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[TlewaTtaerca mO pemeHdio CeKIHH JAHTepaTynid
no HHMKelnepHoMy OOOpPYAOBaHHIO peAAKIHOHNIOIO
cosera Crpoiinanara ot 23 noabps 1972 r.

Teiitenanbaym A. H., Measnuk B. I'., Cassuna
B. A. Tpemmnnoobpasopande B sipax M SKpaHax
KaMeHHO-3eMAAHBIX naotud. M., Crpoimzgar, 1970.
166 c.

B kHlire Ha OCHOBe aHaJH3a AAHHLIX HATYPHLIX
HaOMI0LACHHH, Pe3YJbTATOB OIpeleseHHsT Hanpsxer-
HO-Ie(OpPMHPOBAHHOTO COCTOAHHA NJIOTHH, HPOYHO-
CTHHIX H JeQOpPMATHBHBLIX CBOHCTE CBSI3HBIX I'pPVH-
TOB H3JNOMKeHb! OCHOBHEIE B3MIALLE HAa TpPeILMHOOO-
pasoBaHie B AAPAX M 3IKPAHAX KaMEHHO-3eMISHBIY
IVIOTHH, YCTAHOBJEHLI TPHUHHB oOpasosamnus  Tpe-
HiHH, pacCMOTpeHbl MEeTOIoH nporuo3a TpEH]’.HHDDﬁ-
pasoBaHHg, NpHBENEHBl CHOCODLI ONpeleselHa napa-
METPOB TpEUIHH, a TAKMKE PEKOMEHIYEMBIe Mepbl Mo
NPeloTBPAlIeHHIO H JHKBHAALNN TPEUIHH,

Kunra npeaHasmauena ana HayyHbIX paGOTHHXOS
H HHMXCHEPOB-NIPOEKTHPOBRIINKOB, 3aHEMAIOMIHXCH BO-
npocamMH HCCjae10BaHMIl, TPOEKTHPOBAHHS, PaCYETH
H CTPOHTEJBCTEA TVIOTHH M3 MeCTHBIX MaTtepHaJsos.

Tabn. 9, puc. 75, cnucox JuT.: 78 Ha3B.
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NPEJAUHCJIIOBHE

[IpoGaema TpeulunoobpaszosBanns B IVIHHHCTHIX f1pax H
3KpaHax KaMeHHO-3eMJIIHbIX MJIOTEH fABJAAETCSs OAHOH H3
BaXKHeHIIHX npH 0o0OCHOBAHHH HaleKHOCTH pPaboThl NpOeK-
THPYEMbIX COOpPY/KEHHH TaKOoro THula.

OueBHAHO, YTO MOUYTH BCE BHJAbl paspylIeHH KaMeHHO-
3eMJISIHBIX IJIOTHH (nmoTeps YyCTOHYHBOCTH GTKOCOB, Hapylle-
HHE LEJOCTHOCTH MPOTHBOQHALTPAUHOHHBIX YCTPOHCTB | AP.)
CBA3aHbl C NepBOHAYa/JbHLIM IOMBJAEHHEM TEX HJH HHBLIX Tpe-
LHH, ABJISIOUHXCA CIeJACTBHEM liepaBHOMepPHBIX Acthopma-
UM JEeMEHTOB IJIOTHHBLI B pe3yJibTaTe CTaTHYECKHX H CeH-
CMHYECKHX BO3JAECHCTBHHM Ha COOpyXKeHHe, paclloJOXKeHHoe B
CJIOXKHBIX re0JOrH4ecKHX, TONOrpaHUeCKHXx U KJuMaTHue-

CKHX YCJOBHAX, BBINOJTHEHHOe 3 MaTepHaJiOB pPasjHYHOTO
KayecmBa, H T. I

B nocJsieanse roasl B A0BOJILHO WHPOKHX Macmradax npo-
BOAHJMHCL HAOMIOEHHS 3a TpolleccoM 00pa30BaHuA TpelHH
Ha MOCTPOCHHBIX KaMeHHO-3eMJIsIbIX TIoTHHAX. B 10 2Ke Bpe-
MS 10 HACTOSIIero MOMEHTa HeT €J1HHBIX B3rJIAA0B KaK Ha
MIPHYHHBI MOABJACHHSA TPEIUIHH, TAK ¥ Ha METOAbI HX NPOrHoO3a,
NpeaoTBpallleHus U JHKBHAALIHA.

YuntbiBasi 6e3yCJOBHYIO BasKHOCTb 3TOH npobaembl, crne-
IHaJbHBIH MEXAYHaPOJHBIH KOMHTET 110 3eMJIAHBIM H KaMeH-
HO-3eMJAAHBIM MJIOTHHAM B 1967 . noctaBui ee B YHCIIO 11ep-
BOOYEpeAHBIX, TPeOYIOUHX CBOCIO pa3pelieHHd, # npH3Ban
K pa3paboTKe HOBBIX METOLOB OIEHKH TPEIHHOOOpa30BaHHi.

B nocaeanune roant xax 8 CCCP (1. M. Taprakoscku#
u U. M. Bacusnsen, A. A. Huuunoposuu, M. Hoaexanona,
I0. H. Csarees, B. M. lllep6una, . JI. Koran u ap.), rax u
3a pybexom (H. llepapn, I'. JTeonapac, K. Buapes u ap.)

1* 3ax. 602 3



npoBefes psi HCCAELOBAHHM, HANPABACHHBIX Ha H3yueHHe
yKa3aHHOH npobaeMbl, H B HaCcrosiliee BpeMs JOCTHTHYTDI
onpeaesieHHble pe3yabTaThl.

Caenyer OTMeTHTb 3acyyrd npod. 'A. A. Huuunopo-
BH‘IE’ — HHHLHATOpaA [pPOBEJIeHHA pAJa paccMarpuBaeMbIX

B NaHHOM KHHUTe HCC/1Q0BaHHH.

INannasn pabGora aBASeTCs, 110 CVILECTBY, NEPBOif MONLIT-
KOH 0000UleHHA pe3yJbTaTOB HCCAEIOBaHHH, IOCBALIEHHDBIX
BolipocaMm Ttpewuioo6pasosanusa. Lleap 310t paGorbt —
[I0KaszaTh, B KaKHX cJyuasiX M KakuM oOpasoMm caenyer
NMPOBOAHThL OIlIEHKY BO3MOIKHOro TpemuHoobpas3oBaHust B
sjpaXx H 3KpaHax IVIOTHH H KakKHe Mepbl MOryT ObiTb IpH-
HSATBI AJS TPEAOTBpPAallleHHd HJIH JHKBHIALHH TaKOro Tpe-
wHHooGpasosanus, CoorBercTeHHo Ha 0a3e aHaJu3a gaH-
HbIX HAaTYpHbIX HalbJ10AeHHII, pe3yJbTaTroB TEOPETHUECKHX
H 3KCHEpPHMEHTaAbHBIX HCcJeloBaHAH (OpMYJHPYIOTCS OC-
HOBHBIE 3aKOHOMEPHOCTH B IOBEJeHHH IDYHTOBBLIX fAaep H
9KpaHOB TJOTHH, npeaiaralorcs cnoco0bl INMPOrH03a MOsB-
JIEHHST TPELUHH H OUEHKH HMX lapaMeTpoB, a Tak¥Ke HaJjara-
IOTCSl OCHOBHBIE TpeOoOBaHHSI K IIPOGKTHPOBaHHIO, Hampas-
JIeHHBIE€ Ha NnpenorspalleHHe TpeuinioobpasoBaHHA.

ABTOpbI HAAGIOTCSH, YTO JaHHas KHHra B M3BECTHOH Mepe
BOCHOJHHT CYU[eCTBYIOIHH NPOGe]T B H3YUEHHH H PeUISHH|I
VKasaHHOH 1podJeMbl, a BbiCKazaHHuble B HeH IpPeJI0XKeHHA
6yayr cnocobGerBoBaTh 6osiee 0GOCHOBAHHOMY H HaJeXKHOMY
NPOEKTHPOBAHHIO IVIHHHCTBIX sIJIep H 3KpaHOB KaMeHHO-
3eMJISHbBIX TIJIOTHH.

Astopbl  TAYGOKO TPH3HATEABHLI pPeLEH3EHTY npod.
[1. JI. UBanoBy 3a caenaHHble UM LeHHbe 3aMEYaHHs, Ha-
[IPaBJEHHbIC Ha YJYYLICHHE CO{CPKAHHA KHHTH H yCTpaHe-
HHE pAla HEL0CTaTKOB.

ABropbl npuHOCAT GAAaroAApHCCTh COTPYAHMKAM Jabopa-
TOpHH rHApoTexnuyeckux coopyxeunii BHHUHM BOITEO
H. H. Posanosy, U. H. llleBuenko, ®. III. Bouauny,
E. E. Tapa6punoit n JI. M. JKypxoBoi#t 3a noMolitb npu noj-
FOTOBKE PYKOIIHCH K l1€UaTH,




Fnapa |

OCOBEHHOCTH JE®OPMUPOBAHHUSA INTHHHCTDBIX
SSOEP U 3KPAHOB KAMEHHO-3EMJISIHbBIX

NJIAOTHH U NMPHUYHUHDBI BOSHUKHOBEHHS B HHUX
TPEILLUH

1. AHAJIN3 JAHHDLIX HATYPHBIX HABJIOAEHKWH
3A JEPOPMALIHMIMH TTVIOTHUH
MU TPEILIHHOOBPA3OBAHHUEM

Janiisle HaTypHBIX HAa0AI0JIeHHH ABAAIOTCH, C OJHOH CTO-
POHBI, HCXOAHBIM MAaTEPHAJAOM, 110 KOTOPOMY MOMKHO CYIHTb
O IOBEeJNeHHH COOpPYXEeHHUs B lpollecce CTPOHTEILCTBA H IK-
CnJayaTalliH, CBOeBPEeMeNHO 00HapYyXKHTb  HeXeJaTeJbHbIe
HAPYIUCHHSA H NPHHATDL Mepbl AM9 HX JHKBHIaUHH, H, ¢ APY-
rOH CTOPOHBI, OHH CJAVIKAT KPHTEpHEeM NPaBHAbHOCTH NPHHI-
ThIX PAaCYETHLIX CXEM H NPEeANOoChIJIOK NPH OUEHKE NPOYHOCTH
H YCTOHYHBOCTH COOPYHKEHHS.

Ony6auKoBaHHble B NOCJAeAHHEe TOAb AaHHbBIE OOIHPHBIX
HaTYypPHBIX HaOaI01eHHH 3a pSJA0M KaMEeHHO-3eM/SHBIX TIJI0-
THH C si/ipaMy H 3KpaHaMmu — ['enau (ABctpusi), Hudep-
HHab0, Hetuaxyanxoiora (Mekenka), lemenepaabn (LBei-
napus), Opopuan (CLUA) n ap. [31, 70] —mo3poauian
caenartb aHaaH3 paboTbl 3THX COOPYXKEHHH H YCTaHOBHTH OC-
HOBHbIC 3aKOHOMEPHOCTH H3MEHCHHS MX HATIPsiKeHHO-aedop-
MHPOBaHHOr0 COCTOSIHHSI M, B YaCTHOCTH, TeHJGHIHH, CrO-
COOCTBYIOIIHX BO3HHKHOBEHHIO TpEUWHH B NPOTHBODH/Ib-
TPAallHOHHBIX 3J1eMeHTaXx.

B tabs. 1.l npuBeaen nepeieHb HM3BECTHBIX B JHTEpaTy-
pe [70, 73] cayuaeB BO3HHKHOBEHHS TPEUMH B IJOTHHAX U3
MECTHBIX MaTepuaJioB ¢ siipaMi ¥ 3KpaHaMH, laHa KpaTkas
XapakTepHCTHKA THIA IJOTHHB, OCHOBaHHS, MaTtepuaJja sij-
Pa HJH 3KpaHa, OCHOBHBIX BHAOB JepopMaluii H TPELLHH,
npeanojaraeMblX NpHYHH Tpeuddoobpa3oBaHus H NPHHATHIX
Mep Mo PeMOHTY COOPYKEeHHS.

Ha puc. 1.1—1.3 npeacraBienbl pe3yabTaThl HATYp-
HbIX HaOJIIOJICHHI 3a paclnpeie/JeHHEM TOPH30HTAJbHBIX Me-
peMelIeHHH H OTHOCHTEJBbHBIX Aedopmanuil #Ha rpebHe saep
B IIPOAOJLHOM CeYeHHH I10THH. JIerko saMeTurh, uto B 60p-
TOBbIX NPHUMBLIKAHHAX MJAOTHH, 0COOEHHO PpacnoJoKeHHbIX B
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Pue 1.1. CxeMatuunnifi naas naorHHsl enay (@) # rpaduk OTHOCHTEAL-
HBIX NpoaoAbHBIX Aedopmauuit rpebHa (0)
| — 3ona pacramenun; [l — zona cmarus; | — |/ — HoMepa wmapox na rpefue

JAOCTATOYHO Y3KHX YILEJbSIX HJAH KaHbOHAX C KPYTbIMH OOp-
TAMH, NIOSABJSIOTCA 30HbI pacTsxeHUd Ha rpebHe, B KOTOPHIX
MOMKET NMPOHCXOAHTL pPa3pbiB IIAHUCTOrO MaTepHasa ¢ obpa-
30BaHHeM OTKPHIThIX TpeuuH. Ha ocHoBanuM aHa/M3a 3THX
JAHHBIX MOXKHO CAe/1aTh BBIBOJM, “ITO TPeLHHBI ABJASAIOTCA 3a-
KOHOMEPHBLIM CJeACTBHEeM  HepaBHOMepHbIX aedopmanu
3/16MEHTOB IJIOTHH, BO3HHKHOBeHKS 30H NpeeJbHOro cocro-
AHuA, oOaacTteil pactsaxKeuns u capsura. Mamenenue necgop-
MUPOBAHHOIO COCTOAHHUS NJOTHH OO0yCJOB/AHBaeTCHd pasjiHu-
HBIMH (akTopaMH; HeAOYIJIOTH2HHEM MaTepHaJOB NPOTHBO-
QHALTPAUHOHHBIX YCTPOACTB M YINOPHBIX NPH3M, HHTEHCHB-
HOH OCaJKOH CHHMAaeMOro OCHOBaHHS TIPH BO3BedeHHMH Ha
HeM NJOTHHBI, 3HAYHTEJbHBIMH IIpocajKaMH MaTepHaJsoB
YIIOPHBIX TIPH3M NPH HamnoJIHEeHHH BOAOXpPaHHJIHILA, CEHCMH-
YeCKHMH BO3JAEHCTBHAMH M T. n. BaugHue 3THX (QaxTopos
NposiBAAETCS] B PAa3JIHUHOH CTelleHH B 3aBUCHMOCTH OT KOH-
CTPYKUHH [VIOTHHBI M NPOTHBO(PHIBTPALLHOHHOIO YCTPOHCTBA,
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Puc. 1.2. I'padpuk orsocaTe nh-
HBIX NpoaoasiHLIX  aedopma-
wHit rpeGus naotuusl HMuadep-
HHALO 8 nepdoa 1964 r.

I — KpWBa¥ BO3BEACHHA IaoTH-
Hbl; 2 — KpuBam  HanoaHeHHR
BOAOXpaNHaHILA

Puc. 1.3. Pacuernnie / u 3a-
Mepexsble 2 peapumusl  ropi-
3OHTANBHLIX repeMeLeni
BACAbL rpebus naoTuaw Her-
LaxXyaaxonoTa
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koH(pHrypalun KaHboHa, YCJI0BHII BO3BeleHUsl U rpaduka Ha-
(IOJIHEHHs BOJOXPaHHMJHILA, YCJOBHA 3IKCNJyaTalHH W T. A

Bosaee noapoGHO paccMOTPHM MpHMepbl TpeUlHHOOOpa-
30BAHHA B IIJIOTHHAX, NOCTPOCHHLIX B IIOCJAEAHHE FOAbI, IIpH
MPOEKTHPOBAHHH KOTOPbLIX YK€ 3 TOH HJIH HHOH MEepe YYHUTHI-
BaJlacb BEPOATHOCTb IOABJEHHA TPEIHH.

laoruna dyHkan (cMm. taGi. 1.1) pacnosoxena s 1oJH-
ne p. Hyukan, npeacrasasiiomieli co6oifi CKaJbHBIH KaHLOH
rayounoi 1o 380 M, 3an0JHEHHLIT Pa3JIHYHBIMH OTJIOXKEHHS-
MH OcafoyHbIX rpyHTOB (puc. [.4,6). Bepxusas sona A mour-
HOCTBIO A0 24 M npejcTaBjdeHa [POHHIaeMbLIM necuaHo-rpa-
BeJIHCTBIM MaTepHaioM. PacnosoxenHas noj Heit 3ona B
TONUIHHONR OKO0JMO 90 M COCTOHT M3 HPOCJAOEB HJa, necka H
rpaBuda. Huxnsas sona C npefcrasieHa NJIOTHOH rpaBesHc-

TO-TIECYaHOH CMECbIO € yBelduueHHBIM COAepiKaHueM Illecka
no rJjvouHe.

Ilnoruna suicoroii 40 m (pue. 1.4,a) Bxaouaer (no nep-
BOMY NPOEKTHOMY BapHaHTy) NOHYp H 3KpaH H3 cymecuaHo-
rO I'PYHTa, 3aUHIIEHHBIH ¢ 06€HX CTOPOH NEpexoAHbIMH 30-
HaM#, H IPH3MY H3 NPOHHIAEMOro rpynta. Marepuada skpa-
Ha H IIOHypa HMeer CJeAylouHe xapakTepucTuku: Wyp=
517,5%; Wu=4,3'%; dm% =0,0073 MmM; pgﬁ=2,15 Tf."»[a;
Wruur";lﬂxs%-

YUHTBIBAS, YTO B OCHOBAHHH 2aJeraer A0BOJbHO MOMIHAS
TOJILLA CHHMAEMBbIX OWIOXKEHHH, NPH INPOEKTHPOBAHHHM 110
pesyabraraM JabopaTOPHBIX M I10JIeBLIX HCCJAELOBAHMI Obl-

JH OUEHEHbI BO3MOMKHBIE OCaAlKH OCHOBAHHY OT Harpysxu
BO3BelIeHHOH NJOTHHEL.

OxHako, HECMOTPSI Ha TIMATe/ALHOCTb BejeHHs pabor, B
aprycre 1966 r., xorsa naotHHa Oblia BO3BELEHA 0 OTMET-
KH 597 M, OBblIM OGHApy KeHH NepBble TPellHHbI B  IKpaHe,
IPOCTHPAIOLLIHECsA NapayiesIbHO BOCTOYHOMY Gopty.  [IsaTh
rpeuns wHpuron 0,6—1,3 cm nepecexkaln sKpaH Ha yyacTke
npumMepHo 30 M u ObICTPO passlBaiuch. Boipbitasg TpaHiues
MIyOHHOH 20 9 M N0O3BOJIHAA YCTAHOBHTB, YTO MO riyGHHE
UIHPpHHA TpelHH u3mensercs or 0,2 10 5 CM, YaCTHYHO OHH
3aMOHEHbl 00BaJHBIUMMCS TPYHTOM.

Bolin paceMOTpenbl ABa BO3MOMKHBIX BAPHAHTA JIHKBH/1a-
UHH TpelHHooOpasoBanus: nepebii — 3HAUHTEILHOE 3aMel-
JCHHE Na bHeHIeH YKIAaQKH 3KpaHa 10 3aBeplleHHsi OCHOB-
HBIX OCaNOK; BTOPOH — ‘BHECCH!E B MPOCKT HEKOTOPHIX KOH-
CTPYKTHBHBbIX H3MeHeHui. OxonuarteabHo ObLI NPHHAT BTO-
POH BapuaHT, TaK KaK NPH Nep30M BAPHAHTE 3HAYMHTEABHO

-
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Puc. 1.4. Ilonepeunnit pazpes nmo maorune yuxau (¢), nNpoaoabHbli
paspea mo xanpoHy (6) M KpuBble OCaJOK OCHOBAHHA NJOTHHHEI B Npo-

JXOJILHOM HanmpasjeHun (8)

| — rAHRHCTHIA 3xpan u nouyp; 2— 4 —necHano-rpaBeaHcTé  30HH  YNOPHOH
NpH3MM; 5 — Apesamunfi TiohAK: 6 — 3aMepenHnne oCamxd; 7 — 306a  nporuo-
SHPpYCMBX OCAA0K; § —MecTO pacnoA0KeHnHs TpeuimH
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R

3a/lep/KHBAJIOCh OKOHUAH e CTPOHTENbCTBA, BCIEACTBHE Yero
YOBITKH COCTABHJAH Obl HECKOALKG MMIJHOHOB JI0JJapOB.

HsmeneHus npoexta 3akJjlo4aJiHCh B ciaeayiouiem. Brie
OTMETKH 561 M OBIIHM OTChITNIAHLI LIEPeX0AHBIE 30Hbl H BCS HH-
3oBas mpu3Ma, urto daxtTuyecku obOecrneyusao npeaBapuTens-
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HYI0 Harpysaky Ha oCHOBaHue u LpHBeno K Tomy, dro 609
ocafzok npousomw1o 10 1969 r. buiin raxkxe yBeanveHsl pas-
MEepbl HH30BOro JAPeHaKHOro Tiofaxa, crnoco0CTBOBABILETrO
OpicTpoMy OTBOAY (HABTPAUHOHHBLIX BOJX. Boime orMerxn
561 M OblJIO pelleHo BLINOAHHTD GoJlee TOHKHI 3KpaH H3 IJIH-
Hucroro rpyira ¢ 69%-uoit roGaekoit GeHTOHHTA, ClloCOOCT-
BYIOULEH YBEJNHYEHHIO IJIACTHYHOCTH IKpaHa (YHCI0 miaac-
tuyHocTH ot 4 no 20% ) u ayunieit ero npucnocodaATEMOITH
K BO3MOXKHBIM ocaakaM. IIpuyem B Mectax omuaaemoIro
TPEUIHHOOOPA30BaHHA 3a IKPAHOM MaTepHaj yBJAAXKHANH H
TILATEJNbHO YINIOTHAIH. 32/0KeHne HH30BOTO OTKOCA B BepX-
HeH 4acTH TJIOTHHBI ObLIO yBea44YeHO 10 3 NPOTHB TepBoHa-
YaJbHOro 3aJ0XKeHusd 2.

Caenyer Takke OTMETHTb, YTO B KaueCTBe BapHaHTa pac-
CMaTpHBAJOCh YCTPOHCTBO IJIACTHYHON Pe3nHOBOH MeMGpa-
HbI, HO H3-3a DOJIbLIOH CTOHMOCTH H 3HAYHTEAbHLIX 3aTPyAie-
HHH NPH YKJa/Ke OT 3TOro Bap4aHTa OTKAa3aJHCh.

Tlokazanus nbe3oMeTPOB, YCTAHOBJEHHBIX [OCAE OKOH-
YaHHs Bcex pabor, cBHAETEALCTBOBAJAH 00 3ddekTHBHOCTH
nposeAeHibIX Meponpusathd. K xonuy 1968 r., 1. e. uepes
1,5 r. noc/e 3aBepiieHysi CTPOUTEILCTBA, MEICTBHTEAbHbIE
OCalKH OCHOBaHHS oKasanaucb uHbIMHM (puc. 14,8). V¥ Bo-
CTOYHOrO OOpTa OHH 3HAYHTENbHO IPEBLICHJAH Npejmoaara-
€Mble, TIDHYEM BCJeACTBHEe GOAbLUIOH pasHHIB B OCAalKax Ha
9TOM Y4YacCTKe BO3HHK/JIH 30HbI pPacTSXKEeHHA  H [NOABHJIHCD
TPCIHHEL B noacrasialomeM ocxosanuu. Ilonepeynnie Tpe-
IIUHBL DIOTHOCTLIO NepecekatH 30HY PacnoJoKeHHs 3KpaHa
H IIEPeXOAHYI0 30HY. YUHTBIBAs BEPOATHOCTH TPEIHHOOO-
PasOBaHHA H B CaMOH IJIOTHHE, NPH TIPOEKTHPOBAHHH Obliu
NPEAYCMOTPEHLl YKa3aHHble MepONPHSITHS.

laotuna Xurreoseii (cm. ta6a. 1.1) pemoanena ¢ sj-
poM (puc. 1.5). Vmopubie npusMbl YCTPOEHBI H3 KaMel-
HOM HaGpPoCcKH. Mexay NepexoXHbIMH 30HAMH U3 TpaBusi H
JIOPHBIMH NpH3MaMH YJIOKEH  CKaJbHbIEI MartepHaJ TOH-
HEJbHBIX BLIPA0OTOK. JleBblit 62per KanbOHa A0BOJBHO KpYy-
TOH, ¢ yKIOHOM 10 45°. C meavlo  yMeHbIIeHHS 110POBOTO
AABJCHHS B fiipe BepXHSA €ro Yyacrtb (BTOPast OYepedb CPPO-
HTEJIbCTBA) Obl1a BHINOJIHeHA  Gojiee TOHKOM. B npolecce
CTPOHTEJILCTBA HHKAKOrO CHEIH&AbHOTO  VINIOTHSIOULEro
obopynosaius He npuMeHANH. MopeHHblit TPYHT B S11PO VK-
1aIbIBAJIH CAOAMH N0 25 CM H YIJIOTHAAH 15-TOHHLIM 6yJib-
AO3EPOM 3a nATh NPOXOAOK. XaDAKTEPHCTHKH MaTepHaJa
Aldpa. WT“;QI%; W|:=I5%; WH=60/0; Wnn'r=8,2%1
Pes=2,17 rfem% kg=7.10-8 cM/c; co=10.xI1a: p==87,6°
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B mepexoiubie 30HbI rpaBuil yKaaasiBaan caoamun 0,5 M, yi-
JOTHAS npoxoasuuM tpancnoproM. KamenHyio nabGpocky
VKJIaAbIBAAH CA0AMH 3—O M ¢ yBIAXKHECHHEM.

[loBbinennas cduabrpauus (mo 60 a/c) craaa HabJio-
JaThCd 110C/e NePpBOr0 HaMoOJIHeHHA BOJAOXPAHHJHILA BblLe
OTMEeTKH 739 M BOMIHM3H JeBoro Oepera Ha rayGuue xo 10 M.
Tax xak BbIXOAAWLHI NMOTOK ObLIT MYTHBIM,  MOXHO OBLIO
NpeAnOoJIOKUTE, YTO NPOHCXOJAHT BbIMBIB YaCTHIL TPYHTA $J-
pa. IIpoGypennbie CKBaXKHHbI NTOATBEPAHIIH [1PEANOIONKECHHE,
Bolin ycranoBaenbl 30HBEI NIepey3JaKHEHHOro FPYHTA, a TaK-
K€ COCpedOTOuEHHBIE XO/bl (HAbTPALHH uyepes AApo, HTO
CBHAETEJbCTBOBAIO O HAJHUNH TPElLHH.

Ha ocnopanuu aHaansa  pe3y/abTaToB HaOGA0ACHHI 3a
ocalKkaMH, IOPOBLIM JlaBJeHHeM H QHAbTpaUHCH NPHULIHA K
BBIBOAY, 4TO TpeuiMHa morJaa cOpa3oBarbesi — BCJACACTBHE
BOSHUKHOBEHHUS apodynoro agdexta us-3a pasanunoii aegop-
MHDVEMOCTH MarepHaJOB OTIAedbHBIX 30H.

HecemoTpa na TO uTto #1ApO 221MHIIEHO  MOUIHOI 30HOI
¢uaprpa, OBIIO pellieHO NPOBeCrdH BOCCTAHOBHTEAbHbIE pa-
00Thbl ¢ ueablo cHHXKeHHsi (uabtpaund. K komuy 1967 r.
Oblla BBIIIOJHECHA LleMeHTalUHA  Ha KOHTAKTe $ApO —
(GuAbTP, NpHUEM CKBa)KHHbl Oypuau Ha rayGuny mo 30 M
H Ha HEKOTOPBIX y4yacTKax JOXOAMTH A0 ckKauael. Pacreop
Harmeraau B TpyObl 101 JAaBacHHeM  (Ha ravOouHe GoJce
20 M cosnaBaaoch nasiaenne 0,4—0,6 MITa, a Ha MenbIUux
rayouHax 0,1—0,4 MIla). I'lepBonauanbio GypHan cKBawu-
Hbl B OAHH psauepes 50 M, a 3aTeM MeKAY HHMH OYpHJIH BTO-
poi paji ckBaxud. ITo ganupiM KOHTPONbLHBIX CKBa:KHH Y6e-
AHAHCH, YTO BeCb PacTBOP pPacXo/JAVercs Ha yKpenjieHHe KO-

Pic. 1.5, [Naoruna Xurreiopei

! — aapo; 22— nepexoasnie 3006; J YOOPHEE NPHIMB, 4 — UeMeHTAUHOIIHAR
3aseca
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TaKTa f1pa H He yXoaut B puibtpul. CocraB pacTsopa Gbii
caenyonuM: 1 1 6eHronuTa, 2 1 1emMenrta, 9 y necka u 16 y
BOJLBI.

Ilocsie npoBejieHHss BCeX DEMOHTHBIX pPaGoOT  OCCHBIO
1968 r. ¢uabTpaUuA NPH MOYUTH MOJHOCTHIO 3aNOJHEHHOM
BOLOXPaHHJIHIIE He TipeBbituagaa 15 afe.

MMnoruna Martmapk (om. ta®a. 1.1) Bossemena mua oc-
HOBAHMUH M3 (DJIIOBHOTAAUHANBLHBIX MODEHHBIX OTI0MKEHHI]
(puc. 1.6,a). Crpop MIOTHHBL HeCHMMeTpHUCH — ¢ Gosee
KPYTHIM mpaBbiM GoproM. Dpynt (¢ comepxanuem bpax-
UHH pasmepoMm Jo 120 MM) yKaaamBadm B SIAPO CIOSTMHU
30 cM, ymnornsisi 80-TOHHBIM KaTKOM Ha nHeBMoXxoxy., Ma-
TCPHAJI TPH3M COCTOSIT H3 4ACTHIL KPyiHOCTLIO0 100—800 M.
Fpadux orcwimku naotusel Guin caeyiomuy (taba, 1.2).
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TABJHILAIL2

Fop crpouTeabcTBa 1962 1963 1064 1965 1966 1967
OTMeTKa NMJIOTHHL, M 2005 | 2112 | 2139 | 2179 | 2180 | 2204
Harpyska ua ocwoBanue,

MIla 0,20 0.8 1.2 2 21 2.3

Doabluoe KOJHYECTBO KOHTPOJBHO-H3MEPHTE/IbHON anna-
pPaTypbl NO3BOJHJAO MNPOCAEAHTb 38 KapTHHON Aedopmauuii
coopyxeHuda u ocHoBaHusa. Ha puc. 1.6,6 mpencrasiena
3BOJIOLHUA OCAN0K OCHOBaHHA (10 morepHe B) mno mepe or-
CHIIKH MJIOTHHB. MakcuMyM HabJi01aeMOH 0Cafikd, PaBHLII
1,7M, oKasaJjcs B IIpaBOif 4aCTH CTBOpa, npuueM O6O/blIas
yactb ocaJlku npousomsaa B 1964—1965 rr. 10 o6pasoBanus
TpemiuH. C TOMOUIBLIO HHKJIHHOMETPOB YCTaHOBJIEHO TaKkKe,
YTO OCAaAKH fiapa, NePeXoJAHbIX 30H H YNOPHBIX TIPH3M CHJIb-
HO OTJHYAIOTCS MeKAYy coO0H, a mepeMellleHHA  TOueK Ha
orMerxke 2152 M Oblzir Hanpasaedsl nox yriaoM 45° K ocw
TIIOTHHBl BHYTPh KaHLOHA OT npaBoro 6opra.

[Tepsole TpemwMHbl ObIIH OOHAPYKEHBI YePE3 ABA MECS-
1a Toc/je BBIHYX/IEHHOro npexpaiieHns  pabor B oktabpe
1965 r. Tpeuunsl mpoxoauan 86Ju3H NPasoro 6opra u ne-
pecexasn Teao aapa, nmepexoAublx 30H ¥ npHaM. [Tocue o6-
pasoBaHHs TpelmlHH ObIJIH YCTAHOBJEHBI HOBHE IOCTHI H3Me-
peHnst xeopMauuii ¥ BHIPLITH JBa KOJAOAUA AHAMETPOM IO
1,0 M nas nposenenus naGaoacHuil 3a TpemiuHamiu. Pac-
KPbITHE [TaBHOH TPEIUIHHBI TIPDOUCXOAMIO €O CKOPOCTHIO
npuvepro 10 My B wmecsint (He npesbluiasi obuIe MIHPHHLL
4,5 cM), rayOuHa TpeUIMH He I1IPeBbmana 4—5 M He3aBH-
CHMO OT INMPHHLI PacKPbITHS KaxkAoH. Dwio  seickaszano
NPeanosoKeHHe, UTO TPeuluibl OOYCAOBJIEHH KaK HepaBHO-
MEpHBIMH AePOopMALHAMH OTACIbHBIX 3JIEMCHTOB NJIOTHHBL,
TaK H TOABJICHHEM 30H PACTSKENHA Y MPaBoro Kpytoro Ge-
pera mpH HepasHOMEepHbLIX OCaliKaXx MaTepHasJa sajnpa P
KanboHe. B nasbuefiureM Oblin HPHHATHL CAEAVIOmHAE Mepol:

a) paGOTHl M0 OTCHINKE GBLTH NPHOCTAHOBJAEHL 0 OCE-
HH 1966 r.;

6) 30HBI AApa ¥ QHALTPOB C TPellHHAMH B Mae 1967 r.

ObliH paspaboranil Ha rayGHHY 10 7 M H 3aHOAHOHL HO-
BbIM MaTepHamIom;
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Puc. 1.7. Tlaorura Boagepxen

I —anpo; 2 — ymopnble npuaMu; J — nepexogHsle 3oHbl; 4 — Apenaik; § — ue-
MBHTAlHORHAA 3aBeca; 6 — Gerounmit 3y0;, 7 — MOpewHuIe OTJIOMKCAHMA B OCHOBA-
HIE; & — 3o0ia OGertounoft awadparMmul, 9 — 3ouw HHDBEKUHE; 10 — Koutponbiikie
CKBA MK HHLI

B) NMJIOTHHZ B LaJbHEHlUIeM HapallHBaJach €O CKOPO-
cTbi0 He Gonee 0,4 Mm/cyTku 10 orMerku 2204 Mm:

r) HaOMIONeHHsT 3a TpPelIHilaMH  BeJHCh 0 BeCHH]
1967 r.:

I) KOHTPOJb 3a AehopMauUamMy OB YCTAHOBAEH HA OT-
Merkax 2173, 2183, 2197 wm.

ITokasanms An1aTOMETPOB, VCTAHOBJEHHBIX B MECTAX
HOABJICHHSA TPEIHH, CBUAETENbCTBOBAIH 06 OTCYTCTBHH JIH-
60 0 mnpeHe6peKUMO MaiBIX MaJdbHEHIIAX pPAaCTSIKeHHAAX
Ha sTnx yyacrtkax. Huxkaxux sismeHuii casura B mpomecce
HabJII01eHHIT He 00HaPVIKeHO.

Maoruna Boapepxen (cm. Tada. 1.1) BosBemena B LU PO-
KoM xanbone (puc. 1.7). B ocHOBaHHH  NAOTHHBI C 103KHOI]
CTOPOHDBI 3aJ/1eraeT NPOYHBLIH CJaMell, a B CeBEPHOIl 4acTH Ha
CJIaHIlaX pacnoJCKeH CJIOH BAJyYHHOH  MODCHHON TIJIHHBI
MOIILHOCTBIO 1o 18 M.

YTopHble TPH3MbBI BEIIOAHEHS M3 APOGJIEHOTO ClaHna, a
HEHTpANbHOC AAPO U3 MOPEHHOI  TJIHHBI VJIOMKEHO CJI0SAMY
0,18 M ¢ ynmorHenneM KyJaukoBBIM KamKOM. Marepnan sn-
Pa conepxas ¢pakunu pasmepoM He Godee 150 mwm, npn-
dem 20% cocraBasan wactaubl d<<0,002 mm. [Tpuampl yx-
JdaibiBany caoamu 0,2 M, ynaoraas MHEBMOKAaTKOM € VB-
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Puc. 1.8. Kpusble HamnoJAHEHHA BO-

| noxpanraniia / H (QUALTPAUHOHHBIX
- pacxonos 2 wepes AAPO NJOTHHALI

Boagepxen

Puc. 19, Cxema pa3 yilledus anpa
njoruunl Doasepxen W ycrpoficTia
GeToHHON JtHadparmu

| —aapo; 2—d¢uaerp; J—30Ha 3pO-
Ay B AApe; 4 — BOpOHKA NPOCAAKH,

5 — neMenTauHonNbLIE CKBAMHHL, 6§ —
-6 IeMeHTauns Yepes TpyOW C MaN¥eTa-

’)Y e MH; 7 — GeTtounan Auadparma

JIJAXKHEeHHEeM, H 4acTHYHO CJIO-
amMu  tosmuon 0.8 M, yn-
JOoTHSSA  8,5-TOHHBIM  BHOpPO-
=  KaTKOM. DuabTp C HH30BOH
CTOPOHBI fiApa, TaK »Ke KaK M
TODAK B OCHOBaHHH, COCTOAJ
H3 npobGJieHOro H3BeCTHfKA

d<4 cm. Ilpeamonaranoch, 4TO d¥ /dgs =3, a mna ca-
MOM JleJI€ BCJIGACTBHE CerperamHd TnpH VKJaAke 3TO
OTHOLIEHHEe MecTaMH noxoauao Ao 6. B ocHOBaHHH nOJA A1-
poMm uMeloTes GeToHnblit 3y6 Tosamuuoit 1,8 M, TrayGHIOMH
95—30 M u uemeHTallHOHHasi 3aBeca Ha ray6uny 30 M. B
npoitecce nadaonennit  OblIO YCTAHOBJAEHO, UYTO OCAAKH
YHOPHLIX NPH3M 3HAYUTENbHO MEHbIIE OCaJloK sapa, BCaeal-
CTBHE uero, no-BHAMMOMY, oOpasoBaiacsi apouHblil 3ddexT.
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Boagoxpanuauuie sanoausnocs, g8 nepuoa 1964—1966 rr.
HenocpeacTBeHHO Tmiepe] OXOHYaHHEM 3aloOJHeHHd BOJ0-
XpaHWJIHILA OTMEYaJOCh CH.JbHOE YBeJHYeHHEe (DHILTPAILH-
onHoro motoka (puc. 1.8). B nocaeayiomue mecsius 6bli0
OGHapyXKeHO, YTO BLIXOASIIHH 3 HuAKHUA Obed puabTpaly-
OHHBIH NMOTOK CTaJd MyTHBIM. B 310 BpeMa npousowin mpo-
calKH rpeOHs, OCOO@HHO B TEX YacTAX MJIOTHHbI, KOTOPLIC
HAXOAHIHCb HA CJ0€ MOPEHHOH IAHHbI, H cTajau O6pa3oBbl-
BarbCsi BOPOHKH Ha rpebue rayOHHOH [0 2,5 M M anamer-
poM 10 3 M (cum. puc. 1.7,0). Cpazy ke BopoxpaHuJaniue Obl-
J0 ¢paboraHo Ha 9 M, TIpH 3TOM (PUALTPaALNs PE3KO YMeHb-
mwuyace  (¢M. puc. 1.8). 310 NO3BOJAWIO 1PEATIONOKHTD,
YTO NpoCavyHBaHHe TIPOHCXOAHT Hepe3 fH1P0 HaJd OTMETKOH
cpaboTku. OaHako yepe3 npobGypentiblie CKBaXKuHbl OblJIO Y-
TaHOBJIEHO, 4TO A/IPO PA3PYILIHIOCH HHZKE YPOBHA CPabOTKH B
pesysbTare pasmbiBa TPYHTa BCJEACTBHE HIMCHEHHST Ha-
NPAKEHHOrO COCTOSTHUSA HAa KOHTAKTe #Apo—puiibTp—rpHus-
Mbl (0OGpasoBanne apounoro spdexra), EBbI3BaBLUEr0 pas-
YIVIOTHEHHE MaTepHajia B HexoTopoli 3one sapa. B maas-
HeillueM Ha rpebHe ajpa Hauyadd Pa3BHBATHCH  OTKPBLITHIC
Tpeutnnbl. Kapruna paspywensa sapa npejicraBieHa Ha
puc. 1.9. Jlast Belnmoanenus  peMOHTHO-BOCCTAHOBHTEIBHDIX
paboT pacoMaTpuBasoCh HECKOJALKO MeTroaoB. DBwlio npu-
HATO, 4TO B NEPHOX PEMOHTHBIX paboT BoAOXpaHHJHILE GY-
AeT 3anoaHeHo Ha °/,. IlpeaycmartpuBasuch cueayioutie
PEMOHTHBIE MEPOIPHUATHSA: a) LEMEHTallUs EApPa ucpes cKpa-
HHUHBL, 6) ycrpoficTBo auadparMbl M3 maacTHYHOrO GeToHa
A0 KOHTAKTa ¢ 6eTOHHBIM 3y6oM.

OnHopsanas neveHrauHoHHas 3aseca (cM. puc. 1.9) na
paccrosiiin 0,8 M OT OCH MIOTAHBL YyCTPauBasjachk nyreM Ha-
THeTaHus pactBopa, cocrosiiterd u3 70% memenTta n 309,
Oenronnrta, CkBakKuHbl pacnogarann uepes 30 M. Bo usGe.
ZKalne paspyueHds ajpa H30LITOYHLIM JaBjJeHHeM Tilla-
TCJIBHO noAdHpaaH JAaBjeHHe HHBeuHpoBanus. Bo Bpewms
ITHX paboT BeJICS KOHTPOJAb 3a jnedopManMiMH B AZpe |
pU3Max H NPOBOAHJIHCH Nbe30OMCTPHYECKHE H3MepPeHHs.
Has npenorspamienus 3acopenus (GuabTpa PacTBOPOM €ro
MMOCTOAHHO NPOMBIBAJH BOJAOH M0OJ JABJCHHEM uepes cCrie-
HHAJNbLHO NPOOYPEHHBIC B HEM CKBAMKHHBIL.

Ha yuactke, rae auadparma 6bi1a BHIOINCHA H3 mJiac-
THYHOro Gerona, o0paboTKa pacTBOPOM NPOBOAUIACH MEHee

HHTencusno. [rapparma 7 Oblia 3anpoexTHpoOBaNa J10CTa-
TOUHO TINACTHYHOH, CrOCOOHOI BOCNPHHHMATL 3HAYHTE]b-

Hbie nedopmaunn Ges paspywesus. Toamuna amadparmbl
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0,6 M, rayGuna 46 M. Dxckapauus noja asadparmy seaach
TUlATENbHO, CTPOTO BEPTHKAJBHI J0 CONpPAMKEHHHA ¢ 3y0OM.
Kourakt ¢ 3y6om Oblal 3aunulen ajs obecneyeHnss XOpouero
conpsimenns. Mlauna anadparmnt 200 m (eMm. puec. 1.7,0).
[locme nposejenns Bcex paboOT NAOTHHA 3IKCIJAYaTHPOBA-
Jach HOpMaJabHo. B naHHOM ciyuae MOMKHO NIPeIrOJIOXKHTD,
4yT0 oOpa3oBaHHe TpeuHH o0YyCJOBACHO HECKOJAbBKHMMH (ak-
TOpaMH B COBOKYITHOCTH:

1) HepaBHOMEpPHBIMH OCaiKaMH IWIOTHHBI H3-34 'HEOAHO-
POJIHOCTH OCHOBAHMHSA; :

2) pa3HOil Ae(DOPMHPYEMOCTLIO MATEPHAJIOB AApa, PHIbL-
Tpa H YIOPHBLIX NPH3M;

NpocajikaMH MaTepHaJO0B IJIOTHHBL  NPH MNOABEMe
YPOBHSA BOJAOXPaHHJIHIIA;

4) OTHOCHTEJILHBIMH MepernagaMi KPYTH3HbI KaHbOHA
Ha pasJHYHBIX YydacTKax, BbI3BABUIHMH HepaBHOMEpHLIC
AepopMaIHH B IPOAOJLHOM HallpaBJeHHH;

D) HapYIICHHEM TeXHOJOTHH OTCHITKH, BHI3BABILUMM Cer-
peraliHio Matepuajga M yXy/AuleidHe KOHTAKTa sIpo — nepe-
XOJHBIE 30HBbI.

2. TPEHITMHOOBPA30BAHHME B ITJIOTUHAX
[TPH CEMCMHYECKHX BO3JIEVCTBHSIX

HatypHbiMy HaGMIONEHHAMII 32 MAOTHHAMH H3 MECTHBIX
MAaTepHaJNOB YCTAHOBJGHO, YTO [OCJAE 3eMJeTpAcCeHHs ia
rpe6He 00pasyioTCs TPeIHHbl PARMUYHBIX HANpDaBJCHHS il
ray6uHbl. HaunGosee pacnpocrpanennbiME SIBJASIOTCS — NpO-
AOJbHBIE TPEUIHHBI B flpe H MEXAY  SIPOM H YIOPHBIMII
NpH3MaMH MJIOTHH, CJA0XKEHHBIMI H3 pas/HuyHBLIX MaTepua-
JIOB,

B raba. 1.3 npuBeneHsl faHHBle o paspylIeHHSAX MNJ0-
THH H3 MECTHBIX MaTepHaJ OB NPH CEHCMHUYECKHX BO3JeliCT-
BHSIX Pa3IHYHOK MHTeHCHBHOCTH. OueBuAeH TOT ¢akr, 41O
TPH 3eMJETPSACEHHH CHJAOH cBbIlie 6 6ann0B MOXeT IpolHC-
XOAHTH HHTCHCHBHOE TpeIIHHOODpa3oBaHHe B siApe M TIPH3-
Max IJIOTHH,

Paccmorpum nau6oJee xapakTephbie NpHMepbl noseie-
HHA IJIOTHH TIDH CHJbHBIX CEeHCMHYECKHX BO3JCHCTBHSX.

[Tpu snavurenbmom Kaurtonckom semuaerpsicenun 1923 .
MaKCHMaJIbHOE YCKOpeHHe B OCHOBAHHH mioTHHH OHO (puc.
[.10, Ta6a. 1.3) Guuto pasuo 0,33 g. Bo mpems 3eMJieTpsice-
HHA TJTOTHHA NOABEpriach HHTEHCHBHOMY TpelHHOOGpaso-
BaHnio.  OTKPLIHCE  TpPellHHBDI KAK CO  CTOpPOHBI
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BEpXHero, taxk H HH22KHEro
ObEeMOB;  TPOTSAKEHHOCTH
OTHENBbHBIX TPeWHH Obi-
fa paBHa JUIHHE TIIOTHHb!
no rpednio. YactbL rpeGus
0K0JIO JeBoro 6Gepera (co
CTOPOHBI HHXKHero Obeda)
ocesa Ha 25 CM, a TpeulH-
Hpl uMmead mupuny 10-—20
CM H rayouny no 6,0—7 .
IHa paccrosiunu npuMepHO
20 M OT rpebHSI B HHIKHCM
Obee OTKOC CMECTHJICS.
ITO CBHAETENLCTBOBAJO O -
TOM, 9TO B 3TOM MecCTe {ia-
XOMMJIOCh HAYajo TOBEpX-
HOCTH CKOJbXEHHA (CM.
puc. I1.10). Tpemuuwn B
IIEHTPaJbHOH YacCTH MJIOTH-
HBl HMEJH IIHPHHY pac-
KpbiTHSL okoqo 10 cm, mpwu
3TOM OCaAKH Ha yyacTKe  Puc. 1.10. [Trotusa Oxo
TPEUIHHOOOpAa30BaHuA  CoO-

CTaBHJIH 2,5—3 cM.

HecmoTps Ha 70 uto Bce BHABI celicMHuUeCKHX aedopMma-
[[HH OTMEYaJHCh HAa PACCMOTPEHHON IJOTHHE, OHA He MOoTe-
psAsa OOIIeH yCTOMYUBOCTH M I10CJAE PEMOHTA Obl1a NPHroi-
Ha K JaJbHeHIIeH SKCIJayaTaiuy.

[IpuMepoM 3HAUUTEABHBIX BeDTHKAIBHBIX U rOpU30HTA ] b-
HBIX 1e(pOopMauui MOIYT CAVKHTL MepeMCLIeHHs Teaa Jo-
THHBl Xe6ren (puc. 111 u 1.12, tada. 1.3) [pH 3eMJIeTpsice-
HAN 17 aprycra 1959 r. I1noTHHD HMeeT KeCTKOe GETOHHOe
APo (Anadparmy), sarayG/enioe B CKaJdy, 3a HCKJTIOMENH-
€M y4acTka IJIHHOH 72 M B BOCTOUHOMH CTOPOHE V BOJOCJIMBA,
A€ SIAPO 3aT/1yOJIeHO B MOKPOBHYIO TOLY.

ITpn semuaerpsicennn ocnosakue MJIOTHHBI, TIPEICTABJEH-
HO€ MSATKHMH CKaJbHBIMH NOPOJI2aMH, MOABEPIIOCh 3HAYK-
TCJILHEIM BOPTHKAJbHBIM H TODH3OHTAJNbHBIM  CMELIeHHSM,
BCJICACTBHE YEro INPOH3OIIIM CYIIEeCTBEHHBIE BEPTHKAJbHbIE
# TOPH3OHTaJbHBIE AedopMalHi 3JeMEHTOB JIJIOTHIHHL. Bep-
THKAJbHAA OCalka BepXOBOH IPH2aMBbl, OTCHINANHON H3 JKECT-
KOM CMeCH T1ecKa, TpaBHs M IVHHbl, ©Oba paBHa 1,7 M B
HetlTpe I BOCTOUHOI YaCTH CTBODA, TOTAA KAK OCAJKA HH30-
BOM TIDH3MBI, CJOMKEHHOH N3 HaOpoCHOrO MaTtepHaJsa, He
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npesbiinana 0,7 M no Bcei
NJIMHE [JIOTHHBI, 32 MCKJIO-
YyeHHeM BOCTOUHOH YacTd,
rjie Ha ocajJiky marepHaJna
MJOTHHB  HaKJaJbiBaJIHCh
OCaAKH TIOKPOBHLIX ITOPOR
ocHoBaHud. B OGeroHHOM
aape o0pasosanoch 16 mo-
MEePEUHBLIX TPEIIHH pasyui-
noll raybuHst (oT 3 10 7 M),
a MexKAy SIAPpOM M NpH3Ma-
MH BO3HUKJIH 1y OOKHE Mpo-
noabHbie Tpernbl. 1o reo-
JOTHYCCKHM [IpH3HAKaM
(CMelIeHHsT H  paspbiBbl
OOJIBIIUX MACC I'PYHTA) 3TO
3eMIeTpsCeHHe MOZKeT
ObITh OTHeceHo K 10-0aJub-
HOMY, a 10 CTelleHH pa3py-
ICHHS AePeBSHHBIX MOCTPO-
€K H BeJIHYHHE VYCKOpPEHHsI

Piue. 111, Ilrotnra Xebreu (~0,1 g) MOXHO CuMTaTh,
| — 3emannan sacwka; 2 — GeToHioe 4TO OHO HE IIPCBbLILIAJAO 8

#Apo; J— YIJOTH2HHAA KaMeHuads Ha-

GpocKa; 4 — Heyiaoruesmnad KaMeH- 6aq10B.
nan wualbpoocxa; & —s3aanue ['3C; 6 —

BonOBOd;, 7 — CMOTpOoBag [Maxra; g —
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Pic. 1.12. Ilposoaburifi paspes no nuotuie XeGrek (a) ¥ xpusnle me-
POpMallHH YMOPHLIX NPH3M H Tpebus nocae semierpsicenus (6)
| —Tpewnnnt 8 GeroHnoM ajape; 2 — phIXJAble  OTADMCHES: 3

T ape; X . s 3 — WBEDbEKUHOHIIh
CKBaJKHUL; 4 — rpaunia GLITOBON MOBCPXHOCTH: § — GeToRHOe AApo; ﬁ_uﬂ-.;:;;r;:

FOPHOIOHTANBHMX cMeenHil rpelbus: 7 0 & — ApUBBle oca y
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~Puc. 1.13. I'paduk wanoaueuns Ocackas. cas
‘BOAIOXpauiaula (@), ocaaxH To- y) / 3 5
‘uex wapa (0), wBepxosoit (8) u AR 75205
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| /7
Pue. .14 Hamenenue mruosen-

HBIX OCaJOK To4eK sapa I, nuao-
BOK 2 u pepxosoit 3 npuaMm no
. Paybuie (3 3asucuvoctd ot pll)
HI0cae seMjaeTpiacerus -

ttanoswerwun, Mlla
Sy,
~

~ BosuukHoBeHue Tpewnn mmpuuoit 10 25 cM Ha IIOTHHE
Xebren 06yC/I0BACHO, 110-BHIANMOMY, Pe3KHM DA3JHUHEM B
JIPOYHOCTHBIX CBOHCTBAX MAaTepHaJOB #AJApa H YIOPHLIX
Hpusm (E Gerona >FE xavma >E cwmecu). Hnoit xapak-
T€p umeqH auHaMuueckue jeopmaiun npu 7—~8 GatiIbHOM
Semaerpsiceriin 6 uiona 1964 r. B paitone naorunm Mu-
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depuuabo (cm. Taba. 1.3). Slapo nAOTHHLI BLINOJHEHO M3
naacTHuHoro ramuHucroro rpyura (Wy=49%, W,=24%),
VJ0KEHHOr0 ¢ MJAOTHOCTBIO pex=1,59 T/M3, ¢ BAaKHOCTLIO
puilie ontuMmaabHoi Ha 3,7Y%. Ilepexoaunnle 30Hbl H3 rpase-
JIHCTOTO TPYHTA YJOMKEHBE ¢ niaortHoctbio 1,87 u 2,02 /M3
BHyTpeHHHE 30HBI yNOpPHBIX NpH3M OoJiee MJAOTHBIE (pei==
=1,85 1/M*) H BBINOJHEHBI H3 KOHIVIOM@PATOB C KPYNHOCTLIO
¢paxkunit meree 4,5 cM; BHellHHEe NPH3IMbI — H3 TOPHOH Mac-
Chl C Pen= l,?ﬁ T/Ma.

Pacnpenenenue aepopMauuii no sulicoTe NAOTHHBL ObIJIO
NOJIY4EHO C NOMOMLbI0O HHKJIHHOMETPoB H JeopMOMETpOB;
cymmapuas Jepopmauus yTouHsAacCh 110 NOBEPXHOCTHBIM
penepaym. Ha puc. 1.13 noxkaszan xox ocajiku siipa H IPH3M
[IIOTHHbLI ¢ MOMEHTA 3amnoJHelHud BOJAOXPAHHJHILA HA pas-
JHYHBIX OTMeTKaX. Pesxoe nosbilienHe ypoBHS BOJBI Bbl-
3bIBAJI0 OTBETHYIO peakuuio njaotuHel. baarosaps BeinoJ-
HeHHBIM 3aMepaM OCaJ0K 3a TPH JHA A0 3eMJETPSCEHHA H
uepes TPH IHA [OCJE HEro onpejesieHa BeJHYHHA MIHOBCH-
HBIX OCaJAOK INMIOTHHBI OT demJjerpsicenuss (puc. 1.14). U3 pu-
CYHKa XOpOIlOo BHAHO, 4TO JHHAMHUECKAsl ocajika NpH 3eMJe-
TPACEHHH CHJI0H A0 8 6ans10B MeHbille CTaTHYECKOH OCaJKH
3a npejibplAyuse NnsTh Mecsales 4 MeHblle BeJHYHHBI Ipocai-
K¥ OT 3aMauHMBaHHs MaTepHatOs NPH HAINOJHCHHH BOLOXpa-
HHJIHIILA.

Paccmarpusasi pacnpeleneHlic MFHOBEHHOH OCaiKH IO
ryOnHe M B 3aBMCHMOCTH OT HANESKCHHH B Tejae IJIOTHHBI,
MOXHO OTMETHTb SICHO Bbipa:KEHHOE paszJHuMe B 3aTyXaHHH
AepopMalluii HH30BOH H BepX0s0il npuaM u saapa. Jledop-
MalMdH IMVIHHHCTOTO $i/ipa MEHbIe, YeM NpPH3M, 4TO O6GBsACHS-
€TCsl PA3HLIM XapaKTePOM IPOTCKaHHA OCaJ0K NPH CeHCMH-
YeCKOM BO3JeHcTBHH. Marepuasbl sapa, TepexoaHbIX 30H
H YIOPHBIX NPH3M OK43aJHCh JOCTATOYHO OJH3KHMH IO €BO-
HM ZedOopMaTHBHbLIM CBOHCTBaM, sAPO ObLIO OYEHb TOHKHM
H ITACTHUYHBIM, NO3TOMY NPH 3eMJeTPACEHHH He BO3HHKJO
TPEUIHH HH B fApe, HY HA rpaHanax MexJ1y pasjHuHbIMH
3/1eMEHTa MH.

Cuoieyer paccMOTperb MOBEITEHHC 3eMASHON IVIOTHHDI
Wleiixantayp na apoike Bo3-Cy r Tamxente (cM. Ta6.l.
1.3) BO Bpems semuaerpscenns 1966 r. cusoit 6—8 Gaaaon
(Tomuxkn BeprTuxaJbHbie). depopmannn  WIOTHHBL  T0C]e
semaerpscenns Oblay MEHHMaabnbiMun  (puc. 1.15). Tlone-
PeiHas HECKBO3HAsl TPeuHHa Ha rpefHe BO3HHKAA Ha yya-
CTRe npuMblRandst 31anusg ['DC x naorune. ay6una tpe-
UHHBI He npesbliiana | M, wHpuUHA PACKPLITHA JOCTHranl
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Puc, 1.15. Ocaaxn rpe6us Llefixanraypexoit naotuusl no penepam 15—
18 no u mocne semaerpacennft 26/1V u 9—10/V 1966 r.

3 cM. MakcumaabHOrO 3HaYeHHs MTCHOBeHHAsi o0cajxka J1oc-
THLJIAa NpH 3emjerpsaceH:n cuaoit 8 Gaanos 26 anpeas
1966 r., 3 nanpuefieM ceficMHuYecKas Ocaika 3aTyxaia oT
TOJYUKa K TOJAYKY, TIpDHUYEM OcCaikd OTMEHaJdHCh JIHIIb TIPH
3CMJIETPSACEHHNX CHJIO0H CBbllte 6—7 Oaanaos. Kax BuaHoO H3
puc. 1.15, nedopmanna npu ceificMuuecknx kKoae6Ganugx coc-
TaBAgeT JHIL HeOOMBINYIO YacTh MHOTOJAeTHeH  ocajki
VIOTHHBI,

3HauuTenbHOe TPeILnHoo6pasonanie 6O OTMCUCHO Ha
Yup-lOprckoit niornne B 3akaskasbe (oM. Tadu. 1.3) npn
semaierpsicetnn 14 mas 1970 r. cuaoit 10 9 6aaaos npu ye-
KopeHusax npumepno 0,25 g. TTnotnna MakcHManblol Bbico-
TOH 37,5 M MMeeT WHUPOKOe SAPI H3 CYTVIHHHCTOTO TPVYHTA
(3anmoxenne 0TKOCOB sApa m=1), YA0KEHHOrO ¢ MIOTHO-
CTBIO pcx=1,67 T/M% M rpase;ncro-raseunukoBbe NMpUIML
C Pex=2,23 1/M3.

Tpemunn nmeau nanpapiaedde BAOIb rpebHsl  MAOTHHI
IOYTH 10 BCeH JUIMHC B 30HAX MGKAY SAPOM H VIIOPHBIMH
IPH3MaMH WWHPHHOH A0 15 cM u rayOunoit oxomo 5—7 M.
Oﬁpaznnaun_e HX MOXHO OODBACHMTL pasnnyueM aedopma-
THBHBIX CBOHCTB FPYHTOB S/Ipa H YNOPHBIX NPH3M NJAOTHHAL.

AHanH3 PesynbTaTOB BO3NEHCTBHS 3eMIETDPACEHHA Ha
WWIOTHHEI H3 MCCTHEIX Matepuanon [70—75, 30] u pesyn-
TdTOB HCC/Ie10BaHHi Mojesell ka ceficMommanpopue [72]
O3BOJIsTET KAACCHPHUHPOBATL GCTATOUHBIE CeliCMHUECKHe
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nedopMaluyl 3TOTO THIIA COOPVIKEHHH CJAEAVIONIHM o0pa-
30M:

1) BepTHKanbHas ocajgka Te.a INJOTHHBI, 00yC/OBJCHHAS
JTONOJHHTENbHBIM YIJIOTHEHHEM TPYHTA INPH CeHCMHYECKOM
BO3J1€HCTBHH;

2) omosn3anHe 0OTKOCA, FOPH3OHTAJbHBIE CMELIEHHS U HC-
KayKeHus Tpopuisa IVIOTHH, NPOHCXOASILIHE B pe3yJabTaTe
nepeMeLlleHHs MarepHaJjga 1no O0TKocaM MPH CeHCMHYECKHX
BO3JIEHCTBHAX;

3) NpOoaOJAbHBIE U MONEpPeYHbBle  TPEeUHHL HA TpebHe H
OTKOCaxX MNJOTHHBI, 00PA3yIoONHeCcs B 30HAX PaCTAXKEHHA o
OTNI0JI3aHHSA MaTepHaJa;

4) npojaoabHble H NONEpeuHbie TPEIIHHBLI, BO3HHKAIOULHC
MEXKAYV PasnHYHBIMH 110 JAedOpMaTHUBHBIM CBOICTBAM MarTe-
pHajgamH.

Kpowme Toro, MoxHO caenaTs CACAYIONIHE BHBOMLLI:

a) TPEUHHbl ABJASIOTCS OCHOBHBIM BHJIOM JHHAMHYECKHX
aeopManii Kak B CBA3HOM TPyHTE NPOTHBO(GHALTDALHOH-
HBIX 3JeMeHTOB (sApe, IKpaHe), TaK H HAa KOHTAKTE MEHKIY
Pa3JIMYHBIMH CBA3HBIMH M CBHINYUAMH MaTepHAJaMHU;

6) pasMephl TpellHH, BO3HUKAIOIHX B COOPYKCHHAX H3
FPYHTa, 3@aBHCAT OT NapaMeTpoOs 3eMJETPSICEHHS, CBOHCTB
KaXX10ro H3 rpyHTOB M MX COOTHOLIEHHS, T€OMETPHH IIJTOTH-
Hbl M BHJA OCHOBAHHS:

B) BCE MIOTHHBI, yKasaHHble P Taba. 1.3, uMean Tpemu-
Hbl DA3JMIMYHBIX ‘Pa3MEepPOB ¥ HAMPABJEHHH, B TOM UYHCIE He-
KOTOpble MJIOTHHBI Pa3pyHIWIHChL BCaeACTBHe 06pa3oBaHHA
TPCILYH pa3peiBa Kak B NPOAOJBLHOM, TaK H B TIOTIEPEUHOM
HanpasJeHHsAX U JaJbHEHIIero pasMLiBa 1o TPenHHaM.

