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BBEJIEHHUE

AKTyalbHOCTh TeMbl. [Ipu BBICOKONPOU3BOAUTENBHONU pabOTe JOOBIYHBIX
y4acTKOB 3((EKTUBHBIM HANpPaBICHUEM TOJAEPKAHUS BBIEMOYHBIX BbIPAOOTOK
SBJIETCS IOBTOPHOE MX MCIOJIb30BAHUE IMOCPEACTBOM YIPOYHEHUS MOPOJIHOIO Mac-
CUBa CUCTEMAaMH CTAJICIIOJIMMEPHBIX U KAHATHBIX aHKEPOB. DTO CYLIECTBEHHO CHHU-
KAeT MaTepUaJIbHbIE U TPYJIOBbIE 3aTPaThl 3@ CUET BOBJIEYEHHUS TOPHBIX MOPOJI B MPO-
TUBOJIEUCTBUE MPOSIBIIEHNUSAM F'OPHOTO JaBieHud. s ycnosuil 3anagHoro Jlonbacca
OTCYTCTBYET OOOCHOBaHHE IapaMEeTPOB STOW CHUCTEMBbl KpPEIJICHUS BBIPAOOTOK B
paKypce 3aKOHOMEPHOCTEW pacIpelleieHUs Harpy3Ku Ha €€ DJIEMEHTHI B 3aBUCUMO-
CTH OT IIIyOUHBI pa3pabOTKH, CTPYKTYpPbl U CBOMCTB MaccuBa ropHbIX nopoj. Hanbo-
Jiee MEepCIEKTUBHBI TOJIOM HCCJIEIOBAHUN JAHHBIX CIIOKHBIX N€OMEXAHUYECKUX
CUCTEM SIBJISIETCS] BBIUCIHMTENbHBINA SKCIEPUMEHT B COYETAHUM C IIAXTHBIMA MHCT-
PYMEHTAJIbHBIMUA HaO0 USMH. DTO MO3BOJUT MOBBICUTH aJ€KBATHOCTh HUCCIEH0-

BaHUM U JOCTOBCPHOCTD p@aTBIBaGMBIX pGKOMCHI[aI_II/Iﬁ IO PacCucTy IIapaMCcTpOB

KOMOWHHPOBAHHBIX aHKEPHBIX , UTO SIBIISICTCS BEChMa aKTyaJbHOW HAy4HO-
MPUKJIATHON 3a/1a4ueil. \
Takum o0pazom, ycmarnosnenue 3§KoHGuepHOCmEN USMEHEHUsT HANPSIHCEHHO-

dehopmuposannoco cocmosanusa (HIC) nopg Kpye BbleMOYHBIX BbIPAOOMOK OM
2eomexanudeckux haxmopos, pacnonodxcerue C$nanrepbiumepHvlx u KAHAMHBIX aAHKe-
pO8 8 cucmeme KOMOUHUPOBAHHO20 KpenjieHus UNOOGCHO8aHUEe MEXHON02UYECKUX
napamempos no8MopPHO20 UCNOIb308AHUS 8bIEMOUHDRT BbIPAOOMOK A61eMCsl aKm)-
ANbHOU HAYYHOU 3a0ayeli U umeem 6adcHoe 3HaueHue OJisi 20pHO0obblealouel npo-
MbluieHHoCcmu YKkpaunoi.

CBsi3b padoThI ¢ HAYYHBIMH NPOrPaMMaMH, IJIaHAMH, TeMaMu. [{uccepra-
IIMOHHAsi paboTa BBHIMIOJIHEHA B COOTBETCTBUM C IUIAHAMU TOCOIOKETHBIX paldoT
I'BY3 «HammonanbHbIi ropHBI yHUBEpcUTeT»: TeMa ['T1-469 «Po3pobka 3acan cuH-
Te3y 1HGOPMAIITHUX 1 TeOMEXaHIYHUX CHUCTEM KEpYyBaHHS IMPOIIECAMH ITiI3EMHUX
ripunaux pooit» (Ne nepxpeectparii 0114U006105), Tema ['T1-474 «Po3Butok Hay-
KOBHMX OCHOB YITPaBJIiHHSI HABAHTAXKCHHSAM KPIMWIBHUX, OXOPOHHUX CHUCTEM MOBTOPHO
BUKOPHUCTOBYBaHUX BHUPOOOK. [liBUIIEHHS €(PEKTUBHOCTI MPOTUIIUIOBOTO 3aXHUCTY»

(Ne nepxpeectpanii 0115U002295), rae aBTop ObUT HCIIOJTHUTENIEM.



esn u 32124 UCCICA0OBAHMS.

Lenpto pabGoThl siBAsiETCS OOOCHOBaHWE MAPAMETPOB CHUCTEMBI KpEIUICHUS
BBIEMOYHBIX BBIPAOOTOK CTaJEMOJMMEPHBIMU U KaHATHBIMU aHKEpPaMH C YYETOM
3akoHoMepHocTel u3Mmenenus: HJIC okpyxarommx nopoa U Ux yIpouHEHUs ISl pea-
JIM3AIUU BO3MOKHOCTH IIOBTOPHOI'O HCIOJIb30BAHHUS.

JUig AOCTH>KEHUS LEeNb TOCTABIIEHBI M PEIICHBI CIENYIOUINE 3a0auu Uccieoosa-
HUA:

— BBIMIOJIHUTH aHAJIN3 CTPYKTYPHBIX MpeoOpa3oBaHU HATyTOIBHOW TONIIUA U
MEXaHU3Ma Harpy>KeHHUsl KpPEreKHOM CHCTEMbl BBIEMOUYHBIX BbIPaOOTOK B 30HE BIIMSI-
HUSI OYUCTHBIX padoT;

— IIOCTPOUTH 000CHOBaTh TE€OMEXaHMYECKHE MOJICTH BBIUMCITUTEIHHBIX

9KCIICPUMCHTOB, IOIMHNEC CUCTCMBI KOM6I/IHI/IpOBaHHOFO AHKCPHOI'O KPCIJICHUA

BBEIEMOYHBIX BBIPA00 @
— YCTaHOBUTH 3aROH HOCTH BJIMSIHUS TeOMEXaHU4eCcKuX (HaKTOpOB Ha
HanpﬂxceHHo-ne(bopMHpOBﬁ cgostane (HJC) xomMOMHMpOBaHHOW aHKEpHOM
CHUCTEMBI B CBOJIC BHIEMOYHOM Bb KW,

— pa3paboTaTh pauHOHaanm:\ eTpbl KOMOWHHUPOBAaHHOM aHKEpHOU
CUCTEMBI JIJIsl yIIPOUHEHUS TIOPOJI CBOJIA B@ Oii BBIpaOOTKH;

— IIPOBECTU NIAXTHBIE HCTBITAHUS yYCOBEPMICHCKBOBAHHON KPEMENKHOU CHCTe-
MBI B OIIEHUTH Y()(PEKTUBHOCTH €€ TPUMECHEHHUS.

HNpesi paboTbl COCTOUT B UCMHOJIb30BAaHUH 3aKOH Hocteit n3menenust HJC
NOpOA W DJIEMEHTOB Kpenu Il OOOCHOBAHMS IMapaMETPOB CUCTEMBI KpEIUICHUS
BBIEMOYHBIX BBIPAOOTOK CTAJICMOJIMMEPHBIMU 1 KAHATHBIMHU aHKEpPaMHU.

OO0BbeKT HcciIe0BaHUI — MPOLIECC YIPOUYHEHHUSI CIOUCTOTO MAacCHBa CJIa0bIX
OO/ CTAICTIOTUMEPHBIMHA M KAaHATHBIMU aHKEPAMH KPOBJIM BEIEMOYHOHN BBIPAOOTKH
B 30HE BIIUSHUS OYUCTHBIX padoT.

IIpenmer uccienoBaHuii — 3aKOHOMEPHOCTH U MAPaMETPhl CUIIOBOTO B3aUMO-
JEHUCTBUSI OKPY>KAIOIIETO MACCHBA C CHCTEMOM KPEIUICHWS BBIEMOYHBIX BBIPaOOTOK
CTAJICTIOTUMEPHBIMHA U KAHATHBIMH aHKEPAMH TPH YIIPOYHEHUH TIOPOJT KPOBJIH.

Metoabl wucciaenoBaHuii. i pemieHus IOCTaBICHHBIX 3aJad B padore

HCIIOJIb30BaH KOMILICKCHBIN moaxon, BKJ'IIO‘I&IOIHI/Iﬁ AHAJIN3 MIPOHCCCOB CTPYKTYPHBIX



npeoOpa3oBaHUil yTIIEBMEUIAIOMIEH TOJIINM BOKPYT BBIEMOUYHBIX BBIPAOOTOK MPHU HUX
aHKEPHOM KpEeIUIEHUH; 4ducieHHoe mojenupoBanue u aHanu3 HJIC rpy3onecymmx
DJIEMEHTOB T€OMEXAaHUYECKOW CHUCTEMbI, a TaKXe IIAXTHBIE MCCIEIOBaHUS YCOBEp-
IIEHCTBOBAHHOM KPENEKHOM CUCTEMBI U OLIEHKA A(PPEKTUBHOCTH €€ IPUMEHEHHUS.

Hay4Hble m0/102kKeHUs1, BLIHOCUMbIE ABTOPOM HA 3aLIUTY:

1. OGnacTh NPUMEHEHHSI CTAJIENOJIMMEPHBIX aHKEPOB B KPEMEKHOW CUCTEME C
KaHATHBIMU aHKEpaMU ONPENESETCs IOKa3aTesieM HWHTEHCUBHOCTU IIPOSBIICHUS
TOPHOI'O J1aBJICHHSI, KOTOPBIA HAXOJUTCA B HKCIIOHEHUMAJIbHOW 3aBUCHMOCTH OT
OTHOLIEHUS PACUETHOTO CONPOTHUBJIEHUS CHKATHUIO IMOPOJI HEMOCPEICTBEHHON KPOBIIH
YTOJBHOTO MJIACTa K €r0 MOLIHOCTH.

2. PecypcocOepgratoiiye ycioBUsS PAaBHOINPOYHOCTH 3JIEMEHTOB CHUCTEMBbI
KPEIUICHHS BbIE BBIPAOOTOK 00ECIIEUNBAIOTCS CTa0MIBHOCTBIO MApaMETPOB
pacmoJIOKEHUs KaHa HkepoB (0,8 — 1,1 M OT BepTUKaIbHOW OCU BBIPAOOTKH),
UX YIJIOB HAKJIOHA K IO au (65 — 80°), a Taxke mapaMeTpaMH pa3MeIieHUs
CTAJIETIOJMMEPHBIX AHKEPOB: YT, JIOHA WU3MEHSIOTCS 10 CTENEHHOM 3aBHCHMO-
CTH OT KOOPAMHAT UX YCTaHOBKMRgKOLOpHIE JINHEWHO CBSI3aHBI C apaMETPOM OTHO-
IIEHUs] PACYETHOrO COMPOTHUBICHUS C OpOJ HEMOCPEICTBEHHOM KpPOBIHU
YTOJIBHOTO IJIACTa K €r0 MOUTHOCTH U Ha! B JIOTapU(PMUIECKOIN 3aBUCUMOCTHU
OT BEJIMYMHBI IOKA3aTeNs] ”THTEHCUBHOCTHU MIPOSIBACHUATOPHOTO AaBJICHUS.

Hay4yHasi HOBU3HA MOJIyYEeHHBIX pe3yJib B:

1. BnepBbie ycTaHOBJIEHA 3aBUCUMOCTh KOOPJIUH TaHOBKH U yTJla HaKJIOHA
CTaJICTIOJIUMEPHBIX aHKEPOB B CBOJIC BHIEMOYHON BBHIPAOOTKH OT MOKAa3aTessi HHTEH-
CUBHOCTH TPOSIBIICHHS FOPHOTO JABJICHHS C YYETOM OTHOLIEHHUS PACYETHOIO COIPO-
TUBJICHUS CKATHIO MOPOJ HETIOCPEACTBEHHOM KPOBJIM YTrOJIBHOTO IIacTa K €ro MOII-
HOCTH.

2. YTOUHEH NMara3oH U3MEHEHHUs MMapaMeTpPOB YCTAHOBKU KAHATHBIX aHKEPOB
B COCTaBE€ KOMOMHUPOBAHHOW CHCTEMBI B 3aBHCHUMOCTH OT THIIOpa3Mepa CEeueHUus
BBIEMOYHOU BBIPAOOTKH M YCTAaHOBJICHBI 3aBUCUMOCTH M3MEHEHHS OTHOCHUTENIBbHBIX
JUITMH TJIaCTUYECKOTO COCTOSIHUS CTaJENOJIMMEPHBIX M KaHATHBIX aHKEPOB B CHCTEME
OT U3MEHEHUSI OTHOIICHHSI PACYETHOT'O COMPOTUBIICHUS CKATUIO TMOPO]T HEMOCPEACT-

BCHHOM KPOBJIX YT'OJIBHOI'O IJIACTa K €0 MOIIHOCTH.



3. YTOYHEH KpUTEPUN OLEHKH YPOBHS COINPOTHUBIICHHUS CTAJICHNOJIMMEPHBIX W
KaHATHBIX aHKEPOB B KOMOMHUPOBAHHOW CHUCTEME OT IIyOWMHBI pa3MeIleHUs BbIpa-
OOTKH, IOKa3aTessi UHTEHCUBHOCTH IPOSIBICHUNH TOPHOTO JIABJIEHUS M OTHOIIEHUS
PacyeTHOr0 CONPOTHUBIIEHUS CHKATHUIO MOPOJ HEIOCPEACTBEHHOW KPOBJIM yTOJIBHOIO
I1acTa K €ro MOIIHOCTH.

Hay4Hoe 3HauyeHHe padOTBI COCTOUT B YCTAaHOBJIEHMM 3aKOHOMEPHOCTEH
U3MEHEHUSl HaNpPsUKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSL YNIPOYHEHHOTO MacCHBa
BOKPYT BBIEMOYHBIX BBIPAOOTOK OT F€OMEXaHMYECKUX (paKTOPOB, MapaMeTpOB yCTa-
HOBKH CTAJICTIOTMMEPHBIX U KaHATHBIX aHKEPOB (MECTO PACIIOJIOKEHUS, YTIIbl HAKIIO-
Ha K TOPU3OHTAIMN) AJid 3P(HEKTUBHOTO MPUMEHEHUS KOMOMHUPOBAHHBIX aHKEPHBIX
CUCTEM KpEIUICHUS.

IIpakTuue aYyeHHUe MOJYYEeHHBIX Pe3yJbTATOB:

— 000cHOBaHa ATpaTHasd TCXHOJOI'HA HOAACPIKAHUA IMOBTOPHO HCIIOJIb-

3yeMbIX BRIEMOYHBIX BbIPAO MyTEeM YIPOUYHEHHUS UX KPOBJIHU B CJIOUCTOM MAacCHBE
c1abbIX TIOPOJ KOM6I/IHI/I})O§ HKEPHBIMH CHCTEMaMHU B COCTaBE CTaJEMOJIH-
MEPHBIX 1 KAHATHBIX aHKEPOB;

— pazpaboTaHa Hay4YHO-OOOCHOBA METOJIMKa pacuera paldoOHaIbHBIX
apamMeTpOB KPEIEeKHOM CHCTEMBI.

Peanu3anusi pe3yjbTaTtoB padoThl. MeTg/lukaypacueTa paliOHaIbHBIX Mapa-
METPOB KPENEKHOW CHCTEMbl MOBTOPHO HCIOJIESYEMBIX BBIEMOUYHBIX BBIPAOOTOK B
CJIOMCTOM MaccuBe cnadbix mopoa (yrBepxkaeHo HILY AO «TOK IlaBnorpan-
yroib» 08.06.2015 r.) u paboyas ToKyMEHTAIUs 110 IPOBEICHUIO U MOICPKAHUIO BbI-
pabotok Ha maxrtax [TAO «ITOK IlaBnorpagyromns» (cpaBka 0 BHEAPEHUH pe3yJibTa-
toB Ha mmaxtax Y «llepmorpaBerckoe» ot 11.02.2016 r.; pacuer akTuueckoro
sKoHOMHUYeckoro 3¢ dekra Ha maxre «3anaaHo-Jondacckas» ot 09.02.2016 r.).

OO00CHOBAHHOCTH U IOCTOBEPHOCTH HAYYHBIX MOJIOKEHUH, BBHIBOJIOB U PEKO-
MEHIAIU TOATBEPKAACTCS MPUMEHEHHEM anpoOUPOBAHHBIX METO/IOB UCCIIEIOBAHUM,
MOJIO)KEHUH MEXaHWKH TBEPIOTO MeOpMHPYEeMOTro Tella, MEXaHWUKU TIOJ3EMHBIX
COOPYKEHHMM U MEXaHUKU TOPHBIX MOPOJI, TPOBEICHUEM MHOTOBAPUAHTHBIX BBIUMCIHU-

TCJIBHBIX JKCIICPUMCHTOB IIO0 OHLCHKC COCTOAHUA 3JICMCHTOB KPCIICKHBIX CHCTCM H

JIOCTaTOYHOM CXOJAUMOCTHIO HATYpPHBIX IIAXTHBIX HaOmoneHu# (85%) ¢ pesyabraTamu



YUCJIEHHOTO MOJEIUPOBAHHS.

JInuHbIil BKJIAA coMCKaTeJsd. ABTOPOM JUCCEPATUHM ONPEACIIECHBI: LENb,
uzest paboTbl, OOBEKT U NMPEAMET UCCIEA0BaHUM, HAyUHbIE MOJI0XKEHUS; pa3paboTaHa
MOJIEJIb pacyeTa CUCTEMBI «MACCUB — KPEIIb»; ITOJYyYEHbl 3aKOHOMEPHOCTH pacIipe-
nenenuss HJAC B MaccuBe u Kpemu; aHaau3 CTPYKTYPHBIX TNpeoOpa3oBaHUiA
HAJYTOJIbHOW TOJIILM U MEXaHU3M (DOPMUPOBAHMS HATPY3KH HA KPETIEKHYIO CUCTEMY
BBIEMOYHBIX BBIPAOOTOK; 00pabOTKa pe3yIbTaTOB BEIUUCIUTEIBHBIX SKCIIEPUMEHTOB;
BBIBOJIbI U pEKOMEHAINK; pa3paboTKka METOAUKHU pacyeTa napaMeTpoB KOMOMHHUPO-
BaHHOW aHKEPHOW CHUCTEMbl KPEIUICHUS BBIEMOYHOHN BBIPAOOTKU. ABTOp MpUHUMAI
HEIOCPEACTBEHHOE YYaCTHE B DKCIIEPUMEHTAIBHBIX HCCIENOBAHUAX. TekcT auccep-
Tall{ HAIlMCaH aBTOPOM JIMYHO.

Anpobanug @. JbTaTOB PadoTbl. OCHOBHBIC IOJOKEHUS JAUCCEepPTAIUU

JOKJIaJIbIBAIIUCH, 00C >®4CL Y TIOJIyYMJIA 0I00pEHHE Ha MEKTyHApOJHBIX HAy4YHO-

MPaKTUYECKUX KOH(pep L1 «Illkona mona3zemHol pazpabotku» (lHenporner-
poBck — SAnra, 2013; Bepmﬁ 2015), XXIV u XXV MexayHapoIHbIX KOH-
depenmusax «l1lkona sxcrmryara n3emHoi» (Kpakos, [Tonwmia, 2015, 2016); Ha
TexHnyeckux coserax [IAO «I[TSIZ% agyronb» (2012 — 2016) u Hay4dHBIX
cemuHapax ['BY3 «HI'Y» (2012 — 2016).@3

Myoaukanuu. Ilo pe3ynbraraM HAYYPAIX NCCIECTOBAHUN OIMyOJIMKOBAHO
12 Hayunsix paboT (1 6e3 coaBTOpOB), B T.4. 2 KONYKTUBHBIE MOHOTpaduu, 4 CTaThu
B CIIEHUAIU3UPOBAHHBIX HAYYHBIX M3AAHUSAX Y KPaWHbI HUX B MEXIYHapOIHOM
U3JIaHuU, 5 cTaTell B COOpPHHUKE MEXIYHAPOAHBIX KOH(MEPEHIUN U B YTBEPKICHHOM
METOJUKE pacuera.

O0beMm M CcTpyKTypa auccepranmu. Jluccepranusi COCTOMT W3 BBEJEHUS,
4 pa3znenoB, 3aKIIIOYEHUS U MEPEYHs UCIOJIb30BaHHBIX NCTOUYHUKOB M3 97 HaUMEHOBa-
Huid Ha 10 cTpanunax; coaepkut 148 cTpaHul] MaIIMHOMUCHOTO TEKCTa, 36 PUCYHKOB
Ha 5 cTpaHMIax, 2 TaOuuIbl U 4 TMpUIokKeHUs Ha 12 cTpanuiax; oomui oobem pado-

TbI — 165 cTpanwuil.
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Pazmen 1

AHAJIN3 ITPOABJIEHU A 'OPHOI'O JABJIEHMA B BBIEMOYHBIX
BBIPABOTKAX TP CTPYKTYPHOM IIPEOBPA3OBAHNU
BMEIIAIOIIUX ITOPOL AHKEPHBIM YIIPOUHEHUEM

1.1 ITpumenenue pecypcocOeperaronux TeEXHOIOTHI HOoA/IepKaHUS
BBIEMOYHBIX BBIPAOOTOK B 3KCIUTYaTallMOHHOM COCTOSTHUU TIPU

CTOJIOOBOM cucTeMe pa3padOTKU

Pactymas TenmeHmms paspbiBa MEXIY BBICOKMM YPOBHEM COBPEMEHHBIX
TEXHOJIOTUA B OYMCTHBIX 3a008X M BO3MOKHOCTSIMU CBOEBPEMEHHOM MOJArOTOBKH
JUTHHHBIX BBIEMOYHBJRNCTOJIOOB K OTPaOOTKE TOJIOTHX YTOJBHBIX IUIACTOB B 3amaj-
HoMm JlonOacce TpPeqyeT 3¢ GhEeKTUBHO HCIOIB30BaTh OCHOBHBIE (OHIBI (TOpPHBIC
BbIpaboTkH). Ha maxr OrO MPOMBIIIJIEHHOTO PETUOHA JIJIMHBI JIAB YBEIUYUIUCH
10 300 M, a BLIEMOYHOI'O \@»'0 10 3000 m. IIpu 3TOM 00BEM MPOBEICHHUS U TO-
JIEp>KaHUSI BHIEMOYHBIX BBIpa6@KpaTHHCH B 1,7 — 1,8 paza. CpennecyroyHas
n00bIYa YISl U3 JIAaBbl UMEET YETKO ]%pa)KCHHYIO TEHJICHIIIO K YBEJIMYCHUIO U 3a

MOCJIETHUE IIECTh JIeT Bo3pocia B 1,4 pa ¢ 1260 no 1774 1/cyt (puc. 1.1).
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Pucynok 1.1 — Cpegnecyrounasi JoObI4a yriisi U3 JIaBbl
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3a nocnennee necarunerue qo0brva yris u3 dasel maxt [TAO «ATOK Ilasino-

rpaayroiiby yBenuuuiack B 2,2 paza ¢ 10000 xo 22000 teic. T/™Mec. (puc. 1.2).
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Pucynoxk 1.2 — ]_—[0651‘1@}1 u3 J1aBbl WaxT [TAO «ITOK IlaBnorpamayrosiby

B Hacrosmee Bpems Ha maxTtaX\3aganHoro Jlonbacca oxpaHa BBICMOYHBIX

HBIMA KOMOWHAIIMSIMU UCKYCCTBEHHBIX JCPEWSHPHIX QOOPYKEHUI B BHIIE OpraHHOU

BbIPAOOTOK 1103311 JIaBbl B 30HE BIIMSHUS THBIX pa0OT OCYLIECTBIISIETCS pa3anuy-
MHOTOPSTHOW KPEIHU, IEPEBSHHBIX CTOEK YCUIEHKSLMPOUYHOTO KPEIJIEHUS, BBIKIAKU
HAKaTHBIX JIEPEBSHHBIX KOCTPOB M JAPYIMX COUYETAHUH, EMJIEMBIX B KOHKPETHBIX
TOPHO-T€0JIOTMUECKUX yCcIoBUsIX. OJHAKO JOCTUTaTh HEOOXOIUMOTO MOJIOKHUTEIBHO-
ro pe3yJibTaTa He BCEerjaa yJaeTcs Mo CAeAYIOIMMM NIPUYUHAM: B BRIpAOOTAHHOM MpO-
CTPaHCTBE UMEIOT MECTO MOJIOCTH BOJM3U KOHTYpa BBIPaOOTOK, TaKXe HEpPaBHOMEP-
HBIM KOHTaKT JEPEBSHHBIX CTOEK (PSAIOB) C MOPOJIAMU KPOBIIH, YTO MPUBOJUT K pa3-
PYLIEHUIO MOPOJ HENMOCPEACTBEHHONW KPOBJIM TOYEYHBIMU Harpy3kKamu; pa3pyli€HUE
CTOEK (ps0B) MPH MOJJIEPKAHUN BEIEMOYHBIX BBIPAOOTOK 0331 J1aBbl. Kpome 310-
ro He oOecleyuBaeTcs HOpMajbHAas HM3O0JIALMS BBIPAOOTAHHOTO MPOCTPAHCTBA MPH
0TpabOTKe Tra30HOCHBIX TUIACTOB MPU BBICOKOU TPYJAOEMKOCTH BO3BECHHS OXPAaHHBIX

KOHCTPYKILIMHM Y 3HAYUTEIIbHON CTOMMOCTH MaTepHUaoB.
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[Ipn mpoBeneHNN BBHIEMOYHBIX BBIPAOOTOK MPUMEHSETCS KOMOWHHPOBAaHHAS
paMHO-aHKEpHasi Kpelb, YTO MO3BOJSET MUHHUMHU3HPOBATH CMEUIEHUA KOHTypa A0
MOAXO0Ja JIaBbl U MPEIOTBPATUTHh Pa3PYIICHUE MAcCHUBAa B 30HE BEJCHUS OUMCTHBIX
pabotr u Ha compspkeHur. CodeTaHWEe JAHHOTO BHJIa KPEIUICHHS] C Pa3InYHBIMHU
OXpaHHBIMH KOHCTPYKUMsAMH 1o3Boiwio B 2005 roxy Ha maxtax 3amnanHoro [Jon-
0acca OBTOPHO MCIOJIb30BaTh 16197 M BbIpaOOTOK, 3aTEM CHU3UB O0BEM UX IPH-
menenus 10 12701 m B 2008 roy, COXpaHHUB B MOCIEIYIONIUE TOIbI, U CTAOUITU3UPO-
BaTh 00BEM MOJJEPKaHuUs BIpaOOTOK Ha ypoBHE Oosee 14100 m.

Hecmotpst Ha TpyaHOCTH TOAJEpKaHUS BHIEMOYHBIX BBIPAOOTOK, TOBTOPHOE
ux ucnoib3oBanue Ha maxtax OO0 «ATOK Duepro», u 0coOEHHO Ha IIaxTax
3anagHoro JloHOaccPy ABISETCS TJIABHBIM HAMpPaBJICHUEM B TEXHOJOTHH BEIICHHS
TOpHBIX paboT HAXBefBMa TOHKMX YTOJNBHBIX IJIACTaX C HEYCTOWYMBOM, Mydariencs
MIOYBOI, B OCHOBE KO@‘O HaxoauTcs (HOPMUPOBAHHE YCTOMUMBOIO MOPOIHOTO
CBOJIa U COXPAHEHUE €ro p@ecnﬂ, HAXOJIICh B 30HE BJIMSIHUSI OYMCTHBIX PadoT.

Bricokue Temmbl MoaBH @e OUYHCTHBIX 3200€B (POPMHUPYIOT OCOOCHHOCTH
MIPOSIBJICHUS] aKTUBHOTO TOPHOTO JABIEMS U i 3PGEKTUBHOTO MOAACPKAHUS BhIpa-
OOTOK TIPUMEHSIETCS KpereskHast CHCTeM@HaTHHﬁ aHKEep — aKTUBHAs IMOPOJHAs
Oanka», KoTopas paboTaeT B pexume 3aagdbry) nedopMaiuil. YUuThiBas JaHHbIC
00CTOSITENTLCTBA, HA OTJENBHBIX IIAXTaxX 3amaj O%HGacca JUISl OXPaHbl BBIEMOY-
HBIX BBIPAOOTOK CO CTOPOHBI BHIPAOOTAHHOTO MPOCTPAHGIBY 3a IEPBOM JIABOM MpUMeE-
HSIIOTCSI HAKATHBIE PAJIbI U3 JIECOMATEPUAJIOB MJIM MAKETUPOBAHHBIC MOJIOCHI U3 OBICT-
POTBEPJICIONINX CMECE. DTO MO3BOJIIET YCTPAHUTh BBIIIE MPUBEACHHBIC HEIOCTATKU
OXpaHHBIX KOHCTPYKILIUMN, CO3/IaBasi HAPACTAIOUIYI0 XapaKTEPUCTUKY «OTHop — aedop-
Malysy, pacrpeiesisisi pABHOMEPHO €€ MO IJI0IIA I B3aUuMOICUCTBHUS C MaCCUBOM.

B maxtoynpasnenuu «llepmorpaBeHckoe» 3a nociaegnue 10 et ainHa naBbl
yBenuuuiack ¢ 200 mo 300 M, a jyimHA BBIEMOYHOTO cToj0a Bo3pocia ¢ 1200 mo
2050 m m gocturana amuHbl 2550 M B 2006 u 2007 rogax. /lnHaMuka U3MEHEHHUS

napaMeTpoB CTOJIO0BOM CHCTEMBI pa3pabOTKH MprBeIeHa Ha puc. 1.3.
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P K 1.3 — Jlunamuka u3aMeHeHus NapaMmeTpoB

®T0ﬂ60B0171 CHCTEMBI pa3padOoTKH

B 2006 rony HaanOQ OpHOE€ MPUMEHEHUE BBIEMOYHBIX BbIPAOOTOK IpPH
BBIEMKE YTOJIbHBIX 3allacoB B €§Bmx cucremax paspabotku. Mx cymmapHas
JUIMHA cocTtaBuiia 0koJio 4500 M.

B 2010 rony ommubouHbIe pemeH@ BBIOOpE XAPAKTEPUCTUK OXPaHHBIX
KOHCTPYKIIMI MNPUBEIN K PE3KOMY CHI/I)KCH@@I:G a MoJJepKaHusl BBIEMOYHBIX
BbIpaboTOK 70 500 M. YueT ocoOeHHOCTEN CTPYKNGHOTQ CTPOSHHUSI MACCUBA TOPHBIX
MOPOJ] B IIAXTHOM II0JI€ TIO3BOJIJI YBEIMUUTh O0BEM ep>kaHusi BIpaOOTOK 0
2800 m B 2011 romy. B nmanpHeiieM €XEroJHO Ha IIaXTe MOIAEPKUBACTCS 0
4000 M BbIpaboTOK. Ha mpOTsSsKeHUU 3TOro Meproia BeeTCsl aKTUBHBINA MOUCK Coue-
TaHUs KOMOWHAIIMI TapaMeTpOB OXPAaHHBIX KOHCTPYKIMH W yHPOYHEHHUS MPUKOH-
TYPHBIX MTOPO/I.

[Tpumenenue crnocoba MOBBIICHHUS YCTOWYMBOCTH MOPOAHOTO MacCHUBa MOCPE/-
CTBOM €ro YIPOYHEHHs MO TIIyOMHEe KOMOMHHUPOBAHHBIMU AHKEPHBIMH CHUCTEMaMH,
COCTOSIIIUX U3 CTAJENOJMMEPHBIX U KaHaTHBIX aHKEPOB, BOKPYT BBHIEMOYHOW BbIpa-
OOTKM CYILIECTBEHHO CHUKAET MaTepuaibHble U TPYAOBbIE 3aTpaThl. Ha KOHTYype BbI-
pabOTKU MOPO/IbI BOBJIEKAIOTCS B MPOTUBOICHCTBHIE MPOSIBICHUIO TOPHOTO JIABJICHHUSL.

Ananms MHPOBBIX WU OTCUCCTBCHHLIX TCHILCHHI/Iﬁ HCIIOJIb30BaAHUA aHKEPOB B
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COCTaBE KPEMEeXHBIX CHCTEM TOPHBIX BBIPAOOTOK IMOKa3al PACHIUPEHHE OOJACTH H
00bEMOB NPUMEHEHUS] KOMOMHAIIMM CTAJCNOJMMEPHBIX M KAHATHBIX AHKEPOB IS
YIPOUHEHUS TOPOJ KPOBJIM B KAYECTBE CaMOCTOSATEIILHOM KpEMH, a TaK)Xe B coueTa-
HUU C JPYTUMH TUIIAMHU MOJIEPKUBAIOIINX KPENEH.

Ha maxTtax 3anmannoro /Jon6acca umeeTcst OnbIT NpUMEHEHUs] KOMOWHHUPOBAH-
HBbIX AQHKEPHBIX CHCTEM [IJIsi MOJJIEPXAHUS KPOBJIU IUIACTOBBIX BBIPAOOTOK B 30HE
BIIUSIHUS OYMCTHBIX paboOT, HO, MOKAa TaKME€ TEXHUUYECKHE PEIICHUS] HOCIT XapaKTep
SKCIIEPUMEHTa W HE HMMEIOT JOJDKHOTO PACHpOCTPAHEHUs Ha Pa3jIUYHbIE TOPHO-
TEOJIOTUYECKHE U TOPHOTEXHUYECKHUE YCIOBUS, B TOM YUCJIE U HA BHIEMOYHBIC BbIpa-
OOTKH, KOTOPbIE TUIAHUPYETCSI TOBTOPHO UCIOIB30BATh.

OmHako TMONMYYNTb JKeJaeMble Pe3yJbTaThl, COYETas HPKOHOMUIO PECYpPCOB U
obecrieuenre TpeSyePPIX yCIOBHIl dKCIUTyaTallid BBIEMOYHBIX BBIPAOOTOK, HE BCe-
raa ynaercs. s permgHNg) 5TOro NpoTUBOPEUHsl pACCMOTPEHBI JIBE MEPCIIEKTUBHBIC
COCTAaBJISAIOIIUE TeXHonorH®paHeHm BBIEMOYHBIX BBHIPAOOTOK B IKCILTyaTaI[MOH-
HOM COCTOSIHUHU.

[lepBasi — cHU)KEHME PACXO/I0B }\errme}me BBIPA0OTKHU 32 CUET BOBJICUCHUS
B paboTy MO MPOTHUBOICUCTBHUIO CHUJIaM r JABJICHUS HE TOJILKO MMPUKOHTYPHEIE,
HO U OoJiee OTJaJICHHbIE TOPOIHBIE CIOU. I[a,q«ﬂzoaﬂanpameﬂne y>Ke€ UMEET CBOIO UC-
TOPUIO B YaCTH MIMPOKOTO MPUMEHEHHS ONMOPHO-aHK@DHOTO KperuieHus Ha 0a3e KOH-
CTPYKUHUI CTaJENOIMMEPHBIX aHKEPOB. YTIPOUYHEHUIO MPJIREPratOTCss MPUKOHTYPHBIE
MOPOJIbI KPOBIU U OOKOB HAa OrpaHUYEHHOE PACCTOSITME€ B MAacCHUB M3-3a YMEPEHHOM
JUTMHBI aHKEPOB B OCHOBHOM 110 2,4 — 3,0 m.

B nocnennue rosipl akTUBHO BHEAPSIETCS YIPOYHEHUE OJIM3JIEKAIEr0 MacCuBa
KaHaTHBIMU aHKEpaMu JJIMHOM (B OCHOBHOM) 10 6,0 M. DTO mo3BosieT popMHUpPOBATH
I'PY30HECYIIYIO KOHCTPYKIIMIO HE TOJIBKO W3 MOPOJI HENOCPEICTBEHHON KPOBJIH, HO U
BOBJIEKAaTh NOPOABl OCHOBHOM KpoBiik. OOpa3zoBaHHas TakKUM 00pa3oM Ipy30HeCyIIast
apMOTIOpO/THAST KOHCTPYKITUS (TUTMTA) BOCIIPHHUMAET HA CeOsl 4acTh TOPHOTO JIaBJie-
HUS, 9YTO CIIOCOOCTBYET pa3rpy3Ke paMHOW KpEIr, CTOCK €€ YCUJICHHs, a TaKXKe dJie-
MEHTOB OXpaHHOU cucTembl. CieaoBaTeNbHO, MIPU MPUMEHEHUH KOMOWHAIMU CTajie-

MOJINMEPHBIX Y KAHATHBIX aHKEPOB (KOMOMHUPOBAHHBIX AHKEPHBIX CUCTEM) MOSIBISET-
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Cs1 BO3MOXKHOCTh CHIKEHHSI MATEPUAIIOEMKOCTH TPATUIIMOHHBIX KPETIEKHBIX U OXPaH-
HBIX CUCTEM U TPYAOEMKOCTH MX YCTaHOBKH.

Bropas cocraBnsitoniasi TEXHOJIOTMU OOYCJIOBJIEHA BBIOOPOM pallMOHAIbHBIX
napaMeTpoB KpeIuIeHUs JUIsl CO3/IaHMsl YIPOUYHEHHBIX MOPOJl BOKPYT KOHTYypa BbIpa-
00TKH (B MEpPBYIO Ouepeib), a 3aTEM IOCIEAYIONIEH €€ OXpaHbl IMyTEM BO3BEICHUS
OXpaHHBIX KOHCTPYKIMHA (BO BTOpyIO0 ouepenb). OOOCHOBaHWE STUX MapamMeTpOB
HEPa3pBIBHO CBS3aHO KaK ¢ OCOOCHHOCTSIMU MPOSIBJICHUN TOPHOTO JIaBJICHUSI, HATIPH-
Mep, B COOPHOM IITPEKe, TaK U IIPU €ro MOBTOPHOM HCIIOJIL30BaHUU, B Ka4eCcTBE OOp-
TOBOTO HITPEKA CTOJIOOBON CUCTEMBI pa3pabOTKH.

W3 onbiTa moanep)kaHus BEIEMOYHBIX IITpekoB B 3amagHoM Jlonb6acce HeoOxo-
JTUMO OTMETHUTh OJIHYNU3 TJIaBHBIX OCOOCHHOCTEHW — MPEUMYIIECTBEHHO Harpy>KeHbI
CTOMKM pamMHON RREITIpH OTHOCUTENBHO Pa3rpy’KEHHOM COCTOSIHUM €€ BEPXHSKA.
Takoe mnoBeneHue o63®neﬂo (dbopMUpOBaHHEM BBICOKMX KOCOHAIIPABJICHHBIX U
OOKOBBIX HAarpy30K Ha pam OJIHOBPEMEHHOM CHW>KEHUH BEPTUKAIIBHOI'O TOPHOTO
JABJICHUSI HA LIEHTPAJIbHYIO qa #0712 BBIPAOOTKM 3a CUET NMPUMEHEHHUs OMOPHO-
AHKEPHOTO KpEILJICHHUS. HnacmquKo}\ge(popanOBaHI/Ie CTOCK paM C M3ruboM B
MOJIOCTh BBIPAOOTKU CIIOKHO M TPY/I0€ @ TPaHUThH ISl COXpaHEHUs TpeOyemoi
mUpUHBI mTpeka. Eciu obecnieueHne BhICOTRABIYA00TKH TEXHOIOTHYECKH 0TpaboTa-
HO U pealu3yeTcs 3a CUET MEePUOAUYECKUX MOAPHOK MOYBBI U YCTAHOBKU CTOEK
KpEIU YCWJICHHUS, TO COXPAaHEHUE MPUEMIIEMON €€ IMPHJibl JIPEJICTABIISACTCS CIOKHON
3amaueil. Ee ycrnemnoe pernieHue Oazupyercss Ha W3YUEHUU MPOIECCOB CIBHKCHUS
HAYTOJIHHOW TOJIIIU IyTEeM MPOBEICHUS BU3YaJTbHBIX U WHCTPYMEHTAIBHBIX HAOJIO-
JIEHUI 32 COCTOSIHUEM IITPEKOB, BBISABICHUSI OCHOBHBIX 3aKOHOMEPHOCTEW IpOosBIIe-
HUW TOPHOTO JaBJCHUS W TPUYUH, MPUBOAIIUX K HEYAOBICTBOPUTEIHBHOMY HX
OKCIUTyaTaIllMOHHOMY cocTosiHuio. [Ipu aToM Qopmupyrorcs npeacTaBieHus o0 0co-
OCHHOCTSIX MEXaHHW3Ma CABMKEHMSI MAacCHBa CIIOMCTBIX TMOPOJA U pa3pabaThIBalOTCSA
F€OMEXaHUYECKUE MOJICIN IO OMNHUCAHHUIO 3TOTr0 Mpolecca Ha JUTUTENbHBIA MEPHOT
MEPBUYHOTO W TOBTOPHOTO HCIOJB30BaHUSI BBIEMOYHBIX BbIpaOoOTOK. Ha 3axmroum-
TEJLHOM 3Tare aHaju3 pe3yJIbTaTOB MHOTOBAPUAHTHBIX BBIYUCIUTEIBHBIX dKCIIEPH-

MCHTOB CO31aC€T HAYYHO-TCXHHWYCCKYIO OCHOBY IJIA p33pa60TKI/I MCTOAOB pacudcTa
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palMOHAIBHBIX TAPaMETPOB KPEIICHHS IMOBTOPHO HCIOJB3YEMbIX BBICMOYHBIX
BBIPA0OTOK Ha 0a3e YCTAaHOBJICHHBIX 3aKOHOMEPHOCTEH MMapaMeTpOB KPEILICHHUS C
reOMEXaHMYECKUMHU (aKTOpaMH TOJACpKaHKsI BRIPAOOTKH B YCIIOBHUSAX IIaXT 3amaj-
Horo Jlonbacca.

Heo0OxoaumMocTh Tako#l IMOC/IEA0BATEIbHOCTH HMCCICAOBAHUNA IPOAMKTOBAaHA
COXpaHCHHUEM CeYCHHsI COOPHOTO INTPEKa IS €ro MOBTOPHOTO HWCIOJb30BaHUsA. B
9TOM IIJIaHE HEOOXOJUMO OUEPTUTh KPYT YCIOBUH PAIllMOHAIBLHOIO IMPHUMCHEHHUS TEX
WIH WHBIX TEXHUYECCKUX PEIICHHH M0 YHPOYHCHHIO OJU3JICKALNIUX MOPOJ KPOBIH

KOM6HHI/IpOBaHHI>IMI/I AHKCPHBIMU CUCTCMAaMMU.

1.2 OnpIT IMPUMCHCHUA KOM6I/IHI/IpOBaHHI)IX AHKCPHBIX CUCTCM

IIpU Kpe 1 KPOBJIM BBIEMOYHBIX BBIPAOOTOK

AHanuz MHpOBB@ OTEYECTBEHHBIX TEHICHIMU HCIIOJb30BAHUSA AHKEPOB B
COCTaBE KPEMEKHBIX cncm@pmﬂx BBIPa0OTOK TOKa3aj paciidpeHue o0JacTu U
00BEMOB TIPUMEHEHUST KOMOWH PaIULIMOHHBIX CTAJEMOJUMEPHBIX U KAHATHBIX
AQHKEPOB, IS YIIPOYHEHHS MOPOJ KPOWIU B KaquTBe CaMOCTOSITEJIbHOW KPENU U B
COYETaHUU C APYTMMHU THUIAMHU no;[z[e \folux Kpened. Takue TEXHUYECKHue
peLIeHUs] Ha3bIBAKOT IIO-Pa3HOMY, HAIIPUMED YPOBHEBBIM aHKEPHBIM KPEIJICHHU-
eM, HO OoJjiee TOYHBIM SIBJISIETCS TEPMUH «KOMOMHHPOBAHHBIC aHKEPHbBIE CUCTEMBI»,
MIOCKOJIBKY, B CYIIHOCTH, HUCIIOJIb3YETCS UMEHHO KO ayMs JBYX THUIIOB aHKEPOB,
BECHMA pPa3JIMYAIOIIMXCSA MO CBOMM IIapaMeTpam BBITIOJIHSIEMBIM  33/1a4aM 110
YIPOUHEHUIO MOPOJI KPOBJIM BEIEMOYHOU BBIPAOOTKH.

B srToli cBA3M, Kak yXK€ OTMEYaJOCh paHEEe, MPOBEACH IIMPOKUN CIIEKTP
BBIYMCIIUTENBHBIX JKcHepuMeHTOB o pacuery HJIC maccuBa BOKpPYT BBIEMOYHOM
BbIPAOOTKU (MOJACPKUBAEMON TMO3aJAM OYMCTHOIO 3a00s])) M BJIEMEHTOB €€ CXEM
MOI/ICP KaHMS, HETIPEMEHHON COCTABJISIIONIEH KOTOPBIX SBIISIFOTCS KOMOWHUPOBAHHBIE
aHKEpHbIE CUCTEMBI B KpOBJIE IITpeKa. KOHCTpYKIIMU 3TUX CXEM Pa3auvyaroTCs MEXIY
c000i MPEUMYIIECTBEHHO MO KOJIUYECTBY CTAJEMOIMMEPHBIX AHKEPOB B KPOBJE U
napamMeTpaM UX PACIOI0KEHUS B KOMOMHAIIMY C KAHATHBIMHU aHKEpaMHu.

OrpaHnyeHus NposBICHUN TOPHOTO JIaBJIEHUS 3a cUeT (POPMUPOBAHUS B KPOB-
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jie BBIpa0OTOK apMONOPOAHOM IUIUTHI 3HAYUTEIbHON MOIIIHOCTU AKTUBHO Pa3BUBAET-
cs. V3BecTHBl TakKe TEXHMUYECKHE pPEHIeHUS MO HCIOJIb30BAaHUIO KOMOWHALIUU
CTaJICNOJUMEPHBIX M KAHATHBIX AHKEPOB, KOTOPYIO HAa3bIBAIOT «JABYXYPOBHEBBIM
AHKEPHBIM KPETUICHUEM.

OnpIT NPUMEHEHHSI KaHATHBIX aHKEPOB M UX KOMOMHAIIMU CO CTaJIECTOJIUMEp-
HBIMH aHKepaMH B ciaboMeTaMOppu30BaHHBIX moponaax 3amanHoro JlonOacca
JNEMOHCTPUPYET NOJIOKUTENIBHBIE PE3YJIbTaThl. T€M HE MEHEee, caM MEXAHHU3M YIIPOY-
HEHUsI TIOPOJT KPOBJIU M TPHUHIHUIIBI (DOPMUPOBAHUS aPMOMOPOTHON TIITUTHI UMEIOT
oO1ue 4epThl ¢ ITyOMHHBIM YIIPOUHEHHEM MAacCHBA TOPHBIX OPOJ.

3aciyXKMBaeT MPUCTATBLHOTO BHUMAHHUS UCCIIEAOBAHUE C IPUMEHEHUEM B Kpe-
NEXHOM CHUCTEME KINATHBIX aHKEPOB B TOPHO-T€OJOTMYECKHX YCIOBUAX IIAXTHI
«Crennas» [TAOM K ITaBnorpanyross», rae pacCMOTPEHO BIIUSIHUE CKOPOCTHU
MIOJIBUTAHUS oqI/ICTHor®OH HA UHTEHCUBHOCTH IMPOSIBICHUI TOPHOr'O J1aBJICHUS B
BBIEMOYHBIX IITpekax [1]. @rqu MOJIOKUTEIBHBIA PHEKT WX MPUMEHEHUS IS
OTPAaHUYCHUS CIABUKEHUN TOP roibHON Tonmu. OJHAKO, KaKUX-1H00 peKo-
MEHJAli OTHOCUTEIBHO BBIOOpa napNeTpOB YCTaHOBKU KaHATHBIX aHKEPOB (KOOp-
JUHATHI pa3MENIECHUs, KOJIUYECTBO, yFJIBIHa, iar yCTaHOBKM U T.I1.) HE MpHUBE-
JIEHO, TIOCKOJBKY 3TH BOIPOCHI HE onzxﬂﬂne?aqﬂ uccienoBanuii. OO0CHOBBIBa-
€TCsl OTKA3 OT CTOEK KPENH YCHUJIEHUS B 30HE (PPOHPAIILHOIO ONMOPHOTO JABJICHUS U
M03aJId JIaBbl 3a CUET TOTO, YTO APMOIIOPOAHAS INIUT KpOBJIE IITPEKa BIIOJIHE
CIpaBJIsIeTCs € 3aJja4eil OrpaHUYeHusl MPOSBICHU TOPHOTO JABJIEHUS U COXPAHEHHUS
CEYEeHMs BbIPaOOTKHU, JOCTATOYHOIO JUIsl €€ IOBTOPHOT'O MCIOJIb30BAHMS.

B ycnoBusx maxt Kyzbacca npoBeneHo ucciegoBanue [2] mo oreHke dddek-
TUBHOCTU «IBYXYPOBHEBOTO aHKEPHOI'O KpEIUICHHs». 3IEeCh CcJelaHa MOMbITKa
pacuera napaMeTpoB YCTAHOBKH aHKEPOB B 3aBUCUMOCTH OT CTPYKTYPbI U MEXaHHYE-
CKMX CBOWCTB mopoja Kposiu. Ho, 3amada pemiaeTcss Ha ypoBHE CXEMaTHUYECKHUX
IPEACTaBICHU O (POPMUPOBAHMM MOPOAHBIX MPU3M CIION3aHUS U TUIIOTE3 CBOJA
MPEACIbHOTO PABHOBECHS, UTO MOYXHO pPacCMaTpuBaTh KaKk HadaJIbHBIM 3Tal K ONU-
CaHUIO T€OMEXAHMYECKHUX MPOIIECCOB CABMXXEHUSI HEOJHOPOJHON HAIYyrOJbHOM TOJ-

mu, p336I/ITOI71 CCTCCTBCHHBIMH M TCXHOTCHHBIMHU TPCIIMHAMMA Ha IIOPOAHBIC 0JI0KH U
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cnou. ['opHo-reomornueckue ycmoBus Kyszbacca TpHHIMMHAIBHO OTIMYAIOTCS OT
TakoBBIX B 3amagHoMm Jlonbacce. OTmMedaeTcs HaJEKHOCTh U JOJTOBEYHOCTD «JIBYX-
YPOBHEBOI'0 aHKEPHOTO KPEIUICHHS» MPU CYIIECTBEHHOM CHH)XEHHUU MaTepUaioeM-
KOCTH U TPYJAOEMKOCTH BO3BEJCHUS KPEMEKHBIX KOHCTPYKIIMHM, YTO MPUBOJIUT K PE3-
KOMY YMEHBIIICHUIO CTOMMOCTH TOJJICPKaHUsI BHIPAOOTOK.

CoueTaHue pamMHOM Kpenu C aHKEPHBIMU CHUCTEMaMM MCIOJIb3YETCsS B 0OJIb-
IIMHCTBE YroibHBIX IaxT EBpombl. OpHako B padote [3] yTBep)kmaercs, 4TO HET
€AMHBIX TEXHUUYECKUX PEIICHUN MO TaKUM CXeMaM KpEeIUICHHS, MOCKOJbKY BeChbMa
pa3HOOOpa3Hbl TOPHO-TEOJIOTMYECKUE U TOPHOTEXHUUYECKUE YCIOBUS YIIIETOOBIUU.
OTH BBIBOJIbI 0a3UPYIOTCS HAa MHCTPYMEHTAJIBHBIX HAOJIOJCHHUSX 32 COCTOSHHUEM

BBIpa6OTOK C Pa3InIMpIMU CXCMaMHN KPCIUUICHM:, BKJIIOYas KaHATHBIC aHKCEpa. HpO—

aHAJIM3UPOBAHO P TIMPUYECKUX METOJIOB, UCIONIb3yeMbIX B [lobiie qis npoek-
TUPOBAHUS CXEM COHC’I@ paMHOM Kpenu U aHKEPHBIX CUCTeM. Pe3ynbTaThl 11axT-
HBIX UCCIIEIOBAHUM CBHHG@[B}/IOT O PE3KOM CHMXEHUU MEpPEeMEIIEHUN TOPOTHO-
ro KOHTypa BBHIPAaOOTOK M UX B JIOBJIETBOPUTEIBLHOM COCTOSIHUU MPU UCIOJIb-
30BaHUU CUCTEM C KaHATHBIMU aHKepa}tq. B pesynbrare TpexyieTHero nepuojaa u3mMe-
PEHHUI MOJTBEPK/ICHA BBICOKAs 3(1)(1)61@1, MCIIOJIb30BaHUsI KOMOMHUPOBAHHBIX
aHKEPHBIX CHUCTEM JUIA MOAJAepkKaHUs MAbIJad0TOK B  Ppa3IUYHBIX TOPHO-
TE0JIOTUYECKHUX YCIOBUAX Pa3pabOTKU YroJIbHBIX MEGAOPOXKICHUM.

AHKepHas Kpelb MHUPOKO IPUMEHSETCS Ha Yroubfibix maxtax Kuras [4]: exe-
roaHo mpooautcs nopsaka 8000 kM BeIpabOTOK, U3 XoTOphiX 80% 3aKperuieHbl aH-
KepamMu. BBIOOp cXeM yCTaHOBKHM aHKEPOB 0a3MpyeTcss HAa HAKOILUIEHHOM ONBITEC H
aHAJIOTUSX B PABHOLIEHHBIX TOPHO-TEOJIOTUYECKHUX yCaoBUsX. Jist Gosee o60cHOBaH-
HBIX PEKOMEHIAIUH MO0 MapaMeTpaM CXeM YCTaHOBKH KOMOWHUPOBAHHBIX aHKEPHBIX
CUCTEM OBbUI TIPOBENIEH KOMIUICKC IMAXTHBIX U3MEPEHHUN W YUCICHHOE MOJETUPOBa-
Hue ¢ ucnosb3oBanueM FLAC 3D, 4ToGbl mpocienuTh 3BONIONUI0 HANPSIKEHUN B
MPOIIECCEe MPOXOKICHHS JTAaBOW SKCIIEPUMEHTAIBHOTO Y4acTKa BHIEMOYHOM BBIPAOOT-
KA. YKa3bIBaeTCsl Ha OOIIEee CXOJCTBO PE3YJIbTATOB AHAIMTUYECKHX M IIaXTHBIX
UCCIIEJIOBAHUM, YTO MO3BOJIMJIO MPEMJIONKUTHh HECKOJbKO BapHUaHTOB MPUMEHEHHS

KOMOMHHPOBAHHBIX AaHKEPHBIX CHCTEM. TakuM 00pa30oM, ONHCAH ITOJ0KHTCIHHBIN
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OTIBIT TPUMEHEHUSI BBIYHCIUTEIHLHOTO JKCIIEPUMEHTA IS BBIOOpA pPAIMOHATBHBIX
apamMeTpoOB YCTAaHOBKU CTAJCMOJUMEPHBIX M KAHATHBIX AHKEPOB B BBIEMOYHBIX
BBIPA0OTKAX B 30HE BIUSHMS OYUCTHBIX padoT. VMcnonb30BaTh JaHHBIE PEKOMEHa-
muu g maxt  3anagHoro JlonbOacca  3aTpyAHHMTENBHO, TOCKOJBKY TOPHO-
re0JIOTUYECKUE U TOPHOTEXHUYECKUE YCIOBUS YroJibHbIX IaxT Kutas u 3anagHoro
JlorOacca pe3ko OTIWYAIOTCS APYT OT ApPYyra, HO caM MPHHIUI padOThl KOMOWMHHUPO-
BAaHHBIX aHKEPHBIX CUCTEM OILICHUBAETCS KaK JIOCTATOYHO (P (HEKTHUBHBIM.

B Hacrosiiiee BpeMsi BBIYMCIUTENBHBIN SKCIEpUMEHT 10 ucciegopanuio HIC
TOPHOTO MacCHBa BOKPYT BBIPAOOTOK, 3aKPETUICHHBIX KOMOMHUPOBAHHBIMU aHKEPHBI-
MU CHCTEMaMH, MOIy4aeT Bce Oosbliee pa3BuTHe [S — §8]. DTO Hay4YHO-NPAKTUYECKOE
HaIpaBJICHUE CIeAyEeNCUNTATh BeChMa MEPCIEKTUBHBIM BBUJY IMIMPOKUX BO3MOKHO-
CTel yncIeHHbIX METPNOB OMMCAHUS CII0KHBIX TE€OMEXaHUYECKUX MPOIECCOB.

Uro kacaetcs yl@oco&:HHOCTeﬁ CTPOEHUSI OKpY>Karollero Maccuna (Clou-
CTOCTh, TPEUIMHOBATOCTb), CIOJIB3YIOTCSl IAXTHBIE UHCTPYMEHTAJIbHbIE HAOIIO-
JICHUSI C HEKOTOPBIMH THUIIOTETH @1 U MpeJICTaBICHUsIMA [9 — 12] u HaKOTUIEHHBII

OIIBIT IIOAACPIKAHUA Bblpa6OTOK CT GHOHI/IMepHBIMI/I N KaHaTHBIMM aHKEpaMUu

[11—14].

1.3 OcoGeHHOCTH MPOSBICHUN TOPHOTO B BBIEMOYHBIX

BbIPAOOTKAX IPH UX TOBTOPHOM HCIOJIb

B xadyecTBe 00beKTa BHIMIOJHEHUS MAXTHBIX UCEIEI0OBaHMM BBIOpaHbI 588 Oop-
ToBOM, 590 cOopHbIi 1 592 60pToBOM mITpeku maxThl «kOouneinas» [1CII «IllaxTo-
ynpasienne [leprmoTpaBeHCKOe» Kak BapUaHThI Pa3IUYHBIX CXEM YCTAaHOBKH CTajie-
MOJINMEPHBIX aHKepoB B Kpomie. McciemnoBanusi mpoBoauinch B Teuenue 2014 —

2016 rr. Ha y4acTKe BOCTOYHOI'O KpbUIAd YKJIOHHOM 4acTH IIaxTHOro nois miacra C,

rae oTpadaThiBAIMCh TPU BbIEMOYHBIX cToji0a 590, 592 u 594 naBamu. ['opHo-
re0JOrM4eCcKHe YCIOBUS NMPUMEPHO OJIMHAKOBBI KakK IO TiyOuHE pa3paboTKH, Tak U
10 CTPYKTYpPE U CBOMCTBAM YTJIEBMEIIAIOIIEH TOJIIIIH.

IIpu skcruryatanuu 590 cOOpHOro IITpeKa ero KpemnexHas cucrema (¢ ycra-

HOBKOW CEMU CTaJICIIOJIMMEPHBIX aHKEPOB B MPEIesiax CBOJIa) €1IE BHE 30HbI BIUSHUS
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OYHCTHBIX pabOT HE MOJHOCTHIO CTPABIISIETCS C Harpy3koi B kposie. HaGmomaercs
HEKOTOpPOE M3MEHEHHE NEePBOHAYAILHON (OPMBI paMbl U3-3a €€ OIpaHUYEHHBIX IIa-
CTUYECKHUX JePOopMaluil.

CornacHo TOpHO-r€0J0THYECKUM JaHHBIM APTHUJUIMTBHI U AJIEBPOJIUTHI OCHOB-
HOM M HENOCPEIACTBEHHOM KpPOBIHM MUMEIOT Pa3BUTYIO CHUCTEMY TPEIIMHOBATOCTU C
OOJIBIIONM BEPOATHOCTHIO BJArOHACHILIEHUs. Takue yCIOBUS ONaronpusITHbI s
AKTUBHOT'O PACCIIOCHUsI MOPOJ KPOBJIU U 00pa30BaHUs OOUIMPHOTO CBOJA pa3ymnpoy-
HEHHBIX nopoA. [IpeAanonoxurenbHo pa3Mepbl CBOAA MPEBBIMIAIOT AJUHY CTaJeno-
JUMEPHBIX AHKEPOB, YTO CHHMYKAET UX NMPOTHUBOJECHCTBHE BEPTHKAIBHOMY TOPHOMY
JaBJIeHUI0. MOIIHOCTh yIPOUYHSAEMOM Onu3exanieil KpoBlid JOCTATOYHO OrpaHuye-
Ha. Ecam mopopl KpYRIIM, 3ajI€raromire Hajl apMONOPOIHONM KOHCTPYKIHMEH, epexo-
IAT B HeycToiunBOe PUCTOsIHNE, TO HECYIeH CIIOCOOHOCTH YIIPOYHEHHOIO CIIOSI MO-
KET 0Ka3aThCs HC,Z[OC[@HO JUIS IPEAOXPAHEHUSI PAMHOM KpEnu OT Ype3MEpPHBIX
Harpy3oK. @

3adukcupoBaHa BEIHYU @» WKEHUST OOKOB BBIPAOOTKHU TMOPSAKA OJHOTO
MEeTpa IO OTHOLICHHWIO K MEPBOHAUN(bHBIM KOHCTPYKTHBHBIM pa3Mepam Kpemu
KIIITY-15,0, kotopast A0CTaTOYHO Bec pU MEPBOHAYAJIBHOM MCIIOJIb30BAHUU
HITpeKa B KauecTBE COOPHOT0. YBEIMUYCHHE PHHBI CBSI3aHO C BBIITYCKOM IOPO-
Ibl, TIEPEKPEIUIEHUEM, TONOJHUTEIbHBIMU 3aTparay#d U He SBIsETCA Leraecoodpas-
HBIM B cJoXuBLIelcs cutyauuu. HeoOxonumo oOpaTutp BguMaHue Ha HECOOTBETCT-
BH€ OOKOBOW KOHCTPYKTHBHOW MoAaTIMBOCTU cTOWKrYM (100 MM) 3adukcupoBaHHOM
BEJIMYMHE COJMKEHUSI €€ CTOEK, UMEIOLIEE B CPEIHEM IISITUKPATHOE IPEBBIIICHUE.
DTO COOTHOIIEHHE BBI3BIBAET HE TOJHKO 3HAUUTEIBHBIN MIACTUYECKUA U3THO CTOEK
pambl ¢ MOTeped MX NEpPBOHAYAIBHOW (POPMBI, HO W HapylIaeT IITATHBIA PEXUM
paboThl 3aMKOB MOAATIUBOCTHU C Pa3pyIlIEHHEM HEKOTOPBIX U3 HUX.

