OBbITh pPasjUYHBLIM, JHIb OBl OH YIOB-
JIETBOPAJ HEKOTOPHM oOwuM TpeOoBaHUAM (OOBIMHBIM TPeGOBAHUAM
MeTORA HaUMeHbIINX KBAAPATOB).

3agauM ONMHCAHHA YACTO TPAKTYIOT KaK HEKYI <«CTAaTHCTHYECKYIO
06paboTKy pesynabraToB HAOJIOeHHI», 3a0mBasg, YTO BCAKAs <«obpa-
60TKa» TAKOro pola HeH30eXKHO CBA3AHA C TeMH WIH HHBIMH MOJeEJb-
HpIMH npenctaBieHusaMHu. [locnennee 06CTOATENBCTBO MMeeT NPUHIH-
nHuaJbHBIE XapakKrep, NOCKOJLKY OJMH H TOT Xe MaTepHaJ HaGJI0AeHH T
MOXHO 06paGoTaTbh NO-PA3HOMY W NOJYYHTb pasHble Pe3yabTaThl B 3a-
BUCHMOCTH OT NPHHATOH Mopenu. Huxe samauu onucaunusa O6yayr pe-
MAaTbhcAd KaK NpH Hajauyuu teopuu (cM. ra. II), Tax w yucro sMnupu-
yeckn (cM. . I11).

3apaud oneHKn napametTpoB. B xone pellieHHs ONHCATEJNbHBIX 334y
OOBIYHO BO3HMKAeT HeOoOXONHMMOCTb ONEHKHM TeX HJH HHBIX TapaMeTpos,
onpefeJsONX BHA HCNONb3YyeMbIX aJisf onucanud ¢(yHkuui. Hampn-
Mep, y6eIHBIIHCh, UTO pasMep Mpol CYMeCTBEHHO BJHAET Ha pasbpoc
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pe3yJbTATOB HCNHITAHUE (3aKaua NMPOBEPKH FUMOTE3Hl), W BLIACHHB BHJ
3TOH 3aBHCHMOCTH (3aJ{aua OMHUCAHHA), KOTOPAA OKa3bLlBAeTCA, HAIpH-
Mep, runepbonnvecKoll, eCTeCTBEHHO JaJjiee NOCTABHThL BONPOC O BEJIHYH-
He mapamerpoB runep6oubl, ofecneynBarOMUX HaHiayyllee (B KaKoM-
au60 cMbiciie) NpubiHKeHNe ee K IKCMepHMEeHTaNbHbBM TOYKaM. B paH-
Hoil paGore MBI G6yAeM NOJL30BATLCS OLEHKAMHU MAKCHMYyMa IPaBAOIoO-
106U MJIH OleHKAMH MeTOa HaUMeHbIIUX KBaAPAaTOB, KOTOPEIE B 00JIb-
IIMHCTBE CJy4aeB OKA3LIBAIOTCA COCTOATE/NBHLIMH M HeCMeljeHHLIMH.
3agaun NAAHUPOBAHMA AIKCNEPUMEHTOB B TeAHMHECKOH TeO0J0THH
[IPeACTABAAT OCOOLI# HHTepec, MOCKOAbKY K HHM CBOAATCH OOBIYHO
3alaud IJIAHUPOBAHHUA pasBenKH M onpobosaunus. [Ipu peutennu 3agad
MVIAHAPOBAHUA IKCIEePHMEHTOB HeoOGXOLMMO OTYETJAHBO MpPeACTaBJAATDH
TPH MOMeHTa: |) LleJib 3KCIIEPUMEHTOB, 2) ne’b MIAHHPOBAHMA JKCIe-
PHMEHTOB, 3) YCJOBHA NPOBeAEHHS 3KCIepHUMeHTOB. [loAcHHM cKasaH-
HOoe Ha npumepe. TpebyeTca M3YYHUTL BOLONPOHMIAEMOCT» FOPHBIX MO-
pol B OCHOBAaHMM MAOTHHH, [na 370l Lenu HHXKeHepy-TeoJor'Vv OTiy-
lieHa CyMMa JeHeT, ROCTATOYHASA AJis OYpeHHS CKBAXKHH M MPOBEAeHHUS
cTa onpefeneHuii BojonpouunaeMmoctd. CrnpaiiumBaercd, Kak Jaydlie
PACMONOXKHUTL N0 TIyOUHE CTO HAMEUEHHBIX SKCIIeDHMEHTOB.

OTBeT Ha 3TOT BONMPOC 3aBHCHUT OT TOTO, ¢ KaKOil LeJbi0 H3yyaercH
BOJOTNPOHHUIAeMOCTh: 4TOOLI BBHISICHHTL OMACHOCTL Cy(dO3uH, OLUEHUTD
BeJMUMHY B3BeIIMBAIOINEr0 AABJEHUS HJH BeJUYHHY (QUIALTPALMOHHEIX
NOoTepb U3 BOAOXPAHMJHMILA M T. II. UTO SHAUHMT «AYYIUe» PACHONOKHUTD
HHTepBaJIbl onpoOOBAHUA: JYyUllle B CMBIC/e YAOOCTBA MPOBEAEHHS ONBI-
TOB, COKDALIEHHUs CPOKOB M3BICKAHHH HJH elle B KAKOM-HHOYIbL CMBI-
cie. Haxonen, 4to u3BecTHO (MO TeOOTHYECKHM COOOPAKEHUAM HJIH
MO pesynbTaTaM MpeABAYIUHMX HCCAEXOBAHMI) 00 H3MEHYHBOCTH BOJAO-
MPOHHUIAEMOCTH HCCJIeZyeMOro OCHOBAHMA: YBEJIHUMBACTCH OHA C IIy-
GuHOM, yOBIBAET UM OCTAETCA B CPEAHEM TIOCTOSHHOM.

Ecnu JnonmosHHTENBHO YKa3aTh edb 3IKCHEePHMeHTOB (Hampumep,
oLeHKa (MUABTPANMOHHOIO pacXofa MOX OCHOBAHMEM IVIOTHHE), UeNb
MVIAHHPOBAHUA 3KCMEPHUMEHTOB (HANpHUMEpP, MHHMMU3AUHS AHCHEPCHH
pesyabTaTOB pacuera cpenHero (QHALTPANUOHHOIO pacxoaa Npu (Guk-
CHPOBAHHOM WYHCJE€ ONLITOB) M YCJAOBHA HX IMpOBefeHHs (Hampumep,
JABYXCJONHAA TOJIA, [PHUYeM BEPXHHU CJOH MeHee MPOHHMIAEM, ueM
HUXKHHE), TO OKaxeTcs BOSMOMKHLIM NOCTPOUTH Takoil MjaH onpoGo-
BAHMA, KOTOpPLIH HAaMAyUlIMM Cnoco60oM oOecleyuT pellieHHe M0CTaB-
JICHHOHM 327a4H B JAHHBIX YCJIOBHSAX.

3ajaun OueHKH NapaMeTpPOB M MAAHHPOBAHHA IKCMEPHMEHTOB pac-
cMatpusaloTcss B I IV, 3agauu mnpoBepxu THIOTE3 1 ONUCAHUA —
B ra. IT u Ill, rne onm cayxkar aas mosHaHus NOPHUPOABI U OCHOBHBIX
(dhopM MposABJIEHHS HEONHOPOAHOCTH TOPHHLIX MOPOIL.

BeaencTsue ynoMuHaBIedcs [POH3BOJLHOCTH  pelleHMsl 3aaady
omnucaHus Tpedyerca 0cOGEHHO OTYETJAHBOe MpeNCTaB.aeHHe O Moc/ieno-
BATEJbHOCTH PEIICHHA Te0JiOTHYecKUX 3a7au C HCIOJAb30BaHUEM MaTe-
MATHYECKUX MeTOAO0B. JTa MOC/AEI0BATEABHOCTL Takosa: 1) dopmyan-
pPOBKa Te0JOrHYeCKoi 3afauH; 2) BpiGOp HJH NMOCTPOCHHE moaAXonsllell
MaTeMaTHdecKoil Moaenn o6bekTta; 3) QOpMYJIMPOBKA 3aiauyH B Tep-
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MHHAaX MoJej# (T. e. MepeBOX 3aJayu C f3bKA TeOJOTHH Ha A3HK
MareMaTuky; 4) pelieHue 3a1a4l HA MOJEJH MareMaTHYeCKHMH MeTo-
namy; 5) oGpaTHBEI!l MepeBOA pelleHHsl Ha A3BIK I'eOJIOTHH (reojorH-
yecKas MHTepIpeTanus).

B meTomuueckux paGoTax, MOCBANIEHHLIX PELISHHIO TE€OJOTHUECKHX
3a1ay MaTeMaTHYeCKHMH METOLaMH, MepeyHc/ieHHble 3TaNbl pellieHud
paccMaTpuBaOTCA BecbMa mnoapoOHO. B macrosmeiln padore, nemasio
KOTOpPO#l ABJIsIETCS TeOoJOrHuyecKoe H3yyeHHe HeOZHOPOAHOCTH TOPHBIX
NMOPOA U B KOTOPOM HCHOJB3YIOTCS B OCHOBHOM HOCTATOUHO MPOCTHIE
M LIAPOKO H3BECTHbIE MAaTeMAaTHYECKHe METOAEl, OCHOBHOE BHHMaHHE
6yIeT YAedATbCA NMEPBOMY H MOCJAEIHEMY 3TAmaM, T. €. [eOJOTHYeCKOoH
3afaue U reQJIOrMYECKOMY CMBICAY MOJYYEHHOTO peLIeHus.

§ 2. OCHOBHble TOHATHA M KAACCH(PUKAMHMH, CBA3aHHBIE
€ HCNOJIb30BAHHEM CTPYKTYPHBIX MojeJsied B HHXKeHePHOH reosorHu

Pag ¢yunamenTanbHHIX NOHATHE, HCMONbL3YeMHIX B MeXaHHKe H
MA4TePHAJIOBeIeHHH, TepseT CBOIO OJHO3HAYHOCTb B MPHJIOXKEHHH KOo-
Jee CJAOXKHBIM TreOJOrHYecKHM o0BeKTaM. B To XKe BpeMf HEKOTOpHe
MOHATHSA, H3BECTHble B HHKEHEPHOH TeOJOTrHH, OKa3blBAIOTCH He-
JAOCTATOYHO YeTKO OMNpefeseHHLIMH A/ HCMNOJb30BaHHS HX B CBfA3H
C 33444aMH KOJHMYECTBEHHOTO &HAJIH3a HEeONHOPONHOCTH M pacuera
coopyxenui. OTcI0OAa BO3HUK/IA 3a0a4a NOCTPOEHHS CHCTEMBl MOHATH,
Ha KOTOpO# MorJio Gbl GasupoBaTbcs HaHHOe HcclenoBanue. Hamowm-
uuM, uto B paborax 0. A. Koceirura u ap. (1964, 1965) Geuro oGpa-
IeHo BHHUMAHHE H& HEYHOBJIETBOPHTEJbHOE COCTOSIHHE <MOHATHAHON
§a3bl» TeoJIOrHH H NpeANPHHATA MONbITKA paspaboTath GPopPMaIH30BaH-
HYIO cHcTeMy noHaTHil. Benen 3a uuMun takas padora Oblia nmpeanpu-
uara A. C. Jespapuanu (1968) u C. B. Toapaunmm *. H. B. Ko-
JoMenckuM (1968) Obwra mocTpoeHa HedopMaJH30BAHHAS CHCTEMaA
MOHATHH, MOJI0OKEHHAA UM B OCHOBY PaspaboTKH METOAHKH HHIKEHEepHO-
Te0JIOTHYECKHX HCCaen0BaHuil.

B orauuue ot 10. A. Boponuna, Beaen 3a A. C. leBaapuauu, Mu
nojaraeM, yTO KayecTBEHHBHIE MPeACTaBJEHHUS COBPEMEHHOHR reOJOrHH,
KOTOpbl€ OCHOBAHbI HA OMNbITE MHOIMX MOKOJEHHH I'e0J10r0B, BEPHO OTPa-
xaroT npupony Bemel (Hesnapuany, 1968a). Ilostomy npenctasis-
€TCHl eCTeCTBEHHBIM NPH paspaboTKe HOBHIX CHUCTEM MOHATHH O BO3-
MOXKHOCTH HCIOJb30BATb yXKe CYIHIeCTBYIOIlpe. YueT CYIUECTBYIOUIUX
MOHATHH Y MpeJACTaBJeHHH OCOOeHHO BaXKeH B TEXHHYeCKOH M B TOM
YyHucCJe B HMHXKEHEDHOH TIeoJIOTHH, KOTOpPAsl TecHO CBA3aHa He TOJIBKO
C COOCTBEHHO Te0JIOTHel, HO B CO CTPOHUTEAbHOH MexaHuko#. [Toatomy
B HMHXEHEDHOH TIeoJOTHM HeJb3d CTPOHTh CAMOCTOATENbHLIe CUCTEMBI
NOHATHH, KGO 3TO IPO3UT OTPLIBOM OT T'€0JIOTHH H (MJIH) OT HHXKeHepHO-
CTPOUTEIBHOrO Ae1a.

He neiTasick paspafotatbh Kakylo-auG0 yHHBePCaJbHYIO (XOTA Obl
B paMKax HHKEHEePHOH TeOJO0THH) CHCTEMY MOHATHH, MBI OTpAHHUH-

* JNoxaan ra Il Cubupckoy coBelilaHHU TO NMPHMEHEHHIO MaTeMaTHKU B eOJIOTUH
(Hosocn6upex, 1967)
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BaeMCs onpellei€HHeM TeX OCHOBHBIX MOHATHH, KOTOpble moHaZ06ATCA
B panHoit padore. IIpy 3TOM HOBBHIX IO CYIIECTBY NOHATHH He BBOAHTCA:
NOYTH Bce OOCyXKaaeMble HHUXKe NOHATHA U3BeCTHH MO0 B MHKeHEPHON
reoJioruy, JnG0 B MaTepHAJIOBeleHHHN M MeXaHHKe. 3aJayaMyd NAHHOTO
pasfea ABJAIOTCA® ABHOE ONpenesieHHe OCHOBHHIX NMOHATHH, YCTAHOB-
JeHAe MX B3aMMOCBA3el (cM. cxeMy) M (uKCAUMs COOTBETCTBYIOLiei
tTepMuHosiorun. IlonyTHo OyayT pacCMOTPeHBl TAKXKe OCHOBHBIE KJac-
cuduKal Uy HeOZHOPOIHOCTH FOPHBIX HOPOX.

WUmesa B BuAy, UTO «3e€MHYIO KOPY, BKJIOUAS B €€ COCTAB BeliecTBO
B TBEPAOM, XKIJIKOM U rasoo0pasHOM COCTOSTHHAX, MOXKHO NPeACTaBUTh
KaK CIVIOUIHYKO Cpeldy, T. €. KaK MHOXeCTBO MAaTepHaJbHBIX TOUeK, KO-
Topoe B (DUKCHPOBAHHBIH MOMEHT BpPEeMEHHM HAXORUTCA BO B3AHMHO-
ONHO3HAYHOM COOTBETCTBHH C NOANPOCTPAHCTBOM TPEXMEpPHOTO €BK/H-
noBa mpocrpaHctBa» ([esmapmann, 1968, crp. 22), B nasapneiieM
BCe IIOCTPOEHHA Mbl NPOBOAHM NPHMEHHTENLHO K OIHO-, ABYX- HJIHU
TPeXMepHOMY €BKJAHIOBY npoctpauctBy (En, n=1, 2, 3 B 3aBucuMocTH
OT XapakKTepa 3ajgauu), He HanoMuHas o 3ToM cneunanbho. Hanporus,
HCNOJL30BAHNE MHOTOMeDHBIX MAaTeMAaTHUeCKHX MNPOCTPAHCTB BcCeraa
CnelxajbHO OrOBapHUBaeTC .

B kauecTBe MCXOMHBIX HCNOJB3YEM TPH NOHATHA: 1) «3eMHAs KOpay,
2) «HEOXHOPOLHOCTBY», 3) «ONpeReaAlOmas 06JacThby.

IlonaTtve 3eMHAas Kopa MH He OygeM 06GCyXnaTh, IOJAras €ro
HU3BECTHBIM, TeM 0oJjiee 4TO TUHKOCTH B €ro OnpefiejieHHH He BJHAIOT
Ha JaJbHeHIlve NoCTPOoeHHs.

TlonaTtue 06 OQHOPOLHOCTH WK HEOZHOPORHOCTH 0OBeKTa, BOOOLLE
roBOpSA, He MOXKeT ObIThL BBelJeHO JIOTHYECKH KODPEKTHO 0e3 YKa3aHHUA
3ajaud, A5 peleHHss KOTopoll HeoOxoA¥Ma Ta WM MHAS KBAJIM(HKa-
nus o6bekra. ORHaKo, yUHTHIBas HEOOXOMMMOCTh T'e0JIOTHUECKOTO H3Y-
YeHHS HEOZHOPOMHOCTH NPHUMEHHUTEJbHO K §0Jiee HAM MeHee LINPOKOMY
KJacCy HHTeTpaJbHBIX 3a71a4, HCIOONb3yeM NPHHATOe B (QU3HKe Ompe-
genedne (Crenamnos, 1950). Ilon OZHOPORHOCTBIO O0BEKTa IO
npusuaky L OyaeM MOHMMATbL He3aBUCHMOCTL L B mpefenax obbexTa
oT KoopauHaT npoctpancTBa. Hao6opoT, HEORHOPOAHB M NO NPHU3-
Haky L OyaeM cuuraTh OOGBEKT, B Mpefenax KOTOPOoro L 3aBHUCHT OT
KOOpIHMHAT.

Hakonen, onpenensilomet o6aacThio B 3agadye OyaeMm
HAa3BIBATh 4aCTh 3€MHON KOpbl, CBOCTBA KOTOPOU ONpelenAlT pe3yilb-
TaT pellieHAd ITOH 3afaud. EQMHCTBeHHBIM CBOWCTBOM ONpefesoolieil
obsacTu ABMAETCA ee XapaKTePHBI pa3Mep B Tpex-, ABYX- HJH OJHO-
MePHOM €BKJHJOBOM IIPOCTPAHCTBe B 3aBHCHUMOCTH OT XapakTepa
pelllaeMo¥t 3amauu. Ilpu 3TOM NMOHATHe «XapaKTepHRIH Pa3Mep» onpefe-
asiied o6aactu 6yneT COBMAanaTh, OUEBHAHO, C NMOHATHEM XapakTep-
HOTO pa3Mepa B pelllaeMod 3ajade, LIMPOKO HCHOJb3YeMBIM B Mexa-
auke. Onpenensiomeii oGgacTbl0 MOFYT OBITh: Y4aCTh 3eMHOU KOPH,
B KOTOPOH BedeTCH MOHCK M0JIe3HOT0 HCKONAeMOro; 4acTh 3eMHOH KOPHI,
BKJIOUAKOIIAS PYRHOE TeJ0 NPH ero pasBefke; 4acTh IJIOWARH Linda
HJIM JIMHHA B TJOCKOCTH UIAH(a NpPH KOJHYECTBEHHO-MHHepaJorHyec-
KOM aHaJu3e NOpOAb!, ofpa3en TropHO# MOPORL Pa3AaBAMBAEMBIN HA
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npecce IJA ONpefelieHHs NPOYHOCTH, U T. A. CnenmaJibHBI HHTepec
B JaHHOH paboTe IPelCTABJAAIOT [BAa BHAA ONpeAeAOIHX objaacTell:
onpefenfomas 06JacTb HHXEHEPHOIO COODYXKeHH U onpefendlomas
06J1aCTh 3KCNepUMeHT4. B COOTBETCTBHH CO CKAa3aHHBLIM paHee NOX ONpe-
pensawoniesl 06JacTbi0 HHIKEHEPHOTO COOPYKeHHs B JaHHO# 3anaue Oy-
AeM MOHUMATb 4aCTh 3€MHOM KOpbI, B NIpefiesiaXx KOTOPOH JIOKANH3YI0TCA
NPOIEeCCh B3aUMOJASHCTBUS HHIKEHEPHOTO COOPYKEHHs C 3eMHOH KOnoH.
OueBHAHO, 4TO ONpPEREIAIOMYI0 00/1aCTh HHKEHEPHOTO COOPYKEHHS MO-
JKHO BBIAeJIUTD, JHIIL YETKO NIOCTABUB 3ajauy ucciefoBanusa. Tak, npu
OueHKe BO3MOMKHOH OCaJKp NJIOTHHBE onpefensiomas objgacts GyleT

K T m:mm !
\ E
775

Puc 1 Onpezensiouiye o6JacTd B OCHOBAaHHH IL10-
THHBI

] — npu oueHke JedopMauuii OCHOBAHHS, 2 — NpH OLEHKe
COMPOTHUBJIEHHA CABHIY, 3 — NPH OLEHKe (HJIBTPaLHOHHOTO
pacxona

OlHA, NPH OLEHKe ee YCTOMUYMBOCTH Ha CABUT — JApyras, NpH OLEHKE
¢uabTpanuy NOL OCHOBAHMEM IVIOTHHB — TPeThA U T. A. (pHuC. 1).

Onpegengiomeil 00.1aCTbI0 3KCNEPHMEHTA B NLAaHHOU 3ajave GyHAeM
HAa3blBaTb YacTh 3eMHOH KOpPH HJIH COCTABJAIOLLEr0 €€ BeliecTBa,
B IpellenaxX KOTOPOH JOKAJU3YIOTCA NPOIECCH B3aUMOIEHCTBUSA 3KCIIe-
PUMEHTAJNbHOH YCTAHOBKH C 3€MHOI KOpDOHl MJIM COCTABJAAIOIUM €€ Be-
IeCTBOM (uallle BCero — ropHoO# Nopompo#). DKCnepHMeHTaJbHAs yCTa-
HOBKA HPY 3TOM 'NIOHHMAaeTCH Npele/bHO IIMPOKO: 3TO MOXeT ObITh
[J1a3 4YeJIOBEKAa, BOOPYKEHHBIH MHKDOCKONOM; NPECCHOMETp; LITaMm,
HaTrpyxkaeMblil AJ5 OneHKU 1eOPMHPYeMOCTH TOPHBIX MOPOX B ecTecT-
BEHHOM 3aJeTaHuy; IIpecc, HA KOTOPOM CiKuMaeTcs o6pasen NOPOAHL,
u T. I. Bo MHormx ciyuasx, ocoGeHHO NPH H3yueHHH (HUIHUECKHUX
CBOHCTB TOpHBIX MOPORA, onpelensmomias o00JacTh 3KCIEPHMEHTa COB-
najnaer ¢ npo6oit ropHO#l Nopoabl (OnpeleseHHe NOHATHA «npoda» §y-
IeT JaHO HHiKe).

[laneko He Bcerza onpelendwulylo 0671acTh B 3ajaye Jerko yka-
3ath. Hanpotus, B psfie ciyuaeB ee OKOHTYPUBAHHE ABJAETCA ORHOM
M3 OCHOBHBIX 3a/aY HHKEHEPHO-T€OJOTHYeCKHX M3BLICKAHHH (HAMpH-
Mep, NPH NPOEKTHPOBAHHM RPOTHBOGHILTPAUMOHHBLIX 3aBec). OmHAaKo
B NMPHALMNE C TOH H.IN IHOH CTeNeHLIO TOYHOCTH 3TOT BONPOC Bcerja

16



MoxeT OblTh petied. [IpnyeM npUHUHUNHAIBHAA BO3MOXKHOCTL OKOHTY-
PHUTb TAKYI0 06/J4CTb BO3HHKAST TOJNLKO NOCAE YETKOH NOCTAHOBKH KOH-
KPeTHOR NHXKeHepPHOH 3afavuH.

ClexylomuM NOHATHEM MABJIAETCA 3JeMeHTAapDHHH 06DbeM.
D70 MBICNEHHO BbIAeNfeMAas B Npelenax onpefensdmlieil 061acTu CBA3-
Hasi mofoGnacTb, CYIieCTBEHHO (HONYCTHM, UTO He MeHee ueM HA OAUH
NOPAKOK NO JTUHEHHHM pa3MepaM) MeHbIIaf, yeM olpelejsdrolias o6-
jgactb. EXUHCTBEHHBIM CBOHCTBOM 3/leMEHTApHOTO o00beMa fBJAfeTCH
ero MepHocTh B npoctpaHnctBe En (n=1, 2, 3 B 3aBucuMoCTH OT Mep-
HOCTH onpefensomell 061acTH).

JlanpHelliHe MOHATUA ANATCA HA IBe TPYIILI CBA3AHHBIE C HEOL-
HOPOZHOCTRIO U CBSI3aHHHBE C METOLUKON HCCAeL0BaHUM.

IMonnaTus, cBA3auubie ¢ HEOXHOPOXHOCTHIO. Kaaccuipukanuu tenos
HeoxHOpoxHOCTH. [loHsTHE «HEOAHOPOLHOCThY ABJASETCA HEOOX0IUMBIM,
HO HENOCTATOYHLIM J[JAA ONUCAHUA Teonoruueckux ob6beKToB. [leno
B TOM, YTO B OTJUYHUE OT KOHCTPYKUUOHHBIX MATEPHAJNOB B TOPHBIX
NOPOAAax YacTo HaGMIOAaeTcs H3MeHeHHe CpelHero 3HaueHHs IoKasa-

tesell cBoficte L B npoctpadcree. B cBasu ¢ atum H. B. Koaomenckum
u Y. C. Komaposeim (Kosmomenckuil, 1956, ctp. 259) Guiio BBEAEHO
NOHATHE O BblAep:KAaHHOCTH CBOHCTB nopox *. Ilon BbLIEepKAHHOCTBHIO
npH 3TOM NOHHMAJNAcCh «CTeleHb YCTOWYHBOCTU CPelHUX 3HAYEHHH Io-
Kaszarenei» cBoiicTs nopox B npoctpanctse. I. K. Boupapuxk (1971),
No-BUAUMOMY, AN 0603HAUEHHS ITOTO Ke NOHATUH HCNO/b3YeT BecbMa
VEOOHBIH TePMHH <«H3MEHUHBOCTb», 3aBHCUMOCTb WM HEe3ABUCHMOCTh
CpPeHHHX 3HAaueHUH NMPU3HAKOB OT KoopAuHAT mo.goxena I, A. Poguo-
HoBbIM (1968) B OCHOBY €ro onpejeleHHA HEOJHOPOTHOCTH UJAU OAHO-
POXHOCTH reosiornyeckux o06beKToB. Mbl GyleM Aalee CYUTAThb OOLEKT
MaKpPOCKONHUYEeCKHN OZHOPOZHBIM II0 npusuaky L Torma,
KOrja cpefHee 3HayeHHe TOTO NMPHU3HAKA HA HEKOTOPOM MPOU3ZBOJILHOM
3/leMeHTapHOM 00beMe U He 3aBUCUT OT NON0KeHUs (KOOPAHMHAT) 3TOTO
o6beMa B npocTpancTse. B npoTuBHOM ciayuae 0ObekT GVIET cuUTAThCH
MaKpOCKONHYeCKH HeOHHOPOAHHM **. CoXxpaHUM TakXKe B KauecTBe Tep-
MHHA CBOGOZHOTO TOJb30BAHUA TEPMHUH «H3MEHUYHBOCTb», HCNOIb3YA
€ro NPeHMYyIIeCTBEHHO /I ONUCAHUA CYMMADHOTO NPOSABICHUT MHKPO-
1 MaKpOHEOAHOPOAHOCTH.

Jlanee neoOxomumo, Beaen 3a J. A. PonuoHoBLIM, AaTh CTATUCTH-
YeCKYI0 TPAKTOBKY IOHATUA «3aBUCUMOCTH», QGHIYPHUPYIOLIETO B ONpe-
HeJeHUY OXHOPOAHOCTH. A MMEHHO, 3aBHCHMOCTb €CTeCTBEHHO CYMTATh
3HAYUMOH UJX HEe3HAUUMOH B CTATUCTUUECKOM cMbIci1e. JTa yacTb BO-
npoca AZetanbHo paccMoTpera JI. A. PoauonoseM, 1 noapoGHee MBI Ha
Hell ocTaHaBauBaTbCA He OGyaeM. O6paTuMca K Apyrofi yacTu Bompoca.
OueBHIHO, YTO CTENEHb YCPelHEeHHUs, a CTano GHTh, W PE3y/abTAT, T. €.
KBanuopuKanua o0beKTa XKaK MaKPOCKONMYeCKH OJHOPOXHOTO WM

J1. K. YerBepukor (1968a), no-suanviomy, nesasucuvo or H B Ko.tovienckoro
NPeANOKHI HCNOMB30BATh 3TO OHATHE B I'e0/I0TODA3BEIOUHONM 1e.e
“* (aKTHYECKH UMEHHO TaK MOHHMAJaCbh HEOJHOPOIHOCTH 1 Mioamepon (Miller,
1958, 1963), IT H. Namokosrm (1962), M B Pauew (1968a)
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HEONHOPOLHOTO, 3aBHCHT OT pa3Mepa 3JeMeHTapHOro ofbeMa, Ha KO-
TOPBHIH HAJOMXKeHO eIHHCTBEHHOe OTPaHHYEeHHe: OH HOJiXKeH OuThb Cyle-
CTBEHHO MeHblile ONMpefenswoleil obaactw B 3azave. PalbuBasa ompe-
IeJAIIYI0 06/iacTh HA 3JjeMeHTapHble 0o0beMEl, Mbl MOXKeM 3aTeM
NpPOBEPHUTH THNIOTE3Y 06 ee OJHOPOAHOCTH H, eCju 06,1aCTh OKaXKeTCs He-
OXHOPOXHOMH, MPOBECTH ee pa3rpaHHUYCHHe HA OXHOPOAHBIE MOROGJACTH.
Mur He Gymem paccMaTpHBATh 3[4eChb TEOPHH H METOXWKH pasrpaHuye-
HHS, KOTOpble fBJAIOTCA TpeiMeroM Mouorpadum . A. PoxuoHoBa
(1968). 3aMeruM TOJBKO, 4TO B NMPUHIMIE pasTpaHAUeHHe («3JeMeH-
rapusanuio», no 0. A. Koceruny u 10. A, Bopounny) M0xKHO BHIIOJ-
HHTb BCel'Jla, H pe3yJbTaT €ro B o0llieM ciayyae GyIeT 3aBUCEThb OT Be-
JUYUHE 3JIeMeHTapHBIX 00bE€MOB: yeM MeJjblie 3ji€MeHTapHble 0ObEeME,
TeM HeTaJjibHee pasTpaHuyeHne *.

Oxuoponuble CBA3HBle MO00JaCTH oNpefensiomielr 06JacTH, Buje-
JsieMble B pe3y/ibTaTe pasTpaHUueHNs MpH (QUKCHPOBAHHOM pasMepe
3JleMeHTapHHX 00beMOB, HA30BeM 31 eMeHTaMU HEeOLHOPOLHO -
ctu. HenmpepoisHo usMeHsas (HanpuMep, yBeJHUUBas) pasMep 3JeMeH-
TapHOro 00beMa, MOXKHO NOJYYHTb NOCHEZOBATEJbHOCTh 3JeMEHTOB
HEOJHOPOZHOCTH, YNOPALOUEHHYIO IO BeJHUHHE HX CPelHero pasMmepa.

IIpencraBum cebe, uTO onpenesaswmas ofjacTb BecbMa BesnKa
u Gjarojapsi 3TOMY pasMep 3JeMeHTApHOro ofbeMa MOKeT BapbHpPO-
BaTh B LIHPOKHX Npeipegax: OT pa3MepoB NOPAAKA NMepuoja KpucTalj-
JINYEeCKOH pelIeTKH 10 pasMepoB MOpAAKa COTeH KHJOMeTpoB. Dygem
CYHTaTh, YTO [PH HENPEPHIBHOM H3MEHEHHH Da3Mepa 3/eMeHTapHBIX
00beMOB J€Ta 1bHOCTb pasrpaHHueHns OYAeT MeEHATbCcA CKauKaMu.
WHbIMH CJIOBaMH, MpelNoJaraeTcs, 4TO paclpejesieHde CPeIHHX pas-
MePOB 3/eMeHTOB HeOJIHOPOJHOCTH B 3eMHOfl KOpe MHOTOBepUIHHHO,
HJIM, YTO TO K€ caMoe, B 3eMHOH KOope CYILeCTBYIOT OTpefesieHHbIe
«YPOBHH OpTraHusanynu Bemectsa» (Jparynos, 1965) uau ypoBHH «3ie-
MEHTOB CTPYKTYPHHIX ¢opM» (Mawanos, 1949). I[lpencraBasercsa ec-
TeCTBEHHBIM HA3LIBATh TH YPOBHH YDOBHAMHU HEOXHOPOZHO-
¢ TH. BuilesieHne TakKux ypoBHeH fABJAeTCS TPalUUHOHHBIM B Te0JiO-
TMH: HalpUMep, Makpo- Me30- H MHKPOTeKCTypa TOPHBIX NOPOZ
y M. C. IlIgenosa (1958, 1961) wam rauuucteix nopox y Il. A. 3a-
maTyenckoro, M. M. ®@unarosa, E. M. Cepreesa, A. K. Jlapuonosa,
MaKpO- H MHKDPOHeOJIHOPOAHOCTh NOpPOA-KoaaekTopoB y E. Y. Cemuna,
JI. ®. NementheBa u ap. Hanbosiee 4eTKO TaKoro poJa YPOBHH BHIe-
JASIOTCH B MeXaHHKe NPH HCCACHOBAHHMH COOCTBEHHBIX OCTATOUHBIX Ha-
npsKeHul B HeOAHOPOAHBIX Tesiax (IlaBunenkos, 1936).

B npuknazuoil reosoruu Ajs NpakTHYECKHX pesell yIOOGHO Bbife-
JAATh CJEAYIOLHe YPOBHH, UIH NOPSAKH HEOJHOPOLHOCTH:

Heonnopoanocts ypoBHa [V — ycranosnedHas B QuU3MKe TBEpAOTO
Teja HeOXHOPOAHOCTb pPeasibHbIX KPUCTAJJIOB, HalHuHe feheKToB KpHc-
TaJJaUuecKOll pelieTKH, AUCAOKAnUi, BaKaHCHI, MeXy3eJbHbIX aTOMOB.

* Tlpouenypa pasrpaHHyeHHs] MOXKET CYHTAThCA PAa3yMHOM TOJBKO TOrAA, KOTHAa
OHA [aeT MUHHMAJbHOE YHCJO TPaHUL, & Pa3MeD BHIIENAEMBIX TIPH 3TOM OJHOPOLHHEIX
nogo6aacrelfl 0KaablBaeTcsl MaKCUMAaJbHHIM NIPH 3aJaHHHX OLIHOKAX NMepBOrO H BTO-
poro pona.
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Heonnopoanocts ypoBua 1II — ycranoBieHHasa B TeOXHMHH M IeT-
porpaduu HEOJHOPOAHOCTL COCTaBa H CTPYKTYPbl TOPHOH MOPOBI: pas-
JHYNe B XMMHYECKOM M MHHepalbHOM cocTaBe, GopMe H pasmepe 3e-
peH (KpPHCTaJ10B), HEORHOPORHOCTb paclpeleseHHsl LEMeHTa M MOp,
pa3iHMyHBI XapakTep KOHTAKTOB MeXIy 3€PHAMH, HaJluuHe MHKpO-
TPeIuH.

Heomuopomuocte ypoBusi 1l — HeomHOPOAHOCTH CTPYKTYPHL U CO-
CTaBa TOPHEIX MOPOX B MNpefesax MaykK{, PHTMA, CJOA: MepecjauBa-
HHE MOPOJ PA3HOTO COCTaBa, HAJHUHME MAKPOTPELIMHOBATOCTH, MEIKHX
TEKTOHHUYSCKHUX JHUCAOKALHUH.

Heonunopoauocts ypoBusa | — HeoqHOpPOAHOCTE MaccHBa MOpOJ: Ha-
JHYHe Pa3JMYHBIX MO COCTaBy, CTPYKType M TEKCType FOPH3OHTOB, pas-
JUYHAA CTelleHb JUTH(PHUKAUMH, TEKTOHHYECKHE Pa3pBIBbl, 30HH THAPO-
TepMaAbHOH mNepepaloTKH, BHIBETPHUBAHMA, DPasrpy3kd # T. n. KoM-
NJIeKC HEOMHOPOAHOCTH | mopsifka — He YTO MHOE KaK reoJorHYecKoe
crpoedye MaccuBa. Ha BusBAeHMe M M3yvenHe HeoaHopoaHocT# | mo-
pAnKa o0BIYHO HAleneHa reoJorHueckasn pasbeika.

Haxonen, neonnopoauocts yposasl 0 00BUHO omiucHIBaeTcA MOA Ha-
3BaHMEM PerroHaJbHOH M3MeHUHBOCTH, 00YCJ0BJAEHHOR (anuajbHbBIMH
# GOpMANMOHHLIMH Pa3UYUSMH FOPHBIX NOPOA X T. N. B uuiKeHepHoil
re0JOTHH PETHOHATbHAS HEOAHOPOZHOCThL SAB/IAETCS NPEAMETOM HCCJe-
LOBAHUS ClenyajbHOM OTpAaciy — pPeruOHAAbHON HMHXKeHEepHOH reo-
JIOTHH.

DseMeHTE HEeOAHOPOAHOCTH ypoBua | npeacrasasior cobofi unxKe-
HepHO-TeoJoTHYecKHe 3AeMeHThl B nmoHumauuu H. B. Komnomenckoro
u U. C. Komaposa (Koaomenckuft, 1956). YuutbiBas, uTO 3JeMEHTH
HEOJHOPOJHOCTH 3TON0 YPOBHSI NpENCTaBAAIOT OCOOBIll HHTEpec, MO-
CKOJbKY OHH COM3MEPHMBl ¢ ompefensiomell 06/1acTbio GOJBIIHHCTBA
COOpY:KeHHi, AJA HUX nesecooOpasHo COXPaHUTL TePMHUH «HHIKEeHepHO-
reoJlorHYecKHe 3J1eMeHTh». 3aMeTHM TaKiKe, 4TO MOHATHE «3/eMeHT He-
OJHOPOZHOCTH» HA TOM HJM HHOM (PUKCHPOBAHHOM YPOBHE COBHNAZaeT
C MOHATHEM <IPOCTOTO Teda», BBeaeHHbIM FO. A. KOCBIrMHEIM C cOaBTO-
pamMu (1964). CymectBeHHOe pasJHuMe 3aK/JIKOUaeTcs B TOM, uTO, MO
muennio 0. A. Koceiraua u ap. (1965), Boiiegenue «IpPOCTHIX Teld» pas-
HOTO NopAnKa ([mo-HalleMmy, 571eMeHTOB HeOAHOPOLHOCTH PAa3HbIX YpPOB-
Hell) NOMXKHO MPOHM3BOAHUTLCA MO PAa3/MYHLIM CBOJiCTBaM, B TO Bpems
Kak Mbl MipejaraeM BLAeJATb HX, M0Ab3YACh HCCAeJAOBAHUAMHU PA3HOTO
YpOBHA M pasHoro Maciutaba, HO IO OJHOMY ¥ TOMY e CIHCKY CBOHCTB.

IlpuBenennas cxeMa OXBATblBaeT RHANa30OH JHHEHHBIX pa3MepoB
31eMeHTOB HeonHopoaHoct# ot 1078 no 10° cM, uTo MoO3BOJsieT CYMTATH
€e JMOCTATOUHON AJA aHaJu3a BCeX CTPYKTYPHBIX OcoOeHHOCTel, mpen-
CTABJAIOIINX HHTEpeC AJA 3aAay TeXHHYeCKOH Te0JOTHH.

HecMoTpsa Ha yNOMHHABIIYIOCA TPaAAIMOHHOCThL BhIAEJEHHA B T'eo-
JIOTHH PA3JIHYHBIX <«YPOBHell» (HEOZHOPOAHOCTH, OPTaHM3AaLUH Belle-
CTBa, CTPYKTYPHBIX (OPM H T. I.), a MoXKeT OBbITh HMEHHO [O3ITOMY,
Mbl He pacnoJjaraeM RoKa3aTelbcTBAMH HX OOBEKTHBHOIO CYIIECTBO-
Banus. BmecTe ¢ TeM 17151 Hacrosimiell paGoTH BOMNpOC 06 0GbeKTHBHOM
CYLeCTBOBAHHH TAaKHX ypOBHell He ABJAsercsd pewlamwnM. Ecau vroano,
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BhIIEJEHHEe DHCKPETHBIX VDOBHEH HEOJHOPOLHOCTH MOXKHO CUHTATh YyC-
JIOBHBIM, IIPEC/eNVIOIIHM UeJH YI0OCTBa OMHCaHusl (XOTs, MO-BHIH-
MOMY, 3TH YPOBHHU BCE-TaKH CYIIECTBYIOT!).

Bepuemcs k Bompocy 00 OTHOCHTENBHOM XapakTepe HEOLHOPOIHO-
ctd. Marepuanosens (Slcuuckuit, 1897; ®puaman, 1956), cneunanucral
no MeXaHHKe ropHbIX nopox (Martsees, 1955; Pynmeneiir, 1956) u Hr-
xeHepHo# reosorun (ITomom, 1959; Miiller, 1958 1963) HeomHOKpaTHO
NONUEePKHBANM, YTO NPHHSITHE OZHOPOLHOH MJIH Heomopozmoﬁ MOIEIH
o6beKTa 3aBHCUT OT Maciitaba paccMoTrpeHus. Mues oTHOCHTenbHOCTH
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Pue 2 Jduarpausa neoAHOPOAHOCTH TOPUBIX MOPOA
B Maccube

HeOIHOPOLHOCTI Haubolee yeTKO Oblna paspaborana §. b. ®@puama-
HOM H TMPUMEHATEbHO K Mpoleccy paspylleHHs MerTajioB WIIOCTPU-
poBaHa auarpaMMofl CTpyKTypHOH HeopHopoxuoctu. Apropom (Pau,
1966a) 6mio mpensioxeHo oBoO6leHYe, MO3BOJSAKIIee PACCMATPUBATD
3Ty AHArpaMMy HPHUMEHHTEeJbHO K MaccuBaM TODHBIX MOPOJ H C paB-
HBIM YCTEXOM IIPH aHaluse JOObLIX CBOICTB (IPOYHOCTH, AedopMHupye-
moctd # T. 1.). [To ocu abemuec auarpaMMBl (puc. 2) OTKJIAQBIBAETCH
JAUHENHBIA pa3Mep U 3JeMEHTOB HEOXHOPOLHOCTH, MO OCH OpILHHAT —
JNWHEHHBIH pasMmep v ompejensiolnlell 06MaCTH 3KCIePHMEHTOB: pasMep
o6pa3iia, pasMep 30HBLI THAPOJWHAMHYECKOTO BO3NEHCTBHR MPH OIPO-
OOBaHHH CKBAXWUH H T. I. 32IUTPHXOBAHHAs MOJOCA HA JAHarpamme
pasrpaHHuMBaeT ABe IVIOWANHM: BEPXHIOW, OTBEYAINIYI0 ONHODOAHOU
Cpele, W HHKHIOIO, OTBEUAIOLLYI0 HEOXHOPOAHOil cpene. Ias BepXueit
NJOMANM XapakTePHO COOTHOWIeHHe US>, A1 EHXHeHd, HaobopoT,
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v<€u. B Bepxsen o6aacty (v>1) HEOZHOPOLHOCTb CTATHCTHYECKH
ocpenHsercd. MHbivMu ci1oBaMi, A48 3TOH 00/1aCTH MOXHO NPENI0KHUTH
HEKYI0 5KBHBAJEHTHYIO MHKDOCKONWYECKH ONHODOIHYIO cpeny, obaa-
JAOWYI0 B CPEJHEM TeMU Ke CBOHCTBaMHU, UTO peajdbHasi MUKPOCKOIH-
YyecKy HeOQHODOAHAs cpela, UMelollasl 3JeMeHThl HeOLHOPOLHOCTH pas-
MepoMm u<v. Huxuelt o6nacty (v< i) COOTBETCTBYIOT MaKpPOCKOMHYe-
CKH HEOJHOPOAHble OOBEKTH: UX CBOHCTBa OYOyT CHCTEMAaTHYECKH
MEHATbCH NPY Iepexone OT OXHOTO JeMEHTa HEeOIZHOPOZHOCTH K APY-
romy. 3alITPUXOBaHHOe NOJje Ha OMarpaMMe OTBEYaeT COOTHOLIEHWIO
u<<v. llpu xapakTepHOM B 3TOM ciaydae HeGOTbLUIOM YHCJE 3JEMEHTOB
HEOMHOPOJHOCTH B ONpepessiontel 061acTh HX CBOHCTBA HE OCpELHA-
10TCA B J1OCTATOYHON CTENEHH, ¥ OOBEKT OT.IHYaeTcs CHIbHBIM «pa3bpo-
coM» cBOHCTB. I1OHSATHO, YTO TPH BBIIEJIEHHHBIX IOJIS XapPaKTEPU3VIOTCH
NOCTENEHHBIME NEepexonlaMy Y pe3Kue TDaHHUBl HA JHarpaMMme MOTYT
OblTb NpPOBeleHbl JIullb YCaOBHO *. Takum obpasom, mo BeaHYHHE OT-
HOIIIEHHS] Pa3MePOB 3/JeMEHTOB HEONLHODOAHOCTH K pasMepaM ompele-
Jswoutell o6sacTH 3KCOepUMeHTa B KaXIOH KOHKPETHOH 3ajaye BH-
J1e1s10TCs:

1. ¥YaeTpaHeoaHopogHOCTh (HEOTHODOLHOCTb BHICIIETO MOPSiLKa),
BHICTYNAOMasg B ¢opMe CBOHCTB 3KBHUBAJEHTHOH OLHOPOIHON CpenEl.
Hanpumep, neozHopomgHocts ypoBHS [V (medeKTsl KpucTadauyecKo
pelleTku) NPH MCIOBITAHMAX B MacCHBe: Harpy3KaX Ha IITaMIIbl, THI-
POAMHAMHUECKOM ONPOGOBAHUY CKBAXKUH U T. II.

2. MIIKpOHEOZHOPOIHOCTE (3¢ eKTHBHAS HEOTHOPOLHOCTh), o6yc-
JIOBMHBAIOIlasi Pa3bpoc 3HAUeHWH De3y. bTATOB HCOBITAHUH (3alITPHU-
XOBaHHOe NOJle Ha guarpamme). PasaMep 3.1eMEHTOB 3TOH HEOLHOPOX-
HOCTH Ha MOpAAO0K-1Ba MeHbIe pa3Mepa o6.1acTu BO3geHCTBUS (U -<<U).
10, Hanpumep, HeogHoponHoCcTb ypoBHs III (merporpaduueckas) mpu
uccaenoBaHun o0pazuoOB MOPOIbI, HeOAHOPOXHOCTb ypoBHs 1I (tpe-
N[MHOBATOCTb) INPH HCHOBITAHUAX B MaccuBe. Haawuuwe MukKpoie-
OJHOPOJHOCTH NPAaKTHYECKH NpHU JOOBIX BUIAX HUCOBITAHHI [eaeT He-
n30e:KHBIM NMpUMeHeHHe MerToJOB MAaTeMAaTHYeCKOH CTATHCTHKH H TeO-
puy BeposiTHoCTElL.