Takum o6pazom, npHBENeHHBI! aHaAH3 MOKA3aJ, YTO ON-
pefesiene pasMepoB TPEIHH (WHPHHBL, TAYOHHBI IPOHHKA-
HHA, JJIHHBL PacripOCTpaHeHHs) # HX HanpaBJeHHIl H ycra-
HOBJICHHE HeOOXOIMMBIX MEePONPHUATHI IO NPEeXOTBPALICHHIO
TPEUIHHOOOpa3oBaHus SIBJAIOTCA OJHOH M3 OCHOBHBIX 3a-
Aaq pacyeToB MIOTHH NPH IHHAMHAYECKHX BO3JEHCTBUMX.

3. IPUUMHbI OBPA3SOBAHMS TPEIIHH

1 ®AKTOPBI, BJIUSIOIINE

HA TPEHIMHOOBPA3OBAHME. KJIACCHOUKALLMS]
TPELIHUH

Anann3 pesyJibTaTOB HATYPIILIX HAGMIONEHH! MO3BOASET
ONpeNe/NuTh OCHOBHBIE NPHUHHA  TPCUIHHOOODA30OBAHNSA B
Ipax H 3KpaHaX KaMeHHO-3eMJIAHBLIX NMJOTHH. [aBHBlE H3
HHX — HepaBHOMEpHBIE Ne(OpMAllHH  KaK COOPYXKeHHA B
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I1eJIOM, TaK M OTAGNBHBIX €ro. 3JeMEHTOB, INPHBOAALILHE K
NOABJAEHHIO OCAabneHHbIX 30H, oOJacTell mpexeJbHOro coc-
TOAHHS, PACTSXKEeHHs, CABHTOBbIX Aedpopmanuit H T. n. Kpo-
Me TOro, MOXKHO BBIAENHTb pAX HaKkTropos, BAHAOIMHX Ha
Xapaxrep HalpAXeHHO-Ae(POPMAPOBAHHOTO COCTOAHHST CO-
OpYyHeHHS.

l. Tonoepapuyeckue ycaosus pacnosoxcenus Ccoopyie-
nua. IIpn ycTpoiicTBe NIOTHH ¢ SAPaMH H 3KPaHaMH B y3-
KHX KaHbOHAX HJH CTBOpax C AOCTAaTOYHO KPYTHIMH GOopTa-
MM HJIH 3HAYHTENBHBIMH VCTYNAMH H TIepeJIoMaMH BO3HI-
KaeT OMacHOCTb OOJMBIIMX HepaBHOMEPHLIX  aedopmari
iiep W 3KpaHOB, B pe3y/bTare uyero 06pa3yioTcS 30HbI
CABHra H pactsiKeHusi, oco6eHHo B rpeGHEBON yacTH, H Kax
CJCICTBHE NOSBIAAIOTCA IIONI€PEeYHBIE W JaXe CKBO3HBle
TPELIHHbl HA rpedHe WaH HAPVIIAETCH KOHTAKT SAPO — OC-
HOBaHHE 13-3a OOMBIIKX CABHTOB 10 KOHTAKTY.

2. I'eonoeuveckue ycaosus crpoureascrsa. Tpu nanuaun
B OCHOBaHHH C1a0bIX NPOCJAOEB, JHH3, NPOCALOUHBIX TPYH-
TOB H T. TI. IPH BO3BEIACHHH COOPVIKENHS H HANOJHEHHH BO-
AOXPAHHJIHILA MOTYT TNPOHCXOANTL  BeCbMa HHTCHCHBHBIC
3HAYHTEJbHBIC OCA/IKH OCHOBAHAN H PA3JHYHBIX 3JEMEHTOR
IVIOTHH, pacroMoKeHHbIX Ha 3THX yuactkax. MMmeromuecs s
OCHOBAHWH TeKTOHHYECKHE  Pa3JoOMbl H TPellHHBI cOpoca
MOTYT BBI3bIBaTb HeXeaaTeJbHbe 3HAYHTeNbHBIE ITOABHIKKH
OCHOBaHHs (OCOGEHHO NIPH CERCMHYECKHX BO3JAeilCTBHAX) H
KaK ClIe/iCTBHEe HepaBHOMepHBble gedopMalliin 3JeMeHTOB ca-
MOTO COOPYKEHMUS.

3. Koncrpykruensie ocobenroctu naorunst, I1ioTHHL
3 MECTHBIX MaTepPHaJ0B COCTOSIT H3 3JIEMEHTOB, BBIIOTHEH-
HBIX 43 'PDYHTOB C DasHLIMH NPOUHOCTHBIMH H JehOpMaTHB-
HbIMH cBO¥iCTBaMN. Pasjinuusa B COKHMAGMOCTH 5THX 3JeMEH-
TOB B pesysabrare AeHCTBHS COOGCTBOHHOPO Beca PpYHTA,
FHAPOCTATHYECKOrO XaBJEHHS BOABI (C YYeTOM INpOCaxKH
MaTEPHANOB OT 3aMayHBaHHA), CeICMHYCCKHX BO3ICHCTBHIl
# T. IL. IDHBONAT K CYIIECTBEHHOMY  TiepepacnpeieJeHHio
Aehopmannii u HaNpPSAKeHnHl, BOSHHKHOBEHHIO apouloro 3d-
(DeKTa, pasBuTHIO KacaTedbHbIX HanpsXeHH Ha 'KOHTAKTe
PASJIHYHBIX 3/1eMeHTOB 1 00pa3oBaHHi0 TpeuyrH. B mioTw-
HaX ¢ 3KkpaHoM ocaixa IOASKDAHOBOr0 MarepHaJa HH30BOI
YNOPHOH NPH3MBI MOXET BBHI3BIRATH HeronyctuMbie Jedop-
MAaIHH caMoro sKpaHa ¢ TOUKH 3PEHHA €ro 1LeJOCTHOCTH.

4. Ceoiicrea marepuaros naorum. Bribop Mmartepuasia
AIA TIIOTHHBL — OaHH M3 Baykuelmux BonpocoB. Kavecrso
Marepuanos (ux 3epHOBOI] COCTaB, NMOTHOCTb, CXKHMAec-
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MOCTB, PEOJIOTHYECKHE CBOHCTBA, IJIACTHYHOCTDL JJIST IVIH-
HUCTHIX TPVHTOB, cltocofHOCTL K nepepacrnpeieienuio ie-
Gopmanmit) Moxer andO yCHAHBATL, JHOO yMeHbIIATH ah-
bexT or HepapHoMepubX gedopmannit coopyxenns. Hero-
VIDIOTHEeHHE MaTepHaia UPHBOLHT K CyLIeCTBEHHbIM OCal-
KaM ero, oco0eHHO B npollecce HamoJHEHHS BOJNOXPAHHIH-
112 HJIH BO3ACHCTBHS NOTOJHUTENbHBIX HATPY30K (AHHAMH-
yeCKHEe, CelCMHUCCKHEe U AP.).

5. Xapaxrep deticrayroujux Haepy3ox. B 3aBNCHMOCTH OT
XapaxTepa Harpysox, B 4aCTHOCTH  TEMIIOB HapallWBaHH
MVIOTHHBI, CKOPOCTH HATOJHEHHA BOJAOXpAaHHJAHLLA, BeJTHUYH-
bl 1 NPOAOKHTEJbLHOCTH CEHCMUUECKHX BO3JEHCTBHH, 110-
NepeMenHoro VBeJIHUeHHsA M YMCHBUIGHHS  HArpysoxk npH
cpaboTKe W HANOJHEHHM BOJOXPaHHMHILA, H3MCHSETCA Kap-
THHA HANPAKEHHO-AeDOPMUPOBAHNONO COCTOAHMS H COOT-
BETCTBEHHO H3MEHSIOTCS TEHIAEHIIHH TpelHHoo0pasoBaHus.
Takum oGpasoM, VCaOBHS NMPOU3BOJACTBA pador mo BO3BE-
HeHHIO NIOTHHBI H VCJA0OBHA SKCIIyaTalllH HrpalorT CYIICCT-
BEHHVIO POJb.

6. [Tpouue pakTopel. K HuM OTHOCATCA  aTMOOpepHbiC
BO3 eiICTBUS, Bhi3biBaOIMe oOpasoBaHie  TPelluH ycalKu
HAH YCYIIKH, MOPO3000HHbBIe TPEUUHbl, OCOGEHHOCTH MHKPO-
peabeda (MOBEPXHOCTH KOHTAKTa AAPO -— OCHOBAHHE), NI0-
X0 1noA06paHHBIN cocTaB (UAbBTPA 3a AXPOM HJIH IKPaHOM
WM ero cerperanus B npoiecce OrChIIKH H T. 1.

Bee atu dakropsl tak HIH HHaye HEOOXOAHMMO YUH1bi-
BaTh TPH NPOEKTHPOBAHMM TJOTHH M3 MECTHBIX MaTepH-
aJ0B.

TpeunmHol, obpasylolinecs 3 sApax H IKkpaHax, 1o csoe-
MY PaACHOJOMKeHHIO, KOHMUrypaliii, IPOHCXOXKIACHAIO U T. L.
MOTYT OuITL KaacciuuuapOBAHLI CAEAVIOUINM 00pa3oM.

a) no eeoMeTpul U paAcnoAONCCHIO — TOBEPXHOCTHLIE i
BHYTpeHHHE, Nofepeutbie (BIOJbL NOTOKA) M NPOAOJbHbIC,
CKBO3HBIC M 3aKphiThie, BoJdocAubie (§<T1 MM), WHPOKHEC
(6~5 cm) u susiiomue (6>5 cM);

6) no eudy Bow3bLBAOWNX B030CUCTBUN — BO3HHKAIO-
(He NMPH CTAaTHYECKMX BO3ACHCTBHSAX OT MacChl IpyHTa, AaB-
JeHHd BOABI B BepxHeMm Obede, a rakmKe npd JAuHaMpyec-
KHX MAH CefiCMHYECKHX BO3AEHMCTBHAX, M TPELIHBI YCYUIKH,
yCaaKH, MOP03000iiHbIe TPEeUHHAbl B IIOBEPXHOCTHBIX 30HAX.
NOSIBJASIONIHECH B pesyabrare JeHcTBHA aTMOC(pepHLIX (axk-
TOPOB NpH HE3aUIKILEHHOH MOBSPXHOCTH IJHHHCTOrD Mare-
pHana; |

B) no xapaxkrepy npoucxoMOenus — Tpelldnbl OTphlBa,
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NeHoBH0; ":ﬁaﬁnmnammuecﬂ 3 BepxHel, rpeGuesoli 30He
pa I,';- ’ﬁ"fjmammﬂeuﬂ cledCTBHEs 00pasoBanus  obnacrteit
YACTSIKEHHSI; TPEIHHB CABHIA, BO3NHKAOUHE BO BHYTPEH- -
'_.;_5? HAX B OCHOBHOM BOAN3M KOHTAKTA Aapa (sKpana) ¢
 OCHOBaHHEM BC/AlACTBiE 06pasoBaHa  30H NPEACABHOrO
S CKOALKEHNS; TPRULNHLL OT paammna Ha KO-
. TaK 'Hpﬂ'l‘ii'ﬂﬂﬂ:l'l]l.ﬂthdHHGHHﬂI‘l} yerpoiersa i (puasTpa,
obpasyiouiuecs B pe3yabTaTe 3pO3uH rPYHTA 11PH (puavTpa-
"'::r:'. MOTOKE;
D) NO NOTEHYUAABLHOL ONACHOCTH — OYeHb ONACHBE —
O3HBIE ONePeUHble Ml TPOIOLHEIE TPEULHIb, C031a10-
COCPRAOTOMCHHDIE LIYTH (UAbTPAlHH  Yyepe3 IIpPOTHBO-

HE

TPALUHOHHBIE YCTPOHCTRA; ONACHLIE — NPOAOJIbHEE
€peuHble HEeCKBO3Hbie TPEIHHbL Pa3phiBa Ha rpebHe HAIH
-;Ef, € TPCLIHHLL CKOALKCHUS BHYTPH JIOTHHBI, KOTO-
,Lm AONOJHHTEALHBIX BO3AEHCTBHAX MOTVT [1PHBECTH

14CHOMY HAPYIIEHHIO CIVIOUINOCTH H DAa3BUTHIO CKBO3-

| 1.2
HBIX TP EIIJ.HH‘ MaJio OmacHble — HE3HAUHTEJbHBIE TPEUHHbI
B BEpXHe# 30He (pacTsKeHHs, “Calkn M T. 1.), craGuau3u-
t » PAcCnpoCTpaHsioOUInecs: Ha HedoJbIVIO TayOHHY,
Jle f.-;ﬂﬁuapymﬁnaeumc H JHKBAIHPYEMBIE ¢ MHHHMAJbHbI-

[ 3aTpaTaMi CPeACTB.

2 ﬁaﬂ KaaccHHKauus, GesycaoBHo, HE HCYepPTIHBaeT
f JOSMOJKHBIX CIV4AeB H BUIOB TpPelHHOOOPAa30BaAHUSA,
ORHAKO OHAa 103BOASET CHOPMYTHPOBATL OCHOBHBIE Hampas-

15 S B H3VUCHIIH npoueccos TpelHHoobpasoBanng, B pas-
) "-:': METOAMKH OUEHKH H cnoco00B  NperoTBpaLICHHS

| :aHHH Tpenun (e, raasu 1, IV, V),



['naBa ll

CYHWECTBYIOILIUE B3I/ bl
HA TPEILIUHOOBPA30OBAHHUE U NPUBJHUXEHHDBIE

METOA bl OILLEHKH

. OBIIHE [TOJIOKEHEF I

daxTHyeokHe AaHHble 00 OiacHocTu TpeluHoobpasona-
HHMSl ¥ BOSHHKHOBEHHH TPEIIMH Ha paje IOCTPOEHHbIX Ka-
MCHHO-3eMJAHBIX TWIOTHH ¢ DPYHTOBBIMH fpaMy H 3KpaHa-
MH OOYCJOBHJIM B IIOCJAEIHHE TOibl NOBBILIEHHbBIH HHTEpEC K
BOIPOCY IIPOTHO3a M OLEHKH TpeuwuHoo6pasosanus. Mueio-
HHecs 10 gaHHOH npobaeme pa00Thl MOXKHO YCJOBHO pas-
JIeJUTh Ha JABe TPYIIbl: B OAHHUX B OCHOBHOM H3JiaralorcH
obugye coobpaxKeHust 0 NPHYUIAX BOZHHKHOBEHHSI TpPEILHH,
6asupylolnecs, KaK IIPaBHJIO, HA aHAJH3€ IOBCACHHS KOH-
KPETHBIX OOBEKTOB HMJM Ha aHaJgH3e YIPOUEHHBIX CXeM
BO3MOXKHOI0 aeopMHpOBaHHA 3JeMEHTOB AHAEpP H 3KPaHOB;
B JIDYTUX aBTOPBI, MpPHHHMAs ONpeJXeJeHHbIe JNOMyILeHH ,
paccMaTPHBAIOT OTAEJbHbIE aCMeKThl BOMpoca (I10BEPXHO-
CTHBIE TPEULHHbLI OTPhIBA, TPEILHHBI BC/JAEACTBHE IIEPEKOCOR
M T. 1I.) H IpeLaaraior IPHOJHMKEHHble CI0COObI OIOHKY
TPeIlHHOoo0pasoBaHH .

Caeayer OTMETHTb, UTO KPHTEPHH OLIEHKH BEpPOSITHOCTH
NOSIBJACHHSA TEX HJHM HHBIX TPelLud B o0lleM BO BCeX NPEIJO-
JKEHHAX OJAHHAKOBH H 0Ga3upPyIOTCAd HA HCNOJb30BaHHH H3-
BeCTHHIX TeopHH npouHoctH. MlHaue rosops, npu onpenene-
HHH paspylICHUs THIA OTPbiBa (IOBEPXHOCTHBIE TpPeLIHHbI)
naufosee npuemyaeMbiMu okasupatores: 1 u I1 reopnu npou-
woctd [1], a mpu paspylueHHsx  THNA CABHIa — TEOPUs
npounoctn Mopa, ycaoue borsknina auHO0 HEKOTOPbHIE ApPY-
rHe YCJOBHS, COOTBETCTBYIOLUIHE CJOXHOMY HanpaXKeHHOMY
cocrosiuuio [6].

C apyro# CTOpOHBI, OCHOBOH AJs1 OLICHKH INOBEHACHHA CO-
opy:KeHus, oOpa3oBanusd oOjacred, OMacHLIX ¢ TOUYKH 3pe-
HUS TpellHHOOOpa3oBaHHA, ABJSETCH, KaK VyikKe YKasbiBa-
J10Chb, 3HAHHE HaNPSKEeHHO-ASPOPMHUPOBAHHOIO COCTOAHHA
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pacoMaTpHBaeMOro COOpYKeHHs IJIH ero 3J1eMeHTOs. B stom
nJaaHe MEeToAbl OonpeaeaeHns HANPsIKeHHO-AeOpMHPOBaH-
HOrO COCTOSIHHSl NJIOTHH, IpHMEHsieMble pa3HbIMH aBTOpa-
MH, pasJHUYHBI H, CAEJ0BaTEJbHO, OTJHYAIOTCA H pe3yJbra-
Thl peLIeHH.

YHTHIBAs Pas/IHYHYIO CTeneHb NpopabOTKH nocraBlieH-
HBIX BOIIPOCOB Y OT/eJIbHBLIX aBTOPOB, HEOOXOAMMO KPaTKO
OCTAaHOBHUTBHCA Ha BcexX nHaubo/iee M3BECTHLIX NPEAJOKEHHSX,
yToObl Y YHTATENdA, ¢ OJHOH CTOPOHBLI, CJA0XKH/JIOCH J10CTATOY-
HO MOJIHOe IpeacTasienHe 00 H3YYeHHOCTH BONpoOca H, C
APyro#, uToObl 6o/jee OOOCHOBAHHO ONPENEJHTH OCHOBHBIE
3afau, TpeOYIOUIHE CBOGTO pEeilleHHsi, H METOAbl HX peaJiH-
Jalyn.

2. UMEIOIIHUECS IMPEIJIOKEHUS 110 OLLEHKE
TPEIHITNHOOBPA3OBAHHWSY

Brniepsbie Ha BaKHOCTL H3ydeHHs NPOGJAEMLl  TPELIHHO-
00pasoBaHHsl B 3EMJSIHBIX COODYXKEHMSIX  yKasaa npod.
A. Kazarpaunge B 1950 r. '

H. JI. Wepapn [76] B paabuefimem, npoanaJH3npoBas
JA@HHble HATYPHBIX HaOJs0JeHHil 3a TpemHHOOOpa30oBaHHEM,
CPOPMYyJHPOBAJ HEKOTOPHIC IIPHHUHNBEL  KJaCCHOHKAIMY
TPEHUIHH H BLIABHI P (PAKTOPOB, BANAIOUIAX HaA TPeILHHO-
obpasosanue. Ha puc. 1l.1,a, 6 apencrasaenst cxeMmp Tpe-
muH no Hlepapay. Anannsupys nokasartean Kauyecrtsa rpym-
TOB, IPHMEHEHHBIX ISt NIPOTHBOPHIBTPAUHOHHBIX VCTPOHCTB
IVIOTHH, H XapakTtep [OBeAeHHs COOTBETCTBYIOUIMX INIOTHH,
H. JI. Illepapa Bbickasaa npeanonoxeine o rpaHHUax 3ep-
HOBBIX COCTABOB INIHHHCTBIX CPYHTOB, TNPH HCINOJIb30BAHUH
KOTOPLIX TpelulHHoo0pas3oBaiue MeHee BepoaATHO. ABTOp
CHHTACT, YTO TIVIHHHCTBIE TPYHTBI C YHCJAOM TJIACTHUYHO-
et Wy<<159% Gosee noaBepxKeibl 00pa3oBauUIO TpPELIHH,
€M IPYHTHl GoJsiee miacTHyHble MAH ¢ GOJLLWINM  cogepiKa-
HHEM KpPYNHBIX (Qpakxiuuit. D10 CyKIeHHe, 0JHAKO, Oe3 aHa-
JAH3a paboTEl COOPYKEHHS B L[CJOM, TO-BHAMMOMY, SBJSET-
CA HEJOCTATOUHLIM AJS NPHHATHE KaKHX-I1H00 pPEKOMeHIa-
IHH,
~ Kaaccudpukauusa xe, npemnoxennas H, JI, Iepapaom,
B II€JIOM NpPaBHJABLHO OTPaMXKaerT 0COGCHHOCTH IOABJICHHS TexX
HAH HHBIX TPELIHH B 3aBHCHMOCTH OT He6aronpHsiTHBIX yc-
JOBHH reoMeTpHH CTBOPA, HANHUHUA HJAH OTCYTCTBHS CHJBHO
CKHMAEMbIX 30H, CHHMAEMOCTH OCHOBAHHA H T. II., NPHBO-

AAUHAX K HepaBHOMEPHBIM AeOpPMalHAM OTACJABHBIX 3Je-
MEHTOB H JleTaseli CoopyKeH Hsl.
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8 % Puc. 11.1. CxeMul pacnonomke-
00 HHA [TONEPeuHbIX  TpeulHH B

NPOAOILEOM  cedenun  (a),
87 NPOAOABLHLIX  TPedtHu () H
30Hd  3€pPHOBLIX COCTaBOW
60 FPYHTOB, TIPH KOTOPLIX TDe-
wHtoobpazosanue Goaee ne-
NOATHO (8)
| —KOHTYp OK3JARHOI'0 OCHONa-
THE = 2 — puixane OTAOKSHHA
B OocHOBaNHN; J-— 3yh B OCHO-
- BAMNH M3 MI0THOTO TpyHTa; 4 —
YINOTHEHNEIA FpyYHT fAApa M
HACWITH; § — YOOPHBI@  NpPH3MbI;
6 — ocanka rpedbun; 7 — Tpeugm-
Bt

& 8

qooe
G.070
Qo440
a9
0,580
1749
=¥

b. Kbapencau [67| Oblan BhiCKA3aibl NPELNONONKEHUS 0O
NPHYMHAX BOSHMKHOBCHHS BHYTPCHHHX  TPeUHH HAa OCHOBC
aHaJamu3a npouecca TPEIMHOOOPAas0BAHKA B y3KOM Sjipe Ka-
MEHHO-3EMJIAHON MAOTHHLI XHUTTEIOBEH, BbIABJCHHBIX M0OC]€
PE3KOro yseanyeHuss (PUHALTPAILIOHHBIX PAacXx0ji0B Hepes sil-
poO NPH HANOJHEHHN BOOXPaHH kLA (eM. raasy 1).

HayvepenuaMu ocafoKk # 110poOBOr0 JAaBjeHust B siape
ILIOTHHBL VCTAHOBJAGHB OOJbUIHE PA3NNHuud B AePOpMHDPY-
eMOCTH fJIpa, NepexoAubIX 30H U [IPH3M Ha KOHTAKTEe fAApa
¢ nepexogHon 3onoH. Ilpmuyem ocobenHOo SIBHO 3TO NPOSAB-
JAeTcs TIocC/e HamoJHeHHs BOJAOXPAHHJIHILAE, T. €. [IPH CO-
3MaHUH JONOJHHTEABHOTO JAaBJASHHSA.

bB. Kpsipeucau Oblia BBIJIBUHYTA THIIOTE3a 0 HPOUCXOIK-
JAEHUY SBJIEHHS, HA3BAHHODNO UM <«THAPaBJIMYECKUM pasphbl-
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lI‘F J
L 112, CxeMa BO3MUKHOSOUIH BHYTPEHHHX TPEILHH PARPLIZA B A1)e
il "L :.IEMEHT AAPa: I — ACMEHT NPUIMI; 7 — TPeULHHL '

PACTHRECHHA Had rpedlic

I‘Ipﬂﬂﬂﬂhﬂﬂ M Han DEJJIL‘HII i

= HOMEPA 40H; -!—mhp'mae CIou aapa; S— asanomit 8 oOC t-..a.imm ian
¥ il JACTL Aapa; 6 — CKaAa: 7 — nepekoc wiaxaecy ¢ Yraom . 8 - nepe-

A upﬁm:m ¢ yraom @; 9— 3oma cKatun: 0 — 3omna PaCTH mﬂ
1 r1 i
I

i
'I'-

B
b f¥ nepepan.npunwlﬁuuau HalpsKeHHn B
T outakthoil 3one, Ha puc. 11.2 cxeMaTHUHO 1IPOHITIOCT-
PHPOBaHa 51a THINOTe3a. ABTOD YTBEPIKIAET, YTO <THAPAB-
HHCCKHH paspbiB» MOKer HaGA0AaTbCs A0 OTMCTOK, Tle
€ BEPTHKANbHOC AaBieHHe IPYHTA MeHbIe, 4eM 1aB-
.“Bﬂﬂhl B COOTBETCTBYIOUIEH TOYKe, ONOCOGCTBYIOILILE
HHBaiuum sajapa. 10, N0 CYTH, TO ¥Ke, YTO MBI
' Ha3bLIBACM apOvHBIM athbEI{TﬂM C AOTIOJAHHTeNbHBIM
| HEeM HanopHBIX BOL. XOTH THIIOTE3a TMOCTPOEHA Ha
HTEJIBHI:I\ HNPEANONOKCHASAX, IIPaBOMEPHOCTh ee, D
o~ ,gr_ - MHEH 10, BIOJHE BEposiTHA.
'J Jlny [T?] B CBOEeM JlokJaane Ha X KoHrpecce no 60J1.-
g r,“ B Monpeane chopMyaHpoOBaa  ¢ACAVIOULHE
~ HPHHLHIIBI mamcmpﬂﬁamuﬂ TpeuwHHoodpasosanus. Flwu
IIOXKEHO 1101pa3fensiTh TPOIUHHLI Ha noriepeyHbie,
30HTanbHble M NpoiOAbHBE. OTMeuas, YTO HaHGO-
~ SEEE ONACHBIMH  ABAAIOTCH CKBO3HBIC nDnEpE"tIHhIE TPeHH Ll
3 |1
JI' 39



na rpeGue agep naoru, . Jloy ocHoBHOe BHHMaHHe y/ens-
eT OOBSICHEHHIO NMPHYHH HX oOpasoBanudg, HCNOAbL3YA TNpPH
3TOM THIIOTE3YV O HepaBHOMEPHBIX OCajaKax OTAeJbHBIX CeK-
nuii A1pa B NpoJoJbHOM ceuennd (puc. 11.3).

Jlas onpeaesieHusa rayOHHbB BO3MOMKHOr0O pacrnpocrpaHe-
nus tpeurnnsl JI. Jloy npeasaraer  HCNoJab30BaTh yCJIOBHE
NpeaeJbHOre COCTOAHHA s YCTOHYHBOrO BEPTHKAJIBHOIO
otkoca, coraacio K. Tepuaru. JI. Jloy cuuraer HeOOXOAH-
MBIM NPH OLEHKe TpeluHooOpa3oBalinsg yUHTHIBATL Cnocob-
HOCTb MarepHaaa mnpHcnocadAHBATHCSE K HEPaBHOMEPHLIM
nedbopmaunuam (O6aaroapst passHTHIO MIACTHYECKHX Aedop-
vauuit). das cumxkenus rpemunoonacuoetd M. Jloy pexo-
MelIyeT BepXHHH ca0il Toanuaoil Gojee BO3MOXKHOH IJy-
OHHBI TPEUIHHBl YKJAAaAblBaTh MOCJE NPOXOXKACHHS OCHOBHBIX
0Ccag0K MpeabayIiHX ciaoes. 1o, 6e3ycJ0BHO, pasyMHoe
Npe/I0KEHHE HE BCerjaa MoKeT OblTb COrMacoBaHO € 00IIHM
rpadHKOM BO3BeACHHS IJIOTHHLI K NOTPEOHOCTAMH CHCTEMDI
ruapoysJaa.

. A. Jleonapac u ). Hapaiin [68] rtakke cuuraior,
UTO MOTNepevHsie TPelulnnbl Ha rpebHe Hanboaee pacnpocTpa-
HeHbl H Haubosee onacHbl AJf LEJOCTHOCTH COODYKEHHS.
[Tonarast, 4To NMPHUYHHON TOABJSHHUA TAKHX TPEILHH ABJIACT-
csl HAJHUHC 30H PACTHAXKEHHS TIPH HepaBHOMEPHOH ocanke
HachiMi B IIPOAOJbHOM CEYEHHH, OHH NPeAJOKHIH NPHOIH-
AeHHBbIH cnocod onpeneeHHs 3HaUYeHHH BO3MOXKHBIX OTHO-
CHTEJLHBLIX VAJHHEeHHH BepxXHell 30HBI sapa (caosi) npH 3a-
TaHHOH Ha OCHOBAHMM HATYPHBLIX HAOJIOMCHHI 3mMIOpe BEp-
THKaJbHBLIX MepeMellenui rpebug.

OnpeaeaeHne HCKOMBIX 3HAYEHHH OTHOCHTEJbHLIX Jle-
dbopmannil pakTHUECKH CBOJMTCS B TAKOI ITOCTAHOBKE K pe-
HIEHHIO TIJIOCKOH 3a1auyd TEOpHH VIIPYTOCTH O HanpsaKeHHO-
nedopMupoBannoM cocrosHun  Gaaxu. Ilpu sTtom asropwl
npuHuMailor: 1) 3mopa ocajox BepXHel rpaHHllbl 3ajaHna;
2) coOcTBeHHBI Bec OaJKH e VUHTHBACTCA; 3) Marepuas
0aJKH moauHHgerca 3akony [yka; 4) nepemeuleHusi v Koi-
noB Ganku (npuMbliKaHusg K 00pTaM) OTCYTCTBVIOT; D) Ha-
rpy3Ka OT BOABI BepXHEro Obeda He VUHTHIBAGTCH.

Marematnueckas annpokCHMalis KPHBOI oOcaikH 3a-
JaeTcs B By

=

sl_,:__,u:a?"-i- z{a,,cusux+b,,5inux}, (11.1)

n=1
riae X, Y — KoopjinHaTbl DaJiKku;
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b
Nl — NOPSATKOBLIH HOMED VYacTKOB, HAa KOTOpHIe je-
JHTCSl KpHBasi OCalKH NPH OnpejieJeHHH Ko3(pPHUHEeHTOB B
pafax ®ypbe;
2L — pauHa 6aaku 110 rpeGHIo;
Qg, An, On — KO3 HuHenTH psla Pypbe.
B pesyabrare pelieHHH ONDSASJASIOTCH BCC KOMIIOHEHTHI
neopMaluH, B TOM YHCJIAC HCKOMbBIE OTHOCHTEAbHBLIE IOPH-
30HTaJabHbIC AeopMallny g, B BHAC:

( ==

H_E{ asha H }( b st .9
gy = — apcosa x - b, sina x). (II.
= A \shaH +aHchall 2 = On fs 14

s HH3KHX MAOTHH OOJbLIOA NPOTSIKEHHOCTH 110 rpel-
Hio npu 2L/H>50 pewenne ynpoutaercsi, yuutbiBas, 4To B
3TOM cJy4ae (GopMyJabl TEOPHH YIPYTOCTH NOYTH COBNALAIOT
¢ (popMyaamMu CONPOTHBJICHHUS MATEPHAJOB JJAf YHCTOTO H3-
rufa.

Torna u3 dopmyawt (I1.1) onpeneasiercs KpHBH3HA
KpuBO# Kak R=1/]"(x),

ampn y=0, ex= - |"(x)
5. —HE — (@, cos @ x - by sina x). (I1.3)

KpHTepin OueHKH BepOSiTHOCTH O00pasoBaHHs TPEULHH,
no I'. A, Jleonapacy n K. Hapaiiny, coctoaT B conocras-
JACHHH pacueTHbIX OTHOCHTEJbHLIX Ae(popMauuil yIIHHEHHN
€x C (DAKTHUECKUMH 15 JTAHHOTO FpyHTa, onpeaeaseMbiMu
OHNBITHBIM NyTeM IPH HCHbITAHU:d TPYHTOBBLIX 6aJOK B VCJa0-
BHAX YHCTOro Haru0a (3IKBHBAJEHTHOrO pAaCTSAXKEHHSA) 110
Ch€uHanbHO pa3paboTaHHOIl asTopaMu MeToAwKe (CM. raa-
By V).

XK. Buapes u IN. Jloupe [71] naochoBe anaau3sa paco-
Tbl KAMEHHO-3eMJIIHLIX IJIOTHH, COCTOAIIHX H3 SJICMEHTOB
C PasnnyHbIMH JePOPMATHBHLIMH CBOHCTBAMI, OTMeYalor,
HTO Ha TpeulHHOOGpa3oBaHHe BAMSAET MHoroodpasue pasJjny-
HBIX (aKTOPOB (0COGEHHOCTH KOHCTPYKIIHH MJIOTHIIBI, CBONCT-
B4 MaTepna/sios, UX AehOPMHPYEMOCTb, CHOCOO YVKJAAAKH I
T. IL). ABTOpPBI NBITAIOTCS, OOBEAHHHB COBOKVIIHOCTDL BAMSI-
HHH 3THX (AKTOPOB HEKOTOPHIMA OGOGUICHHLIMHU IMITHpIYC-
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CKHMI apaMeTpaMy, OUCHHTL, B KAKHX Cayuasx H HpH K
KX YCI0BUAX TpelnHoo6pasoBanue 6osee BepoOATHO.

J115 oueHKn cnocoGHOCTH MMIMRMCTOTO rpyHTa A1pa npe-
1ATCTBOBATL OOpa30BaHHIO TPELLHH aBrophl BBOAAT fap:
MeTp B, yuuThbiBalONKi BAHAHNE TIPHPOAHBIX CBOHCTD Pyl
Ta — unena naactHunoers Wy, npenena packarbieanus W,
snaxnocrn W, xosthduunenra apogonacuimenns G Ha Yii-
AOTHEHHC, CBONCTBA CHKATHSA M PACTSIKEHUS H T, 1.

B = (Wg)"® A, )ﬁl. 1 (11.4)
s F Lﬂwp- |

Jra sMIHPHYECKAN 3ABHCHMOCTH CTENEHH BAHSHUA YKd-
3anublX GaxkTOPOB HA BeaHyHHy B ycTaHOBJGHA HA OCHOBC
aHa/lH3a Pe3yIbTATOB IKCHePHMEHTAJNbHBIX  HCCACA0BaHHI
IVIHHHCTBIX TPYHTOB CABHTY C ONpPEeACACHHEM napaMetpa
xpynkocts f (em. raasy V). i et

Bropoit napamerp A, nnpenen_ﬂmﬁﬁﬂﬁﬁémnﬁ xapaxrep
1ehOpPMUPYEMOrO COCTOSHMSL  VHOPHBIX NPH3M, VUHTHIBACT
0CcOBEHHOCTH KOHCTPYKIHH NJOTHHBI, CBOHCIBA MaTepHa. oo
VIIOPHBLIX NPH3M H T. .

1,5 Do\ 08I *
A:‘-ﬂ.( H )Eﬂ.ﬁ (Iﬂﬂ a.I_[}._) ---.-—. : (11.5)
Dey /) U

rA¢ «-— napaMerp OTHOCHTENbHOH CXHHMAEMOCTH Matepia-
na yrnopHbIX TPH3M; PEKOMEHAYETrcs NPHHHMATL paBHbiv |
nas Kamenuoil wabpockn ® 0.0 agas rpaBemcTO-rageiii-
KOBOI'O IPpyHTA;’ i RN

Hl‘ﬁ

1000 — fapamerp, OnpeaeAsIOuHif  BO3MOKHBIE (110

nanubim Jlayrona ® Jlecrepa) OTHOCHTRABHGIE — OCaIKH
YIOPHBIX NPH3M B LEJOM; Vit a1 e

e% -~ napaMerp YIIOTHAEMOCTH OTACHLHOTO VIO Ci1110-
ro ¢JI0fl TPYHTA TOJIUIHHOH @, |

Do 0,15
(100; == — NapaMerp, XapaKTepHIVIOMIHA Buidlie
80 | |

3ePHOBOFO COCTaBA Ha AePOPMHUPYEMOCTh MaTepHada viop-
HBIX TIPH3M; I (il
|

Wi napaMerp, NpUbIHKeHHD xapak-
m 0,5(my-+-my) P P, TP HO Xapax

repH3YIOUHI reoMeTpHio npoduas (Ms W My — 3aa0xkenns

BEPXOBOTO H HH30BOTO OTKOCOB). |
Bxoasutne B 31y Gopmyay (Gpakropsl n kKosdduumcnTy

NPy HHX NOAVYEHbI HA OCHOBE aHalu3a JMaHHBIX HaTypHbIN
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pBeIeH gcnﬂpymemm
o jocTaBaenie 3uauennii napavmerpos A n B, noayuen-
a pARA MOCTPOCHHBIX KAMECHHO-3CMJAAHBIX TIOTHH ¢
aMi (17 oOBEKTOR), IO3BOJMIO BHISIBHTbL, MPH KAKHX
'--: plieHHAX A # B rpemunoobpasosanne Goee Bepoar-
Ly fa_p ey ) 4). :‘;BTDphl

u m I K CACJIVIOLIHM Bbl- e ‘ o ; g
*im 1) rpewnnst B o 7 i a8
‘fHHax He 00pasyloTest upH 6| T 2 {

'-_155 2) 6osee BHICOKHM A s T bt S T
JHaueHusIM B cooTBeTCTBY- 2 i | |

ayqmasi npucriocaban- 4| e

eMocTh rpynTa Apa K 3@ . @_@ i
_,__;Eﬂumepﬂmm aedopma 2108 ot . 9] o
: I:‘.':f:i JI. Korawu, I'.A. Op- "%‘*-"" l
cankuna, A. T'. Yepuwios pl 74

NPeATOKHIAN  METOA 35 1 15 2 25 5 35 A

Qe eHOBICHAN  BOSMOXKHO-  py. 114, Muarpamma cooraoutelni
J . Tpemunoobpasopatust  napamerpos A u B asm pata iao-
@ rpebHe saep NJIOTHH Ha  THH ¢ AAPAMH

%, | — ®dypuac; 2 — Mudepnuano: J—
| .HE aHaJju3a SMIOp b AwaTHAY XY p: -I~—-1.LIea¢ 1%:::-: & — AKo-
BEPTHKAJIbHBIX TepeMernte- fﬂﬂﬁﬂ Eﬁ —Euewtlz;uynnmﬁuris. 7 —
ey 8 — OHCOH; o
B TDCGHA B NPONOMBHOM  parr:™ 1o~ Tohauuras 11 Tearsne:

L HH § 0 paabn; J2 — Xurrewuefi; | 13 — Koyrap:
(s, Il]Ja R i1 —Ceudr; 16— Opomnaa; 16 —};-ing-

,GJIGH{EHHDH B KaHbOHEC caype. I7 — lenaw (31UTPHXOBAHL TOM-
{1 " II. 5) AHaMH3  310- W, e unﬁ'un_q.much TpeugsHin )

P j-;r:}canux 0OyCIOBJIEH -
‘;_‘HepaBHnmethm ciKa-
M TpyHTa B KaHboHe,
HH.‘I aBTopaM C yue-
M . pAAa  1IPEANOCHII0K
pacr:mmpelmn reoMer-
p :-_-.;.-;4;"- CKHX COOTHOUICHHI
DN BHEHT nepememennft  Puc. 115, Pacuetnas cxema aan

MPERCAHTL BEJHYHAY OT- IIPHOTHIKEHHOrD TIpOrHO3a Honepey-
| hr HLX TPeulnd Ha rpedue 1Mo iuepavHo-

LIEJII:HDH nedopmaiHi SEDHBIM OCAAKAM
€HHSl Ha Y4acTKe

S AAHHON [, rle HEepPABHOMEDHOCTL OCAAKH  NMakCi-

v=Odll wam e, =0.5 R2, (I1.6)

an .
P = — -~ KO3ODPUUHEHT HEPAaBHOMEPHOCTH OCaUKM,;
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Ah — ocajgxa Ha yuyaCTKe AJHHOH [;
Al=1l'—I| — abGconloTHas ReJHUYHHA AepopMaluH pac-
TsIKeHHs Ha yuacrtke L.

Conocrasjenie onpeieeHHOro TaKHM oOpa3oMm 3Haue-
HUSl €. C TpeJelibHONH OTHOCHTEJDbHOH Jedopmariuend pacrs-
KEeHHs TPYHTA ep, HAHIEHHOH KCIEPHMEHTAaJbHO, J103BOJIf-
eT CYAHTb 0 BO3MOMHOCTH TPEUINHOOOpa3oBaHHUs, T. €. IIPH
gx>>€p TPEUlUHbB MOryT TosaBxaAThbcA. IIpn arom packpbiTHe
BepOSTHONH TPEIIMHE! IpeijaraeTcs onpeaeasiTe 1o Qop-
MYyJIe

§=Al=056RL. (11.7)

M. HdoaxaexanoBoit [18, 19] ana BuisgBIeHHA BO3MOKHO-
CTH TpellHHooOpa3oBaHusi Ha rpedHe sjaep NJIOTHH OblJH,
MO0 CYTH, NMPHHATHI Te K& KPHTePHU COMNOCTABJEHHA pacuer-
HBIX H JeHCTBUTEJbHBIX 3HAUYeHHH OTHOCHTEJAbHBIX Aedop-
Maluji pacraKeHus ey. [Ipuuem pacueTHble 3HAYEHHS Ex
ONnpefeJqsaJHCh H3 pelleHHsT NJIOCKOH 3ajaud TeopHu ynpy-
FOCTH O HanpsXeHHO-1ehOpMHDOBAHHOM COCTOSIHHH IIpO-
moJbHOro ceuenuss aapa (cm. raasy III) u mposoannach
OIEeHKAa BJAHSIHHA TakuX (GaxkropoB, KakK KpyruaHa OOpPTOB
KaHbOHA, MOPSJI0K BO3BeJIeHHd, CBOHCTBA TPYHTOB H T. I
Ha BEJHUHHY HCOKOMBIX NapaMeTpoB OTHOCHTEJDbHBIX YIJIH-
HEHHH MM pacTATHBAIOLIHX HAaMPSKEHHH.

B3siB 3a OCHOBY pelleHHe 3aJayH [pH MIHOBEHHOM BO03-
penenun, M. Homnexanosa npeJioKHaa IyTeM KOPpPEKTH-
POBKH € YYETOM 'KOHCOJHIAUMHA (BBEAEHHS Cx) ONPENeJsiTh
gx TIPH VCJOBHHU IIOCTENEHHOTO s8C3BelcHHs. B aTom ciaydae
KPHTEPHH OTCYTCTBHS TPEIIHH NPpUodpeTasa BHI

[Ex]n-::-c“r. BO3B L [Ex}uru. BO3B < €p» {H'B)

rae [ex]uocr. poss — MAaKCHMaJbHbIe OTHOCHTEJIbHBIE YIJIH-
HEeHHA Ha TpeOHe MOCTeTeHHO BO3BEIeHHOH IO THHEI;

[€x]srmpoan — TO K€, NpPH MTHOBEHHOM BO3BEJICHHH B
COOTBETCTBHHU ¢ pacueroM [ 19];

o — Koa(DHUIHeHT KOHCOMUAAUHH, 3aBUCAIIHN OT (H-
3HYECKOrO COCTOSIHHSI PPYHTA, NMPHHHMAaEMblii Ha OCHOBE CO-
OTBETCTBYIOHLUX aKcnepnmMentos [31].

PaccMorpenubie npeoxenrda — KacaJgucb B OCHOBHOM
OLLEHKH BO3MOMHOCTH IOSIBJEHHH NOBEPXHOCTHBIX  TPEUIHH
Ha rpefHe. B To e Bpems, Kax yka3aHo B raase I, npu no-
CTATOYHO KPyThIX Ooprax KaHbona, B KOTOPOM BO3BOAHTCSA
47p0, €CTh OMAaCHOCTb MOSIBJIEHH CABHIOBLIX HapPYIICHHH B
00/1aCTH KOHTaKTa sIp0-OCHOBAHHE.

M. M. BacuabessiMm [5]| Brepsbie siBAeHHE TPEHIHHOVO-
pa3oBaHUsi B NIMHACTOM fApe B 00JACTH IPHMbIKAHHA X
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¥ \:

g\cmnanum OBLIO CBSI3AHO C nposijenHeM aedopmauuii ie-
peKaca marepHagaa IpH HepaBHOMEDHBIX €r0 OCajgKax B Ka-
HbOHE M BO3HHKHOBEHHEM 301 IpeleJbHOr0 COCTOAHMSA.
[Ipr ycTaHOBJEHHH pasMepoB 00J1acTH NpeaeabHOr0 COCTO-
auus Y. M. Bacuabes npeanosaraer, 4To KOMIOHEHThl Ha-
NpSKEHHH W NepeMelleHnit B 11060 MOMEHT BpeMeHH Mo-
ryT OBITb Onpejie/ieHbl M3 pelienus  oJHOMepHON 3anaun
(T. €. He YUHTBIBAIOTCA OOKOBOE pacluMpeHHe, TOPH3OH-

TaJlbHble CMelleHHs H T. m.). Toraa ropH3OHTaJbHble Ha-
npsAMXKeHHd B 1000 Touke

0, = § 0,, {II.Q)

A€ O0:— BEPTHKa/bHbIC HanpskKenus; §—koadDdHilHenT
6okoBoro nasiaeHus. Kacarteabible HanpsyKeHHs, COraacio
3akoHy I'yika,

T=1g0G, (I1.10)
rae G — monyab casura matepmana, pasubifi G=—E/2 (14
+n);
; { H—Hﬂaq)qJHLLHEHET [Myac-
v CcOHa, paBHBIA P = T
d ) W
S “B COOTBETCTBHH C pacyer-
HOH CXeMOH fiepekoca (pHC.
[1.6) yroa casura § omnpene-
d asiercst o Gopmyae npocTroro
-{"1[-_- capura Kak 6=3S/I. Kpurepui

HaJHYHA [IpeJleJIbHBIX 30H aB-
% TO onpepeadaeT, HCHNOJAbL3YH
Puc. 11.6. Cxema Kk onpeaeas- P P y

HHIO yraa casura & npu nepe- TEOpHIO NIPOYHOCTH Mopa ¢
KOcax rpyxra [PAMOJIHHEHHBIMH orubatro-

HIHMH, B BH]/IC

V 621 —tp + 4 (tgs-Gy?

sin ) = < sin g, 11l
0-(1 +8)42¢.clgo 7 5 | ]
A€ @ M ¢, — napaMerpbl CONPOIHBJCHHUA TPYHTa CABHTY.

 Ilpemeasnblii yron capura, COOTBETCTBYIOULHII YCJIOBHIO
Sin O=sin ¢, onpexesasiercs 10 3aBHCHMOCTH

1 i
[tgﬁ]=?5 V sin2g o, (1 +8) + 2¢.ctgp—o3 (1 —8)2, (11.12)

d Yroq Hakjona Gopra, IIPH KOTOPOM 30lbl  NPEACJABHOTO
COCTOAHHSA OTCYTCTBYIOT, OyAeT paBeH:
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511
[] }drl:tg[tg q] g (11.13)

rie fi— BECOTA TIPHIMLL FPYHTA, CCAXKY KOTOPOH }Jh[‘&biﬁ.’l-
10T HEPABHOMEPHBIE HedopManu, i

Anropamu [5, 50] Geau nposenens axcnepWMeHTA b
HERie HCCIelOBANHA xXapai KTEPa PpPaspyuieHis MET HaJda H4d
CHEMHABHBIX YCTAHOBKAX 110 TIEPEKOCY 06pPa3IoB IMIHHHCTO-
ro rpyHta npu wanpsuxkenusnx xo 4+ Mlla u npn BoateicTsi
huapTpanongoro noroka. Havoyvienyue cnaompocTi oueH!-
BAJNOCh KAK BH3YaJblO, TAK U IIVTeM aHaln3a H3MepsaeMbiX
BEJHYHH II0POBOrO AaBjeHus i kosduumuenToB QuabTpa-
LLITH.

Hast uccaenyeMslx rpyHToB HauOWIblIHE YIabl MEPexo-
coB cocraBasaau 12—I15°. Hanusie taba. 11.1  cBuaerenancr-

TABJHILA ILI

% 4 [tg &

= o E . .
g [pyut ¥ - g = %o Eg% %
& = § - = oy §=ﬂ- B2
: = | 5 | 2 | 57|3gE |%%E | &0
2 & [ B | & |.& |8BE 888 BE
1 | Jlaurapcexuit cyrau-| 20,4 1,671 0,2 | 0,075 — — 1 0,09
2 | HoK 17001, 791 1045 0,11 |0,106) 0.1 .13
3 - S ) e ) T R e Bl B0 58 R 3 1 ] D B
4 15-{1,810,8 10,120,008 — }0,08
D 14 \lieck00d Lo 110 08 = 0,08
6 | Happakcknit cyraun-| 14 1,85 0,656 | 0,12 0,14} — | 0,14
7 | noK 14 | 1,8 0,8 |0,l12| — — 10,13
8 13 | 1,86 1,2 [ 0,063 — — | 0,07
9 57 e 1 ) 0,06 | — — | 0,06
10 17 L7910 062010, 1200, 16 10 0,12

BYIOT O JOCTATOYHO XOpOLIeM COBNANEHHH BSKCIEpHMeH-
TaJdbHBIX H PACYETHBIX Pe3VJbTATOB MO OUPEAENeHHI0 YIia
caBura (tg d).

AHaJOrHUHBIC IKCITCPUMEHTAJNBHDIE HCCICAOBAHUST IT0E,4-
dce OblaHd Bbuinoauensl Bo BHUMID um. b, E. Beacueena na
OOJBLIMX KOHCOJHAAUNOHHBIX YCTAHOBKAX TNPH AaBJAEHHS X
1o 6 Mlla.

10. H. Csarees [48] 1upu onpefeseHsyn 30H npeaebio-
r0 COCTOSIHHSI B IPYHTOBOM siApe KaMeHHO-3EMJIAHOM TLIO-
THHBI HCIOJb30BAJ TakkKe ycnoBHe npouHoerd Mopa, Ho
KOMIOHEHThl HaNpPSKEeHUi B NPOL0JILHOM CEUCHHH TOJyYa
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;mmmn;mu.ullm HANPSIKCHHOTO COCTOSIHAS METOAOM
1 .pymcrn Ha ocHoBawuu  aHaau3a pacnojaoKeHHs
gaipeenvroro cocrognun 0. M. Csarees aaa pasanunbix
SpTayHi KaHbOHA 1l NMPOYHOCTHEIX  CBOCTB MaTepuasia
|aHOBY1 HauOomee BEPOATHBIE obmacTi Tperunoodpaso-
5. AJST OLUCHKH TIPeAeAbHOIt  rayGuHbl  TPEUHHbl Ha
_ s pa (B 00,1aCTH PaCTHKEHHS) HM NPEATOKCHO HC-
--"'s-'i:u b YCJAOBHE A BEPTHKAJBHO CTOALLEro OTKOCA.
nyﬁuv fizp olipenesnsitTh CACAYIOMAM 06pa3oM:

0 2¢p cos g
o ™ pps (I —sing) '
{,

€ Psa, Cc, § — COOTBETCTBEHHD TJOTHOCTb  BJAKHOIO .
l

ik ah‘* , CUOIVICHHE NTPH CABHIEe H Yo BHYTPEHHEro TpeM:id.
¥ Lr )

1ecK0LKO 1oApoOHee OTAeIbHBIE PE3yJAbTaTbhl HCCAER0-
M Hoaemxaqosoit  u 0. U. CBareesa H3JA0KEHB! B

1

it l
I.-',:. ' h

(11.14)

ﬁJIHS CYHIECTBYIOILHMX METOJIOB
EAJIOKEHHH

':F]P

#uua CYHISCTBYIOUIHX B3TIAA0B 1 NPEAJOKEHHH 110
i Tpeuunmﬂﬁpd'mﬂaunn NOABOJSICT OTMETHTL CJEAYIO-

BHOE BHHMaHHe HCCACAOBATENH - COCPEIOTOYHBAIOT
ﬂu:TH (OSIBJAEHUA Tpeulli Ha rpedHie NAOTHH BCaeT-
ﬁa.nﬂ-wnn 30H PACTHXKEHHA M BHYTPEHHHX CABHIOBBIX

ICHHH B OCHOBHOM BOJIH3H KOHTAKTA TPyHTa siapa (sK-
hamnnnammu [lo-Buaumomy, oObsicHeHHe OCHOBHLIX
u » NPUBOJSIIHX K BO3HUKHOBCHHIO TPEULMH, 10CTATOY-
"5'2 A TE.TH:HCL
Cesian oOIumil BLIBOX — TPEILMHDBL SBAAIODCA 3aKOHO-
j _Jienc'nﬂﬁeu NPOABACHHS HEpaBHOMEPHBIX jefpop-
BHIE ' MaTePHAJ0B COOPYIKEeHHA, OOVCAOBJGHHLIX OCOOEH-
,:- KOHCTPYKUHH IVIOTHHBL, NPOTHBOMHALTPALHOHHBIX
ICTB H CTBOpPA, KAueCcTBOM TPYHTOB, XapaKTepoM
DBBIX BO3JeiiCTBHIT.
Kpy _;r_epfm AJ51 OLCHKH B OCHOBHOM CBSI3aHbl ¢ HCIIOAb-
RHHEM npocTeilliNX TEOPHil POYHOCTH  AJs YEJA0BHil
sToKenns nan casnra. OcuopHoe paannune npeanarac-
5 32KJ10M4€TCsl B OUCHKE HanpskeHno-tedop-
"’r HHOTO COCTOsIHMSI A7Apa (3KpaHa) H NJIOTHHLI B Le-
%TBM acmekrte CASAYeT OTMETHTH, YTO NPeLIOKEeHHs
} , 1. M. Bacuasena, SI. JI. Korana u ap. oe-
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HOBaHbl Ha  TPHMEHEHHH  VIPOLIEHHBIX  IpejicrasJje-
HHH H CXeM O HamlpsKeHHO-I1e(pOPMHPOBAHHOM COCTOSAHHH,
He YYHTBIBAIOUIHX pAJa BeCbMa BaXHBIX (PAaKTOPOB, TAKHX,
Kak IlepeMEHHOCTh CBOHCTB IPYHTOB, NJOCKHHA HJW [IPOCT-
paHCTBeHHBIT Xapakrep paborbl KoHCTpyKuuu u 1. 1. Ilpu-
YeM pPEeKOMEHAAIHH, OCHOBAHHDIC HA 3THX NPeIJIOKEHHSIX,
MO3BOJIAIOT CYAHTL JIHIIL O BO3MOXKHOCTH TPELIHA006Pa3o0-
BaHHA HA OT/EJbHBIX YUaCTKax K He 1aloT NpeacTaBjieHus o
BCEH KapTHHe AedopMHPyeMOCTd sanep (3KpaHoB) U OOULUX
TEHACHUHSX, NPHBOAAIHX K 00Da30BaHHIO TexX HJIH HHBIX
Tpellud. B sToM naane pesyabrarnl ucesaexoBanunit M. [o-
aexanosoi H 0. M. CsareeBa 10 yCTAHOBJAEGHMIO BJIHAHUSA
psxa GaxToOpoB Ha HANDPSKEHHO-AeDOPMHPOBAHHOE COCTO-
siHHE siipa B IPOJOJLHOM HalpatnJeHuH (IJOoCKasi 3ajaua)
MOZKHO CYHTATb OTIPeAE/EHHbIM I1aroM BTIeped, XOTS H B HHX
HMeeTCad psf AOHYWEHHH, HCKaKaloulux  AeHCTBHTEIbHVIC
KapTuHy paboTel coopyxenus (cu. raasy 111).

B rmase IIl 6ynyr paccMoTpennl pe3yabTaThl Oo.dce
MOSIAHHX HCCACHOBAHHH  HampsKeHHO-Ae)op MHPOBAHHUTO
COCTOSIHHSA TJIOTHH ¢ gApaMHu u 3kpaHamu. Ciaenyer elue pas
OTMETHTb, YTO 3TOT BONPOC fABJAETCHA OJHHM H3 OCHOBHBIX
IpH OLeHKe TpellHHO0Opa3oBaHH.

Ipennoxennss B. Koapencay, K. Buapesa u ap. nosso-
JIAIOT CAeaaTh JUUIL NPHOJHKEHHYI0O KaueCTBEHHVIO OLEHKY
TIPHYHH H yCJOBHH 0o0pas3oBaHusi TPeUMH H He JAl0T KOH-
KPETHOrO OTBE€Ta HAa BONDPOC, KakHe  (QaxkTopbl ¥ B KakKOi
CTE€NEHH BJAHSIOT Ha TPEUIHHOODD&30BaHHEe H KAK MOXKHO OJl-
peneJuTb 00JaCTH H NapaMeTpbl  BO3HMKAIOUIMX TPELHH.

BropeiM, Ha Ham B3rasi, CYUIECTBEHHBIM HELOCTATKOM
pialla BMEIOIHXCS MpPEeIJOKeHHH sBJAseTcS IOJHOoe OT-
CYTCTBHE HJH HEIOCTATOYHOCTL CBeAEHHH O NPOUYHOCTHBIX H
AeOpMATHUBHLIX CBOHCTBAX IMIMHHUCTBIX I'DYHTOB (OCOGEHHO
B YCIOBHSIX PACTHAXKEHHS), HEOOXOAUMBIX JJs HCIOJAb30BA-
HHSl B YKA3aHHBIX KPHTepPHsAX OleHkH. Jlaxe mou yciaosuu
HPDHAATHSA YKa3aHHBIX Bblllle HaHOOJee TIPOCTBIX KPHUTEpPHEB
OLEHKH TPCIIHHOOOpasoBanus (TEOPHH IIPOYHOCTH IS CaY-
HaeB PAaCTSKEHHS WJIH CABHUra) HeoOXOAMMO HMeThb J0CTO-
BEpHble CBeNEeHHS O NPOYHOCTHBIX M Ae(OPMATHBHLIX II0KA-
3aTEJIAX CBASHBIX I'DYHTOB, 3aKOMOMEDHOCTAX HX H3IMeHEHHSH
B 3aBHCHMOCTH OT MHOroo6pasust (axropos (maoTHOCTH,
BIAXHOCTH, BKJIIOUCHHH KPYMHO3eMa, BPEMEHH H 1. 11.). D10-
MY BOITPOCY MOCBALLeHa rjaaBa V.

OrcyrcTBUe B psifle H3JM0KeHHBIX NPELIOKCHHI 3aKOM-
UeHHBIX pellenHil, 0asupVIOLIHXCA Ha JOCTOBEPHOM 3HaHHM
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HAUPAKEHHO-1ePOPMUPOBANHOTO  COCTOSIHUS W POUHOCT:
HpIX\ CBOHCTB TFDYHTOB, KaKk NpasHAO0, He MNO3BOASET HX aB-
TOpaM DqJ}DpM}'.TIHpDHEITb AOCTATOUHO OOOCHOBAHHBIX pPeKo-
MEHAAUHH NO TIPEJOTBPALICHHI0 BO3ZHHKHOBCHHMS TPELLHH.
"Hpennuﬂieuﬂﬂ M. Joaexanosoii, 0. . Csareesa,
U. M. Bacuavesa, I'. Jleonapaca, . JI. Korana n ap. mo-
ryT ObITb NpUMeHEeHbl JJis NPUOIHKEHHBIX  OUEHOK (CM.
paasy V1) 1 BO BCAKOM caydyae MOTYT CJAYXHTb MCXOTHBIMHU
npu paspaborke Gosiee 0GOCHOBAHHBIX CNOCOGOB NPOrHO3a
TpeuHHoobpasoBanus.

B pewennu npoGaembl TpeutnHoo0pa3oBanus B rANHMUC-
TBIX AJApax I 3KpaHax KaMeHHO-3eMJSHBIX IJIOTHH HaMmeue-
‘HbI CJIEAYIOLLIHE OCHOBHbIE HallpaBJeHHUS:

I) ompexenexne HanpsKeHHO-AePOPMHPOBAHHOIO COC-
TOAHHS KAMCHHO-3EMJAHBIX IIOTHH, HX SIAEP M 3KPAaHOB B
3aBHCHMOCTH OT BJHSTHHSI Pa8JdAUHBIX (pakTopoB (KoHpury-
pallid CTBOPA H rCOMETPHH IVIOTHHBI, YCJOBHIT BO3IBeAeHHS
H IKCIIIyaTalliHd, CBOHCTB MaT2pHaJIOB, CJAraiollHX JIJIOTH-
HY, CHJIOBBLIX BO3AEHCTBHH M T. Ii.), YCTaHOBIeHHe HauboJee

OIIACHBIX IIPH TeX WJIH HHbIX VCJIOBHSX 30H TpelHHooOpaso-

BaHHs;

2) omnpejeneHHe  NPOYHOCTHBIX M AehopmaTHBHBIX
CBONCTB TJIMHHCTBIX IPYHTOB, HENOJb3YeMBIX JIs YCTPOHCT-
Ba A1CD M 3KPAaHOB TIVIOTHH, C TOYKH 3PEHHS BO3IMOMXKHOrO B
HHX TPelmnHoo6GpasoBaHus, OLEHKA BJIHSTHHS pPasIMYHbIX
($axTopoB (NJAOTHOCTH, BJAANKHOCTH, IIJIACTHUYHOCTH, HAa/IH-
HHS KPYIHO3CDHUCTBIX BK/MIOUEHHHI W AP.) HA H3MeHeHHe
3THX CBOHCTB;
~ 3) omenxa BepoATHOCTH 0GPa30BaHHs TPELLHH ¢ onpeje-
JEHHEM 30H paspyiuenus, lapaMCTPOB TpPEUIHH Ha OCHOBEe
A2HHBIX DPAcYeTOB H HCCAEI0BaHMil C HCNOJNb30OBAHHEM pas-
JIHUYHBIX KPHTEPHEB TIPOYHOCTH;

- 4) paspaGoTka MeponpHATHII TO NPeAOTBPAILEHHIO HIH
YMEHBIICHHIO ONaCHOCTH TPEUIHHNOOPA30BaHHUS,

oy

-

.
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HANPSAXEHHO-ZE®POPMUPOBAHHOE COCTOSIHUE
KAMEHHO-3EMJISIHBIX NJAOTHH, TNIHHUCTBIX
SIAEP H 3KPAHOB

Ha ocnosasnn usaoxennoro » raasax | u [ moxno yr-
BePXKAAaTb, YTO OUeHKa Tpeuln:i1oo6pa3oBaHius B [MIHHHCTHIX
SAPAX H 3KpaHax NMAOTHH Ipe)x7ae BCero ¢psizaHa ¢ onpene-
JCHHEM 30H NpeiAenAbHOrO COCTOAHHS pacTHReHns HJIR CIABil-
ra, KOTopble MOrvT OblTh Hailleun Ha OCHOBE aHanu3a Ha-
NPSDKEHHO-1SPOPMHPOBAHHOIO CUCTOAHHA  KaMEHHO-3eMJs-
HBIX TIOTHH. Peulenne 3azaun o nanpaxenno-aethopmiupo-
BAHHOM COCTOSIHHH CTOJb CJOXKIBIX COOPVKEHHIl ¢ yvyeroMm
BJAHAHHA MHOTOYHCTEHHBIX (PaKTOPOB (MPOCTPAHCTBEHHOCT
padoTel KOHCTPYKIHH, HEJIHHEIHOCTL CBA3ell MEKAy Hanpi-
HCHHAMH H AeopMalHAMH B NPYHTAX, I0J3Y4eCTh H PelaK-
Caunst, MHOrooOpasue JACHCTBYIOLWLHX HATPY30K W T. 1.)
BCeTpeyaer GoJbline TPYAHOCTH, B 10 Ke Bpemsa pesyabrars
PEIUCHHSA OTASJNbHLIX 3a/ay € BBCAeHHEeM Psijla VIIPOULAIOULHX
HPEANOCHIIOR A4I0T A0CTATOUHO HOANYI0 - uHbopmaluio oo
OCHOBHBIX Ipoueccax ACPOpMHPOBAHHSA KaMeHI0-3€ MIAHbLIX
ITOTHH, KOTOpas MOXKeT ObITbL MOJ0ZKEeHa B OCHOBY OHCHKH
TPeMnHooOpasosaHus B AApax 0 IKpaHax.

