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B mocoOun n3nokeH W PeKOMEHJOBaH MOJ00p TEXHUYECKUX CPEICTB U
TEXHOJOTUU MPOBOAKH CKBaXKUHBI. [IpHBEleHB TEXHOJIOTHMYECKHE pacyeThl U
ONMMCAHNE TEXHOJIIOTHYECKUX MPOIECCOB, BCTPEYAIOMIMXCS NPH MPOBOAKE
CKB@XWMH. YKa3aHbl YCIOBUS M TpPeOOBaHWS, HAIllPaBJICHHBIC HA IOBBIIICHHE
s¢dexTuBHOCTH OypeHusi, KayecTBa BCKPHIBAEMBIX INPOJYKTUBHBIX IIJIACTOB,
CHIDKCHHE HEPaBHOMEPHOCTH (ONTHMHU3AINHN) PEXUMOB padoTsl I'3/1.

YueOHOe MOcoOne COCTOUT U3 CEMH PA3/IENIOB:

- B IIEPBOM pazJieie pacCMOTPEHBI OOIIME CBEAEHHS 00 MCKPHBICHHBIX
CKBa)XXMHAX, MX IETU M HAa3HAYEHHs, pacueThl M NMPOCKTHPOBAHHE NPOGIIeH
HaIpaBJIEHHBIX CKBAXKHH;

- BTOpOH pa3feln MOCBSILIEH aHAIU3y CYHIECTBYIOIIMX TUIOB MOPOAOpa3-
PYIIAIONIET0 MHCTPYMEHTa, KOHCTPYKTHBHBIM OCOOCHHOCTSM M TEXHHYECKUM
XapaKTEePHCTUKAM;

- B TPETbEM pa3Jieliec PACCMOTPEHBI BHIBI OypPHUIBHBIX KOJOHH, YCIOBUS
paboThl, ompeneneHne (GakTHYECKOH Harpy3KH Ha JIOJIOTO NpH OypeHUH C
TOPU30HTAIEHBIM OKOHYAHUEM;

- B YETBEPTOM pa3lieie W3JO0XKEHBI BHUIBI 3a00WHBIX JBHTATENeH, WX
omycaHue, paboTa, CHIKEHHE HEPaBHOMEPHOCTH (ONTHMM3ALMH) PEXHMOB
padoter I'3]1;

- B IIATOM pa3fenie NPUBEICHBI THIBI KOMIOHOBOK HHU3a OYpPHIIBHBIX
KOJIOHH M UX aHaJH3;

- B IIECTOM pa3jieliec PacCMOTPEHBI THUIBI OYpOBBIX IMPOMBIBOYHBIX
KHUJIKOCTEH MX (YHKINH, BUIOB IPUMEHSEMBIX OypOBBIX PaCTBOPOB;

- B CEObMOM pa3felie JaHO ONMCaHWE TEXHHYECKHX CPEACTB W
TEXHOJIOTHI OypeHHs1 OOKOBBIX CTBOJIOB.

Penenzentsl: B.H. Chi3paHiieB, TOKTOp TEXHHYECKHX HAyK, mpodeccop,
3aBenyromuii kadeapoit «MammHbl ¥ 000opyJoBaHHE HE(PTSIHOW W Ta30BOM
MIPOMBIIUIEHHOCTH» ~ TIOMEHCKOTO  TOCYJapCTBEHHOTO  He(dTerazoBoro
yHuBepcutera; K.H. XapnamoB, 3aMmecturens Jupekropa TIOMEHCKOro
ornenennst CyprytHUITUuedts OAO «CyprytHedreras», KaHIuIaT TEXHH-
YEeCKHX HayK.



BBEJEHHUE

VYBenudyeHnne o0beMOB J100ObIUM HE(PTH M Ta3a HANPSIMYIO CBSI3aHO C BBO-
JIOM B SKCIUTyaTalHi0 HOBBIX IUTOMIAaNEH, a Takke 0 pa3pabOTKH paHHEe BBE-
JICHHBIX He(TETa30BbIX MECTOPOXKICHUH.

HcTomenne axkTUBHBIX 3aIlacoB YIVICBOJOPOAOB Ha pa3padaThIBaEMBIX
MECTOPOXKACHHSX, CIOKHOCTh T'€0JIOTO-TEXHUIECKUX YCIIOBHU TpeOyeT MOCTO-
SIHHOTO COBEPLICHCTBOBAaHMS W CO3JaHHMS HOBBIX TEXHOJOTHH, TEXHHYECKHX
CPEICTB B IEIIX MaKCHMJIbHOTO HCIIOJIb30BAHUS MOTEHIHATBHBIX BO3MOMKHO-
CTEeH KaXIOW CKBKUHBI, KaXKIOI'0 MPOJYKTHBHOrO O0OBeKTa. Peanmzamus us-
JIOKEHHOTO HEe BO3MOJXKHA 0Oe3 pemieHus 3ajad, CBSI3aHHBIX C YCKOPEHHEM TeM-
OB CTPOUTEIHCTBA CKBAXHH W OOCCICUYCHHEM COXPAHHOCTH ECTECTBCHHBIX
(UIBTPAMOHHO-EMKOCTHBIX CBONCTB IPOYKTUBHBIX IJIACTOB.

3a Oomee yeM BEKOBYIO HCTOPHUIO Pa3BUTHs OYpEeHHUS CKBaKUH Hamboiee
MEPCICKTUBHBIM OCTAETCS CIIOCO0 BPAIIATENLHOrO YriayoneHus (OypeHus) 3a-
0051, BKJTFOYAIOIIETO KaKk OypeHHe pOoTOpOM, TaK W yriayOJieHHe ¢ IPUMEHEHHEM
B KauyecTBE MPUBOJA TUAPABIHYeCKUX 3a00iHbIX apurareneit (I'31) — mo 80% u
6osee. PazpaboTaHo 10CTaTOYHO OOJIBINIOE KOTHYECTBO KOHCTPYKIUH 3a00HHBIX
JBUTATEJIC B OCHOBHOM THAPABIUYCCKUX M B MEPBYIO odepenb TypOOOypoB,
BHUHTOBBIX 3a00HHBIX ABurateneit (B3Jl), a Takxke HONOT, IPUCTIOCOOIEHHBIX K
paboTe ¢ pa3HBIMH BHJaMH NIPHBOAOB. BrIryckaemsle U pa3paboTaHHBIE 3a00ii-
HBIC JIBUTATEJIH MMO3BOJISIIOT OYPUTHh CKBOKUHBI PA3IHYHON TIIYOHHBI C pa3HBIMHU
THUNAMHU TTPOQUIIS, C IHUPOKUMHU JHATIa30HAMH M3MEHEHHMs THIIA U CBOKMCTB IPO-
MBIBOYHBIX JKUIKOCTEH U MapaMeTpoB PeKHMa OYpeHUs, a TaKKe C IIPHUMCHCHU-
€M pa3HbIX KOHCTPYKLHUH ¥ THIOPa3MepOB MMOPOI0Pa3pyLIAONIEr0 HHCTPYMEH-
Ta.