3. MakpoHeOZHOPOXHOCTh (HEOJIHOPOZHOCTL HH3IIero TNopsiaKa),
pasmep 3J1eMEHTOB KOTOpoH O6o.ble pa3MepoB 06.1aCTH BO3LEICTBHS
Uad NpuMepHO paBeH emy. CraTuCTHUeCKas MPHPOIA 3TOH HEOLHOPOI-
HOCTH 4acTo B)a.JHPYyeTcd: OHAa BHICTYNAeT KaK MaKpPOCKOMHUecKas,
teHoMeHOJOrHYecKass OCOGEGHHOCTb CTPYKTYpLl. TakoBa, HampuMmep, He-
onHopoiaHocTs Il sopsgka (Haduune ciabbix MPOCJAOEB) NPH HCCIAELO-
BaHUH 06pa3u0B TOPHHIX MOPOX; HeOAHOPOXHOCTh [ mopsugka (reodo-
TMYecKoe CTpPOeHIe MaccuBa M ero 3jeMeHTh) NPH TPOU3BOLCTBe CIe-
IyadbHBIX HCCIel0BaHH B MaccCuBe: OMNBITHO-(UIbTPALUOHHBIX palorT,
H3y4YeHH I TOPHOTO TaB.IeHI.

* B yacTHOCTH, IpaHHUy MEXKAY TOJAAMH OJIHOPOIHBIN H HEOIHOPOAHBIX OOBEKTOB
$1 B ®puavar (1956) u seaet 3a muv aptop (Pau, 1966) upeasnarasu upoBecTH mo
oTHouleHio v : u=10
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Brigenenybie Kiacchl HEOJHOPONHOCTH nepronauansio (Pau, 19664,
1968a) momyunJaH HaNMeHOBaHHS, NPHBeJeHHBE B CKOOKax (BbICIIErO
mopsiaka, sddexTHBHas H Hu3Wero nopsapka). OgHako Takas TepMH-
HOJIOTHSI OKaszaJach rpoMOo3akol H HeynoOHO#. Bmecte ¢ Tem GbLIO 3a-
MEUEHO, UTO INHPOKO HCIOJIb3yeMble B €CTECTBO3HAHWH H TeXHHKe IO-
HSTHA MHKPO-, MAKPO- H T. J. HEOLHOPOILHOCTH H CTPYKTYPHl (O NMOHS-
THH CTPYKTYpPbl CM. HHMIKE€) HOMOJb3YVIOTCH B CYHIHOCTH B TOM K€
cmbicaie. OgHako, onpenensst 5TH NOHATHS, HCCIeLOBATelH 3aYacTyio
NPHLAIT HM «abCoJIIOTHOe» 3HA4YeHUe, KJAaAsd B OCHOBY JeJeHUs paspe-
AILYIo crnocobHocTs 3peHus. Ho paspemanouas cnocofHOCTb yeno-
BEUECKOI0 TJia3a BpSIL JH MOMKET CJIYXKHTb HAuajJoM OTCuera, WMelo-
mHEM aBcogqioTHOE 3Hauehne, TeM OoJiee, YTO BCE INHPE HCIIOJAB3YIOTCH
HHCTPYMEHTAJbHBle MeTOAH HccleqoBaHusa. B meficTBuTeIbHOCTH a6co-
JIOTHOTO Hayajna oTcueTa MaclitaloB sABJEHUHE He cyuecTByeT (mo
KpafiHefi Mepe, OHO IIOKZ HeW3BeCTHO). MOXHO NMpensoKHTL JHIb TE
HJIH WHble YCJOBHBIE, OTHOCUTEJbHHE Haua1d orcuera. [10Ka OCHOBHBIM
HHCTPYMEHTOM HCCJIEZOBAaHHSI B €CTECTBO3HAHHUH CJAYXKHJA Ta3 ueo-
BE€Ka, B KayecTBe Hauaja OTCYETZ €CTECTBEHHO OBLI0O HCIOJAb30BAThH
paspemamlontyio cnocoGHoCTb 3penusi. Cefiyac cTob XKe ecTecTBEHHBIM
NpeACTaBJseTCd pacCMarpPHBAaTb BH3YaJbHBIH METOX HCC/AEIOBAHHS
B KauecTBe OJIHOTO H3 MHOXeCTBa APYTUX H COOTBETCTBEHHO Pa3/1M4aTh
MacuTabbl ABJeHHH 110 COOTHOIIEHHIO THX MaciiTaboB C paspelnan-
mell cmoco6GHOCTBIO HCIOMb3YEMOTO MeTona Hccielopanus. [Ipu stom
mKana MaclTaboB (Makpo-, MHKDO-, YAbTPa-) NOJydaercs CKOJb3s-
uiedl, a HayaJao orcuera (YCJIOBHO — IPAHHLE MEXKAY MaKPO- U MHKPO-
ABJEHHAMH) BaPBHPYET B 3aBHCHMOCTH OT MPUHSATOTO METOA A HCCIEHO-
BaHUSI.

Hrtak, yabTpaHeoAHOPOAHOCTb HEe NPENSTCTBYeT PaccMOTPEHHIO rop-
HBIX TOPOJA KaK OJHOPOIHO!N Cpeabl, MHKPOHEOIHOPOIHOCTh OCJIOXKHSIET
3TO paccMOTpPeHHe, BBOAS B HErO 3JEMEHT CJAYYAfHOCTH H OCTaBJsisl
BO3MOXHOCTb JIHIIb CTATHCTHYECKOTO aHaausa. Haxowel, makponeoi-
HODPONHOCTb NPH JUCKPETHOH pa3BeAOYHON CEeTH YaCTHYHO YCHJAHBAET
pasbpoc pe3ynbTATOB HCIBITAHHH, YACTHUHO XKe 00V CIOBAUBAET «CHCTE-
MaTH4YeCcKOe» H3MeHEeHHe CBOHCTB IOPOJ B IPOCTPAHCTRE.

B uenrpe npoGiembl pasnuuyHs CBOHCTR MOpox B ofpaslie H B Mac-
CHBEe HaxOAMTCsA 3afauya yueTa MHKPO- ¥ MaxkpoHeogHopomznoctd. OT-
CI0[a TNOHSTHA TEHAEHUHS K YBEJHUYEHWIO Pa3MepOB OmpeleJsiiomel
00/1aCTH 3KCIEPHMEHTOB IPH HHXKeHePHO-TEOJOTHYEeCKUX HCHBITAHUAXK:
yeM 6OJbllle onpefensiomas o6aactb, TeM O0JbIIas 4acTb HEOLHOPO-
HOCTH MepPeXOLUT uepe3 paspsii MHKPO- B Daspsifi VJbTPAHEOLHOPO-
HOCTH. BMmecTe ¢ TeM, Kak noauepkuBanock Ha VIII Mexaynapoaumom
KoHrpecce mo GOJBUINM IJOTHHAM B DauHOypre, 0COGEHHO B goKaane
ae X. Tano6pa (Transactions..., 1964), TeHI1eHUUS K YBe.JIUUEHHIO
onpeneasiomen o6nacty HedDHEKTHBHA, TAK KaK HCKIOYAeT BO3MOXK-
HOCTb MAaCCOBHIX HCIHITaHHiU. Pasymeercs, ecian Gbl onpepensiomyio
06s1acTb 9KCNEPUMEHTOB MOXHO OHJIO YBEJHYUTH A0 Pa3MEpOB ONpe-
Ieasirolell o6aacTH coop) KeHHsl, 3aMeuanue Taro6pa mortepsno Obl
CMBICJI, OHAKO TaKasl MepCleKTUBA KaXKeTCs MaJao peasibHOL.
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OcHoBHOe BHHMaHHe IPH HCCAENOBAHHH HEOLHODOLHOCTH TOpHEIX
nopoj yaeasieTcs MakpoHeogHopomHocTH. [lpu atom nmpuuaro (3eHkos,
1955; KaaauctoB, 1956; Maproaun, 1965; Uermepukos, 1968 u nup.)
pas3nuuaTh «CJAYYalHYIO», «XaO0THUECKYIO» HeONHOPOIHOCTb (comepiKa-
HHH, CBOHCTB NMOPOXL U T. I.) H «3aKOHOMEPHYIO» HJIH «IIPOCTPAHCTBEHHO
KODpeNHpPOBAaHHYIO» H3MeHYHBOCTb *. «XaoTudecKas» HEOLHODOXHOCTDb
BKJIIOUAET MHUKDPOHEOLHOPOAHOCTE YU YACTHYHO MaKPOHEOTHOPONHOCTH
mo nmpuBeneHHO# Bhie Kiaaccudrkauuu. 1. JI. Kaanucros (1956) mo-
KasaJj, 4To IpH (UKCHPOBAHHOM pas3Mepe 3JEMEHTOB HEOJHOPONHOCTH
3@KOHOMEDHOCTE B MX pPa3MeIlleH!H BbIABJASACTCA JUILIb B CIy4asx, KOTAa
lar ompofoBaHHA (cpefgHee paccTosHHe MEXAY NpobaMH) MeHbLIe
pPa3MepoB 3/IEMEHTOB HEOLHODOAHOCTH. DTO MOJOKEHHE MOXKHO HJLIIO-
CTpUpOBATL AUAarpaMMoil MakpoHeognopopHocTH. Ha ropusonTanbHON
OCH AHMAarpaMMbl cJIedyeT OTJIOXUTb Pa3Mep 371eMeHTOB MaKpOHEeOIHO-
POIHOCTH, HA BEPTHKAJbHOU — pacCTOsIHUE MEXK/IY TOYKaMHu OnpoboBa-
Husl (CKBa)XXMHaMmH, TOUKaMu ot6opa obpasuoB u T. n.). Hduaronans
Ha TakOH Auarpamme OymeT pasrpaHuuuBaTh nBe obJjacTd. B BepxHeil
oGnacty, rae mwar onpoboBanyus 60Jblle pA3MEPOB 3JeMEHTOB HEOLHO-
POXHOCTH, IMOCJAEJHSSl NPENCTABAAETCH «CAYYAHHOH», «X2O0THUECKOH».
B unxkuefl, rie war onpoOOBaHHUsI MeHbllle pa3Mepa 3JeMeHTOB HeOIHO-
POILHOCTY, HEOLHOPOLHOCTL MPOABJSIETCS KaK «3aKOHOMepHasi». TaKuM
06pa3oM, NpHHATHE «3aKOHOMEDHOU» HJH «CAyYaiHOH» MOIEJH Heon-
HODOXHOCTH 3aBUCHT OT Maculitaba uccienobanus. Ilpu ¢ukcHpoBaH-
HOM Luare onpo6OBaHHSl MBI, OYEBHAHO, B COCTOSIHHY BEILEJUTH BCE Te
3J€MeHThl MAKPOHEOJHOPOIHOCTH, Pa3Mep KOTOPHIX 60Jbllle NPUHATOrO
mara. .

OTH 31€MEeHTHl MaKpOHEeOJLHODPOAHOCTH MOTYT OBITH B CBOIO Oue-
penb pasjesieHBl IO pasMepaM WJHM M0 OOpaTHOH pa3MepaM BeJHYHHE
4acToThl. YacroTHass WHTepHIpeTalds H3MEHYHUBOCTH CBOHCTB MOPOX
CBi3aHa C NpeJCTaBjeHHeM pe3yabTaTOB HaOMIONeHHH KaK CyMMBI Op-
IUHAT HEeCKOJbKUX cuHycoun. Pasnoxenve QakTHuecKUX pe3yJNbTATOB
psina HabalOLeHUH Ha CYMMY TapMOHHYECKHX COCTaBJSIOMIMX MO3RO-
JisleT BHAEJHTb FADMOHHKH Da3HHX NOPSIAKOB, OTBEUAIOUINE TEM YPOB-
HSM HEOJHOPOIHOCTH, C KOTOPBIX Mbl Haua/lu paccMaTpPUBaThb Kjaccu-
¢uKkanuy HeomHopomxHocTH. IIpH 2TOM OOGHYHO ToOBOpPAT 00 OTHOCH-
TeJbHO BBICOKOYACTOTHBIX M HH3KOUACTOTHBIX COCTaBAAIOLHX CHEKTpa
HEOXHODPOILHOCTH.

Ecau npencraBuTh ceGe pe3ynbTaThl HENPEPHIBHOTO ONPOGOBAaHHUS
¢ 0OeckOHe4YHO MaJoHl ompenensomield o6MaCTbI0 3KCIEPHUMEHTa, TO
pasyioXKeHHe Ha COCTaBJAMIIHe MOLOOHO! «HIeaJbHON KPHBOH» HEOX-
HOPOAHOCTH NOJIKHO IaTh MOJHEI CIEKTD PACCMOTPEHHHX BEHIIIE YPOB-
Hell HeoxHOpoHOCTH OT IV BHH3 O yDOBHS, OTBEUAIOIIErO AJHHE ONPO-
60BaHHOTO WHTepBagaa. Pe3ynabTaTel peanbHOr0 HempepHIBHOTO ompo6o-
BaHHs C ONpepensiolleil 00JaCcTbI0 SKCIepHUMEHTa KOHEYHOH BeJHYHHBI

* «Cnyqai’man», «XxaoTyueckada» W T. A. Mbl MUUIEM B KaBbiYKaxX, MOCKOJIbBKY OHH

0TpaXalT ue TOJMBKO (U He CTOJbKO) CBONCTBA NPHPOIHLIX OBBEKTOB, CKOJBKO MO-
LesbHble TIPefCTaBIeuust aBTOPOB KaaccubHraui
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JanyT yXKe CIVIaXKeHHYIO KPUBYIO, a CIeKTP ypPOBHel HeONHOPOMHOCTH —
ypesaHHH# CBepXy B COOTBETCTBHH C pasMepaMH olipexnensiomweil obaa-
CTH 3KCIIepHMEHTOB: MHKPOHEOJHODOAHOCTb OYyNeT OCpeiHeHa yXKe
B Xoxe onpoGopaHus. HakoHeu, Npu QUCKPETHOM ONPOGOBAHUH CIEKTP
ypoBHEll HEeOTHOPOXHOCTH e€lle CHJbHee ypexeTrcsd CBepXy B CBfASH
C yBeJHYeHHEM XaOTHYECKOTO KOMIIOHEHTa, BKJIOYAloOllero Bce Ya-
CTOTHI, GOJiee BBICOKHE, YEM YacTOTa ONpoGOBaHHUSA.

TakuM 06pazoM, MH pacCcMOTPeJNH YeThipe KAacCHOHKAUWH HEOl-
HOPOJHOCTH TOPHBIX IIOPOX:

1) mo aGconoTHOMY pasMepy 3J€MEHTOB HEOLHOPOTHOCTH (HEeolI-
HOPOZHOCTB MOpPsIAKOB 1V—0); .

2) no oTHOWIEHHIO pasMepa 3/JeMEHTa HeOJHODOILHOCTH K pasMepy
onpejesnsionlell 06J4aCTH 5KCIepUMeHTa (MaKpo-, MHKPO-H yJbTpaHeOox-
HOPOIHOCTb);

3) Mo OTHOWNEHHIO pAa3MEpPOB 3JEMEHTOB MAKPOHEOZHODPOLHOCTH
K BeJHYHHE IIara OMpPO6GOBAaHus («XaoTWYECKas» 1 «IPOCTPAHCTBEHHO
KOppe/anpoBaHHasi» HEOLHOPOLHOCTD);

4) MO OTHOCHTEJNBHOMY DasMepy 3/7eMEHTOB MaKpOHEeOLHODOLHOCTH
(HM3KOYACTOTHAS W BHICOKOYACTOTHAS COCTABJSAIOIINE CIOEKTpa HEOX-
HODOJHOCTH).

Ha sToM 3axkaHuUHMBaeTcss paccMOTPeHHe KJaacCHGbUKAUHI HEOZHO-
porHoctu. Mbl He paccMaTpuBaeM KjaaccUPHKANUHH 1O «CTeNeHU He-
OIHODPOLHOCTH», T. €. 10 BEJHUHHE KAKOHU-THO0 ee MepHl, TIOCKOJABKY BCe
TaKie KJiaccH(P¥Kanuy COBepPIIEHHO NPOH3BOJbLHEL.

Emwe opHuM ¢yHIaMeHTaJbHbIM NOHATHEM, CBA3AHHBIM C HEOXHO-
PONHOCTBIO, fABJSAETCS MOHATHE «CTPYKTypa». TOT WIM HMHOH YYacTOK
3eMHOH KOpBI OyneM cuuTaTh 06/afalolINM MaKPOCTPVKTYPOH TOJMBKO
TOTHA, KOTZA OH MAKPOHEONHOPOAEH MO OTHOUIEHHIO K NPHHATOMY
B HCCTeNOBAaHUW Da3Mepy onpenpensiolmlel o6gacTH 3KCIEPHMEHTOB.
SyeMeHTH MaKpPOHEOXHOPOMHOCTH OGPA3yiOT IPH 3TOM MHOMKECTBO 3Je-
MEHTOB, H& KOTOPOM 3aJaHH HEKOTODbi€ OTHOIUIEHHS, T. €. CHCTEMY
B cmblcae C. Kanuu (1957). COBOKYIHOCTE Ke 3THX OTHOIIEHH{ o6pa-
3yeT CTPYKTYpPY (MakpOCTPYKTYPy) paccMaTpHBAEMOTO 4acTKa.
COOTBETCTBEHHO NIOL MHKDOCTPYKTY P Ol TOPHHX MOPOX MBI Gi-
IeM ToJpasyMeBaTb COBOKYIHOCTb OTHOIIEHWH, ONpeNeseHHbIX Ha MHO-
’KeCTBe 3JIeMeHTOB MHKPOHEOJHOPOIHOCTH, & MOX Y. IbTPaCTPYKTYV -
p O 1 — COBOKYNHOCTb OTHOLIEHHH, ONpeneNeHHBIX Ha MHOXKeCTBe 3.1e-
MEHTOB yJbTPAaHEOIHODPOIHOCTH.

[TpuBeneHHasi TpaKTOBKa MOHATHA «CTpyKTypa» (Pau, 1967) co-
BNafaeT C TPaAKTOBKOMH, MPUHATOH B mareMmaTHke (byp6aku, 1960),
ctpykrypHo#l Jauursucruke (JI. Enemcnes, U. U. Pemaun), a rtakxke
C ompeneseHHeM CTPYKTYpbl B reoJiorus, npepmoxenseiM 0. A. Ko-
coiruEEM 1 0. A. BopouuHrim ¢ coaBropamu (1966, 1967). Cvuecr-
BeHHO, YTO NPHUHATHIE HAMH ONpENeNeHHS M, 4TO Ba:KHEE, CTOsI(HE 32
HHMH MIEH, XODOILO BIHCBHIBAIOTCA B OOILyIO TEOpHIO cHcTeM. [TauGogee
6.113KHI K M3JO0XKEeHHBIM CcOo00paKeHHMAM M01X01 B obuieil Teopnu ci-
ctem coxepxurcs B ctatbe M. Toma n 3. lllydopaa (1969).

Hrtak, MaccuB TrOpHBIX HOpPOA MAaKPOCKOMUYECKH MOXeT ObiTb KAk
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CTPYKTYDHBIM, Tak H OECCTPYKTYDHBIM, €CJH OH MAaKPOCKONHYECKH Of-
HoponeH. OIHaKO BC/aeLCTBHE CBOEH MHUKDOHEOXHOPOLHOCTH OH BCerga
6yner o6.1agaTh MUKPO- H YAbTPACTPVKTYPOH.

BecbMa 1eHHOR 4715 MPaKTHYECKHX LeJell ABJIsSETCH MPeaNoKeHHasd
I0. A. KochrHHBIM € COaBTOpaMu KJaAacCHPUKANHS CTPYKTYP MO UHCIY
371eMeHToB. 1lpn 3TOM BaXHO, YTO «...B CTPYKTYypax Cc HEGOJbILHM KO-
JHYECTBOM 3JIeMEHTOB MOXeT OBIThb OMHCAH KaXKAbif CTPYKTYDPHBIH 3Ji1e-
MEHT U OTHOIUEHHs BCEX 3JIEMEHTOB, CTPYKTYDH Xe ¢ GOJbIIUM KOJIH-
4eCTBOM 3/1eMEHTOB MOIYT ONMCBIBATLCS JHWb B cpeiHeM» (T. e. cTa-
tactHyecku — M. P.) (Kocwirud u np., 1966, ctp. 22). D10 momnoxenne
HEOLHOKPATHO GYHeT HCIOJb30BATHCS HUXKE. SICHO, 9TO MHKpPO- H Vilb-
TPACTPYKTYPhl NPAKTHIECKH MOTYT ONUCBIBATHCS TOJALKO Ha SI3bIKE CTa-
TUCTHUECKUX Mojenel, UTo ke Kacaercss MaKPOCTPYKTYp, TO 31ech BO3-
MOKHBI Pa3/JuYHbIE CIOCOOEI ONUCAHMS.

Tlouartus, cBsizaHHble ¢ HEOLHOPOIHOCTBIO MACCHBOB TOPHBIX IIO-
pOZ, MOTYT HMeTb [B€ Pa3JuuHble TPaKTOBKH. OIHOPOIHOCTb HJH He-
OIHOPOLHOCTb OGBEKTd, €r0 CTPVKTYPY M T. II. MOXHO ONpEeLelsiTh
160 1O KaKOMY-TO OJHOMY CBOHCTBY (uBeTY, IPOYHOCTH, IPOHHIAEMO-
cTH), au60 N0 GUKCHMPOBAHHOMY CHHCKY CBOWCTB, KaK 3TO LejaerT, Ha-
npumep, J. A. Poguonos (1968) B 3anmade pasrpanmueHus. Bropoi
cnoco6, kak cnpaBennuBo mopdepkupaer 0. A. Bopouun,* umeer ¢op-
MaJbHBIHl CMBICJ TOJBKO NPH (PUKCHPOBAHHOM CIOHCKEe CBOHCTB, B OT-
JINYHE OT TPAAUIMOHHBIX TeOJNIOTHYECKUX OMHCAHHM, Ile CHCOK CBOHCTB
o6bigHO He (HKcHpOBaH. MBI 6yneM NOJb30BATbCS HCKIKOWYHTENBHO
nepBbIM cnOcOGOM, MOCKOJABKY IIpH pellleHHH KOHKDPETHBIX HHXKEHEPHBIX
3aja4y yamnie NPUXOANTCS HMETb HEJO0 C KAaKUM-11u00 OJHHM IOKa3zaTe-
aeM. CooTBeTcTBeHHO OypneM TFOBOPHTH O (uJbTPaNHOHHOM, xedopMa-
LHOHHOH CTPYKType MAaccHBOB H T. . B cBfI3W c 3THM OTMeTHM, ¥TO
BCTpeualonieecs B HHKEHEPHO-TEOJIOTMYECKO! JHTEpaType pasrpaHu-
YeHHe MOHATHH «CBOHCTBO INOPOHbI» H <«IOKa3aTelb CBOACTBa» He
Bcerna ompaBibIBaeTcsi HeOOXOANMMOCThIO. BnionHe ornapas cefe oTuer
B ero moOJe3HOCTH NpPH OOCYXKIEHWH, HalpuMep, METOLOB H3YUYEHHS
CBOHCTB nopoj B (Hu3HYECKOil TOuKe, B NaHHOH paGoTe MBI TAKOrO pas-
JINUHSA NMOAYEPKUBATh He OyaeM.

lousTua, cBg3annble ¢ MeTOOMKOM HccaenoBanuil. Ompengenum oc-
HOBHbI€ OOBEKThl HCCJAEJOBAHHA TEXHHYECKOH, B TOM UYMCJE HHXKEHep-
HOH, reoqorud. K HUM OTHOCATCS MAcCHB TOPHBIX HOpon W mpoba.
Kounenuuo mMaccuBa ropHbiX IOPOA KaK OCHOBHOrO OG'bEKTa HHIKEHEp-
HO-TeOJIOTHUeCKHX HccaegoBaHui BeiaBuHyn [1. H. Ilanioxoe (1959).
TlonnepxxuBas u paspensia Barasawl I1. H. [1auiokoBa B neaom, Mbr 6y-
IAeM HHade TPAKTOBATh MOHSATHE MAccHBa FOPHBIX nopoi. ScHo, 4To B OI-
pelefieHHH MacCHBA rOPHbIX IOPOX AOJKHB QUTYPHPOBATH 10 MEHbIIEH
Mepe TpeSOBaHWA TONOJOTHYECKOH CBSISHOCTH (eIBa /M pPa3syMHO HMe-
HOBaTb M4cCHBOM MPOCTPAHCTBEHHO pa3oOuieHHbie YacTH 3eMHOH
KODBI) M OTPAHHYEHHOCTH DasMepoB (BpsiJ JH 1€1eC006Pa3H0 UMEHO-
Batb MaccHBOM Pycckylo naat@opmy uan oOpasen TOPDHOH NODPOBI).

* Teonorus u marematuka «Haykas, 1967.



Takum o6pa3oM, Mbl ONpeIEeJHM MaCCHB TODHBEIX MOPO I KaK CBA3-
HYI0 06/1aCTb 3eMHOIl KOpH, IO pa3MepaM CONOCTAaBUMYIO C Onpele-
asomell 06/acThio GOJBIIMHCTBA HHIKEHepHbX coopyxeHuil. [Tocaen-
Hee OTpaHHYeHHE MOXKHO YTOYHHTb, YUHTHIBAsl, 4yTO XapaKTEepHHE pas-
MepHl ompepensiiomell 06JacTH HHXKEHEePHBIX COODYXKEHHH OOBIYHO
uMeloT nopsigok 104+ 108 cM, T. e. o1 100 M o0 10 KM.

II1po6a— 310 MbIC/AeHHO HIHM QHU3NUECKH BhLEIsdeMas B NMpepesnax
ompenedioniedl 06/1aCTH 3a4a4# 4aCThb BelllecTBa 3€MHOH KOpBI, IO pas-
Mepy CYLIECTBEHHO MeHbIlUas, 4eM cama ompepe.adnomas 06JacTe, U
cayKamas 475 OlEeHKH KakuxX-iu60 CBOHCTB 3eMHOI KOpH HaH 06pa-
3YIOILETO 3eMHYIO0 KOpy BemecTBa. TakuM o6pas3oM, MOHATHE «Ipobax
BecbMa OJH3KO K IOHSITHIO «3/€MEeHTapHBI! O06BEM» W OTJAUYAETCS] OT
MOCJeIHET0 B OCHOBHOM OTCYTCTBHEM TpeGOBaHHA CBA3HOCTH: mpoba
MOZKeT COCTOSITb M3 4acTeH, NMPOCTPAHCTBEHHO PA3DO3HEHHBIX B ecTe-
CTBEHHOM 3aJteraunu. [IpuBeneHHoe ompegesneHue Npeanosaraer Lomyc-
THMOCTb PA3JIHUHBIX MAHHIYJ/SUUH C BellecTBOM {IPOOHI: KBAapTOBaHHS,
XUMUYECKOH, MexaHuueckoil o6pabotku u 1. A. [Ipoby nau ee yacrs,
M3DBATYIO H3 €CTECTBEHHOTO 3aJieTaHusi, NMPHHATO Ha3wiBaTh 06pas-
uowm. Takum o6pasom, npoGoil Mbl OyneT HaswBaTb 06paseu TOpHOI
Nopojbl, pasfaBiauBaeMblit Ha Npecce, PUAbTpyOMYI0 00JacTh BOKPYT
CKBaXKMHBI NpH OMNBITHOI OTKaukKe, IIIH( INpH KOJHUECTBEHHO-MHUHE-
PaJIOrHuecKOM aHaju3e MO MUKPOCKOIOM.

BaxHyo posb B jaJbpHeHNIHX MOCTPOEHHsIX GYHET MIPAThb [OHSTHE
«(pusnyeckas TOuKa». DTO NOHSATHEe, BBeleHHOe B HAYKy emle JlopeH-
IIOM B KOHIE NpOIIJOro Beka, 6yneM ynorpebusiTb B OOIMIENPHHATOM
CMEICJIE, HMesl B BUAY ONVH HIOAHC: ITOCKOJIbKY 3eMHasl KOpa MOCTPOeHa
vepapxuyecku u 006/ajnaeT HeOJHODOLHOCTbIO DaSHBIX YPOBHEH, MpH
ACITONb30BAHAN TOHATHS «(pH3NUECcKas TOUKa» HeOOXOAHMO YKa3blBaTb,
0 CpaBHEHWIO C KAKHM YPOBHEM HEOZHOPOLHOCTH LOCTATOYHO BEJIMK
pasmep ¢uanuueckoill ToukH. TakuM o6pas3oMm, B NPHHATHIX 3Iecb Tep-
MHHaX PH3HYECKYI0 TOUKY MOXKHO ONIpene/UTh KaK 3JeMeHTap-
Hbtil 06beM (T. €. 06beM, LOCTATOUHO MAJbI{l IO CPAaBHEHHIO C pasMe-
paMu ompejensionieil o6racTh B JaHHOH 3axade), MO CBOUM pas-
MepaM MNpPeBOCXOLSIIUA 3JE€MEHTH HeOJHOPOZHOCTH (HUKCHPOBAHHOTO
ypOBHA.

Tenepb, HaKOHEI, MOXKHO CHOPMYJIHPOBATL MOHATHE O CTPYKTY P -
Hol Mopxeau Cpexnn MopeaeH, HCMOJAb3yeMHX B HHXKEHEPHHIX pac-
yeTaX, HEOGXOQMMO pas3jHyaTh [IBa Kiaacca Mopeneid: pusnyeckue (Me-
XaHNuecKye) U CTPYKTypHble (reOMeTpHdecKHe)™.

HasHauenune Gpu3nyecKoil MOIEJH COCTOUT B ONUCAHWHM CBOHCTB rop-
HBIX MOpOX (r/aBHBIM 06Pa30M MeXaHHYeCKHX CBOHCTB) B (pH3HYECKOH
touke. [Ipumepamu ¢usnueckux MozeJell MOTYT CJYMXHUTb BUHKJIEDOB-
CKasi MOJeJb, JUHEHHO-yIpyToe TeJIo, Cpefa ¢ JUHEHHBIM 3aKOHOM CO-
npoTuBJAeHUsl puabTpauuu u T. A. [IpuHaAB Ty nau HHYIO QHU3UYECKYiO

* 10, A Boporns u ap. (1967, crp. 121) oTmeuanu, uro BOoBIle BCe 06BEKTUBHO
H3MepsieMble CBOHCTBA M XapaKTEDHCTHKH TOPHBIX NMOpPoj OTHOCATCA JHGO K «BelllecT-
BEHHEIM», IH60 K «TEOMETPHUECKHM>
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MOJeJb TODHOH IMODOABI, MH JOJIKHBl XapaKTepH30BaTb ee CBOHCTBa
COOTBETCTBYIOHINMH BHIODAHHON MOAENH napaMeTpaMu. B npusereHHbIX
npuMepax 3To 6yAyT KO3 GdHUIHEHT NOCTeH, MOAY/b YIPYTOCTH, KO3~
(HUHEHT QHIAbTPAUHK H T. I.

HaznageHue CTPYKTYPHOH MOIENH COCTOHT B TaK HJH HHade cXe-
MAaTH3MPOBAHHOM OIHCAHHM €CTeCTBEHHOH H3MeHYHBOCTH IapaMeTpoB
¢u3nYecKON MOOedn MeXny ¢(H3HUECKHMH TOYKAMH MaccHB4 TOPHBIX
nopoa. IlpuMepaMyu CTPYKTYPHBIX Mojejell MOTYT CJAYXHUTb CJOHCTHE
MOJe/H, B KOTOPHX KaXabiHl CJOH TOpHBIX NMOPOJ Hame/sieTcss CBOHCT-
BAMH, OTJIMYHBIMH OT CBOHCTB CMeXHBIX CJIO€eB, HJIH TpagHeHTHbIe MO-
IeJH, B KOTOPHIX CBOHCTBAZ HENPePHIBHO MeHSIOTCS, HAalpHMeD C [ay-
6UHOH, MO TOMY HJH HHOMY 3akoHy. [IpHHSIB Ty HIM HHYIO CTPYKTYp-
HYI0 MOJe/Jb MdcCHBA TOPHBIX IIOPOXA, Mbl JIOJXKHb Xa8paKTepH30BaTb
ee COOTBETCTBYIOIIHMM BhIOpaHHO# Mopgenwu crnocoboM. Tax, gas crouc-
TOI MOJeNH HeoOX0QNMO YKa3aThb YHCJO ¥ NOC/AeN0BATENbHOCTb CJIOEB,
UX MONIHOCTH H (DU3H4YecKHe MapaMeTpHl; AJs IpALHEHTHOH MOpead —
3dKOH M3MeHeHHs (Hu3NYecKHX NapaMeTpoB B IPOCTPAHCTBeE.

Kak ¢usnueckne, TaKk ¥ CTPYKTYpHHE MOJeNH MOLYT GBHITb OJHO-
MepHEIMH HJIH MHOTOMEDHHIMH B YKa3aHHOM paHee cMbicie. KpoMme
TOTO, CTPYKTYpHble MOIEJH [OJNe3HO PA3au4ath 10 HX MeDHOCTH B ¢H-

3U4YECKOM IMpPOCTPAHCTBE, BbBIAEAA Oﬁ’beMHbIe, IJIOCKHE H JIHHeHHbIe
MOJeJH.

BBIBOJ B!

1. TIpoeKTHO-H3H CKaTelbCKHe PABOTH, CTPOUTENLCTBO H IKCIIyaTa-
[(HI0 HHKeHeDHBHIX COOPYXKeHHH MOJIe3HO paccMaTpuBaTh KaK CH-
CTeMYy, NOAJeXanlyl ynpasJeHHlo. 3agaun HayyHoTo yIpanJe-
HUS ¥ ONTHMH32UHH (B 5SKOHOMHYECKOM CMBHIC/]e) NPOEKTHO-U3BICKA-
TeJbCKUX paboT nenaloT HeoOXOOMMBIM LINPOKOe INDHMEHeHHe B TeX-
HU4EeCKOH TeOJOTHH CTPYKTYPHB X Mo geqaeil. C HONONb30OBAHHEM
CTPYKTYPHHIX MOpenell TecHeHIIMM 06pa3oM cBSI3aHH TPH OCHOBHHE
3agayu: 1) HcciaegoBaHHe HEOAHODOLHOCTH TOPHHIX IODPOX; 2) ydeT
HeOJHOPOILHOCTH B XOze pasBelKH  onpoboBaHus; 3) YueT HeOLHOPOX-
HOCTH B pacueTe HHXeHepHHX coopyxKeHuil. [lepBble gBe M3 3THX 3a-
a4, OTHOCcsAuIHecss K KOMIeTeHIHH TeXHHUeCKO#l TIeOJIOTHH, SBJSIOTCA
IpegMeTOM HacTosIlell paboTH.

2. B MHXKeHEDHO-TeOJIOTHYECKHX NPUJIOKeHHAX Haunboee 1e1eco06-
Pa3HO HCMOJBb30BATb CTATHCTHUECKHE CTPYKTYpHBIE Mogean. dto obyc-
JIOBJIEHO «CTATHCTHYECKOH MNPHPOLOH» CBOUCTB TOPHBIX MOPOX, ONpele-
JSIeMBIX B OTHOCHTE/IbHO MeJKOMacIUTaOHBIX 3KCIeDHMEHTaX, Hepe-
ryAspHOH HM3MEeHYHBOCTBIO YCPelJHEHHBIX B MaJOM XapaKTepHCTHK H
JIHCKPETHHIM XapakTepoM Treojorngecknx HabuiomeHuill. CogepXkaTelb-
Hble (B reOJIOTMYECKOM CMHC/Ie) 324a49H UCCIeJOBAHHS U yyeTa HeOIHO-
POLHOCTH CBOXASITCS Ha& CTATHCTHYECKHX MOJe 51X K HOpMaJbHLIM 3a1a-
YaM OpOBePKH CTATHCTHYECKHX IHIIOTEe3, OMHCAaHUs, ONEHKH MapaMeTpoB
H NJIAHNPOBAHHS 3KCIePHMeHTOB. Mepoil HEOLHOPOJHOCTH CBOHCTB IO-
DOI B NMPHUHATOH MOLENH SBJSAETCS AUCIepCHS.
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3. Tlonoxenne paccMaTpuBaeMblX 3a71a4 Ha CThIKE PasHbIX Hayk
TpeOyeT MOCTPOEHHS CHCTEMb] NOHATHA H KJacCH(HUKalUUid HEOLHODOL-
HOCTH TOPHHEIX NODOX, NPHTOLHOH W AJS TeOJOTHl, M IJ5 MEeXaHHKIL
Y4YHuTBIBas CJI0KHOCTb NMOCTPOEHHS (POpMaIbHON CHCTEMH TaKOTO POa,
Mbl mpejgnaraeM HeOpPMAJH30BAHHYIO CHCTEMY MOHATHH, YLOOHYIO A
3a7ad, pellaeMHX B JaHHOH paboTe, HO He NPETEHAYIONYIO HA YHHBEp-
caJbHOCTb. Bce ompepensieMbie B 3TOH cHCTeMe IOHATHA OCHOBBIBAIOTCHA
Ha TpexX UCXOLHbIX, OCHOBHBIX MOHATHAX: 3€MHas KOpPa, HEOLHOPOIHOCTb
1 onpegeJsouniast obaacTb B 3axaye. BoJblINHCTBO HCMONB3YEMHX MO-
HATHH R3BECTHBl MO0 B FEOJIOTHH, JHOO B MATEpPHAJOBEJEHHH H Me-
XaHHKe,

4. Knaccudukauun HEOTHOPOLHOCTH, Pa3paboTaHHbIe IJIs PelleHHs
YyKa3aHHbIX B I. 1 3aa4, OCHOBaHbl Ha TOM, UTO HEOJHOPOLHOCTb Mac-
CHBa TOpPHHX MOPOJ MOXKET ObITb paCHJIEHEHA HA HECKOJIbKO MOPSLKOB
(ypoBHeit) mo paamepy 3/]eMeHTOB HeoqHOpOAHOcTH. Ilo orHOMIeHHIO
K pasmepy npo6 (pasmepy ompegensfioliedl 06J&CTH SKCIEPHMEHTOR)
B MaCCHBE BBIAGASIOTCA: 3JJAEMEHTH YJbTPAHEOJHOPOLHOCTH, Da3Mep
KOTOpHX BO MHOTO pa3 MeHblle pa3Mepa NpoObl, a 4HCJIO OYeHb Be-
JINKO; 3J€MEHTHl MHKDOHEOLHOPOLHOCTH, UYHCIO KOTOPHX B o00beMe
IpOo6bl CPaBHUTEJNBHO HEBEJHKO; 3JEMEHTbl MaKPOHEOLHOPOLHOCTH, Pas-
Mep KOTODHIX NPEBOCXOLHT pa3Mep NpPOGH. YabTpaHeoqHODOLHOCTb He
NpensiTCTBYET PACCMOTPEHUIO TOPHHX MOPOZL K&K OJHOPOLHOIO MaTe-
pnana. MHKDOHEOLHOPOZHOCTb OOYCJIOBJAMBAET CTATHCTHYECKHil pas-
6poc XxapaKTepHCTHK H CBOHCTB TOpHOH Nopoin. Hakoneu, MakpoHe-
OJIHOPOIHOCTH BbI3bIBA€T 3aKOHOMEPHYIO H3MEHUYHBOCTb CBOHCTB MOpPO]
OT OZHOMN TOYKH M&CCHBA K APYToil.



FTITABA 11

CTPYKTYPHBIE MOIAEJIM MUKPOHEOZHOPOJAHOCTH
FOPHBIX MOPOJ U MACIUTABHBIE 3 ®EKTbI

§ 3. Maremarnyeckas Momesb 0ObeKTa U MOCTAHOBKA
3ajavyd MCCJeAOBAHUS

st HaydyHo OGOCHOBAHHOTO pellleHHs] psifa MPaKTHUeCKHX 3ajnad,
CBSI3AHHBLIX C OLIEHKOH pPe3yJbTaTOB HAOMIOJEHMH X [JaHHPOBAHHEM
onpoGoBaHUuA HEOLHOPOLHLIX MaCCHBOB TODHBIA IIOPOZ, HEOOXOLHMH
CBeIeHNs] O MUKPOHEOXHODOLHOCTH TOPHHX MOPOJL H JOKaJbHBIX pac-
npejefeHnsIX TOKasareneil uX ¢pusndeckux cpoiictB. [1pocredimum u 3¢-
(EeKTUBHEIM CIIOCOOOM H3yUeHHs] MHUKPOHEORHOPOLHOCTH H JIOKAJbHHX
pacrnpejeseHHH SBJsSETCH aHAJM3 BJHSIHUS pasMepa ompefendiolled
o6nacTy 3KCHepUMEHTOR (pasmepa mpol) Ha paclpefeleHHe pesyJb-
TaToB onpobopauus. i npocToThl OrpaHuuuMcs OLHOMEPHOH JHHeH-
HOl Momenbio. IlpexcraBuM cebe moc/aemoBaTeNbHOCTb 3HAYEHHH I(X,)
HCCAELYEMOTO NMPHU3HAKA TOPHOH MOPOXLI MO PALY 3/1eMeHTOB MHKpOHe-
OLHOPOIZHOCTH, LUEHTPH KOTOPBIX MMEIOT KOOPAHMHATHL X1, X2, ..., X4y - ..

[Tpouecc MHCKPeTHOro ONpofOBaHMs HA TaKoH Mojenn OypeT mpen-
CTaBAATL BHILENEHHE Ha MOocienoBaTenbHOCTH [(X,) HEKOTOPHX TaK
HAM uHaue BLIOPAHHHIX KOHEUHBIX YYaCTKOB— IOANOCJEN0BATENbHO-
credt. JInuHa 3THX Y4aCTKOB (WJIHM, YTO TO e, YHCJAO M 3JIEMEHTOB
MHUKDOHEOLHOPOLHOCTH) OYyIeT OTpaxaTb Ha MOJe/H Pa3Mep ONpeLensIio-
el o6nacTu 3KCIEePUMEHTE, YHCJIO IKCIEPHMEHTOB — Uucao N yuact-
koB. Omnpeneasitomas o06nacTb SKCIEPUMeHTa Ha Momenu OymeT mpen-
CTaBJATbE coOoH KOHeUHLIH Habop Beanuud Iy, l, ... [n, OTBeHAIOIWINX
3HAYEHUSIM HCCJeLyeMOro CBOHCTBA MOPOLH HA [MepBOM, BTOPOM, ...,
.., N-OM 3JieMeHTaX MHKDOHEOLHODOLHOCTH. Pe3ynabTaT HHAUBHAYANb-
HOTO 3KCTEepUMeHTa eCTECTBEHHO TOT'La NpedCTaBHTh KAaK HEKOTOPYIO
byHRUHIO L COBOKYIHOCTH 3HAYeHHMH NpH3HAKa HA BCEX A 3jeMeHTax
MUKDPOHEOHOPOLHOCTH, BXOLSIIMX B €ro ONpelessiomyio oGaacThb:
Ll L, . [,). TlomuepkHeM cpa3zy (yHRaMeHTaAbHOe 3HayeHHe
Buga ¢yukuuu L (), KOTOpHIl OTpaxaeT Ha MOJENH BaxKHeHIIne OCo-
OeHHOCTH (U3NYECKONl MPUPOLL HCC/AedyeMbiX CBOHCTB TOPHHIX MOPOX
(nanee Mul emte BepHeMcs K 3TOMY BOIIPOCY).
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Tounble 3HaueHuss {; UCCJIEAOBATENI0 HEH3BECTHH, HO Ha (uKcupo-
BaHHOM Yy4yacTKe OHH BIIOJHEe AeTepMHHHpOBaHBl. B 5Toll curyanuu
yao0HO HpeACTaBUTbL cebe MOCAEN0BATENbHOCTh [; KaK peajd3aluio
cAyyalHoll nocJaenoBaTesbHOCTH. Pacnosiarasi pesynbrataMu psfa KC-
HepHUMEHTOB, BBHINOJTHEHHHX B Hpefenax MaKpPOCKOMHYECKH OXHOPO.-
HOTO MacCHBa (MHXKEHEPHO-Te0JOrHUecKoro sieMenTa), 6yaeM culuTarh,
YTO ONpefessiomHe 06JacTH 3THX SKCOEPHMEHTOB MOTYT paccMaTpH-
BaTbCAd KaK pasfiHuHble PeasiH3alHu OZHON M TO# XKe caydaliHo# Ho-
cnepopaTtenbuocTd *. CooTBeTCTBEHHO OyNeM CUHTATh BEeJHUUHH /; Caiy-
4alHbLIMH, He BBOAS JJif 3TOr0 HOBBIX 0003HaueHuil. BMecre ¢ teM Be-
anynua L (l) He MoxKeT GBITh IpefcKa3aHa anpHUOPH, U, CJAEL0BaTeNbHO,
ee TaK¥Ke HYXHO DPacCMaTpPHUBaTh KakK ciayuyaligyio senuvyuny. Ilpu stom
nonHas nHbopMauua O BeinyHHe L naercsd 3aKOHOM ee paclpeleseHUs
F () =P(L<h).

MoxkHo cpasy clenartb ABa BaKHBIX YTBep:KIEHHA 0 3akoHe F (1),
BHITEKAIOMIUX H3 NpUHATOH Monenn: 1) 3axonm F (L) ompenenserca
nByMs ¢dakropamu: sugoM GyHxkuuu L (I) u pacmpenenenueM HCXOLHON
ciyyaiiHOB BedHuMHB [; 2) MOCKOJNBLKY pacmpeneneHde [ MOXKeT Me-
HSTbCA B MPOCTPAHCTBE, 3aKOH F (1) fABJSETCS YCIOBHBIM 3aKOHOM pac-
npeneseHus, 3aBUCALIINM OT HOJOXKEHUA M OT AJHHBI 7 y4yacTKa pea-
ausauuu [(x;), Ha KoTopoM onpenensercs pyuxuus L (1).

OrpaHuuuBanch AJ5 MPOCTOTH OJHOMEPHBIM CAyYyaeM, 3aMHUIEM:

Fp, « =P (L <\ |n=ny, x=1xo), - (3.1)

Tae Mo H Xo— NPOU3BOJLHBIE NOCTOAHHHE. 3HAK OCPeiHEHHS Hal X
03HauaeT, YTO HOJIOKEHHE yYacTKa (UKCHPYETCs JHUIb C TOUHOCTBIO 10
MHKEHEPHO-Te0IOTHYECKOTO 3jieMeHTa. 3HaK | 34ech ciefyeT NOHUMATD
Kak 0003HaueHHe YCJIOBHH NpPOBeldeHHd 3SKCmepuMeHTa. Bua ¢ynkunu
L{l) n pacnpeneneHde !/ moka GyneM CUHTATb 3aJaHHBIMH.

Pacnpegeneune (1) MOXHO MHTEPNpPETHPOBATh KaK paclpejesieHHe
13yYyaeMoro CBOMCTBA NMOPOAR B 3ajJaHHON (1= 1w, X =2X;) PHU3HUeCKON
TOYKe, COOTBETCTBYIOIEE MNpelACTaBjeHHuI0 o6 aHcambuae, copepiKatie-
Mycs B NPHHSATOH MOJENH H3MEHYMBOCTH 3TOro cBoiicTa. [Ipakruue-
CKH, ONHAKO, TNOCKOJDbKY TeoJioT HMeeT [ejo C eJIHHCTBEHHHIM peaJb-
HBIM MaCCHBOM FODHHIX HOPOA, @ He ¢ aHcam6.eM OJHOPOAHBIX Mac-
CUBOB, pacmpefesneHde (1) cneayer TpakToBaTh Kak paclpejeseHHe
H3y4yaeMoro CBOMCTBA HMOPOJAL! B 3a1aHHOM HHXKEHEDHO-TeOJOTHYECKOM
3JeMeHTe. DTO pacnpefesieHye HA3BBAETCHA JOKATbHBIM.