B NOCJCAHHE rollbl VYCOBeDPIIeHCTBOBAJ1aCh METOAHKA H
TEXHHKA TAKUX HCCHeAOBaHUH (Meroasl (oTtovinpyroers H
TEH3O0CETKH, YHCJAECHHBIC CNOCOOLI pacyera ¢ HCNOJAb30BAHMH-
eM 9BM), uto nossoaser pewars MHOFHe BONpPOCHI onpe-
ACJCHHA HANPAKEHHO-1ePOPMUPOBAHHOrO COCTOSHHSA NJIO-
THH, BBIABJIATH BAUSHHE psila (DaKTOPOB Ha OCHOBHBIC Tel-
AeHIHH TpeliHHOOOpa3oBaHHua.

Haznee pacemarpusalores naubonce wupoko npuMeHse-
MBIE /ISl YKa3aHHBIX IEJeH Meroisl # HeKOTOPbLIC peay.b-
TaTbl NPOBEJAGHHLIX HCCJICAOBaHNH, HCOOXOIHUMbBIE C TOYKH

SPeHHs OUGHKH TPEIHHOOOpa30BaHnA B fA1pax M 3KpaHax
KAMCHHO-3CMJAAHBIX TIJTOTHH.
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-"F_:f-m'.ﬁ HOBHBIE 1OJONKEHUS ONTHUCCKOrO MCETOAA HCCAeNosa-
WA HanpsuKenuit (vMerona (POTOYIPYTOCTH) AOCTATOUHO XO-
mo nasectHu [60].

B 1962—1971 rr. 8 1300paTOPUH THIPOTEXHHUCCKHX CO-

__;ermﬁ BHHWUM BOITEO 0. M. CpateeBbiM 3TOT Me-

USHHS TVIOCKHX MoZeneil HPOoaLHOr0 ceets f1pa ¢ 1edblo
: ﬁ 30H NPEeAeILHOrO COCTOSIHUSL H OLCHKH NpoY-
HOCTH TPYHTOBOTO SApa KaMeHHO-3eMJSHON TLIOTHHB [48].
 TpyHT f1pa MOAENHPOBAJICH ONTHYCCKH AKTHBHBIM Ma-
| TepHAJIOM HA JKEJATHHO-TANUEPHIIOBOIN  OCHOBE; TIPH 3TOM
" fipearnonaraaoch, 4TO HalNPKEHHOE COCTOAHHE TeoMeTpHYe-
[ TOJOOHBIX TEJ He 3aBHCHT OT YNPYLHX MOCTOSIHHBIX MaTe-
4JI0B MOJIe/IH M HATYPHOIO COOPYXKEHHS. YCIOBHS IpoBe-
JeHHs1 HCCJAC0BaHMil OBIIM CAeAyIONMe: pemanach 3anaya
|15 HANIPAAKEHHOTO (COCTOSIHUA ¢ p==0,5; YCJIOBUS K-
CHEePHMEHTA COOTBETCTBOBAJIN MDNHOBEHHOMY BO3BEILCHHIO
COOPYKEHUS; BIHAHHE DHAPOCTATHUECKON HATPY3KH -BOIbI

@ YUHTLLBAMOCh. OCHOBHOE BHHMaHHE VIEASJI0Ch OLEHKE
AHUA (opMbl KaHbOHA (3a/0&KCcHHEe OOPTOB, PacCTOsHHE

HEHHe HATKEHHOrO COCTOANHA  OYEPTAHHE TPEXedbHbIX
3oH. Hecmorpst Ha HeKOTOPYIO yCJIOBHOCTD I PHHATBIX TIpeL-
I0CBIIIOK, pPEe3YJ/bTATbl 3THX HCCACIOBaHHI  NPEACTABJISIOT

g

L ICYHIeCTBEHHbIH HHTEpeC.
Ounpegeans ¢ nomoumsio Merona GoToynpyrocTd pacipe-

I€HHEe KOMIOHEHT HANPSKEHHH B HCCIEIYOMOM CeueHMH,
Op A1 HAXOXK/IGHHS IPEAeNbHBIX 30H HCIOJAL30BAJ Te-
Io 1ipoudocTy Mopa, a Tounee vycaosue Penkuna, 6e3

Ta CLICHJIEHHS B BUAE , -

gl
g

L

-'-'.'1'1 sin @ = —= . > sin . (111.1)
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. B pesyavrate nonyuena kapruna H3MeHeHHs xapaxrepa

Ol TIpeneJbHOTO cocTOsIHHSA (Ipu sin 0>>sin @) B 3asHCU-
MOCTH OT reOMEeTPHH CEYEHMS H IIPOYHOCTHBIX CBONCTD rPYH-
'.‘_'.;::Ei_ _'__Eg- HMEHHO, yIvia BHYTPEHHErO TPEHHH (.

0 Ha puc. ll1:]1 nokasansr oyeprands 3THX 30H A48 pas-

MHMEHEIX cayyacB. OYeBHAHO, YTO 30HBI TIPEAEALHOTO COCTO-

al



Puc. III.1. 3oust npe-
AeLHOTO COCTOSININA  NpH
pasHuHBIX GopMax Kalb-
OH& H 3HaAYeHHAX yIr1a
BHYTpEHHero TPeHHSA
rpyura (¢ =15—40°), no-
NYYEHHLIX ONTHYECKHM Me-
TOAOM

Puc. 111.2. Pacnpeacaenne nanpsixennii s NONCPEYHOM CCHEHHH IJIOTHHBI
C ALPOM, ONPENLACHHBIX ONTHYECKHM MeTosoM npH E,< Egpp

d — CX0Ma pacyYCTHOTO CeyeHHH:
e 180 M; | — aapo; 2 — npuama

6 — smopw  KoMmnoment nanpumennit ma rayGn-

ARHS PaClloNaraloTcsl NpeuMyuecTBeHHo Yy GOPTOBBIX NpH-
MBIKaHHH B rpeGHeBOH YacTH, HPOCTHPAACH B 3aBHCHMOCTI
OT TeX WJIH HHBIX YCJIOBHMIl HA Pa’JiHYHYIO rJIyOHHY, npHYeM
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pGauan rpebHa HabGaionaeTcd BO3HHKHOBeHHe 30H pacTs-
JKeHHS.

Takoe NONOXKEeHHe ABAAETCS, Oe3yc/JO0BHO, CJaeJCTBHEM
gepaBHOMEpHBIX nedopMallnii MaTepHanoB B KaHbOHE H,
KaK yKasbiBaJjJocb paHee, MOXeT OblTb NpHYHHOH# o6pa3oBa-
HHs TpellHH. MOXKHO OTMETHTB, YTO TIPH YNOJOXKeHHH Gop-
TOB HJAHU NPH HX pas3IBHKKe a0CcoJlOTHBIE pasMephbl 30H pac-
TSOKEHHST H TpeaejbHOro COCTOAHHS 3HAYHTE/JIbHO YBEJHYH-
BAIOTCS, 2 OTHOCHTeAbHBIEe (no cpasHeHuio ¢ mH) oranya-
joTesl MaJgao Hau ymenbiatores. Hasi 6osee NPOYHBIX I'PYH-
10B (¢ 6O6MBIIHM 3HAYeHHEM () 30Ha MPeAeJbHOro COCTof-
nua MeHnbine. Haauune 30H mpeaenbHoOro cocrosiHust y 60p-
TOBBIX MPHMBIKAQHAI U CHHIKeHHe CXKHMAaIOUHX HamnpsKeHHH
B 9THX oOJiacTAX KOHTaKTa MOXKeT, (O-BHAHMOMY, IIPHBO-
IHTb K HEeXXeNaTeNbHBIM CIBHFOBBIM JedopMmalnusaM, Hapy-
HIEHHIO CIJIOIIHOCTH KOHTAKTa sJApa C OCHOBAaHHEM, T. €. K
00pasoBaHHIO BHYTPEHHHX TPEIIHH CABHIa.

HUcecnenoBanusaMHu Takxke ObIJIO YCTAHOBJIEHO, UTO Jedop-
MHpPYeMOCTh OCHOBaHHs (npH Mcayiae AedopMalHH OCHOBa-
aua E 1o 10 E anpa) He3HAUHTEJbLHO CKa3blBaeTcsl Ha ovep-
TAHHH 30H NpelenbHOro cocrosidus. OAHAKO Hajuyue B OC-
HoBaHHH OoJsiee cjaabbIX TIPOCIOEK C MOAyJeM AedopMallHy,
3HAaYHTEJbHO MEHBbIUHM MOAyad aedopMalHH fapa, A0JAKHO
CYIIECTBEHHO OTPAa3uThCHd Ha HM3MEHEeHHH HaNpsXKeHHOro
COCTOAHHSA fJpa.

Hocnenosanna HanpsKeHHOTO COCTOSHHSA TOTIEPEYHOro
CeUeHHsI NJOTHHBI ¢ AAPOM NPH Pas3jHuHOH JAedopMHPyeMo-
CTH MaTepHaJiOB fjipa H  YIOPHBIX NPH3M, TNpPOBeJEHHbIE
B. U. Turopoii [54] Ha miaockux MOAEJasiX H3 JKeJaTHHO-
riHuepuHoBoro martepuana (puc. 111.2), nokasanu, uro npu
ONpEeAeSeHHbIX VCJIOBHAX  HAa XOHTAaKTe siipa C YNOPHBIMH
HPH3MAMH MOMET BO3HHKATL apouHblii  3¢dexrt, KOTOPBLIH
HPHBOAHT K yacTHYHOMY pasylIJIOTHEHHIO TPYHTa AApa H
MOJKET SBHTLCA NPHYHHOI OOpasoBaHHA BHYTPEHHHX Iomne-
PEUHBIX TpelHH H 30H NOBbNUCHHS (UAbTPAUHH. DTH HC-
CJACILOBAHHA NOJATBEPIKIAOT HEKGTOPLIE JaHHBIE HATYPHBIX
HaGaioxennit (nmorunsl Bonnepxen, Xurtreioseii) u CBue-
TEALCTBYIOT 0 HeoOXOAHMOCTH TAaKOil OLEHKH NpH TIPONHO3e
BOSMOXHOCTH TpeltnHoo0pa3oBalns.

B Gonbumnctse cayuaes onTHueckHit MerToa onpefede-
HHSL HaNpAAKCHUI NIDUMEHHTEABID K 3eMJISAHBIM COOPYKeHU-
AM JlaeT JHIIb KaueCTBEHHYIO KapPTHHY pabGoThl IJIOTHHBI, a
OUelka nedopmamuil 1 COOTBETCTBEHHO  NPOrHO3 BO3IMOXK-
HOCTH TpeutnHooGpasoBanns OKa3bIBAIOTCS 3aTPYAHHTEb-
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HoiMH. TeM He MeHee NOJAYYCHHE JdMe KauecTBEeHHON Kap-
THHBL MOXKET clocobCTBOBATL pa3pabomKke psila KOHCTPYK-
IUBHLIX MEPOIPHATHH, CHHAKAOULHX OTACHOCTb TPeuHonn-
pasoBaHud, 0 ¢ 3ITOil TOUKH 3pedHua Metol  (oToynpyroctu
ABJASETCA AOCTATOYHO NMepCrneKTHBHBM, VUHTBIBAsh €ro npoc-
TOTY M HALJSIAHOCTD 110JYUaeMEIX Pe3yJaLTaATOB. -
AHAJOTHUHBIM TIOAYIKCIePHMEHTAJIbHAIM  METO0M  pe-
HIeHHS 3alal TEOPUH VIPVIOCTII SBASIETCS MEeTOA TeH30-
vieTpiueckoil cerki.- Bo BHUUT  uum. B, E. Beneneesa 8
1971 r. ¢ nenoab3oBaHHEM 3TOTO MeToj/1a  OblJH TIPOBEIeHbI
HCCACNOBaHHA HANPAKEHHOID COCTOSHHSA TPEYroabHOTO KJaH-
Hd, anTpOKCHMHUPYIONLEro NPOA0IbHOE CeUueHHe TJAHHHCTOro
siipa BBICOKO IJVIOTHHBI, ITH HCCJCAOBAHHS Noxas3aJu, 4To
B TPEYrOJIbHOM CeYeHHH C HaKJIOHOM rpatied 45° nabnaoaa-
I0TCS HepaBHOMepHble JedopMaillyu Tesa IJIOTHHBI, KOTO-
Pbi¢ BBI3BIBAIOT IEPOKOCHI FPYHTA OTAEJbHLIX 30H M 00paso-
BaHHe oOJsacTed CABHra 7O KOHTAKTY $IAPO — OCHOBaHHeE.

2. METO KOHEYHDBIX 9JIEMEHTOB

MeTo KOHEYHbIX 3JEMEHTOB §f8.15eTCA OJAHHM H3 JHC-
KPeTHLIX METO1OB PELICHHsl 3a1ak TeopHH ympyrocrn [78].
CymHOCTb €ro 3akjaouyaercs B ToM, 4T0 Hccaeayemas o0-
JacTh pa3buBaeTcsi HA OT/AEJbHLIC 3/JEMEHTHl, CBA3aHHDIE B
vaaax. Cucrema pemaercst MeroioM agedpopmanuii. Hens-
BECTHbIE IIEPOMEILCHHS B y3JaX HAXOAAT U3 peuUeHHs CHC-
TeMbl KaHOHMYECKHX YypaBHeHHH, Kaxl1o0e i3 KOTOphLIX olpe-
AeaeT CYMMAapHYIO peaxkluio B Y3Je OT IepeMelleHus Apy-
FHX Y3JI0B H OT AeHCTBYIOILEH HaTrPy3KH.

Bo BHHUHU BOITI'EO (M. B.Bnurenoeprom uJl. H. Pac-
CKa30BbLIM [43]]}, so BHUMUI uu. B. E. Beaeneesa (A. T1
Tpouukum [55] u ap.) ¢ HCHOAB30BaHHEM  3TOrO0 MeETOAA
ObIJI pElIeH Leqablil psij 3aay Mo ONpeAeJeHHI0O HanpaxKeH-
HO-1e(hOpMHPOBAHHOTO COCTOAHIS JIIOTHH M3 MECTHBHIX Ma-
TePHAJOB, aHaJHu3 Pe3yJabTATOB KOTOPLIX NO3BOJAALT Ole-
HHTL pabOTy COOPYKEHHS C TOUKH 3PEeHHS BO3MOXKHOCTH NO-
ABJICHHA B AZApPE HJH IKpaHe M3 IJIMHUCTOIMO  TPYHTA 30H
IpenesbHOro COCTOAHHA, MPUHBOAKUUKHX K o0pa30BaHHIO Tpe-
[ HH. ~

Chaeayer orMeTuTh, 4TO COCrasjieHHble TIPOPPaMMbl 10
pacueTy  IJIOCKHX (Nolepeynnpix M NPOAOABHBIX) 3ajay 1103-
BOJAIH YUECTh XapaKkrTep BO3BACHUS COOPYKEHHST (MIHO-
BEHHOCTD, WIOATAMHOCTL), HM3MEHEHHE CBOWCTB ‘MarTepHaJoR
B 3aBHCHMOCTH OT HanpaMEHHOIO COCTOAHHA,  Pa3NAUHbLIC
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A H bl ¢ YCA0BHy L X@PAKTep ACHCTBYIOUIHX  HArpY30K
1?3*;4 BeHHBII BEC MaTepHanad, TNAPOCTATHYECKYIO HATpPY3Ky
Bepmmrﬂ Obeda, ceHCMHYCCKAe HArPV3KH H JAP.).

_r;i;v“ MHOTOOOPA3HA NMOAYYCHHLIX  peayiabraton |43, 55|
2J1C €coobpasiio  paccMOTPETh Wb T€, KOTOPBIE  MOTYT
'b MCMOJb30BaHbL NIPH  OUCHKE  TpelHHooO6pa3zoBaHusl.
"THM yro 8 nccaenosanuax BHHUM BOJITEO B npo-
ce pacyeToB MPOBOAKIOCH «COrJacOBANNE» XapaKTeplc-
inia'repua.mﬂ H HaNpPAAKeNHON0 COCTOSINUS MyTeM Iocye-
ATEJAbHLIX HTEpalHit ¢ HCNOJAb30OBAHHEM 3aBHCHMOCTEI

| 1,;7![ |
= J (—I- ‘—"a) H E=/[, (“1'- f’s),
SEhL H H

[EHHBIX 13 TPEXOCHBIX HCNLITAHUI 110 METOJHIKEe, npei-
HOil B [42].
xbduuncur 3anaca npouHOCTH B paccMaTpHBaeMOf
# ﬂﬂpEJL‘.‘Iﬂ tH 110 hopMmyae
1€ Paxe

tg {PA-EF[ETH

ke, Qreiicrs — COOTBETCTBENHO  yTOA  BHYTPEHHEro
'mpy-u'ra H pacyeTHbIl Yroa OTKIOHEHHS PaBHOMEHCT-

H 0T HOpMaJH, onpereasieMbiil H3 VYCJOBHSL NPOUHO-

i \

3

;1.'3?_—-

G (111.2)

| ~':';f enmme COCTOAIHHE BOINHKAST (DN k; . Ha puc.

'ﬁaﬂﬂnm COCTOAHMS CXEMaTHYHOPD TPOMHIS Ily
W MIOTHHL OT JelicTBAA COOCTBEHHOr0 Beca MPH ye-

Ka ._:[IﬂHaSHBHE“l aHaIH3 ITHX rpa{pnmﬂ A9 NPHHATLIX
HOCBITOK H COOTHOIUGHHA MuMAy Moayaamyu jedopma-

{15 J E_q:
1 A7 n A 1 TIPH3M ki 0,5 cosepuwiento ouesniHo obpa-

. Hnp
;-.a 3(ppexTa Ha KOHTAKTE AAPO—IIpPH3MA H

TBHE BO3HHKHOBEHHE 30H NIPCAEJBHOTO COCTOAMNHA
JABHOM wacti sapa. [101beM BOAB B BOAOXPAHHTH-
'H’&Eﬁﬁnmn nameHua (puc. 111.3,6) kaptumy: soHa npe-
en IBHOTO. COCTOHHA lepeMecTiiach B 001aCTh BEPXOBOil
pexm;ﬂoﬁ 30HBI | NMPH3MBLI, apouHblil  3ddekT pesko
_}fﬂmunma
| Hpnﬂe.uenﬂhle Ha puc. 111.4 pesyabratrnl HcctesoBanus
_'r 10J16HOT'O APOPUAA NIOTHHBI TPH TeX XKe OCHOBHBIX HC-
JAHBIX XapakTepHCTHKAX # NPeanoaoKeHusix [maockas,
” OPMAUHA, MTHOBEHHOE BO3BCICHHE, HTEpalHs AT Co-
Eﬂ&aHHH W, E, f(o)] oBuuerenascTBylOT 0 HaJMUHH 30H
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Puc. 111.3. Jlvmun paBubiX KO3(p(HLHEHTOB 3amaca yCTOHUUBOCTH NpH
VCAOBHOA CXeMe MrHOBEHHOrO BO3BEIEHHS nNpH ACHCTBHH COOCTBEHHO-
ro Beca (a) m npu yvyere rHAPOCTATHYECKOH HATPY3KH BOALl BepXHero
osedha (0)

E__=il00 MTla; E_ =50 MIla
[np fl

g e 39 244 97 297 242 409 28
E i ] | . ]-.L.L.l.b
i AN '._l_[_____j_*'—. et
A=k £ S whE

Puc. 111.4. Sniopsl sepTuxanbiuiX / ¥ ropusoutajabibix 2 nepemeuiedit

(@) u aunuit pasublX Kosdduuuenton 3anaca yctoitmusoctn (6) B mpo-
JoabioM mpoduie naoTHrs BucoTot 300 M nNpH VCAOBHH MNHOBEHHOTO

BO3BEJEHHA

56



.

.ﬁij_ﬁne.\‘lbﬂﬂrﬂ COCTOSHHHA A vy rpeOHsa siApa NJAOTHHBI, a TaK-
ske y bosee KpyToro G0pTOBOTO TPHMBIKAHHS, YTO BIOJHE

3aKOHOMEPHO.

3. METO/1 KOHEUHBIX PA3HOCTEM

Jisi OUEHKH HanpsaXeHHO-1e(OPMHPOBAHHOTO COCTOS-

HHS KAMEHHO-3eMJISHBIX NJIOTHH, HX Sep M 5KPaHOB B NoOC-
JeJAHHE rollbl C YCIexoM IPHMEHAETCS MEeTON KOHeUYHBIX pas-
pocteit. Mcenenosauus, nposexennsie 30 BHHUU BOJITEO
(M. Honexanosoit [19] u asropamu [47]) n B HUC Iua-
ponpoekta (C. §. 'ywom [113], H. A. KpacuasuukoBbiv M
Ap.) MO3BOJIHJIA BBISIBHTh BJAHAHHE PAa3JHYHBIX (aKTOpPOB
Ha paboTy COOPYIKCHHIT H NOJYYHTH 3aKOHOMEPHOCTH, KO-
TePBIE MOTYT OBIThb HCTOJb30BaHbl NMPH OLEHKE TPeIIHH0006-
pasoBaHtHs.
- M. Hlonexarosoil mcene10oBanoch BJAHAHHE KPYTH3HDI
OOPTOB KaHbOHA TPEYTOJLHOINO OYepPTaHHs, BLI3bIBAIOILCE
NOsIBJICHHE 30H PacTArHBAIOIIHX HATIPSKEHHH M YAJHHEHMIl
rpebHst B NIPOIOJBHOM CEUeHHH 5APa NMIOTHHBL.

Pemanaco niockas 3afavua TeOPHH YNPYrocTH B nepe-
Mellennsax. YpasHenus Jlame, pemaeMele B 3TOM cayuac,
HMEJIH BHI

0® u 0° u v
) —- L0 — A == ();
(A2 Sy 24 i o EG}axay 0
0* v ?u d* u (L.3)
) —— e A —p = U,
(20) 75 +G 55+ (h40) 5 —g =0
rie U, U— KOMIIOHEHTbl TOPH3OHTAJbHBIX M BePTH-

KaJbHBIX NEpPeMelleHHH;
P — INIOTHOCTb I'PVHTA;
Y, Y — KOODAHHATHI  aNMpPOKCHMHPYIOUEH  0O-
JAaCTh CETKH;

A, G — nocrosinnbie Jlame:
E
G = "
2(1 4 )

E — wmonyap KOura:
i — kKo3pduunent [lyaccona:

) — 21G ; ;
-~ A5 YCJOBHH N1IOCKOH medopmatii;
i 2]1(?

AAA  VCIOBHH  IJIOCKOTO HaNpPAKEHHOTO

l

COCTOSIIHS,

a7

- i 2
" —
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Puc. 111.5. Dnopsl BepTHKAAbHBX [ 4 IOPH3ONTAALHBIX lepeMenteddin &
| OTHOCHTCABHBIX npoaoabibiXx Jeopmanui & na rpeduce B NpOAOALHON
CouoHid KAHLOHA NIPH PazNRuEibiX 3aN0KeHusX ero 60pTon
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Pue. 1116, Pacnpeaesenne BeprakaibibiX [ H FOPH3OHTAABHBIX 2 HanDA-

AEHHil B HPOAOILHOM CEUCHHH fipa upH PasauiHbX 3aJoKenusx Oop-
TOS KidHbLOHA

KpoMe TOro, uccJjeloBaau ipaHHYHDIe VCJIO0BHS 3aKpen-
JEeHHUA, COOTHOWIEHHe MOAVAA ViIpVrocrH # kospduuuenra
I'lyaccmia MOITANHOCTL BO3BEAEHHA, CJyuail ¢ THIIOTETH-
YeCKOH TpeuuHoi na rpebue u r. 1. OcnoBuble napaMerphl
pacuetHon Mojean caenyiouine: =952 m; n=0,32; £E=
=15 MIla; p=2 r/cn® 3anoxeunn OGopros kanboua 0,5;
1540,

Caefyer OTMETHTDL, YTO AJs1 APYIHX HCXOAHBIX AaHHBIX
(H, p, E) peuenne Moxer ObIThH HaliAGHO NYTEM TPOCTOTOD
nepecuera no popmyaam nolodis ¢ HCNOIL3OBAHHEM KpH-

A8



'Mﬂne.*mpouaﬂﬂﬂ aHAJIOYHBLIX  TIPHMEHAeMbIM IpH
| *f‘“ OBAHMAX METOAOM TE€H30CeTKH |45].

I: YCNOBHIT MPHOBEHHOIO) BOSBEACHHS H INIOCKOI Je-
“f AIHA XapaKTep Miop nepeMeltenuit (BepTHKaNbLHbIX i
Tanbumx) H TODHU3OHTAJIBHBIX (TIPOAOABLHBIX) OTHO-
H#: nedopmaumit (pue. L11.5) noxaswisaer, uto ¢ yie-
-'~.-5.-' yria HakJoHa 00pTos  aGCoMIOTHBIC  3MauYeHUA
"'~ epeMeleHHiT YMEeHbINAIOTC  (IPH  COXPAaHAIOUIEMCS
gg), ‘a TOPH3OHTAJAbHBLIE CTHOCHTEJALHBLIE Jcdopma-
MK YBEITHYHBAIOTCH.

.1;,_ YNOJOXKeHH! GOPTOB VMEHbINACTCH apOouHblil  3(-
oK T B NPOJOJILHOM CCUCHHH BCAEACTBHE 3aBHCAHMS IPVH-
._3:'_'7' jecTkux Goprax (pmc. 111.6) n YMEHbIIAIOTCsH Pac-
BAlOLlHe HanpsKenua v OOPTOBLIX NPHMBIKAHHI #A71pa.

g

15 mpubamKennofl oueHK:d PacTATMBAIOUIHX HanupsKe-

10z Ha IpeOHe H OTHOCHTEAbHBIX AehOpPMallHil  yiTHie-
I &x B NPOJOIBLHOM CEUEHHH FpeAnaraloress 3>MIHpHuec-
MY b

-h
x = H 8,08 1075 &% [(0,247 ¢ — a d) sin 14,167 % —

— (0,247 d - ac) cos 14,167 x], ~ (111.9)
O (1l —qp)
B, = )
E
H'— BbicoTa HAOTHHBL, CM;

(111.5)

-

H
f == =l
L
r

=i ! i
iyt

L Duast;

(X, TpPUYCM X OTCHUMTBIBACTCH  OT LCHTPAABHOMN

peGHsl  CHMMETPHYHOFO Npo-

ocu;
| - MOCTOSIHHAS, Ipai;

_ Kus-cpqammeum 3aBHCsIIHEe OT KPYTH3HbI H0D10B
:-' KaHbOHA M onpeieiasiemsle 1o puc. 111.7 {a -
wﬂ - GespasmepHblit; ¢, d — B cM).

L w CHHble (POPMVILL CIIPABEAANBLHL 15 MTHOBEHHOTD

,}H SHHA (03 VUCTA KOHCOJTHaliu.,

'_memam-na npeanaraeT npuOAHNKEHHLUT ciocob o1

EHHSL JCHCTBHTEIbHBIX Ae(opMailuil, nepeMelleHuii u

AIKEHUN Ha rpefie MAOTHHL K KOHLY KOHCOJHIaLUHOH-

”;,'iju.ua CYHTas, YTO B CTPOMTENbHBIN  TIEPHOM 3TH

fh Bl paBHbl HyJl0. Toraa pce KOMNCHEHTH Hanpske-

Hoa eq:npmauun onpeiensiembie o opmyvaam (I11.4) n

i
b,

J!
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a (II1.5), caenyer YMHOXHTb
915 - Ha KOo3(Q(HUHEHT  TOPOBOro
JaBJCHHSA Olx.

-t BecbMa HHTepeCHbIH IMOJI-
E X0 Obl1 HCNOJb30BaH A

YCTAHOBJEHHS TJYOHHBI BO3-
MOJKHOH Tpemunsl. 3ajava
peuaaach IMOCTENeHHBIM TIPH-
OJIHXKEeHHEeM, IpeABapHTeJNbHO
3ajlaBasich Ka:KAblH pa3 Tpe-
LIHHOI olpeaeseHHol TayOH-
Hbl JIO TOIO MOMEHTa, I[I0Ka
pacTATHBAIOLLHE Hanpsxe-
HHf CTAHYT OCTATOYHO MaJbl-
MH, UTOObI HE pa3pyuIHTh MO-
. HOJIATHOCTH MartepHaJa

(ox<<cp). U3 puc. 111.8 mox-
HO YBHJIeTb, KaK H3MEHHTCS
3MI0pa OTHOCHTEJbHBIX Je-
opmauuil (aHAJOTHUYHO Oy)

Pue. 1117, Tpadukn aas onpe- n |

1 3.
Aeaeius Koapduunentos a, ¢, d HPHEHI::}I;”HHﬁTPﬂMHﬂ onpe
B 3MIHpHYECKHX (POpMYyaax aas &1 FTYOHHBL

pacieTa Ox, £x Ha TpefHe fapa Caenyer oTMeTHTb, 4TO pe-

. aJbHbli cayyait aedopmupo-
BaHusg fpa OTIHYACTCHA OT YCJOBHH ILIOCKOH aedhopmaliuy.
YCIOBHS IJIOCKOTO HampPsXKEHHOTO COCTOSINMS SIBJASIIOTCS, 11O
CylLleCTBY, APYIrHM IpelesbHbIM cayvyaeM. JlelCcTBHTeAbHOC
noJoxenne Oyaer npomexkyroudnim. Ha pue. 111.9 gaercs
CONOCTaB/IEHHE 3MIOP OTHOCHTEJbHLIX TOPH3OHTAALHBIX de-
(opmauuit ¥ yrios casura Aas  cayyaeB  IIOCKOR nedop-
MalH{ H COOTBETCTBYIOIIErO INJIOCKOr0 HanpsKeHHOro coc-
rosauus (u==0,32). Ilnockaa aedopmauusa ¢ n=~0,32 coor-

BETCTBYET IIJIOCKOMY HalIPSKEHHOMY COCTOSIHHIO € p=
=1),47.

Pasanune, XoTd M He OYeHb CYIIECTBCHHOE, OUYEBHIIHO.
OueBHAHO TaKkKe, HACKOABLKO 3HAUMTEABHO BJHSIHIE KO3 -
¢puunenta Ilyaccona ma pesyabTaThl onpejeseHns HaTpsi-
HKEHHH H aedopMatmii.

Pacueramu, npoBeleHHBIMH & NPEANOMOKEHHH OTCYTCT-
BHS TPEHHS IO KOHTAaKTy SApa ¢ OCHOBAHHEM, He YCTaHOB-
JACHO HaJHYHEe 30H pacrsiKeHHs Ha TpebHe sapa. B jgeiter-
BHTCJIBHOCTH TPEHHE cyllecTsyer; GoJsiee TOro, CKOJbiKeHHE,
MO-BHAHMOMY, MOKET NPOHCXOAHTh HE MO CaMOMY KOHTAK-
TY, a B UNPHKOHTaKTHOI 3oHe, Buaumo wnexecoobpasna

60

905 -1

et}

4122

&Qau




Puc. 111.8. Ilponoas.

& 2 e
:_:: €  OTHOCHTeJAbHEle [
1 gapopuatsit apn ia- i - PR awe
UHH Tpeutnd I u or- J
cTBHH HX 2 Ha mno- * g% 1z !
BepXHOCTH sgpa npu oy 5| g 0008
| &
I

P I11.9. Cpanuenns
mp pacnpeneaenis
[TJ0B CABHra (@) u or-
HOCHTCJILHBIX TPOROJIL-
HBIX aedopmauiit (6)
ApH  Pa3AMUHBIX Tpa-
1:;:-- YCA0BHAX

I —ana  yeaonufl nao-
kol aedopmanmn, =
= ﬂﬂﬂ (naookoe HanoHwA-
MeHHOe COCTOAHHe, =
A7) Euﬂnncﬁne Ha-

.i. paKe HHOe cocrosasne,
' —'ﬂ 32

H=3lm

.z

e

ST HH!”’"H‘H‘“"H mlm %.

g2 -, S5 )
ar 5
t?f21+§5?a¢-w

e 10. Cxema onpeiescnnss napaverpos aedopmaunuit (a)
}PHE‘. H3MEHCHIA QTHOCHTE/IbHBLIX PA3MCPOB 30H pacTAKeHHil Mp;L
= SABHCHMOCTH OT oTHOWenus b/H npu m=1 (6)



VKiajiika Gojee caaboro Marepua’na Ha KOHTakre, 410
TIpHBEJeT K HEeKOTOPOMY VAVUIIeHHIO paboThl BCEro SLAPA.
B s2rom cayuae neobxoauMo 000CHOBaHHEe HAJACHKHOCTH KOH-
TaKra B OTHOWEHHH HeAonvileHHust GOoablIHX, yacTo onac-
HBLIX CABHIOBBHIX AehopMaitnii.

Caeayer OTME@THTL, YTO JIPABHJIbLHLIE TPEYrOJbHLIC TIPO-
GuaAH KaHbOHA B NPAKTHKE BCTPEUHAIOTCS  BECbMa Perko.
OObluHO OHH NPHOJMIKAIOTCA K TpaneuenaalbHoit popwme,
MOITOMY HHTEPECHO BLIABHTL BJHAHHE TpaleueHaasbHOCTH
(ITH WIHPHHBL FOPH3OHTAJNBHOTO YHACTKA B OCHOBAaHHM) Ha
XapaxTep  HanpsmKeHHo-1edOpMHPOBAHHOIO  COCTOSIHHS.

Mceneaosanust aToro sonpoca, sbinoauennsie s 1971 1.
[47], no3BoasiioT OTMETHTb cJieivioulee. MaxcuMaabible
3HAYeHHs nepeMeUleHHil IpH OTHOUWEHHH IWHPHHD FOPH3OH-
TAJbHOTO yvacrka AHa KaHubOHa K BBICOTE TJOTHHLL b/H
Goabuie 2 UMEIOT A0CTATOUHO CTaOHABHBII Xapakrep, cOOT-
BCTCTBYIOIMHA paclnpe/ile/ieHHI0 BePTHKAJbHBIX HalpsiKeHHH
Gy, Onu3knx K pH. Uapivu ciioBaMu, BIHSIHHE CTECHOHHOCTH
Ville/Ibsi Ha pacnpefe/eHHe TMnepeMellleHHd yiKe HesHauH-
Te/1bHO nipn b/H Goabiue 2 n AW0OLIX 3a00XKeHHAX GOPTOB
(puc. 111.10), a otTHOCHTENBHbIE pPa3Mepbl 30HBI PACTSIKEHHS
'.{_.P” CYULECTBEHHO VMEHBUIAIOTCS LipH VBEJAHYEHHH OTHOUle-
uust b/ H.

OcoGoe sHaueHue HMeeT y4eT 1IPOCTPAHCTBEHHOCTH pa-
Gorbl coopyxenusi. Takue HccaAeN0BAHHS  JAJAS IIOTHH U3
MeCTHLIX Martepuanos Oblid Brnepssie nposeienst C. §. Iy-
nom [13].

3azaua pemajach METOAOM XHOHCUHBIX pasHOCTeH B Ne-
peMelleHHsIX, 'Korjga BCe paccMaTrpiuBaeMoe Teg0 HJAOTHHBI
PasdHBaAOCh COOTBETCTBYIOHICH NPOCTPAHCTBEHHON CerTKoil
(PeleTKoM), A8 KaXKAOr0 yana KOTOPOH COCTaBJSAHCH KO-
HEUHOPa3HOCTHBIE YpaBHCHHS, 3IKBHBadeHTHble AHbGdepen-
HHAJBHBIM YDaBHOHHAM paBHOBECHSl cITOWHON cpeaw [1].

Ha ocnose paspaGoranuoii METOAHKH H aATOPHTMA PaC-
4eta ObLIM NPOBENEHbl HCCACLOBAHHS BIAMAHUS PA3JHUHBIX
(GaKTOPOB (XapaKTEePHCTHK MaTCPHAJIOB, BHIOB HATPY3OK,
rpauka BO3BEAEHHS U T. [.) WA HANPAKEHHO-1ehOpMHpPO-
BAHHO COCTOAHHE KaMEHHO-3eMJISIHLIX INVIOTHH KaK npocTt-
PAHCTBEHHBIX CHCTEM.

PaccMOTpHM fHIID PesyabTaThi, NPeACTABISIONIHE HHTE-
PeC B OTHOINCHUH OUEHKH 30H BOIMOMKHOIO TPeUiHHOOOpa30-
Bauus B aape naothunl. Kospgpuunentnt [lyaccona B siape
H NpH3Max cooTpeTcTBeHHo npanuMaan pasusiMu 0,4 u 0,3,
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| HEMEHEHHE MOIyaa AeopMdUMH 3a1aBa10Ch IO 3aKOHY
..'-;. bN+a, rie N — paccrosnue OT OCHOBAHHUS JO pac-
MaTpUBAEMOll TOUKH, a @ ¥ b — napaMeTpbl, 3HaYeHUA
w TOPHIX NPHBCICHD B taba. I11.1.

TABJAMUA IILL,

pMaKe

CooTnoiicume Mofyieil - e a., [+ e np
AcdopMallHH T,-Ful T:H; 3 1',5‘I M2 Tl}ﬂl pMake

#H
1) —

Enp 3 Ex 10 | 80 | 500| 2000 7.1

E np :“) Ea 10 44 20 | 0N 3,0

Enp = E, 10 | 10 | 500 | 500 1,0

Eun < Ey 10 | 2 | 500 100 0,2

| !

* Comocrapjienue pe3yabTaTos pacyera ¢ AaHHBIMH pe-
genuii nyuockux 3azau (puc. IIIL11) moxassiBaer, uro yuer
POCTPANCTBEHHOCTH BecbMa CYULECTBEHHO BJAUSET, ocobel-
0 C vBelMeHHeM pa3aHYHi B VIPYIHX XapaKTepHCTHKax
1Apa ¥ NpH3M, HA XapakTep HanpsKeHHO-1ePOPMHPOBAH-
".{*u 0 COCTOAHNSA A1pa B NPOAOALHOM Hanpasienyuu. B uacr-
H0CTH, 1751 TOPH3OHTAJNBHBIX  nepemelleHuil « Ha rpedhe
HH MOTPEIUIHOCTh NPH PEeUIeHHH NJ0CKOI 3alauyn Mo-
€T COCTABHTL B 3aBHCHMOCTH OT COOTHOIUCHHUS MOAY.Jek
'puauun aapa # npuam or 20 a0 300%. OrHocHTE L
t aeshopmanuy pacmmemm IPH 39TOM ONPEaCaATCs ¢
.:'w Okoit 10 50%. B snauntennio MeHbilell cTeneHH, qeM

o/Eq. Banser tbﬂpm::] CTBOpaA, OlEeHWBaeMasi OTHOLIEHHEM

t . Jas f’;:;““fE Nake—=3.5 B 3aBucuMocTH or 2L/H

ﬁKH npu peumHHH nmcmn npu:mnbrmii - 3ajiayu npy

TABJHLA 2

Ominbxra, %

2 LIH .
. e E,t' | 1o i
| |
1,20 37 03
2.0 39 | 49
2,0 39 48

' Pasvepnt 30H pactskenus na rpebHe TPH  VCIOBHM
63
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Puc. 111.11. Pacnpenenenue ropHsoHTanpHLIX HaNPAKEHHA Ox B po-

A0JbHOM CCHYEHHH SAPa MJAOTHHB NIPH pemenny NpocTPaHCTBeHHON 33714-
yM
J—Enp ’

npoaoasyan 3afaya

'En : ?—-Enp :-‘-‘-EH i3——£"p =E” ; 4—Enp ':ZEH v 0 -— mnockas

WP P gp &
s ! T

Apu3re

4
{h—r"tﬂu a0 Il
|

T

Puc. 111.12. Pacnpenenenue BepTHKanblbiX HanpsizKeHHit oy, B nomepey-
HOM CCHEeHHH NJAOTHHL C SAADpOM IIpPH .E:.;.}En A9 VCAOBHIR naockoil 3a-
Aagn | H npocTpancnBeHHON 3aaun 2

MIHOBCHHOIrO BO3BCIACHIN pa3JHYHB TAaKXKe B 3aBHCHMOCTH

2L
OT COOTHOIUEHHSA o

YueT npocTpaHCTBEHHOCTH OTpaMaercs TakikKe H Ha Xxa-
paKkTepe HanpsIXKeHHO-Ae(POPMHDOBAHHOIO COCTOSIHHS TOTIe-
pedHoro ceuenus naoTHHb (puc. IIL12). Oanaxo npu ana-
JOTHUHBIX YCIOBHAX M cooTHowenusXx Enp/Eq kax npu pe-
IIeHHH NJIOCKOH 3alxayvu, Hajuune apounoro sddexra, cio-
COGHOro BBI3BATh HEXKeEJaTe/bHble NOCJEACTBHS B OTHOLIe-
HUH TpemHHooOpasoBaHus, oTMeyaercs M NPH TAKOil noc-
ranoske. Ha wanpaxenno-1edopmuponaniioe COCTOsSHHE TO-
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e9HOTO CCUCHHSI NMPH peuIeHnsl NPoOCTPaHCTBEHHON 3a1auu
ﬁ;HTenth OoJsbllle CKa3LIBACTCS BAHAHHE OTHOMICHHS
H, uem HaMenenue Enp/Ey. OmnGKH B ONpeeeHnd Ha-
“mpskeHuit n mepemeutenuit npu 2L/H=1,25—5 u Enp/Ea=
'. —H: .2—7 cocraBasior coorsercTBeHno 100 25% Ias
ﬂpD.I[HDﬁ MAOTHHHE (NpH E,.p:’En—l Wmp=|lz) OIMHOKA
*n* petIeHHH TJIOCKOH NPOAOJALHON 3a1aul COCTAaB/fAET 10
- o CpPaBHCHHIO C pelrenneMm [IpOCTPaAHCTBEHHOH 3aj1a-
| -.a NpH pemednn monepeunoit 3amayn — no 600% npn
-.'* -' _i.'-;i?r" “(H =4
N 0 HOast mpeasapuTenbHOl OUEHKH  BJIHAHHA TPOCTPAHCT-
: J HHOCTH MOMKHO NOJIb30BATBLCA C HEKOTOPHIM NPHOIHKEHH-
. em npexsoxenusimu [13, 48], ocHosannpMH  Ha pemenun
h—uw @JBHO MJIOCKHX NPOAOJBLHLIX 1T JIOTIEPCYHBIX 3a/aY.

5{" BJIMSHUE CEFICMHUYECKUX BO3JEFCTBUM
" HA M3MEHEHHE HATIPSTKEHHO-
JE®OPMIPOBAHHOTO COCTOSIHUS MJIOTHH
ﬂ MECTHBIX MATEPHAJIOB

B Hacrosllee BpeMsl AJS1 pacueTta CeHCMOCTOIKOCTH COO-
JEJ. KEeHHH H3 MECTHBIX MaTepHaioB (maoTHH, AaMG) HCHOJb-
SYIOT CJIE1VIONHE METOMLI: a) MeTOa KPYrJAOMHJIMHIpHYCC-
‘% X TIOBEPXHOCTEHl CKOMBKEHHS ¢ VUETOM TOPH30HTAIBHBIX
H 'Eplmmmmx CHJ; 6) MeTrox CABUTOBOTO KJAHHA, B) AR-
'g KpeTHble MEeTOAbl peleHHs 3axauy TEeOpHH VIAPYrocTH:
') aHaJIOTOBLIC MCTOIHI.
! ﬁ He pacemartpuBas nmoapo6uo xakaplii H3 3THX METONOB,
,} IelyeT OTMETHTh, UTO ¢ pa3surieM cetn IBM Bce Goapuiee
atnpﬂmpaﬂcmm NPpH pelleHd NJIOCKOT 3ajauy noJyuacT
i 'é'm;: KOHEYHBIX 3/1eMEHTOB, KOTOPHIH  TIO3BOJSET YueCTh
'T. BAHSHIE pPa3THYHBIX QJaHTnpnB (C/TOKHOCTB TEOMETPHH CO-
- OPYIKeHHsi, pasHOPOAHOCTb XapaK1ePHCTHK  MAaTePHAJI0B H
*ﬁ"kﬂ‘ﬂt:'rpyﬁuuu pa3muuHble  JAHHAMHYECKHC mnapameTps i
*-*‘I‘ ) Ha CBA3b MEXKIY AHHAMHUCCKHMH HanNpAKeHHAMA i
meqmpmauuﬂmu

“" C noMomibio aToro Meroxa peuraiores o6UHe ,umptbepen-
IIHBJII:HHE VpaBHeHHs KOneBatuil, KOTOPEIE B MaTPHYHON
M€ 3aniChLIBAIOTCS B BHIE
e b= — Btz o — (B Vi o, e
JIE [M], [c], [k] —cooTBeTcTBEHHO MaTpHILI Mace, Ko-
'f'.h IPPUITHEHTOB  3aTyXaHuA H MKECTKO-
St CTH;
ik {r} — BexTop CMelleHHs y3/N0BBIX TOYEK OT-
HOCHTEJILHO OCHOBAHHS,

'P
) i
',t

l'
L3
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{Ex}, {EV} — crosibupl mace, onpexeasioutge ro-

PH3OHTAbHBIE 1 BepTHKaJbHBIE
KOMIIOHCHTHI  BO3MYULIAIOUIHX  CHJI;
iz (), iy (f{) — cooTBeTCTBEHHO FOPH3OHTAJbHASN

H BepTHKaJbHAst KOMINOHEHTHI YCKO-
PEHHH OCHOBaHHH IIPH 3eMJcTpsce-
HHH.

OO6bIYHO pacyeThbl MPOBOASATSA TIPH  YCJAOBHM, YTO BCe
TOUKH OCHOBAHHS INIOTHHBI HMCIOT OJHHAKOBBIE YCKOPEHHS,
XOTS H CYHIECTBYIOT padoThi, B KOTOPBLIX  VYTEHO BJHSIHHE
«beryueil BoJaHbBI» Ha CelCMOCTOHKOCTh coopyxeHus [72].

Omnyckast X0 pelleHHs VpaBHeHHS KojieGaHHIl, OTMETHM,
YTO A4 ynpouleHuss marpuuHoe ypasHenue (IIL.6) momno
CBECTH K CHCTEME /1 He3aBHCHMbLIX VPaBHEHHH JLJasl HCp-
MaabHLIX Popm koaebanwuit. [Tporpamma aas IBM npu an-
HAMHUCCKOM pacyere MJAOTHHBI (mJjockKasi 3ajlaqa) BKJIOYA-
er:

) nocTpoeHne MaTpPHIIB KECTEOCTH H Mace;

2) HaxoXKleHHe cOOCTBEHHBIX YaCTOT KOJeGaHuil:

3) pellleHHe He3aBHCHMbBIX YPaBHEHHI 1Js OnNpele’eHus
pea-r-:u}n:i pasinuHbIX (hopm KojgebGawMiH M CYMMHpOBaHue
peaxkiHil JUIS MOJTYUYCHHS Y3J0BLIX 1epeMelleHHil;

4) onpexeneHHe y3J0BLIX HATIPAKEHHHA AJ5 KamA0rO MO-
MEHTa BpeMeHH.

Caenyer ormertuth, yto ypasuenne (I11.6) moxker Obith
peuieHo u 0e3 pasaoiKeHus Ha CoOCTBeHHble (OpMbl KoJde-
OaHHIiI.

M5 pacyera HeoGXOAMMO HMCTh CAEAYIOUIYIO HHpOpMa-
HHIO: CXeMY pPa3OMBKH NJOTHHBI ¥ KOOPIAHHATHI V3J0B; Xa-
PAKTEPHCTHKH MaTepHana (MJINTHOCTb, MOAVJAH YIPYTOCTH
H aedopmanun, Kosppuuuenrs [lyaccona); auHaMHUCCKHC
mapaMeTpbl B BUAE KOMIOHEHT VCKOPEHHSI H HUX TNPOIOJIKH-
TeJLHOCTH H XK03(PuILHEeHT 3aTyXaHH].

B pesyabrate pacueroB MOMKeT ObITh 1OJYYeHO H3MeHe-
HHE BO BPeMeHH YCKOPEHHH, NepeMellleHHiH H HanpsKeHHI
oy(f), 6x(f), Txy(¥) B pasaHynbIX TOYKAX NJAOTHHBI,

[lo A@HHBIM, ITOJYYEHHBIM B PE3yJbTaTe pPacueToB ceii-
CMOCTOHKOCTH INTOTHH, BBINOJHEHHBIX 3a pyGexom Kaadou,
@uniom, Cuzom u ap. [71—74] & 8 CCCP (A. I1. Tpoun-
kuM [55], JI. H. Pacckasossim, M. H. Boaoxosoit u ap.
[56]), MoxHO npocaexutn 3a pacnpereneHHeM COGCTBEH-
HBIX HaCTOT, BAUSAHHEM ropH30UT2JLHOH U BePTHKAAbLHOII
COCTABJIAIONIAX aKceJeporpaMMul peajbHOrO  3eMmJaerpsice-
HHS 112 H3IMEHECHHE HANPAKCHHI, pacnpeieseHHeM Harnps-
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~ Puc. 111,13, Mamenenne Bo  BpeMcun  rOpHsoHTaJbHBIX Ox(f), Bepri-
- KanbHuIX Oy (f) H KacaTeabbIX Txy(f) HanpskKeuwin 8 pasaHuHbLIX TOY-

| Kax naoTHnt B npolecce KoseGannit
" KEHMIT OT 3eMJeTpSICeHus B PAa3MTHUHBIX TOYKAX INJOTHHBI B
JII060it MOMEHT BPeMeHH.

- Ha puc. 11113 nokasansl H3MEHeHHS  JXHHAMHYECKHX
 BEPTHKAJbHBIX Oy(f), rOPH3OHTAILHBIX Gx(f) M KacaTelb-
~ HBIX Ty, ({) HAmpsKeHHil B Pa3IUUHBIX TOYKAX MNONEPEUHO-
IO ceueHHs 1mjaotunbl [55].

~ AGCOMIOTHAsi BeJMYHHA IAHHAMHYECKMX HalPHKEHHHd O7-
~ HOcHTesbHO Hesesnka (10 =4=0,1 MIla), ocoGenio no cpas-
~ HEHHIO CO CTATHYCCKHMH HANPAKCHHAMH BHYTDEHHHX 30H
- maornubl. TeM He Menee BOaH3N rpeOHS NAOTHHBL 10 IayOH-
bl okosto 10—15 M or noBepxHOCTH THHAMHYECKHE HAMpsi-
- KeHusi, cocrasasiomne 30—100% craTHYeCKHX, HaKJIadbl-

- Basch HA CTATHYECKHE, MOTYT CO31aBaTb HJH YBEAHUNBATH

t’sﬂ.ﬁﬁﬂm pactsKeHuss. HaunbGoabiuee sBhausiuHe Ha BEJIHYHHY
- AHHaMHMYECKHX HanpsXKeHHil OKa3biBaer MOAyJab dedopma-
-c_f-'f_{;ﬂﬂﬁ MaTtepHanos. B pabore [56] mokasawo, uro ¢ uamcre-
- HHem Moayasi B 2 pasa AuHaMHuecKHe gedopMalluH BO3pa-
- Craior Gosee yem- Ha 30%. Ecan xe yyecTh, uTo GOJBUIHH-
- CTBO IIOTHH COCTOMT M3 DAasJHYHBLIX MATEpPHAJOB

 H3MEHSIOUIHMHCS B 3aBHCHMOCTH OT BEAHUHHBI HAaNpPSZKes il
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XapakrepucrikaMu p U E, TO BaHSiHHe NHHAMHYECKHX Ha-
MPAKEeHHI B HAPYIKHBIX 30HAX TNIOTHHB MOXeET OblTb BeCb-
Ma CylleCcTBeHHO.

[IpakTuyeckd Bce AHHAMHYCCKHE  pacyerTsl NJAOTHH 3
MECTHBIX MaTepHajOB NPOBOAHJHCHL JJA IONEPEYHOro Npo-
(pusIsl ¢ LeJabl0 ONpeleseHHsl YCTOHUYHBOCTH COOPYKEHHs npi
CeHCMHUYECKHX BO3JASHCTBHAX (B TOM YHCJE OTKOCOB) H 10-
NyCTHMBIX JepOopMalHil BO BpeMaA 3eMJIeTpsCeHHsl.

Pelenne AMHaMHUECKOfl 3a184n s TNPOIOJLHONO Ce-
YEHHSA TVIOTHHBI JIO CHX MOP HE IPOBOAHJOCH, Tak KaK OHO
HE npejcTaBifeT 3HAYHTEJBHOIO HHTEpeca C TOUYKH 3PEHHS
obuieit yCTOHYHBOCTH NJIOTHHBL. CBfA3b MeXKAY HanpsiKeHHs-
MH B nedopMalHsaMH B IPOJOJBHOM CCUYCHHH HMEeT cylile-
CTBEHHOe 3HaYeHHe TOJBKO MNDH HCCJAeLO0BAHHH  BONpOCa
TPEeULHHOOOPa30BAHNA  BOAOHEIPOHHLLAEMBIX  3JIEMEHTOB
VIOTHHDBI, KOTOPBIH 10 HACTOSALULEIC BPEMEHH JUIS AHHAMHYe-
KOH 3ajlaul LIHPOKO He paccMaTpHBAJICS.

MoOKHO OTMETHTD, YTO TIOJAYYCHHC CBA3EH MEXKAY JHHA-
MHYCCKHMH HaNpsiKEHHSMH H JedopMaUusIMH B IIPOLOJb-
HOM CEYeHUH MIOTHHBI METOA0M KOHEYHBIX 3JIEMEHTOB NIPHH-
IHTIHAJbHLIX 3aTPYAHEHHI He BBLI3BIBACT W MOXKeT ObITh pe-
aJH30BaHO 1O  cyuwecrsyloudMm  nporpammam BHHH
BOJATEO, BHHHI um. b. E. Beneneesa u HHUC T'uxppo-
npoexra.

Onuaxo npu pacuere IVIOTHH H3 MECTHBIX MATEPHAJOB C
LeIbIO HAXOXK/ACHHS KOJIHYECTBEHHLIX 3aKOHOMEPHOCTEll st
CBA3H OCTAaTOMHLIX Ae(OopMauHil H HANPsSKEHHH HeoOXOmM-
MO ellle NpPeofoJNeTb CJACAVIOUHe 3HAYNUTENBHBIE TPY,IHOCTH.

I. Onpexenenne 10CTOBEpPHbIX AHHAMHYECKHX Xedopma-
THBHBIX XapaKTePHCTHK MaTepHaaos (pmm, Eqm). Ecan aas
HECBASHBIX TPYHTOB (MECOK, ebeHb, rpaBHil) 9ra 3agaua pe-
LIaeTcs B HACTOAllLee BpeMs, TO JUIS CBSISHBIX TIPYHTOB IO-
AOOHBIX HCCACL0BAHHIT TIOYTH HE NPOBOAHIOCH (KpOMe He-
Ooabmoit padoret Cupa n ap. [56]). Mcnoabsosanne ynpy-
THX XapakTepHCTHK, IOJYYEHHBIX MO CKOPOCTSIM paclpocTt-
PaHEHHS YNDPYrHX BOJIH B FPYHTC, AdeT TOJLKO KaueCTBeH-
HYIO KapTHHY H He NO03BOJSET [1OJVUHTHL BEJHYHH OCTATOU-
HBIX JgehopMaiiuii,

2. ITonyuenne 0GocHOBAaHHLIX 3HAYEHHII TAPAMETPOB IH-
HaMHYECKHX BO3/ICHCTBHH B CTBOPE PaCCUHTHIBA@MOI IJIOTH-
Hbl. Ha nacrosmuit Momenr cyumecrsyer Kpaiine OrpaHuyeH-
HOE YHCJIO KAaYeCTBEHHBIX 3amicell akceJieporpaMM CHJIBHBIX
3eMJaeTpsiceHnit (okoqao 8—9 6aanos). Heodxoaumo yyuthi-
BaTb, 4TO KaxlIoe 3eMJieTpsicelHe eCTb peasH3allus
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Tﬂﬁﬂﬂ'rﬂ IPOLCCCa, XapakTepHusylonlan COBEepIIeHHO npo-
H3BOJILHOE COYETAHHE OCHOBHLIX (PAKTOPOB: PACCTOAHMS J10
snmieHTpa, TAYOHHBI 31IHUEHTpa, SHEePTHH 0Yara, reoJorH-
JECKOl KapTHHDLI MyTH BOJHBL H CTBOPA COOPYXKEHHA H T. II.
Jra peannsanus He MoxeT OuThb HCNOJb30BAHA NPH pac-
gete NJOTHHBI B APYTOM paiione.

" Pacuernt Hypekckoil, Axanrapanckoit 4 Apyrux naoTai,
BBUIONHCHHLIC HA OCHOBAHHI AKCEJEPOrpaMM, 3alHCAHHDIX

B av-Llentpo, I0puke, [Mapxduane, ¢ nenoabaosaunes yi-
PYTHX XapaKTEPHCTHK, JAIOT HAM JIHIILKAYECTBEHHYIO Kap-
~ THHY (NMOpSJIOK BeJHYHH) TIPHPAIICHHI AHHAMHUYECKHX Ha-
 HpSKCHHIL |

"~ Ha ocnoBanuu aHaJu3a Pe3ysIbTAaTOB  ITHX pPacyeTos
 MOXHO Ce/1aTh BBLIBOJ, YTO 30HA PACTATHBAIOLLHX Hamnps-
" JKEHHH NpH AMHAMHYECKHX BO3JAEHCTBHAX  cua0i 9 Ganiop
. yBeaiunBaetcs B cpeanem Ha 30% 1o cpaBHeHHIO ¢ pasMe-
~ pPaMH 30HbI, NOJAYUYEHHOH NPH CTATHYCCKHX pacyerax IJo-
~phibl. COBepIIEHHO OYCBHIHO, MTO B 5TOM aHaJdH3 e He
. YUHTHIBAIOTCS JHHAMHUECKHE CMEILeHHs, NPOXOASIIHE 110

 TPeIHHAM TEKTOHHUYECKHX cOPOCOB.

 Cymecrsyior apyrie npeinoxenns no pacyery BO3MOK-

~ HOTO TPeIHHOOOPA30BAHMS B Teje 3EMJAAHBIX IIOTHH NIPH
- CEHCMHUYECKOM BO3JeficTBHH. 3a LOCJTEAHHE TOfbl HanGojee

IMHPOKOE pacnpocTpaneHne  noayuua Merop Hbiomapka

nglir OCHOBAHHBIH Ha CJAEAVIOUIHK NPEANOChIKAX:

'a) H3MeHeHHEe BO BPEMEHH CeiicMHUeCKHX YCKOPECHHI 8 -

* Pa3sHBIX TOUKAX COOPYIKEHHS NPIHCXOANT CHHXPOHHO;

wihiie

| 0) ABIKeHHe TPYHTA NpaHHMaeTcs N0 3apaHee 3aiai-
 HOH 1O0BEPXHOCTH CKOJbIKEHHS  (KPYTJIOLHIHHAPHICCKOI,
- IJIOCKOM 11 APYTOro Buaa);

' B) JBHXKEHHE OTCeKa Hauunaetcss npH yeaosun A>N,

“75?'1 € A — yckopenne OCHOBaifisi NPH  3eMJAETPACCHUM:
iy a
=E— — lIpefeabHOe CONpPOTHBJACHHE HAH KO uiuenr
HEPLHOHHOCTH, IIPH KOTOPOM HA'HHACTCH JBHIKEIIHC,

~ Cyeuenne oTcexa tm paccuuTHIBACTCS 110 dopmye

X ol u e OO 1.7
-~ TA€ U — CKOpOCTb PacnmpoCTpaHeHusi CellCMHUECKHX BOJMN:

g — ycKopenue CBOGONHOTO NageHHs.
- Tlpumepom pacuera no meroxy Hoplomapka wmoryr cay-
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~ &HTb pe3yJbTaThl.OUEHKH [10BEJHHS MA0THHE OHO, ONHCaN-
Braase I. C ucrosbsaoBanueM akceneporpaMMsl ib-
~ \CHTDPO ObLIO pacCyHTaHO MaKcHMaJbHOE YCKOpeHHe 149
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cteopoB Ne 1 u 2, Pacnpenenenne mnepumonusoro xoaddn-
IIHEHTA CEHCMHYHOCTH TIO BLICOTE IIONEPEYHOro ceuelus
IVIOTHHBL Ry MOZKHO oOlpeaequTb, coraacuo CHull uaun no
pekoMmenpaunam Awmbpaceiica [71], 3nauenne npomoJabHOIO
HHePUHOHHOrO KOo3(¢puuuenra  onpejeasercss no AaHHBLIM
Hmnxapa [71].