B mnocnennue roapl Haunboliee MEPCIEKTHBHO CTPOUTENBCTBO CKBAXKHH C
HAKJIOHHBIM M TOPU30HTAIBHBIM MPO(UIEM CTBOJIA CKBOXHMHBI MM, KaK OTMe-
YarT HEKOTOPBIC aBTOPHI, IMOJIOTUM MPO(UIEM OKOHYAHHS CTBOJIA CKBAKUHBI.
VIMEHHO CTPOMTEIBCTBO TAKUX CKBAXKHH M PACCMATPHBACTCS B JAaHHOM yd4eO-
HOM TIOCOOHH.

B MmeTogonorun Kypca U3NMOKEH U PEKOMEHIOBAH MOJ00P TEXHUYECKUX
CPEICTB U TEXHOJOTHH MPOBOJKH CKBAXUHBI. YKa3aHbBI YCIOBHUS M TPEOOBaHNS,
HaTpaBJICHHBIC Ha TOBBIIICHUE 3()(HEKTHBHOCTU OypeHHsl, Ka4eCTBa BCKpbIBac-
MBIX TPOAYKTHUBHBIX IIIACTOB, CHIDKEHHE HEPaBHOMEPHOCTH (ONTHMH3AIINN)
pesxxumoB pabotsl [3 /1.

ABTOpBI TIPH U3JIOKEHUHM MaTepHajia Kypca Jellalii MOMBITKY JaTh TOJIBKO
OIIMCaHWE W XapaKTEPUCTHKY BBIIYCKAEMBIX TEXHUIECKHUX CPEICTB H 000pyHO-
BaHMs, HE BAABasCh B UX KPUTHUKY. [0 Kak1oMy pasieny JaHbl 0OIIHe PeKo-
MEHJAIWHU JJ1s 00OCHOBAHMsI BHIOOpA TOTO MIIM MHOTO MHCTPYMEHTa, 000pyI0-
BaHUsI, MATCPHUAIIOB H T.TI.



PA3JIEJ 1
HATIPABJIEHHOE BYPEHUE CKBAKHUH
1.1 O6mue cBegeHns 00 UCKPUBJICHUU CKBAXKUH

IIpu OypeHnn Bce CKBaXKHHBI MO Pa3IMYHBIM IPUYMHAM B TOW HIIM UHOI
Mepe OTKIOHSAIOTCA OT IIEPBOHAYAIbHO 33JaHHOTO HANpaBIEHHSA. OTOT TIPO-
LlecC Ha3bIBaeTCsA UCKpUBIeHHEM. HenpenHaMepeHHOE HCKPHBIEHNE HA3bIBACT-
Csl €CTECTBEHHBIM, 3 MCKPUBJICHHE CKBAKUH C [IOMOILIBIO PAa3JIUYHbIX TEXHOJIO-
TUYECKUX U TEXHUYECKUX NIPUEMOB UCKYCCTBEHHBIM.

BooOme uckpuBIEeHHE CKBAXUH COIMPOBOXKIIACTCS OCIOXHEHHSIMH, K
YHCITy KOTOPBIX OTHOCATCS 00Jiee MHTEHCUBHBIH M3HOC OYpWIBHBIX TpyO, mO-
BBIIICHHBIA PACX0J MOLIHOCTH, 3aTPyAHEHUS IPU IIPOU3BOJACTBE CILYCKO-
HOJBEMHBIX OIepayii, 0OpyIIeHHe CTEHOK CKBAXWHBI M ap. OmHaKo B pAfae
CIly4aeB MCKPHMBIEHHE CKBAXKMH MO3BOJIET 3HAYUTENLHO CHHM3HMThH 3aTpaThl
CPEIICTB U BPEMEHH IIPH pa3paboTKe MecTOposkAeHui HedTH u raza. Takum 00-
pa3oM, eciaM UCKPUBJICHUE CKBAXKUHBI HEXKEIATEIbHO, TO €r0 CTPEMSATCS Ipeny-
HPEINUTh, a €CIIM OHO HEOOXOIUMO, TO €T0 Pa3BUBAIOT. DTOT MPOLECC HA3bIBACT-
Csl HalpaBJICHHBIM OypeHHEM, KOTOPOE MOXKET OBITh ONpeleleH0 Kak OypeHue
CKB2)KUH C UCIIOJb30BAHUEM 3aKOHOMEPHOCTEH €CTECTBEHHOI'O UCKPUBIICHUS U
C IIOMOUIbIO TEXHOJIOTMYECKUX NPUEMOB U TEXHUUYECKUX CPEACTB AJIS BBIBOJA
CKBaXXWHBI B 33J]aHHYI0 TOUKY. [Ipy 3TOM MCKpHBIEHHE CKBaXHH 00S3aTEIbHO
MOJBEPraeTcs KOHTPOIIIO U YIIPABIEHUIO.

1.2 Ilensb 1 321241 HANIPABJICHHOI'0 OyPEeHHs CKBAKUH

Lenpro HampaBneHHOTO OYPEHUs SBIIACTCS IMONMAJaHUE KOHEYHOTO 32005
CKBa)XHMHBI B MPEABAPHUTENIHFHO 33JaHHYIO0 TOYKY MpPOXYKTHBHOTO Iutacta. Kax
MIPaBMIIO, OHA 3aaCTCS IO KPOBJIE MPOAYKTHBHOTO IIIACTA W SIBISETCS [IEHTPOM
Kpyra nomycka. [Ipn momamaHuy B 3TOT KPYr MPOEKTHOE 3aJaHHE CUYUTACTCS
BBITIOJTHEHHBIM. [[JI1 pa3inuyHBIX TOPHO-TEOJIOTMYECKUX YCIIOBUM, Ha3HAYCHHUS
CKB)XHHBI, €€ MIyOUHBI (TI0 BEPTHKAJIN) BEITMYMHA pajnyca Kpyra JOomycka Ko-
nebnercs B mpenenax 15-60 m. JIJi1 TOPU30HTATBHBIX CKBOKWH TPOEKT CUHTA-
€TCsl BBIIIOJTHEHHBIM, €CJIM TOPU30HTaIbHAS YacTh CTBOJIA HE BBIILIA 32 MPEACIIb
MPOEKTHBIX 3HAYEHHWH KOPUAOPA, OTPAaHHMUYEHHOTO NBYMS BEPTHKAIBLHBIMU H
JIBYMSI TOPH30HTAIBHBIMH IIIOCKOCTSIMHA. B kadecTBe mpumepa B Tabmmie |
MIPUBEACHBI HOPMEI JIOITyCTUMBIX OTKJIOHCHHUH 3a00€B HAKIIOHHBIX CKBaXKHH (pa-
JMYyCOB Kpyra JOIIycKa) OT IMpoeKTa A MecTopoxaeHuit 3anaaHoi Cubupu (B
Tabmmie S-uIMHa CKBaXXHUHBI IO CTBOJIY, A-IIPOEKTHOE OTKIIOHEHHE OT BepTHKa-
nun). MHOTHa HampaBieHHOe OypeHHe INPOM3BOIWTCS C IENBI0 HEepecedeHUs
CTBOJIa aBapHUHON, (DOHTAHUPYIOIICH HE(PTHIO WIU ra30M CKBAXKUHBI U €€
TJIyIICHUSI.