Bapeupys yc/nOBHSI 5KCHEPUMEHTOB, 3aNKCaHHbe B Bhipaxenud (1),
MOKHO MOJIYYHTH, B YaCTHOCTH, MHOXKECTBO JIOKAJbHLIX pacnpepeneHui,
OTJIMYAIOMHMXCSA BCJAENCTBHE PasjiHyHs PasMepoB onpelesndionield obna-
CTH, a TaKikKe HejioKaJbHOe («0000iIeHHOe») paclnpelieneHue, Xapakre-
pH3yOLlee H3MEHUUBOCTh HCCIEAYeMOro Hpu3HakKa BO BCeM MaKPOCKO-
NHYeCKH HeOoJHOPOJHOM MaccHse.

B macrodimieli riaBe paccMaTpuBaercs BAHAHHe pasMepa Opob
(ompenensiomell 061acTH 3KCIEPUMEHTOB) Ha JiOKaJbHble Paclpefelie-

* [IpennoJsiaraercst, 4T0 MOC/EJ0BATENBHOCTD { [, } CTALIHOHAPHAS ¥ 9PrOAMUEcKasl.
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uus. Tperbs rnasa, Ha060pOT, NOCBSMIEHA HEKOTOPHIM CBOlicTBaM 0606-
IEeHHHX pacnpefeneHuil. [Ipu uccaenoBaHUMU JOKaNBHBIX pacnpepene-
HHE OCHOBHOe BHUMAHHE YIENsieTCs NepBOMY H3 CAeJaHHBIX BHILIE yT-
BepKJeHH#A o pacupenenenun F (1) — poau Buga ¢pyuxuuu L () u pac-
npenenenus [ B ¢opmupoBaHHu pacnopenenenus F(A). Takoll moaxon
ofecneynBaeT HO3HAHHE MeXaHM3Ma BJHSHHS MHKDOHEOIHOPOLHOCTH
Ha (U3HUecKye CBOCTBA MOPHBIX HOPOJ, UTO AB.ISAETCS OCHOBHOH 3aja-
yell 5TOH TJIaBbl.

JLisi mpakrtHueckKHX ueJiell ynMoOHO ONMHCBIBATH J10KajibHbIE 3aKOHBI
pacmpenesieHHs C 1IOMOLILIO MOMEHTOB pacmpesnenenus. [1pu sToM Hazxo
HMeTh B BHIY JBa 006CTOATENLCTBA:

1. Bce TeoperunueckHe pacmpejesnieHHs, KOTOpble 10 CHX mop Oblau
HOoJiyueHbl (HJIM HCHOJB30BAHBI) B TEOJNIOTHH, HMEIOT MOMEHTBI, XOTSA
U He BCe OHHM OJHO3HAYHO ONpelesioTCd CBOUMHM MoMeHTaMH *. Bo
BCAKOM CJydae, eciH BIJ paclpefeseHHs Npelano.1araercsi H3BeCTHBIM,
TO NepBble TPH-ueTbipe MOMEHTa AAOT O HeM HH(pOPMaIHIo, 10CTaTOU-
HYIO 15l DellleHHs HOoAaBifAlomero OOJbIIHHCTBA MNpPaKTHUECKHX 3a-
may **,

2. Bo MHOrmx cnyuasix TEODETHYeCKHH BHJ JT0KaJbHBIX pacmpene-
geguil (1) we ycranomieH. Jlas BeiGopa moaxoAsmiell amnpoKcHManuH
TaKXKe JIOCTATOYHO HepBHIX Tpex-ueTbipeX MOMEHTOB. Dosiee Toro, mpu
OTHOCHTEJIbHO HeGOMbIIHX BLIOOPKAX, C KOTOPHIMH OOBIYHO HMEET JIEN0
reosioT, BHIUHC/EHHE MOMEHTOB BEIIE TPETbero HJAH UYeTBEpPTOTO HOo-
psaaka mpocTo OeccmbicnenHo. Hauboaplumil TpaKTHYeCKHIT HHTepec
OPeACTABAAIOT NePBLIH HayanbHbLIM, BTOPOH M TpeTmil UEHTpasibHblE
MOMEHTHL.

JLasi ynpomieHust nocTas/deHHOH 3aauH HCIOJb3yeM MOHATHE «Mac-
mrabHoro 3¢ @eKTa», HIBECTHOE H3 CTATHCTHYECKON TEOPHH XDPYNKOTO
paspywenud. B stoll Teopuu macmtabusiM sdpderkrom (Han daxkropom)
Ha3BIBAIOT HM3MEHEHHe CDEeJHEro 3HaueHHs NPOYHOCTH B 3aBHCHMOCTH
OT pa3Mepa HCOBITBIBaeMbIX 00pa3uoB. Bmecre ¢ TeM, H3BeCTHO, uTO
HpH HCHBITaHHAX Ha npodHocth (Bosotmu, 1965), a Takxe npu Hu3y-
YeHHH XMMHKO-MHHEDPanorHueckoro cocrasa mnopon (Yeits, 1963) u no-
ne3ublx uckomaeMbix (Yersepukos, 1968 u np.) or pasmepa ompene-
asouledn 06sacTH 3KCIePHMEHTOB 3aBHCHT H pa3bpoC HX Pe3y/bTaToB.
Jlo nocnenHero BpeMeHH 5TH SBJEHHS H3Y4a/jHuChb B T'€OJOTHH HE3aBH-
CHMO JApYT OT Apyra. MexXay TeM TOJbKO PacCMOTPEeHHE HX C eJIUHOH
TOUKH 3pPEeHHS NO3BOJISEeT HOHATh MEXAaHH3M BJHSHHS MHKPOHEOIHODON-
HOCTH Ha MaKpOCKONH4YecKHe cBOiicTBa TOpHHIX mopod. [Tostomy Bawus-
HHe pasMepoB onpeledsioniell 061acTH SKCIEPUMEHTOB Ha pa3iHuHble
CTaTHCTHYECKHE XapaKTePHCTHKH Pe3YJbTaTOB HCNBITaHUH GyaeMm pac-
CMaTpHBaTb KaK MNpPOABJEHHA MaclITabHuX 3pdPekTOoB pas-
Horo pona. Macmrabusim 3¢pdekrom I pona Oyaem HasbiBaTb H3-
MEHEeHHe MAaTeMaTHuecKOro OXHJaHHs BeJHUMHH L B ‘3aBHCHMOCTH

* B 4acTHOCTH, HEOAHO3HAWHO ONpEIE/IsieTcss CBOWMH MOMeHTaMH Jorapudmu-
HeCKH-HOpMaJbHOE paclpeje/eHue, KOTOPHIM Mbl 6y/eM LIKPOKO MOJMb30BATHLCS.
**% Tlogpo6uee cM. y Kenganna n Creioapta (1966, ctp. 126).
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OT UHCJIa 7 3TeMEHTOR MHUKPOHEOJXHOPOAHOCTH B INpe/iesiaX ONpeaeasiio-
uiefi 06JacTH 2KCIepHMeHTOB, MacwiTabubiM addekrom II popa — us-
MeHeHHe auclepcu# L B 3aBHCHMOCTH OT A, MacmTaGubiM 3G ¢deKToM
IIT pona-— u3MeHeHHe acHMMeETDHH paclpeneneHuss L B 3aBHCHMOCTH
OT 7 U T. 1. B COOTBETCTBHH C H3MeHEHHEM k-biX MOMEHTOB paclpese-
Jeuuil (1). C momomniplo MacmTabHEX 3 (PeXTOR MOXKHO TOJYUHTH HO-
BOJIbHO TOJIHOe (XOTS H He BCerga HCYeplbiBaliee) NpeicTaBjieHHe
0 3axkoHax pacnpedeneHus (1): OHO [daeTcd C TOMOLIBIO ONHCAHHS
pacupenenedil HX MOMEHTaMH IPH Pa3/HYHBIX 3HAYEHHSX 7.

B neficTBUTENBbHOCTH MBI He MOXeM yKa3aTb TOUHHIX 3HaueHHH MO-
MEHTOB paclipeleseHus HCCIeqyeMoro cBOHCTBA MOPOAH (Ha MOJENH —
MOMEHTOB pacnpeneneHuil (1)), PaBHO KaX M TOUHLIX 3HAUEHHH Be-
JHYHHB ONpenensiiolieli 06/acTH SKCNePHMEHTOB, BHIPaXKeHHOH YMC-
JOM 3/ieMEHTOB MHKDOHEOJHOPOJHOCTH (HA MOJENH — BEJHYHHH 7).
DKCNepHMEHTAAbHBIM TYTeM MOXKHO MOJYYHTb JHIIL CTATHCTHUYECKHE

OLEHKH MOMEHTOB WM H yKa3aTh HEKOTOPHle BEJHUHHHE, NPOMOPIHO-
HaJabHBle YHCAY 7. Takol BeJHYHHOH, HalpuMep, GymeT XapaKTepHBIH
pasmep omnpenensonieli o6sacTu sKcrneprMeHTa v. Mayyas saBHCHMO-

ctu Pr(v), Mbl OymeM NOay4aTb HEKOTOPLle CTATHCTHYECKHE OLEHKH
macmtabuelx >¢dexros. [Tockonbky miasi pe, 10 KpaiiHe#n Mepe NpH
k=1, 2, 3, u3BecTHBl COCTOSiTeJNbHLIE, HeCMemeHHHEe U 3(h(eKTHBHbE

OLEHKH, a U~O/, MOXKHO HOJararb, 4TO OLEHKH pr(U) MacwTaGHbIX
3(¢peKTOB M0/KHB TAaBaTh HEMJOXYI0 B CMBICJe CXOAHMOCTH C H3Jarae-
MOH HIXKe TeOpHEH KapTuHy 3aBucuMocTedl Mx(n). OmHaxo, mpexne
yeM NepPexXOfHTb K H3J0XKEHHIO TEOPHH, ClenyeT Ha 3KCIepHMeHTasb-
HOM MaTtepuaje yOenHTbcsd B CYLIECTBOBAaHHH MacwITabHBIX 3dGheKToB.
WsBecTHO NOBOJBHO MHOTO PaboT, rjie NPHBOASTCH HaHHble 06 H3-
MeHEHHH MOMEHTOB paclpenefeHHsi PasJHYHBIX CBOHCTE moOpox (HiH
npocTo 06 H3MeHeHHY KOH(UrypalHH THCTOrpaMM) B 3aBHCHMOCTH OT
H3MeHeHHSI pasMepa onpeneasoomell obgacta skonepuMenta. Onnako
HH B OLHOH M3 H3BECTHHX aBTOpPY NYOJHKauUMH He CTaBWICH BONpPOC
O TIpOBEpPKEe CTATHCTHYECKOH 3HAYHMOCTH HabJl0ZaeMBX H3MeHeHHH
MOMEHTOB. B COOTBETCTBHHM CO CXeMOH NPOBePKH CTATHCTHYECKHX [H-
noTes3, #3J0XKeHHOH B § 2, HamdeXKHUT MO pe3ynbraTaM HCCIeIOBaHHH
CBOHCTB TNOPOA CePHAMH 3KCOCPHMEHTOB C pasJauyHOR BeJIHUHHOHN
onmpenensiomell 0651acTH v MPOBEPHTL rumoTesnl M, j=1, 2, 3,
Hy: ML, = ML, npu axsrepratuse Hi: MLy == ML,;
H}:DL,=DL,, npn ansrepuatuse H:: DL, = DL,:
H3 : SkL,=SkL,, npu anvrepuarnse H:: SkL,, = SkL,,,
npuyieM Uy £ V2.
B COOTBETCTBHH ¢ paHee H3JOXKEHHHM OrpaHHYMBaeMCH YHCJIOM j=
=3.
I'unorestt HY u H% moryT 6uITb NpoBepeHbl ¢ NOMOMIBIO H3BECTHBIX

kputepues CtpiofieHta ¥ ®umepa. [I1s npubinXkeHHOH NPOBEPKH TH-
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noteabl /% ucnonb3yeM BhIpaXKeHHe it OMIMOKH OLeHKH Sk 1o Bbibo-
POUHBIM TaHHBIM.

[Tposepum H{ wa npumepe cepuu ompefeseHHii XpPYNKo# npOYHOCTH,
H? — nedopmupyemoctu 1 H?-— BOXONPOHHIAEMOCTH MOPOI.

B ra6a. | npuBeneHbl pe3ysbTaThl H3YYEHHUS CONPOTHBJEHHS OHO-
OCHOMY CXKaTHi0 R rymycoBoro moayGaecrtsimiero yris miacra 1o rua-
popyauuka «[luonep» (Ioubacc). OnpeneneHnuss HNPOYHOCTH BHINOJI-
HeHol Ha obpasmax vy u vz (mamumble C. E. Uupkora). Beibopounnie
OLEHKH NHUCIIEPCHH paBHBEI coOTBeTCTBeHHO S2=3990, S2=4972 u ne

Ta6numa 1
Pe3y.lleaTbl onpejeseHUs] MPOYHOCTH yrasa

7, —3,0 om® v,=25 cm® ?,=3,0 cm? V=25 cm®
409 268 320 329
547 253 370 206
346 293 385 190
284 264 370
312 382 350
372 182 442
405 284 316
284 185 441
352 276 384
374 261 318

IR, 7376 3380
R 369 260
I(R; — R)2 79806 64 639
§? 3990 4972

OTIHYAIOTCS 3HAYUMO APYT OT apyra. Jas mposepkn runotesm Hi uc-
nosb3yercs Kputepuit CToionenTa

f— |R12— Ry ,2 ’ (3.2)
VAR
Ny N,
rie
2 (R, —Ry,9)
SIQ,2=T__112——. (33)

Pacuersr pator {=4,5, 4t0 npeBocxoauT TabAHUYHOE 3HAYEHHE [=
=3,65 npu 0,1% yposne 3HaunMocTH, VIHBIMH CJIOBaMH, €CTb OCHOBa-
HHE T0/1arath, YTO CYIIECTBYIOT Cliyyan (B TOM YHCJAE H DacCMOTPeEH-
Hhiil), xorna Ho MPOTHBOPEYHT (aKTHUECKOMY MaTepHansy, H pasMep
onpenessomied 00JacTH SKCNEPHMEHTa CYmECTBEHHO BAHSET Ha Cpel-
Hee 3HaYeHHEe HCCJAELYeMOro CBOMCTBA MOPOLHI.
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B raba. 2 npuseneHsl pe3ysibTaTbl PacyeTOB AUCIEPCHH AedopMH-
pPYeMOCTH, T. €. B&IHYUHBLI, 06PaTHOH MOIYJIO YIPYTOCTH, H3BECTHAKOB
co crsopa [lananckoro ruapoysia B Tanb-lllane (3KcIepHMEHTH BbI-
nosnnensl B. Y. Konresbim, 'uaponpoexr).

Ta6anna 2

Mucnepcun S? nedopMUpyeMOCTH H3BECTHAKOB
No pe3yJbTaTaM HCCJeNOBaHHA 0GPasiloB pasHoOro pasmepa

Cpeannii pasmep
0o6pas3uos v, cM

Uncao o6pasuos N ﬂg;ﬁ;%ﬁ;ﬁg?ﬂ%ﬁu-

12,5 89 462
32,5 49 260

Tak Kak pennuuHa pedopMupyeMocTH HMeer mopspok 108 cm?/krc
W 3HAYEeHHS OHCIEPCHH BHIPAKAIOTCH OYEHb ManbiMu ApobaMiu, B Tab-
JIULe OHYU YMHOXKEHB! Ha 101,

Ins npoBepKu THIOTE3H Hp ncnosnbayem Kputepui Ouiuepa:

st
Fe=—a, (3.4)

2
KOTOpHI B JaHHOM Clyuae paBeH 1,78, uro mpesocxoauT TabiauuHOE
snauenue 1,55 npu 5%-nomM yposHe dHauuMOCTH. VIHBIMH CIOBaMH, €CTh
OCHOBaHHf NOJarath, YTO CYHIECTBYIOT cjydyad (B TOM uHChe U pac-
CMOTpEHHBIN), Koraa M, MPOTHBOPEYHT (PaKTHUECKOMY MaTepuany, H
pasMep ompeneldomell 061acTH 3KCIEPUMEHTA CYMIECTBEHHO BJiHAET
Ha NUOMEPCHIO TIOKa3aTesst HCCAeLyeMOro CBOHCTBA NMOPOMLL

I'unoresa H3 mposepsnach Ha npuMepe BhinosiHewHmX JI. A. Apo-

HOBO# OmpenesneHHil BOxONPOHHIAaeMOCTH Topda. Brulnu nmposeners nse
cepuu SKCOEPHUMEHTOB C pasMepaMu omnpepensmomeil obmacTH, pasiH-
yaromuMuca B 600 pas. [To pesynbraraM 100 onwiToB B KaxKao# cepuu
OLEHKH aCHMMETPHU OKas3aJHCbhb paBHBIMH 3,27 TpH BeJHUYHHE Ompene-
asiiowei o6aactu o4 1 2,30 npu v;=600v:. CpenHekBaApaTHYHOE OT-
KJOHeH!e kKo3bduLHeHTa aCHMMETPHH

s 6(N—1)

P—

Sk N3 (N+ 1)
B NaHHOM caydae uMmeer senunumny 0,24. CrnemosaTenbHO, 3Hau€HHs
ACHUMMETPHH IS JBYX paccMaTPHBaeMBbIX CepPHH SKCNIEPHMEHTOB pas-
Jau4aoTes Ha BeaHuuHy 3,27 — 2,30=0,97, npeBocXOAfAMIYIO YETHIPEX-
KpaTHOE CpeJHEKBaJpPATHYHOE OTKJOHEHHE. YUHTHIBAs CPaBHHTEILHO
Goabllofi 06beM BbIOOPOK, MOKHO TNoOJarath, YTO pasjidyHe B BeJU-
yyHe HX acCHMMETPHH sBJfeTcad HecnydalublM. TakuM obpasom, BH-
AMMO, CYMIECTBYIOT CHUTValuH (B TOM YHCJI€ H PACCMOTDPEHHAS), KOTLA
H3 e mpoTHBOPEYHT (aKTHYECKOMY MarepHany, H pasMep oOnpene-
JAsiomel o6JacTH SKCHepHMEHTa CYHIECTBEHHO BJHSAET Ha acHMMeTPHIO
pacnpenenenus HCCAeLyeMOro CBOHCTBa TIOPOJHL.

(3.5)
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§ 4. Teoperuueckoe HCCICAOBAHHE MHKPOHEOAHOPOAHOCTH
H MacwTaOHbIX 3 dEeKTOB

W3 npuuaroii Mojenu ciaemgyeT, 4T0 BHA pacnpenenenus (3.1) aza-
Bucut oT Buaa ¢ysxuuu L (I). Bua oysxkuun L (/) monxeH omnpene-
JATHCA U3 (PU3HUECKHX coobparKeHHH O IPHPOAE HCCaedyeMbIX CBOIICTB
nopona. Tax, o, mo-BuAUMOMY, OYAET Pa3HBIM [Jisl HHTETPaJbHBIX Xa-
paKTepUCTHK (IJIOTHOCTH, BAAXKHOCTH, CONEPKAHHS TeX MM HHLIX KOM-
[NOHEHTOE B NOPOAe) H Ajsl CBOHCTB, 3aBHUCAIIUX OT «caaboro 3sena
B LeNH», HaNpUMep, XPYNKOH NpouHocTH. sl uHTErpasbHBIX Xapak-
TEPHCTHK, K KOTOPHIM OTHOCHTCA MOAdBJAAIOHIee HOJbIUIHHCTEO CBOICTE
ropHbIX nopof, ¢yukuuio L (/) MOXKHO ONpeneauTs NpocTelmnm obpa-
soM B Bune (Pan, 1968a)

n
1
L= b (4.1)
i=1
HJIH
n
Ly= X 1. (4.2)

Torpa Bompoc o 3akoHe pacnpemesneHus (3.1) CBOAHTCH Ha MOJAENH
K BOTIPOCY O paclpefeNeHdH CyMMbl CAYYaHHBIX BEJMYHH, YTO TPH-
BOJIHT K H3BECTHOIl B TEOpPHH BEPOSTHOCTEH rpyNlie Tak Ha3blBAeMbIX
LUEeHTPaJbHHX IpelenbHBX TeopeMy (cM., Hanpumep, Benruens, 1962).
PaccMmorpuM BO3HHKAOmU#A IpH TakoMm onpenesnenun L (I) macura6-
ubifl sdpdexr 11 poma *. M3 npeanonoxeHns o cTaHOHAPHOCTH Iocie-
IOBaTeJbHOCTH [; BoiTekaer, uro ML, He 3aBucutr or n, a ML,oon.
TMopcunraem nucnepcuio Benwyunsl L. Kax  u3BecTHO, mucnepcus
CYMMBbI CJIVUANHBIX BEJHYHH PaBHA CyMMe HX QHCIEPCHI IJIIOC YIBOEH-
Hasi CYMMa KOPPEJsIHOHHEIX MOMEHTOB:

2 DL, +2 X k. 4.3)
i=1 i<j
WUz ¢usuyeckux coobpaxkeHHH cJaenyeT, YTO BCe MHCIEPCHH KO-
HeuHol. B cuay OPEANOJ0XKEeHHs O CTAHOHAPHOCTH MOC/]EeL0BaTe/ib-
HOCTH [;

Dl =Dl= ... =DI, (4.4)
OTKyZa Clenyert
DLy—n - DL+2 X &y (4.5)
i<j
H
pL=24 | 2 2 k. (4.6)

* [TocnenoBaTebHOCTh H3yYeHHd MaclITa6HEIX 3¢QdekToB N0 co0GpaKeHHAM
yao6cTBa u3l0XKeHHd NPHHATA TakoH: MacmitaGueii 3¢dexrt 1I poaa, sarem I poxa,
3arewm III pona.
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B uactHom cayuae, Korna BCe [; CTATHCTHUECKH HE3daBHCHMBEI, BTO-
pble wieHsl B (5) u (6) o6pamaloTcs B HyJIb:

2 ky=0, @.7)
<]
1 Bmecto (6) MOXKHO 3amucaTth A4 Koddduuuenta sapuanuu V
1

Veore. (4.8)

Beipaxenne (8) mpeacraBnseT coOOH H3BECTHOE B CTATHCTHYECKOH

¢usuke «npasuno ¥ n». Macurrabusiit s¢dpexr 111 pona B 3ToM cayuae
orcytcTByer, SEL =0.

Ycnosus (1), (4) u (7) B COBOKYNMHOCTH GiH3KH K YCJAOBUAM LEHT-
panbHO#l mpeaeabHoll Teopemsl. Ilpu nocratouno GosbUIMX 7 YCIAOBHSA

CpaBeqIHBOCTH MNpPaBuia )7 H UEHTPaJbHON NPedenbHOH TeopeMbl
pas3nH4aloTCa TOJNBKO 33 CUeT TaK HasblBaeMoro ycjiosus Jimumebepra.
B paccmarpuBaeMblX NPHIOKEHUAX NPAKTHYECKH MOMXKHO CUHTATH, YTO
IIPH JOCTATOYHO GOnbIINX 7 U GHKCHPOBAHHOM CPefHEM 3HAYEHHH Ipa-

BHJI0 Yn omiceiBaeT Mmacwitabubiit s¢pderr I poma seamuumunt L (1),
NOLUHMHSAIOWEHCS HOPMaNbHOMY 3aKOHY pacnpenesneHns *.

O6paTuMca K BaXKHOMY 4acTHOMY ciayyaw. Paccmotpum chenylo-
HIYIO MOJENb maacta ocaaouyHod mopomsl. Ilaact cOCTOHT H3 7 TOHKHX
3JieMeHTapHBIX cioeB. KaxKnaplfl I-blfi 3MeMeHTapHBIA CJIOH npertepre-
BaeT cayuafinble Kosebamus MOMHOCTH [; no miomapu. Konebanusg
MOIIHOCTEH pa3HbIX 3JEMEHTAPHBIX CJOEB NPAaKTHYECKH B3aHMOHEe3a-

n
BHCHMB **, Bymem HcciaenoBaTh H3MEHUHBOCTb MOHIHOCTH Lo= X/
i=1
YCTPOEHHOTO TaKim 06pasom mjacra.
ITycrs

Ml=h, Dl=a, (4.9)

Torzaa, mMocKoABKY Bee [; PaBHONPABHBI H HE3ABHCHMEI,

n
MLQ_; 2 Mliznh,
i=1

- (4.10)
DL,— Y, Dl,—na,

=1

* [IpH gocTaTouHO MaJbIX N NPaBHIY Vn 6yIyT MOJUHHSITBCS CBOHCTBA, pac-
npejeseHHble, HANpPHMep, N0 GHHOMHAMBHOMY H THIEPreOMETPHUECKOMY 3aKOHaM, Of-
HAKO ¢ POCTOM N 3TH pachpejesieHHsi, KAK H3BECTHO, CXOASITCA K HOPMAJBHOMY.

** B QeHiCTBHTeNBHOCTH MOIIHOCTH HEMOCPEeACTBEHHO 3ajeralomHX Apyr Ha apyre
3/1eMeHTapPHBIX CNOHKOB, pasyMeetcst, 3aBHcHMbl. OpHako, kak mokasan C JI. Ada-
HackeB (1967), KOMNeHcanHs HEPOBHOCTeH Ha MNOBEPXHOCTH HANMACTOBAHHSI MPOHC-
XOAMT OueHb GBICTPO, TaK UYTO yxe NOPH HeGOJNBITHX CYMMapHBIX MOILHOCTSIX (mo-
pajga MeTpa) JONyileMHe O He3aBHCHMOCTH mpaBoMepHo (cM. § 5).
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T. € W CpPeAHsd MONIHOCTH 11j1acTa, W AICHEePCHS MOLHHOCTI NPONop-
HHOHAABHLL UHCAY 3J1eMeHTapHbx ciaoeB. OcHoBeiBasgcs Ha (10), mo-
JKeM 3amnHcath AJ5 KO3 PHUUEHTa BapHauUd MOUHOCTH n1acra:

V__VDLQ_GVE—_ s __ 8 . _a
ML, nh RYn Vn VML’

(4.11)

rae a °
n
Coornowenne (11) siBasercs momnduKauuein mpasuia 7 nprMe-
HUTEIbHO K PAaCCMOTDEHHOI MOJEJH IJacTa ocajouyHOH NOpOibL.
Bo.ee obuum aABageTcs cayyai, Korna

Dk, #0. (4.12)

EcrectBennoil Momenbio 18 pacopefeneHus BeauuiHsl (2) npu
5TOM OKa3biBaeTcs pacHpeleseHHe CYMMBI M-3aBHCHMBIX CaydaliHbIX
Beanynd, IlocsemoBarenbHOCTs cayyaiiHbIX BenuuuH Iy, lp, ... Hasm-
BaeTCHd MOC/eN0BATEIbHOCTIO M-3aBHCHMBIX CY4aliHbX BENUUHH, eC/iH
BeJUYHHBL Iy, 2, ..., lg B ln, lpys, ..., ln HE32aBHCHMBI NPU BCEX LIENBIX
g, k, n Takux, uro 1<{g<k<<n u k—g>m (m— uenoe HeoTpHIA-
TeJbHOoe 4ucao). B wactHoM cayuae npu m=0 cayuaiHble BeJHUHHBI
cranostcs HezapucuMbimu (Ilerpos, 1960). Ilpu HekoTOpHIX Hecymie-
CTBEHHBIX 3eCh OTPDaHHUYEHHSAX pacmpefesneHHe CYMMBI 1M-3aBHCHMBIX
CAyYalHbIX BEIUYUH CXOAUTCH K HopMmanbHoMmy. B. B. Ilerpos moayuua
BEDAHIOIO OLIEHKY /7l CKOPOCTH CXOAHMMOCTH K HOPMaJbHOMY 3aKOHY

npu ycaoeuax: 1) M([)*H<<a>0; j=1, 2, ...; 0<d6=<<1; M— ome-
. Da

pauisi Matemaruueckoro oxupanus; 2) lim ——=>0, rae D» — pucnep-
n-+»wo

cusl; lim — o603HaUeHHe HUKHErO mpenesna.
CKOopoCTh CXOIZHMOCTH [Jisl BCeX [ B Hpefenax —oo<<[<Coo oOKa-
3ajachp paBHOII
3

| Fal)— )| < b - 25D (4.13)

roe @(l) — ¢pynKuus pacnpeneseHHs HOPMAanbHOH Cay4yailHOM Besu-
4YHbl, b — NOMOKHTEIbHAS KOHCTaHTa, He 3aBucsmad or n # [. [lpu
stoM, coraacHo B. B. IletpoBy, b<<dm? rne d ue 3asucutr or m. Ta-
KuM 00pasoM, CKOPOCTb CXOAMMOCTH K HOPMAaJbHOMY 3aKOHY TeM
Gosblile, YeM MEHbIIE PAJHYC KOPPEASUUH 11

Paccmorpum BennumHy (1), samenns ycioBue 2 B. B. Ilerposa

yeaouem 27: lim —">0. Ot 3Toll 3aMeHBl BepXHAA OLEHKA CKOPOCTH

n—>o6c
cxogumoctd (13) me uamenurcd. EcrecTBeHHO 0XKuAaTh, UTO C POCTOM
n macmrabusiil sddext 11 pona gna seamunust (1) Gymer cBoalTbCH

K OpaBuay V7, NOCKOJbKY pacnpefenenue BeiauuuHsl (1) crpeMurcst
K HopmansHoMy. Pesyasrarel B. B. [TerpoBa mo3sosisiior OLEHUTb CKO-
pocts 3toro mpouecca. [efiCTBHTEIBHO, H3 yCiAoBUs 2° ClIeAyerT, uTo
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2 k‘l,]
k., pacter ue Gwbictpee n. Torna BequYHHA —%

(6) or (8), cTpemuTca K Hyado He OblcTpee, yeM b - n%, rae a==1."
Paccmorpum wactublil cayuail mojgenu (1) npu ycnosuax (4) u (12).
Kax u3BeCTHO, NPH HCCAENOBAHHH XHMMHUYECKOTO COCTaBa H B TOM YHCHE
COflep:KaHUA MNOJIE3HBIX KOMIOHEHTOB B MOPOJAE Ha aHajaH3 OOBIYHO
nocTynaer He BcA npoba, a HaBecka CTAaHAAPTHON BeAHYMHBI (OGBIYHO
100—200 r), noayuaemass M3 HCXOAHOH npoObl MyTeM KBapTOBAHHSA.
IMoustro, uto cTpyKTYpa rOpHO# nopoabl (PyAsl) MPH 3TOM HOJHOCTHIO
paspyumaercs, ¥ Ko>3QGHUUEHT BapHALHH COAEPXKAHHMI MOMXKEH 3aBH-

CeTb OT BenH4MHBI HaBecKd no mpasBuay Y n Ho sec naseckn pukcupo-
BaH, MEHSEeICH Ke BEC HCXOAHON mpoObl. B repmunax usGpanHOH MO-
Bead Npoueaypa KBapTOBAHHMA M OLEHKH CBOHCTBA L NO HaBeCKe €CTb
HE uTO HMHOe, KaK ciaydafinasd BbIGOpPKa [,x H3 MOCJAELOBATENbHOCTH [,

oTJHqarwmadnd

(i=1, 2, ..., n; O<k<n) u ouenka L mno BuGopke ;. [lpu srom,
MOCKONBKY BBIGOD [, U3 [, CAYUaeH, TO
DL,=DL - =, (4.14)

rae DL, — nucnepcus ouenku L mo BoiGopke l; DL onpegenasercs
coraacHo (6); n—YHCJIO 3JE€MEHTOB MHKDOHEOLHODOLHOCTH B HCXOI-
HOl npobe; £ — TO XKe, B HaBECKE.

Ioncrasasas (6) B (14), noayunm

2k 2k
. 3 P (&)
DLi——\a+- L2 |—grl s D (415
rae d—————Dkl‘ ; az———DQl‘ .

YuuTeBas, YTO A NPONOPUHOHANBHO BECY HABECKH Uy, & 1 — BECY
HCXONHOU npo6H! vy, MOXKEM Hepenucath (15) B BuAe

DL 2 l;fk” d tglk[j 16
=\ @ =\ +— |- (4.16)

[TockonbKy, KaK YKa3blBajioCh PAHEE, C POCTOM N PACTET H D k,,, TO
DLy namensercs B 3aBUCHUMOCTH OT 1 B (15) CYHIECTBEHHO MeNJEHHEE,

yeM DL B (6), 1 y:K tem Oosiee Me[sieHHEe, YeM MO HpaBHAY Y n

k
Ecom  lim —Z-ni=o, 10 lim DL,=d,
n -» o n—-c
T. €. C POCTOM BeJHYHHBI NPO6H AHcnepcHsl Lx, oMeHeHHas [0 JaHHBIM
aHajH3a HaBECKH, CTPEMHTCA K HEKOTOPOH KOHCTaHTe. Bemmuuna sroi
KOHCTaHTHl NPSIMO NMPONOPLHOHAJNbHA HCTHHHON pucnepcun DI, comep-
XKaHud djJeMeHTa B Nopoje ¥ 06paTHO HPOMODLUHOHAJbHA pasMepy Ha-
Becku. Ecnn nexonnas npo6a GeccrpykrypHa, T. €. 3.k, =0, TO BTOpPOI
ujgen B (16) obpamaerca B HYJNb, H JHCIEPCHA COAEPXKaAHHH B HaBECKe
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CTAHOBHTCSI He3aBilCHMOH OT pasMmepa ucxomuoi npobel. Onepaunus
KBapPTOBAHUA B 3TOM C.1)4ae TEPAET CMBIC.

B npakrtuyeckux 3agayax reosor 0ObIYHO HMEET €0 C CYMMAapHbBIM
3¢ ¢dexToM HEOIHOPOJIHOCTH pasHbIX ypOBHeH. B uwacrtHocTH, npu OT-
Gope npo6 n3 pasHHIX TOUEK Maccusa, 06.1a7a0MEro MaKPOHEO HOPO/I-
HOCTBIO, IPHUXOAHUTCHA CTAJIKHBATLCS C BAHAHIHEM MakpPOHEOJHODOJHOCTH
Ha pachpeleseHHe HCCAELYeMOro cBolicTBa M Macuitabubie 3h¢exTsl.
Ilpu HCccnenoBaHHM 3aKOHOB pacnpefesNieHHs TeX WJH HHBIX CBOHCTB
06pyHO crapatorcsl orbupats Npobbl B Npeaedax KBa3HOAHOPOLHKIX
YYaCTKOB (MHIKEHEPHO-Te0JOTHUECKHX JIeMEHTOB HJIH 3JeMEHTOB Mak-
pOHEOIHOPOAHOCTH ). OIHAKO BHIJEJHEHHE 5JEMEHTOB MaKPOHEOLHOPOI-
HOcTH camo no cebGe tpeGyer BecbMa AeTanbHHX Hccienosaduid. [lo-
3TOMY TNOJHOCTBIO HCK/IOUHTL BJHSHHE MaKPOHEOJHODPOJHOCTH TaKHUM
nyteM TpPYXHO. BosHukaeTr 3amaua HCCAeAOBaHHS BJUSHHA MaKpoOHe-
ONHOPOAHOCTH Ha MacuitabHbie >(Q¢eKTl H 3aKOHH pacnpeneneHus
CBOJICTB TOPHHIX TIOPO/L.

B obmiem Buae 3Ta 3ajaya NPeACTABIAET 3HAYATEIbHBIE TPY/IHOCTH.
[TosroMy MBI paccMOTpHM .HIOB YacTHHIT chayyafi: HcclaeayeM Mac-
wrabunilt 3¢dexr Il poma, moaaras, yTo BAOJAbL OCH X H3MEHAETCH
TOJbKO cpenHee sHauenue [. Torma Mmone b0 145 pe3yAbTATOB EIH-
HHYHBIX Habmonenn#t sMecro (1) 6ynmer

n
1 ~
Li=e(x)+— 2 (4.17)
1=1
rne j — HoMmep npobel o6bemMa n; 0,; — cayvyaiiHas BeJHYKMHA, He 3aBHU-
csAmas OT X;, C MaTeMaTHYeCKNM OXKHJIaHHEM, DaBHHM HYJIO, H IHC-
nepcueit o2,
Hucnepcus HabIIGIEHUA B 3TOM cayyae

1 S a2
DL =D (x)+ 2 Db=Do ()57 (4.18)

Paccmorpum npocreiimnii cayuaft, korna ¢(x,) =a+bx;, a npobH
pacnosararTcd BAOJbL OCH X cAy4afiHO B Npejesnax OTpeska AJUHOH d.
Torpa smauenus ¢(X;) MOryT pacCMaTPUBATHCHA KaK 3HauyeHHS HEKOTO-
poil paBHOMEPHO PACHPEIENEHHOH CAyYyailHOW BeNHUHHH ¢ JHCIEPCHeH
{Benrnens, 1962)

b2q2
Dy (x))=—"ro—. (4.19)

Tloncrasaas (19) B (18), noayumm nAs QUCIEPCHH Pe3YAbTATOB
HabuoaeHil Bolp aXKeHne
52 b2q2

DLj=" . (4.20)

Bennunna o? npexacrapasier cob0il KOHCTAHTY, 3aBHCSMIVIO OT CTe-
TleHH MHKPOHeojHopoaHocTH Martepuana. OGosuauum ee gepes A. Bro-
poit unen B (20) TOXKe KOHCTaHTa, BEJHYHHA KOTOPOI ONPEAENIACTCs
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cu/10fl TpeHAa (MaKpOHEOAHOPOIHOCTbIO) H pa3mepoM d HCCaenyeMOoro
yuacTka, o603HayuM ee yepes B. Torna (20) M0XKHO nepenncaTh B BUIE

DL—2 8. (4.20-2)

OuyeBHaHO, YTO MNOJyYeHHBIH pe3yabTaT He H3MeHHTCs, ecan Ml
6yneT JUHEHAHO U3MEHAThCS He TOJAbKO BAOJMbL OCH X, HO H B JIOOOM Ha-
npaB/IeHHH TPeXMepHOTO MpocTpaHcTBa . B cayuae menuneiino#l namen-
YHBOCTH, eCJH yacrota kojgebGauuit Mi(x, y, z) He OyldeT CAHIIKOM
Be/HKa, NOJYUYeHHBIHl Pe3ybTaT MOXKHO HCIO/Ib30BaTh KaK NPUOIHKeH-
HEIMl, UTO PaBHOCH/BHO annpokcuMauud nonsd Ml(x, y, z) Kyckamn
miaockocrell. AnnpokcuMauus GymeT TeM TOUHee, yeM HHKe 4YacToTa
Koaebanuit Ml(x, y, 2).

®opmysna (20-A) Obia Ge3s BbIBOAA onyO.aukoBana BucManom
(Wisman, 1962) u nporepeHa UM C MOMOILIBIO 3KCHEPHMEHTOB C JAPO-
6b10, Ooslee WM MeHee DAaBHOMEDHO pAaCCHNAHHOH MO CrheuHaJbHOH
CeTKe.

[TpoBenennbii aHanH3 [OKa3bBaeT, YTO MaKPOHEOZHOPOLHOCTb
CYIleCTBEHHO BJIHsieT Ha NpOABJeHHs MaclitabHoro addekra Il poxa.
PacuneneHue ofbweit aucnepcud no ¢opmyae (20) nossojsier OUEHHT)
crelieHb 3TOro BauAHHA. CJI0XKHee ODCTOMT /O C BAHSAHMEM MaKpoHe-
ONHOPOJHOCTH Ha GOopMy KpuBOH pacmpeienenus. Ecau pacnpenese-
HHe, 06YCJIOBJeHHOe MHKPOHEO[HOPOAHOCTbIO, YCTONYMBO A NAHHOTO
cBOHCTBa nopox u o6.agaeT scHBIM (H3HYECKHM CMBICJAOM, TO HCKasKe-
HuA GOPMBI pacnpefesieHus, BHOCHMble MaKpOHEOLHOPOAHOCTbIO, MO-
ryT ObITb KaKHMH YTOAHO H ONPEAeNsiiOTCA CTPYKTYpOH HCC/edyeMOoro
MaccuBa TOPHBIX HOpoA. B cBA3M C aHAJOrMYHOH cHTyauHell B reo-
xuMud A. B. Bucreanyc (Vistelius, 1960) npensoxun pasindarts «Jo-
KajabHOe» — B He0oJbLIOM 00beMe NOPOADl U «0606IEeHHOe» — B HEJ0M
MaccuBe pacnpejeneHus comepxanuil. Ilo-BupHMOMy, 3TH TE€pPMHHBE
npuobperyT GOJBLIYIO ONpeaeseHHOCTb, eclH NoApasyMeBarh NOA «JI0-
Ka/JbHBHIM» pacinpenesnenne, 00yclOBJEeHHOe MHKPOHEOLHOPOLHOCTHIO,
a noj «o000leHHHIM» — pacnpejeselne, HCKaXkeHHOe MaKpPOHEOIHO-
poxHocthio. Tax ke uenecoobpa3no pasanuatb Maciurabunle 3ddexThl
B UHCTOM BHuJe (00YyC/l0B/IeHHble MUKPOHEOLHOPOLHOCTBIO) H «0B061IeH-
Hble» MacuitabHble 3QdeKThl, B 4aCTHOCTH PacCMOTPeHHHH BhIlIe 0606-
wenHbll Macwrtabublli a¢dexr Il pona, obycioBieHHble CyMMapHBIM
geficTBUEM MHKPO- H MAKPOHEOLHOPOLHOCTH.

OOpaTtuMca K cHTyanMsM, KOTjJa HMeeT MecTo MacluTtabHuiil 3¢-
dexr | poaa. Kak ykaswBasoch, npu onpegenennd L (/) B Buge (1)
ML wue 3aBucur ot 7, T. e. Macwrabubil 3gdekr 1 poxa orcyrcrayer.
Paccmorpum apyroe onpenenenne L (/). Ilycts BMecto (1)

Ly= min [, (4.21)
1I<ign
[pHUYEM COXPAaHAT cHaAYy ycaoBusa (4) u (7), 1. e.
Dll_————-DlQ: P =Dln 148 zklj::O'

Takass nocTaHOBKa BONPOCa NPHBOAHT K CTATHCTHUECKOH TEOPHH
XPYIKOro paspyllenus, npenjoxenHoid Befibyanom (Weibull, 1939),
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T. A. Kouroposo#l u JI. 1. ®penkenem (1940, 1941) cneuuanbno gas
o6bsicHenns MacimTabHoro s¢p¢exra I pona npy XpynkoM paspyiueHHH.
CraTtHcTHYeCKAas TeOpPHsi XPYNKOTO pa3pyLIeHHs, pa3BuTas B MOC/el-
Hue roael B. B. BonoruneimM (1965), C. L. Bonkosum, B. B. YHeuyau-
HeiM (1963) u npyrumu npeacrasiser coboH, kak Bumno u3 (21),
OIHO M3 BaXXHBIX NPHJOXKEHHH TaK Ha3bIBaeMOH «CTaTHCTHKH IKcTpe-
MaJIbHEIX 3HaueHui», [eflcTBHTENbHO, B paMKaX cTaTHCTHYeCKOll Teo-
DHH XPYNKOTO pa3pylieHHs 3azasa O ITPOYHOCTH Teda CBOLHTCA
K OTBICKaHHWIO (QYHKIHH paclpefejeHHs BEJHUYHHpl Ls, ompenejeHHOM
corsnacHo (21).

[Tycts BenunHa [; uMeet pacnpenenenve P(li<)) =F(A).* Urobu
BBINOJIHAJIOCH HePaBEHCTBO

Ly, (4.22)
JOJ/N2KHEI OILHOBpeMeHHO C06JI}OILaTbCH HepaBeHCTBa
L>X LN L. L= (4.23)

BeposiTHOCTL BBEINONHEeHHs KaxKAOr0 H3 HepaseHcTB (23) Moxer
6bITb 3anHCaHa B ClelylolleM BHE:

PlizN=1—P(;<N=1—=F(@). (4.24)

BepoATHOCTb BBINOJNHEHHs BCeX HepaBeHCTB (23) oxHOBpPEMeHHO MO
TEOPEMe YMBOXEHUS BepoaTHOCTell (CylleCTBeHHO, yrp Xk, =0) onpe-
JenasieTcs TOTJa KakK

PLyZN=PlL =) LZ=) ..., LZ=N=[1—FM]", (4.25)
OTKy a4 BEITEKAaeT UCKOMAas BEpPOsSITHOCTDb *E
P(Ly<N)=1—[1—-F M)~ (4.26)

Ilanee, cienya B. B. Bonotuny (1965), 3aMmenum (26) Goaee npo-
CTHIM aCHMNTOTHUECKHM MpeACTaBJeHHeM H, HMes B BHJIY, YTO BeJH-
YHHAa L3 OorpanuyeHa CHH3Y, noay4yuM BbIpaXeHue A/ MareMarHue-
CKOro oxHpaHusi cBofictBa L Tesia /moboro obbema, v (voon):

Ly=—Ly+L, (”—3)”"1‘ (1 +—}) , (4.27)

rne Lo— MuHIIMaJbHOE 3HaueHHe cBOHCTBA (B yacrHocTH L-—>0); Le~—
KOHCTaHTa; Up — 00beM 3TaJOHHOTO 06pa3ua; a — 11ocTOsIHHAA Mare-
prana, ompeiensiiolllass cTelleHb NPOABJEHHA Macmrabroro sddekra
I poga ***; I' — ramma-pyHKuHS.

* Hanee Mbl YBHIHMM, 4To BHA GyHKUHH F (M) He CyluecTBeH. pe3yabTaT npei-
onpejereu ycaosuem (21).

** Jlas annpoxcHMal(id SMIUPHYECKHX PSAIOB pacnpepesnennsi Ls, B YaCTHOCTH
IPOYHOCTH, YacTO NOJB3YIOTCS HOPMaJbHBIM pacipejgenenneM. Coraacho Bopxy
{Borges, 1960), sto HenpaBOMepHO, Taxk Kax, €CJH pacnpelenenve L; aus 06pasios
Pasmepom U; HOpMasbHO, TO 114 OOPA3LOB ADPYTOr0 PasMeha vy OHO yHe He MONKET
OBITE HOPMAJBLHBIM.

*** Kax orvewaer B B. Yeuyann (1963), nokasarenr macwraéroro sgdekra
(B DaHHOM cayuae a) ecTb He YTO 1iHOE, KAaK MEpa CTeneHu OIHOPOJHOCTH MaTepHana.
¥ abcomoTiio OZHOPOIHOTO MaTepHala a— oo, M MACIUTAGHOrO a¢dexTa He Gymer.
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Ilpy v —oo L3 crpemurcs K MHHMMAaAbHOH Beanunse Lo. «Ilpyroit
npefesbHblfi cayuail (v—0) paccmarpuBaThCl He HOJKEH, TaK Kak
OpH AOCTATOYHO MaJblX 00beMaX TepsloT CMBICA NPeQNOCHIIKH, N0JO-
XKeHHble B OCHOBY Teopuil» (BosortuH, 1965, crp. 73).