YBesuueHyne NPOAOJLHOTO YCKOpeHHs Ha rpeGHe NJIOTH-
Hbl OHO 110 CpaBHEHHIO ¢ OCHOBaHHeM, pasHoe 1,8 g 1as ce-
yenus Ne 2 (cm. puc. 1.10), obycaosaeno (opmoit Geperons
U pasiHyHeM JHHaMHYECKHX CBOHCTB MaTepHalOB IIOTHHBI
H OCHOBaHHS; B ceucHUH Ne | Her yBeJHUEHHS] HHEPUHOHIO-
ro kos(pouinedira. Makcumanbible YCKOPEHHS B TOPH30H-
TaJbHOH NMJIOCKOCTH  cevyeHuid Ne 1 » 2 coCTaBJsSWIH OKOJIO
0,67 g u 0,72 ¢ 1 COOTBETCTBEHHO ICHCTBOBAJH 1I0J YIVIOM
19 u 34° or HOpMaNH K NPOAOIbHON OCH IWIOTHHBI. YUHTHI-
Basi, 4TO BePTHKAJbHAas KOMIIOHEHTa  YCKODEHHS paBHA
0,2 g, MakcuMaJpHOE YCKOpeHHe Ha HH30BOM oTkoce 0,73 g
JACHCTBYET MapaJiieJbHO HMU30BOMY  OTKOCY IJIOTHHbI. Tak
KaK KOMTIOHEHTBbI YCKOpPeHHsi  BAOJbL rpeOHs HaxoadaTcsd B
OHOM (hase, HEYIAHBHTEJbHO, UTO TIPOUCXOIHJIO HHTEHCHB-
HOE TTPO0JAbHOE TPEUHHOOOpasuBaHue.

Ec/n NpuHATL, 4TO BO BpPeMsT 3eMJETPSCEHHs] HHKAKOTO
H3MEHCHHS JAHHAMHYECKOTO NOPOBOIro JaBJEHHSI B HH30BOI
yIIOpHOH NPH3ME He NPOHMCXONUT, a YrOJ BHYTPEHHEro Tpe-
HUs paBeH 18° TO cMelleHHe ONOJ3aI0IIETO MAaccHBAa W,
CICAOBATEVIbHO, ITapaMeTpbl TPeIHH MOMXKHO pacCUHTBIBATE
no meroay Heiomapxa [69].

Ecan ononsaHue Martepuasa oTkoca He IIPOHCXO/HT, 30-
bl 00pPa3oBaHusl NPOAONLHBIX TPEILHH HA rpedHe NJOTHHE
MOAKHO OLCHHTb 10 CYWLECTBYIOIMM nporpammam BHUUT
uan BOIATEO no Metony KOHeUHBIX 3J1eMEHTOB ¢ HCIONB3O-
BAHHEM Ne@OPMAaTHBHBIX XaPaxTePHCTHK MATEPHANOB Aapa
H YHODPHBIX NPH3M, NOTYUYCHHBIKX NPH TPEXOCHDLIX HCNBITAHY-
SIX C UHKJIHYECKHMH HArpy3KaMi.

Pacuer BbInosusieTcst B g1Ba  sTana. Ha 1ePBOM 3ITaNC
IPOBOAAT AHHAMHYECCKHH PACUYLT TIJIOTHHBI CO CTATHYCCKHMH
XapaKTePHCTHKAMH TPYHTOB, OIpeleasioT H3MEHeHUe Ha-
NPSAMEHHH B Pa8JHYHBIX TOUKAX NJIOTHHLI. 3aTeM BbIIIOL-
HSAIOT J1a00paTOpHbIE ONBITBI C IPVHTAMH B npudopax Tpex-
OCHOTO CKaTHSl C NPWJIOKEeHHeM Kk 00pasily JAHHAMHUECKHX
HanpsKeHui, MOJMYUCHHBIX B pacuere Mo nepBoMy asrany. Ha
BTOPOM 3Tamne INIPOBOAHMTCA pacuer INJIOTHHBI C HCIOJIb30OBA-
HHEM ITOJYYEHHBIX THHAMHUYECKUX XapakTepHeruk. Ha ocno-
BC pe3yJbTaTOB BTOPOro 3rana pacucTa moOACYUTHIBAIOT
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I MMapHbLle OCTaroyHble deOopMallHH BCEX 3JEMEHTOB I110-

 THHBI.

‘ JdunaMuueckne napaMerpbl lia KaxI0M 3Tane pacyera
'3a]1aI0TCsl PABHOUCHHBIMH B BHIC CHHTETHYECKOH akcejepo-

. rpaMMBbl, KOTOpas COCTaBJACTCA 110 pe3yabTaTaM psla Ha-

| GmIofieHuil 3a caaGbIMH 3eMACTPSACCHHAMH B pailoHe CTPOH-

~ T€JIbCTBA IJIOTHHDI.
- HeoGxonumo onpeaesants npoaoxKuTeIbHOCTL 3eMJICTPA-

~ CeHHsd, 4aCTOTHLIH COCTaB, MAKCHMAaJILHO BO3MOXKHYIO aM-
~ IUVINTYAY, YCKOpeHHE H Psil NMPOCTHIX FapMOHHYECKHX KoJe-
 GaHuil, annpPOKCHMHDYIOUIHX  CHHTETHYCCKYIO aKCeJaepo-
p j Tpayuy.

[Tpu 3aBepumienun pacyera Ae€06XOANMO  COTOCTABUTH
;_c, MMapHtpie JeopMaldd siapa 4 YIOPHBLIX 1IPH3M ILIOTHHDI,
B cuny crneuHm@HKH JAMHAMHYECKOrO BO3JACHCTBHA IpH
 geMaeTpACeHHH CHJON  cBbille 6 6ana0B 0CAAKA HECBS3-
~ HOTO MaTepHa/sa 3HAYUTEALHO NPEeBbILIAeT OCAIKY CBA3HBIX
 TPYHTOB; KpOME TOro, HECBA3HbIH TPYHT YHNOPHBLIX NPH3IM
~ IloJyyaeT TOPH30HTaJbHble cMelleHHs. B nepsom npubanxKe-
U H IHH MOXKHO CUHTATh, YTO Pa3HOCTh OCTATOMHBIX Jedopma-
- it Alpa M NPHU3IM onpeienser rayOuny npoHMKaHus npo-
" ONIBHOM TPEILHHbI MeXKIV ABYMH pPasHOPOJHLIMH TPVHTa-
@ H, TOT1a KaK pasHuUa B BeJHJdHHE TOPH30HTAJbHBIX je-
q'lﬂp‘dﬂﬂ.liﬂ onpeaeasieT WHPHHY TPEULHH.

l- 5. OCHOBHDBIE 3AKOHOMEPHOCTH

o IMI'IPFI}KEHHO HTEOPOPMHUPOBAHHOI'O
JCTOAHMSI

AMEHHO SEMJISIHDBIX ITJIOTHUH

T 3anaua O HANPAKCHHO-1C(POPMHPOBAHHOM COCTOSHHH Ka-
MEHHO-3eMJIAHOIN NIOTHHL  ABJASETCS CJAOKHON TPOCTPAHCT-
.'eHHmi 3a/1aucil TCOPHH CINIOWHBIX H AHCKPETHBIX Cped, NpH
- PCIIEHHH KOTOPOH HEOOXOAMMO VUHTHIBATH [EPEMEHHOCTb
CBOHCTB  MaTepHaaOB He TOJLKO B TIPOCTPANCTBE W B 3aBH-
..’;_-'HMﬂCTH OT HanpsiZKeHHH, HO H BO BpeMeHH, 0COOeHHOCTH
~ CTPOMTeJNILCTBA M SKCIAYaTalUHK COOpYKEeHHS, JeHCTBYIO-

ﬂlHE Harpysku u 1. 1. PeweHne 1axoii 3a1auyn B Hacrosulee
: 'BPEHH 3aTPYAHHTEIbHO BBHAY OTCVTCTBHA J0CTaTO4YHO 000-
i EvHDE‘EHH]:-W JA@HHBIX O PeoNOrHuecKHX CBOHCTBAX TPYHTOBR,

- COZKHOCTH OXHOBPEMEHHOTO YUGTa BAMSHNA  BCEX BO3MONK-
~ HBIX daKTOpOB NpH UHCACHHON peaamsannn  peucHHS M
: T* .
’; B 10 ke Bpemsa pemenne MacTHHIX 3a1au ¢ TPHHATHEM
ONIPEIeNICHHBIX JONYILEHHA 0 NPEANOCHIIOK, YKa3aHHBIX Bhi-

| g
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e, MOXET 1aTh BHOJHE VIOBJETBOPHTENLHLIC Pe3yabTATH
B OTHOUIGHHH BBISIBJEHHS TeX HJE HHBIX TEHIEHLH Tpellu-
HOOOpAa30BaHHA B fApPaX M 3KPaHaX  KaMeHHO-3eMJSHbIX
INIJIOTHH.

AHaaus pe3yJabTaTOB HATYPHLIX HabMIOAeHHi TO3BOASET
CUHTATh, UTO TPEUIMHOOOPAa3oBaHHE B TJHHHUCTHIX. SIAPAX W
KpaHax INIOTHH, BO3HHKAIOUEEe B MpoIlecce CTPOHTENLCTBA
M IKCTIIYAaTallMH COOPYMEHHA, SBJASETCA CJeACTBHEM Je-
(popmannii MaTepHasoOB, BH3BAHHLIX BHCWIHHMH (haKTOpa-
MH, OCOOEHHOCTAMH KOHCTPYKIIHH, YCJAOBHSIMH 3KCILIyara-
UHH H T. 1.

Mueromuecs pesynbTaThl pacyeToB Mo oNpele eHHo Ha-
NPAKEHHO-1e(POPMHPOBAHHOIO COCTOSTHHS KAMEHHO-3eMJIs-
HBIX TJIOTHH COOTBETCTBYIOT B OCHOBHOM MOMEHTY OKOHYA-
HHA CTPOHTEJLCTBA TIPH YCJOBHBIX CXeMax MTHOBEHHOro HJH
mostannoro Bosseyenus. Ilpn yuere mosramuoctu Bo3Bene-
HHS TWIOTHHBI [0 cXeMe, Henonbayemoit B pabGorax [19, 43],
NpHHHMAETCA BO BHHMAaHHE JHIIL H3MEHEeHHe CBOHCTB Marte-
punanos (p, E, p) B 3aBHCHMOCTH OT CTeNeHH Harpyxe-
HH5I, HO HE pacCMaTPHBAETCAd HX U3MEHEHHe BO BpPEMEHI.
[Tpu 3TOM OCHOBHASI MPEATIOCHIIKA TAKON METOMANKH 3aKJIO-
HaeTCs B TOM, UTO AedopMamuy NPeABIAVIHX CJ0eB OT Meli-
CTBHSI COGCTBEHHOr0 Beéca TPyHTa NPOXOAAT JHNIL B TEPHON
HX VKJIaaKH, a naJsee OHH AehOpPMHPYIOTCH TOJBKO OT Jeil-
CTBHSI JIOMOJHHTENbHON HATPY3KH — OT MacChl BbIIIeJeKa-
IIHX ‘¢j0€eB. PesynbTaTel pacuetos mo Takoii cxeMe CBHIe-
TEJAbCTBYIOT, B YaCTHOCTH, 00 OTCYTCTBHH Ha T'pebHe sapa K
MOMEHTY OKOHYaHHSI CTPOHTEALCTBA TMJIOTHHBI  BepTHKAb-
HBIX H TOPH3OHTAJBLHBIX NMepeMellleHHH H OTHOCHTeAbHBIX Je-
(hopManuit, BerenCTBHE YEro oHM He MOryT GBLITh HCIONb3O0-
BAHBI i1 OLEHKH TpelinHoobpa3oBauus Ha rpebue.

Pesyabrator pacuera HaNlpsIKEHHO-eopMHPOBAHHOrO
COCTOSTHHS NPOAOJBHOTO NPODHIA NIPH VCIOBHH MIHOBEHHO-
FO BO3BEJICHHS NAIOT KAYeCTBEHHYIO KaDTHHY MepeMelicHHui
W OTHOCHTEIbHBIX AeopMamuil, NOXOKYI0 Ha 3a(pHKCHPO-
BAHHYIO B HATYpPe K MOMEHTY 06pa30BaHusl TPCIHH Ha rpeb-
He siipa. KomnuecTBenHEIe BeaHUNHB IIepeMeIIeHHt H OTHO-
CHTEJBHBIX AeopMaluit, MONyyeHHble NPH TAKOM pacuere,
MPEBBIIAIOT B HECKONBLKO Pa3 3aMepeHHbIe B JefCTBHTONh-
HOCTH. OANAKO HCMONBb30BAHNE PE3YJIbTATOB TAKHX PacYeTon
IPH OIEHKe TPelnHOOOpa3oBaHua Ha rpeGHe BIOIHEe pi-
CMJIEMO C BHECEHMEM COOTBETCTBYIOUIHMX KOPPEKTHB. B wacr-
Hoetn, M. JlonexkanoBa npeanaraer yMeHbnath MoJIyyeH-
AIBIC paclueTnpie 3HauYeHHa Ha BeJHYHHY Ko3(hdHuHenTa KoN-
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Ja

CONBAALIHT @k, A aBTOPLI 1aHHOH KHHI'H PEKOMEHAYIOT BBO-
JAHTb SMIHPHYECKH HAHACHHbIH KO3(Q(HLHEHT COOTHOLIEHHS
SKCIVIyaTaUHOHKEBIX H CTPOHTEJbHBIX 0Cafiok rpebus sapa

L S pasublii 0,1—0,2 B 3aBHCHMOCTH OT XapaKTepHC-
@ fsxcna
~ THK MaTepHa/la H TEMIIOB BO3BEAEHH:A COOPY:KEHHS (CM. Iia-
By 1V). Takoit npuem, Gesycsiosuo, siBasieTcs npuOAHZAKEN-
" HBIM, HO AOCTATOYHO ONpaBAaHHBIM Ha AAHHON CTaJAHH H3Y-
‘_eHHH BONpPOCA BBHAY OTCYTCTBHSI Pe3y/1bTaTtoB pacuera je-
upmauufi YKa3aHHBIX COOPYXKEHHH C YYETOM peoJioruue-
" CKHX CBOHCTB MaTepHaJoB.
- Ha ocHosanun anaansa pacuetHblX AaHHbLIX, NPHBEICH-
-,_-'_: B 3TOH rJlaBe, MOTYT OblTb BbICKa3aHbl caeayloluiHe I10-
- JIOXKeHHus.
1. HepaenomepHble aeopMaluy MaTepHaioB IIOTHHDI
 (ynopHbIX npusM, sapa, skpana), o06ycJA0BJEHHbIE OCOBEH-
| 1HDCTHMH KOHCTPYKUHH cuﬂpymezmﬂ yCAOBHAMY TONOrpa-

, MﬂTEpHaJIaHH H ycnﬂnﬂﬂun 33-rp3me~nuﬂ BHISBIBAIOT
MOSIBJICHHE ONACHBIX C TOYKH 3PeHHsl TPeIHHO0OpasoBaus
© 80H NpEe/eabHOr0 COCTOAHMSA CHABHra H PACTSIKOHHA B pas-
HUHLIX HACTAX HPOTHBOPHILTPAUHOHHBIX YCTPOIICTB.
2. BeaencrBue passinuuit B 1eOpMHPYEMOCTH MaTepHa-
& JIOB IVIHHHCTOrO siApa WM 3KPaHa M YIOPHBIX IIPH3M, BBI3-
| BAHHBIX CTATHYECKHMH H AHHAMHUECKHMH HarpyskaMu, Mo-
j“ry'r BO3HHKATh APOUYHBIH 3(PPEeKT B 1nonepeusHoM cevenu, na
=f5+ KOHTaKTe siipa C NepexoAHbIMH 30HAMMU I IPH3MaMH M 30HbI
- NIpenesIbHOro COCTOsIHHS B SIPe, B pe3y/bTaTte Yero Hapyuia-
~ eTCA ero MOHOJIHTHOCTb ¢ 00pa3oBaHHeM BepPOATHBIX CKBO3-
~ HBIX MOmepevyHLIX TPelHt BHYTPH H NPOAOAbHLIX TPEHHH Ha
| - rpeGue sipa.

:f_l,"' 3. HepaBuomepnble jpepopmauun MartepuaJsa sapa
~ BCaencrtBue BJAHAHHA (opMBI KaHbOHA B NPOMLOJbHOM Ha-
- NpaBneHHu NPHBOAAT K BOSHHKHOBEHHIO 30H PacCTsKEHHS Ha

- IpeGHe BOGIN3H GOPTOBLIX NPHMBLIKAHHII H 30H CHABHLOBBIX
.Ileq:mpmauuﬁ BHYTPH IO KOHTAKTY Ajapa ¢ 6opraMu, ocobeH-
- HO y KpyTbIX OopToB. IIpn HasuuuH TAakHX 30H NPH onpeje-
"Jlemmx VCJOBHSIX MOTYT BO3HHKATb CKBO3HBIE NOIEpPeuHbIe
- TPemHHBI Ha rpebue siapa, BHYTPeHHHE HAPYILICHHS] KOHTaK-
- Ta siipa ¢ OCHOBAHHEM H NOBbIIIEHHAsI PUABTPALNA HA 3THX
- yuacTkax.

4. IlpumeHnsiemble B HacTOALEee BPeMSI MeTOMBI HCCIELO-
" BaHHA H pacyera HanpsKeHHO-1eOpPMHPOBAHHOFD COCTO-
;H!IHH NJOTHH M3 MECTHBIX MaTepHaJoB JZalOT JOCTaTOYHO
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0GOCHOBANNYIO H LIHPOKYI0O HHPOPMAUHIO O MOBEAEHHH CO-
OpyMXeHnd, a pe3yjabTaThl pacuera no ITUM Meroiam ¢ npi-
CMJIEMBIM NMPHOJMHIKEHHEM MOrYT ObITh  HCIOJb30BAHBI /M
onpejeseHHs TPEUulHHOONAacHbIX 30H, HX pa3MepoB, XapakKrTe-
pa paspyumeHHsi MaTepHaja B 3THX 30HaX.

5. Ilpn ceficMuueckux BO3JAeHCTBHAX Ha pasHOpPOJHbIE
IVIOTHHBI H3 MECTHBIX MaTepPHAJOB CHJAOH cBbille 6 0anaos
CO3Mal0TC YCJAOBHA A5 00pa30BaHuA TPCUIHH Ha rpedHe H
OTKOCAX MJIOTHH.

6. Kax nokasan auanu3 pe3yabTaToB AHHAMHYECKHX
pacyeToB NJIOTHH TO METOAY KOHEYHBIX 3JeMEHTOB, 30HA
PacTArHBaIOIHX HaANpPsiXKeHHd Ha rpebfHe NJAOTHHBL NIPH 3eM-
JEeTPACEHHH CHAOH CBbile 8—9 06aj0B YyBeAHYNBAETCH HA
30% 1o cpaBHeHHIO C ee pa3MepaMH NMPH CTaTHYECKHX YCJIO-
BUSX.

7. Ilpoaospuble TpeuHubl Ha rpedHe IVIOTHHBLI ITPH Ceil-
CMHUYECKHX BO3JACHCTBHAX MOXKHO PacCCHHTBLIBATL JAHOO 1O
metoay Hbiomapka ¢ vueroMm omnoasaHusi MaccHBa TPYHTa,
AH0G0 10 METOLY KOHEUHBIX 3JeMEHTOB ¢ YYeTOM AHHaMHue-
CKHX XapakTepHCTHK TPYHTOB C OHPCAGICHHEM OCTATOYHbLIX
nedopmalimii.

8. B ¢Bf3u ¢ naauuHem 30H NpeaesabHOTrO COCTOSTHHA pac-
TAKEHHS H CABHra HEOOXOAHMO ONpeaAe]sATh NPOYHOCTHLIE H
aedopmarHBHble CBOHCTBA T'PYHTOB VIS Teada IVIOTHH, Npe-
JleJIbHbIe 3HAYEHHHA TIPOYHOCTHBIX TNapaMerpoB, 4TO NO3BO-
JHT, TIPHHHMAS T€ HJIH HHbIE KPHTEPHH NPOUYHOCTH, CYIHTDH O
JACHCTBHTEJIbHOH BO3MOMKHOCTH NMOSBJEHHS TPeUlHH B COOT-
BETCTBYIOIHX 00JaCcTAX U ONpeAeasTh BEepPOATHBIe X Napa-
METPBL: IVYOMHY, WIHPHHY, HaNpasjdeHyue, MNPOTHKEHHOCTD
18 i1 2



[nasa IV

WCCJAENLOBAHMUS TPEUWHHOOBPA30BAH HS

¢ NPUMEHEHHUEM METOJIA LLEHTPOBE)XHOTO
MOJLEJIUPOBAHUS

1. OBIIHE TTOJTOKEHUSI

Kax ykasamno B raase IIlI, npum ucnoapzoBanunm HMelo-
IMHXCA METOJAHK pPacueToB HaNpAXKeHHO-Ae(OpMHPOBAHHOrO
COCTOAHHA IIJIOTHH H3 MECTHBIX MATEpPHAJOB BeCbMa TPYAHO
y4€cTb ACHCTBUTEJbHDBIC CHAOKHBLIC CBA3H MEXKIY HAlpsxKe-
HUsMH 1 aedopmaunsiMmu B rpynrax. McnoabsoBanue npei-
JaraeMbIX B rocjeiHee BpeMsi ypaBHEHHH COCTOSAHHA TpYH-
10B [6], onucbiBalOUIMX HX NOBEJEHHE KAaK ynpyromnjiacrnye-
CKOro Martepuaja ¢ y4eToM BJAHSIHHA IIOBOPOTA oOCeil raas-
HBIX HANpPSKCHHH, TPACKTOPHH HArpyKeHus, AHJATAHCHH H
T. Il., Ja’>X€ NpH BO3MOXKHOCTH HX peajH3alHH B pacuere ¢

- npuMeHenuem IBM (uro gocraTouHo CJA0XKHO), HaA Ham

B3TJIS, He No3BojsieT OLITL NMOJIHOCTBIO YBepeHHBLIM B Ha-
HEKHOCTH MOJYUYEHHBLIX pPe3yJbTaTOB BCJICACTBHE BeCbMa oOr-
PAHHYEHHOH 3KCNEepHMEHTAaJbHOH NPOBEPKHM STHX ypaBHe-
HHH. Eute Gosiee nmpobaeMaTHUHBIM SIBASETCA BONPOC yuera
peosoruueckux (noJsidyuHx) CBOHCTB TJIHHHCTHIX M KpYMHO-
O0JIOMOUHBIX TPYHTOB, TaK KakK ¢ TOYKH 3peHHS OUCHKH
TpeumHHooOpa3zoBaHusl dipollecce JgaeopMalivid BO BPEeMCHH
npeacrasiasier HanbOABIIHH HHTEpEC. '

B cBsian ¢ 3THM A5 pewieHns 3azay TpeliHHooOGpasoBa-
HUSl, IOJTYYeHHA BCEH KapTHHBLI NMpoTekanns AedopMauuil Bo
BPEMEHH npeicTaBisieTcs MepPClHEeKTHBHBIM  HCIOJb30BaHHE
MOAEJTHDOBAHUA HANPAKEHHO-1e(POPMHUPOBAHHOIO COCTOS-
HHSL COOpYKEeHHs H, B YaCTHOCTH, NpHMeHEHHe MeTojda IlleH-
TPODEKHOr0 MOICAHPOBAHHUA.

Meron nentpobexnoro moaeaupoBanust [36] moasossier
¢ 60ab1IOIT TOYHOCTBIO MOAEJHPOBATH HAa HEGOJALLIMX MOJe-
AAX, NMOMEUIEeHHBbIX B MoJe HEeHTPOOEKHBIX CHJ, HANpsAXKeH-
HO€ cocrosiHMe cOOpyKeHHsaA OG0JbIIHX pa3MepoB W H3IMeHe-

HHE ero Bo ppemenu. [1pu onpenesieHHBIX yCJA0BHAX MOJLEJH-
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poBaHHA B CaMOit MOJEJH npouecch AedopMauui nporexka-
10T, KaK H B JIeHCTBHTEJbHOCTH, B COOTBETCTBHH C peabHBbl-
MH AJsi HATYPHOTO MaTepHajla B HATYPHBIX YCJIOBHAX 3aKO-
HOMEPHOCTAMH MEXJAY HanpsxKeHHAMH, aedopMaLHAMH H
BpeMeHeM.

B HUC I'maponpoexra B. M. lllep6unoit u ap. [8, 63] u
B0 BHHUH BOJTI'EO asTopammu faHHOR KHUTH METOX LEH-
TPoOeKHOro MOAENHPOBaHHA ObL NpHMeHEH B HCCJAEAOBA-
HUAX BO3MOXMHOCTH TpeUlHHOOOpa3oBaHHA B IVIHHHCTBIX S1-
pax H 3KpaHax KaMeHHO-3eMJSIHLIX IJIOTHH,

Meronnka Moae/HPOBAHHA NPOYHOCTH H YCTOHYHBOCTH
3CeMJISIHBIX COOPYIKEHHH ¢ HCMoJb3oBaHHeM UeHTpHyT pas-
pa6orana B8 CCCP I'. Y. IToxposckum u H. C. <Be.uﬂpnnum
[36]. Meron neHTpoOGeXKHOro MOXENHPOBAHHSA IO3BOJSIET
BOCHPOH3BOAUTL NMOAOOHE MEXIY MOIENbI0 H COOPYXKeHHeM
B Hatype. 3T0 AOCTHTAeTCs TEM, UTO MOJEJ]b, H3rOTOBJICH-
Has U3 TOro ¥Ke Matepuana, UTo H COOpPY¥KeHHe, H reOMeTpH-
qyeCKH eMy noaoOHas, noaBepraercs BO3ACHCTBHIO 00beMUBIX
CHJI, NIPEBOCXOASAIIHX CHJIY TAXKECTH BO CTOJBKO pas, BO
CKOJbKO MOAeJh MeHbIle COOPYXKEeHHS B HaType.

B coorsercrsun ¢ [36] ocHOBHBIE COOTHOIIEHHS NOAOGHS
[IPH MOJAEJNHPOBAHUH 3E€MJSIHBIX COOPYIKEHHH Ha UeHTpHDY-
re HMEIOT BHA («M» — MOICIb, «H» — HaTypa, f— JHHEH-
HBIH Macmrald MOJeJHPOBAHHA): JIHHEHHbBIE pasMepbl —
Huy=Hy/n, Ly=Ly/n; ocaiku H nepeMelleHHsT — Sy ==Sa/N,
Un==Ugy/N; OTHOCHTEJbHblEe JedOopMalHH — gy==¢eg; HANPA-
KEeHHH — Oy=—0g.

Caeayer OTMETHTb, UTO 3TH COOTHOIWIEHHS CHpaBeAJHBbI
B TOM ¢Jy4yae, €CJIH MOJe/JbHBIH W HATYPHBIH MaTepHaJbl
OOAHHAKOBBI HJH HIAE€HTHYHBI MO CBOHM TNPOYHOCTHBIM CBOH-
crBaM. IIpn mMozenupoBaHuH coCTaBa MM KayecTBa HaTyp-
Horo marepuana (Hanpumep, KPYNHOCTH IMPH HCCJAENOBaHH-
IX KPVIIHOOOJOMOUHBIX TPYHTOB) HEOOXOAUMO OIleHHBAThb
MOrPenIHOCTH BCJAEJACTBHE H3MEHEHHST IPOUHOCTHLIX CBOHCTB.
I'. . Moxposexum u M. C. degoposeiM [36] nokasaxo, 4to
[IPpH HCCAeNOBaHUAX Ha UeHTpHyre NPOHCXOAHT MOJIEAHDO-
BalHe BpeMEHH, NpHYeM JJIA PasjuyliblX NPOLECCOB H MaTe-
pHajsoB Macuwitab MojAeNHpPOBaHMA BpeMeHH pasaunyeH. He
paccMaTpHBaf noApoOHO 3TOT BONIPOC, OTMETHM, YTO NPH
MOIEJUPOBAHHH HedopMalHil CBA3HBIX BOJOHACHIIEHHBIX
FPYHTOB NpHHHMaeTcs

ty= 12y, (IV.1)

rje fy— BpeM# 3KCIJyaTalHH COOPYKEHHA B HAType;
n — JUHEHHBIH MacuTa® MOJeNHPOBAHHS,
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Im — BpeMsl UEHTPHPYTHPOBAHHA MOJAENH ¢ MaciuTa-

O6oM 1.
Hccaenosanuamu MHUHMT [36, 53] yka3zannoe cootHomure-

" HHe 15 CBA3HBIX TPYHTOB YTOUYHSIETCS B BHIE

ln= n" ly, (IV.2)

LLIEHHST TPyHTA,
- Ilpu monenupoBauun gedopmannit KpynHooGAOMOUHBIX
rpyHToB paseHctBO (IV.l) He cobGaioaaercs. Kak veranos-
~ JIeHO HawHuMHK npopaborkamu [53], ecaH Kaxum-aH60 ypas-

i li__. i‘!'i

g
- HEHHEM COCTOSIHHSA OIHcaTh npotecc AedopMalHH BO BpeMe-
HH 1751 KpynHoo6aomounoro rpynra [31], To npu ueHTpo-
~ 6EXKHOM MOJeNHPOBaHHH MacwTab BPEMEHH OKa3biBaeTcs
'~ NepeMeHHOH BEJHUYHHOI, 3aBHCSLLEH OT KavecTBa MaTepHa-
" J1a, ero NPOYHOCTHBIX NapaMeTpoB, JHHellHoro Macmrada Mo-
- JIeJTHPOBAHHS H BPEMEHH CaMOT0 MOJIEJHPOBaHMUIL.

~ Ecau pasa ouenxu npunsith npeanaraemoe H. H. Pozano-

~ BuIM! IS caryuasi 0HOOCHOTO AeOPMHPOBAHHS PEOJOrHYe-
'- CKO€ ypaBHEHHE COCTOSHMA KpPYNHOOGJOMOYHOr0 TpyHTa

~ (mosnyuenHoe Ha OCHOBAHHH MHOFOYHCJAEGHHBIX SKCIepHMeH-
.~ TAJIbHBIX HCCAENOBaHHI)
i a ot

(A S EL T Tk

. TAe e — OTHOCHTeJAbHas aedopmallud; o — AaBjeHue: E —
- MOAyJb MIHOBEHHOH (ycsa0BHO) naedopmauuu; §— BpeMs;
0, A —mnapamerpsl OA3YYCCTH, TO NMOJYUHM

J

(IV.3)

iy 12 (0 - A fy) —

i fy =L 7 )= (1V.4)

' ITpy xapakTepHBIX HASl KPYNHOOGJOMOYHBIX TI'PYHTOB
giauyeHusix 0=103—105 xr/cMm?2.Mun, =1,6-103—1,5X

X10* kr/cM? B 3aBucuMocTH oT n=50—250, fy=10—
60 mun Benmunna x B ypasuenvu (IV.2) usmcusiercs B npe-
Jenax 0,66—0,99.

910 06CTOATENLCTBO TpeGYeT BeCcbMa OCTOPOMKHON OLEH-
KH pe3y/bTaTOB NMPH HCCAE0BAHUSIX COCTABHBIX MOxe/el u3
FIHHHCTBIX H KPYNMHOOOJOMOYHBIX FpyHTOB. Bo Besikom cay-
4ae npH anajamnse pesy’AbTaTOB TAKHX HCCJAeA0OBaHHN cjaeny-
€T HMEeTb B BHJLY, 4TO IPH NEpexofie Ha HATYpPHOE COOpYIXKe-
. Hue Oyrer HaGMIOXATLCA HECOOTBETCTBHE N0 BpeMeHH He-

~ '"Po3zanos H. H Pacuer BepTHRANLHLIX AedopMatnii mioTHi Ha
~ XpynnooGaomounux rpyaros, Tpyas BHHUHU BOJITEO, 1970, C6. Ne 24,

[



(opmupoBaHus OTAEJbHbIX 31eMenToB. [IpH onenke pesyJb-
TAaTOB NMNOAOGHLIX OIBITOB B MEPBYIO O4YepEeAb MOMKHO CYAHTHL
O KauyeCcTBEHHOH CTOPOHE SIBJCHHUS, a TPH U3BJEYEHHH KOJIH-
YECTBEHHBIX MapaMeTpPOB CJIEAYET BBOAHTbL COOTBETCTBYIO-
(e KOPPEKTHBBHI.

PaccmarpuBaeMble HHXKe SKCIepHMEHTaJAbHBIE HCCJEL0-
BaHHsl NMPOBOAHJIHCH HA OOJBUIHX HEHTPOOEXKHBIX MaUIHHAX
HUC I'nmaponpoexkra (Rap=2,5 M, Anaxe=320) u BHHWH
BOIATEO (Rap=2,15 M, nymaxe=200).

2. METOOMKA W PE3VJILbTATBI UCCJIEAOBAHHWH
TPEHIMHOOBPA3OBAHHMSI

B HHUC T'uaponpoexra ObLiM mpoBeleHbl HCCJAEL0BAHHA
TPeuHHO00pa3oBaHHud B NPOJAOJAbLHOM CEYCHHH fApa KaMeH-
HO-3eMJISTHOH IVIOTHHBI NPH YKJIOHax GopToB KanboHa 40 H
90% [63]. Moxmean coorBercTByioneil xKoudurypauun ceue-
HHSl H3rOTOBJASIH B IIJIOCKHX Kaccetax mupuHoit 80 u
200 MM, noMeniaeMbix B KapeTkn uentpudyru. pyur 3agan-
HOH TJIOTHOCTH € ONpPeAeJeHHON BJAAXKHOCTBIO VKIaAbIBAJIH
C NOCJOHHBIM YIVIOTHEHHEM.

OclioBHBIE TONOMKEHHST METOAMKH 3aKAI0OYa/NHCh B Caey-
IoULeM: petrajsach 3ajava nJjaockod aedopmauun or AeHCT-
BHA COOCTBEHHOTO Beca, TPEHHE MarepHajga 1no CreHkKaM uc-
KJI04aJl0Ch NYTeM YKJIAAKH MEXJAY MOAeJNbI0 H CTeHKaMH
CIiCIHAJIbHBIX TPOCJOEK TOJHSTHJIEHA C COJNHAOJO0M; OopTa
KaHbOHa OBLJIH JOCTAaTOYHO JKeCTKHNMH. B mpoilecce ucnwita-
HHMA C 1oMOlbI0 creunananbHo paspaboranubix 8 HUC Tua-
POINpOeKTa ABYXKOMIOHEHTHBIX 1aTYHKOB AedopMaluil H3-
MEpSIH BePTHKaNAbHbIC H TOPH30HTANbLHBIC [epeMenleHuss Ha
rpe0He, a a’POCTATHYECKHMH JaTYHKAMH JIaBJEHHS — Ha-
NPSAXKEHHUA 10 KOHTAKTy siapa ¢ ocHoBauuem. Ilmotnocrs u
BJIAKHOCTb OTAEJIbHBIX CJOEB ONpeaeJsiyii 10 H 1ocae Ofbi-
TOB nytemM ordopa npo6. XapakTepHCTHKH MeaKo3eMa cade-
n006CKoro rpynura (MeHee b MM), NPHHATOrO MJIs HCCAEeAO0Ba-
HuH, ciaenyomue: We=19%, W,=15%, Wy=4%, Wopr=
=11%, psa=2,05 r/cm®. C nomomisio Koopanunatomepa 3a-
MEDSJIH OCTaTOYHbIE NEepeMelllenHs MOJAeaH, a AJAA onpeje-
JEHHSA MOMEHTA NOABJEHHS TPEUIHH B IPOIECCE HCIbITAHHS
Ha rpebetb MOAGNH HaKJIEHBAJIH Y3KHE TI0OJOCKH TOKONPOBO-
asulei Goabri, paspeiB KoTopoi (pHKCHpPOBAaJICS.

[Tockoabky npunsiras 8 HUC T'maponpoexra Mertoanka
OLUEHKH TPEUIHHOOOPA30BAHUS OCHOBAaHA HA aHaJH3e 3IMOPbI
ocanox rpedus (cM. raasy II), coorBercTBYIOLLHE pe3yJbTa-
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Pue. 1V.1. Duiopul BepTHKaablLIX NCPEMEIeHIR (@) M OTHOCHTEALHLIX
910K (6) rpebuas Momenn npu ykaoHe GOPTOB Kakbona o=40°

I

- | - a7

o | | 71/"'""""'--. —T. | 4

02 - ; < .

J ‘ EE:‘,‘.‘-“"#{ /‘EE/‘ h{ \u\ i ! N

-4 ﬁcp‘lr’/ { - \“E g

0,04 _ — - -4
= 178 ;..1_{ LG — /80 =

Al A S A A i S A S S A A ij_fff}ffrfm
= %

Puc. 1V.2. Dmiopsl ropH3oHTaALHBIX Tepemeitenuii /| H OTHOCHTEABLHBIX
NPOAOALHLIX AedopMaunit 2 H pacrnoJoKenne 30H CKATHHA, DACTS KedHs
H Tpeiuy Ha rpebue Mojean npH a=>50% paa=2,05 rfen®; W=119
I—F7 — MapKH, veTanoBaeHubic Ha rpebue: § — TEYEILLH I 1

Thl TulaTeabHO oGpadarwiBanuchk. Ha pue. IV.l nokasans
NONTyYeHHbIE 3MIOPBI HEPaBHOMEDPHBIX OCaZOK rpedHs Moje-
IH. Bei10 0OHapyXKeHo, 4YTO TPEUHHbL 00pasoBaJuCh IPH
KOG puunenTax HepaBHOMEPHOCTH ocallok k==As/Al, pas-
HeiX 0,011—0,021. ITocne BO3HHKHOBEHHS TPEIIMH B AaJb-
HEHUIEM C POCTOM R YBeJMYHBAJNCh HX DMIYOHHA H PaCKpbI-
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rie. Ilpu Haknone 6opt1oB a==50° TpewuHb MNOABHAHCH H4
paccrosgHud npumepHo 0,1—0,15 anunpl naotuus no rpeod-
HIO (2 L) ¢ npaBoro u Jesoro Oepera, MakcuMaJbHas HX
rayOHHa B nepecuyere Ha HATypy mocruraga 10 M masa aapa
BoicoToit 70 M. Ilpn yrae nakiaosa Gopros a==40° Tpeuiu-
HbI BOZHHKAJH [IDH TeX XKe Ko3(p(HUHeHTaX HEPaBHOMEPHO-
CTH OCajJ0K, HO Ha paccTOofHHH, He npesbimawomeMm 0,08
JUIHHBI IVTIOTHHBI, T, €4 OJHKe K OopraMm.

Ha puc. IV.2 nokasaubl anopsl ropu3oHTaJbHBIX Iepe-
MEeIeHHi / M OTHOCHTEJNbHBIX NPOXOJbHBIX Aedopmaluii 2
Ha rpebHe Moaead. Kak BHAHO H3 PHCYHKA, 30HbI pacrsKe-
HHA HaOJI0Zal0TCA HAa ydyacTtke, npHMepHo paBHoM 0,25—
0,3 mauHbl IVIOTHHBL 1O rpebHio, y Kaxjgoro 6opra. Murepec-
HO TaKkKe OTMETHTb, YTO pPacloJIOKeHHe TPEeIlHH COOTBETCT-
BYeT MaKCHMAJbHBLIM 3HAa4Y€HHAM OTHOCHTEJIbHBIX Aedopma-
UHH YAJHHeHHs. Pe3yabTdaThl ONLITOB NOATBEPAHJH TpPEAIo-
jlaraeMoe paHee CHHKEHHE BEDPTHKA/JIbHbIX HalNpiXKeHHH B
HIKHEH YaCTH KaHbOHA 110 CpaBHEHHIO ¢ pfi.

Becbma nuTepecHble pesyabTaThl OblH MOJAYYEHbl B OIbl-
T€, B KOTOPOM YCJOBHO MOJEJHPOBAJIOCh 3aMelieHHEe VK-
JaJKH nocneiHux cjoes rpysra. IlonHocTbio H3roToBJieH-
HYIO MOJleJib CHayaJja TnoABepraju HeHTPHYrHpOBaHHIO HO
3aTyxaHas aeopmanuil. 3areM BepXHHH CJIo#, B KOTOpPOM
HMEJIHCh TPEIIHHBI, YIAAANH H YKNAaAblBaJAH HOBBIH TPYHT C
3aJlaHHbIMH NEepPBOHAYaJIbHBIMH XapaKTepHUCTHKAMH, MOcie
Yero Mojenb [oaBeprajach TIOBTOPHOMY UeHTPH(DYrHPO-
BAHHIO C COOTBETCTBYIOLHM MacwrtaboMm. Ocaaka rpeGHs B
5TOM CJayuae, BKJIOUAlONlasi 0cajKy TIOCJAeJHero BHOBbL YJO-
AKEHHOTO CJ10S1 H YacTh OCAJAKH HUXKeJeXalllen ToJIILH, COCTa-
BHJIA NpHMEpHO 25% MAarCHMaabHOR OCAXKH MOJEJH INpH
NepBoM HarpyxeHuu. B BoccTaHOBJICHHNOR MONENH TpeUIHH
He mabaionanoch, H Ko3ppHUNEHT HEPaBHOMEPHOCTH 0Ca-
Aox He npessimaa 0,012. PesyasTathl 3T70r0 Onnita no3soJs-
IOT NPEANONOKHTL, YTO C NOMOULLIO CHeUHAJNbHOH TeXHOJIO-
THH YKJIaJAKH TPYHTA JIpH BO3BCICHHH MJIOTHHBI MOJKHO
YMEHBLIIHTL HJIH HCKJIOYHTL ONACHOCTH TpellHHooOpas3oBa-
HHSA Ha rpeOHe.

HccnenoBannsmMu, npoBeleHHBIMA Ha NeHTPOOEXKHON Ma-
wuie BHUW BOATEO, npexycMaTpuBasoch paccMOTpeHHe
Oosiee WIHPOKOrO Kpyra 3ajavy, pelleHHe KOTOPHIX CBSI3aHO
C OUEHKOH TpeumHHooOpa3oBanis., Bee ONLITEI YCIOBHO MOXK-
HO pasHesJHTb Ha JABE Ipynnbl: usyuetue aepopmaiuii s
MPOAONLHOM CEUEeHHH fpa, KOria BCA MOJeJb BLINOJHANACH
H3 MNIHHHCTOI'O TPVHTA, H HCCaejoBaHHEe IePOPMHPOBAHHOIO
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COCTOSITHS TTONEPEYHOro CCYCHHUS TNIOTHH ¢ SIAPOM HJAH 3KpPA-
A erDM BBIITOJIHAEMOro H3 IMIHHHCTOrO I'pyHTa H mebH#A, Moae-
.~ JIHpYIOLIEr0 KaMeHHYIO }IaﬁpUCH} B onbiTax o6eux rpynn
0 ~ pemanach sajaua [1JIOCKOH JedopMalHH (T]]EHIIEM 110 CTeH-
*'1 KaM, B COOTBETCTBHH ¢ AanHbIMH Hceaedosanuin B, M. lep-
'“6111—11::1 H HalluX npeiusapuTe/bUbX OILITOB, A YyKa3aHHOro
. Kpyra sajad MOXHO npeHeOpeub), HCCJAEN0BAJIOCH BJHAHHE
,f,.*acxnnﬂblx XapaxkTepHCTHK MaTepHaJoB H rpadHKOB Harpy-
KeHnss. Kpome Toro, B onblTax nepBoit Ipynisl  H3yuaaoch
~ BJauAHHE KpyTu3unl O0pTOB KanboHa Ha jgedopmauuu H 00-
. pasoBaHHE€ TpeulHH, 4 TAKXKe OUeHHBaJAach 3P(PEKTHBHOCTDL
.~ [IPHMEHEHHS KOHCTPYKTHBHBIX MEPONDHATHH, B YaCTHOCTH
| BJIHSIHHE «apMHpOBaHUA» BEPXHEH 30HLI HA TPEUHHOoO00-
pasoBanHe. B onbiTax BTOpPO#l rpyniibl, KpOMe HCCJAEA0BaHUSA
~ 0COOEHHOCTEH KOHCTPYKUHH npoduas (SAPO HJAH 3KpaH),
| oHpejesssioch BO3A€NCTBHE Pas3JHYHBIX COOTHOIIEHH He-
(POPMHDPYEMOCTH IMIHHHCTBIX H KaMEeHHBIX MaTepHaJOB H J0-
NOJIHHTEJIbHO BOJLl BepxHero Obeda.

f-‘," B onbitax ucnosbzoBaau cpeauuilt cyranHoxk (Wp=

= —920,6%; Wp=13,6%; W,=7%), npocenBaenmbiii uepes cu-
TO ¢ OTBepCcTHAMH | Mu, n uebeHb MpaMOpPH30BAHHOTO H3-
BecTHAKa (cMechb dpaxuuit Kxpynsoctblo 1—10 mm). Bee uc-
NLITAHHA NPOBOAMIHCE B IVIOCKHX Kaccerax mwHpHHoH 80 MM
CO CTeHKaMH H3 NpPO3pauyHoOro oprerexaa (1o THOy npHMeHs-
eMblx B HUC I'maponpoekra)

OO0mue Ass Bcex ONLITOB NMapaMeTphl C/AeayiollHe: BHICO-

Ta Momeneil Hy=25 cM, MakcuMaJbHBII MacuuTab MOIEIH-
poBanus n==180, BpeMsa TOpPMOKEHHSI UEHTPHPYrH T7—

8 MHH. Memﬂm{a OATOTOBKH H NPOBEIEHHS ONBITOB Oblia
caeayiouieii. Mogeab cOOTBeTCTBYIOLIEH KOH(PHTYypalUH H3-
FOTOBJISIJIH HENOCPEeJCTBEHHO B KacceTe ¢ 3ajJaHHbIMH HCXOI-

- HBIMH XapaKTEpHCTHKAMH I'PYHTOB (IJIMHHCTBIM TPYHT YKJia-
ALIBaJH ¢ MOCJAOHHBIM TpamOoBauueM vepes 2 cm, LieOeHb
OTchinajau puixao). [1o Mepei Bo3BeAeHHST MOAIH HA Pa3anuy-
HBIX YPOBHAIX VKJAaAbiBaJ{ HHAHKATOPHBIE TOPH30HTAJbHbBIE

~ IIOJIOCKH, IOJIOKEHHE KOTOPBIX (DHKCHpPOBaJNOCh OO M INocae
nenrtpudyrupoBauns moaeau. Ha noBepxHocTH Momenn yc-
TAHABJHBAJH MapKH, OTCYETHl 110 KOTOPHLIM CHHMAJH C TO-
Molblo mmnuuen-macwrada ¢ roynocersio 0,1 MM ansa pukca-
IHH KOHEYHBIX BEPTHKAJbHBIX H TFOPH30OHTAJbHBIX IepeMe-
IeHui Moaenu. B 60JbUIHHCTBE OIBITOB € OMOUIbIO CJeas-
€N CeJbCHHHOH CHCTEMBI 1aTUHKOB NEpeMelUIeHHH BeJHCh
HaOJo4eHHs 3a JIHHAMHKOH npoliecca gedopMauuft B nepu-
OJ pasroHa H UEHTPH(YrHPOBAHHS HA OCHOBHOM pEKHME,
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Tounocts 3THX H3MepeHHit pasHsinach 0,01 mm. do n nocae
HCNBITAHHMS B Pas3jHuUHBIX TOYKAxX Moaean orOHpa.H KOH-
TPOJbHbLIE MPOOBLI AJA ONPEACNCHUA BJA2KHOCTH H MJAOTHO-
CTH.

[lpu moaenuposanuu gedopmanuil cCOOpyKeuus U3 rpyH-
Ta Ha MOJAeaH B HeHTpH(yre ¢ 3agaHHbiM MacmiTaboMm n He-
00XOAHMO MMETb B BHAY, UTO B NMEPHOJ pasroHa MalllHHbI
NPOHCXOAAT Hanboabuine geopMauny rpynura Mmoaean. Bos-
HHKAeT BONpoc, KakuM aedopMaluaM B HAaType OHH COOT-
BETCTBYIOT H KaK IO pe3yJbTaTaM HCILITAHUH OUEHHTb CTPO-
HTeJbHBIE H 3KCmayarauuonusle jgedopmaunu? Ilpn uccie-
IOBAHHUAX 3eMJSHBIX COOPYIKEHHi, BO3BOANMBIX IO Ollpeie-
JeHHOMY rpaduky, neaecooOpasno cBA3LIBATL NPOLECCH Je-
(hOpMHPOBAHHA MOJEJH B IEPHOI Pa3roHa ¢ aHaJOrHYHbIMH
[poleccaMu, NPOTEeKaIOWHMH B HATYPE B CTPOHTC/AbHDII lie-
PHOL.

B MHUHMT T. I'. SIkosaesoii' pazpaboraHa METOAHKA 1pO-
EKTHPOBaHHS peXHMa pPasroHa, MOAeJHpYIOUlero rpaguk
BO3BEJACHHS COOPYKEHHA B HaType. DTa METOAHKA NO3BO/SA-
eT NnpUOIHIKEHHO OUEHHUTb COOTHOWeHHe aedopmalui, mnpo-
HCXOASILMX B IEPHOA CTPOHTENbCTBA M sKcnayartauun. On-
HAKO, KaK SICHO M3 pacCMOTpEeHHsi BéCbMa MPOCTOH CXEMbI
Harpy:KeHHsa MOJAeJAH B npollecce pasroHa H HaTypHOro co-
opy:KeHHsi B npouecce Bo3sseleHusi (puc. 1V.3,a), nonuoro
nogo0Ous HanpsKenuoro, a caejoBartesbHo, H AedopMHPO-
BAHHOTO COCTOSIHMS MOJAEJAH H NPOTOTHNAZ He cobJiogaercH
(Haxe nNpH yyere BO3MOMHbLIX NOrpeumHocTed Moaeanposa-
HUA 3a CcYeT pasJHuHOro s¢p;pexkTuBlOro pajauyca Bpalllenns
10 OTZEABHBIX TOYEK MOMAE/AM), mpHYeM cYMMapHble Jedop-
MaUHH MOJCJH K KOHIY pa3roHa OYAYT HECKOJLKO Bblllle 3K-
BHBAJEHTHBIX B HAType K KOHIY CTPOHTEJILCTBA.

C apyroii cTOpOHBI, CONOCTaBJE€HHE TOJYUEHHbIX HaMH
IKCNEPHUMEHTAJBHLIX CYMMapHbIX nepeMelleHnit rpedHs C
pacCYeTHLIMH, MOJYUYEHHBIMH TMPH YCJAOBHE MITHOBEHHOrO BO3-
BeJCHHS, TTOKa3bIBAET, YTO 3TH BeJHYHHDBI JOCTATOYHO XOPO-
mwo coraacytoresi. Takum obpasoM, eCTb OCHOBAHHSA NpeaNo-
Jaratb, UTO B pe3yJibTaTe pa3roHa B MOIeJH peaJjusyercd
npouece YIVIOTHEHHsSI MarTepuaJa, HACHTHYHBIH TAKOBOMY B
HATYPHLIX YCJAOBHSX. AHaan3 pacnpeaenennss IJIOTHOCTEN
rPYHTa MOAEJAH MO BbICOTE AApa MNoCjae  HCNLITAHHA
(puc. IV.6,6) n cpaBHeHHe ¢ HaTYpPHbIMH JIAHHLIMH W pe-

'flkosaena T. I'. Mceaenosaunss BO3ZMOKHOCTH MOAENHPOBAHHSA
{.‘TFI'DHTE.'I:L-IIDF{] IIE]JHEI.EI.H :IT[]I[ BO3Bedellny }EL‘.'ICEI-HH,'LUPDMHHH HACHIIEr:.
Tpyaw MHUHT, 1968, C6. Ne 273,
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Pue. 1V.3. Cxema K co-
NOCTanRAeHHIo BeJHYH
panpaxennft (@) B
NA0THHE M NOLOOGHOMH

MOdead,  HCNuiThIBae-
MOt B UeHTpudvre, i
Xapakrep — H3MeneHus
NJOTHOCTEH TpyHTa B
MOLeI5IX nocae Honkbl-
Taius (0)
M3 MZ20
170 1,84
2 J5
a1 21F
{7 ;?ﬁi
13 13+ 1,88
9 gt
| 187
g 5
1,84

ﬂ E L L L
16 16 PaoAwSi6 (8 -‘E’wng 16 16 18Patm? ﬂ;& 18 Poicms
Wep=142%  Wep 1482 Wep=148% Wep=140%  Wep=163%

3yJAbTATAMH COOTBETCTBYIOILHX DacyeToB MNOJATBEPKAAIOT
CNpaBeIJHBOCTb BBICKA3aHHOTO [PEANOJOXKEHHsA. ITO ¢ HS3-
BECTHHIM TIPHOJIMIKEHHEM TIO3BOJSET NPHHUMATh B daJbHEH-
eM J0NYIleHHe O TOM, YTO NepHOJ PasroHa COOTBETCTBYET
NepHoay CTPOHTENLCTBA (no 3d(exkTy YNJIOTHEHHS) H YTO
pedopMaunn, NPOUCXOAAULIHE B MOJ@JIH, NOCJe pa3rona LeH-
TpHYry, B TEUeHHE HCTILITAHUA Ha 3aJlaHHOM peKHMe, MOXK-
HO (¢ COOTBETCTBYIOWIHM coOJaiofienHeM 3aKOHOB IOAOOHS )
NMPUHUMATh KaK SKCIJyaTalHOHHBIE, TIPOHCXOAAIIHE B Ha-
TYPHOM COOPYIKEHHH 110C/Ie ero BO3BeACHHH.

[TosToMy npH HCCAEAOBAHHAX OAHOH H3 OCHOBHBIX Oblia
3ajaua OnpeleJeHHs OTAeJbHO CTPOHTEJbHBIX H, YTO Haw-
6oJiee BaXHO, IKCMAYVATAUHOHHBIX AehopMalHid. AHaaH3 pe-
3yJbTAaTOB GOJLIIHHCTBA MPOBEAEHHLIX OIBITOB, B KOTOPBIX
uamenenne nedopmainnii QUKCHPOBAJOCH B IpoOIECcce BCEro
HCNBLITAHHA, MO3BOJINJ CONOCTAaBUTb TMOJIYUEHHbIE JlaAHHBIE.
OkasaJjoch, UTO BO BCeX CJAydYyasdX OTHOIIEHHE 3KcnJyaTauu-
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Puc. IV4. TIpadn-
KH HarpyxeHus Mo-
Jean (a), w3MeHe-
HHS  BepTHKAJIbHBIX
nepemetieHuii rpes-
‘ _ . Ha (6) B npouecce

| . PasroHa H Aanablei-
120 IEr0 HOMBITAHAT H
+—  KpHBas H3MeHeHHN
OTHOWIEHHAA  Saxe/
/Serp B 3aBHCHMOCTH
OT BpeMeHH pasro-
Ha fp uentpudyrn

(a)
||
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OHHBIX BEPTHKAJbHBIX NepeMemeHHi (nocse pasrosa) K
CTPOHTENLHLIM (K KOHIY PasroHa) Sypc/Scrp H3IMEHAETCSI B
auanasone 0,1—0,2.

Cneunanbno nposejennas cepus onwitos M 7, 8, 9, 10.
20 ¢ MOoAeasIMH NPOJONBHOTO CeUeHNs AAPa H3 rpyaTa co
CPeAHNMH 3HA4YEHHAMH BJaxHoctH W=14,6%, naoTHOCTH
pex=1,6—1,7 rfcyM? B KOTOpPBHIX H3MEHANCT DPEXKHM pas3ro-
Ha, MO3BOJMAA OUEHHTh BJHAHHE CKOPOCTH Hapacramud
Harpy3kH (TeMNOB BO3BEMCHHSA) Ha OTHOLICHHE Sore/Scrp
(puc. 1V.4). OueBnino, ut0 ¢ yMeHbIICHHEM CKOPOCTH Ha-
PacTaHHs HarpyskH ykasaHnoe OTHOLIEHHE yMeHbInaercs,
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-E | pHYeM KPHBas HMeeT TEeHIBHIHIO K BHITOJOMKHBAHHIO O

‘ppeAnoaaraemoii acemnroroit 0,1, -

TakuM 006pasom, MOXKHO CYHTATh, YTO IS HOPMAaJbHBIX
YCAOBHH BO3BENEHHA 3eMJISIHBIX COOPYIKEHHH, KOrja TeMIibl
yKJAaAKH MaTepHala He NPeBHINAIOT YCJ0BHH, 3aJaHHbIX B
onuite M9, otHOWeHHE Saxe/Scrp=0,1. as npaxkTHYECKHX
OIEHOK Je(opMauui B 3KCIyaTauHoHHbll nepaon (s, «,
), HeOOXOAHMBIX JJISl MPOrHO32 TPELIHHOO6PA30BaHHS, cJle-
AyeT NMepecuHTLiBaTh pe3yJbTaThl pPacyeToB, NOJYYEHHbIE
IIPH MTHOBEHHOM BO3BEAEHHH, C YUETOM HalJelIHbIX COOTHO-
wennit (0,1—0,2 B 3aBHCHMOCTH OT CBOHCTB MaTepHaJOB,
KOHCTPYKIHH COOPYXKEHHSI H TEMIIOB €ro BO3BC/IEHHSI), NpH-
HHMasi MeHblUHe 3HauYeHHA aAJA 6oJee mnI0THOrO, MeHee
BJIAJXKHOTO MaTepHaJia, MEHLIITHX BBICOT COOPYHieHHS H GoJee
3aMEeIJIEHHBIX TEMIIOB €ro BO3BeJeHHS, T. e. npeajaraercs
CYHTATh:

Sake = (0,1 —0,2) SE?E:I-

U, =(0,1 —0,2) P2  (LV.

MTrH !

Egxe = (0,1 —0,2) ef24, ‘

Cepusi uccnenosaunnit (onbiTet M1-MIII) 6b1a nposese-

Ha C LeNbI0 onpejeseHHs BJAHSHHS KPYTH3HBI GOPTOB KaHb-
OHa, BBHI3bIBAlOIEro o6pasoBaHHe MOBEPXHOCTHHIX IONepey-
HBIX TPEUIHH Ha rpeOHe aapa. 3aaoxKenHe 60PTOB KaHbOHA
H3mensnock ot 0,5 10 1,5, NOCKOAbKY, KaK noKasaJa npeab-
AYIHH aHann3, TakHe yCJaoBHst HaubGosee HebJaronpHATHBL.
Ha puc. IV.5 npeacraBiensl HanGosee THNHYHBIE pe-
3yJbTaThl 3THX onbiToB. OYeBHAHO, YTO BC/ACACTBHE Hepas-
HOMEpPHBIX JAedopmalni MaTtepHaia, 00yCJA0BJEHHBIX CTec-
HEHHOCTbIO KaHbOHA, 00Pa3ylOTCs 30HBI PACTAKEHHHA, B KO-
TOPHIX BO3HHKAIOT nonepeudble tpeuiuibl. Ha puc. IV.6 npn-
BeJleHa 3aBHCHMOCTb H3MEHEHHs OCHOBHBHIX MapaMeTpOB
Aeopmannii @, s, ex B rpeGHEBOI 30HE OT 3aM0MKeHHsT GOp-
TOB m. OKasaJoch, YTo HanboJsiee HeGIATONPHATHEIMH B OT-
. HOIUGHHH TOSIBJIEHHS NOBEPXHOCTHHIX TPELIHH pasphiBa SB-
JIAIOTCA KaHbOHBI C 3a/0KeHHeM 00opToB m==1. 3HaueHus

i
Bcex napamerpos (u, ——MiE

. &x, [p/L), KaKk U pasmepw!
SmaKce
CaMHX TpewlHH (mwHpHHA, rayOHHA), ObAH HaHOGOJBLIHMH

npu m==1. Taxoil sKcTpeMaJbHbI XapaKkTep H3IMECHEHHS Ta-
pamMeTpoB OOBSACHSIETCH CAMHM IPOLECCOM IPOTEKaHHs oca-
n0K B Kaubone. Ilpu ouenp noJiorix 60prax B OCHOBHOM
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Puc. IV.S5. Pesyabratul  necienosanusi BAHAHHS  KPYTHIHB GopTos
Kaiboua (a) u «apuMupoBanus» BepXHuX 301 sapa (6) na xapaxkrep je-
Gopmauuii ¥ Tpeltnioobpasobanne (NepeMellenns B MM)

MPOHCXOAAT BEPTHKAJIbHBLIC MEpeMelleHHs, ITPH OYeHb KpPV-
THIX G6opTax (m<<l) ropH3oHTa/iblHble Ae(hOPMALHH TAKIKE
HE3HAUHTEJbHBI BCACACTBHE OrPAHHYCHHON 0OMACTH HX pas-
BUTHA. Tlo3aTomMy Bmosine 3aKoHOMEpPHO CylIECTBOBaHHe IKC-
TPeMAJIbHBIX MPOMEXYTOUHBIX YCaOBHIT (ONBITHL TNOKa3ajn
3TO NpH m==1), rae ropH3oHTaibHble NePeMELICHHA & HaN-
GosblMe H, C/AeN0BATENbHO, MOAYYAIOTCH HAMOOJBIINHE 3Ha-
HeHHS OTHOCHTEJIbHBIX AeOopMaluil pacTAKEHHST er, He0l-
XOAHMBIE JIA TpellnHOOOpasoBauus. MoXHO OTMETHTb, YTO
SKCNEPHMEHTANbHbIE DEe3YNbTATh XOPOINO COMJIACYIOTCS C
pacueTHbIMH (puc. IV.6,6). OtHocutenbHBle pasMepsl  30H
pacraxenns lp/L xone6mores s npeneaax 0,3—0,6 xast pas-
JHYHBIX 3aJIOXKEHHH, NPHYEeM HMEHHO B 3THX 30HAX M BO3-
HHKaJH TPEUIHHBI (KaK NpaBHJ/IO, HA YYacTKaX HAHGOMBINNX
OTHOCHTEJIbHBIX VAJHHEHHI).