Tabmuma 1 — HopMBI 10Oy CTHMBIX OTKIOHEHNH CKBAXXHH OT IIPOEKTOB
JUTSL CKBaXKUH 3anaanoit Cubupu
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3amauamu, penraeMbIMH C IIOMOINBIO HANpaBIEHHOTO OypeHHs, MOTYT
OBITB:

- CHIXKCHHUE 3aTpaT Ha pa3paboTKy MECTOpOKAeHuUs (pu OypeHHH ¢ Kyc-
TOBBIX IUIOLIAJIOK - KYCTOBOE OypeHue);

- BCKPBITUEC MPOAYKTHBHOIO IJIaCTa IMOJA OHNPEACICHHBIM YIJOM (HJ'U[
YBENMYEHHS TUTOIAAN (HUIBTPALINN);

- MPOBOIKA HECKOJIBKUX CKBKHUH C 3CTaKal, IIIaT(GOPM, pacIioI0KEHHBIX
B MOp€ WJIN Ha 03€epe;

- IPOBOJKAa CKBaKMH JI0 MPOAYKTUBHBIX IUIACTOB, PACIIONOKEHHBIX TOA
y9acTKaMH 3eMJIH ¢ CHIIBHO NTepPeceueHHBIM peibedom (0Bparu, XoJIMBl, TOPHI);

- BCKPBITHE POAYKTUBHBIX ITACTOB I10J] THOM OKEaHOB, MOPEH, 03ep, peK
1 00JIOT;

- YXOJ B CTOPOHY W3 aBapHHHON CKBAXHHEI (ITyTeM 3a0ypHUBaHHSI HOBOTO
CTBOJIA);

- BCKPBITHE MPOJYKTHBHBIX [UIACTOB, 3QJIETAIOIIMX 110/ TOJIOTUM COPOCOM
W MEKY IBYMS ITapaIeIbHBIME cOpOcamMu;

- OTKJIOHEHHE CTBOJIa OT COPOCOBOI 30HBI (30HBI pa3pbiBa) B HaMpaBle-
HHH TIPOYKTUBHOTO TOPH30HTA,;

- BCKPBITHE MPOJYKTHBHBIX IUIACTOB MO COJSHBIMH KyIOJaMH (B CBSI3H
CO CJI0XHOCTBIO OYPEHHUS Yepe3 HUX).

HampaBieHHOE OypeHHEe MOXKET OCYLIECTBISTHCS M O3 IPUMEHEHHS CIIe-
MUATBbHBIX HMCKYCCTBCHHBIX OTKJIOHUTEJIEHl — TOJBKO Ha OCHOBE yue€Ta U3BECT-
HBIX JUIS JaHHOTO pailoHa 3aKOHOMEPHOCTEH MCKPHBIIEHHS, HO Yallle OHO Ipo-
HU3BOOUTCSA C UCIIOJIBb30BAHUEM TAKUX ychOi/’ICTB.

1.3 IIpoexTHpoBaHue nMpoduieli HaNPaBJeHHBIX CKBAKHH

IpoekTrpoBaHue MpodicH HAKIOHHO HAPABICHHBIX CKBAXHH 3aKITIO-



YaeTcsi, BO-IIEPBBIX, B 000CHOBAaHMH THIA MPOQMIIs, BO-BTOPHIX, B ONPEICICHHN
MHTEHCUBHOCTH MCKPUBJIEHHS HA OTIEJIBHBIX y4acTKaX CTBOJIA M, B-TPETbUX, B
pacuere nmpoduiis, BKIIOYAIOIIEM pacyeT JUIMH, TINIyOMH IO BEPTUKAIU M OTXO-
JIOB 10 TOPU30HTAIIN JUIsl KaXKJOTO HHTEPBala CTBOJIA U CKBAXKUHBI B LIEJIOM.

1.3.1 IIpo¢uiiu HAKJIOHHBIX CKBAKUH

Bonbmioe 3HayeHHe B HAKJIOHHO-HANpPaBIEHHOM OypeHHHM HMeeT Ipa-
BHJIBHBIN BBIOOP mpodmis ckBaxuHbL. [Ipoduins HeoOX0ANMO BEIOHPATH TaKNM,
4TOOBI P MUHUMAIBHBIX 3aTpaTax BPEeMEHH M CPE/ICTB JJOBECTH CKBAKUHY 10
MIPOEKTHOW IIyOMHBI 0€3 KakuxX JH00 OCIOKHEHHH, o0ecredyrB HajaJekaliee
Ka4ecTBO IS JUIMTENBHON W Oe3aBapuitHOW OSKCILTyaTaly. ParioHaIbHBIH
npoWIb TO3BOJISIET COKPATUTh A0 MUHMMyMa pabOTy C OTKIOHHTENEeM, obec-
MEYNTh HE0OXOAMMOEe CMemeHne 3a00s M JIOIyCTUMYI0O WHTCHCHUBHOCTH HC-
KPHBJICHHS, @ TaKKe CBOOOIHOE NPOXOXJCHHE MO CTBOJY KOMIIOHOBKHM HH3a
OyprinbHON KONMOHHBI. [IpodwiTs TOKEH MO3BOIATE 3KCIUTYaTHPOBATh CKBaYKHU-
Hy TIyOMHHBIMH HAacOCaMH, B TOM YHCJE M IITAHTOBBIMH HAaCOCaMH, HPHYEM
JIOJDKHO MCKJIIOUaThCs MPOTHpPaHUE OOCAgHBIX TPYO INTAaHTaMH U OOPBIB IO-
CIICJTHHX.

Be16op THna npoduiis OCyIIECTBISIETCSl ¢ Y4eTOM: TpeOoBaHUH OypeHust
CKBA)XMH; TPOYHOCTHBIX XapaKTEPUCTHK IIOPOJI, CIAraroIliX T'eOJOTHICCKHUH
pa3pe3 MeCTOPOXKAEHUM; 3aKOHOMEPHOCTEH WCKPUBJIEHUS, XapaKTepHBIX IS
HCTIONB3YeMbIX KOMIIOHOBOK Hm3a OypuibHOHM komoHHB! (KHBK); crmoco6os u
TEXHUYECKUX CPEACTB, IIPUMEHSACMBIX MPH 3KCIUTyaTallid CKBaXHH U T.1. IIpo-
(GuiIb CKBa)XXMHBI JIOJDKEH o0ecleyrBaTh MUHMMAabHOE 3HAYCHUE HArpy3KH Ha
KpIOKE MU MoxbeMe OypHIIBHOI KOJOHHBI (MM BHYTPUCKBAXKHHHOTO 000pYI0-
BaHMs). B HacTosiee BpeMsi MOXKHO BBLICIHUTH ST TPy (TUIOB) NpoduIieH,
KOTOpPbIE INTHUPOKO TIPHMEHSIOTCS M OTBEYAIOT IIPAKTHYECKH BCEM TI'€OJIOTO—
TEXHHUYECKUM YCIIOBUSIM OypEHHs M DKCIUTyaTallid CKBaXHUH: NPO(UIL 00bIU-
HOW HaKJIOHHO-HAIPABICHHON CKBAXWHBI, IPO(HIH MOIOTOW CKBaYKHHBI, IIPO-
GuIb paguaNbHOM CKBaXKMHBI, TPOQUIE TOPHU30HTAIBHOW CKBaXHHBI, IPoduIIb
MHOT'03200I{HO# CKBaXKHUHBI.