B. B. BonoTHHEIM MOyueHO TakkKe BhIpaXKeHHe, CBA3HIBalOLIee Mac-
wrabuble 3gdekret [ u Il pogos B paccmarpuBaemoil curyvaunn. Haa
OJHOPOAHOIO HANPAXKEHHOTO COCTOSTHHUS

o) YT T h )
W B

0

U
rne V-—xospouuuenr Bapuauun Ls, ocranbibie 0603HaYeHHS NpeiK-
Hue. M3 dpopMyanl (28) ciexyer, uTO ¢ POCTOM BeJHYHHBI OTPENENsIO-
IWeil o6aacTH 3KChepuMeHTa KOI(D(ULHEHT BapHaluH YMeHbIIaercs.
IMpu Lo=0 kKosbbuument Bapuauuu yKe He 3aBHCHT OT BeJHUNHHI
onpegensollleli o6aacty H oxasbiBaercsl (YHKUHeHd OZHOrO apry-
MeHTa — oKasaresss macimrabHoro s¢dexra I poga a. Ilpu stom yem
HEeOLHOPOJHee MarepHaJs, YeMm pe3ue MNpOsBAseTcs MacIuTaGHBIA 3¢-
¢exr I pona, rem Goabine n k03pduUHeHT Bapualln.

Teopuio Haba01aeMOrT0 B Psifie TeOJOTHUECKHX CHTyauuid Maclras-
Horo s¢dekra Il pona B HacTodllee BpeMs AaTh TPYAHO. DTO CBA3AHO
C TpyAHOCTbo GoJiee ofiiero xapakTepa: L0 CHX [OP He yaasoch (3a
HCKJI0YeHHEeM HeKOTODHIX CIeLHaJbHBIX CJAydyaeB) MOCTPOUTb MareMa-
THYECKYI0 MOJENb [/ JeBOACHMMeTPHUHBEIX IOKAaJbHHIX paclipeje.e-
Hull *. A MMEHHO IJs 3THX pacHpele/eHHil XapaKTePHO NPOsB/IEHIE
macurabHoro saddekra III poga. Huke uandraiorcs HekoTopele ¢u-
3UYecKHe CO0Gpa)KeHus, KOTOpHe, BEPOSATHO, MOTYT OKa3aThbCs MOJe3-
HBIMM DU HOCTPOEHHH MaTeMaTH4YeCKOI TeOPHH.

H. K. PasymoBckuit (1940) Beickasas mpennosoKeHue, 4TO NpHYM-
HO{ BO3HHKHOBEHHS JIOTHOPMAaJibHOrO paclpene/neHns sBJAsgeTcd Mpo-
CTpAHCTBEHHAs B3aMMOCBS3b COAepKaHUH KOMIOHEHTOB B nopone. ['n-
noresa H. K. PasymoBckoro ocnoBana Ha 3KCHePHMEHTA/NbHBIX MaH-
HBIX H B 00uieM c/aydae He MOKeT ObITb 0O0CHOBaHA MaTeMaTHUYeCKIl.
Kpome T0rO, H 3TO BaxHee, He CyIeCTBYeT alPHOPHLIX OCHOBAHUI .15
VTBEPXKAEHNA O BAaXXHOH pOJH B TeOJOTHH HMEHHO JOTHOPMAaJBLHOLO
pacnpenenenus. M3 omeiTa H3BeCTHO TOJMBKO, YTO B leO0JOTHH 4acTO
BCTPeualTcs JieBOACHMMeTPHUHBEE paclpelesneHus, KOTOpble BO MHO-
TUX CAyyasx yIoaercss HemIOX0 (B CMbICAe KpPUTepHA ¥*) aNmpOKCHMI-
pOBaTh JOrHOPMAJALHOH MOIEJbIO.

MoXHO 1ymaTh, YTO B3aMMOCBS3b COAEPXKAHUII KOMIIOHEHTOB B IIO-
pole M JeBOACHMMETPHYHOEe pachpejesieHHe comep:aHui (uau B3an-
MOCBSi3b H aCHMMeTpus pacnpemeneHus MNoxasartesedl Kakux-au6o
APYTHX CBONCTB NOPOJ) SABJAIOTCS C/AeJCTBHEM HEKOTODPOi obLied mpu-
YMHBI, KOTOPasi 3aKJi04aercd B CYLUIECTBOBAHHH HEOIHOPONHOCTH pas-
HbIX ypoBHeH. IlosicHum ckasanHoe. JlomycTHM, UTO NyTeM HCCJeNOBa-

Ve

(4.28)

* OG30p pe3yJsTaToB MO 3TOMY BoOfpocy liMeercs B patoTe MuagntoHa (1968).
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Husl Ha GoJee r1y0OKOM YpOBHE yAa/OCh H3Y4YHThb HEKOTODOE CBOHCTBO
[ rOpHO# HOPOAE HA CMEeXHHIX 3JieMeHTaxX yJAbTPaHeOAHOPOLHOCTH, Ha-
npHMep OLEHHTb UHCJO aTOMOB KakKOro-HMOYIb XHMHUYECKOro 3JieMeHTa
B cocepHHX Qu3HuecKHX TouKax obpasua nopoxsl. PaceMoTpum mocie-
JOBATENbHOCTh ITHX OLEHOK BAOJbL NPOHM3BOJIBLHOH JIHHHH, Nepecekao-
el ob6paseu. OueBHAHO, UYTO ecjdM HccjelyeMbIH XMMHUYCCKHI 3ie-
MEHT CKOHUEHTPHPOBAH B KaKOM-in00O MHHepase, TO ero comep:Kanus |
MOTYT HCHBITBIBATH BIOJb paccMarpuBaeMofl JHHHM KosiebGaHHs Ha
TpexX ypoBHsX: HauboJsiee MesKHe, CBA3aHHble C HepaBHOMEDHBIM pac-
mpefesieHyeM aTOMOB BHYTPH KDPHCTAJJJIH4ECKO!l pelIeTKH MHHepana;
NpPOMexKYTOUHEIe, CBA3aHHbIE C KOJIeDAHUAMHU CPeHUX COINePXKAaHHIl npH
mepexole OT OAHOTO MHHepasia K NPYroMy; H, HaKOHel, KpYIHEE, CBf-
3aHHble ¢ HepaBHOMEepDHBIM pa3MeluleHHEM KpHCTA/IHTOB MHHepasa-
KOHUEeHTpaTopa B nopole. B pesysnbraTe HOCIEA0BATENBLHOCTH COmep-
Kaunii [; (i=1, 2, ...) HccaegyeMOro XMMHUECKOrO 3jieMeHTa BIOJb
HaMeyeHHOH JIMHHH, eCJH ee PacCMarpHBaTh KaK NOCJef0BaTeJbHOCTb
ClAyYaiHbiX BeJHYuH, OyaeT uMeThb MeHsOLleecss MateMaTHyeCKoe 0XKHU-
naHue. Jlaxke ecau cayuyaitHble BeJHUYHHE Ha OTAE/BHBIX OTpPe3KaxX Ha-
el JuHUH, B Tpeaenax Kotopeix M/=const, cratucruyeckn HesaBu-
CHMH, TO MX MOCJELOBATENBHOCTb C IE€PEMEHHHIM MaTeMaTlyecKHM
oXunanueMm Oyler obnamarb CyllecTBeHHOH aBToKoppessuuesi (Buc-
teauyc, 1968). [leficTBHTenbHO, TOJ0KUM B IpocTefillleM ciaydae, uTto
M, — KycOyHO-TIOCTOSIHHAA [OcJaefoBaTeJbHOCTh. Torja mnocnaenoBa-
TeNbHOCTh [, OymeT CyMMOH KYCOUHO-TIOCTOAHHOH NOCJeN0BaTeNbHOCTH
u HezaBucHMO#H 0T M/; cayuaifiHoi#t Benuyunm 6, Takas nocsaenosa-
TeJIbHOCTb (HeNpepHIBHBIM aHa/Jdo0roM ee Oyaer, OyeBHAHO, CyMMa HM-
Hy/JBCHOTO MpoHecca M liyMa) o6.1amaeT, KaK H3BECTHO, CyLLECTBEHHO
aBTOKOppestuet.

Bmecre ¢ TeM, Ha/iMyHe HEOLHODOJHOCTH PA3HHIX YPOBHEH MOMKeET
OpUBeCTH M K BO3HHKHOBEHHIO .1€BOACHMMETPHUYHOTO pacipene’eHus.
Jig uadiocTpallud 3TOTO sBJEHHA MBIC/AEHHO MNpOBegeM CJreAyOLuit
IKcHepuUMeHT. PaccMOTpuM pachnpejeneHde IVIOTHOCTH CMecH IiecKa
¢ apo6pi0 no pes3ynabrartaM onpoOOBaHHs NpofaMi pPas3HOro pasMmepa
V1 <Up< -+ < Ug. IlpoBenem kg rpynn skcliepuMeHTOB. B mepBoit (k=
=1) cepuu H3yYHM paclipefesieHHe IIOTHOCTH CMeCH TeckKa C APOBbio
nuaMerpoM di, paBHOMEPHO paclipeje/ieHHOH B Iiecke, 10 pe3yJsbraraM
onpoGoBaHus rpynnami npob pasHoro pasmepa (vi, Us, ... Ug). Bo
BTOpOIt (k=2) cepuy H3yuuM pachpenelieHHe IJIOTHOCTH CMECH MecKa
¢ 1po6blo ABYX AHAMETPOB: di U d2>>4dy, IpHYeM 50.1ee KPYHHYIO 1po6b
pacnpenesuM B NecKe pexe, ueM Meakylo. Onpo6oBaHne CHOBa Ipo-
BegeM npofamy pasHOro pasmepa (Ui, Us, ... Ug). B Tperbeil (k=3)
CepuInl BBEIEM B CMeChb €lle MeHbllee KOJHYECTBO euie 6oJiee KpyNHOI
npobu (ds>ds) u T. 1.

Ecau vy pocratouHo Mana, B nepsoil Beifopke (i=1, k=1) noay-
UMM 1) accOHOBCKOE paclpene’leHHe IJIOTHOCTH. Bo BTOpoii BeiGOpKe
(i=2, k=1) cpennee uncio ApoOHHOK B Hpobe v,>>vU; BO3pacTeT U
[yacCcOHOBCKOe paclpejesieHHe cTaHer 0ojiee CHMMeTpHYHBIM. B {-ofi
BbIOOpKe cpelHee uHCI0 ApOGHHOK B Npole OKaxkeTcss AOCTATOYHO

43



fosblixM, 4TOGH aNIpPOKCHMHDOBAThH IIyaCCOHOBCKOe paclpenedeHue
HOPMaJbHBIM

Bo Bropou cepuu 3IKcnepuMeHTOB (£=2), NOCKOJBKY KpynHas
(d2>di) npobb BcTpeuaeTcss B CMeCH DeXke MEJKOMH, HO OKa3biBaeT §0-
Jee CH/bHOe BJUSHIIE Ha IVIOTHOCTb CMeCH, CHMMETPH3alHus pacnpeie-
JIEHHS ILIOTHOCTI OymeT HPOHCXOAHTb MensieHHee TOJAbKO B ¢+ )i Off
BuIBOpKe (j1==1) pacnpeneseHue OKaXKeTcsl CHMMETPUUHBIM II IIPHTOJ-
HBIM /11 annpoKCHMAUMM HOPMaJbHbIM 3aKOHOM B Tpertbeit (k=3)
CepHH 3KCNepHMeHTOB (C APOOBI0O Tpex pa3MepoB) TOT Ke 3hdeKT Ov-
neT AOCTHTHYT elle T03XKe, B L+ [2-0 BBIGOPKe (j2>>y1) 1 T 1

Taxum o6pasoM, eciin gHana30H NHaMeTPOB ApobH AOCTATOYHO Be-
JUK, MOXHO MHOJYUYHTb YycTOHYHBOe JeBOacCHMMETPHYHOe pacipeiele-
HHe, He Nepexonsliee B HOPpMaJ/ibHOe AaKe NPH 3HAUUTEJALHOM yBesdil-
yeHHu pa3MepoB npo6 Haobopor, ecnn puanasoH QHaMeTpoB ApolIH
OTpaHnueH, TO C POCTOM pa3MepoB npob Oyrer mabjlomarbes Macii-
tabustit apdexr I1I pona, u neBoacummeTpHUHOE pacnpeneneHue MJI0T-
HOCTH NPH LOCTATOYHO OOJMBIINX 7 CTAHET CHMMEeTPHY4HBIM

B rtepmuHax nocnenoBaTe/bHOCTH CJAYYaHHBIX BeM4uH [, HOJYUeH-
Hble pe3y/abTaThl MOXKHO HHTEpPHPETHPOBATh CAEAYIOIULHM 06pasoM
IlycTs moamoc/iefOBAaTeNbHOCTH C ABYMS DAa3JIHUHBIMH, HO (GHKCHPO-
BaHHBIMH M! HMelOT pa3iNuHY0, HO Majylo IO CPaBHEHHIO C 7 IJIHHY
H CJIeIyIoT ApYT 3a ApyroM cayuaiiHelM obpasom IlycTb Takike BepoAT-
HOCTb BCTPeUH [OC/IeI0BaTebHOCTH ¢ O6/1blINM 3HaueHneM M/ yGeiBaet

l n
c pocroM ee gaudbl Torma pacnpeneneHue L=—n—le 6ymer .1€BO-
=1
ACHMMETPHYHBIM, TIPHYEM C POCTOM A aCHMMETPHs ero Gyaer y6LBATH
IO HYJAS WM OCTaBaTbcsd 6OJblie HY/fl B 3aBHCHMOCTH OT NOJOMKEHHS
OTHOCHTEJIbHO /1 BEp\Hell TpaHuibl IJAMHB TOINOC/AEN0BATEIbHOCTE
¢ GoabmuM 3xHauenuem M/ Jlpyras BO3MOmHas HHTEpHpeTamHs, He
MeHSIoULasi pe3yJbTaTOB, CBA3aHa C PACCMOTPEHHEM MNOC/AEL0BATENbHO-
CTH l,, B KOTOPO# BapHalHA IJAMHBEI NMOANOC/AEIOBATENBHOCTEl 3aMeEH-
ercsl Bapuauuel Besuuuns! M/, npuuem ¢ pocrom M/ yGeiBaeT BeposT-
HOCTb MOsIBJAEHHS NMOANOCAe0BaTENBHOCTH AHANOTHYHBIE COOOpakeHus
IO BONPOCY O NpHpPOIE JieBOACHMMETPHYHBIX paclipe/ieeHuil B Te0 0TI
passuBaer A B Haraes

§ 5. JKcnepuMeHTaALHOE MCCJeJOBAHHE MUKPOHEO HOPOAHOCTH
H Macutabubix addexros

PaccMotpum npuMeps! BAHSHHA pa3MepoB onpereasiioulesi obiactu
3KClHepHMeHTa Ha CTATHCTHKH pacnpenejeHHs BepOATHOCTEH CBOKHCTB
ropHeix nopox Ilpumepsl Oymem u3jarateb B TOfl Ke NOC/IeN0BATENBHO-
CTH, B KaKO#l H3Jarasucb teoperudeckue coobpasxkenus B § 4 Hrak,
HauHeM C pe3yJbTaTOB 3KCINEePHUMEHTaJbHOr0 HCC/en0BaHus Macurab-
Horo s¢dexra II pona

Bapraunua MOULHOCTH TLIACTOB HpEACTaBJAfeT 3HAYHMTE/IbHBII HHTe-
pec Kak npH KOppetsiuuu pa3pe3oB 0Caf04YHBIX TOJIL, TaK W NpH pele-
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HYHU psifia 32884 OPHKAAfHON reooTun (OCODEHHO A/ XapaKTepUCTHKH
HEOLHOPOJIHOCTH MJIACTOB-KOJIIEKTOPOB HedTH).

C. /1. AdpanacbeBerM (1961) u3yuenHa H3MeHYHBOCTb MOL{HOCTEH
CJI0€B, PHTMOB H Nauyek (JIMIIEBHIX OTJOXKEHHH BepXHero Mesaa BIOJb
Hosopoccuiickoro nporu6a. He 3agaBasicb Kakoi-1ubo Tteoperuuec-
Ko#t Moneasio, C. JI. ApaHacbeB MeTOJOM HAaHMEHBIINX KBajgpaToB Ha-
IeJ 3aBHCHMOCTb CPeIHeKBaJAPAaTHYHOIO OTKJIOHEHHS MOLIHOCTH CJ/I0eB
H NayeK OT MX CpeJHell MOIHOCTH B BHJe

1g $—0,507 lg M — 0,204,

NpPHYEM TOYHOCTb OLeHKH Koddduuuenra npu Ig M cocrasaser £0,011.
M3 npuBegeHHOro BbIpaxKeHHs JIETKO NOJYYHTD

3 (5.1)
M
4TO C TOYHOCTBIO A0 IOCTOSIHHOTO MHOMHTEJS OTBEYaeT TEOpeTHHYEecKH
BbIBEIEHHOMY CooTHOMIeHHIO (4.11).

3. M. MypagumoBsiM (1965) npuBoasiTCcs AaHHBE O BAPHALUH CYyM-
MapHuIX 3Q(PEeKTHBHLIX MOIIHOCTEH, T. €. MOILHOCTefl N/JIaCTOB-KOJJIeK-
TOPOB pAxa HedTAHbIX MecTopoxpaeHuii KyhOwuiesckoll obmactu, rue
OPOAYKTHBHON fABJAAETCS TePPUIeHHas Hauyka HHXKHEro KapboHa OT Io-
IOWBE penepuoro maacra N go xposau rypHe. [IpoBegennas aBTopoM
ob6paboTka yKa3aHHBIX JAaHHBIX 0Ka3aJja, YTO H3MEHYHBOCTb CyMMap-
HBIX 3(Q(EKTHBHBIX MOIHOCTEH MOKeT OHITh aANNpOKCHMHPOBaHA Bbl-
paxeHneM

V=2,
VM
Takke orBeyalomum gopmyae (4.11).

AnaaornussiM o6pasoM Oblin ofpaboraHel gaHHble 06 3¢ ¢eKTHB-
HelX MowHoctAx ropusoHra i (Makcumos, 1965; IHeMentses u np.,
1965) u naacros By, B2 u bs Ilepmckoit obaactu (IlementseB u np.,

1965) *. HameHuuBOCTb MOWIHOCTEH MOXKeT ObITb COOTBETCTBEHHO BhI-
paxeHa COOTHOLICHHSMH

(5.2)

V=%8—, (5.3)
=]271%_- . (5.4)

HeofxonuMo mogyepkHyThb, YTO paccMaTpHBaeMas 3aKOHOMEPHOCTb
OTHIONb He fIBJISIETCS YHUBEPCAAbHOH M NEHCTBYeT TOJABKO B TOM cJyuae,
Korga MOINHOCTH c/10eB (OPMHPYIOTCS B COOTBETCTBHH C HPHBELEHHOH

* Janubie no niacry Do, npusefennbie B pabore JI. ®. JlementreBa, GbliH HC-
KJIIOUeHbi 113 PACCMOTpeHHs, TaK Kak miacT Bo HMeeT orpanuueHHOe pacnpoCTpaHeHHe
Ha 10re 06J1aCTH.
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B § 4 mozenbio. Ha puc. 3 npuBeneHsl rpaduxy, HAIVIAZHO TIOKa3blBaIO-
IMe pasjHYHe MeXAY H3MEHUYHBOCTBIO (JIHIIEBBIX OTJI0XKeHUH BJOJb
nporu6a U TeppUreHHBIX KOJJIeKTOpOB I10BOMKbs, 00ycn0BaeHHbIE OCO-
GeHHOCTSIMH TeHe3Hca TeX M APYTHX fiopox. B cayuae cymecTBeHHBIX
OTKJIOHEHHH OT YCJOBHE PacCMOTPEHHOH MOJENH H3MeHUHBOCTb MOILHO-
cTell He noxunHsercs cootHoweHHo (4.11). IIpumMepoM MOTYT Cay:KHTb
DaHHble MO TeppureHHol nauke C; KyfAOHIIEBCKHX MeCTOPOXKACHHH
B neaoMm (Mypanumos, 1965).

[TpuBeneHHbll ¢QakTHUeCKH#H MaTepHasl M03BOJseT CUYUTATb, YTO
MOIHOCTH [JIACTOB (MIIA ¥ TeppHIeHHBIX N1ACTOB-KOJ/JIEKTOPOB Hed-
TSIHBIX MeCTOPOXKAeHHH (GOPMHpPYIOTCS B COOTBETCTBHHU C YCAOBHSIMH

¥%
120
Puc. 3. 3aBucumocTh Koabduuuenta
00 Bapuauuu MOIUHOCTell mJjacToB V orT ux
cpefHell MomHOCTH M
an 1 — MolHOCTH GJHIIEBRIX OTJOXEHHH BepX-
Hero Mesa HoBopoccHiickoro nporu6a (Bi1onb
nporu6a), mno C. JI. AdanacbeBy (1961);
& 2 — cymMmapHble 3bdeKTHBHEIC MOUHOCTH Tep-
PHIGHHOH NaYkKH HHXHero kap6oHa (OT no-
AoluBEl penepa N 0 KPOBJAH TypHe) Hedrs-
P HEIX MecTopOXAeHHA Kyh6uimeBckoll o6aacrH,
no panHueiM 3. M. MypaaumoBa (1965); 3 —
3¢ deKTHBHBIE MOIIHOCTH myacra i, mo xaH-
HeiM M. WM. MakcuMoBa (1965, Ta6a. 28) u
20 [ JI. @, JlemeHTbeBa H Ap. (1965); 4 — sdhdek-
THBHEIe MOIIHOCTH nyacTtoB By, B; u B; [lepMm-
e~ — L _ CKOH o6jacTH, N0 AaHHEIM JI. @. JleMenTheBa
6 ¢4 8 2 K 20 448 M H Ap. (1965)

paccMOTPEeHHOH MOJIesaH, NpHYeM H3MeHYHBOCTb MOIIHOCTe#l M/IaCTOB-
KossieKTopoB B 20—30 pas mpeBelmaeT H3MeHUHBOCTb MOINHOCTeH BO
bnume (Broap nporu6a). JTo oTpakaer pas3NUYUs B YCJAOBHAX cend-
MEHTAalUUH TePPHTreHHBIX KOJJIeKTOPOB, (HOPMHDPOBABIUHUXCA B MEJKO-
BOZHOM GacceliHe ¢ KpaifHe HeNOCTOSIHHBIM peXXHMOM OCaAiKOHAaKOIljIe-
HHA, U (JHIIEeBLIX OTJOXKeHUH, HaKalauBaBIIHXCA B I1y0okoM (6oidee
200 m) yskom nporube npH rocrnojCcTBe NpPOROJBHBIX TeYeHHH, pasHo-
CHUBIIMX MaTepHas BHoJab nporuba (Adanacwes, 1961).

OOGparumesl K ¢pu3uUeCKHM CBOHCTBAM rOpHBIX nmopox. Paccmorpum
TAKYyl0 BaXKHeHINyI XapaKTepUCTUKY, Kak paclpeneselHe pa3MepoB
nop. HccnenoBanue nepenBuKeHUsl B TIOPUCTOH cpefe PaiHOaKTHBHOTO
HHEHKATOpa I103BOJIAET YCTAHOBUTH paclpefe/eHHe 3KBUBAJEHTHBIX
pa3MepoB BOLOTPOBOAAIIUX NyTed TpyOuartoil moxenu cpensl (Uvpaes,
Wnepn, 1961). Ogun BogonpoBOAsiIHA KaHAA MOAEAH IIDH 3TOM COOT-
BETCTBYeT HEKOTODOMY MHOXKeCTBY peaJibHbIX nop. MoxXHo npearnoso-
KHTb, 4TO B 3TOM CJydae pa3Mep BOJZONPOBOASINHX TyTefl MOZAENH
CBA3aH Cc pasMepoM mop peanpHOil cpegn yciaosdem (4.1), a uames-
YHBOCTb PAa3MepOB BOJONPOBOASILIUX MyTed MOAeaH [OJKHA MOZYH-
HAThCA mpaBuny V.

B paGore H. B. Uypaesa u H. V. Unbuna npusenens! rpaduku
pacnpemesfieHHs pasMepoB BOAONPOBOAAI(HX KaHal0B, MOJYyYeHHbIE
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B onuitax ¢ nmeckoM ¢pakuuu 0,10—0,25 mm Ha obpasnax pasHoi Be-
JHYHHEL. KOJHYeCTBO TOp HecKa, T. e. KOJAHYECTBO 3/71eMEHTOB HEOMHO-
pOJHOCTH 7, IPONOPUHOHAAbHO Pa3Mepy 06pa3uoB. [Iposenennas aBro-
poM ofpaboTka naHHbIXx UypaeBa u MibpHH4 mokasasna, 4TO H3MEH-
YHBOCTb Pa3MepoOB BOJONpPOBOISAIIUX TyTed MOIeJH B 3aBHCHMOCTH OT
BEeJIHUMHBEI 00Pa3u0B MOXKeT OLITh alNpOKCHMHPOBaHa ¢(HopMyJoi

228
V= Vo’

rie v — JuHedHbIH pasMep o6pasuoB B cMm (puc. 4).

[TonyuenHelit pesy/abTaT TeM HHTepecHee, YTO NPHU PacCCMOTPeHHH
GUABTPALHH KaK KOHBEeKTHBHON AHDPY3unm K03pdHIHEHT KOHBEKTHB-
HOit nuddysun [y unTepnpeTnpyercs Kak LHcHepcusi pasmepoB BOLO-
HPOBOAAINUX IyTeH Tpy6UaTOll MOLENH CpPefHl.

(5.5)

Puc. 4. 3asucimocTd KO3 duunueHTa
BapHajH{ pasMepos fop V OT BeqUYHHBL
nccaesyeMoro ogpasua v

Il 1

I L. I i BN
¢ 5w KA 25 30 35 40 uyw

Herpyauo ycranosuts, uto onpegenenuto (4.1), ycnosuam (4.4) u
(4.7) 6yayT yAOBAETBOPSATH TaKHe CBOWCTBA TOPHHIX MOPOA, KakK MOpHC-
TOCTh, HJIOTHOCTb, BJAAXKHOCTb, €CJIH B II0POJAE He COAepPKUTCA KaKoro-
1160 KOMIIOHEHTa, Pe3K0 aHOMAaJbHOrO 10 YKasaHHBIM cBOficTBaM (Ha-
npUMep, OueHb TAXKebll MuHepan). Ha puc. 5 nmpuBeneHa B KauecTBe
HpuMepa 3aBHCHMOCTb K03¢¢HuuHeHTa BapuauHH 06BEMHOr0 Beca MO-
PEHHBIX CYTJIHHKOB OT 06beMa 06pa3noB (9KCIepUMeHTa/bHble NAHHbBIE
C. I1. A6pamoBa). Pacnosnoenue 3KCnepHMeHTa/ApHEIX TOYEK Ha Tpa-
BO#, 00.10roil BeTBH KPHUBOH CBHAETEJNbCTBYeT, YTO O0Opasilel NaHHBIX
pasmepoB coxepxar GOMbIIOE KOJHYECTBO 71 PA3HOPOIHHIX 10 MJIOT-
HOCTH KOMIIOHEHTOB, BCJIEJCTBHE Yer0 BapHalHs IIOTHOCTH maJjaa. [Heii-
CTBUTE/IbHO, UCCJHeHOBAHHbBIE CYIVIMHKH OJHOPOMHH, a cojep¥KallHecs
B HUX BKJIOYeHHA MaJHl 110 pasMepaM (He KPynHee TpaBHd).

Ha Tom e pHCyHKe npuBegeHa aHA/NOTHYHAs 3aBHCHMOCTb JJIs
XBaJILIHCKHX CYTJIMHKOB paifona Maxauykasel. ITH CYIIHHKH elle OfHO-
ponHee, yeM MoOpeHHule. HecMOTpP Ha OTYET/IHBYIO MHKDOCJIOHCTOCTH
(nepeciauBanue Gosee IeCYaHOro u 6ojee TMIMHUCTOTO MaTepuana),
3aMeTHas Bapuaius IJIOTHOCTH HabmonaeTcs JHUIIb NPH pasMepe Iipob

meree 10 cm®. Koap@uuuenTsl B BelpakeHHH HpaBHia Yn 178 MOPeH-
HEIX M XBaJBIHCKHX CYIVIMHKOB PaBHH COOTBeTCTBeHHO 18,2 u 6,7.
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Ha puc. 6 nmokazaHa 3aBHCHMOCTb BapHalMH eCTECTBEHHOI BJaXK-
HOCTH XBaJBIHCKHX CYIJIMHKOB OT pasMepa npo6 (3KCnepHMeHTaJbHBIH
marepuan H. JI. Pepenuca). 1o BIaXHOCTH 3TH CYIJIMHKH HECKOJBKO
Gosiee HEONHOPOAHHE!, ueM Mo MiIoTHocTH (Ko3dduuuenr pasex 10,0),

. 4yTo OOBsACHAETCA YNOMAHYTOH
h7 MHKDPOC/JOHCTOCTDIO. 3aKJ/I0ue
Hue o DoJbllefi HEOLHOPOAHO-
CTH MO BJIaXXHOCTH, ueM [0
MJIOTHOCTH, He TPHBHAJbHO:
npyu oObIYHBIX METOLAX HCCie-
NOBaHHs BJAXKHOCTb H MJOT-
HOCTb H3yyaloTca Ha obpasnax
pasHOro pasMepa, TakK 4TO

A S S R GO WU v ; CPaBHeHHE HX Bapualui B
0 20 40 60 80 1m0 20 180 190 yiw groym cyuae He HMeJO OBl (H-

3HYECKOro CMbBICaA.

Pt e D

Puc. 5. 3aBucumocts Ko3ggHuHeHTa Bapyanuy

06beMHOT0 Beca CYIIMHKOB V oT o0beMa B coorBeTcTBHH C Teopuel
06pasuos v CBOUCTBA TOpPHHX MOPOA, HE

1 — mopeHHBIe CYrJMHKH I10AMOCKOBbA, 2 — XBa- [IpoTHBOpPEyalUne ornpeneJie-
JbIHCKAE CYTJIHHKA pafona MaxaukaJbl HUIO (41) " yCJIOBI/IHM (44)

n (4.7), npu nocratouHo 60Jb-
WIMX 7 JOJIXKHBEI OBITh pacrnpeneseHbl N0 HOPMaabHOMY 3akoHy. daxru-
yecKuil Matepruas He NPOTHBOpPEUUT 3TOMY BbiBopy. KpuBhie pacnpene-
JIeHHs] CYMMapHBIX 3¢ ¢eKTHBHEX MowHocre#i (MakcumoB, 1965), pas-
MepoB nop (Yypaes, UnsuH, 1961), Vo
00bEeMHOr0 Beca M BJAAKHOCTH CY- [ 7
ranHkoB  (Peseannc, Kyuepenxo,
1969) 6su3KH K HOPMAJLHEIM. 8

TaxuM obpa3oM, B COOTBETCTBHH
C TEOpHEeH HEOLHOPOXHOCTb CBOHCTB g
TOpHBIX TIOPOJA, MOJENIbI KOTOPHIX
MoOryr Cly:XHTb paBeHCTBa (4.1) n 4
(4.2) mpn ycaosuax (4.4) n (4.7),
Hpu JOCTaTOuUHO OOMBLIINX 7 HMOAUH- 2 . , , . ) ,
HeTcd  chaeaylowuMM mpasunaM: 4 0§ M0 B 2 25 Fucz
1) H3MEHUHBOCTbL 3THX CBOHCTB ’
«B MaJiOM» OIlHUCHIBaeTcsd HOpMaJIb- Puc 6 3aBucumocTh 1\03(1)(1)HU,HEHT3
HBIM 3dKOHOM pacnpene.ﬂeHI/IH Bepo- BapHapuy BJAAXKHOCTH V  xBanblHCKHA
THOCTEl; 2) NpH M3MeHeHHH pas- CYIMIHHKOB OT Beca 06pasuoB v
MepoB onpenenstomell obaactu OT-
cyrcrBylor Macwtabuble 3dpdekrsl I u III popos; 3) MacmrabHbd
a¢p¢exr II poxa onucwipaercs npasuiom J/ n.

C ¢opMa/nbHOH# TOUKH 3peHHs B OXapaKTePH3OBAHHEIX 1 CIOBHAX
(pH OTCYTCTBHH TpeH[a) uMC/IO U pasMep Ipob MpH OUEHKe CPENHEro
paBHONpaBHbl. TOYHOCTb OLEHKH CPEXHEr0 3aBHCHT TOJIBKO OT CyMMap-
HOTo, BaJ0OBOr0 Beca u/an ofbeMa HccleqoBaHHbIX mpo6. Ilostomy 3a-
BHCHMOCTb JHCII€DPCHH CBOHCTB OPOA OT pa3Mepa npo6 ¥ 3aBHCHMOCTb

48




AHUCHePCHH CPeJHero OT uuc/ia Npob ONHUCHBAIOTCA B 3TOM YACTHOM CJy-

yae OIHUM H Te€M Xe npasuiaom yn *.

Ofparumcs Kk npumepy Oosee obuiero xapaxkrtepa. Paccmorpum
3aBHCHMOCTb OlleHKH H3MEeHYHBOCTH MHHEpPa/ibHOTO COCTaBa T'PAHHTOB
OT IUIOW[aJ¥ H3YyYeHHOTO B LIIH(e yuacTKa H 3ePHHCTOCTH MOPOAHI.
B pabore YUeiza (1963, taba. 9) npuBoasiTcs NaHHHE O CpefHell H3MeH-
YHBOCTH COJePIKAHHH OCHOBHBIX MNOPOA00OPA3yOmUX MHHEPAJOB
(xBapl, Ka/JMeBbIH [1071eBOM IUNAT, M1ArHOK/1a3) B Tpex obpasuax rpa-
HHTOB MO pPe3y/ibTaTaM KOJHYecTBeHHO-MHHePaJOrHuecKoro aHanansa
pPasNMyHBIX 110 BeJHuYMHe yuyacTKoB uiindos. B KauectBe Mepsl H3MeH-
4MBOCTH cojepxkaHuil Uell3oMm NpUHAT KOpeHb KBAADATHHHA H3 cpedHeil
HUCliepcHE NPOLEHTHBIX CORepPXKAHHH KaXkA0ro H3 HOpoaoospasyloiux

MHHepaJioB VVp, Mepbl Tpy6oCTH TPaHHTHOH CTPYKTypbl — KOJHue-

CTBO KOHTAKTOB MeXKIy 3epHaMM HOponoobpasyioilux MHHepaloB Ha
NpOTsKeHHH 25 MM NPOH3BOJIBHOTO CeueHHs ULHda. Ty BeIHYHHY OH
Ha3bIBaeT YUC/A0OM CMEH ofHOpoaHOCTH N o6o3Hauaer uepe3 CO. Mcxoa-
Hble JlaHHBIE (OKPYTJIEHHO) NpHBefeHHl B Tabua. 3.

Ta6auuma 3

HamenuyusocTs cofepxannil NopoaooGpasyoniux jieMeHTOB
B rpasurax (mo Yeitsy)

VV_p' IaS YKa3aHHOH NUIOLIAAH H3MepeHni, MM?
Mecto o16opa ofpasua co
160 320 480 960
Yscrepan . . . . 87,8 0,283 0,299 0,158 0,176
Maynr-Iesepr . . 46,0 0,553 0,418 0,530 0,380
Kepumeneanne . . 20,8 1,003 0,693 0,710 0,619

KonnuecTBo 3/1¢MeHTOB HEONHOPOAHOCTH B KaXKAOM aHajn3e MO-
XKet OBITh TPybO OllEHEHO KaK

n=(CO)? - F, (5.6)

rae CO — KO/IHYeCTBO CMeH OZHOPOAHOCTH HA 1 MM ceueHus;
F —nnomans yuactka winga, Ha KOTOPOH NPOBOLHINCH H3Me-
peHus.
Bo.lee npo3paunylo KapTHHY [gaer H3MeHUYHBOCTb <«HATYPa/JbHOIrO»
cogepxKanus noponoo6pa3youHX MUHEPaa0B, 8 He H3MEHYHBOCTb NPO-
LeHTHOTO COXepPXKaHHusdA, KOTOpas oxapakrepu3oBaHa B rtabi. 3 umc-

Jamu ]/Vp. B manHOM ciayuae Mepoil HaTypaJbHOTO COfep:KAaHHA fB-
AsieTcsl IJOwaAb B MM?, 3aHMMaeMas NaHHBEIM MIIHepa/joB B LLIHbe.

* B sToM cMblcie KpuBpe MaciitabHoro sddexra Il pona cxonmm ¢ rpaduxamu
38BHCUMOCTH CPEIHero 3HaUeHus CBOMCTB NOpoj oT yucia npo6 (Kosomenckuit, 1968,
crp. 210).
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Ouenkoil cpeiHeKBaApaTHIHOrO OTKJIOHEHHAS HATYPaJIbHBIX COLepKAHUH

CIYKHUT

Sy - F
%
S == 100

6.7

Hannble taba. 3, nepecynrannsie 1o gopmysam (6) u (7), cayxar

MaTepuasioM sl H3yyeHus wmacmitabuoro 3ddexra 11 poga.

#0011

200+

J

y/
lg §
361
g4
94
30
58

26
24

P ! i Il
2000 4000 6000 8000 - 10000 n

¢

1 | ! ] 1 1 1 ! !

20

Puc. 7.

{
24 28 32 36 47 lg 7

Macwra6unit addexr II poga B rpanurax

(no manuniM @. Ueiiza):

a — 3aBHCHUMOCTb JHcnepcHu S? comepaHuH mnopogooGpa-

3YIOUIMX MUHEPaJoB B TPAHHTAX OT YHCJIA N 3JIeMEHTOB He-

ONHOPOAHOCTH; O — 3aBHCHMOCTBL JOTapH{Ma cpeiuexBajapa-
THYHOTO OTKJOWEHHS cofepxKaHuil oT Jorapudma n

1 -— Kepuvenenauc, 2 — Mayur-JlesepT, 3 — Yacrtepau

Kaxk

€CTECTBEHHO MNPENNON0XKUTh U Kak Nokasan A. Bb. Bucreanyc (1966),
HaXO0XJIEHHE TOrO HJH HHOT'O0 MHHepasa B IpaHHTE PAAOM C 3aZaHHBIM
He sBJASAETCH NOAHOCTBIO cayyaduelM. MHBIMH cl0BaMu, CYLIECTBYer
HeKkasl B32UMOCBsI3b MeXKJAY HaJH4YHeM MHHEPaJOB B COCEIHHX TOUKaX
nopoapl. Torga ecrecTBenHON MOLENBIO cOmepkKaHUH GYHET paBEHCTBO
(4.2) npu ycnosuax (4.4) u (4.12), u macirabusiii 3ddexr II pona
LOJIKeH NposABasitbes B ¢opMe (4.5). HelicTBHTEbHO, KaK BUAHO Ha
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puc. 7, oneHKa aucnepcud S? HATYPAJbHBIX COAEPXaHHH pacTeT AJs
rpaHuTOB ¥Y3cTepiu U MayHt-Jlesept He NPONOPUHOHAJBLHO 7, a OHl-
crpee. as rpauntoB KepumeHeanuc 3aMeTHBIX OTK/JIOHEHHH OT JHHEH-
HOCTH Het. K coXa/ieHHI0, B 3TOM IPUMeEpPe Mbl BBIHYXAEeHBI YAOBJET-
BOPHUTbCA KaYeCTBEHHHIM COIJIACHEM OIBITHBIX JaHHBIX C MOJEJbIO:
anIpOKCUMHPOBATh 3aBHCHMOCTb S?=f(n) ypaBHeHuem Buja (4.5)
HEBO3MOKHO, TaK KaK BXoAsulasa B cooTHolieHue (4.5) cymma Koppens-
IIHOHHBIX MOMEHTOB CaMa 3aBHCHT OT 7 ¥,

Hasa konuyecTBeHHOro onHcanus macumrtabHoro addekra II poxa
MOXHO BOCIOJIb30BATbCH annpokcuManueil Hefisa B HCKaTh JHHEHHYIO
CBSI3b MeXIY JorapudmaMu cpPeHEKBaAPATHYHOTO OTKJIOHEHHUS U Jora-
pudMamMy YHCIA JEMEHTOB HeOJHOPOZHOCTH. Torfa JierkO IOJY4HTb
3aBUCHMOCTH (puc. 7,6):

Yacrepau 1g8§=0,832 lgn=—2,240, 5.8
Maynr-Jesepr IgS§=0,811 Ign=—1,460, (5.8)
Kepumenennuc g §=0,534 lgn=+0,053.

Taxkum o6pasoM, AJa rpaHntoB KepuMeHeanauc He Habuomaercs

CYLIECTBEHHOTO OTKJOHEHHSI OT TpaBuaa Yn. Hasa rpanutoB Yacrepin
n Maysr-Jesepr cpenHekBapaTHYHOE OTKJIOHEHHE pacteT ObICTDEE,

yeMm CJaefoBajo Gbl IO MPaBUIy Y1, U NOYTH JOTOHSET 110 TEMIIAM POCTa
cpejlHee cojlepzKaHue, KOTOPOe NpolopuyuoHaibHo #. Beneacrsue s1oro
KO3(p¢huiueHT BapHalluu COAEePXKAHUI yMeHbIIaeTCd ¢ POCTOM N MeJ-

JieHHee, yem no npasuay Yn. Tak, mias rpauutoB Yacrepan Voon 0168
(BMecto n~%5), Besnduna nokasartessi CTCIIEHH NPH 1 MOKET MEHATbCS
or —0,5 (yucro cayyafinaa usmenunBoctb) Ao O (oTCyTCTBHE Caydain-
HocrH). Bosmorkno, uto OoJiee HgeranbHOe HCCAENOBAHHE IIO3BOJIHT
HaUTH CBA3b [I0Ka3aTess CTENeHH IPH 7 ¢ Ko3hdUuIKHeHTOM KOppesun
3HaYeHul UCCAeyeMOro CBOACTBA B COCeHUX TOUKaX MOPOLHL.

IlpuBeleHHaa MHTepIPeTamusi XOPOLIO YBA3BIBAeTCH ¢ pe3yJ/bra-
ramu [. A. Ponnonosa (1964, ctp. 46). Ha npumepe rpaHOAHOPHTOB
MaccuBa Oryatay (Ber-Ilak-Hana) . A. Ponuonos mokasad, uto pac-
npefeneHne coaep)XKaHUA NOpoAoobpasyloulnx MHHEpaaoB (B TOM Y-
c/lle Ka/jHeBOro IOJEeBOro MLiNata M IIaTHOKJAa3a), NPeAcTaBJeHHBIX
OfHOH reHepauued, B mpefenax uityda NOPOABl XOPOIMIO COTVIACYercs
C JIOTHOPMAJbHON MOJEJbIO.

Takum 06pasom, pacnpege/neHne CBOHCTB IOPOJ, He IPOTHBOPEUa-
iee ycnosusam (4.1), (44) u (4.12), acuMMeTpPHYHO U 4aCTO He NPOTH-
BOPeYHT JOTHOpMaJ/abHONH Momend. Ilpu usmeneHun pasmepoB ob.actu
BO3JeHCTBUSl KO3 (PHUINEHT BapHalil MEHSeTCHA MeJJ1eHHee, 4eM IO

npasuay Yn. Kpome 10ro, B 3THX YC/IOBHAX NPOABJIAETCA MacIITaGHBIH
addexr 11l pora (n3MeHeHHe acUMMeTpHH), NOAPOOGHO paccMaTpuBae-
MBI Huxe. B cBA3u ¢ atumM ¢opma KpuBoOH pacnpeneseHHsi 3aBHCHT
0T pasmepa npod.

* Kpuprie Hanecenbl Ha pHC. 7, @ [Jis HarvisiHOCTH.
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Paccmorpum npumepnl, CBsi3aHHbIE ¢ H3YY€HHeM TpPELIMHOBATOCTH
ropHeIXx nopox. B KauectBe Mepbl YACTOTHI TPEUIMH MOMXKHO HCIOJb30-
BaTb pAacCTOSIHME MeXAY COCeNHHMH TpEeUlHHAMy cHCTEMBbl, KaK 3TO
6bl10 npefloXKeHo aBTOpoM. [lpu H3yYeHHM TPElUHHHBIX KOJJIEKTOPOB
Hedtu Bo BHUI'PH nosnbayorcss 06paTHON BEIHIHHON — I'YCTOTOH Tpe-
UIHuH [‘, Bpra}KaeMOP'I YHCJOM TpEUIWH Ha OJHH IOTrOHHBIH MeTp HOp-
MaJH K X IJIOCKOCTSM.

MamenunBocTb BeJHYUHB ' 3aBACHT OT AJHHbI MHTEPBAJOB, HAa KO-
TODPBIX MOACYHUTBHIBAIOTCA TPELUHHBI, HJIH, TOYHEE, OT yuc/aa IIOACYHTAH-
HBIX TpelluH. 3aBUCHMOCTb KO3 PHULUEHTA BADUALUH TyCTOTHl TPEIHH

2 I o1 woiMYecTBA NOACYMTAHHBIX
S Tpeuun Ob1a u3yyeHa Ha NpUMepe
CHCTEMBI CYOropu30HTaJbHBIX KOH-
TPAKIHOHHBIX TpeuiMH B CcpelHed,
OIHOPOJHOH wyactn TOJICTOMBICOB-
CKOH TPANIOBOH HHTPY3HH Ha p. AH-
rape. Pesyibrate uccaenoBanus
rycrotbl 185 rtpemus co cpegnum
YHCIOM TPELIHH B MHTEepBaJe ot 2,3
1o 37 XOpOWo Jio¥KaTcsd HA KPUBYIO

g60\-

40}

920t z (puc. 8, KpuBasi 2), anmpoKCHMH-
7 o pPyeMyIo BbIpaxKeHHeM
l ) ' —Q
Y] 72 A S2—_1.25 (5.9)

n s
Puc 8 3asucumocTb aucnepcuu S? ry-
CTOTHI TPelHUH OT YHUCJa N TPEUHH B HH- rae n —yucjio Tpemnﬂ B HHTepBaJIe,
TepBaJe nojacyera AJsl KOTOPOTO paccyuthiBaercss [
L~ gonerexamiecier spesium Xomcors: 52— THCHepCHst OenKH I
3 — npHpa3pbLIBHble TPELHHBI Takum o6pa30M, npa OTCyTCT-
BHH MAaKpOHE&ORZHOPOJAHOCTH Mac-
wrabuni 3pdexr II poma Ajist ryCTOTH TPEIMHH yHOBJETBOPHTENBHO

ONHCBIBAETCS NpaBUiIOM Yn ™.

Bo wMHorux cayyasix A TpPeUlHMH XapaKTEDPHO CHCTEMATHYECKOoe
H3MEHeHHe TYCTOTBl OT TOYKM K TOYKE (MaKpPOHEOAHOPONHOCTH CETH
TpewyH). B HuXxecledylOIIMX 1pHMepax CHCTeMATHYECKM H3Me-
HAIETCA JIMIIb CPEIHAA TYyCTOTa TPEIlMH, NUCIEPCUs Ke TYCTOTH OCTa-
€TCsl MPHMEPHO NOCTOSAHHON. B 3THX yCHOBHSX eCTecTBEHHO IPeANoJo-
JKHTb, 4TO JHUCHEPCHS TYCTOTHl COCTOMT M3 HABYX cJjaraeMelX: QucIep-
cHH, 00yCJOBJIEHHON MHKDPOHEOMHODOMLHOCTBIO M 3aBHcAILEH OT AJAHHBI
HHTepBasia noncyera [, u AUCHEDPCHH, OOYCMOBJEHHOH MaxpOHEONHO-
PONHOCTbIO, 3aBHCALIEN He OT JAJIMHB HMHTEpBajia, a OT rpajHeHTta
u3MeHeHus: cpenHeir rycrotbl. Takum o06pasom, MB OPHXOAUM
K annpoxkcumManuyu (axkTHYeCKOTO MAaTepHada 3aBHCHMOCTAMH BHIA
(4.20).