BecbMa BaXHBIM SKCEPHMEHTAJbHBLIM Pe3yJbTATOM $iB-
JAAETCS TO, UYTO BCE aHAJAH3HpyeMble IapaMeTphl S, u, e,
lp/L ymMeHbIAIOTCA ¢ yBeJHYeHHeM HAYaJAbHON TJIOTHOCTH
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| Martepuana M yMeHblie- g
. gHeM BJaXKHOCTH. B Ka-
. yecTBE  WIOCTpAUMH
 570r0 BBIBOAA  MOJKHO

 ppHBECTH TpaHK 3aBH-
CHMOCTH MaKCHMaJbHBIX

ocaloKk  TpPeOHST  Suane
OT TWIOTHOCTH M BJIaZK-
HOCTH TPYHTOB B OIlbl-
fax C NMPOYMMH OAHHA-
- KOBBIMH VCJIOBHAMH
(puc. 1V.7). B Taxon

K€ 3aKOHOMepHOCTH H3-
MEHSAIOTCH BEJIHUHH bl =%y
9KCIIIYaTallHOHHBLIX OCa- 0w | -
H0K coopyxenns. Kaxk  pp e AR Y
BuaHO u3 puc. IV.7, B ﬂ—-&;' f -
3aBHCHMOCTH OT HayaJlb- @fﬁ—- e S ’l”
HOM TJIOTHOCTH MAaKCH- g6 T [ _‘f_"=--—-~.-|
MaJibHbIe OCaJKH H3Me- f?i P e e
HSAIOTCA B JlHanasone ﬁj 7
0,4—1,19% BLICOTHI 1J10- 0o I k
THHBI, 4YTO, B YaCTHOCTH, ’ iﬁ ;’ 15m ‘E}

XOpOI1lo coriiacyercs

CO 3HAUYCHHSIMH, TM0JY- Puc. 1V.6. I'paduxi namenenus makcu-
MAJbHBLIX 3HAUCHHH BEPTHKAALMBIX H

R bIMH Haw TCRIBC FOPH3OHTANLHLIX nepeMeulenun (a), ux

‘dHaJu3a JaHHBLIX HaATyp- Byisue
(6), OTHOCHTRAbHBIX

HBIX HaO®JAIOICHHUH, OTHOIUERHR

[lpu mecaenoBaHHsX
TpeunHooObpa3oBanua B
NPOJAOJBHOM CeYyeHHUH
iApa NJIOTHHBI [ONYTHO
OlpeLeasiyii BJHAHHE
HEKOTOPbLIX  TEXHOJOIH-
qECKHX M KOHCTPVKTHB-

_Smaxc
dedropmannii (8) H OTHOCHTEABHHX pasi-
MCPOB 30H pacT9MeHHA Ha rpelbue (2)

B 3aBHCHMOCTH 0T 3ajaoXednsa Go)p-
TOD M

— =].55 . = = s
I P o 1,05 rfem?: 2 By, 1,7 rfca®:;
J — pacyeTHan KpuBam npn E=|5 MIlla:

=y,

HBIX MEpONpHATHH HAa 00pasoBanHe NMONEPEUHBIX TPCIUIHH HA

rpebue. K Takuwm

MepPONpHATHSIM

OTHOCSTCS, BO-TIePBLIX,

H4CTHYHOEC apMHPOBAHHE BepXHEH pacTAHYTOH 30HLI AApa
KOCTKHMH KOHCTPYKUHsiMM (onbeltel MIV, MV) u, Bo-gro-
PBIX, 3aMelJeHHas YK/Jajlka NOCACAHHX TIO BHICOTE CJIOCB
TPYHTa 10 OCHOBHOIrO 3aTYXaHHA 0CalOK paHee VJOMKCHHBIX
caoeB (onbitel MVI-1,2). OcHoBHBIe pesyabTaTil 9THX 01bI-
TOB nmoxa3saupl Ha puc. IV.o u 1V.8.

ApmupoBatne, Kotopoe

MOJEJTHPOBAJOCh VYKJAAJKOH B
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BEPXHIOIO 30HY  JAepe-
BAHHLIX HJIH IljlacTMac-
COBBIX CTepxKHeH, MOo-
CTaTouHo 3P eKTHBHO
CKas3aJocb Ha yMeHb-
IIEHHH pasMepoB 30H
pacTsxKeHHsl,  OTHOCH-
TeJAbHBIX YJJHHEHHH 1l
lapaMeTpoB caMHX Tpe-

Puc. 1V.7. 3asacumoctn aGeomornnix n  WHIL IIpu Gonee 2kect-
OTHOCHTE/IBHHX OCALOK rpebus Momean  KHX KOHCTPYKLHSIX 3TOT
OT NJAOTHOCTH H BJAAXKHOCTH NPYHTA s¢pdexT OwI  cymiect-
I 2—=38_ e = (p,) coorsercreenso ann  BeHHeH, TaK KakK OHH
Nl'.'. =144 u 16,8%: 3—3::§cfH=HFEH} CIIOCOOHEI BOCIIpHHH-
214 W ep =14i% Marb 0Oe3 paspyuieHus

= HepaBHOMepHbIe jedop-

MalHH  INpHJIeraiouero
FPYHTa NPH YCJAOBHH OOCCHEYEHHs 3HAYHTEJBHOIO CIlen/e-
HHSl MEXIY 'PYHTOM H apMHpYIOUlell KOHCTPYKIIHEIL.
3aMel/ienHas yKkaaAKa IOCJAEAHHX CA0eB TpyHTa (BTO-
po€ H TPETbe HEHTPHMPYrHPOBAHHE MOAEJH CO BHOBbL YJIO-
ACHHBLIM BEDXHHM CJO€M IPYHTA) 3HAYUTEJNbHO CHHIKAET
OMaCHOCTb TpelHHOOOpa3oBanusi. 3HAUCHHA BCEX aHaJjH-
SHPYCMBLIX NapaMeTpoB gepopMauuii Ha rpeGHe B 5TOM CJy-
4ae YMCHbINAIOTCA B O—O0 pa3, INOCKOJABKY HCKIIOYaeTcs
BJAHAHHE OCAJKH OT paHee YJOKEHHbIX CJ0EeB.

Ilpoueccs nepopmupoBanus marepuana B npoFOALHOM
CEHCHHH siZpa, BbI3bIBAIOIIHE 00pa3OBaHHEe B OCHOBHOM I0-
BEDXHOCTHBIX IONEPeYHbIX TPelHH Ha rpedHe, He HCYEPIIbI-
BAIOT BCeX OCOOEHHOCTEH HAeGOPMHPOBAHHS COOPYIKEHHS,
O0YyC/IIOBIHBAIOLIHX ApyrHe paspywenus. [103ToMy He MeHee
BAXKHO MNpPEACTaBJIATb KapTHHY He)OPMHPOBAHHS MaTepHa-
JIOB B ITONEPEYHOM CEYEHHH IJIOTHHBI, I'Ie OCHOBHBLIE 0COGel-
HOCTH HEPaBHOMEPHBIX Ae(opMalMil CBA3AHBLI C Pa3JHuYHEM
B NPDOYHOCTHBIX H Je(OpPMaTHBHLIX CBOfiCTBAX TIJIHHHCTHIX
FPYHTOB sfApa HJH 3KpPaHA H KPYynHOOOGJOMOYHLIX MaTepHa-
JIOB NEPeXOAHbIX 30H H YIOPHBIX TPH3M.

XapakTep NpoABJEHHS MNepeMemleHuit KpynHoo6a0MOy-
HOrO rpyHTa B NPO/LOJIBHOM CeYeHHH KauboHa (ombiT M21)
HACHTHYEH TAKOBOMY MJIsI IJIHHHCTOrO TPYHTA; Pas3HHLA 3a-
KJIIOYAETCA JIHIIbL B BeIHYHHAX CaMHX TepeMelleHHH, obyc-
/IOBJICHHBIX DASJIHYHOH CXKHMAaeMOCTbIO YKa3aHHBIX MaTepH-
anoB. B cBsAsH ¢ 3THM mnpuXoAHTCs o6pamiaTh CepbesHoe
BHHMaHue Ha OOOCHOBa4HHE HANEKHOCTH IPHKOHTAKTHOI
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Puc. 1V.8. 3miopul nepemeutennit # Aedopmanuit 8 1pogoJbHOM CedeHH
MoAeaN saApa NMocae nepsoro ueHTpudyruponamus (@) H nocae BTOPOIO

H TpeTbero uentpupyrupoBanus ¢ HOBHIM BEPXHHM cjaoeM rpyura (0)

| —ocagki B NPOROALHOM HANPABJACHHH, 2 — ropHIoNTAJABHBIC nNepeMelleHun;
3 — omHocrTeabHble AedopMalun; 4 — OCAAKH 00 BEpPTHKANH, 5 — Tpeutimwn: 6 —

KONTYp KaHbOHA; 7 — MNaH MOgean
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Puc. 1V.9. Bniopul ocamok KpynuooGaoMOUHOro TFPpyRTa B NDOAOALHOM
CeHeHHH KaHbOHa
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Puc. 1V.10. Pacnpeaencune BepTHKAABHBIX MepeMellenuil 8 nouepevsom
CEUCHHH MOASAN MAOTHHL ¢ AapoMm Aas cayuaa Eq<<Eyup npn orcyrer-
BHH BOAB B BepxHem Obede

l, 2— KPHBLE MAOTHOCTH JO ONWTa H noche onbiTa

30Hbl SIAPO — NIpH3MA, rie paclojoxKeHa nepexojHas 30Ha,
HapyleHHe KOTOPOH MOKET NMPHBOAHTL K ONMAacHLIM TocJeln-
creusam (puc. 1V.9).

[To mannBIM KOMNPECCHOHULIX HCMBLITAHHIT B OJIOMETpPAX,
CpeJHHH MOAYJab AePOPMALHH HCMOAL3YEMOIO B OlbITaxX
iebust cocrasasa 15—25 MIla, a ans ranuucroro rpyiTa B
3aBUCHMOCTH OT INIOTHOCTH M BJaKHOCTH (pepx=1,5
1,85 r/fem3, W=14—179 )—3—20 MTIla. ITpu ucecaenoBanu-
X MOMNepeYHbIX CeUeHHH B OAHHX ONbITaX noabHpaau cooT-
HOLIEHHST MOLyJed medopmaunii aapa u nmpuam Ez<<Eyp, a
B APYrux, Hao6opor,— Eg>Ey,. B onsitax MI7—MI19 mo-
AeJAUPOBaJIOCh NOMOJHHTENbHOE BO3JEHCTBHC BOIALI BepXHe-
ro oveda. Ha puc. IV.10 u IV.11 npeacrasnens oCHOBHBIE
Pe3ybTaThl 3THX ONBITOB, NOKa3aHbl MOPLI OCaA0K HA pa3-
JHYHBIX YPOBHSAX H A4HO COIOCTABJCHHEC OCALOK OTAEAbLHbIY

WIEMEHTOB B KOHTAKTHOI 30M1¢.
Ha ocHoBannn amanusa 3THX pe3yJabTATOB MOXKHO OTMe-

THTL caelayomee. Ecan marepnana sapa ob6aanaer GoJblieil
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Pic. IV.11. Pacnpeaeaenne BepTHKaAbHBLIX mepeMelexiii B nonepeqHoM
CEHCHHH MOJCHH NAOTHHB € AApOM aas cayuas Ex<<Eyp npu naanunp
BOJILI B BepxHeM Obede

I, 2 — KpuBble NJOTHOCTH A0 ONLITA H [IOCIe ONLITA

CXKHMAEMOCTBIO, YeM MartepHaa 1pH3M, BO3HHKAET «apoy-
HbIH» 3 ekt — saapo Kak Obl 3aBHCaeT Ha 6OJee KECTKHYX
npuamax. Ilpn srom no ocu sixpa nepemeleHns cyiecTBeno
OoJblIe, YeM B NPH3MaX, a HA KOHTaKTe AP0 <TAHET» 3a
coboit Matepnas npuam. O6uiast KapTHHAa NepeMelleHHl XO-
Powwo coryacyercst CO MHOTMMH HATYPHBIMH M PaCUeTHLIMH
HauubIMH 11pH Exg<<Ep,. HecMoTpst Ha pasunily B BeJiMYHHAX
IepeMEeLeHHH Ha KOHTAKTe, ABJEHHA NPOCKAAb3LIBAHHS HE
Ha0JI0aeTC U MOMXKHO CUHTATh, YTO YCJAOBHA HEPa3pLIBHO-
CTH JedopmMauui, HeOOXOAHMBIE /151 COXPAHEHHS LEAOCTHO-
CTH 3TOH NPHKOHTAKTHOMN 30HbI, BLIOJHAIOTCS.

Ilpu nanuuuu Boabl B pepxHem Obede B 3TOM cjayyae
MPOHCXOAAT AONOJHHTENbHBIE MEepeMelleHust (BCJaeACTBHE
«IPOCAJKH» OT 3aMa4YHBaHHUSl) YHOPHBIX NPHIM H YaCTHYHO
ilpa; oOllasi KapTHHA MepeMelleHHil coxpaHsieTcs, XOTsi M
Hapywaerca ee cummerpusa (puc. IV.12). Uurepecio orme-
THTb, 4TO [IPH CHJIBHO CXKHMaeMOM IpyHTe siApa H npu 60ib-
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Puc. 1V.12. Pacnpesesenue BepTHKaJIbHHIX MepeMElleHH B NOIEPEUHOM
CEUCHHH MOJlesrt MAOTHHLI C SAPOM AaA caydan E,>Enp npn magnmunu
BOLI B BepxueM Obede

I, 2—xpusne NIOTHOCTH A0 ONMTA # NocAe onumra: 3, 4 — ocaaxn sApa #
npuam

LIHX COOTHOINEHHAX Mojayaeil aedopmaunn Ex< Eyp 3niopa
NepeMelleHHIT B CaMOM SIIPe HMEeT SIPKO BBIPAMKEHHBIT Kpil-
BOJIMHEHHBIH XapaKTep ¢ MAKCHMYMOM B LEHTPE H MHHIMY-
MOM Ha KOHTakKTe ¢ npuamMaMH. [Ipu 3T70M B OTAEIBHBIX ONbI-
Tax NOABJIANACL CeTKA NONEPEYHBIX HCCKBO3HBIX TpPElUH,
(I0-BHIAHMOMY, BCJEJACTBHE OOJBLUHX TICPEKOCOB TIPyHTH
(aHAJOrMUHO  ABJCHHAM  NEPEKOCa, PACCMATPHBAEMLIN
H. M. Bacuabesbim),

Koraa marepuan siipa menee medopMHpPYCMblil, uem
MarepyuaJj npHaM (0COOEHHO €CJH NMPH3MbI MOJYYAIOT A0N0JI-
HHTEJbHYIO NPOCAaAKY OT BOXbI), HabJI01aeTcs KapTHHa, 00-
patHas onucaHHoH. Ilepemelienuss matepuana npusm (cm.
puc. 1V.12) Goxabiue, yeM sipa; 3miopa 0callok B sApe HMeeT
NPSAMOJIMHEHHbIN HJH JaX<e B HEKOTOPHIX CEYEHHSIX BOLHY-
TBIH XapakTep ¢ MHHHMYMOM B LEHTPe H MaKCHMYMOM Ha
KOHTaKTe ¢ mpH3MaMH. B sTrom ciyuae mwa KOHTakTe HabJaio-
Jaercs paspbiB nepemeuteHHd. Matepuaj npu3M, HMEIOUHI
B 1,0 pasa Gonbluge ocaikH, NPAKTHYCCKH TIPOCKAJab3bIBAET
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~ Puc. 1V.13. Pacnpegenesne BepTHKaJbHbIX NEDEMCUICHHH B NONepeiHOM
 ceuennn Moaeseil NJOTHH C SKPAHOM NPH OTCYTCTBHH BOAb (@) H HajdH-

»

" upn Boan B BepxueM Obede (6) aas cayyas R s

Ll 1
by

y i
I
1

- f
i

~ Bloab KoHTakTa ¢ aapom. Ilepememennio marepuana sapa
.\ 3a npusMaMH B KOHTAKTHHIX 30HAX NPENATCTBYET MaJoJe-
~ (opMupyemblil MaTepHaa HEXKeJexalux cjaoes supa. Cra-
. HOBHTCS OYEBHHBIM, YTO TaKHe YCJIOBHS (Ex>Eyxp) Gounee
. He6maronpHATHbLI B OTHOMEHHH HAJLEKHOCTH H HEJOCTHOCTH
~ nepexonusix 30H. Kpome Toro, B 3THX cjay4asx BO3HHKaeT
~ omacHocth 00pa3oBalisi NPOACABHBIX TPELHH HA rpebue
~ azpa seaenctsie sddexra pacTsKeHHst BepXHEH 30HBI NIDH
60AbLINHX 0CAAKAaX MaTepHAJ0B YMOPHBIX NMpH3M (0COOEHHO
. [pH CeliCMHYECKHX BO3JEHCTBHAX, YTO NOATBEPZKIAETCHA Ha-
TYPHBIMH JaHHBIMH).

. Heckoabko orauyHas KapTHHa Jedopmaunit HabmI0Aa-
Jdach NMPH MCCJAEJOBAHHUH TONEPEYHOro CeveHHs IVIOTHHB C
skpanoM. CoBepUIEHHO SICHO, YTO A/l TVIOTHHBI C 9KpaHOM
HauboJsiee onaceH caydai, Korjla Moryt ObTb 3HAUHTEJdbHbIE
ocaiKH MOAIKPAHOBOrO MarepHasa yIopHbIX Tpu3M. IlpH
3TOM SKpaH, PaCcNoJOXKEeHHBI Ha CXKHMaeMoil npuame, OyAeT
. HenpiThIBAaTh AedopMaliiH, Hapylawube ero HeJoCTHOCTD,
 BeJejcTBHE yero u o6pasyiorces TPelHHb.
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YuuTeiBas, UYTO B NNPaKkTHKE 3TOT BONPOC AOCTATOYHO pas-
paboTaH M NPH BO3BEAGHHH TAKHX [WIOTHH K KayeCrBy Nu-
3KPAHOBOro MarepHaja NnpeibsiBasiioTcs IOBbILIEHHBIE TPe-
6OBAHHA B OTHOIIEHHH IJIOTHOCTH H MHHHMAaJabHOH Aedop-
MHPYEMOCTH, Le/iecoo6pasHo paccMoTpeTh cJayuad, Koriaa
Eq<Eyp Ha nepsuii B3rasil Kakercs, 4To TakHe YC/JA0BHA
fosee GaaronpHATHLL AJ8 HOpMaabHoil paborsl 3kpana. [1po-
pefleHHbIMH onbiTaMu MI12 u MI4 ycraHosaeno, 4YTO H B
ITHX CJAydasix HepasinoMepubie jgedopMalnn oTACAbHLIX 3Je-
MEHTOB MOTYT NPHBOAHTDL K HEXKeJaTeJbHbIM NMOCAECACTBHAM.
Ha puc. IV.13 npeacrasaenn 3mopsbl rnepeMeuieHti B jo-
THHE € 3KpaHOM NPH HaJIMYUH H OTCYTCTBHH BOJLI B BEPXHEM
opbede. OKaszanoch, 4TO NPH ONpPeJCICHHBLIX YC/AOBHAX, OCO-
O€HHO NpH AeficTBHH HArpy3KH OT BOALI, B pe3yjbTaTe He-
paBHOMEPHLIX NepeMelleHuil MaTepuasia caMoro sKpana mno
HAKJOHHBIM TPAEKTOPHAM, OOYCJIOBJAEHHBIM KOHCTPYKUHEN
npoduas, Ha BEPXOBOIl €ro rpaHd BO3HHKAIOT 30HbLI pacTi-
JKeHHS] B 00pasyloTCs TPellHHbl, 0COOeHHO B BepXHeH 4acTH,
Hapyluaouie MOHOJHTHOCTL 3Kpata. Ilo-Buaumomy, MnpH-
rpy3Ka sKpaHa ¢ BepXOBOH CTOPOHLI CHH3HT OMNAacHOCTbL Ta-

KOIr'o pa3pvuicHHA.

3. OCHOBHBIE TEHAEHIMHWHW AEPOPMHUPOBAHHISI
U TPEHLIMHOOBPA3OBAHHS B SJIPAX
1 3KPAHAX IIJIOTHUH

IIpoBeleHHBIMA HCCJACI0BAHHAMH IOJATBEPKIAEHO, HYTO
TPEUIHHBbl B sApaxX H 3SKpaHax SABJAIOTCH 3aKOHOMEPHbLIM
CJACJCTBUEM MPOSABACHUA HepaBHOMEpPHLIX JedopMmalnil Ma-
TEPHAJIOB INIOTHH B [IpOIlECCe CTPOHTEAbCTBA H 3KCclJayaTa-
uuu. Hecmorpsi Ha TO 4TO BeaeacTBHE NPHHATHIX JONYILEHH
TMOJIYUEeHHDBIC JaHHBIC OTpPAa’KaloT KauecTBeHHYIO CTOPOHY [1pO-
ecca nedopMHpPOBaHHS, OHM NO3BOJAIOT OOOCHOBAHHO CY-
JAHTb 00 OCHOBHBIX TEHHEHUHAX TPEUHHOOOpPA30BAHHA H B
OOJLUIMHCTBE CJy4aeB TNOATBEPKAAIOTCH HATYPHBIMH Hao-
JIOAEHHAMH 3a NOCTPOEHHBLIMH IIJIOTHHAMH.

HaunbGonee onacuble CKBO3HBIE IIONEpevHbie TPELIHHbI Ha
rpeGHe aaep U 3KpaHoB o0pasyioTcs BCJAEACTBHE HEPABHO-
MepHbIX gedopmauuii MarepHaga B KaHbOHE, BO3HHKHOBE-
HHSl 30H PacTAXKCHHA BOJM3H OeperosbiX NPHMBIKAHHH Ha
yyacTkax HanGoJblIHX PaCTArHBAIOILHX HATPSXKEHHIT H OT-
HOCHTEJbLHBLIX yAnuHeHuil. HebaaronpHATHLIMH CTBOpaMu B
ITOM OTHOIIGHHH ABJAAIOTCH KaHbOHBLI € 3aJ0KeHHeM 6opToB
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m=1. Ilpu Gojee KpyToix GopTaxonacHocTb 06PA30BAHHA
TPeIIHH Ha rpedie CHHXKAETCA, XOTS M BO3pacTaer onac-
HOCTb CIABHTOBBIX HapylIeHHH IO KOHTAKTY sijJipa ¢ OCHOBa-
nueM. Ilpu Goaee mosorux Goprax (m>1,5—2) o6pa3osa-
HHE CKBO3HBIX IIOITEPEUHBIX TPelluH Ha rpebHe sjapa MeHee

" BEPOSITHO.

YuuTeiBas, u4TO TpeIMHOOOpa3oBaHHE IIPOUCXOAHT B
OCHOBHOM B MpOllecce IKCNAyaTallHd COOPYIKEHHSI BCAEACT-
BHE IIPOSIBJCHHA 10JA3YUHX JAedopMal#il, NpH OUEHKE Bepo-
SITHOCTH 1MOSBJACHHUST TPOIMH HeoOXOAHUMO HMETh JdaHHBIC
pacuera (OTHOCHTEJbHble JAedopMalHn pacTAXKeHHA Ha
rpebue), COOTBETCTBYIONHE YCAOBHAM 3Kcnayarauuu. Pe-
3yJAbTaTbl  3KCMEPHMEHTOB  MO3BOJAAIOT €  H3BECTHBIM
NIPHOJHAKGHHEM HONOAL30BATh A/ OUEHKH TpemnHoobpa-

~ 30BaHHA MaHHbBIE pacuyera MPH VCJIOBHON CXeMe MICHOBEHHOIN

BO3BCIEHHS, CKOPPEKTHPOBANHLIE € VYETOM COOTHOIIEHHH
SnHﬂH’St:T]‘.n:U.I—ﬂ.Q.

ApmupoBanie BepxHeil YacTH TPYHTOBOrO SApa MJH K-
pana B 00M14CTH OXHI4deMBIX 30H PacTSXKeHHA JAOCTaTOYHO

~ 3hdexTnBHO B OTHOWEHNH TPEAOTBPAICHHS HJIH CHHAKEHUS

OMacHOCTH TpeuinHooGpasoBaHus. Becbma spdexktnBHa 3a-
MeIJeHHas YKJaajKa NocJeAHHUX CJA0€B IPYHTA sijpa TOJIILH-
HOH HECKOJBbKO Oojiee MPOrHo3upyeMoi rAYOHHBI Tpem(HH
VST 1aHHOTrO CTBOPA B OTHOLIGHHH CHHMKEHHS HepaBHOMeEp-
HBIX jlepopManuil.

Hepasnomepusle aedopmaluu  OTAABHBIX 3JeMEHTOB

. BCJACACTBHE Pas3JHYHOH CHHMAEMOCTH HX MaTepHatoB oby-

CJIOBJIHBAIOT CJAQXKHYIO CXeMY pacipeeaeHus rnepemMelienui
B MPHKOHTaKTHOH 30He, TJe pacnoJjaraiorcst obpaTtHble
puavtpu. [Mpuuen, ecan  nedopMHpPyeMOCTL MaTepHANOR
VIIOPHBLIX fIpH3M Ooakiue, 4e&M TrpyHTa siapa (Ex=>Eus);
OIACHOCTL HAPYINEHHST KOHTAKTa BCJACACTBHE «IPOCKAJb3bI-
BaHHA» MaTEePHANOB CONPSKEHHLIX 3JeMEHTOB BechMa 3Ha-
yuTesbHa. MOXHO nosarath, UTO M NPH HAJHUYNH NOJ MaTe-
PHAJIOM YNOPHOH MNPH3MbI MOULHOH TOJUH CHIALHO CHHMae-
MBIX OTJIOXKEHHH (10X a1poM OoGbIMHO POH3BOIUTCS BHIGOD-
Ka 10 CKaabl) 3HAYHTEJbHbIE 0CAXKH OCHOBAHHSA NMPHBOMAAT K
anajornuiomy asactHuio. I1pn nanonnennn Bomoxpanuaunia
H NMPOHCXOXSULHX NPH 3TOM 3HAYHTEJLHBIX NMpocaaKax mare-
pHasa ynopHoH NPH3MBbI TakkKe BechMa BEpPOSITHO Hapyiie-
HHe BepXOBOIl NepexoAHON 30HbI.

bonee OaaronpusiTHble yca0BHS, KorAa Ez<<En, MOTYT
OKa3aThCA ONACHbBIMH B OTHOWIEHHH IOABACHHS OTHCJAbHDLIX
nonepeunpiX Tpeultnn B fjApe MpH nepexkoce CJ0OEB TpyHTa
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spa BBHAY 3KCTPEMaJIbHOTO XapakTtepa KpHBOH 0CaloK,
00yCJ/IOBJIEHHOr0 3aBHCAaHHEM sjipa na 6oJaee XKECTKHX ynop-
HBIX NPH3MaXx.

M B TOM H ApyroM cayuae MOXHO TpejnoJarath BO3-
MOXKHOCTb IOSIBJIEHHST 30H NMpPeaeJbHOr0 COCTOSIHHSL BO BHYT-
PeHHHX 00/1acTaX siipa AW HAa KOHTAaKTe C NepexXoAHBIMH
CJOAMH, NMPEeAMEeCTBYIOLHX 00pa30BaHHIO TPEILHH.,

B nnotuHax ¢ 3KpaHoM, KpoMme 0e3ycJIOBHOM OmacHOCTII
MOSIBJICHHS TPeUHH BCJAeACTBHE 60JBLMINX OCaJ0K MaTepHa-
Ja YNOPHOH NPH3MBI IIOA 3KPaHOM, CJeAVeT YUHTHIBATHL BO3-
MOXXHOCTh HEPAaBHOMEDHBIX NepeMellleHHH caMoro 9KpaHa
MO HaKJOHHBIM TPAaeKTOPHAM, OOYCTOBACHHHIM 0COOEHHOCTA-
MH KOHCTPYKUHH npopusast. ITH nepeMelnleHusi BbHI3BIBAIOT
NOosiBJIEHHE 30H pacTAKeHHs Ha BEPXOBOH TrpaHH 3IKpaHa,
oco6eHHO NMPH HAaMOJHEHHH BOAOXpaHuIUIla, U obpasoBanne
OMacHBIX MONEPeUHbIX TPEIHH, HAPYIIAIONIHX TPOTHBO(PHIL-
TPAaIlHOHHYIO IEJOCTHOCTb dKpaHa M CnocoOCTBYIONHX BO3-
HUKHOBEHHIO MOBEPXHOCTEIl CKOJIbKEHHA, HBJISACH CBOCCH
pojia TpPellHHaMH 3aKoJia.

B 3axiovenne caeayer OTMETHTb, UTO IKCIEPHMEHTAaNlb-
HBIIT METON LEeHTPOOGEKHOro MOAENHPOBAHHS SBJACTCH BeCh-
Ma YIOOHBIM H NMEePCHEeKTHBHBIM METOJOM pelleHHs 3ajay o
AeopMHPOBAHHOM COCTOAHHH 3CMJSHBIX COOPYIKEHHUIT H, B
YaCTHOCTH, MJAOTHH H3 MECTHHIX MaTepHaJsoB. IDTOT METON
I03BOJSICT CAENaTh e TOJLKO KAYeCTBCHHVYIO OLEHKY JT0Be-
JCHHA COOPYIKCHHST B NMEPHOL CTPOHTE/NLCTBA H 3KCnayara-
IIHH, HO H MOJVYHTbL PSAJ1 BECbMa BaXKHBLIX MaHHLIX (B TOM
YHCJIC H KOJHYECTBEHHDLIX I1apamMerposn), HEOOXOAHMBIX A1
OLUSHKH TpeuHnoobpasosatiid B IMIHHHCTHIX sIApax H 3Kpa-
HaX IIJIOTHH.



F naBa V

MPOYHOCTHBIE U JE®POPMATUBHDBIE CBOMHCTBA
FMTUHUCTBLIX F'PYHTOB TTPH PACTSI)KEHHH

1. OBIIHE ITOJIOKEHHS O XAPAKTEPE
- PASPYLIEHMUS I'NVNIMHUCTDBIX TPYHTOB

.~ Hanunuue 30n npejgesnnoro COCTOAHHA pacTiAXeHHs H
" CIBHT'A B IVIMHHCTBIX fApax H 3KpaHax KaMeHHO-3eMJsiHbIX
. IJIOTHH, NMOJATBEp:KJaaeMoe aHa/JH30M JAaHHBIX HATYPHBIX Ha-
- OJ110/1eHHIl, pe3ydbTaTaMH pacuycToB H ONBITOB, O0YCJA0BJH-
. BaeT HeoOXOAHMOCTL OnpejeaeHust NPOYHOCTHBLIX H Aedop-
~ MATHBHbIX CBOICTB TPYHTOB B 1OJAOOHBLIX ycaoBuaAx. Ilpu
- 3TOM, C OJHON CTOPOHBLI, Ha/0 YCTAaHOBHUTb Xapakrtep pas-
- pylLIeHHs MaTtepHaJa H, ¢ APYroH, HalTH npejesbHbie 1S
HaHHOro TPyHTA HPOYHOCTHLIE H AedopMaTHBHBIC Napamer-
pbl (ClenJIcHHe Ha pa3pbiB, OTHOCHTEAbHbIE VIJHHEHHH H
T.-11.) . .
Onnoit u3 nanboJjiee BaXKHBIX 3aja4 HCCJAEAOBAHUA MaTe-
pHaJjoB, B YaCTHOCTH IVIHHUCTBLIX TPYHTOB, ABJSETCA onpeje-
JEHHE YCJOBHI, BBI3LIBAIOUHX MJIacTHYECKYIO AedopMauHio
H paspywenne. Kaxk u3BecTHo, CyUIeCTBYET JBa THHA pas-
PyumeHuss TakuX MarepHasnoB: NyTeM CABHra H NyTeM OT-
pPbiBa. |

Kax noxasbiBaioT npegBapHTeJbHLIE ONBITHI C MNIHHHCTLI-
MU TPYHTaMM, B ONpeIesieHHbIX YCJAOBHSX H NIPH ONpeaeaeH-
HBIX- XapaKkTepHCTHKAaX OHH MOr'YT BeCTH cebsi U Kak «Xpyn-
KHe», KOraa paspylente npoHcxoaut 6e3 npeaBapHTebHON
IJIacTHYECKOH AedopmalMi, H KaK «HEXPYNKHE», Korja pas-
PLIBY npejlIecTByeT 3HauHTe/bHAA TaacTHueckasa aedopma-
Oust 16O MPOHCXOAHT CKOJbMEHHEe 110 HAKJIOHHBIM MI0CKO-
cTAM 6Ge3 BHAHMOro orpuiBa. Paspyluchue 1o nosepxuocTH,
nepneyjuKyaAsipHOH HAlNpPaBAEHHIO PACTSIKEHHs, Ha3biBaeT-
Csl paspylueHHeM NYTeM OTpPbiBa, HJH XPYNKHM paspyilUeHH-
eM; paspyluenme 10 HaKJOHHBIM I1JTOLUAjIkaM — pa3pyllueHHu-
eM myTeM caBura. Ato KjaaccHOHKaUH, KOHEYHO, yCaoBHasl,
TdK KaK HCnblTanna npil CJA0KHOM HAlPAMXKEHNOM COCTOSHIIN
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[TOKAa3bIBAIOT, MTO BCE MaTepHaJLl npu ONpeAeJaeHHbIX YCJ/10-
BUAX HATPYKEHHHA MOrYT BeCTH cebst M KakK XpynkHe, H Kak
nanactuyibie. [TosToMy NpaBHABHO FOBOPHTbH HE O XPYNKOM
HJIH IJJaCTHYHOM MaTepHaje, a O XPYNKOM HAH T1acTHye-
CKOM ©ro COCTOSIHHH.

OcHOBHOM 3ajayell sABAfAETCA HaXOXKIAEHHE TpeAesbHbIX
3HAYCHHUIT HANPSKCHUIT W AONYCTHMbIX AedopMalyil, npen-
IECTBYIOULHX TOMY HJH HHOMY THIY paspylueHHs. JKclepu-
MEHTAJbHbIMH HCCJEJOBAHHSAMH IpelyCMaTpHBaeTcd H3Y-
yeHHe KaK paspylleHHs IyTeM OoTpbiBa (pacTsikKeHue, pac-
KaJibiBaHHe), 4YTO BbI3BAHO HEOOXOAHMOCTbLIO IPOrHO3HPOBa-
HHSA ITOBEPXHOCTHBLIX MOMEPEUHbIX H [POLOJbHLIX TpeulHH B
rpeGHeBoil 30He A/lep H IKPaHOB KAMEHHO-3EMJISHBIX IIJTOTHH,
rje o0HuMaloulHe DaBJeHHS BeCbMa MaJjbl H YCJAOBHSA OJH3-
KH K YCJAOBHAM YHCTOrO pacTAXKeHHH, TaAK H paspylueHHs
NyTeM CKOJNBXKEHHSI WAH cABHra, uto Tpedyercs 3HaThL AJ4
OLIEHKH TIPOYHOCTH MaTepHajad B 30HaX, yAaJdeHHbIX oT rped-
HSI, TI€ TIPH 3HAYHTEJbLHBIX HalpsAXKeHHAX MOryT BO3HHKATh
00J1aCcTH NpeeNbHOr0 COCTOSIHHS, NPeAlIeCTBYIOUHE pa3py-
LEeHHIO.

OCHOBHBIMH NPOYHOCTHBIMH NapaMerpaMH, XapaKTepH-
3YIOULHMH COCTOSIHHE IVIMHHCTOrO rpyHTa IIPH CABHTE, ABJISA-
IOTCSl €ro Yrojl BHYTPEHHEro TPeHHs H CUeIJIeHHe Ce. B mo-
c/IeIHHe TOJbl MOSABUJIOCH MHOIO APYTHX HPEAJIOXKEHHH 110
OLLeHKE NPOYHOCTHBLIX mnapametrpoB [6, 10] B ycaoBusax
CJOKHOTO HanpsaXKeHHoro cocrosuus. B aurepartype nmeer-
Cl BecbMa MHOro AaHHBLIX 3KCNEepPHMeHTaJbHbIX HCCIeAoBa-
HUH, MO3BOJAIOUIHX ONpeAeaaTh AJIA WHPOKOro AHAnasoHa
[MIMHUCTBIX FPYHTOB YCJAOBHS CYLUECTBOBAHHA TMpPEIEAbHOIC
COCTOSIHUSI NPUMEHHTEJbHO K pa3pyllIeHHIO MYyTeM C/ABHra.
st TPpYHTOB HapyLIEHHOH CTPYKTYPBLI CYLIECTBYIOT docTa-
TOUHO Hajgexusie 3aBucHMOCTH ¢=[(pex. W), ce=[(pcx
W), nozsoastioniie, B Y4aCTHOCTH, C YCAEXOM HNPHMEHATH yC-
noBHe Mopa ana HaxoXaeHHs NpeaeabHOr0 COCTOSHHA.

3HAYHTEJBbHO MEHBIUIC JAaHHBIX O NMPOYHOCTHBIX H Aedop-
MATHBHEIX l1apaMeTpax TJIHHHCTBEIX TPYHTOB IIPH pacTsxe-
HHH. OJIHAKO, KAK YyXKe YyKashlBaJoCb, HMEHHO TakKasf cXeMa
paspyumenns Hac O0oJjiee BCEro HHTEpecyer, NOCKOJbKY OHa
COOTBETCTBYET HanOoJee ONacHbIM H YaCTO BCTPEUAIOUIHMCH
cayuastM o0pasoBaHHs CKBO3HBIX ITOMEPEYHBIX TMOBEPXHOCT-
HBIX TPEUIHH Ha rpebHe sjaep U 3KPaHoB IIVIOTHH,

B naunoit rnraBe OCHOBHOEe BHHMaHHE VASAACTCH OLEH-
K€ NMPOUYHOCTHLIX H Ae(OpMATHBHLIX 11apaMEeTPOB MNNIHHHCTBIX
FPYHTOB NPH PaCTAKEHHH B 3aBHCHMOCTH OT Pas3JHYHBIX
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(paKTOPOB: 4Hcaa MAACTHYHOCTH FPYHTA, IJIOTHOCTH M BJaaXK-

'HOCTH, TPOUEHTHOTO COAEpPIKaHHS BKJIOYEHHH, BpeMeHH HC*
. NBITAHHH, YCJIOBHH HarpyxeHus o6pasuos u T. II.

[TpouHocTh TAHHHCTHIX PPYHTOB NPH PaCTSKEHHH 06yC-
JOBJHBAETCA B OCHOBHOM ClLEIlVIEeHHCM MeXIV 4YaCTHUaMH.
[Ipupona cuenyeHust NIHHUCTHIX TPYHTOB H3ydajach MHOTH-
My nceaenosarteasimu [14, 15, 16]. K nacrosiiemy Bpemenn
10 3TOMY BONPOCY HMEETCsl HECKOJAbLKO TEOpPHH, Kaxmas u3
KOTOPBLIX HMEET CBOH JOCTOHHCTBA H HeJocTaTKH. C uucTo
HHXKEHEePHOH TOUKH 3peHHs, clienJieHHe Ha Pa3pbiB B INVIMHH-
CTHIX FPYHTAX 3aBHCHT B NEPBYIO ouepelb OT MHHEpaJorH-
YeCcKOro cocraBa CaMHX TVIHHHCTHIX YACTHU, BXOASIIHX B
€OCTaB TrpyHTa (KAaOJHHHT, MOHTMOPH/IJIOHHT, HJJIHT H
Ap.), NPOLEHTHOIO COAEpPIKaHHA HX 10 Macce B rpyHTe, 06-
Lero 3epHOBOro COCTaBa IpPyHTa, YAEJbHOr0 BecCa YacTHII,
IIMOTHOCTH, BJIAXKHOCTH, COJEpPIKaHHA  KPYNMHO3CPHHUCTLIX
BKJIIOYEHHH, a TaKKe OT METOJAHKH M TEeXHHKH OlpeaeaeHHUs
COOTBETCTBYIOUIHX BeJHUHH, B WACTHOCTH CKOPOCTH Harpy-
HeHHd, cTeneHH crabuau3auun aedopmatuii H Jap.

Nssectno [14, 61], yro cBoHcTBAa CaMHX MJIHHHCTBIX 4a-
CTHIL U HX cojep:KaHue B O0OlLeM coCTaBe HCCARAYeMOro
FPYHTA ONPENeNSIOT ero mjaacTuueckue cBoucrBa. Ilpunsiras
KaaccHGHUKALMA 110 YHCAAM IJIACTHYHOCTH, B KOTOpoit Wp=
= W,.—W,, rne Wr— npenean texkydectd, %; Wp— npezae
packaTtbiBanus, %, npeaHasHayeHa MJsl pasaeNieHHS TVIHHH-
CTHIX TPYHTOB HA COOTBETCTBYIOIIHE KATErOPHH IO MJIacTHY-
nHoctH (cymecH, CyrJIHHKH, TVIHHBI).

CyuiecTBYIOT W ApYrue BJAXKHOCTHBIE KDHTEPHH, Takue,
KaK MakKcHMaJibHasi MOJEKYJspHas BJaroeMKocTb, THIPO-
CKOIHYeCcKasi BJaXHOCTh H pPAJd APYrHX, ABITIOLUHXCA AHOO
pasAHYHBIMH KOMOMHAUHMAMH yKasanHblX (HHAEKC NJjacTuy-
HOCTH, 1OKa3aTesab KOHCHCTCHIHH H T. 1), Au00 onpenes-
eMbIX YCJOBHAMH ONBITA MJIM NPAKTHKH (Npenes ycaakH, OIl-
THMaJbHast BJAaXHOCTb H T. I1.).

[loBenenue rJHHHCTOrO IPyHTA, €ro (PH3HKO-MeXaHHue-
CKHe H (HAbTPALlHOHHBIE CBOHCTBA B TON HJH HHOH CTENeHH
SIBASIIOTCS (DYHKUMAMH yKasaHHBIX mnapamerpoB. OpmHako
NPH Pa3JHYHBIX BJAXHOCTAX M INIOTHOCTSX NOBejeHue pas-
JIMYHBIX FPYHTOB HEOAMHAKOBO, YTO 3aTPYAHAET BhIsBJISHHE
OOLIHX 3aKOHOMEPHOCTEH, OOYCJOBAHBAET OUeHb OOJbLIOE
KOJIHYECTBO ONbLITOB AJs1 MOJYYEHHA Pe3yJbTaTOB M, B 4acT-
HOCTH, no onpenejeHuto 3aBHCHMOCTH Cp=](Wr P Pex
W). MoxHo npeanoJjaratb, 4To CBOICTBA I'NVIHHHCTHIX TPyH-
TOB M HX NoOBeJeHHEe (mepexoja M3 MIaCTHYECKOro COCTOAHHS
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B Xpynkoe, cuenjenue, kKospduiunest GUIbTPALHH H T. M.)
HIACHTHYHLl WJIH NMOAOOHLI NIPH ONpeaeeHHLIX A5 KaX10ro
FPYHTA MJIOTHOCTAX H BAAKHOCTHAX.

[Ipexne ueM mnepeiTdH K NMOATBEPKACHHIO TAKOro Ipen-
MOJOKeHHs, HHTEPeCHO OTMEeTHTh (Ha uTO YKasbiBaaoch H
panee HeKOTOpbiMH aBrTopamu, Hanpumep M. H. Foabrurres-
HoMm [10]) amanornio, Koropas HaOai0aeTcs MEKILY Xapak-
TePOM M3MEHEHHS CBOMCTB METAaJJIOB B 3aBHCHMOCTH OT TEM-
nepatypbl # MIHHHCTBIX I'PYHTOB B 3aBHCHMOCTH OT BJaXK-
HocTi. DTta ananoruss oueBupHa. JleiicTsuTenbHO, MeTal bl
NPpH HH3KHX TeMIeparypax, KakK H IPYHTbl NPH HH3KHX BJa-
KHOCTAX, XJAQHOJOMKH HMJH XPYIIKH, C TOBLIIICHUEM TeMiIC-
PaTYpLl NMOBLILAETCH BO3MOKIOCT MaacTHYECKHX jJedopMa-
UHH MeranaoB (To Xe HabM0gaeTcs U B IVIMHHCTBIX TPyH-
Tax ¢ yBeJHYEHHEeM BJAXXHOCTH, KOTJAa VMEHbLIIAIOTCA €ro
IPOYHOCTHLIE MapaMeTphl, YBEJHYNUBAIOTCS OTHOCHTEJbHbIE
aecopMalluy 1 T. 11.).

Temneparypsl, [pH KOTOPHIX B MeTajdjax TNPOHCXORAT
eHTHYHBIe npeoOpa3oBanHus, pPa3JHUHBL M 34BHCAT, B Ya-
CTHOCTH, OT TEMHEPATYPHl IJaBJeHHS Ka)XI0ro MeranJa.
IHa puc. V.1 npuBenena anarpamma Jlionsnka aas merad-
Jgos [59]. Pa3iuuHBIMH 3KClIepHMEHTaMH J0Ka3ano, uTO
pa3ubie MeTalabl BeAYT ceOd MJICHTHUHO 1IPH TaK Ha3biBac-
MbIX CXOJACTBEHHBIX, HJIH IOMOJIOMHUECKHX, TeMieparypax,
PaBHBIX AJg# KaX/J1O0T0 MeTaJiaa.

ty =h tyg, (V.1)

rjae {p — roMoJioru4yeckKas teMmineparypa,
h — romosornueckuit Koapduunenr, %;

Ina — TEMNeparypa nJjaBJieHHs, rpai.

A. A. Bousapom [59] nokasano, HanpHMep, 4TO TeMepa-
Typa pekpHcTaldJan3aluu MeTannos {p pasia 359% fyn u MHO-
rHe CBOHCTBA METAJJIOB HIEHTHYHBI TNPH TOMOJOTHYECKHX
TeMneparypax.

Ilo ananorun anas rAHHHCTBIX TPYHTOB MOKHO CUHTATh,
YTO BJAAXKHOCTL Ha Trpannue texyuectH Wi sBAsIeTCs HCXON-
HOH JIIST TTOCTPOeHHA MOJAO0OHOH CXeMBl, VUMTLIBAsg HalexX-
HOCTb CTaHxapra ee onpenenenust. Ecau no ocu abeuucee or-
aoXuth Beanuuny Wy, a no ocu opamHat —orHomenne b=

W
= , HasBaHHOE HAMH TOMOJOrHYeCKHM Koshduinen-
T
TOM BJIaXHOCTH, TO MOJAYYHM JAHarpaMMy roMoJIOrHYECKHX

(CXOACTBEHHBIX) BJAXHOCTEH, 110 KOTOPOI 1% BCeX FPYHTOB
C OAMHAKOBHIM MHHEPAJIOTHUECKHM COCTABOM MOXHO oOnpe-
NeJUTh HICHTHYHbIE 3HAUCHHS Pey NPH OIHHAKOBOM K03 H-
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&1

Puc. V.lI. lunarpamma romo-
gorHuecKHX  (cxoAcTBeHHbBIY)
TeMIepaTyp AJd PasmiliiblX
METAJI0B

|L pexpucmanmzauus

—— Sy —

| |
b/ /A /) 2000 °C

Cr. /T
a) & 5=50%: £-048

Y — = - : g
4] . 5 ]._[.__ ! ‘ i J

-n-... .. ;;:_ /
20l ?Ht — | il__mﬁ{;t E:i'f‘?

v [ [ rkwng oo [

20 J7 4 5 Al n & a7 by W, %

| :
/) 20 J7 40 50 i, 70 W, %

Puc. V.2. Coensenne npu paspuiBe (@) u casHre (6) npps G=1 ans
CXOJCTBEHHBIX BJAMHOCTEN

nueHTe BoaoHacuimenus G uh. Ilpunuvast, yro npuoguuna-
KOBBIX 3Hauenusx fi, G H COOTBETCTBYIOLIHX Pcx HEKOTOPBIE
MPOYHOCTHBIE CBOHCTBA TJIHHHCTHIX TPYHTOB OIMHAKOBHI,
MOMKHO Omnpere/iuTh OOUHE 3aKOHOMEPHOCTH H3MEHeHHS
9THX CBOHCTB. ITO H COCTABJASIET CYTh NMpPENJIATaeMON THIIO-
Te3Hl.

OTmMeTHM, UTO C OIPCACTEHNLIN TPHOIHIKEHHEM A/ e
OOBLIYHO HCHONbL3YeMbIe IIPeNebl BJaXKnorTH (rpaHuua pac-
KatbiBaHus Wp, MakcHMaJibHasi MOJEKVJIASADHan BaroeM-
kKocTh Wy) A0st TPYHTOB € OJMHAKOBBLIM MHHEPAJOTHYEC uzn
COCTABOM HMCIOT NOCTOAHHBIE 3HAYEHHS TrOMOJOTHYECKOTO
Koa(pdpuuuenra h.
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B. J1. lpinnakos B 30-X rogax npeanaraJ cnocod oleHKH
NPOYHOCTH TVIHHHCTBIX IPYHTOB IpH pactsixkeHuu [9] ua oc-
HoBe pe3yabratos onpenenenusi Wy, Wy uto noarsepxkiaaer
CyUleCcTBOBaHHe obI1eil 3aBHCUMOCTH MeX Y BJIaKHOCTHBIMH
KPHTeDHSIMH H NPOYHOCTHBIMH cBoWcTBaMH. Ha puc. V.2
npHBeNeHbl pe3yabTaThl 00paboTkH JaHHBIX onbitoB B. 1.
LipinnakoBa u B. M. )KyKkoBo#t 110 onpenesyeHnIo cuelieHua
NpH paspbiBe H CABHIE Cp, Cc NPH NOCTOSHHBIX 3HAYEHHAX
h=0,5—0,8, xoTopble nalOT BO3MOKHOCTbL CYMHTb O INpPaBO-
MEPHOCTH M NMEPCHNEeKTHBHOCTH IIPHMEHEHHS TIpeljaaraeMo
FHIIOTE3bl, MO3BOJAAIONIEH CTPOHTH NPHEMJEMYIO CXEeMy nJja-
HUPOBAHHA 3KCIEPHMEHTOB IO OIpPEACTEHHIO CHENJIEHHs Ha
pas3pbis H 0000LIEHHA NMOJYUYEHHBIX PE3yJbTaTOB AJf Beex
TPYHTOB.

2. METOJIbI OITPEAEJIEHHS CBOVCTB
IV'TMHHUCTBIX TPYHTOB IT1PH PACTSIDKEHHUH

HcnblTanuaMu TAHHHCTBIX TPYHTOB HAa PacTAMKEHHe [1pe-
AYyCMaTpHBaJOCh ONPEAEJHTh: 1) Xapakrep paspyuieHHs
rPyHTa B COOTBETCTBYIOUIMX YCIAOBHAX; 2) 3aBHCHMOCTb
MEXAY OTHOCHTEJbHBIMH AePOpMAaUHSIMH H PaCTATHBAIOULLH-
MH HanpsiKeHHAMH; 3) 3Ha4YeHHs MoAayJaell  jaedopmauun
npH pactsxeunu £y, MakcuMa/bHBIX pa3pbiBAIOLINX VCHIRI
(cuenyeHHe Ha pas3pblB Cp) H NPEICJbHBIX OTHOCHTEJbLHBIX
negopManuilt yamTHHeHHs; 4) XapakTepHCTHKH ONTHMaJbHo-
ro COCTOSIHHSI IPYHTA € TOYKH 3PEHHS HEHLONYLIEHHS Tpelll-
HOOOpasoBaHu4.

G X (1

Y B %\f? ]{9{

o 1 Puc. V.3. 3asicu-

wl \ S{\r ""r ) - MOCTH  cuenjienns
A\ BT \ i Ha paspols 0T

20t A\ N2 N | BAQKHOCTH A48
\ 7 RSN S FMHHCTHIX TP YulTOB

5 T e %E‘qﬁ. o npn G=1

v 20 X W N 0 B 8 Dw

[Tosnyuenne Takux AaHHLIX, 0co0eHHO IJS TPYHTOB pas-
JIHYHOrO THIA H COCTaBa, R TOM YWHC/IE MIHHHCTBEIX ¢ KPYIHO-
3EPHHCTLIMH BKIQUerHiIMH, CBA3aHO CO SHAYHTEJIbBHBIMH
TpYAHOCTSMH, H OONBUIHHCTBY HCCJelOBaTe/]eH K HacToslILe-
My BPEMEHH YJaJIoCh NOJAYYHTH JHIUL HEKOTOPHIE YacTHbIE
pesyJbTaThbl, HEAOCTATOUHbIE AJA MOCTPOeHHS OOIIHX 3aKo-
noMepHocteil. TeM He MeHee BHIsiIBJieHHbIe OCOOEHHOCTH B
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. [OBeJIGHHM TPYHTOB NMPH PACTSIKEHHH NPEACTABASIOT 3HAUH-

VAN

e’ ik

N RN s

TeJIbHBIH HHTEpEC.
Ha puc. V.3 u B taba. V.l npuBefeHsl HEKOTOpble pe-

TABJHL A VI

n.:hﬂm Ipyur :E_fg, Wi % wp' % Y % Hecneponatenn
1 [TMoamockKorHBIA CY- \
FJIHHOK { 2,69 22 13 9
2 |To ke 2,701 30 18 112
3 |[ToamockopHas rau-| (
Ha 2,69 40 21 19
4 |To xe 2,68 46 23 |23 B. 1. Usnaa-
) » 2,67| 66 31 | 35 KOB
6 » 2,67 88 45 | 43
7 » | 2,67 104 53 | bl
8 |Hesonckan rau-
Ha 2,701 2 14 9 |
9 |Boposuuckuit  cy-
FAHHOK 2,721 29 18 | 11 M. I'. Pymau-
uesa
10 |Oprotokoiickuit cy-
FAHITOK 2.73 | 32 18 | 14
11 |HoBoMOCKOBCKHIT
CVITHHOK 2,856 | 66 47 |1 19 (I B. C. Heromuta
12 |Crasponoancxas
rAnHa 2.72 | 26 | 45

3yJbTaThl ONpeAeaeHHs] 3aBHCHMOCTH CUEMNJICHHST HAa pasphiB
ot Baaxuoctu W naa paga rpyatoB npuH kKoadduumenre
BofoHacuimenuss G=1 no naunsiM B. JI. Isnaaxosa [9],
M. I'. Pymsinuesoit 1 B. C. Mcromunoit [20]. M. JonexaJo-
Boit [18] ans Tpex pasHOBHAHOCTEH TIVIMHHCTOIO TPyHTA
(cM. Taba. V.2) no pesyJabTaTaM HCHbITAHHE HA NPAMOE pa-
CTSMKEeHHe 110JyUYeHbl 3aBHCHMOCTH ClEMJIeHHd Ha Pa3peiB OT
GH3HYECKOro COCTOSIHHUSI TPYHTOB 1pH pasauusbix G.

Jns rpyHToB Ne 1—8 OnbiTel BHIMOJHSAJHCH MyTeM pac-
TSIZKeHHS BOCbMEPOK M3 TpyHTa NOA BOJOH, a JAJs 'PYHTOB
Ne 9—12 —nyreM pacrsKeHHS UHJAHHAPHYECKHX o00pas-
1LOB.

OnbiTaMH YCTAHOBJEHO, YTO MAKCHMaJIbHOe OTHOCHTE/b-
HOe VAJHHEHHE YBEJHUHBAETCA C MOBLIIEHHEM BJaXKHOCTH
npu nocrosinnoM KospduuueHte BoOAOHACHINEHHS, a CLeI-
JeHne Ha paapblB Cp yMenbuaerca. s pasanunbX rPYHTOB
¢p H3Menusoch ot S g0 70 klla.

B nocJsiejiHHe oAbl IPH HCHBITAHHAX Ha PacTsKeHHe CTa-
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AU NPHMEHSTh MeTOJ] uaru6a rpyuroseix Gasok [18, 68].
ITOT METOJ NO3BOJSAET Ha LEHTPAJbHOM yuacTKe, Harpyxa-
AMOM 110 CXe€Me YHCTOro H3ruba rpyHTOBOH OaJIKH, HOJAYUHTDL
VCJOBHSI, HIACHTHUHDLIC VCJAOBHAM YHCTOrO pacTsXKenus, i,
HCIIOJIL3YH 3aKOHOMEPHOCTH CONPOTHBJAEHHS MaTEpHaJoB,
OIPEAC/NNTL pacTAruBalolle HATPAKEHHS U OTHOCHTE/IbLHbIC
nedopmanun, a TaKKe YCTaHOBHTb 3aBHCHMOCTb &= [(0)
NPH PaCTSKEHHH.

Bnepsbie 3T0T METOA AJs IVIMHHCTBIX FPYHTOB Obla IpH-
venen Jleonapacom u Hapaiinom [68]. Astopamu O6bl1H
IpoBeleHbl HCCIe10BAHNA 3aBHCHMOCTH TNpelesibHOH BeJii-
UHHBI OTHOCHTEJIbHBLIX AedopMaliH pacTSKEHHUA OT BJAKHO-
CTH H IVIOTHOCTH TPYHTA, HHTEHCHBHOCTH VILIOTHSIOUWIHX 1ia-
I'PY30K, CKOPOCTH Harpy»KeHust AJs IEeCTH Pa3HOBHIHOCTEH
FVIHHHCTBIX TPYHTOB, B TOM YHCJI@ HCIOJAL30BAHHBIX IPH CTPO-
HTEJLCTBE INIOTHH, B KOTOPBHIX BIOCJAEACTBHH Hadai0aniuch
TpelHHbl, HYHeI0 MacTHUHOCTH  HCHBITBIBAEMBIX TPYHTOB
H3MeHstoch 10 Wy=459%.

Aunanornynse onbitet M. Lonexanosoit [18], npopenen-
Hble NpH cKopocTH HarpyxeHus 200 r/u ¢ Janrapckum cyr-
JIHHKOM, TNOJATBEPAHJIH OCHOBHbLIE TeHJACHUWH H3MEHEHUS Cp,
€p B 3aBHCHMOCTH OT IJIOTHOCTH H BJaX{HOCTH,

j. JI. Koranom u ap. [2]1] nposoauanch HecaexopaHus
M0 onpeiesieHHi0 MnNpelesbHON aefopMalliH  pacTsiKeHHs
FJIHHHCTBIX FPYHTOB IYTE@M HCNBLITAHHS HA OJHOQCHOE pacTs-
KeHHe 00pPa3sUoB-BOCLMCPOK H METOL0M MONEPeYHOro cocpe-
NOTOYeHHOro H3rHba GaJjiouex M3 NIHHHCTOTO PYHTA,

OnblTamMit yCTaHOBJICHO, UTO 3aBHCHMOCTL JichopMaliHy
DACTAKEHHST OT HArpPY3KH HMECT KPHBOJHHEHHbIH Xapaxkrep ¢
NJIOWIAAKOH TEKYYECTH Ha ydacTKe, [PelIecTBYIOMEM pas-
PYWEHHIO; ClenJeHHe Ha paspbiB yMeHbIIAeTCA C yBelHue-
HHEM BJaXXHOCTH; KPHUBBLIE 3aBHCUMOCTEH npeaesnbHOH Jie-
(popmaunn ymranseHust orT BIAKHOCTH HMEIOT SKCTpPeMaJib-
HBIH XapakTep ¢ MAKCHMYMOM IPH BJaXHOCTH, OJMIH3KON K
ONTHMaabHOH a1 paunoro rpyura W= W, u.. Or™Meuanocs
TAKXKe, YTO BEIHYHHA TNpeJeJbHBIX OTHOCHTEJALHBIX aedop-
Malui PACTANKEHHS €p, 110 AaHHBIM «0aJOUHBLIX» HCNBITAHMIL,
NpUMEpPHO B 3 pasa npesbillaeT 3HAYCHHA e, TOJYUEHHDLIC
H3 ONBITOB HA OAHOOCHOE pacTsiKeHHe.

[To nawemy MHEHMIO, npHMeHsieMas B JaHHOM caydae
MEeTOIHKa H3ruba rpyHToBBIX 6ad0K COCPeLOTOYEHHOM CH-
10H HEA0CTAaTOUHO 0GOCHOBAHHA, MOCKOJIBLKY OHA He obecre-
"HBaeT OJHOPOANOCTH YCJOBHH B OTHOWIEHHH PaCTACHBAIO-
UIHX HALPSMKEHHIL.
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B 3axusiouenue ciaelyer oTMeTHThb, YTO YCJIOBHUS TPOBE/E-
HHSl MCOBITAHHH M AHAanasoH HCCAeZOBAHHBIX TPYHTOB He
- MO3BOJAIOT CHOPMVYJIHPOBATL OOGIUMX, CHNPaBeASHBBIX JJA

BCeX FPDYHTOB 3aKOHOMEPHOCTEH H3MEHeHHSI NPOYHOCTHBIX H
neOpMaTHBHLIX ITapaMeTpoB OT MHOIrooOGpasusi BJAHSIOUIHX
paxkropoB. OCHOBHBIE TeHAEHIHH H3MEHEHHS ISTHX mapa-
METPOB OYeBHAHLI, H HMEIONUIHEeCcs pe3yJbTaThl MOMXKHO pac-
cMaTpHBaTh KakK HCXOAHbIEe Aas npoBeaeHus GoJsee aeranb-
HBbIX HCCJI@JI0BAHHMH.

3. ONIPEJIEJIEHUE XAPAKTEPA PA3PYIIEHHS
[JIMHUCTBIX TPYHTOB ITPU MAJIBIX
OBKUMAIOLLINX TABJIEHMSIX

. IlpenBapurenbHbie ONbITHl MOKa3a/H, 4TO XapakTep pas-
PYIIEHHS TVIHHUCTBIX TPYHTOB NPH pacTsyKeHHH OGJH30K K
XPYIMKOMY ¢ BecbMa MaJjbIMH OTHOCHTEAbHBIMI AedopMalli-
SIMH, NPeAIIeCTBYIOIIHMH Pa3pbIBY.