OOBbIuyHBIE (CTAHIAPTHBIC) HAKIOHHO-HAMPABJICHHBIC CKBA)KHHBI BCKPHI-
BaIOT IPOJYKTUBHBIN IUIACT ¢ HEOOJIBIINM 36HUTHBIM YTIIOM (110 24%). Onn Hau-
0oJiee OCBOSHBI OYPOBBIMH TPEATNPUATHIMH, UMCIOT CPABHUTEIBHO HEOOIBIION
OTXOJl OT BEPTUKAIM U JAIOT JIydlllee MOoNajaHue B KPYT JOIMYCKa IPU HUCIIOINb-
30BaHMU OTEUECTBEHHOH OypoBoil TexHUKHU. [Ipodmin Takux CKBakKUH (CM. pHC.
1) UMEIOT pa3NUYHbIA B, HO MOKHO BBIJEIHTH YETHIPE OCHOBHBIX:
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Pucynox 1 — IIpo¢umn 0ObIYHBIX HAKIIOHHO-HAIIPABICHHBIX CKBAYKIH:

a — TPEXUHTEPBAJILHBIN C yYaCTKOM CTaOMIN3AINY; 0 — TpeXMHTEpBAIbHBIH
€ YYaCTKOM MaJIOMHTEHCUBHOI'O YMEHBIIEHUSI 36HUTHOTO YIJIa, B Tpex-
MHTEPBaJIbHBINA C y4acTKOM Habopa 3eHHUTHOTO yIJia B HHTEpBalie OypeHHs HUXKe
OarMaka KOHJYKTOpa WM TEXHUYECKOHW KOJIOHHBI M YYaCTKOM CTaOMIIM3aLUH; T
— YeTBIPEXUHTEPBAIBHBIN; | — BEpTUKANBHBIN y9acTOK, 2 — y4acTOK Habopa Ta-
paMeTpoB KPUBH3HBL, 3—y4acTOK CTaOWIM3aIMHU, 4 — Y4aCTOK MaJOMHTEHCHB-
HOT'0 YMEHBILIEHUSI 36HUTHOTO yIa.

TpexuHTEepBaJbHbIH UMEET HECKOJIbKO BapUaHTOB. IlepBblil cOCTOUT U3
BEPTHKAIBHOTO y4JacTKa, Habopa 3€HUTHOTO yIJla B MHTEpBalie OypeHHs IO
KOHJYKTOp, cTabuin3anuu (puc. 1 a) min MaJOMHTEHCUBHOTO YMCHBIICHHS 3€-
HUTHOTO yrna (puc. 1 0). PekomeHmyeTcst Uil CKBaXMH Ha MECTOPOXKACHHMSX,
IJie Te0JOro-TeXHUYECKHE YCIIOBHS IO3BOJISIIOT OCYILECTBIISITH OypeHue o
KPOBJIHM MPOXYKTHBHOI'O IUIaCTa C NPHMEHEHHEM IIOJHOPAa3MEPHBIX LEHTPH-
pyrommx amemeHToB B KHBK, u rae takas texHonorus OypeHus oTpaboTaHa
(puc. 1 a), I CKBaKMH Ha HOBBIX MeCTOpOXKIeHUsIX (puc. 1 6). Bropoii (puc. 1
B) NPEJCTABIICH BEPTHKAIBHBIM Y4aCTKOM, Y4aCTKOM Ha0Opa 3eHUTHOTO yIJa B
uHTepBaje OypeHHs HIbKe OalMaka KOHIYKTOpa WM TeXHUYECKOH KOJOHHBI,
Y9acTKOM CTaOMIN3aIMy 3€HUTHOTO YTJa JO0 KPOBJIH NMPOAYKTHBHOTO TIIACTa.
Pexomenayercst Ui CKBaXXHH ¢ OTKJIOHEHHEM 3a0oeB oT BepTHkanu 300 met-
POB U MeHee.

YerpipexuHTepBabHBIN (pUc. 1 T). COCTOMT M3 BEpTHKAIBHOTO y4acTKa,
HaboOpa 3eHUTHOIO yIJla B MHTEpBalle OypeHHUs M0J| KOHIYKTOp, CTaOHIM3alUn
3€HUTHOT'O yIJla JI0 TIyOMHBI HID)KE MHTEpBajia paboThl HACOCHOTO 000pYI0Ba-
HUSI, YMEHBIIIEHHs 3¢HUTHOIO yria. PexoMeHayeTcsa Ui CKBaXMH C OTKJIOHE-
HUEeM 3a00eB oT BepTukaimu Oosee 300 METpOB, a TakXKe JJISI MECTOPOXKICHHUIH,
TJIe M0 TeO0JIOro-TeXHMYECKUM YCIOBHAM Oe3aBapuifHoe OypeHHe HHKe MHTEp-
Baia pabOTHI HACOCHOTO O0OPYMOBAHMS KOMIIOHOBKAMH C IEHTPATOPAMHU JUIS
CTaOMIN3aIMK TTapaMeTPOB KPUBM3HBI 3aTpyIHEHO. MakcuManbHas HHTCHCHB-
HOCTh UCKPUBJIEHUS HA y4acTKax Habopa WM MaJeHus MapaMeTpoB KPUBU3HEI
y TAaKHX CKBaKHH He JOJDKHA mpeBbimath 1,5%/10 M. MakcHMaIbHbIH 3eHHUT-
HBIl yroj Ha MHTEpBanax Habopa M cTabMIM3alUK A1t OOBIYHBIX THIIOB MPO-




purteii CKBaXMH He JOJKEH TpeBbIath 24°, T.K. NPy GONBIINX 3¢HHTHBIX yT-
JlaX BO3HUKAIOT MPOOJIEMBI € dKCIUTyaTalued MOrpy»KHOTO HePTeI00bIBAIOIIETO
obopynoBanusi. OTKJIOHEHHE 3200€B OT BEPTHKAIN (OTXOJ) y CKBaXXMH TAaKOT'O
THIIA, B 3aBUCUMOCTH OT TITyOHHBI I1acTa, MOXKeT JocTurats 800 MeTpoB.

JJis IpOeKTHPOBAHUS M CTPOUTEIHCTBA CKBAKUH, CBSI3AaHHBIX C KOHKpET-
HBIMH YCIIOBUSIMH Pa3pabOTKH MECTOPOXKICHUS U TeOJIOTHYSCKUMHU XapaKTepH-
CTHKAaMH MPOTYKTHBHOTO IUIACTA, IPUMEHSIOTCS CIICIUATBHBIC THITHI TPOQIIICH
(monorue u ropuzoHTanbHEIE). K criennanbHBIM MOXHO OTHECTH TakKe Mpogu-
M «a», «O», «B», «m» (pUc. 1), ecii 3eHUTHBII Yroj B CKBOXHHE IPEBbIIIACT
24° yu He06X0IUMO HaOpate oTxon Oonee 800 MeTpoB.

[oJ0TUMHU ¥ TOPU30HTAIBHBIMU CKBaKMHAMH Ha3bIBAIOT CKBaXKUHBI, KOTO-
pBIe UMEIOT OOJNBIION 3EHUTHBIA YTOJd IPH BCKPHITHH MPOJYKTUBHOTO IUTACTA.
Takne cKkBa)KMHBI OYPSATCS C LIENBI0 yBEIMYECHHs HE(TEra3o0TAa4yn MpOJTyKTHUB-
HOTO TUTACTA MYTEM IMPOXOJAKH B 3aJIeKH YJacTKa CTBOJA OOJBIION MPOTSHKEH-
HOCTH.