* DTo ABAAETCA CBHETENBCTBOM B MOJIB3Y OTCYTCTBUSl aBTOKOPPEJ/SLHM PaccTos-
HHf MeXjy cocenuMMHU napamm Tpewwu (Pan, Yepusities, 1970).
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Paznoxenne AMCNEPCHH TYCTOTH TPEUHH MO dopmyae (4.20) npo-
BEACHO A5l 3aMepOB TYCTOTbl MPHPa3PBLIBHBIX TPEUIMH Ha CeBEpPHOM
Kpblie paspeiBa Kanynaakan B crsope Unpkefickoit I'3C na p. Cyaak
B M3BECTHSIKOBOM [larectaHe 1o ZaHHHM aBTOpa M I'YCTOTHI «CHCTEMa-
THYECKHX» TPEUHH B mecuanukax miaaro Konopazno, no pananimM Xomx-
cona (Hodgson, 1961). Pesysbrater npencrasiaenst na puc. 8. [l
NPApPa3pbiBHBIX Tpeiiun A =2,2, B=0,07, ais1 «CHCTEMATHYECKHX» Tpe-
wmud A=0,11, B=0,04.

O6patumcs K HcceoBaHUAM NedOPMUPYEMOCTH TOPHHX nopoxn.
Hccaenosanne macmrabroro s¢@exra 11 pona 6b10 npoBefeno aBTo-
POM Ha MaTepHa/e YIbTPa3BYKOBOIrO NPOCBEUHBAHUS 06DaA3UOB HIBECT-
Haka co crsopa [lananckoit T9C na p. Ak-Bypa B Taup-Illare. Dxe-
NePUMEHTAJNbHBLT MaTepUas IpelocTa- VY
Baed B. M. Konresem (Tuaponpoekr). 77
B nanmHoM ciyyae Mbl nMeeM neno 25{-
C pesyJabraTaMu ONpoGoBanust Kpyi-

HOTO HEOJHOPOXHOIO MACCHBA TOPHBIX 20\
nopos. EcTeCTBEHHO NpPennoNOMHTL, 4l 9
4TO JAHCHepcust RehOpMHUDYEMOCTH B

3THX YCHOBUAX COCTOWT M3 ABYX 4a- /Jt
creil, 00yCI0BACHHBIX MIKPO- U MaKpo- .
HEONHOPOJHOCTBIO. Iresn

Hepopmupyemocts 06pasua, mo-
npexHeMy, nosaraeM cpepHell u3 Be- U
JUYHH 5e)OPMUPYEMOCTH MHOXKECTBa

R I J L —l -

720 30 40 40 0 v

Puc. 9. 3asucumocth Ko3pPuiuu-

3JIEMEHTOB MHKPOHEOIHOPOJHOCTH, CO-
CTaBAAWNX o6Gpasel; (COOTHOLIEHHe
(4.1)). Honyckas, uto Moaenb xedop-

enTa BapmanMu pedopMmupyemo-
ct V or pasmepa 06pasios Ha-
BECTHSKA v

MHpyeMOli Cpexbl yXOBJETBOpsSieT yc-
N0BUsAM (4.4) u (4.7), cHOBa IIPUXOAUM K HEOBXOZMMOCTH Pas/IOkKeHHUs
mucnepcuyu no dopMyae (4.20). AnnpokcuManus onpeneneHuit neop-
mupyemoctH 299 o6pasuoB wn3pecTHsika pa3MepoM oT 7,5 mo 80,0 cm
coornoulienneM (4.20) paer 3HauyeHue Koncrant 0=4,11.10"1 y B=
=0,133- 1073, CoorBerctBywomuii rpabuk B mepecuere Ha K03 u-
IIHeHT Bapuallun npuBeaeH na puc. 9. Kak Buano us rpaduka, onnTHbie
NlaHHbIE XOPOWIO JOKATCH Ha ANNPOKCHMHUPYIOMYIO0 KPUBYIO.

Pacu/lenenne nucnepcuu pesysbratoB HaGMIOLeHHHA MO dhopmyae
(4.20) BmmoOaHAJOCH TaKXKe IpH HCCAENOBAHHH ($U31YeCKUX CBOHCTB
rnuHuCcThiX nopoa Harecrara.

PaccvMorpnm npumepb, cBA3aHHble C NPOYHOCTBIO TOPHBIX IOPOL.
B stoM Bompoce uanoxennas B § 4 Teopus (craTucTHYecKas TEOPUs
XPYNKOTO Pa3pyluieHHs) OCHOBBIBAETCA Ha CJEAVIOLIAX MPENNOCHIIKAX.

PeaqbHBIX TBePAbIX TejaaX BcerZla HMeeTcsl MHOXECTBO ne(eKToB,
HauuHasa OT JeheKTOB KPHCTANIHYECKOH pEIUeTKH N0 MHKPOTPEUIHH
(Griffith, 1921). Hedekrh npesnonaramoTcs paBHOMEPHO pacnpeeneH-
HBEIMH B O0beMe Tesia, T. e. KONHUECTBO NeDEKTOB B 3eMeHTapHOM
o0beMe NMPONOPLUHOHANBLHO BelHunHe 06beMa U He 3aBHCHT OT €ro Io-
MoXennsl B npefenax rteda. Ilpeanonaraerca ganee, uto paspylieHue
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TeJa HACTYNMaeT IyTeM pas3pacTaHHs TpPEUIMHBl Ha K Mecte HauboJgee
onacHoro negekra, HE3aBHCHMO OT OCTaabHBIX. TakuM o6pas3oM, Ipod-
HOCTL O6pasua onpeneasiercsl HaJuyueM OJHOro, HauboJee OMACHOTO
nedeKTa U He 3aBUCHT OT BCeX OCTaMbHBIX JedekToB. Pemraoumyio posb
HawGoJjiee OMacHOro JAedeKTa MOXKHO C PaBHOH BepPOATHOCTbIO IPUIIH-
carb MI06oMYy H3 HMelomHXcsa B Teqde AedekroB. Takas TpakToBKa
IIPOYHOCTH Jyullle BCETO OTBeYaeT MeXaHH3MY XPYIKOTO paspyLIeHHs
npu pactaxeHun. C HEKOTOPBIM MpHGINKEHHeM Pe3yJbTATHl CTATHCTH-
YeCKOH TeOPHH MOTYT ObITh MCIIOJNB30BAHBI H B IPYTHX CAYyYasiX.

Ipu peumrenyy HHKEHEPHO-TEOJIOIHYECKHX 3a/ay amiapart CTaTHCTH-
YyeCcKOH TEOPHH XpyNKoro paspyuwleHus ucnonabsosaH K. B. Pynnenefi-
ToM u Op. (1964) B Bapuanre Cenpakana u C. E. Uupxoseim (Ilpo-
TOAbAKOHOB, Uupkos, 1964) B Bapuante Befi6ynna (Weibull, 1939).
Ilpu 3TOM mo.JyYeHO YIOBJETBOPHTEJNbHOE COBIALEHHE pacyeTHHIX JaH-
HBIX ¢ (aKTHYECKOH NPOYHOCTbIO LeJHKOB yras pasmepom ot 0,7X0,5
Jo 2X2 M. [TockoJIbKy Hac HHTepecyeT cBsA3b MaciuTabHbX 3¢ dexron 1
u Il pomos, BocnonbsyeMcs BapiaHTOM Teopuu B paszpaborke B. B. Bo-
goruHa (cM. § 4). Ouennm wmacmrabHbie 3p¢eKTH TPOUHOCTH YISl
1o faHHbIM 3kcnepuMenToB C. E. UnpkoBa. DKcnepuMeHTaabHO Ompe-
IeJ10Ch CONPOTHBJEHHE OJHOOCHOMY CIKAaTHIO R KJapeHOBOTO YIJs
nnacra XI gerseproit nauku mwaxrtel 11 Tomb-¥Ycnnckaa (Kyabacc) u
TYyMYycoBOro mosy6Jectsiulero yras miacra [ ruppopynuuka «I[lunonep»
(dounbacc). PesyabraTel 06paboTKy SKCIEPHUMEHTANbHBIX TAHHBIX IPH-
BeleHnbl B Taba. 4 u na puc. 10. Jas cpaBHUTE/NBHO €Aa60 TPEUIMHO-
BATOTO Ky3HeLKoro yras Ry=100 KI‘C/I()JMz n Macwrabubifi apdexr
1 popra onuceiBaeTcs ypaBHEHHEM

R T, 0,15
—=-=04+0,6 (70) . (5.10)

TaG6nunma 4

Pe3ynbTaThl CTaTHCTHYeCKO! 06paGoTKH onpenesieHHli NpoOYHOCTH
o6pa3iioB yrsis pasHoro pasMepa

R, xrc/cm? Koadduuueur Bapuaunu, %

O6beM obpasua, cms3

Onwr Teopus Onuir Teopus

Kyaneuxuii yross

0,72 250 — 22 12
25,2 188 188 17 10
239 156 158 13 8
Jouenkut yroan
3,0 369 — 17
25 260 248 23 19
50 220 214 23
500 118 139 06
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KosdduunesT Baprauun IpoyHOCTH B COOTBETCTBHH C TeOpHeH 3a-
MeTHO yOblBaeT C POCTOM BeJHYMHBI 06pasuoB. TeopeTHuecKHE 3Haye-
HHA TPOYHOCTH XOPOILIO COBNALAIOT C ONBITHHIMH, QaKTHUECKHE XKe 3HA-
yeHHs1 KO3 HIMEHTOB BapHAIlMM 3aMeTHO G(OJblle PaCUETHBIX. ITO:
OTKJIOHEHNe O6YCJIO0BJIEHO, IO-BUANMOMY, MaKpPOHEOZHOPOAHOCTbIO (00-
pasubl yIJsi Ha HCHBlTaHHE OTOHPAIOT M3 PA3HBIX TOYEK IJacTa).

Hnst cuabHO TpelinHOBATOTO AOHenkoro yras Ro—-0, n macuwrab-
HBlit 3 ¢hexT | poga onuceBaeTcss ypaBHEHHEM

_i_ﬂq” 11
> _( o 7. (5.11)
/Ry ARy

14r 14+

3y 13+
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Puc. 10. 3aBucuMOCTL NPOYHOCTH 06Pa3ygOB yras,

OTHECeHHOH K npouHoctd ofpasua cTaHAapTHOrO

pa3amepa, R/Ry or pa3mepa 06pa3lmoB, OTHECEHHOroO
K pasMepy cTaHJapTHOro o6pasua, vfvg

a — KY3HelKM#i yroJb; 0 — AOMEeNKHil yroJb

ITpu sTtOoM COTJIACHO TEOpHH KO3(h(HUIHEHT BapHallid NPOYHOCTH He
fipeTeplieBaeT 3aKOHOMEDHBIX H3MEHEHHH, CBA3AHHBIX C pasMepoM 06-
pasuos. M daxkrHueckne 3HayeHHS NPOYHOCTH, M CpEIHEe 3HAYEHHE
KoahdlleHTa BapHallMd B 3TOM IIPUMepe XOpOIUO COBNAZAIOT C pac-
YETHBIMH.

Mpl paccMoTpesny INpHMEpH IpOsBJAeHHs MaciitabHoro sddexra
1 poma npu paspymieHHn 06pasuoOB TOPHBIX NOPOJA B YCJOBHSIX OZHO-
OCHOrO pacTsizKeHusl U cxartus. JLas MHKeHepHO-T€OJOTHUYECKUX Leael
He MEHbUINH HHTEpEC M[PEACTABJSIET CONPOTHBJAEHHE TOPHBIX IODOZL
caBurawieMy yeuinw. Kak ykaswiBaer 3. Hyaen (1960), npu onbitax
Ha CABHI 0ODPAa3Il0B I'DABHA M IIECKA YIOJ BHYTPEHHErO TPEHHSA YMEHb-
maercs ¢ YBeJUUEHHeM pa3Mepa oOpasuoB, NpHUeM 3TO IIPOABJISAETCS
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TeM caabee, ueM MeJbye pasMep 3epeH, T. e. yeM OOJbllle YHCIO
371eMeHTOB HeonHopoiaHocTu. D. Lyabl, npoBOAMBIUKE HCIHTAHHA HA
CABUT GypOro yrisl, OTMETHJ HOCTOSIHCTBO YIJia BHYTPEHHEro TPEHHUS,
HO 3aMeTHOE YMeHbUIeHHE CUEeNNeHHs. DTo sB/eHue, I0-BUANMOMY, HaHU-
6osee xapakTepHo AJS TBEPABIX ropubix nopon. Tax, M. U. Kotdman
u 1ap. (1964) n E. M. Unpuuukaa (1963) npusoasit skcnepuMeHTaNb-
HBll MaTtepHas, CBHACTEJbCTBYIOUIHMH O BJAMAHHHM pazMepa o6pasloB
Ha CHeIJIeHHe TBEPABIX TOPHBEIX IOPOLL.

I. JI. ®ucenko (1959) nccaenosBan cuenseHre B MacCHBAX NMYyTeM
CIBHra KDYIHHIX NPH3M TpellnHOBaTo# mopoxnl. [lpu 3toM BhisicHH-
JIOCh, 4TO CeIIeHHe IIOPOJbl B MacCHBe yMEHbUIAETCs C POCTOM YHCIa
Tpewiud B o6beMe nMpH3Mb o6pyiueHusi. OH nopobpans K 3KCIEpUMEH-
TaNbHHIM JIAHHBIM 3MIIHPHUECKYIO dopMy.ay

1

Ky
K 1—1—101[1—1:— '
rje EM —— OTHOWICHHUE CIEIlJIEHUsI B MaCCUBE K CIUEIIJIEHHIO B KYCKe;
K
=, " OTHOIUEHHE BHICOTH MPH3MBI OGpYIleHHs K pasmepy 6o0Kos mo-
DOIIHL.

Ilpencrasasiercsa, 4To pesyabTaTel ['. JI. ®Pucenko BbpaxKaloT
Macwrabubit apdexr I poma. [elicTBUTEbHO, OTHOIUEHHE BBHICOTHI
TpusaMb o6pyurennsi H K pasMepy 6/10KOB b — He uTO MHOE KaK 4HCIO
37IeMEHTOB HEOJHOPOJAHOCTH; OTHOLIGHHE ClelieHHda B MaccuBe Ky
K cilenjieHHI0 B Kycke Ky (TaK HasbiBaeMmbll «K03dduuueHT ocnabie-
HuSl») — Ge3pasMepHBIl NOKa3aTeab NPOYHOCTH. B nmepBom mpubanxe-
HuY faHHbple . JI. ®uceHKo MOTYT GBHITL anNpOKCHMHUDPOBAHEL COTJIACHO
(4.27) BoipaxkeHueMm (puc. 11)

Ky H \—12
e =0,08+o,92(7) . (5.12)

Pesyabrarer I'. JI. ®@ucenko Obl1M npoBepeHbl Ha JabopaTopHON

vonenn . H. Kumom (1963), KoTophiit yTBepKjaeT, YTO C pPOCTOM
H

OTHOMIEHHS ko3 dunuent ocnabaenns Ky/Ky ne menserca. Craru-

cTHyecKas o6paboTka NaHHbix Knma mmokasbiBaet, OJHAKO, YTO TeH[eH-

H
ung x ymenusurennio Ky/Kyg ¢ poctoM BeanunHn e CYUIECTBEHHA H

OlleHHBaeTCst BeqinuuHoN Koadhduuuenta Koppeasiuu r=~0,6. ITonyuex-
HOe II0 JAHHBIM JIEBSITH OILITOB 3HAaUeHHe 7 MOXKeT ObiTb NPH3HAHO
ClydyafHBIM OTKJOHeHUeM OT HYJA Juwb ¢ BepoATHocThio 0,1. Takum
0o6pasoM, UMeeTcs AeBsTh IWAaHCoB npotus oaHoro, uto 1. H. Kum omru-

Oaetcs B HHTEPIIpEeTAllHH CBOHX OIBITOB, U C DPOCTOM BeJHYHHA

b
Ky/Ky B TeHCTBHTEIbHOCTH YMeHbUIAETCS.
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DxcnepHMeHTaJbHBIE AaHHBlE MO MacmtabHomy 3dodekty I pona
o5t uenbitannil o6pasinos (3. Wlyaen, E. M. Uabuunkas) u 415 HCel-
rtauuii B Maccuse (I. JI. ®ucenko, . H. Kum) nossonsitor cienats
BaXKHble BBHIBOAB O BO3MOMXKHOCTSX OIEHKH IPOYHOCTHBIX CBOHCTB Mac-
CHBa MYTeM 3KCTPANOJSLHUA pe3yNbTaToB nabopaToOPHLIX HCCAeJ0BaHuM.
Kax BUOHO W3 NMPUBEJEHHBIX PUMEPOB U TEOPUH, MacITabHBIH 3 dheKT
1 popa GbicTpo 3aryxaer ¢ pocToM BeanyuHbl 06pasuoB. OnHako no
Mepe nafbHeHllero pocra onpefensioilell o6macTy ¢ nepexoJoM OT Ja-
60paTOPHBIX HCMBITAHHA K HaTYPHBIM Bce HayMHaercd cHoBa. [Ipumunna
3TOrO KPOETCs B 3JeMEHTaX MaKpOHeOJAHOPOJAHOCTH (B JAHHOM cJaydae

Koy K

1

L1 | d, 1 1 1
0 10 20 30 40 50 60 70 80 90 H/S

Puc. 11. 3aBHCHMMOCTbD OTHOCHTEJBHOIO CLENJieHHS
nopof B8 maccuBe Ku/Ky oT wucia 60KoB, pasfenen-

H
HBIX TPELIMHAMH MO BBHICOTE NPU3MBI OGpYIIEHHUS (-F

MaKpOTPEIIMHOBATOCTH), KOTOPHIE ¢ DPOCTOM OTlpeRensonieil obaacta
MepexoisaT B pa3psii MUKPOHEOLHOPOAHOCTH. AHa/NOTHYHAs «CTyeHya-
TOCTb» JOJIKHA XapaKTepH30BaTb M KpHBble Maciurabuoro sddekra
Il poma, onHaKo COOTBETCTBYIOILMH 3KClIeDHMEHTaJbHBIH MaTepHal
aBTOpY He H3BECTEH.

W3 cxasanHOTO NOHATHO, YTO TNPAMAasg 3KCTPamoJsiliuag KPUBBIX
MacwTabHBIX 3¢ (eKToB BO3MOXKHA /IHIIb B TAaKHX NpefesaX PasMepos
onpenensonieil 06/1acTH, B KOTOPBIX He MeHseTcs NPUPOLa MHKPOHEOI -
HOPOZHOCTH. DKCTPANOJALUA Ke ¢ of6paslla Ha MacCUB HelpaBOMepHA.
OneHKa CBOHCTB TIOPOJA B MaccHBe 00513aTe/IbHO CBA3aHA C YYETOM €ro
MaKpOoCTPYKTYPHl ¥ 0c06eHHO MaKpOTPEIIHHOBATOCTH.

3agaya OClOXKHAETCA ele H TeM, 4YTO pas3pyuleHue pmaleko He
Bcerga HOCUT XpynKuil xapakrep. bopx (Borges, 1960) noxasas, uto
€c/iM paspyllieHHe He XPYIKoe, MacmitabHuele 3(GhexkTH MNposABASIOTCS
COBepIIEHHO MHaue, YeM B PAacCMOTpPeHHBIX NpuMepax. Tak, nmpu Bf3-
KOM paspyuleHHH, KOUZla HMeeTCsl OJHA MIOCKOCTb TEYeHHs, yBejnye-
HHe pasMepa obpaspa NpaKTHYeCKH He BJHSET Ha HpoyHoctb., [lpu
HaJMyuH HeCKOJBKHX INIOCKOCTeHl TeueHHsl ¢ yBeJHyeHHeM pa3MepoB
TeNa NPOYHOCTb ero Bo3pacraer. Eciu cyurath, Y10 Tesio paspyluaercs,
KOrZa OTHOCHTEJbHAS JHHelHas fedopMaiys AOCTHTAET ONpeieseHHoN
BEJIMMUHBl, TO CPENHss BEJUYHHA NPOYHOCTH OKa3biBAeTCH He3aBUCHMOH
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OT pasMepa rtesa, a AuCHepcHsa — 06paTHO NPONOPIMOHANBHOH 06BEMY
tena. MHbiMu cjoBaMi, DopXK npeanosaraer cXeMy, ONHCHBaeMYIO Bbl-
paxkenuamu (4.1), (4.4) u (4.7).

Pesyabratet Bop:ka B 3HauHTeJBHOH Mepe OGBACHAKT TO MHOIO-
o6pasye nposiBJAEHUN MacliTabHBX 3¢ (}eKTOB NPH Pa3pyLIeHHH TOPHBIX
IOpOJ, KOTOpOe OTMeuaercsi 3KcnepumeHratopamu (Ko#idman, 1962
u 1p.). C. E. Uupkos (Ilporopbsikonos, Uupkos, 1964, crp. 61) npuso-
INT (dhaKTHYECKH#t MaTepHas, CBHJETEJAbCTBYIOIIMH O TOM, YTO Macli-
Tabublll addekt | pora pesue nposBasierca B XPYNKUX YLVIAX U caabee
B BsA3KMX. CTAHOBUTCA NOHSATHEH NPOTHBOPEUHBOCTh AAHHHX O Macii-
TabHoM 3¢deKkre npu CABUTe T[VIMHHCTBIX NOPOA. 3JeCb IO YCJAOBHAM
OIbITa MJAOCKOCTh CABHra (PUKCHPOBaHa, 4TO, COTVIacHO DopxKy, HCKIIO-
yaeT 3aMETHOe NposiBlieHHe Macuitabroro sddekra I poaa npu Bsus-
KOM paspylIeHHUH.

[Nepefinem k nposiBaeHusam Macuitabuoro sdodexra Il poxa. Xa-
pPaKTEPHOE H3MEHEHHe aCHMMETpPHH H AWCIEPCHH PAaCIpefeJeHHs ¢ poc-
TOM BEJAHYHHB ONpeAeastomel 061aCTH 3KCIEePUMEHTOB HabJiogaercs
IpH HCCJeHOBaHHM IIPOHMIaeMOCTH ropublx nopox (DBawumes, 1960;
Jlefibun, 1962; Cemun, 1965 u ap.). D10 NIPHBOAUT K HEKOTOPOH HeOm-
pelle/IeHHOCTH IIPU CONOCTABJACHHH OLEHOK BOJONPOHHIIAEMOCTH, IIOJY-
YeHHBIX B Ja60paTOpPHH M IO pesy/abTataM TeohH3NYecKoro HaM THI-
pOAMHAMHUecKOro onpoboBaHua. OpPHEHTHPOBOYHOE COIIOCTABJEHHE
0o6beMOB, 3aXBaThiBAeMbIX [PH DA3JHYHEIX MeTOZaX oOmpoGOBaHuA,
npoBefeno M. H. KoueroBeiM u Ap. (1962) u nokasano B Tabua. 5.

TaG6auma 5

Cpasume.nbﬂaﬂ OlleHKa BEJIHYHHbI onpene.nmomeﬁ obaactu JKCNEepHMEHTOB
no OnpeaeJeHHI0 NPOHHIAEMOCTH

O6beM HCCIe0BAHHOR
Duamerp uccneno- YACTH TNACTE
Merton BaHHOMN 30Ubl TipH St EKTUBHOI
nracta, M MomuocTH 1 M, M3
JlaGopaTopubie onpenesieHus 0,008
Ha ofpasnax U3 KepHa . . . . 0,1 44 .2
DNEKTPOKAPOTANK CKBAXNKHH . 7,5
I'naponuraMudeckoe Hccsen0- 70 650,0
BaHHE CKBAXHH . . . . . . . . 300

YKa3aHHaa HEONPeJe/eHHOCTb NPHBOAMUT K HEOOXOZMMOCTH pas-
IeJbHOTO PacCMOTPEHHS «JIOKaJbHON» U «HHTErPaJbHON» MHPOPMAlUH
o Bogonponunaemoctu (Kollis, 1961; Isugmnep, 1963).

Kax Bmepsble mokasan Jloy (Low, 1944), a zarem fuc (Jahns,
1961) u ApyTHe, pacnpefeseHHe IOPOBOI NMPOHILAeMOCTH KepHa MOJ-
YHHAETCS JOTHOPMAaJbHOMY 3aKoHy pacnpejenenusa. b. T. Danmes
(1960), a Bcaer 3a uum . JI. Jlei6un (1962) n E. U. Cemun (1962)
Ha GosbmioM (akTAYeCKOM MaTepHaJje IOKasajH, YTo € POCTOM (GHJIbT-
pYIOmHX o6BEMOB, T. €. C POCTOM Pa3MepoB onpefensouiell obaacti,
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IUCTIEPCHSI ¥ acHMMeTPHS pacnpefe/eHuss NPOHHUAEMOCTH YMeHb-
WaTCs TAKHM 06pa3oM, YTO Pe3y/abTaThl THAPOAMHAMHYECKOTO H Teo-
¢du3snyeckoro onpoGoBaHHA CKBAXKHH MOXHO ONHMCAaTb yXe He JIOTHOD-
MaJbHBIM pacnpegeneHueM, a 6ojee CHMMETPHYHBIM pacnpefeseHneM
Makceseana (puc. 12).

BMecre ¢ TeM npu THAPOAMHAMHYECKOM HCC/IENOBAaHHH MPOHHIAE-
MocTH TpeuuHoBaThix mopod Banton m Heftn (Walton, Neill, 1963),
a 3atem C. H. Uepubuues u aBtop (Uepnnimes, 1965; Pan, Hepnbies,
1967) noayunau rtakoe ¥Ke PE3KO aCHMMETPHYHOEe pacnpepeneHnue,
KaKoe GBLI0 panee noJaydeHo Jloy, Sn-
COM W APYTUMH UCC/leRQBATENAMU Aas ¥
nopoBoil mponuaeMocrd kepua. Oka- )|
3a/0Ch, YTO pacnpepesaeHne TPEUIHH- !
HOMl MPOHUIAEMOCTH TakKXKe 4acrto He
NPOTHBOPEYHT JOTHOPMAJBHOH MoJe-
a4, Pesysibrarsl mposepKH rumortesn Jf
0 JIOTHOPMaJbHOM pachnpeje/NeHuHn Be-
JHYHHBl YAEIBHOTO BOAONOTJIOUIEHHUS
B TPEUIHHOBATHIX MOPOoAaX, MO MaTe- |
puanam [ugponpoekra, HOPHUBEAEHB! |
B TabJ. 6. :

OTH Zauuble He SBAANTCI JOKa3a- o
TeJbHBIMH, NMOCKOAbKY IKCHEPHMEHTH /7t
NPOBOAUANCH JMHGO pasHbIMH METOARA- \
MY, JHGO B Pa3HbIX reoJOTHYECKUX yC- v
noBusx. IlostoMy A5l MPOBEPKH TH- ) e a
MmoTe3bl O CyU[ECTBOBaHHH MacuTal- g 500 1000
Horo sddexra 111 pona GblIH BbIION- Puc. 12. Kpusbie pacupefe/eHus
HEHbl ChepualjbHble 3JKCHEPHMEHTHl, nponumaemoctd K, Md maacra I,
pesyabrarbl  KOTOPbIX NPHBOJAHJIHCH Ty#iMa3uHCcKOro MecTOpOXKAeHHUS
paHee. 1 — reodHaHYecKHE HaHHBbIE; 2 — KepH,

Usnoxennsle (GakTbl HaBOAAT Ha no E. M. Cemnny (1565)

MBICIb, YTO 3aBHCHMOCTb JHCHED-

CHH U aCHUMMeTPHUH paclipejiejeHUst BOAONPOHHIIAEMOCTH OT BeJHYHHbI
¢uaprpyloniero o6beMa ABJAACTCA JHIIb KOCBEHHHIM BhIpaXKeHHeM Ka-
Kol-To GoJee ra1y6GoKoi cBasu. Heficrurenbo, B paborax Jloy u fuca
Ha KepHax ¥ B paBorax Baarona n Hefina, C. H. Uepubimena u aBTopa
NPH THAPOAMHAMHMYECKOM OMNPOOOBAHMM CKBAXKHH IOJyYeHbl OJMHA-
KOBble JIOTHOPMaJbHble DacnpejesneHns, XoTsd OGBEMbl ONPO6OBAHHSA
oranyaorca B 108 pas (taba. 6). Bo crosbko xe pas oraumyaercs
cpenuuit o6beM necunuxkn (1073 cm®) ot o6bema 6.10Ka TPpewHHOBATOH
mopoxapt  (10°—10% cm3). CuexoBaresbHo, (UIBTPYIOLIHE OO6BHEMbI
B 060X CJyyaax cogepXka/dd NMPHMEPHO OIHHAKOBOE KOJHMYeCcTBO Ka-
Ha/10B ¢uabTpanuu. Msl OPUXOAHM, TaKHM 00pa3oM, K Mbic/aH, chop-
mynupoBanHoit astopoM H C. H. Uepuwbiuessim (1965), o Tom, uto
tdopma pacnpenesnenuss NPOHHILAEMOCTH 3aBUCHT OT KOJHYECTBa KaHa-
JIOB (UAbTPaALMU, NPOHU3BIBAIOWINX PHABTPYIOWI U 06beM. UeM Goablle
KaHaJoB (puAbTPAUK 3aXBaYeHO B OMBITE, TEM MeHbIUE JUCHEPCH H

20

2l
K md
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Ta6bnuuma 6

Pe3yabTaThl NPOBEPKH THIOTE3H O JOTHOPMAJBLHOM pPACHpeNeeHAH TpelHHHO

BOXOTIPOHHLAEMOCTH
BriGopoyHbie JaHHBIR S a i S 5 |a g
Hnrtepsan 24 g g % E a5
§:: 4} =t o > UE
OnpoGoBaHHbEIE TIOPOLLI onpobosa- 7o Rl =]= I 2¢c &
cpennee anc- v al an “ElEEx
HHA f, M | ghayenne | mepews %5 % o %8 gu g
Vo s Dle | S5 | 5| 85 [FE[252
Tpanur B pycae p. Hue-
upa (Kpemenuyrckaa I'3C)| 10—30 | —2,47 | 0,67 38 14| 0,10 { 1]0,8
Tpanumu Ha npaBoM Oe-
pery p. Awmrapm (Bpar-
ckaa I'dC) . .| 20—90 | —3,14 | 0,28 82 141 0,62 (110,43
Tonxkoe nepecnamza-
HHE  aJIeBpOJIMTOB, ap-
THJIJIHTOB, [IECYaHHKOB
(uHTEeHCKHN TOPH3OHT OP-
HOBHKa) Ha JieBOM Gepe-
ry p. Aurapu (Bparckas
RCy ... ..., | 2555 0,49 | 1,14 |} 109 |8} 1,06 | 5] 0,9
To xe . 5—25 YCnlo%go 0,85 | 106 | 8| 4,84 150,44
Tpamutet B pycae
p. Cenenrn (Xunokckas
rac) . 5—60 [ —1,10 | 0,53 53 (6 2,01 { 30,56

Tabauna 7

PesyabTarsi NpoBepKH THNOTE3 O paclpefeseHHH BOXONPOUHUAEMOCTH

Pa3aHIHEIX TOPOX

3
(=3
§' Cymmap- Bepoar-
3 Hpoaepaemaa runoresa HbIA HOCTh CJay-
OupofopanHbe MOPOAb a o6beM Ix? Iy 4a#HOTO
© | 033KOHE pacmpeleNeHHs | gy 6opoxk pacxoze-
g 3N HHE P
=
TpewmunoBaThie Oca10uHbIE
H H3BePXKEHHbIe [0pO-
Il . v« +....| 6 | Jloruopmansroe 422 8,76 | 16| 0,92
Cnabo pasnoxusiluiics
Topd 4 | To xe 344 |14,41 | 24 0,93
bBasanbHuil ropu3oHT as-
mosusa Boaru 1 " 96 3,31 ] 4 0,51
[lnsKeprle Tlecku aJsuiio-
Bua Boury . 2 | HopmaunbHoe 113 2,681 5 0,75

acUMMeTpHs pacnpejieleHusl nponunaeMoct. [Ipn ouenb GoabuwoM Ko-
JIMYeCTBE KaHa/0B (QuIAbTpAlUM 3aKOH paclpeleseHHs NPOHHLAEMOCTH
O6yzer 6aM30K K HOpPMAJbHOMY 3aKOHy ¢ HebOJblIOH aucnmepcHei.
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Onsako peannsauus HOPMAJbHOTO PaclpeleseHHsl Ha ONbTe CTAJIKH-
BAeTCA C HEKOTODBHIMH TPYAHOCTAMMH: NPH YBeJHYEHHH pazMepoB ONpe-
Jenswoumiell ofgacry B Hee NoNagamT (QuUAbTPALHOHHBIE HEOLHOPOLHO-
ctH Gosee HHM3Koro NOPANKA, oCHOXKHAOUMe KapTuay. Ha puc. 13
ODHEHTHPOBOYHO NoKa3aHBl TPaHHIBl JeACTBHS Ha3BaHHHX 3aKOHOB
pacnpeneneHus.

[Tpu amanuse HeOLHOPOIHOCTH TOPHHIX MOPOX No NPOHHLAEMOCTH
IPHMEHSIOTCsT pasauYHble TpyGuaThie MOLeNH KOJJIEKTOpPOB. B Mole/nu
10. I1. Bopucosa (1959) Koanexrop 3aMensiercsi cepneh napaniesibabix

Onpefersipuas
o6RECTE oK
Hbasugiropodyas '
L coedz o L4
['ggpyift‘ﬂ/wﬁ i

Henpimanus 1w
8 mpccuade

Vi
a’
Hecnedaba - A
ﬂfﬂ%z]ﬁ PN eommopodsan epeda
A

& H i i i 1
ok v v et g
Lz 1 7 T 7 1
Spabens weadppodnocmy

Puc. 13 OO6nactu IeficTBHSA pPa3jHMUHBIX  3aLOHOB

paciipe/ie/IEHHs [PONHIAeMOCTH B 3aBHCHMOCTH OT

COOTHOWIEHHSA PA3MEPOB 3JeMEHTOB QHIBTPALHOHHON

HEOJHOPOAHOCTH H Pa3sMepOB ONpelesomell obaacti
9KCTIePHMEHTOB!

A — joraPrdMuuecKu-HOPMAIbHOE pacnpedesieHue, M — pac-
npepeaesne Maxcpenna, N — HOpMaJsHOe pachpegedeHHE

Tpy6oK ¢ pasnuyHol NpoHHLAeMOCThIO. [lJa BhisicHeHus (QusAYECcKoro
cMeicsa MaciTabebpX 3¢dexroB Nponunaemoctn Il u Il poxos B 3Ty
MOJeJb CllefyeT BBECTH THAPABIHYECKHE CBSI3H MEXAY OTAEJNbHBIMH
Tpy6KaMu TOKa, KaK 3TO clleslaHO, HaTlpuMep, B pabore H. B. Uypaena
u H. Y. Uabnna (1961) mas ofbsicHeHus KaOWAJASPHBIX sBJIeHHH.
PaccMoTpuM Ha 3TOH MoJeiaHn 3aBHCHMOCT> (opMBI KpHBOH pac-
TpefesIeHns] OT KOoJUYECTBA NyTel GuAbTpauun uau (npH $ukCHPOBaH-
HOH TyCTOTe KamajoB) OT BeduuuHel ¢uabTpyiouwiero obvema*. [Ipu
¢uabTpannn B MasioM ofbeMe HeBoJBINOE UYHCAO BOLOTPOBOASWIHX
nyTell oKasblBaeTcss TECHO B3aHMOCBSI3aHHBIM: KO.IMUeCTBo KHUAKOCTH,
MpoTeKIles yepes ONHY TPYOKY, 3aBHCHT oT KOJHYECTBa KHWAKOCTH,
mporekwell uepez cocenHne. [lo Mepe ysennuenust GuiabTPYOLIETO
ofbeMa M KoJIHMuecTBA 3aKJIOUEHHBIX B HEM BoIolIpoBoisIldX INyTei

* Ha Mopesn, omucauno#t B § 4, pesuwuua /. cooTeeTCTByeT, TaxkuM OBGpaaowm,
(bmmpaunomowy pacxony 4epe3 OAHY WOpy (TPeIIHHY) B [OpoJe
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CBfI3b MeXJy OTAAJEHHBIMH APYT OT APYyra TpyOKaMu ToKa ocnabeBaert,
¥ B Ipelese KOJHYECTBO XKHIKOCTH, MpPOTeKLICH uepe3 KaKylo-HHOYIb
TPpYOKY, yxKe He 3aBHCHT OT pacxoga B IpYyrod, BecbMa OTHZAJEHHOH
TpyOKke. [Ipn ¢puapTpannn yepes oueHb GoJbline oObeMbl, COfepKallne
MHOXKECTBO KaHa/J0B (uabTpauuM, OyayT npubJaHxKeHHO YAOBJETBO-
patbest yeaosus (4.1), (4.4), (4.7), u pacnpenejeHne NpOHALAEMOCTH
oKaxeTcst HopMaabHbIM. [lo Mepe ywmenblieHusi umciaa TpyBoOK TOKa
CBAI3b MeXAy TpyOKaMu B J1060H NpOM3BOJBLHO BbIOpaHHON nape 6yaeT
BO3pacraTb, u ycjaobue (4.7) npumeTcs 3aMeHHTb ycaoBheM (4.12).
HopmaabHoe pacnpenenesne NIPOHHLAEMOCTH MpHoOpeTeT acHMMETPHIO,
M B pAle CJAyuaeB ero MOXHO OyLeT annpoKCHMHPOBATL JOTHOpMaJb-
HOH MOJeJBIo.

Ecan BbickazanHble coofpakeHusl CIpaBeNJHBbl, TO CepHsl 3KCIle-
PHUMEHTOB C OLMHAKOBOMU Onpeesionieil 06J1acTblo, POBeIeHHbIE B TOH-
KONOPHCTHIX, 'PyGONOPHCTHIX ¥ TPEIMHHOBATHIX NOPOAAX, NOMMKHBEI JAa-
BATb pasJjHYHble IO CTENeHH ACHMMETPHH paclpefeseHus NpOHHLae-
MocTtH. COOTBETCTBYIOIINA (PAKTHUECKHH MaTepuaJ NpuBeneH B TabJ. 7,
coctasjenHoli mo paHHeIM Taba. 6, Ul I'. Mnanxnkepa (1967),
E. C. Jsexuepa u H. U. Mabuna (1969) u JI. A. Aponosoit (1969 r.).
JKcIepuMEHThl NPOBOLMINCH NYTeM ONBITHBIX OTKA4eK H3 CKBAXKHUH.
Pasmeprl onpenedasitomeii 06JacTH TakMX 3KCNIEDUMEHTOB 3aBHCAT OT
BEJHYHHBE KO3 (unueHTa GHUAbTPAHA H IPOLONKHTEJIbHOCTH OIBITOB,
M HaJeXHYI0 KOJMYECTBEHHYIO OIEHKY MAJS HHX IOJYYHTb TPYLHO.
MoxsHo, ognako, nosaraTth, 4TO TOPSLOK pasMepoB OIpelensiomei
06J1aCTH B paccMaTpUBaeMbIX 3KCIEPHMEHTAX OCTAeTCs NPHMepHO Io-
CTOsIHHBIM. TeMm He MeHee pe3yJabTaThl, CBeIeHHble B TabJ. 7, No-BUILU-
MOMY, SIBJSIIOTCSI BECKHM AapTyYMEHTOM B T0Jb3y H3J0XKeHHbIX coobpa-
JKeHHH.

OcHoBolBasich Ha 3THX coOOpaKeHusx, 66110 Obl BecbMa 3aMaHYHBO
OpoHU3BeCTH KJ1ACCH(UKAIMIO TOPHBIX IIOpPOL IO BeJHYHHe [IHCIEPCHH
Jokagababix pacnpenesaenuil. AsropoM, C. H. Uepnbimesnim u JI. C. f3-
BuHbiM (1970) mpoaHanu3upoBaHBI C 3TOH TOYKHM 3pEHHS MaTepHadbl
HcClefoBaHui BOJLONPOHHUACMOCTH TOpHBIX nopon. [lockoabky B mo-
LAaBJsIOmeM GoJbIINHCTBE Cly4yaeB BOAONPOHHIAEMOCTb paclpefeneHa
IO 3aKOHY, HEOTJIMYNMOMY OT JOTHOPMAJBHOrO, B KA4eCTBe MepH JIO-
KaJbHOH HeOoAHOPOLHOCTH HCIIOJb30BANOCh CpeIHEKBAAPATHUHOE OT-
KJIOHeHHe JOorapH(PMOB IOKasaTe/ell NpoHHIAaeMOCTH (K03 UUHEHTOB
¢buabTpanun, BOLONPOBOAMMOCTH, YAeJbHBIX BOLOHNOIJOIEHHI). Bolio
npoaHanu3upoBaso 82 BEIGOPKH pe3yJbTATOB ONPELeNeHHH BOAONpPOHH-
1aeMOCTH pasJuyHbIX MOpoA. Brifopkn oxsartwiBaioT 1967 axcrnepumes-
T0B. [IpuMepHo nosoBHHA NAHHBIX — MaTepHaJjbl pasBelKu BoLo3abo-
pOB, B KOTOPbIX HE BLISIBJCHO CKOJbKO-HHOYIb 3aMETHBIX TPeHIOB.
Hpyras mosoBnHA — MaTepHabl H3BICKAHMA 1Jf CTPOMTENbCTBA THA-
pO3JIeKTPOCTAHIMH, Te TpeHAsl CIeUHaJbHO HCCIAeL0BaJuCh H HCKIIO-
4ajuch.

OxaszaJoch, YTO HCCAeIOBaHHBIE TOPOJbl 10 CTeNeHH (GHIAbTpALHOH-
Ho#l HEOLHOPOLHOCTH MOryT OBITh pas3®HTHl Ha TPH TpYNNHl, Xapakre-
pHCTHKA KOTOpHIX AaHa B tab.. 8.
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TaG6aupa 8

Knaccudukauus ropusix nopoj no creneHd (PHIAbTPAUUOHHOH HEOXHOPOXHOCTH

Uneao Cranzapt JoraprdMos
BOIOMPOHHIIAEMOCTH
Ne npoanati- (be’ KM s ) CreneHp HEOAHO-
o/n Tunst nopox 31pOBaH- pon POTHOCTH
HBIX Hee ﬂH‘rﬁepBan
. { mpeo6raiaio-
BuGopok | SHENET | X snavennit
1 IMecku, necyano-rpasuil-
Hble OTJIOXKEHHS . . . . 10 0,15 0,05—0,20 Becbma ognopos-
HBE
‘ I'paBufino-raseunse 0OT-
JOXKEHUd, TOPE, MepreJib-
HO-MEJOBBIE TOJLIH . . . 32 0,3 0,2—0,4 Opnopogusie
3 Tpewmunnubie ¥ TPemHH-
HO-KABEPHO3HHE KOJJIEK-
TOpHl BHE 30HMBI Tumepre-
HE3R . . . . . . . . . . 15 0,5 0,3—0,7 Heonuopoxubie
3-a To Xe, B 30He pas-
TPYSKH H BHIBETPHBAHHSA 25 0,75 0,5—1,0 BecbMa ueopHo-
poaubie

TpemunoBaThble MopoAbl 30HBI IHIlepreHe3a He BBILEJEHBl B CaMo-
CTOSITEJIBHYIO TPYNNy, HOCKOJIbKY (PHIbTpauHoHHOe onpolGoBaHue, Ha
OCHOBAHWH KOTOPOro BHINHCAHB XAPAKTEPHUCTHKH B CTpoKe 3-a Tab-
JIHLBl, TIPOBEJIeHO o HeCKOJbKO HHOH MeToLHKe, UeM olipofoBaHHe Mo-
POX, cOCTaB/IAIINX TPH OCHOBHBHIE I'PyNMNel. JleACTBHTE/NbHO, NIPH THl-
POTeXHUUECKUX H3bICKAaHHAX, MATePHAJEl KOTOPHIX JelVIH B OCHOBY Xa-
PaKTepHUCTHKH NOpoA 30Hb THIEpreHes3a, BLINOJHAKTCS B OCHOBHOM
He OTKAauKW, a HAarHeTaHus, NpHYeM OMBITH Mpou3BoaATes B 5—10-mert-
POBHIX HHTEpBaJ/aX, a HCCJAellyeMble IOPOAb OTHOCHTENbHo caabo mpo-
HHIaeMbl. B pesyabTaTe BeqnuMHa olipejedsiioliledl objaacThH sKCIepH-
MeHTa B 3THX ONBITaX, NO-BUAHMOMY, CYIIECTBEHHO MeHbIe, YeM IIpH
pasBenke BomoszabopoB. [ToaToMy oTHocHTedbHo 6GoJbllasi AHUCIEpPCHS
NPOHHUAEMOCTH B CTpoKe 3-a MoXeT OBITh CBsizaHa He TOJbKO € 60JIb-
mell QUAbTpaUuOHHO! HEOLHOPOAHOCTBIO TPEIIHHOBATHIX KOJAJEKTOPOB
B 30HE r'unepresesa, Ho U C YKa3aHHBIMH OCOOEHHOCTSIMH METOLHKH HX
onpoboBagus.

Jlanunie Tabiu. 8 cBUAETENbCTBYIOT, YTO AHCNePCHST NPOHHLAEMOCTH,
KaK U THN ee paclpeleleHHsl, 3aBHCHT OT YMCJA KaHajoB (uibTpa-
MY, TONAfaloMUX B oNpele]somyio o6JacTh 3KCIePHMEHTa: TOHKOIO-
pHCTBIe KOJJIEKTOpbl OAHOPOAHEE, ueM rpybolopHCTBIe M TeM GoJee
TPellHHHbIE.

Kak BugHo 13 tafa. 8, ¢ pocToM cpeiHell Be/HYHHB CTAHIAPTHOIO

OTKJIoHeHHsl nporunaemoctd S 1g Ky yBennunBaeTcst ¥ unHTepBas Kode-
Gannii snauenuil Slg Ky. Konebanus sHaueHuit ctagnapra MoryTt GHTb
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O0bSICHEHH OTpPaHHYEHHEIM 06BeMOM BHIGOPOK. JleficTBUTENBHO, CTaH-
AapT craniapra BHIGOPOK M3 HOPMAJbHOH COBOKYNHOCTH ONpenensercs

BhIpaXeHueM Sg=-——~. Hamu yuntmiBanuch Be60pKkH o6beMom N=>
V2N

==10. Kone6annsl 3HaueHuil cTaHRApTa, CBSI3aHHbIE C OIPAHHYEHHOCTHIO
pasmepoB BHIGOPOK, NpakTHYeCKH Jjexar B Inpexpenax S=+2Sg T. e.