['maBHasg mpuyrHAa BO3HMKHOBEHHSI TAaKOW CUTyallUH BUJUTCS B COYETAHUU
OOKOBOI'0 OITOPHOI'O JABJIEHUS U BECbMa CJIA0BIX NOPOJ HEMOCPEACTBEHHOM KPOBIIH U
MOYBBI, YTO BBI3BIBAET KakK (hOPMHUPOBAHWE 3HAUUTEITHLHON OOKOBOW HArpy3Kd Ha
pamy, TaKk 1 UHTEHCU(PUKALIMIO TIPOLEecca MyYEeHUsI TOPO]T TOYBBHI.

B cxeme kpermienus 590 cOopHOro mTpeKka HaXOAUTCS CEMb CTAICTIOIUMEPHBIX
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aHKEPOB, KOTOPBIC YIIPOUYHSIOT TOPOJIBI IIEHTPATHLHOM YacTU CBOJIA TIO JUTHHE BEPXHSI-
Ka, CO3/1aBasi apMOINOPOJIHYI0 KOHCTPYKIMIO. OJIHAKO, 3Ta KOHCTPYKIIMS OMUPAETCS, B
OCHOBHOM, Ha PaMHYIO KpeIlb, a TaK)Ke Ha HapyIICHHbIE MPUKOHTYPHBIC IMOPOJIBI B
Ookax BbIpaOOTKHU. Bece mepedrciieHHbie KBa3HOMOphl 001a/1at0T TOW WM UHOM CTere-
HbI0 mogatnuBocTU. [Ipu omyckaHuM apMOMOpOJHAsi KOHCTPYKIHS MPOBOLIMPYET
paccioeHus B TIOPOJiaX OCHOBHOW KPOBJIM U, KaK CIEACTBHE, (POPMHUPYET OOMMPHYIO
o0yacTh HeyCTOMYMBBIX TTOpoI. Co3aeTcs MOBBINICHHAS! HATPYy3Ka HA paMy M BBICOKOE
OOKOBOE€ JIaBJIEHHE.

Ecnu ckoHIEHTpUpOBATh YIPOYHEHUE HA MOPOIHBIX 00heMax, BBITIOIHICMBIX
¢byHKUIMU omop B OOKax BBIPAOOTKH, TO COMPOTUBICHUE APMOMOPOIAHOW KOHCTPYK-
MU B KPOBJIE CTAHCTIRKECTUE C OTPAHMYCHHUEM PACCIOCHHS BBIMISIC)KAIIECTO MACCH-
Ba. K aTroMmy no0¥BUFE «riyOMHHOE» yHpPOYHEHHE MOPOJ KPOBIU C PaCHIMPEHHUEM
IUIOLIAZM OIOPBI  ap OJIHOM KOHCTPYKIMH, TO, OYEBUAHO, HWHTEHCHUBHOCTbH
JENCTBUS OOKOBOTO OTIOP ABJICHUSI CHU3WUTCS MHOTOKpPATHO. JTO TOBJIEUYET 3a
co0olf pe3koe OrpaHHYCHUE :@: ACTBHSI HETATUBHBIX (DAKTOPOB TOBBIIIICHHOM
OOKOBOUM Harpy3ku U Iy4YeHUS nopo}\qqum. [TosTomMy 1ETEeC000pa3HO U3MEHUTH

KaK CXEMYy YCTAaHOBKM aHKEPOB B CBOJQ JAa0OTKHU, TaK U MPUHIUIT YIPOUYHEHUS

&)

OJIM3IIekKAITUX TOPOJ] KPOBIIH.

OnHOBpeMEHHO HaOMIOAaeTCs acUMMETpUIPOCTh IehOPMUPOBAHUS PaMbl
KpeIu C MOBBIIIEHHOM HArpy3Koil co cTtopoHbl 590 YaBii. Acummerpus aedpopMHUpO-
BaHMUS paMHOM kpenu (3adukcupoBana pazHuiia A0°480 MM JBYX JHArOHaJbHBIX
pa3MepoB mTpeka u 70 460 MM ero BepTUKAIBHBIX Pa3MepOB) CYIIECTBEHHBIM 00pa-
30M M3MEHSET €€ MepBOHAYAIbHYI0 (DOPMY U CHUXKAET HECYUIYI0 ciocOOHOCTh. [Ipu
ATOM HapyIIaeTcs MITATHBIA PeXUM PabOThl 3aMKOB MOAATIMBOCTH, UYTO BJIEYET 3a
co0oll yBeJIMYEeHHE HATrpy3KH Ha KPEMEeXHYI CUCTeMy, Oojiee MHTEHCUBHOE nedop-
MHUPOBaHHUE paMbl U CBSI3aHHYIO C 3TH MOTEPIO ceueHus BeipaboTku. [TorTomy, gaxe ¢
Y4ETOM TNEPUOANYECKON TMOJPBHIBKU MOPOJ MOYBHI, moTeps ceueHus 590 cOopHOro
HITpeKa JOCTaTOYHO 3HAYMMa yKE€ Ha MEePBOM 3Tale ero nojjepxanus (oTpaboTka
590 naBwl); OTCIO/Ia CIEAYET BBIBOJ O HEIOCTAaTOYHOU 3(P(HEKTUBHOCTH YCUIICHUS

PaMHOM Kpenu CUCTEMOM U3 7 CTAJENOIMMEPHBIX AHKEPOB B €€ CBOJIE.
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N3 pe3ynpTaToB MHCTPYMEHTAJIBHBIX HAOJIIOJEHUN CJIEAYyEeT, YTO CHUKEHHUE
MHTEHCUBHOCTU OOKOBOT'O ONOPHOTO JAaBJIEHUS BO3MOXKHO 32 CUET pPalMOHAIBHOU
CXEMbl aHKEPHOTO YIPOYHEHHUs MOPOJ KPOBJIM BbIEMOUYHBIX BbIpaOoTok. IIpu otpa-
6oTke 592 BrieMOuHOTO cT0JI0a 590 COOpPHBIN MTPEK UCIIOIH30BaH MOBTOPHO B Kayde-
ctBe OopTtoBoro. TeHaeHMKu pa3BUTUS NIEPEMEIICHHUIN TPU TEPBUYHOM U MIOBTOPHOM
UCIIOJIb30BAaHUM IUTPEKA CXO0XKH MexAy co0oil. Tak, cOmmKeHUs MOpoJ KpOBIU H
MOYBBI MO3BOJISIIOT cuuTaTh BiusHUE 590 u 592 naB Kak paBHOLIEHHOE; OHU 32 BECh
nepuo dkcruryaranuu 590 cOopHoro mrpeka Ha 60 — 65% CHUXAIOT €ro BBICOTY.
CoxpaHUTh BBICOTY LITPEKAa Ha TEXHOJIOTMYECKU MPUEMIIEMOM YpOBHE ynaercsa Ona-
rojaps NepuoAMIYECKUM MOIPHIBKAM IMOPO/] TIOYUBBHI.

COmmxkeHust CIIEK paM (Ha ypOBHE IMOYBBI) MPHU MOBTOPHOM HMCIHOJb30BAaHUU
HITpeKa cocTaBISANT 6 — 68% MO OTHOLICHHUIO K TAKOBBIM MPU NEPBUYHOM HUCIIONb-
30BaHUU BBIPAOOTKH. C@apﬂaﬂ BenuunHa compkenu nocturaet 31 — 33% ot ero
NIEPBUYHON ITUPHUHBI. @

[Torepst 1o oaHOM TpeTH bl BBIPAOOTKHU MPEJCTABIAET CEPHE3HYIO MPO-
OJieMy Ji HaJACKHOTO U CT&6I/IJ’IBHOFO\B\€I[CHI/I$I OYMCTHBIX paboT B 592 nare. Crneny-
eT OTMETUTh Ipeobiajaroiee nepeMeKOHTypa HITPEKa CO CTOPOHBI JEHCT-
BYyIOIIEH JIaBbl. B OTHOCHTEIBHBIX BGJII/I‘{I/IHQ(‘ ?IaFOHaHLHBIe pa3Mepbl BBIPAOOTKH
cHmkaTcsa Ha 40 — 43% oT mepBOHAYANLHOTD 3HFACHUS, YTO SIBISECTCS KpPUTHUYE-
CKMM IIOKa3aTesleM MOTepu cedeHus mrpeka. OTMedefiHRle 3aKOHOMEPHOCTH IOA-
TBEPKJAIOTCS. MHOTOYUCIICHHBIMU HCCJICIOBAHUSIMU COCTOSIHUSI BBIEMOYHBIX BBIpa-
OOTOK B Pa3IMYHbIX TOPHO-T€OJOTNYECKHUX YCIOBUSAX.

[IpoBeneHHbIC 3aMepbl MTOKA3AIM COKpAIICHUE aCUMMETPHUH J1e(OopMUpOBaHUS
pambl B pe3ynbTare oTpaboTKu 592 naBbl, KOTOpas BO3HUKIA Ipu padore 590 naBbl.
Ho »T0 He o3HauaeT, 4To opMa paMbl BEpHYJIACh K CBOEMY HAdaJbHOMY TOJIOXKE-
Huto. [Ipousomeninive miactuyeckue AeGpopMalii BEPXHIKA U CTOCK pambl SBISIOT-
cs HEOOpaTUMBIMU W TPHUBOMAT K CYIIECTBEHHOW IMOTEPE HECYIIel CIOoCOOHOCTH
paMHOM Kpemnu, HECMOTPS Ha IPUMEPHOE PABEHCTBO AUArOHAJIBHBIX Pa3MEPOB.

JUist orpaHWyeHusl IUIACTHYECKUX AedopMaluii paMbl HEOOXOIUMO CHHU3UTh

ACHMMETPHIO €€ Harpy3Ku co cTOpoHbI 590 naBbl, a 3aTEM CO CTOPOHBI 592 1aBbl IpU
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MOBTOPHOM HCIOJIb30BAaHUU HITPEKA. DTOTO MOKHO JOOUTHCS, CHOPMUPOBAB B KPOB-
i€ BBIpaOOTKH MOLIHYIO apMOIIOPOJIHYIO KOHCTPYKIIMIO, BOCHIPUHUMAIOIIYIO Ha ceOs
OO0JIBIIYIO YACTh TOPHOT'O JIABJICHHUS.

OcHOBHBIE BBIBOJIBI IO Pe3yJIbTaTaM HaOIIOJEHUH 32 COCTOSIHUEM TTOBTOPHOI'O
ucnonb3oBanuss 590 cOOpHOro mITpeKka MOXKHO paclpoOCTPaHUTh M Ha JIpyrue
BBIEMOYHBIC IITPEKH BOCTOYHOTO KpbLda YKJIOHHOW YacTH IIAXTHOTO TOJS IjlacTa

C, . KauecTBenHble nnokasarenu aeopmanuii BECbMa CX0KH, a LEIbIN psJi U3MEPEHUN

UMEIOT OJIM3KHME 3HAUYEHUS, UTO JIAET MPAaBO HA HEKOTOPOE 00001IeHue.
KpuTtnuecku BakHbIM SIBJISIETCSI OTpaHUYEHHUE COJIMKEHUSI OOKOB BBIPAOOTKH, a

Cro yCTpaHCHuC BUANUTCA B BBI60pC pallMOHAJIBHBIX IMAPpaMETPOB YCTAHOBKHU HEC TOJILKO

CTaJICTIOIMMEPHBIX a OB, HO M YIIPOYHEHHUs TIOPO KPOBIHU C TIOMOIIBI0 KAaHATHBIX
aHKEPOB.
1.4 Ananus cTpyk npeo0pa3oBaHUil BMEIIAIOIMIUX BIPAOOTKY

nmopona KOM6I/IHI/IpO H@HHKCPHLIMI/I CHUCTCMaMHU

KpaeBast yactp yrojibHOro nnacé\e BBIEMOYHBIX BBIPA0OTKaxX SIBISAETCS HanOo-
jiee CJI0KHBIM 00BEKTOM MHOT0(aKTOpH oMexaHu4eckux nporeccon. [ToaTomy
IPEJICTaBISIETCS 1[eJIECO00Pa3HbIM OLEHUTD CRENENb BIUSHUS aHKEPHOTO YIPOUHEHHUS
Ha MEXaHU3M IIPeoOpa3zoBaHUs CTPYKTYpPbI IOPOA 71 BBIEMOYHOH BBIPAOOTKH.

Krnaccuueckas teopusi u3ruba 6anok u it [15,/164 yTBepKaaer, 4To MaKkcu-

MAJIbHBIC TOPU30HTAJIBHBIC HAIIPKCHUA PACTAKCHU (C}KaTI/IH) O . BO3HHUKAIOT B

MOBEPXHOCTHBIX yUacTKaxX Oajku (TUIUTHI), a UX BEIMYWHA OOPaTHO MPOMOPITMOHATIHFHA
KBaJIpaTy TOJIIMHBI OAJIKK (MOIIHOCTH ITOPOAHOTO cIiosi). Hampumep, ecii coeuHuTh
aHKEpaMHU J1Ba TMOPOJHBIX CJIOSI OJUHAKOBOW MOIIHOCTH, TO COIPOTHUBJICHHE H3THUOY
00BETMHEHHBIX CJIOEB YBEIIMYMBACTCS B UETHIPE pa3a, TOT/Ia Kak X CyMMapHOE COMpO-
TUBJICHHUE TPHU Pa3eIbHOM M3rM0e BO3pacTacT TONBKO BABOE. Takoii MEXaHHM3M IOBbI-
IICHUST YCTOMYMBOCTH 3aaHKCPOBAHHOW KPOBJIM PAaCCMOTPEH e€Ile IOoJiIBeKa Ha3aj B
paborax npod. bopucosa A.A. [17] u npod. CemeBckoro B.H. [18].

Hcxons u3 JaHHBIX MPEACTaBICHUN HA puC. 1.4 MPOWLIFOCTPUPOBAH MEXaHHU3M

IMOBBIMICHUA COIIPOTUBJICHUSA I/I3FI/I6y ABYX IMOPOAHBIX CJIOCB HeHOCpeHCTBeHHOﬁ KpOB-
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JIM TIPU €€ YIPOUHEHUN aHKEpaMH.

[Ipu paznensHOM J1eOpMUPOBAHUH MOPOJHBIX CIOEB PACTITUBAIOLIUE HAMPS-
YKEHUSI UMEIOT MOBBIIICHHYIO BEJIMUUHY (cM. puc. 1.4, a) u npu cylecTBEHHOM U3TH-
0€ CcJ0s MPEBBIIAIOT COMPOTUBIIEHUE MOPOJIbl Ha PACTSKEHUE — HAUYMHAETCS pa3BU-
THE TPEIIMH pa3pbiBa MO MoIHOCTH cinosi. [Ipu coBmecTHOM nedopmMupoBaHUM
00BEIMHEHHBIX aHKEPAMH IMOPOJIHBIX CJIOEB MOBBIIIAETCS MOMEHT COMPOTUBIIECHUS UX

CEYeHHUs1, 00YCIIaBINBAIOIINN CHUKEHHE MAKCUMYMOB HAaIIPSDKEHUN O, , B TOM YHUCIIE

pactaruBaromux. IIponecc mosBiIeHUs U pa3BUTUA TPELUH pa3pblBa 3aMeLIACTCA U
HE KaXKIbI 3HAKONEPEMEHHbI M3ru0 YNPOUHEHHOM aHKepaMU HENOCPEICTBEHHOU
KPOBJIM IPHUBOJUT K Pa3JelCHUI0 CIBOEHHBIX MOPOJHBIX CiIoeB Ha Oyioku. Kpome
TOr0, MPU YBEIMUCH)PNI MOILIHOCTU I'py30HECYLIE Oanku (IJIMTHI) MOBBILIAETCS €€
KECTKOCTh, OIpaHMUJiBAIOIIasl BEJIMYMHY MPOTHOOB CIIOEB M CHMIKAIOIIASl BEPOSIT-
HOCTHb pa3pyLIECHUSA D o0bemMa MOPOAbl M pachaja pacropHOW CHUCTEMBbl Ha
OTZEJIBHO OITyCKaIOIIHUECs (cM. puc. 1.4, 6). ConpoTuBienue U3rudy ymnpod-
HEHHBIX I[OPOJHBIX CJIOCB =®: BA€T TaK HA3bIBAEMBIM BOCCTAaHABJIMBAIOIINI

MOMEHT OT JEUCTBUS MMaphl cuil F Kam:?.yanaTprIomnx HAIPSDKCHUN O, B LEINO-

CTHOM 4YacTH MONEPEYHOTO CEUCHMUS. B@BHO, mpoliecc pas3ziesieHuss Ha OJOKHU

IIPOUCXOJIUT U B YIPOUHEHHOM aHKepamMu RENOPPENQTBEHHON KpPOBJIE, HO C IOBBI-
IIEHHOH JJIMHON U MOILTHOCTBIO OJIOKOB. \2

CrnenoBarenbHO, B paCIIOPHOM CHCTEME IOPOJ KPOBMM CHMKAETCS KOJIMYECTBO
B3aMMOJICUCTBYIOIIMX AJIEMEHTOB, a 3TO YBEJIMYUBAET YCTOMYUMBOCTH IOPOJ KPOBIH —
IIOBBIIIAECTCS PEAKLUSA UX CONPOTUBIICHUS TOPHOMY JABJICHUIO M CHUYKACTCS BEJIMYMHA
OITyCKaHHUS B MOJIOCTh BbIpaboTKH [19].

OtmeTtnM 0oOIIMEe 3aKOHOMEPHOCTH (POPMUPOBAHUS aHOMAJIBHBIX 30H COCTOS-
HUS HaAYTOJbHOW TONIIM BOJM3H JaBbl, KOTOPbIE BRIPAOOTaHbl HA MPOTSKEHUU MHO-
TUX JAECATUICTUN U3YYEHUS 3TOTO SIBJICHUS U CO3JAJIM OCHOBY JJISI TEOMEXAHUYECKHUX

HCCJ’IG,Z[OBaHI/Iﬁ BHC 3aBHCHUMOCTH OT TI'OPHO-T'COJIOTHYCCKUX MW TOPHOTCXHHYCCKHX

yCJIOBUM OTPaOOTKH YTOJIbHBIX IMJIACTOB.
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Bnepean naBbl ¢opmupyercss 30Ha OMNOPHOTO JABICHHS, MPOTSKEHHOCTh
KOTOPOW BJI0JIb BBIEMOYHOM BhIpaOOTKM Ha maxTax 3amajgHoro JlonOacca oueHuBa-
ercs B uHteppaiie 10 20 — 40 m [20]. [To Mepe nmpubinkeHus: JaBbl KOHLEHTpaLUs

BCPTUKAJIbHBIX HaHp}I}KCHI/Iﬁ O'y B MAaCCHBC I'OPHBIX IMOPOJ YBCIIMUNBACTCA, JOCTHUI'AA

MaKCMMyMa Ha paccTosiHUU 2 — 15 M oT 3a00s5. 3HaueHUEe 3TON BEIUYUHBI 3aBUCUT OT
COOTHOUIEHHUS KECTKOCTEW YTOJIBHOIO IJ1aCTa U MOPOJIHBIX CJI0EB KPOBJIU.
N3MeHeHrne HavyallbHOTO COCTOSIHUSI MACCHBA MPH MOJAXO0/IE JaBbl TPOBOLUPYET
pa3ynpoyHEeHue CcaadbIX YIJIEBMEILAIOIIMUX IOPOJ, OCOOCHHO HENOCPEACTBEHHOM
KPOBJIM U TIOYBBI, U, KaK CIIEJICTBUE, — Pe3Koe yBennueHue ux aedopmarnuu. Cormpo-
TUBJICHUE CXKAaTHUIO YroJIbHOTO Ijiacta B 1,5 — 4 pasa Ooubiiie yem nopoja. CreneHnb
Pa3yIpOYHEHHUs YTOFONOTO TUIACTa MPOSBIAETCS B JIOKAJIBHBIX 00JACTAX. DTU MPO-
1ecchl OOyCIaBIMBAT IHAYUTEIIHOE MPEBBIIICHUE >KECTKOCTH YTOJIbHOIO TUIacTa
HaJl TOPOJIHBIMU CJIOA opau. [lox Bo3aelicTBHEM rOPHOIO JABJICHUA MTEpEMENIE-
HUS YTOJBHOTO IJ1acTa 0yl HOT'OKPaTHO HUXE, YeM MOPOAHBIX clioeB KpoBiu. Ha
HEOOJIBIIIOM PACCTOSIHUM OT 3a OJIaBIIAIOIAS. YAaCTh BEPTUKAIBHBIX MEpPEMeEIlIe-

Huid U, peanusyercs 3a cyer onyCKarhsz onedopmupyembix ciaoeB kposiu. [1o-

HIDKEHHbBIEC Je(opMaluy yroJibHOTO I CHOCOOCTBYIOT MPUOJIMIKEHUI0 MaKCHU-
MyMa TOpHOTo JaBjieHus K 3a0or0. Tpamguuudugse nng mopon Jonbacca, Tak Ha3bI-
BAEMOE «HEKECTKOE 3allleMJICHUE» IOPOIHBIX COJICH HaJ JaBOM, B 3amajHOM
Jlonbacce npuoOpeTaeT CBOWCTBA MPUOIUKAIOIINE SITUIO «YKECTKOE 3allleM-
JeHre» (MCIOJIb3yeTCs B CTPOUTEIIFHON MEXaHUKE) ¢ KOHIICHTpAIMeH N3rn0aroiero
MOMEHTA B MOPOJHOW KOHCOJU B 00JacTu 3a00s. ITO MPOBOLMPYET WHTEHCHUBHBIN
TPAJMCHT POCTa MEePEeMEIICHUI MOPOJHOT0 KOHTYpa BRIEMOYHOM BHIPAOOTKH HA OT-
PaHUYEHHOM YYacTKe BIiepeau jaBbl JiauHou 10 20 — 40 m [21 — 32]. 3aech CKOpOCTh
COIMKEHUS TIOPOJT KPOBIIA M TIOUBHI, & TAK)Ke OOKOB BBIPAOOTKU PE3KO yBEITHMUUBACT-
Cs OT JOJie MM/CYT JI0 €IMHMI] U JaKe HECKOJBbKHX JIECATKOB MM/CYT MO JaHHBIM
Pa3JIMYHBIX UCCIIEIOBAHUM.

TpagumoHHass TEXHOJOTHS TOAJNCPKAHUS BBIEMOYHBIX BBIPAOOTOK B 30HE
OTIOPHOTO JIaBJICHUS BIIEPEAM JaBbl CBS3aHA C YCTAHOBKOM IEHTPAIBHBIX CTOCK KPEIu

YCUJICHUS, B OCHOBHOM, B BUAC NCPCBAHHBIX ()KCCTKI/IX) I10 IBYM BapuaHTaM: OaHa UJIN
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JIB€ CTOMKM YCTaHABIMBAIOT B LIEHTPAIbHON YaCcTH CBOJA BBIPAOOTKH, JHOO JABE CTOM-
KA B MECTE PacCIOJIOKEHUS 3aMKOB paMbl. LleHTpalIbHbIE CTOMKH NPOTUBOACHCTBYIOT
BEPTUKAIIBHOMY TOPHOMY JaBJIEHHUIO (B COBOKYIHOCTH C paMOil M ONOPHO-aHKEPHBIM
KpEIJIEHUEM), HO HUKAK HE TIOBBIILAIOT COMPOTUBIIEHUE paMbl OOKOBBIM HArpy3KaM.

Bokpyr BbpleMOYHOH BbIpaOOTKH 00pa3yercss psl aHOMalbHBIX OOJacTei,
CBA3aHHBIX C IEpepaclpeesiCeHHeM TOPHOro JaBJIEHUS M MPOLECCaMH Pa3ylpovHe-
HUSI TOPHBIX MOPOJA. DTO YCTAHOBJIEHO MHOIOYMCIEHHBIMHU HCCIIEIOBAHUSMH, B TOM
YHUCJIE U MOJEIUPOBAHUEM COCTOSIHUS MPUKOHTYPHBIX MOPOJ U KPENH B 30HE BIIMS-
HUSl OYMCTHBIX pabOT MpU MPUMEHEHHH OMOPHO-aHKEPHOTO KperuieHus. OcobeHHo-
CTH COCTOSIHHS BMEIAIOIINX MTOPOJ] 3aKJIFOYAIOTCS B CIEIYIOLIEM.

C onHOM cTOpPUBI, B MPUKOHTYPHBIX MOPOJIax KPOBJIM 0OpazyeTcsi 001acTh

PaCCIIOCHUA OT OACNC S paCTATrnBAarOIINX BCPTUKAJIBHBIX Hal'lpﬂ)KeHI/Iﬁ O'y , 4 TAKIKC

TOPU30HTAIBHBIX mnp@m” O, U O,, aKTUBU3UPYIOLIMX NPOLECC pa3ylNpoyHe-

Hus. M3BectHO, uTO claObMsopoubl 3amagnoro Jlonbacca MMEIOT BeChbMa HU3KOE
CONPOTHUBJIEHUE PACTSKEHHIO ( HO 1o 1,5 — 3,5 MIla), k Tomy >xe Onaromaps
BO3CHCTBUIO OCIIAOJISIFOIINX Hopoz[y}a OB TaKOE COINPOTHUBIICHUE (DAKTUYECKHU
OTCYTCTBYeT. TemM He MeHee, h3-3a ryc KU apMHUPOBAaHUSI KPOBJIM aHKEpPaMHU
obsacth pacciioeHusi B hopmMe CBOjJia HE CT@HQH TeJbHA, a BEC MOPOJ BHYTPH
CBOJIa MHOTOKPAaTHO MEHBIIIE COMPOTUBIICHUS pa KPEeMH BEPTUKAIBHBIM HATrpy3-
kam. Kpome Toro, ecnum ajiMHa aHKEpPOB OOBIYHO TIPE JUT pa3Mepbl CBOJA, TO
OHU camU (32 CUeT MOJAXBATOB U METAJUIMYECKONW CETKH MEXKPAMHOTO OTPaXKIICHMUS)
BITOJTHE CTIOCOOHBI yIepKaTh 00BEM OTCIIOUBITUXCS TIOPO/I.

Hpyras ocobeHHOCTh yrieBMemaroniel Toimm 3anagHoro Jlonbacca 3akito-
4aeTcs B BeChbMa CJIa0OM CHEIUJICHUHM IO TOBEPXHOCTSM KOHTAKTOB CJararoiux
MOPOJHBIX CJIOEB; HA MHOTHX Y4YaCTKaX TaKO€ CLEIUICHHWE MPAKTUYECKH OTCYTCTBYET.
Taxke ciemyeT ydecTb JIEMCTBHME BOJIM3M BBIPAOOTOK TI'€OCTATHYECKUX aHOMAaJIHi
TOPHOTO JIaBJICHUS, KOTOPhIE HAPYNIAIOT U 0e3 Toro ciabpie KOHTaKThI. [lopoaHbie

cJiou BOJIM3H BHIEMOYHOU BBIPAOOTKU 1e(HOPMUPYIOTCS OTUYACTH HE3aBUCHUMO JPYT OT

npyra [33 —42].
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AHaTUTUYECKUMU, YUCICHHBIMHA U KCIIEPUMEHTATbHBIMU METO/IaMU YCTaHOB-
JIEHO, YTO B OOKax BbIPaOOTKHM MOBBIIIEHHOE TOPHOE JIABJIEHHE Pa3ylnpovyHseT HEKO-
TOpPbIA 00BbEM CIA0BIX MOPOJ, YTO YBEIMYMBAET MX MOABMKHOCTH. Omyckaromuecs
BBIIIIEJICXKAIME [TOPOJHBIE CIOW MPUTPYKAIOT HWXKEJIEeKAIUEe, B TOM YHUCIIE pasy-
POYHEHHBIE 00BEMBI MOPOJI HEMOCPEICTBEHHON KPOBJIM. YTOJIbHBIN IJIACT OrpaHU-
YUBAaET BEPTUKAIbHBIE MEPEMEIICHUS] OOKOBBIX MOPOJ M UX BEKTOP MNEPEMEILECHHUS
U3MEHSIET HalpaBJIEHUE B MOJIOCTh BBHIPAOOTKH, HArpy»asi CTOUKH pambl. DTOT Mpo-
LIECC B 30HE OMOPHOIO JIaBJICHUS Pa3BUBAETCS 00Jie€ MHTEHCHBHO B CBSI3U C IMOBBI-
IICHHON BEpPTUKAJIbHOW COCTAaBISIONICH TOpHOro naBieHus. HWHTeHcHbuKanus
addexTa «IrTaMnay NPOUCXOAUT U B MOPOJIaXx HEMOCpeICTBEeHHOU nmo4Bkl. Co cTOpo-
HBI JIaBbl PA3BUBAIOTGR AHAJIOTMYHBIE MPOIIECCH BbIIABIUBAHUS MOPOJ]I OOKOB U MOY-
BbI BBIPAOOTKH, HX OFY YCUIITUBAIOTCS 32 CUET JehOPMUPOBAHMS TIOPOIHBIX OJIOKOB.
[ToaToMy moOsIBIsIETCS @\dMeTpI/IH Harpy3kd 1O BCEMY IEPUMETPY BBIEMOYHOMN
BBIPA0OTKH, KOTOPYIO HEO MO YYHUTBIBATH MPHU MOCTPOCHUH I'€OMEXAaHUYECKHUX
MOJIEJIEH U PACUYETOB MMAPAMETP VHHUPOBAHHOU KPEIEKHON CUCTEMBI.

CxemaTuyeckoe HpeACTaBneHI/Ie\qexaHmMa CABWKEHUSI HATyTOJbHOW TOJNILIU
B IIOIIEPEYHOM CEUEHUU BBIEMOYHOU BBKI/I JIOTIOJTHEHO PAacCMOTPEHUEM B €€
IPOJI0JIHOM HarpaBieHuu. M3BecTHa oOieggudyianHas 3aKOHOMEPHOCTh TJIABHOTO
n3ruba MOPOJHBIX CIIOEB KPOBIHU BIIepeAr OUUCTHORM 32005 M MX MOCIOWHOE 00py-
[IEHHE B BbIpaOOTAHHOE MPOCTPAHCTBO C 0OpazoBanue POJIHBIX KOHCOJEHN mepe-
MEHHOU anuHbl [25 — 34, 43 — 49]. Jlna 3anagnoro Ylonbacca mMeeT MECTO Xapak-
TEPHOE HApyLIEHHE KOHTAKTOB MEXJY CJIOSMH YIJIEBMEIIAIOIIEH TONIIA U BeCbMa
HU3KOE COMPOTUBIICHUE PACTATHBAIOIIUM YCUIIMAM IPHU Pa3BUTON TPEUIMHOBATOCTU
(OOBIYHO /IBE-TPU OCHOBHBIE CHCTEMBI TPEIIMH) O0YCIaBIMBAIOT HEKOTOPYIO CIELH-
buky mporecca neopMUPOBAHUS HATYTOJIBHOW TOJIIM BIEPEAN OYUCTHOTO 3a00s.
[ToBbIlIEHHE OMOPHOrO JABJICHUS IO MEpe MPUOIMKEHHS JIaBbl YCUIIUBAET OTHOCH-
TEJIbHO HE3aBUCUMOE Je(POPMUPOBAHNE HEOJHOPOIHBIX CIIOEB HATYTOJbHOM TOJIIIH,

IIPU U3TU0E KOTOPBIX BO3HUKAIOT PACTATUBAIOIINE TOPU30HTAIIBHBIE HANIPSKEHUS O

(B BepXHEW 4aCTU MOILHOCTU KaXOr0 CJI0s1) €llle Ha MOAX0JEe K MaKCUMYyMY OIIOPHO-

I'0 OJaBJICHUS. B cnaOpIx TPCHIMHOBATBLIX IOPOJAAX AJOCTATOYHO BECbMa HEOOIBIINX
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pacTAruBaroliux o, I 3apOXKIACHUA U POCTa TPEIIUH TEXHOTICHHOT'O MPOUCXOKIAC-

Hus. B cedenuu cios, rae oOpasoBanach TPEIIMHA, PE3KO CHUKAETCSI MOMEHT COIPO-
TUBJICHUS W 3]IeCh HamOoJee BEPOATHO NalibHEWIee pa3BUTHE TPEUIUH (MO Mepe
NpUOJIMOKEHUST JIaBbl), KOTOPBIE, B KOHIIE KOHIIOB, CMBIKAIOTCS C OOJACThIO pa3py-

IICHHBIX IMOPOA (OT KOHLOCHTpaIuK CXUMAKIIUX O x) B HM)XKXHHX YacCTAX KaXa0Io

CJIOSl ¥ POMCXO/IUT UX pa3ziesieHUue Ha MOPOAHbBIE OJIOKH.

C TOYKM 3peHusl YCTOMUMBOCTH BBIEMOYHON BBIPAOOTKH 00pa30BaHUE TPEIIMH
B ONMu3NEXAIUX MOPOAHBIX CIIOSAX BIEPEAH JaBbl MOBBIMIACT UX JIeHOpMAaLUI0 U
CHIDKAET COIMPOTUBIICHHE OMOPHOMY JABJICHMIO, YTO HEU30€KHO MPUBOJUT K MHTECH-
cu(uKanuu npoiiecca BbIAABIMBaHUS MOPOJ B O0Kax U mnouse BoIpadboTku. [loaTomy,
JUTS TIOBBIIICHUSI HAZEXHOCTH MPOTHO3a MPOSIBICHUN TOPHOTO JaBJCHHs B pa3pada-

ThIBACMBIX I'COMCX 9 HUX MOACIAX CICAYCT YUUTHIBATH JUCKPCTHYIO HAPYIICH-

HOCTh MOPOJHBIX CJIOE BAIOIIYIOCS IO MEpE MPUOJIMKEHUS OUYUCTHOTO 3a004.
371ech OJIMH U3 OCHOBHBIX OCOB 3aKJII0YaeTCs B TOM, KAKUM 00pa3oM y4YHUTHIBATH
3Ty AUCKPETHYIO HAPYIIEHHOCT 4ero paccMoTpeH ¢GakT aedhopMHUpPOBAHUS Yac-

TAYHO HApYLIEHHOW ITOPOJHOU HJII/ITL%B [QpaMU pacIpeneseHus] TOPU30HTAIbHBIX

HAIPSDKEHUN O, U O, 34 CUET JCHCTBUS OPBLIX BO3HMKAET PEAKLIHS COIIPOTHUBIIE-

HUS TOPHOMY JaBiieHHIO (cM. puc. 1.4). B TAKOM NMp&ICTABICHUN MEXKIY YACTUYHO
HapYyIICHHBIMU MOPOJIHBIMU TUTUTAMU B 30HE ONOQAOIO_/aBJICHUS BO3HUKAET MOJI0-
Oue pacnopHO#M CHCTEMbI, 00JIa/Iar0IICH, C OJTHON CTOPPHID MOBHIIICHHOU Jaedhopma-
IMeH, a, ¢ APYrou, — OMPEACIICHHOM HECYIIEeH CIOCOOHOCTHIO 3a CYET ACHCTBHS

TOJIBKO CXXHMArOIIUX HaHpH)KeHI/Iﬁ O, U O, IO MOIIHOCTHU CJIOA. HpI/I OTCYTCTBUHU
PaCTATUBAIOIINX HaHpH)KeHI/Iﬁ O, U O, B CCYCHUHU l'IOpOI[HOﬁ IIATBI €€ HECyIIasd

CIIOCOOHOCTh pEaM3yeTCs 3a CUET BOCCTAHABIMBAIOIIET0O MOMEHTA OT IJIeYa PaBHO-
JEUCTBYIOIIMX YCWIMH Ha NPOTUBOIIOJOXKHBIX MONEPEYHBIX IUIOCKOCTIX YX u YZ

IUIUTBI KaK MHTCI'PAJIbHBIX BEJIWYUH CKUMAOIIUX O, U O, 0 IUIOIAAAM HX pac-

npeieseHnss Ha TOPLEBBIX MIOCKOCTIX. Takoi MexaHu3M J1e(opMUpOBaHUS U B3au-
MOJICHCTBUS ONM3IIEKAIINX MOPOJHBIX CIOEB C AMUCKPETHBIMH MPOCTPAHCTBEHHBIMU

HapYyHICHUAMU Ooiece AOCTOBCPCH, UCM TPAAUIHMOHHBIC IIPCACTABJICHUA O CILIOIIHO-
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CTH MaccuBa (B 30HE OIOPHOIO JIaBJICHUS BIEPEIU JIABbl) U MOSIBICHUH HEKOTOPBIX
oOnacTeit HapyIIEHHBIX TOPOJ.

Takum 00pa3omM, chopMyIUpOBaHbl BEIBOABI U PEKOMEHIALNU 10 MPUHLIUAIIAM
CO3/1aHUsA TE€OMEXAHUYECKOM MOJEIM CIABW)XXEHHS MacCUBA W HArpy3KH Kpemnu
BBIEMOYHOM BBIPAOOTKU B 30HE BIUSHMS OYUCTHBIX PaboOT.

Bo-nepBpIX, 4YacTM4YHOE pa3yNnpoOYHEHHE IIOPOJIHBIX CJIOEB HAIyTrOJIBHOU
TOJIIIM B BUJIE TUCKPETHBIX HAPYIICHUH B 00JIACTAX PACTATHBAIONINX HANIPSDKCHUH (B

OCHOBHOM TOpPU3OHTAJIbHBIX O, U O'Z) N BBICOKHX KOHI_[eHTpaI_[I/Iﬁ CXXHMAromux

HaNpsHDKEeHU. DTO NPUBOJUT K YBEIUUYEHHUIO 00bEMOB MOPO/I, TOABEPKEHHBIX aKTHUB-
HBIM JedopManusiM, a HX pa3AelieHHe Ha CHCTEMY B3aWMOJCUCTBYIOUIMX IUIHT
UHTEHCUPULMPYET [IECC BBIJIABJIMBAHUS YACTUYHO Pa3yNpPOYHEHHOIO MPUKOH-
TYpHOT'O MaccuBa B OpKax M MouBe BHIPAOOTKHU.

Bo-BTOpBIX, CO3XaMEe M COBEpPUICHCTBOBAaHUE (10 IyTH IMOBBILIEHHS JOCTO-
BEPHOCTH U OOBEKTUBHOCT MEXaHUYECKON MOJIENH JAOJKHO MIPOUTH psiji HocIe-
JIOBATEJIbHBIX 3TallOB, OTpa)a peasbHbId IIPOLECC 3apOXKJIECHUS U PA3BUTHUS

JUACKPETHBIX HAPYILICHUM B CIIOUCTON HAJYTOJIbHOM TOJIIE.
1.5 BeiBodHI, 11€JIB, 3aJaUM U METO CCACTOBAHUI

Lenb pabooTsl — 000CHOBaHME MApPaMETPOR GHACTEMBI KPEILJIEHHSI BBIEMOUYHBIX
BBIPA0OTOK CTAJICMIOJIMMEPHBIMU U KAHATHBIMU AHKEPJMHUyC YUETOM 3aKOHOMEPHO-
CTe M3MEHEHHs HaNpPsHKEHHO-Ie(POPMUPOBAHHOTO COCTOSHUS OKPYKAIOIIUX MOPOJT
Y UX YIPOUYHEHUS JUIsl peaanu3alii BO3MOKHOCTH IOBTOPHOTO UCIIOJIb30BaHUS.

[{enb pabOTHI peain30BaHa PEIICHUEM CIEAYIOIUX OCHOBHBIX 33/1a4:

— BBIIOJHUTh AHAJIU3 CTPYKTYPHBIX MpeoOpa30BaHUI HATyTOJIbHOW TONIIU U
MEXaHHU3Ma Harpy3kH KpemneKHOM CUCTEMBbI BBIEMOYHBIX BBIPAOOTOK B 30HE BIIMSHUS
OUYHCTHBIX padoT;

— IIOCTPOUTh U OOOCHOBAaTh TE€OMEXAaHWYECKHUE MOJEIU BBIYMCINUTEIbHBIX
HKCHEPUMEHTOB CHUCTEM KOMOMHHMPOBAHHOI'O AHKEPHOTO KPEIUIEHUS BBIEMOYHBIX

BBIPA0OTOK;
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— YCTaHOBHTbH 3aKOHOMEPHOCTH BIHSHHS reomexanndeckux (paxropos va HJC
KOMOMHHMPOBAHHON aHKEPHOM CUCTEMBI B CBOJIE BBIEMOYHOM BBIPAOOTKH;

— pa3paloTaTh pauuOHAJIbHbIE MMapaMeTpbl KOMOMHUPOBAHHON aHKEPHOW CHC-
TEMBI JUIsl YIPOUHEHHUS MTOPOJI CBO/IA BHIEMOYHOM BHIPAOOTKHY;

— IIPOBECTH LIAXTHBIE MCIBITAHUS yCOBEPIICHCTBOBAHHON KPENEXKHOW CHUCTe-
MBI U OLICHUTH 3(P(HEKTUBHOCTH €€ MPUMEHEHHSL.

AHanu3 COBPEMEHHBIX pa0OT B 00OJACTH MOAJEpKaHUS BBIPAOOTOK B 30HE
BJIUSIHUSA OYUCTHBIX pab0T KOMOMHUPOBAHHBIMH AHKEPHBIMU CUCTEMAMU CBUIECTENb-
CTBYET O TOM, YTO UMEET MECTO NEPCIEKTHUBA UX MIHMPOKOMACIITAOHOIO IPUMEHEHHUS:

— BO-IIEPBBIX, BECbMa BaXEH YUET OCOOCHHOCTEN rOPHO-I€0JIOTHYECKUX U TOp-
HOTEXHUYECKHUX YCIOMIHN MOACpKAaHUS BBIEMOUYHBIX BBIPaOOTOK KaK ONpeestoiie-
ro ¢akropa B BEIOOpdTapaMeTpoB Cpe/ICTB AaHKEPHOTO KPETJICHHs], HAa YTO yKa3bIBa-
10T OOJIBIIMHCTBO HCCJ@%M@I@IX, a TaKXKe CXEMaTUYECKHUH NEPEHOC CYIIECTBYIO-
X PEKOMEHJAUN Ha CH@M—IGCKI/IG ycnoBus 3anagHoro Jlonbacca HEAOMYCTUM;

— BO-BTOpBIX, Haubosee @» €KTUBHBIM METOJOM MCCIIEIOBAaHUNA JTaHHBIX
CJIIOHBIX T€OMEXAaHUYECKUX CHCTEM WBJIAETCS BBIYMCIUTENbHBIA SKCIEPUMEHT B
COYETaHNH C IIaXTHBIMHU I/IHCTPYMGHTEU'IB HaOJI0ICHUSIMU;

— B-TPEThUX, IPU BBINOJIHEHUN BbIUNCATEYBHBIX 3KCIIEPUMEHTOB 00sI3aTEIIEH
y4eT CTPOEHHUs OJIM3JIeKAIEro MacCuBa, ero MpupgAHBIX U TEXHOTEHHBIX Hapylle-
HUH, YTO TIO3BOJIUT NOBBICUTH aJ€KBATHOCTh MCCIEROBAANY U JOCTOBEPHOCTh pa3pa-
0aThIBa€MbIX PEKOMEHJAIMI M0 pacyeTy rnapaMeTpoBKOMOWMHUPOBAHHBIX aHKEPHBIX
CUCTEM.

Metoap! uccnenoBanuil. i pemeHus HOCTaBJIEHHBIX 3a7jad B pabOTe UCTOb-
30BaH KOMIUIEKCHBIN MOAXO/I, BKIOYAIOIINIA aHAJIU3 MPOLECCOB CTPYKTYPHBIX MPE0o-
pa3oBaHUil yrieBMEIIAIOIeN TOJIIIM BOKPYT BBIEMOYHBIX BBIPAOOTOK IpU HUX aHKEp-
HOM KpEIUICHMH; YUCIIEHHOEe MozaenupoBanre U aHanu3 HJIC rpy3oHecymux snemes-
TOB N€OMEXAaHUYECKOW CUCTEMBI, a TAKXKE IIAXTHBIE HCCIEAOBAHUS yCOBEPIIEHCTBO-

BaHHOM KPETeKHOU CUCTEMBI U OlleHKa 3 (HEKTUBHOCTHU €€ IPUMEHEHHS.
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Paznen 2

OBOCHOBAHMUE BbIUNCJIMTEJIBHOI'O SKCIIEPUMEHTA
1 AHAJIN3 HJIC TIPUKOHTYPHBIX ITOPOJ] 1 BA3OBOM
KPEITEXXHOM CUCTEMBI BBIEMOUYHBIX BEIPABOTOK
B 30HE BJIMAHUA OYUCTHBIX PABOT

2.1 HOCTpOCHI/IC I'CcOMCXaHHNYCCKUX MOHGHGﬁ IMPOBCACHUA

BBIYHCJIUTCIBHBIX SKCIICPUMCHTOB

[IpoBeneHre BHIYUCIUTENBHBIX JKCIIEPUMEHTOB Ha 0a3e MeToJa KOHEYHBIX
anemeHToB (MKD) ocymiecTBieHo ¢ ucnojib3oBaHueM pekoMmenmarui [20, 50, 51 —
54] MoaenupoBaHU OMEXaHUYECKUX MPOILIECCOB CIABMKECHUS YIIIEBMEIIAIOIIETO
MacCMBa B OKPECTHPCTU BBIEMOYHBIX BBIPAOOTOK. TEeXHOIOTHS MOJETMpPOBAHUS
npejanojiaraeT CUHTE3 i_T€OMEXaHMYECKON CUCTEMBI U3 JBYX COCTABIISIONIUX:
MOJENb YTJIEBMENIAOIIETO MBa U CXeMa KperuieHus BeipaboTku. [locnenuss mms
00BEKTUBHOM OLIEHKH BLIHOHHH@{nByX BapuaHTaX: CYLIECTBYIOIIAsl KperexHas
CHUCTEMa COIVIACHO TEXHUYECKOW JOKYMQHTALIMM Ha MPOBEJCHUE BHIEMOYHOU BbIpa-
O00TKH, KOTOpas Ha3BaHa HaMH «0a30B €Ma U YCOBEpILIECHCTBOBAHHAsI CXeMa
KpeIuieHHus, OOOCHOBBIBAETCS Ha OCHOBE @z{o AHUU COCTOSIHUSI TOPOIHOTO
MacCHBa U ONBITAa NOJIJIEPKAHUS IIOBTOPHO UCTIONR3YEMBIX BHIEMOYHBIX BBIPAOOTOK.

B MerogumueckoM MIlaHEe COCTaBIISIOLIUE ﬁuomﬁm MPE/ICTABIICHbI
CIeAYIOIUM 00pa3oMm:

— 000011IeHNEe TPE/ICTABIICHUI 0 MEXaHU3ME CABUKEHUS HATyTOJIHHON TOJIIIH
U Harpy>KeHHs Kpene>KHOW CUCTEMbI BBIEMOUYHBIX BHIPA0OTOK;

—ananu3 HJIC nmopogHOro maccuBa B OKPECTHOCTH BBIPAOOTKU;

— onenka HJIC rpy3oHecymux 3JeMEeHTOB 6a30BOM KPEIE)KHOW CHCTEMBI;

— pa3paboTKa U 000CHOBAHUE YCOBEPIICHCTBOBAHHON CXEMBbI KPETICHHUS;

—pacuet u aHanu3z HJIC reomexaHM4ecKoil CUCTEMBbI «MAaCCUB — paMa — KOM-
OMHHpPOBAaHHAs aHKEPHAS KPEIbY;

— YCTaHOBJICHHE 3aKOHOMEPHOCTE BIMSHUS OCHOBHBIX TI'€OMEXAHMUYECKHUX

dakropoB Ha HJIC rpy3oHecymmx 31eMeHTOB KOMOMHUPOBAHHON aHKEPHOM CUCTEMBI
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[P YIPOYHEHHUH CBOJIA BHIEMOYHOM BBIPAOOTKH U B coueTtanuu ¢ kpenbro KIIITY;

— pa3paboTKa METOJUKHU pacyeTa MapaMeTpoB aHKEPHOW CUCTEMBI BBIEMOY-
HO BBIpaOOTKHU;

— IIPOBEJICHUE M aHAJMU3 IAaXTHBIX HCHIBITAHUN pa3pabOTaHHOM KpEnexHOU
CUCTEMbI IIOBTOPHO KCIIOJIb3YEMBIX BHIEMOYHBIX BBIPAOOTOK.

Jlnis peanu3anuu 1aHHOTO 00beMa MCCIIEOBAaHUNA CO3/1aHa o0IIasi reOMexXaHu-
yeckassh MOJENIb M €€ COCTaBJLIOIIME C HCIOJb30BAHUEM CIIECAYIOINUX OCHOBHBIX
IIOJIOKEHUM.

ITepBoe — oOocHOBaHKE pa3MepoOB OOIIEH MOJEIN U YCIOBUN Ha €€ rpaHullax.
Jl71st 5TOTO MPOM3BENIEH TECTOBBIM pacyeT 00Ilel reoMeXaHWYecKON MOJENH, OTIIu-

YaOUIEHCs] CBOUMU YRIMUYEHHBIMU pa3MepaMy MO0 KOOpAMHATAM: ) — BBICOTA, X —

HIMPUHA U Z — TO Ha BJI0JIb OCEBOM KOOPJMHATHI BEIPAOOTKHU. 371eCh YUUTHIBAIOT-
csa Bosmyuenus HJC, JIOBJICHHBIC TTPOBEJICHUEM BBIPAOOTKH B IIAXTHOM IIOJIE.
UToOBl YCTAaHOBUTH IPAHU OMaJMil B paclpe/ieIEcHU KOMIIOHEHT HalpsKEHUM
HEOOXOJIMMO MX CPAaBHEHHUE C MI/I JUIsl HETPOHYTOrO MaccuBa. B aToM miiane
000CHOBaHHE Pa3MEPOB MOJENIU Hepaé}&IBHO CBSI3aHO C YCIIOBUSIMU HArpy>KeHUsl Ha

€C TI'paHHLaX, KOTOPLIC O6YCJ'IOBJ'ICHI::I pOM MOACIIN HCXOAHOI'O COCTOSHUA

HETPOHYTOTO MacCHUBA. O

B cymecrtBytoiieil ropHoTexHUYeCckon Jureparype [49 — 57] HET eauHOoro
NpeACTaBICHUs] 00 UCXOAHOM COCTOSIHUM HETPOHYTOTO CUBa: TUAPOCTATUYECKOE

(0, =0, =0,) WM HETHAPOCTaTUYECKOE (O, # 0, =0, ). B pElIeHHbIX TeOMeXaHH-

YECKUX 3aJladaxX BHIOPAHO HETHUAPOCTATUIECKOE MCXOAHOE COCTOSIHHE, KaK MpPEBal-
pylolliee B paKypce ONMCaHMs MMOBEICHUS YIiIeBMEIaonlero maccuna. B uccienona-
HUSX aBTOpa JIUCCEPTALMOHHON pabOThl UCIIOIB30BaHA MOJIENIb HETUAPOCTATHUECKO-
IO UCXOJIHOT'O COCTOSIHUS HETPOHYTOI'0 MacCHBa, XapaKTEPU3YIOIIAsiCs CICAYIOMMMU

HaYaJIbHbBIMH YCJIIOBUAMMU:

o, =), (2.1)

I
Q
I

c.=0, =9, 2.2)
-4
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rae H — royOuHa pa3MenieHus BRIpaboTKHU, M;

¥ — CpPEeIHEB3BEIICHHBI 00bEMHBIN BEC MOPO HATYTOJILHON TOJIIU 10 JHEBHOU

TOBEPXHOCTH, T/M’;
U — xodpdurment [lyaccona (monepeunoit neopmaiiviu) TOpHOM MOPOIBI.

[To maHHBIM TEOJIOTUYECKON CIy>KObI MIaXThl BhIOpaHAa HAMOOJbINAs TTyOHMHA
IIPOBE/ICHUSI y4acTKa BBHIPAOOTKH M B COOTBETCTBUHU CO CTPYKTYpOH HaJIyTOJIbHOM
TOJIIIM PACCUUTAH €€ CPEIHEB3BEIICHHBI 00BbEMHBIN BeC, a 3aTeM, UCIOIb3Ys Pop-
myiny (2.1), ompeneneHbl HMCXOAHBbIC BEPTHKAJIbHBIC HAIPSIKEHUS HETPOHYTOTO
MacCHBa.

FOPI/IBOHT&]’IBHBIG HaIpsKEeHUust 0, =0, 6y,HYT OTIINYaThbCA AJIA Ka}K,IIOﬁ JIUTO-

JIOTUYECKON Pa3HOC, BUIY pa3Horo 3HaueHus ko3ddumuenta Ilyaccona. Yuer
JAHHOTO 00CTOSTEIBYTBABHITIONHEH MO oTpaboTanHO B MKD Metoauke myTeM BBe-
JIEHUS TI0 BEPTUKAIbHb aguaM MOJIENN YCIIOBUS «cumMmeTpus». 1Ipu atom pac-

YeT TOPU30HTATILHBIX HaIp Ul O =0, BBIIOJHAETCA aBTOMaTUYECKH I10 Ha3Ha-
YEHHBIM JIJIs1 KaXJA0ro JIMTOTHUIL aimm U . Nadopmanus o kodpdunuenre U

B35Ta M3 JAHHBIX T'€OJIOTHYECKON CITyXK XThI, @ HEJIOCTAIOIINE CBEACHUS — I10
pe3yiabTaTaM HCCIeA0BaHUN ®H3MK0—M@ CCKUX CBOWCTB TOpOA 3amaJHOro
Jonbacca, uznoxeHHbIX B padbortax [58, 59].

Takum 00pa3oM, Ha BEpXHEH TOPU30HTAIH T'PHUIIC MOJCIIH TTPUKJIabIBa-

CTCs paBHOMCPHOC paACCUUTAHHOC I'COCTATHYICCKOC B Gy , 4 Ha BCPTUKAJIBHBIX

IpaHUIaX AEUCTBYIOT HANpPSUKEHUsT O, =0, B COOTBETCTBUM C (opmynoit (2.2).

HuxHsis ropu3oHTalIbHASI TOBEPXHOCTh MOJENIM OMUPAETCS HA )KECTKOE OCHOBAHHE B
COOTBETCTBHM C HapaOOTaHHBIMU pekoMeHaanusmu [60 — 62].

[Io 00OCHOBaHHBIM TPAHUYHBIM YCIOBUSIM MPOU3BEJIEH TECTOBBIA pacyer
MOJIEJT MacCHuBa ¢ OTBEepCTHEM B ¢opMe BripaboTku moja kpens KIIITY Ge3 ee ycra-
HOBKHM, TaK KaK BJIMSHUE KPEMU PaCIPOCTPAHACTCS JUIIb HAa OIM3JIeKaIie TPUKOH-
TypHBIE TIOPOJibl. PasmMepsl TeCTOBOM Moeny ObUTH HAMEPEHHO 3aBBIIICHBI, YTOOHI B
HEH TapaHTHPOBAHHO pa3MecTwinuch Bce aHomannu HJIC, BbhI3BaHHBIE BEICHHEM

T'OPHBIX pa60T. KpOMe TOTI'O, OIIBIT BBIINIOJHCHHUA BBIYUCIHUTCIIBHBIX 3KCIICPHUMCHTOB
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noka3piBaeT BO3HMKHOBeHHE aHoMaiuii H/IC B pailoHe rpaHul] MOJEIu, KOTOpbIE
00yCJIOBJIEHBI MPUJIOKEHUEM HArpy3Kd M JIEWCTBHEM JPYTUX TPAaHUYHBIX YCJIOBHIA.
O1u KkpaeBble 3PGEKTbl UCUE3AIOT MPHU ABMKEHUU K BBIPAOOTKE U, €CIU pa3Mephl
MOJIENH BBIOPaHbl JOCTATOUYHBIMH, TO BIUSHUE KpaeBbIX 3(PPEKTOB U BHIPAaOOTKHU HE
HAKJIAJpIBAIOTCA IPYT Ha ApyTa.

Hcxons u3 BbIIEIPUBECHHBIX YCIOBHMA, OB IPOBEAEHBI TECTOBBIE PACUEThI

Ha MOJENMU pazMepaMu: Bbicota y =60 M, mmpuHa x=70 M, ToJmuUHA z=8 M U3

pacucrta MOACIHUPOBAHUA B I[EU'II)HGfIHIGM JCCATH KOMIIICKTOB paMHOﬁ KpCIIN.
P C3yJIbTAThl TCCTOBBLIX PACYCTOB IIOKA3aJIM, YTO BIIOJHC NOCTATOYHO BBICOTHI MOJICIIN

v =40 M, mmpunbl x =40 M, a MO0 TOJIIMHE z MOJENTU KpaeBbie 3PHEKThl pacipo-

CTpaHsI0TCs MeHee | B MaccuB. [1lo3ToOMy Ha epBOM 3Tare TECTOBBIX PACUETOB C
HEKOTOPBIM 3amacOM JIpUHATO z =6 M, 9TO MO JaHHBIM paboThl [40] rapaHTHPOBAHHO
obecreunT 0ObEKTUBH J1C B 11eHTpaibHOM (MO TOIIIMHE) YaCTH MOJICIIH.
Crpoenue mojaenu r0 MacCHBa IMOJHOCTBIO OTBEYAET CTPYKTYypE yTJie-
BMEIAIOIIEH TOJIIM B paiioHe u@= €HUS BBIPAOOTKH U €€ OPUEHTHUPOBKE OTHOCH-

TCJIIBHO IIJIaCTa C ]_—[J'ISI HOBBIH.IGHI/IHNCTOBGPHOCTI/I PacucToOB B MOACIN UMHUTUPY-

IOTCSl pEAJIbHBIE MPOLECCHI HapymeHHﬂ KTOB MO IJIOCKOCTSM HaIJlaCTOBaHUM
CMEXXHBIX JINTOJIOTUYECKUX pasHocTel [S1, 5@ 64

[lepeuncneHHbIE TTOTOKEHUS SBIISIIOTCS cugzkaHHeM BTOPOI'O 3Tara TECTO-
BBIX MCCIIe0OBaHUU. UTO KacaeTcs CTPYKTYpPhI YIVIEBMEJIAIIETO MAaCCUBA, TO 3/1€Ch
HE TpeOyeTcs HUKAKOro 00OCHOBAaHMS, a BBIIIOJIHEHO NOCTPOEHUE MOJIENH B COOTBET-
CTBUU C JAHHBIMH MPOTHO3HOT'O FE€OJIOTMYECKOr0 pa3pe3a 1Mo TOPHBIM BhIPAOOTKaM.

bonee BaxxHOU CTPYKTYpHON OCOOEHHOCTBIO SIBUJIOCH YCTAHOBJICHHE CTENICHU
[EJIOCTHOCTH KOHTAKTOB CMEKHBIX JIMTOJIOTMYECKUX PA3HOCTEH, Tak Kak U3 paboThI
[51] u3BecTHO, YTO HApYIIEHHUE KOHTAKTOB MEXy MOPOIHBIMU CIOSAMH KapAHUHAIBHO
mensier H/IC okpyskatroniero BeipabOTKy MaccuBa.

Meroauka uccien0BaHUM 3aKI0YaETCs] B CPABHEHUH BEJTMYMHBI KACATEIbHBIX

HaHpH)KGHI/Iﬁ Tyx 141 Tyz, ,Z[CﬁCTBYIOIHPIX B INIOCKOCTH KOHTaKTa KaKou-110o0 Imapbl

CMEXXHBIX CJIOEB C BEIUYUHOU MpCcacJbHO AOIIYCTUMBIX KaCaTCJIbHBIX HaprDKeHI/Iﬁ

Tym» KOTOPBIE, COTJIacHO Teopuu NpodHocTH KynoHa-Mopa omnpenenstoorcs 1o
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dbopmye
T@Ol’l :C+O-y .fmp’ (2.3)

rac C — BenuuuHa CHOCINUICHUA 110 INNIOCKOCTHU HAIlJIAaCTOBAaHHS CJIOCB, MHa;

Sop — KOOODHUIMEHT TPEHUSI CMEXKHBIX JIATOTUIIOB B INIOCKOCTH KOHTAKTA.

W3 naHHBIX FOPHO-TE€0JIOrMYECKOr0 IMPOrHO3a CIENYET, 4TO CTPYKTypa Osn3-
JeKalIX K BbIpaOOTKe yriieBMEIIAIOMIeH TOIIM XapaKTepU3yeTCsl PEryISIpHbIM Ye-

pEOBaHUEM IIOPOIHOTO CJI0sI (APTUJUINTA U AJIEBPOJIUTA) C YTOJbHBIMU IacTamMu Cg

151 Cé WJIM YTOJIBHBIMH MPOCiIosMu MomHOCThIO 0,1 M. To ecTh, B 1F0O0OM M3 KOHTaK-

TOB Yy4YacTBYET YroOJIbHbIA IIacT wid mpociioi. M3 pador [58, 59] uzBectHO, UTO B
ycinoBusix 3amamHorgh/lonbacca crernsieHue yris ¢ IpYrdMU TOPHBIMU TOPOJAMHU
npaktudecku oTcYrc Byer. [loaToMy ¢ HEKOTOPBIM 3alacoM B «MHHYC» YCTOHIHBO-

CTH MacCHBa MOXHO H@(HTE BEJIMUMHY CLETJIeHHs, paBHOU Hymo (¢ =0) u ¢op-
Mmyina (2.3) npenenbHo yn@rca. BemanHa koadduimenra tpeHnst f,, yris mo
apruJIuTy (aJeBpOIUTY) B3$IT6@{CCJI6I[OB3HI/II71 [65, 66] u cHmxena Ha 50% B

COOTBCTCTBHUU C PCKOMCHIOAIIUAMU [6 110, NYNHC YBJIAJKHCHHOCTH 1100 O6BO,Z[-
HCHHOCTHU KOHTAKTOB.
I/ICHOHI)B}/H H3JIOKCHHYIO MCTOIUKY, \GBISABIIC MNPOTAKCHHOCTL KOHTAKTOB,

T'AC HC BBIITOJHAIOTCA YCIOBUS UX HCJIIOCTHOCTH

Tyx < Tdon ,
2.4
T, <Tpoy- 24)
[To myomaau JaHHBIX HAPYIICHHBIX KOHTAKTOB BBEIICHO YCIIOBHE «cpena 0e3
TPEHUSA», KOTOPOE MOJIEIUPYET PEXUM IPOCKAIB3bIBAHUS CMEKHBIX JIMTOTHUIIOB
OTHOCHUTEJILHO JIPYT JIpyra npu ux aedopmupoBaHuu. B utore moctpoeHa Mojieib
CTPYKTYPBhl MacCHMBa B OKPECTHOCTH BBIPAOOTKH, KOTOpas MaKCHUMaJIbHO aJeKBAaTHA

pEAIBHBIM YCIIOBUSIM €€ MOJICPIKAHUS.