Ecau rpyHT HaX0oAMTCS B YCAOBHAX HEDOAbIINX 06XKUMA-
IOIIHX Harpy3ok (Hanpumep, B rpeGHeBoil 30He sijapa), xXa-
paxkTep ero paspyuieHHs MOXKHO YCTAHOBHTb IO HEXLaBHO
NPeIOKeHHOH METONHMKe CABHIOBBLIX MCHNBITAHHH ¢ onpeje-
- JIleHHeM napaMerpa xpynkoctd [52, 71]. D10 no3BOAHT BbI-
' SICHHTb BO3MOXXHOCTb NPHMEHEHHS V15l OLEeHKH TPeUlHHO00-
" PasoBaHHA B I'VIHHHCTOM TPYHTE 3aKOHOMEPHOCTeH MeXaHH-
~ KH Xpynkoro paspymenns [38].
f Crenyer oTMETHTb, UTO OLEHKA BO3MOMKHOCTH TPEUIHHO-
- 00pa3oBaHHA B I'VIMHHCTOM TPYHTE 110 Pe3VJbTaTaM CABHIO-
. BbIX HJIH TPEXOCHBIX HCIbITAaHHH HauboJee 10CTOBepHa, ec-
~ JIH IIPH 3TOM CBAI3BLIBATH IMOJYYEHHbIE JdHHBIE C BO3MOXKHO-

CTbIO Pa3pyueHHsA TPYHTA MO THNY CABHIA HAH CKOJbXKEHHSA

- (ycnosre Mopa—DPenkuna). B 1o ke Bpems Buapes u Jlou-
ne [71] npeasnaraior mo pesysabTaTaM CHABHIOBLIX HCIBITA-
HHH NpH HEOO/bIIHX 00XKHMAIOUHX HATPY3KaX OLEHHBATH

. BOOOIIEe XPYNKOCTb FPYHTOB B 3aBHCHMOCTH OT HCXOIHBIX

- 8HAYeHWH NJOTHOCTH, BJAXKHOCTH, NJAACTHYHOCTH (pew, W,
Wy) u 1. 1.

MeToaMKa TAaKoO# OLIEHKH OCHOBAHA Ha auaJiuse quar-
Al
paMMBbl caBura t=/( = ) (puc. V.4), nonyuentoit npu ue-

mbiTaHuAX. HeoOX0AHMO OTMETHTH, YTO NMOCKOABLKY 0COOLI
MHTEepec NpH 3TOM NPEACTaBJseT XapaKTep H3MEHeHHs (po-
CTa WJIH CHWKEHHS) CABHTAIONHX HATIPSKEHHuil T B Npouec-
CE OnbITa, 3KCNIEPHMEHT JO/IKEH TMPOBOAMTLCA [0 CXeMe
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«TIOCTOSAHHON cKOpoCTH AedopMallui», a HE 110 cXeMe «KOHT-
poJsiipyeMbIX HanpsKeHud». K nmpubopamM Ttakoro tuma OT-
HOCHTCSI, B YaCTHOCTH, CABHrOBOH npubop cucreMsl A. A.
Huuumoposuya [33], Ha KoTopoM H OBIIH NPOBENEHBI OC-
HOBHBIE OTIBITH 11O JaHHOH METOdHKE.

Pac. V.4, dunar-
paMMa cABHra mpH
HOTILITAHHAX ia
capurosoMm (@) H
rpexocHoMm (0) npu-
Bopax

[Ipn ucnpiTaHHAX HA CABUT TPYHTA NPH OIPeaeseHHBIX
3HAYeHHAX BJAAXKHOCTH, NJOTHOCTH, YHCJIA IJIACTHYHOCTHU
(W, pex, Wn), npeasapuTesbHOTO VIJOTHEHHS (Opp) H IIDH
HEKOTOPBIX HOPMAJbHBIX AaBJEHHAX (0n) BIpollecce ONbiTa
cHavaJsa HabaogaeTcsd VYBEJIHYGHHe CABHUIrAIOUIMX HanpsaKe-

Y A o
HUH T € POCTOM OTHOCHTENbHBIX JedopMalnui o IO o1npe-

TeJeHHOH BeJNYHHBI, a 3aTteM JH00 cTaOHAH3AUHA Tyake =
—const, 1u00 HeKOTOPOe YMEHLIIEHHE 10 OCTATOUHOH BeJH-
YHHBL Tocr, NPH KOTOPOH NPOMCXOAHT ZaJjblielliee paspylie-
Hue (cpes) obpasiua rpyura.
Ty
Anaansz otHomeHust [= -“2E¢  pasnsiBaeMOro VCJOBHO

Toer
«IapaMeTpoM XPYNKOCTH», MO3BOJACT NPHOJNHMKEHHO ole-
HHTb XapakKTep pa3pylieHusi TPyHTa B 3aBHCHMOCTH OT HC-
XOJHBIX IMapaMeTpOB, NMPHHHUMAS B KauecTBe KPHTEPHH VC-
JIOBHHA: :
1) npu [=1— paspylieHue miacTHUECKOE;

2) npu [>1— paspyluenne Xpynkoe.

[Tockonbky mamenenue ¢Gopmbl Teja BbI3biBaeT Jedop-
MalUHu HENnpepuiBHBbIE U NMPePBIBHCTHE, NMPEANONaraeTcs BO
BTOPOM Cayuae obGpasoBanne ocoObIX 10BCPXHOCTEN pasphipa
HJIH CKOJIbKeniss. OOpasoBaHue TakuX MOBEPXHOCTEH MOMKET
ObITb OOYCJHOBICHO YMEHbIIEHHEM MEXaHHYECKOrO CONPOTHB-
JCHHS NPH XOCTHXKEHHH ONpPEeNe/IeHHOH BEeJHYHHBI HedopMa-
IHH  (Toer <Tyarc), BBI3BIBAIOLICH pas3pylICHHe MaTepHaua,
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. pcyesHoBeHue obleH CBfAS3-
HOCTH H, HaKOHEL, TOsiBJIe-
HUEe TPEULHH.

Ha puc. V.5 npencras-
neHbl HEKOTOpbhie pesy/ib-
TaTHl METOJAHUECKHX Olibl-
TOB 110 OlIpeJeJIEHHIO 3aBH-
CHMOCTH f'_'—_'"lll'(ﬂ'ﬂ, W, Unp),
Ananuz 3tux rpaduxosn
IIO3BOJIACT BBICKa3aTh CJlc-
NYIOLLYIO THIIOTe3Y, OCHO- |

BAaHHYI0 Ha ONLEHKE 11apa-  Pye, V.5, 3asucumocts fapamerpa
METpa XPYHNKOCTH f.‘ FNMTHHKH-  xpyokoctH [ or saamuoctd W
CTHIT TPYHT CKJOHEH K Tpe-  PeABAPHTELIOrO VILIOTHEH NS

[IIHHOOOPa30BaHHUIO Tem O°P

Oosblie, yeM OOJblLIC Be-

JHYHHA IapaMerpa XpPyNnKoOCTH (BO BCAKOM CJydae (IpH
f>1) u cooTBercTBEeHHO YeM NJacTHuYHee rpyHT (deMm 60Jb-
me Wy), ueM BBILIE IJIOTHOCTD FPYHTA Pex, YEM HHXKE BJaaXK-
Hoctb W H yem OGoJblue IpeIBapHTENbHOE YINIOTHEHHE O,

. ..
Pexr Onp: W,
= ( ” ), (V.2)

AlJist BLIACHeHHS NpENeJioB M CTeNeHH BJIHAHHA HCXOM-
HbIX XapaKTePHCTHK F'PYHTOB Ha BEJHUHHY mapaMerpa xpyi-
KOCTH [ OBl TNPOaHaJH3HPOBAHBI PE3yJbTaThl SKCHEPHMEH-

- TaJbHbLIX HCCJAELOBaHHH C IVIHHUCTLIMH T'PYHTaMH Ha npubo-
pe A. A, Huuunoposuua sBo BHUHW BOIATI'EO! Uccaenopa-
Jlach KyuHHCKas IVIHHa [pH BJIaXHOCTsAX W=0—42% n
H300H/JAbHEHCKHH cyriaHHOK, uMeomuin W,=43,7% W=
=26,7% npu Braxkunocrax W=5—249,.

[Ipencrasaennble Ha puc. V.6 HEKoTopble pe3yJbTaThl

—>< —

Puc. V.6. 3asucamocts napamer-  {# - -
Pa Xpynkocti [ OT BAAKIOCTH H |

HOpPMAJIbHOI'O  jla3/eHHH  IIpH e | 75 -.
CABHIEe NPH Pex==1,6D rfem® I| m |
{0+ =

0 15 W

! B yKkasaHHLIX MCCAEAOBAHHAX NPHHHMAJA yuacTHe CT. HHIK.
H. H. Ileuenxo.
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3THX HCCJOBAHHIN, a TakKie JaHHBe APYrux aBTopoB [71]
[103BOJISAIIOT OTMETHTD CJeayiollee.

Jns1 60MBIHEHCTBA TJIHHHCTBIX PPYHTOB NPH MJOTHOCTSX
H BAa)HOCTAX, OVIM3KHX K ONTHMAaJbHbIM (NMPH KOTOPBIX
PYHT yKJaABIBAETCH B #AJPO HJH 9KpaH NJAOTHHBL), IPH
HOPMaJbHBIX O0GXKHMMAIOLIHX JaBJICHHAX, MEHbIIHX HEKOTO-
poi BenHYHHH (0,<<0,1—0,4 MIla), 1. e. st rpebGHeBOI
30HBI, 3Ha4YeHHE NapaMeTpa XpymnxkoctH OoJblle eIHHHILBI;
C/IEI0BATEJbHO, 'PYHT B 3THX 30HAX CKJIOHEH paspyliarhCcs
XPYIKO C BO3MOXKHBIM OOpas0BaHHEM OTKPBITHIX TPEI[HH.
ITOT BaXKHBI BBIBOA CBHAETEJLCTBYET O NEPCINEeKTHBHOCTH
NIPHMEHEHHA 3aKOHOMEDHOCTEH MEeXaHHKH XPYNKOro paspy-
IIEeHHA AT OHEHKH TPelHHOoOpasoBaHHsT B IVIMHHCTHIX
FPYHTaX si/ipa B BepPXHHUX 30HAX. MOXHO TakXKe OTMETHTD,
YTO C YBEJIHUEHHEM IPEABAPHTEJBHOTO YIJIOTHSIOUIEr0 14B-
JeHHUS XPYNKOCTb MaTepHaNa BO3pPacTaer; CJaeA0BaTeJdbHO,
epeynJjoTHeHHe BePXHHUX CJ0EB TPYHTA HEXKeJaTeJbHO.

YKasaHHy0 METOAHKY, 110 HalleMy MHEHHIO, B aaJbHeii-
lIeM HeOOXOAHMO COBEPUICHCTBOBATh C LEJABIO NMOJYUYEHHS He
TOJALKO KauecTBeHHBIX, HO H KOJHYECTBEHHBIX XapaKTepH-
CTHK, NPHTOAHBIX JJIS ONpEe/Ae]eHH NnapaMeTpoB TPEIHHO-
00pasoBaHus, HAPUMED BA3KOCTH paspywenus [38] u . m.

4. UCIIBITAHHSI HA OAHOOCHOE PACTYUXEHHUE
[VIMHHUCTDBIX TPYHTOB

CyuiecTByeT HECKONBKO CNOCOGOB HCNBITAHHS TVIHHHCTBIX
FPYHTOB Ha pacrsixKeHue. OCHOBHBIMH OTJIHUHAMH HX SIBJS-
IOTCA: CXeMBbl NPHJIOMKEHHSI Harpy3kH K obGpasuy (B Bepriu-
KaJbHOM HJH TOPH30HTANbHOM HallpaBJeHHH), <C110CO0OHI
3aKpemyeHusi obpasna B onopax (npHKJIeHBaHHE, 3aKHUM |
T. 1.), Gpopma o0pasuoB (UHIHHAPHUECKHE, NpPU3MaTHIC-
CKHe, B BHJE BOCBLMEPOK) M T. 1.

ITIpamMenenne 3THX crnocoGoOB TO3BOJSET OnpeneuTh He-
00XoAHMble mapaMeTpbl TPYHTA IPH PACTSEKEHHH (MoAy/b
aedopMaumu, cuenJaeHne na paspuiB, OTHOCHTEJLHLIE aedop-
MalHH yIJIHHEHHSA) NPH HaJHYHH CNELHATbHON H3MEPHTE/b-
HOH TEXHHKH.

PaccMOoTpHM MeTOAHKY M pe3yibTaThl HCCJAEAOBAHHII B
npuéope npsaMoro PacTszKeHHs, B KOTOPOM IIpH3MaTHYeCKHI!
obpasel rpyHTa, YAEp:KHBACMLIH HA KOHIIEBbIX YyacTKax <
IOMOLIbIO METANTHYECKHX land 3a cuer cHJI TPEHHS, pacTs-
FHBAJICS NIPH BePTHKAJbHOM INPHJIOKEHHH HATPY3KH Ha cle-
[[HaJbHOM ycrtpoitcTBe (pue. V.7) [18]:
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[TpeumywiecTBoM yKkaszanHoro cnocofa sBasieTcsi TO, 4YTO
obpasell rpyHTa MOXKHO IPHIOTOBJATH B ClIellHaJbHOH Npece-
¢opme, obecneyHBalOllell  NOCTATOUHVIO  OIHOPOAHOCTH
ero, 3ajlaHHylo IJOTHOCTb H BJAaXKHOCTb. st 3TOrO rpyHT
[IOCJOHHO VKJIajAbLiBAIOT B
dhopMy U NOABEPramT Co-
OTBETCTBYIOLLEMY obxa-
THIO Ha BHHTOBOM IIpecce,
KOHTPOJHPYH BEJIHUHHY
O00XKHMAIOIHX  HArpys3oK
(0OLIYHO He TIpeBbINIalo- .
wux 0,6—0,8 Mlla). llpu- et
TOTOBJEHHbBIH obpaserr
B3BEIIHBAIOT VI KOHTPO-
JsI IJIOTHOCTH H IOMella-
IOT B HCIBITATEJIBHOE VCT- |
poiicrso. llpu nposeacHuu
JJIHTEJbHBIX OIHITOB  00-
pasel, Bo u30exKaHHE YCBbI-
XaHHA NOKPHIBAIOT TOHKHM —
CJloeM cMecH napaduHa H |
Ba3eJHHOBOTO Mmacaa, | R
BJHSAHHE KOTOpPOro Ha pe- S 520
3yJbTaThl HCHBITAHHI, 110 5 s :
naunHbiM  [18], cuumraercs @z . =
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HESHAYHTEJLHBIM. . 7
Caenyer OTMETHTb, 4TO 4 o
YKd3dHHasd METOIHKA ode- | T 5 T X
CliI€4HBaeT AHOCTATOYHO OJI- Tl“

K u
HOpOJAHOE HallpA A CHHOC NN ‘ﬁ\\\\\\%\\\\\\\\\
COCTOSIHHE Ha YUAaCTKe pac- p V7 C 6
He. V.r. xeMa npubopa ox-
o e ﬂ{)ﬁt{TH B HOOCHOTO pacTHAXeHHA
BCEX CayHaaXx HaLJAXOA4Jl- | — narynHule nangsl; 2 — ofpasel
Cid pP4a3pblB H H3MEDPHJAHCL FPYHTA; J — BHYTPEHHHIl ~ CTaKaH;

4 —BHemWNUA cTakad: 5, 6 — unuan-
OTHOCHTCJ/ILHEBIE EE(DGPMH‘ KH AnA Kpemaenus obGpasua; 7 — Ha-
LMK YIJIHHEHHS. rpysoqustii GyHKep
Cuenyienne Ha pasphlB ONpeAenasnocs 1o gopmydae
Puake
neficts

(A€ Puaxe — MAKCHMaJbHasi BeJHYHHA  PaACTATrHBAIOLIEro
YCHJIHS, MPeALIECTBYIOUEro paspbiBy:;
Freticrs — NeHCTBUTENbHAS IVIOIAAL B MeCT€ paspbiBa,
onpejesseMast mocje OlbITa.
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OrHocuTeabHble nedopMalHi U3MEpSIH € MOMOULBIO KaTe-
TomMerpa Ha Gasze 20 MM c ToyHocrbio 0,006 mm. OnbITH TIO-
Ka3aJH, YTO paspyuieHHe IJIHHHCTOTO TpyHTa B 00JBIIOM
qManaszoHe nJaotHocTeH H BaamxHoctel (pex, W) npoHCXOAMT
NpH BECbMAa HE3HAYHTEJBHBIX NpeABAapPHTEJbHBIX Hedopma-
uuax. [TosroMy He BO BCeX clydadax yiaaercss OnNpeiaesHTh
3HaYeHus1 OTHOCHTeJBHBIX JAedopMaluu g a TakKxe IMOJIY-
YHTL AHArpaMMy CBSI3H MEMKIY HalpsKeHHAMH H OTHOCH-
TeabHLIMU JedopyManusivu o= ().

MensiTyeMblit o6pasent pasmepom 9,2X2,6X2,6 cM HMe-
eT Y4acTOK cBOOOJIHOIO pacTsKEHHs (He 3alMUeHHbIH 1al-
thaMu) B LeHTpaJbHOM YacTH ANHHOH 20 MM,

[Tpn mccienoBaHHAX B OCHOBHOM TpPeOOBaloOCh BBIABHTH
BAHAHHE caeayiomux (paxTopoB Ha BEJHYHHY CLEIJIEHHS Ha
paspbiB ¥ aedopMallHH YAJHHEHHA: IVIOTHOCTH, BJIAXKHOCTH
W, xoapduunenra BogoHacuienus G, xapakrepa TpyHTa
(1. e. 1ast rpyuTos ¢ pasanyubiM Wy), CKOpoCTH Harpyxe-
HHS, HAJHYHS B INIHHHCTOM IPYHTE KPYNHO3E€PHHCTBIX BKJIO-
YeHUH.

OCHOBHBIE X4DaAKTEPHUCTHKH HCCJAEAYEeMbIX I'PYHTOB IIpH-
BeqeHsl B Taba, V.2.

B onbiTax HCIONBL30BAJCSI MaTepHalt, NPOCEAHHBIH Ye-
pe3 CHTO C OTBEPCTHAMH 1 MM.

HMcenbiTankst TPYHTOB CO CTOJb Pa3iHYHBIME HCXOAHLIME
napaMeTpaMy IO3BOJIMJIH B JaJibHeHmeM 0000IHUTL TIONY-
HEHHBIE PE3YJbTATbl C YHYETOM IEDEHCTHEHE'HHﬁ 0 TOMOJOrin-
yecKod BiaaxHoctn. Beero 6b110 nposeneno oxoso 150 we-
noltanud. Ha pue. V.8 npuBesennl HEXOTOpble pe3y/bTaThl
3THX ONBITOB, H3 KOTOPbLIX OTYETJIHNBO BHAHO BJHSAHHE BJaXkK-
HOCTH M IJIOTHOCTH Ha clUenJieHue Ha paspbiB. MoxXHO Tax-
Ke OTMETHTDb, 4YTO C yBeJHUYEHHEM ILJIOTHOCTH H YMEHbIIEHH-
€M BJaXHOCTH CUCIJIEHHE BO3pacTaer, NpHYeM IJs Bcex
FPYHTOB IIPH BBICOKHX BJIaMKHOCTSIX BJHSAHHE IJOTHOCTH Ha
Cp MeHee CYIIECTBeHHO, YeM IIPH HH3KHX. 3aBHCHMOCTh Cp=
=[(pex) npu W=const umeer KpupoauneHHbIl Xapaxrep.
Ob6paGoTka pe3yabTaTOB ONLITOB MO3BOJHIA COBMECTHThL Ha
OAHOM rpaguxe JHHHH PaBHBLIX ClEINJeHHH Ha paspbiB C JH-
HHAMH paBHBIX KO3(p(PHLIHEHTOB BoJoHackhleHus (puc. V.9).
ITOT rpaduK MO3BOJSET BO BCEX HANPABJAEHHUSIX NPOCJACIHTD
34 H3MCHCHHEM ¢p, a TaKxke s M00bIX 3aMaHHBIX HCXOMI-
HBIX XapakKTePHCTHK I'PYHTa ONpede/IuTh 3HauCHHE Cp==
:f(pm-:,- 1|r‘W)

O6paboTKa pesyibTaTOB HCCAEL0BAHUIT IS HCIIBITAHHBIX
rpyHTOB, a Takxe faHHbiX B. Il. Llpinnakosa ¢ Touxn 3penus
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w7 K BB X 22 2w

e
\\\”\Q?Eg, Puc. V.8. 3asucmmocry

R CLeIIEHHs]  HA  paspLiB
/5 =h OT MJAOTHOCTH H BJAXKHO-
Zn CTH JUISl  THCCAPAKCKOID
\\ CYTAHEKA (a) M Meaxo3e-
n R Ma KOJLIMCKOrO  TJHAH-
\1 CTO-1120eHUCTOTD TpyH-
b8 | ra (6)
J
0

g R SR

H3YUYEeHHSI 3aBHCHMOCTH CIMJIEHHA Ha Pa3pbiB Cp OT roMo-
JOTHYCCKHX BJIAXKHOCTEl H IJISI MOCTOSHHBIX K03(hdHIIHeH-
TOB BOJOHaCHIeHHsT G MO3BOJAHJIA [OCTPOHTH CBOLHBI
rpadux uameHenus c¢p (puc. V.10). UntepecHo OTMEeTHTD,
UTO TMOYTH MO BCEM IPYHTAM I10JYUHIOCH BeCbMa Xopollee
COBIIdJICHHe 3HAUEHHH Cp, ONPENEJICHHBIX [PH TOMOJOTHUC-
CKHX BJAMKHOCTAX H NMOCcTOHHBIX G.

YUHTLIBAsl, UTO B NPAKTHKE INIOTHHOCTPOGHHs MHJsi silep
H 3KPAHOB IVIOTHH BO MHOIHX CJAYYasX HCNOJb3VIOTCH CKe-
JeTHhle  (IVIMHHCTO-TPAaBeJHCTBIE MAH  TVIHHHCTO-1eGeHH-
CTHIE) TPYHTHI, OBVIO OTpeNeNeHO BJHTHHE COACPIKAHUS TO-
r0 HJAM HHOTO KPYNHO3€Ma B CYTJHHKE Ha ClHelJIeHHe Ha
paspwiB. IIpouent conepxanust kpynnbix gpaxuuit (Las yc-
JIOBHH TPOBENEHHBX OIbITOB H PasMepoB 06Pa3L0B BeJdHH-

112



D) e
(55 4‘??; % 5 et -
] i - ! e & 1 :
=
= 1 \g{ _
(45— o _, ’.’ . |
1 = | — e -l

R S L T e W VBB W

Puc. V.9. Jlunun pasuuix cuenseHuil na paspus ¢p B 3aBHCHMOCTH 0T
Pex, W, G AJ% ri1ccapakckoro cyrimika
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Puc. V.10. OGoGutesnbiii Tpadnk 3aBHCHMOCTH Cp OT TOMOMOLAUECKOTO
Kosp@uumenra i u G

Ha (ppakuuid weOHA ¥ rpaBus Koiedanach B npegenax 3—
10 mm) uamensscs ot 0 go 609.

Heo6x0oaHMO KPaTKO 0XapakTepu3oBaTh METOAHKY OlLEH-
KH INIOTHOCTH, BJIAXKHOCTH CMECH H MEJKO3eMa B CKEeJEeTHOM
rpyure [28, 62]. M3 pacemoTpenusi ycaoBuit comepKanus
MaTepHaJOB MEJIKO3eéMa H KPYIHO3eMa B eIHHHUYHOM o0he-
M€ TPEeNCTaBHJIOCh BO3MOXHBEIM MNOJNYYHTH CJAEAYIONIHE OC-
HOBHBIE€ (OPMYJIBI:
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e P Poxc (1 W)

Pou = eex (1 +W) p, 4 ¢ (1 —p, )
Wok (1 — py)

P Pex (1 W) b pe (1 —py)

roe pew — INIOTHOCTb CMECH BO BAAKIOM COCTOSHHH, T/cM®:
Wen — BJI2XHOCTH CMECH B OTHOCHTEAbHBIX €JHHHUAX;
Pk — IVIOTHOCTb OTAEJNbLHLIX KPYINHO3ePHHCTBHIX (pak-
Luit, r/em?;
Oex — IJIOTHOCTL MeJIKo3eMa, rfem’;
W — BlaxXHOCTD MEJKO3eMa B OTHOCHTEJABHBIX €Li-
HHLAX;
Px — TIPOLEHTHOE cOMepKanue XKpynublx ppaxiuit 1o
Macce B CMeCH B OTHOCHTENbHBLIX eJHHHIaX.
OueBnano, uto npu px=0, Wen=W, 1. e. BJI2XKHOCTL
CMECH paBHa BJaXKHOCTH MeJKo3ema, 3aHHMAalollero Bech
obpazen; npu pr=1, Weu=0, NMOCKOJLKY MeEJKO3eMa Her.
YKasanusle GopMyJibl NOJYYEHBI B NPEANONTOKEHHH, UTO BCS
BJara, cojaepiamasca B CMeCH, 3aTPayHBAeTCs Ha YBJIaK-
HeHHE MeJKosema. B jgeficTBHTenbHOCTH, OnpelesneHHasT ee
A0J51 pacxonayercss Ha CMauyMBaHHe HaCTHIL KPYNHO3eMma,
BCIEACTBHE YEro YyMEHbIUACTCH BJAXKHOCTL MEJKO3eMA.
ITOT AePHUUHT BJAXKHOCTH, KOTOPLIH HYKHO YUHTHIBATD NPH
OArOTOBKE HCABITaAHHS H 00paboTKe pe3vibTaToB, MOMKET
ObITb HaHAEH 3MOHPHYECKH, COMNOCTAaBJSS JEHCTBHTEIBHYIO
BAAKHOCTD MEJMKO3eMa ¢ 3aJaHHOH NpH NOATOTOBKE 06pas-
lla, T. €. BeJIHYHHA

. A w’rl-: e “T::u,q — w’n-n‘:crn {V-E}

¥

(V.4)

hwcm =

Olipeae/sieT NMOTePH BJard Ha CMauHBaHHE KPVIIHO3eMa.
[TonpaBky Ha moTepo BJAAKIIOCTH MEJKO3eMa Npu MpH-
FOTOBJIEHHH CMECH € KPYHNHO3EPHHCTBIMH BKJIIOUEHHAMH
MOMXKHO NPHOJHKEHHO OUEHHBATL MO BAAXKHOCTH KpynHoO3ep-
HHCTBIX BKJIIOYEHHH. MeToHuecKkHe onbiThl MOKAa3aJH, 4To ¢
ISMCHEHHEM KDYNHOCTH M3MEHSIIOTCA 00Iass [oBepXHOCTb
CMAUMBAHH5 YaCTHL, H COOTBETCTBEHHO HX BOJOMNONIONLAIO-
lilasg CnocOOHOCTL H BAAXKHOCTh. JlJsl npaKTHUECKHUX OLEHOK
npexsaraercs gopmyaa
0,1

Wk = —

: V.6
De, (V.6)

rae Wyi — BAaXHOCTb KPYynHO3eMa ¢ (paKiusiMu CpexHero
AHaMeTpa (B OTHOCHTEIbHLIX €AHHHIAX):
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Dy; — xpynHocTe ¢paxuuii Ha i-M yyacTke KpHBOR
3ePHOBOrO COCTaBa, MM.
BiaxKHOCTb KpynHo3eMa Kakoro-iuOyAb NPOH3BOJABLHOTO
3€PHOBOrO COCTaBa MOXKHO ONpeaesuTh no dopmyse

{ {
A 0,1
Wy = ; P”Hi Wy wan Wy = % pﬂm_ Dy " (V.7)

raie fp., — NPOLUECHTHOE cCOJepiKaHHe (B OTHOCHTEJIbHbIX

eAHHHIaX) no Macce B o0ueM COCTaBe KPYIIHO-
~ 3ema ¢paxuuit pasmepoMm Dy;.
Haxonel, norepst BAaxHOCTH M@JK0O3eMa B CMECH Ha yB-
JaXKHeHHe KPYNHO3ePHHCTON 4YacTH onpeaensiercs No 3aBH-
CHMOCTH

{
0,1
! - e /
A Wy =pyg Zﬂ:puﬁ D, (V.8)

MOKHO OTMETHTb, UTO AJS pPeaNbHBIX 3HAYEHHUH pPyx=
=0,1—-0,5, W;=20—40% wmenkozema (d<<1 mMm) 1 06bIu-
HBIX JIIA TAKHX CMECECH KPHBBIX 3€PHOBBIX COCTAaBOB KpYII-
HozeMa Bennunna AW, usmensiercs B npenenax 1—69%.

[Tpy noaroToBke 06PasLOB AN ONPEACTCHHS Pex.cy B 3a-
BHCHMOCTH OT Px H Pcg C YUETOM COOTBETCTBYIOLIHX MOTpa-
BOK MOXHO IIOJIb30BaThCA KPHBBLIMH Ha puc. V.11,

MeroguKka HCnbITaAHHE COCTOSIIA M3 CAGAYIOUHX ITATIOB:
l) noaroTroBka o6pasua ¢ 3ajlaHHbIM COAEPIKAHHEM Py KPYD-
HO3EMa No npeABapHTENbHO PACCYHTAHHBIM HaBeCKaM B 3a-
BUCHMOCTH OT pex U W, 2) ucnbiTanue na ogHOOCHOE pacTs-
HKeHHe 1o MeToAnke M Ha npudbope, ONHCAHHBIM BHIIIE;
3) orGop npob Ha BAAKHOCTb H3 CMECH H OTJAEJNbHO H3 MeJ-
KozeMa; 4) nepecuer JAeHCTBHUTENbHBIX 3HAYCHHIT Pex.om, Pek,
Wew, W ¢ yueToM nonpasku na saaxuocts AW,

Ha puc. V.12 noxasanbl JHHHH PaBHBIX CLEIVIEHHIT HA
paspois Cp B 3aBHCHMOCTH OT Pexen, Wes, Pr. Kak BHITHO,

Pue. V.11, 3asiacuMocts
MAOTHOCTH CMECH Peyx OT
(JAOTHOCTH MeaKOo3eMAa Pewx
H coaepmania Kpynhose-
Ma Dk

i |
1 15 16 17 18 19 20 2fpwsed
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Puc. V.12. /Tuunu pasumx  cuensennii na pPa3puisa  AAA  CMecCH

CM
Cp' B 3ABHCHMOCTH OT Pewow, Wen, Px

A 2’
[

{7

b

15

w6 B W 2 % Wy

Puc. V.I3. Jlunun pasubix cuemennit sa paspbis e mam

CMeCell B 3AaBHCHMOCTH OT P 0 XapakKTCPHCTHK MeJKosIeMma
e, W

fp,.ﬂ'm
40 T
Jo ——

/ 2= F(pe) |

20 R

fﬂi “:-- e it

! ¢ T-—:ﬁiﬁ-_:__:h:

J 42  g¢ 06 48 1Wp

Puc. V.I4. 3aBucHMOCTb cHeNIeHHA Ha Da3pus cMecH ¢ ™  or

p
Px TIPH MOCTOAHHBIX SHAYEHHUAX TJAOTHOCTH H BAAAKHOCTH MEJKO-
eMa

b= po =0T rlew’; W=15%; 2—p =16 ricw’; W=15%; 3=

=1,7 rfem?; W=]8%: 4 — P s ==(1,6 rfcm?;, W=18%
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XapaxkTep 3THX KDHBBIX aHaJIOTHYEH NOJYYEHHBIM AJA YH-
CTOroO MeJKO3eMa, T. €. CHeIJIeHHEe Ha Pa3pblB VBeJHUHBAET-
CSl C NOBBIIIEHHEM TJIOTHOCTH (pPckem) H YMEHblUIEHHEM
BAaXHOCTH Wex H 145 OMHHAKOBBIX Pex.cx, Wem C YMeHbILIe-
HHEM px. st pasHBIX px KpHBbIE PaBHBIX Cp pPacrnosaraior-
cAd HACHTHYHO.

g "0y B

;'.'J— =0 "’n'fﬂ/g_“
Pac. V.I5. I ﬂ.i

uc. V.15. [pa- . =g —

ux  aaa onpe- 02 |
. AeNieHuA KO- =il Y SN |8 2
spprunenta : L. -
Ry B 3aBHCHMON- 07F ) U - et
CTH OT px X

MAOTHOCTH BJa- ——— -7 |
HHOIo Med- : 05 I
K03eMa Pgx gj}-_; — .

|
, 17 £8 19 2002

Ilo noayyennsiM pesyabraram NOCTPOEHBI KPHBLIE H3Me-
HEHHA CLENJVIEHHS (NHMHHH DAaBHBIX Cp) B 3aBHCHMOCTH OT
IFIOTHOCTH H BJAXHOCTH MeEJKO3€Ma, COAepKallerocs: B
CMECH TIpH TOM HJIH HHOM 3HaYeHHu px (puc. V.13). Ha
puC. V.14 npusefieHbl KPUBble H3MEHEHHS CLENJeHHs Ha
PA3PHIB Cp B 3aBHCHMOCTH OT Py AJA MOCTOSHHLIX 3HAYCHH
ILIOTHOCTH H BJIAXKHOCTH MeJiKo3eMa. JIHHeHHOCTb 3THX KpH-
BEIX NOSBOJISIET BBICKA34Th CJEAYIOMYIO THIOTE3Y B OTHOILIE-
HHH OUCHKH CUENJICHHS [/l CKeJETHbIX MaTepHAJIOB: Cliell-
JIEHHE CMECH Ha pasphiB SBJASETCS QYHKUHER cuenyeHus Ha
PA3phIB IDH HCNLITAHHAX YHCTOrO MEJKO3eMa IIpH Tex e
HCXOAHBIX 3HAYCHHAX pex B W, uTO ¥ Ana cMecH, u KO3 (hpu-

HHEHTA, 3aBHCALIErO OT COACPKAHHA MEJKO3eMa B o01eM
COCTaBe CMeCH 110 Macce

E{‘ M

p = Rgep, (V.9)

[AE Cp" H Cp— CLENIEHHe CMecH U MesikoaeMa, Ia;
Ry — Kos(pduuuenr, sapucamuii  or cOJlepK aHud
KPYIHO3EPHHCTBIX BKJIOYCHHI B o6beMe 06-

pasua, onpefreasemblit no puc. V.15 wan
¢opmye

Pk (1 — py)
A-H —= . = vfl{}
?:H(I+W)FH+?E ““'PH) ( }
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5. OITPEJEJEHUWE CBOVICTB 'PYHTA
[TPHU PACTSIKEHUHU ITO METOAY
BAJIOYHBIX UCITBITAHUHA

Merox npamoro pacrsxenns, yroGuslit ans  onpejedne-
HHS CLEIVIEHUS HA pa3pbiB, B pAAe ClyyaeB (aaa caaBbix
CYIJIHHKOB, NpH HU3KOH BJaKHOCTH W) He mosBoaser noJay-
YHTb HOCTATOYHO HAJICXKHbLIC 3HAUEHHS MOAYJA AedopMaiii
H OTHOCHTEJbHBIX JAedOopMalHii NpH pacTAKeHHH,

Meroj; GamouHBIX HCMBITAHHI, KOrKa HCCJACLOBANHIO
lfoJBepraeTcsd rpyHrosas 0Oajka, Harpyxaemas 1o cxeMme
YHCTOro HJIH nonepeuHoro uaruba [1], u 3ona pactsxkenus
Gosiee 3HaYHTEAbHA, OKA3LIBACTCH NPEANOYTHTEbHEIT.

CyuiecTByer HeCKOJbKO CHOCOGOB MCTIBITAHHI 1O cXeMme
Haruba 6aJjioxk ¢ onpejgesgennem MmapaMeTpoB TrpyHTa IpH
pactskennn. HanGoaee nmpuemaeMbiM B oTHOmWEHHH H0ay-
YEHHS OOJiee OAHOPOAHOTO HANPSAKEHHOr0 COCTOSIHHS SIBJS-
€rcsi Mertond, mpeasokenuoit Jleowapmrcom u  Hapaitnom
[68], KOoTOpLIT H OBl TPUMEHEH B ONHCHBAEMBIX HHKE IlHC-
cierosanusix M. losnexkanoBoit 4 HaMmy.

OOpasen rpyHTOBO# GaNKH HITOTOBJASIOT B ClELHAILHOI
npecc-GopMe ¢ MOCHOHHBIM  YNJIOTHEHHEM JO 3aXaHHOMN
VIOTHOCTH TPH onpeneeHnoi Baaxnocru. Pasmeps o6pas-
na 30X4>X4 cv®. Maroropnennyio 6anxy noMemaor B He-
(BITATEILHOE YCTPOHCTBO, /1€ H MPOH3BOAHTCH €e HaTPyKe-
HHE 10 cxeme 4qncToro u3ruba (puc. V.16) nyrem npuaoxe-
HHS CHCTEMBL "etblpeX cua. [Ipu stoM Ha sbImyKJ0f cTOpO-
e n3rnbaeMoi 6ajkiu Ha yuyacTKe Memuy ABYMS BHYTpPEH-
HHMH CHJIAaMH DasBHBAIOTCH DACTATHBAIONLHE HaTIpAXKeHNs,
4 paspyumenue dasiku ¢ o6pa3oBaHHEM MONePeTHBIX TPeIHH
TPOHCXOJHT TOYTH TaK 2Ke, KaK NPH MCNBITAHHH MO CXeMme
YHCTOTO pacTsKenus.

Kontponbusie onpexenennus NPOrH6OB U OTHOCHTEAbIILIX
nedopMaluHil PACTSIIKEHHSA H CIKATHS COOTBETCTBEHHO HA Bbi-
MYKJOH H BOTHYTOH CTOPOHAX Gajikm MOKa3aJiH, 4TO BeJIHYH-
Hbl 3THX AedopMalHil IPHMEPHO OXHHAKOBEI (C pasHbiM
3HAKOM). DTO MO3BOJISET NPEANOSAraTh, YTO B baJike, H3ru-
GaeMOit mo cxeme YMCTOro Haru6a NMPH  COOTBETCTBYIOUIHX
Harpyskax, 3aBHCHMOCTb Hanpsi:KeHHe — nepopManuus a1
FPYHTa TIONAYHHSACTCS 3aKOHOMEPHOCTAM CONPOTHBJIEHHSA Ma-
TE€PHAJOB.

I[lepenava pacrarusarommux YCHJIHH OCYINECTBJSIETCH ¢
'TOMOIIbIO CHCTEMbI GJIOKOB, PacHoOJ0MKeHHBIX BO B3aHMHO
NCPNCHANKYISIDHBIX HaNpaB/eHHAX. O6paszen noasewwusaor
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Puc. V.16. Cxema npuioxeHHs Harpys3ku ua obpasen npu Oajoynuix
HCONBITAHHAX B YCJA0OBHAX HHCTOTO H3rHOa

I — rpyutoeaa Ganka; 2 — OpyRuHa A48 ypasposelusBanua coGerpennoro  peca;
3 — MapKuU-Hron Ky

MPH NOMOLUH JEeHT, Onopbl OajKH pewraoTes nojo0HbIM 00-
pasoMm. Cucrema 6y0K0B ofecneyyBaer nepegavy yCcHJIHH Ha
6aaky 0e3 AONOJHHTEJbHLIX BO3ACHCTBHH THIA KPy4YEHHS.
Cob6crBennblil Bec Gankd JAONOJHHTEJNbHO yPaBHOBELIHBAET-
CS NPH NMOMOILH MArKOH NPYKHHBL, KECTKOCTb KOTOPOH II0-
nobpana takuMm oOpa3oM, uToOBl ypaBHOBECHTb CPEXHION
ONOpHYIO peakuuio OaJxku Ha Tpex onopax. Bo usdexanne
paspyuwienus obpasuna B MecTax INpPHJIOKEHHS Harpysks
MEeXJ1y OMOPHBIMH JIEHTAMH H Oa/JIKOH NMPHMEHSIOT NPOK/Jaai-
KH M3 ITOpOJIoHA.

B npouecce ncnbiTanus ¢ nomombo xareromerpa KM-6
H3MepAJAH NPOrudbl M0 NepeMelleHrHio MapoK-HI0J0K, yCTa-
HOBJICHHBIX B CpPeAHeH 4YacTH pactaHyTol 3oHbl Oanku. Ilo-
JIOKEeHHEe MapoK H3MEpPsiJIH /10 M N0oc/ae HarpyxeHnus oupeje-
JIEHHOH CTyNeHH. OnbiThl NPOBOAUINCHL € JABONHON HJIH TPOH-
HOH NOBTOPHOCTBIO, YTOOB! HCKJIOUHTb HEH30exKHbIH pas-
Opoc B pesyiabrartax, o0yCJ0BACHHULIHE OCOOCHHOCTAMH I1pH-
. TOTOBJEHHA obpa3sua.

Ha ocHoBe 3aBHCHMOCTEil CONPOTHBJEHHS MAaTepHAaJOB
AJISl YCJIOBHH YHMCTOrO pacTsKeHHA W u3rnba BeJHYHHBI pac-
TACHBAIOLIHX HANPSAXKEHHH H OTHOCHTEJLHBLIX Hedopmaluii
pactsxKeHHs B BepXHEH 4acTH 6aaku onpeaessior no popmy-
aam [1]:

G ——= (V.11)
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WL (V.12)

BT
rae M — usrubaoninit MOMEHT B paccMaTpPHBaeMOM ceye-
HUH;
Y — paccTosiHHe OT pacCMaTpPHUBAaeMOH TOYKH CEYEeHHS
10 HEeHTPaJbHOH OCH;
[ — MOMEHT HHePIIHH CeyeHHS:
E — MOIyJ/ib yIPYTOCTH.
Hast uenelThiBaeMOI rpyHTOBOM Gankw BEJIHUYHHY OTHOCH-
TE/IbHLIX AePOPMAlHil PACTANKEHHA & ONPENeNSIOT 110 dop-
MyJie

h (y — ys)
g = : V.13
x (b—x) ( )
B NIPEATIONOMKEHHH, YTO MaTepHasX GajJku OZHOPOAECH H MOAY-
M pedopManuil NIPU PacTIKEHHH H CIKATHH npH HebOoJIb-
IIHX HATPY3KaX OAUHAKOBHI.
Ha puc. V.17 nokasansl ocpenseHubie JHHHH paBHBIX

CUENVIEHUH Ha PasphlB Cp B 3aBHCHMOCTH OT IJIOTHOCTH Dex

Pexe/em?
18| [

Vs
%%

Pue. V.17. Jluanuu
paBHbLIX cuene-
HHII Ha pa3pmiB Cp
B 3aBHCHAMOCTH OT
Pew, W, G no 6Ha-
JIOYH I M HCTIBITA=
HHAM rHccapax-
CKOro rpyHTa

H BaaxHocTH W, mosnyueHubie Ha OCHOBAHHM JIAHHBIX OIbI-
TOB C rUccapaxkckuM cyrauakoM. M3 conocrasnenuns rpadu-
KOB Ha pHc. V.17 u V.9 BuiHO, 4TO XapakTep H3MeHeHHuS
CUENJIEHHA COBEPUIEHHO HIAEHTHYEH MJs 000HX BHIOB HCIbI-
TaHui. Kpome Toro, /sl onpeneseHHbIX BJAAKIOCTEH U IJI0T-
HOCTeH HaO0JIOMaeTcsd MONHOE KOMHYECTBEHHOE — COBNANEHHe
Pe3yJbTaToB.

Heckonbko G0abuIasi pasnuuna p BeAHUMHAX CLENJIEHHS
Mo 00OMM METOAaM JUJISi MeHee IIOTHBIX ¥ 6oJiee  BAAKHBIX
TPYHTOB OOBSICHSETCS, ¢ HalIell TOYKH 3pEHHS, TeM, 4TO
HE BCErlla yAaceTcsi COXPaHHTb DaBeHCTBO CKOPOCTEH HCIHbI-
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TAHUS AJS1 3THX COCO00B U B yKa3aHHBIX ChyuyasiX nposiBie-
HUE [TOJIBYYHX CBOHCTB TPYHTa NPU PACTAXKEHHM CKa3aJoch
Ha pesyJbTaTax OnblToB. TeM He MeHee MOMHO CUHMTATh, YTO
JUTST HHXKEHEPHBIX OIEHOK TOUHOCTb ONpPEeAe/eHHs ClenJeHHs
Ha paspeiB Cp 110 0OEHM MeTOJaM BIIOJHE YHXOBJETBOPHTEb-
Ha, 6€3yC/N0BHO, NIPH OJLHHAKOBOM pE€XKHME HarpyxeHHs 00-
pasua. DTo I[03BOJISIET C AOCTATOUHOH HAaJEXHOCThIO HC-
MOJIb30BATb Pe3yJbTaThl 04JIOUHBIX MCHBITAHMH IJd OLUEHKH
OTHOCHTEJIbBHBIX JAedopMaluuil YATHHEHHS H MOAYJAeH medop-
MAaIHH NMPH PacTsXKEHHH.

Ha puc. V.18,6 npusejens! pe3yabraTbl H3MEPEHHs Ipo-
ruboB BEPXHHX PacCTSAHYTHIX BOJOKOH OaJIKH B 3aBHCHMOCTH
OT Hmo3aTanHocTH Harpyxenus. Ha ocHoBanuu o06paboTku
3THX JNAHHBIX ONpelejyeHbl CpPeIHHe 3HAYEHHS OTHOCHTE/b-
HbIX Xe(opMauui YAJHHEHHSI U NOCTPOEHbI KPUBbIE 3aBUCH-
MOCTeH HanpsikeHue — faepopmanus (puc. V.18,a). Moxuo
OTMETHTb, UTO 3aBHCHMOCTb HalpsXKEHHe — OTHOCHTE/b-
Hast gedopManns pacTAXKeHHs NPAKTHYECKH JJIs BCeX HC-
NBITAHHBIX COCTOSAHHHM I'DYHTOB HMEET NPAMOJHHEHHBIH Xa-
pakTep ¢ BecbMa HeDOJbIIHMH OTKJIOHEHHSIMH. DTO II03BO-
JIUJIO ISt OnpejeseHust MomyJaed nedopmauuil npu pacrd-
MEHHH HCIOJABL30BATH VPpaBHEGHHE CBH3H l"yu-{a B BHJAC

=g 5. (V.l‘i)

Ha ocHosBanuu 1o/y4eHHbIX pe3yJabTaTOB IOCTPOEHL! JIH-
HUHM PaBHBIX MOAVJEH gedopMauid H OTHOCHTEJLHBIX Ji€-
GopManui yIJHHEHHS B 3aBHCHMOCTH OT INIOTHOCTH H
BJIaXXHOCTH /sl MCNBITAHHBIX IpyHTOB (pHmc. V.19).

[IpencraBasiercss BO3ZMOXKHBIM OTMETHTb CJeLYioLlHe 00-
llHE 3aKOHOMEPHOCTH B H3MEHEHHH MOAyass pedopMaluH
DU PACTSIXKEeHHH H OTHOCHTEJLHOH AedopMallHd VIIHHEHHS.
Monyan nedopMalun yMeHbIIAGTCS NMPH YBEJHYEHHH BJIAXK-
HOCTH H CHHXXEHHH TIJIOTHOCTH, OJHAKO NPH BBICOKHX BJIaX-
HOCTAX 3TO H3MEHEHHe HecyLlecTBeHHO. OTHOCHTEbHbIE He-
(bopMaluu yAJHHEHHS TPH HH3KHX BJA4KHOCTAX BecbMa He-
gHauuteabusl (oxosmo 0,1%) wHesaBHCHMO TNpPakTHUECKH OT
MIOTHOCTH, HO 3aMETHO B03PAacTalOT ¢ YBeJHUYSHHEM BJAXK-
HOCTH TVIHHHCTOrO TPYHTa; IIPH 3TOM BJIMAHHE IJOTHOCTH
HauMHaeT CKasbIBaThbes HoJee CyluecTBeHHO.

Bce usmenenust moaydis nedopmauuu Ep H OTHOCHTEb-
HBIX AeopManni yIUIHHEHHST NIPH PACTSXKEHHH €, B 3aBHCH-
MOCTH OT IVIOTHOCTH H BJIa)KHOCTH TJIHHHCTOTO I'DYHTa HMe-
I0OT HEJIMHEHHDbIH Xapaktep. Onucanue HX SMIHPHYECKUMH

hopMmysaMH LOCTATOUHO CJIOKHO, MOITOMY GoJiee YAOOHBIM
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Puc. V. I8. 3asHcumocTs omHOCH-
¥ TEABHBIX  geopmanuii  vaanuenus
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i J TATaM OafIOMHLIX HCTbITandl  gas
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FpyHensg

b, S 2kn

178 \(\{

Puc. V.19. JIanun pasuuix Moayaeil geopvaunii (a) B MakCHMaabHuIX
OTHOCHTEAbLHLIX YAJHHHHH (0) NpPH pacTAKCHHA B 3aBUCHMOLTH  OT
Per, W, G aas THCCAPAXCKOro CYIVIHHKA

A7 NPAKTHYECKHX PACYETOB SIBIACTCA NpeACTaBIeHHOe rpa-
prnueckoe uzobpamxenue 3THX CBs3ei.

6. ABYXLUTAMITOBbBIW METOJI OITPEJEJIEHHWSI
CLIEIVZIEHHM S HA PA3PBIB I'NNIMHUCTBIX
'TPYHTOB

[IpeamaraeMblii MeTOM #BJAsSETCH MOXH(PHUIHPOBAHHLIM
10 CPaBHEHHIO ¢ METOAOM OlpejelleHHs CUelJeHUuss Ha pas-
pbiB GeTOHHBLIX 00pPa31OB, H3BECTHBIM KaK METOA pacKalbl-
BAHHA NIPH CXKATHH UHJAHHAPHUYECKOTO obOpasiua ¢ nepejaved
ycuanit no obpasyiouteit [49].
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[TpuHIHN ABYXIITAMNOBOrO HCNBITAHHA COCTOHT B ONHO-
OCHOM paslaBJAHBAHHH UHJAHHAPHYECKOro obpasua rHHH-
CTOrO TPYHTa, NpHYEM BepTHKaNbHAas HAarpysxa nepejpaercs
MOCTENMEeHHO uepe3 ABa METAAJHYECKHX IITaMIla, pacrnoJo-
KEHHBIX 1O TopuaM obpasia. Pactarusaonine HanpsKeHus
(cuenyieHHe Ha pPas3peiB) ONpeNesioOTCsSl MNyTeM Tnepecuera
pe3yJbTaTOB HCNBITAHHSA C HCNOJb30BaHHEM 3aKOHOMEPHO-
CTeH TEOPHH IJIACTHYHOCTH.

Hcenenosauns H. Xatnenna, B. ®. Uena, K. U. ®Pan-
ra [65, 66] mokasanu, 4TO NMPH OTHOLIEHHAX BHICOTH 06pas-
a Kk nramerpy 0,8—I1,2 u quamerpa obpasma K AHAMETpY
mramnos 0,2—0,3 pesyabTaThl ABYXLITAMIIOBBIX HCIBITAHHH
AOCTATOYHO CTAaGHJBHBL H XOPOUIO COTJAcCYIOTCS C Pe3yJb-
TaTAMH JAPYrHX METOJAOB, B HaCTHOCTH ME€TO/1a pacKaJblBaHHs
no obpasyoien. lIramnsl J0MXKHBI OBITL 1OCTATOYHO MKECT-
KHMH, 4TOObl B NpOUECCe HATPYKEHHA He MPOHCXOAMIO HX
nsrnba.

Hasectno [1], uto ocHoBHas popmyna ansa onpeneneHus
pacTArMBaIOUIEro HaNpSIXKEeHHS NPH PacKaJbIBAHHH WHJIHH-
1puyeckoro obpasua no obpasyomes, noayueHHas B npeiu-
NOJIOKeHUH JIHHEHHOH CBSI3H MEXAY HalpsKeHHSIMH H 1e-
GopmauusmMu, uMeeT BHA

= i (V.15)

O =
P x Ld’

FAC Cp — HanNpAXKeHHe NPAMOro pactaxeHHs (cUeNJeHHe
Ha paspmiB), [la;
P — npukynansiBaemas Harpyska, H:
L — nauna obpasua (BbIcOTa), CM;
d — nuamerp o6pa3sia, cM.

Teopernueckas oCHOBAa ABYXWITAMMOBOFO OIBITA, NPe-
aoxennas Hernom u Ipykepom [65], conepxut asa npemamno-
JAOMECHHA. NepBoe — 0 MECTHOH Ae(OPMHPYEMOCTH TPYHTA
HOM WITAMITAMH H NMPHMCHAMOCTH YCJOBHH TEOPHUH TIJIACTHY-
HOCTH, BTOpPO€ — O BO3MOMKHOCTH HCNOJAL30BAHHH MOAHDH-
liHpoBaHHOro ycaosust Mopa — Kyaona, vuutsiBaiomero He-
OoJIbIIOR pacTSKeHHe, oIS Onpene/eHHs MOBEPXHOCTH pas-
PYUIEHHSA, COOTBETCTBYIOLIEH NpENebHOM A8 TaHHOTO rpyH-
Ta, [PH ABYXIITAMIIOBOM HCNBITAHHH.

Ha pue. V.20 noxasana nneannsupoBannas cxema pas-
pymenns obpasua npH ABYXIITAMIOBOM HCIBITAHHH. Mexa-
HH3M paspylennss npeacrasaser coboit o6pasoBaHHe OT-
ACJALIBIX TPOCTBIX TPEIHH pa3peiBa BAOJb pPalHaJbHOTO Ha-
NpaB/IGHHA H ABYX KOHHYECKHX IOBEPXHOCTEH CABHra Helo-
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CPEICTBOHHO TMOJ IITaM-
. naMu. AHaJNH3 MexaHu3-
Ma pa3pylleHHs H HC-
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§ MoMb30BAHHE 3JHEPreTH-
F ’ YeCKHX MPHHIMIIOB NpPH
h = ’ yCTAHOBJIEHHH IPOYHO-
8. 74 %Y CTHBIX ITapaMeTpoB I'pyH-
9% ot | I— g Ta B JaHHBIX YCJIOBHAX
0 NN 5 H
‘ B 4 onpita [1, 65] nossoJu-
oW *\1 é JH TOJNYYHTH NpHOJIH-
R -" QIS 6 [ KeHHYI0 (QopMmyay 1
AR / onpeneseHus  Clerie-
=, i v
Lkﬂ YA\ ’ HHST HA pa3phiB:
TS EET T T ET T3 1#:;;;;;;;;};;}45 P V1 6
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Puc. V.20 Cxema npuGopa asyx- [AC fl u b — pricoTa H
WTaMIOBOr0 HCHLITAHHA JAJA onpene- paiHycC
JelHsl cuellaeldi Ha pasphiB obpasua,
| — onopras pama; 2—suurtoBofi AoMKparT; cM:
3 — auHaMoMeTp cxaTHa; 4 — uTaMn Ada- T
Merpnmmﬂa=2,5ﬁ r:,;.;: Eﬁ— HHIAHKATOD O2¢- a— painyc
Bbix Aedopmauuit; 6§ —obGpazerm n -
coToli MH=]] cm H Jluelrnmpnmm ggg?ﬂ g'lr:: LITaMIoOB,
/ — Tpewrwinsl CABHTa; &8 — TPEUIHHLI pa3- CM.
pblBa
Bplmt  CKOHCTPYHDO-
rl g2k’ BaH H H3rOTOBJEH CIie-
® LHaJbHBIH npubOp s
5 )( | TIPOBEAEHHSI TAKOTO HC-
o &/ 1 Y=, noitanus. Ilpubop (cwm.
A XA e puc. V.20) cOCTOHUT U3
L WYl CTAHHHBL C  OINOPHOI
Y g ,,My 6anaKoil, Ha KOTOpOIl
i pacrnojioXKeH BHHTOBOM
| Ipecc € 3aKpelyIeHHBLIM
65 . |
{ 7 7oy AHHAMOMETPOM  CXKATHS

0) o’ MouiHocThI0O mo 1200 H.
’ [loxazanusg no AWHaAMO-

165
ﬁ,’f Puc. V.21. JIuHHH paBHBIX
6 LV CUENJCHHH Ha paspelB  MpH
ABYXUITAMIIOBEIX HCHBITAHHAX
1551 3 A1s MeJdKozeMma cademobcko-
ro rpynta (a) w ruccapak-
CKoro cyraunka (6) (nyHx-
fh] THPHBIE KPHBBIE TMOCTPOEHL
17 2ZW% o JAAHHBIM OAHOOCHOTO pac-

THAEHH )
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MeTpy OepyTcda C TMOMOIUbLID HHIHKATOpa ¢ TOYHOCTHIO
0,01 mM. [laBieHHe ONpeaeIsfieTcs N0 TapHPOBOYHOH KPHBOIL.
O6pasell yCTaHaBJHBAIOT Ha MeTaJJIHYeCKHH IUTAMII, a Ha-
rpyska OT BHHTOBOrO npecca rocTeneHHo ¢ Jioboil ckopo-
CThIO Nnepenaercd yepe3 Takoi Xxe wramn. [lo makcuMmanb-
HOH paspylualollell Harpyske no gopmyae (V.16) onpeme-
JISIOT HCKOMYIO BEJHYHHY CLElJIeHHs Ha pa3phiB.

OnbIThl NPOBOAHJIHKCH KaK C YHCTHIM CYTJHHKOM (cade-
JIOOCKHM H THCCAPAaKCKHM), TaK H CO CKeJeTHBbIM MaTepHa-
JIOM C BKJAIOYEHHSIMH KpynHosema (¢pakuuu uebHa 5—
7 MM) B oObeme 20—40% no wmacce. Pasmepn o6pasua
20=10 cM, H=1l cM, 2a=25 cm. OG6pasel NpHIOTOB-
JISIJIH H3 TPYHTA C 3aJlaHHOH BJIAaXXHOCTHIO NyTEM MOCJOHHOH
YKIaAKH H YIJIOTHEHHSA A0 ONpeleJeHHOH NJIOTHOCTH B cIie-
LlHaJMbHOH (popMe Ha BHHTOBOM npecce. 3ateM obpasel 1no-
MellaJaH B npubop M NMPOBOAMJIU HCHBITAHHE [0 TeX IOp,
Korja oOpaseu paspymaJjcsa IOJHOCTbI0O ¢ o6pa3oBaHHEM
ABYX KOHHYECKHX NMHpPAaMHI Yy IITAMIIOB H PacKa.blBajca Ha
IBe-TPH YaCTH.

Ha puc. V.21 npuseineHnt pe3yabTaThl olpeaeneHus
CLEMVIEeHHs Ha paspblB B 3aBHCHMOCTH OT IVIOTHOCTH H
BJAaXHOCTH o6pasioB. XapakTep H3MEHEHHS CHENJeHHs Ha
pasphiB, NMOJYYEHHBIH HA OCHOBAHHH HABYXIITAMIOBHIX OINbI-
TOB, NOJIHOCTbIO COrIacyeTcs ¢ JaHHBIMH HCNBITAHHH Ha Of-
HOOCHOE pacTsKeHHe, YTO CBHIETEJbCTBYET O NpPHMEHHMO-
CTH H NEePCNEKTHBHOCTH HOBOI'O METO/A.

B sakaioueHHe MOXHO OTMETHTb, UTO NPH HCNOJb30BA-
HHH YKa3aHHOro mMeroja He rtpebyercst xakoe-JTHOO CJ0KHOE
00OpYXOBaHHE, METOJ OTJHYAETCS NPOCTOTON M MOMKET NpH-
MEHAATLCSA He TOJBKO NnpH J1abopaTOpHBIX, HO H TIPH NMOJEBHIX
Onpene/ieHHAX CUCIVICHHS HA PaspbiB IMHHHCTBIX 'PYHTOB, B
TOM YHCJE C KPYNHO3CPHUCTLIMH BKJIIOUEHHSAMHU.

7. BMUAHHUE JHHAMHUYECKHUX (CEMCMUYECKHUX)
BO3JIEMCTBHUH HA ITPOYHOCTHBIE
U JEOOPMATHUBHBLIE CBOVICTBA TPYHTOB

st ycTanoB/IeHHS BJHAHHS AHHAMHYECKHX (ceficMuye-
CKHX) BO3JEHCTBHIN Ha MPOYHOCTHLIC H AehOPMATHBHBE Xa-
PAKTeDHCTHKH TPYHTOB HNPHMEHSIOTCH pasJHYHEIE METOMH,
KOTOpbIE OTJIHYAIOTCH XapaKTepoM JHHAMHYECKHX BoO3jeill-
CTBHH (cnoco60OM NPUAOKEHHS HATPY3KH), BHAOM H CKO-
POCTbIO H3MEHEHHS HANPAMKEHHOIO COCTOSIHHA B obpasle
(omHOOCHBIE, TPEXOCHBIE HCNLITAHHA), MacwITaGOM HCCaeNo-
BanHa (n1abopaTOPHBLIE H MOJIEBLIE ONBITH).
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Bu6pauuoHHble MeTOAbl HCC/IeJOBAHHA INPHMEHAIOT Kak
3 1a60pPaTOPHBIX, TAK H B NMOJEBLIX YCIOBHAX MJs onpeje-
JeHHS YNPYLHX H AHCCHNATHBHBIX XapPaKTEPHUCTHK TPYHTOB.
MeTtoa ocHOBaH Ha H3YUYeHHH COOCTBEHHBIX H BBIHYKIEHHBIX
KosneGanuit aubo obpasna rpyHra (B JabopaTopHBIX ycClo-
Busix), nub6o pyHmaMeHTOB, OJOKOB HWJIH INIHT (B IOJEBHIX
YCJAOBHSX) NMPH CO3TaHUH KoJeOaHHH ¢ MOMOIIbLIO YAAPHHKA
WK BubGpartopa.

B sna6GopaTopui OOBIYHO HCCJAEAYIOT 00pasiibl CBSASHOrO
rpyHTa IMUJHHAPHYECKOH (OPMBI NIPH HE3HAUHTEJBHLIX Bep-
THKaAbUBIX HanpsKenusax (mo 40 klla) u orcyrecTBHH OOKO-
BOH HArpysku. Mofyab ynpyroctd HaxoadaT KaK (QPyHKLHIO
yacToThl coOcTBeHHbIX KogeOaHuil, pasmepoB obpaslia U €ero
MOMEHTA HHEPUHH. DTH ONBITHI HEe HMEIOT OOIBIIOTO [PaKTH-
YEeCKOro 3HaueHHd BBHAY pasbpoca ONBITHBIX MaHHBIX, MH-
HUMAaNbHbIX HanpsXKeHHd B obpasue, CyUIeCTBEHHOIO HEeCO-
OTBETCTBHS CXCMbl OnblTa AMHAMUYecKoH paboTte rpynra B
pealibHbIX YCJIOBUSIX.

[Ipn nmomaeBbIX BHOpAUMOHHBIX HCOBITAHHUSIX C IOMOLLBIO
yAapoB H BUOPaTOPOB HaNpaBJeHHOrO AEHCTBUA NPOH3BOJIAT
OJHOKOMIIOHEHTHOe BO30yxaenue mrammna (06J0Ka, IJIHTH,
(yHIaMeHTa) H H3MepsIOT CBOOOANBIE U BHIHYXKIEHHBIE KO-
Je6aHna CHCTEeMbl MVIHTa — T'PYHT.