B gameMm caydae 0,48, uro xopowmo cosmamaer ¢ yudpamu, mpuBe-
neHHEIMH B Taba. 8. DTo sBAsETCS M3BECTHHIM MOATBEpXKAEHHEM Iipa-
BUJILHOCTH BBIIIONIHEHHON TPYNNHUPOBKH KOJMIEKTOPOB: ecan OB BhHIAe-
JIeHHBle TPyMOsl OblIH Pa3HOPORHBIME N0 BefuyuHe S 1g K¢, TO HHTEp-
Ban (akTHYEeCKUX KoseGanuil 3HAaUeHH CTAHZApTa okaszancs O6bl 6O0Jb-
LIHM.

IIpuBenenubii MaTepuan MoxeT OBITb HCHOJIb30BaH NpH OLEHKe
BO3MOXHOH TOYHOCTH 3HAYeHMH pacyeTHHX NApaMeTpoB BORONPOHH-
LaeMOCTH ¥ IJIAHAPOBAHHH (QHABTPALHOHHOTO ONpPOGOBAaHHS HA DPaH-
HAX CTajusix uabickagmii (cM. ra. 1V). as pemleHust Ha IpakTHKe
3ajmay ONTHMH3AUWM pAa3BefKH H onpoOOBAHHA BeCbMa IIOJe3HO OBLIO
Obl IpON3BECTH KAaccHGbUKAUKIO TOPHBIX MOPOR IO CTENeHH JIOKAJIbHOM
HEOLHOPOAHOCTH M MO ApYruM CBoOHcTBAM: (UIHYECKHM H MeXaHnde-
ckuM. CrnenoBaTe/IbHO, puBefeHHAsT KIaccuUKanUs 0 QUAbTPALHOH-
HOH HEOLHOPOLHOCTH AOJKHA pacCMaTPUBATHCA JHIIb Kak MEPBHI mar
B 3TOM HOBOM HallpaBJeHHH UCCACIOBAHHM.

BbBIBO I bl

1. Ilpn n3yyenun MHKPOHEORXHOPOXHOCTH B KauecTBe MaTeMaTuyec-
KOU MOAeNH M3MeHeHHs moKasaress CBOHCTBA NOPOAH [ npu Nepexone
OT OJHOTO 3NEMEHTAa MHKPOHEOLHOPOALHOCTH K APYroMy paccMarpu-
BaeTcsl peajsusanus ClyyaifiHoH Noc/aenoBaTenbHOCTH [(X.), Toe X, —
KOOPAMHATH 2/J€MEHTA HeOoJHOpPOAHOCTH. Toria mpouecc 0npo6oBaHus
MaccHBa FOPHBIX MOPOA TNpencrabisier cobO0H oOCpenHeHHe 3HaueHuH
[(x.) mo MPOHM3BOMLHO BHIGpAHHBIM KOHEUHHM HHTEPBAadaM WX B Cay-
yae ONpPOGOBAHHSI HA NPOYHOCTb — MOMCKH HHXKHe# rpasHuusl Li=
=ini[(x) mo Tem xe HHrepBanaMm. Pasmep npo6h OTBeuaer Ha Mo-
ey LJMHe MHTepBaNa ocpelHeHHs, KOJHYECTBO NPoO — YHCTy HHTEep-
Bas10B. Mopesnblo pacipenenenns GOJbMIKHCTBA CBOUCTB TOPHBIX HOPOL
MOXeT CJHYXHUTb paclpelleleHHe CYMMbl HE3aBHCHMBIX HJIH M-3aBHCH-
MBIX CIYyUafHbLX BeJHYRH.

2. Tlpn uccnenoBaHun MHKPOHEOLHOPORHOCTH TEOPETHUECKH IOKa-
34HO ¥ NOJATBEPXKAEHO (PakTHUECKHM MaTepHasjoOM, 4TO BHIA paclpene-
JIeHUS, KOTOPOMY NOAYMHsIeTCs] TO WM MHOE CBOMCTBO NOPOXLI, 3aBUCHT
OT TOI0, KaK BJHSIOT 3JeMEeHTH MHKpPOHEOJHOPOJHOCTH Ha JaHHOe
coiictBo. CxXeMOHl BauSIHAST MHKDOHEOLHOPOAHOCTH OGYCJIOBJEHHI
Takxe macmrabuole sQdeKTHl, T. €. XapakTep ¥ CTeNeHb BAUSHHUSA pas-
Mepa Npo6 Ha mapaMerpsl pacnpejpeneHHs HCCIeLyeMOro CBOHCTBA.
JLas1 ropHBIX OPOX XapakTepHBI CJeLylollne OCHOBHbIE CXeMBbl BIHSHHSA
HEOLHOPOAHOCTH M COOTBETCTBYIONlHe MM paclipeflejieHuss CBOHCTB H
macuradueie 3QQexThl:
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a) cxeMa ajJuTHBHOCTH — HE3aBHCHMOCTH — PaBHONPABHOCTH. 3a-
KOH pacnpeleneHusi HopMaibHbii. MacmTa6ueii sdpdekr Il pona, nox-
UNHSIOMHACS TIpaBUIy Vn(V c,\o—‘/%) Macuirabuse adpdertor I u
Il ponoB OTCYTCTBYIOT: CpelHee 3HaueHHe M aCHMMeETpHs pacnpemnese-
HHUSI He 3aBUCAT OT pasMepa mpob. DTa cxeMa IPHMEHNMa A7 MOIIHO-
CTH CJloeB, 00bEMHOTO Beca NOpoAd (6e3 mpumecell aHOMaJbHOH ILIOT-
HOCTH), BJIaXKHOCTH, pa3Mepa Iop, I'YCTOTHl TPELlHH;

6) cxemMa aIJUTHBHOCTH — B3aHMO3aBHCHMOCTH — PaBHONPABHOCTH.
Pacnpenenenne jorapupMuueckd HopmanbHoe. MacmTabable 3 QexThH
IT u III pomoB: ko3 dullHeHT BapHaNUN MeHsIeTCs MelJeHHee, 4eM II0

‘mpaBuay Yn; € POCTOM BeJHYHHBI NPOGEI YMEHBIUIAETCS ACHMMETPHUSL.
[1pu HeorpaHHYeHHOM BO3PACTaHMH pasMepa npobel 3Ta cxema npubian-
xKaercsl k npexpaymedi. CxeMa B3aMMO32aBHCHMOCTH NpUMeHHMAa 1714
ColepKaHUA MUHEpPANOoB B H3BEPXKEHHBIX NOPOAAX, COAEP:KaHUH 3Je-
MEHTOB B IIOPORAX, €CJH 3JeMeHThl COCPeLOTOYEHbl B OHOM MHHepale;
BOJONpPOHHI[2EMOCTH F'OPHBIX IOPOL,

B) cxeMa u3buparenpHOCTH — He3aBUCcHMOCTH. Pacnpenenenue Beil-
6yana. Macmra6ubiii a¢dext | popa: yMeHblIeHHe CpelHEro 3Ha4eHus
¢ pocToM BeauuuHbl NpoObl. Macmtabueiit a¢dexr Il poxsa, crenenn
NposIBJIEHUST KOTOPOro 3aBHCHT OT MHTEHCHBHOCTH MacuTabHoro 3o-
¢dexra I poma. dta cxeMa xapakTepHa AJs XpYIKOH HpPOYHOCTH Trop-
HBIX TTOPOJ, ¥ APYTHX MaTepHaloB.

3. MaxkpoHeOOHOPOAHOCTb CYLIECTBEHHO YCJIOXKHfeT KapTHHY pac-
npeJe/eHns] CBONCTB rOPHBIX NOPOA H NpOsBieHHs] MacwTabHbIX ad-
texkToB. B YacrHocTH, NIpH YBEeNHUEHHH ONpeLesiollell ob6nacTa sKCme-
pHMEHTa [LHCHepCHsl, YMEHBIIAsCh, CTPEMUTCS K HEKOTOPOH KOHCTAHTE.
IToaromy uenecooGpaszHo MOMHMO paclpefesNeHHAH U MaclITaOHBIX 3¢-
¢erTOB, 00YCIOBAECHHBIX MHKPOHEOLHOPOLHOCTBIO, BEIAEIATE 06001IeH-
Hble pacnpepejeHHss H MacuTabuble 3¢G(eKTh, YUHTHIBAKOUINE BAUSHHUE
MaKpOHEOJHOPOIHOCTH

4. BplBoabl, Kacawilinecss JoKaJbHBIX paclpeneneHuid CBOUCTB Io-
pox m MacWITaGHBIX 3¢ (eKTOB, NOJYYEHHBle TEOPETHUECKH, He IIPOTH-
BopeuaT (akTuueckoMy MarepHnany. [lo3ToMy ecTh oCHOBaHHS CUHTATh,
4TO NpHHATas MOjedb [LOCTATOYHO XOPOMIO OTpaxKaer npupopy. Pe-
3yJbTATh], NOJyYEHHbIE NIPH H3YYeHHH MHUKDOHEOLHOPOIHOCTH M MACII-
TabHbIX 3P PeKTOB, NO3BOMSIOT YCTAHOBATb 3aBUCHMOCTh MEXKY MHKPO-
CTPYKTYPOH BellecTBA H €ro MAaKPOCKONHUECKHMH CBOHCTBAMH. JTH
pe3y/bTATHl, HallpEMep KJacCH(PHKAUUs FOPHBIX NOPOJ IO CTENeHH HX
GuAbTpaLHOHHON HEOAHOPOAHOCTH, HMEIOT U NPHKIALHOE 3HAUeHHE TIpH
OlleHKe CBOHCTB MaccuBa IOPOA H pelleHHH 3ajay onpobOBaHuA.



TIABA III
CTPYKTYPHBIE MOILEJIH MAKPOHEOOLHOPOILHOCTH

§ 6. l'eonornyeckue NpeanochAKH HCCAE0BAHHA MAKPOHEONHOPOAHOCTH

Heonnopoasocte n3HavasjbHO npucylia 1100608 ropHoil mopome H
HCue3aeT JIMIIb C HCYe3HOBeHHeM caMoil nopoias. OAHaKo B Xole reo-
JIOTHYEeCKO! HCTOPHH XapakTep HeOIHOPOAHOCTH TIpeTepleBaeT CyIecT-
BeHHble H3MeHeHHs. HcTopHua KaXkI0ro KOHKPETHOTO MAaccCHBa [OPHBIX
MOpOJ HACTOJBKO CBOoeoOpasHa, a 3HAUeHHWe DA3NHYHBIX 3TamoB 3TOH
HCTOpHM B (OpMHPOBAHHHM (PH3MYECKHX CBOHCTB NOPOJ HACTOJBKO
fI10X0 H3BECTHO, YTO PACCMOTpPeTb 3Ty npobJeMy B 06 HleM Ype3BH-
yaiiHo TpyAHo. 31eck HensbexXHa KpaHHAs cxeMmartusauus. Mel nofilem
no nytu, HaMmeuensoMy B. A. Ilpuknonckum (1956), m xpaTko pac-
CMOTPHM 3HAYeHHe CTAAMil NeTporeHesa *, NpHUBEJEHHEIX B HEKYIO Hie-
aJbHYyIO NOCTen0BaTelbHOCTh. Heo6x0onnMo HMeTh B BHAY, YTO, BO-Hep-
BBHIX, 3Ta NMOCJAeL0BATENbHOCTh MOXET HApyMIaTbCsl 3a CYET BhINMAAEHHS
HEKOTOPHIX CTaAMil ¥ NMepecTAHOBKM HEKOTOPHX H3 HHX, 4 BO-BTOPBHIX,
CTaJ¥{ NeTporeHe3a jaxKe B CaMOM LIAPOKOM HX [OHHMAHHH JHIIb
0600imeHH0 oTpaXaioT cOOBITHA H MpOolecchl, COCTABJAIONNE TeQJIOrH-
4eCKYI0 HCTOPHIO MaccuBa TOPHBIX OPOJ.

Tpouecch nerporeHesa B LenoM NOpelCTaBAAIOT cOOON peaxIHuio
FOPHOH NMOpPOIBl KaK CHCTeMbl HAa H3MeHEeHHe BHEIIHHX YCJIOBHH ee Cy-
HieCTBOBAHHUsA: LaBJeHHs, TeMlepaTyphbl, XAMH3Ma BMeHIaOIell cpenbl.
JI1060e HM3MeHeHHEe YCJOBHH CYHIeCTBOBAHHS TOPHOH NOPOLBI TaK HJH
HHAue CKa3bIBAETCS HA ee cocTaBe u crpoennu. O6obimas onpenene-
HUA AuareHesa, panuble JI. B. [TycroBanoBeiM (1940) u H. M. Ctpaxo-
Beiv (1960), m ocuoseiBasick Ha pesysnpratax A. B. Komennonuua
(1965) u II. C. CokosnoBa (1962), MoxXHO ONpenelnTb NpoLecCH NeT-
poreHesa Kax npouecchl GH3UKO-XMMHYECKOTO M MeXaHHYeCKoro ypas-
HOBEIINBAHNUS MHOTOKOMIOHEHTHOH CHCTeMbl — FOPDHOH NOPOABE B TO-
CTOAHHO MeHSAIOIIHXCS BHEIHHX yCJOBHAX ee cyllecTsoBanus. Toraa co

* Tlox merporemesoM Mbi, Beien 3a B A TIpukjaoHCKHM, 6yaeM [OHHMaTb BCC
cTagun OGPa3oBaHus M Ipeo6pa3oBaHus FOPHBIX MOPOJ (B TOM YHCJE H H3Bep¥KeH
Huix). IIpm 3ToM upoueccH nerporeHe3a OyjeM MO'IMMAaTh MpeJesbd0 LIMPOKO, Kak
TeOJIOTHUECKHE [IPOLECChl, paccMaTPHUBAEMble ¢ TOUKH 3DEHHS HX BJHSHHA Ha CBOI-
CTBa rOpPHHIX MOPOA.

66



BCEl OTUYETJHBOCTBIO BHICTYNAeT 3aBHCHMOCTh XOJa MeTpOreHeTHYEC-
KHX TPOLECCOB OT re0JOTHYECKOH MCTOPHM MacCuBa TOPHBIX IIOPOZ,
ocobenno nopuepkupasmasica A. B. Koneanosuuem u [I. C. Coxoio-
BEIM. B Taxoii TpakToBKe OCHOBHBIe CTajuM NeTpOreHesa (muareHes,
smurenes, MeramopdusM H T. 1.) BHICTYNAIOT KaK KOMILIEKCH Ipollec-
COB u sIBAeHMH (PU3UKO-XMMHUYECKOrO yPABHOBEMHBAHUS FOPHBIX TOPOL
B HOBHEIX YCJOBHSX CylleCTBOBaHHs, 060OLieHHHe AJafA HauboJsee Xa-
pPaKTepHBIX B reo/Ornyeckoil HCTOpUH CHTYaIHH.

3HaueHHe OCHOBHBIX CTaIuil meTporeHesa ocalOYHEIX NOPOJ C TOUKH
3peHHusl UX poJiu B (OPMHpPOBAHMH HEOZHOPOJHOCTH ¥ AHH3OTPONHOCTH
TOpPHBIX HOpOA H HX (U3HUECKHX CBONCTB CXEMAaTHYHO II0Ka3aHO
B Ta6.1. 9. Mu He GyneM CHelua]bHO paccMaTpuBaTh HayaJbHbE CTa-
auu obGpasoBannsl H HpeoOpas3oBAaHHS MAarMaTHYeCKux IOpoA, IIO-
CKOJIbKY 00Jbinasi yacTb KOHKPETHBIX NpHMepoB, H3yyaeMHX B JLaJib-
HeHILEM, OTHOCHTCS K OCAJOYHBIM MopogaM. PaccMoTpenne u3BepiKeH-
HbIX TOpoJ, Beimosnenxoe mo mnpocsGe aBropa C. II. Kopukosckum
(cm. Pan, 1968a, crp. 15), IPpHBOAHT B OCHOBHOM K TeM JKe BHIBOLAM.

Ve Ha craand GopMHPOBaHHS OCAAKOB HEOJHOPOLHOCTDb SIBJSETCS
HX XapakTepHOH uepToil, NpPHYEM JOBOJBLHO OTUETJHMBO IPOSIBJSETCS
HEOLHOPOJHOCTb pasHEIX ypoBHeHd. B cmay ocajounoin auddepenuna-
In¥ BelecTBa, ¢annanbHOU H3MEHUHMBOCTH YCJAOBHI OCAAKOHAKOIIE-
HHSI ¥ H3MEHEHHsI peXHMMa O0CaJKOHAKOIJIEHHs BO BpeMeHn (opMu-
pyercs HeogHopoxHocTh ypoBHe# 0 u I. OTHOCHTENBHO BHICOKOUACTOT-
Hasi CMeHa BO BpeMEHH peXXHUMa OCaAKOHAKOIIeHHs Hapsdy C BJIHSHHEM
CHJIBI TSI2KECTH TIPHBOAUT K (GOPMHPOBAHUIO CJIOHCTOCTH, YyacTo K uepe-
JIOBAHHMIO CJOEB PAa3HOTO COCTaBa M MOLIHOCTH. B 3TOM mposBasercs
HeogHoponHocTs yposHsi 1l. Ykaszannele Tunbl HEOJHOPOAHOCTH OYAYT
paccMOTpeHBl Ha KOHKpeTHHIX IpuMepax B § 8.

Magkpockonnueckue (JIYKTyauun YCJOBHH OCAAKOHAKOIJIEHHS H
CBOMCTB OCajKa BHYTpH TOH HJH HHOH (palud HE HCUEPTHIBAIOT BCEX
nposiBJeHHH HeoJHOpOAHOCTH ocagka. OxHa HW Ta Xe MOpoaa, Aaxe
MaKpOCKOIHYECKH OLHOPOAHAs, OKa3bIBaeTCsl HEOLHOPOAHOH NpH GoJee
LEeTaJbHOM, MHKPOCKONHYECKOM HCCJAeJ0BAHAY, YTO CBA3AHO C (QIYKTY-
alysIMu CKOPOCTEel B3BECEHECYIIMX NOTOKOB, HEOAHOPOLHOCTBIO IOCTY-
namolero B ceAMMeHTAUHOHHBIK Gaccefiy marepraja u T. I

[Tpouecc ocaikoHaKONJEHHsS 3aBepiuaercss GOPMEHPOBaHHEM Ha LHE
GacceliHa HEOLHOPOAHOH TOJIUM BelleCTBa, OTAE/bHBIE KOMIIOHEHTHI
KOTOPOrO HAXOAATCS B HEPABHOBECHOM COCTOSIHHM. 3a CUeT HCXOAHBIX
HEpABHOBECHBIX KOMIIOHEHTOB Ocajka 06pa3yloTCsi YCTOHUHMBBIE B HO-
BBHIX YCJOBHMSIX ayTHTeHHHE€ MHHEpAJbl ¥ IIPOUCXOLHT XHMHYecKas Lud-
dbepenunanus BemecTBa. B pesyabTare «...paBHOMepHOe pacnpefee-
Hue ayTHTEeHHHIX MHUHEpPA/IOB INOCTENIeHHO CMEHsIeTCs Pe3KO BhIpameH-
HbHIM HepaBHOMEDHBIM, BO3HAKAIOT HeONpeleJqeHHBIX OYepTaHMi ISTHA,
JHH3bl, KOHKpelnH, naactToobpasueie crsixenus u . A.» (Crpaxos, 1960,
T. 1, cTp. 80). Takum o6pasoM, NOSABAAIOTCS HOBBIE 3JEMEHTHE HEOTHO-
POAHOCTH, OTCYTCTBOBABIIKE B «CBeXeM» ocalke. B mesom B pesyib-
TaTe NpPOLECCOB [uareHe3a Macca BellecTBA OCTAETCs NpPenMYINECT-
BeHHO pHIXJOI. YHacJAeJAOBAHHOCTh PAa3BUTHS HEOAHOPOLHOCTH IIpH
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Ta6aunua 9

Poab cranuil nerporenesa B popmuposanuy dGusnuecknx CBOACTB NOPOX B MacCuBe

Craxuu neTporeHesa

OcuoBHble mpouectul

Po1b RauHod cTagHH B ¢GOPMHPO-
BaHHMH (bH3MUeCKHUX CBOHCTB mOpOI

Ocagxonakoniesne

Huareues

dnurenes

Iacnokanun u nuHa-
MoMeTavMophuv

Pergonanabunil ve-
TaMop U3V

Konraxrosuifi mera-
MOpP®HHU3M H THIPOTED-
MaJsibHas nepepaboTha

Pa3arpyska

BrigeTpuBanue

HuxenepHas f1es
TENBHEOCTL YenAopexa
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®opMupoBaNHe COCTaBa H
MOILHOCTH CJOEB, TEKCTYpHI
U CTPYKTYDPH

YacTHYyHOE H3MeHEHHe CO-
CTaBa, YMHJIOTHEHHE, [OTEpd
BJIAXHOCTH, YACTHUHASA JUTH-
(bm(auusx, H3MeHellne MOIIHO-
CTeH CJI0€eB

Jlanbueiiuiee u3MeHeHue Co-
CTaBa M VOLIHOCTH CJIOEB,
moMHass JuTHOUKANUsd, BO3-
HHKHOBEHHe CBOeOOPa3HbIX
CTPYKTYP pacTBOpPeHHA

Ckaagkoo6pasosanue Pas-
puBbl. O6pa3osanue TeKTO-
HUYEeCKOH  TPELIMHOBATOCTH,
pacciaHueBaHne

VYnnoTHenue H3sMenernue
BelleCTBEHHOTO cocrapa,
CTPYKTYPBI H TEKCTYPEI

H3meHenne BemecTBEHHO-
r0 €OCTaBa, HHOrAA CTPYKTy-
DBl B TEKCTYDHI

PasnBuraune GJ0KOB IoO-
POBL, Pa3jlejieHHHX Tpelliy-
Hamu, CHsiTHE eCTeCTBEHHOro
HanpaKeHHs Boamoxuno
thopMUPOBaHHE HOBBIX Tpe-
UIUH

H3MeneHne cocTaBa H Beex
coficts  moponbl  O6b1uno
paspylieHHe CTPYKTVPHBIX
cBa3ei

LlemeH1auus, apobaeune,
BRHICYIIMRARME, OOROMHeRUeE,
3aMOpaXKupanie, OTTAUBAHNE

BosnukHoBeRHE nepBUUHOM

HEOJTHOPOAHOCTH U  AHH30-
TPOTNHOCTH
YMeHbllieHPe  MOPHCTOCTH,

VIJIOTHEHHE M CIOpajgHyYecKas
autubHKanus TlepBuunoe
pacTpecKHBaHHe

VYvenblienye CTEleHU Heod-
HOpoawocTn uopox. Popmu-
POBanue «CKaJbHEX» HOPOA
C BBICOKOH HUPOYHOCTBIO

Tubdepenunanns u yenox-
Hetide HOpM 3ajeranus

Peskoe yBenuuensne weon-
HODOXHOCTH M H3MeHEHHE Xa-
pakTepa auH30TPOHHH (BTO-
pUYHAY * HeQMHOPOJZHOCTL U
aHH30TPOMHOCTD)

VYMeHblIeHHe CTENeHH HeOx-
HOPOJAHOCTH. Vi3MeHemue xa-
paxkTepa anH30TPONHOCTH

Bo3nuruosenne soKaabHEIX
30H C pe3Ko aHOMAaJbHEIMHU
(Gu3MUeCKHMH CBOHCTBaMHu

®opmypoBaiine u paspac-
TaHHe OT JHeBHOH moBEpXHO-
CTH B rAyOGHHY 30HBl MOBH-
LIEHHOH CXUMAaeMOCTH M Npo-
HUILAEMOCTH

dopmuuposaune u paspac-
TaEMe 0T 7THeBHOl MOBEPXHO-
CTH 30HBI DAa3pyUEHHbIX I0-
pox IlpomuinaeMocTs cnepsa

BO3DACTALT, 3aTéM mnNapgaer
IToxkasaresnn NpOYHOCTHHIX H
nedOpMalHOnHEIX CBOICTB
CHUKATCS

Llenenanpap/ierioe UM 10-
004Hoe  waMeneHUMe MOBHX
croficTs mopon



JAuareHe3e Hanbo.1ee SPKO NPOSBJAETCS B pasjHuMy CTelleHH U Xapak-
Tepa W3MeHeHHUH NePBIYHO HEOAWHAKOBBIX 10 COCTABY OCajiKOB: Kapbo-
HaTHBIE W KPeMHHCTBle OCalKH OKaMeHeBaloT, IVIMHHE VIWIOTHSIOTCS, HO
COXPAHSIIOT MJIACTHYHOCTb, MEeCKh CYIIeCTBEHHO He H3MEHSIIOTCS.

B orauune OoT AuareHesa OcHOBHBIME (aKTOpaMu >HHTeHeTHuec-
KHX IIPOLECCOB SIBJSIIOTCS COBEPLICHHO HOBHE TePMOAMHAMHYECKUE I C-
JIOBHSI CYLECTBOBAHHS TOPHLIX NMOPOMA, B TOM YHC/e JABJEHUE BhIIEIe-
XKallux TOJLL H TeMmneparypa. B pesyabTare CJI0XKHBIX (DPH3HKO-XHMII-
YyecKHUX IpoueccoB, ray6oko usyueHHelx A. B. Komeruosnuem (1965 i
paHee), IPOUCXOAHT NOJAHas NePeCTPOHKA CTPYKTYPHI HOPOABLI H CIIOLI-
Hoe OKaMeHeHHe. HecMoTps Ha 37O, OTUETVIHBO NpOC/eXKHBAETCS ) HAC-
JIeJIOBAHHOCTb B PAa3BHTHH HeOAHOPOZHOCTH. Jlaxe B oAHOM H TOM
e paspesde MOPOABl PasJHYHOIO COCTaBa INEPEXOASIT OT AuareHesa
K 3MUTeHe3) B pa3Hoe Bpems. PaHbllle BCero snureHeTHyeckue Npeot-
pasoBaHus HAuUHHAIOTCA B KapOoHaTax, 3aTeM B IIWHAX U JHWIUbL NOcIe
storo B mneckax. [Ipm 3TOM mHecyaHO-a/eBpHTOBHIe NMOPOABI Npeobpa-
3YIOTCA MpH 3MHTeHe3e 3HAUNITEAbHO CHJbHEE, UeéM [JIUHHCThle U Kap-
6oHaTHble, 4TO OOBSICHSETCA Pe3KMMH pPas3JHYHsIMH B LABJICHHSAX HA
KOHTAKTaX 3epeH 7 Ha CBOGOAHBIX NoBepxHOCTAX. [Ipemcrapjenne 06
uafupaTeJbHOM XapakTepe 3MHreHe3a N03BOJAeT NMOAOHTH K OGbsiCHe-
HHIO TIeHe3Hca TAKHX <CTPaHHBIX» TOJI, KAK BepxXHeMeJoBO#H Quniu
Hosopoccuiickoro nporna, rAe KBapl-IJIAyKOHHTOBBIE IIeCYaHHKH,
uMeromue npouHocts orT 1600 mo 3280 xrc/cm?, mepecaamBaloTCs
¢ nigacTHyHbIMI raupHaMmu (gadssle C. JI. AdanacveBa u U. B. Bopy-
Kaera).

B 1enom npoueccel IyGHHHOTO 3MHTeHe3a, NPOTEKAWOIHe B <IIO-
YTH 3aKPBITOI» CHCTEME BONA—TNOpOJa, BCE Ke HECKOJbKO CHHKAIOT
cTerneHb HEOAHOPOAHOCTH ropHbIX nopod. OAHAKO npoueccs! perpecclis-
HOTO 3m1HreHesa, o0yc/a0B1eHHble GOJBIUEH NOABHKHOCTBIO MOIA3EMHbIX
BOJ, PE3KO HapyllaloT 3Ty KapTHHY, NPHBOAS K KaOJHHH3aLHUH, Kap-
GoHaTH3aUIN 11 YaCTHUYHOM) PACTBOPEHHIO C BO3HWKHOBEHHEM BTOpPHU-
HOiT NOPHCTOCTI

BaxHo, 4yTO mpoleccs ABareHesa, SNHTeHe3a H PerdoHaJNbHOrO Me-
tTaMopduama (cM. HMXKe) NPOTEKAOT B 3HAUHTENbHOH Mepe NMOL JIel-
CTBHEM LABJEHNS BHIUeJeXKAMHUX TONIL. BeaencrBre 3T0ro Bo3HHUKAET
cBoeobpasHasl BepTHKaJbHasl 30HAJbHOCTL CBONCTB nopof (noxpofHee
paccmarpuBaetcsi B § 9).

CoBeplueHHO HOBbie (OPMBI HEOJHOPOJHOCTH W AHM3OTPOINHOCTI
06pa3yloTcs B xOLe TEKTOHHYecKHX Aedopmanni. XapaxTepHoH Oco-
GeHHOCTbIO TEKTOHIUECKHX AedopMaluil SIBJAACTCS UX HepaBHOMEpHOe
pacnpelejense B IPOCTPAHCTBE. DTa HEPABHOMEPHOCTb MJIsI CK.AANO0K
(cobcTBeHHO AedopMalnH B MeXaHHYECKOM CMbIc/ie) H pa3puiBos (pas-
PylleHHe B MexaHHUeCKOM CMBIC/I€) HMeeT pasHyio npupoay. Hepas-
HOMEpPHOCTb HpPOCTPAHCTBEHHOIO paclpeleseHns cKaaguyatocTi obyc-
JOoBJeya Mpexe BCero HeOTHOPOAHOCTbIO CTPOCHUS 3eMHON KOpHI, He-
OZHOPOAHOCTbLIO TeKTOHNUeCKHX NoJjed nanpsaxeuns ([laniokos, 1959)
H pa3nanyusiMu B cBolficTBax JedopMupyeMbix nopoa. MueiMu cioBam,
HepaBHOMEPHOCTb MPOCTPAHCTBEHHOrO pacnpeaesaenHs CKJAaATaTOCTH
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3aBHCHT OT reo.ornyeckux npuymH. Uto xKe Kacaercs DaspblBOB, TO
HepaBHOMEPHOCTb HX INPOCTPAHCTBEHHOrO pacnpefeseHHs onpelrenad-
eTcsl, KpoOMe TOro, 1 B MepPBYIO OYepelb HeOAHOPOLHOCTbIO CaMoro Mpo-
mecca paspyiteHus. HeomHopoAHOCTE paspylieHHs, BbIpaxalromascs
B ero JokanpbHoM xapaktepe (®puaman, 1956), OpHBOIHT K OHCKpeT-
HOMY paclpele/ieHHI0 B MacCHBe TOPHBIX HOPOJA Pas3pblBOB H TPELIHH.
[1pun 2TOM pacmpeseneHne 30H paspyIIeHHs Naxe B OLHOPOAHOI cpefne
OKa3sniBaeTcss HeoAHOopoAubiM. CllefoBaTe/NbHO, Pa3pPLIBRl M TPeLIHHH
BHOCAT B MACCHB AOMOJHHTENbHYIO HEONHODONHOCTbL MBOAKHM obpa-
30M: a) caMHM (DaKTOM CBOEro cyluecTBoBaHusi, 0) €BOHUM HepaBHO-
MEpPHBIM pacnpejejeHHeM B HPOCTPAHCTBE.

W3buparenbHBlli XxapakTep TEKTOHHUeCKHX nedopMauuii, KOTOPHH
MOXHO paccMmarpHBaThb Kak cBOeoODa3HYI0 yHac/JeJO0BAaHHOCTb, NPOSB-
JsieTcA B clenH(HUYeCKOd B3aHMOCBA3H TEKTOHHYECKHX (OpPM C cocTa-
BOM M cTpoenneM AedopMHPYEMBIX MAacCHBOB. IJTOT BOODOC 0O6CYX-
Jajics MHOTHMH [e0JioraMH B paboTax ONHCATEJbHOTO, 3KCHepUMeH-
TaJbHOI0 H TEOPETHUYECKOro Xapakrepa H GyJerT HIIAIOCTPHPOBAH KOH-
KpeTHHIMH npuMepaMmH B § 8.

Taxkum o6pa3oM, TEeKTOHHYECKHE NHCAOKAUUH OPeACTaBJAAIT cobod
HapsLy CO CJAOHCTOCTbI0 BTOPOH BaXHeHmuill ¢axkrop, obycaoBaAHBAIO-
IHH MaKpOHEOAHOPOAHOCTh FOPHEX MOpox. B xome TeKTOHHUeCKHX xe-
thopMauuil BaxKHEIe U3MeHEHHA NpeTepNeBaeT MUKPOCTPYKTYpa MOPOL.
STH H3MEHEeHHSA OTYET/AHBO MPOCJAEXKHBAIOTCH Ha ABYX YPOBHSX: MHKPO-
CKOMHYECKOM — HeoJHOpoaHOCTE ypoBHA III (Bo3HHKHOBEHHE CTPYKTY]D
IuddpepeHUnanbHOTO CKONMBXKeHHA, onmucaHHuix A. B. KonennoBuuem
u Y. M. CumaHOBHYEM, Pa3BUTHE MHKPOTPELIMHOBATOCTH) M CyGMHUKPO-
CKOTHYECKOM — HeOJHOPOAHOCTb ypoBHA IV (reHepamus, nepeMeluesie
1 HakoOINJIeHHe JHCAOKAlUH B KPHCTaJnax, GOpMUPOBAHHE 3apojniliel
MUKpoTpeminH). B pesyabrare 3THX OmpoueccoB paxe HePBOHAYAJBHO
OJHOpOAHAaA nopoaa crana Gul HeogHoponHoH. [IpeoGpasoBanne MHKDO-
HEOZHOPOAHOCTH B XOJ€ TEKTOHUYECKIX MHCAOKAUUIl TECHO CBA3aHO
C ABJEHHAMH MeTaMopQHaMa.

[Tpoueccer pernoHanbpHOrO MeTaMopgi3Ma, NPOTEKAKOMIHE AMHTE -
HOe BPeMsl B IIOCTOSIHHBIX YCJOBHSX, B LeJOM MPHBOAAT K BBIPABHHBA-
HUIO CBOICTB mopox B Goapminx obbemax. Hanpumep, tosua nepecaan-
BAIOIMHXCH KBAPUHUTOB M KPHCTAJJHUECKHX CJIAHIieB, HECOMHEHHO, OLHO-
pOIHEe TONINW NEPecJanBAIOMIMXCH TJIMH ¥ necyaHuxoB. ONHaKO 3TH
PONECChl, KaK W IPOHeccH IMyOHHHOrO 3NHreses3a, HOCAT H36HpaTelb-
ubifi xapaxkrtep. Tak, Puxn (Reed, 1962) na npuMepe By/JqKaHOTeHHO-
ocagounbix toqau HoBoit 3emaHanu [okasajd, yTO NPH PErHOHAJAbHOM
MeTaMop(H3Me cTerneHb H3MEHEHHOCTH MaKpOCTPYKTYPH IOPOA VGbI-
BaeT OT BY/JKaHHUYeCKHX apTH/JIHTOB K OCAZOYHBIM APrH/JIHTaM, Ipay-
BaKKaM H samMaMm. [lo cTemeHu mnpeoGpa3oBaHHH coOCTaBa MMOPOIB!
BLICTPAHBAIOTCS B APYyrofl pal: ByJKaHOI'€HHble aprH/JATHL, IUIMB H PO-
TOBHKH, apIHJIJINTHL, JABH N rpayBakkd. Tak xe H3BHpaTeNbHO pAa3BH-
BaOTCA B NOPOJAX H CKJIAAKH BoJoueHus. [IpocnexnBanne xapakrepa
113MeHEHHOCTH MOPOJA OT 30HHI HE3HAUHTE/JbHOr0 MeraMopdu3Ma B pail-
oHe BeasnuHITOHA K 30He KpPHCTANJIHUYeCKuX C.1aHueB Qraro nokasbipaer,
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YTO CTeneHb M30MPAaTEeJbHOCTH DErHOHAJbHOro MeraMmopdusma nagaeT
€ POCTOM ero HHTEHCHBHOCTH.

H36uparebHOCTE perHoHadbHOrO0 MetaMopduU3Ma HA TIpuMepe Q-
weBnXx ornoxennit Hypatunckoro xpera 6miia mokasana A. A. Apy-
cramoBHM (1952), 0TMeTHBIINM, UTO H3MEHEHHA aPTH/IHTOB HHTEHCHB-
Hee H3MEeHEHH aJeBPONUTOB, MpUUeM MeTaMopPH3auUf MOCAeLHHX
BHIpaXKaeTCA IVIaBHHIM 00PAa30M B H3MEHeHHH X MMIMHHCTOH COCTaBJAN-
mef. A. TI. Peodunora (1952), nsyuasmas BausAHHe MeraMopduama
Ha TOPHCTOCTb YIJIEHOCHHX HOpoA cpepnero xapOoHa omnGacca, mpi-
mJa XK BEBOALY, YTO, HECMOTPA Ha ofluee yMeHbllleHHE NOPUCTOCTH, «Me-
TaMop(pU3M He 3aTyuieBnBaeT nuddepennnanun 100 MOPHUCTOCTH, 00-
yCJIOBJAEHHOH NepBHYHHIMH (dakTopamu, a B psiie ClyyaeB Aaxe MOI-
YEepKHBAET ee».

CyllecTBEHHO HHYIO POJib B PACCMATPHBAEMOM aclekTe HrpaioT Jo-
KaJIbHBE IpolecCH MeTaMop¢usma (KOHTaKTOBHI, rHIPOTePMAJIbHEIT),
KOTOphle NPHBOAAT K (OPMMPOBAHMIO B MacCHBax FOPHHX HOPOA JO-
KaJ/IbHBIX 30H CH/JIbHO U3MEHEHHHBIX NOPOJ, CBOHCTBA KOTOPHX 3a4acTylo
HHYEM He HaNOMHHAIOT 'MATEPHHCKYIO HOPOLY. DTH HPOUECCH HOCHAT H3-
OupaTe/NbHHIl XapakTep, TaK YTO 30HH JOKAaJBLHOrO MeTaMopdH3Ma
BHYTpeHHe Tak:Ke HeomaHopoZHH. Tak, Y. A. Keusun (1956) ormeuaer,
uTO THAPOTEpPMAaJbHBle N3MEHEHHA H3BECTHAKOB 3aTYXaroT BOJM3H KOH-
TAKTOB C TVIMHHCTHIMH TpociofamMH. A. A. ApycTaMoB B HHTHPOBaHHOH
paboTe ykasbBaeT, UYTO B OPOTHBOMOJIOMXKHOCTb HPOLECCAM PErHoHaJb-
Horo MeraMopH3Ma NOpH KOHTAKTOBOM MeTaMoppH3Me HauGOMBILIHE
H3MEHEHHNA NpeTepreBarT aJCBPOJHTHI H MECUaHHKH, HaUMEHbIUHE —
¢aaHipl, 4To0 0GbACHAETCA G0MbIell MPOHHAIIAEMOCTBIO NEPBEIX IR THI-
pPOTEpPMAaJLHEIX PACTBOPOB.

B xome mpomeccoB meTporeHe3a BaXKHYIO pOJib HUTrpaiOT MeracoMma-
THYECKHe Apouecchl. KOHEUHBIM NpPOAYKTOM METacoMaTo3da MOJKHEI
OHTH MOHOMHHepa/bHEe HOPOAH, T. €. 3TOT Nponecc, kasajgoch Obl,
JOJMKEH OPUBOAHTH K YMEHDUIEHHI) HEeOAHOPONHOCTH TOPHEIX HOPOX.
Omnako B AefiCTBHTENIBHOCTH B PAa3HEIX TOUKAX NPOCTPAHCTBA MPOIECT
IOCTHTaeT DPAa3HBIX CTAAUH H BO3HHKAaeT MeTacoMaTHueckafd 30HaJb-
Hocte (Kopxunckuii, 1953). ITomumo 3Toro, cyuectsyer psaa (akro-
POB, BEISHLIBAIOIIHX OTKJOHEHHS MPONUECCOB MeTacoMaTo3a OT Healb-
HOI CXeMH M HPHBCARIUX K BOSHHKHOBEHHIO HOBOH M mpeoGpa3oBaHUIO
cywmecTByomell deoaHopoaHocTd. K uncay takux ¢axkTopoB OTHOCATCA
(Kopxuuckuu, 1953, Cokonos, 1962): 1) u3MeHenHe TeMOepaTypH H
JdaBJieHHA PacT:opa MO HAINPAaBJEHHUIO ero JABHKEHHS, IPUBOAAIIEE K U3-
MeHeHHI0 HHTEHCHBHOCTH H XapakTepa MeTacOMaTHUeCKHX TPOLeCCOB;
2) HepaBHOMEDHOCTb paclpele/eHHs B NPOCTPAHCTBE HOP H TpELHH,
00yc/I0B/INBaOAA HEPABHOMEDHYIO IPOHHIAEMOCTb HOPOM; 3) JOKAJb-
Has M3MEHUHBOCTb PaCTBOPHMMOCTH MOpPOM, CBSI3aHHAA C pasMepoM ua-
CTUll, HAJNUHEM XHUMHUeCKH aXKTHBHBIX HpHMeced, pasHHLell naBjieHHUN
B pas3/IMUHLIX TOUKAaX NOPOIH, OPHEHTHPOBKOH TIpaHefl KPHCTA/JIOB;
4) ¢unbTpanuounui adpoekt B pactBopax (Kopxkuuckuii, 1947), Bh-
paxaromuiicA B OTCTaBaHHH PAacTBOPEHHOro BeIECTBA OT PAacTBOPH-
Tesas OpH QUAbTPauuu B ¢ab0 OPoHUIaeMOH Ccpexe.
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C mocieauuMu TpeMsl (paKTOPaMH CBf3aubl ABJEHHS yHacjaeAO0BaH-
HOCTH B IpolleccaXx pPacTBOPEHHS, KPHCTAJIH3alHH, MeTacoMaTosa.
Tak, MOCKOJAbKY KPYNHBIE KPHCTA/JIB PACTBOPSIOTCA XYXKe MENKHX, TO
B OXHO ¥ TO Xe BPeMS MOXKeT MPOHCXOAHTb POCT KPYIHLIX KPHCTA/NI0B
3a cuer pacrBopennst Menkux (Kopxkunckuit, 1953), ycyry6asiowmni
paHee CYH{ECTBOBABLIYI0 HEOAHODOAHOCTb HX PasmepoB. Pu/ibTpanuoH-
4Bl 3 dexT, NPOAB/ISAOIMHACA TEM JAYUllle, YeM MeHbIe TPOHHIAeMOCTb
CpeAnl, ycyry6uasieT NePBHUHYI0 HEOZHOPOAHOCTL B pacmpelesieHud nop,
«TaK Kak Y3KHe NOpbl OTJAOXKEHHEM BewlectBa OyAyT eme Gojee Cy-
AaTbCsl, a PacTBOPEHHe BellecTBA B IPyOONOPHCTBIX yuacTKax IpuBe-
Jer K ellle GoablieMy paciuupennio sgech mop» (Kopxuuckufi, 1947,
ctp. 47).

BaxHelimy0 poapb A15 HHKEHEPHON e0JOTHH HTPaeT HEOAHOPOIL-
HOCTh, (OpPMHpYyIOIIAsics B MAaccHBaX FOPHBEIX NOPOX B XO0X€ NMPOLECCOB
runepresesa. JTd ABJAeHHA OyAyT NoAPoGHO paccMorperbi B § 10 Ha
KOHKDETHHIX HPHMEpAX.

Ha ocHoBaHMH H3/10:XKEHHOIO MOXKHO CHOPMYJIHPOBATH CAEIVIONIHE
3aKOHOMEPHOCTH Pa3BHTHS H NPe06pPa3sOBaHHA HEOIHODOAHOCTH OPHBIX
nopoJ BO BpeMeHH H NPOCTPAHCTBE.

A. Bpemennrie 3akoHOMepHOCTH

1. B xoie reosoru4eckofl HCTOPUH Ha Pa3HbIX 3Talax IeTPoreHesa
MEHAETCA reoJiornyeckKas nmpupoia HEOAHOPOAHOCTH. an‘MEPOM MOTYyT
CIYXKHTb DAsJHuUHf B NPHPoAe (HHIBTPALHOHHOI HEOZHOPOZHOCTH Ue-
PEIYIOIIHXCsT NMEeCKOB H IVIHH, C OJXHOH CTOPOHBI, H TPEIIHHOBATHIX Iec-
4aHHKOB U CJAHIEB, C APYroil.

2. CreneHp J0KaJbHOH HEOAHOPOAHOCTH FOPHEIX NMOPOJ HE OCTAETCS
IOCTOSIHHOH M B Npejie]ax KaxKAoro aTama NeTporeHesa 3aBHCHT OT
CTelleHH PapMOHHH, JOCTHTHYTOH K TaHHOMY MOMEHTY BpPeMEHH MEXKAY
NOPOION H YCIAOBHAMH €€ CYIIECTBOBAHHA. DTO YTBEPXKACHHE BHITEKAET
ViKe H3 OIpeje/ieHusl NPOLECcCOB [ETPOreHe3a Kak IPOLECCOB YPaBHO-
BeIIMBAHHA M B CYIUHOCTH SBJSMETCH BbIpaxKeHueM BTOPOr0 Hauajia
TepMoAuHaMukH. CKasaHHBIM OOBACHACTCH, B YACTHOCTH, OTHOCHTEJBHO
BLICOKAs] HEOJHOPOIHOCTb CKAJbHHWX MOPOL, BEIBEAEHHEIX B 30HY [H-
neprexesa.

3. lns pasBUTHA HEOMHOPOAHOCTH XapaKTepHbl SIBJeHHS H3GHpa-
TE€JMBbHOCTH HJIH, YTO TO XKe, YHACACLOBAHHOCTH, X0poLIO 3HAKOMEIE TEO-
JoraM H HEeOJHOKDAaTHO H3yuyaBIIHecs NPHUMEHHTEJNBHO K IpoleccaM
3THTeHEe3a, MeTaMop(pU3Ma H BbIBETPHBAHHA, YHACAEIOBAHHOCThL B pas-
BHTHH HEOZHOPOIHOCTH CTO/Ib CHJABHA, UTG B PAAE CaAy4aeB ypaercs Ipo-
CNEIUTL CeIHMEHTAIIHOHHEIE CTPYKTYPhI Aaxe B rayGoKo MeTaMopohu-
30BAHHBIX TOJIIAX.

b. IIpocrpaHcTBeHHBIe 3AKOHOMEDPHOCTH

Yro6bl BHIAICHHTL OCHOBHLIE TPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH
pacnpeje/eHHs CBOHCTB FOPHEIX MOPOJ B MAaccHBE, pas3iennM IPONECCH
neTporeHesa Ha TPu rpynnei: 1) mponecchi o6pasoBauns u npeo6paso-
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BaHusl OOPOJ, CBA3aHHbIe C IeHCTBHEM reodu3yuecKux moJefl u, B Oep-
BYIO ouepellb CHJIbl THAXKECTH, H NPHBOAAMIHE K BEPTHKAJbHOH 30HAIb-
HOCTH CBOKCTB MOpPOA; 2) mpoiecchl, GOPMHPYIOLIHEe HEOZHOPONHOCTDb
CBOHCTB TIOPOA B FOPH3OHTAILHOM HANOpPaBJeHHH U CBS3aHHBIE C Oca-
nouHol auddepeHuuanueil u ¢aunnanbHOH H3MEHYHBOCTBIO; 3) Hano-
JXKeHHble OPOLECCH, CBA3aHHble B OONBIIHHCTBE C/yuaes C HeflcTBHEM
60.1ee UIu MeHee YeTKO JI0KaAU30BAHHBIX B NPOCTPAHCTBE «HCTOYHUKOB
BO3MYMieHUl» (IHEBHAf NOBEPXHOCTb, KOHTAKTHl HHTPY3HI C BMemaio-
WyMH DOPOIAMY 1 T. II.).