OU3UKO-MEXaHUYECKHE CBOMCTBA Ka)XXJIOM JMUTOJIOTMYECKOW PAa3HOCTH MOJIEIHU
COOTBETCTBYIOT JAHHBIM TOPHO-TE€OJIOTMYECKOIO IMPOTHO3a U IKCIIEPUMEHTAIBHBIM

WCCJICIOBAHMSIM XapaKTEPUCTUK JUTOTUNOB 3anagHoro lonbacca [58, 59]. [Ipouno-
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CTHBIE CBOMCTBA MOPOJ HEMOCPEJICTBEHHON M OCHOBHOW KPOBJIM U MOYBBI BBEJCHBI B
MOJIEJIb C YYETOM BJIArOHACHIIICHU MO AaHHbIM HcribiTanui UT'TM. s ocTanbHbIX
JIUTOJIOTUYECKUX Pa3HOCTEN y4eT 0OBOJIHEHHOCTH MOPO/I BBHITIOJIHEH B COOTBETCTBUU C
HOPMaTHBHBIMHU JOKyMEHTaMH [67, 68], a TPEIIMHOBATOCTH U PEOJIOTMHU U3 JOKYMEH-
TOB [67, 68] 1 nccaenoBaHM, MPEJCTaBICHHBIX B paboTax [58, 59].

TpeTuit sTam NOAroTOBKM F€OMEXaHUYECKOU MOJEIH K MTPOBEACHUIO BBIYMCIIU-
TEJIBLHOTO AKCIIEPUMEHTA COCTOMT B OOOCHOBAHHMM (DHU3MKO-MEXAaHHMYECKUX CBOMCTB
KQKJIOT0 JIMTOTHUIIA YTJIEBMEIIAOIIET0 MACCMBA HA OCHOBE JIAHHBIX, IMOJYYEHHBIX U3
BBINNICYKA3aHHBIX UICTOYHUKOB. 371ECh, B TMIEPBYIO OYEPEIb, HEOOXOAMMO ONPEICTUTHCS
C BBIOOPOM MOJIEIM COCTOSIHHSI TOPHOM TOPOJIBI: yIpyTasi, yIpyro-iiacTuaeckas, Bsi3-
KO-TUTACTUYECKas, C TOM WK 0€3 yueTa pa3ynpoyHEHUs] U Pa3pbIXJICHUS B 3ampe-
nenpHOM ctaguu XedPpmupoBanus. Hanbomnee mpocra u HajeKHA MPU BHIMOJHEHUN
pacyeToB (MHHHM&HLH@HI/I‘IGCTBO TaK Ha3bIBAEMBIX «OTKA30B)» BBIYHCIUTEIBHOIO
npouecca) ynpyras Mozlenn@ez[emm TOPHOM TOPOABI, B KOTOPOU YYET HEYNPYTHUX
nedopmaruii OCyIIeCTBIISICTCS WCITIOJI30BaHUs MOJYJIS JepopMalui B3aMeH
MOJYJISI YIPYTrOCTH B JIMHEMHOMN m/laﬁs{MMe CBSI3U HAIPSKEHUNW W OTHOCUTEIBHBIX
nedopmaruii [63]. Ho, ynpyras monaens a>1<aeT mporiecc 00pa3oBaHus U BIIUS-
HUE o0J1acTel MpeeIbHOr0 U 3anpeaenbHorQebCNossuus mopoasl Ha usmenenue HJIC
OKpy’Karolero maccuBa. Mojens moimHOW ararpapMel 1ehOpMUPOBAHUS TOPHOM
MOPOJIbI U PEOJIOTUYECKass MOJICNIb BeCbMa CIIOKHBI 169 [ 1 XapakTepu3yroTcsi HU3KOM
CTENEHBIO HAJIEKHOCTH M3-32 MOCTOSHHBIX «COOEB» BBIYMCIUTEIILHOTO Tpoliecca o
MPUYMHAM HECOBEPILIEHCTBA MPOrPAMMHOI0 OOECIEYEHUS! WM HEJAO0CTAaTKa BHIUUCIU-
TEJIbHBIX PECYPCOB.

Bpixon U3 aHHOW CUTyallud HaWJIeH B KOMIIPOMHUCCHOM IMOJXOJIE€ C YYETOM
KOHKPETHBIX TOPHO-T€OJIOTMUYECKUX YCJIOBUM IMPOBEJACHUS BBIYUCIUTEILHOIO JKCIIE-
puMeHTa. JIocTaToYHO KpEemKue MOPObl KPOBIM CIIOCOOCTBYIOT JIOKAJIM3AIMKU 00J1ac-
Tel pa3ynpovYHEHUs] B HEOONBIINX 00bEMax MPUKOHTYPHBIX mopo. [Tponopimonas-
HO 3THM O0ObeMaM M MPOUCXOAWUT BiHsHUE Ha m3MeHenune HJIC yrieBmemaroriero
MaccuBa. CTerneHb BIUSHUS JIOKIBHBIX 00JIaCTEN pa3ynpoOyHEHHUsS MOXKHO OICHUTh

KaK MaJIOCYHICCTBCHHYTIO B 6J'II/13J'I€)K3H_[I/IX OTHOCHUTCIIbHO KPCIIKUX IMOPOAaX KpPOBJIN U
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YTOJIBHOTO TIacTa. TeM He MeHee, COCTOSTHUE U 3TUX HEOOJBINX 00bEeMOB HAPYIIICH-
HBIX MOPOJ, CMOJEIUPOBAHO YCIOBUEM IIJIACTUYECKOrO TEUEHHUs, YTO BECbMA Xapak-
TE€PHO ISl TTMHUCTBIX nopo [70]. AJIEBpPOJIUT M aprUIUINT, 3AJIETAIOIINE B HETIOCPEI-
CTBEHHOM M OCHOBHOM IOYBE, UMEIOT YPE3BbIYAHO HU3KME MPOYHOCTHBIE XapaKTepH-
CTUKH, KaK B €CTECTBEHHOBJIA)KHOM, TaK M BOJOHACHIIIEHHOM COCTOsIHUAX. [loaTOMYy,
JaHHBIC JIMTOTUIIBI BEChMa CKJIOHHBI K IUIACTHYECKOMY TedeHuto. OToOpaxeHue
COCTOSIHHMSI IIJITACTHYECKOTO TEUueHHs oOecleunBaeTcs OWIMHEHHOW JauarpaMMoi
neopMUpPOBaHUS TOPHOM MOPOJIbI, KOTOpasi M HCIOJIb30BaHA B BBIUMCIUTEIBHBIX
sKcnepuMeHTax. [lepBblid JMHEWHBIM YYaCTOK MOJEIUPYET AONPEICIbHYIO CTaqUI0
HaArpy>KeHHUsl C UCIOJIb30BAHUEM B KadyecTBe Je(POpMaIIMOHHON XapaKTEepUCTUKU 3Ha-
yeHue wmonayis naedgrmainuu Kaxaoro Jurotuna. I[IpenenbHble W 3anpesesibHbIC
CTaId UMUTUPYRSTCRYCIOBMEM IUIACTUYHOCTU MPU IOCTOSTHCTBE 3JIEMEHTAPHOIO
o0bema ropHou nopoa@]. B urore, naHHas Moz€enb NMOBEICHNS YTIIEBMEIIAOIIETO
MacCHBa JOCTATOYHO anem@mpamaﬂ peasTbHbIC YCIOBUS €r0 Ae(OPMUPOBAHUS U

OTHOCHTENILHO CTAaOWJIbHA B TC‘-ICCKOM mponccce MpOBCACHHA BbBIYUCIIUTCIIb-

HOT'O SKCIICPUMEHTA. \
[Tpuniun oToOpakeHUs MexaHx XapaKTEPUCTUK TOPHOW IOPOABI
cieayronmi. B Mopenn Kaxaoro JuT d) HUCHOJIb3YIOTCS Takue (PU3HUKO-

MCXAHHUYCCKHC IMOKA3aTCIIN: IIPCACT IIPOYHOCTH IIP JHOOCHOM CXaTuu O Ipce-

cofc 2

JieJ TIPOYHOCTH [PU OZHOOCHOM PacTsDKCHHH O, , MOAYfIb glepopmatmu £, koaddu-

nueHt Ilyaccona (4 m oObeMHBIN BeC Y. DTHU CBEJCHUS B3SATHI U3 JAHHBIX I€OJIOTH-

YECKOM CIIy>KObI IIaXThl U JIOMOJHEHBI pe3yJibTaTaMU MCCIICA0BAaHUN MEXaHUYECKUX
CBOMCTB TOpHBIX Mopoj 3ananunoro Jlonbacca [58, 59].

[Ipu BBINONHEHUH PACUYETOB YUUTHIBAJIOCH ACHCTBUE OCIAOJAIONIMX MOPOIY
(bakTOpOB: OOBOJHEHHOCTH, TPEIIMHOBATOCTA M PEOJIOTHH ITyTEM BBEICHHS IOIpa-
BOYHBIX KO(DPUITMEHTOB B COOTBETCTBUH C JICUCTBYIOIIUM HOPMATUBHBIM JOKYMEH-
ToM [67] u paboramu [53, 58, 59, 64].

PacueTHoe compoTHBICHHE MMOPOJIBI CKATUIO R ¥ pacyeTHBIA MOAYJb Aedop-

Mauuu E . omnpenensercs no gopmynam [67]

pacy
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R=0, -K.-K,-K,; (2.5)

(2.6)

rae K, — KooQpGUIMEHT, YYUTHIBAOIIUN «JOMOJHUTEIbHYO HAPYIIEHHOCTh MaCCUBA

OO/ TIOBEPXHOCTIMH OCabJIeHUsT O3 CIETJICHUS U MaJIOW CBA3HOCTHIOY; OTpee-
jaseTcs mo tadi. 2.1;

K, — x03pGdUIHUEeHT, YUUTHIBAIOIINN «pa3ylpouyHEeHne OOBOMHSIEMBIX MOPOJ B

w
pe3yibTaTe (PUIBTpAIliy IO MAaCCUBY BOJABI BOJOHOCHBIX TOPU30HTOBY; ONPEICsICT-
cs o Tabi. 2.2;

K, — ko3 puiMeHT, yIYUTHIBAIOIINN CHIDKEHUE MEXaHWYECKUX XapaKTEPUCTHK

t

NOPOABI TIPU ITTUTEIHMQM HATPY>KEHUHU; PACCUUTHIBAETCS 1O (HOpMyJie

CS) K;:J;;g, (2.7)

X o é
371€Ch E — PEOJIOTUYECKU L; ornpeJeNsieTcs: B COOTBETCTBUU C paboTaMu

[48, 49] no popmyiie \

2 -08-0 .
B

Tabnuma 2.1 — KoadpurueHt cTpykTypMQro 7CJ'Ia6J'ICHI/I$I nopoJ

CpenHee pacCTOSTHUE MEXTy TTOBEPXHOCTIMHU 0CIad 3 IOpOJI, M K,
bonee 1,5 0,9
1,5-1,0 0,8
1,0-0,5 0,6
0,5-0,1 0,4
Mesnee 0,1 0,2

Ta6numa 2.2 — KoadduimeHnt pazynpoyneHusi 00BOTHEHHBIX TTOPO/T

Tun nopox K,
IlecyaHMKH U CIAHLBI KDEMHUCTHIE 0,8
IlecyaHuKH U3BECTKOBBIEC U U3BECTHIKU 0,7
[lecyaHUKH MIMHUCTBIC U AJIEBPOJIUTHI 0,6
ApPruJUINTBI U MEPreian 0,5
' muHbBI 0,4—-0,5
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Tperunii 3Tan SBISETCSA 3aBEPLIAIOIIMM B KOMIUIEKCE TECTOBBIX PAacyeTOB IO
CO3/ITaHUI0 TEOMEXaHWYECKOW MOJICIM MAaCCHUBA; 10 UX UTOTaM MOJHOCThI0 000CHOBA-
Ha U MOJIOTOBJICHA K BBIYHUCIUTEILHOMY 3KCIEPUMEHTY MOJIENIb YIJIEBMEIIAOMICH
TOJIIIHA B OKPECTHOCTH UCCIIEyEeMOM BEIPAOOTKH.

CrnenyromumM (4eTBEPThIM) 0053aTEIHHBIM 3TANIOM MOJATOTOBKH BBIYUCITUTEb-
HOTO 3KCIIEPUMEHTA SIBISICTCSI 00OCHOBAaHUE M TECTUPOBAHUE BTOPOW COCTABIISIONICH
0011ei reoMexaHUYeCKON MOJIeNI — KPENEeKHON CUCTEeMBbl BRIPAOOTKU M yCIIOBHUH e
B3aUMOJICCTBUS C OKPYKAIOIINUM MAaCCHUBOM.

MopenupoBanue 0a30Boi cxembl KperieHus (puc. 2.1) BBINOJIHEH B MOJTHOM
COOTBETCTBHH C MACIIOPTOM IMPOBEICHUS BBIPAOOTKH. MexaHnyecKue XapaKTepUCTH-
KM KPETEKHBIX MAaTCPNAIOB B3AThI U3 JaHHBIX [16].

Jns  HanOOKed™~ 10CTOBEPHOTO OTpPaKCHHS PAOOTHI KPEMEeKHOM CHCTEMBI
HCITOJIb30BaAHBI MGTOI[I/I@MG paspabotku [22, 53, 54, 71, 72].

UccnenoBanus qem@o sTamna mo 000CHOBAHUIO TEOMEXaHUIECKON MOJIEIN
BKJIFOUQJIM CJEAYIOLINN COCTaB u@v

OpueHTHUPOBKa BBIPAOOTKH OTHN/ITenLHo wiacta C, BBIIOJIHEHA B IIOJTHOM

COOTBETCTBUH C TEXHUYECKON I[OKYMCHTHa ee nposeaecHue. Ilonepeynoe ceye-

HUE BBIPAOOTKU OPUEHTUPOBAHO IO MPOCTUPSANI)) IJI4CTA, POJIOJIBHOE CEYCHHE — TI0
ero majaeHuto. BocmpousBeneHa koMOMHHMpoBaH{ay MOJPHIBKA HEMOCPEICTBEHHON

KpoBiu 1 nouBsl wiacta C, . [1o KOHTypy paMHON Kpemji CyMEKPaMHBIM OIpaX<IeHU-

€M, a TAK)K€ MOPOJHOTO KOHTYpa C MEKPAMHBIM OTPa)KIACHUEM JEUCTBYIOT HOPMaJlb-
HBIE U KacaTeJIbHbIC YCUIIHSL.

Takum 00pa3oMm, MOJHOCTBHIO OTPAKAIOTCS PEaIbHbIE T€OMETPUYECKUE Mapa-
METpPBI, B TOM 4HUCJE, BOcpou3BeeHo nomnepeyHoe ceuenue CBIIL. [lns atoro cetka
nokpbITUst CBIT KOHEUYHBIMU 3JI€MEHTaMU UMEET MacIlITad, OTJIMYAIONIUICS, Ha 1Ba U
Oonee mopsiaka oT MacumTaba MOKPBITUS TOPHOTO MAacCHBa, YTO OOECIIEUHMBAET BBICO-
KYIO0 TOYHOCTB OIPEIEICHNs] KOMIIOHEHT HANPsDKEHUNA B paMHOM Kpenu. Moaenupo-
BAaHHE Y3JIOB MOJIATIMBOCTH PamMbl OCYLIECTBIEHO MO peKoMeHAAusaM [71], cylmHOCTh
KOTOPBIX CBOAMUTCS K CIEAyIOIEMYy. TO4YHOE OTpakeHHE KOHCTPYKLMH 3aMKa MOJaT-

muBoct B mozenu kpenu KIIIIY He BbI3pIBaeT NpUHIMITMAIBHBIX 3aTPYIHEHUM.
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Pucynok 2.1 — Mogenu «6a30B0Or0o» BapraHTa CXEMbI KPETUICHHS BBIPAOOTKHU:

BIIEpPE/IM JIaBbl BHE 30HBI (a) ONOPHOTO AaBjieHUs U B Hel (0)
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OnHako, U3-3a KOHCTPYKTHBHBIX HECOBEPIIEHCTB F€OMETPUUECKOTO MOPSIKA BEPXHSK
pamMbl UMEET JIOKAJIbHbIE YYaCTKH KOHTAKTa CO CTOMKOM, OCOOEHHO, B pPEXHUME MOaT-
JMBOCTU KPEMH, KOI/a MJIOUab 3TUX KOHTAaKTOB MPOU3BOJIBHBIM 00Pa30M MEHSETCS.
IIpn 5TOM BO3HMKAeT HEKOTOpas CTaTUYECKas HEYPABHOBELICHHOCTb KOHCTPYKILIMU C
YBEJIMYEHUEM CTENEHU CBOOObI MEPEMEIICHHS COMPSKEHUSI CTOMKU C BEPXHSIKOM B
Ar000M HarpaBiieHHH. V3-3a HECOOTBETCTBUS 3TUX MEPEMEIECHHU 1Iary mpupamieHuit
HaNpsDKeHUH 1 nedopMalinii B KOHEYHO-JIEMEHTHOM CeTKe paMbl CTAaOUIILHO BO3HU-
KAIOT «OTKA3bD» BBIYUCIUTEIIBHON CUCTEMBI. /{151 ycTpaHeHUs yKa3aHHBIX HEJOCTATKOB
B naHHOM Mozenn pamHou kpenu KIHITY nenons3oBan umuraTop y3ia noaaTIuBOCTH
B Bujle yuyactka CBII ¢ Heu3MeHHOW reoMeTpuel MONEPEYHOI0 CEYEHHUS], HO C APYTUM
NPEJIETIOM TEKYUECTH NATEpUalIa 10 CpaBHEHUIO O cTalibio CT.5, U3 KOTOPOil OOBIYHO
usrorapnuBaercs Miefrfpoduns CBIIL. Tlo nnuHe 3aMka MoJaTIMBOCTH MEXaHUYECKHE
cBoricTBa cranu CBII 0®TC;I HEU3MEHHBIMU 32 UCKIFOYEHUEM BEJIMUMHBI €€ TIpeie-
Ja TeKydecTu. Takum o6pz:ocmraeTc;1 IIOJIHOE COOTBETCTBUE KOHCTPYKTUBHOU
MOAATIIMBOCTH PEATIBHON paMBI @1 {1 6e3 UCKaXKEHMsI CYIIHOCTH TpoLecca.

Uto KkacaeTcs MEXaHWYECKUX XMAKTEPUCTUK MATEpHAIA PAMHOM KpENu, TO
npo¢uis CBII usroraBiauBaeTcs u3 crai U €€ MEXaHUYECKHUE XapaKTEPUCTUKU
BBEJICHBI B MOJI€JIb COTJIAaCHO JaHHbIM [19]. JOCRonbKy Hepeako HaOmo1aeTcs mJia-
CTHUYECKHI M3rH0 BEpXHSIKA WM CTOCK paMbl, TO JUIFLTO 0TOOpaKEHHUsI HCIIOIb30Ba-
Ha yHOpyro-mjiacTudeckass MoJelNb MOBEIEHUs cTamy, jMagpamma JaedhopMUpPOBaHUS
KOTOPOH, MpHU Mepexo/ie Ha IUIONIaJKy TEKy4eCTH, BeCbMa JIOCTOBEPHO OTOOpakaeTcs
YCIOBHEM HJACANBHOM IIACTUYHOCTH, YTO HCHOJB30BAHO HAMHU IIPU NIPOBEACHUU
BBIYUCIIUTEIBHOTO SKCIIEPUMEHTA.

JInst MO#EeNMpOBaHUsl CTAJICTIONIMMEPHBIX M KaHAaTHBIX AHKEPOB MCIIOJIb30BaHA
emie Oosiee MenKash KOHEYHO-DJIEMEHTHAs! CETKa, YeM JJIsi paMHOW Kpemu. ITo 00y-
CJIOBJICHO KOHCTPYKTUBHBIMH OCOOCHHOCTSIMU CTAJICIOJIMMEPHOTO M KAHATHOTO aHKe-
POB, KOTOpbIE MOJHOCTBIO OTOOpakeHbl B Mozenu. Hecymuii crepskeHb ¢ MexaHH4e-
CKMMH XapaKTEPUCTUKAMHU COTJIACHO JaHHBIM [16], a OBICTPOTBEPICIOIIMI TOJIUMEP-

HBbIA COCTaB C MEXaHUYCCKHUMHU XapaKTCPHUCTUKaMHU COIJIaCHO TEXHUYCCKOU JOKYMCH-
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TaIU 3aBOJIAa-M3TOTOBHUTENS C JOMOJHEHUSIMH W3 CBeleHU padoTel [70]; omopHas
IJINTa ¢ HATSDKHOM raiikoit co cBorictBamu ctaiu Ct.3.

[TapameTpbl yCTAaHOBKM AaHKEPOB B3ATHl M3 TEXHUYECKOW JOKYMEHTAIlMM Ha
noJiJIep>kaHue BBIPAOOTKHM, a HA HOBOM (PKCIIEPUMEHTAJILHOM) y4acTKE — COTIJIACHO
YCOBEPIIIEHCTBOBAHHOM KpernexHoM cucreMe. B 00onx BapuaHTax aHKepa yCTaHABIIU-
BAIOTCA MOCPEMHE JITTMHBI MEKPAMHOTO IPOCTPAHCTBA.

C TOYKM 3peHUs OTOOpAKEHUS PEATHHOTO PeKUMa PAOOTHI CTAICTIOIMMEPHBIX U
KaHATHBIX aHKEPOB, TO AHAJIN3 TOPHOTEXHUYECKOMW JINTEPATYPhI U OMBIT IKCILTyaTallUH
BBIPA0OTOK C aHKEPHOUN KPEMbI0 YKAa3bIBACT HA €€ JOCTATOYHO KECTKYIO aedopmariu-
OHHO-CWJIOBYIO XapaKTEPUCTUKY. DTO O3HAYAET, YTO AHKEPHhI HE JOMYCKAIOT CKOJIb-
HUOYIb CYIIECTBEHH YIUIMHEHUS WM CKOJIBKEHUSI OTHOCUTEIIBHO MOPOAHBIX CTE-

HOK LIITypa 1o mp I/I‘ BBICOKOU aJIM€3UM NOJIMMEPA C OPOAON WIIK METAJLIOM.

ITosTOoMYy, Han60{ONPEBEKTHBHO MOJICJIMPOBAHUE KECTKOTO KOHTAKTa apMary-
pBI aHKEpa C MOPOJHBIMU @aMI/I LIIypa, YTO U OCYILIECTBIEHO IIPU MPOBEICHUN
BBIYMCIIUTEIILHOTO IKCIIEPUMEH

ITo M31m0KEHHBIM JaHHBIM CMOLMHpOBaHa paboTa KpenexHO CUCTEMBI B Lie-
JIOM U MPOBEAEH TECTOBBIN Pacyer, npeCBHH/Iﬁ J(BE LIEJIN.

[lepBas — BBISIBIIEHNE KaKUX-TM00 NpUGANIyIaIbHbIX IPOTUBOPEUHl B CpaBHE-
HUN C Pe3yJbTaTaMH COBPEMEHHBIX HCCIIEIOBA %OMCXEIHI/IHGCKI/IX IIPOLIECCOB B
OKPECTHOCTH IIJIaCTOBOM BbIpaOOTKH. Pe3ynbTaTh! TELTYpOBaHUS MOATBEPKIAIOT
CYIIECTBYIOIINE MPEACTABICHUS O IIPOLECCaX CABMKSHUS YIIIEBMEIIAOIIET0 MACCH-
Ba BOKPYT BBIPAOOTKU BHE 30HBI BIUSHHS OYHCTHBIX PalboT.

Bropas — 000cHOBaTh TOJIIMHY MOJEIH (110 KOOpAUHATE Z) C y4ETOM yCTa-
HOBKHM PaMHOM Kpenu U aHkepoB. [Ipu 3ToM BeIsABIEHO, uTO McKaxkeHusa HJC monenu
BOJIM3M €€ BEPTUKAIBbHBIX IPaHMIl (TI0 TIOCKOCTSIM YX ) MPOUCXOAUT HE TrIy0Ke Kak
10 BTOPOM pambl, Ha4yMHAs OT I'PAaHUYHOM IIOCKOCTH. Torma, Bce MOcCiemyrolue
pambl OyIQyT JOCTATOYHO OOBEKTHBHO OTOOpaxkaTh xapaktep ux HJIC. Ilpunsrto
pelIeHrne 0 MOJETUPOBAHUU B MPOJIOJIBHOM CEUEHUU BBIPAOOTKU MATH KOMILJIEKTOB
paM M LIECTHU pANOB aHKEpHOU Kpenu. LleHTpaibHas paMa U COCETHHUE PsiAbl aHKEPOB

HAXOJATCS BHE 30HBI BIUAHUS npurpannubix anomanuid HJC monenu. Takum o6pa-
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30M, peaIn30BaHbl BCE MOJIOKEHHUS, MPETYCMOTPEHHBIE NIAHOM HCCIEI0BAHUMN Kpe-
NEKHON CHCTEMBI.

Kpome Toro, BbIIIOJIHEHHE MOCTaBICHHBIX 3a/ady MOTPEOOBANIO H3MEHEHUS
[IapaMeTPOB T€OMEXAHUYECKON MOJIENH TI0 CPABHEHUIO C YYaCTKOM MOJAECPKaHUS Bbl-
€MOYHOH BBIPAOOTKM BHE 30HBI BIMSAHUSA OYUCTHBIX padoT. C OJHON CTOPOHBI, U3Me-
HAETCS HANpsDKEHHOE COCTOSIHHE OKPYIKAIOIIEro TOPHOIO MacCHBa IO CPAaBHEHMIO C
TaKOBBIM Ha yYacTKE BHE 30HBI BIUSHHUS OYUCTHBIX pabOT — MOSBIAIOTCS aHOMAJIUH
TOPHOTO JIaBJIEHUS BOKPYT BBIEMOYHOW BBIPAOOTKH, OOYCIIOBJIEHHBIE OYHUCTHBIMU
paboTtaMu. Y4eT BIMSHUS OYUCTHBIX PaldOT (HA y4acTKe MOAXO]Ia JIaBbl) MPH 0OOCHO-
BaHUM T€OMEXAHMUECKUX U TIOCTPOCHHBIX MOJEJEH BBIEMOUYHON BBIPAOOTKH OCYIIECT-
BJIEH UCXOJS U3 CIECAYQIINX OJI0KEHUN.

IlepBoe — ORO[JAst 30HA BIEPEIU JIABBI XAPAKTEPU3YETCs MOBBILICHHBIMU BEP-

THKaJIbHBIMHU Hanpﬂme@m (9 y B YIUJICBMCHIAIOICM MACCHBE, KOHIOCHTPALUs KOTO-

PBIX YCHIMBAETCA MO MEpE @nnmemm K yrojipHoMy miacty [73 — 82]. IIpu satom

BO3HHKACT BOIIPOC — KAKYIO BC Y KOHIICHTpAaIluu O y 34/1aBaTb B KAa4YCCTBC I'pa-

HUYHOTO YCJIOBHSI TIPU TIOCTPOCHUU U pa\ch PE COMEXAHUYECKUX MOJICIICH.
Btopoe — oGnactu omopHOro ;[a o OOKaM BBIEMOYHOW BBIPAOOTKU

TAKXKE XapaKTEPU3YIOTCS KOHIEHTPAMEeH O Y, YECIUNIBAIONICHCS 110 Mepe npubiu-

KEHHs BRIPAOOTKE U YTOJIbHOMY IUIACTY, HO BEIU b:ppasmaﬂ JUIsl JIEBOTO U TIpa-

BOI'O 60pTOB BBIpa6OTKI/I H OTIIMYACTCsA B 30HC OIIO ro JaBJICHUA BIICPCON JIABBI.

3/1ecb MPHUCYTCTBYET TOT JKE BOMPOC OTHOCHTEIBHO KOHLEHTPALMU O, , UCIIONb3Ye-

MOH B MOJIEJIH.
CrnenoBaTenbHO, HEOOXOIUMO COTJIaCOBaTh YKa3aHHbIE aHOMAJIbHbIE OOJACTH
JUTsl HanboJiee aJIeKBaTHOTO M JOCTOBEPHOTO OTPAKEHUS BIMSHUS OYMCTHBIX paboT B

MOJIENIH. DTO COITIACOBAHME MPOU3BE/CHO HA OCHOBE aHalu3a mois o, B pabore [51]

0 CJEYIOUIUM YCIOBHSIM:
— BO-TIEPBbIX, OO0JaCTH C OJMHAKOBBIM KO3(P(UIHMEHTOM KOHILIEHTpalUU

o
k = —~ JODKHBI PACIIPOCTPAHATHLCSA B KPOBIIIO YTOJNLHOIO IJIACTa HA IIPUMEPHO PaB-
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HYIO BBICOTY B 30HE OIOPHOTO JaBJICHUS BIEPEIH JIaBbl U 00JIacTEl OMOPHOTO JaB-
JeHusi B 00kax BhIPAOOTKHU;

— BO-BTOPBIX, BbICOTa (10 KoopauHaTe Y ) pacmpocTpaHeHus: kKoddduimeHTa
KOHIICHTPAIIMU JTOJKHA MPEBBIIIATh CYMMapHYK MOIIHOCTb CJIO€B OCHOBHOW KPOB-
71, GOPMUPYIOIIUX HATPY3KY, KaK HA KOHIIEBBIE CEKIIMM MEXaHW3UPOBAHHOW KperH,
TaK U Ha KPEMEeKHYI CUCTEMY BBIEMOUYHOW BBIPAOOTKH, YTO HE BHOCUT U3MEHEHUN B
ux HJIC.

OOHOBpEMEHHOE BBINIOJIHEHUE YKa3aHHBIX YCIIOBUW JOCTUraeTcs B 0a30BOM
mMojenu Ha Beicote 18,5 — 18,9 M oT yronbHOro miacra, rjae AecTByeT K03 PHUIeHTt
KoHueHTparus k =1,8 — 2,1. [lo naHHbIM mapameTpamM 0OOCHOBaHbI TPaHUYHBIE YCIIO-
BUS HArpPYy>XEHUSI MOJRJIM: Ha BEPXHEW TpaHUIE MOJETH, MPOXOASIICH MO KOHTAKTy
anieBposiuta 1 necCS¥ayka Ha BbicoTe 18,95 M, NEHCTBYIOT HayalbHBIE BEPTUKAIbHBIC

HalpspKeHust 0, = 2 @aanme IPaHUYHBIE YCIOBUS OCTAIOTCS 0€3 U3MEHEHMIA.

Hpyras cropona Hs@m/lﬁ F€OMEXaHUYECKOM MOJEIN KacaeTcsi BBEIACHHUS
JOTIOJIHUTEJIbHBIX KPETEKHBIX 3 TOB:

— BIIEPEIN OYMCTHOTO 32005 Ha pXQCT HUU HE MeHbIle 20 M yCTaHABIUBAIOTCS
LEHTPAJIbHBIC JIEPEBSIHHBIE CTOMKHU KpETl €HUS 110J] BEPXHSK pambl C HEKOTOPBIM
CMEIIEHUEM B CTOPOHY pabouero 0opta BeIpaSOTKH;

— B palloHEe 3aMKa MOAATIIMBOCTH PaMBI aBJIMBAECTCS JOTOJHUTEIIbHBIN
aHkep nnuHou 2,4 M o yriom 10 — 20° k TOpU30oHTaNfL. XTOT aHKEp NpeaHa3HAYEH
JUTSI TIOJAICPKaHUS KPOBIM HEMOCPECTBEHHO Haj OCpMOM MITpeKa IMocie Mpoxoia

JIaBBbI.

2.2 IIposiBNeHNE MHTEHCUBHOCTHU HAIIPSKEHUH B ITOPOJIaX BOKPYT

BBIEMOYHO! BBIPaOOTKH B 30HE OTIOPHOTO AABJICHHUS BIIEPEIU JaBblI

AHanu3 WHTEHCUBHOCTHU HAINPSHKEHUW BBIMIOJIHEH OTAENIBHO ISl MOPOJIHOTO
MaccHBa BOKPYT BHIEMOUYHOM BBIPAOOTKU U JJI €€ KPEMEKHOU CUCTEMBI, UTO CIIOCO0-
CTBYyeT OoJiee IeTaTbHOMY U TOYHOMY M3YUYEHHIO TIoJIel HarpshkeHui [83 — 86].

[IpuHSTEI BO BHUMaHHE CYILECTBEHHBIE M3MEHEHUS MOJied HANPSHKEHUN TpU

npUOIIKEHUH JIaBbl K pacCMaTPUBAEMOMY CEUYEHHIO BHIEMOYHOW BBIPAOOTKU. Y4ya-
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CTOK JUIMHBI BBIPAOOTKH, TJI€ JACUCTBYET OMOPHOE NaBJICHHE OT MPHUOIMKAroIIencs
JaBbl, OTHOCUTEIPHO HEBEIHNK, & MEPOIPHUATHUS M0 YCUIICHUIO KPEMEKHOU CHCTEMBI
poBOAATCS Ha ydyacTke — He MeHee 20 M. [Ipu cTabunbHOU paboTe aBbl ATO pac-
CTOSIHME OHA IPOXOAUT 3a 4 — 7 cyT. B TeueHue 3Toro BpeMeHu peojoruueckue npo-
IIECChl HAXOJATCS B HAYaNbHOW cTamuu. Ho, yduThIBas TIOBBIIIICHHYIO HAIMPSKCH-
HOCTh MacCHBa, CMOJICIMPOBAHBI TPH COCTOSIHUSA MPH Pa3HOM PACCTOSHUU JIO JIaBbI: B
Hayaje 30Hbl OMOPHOro JaBieHHs (koddduuueHt koHueHTpauuu 1,1); mocpeaunne
ydacTka omopHoro aasienus (k =1,65); BOnm3u ounctHoro 3abost (k=2,0). Otu
COCTOSIHUSI T€OMEXaHMYECKOM CHUCTEMBbI MPOUJUTIOCTPUPOBAHBI HA COOTBETCTBYIOIINX

3MIopax mnoJjen HanpspkeHuit (puc. 2.2 —2.4.).

PucyHok 2.2 — DOnropa MHTEHCUBHOCTH HANIPSKEHUNA O B OKPYKAKOLIEM
BBIEMOYHYIO BBIPaOOTKY MTOPOJIHOM MAaCCUBE B HA4YaJI€ 30HbI

OIIOPHOI'O AAaBJICHUSA BIICPCOIH JIABBI
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OCHOBHO# PE3yJIbTUPYIOMICH KOMIIOHEHTON OIICHKH COCTOSHHS OJIM3JIE)KAIIETO
K BBIpaOOTKE MOPOJIHOTO MACCHBa SIBJIETCS MHTEHCUBHOCThH HampsbkeHut o [22, 87,
88].

B Hauazne 30HBI ONMOPHOTO AABJICHHUS 3MI0pa O XapaKTepusyercs HeOOJbLION
acUMMeTpHell pacrpeneneHusi (OTHOCUTEIbHO BEPTUKAIbHOW OCH BBIPAOOTKH) B
CTOpPOHY TIpHUOIIKaroIencss JaBbl (CM. puc. 2.2). 30HBI pasrpy3KH 3aTparuBaroT
IIEPBBIE CJIOM OCHOBHOM KPOBJM WM IIOYBBI C YPOBHEM JACHUCTBYIOIIMX HaIPsKECHUN
o =1 —3 MIIa. B 6okax BbipaOoTku KoHIeHTpauust o =14 — 17 MlIla numeer BecpMa
orpaHnueHHoe pacnpocrpanenue 10 0,4 M, a mupuna aeicteus ¢ =10 — 13 MIla He
npeBblmaeT 1,9 M B BepXHEH 4acTH HEMOCPEACTBEHHOW MOYBBI. TakXe HEBBICOKAS

KOoHIeHTpausi O =1\ — 14 Mlla neilicTByeT moja omopaMu CTOECK PaMHOM KpPEIH.

[TpuBenenubie naMapfe’yKa3pIBalOT Ha cllaboe BIMSHUE 30HBI OMOPHOTO JABJICHUS B
HayaJbHON MEPHOJ er@aeﬁcmm, YTO BIOJIHE COTJIACYETCA C 3KCIIEPUMEHTAIIb-
HBIMH KCCJIEJOBAaHUSIMHU n@epy MEPEMENICHHUI TMOPOJHOIO KOHTYpPAa BBIEMOYHOMN
BBIPAOOTKHU.

[To Mepe moaxona JiaBel K pacc}QTpHBaeMOMy CEUYEHHIO BBHIPAOOTKH €€ BIIMSI-
HUe ycunuBaercs (cM. puc. 2.3 u 2.4):

— CTEINEHb PA3rpy3ku O B KPOBIE OYBE CHUIKAETCS W JIOKAIM3YETCS B
HEOOJBITNX 001aCTsIX, a B OCTALHBIX 00BhemMax opgA BenmmunHa 0 =5 — 7 MIla yxe
HECKOJIBKO IIPEBBIIIACT UCXOIHOE COCTOSIHUE MACCUBA;

— B OOKax BbIPAOOTKU YCHJIMBAETCS aCUMMETPMs pacripe/iesieHuss O : €CIU CO
CTOPOHBI CMEXHOI'0 BBIEMOYHOI'O Y4YacTKa BEIWYHMHA HampspbkeHuid o =11 — 12 MIla
pacrpocTpaHsaeTcss Ha BbICOTY 10 13 — 16 M u mmpuHy A0 7 — 8 M, TO CO CTOPOHBI
MOJOIIEAIIEN JIABbI TAKUE HANPSXKEHUS TOXOIAT JI0 TPAHUL] MOJIEIIH;

— B TPUKOHTYPHBIX OOKOBBIX MOpPOJAaX HAa BCIO BBICOTY BBIPAOOTKH U TIOJ
OMopaMHU CTOEK paMbl JEHCTBYIOT pazpyliaromue KoHueHtpauuu o =20 — 70 Mlla,

pacnpocTpaHsoIuecs o mupuHe 10 2,1 M.
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Pucynok 2.3 = 4 UHTEHCUBHOCTH HAIIPSKEHUM O B OKPYXKAIOIIEM

OTHOM MACCHUBC 10 CPCANHEC YIACTKA OITIOPHOTI'O

BBIEMOYHYIO BLIpa60T®p
}I@H BIICPE/IH JaBbI

PucyHok 2.4 — Dnropa HHTEHCUBHOCTH HANIPSIKEHUU O B OKPYKaroleM

BBIEMOYHYIO BBIPAOOTKY MTOPOJHOM MAacCUBE BOJIM3U OYUCTHOTO 32005
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Takum 00pazom, oTMeUYaeTcsl JOCTATOYHO HEYCTOMYMBOE COCTOSTHUE MPHUKOH-
TYpHBIX IOpOJ B OOKax BBIEMOYHOM BBIPAOOTKH, 3aHUMAIOIIMX CYIECTBEHHBIN
00BEM U 10 3TOM MPUYMHE CIOCOOHBIX CO3/1aBaTh MOBBIIIEHHYIO OOKOBYIO Harpy3Ky
Ha KpemnexHyro cucremy. OOpaijaeT BHUMaHUE aKTUBHOE PACCIOCHUE NMPUKOHTYP-

HBIX NTOPOJ MOYBKI Ha r1yOuHy 10 0,8 M, UTO MIPOBOLUPYET €€ MyUEHHUE.

2.3 HampsixeHHOE cOCTOsTHUE 0a30BOM KpeNexKHOU

CUCTCMBI B 30HC OIIOPHOI'O JAaBJICHUA

[lens HacTosimiero mojpaszaena coctouT B oueHke H/IC kpenexHol cucTeMbl
BBIEMOYHOM BBIPAOOTKH Ha YYaCTKE, MOTAAAIOIIEM B TIEPEIHEI0 YacTh 30HBI OTIOPHO-
ro JaBJICHUSA. AHATUINGOMITIOHCHT HANPSI)KECHUH BBITIOJIHEH B KaXJOM I'PY30HECYIIEM
3JIEMEHTE: PaMH €M, AHKEpax M IEHTPAJIbHBIX CTOMKAX KpPENU YCUJICHHUS

[22, 89, 90]. ®

Hrorosoit KOMHOHCI—@ MOJIBEPTHYTON HCCIEAOBAHUIO B KPEMEKHOU CHCTE-

M€ BBICMOYHOM BBIpa6OTKI/I, B 51 NTHTCHCHUBHOCTD HaHp}DKeHI/Iﬁ O, JIIIOPHI KO-

- \

TOPBIX IPUBENICHBI HA puUC. 2.5 — 2.

B Hauasne 30HBI OMOpPHOTO ):[aBJIeH epe)m JaBbl (CM. puc. 2.5) noje O B
AIIEMEHTaX KPEMeKHOW CUCTEMBbI XapaKTepu CJIEIYIOIUMU 0COOeHHOCTAMH. B
pamMHOl Kpenu (Kak M Ha Y4acTKE BHE 30HBI s OYUCTHBIX paboT) Hamboee

HArpy>KEHHBIMH SIBJISIIOTCS CTOMKH. BepXHsK pambly, OJfarQaapsi OIopHO-aHKEPHOMY
KPEIUIEHUIO U CTOMKE KPENHU YCWJIEHUs, HAXOAUTCS BSOTHOCHUTEIBHO PAa3rpyKEHHOM
COCTOSIHUMU:

— B LEHTPAJIbHOM YacTH CBOJAA O COCTaBIAIOT Bcero 52 — 70% ot mpexena
Tekyuyectu ctayu Cr.5;

— B paliOHe IIATHI CBOJIa HANPsHKEHUs yBennuuBatores 10 0 =200 — 260 Mlla n
IpUOIMIKAIOTCA K MTPEIETbHOMY COCTOSTHUIO;

— B JIOKQJIBHON 00JIACTH KOHTaKTa CTOMKM KpENH YCWIEHUS C BEPXHSIKOM
NEeUCTBYIOT KOHLeHTpauuu o =180 — 250 MIla, koTopble B JanbHEHIIEM IPUBOJIAT K

aKTUBHOMY U3THM0Y BEpXHSKa C MOTEPEH ero nmepBoHaYaIbHOU (POPMBI.
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3,000 (m)

Pucynok 2.5 —511: IO§ WHTCHCUBHOCTHU HAMPSHKEHU O B 6a30BOM

erHe)KHOﬁ CHCTCMC BBIC HRH a00TKHM B HaJaye 30HBI OIIOPHOTI'O 1aBJICHUA

3,000 ()

PucyHnok 2.6 — Ontopbl HHTEHCUBHOCTH HANPSXKEHU O B 0a30BOM
KPEMNEe)KHOM CHCTeMe BBIEMOYHON BBIPAOOTKH MOCPEIUHE yIacTKa

OIIOPHOT'O JaBJICHUA



51

3,000 {m)

Pucynok 2.7 — WHTEHCUBHOCTHU HaMpsHKEHUN O B 6a30BOM

KpEIEeXHOU cucTeme B Iﬁ BbIPAOOTKH BOJIM3H OYMCTHOTO 32004

N\

B croiikax pambl, 0COOEHHO IO € NpAMOJIMHEMHON yactu O =260 —
300 MIla BBI3BIBAIOT TUIACTHYECKOE COCTONHUCARIIN OTM3KOE K HEMY) X MaTepuaa.

XapaKTep pacnpeaciicHusd O IO CCYCHUIO C YK [BACT HA YYACTKH AKTUBHOTO

n3ruda CTOoeK:
— B TIOJIOCTh BBIPAOOTKHM Ha BbicoTe 1,8 — 2,2 MY

— B CTOPOHY OOKOBBIX TTOpOJI Ha BbicoTe 1,4 — 1,7 M;

— B [IOJIOCTH BbIpaboTku Ha BbicoTe 0,7 — 1,3 M;

— B CTOpPOHY OOKOBBIX MOPOJ] B pailOHE OMOPBI CTOMKHU Ha BbicoTe 70 0,3 — 0,5 M.

Takoli 3HaKONIEepeMEHHBIN U3TU0 BBI3BIBACT MOTEPIO YCTOMUYMBOCTH CTOMKH pa-
MBI U TpeOYEeT ee YCUIICHHUS.

llenTpanbHas cTOWKa Kpenu YCUJICHUS XapaKTEpHU3yeTcsl IOCTATOYHO PaBHO-
MEpHBIM pacrpe/ieJieHHeM O 0 JJIMHE U B MONEPEYHOM CEUCHUH; YpoBeHb O =20 —
40 MlIla yka3piBaeT Ha €€ YCTOMYMBOCTH B II€JIOM, HO BEpPXHSS TpaHUIA O YXKe

A0CTUTACT Mpeaciia IpOYHOCTH Ha CKAaTHUEC COCHBI BAOJIbL BOJIOKOH.
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AHKepa B CUCTEME OMIOPHO-AHKEPHOTO KPEIUICHHS TTOKA HE UCIIBITHIBAIOT 3HAUH-
TenbHOM Harpy3ku (o =50 — 90 Mlla) no Gosbliei 4yacTu CBOEH JJIMHBI U TOJIBKO Ha
OMMKHUX K KOHTYpY BbIpa0b0oTKH yyactkax o =110 — 140 MIIa. Uckmouenue cocras-
JISI€T JOTIOTHUTENbHBIA aHKEP CO CTOPOHBI JIaBbl, rae MakcumMyMmbl 0 =180 — 210 MIla
yKe MPUOIMKAIOTCS K paCUETHOMY TPEIeNy TEKyYeCTH apMaTyphbl aHKEpA.

[Tpu noaxoxe naBwl (cM. puc. 2.6 u 2.7) HAOIIOAAIOTCS CIEAYIONIUE 3aKOHOMEP-
HOCTY WM3MEHEHMUS MHTCHCUBHOCTHU HANPSKEHUW B KPEIEKHOW CUCTEME BBIEMOYHOMU
BbIPaOOTKHU. BepXHAK paMHON Kpemu BHIOJAKUBACTCS C MOSBJICHUEM MPEeIbHOTO
cocrosiHus (0 =260 — 290 MIla) B BepxHeil yactu nonepeunoro ceuenus CBIL, a B
00JjacTh KOHTAaKTa CO CTOMKOM Kpemu YCWJICHHs IUTacTU4eckue nedopmaiuu pa3Bu-

BaroTca eule Oonee upgeHcuBHO (0 =290 Mlla), uTo BbI3bIBaeT neperud BEpXHsKa U

elle pa3 yKa3blBa OTPULIATEIIbHOE BO3/ICHCTBUE YCTAHOBKU >KECTKUX LIEHTPAlb-
HBIX CTOEK Kperu ycnn@

Croliku paMHOU Kpe AKTUYECKU I10 BCEM CBOEU JJIMHE MEPEXOIAT B ILIA-
CTUYECKOE COCTOSTHUE U TpeOy eHUsl B OOKOBOM HAINpPaBIICHUU.

HHTEeHCUBHOCTh HANPSHKEHUN B}QHTpaanoﬁ CTOMKE Kpenu yCUJICHUS U3MEHsI-
IOTCSI HE CTOJIb CYIIECTBEHHO, OJJHAKO B XHeI?I YacTH, I7ie HaOII01aeTcsd MaKCH-
MaJIbHBIN U310, MOSABISIIOTCA JIOKAJIbHBIE OOJRCTY) C paspyllaOMMU HAIPSKEHUSIMU
0 =45 — 55 MIla. O6ecnieuenre KOHCTPYKTUBHOMN NQAATIMBOCTH IIEHTPAIBHBIX CTOEK
KpenH YCUJICHHUS MO3BOJIUT BBIIOJHUTDH JIBE MO3UTHUBHBC QYHKIMU: CHU3UTH HAIps-
XKeHus u nedopMaru u3ruda B caMuX CTOMKaxX M OJMOBPEMEHHO OTPaHUYHUT TIaCTH-
yeckue AeQopMalny B BEPXHIKE pambl U €ro Ieperud B 006JacTi KOHTAKTa CO CTOMKOM
KpEnu yCUJICHHUSL.

B aHkepax OMOpHO-aHKEpHOW KpemnH, OCOOEHHO NepupEepUHBIX, MTPOUCXOAUT
yBenuueHne o a0 3HadeHuit 200 — 260 Mlla Ha mpuMBIKarOIIMX K BBIPAOOTKE ydacT-
Kax UX JJIMHBL. B 10MONHUTENPHOM aHKepe ACHCTBYIOT MOBBIIICHHbBIE HAMIPSDKEHUS (110
290 Mlla) Ha Oonee NPOTSHKEHHOM Y4YacTKE €ro JJIMHBL. OMIOpa MHTEHCUBHOCTH
HanpspKeHUil O B aHkepax (BOJIM3M OUMCTHOTO 3a005) YKa3bIBaeT Ha MPAKTUYECKU MOJI-
HYIO 3arpy3Ky mnepudepuiiHpIX aHKEpOB, a HAUMEHEE Harpy>KeHHBIM SIBISICTCS IICH-

TPaJIbHBIN BEPTUKAIBHBIN aHKEP.
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2.4 THTEHCHUBHOCTD HAIIPSHKEHUHM OPOJ B 30HAX Hayaia COMPOTHUBIICHUS OX-

PaHHOM MOJOCHl U CTAOMIIM3AIMH MPOSBICHUS TOPHOTO AABICHUS

[Tocnie mpoxojia mepBOM JIaBbl pacCMOTPEHO M3MEHEHME MOJ NMPUBEACHHBIX
HaMpsHKEHUH O OT y4yacTKa Hadajia paboThl OXpaHHOUM cucTeMsl (puc. 2.8) 10 ydacT-

Ka CTaOMIM3alUK MPOSBICHUN TOPHOTO JaBjieHus (puc. 2.9).

PucyHok 2.8 — Dmnropa HHTEHCUBHOCTH HAIIPSKEHU O BO BMEILIAIOIIEM
BBIPA0OTKY TTOPOJTHOM MAaCCUBE B HAUaJIbHBIN MEPUO/] COTPOTUBIICHUS

OXpaHHOﬁ CHCTCMBI

[Tocre BO3BenEHHMS OXPAHHOM CHUCTEMBI OHA, KaK OoJjiee JKECTKUW DJIEMEHT,
HAUMHAEeT BOCIPHHHMMATh IMOBBIIIEHHYI0 HAarpy3Ky CO CTOPOHBI OIyCKAIOIIUXCS
MOPOJIHBIX CJIOEB KPOBIIM M MepefaBaTh €€ Ha OepMy BbIpaOOTKH ¢ (HhOpMHUPOBAHHEM
COOTBETCTBYIOIIMX KOHLEHTpauii o (cM. puc. 2.8) B Mopojax HEMOCPEICTBEHHOM

KPOBJIM U MOYBBI. B HEMOCPEACTBEHHOM KPOBJIE HAJl OXPAHHOM CUCTEMOM KOHIIEHTpA-
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s pazpymarmux HanpsbkeHud o =30 — 80 MlIla AecTBYIOT TOJBKO B JOKAIbHBIX
obnacTsax Haj Oonee KECTKMMU PsAAaMU JAEPEBSHHBIX CTOEK. OTH O4aru O, IOKa HE

npCaACTaBIAIOT Cyn.[GCTBGHHOﬁ OIMaCHOCTH, TaK KaK 3a HuX IpcAciIaMH BCINYHHA

0 =18 —23 Mlla emie He npeBbICUIA COTPOTUBIIEHUE ITOPOJIBI CKATHIO.

PucyHnok 2.9 — Dnropa ”HTEHCUBHOCTY HAITPYRKEHINI O BO BMEIIAOIIEM

BEIPA0OTKY MTOPOJTHOM MAaCCHBE HA y4a TaOUIN3aIIH

HpOSIBJ'IGHI’II?I T'OPHOI'O OAAaBJICHUA

[Ipn BO3pacTaHuMy MPOSIBIEHUN TOPHOTO JABJIEHUS B YKa3aHHBIX O0OJACTAX
HAYMHACTCSl pa3pylI€HUE HENOCPEICTBEHHOW KPOBJIM C PAa3BUTHEM IIOBBIIICHHBIX
BEPTUKAIBHBIX HATPYy30K HAa KPEIMEKHYIO CUCTEMY. MexaHu3M NPOTEKaHUs 3TOrO
npolecca OOYCJOBJIEH YBEIMYEHHEM MOJATIMBOCTH Pa3yNpPOUYHEHHOIO 00beMa
opoA HaJ OXpaHHOW cucTeMoi. ClieoBaTeNbHO, OMYCKAIOIIHUECS CIOM OCHOBHOM
KPOBJIM OYyT MPEUMYIIECTBEHHO HarpyXath KpenexxHyro cuctemy. [loaromy BaxHO
OTPaHUYUTH OOBEMBI PA3yNPOYHEHUS HEMOCPEIACTBEHHONW KpPOBJIM HaA OMMKHEH K

BI)Ipa6OTI(e 9aCTbIO OXpaHHOﬁ CUCTCMBI, 4 OCHOBHYIO HArpy3Ky IICPCHCCTU B FJIY6I)



55

BBIPAOOTAaHHOTO MPOCTPAHCTBRA.

AHAJIOTUYHBIE MPOLECCHI MPOUCXOAAT B MOPOAAX HEMOCPEICTBEHHOM IMOYBBI
IOJ, OXpaHHOM cucTteMoM. 3nech KoHUeHTpaunu o =30 — 50 MIla noka nmerot enie
Oosiee OrpaHUYEHHOE PACIPOCTPAHEHHE, HO BO3HUKAET Psii 0YaroB B pallOHE CTOEK
paM, KOTOpbl€ BHOCIEACTBUU CHOPMUPYIOT MOBBIIICHHYI0 OOKOBYIO Harpysky. To
eCTh, LeJIecOo00pa3HO pasrpy3UTh MPUKOHTYPHBIE MOPOJBI OEPMBI OMATH-TAKU C
MIOMOILBIO BBEJEHUS IEPEMEHHOM )KECTKOCTH B KOHCTPYKIIMIO OXPAHHOU CHCTEMBI.

Co cTOpOHBI HETPOHYTOI'O MacCHBa JIOKaJIbHbIE 00JIACTU OMACHBIX KOHLIEHTpa-
Uil 00pa3yroTCs TOJIBKO B MPHUKOHTYPHBIX MOPOJAX HEMOCPEACTBEHHON MOYBBI IO
BBICOTE €€ MOJPBIBKU. M 37ech CyliecTByeT MepcrekTuBa pocTa OOKOBOW Harpy3Ku
Ha CTOMKHM paMHOM K[RIIU.

VYka3aHHbIENIPEAION0KEHHUS TOATBEPKAAIOTCS pacueToM MoJyis O B Onu3ie-
JKaleM MacchBe Ha y@e cTabuiIM3aly MpOosIBICHUN TOPHOTO JABJIEHUS TOCIe
IpOXo0/ia JaBbl (CM. PHC. 2.®eﬁCTBHT€HBHO, MIPOUCXOJNUT PACIIMPEHUE 30H OMOp-
HOI'O JIABJICHUS C YBEJIUYECHUE @ ientpatuii ¢ ypoBHs 30 — 49 MIla. Tak, co
CTOPOHBI HETPOHYTOT'O MAaCCHMBA OTMEUNIHASI KOHLUEHTpALUsl O PacHpOCTPAHSIIETCS 1O
BCEU BBICOTE MOJIPHIBKY MTOYBBI U HUKE ooeK pambl U B OOKa Ha paccTOsIHUE 10
0,8 — 1,0 M. 31ech 01HO3HAYHO OyACT NMPOUCYSIIND pa3pylIeHUE J1ake HEOOBOHEH-
HOU mopoAbl ¢ 00pa30BaHWEM MOBBIIIEHHON O KQ?Q? Harpy3ku Ha CTOMKH pPaMHOMN
Kpenu. B mopojax HENoCpencTBEHHOW KpPOBIU U ;{0@ B paliOHE pa3MELICHUS
OXPaHHOW CHUCTEMBI YKa3aHHBIE BbILIE Pa3pyIIAIONIMCSKOHIIEHTPAlMU O MHOTOKpaT-
HO pacHIMPSIOT 00JIacTh CBOEro JeicTBus. Hampumep, B KpoBiie mupuHa 30HBI pa3y-
npoyHeHus pocruraet 2,0 — 2,2 M, a Beicota — 1,2 — 1,4 M. PazynpouHeHHast nmopojia
YaCTUYHO «OOBITPHIBAET» OXPAHHYIO CHCTEMY, NMPOHUKAs B MMEIOUIUECS MOJOCTU U
nycToThl. Peakiysi Ha MOpPOAHBIE CIOW OCHOBHOW KPOBJIM CHUYKAETCS, a MPU HUX
ONYCKaHWHM YCWJIMBAETCSI TOPHOE AABJICHHWE HAa KpEINEekHyr cucteMy. B mopomax
HEMOCPEACTBEHHOM MOYBHI 10 BCel BbICOTE OepMbl Ha mupuny 10 1,8 — 2,0 M npowuc-
XOJUT €€ pa3pylleHUe C MepeMEIICHUEM B MOJIOCTh BBIPaOOTKH U 1e(hOpMHUPOBAHHEM

CTOEK paM.
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2.5 AHanu3 xapakTepa MposiBJICHUS HAIIPSHKEHUH B DJIIEMEHTAX

0a30BOM OXpaHHOM M KPEMEKHON CUCTeMaXx MO3aaH JIaBbI

ITocne mpoxoaa JaBbl 1 BO3BCACHUS OXpaHHOﬁ CHUCTCMBI IT0JIC paCIIpCaACICHUA
HNHTCHCHUBHOCTH Hal'IprKeHI/Iﬁ OTHACTHU MCHJICTCS IO CPABHCHUIO C YHACTKOM OIIOPHO-

T'0 JIaBJICHUS BIIEPEIH JIaBbl, COXpaHss oo01ue yepthl (puc. 2.10).

=

Pucynok 2.10 — Dnropa HHTEHCUBHOCTH HAIIp i1 0 B 0a30BOIl

KPETE)KHOW M OXPaHHOM CUCTEMAX B HAYAJIBHBIN MEPUOJT €€ CONTPOTUBIIEHUS

BepxHsk pambl ocTaeTcs HAMMEHEE Harpy>KeHHbIM ¢ 00pa30BaHUEM IUIaCTHYE-
CKOTO KOHTAaKTa CO CTOMKOM Kpenu ycuieHus. OTHOCUTENbHAs PaBHOMEPHOCTh
pacnpesiesieHusi O B CTOMKaX paMbl HApYIIAETCs MOsBIEHUEM edopmannii u3ruoa:

— CO CTOPOHBI HETPOHYTOI'0 MaccHBa M3TH0 CTOEK paMbl MEHEE MHTEHCUBEH U
HapaBlieH B MOJOCTh BBIPAOOTKH B LIEHTPAJbHOM YacTH, a B OMOpPE CTOMKH — B
CTOPOHY MAacCHBa;

— CO CTOpPOHBI BBIPAOOTAHHOTO MPOCTPAHCTBA MPOUCXOAUT O0Jiee aKTUBHBIN

U3ru0 CTOWKH pambl C PETYISIPHBIM U3MEHEHUEM 3HAaKa KPUBHU3HBI: B MOJOCTh BbIpa-
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OOTKM Ha YPOBHE M3BJICUEHHOI'0 YTOJIBHOTO IJIACTa; B CTOPOHY MAacCHBa MO BBICOTE
OepMBbI U B paiiOHE OTIOPhI CTOMKH.

Hanpsixkenuss 0 B UEHTPAIBHON CTOMKE KPEMHU YCUIICHUS IOCTATOYHO PABHO-
MEpHBI U OCTal0TCs Ha npexHeM ypoBHe (0 =20 — 40 MIIa) no cpaBHEHUIO ¢ 30HOI
OTIOPHOT'O JIaBJICHUS BIIEPE/IH JIABBI.

Cpenn aHkepoB HamOoJiee 3arpy’KCHHBIM SIBJISICTCSI JIOTIOJTHUTEIBHBIN aHKED,
YCTaHABIIMBAEMbI B KPOBJIE HAJl OXPAHHOW KOHCTPYKLMEHN; B €r0 apMaType UHTEH-

CUBHOCTb HAIlPsDKEHUS IPEBBIIIAET Mpees TEKYUeCTH O, CTalIM Ha CPEIUHHOM yua-
CTKE JUIMHBI, & Ha 3arIyOJICHHOM YYacTKe NpHUONMKAIOTCS WIM PaBHbBl Op. JTO

00BSACHSIETCSI BHICOKOM MHTEHCUBHOCTBIO HAINpPSIKEHUU U MEepeMelieHUud B o0acTu
OIIOPHOTO JIaBJICHUS OXPaHHOW KOHCTPYKLMEH.

OcranbHble epaHaxoaiITcs B ynpyrom coctosHuu. Haunbonee Harpyxes-
HBIMU SIBJISIIOTCS TIEPU WHpIe aHKEphl, IJe Ha 3ariayOJeHHBIX y4acTKax U OJIMK-
HUX K KOHTYDPY BbIpaOOTKH,\RgANYNHA O NPUOJIMKACTCS K IPEely TEKy4eCTH CTallu
apMatypsbl. Takast 0COOEHHOCTb @ pEJIeJICHUs O 10 JJIMHE aHKEPOB COOTBETCTBYET
CJIOKMBIIMMCS TIPEACTABICHUSAM O MC%HI/I ME PaOOThI CTAJIEIIOIMMEPHBIX AHKEPOB U

YKa3bIBACT Ha IIPOLOCCC UX CMCIICHUA B JI'b BLIpa6OTKI/I COBMCCTHO C YIIPpOYHsIC-

MBIMU TOPOJIAMU HEMOCPEJACTBEHHON KpO¥iin,) KOTOphIe pacciauBaroTcs Oosee
UHTEHCUBHO B MPUKOHTYPHOH 4YacTU BBIPAOOTKMU eHee MHTEHCHBHO — B 3ariyo-
JIEHHOM 4YacTH JUIMHBI aHKepoB. Takke ciemyer, 4ro BHBIE CMELLIEHUS MOPOJ
KPOBJIM BBIXOJAT 3a MpPEJEbl JJIMHBI AaHKEPOB B 2,4 M: COCTOSIHUE KPOBJIM CO CTOPO-
HBI JIaBbl (0COOEHHO, HaJl OXpPaHHOW KOHCTPYKIHEH) TpeOyeT He TOJIbKO 0oJiee ryc-
TOM CETKM apMHUPOBAHMUSI, HO U €ro Oosee riay0oKoro pacupocTpaHeHUs!.