[Mosorue CKBaXXUHBI BCKPHIBAIOT MPOAYKTUBHBIH IUIACT C 36HUTHBIM yTJIOM
ot 25° mo 55°. BekphITHE IlacTa TaKMMU CKBOKHHAMH C 3€HUTHBIM yIJIOM 00-
nee 55° HelenecooOpa3Ho, T.K. BO3HUKAIOT MPOOJIEMBI MPHU MPOBENESHUH IPO-
MBICJIOBO-Teo(pu3ndeckux pador (HempoxoxkaeHue npubopos). [Ipoduns nono-
rOl CKBOXKMHBI COCTaBJISIETCS TaKUM 00pa3oM, 4ToObI cO3/1aTh Hanboee Oaro-
MIPUATHBIC YCIOBUSA [UI pabOTHI MOTPYKHOTO He(Te00BIBarOIEro 000pyaoBa-
HUS U IOCTHYb HAaHOOJIBIINI OTXOJI OT BepTUKainu. Tak, HanpuMep, 10 HHTEpBa-
Jla YCTAaHOBKU TIIOTPY>KHOTO HedTemoOrBatoero o0OpyIOBaHUS CKBaXKHHA
MMeeT 3eHUTHBII yron He Oosiee 20°, a 3aTeM MTPOU3BOJAT JOOOP 3€HUTHOTO YT-
J1a 10 HeOOXOAMMON BENMUYUHBI, YTOOBI HaOpaTh 3aruIaHUPOBAHHBIHA OTXOI,
HO He Ooiee 50°.

ITpodumm momorux CKBaXXHUH (CM. pHC. 2) UMEIOT Pa3IMIHBIN BHII, HO MOX-
HO BBIJICJIUTB YETHIPE OCHOBHBIX

1 { 1 1
4
A .
a) B) B)

Pucynox 2 — [Ipodwmiun 1oiorux cKBakuH:
a — C YJacTKOM CTaOWIN3anum; 6 — ¢ yJaCTKOM MaJIONHTEHCHBHOTO YMEHBIIIC-
HUS 3€HHTHOTO YIJla; B — C YYacTKOM J000pa ImapameTpoB KPHBH3HBI M HX
CTa0MIIM3aIIH;




I — C y4acTKoM jao0opa mapaMeTpoB KPUBH3HBI M HX MAJIOWHTEHCHBHOI'O
YMeHbBIIIEHUS; | — BEPTUKAIBHBIA Yy4acTOK, 2 — y4acTOK Habopa mapaMeTpoB
KPUBU3HBI, 3 — y4acTok cTabuim3amnuu, 4 — y9acTok Jo0opa mapaMeTpoB
KPUBHU3HBI, 5 — y4acTOK CTaOWMIM3aIMU 3€HUTHOTO yria, 6 — y4acTOK MajoWH-
TEHCUBHOT'O YMEHbBIIEHHS 36HUTHOTO yIJa.

[Mpodmmm Tnma «a» 1 «0» UMEIOT yJacTKH: BEPTHKAIBHBIH (10 HHTEpBasa
YCTaHOBKHM HOIPY)XHOTO HedrenoObIBatoliero obopynoBaHus), Habopa mapa-
METPOB KPHBH3HEI (70 55°), crabmimm3annu (puc. 2 a) WIK MaJOWHTEHCHBHOTO
YMEHBIIEHHS 3¢HUTHOTO yria (puc. 2 0).

[Mpoduns Tnma «B» U «I» UMEET yYaCTKH: BEPTUKAIBHBINA, Habopa mapa-
METPOB KPHBH3HHI (10 24°) B MHTepBaie OypeHUs oA KOHIYKTOp, cTabmin3a-
U HaOpaHHBIX MapaMeTPOB KPHBHU3HEI IO HHTEPBAJIA YCTAHOBKH HOTPYKHOTO
HedTeno0bIBarIIero 000pyIoBaHus, 1000pa MapaMeTpoB KPUBU3HEL (10 55°),
crabunu3anuu (puc. 2 B) WIX MAJOMHTEHCUBHOTO (pUC. 2 T) yMEHBIICHHS 3e-
HHUTHOTO yTJIa.

PaguanbHble CKBaKHHBI — 9TO CKBAXHHBI, KOTOPBIE OYpsITCS MO GOMIBIIO-
MY paanyCy KPHBU3HBI, BCKPHIBAIOT NPOAYKTUBHBIH IUIACT C 3€HUTHBIM YIJIOM
70 55° 1 UMEIOT CleyIOINe YYacTKU — BEPTUKAIBHBIN, yqacToK Habopa mapa-
MeTpoB KpWBU3HHI (0 1,5°/10 M) M y4acTOK MAaJOMHTEHCHBHOTO YBEIWYECHUS
3eHUTHOTO yria (1o 3°/100 m).

ITpodumm paguanbHBIX CKBaXHH (CM. PHC. 3) IMEIOT CIEIYIOIINH BUI

1 1

/2
/3

a’ B>

Pucynox 3 — IIpouny paguanbHbIX CKBAKHH:

a — C y9acTKoM Habopa mapamMeTpoB KPHBH3HBI HIKE 30HBI YCTAaHOBKHU MOTPYK-
HOTO HeTenoOBIBaOIIETO 000pYIOBaHHUS; O — C y4acTKOM Habopa mapameTpoB
KPUBHU3HBI B KOHIYKTOpE; | — BEpTHKAIBHBIA y4acTOK, 2 — Y4acTOK Habopa ma-
paMeTpoB KPUBHU3HBI, 3 — YYaCTOK MAIOMHTCHCUBHOTO YBEIWYCHUS 3CHUTHOTO
yria.

[Mpoduie Tuna «a» (puc. 3 a) UMeeT y4acTKH: BEPTUKaJIbHBIN (JI0 HHTEpP-
BaJla YCTaHOBKH IOTPYKHOTO He(TemoOBIBaroImero odopymoBaHus ), Habopa
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napaMeTpoB KpuBU3HBI (7010°-15°), MaTOMHTEHCUBHOTO yBEIMYEHUS 3€HUTHO-
ro yrna go 55°.

[podune Tuma «0» (puc. 3 0) UMeeT y4acTKU: BEpTHKaJIbHBIN, Habopa
napaMeTpoB KpuBH3HBEI (1010°-15°) mpu OypeHHH 10 KOHAYKTOpP, MaJIOMHTEH-
CHBHOTO YBEJIMUSHHUS 3eHUTHOTO yria 10 55°. Habop nmapameTpoB KpHBU3HBI J10
10°-15° oOBsicHACTCA TE€M, YTO 3TO MUHHMANIbHBIC 3HAYCHUS 3€HHUTHOTO YTIIa,
IIPU KOTOPBIX OoJee Wil MeHee CTaOUIN3UpyeTCs a3UMyTalIbHOE HalpaBICHHE.