Kaxnana us BblueqeHHEIX IPYOO MOpoumeccoB obganaer chnenuduue-
CKOU CHMMeTpHeH. DTO OOCTOATENbCTBO HMeeT (PyHIAMeHTA/IbHOE 3Hd-
ueHHe IJIs JadbHeluwuX HOCTpoeHuil. Paccmorpum ero noapo6buee. B oc-
HOBY aHa/in3a MNOJOXKUM TakK HasbiBaeMmbill npuduun Ilbepa Kiopi,
KOTODPBIH IMACUT: «KOT[a HeCKOJBbKO Pas3/IHUHBIX ABJACHUN HPUPOAH Ha-
KIaaplBalOTCA APYr Ha apyra, o6pasys OQHY CHCTEMY, JHCHMMeTpuy
HX CKJaxbBaloTcA. B pedyabrare OCTAlOTCA Julib Te 3JEMEHTBI CHM-
MeTpHuH, KOTOPble ABJAKTCH OOGMUMH AJ8 KaXIOro ABJIECHHA, B3ATOrO
otgenabuoy (Illy6ruxos, 1956).

B coorsercTBUE C 3TUM DPUHHHOOM Tpouecch, 00yCIOBAEHHbIE Hell-
CTBHEM CuJ/Bl TAXecTd, (OPMUPYIOT BepTHKAJAbHYI0O 30HAJBHOCTbL
CBOIICTB TOPHBIX MOpol, ob/najgalomylo cHMMeTpuedl Komyca: L*¥*oop

(IlTadpanoseckuii, 1968). B reosornueckux npHNOKeHHWAX CHMMeETpPHUA
Loop urpaer ocoByw poJb eme H MNOTOMY, UTO B HOPMAaJbHOM pas-
pese rOpHBIX NOPOA [O BepPTHKAJH MeHseTCs Te0JIorH4ecKHil BO3pacT,

TaKXKe CYIECTBeHHO BJHSIOIHE Ha cBoficTBa mopod. BeprukanbHoe us-
MepeHHEe MOPOCTPAHCTBA SIB.JIAETCA B re0JOrHH BMECTe C TeM u Mepou
re0,10THYecKOro BpeMeHy, OTJAHYasnch OT MOCAeqHero MacmraboM H TOY-
Kol Hauaja orcuera. Takum o6pa3oMm, NPH M3YUEHUH pe3yabTaToB geil-
CTBYUSA MPOUECCOB NEePBOH IPYIMNEl MOXHO OTPAHHUUTLCH H3YYEHHEM H3-
MEHUYHBOCTH CBOHCTB HOPOJ B BEPTHKAJbHOM HampaBJeHHU.

Bropas rpynna npoueccoB cBfA3aHa ¢ ocamouHoll AudpepeHunannen
BeliecTBa MpU ero MOCTYNAaTeAbHOM [BHXKEHHH B I'OPH30HTAaJbHOM Ha-
npas/iennn. ClegoBatelbHo, GOPMHEDYIOLIAsc B XOLe 3THX MPOIECCOB
HeomHOponHOCTh Oymer oGaazate cumMerpHeli p (ladpanosckuu.
1968). T1pu aTom NpenmoJsaraercsi, 4TO HampaBJeHHe MOCTYNATEIbHOIO
IABuzKeHHs QUKCHpOBaHO. B aToM ciyuae H3MeHYHBOCTbH CBOHCTB MOPO1
OyaeT mpocaeKuBaTbcs COOTBETCTBEHHO MO BEPTHKAJaH U B HaNpan.de-
HHH NepeHoCa BEelecTBa.

CuMMeTpHA 1U3MEHYHBOCTH CBOKHCTB MOPOJ, BO3HUKAIOmWEH MOX ael-
CTBHEM OPOIECCOB TPeTheH rpynnnl, onpene/seTca XapakTepoM H Opil-
€HTHPOBKOH J0Kalu30BaHHBIX «UCTOYHHKOB BO3MYyweHui». IIpocren-
el ¥ BMeCTe C TeM HMeIOuied reoJOrHuecKHfl CMBICJA CXeMOH HCTOY-
HUKA OymeT NOCKUI HCTOUHHK, OPHEHTHPOBKA KOTOPOrO B IPOCTPAHCTBE

* Tloa aucuMMeTpHell 37eCh NOHHMMAETCs COBOKYMHOCTh OTCYTCTBYIOMHX Y SIBIe-
HHUA 3TeMEHTOB CHMMeTpUH
** B 370w pasiete 6ykBou L o6o3HauaeTcs CHMMETPUSA
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MoxeT ObiTh pasanunoil. [lose cBofictB mopox, cdopmMuposaHHOe
00 AeHCTBHEM IJIOCKOr0 HCTOUHHKA, OYNET ONSTh MMeTh CHMMETDHUIO
KOHyca Leocop. EciaH yuHTHBaTH COBMeCTHGe [eHCTBHe TpaBHTALUH,
NOCTY[ATeIbHOrO JBHXKEeHHs MaTepHaJ/ia i ODOU3BOJIBHO OPHEHTHPOBaH-
HOTO TIJIOCKOT'0 HCTOYHHKA, Pe3yJbTHPYIOIAs CHMMeTPHS HOJs CBONCTBA
nopoapl okaxercs B o6mIeM ciaydae secbMa caoxuoil. HanGosee npo-
CTBIM YAacTHHM CJydyaeM sABJfETCA TOPH30HTAJbHAsi OPHEHTHPOBKA
IJJOCKOro HcTouHuKa. CHMMeTpHUsl NOJS TAaKOro HCTOYHHKA GyHeT COB-
nagartb (C TOYHOCTBIO 1O 3€PKaJbHOTO OTpPaxKeHusl) C CHMMeTpHel rpa-
BHTALUHOHHOIO NOJA. 3Ta CUTYalHsl XapaxkrepHa gjif H3MeHYHBOCTH
CBOHCTB MOpOA B 30He runepreHesa (BOAH3M FOPI3OHTAILHOH NOBEpX-
HOCTH 3eMaH).

s ynpomenns 3agaun 6yaeM H3y4aTb 0.5 CBOfICTB MOPOX, 06pa-

joBaBlluHecA N0 meficTBHeM NPOLECCOB KaXKAOH M3 TpexX Ipynd B OT-
aeapHocTtH. [1pn H3yueHHH nosed CBONCTB, OOYC/IOBJEHHBIX TPOLECCAMH
MepBOH I'PpyNMbl, 3TO He NpejcTaBaser TpyAHocTeil. [Ipun u3yuenun no-
Jel, 06ycnoBIeHHBIX TIpoleccaMy BTOPOH Ipynmel, GyaeM paccMaTpH-
BATb TOJINY TOPOJ OTHOCHTEJBHO HeBOJBINOIl MOMWHOCTH, CHOPMHPO-
BABLIYIOCS 32 OTHOCHTE/JBHO KOPOTKOe BpeMs, UTO II03BOJIHT H30eXaThb
HeoGXOAXMMOCTH yuera BepTHKAa/JbHOH u3MeHuusocti. [lone csoiicTB
Tako# Tosumy Gyder o6aagate cHMMerpHell Looop. B Tperbem cavuae
fyleM H3y4aTh NMOJA CBOHCTB, 0GYC/JAOBIEHHBIE OTHOCHTENBHO MEIKHMH
HCTOYHHKAMH BO3MyIUeHHH, MacTalbbel AeHCTBHA KOTOPBHIX MeHblle,
yeM MaclitaGei H3MeHYHBOCTH, BEI3BAHHOIN NPONeCCAMH NepPBBIX IBYX
IpVOIL.
?)co(ie}mocm CHMMETDPHH NoJiedl CBOIICTB NOPOJ NO3BOJSIOT TIPH pas-
JeJIbHOM H3y4ueHHH H3MeHUHBOCTH, CBA3AHHOH C mWpoueccaMH KaxI1ofi
I3 BhIJeJIEHHHIX T'PYNH, OrPAHUUNBATHCH HCCAeLOBAHHEM H3MEHUHBOCTH
NOpoJ B KakoM-an00 OXHOM HampabjeHHH. Peanmnsys mgasiee 3TOT HOX-
X0, MBI OygeM B f1ePBOM NPHOJHMKEHHH CUTATh, UYTO H3MEHUHBOCTDb
CBOACTB MOPOJA B HANPABJEHHAX, HOPMAJbHBIX K HCCIEAYEeMOMY, sIBJIA-
eTcsl CIyyaiHo#. ITO NO3BOMAET CYLIECTBEHHO YIPOCTHTH POPMaIbHbI
annapar, paccMaTtpuBas BMeCTO TpexMepHOro nodus L (x, y, 2) ogHOMep-
Hoe L (x).

OcHOBEIBasich HAa H3JI0KEHHBIX COOGpakeHHAX, DACCMOTPHM KOH-
KpeTHble NIpHMephi 3aKOHOMePHOCTeH pa3sBUTHA HeOJHOPOXHOCTH Trop-
HBIX Nopox B npoctpaHcree (§§ 7—10) u Bo spemenu (§ 11).

§ 7. Martemaruueckasi MOfieJib NMPOCTPAHCTBEHHOI
H3MEHYHBOCTH CBOMCTB nopoy, (MOAENL TPeHAa)

B stom n caepyomux naparpadax HacTOsmed rJasbl MBI COCDEIO-
TOYMM BHHMAaHNe Ha H3yUeHHH 3aKOHOMeDHOCTel, HPOAB/SIOUIHXCA
B Maclitabax oupegensioueii 06J4acTH COOpyiKeHul. MIHBIMU cloBaviu,
OymeM H3yyaTb H3MeHYHBOCTL CBOHCTB IOpOJ B MNpefenax MacCHBOB,
NONePeuHNK KOTOPLIX He MpeBHIIaeT HeCKOJbKHX KHIoMerpos. B oranu-
4yHe OT NpeAblAyIiell riasH, riae HCCIeLOBAJHCh JOKaJbHble pacmpene-
JeHHsl CBOIICTB IIOPOL B CBfI3W C H3MeHeHUeM pa3Mepa npol, 31eck
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Hac Gyzer uHTepecoBaTh 0606menHoe (cM. § 4) pacnpenenenue, a pas-
Mep npob 6yneM CUHTATh (PUKCHPOBAHHBIM.

Brime 6b110 moKa3axo, 4TO NPH H3Y4EHUH OCHOBHBIX 3aKOHOMEPHO-
CTell OPOCTPAHCTBEHHON M3MEHUHMBOCTH CBOHCTB MOpPOI MOXKHO, MOJb3Y-
fcb cO00paskeHNAMH CHMMETPHH, OTPAHHUHTBCA HCCie10BAHHEM OLHO-
Mepupix mojes L (x). Cucremy KOOpAHHAT HEOGX0QMMO BHIGHPATH 113
Fe0JIOrHYECKUX cOOOpaKeHHi, Kak OblIO yKa3aHo pauee.

Ha ocHoBauun mMaTepna/joB HHKEHEPHO-TEOJOrHUeCKUX H3LICKAHHIT
B o0mem cayuae 00 H3MEHEHHH CBOHcTB mopox L B mpocTpaHcTBe u3-
BECTHO TOJNIBKO TO, 4TO 3TO H3MEHEHHEe HMEeT HePeryJaspHHIN Xapakxrep.
Onnako B GOJLIIMHCTBE CAYdaeB MOXKHO CUuTATh, yto (GyHKHuaA L (x)
OrpaHHueHa, OfHO3HAuHAa U 00jafgaer JHIb KOHeUHLIM UHCJAOM KOHEU-
HHX pa3pbiBoB. Ilpnm srux ycmoBuax ¢YHKuHS L(x) npexcraBuMa
B BuJe PAga uiau Haterpaia dypee.

BCJIe,ELCTBHe JAHCKDETHOCTH (B noJaBafAOmIeM OGOJbIIUHCTBE cay-
4aeB) reQJOTHYECKHX HAGAIONEHUE OORIUHO €CTh CBeIeHHS O 3HAUEHUSAN
Oyukuun L (X) adllib B KOHEYHOM YHC/E TOYEK OMpOGOBAHHS: X1, X, - . .

.. Xy. I103TOMY B COOTBETCTBHH C H3BECTHOH B TeopuH HHPOPMAaLHH
TeopeMoil oTcueToB (reopemoii B. A. KoreabHukoBa) mMm 6yigem pac-
mojaratb cBeIeHHAMH O KonebaHuax L (x), HMEIOMIHX 4acTOTy

0 < oy (7.1)

Kone6auns ¢ yacTotaMu ® <1 OYIYT CAHBAThLCSA B IIYM.

BMecTe ¢ TeM KOHeWHOCTh PeasibHEIX NOC/AENOBaTeNbHOCTEN HAGJIO-
flequli OrPaHAUHBAET MOJIOCY YaCTOT CHH3Y BEJIUUKHOH
2
N< ?

0)2:=

roie N — oOmee uyncio HaOGAIOAEHHHA B NOCAENOBATENBHOCTH. TakKHM
o6pa3oM, Ml pacnosaraeM BO3MOXKHOCTHIO TIO pesyabrataM HAGJI0IE-
HUM, CAeJaHHEIX C MIAroM T, HCCIAeN0BaThb CTPYKTypy byukuuu L (x)
B IoJioce 4acToT

2n 2r
T

e <ol (7.2)

2n on
O xonebanusax L{x) c uzacroramu 0>5— K m<—1\7;— MOXHO 4TO-

Au6o npeanoqaararb, JUIIb IIPHBJACKAS HHQ)OpMaunlo, HE 3aBHCHMYK OT
HMeOLerocs psifa HabJ/ioneHn .

W3 Teopun cBA3H H3BECTHO (cM., Hanpumep, [upc, 1967), uto Kouu-
YecTBO HH(pOpMalluH, 0oJydaeMoll 0 pAny U3 N yaG/omeHui, caenan-
HBIX C L0AroM T, OPONOPUMOHAJLHO INHPHHE MOJQCH uactor (2), T. e.
NpONOPUHOHABHO I/1HHe pAfa HaOaoneHH .

TToCKOMBbKY OPH HHKEHEPHO-TEOJOTHYECKHX H3LICKAHHAX [JHHA DA-
JIoB HaGaogednit 0ObLIUHO HEBeaHKA (KaK MPaBHo, ne Goaece 20—30 Ha-
6imonennil MO KaxJOH CKBAaXKHHE), BO3MOXKHOCTH H3Y4eHHR TOHKOM
CTPYKTYPH ¢yHKuHE L (X) OKa3HBAI0OTCA OrpaHHdesHHMH. Bee yTBepK-
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JeHus, KOTOpble MBH MOXeM caenarth O (yukuun L (x) Ha oCHOBaHHH
JUCKPETHOro pAga HabJIoAeHHH, OTHOCATCS JHIIb K HHTEPBAJY YacToT
(2), npuuem, KaK M3BeCTHO M3 MaTeMATHUYECKOIl CTATHCTHKHU, HAHOOMb-
Ilero QOBepHA 3aCAY:KHMBAIOT BBIBOABIL, Kacamoomuecs Hanbo.iee HH3KO-
yacToTHol cocraBasiomell L (x).

YunThiBas M3Ji0¥KeHHBlE Bhillle cooOpaKeHust 0 CHMMETPHH, OpHeH-
THPYEM OChb X BIOJIb HampaBjieHUA HaHOoJee HU3KOYACTOTHOH H3MEHUM-
BoctH noas L(x, y, 2), T. e, HanpuMmep, MO HOPMAJH K MIOCKOCTH
«HCTOYHMKA BO3MYIUEHHH», K npeBHeH OeperoBOoH JJMHHMH Gaccefisa
ocajgKoOHAKOMIEHus ¥ T. 0. Torpa, eciy camas HU3Kas yactora kojeda-
auil gysxuuu L (x, y, 2) Booap ocefl y U z xoTa OBl Ha DOPANOK IIpe-
BHIIIAET YACTOTY KoJAeGaHWH BAOJAb OCH X, TO H3MEHUHUBOCTH BIOJIb
OCelf Yy ¥ 2 MPAKTHYECKH MOXKHO CUHTATh cayuahxoll. Bee pagm Hab.mio-
JAeHUuH, DoJyuYeHHble OPH PAa3JHYHBIX, HO (PUKCHPOBAHHEIX 3HAUCHUAX Y
H zZ, B 3TOM CJydyae OKasbBAalOTCA PABHOMPABHEIMHM, U 3a7a4Ya CBOIZUTCH
K U3YUEHHIO 3aBUCHUMOCTH L OT x¥ MO COBOKYNHOCTH 3THX DANOB Hab.lio-
JeHHH.

[Mockonbky ocuoBHOA MHTepec mpeAcTaB.asioT Haubo.ee HH3KOUAC-
TOTHBIE COCTABJAIOUINE H3MEHUMBOCTH L (X), MBl ODPUXOIUM K Cleayio-
Hieil MaTeMaTHUYeCKON MOIEIH Pe3yabTATOB HaGMI0IeHU:

L=g9(x)-2, (7.3)

rie 8 —cymMapsasa owmubka, 06ycI0BJAeHHasA CcAVYANHBIMU Ko.1eGaHu-
AMH L BHoJib OCell ¥ M z U HETOUHOCTBIO 3KCIEPHMEHTOB,;

¢ (¢) — GysKUHA, ONHUCHIBAIOmAA HEcJyualiHple H3MEHeHHs BeJH-
4YuHbl L BOOJMb OCH X.

[Mockosabky 0 Buae GYHKUHN @ (X) He CYIHECTBYET ANPUOPHHIX COOG-
paKEHWH, eCTeCTBEHHO BOCMOJB30BATbCA M5 HEe INOJHHOMHUAJBHLIM
IpeACTaBJeHHeM, KOTOpOe, KaK H3BECTHO, MO3BOJSIET CKOJIb YTOIHO
TOYHO ANNPOKCHMHPOBATH HENPEPHBHYIO GYHKIHIO JII000r0 BHA.

Hrak, 6ynem cudTaTh, YTO

o (X)y=a,t+ax+ ... +auxk (7.4)

Torga samaka o6paGoTKH HAGMIONEHUI .15 BHIABICHHS HHTEPECYIO-
HIIX Hac 3aKOHOMepHOcTeH CBOmMTCH HA MOAeIH K OUeHKe K03 duuil-
eHTOB dq, a4, ..., ax ¥ pucnepcun o2 omubru 6. [Tomaras pacnpemene-
Hile OWHGKY HOpMaabubpiM ¢ mapamerpamu (0, o%), OPHXOZUM K OOBIU-
HOH 3ajaue CriaxHMBauus HaGaoOAeHul, CYyTh KOTQPOH BKPATIE COCTOUT
B caexayiomem (cM., sanpumep, TyryGanus, 1968).

”~ ~ ~
Ouenku ao, ay, ..., Gr KO3PPUIUEHTOB dq, di, ..., Ap TOAHHOMA (4)
HIIYT B 3TOM CJay4Yae MO MeTONY HaMMEHBUIMX KBAaIPaToB, UCX0IS M3
TpeboBaHuA

N
2 (LL—EO ——Elxl— e —?zkxﬂ':min. (7.5)

1=
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”~
CneaosaTeano, OUEHKH Q. ABJAIOTCA pelIeHHEeM CHCTEeMBl ypaBHE-

-~
HHH, TUHEHHBIX OTHOCHTENBHO 44,
N

E (Ll“ao—ax— ce —akx?) x1=0, j==0, 1, ..., k& (7.6)

=1

Benanuuna

N - N - 2
b p— z (Ll-—ao—alxl“" PN _akxf) s (7‘7)

1=

—

HaswlBaeMasl Kaxymiefics OWHGKON, HMeeT pacnpejeneHne ¥2 ¢ UHCIOM
creneHen CBo6oab v=N —k —1, yMmHoxenHoe HA 0%, T e o%?

—k—1
D710 103BONSET YKa3aTh OUEHKY /s NHCIHEPCHH 02 OWHOKH &
D2 — M ~2+,2 2
MB=Ma%3_, =" 1y (7.8)
OTKy 1A CJAEAYeT BHIPaXKeHHe I/l HECMEMEHHOH OueHKH 02
32
2:-——
R vy (7.9)

Benuuuna o2 npeicrasasieT coGoll OpeHKy YCJAOBHOH gucmepcud L
npu HHKCHPOBaHHOM X, T € 0%(L|x=const) Dra Bennuuua unrepecua
KaKk B INPHKJAJHOM OTHOIIEGHHH (HAIpHMep, ONPenesasieT TOUHOCTh
ouenky ML npu (QHKCHPOBAHHOM u4uC/ie HaGMIONEHHH), TAK H HENo-
CPENCTBEHHO B paMkax 3ajaud Hacrosmef riaaBunl leficTBuTtenbuo,
OTHOUIeHYe Ge3yCA0BHOR IHCIepCHH 02l K yCTOBHOI, T € OTHOUIEHHE

278
F—_cQ (L]x = const) (7.10)
SIBJASIETCA B CYMHOCTH MePOH CHJB HHTEPEeCYIOmHUX HAC NMPOCTPAHCTBEH-
HEIX 3akoHoMepHocTen Bennuuna F umeer pacnpenenenne Quuiepa
C YHCTOM crenedeHn cBoGodgnl vi=N, vo=N—£k C1e10BaTeJbHO, MO-
XKHO CYUTaTh, UTO THHNOTEe3a Ho 0 HANNUMH 3aKOHOMEPHOH COCTaBJSIO-
mef Y3MEHUHBOCTH HE NPOTHBODEUHT (pakTaMm, ec’iH BeaHuHHa F Ipe-

BBILIAET COOTBETCTRYIOmee TaGIHIHOE IHAUCHHE
Bemiuusa, obparsaa (10), T e
a2 (LIX:C)
a2l ’

npencraB/fieT co00H OUEHKY OOJMH CAY4auHOH COCTaB 1s1i0meu OO0HIero
pasGpoca pe3yabTaToB HaOJ0OAeHAH IPH 3a1aHHON ANNPOKCHMAIHNH He-
cayuaiinofi cocrasasomeli OroBopka «npH 3amaHHON annpoKCHMAaUuHH»
HMeeT NMPHHUHOHAJbHOE 3HayeHHe Ge3yCJOBHO, pa3fe]HTh CAyJaliHylo
H HeCJyuaiHyi0 KOMIOHEHTH H3MEHUHBOCTH HEBO3MOXKHO

PaccmorpuM Bompoc o BH6ope creneHn £ nonusoma ¢(x) HHTYH-
THBHO SICHO, UTO YeM MeHblUe £, TeM GoJiee CTaTHCTHUECKH HANeXHBIMH
SABJAIOTCS Pe3yJbTATHl HcCAeq0Banus B paweM cayuae U norpeGHOCTH
NpakTHkil, H 3KCNePHMEeHTA/JbHble BO3MOXKHOCTH IO3BOJAIOT BbBIOHPATH
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ManeHbKne 3HaueHns k. ViMeercss moJe3Hblfi CTaTHCTHYECKHH KpPHTEPHH,
JaOIHKHA OUEHKY pasyMHOro HaumGoJbllero 3xHaueHnss k. [1ycTb JaHBI
IBe anmpokcuManum 3aBucHMocTH L (x) MHOrouwleHaMu ¢x(Xx) H
Prs1(x), THe HHEZEKCH 0603HAYAIOT CTeeHM MHOTOYJeHa. Ecam mona-
ratb, 4yTO 3aBHCUMOCTb L (X) raalkaf, TO ONHCAHHE ee MOJHHOMOM
@Qr+1 (X¥) MOXKHO cuMTaTh (o0Jiee TOYHBIM OO CPABHEHHIo C OMHCAHHEM
noauHOMOM @k (¥). Ouesumso, uto 8% > 62%,,. Bompoc csogurcs & ToMmy,

JOCTaTOYHO JIH CHJIBHO yGLIBAET BeHYHHA OMIHOKH OPH MepeXxoie OT
NOJNHHOMA @r(X) K @ret1(X), 4TOOH MOBHINEHHE CTEMNEHH HOJHHOMA
onpaBaHBa/io ce6s. Ecau Bepua rumoresa My, cocrosumas B ToM, 4TO
JAOCTATOYHO OTPAHHUUTHCS MOJHHOMOM @x(X), TO PA3HOCTb KaXyUIHXCH

omu6ox 62 — 8% mmeer pacmpendenenne o%%. B To ke Bpema

2 2ns2 -
62, pacmpenenena xak o%Z_, . CieoBaTenbHO, eC/lH BePHA IHNIOTE3a
Hy, To oTHOlIeHHe

_"_ILJ:L__ (7.11)
2
N —F °r+1

HMeer pacnpefenenue F Pumepa ¢ 4HCAOM CTeneHeh cBoGoiH Vvi= 1
B vo=N—*k. 3Haunt, yBelinueHne CTeMeHH MNOJHHOMAa MOXET OKa-
3aTbCsl MOJE3HBIM TOJIBKO TOrAa, Korfa Kputepuit (11) mpeBHCHT cOOT-
BeTCTBYIOee TabaHyHOE 3HAueHHe pacapenenenns Pumepa.

Bo MHorux cnyyasnx ygaeTcs OrPAHHYNTLCT JMHHEHHHM npuG/IHNKe-
HHeM

¢ (X)=ao+aX. (7.12)

Torpa oueHkH Ko>3pGHUHEHTOB Qo H Q1 HAXOAAT H3 NPOCTHIX COOTHO-
meHHiH

Eozl—m,
N _ _
N =D —X)
ay =" , (7.13)
S (xl_'})2

i=1
u ypasrenne (12) ymoGHo 3amucath B BHIE
L,—L=a,(x,—x). (7.14)
B kauecTse MepHl cuaBl JHHEHHOTO TPeHAA MOMKHO HCHOJb30BATh
IIHPOKO H3BECTHYIO BEJIMYHHY BBIOOPOUHOTO KO3(duinenta Koppe-
JIAUHH!
V s —
21 (x, —x)(L,—1I)
=
r= = — = (7.15)
_\: (LL_-L)‘ 2 (xl ”’x)h

1 =1 =1
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KOTODHIi CBfi3aH ¢ yCJAOBHOH M 6e3yCJI0BHOH IHCHEpPCHAMH COOTHOLUe-
HHEeM

o?(L | x=const)==23%L (1 —r?), (7.16)

CIpaBelUBEIM, eCJIH YC/IOBHOE pacnpeneneHre L HOPMaJbHO.

Wrak, npuusBs Moldenb pe3yabraToB Hab/aOAeHHHd B BuIe (3), MBI
OKa3eIBaeMCs B COCTOAHHUU pasiel/UTb JHCHEPCHIO 0GoGUIeHHOro pac-
npenenenus F(h) =P(L<A) Ha IBe cOCTaBJIAILHE: YCIOBHYIO IHC-
nepcuio o2 (L|x=const), xapakTepH3yiOIyKw YCI0BHOE (J0KaNbHOE)
pacnpenenenne L,u gucnepcuo 6% L =02L —o? (L|x=const), cBa3an-
HYyI0 C Heclay4alHOHR cocraBadwmouielt obumero pasdpoca pe3yabralos
HabaJeHuii. DTH cocTaB/AINe 00uiero pasépoca DAHHBIX CBA3AHBI
¢ IHMCHePCHAMH MHKDOHEOZHOPOAHOCTH 02 M MaKPOHEONHOPOAHOCTH

2
O'HHepaBEHCTBaMH
2
1 2= Oyux

2
1=

2 2 ’
32 < Smak

KOTOpPBIE CJAEAYIOT H3 COOGPaKeHHu!l, H3T0KEHHbIX B § 2.

PaBencrBo B (17) npakTHYeCKHM HHKOTAA He JOCTHTraeTcs, H, cCJae-
JOBATeJAbHO, W3 HAIlero aHaju3a BHIajgal0T HeKOTOPEE TIPOMENKYTOY-
Hble 4acTOThl HM3MeHuHMBoCTH. HMccnenoBanne Hx TpeGyeTr BeCbMa NJAOT-
HOH ceTH HaGJoJeHHH H yyeTa B3aMMOCBSi3H CBOHCTB IIOPOA B cocCel-
. HUX ToukKax maccuBa. [dasa atoro BMecTo mojenud (3) OOGBIYHO BBOIST
Mojelb B BHIe peanHsauuu caydafiHoro moas. OJHako moayuaemble
IIPH 3TOM pe3yJabTaThl C TPYAOM NOAAAIOTCHA COAepiKaTe]bHOI TreoJo-
THYECKOH HHTepHpeTaliy, U Mol He OyleM 31ech o6pamarscsl K 3TOH
MOJe. 1.

Hapaay c naMeHeHHEM B IPOCTPAHCTBe CPEIHHX 3HAUEHHH CBOMHCTB
Nopo1 npH pellleHunH 3agauy onpoGoBaHUs GOJbIIOH NpAaKTHUeCKHH NH-
Tépec NpeiCTaBJseT M3MEHeHHe NHCIEPCHH 02 JIOKAJbHOrO pacnpene-

aenust. Jas A3yUeHUA H3MEHYHBOCTH BAOJDb OCH X HHCIIEPCHHU 0'21 eCcTecT-

BEHHO BOCNOJb30BAThCSA TAK HA3LIBAEMBIMU CKeJaCTHUECKHMH KPHBBIMH,
paccMarpuBas mucrepchio o xak Qysxummio ot x. [Ipu BeiynCAeHAH

YKa3aHHBIX paHee XapaKTepUCTHK B 3TOM CJayuae NPHXOMZHTCS BBOAHTD
nonpasku (AliBassn, 1968), nonaras, uto 0% mponopHHOHANbHA HEKO-

TOPOHl H3BEeCTHOH (PYHKIHH OT X, T. €.

o7 (L|x=const)—3’L - §(x). (7.18)

(7.17)

BeanuynHa 311X NONpaBOK He3HAYyHTe/lbHa, H H3MeHeHHe AHCIEPCHH
02 BJOJb OCH X NPAKTHUECKH He MEHFeT Pe3y/bTaTOB BEIYHC/EHUH 1O
NpUBeleHHBIM paHee GopmMyaam.

Hapsany c¢ mozerisio (3) Mb Hcmoab3yem Takike B § 8 Hecko/dbKo
HHOI NOAXOM, CVTb KOTOPOTO COCTOHT B ciaeayoouieM. B pane cnyuaes
réoJornyeckie 3aKOHOMEPHOCTH H3MEHYUBOCTH TOPHBIX IIopod MU HX
naparene3oB JOCTATOYHO XOpollo H3ydyeHbl. HauGomee xapaxTepHEIM
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NpUMepoM fABJAITCA (paumessle opmanuu. OgHaxo AaA HHUX OOLIYHO
HUMEIOTCS CBEJeHHs He O CBOHMCTBax IOPOXA, HHTEPECYIOUHX HHXKeHepa-
reojora (TpellyHOBATOCTH, MPOHHIAEMOCTH, 1eGOPMHPYeMOCTH HT. 4.},
a 0 CBOHCTBAX, HCCAEAYeMBIX JIUTOJOIaMH (MOLIHOCTAX CJOeB, HX Be-
IeCTBEHHOM cocTaBe). BosHukaeT BONIpoOC, Heb3s JIH BOCHOJb30BaATHCS
M3BECTHBLIMHU I'€0JIOTHYECKUMH 3aKOHOMEPHOCTAMHU H3MEHUHBOCTH, YTOOH
HPOTHO3HPOBaTh KapTHHY H3MeHeHHs B IPOCTPaHCTBe CBOMCTB NOPOL,
HHTepecyIolNX HHXKeHepa-reosaora. [las 3Toro, oueBHIHO, HEOOXOAHMO
HCCAeN0BaTh 3aBHCHMOCTH MeXJAy mapaMeTpaMH TDEIlHHOBATOCTH,
ODOHUIAEMOCTH H T. I, C OJHOH CTOPOHBI, H MOLIHOCTAMH CJO€B, HX
COCTaBOM H T. II. — C JPYTOH.

B Takoii noctanoBKe 3anauu MoAeab (3) coxpaHsercs HJsA pesyllb-
Ta10B Ha®ulofenuil LT Hal JUTONOTHUECKUMH OCOGEHHOCTAMH HOpPOX.

Hna nokasareneil WHKeHePHO-T€OJOTHYECKHX CBOHCTB L¥ eCTeCTBEHHO
BBECTH APYTYI0 MOj€eJb

f—y (LD)4-3, (7.19)

rie 6’ — cymMmapHas omubka, 06yC/loBAeHHAs CAyYaHHBIMH, 3a8BUCH-
LIMMH OT HEeKOHTPOJHPYyeMblX (akTopoB KojeGanuamu LP npu duxcu-
POBaHHOM 3HAYeHHH L7 U HETOUHOCTHIO SKCIIEPHMEHTOB;

Y(LT) — OyHKUUA, ONHCHIBAKOIIA Hecjydaiinble H3MeHeHus LY
B 3aBucuMocTH oT LT,

Orauune moxeau (19) or mojenau (3) COCTOHT B TOM, UTO He3aBHU-
cuMas nepemennas L7 B (19) paccmatpuBaercs Kak cayuaiHas BesH-

YHHA, B TO BpeMs Kak He3aBHCHMas NepeMeHHas B (3) necayuaiiHa.
Iloncrasass snavenus L7 u3 (3) B (19), momyunm Bblpaxenue pis

IPOTHO3HP) €MOTO 3uaveHus LY B TOUKe NMPOCTPAHCTBA
L= [ (x)+5] 45, (7.20)

Hucnepens LY 3aBuCHT, TaKUM 06pasoM, oT aucnepcui omnbox 8.
u 8/ u oT KOHKpeTHOTO BHAa (Gynkuuu P. [TocKO.IbKY B Ie0JoruuecKoh
mpakTuke faucnepcun 8, u 8/ GHIBAOT NOBOJbHO 3HAYHTEJBHBIMH, MO-

)KHO Cpa3y cKasaTh, UTO TOUHOCTE MpOrHosa no ¢opmynae (20) Gyzer
BecbMa Hemeluka. [10 cyiecTBY 370 KadeCTBeHHBIH NPOTHO3.

§ 8. U3meHuUHBOCTb CBOICTB MOPOJ, OOYCJOBIeHHAS NPOLECCaMu
ocajxoHaKonieHus (ua npumepe duauma)

PaccMOTpHM HM3MEHUYHBOCTb CBOMCTB MOpOJ, BO3HHKAIOLIYID B pe-
3yJbTare MPOLECCOB 0CaAKOHAKOMIEHHS U MPOSBIAAIILYIOCS KaK B Bep-
THKa/JIbHOM, TaK H B rOpPH30HTaJbHOM HanpaBileHusX. PaccMorpum
C 9TO¥ TOUKH 3PEHHSA TOJIIH O0GJIOMOUYHBIX IOPOJI C MYTAalHOHHOH CJOH-
CTOCTbIO, IPHBJIEKAsl B KayecTBE OCHOBHBIX JHTOJOTHUECKHX XapaKTepH-
CTHK TpaHyJOMETPHUYECKHI COCTAB H MOLIHOCTII C.T0ER
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Myranunonnofi, no npeanoxenuo H. Bb. Baccoesiiua (19486, 1949),
Ha3bIBalT CJOHCTOCTh, 06pa3yIOLIYIOCA B Pe3y.1bTaTe OJHOBpPEMEHHO
CMeHbl PEXKWMa OCAJKOHAKONJEHHS 10 BCel IIOLaAH CelHMEeHTalHOH-
Horo GacceiiHa. B nmpoTHBONOJOXKHOCTE MYTALHOHHON, MHTpalliOHHAsA
CJIOHCTOCTb BO3HHKaer INo cXeMe [onoBKuHCKoro—Basbrepa, T. e.
B pesyJabrate HepeMelileHus (MHrpaluu) OeperoBoli juHuH OacceiiHa
H COOTBETCTBEHHO Bcero psna ¢anui. Crparturpaduieckne rpaHuLbI
IpH MHTPaLlHOHHOM THIlE CJOHCTOCTH He COBHANalOT C JHTOJIOrHuec-
KHMH.

O6parumcsa x Hauboree neTaNbHN H3YYEHHOH CJIOHCTOCTH TEPpHTeH-
Horo ¢xma. To/ilin TepPUIeHHOro (JuINa, IIHPOKO pa3BHThIE B OT/IO-
JKeHHAX TeOCHHK/AHHAaIbHBIX GaccefiHOB, COCTOAT, KaK H3BecTHO (Bac-
coeBuu, 1948a, 1949, u np.), U3 pHTMOB, 06pasyeMLIX YepeAYIOIHMECS
CJ0SMH 3€DHHCTHIN NIOPOA (HEPBbIl 3/JE€MEHT DHTMa Hau 1 3p) ¥ meau-
TOB (BTOpOIl 3/ieMeHT pHTMa, uiau 2 3p). Ilpu srov 119 dauma u pana
IPYTHX OCalKOB XapaKTePHO 3aKOHOMepHOe VMeHLIEeHHe pa3Mmepa 3e-
peH OT HOILOUIBHL K KpOB/e | 3p, Tak HaselBaeMas rpalalHOHHasA, WIH
dpaxkunoHupoBaHHas, ciaoucroctb (graded bedding).

CorsacHo npexacrasiaenunsaM H. B. Baccoesmua (1948, 1951), nox-
TBepKAEHHbIM 0OJiee NO3AHHMH HCCAEJOBaHHAMH, IO Mepe yaajeHHus
oT ofsacTH cHoca (KopAunabepnl) K cepeamHe ¢uniueBoro nporuba
YMEeHbIIAITCA pa3Mep 3epeH | 3p ¥ MOIIHOCTH c10eB | 3p 1 Bo3pacraer
OTHOCHTe/bHAas poJb B paspese ciaoeB 2 3p (puc. 14,a). Ilpu stom
BA0Jib nporuba ¢.axineBble OTJI0XKEHHSA OTAHYAKTCA YIHBHTENBHON BHI-
IepxkaHHocThlo (AdanacweB, 1961; cm. takxe puc. 3,a). [locaennee
06CTOATEIbCTBO JlaeT OCHOBAHME CUYHTaTh B JaHHOM CJydae BIOJHe
npaBoMepHbIMH cOOOpaKeHnusl CUMMETDHH, BEiICKa3aHHbie B § 6, u pac-
CMaTpHBaTh H3MEHUHBOCTb (IHIUEBHIX OTJIOXKEHHII TOJIbKO KakK (yHK-
L¥I0 PACCTOSIHHSA 10 KOPAH/IbEDHL.

CoBMecTHOe YMeHbIleHHEe TI0 Mepe YAaleHIis OT KOpPIHJIbEpH pas-
Mepa 3epeH H MOLIHOCTel cJjioeB 1 3p, 00yC/I0B.1eHHOE NIpOLeccaMHu oca-
no4HON nuddepeHnraluy, TTPUBOAUT K BO3HHKHOBEHHIO TIPAMOH 3aBH-
CHMOCTH MeXIY FpaHyJOMeTpPHUeCKHM COCTaBOM H MOLIHOCTBIO CJIOEB
1 3p. DTa saBucuMOCTL NO/KHa Obla Obl OTUET.1HBO BHIABJATECA NPH
NPOC/IeXHBAHHKU Kaxnaoro ciaos | 3p BKpecT mnpocTHpaHusA mporuba.
OzxHako BC/AeACTBHE CHJIbHOH H3MEHUWBOCTH OTJIOXKEHHH B 5TOM Ha-
IpaBJeHHH 10 CHX IIOP HIIKOMY He Y4aBa.JoCh BHINOJHHTbL TaKoe Hecle-
JoBaHne. Bmecre ¢ TeM naBHO 3aMeueHo (BaccoeBnu, 1948; Fiege,
1937; Kingma, 1958), 4to B paspesax ¢.ixiua 0 CXONHBIX C HHM Ocal-
KOB Ha0J01aeTcs Ta Xe 3aKOHOMepPHOCTb: 60.1ee rpy60O3epHUCTHIE CI0H
| sp ofnaznawt, KaK NpaBuio, 60Jbluell MOLIHOCTEID. B ofmiem cayuae
3 ¢aKTa CYUIeCTBOBAHHSA CBf3H MeX/JY MOLIHOCTbIO C/I0eB | 3D H
Pa3MepoM 3epeH BHYTPH OLHOrO CJOs, pacCMaTpHBaeMOro B J1aTepalb-
HOM HalNpaB/IeHWH, BOBCE He BLITEKAeT CYLIECTBOBaHHEe TaKoil CBA3H
15 CepHH CJI0eB, pacCMaTPHBaeMblX B 0AHOM paspese. JLisl BoiscHeHUA
9TOrO BONPOCa HeOGXOAHMO NPOAHAaJNH3HPOBATE B/ISHHE Ha MOIIHOCTH
€JI0eB BpeMeHH UX (GOPMHDOBAHHUA.

ITo posn BpeMenn B GOPMHPOBAHNY CI0EB B 1EIAI0TCI 1Ba OCHOBHLIX
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tuna ocaaxos (Pan, 1963a): 1) ocaaku, cinoH KOTOPHIX GOPMHPYIOTCH
npakTHiecKy MTHOBEHHO B pe3yJ/bTare PasiHYHOrO POAA KaTaKIH3MOB
H KOTODHE MOXHO I[103TOMY Ha3BaTb AaXPOHOTeHHHIMH (NHPOKJIACTHI,
OCaIKH CyCNeH3HOHHBIX TeUeHHH H T. IL.); 2) OCaiKH, CJIOH KOTOPBIX
dopMupyIOTCS B TeueHHe GoJiee HJIH MeHee MJIHTENbHBIX OTPEe3KOB
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Puc 14 Crpeenne daunumesoro nporuda H AMCAOUHPOBAHHOH TOALIM iua

a — cxeMa CrpoeHHs ¢GaHiIeBoro nuporHéa H JTHTOJNOr#HdYecKHe ocoGeHHOCTH danwa (no
H B BaccoeBuuy, ynpolleHHo), 6 — cxeMma CTpOeHHA NHCAOUHPOBAHHON (auiieBo#t roallu

BpeMeHH H KOTOpble MOXHO Ha3BaThb XpOHOTeHHbBIMH. YacTHHIM
cydaeM XPOHOTeHHBIX OYAYT H30XPOHOTEHHble OCaiKH, CJOH KOTOPHIX
bopmMupYIOTCA 3a NMPUMEPHO OAMHAKOBble NMPOMEXKYTKH BpeMeHH. Xa-
pakTepHbIM [PHMEPOM MOCJAeJHHX ABJSIOTCA OCAAKH C CE30HHON CJOoHC-
TOCTBIO, HAlIPHMED JeHTOUHble TVIHHBI

CBA3b MeXIY COCTaBOM H MOLIHOCTBIO CJOEB B Daspes3e MOMKET
NpPOC/eKHBATbCA TOAPKO AJAR aXPOHOTEHHBIX OCAaLKOB (B YaCTHOCTH,
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TypOUANTOB) W H30XPOHOTEHHHIX O0CaiKOB. BEHABIeHHe Takofl cBs3H
6yleT, MO-BHAHMOMY, CBHAETEJbCTBOBATh O TOM, YTO H3ydyaeMble CJIOH
OTHOCSITCS K OTHOMY M3 5THX JBYX KJaCCOB.

Astopom (Pam, 1962a, 1963a) u x. Muanitosom (Middleton,
1962) omHOBpeMEHHO H HE3aBHCHMO Oblja YCTaHOBJeHa JIOTapH(pMH-
yeckas JHHeHHAasd CBA3b I'PaHYJAOMETpHUYeCKOro COCTaBa H MOLIHOCTEH
caoeB 1 3p. ABropoM GHJO M0Ka3aHO TaKXKe, UYTO 3Ta 3aBHCHMOCTb
CBONCTBeHHa ¥ ADYTHM ocaakaMm (neccaM, mupokiacrtam). Ilanbuefi-
wuMn uccaeposanuame (Potter, Scheidegger, 1966) 6ru10 ycTaHoB-
JIEHO CYLUeCTBOBAHHE TaKOH CBA3H JJIA psja O0CaJKoB C TPajallOHHON
CJIOHCTOCTBIO, KOTOPHe OGBIYHO HHTEPUPETHPYIOTCA KaK OCAnKH CVCIeH-
3HOHHBIX TeueHuH (TYPOUAHTH).

Kpobna cron Zugyg
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Puc 15 Crpoenne maacra mecuaHuka ! 3p ¢ dpan
ILUOHYPOBAHHOM CJOHCTOCTBIO

dyaxe — MAKCHMAJNLHBIL DPasMep YACTHI HA DaccTOSRHE f
OT KPOBJH cJI05

HOas o6bsacHeHHsl NPupOAH 3TOH 3aBHCHMOCTH Obl1a MeTaJbHO pac-
CMOTpPeHa CTPYKTypa IpajaluOHHON CJOHCTOCTH H CHOPMYyTHPOBAHO
crenylouee npasuio (Pam, 1963a): paccrosinue £, OT HEKOTOPOHA TOUKH
BHYTpH CJ0si | 3p AC KpOBJH €105 ecTb (PYHKUHA CPelHEro pasMepa

gacTull, 4 B TOPH30HTAJbHOM CEUEHHH, NIPOBEJEHHOM Uuepe3 B3ATYIO
TOYKY; MOILHOCTb ¢103 M ectb QyHKuus pasMmepa (HanbGojee KPYIHBIX)
yacTHll, 3aJeralolux B ero mogouBe (puc. 15). Ecau ycroBus ¢popMu-
pOBaHHA CEepPHH CJIO0EB ! 3p B paspese 0quHAKOBH, TO MJIA TAKOH CEPHH

cJ0eB BO3HHKaeT CBA3b M= (dmax), OTpaxKawimas cBasb h,(d), xa-
PaKTepHYIO Ui KaXJAOTo CJ10s B OTAeNbHOCTH. AHajoruuHsle coofpa-
xeHus Ilorrep n Iafizerep (Potter, Scheidegger, 1966) monoxuan

B OCHOBY TeOpeTHuecKoro o6bsicHeHHs cBA3n M=q(d).

M3 npuBeieHHHIX RaHHBIX CJelyeT, YTO CBA3b MeXLy TpaHY/JIOMeT-
PHYECKHM COCTABOM H MOILHOCTBIO CJI0€B NMPOC/JeXHBAeTCs Kak B pas-
pese CepuH CJ0eB, TaK W BROJb OJHOTO CJ0s. MOXKHO NPeNNOIOKHTD,
YTO B NMpenesax OXHON (OPMAaUUH BHA U mMapaMeTphl 3TOH 3aBHCIIMOCTH
6yILyT OCTaBaTbCsd B CPEIHEM HOCTOSHHBIMH HE3aBHCHMO OT MOJIOXKEHHS
H3yyaeMoOil TOJNIUH B paszpese U B maaHe [lna MpoBepKH 3TOH THIOTE3H
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sasucuMocth M =@ {d) Gbl;1a H3yueHa AJas ABYX YYaCTKOB paspesa rep-
DHTEHHOro Quuiua ce;jeTHHCKOH GopMauuu opaosuka IleHTpasnbsoro
Kasaxcrasa. WsyueHHple yyaCTKH OTCTOSNH APYL OT APyra Ha 4 KM

g1 /1
4 & -
1 I B 1 [ 1 1 il 1 1
28 114 [7 g0 lgd Zg i 4 17 40 lgd
a

|

L f 1 1 l L H
g4 46 08 10 1z 4 16 WM 44 46 08 10 12 14 [6 lgM

¢l s

L

1

A !