OpaMH 13 BapuaHTOB TEXHOJIOTMYECKOr0 PEMIEHHSI TaHHOW MPOOJIEMbI — YCTAaHOB-
Ka KaHaTHBIX aHKEPOB, KOTOPbIE MOT'YT BBIIOIHATH (DYHKIMIO OoJiee rIyOOKOro ynpou-
HEHMsI TIOPOJl KPOBJIM, OTpaHUYMBaAs ee paccioeHue. Eciau pa3MecTuTh Ba KaHATHBIX
ankepa (c marom L =1,6 —2,0 M) B nonepe4HoM cedeHnr cuMmmeTpruyHo 1o 0,8 — 1,0 m
OT BEPTUKAJILHON OCH BbIpaOOTKH 1oj yrioM 70 — 80° Kk ropu3oHTaNN, TO OHU yIpPOU-
HSIOT 00beM KpOBIH Ha mHpUHY 110 7,5 — 8,0 M. JlaHHOW IIMPUHBI 30HBI YIPOUYHEHUS

HEJIOCTATOYHO JUJIS TIOJTHOTO MEPEKPHITUS 00JIACTH OMOPHOTO JABJICHUS HAJl OXPAHHOM
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KOHCTPYKLIMEW, HO MOBBIIIEHHAs YCTOMYMBOCTH ITOPOAHBIX KOHCOJIEH 3TOrO0 M HE
TpeOyeT 10 MPUYMHE OTPAaHUYEHUS Pa3MEPOB 30HBI IPEAETBHOTO COCTOSIHUS.

B oxpaHHON KOHCTPYKIHMH B JOCTaTOYHO YCTOMYMBOM COCTOSIHUM MIpU
HEOONIBIIOM CMSTUM JAPEBECHHBI HAXOAUTCSA TOJIBKO HAaKaTHBIM KOCTep U Opychs
NEpPEKpBITHA. Bce AepeBsHHbBIE CTOMKN MCHBITBHIBAIOT HANpsDKEHUs O, B 1,5 — 3 pasza
NPEBBILIAIOIINE WX CONPOTHUBICHHE CxaTuio. [lo 3TOMl NpuYMHE OHM AKTUBHO
ne(popMUpPYIOTCS, a MPOLIECC BAABIMBAHUS B MOPOJbl OYBBI U KPOBJIM OIPEIEIICH-
HBIM 00pa30M NpeIoXpaHsIeT CTOMKU OT MOJHOTO pa3pyIICHUS.

[Ipu nanpHeiIen 3KCITyaTaluy BbIpA0OTKH B 30HE CTAOWMIIM3ALMM IPOSBIIE-
HUII TOPHOIO JaBJIEHUS HAOMIOJAETCs Psii M3MEHEHUM B I0JIE MHTEHCUBHOCTH
HarnpsbkeHuit o (puc)Q.11) ¢ oOiieit TeHIeHIel HEKOTOPOTo YCUIICHUsI Harpy KeH-
HOCTH Kpemne:xHOX UJUXpaHHON cucTeM. DTO KacaeTcs CIEAYIOIUX IPY30HECYLIUX
JIEMEHTOB. B croiike @1 CO CTOPOHBI BBIPAOOTaHHOI'O MPOCTPAHCTBA HAa BBICOTE
10 0,7 M OT mOYBBI yBeHH‘@)TC}I 10 10 — 15% HamnpsixkeHuss 0 U COOTBETCTBYIO-
e pa3Mepbl 00JIACTH OJTHO3H wiactuueckux aedopmanuii (o =300 Mlla).
Haubosnee cyniecTBeHHO pacTer Harpﬁga Ha HEHTPAJIbHYIO CTOWKY KpPEeNH yCHJICHHUS,
KOTOpas NMPAaKTHYECKU [0 BCEMY CBOE eMy HaXOJIUTCS B IPEACIBHOM WU
OJM3KOM K HEMY COCTOsHHUAX. Taxke 3Hau eJINYUBAIOTC O B JIBYX nepude-
PUIHBIX aHKEpax OMOPHO-aHKEPHOM Kpenu H, OCOOGHHO B JOMOJHUTEIBHOM aHKEpPE
CO CTOPOHBI BBIPAOOTAHHOT'O MPOCTPAHCTBA. JTO elie a3 JIOAYEPKUBAET 1e1ec000-
Pa3HOCTh YCHJIEHHOTO YIIPOUYHEHHUs1 00beMa MOopo1 KPOBIM HaJ OXPAaHHON CUCTEMOH,
MOJIBM>KKM KOTOPOT'O MPOUCXOAAT AOCTaTOYHO JUIMTENbHBIN nepuol. Ha 3To yka3bl-
BaeT TAK)KE POCT HArpy3KH BO BCEX DJIEMEHTAX OXPAHHOW KOHCTPYKIHUU:

— B HaKaTaHHOM KOCTpE€ HaNpsLKEHHsI O MPAKTHYECKH MO BCeMy 00beMy Ou3-
KH WJIN PaBHBI CONPOTUBJIEHUIO COCHBI CKATHIO, @ B YTJIOBBIX YacCTAX 3aMETHO IIpe-
BBIIIAIOT €r0; OJHAKO, 33 CYET CMATUSA APEBECHHBI, HU3KOI'O OTHOLICHHUS BBICOTHI
KOCTpa K OCTaJbHBIM €ro pa3MepaM (MEHbILE €IWHHIIbI), BIABIMBAHUA B IMOPOJBI
NOYBbl M KPOBJIM HAKaTHBIA KOCTEP MPOJOJIKAET BBINOJHATH (PYHKIUU OMOPHOU
YaCTH OXPaHHOW CHCTEMbI, HO MPU 3TOM YMEHBILAETCS €€ BBICOTA U, KaK CIIEJCT-

BHUE, — BBICOTA BBIEMOYHOM BBIPAOOTKH;
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— BO BCEX JICPEBSIHHBIX CTOMKAxX M 0€3 TOrO BBICOKHE HANPSDKCHUSI O yBEIHYU-
BatoTcs Ha 10 — 20% u crnocoOHbI MX pa3pyUIUTh, HECMOTPS Ha JEHCTBUE APYTrUX

(dhakTOpOoB.

2,000 {rm)

Pucynok 2.11 — Dnropa nHTEHCUBHOC, anpspKeHUt o B 6a30BOM

KPENEXHOW U OXPAHHOU CUCTEMAX B 30N CTAQAIIN3AIMY IPOSBICHUN

TOPpHOI'O JaBJICHH

Takum o0pa3om, ycTaHOBIIEHA TEHACHLUS IUTEILHOTO Pa3BUTHS OIyCKaHUS
MOpOJ KPOBJIK CO CTOPOHBI BBIPAOOTAHHOTO MPOCTPAHCTBA, CIIEICTBUEM KOTOPOM
SBJISIETCSI POCT HArpy>KEHHOCTU OXPAHHOM CHCTEMbI, TOPOA OEpMBI U CTOEK pambl, a
TaK)Ke€ LEHTPAJIBHBIX CTOEK KPEIU YCWJICHUSI U aHKEPOB CO CTOPOHBI BHIPAOOTAaHHOTO
npoctpaHcTBa. OcTaibHbIE TPY30HECYIIHE DJIEMEHTHI KPEMex)HOW CcUcTeMbl (IIeH-
TpaJIbHbIE aHKEpa B CBOJE, BEPXHSK pPambl U €€ CTOIKa CO CTOPOHBI HETPOHYTOIrO
MaccHBa) NMPAKTUYECKU HE MEHSIOT CBOE HANPSKEHHOE COCTOSIHUE CIYCTS JUIUTENb-

HBIW MEPHUOJI TIOCJIE MPOXO/A JIABbI.
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2.6 MeTtoauka MaxTHBIX UCCIeI0BAaHUMN padOTHI

KOMOMHUPOBAHHOW aHKEPHON CUCTEMBI

OneHka cocTOSTHUST BBIPAOOTOK MPOBOJIUTCS MO MOKA3aTessiM MPOSBICHUNA rop-
HOTO JIaBJIEHUS B BUJE NEPEMEIICHUN KOHTYpa BBIEMOYHOIO IITPEKOB HA KIIFOUEBBIX
ydJacTKax MONEPUEHHOIo ceueHusl. B HampaBiieHUM KpoBiis — 1104Ba U OOKOB BBIPaOOT-
KW, N3MEHEHUE BBICOTHI IITPEKA B 30HE MPOXOJA JIFOAEH, TUaroHaidb OT yIJia B IOYBE
BBIPAOOTKH JI0 BEPXHEr0 TOpLA CTOMKH pambl B IMPOTHBOIOJIOKHOM OOpTY IITpeKa,
BBICOTA OT HWKHEW KPOMKHU YTOJIBHOTO IUIACTa A0 MOYBbI BHIPAOOTKH, CTETEHb cpada-
THIBAHUS 3aMKOB NOJATIIMBOCTH paMbl. [IpOM3BOAUTCS BU3yalIbHAs OLICHKA U3MEHEHUS
TE€OMETPUM BEPXHSKA paMbl (€ro BHINOIAXKUBAHUE WM TMEPErud B MECTE€ YCTaHOBKH
CTOMKH KpENH yCHUJI ) U €€ CTOEK B BUJIE CONMMKEHUS UX «HOXKEK», KPy4dEHUs Ipo-
¢uns CBIT v uzru MOJIMHEHOW YaCTH CTOEK B MOJOCTh BBIPAOOTKH.

Jis KOHKpGTHSﬂ@I/IS EPEHUM TEKYIIMX pa3MEpPOB IUTPEKA IPUBEIEHA COOT-
BETCTBYIOLIAs CXeMa Ha pudhg’12. Bo BpeMeHU U MpoCTpaHCTBE (PUKCALUs pa3MEPOB
BbIPa0OTOK MPOU3BOAUTCS JU( upoBaHHO. Ha yyacTke BHE 30HBI BIMSHUS O4H-
NQ.QUUCTHOTO 320051) 3aMepbl TPOU3BOIATCS

e

BIIEPE/IM JIABBL, B PAllOHE €€ «OKHa» U Mo3aanaBp) Ha Raccrosinue He MeHee 60 — 80 m

CTHBIX paboT (He MeHee uyeM 3a 60 — 80

onuH pa3 B 3 — 4 cyr. Ha yuactke ne . (PPOHTAIBHOTO OMOPHOTO JABJICHHUS

ChEM TOKa3aHUI MPOU3BOJUTCS OJUH Pa3 B CYyTKY; Aajiee HAa y4acTKe CTaOMIM3aIiU

MPOSIBIICHUI TOPHOTO JIaBJIEHUS 3aMePbl IPOU3BOATCS Ofiulpas B 3 — 4 CyT.

N\

=

Pucynok 2.12 — Cxema 3amMepoB pa3MepoB BEIEMOYHBIX BHIPAOOTOK

IO MCpPC MMOJABUI'aHUA OYHUCTHOI'O 3a00s
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Takas metonuka mo3Bossia 6ojiee TOYHO OTPa3UTh Pa3HYI0 WHTEHCHUBHOCTH
Pa3BUTHS MEpPEMENICHUN KOHTYypa BBIPAOOTKHA B MEPUOJ MPOXOXKICHUS OYUCTHOTO
320051 CEUEeHHMs IITPEKA, B MECTE PACIIOJIOKEHUS 3aMEPHOM CTAHIIUH.

JUIs TOJMHOTHI MPEACTaBIEHHUsT 00 SMIOpE MEPEMELIEHUI MOPOJAHOIO KOHTYpa
BBIEMOYHBIX IITPEKOB U OCOOEHHOCTSIX Je(POPMHUPOBAHMS PAMHOM KPEMNH MO €€ KOHTY-

Py pa3MeIIeHO 10CTaTOYHOE KOJIMUYECTBO 3aMEPHBIX TOUYeK. Tak, BbICOTa /; BBIPAOOTKH
OT 3aMKa CBOJA [0 IOYBBI U €€ NIMPHUHA 6, (BOJIM3M IOYBBI) AAET OOLIUE CBEACHUS O
NoTepe CEUYEHUs MPU CPABHEHUU C MPOEKTHBIMU pa3Mepamu mTpekoB. He meHee Bax-
HBI IApaMETPBL 6, U G, HE TOJIBKO JJIsl OLCHKH ITIOTEPH CEUYEHUS IITPEKa, HO U Ul y4e-
Ta CONMMKEHUs] ero OOKOB B 30HE MPOXOJa JIFOJIEH; KPOME TOr0, CPaBHEHUE BEIMYUH
U3MEHEHUSI TapaMeT, 6,53 JAET BO3MOXXHOCTb BBIIBUTH YYaCTKU HAMOOIBLINX

neopmanuii cToex 1@0Topme COOTBETCTBYIOT OOJIACTSIM TOBBIIIEHHOTO TOPHOTO

JAaBJICHUS B Ookax BbIpA H.

N3mepenue BBICOTBI@ ITpeka B paboyeM U Hepabouem Ooprax gaer

BO3MOKHOCTh OIIEHHUTH Cpasy {HI/IH: cONKEeHNEe KPOBIM M TOYBHI B 30HE
poXoja JOJeH ¢ YyTOYHEHHEM OCTaTo BHICOTHI BBIPAOOTKH B STOM MeECTe, a
TaK)Ke CTEIIEHb AaCUMMETPUH ;[e(bopMHpOB MBI B pa3HbIX OOKax IITPeKa.

YTOUHEHHE YpOBHSI HEPAaBHOMEPHOCTH ICHOPMNPOBAHUS PaMbl ITPOU3BOIAUTCS
IO JIBYM [apaMeTpam ¢ , , KOTOPbIC U3MEPSIOT TUAGHAITR OT yTJIa MTPEKa 10 BEpXHE-
ro TOpUA CTOMKH pambl B IPOTHUBOMIOJIOKHOM OOp a00TKM. Ecimm m3HavanpHO
OJIMHAKOBBIE BEIIMYMHBI C¢; U C, U3MEHSIOTCS MO-Pa3HOMY, TO OTO CBUIETEIIBCTBYET O
HEPAaBHOMEPHOCTH HArpyXEHUsl paMmbl. B JONOJHEHHE K YKa3aHHbIM IlapaMeTpam
OLIEHKU aCUMMETPUM Harpy>KeHust GMKCHPYETCs BEIMYMHA HAXJIECTA @), BEPXHAKA
CTOMKM B 3aMKaX IOAATIMBOCTU pambl. IIpu a, # a, IpOUCXOOUT KOHLICHTpALUs Ha-
IPy3KH CO CTOPOHBI OOJbIIEH BENIMYMHEI HaxyecTa. Kpome Toro, no 3nadeHusM a, ,
olieHUBaeTcs paboTa paMHOM KpenH B PEXUME MOAATIMBOCTH: HACKOIBKO MPOU3O0IILIO
cpabaThIBaHHE 3aMKa, W HcCYeplaiach JIM €ro KOHCTPYKTHBHas MOJATIMBOCTh. [lpu

9TOM BHU3YAJIbHO OLCHHUBACTCA KaYCCTBO COCAMHCHMA BCPXHAKA U PAMbI 1 BO3MOZKHBIC

HapyILIEHUs] CaMOro 3aMKa nojariauBocTu. OcTalnuch eme aBa pasMepa /i, 5, omnpene-
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JISIFOIIME PACCTOSIHAE OT HIKHEW KPOMKH TUTacTa 0 MOYBBI BBIPAOOTKH. DTH pa3Mepsl
KOCBEHHO OTMEYAIOT BEJIMYMHY ITy4YECHHs IOPOJ MOYBBI IITPEKA C ONPENEICHHON I10-
IPEUIHOCTHI0, 00YCIOBIEHHOU AeopMaleil KpaeBoil 4acTu MmiacTa moJl BO3/IEeHCTBU-
€M OIIOPHOI'O J1aBJICHHUS.

B memom, Ha Haml B3IUIAJ, ONKMCAHHBIE M3MEPEHMs MO3BOJIAIOT JOCTATOYHO
IIOJIHO OTPa3HUTh PEAIBbHBIE MPOSBICHUSA TOPHOIO IABJIECHUSA B BRIEMOYHBIX IITPEKAX,
4TO 0OecreunBaeT 0ObEKTUBHOCTh CPAaBHUTEIBHOIO aHAJIN3a PAa3IMYHBIX CXEM yCTa-
HOBKHM aHKEPOB B KpPOBJIE BBIPAOOTOK. Pe3ynbTaThl M3MEpeHHil Mpe/CTaBISIOTCS B
BUJI€ IpapuKOB M3MEHEHHUS TOTO WJIM HHOTO pa3Mepa B 3aBUCHMOCTH OT PaCCTOSHUS
z 710 ouucTHOro 3a0o0si. Takum oOpa3oM, MPOCIEKMUBAECTCA JUHAMHKA HapacTaHUs
CMEILIEHUI KOHTypa abOTKM C 0XBAaTOM BCeX HanloJiee XapaKTePHBIX YUYaCTKOB €€

MOJIJICP>KaHMUS.

BriBosibI K pazne ;

B uemom, mo pesynbTa @ ccnenoBannii 3G HEKTUBHOCTH TMPUMEHIEMOU
OXPaHHOM U KPEMEXKHOU CUCTEM CHOPMJIIMPOBAHBI CIIETYIOIINE BHIBOIbI:

1. Hanbomnpuryto onacHoCTb YCTOﬁH KPEIEKHON CUCTEME HECYT CTOMKHU
pambl, OCOOEHHO, CO CTOPOHBI BhIpAOOTaHH OCTpPaHCTBA OHM IUIACTUYECKH Je-
(opMHUpYIOTCS 110 BCEH JIMHE; BEPXHSAK paMbl B Ir{cza%HBaeTc;I C U3rHOOM B IOJIOCTh
BBIPa0OTKH B LIEHTPAJIbHON YaCTH U MOSBIEHUEM NPEIC ro cocrostHus (o =260 —
290 Mlla) B Bepxneit yactu CBII, a B o0nactu KOHYakTa C EHTPATHHOU CTOMKOM
KpeInu yCWJIEHHS IlacTH4eckue AedopMalvy pa3BUBAIOTCSA ele 0ojiee MHTEHCUBHO
(02290 Mlla); cpenn aHkepoB HanOoJEe 3arpyKEHHBIM SIBJISETCS JOMOTHUTEIbHBIN
aHKep, pa3MEILIEHHBbIH B KPOBJIE BBIPAOOTKM HAJ OXPAaHHOM IOJIOCOM M OTYACTH
nepudepuitHbie aHKepa, a HEHTPAJIbHbIE aHKEPa B CBOJE BHIPAOOTKH HE JOTPYKEHBI;
LEHTpaJIbHbIE CTOWKHM KpENU YCUJIEHUS (JIepeBSHHBIE) IO BCEMY CBOEMY OOBEMY
HaXOJSATCS B IIPENIEIbHOM COCTOSTHUM, @ HA KOHTAaKTE C BEPXHIKOM pambl — B 3aIlpe-
JIETbHOM COCTOSTHUM [54].

2. OcoOeHHOCTh pacrpesielieHusi O 1O JUIMHE aHKEPOB COOTBETCTBYET

CIOKMBIIUMCH MMPCACTABJICHUAM O MCXaHHU3MC pa6OTBI CTAJICIIOJIMMCPHLBIX aHKCPOB U
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YKa3bIBaeT Ha MPOIECC UX CMEIIECHUS B TIOJIOCTh BEIPAOOTKU COBMECTHO C YNPOYHSsIE-
MBIMU TOPOJAMH KPOBIIM, KOTOPBIE paccilauBalOTCsi 00jee MHTEHCUBHO B MPHUKOH-
TYypHOM 4acTH BBIPAOOTKM M MEHEE WHTCHCUBHO — B 3arilyOJICHHON 4acTW JJIMHBI
aHkepoB. TakxKe clielyeT, UTO aKTUBHBIE CMEIICHUSI TOPOJ KPOBJIM BBIXOJAT 32 Ipe-
JIeNbl ITUHBI aHKEPOB B 2,4 M: COCTOSIHME KPOBJIM CO CTOPOHBI JaBbl (0COOEHHO, Ha
OXpPaHHOW KOHCTPYKIIHEHN) TpeOyeT He TOJNBKO 00Jiee TyCTOM CETKH apMUPOBAHUSI, HO
u ero OoJee riay0okoro pacrpoctpanenus. OIUH U3 BapUAHTOB TEXHOJIOTUYECKOTO
pelieHusi JaHHOW MpoOJieMbl — YCTAaHOBKA KAaHATHBIX aHKEPOB, KOTOPBIE OJHOBpE-
MEHHO MOTYT BBITIOJNHATH (YHKIMIO O0Jiee TIIyOOKOTO YIPOYHEHHUS TOPOJ KPOBIIH,
orpaHu4MBas ee paccioeHue. Tak, eciu pa3MecTUTh JIBa KAHATHBIX aHKepa (C 11arom
L=1,6—-2,0M, TO €CRp, UepEe3 JIBE paMbl MO JIJIMHE BHIPAOOTKH) B MOMEPEYHOM ceye-
HUU cuMMeTpuaHTI§ 0,8 — 1,0 M oT BepTUKaIbHOM OcH BbIpaOOTKU Mo yriioM 70 —
80° K TOpU30HTAIIH, TO@ YIOPOUYHSIOT 00BEM KPOBJIM Ha mUpuHy 10 7,5 — 8,0 M,

YTO JOCTATOYHO IS HOBL@MI YCTOMYMBOCTH MOPOAHBIX KOHCOJIEM M OrpaHuyYe-

HUS pa3MEPOB 30HbI HpeI[eJII:HOOHHI/IH nopon [87, 90].

O
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Pa3nen 3

UCCJIEJJOBAHME 3AKOHOMEPHOCTEN HAT'PYXEHU S
KOMBUHUPOBAHHOM AHKEPHOU CUCTEMBI
B KPOBJIE BLIPABOTKHU

3.1 HanpsikeHHOE COCTOSIHME BMEIIAIOIIUX TOPOT

Ipu YCTOﬁQHBOM MMPOABJIICHUU T'OPHOI'O AABJICHUA

IIpoBeneHHBIE MHOTOBapUAHTHBIE BBIYMCIUTEIBHBIE SKCIEPUMEHTHI JOCTa-
TOYHO OOIIMPHBI, YTO HE TMO3BOJSET MOMECTUTh BCE IMOJYYEHHBIE SMIOPHI B PAMKH
HacTosime paboTel. [losToMy BBIOpaH OJMH M3 BAapUAHTOB KOMOMHHPOBAHHBIX
AHKEPHBIX CUCTEM (JJFANCTAJICTIOJMMEPHBIX aHKEpa B IIEHTPAJIbHOM YacTH CBOJIa U JIBa
KaHAaTHBIX aHKepa 0 _nepudepuitHOi 4acTh), KOTOPBI CPAaBHUBAETCS C TPAJIMIIH-
OHHOW CXEMOW TOAIE s_BBIEMOYHOTO IITPEKA, HAPUMEp, IS YCIOBHUM OTpa-

ootk mnacra Cg.

JIns naHHOrO BapuaHTa @{GHH pe3yJIbTaThl CPAaBHUTEIIBHOIO AaHAIU3a 10

NPSDKCHUi (BEPTUKAIBHBIX O, TOPH-

pacrpeneneHnIo TpeX OCHOBHBIX KOMrbae a
30HTAJIBHBIX O, U MHTEHCUBHOCTH HaHpHQI ) B MacCHBE U KPENIS)KHON CHCTEME;
HO, BO TJIaBy yTJjia TMOJIOKEHbI 0CO66HHOCTHQ)H CHpe/eNIeHUs] THTEHCUBHOCTHU
HANPSDKCHUH O, Kak 0000IIaromield XapaKTepMHUKUN HAPSHKEHHOTO  COCTOSTHHS
JF000T0 TOPHOTEXHUYECKOTO OOBEKTA. \(b

AHanu3 smopbl UHTEHCUBHOCTH HampsbkeHuil (puc. 3.1) B okpykarouiem
BBIPAa0OTKY MAacCHMBE TMPU HCIIOIH30BAHUM KOMOWHHMPOBAHHON aHKEPHON CHUCTEMBI
B3aMeH 0a30BOM MoKa3aj psJl USMEHEHUH B COCTOSIHUM OM3JIEXKAIIUX TTOPOI.

B kpoBiie BBIEeMOYHOT0 HITpeKa 00pa3yeTcst 30Ha Pa3rpy3ku O, OTIMYAIOIIAsICS
OT TakOBOW i 0a30BOM CXEeMbl KpEIJICHWS IO CBOeW QopMe M pa3zMepam.
Bo-niepBhIX, pasrpy3ka NMpakTHYECKH HE 3aTparuBaeT IMOPOJbl HETOCPEICTBEHHOM
KpoBJiii. Co CTOPOHBI BBIPAOOTAHHOTO MPOCTPAHCTBA 00pa3yeTcs JOoKajlbHasi 00J1acTh

C BEIMYMHOM O, COOTBETCTBYIOIIEW COCTOSSHUK) HETPOHYTOIO  MAacCHUBA.
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461786
2,3103¢6
2802,4 Min

Pucynok 3.1 — Dmropa®p JICHUSI MTHTEHCUBHOCTH HANIPSIKEHUN O

B IIOPOJTHOM MacCHUBE np: K@QI/IHPIPOBaHHLIX AHKEPHBIX CUCTEMax
Han nienTpasibHOM 9acThIO CBOJIAa B MMOPOIAXBOALUKACT 00IaCTh C KOHIICHTPAIMEH O
ypoBHs 1,6 — 2,0 OT HAa4aJILHOT'O COCTOSIHUA H ;?ro MaccuBa. [lo abcomtoTHOM
BEJIMYMHE ATa KOHIIEHTpALMsl O HE MpeacTaBisseN\onageoctH, Tak kak B 3,0 — 3,8
pasza HUXKEe COMPOTUBIICHUS CKATHIO MECYaHUKA Henaep&;laeﬂﬂoﬁ kpoBiu. Ha nan-
HBIM (DakT HEOOXOaUMO OOpaTUTh BHUMAHHE MO cleayromie npuurHe. OObIUHO, B
TOM 4YHCIIe U B 0a30BOM CXeMe KPEIUICHHS, B HEMOCPEICTBEHHON KPOBJIE HAJ BBIpa-
00TKOM 00paszyercs 30HA pasrpy3Ku, TJI€ MOHUKEHHBIE O XapaKTepU3YIOT MPOTrud
MOPOJTHOTO CJIOS B BBIPAOOTKY C COOTBETCTBYIOIIUMH €TI0 TOPU30HTAIBHBIMU MOJI-
BI>KKaMU. ECiy mOpOIHBIN CIIOW LEIOCTHBIN, TO €r0 TOPU30HTAIBHBIE TOABUKKHA HE
CHIDKAIOT CONPOTHUBIICHUSI BEPTUKATILHOMY FOpHOMY JaaBieHut0. Kak nmpaBuio, Hemno-
CpeICTBeHHAsT KpOBJS pa3OuTa TPEHIMHAMHU pa3pbhiBa HA MOPOJHBIC OJIOKH M ECIH
MOPOAHBIC OJIOKHM BBIAIYT U3 KOHTAKTA JAPYT C APYroM, TO MPHU MX MpOorude pacrop-

HOM KOHCTPYKLIMM HE 0Opa3yercs, a MOpOJHbIe OJIOKM OOpYIIAIOTCS Ha PaMHYIO
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kpensb [11, 15, 68, 88]. Ilpu Hanuuuu rOPpU30HTAIBLHOTO PACIIOpa MOPOIAHBIE OJIOKU
COMPOTUBJISIOTCS BEPTUKAIBHOMY TOPHOMY JABJICHHIO, @ UMEHHO HeOOJbIIasi KOH-
LHEHTpAlKsl O YKa3bIBaeT HA MOBBIIICHHBIA TOPU30HTANBHBIA pacnop NOPOJHbBIX OJI0-
KoB. ONHCcaHHOE COCTOSIHHE HEMOCPEACTBEHHOM KPOBIM CPOPMUPOBAIOCH Onarogapst
ee COeAMHEHUIO0 C OCHOBHOM KPOBJIEH MOCPEICTBOM KaHATHBIX aHKEPOB, — 00pa3yeT-
Cs1 BECbMa MOLIHAsl apMOIIOPO/IHAS [IJIUTA BBICOKOW HECYIIEH CIIOCOOHOCTH.

Bo-BTOpBIX, XapakTep pacupelneieHuss O B NEPBOM CJIOE€ OCHOBHOM KpOBIHU
(MpeacTaBIEHHOM MOIIHBIM AJEBPOJIMTOM) YKa3bIBa€T Ha BO3MOKHOCTh YAaCTUYHO
HE3aBUCUMOT0 MNporuda OCHOBHOW M HEMOCPEACTBEHHON KpPOBIM C HEKOTOPBIMH
TOPU30HTAIBHBIMUA MOJBM)XKKAMU OTHOCUTENBHO APYr Apyra Onarogaps orpaHUYeH-
HOM MOJATIMBOCTH KMJaTa 3a CUET €ro YUIMHEHUs NPU pacTsHKeHUU. BO3MOKHOCTD
TOPU30HTAIBHBIX NE[JEMEIICHUIT OTHOCUTENIBHO IPYT ApPyra CIOEB HEIOCPEICTBEH-
HON Y OCHOBHOM KpOB!®0006CTByeT MOSIBJICHUIO B MOCTEAHEN JoKanbHOM obiac-
TH Pasrpy3Ku pa3Mepamu ockoctu ceuenus 0,7x1,0 M. YpoBeHb pa3rpys3ku
cocraiser 0,4 — 0,8 or Benu n@ AQ4aJbHOTO COCTOSIHHMSI HETPOHYTOI'O MACCHUBA.
OTO YyKa3bIBaeT Ha COXPAHEHHE YACTUNLOPU3OHTAIBHOIO pacropa B Mpeaenax 3Tou
JIOKaJIbHOM 00J1aCTH, BbIIIE KOTOPOU coce QJIEBPOJIMTA NEPEXOJUT B UCXOTHOE
HavyaiapHOE. Ha moJIoBUHE MOIIHOCTH MOPOAYLTOYCI0SI OCHOBHOM KPOBJIH JIEMCTBYET
KOHLEHTpalus ¢ ypoBHs 1,2 —2,0. JlanHast KORUEHpPALMS XapaKTEPU3yeT IEHCTBHE
paclopHbIX YCUJIUMH MPU CONPOTUBIIEHUHU MPOTrHOy RIKYCTO €0 OCHOBHOW KPOBIIH,
a a0comtoTHbIC 3HaUCHUST O B 1,75 — 2,91 paza HUKENCONPOTUBIICHUSI C)KATUIO AJICB-
poJuTa.

Takum 06pa3zom, MOKHO CHENATh CIEAYIONINI BBIBOA: aOCOTIOTHOM KECTKOCTH
apMOTOPOIHOM IJIUTHI U3 OCHOBHOM U HEMOCPEJICTBEHHON KPOBJIM JOOUTHCS HE yJa-
aock. Ho 3toro u He TpeOyeTcst MO MPUYKMHE WX COBMECTHOTO M aKTHBHOI'O COMpPO-
THUBJICHUSI TOPHOMY JABJICHHUIO B MIPEAEIIAX HANPSIKEHU O, BECbMa JAJIEKUX OT pas3-
pyliaronux 3HaueHui. B 1o ke BpeMsi, B 0a30BO cxemMe KpeIuieHUsI 30Ha pa3rpy3Ku
IIPOXOJIUT YEPE3 BCKO MOUTHOCTh HEMOCPEACTBEHHON KPOBJIHU C BECbMa BEPOSITHBIM €€
00pyIIEHUEM.

HeratnBHBIM 00CTOSTEILCTBOM SIBIISICTCS MOSIBIICHHE Y4aCTKa pasylnnpOdHCHHBIX
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nopoj Ha riryouny a0 0,15 — 0,20 M B IPUKOHTYPHOM 00JIaCTH CO CTOPOHBI HETPOHY-
Toro mMaccuBa. OQHAKO, 3TO HE MOXET CYIIECTBEHHO IOBJIMATh Ha CONPOTUBIICHUE
HEIOCPEICTBEHHOW KPOBJIM TOPHOMY AaBieHUIO. KOHIIEHTpauyss O JIUIIHKMK pa3 MoJ-
YEPKUBAET AKTUBHOE BOBJICYEHUE ITIOPOJL HEIIOCPEACTBEHHOW KPOBIIM B IIPOTUBOIECHUCT-
BHE IPOLIECCaM CIBWKEHUS HAAYTOJIbHON TOJIIIH.

B npuneraromumx O0KOBBIX NOPOJAX CO CTOPOHBI HETPOHYTOIO MaccHBa HaOJI0-
JaeTcsl elle oJHa OCOOEHHOCTh B pacHpeleSiCHMM WHTEHCHBHOCTU HANpSKEHUH —
NOHWKEHHbIE O B CPAaBHEHUHU C 0A30BBIM BApUAHTOM KperuieHus. Tak, KOHLEHTpaLus
o cocrapisier 1,6 — 2,0 Ha mmpuHy B MaccuB A0 2,1 M, KOTOpas MHOTOKPAaTHO MEHb-
1€ COMPOTUBJIEHUS CKATUIO, KaK MTOPOJ HEMOCPEICTBEHHOW KPOBIIU, TaK U YTOJIBHOTO
IU1acTa; B cIa0bIX MOPRIAX HENOCPEACTBEHHOMN MOYBBI TaKasi KOHLICHTPAIUS BbI3bIBACT
UX pa3ynpoyHeHuNSHU PrOcoOCTBYET MHTEHCU(PHUKAIIMH ITPOLecca yYSHHUS.

Ecmmn cpaBHHBaT®<OBoe OMOPHOE JaBJICHUE MPU UCIOJIb30BAHUU KOMOWHU-
POBAaHHOM aHKEPHOU CI/ICTGO OHO B 2 — 3 pa3a HHWXKE [0 OTHOLIEHUIO K 0a30BOMY
BapuaHTy KperuieHus. OueBun G 0 MPOUCXOIUT MOTOMY, YTO C(OPMHUPOBAHHAS
apMONOpOJHas IUINTA B KPOBJE I/IMee}\QOBHmeHHon IIOLAAb OMOPHl HA OOKOBBIE
NOPOABL; TOTJA UX HANPSKEHHOCTh CHHH. bonee BBICOKME KOHLIEHTpALUU O
HAO0JIIOIAI0TCS TOJIBKO B MPUKOHTYPHBIX nopgAad) Ha mmpuny 10 0,3 — 0,7 M, HO HH
JUISl TIOPOJ, HETIOCPEACTBEHHOM KPOBJIM, HU IS yTOJPHOIO IIJ1acTa OHM HE IIPEACTaB-
JISFOT ONACHOCTH B IUIAHE Pa3ylpOYHEHUS.

Co cTopoHBI BBIPAaOOTAaHHOI'O MPOCTPAHCTBA HA®L M IMOJ OXPAHHON KOHCTPYK-
el GopMUPYIOTCA BBICOKHE KOHIICHTPAIIMU HAMPSHKEHUI 4TO 00YCIOBJIEHO OTHO-
CUTEJBHO HEOONBIION IUJIOMIAJBI0 OMOPbl B BHUAEC OXPAHHOW CHCTEMBI, KOTOpas
IPOBOLIUPYET pa3yNpOYHEHUE OMPEEICHHBIX OOBEMOB MOPOJ HEMOCPEICTBEHHOU
KPOBJIM U ITOYBBI.

IToBbIIIEHHAST KPEMOCTh MOPOJ HEMOCPEICTBEHHONM KPOBIM OTPAaHUYMUBAET
o0nacTpe pasynpouHeHus. Ha KOHTakTe ¢ OXpaHHON KOHCTPYKUHMEH pa3ylNpOvYHEHHE
IIPOTHO3UPYETCS MO BCEM €€ IIMPUHE, a HA T'PAHUIEC C OCHOBHOW KpPOBJIEH IIMPHUHA
pasynpouneHus: nopoa He npesbimaetr 0,3 M. B mopoaax HEMOCPEICTBEHHON MOYBBI

IIyOMHa pa3synpovyHeHus aocturaeTr 6,5 M npu mupuse 10 3,1 M, 4ro, 0e3ycioBHO,
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TeHEpUPYET aKTUBHOE CABMKEHHE MOPOJ IMOYBHI TUIACTA B TIOJIOCTH BHIPAOOTKH.

W3 npuBeeHHBIX CBEICHUM CIEAYET, YTO AJIS MOBBIIICHUS )KECTKOCTH OMOPbI
CO CTOPOHBI BBIPAOOTAHHOIO MPOCTPAHCTBA HEOOXOAMMO OIrpaHUYECHHE O00JaCTH
pa3synpodyHEHHs] HAJ W MOJ OXPAaHHOM KOHCTpykuueu. Ho, 310 mpencrasiser yxe
IPYTy10, OTIETBHYIO 3a7a4y, KOTopas paccMoTpeHa padote [77]. 3aech e OTMETHM,
YTO [0 LIMPHUHE BIUSHUSA KaHATHOTO aHKepa (CO CTOPOHBI BEIPAOOTAaHHOTO MPOCTPaH-
CTBAa) B MPUMBIKAIOIIUX K BBIPAOOTKE MOPOAAX HEMNOCPEACTBEHHON KPOBJIM KOHICH-
Tpalusl HaNpsLKEHWM He pa3pyllarolascs, Kak U B HIJKHEM CJI0€ OCHOBHOM KpPOBIIH.
[Tporuo3upyercs LEI0CTHOCTh apMOIMOPOAHON IUIUTHI, (popMHUpyeMOl KOMOHMHHPO-
BaHHOM aHKepHOW cuctemoil. CienoBaTeNbHO, 3Ta TUIMTA OYJIET aKTUBHO MPOTHBO-
JENCTBOBATh BEPTUKIRPHOMY TOPHOMY JABJICHHUIO.

B cnaGeix MOp@Max mouBsl BHIEMOYHOM BBIPAOOTKH I10 €€ MIUpPHUHE 00pazyercs
30Ha pasrpy3Ku, pacn@)aﬂﬂmmamﬂ no rayOune 10 5,5 M. B yrioBbIx uactsax
BBIPA0OTKH JEHCTBYIOT pa AIOIINe HANPSDKEHUS B OOIIMPHBIX 00JACTSIX MOPOJ
nouBkl. JlaHHBIE OOMacTu Oy 0COOCTBOBATh IEPEMEIICHUIO TOPOJ B 30HY
pasrpy3ku U jgaiiee B BbIPaOOTKY. l'beTOMy MO>KHO TPOTHO3UPOBATH JTOCTATOYHO
WHTEHCUBHOE IyYEHHUE IOPOJ MOYBBI . 3nech BIMAHUE KOMOWHUPOBAHHOM
aHKEPHOM CHUCTEMBI TNPOCIEKUBAECTCS B M€ i crenieHr. OCHOBHBIM (PaKkToOpoM
IIyYEHHUs SBJIAETCS BECbMa HHM3Kasl KpernocTh nopoa @OuBbl. Tem He MeHee, pa3Mephl
oOyactell pa3ynpo4YHEHHUs B IOYBE 3aMETHO HIKE, YeM PP 0a30BOM BapuaHTE Kpen-
JIEHUS! U TJIABHOM MPUYMHON TOMY SIBJISIETCS HE MHTSHCUBHOE OMOPHOE JABJICHUE B
OOKax BBIEMOYHOW BBIPAOOTKH.

[ToaBons UTOTM OCOOEHHOCTAM pacHpe/ielIeHUs] MHTEHCUBHOCTH HaIpsiKEeHUH
B OnM3/IeKaleM MOPOJHOM MAaCcCHUBE, CIETyeT OTMETUTh MO3UTUBHOE BIUSHHUE KOM-
OMHHUPOBAHHON aHKEPHOI CHCTEMBI HAa COCTOSTHUE MOPOJ KPOBIH, T1ie GopMUpYyeTCs
apMOIIOpOJIHAsl TUIMTA JOCTATOYHO BBICOKOHM ycroitumBoctu. [loa ee 3amuToil mpo-
THO3UPYETCS yAOBIETBOPUTEIBHOE COCTOSIHUE BBIEMOYHOU BBIPAOOTKH.

[To3uTHBHBIE 0COOEHHOCTH, MOJUYEPKUBAOIIKE Mpoliecc (OPMUPOBAHUS apMO-
NOPOAHOW IJIUTHI B KPOBJIE C MOMOUIbI0O KOMOMHHUPOBAHHOW AHKEPHOW CHUCTEMBI,

AOCTATOYHO YCTKO IPOABIIAIOTCA Ha 3SIIOPE TOPHU30HTAJIBHBIX HaHpH}KCHI/Iﬁ O,
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(puc. 3.2). O6macTh UX KOHIEHTPAIMI PaCIPOCTPAHSIETCS MO BCEH MUPUHE CBOAA U

MOIIIHOCTH HEMOCPEACTBEHHON KpoBiu. Bennmunna o, <18 — 25 MIla u BbIcOKa B

CPaBHEHUU C UCXOJHBIM COCTOSIHEM HETPOHYTOTO MaccuBa (KO3(PPUIUEHT KOHIICH-

Tpauuu k. =5,2 — 7,3). PazynpouHeHus nopoj; HENOCPEICTBEHHON KpPOBIU 3TO HE

BbI3bIBaeT. [10BBILIIEHHbIE TOPU3OHTAIBHBIE CKUMAIOIIUE HAMIPSKEHUS IEHCTBYIOT IO
BCEH MOIIHOCTH CJI0s, CO3/1aBas TaKOM pacrop B MOPOJHBIX OJIOKAaxX HEMOCPECTBEH-
HOW KpOBJIM, KOTOPBIA HE JIOIYCKAET CYIIECTBEHHBIX €€ MPOruOOB B MOJIOCTh BbIpa-
60Tku. B 00KOBBIX yacTsAX (MO OTHOIIEHHUIO K BHIPAOOTKE) HETIOCPEICTBEHHOM KPOB-
JU TakXke UMEET MECTO OTHOCHUTEIbHO HEOJHOPOJHOE TMOJ€ PACIPEACTCHUS CHKU-

Maronux o, Mo €€ MOIIHOCTH, — 3[1€Ch, ONATb-TaKU, MPOUCXOAUT PACIIOP IMOPOAHBIX

6110K0B. B pe3ynbte acnopHa;I OnouHas cucTeMa B HETOCPEICTBEHHOM KPOBIIE HE

TOJIBKO YCTOMYMBA, @(TI/IBHO COMPOTHUBJISETCS HAIPYy3KE CO CTOPOHBI OCHOBHOM

KpPOBJIN.

PucyHnok 3.2 — Dmropa pacnpenencHus TOPU30HTAIBHBIX HAPSKEHUH O,

B IOPOJHOM MACCHUBC IIpU KOMGI/IHI/IpOBaHHI)IX AHKCPHBIX CUCTCMax
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B mopoaHbIX CiOsIX OCHOBHOM KpOBIM HAOJIONAETCS W3O MO MOIIHOCTU
Kaxzaoro aurotuna. Co CTOPOHbI BbIpaOOTAaHHOI'O IMPOCTPAHCTBA M3MEHEHHUE 3HAKA
KPUBH3HBI CII0EB (PMKCUPYET HAIIpaBICHUE MTOBEPXHOCTH MOITHBIX CABUKEHUMN (OIycC-
KaHhe OJIOKOB OCHOBHOM KpOBIM Ha OOpPYIIEHHBIE MOPOJLI HEMOCPEICTBEHHOMN) B
COOTBETCTBUM C CYIIECTBYIOIIMMH IPEACTABICHUSAMH O IPOLECCAX CABHKEHUS
HAJYTOJIbHOW TOJIIIM MPU OYMCTHOM BbleMKe [29, 86 — 89]. Havasio 310l nmoBepxHO-
CTH HaxXOAMUTCS 3a IpelejaMy IIMPHUHBI OXPAHHOW CHUCTEMBI M YIAJIEHO B CTOPOHY
BbIpa0OTaHHOTO MPOCTPAHCTBA Ha paccrosiHue 2,5 — 3,0 M. B nanHoil obnactu npo-
CJIEKUBACTCS U3THO MOPOAHBIX CIOEB OCHOBHOW KPOBJIM C MOSIBJICHHEM HEOOJBIINX

pactaruBaromux o, 10 1,0 — 2,5 MIla B BepxHel 4acTu KaxkJ10ro ciosi. Pactsxenus

OTPaHUYEHO U cOCTapMET 5 — 10% OT MOLIHOCTH CIOEB.

CnenoBaTendH, BEPOSITHOCTh PA3BUTHUSL TPEIIUH Pa3pblBa B CIOSX OCHOBHOM
KPOBJIM TakKe OrpaHuNeMN. 110 ocTasibHOM MOIIHOCTH CIIOEB JIEUCTBYIOT CHKHUMAIO-
HiMe HamnpsbKeHus, odecre IIME UX YCTOMYMBOE COCTOSHHE 3a CUET pacropa.
B 6onbiieit yactu obnacteit oc KPOBJIM HAIIPSHKEHUE U3MEHSETC B 1Hanaso-
He, OJIM3KOM K Ha4aJIbHOMY COCTOﬂHHNeT OHYTOI'0O MacCHBa, U MEHBILIEM BEIUYUH
COIPOTHUBIICHUA JINTOTUIIOB CHKATHIO.

Takum o0pa3oM, no ¢akropy pacnpedengHus, KOMIOHEHTH O, B MOpOAax

KPOBJIM MPOTHO3UPYETCSI UX YCTOWYUBOE COCTOSINY#Z; OCOOCHHO ATO Kacaercs HEro-
CPEICTBEHHOW KPOBIIH, TJle KOMOMHUPOBAHHAsI aHKEPHYSL SUCTEMa CO3/1a€T BBICOKHE
YCWIHSI pacnopa MeXIy NOPOAHBIMH OJIOKaMH, CBSI3bIBAET UX C OPOAAMH OCHOBHOM
KPOBJIK M 00€CTIEYMBAET, TEM CAMBIM, JOCTATOUHOE COMPOTHUBIIEHUE BEPTUKAIBHOMY
TOPHOMY JIaBJICHUIO.

OObpazoBaHHasi apMOIMOPO/IHAS IIJTUTA B KPOBJIE UMEET PACHIMPEHHYIO TUIOIIA b
OMophl Ha MOPOJsl B O0Kax BBIPAOOTKU. OO 3TOM CBHJIETEILCTBYET MPAKTUUYECKH

OJHOPOJHOC II0JIC HaHpH)KeHI/Iﬁ O, 3a UCKIIIOYCHUEM JIOKAJIbHBIX Y4YaCTKOB ITPHUKOH-

TYpHBIX MOPOJ Ha mupuny 10 0,8 M. B 6a30BOM BapuaHTe aHOMAJIUK TOPU3OHTANb-

HBIX HaMpsHKeHUH pacnpocTpanstorcs Ha 4,0 — 4,5 M B 00Ky BBIpaOOTKH.



71

Co cTOpOHBI BBIPa0OTAHHOIO MPOCTPAHCTBA B IMOPOJAX HEMOCPEICTBEHHOMN
nouBbl (M0 MIyOMHE HWKHEW TMOJPHIBKU IITPEKa) BO3MYIIECHUS TOPU30OHTAIIBHBIX
HaIpsDKEHUI HE CTOJIb Pa3BUTHI, KAK B 0A30BOM BapUaHTE KPEIJIEHUS U B OOJbIIEH
YacTHU JaHHON 00JacTH UMEIOT HEOOJBIINE OTKJIOHEHHSI OT HauyalbHOI'O COCTOSIHMS
HETPOHYTOTO MacCUBa. 37€Ch MOKHO MPENOJI0KUTh TOHMKEHHOE OOKOBOE OTMIOPHOE
JIaBJICHHE 3a CUET TOTO, YTO OMYCKAIOIIHecs B BhIpaOOTaHHOE MPOCTPAHCTBO MOPOJ-
Hble OJIOKM OCHOBHOW KPOBJIM MMEIOT ONPEJEIICHHBIN pacnop ¢ HOPOJHBIMU CIOSMU
HaJ BbIpaOOTKOM M 3a CUET HErO COXPaHSIOT YaCTh HECYIel CIOCOOHOCTH MO MPOTH-
BOJCICTBUIO BEPTUKAIBHOMY TOPHOMY JaBJIEHUIO.

B o6nactu mopos MoYBbl HEMOCPEACTBEHHO MO BBIPAOOTKOW aHOMAJIMM Ha-
NPSDKEHU Takke HE RTOJIb BEJIUKHU, HO UMEETCSl 00JacTh PACTSHKEHHs TIyOMHON 10

0,6 M, T71e mponucX¥ATPacciioOeHNE U MEPEMEIICHUE TTOPO]T B BRIPAOOTKY.

Ilo pe3yanaTaiv1®m3a II0JISL PACTIPEEIICHUS TOPU30HTAIIBHBIX HANPSLKEHUM
MOHO ITOATBEPAUTH paHe@laHHHﬁ BBIBOJI O TOM, YTO KOMOMHUPOBaHHAs aHKEP-
Hasl CUCTEMa CIIOCOOCTBYET CO3 @ 0 OCTAaTOYHBIX YCHUIIMU pacriopa IJisi COXpaHe-
HUS YCTOMYMBOCTHU Henocpez{CTBeHHo}\Kpomm, C OJHOW CTOpOHBI, a, C IPYTOu, —
00BbEIMHSAS HEIOCPECTBEHHYIO KPOBJIIO BHoﬁ, CO3J1a€T ApMOIIOPOJIHYIO IIITUTY

BBICOKOW HECYIIEel CIIOCOOHOCTH.

B 3akmtouenue ananmuza HJIC Onuznexalierg/mopogHOro MaccuBa pacCMOT-

PHUM OCOOCHHOCTH pacnpCaACiICHUus BECPTUKAIBHBIX HAIIPAK HUI O'y, OIIIOPa KOTOPBIX

npuBeeHa Ha puc. 3.3.

B kpoBiie mrpeka 30Ha pasrpy3ku OT BEPTHKAIBHBIX HANPSDKCHUN O, CyLIECT-

BCHHO OTJIMYACTCS OT 0a30BOM CXEMBI KPEIUICHHS B CTOPOHY CHIDKCHHUS Pa3MEpOB
30HBI U CTENECHU PA3TPY3KH:

— pasrpyska yposus &k, =0,47 — 0,83 pacrnpocTpaHseTcsi B KPOBIIIO BCETO J10

1,8 M ipoTtuB 4,3 M B 6a30BOI CXeMe KPETUICHUS;

— OoJiee riybokas creneHb pasrpysku (k, =0,10 — 0,47) umeer mMecTo B mpH-

KOHTYpPHBIX nopoaax Ha Bbicoty 10 0,6 M u mmpunoi 1o 1,9 m. B 6azoBoii cxeme

KpEIUIEHUS! 3TU pa3Mepbl cOCTaBILIOT 2,0 U 3,5 M COOTBETCTBEHHO. JTO yKa3bIBAET
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Ha pacrpoCTpaHEHHE BeChbMa TIIyOOKOH pa3rpy3Ku MO BCEW MOIIHOCTH HETOCPEICT-
BEHHOW KPOBJIM U 1O OOJIbLIEN YaCTH IIMPHUHBI CBOJIA BEIPAOOTKH;

— HOJIHOM pasrpysku (0, =0) ¢ MOSBJICHHEM PAaCTAIMBAIOMIMX BEPTHKAIBHBIX

HaANPSDKEHUH MPaKTUYECKU He HAOI0aeTcsl B OTJIMYME OT 0a30BOI CXEMBbI KPETUIICHHUSL.

Pucynok 3.3 — Dnropa pacnpenieneHust BEpTUKAI HANpPSDKCHUH O,

B MTOPOIHOM MacCHBE NMPU KOMOMHHUPOBAHHBIX aHKEPHBIX CHCTEMax

[IpuBeneHHbIE TaHHBIE CBUAETEIBLCTBYIOT 00 OTCYTCTBHM CBOJAA MPENEIBbHOTO
paBHOBECHsI, KOTOPbIN 00pa3yeTcsi IpU pacCIOEHUH OPOJI KPOBJIM 3a CUET ACHCTBUS
paCTATUBAIOIIUX HAIpsHKEHU. OTo 00yclioBiieHO ¢GopMupoBaHHEM (C TOMOIIBIO
KaHAaTHBIX aHKEPOB) MOIIHON apMOIIOPOAHOM TUIMTHI, HE JOMYCKAIOIIeH 3HAYUTEb-
HBIX MPOTUOOB HAJl BHIPAOOTKOM, a JIOKAJIbHBIE PACCIOEHUS B LEHTPAIbHOW YacTu
CBOJA NPENYNPEKIAIOT ABA CTAICIIOIUMEPHBIX aHKEpa.

Jpyroit 0cOOEHHOCTBIO SIBISIETCS MaJOBBIPAKEHHAs! 30Ha OMOPHOTO JABICHUS

CO CTOPOHBI HETPOHYTOTO MacCHBa. 31eCh HAOJIOaeTCS KOHIICHTPAIIHS COKMMAIOIITUX
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(k,=1,2 - 1,9/ ) u niiup B IOKAIBHBIX 00JIACTSX IPUKOHTYPHBIX MOPOJ| HA ILIUPH-
Hy 0,2 — 0,5 M 1€MCTBYIOT NOBBIIICHHBIE KOHIEHTPALUA YPOBHSA (ky =3,0 —4,29).

Takoe moBeaeHUE MOPO B OOKY BBIPAOOTKH OOBSICHSAETCS MOBBIMICHHOW TUIOMIAIBIO
OTIOPBI APMOIIOPOTHOM TITUTHI B KPOBJIC, PACIIPEACIISIONICH BEPTUKAIBHYIO HATPY3KY
0onee paBHOMEpHO. CO CTOPOHBI BRIPAOOTAHHOT'O MPOCTPAHCTBA JCHCTBYET BHICOKAS

KoHUeHTpauwmst (k, =3,0 — 4,2)H ) Hax W MO OXPAaHHOW KOHCTPYKLHMEH, HO 3Ta

00J1aCTh pacpoCTpaHseTCs MO BHICOTE B KPOBIHO B 1,7 pasza u 1o TiiyOMHE B MOYBY B
2,1 pa3a meHblIe, 4eM Mpu 0a30BOI cXeMe KpEeTIeHUsI.
['maBHasg nmpuunHa 37€Ch BUAUTCA B YACTUYHOM COXPAHEHUU PACIIOPHBIX YCH-

JUI MEXIy TOPOAHBIMHU OJIOKaMH HaJ BHIPAOOTKOW M CO CTOPOHBI BHIPAOOTaHHOTO

IpPOCTpPaHCTBA. O JUSl TO3BOJISIIOT CO3/1aTh MPOTHBOJEHUCTBHE BEPTUKAIBHOU
COCTABJISIFOLIEN TOPHOT, JICHUS ¥ PACTIPEJEIIUTD €ro Mo OOJbIIEH TUIOMAAN, B TOM
4uclie, U B CTOPOHY BBIPAO oro mnpocTtpancTBa. bomnblas miomnaabs ero pacmpe-

ACJIICHUS CHUIKACT KOHIICHTPaNH

B nouge BLIpa6OTKI/I 30Ha F&(H O'y TAaKKC MCHBIIC KdK II0 pasMEpaM, TakK

U 110 BEJIMYMHE B CpaBHEHHH ¢ 0a30BOM '@ i kperieHusi. 9To 00yCIOBIEHO CHU-
YKEHHEM I1apaMeTpPOB 30H OIIOPHOTO JABJICHUS KaX BBIPAOOTKHU.

Takum oOpa3oM, aHaIU3 COCTOSIHUSI YIJIEBMCIIAIOMIETO MAacCHBa BOKpPYT
BBIEMOYHOU BBIPAOOTKH yOETUTENbHO JOKa3bIBaeN YT MpUMEHEHHE KOMOMHHPO-
BAaHHBIX AHKEPHBIX CHUCTEM MO3BOJISIET Ooisiee 3 (HERKABHO MCIOIH30BATh HECYIIYIO
CIIOCOOHOCTB MOPOJ KPOBJIM 33 CUET COXPAHEHMS YCHIIMI pacriopa MeXy IMOPOIHbI-
MU OjokaMu M (POPMUPOBAHUS APMOMOPOAHON TUTMTHI. J[eHCTBYS MO aHAJIOTHU C
«IETTHOM peakiuen» CHUXaeTcsa MHTeHCUBHOCTh aHoManuid HJIC B Gokax u mouBe
BBIEMOYHOU BBIPaOOTKHU. M3 3TOrO ciieyeT BBIBOJ O MO3UTUBHOM BIUSHUU KOMOH-
HUPOBAHHBIX AHKEPHBIX CUCTEM Ha YCTOWYMBOCTH OKPYKAIOIIETr0 MOPOJHOTO MACCH-

Ba, YTO OI'paHUYMBACT IIPOABJICHUA T'OPHOI'O AABJICHUA B BBEIECMOYHOM BBIpa6OTK€.
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3.2 HanpspkeHHOE COCTOSIHUE 3JIEMEHTOB KPENEkKHOM

CHCTEMBI BBIEMOYHOM BBIpa6OTKI/I

AHanu3 NoBeICHHsI MaCCUBA B OKPECTHOCTU BHIEMOYHOW BHIPAOOTKH MO3BOJIMII
IPEINONI0KUTh, YTO KOMOMHUPOBAaHHAs aHKEPHAasi CUCTEMAa CIIOCOOCTBYET CO3/1aHUIO
TaKuX PaCIOPHBIX YCHIHI, KOTOPBIE MO3BOJISIIOT pACCMATPUBATh HEMIOCPEICTBEHHYIO
KPOBJIKO Y HWKHUUM CIIOM OCHOBHOW KaK apMONOPOJHYIO IUIATY, BOCIPUHUMAKOULYIO
OOJIBIIIYI0 YaCTh BEPTUKAJIHLHOIO TOPHOIO JABJICHUS U 3aAIIMIIAIOUIYI0, TEM CaMBbIM,
PaMHYIO KpeIb OT YpE3MEPHBIX HAIPY30K.

Crnenyrommii 3Tam UCCiIeI0BaHUM COCTOUT B KOMIUIEKCHOM OLEHKE COCTOSIHUS
BCEX KPEMEKHBIX AIEMEHTOB, PYKOBOJICTBYSIChH JIIOPaMU PaCIpeIeTICHNs] BEPTUKAIb-
I>IX O, HANpPsKEHWW U UX MHTEHCUBHOCTH O. B mepByro

HBIX O, TOPU30H

y’

odepellb pacCCMOTPH WHTEHCUBHOCTU HANPSKEHUW, OCKOJIBKY 3TOT MapameTp
BKJIIOUAeT B ceOs ompese 0 KOMOMHAIIMIO BCEX KOMIIOHEHT HANpPSKEHUU U
ABJISICTCS. MHTETPAIBHBIM 110 a@w COCTOSIHMSL TOI'O WJIM HHOI'O KPEIEKHOTO
3JIEMEHTA. DMI0pa UHTEHCUBHOCT am%meHHﬁ MpUBEEHA Ha puc. 3.4.

BepxHsak paMHOW Kpenu Haxonu pa3srpy’KE€HHOM COCTOSIHUM, KOTOpOE

BeCbMa 4acTo (UKCUPYETCs MpU MpoBeICH? VCIIUTEIBHBIX SKCIIEPUMEHTOB IS
ycnoBuid maxt 3anagHoro Jlonbacca. OnHako, @renegs HeJOorpyKEHHOCTH BEpXHsIKa
IpU UCMOJIb30BaHUM KOMOMHHPOBAHHOW AaHKEPHOMN\CHUC)EMBbI CYIIECTBEHHO OTJIMYa-
eTCsl OT TaKOBOM 1Jisi 6a30BOr0 BapuaHTa KpPEIUIEH 0 paccMOTpeHo Ooliee moa-
poOHo. [lepudepuitHplii y4acTOK BepXHSKAa B pallOHE 3aMKOB IMOJATINBOCTH Xapak-
TEPU3yEeTCS MUHUMAJIbHOM HamnpspkeHHOCThI0 (0 <20 — 25 MIla), uyto BmosHe
O00BACHUMO IITATHBIM PEXHUMOM HUX padoThl. B 0a30BOM BapuaHTe KpeIUieHUs Ha
KOHIICBOM YYacTKEe BEpXHSKa CO CTOPOHBI BHIPAOOTAHHOTO MPOCTPAHCTBA BEJIMUYHMHA
MHTEHCUBHOCTU HaNpshKeHUM coctaiisgeT yxke 47 — 93 Mlla, To ectb, Bo3pacTaer B
HECKOIbKO pa3. Co CTOPOHBI HETPOHYTOIO MacCHBa KOHIIEBOW y4YaCTOK BEpXHSKa
nojaBepkeH nelcteuio ¢ =185 — 270 MIla; BepXHsisi TpaHHIIA 3TOrO JUAIA30HA YKE

COOTBETCTBYET pacueTHOMY Iipeneny Tekydectu craiu CT.5, U3 KOTOpOil OOBIYHO

nsroraBnuBaetcs crennpodwis CBIL.
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PucyHnok 3.4 — Dnropa UHTEHCUB HaIIPSKEHUM O B KPETIEKHBIX

3
3JIEMEHTAaX BHICMOYHOM BbIpang, IIPpH UCIIOJIb30BAHUHN

KOMOMHUPOBAaHHON aHKSPHOULUCTEMBI

Taxast BbICOKass MHTEHCUBHOCTb HAIPSDKEHUIN CEHIETENIBCTBYET O HACTYIIJICHUN
KECTKOTO pekrMa padOoThI y3/1a CONPSKEHHS BEPXHIKA U CTOMKH MO MPUYHUHE UCUEp-
NaHWs BEPTUKAIBbHOM MOAATIAMBOCTH pambl. Jlanmee, mpu ABWKEHUM K LEHTPAIbHON
4acTH cBoja (B 0a30BOM BapHaHTE KPEIJICHUS) MHTEHCUBHOCTh HAINPSHKEHUN CHMKA-
ercst 10 70 — 185 MIla co cTOpoHBI HETPOHYTOI'O MAacCHBa U MOBBIILIAETCS CO CTOPOHBI
BbIpaOOTAaHHOT'O MPOCTPAHCTBA. B MecTe Onopsl BEpXHSKA Ha LIEHTPAIbHYIO (1€pEBsH-
HYI0) CTOMKY KpemH YCWUJICHHS BO3HHMKAeT OOJIACTh €ro IUIACTHYECKOTO COCTOSIHUS
npoTspkeHHOCThIo 110 0,7 M. TakuMm 00pa3om, MO JIMHE BEpXHsKa 0a30BOro BapuaHTa
KpeTUIeHHsI Hapsy ¢ y4acTKaMu pasrpy3Ku HaOIIOAAr0TCs 001acTH €ro MpeAebHOro

COCTOsIHUS, TIC BEPOATCH IJIACTHYECKHUI U3rnd BCPXHsIKa C UIBMCHCHHEM €TI0 IICPBOHA-
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yanpHOU (hopMbl. MHas cutyarus HaOM0AaeTcsl B BEpXHIKE IPU yCTaHOBKE KOMOWHU-
POBaHHON AHKEPHOM CHUCTEMBI. 311€Ch MPOUCXOAUT IUIABHBIM POCT MHTEHCUBHOCTHU
HanpspkeHui 10 83 — 104 MIla B neHTpanbHOU 4acTu cBOAA. 3aMETUM, 4TO 3TH 3Ha-
YEeHHUsI CYLIECTBEHHO HIKE, UeM B 0a30BOM BapHaHTE KPEIUIEHUS U COCTaBIISIET BCETO
31 — 39% ot pacuerHoro npenena tekydectu cranu CBII, T. e., cocTosiHME BEpXHAKa
JTAJIEKO OT MPEAEIBbHOro Ha Bcel ero juHe. Ha Hamr B3ruisf, riiaBHas NpuyvHa BbISB-
JIEHHBIX OTJIMYMM B COCTOSIHUU BEPXHSKA — 3TO JIEUCTBUE OHWKEHHON BEPTUKAIBHOU
Harpy3Kku 3a cueT (OpMUPOBAHUSA APMOMOPOJHON IIUTHI (KOMOMHUPOBAHHOW aHKEp-
HOM CHCTEMOI) C HAJIKAIIUMHU YCHIIMSAMHU pacrnopa B HEMOCPEACTBEHHON KpPOBJIE U
HUKHEM CJI0€ OCHOBHOM KPOBJIH.