PagnanbHBIE CKBaYXKHHBI SABIISIOTCS MIEPEXOIHBIMI MEXITy ITOJIOTHMH U TO-
PU3OHTAIBHBIME M HE TPEOYIOT sl OYypeHHs CIEUUaIbHBIX TEXHHUYECKHX
cpencts. [Ipodmns paguaabHON CKBaKHHBI OOecriednBaeT MUHHMAlbHBIE 3HA-
YEeHUS HarPy3KH Ha KPIOKE MPH MObeMe OYPHIbHOM KOJOHHBI WIH TIOTPYKHOTO
He(TeT0O0BIBAIOIIETO 000PYAOBAHUS, T.€. CHIIBI COMPOTUBIICHUS TIPU JBIKEHUH
KaKO#-1100 KOJIOHHBI B CTBOJIE CKBaKHHBI, a TAKXKe KPYTSIINA MOMEHT B IIPO-
recce OypeHust (WK JOOBIYH) CBOJSATCA K MUHUMYMY. TexHoaorus OypeHus Ta-
KHX CKBR)XHH HE OTpaboTaHa B OCHOBHOM W3-3a OTCYTCTBUs HanexxHbix KHBK,
00eCTIeunBaIOINX HE CTOJIEKO MaJOMHTCHCHBHEIA POCT 3¢HUTHOTO YT, CKOJIb-
KO CTaOWIIM3AIHIO a3UMYyTa.

Topu3oHTaNBEHBIC CKBaKHHBI — 3TO CKBa)KHUHBI, KOTOPBIE BCKPHIBAIOT MPO-
JTYKTUBHBIN IJIacT ¢ 3eHUTHBIM yriioM oT 80° o 100°. I'opu3oHTaNbHBIC CKBa-
JKHHBI peIko HMEIOT yrou 90°, T.K. MPOXyKTHBHBIC IUTACTHI, HA KOTOPHIC OHU 3a-
KJIa/IBIBAOTCSI, OOBIYHO MMEIOT KaKOH-TO yroJI majeHus. JimMHa Topu30HTaIbHO-
ro ydacTka MoxeT konebarbes oT 100 mo 2500 MeTpoB B 3aBUCUMOCTH OT Ha-
3HA4YEHUs CKBaXWHBL. [Ipoduian ropu3oHTaNBHBIX CKBaXHH (CM. pHC. 4) Takxke
HUMEIOT Pa3IMYHBII BHI, HO MOXKHO BBEIJICIIUTH TPU OCHOBHBIX:

LvAk vk vAL vAl vl vAR vAR vAll vAk vk vAlk vAl vk vk v2
a B) B)

Pucynok 4 — IIpo¢umu ropu30HTaIbHBIX CKBAYKHH:

IJle a — C y4acTKOM Habopa 0 TOPU3OHTAIBHOIO y4acTKa; 6 — ¢ y4acTKOM Ha-
0opa u cTabMiIM3aluy MapaMeTPOB KPUBHU3HBI B KOHIYKTOpE; B — C yJacTKOM
HaboOpa M CTa0WIM3AIMM NapaMeTpoB KPHUBU3HBI HMKE 30HBI YCTAHOBKH I10-
rpy’kHOTO He(TenoORBatomero 000pyIoBaHus; 1 — BepTHKAIBHBIN YIaCTOK, 2 —
y4JacToK HabOpa ImapaMeTpoB KPUBM3HBI, 3 — Yy4acTOK cTaOmiamM3anu, 4 — yda-
CTOK 1000pa nmapaMeTpoB KPUBU3HBL, 5 — TOPU3OHTAIBHBIN Y4acTOK.



[Mpoduie ThMa «a» UMEeT y4acTKH: BEpTHKAIbHBIH, Habopa mapaMeTpoB
KpUBHU3HEI 70 1iacTa (o 60°-75°) u B mmacte (mo 80°-100°), TOpU30HTATEHOTO
ydacTka (puc. 4 a).

[Ipodwns Tna «06» MMeeT yJacTKU: BEpTHKAJIBHBIN, HAOOpa mapaMeTpoB
KPUBH3HBI B MHTEpBaje OypeHHs Mol KOHIYKTOp (mo 35°), crabmimsanuu Ha-
OpaHHBIX TTApaMeTPOB KPUBU3HEI, 1000pa MapaMeTpoB KPUBU3HBI 0 IUTacta (10
60°-75°) u B tutacte (o 80°-100°), ropuzoHTANBEHOTO Y4acTKa (puc.4 0)

[Ipoduns THHA «B» UMEET YIaCTKH: BEPTUKAIBHBIN (IO MHTEpBasa ycTa-
HOBKH IIOTPY>KHOTO He(pTeIOOBIBAIOIIETO 000pyIOBaHNUs), Habopa mapaMeTpoB
KpHBU3HBI (10 35°) crabunm3anny HaOpaHHBIX MapaMeTpoB KPUBH3HBI, 1000pa
rapaMeTpoB KpHUBU3HEI 10 Tuiacta (1o 60°-75°) u B miacre (10 80°-100°), ropu-
30HTAIBHOTO y4acTka (puc.4 B).

Mmuoro3a6oiiHbie ckBaxuHbl (M3C) — 3TO CKBRXHHBI, KOTOPbIE UMEIOT B
HIDKHEH 4acTH OCHOBHOT'O CTBOJIA Pa3BETBIICHHS B BHJE ABYX U Oosiee IpoOTH-
KEHHBIX TOPH30HTAIIBHBIX, MOJOTHX WM BOJHOOOPA3HBIX CTBOJIOB, Y Ka)KAOTO
13 KOTOPBIX MHTEPBaJl BCKPBITHS MPOJYKTHBHOTO TIJIacTa, KaK NPaBHIIO, B JIBa U
Oomee pasza MpEBBINIACT TONIIMHY IDIacTa. Paanychl MCKPHUBICHHS CTBOJOB H
IIyOnHBI MecT 3a0ypHUBaHNUS ONPEAEIAIOTCS T€0JI0T0-TEXHUUECKUMH YCIIOBUSMHA
JaHHOTO MecToposkaeHus. [Ipodumr MHOro3aboiHBIX CKBaXUH (cM. puc. 5)
MMEIOT PAa3IMYHBIN BH, HO MOXKHO BBIICIUTH OCHOBHBIE!

a) M3C ¢ ropu30HTaNbHBIMU U MOJOTMMH CTBOJAMU;

6) M3C ¢ BOIHOOOpa3HBIM JTOTIOTHUTEIHHBIMH CTBOJIAMHU;

B) M3C MHOrosipycHsle;

r) M3C paananbHO-TOPU30HTAIBHEIE,

v v v v % v
v v 7 v v vv \%

a) B) B) r

Pucynok 5 — IIpoduiin MHOT03a00HBIX CKBaYKHH:

a — M3C ¢ TOpH30HTAIBHBIME ¥ TIOJIOTHUMHE CTBOsTIaMu; 6 — M3C ¢ BotHO-
00pasHBIM JIONOJIHUTENBHBIMU cTBOsIaMK; B — M3C MHorosipycusle; T — M3C
panuanbHO-TOPU3OHTAITBHEIE.