Pric. 16 Koppeasilsonssie 3aBHCHMOCTH

a — Jorapudma MOULHOCTH M cl0eB mecyaHukoB 1 3p or Jorapudma cpes-

Hero pasMepa MECYHHOK, 6 — JOrapudma paccTORHHA MeX1y COCEAHHMH

TpEeWHNAMH @& OT MOUIHOCTH C.J0€B MecuaHUKoB M AJA 1ByX pasHmlX yvact-
KOB

B IJaHe H HA HeCKO.JIbKO COTeH MeTpoB B ‘paspese. ['padpukn (puc. 16)
CBH/JETe/bCTBYIOT O TOM, 4TO (PaXTHUECKHH MaTepHa’ He HPOTHBOPEUHT
BBICKA3aHHOMY IIPedNOJ0XKeHHI: rpaduku OueHb NOXOXH APYT Ha
Apyra; Huxe OYAYT NpHBeleHbl Pe3yJeTaTbl IPOBEPKH COOTBETCTBYIO-
el CTaTHCTHYECKOH I'MIIOTEe3bl.
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BrifiBJIeHHOE CXOJCTBO 3aKOHOMEPHOCTelH CTpOoeHus (iHIIeBOH TOJI-
LM 1O paspesy I NIPOCTHPaHHI) HamoMuHaer mpaBuwao (Gauuil HHocr-
paHueBa — Banbrepa: «101bK0 Takue (anuy HanerawoT APYT Ha Kpyra,
KOTOpble BCTPeUalmTcss psAmnoM APYyr ¢ Apyrom». Deuio Gbl BecbMa 3a-
MaHUYHBO pacmoJiaratbh Takoro poja NPaBHAOM NPH H3Y4YeHHH CIOXKHO
MOCTPOEHHBIX, 0COOEHHO MHCIOUHUPOBAHHLIX OCaMOYHBIX Toall. OnHako
NpUMeHHMOCTh NpaBuiIa dauuil orpaHuueHa No KpalHel Mepe B ABYX
otuomenuax, Bo-nepsouix, kak mucan H. B. Baccoesnu (19486; 1950,
crp. 114), reosior, npuMeHss npaBuiao damuil, «paccMaTpuBaeT npouece
c10e00pa3oBaHUsl He Kak NPepbIBHCTO-HENMPepLIBHBIH, a KaK HeH3MeH-
HBEIl BO BPeMeHH H HeNlpepbiBHBIH B MPOCTPaHCTBe». BCaeAcTBHE 3TOTO
OHO OKa3biBaeTCs HelPHMEeHHMbIM K OcankaM ¢ MYTalHOHHOH cjouc-
TOCTbIO. Bo-BTOPHIX, NpaBuio ¢anuii HEMPHMEHHMO B CAVIasAX KOPeH-
HOMl MepecTPOiiKH OCaOUHOTO NpoHecca BO BPeMeHH WX NPOCTPAHCTBE,
T. e. Ha rpanunax dopmanui B mouuMauun H. C. Ilarckoro. UnbiMu
CI0BaMH, peajibHble 0CanouHble TOMIY 4acTo 6ojiee HEOAHOPOMHLL, YeM
MM Hafajexano 6bi GBITh COTJIACHO NMpaBuiy dauuil. dta 66ablIasg Heox-
HOPOMHOCTb BBI3bIBAETCS, B YACTHOCTH, IPEPHIBHOCTBI0 O0OCaAOUHOrO
Opomecca W BO3MOXKHOCTBIO COCENCTB2 IO BepTHKaJu CJI0eB COBep-
IIIEeHHO Pas3fHYHOr0 COCTABa H TEHe3HCa, HelOoCpeACTBeHHble (Qanuanb-
Hble Mepexonbl MeXKIy KOTOPHIMH HEeBO3MOXHBI, T. €. MYTal{OHHOMH
CTIOHCTOCTLIO.

ABTOpOM G6BL1a TpEeINPHHATa NONBITKA PACHPOCTPAHHTb NPABHJIO
danuil Ha OCaAKH C MYTAUHOHHON CJOHCTOCTLIO TaKuM 06pa3omM, uToOH
yuyecTb NIpepPLIBHCTHII XapakTep ocamkonaxonsenns (Pau, 1963a). Pac-
HnpeHHoe NMpasiio danuil npegbABAAeT K 0CAZOYHbIM TOJIIAM MeHk-
mne Tpe0OBaHus, YeM KJaccuueckoe, H QopMyanpyeTcs Tak: B pa3pese
0CamouyHOl TOMIUM INPOUCXOASAT JUUIb TaKHe H3MEHeHHS BHYTPeHHel
CTPYKTVDBl H coOcTaBa cjoeB (PHTMOB) [JaHHOrO TEHE3HCa, KOTOphle
HaGuonalotca B GopMe JaTepa bHON H3MEHUYHBOCTH 3THX CJI0€B (pHT-
MOB).

CMBbICT pacllHpeHHOTo InpaBHia (aumuil 3akiawuaercs B CIeqVIO-
uem. B paspese ocamouno#t TOJIIM MOTYT NPHCYTCTBOBAaTb CjlOH pas-
HOTO cOCTaBa W Das3HOTO reHesnca (MyTalHOHHAsS CJIOHCTOCTh), Kak,
HanpuMmep, NHPOKAACTbl U MeXKIKCIJIO3HBHbie HAKOILIEHHS B BVJIKAaHO-
TEHHO-0CaNOUHBIX TOJAlIaX, TPpy6Gble OCagky CYCHEH3HOHHBIX TeUeHH{l H
HaKam1MBAMOIHACST B NIPOMeXYyTKax Mexay HuMH 6ogee TOHKHI Mate-
puana. PacinupeHHOe NPaBuio (alidil yTBEPKAAeT, 4TO €CJIH MBICAEHHO
H3BJieUb 113 pa3pe3a CEPHIO Cl0eB OMHHAKOBOro MPOHCXOXKAeHHA (Ha-
npuMep, TOAbKO MHPOKIACTH WM TOJABKO OCaIKu CYCIEH3HMOHHBIX Teue-
HU#l), TO U3MeHUHBOCTb UX [0 BepTHKa/H OYyIAeT MOJUHHATLCA 3aKOHaM
Jdarepa.lbHOM H3MeHuHBOCTH. [1pu 3TOM 3aKOHBI H3MEHUYHBOCTH, BOOOLIE
ToBOpS, pasHble A1 OCAaNKOB pPasfHuHOro reHeduca. s PHTMHUHO
NOCTPOEHHBIX TOJLI 3TO NPAaBUIO COPaBeIJIHBO HE TONEBKO AJifA CJI0EB,
HO W 11 DHTMOB. CTPYKTYpa DHTMOB (MOIIHOCTH CJI0€B PAa3HOro Co-
CTaBa I UX COOTHOLIEHHS) MEHSETCH B paspese [0 TeM XKe 3aKOHaM,
KaK H [0 TPOCTHUPaHHO. 3aMeTHM B ckobkax, uro B pabore Boarona
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(Walton, 1967) orMeuaercs CXOACTBO JaTepanbHOll 1 BepTHKaAbHOI
Hoc/eToBaTeNLHOCTEH TEKCTYP B TypOuaurax.

K awanorndHbiM pesysnbTaTaM MOXKHO Oblio Obl NpHHTH, aHaJH3H-
pPyA H ApYyTHe 3aBHCHMOCTY MeX1y CBOHCTBaMH TODHHX mopoX. Tax,
I (auma NOMHMO PacCMOTPEHHOH 3aBHCHMOCTI pasMepa 3epeH H
MouLIHoCTefl CJ10€B 1 3p yCTaHOBJEHAa 3aBHCHMOCTL MEXAY MOLIHOCTBIO
pHTMa B LEJOM H COCTaBOM BXOASIUHX B Hero cioeB (Adanackes,
1961), cpennum pasMepoM MecyHHOK H HX copTupoBkoidl (Middleton,
1962), cpenueil MOIIHOCTBIO C/10eB, PHTMOB, MaueK I M3MEHUHBOCTLIO
MoutHocTell mo mpoctupaHrw (Adanacbe, 1961). Cpsi3b MOIIHOCTH
CJI0€eB C HX TPaHyJOMETPHUYECKHM COCTaBOM XapaKTePHa H A/ad DpAAa
IPYTHX ocanouHbix obpazoBauuil (Panm, 1963a). To xe oTHocuTCH
K CBsI3H COPTHPOBKH ¢ pasMepoM 3epeH (Pyxun, 1947; Inman, 1949).
Annen (Allen, 1962) npuBOoAHT NaHHbIE O B3aHMOCBA3AX MEXAY pa3-
MepOM 3epeH, OKaTaHHOCTbIO, coxepXkKaHHeM OOGJOMKOB, TJAHHHCTOrO
Martepuajta T. 1. AAR KpacHbx necuaHukor Illpommupa (Amraus).
CBsi3t MeXKjy H3MEHUHBOCTBIO MOLIHOCTEH H CPeJHHMM MOLIHOCTAMH
6uina paccmorpeHa B . ILL

IMoanToxuM ckasaHHoe NpuMeHHTeNbHO K (ummy. B peavibrare
IeTaJbHBIX JUTOJOTHYECKHX MCC/Ie0BAHHH BHIACHEHE OCHOBHEIE 3aKO-
HOMEDHOCTH H3MEHUHBOCTH (/HIIEBHX OT/I0XKEHHH BKpecT NPOCTHPaHHUs
¢anmesoro nporuba 1 ycraHoB/AeHO, uto HabJjlomaeMble B paspese 3a-
BHCHMOCTH MeXKAY Pa3jHuUHLIMH CBOMCTBAMH HOPOA MOTYT ORITH HCIOJE-
30BaHbl (Ha OCHOBe pacmupeHHOTo mnpaBuiaa (anull) K19 omHcanus
H3MEHUHBOCTY (JIHIIEBBIX OTJOMEHHI B JaTepajbHOM HaIlpaBIeHHN.
CregoBatenbHo, ecan Obl ObliM H3BECTHbH 3aBHCHMOCTH HHXKEHEDHO-
reosIoTHYeCKHX CBOficTB (JHILeBOH TOJLIH OT COCTaBa W CTPOEHHS DHT-
MOB, Mbl CMOTJIH Gbl 18Tk KaueCTBEHHLIA IPOTHO3 XapakTepa W3MeHeHHd
HHZKEHEePHO-Te0JOTHUECKHX OCoBeHHOoCTel (lnlila BKPecT NPOCTHPaHUf
nporu6a. 3ameTHM, 4TO HCCAeNOBATh H3MEHEHWS HHXKEeHEepPHO-Ie0/OTH-
4eCKHX CBOHCTB MOpPOx B paspese GJulleBOH TOJIUH 3HAYHTEIbHO
Jerue, yeM HeINOCPeACTBEHHO IPOCJeXHBaTh HX Ha OOJBIIHX DPaccTos-
HUAX OT KOpAmuAbepnl B rayOb mporu6a. MoxkHO GblJIO GBI, B YaCTHOCTH,
H3YYHB YKa3aHHble 3aBHCHMOCTH ‘Ha yYacTKe NeTajbHBIX H3bICKaHHI,
IaTh MPOTHO3 H3MEHYHBOCTH CBONCTB mOpOX HA ropasmo Goabilefi mio-
amH.

Taxo¥ OpOTHO3 OCJAOXKHAETCS TeM, UYTO PAacCMOTPEHHEIE BHIIlle 3aKO-
HOMEPHOCTH 00yC/IOBJIeHBl IPOLECCaMH OCaKOHaKOILIeHHA H OTHOCATCA
K MaTepHaay 0Caaka, B TO BpeMs KaK HHXKeHepHO-Teo.I0TH4ecKne cBofh-
crBa GJHIla B 3HauHTeJBHOH Mepe OOYCJOBJIHBAIOTCA IpoleccaMy
nuareHesa, snureHesa, ckaaakooOpasoBaHus. eficTBUTEAbHO, KOriaa
NiepeurcieHHble [IPOLECCH PasBHBAKTCA HE3aBHCHMO OT CeXHMEHTalH-
OHHBIX 0COOeHHOCTeli CTpOeHHA ToJILH TOPHLIX MOPOJ, paccMaTpuBae-
MbIfi OAXOM TepsieT CMbICJ, H SMUTreHeTHUeCKHe (B LIMPOKOM CMbICie)
npeofpa3oBaHysl TOPHBIX MOPOA MOJKHbBl PacCMaTPHBATECH OT/eJLHO
M Ha PaBHBIX NPaBax ¢ 0COGEHHOCTAMH CeTHMEeHTAalHOHHOTO MIPOHCXOXK-
neuns: (ITomos, 1959). Taxaa curyanus OCOOEHHO THIHYHA AJs vdacT-
KOB IDHKOHTAKTOBHIX H3MeHEHH# OCajOuHBIX II0POJ, 30H BJHAHHS pas-
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pBiBOB # T. n. ONHAKO NpOsABJEHHS 3NMUTeHETHUECKHX MPOMECCOB, HOCHA-
IIHX perdoHajbHBIl XapaKTep, B CH/JIbHOH CTeNeHH KOHTPOJIHPYIOTCS
NepBHYHBIM CTPOEHHEM H COCTAaBOM OCaAO0YHOH TOMLIH.

IMpu kpymHoMacwitTabHBIX HcciaepoBaHuax B Oaccefine p. Cenerol
(Uenrpancubiii  Kasaxcran), npoBoauBHIHXCs aBTOpoM B 1968—
1961 rr., 6blu H3yYeHEl HHXKEHEPHO-TeoJorHUecKre 0COOeHHOCTH celle-
THHCKOH TeppureHHo-dannieBoli Gopmaunn opaoBuka. CpaBHeHHe HH-
K EHEPHO-Te0/IOTIIUeCKHX YC/AOBHII CTpouTenbCcTBa Ha P. Cesere ¢ ycrio-
BHAMH CTPOHTEIbCTBa psAma mIOTHH Ha Guauie (Tepebas-Pukckas
8 CCCP, ruapoysen nm. B. WU. Jlenuna B Pymbinun, miotuHa bes-
Merup B Tynnce) noxkaspiBaer, 4ro QJHuieBbie GOpMaUHu XapakTepH-
3VIoTCs pAnoM obIINX 3aKOHOMepHOCTell B [IPOCTPAHCTBEHHOM pacrpe-
Ie1eHHH CBOHCTB TIOPOJ.

Pasauune cBoilctB | u 2 3p gBaserca IaBHelllell 0COGEHHOCTHIO
¢.anma, cBOfCTBEHHON BceM QuiuiueBeiM dopManuaM. [lepBue aije-
MeHTEl DHTMOB TEDPHTE€HHOTo (yjiHila BCerfa NpeacTaB/ieHbl TPOUYHEIMH,
«CKaJbHBIMH» MeCUaHHKaMH C BPEeMEHHEIM CONPOTHBJIEHHEM pasnaBJiH-
BaHHIO OT HECKOJBKHX COTeH 710 3 THIC. Kre/cM?, Bricokast npouHOCTh GJiu-
LIeBEIX NEeCYaHHMKOB B OOJBILHHCTBE CjaydaeB OOycC/jOBjAeHa CBOeoGpas-
HBEIMII SNHTeHEeTHYeCKHMH CTPYKTyDaMH pacTBOPEHHS M B3aHMONPOHHK-
HOBeHII® 00JIOMOUHEIX yacTHI. B aneBponeanTax 2 3p 3TH CTPYKTYpHI He
oTMeyauch. CBOIICTBA a/eBPONMENHTOBHIX C/10€B 2 3P MHPOKO BapbH-
PVIOT B 3aBIHCHMOCTH OT Bo3pacra qnuma. Tak, ana GoNblIHHCTBE (JIH-
IIeBEIX TOJII aTbHUHCKHX TeocHHKAHHaabHBIX obnacteli (Kapmarw,
KaBxas) xapaxTepHr 2 3p, C/lOMKEHHEIe <«IOJYCKaJbHBIMH» H JaxKe
MJIacTHYHEIMH adeBponenuraMu 11 rapHaMu. CreneHp JHTHQHKALHK
Hopoa 2 3p ompelensieTcss UX [ePBOHAYAJbHBIM COCTaBOM: HJacTIid-
HBIMII OKa3EIBAIOTCS, KaK NPaBH/IO, YICTEIE NeJIHTH, a NPpUMeCH aJeBpH-
TOBOTO, KDEMHIICTOTO W KapOOHAaTHOIO MaTtepuasna pes3Ko NPeBLInIAoT
CTeneHb oKaMeHeHHs moponkl (yctHoe coobutenue C. JI. Adanacresa).
HOasa repuyHckux u Gosee ApeBHHX (JIHIIEBBIX TOJIL Gojee THIHUit
«CKaabHEEy 2 5D, KOTODEIe, KaK NpaBHJO0, pacCaaHIOBaHbL. B necua (i v
1 3p craHIEBaTOCTE He BCTPeuaercs, a Hao60pPOT, NpeobaafaloT KOLILL2»
(o B. B. BenoycoBy) TpeunHel, nepneHAUKYIpHbIE CIOHCTOCTH.

[Mpoueccs! BoiBetpuBanus (Pan, 19636) Tak:xe mo-pasHOMY BJIHSIOT
Ha mopoxel | n 2 ap. B KasaxcraHe, B yacTHOCTH, 3TO NDPOSABJSETCS
B TOM, 4TO B ajeBpornejauTax 2 3p MeXaHHYeCKOe DaspylleHHe omepe-
JKaeT XIIMHUeCKoe BEIBETPUBaHHE, B NecuaHHKax xe | 3p Habionaercs
obpaTHas KapTiHa. B pesynbrate QH3HKO-MeXaHHUeCKHe CBOHCTBa mec-
4YaHWKOB B 30HE BLIBETPHBAHHS BApPLUPVIOT 3HAUHTENbHO CHJbHEE, 4eM
CBOUCTBA ajeBponenuToB. TaKoe COOTHOLIEHHe OTMeuaeTcs He TOJIbKO
BO (aiIle, HO BO MHOTHX JPYrHX TeppHTEHHBIX TOJIaX HaJeo30s
Hentpaatnoro KasaxcraHa.

s dauula XapakrepHa C/OXKHAS QHCJIOUHPOBAHHOCTE OTVIOXKEHHI
He3aBIICHMO OT UX B0O3pacTa, YTO CBA3aHO C IPHYPOUEHHOCTEIO Quiulle-
BHIX (hopMamil K NPefoPOreHHON CTagMll Pa3BUTHSA TeOCHHK/IHHameil,
Haxouen, umerontiecs mateprasbl NO3BOJAIOT Mpeanosarars, 4to Ads

87



60IbIIHHCTBA GJnlIeBbX GOpMaluil XapaKTePHa, AOTS I He3HauHTe b~
Has, HO KpaliHe HepaBHOMepHasl BOAONPOHHLAEMOCTh.

Ilopoapt 1 u 2 3p 06pa3sylOT 3aKOHOMeDHbLIE COUETAHHST — DHTMBbI
$auma. Ilo pa3pe3y 1 NPOCTHPAHHIO OTMEUAIOTCH 3HAUHTE/NLHbIE H3Me-
HEeHHs coCTaBa H CTpOeHHs puTMoB. MiMeHHo Gaaronaps 3TOH H3MeHYH-
BOCTH HaG./107al0TCA OTYET/IHBHIE KODpEeasUHOHHble CBSI3H CTPOEHHA H
cocTaBa (WIMIIEBBIX DHTMOB CO CTENEHbK MHCIOUHPOBAHHOCTH H aHH-
30TPOINHOCTH TOIIH, C XapaKTepoM peJjbeda MeCTHOCTH M BhiBETDHBa-
HHS, C OCOOEGHHOCTSIMH H HHTEHCHBHOCTBIO TPEIHHOBATOCTH, C BOMO-
MpoRHUaeMoCThI0. PaccMOTpUM 3TH CBA3H IOIPOGHEE.

Kak u3BecTHO, TOHKOCJOHCTHE TOJIIH .erde nojxnawrcs u3THOY,
4yeM TOJICTOCJOHCTHIE, a TVIHHB neOpMHDPYIOTCA Jderde, ueM NecuaHHuKH.
CosmecrHOe melicTBHe 3THX IBYX (axkTopoB OCOOEGHHO sPKO NPOABIA-
eTcs B pailoHax, cioxKeHHbIX (iuiueM. Tax, Ha6monenns B Kasaxcrane
TIOKa3aJjd, YTO MOIIHble Nauku «AHKOTrOo» ¢h1HIla C MOIIHOCTBIO CJI0€B
necuaHuKa Gosee MeTpa H o6IIell MOLIHOCTbIO NauyeK MopAnKa HEeCKOIb-
KHX COTEH MEeTPOB CMATHl B KPYHHbIe, CPaBHHTEIbHO Mojorie (yI.bl
nafenns no 40—55°) ckaanky ¢ AJHHON MOAYBOIHB mopsaka 3—5 KM.
[Tauxku auiua co caoAMH MeCYaHHKOB MoIMHOCTBHIO 10 1 M o6pasyioT
CKJAaAKH C IJIMHOH moayBoaHbl 200—500 M u c yriamMu nangesius 1o
70°. ITaukyu THnH4HOrO (JHIIA CO CJIOSAMH INeCYaHHKOB MOIUHOCTBIO 10-
pAnka 10 cM u NpHMeDHO PaBHHIM COAepXKaHHEM B Daspese INecdyaHH-
KOB W aprH/IMTOB 0GpasyloT CK/IaiKH C AJHHON NOTyBOAHB 3—20 M,
9acTo OMPOKHH) Thie. HakoHen, nadyku cy6d.iina, B pa3pede KOTOPHIX
pe3ko npeolsanaiT apruJJaHThl, a8 MOUIHOCTH IIPOCJOEB IeciaHHKOB
He NpeBHINaT 3—7 CM, CMATH B MeJKHe (4acTo MeHbllle MeTpa B IO0-
nepeyHyKe) CKJIaAKH CJOXKHBIX OUePTaHHH.

Tonbko ck.JIanky MepBHIX JABYX NOPAZKOB, KaK MpaBHJO, JIHHEHHH
H HMeloT ofuiee NMpocTHpaHHe. Dodee MesnKHe ckaaikda o6aanaloT ca-
MBIMH Pa3iH4YHHIMH QOopMaMu ¥ NPOCTHPAHHAMH 4 1acTo Kak Obl Gec-
NOPSANOYHO HAarpOMOXKJAeHb ApPYr Ha Apyra. B kauecTBeHHOM colacHH
C 3THMH HaOJI0IeHHsIMY HAaXOAATCA Pe3yabTaThl 3KcnepHMeHTOB Kappu
u ap. (Currie a. oth.,, 1962). Ha ompiTax c pe3suHOBLIME ILTaCTHHKaMH
B JKeJaTHHE 3TH aBTOPHl [10Ka3aJjH, YTO MeXAY ;IHHON BOJHB CcKAagKH
H MOILHOCTbIO XKECTKOTO ¢J10s CYILIeCTBYeT JinHeliHas CBA3b.

CBsA3b CTpoeHHs ¥ cocraBa ()JHIIEBHX DHTMOB C OCOGEHHOCTAMH
CK/Iam4aToCTH BJHseT Ha Xapakrep aHu3oTponuocTH toamu. OueHb
CAO0KHO IHCAOUHPOBaHHAs TOHKOc/OHcTas Tonama «paboTaeT» Kak He-
CJIOHCTaf, H30TpONHas. B 10 Xe BpeMsa HequcrouupoBaHHasn Q.1uiueBas
TOJIA XapaKTepHayeTcs OueHb BHICOKOH aHM30TPOMHOCTLIO. TakuMm 06-
pasoM, cTeleHb aHH30TPONHOCTH QJHIIEBOA TOJIUH IOCPEICTBOM
CK/aA4aTOCTH OKa3blBaeTcs CBA3aHHOH C coCcTaBOM H CTpOeHHeM (.-
HIeBbIX DHTMOB. A HMEHHO, MacCHBBI Tpy6oro ¢.HIla OKa3biBalTCH
fonee aHH30TPONHBIMH, 4eM MaCCHBHI TOHKOro (.1Hlua, MpHYeM 3TO
B PaBHOH Mepe OTHOCHTCA KaK K NePBHUHOH &HH3OTPOIHOCTH, 06YCAOB-
JIEHHOH CJOHCTOH TEeKCTYpPOH, Tak M K BTOPHYHOH, CBA3AHHOH C TpemH-
HOBAaTOCTLIO TMOPOA: C YCAOKHEHHEM CKAalvaTHIX CTPVKTYp Pe3KO BO3-
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pacTaeT H3MEHUHBOCTb ODHEHTHDPOBKH ¥ TYCTOTHl TDEIUHH, UTO YMEHb-
IIAeT aHH30TPONHOCTL MacCHBa.

B cBere mu3soxkenHbix coobpaxkeHnll 00 aHH3OTPONHOCTH (KIIa
obpalaer ua cefs BHHMaHHe CBA3b MeX/]Y BbIPaXKeHHOCTbIO CTPYKTYD
B pejbede, UX pasamepoM u «rpybocTbio» dauma. BripaxeHHOCTDH
CTPYKTYp B penbede Oosblie Aas rpy6oro gauma, cMATOro B OTHOCH-
TeJbHO KpYynHbIE CKnanku. Uem Tomblle UK, yeM MeJbue H CAOKHEe
CKJIaJKY, TeM XYXKe BbIpa)KaloTca OHY B penbede. 19 oueHb TOHKOTO
¢anmia, CMATOTO B ‘MeJKne AHCTapMOHHYHBIE CKAajKH, CTPYKTYPHOCTH
penabeda mazaer A0 HYJA: ueM OOJNee H3OTPOIEH MAacCCHUB, TeM HuKe
CTPYKTYPHOCTL penbeda.

B ¢BsA3W ¢ yKa3aHHBIMH Bhbillle OCOOEHHOCTAMHU BHIBETPHBaHHA B 6O-
Jee rpy6om ¢pauue Gymer npexne NPOABAATHCA XHMHUECKOE BBIBETDH-
BaHue, TMOCTENEeHHO MPHBOASANEE K Pa3PylleHHIO maccHBa, a B 0oJee
TOHKOM — MeXaHuueckoe paspyllleHhe ¢ MOCIEAVIONHM XAMHYECKHM
BbIBETpHBAHHEM 00J0MOUHOTO MaTepHana.

CBsi3b CTpoeHHs 1 cocTaBa (JIHLIEBbLIX PHTMOB C TPEUIHHOBATOCTHIO
H BONONPOHHIAEMOCTHIO PacCMaTpHBasacbh aBTOPOM B CIELHAJbHBIX
paborax (Pau, 19636 u np.), rae 6bl10 nokasano, yro Gosee rpyobH
doavi xapakrepusyercs 6Gosiee PelKOH CeThbIO O6LIuMX TpeuluH, obsa-
narouux GoJbliell wHpuHol W 60Jee 3HAUNTEIbHON BOMONPOHHILAEMO-
creio. Ilo zamubim JI. A, Moaokosa (1959), B kapmatckom <uniue
Habatonaercd o6paTHOe COOTHOLIeHHE: GOJBblIEH MNPOHHIAEMOCTbIO 06~
nagaer Gonee ToHKul Quuin. OXHAKO H3MeHeHNe (TO W/IH HHOE) BOJO-
MPOHUILAEMOCTH B 3aBHCHMOCTH OT CTPOGHHS DHTMOB CBONCTBEHHO, I0-
BHAUMOMY, BCeM (aHiIeBbIM GOPMALUIM,

UTo6bl KHCIOMB30BATH MepPeUHC/AeHHbIe CBS3H Ha MpaKTHKe, HE06XO-
IAMO yO6eIHTbCA B TOM, YTO MapaMeTpbl YPABHEHHI perpeccuy u Kosd-
GHIKHeHTH KOPpPedsUHH YCTONUHUBBI, T. €. CYHIECTBEHHO He MEHSITCH
B npenenax Xotd Obl orpaHiYeHHON mjowmwagd. C 3Toll TOuKHM 3peHHd
GBLIH H3yyenbl nzofpakKenunbie Ha pHC. 16 3aBucuMocts mougHoctn M

caoeB 1 sp ot cpeaHero guamerpa d 3epen M=¢(d) un paccrosuus
MEeXy «OGLIHMH» TPEelHHaMy @ OT MOMHOCTH M caoes | ap a=¢(M).
Ouenkn napaMerpoB perpeccuy, MOJyYeHHble MJs JIBYX PasHHX y4acT-
KoB, npuBeneHsl B Ta6.1. 10.

Ta6awunua 10

Koppeasiyuonsipie 3aBUCHMOCTH MEIKLY HEKOTODLIMH CBORCTBAMHU NECUAHHKOB
ceneTHHCKOR Teppurenno-gumuesoi Gopmaiinu ANst ABYX yYacTKOB

3aBUCHMOCTH Ctsop CeeTHHCKOMN TMAOTHHB IMoc. Toroaerka
M=) lgM=1,17 Igd+2 30 lgM—l 21 1gd +2,30
r —0 82 ()g
o= 3 (M) 1ga ==0,53 1gM +0,25 lga =0,46 1gM +0,37
r=0,92 r=0,87
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CraTHcTHUECKOE CpaBHEHHe OLeHOK NapaMeTPOB ypaBHEHHi perpec-
cHH ¥ KO3)(PHIHEeHTOB KOppeasluu BHIIOJIHEHO IO MeTOXHMKe, H3/0-
xennoit B kuure C. A. ApBassgna (1968). Cornacuo 31oil Meroxmke
NPOBENEHO NOCAEeI0BATENbHO cpaBHeHHe YCJIOBHEIX JUCNIEPCHH, YIIOBHIX
K03 pHuLULeHTOB, CBOOORHHX uJeHOB H KO3)(DHUIUUEHTOB Koppensuuu
OJHOMMEHHBIX perpeccuii Mo pasHHIM yuiacTkaM. ['umoresa o paBeHcTBe
YCAOBHEIX AHCIepPCHE He OTBepraercd, TakK Kak BbIGOpOUHOe HHCIEPCIi-
OHHOE OTHOWeHHe V2 J1eXXUT BHYTPH HHTepPBajla KPUTHUECKHX 3HAUeHHH

V2% V2 _2 (ra6a. 14-a B kuure C. A AliBassina). TakxKe He OTBepra-

E2
I0TCsA U OCTaJdbHbie THIIOTE3bi: CHELHAJIbHO BBIUHUC/CHHbIEe CTATHCTHKH

(by— bs) npu cpaBHeHHH YIJIOBHIX KO3(pduuueHtos, b — b’ npu cpas-
HeHUHU cBOOOMHBIX 4/€HOB, d NPU cPaBHEHUH KO3PQPHUUMEHTOB Koppenas-
UMKH) BO BCeX CJAyuasx OKa3aJduch MeHblie COOTBETCTBYIOLIMX KPUTH-
yeCKUX 3HaueHu#i (kr). PeayapraTel pacuyeToB NPuBedeHk B Tadd. 11

TaxkuM o6pazoM, uMelouuiics MaTepras He NPOTHBOPEUHT THIOTE3E
06 YCTOUUHBOCTH TOJYUEHHBIX KOPPeJsLHOHHBEIX 3aBHCUMOCTEH.

IlepeuncneHHble CBS3W BHISABJAEHH B OCHOBHOM JIIPH aHaJjH3e pas-
pesa QanmIeBOH TOMUIH, B KOTOPOM uepeRyloTcst Mauku TOHKOTO U Ipy-
ooro ¢gauma. OcHoBbLIBasich Ha PacliipeHHOM NpaBu/ie Ppauuil, MOXKHO
«pa3BePHYTb» BHIABJEHHblE 3aKOHOMEDHOCTH Ha IJIOLIAAb PAa3BUTHS
Qunmesoi dopManun. Kak ykaswiBanoch BHIIe, OT gpeBHefi Geperosoii
JuMHUM B TAy6b (paumeBoro Tpora Marepuasn yTOHbLIaeTcs, yMeHbIIa-
IOTCS MOUIHOCTH CJ10eB | 3p U B CBSI3W C 3TUM YBeJHUMBAeTCs OTHOCH-
TeabHas poab 2 3p. B 3TOM HampaB/ieHHH COOTBETCTBEHHO OYIAYT YMEHb-
IAaTbCs Pa3Mephl W YCJOKHATbCS (QOPMBI CKJAALOK, uTO BHI30BET YObI-
BaHHe AHM3OTPOIHOCTH (JHIIEBOH TOJIIM U BBIPAMXKEHHOCTH CTRYKTYD
B peabede, a TaKXKe H3MeHeHUe XapaKrepa BEHIBETPHBAHUSA, YBeJUUEHHE
TYCTOTH ¥ YMeHbIIeHHe IHPHHE TPelliH, H3MeHeH’e BOJONPOHHIAEMO-
cru (puc. 14,0).

B 3akjlueHHe OTMETHM, UTO KaK DacCMOTPEHHBIE BBILIE JIHTOJO-
ruyeckre 3aKOHOMEPHOCTH, TaK U CBS3U MeXIYy HHIKeHepHO-Teo/iorHuec-
KMMH OCOOEHHOCTSIMH MAacCHBOB TOPHBIX NIOPOX, C ONHON CTOPOHBI, II
COCTABOM M CTPOEHHEM CJaralmlluX HX TOPHBIX LOPOJ, C IPYrou, BOBce
He SBJAIOTCH cHelHpuuecKoil 0COGEHHOCTbIO (UIKIIEBHIX TOJMI, XOTS
IpOsABASIOTCA B HUX 0cOGeHHO AApKO. MOXKHO cocaThCst Ha pAI HCCie-
JAOBaHUM, rje aHaJOTHUHbIe CBS3U OblIU BEIABJEHB B UHBEIX 10 TeHEe3HCY
ronmax. Tak, B. JI. Komapos (1961), usyuasmuii Teppuresdssie Kod-
Jekropa Hedru [loBo/ixKbA, yKaspiBaeT Ha CBg3b MOUIHOCTEH ca0es
¢ nponuuaemoctoio, K. B. Pynnenefit (1956) — Ha cBs3b pedopMupye-
MOCTH U IPOYHOCTH MecuaHuKoB MoOCKOBCKOro GaccefiHa ¢ TpaHyiOMeT-
puueckuM cocrasoM, H. B. Pasun (1948) —Ha cBs3b conpoTHB/EHHS
CABUTY TONepeK CJIQUCTOCTH C NPOHEHTHHIM COXEPXaHHeM apTHJIHTOB
B TOJUle NepecjauBalouuxcs NecuaHUKoB ¥ apruanutos. Yucao takux
IPHMEPOB MOXKHO YMHOMKHTD.

Dro 3acraBasieT elle pa3 NOAYEPKHYTb CHeJaHHbl paHee (Pai.
19626) BriBOZ O LEe1eCOOGPA3HOCTH HCIIOJIL30BAHUS HAPSRY C IPHHATHIM
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Ta6amuoa 1t

Cpaphenue 3IMIMPHYECKMX DerpecCHOHHBIX 3aBHCHMOCTeH, npuBeAenHbix B Taba. 10

. o2 2
a) HO BeJWYHHE YCIOBHBIX mscmepcuil ST m S5

JucepcHoHHOe
OTHOWEHHE
CpaBHKBaeMble 3 C10BHAR AUCHCD- 2 VE, () Vii_, ()
S2BHCHMOCTH cust Sy u Sy i 2_.11’ > 3
SZ
M = ¢(d) 0,210 1,35 1,94 0,51
0,154
a=g(M) 0,0054 1,48 1,87 0,53
0,0080
§) 1m0 BeaWuHHE YIAOBLIX KO3hDHUHEHTOB ?7\1 " ?1\2
CpaBHKBaeMbi. Yraosoit ko3 du- N N )
33BHCHMOCTH uueHt b by — b, | kr npu P =093
M= ¢(d) Y 0.04 0,48
a=9(M) 0,58
0:46 0,07 1,02

B) [0 BeaHYWHE CBOGOIHLIX WIEHOB 4y H Az

Csoanag ounenka | Ouenna b mpu ycro-
CpaBHHBaeMble
ofulero yraioporo | BHH paBeHCTBa CBO- | o—b" | kr upn P =095
32BRCHVIOCTH
no3pduuuenTta b GoaHbN YieHOB b’
M = ¢(d) 1,18 1,17 0,01 0,91
a= ;(M) 0,50 5,44 4,94 116

r) 0O BeJHYUHE

KO3(Q(QHIIeHTOB KOpPeNAURU 7'y H Iy

Cpas 111Baevbie k03 D HIHCHTB L. i—r d= Zi— 2
3aB ' 1MOCTH LOPpRTILAN £ Z=3leg 1—r 1 N_I_‘;_LN_I_?_) kr mpu P =0,95
b B 27
M= +(d) 0,82 1,15 1,14 1,96
0,69 0,83
a=¢(M)
0,92 1,59 1,11 1,96
0,87 1,30
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B perHoHanbHOi HHMkeHepHOM TeoAOTHH (OPMaLHOHHBIM IOIAAOAOM
BHYTPpU(POPMALHOHHOTO aHasiM3a HeOLHOPOJHOCTH TOPHBHIX MOPOA H I
napareHe3oB B mpezresax ¢Gopmauuu PeruoHalbHBIH NOIANOL ONH-
paeTcsi Ha BHyTpPeHHee €JHHCTBO, Ha «OLHOPOJIHOCTb HEOLHODPOLHOCTH®
dopmanuii. [Ipn mMenxomacmTabHOM KapTHUPOBaHUH H paHOHUPOBaHUMU,
B KOTODHIX MCII0/1b3} €TCs NpejCcTaBieHHe O (PopMalHsgX Kak O Makpo-
CKOMNHMYECKH OHOPOIHEIX TeAax, OCHOBHOE 3HaueHue HMEIOT OCPeIHEHHBIE
171 1aHHOW (popManHu XapaxkTepuctuku J[las cpenHe- uw Kp\IHoMac-
mwTabHBIX HCC/AeN0BaHUN OOsbllee 3HaueHHe NPHOOPETAIOT 3aKOHOMeEp-
HOCTM BHyTpelHeli H3MEHYHUBOCTH CBONCTB NOPOX B Npenenas dopwma-
nui * Taxum o6pa3oM, BHyTpu(OpPMaUHOHHBIY aHaAH3 HEOLHOPOIHOCTH
Hapsily CO CTaBUIMM YK€ TPaAMLHMOHHBIM pPETHOHaJbHBIM IIOAXO
JOM TI03BOJISET TIOABECTH EeIHHYI0 METOIHYECKYI0 OCHOBY IO Hcche-
nosaHusg pasHoro Macuiraba (DBeamft, 1964) K cxoxHbiM Barasgam
npulles, no-BuiuMoMy, B Hocaegnue roget 1 H B Kosomencxkui,
yCMaTpHUBAWILUA B 3aKOHOMEPHOCTHSX M3MEHUYUBOCTH CBOWCTB TOPOIL
B Ipelenax KOHKPETHHX ¢opmanuil OCHOBY A.1d NpuMeHeHusa dopva
LHHOHHOTO aHa.1u3a B MHXeHepHOH reosoruu soobule

§ 9. YnioTHeHHe ropHbIX MOpPOR ¢ ray6uHoi

3akoHOMeDHble u3MeHeHHs (H3WYeCKHX CBOHCTB TOPHBIX NGpPOI
B BEPTHKa/JbHOM HalpaBJeHuH, 32 MCK/IOUEHHEeM 30HBI THUNepreHesa,
KOTODYI0 MBI GyZeM paccMaTrpHBaTb 0C060, B GOJBIIMHCTBE CJiydaes
o6ycnoBjieHnl OByMst ¢paxropaMmMu: JAeHcTBHeM Teo(@H3HUECKUX MOJeH
(rnaBHBIM 06pasoOM TPaBUTALMOHHOIO, B MeHbllel CTENEeHH TEeNJiOBOro)
¥ U3MeHeHHEeM JMTOJOTHUeCKOro cocTasa Nopoj 1O paspesy. BaxHylo
pOJib UTPAET U BO3PaCT NOPOX, ONPEAEASdIOUHl, B YaCTHOCTH, HJIUTEJb-
HOCTb BO3ZEHCTBHMA HA NMOPOABI TeX UM HHHX areHTos B peaysabrare
BO3HHKaer 6oJsiee MU MeHee CJA0XKHas KapTHHa H3MEHUYHMBOCTH CBOUCTB
nopox mo rayGuHe, OTpakamolnas KOHKPETHVI0 Te0/JOTHYeCcKyi0 HCTO-
PHUIO HCC/IEYEMOTO MaccHBA.

HaMeHuMBOCTD, CBfi3aHHas C JIUTOJOTHYECKHM COCTaBOM MOpPOJ,
NOJIHOCTBIO ONpeje/siercs OCOGEHHOCTAMH  HCCJeNYEMBIX  Paspesos
B HacTOsllee BpeMs 31eCh e€IBa JH BO3MOXKHE ofobmenus. Hamporus,
H3MEHEeHHS CBOHCTB NOPOH, 06YyC/OBJEHHEIE IeiCTBHEM FeodU3UIecKin
nosed, HocaT Goaee peryiasipHbiii Xxapaxkrep THNHUHBIM NIPUMEPOM MO
JKEeT CAYXUTb IPaBUTAlLUOHHOE YNJIOTHEHHe NOPOX, OCOGEHHO TAMHII-
CTHIX, ¢ ray6unoi (Baccoesuu, 1955, 1960, Asusu w Osepckas, 1968)
OuxHako B pea.bHBIX )CJIOBHMAX Ha paclpelelende 3HaueHuil Qusuye-
CKHIX CBOHCTB NOPO1 IO pa3dpe3y BAUSIOT OIHOBDPEMEHHO pasubie dan-
topet ClieaoBaTe bHO, B 3aBUCHMOCTH OT MECTHBIX YCJAOBHH 3MIHpU
yeCKH BHIsIB/JseMas H3MeHUIBOCTb MOXKET BapbUpPOBATb OT OUEHb CJIOK

© YxKe mocte clayM DYKOMACH "TO} KHUIH B 13147eTbCTBO aBTOP TO3HAKOMHICA
¢ upe3Bnyafino unrtepecHoll pagotoit A M IO1xkeBHud4 IO YeTBEPTHYUBIVM JIETHHKOBO
MODCKMM OTJIOXKeHusv cesepa esponefickoit wactn CCCP sapasiowefics eme onunt
SIPKAM TIPMMEPOM TJA0AOTBOPHOCTH BHYTPH(OPVALHONHOTO aHATH3a U3MEHUHBOCTH 1B
MEHEPHO-TeONOTHYeCKNX CBOACTE TOPOA
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HOH HJIH la’e XA0THUECKOH NPH JIUTOIOTHYECKH NECTPOM paspese IO
CPABHATEJNBHO NMPOCTOH B OXHOPOAHBIX MOLUHBIX IVIHHHCTHIX TOJIIAX.

Hac Gyner uHTepecoBaTh HeNOCPENCTBEHHO HabaionaeMas H3MeHUH-
BOCTb CBONCTB Iopox no pa3pesy. IlombiTaeMcsi Ha KOHKPeTHBIX NPH-
Mepax BHISICHUTb, B KaKuX npejesaX BapbupyeT noas ciaydaiiHoli co-
craBasiioneil B o6uieM pa3bpoce pesynabTaToB ONPeIesNeHUul IIOTHOCTH
TOPHBIX NOPOX, HACKOJBKO CYHIECTBEHHBI MOTyT OBbiThb 3aKOHOMepHble
COCTaBJSIOI e H3MEHUHBOCTH.

AHa/au3 De3yIbTaToB HCC/AEROBAHUMN, BEINOIHEHHBIX paHee, a Takike
(akTHueCKOro Marepuasia, npuseneHHoro B paborax O. A. Illsanxa
(1948), M. C. 3akamanckoro (1959), E. K. Crerioxu (1964), cBuze-
TeJIbCTByeT, LITO, KadK HpaBHﬂO, /}[] /’2 /}4 16 45 Z,ﬂ Z,Z 2,4 ];Z/CMJ
IVIOTHOCTb TOPHBLIX MOPOX ¢ I1y0i- YL v s i
HOI BO3PAacTaeT u COOTBETCTBEHHO g Cay
YMEHbIIAETCA INOPUCTOCTh, BO3pa- X
CTaloT NPOYHOCTb 1 MOLYJDb Aedop- ;g
manuu. IIpu 3ToM rpanueHT usme-
HeHHs TJIOTHOCTH C  TIYOMHOH
yMeHnbinaercs (puc. 17).

B jureparype HeoiHOKpaTtHO

o6CcyXK1aica BONPOC O TOM, CBRA3ANO 40 ] \§_.

Ju Halb/alo1aeMoe u3MeHeHHe (H3H- i -\\
4eCKnX CBOHCTB mopon HemocpeicT- i W
BeHHO C TVyGuHOH 3ajieranys WJiu \\

OTIOCpenCTBOBaHO uepes rayGuny 47
¢ BO3pacToM Nopox. PsimoM nccie- 41H

nosareneir (Crerioxa, 1964 1 IP.)  puc 17 Hsvenenne ¢ rayGusoii cpea-
BhiCKa3aHa MBICJb, YTO (PU3UUYECKHE  upx 3HaueHH TIOTHOCTH Y M TOPHCTO-
CBOHcTBa Nopox  ompenensitoress ot IT ramsbceren nopog, no I'. M Ag-
rnaBgeM 00pasom (MM gake HC- sy 1 1M Osepeois (1968)
KJIOuMTeNbHO) TyyGHHOH 3ajera-

Hus. Cornamasce B LeJOM C 5THM yTBepXKIeHHeM, CJeldyeT, NO-BUIU-
MOMy, YTOUHMTB €ro, HMes B BUIY POJib IeoIorHueckKoil HCTopuu usydae-
MbIX ToJul. IIoponsl, Haxonsyecs B HaCTOsIee BpeMsl BOJIM3H NIOBEPX-
HOCTH 3eMJIH, B reosiOTHUECKOM NIPOLLIOM MOIVIM NIOTPYKAaThCst Ha GoJee
HJIY MeHee 3HauyuTe/ bHbIe T1yOuHbL. 11D 9TOM yeM apeBHee NOPOIHL, TeM
GoJiblile BEPOSITHOCTb TOTO, YTO OHH NOObIBa/Iu Ha GOabLIMX TJ1yGuHax.
Orciona BHITEKaer CyueCTBOBaHME NPSIMOH KOPPENsLHU MEXIy BO3pa-
CTOM TIOPOIB! ¥ ee INIOTHOCTBIO NIPH OAMHAKOBOH COBpeMEHHOH ryOHHe
3aseraHus.

Ha puc. 18 npusenedsl pesy;abTatbi 06palOTKH aBTOPOM daHHBIX
O. A. Ulsanka (1948) o MJOTHOCTH IVIMHHCTHIX NoOpPoX nauoneHa [pos-
HeHckoro paitona. M3 puc. 18 BUIHO, 4TO NJIOTHOCTbD NOPOJI CYLIECT-
BEHHO 34BIICHT OT TJIYOHHH 3ajseraHus JAuilb I8 HauGosee MOJOLHX
OTsIOKeHul (amuepoHCKHX, aKuarbl1bCKHX, B MeHbIUefl crelesy M30TU-
decknx). Do/aee npesHne moponbl (capMarckue, MaBKONCKHe) coXpa-
HAIOT B cpeliHeM cTabHAbHYIO MJOTHOCTH HE3aBHCHMO oT IayGHUHBE 3a-
Jerapusi. CONOCTaBaAs 9TH NaHHBlE ¢ puc. 17, JeTKo mpencTaButh cele,
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