B npoTHBOMOJIYPRKHOCTH BECOMBIX OTIMYMUIA B COCTOSIHUM BEPXHSKA paMbl pac-
IpeAciieHue O B MKax JOCTATOYHO CXOXKE JUIsi 000UX CpaBHHUBAEMBIX BapUaH-
TOB KPEIUICHUSI. OCHO@ yepTa 3TOM CXOXKECTH 3aKJIK0YaeTCs B BBICOKOW 3arpy-
KEHHOCTH (Ha YpPOBHE npeoro COCTOSIHHSI) CTOEK paMm, HO UMEIOTCSI U1 HEKOTO-
pbI€ OTJINYHUA B pacupeieICHHN CUBHOCTH HANPSIKEHUU.

Bo-niepBbIX, B CTOHKE €O CTop(}sQI BbIPa0OTaHHOIO MPOCTPAHCTBA MHTEHCHUB-
HOCTb HANPSDKEHUN OJIM3Ka K pacquHOMyﬂy tekyuectu ctai CBII (92 — 98%)),
HO HE MPEBOCXOAUT €ro; TO €CTh, HaOMonae A CYCTOSsIHUE, OJIM3KOE K MPEIeIbHOMY.
[To Oosbleit YacTH AMUHBI CTOWKH pacmpenciieHy MHTEHCUBHOCTH HaNpsOKCHHUN
PaBHOMEPHOE B €€ IOIEPEYHOM CEYEHHM, YTO YRA3byBAQT HA OTCYTCTBUE CKOJIb-
HUOYIb CYIIECTBEHHOIO0 M3ru0aromero MomeHnrta. MCKItoueHre COCTaBISET HYKHSS
4acTh CTOWKH Ha BbICOTY 70 0,7 M OT TOYBHI, T/Ie MPOWCXOAUT €€ M3TH0 B IMOJIOCTH
BbIpaOoTKH. B 6a30BOM KpeneXHON CUCTEME TAKMX YYaCTKOB M3rnba CTOMKH HECKOJIb-
KO, OHM MMEIOT Pa3HOE HAIPAaBJICHUE U PACIIOIOKEHBI IO BCEH BBICOTE CTOMKH OT €€
KPUBOJIMHEMHOM 4YacTu A0 onopbl. Kpome TOro, BeMurMHa MHTEHCUBHOCTH BBIIIE HA
10 — 40%, Taxk 4TO MO BHICOTE CTOWKA HAXOAUTCS B MPEJCIBHOM COCTOSTHUU U TpeOyeT
YCWJIEHUS IO TPOTUBOAECUCTBUIO OOKOBOMY TOPHOMY JIaBJICHUIO.

Bo-BTOpBIX, B CTOHKE CO CTOPOHBI HETPOHYTOIO MAacCHMBAa WHTEHCUBHOCTH
HanpspDKeHUH MO0 paBHA, JIMOO MPEBOCXOIUT PACUETHBIN MPEEeN TEKyYeCTH CTalH

CBII. IHTEHCUBHOCTh HaIPSKEHUN pacHpeleNsieTcsl paBHOMEPHO, a M3rHOaroIui
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MOMEHT JIEMCTBYET TOJBKO B pailoOHE OMOPbI CTOMKM Ha BbICOTY 10 0,4 M OT nouBsl. B
0a30BOM BapHaHTE KpEIJICHHUs M3rHOaroluii MOMEHT MEPEMEHHOIO 3Haka (XOTsd U
NOHW>KEHHOW BEJIMYMHBI) BO3HUKAET 10 BCEW JIJIMHE CTOWKH, a BEIUYMHA O YBEIH-
yuBaercs 10 30%.

Takum o0Opa3om, ciieqyeT OTMETHTh IOBBIIIEHHYIO HArpy3Ky CTOEK paMbl B
0a30BOM BapUaHTE KPEIUJICHUS, YTO MOATBEPKAAET TE3UC O CHUKEHUN BEPTUKAIBHON
Harpy3kd Ha pamMHYI0 Kpelb MpU HCHOJIb30BAaHUM KOMOMHUPOBAHHOW aHKEpPHOU
CUCTEMBI B KPOBJIE BHIPAOOTKH.

PaccMoTpuM cocTosiHME aHKEPOB B KPOBJIE BEIEMOYHOU BBIPAOOTKH TpH 06a30-
BOM CXE€M€ KpEIUICHUS — IISTh CTAJIENOJNMEPHBIX aHKEPOB, YCTAHOBIIEHHBIX 10 KOH-
Typy CBOJa B IPEAECHRX MPOTSKEHHOCTH BEPXHAKA PaMbl, UMEIOT Pa3HYIO CTEIEHb
Harpy3ku. B 1eHSpPTPHON 4YacTu CBOJA TPU aHKEpPA ITOABEPKEHBI BO3IEHCTBUIO

HaIpsKeHU O OT § 10 34 — 51% ot pacueTHOro npejena TEKY4YeCTH CTalu

apmaTypsl aHkepa. J[Ba HG[@HﬁHBIX aHKepa Harpy>KeHbl B OOJIbLIEH CTENEHU:
— B IIPUKOHTYPHOM 4acT b1 aHkepa 10 0,4 M (co CTOPOHBI HETPOHYTOTO

MaccuBa) ACHCTBYIOT O YpPOBHS 68 —\&2% OT €ro Hecyliel cnocodHocTu. ITO yKa-

3bIBAET HA AKTUBHOE PACCIIOCHUE noponacana B 00JIaCTH YCTaHOBKH aHKepa,
a OCTaJbHas YacTh €ro JUIMHBI HAarpy>KeHa B bYIC CTeneHy;

— nnepuepuiHBI aHKEp CO CTOPOHBI BBYPAOQAAHHOTO MPOCTPAHCTBA, HAMPO-
TUB, UCTIBITHIBAET MOBBINICHHYIO Harpy3Kky (77 — 100% e/iesia TeKYy4eCTH CTajM)
Ha 3ariayOJeHHOM yyacTke AnuHoi 10 0,5 M. DTo B0YCIOBIEHO CONPOTHBICHHEM
aHKepa FOPU30HTAIBHBIM MOJBH)KKaM IOPOJIHBIX OJIOKOB HENOCPEICTBEHHOM KPOB-
JIM, OMyCKAIOIIMUXCS HA OXPaHHYIO0 KOHCTPYKIIMIO, @ OCTajbHasl 4acTh JJMHBI aHKEpa
TaK)K€ OCTAeTCs CIa0OHATrPy>KEHHOM.

Takum oOpa3zom, B 0a30BOil cxeMe KpelJIeHHUs OTMEUYaeTCsl IMOBBILIEHHOE
COMPOTUBJICHUE TOPHOMY JABJIICHUIO TOJIBKO Yy Mepu(epuilHbIX aHKEpOB, YCTaHOB-
JIEHHBIX B PailOHE 3aMKOB MTOJATINBOCTH PAMBI.

B koMOMHMpPOBaHHOIN aHKEPHOW CHUCTEME B CBOJIE BBIPAOOTKH HAOIIOMAIOTCS
cleyIolre 0COOCHHOCTU paclpeiesieHnsl MHTEHCUBHOCTU HanpsbkeHui. J(Ba crane-

MOJIMMCPHBIX aHKEpPA, YCTAHOBJICHHBLIX B LICHTp&JILHOfI 4acTu CBOJA, INPCHUMYIICCT-
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BEHHO HArpy>kKeHbl Ha 3ariiy0JICHHOM YYacTKe CBOEH JUIMHBI, KOTOpash COCTaBJISIET
nopsnka 52% nns aHkepa cO CTOPOHBI BHIPAOOTAHHOTO MPOCTPAHCTBA, a AHKEP CO
CTOPOHBI HETPOHYTOI'O MacCHBa 3arpy>kKeH Mo BCEW CBOEW IJMHE. Y POBEHb HaIpsikKe-
HUM Ha 3TUX ydacTKax cOoOTBETCTBYET 31 — 77% OT pacueTHOro mnpejesia TeKy4ecTu
ctanu ankepa. Co CTOPOHBI HETPOHYTOTO MacCHUBa MPHUCYTCTBYET OTPAaHUYECHHBIN
Y4acTOK, TJie HalpsbKeHHs: pa3BuBarotcs 10 84 — 92% ero Hecymieil cioCOOHOCTH.
Ecnau cpaBHUBAaTH ypOBEHb CONPOTHUBIIEHUS LEHTPAIbHBIX CTaJCIOIMMEPHBIX aHKe-
pPOB, TO OH 3aMETHO BBIIIIE Y KOMOMHUPOBAHHON aHKEPHOU CHUCTEMBI, YTO YKa3bIBaET
Ha nx Oonee 3ddexTuBHYIO PabOTy MO CO3MAHUIO PACHOPHON KOHCTPYKIIMH U3
MOPOAHBIX OJIOKOB B HETIOCPEICTBEHHOM KPOBJIE.

VY cTaHOBIICHUE XAHATHBIX aHKEPOB TaK)KE€ aKTUBHO MPOTUBOACHCTBYIOT pa3BU-
THIO TOPHOTO JaBNEH!, U 3TO OTHOCUTCS K y4acTKaM UX JIJIMHBI, PACIIOJIOKEHHBIX B
HUKHEM CJIO€ OCHOBHo@OBHI/I. Tak, a1 KaHaTHOTO aHKepa CO CTOPOHBI HETPOHY-
TOrO MaccuBa Ha ydacTke fOYA% ero JUtMHbI JeicTByeT Hanpsbkenus 60 — 90% ot
Hecyueil cnnocoOHoctu. s @ 0ro aHkepa cO CTOPOHBI BBIPAOOTAHHOTO IPO-
CTpaHCTBA JJINHA y4YacTKa aKTHBHoro\QHpOTHBneHHH HeMHoro Huxe (10 70%), HO
Ha ero 3ariyOJIeHHOW YacTu paCHII/IpﬁeTCTOK MPAKTUYECKHA TOJIHOW 3arpy3Ku
ankepa — 710 100% ot Hecy1iei cnocoOHOCT

3/1ech MOYKHO IIPOBECTU CPaBHEHUE MEXAY NHPEHCUBHON pabOTO KOMOMHHUPO-
BAHHOM AHKEPHOM CUCTEMBI M CHUKECHHUEM AaHOMaMM C B MOpOAHOM MAaCCHBE,
0COOEHHO, B KPOBJI€ BBIPAOOTKHU. ITHU MPOIIECChl, 0€3ySIOBHO, B3aMMOCBSI3aHbI U JJOKa-
3bIBAIOT 00OOCHOBAHHOCThH MPUMEHEHUSI KOMOMHUPOBAHHBIX AHKEPHBIX CUCTEM B KPOB-
Jie BBIEMOYHBIX BBIPAOOTOK.

Ectp emie oauMH KOCBEHHBIM OBOJA B MOJb3Yy KOMOWHHUPOBAHHBIX AHKEPHBIX
CUCTEM — CTETeHb HArpy>KEHHOCTH OXPAaHHON KOHCTPYKIIMU BHIEMOYHOUN BBIPAOOTKH.
WuauBuyalibHble IEPEBIHHBIE CTOMKHM Ha OepMe IITpeKa U CTOMKH PS0B OpraHHOM
Kpenu Harpyensl B 1,5 — 1,7 pa3a meHplIe, yeM B 0a30BOM BapHAHTE KPEIUICHHUS.
OTO CIYKUT MOATBEPKICHUEM PAHEE BBICKA3aHHOMY IPEINOJIOKEHUIO O YACTUYHOM
COXpaHEHUHU pacropa MEXIy MOPOAHBIMH OJIOKaMH HaJ BBIPaOOTKON U OyioKamu,

KOTOpBIE OITyCKAalOTCSI Ha OOpYLIEHHbIE MOPOJbl B BBIPAOOTaHHOM IPOCTPAHCTBE.
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Taxoil yaCTHUHBIN pacnop cocoOCTBYET BOCIPHUITHIO HEKOTOPOH JOJIH BEPTHKATIb-
HOTO TOPHOT'O JaBJIEHHUS NOPOJHBIMU OJOKAaMM OCHOBHOM KpPOBJIM, YTO CHUXKAET
Harpy3Ky Ha OXpaHHYIO KOHCTPYKLHIO.

B pas3Butue nokazareiabHol 06a3bl OOBEKTUBHOCTH LEIECOO0PA3HOCTH UCIOIb-
30BaHUsl KOMOMHHUPOBAHHBIX AHKEPHBIX CHCTEM PACCMOTPUM OCOOEHHOCTU paclpe-

JIeJICHNs] TOPU3OHTAIBHBIX HaNpsbDKeHUH O, (puc. 3.5) B KPENEeKHBIX 3JIEMEHTax

BBIEMOYHO BBIPAOOTKH.

Pucynok 3.5 — Dnropa ropu30HTAIBHBIX HAIPSYKEHUN O,

B KPCIIC)KHBIX DJICMCHTAxX BBICMOYHOM BBIpa6OTKH IIPpH UCIIOJIL30BAHHUHN

KOMOMHHPOBAaHHOW aHKEPHON CUCTEMBbI

B BEPXHAKE paMbl pacnpeAcsiCHUuC O, HauoOoee I/IHq)OpMaTI/IBHOG B IIIIaHC

BBIABJIICHUA 1/13r1/16a101u1/1x MOMEHTOB. B 3T0OM cBsi3u Cpasy K€ OTMETHUM, UYTO Ha KaX-
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AOM YYACTKC BCpPXHAKaA I[GI\/'ICTBYIOT Pa3HbIC TOPU3O0HTAJIILHBIC HAIIPSKCHUA, HO B

nonepeynom ceueHnn CBII o pacnpenenstorcss 4ocTaTouHO paBHOMepHO. Creno-

BaTEJIbHO, MOXKHO 3a()MKCUPOBATh OTCYTCTBHE CKOJIb-HUOY/Ib CYILIECTBEHHOT'O M3TH-
Oarolero MOMEHTa IO JIJIMHE BEPXHsIKA. JTO SBISETCS OJHUM W3 MPU3HAKOB MOHU-
JKCHHOM BEPTUKAJIbHOW HArpy3kH, IEWCTByromer Ha pamy. Ilo cBoeil BenuuuHe

noHmxeHHele 0, 10 8§ — 15 Mlla pacnpenenens! Ha nepu(epuilHbIX y4acTKax Bepx-

HAKa, 4YTO CBUACTCIILCTBYCT O PA3BUTHUHU HEOOJIBIITNX T'OPHU30HTAJIbHBIX YCI/IJII/Iﬁ B
paﬁOHe 3daMKOB IOAATIMBOCTH M KOCBCHHO YKAa3bIBACT HAa OTPAHWYCHHBIC I'OPU3O0H-
TaJIbHBIC ITOABMXXKH HeHOCpeI[CTBeHHOﬁ KpOBJIX 110 IIPUYHUHC COIIPOTHUBJICHHUA KOM-

OMHUPOBAaHHON aHKEPHOM cuCTeMbl. B 1IeHTpajabHON YacTu CBOJA CXKHMMAIOIIUE O,

YBEJIIMYUBAKOTCS OT 35 MlIa go 70 — 80 MIIa B 3amke cBoaa. BennuuHbel Hanpsi-
KEHH MHOTOKpAaTH e npenenbHbIX g ctanu kpenu u3 CBII, HO, Tem He
MEHEE, OHU XapaKTepH& €IEJICHHYIO0 Harpy3Ky BEpXHSKa paMbl, HECMOTpPS Ha
CO3JIaHUE TPY30HECYIIECH apMghio OU TIUTUTHI B KPOBJIE.

Ecnu cpaBHUBATh IpUBE. I¢ 1aHHbIe ¢ 0A30BbIM BapUaHTOM KpPEIICHUSs, TO

CYHICCTBCHHBIX OTJIMUMI MO BGHH‘JHI—%@IOHH/IX O, HC Ha6HIOI[aeTCH, OJHAaKo,
C

MPUCYTCTBYIOT JIBA y4acTKa Ha MOJyapK OHBI BBIPAOOTAaHHOTO MPOCTPAHCT-
Ba, T71¢ 3a)UKCUPOBAHO JCHCTBUE cpeﬂHercﬁBen WHE M3rudaroiiero MOMeHTa
pa3HBIX 3HAKOB. TeM He MeHee, ATU BO3MyUICHMW HE {rparoT pEelIaronIed poJik B
HACTYIUICHUH MPEACIBHOTO COCTOSIHUSI BEPXHAKA PaNbL

B croitkax pambl J€UCTBYIOT IOHMKEHHBIE TOPU3OHTAIIbHBIE HAIIPSIKEHUS IS
000MX CpaBHMBAEMbIX BAPUAHTOB KPEIUICHUS BHIEMOYHOU BBIPAOOTKHU C OTIIMYUSIMH,
HE BHOCSIIMMU CYILIECTBCHHBIN BKJIAJ B YCTOMYMBOCTh PAMHOMW KPEIU; TEM HE MEHEE,
OTMETUM OCHOBHBIE U3 HUX.

Bo-niepBbIX, B KpUBOJIMHEMHON YaCTH CTOMKH CO CTOPOHBI HETPOHYTOTO Mac-

cuBa B 0a30BOM BapHMaHTe KperuleHHs AeHCTBYIOT cxkumMaromue o, =30 — 70 Mlla, a

X

B PEKOMEHyEMOM BapHaHTe — 3HakonepeMenHsle o, oT 10 — 15 Mlla pacrsxenus

OKOJIO 3aMKa MOAATIMBOCTU U 110 15 — 35 MIla cxxatust BHU3Y KpUBOJMHEWHON 4acTH

CTOMKHU. DTH PE3YJIbTAaThl YKA3bIBAIOT Ha ITOHHKCHHOC OOKOBOE JaBJICHHUC (HpI/I
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WCIIOJIb30BAHUN KOMOMHUPOBAHHOW aHKEPHOW CHUCTEMBI) MO MPUYUHE YMCHBIIICHUS
KOHIIEHTpAI[Mil OMOPHOrO JaBJIeHHs] B OOKY BbIpabOTKH. B mpsiMonMHelHON YacTu
CTOMKH BEJIMUMHA CKUMAIOUIUX HAMPsDKEHUN OKazallach HECKOJIBKO HUXKE B 0a30BOM
BapUaHTE, YeM B PEKOMEHIyeMOM BapuaHTe. MIx aOCoM0THOE 3HaUEHNE MTPAKTUYECKH
HE BIIMSET HA YCTOWYNBOCTh CTOMKHU.

Bo-BTOpBIX, B CTOHKE CO CTOPOHBI BRIPAOOTAHHOTO MPOCTPAHCTBA JMIOPa pac-

NPEIEIECHNA O, U3MEHSETCS MAJOCYLIECTBEHHO (IO CPAaBHEHMIO C IPOTHBOIIOIOXK-

HOM CTOWKOI) JUIsi BapHaHTa MPUMEHEHHs] KOMOMHUPOBAHHOW aHKEPHOW CHUCTEMBI.
Jlnst 6a30BOro BapHaHTa KPEIUIEHUS B KPUBOJMHEWHON YAaCTH CTOMKH MPOUCXOIUT
aKTMBHOE W3MEHEHHE 3HAaKa KPWBU3HBI BBUAY JACUCTBHS 3HAKOIIEPEMEHHOTO W3IH-
Oaromiero MoOMeHTa. 2RO MPOUCXOANUT M3-3a BHICOKMX KOHIIEHTpPALMi OMOPHOTO J1aB-
JIEHVs B paliOHE OX[JaHHOW KOHCTPYKLHH, KOTOPbIE YACTUYHO CIJIAKHUBAIOTCS IpU
UCIIOJIb30BAaHUU B KPOBYE WOMOMHUPOBAHHON aHKEPHOU CHUCTEMBI.

Perynspnas ccpuika (beKTUBHOCTH Pab0Thl KOMOMHUPOBAHHON aHKEPHOU

CHUCTCMBI HAaXOIUT CBOC IIOATB UEC IIpU aHAJIM3€ PACIIPCACICHUSA O, B CTaJIC-

IMNOJIMMCPHBIX M KaHATHBIX aHKCpax. %ﬂ QQOUX THUIIOB aHKCPOB, HECMOTPA Ha HUX

MPEUMYIIECTBEHHO BEPTUKAIBHOE PACIIOY yie, JCHUCTBYIOT HEOOJbIIINE PACTATH-

Baromiye O, B IpeAciiax MOIIHOCTHU HENOC CTBCHHOM KpPOBJIM, YTO YKa3bIBACT HaA

OTPAaHUYCHHE €€ TOPU3OHTATILHBIX MOABMKEK C MORYSIIIbI) KOMOMHUPOBAHHON aHKep-
HOUM cucteMbl. B 0a30BoM BapuaHTEe KpeIUICHUS TPU €IOJIMMEPHBIX aHKEpa B
LIEHTPAIBHOM YaCTH CBOJA HE y4acCTBYIOT B COIPOTHUBJIEHUU NOPU3OHTAIBHBIM MOJI-

BHUJKKaM HGHOCpGI[CTBGHHOﬁ KpOBJIH, a PACTAXKCHUEC apMaTypbl YCWINAMA O, IPOAB-

JISTFOTCS TOJTHKO B IPUKOHTYPHOM 4acTH TepUPEPUITHBIX CTANICTIOTUMEPHBIX aHKEPOB.
B nenowm, pe3ynbpTaThl aHanu3a pacupenesIieHUsl TOPU30HTAIbHBIX HAIPSKEHUN B
KPETEKHBIX 3JIEMEHTaX BBIEMOYHOUM BBIPAOOTKM TMOATBEPKIAIOT OoJjiee OJaronpusiT-
HOE COCTOSIHUE PAMHOM KpPETH MPU yCTAHOBKE KOMOMHUPOBAHHOW aHKEPHOU CUCTEMBI.
B 3akmrouenne ananuza H/IC 3neMEHTOB KpEneKHbIX KOHCTPYKIIMN BBIEMOY-

HOM BBIPAOOTKM PACCMOTPEHO pACHpE/CICHHE BEPTHKAIBHBIX HANPSDKEHUH O,

AMIOpa KOTOPHIX MTOKa3aHa Ha puc. 3.6.



82

-9,5859e8 Min

Q

Pucynok 3.6 — :‘)HIO@G bHBIX HAMPSDKCHUH O, B KPCMCHKHBIX

AJIeMEHTaX BbIEMOMOUNBBIPAOOTKH MPU UCIIOJIb30BAaHUU

KOMOMHHPOBAHHO PHOM CHUCTEMBI

B o6eux paccmarpuBaembIx ernemeQ)Hc YKIHUAX BEPXHSAK paMbl HAXO-
JIUTCS B OTHOCUTEIIBHO Pa3TPy’KEHHOM COCTOSHWNY, HONAMEIOTCA OTJIMYHSA, KaK I10

CTETEeHM Pa3rpy3KH, TaK U MO XapakTepy pacrpeaes 0 JIJTMHE BEPXHSIKA U B

y
€ro IONEPEYHOM CEUYEHHUH.

MuHrManpHasi 3arpyKEHHOCTb BEPXHSKA TOPHBIM JIABIIEHUEM CO CTOPOHBI
TIOPOJT HAOJTIOTAETCSI TIPY YCTAHOBKE B HEM KOMOMHUPOBAHHOW aHKEpHOU cucTembl. [1o

BCEU JIJIMHE BEPXHSIKA O, U3MEHSETCS OT 15 — 20 MIla pactsxenus u 10 25 — 30 Mlla

CKaThs. DTO MPOSIBIIAETCS HA OTPAaHUYEHHOM y4acTKe JUIMHOM 10 0,6 M B LIEHTpaJIbHOU
YaCTH CBOJA, HECKOJIBKO CMEILIEHHBIM B CTOPOHY HETPOHYTOI'O MAacCHBa. 31€Ch ACUCT-
BYET HEOOJIBIION U3rnOaroii MOMEHT, HallPaBJICHHBIA B CTOPOHY MopoA Kporiu. Ha

OCTAJILHOM JJIUHE BEPXHSAKA pacrpeesieHue O, B €ro MOIEPEYHOM CCYCHHH IOCTa-

TOYHO PaBHOMEPHOE 0€3 MOSBICHUS CKOJIb-HUOY/Ih 3HAYMMOTO M3THOAIONIEr0 MOMEH-
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Ta. B paﬁOHe PacCIioJIOKCHHA 3aMKOB IOJATIIMBOCTH BO3HUKAIOT JIOKAJIBHBIC OYarn

(pasmepom 10 100 — 150 mm) pacrsrusatommx o, <40 — 50 MIla, uro obycnoBieHO

yIpyruMu AeopMarsiMu CONpsKEHHS BEPXHSIKA U CTOEK PaMBbl.
B 0a3oBoM BapuaHTe KpeneHHs 0 O0JIbIIEH YacTH JUIMHBI BEPXHSKA BEJINYH-

Ha O, TaKkxke Hepenuka — ot 25 MITa pactsbkennst 1o 75 MIla cxarus, a ero nporuod

B IIOJOCTBHb BLIpa6OTKI/I Ha6J'II-0I[a€TCH MMPAaKTUYCCKU II0 BCEH HCHTp&JIBHOfI qacTHu

CBOZIa. AHOMAJIMK O, [ICHCTBYIOT B paHOHE OIOPBI BEPXHsIKA Ha LICHTPAIbHYO CTOM-
Ky Kpenu YCWIeHHUs. 37eCh KOHLCHTpAlHs CKUMAMOIMX O, MOBBIIACTCS MO

150 — 200 MlIa, a B OTAEJIBHBIX JIOKAJIBHBIX OYarax J0XOJUT JO PaCYETHOro Ipesena
tekyuect ctanu CBR|, uTo mpoBomupyeTt minactuueckuid u3rud BepxHsika. Ha nepu-

epuiiabix  yyacN(ay~Takke HMEET MECTO POCT CKHUMAOUMX O, [0 YPOBHs

100 — 150 MlI]a. Hocn@ﬁ (akT sBisieTcs BechMa MokazareabHbiM. CkaTne Bepx-
HsIKa B 3aMKOBOM 4acTH HI/IBOCTH yKa3bIBaeT Ha BBINOJIAXKUBaHUE NpH Jedop-
MHPOBAaHUM LIEHTPAJIBHOW YacT a B MOJOCTh BBIPAOOTKU. XOTSI 3TOT MpoILEecC
HaXOJUTCS B OCHOBHOM Ha ynpyroﬁ&am/m ne(pOopMUPOBaHUs, OH XapaKTepU3yeT
NOBBIIICHHYIO BEPTUKAIBHYIO HArpy3Ky fia BEDXHSK paMbl CO CTOPOHBI TOPOJ KPOB-
mu. CrienoBaTenbHO, MOYKHO OTMETHTb, AKTOPY COCTOSIHHS BEpXHSKa
HaOJI0JaeTCsl CHIKEHUE BEPTUKAIBbHON Harpy3Ky Hy/pamy MpH UCIOIb30BaHUU KOM-
OMHUPOBAHHON aHKEPHOU CHUCTEMBI.

Croiiku paMbl BECbMa 3arpy>K€Hbl BEPTHUKATbHRMH HAIPSLDKEHUSAMU 11 000MX
BApUAHTOB KPEIUICHUs, a HEKOTOPBIE OTIWYMS COCTOST B cienyromeM. B Bapuanre
IPUMEHEHUsI KOMOMHUPOBAHHOW aHKEPHOW CUCTEMBI MOAABISIONIAS YaCTh JIJIUHBI
CTOEK 3arpyeHa JIOCTaTOYHO PAaBHOMEPHO B MX IONEPEYHOM ceueHuu. To ecrs,
M3rM0aIUNi MOMEHT IPAKTHUYECKU OTCYTCTBYET 3a MCKIIOYEHHMEM Y4YacTKOB OIOp
cToek BbicoTor 710 0,4 M CO CTOPOHBI BbIpaboTaHHOTO TpocTpancTBa U 70 0,3 M co
CTOPOHBI HETPOHYTOI'O MacCUBa. 3JI€Ch IMPOUCXOJIUT U3rHO OMOPHON YacTU CTOEK B
MOJIOCTh BBIPAOOTKHU.

B 0a30BoM BapuaHTe KPEIUICHUs PACIpe/eieHHe O, B CTOMKE CO CTOPOHBI

HCTPOHYTOI'O MaCCHMBa BECbMa CXO0XKC C BbIIICOIIMCAHHBIM. IIo BBICOTE CTOMKM CO
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CTOPOHBI BEIPA0OTAHHOTO MPOCTPAHCTBA BO3HUKAIOT YETHIPE y4acTKa MIACTUIECKOTO
U3ruda B CTOPOHY BBIPAOOTKU. DTH yYaCTKU MOTYT CYLIECTBEHHO U3MEHUTh I'€OMET-
PHIO CTOMKHM B HANPABJIECHUN CHUXXEHUS €€ YCTOMYMBOCTU MU CYIIECTBEHHOW IOTEpU
Hecylleil crnocoOHOCTH paMHOM KpenH B 1efoM. Takum 00pazoM, aHalIu3 COCTOSHUS

CTOCK pambl 10 (GaKkTopy O, TaKXKe OTMEYaeT OJaronpHsATHOS BO3ICHCTBHEC KOMOH-

HUPOBAHHOW aHKEPHOU CUCTEMBI.

[lanee paccMoTpuM pactipesienieHne O, B aHKepax, pa3sMEILICHHbIX [0 KOHTYPY

CBOJIa BHIPAOOTKH. BO BCEX MATH CTANETIONMMEPHBIX aHKepax 0a30BOM CXeMbl Kper-
JieHus HaOroaeTcs OoJiee-MeHee OJMHAKOBasl KapTUHA HanpsbkeHud. B mpukoHTyp-

HOW YacTH aHKEPOB JIEMCTBYIOT PACTATUBAIOIIUE o, 10 50 — 75 Mlla Ba nnuse

apmatypsl 0,25 — /. . [IpuueM, MeHbllIee 3HAYEHUE OTHOCUTCS K LIEHTPAIbHOMY
aHkepy, a Oosblnee nhepuitHOMy aHKEpY CO CTOPOHBI BBIPAaOOTAHHOTO MPO-
CTpaHCTBA. DTU JaHHBIE al0T Ha MPOTUBOJICHCTBUE PACCIOECHUIO TPUKOHTYP-
HOW 9acTH TOpOoa HemocpeacBepMyi XpOBIIH, TTIOCKOJIBKY 3ariTyOJeHHas YacTh aHKe-
POB CBOOO/IHA OT PaCTATUBAIOLIU cu%"

178
B xOMOMHUPOBAHHOW aHKEPHOU ce KpEIUJICHUS! BBIEMOYHBIX BBIPAOOTOK

pacTAruBaromue O y I[CfICTBYIOT Ha Oym I)Ipa6OTK€ yY4aCTKax, KaK CTaJICIIO-

JUMEPHBIX, TaK U KaHATHBIX aHKepoB. JmuuHX s3Tux/yuacTkoB ropasmo Ooibiie u
n3MeHsercs B uaTepBaiie 1,1 — 1,8 M ¢ HEKOTOPHIMNYBEePMUCHUEM Yy aHKEPOB, Pacro-
JI0OKEHHBIX CO CTOPOHBI HETPOHYTOTO MAacCUBa. 3eCKCUCTEMA COMPOTUBJISETCS pac-
CJIOEHUIO0 MIPAKTUYECKU MO BCEW WJIM NMOAABIIAIOIICH YaCTH MOIIHOCTH HEIMOCPEICT-
BeHHOU KkpoBiH. CieaoBaTeabHO, B OOJbIIEH CTETICHU COXPAHSETCS €€ IEJI0CTHOCTh
U CIIOCOOHOCTH MPOTUBOICUCTBUS BEPTUKAIIBHOMY TOPHOMY JIaBJICHHUIO.

ITonBoast urorm BbimoaHeHHOMY aHamu3y HJIC, koHCTaTHpyeM BCECTOPOHHE
000CHOBAHHBIM (PaKT CHUKEHHUS HANPSDKEHHOCTH PaMHOM Kperu IPU YCTaHOBKE B
KPOBJIE BEIPAOOTKH KOMOWMHUPOBAHHOW aHKEPHOW CHUCTEMBI. ITOT (PaKT BIOJHE OOBSIC-
HUM, YUUTHIBas 3aKOHOMEPHOCTH M3MEHEHHs HAMPSHXKEHHOTO COCTOSIHUS OM3JIeKalie-
ro Maccua (cM. 1. 3.1) B HampaBJICHUH TMOBBIIICHUS] YCTOMUYUBOCTH TTOPOJ KPOBIHU 32

cueT GOpMUPOBAHUS APMOTIOPOTHON TUTUTHI BBICOKOW TPY30HECYIIEH CIIOCOOHOCTH.
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3.3 3aKOHOMEPHOCTH BIMSIHHS F'€OMEXaHUYECKUX (DaKTOPOB
Ha COMPOTHBIICHNE KOMOMHHPOBAHHON aHKEPHON CUCTEMBI

TOPHOMY JIaBJICHUIO

ConpoTtuBieHrne KOMOMHUPOBAHHOW aHKEPHOW CHCTEMBbl ONpPEIEIseTCs] YpOB-
HEM JICHCTBUSI MHTEHCUBHOCTH HAIPSHKEHUM O U MPOTSHKEHHOCThIO HanboJiee Harpy-
JKEHHBIX YYaCTKOB CTAJIETIOJMMEPHBIX U KAHATHBIX aHKEPOB, YCTAHOBJICHHBIX B KPOBJIE
BBIEMOYHOM BBIpaOOTKU. YeM Oonbllie O U AJMHHEE YYacCTOK €ro pacripoCTpaHeHMUs,
TE€M aKTHMBHEE MPOTUBOACUCTBYET CHUCTEMA CABMKEHHIO TIOPOJI KPOBJIM B BBIPAOOTKY.
3aKOHOMEPHOCTh CBSI3M MapaMeTPOB COMPOTUBIICHUS KOMOWHHUPOBAHHOM aHKEPHOM
CUCTEMBl C N€OMEXaHMYECKUMHU (HaKTOpaMH, XapaKTEpU3YIOIIMMHU YCIOBUS TMOAJEP-

YKaHWsI BBIEMOYHBI @t a00TOK, YCTAaHOBJICHbI Ha OCHOBE MPOBEJCHUSI CEPUN MHOTO-

BApPUAHTHBIX BBIYHCJK ’@BIX 9KCIICPUMCHTOB. AJ'IFOpI/ITM TaKHuX HCCJ’IGHOBaHI/Iﬁ 141
a

KOMILIEKC METOANYECK TOB WX pEaM3alli B TIOJHOM O0BEME H3JIOKCHBI B
paborte [85, 88], a B nnccep& COKpaIIeHHs e¢ 00beMa MPUBEICHBI OCHOBHEIC
pE3yNbTaTHI.

Cepuy BBIUHUCTUTENBHBIX SKCIEPH B UMEIOT KOHEYHYIO IIeJIb OTmpeserie-
HUSl PAIMOHAIBHBIX MapaMeTPOB yCTaHom OMHUPOBAHHOW aHKEPHOW CHCTEMBbI

00Tku. B 3TOIi CBsI3U, IEPBBIN 3Tall UCCIIEIOBAHU TOUT B YCTAHOBJICHUU CTEIIEHU

B 3aBUCHUMOCTH OT TOPHO-T€OJOTHYECKUX YCITO, NOYIepKaHNsl BBIEMOYHOM BbIpa-
N

BIIUSIHUSA Psiia TEOMEXaHUYeCKUX (aKTOpPOB Ha ypo POTHUBIIEHUS CTAJIETIONIH-

MEPHBIX M KAHATHBIX aHKEPOB. [Ipy MX HU3KOM CONMPOTHUBIEHUH MPABOMEPEH BOIPOC

0 TEJIeCO00Pa3HOCTH MPUMEHEHUSI KOMOMHUPOBAHHON aHKEPHOW CHCTEMBI B JIAHHBIX

TOPHO-TE€OJIOTHYECKUX YCIOBUAX. BIOJHE BEPOATHO 3/1€Ch JOCTATOYHO MCIIOJIb30Ba-

HUE TPAJAUIMOHHBIX CXEM KPEIUICHUS.

Ha BTOpOM 3Tamne ucciaenoBanuii, HEOOXOIUMO OINPEACIUTHCS C KOJTUYECTBOM
aHKEPOB JOCTATOYHBIM JJIs1 (POPMUPOBAHUSL APMOTIOPOJAHOM TUTUTHI B KPOBJIE, HAJEK-
HO 3alWIIAIONIEH BBIEMOYHYIO BBIPAOOTKY OT MPOSBICHUN TOPHOTO JIaBJICHHMS.
[ToaToMy mpencTaBiseTcs Ype3BbIYAHO BaXKHBIM OYEPTUTH KPYT YCIOBHUHM 3 dek-

TUBHOI'O IMPHUMCHCHUIA KOM6I/IHI/IpOBaHHBIX AHKCPHBIX CUCTCM Ha Oase YCTAaHOBJICH-

HBIX BaKOHOMepHOCTeﬁ CTCIICHN HAIpPpy3KHW AHKCPOB W BJIIMAHUSA T'COMCXAHHWYCCKUX
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(haKkTOpOB, XapaKTEPUIYIONTUX YCIOBUS TOIIEPKAHMS BRIPAOOTKH.

Ha ocHoBe pa3pabotanHoro o6miero anroputMma [85] momcka pannoHaIbHBIX
apamMeTpOB YCTAaHOBKM KOMOWHHPOBAHHBIX AHKEPHBIX CHUCTEM B COCTABE CXEMBI
MOJJIep>KaHusl BHIPAOOTKH B IIEJIOM BBISBICH M OOOCHOBaH PsAJl T€OMEXaHHMYECKUX
(dakTOpOB, OKa3bIBAIOIINX HAWMOOJbBINECE BIUSHUC HA CTETNICHb HArpy3ku aHkepoB. K
HUM OTHOCSITCS: TJTyOMHA pa3MeEIleHUs] BbIpaObOTKU [, cpeqHee pacyeTHOE COMpo-
TUBJIEHUE CKAaTUIO R ONM3NIEKaluX yTiIeBMEIIAIOIIUX MOPOJI, OTHOIIEHUE pacyerT-

HOIr'o COIIPOTHUBJICHHUA CXKATHUIO ITOPOA HCHOCpCI[CTBGHHOfI KpPOBJIM YI'OJIBHOTI'O ILIACTa

K

R
K €€ MOIIHOCTHU —lK [85]. [na nyuwezo eocnpusamus npunamoe omuouieHue

m

svipazum uepes svipghcenue b, , Komopoe 6ydem npumensanmy 6 NOJIYUEHHBIX 3A6U-
CUMOCHIAX.

Jli OLIEHKH cml@ I'pPy3KH aHKEPOB HEOOXOIUMO 00OCHOBATH COOTBETCT-
BYIOILIMM KPUTEPUH, UYTO S TCS_HENPOCTOM 3a7a4yed BBUIY 3HAYUTEIBHBIX KOJIE-
OaHMI UHTEHCUBHOCTH HAIPSIK O 10 JivuHe aHkepoB. Hanbosee 00beKTUBHOM
XapaKTePUCTUKON SIBISIETCS IJIMHA yt&r 7ie aHKep Harpy»eH Ha YpOBHE CBOCHU
HECyIIeil crmocoOHOCTH, TO €CTh, paboTa KCUMaJbHOU 3¢ (eKTUBHOCTHIO. bes-

COIPOTHUBIISIETCSI TOPHOMY JABJICHUIO HA YPOBH pumep, 70 — 90% ot cBoent

YCIJIOBHO, CJIEJTyEeT MpU3HATh JOCTaTOUHYI0 dYPERAUBHOCTD pabOThI aHKEpa, KOTJ1a OH
2

Hecymel cnocooHoctu. Ho, Torna Bo3HMKAeT MHOTOK HaTbHOCTh M HEKOTOpas
HEOJIHO3HAYHOCTh OIIEHKHU €ro ynpouHstomero aeictus. K Tomy e y4yacTKH ITUHBI
aHKepa C YKa3aHHOW CTENEHbI0 HArpy3KW BCEr/la COCEACTBYIOT C y4acTKaMH Ipe-
JeapHOro (TIacTuyeckoro) coctosHus (3arpyska 100%) ero apmaTypbl (HeCymiero
sneMeHTa). [loaTomMy yclioBHE MOSIBJIEHUS YYaCTKOB IIJIACTUYECKOTO COCTOSIHUS
HECYIIIETO DJIEMEHTa aBTOMATUYECKH BKIIIOYAET B CeOs M y4acTKH JOMPEACIIBHOTO
COCTOSIHUSI C BBICOKOM CTENEHBIO COMPOTUBIICHUSL.

Takxe crmegyer ydyecTb pasHylO JUIMHY aHKEPOB B KOMOMHUPOBAHHOW aHKEp-
HOM cucrteme. Hambonee 0ObEKTUBHBIM OYIET UCIOIB30BAHUE TAKOTO OTHOCUTENb-

HOro mapamMcTpa KaK OTHOIICHUC AJIMHBI Y4YaCTKa INIACTHYCCKOTIO COCTOSHHUSA HECY-

IIETO AJIEMEHTa KO BCel InuHe aHkepa. B kauecTBe kputepus oneHKd 3P PeKTuBHO-
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CTH pabOTHl aHKEPOB, B COCTaBE KOMOWHUPOBAHHOW aHKEPHOU CHUCTEMBI, TIPEITIONKE-
Ha OTHOCHUTEJbHAS JJIMHA Y4YacTKa IUJIACTUYECKOIO0 COCTOSIHHMSI HECYIETO SJIEMEHTA
(apmaTypa B CTaJeMoOIMMEPHBIX aHKEpaX M KaHAT B KAaHATHBIX aHKEpax), KOoTopas
BbIpa)K€HA B MPOLICHTAX.

[ToMuMo mpoyero, BO3ZHUKAET BOMPOC TPYNITUPOBAHKS aHKEPOB, OCOOCHHO TPHU
UX JIOCTATOYHO OOJIBIIIOM KOJIMYECTBE B KPOBJIE BBIPAOOTKU. ITO OCYIIECTBICHO Ha
OCHOBE P€3yJIbTaTOB MPEABIIYIINX UCCICIOBAHUN 110 U3YUYEHUIO PACTIPEIACIICHUS KOM-
MOHEHT HANPSLKEHUM Mo JUTMHE aHKepoB. ['pynnupoBanue (T 3T0 ObLUIO BO3MOXKHBIM)
BBITIOJTHEHO TI0 YCJI0BHIO cTeneHn cxoxecTr nx HJIC u momoOuto TeHASHITNI BIHSTHUS
reoMexaHnyeckux (hakTopoB. B WTOre mMpUHATHI K U3YUYEHUIO CICAYIOIIUE KPUTEPH-
aJbHBIE TapaMETPHI:

— A — otHXufeAbHas QWHA TJIACTHYECKOTO COCTOSIHHS HECYIIEro AJIeMEHTa

CTaJICTIOINMEPHBIX aﬂx@ B LICHTPaJIbHOM YaCTH CBOJA BBIPAOOTKY;
— A" - OTHOCHTeHL@JHHHa IIACTHYECKOTO COCTOSHHSI HECYIIETO HJIEMEH-

Ta KaHaTHBIX aHKEPOB B KpOBne@(opOHLI BBIPAOOTAHHOTO MPOCTPAHCTBA M HETPO-
HYTOI'0 MacCHBa, COOTBETCTBEHHO.
Tennenuun BIUSHUS TIIYOHUHBI AMCIIICHUST BBICMOYHOM BBIPAOOTKH Ha

CTCIICHb HArpy>XCHHOCTH AHKCPOB B ICH 21011 \UACTH CBOIa IIPpUBCIACHBI Ha

puc. 3.7 nna ogHou u3 cepuit pacueroB HJIC u TyEMOW T€OMEXaHUYECKOU CHUC-
TeMbl. OOIlasi 3aKOHOMEPHOCTH JUIsI BCEX aHKEPOB B TaBe KOMOMHHUPOBAHHOMN
AHKEPHOM CHCTEMbl COCTOUT B YBEJIMYEHUH OTHOCHUTEIHHOM IJIMHBI YYacTKOB ILIa-
CTHYECKOTO COCTOSIHHUA C pocToM mapamerpa /[ . Bce 3akoHOMepHOCTH OMU3KH K
muneitnbM Gynxiusm A(H) u A (H ).

OtMmeuaeTcst pa3Has CTENEeHb HArPy3KH CTaJENOJMMEPHBIX M KaHATHBIX aHKe-
poB. Tak, B JTaHHOW cepUU pacueToB, IPUBEACHHBIX B KAUECTBE OJHOTO U3 IPUMEPOB,
YYaCTKU IJIACTUYECKOTO COCTOSIHUSI B CTaJCHOJMMEPHBIX aHKEpaxX MpOsBISIOTCS,
HauuHas ¢ ryounsl H =428 m, u pa3BuBatorcs 10 A=13,7% npu rpaHUYHON TITy-
oune H =600 M BBITIOJHEHHS] BBIUMCIUTEIBHBIX IKCIIEPUMEHTOB. J[7s1 KaHATHOTO

aHKEepa, Pa3MELICHHOIO CO CTOPOHBI BBIPAOOTAHHOI'O IPOCTPAHCTBA, YYACTKU ILIA-
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CTUYECKOTO COCTOSHHSA BennmuuHOH A =3,3% mnpuCyTCTBYIOT yXe Ha TIiIyOuHe

H =200 m u yBemuuuBatotesa 10 A =29,5% npu H =600 M. Co cTOpoHBI HETPO-

HYTOI'0O MAacCuBa 3TU YYAaCTKH 3aHUMAIOT IIPOMEKYTOYHOE moisiokeHue. [lnacruue-

CKOC COCTOJAHHA KaHaTa IIOABJICTCA IIPU I‘JIY6I/IHC H=293m n IJIMHAa Y4daCTKa

yBenmuuBaercs 10 A" =26,7% npu rpaHuYHOM 3HaUYeHHU pacueToB H =600 M.
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PucyHok 3.7 — 3aBUCHMOCTH U3M OTHOCHUTEIbHOM umHbl A u A"

Y4aCTKOB IUIACTUYECKOTO COCTOSIHUS H 0 3JIEMEHTa aHKepa OT MIyOuHbl /1

pa3smenieHus BBpgfoTk

[IpuBeneHHbIe TaHHBIE MO3BOJSAIOT CAENATh Pyl JIOB IIOMUMO YX€ OTMe-
YEHHOW TEHJEHUWH YBEIMYEHMSI YYacCTKOB IUIACTUYECKOIO COCTOSIHUS HECYILEro
AIIEMEHTA C YBEJIMYEHHEM ITyOUHBI pa3MEIIeHUs BBIPaOOTKH.

Bo-nepBbix, KaHaTHBIA aHKEP CO CTOPOHBI BEIPAOOTAHHOTO MPOCTPAHCTBA OoJee
Harpy»eH, 4éM CO CTOPOHBbI HETPOHYTOI'O MAaCCHBA, YTO OOBSCHSETCA OoJiee MHTEH-
CUBHBIM CIIBUKEHUEM HAJTyTOJIbHOM TOJIIM HaJ BBIPAOOTAHHBIM IIPOCTPAHCTBOM.

Bo-BTOpBIX, MposiBisieTcsl cTabuiibHas TEHICHLUS MOHMKEHHOM Harpys3Ku cra-
JIETIOJIMMEPHBIX AHKEPOB. JTO MOXKHO OOBACHUTh MX MEHbIIEH MuMHOU (2,4 M) 1o
CPaBHEHHUIO C KaHAaTHBIM aHKepoM (6 Mm). M3BeCcTHO, UTO aHKep Harpy»aercs pacTaru-
BAIOIIMMHU YCHJIMSIMH 3a CUET pa3HUIIbl CMEUICHWH MacCUBa Ha KOHTYpE BBIPAaOOTKU U

Ha 3ariayOJIieHHOM ydacTke. Yem IiMHHee aHKep, TEM Jajbllie OT KOHTypa BBIPAaOOTKU
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OTCTOUT 3ariyOJIEHHBI Yy4acCTOK M TeM OOJIbIIIEe YKa3aHHas Pa3HUIA B MIEPEMELICHUSX.
Ho, npucyTtcTByeT elile 01H MOCTOSIHHO MOBTOpstomuics (akrop. Uem Onmxe crane-
MIOJIMMEPHBIN aHKep K BEPTUKAIbHOM OCHU BBIPAOOTKH, TEM OH MEHEe HarpyskeH. Takum
o0pa3oM, MpH pa3HbIX KOOPAWHATAaX PACHOJIOKEHUS CTAJICMOJIUMEPHBIX aHKEPOB IO

TPOTSKEHHOCTH BepXHsKa pambl ymaus A(H) GyneT 3aHAMATh pasHOE IOJOXKEHHE.
CtaOHIIbHOM OCTASTCsI TEHICHIIUS TOHIKEHHOH BeMYUHBl A 10 oTHOMmIeHHo K A% .

B-TpeTbux, CyMMHpYsl BBILLIEU3JIOKEHHOE, CIEAYET OTMETUTD BBICOKMI YPOBEHb
COMPOTHUBIICHUSI KaHATHBIX AHKEPOB NpU JHOOOW TIyOMHE pa3MellleHus BbIpaOOTKU
(B mpenenax 200 m < H <600 M quanazoHa NpOBEJICHUS BBIYMCIUTEILHOIO KCIIEPU-
MEHTa), B TO BPEMs KaK CTAJICHOJIMMEPHbBIE aHKepa aKTUBHO COIPOTUBIISIFOTCS TOPHO-
My JIaBJICHHIO, HAY riyounsl A =400 M 119 ONMCAHHON CEpUU PacyYETOB.

BropsiM reom @recm/m (bakTOpoM, CYLIECTBEHHO BIMSIOUIMM Ha CTENEHb

Harpy3kd aHKEPOB B aBQ KOMOMHHUPOBAHHOM AaHKEPHOW CHUCTEMBI, SIBIISETCS

BEJIMYMHA CPEAHETO pacUETIQLO OTUBIICHUS CXKaTHIO R TOPOJIHBIX CIIOEB Oym3-
Jexalieil yriaeBMeIarmen To d %IH 13 (pparMEeHTOB 3aKOHOMEPHOCTEH BIIMS-
HUs NIPUBEAEH Ha puc. 3.8. O
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Pucynok 3.8 — 3aBHCHMOCTH H3MEHEHUST OTHOCUTEIbHOM nHbl A u A"

1,M
Y4aCTKOB INIACTHYICCKOI'O COCTOAHUA HCCYICTO 9JICMCHTA dHKCPa

OT CPEHET0 PACYSTHOTO COMPOTUBIICHUS CKATUIO R OJM3IIeXKAIIET0 MacCUBa
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O6H_[aﬂ TCHACHIWA IJII BCEX aHKEPOB COCTOUT B YBCIIMYCHUU OTHOCHUTEILHOM

JUTHHBI YYaCTKOB IJIaCTHYECKOro coctostHust A, A" npu cHwkeHun napamerpa R,

Ho 3aBucumoctn A(R) u A" (R) cymectsenHo ommuarotes Apyr oT jpyra. Tak,

JUIS. CTJICTIOIMMEPHBIX AHKEPOB YYAaCTOK IJIACTUYECKOTO COCTOSIHUS TMOSIBIISIETCS
TOJbKO Tipu R < 14,5 MIla u nipy faibHEWIIEM CHUKEHUU R MPOUCXOIUT AOCTATOY-
HO MHTEHCUBHBIN pOCT A 1O SIBHO HENUHEHHOW 3aBUcHUMOCTH: Tpu R =6,6 MIla

BesmunHa A coctaBisieT yxe 12,7%.
NHas 3akOHOMEPHOCTh wn3MeHeHus ¢ynkumn A7) (R) waGmonmaercs mis
KaHATHOTO aHKEepa, YCTAHOBICHHOTO CO CTOPOHBI BHIPAOOTAHHOTO MPOCTpPaHCTBA. B

JTAHHOM MpUMeEpe B nazone 14,3< R<32,1 MIla Benmunna A nocraTtodHo cra-

OunapHa U KoJeoOerc 11§TepBane A" =149 — 18,1%. IIpu R < 14,3 MIla npowuc-
XOIMT HEKOTOPBIH POC OGYTEIHHON JTHHBI yYaCTKa MIACTHYECKOTO COCTOSIHHS C
makcumymom A =26,7% SO0 Mlla.

Jls kaHATHOTO aHKepa, Y H%CHHOFO CO CTOPOHBI HETPOHYTOTI'O MAacCHBa,

3aKOHOMEPHOCTh CBsi3u A" m R KauecTACHRY MOX0Ka, HO KOJMYECTBEHHO rpaduk

M

pacmonaraetcs Hike 3aBucumoct A (R) PRy B nuanasone 14,3< R<32,1 MIla

BenmunHa A" OGn3Ka K HyII0 ¢ MaKCUMyMOM Q,2%0 nipu R=14,3 MIla. Ecnu R

HIDKEYKa3aHHOTO 3HAYEHHS], TO TMPOUCXOANUT YBEIUYEH, pametpa A", KOTOpBIii

nocturaet 3HaueHus 21,2% npu R =6,6 Ml]a.

[Ipu BBISIBIIEHNN OMMCAHHBIX 3aKOHOMEPHOCTEH MOATBEPKACH (DaKT CHIDKCHUS
CTEIICHW Harpy3KH CTaJICIIOJIMMEPHBIX aHKEPOB INMPU MX yCTAaHOBKE OJMXKE K BEPTH-
KaJIbHOW OCU BBIPAOOTKU W, HANPOTHUB, yBeIW4YeHUsS A OpU CMENIEHUU KOOpAUHAT
YCTaHOBKH CTAJICTIONUMEPHBIX aHKEPOB K MepUEePUHHBIM YIaCTKaM BEPXHSIKA.

[IpuMeuarenieH eIie OAWH BBIBOJ 110 pe3yJibTaTaM aHalM3a 3aBHCUMOCTEH
AR) u A“(R). CymecTByeT HEKOTOpOE 3HAUCHHE MapaMeTpa R, HIDKE KOTOPOIO

Pa3BUBACTCA AOCTATOYHO MHTCHCHBHO HAI'Py3Ka BCCX AHKCPOB B COCTABC KOMOWHU-

pOBaHHOM aHKEpHOU cuctembl. B npuBenennom npumepe — 310 R =14,3 MIla. Takoe
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SIBJICHUE MOXKET OBITh OOBSICHEHO YaCTUYHOM MOTEpel YCTOMYMBOCTH PACHOPHOMU
CUCTEMBbI U3 MOPOJIHBIX OJIOKOB HEMOCPEICTBEHHOU KpoBiK. CO3MaHHBIA pacrop He
MOXET YJep>KaTb CBOM BeCc OT OOpylIeHHs 3a cueT cuil pacnopa. HeoOxomumel
JIOIIOJTHUTEIIBHBIE YCUJIMS CO CTOPOHBI AHKEPOB Uil COXPAHEHUS YCTOWYHMBOCTU
pacnopHoi OGJIOYHOW CUCTEMBI B HENIOCPEICTBEHHON KPOBJIE.

AHanu3 pe3yJbTaTOB BBIYMCIUTEIBHBIX 3KCIIEPUMEHTOB MOKa3all, 4TO Ha CTe-

NeHb HAarpy3KHW aHKEPOB B COCTaBE KOMOWHUPOBAHHOM aHKEPHOM CHCTEMBI CYIIECT-

BEHHO BIMSET OTHOIIEHHE b’ pPAaCcYeTHOTO COMPOTHBIEHHS CXKATUIO R, TMOpOJ

HETIOCPEJICTBEHHON KPOBIM K €€ MOIIHOCTH m;\ . ®dparMentsl 3aBucuMocteit Ab”

MpUBEJICHBI Ha puc. 3.9.

S
WSS
N
25 &\\\CD ra

0 20 \\(B b, MIla

PucyHok 3.9 — 3aBUCUMOCTH OTHOCUTENBHBIX JUIMH A u A"

YYaCTKOB INTACTUYCCKOI'0 COCTOAHNA HCCYHICTO 3JICMCHTA aHKEpa

OT U3MEHEHHs apamerpa b,

3[1€Ch YaCTUYHO HAPYLICHO YXKE CTABIIEEC TPAAULUOHHBIM COOTHOLIEHUE MEXKIY
napamerpamu A u A Tak, no Benuuuusl b, >7,5 — 8,3 MIla/M OTHOCHTENbHAS

AJIMHa Yy4YacCTKa IUIACTUYCCKOIO COCTOAHUA CTAJICIIOJIMMCPHBIX AQHKCPOB 3aMCTHO

MCHBIIC, YCM TaKOBas I KaHATHBIX dHKCPOB. Y4acTKu MIaCTUYECKOIO COCTOSHUS B
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CTaJICTIONIMMEPHBIX aHKEePaX MOSBISIOTCS TOIbKO mpu b, <20 MIla/m. [Ipu cHmkeHHN

napamerpa b, HWXe OTMEYEHHOH TpaHHIbl B 7,5 — 8,3 MIla/mM oTHOCHTENbHAS [UTMHA
y4acTKa TIACTUYECKOTO COCTOSIHHS apMaTyphl CTAICTIONUMEPHBIX aHKEepOB A pe3ko

BO3pACTaeT, INPEBbINIas COOTBETCTBYMOIME 3HaueHus A°' W A0CTUras BEIUYUHEI

LM
64,4% npu b, =1,4 MIla/m; mpu 3ToM cama 3aBucuMocth Ab) BecbMa HETHMHEHHAs.
OOBsSICHEHHE TaKOTO CTPEMHUTEIBLHOTO pocTa A, Ha HaIll B3I, BIIOJHE OYEBUIHO.
Huzkue 3HaueHUst mapaMeTpoB b, XapaKTEpU3YIOT YCIOBUS 3aJleraHus BeChMa c1aboi
HETIOCPEACTBEHHON KPOBIIM MIPH IOCTATOYHO OOJIBIIION €€ MOITHOCTH, YTO TIPOBOIIHPY-
€T WHTEHCUBHOE PACCIOCHUE TMPUMBIKAIONINX K BBHIPAOOTKE MOPOJA HA 3HAYUTEIHHOE
paccTossHEe B KO [ToaToMy, TpPOTHBOJEHCTBUE CTAICIIOIMMEPHBIX AHKEPOB

aAKTUBHOMY OITyCKaH &on KPOBJIM 3aTparuBaeT OOJIbLIYIO YacTh JUIMHBI aHKepa C

IMOABJICHUCM IIPOTAXKCH YYQCTKOB INIACTHYCCKOI'O COCTOSHUSA UX apMaTyPhI.

I[JI}I KaHaTHBIX aHKC YCIAaHABIIMBACMBIX CO CTOPOHBI BBIpa6OTaHHOFO Ipo-

CTpaHCTBa, 3aBUCUMOCTh A" He EKOHHa;I. 31ech y4acTOK IIaCTHYECKOTO COCTOS-

HUS KaHaTa MPUCYTCTBYET IpHU JIIOOOM 3HH b, ot 10,6% npu b, =80 MIla/m u

1o 22,0% npu b, =20 MIla/m. B nanHOM 11 HE 3HaYCHUH b, HaOIIOTAeTCs OT-
HOCHUTENIBHO MEJUICHHBIH pocT A mpu CHIXEH pametpa b, ; IpH JabHEHIIIEM
YMCHBILICHUH OTHOIICHUS b, TpamueHT pocta A YMBAETCSI CYIIECTBEHHO

HenuHeitHo, nocturag A" =50% npu b, =1,4 MIla/m.

B KkaHaTHBIX aHKEpaX, YCTAHOBJICHHBIX CO CTOPOHBI HETPOHYTOTO MACCHBa,
zapucumocts A" ot b 3aHMMaeT, KaKk BCeraa, IPOMEKYTOYHOE TTOJI0KEHHE, KaK 110
BenuunHEe A", Tak M 110 CTEIEHH HEJMHEHHOCTH CBS3M ATHX MapaMeTpoB. YUaCTKH
IJIACTMYECKOTO COCTOSIHUSI KaHaTta MosBISOTCS npu b, <40 MIla/M ¥ MHTEHCHUBHO

pacter ux qmuHa 10 36,1% npu b, =1,4 MIla/Mm. OTMeueHHBI HHTEHCHBHBIA POCT

Y4aCTKOB TUIACTUYECKOT'O COCTOSIHUSI KAHATOB C 00EUX CTOPOH BBIPAOOTKH OOBSICHS-

€TCs BCE TOH XK€ HGYCTOﬁ‘II/IBOCTBI'O mopona HCHOCpCI{CTBGHHOﬁ KpOBJIX IIPU HU3KHX
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3HaYCHUSX b, .