Kpowme Toro, Bce msaTh Tpymn THHOB Ipoduield Ha yJacTkax Habopa ma-
paMeTpoB KPUBM3HBI WM UX MaJCHHs XapaKTEPU3YIOTCS PaJlyCOM KPUBH3HBI
WY UHTEHCUBHOCTBIO UCKPUBIICHUS, KOTOPBIE SBJISAIOTCS OCHOBHBIMH IIapaMeT-
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pamu, XapakTepH3YIOIIMMH KadecTBO MPOBOJKH HAKIOHHO-HAIPaBICHHOM
CKBaXKMHBI. Ha IpakTHKe 0OBIYHO 9TH YYaCTKHU JENSATCS Ha YEThIPE THIIA:

- ¢ 6ospIIMM pagnycoM KpuBH3HEI (>190 M);

- CO CPEIHHUM PaanycoM KpUBH3HEI (60M - 190M);

- ¢ MaJIBIM paanycoM KpuBH3HHI (11.5M - 60Mm);

- ¢ KOPOTKUM painycoM KpUBH3HEI (5,73M - 10Mm);

VYdacTku Habopa WIH MaJeHUs TapaMeTPOB KPUBU3HBI C OOJIBIIUM pajny-
COM XapaKTepU3yIOTCs HHTEHCHBHOCTHIO Habopa 3eruTHOro yria 0,1°-3°/10 M,
KOoTOpas naet paanyc uckpusieHus 5730 - 190 metpoB. Bypenne takux ydact-
KOB BEJIETCS C MOMOIIBI0O HHCTPYMEHTA JUIl OOBIYHOTO M MHOT'03a00HHOI0 Ha-
MIPaBJICHHOTO OypeHHUSI.

VYuactku HaOOpa WM MajeHHs NapaMeTpoB KPHBU3HBI CO CPEIHHMM pa-
JIYCOM XapaKTepU3yITCsS WHTEHCHUBHOCTHIO Habopa 3eHuTHOro yrma 3,1°-9,6°
/10 M, kKoTOpas gaet paguyc uckpusieHus 60-190 meTpoB. bypenne Takux yda-
CTKOB BEJETCS C MIOMOIIBIO CIICIMATbHBIX I'MIPAaBINIECKUX 3a00HBIX JBUraTe-
Jield 1 OOBIYHBIX 3JIEMEHTOB OYpPHIIBHBIX KOJIOHH. Y4acTKU HaOopa WM MajieHHs
IapaMeTPOB KPHBHU3HBI CUUTAIOTCS YYaCTKAMH CO CPEIHHM PaIuyCOM KPHBH3-
Hel, ecti KHBK Henb3st Bpamars mocne ux mpoxojaku. MakcuManbHas HHTEH-
CHUBHOCTH Ha0Opa B 3TOM Cllydae OrpaHWYCHA MpeaesilaMi Ha M3THO M KpydeHHe
JUTs OypUITBHBIX TPYO.

YyacTku HaOopa WM HaJeHHUS MapaMeTpOB KPUBU3HBI C MalbIM Paany-
COM XapaKTepU3YKOTCS MHTCHCUBHOCTBIO Habopa 3eHHWTHOrO yria 9,7° - 19,1°
/10 M, koTopas aaet paanyc KpuBu3HbI 30-60 MeTpoB. YuacTku HaboOpa UM ma-
JICHUs TapaMEeTPOB KPUBU3HBI C KOPOTKUM PAUyCOM XapaKTEPU3YIOTCS UHTEH-
CHUBHOCTBIO Habopa 3eHuTHOTO yria 5,7° - 10°/1 M, koTopas maet paguyc KpH-
BU3HBEI MeHee 10 MeTpoB. bypeHune Takux yyacTKOB (C MajbIM U KOPOTKUM pa-
IyCOM KPHBH3HBI) BEIETCS C MOMOIIBIO CHENHAIBHOTO OYPHUIBHOTO HHCTPY-
MEHTa U 1O CIeHUanbHOW TexHosoruu. OOBIUHO NpHMEHSeTCs NpH OypeHHH
JOTIOJTHUTENIPHBIX CTBOJIOB M3 MMEIOMMXCS CKBaXHH. COOTHOILICHHE paauyca
KPHUBU3HBI 1 MHTEHCUBHOCTH UCKPHBIIEHHS IIPHBEAEHO B Tabmnuie 2.

Tabmuna 2 — CooTHOLIEHHE painyca KPUBU3HBI 1 HHTEHCUBHOCTH HC-

KPHUBJICHHS
Wnren- |Paguyc| Wuren- |Pamuyc| MWuren- |Panmyc| WnTeH- Pa-
CUB- KpU- | CHBHOCTb | KpPH- | CHBHOCTb | KPH- | CHBHOCTH |IHYC

HOCTb | BU3HbBI, | MCKPUBJIC- | BU3HBI, | HCKPHBJIC- | BU3HBI, | HCKPUBJIC- | KpU-

HCKpHUB- M HHUA M HUA M HUA BU3-

JICHUS rpa/10 m rpa/10 M rpa/10 M | HBI,
C 00JILIIMM pPaJHyCcOM KPMBHM3HBI




IIponomkenne Ta0IHIbI 2

0.1 5730 0.9 637 1.7 337 2.5 229
0.2 2865 1 573 1.8 318 2.6 220
0.3 1910 1.1 521 1.9 302 2.7 212
0,4 1432 1,2 478 2 286 2,8 205
0,5 1146 1,3 441 2,1 273 2,9 198
0,6 955 1,4 409 2,2 260 3 191
0,7 819 1,5 382 2,3 249
0,8 716 1,6 358 2,4 239
Co cpeIHHM paJuycoOM KPUBU3HBI
3,1 185 4,8 119 6,5 88 8,2 69,8
32 179 4,9 117 6,6 87 8,3 69
33 174 5 115 6,7 85 8.4 68,2
34 169 5,1 112 6,8 84 8,5 67,4
3,5 164 5,2 110 6,9 83 8,6 66,6
3,6 159 53 108 7 82 8,7 65,8
3,7 155 5,4 106 7,1 81 8.8 65,1
3,8 151 5,5 104 7,2 79 8,9 64,3
3,9 147 5,6 102 7,3 78 9 63,6
4 143 5,7 100 7,4 71 9,1 62,9
4,1 140 5,8 99 7,5 76 9,2 62,2
4,2 136 5,9 97 7,6 75 9,3 61,6
43 133 6 95 7,7 74 9,4 60,9
4,4 130 6,1 94 7,8 73 9,5 60,3
4,5 127 6,2 92 7,9 72 9,6 59,6
4,6 124 6,3 91 8 71,6
4,7 122 6,4 89 8,1 70,7
C MaJIBIM pagnycoM KPHBH3HBI
9,7 59 12,1 473 14,5 39,5 16,9 33,9
9,8 58,4 12,2 46,9 14,6 39,2 17 33,7
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IIponomxenue TabIHIIb 2

9,9 57,8 12,3 46,5 14,7 38,9 17,1 33,5
10 57,3 12,4 46,2 14,8 38,7 17,2 33,3
10,1 56,7 12,5 45,8 14,9 38,4 17,3 33,1
10,2 56,1 12,6 45,4 15 38,2 17,4 32,9
10,3 55,6 12,7 45,1 15,1 37,9 17,5 32,7
10,4 55 12,8 44,7 15,2 37,6 17,6 32,5
10,5 54,5 12,9 44,4 15,3 37,4 17,8 32,1
10,6 54 13 44 15,4 37,2 17,9 32
10,7 53,5 13,1 43,7 15,5 36,9 18 31,8
10,8 53 13,2 43,4 15,6 36,7 18,1 31,6
10,9 52,5 13,3 43 15,7 36,4 18,2 31,4
11 52 13,4 42,7 15,8 36,2 18,3 31,3
11,1 51,6 13,5 42,4 15,9 36 18,4 31,1
11,2 51,1 13,6 42,1 16 35,8 18,5 30,9
11,3 50,7 13,7 41,8 16,1 35,5 18,6 30,8
11,4 50,2 13,8 41,5 16,2 35,3 18,7 30,6
11,5 49,8 13,9 41,2 16,3 35,1 18,8 30,4
11,6 49,3 14 40,9 16,4 34,9 18,9 30,3
11,7 48,9 14,1 40,6 16,5 34,7 19 30,1
11,8 48,5 14,2 40,3 16,6 34,5 19,1 30
11,9 48,1 14,3 40 16,7 34,3