Inss 0o6pabOTKH OMBITHBIX JAHHBIX HAaXOAUTCA CHCTeMa
pasMIHYHbIX KO3((HUIHEHTOB AWHAMHYECKOH KECTKOCTH, Xa-
pPAKTEePH3YION(MUX NnoBeaeHne PyHAaMeHTOB MOJ NPOMbBILIJIeH-
HLIMH 3JaHUSIMH NPH ACHCTBUH BHODAUMOHHBIX HArPY30K,
AHAJOTHUHBIX ONBITHBIM,

CieyeT OTMETUTb, YTO, HECMOTPS Ha OrpPOMHBIH 00BEM
NMOAOOHBIX IOJEBBLIX BHOPAIlMOHHBIX HCCJAETOBAHHH, BbINOJ-
Haemblx ¢ 30-X rofoB, MpakKTHYECKOE NMPHMEHEHHe 3THX pe-
3VJbTATOB HOCHUT OYEHDL YACTHBIM XapaxkTep, Tak Kak HeBO3-
MOMKHO IMEPeHOCHTh U CONOCTABJATL JAaHHble PasJHYHHIX
ONBITOB H3-3a OOJbLIOT0 KOJHYECTBA B3aMMOBJIHSIONIHX He-
VYTEHHBIX (PaKkTOpOB.

CelicMHuecKHe MeTOAbl MCC/AEJOBAHUS TPYHTOB TaKiKe
NPUMEHSIOTCH B 1abopaTOPHBIX U NMOJEBLIX VCIOBHUAX; OCHO-
BaHbl OHII Ha PErHCTPAlHH CKOPOCTH pPaclpoOCTPaHEHHS VII-
PYTHX CEHCMHUYECKHX BOJH B rpyHTe. [Ipn aToM Henmosb3yior-
CSl TPH LOTYINEHHS

1) cpempa pacnpocTpaHeHHsT CIIOLIHAN;

2) cBoHCTBA cpelbl NMOAYHHSIOTCS 3aKOHY 'yka;

3) CMEIIeHHsI IPHHHUMAIOTCS MAaJblMHU.

Yrupyrue XapakTepHCTHKH FPYHTOB HpPSIMO  [IPOIOPILHO-

126



il A

e ae  a L

HAJbHLI CKPOCTAM PACHPOCTPAHEHHHA YNPYTHX BOJH H MO-
ryT ObITL onpeaeaeHsl no popmyaam:

-G_.—_‘E.‘n UE {V.l?}

)
E=p o (14u) (1 —2p) : (V.18)
(1 —¢p)
rae Up, Us — CKOPOCTH PacnpoCTpaHeHus npoaodbHON W 110-
' nepevyHoit BOJH, M/C;
P — INIOTHOCTB IpyHTa, T/M3.
B obutem cayyae nJs nOBLIUEHHS TOMHOCTH  BeJHUHHBI
E, G, p caeayer onpenenstb 10 3HAYCHHAM ABYX CKOpOCTell
BOJIH Up H Us.
CeficMHueCKHEe METOAbI WHPOKO NPHMEHSIOTCSH AAA H3Y-
HYEHHS IOBEICHHA IPYHTOB IIPH JAHHAMHUYECKHX BO3AEHCTBHAX
H ONpEJC/JCHUs YIPYIHX XapaKTePHCTHK FPYHTOB H N0O3BOJIS-

IOT BBISIBUTD PsiJi HHTEPECHBIX 3aKoHOMepHOocTeil. Bnepsbie,

No-BHAHMOMY, OblJIO ycTaHOBJAeHO ["accManoOM TeopeTHUeCKH
n LlapeBoit sxcnepuMenTannbio, 4TO CKOPOCTb BOJH, a CJe-

. AOBATEJbHO, H yNpyrue Xxapakrepuctuku £E, p 3aBHCAT OT
HaNPAZKECHHOr0 COCTOAHMA TPYHTa H YBEJIHUYHBAIOTCS ¢ POC-

TOM HalpAKeHHs,
C. B. Mexseaesbim! 6bi10 OTMeueno, uto mpou3sseeHue

- ITOTHOCTH TPYHTa Ha CKOPOCTb PacHpOCTPAHEHHS NPOAOJb-

HBIX BOJIH — €CTb BeJIHYHHA, XapaKTepHas IJs JaHHOLO BH-
Ad TPYHTA H olpenensioniass HameHenne 06adJbHOCTH npu
celicMHueckux BosaeicTBuax. ITpoussenenue pPUp, Ha3BaH-
HOC aBTOPOM «CEHCMHYECKOH JKeCTKOCTbIO®, XapaxKkTepH3yer,
HO-BHAHMOMY, AHHAMHYECKYIO [POYHOCTb rpyHTa. JleiicTBH-
T€JbHO, YBEJHUYCHHE CEHCMHYECKOH XKecTkocTH no 20 MIla
HHORA3BIBAET, YTO STH TPYHTBI NPHHALJEKAT K MaJomedop-
MHPYEMBIM IIOJYCKAJbHLIM TIOPOjAM, TOrAA KakK celicMuue-
CKas JKeCcTKoCTb, paBHas |,5—2 MIla. XapakTepH3yer pLix-
JIbIe HACBINTHBIE TPYHTHI.

ITo ckopoctaM pacnpocrtpanenus VIPYDHX BOJH OblaH
YCTAHOBJICHBl ODHEHTHPOBOUHBIE 3HauYeHHS KOIDDUILHEHTOB
3aTyXanus rpynra. Moxuno orMeTuTs, yT0 Pe3yJbTaThl 3THX
HCCJAENOBaHHH XapaxkTepHayior npenMyiecTsenno pabory
FPYHTa B YNPYro CTaAiHH NMPH AHHAMHYCCKHX BO3LEHCTBHSIX
1 Ha OCHOBAHHH HX HEJIL3S ONPENEJHTh 0CTATOUNbIE aedop-
MalHuH rpyHTa.

Monundurauneit ceficmuueckoro metona sBasioTes HC-
CJAC10BaHHsT TPYHTOB IIPH HHTEHCHBHBIX AHHAMHYECKHX BO3-

'C. B. Measeges. Huxenepuas ceficmonorns, M., Focerpoftiagar, 1962,
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jgeiictBuAX (AuHaMuKH B3pbiBoB). [Ipu sabGopartopHbIX HC-
CJACJO0BAHHAX 3TH ONBITH BBLINOJHAIOTCA B OJAOMETpPax HJH B
YCJIOBHSIX BCECTOPOHHEro o0xaTHA IIPH CKOPOCTH TIPHJIOXKE-
Hus Harpy3kd go 100 I'Tla/c m masaenuu mo 100 Mlla.
Pesynbratsl uccaenoBaHUil MpeaACcTaBasioT B BHAE Pas3JyHi-
HBbIX JHanpaMM CHKaTHS IPyHTa KakK (PYHKIHH OT CKOPOCTH
pacnpocTpaeHuss GpoHTA BOJHLI Ugp. B moJeBbiX yC/JOBHAX
perucTpallusl BOJAHBI CXKAaTHA Ipeacrasafer CoO0H Upe3Bbl-
yallHO CJIOXKHYIO, 110Ka HepaspelleHHylo 3ajgauy. MemOpaH-
HBIE I1bEe30-, TeH30- H HHAYKTHBHBIC AaTYHKH Aal0T 3HAUH-
TeJbHbIE I[OIPEIHOCTH NPH PEerdcTpalHud  JaBJoHHA B
rpyHte. [lo pesyabratraMm npoBeJEHHA ONBITOB [10 H3YUYEHHIO
pacnpocTpaHeHuss BOJH IIOCTPOEH psaJd JHarpamMm CKatus,
MOCJYXHBIIHX OCHOBOH AJd CO3AaHH JAHHAMHYECKOH MO-
aenau rpyurta. Hegocratkom atoro Meroja siBJaseTcsl HECOOT-
BETCTBHE HAIpPSIKEHHOr0 COCTOSHHA o0paslia HATYPHBIM YC-
JNOBHSAM.

HauGoJsee nepcrnekKTHBHBIM METOAOM J1abOpaTOPHBLIX HC-
CJENOBAHUHH IPYHTOB fIBASETCS H3YYEHHE AMHAMHYECKHX Xa-
pakTepucTHK 00pasnoB B npubopax TPEXOCHOro CxkKaTuf C
NPHAOKEHHEM IHHAMHUYECKOH HATPy3KM B BHJE HMIIYJbCOB
HanpspKeHust (NMyJAbCHPYIOIIHX Harpy3ok). luas atoro mero-
Jla XapakTepHbl CAEAYIOUHE IIpeHMylecTBa: CO3JaHHE CTa-
THUECKOr0 HalpsuKeHHO-Ie(@OPMHPOBAHHOIO COCTOSHHS 00-
pasua, HanOosiee OJH3KOr0O K HaTypHBIM YCJOBHSAM; obecre-
YeHHEe NMapaMeTpoB NYJbCAallHH HAIpsAXeHHH, OJH3KHX K CEeH-
CMHYECKHM (aMIJHTyAa, 4acrora, HpOAOJKUTEILHOCTD),
YCTAHOBJIEHHE CBA3H MEXKIY HaNpsiKeHHsIMH U Aedopma-
HUAMH I[IPH CJOXHOM HaNps:KeHHOM COCTOSIHHH (IepeMeH-
Hble JHHaAMHYeCcKHe MonayJau Jgedopmauuy, Ko3(DDHIHEHTHI
ITyaccona). PacueTuble XxapaKTepHCTHKH, NOJYYeHHbBIE 3THM
METOJAOM, Hdal0T BO3MOXKIOCTL ONPEAENHTb OCTATOUHLIE He-
GopMalyH COODPYXKEHHH H OCHOBAHHH M3 pPasJHYHBIX TPYH-
TOB NIPH AHHAMHYECKHX BO3JLEHCTBHAX.

Heobxonumo pasauvath ABa pasHbIX IOAX0AA K NpOBE-
JNEeHHIO paccMaTpUBaeMbIX OIIBITOR:

1) B mepsoM caydae p onbiTax, Buinosuennsix Kaszarpan-
ne u Illenonom, nunamMuueckass Harpyska €osjzaBaiach C
[IOMOUIBIO OAHMHOYHOrO HMOYJbCa TNPOXOJKHTEILHOCTHIO
0,02—0,05 c. I1pu sTom nuuaMHYecKas MPOYHOCTh AJS IVIMH
H claHueB mnoBbimanack Ha 60%, ans neckos — Ha 109%. B
JajbHeHIINX paboTax, NPOBOJAUMBIX II0 aHaJOTHYHOA MeTo-
AHKe, ObLI NOATBEPKIEH BbIBOJ, UTO CONPOTHBJIEHHE CABHIY
BO3pacTaeT ¢ yBeJHYEHHEM CKOPOCTH HArpyiKeHHS;
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2) BO BTOPOM CJAyuae METOJ, BliepBbie IPEAJI0XKEHHLIH
Cunom B 1960 r., orsiHuaercst ¢rnoco0oM NPHIOKEHHS NHHA-
MHYECKOH HAarpy3KH B BHAe OrpaHHYEHHOTO psAga HMIYJb-
COB, COOTBeTCTBYIOUIHX CEHCMHYECKHM BO3JeHcTBHAM. Dblau
HcceaenoBanbl 06pasibl IVIHHBL CO CTeNEeHbIO BOAOHACHIIIEHHUS
0,95 npH pas3aNUYHBIX COOTHOUIEHUAX TVIABHBIX HOPMaJbHBIX
Hanpsikenuil. IunaMuueckass marpyska I0 HanpabJIeHHIO
HaAHOOJBIIEr0 TJIAaBHOTO HANpPSKEHHsS 3anaBajach B BHIE
100 umnyascos ¢ nepuoaom 0,5 ¢ u coorBercrBoBana 20—
60% cratHyeckoil Harpy3kH. YCTaHOBJEHO, UTO IIPH BO3-
AEHUCTBHH CEpPHH HMNYJLCOB CHJBHO YBEJHYHBAETCA OCajKa
oOpasila, gax»Ke MPH CYyMMapHbIX HaNpsKeHHUAX, 3HAUHTEND-
HO MEHBIUIHX CTATHUECKHX.

AnaJOTHYHBIMHM ONBITAMH, npoBeneHHbIMH BOo BHHWH
BOJIATEO, ¢ pasanHuyHbLIMH KPYNMHO3EPHHCTBIMH TI'DPYHTaMH
(o MeTomMKe, H3J0KEHHOH HHUXKE) YCTAHOBJEH TaKxKe 3Ha-
YUTEJbHBIH MPHPOCT OCAXOK TNPH AEHCTBHH JHHAMHYECKOH
Harpysku. Takum oOpasoM, MOMXKHO CAeJAaTh BbIBOA, UYTO
TPYHTHI MPH CEHCMHYECKHX BO3JEHCTBHAX IOJYYAIOT AOINOJ-
HUTEJbHYIO OCaAKy, Pas/HUHYIO AJA CBASHBIX M HECBA3HBIX
TPYHTOB B 3aBHCHMOCTH OT COYETAHUSI AMHAMHYECKHX mapa-
MEeTpPOB. YUUTHIBAS, YTO CBfA3HbIC TPYHTHl BCJICACTBHE CTPYK-
TYPHOH NPOYHOCTH AEPOPMHPVIOTCH 3HAUHUTENBHO MeEHblIe
' HECBSI3HBIX, HX B3aHMOJeHCTBHe B TJIOTHHE CO3JAaeT YCJIOBHS
11 BOSHHUKHOBEHHA TIPOAOJLHBIX TPEIIHH MEXAY SAPOM
(3KpaHOM) H YHOPHBIMH npH3MaMHu (cM. raasy I).

s npeiBapHTeIbHON OLIEHKH CTATHYECKOH IPOYHOCTH
FPYHTOB, HCNOJb3yeMbIX B CTPOHTENbCTBE, MOMKHO TIPHHATH
npenjoxenue C. B. Mensenesa o Heo6XoauMoCTH npHOJIH-
JKEHHST CEeHCMHUECKOH XKECTKOCTH MaTepHaJioB sipa H ynop-
HBIX TIPH3M:

Pa E'pﬁ =~ Pnp Upnp‘ {"J,IE}}

B naxnbHeiimux npopaboTkax AMHAMHUECKYIO AehopMiu-
pyemMocTb IPYHTOB HEOOXOAUMO H3YyuaTh B CTaOGHJIOMETPAX C
NPHIOKEHHEM AHHAMHYECKHX HAarpysok, aHaJOTHUYHHIX Ha-
TypubIM. ConocTaBisis JHHaAMHYECKHE OCaAKH AApa H NPH3M
(mo merony, nanoxenuomy B riase [I1), MoxkKHO ompexenTh
FMIyOHHY H IIHPHHY PACKPHITHA TPOJAOJBHON TPEILHHBI,

8. HCCJIELOBAHHE CBOVICTB TPYHTOB
C ITIOMOIIbIO METOAOB TTJTAHUPOBAHMUSI
OKCITEPUMEHTA

Kak u3BecTHO, NaJIbHEHIIMHA TIPOrpece B HCCNEAOBAHHAX
IVIOTHH B OCHOBHOM 3aBHCHT OT TOYHOCTH ONpejelIeHHs pac-
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'I'{ETHBI'H XEE}JE[KTE[}IIETHI{ IMIMHHCTBIX H I{pyl’iHDGﬁJIDI"rIG‘HIbIK

IFPYHTOB. 31ech paccMaTpHBAeTCst BO3MOXKHOCTD IIpHMEHEe-
HHS TEOPHH NAAHHPOBAHHA SKCIEDHMEHTA JJIS H3YUeHHS
CBOHCTB IpyHTOB. )

IIpn pacueTe COOPYXKEHHH 3 I'DYHTA ClIeIYeT yUHThIBATh
B3auMoneiicTBHe GOMBIIOrO KOJIHYECTBA PAa3sHOPOAHBIX (akK-
TOpPOB, 00YCJIOBIHBAIONINX Pas/HUHbIE NPOLECCHI. Hns usy-
yeHust TaKux cHCTEeM HeoOXOXMMO HCHNOJb30BATh METOAB Ma-
TeMATHYEeCKOH CTATHCTHKH C H3YYEHHEM pas/jHUHBIX MoJie-
mefl. CrarucTHUYECKH HauboJjee ya00HOH ABJSETCA ITOJHHO-
Muanbiad Moaeab. KosdduuneHTsl noJrHoMa ecTh 3Haye-
HHS 4yaCTHLIX TIPOH3BOIHBIX B TOYKE, BOKPYI KOTOpPOH MpO-
HCXOMHT pasjolKeHHe (yYHKIHH, 3ajalolleil peuIeHHe JHP-
(GepeHHaIbHOrO YpaBHeHuUs.

[Toab3ysich CTATHCTHYECKHMH METOXAaMH, Jerko OLEeHHThb
cTenedHb aJCKBATHOCTH (COOTBCTCTBHS) NpEACTaBJEHHSA pe-
3yJbTATOB MOJHHOMOM BhIGpanHoro nopsaka. IToaunom 3a-
MACLIBAIOT B BUIE

Y=Po+ B x1 P2 224 ... +fp xz (V.20)
1 11aX0AAT BHIOOpouHble oUeHKH b; ana bi—-f. [Ipu pemennn
3TOH 3a71a4H OOBIYHBIM OXHO(PAKTOPHEIM METOAOM H3MEHSIOT
KaXAyIo TepeMeHHyio no ouepedu. Eeau Ias Kaxaoi nepe-
MEHHOH CIC€JaHO fi NOBTOPHBIX OMNBITOB, 4 TiepeMCHHBIe BapDb-
HPYIOTCs Ha ABYX ypoBHAX (41 u —1), To mucnepcus oleH-
Ki KO3((PHIHEHTa perpeccuu pasHa:
o* {y}
2 7
Y=, (V.21)
[Ipn onHoBpeMeHHOM H3MEHEHHH BCeX B (PaKTOPOB MOXK-

{0 YMEHbIIHTh AHCTEPCHIO B (ﬂz—|—21 ){ p}m:
2 ; i o y .
o2 {bi} = PRERTE (V.22)
H COOTBeTCTBEHHO YMEHbIIHTb 0O0Illee KOJAHYECTBO IKCIEPH-
MEHTOB.

Pesyabrat 9KCnepUMEHTOB HEOOXOAHMO INPENCTABJATL B
«KOMIAKTHOH QopMe», 4TO AJs YCJOBHS HOPMAJIBHOTO pac-
npejlesieHusi BbIPASHTCH B HAXOMKJAEHHH TpexX MapaMeTpoB:
CpeJHero y, AUCNEPCHH 024yt HW uHclIa HabJaoJeHHit mn.
DTH napaMeTpbl NalOT BO3MOMKHOCTb OLEHHTb HE TOJbKO Be-
JHYHHY, HO M I'PaHHIbl pacCeHBAHUS TNPH NaHHOM 4YHCJIE Ha-
6110 1e HH 1.

Oueuxa pe3ysJbTaToB HEH3BECTHOro, cHeJaHHAs 10 BbI-
OOpPKE M3 7 ONBITOB, MOJNKHA HMETh MHHHMAJBHYIO amcnep-
CHIO, CXOANTBLCSI TI0 BEPOATHOCTH K OLEHHBACMOMY IapaMer-
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py, a MaTeMaTHYeCKOe OXHAaHHE JOJIKHO COBNapaTth ¢
OUEHHBaEeMbIM ITapaMeTpPOM.

OOBIYHO Pe3yabTaThl 3KCIEPHMEHTOB OBIBAKOT PacCesHbl.
CyuiecTBYeT 3HaYHTENbHOE KOJHYECTBO CTATHCTHYECKHX Me-
T0J0B, KOTOPble IIO3BOJIAIOT H3YUHTL paccesintne. OQHUM u3
5()QeKTHBHBIX CIIOCOOOB SIBJSETCH PAHAOMHU3ALUA IKCIIEPH-
MEHTOB BO BpeMEHH H NPOCTPaHCTBeE.

Mcnonp3yloTesi pas/iMuHbie IJIdHbl IOCTPOEHHS 3KCIEpH-
MEHTOB: HENOJHOOJOYHble cOasaHCHpPOBaHHble, JaTHHCKHMH
KBajpar, IpeKoJaTHHCKHH KBaJpar, JIATHHCKHH Ky6 ¥ T. 1.

OCHOBBI AHMCHEPCHOHHOrO aHaau3a H NPHMEPH! IJIaHHPO-
BANHS IKCNEPHMEHTOB H3J0:xeHbl B padore B. B. Haaumo-
Ba', rie naerca obmHpHasg OuOAHOrpaduss 1o yKazaHHOMY
BOIIpOCY.

He ocranapiuBasch N0ApoGHO HA CJOOMKHBIX CTaTHCTHUE-
CKMX METOJaX HCCJeJOBAHHA NIPOLECCOB, INPOTEKAIOUIHX BO
BPEMEHH, NpHBEAEM IIPHMEP METOAMKH OITHMAJbHOLO HC-
101Lb30BAHHA NPOCTPaHCTBA HE3aBHCHMBIX TIeDEMEHHBIX HJIs
onpepejeHus aedopMainHi IPYHTOB NPH AHHAMHYECKOM BO3-
NeHCTBHH,.

HMccneoBaHuble IPYHTH B €CTECTBEHHOM 3aJIeraHHH HMe-
JH IIOTHOCTD 2,03—2,4 T/M%, B Tes0 Xe IJIOTHHH UX VKia-
AbIBAJIH C naoTHoCTbIO 2,15 1/M3. Koadduuuent seomgHopos-
HOCTH TPYHTA E—:" BapbHpyeTcs B OYEHb IUHPOKHX Ipeie-

0
aax—ot 14 po 1300 —mpu cpenneir sennunne 160. Cozep-
KaHWe NblIeBaTelX vyacTHI uaMmeHsercs or | mo 8%, uto
IpH1aeT rpyHTY 3HAUYHTEIBHYI0 CBS3HOCTH. Koshbuiuenr
puavrpauun xogaedbaercs or 0,23 go 10,5 M/cyrKH.

Dblna nocrasiena 3anada: ¢ noMoumpio na6opaToOpHBIX
lICCJIEIOBAHUH OLEHHTh BAMSHHE NHHAMHYECKHX BO3jeicr-
BHI HAa XapaKTepPHCTHKH TaKOro marepuasa. PeasbHble ceii-
CMHYECKHE YCKOPEHHA [IPH INPHHATOM MJIs HCCAEJL0BaHHH
J-6anyibHOM 3eMJeTpsiceHHH MoOryr aocrurats 0,3—0,5 g.
[IpononxurenbuocTs ceficMHYECKHX BO3JeHCTBHII 3amaBa-
Jdace B npeaenax or 10 xo 40 ¢, yacToTHBIN cocTaB H3MEHSI-
¢t or 0,2 1o 20 T'u. Cunranock, 4To OCHOBHOE CeHCMHYECKOe
BO3/IEHCTBHE HA NJIOTHHY 3aKJI0Y4eTCS B AONOJHHTEJbHBIX
10 CpaBHEHHIO CO CTATHUECKHMH AehopMaliusgXx MaTepHaJoB.
I1u neopMalMH 3aBHCAT KaK OT CeflCMHUYECKOro BO3Aelcr-
BHA (aMINIHTY/bl, YaCTOTBI, NPOLOIKHTENBHOCTH), TAK H OT
CBOMCTB MaTepHaJa IJIOTHHBI. |

'Hanumos. B. B. Teopust skcnepumenta. M., «Hayga», 1971,
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[Tpu naGopaTopHbIX HCCAENOBAHHAX HAa pe3yabTaThl
ONBITOB OyAEeT CKa3blBATbCSl BJHSIHHE METONHKH 3KCHEPHUMEH-
ta. HasoBem Bce nepeMeHiible, BAHAIOLIHE HA JHHAMHYECKHE
XapakTepHCTHKH TpyHTa, (pakTtopaMH. Eciu 3anaBaTh BceM
He3aBHCHMBIM (akTopaM Xorsa Obl ABa 3HayeHHd, To olllee
KOJIHYECTBO ONBITOB (MOJIHBIH (paKTOPHBIH 3KCNIEPHMEHT) OI1-

eJleINTCA 110 opmyde
e g n = 2%, (V.23)
rjae R -— KOJIHYECTBO (PaKTOpOB.

Llenr HcclenoBaHHH B TAaKOH TIOCTAHOBKE — onpejnedie-
Hue Hanbosee omacHoll KoMOHHaUUH (aKTOPOB, BHI3BIBAIO-
UIHX Hanboab1YI0 AedopMalHIO TIPH IHHAMHYECKHX BO3MIeil-
CTBHSAX.

[Tapamerp, XapakTepusywoluuit npouecc (HJH, YTO TO
Ke caMoe, mapaMmeTp OINTHMH3AlUHH): Yy — OTHOCHTEJbHAaN
ocajlka obpasua npH JHHaAMHYECKOM BO3JEHCTBHH B HATIPaB-
JIEHHH NPHJIOXKEHHS HauboJibliero rJaBHOro HamnpsxKeHus. B
pe3yJ/ibTaTe HEOOXOAHMO NMOCTPOHTL HHTEPINOJSIIHOHHYIO 3a-

BHCHMOCTb JJIfl ONpefesieHHsi AHHAMHYECKHX JaedopMaliuit

rpyHTa.
®aKTOpHI, ONpefesIOUHe IPOoIece:

X} —4acToTa nyjabCallHH HanpsKenu#, I'u:

X2 — BEJHYHHA INYJbCalUHH HanpsAXeHHH (OTHOCHTEJb-

Has Aoy);

X3 — rJIaBHOE HaumMeHbluee Hanpsokenue (o, [1a);

X4 — OTHOIIGHHE IVIaBHLIX HampsiKeHuit (o0,/03);

Xs — BpeMs JIO Havasa 1yJabCalliH, C;

Xs — BpPeMs nyJbcallyH, C;

X7 — CTeneHb YmJIoTHeHHS (Jp — OTHOCHTENbLHAs BeJH-

YyHHa);

Xs — BJIAXKHOCTb, %:

Xg — COZEPXKaHHe NblIeBaThIX yacruu, %.

OIbITEl IPOBOXHANCH HA BaKYYMHOM TPEXOCHOM npubo-
PE, COCTOALLEM H3 DE3HHOBOH 06OJIOYKH ¥ ABYX LUTAMIOB.
Huamerp obpasima 250 MM, Bbicora 450 MM, Bcecroponnee
AaBJICHHE CO31aBaJ/ioCh C NOMOLLULIO BAKYYM-HAcOCa H H3Me-
Ps/10Cb MaHoMeTpoM. BepTukaiabHasi nedopmauust (mapa-
METp ONTHMH3AalUHN) H3MEPSJIACh II0 MECCYpPaM HJM 3aNHChi-
BaJlaCb Ha JIEHTY ocuuiorpada ¢ noMollbio JHHEeIHBIX TeH-
sonepopmMomMeTpoB. BeprukaibHas yJbCHpPYIOLIASl Ha-
TPY3SKH CO31aBaJHCb THADaBIHYeCKHM npeccom LIJT-1001TY.
Hacrora H BeqHYHHa nepeMeHHbIX HalpsxXKeHHH (HKCHpY-
IOTCA BH3YyaJbHO Ha IIKaJaX YCTAHOBKH H TOJNEPIKHBAIOT-
CA aBTOMAaTHYECKH B TEYEHHE BCEro OnbiTa.

132




Meroauka MPpOBEAECHHA OIlblTa 3aKJjlouaeTrcsd B CAEAYIO-

LIeM:
1) rpysr 3arpyaior B npu6op c onpeneseHHol maOTHO:

CThIO M BJIAXKKHOCTbIO M3BECTHOr0 3epHOBOr0 COCTABA;

2) cosnaercsd BCeCTOpOHHee AaBJieHHe A0 onpejeseHHON
BeJIMUHHBI O3;

3) co3jaercs BepTHKaJbHOe aaBjeHue Ha oOpasen (o)
iI BBIAEPHKHBAETCA 10 CTHﬁHJ]HSHLlHH CTATHUYECKHX ITOJISYHHX
pepopmManui. 3a MOMEHT cTaOHJAH3aLHH NPHHHMAIOTCA Je-
(popmanuu, paBubie uau Medblune 0,01 MM/MHH;

4) npuknaabiBaeTcs AMHAMMYECKAasl Harpyska (myJabca-
I[HsI 10 HamnpaBJeHHo o; — +=Aog) B Teuenue 20—60 c, urto
[IpEBBIIAET MPOAOJKHTEABHOCTb JI060T0 A0 CHX NMOp 3ape-
FHCTPHPOBAHHOIO 3eMJICTPACEH U,

D) PEerucTpHpyIoTCS AHHAMHUecKHe jaedopMauuu H c6pa-
CHIBAIOTCS HATPY3KH;

6) npousBoaMTCH aHaJu3 HCCAEAYEMOro TpyHTa Tocjae
onblTa (AJ5 CONOCTaBJEHHS ¢ HCXOAHbIM).

Ha ocHoBe npeaBapHTeJbHBLIX ONBITOB, YUYHTHIBAA BO3-
MOKHBIE I'DaHHLbI H3MeHeHHSI (aKTOPOB B €CTECTBEHHLIX M
J1ab0paTOpPHBIX YCJOBHSX, 324 OCHOBHOI YpOBeHb NDHHHMA-
I0TCA CJeAylolHe sHavyeHHs (paxtopoB: x;=6,75 I'n; x,=
=D,3, .x3=65 K!nﬂ; I4=3; .1'5:1200 C Iﬁ="40 S I?:U,S;
xs=11%; x9=10. Cnieqyer oTMEeTHTb, YTO HA BEJHYHHY [IH-
HAMHYECKOH ocalxH rpyHra OyAyT BJMSThL HE TOJbLKO He3a-
BHCHMbIE (akKTOpbl, HO H psiX (aKTOPOB, KOPPEJHPOBAHHBIX
ApYT ¢ ApyroM. M3BecTHo, uT0 HauboJblIece BIAHAHHE HA NIPO-
ecc OyRyT OKasbiBaTh MapHble B3aHMOAEHCTBHS ciepylonie-
'O BHIA: XaX4] XoXg; X4Xg; X4X7, XpX7; XgXo.

ATIpHOpHBIE CBeJeHHS HeOOXOAHMBI s BHIGOpa HHTED-
BaJOB BapbHPOBAHHUA. AHAJH3 anpHOPHOH HHYOPMALHH NO-
Ka3aJ ciaenyioulee.

Hacrora nyJsbcalun X, uamepsieMas KOJAHYECTBOM KOJe-
Oanmii B 1 ¢, A1l peasibHBIX 3eMJETpsCeHHl H3MEHSIETCS OT
0,5 1o 10 T'u. YunrthiBas BO3MOXKHOCTH 9KCNEpPHMEHTAILHOI
YCTAHOBKH (mpecca), yAalaoch MPHHATL 32 OCHOBHOM YPO-
BCHb 4aCTOTy, PaBHYIO X1p==0,70 I'u, ¢ MHTEpBAJOM BaphH-
poBanusa Iy=2,25 I'u. Torna kpaiiume narypaabHble 3uaye-
Hist (akTopa OyayT pasubl cooTBeTcTBenno 4,5—9, Hop-
MHDYA 3Ha4YeHHA (paxkTopa 1o dopmye

e - X ‘
A= AL _ IV
rile Xj— KOJAHPOBAaHHOE 3HaYeHHe PpaKTOPOB;
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X; — HATYpaJbHoe 3HaueHHe pakTopa;
Xjo— HATypaJbHOe 3HaUYeHHE OCHOBHOTO YPOBHS,
[;— HnHTEpPBa) BapbHPOBaHHS;
| — HoMmep (dakropa.
CnenoBaTeabHO, YpOBeHb HOPMHpPOBaHHOro (akrtopa Oy-
JeT paBeH: BepxHuit 41, a HHXKHHHE —1.
Ananoruyso, HCNOAbL3YS JaHHble anpHOPHOH HHpOpMA-
LEH M BO3MOJMHOCTH HCIbITaTeJbHOH TeXHHKH, OBIJIH onpe-
AeMeHb OCHOBHbIE YPOBHH, HHTePBaJbl BAPLHPOBAHHSA H Npe-

neabHble snaveuns paxkropos (raba. V.3). .
TABJHUA V3

Xaa Ig.

Xy Ay Xa. Xy Xge| Lo
daxTopnl I!u ﬁjp Hl’fa ﬁfp x%.C |l e 6/p "/ﬁ n,;

Ocuosuoit  ypo- | 6,75 | 0,3 65 | 3| 1200( 40/ 0,8 | 11| 10
BeHb

Hurepsan smape- | 2,25 | 0,2 20 1 600 | 20 0,1 10 8
HPOBAHKHS

Bepxuut  ypo- | 9 0,5 90 | 4| 1800 |60/ 0,9 |21 18
Belib

Hux unit ypo- | 4,5 | 0,1 40 | 2| 600 | 20 0,7 1] 2
BEHb :

ITo nmelomwnMmesi npeanoxennaM Obljla COCTABJIEHA MaT-
pHlla Aad 3aljaHHpPOBaHHBIX 3KCIEPHMEHTOB, rje Kajaas
CTPOKa MaTpPHIBI — 3TO YCJOBHE ONLITA, 3allUCAHHOE B HOP-
MHPOBAaHHOM BHJEC.

Peayabratel HCcAeAoBaHH{T NPEACTABASIOTCS HHTEpIIO-
JALUHOHHON (DOpMYJoH BHJA

Yy = by + by xy + bs Xy + b3 x5 4 by x4+ b5 x5 + by x5+ by x; - bg x5 -}
+ by Xg -+ baq X2 Xg | bag X3 Xg -+ byg X4 Xg -~ byz X4 X7 ++ bgg Xg X7 -+
—I‘bgp.ra.tg"]—. ~ {V.ﬂzr)}

Kospduunentol nojqHHOMa HaXOAAT MO CJAELYIOLIHM ¢dop-
MyJam:

N

E Xij Yi

rie N —yucao onuiToB (CTPOK B MaTpHIe);
j—uomep croadua (0, 1, 2..., k);
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L s == . . . =t=]
‘, Uy I Ys }Iﬁ = Y1e (V.27)

ol T o o .
- l)y1+{1~)y4{]ﬁl}ya+ +{+1}yu_ (V.28)

by

[IpeanioxeHnass MeTOAHKa MO3BOJIHJIA PE3KO COKPATHTH
YHCJIO OTLITOB, XOTSE OHH M 1POBOAMJIHCE € JBOHHOH I10-

BTOPHOCTBIO.
a5 pacyeToB MCNOAL30BAJIH JaHHbIe OCHOBHBLIX OMBITOB.

PesyabpraTol Ay0/qHPOBaHHBIX OMBITOB [0Ka3ajH HemIoxoe
coBnagetine (pacxoxjaenue B npexenax 5—25% aas Onel-
TOR C JIHHAMHYECKOH HArpy3kKol cJaejyer CcHHTATh BIOJIHE
aonyctuMbiv). OxkonuareasHas ¢opmyaa aaa  onpejeJe-
HUS OCaZIOK TIPH 3aJlaHHBIX YCJAOBHAX HMeJa BHIA

gy =10"5 (794 19,1 %, 47,3 %2+ 7.5 x3+31,9 x4+ 12,4 %5+
411,15 x4 3-8,8 x; + 15,5 xg +9 xp -+ 15,5 xag + 14,4 xo5
-t ]2,? Xas '}L lg,l Xq= —-}—ﬂ,g Xaz -1- 15,3 Iﬂg}. (V.‘Zﬂ}

Ha ocHoBaunm pe3yibTaToB ONLITOB CAEJAHBI CJAELYI0-
illHe BLIBOJIbI.

1. Ha npouecc aedopmauuit BaHAIOT Bce PaKTOphl, Tak
KaK Ko3(ppHIHEHTHI MOJYYHIHCh OHOrO lopsaKa.

2. HanGoapiwee pausHue Ha  BeJIMUHHY CeHCMHUECKOI!
aeopManun OKasbiBAIOT BEJAHMHHA CaMOro JHHAMHYECKOTro
BO3AEHCTBHSA H OTHOIUIEHHE IJ1aBHBIX HOPMaJbHBIX HalpsAKe-
HHH. COBEPHIEHHO eCcTecTBeHHO, uTO ueM 00oJiblle BeJHYHHA
JIMHAMHUECKOTO BO3JIeHCTBHSE H ueM  0oJblle OTHOUICHHE
IMIABHLIX HanpsmeHu, tem Oo.biue JjchopMallus.

3. MakcumaabHas ocajka, mojacyuranHas no gopmyae
(V.29), cocraBaser 0,32% BbicOTH paccMaTpHBaeMoro cJos,
CCJIH BCe paccMatTpHBaeMble (PAKTOPLI HAXOASATCH Ha BEpXHEM
ypoBHe. B onbiTe, 1NpoBeACHHOM NPH 3HAYCHHAX (PAKTOPOB,
PACMOJOKEHHLIX Ha BEPXHHX YPOBHAX, INOJYUCHO Yy=
=0,307%, 4ro BecbMa XOpOLIO COrJIacyercs ¢ BEJHYHHOH,
nojcuHTanion no dgopmyie.

4. PaccmoTpeHnbie mapubie B3aHMOAEHCTBHA  (aKTopos
OKA3bIBAIOT CYIeCTBEHHOe BJIHANHE HA BeIHUHHY JIHHAMHue-
ckoit nedopmanun (10 25%). Yuer napubix B3aHMOACHCTBHI
NOKasplBaeT, uTo BJAHSIHHE MHOFHX (aKTOpoOB CBA3aHO JAPYT
C APYroM, H B 3THX CJay4aaX HeOOXOAHMO MPOAOJKATL T0-
HCKH B3aUMOBJANAOMINX  (AaKTOPOB AJA YTOUHEHHST pacuer-
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HOPO TOJMHOMA, HEeJHHEeHHOCTh KOTOPOro BO3pacraer C yBe-
JHYEHHEM UKCJia B3aUMOICHCTBHH.

PaccMoTpeHHBIH mpuMep HCHOJL30BAHHA TEOPHH IJIAHH-
POBAHHSI JKCIEepUMEHTa MOoKa3aJ, UTO HCCJIe0BaHHs BO-
MPOCOB TPEIIHHO0OPa30BaHHA MOJKHBI OHTh MaKCHMaJ/bHO
3anJaHMPOBAHBI, HAUMHAA C ONpEJeJeHHs PacYeTHHIX Xa-
PAKTEDHCTHK TPYHTOB NMPH CTATHYECKHX M JHHaMHUCCKHX
BO3/IEHCTBHAX MW KOHYas JIOOLIMH 3KCIepHMeHTaJbHBIMH HC-
CIEOBAHHSAMHM B TNOJEBbIX M JabOpaTOPHBIX  YCJIOBHIX.
DT0 He TOABKO YMEHLIUHT KOJHYECTBO ISKCIEPHMEHTOB H
MOBBICHT TOUHOCTb Pe3yJbTaTOB HCCJAEJOBAHMA, HO H I103BO-
JHT, He PacKpbLIBAas BCEH COOXKHOCTH npoliecca TPEIIHHO00-
Pa30BaHHs, OMPEAEJHTh OPHEHTHPOBOUHLIC pPa3Mepbl  Tpe-
IIHH ¥ 30H TpeuuHooOpa3oBaHus M0 JaHHLIM HaTYpPHLIX
HaOJI0/IeHHI M ONLITOB ¢ MPHMeHeHHeM MeTOJa LeHTPoOeXK-
HOTO MOjeJHpoBaHHSI. B Hacrosilee BpeMs B THIPOTEXHH-
yeckoit naGoparopun BHHUM BOJITEO nposoasTcst paboTH
0 BHEAPEHWIO METOMOB IJAHHPOBAHHA IKCNEPHMEHTa B
pasJHuHble HamnpaBJeHHsT HCCAeAOBAHHM MJIOTHH W3  MeCT-
HBIX MaTepHaJoB, B TOM UHCJC H BONPOCOB TPEIHHOOOPa30-
BaHHS.

9. AHAJIM3 TTPOBEAEHHBIX MCCAEIOBAHNHA

Ha ochoBaHHu H3J0XKeHHLIX B 3TOH raaBe MaTepnajosn
MOYKHO BBICKA34Th CJEAYIONLHE OCHOBHBIE COOOpa)KeHusi H
BbiBObI.

Ouenka TpeuuHoo6pa3oBaHis CBA3aHa C ONpeneseHUueM
MPOYHOCTHBIX H JePOpPMaTHBHLIX CBOHCTB TJIHHHCTBIX T'PYH-
T0B NIPH pacTsizKeHuum u ciasure. PaccMoTpennrie B JaHHOIM
riase MeTOMBI HCNBITAHHUS T'PYHTOB IO3BOJSIIOT YCTAHOBHTD
OCHOBHBIE 3aKOHOMEPHOCTH B H3MEHEHHH MPOYHOCTHBIX H Jie-
GbOpMaTHBHBIX MapaMETPOB TPYHTOB B 3aBHCHMOCTH OT HX
COCTOSIHMS, HEOOXOMHMBIE /s OLEeHKH TpelnHooOpasosa-
HUSI B siApaxX W 3KpaHax TJIOTHH.

Mertoj IpsIMOTO pacTsKeHHst 06PasIoB ABAALTCSA HaHOO-
nee 0O0OCHOBAHHBLIM C TOYKH 3peHHs obecreyeHHs1 OJHOPOI-
HOTO HANPAYKEHHOrO COCTOTHHA PacTAXKeHusi ¥ TO3BOJALT
¢ GOJBIION TOUHOCTBIO OMPEAENATh AJS BCEX CBA3HBIX TPYH-
TOB ClefJIeHHe Ha pa3phiB B 3aBHCHMOCTH OT HCXOJHBIX
3HayeHHil MJOTHOCTHM W BJaa)KHocTH. HemocraTkaMu MeTOna
SBJASIIOTCA CJOKHOCTb TIPHTOTOBJEHHSI OXHOPONHBIX 00pas-
IOB M3 TPYHTOB C BKJIOYEHHAMH KPYNHO3eMa H HEBO3MOZK-
HOCTb OnpeliesieHHsa B pajle ciayuaesB (NpH HH3KHX 3HaUe-
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HHAX BJa2KHOCTH) OTHOCHTEJABHBIX AedopMaumii VIAJTHHEHHS
H MOAyasi JxedopMalHH INPH PacTAKEHHH.

Memox GaslouHBIX HCNBITAHUH, ABASIOWHICT HauGoIee
CJOKHBIM, B TO JKe BpeMsd jlaeT HaHOOJBIIYIO HHAOPMALHIO
0 HanpsKeHHO-1eOPMUPOBAHHOM COCTOSHHH o6pasios
PYHTA H TIO3BOJISICT TIOJIYYHTL HE TOJBKO (CUENJeHHEe Ha
pas3pelB, HO H OTHOCHTEJbHbIe AedopMalUHH VIJHHEHHS H
MOAVJIH qeopMalud IpH pacTsaKeHHHN.

JAByXurraMnosoiit Meton -— HaunGoJsiee IPOCTON U omepa-
THBHBIH, OCOOGHHO NPH NMPHMEHEHHH B MOJEBHIX YCJIOBHAX
W TIDH HCC/AEAOBAHHH HECOAHODOMHBIX CKEJETHBIX MaTepHa-
JIOB.

HecyoTps na sHaunTeJabHYIO PAasHUILy B METONAX MpPOBe-

JICHHA ONBITOB YKadaHHBIMH cnocobaMH, BCe OHH IaIOT BeCh-
Ma OJIM3KME 3HAUeHHS CUelIe- g%
HISE Ha  pas3pbiB  TJAHHHCTLIX 4 ]
'PYHTOB U MOrYT ¢ VCHEXOM
MPHMEHATBCS B HCCaAeaoBaTeNL- 4+ ﬁ-i-:;
CKOH H NPOEKTHOH NpaKTHKe. ey

[Tpounoctusie u  jpedopma- 22 s
THBHbIE€ XapaKTePHCTHKH  IJIH- /4 i
HHCTBIX TPYHTOB NpH pactame- | f | |
HHH  (cuenJyienme ua paspwuis, 4] |
OTHOCHTeJbHBIC medopMalHi Vii- | | |
JUHEHHS B MOAYAH nedopma- 0
IIMH) 3aBHCAT OT THHA TrpyHTa, 6 E
HaYaJbHBIX XapaKTepuHCeTHK | | et |
NJIOTHOCTH H BJaXHOCTH, I17a- f".L\\ |
CTHUECKHX CBOHCTB. YCTaHOBile- 917 / s ) il
bl CJACAYVIONHEe 3aKOHOMEDPHOCTH ‘ N |
B H3MEHeHHH Cp, ep, E: / l"x"

1) Bce HCKOMBIE mapamerphl :
CBSI3AHBI ¢ MCXONHBIMH HeJIHHEe!- 2F | 2F LA W
HBIMH 3aBHCHMOCTSIMH; :

2) cuemJieHHe Ha  paspbiB Pic. V.22, Vamenenue npe-
NTHHHCTBHIX I'PYHTOB BO3pacraer JeabHON BeAAUHHEL  OTHOCH-
C  VBEJHUEHHECM IIJIOTHOCTH U TeabHWX VAJHHeHHH aaiiu-
YMEHBIIECHHEM BJIAXHOCTH M AJis1  CTOHCKOH TJIMHLI B 3@BdCH-

OoabminHCTBA 'PYHTOB H3MeHsi- MOCTH 0T HHTEHCHBINCTH

r i Harpysxi
ercst B ananasone 0—50 xTla;  (fyo =790 w,—27%)

3) CEEHHEHHE Ha pHBpIﬂE ] — B T1eypHue JABYX CYTOK; 2 —

"B T _ B TedeHHe 4eTHIpex Heaeap; 3 —
CKeJeTHBIX TPYHTOB MOKeT orn b O el el ey st i

-
—

PEACIATHCA B 3aBHCHMOCTH OT  xpunas II.'I‘-'}'I"HQCTEILI!-.-‘]T;H}hfr
CHenJaenust Hu MPOLEHTHOrO CO- gz;g npu ynrornennw no Ilpox-

b Jdax. G602 13?



aepKanuag Menxkozema (memee | mMM), BXOAsULEro B HX
COCTAaB;

4) orHocHTenbHas nedopMauust VIJAMHEHHS BO3pacTaer
C YBeJHUEHHEM BJAXKHOCTH H IJf TVIHHHCTBIX TPYHTOB C
yucaoMm tekyyectH Wr=20—40% wusmensiercs B mnpeiesax
10 1%;

D) MOAYJb AedopMaluHd NPU PacTAKCHHH YMEHbLIAET-
Csl ¢ yBeauuenneM BJaXKHOCTH M CHHXEHHeM [WIOTHOCTH
FIMHHCTOTO TPYHTA;

6) ocobyio poJsib B H3MEHEHHH TIPOYHOCTHHIX H Jedop-
MATHBHBIX CBOHCTB INIHHHCTBIX TPYHTOB IIPH PAacCTHXKEeHHH
HIpaeT NpoIAOIKHTEJbHOCTh ucnbiTanugd. OyeBHAHO, YTO B
pealbHOM COOpPVIKeHHH jaedopmally TPYHTa JO paspyiuc-
HHA MPOTEKAlT B TCYEHHE JJHTEJbHOTO NMPOMEXKYTKA Bpe-
MeHd. Ilpu @tom, ecTecTBeHHO, [TPOUCXOASIT HIMEHRIHS IIpoY-
HOCTHBIX H JeGOpMAaTHBHBIX CBOHCTB BCJAEACTBHE TPOSABJC-
HHS JVIHTEAbHLIX 3¢ (GeKToB THIA MOJA3YUECTH H pedaKcalli.

B nacrosiiee BpeMsi HMeEeTCSs OUCHb MaJa0 AAHHLIX N0
H3YUEHHIO BJHAHHUA HHTEHCHBHOCTH HAarpyKeHHsa HWJaH Jan-
TeJbHOCTH HCILITAHHS Ha CUenJeHHe Ha paspbiB Cp(f) Hay
OTHOCHTEbHbBIE JedropMalui VaJuHeHHd gp (). Umerounecs
pe3yJbTaThl, HanpuMep JAaHHble oOnNbBITOB Jleonapaca, Ha-
paiHa W Ap., NOKasLiBalOT, UTO CO BpeMeHeM CUeNIeHne
HECKOJIbKO YMEHbLIAeTCsd, a OTHOCHTeJbHBIe aAedopmanuin
VBe/IHYHBAIOTCA, NPHYEM AJs OOJbIIHHCTBA TJIHHHCTbIX
FPYHTOB € UHCJOM IJAaCTHUHOCTH 6—45Y% 3TH H3Menenust He
npespiwaiotT 30% Beauuun, onpeaeteHHblX NpH OBICTPLIX
HenbiTanuax (pue. V.22).

Taxkum oGpa3oM, NPH HAJHYHH PE3YJbTATOB AJNHTEIbHLIX
HCNBITAHHH  TIPH  OLlEHKe Tpellnnoo6pa3oBaHHsd  CJeiyer
NMPUHUMATL COOTBETCTBYIOLLHE 3HAUYeHHS Cp(f) u ep(f), a
MPH OTCYTCTBHH HX € JONYCTUMBIM NPHOJMKEHHEM MNpH-
HUMaTh CKOppekTHupoBaHHble Ha 30Y% 3nauenus ¢p U &, On-
penesenisie Mo peadyabTataM OBLICTPBIX HCNBITAHHH.




[n1aBa VI

OLLEHKA BO3MO)XHOCTU U MAPAMETPOB
TPEILIMHOOBPA3OBAHUSA, MPEAOTBPALLEHHE
U JUKBUIAALUA TPEUWKH B AIAPAX

U 9KPAHAX IIJIOTHH

. OITPEAEJIEHHUE 30H BO3SMOKHOT'O
TPEILUUMHOOBPA3ZOBAHUI, X PASMEPOB
U I[MTAPAMETPOB BEPOSITHbIX TPEHIHH

AHaln3 MaTepHaJioB, M310XKEeHHbIX B MPEIbLAYILIHX TJia-
Bax, Nnospoaser copmyauposart, 0OlLYI0 CXeMy IPOrHo3a
TPEHHO00pa30BaHusl B spaxX H Kpauax KaMeHHO-3eMJIs-

HbIX IWJIOTHH, KOTOpasl COCTOHT H3 CJACAYHULHX OCHOBHBIX
ITAIIOB.

|. Onpenesienne 30H NPELENBHOTO COCTOSIHHSA PacTaKe-
HHSI M CKOJIbYKeHHsI Ha OCHOBAHHH TEOPEeTHUCCKHX M 3KClle-
PHMEHTAJbHBIX HCCJAeAOBaNI HanpAKeHHo-1edopMHPOBaAH-
HOI'O COCTOSAHHS IIPOJOJILHONO H MONEPEeYyHOro ceueHs sapa

B YCJIOBHSIX TIJIOCKOH HJIM JKeJaTeJbHO NPOCTPaHCTBEHHOMH
3ajlayH.

Jlns oueHkKH TpeulHHOOOpa3oBaHHus CJeayeT NPHHEMAaTh
napaMerps gedopMauuil, NOAYYCHHBIC NPH pPEILCHUM 3aja-
UH METOJIOM KOHEYHBLIX Pa3HocTell HJIH KOHCUHBIX 3JIeMEHTOB
149 YCITOBHO-MTHOBEHHOH CX€MbI BO3BC/IeHHS MJVIOTHHBI (ZKe-
JaTCJBHO MpH MepeMEeHHLIX HCXOAHBIX XapaKTepHCTHKAaX
TPYHTOB) C VYETOM NONPAaBOK Ha JACHCTBHTEJbHLIE YCJIOBHA
skcnsyatauun. Takaa monpaska moxkeT ObITh caeJsana B
MepBOM NPHOJHIKEHHH B COOTBETCTBHH C 3KCIEPHMCHTAJIb-
HO OMpeNeaeHHONl BeAHUHHON OTHOWEHHS Sake/Serp, PaBHOI
0,1—0,2 B 3aBHCUMOCTH OT YCJIOBHII BO3ICHCTBHS M IKCILY-
aTalMy, MNepBOHAYAJNbHBLIX XapaKTCPHCTHK MaTepHaJoB H
0COOEHHOCTEH KOHCTPYKUIHI TMJ0OTHHBI H cTBOpa (CM. rJia-
By [V).

O6aacTH BO3HHKHOBCHHA BHYTPEHHHX TpeUlHH THIIA
CKOJIbXKEHHA MOTYT ObITh B 30HE¢ KOHTAKTa sijlep ¢ KPYThIMH
GopraMu yuieJibs B NPOXOJLHOM CEYSHHH IIOTHHLI I Ha yua-
CTKAX CONpAMKEeHHS sApa ¢ NepexoAHLIMH 30HaMH H YIOD-
HLIMH TpH3MaMH B MONEpPeYHoM Ce4eHHH, 0COOeHHO, eCJlH
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nebopMHPYEMOCTb MaTepHaya nNpHaM 0oJblie, yeM CxHMae-
MocTh MatepHaaa sigpa. [lpu 3TOM BEpOATHOCTb TPEUHHQ-
00pa3oBaHus JOJKHA OLEHUBATHCH B COOTBETCTBHH C YC-
JOBUAMH MPOUYHOCTH AJIS CJIOXKHOTO HANPSAKEHHOTO COCTOSA-
nus (manpumep, ycaoBus npounoctd Mopa, sin 0<Isin @)
Ha OCHOBEe aHaJjH3a KOMIIOHEeHT HalpsXeHHi B paccMaTpH-
BAEMOM CEUCHHH IIJIOTHHBI, MOJYYEHHBIX pacueToM Nno OJHO-
My H3 yKaszaHHbix B raase 111 meronos.

Jas onpeneneHust YCJIOBHH o0OpasoBauus TpeLlHH BCJEL-
CTBHE nepekoca rpyHTa B 00JacTH NPHUMBIKAHHA sAapa K
GopTaM KaHbOHa nmpuMeHHMO npeanoxenne M. M. Bacuab-
eBa O HAXO0XKJEHHH MPEICTILHOT0 yria nak/aoHa GopToB, MmpH
KOTOPOM TpPEUIHHOOOpa3oBaHHe OTCYTCTBYET:

[tg O] A
L

[a] = arctg (VI.1)

YunrtniBasi, oHako, urto HauboJjee OMaCHBIMH H 4acio
BO3HHKAIOUMMH B T'VIMHHCTBIX $I/IpaX M 3KpaHax IJIOTHH $1B-
JAAI0TCA OTKPBLITHIE CKBO3HbLIE TpellHHbl Ha rpedHe, OCHOBHOE
BHHUMAHHE CJedyeT YAeJATh OleHKe HMEHHO TAaKOoro THMa
paspylIeHHusa TPOTUBOQUILTPAIUHOHHBIX YCTPOHCTB.

3oHbl BeposATHONO 0Opa3OBaHHsA ITONEPeUHbIX TPELHH Ha
rpe6He SiIep IVIOTHH OlpeIeJsioTcs B COOTBETCTBHH C 00-
JACTbIO PACIPOCTPAHEHUS PacTATHBAIOUIHX HANPSIKEHHH
MJIH OTHOCHTEJbHBIX IPOJOJBHBIX JefopMallHd pacrsxe-
HHUsI Ha TpeOHe NPOJOJLHONO CEYEHHH, IOJYYeHHBIX pacue-
TOM NPH YCJAOBHO-MTHOBEHHOH CXeéMe BO3BeJeHHA INIOTHHDL.
B 3aBHCHMOCTH OT KPVTH3HbI DOpTOB KaHbOHA H Xapakxre-
PUCTHK JePOpPMHPYEMOCTH MAaTePHAJOB sijipa OTHOCHTEJb-
Hasi BeJMUHHA 30H pactsXenusa cocrapasier lp/L=0,3—
0,6, npuueM HanOOJbIIHE 3HAUEHHS 30H TPEUIHHOOOpasosa-
HUSl COOTBETCTBYIOT KaHbOHAM C 3aJ0XKeHHAMH OOPTOB M=
=I]. O6JacTh BeposiTHONO 0oOpa30BaHHs TPEUIHH HAXOAHTCH
Ha YyacTKe HaHOOJIbIINX PAacTArHBAIOIIHX OTHOCHTEJIbHBIX
nedbopmanuii ey, ONpeAeJaseMbIX Ha OCHOBAHHH pacuera ¢
VUeTOM NONMPABOK Ha YCJIOBHs SKCHJIYaTallHH.

2. OnpenescHue Xapaxktepa paspylieHHs TJHHHCTOTO
'PYHTA M MpefenbHbBIX 3HAYEHHH OCHOBHBIX NPOYHOCTHHIX M
netdopMaTHBHBIX MapaMeTpoB MaTepHana sjpa MM 3KpaHa.

Kax yixKe yKasblBajJoCh, HaJHYHE 30H pacTsxKenHs Ha
rpebHe SIBASETCH YCJAOBHeM HEOOXOJHMbIM, HO HEZOCTATOY-
HBIM 71151 0Opa3oBaHHsg TPEILlHH, MOCKOJbKY VK/JaJbiIBaeMblH
B SIJIpO INIHHHCTBIH TPpyHT oOJsangaer crnoCcoOHOCTHIO BOCIHPH-
HUMaTh peopMaluu yajauHeHHst 6e3 paspkiBa.
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CKJIOHHOCTh IJIHHHCTOTO IpyHTa fiapa K oO6pa3oBaHdio
TPELUHH OTPLIBA YCTAHABJHBAIOT IIyTEM aHAJH3a pe3yJbTa-
TOB C/IBHTOBBIX HCIMBITAHUH NP HEDOJBIIHX AaBJeHHHAX (CO-
OTBETCTBYIOUIHX rpe6HeBOH 30He) C OLEHKOH «napamerpa
XpynKOCTH [. Ecan f>1, rpyur cunraerca Gosee noasep-
JKEeHHbIM  TpemHHoobpazoBanuio, llpepenabubie  npovHocT-
pple 1 AedopMarHBHBIE TlapaMeTpbl  (cUelsende Ha pas-
pLIB cp(l) B upejesbHble OTHOCHTEJbHBIE YVAJHHEHHS &p(f)
B 3aBHCHMOCTH OT BpeMeHH) CJaedyeTr ONpeaeAaATb JUIS 3a-
AAHHOrO TPVHTA ¢ COOTBETCTBYIOUIHMH HCXOAHBLIMH 3Hauye-
HHUAMH IJIOTHOCTH, BJAAXHOCTH H COJepiKaHHi MeJKo3eMma
Ha OCHOBE HCIbITaHHH 00pasloB rpyHTa B YCJAOBHAX pacTs-
JKEHHS Mo OJIHOH H3 yKasaHHBIX B raase V MeroJuk. [las
npelBapuTeabHbIX OLEHOK 3THX 3HAYEHHH MOXKHO HCIO0Jb-
30Barh oboOuleHHbIe rpaduxkn 3apucumocreil cp=[(h, G);
ep=[(h, G), noayuyeHHble ¢ YUeTOM IIOHSITHIl O TOMOJIOTH-
YeCKHX BJaaxkuoctaXx u monpasok (a0 30%) na anurens-
HOCTL 1TpOoTEKaHHUA Jedopmaluil.

3. Onpenesienne BepPOSATHOCTH TOSBJACGHHA TPCUIHH Ha
rpebHe safep U 3KPaHoB IJIOTHH Ha OCHOBE UCHOJb30BaAHHUA
COOTBETCTBYIOULHX YCJOBHH NPOYHOCTH.

s paccmarpuBpaeMblX B JIAHHOM - caydae YCJIOBHIL,
OJIH3KHX K OJIHOOCHOMY pAacTszKeHHIO, JOCTAaTOuUHO IpHeM-
aemo npuMmenenne I y 11 Teopun npounoctn. Ilpeanonaraer-
CH, UTO Tpeuyun Ha rpedbue Moryr ob6pas3oBhHBaTLCSI B TOM
cayvae, ecqad pacueTHble MakcHMaJbHble PAacTATHBAIOLLHC
HANPAKEHHS Oy H OTHOCHTEALHLIC JodopMalltin pacrsKe-
HHSl gy K MOMEHTY HpejiioJiaraeMoro odpasopanus TpeLiHu
Ha rpebHe OGoJblue COOTBETCTBYIOUIHX JEHCTBHTEIbHBIX,
CBOHCTBEHHBLIX AaHHOMY TPYHTY, NPEJCAbHBIX BEJIHYHH Clefn-
JCHHA Ha Pa3pbiB HJIH OTHOCHTEALHLIX VAJIHHCHHII, onpeie-
JAEMBIX ONBITHBIM NyTeM, T. €.

Y
HAH ek (VL.2)
ey > &y (1),

4. HaxoxnaeHHe OCHOBHBIX TlapaMeTpos (uripiHbl pac-
KPBITHA H rJAYyOHHBI pacnpocTpalieHus) nonepevylblx Tpe-
lHH Ha rpebHe Ajpa WU 3Kpaua,

AHaJu3 3MIOpel pacnpenenelus OTHOCHTENbHBIX aedop-
Mauuit pacTAXKEHHS [103BOJAET NPHOJHIKEHHO YCTAHOBHTD
OCHOBHBIE mapaMeTpbl Tpelud Ha rpebHe. BennynHa pac-
KPLEITHSI TpellHHb B KaKOH-THOO TOuKe omnpenesisiercs, 1o
CYTH naena, pa3HOCTbIO PAaCYETHBIX CyMMapHBIX nepemelle-
HHH NaHHOH TOYKM H PEavyIbHO BO3MOIKHBIX, 00YCJIOBJCHHBIX
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CrocoOHOCTRIO pacTsAXKeHHss gaHHoro rpysra. Ms paccMoTt-
penns HecaoXHoit cxemMbl Ha puc.VI.l Herpyano onpejue-
JIMTh IUHPHHY PAacKpbITHA:

0=x (e, —&gp), (VI.3)

rae ex— pacueriasi, OKOPPEKTHPOBAHHAS BEJHYHHA IKCIIIY-
ATAUHOHHBIX OTHOCHTEJAbHBIX JdedopMaluu

yAJHHEHHS,
gp — lIpeJlesibHAd 1A JLAHHOTO TpPyHTa BEJHYH-
Ha OTHOCHTEJNBLHLIX YAJHHEHHH ¢ YYCTOM
BPEMCHH;
X — paccrosinue o1 6opTa A0 paccMaTpHBaeMOi
TOYKH.
[HHupuna  nanGoJib-
13 Eﬁ-Ep el TPELLHHLI  onpeae-
® ¥ ¢ JIMTCA TIDH BBEICHHH B
z 1, = pacuer 3HAUYCHHSI MaK-
== o  CHMAaJbHON  pacueTHOi
peopmalil pacraxe-
HHS.