AKTHBHOE paccioeHue cyiaboi U JI0CTaTOYHO MOIIHOM HEMOCPEICTBEHHOU
KPOBJIM YBEJIMYMBAET HArpy3Ky Ha KaHaTHbIE aHKEpa, 3aKpEIJICHHbIE B OCHOBHOM
KpOBJI€. JTa COCTaBHAs YaCTh KPOBJIM UCIBITHIBAET MEHBIINUE MEPEMEIICHUS B Ha-
MIPABJICHUH BBIPAOOTKH W 32 CUET HATSKEHUS KAHATOB yACPKUBACT MOPOIBI HEIO-
CPEACTBEHHOM KPOBJIHU OT oOpymieHus. [[03ToMy 4yacTh CHH)KEHHS YCTOMIMBOCTH HE-
MOCPEICTBEHHOW KPOBJIM MEPEKIIAABIBACTCS HA YBEJIMYEHUE HATPY3KH HA KAHATHBIC
aHKEpa M JJIMHA YYaCTKOB IUIACTUYECKOTIO0 COCTOSIHHS KAHATOB BO3pPACTAET.

BrisiBIeHHBIE 3aKOHOMEPHOCTH JAIOT OLIEHKY CTETICHU BIIUSIHUS F€OMeXaHuye-
CKUX (aKTOpPOB Ha HArpy3KH BCEX AHKEPOB, BXOASIIUX B COCTaB KOMOMHUPOBAHHOM
AHKEPHON CHCTEMBL O SIBISETCS OJHOM M3 OCHOB IPU pPa3pabOTKE METOIUKH
pacuera ee pauuoHajb MapaMeTPOB B 3aBUCHMOCTH OT YCIIOBUU MOJJCPKAHUS

BBIEMOYHOM BBIPaOOTK

BriBogns! k pazgeny 3 i Q}

B pesynbpTaTe BBINOJHEHHBIX MCCNEJQBAHUN C(HOPMYIHUPOBAHO MEPBOE HAYY-
HOe moJioxkeHue: O0nacTy MpUMEHEHU €IIOJIMMEPHBIX aHKEPOB B KPEIEKHOU
CUCTEME C KaHATHBIMHU aHKEpamu omnpeaese™st HKa3aTeIeM HHTEHCUBHOCTH MPOSIB-
JIEHUSI TOPHOTO JTABJIEHUSA, KOTOPBIA HAXOJUTCS B OHEHIUAJIBHOW 3aBUCUMOCTH OT
OTHOILIEHUSI PAaCYETHOTO CONPOTUBIIEHUS CHKATHUIO TOPO, [TOCPEACTBEHHOW KPOBIIH
YTOJIBHOTO TUIACTA K €r0 MOIIHOCTH [54].

B pesynbraTe BhIMOMHEHHBIX HcchenoBanuii HC yrineBmeniaromieid Tosmm,
OKpY>Kalolllel BBIEMOUYHYIO BBIPAOOTKY, U KPEIMEKHOM CUCTEMBI CTAIENOJUMEPHBIX U
KaHATHBIX aHKEPOB B KPOBJIE BHIEMOYHOMN BBIPAOOTKH CHOPMYJIHPOBAHBI CICAYIOIINE
BBIBO/IbI.

1. B mopomax KpoBiu 3a cueT KOMOMHAIIMM KaHATHBIX M CTAJIECTIOIUMEPHBIX
aHKepOB (OPMHUPYETCS apMOIIOPOIHAS TUTHTA, BHICOKAS TPY30HECYyIIasi ClIoCOOHOCTh
KOTOPOM JOCTUTaeTcsl 32 CUET COXPAHECHHS TOPU30HTAIBHBIX YCUINN pacrnopa J1axe B
YCJIOBUSIX pa30MEHUs CJIOE€B KPOBJIM Ha MOPOJHbIC OJI0KH. CHUXKAIOTCS KOHIEHTpA-

LIUM BCEX KOMIIOHEHT HAIIPSKEHUW O YPOBHSI HUXKE MPOYHOCTHBIX XapPaKTEPUCTHUK
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JIMTOTHUIIOB, a ITOABJICHHUC PACTATHUBAIOIINUX HaprDKeHHﬁ O'y u O, HOCUT JIOKQJbHBIN

xapakrtep. [loaToMy MolHAs apMONOpoAHAas TUIUTA B KPOBJIE MIPEAOXPAHSIET KPEIeK-
HYIO CUCTEMY BBIEMOUYHOM BBIPAOOTKH OT YPE3MEPHOIO BEPTUKAIBHOTO TOPHOIO J1aB-
nenus [20].

2. BriepBbie yCTaHOBJIEHA 3aBUCUMOCTh KOOPAMHAT YCTAHOBKHU U yTJia HAKJIOHA

CTAJICTIOIMMEPHBIX aHKEPOB B CBOJIC BBIEMOYHOH BBIPAOOTKH OT WHTEHCHUBHOCTHU
NPOSIBJICHUS] TOPHOTO JIaBJCHUS b’ TIpH ydeTe ero MposBICHUS B TIOPOJaX HEMOCPe/I-
CTBEHHOW KPOBIJIM B 3aBHCUMOCTH OT MOIIHOCTH BBIHMMaeMmoro macra b, . Dddek-

THUBHOCTD HpOTHBOI[GIZCTBPIH apMOHOpOI[HOf/'I INIMTBI BCPTUKAJIIBHOMY T'OpHOMY J1aB-

JICHUIO IMOBBINIACTCA 34 CUCT CHMIKCHUA HAIIPAKCHHOCTHU IMOPO/JI B Ookax BBIpa6OTKI/I,

KOTOpPBIC SBJISIOT pDaMU ISl PaCliOPHOM CUCTEMBI B Kposiie [20].

3. CHruKeHue @Tpaunﬁ HaIpsHKEHUH U pa3MepoB 00Js1acTeld pa3ynpovHe-
HUS IOpOJT B OOKaX BBIP o@waronpmmo CKa3bIBACTCs HA YPOBHE HAINPSKEHHO-
CTH TIOPOJ IIOYBBI, YTO MO3BOJIFENIIPOTHOZUPOBATE MEHEE MHTEHCHUBHOE Pa3BUTHE
npoiiecca mydyeHus [86]. Q)

4. YCTaHOBJIEHO CHUXEHUE HaIps CTU BEpXHSKa M CTOCK PaMHOUN Kpemnu

MpU HUCIOJIb30BAHUU B KPOBJIE KOMOWH HOW aHKEPHOW CHUCTEMBI, KOTOPOE
000CHOBAHO BOCHPUSITUEM YaCTH BEPTUKAIHLHORS FOPPOro JIaBICHUS apMOIOPOIHOMN
IJIUTOM, ChOPMUPOBAHHON B KpoBiie Ojarogaps a¥IHBHRMY COINPOTHUBIICHUIO CTaje-
MOJIMMEPHBIX M KaHATHBIX aHKEPOB IMpoIleccaM CHB s yrJeBMENIaloero Mac-
cuBa [54].

5. YTouyHeH auana3oH W3MEHEHMs apaMeTpOB YCTAaHOBKH KaHATHBIX aHKEPOB
B COCTaB€ KOMOMHUPOBAHHOMN CUCTEMbI B 3aBUCUMOCTH OT TUIIOpa3Mepa CEUCHHUsI BbI-

€MOYHON BBIPAOOTKH. KOMIIOHEHTHI HANPSDKCHUI O, O, U O, BO BCEX JJICMEHTaX

CXEM KpEIUICHHS] MPAKTUYECKU HE MOJBEPKEHBI BIMSHUIO PEAKIUH ILIEHTPATbHBIX
MOJIATIUBBIX CTOCK KPEMU YCUJICHUS 32 UCKIIOYEHUEM JIOKAJbHBIX YUYaCTKOB B BEpX-
HSKE paMbl B pailoHE UX COBMECTHOTO KOHTaKTa. JTO yKa3blBaeT Ha Iesiecoo0pas-
HOCTb UCKJIFOUEHUS LICHTPAIIbHOW CTOMKHU Kpenu ycuiieHus [54].

6. OO0CHOBaH KpPUTEPHUHN OILICHKHU YPOBHSI COMPOTHBIICHUS aHKEPOB B COCTaBE
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KOMOMHMPOBAHHOW aHKEPHOW CHCTEMBbI, KOTOPBIN HCIONb30BaH JJIsl YCTAHOBJICHUS
HauboJee BIUAIOIUX NT€OMEXaHNYECKUX (PAKTOPOB B YACTU CTENEHU HArpy>KEHHOCTH
CUCTEMBI: TJIyOMHa pa3MElIeHUs] BbIPAOOTKU, CpPEJHEE PACUETHOE CONPOTHUBIICHHE
CKaTHIO OJIM3NIeXAalllero MaccuBa IMOPOJ, OTHOIIEHHWE PAacUE€THOTO CONPOTHUBIICHUS
CKaTHUIO ITOPOJ] HETIOCPEACTBEHHOM KPOBIIX K €€ MOLTHOCTH [87].

7. YcTaHOBIIEHBI 3aKOHOMEPHOCTH CTEeMeHU Harpysku (auddepeHumnpoBaHHO)
aHKEpOB B COCTaBe KOMOMHUPOBAHHON aHKEPHOW CHUCTEMbI OT OCHOBHBIX BIIMSIOLINX
reoMexaHn4eckux (pakTopoB. Jloka3aHa rpaganus ypoBHS CONPOTHBIICHUS aHKEPOB
IIPOSIBJIEHUSIM TOPHOT'O AABJIEHUS: MAaKCUMYM IPOTHBOJECUCTBHS CO3JAIOT KAHATHBIE
aHKEepa, YCTAHOBJIEHHBIE CO CTOPOHBI BbIPA0OTAHHOIO MPOCTPAHCTBA; MUHUMYM —
CTaJienoJIMMEpPHbIE agxepa [87].

8. BrepBbIy OBJICHBI PallMOHAJIBHBIE KOOPIWHATHI Pa3MELICHUSI aHKEPOB
B LIEHTPAJIBHON 4acTH @a BBIEMOYHOM BBIPAOOTKH U YIJIbl MX HAKJIOHA B 3aBHCH-
MOCTH OT THIIOpa3Mepa ce BBIEMOYHOM BbIpaOOTKH. [loaydeHHbIE 3aKOHOMEp-
HOCTH SIBJISIFOTCSI OCHOBOM IS @' {2 palMOHAJIBHBIX NapaMeTpPOB KOMOMHUPOBAH-

HOM aHKEpPHOM CUCTEMBI C KOHEUHOU IIN\IbIO pa3pabOTKU METOJUKH BhIOOpa €€ mapa-

MCTPOB B 3daBUCHMOCTH OT FOpHO-FeOHOKI/IX YCJ'IOBI/Iﬁ MMoAACPKaHUA BBICMOY-

HOM BbIpabOTKH [54]. O
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Paznen 4

TEXHOJIOTMYECKUE ITAPAMETPbBI YITPOUYHEHUA ITOPO/]
KPOBJI BLIEMOUYHBIX BLIPABOTOK CUCTEMOU
CTAIJIEIIOJIMMEPHBIX 1 KAHATHbBIX AHKEPOB

4.1 O6ocHOBaHME MAPAMETPOB PACIIOIOKEHUS

CTAJICTIOJIMMCPHBIX AHKCPOB B ITOPOJaxX CBOAA BBIpa6OTKI/I

B cootBercTBHM ¢ 00wIEil cTpaTerneil BbIOOpA MapaMeTPOB JIEMEHTOB Kpe-
NEKHOM CHUCTEMbI BBIEMOYHON BBIPAOOTKH B 3aBUCUMOCTU OT TOPHO-T€OJIOTHUYECKUX
YCIIOBUH €€ NOJJepKaHusl OCHOBHAs 3a/laya HaCTOALIETO pa3zesia COCTOUT B ONpee-
JIEHUU PalUOHAIBHLAN [1apaMETPOB Pa3MELIEHUsl CTAJICTIOIUMEPHBIX W KaHATHBIX

AHKEPOB, YIPOUYH fux OPObl KPOBJIM TIIACTOBOW BbIpaOoTKU. [lon pammonans-

HBIMU IIapaMCTpaMH C OJIMMCPHBIX M KAaHATHBIX aHKCPOB INOHUMAIOTCA TAKHC,
KOTOPLBIC PCAIU3YIOT IBa nui: C O,Z[HOﬁ CTOPOHBI, aHKCpa COBMCCTHO C YIIPpOY-
HCHHBIMU ITOPOJaMH KPOBJIN OO MAaKCHUMAJIbHO PA3rpy’KaTb paMHYIO KPCIIb IJIA

3¢ ($EeKTUBHOTO OrpaHUYCHUS TTOTEPH éﬂGHHﬂ BBIPA0OTKH; C APYTOil CTOPOHBI, aHKe-
pa B KpOBJIE JIOJKHBI paboTaTh C Makcu 1 peakiueil ConpoTuBIECHUS TOPHOMY
JIABJICHUIO, TO €CTh, YCTAaHABIMBATHCS B MUHRIAIPHO JOCTATOUHOM KOJMYECTBE.

OTnenbHOE PACCMOTPEHHE CTAJCMOIMMEPHPI¥ M1 KaHATHBIX aHKEPOB B KPOBIIE
BBIPAOOTKH MPOJUKTOBAHO CIIEIYIOIIUM O0CTOSTEIBCTBYM.,

Bo-nepBbIX, nMHA KaHATHBIX aHKEPOB B JIBa U 00JIe€ pasa MPEBHIIIAET JAIUHY
CTaJICTIOJIMMEPHBIX, YTO MPENONpeeIseT pa3Hble 00JaCTH YIPOUYHEHUS IPUKOHTYP-
HBIX TTOPO/I.

Bo-BTOpBIX, X (QYHKIIUHU CYIIECTBEHHO OTIUYAIOTCS APYT OT apyra. Cranermno-
JUMEpHBIE aHKepa MPHU YIIPOUYHEHUH MOPOJ HEMOCPEACTBEHHON KPOBJIM CBOJIAa BbIpa-
OOTKH OTPaHMYMBAIOT €€ PACCIIOCHHE M COBMECTHO C OOKOBBIMHU aHKEpPaMM CO3/A0T
CBSI3M MEXAY OTICJIbHBIMH MOPOAHBIMU OJokamu. B koHeuHOM utore opmupyercs
NOPOJHAS IUIUTA, BOCIIPUHUMAIOIIAs Ha ce0sl yacTh TOPHOTO JaBJICHUS, YTO CHUKAET

Harpy3Ky Ha paMHYIO KpEIb.
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KanaTtHble aHKepa CBA3BIBAIOT HEMOCPEACTBEHHYIO U OCHOBHYIO KPOBIIIO, YTO
MOBBIIIAET YCTOMUYHUBOCTh KaK OJTHOTO, TaK U JAPYTOro MOPOJIHBIX 00BEMOB HaJ| BhIpa-
OOTKOM M 3aIMIIAI0T KPEIb OT TOPHOTO JIABJICHUS.

[lepeuenb mapaMeTpOB YCTAHOBKH CTAJICTIONMMEPHBIX aHKEPOB, PA3MEILICHHBIX B
KpOBJIE BBIPAOOTKM MO KOHTYPY BEpPXHSKAa paMbl, COCTOMT W3 OIpEAeTeHUs yria

HakIoHa [3;, aHKepa K TOPU3OHTAIBLHOW OCH BBIPAOOTKU M €ro Hecylleil CriocoOHOCTH
(BBIpaskeHHAs yepe3 quaMeTp d; «apMaTypbl»). 3aJaeTcs AJMHA CTAJICIOIMMEPHBIX /;

aHkepoB (2,4 M), uTo 0OYCIIOBIIEHO WX (YHKLHMEH MO (OPMHUPOBAHUIO TPy30HECYIIEH
apMOIIOPOJTHOM TUTUTHI B KPOBJIE BBIpAaOOTKU. Pa3mepsl cBoJa MpeIesIbHOTO pPaBHOBECHS
B KpOBJI€ (B 30HE CTAOMJIM3ALMU MPOSIBIEHUN TOPHOTO JTABICHUS) TAKOBBI, UTO B OOJIb-
IIMHCTBE CIy4YaeB YT@MNUIMHBI HETOCTaTOYHO JIJIsl 3aKPEIUICHUS UX 3aMKOB B YCTOMYH-
BBIX [IOPOJAx U 3T HKIMIO JIEJIETUPYIOT KAHATHBIM aHKepaM. YeTBepThIM MapaMeT-

POM ABIBICTCSI KOOPANHNG WCTQHOBKH KAXKAO0I'0 3JIEMCHTA X;, KOTOPasA OTCUHUTBLIBACTCSI

OT BEPTUKAJIBHOM OCH BbIPa TQPU30HTAIH.

HpI/I BBIIBJICHUH CBsA3H KO HAT YCTAHOBKH X; CTAJICHIOJIMMEPHBIX aHKEPOB C

reoMexaHuueckumu ¢dakropamu 1o cgop OBaHHBIM BBIIIIEC YCIOBHUSAM HCIOJIB30-
BaHbl 3aKOHOMEPHOCTU (CM. TOJpa3zen 3MEHEHUS! CTETEHU HarpyKeHHOCTH
aHkepoB. CHJIOBOM TMOTEHLIMAI CTAJICTIONUME X aRKEpPOB B KPOBJIE pEATU3YETCS
TOJIbKO TIPU MHTEHCUBHOM TIPOSIBJICHUM BEPTUKAINION GOCTaBIISAIONICH TOPHOTO J1aB-
JIeHHsI. DTO BaKHO IS ycioBuid 3anmagHoro Jlonbaccy, yOWHa 3aJI0’KEHUS BBIPa-
6otk H =400 — 450 M u cimabbie TOpoAbl OJIM3JISKAILIECTO YIIIEBMEIIAIOIIET0 MacCUBa

(R<10 — 15 MIla), a Tak:ke HU3KOE COMPOTUBICHUHU CXKATUIO MOPO]] HETIOCPEACTBEH-
HOI KPOBIIM NPU €€ MOBBIIIeHHO# MomiHocTH (b <15 — 20 MIla/m). 3xech craneno-

JMMEPHBIE aHKEpa AKTHBHO COIPOTUBIISIOTCA MPOLECCAM PACCIOCHMS W OIyCKaHUs
HOPOJ KPOBJIM BBIPAOOTKH, YTO MPEATNOJIAraeT MOBBIILIEHHYIO TUIOTHOCTh WX YCTaHOB-
ku. Ha mpakTrke naHHasi TOpHO-T€0JIOTHYECKAs CUTYalHs XapaKTEPU3yeTCsl pa3Mele-
HHEM B KpOBJI€ BbIpaOOTKHU mopsaka 7 — 9 ankepoB. B Gonee O6maronpusiTHeIX TOPHO-
IEOJIOTMYECKHUX YCIIOBUAX KOJIMYECTBO AHKEPOB B KPOBJIE CYLIECTBEHHO CHUKACTCS

(o 3 — 5 aHKepoB), MOCKOJIBKY OHHM OCTAIOTCS HEAOIPY>KEHHBIMH, KaK IMOKa3bIBAIOT
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pe3yJIbTaThl BBIYUCIUTENBHBIX SKCIIEpUMEHTOB [20, 85].
Bonpoc 0 MUHMMaJIbHO HEOOXOJUMOM KOJHUYECTBE CTAJICOIMMEPHBIX aHKe-

POB B KPOBJIE COBMCIICH C IIOMCKOM KOOPAMHATHI X; PACIIOJIOXKCHHUSA KAXKXIOI'O aHKC-

pa. IIpu 3TOM mepebop BapuMaHTOB pacyeTa CYLIECTBEHHO YHPOUIAETCS UCXOIs U3
CJIEIYIOIINX COOOpaKEHUH.

Bo-nepBeIX, YCTaHOBIIEHO, YTO CTEIEHb HArpy3Kd AHKEPOB IIPSMO MPOIOp-
UOHAJbHO THyOuHe / pasMenieHuss BBIPAOOTKM M OOpaTHO MPOMOPIHOHAIbHA
BEJIMYMHE CPEJAHET0 PACUETHOI'O CONPOTUBIICHUS CxaTHio R Onuznexaineil yrie-
BMearomend Tonuu. [log 3TuM TEpMHUHOM MOHUMAETCS PagnuyC BIUSHHS BbIEMOY-
HOW BBIPAOOTKM Ha OKPYXAIOIIHE €€ MOPOJbl, KOTOPBIM COCTaBiseT 3 — 5 MHUPUHBI
BbIpaOOTKH. Takum a3oM, IOATBEPKIAIOTCSI M3BECTHBIE TEHACHLUU Pa3BUTHUSL

TOPHOTO JABJICHUs®, YHTEHCUBHOCTh KOTOPOTO TPATUIIMOHHO CBS3BIBAIOT C OTHOIIIE-
HUEM = KOTOpOE 0151 PHD. Hus 0003nauum uepes b u 6 oanvuenwem ucnoo-

3yem €20 6 HaWuUX Uccied06an @ Kpome TOro, Mo MPUYMHE MOCTENEHHOTO YBEIH-
yeHud napamerpa H (1o TexHoJo H}cheTa YIPYro-IIacCTUYECKON 3a7aum) B X0O/I€
OJIHOTO BBIYUCIUTEIILHOTO aKcnepHMeHTHo MOJIYYUTh HAOOp 3HAUEHUM MO CTe-
MIEHU HArpy>KEHHOCTU aHKEPOB.

Bo-BTOphIX, uCnonb3ys naHHble ucciead®Banyd [20, 85], BapuaHThl C MOBBI-
IIEHHBIM KOJUYECTBOM CTaJICTIOJMMEPHBIX aHKEPOB KpPOBJIE PaCCUUTHIBAIOTCS
TOJIBKO Il OTPAaHUYEHHOTO Kpyra CJIOKHBIX TOPHO-XCOJOTHYECKUX YCIOBUM, OTME-
YEHHBIX BBIIIIE.

B-TpeThux, mpu CyImecTBEHHOW HEIOTPYy3Ke KaKUX-THOO aHKEPOB OHU MCKITIO-
YaKOTCSl U3 PACCMOTPEHUS MPU COXPAHEHUHU UX pe3yibTaroB. IIpu 3TOM Harpyska,
BOCIIpUHUMAaeMasi HEJOTPYKEHHBIMU aHKEPAMH, YYUTBHIBACTCS TMPU YBEIMYCHUU
WHTEHCUBHOCTH HAIPSHKEHHWM 3a CUET pe3epBa CONPOTUBIICHHUS, OOYCIOBICHHOTO
IUTOLIAJKOMN M CTaiuel yIpOYHEHUs JTF000M CTalu «apMaTypbl» aHKepa.

Hcnonb3ys U3II0)KEHHBIN MOAXO0/, MOJy4YeHbl TpadUKU 3aBUCUMOCTEW KOOpAM-
HAT X, YCTAaHOBKH CTaJCMOJIMMEPHBIX aHKEPOB OT IapameTpoB b u b, , KOTOpbIE Mpu-

BeieHbl Ha puc. 4.1. IlpenBapuTensHO yCTaHOBIEHO, YTO pa3MelaTh 0ojiee MIeCTH
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AHKEPOB B LICHTPAJIbHOM YaCTH KPOBJIM HE PALMOHAIIBHO BBUAY MX HU3KOM 3arpyKeH-
HOCTH. DTO MOATBEPKIAETCS KaK cepuell MHOroBapuaHTHBIX pacueTtoB HIIC kpemnex-
HOU cuctemsl [20, 85], Tak U OMBITOM MOJEP>KaHUS BHIEMOYHBIX BBIpaOOTOK. Toraa
IPU CUMMETPUYHOM (OTHOCUTEIHHO BEPTUKAIHHON OCH BBHIPAOOTKH) CXEME YCTAaHOBKH

AHKEPOB HEOOXOIUMO INPOAHAIM3UPOBATh U3MEHEHUE TPEX KOOPIUHAT X; (i = 1,2,3) B

3dBUCUMOCTHU OT IT'OPHO-T'COJIOTNIYCCKHUX YCHOBI/Iﬁ.

b, M/MIla
\ RNEA N
\ \\ \. \ \\
' \ \ AN
\\\\ \ \ \ N\, %
o[\ N\ NN )
\ N\ L~

.

\
/
\
/
/

7 x|
. <.

0 0,4 0.8 ‘iibx[,M

—— b}, =4,8 MIla/m; --- - b, =10,2 MIla/v; ==+ =b,, =15,6 MIla/m

Pucynok 4.1 — CBsA3b KOOpIAUHAT X, (i =12, 3) YCTAaHOBKH CTAJIETIOJIMMEPHBIX

AHKEPOB B IIEHTPAJIBHOM YaCTH CBOJA BBIPAOOTKH OT mapamerpa b’

Habmtonaercs oOpaTHO IpONOpLUOHATIbHAS CBSA3b KOOPAUHAT X; C BEJIMUYMHOMN

OTHOIIICHHUI b, KOTOpast cTAOUIBLHO MOBTOPSACTCS IS BCEX BAPHMAHTOB pacueTa BHE

3aBUCUMOCTH OT KOJIMYECTBA AHKEPOB B CBOJIE BhIPAOOTKH. [Ipu OonbIlION BenHUnHE

oTHoIIeHus b” (TOBBIIICHHAsI TTyOWHA PACIIONIOKEHUS BRIPAOOTKU MPU MOHMKECHHOM
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KPETIOCTH OKPY)KAIOIIEr0 MacChBa) CTaJIeTIONIMMEPHBIE aHKepa Ieecoo0pa3Ho
COCpeNoTaynBaTh ONMKE K 3aMKY CBOJA, YTO IMPOAMKTOBAHO BeChbMa MHTEHCHUBHBIM
pacciIoeHneM KPOBIM PEUMMYILECTBEHHO IOCPEANHE TIPOJieTa BEIPaOOTKH, TO €CTh, B

LIEHTPAJIBHOM YacTH €€ cBOoJa. [Ipu MOBBIIEHHON YCTOWYMBOCTA BMEIIAIOIIUX TTOPOJ

(CHIDKEHHE BEJIMYMHBI b’ ) KOOPAWHATHI YCTAHOBKU aHKEPOB TIEPEMEIIAIOTCS OJIMKE K
IIIT€ CBOJA, a KOJMYECTBO AHKEPOB B KPOBJIE CHUIKAETCS, YTO HE IMPOTUBOPEUYUT
CYIIECTBYIOIIUM IPEACTABICHUSIM U PEKOMEHAALMAM. AHKepa, ISl KOTOPBIX KOOp-

AWHAaTa X; JOCTUI'ACT WJIM HPEBBIMIACT KOOPANHATY PACIIOJIOKCHHS 3aMKa I1OAATINBO-

CTH PaMbl, IEPEXOAUT B MHOE KA4ECTBO — BEPXHUX OOKOBBIX aHKEPOB M UX palMo-
HaJIbHBIE TIApaMETpPbl YK€ YCTaHOBJIEHBI B padote [35]. [Ipu 3TOM KOIMYECTBO aHKe-
POB B KPOBJIE CHHKA

NHubM 006pa3oy HaKOOpAMHATHI YCTAHOBKH CTaJIENOJMMEPHBIX aHKEPOB BIIUS-

et otHomenue b, . C WYQHUEM KPEIOCTU MOPOJbl KPOBJIM HArpy3ka Ha aHKepa

CHIKACTCA, U UX KOJIHUYCCT C 6p8,3H0 YMCHBIIATb, YTO COOTBCTCTBYCT YBC-
argep

JUYECHHUIO PACCTOSHUS MEXKIY U (CMEUICHUIO KOOPJAMWHAT MX YCTAaHOBKU OT
3aMKa K I5IT€ CBOJA).

BhIsSIBJIEHHBIE 3aKOHOMEPHOCTH CB VOHAJIbHBIX KOOPJIMHAT YCTAHOBKU
CTaJICTIOJIMMEPHBIX aHKEPOB B CBOJIE BBIPAOO redyIeXaHMYeCKUMHU MapaMeTpaMu
ee NOJ/IepKaHMsI TO3BOJIMIIN MTOJyYUTh HA0Op ypadeHMi§ perpeccuy Mo pacueTy 3Ha-

YEHUU X|, X,, X;

x, ==58-1025" 1n(0,0156" —0,52), m; (4.1)
x, =105 [48-109(0,0156" —0,52)], m; 4.2)
x; = 107287 12,6 -17.210(0,0156" - 0,52 )], w. (4.3)

B npuBeneHHBIX BBIpaXEHUSAX MHIEKC «1» 0003HAaYaeT KOOpAMHATY X, yCTa-

HOBKH CTAJICTIOJIMMCPHOT'O aHKCPAd C MUHHUMAJIIBHBIM PACCTOAHHUCM OT BCpTHKaHBHOﬁ

OoCH BI)Ipa6OTKH, a HHACKC «3» — ¢ MaKCUMaJIbHBIM PaCCTOAHUCM. Ecnu Bennuuna X3

IPEBBIIIAET TOPU3OHTAIBHYIO KOOPAMHATY pPACHOJIOKEHHUS 3aMKa MOJATIMBOCTH
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paMHON Kpemnu, TO KpalHWW aHKEp HCKIKOYAETCS M3 CXEMbl YCTAaHOBKH AHKEPOB B
CBOJIe. AHAJOTMYHBIM 00pa3oM paccMaTpPUBAECTCS LEIECOOOPA3HOCTh YCTAaHOBKH B

CBOJIE CTAJICMIOJIMMEPHBIX aHKEPOB C KOOpJAWHATaMH X, M X;. Toraa B HEKOTOPOW

00JacTH COOTHOIIICHUSI TEOMEXaHNUECKUX MapaMeTpOB HET HEOOXOIUMOCTH B yCTa-
HOBKE aHKEPOB IO KOHTYPY CBOJIa HA YYaCTKE MEXKy 3aMKaMU MOAATIUBOCTUA PaMBbl.
OOG0CHOBaHHOCTh JIaHHOTO YTBEPXACHHUS COCTOUT B TOM, YTO YCTOMYUBAsI KPOBJIS HE
HArpykaeT aHKepa /10 YPOBHS WX aKTUBHOW PAOOTHI MO COMPOTHBICHUIO TOPHOMY
naBieHuto. OKa3pIBaeT BIUSHUE U JJIMHA AaHKEPOB, TJI€ UMEET MECTO pa3HbIe CMelle-
HUS TOPOJ] KPOBJIM B XBOCTOBHKE M Ha y4acTKe 3aMmka. [Ipw yBenmueHHOUW IJIHHE
aHKEPOB pa3HUIAa B YKa3aHHBIX CMEILEHUSAX BO3PACTAET, YTO CIIOCOOCTBYET UX IOJ-
HOIICHHOM Harpy3ke JIelyeT OTMETHTh OCOOEHHOCTH PabOThl paMHOM Kpemnu o
MOJIICP )KAHUIO0 KPOBJH BBIEMOYHOUW BBIPAOOTKH. BEpXHSK pamMbl MEHEe HarpyxkeH,
YeM ee CTOMKHU Kpernu, RCOJEHHO, B OIaronpusiTHBIX TOPHO-TEOJIOTHUECKUX YCIOBUSIX
maxT 3anagHoro Jorbacca\[1$/85].

Takum oGpazom, cymiect 0JIaCTh TOPHO-TE€0JIOTUYECKUX YCIIOBUM, KOTAa
HaAOJIIOTaeTCsl HU3Kas 3(1)(beKTHBHOCTNH0quHH>I CTaJIENOJIMMEPHBIMU aHKEpaMu
TIOPOJT KPOBJIM B TIPE/IeNax [EeHTPaIbHOU @ cBojia BeIpaOOTKU. J{71s1 ompenenenus
IPaHUIl ATOM 00JIACTU TOTYyYEHbI CJ'IGI[YIO@ COQTHOIICHHSI TEOMEXaHUYECKUX

napaMeTpoB sl BLIEMOYHBIX BEIPAOOTOK C KpENb Iy:

— s KIOITY — 11,0 (11,7)

b <347+66,7expl-17,2b ), mMITa; (4.4)
— g KIOITY-15,0

b <34,7+66,7expl—19.85, ), M/MITa; (4.5)
— g KIOITY-17,7

b <34,7+66,7exp-22,4b" ), w/MITa. (4.6)

[Tpu Benuumue b” MeHble pacueTHOH 1o Gopmynam (4.4) — (4.6) He peko-

MCHAYCTCA YCTAHOBKaA CTAJICIIOJIUMMCEPHBLIX aHKEPOB B HCHTpaHBHOﬁ qaCTu CBOJA. B
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MIPOTUBHOM CJTydae KOOPJWHATHI PAa3MEIICHHs] AaHKEPOB M UX KOJHMYECTBO OMPEIEIIs-
1otcs o popmyiiam (4.1) — (4.3).

Jl7iss onmepaTHBHON OIIEHKH II€JIeCO00Pa3HOCTH pa3MEIIeHHs] aHKEPOB B IICH-
TPaJIbHOW YacTH CBOJIa BBHIPAOOTKH MOCTPOCHBI TpadUKu, ONPECNSIONIINEe TPAHUILY

yKa3aHHBIX 00JacTed M0 COOTHOIICHUSM I'€OMEXaHMYECKUX MapameTpoB b u b, ,

KOTOpPbIE PUBEAEHBI Ha puc. 4.2.

b’, Mm/MIla
//
60 s
KIIY-11,0(11,7) // yd
\y/ / //
SN
V V4 4 7
\\Q§ Yy
YCTa aﬂHKepOB /
uesbeghfpazga //// KIIY}17,7
V4 V4
KIIY-15,0
40 /
2/ C) TaHOBKA JHKEPOB
CYCKOMCHOYCTCA
30 \/
1

(e
(9]

10 w » MIla/m

Pucynok 4.2 — O6nactp 1enecoo0pa3zHoro pa3MenieH s CTajaenoIMMepHbIX

dHKCPOB B HCHTpaHBHOﬁ qaCTH CBOAA BBICMOYHOU BBIpa6OTKI/I

CrnenyromuMm mapaMeTpaMu YCTAaHOBKU CTaJENOJIMMEPHBIX aHKEPOB B CBOJE

BBIEMOYHOM BBIPAOOTKH SIBJISIFOTCSA MX YroJ HakioHa f, W nuamerp d; Hecymero

crepxkHs. [Ipu uccnenoBanuy MOCTOSIHHO OTMedalcs (hakT HEIOTPy3KH paccMaTpH-
BaeMOW TPYIIBl aHKEPOB. 37eCh HEIEIecOO0pa3HO MPUMEHATH aHKepa OOBIYHOU
KOHCTPYKITUH, HECYyIIIasi CHIOCOOHOCTh KOTOpo# oreHnBaercs nopsanka 200 kH [4, 91,

92]. PexoMeHIyIOTCS KOHCTPYKUMH C YMEHBIICHHBIM JMAMETPOM «apMaTypbD» B
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uHTepBane d; =15 — 18 MM, conpoTUBIIEHNE pa3pbeIBy KOTOPOH 110 2 — 2,5 pa3a HUXKe,

YeM y OOBIYHBIX KOHCTPYKUMH. DTOro BHOJHE JOCTATOYHO ISl (HOPMHUPOBAHHS
apMOIIOPOJIHOM Tpy30HECYIIEeH IUIMTHI B KpoBJie BhIpaOoTKu. [lorTOMy miisi manHOU
TPYIIIbl AHKEPOB HELEeIeCO00pa3HO MPOBOIUThH UCCIEIOBAHUS 1O BBISIBIEHUIO 3aKO-
HOMEPHOCTEN CBSA3M AUAMETpa «apMmaTypbl» C I€OMEXaHUYECKUMHU MapaMeTpamu

noJiep>kaHusl BbIpaOboTKU. BennumHa auamerpa d; BbIOMpaercss MOCTOSTHHOM JUis

BCEH I'PYIIIBI aHKEPOB B IIPCACIIaX BBIIMICYKA3aHHOTO UHTCPBAJIA.

HNuas cuTyalnusa UMeECT MCCTO C BBI60pOM paduOHAJIbHBIX YIJIOB ﬂ[ HaKJIOHa

CTaJICTIOIMMEPHBIX AaHKEPOB K TOPU30HTATBHON OCH BBIPAOOTKU. DTOT MapaMeTp CBsi-

3aH C KOOpI[HHaTOfI X; W ABJKCTCA IIEPEMCHHBIM U dHKCPOB, YCTAHABJIMBACMBIX B

LHEHTPaJIbHON YacT Y1a BeIpaObOTKH. MakcuManbHbIN A (EKT yIpOUHEHUS MaCCH-

Ba JOCTUTaeTCs KOTI{ I@OHBHEUI OCh aHKEpa COBIIAJIa€T C BEKTOPOM MepeMEIICHUN
MOPOJ KPOBJIU MPU TaHNOU @pHHHaTG x; [42, 85]. B cooTBeTrcTBUM € 00OLIEH TEH-
JICHIINEN N3MEHEHUs BEKTOpa e@e}xeﬂnﬁ MOPOJT OT BEPTUKAIBHOTO B 3aMKE CBOJIa

70 KOCOHAIPAaBJIEHHOIO B €ro Teﬁ)nyquH 3aKOHOMEPHOCTH CBsi3U yria f3,

HaKJIOHa aHKepa ¢ KOOPAMHATON X; ero yKH, KOTOpBIE OTPaXeHbI Ha TpaduKax
puc. 4.3. Habmoaercst crabuiibHOE 3HaKoneV?<Hoe CHI)KEHHE [3; TIpU CMEUIeHUH

MCCTa YCTAHOBKH aHKCpPa (YBGHI/IHGHI/IG KOOPAWHATHI ) B CTOPOHY 3aMKa IMOAaTIIMBO-

1

CTH paMBbl. DTta CcTadMIBLHOCTH MOATBCPIKAACTCA HCCYHILCIRCHHBIM BIIMAHHUCM TAKHUX

reOMEeXaHNYEeCKUX MapaMeTpOB, KaK OTHOIICHUS b” u b, .

Tak, npu yBennueHun mapameTpa b’ B 2 pasa Auana3oH BapHUalllH yIjia HaKJIO-

Ha aHkepa coctaBisieT 0 — 10% ¢ makcumanbHbIM oTKIOHEeHHEM 11,8%. [Ipu ymens-
IIeHNuH MapaMerpa b, B 3,25 pa3a MakcHMalbHOE OTKJIOHEHHE /3, HE TPEBBIIIACT

10%. IlpuBeneHHble NaHHBIE KOCBEHHO IOAYEPKHUBAIOT OOBEKTUBHOCTH KpUTEPUs
BbIOOpA yIJia HaKJIOHA aHKEpa MO BEKTOPY IMEpPEMEIECHUN OKPYKaoIero MaccuBa B
HANpPaBJIEHUU TOJOCTU BbIpAOOTKH. [IprMeHeHHne KOoppeasiuOHHO-IUCIIEPCUOHHOTO
aHaJIM3a Pe3yJIbTaTOB BBIYMCIIUTEIBHOIO HKCIEPUMEHTA IO3BOJIMJIO ITOJyYHUTh

ClIelytollee ypaBHEHUE PErpeccuu
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Pucynok 4.3 — Csi3b yria 3, HaKkJIOHa CTaleNnoIMMEPHOro aHKepa
C KOOPJIMHATOM X; €ro YCTaHOBKM B CBOJIE BBIEMOYHOMN BBIPA0OTKH

IIPY pa3HbIX 3HAYCHUAX MapameTpa b’

[Tonesnocth BoipaxkeHust (4.7) B coBokymHocTH ¢ dopmynamu (4.1) — (4.3)
3aKIJII0YAeTCsl B BO3MOXXHOCTH OOOCHOBAHHOTO BHIOOpa MapaMeTpoOB YCTAHOBKH CTa-

JIETIOJIMMEPHBIX aHKEPOB 0 KOHTYPY CBOJIa BHIEMOYHOMN BBIPAOOTKHU.

104

4.7)
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4.2 ITapameTpsl yIPOUHEHUS TTOPOJI CBOJIA BHIPAOOTKHU

KaHAaTHBIMH aHKCPpaMH

KanaTHbie aHKepa BBITIOJHSIOT OCHOBHYIO (DYHKITUIO B IIPOIIECCE TOAACPIKAHUS
BBIEMOYHOM BBIPAOOTKM B 30HE BIUSHUS OYHCTHBIX palOoT. [ 1yOMHHOE ynpodHEeHHE
OpoJ KPOBJIM, OCHOBHOM 3((PEKT KOTOPOro COCTOMT B OIPAaHUYEHUU PACCIOCHHUS
MOIIHOW CTPYKTYPBI U3 MOPOJ HEMOCPEACTBEHHOW WU OCHOBHOM KPOBIIH, HE TOJIBKO
OTPaHUYMBAET UX OMYCKaHUE B BHIPAOOTKY, HO M MOBBIIIAET COMPOTUBIICHUE TOPHO-
My JABJICHUIO.

[TpuBenennas GyHKIMA KaHATHBIX aHKEPOB MPUHIUAMUAAIBLHO OTIMYAET MX OT
CTaJIENONMMEPHBIX. [[7s MOATBEpPKIECHUSI JAHHOTO Te3uca Ha puc. 4.4 mpuBEICHBI
S0Pl UHTEHCUBH HaIpPSDKEHUM O KPETEKHBIX U OXPAHHBIX CHCTEM BbIEMOY-
HBIX BBIPAOOTOK Ha AP axtax 3anaaHoro JlonOacca. B cBose BhIpabOTKH YETKO
MIPOCIICKUBAETCS 6one;®:0 s HArPY’KEHHOCTh KAHATHBIX AHKEPOB MO CPABHEHUIO
CO CTaJENOIUMEPHBIMU §

MOCTH OT TOPHO-TCOJOIrMYCCKHX YCJIOBI/Iﬁ

NoJI/Iep>KaHus BHIPAOOTKH, CX€ a%ﬂuem/m aHKEpOB U MPHUMEHSIEMOTO Ccrocoba

OXpaHblI. Q
Hcxons U3 U31M0KEHHOTO, ISl KaH ﬁ}(epOB pa3paboTaHa METO/IUKa pac-

9eTa palMoOHAIBHBIX TTapaMeTPOB, BKIIOYAIONIRY: amupy [“" ankepa, nmamerp d

H

KaHaTa, KoopauHaty x“ wm yrom A" nakmona'Rro yeranoBku. IIpemmomaraercs

CUMMETPUYHOCTh YCTAHOBKM KaHAaTHBIX AHKEPOB BNJOIIEPEYHOM CEUYEHUU OTHOCH-
TENbHO BEPTHKAIBHON OCH BbIpaOOTKH. J[aHHOE pemieHne oO0OCHOBAHO TE€M, YTO B
KauyecTBE OCHOBHOI'O apryMEHTa IPUBEJEHA MEPCIEKTHBA ITOBTOPHOIO MCIOJIb30Ba-
HUSI BBIEMOYHOM BBIPAOOTKH M BbIPAaBHUBAHUE ACUMMETPHH MPOTEKAHUSI T€OMEXaHU-

YCCKHUX IIPOHCCCOB IIPHU MMOAXO/C BTOpOﬁ JIaBBblI.
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Pucynok 4.4 — Onropbl THTEHCUBHOCTH HANPSHKEHUN O B KPETIEKHOU U
OXpaHHOM cHCTeMaX BHIEMOYHBIX BRIPAOOTOK maxT 3amagHoro Jlonbacca:
(a) maxta «Camapckas» 11V «TepHoBckoey; (0) maxta um. ['epoeB Kocmoca 1LY
«I"'epoeB Kocmocay; (B) maxta «Crennas» Y «IlepmiorpaBeHckoe»
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Z KaH

PaHHOHaHBHaH JJIMHA KAaHATHOI'O aHKepa BBI6I/IpaeTCH 110 yCHOBI/IIO 3aer-
IIJICHUA €0 33MKOBOI>'I 4aCTH 3a IIpcaAciaMu CBOJa IIPCACIIBHOI'O paBHOBCCHA, TO €CCTh
B OTHOCHUTCIIBHO YCTOﬁqI/IBBIX nmopoaax OCHOBHOU KpPOBJIN. 9TO YCJI0BHUC 3aIIMCAHO B
BHUAC
Kau K
[zl +b; +1I., (4.8)

rac Zsam_ OJINHA 3aMKa aHKEpa, M,

[ — HJIMHa XBOCTOBOM YacCTH AHKCpa, BBIXOIAIICTO B IIOJIOCTH BBIpa6OTKI/I;

X6

00b1yHO nipuHUMaroT / , =0,1 M;

b¥ — mmpnHa 06MACTH Pa3yNMpPOYHEHMS GOKOBBIX IOPOM, M; OMPENENIACTCS IO

bopmyiie [54]
41/%7

@:Wh—exp(— 59107 H ) (4.9)

31ech [, — IMUpHUHA OXPaHHOY IQUQCRI, M.

B ¢opmyne (4.8) u3z Heo I[Q{HHLIX ImapaMeTpoOB OCTACTCsl TOJILKO JJIMHA
3aMKa. Pacueramu U ucnblTaHUAMU yCTa@HO, YTO Hecyllas COCOOHOCTh cTaje-

noJMMEpPHOro aHkepa mnopsaka 200 €CIICUMBACTCSA IIPpU JJIMHE 3aMKa

[, =06-07m Kak MuHUMYM HE MEHb HecY1as CrocOOHOCTh KaHATHBIX
aHKEPOB JOCTUTAETCs IIPU JUIMHE 3aMKa He 6onee N)) — IN M.
JIns onpeneneHuss MUHUMAJIBHO TOCTaTOYHON bl KAHATHOI'O aHKepa HeoO0-

XOJAUMO 3HaTh TPAHUIIbl KOHTYpPaA CBOJIA MPEICIBHOTO PABHOBECHS, YEMY MOCBAIICHO
MHOT0 HccienoBaHui, HaunHas ot npod. M.M. Ilporoassikonoa [93], mpod. I1.M.
[{umbapeuya [94] u 3akaHYMBasi COBPEMEHHBIMH METOJaMH MOJICIIUPOBAHMS Te€OME-
XaHU4YeCcKuxX mporeccoB [51, 69, 95]. [laHHble KIIACCUUYECKHUE MPEACTABICHUA
HACTOJIBKO apryMEHTHUPOBAHBI, UTO BOIUIM B LEJBIN psii HOPMATUBHBIX JOKYMEHTOB
[67, 68, 96, 97], B TOM uHcCiie U B OTpacieBoi cranaapt [67]. OgHako, B yKa3aHHOM
TOKYMEHTE, HapsIy C pacueTOM BBICOTHI /1 CBOJIa, HE YUUTHIBACTCS IIMPUHA O0IACTH
pa3yNnpoYHEHHBIX MOPOJI B €ro 00KaxX, 4TO JI0Ka3aHO B paboTe [85] u onpeaeneHo mno

ypaBHeHUI0 perpeccun (4.9). [IpuHumas Bo BHMMaHUE 00JIaCTU pa3yNpOYHEHUsS B
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OOKax BBIPAOOTKH, pa3Mepbl CBOJAA MPEJECTLHOIO0 PABHOBECHUS CYIIECTBEHHO YBEIH-
YUBalOTCA, 4T0 000ocHOBaHO emie npod. I1.M. I{umGapeBuuem. [l yrouHeHus pas-
MEpOB CBO/Ia MPEJI0KEHO UCIOIB30BaTh CIEAYIONTYI0 KOMOMHAIUIO:

— BBICOTA CBOJIAa /1 TIPEACIIHFHO PAaBHOBECHSI ONIPEICIIACTCS 0 IOKYMEHTY [67];

— IIMpUHA O00JIacTH pa3ynpovyHEHHs B OOKaxX BBIPAOOTKU OMpeNesieTcs
COIJIACHO HcclieIoBaHusIM [85];

—dopMa KOHTypa CBOJa OIpEAENseTCS ypaBHEHHEM MapaboJibl COTJIACHO

npod. M.M. IIpoToabsiKOHOBY

4x?

A R
g (B+265)

, (4.10)

rae y n x — BCPTHRAJIBbHAA W TOPHU30HTAJIbHAA KOOPAHWHATBI C TOYKOHU OTCYCTA,

PacIoJIOKEHHOM B 3aM®o a BBIPaOOTKU;

B — mmpuna BeIpaboT MIPOXOJIKE, M;

b* — ompenensercs mo ¢ e (4.9); aToT mapameTp NPUHAT K pacueTy Kak

q

MaKCHUMaJIbHBIA pa3Mep MUpPHHBI 00Ja aBprOquHI/I}I B OOKy BBIpaOOTKH CO

CTOPOHBI JAaBbl, 4YTO HIACT B HCKOTOPLI HaJCKHOCTH BI)I“IPICJ'IGHHﬁ, a IIpu

MOBTOPHOM KCIIOJIb30BAaHUH BBIPAOOTKH pa3 b% %1 b* Gynyt ypaBHUBaTBHCA O
CBOMM 3HAYEHUSIM.

YcioBue 3aKkperieHus] 3aMKOBOM YacTH KaHaT aHKepa 3a TpaHUIC cBOJA
IpEeACIBPHOTO PaBHOBECHS TMpeoOpaszyercs Mo OTHomeHWio K (opmyne (4.8) 6e3
U3MCHECHHS €ro (PM3HUECKOro cMbicia. Pacuer MUHMMAIbHOM IauHbl [ KaHATHBIX
aHKepoB (YCTaHABIMBAIOTCS CHMMETPHYHO OTHOCHUTEIBHO BEPTHKAIBHONW OCH BBIpa-

O0TKHM) MPOU3BOAUTCS IO popmyIie

=g gg gt Th 22

3am X6 b (4. 1 1)
sinfB*"  cos p*"

rae h, — BBICOTA BEIPAOOTKH B IPOXOJKE, M;

h*" — BBICOTA YCTAHOBKH KAaHATHOTO aHKEPA OT IMOYBBI BEIPAOOTKH, M;
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S — yroa HaKJIOHAa KAHATHOTO aHKepa K BEPTUKAIBHOW OCH BBIPAOOTKH, TPpal.;

Z, n Z, — BCIOMOIaTeJIbHbIE T€OMETPUUECKUE MAPAMETPBI, OIPEAEIAEMBIC 10

dbopmynam
Z, = x4 (h* = " etg B, (4.12)
_B+265) | [ 16h
= | s +m(h+21tgﬂ )—1gp | (4.13)

B dopmyne (4.12) cumBosiom x™“" 0003HaUEHO PACCTOSHHUE OT BEPTHKAILHOM

oCH BBIpa6OTKI/I A0 MCCTAa YCTAHOBKH KAaHATHOT'O aHKCPA. 38.,[[3‘121 BBI60pa panruoHaJIb-

HBIX 3HAYCHUI mapaMgrpa x " pemeHa mepedbopom BapuanToB pacdera HJIC pac-
CMaTpUBaEMOM Ie WYECKON CHCTEMBI C YYETOM 3aKOHOMEPHOCTEH, YCTAHOBIICH-

HbIX B pazzaeine 3. Ilo @DFI/II/I C BBIOOpOM IIapaMeTpOB X; IS CTAJIECIOJIUMEPHBIX

aHKEpPOB KpUTEpUEM paun@ﬂocm 3HAUYECHUU CIY>KUT COUYETAHUE YCIIOBUU MakK-

CUMAJIbHOT'O COITPOTUBJICHUSA @ bIX dHKCPOB U MHUHUMAaJIbHOM Harpy’>x€HHOCTH

pamHO# kpemnu [85]. 3aK0H0MepHOCTH\?ﬁMeHeHHﬂ x"" TaKoBBI, UTO BIHSHUE T€OME-
XaHUYECKUX NTapaMeTPOB OLIEHUBAETCS H 3HaqH0 [0 TIPUYMHE ACUCTBUS IPOTH-
BOTIOJIOKHBIX TCHICHITUH.

Bo-nepBbIX, BBISIBICHO CKOJIb-HUOYIb 3aMETH@E BIUSHUE TOJIBKO ABYX reoMe-
XaHUYECKUX MNapaMeTpoB, OIMPENEISAIONINX pa3Mepbl RPEgICIbBHOTO PaBHOBECHS, —
ryouHa H pa3MelnieHus: BBIEMOYHOUM BBIPAOOTKH M TPEHEE pacyETHOE COMPOTHB-
JeHue cxkatuio R Onuznexaiero MaccuBa. JlaHHbIN (DaKT MpeCTaBiIAE€TCS BIOJIHE
JIOTUYHBIM:

— r1yOuHa pa3MenieHus BRIpaOOTKU OIpeaesseT 00Iy0 HApsHKeHHOCTh Mac-
CHBa, OT KOTOpPOW 3aBHUCAT pa3Mephl CBOAA MPEAEIbHOTO PAaBHOBECUS U CTEIEHb
Harpy>KeHHOCTH KaHATHBIX aHKEPOB;

—mapamMeTp R XapaKTepu3yeT CONPOTHUBISAEMOCTb OJIM3JIEXKAllero MaccuBa

pacrpoOCTPaHEHUIO TPAHUIL] CBOJA MPEIEIBHOTO PABHOBECHS.
[apamerpsl R u m HemocpencTBeHHOM KPOBIIM BXOJAT B KAUECTBE COCTAB-

JSI0NMUX B Oosiee oOmMi IMokasaTellh R, TaKk KaK IOBBIINICHHAS JJIMHA KaHATHBIX
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AHKEPOB 3aTpParuBacT U APYryue MOPOIHBIE CIOW KPOBJIM HA TEXHHUYECKHA OCBOCHHYIO

BbICOTY 10 9 M. IlosToMy oTHOIIEHHE b HambOJee MOIHO XapaKTEepPH3yeT Kak pas-
Mepbl CBOJIa MPEACIIBHOTO PAaBHOBECHS, TaK U CTETNEHb COMPOTHBIICHUS KaHATHBIX

aHKEPOB OITYCKAHUIO KPOBJIHM BBIPAOOTKHU.

Bo-BTOpbIX, BIUSIHAE OTHOIICHHUS b Ha KOOpAMHATY x"“ ompenensercs aeu-
CTBHEM psijia TPOTHBOMNOJOXKHBIX TEHICHIWH. Uem Ooble BbICOTA CBONA, TEM
OoJibllie HAarpy3ka B €ro I[EHTPAIbHON YacTH W JUIS aKTHBHOTO COMPOTHBIICHHUS

KaHATHBIX aHKEPOB WX CIIEyeT KOHIIEHTPUPOBATh OJIKE K 3aMKY CBOJA (yMEHbIIIe-

HUe KoopauHaThl x"“). Ilpu yBeqwueHHH BBICOTHI CBOJA OJHOBPEMCHHO pacTeT W
€ro MIMPUHA, TO €CTh YBEJIMUYMUBAIOTCS 00BEMbI HEYCTOMUYMBBIX MOPOJ B OOKax BbIpa-
OOTKH — COOTBETCT BO3pACTAaeT Harpy3ka B 3TOM YacTH KOHTypa CBOJA U LeJe-
COO0pa3HOCTh pa3M s 3/1eChb KAHATHBIX AHKEPOB (YBEIMYEHHE KOOPAMHATHI
xKaH). &

Pesynbrar gericrBus Q €JHBIX POTUBOIIOJIOXKHBIX TCHACHIIUN ITPUBOJAUT

K HEKOTOPOH MX B3aMMHOW KOM AUy U CTaOMIIM3AlUK PAIMOHAILHON KOOpIUHA-
Thl YCTAaHOBKM KaHATHBIX aHKEPOB B JIOB y3koM guanaszone x ' =0,8 — 1,1 m.
MeHbiniee U3 3HaYCHHA X “" COOTBETCTBY €My TUTIOpa3Mepy CEUYCHHsI BbIpa-

H

0otku (Harpumep, nox kpemb KIIITY-9,5), a OMIbmc A3 3HaueHuii x““" — moBbIIIcH-
HOMY  pa3Mepy  BbIpaOOTKM  (Hampumep, NTIO kperib  KIITY-15,0).
B menom, mns cedeHuss BBHIEMOYHBIX BBIPAOOTOK kpens KIIITY-11,7 (11,0)
PEKOMEHIyeTCsl pa3MeliaTh XBOCTOBHK KaHATHOTO aHKepa Ha pacctosHuu 1,0 M ot
BEPTUKAILHON OCH BHIPAOOTKH.

AHanorvyHasi CUTyalusl BBISBICHA NPHU ONPENEICHUU PAIlMOHAIBHOIO YTiia
B HakiioHa KaHATHOTO aHKepa K BEPTUKAILHOW OCH BBIPAOOTKH. 37€Ch IEHCTBYIOT
nBa TiaBHbBIX (pakTopa. [lepBbIil — y3kuii Tuana3oH U3MEHEHUs! PalMOHAIBHON KOOp-

IUMHATBL X" yCTaHOBKHM KaHATHOTO aHKepa MpeoIpeeNsieT OrpaHHYeHHYIO Bapua-
IO 3HAYECHUH €ro yria HakioHa. BTopoil ¢akTop 00yciaoBIeH MOBBILICHHON JUIMHON
KaHATHOTO aHKepa mopsaka 6 — 9 M. Bekrop ero nepemenieHuili usmensiercsa. Panee

OBUIO OTMEUYEHO, YTO aHKep Hanbosee 3PPEeKTUBHO COMPOTUBIIAETCS CABUKEHHUIO Mac-
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CHBa, KOTJIa €r0 MPOJI0JIbHAA OCh COBHAAAET C BEKTOPOM IMEPEMENICHUS BMENIAOIINX
nopos. OcoOEHHOCTh CMEUIEHUI MOPOJ, KPOBJIU IO €€ BBICOTE COCTOMT B TOM, UTO
U3MEHEHHUE X BEKTOpa (0 MIUPUHE CBOJA) OT BEPTUKAILHOTO 0 KOCOHAIIPABIECHHOTO
HanboJIee aKTUBHO MIPOUCXOANUT B MIPUKOHTYPHBIX Toponax. C yaaneHuemM oT KOHTypa
B TIyOMHY KpOBJIM WHTEHCHMBHOCTh HM3MEHEHHUS HAINpaBJICHHsSI BEKTOpa CMEUICHHI

ocnabesaeT. Ha 3ariy0i1eHHOM KOHIIE KaHATHOTO aHKepa (C y4eTOM KOOPAUHATHI €ro

ycraHoBku x " =0,8 — 1,1 M) BeKTOp NepeMenieHnii HanpaBiieH OJIMKe K BEPTHKAIb-
HOMY TIOJIOKCHUIO, YeM Ha KOHTYpe BbIpaboTku. M30orHyTh aHkep (myTeM OypeHus
KPHUBOJIMHEWHOTO TITypa) J0 TAaKOW CTENEHH, YTOOBI €r0 MPOJOIbHAS OCh IMOCTOSTHHO
COBIaJIajia C BEKTOPOM IEPEMEIICHUH, He TPEICTABISAETCS TEXHUUECKONW BO3MOXKHO-
cru. lenecooOpa3zHo AgaTh yCpeTHEHHOE HalpaBIeHHE KaHATHOMY aHKepy Kak Cpeji-
Hee apupMeTHIeCROEJi3 BEKTOPOB MEPEMEIIEHIS MacCuBa Ha 3ariTy0JIeHHOM €ro KOH-

IIc U HAa KOHTYpe BbipaQoWu. Takas mporieaypa Oblia OCYIIECTBIICHA JJIsl BBIIICYKa-
3aHHOTO JMalra3oHa W3MEH KOOPJIUHATHL x"“" W TOJy4YeH WMHTEpBaJl BapUaIllH
paIMoOHANTBHOTO YTJIa HAKJIOHA K oro ankepa [ =65 — 80° a1 pa3HbIX TOPHO-

TEOJIOTUYECKUX YCIIOBUW MOAJIEpKaH @;011}10171 BBIPAa0OTKH. DTOT HHTEpBAI

CYmECTBCHHO OTIIMYACTCA OT YIJIOB HAKIJI

KaH

CTaJICTIOJMMEPHBIX aHKEPOB VIS OJI-
HOH U TOH ’k€ KOOpJUHATHI X;. MeHbliee 3H&QI?H cooTtBeTcTBYeT X =1,1 M
ChOB

u Oosiee OJArONMPHUSITHBIM FOPHO-TEOJIOTUIYECKUM Y : Ooublliee 3HaueHue [

cootBeTcTBYeT X" =0,8 M 1 O0JIee CIIOKHBIM TOPHO-TTOJOTHYCCKUM YCIIOBHSIM.
[TocneqnuM W3 MCKOMBIX MapamMeTpOB KAaHATHBIX AHKEPOB SIBISIETCS PallMO-
HaJbHAasl BEJIMYMHA UX COMPOTHUBIICHHS CABUKEHHUIO MOPOJ KpPOBIIH, KOTOPOE BbIpa-

JKAETCSL 4epe3 MUHUMAIIBHO JOCTATOYHBIA JUAMETP «apMaTypbl» KaHATHOTO aHKepa

d"" . Kputepuii BbIOOpa panMoHANBHBIX 3HaUYeHUH d"“" ocTaeTcs MpekHUM (KakK U
JUIS CTAJICTIOJMMEPHBIX aHKEPOB) M €r0 CYIIHOCTh COCTOUT B peallu3allii MaKCH-
MaJIbHO BO3MOYKHOMW 3arpy3kH KaHaTa aHKepa B Ipejieiax JOMYCTUMBIX HaIPsHKCHHUH
Ha pa3phIB.