[ny6una pacnpocrt-
paHeHHs  HauOoJabuleil
TpelrHel MoMer ObITb
onpeaeneHa  pacuyeTom
B COOTBETCTBHH C TIJy-

Piue. VI.I. Cxema kK onpercjacnulo 5“1‘!0?[ pHCHPGCTpﬂHE"

I‘:gI]rﬂlljﬁ'!efé'l;lilf}zﬁpi:{}llﬂ}ﬂ'lH*ﬂ."{ TPCULHH H H S DTHD?HT&JH::HHK J1e-

dopmanuit pacramKeHHs

£x, OONBILHX [IPeeb-
HBIX g Hecaeayemoro rpyHta. Jas npubauxenunoir ouen-
KH IJ1yOHHBI MONEPeYHONl TPelHHbLI MOMKHO HCMOJAL30BaTh
YCI0BHSA TPEAeJIbHOrO PaBHOBECHS s YCTOMYMBOrO Bep-
THKa/abHoro orkoca (. Jloy, IO, K. Ceatees u np.), u3
KOTOPOro uMeem

2 €. cos @
7ea (1 —sin @)

rae ¢ H Cc— Yroa BHYTPEHHEro TPEHHA H CHelJelHe
MartepHala C MJIOTHOCTbIO Pgy NPH CHABH-
re.

Ham npeacrasasercs, uto aas onpejedenus napaser-
POB TpeIlHH pa3pbiBa Ha rpedHe siiep H 3KpaHOB M HX 3BO-
JIOUHH #ABASACTCA INEPCHEeKTHBHBIM HCNOJAb30BaAHNE 3aKOHO-
MEPHOCTEH MeXaHuKH Xpynkoro paspywenus [38]. Ipex-
JaraeMble Ke CnocoObl OUEHKH Ha /laHiOM 3Tane H3yuyeHus
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BONpOCAa AalOT BIOJHE YIOBJACTBOPHTEJbHbIE PE3YJbTaThl
M TTO3BOJSIOT B LEJOM OXapakTepH3oBaTh YCJAOBHS W napa-
MeTpbl TPelIHHOOOPAa30BaHHA B TVIHHHCTBIX SiApax H 3Kpa-
Hax KaMeHHO-3eMJSIHbLIX IJIOTHH,

Mpumep. TpedyeTcs ONEHHTL BEPOATHOCTL NONBJEHHA H TIapaMer-
phl TIONEPEHNBIX TPEUNH Ha rpebHe fApa KAMEHHO-3CMISHOR MJIOTHHI
nepicoToil 4,9 m. HcexoaHele XapakTepHCTHKH TJAHHHCTOTO TPyHTa fAApa:
W,=206%, Wp=136%. Wonr=14%, pex=1,65 rfecm®. Cpox Bo3BeIC-
s noTHELD | roa. HeoGxoanmbie aas OlUEHKH  TpelHHooOpasonannsa
napaMeTps 1eqopMHPVEMOCTH H MPOMHOCTH  MOJY4YeHB Ha OCHOBaHIH
COOTBETCTBYIOULHX SKCNepHMeHTOB i pasibl: Lep=7 Mlla, ¢;=8 Klla,
ep=0,11%=0,0011. I[laoTHHu BOIBOAHTCA B TPEVIONLHOM KaHdbOHE C
zagoxenuem Gopron m=1I,

Ha ocnosaniu pacueTa npoja0JbHOTO ceueHus s1pa IJIOTHHLI MeTo-
10M KOHQUHBIX PA3HOCTEH NPH 3aMaHHBIX HCXOAHLIX X2PAKTePHCTHKAX H
VCJAOBHO-MTHOBEHHOH CXEME BO3BEIEHHSA CTPOHM 3NIOPV OTHOCHTEIBNBIX
NPOAOILHLIX Jeopvallnil pactazenna na rpebéue (cm. puc. 111.5).

B coorserctsun ¢ pacnpocTpasenneM pacTArHBAIOMIEX aedopMalni
M0AyHaeM OTHOCHTAILHYIO NPOTAZKEHHOCTh 30HLI PACTSIKCHISN, B KOTOPOH
BEPOSITHO TpeltunooOpasosanne, Jlag paccMaTpHBaeMOro cayuasi nMeeM
Ip/2L=0,25, 1. e. 301Bl pacTsKeHls PacnonaraloTcs Ha VUACTKE AJHHOI
NMPHMEpPHO 22 M oT Kamiaoro Gopta. O6aacTi MaKCHMAIBHBIX 3HAYEHMIT
OTHOCHTEALHBIX pACTATHBAOWNX AeopMalnnil, rae ciaeiver OKHIATDL
HANOOABINNX TPELNH, HaXoaaTes ua paccrosiunn 8—I10 M or GopTOB.
Maxkcnmaasuble oTHOCHTEAbHBE AedOpMAlHl YAJHHEHNS B JAAHHOM cay-

1ae NMOAYHEHbI A5 3alaHHLIX HCXOUIBIX XAPAKTOPHCTHK €y o =1,5% =

=0,015. C yuerom nonpaski 1na yCAOBHS 9KCHAyaTalunm (NpHHHMAS C
HEKOTOPLIM 3aNACOM Saye/Serp=0,10) nMeem ans OUCHKH TPeUKEO0G-

pasoBanig e, =0,225% = 0,00225.

[Ipeneabuble snavenusi CUCTIZICHNS HA PAa3PBIB Cpgry I OTHOCHTEAbHbIE
VIMNHEHUS €pgey € VHCTOM BpeMeHHbX (GakTOpPOB Tina HOJ3VUECTH WM
peaaxcaunn onpejienarca ¢ nonpaskoil Ha 25% (cm. raasy V) cpiy=

L L - o I.Jl:fl‘_
= 6KIla, eyy=0,14% =0,0014. '

Conocrasienue pacuerHux €3

I ONBITHBIX 3HAYEHHH Ep(ey NO-

# 3KC
KaswBaeT, uto €, =0,225% >epn=0,14%, 7. e. MoxHO  yTBepK-

AaTb, 4TO TPEUINHBI OyayT obpasonmparves. Ilnpnna packpwmTia nan-
OOILICH NPEANoaaraeMod Tpelllhs Ha rpedue B COOTBETCTBHH ¢ (op-
Mynon (V103) cocrasut oxono 1 cum. Tayouna pacnpocTpasesHus 3IToil
TPEUlHDLl B COOTBETCTBHI ¢ (opMyaoi (VI4) n xapaktepHwblMp nns 3a-
AAHNOrO rpyuTta 3HaueHHAMH VIJa BHYTpPeHHero Tpeuns ¢p=20° u cuen-
Aenns npu casure ¢e =20 KIla cocrannt hyp a3 M.

2 [oayuennpie napaMerpn BHOJHe JOCTOBCPHBI 148 3alaHHBIX VCa0-
BIH, NTO TMOATBEPMAACTCA KaK JaHHBIMI HATYPHBLIX HaOJI0OCHHA (CMm.
raasy I), Tak 1 peayabTaTaMmu 3KCIePHMEHTAJILHBIX HCCJAedoBaHnii Ha
lentpudyre. Hekoropsie KoppekTuss B Taxoil pacucr MOTYT OBIThL BHE-
CEHBI TIPH yueTe NPOCTPAHCTBEHHOCTH PpadoThl KOHCTPYKIMHE TJIOTHHHE B
COOTBETCTBIN ¢ pexomenpanuamyu raasbl 111 u npn waawaun peayaora-
TOB AAHTCABHBIX HCOBITZHHH mpoOYyiocTH 1 .H,E{IIIJ[}MHP}’EHGETH FPYHTOL B
VCIOBHSIX pACTSAKEHHA.

AHAJIOTHUHDLIN TOPSUIOK  OUEHKH TPCHIHHOOGPA30BaHHs
CIIpaBeITHB H UJid ADYIHX CXeM M YCJIOBHIl.
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2. IPAKTUYECKHE INMPHUMEPLHI INTPEAOTBPAUIEHA
TPEULIMHOOBPA30OBAHNMA

CTaHOBHTCA OYEBHIAHBLIM, YTO PaUHOHAJbHOE TPOEKTHPO-
BaHHe KOHCTPYKIIWH NJIOTHHLI M €€ 3JeMeHN0B, Ha3HauyeHHe
HCXOAHLIX NTapaMeTpoB TPYHTOB TIPH BO3BEACHHH, CIOCOD
BO3BEJCHHS M YCJOBHSI 3KCMJyaTallHd MOryT Crnoco0CTBO-
BaTh YMEHBILIEHHIO OMACHOCTH BO3HHKHOBEHHSA TPEUIHH B
gapax M 3Kpanax KaMeHHO-3eMJSHbIX II0THH., AHaJH3
BAHSHHA PA3JHUHBIX (PAKTOPOB HAa HaNpAKEHHO-AePOPMHPO-
BAHHOC COCTOSAHHE IMOTHHBLI H MPOUYHOCTHBIE CBOHCTBA TPyH-
TOB MO3BOJSET BbLICKA3aTh PSIl NPeVoKeHHH, HanpasJeH-
HbIX HA IOBBIUEHHE HaAeKHOCTH paboTHl COOpPYIKEHHs, B
YaCTHOCTH Ha npepoTBpallleHHe Tpeulnioo0pa3oBanHs.

[lpeacraBageT 3HAYNTEALHBIT HHTEpPEC paccMOTpeHHE
HEKOTOPBLIX KOHKPETHBIX IIPpUMEpPoB H3 [IPaKkTHKH BO3BeJe-
HHSI IJIOTHH, IIPH NPOEKTHPOBAHHH 1 CTPOHTE/JALCTBE KO-
TOPHIX YUHTBIBAJ1ACh BO3MOMKHOCTL TpellHHooOpasoBanus H
NpeAyeMAaTPHBAJICA PAJL MEPONPHITHH 1O NPEROTBPallCHHIO
obpasoBaHuss TPCIULHH.

Maoruwa VYrapa (Kanana) soicoront 122 m pacnodozxe-
Ha B KaHbOHE ¢ YKJIOHaMi Npasoro H Jesoro 60pPTOB COOT-
gerersenno 1:4 n 4:1. Ocuosanne INpeHMyLIECTBEH'D
ckaabnoe (puc. VI. 2,a). Cnpourenncrso OblJIO HA4aTo JC-
rom 1960 r. 1 3aKoHueHO ocenbto 1968 r.

I[MaoTHHA COCTONT M3 L EHTPaJbHOrO, CJIerka HaKJIOHHOrO
A7pa W3 VIVIOTHEHHOH MOPEHHO# TJIHHBI, YKJaJbiBaeMoil
ca0AMH 25 ¢M ¢ YIJIOTHEHHeM 3a lecTh 1mpoxonok 50-ToH-
HBIM NMHEBMOKATKOM, HM3 JABYX OTHOCHTCABHO UIHPOKHX
MmepexopHbIX 30H M3 YIJIOTHEHHOTO TecKa ¥ rpaBHs (CJa0gMH
30 ¢M ¢ TaKHM JK€ YIJIOTHEHHeM) H YIODHBIX NpH3M H3 Ka-
MeHHONl Hab6pocxu. [Ipuyem ymopnasi mpH3Ma 110 CTENCHH
VIIOTHEHHS W METOLY YKJAAAKH pasjleqsjach Ha TPH 300bl:
neppasi, pacnoJjoxennasa OanzxKe K f1pYy, VKIadbiBanach
CAOSMH OKOJIO 75 CM € VILNIOTHEHHeM 3a IIeCTb TPOXO0OI0K
10-TonnniM  BHOpOKaTKOoM, Bropas — caoamu 120 cMm, a
IPeTh — OOJLIIHMH CJa0siMH Oe3 ynaoTHeHHsd. Bepxosoi i
HU30BOI OTKOCH TJIOTHHB MMEIOT 3aJ0KeHHe COOTBETCTBCH-
Ho 1,85 u 1,75. 3epnoBeie cocTaBsl MaTepHAJN0OB fipa H ne-
PexXoAHLIX 30H npeacrasaeln na puc. VI. 2,6,

[Tpy npoexrHpoBanni MJAOTHIB B OCHOBHOM YMHTBHIBA-
J1ach BO3MOMKHOCTH TpelnnoobpasoBanisa, KOTOpoe Tpeirno-
71arajoch BCJGACTBHE HECHMMETPHYHOCTH KaHbOHA C BECh-
M4 KPYTHIM JeBbIM GOpPTOM 1 HEAOCTATOMHOH NJAACTHUHOCTH
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Puc. V1.2, Tlomepeunsiii paspes (@) u KPHBLIE 3epHOIBIX COCTABOB Ma-
repuasos (6) naotTHHB YTapl

! — agpo; € —npepexofunle 301bl; J— yYNopibie npu3sMbl, 4 — apiarpyaka u3 o1-
GOPHOro KaMua

MarepHaJia A0BoJLHO TOoHKOro siapa. HauGosee Beposriibie
TPEellHHbl OXHIAJHCL Ha npeOHe NJIOTHHEI, IONepeuHble 1o
OTHOLUEHHIO K OCH sijpa.

HenocraroyHas naacTHuHOCTh MartepHaia siipa (B uacrt-
HOCTH, OIpeae/sieMas Maabiv KOJAHYEeCTBOM IVIHHHCTBLIX dac-
THl d<0,002 MM menee 5%; d> 150 mm okoao 15%) siBu-
JJaCb OAHHM H3 (DAKTOPOB, OINPEACJAMBIINHX BLIOOP THIIA CO-
opyzKenusi. HaxkmoH HeHTpaIpHoro siapa ObLI NPHHAT HCXO-
Jid U3 TOrO, 4r0 GOablllasi 4acTh KaMeHHOIl HaOpOCKH ¢ HHU-
30BOH CTOPOHBI MOMKET YKJIaAbiBATLCSH HE3aBHCHMO OT siapa,
XOpowo YINIOTHSITbCSI H IIpereprneBaTh 3HAYHTEJILHLIE OCal-
(KH IO TONO, KakK s1ipo Oyjer na Hee onupatbesi. Kpome Toro,
HAKJIOH sijipa MO3BOJAJA IPEAYCMOTpPETh 0o/¢e WHPOKHE Tie-
PEXOAHBIC 30HBI C MHHHMAaJLHBIMH KOHCTPYKTHBHLIMH H3Me-
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HeHnsiMu H De3 oOuero ysesinueHuss odbvema pabor. apo
ObLIO NOCTAaTOYHO TOHKHM H3-3a OrPaHHYEHHbIX CPOKOB
VKJAAIKH BBHAY HEOA4ATONPHATHBLIX KJAHMAaTHUYECKHX YCJOBHH,
HO € HEKOTOPBIM YIIHDEHHEM Y JeBoro Kpyroro dopra. Ta-
KHEe VIUHPEeHHs, BO-NIEPBLIX, VAJHHAKOT TYTh (PpUALTPALHHN Ha
KOHTaKTe ¢ OOpTOM H, BO-BTOPbLIX, VMEHBIIAIT ONacHOCTb
o0pa3oBanua CKBO3HOH TPEILHHBI B 30He HaubOoJee BEpOsIT-
HBIX MaKCHMAaJbHBIX PaCTAMXKCHHUH.

Ha xonraxTte ¢ ocHOBaHHeM IpeaycMarpHBaJdach ykKJaaji-
Ka 'fojiee IJIACTHUYHOrO TJHHHCTOIO MaTepHasa ¢ BJaK-
HOCTbLIO Bhllle ONMTHMAJABHOI CJOeM TOMUMHON 10 1,5 M, uTo
N0JKHO ObIO CIOCOoOCTBOBAThL, MO MHEHHIO CHNeuHaJHCTOB,
Jayyiieit MOHOJHTHOCTH KoHTakta. Ocoboe BHHMaHHe Yy /e-
JASIIOCh KauecTBY MaTepHasa, yKJaaabiBaeMoro B TpeOHeBYIO
30HY. [1pH 3TOM KPHTEPHAMH KeJaaTeldbHBIX CBOHCTB MaTe-
pHaJa CUHTAJHCh IIOBBILLIEHHAS ero njacruunocts (Wp>
> 12%), 1no3soadiomwas rpyHTy 3HAYHTEJALHO Ae(pOpMHpPO-
BATbLCH, MpHCNOCA0ANBAsACH K HEPABHOMEPHLIM AedopMalii-
AM, H CIIOCODHOCTL K CaMo3ajeduBannio 00paszoBaBLUMXCS
rpetii. HMcnoab3yeMplii MaTepHaa (MopeHHasdg TJHHA C
BKJIOUEHHSIMH TpPaBHs) CUHTAJICA XOPOILLO CaMO3aJeunBalo-
IUMCSI, a AJas YBeJHYeHHs IJacTHYHOCTH B FPYHT, YKJja-
JLIBAGMBIH B BEPXHHE 30HbI, JOOABJAAMH HEKOTOPOE KOJHYC-
¢rBo GeHToHuTa. s obecnedyeHus JAYUILENO MPUMbIKAHHS
H yao6cTBa YKJIATKH Ha KPyToMm JesoMm Oepery HEpOBHOCTH
H YCTYNbl ObIJIH CrJIaKeHbl Iy TEM YCTPOHCTBA D€ TOHHOM [101-
COTOBKH C VKJOHOM, [PHMEPHO PaBHLIM CPEIHEMY VK/JIOHY
Gopra, [lepexoaHbie 30HBI 3a AApPOM ObLIH 3alPOCKTHPOBA-
Hbl 1OCTATOUHO IUHPOKHMH, H ClEelHaJbHO Obl1 1M0g00paH
HX COCTaB (IIeCOK, rpaBHil) C LeJbl0 NMPeAoTBpallelis Bbl-
MbiBa MaTepuajsa sjapa upu obOpazosanun TpemHHbl. Jlas
YMEHbIIEHHA Pa3MepoB 301 BO3MOMKHbBIX pPacTsizKeHHH OblIo
PCIIEHO HECKOJBKO H30THYTH OCh MJOTHHL B njaaHe (¢ pa-
MYCOM KpHBH3HBI 0KOA0 300 M), uTOOB! CO3/aTh HOKOTOPbIIl
3(ppeKkT pacnopa, aHaJOTHYHBI CYLIECTBYIOLEMY B apou-
HBIX IJIOTHHAX. YUHTHIBASI, YTO BO MHOTHX CAVYAAX TpPEILH-
bl 00pasylTcsi B MOMEHT 3aloJHeHHs BOJLOXPaHHJINIILA,
Obl1  pazpaboTaH cCrHeuHajJbHLIT TpaduK 3anoJHCHHUA; B
HYACTHOCTH, MpeayCcMaTpHBagOCh, UTO BOJAOXpPaHHJIHILE HA
plcote nociaeaHux 60 M OviaeT 3amoaHeHO B TEUueHHe IpH-
MEepHO 9 MecAues, T. €. JOCTaTOYHO MEIJICHHO.

B npouecce crponresbcTBa, YUYHTBHIBas BCe e BechbMa
OoJblive Habualojaembie ocajkun Marepuanos, ObLTo npe-
IYCGMOTPEHO CO3AaHHe AOMOMHUTEALHOrO 3KpaHa B BEpXHeH
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Puc. VI.3. Jlanuble u3Mepenuil TOPHIOHTAJLULIX NepevelleHni B naa-
we (@) ¥ BEPTHKAJBHLIX MepeMeulcnnit B mpogoabinom ceuednn (D)
NA0THHLL YTaph iyn ]

[ —1a P5/XI 1967 r.: 2—ma 2/IV 1968 r.; d—wma 5/IX 1968 r; 4—mna 7/XII
19638 r.

yactH (/s BHICOTDI) SiApa M YVIIHPEHHE NEPexoaHblX 30H. Hasd
YBEJHYEHHS [JIaCTHUHOCTH MarepHaJa BEpXHeill 30HbI s/pa
10 Wy=129% mnorpedoranocb ©Obl aoOaBjeHHe IPHMEP-
o 2% Oentonuta (Ha OCIHOBAHHH 3KCIEPHMEHTAJbHBIX HC-
CAeAOBaHuit), uTo OKaszaJaoch Obl BeCbMa JIOPOroCTOSLLHM
MEpPOMPHATHEM H He oBecieyHBaILNM MOJHOCTHIO 3POHEK-
THBHOH pabOTHl siipa B OTHOWEHHH €ro MOHOJHTHOCTH TIPH
pactaxKeHud. PacemarpuBajiuch aBa BapHaHTa JONOJHH-
TEJBHOTO 9KpaHa (M3 JHCTOBOH cTasm UAN aepeBa JanboO B
BHJEe TPaHIICH, 3alOJHEHHOH CMeChio lecka ¢ OeHTOHUTOM
Ha ryOHHY 3 M). |

Onnako ganubie HaOMIOACHHT 34 TTOBEJEHNEM siipa, BO3-
BeAeHHOro 10 */5 BCeil BLICOTH, B NEPHON BPEMEHHOTO NpPEK-
palleHus pabor (B KoHie 1967 r.) BuayaapHo u 10 CHELH-
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aJIbHBIM HHKJHHOMETpaM TNOKa3aJH, YTO HHKAKHX TPpelHH
He HaDJAI0AaJa0Ch. DTO NO3BOJAHJIO CYHTATh, YTO BCE NPHHA-
rble MePONPHATHA OKAa3aJuCh J0CTATOYHO 3S(PPEeKTHBHBI, U
OT ycTpoicrsa JONOJHHTENLHOTO 3KpaHa OTKasaflHCh.
B wacth yurupeHHs MepeXOLHLIX 30H OBLIO peIIeHO BHIOHS-
MEHHTb HX NpOeKTHbIE OYePTaHHSl C YBEJAHYEHHEM TOJIUIHHD!
B BepXHHX uacTtax sipa.

Hns naGnoneHuit 3a medopMauusivMe n ¢GuabTpauHerd |
maorHHa Oblja ocHauleHa OOJBIIHM KOJHYECTBOM H3MEpH- |
TeJbHOH annapartyphbl, pacrmojaraeMoil B ABYX OCHOBHBIX ce-
geunax. C 1ueabl0o OOHADYXKCHHA TOBEPXHOCTHBIX TpeLLIHH
rpeGesb IVIOTHHBI ObIV1 MOKPHIT CJ0eM OHTYMH3HPOBAHHOTO
f6eToHa, UTO NMO3BOJANIO HabJOaaTh 3a nopejleHHeM rpelfHs.
3amepeHHble TOPH30HTAJbLHBIE W BepTHKaJbHble Aedopma-
nud (puc. V.3) NOATBEpPAHJH B LEJOM OKHIaeMble 0CO-
OeHHoCTH Je(OpMHPOBAHHA TJIOTHHHI B KaHbOHE, B MaCTHO-
CTH HaJH4YHe 3HauyHTeJbHbIX Aedopmaunii BOIN3HM KpyTOro
Gopra. OiHaKo, NMOCKOJALKY B AaJbHCiiieM TpCUIMHBI He I10-
SIBUJIHCh, MOMKHO CUHMTATh, YTO MPHHATHIE Mepbl CIocCOOCTBO-
BaJH 3HAYHTEJbHOMY CHHMKEHHIO HeOJaronpHATHBIX TEeH-
JNIeHIHIT B 1e(pOPMHUPOBAHHU si/Apa ¥ COOTBETCTBEHHO CHHIKE- |
HHIO OMACHOCTH TpelllHHooOpa3oBaHHA B HEM.

Maoruna Tap6eaa (ITaxucran) ¢ sgapoM BbicoTOH Oodee
100 m. Haa axpa nojpodpan Marepuan (COCTOSLIMH H3
CMECH HJ1a, IIecKa, rpaBHsl ¥ raJiedHHKa), CrnocoOHbLIH caMo-
zajqeynBath obpasoBapuiyiocsi tpemuny. Ilpeanoaaranocs,
yTO NpH oOpa3oBaHHH TPEUIHH MaTepHa] HavyHeT OLICTPO
DA3MBIBATLCS, Kpynuble Gpakiuuu OYyAVT OTALAATHCS OT Mel-
KHX H OCBLINIATLCH CO CTCHOK TPEUIMHLI B UEHTpP, CcO3aaBaf,
rakam oOpasom, HekoTopoe nojpobue duabrpa. Ilpu xopoio
MoxobpaHHOM MaTepHae OCHOBHOH NepexoaHoH 30Hbl KpyIi-
Hble ppakiun He OVAYT BBIHOCHTLCA H3 TPEIHHB Najablle
GuabTpa, 1 B 3TOM cJyyae A0JaKHaA IPOH30HTH cTabHIH3a-
IWHsSl B PA3BHTHH TPCLLHHDL

BepxoBoii HenpoHHlaeMblil mouyp Ha niaorHHe TapOeda
PacrnosoXkKeH Ha riayboKoM ciloe allJIlOBHA B LIEHTPe H ONHpa-
eTcsl HAa CKaJbHble Oopra mno ob6eHM CTOpOHAM JAOJHHDI.
[Ipeanosaranochs 3HAYHTEJBHO IPHTPY3HTH YUaCTOK OMHpa-
HUS TIOHYpa Ha aJJIOBHAJbHbIE OTIOXKeHHA, UYTOOLI npe-
AYNPEAUTb JaidbHEHIIHe HeXKeJaTeNbHbe OCaJKH B BTHX
MecTax.

VuursiBast Bce ke 60abIyio onacHocth obpa3oBanHs 110-
nepeudslX TPelHH B rpedHeBOH 30HE BCJAEJICTBHE HEPAaBHO- |
MepHBIX Jedopmalnii Matepuana B KaknboHe, OLWIO PEILEHO
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ApMHPOBATH BEPXHIOO YaCTh HACKIH. APMHPOBalHE 3aK/II0-
qaJioCh B YKJaJKe TOHKHX CTaJbHBIX JIHCTOB B BepXHeH yac-
TH B 30HAX BEPOSTHOTO PACTAKEHHs, UTO HOJKHO Oblio 60-
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Puc. V1.4, TMonepeunniii paapes (a), npofoabueiii npoduab (6) # KpHBbe
3ePHOBLIX COCTABOB MaTepHaJoB (8) naoTHrb Maika

{ — aapo; £ — ynopible MNPH3MBEL 3 —upurpysxa oTKOcOB; 4 — KpemJjenHe - B2p-
XOBOTO OTKOCA; & — andioBHANbLHBIE PYCAOBble OTINOMKeHHA; 6 — rpaHBusl 3anera-

WHH MNacTOP B OCHOBaHHH, 7 — MepBoHAYaIbHOe oOuepTaHHe KanboHa, & —rpa-
HUILA BPOSKH AaApa B OCHOBAHHE
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Jee paBHOMEpHO pachpenesuTh AedopMalHH B 3THX onac-
HBIX 00J1acTaXx.

Maoruna Maiika (Kasaaa) swicoTOil OKOM0 235 oM, AJH-
HOil o rpe6Hio okoao 790 M ¢ AOCTATOYHO KPYTHIMH OOpTa-
M (puc. VI.4). IIpun npoekTHpOBAHHH H BO3BEAEHHH I[110-
THHBI (Hayano crpomtenbcTBa B 1967 r.) mpenycmarpuBa-
N0CH CHHJKCGHHe onacHocTi TpeuiHHooOpasoBanusi B sJipe.
OcHOBalHe IWIOTHHBI CKaabHoe ¢ HeOOJbUIHMH TeppacoBbl-

MH OTJOXKEHHAMH, KoTophie ObJIH YldajdeHbl B KOTJOBaHe
nox aapom. LlenrpajbHoe SIAPO BHIMOJHEHO H3 IWIHHHCTBIX
MOPEHHBIX TPYHTOB, YNOPHLIC TIPH3MBI BHIMOMHEHb! H3 TECHd-
HO-rpaBeaHCTON cMecH. 3€pHOBBIC COCTaBbl MaTepHaIoB
npejcrapaeHbl Ha pHC. V14, 6.

VunTepas 3HAYHTENbHYIO KPYTH3HY CKJOHOB, CHOCOOCT-
BYIOIIYIO Pa3BHTHIO HEPaBHOMEPHBIX AedopMauni obpa-
30BAHHI0 30H pacTAXKeHHH, ObliH pa3paboTaHbl CnenHazdb-
Hbple pexoMeHIAlMH, HalpaBJeHHbIC Ha YMEHblIeHHe oTac-
HocTH TpeutnHooGpasosanns, Ocb MIOTHHBI CJaerka H3rxHba-
Jach B CTOpoHy BepxHero Obeda. S1Apo uMeso HaKJIOH, 4TO
YaCTHUHO TO3BOJAI0 HE3aBHCHMO BO3BOAHTH HH30BYIO TPH3-
My ¢ onepexeHHeM TIPOXOKJEHHsS HHTEHCHBHBIX OCaJ0K 70
yerpoiicrsa sapa. [1pounocrubie cBOMCTBA MOPCHHOM INIHHDI
nas gapa (CKHMaeMoCThb, CONPOTHBAEHHE CABHTY H T. n.)
He3HAUHTEJbHO OTVIHUAJHCh OT CBOHCTB MaTepHaJaoB VyIOP-
HBIX TIPH3M, UTO HOJKHO Gbl0 criocobeTsoBaTh Godsee Ouia-
FONPHATHOI COBMECTHOiI PaGoTe OTACJBHBIX 3/1eMEeHTOB Oes
o6pa3oBanusi HEXKejaTe/NbHOro apouHoro adgexra U pas-
JHUYHBIX CKAUKOB B Je(opMmallHax Ha KOHTaKTe fjapa ¢ npH3-
Mmamiu. Ilo nanpasaenuio K 60praM H OCHOBAHHIO SJPO HEC-
KOALKO PACIIHPSIOCH, NpHYeM no rpedHio 370 pacliHpeHHe
Op110 Ha nporsKennn 160 M or Kaxjoro Gepera, rae H 0XH-
AaJNCh 30HB pacTsKenus. Marepuan ynopHo# mMpH3Mbl YIi-
JIOTHSIIH BecbMa TiiatesnbHo (coamu no 30 oM), 4TO J0J-
KHo Obl1o obeclieunTh €ro MHHHMAJbHBIE TOCJEAYIONIHC
ocanku. [Tpu nojroToBKe OCHOBAHHSI MO PO YAAJAIH BCE
PLEIXJbIe OTJOMKCHHSH, a TaKKe CrIaXXcHuBaJH pe3kne YCTYIIb.
Ha nekotopwix yyaCTKaX yKJaJbBadH cJa0ii OeroHa s
3aTMOJIHEHHS] BIAUMH. 3HAUHTEbHBIN BBICTYI Ha npasoM Oe-
pery Gu BHIIOXKEH 10 3anoxenus 1,5. B mpouecce ykJaan-
KH TUlATEJbHO KOHTPOJHPOBAJIH 3€PHOBOH COCTaB MarepHa-
JI0B, IJIOTHOCTH M BJAXKHOCTD.

[IposeieHne yKasaHHBIX MEPONPHATHII NPEAYCMAaTPHBA-
JIO yYMEHbIIEHHE ONaCHOCTH TPemHHooOpasoBaHns.




3. OCHOBHbBIE PEKOMEHAALIHUHA

[TO KOHCTPYKLIHMHU, MATEPHUAJIAM,
CITOCOBAM BO3BEIEHHS

MU IKCITJIYATALIMH TTJIOTHUH,
CITOCOBCTBYIOIIHE TTPEJOTBPAIIEHHIO
TPELIWH

AnanH3 JAaHHBLIX HATYPHLIX HaOJMIOAEHHH, a TaKXe pe-
3yaAbTaThi OUCHKH HAalpsKeHHO-Ae(POPMHPOBAHHOIO COCTOM-
HUS KaME@HHO-3eMJISIHbIX IVIOTHH M CBOHCTB MaTepHasoB I10-
3BOJISIIOT BLICKA3AaTh. IEJBIH Pal coo0paxKeHnil o He0OXoau-
MbIX TPEOOBAHHSAX K KOHCTPYKIHMH IJIOTHH, A1CP H 3KPaHOB,
MaTtepHaJjaM, YCJOBHSM BO3BeLCHHs M SKCIayaTtanuy, cob-
JIOJIeHHe KOTOPBIX MOZKeT CHocoOCTBOBATH VMEHbILICHHIO
(MM [IOJIHOMY HCKJIOYEHHIO) OMacHOCTH TPEIHHO0Opas30-
BaHHsl B IPOTHBOPHIbTPAIHOHHBIX 3JIEMEHTAX.

[Ipn BpIGOpE cTBOpa HEOOXOJAHMMO YUHTBIBATL (OPMY
KanboHa. OcobenHo HerkeJaTeabHa SIPKO BbIpAKEGHHAH He-
CEMMETPHUHOCTL (popmbl. Hanbdosee nedaronpusTHLIMH B
OTHOWEHHH BCPOSITHOCTH TPeLHHOOOpa3oBaHHsd Ha rpedHe
ABJASIOTCH KaHbOHbI C 3a/I0KeHHeM m== |.

JAANpO NMIIOTHHBI caeayer ConpsiraTh CO CKaJbHbIM (TIpak-
THUECKH HeJe(MOpMHPYeMBIM) OCHOBaHHEM ¢ 006f3aTeJqbHOMN
3a4YHCTKOH 'OOPTOB H yJAJCHHEM HMEIOIHXCH B 30HAX KOH-
TaKTa CKHMaeMblX oTyozKeHuil. Ilpu cHabHO TpelHHOBATOM
OCHOBAHHH HEOOXOAHMO MPEAYCMOTPETb YKPEnHTEJIbHYIO
HeMEeHTallHIO. 3anpelleHo paclojJaratbh siipo Ha ‘yyacTke
Pas3JHYHBLIX TeKTOHHYeCKHX o©Opocos. PesxHe BoicTynbl H
TMEepPeJoMbl B OCHOBANHH HA KOHTAKTE C AJPOM CJelyeT BbLI-
[NOJIOKHBATh, IIPH 3TOM B psijle CJay4yaen 1eJecoodpasHo yCr-
pauBarb OGETOHHYIO BLIpABHHBAIOULYIO TOJATOTOBKY.

st yMeHbIIeHHA ONAaCHOCTH MOSBJCHHA TPeLHH, eCJH
3TO MO3BOJISIOT YCJI0BUs Tonorpaduu (mpH COXpaHEHHH HIH
He3HAYHTENbHOM YyBeJHueHHn obObema Bcex pabdoT), pexo-
MCHJAYETCA OCH TIOTHHLI IIPHAABaTbh KPHBOJHHEHHOE ouep-
TaHHue ¢ BBIMYKIOCTbIO B Bepxuuil Oved. apo uerecoob-
pasHo AesaTb HAKJOHHBIM (B 1pelenax VyKJIOHA HH3O0BOI
rpauy 1:0,2 B uHKHUR Obed) ¢ weabio odecneueHHsT BO3-
MOXKHOCTH pasieJibHOIl YKJaAKH MaTepHaJsioB sjipa v viiop-
HelX mpuaM. ‘Caeayer UMeTb B BHAY, 4TO NpeIIIecTBYIONIas
OTCBINKA YIOPHBIX MPH3M CIOCOOCTBYET TOMY, 4TO 3HAYHU-
TeJbHasg 4yacTh JepopMaluil NPpoTeKaeT A0 YCTPOHCTBA HA-
KJOHHOrO f1pa, ONUPAIOULIErocs Ha IPH3MY. DTO 00CTOSTE/b-
CTBO mpuobperaer ocob0 BaxKHOE 3HAUeHHEe TPH CTPOHTE/Ib-
CTBE TIJIOTHH C KpaHaMH, Korja ocajka 3KpaHa (ero Ha-
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rufb) noOJIHOCTBHIO 3aBHCHT 'OT OCaJOK Haxojsllerocs noa
HHM MaTepuaJja (puALTPOB H YNOpHBIX npH3M. B oBasn ¢
STHM IpEeJACTaBJACTCA 11e/1eco00pa3HbIM 30HHPOBAHHE MaTe-
pHaja VIOPHBIX NPH3M, 0COOEHHO ¢ HM30BOIl cTOpoHbl. [lpH
3TOM MaTepHaJj, TPWIeTraiuil K 3KPany HJIH HAKJA0HUOMY
SAPY, AOJKEH ObIThb THIATEJNLHO YINIOTHEH ¢ HEJbI0 yMCHb-
IIEHHS €ro NMOCJCAYIONHX 0CalloK B IIpollecce 3KcavaTta-
HH. PekoMeHayeTes TakXe HeKOTOpoe paciliupelne aapa B
MPUKOHTAKTHBIX K OCHOBaHHIO u 60opraM 30Hax, OCOOEHHO
Ha ydacTKax OXMHAAaeMOro paclpoCTpaHcHHs 30H PAaCTAKE-
Husl Ha rpebHe.

bBeayc/sioBHO, 4TO NpPHMEHEHHE MaTepHaJIOB AJA YCTPOH-
cTBa sijapa (3Kpana) W VIOPHBLIX NPH3M MJOTHH, o6Jsajaio-
IWHX GJH3KHMH AedopMaTHBHBIMHI CBOlCTBaMH, Oyaer cIio-
co6¢cTBoBaTh Gosee HOpMaabHON pabore coopyxenns. On-
HAaKO OYeBHIHO, UTO CBSI3HLIE TPYHTLI, VKJaaJAblBaeMble B
A1p0 (3KpaH), H KpPYMHOOOJIOMOUlBIE, VKJIaabiBaeMbie B
YIOpPHbIE NPH3MBl, 00JalaloT pasaHYHbIMH CBOHCTBaMU.
Tem He MeHee 1O BO3MOIKHOCTH HeOOXOJAHMO CTPEMHTbCHA K
NpHOJMHIKEHHIO Ae(OopMAaTHBHBIX CBOHCTB TPYHTOB pasiiny-
HbIX 3JeMeHTOB. B oBfI3H € 3THM CKeJETHBIH IMaTepHaJ
(TIMHHCTBIH ¢ KPYNHO3EPHHCTBHIMH BKJIOUeHHamMu)  OoJee
NpeAMOYTHTE/ICH, YEM YHCTO [JIHHHCTBIH, TaK KakK 3HauHu-
TEJNbHO CHHIKAETCH ONACHOCTL NOSABJEHUST apouHoro addex-
Ta B NollepeyHOM CEYeHHH Ha KOHTakKTe sjipa ¢ TipH3MaMH,
a TaKmKe M3MEHSIOTCA YCJOBHS JAedopMHpPOBaHHS #Anpa B
npojoabHOM HanpapieHan (cm. raasy III). B Bepxuioio
yacTb TaKoro sapa (toauuuoit mo 10 M) caexyer yKJjabl-
BaTh MaTepHaJj 0oJe¢ MIAACTHYHLIH, 4€M OCHOBHOH CKeJIeT-
Hellt (¢ uvcaoM miaacruuHocty Goaee 8—10%), cmocobubin
BOCHpHHHMATL OogabliHe AedopMalliH  YAJHHEHHA I1IPH
o0pa3oBaHHH 30H pactsaKennsa Ha rpebue. Takol MarepHad
MOXKeT ObiTh TOJAYYeH o0orauennemM CKeJeTHOPO I'pyHTa Iy-
TéM OTceéBa KPyHHbIX ¢paxkuuit wiaH 100aBKH YHCTOrO CyT-
JUHKA WJIH TAHHL au00 A48 yCTpoficTBa 3THX 30H Tpedyer-
cst apyroit, Gosee maactHuHblili Marepuan. CxeserHblil
MaTepHaJ, 10 MHEHHIO psija aBTOPOB, ABadercsa Oosaee OJaa-
FONPHATHBIM B OTHOINGHHHM CaMO3aJEeUHBAHHUS TPEILHI 1O
neiicrpueM QuAbTpaNHOHHOro noroxka [23].

B npHKOHTAKTHYIO 30HY XKEJIaTeJbHO VKIAAALIBATH CKe-
JeTHbIH MaTepHaJ ¢ NMOHHKEHHLIM COMepKaHHeM KpylHo3e-
Ma (¢ppakuun He KpynHee 50-—60 mwm), uto obecneynsaer
JVYLIHe YCJOBHSA NPHMbIKAHHs siApa K OCHOBaHMIO H obJjer-
yaeT YCTPOHCTBO HAJEKHOrO KOHTAKTA.
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[Tpn mCrnoNb30BAHUME AN SAPa MM 3KpaHa TJIHHHCTBIN
rpyHroB 0e3 BKJIOYCHHII BEPXHIOI 30HY BO3MOMKHOrQ pac-
TAMXKEHHS CJIeAYeT BBLIOAHATH H3 MaTepHaJa, YKJaajblBa-
eMOro IpH BJAa)KHOCTH HECKOJbKO Bbllle (Ha 2—3%) on-
THMaJbHOH,

B npouecce ykKJajAKH MartepHas He0OXOJHMO TILATEb-
HO VIJIOTHAATH B COOTBETCTBHH ¢ 3a/laHHBIMH  TeXHHYeCKH-
i yeaoBHAMH. [lpuuem npu  yerpoiicTBe BEPTHKAAbLHOIO
spa VKJAajKa MarepHaJioB siipa, MepexoaHblX 30H H yIop-
HBIX TPH3M JAOJXKHA OCYIECTBAATLCS 0e3 onepexeHHs BO3-
BCJICHHS OTAGJbHBIX JaeMeHTOB, [IpH ycTpoiicTse HakJoH-
HOro 9pa WiH 3KpaHa ykaajaka MaTepHasa yIIOPHOH IIpH3-
Mbl H (QHIBTPOB JOvIZKHA, HA00OPOT, MPOH3BOAHTLCH C Olle-
pexenHeM, YTO CrnocoOCTBYET MPOTEKAHHI) MX OCHOBHBIX
OCa/loK 10 BO3BEACHHA NPOTHBODHIALTPAUHOHHONO 3JCGMEH-
Tda, OIHpalOUErocsa ma 3TH MaTepHaJbl.

YUHTBHIBAfA, 4TO 3HAYHTEJbHble J1edopMaiH, YacTo MPH-
BoAsAlHe K 00pa3oBanHIo 301 NPEACJALHOr0 COCTOSIHHA, ITPO-
HCXOHAT B IIEPHO HAIlOJHEHHH BOJIOXPAHHJHILA BCJICJCT-
BHE YBEJHYGHHA HArPY3KH H «IIpOoCajKH» MaTepuaja Bep-
XOBOH NPH3Mbl NPH 3aMauHBaHHH, BecbMa KeJaTeJbHO  Ha-
MOJIHATH BOJAOXPaHHJHLILE OJHOBPEMEHHO C BO3BeJCHHEM
0THHBEL,  Torga ocaaku OT ‘HarpyskH BOJIbl BepXHero
6bepa NPOH3OHAYT B CTPOHTEJAbLHBIH I[I€pHOA, H B AaJbHCH-
meMm cpaborka M HanoJiHeHHe BoOAOXpaHHJaHmla Oyayr cKa-
3bIBATLCSA MeHee CYLLeCTBeHIo Ha yBeanueHue Aedopmaiuit
MaTepHaJa0B IVIOTHHBI B 3KCIJIyaTallHOHHBIH I1ePHO.

B npounecce Bo3BeneHHsi HeoOXOAHMO OCYIIECTBJAATD
KOHTPOJb 3a MJIOTHOCTLIO H BJAAXKHOCTbIO MaTepHaJa, 3¢p-
HOBBIM COCTABOM, HH B KOeM (Jiyuae He JonyckKas paccioe-
HHSI TPYHTAa TNPH YKJIAJAKe, BLI3BIBAIOLLETO HEXKe1aTe/]bHVIO
HEO/IHOPOHOCTE MaTepuana coopyxkenusa. Ocoboe BHHMA-
HHE cheayer yaensaTh noabopy cocraBa MepexopHbIX 30H.
Kak ykaasiBasoch B ryiaBse I, B psyjie ciayuaeB BCJIEACTBHE He-
VAOBJETBOPHTEAbHOrO nogbopa coctapoB (GHJIBTPOB H IJIO-
XOro MX YIJIOTHEHHsi HaOdI0jaeTCs HMHTEHCHBHOC paspylie-
HHe (pasMBbIB) TPYHTA $1/lpa WIH 3KpaHa M BO3HHKaer [I1O-
BblLLICHHAs cocpejloToueHHan (uabrpauus no obpas3oBas-
meiicsi TpemyuHe (Hanpumep, naoruna boanepxen). Tloa-
Oop ¢uabTpoB ¢ yueroM 06pas3oBaHHs TPELUMH MOMKeET MPO-
H3BOJHTHCH TIO cyulecTBylomum pekomenpaunuam BHHHA
BOJITEO [44], BHHUHUTI uwm. b. E. Beneneepa nian I'mapo-
npoexra [23, 37].

Ilpu nocrarouynHoM TEXHHKO-3KOHOMHUECKOM  0OOCHOBA-
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HUI MOryT OBITh P@KOMEHJOBaHbLI CleAylouiHe MepolpHATHS
No IpejoTBpallleHHio TpeurHoobpa3oBaHus.

|. 3ameayieHne YKJAAKH TIOCJEAHHX CJAOEB I'pPyHTa S1-
pa HJAH 3KpaHa Ha BBICOTY OKOJIO 10 M A0 MPOXOMKIEHHS
OCHOBHBLIX '0CaJOK paHee BO3BEACHHOH HaCBLLIM MOocJe Ha-
NOJHCHHS BOAOXPaHHJHILA 1A CPOK NPHMEPHO O/JHH—IBa
rofa. I'pyHT, yKaajabiBaeMblii B BEPXHIOIO 4acTb, He JOJI2KEH
TepeyIOTHATLCS U HMETh BJAKHOCTH BBIIIE ONTHMAJLHOH.

2. YCTpoHCTBO MOMNOJHHTEJbLHOIO 3a OCHOBHBIM  SI/IPOM
HJH 3KPAaHOM 3allHTHOrO TOHKOro 3KpaHa M3 MJacTH4HOTO
rpyHra Ha rayOHHY BO3MOMKHOro o00pasoBaHMs TpelHH
focjie OKOHYAHHS CTPOHTEJALCTBA M HAMOJHEHHS BOJLOXpa-
uuagwa. Jdnas 3Toro OTpPLIBAIOT TpPaHUIE COOTBETCTBYIO-
mei rayOouHbl ¥ 3acLiTaloT ¢e  HenmpoHHUAeMLIM TPYHTOM.

3. ApMHpOoBaHHe METAIHYECKHMH HJIH  KeJAe300eTOH-
HBLIMY KOHCTPVKIMAMH BEPXHEH 4YacTH sijpa HWJIH 3KpaHa Ha
yyacTKax, rje mpeagoqaaraercst o0pasoBaHne 0nacHbiX 30H
pacTaKeHHs.

BeaycnoBHO, TakHe MEpPONpPHATHH BLI3LIBAIOT HEKOTOpPOE
VBEeJHYEHHE CTOUMOCTH COOpPYIXKeHHS, OJHAKO B psije ciayua-
eB OHH MOTYT 0Ka3aTrbCs HeOOXOAMMBIMH (HanpHMep, OueHb
KpyThie, HepoBHbie 60pTa  KaHbOHA, CHJALHO CXHMacMble
MPOCJION MaTepuajia B OCHOBAHUH, CEHCMHYECKHE BO3/IECHCT-
BHS H T. IL).

B 3axiioueHnue chaeayer pacCMOTPeTb BONPOCHI MPEIOT-
BpalleHUsl H «JICUECHHUSI» HC OYCHb OMACHBLIX H BCe Ke HexKe-
JaTeNbHbIX TPEILHH OT YCYIUKH, yCajaku u T. n. Takmue Tpe-
HIHHB MOrYT 100pa30BLIBATLCS MPH BpeMEHHOM Jpexpailie-
HHM VKJAJKH TPYHTA SI/ipa WJIH 3KpaHa moja BO3ACHCTBHEM
KauMaTHyeckux Hakropo, B rakux cayuasx nmpH BO30DOHO-
BJaeHHd pabor neobxoaumMo nepepadarbiBath HANH  YAAJATD
pacTpecKaBlIHiiCs I[IOBEPXHOCTHbLIH €J0H TpyHTa Tepeil
yKJAaAKoil HoBoro. Ilocsae 3aeplienns CTPOHTEABCTBA I10-
THHB TIOBEPXHOCTL #jApa WJIH 3KpaHa CJedyeT TOKpPbIBaTh
CJIOCM HECBA3HOrO TpyHTAa (HE MeHee 2—3 M), a IpH HavH-
YHH JOpOTH Ha rpebHe — JONOJHHTENbLHO CJ10eM AO0POKHOro
TMOKPBITHS.

HeoOxonuMocTs 3HaHHA ACHCTBHTEJILHOTO  MOBEACHHS
TJIOTHHBLL B Ipolecce CTPOHTEJabCTBA H BKcmJayatauHd H
CBOEBPEMEGHHOro OOHApyIKEeHWs pasjJuYHbiX HapyIIeHHH B
paboTe COOpYKeHHs, B HacTHOCTH oOpasoBaHWsd TPELIUH,
o0yca0BIIa pa3BUTHE METOAHUKH H TCXHHKH HATYPHBIX HA-
oaoaeHuit. Kax yKe ykaseiBaJjocCb, B IOCHeAHHE TOABI BCE
BLICOKHE TJIOTHHBI H3 MecTHbLIX Matepuanaos (I'emau, Hu-
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Puc. VI.5. Cxembl pacno/joKeHHsi KOHTPOAbHO-H3MEPHUTE/bHONH annapa-
TYPLl B NONEpPeNHOM H NPOR0JALHOM CeueHHax naoTuasl Maiika

I'n 2-— BepTHKAALHBE H TOPHIOHTAALIMLE HUKAMHOMETpL; J — AHHAMOMETPH
AABMCHHA, ‘f'—ﬂﬂﬂﬁ‘ﬁﬂllﬂfﬂﬂ-lﬂ MApPKH
bepuuabo, Heruaxyaaxoiiors, Jlun Bpuan, VYrapn,

Maiika, Yapsaxckasi, Hypekckas, Capcanrckas H ap.)
OCHAWAawT OOJbIIHM KOVIHYCCTBOM KOHTPOJIbHO-H3MEPH-
TCJALHOH annapatypbl, NO3BOJSIOIIE NOJVUYHTL TaHHBIE O
HaNpsKeHHO-1epOPMHUPOBAHHOM COCTOSIHHH, NOPOBOM J/1aB-
JeHHH, GHIbTPAUMH n TpewwHooOpaszoBanuu, [Ipu sToM
CXeMbl pasMCUIeHHsi KOHTPOJbHO-U3MEpPUTEeNbHONI  amnapa-
TVPLl  OOOCHOBBIBAIOTCH  NMPEABAPHTEILHBIM MPOTHO30M
H3yuaeMbIX napamerpos [46].

B xauecrse npuMepoB Hanbo/jee panHOHaABHBIX  CXeM
pasMeuleHnss KOHTPOJMbLHO-H3MEPHTEALHON anmnapaTypsl MoO-
KHO ykasatb naotuHsl  Hypekckoit u Hapsakckoin I'DC,
JIun Bpuan, Maiika, Kaprepc (puc. VI.5, V1.6).

Paspaborannas coomsercrsyiomast annaparypa [7, 72]
(moBepXHOCTHBIE M TAYOHHHBICE MApKH,  FHIAPABJIHYECKHE
MAPKH, BEPTHKAJAbHbLIC H TOPH30OHTAJbHble HHKJIHHOMETDSI,
3KCTCH30MEeTPbl, THHAMOMETPLI H 1be30JAHHAMOMETPLI, Nhe-
30MCTPbI) TO3BOJAET H3IMEPATh HEOOXOAHMBbIE BCAHYHHBI €
aocramroyro Ooabluoil TouHocTblo. He ocramasansasch je-
TaablHO Ha OOLIHX NPHHIHIIAX MOCTPOEHHS CXEMbl HATYPHBIX
Habmionennit [7, 46], otMeTHM JHIIL Te OCOGEHHOCTH yCTa-
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Puc. V16, CxeMmbl pacioJioKeHHS KOHTPOJLHO-H3IMePHTEbHOH anmapa-
Typhl B MOTIEPEYHOM CedeHHH H nJaHe miotHHsl Kaprepe

] — agpo; 2— nepexoaunie 30HK; J — YNOpHbIE MNpPH3MBI; 4 — FOPH3IOHTANLHLIE
HHEIKBOMETDEI; — QAaTYWKH JapjJeHHA: 6 — BopTHKAJBHBIE HHUKNHHOMETpM; [ —
KaOuubpl ¢ g3MepHTenbHoll BTOPHMHON aunapatypon

HOBKH anmnapaTypbl, KOTOPbleé CBA3aHbl C [KOHTpOJieM 3a
TpelnHoobpazopanneM. C TOYKH 3PEHHsI TpelmHoodpaso-
BaHUs HauboJjiee onacHbie 30HB HaOJIOAAIOTCS B NOBEPX-
HOCTHBEIX uyacTAX fIpa HJIH 3KpaHa, ocoOeHHO BOJAU3U IIPH-
MBIKAHHA MX K GopraM KaHboua (30HLI pacTAXKeHHs), B Me-
cTaX CONpAMKeHHs sAApa ¢ KPYThIMH OOpramMu yUie/bsl Ha
3HaYHTEeJbHOH TJaybnHe (30HLI CABHra) MU B CpeJaHeH YacTH
fipa B NOMEpPeuHoM CCYCHHH INIOTHHBI B 30Hax oOpasoBa-
Hus apounoro addexra. [Tostomy B 3THX obaactax XKeja-
TeJIBHO YCTAHABJHMBATH GOJbLIE H3MEPHTEJIbHBIX NPHOOPOB.
B yactHOCTH, B JIPOMOJBHOM CEUeHHH siApa HJIH IKpaHa Ha
paccrosinun npuMepho (0,4—0,6) L ot 6oproB HeoOXOuH-
MO KpPOME€ BepPTHKAJbHBIX H TOPH3OHTAJLHLIX HHKJIHHOMET-
POB 3aKJadblBaThb AKCTEH30METpPH M5 ONpeNeJeHHsT OTHO- |
CHTEeIbHBIX Aedopmanuii pacrsukenus. Jlag oueHxkH apouy-
Horo s(pdexkra B 30He CONpSIZKeHHs sjdpa ¢ QUALTPAMH H
YIOPHBIMH TPH3MAMM CAEAYCT VCTaHaBJIHBATb HHKJIHHOMET-
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pbl OTACJAbHO B KaXJOM H3 COMPSAKEHHBIX 3JIEMEITOB COB-
MECTHO ¢ JHHAMOMECTPaMH JA4BJE€HHA H NIbe30JHHaMOMETpa-
MH. DoJsbllioe KOJAHYECTBO Nbe30MEeTPOB, 0CcoOeHHO BOJIH3H
HH30BOH rpaHu fAlpa, JOJXKHO CnOCOOCTBOBATh CBOEBpPEM 3H-
HoMY OOHAPYKEHHIO Yy4YaCcTKOB COCPENOTOYeHHOIT (HAbTPA-
IHH, ABJSIOUIMXCS CJAeACTBHEM TPellHHOOOpa3oraHus.

Hab6ai0leHHsl DOJOKHB TIPOBOJAHTLCH PeryJfpHo B MpoO-
lecce KaK CTPOHTEJAbLCTBA, TaK M 3IKCMJAyaTalliH H OYeHb
THlaTebHO B OCOOble NEepHOAB! (BpEeMEHHOE TMNpeKpalleHHe
BO3BEJCHHS, HANOJHCHHE H OMOPOXKHEHHE BOJOXPaHHJIHLILA,
MepPHOI 3eMJIETPSCeHHH H T. 1.).

KoHCTpYKUHH npHOOPOB, NPHMEHAEMBIX JIJIS VKasaHHbIX

-I?IEJIEI;',S],IIGETETD‘IHD noapo6GHO onucaHs B paborax [7, 32,

4. MEPOITPUSATHS 1O IMKBHUIALIMH
[MOJBUBIINXCSA TPEUIWUH

Kak ykKe yKasblBaJocb, B psile cjyuaeB, HecMOTpA Ha
NpoOBeJeHHE Pa3MHYHLIX MEPONPHATHI MPH ONpPEAeJCHHBIX
YCJOBHSIX, TPelluHbl BCe e o0pa3yioTcs, MO3TOMY LEaeCo-
06pa3Ho pacoMOTpPeTh BO3MOXKHbBIE CMOCOOLI MXJIHKBHIAUHH
H peMONTa paspylalollerocs COOPYMKeHHS.

[TockosnbKy TmonepeuHble TPEIlHHB, oOOpasyloixecs B
BepXHeil 30He, MOryT Mepecekarb fAp0 H CO3AaBaTh coope-
LOTOYCHHBIEC NMyTH (PUABLTPAIHH, B 3THX CJydadX COBEpIUEH-
HO HeOOGXOJHMBI BOCCTAHOBHTEJNbHBIE padoThl. Ecan Tpeiin-
HBl HE OYeHb rJy0oKHe, MOCTATOYHO BHIPLITH TPAHIIEH H 3a-
TIOJHHTL HX HENPOHHIlAeMbIM MATEepHaJOM C YNJOTHEHHEM.
Taxoe MeponpHuATHe OKa3blBaeTcss IPPEeKTHBHHIM B TOM
cJayYae, ecJH OCajiki, KOTOpble BbI3BAJH TPEIIHHBI, B OCHOB-
HOM ViKe 3aKOHYHJIHCH H B JajbHeHlleM He OXHIaercsd 3Ha-
YHTEAbHONO VBEJHUeHHs PpacTATHBAIOmHX  JedopMauHi.
Takue TPELMHE! MOMXKHO 3aNMOJHHTL CMECHIO Mecka H  OcH-
TOHHTA, a B pAAe cjAyuyaeB Toabko neckoM. Ilpuy stom wmo-
JKHO TIPEAIIONOXKHTD, UTO IMOCKOJbKY TaKHe TPEeMIHHbl cocTa-
BJSIIOT BechMa HeDOJbIIYI0 YacTh OT BCEro HENPOHHIAEMO-
ro ¢poura, T0 H ¢GuabTpamus Gyaer HE3HAUHTEJBHOH H HE
onacholl s coopyxKenus. Oanako B 3TOM caydae A0JIKCH
GBITH XOPOWIO MOXOGpaHHBI PUALTP ¢ HH30BOH CTOPOHDI,
MPensiTCTBYIOUIHH BBIMBIBY I€CUaHbIX YaCTHIL.

Kpome TOro, TpetiuHy B MPOAOJBHOM HanpaBJIeHHH MO-
JKHO TepeceKkaTth TpaHlIeeil, 3amoJHEHHOH HOBBIM MaTepHa-
Jom, Hanpumep neckom. [lpn nannuHu pacTArHBAIOUIHX Je-
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dopManui B 3TOH 30HE M3 HECBA3HOrO MarepuaJia He OYAyT
06pa30BbIBATHCA OTKPLITbIE TPeLUHHbl, a IPOCHINAOUIHHACS
B OTKPHITYIO TPELIHHYy MeCcoK OyaeT npensgrcreoBaTh €€ pas-
BUTHIO. B HEKOTOpPHIX Cayyasix Aas MepeceyeHuss TpellHH
MOXKHO YCTpauBaTh WNYHTOBYK) CTEeHKY Ha HeoOXOIHUMYIO
IyOHHY.

["opusoHTanbHble BHYTPEHHHE TPEOLIHHBI MOTYT OBITh T0Y-
HO oOHapyXKeHbl (YyYHUTHIBAs AaHHbIC HAOMIONEHHH 34 (PHIBT-
pauuein) nyreM OGypeHus. 3allHTHOH Mepoit B 3TOM cJayyae
MoxKeT OBITH JIHOO IIeMEHTALHs 30H TpelnHoobpasoBaHHusl,
au00 YyeTPONCTBO AHaparMbl H3 IIJTACTHYHOH MIHHLI HIH Oe-
TOHA, KaK ObLIO caenaHo Ha mJoTuHe Doanepxex. Ilpwu
3TOM, OJHaKo, HeoOXoaHMO TPEeIOTBPATHTL 3aCopeHHe
(¢buAbTpa, PaCHOJ0KEHHOro 3a AApoM H auadparMoi, HHbe-
nHpyeMbiM pacTBopoM. Ha HeBLICOKHX MIOTHHAX AJA Ipe-
JOTBpallleHHus TIOBBIIIEHHOH (HJAbTPAlHH MOXHO YCTpau-
BaTh IINYHTOBYIO CTEHKY BO Bcell 006J1aCTH, NOABEPIKEHHOH
TpelHHo00pa3oBaHHIo.

[IpomonbHble TpellWHbI, pa3BUBaIOlMecs Ha rpedHe,
OOBIYHO HEe NpPEeACTaBJAIOT OOJBINOH OMACHOCTH AJS COOPY-
KEeHHS, 3a HCKJIUEHHEeM TeX cJyuyaeB, KOTrjaa OHH, IO CV-
IIECTBY, ABJAAIOTCA TpeUlMHAMH 3aKoJa, NpeecTBVIOUH-
MH 00pa30BaHHIO KPHBOJHHEHHLIX MOBEPXHOCTEl ONMOJI3aHHS
OTKOCOB MJIOTHHBL. B obGmacTsax MOABJEHHSA TaKHX TpPELLHH
JKeJaTeqbHo nepepabaThiBaTh TPYHT H VKJAaAblBaTh HOBbIH
MaTepHaJs HJIH 3anoJHATL HerJyOoKHe TpellHibl HeCBA3HbIM
MarepHaJoM (meckoM WJIH rpyHtoMm (uastpa). Takoe e
IPUMEPHO MEPONPHATHE AOMIKHO OBITh OCYUIECTBJEHO [MPH
JIUKBHAALHMH TOBEPXHOCTHLIX TPEUIHH OT YCYIIKH, mpoMopa-
KHBAHHS H T. I

Cnenyer OTMCTHTB, 4TO dmpeanaraeMpie cnocodnl, 06€3-
YCJAOBHO, He HCUECPIIBIBAIOT BCEX BO3MOMXHBIX MEpPONPHATHI.
Kak noxkasan aHasan3 AaHHBIX 10 JHKBHIALUHH TpPeLHH HA
CYIIECTBYIOIHX INIOTHHAX, TaKHe PEeMOHTHble padOoTLl B
Ka)XI0M cjydae 00OCHOBBLIBAIOTCA KOHKPETHBIMH YCJOBHAMH
ofpasoBanusi TPCILIHH, a TaKxKe HaJuuHeM 0OOpPyHOBaHHI
H MaTepHaJoB, KOTOpPbie MOryT OBITh HMCIOJb30BaHBl  JUIs
peMOHTa, H C y4eTroM cooOparKeHHH, KacalolmuXcsd MporHo3a
JaJbHEHLIEro JIOBEACHHSA JAHHOTO COOPYKeHHS.
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