AHanu3 pe3ysbTaTOB MHOTOBAPUAHTHBIX BBIYMCIUTEIIBHBIX JKCICPUMEHTOB

ITOKa3aJl, 4To HauoOoee CYHICCTBCHHO BJIMAIOT Ha CTCIICHL 3arpy3KHW aHKECPOB JiBa I'C€O-
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MEXaHMUYECKUX Mapamerpa — riyouHa / pa3MerieHus: BBIpaOOTKU U BEJTMUMHA CpPEIHE-

r0 pacyeTHOrO COIPOTHBIICHUS CKATUIO R Onu3nexallell yrieBMeIaromeil ToMIH.
OrtHoleHue b,, IMeeT onpezeNeHHoe BIusHue B inanazone b, <0 — 15 MIla/m. 3necs

CYIIIECTBEHHO M3MEHSETCSl BeIMUMHA R, Tak KaK HEMOCPEJCTBEHHAsT KPOBJIS TOBBI-
IIICHHOM MOIITHOCTH OJIMKE BCETO pacrojiokeHa K BeIpaboTke. COorlacHO MPHUBEICHHBIM
pe3ynbTataMm B pabote [67] 3TOT mapameTp UMEeT MaKCUMAJIbHOE BIIMSIHHE Ha BEJTNYH-

HY CPEHEr0 pacueTHOTO COMPOTURIICHUS MaccuBa cxaTuto. OH COJIepKUT B cedOe BO3-
NeHCTBUE HU3KWX 3HAYEHWH OTHOIIEHWS b, W HET HEOOXOAWMOCTH B OTAEICHUH

BJIMSIHUSA 9TOI'O MapaMEeTpa Ha CTCIICHb HAIPYKCHHOCTH KAaHATHBIX aHKCPOB. Otm™me-
YCHHBIC 3dKOHOMCPHOCTH IIOATBCPKIACHBI PC3yJIbTdaTaMH BbIIIOJIHCHHBIX CepI/Iﬁ
BBIYHCJIMTCIIBHBIX PUMCHTOB, TAKXKC KaK W TO, YTO BJIMAHHUC KaXXJIOI0 H3

OCTaBIIMXCS TEOMEX @KI/IX napaMetTpoB (/4 u R) HE0OOXOAUMO yCTaHABIUBATH

OTIEJIBLHBIMH 3aBUCUMOC ®JOCKOHLK}/ OTHOIIIEHHE b" HE JaeT TeCHOHW Koppeus-
[IUOHHOM CBS3H.

IIo wutoram HpOBeI[eHHLI;; HG{GHOB&HI/II\/II MMOJIY4YCHbI 3aBUCHMOCTH CBA3U

MHUHHUMAJIBbHO JOCTATOYHOI'O AHaMCTpa dHKCpa C IrcOMCXaHHMYCCKHMU IIapa-

MeTrpamMu H n R, KOTOpBIE IPUBEICHBI 4.5. Ilpu yBenuyeHuu riayounsl H

nuamerp d " kaHata yBelMYMBACTCS ONHM3KO RITMHCAHOMY 3aKOHY M 0OpaTHO MpO-

MOPLMOHANBHO K mapameTpy R. OCHOBHOW quana®QH UMMEHEHUSI MUHUMAJbHO J1OC-

TATOYHOrO JHaMeTpa KaHATHOI'O aHKepa OrpaHHuYeHWCAUUYUHON d " =15 — 16 MM,
YTO XOPOIIO KOPPEIUPYET C MIAXTHBIMHU HAOTIOACHUSMU TI0 OICHKE YCTONYHBOCTH

BBIPAOOTOK, B KpOBJIE KOTOPBIX YCTAHOBJICHBl KaHATHBIE aHKEpa JIUAMETPOM

d*" =15,2 mm. OnHaKo, Ipu BecbMa HU3KOM 3HaueHuHn R <5 — 7 MIla pe3ko BO3-
pacTaeT Harpy3ka Ha KaHAaTHbIE aHKepa (MHTEHCHBHO PACIIMPSIOTCS TPAHULIBI CBOJA
MPEeNeNbHOTO PaBHOBECHS), UTO TpeOyeT yBEIUYECHHs auameTpa ux kanara no 20 —

28 MM IIpH paccMaTPUBAEMON CXEME YCTAHOBKH.
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Pucynok 4.5 — 3akoHOMEpHOCTH U3 (e? MUHHMMAaJIbHO JOCTATOYHOIO
nuamerpa kaHata d " ankepoB ot riryounsl ¥ p

azpfernieHrs BeIpaboTKH (
U CPEHETO pacYeTHOTO COMPOTUBIICHUS CHKAT

;ﬁ_ - -) OJIM3MIeKaIIEero
YIJICBMCHIAIOMICTO MaCCRBa

O6paboTka pe3ynbTaTOB MHOTOBAPUAHTHBIX PACUETOB IMO3BOJIMIA MOJYYHUTh

YPaBHEHUE PETPECCUM ISl TPOTHO3UPOBAHUS MUHHUMAJIBHO JOCTAaTOYHOIO AUAMETPA
KaHaTa

0,5
grn = 139 {(1,7 +9.1- 10—3}1(14’3 + 0,66ﬂ , MM. (4.14)
\/; RI,S

VYpaBuenue (4.14) moaydyeHO NMPU PACCMOTPEHUM BapHaHTa YCTAHOBKU JBYX

KaHATHBIX aHKEpOB ¢ mrarom L““ =3,2 M, BIOJIb BBIPAOOTKH, TO €CTh B MEKPAMHOM

NPOCTPAHCTBE YEpe3 Ka)Jble TPU PaMbl Ha YETBEPTYIO, KOTOPHIE, B CBOKO OYEpE/b,
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ycraHaBiauBatorcsi ¢ maroM L =0,8 m. KaHaTHble aHKepa BBIIYCKAIOT CTaHAAPTHBIX

anaMeTpoB d " (caMblii paclpoCTpaHeHHBIH " = 15,2 MM) OrpaHUYEHHOTO KOJIHYe-

cTBa TumnopasmepoB. [loaromy, ecim pacuetHoe 3HaucHHe d " mo dopmyne (4.14)

MI03BOJISIET BHIOPATh ONVDKaWIIMiA OONBIINKA TUTIOpa3Mep d, ", TO UMEHHO OH TPUHU-

cm O

MaeTcsl K UCMOJb30BAHUIO B KPEMEKHON CUCTEME BBHIEMOUYHOM BbIpaOOTKU. Ecim pac-

4eTHOe 3HaueHue d " mpeBbIlIaeT CTaHAAPTHYIO BEIUYHHY d " KaHATOB, MMEIOIINX-

Cs B HAJIMYKH, TO YBCIUMYHNBACTCA KOJTHYCCTBO n"" KaHaTHBIX AHKCPOB Ha I m.m BbIpa-

00TKH 110 (hopMyJie

KaH

n " = 0,625 ——, m/m, (4.15)

Ka
cm

rae d* — mamerp Koro aHKepa, NPUMEHSIEMOr0 B KOHKPETHOM BBHIEMOYHOMU

BBIPA0OTKE, MM.

Pe3ynbraThl MHOrOBapita BBIYHMCIIUTEIBHBIX IKCIIEPUMEHTOB U UX KOp-
PENAIMOHHO-ANCTIEPCUOHHBIN  aHSIIY\ TO3BOJWIM OMPEACIUTh BCE IMapaMeTpHhI,
HeoOxonaumble st 3(PPEKTUBHOTO HOI[HI/ISI KPOBJIM BBIEMOYHOU BBIPAOOTKHU
KaHATHBIMU aHKEPaAMHU.

B pesynbrare BBITIOJIHEHHBIX UCCIENOBa¥iil c@OpMyIMpOBAHO BTOpPOe HAYY-
Hoe moJioxkeHue: PecypcocOeperarommue ycioB HOTIPOYHOCTU 3JIEMEHTOB
CHUCTEMBI KPEIUICHUS BBIEMOYHBIX BBIPAOOTOK O CUYMBAIOTCSI CTaOMIIBHOCTHIO
napaMeTpoB pacroioKeHus kaHaTHbIX aHkepoB (0,8 — 1,1 M OT BepTUKanbHOU OCH
BbIPAOOTKM), UX YIJIOB HakKJIOHA K ropuzoHTanu (65 — 80°), a Takke mapameTpamu
pa3MelieHusl CTaJeNOTUMEPHBIX aHKEPOB: YTIIbl HAKIIOHA U3MEHSIOTCS IO CTETIEHHOM
3aBUCUMOCTH OT KOOPJMHAT UX YCTaHOBKH, KOTOpBIC JIMHEWMHO CBSI3aHbBI C MapameT-
POM OTHOLIEHUSI PACYETHOTO COMPOTHUBIIECHUS CXKATUIO TOPOJ HEMOCPEIACTBEHHOMN
KPOBJIM YTOJIBHOTO IJIACTa K €r0 MOIIHOCTH W HAXOJATCS B JIOTapU(MHUIECKON 3aBH-

CUMOCTH OT BCIIMYMUHBI ITOKA3aTCII HHTCHCUBHOCTH ITPOABJICHUA TOPHOT'O AABJICHUA.
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4.3 Mertonuka pacuera mapameTpoB KOMOMHUPOBAHHON aHKEPHOM
CHUCTEMBI CBOJIa BRIEMOYHBIX BBIPAOOTOK HA IIaxTax 3amajHoro

Jlonbacca

KomMriekc BBITIOTHEHHBIX HCCIIEIOBAHUN CO37aJl BCE MPEANOCHUIKH, HEO0XO-
JTUMBbIE 71 pa3paO0TKU METOJIMKHM pacueTa W BbIOOpa MmapamMeTpoB KpPEMeKHON cuc-
TE€MbI BRIEMOYHBIX BBIPAOOTOK B yCIIOBUSX MWHTEHCUBHON OTPAOOTKHU YTOJIBHBIX IIJia-
CTOB Ha maxrax 3amagHoro JlonOacca. Meronuka mpeaycMaTpuBaeT CIEAYIOIIYIO
MOCJIEIOBATENBHOCTD BBIMOJIHEHUS! PACUETOB:

1. I'pynnupoBaHue MCXOAHBIX JAHHBIX, UCIOIb3YEMbIX MPHU BHIMIOJIHEHUHU pac-
YETOB. DTOT IIYHKT HALEJIEH Ha ONPENEIECHUE PACUETHOIO 3HAYEHHUs KaXKJA0ro U3 ma-

paMeTpoB, y4acCTBY)4UINX B BEIYUCIICHUSX.

['pynmna reOMei,agcm/Ix napaMeTpOB BKJIIOUYAET:
— pacueTHas TiyoPsia a3MeIlleHUs] BBIPAOOTKHU;

— CpefiHEE pacueTHOE CYII eHHe CKaTHIO R OnH3JIeKanux mopoJ KPoB-

JIX U T1I04YBBbI, \
K

— MOILHOCTb M, W Pac4yeTHOE con@nem/le cxatiio RY mopox menocpen-
CTBEHHOW KPOBIIY;
— MOIIHOCTB m," 1 pacuetHOe conmpotuB¥ennebxaruio R, moposa Hemocpes-

CTBEHHOMW MOYBHI.

[TepeunciieHHbIe UCXOHBIE MApaMETPhl ONPEACNSAIOTCS 1O JaHHBIM I'€0JIOTHYe-
CKOM CITY’KOBI IIaXThI, UCCIICTOBaHMAM [58, 59] 1 HOpMATHBHBIM JIOKyMeHTaM [67, 68].

['pynna ropHOTEXHUYECKUX MTAPAMETPOB:

— TUTIOpa3Mep CEYEHUS BHIEMOYHON BBIPAOOTKH U €€ KPeru;

— IIUPHUHA [, OXPAaHHOW CUCTEMBI;

— [MpuHa B 1 BbICOTa /i, BBIPAOOTKU B IIPOXOAKE.

VKa3zaHHble HMCXOJHBIE TApaMETPhl  OMNPEIETSAIOTCS IO  HOPMAaTUBHO-
TEXHUYECKOW JTOKYMEHTAIlUU MPU COCTABJIICHUH MACIOPTOB BHIEMOYHOTO Y4acTKa,

MMPOBCACHUA 1 KPCIJICHNU BLICMOYHbBIX BBIpaGOTOK.

N3 MexaHndeckux XAPAKTCPUCTHUK KPCIICKHBIX MATCPUATIOB HCIIOJIB3YCTCA
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IIPEAEN TEKYYECTH HECYILETO CTEPKHs aHKEpa, KOTOPBIM ONPENEIAeTCs MO CIPaBOyY-
HbIM JaHHbIM [l17] B 3aBHUCHMOCTM OT IPUMEHSAEMONM MAapKd CTalu 3aBoja-
W3TOTOBUTEIIS AHKEPOB.

2. Omnpenenenrie pa3MepoB 00JIACTH HEYCTOMUUBBIX MOPOJ] BOKPYT BHIEMOUYHOM

BBIPAOOTKM XapaKTepusyeTcs mapameTpamu h u bX . BricoTa cBofa /i TpeiensHOro

PaBHOBECHUS PacCUUTHIBAETCA MO NOKyMeHTy [67]. [Ilupuna bf 00JacTH HEeyCTONYU-

BBIX ITOPO/J] B KPOBJIE BBIPAOOTKHU BbIUHCIsAETCA 110 hopmyre (4.9).

3. Be1bop Tuma paMHO#M Kpenu M pacyer Iiara ee yCTaHOBKU MPOU3BOAUTCS 110
JOKYMEHTY [67] U1s1 y4acTKa BBIEMOYHOUM BBIPAOOTKH BHE 30HBI BIUSHUS OYMCTHBIX
paborT.

4. Pacuer 13 TPOB KOMOMHHMPOBAHHON AaHKEPHOW CHUCTEMBI B CBOJIC BbI-
€MOYHOH BbIPaOOTKHU BOJMTCS MO CHEAYIOIIUM MO3ULIHSIM:

— CT&HGHOHHMGPS aHNgPA B LIEHTPAJIBLHOM YaCTH CBOJa BHIPAOOTKY;

— KaHaTHBIE aHKepa B& JIGTBEHHON M OCHOBHOM KPOBIIE.

5. Pacuer mapamerpoB pa %1;1 CTAJIENOJIMMEPHBIX aHKEPOB B LIEHTPaJb-

HOM YaCTH CBOJIa BEIPAOOTKHU.

OHCHK& H€JI€COO6p33HOCTI/I yCTaH@ AJICTIOJIMMCPHBIX dHKCPOB IJIA HAU-

By¢OOTBCTCTBHUH C I‘pa(i)I/IKaMI/I

0oJsiee MIMPOKO MPUMEHSEMBIX TUIIOPA3MEPOB PAMHOIM Ypeny BHIEMOYHBIX BHIPAOOTOK
OCYIIECTBIISIETCS TI0 BEIMYMHAM OTHOIICHUH b” .

Ha puc. 4.2, 1160 o popmyiam (4.4) — (4.6): npu PWeIueckom 3HaueHUn b’ MeHb-
II€ PACUETHOTO YCTAaHOBKA CTAJICMIOJIMMEPHBIX aHKEPOB B LIEHTPAJIbHOM YacTH CBOJA
BBIPAOOTKH HE PEKOMEH Ty ETCS.

Koopaunatel X ,; yCTaHOBKH CTAJIETIONMMEPHBIX aHKEPOB 10 KOHTYPY CBOZa

(paccTosiHUE IO TOPWU3OHTAIU OT BEPTHUKAIBLHONH OCH BBIPAOOTKH IO XBOCTOBHKA
aHKepa; I — HOMEp aHKepa MO Mepe YITAJCeHHs OT 3aMKa CBOJAa) ONPEAEISIOTCS 1O
¢dopmynam (4.1) — (4.3). Ecniu BbruMciaeHHast KOOpAUHaTa X; MPEBBILIAET TOPU3OH-
TaJbHYI0 KOOPJWHATY PACIOJOKEHHs 3aMKa TMOJATIMBOCTH JAHHOTO THUIIOpa3Mepa

paMHOﬁ KpCIik, TO 9Ta 1apa CTAJICIIOJIUMMEPHBIX aHKCPOB HCKIIIOYACTCS UX CXCMBbI UX

YCTaHOBKH B CBOJIC Bblpa60TKI/I.
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Yron HakioHa ,B123 CTAJICTIOJIMMCPHBIX AHKEPOB K FOpHSOHTaHLHOﬁ ocHu

BBIPA0OOTKHA PACCUMTHIBAETCS MO BbIpaKEHUIO (4.7) OTHENBHO ISl KaXKIOH Maphbl
(i=1, 2, 3) cuMMeTpUYHO pa3MEIIEHHBIX aHKepOB. JlnamMeTp «apmaTypbl» CTajerno-
JUMEPHBIX AaHKEPOB B LIEHTPAJIBHON YacTH CBOJAA BBIPAOOTKM PEKOMEHAYETCS IpH-

HMMATb IIOHWKEHHBIX 3Ha4eHuil d; =15 — 18 mm.

6. Br16op mapamMeTpoB KaHATHBIX aHKEPOB BKJIFOUYAET CIIEAYIOIIUE [TO3UIINH.

VCTaHOBKY KaHATHBIX aHKEPOB B IIOIEPEYHOM CEYEHHU BHIPAOOTKH PEKOMEH-
IyeTcs OCYLIECTBIATh Ha paccrosand X =0,8 — 1,1 M OT ee BepTUKAIBHON OCH.
MeHblie W3 3HAYEHHH HHTEPBala COOTBETCTBYET IOHIDKEHHOMY THIIOpPAa3Mepy
CEUYCHHMs, a BEPXHssI TPAaHUIA MHTEPBAJIa — IOBBIIIEHHOMY THIIOPa3MePY CEUEHHS
BBIPAOOTKHU.

VYo HakIoMa JKagaTHRIX aHKEPOB K TOPHU3OHTAIM PEKOMEHIYETCS IPHHUMATH

LB =65 —-80°. Meubyle SBHa‘-IeHI/Ie coorBerctByer X' =1,1 M, Oonbiiee

X" =0,8 m.
B npononsHOM ceueHun B%I/I KaHaTHbIE aHKepa yCTaHaBJIMBAIOTCS C Oa-

30BbIM Iiarom L** =3.2 M, TO ecTb, B Ka YETBEPTOM MEXPAMHOM MPOCTPAHCT-

Be. [Ipu yClI0KHEHUN TOPHO-TE€0JIOrMYEC BUI MIPOU3BOJUTCS pacyeT KoJuye-
CTBa KaHaTHBIX aHKEPOB Ha | M.M JUIMHBI BeIpaQ@Tku o popmyiie (4.15) u npunuma-
eTcs Oymmkaiiiee OoJbiee 1eaoe unucio. J{ms mpodaeH s BeraucieHuii mo Gpopmyie
(4.15) paccuntbiBaeTcsi TpeOyeMbIil TMAMETP KaHATHRL poB 1o popmyie (4.14).
JlnuHa KaHATHOTO aHKepa omnpeaensercs no ¢gopmyne (4.11) ¢ pacueTom mpo-
MEXXYTOUHBIX TapaMeTpoB 1o ¢opmynam (4.12) u (4.13), B KOTOpbIe BXOAIT pa3zMephl
CBOJIa IIPEJIEBHOIO PABHOBECHS, BBIYMCIICHHbIE B ITyHKTE 2 HACTOSALIETO ajJrOpUTMa
BbIOOpA pallMOHATIBHBIX TAPAMETPOB KPETEKHON CUCTEMBI BBIEMOYHOU BHIPAOOTKH.
7. N3n0KeHHBI aNTOpUTM pacyeTra oOecleuynBaeT BHIOOP palMOHATBHBIX
apaMeTpoB TPY30HECYIIUX 3JIEMEHTOB KOMOWHUPOBAHHON aHKEPHOM CUCTEMBI B

3aBUCUMOCTHU OT I'OPHO-TCOJOTHICCKHUX U TOPHOTCXHUICCKUX YCJIOBI/Iﬁ noaacpKaHus

CBOJIa BBIEMOYHBIX BBIPAOOTOK Ha miaxtax 3amaaHoro Jlonbacca.
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4.4 Pe3ynbTaThl IAXTHBIX UCCIICTOBAHUM COCTOSTHUS
594 cbopHOro mTpeKa Ha IKCIIEPUMEHTATLHOM y4acTKe

YCTaHOBKM KOMOMHUPOBAHHON aHKEPHOU CUCTEMBI

B paznene 1 kpaTko oTpakeHbI pe3yJbTaThl OOIIUPHBIX 3KCIEPUMEHTAIBHBIX
VICCJIEIOBAHUI TIPOSBICHUI TOPHOTO JAAaBJIEHUS B BBIEMOYHBIX IITPEKAX, TIE€ UCIIONb-
30BaHbl TaK Ha3bIBaeéMble 0a30BBIE CXEMbl YCTAHOBKH TOJBKO CTAJEMOIMMEPHBIX aH-
KEepOB. OTH JaHHbIE WHCTPYMEHTAJIBHBIX HAOJIIOJIEHUN MOCITYKUIM OCHOBOM MAJis
CPaBHMUTEJIBHOTO aHaIN3a (PUKCUPYEMBIX BEJIMUYHMH CABMXKEHUS MOPOJHOTO KOHTYpa
594 cOopHOTO MITpeKa, 3aKPEIICHHOTO PEKOMEHIYeMOW KOMOMHUPOBAHHOW aHKEP-
HOI cucteMoi (puc. 4.6).

OKcIutyatupyenplii B Hactosiee Bpemst 594 OopTOBOM IITPEK MCIONIb3YETCs
NEPBBIN pa3 npu ogpaperke 594 BBIEMOYHOIO y4acTKa. B mepcnekTuBe ero miaHupyer-
Csl MCMOJb30BATh 1O B KayecTBe OOpPTOBOrO IITPEKa MpPU BEACHUHU OYMCTHBIX
paboT Ha CMEXHOM BBIEMO, yuactke. Cxema KperuleHHs LITpeKa MpHUBEIeHa Ha
puc. 4.6, 6. B HrxHeil yactu 8r I PACIIOJIOKEH IKCIIEPUMEHTAIbHBIM y4aCTOK C
PEKOMEHTyeMOM CXEMOM ernﬂemasaHHoﬁ Ha puc. 4.6, 2.

[To3aToMy, U3y4eHHE COCTOSTHUS BbI KW MIPOBEJEHO AJIS ABYX CXEM Kperuie-
HUSI C IOCTPOEHHUEM IpaUKOB, omamamm VICUMOCTH M3MEHEHHUS NEPEMEIICHNN
IIOPOJTHOTO KOHTYpa IITPEKAa U €ro PaMHOMN @ No\Mepe NpUOIMKEHUST U 0TX0J1a
594 naBbl OT 3aMepHON cTaHLMHU B wITpeke. Bo u aHH{E HEOJHO3HAYHOCTH OIlMCa-
HUSL M CPABHUTEIBHOTO aHAJIN3a CXEMA KPEIUIEHUS] OCHOPHON MPOTSYKEHHOCTH IITPEKa
Ha3BaHa «0a30BoI», a HA SKCIIEPUMEHTAIBHOM YYaCTKE — «PEKOMEHTyEMOIN.

[Ipu 6a3zoBoii cxeme kperuieHus: 594 cOOpHOro MTpeKa YCTaHOBJIEHBI CIEIYIO-
e 0COOCHHOCTU Pa3BUTHUS MPOSIBICHUI TOPHOTO JAABJIECHUS B MPOLECCE OTPAOOTKH

594 BeieMouHOTO yuacTka (puc. 4.7).

Bennunna cOmmkeHus Uhl mopoa KpOBJIX M IIOYBBI Ha BCCX HCCICIYCMBIX

ydacTKax mojaepxkaHusi 594 cOOpHOTO mITpeKa oka3ajaach CTaOMIBHO HUXKE, YEM B
590 u 592 cOOpHBIX WITpEKax MpPU UX MEPBHUYHOM MCIOJIb30BaHUU. Tak, Ha ydacTke
BHE 30HBI BJIMSHHUS OYHCTHBIX paOOT BIUIOTh 1O OTMETKM z =44 M 3HadyeHHE

U h =340 — 390 MM, yTo B cpeaHeM Ha 20% meHsble, yem B 590 cOOpHOM HITpEeKe U

Ha 30% HKe, 9eM B 592 cOOpHOM IITpEKe.
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(a) (6)
KIIIY-11,7 KILITY-15,0
S, =10,0 S, =13,1v

x
L5384 1550-1650

1000

KH_[HV-E, KIIITY-15,0
S, =10,0 M S,=153™

3160

3640

Pucynok 4.6 — CxeMbl nojiep >kaHusi BRIEMOUYHBIX IITPEKOB: (a) 588 GopToBoOii
mTpek; (0) 590 u 592 coopHble mTpeku; (B) 594 cOOPHBIM ITPEK;

(T) AKCTIEpUMEHTAITBHBIN y9acTOK 594 cOOpHOTO MITpeKa
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[Ipu BXOkIeHuU GUKCUPYEMOTO CEUYEHHUsS LITPEKa B 30HY BIMSHHS OYHCTHBIX

paboT Ha yyactke oT z=—44 M 10 z =78 M npoucxoaut ysennyeHue U p © AdVIb-

Helmel crabunuzanueid Ha ypoBHe 1110 — 1120 mwm; 3Tu 3HaueHHs] COJMKEHHS
KPOBJIM U TTOYBBI OKa3aduch Ha 21% HUXKE M0 CPaBHEHUIO C YyUYaCTKOM CTaOUTU3AINH

rOpHOro AaBiieHus no3aau 590 nasel U Ha 24% MeHblIE, YeM 1J1d 592 naBbl.
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Pucynok 4.7 — 3aBucumoctu nepememieHuit U, pa 594 cbopHOTO

IOTPCKA OT pAaCCTOAHUA Z OO0 OYUCTHOI'O 32005 594 naBbI

YcranoBneHHbie (aKThl MOTYT OBITh HHTEPIIPETUPOBAHBI KaK BIUSHUE W3MEHE-
HUSI CXEMBI PACIIOJIOKEHUS CTAJICTIONIMMEPHBIX aHKEPOB, TTOCKOJIBKY BBIPAOOTKH TOI-
JEPXKUBAIOTCS TPUMEPHO B OJMHAKOBBIX TOPHO-TEOJOTUYECKUX YCIOBUAX. CXEMBI
KPEIUICHUs OTJIMYAIOTCS TeM, 4yTO B 594 cOOpHOM IITpEKe CTaJeNOJUMEPHbBIE aHKepa
KOHIIEHTPUPYIOTCS B pailoHe MAThI CBOAA BhIpabOTKH (cM. puc. 4.6, 8) u 60jee aKTUB-
HO YIIPOYHSIIOT OOKOBBIC MOPOJBI, CIY>KAIe CBOCOOPA3HBIMU OMOpPAMU JUIS OITyC-
KaIOIIUXCS TIOPOIHBIX CIIOEB KPOBIH. bollee yCTONYMBEIE OMOPHI OTPAaHUYMBAIOT CMe-

IIEHUE NOPOJ KPOBJIM HaJ BBIPAOOTKON C IEpEpacHpelesIeHUEM YacTU Harpy3kd Ha
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OTJaJIeHHBIE YYacTKH MaccuBa B Ookax mrpeka. LlenocTHeie mopoabl B OOKax BbIpa-
OOTKH, CONPOTHUBIISSACH BEPTUKATBHOMY T'OPHOMY JABJICHUIO, NIEPEIAIOT TOHUKEHHYIO
Harpy3Ky Ha MOpOJBI MOYBHI IITPEKA, YTO CASPKUBAET B ONPEIEIEHHON CTEIIEHN Pa3-
BUTHE UX IIy4yeHHUs. B pesynbrare, OrpaHMYEeHHE OIyCKaHUs KPOBJIM U MOAHATHUSA I10Y-
BbI [IO3UTUBHO CKa3bIBAETCS HA IOTEPE BBICOTHI 594 COOPHOTro ITpEKa.

BHe 30HbBI BIUAHUA OYUCTHBIX PabOT A0 OTMETKU z =—44 M COMMKEHHE CTOEK

paMbl U3MEHAETCS B AUAIA30HE Ug1 =420 — 460 MM, uTO B cpeaHeM Ha 28% HMXKE,

yeM B 590 cO6bopHoMm mitpeke u Ha 40% — mo cpaBHEHHIO ¢ 592 COOpPHBIM HITPEKOM.
Ha yyacTke crabunm3anuu CIBYKCHHSI HAAYTOJBbHON Tomu (z =57 M) cOMMmKEeHHe
croek yBenuuuaercs 10 830 — 860 MM, HO Bce paBHO ocTaercss MeHble Ha 16% 1o

oTHowEeHuto Kk U, 90 coopHom mTpeke U Ha 32% — B 592 cOOpHOM IITpEKe.

Jaunbiii a3¢dexr o I—@iﬂﬂ COJIMDKEHUST CTOCK paMbl B OOKOBBIX MOPOJ O0BSICHS-

€TCS MOBBIIICHHEM YCTO @H MOPOJAHBIX 00BEMOB B OOKOBBIX YaCTSX HEIOCPE]I-

ctBeHHON KpoBiu. Co3zmannXy HHOM OMOPHI B IMATE CBOJAA IMITPEKA CHIDKAET
G

KOHIOCHTpAaln HaprDKeHI/Iﬁ B H H%aHII/IX mopoaax HCHOCp@ILCTBCHHOﬁ IIOYBBI U

X OOKOBBIC TIOJIBIKKH MEHEE I/IHTGHCI/IB(—@

Acummertpus ne@opMUpoBaHUS pads+’U X3MEHEHUSI €€ (OPMbI TAKXKE CTaHO-
BUTCSI MEHEE€ WHTCHCHBHOW TPH CO3AaHUH CTR@CIIOIPMEPHBIMU aHKEpaMH B OOKax
BBIPAOOTKHA HEKOTOPOTO MO00US YIIPOUHEHHBIX MYQOT IS TIOTICP>KaHUS TIOPOTHBIX
CJI0EB KpOBJIM. B KauecTBe qoKa3aTenbCTBA MPUBEL Hble cmemennit U, u U,
10 TMaroHaJbHBIM pa3MepaM c¢; U ¢, (cM. puc. 2.12). BHe 30HbI BIUSHUS OUYHUCTHBIX

paboT cMmeleHue 1o quaroHanu ¢, cocrasiseT 210 — 250 MM, uto B cpenHem Ha 21%

MeHbIe, yeM B 590 cObopHom mTpeke u B 2,61 pa3a mensble, ueM B 592 cOopHOM
mTpeke. Ha yuactke ot z=-—44 M 10 z =78 M Ha0I01aeTCsl YBEIIMUYEHUE CMEILICHHS

U, ¢ HepeMeHHBIM IDafieHTOM pocta 1o BennduHsl 960 — 980 Mm. JTo 3HadYeHHE
U, Ha 38% Huke 1mo oTHOLICHHIO K 950 cOOpHOMY IITpEeKy M Ha 27% MCHBIIE, YeM

B 592 cO0pHOM HITpEKE.

N3menenune pa3mepa AUAaroHaIN ¢, UMEET CIEIYIONIYI0 3aKOHOMEPHOCTh. BHe
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30HbI BJIUSAHHA OYUCTHBIX paGOT J0 OTMCTKH Z =-29 M BeIMYnHA CMeH_IeHI/Iﬁ 10 aua-

TOHaNM ¢, U3MeHsercs B unrepsane U, =120 — 150 mm, uTo B cpenHeM Huxke 17%

no cpaBHeHHIO ¢ 590 cOopHbIM mITpekoM U Ha 60% 1o oTHOMIEHHUIO K 592 cOopHOMY
mrpeky. Ha yuyacTke akTUBHOTO BIMSHUSI OYUCTHBIX PaboT (0T z =—29 M 10 z =78 ™)

Halmroxaercst poct U, pasHOil MHTEHCHBHOCTH C JabHEHIIeH crabuim3anueii 3Ha-
deHust Ha yposHe U, =700 — 720 Mm. JTa BeMYMHA B CpeAHEM HIKe Ha 34%, dyeM

B 590 c6opHoM miTpeke 1 Ha 18% — 1o cpaBHEHHIO C 592 COOPHBIM HITPEKOM.
Crenenb acuMMeTpud JAe(OPMHUPOBAHUS pambl, ONPEICISICTCS 1O pa3HHUIIC

JUArOHAJIbHBIX PAa3MEpPoOB ¢, —c,, u3MeHsaerca oT 70 — 120 MM BHE 30HBI BIIUSHHUSA

O04nCTHBIX paboT 10 30 — 270 MM B 30HE CTaOMIM3AlUKA TTPOSIBIICHU TOPHOTO J1aB-
nenus. Cpegnue s oT 590 u 592 cOOpPHBIX MITPEKOB COCTABIISIIOT COOTBETCT-
BEHHO: 25 u 63% BH ‘o'@ BIIMSIHUSI OYUCTHBIX padoT; 47 u 44% B 30He cTabuiIn3a-
MU MPOSIBIICHUI TOPHOTO HUSL.

Takum o6pa30M, mrax RJICJOBAHUNA ITIOKA3aJIM IMPECUMYIICCTBO CXCMbI

YCTAHOBKH CTAJICTIONMMEPHBIX aHKEPOR B 594 cOOpPHOM IITPEKE MO OTHOIICHUIO K UX
pasmemienuto B 590 u 592 cOOpHBIX T : BCce (UKCHpyEMBbIE pa3Mephbl yKa3bl-
BaIOT Ha OrpaHUYEHUE CONMKEHHN KPOBIIY UBBI, CTOEK paMbl U €€ JUaroHajib-
HBIX pa3MepoB. B pesynbTaTe yMeHbIIEHB TOT’ROU CCHCHUS IITPEKA U HECYIIEeH CIo-
COOHOCTH paMbl, YTO CIIOCOOCTBYET Ooiiee A (PEeKTIBHONN TTOBTOPHOMY HCIIOJIB30Ba-
HUIO BBIPAOOTKH.

CHIXeHHEe MHTEHCUBHOCTH TPOSBICHUN TOPHOTO JIaBJICHUS MPU U3MEHEHHOMN
CXEeMe YCTaHOBKU aHKepOB B 594 cOOpPHOM IITpEKe MOATBEPKIAIOT 3aKOHOMEPHOCTH
pa3BuTusa (10 KOOpJMHATE Z ) BCIOMOTaTEIbHBIX MAPAMETPOB OLEHKU COCTOSIHUS
BBIPAOOTKH, KOTOpPbIE IPUBEACHBI HA pHC. 4.8.

3amepbl BEPTUKAIBHON acUMMETpuM JeopMupoBaHus pambl (IO Pa3HOCTH

BBICOT /1, — /i, ) Aaiu CIIEAYIOIINE PE3YJIbTaThI:

— Ha ydYacTKe BHE 30HBI BIIUSHHS OYHUCTHBIX palbOT (0 OTMETKH z =—29 M)

pasHuna h, —h, m3Mmenserca B nuanasone 70 — 110 MM, uro B cpennem Ha 14%

MeHble, yeM B 590 coopHoM 1miTpeke u Ha 42% Hibke, yeM B 592 cOOpHOM ILITPEKE;
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— Ha y4acTKe CTa0WJIM3alMK MPOSBIEHUN TOPHOIO AaBiieHus (z =257 M) BepTH-
KaJibHasi acumMeTpus coctaBuwiia 370 — 390 MM; ee cpenHee 3HaUYCHHE OKa3ajaoCch HA

15% wmenbie, yem B 590 cOopHOM 1ITpeKe U Ha 22% HuUXKe B cpaBHEeHUU ¢ 592 cOop-

HBIM LITPEKOM.
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PucyHnok 4.8 — 3aKkOHOMEpPHOCTH U3M sl BCIOMOTATEJIbHBIX [TApaMETPOB

OLCHKH COCTOSHHA 594 C60pHOFO T a : 3dBUCUMOCTH OT PACCTOAHUA Z

JI0 OUYHCTHOTIO 3a 4 13dBBI

Takum o0pazoM, ycTaHoBIeH P deKT CHmKea@brom)Ko IuaroHasnei, Ho U

BEPTUKAILHON acUMMETpHuH (DOPMBI pamMbl TIPH CO3/IaHUH CTATICTIOTUMEPHBIMHA aHKE-
paMu YIIPOUYHEHHOM 00JIacTH B pallOHE MSTHI CBOJIA, KOTOpas SBJsIETCs 0oJiee yCTOM-

YHBOM OMOPOM JJIsl OMYCKAIIUXCS TOPOJI KPOBJIH IITPEKA.
[Tapametp 6, —6,, ONpPEIENSIOIMINNA CTENEHb WU3rH0a HMYKHEH YacTU CTOEK

pambl, UMeeT 0oJiee HU3KUN TPATUEHT U3MEHEHUsI B 594 cOOpHOM IITpEKe MO CpaB-

HEHUIO C NMPEABLAYLIIMMH BbIpa0OTKaMU:
— BHE 30HBI BIIMSHUS OYUCTHBIX pabOT (A0 oTMeTKH z=-44 M) BeJUYHMHA

8, —6, =330 — 370 MM u Bcero Ha 50 — 90 MM MeHbIlIe IEPBOHAYAILHON (KOHCTPYK-

TUBHOW) Pa3HUIIbI, YTO YKa3bIBa€T HA HEOOJBIINE TOPU3OHTAILHBIC MOABMKKH OOKO-
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BBIX MOPO/I, TPOU3OIIEAIINE 3 JUIUTEIbHBIN NEPUOJ] OAJIEPKAHUS IITPEKA OT MOMEH-
Ta YCTAaHOBKH paM JI0 CbeMa IOKa3aHWil B JaHHOM CE€YEeHUU BbIpaObOTKU. J{Jisi cpaBHe-
HUS 3TU TOJABWKKHU cocTaBwin: B 590 coopHoM mitpeke — 80 — 110 MM, B 592 cOopHOM
mrtpeke — 100 — 140 mm;

— B 30H€ CTAOWIU3ALMKM TPOSBIECHUNA TOPHOro JaBieHus (z =57 M) pa3HHIIA

8, —6, cHu3mnach 10 170 — 190 MM, TO €CThb, B CpEeAHEM IIPOU30LLIO €€ YMEHBILIECHUE

Ha 170 MM, unm Ha ynpyro-tuiacTudeckue aedopMmariii M3ruda HIDKHEW 4YacTH
Ka)XJ0M CTONKHU MPUXOIUTCS 85 MM.

OTMeueHHbIE MEPEMENICHUs MOXKHO OLIEHUTh KaK YMEpPEHHbIE, MaJIOCYIIECT-
BEHHO m3MeHsomue Gopmy croek. B cpaBaernu ¢ 590 u 592 cOOpHBIMU MITPpEKAMH

CHIJKEHHME Pa3sHULBLPY3MEPOB 6, —6, COCTABUIIO COOTBETCTBEHHO 32 m 29%, 4ro

YKa3bIBAET B MOJB3Y $XEMPpl PA3MELICHHS CTANCTIOIUMEPHBIX aHKEPOB, IPUHSITOMN IS
noazepxxanus 594 cOoPyOYo IUTpeKa.

ITapamerp 6, — 6, xa pu3yeT u3MeHeHue GopMbl Kak BEpXHEH 4acTH, Tak U

o0IIeil MPOTSHKEHHOCTH — CTOE Mbl. BHE 30HBI BIMSHHA OUYHUCTHBIX padoOT

6, —6; =1240 — 1280 MM u Bcero Ha 60N MM MEHBIIIE NIEPBOHAYAILHOTO 3HAYE-

HUS, YTO YKa3bIBAET HA OTPAHUYEHHBIE TO bHBIE TIOJIBUKKHA OOKOBBIX MOPOJ B
npenenax KOHCTPYKTUBHOW OOKOBOM moja ctu)pambl. HaumHasgs ¢ oTMeTKmn
z=-29 M 510 xoopauHaThl z =78 M NPOUCXOIUTNIOCTGUEHHOE CHM)KCHHUE pPa3HULBI

8, — 65, KOTOpoe (UKCHPYET Pa3BUTHE IJIACTHUECKKX pManuii cToek pambl. B
30HE CTAOMIN3aLMU IPOSIBICHUI TOPHOI0O IaBJIEHUS apaMeTp 8, —6; =660 — 700 mm;

TO €CTh, B CPEITHEM MTPOU3OLLIO U3MEHEHUE MapaMeTpa Ha S80 MM, UTO XapaKkTepU3yeT
u3rub croek (B cpearem 1mo 290 MM ¢ Kaxa0W CTOPOHBI) KaK JIOCTATOYHO CYIIICCTBEH-
HBI ¥ MEHSIOIIUNA B OIpe/ieJIeHHON cTeneHu ux gopmy. C Apyroil CTOpoHbl, yKa3aH-
HOe U3MeHeHue pa3Mepa Ha 17% mensbine, ueM B 590 u 592 cOopHBIX MITpeKax.
OneHuBas B 1I€JIOM M3MEHEHUs MApaMETPOB 6, —6, U 6, —8;, CIEAYET OTMeE-
TUTh OIPaHUYEHHE TOPU3OHTAIBHBIX MOJBMKEK OOKOBBIX MOPOJ M M3ruba CTOeK
paMbl 10 CPaBHEHHIO C KpenexxHou cuctemoil 590 u 592 cOOpHBIX WITPEKOB, MOI-

ACPKUBACMBIX B IIPUMCPHO PABHOLCHHBIX TOPHO-I'COJIOTUICCKUX YCIIOBUAX.
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3aM€pBI IMOAHATHA ITOYBBI IITPCKA U XO0TA U O6J'Ia,Z[aIOT OHpC,IICJICHHOﬁ I10-

has°
I'PEIIHOCTHIO, HO BCE K€ OTMEYAKOT CHUKEHUE MHTEHCUBHOCTHU IIyYEHHS IO CpaBHE-
HUto ¢ 590 u 592 cOopHbIMU TITpeKamMu. Tak, Ha y9acTKE BHE 30HBI BIHUSHUS OYHCT-
HBIX pa0OT 3aMKCUPOBAHO MOJHATHE NOUBHI B nuana3one 230 — 290 mm; sTa Benu-
YyyuHa B cpeaHeM Hibke Ha 32% dem B 592 cOopHOM 1mTpeke; cpaBHeHUE ¢ 590 cOop-
HBIM LITPEKOM MPOU3BECTHU HE yAAIOCH MO MPUYUHE BHITIOJHEHUS MOJAPHIBKA HA ’TOM
ydactke BbipaboTku. [locne npoxona 594 naBbl Ha paccTosiHUE z =78 M ObLia ocylile-
CTBJICHA MOJPBbIBKA TOYBBI, TAK KaK BEJIMYMHA MY4YEHUS] K 3TOW OTMETKE JOCTHUIJIa
810 mm. Tem He MeHee, 3TO 3HaUYCHHUE OKa3ajloch HIKE Ha 16 u 21% 1o cpaBHEHUIO ¢
BEJIMYMHAMM TOJIHATHUS MOPOJ MOYBKI 0 Havana uX NoJpbIBKU B 590 u 592 cOOpHBIX
LITPEKAX COOTBETCTBZHNO.

VYrpouHeHue ¢ OJIUMEPHBIMHU aHKepaMH OOKOBBIX 0OBEMOB MOPOJ HEMO-
CPEACTBEHHOU KPOBIIH 1iQHe 3aMKOB MOAATIMBOCTA PAMHOM Kpenu OiaronpusT-
HO CKa3bIBAa€TCS HA UX COC U 1 pexume paboTel. Tak, AJIMHA HAXJIECTa BEPXHsIKa
Y CTOEK IUIABHO YBEJINYUBACTCS epe noaxoja u orxoaa 594 naBbl) OT UCXOIHON
BennunHbL 390 — 420 MM 110 3HaquI/15[\§0 = 720 MM, OJIM3KOr0 K KOHCTPYKTHBHOM

BEPTUKAIBHOMN MOJATIUBOCTH pambl (cMA\rpaghux 5 Ha puc. 4.9). CyliecTBeHHbIX U

PETYISIpHO BCTpeyarommxcs HapymeHuil eoMeTpyy Vy3J0B TMOJATIMBOCTH HE
HaO0JIr0AaeTCs.

[IpuuriHa TOCTATOYHO YAOBIETBOPUTEIHLHOTO CO Usl U CTaOWIbHOU pado-
TBI 3aMKOB TIOJIATIMBOCTH PaMBbI 3aKJIFOYAETCSI B YMEPEHHOM OITyCKaHUH TOPO]] KPOB-
JU ¥ BepXHsKa pambl. [Ipu cpaBHeHMM BEIMYMH COMMXKEHHS KPOBJIHM M TMOYBHI (Tpa-
¢buk / Ha puc. 4.7) u noguaTHs MOuBHI (rpaduk 4 Ha puc. 4.8) yCTaHOBJIEHO, YTO HA
JOJIF0 OmycKaHusi KpoBiu npuxoautcst Bcero 300 — 330 mm. DTa BeMUMHA MPAKTHU-
YECKU COOTBETCTBYET KOHCTPYKTUBHOW BEPTUKAIBHON MOIATIUBOCTH PAMBI.

B pesynbrare maxTtHbIX HaOMIOJEHUN 3a cocTosiHueM 594 cOOpHOro mTpeka
YCTaHOBJICHBI TIO3UTHBHBIC (DaKThI CHIDKCHUS MTEPEMEIICHUN 110 BCEM (PUKCUPYEMBIM
pa3MepaM BhIPAaOOTKH, YTO CHIXKAET TIOTEPU €€ CEUCHUS U COXPAHSAET HECYIIYIO CIIO-
COOHOCTH paMbl Ha JIOCTAaTOYHO BHICOKOM ypoBHE. [loaTomy cumTaem mpeanoyTH-

TEJIHHOW CXEMY YCTAaHOBKH CTaJEMOJMMEPHBIX aHKEPOB B 594 cOOpHOM MITpeKe o
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CPaBHEHHUIO C MapaMeTpaMu CETKH apMUPOBAHUS MTOPOJ HETIOCPECTBEHHOW KPOBIIU B
590 u 592 cOOpHBIX MITPEKaXx.

Ha skcnepumenTanbHOM ydacTke 594 cOOpHOro mrpeka npuMeHeHa KOMOHu-
HUPOBAHHAs aHKEPHas CHCTEMa B COCTABE CXEMbl KpEIUJICHHUs, MOKa3aHHOW Ha
puc. 4.6, 2.

Taxum o6Gpa3oM, coueTaHue CTalICMOIMMEPHBIX U KaHATHBIX aHKEPOB CO3/1aeT
YIPOUYHEHUE HE TOJBKO HEMOCPEJACTBEHHOM, HO M OCHOBHOW KpOBIJIM, CBSI3bIBAeT
MOPOJIHBIE CIIOW B €AMHYI0 apMOMOPOIHYI0 KOHCTPYKIIIO OOJBIION MOIIHOCTH (HE
MeHee 4 — 5 M), CHOCOOHYIO BOCIIPUHUMAThH M COMPOTHUBIATHCS MOBBIIIEHHOMY TOp-
HOMY JIaBJICHUIO U, TEM CaMbIM, 3aIIMINATh PAMHYIO KpEIb OT YpE3MEPHBIX HArPy30K.

CdopmupoBan apMOTIOPO/IHAsL TUIMTA PACIIUPSET IUIOIMAh CBOUX OIOp B
Ookax BbIpaOOTKHXa ¥ BbICOKAsi HECYyIIass CIIOCOOHOCTh U YKECTKOCTh MO3BOJISIET HE
TOJILKO CHU3UTD Harpy@a pamy, HO ¥ YMEHBIIIUTh aHOMAJIUU OMOPHOTO JIABJICHMUS,
YTO OIPAaHUIUBAET TOPU30 bI€ TIOJIBIYKKHA TIPUKOHTYPHBIX TIOPOJT B OOKaxX BhIpa-
OOTKM M HHTEHCUBHOCTH Pa3BUT @ {eHIIST TOPOJT TTOYBHI.

IIpu obGcnenoBanuu 3KcnepHM§1\Taanoro yuyactka 594 cOopHOro mTpeka
OTMEUYEHO €ro YAOBJIETBOPUTEIILHOE 3KC aI[MOHHOE COCTOSIHUE, KaK BHE 30HBI,
TaK U B 30HE BJIMUSIHUS OYUCTHBIX PadoT.

BHe 30HBI BIMSHUS OYUCTHBIX paboT BH3yampfipie Habmonenus (puc. 4.9) u
3aMepbl MO BBHIMICTPUBEICHHON METOJUKE MUMEIOT CleqfyiQquiue mokazarenn. dopma
pambl kpenu KHIITY-15,0 u ee 35eMeHTOB (BEpXH}KAa M CTOEK) MPAKTUYECKU HE
U3MEHWJIAch MO0 CPAaBHEHUIO C MEPBOHAYAIBHO YCTAaHOBJIEHHOW, TO €CTh, [0 BCEMY
KOHTYPY paMbl IJIaCTHYECKUE epopMaliii OTCYTCTBYIOT; 3aMKH MOAATIMBOCTU paM
HE cpabaThIBay U BEIMUMHA HAXJIECTa BEPXHSIKA U paMbl TAK)KE HAXOTUTCS B UCXOJI-
HOM TOJI0)KeHNH nopsaka 350 — 420 mm.

DTO0 yKa3bIBa€T Ha OTPAaHUYCHHYIO HArpy3Ky Kpemnu pambl 10 Hayalla ee mojaT-
JUBOTO pexxuma paboThl. [laHHBIE HAOMIOAEHNS KOCBEHHO YKa3bIBalOT Ha BBICOKYIO
3¢ (HEKTUBHOCTH pabOTHI aPMOIIOPOIHOM TUIUTHI B KPOBJIE IITPEKa: €€ Hecylas CIo-
COOHOCTH TIO3BOJISIET PA3rPy3UTh PaMHYIO KpeIb OT YPE3MEPHOTO TOPHOTO JABJICHUS

3a CYET BOCTIpUSTHS Ha ce0s1 OOJbIIEH ero YacTH.
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Pucyy oQ’ O — ®parMeHT cocTosiHUS 594 cOOpHOTO MITpEeKa

®a SKCIEPUMEHTAIBHOM y4aCTKE

Tem He MeHee, 3adukc MpeJieSICHHbIE U3MEHEHUS Pa3MepPOB IITPEKa:

— BBICOTA /1, YMEHBILINIIACh ox{aBHeHmo ¢ npoekTHoi) Ha 140 MM, 4TO CBS-

3aHO C IIyYE€HHUEM TOPOJI MOYBKI, TOCKOIRKY BNIUMBIX JepopMalnnii BEpXHsIKa U cpa-

OaThIBaHMS 3aMKOB MoAaTIMBOCTH paMbl HC Ha JaJIOCh,

— IIMPHUHA BBIPAOOTKH 6, IO MO4YBE CHU3WIACh Zcero Ha 18 MM, 4TO OOBCHS-

eTCsl YIIPYTUMU Jie(opMaIiusIMH paMbl, a TaKXKe ee dOKgeM B KOMIICHCAITUEH 3a30-
poB U JOQPTOB B 3aMKax MoAaTIMBOCTH. CyliecTBMIHOrO OOKOBOIO JaBJICHUSI Ha
CTOMKHU paMbl HE HAOJFOMAETCS, YTO OOYCIOBICHO CHMKEHUEM WHTEHCHUBHOCTH JICH-
CTBHSI OOKOBOTO OIMOPHOTO JABJEHUS 3a CUET PACIIMPEHUs IUIOIIAJAN OMOPhI MOPO/I-
HOM IUIUTHI B KPOBJIE HA MOPOJIbI B OOKaX BBIPAOOTKH;

— CJIEyeT OTMETUTH IPEBBIIIECHUE JUIMHBI JUArOHAIU C, HaJ JJIUHOK IUaro-
HaJIX ¢; Ha 15 MM. DTa He3HAUUTENIbHAs Pa3HULIA MOXKET ObITh MCTOJIKOBaHA JBOSKO:
MOTPEIIHOCTA MOHTa)Ka paM WJIM cJ1a0oe BIUSHHE OYHUCTHBIX padoT B 594 naBe miam
MPAKTUYECKOE OTCYTCTBHE aCUMMETPHUHU J1e(POPMHUPOBAHUS PaMbl, YTO O0OYCIOBJICHO
€€ 3alUTON OT HEPABHOMEPHOW HArpy3Ku ¢ MOMOIIBIO MOIIIHOW apMOIIOPOAHOM ILIH-

TBI B KPOBIJIE;
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— HaxXJIECT B 3aMKaX MTOJATIMBOCTU PaMbl OCTAJICS HA IPOEKTHOM YPOBHE;

— HaOJII0IaeTC YMEPEHHOE IIyYEHHE IOpPOJ MOYBBI, BEIMUMHY KOTOPOro (10
100 — 150 MM) MOXHO OLEHUTH JMILb NPUOIU3IUTEILHO BBUIY HEKOTOPBIX TPYIHO-
CTEeW BBINOJHEHHUS 3aMEPOB U JOCTATOYHOM MX MOTPELIHOCTH; My4YeHHUE MpHU HEOOIb-
III0M OIIOPHOM JIaBJIEHUH B OOKaX BBIPAOOTKH O0YCJIOBIEHO HU3KUM CONPOTHUBICHUEM

cxatiio (o, =8,0 MIla) aneBposinTa HENOCPEACTBEHHOM MOYBBI BO BJIArOHACHIIIICH-

HOM COCTOSIHUH.

OTmeueHHble 0COOEHHOCTH IMPOSBIEHUN TOPHOTO JABJICHUS OTPAXKEHBI COOT-
BETCTBYIOILIMMHU T'paprikaMu B KpaitHeil 1eBoi yactu puc. 4.10, XxapakTepu3yomumMu
3aKOHOMEPHOCTH M3MEHEHHUS T€OMETPUUYECKUX MapamMeTpoB 594 cOOpHOTro mITpeka B
3aBUCUMOCTH OT pac HUS Z JJO OYUCTHOrO 32005 594 naBbl.

3aBUCUMOC 3MEHEHUsS BBICOTBHI /i, INTPEKa M0 Mepe MOAXOAa K 3aMEpHOU

CTaHUMHU U OTXO0/1a OT HRE WUHCTHOTO 320051 XapaKTepU3yeTcs CIEeIyIOIUMU 0COOEeH-
HOCTSIMH. BHE 30HBI BIUSH YUCTHBIX paOOT MOTEPS] BHICOTHI BHIPAOOTKH OTHOCH-

TEJIBHO HEOOJbIIasg M Koielie nuamnazoHe U hy =135 — 165 MM BIUIOTH 10O

oTMeTKH z =—33 M. OT™MeueHHas BeanIZ@numeHm KPOBJIM Y TIOYBBI HAXOJHUTCS
B IIpe/iesiaX KOHCTPYKTUBHON BEPTUKAIIb ogarnuBoctH kpenu KIIITY-15,0.
Bnusinue npubnmxkaroneiics: JaBel Ipo ThCS®a 33 M 10 OYMCTHOTO 32005 B

YaCTHU PE3KOro MOBBIIIEHUS MHTEHCUBHOCTH CMEINGHUHZU ”1: npu z=11 M no3anu
OouuCTHOTO 320051 U h =515 MM, a pu z=75 M B HMAJIE 30HBI CTAOUIM3AIUHU TIPO-

OeCCOB CABHIKCHUA HaI[YFOHbHOﬁ TOJIIIHN cOMmKeHne KpOBJIM W TIOYBBI OOCTUIACT

3HaueHuss 720 mm. [Ipm pgansHenmeM orxozne jiaBsl nmpupoct U 5, MAJIOCYLIECTBEH-

HBII U KOHEYHasl BeJIMYMHA COMDKEHUsT HaxoAuTcs B npenenax 720 — 730 mwm.
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Pucynok 4.10 — 3aBI/IC nepemeleHuil U, Kpenu U KOHTypa

594 cH6opHOTO ITpEKa OTpXCT THUSL Z JIO OUMCTHOTO 32005

Ha SKCIICPUMCHTAJIH!

B mocnenyromem OyaeT oTAeneHa oSl ROMAATHS MOPOJ MOYBBI OT OOIIeH

BeNUYUHBI cOmmkenuss U 5, » HO TIPH €€ BEPOATHOM MPEUNYIIECTBEHHOM Pa3BUTHU

BEJIMYMHA OIyCKAHHUS KPOBJIM HAXOAMUTCS B Mpejesiax JONYCKaeMbIX 3HAYEHUW B
300 MM o (hakTOpy BEPTHKATHLHOW KOHCTPYKTUBHOU MOAATINBOCTH PAMBI.

Takum o00pa3om, aHamu3 3aKOHOMEPHOCTH COJIMKEHUS KPOBIU M TOYBBI
MO3BOJIIET OLIEHUTh COCTOSIHUE PaMHOM Kpemu W BBIPAOOTKH B II€JIOM KakK BITOJTHE
YAOBJIIETBOPUTEIHHOE.

[ToTepst BhIcOTHI mTpeka coctaBisieT 20% W OHAa CHU3UTCS Oojee, yeM Ha
MOJIOBUHY TIPU TMOCHEAYIOEed MOAPBIBKE IMOPOJA TMOYBBI MEpej €ro MOBTOPHOM
UCIIOJIb30BaHuEM. Bu3yalbHbIli OCMOTP COCTOSIHUSL BEPXHSIKOB M CTOEK paM OTMEYaeT
JUIIb OTJENbHBIE Cydyad U3MEHEHUs UX (OpMbl M3-3a TUIACTHUYECKUX Jedopmaiuil.

CrnenoBaTenbHO, 10 (HaKTOPY CHUXKEHUS BBHICOTHI 594 cOOpHOTrO MITpEKa MOXKHO CJIe-
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JaTh BBIBOJ 00 3((EKTUBHOM 3aIUTE PAMHOUW KpemH OT YPEe3MEPHOTO TOPHOTO JaB-
JIEHUS C MTOMOIIbI0 APMOMOPOAHON TUIUTHI, CPOPMUPOBAHHOMN B KPOBJIE KOMOMHHUPO-
BAHHOW AHKEPHOM CHCTEMOM.

['opuzoHTanbHbIe CONMMKEHUs cToeK pam U s, Ha YPOBHE MOYBbI LITPEKA BECH-

Ma He3HauuTenbHbI (14 — 30 MM) Ha ydacTKe BHE 30HBI BIUSHUS OYHCTHBIX paboT. B
HavaJie 30HbI (PPOHTAITHHOTO OMIOPHOTO JABJICHHUS HA OTMETKE z =—33 M, HaOIrOaeT-

Cs YBCIIMYCHHUC T'paauCHTA pOCTa Uel C MaKCHUMAaJIbHBIM PAa3BUTHEM Ha YYAaCTKC OT

z=-3 M g0 z=11 m. Jlasiee NpoUCXOIUT MOCTENEHHOE CHU)KEHNE TEMIIOB IIPUPOCTA

U 6 70 OTMETKH z =95 M, rae commkenue croek pam gocturiio 480 — 490 mm; nas-

HYIO0 OTMETKY CJIEAYER CUMTATh HA4aJOM 30HbI CTAOMIM3ALMU MPOSIBICHUNA TOPHOTO
JABJICHUS. 31E€Ch asi BeJINYMHA MMOTEPU IIMPUHBI BBIPAOOTKH cocTaBisieT 9,5%
U HE CO3/aeT K&KHX-HW@&pr,HHeHHﬁ IIPY BBIIIOJIHEHUM TEXHOJIOTMYECKUX Onepa-

M B MPONECCE BEACHUS @mmx pabor. Onnako, mapamerp U 6 Oonee, yeM B

2 pasa npeBblIIaeT OOKOBYIO K@KTKBHY[O MOJIaTIMBOCTh CTOEK pambl. Habiro-

o

JacTCA UX u3rud B paﬁOHe OIIOP, KOTOWBIY _HCCYIICCTBCHHO BJIMACT HAd HM3MCHCHHUC

e

B cBsA3M ¢ u310XKEHHBIMHU PEIYIIbTATMNIN JWHCTPYMCHTAJIbHBIX WM BHU3YaAJIBbHBIX

(OpMBI paMbl U CHUKEHUE €€ HECYIIEH CH HOCTH.

HaOJIOIEHUII MOYKHO clenaTh BBIBOJ O JOCTAaTQYMO 3((PEKTUBHOM OIrpaHUYEHHUU
conmmxeHnst 60KOB BBIPAOOTKU, KOTOPOE JOCTUTAETCS 39 CYRT MOHMKEHHUSI HHTCHCHB-
HOCTH JEHCTBHS ONOPHOTO JABJICHHS [0 NMPUYMHE PACIIMPEHUS IUIOIIAJHA OIOPHI
apMOIIOPOJHON IUIUTHI B KPOBJIE, CPOPMUPOBAHHON KOMOMHHMPOBAHHON aHKEPHOU
CHUCTEMOM.

BHe 30HBI BIUSHUS OUYMCTHBIX pa60T AaroHajin ¢; U ¢, MaJOCYHIECTBCHHO

OTJIMYAIOTCA IPYT OT Jpyra:

— cmemenue U C1 n3Mensiercs B uHreppajie 112 — 120 MM BIJIOTh 4O OTMETKH

z=-53 M, a ajlee HAYMHAETCS NIOCTEIICHHOE CHIKEHUE pasMepa ¢ ;

— CMEIIICHUE Uc2 JIOCTaTOYHO MOCTOSIHHO 10 OTMETKH Z =—33 M ¢ KojeOaHus-

Mu B uHTepBaiue 105 — 125 mm;
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— pasHuna c, —¢; (rpagux 5 Ha puc. 4.10) HOCUT 3HAKOIIEPEMEHHBIN XapaKTep C
MUHHMMAaJIbHBIMU OTKJIOHEHUSIMU ¢, U ¢, APYr OT Jpyra (Ha ypoBHe oT —13 MM 10

+15 Mm) 10 otmeTkH z =—50 M.
Takum oOpa3oM, BHE 30HBI BIMSHHS OYHCTHBIX pabOT acuMMeTpus nedopmu-
pOBaHUS paMbl MpakTHYecku He HabOmomaetcs. [lo Mepe BXOXKIaeHUs B 30HY (PpoH-

TAJIbHOI'O OIIOPHOI'0 AABJICHHA CMCHICHHC UCI Ha4YMHAaCT MHTCHCHUBHO PAaCTH (C Ipu-

MEPHO TOCTOSIHHBIM T'PaIMEHTOM Ha y4yacTke oT z=-33 M 10 z =37 M) BILIOTH 1O

3HAYCHUS UC1 =580 MM. [lamee mpouMcCXOAMWT BhINOJAXUBaHUE rpaduka pocra U

MPUMEPHO Ha paccTosiHUM z =75 — 80 M HaOMoAaeTCs cTa0MIN3alus epeMeEIICHHMI

Ha ypoBHe 640 — 650 ym.

MEHbIIIEH BEIWYMHBI UMEIOT MECTO 3dKOHOMCPHOCTH pa3BH-

THA HepeMeHleHI/Iﬁ 02®CB TAKIKC IMPAKTUICCKH MMOCTOSIHHBIN IrpaIuCHT POCTa Ha-

OJIF0JTaeTCsl HAa YYacTKe OT @53 M 10 z =25 M, Ha KOTOPOM CMELIEHNE BO3PACTAET

hi (0 Uc2 =465 mm. Ipu I[&HBHE@{ OTXOJZI€ JIaBbl POCT UC2 3aMeUIsIeTCd U MpU

z 260 — 70 M MpakTUYECKU CTaGHHHSH&@a ypoBHe 510 — 520 mm.

PaBHI/II_Ia pasMEpoB ,ZIH&FOH&JICIZ & OCTCIICHHO YBCIIMUNBACTCA, HAYWHAA

C OTMETKH z=-50 M, HO, 3TO yBEJIIMYEHUE QL =25)M XapaKTepu3yercs TeM, YTO

JMaroHaiau OTIMYaroTCs Ipyr OoT apyra Bcero Ha X — 6] mm. Ilpu z >25 M cHauana

IPOUCXOIUT POCT ¢, —¢; 10 125 MM, a 3aTem crabu sl BEJIMYUHBl aCUMMETPUU

cMenieHnit Ha ypoBHe 130 MM, HauuHasg ¢ z =75 m.

[IpuBeneHHbIE pe3yabTaThl MOXKHO OLIEHUTH JBOSIKO. AcuMMeTpus aepopmu-
pOBaHMsI paMbl IPUCYTCTBYET, HO U3MEHEHUs €€ (POPMbI IPOUCXOIAT 3a CUET cpada-
THIBAHHMSI 3aMKOB TOJATJIMBOCTH y pabouero Oopra BBIpaOOTKH 0O€3 MpOSBICHHS
KaKUX-JIMO0O CYIIECTBEHHBIX IJIACTUUECKUX M3THOOB BEpXHsAKa U cToek pam. llpu

BeIM4YUHE nepemelnenuilt U ¢ Uc2 U X Pa3sHULC UMEET MECTO HEPABHOMEPHOE IOJI-

HSTHE MOYBHI MO MUpUHE BbIpaboTKu. CocTapistomas 1eopMUPOBAHHS CAMOM paMbl
XapaKTepU3yeTCss MEHBIIIEN CTENEHbIO ACUMMETPUH, YeM 3a(DUKCHUPOBAHO HAMU B JIaH-

HBIX UCCleI0BaHusIX. B m000M ciiyyae ypoBeHb aCUMMETPUU A€(POPMUPOBAHUS PAMBI
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(mpu MCTIONB30BAaHUU KOMOMHUPOBAHHOW aHKEPHOW CHUCTEMBI) 3a(DUKCHUPOBAH MEHbB-
HIei BEJIMYMHOW, YEM B JPYTMX BBIEMOUHBIX IITPEKaX, MOJJIEPKUBAEMbIX B aHAJIOTUY-
HBIX TOPHO-TEOJIOTUYECKUX YCIIOBHUSX.

B nienom, 060011as moyueHHbIe Pe3yJIbTaThl MAXTHBIX HAOMIOACHUH, CIenyeT
OTMETHUTH YAOBIETBOPUTEIBHOE COCTOsIHUE 594 COOPHOTO MITPEKA MOCIE MPOXOXKIe-
HUs 594 naBbl, O3BOJISIONIEE 0€3 KaKUX-THO00 PEMOHTHO-BOCCTAHOBUTEIBHBIX PadOT
B OTHOIICHHH PAMHOM Kpemu, OOKOB M KPOBIU TMOBTOPHO €r0 MCIOJIL30BATh PH
OTpabOTKE CMEXHOTO BRIEMOYHOTO ydacTka. [[03UTHBHBIN pe3yabTaT JOCTUTHYT Oa-
rojiapsi IPUMEHEHNI0 KOMOMHUPOBAHHOW aHKEPHOU CUCTEMBI B KPOBJIE BHIPAOOTKH.

CdopMynnpoBaHHBII BBIBOJ MOATBEPKIEH PE3yJIbTaTaMH IIAXTHBIX UCCIEN0-
BaHWI 3aKOHOMEPHOQREH M3MEHEHHUS HAa3BaHHBIX HAMH «BCIIOMOTATEIBLHBIX» Tapa-

METPOB, K 4UCIIy NOTPPBIX MBI OTHECIU Pa3HULY /1, — /i; BEPTUKAIBHBIX PACCTOSHUN
3aMKOB TOJATIUBOCTH OUBbI BBIPAOOTKHU; pasHULY 6, —8, U 6, —6; TOPU30H-
TaJbHBIX Pa3MEpPOB BbIpad 110 TIOYBE, HA YPOBHE HWKHEH KPOMKHM IUIacTa U Ha
YPOBHE €ro BEPXHEW KPOMKH; B Hy U, s Iy4eHuUs OPOJ MOYBHI, JUIMHY HaxJe-
cTa a;, BEPXHsAKA U CTOMKM paMbl B 3a OJIaTJIMBOCTH. 3aKOHOMEPHOCTH H3Me-
HEHUS 3THUX [1apaMEeTPOB B 3aBUCHMOCTH OSIHUS J10 JIaBbl IPUBE/ICHBI HA T'pa-
¢ukax puc. 4.11.

Pa3uuna pasmepoB £, — by oTpaxkaer creneXp acyMMETpUn Je(pOpMUPOBAHUS
paMbl B BEPTHUKAJIBHOM HallpaBieHUU. BHE 30HBI HUSL OYUCTHBIX PadOT 3TOT
napamMeTp MUHUMAaJIEH U cocTasiisieT Bcero 10 — 35 mm. Ero Hu3kas BenmduHa Xapak-
TEpU3yeT HEe aCUMMETPHIO (JOPMBI paMbl, a HEKOTOPBIE MOTPEIIHOCTH MPHU €€ yCTa-
HOBKE M HEPaBHOMEPHOCTb IyY€HHUs MOYBBI O IIMPHUHE BbIpaboTku. Haumnas c
OTMETKH z =—20 M IPOUCXOAUT POCT BEJIUYMHBI /1, — hi;, HO C HU3KUM I'PAJUECHTOM.

B pesynbrare npu z =37 M napametp crabunuszupyercst Ha ypoBHe 90 — 120 mm.
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PI/ICYHOK 4.1 BHUCUMOCTHU U3MCHCHUA BCIIOMOT'ATCIIBHBIX ITApaMCTPOB

OLICHKH COCT E@HGMO‘IHOﬁ BbIPa0OTKH 594 naBbI OT PacCTOSIHUA Z

@ JI0 OYUCTHOTO 320051

Cronbp HH3Kas aCI/IMMeTp;p&%I yKa3bIBaeT Ha ee A(D(PEKTUBHYIO 3alIUTy

MOIIIHOM apMOIIOPOJHOM IIIUTOM, cq)op aHHOM B KpOBJIE C MOMOIIBIO KOMOHU-

HUPOBAHHOW aHKEPHOM CUCTEMBL.

Pa3Huna pa3mepoB 6,— 6, U 6,— 6, XapaKPEpU3yPT CTENIEHb U3MEHEHUS (DOPMBI
CTOEK paMbl U COOTBETCTBYIOIIUN YPOBEHb UX IUIIRTUUQEKUX JepopManuil Moja BO3-
neiicTBueM OOKOBBIX HArPy30K OT 30HbI OOKOBOTO O IO JABJICHUS.

Ha Y49aCTKC BHC 30HbBI BIIMAHUA OUYHCTHBIX pa60T napameTp 6,—6, H0CTATOYHO

crtabmwien B npenenax waMeHenus 380 — 410 Mm; 3TO 3HAYCHHE HECKOJIBKO HIDKE
KOHCTPYKTHUBHOTO (Ha 10 — 40 MM), 4TO OOYCIIOBJIEHO MPEAUCTOPUEH HATPY>KEHUS
paMbl ¢ ee oOxkaTueM U ynpyrumu neopmanusamu. HauvnHas ¢ otMeTkn z=-34 M
NpOSIBISIETCSl JIeWCTBUE (POHTAIBHOTO OINOPHOTO JAaBlieHUs Brepenu 594 naBsl,

BbIpa)Karolieecs B IOCTEIIEHHOM CHID)KEHUHU pa3HUIbl 6,—8, C IOCIenylollel ee
crabminzanueit (z 225 m) B quanasone 290 — 320 mm. B cpeanem napamerp 6,— 6,

YMCHbIIAJICA Ha 90 MM, YTO YKa3bIBACT Ha OIICPCIKAOICC CMCIICHUC CTOMKH B

paﬁOHe OIIOPHBI IO OTHOHICHHIO K IICPEMCIIICHUSAM CTOMKHM Ha BBICOTE HMKHEU KpPOMKH
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wiacra. Pasauna B 90 MM He CTOJIb CYINECTBEHHA, HO BCE JK€ YKa3bIBACT Ha IOSBIIC-
HHE OrPAaHUYEHHOIO0 M3rnda CTOEK Ha y4YacTKe I0 INIyOMHE HW)KHEH MOJpPBIBKU
HITpeKa.

Pa3zHuna pasmepoB 6,—6, Ha y4yacTKEe BHE 30HbI BIMSHHUS OYHUCTHBIX pabOT
takke crabunpHa (1280 — 1300 MM) U HECKOJIBKO HUKE KOHCTPYKTHBHOM (Ha 40 —
60 mm). Haunnas ¢ otMetrkn z=-53 M HaOII0JaeTCs CHU)KEHUE PA3HULBI 6,—8; C
IPAKTUYECKHU IOCTOSHHBIM TPaJME€HTOM BIUIOTH /10 OYUCTHOIrO 3a00s (z=-3 M).
OTOT napamMeTp UMeeT IOCTOSHHOE 3HaYeHHe Ha ydacTke 10 z =11 M, yTo B Hemasnoi

CTCIICHU CBA3aHO C ACMOHTAKOM M ITOCIICAYIOINUM MOHTA>XOM CTOCK B CTBOPC pa6o-

4ero IPOCTPAHCTBA JaBbl. 3aTEM MHTCHCUBHOCTb CHUDKCHMS IIapaMeTpa 6,—6; BO3-
pacraer 40 OTMETK 37 m. Haunnas ¢ otmetku z =57 M, 3Ha4€HUE 6,—8, CTaOU-
JIM3UPYETCA HA YPOBHE — 920 mMm. OO1iee yMEHbIIEHUE NTAPAMETPA 6,— 6; COCTaA-

B0 380 — 390 mm. U3 0@11@114%1 10J11 00KOBOM KOHCTPYKTHUBHOM MOAATINBO-
CTH paMbl COCTAaBIISIET OKOJIO a ocrasmuecs 180 — 190 mm npuxoasTcs Ha

OTpaHUYECHHBIN MIACTUYECKUIA U3TPO Q@K. N3menenue Gopmbl CTOCK XapaKTEPHU30-

BAHO KaK OTPaHMYECHHOE, MOCKOJBKY IIO Te nopsaka 3200 MM nmepemenieHue
90 — 95 MM He cOCOOHO CYIIECTBEHHO Hd¥e reoMeTpUIo cTorku. OTCr0/1a MOXK-
HO CJIeJIaTh 3aKJII0UYeHuE 00 OrpaHMYEHUN OOKQEON HRTPY3KH HA CTOMKHU paMbl, YTO
SBJISIETCS CJIEICTBHEM CHM)KEHHSI MHTEHCUBHOCTH XQOKOBQro oTkumMa nopoa. Ha arto
(dakT oOpamanoch BHUMaHHE NpPU MOJAEIUPOBAHU MEXaHUYECKUX IPOLIECCOB
CABMKEHUS TOJIIIM TOPOJA B OKpecTHOCTH 594 cOopHoro mrpeka. Cuuraem, 4To
apMOIIOPOJIHAs IIUTA B KPOBJIE BBIPAOOTKU PACIIMPSET IUIOIIAb ONOPbI HA MOPObI
B ee OO0Kax, YTO HEMHUHYEMO MPUBOJIUT K CHM)KEHHUIO KOHILIEHTpalMi HallpsHKEHUN B
30HaxX OMOPHOIO JABJICHUS.

OTOT XK€ MEXaHU3M NPOSBIIETCS U B OTPAHUYECHHM IIyYEHHs MOPOJ MOYBBI
mrpeka. MeHee MHTEHCUBHOE JIEWCTBHE OMOPHOIO JABJICHHS CIIOCOOCTBYET COKpa-

MICHUIO 00BEMOB TOPO/I, BHIIABIIMBAEMBIX B IMOJOCTh BBHIPAOOTKH, YTO U 3aPUKCHUPO-

BaHO IIPYU CbE€ME NTOKAa3aHUM BeIU4MHbI yyenus U, .
4,5

BHe 30HBI BIMSHUS OYHMCTHBIX pa60T JO0 OTMCTKH Z =43 M IOAHATHC ITOYBbI
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m3Mensercs B nuamnazoHe 110 — 140 mwm. [Ipu BxoknmeHuu B 30HY (DpOHTAITHLHOTO
OTOPHOTO JABJICHUSI IPOUCXOAMUT BEJIMUMHA MOJHSATHUS MOYBBI BO3PACTAET C MEPEMEH-

HBIM I'PaJUEHTOM 10 OTMETKH z =25 M, rae U, =410 mm. Jlanee HHTEHCHUBHOCTH
45

U, s camxaercs u npu z =80 M BenuunHa mydeHus cocrasiseT 470 — 490 mm. Takoe

IIOIHATHUE TIOYBBI 3aTPYAHACT BBIIIOJHEHUE TEXHOJIOTMYECKUX onepanui, B 30He cra-
OWJIM3aIMU TPOLECCOB CABUKEHUS OPOAHOU TOJIIM HEOOXOAMMO BBINIOJHUTH MOA-
PBIBKY IOYBBI Ha I1yOuHY He MeHee 0,5 M.

Hecmotps Ha mpeBbIIEHHE TEXHOJIOTMYECKHU JOIYCTUMON HOPMBI IIy4EHMUH,
CJIeyeT OTMETUTh, YTO BEIMYMHA MOAHITHUS MOYBHI B 594 cOOpHOM IITpEKe HIKE

Oojiee yeMm B 2 pasza Iy4deHHUs MOYBBI B COCETHHUX BbIpaOoTKax. JlaHHBIE M3MEpEHUS

MOATBEPKAAIOT 3 BHOCTH (JOPMUPOBAHUS B KPOBJIE IITPEKA MOIIHON apMOIO-
POIHOM IUTUTHI C 110 KOMOMHHPOBAaHHOW aHKEPHON CHUCTEMBI.
Bennunna Haxmnec EPXHsIKA ¥ CTOEK B 3aMKax NMOJATIMBOCTU BHE 30HBI

BIUAHHNSA OYMCTHBIX pa60T C BYCT KOHCTPYKTHBHBIM HOPpMaM H COCTAaBJIACT

400 — 420 mm. Haunnas ¢ otmer z\—53 M MPOUCXOJIUT CIA0OBBIPAXKEHHBIN POCT
10 470 MM HEMOCPEACTBEHHO MEPE]] 0UNg 3aboem. [Tocie mpoxoma naBel Beu-
YyyHa CcpalOaThIBaHMUsI 3aMKOB IOAATIUBO enuyuBaercs 0Oojiee HHTEHCHUBHO

a,, =630 — 640 mm (z=70 — 75 ™), a 3aremHaOpONAETCA CTAOMIM3ALMS JJIUHBL

HaxJiecTa Ha OTMEYEHHOM ypoBHe. Biauunna cpabatdiBagils (230 — 240 Mm) HAXOIUT-
csl B Mpefiesiax KOHCTPYKTUBHBIX HOpM nojgaTimBocTh Xpenu KIHITY-15,0 u He BbI3bI-
BAaET IJIACTUYECKUX AePopMallii ee HIeMEHTOB.

Takum 00pa3om, aHANU3 PE3yIbTATOB U3MEPEHUI BCIIOMOTATEIbHBIX MMapaMeT-
POB TOJTBEPAMI JOCTATOYHYIO 3(PGEKTUBHOCTH PabOTHl apMOIOPOIHON IUIUTHI B
KpOBJIE IITPEKA IO 3aLUIUTE €r0 PAMHON KPENu OT NPOSBIECHUN TOPHOTO JABJICHHUS.

B cpaBHeHuu ¢ cocrosiarueM 594 cOOpHOTO MITPEKa HA OCTAIBHONU CBOCH JIJTMHE
(BHE PKCMEPUMEHTAIBHOTO y4YacTKa) HEOOXOIMMO YKa3aTh Ha CJIEAYIOIIUE MMO3UTHUB-
HbI€ TEHJICHLIUU:

— cONMMKeHue MOpoJi KPOBJIM U MOYBHI CHIKEHO B 2,47 paza Ha y4acTKe BHE

30HBbI BJIMAHUA OYHUCTHBIX pa60T 1 Ha 35% B 30HE CT8.6I/IJ'II/138,HI/II/I CABHUIKCHHA IIOPOI-
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HOM TOJNILHM MOoce npoxoaa 594 nasbl;

— cONMMXeHue CcToek paMm (MO MOYBE IITPEKa) BHE 30HBI BIUSHUS OYUCTHBIX
paboT MPaKTUYECKH OTCYTCTBYET HA 3KCIEPUMEHTAIBHOM YYacTKe, a B 30HE CTalu-
JU3aluU OPOSABJICHUN TOPHOTO [JABJIEHUS CHUYKEHHE TOPU30HTAJIbHBIX IOJBHKEK
coctaBuio 43%;

— IWaroHaJdbHBIA pa3Mep CO CTOPOHBI pabouyero OOpTa MITpEKa COKpPAIIAeTCs
Ha 49% BHE 30HBI BIUSHUS OYUCTHBIX PabOT U Ha 34% Ha ydacTKe CTaOWUIU3AIMH
IPOSBIICHUM TOPHOTO JABJICHMS; JUIsl AUArOHAJIBHOTO pa3Mepa cO CTOPOHBI Hepado-
4yero OopTa MTpeKa CHIKEHHE TTepeMENISHUI COCTaBIIIO COOTBETCTBEHHO 15 1 27%;

— 0 YKAa3aHHBIM BBIIIE IPUYMHAM AaCHUMMETPUS JAUArOHAIBHBIX pPa3MEpPOB
CHWKEHA B 2 pa3a, YR 00YyCIOBUIIO MOSABJICHUE TOJIBKO MAJIOCYIIECTBEHHBIX MIACTH-
yeckux aedopmanii [B€pxHAKa U CTOEK C COXpPaHEHUEM HeCyIel CIIOCOOHOCTH paMm-
HOM KpEIH B LIEJIOM; ®

— YMEHBILIEHHE TOp AIIbHBIX JAedopmanuii HIDKHEW 4YacTH CTOCK paMbl
coctaBiwiio 11% BHe 30HBI BJIU JUCTHBIX padoT u 40% B 30HE cTaOMIM3ALIUM
CABWKEHUM HAAYTOJIBHOM TOJIIIH; c\oQTBeTCTBonmee COKpalleHue aedpopMaruii
U3ruda CToeK Mo BCEil MX BBICOTE JOCTUT @ 0 BHE 30HBI BIIUSHUS OYUCTHBIX paboT
u 34% B 30He cTaOUIU3ALMK NIPOSIBJICHUMN TORQAOTY J1aBIICHMUS;

— BEJIMYMHA NOJHATHSA MOYBBI COKpaIleHa B 2 pA3a HA YYaCTKE BHE 30HbI BIIUSA-
HUS OYMCTHBIX paboT m Ha 41% B 30He crabmIM3al JIBUKCHUW HAIyTOJIbHOU
TOJILLN;

— COCTOSIHME 3aMKOB IMOJATIMBOCTU U PEXHUM HX pabOThlI BIIOJHE YJOBIETBO-
PUTENBHBIN 32 UCKIIFOUEHUEM OIPAHUYEHHOTO KOJIMYECTBA OTAEIbHBIX HAPYILIECHUN.

Pe3ynbTaThl mIaXTHBIX UccienoBaHuid 594 cOOpHOro mITpeka MpU YyCTAHOBKE
KOMOMHHMPOBAHHONW aHKEPHOW CHCTEMbI MO3BOJWIM MOJIYYUTh MHOTOMapaMeTpuye-
CKHe JI0Ka3aTenbcTBa. Onpezenena 6a3a rnokasarenei o KapAUHAIBHOMY OTpaHuyYe-
HUIO TPOSBIEHUH TOPHOTO JABIEHHUS 3a CYET KOMOMHHUPOBAHHOTO YIPOYHEHUS
NOPOJ, KPOBJIM CTAJICIIOJIMMEPHBIMU M KaHaTHbIMM aHKepaMmH. COCTOSIHUE 3KCIEpH-
MEHTaJIbHOr0 yuyactka 594 cOopHOro mrpeka (Ipy BBIMOIHEHUH COOTBETCTBYIOIIEH

IMOAPBIBKHU ITOPOJ HO‘{BBI) ITOJIHOCTBIO COOTBCTCTBYCT SKCILUTYAaTAllMOHHBIM HOPpMAaM U
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InpapujiaM Ijisi yCIICHIHOI'O €0 IHOBTOPHOI'O HMCIIOJIBL30BAHHA B KAa4YCCTBC 60pTOBOFO

pyu 0TPabOTKE CMEKHOI'O BHIEMOYHOIO YYaCTKa.
BriBogrs! k pazgeny 4

1. MHOroBapuaHTHBIMU pacyeTamMH JI0KazaHa 3((HEKTUBHOCTh UCIOIb30BaHUS
KaHaTHBIX aHKEPOB B KPENE)KHOM CUCTEME BBIEMOYHBIX BBIPAOOTOK, KOTOpbIE 00Ja-
JAI0T MHOTO(YHKIIMOHATIBHOCTHIO PA0O0THI MO «TIyOMHHOMY» YNPOYHEHUIO MOPOA
KPOBJIM, MOBBILICHUIO YCTOMYMBOCTU PaMHON KpEMu M MHTEHCU(PUKALUU KOHLEBBIX
orepaluii B pailoHe CONPSIKEHUS JaBbl C BBIEMOYHOU BbIpaboTKOM [90].

2. YCTaHOBJIEHO, YTO HA KOOPJMHATHl YCTAHOBKU CTAJIETOJUMEPHBIX aHKEPOB
BiausieT oTtHolieHue AN . C yBelHMYEHHUEM KpEIOCTH IOPOJbl KPOBJIM Harpys3ka Ha

aHKepa CHIDKAETCS, Y MXKOJINYECTBO 1IEIeCO00pa3HO YMEHbBIIATh, YTO COOTBETCTBY-
€T YBEJIMYEHHUIO PACCTO €K1y aHKepaMHU (CMELIEHUIO0 KOOPANHAT UX YCTAaHOBKU
OT 3aMKa K IIsITe cBojia) [54

3. PazpaboTaHsl peKOMe U IIOJyYEHbl PACUYETHHIE BBIPAKEHUS IO
BBIOOPY BCEX HEOOXOAMMBIX MapameTp TaHOBKM KOMOMHHPOBAHHOM aHKEPHOMN
cucTemsl [87].

4. Onpenenena obnactb uenecoo6pa@ pPa3MELICHNS CTATIENOIUMEPHBIX
aHKEPOB B IEHTPAJIbHON YaCTH CBOJIa BHIEMOUHOY ABIPAaOOTKH, a TAKXKE CBS3b yria

ﬁi HAaKJIOHAa CTAJICTIOJIMMCPHOI'O aHKEpa € KOOPAMHATQ €TI0 YCTaHOBKH B CBOJIC

BBIEMOYHO# BBIPAOOTKH MPU pa3HbIX 3HAUCHUsIX mapameTpa b’ [85].

5. Pa3zpaboraHHas MeTOOMKa pacyera MapaMeTpoB KaKIOr0 IPY30HECYIIETO
AIIEMEHTa PEKOMEHIyEMBIX KPETEKHBIX CUCTEM IO YIPOYHEHUIO CBOJA BHIEMOYHBIX
BBIPAOOTOK, YTO MOBBIIIAET HHTEHCUBHOCTh OTPAOOTKHU YTOJBHBIX ITUIACTOB Ha IIaX-
tax 3amagHoro /{onbacca [89].

6. ObocHoBaHa AoKa3aTenbHas 0a3a KapAMHAJIHLHOTO OTPAHMYEHUS IMPOSIBIIC-
HUI TOPHOTO JaBIEHHS 3a cyeT (OPMHUPOBAHUSA B KPOBIE MOIIHOW apMOIIOPOIHON
TUTATHI ¢ TIOMOIIEI0 KOMOMHUPOBAHHON aHKEPHOW CHUCTEMBI, KOTOpasi 00eCIIeunBacT
3alIUTy PAMHOM KPETr OT YPEe3MEPHBIX HArpy30K U CO3AeT YCIOBUS AJISi IOBTOPHO-

ro HCIIOJBb30BaHUA  BBICMOYHBIX IHITPCKOB oe3 CYIICCTBCHHBIX PCMOHTHO-



138

BOCCTAaHOBUTEIBHBIX PabOT [85].

7. lllaxTHBIE MHCTPYMEHTAJIbHbIE HAOIO/IEHUS 32 COCTOsIHHMEM 594 cOopHOro
HITpEeKa MoKa3aly MPEeUMYIeCTBO KOMOMHUPOBAHHON aHKEPHOU cucTeMbl (10 CpaB-
HEHUIO C 0a30BOI CXEeMOW KperuieHus) Mo MOAIeP KaHUIO BRIPAOOTKH B HAJIJIEKAIIIEM
HKCILTYyaTallMOHHOM COCTOSIHMHM C LIEJIbIO €€ MMOBTOPHOIO UCIONIb30BaHus [54]:

— BHE 30HBI BIUSHHS OYUCTHBIX paOOT pa3Mephl MITpeKa MPaKTUYECKH COOT-
BETCTBYIOT UCXOJHBIM, a HeOousbias noreps cedenus (1o 3 — 4%) oOycioieHa
MOAHSITAEM MOPOJI MIOYBBIL;

—TI0 COBOKYITHOCTH 3aKOHOMEPHOCTEH HW3MEHEHHUsS (UKCHUPYEMBIX pa3MepOB
BbIPAOOTKH YCTAHOBIIEHO, YTO BJIMSHHUE OYMCTHBIX pa0OT BIEpPEIH JIaBbl HAUMHAETCS
Ha pacctosHuu 30 -XN30 M, a mo3aau OYMCTHOTO 3a00si CTaOWUIU3aIus MPOLECCOB
CIABWXCHHUS Haly 1 TONIIM HAacTymaeT Ha paccTostHur 60 — 80 Mm;

— Haubosee amv@e CMEIICHUS MMOPOTHOTO KOHTYpa U paMHOW Kpernu 1ITpe-
Ka MPOUCXOJIAT B 30HE BHH@ OUYKCTHBIX pabOT HAa y4acTKE MPOTSHKEHHOCThIO 90 —
130 m; 31ech cOMMIKEHHe KPOB OuBbl gocturaet 720 — 730 MM, oaHAKO, OOJIb-
IIYI0 €r0 YacTh COCTABJISICT MOJHATHE WOUBBI, B pE3yJIbTaTe YE€Tr0 OMyCKaHHE MOPOJ]
KpPOBJIM HaXOJUTCS B Mpenesiax KOHCproﬁ MOAATIIMBOCTU U HE MPOBOLUPYET
BO3HMKHOBEHHUE TJIACTUYECKUX Ae(POpMaIIHi g!‘ BBpXH}IKe; COCTOsIHHE U paboTa 3am-
KOB MOJIaTIIMBOCTH BIIOJIHE Y/IOBJIETBOPUTEILHOT;

— 3a(ukcupoBaHa HeOoJbIAs acUMMETPHs TeHOPMUPOBAHUS pamMbl B UHTEP-
Basie 90 — 130 MM, KOTOpasi, TEM HE MEHEE, HE CIIOCO®HA CYIIECTBEHHO U3MEHUTH €€
(dbopMy U CHUBHUTH HECYIIYIO CLIOCOOHOCTb;

— commkenus: ctoek pam gocturaet 480 — 490 mm, uto Gonee, yeM B 2 pasa
MPEBBIIAET UX OOKOBYIO KOHCTPYKTHMBHYIO MOJATIUBOCTh, a MOTEPS IIUPUHBI BbIpa-
0oTku coctaBisieT 9,5%; TeM He MeHee, yKa3aHHBbIE CIBIKEHUS OOKOB INITPEKa HE
CO3JaI0T KAaKUX-JIMOO 3aTPYJHEHUN MPHU BBHIMOJHEHUU TEXHOJOTUYECKHUX OMEpalMii
OYHCTHOM BBIEMKH;

— COCTOSIHUE CTOEK paM OLIEHMBAETCS KAK YJOBJIETBOPUTEIBHOE C MHUHUMAIb-
HbIM U3MEHEHHEM uX (OpMbl (pa3HUIlA TOPU3OHTAIBHBIX MEPEMENICHUN MO JIMHE

croiiku mopsaka 3200 mm coctaBmia 10 180 — 190 MM) ¥ OTHOCUTENHHO HEOOBIIIH-
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MU y4YacTKaMH IIaCTUYECKUX JAedopmainuii, YTO COXpaHsIeT HECYIIYI0 CIIOCOOHOCTh
kpenu KIIITY-15,0 npaktuyecku Ha €€ MacCliOPTHOM YPOBHE;

— 3aMKHM TOJIaTJIMBOCTH pabOTAOT B IITATHOM pPEXUME B IMpeAesiax AOIMycKae-
MBIX CMEICHUN.

8. PazpaboTtanHass meroauka BpIOOpa mapaMeTpoB KOMOMHUPOBAHHOW aHKep-
HOW CHUCTEMBI M paMHOW KpemH KCIOJIb30BaHa Ha maxtax 3amaaHoro Jlonbacca mpu
pa3paboTKe TEXHUYECKON JOKyMEHTAIMM Ha MPOBEACHUE U MOAJEP/KaHUE TOBTOPHO
UCIIOJIb3yEMbIX BBIEMOYHBIX HITPEKOB [54]. DakTUUECKUil 3KOHOMHYECKHUI 3PPeKT
oT peanuzauuu pe3ysbraroB uccienoanuil o IICII «laxToynpasnenue Ilepiio-
TpaBeHckoe» coctaBui 3,1 muH rpH n IICII «IllaxTtoynpasienne TepHOBckoe» —

38,719 muH rpH (3a 1)} monyroaue 2015 1.).

Q

@Q,\

<
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Juccepranust sSIBISETCS 3aKOHYEHHON Hay4YHO-HCCIIEI0BaTEIbCKOW paboToil, B
KOTOpOM Ha OCHOBE YCTAHOBJIEHHBIX 3aKOHOMEPHOCTEW H3MEHEHUS HaIpSKEHHO-
N1e(OPMUPOBAHHOTO COCTOSIHUS MOPOJ] BOKPYT BHIEMOUYHBIX BBIPAOOTOK OT IOKa3aTe-
71 ”YHTEHCUBHOCTH TMPOSIBJIEHUSI TOPHOT'O JABJIEHUS C YYETOM OTHOILLIEHHUS PacyeTHO-
IO CONPOTHUBIICHHUS CXKATHUIO TIOPOJ HEMOCPEACTBEHHOM KPOBJIM YrOJBHOTO IJIacTa K
€ro MOIIHOCTH, ITAPaMETPOB PACIIOJIOKEHUS CTAJIENOJINMEPHBIX U KAHATHBIX aHKEPOB
B CHCTeMe KOMOMHHUPOBAHHOTO KPEIJIEHUSI 000CHOBAHBI TEXHOJIIOTUYECKUE MTapaMeT-
pBI (MECTO PacoIOKEHHUS, YTIIbl HAKJIOHA K TOPU30HTAIIM) MOBTOPHOT'O MCIIOJIb30BAa-
HUSl BBIEMOYHBIX BBIPAOOTOK C MCIIOJIb30BAHMEM CHUCTEM KPEIUIEHUs CTaJIeNoInMep-
HBIMU M KaHATHBIMU JJKEpaMH, BHEJPEHHUE KOTOPHIX HA ImaxTax 3anaaHoro Jlonbac-
ca MO3BOJWIO MONURTS SKOHOMUYECKHM 3P (deKT B pazmepe 41,8 MIIH IpH, YTO HUMe-
eT 00JIbIIIOE 3HAUCHUE ,@opﬂono&mammeﬁ IPOMBIIIEHHOCTH Y KpPAauHBI.

OcCHOBHBIE HAy4YHbIE KTUYECKUE PE3YIIbTAThl 3aKII0YAIOTCS B CIETYIOIIEM:

1. AHamu3 cocTogHus BO B 00JIaCTU MOJJIEpKaHUSI BHIPAOOTOK B 30HE

SBIIETCS YU€T OCOOEHHOCTENH TOPHO-TEO.NOF UX U TOPHOTEXHUYECKHUX YCIOBHM
HOJJIEpKaHUsl BbIEMOYHBIX BBIPA0OTOK, Kak QApenckstomiero (axkropa B BblIOOpE
[IapaMETPOB CPEACTB AHKEPHOTO KperyieHus; NPX BBIFOJIHEHNN BBIYMCIHMTEIbHBIX
HKCIIEPUMEHTOB 0053aTEIbHBII y4€T CTPOEHUS MPKJI €ro MaccHBa, €ro Ipu-
POJHBIX U TEXHOT€HHBIX HAPYIIEHUW MO3BOJISIET MOBBICUTH aJ€KBATHOCTb UCCIENO0-
BaHUHM M JIOCTOBEPHOCTh pa3padaThIBAEMbIX PEKOMEHJALUI 110 pacyeTy napaMeTpoB
KOMOMHHUPOBAHHBIX AHKEPHBIX CUCTEM.

2. YCTaHOBJIEHO, YTO B MPUJIETAOIINX MOPOIaX KPOBJIHU C MOMOIIbI0 KOMOWHA-
UM KAaHAaTHBIX U CTAJENOJIMMEPHBIX AHKEPOB (POPMHUpYETCS apMONOpOJHA IIJIUTA,
BBICOKasi Ipy30HECYyIllas CHOCOOHOCTh KOTOPOM JOCTHraeTcs 3a CUET COXpaHEeHHUs
TOPU3OHTAJIBHBIX YCUJIMH pacropa JaXe B YCIOBHSIX Pa30MBKH CJIOEB KpOBIM Ha
nopoJiHble 010KH. 3a cueT oOpa3oBaHMsI paCIOPHOM CHCTEMBI B KPOBJIE CHMIKAIOTCS
KOHLIEHTPAaLM1 BCEX KOMIIOHEHT HAIPSHKEHUI 10 YPOBHS, 3HAYUTENBHO HUXKE MPOU-

HOCTH JIMTOTHUIIOB, a IOABJICHHUC PACTATUBAONINX BCPTUKAJIBHBIX U I'OPU30OHTAJILHBIX
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HaNpsHKEHUW HOCUT UCKITFOUUTEBHO JIOKAJIbHbIM xapakTep. [loatomy MomiHas apmo-
NOpOAHA IJIUTA B KPOBJIE MPEAOXPAHSIET KPETEKHYIO CUCTEMY BBIEMOYHBIX BbIPa0O-
TOK OT YPE3MEPHOT0 BEPTUKAIBHOI'O TOPHOIO JaBJICHHUS.

3. ObocHOBaHa TeOMEXaHMYECKass MOJEIb BBIUMCIUTEIHLHOTO 3KCIIEPUMEHTA
CHCTEM KpEIUJICHHsI BHIEMOYHBIX BBIPAOOTOK CTAJETIOJIMMEPHBIMA U KaHATHBIMU aHKe-
pamu, KOTOpast I03BOJINJIA YCTAHOBUTH (POPMHUPOBAHNE apMOINIOPOAHOM IIUTHI, IPOTHU-
BOJICHCTBYIOLLEH TOPHOMY AABJIECHHUIO C KO3(PPUIMEHTOM KOHLEHTPAIUY HHTEHCUBHO-
CTH HampspkeHuil He Oosee 2,0. DTo oOecrieurBaeT 1EJIOCTHOE COCTOSTHUE OOJbIIei
4acTU OOKOBBIX MOPOJ, KPOBJIM M YIOJIBHOTO IUIACTA, CHUXKAs KOHLUEHTPALMIO HAIpsi-
KEHUN U pacIIUpsis MIIOLIAAb OMOPbl apMOINOPOIHOM IJIUTHI B KPOBJIE BEIPAOOTKH, UTO

MO3BOJIMT YCTaHOBHUTH 3aKOHOMepHOCTH pazaeneHus HJC xkoMOuHMpOBaHHOI aHKep-

HOM cucTeMBI B CBOJE BNIEMOUYHOM BHIPAOOTKHU.

4. YcTaHOBIICHPI G#OHOMEPHOCTH BIIMSHUS TNTyOHHBI pa3MelleHHs! BbIpaboT-
KM, CPEIHETO pacqem&o OTHBJICHUS CXKATHIO OJIM3JIEKAIIEr0 MAacCUBa MOPOJ,
OTHOILIEHUSI PACUETHOTO CO MBJICHHS CKaTHIO MOPOJ HEMOCPEACTBEHHON KPOBIU

K €€ MOIIHOCTH Ha CTCIICHb 3K CHCTEMbI CTAJICIOJIUMCPHBIX M KaHATHBIX

KOMOMHUPOBAHHOM CHCTEMBI, KOTOPBIN

BIIUSIIOIIUX T€OMEXaHUYECKUX (PaKTOPOB. Q
5. BnepBble ycTaHOBIIEHA 3aBUCUMOCTb KOO aT YCTAaHOBKH U YTJIa HAKJIOHA

CTAJICIIOJIMMCPHBIX AaHKCPOB B CBOJC BBLICMOYHLIX® Bb OTOK OT HMHTCHCHBHOCTHU

ankepoB. OOOCHOBaH KpUTEPHid oueHbgyOBHﬂ CONPOTHUBJICHUSI AHKEPOB B COCTaBE
b30BaH JJI1 yCTAaHOBJIEHUS HauOosee

IIPOSIBJICHKSI TOPHOTO AABJICHUS IPU €r0 y4eTe B MOPOIAaX HEMOCPEACTBEHHOM KPOB-
JU B 3aBHCHMOCTH OT MOLIHOCTH BBIHUMAeMOro Iacta. CH)KEHHE KOHUEHTPALMMA
HaANpPsOKEHUN U pa3MepoB 00J1acTeil pa3ynpodHeHus: mopoJ B 60kax BeIpabOTKU Oia-
TONPUATHO CKAa3bIBA€TCA HA YPOBHE HAIPSIKEHHOCTH IMOPOJ MOYBBI — 00OJIACTH €€
BEPOSITHOTO Pa3ylIPOYHEHUsI COKPAIIAKOTCA. YTOYHEH JMAIAa30H M3MEHEHUs napa-
METPOB YCTAHOBKM KaHAaTHBIX aHKEPOB B COCTaBe KOMOMHUPOBAHHOW CHCTEMBI B
3aBUCUMOCTH OT THUIIOpa3Mepa CEYEHUSI BHIEMOYHBIX BBIPAOOTOK.

6. O00CHOBaH KpUTEpUN OLIEHKH YPOBHS COIPOTHUBIIEHUS aHKEPOB B COCTaBE
KOMOMHHMPOBAHHOW aHKEPHOW CHCTEMBbI, KOTOPBIN HCIOIb30BaH JJIsl YCTAHOBJICHUS
HanOoJiee BIUAIOMINX F€OMEXaHUYECKUX (PAKTOPOB B YACTH CTENEHU HArPyKEHHOCTH

CUCTEMBI: TJIyOMHA pa3MElIeHUs] BbIPAaOOTKU, CpPEJHEE PACUETHOE COINPOTHUBIICHHE
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CKaTHUIO OJIM3NIeXKAIEero MaccHBa IMOPOJ, OTHOIIEHHWE PACUETHOTO COMPOTHBIICHUS
CKATUIO TIOPOJ HEMOCPEICTBEHHON KPOBJIM K €€ MOIIHOCTH. Takum 00pa3om, MOBbI-
IIEHHasl 3arpy’KEHHOCTb 3JIEMEHTOB KOMOMHHPOBAHHOW aHKEPHOW CHCTEMBI 3alllM-
[IaeT PaMHYIO Kpemb OT TOPHOTO JaBJIEHUS, YTO CHOCOOCTBYET CHHKEHHIO MOTEPh
CEYEHHS] BBIEMOYHOM BBIPAOOTKHU.

7. YCcTaHOBIIEHBI 3aKOHOMEPHOCTH HarpyXeHHocTd (auddepeHnpoBaHHO)
aHKEepOB B COCTaBE KOMOMHUPOBAHHOM KPETEXKHON CUCTEMBI OT OCHOBHBIX BIIMSOLINX
reOMEXaHUYeCKUX (PaKTOpOB. Y CTaHOBJIEHA BEJIMYMHA T'PAJallid YPOBHS CONPOTHB-
JICHUSI AaHKEPOB TOPHOMY JAABJIICHUIO: MAaKCUMYM IPOTHUBOICHCTBUS CO3JAOT KaHaT-
Hble aHKepa, YCTaHOBJEHHbIE CO CTOPOHBI BBIPAOOTAHHOTO MPOCTPAHCTBA; MUHU-
MyM — CTAJICTIOJMMEPHBIE aHKEpa. BBIsSBIIEHA 3aKOHOMEPHOCTD YBEINYEHUS PEAKIIUU
CONIPOTHUBIICHUSI CTHKIENOJIMMEPHBIX AHKEPOB II0 MEPE W3MEHEHMS KOOPIWHAT HUX
YCTAaHOBKM B HaNpaplighyu MepuepuilHbIX yYacTKOB BEpXHSAKA paMHOW Kpemw.
[lonyueHnnsie pesyanﬁm U OCHOBOM I OOOCHOBaHUSI PallMOHANBHBIX Iapa-
METPOB KOMOMHUPOBAHHON WHXEPHOI CHCTEMBI.

8. BriepBble yCTaHOBIICH VCUMOCTH W3MEHEHHUS OTHOCHTEIBHOM JJIMHBI

YYaCTKOB IINIACTHUYCCKOI'0 COCTOSAHUA HOCYUICTO 3JICMCHTA dHKCpa OT CPpCAHCTO pac-

YETHOTO CONPOTUBIIEHUS CHKaTHIO OJug IIEr0 MaccuBa. YTOYHEH KPUTEPHUHI
OLICHKH YPOBHSI COIIPOTHBIICHUS CTAJICTIOINNZDPH)IX U KaHATHBIX aHKEPOB B KOMOM-
HUPOBAHHOM cHUCTEME OT INIyOMHBI pa3MellleHu: BbIPAOOTKH, MOKa3aTessi HUHTEHCHUB-
HOCTHU NPOSBJIEHUS T'OPHOTI'O JABJICHUS U OTHOLIENHS JPaCUETHOTO COIPOTUBIICHMS
CXKATUIO IOPOJ HENOCPEICTBEHHOM KPOBJIM YIOJBROIO INIACTa K €ro MOIIHOCTH.
[TosmyueHsl pacueTHbIE BBIPAXKEHUS, OIPEACIAIONIME HEOOXOIUMBbIE MNapaMeTphbl
YIPOYHEHUSI KPOBIIM BBIEMOYHBIX BBIPAOOTOK KOMOMHUPOBAHHOW aHKEpHOU cuCTe-
MOM: KOOpPJMHATBHI YCTAaHOBKH AHKEPOB, YIUVIBI MX HAKJIOHA, JUAMETP HECYILEro
CTEpXHS M JJuHa aHkepa. Takxe 000CHOBaHA IpaHHIla o0sacTel 11e1eco00pa3HOro
IIPUMEHEHUS CTAJIENOJIMMEPHBIX aHKEPOB.

9. YcTaHoBIEHO, 4TO 00JacTh MIPUMEHEHHMSI CTATETIOIMMEPHBIX aHKEPOB B Kpe-
IIEKHOM CUCTEME C KAHATHBIMHU aHKEPAMHU OIPEAEIIACTCS [T0Ka3aTelIeM HHTEHCUBHOCTH
IIPOSIBJIICHHS] TOPHOI'O JABJIEHUSA, KOTOPBIM HAXOAWUTCS B SKCHOHEHIMAIBHOW 3aBUCH-

MOCTH OT OTHOHICHUSA PACYCTHOI'O COIIPOTUBIICHUA CKATUIO ITOPOJ HCHOCpGI[CTBCHHOﬁ

KPOBJIM YI'OJIbHOT'O IINTACTa K €0 MOIIHOCTH.
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10. BniepBble onpezeneHo, 4To pecypcocOeperaronme ycioBUs paBHOIIPOYHO-
CTH AJIEMEHTOB CUCTEMbI KPEIIEHHUSI BBIEMOYHBIX BBIPAOOTOK OOECIEYMBAIOTCS CTa-
OWJIBHOCTBIO MapaMETPOB PACHONOKeHHs KaHaTHbIX aHkepoB (0,8 — 1,1 M oT BepTH-
KaJbHOW OCH BBIPaOOTKH), UX YIJOB HakJIOHA K ropusoHTanu (65 — 80°), a taxxke
napamMeTpaMH pa3MeLEHUs] CTAICTIOIMMEPHBIX aHKEPOB: YIiIbl HAKJIOHA U3MEHSIOTCS
10 CTENIEHHOM 3aBUCUMOCTH OT KOOPJIMHAT UX YCTAHOBKH, KOTOPBIE JIMHENHO CBs3a-
Hbl C IIApaMETPOM OTHOIIECHHSI PACUYETHOTO CONPOTUBIIEHUS CHKATHIO IMTOPOJ HEIO-
CPEICTBEHHOW KPOBJIM YTOJIBHOIO IJIACTA K €r0 MOILIHOCTH U HAaXOJATCS B Jorapud-
MHYECKON 3aBUCUMOCTH OT BEJIMYMHBI [TOKA3aTENs1 NHTEHCUBHOCTU MPOSBIEHUS TOP-
HOTO J1aBJICHUs. Pe3ynbTaThl BBIYMCIUTEIBHOIO SKCIIEPUMEHTA NTOKA3bIBAKOT aJIeKaT-
HYI0 CXOJUMOCTb C pe3yJbTaTaMU MIaXTHBIX uccaenoBanuil (85 — 90%).

11. [ITaxTHBI JIEOBAHUS MPOSBICHUM TOPHOTO JABJICHHWS B BBIEMOYHBIX
BBIPAOOTKAX, 3aKperfie X PEKOMEHIyeMOl KOMOWHUPOBAHHOW aHKEPHOW CHCTe-
MO, 10Ka3aIu ee Hpew@\e Ba B CPAaBHEHUU C TPAJULMOHHBIM OIMIOPHO-aHKEPHBIM
KpEIUIEHUEM, KOTOpBIE 3aK I0TCS B CJIETYIOLIEM:

— cOMmMmKeHue mopo Kpo MOYBBI CHI>KEHO Ha 33 — 37%, cOonukeHue cro-
€K pam yMmeHbluiaoch Ha 41 — 45%, ch&mem/m 10 JIMarOHAJILHOMY pa3Mepy €O CTO-

poHBI paboyero 0opTa BEIPaOOTKHU COKpa@ Ha 33 — 35%, co cropoHbl Hepaboye-

ro 6opra — Ha 26 — 28%; Q

— aCUMMETpPHS JUaroHaJbHBIX pa3MepPOB CHIE#ZHA B 2 pa3a, a BEPTUKAJIbHBIX —
B 3,62 pa3za;

— BEJIMYMHA ITOJHATHUSA IOPOJ MOYBBI COKpaleHY B 1,5 — 2 pasa.

12. Pazpaborana u ytBepxkiaeHa I[IAO «JITOK IlaeBmorpamyrons» u I'BY3
«HauuvoHanbHBIN TOPHBIM yHUBEpPCUTET» «MeToauka pacuera KpEeneKHOW CUCTEMBI
YYaCTKOBBIX BBIPAOOTOK IIAXT 3amajHOro», MO3BOJISIONIAs peain30BaTh pecypcoche-
perarouiye yciaoBus MOIepKaHNs IOBTOPHO UCIOIb3yEMbIX BBIEMOUHBIX BHIPAOOTOK.

dakTrYecKuii SKOHOMUYECKUH APPEKT OT peanu3aliy pe3yabTaToB UCCIEeI0Ba-
Hui no IICII «lllaxToympasnenne IlepmorpaBeHnckoe» coctaBun 3,1 MIIH TpH U

[1CII «IllaxToynpasnenue TepHoBckoe» — 38,719 miH rpH (3a 1-e nomyroaue 2015 r.).
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MeToauka pacyera KpemeKHON CHCTeMbl YYaCTKOBBIX BbIPA0OTOK IIAXT
3anagnoro Jlonbacca / bonnapenko B.M., Koanesckas MN.A., CumanoBuu I.A.,
Busuapenko A.B., atiok B.I'., Cauryp B.I'., Mansixun A.B., I'yceB A.C., MoB-
yaH B.C. — Ilnenp@ndrposck: [ BY3 «HI'V», 2014. — 32 c.

Q

I[Io pesyapraram  3Kd MEHTAJIBHBIX ~ MCCIENOBAHUM  HANPSHKEHHO-
ne(pOPMUPOBAHHOTO COCTOSIHUS HI/IKB{TypHLIX MOpPOJ, BHIEMOYHBIX BBIPAOOTOK, UX

Kp@HG)KHOfI CHUCTCMbI Ha PA3JIMYHBIX YYACAKA BOSﬂCﬁCTBHH IMOBBINICHHOT'O T'OPHOTO
JAaBJICHUS, MCHAIOIICTOCA BO BPEMCHHU U aHCTBe; IMOJIY4YCHHBI 3aKOHOMCPHOCTHU

B3aMMOCBSI3H CTPYKTYPhI U CBONCTB MOPOJI y@ema}omeﬁ TOJILY C KOHCTPYKTUB-

HbIMH ITapaMETpaMu KPCIIJICHUA BbBICMOYHLI pa6 y[OK, YTO ITIO3BOJIMJIO YCOBCP-
IMCHCTBOBATL MCTOJUKY HX pacde€Ta ¢ Y4CTOM ac CTPHHU IIPUIIOKCHUS HAI'PY3KH B

30HE BIUSHUS OYUCTHBIX paloT. \(b
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bonnapenko B.M., KoBanesckas MN.A., Cumanosuu I'.A., BuBuapenko A.B.,
Cuuryp B.I'., I'yceB O.C., Manbixun A.B., Mosuan B.C., Comnko B.A. Metoanka
NMPOrHO3a MYy4YeHHUsl MOPOJ MOYBHI ILUIACTOBBLIX BBLIPA0OOTOK B TOHKOCJIOHCTOM
MacHuBe ¢J1a0bIX MOPo.

Meroanka mporHo3a Mmy4eHusi MOpoJi MOYBKI MIACTOBLIX BHIPAOOTOK B TOHKO-
CJIOMCTOM MAaCHUBE CHARQBIX MOPOJ SIBIAECTCSA JOMOJHEHUEM K JIEUCTBYIOLIMM HOpMa-
TUBHBIM JIOKyME€ npeajaraeTcsl K UCIOIb30BAHUIO MPU OTPAOOTKE YTOJIBHBIX
IUTACTOB B 3aI1aJHOM cce.

Metoauka Mox Th UCIIOJIb30BaHA HAYYHBIMH COTPYJIHUKAMHU MPOCKTHBIX
Y HAYYHO-HCCIIEAOBATEIIbC HCTUTYTOB T'OPHOJOIOBIBAIOIIEN OTPACIH, UHKEHED-
HO-TEXHUYECKUM PaOOTHUK 3B0JICTBEHHBIX OOBEAMHEHUH, a TAKKE CTYJ/ICH-
Tamu ropHbIX BY30B 1 dakyinb
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HEIX HOCIIGI[CTBI/IH noaocpXKanusl HOpOI[ BBIpaGOTO TI0OJIEyH I10 CJ'IBI[YEOUIE!H METOIIUKE
3 dtm

roe Vs,

— JIOTIOJIHATENLHETH 00beM A00LMH YIIIA, T;

C — sxonoMuHecKuit 3GEKT OT MPOIAKU TOHHBI PEea3yeMOH PO/ KIHH, TPH/T;

K — ko3 QuIHenHT IepeBo/ia B pealu3yeMyto POy KIHIO, KOTOPELI paBeH

rae V, — o6beM pealli30BaHHOTO YIIL, TEIC, T

V, — 06beM D06BITOr0 yIis, THIC. T.

Vdon:Q'N’
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s EHUS [TPOU3BOIUTENLHOCTH IOOBLMHOTO

OTIPUATHE 110 YCTPAHEHUIO HETaTHB~
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O — [OTOTHUTENLHAS HAIPY3Ka B PE3yJbTale MPOTHO3APOBAHMA M MPHMEHCTHA
MepOTIPUSATHIA TI0 YCTPAHEHHIO HETaTHBHBIX IOCTIEACTBUM MPOSBIEHUH NOPHOTO AaBICHHU,
T/CYT;

N — konuuecTBo 3a00e-JHeH B pacYeTHOM IIEPHOAL.
C=Cp~Cpp;

rae C;; — CTOAMOCTH Tpojaxu 1 T peaT30BaHHON NPOITYKLIHH, TPH;

Cp p — BeIMUKMHA [IEPEMEHHBIX PACXOLOB, IPH.

Boinosinenne pacuera

PacueT cpelHECYTOUHON HATPy3KH MO AOOBMHOMY y4acTKy Ne2 olyciioBneH cBoe-
BpeMeHHOH pa3pabd \ ¥ TpUMEHEHHEeM MepONpHATHH, HallPaBICHHBIX Ha CHIDKCHUC
WM YCTpAHEHHE HergTHRHpIX MOCHE/CTBHH AedopMaliil TOPOAHOTO KOHTYpa y4actko-
BBIX BHIPaGOTOK U 3JIeMAUTWE HX KPETIEXHHON CHCTEMBI B 30HE BIUAHM OUHCTHBIX pabor.

OcHoBHBIE hakTOpPH SIIOIHE HA TOBBLINIEHHE CPeIHecyTOYHOH HArpy3KH,
npu NpUMEHEHHH MepONpPHAT HKBHJALAH HEraTHBHBLIX MOCIeACTBHH Iyd4e-

HUS NOUBLI: \

— CHUICeHUE 8peMeHl HA ONepayuro @

YyCTpaHeHHH HETraTHBHEIX HOCIIG,Z[CTBHI?I BESe#OIrQ BEepPTHKAIBHOI0 TOPHOTO OAaBJICHHUA K

ceneuenuto cmoek apounoi kpenu. lpu

B/IABIUBAHNS CTOSK paMEBl B ITOYBY CpPeIHEE BP KOHIBBIX OTepalMil COKparhTes 10
5 MuH/muKL. YacToTa OTKIOHEHHMs BDEMCHU H3BIEUNGs CTOMKH apouroit kperu 10 80%
110 JIAHHBIM XPOHOMETPaXKeH;

— CHUDICEHUE BPEMEHY NPOCINOEs, CEA3AHHO20 C 0CPOPMAYUAMU 3AMKO8 nooamiu-
gocmu u cmoex pamuoil kpenu. TIpy yCTpaHEHHH TIPOsBICHIH HETATHBHbIX MOCTIEACTBUH
M3ru6a cToeK paMbl ¢ BePXHSIKOM, KpydeHHs u saknuauBanusi CBIL B 3aMKax nofaTiuBo-
CTH, 2 TAKKE IyHeHHs [104BHI BPEeMs KOHIIEBBIX OTICPALIMH MOXKET NPEBLIIATE CPEAHEE Ha
30 MUH/IUKIT,

— CHUDICEHUE BpPeMEHI NPOCMOoes o 2a3080My (pakmopy. IIposBIleRNe HEraTHBHbIX
MOCIEeNCTRHM H3ruda 3JIeMEHTOB PaMbl ¢ UX [ePeMEICHNACM B II0TI0CTD BBIPa0OTKY H TIy-

YeHHA MMOYBLI (yMeHBUIeHHG CEHCHHUA T‘OpHOﬁ Bpr&6OTKI/I, Kak CJeACTBHC IMOBRIILICHUHA
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KOHIIEHTPALIHY ra3a MeTaHa) IPUBOAMUT K IPOCTOSM II0 Ta30BOMY (paK'r'opy. e
Foon =L N,
A€ Q= Qepyana 1-enomyromee 2015 ~ Luaspparazots »
Q0 =2013-1634 =379 T/cyT
N =117 3aboe-aHeli 3a 1-e noayroaue 2015 roga (npu otpabotke 860 n1aBhl) V)IS}—Z

V,, =117379 = 44343 T — ¢daxTHIeckuil npupoct odbeMa H0ObMH 3a 1-e momyroaue

2015 r. o YIIY-2.

|4
=—£ = 11560 =(,9597,
V, 1204,52
C=Cp=Cpp,
rge C, =1019,59 CTOUMOCTE 1 T peamu30BaHHOH MPOIYKIIUH;
n P POLYy

Cnp=109,75 TPR¥*T — eMeHHBIe pacXods! Ha | T pealu30BaHHOH IPOIYKIHH.
1eCqHU

TaxuM 00pa3oM, SKOHOMHU 5 T 3a 1-e nmosxyronue 2015 r. mo YIY-2 cocraBui:
' 3 =44343.(1 ,5&9,75)- 0,9597 = 38,719 MJIH I'pH.

I maBHEIH TexHOIOT \/

TICTI «IllaxToynpaBneHue « [ epHOBCKOEN
[TAO «/ITOK IlaBnorpamyroiny —

2.B. ®penuens

Pt

I'TaBHEIN 3KOHOMHCT

I1CIT «IllaxToympasnenue « TepHoBCKOE»
[TAO «ITOK ITaBaorpamgyroiby» %/' H.IO. I'oruaposa

TSI
LGl SHOTA HAH VIKPA ‘
il g i VICPAHHM

ﬁ:*’.::, e

a 20/%?.;\;
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[Ipunoxenue A.4

YTBEPXIAIO:

CITPABKA
Vrnepmeraronhi nopoaHbi macenp maxt «lO6uneitnasa» u «Camapckas» 0T/iun-
yaeTcs HHM3KOH Il BIO U MPEAOCTaBICH B OCHOBHOM TOHKOCJIOMCTBIMM aleBpO/iHTa-
MU U apruJUTHTaMU M ecHYaHHKaMH, cpefiHUe 3HaUeHUs Tpefena MPoYHOCTH KOTO-
peix koaedmores ot 10, MIla. IloaToMy uMeroTCs onpenesieHHble TPYAHOCTH B
NOJAECPKaHUN B y/IOBIETBOpUSE 1 JOCTOSIHUYM T'OPHBIX BbIPa0OTOK B Te€HUEHHE BCETO

CpoOKa WX 3KCIInyaTauui, ocobeHH 3%13.]11’151?”45[ OYUCTHBIX pa60T IpH MOBTOPHOM HX
HCIIOJIb30BaHHUH. KPOMQ TOI'O, INIacToBBIC OTKH XapaKTepHu3yeTcHd p33H006pa3H€M

CTPYKTYPBI U CBOUCTR nopoa mno AOJMHUHE KanbHOM BO3IEHCTBHHU ocnabnsaroumx

nopoay (GpakTopoB (B OCHOBHOM, 00BOAHEHHOMH, ZNPOROLUUPOBAHHONW KAK TEKTOHHKOH

MECTOPOKIEHUS, TAK U BEIEHHEM TOPHBIX PaboT), uwWof COBOKYITHOCTH CO31aeT YCI0BUs

IUIsl CYIIECTBEHHOro KoJieGaHWsi WHTEHCHBHOCTH IPOSBIIE OpPHOI0 LABIEHHS B IpH-
KOHTYPHOM MOPOJHOM MacCHBE ¥ KPEeIeKHOH cucTeMe BRIEMOYHbIX BbIpadoTok. [loaTomy
pazHoobpaszue CTPYKTYPbl U CBOMCTB GJIM3EKALLMX MOPOAHBIX CIOEB TPeOyeT OLEHKH UX
YCTOHUMBOCTH 1O BCEH JJIMHE BbIPAOOTKH, COOTBETCTBEHHO M PEKOMEHAALHH MO MOBbBI-
LIEHHIO YCTORUMBOCTH BbIPAaOOTKK B LEJIOM M HaJeKHOCTH PaboThbl KPENEKHON CHCTEMB
MOCPE/ICTBOM YIIPOUYHEHHsI NOPOJHOT0 MAacCHBa KPOBJIM KOMOWHUPOBAHHBIMU @HKEPHBIMH
CHCTEMaMH B COCTaBE CTANENOJMMEPHLIX W KaHATHBIX aHkepos. [lpu atom mpnobperaet
0co0yK0 aKTyalbHOCTh MPOTHO3MPOBAHWE COCTOSHMS KPEIeKHOW CHCTEMBI BBIEMOUHDBIX

TJIACTOBBIX Bb]pa6OTO]{ Ha Pa3HBIX YHacTKaxX IaXTHbLIX nonei mo K@ AOMY XapaKTepHOMY

Y4acTKyY BIOJIb Bblpa60TKH Ha ocHoBe «MeToauKH pacHeTa KpBIEG}KHOﬁ CHACTEMEI YHACTKO-
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BbIX BhIpaboTOK I1axT 3amanHoro Jlonbaccay. DTo NO3BOJIMIIO HE TOJNLKO 3a01aroBpeMeH-
HO (elle Ha cTaluu HpoeKTHpOBaHH}I) MpeayCMOTPETh KOMILIEKC MEPONPHATHH 110 MOBLI-
LlleHmc; YCTOMUMBOCTH BLIPAOOTKU Ha CIIOXHBIX Y4YacTKax, HalpUMEp, C NPUMEHEHHEM
KOMOMHHPOBAHHOW aHKEPHOH CHCTEMbl B KpPOBJE, HO M IMPOBECTH CHCTEMATM3ALMIO B
3aBUCMMOCTH OT CTEMEHH BIMAHHUS OCHOBHEIX IeOMeXaHHYecKHUX (PAKTOPOB Ha MPOLIECCHI
HaIPY)KeHUs Kpelly W Xapaxrepa ee padoTel N03aau JaBel.

Hcnonbs3zoBanue «MeToAMKH pacyera KpenexHOW CUCTEMb] Y4aCTKOBBIX BBIPAOOTOK
waxt 3anagHoro JlouGacca» s pacdeta 00bEMOB PEMOHTHBIX PaboT M yCHIIEHUA pam-
HOW Kpernd KOMOMHUPOBAHHON aHKEPHOW CUCTEMOW B KPOBJIE Ha XapaKTEPHBIX y4dacTKax
No JTHHe BBIPa0OTOK C MEHSIOLIMMMCS IOPHO-Ie0JOIMYeCKUMH YCIOBUAMHM [0 COXpaHe-
HUIO CEYEHHs BLIPAOOTKH IS MOBTOPHOIO UCNOJb30BaHHUA ODECIEUHII0 IKOHOMHUECKUX
s ekt B pazmepe H I'PH, & Takxe cTabuiibHyto paboTy no Aodblue ropHOH Maccsl B

30Hax U3MEHEHHA TO @J’IOFHHGCKHX }’CHOBHﬁ.
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