12 47,7 14,4 39,7 16,8 34,1

C KOpPOTKUM paanycoM KpuBuU3HBI (5,7°-10°/1m)

5,7 10 6,8 8,4 7,9 7,2 9 6,36
5,8 9,9 6,9 8,3 8 7,16 9,1 6,29
5,9 9,7 7 8,2 8,1 7,07 9,2 6,22

6 9,5 7,1 8,1 8,2 6,98 9.3 6,16
6,1 9,4 7,2 7,9 8,3 6,9 9,4 6,09
6,2 9,2 7,3 7.8 8,4 6,82 9,5 6,03
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IIponomxenue TabIHIIb 2

6,3 91 7,4 7,7 8,5 6,74 9,6 5,96
6,4 8,9 7,5 7,6 8,6 6,66 9,7 5.9
6,5 8,8 7,6 7,5 8,7 6,58 9,8 5,84
6,6 8,7 7,7 7.4 8,8 6,51 9,9 5,78
6,7 8,5 7,8 7,3 8,9 6,43 10 5,73

3HaueHre HHTCHCUBHOCTH JAaHO B I'pajlycax U J0JIAX rpaayca.

1.3.2 Pacuer npoduiisi CKBaKHUHbI

OO0mmii opsKoK pacdeTa MPoGHIIst CKBaKHHBI CBOIUTCS K CIICTYIOIIEMY .

1. Ilo panee npoOypeHHBIM Ha MECTOPOXKACHUU CKBAaXKUHAM OIPEAENAI0T-
Csl 3aKOHOMEPHOCTH WCKPUBIICHUS] M BIMSHHE HA HETO Pa3sIMUHBIX (paKkTOpOB.
OTHU JaHHBIE MO3BOJAIOT ONPEAECIUTh MHTEHCUBHOCTh €CTECTBEHHOTO HCKpPUB-
JICHWS Ha OTAETBHBIX HHTEpBAIaX OypeHHs.

2. Ilo cxeMe KyCTOBAaHUS WU CTPYKTYPHOH KapTe U T€0JOrMYECKUM pas-
pe3aM OMpeneNnsioTCsl MPOSKTHHIM a3MMYT CKBaKMHBI, NTyOMHA CKBAXKUHBI IO
BEPTHKAIN U TIPOEKTHOE CMEIEHUE (0TXOx).

3. Ompenensercs KOHEYHas ITyOMHA BEPXHETO BEPTUKAIBHOTO YYacTKa.
OueBHUIHO, YTO YEM MEHBIIE TITyONHA, HA KOTOPOH MPOM3BOIUTCS HCKYCCTBEH-
HOE MCKPHBJIEHHE CKBAXXHMHBI, TEM MEHBIIE OOIIME 3aTpaThl CPEJICTB U BpeMe-
HU Ha Oyperne. C 3TOH TOYKM 3pEHHMS JUIMHA BEPXHETO BEPTHKAIBHOTO YIacTKa
JOJDKHA OBITh MUHMUMaJIBHOH. C ApYroi CTOPOHBI, HMCKYCCTBEHHOE MCKPHUBIIC-
HHE CTBOJIA B PBIXJIBIX MOPOJAX 3aTPyJHEHO, XOTsA B 3amagHoil Cubupu ecTsb
OTIBIT HCKPUBJICHHUS, HAUWHAs ¢ TITyOnHBI 20 M.

B psine paiioHOB CTpaHbI AJTHHA pacCMaTPUBAEMOr0 MHTEpBaja MPUHUMA-
eTcs TakoH, YTOOBI HaCOCHOE 00OpYMOBaHME B MPOIECCe IKCIUTyaTalllH CKBa-
JKMH HaXOJUJIOCh B BEPTUKAIILHOM y4acTKe. JIJIMHA €ro B 3TOM Cllyyae JOXOAUT
1o 1000 m.

[Tpn OypeHMM CKBa)XHH C KyCTOBBIX IUIOLIAZIOK HA JUIMHY BEPXHETO Bep-
TUKQJIBHOTO Y4acTKa HaKJIaJbIBaeTCs elle psii TpeOOBaHMM, CBA3aHHBIX C HEOO-
XOJMMOCTBIO HCKITFOUEHHsI IEPECEYEHUS CTBOJIOB.

4. Beibupaercss KHBK, obGecneunBatonias HeoOX0MUMYO HHTEHCUBHOCTh
HCKYCCTBEHHOTO MCKPHBIICHHUS, KOTOpasi HE JOJDKHA TPEBHIIIATh PaHee Paccuu-
TaHHYI0 MaKCHUMaJbHYH) MHTEHCHUBHOCTb HCKpHUBIEHHA. B psne ciyuaes, Ha-
o0bopoT, cHauana moxeT ObITh mpuHsITa KHBK, 1 mo Heli onpenensercss HHTEH-
CHUBHOCTB UCKYCCTBEHHOI'O HCKPHBIICHHSI.

VIHTEHCHBHOCTh MCKPUBJICHHUS HA y4acTKaX €CTECTBEHHOIO YMEHBIICHUS
36HUTHOTO YTJIa YCTAHABIUBAETCS UCXOS U3 IPAKTHYECKOTO OMBITA.

5. Ilo BenuunMHE MHTEHCUBHOCTU UCKYCCTBEHHOT'O MCKPHBIICHHS OIpeje-
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JISIFOTCSL PaJMyChl KPUBU3HBI R COOTBETCTBYIOIINX HHTEPBAIIOB 1O opmyiie (3).

[MosyueHHbIe BETMYMHBI PAIyCOB CPABHUBAIOTCS C MUHHMAJIBHO JIOIYC-
TUMBIMH U TIPU HEOOXOJMMOCTH KOPPEKTHPYIOTCS.

6. IIpomsBoauTcs pacdeT mpoduirs, T. €. onpenenseTcs HeoOX0IUMBIH 3e-
HUTHBIH YroJ CKB2)XMHBI B KOHIIE HHTEpBajla HAOOpa KPHBU3HBI, MPOCKIUH
BCEX MHTEPBAJIOB Ha TOPH30HTAIBHYIO U BEPTHKAIBHYIO TUIOCKOCTh, UX JUINHBI,
riyOuHa CKBOKHHBI [I0 BEPTUKAIH, OTXO]] (CMEIIEHHE) U TIIyOrHA CKBAKHUHBI 10
ctBoy. PaccunTanHble TlyOMHa IO BEPTUKAIM M CMELIEHHE CPaBHHBAIOTCS C
3aJlaHHBIMH, YTO SIBJISIETCS IPOBEPKOM MPAaBUILHOCTH BCEX PacUYETOB.

B nipuBeieHHBIX HIOKE (HOPMYIIax MPUHSTHI CIAEAYIOINIHE YCIOBHBIE 000-
3HAUYCHUS:

h - ryOrHa CKBaKHHBI 110 BEPTHKAIH, M;

S - 06muif 0TXO0/ CKBaXXUHBI (CMEILECHHE), M;

H, - BepTHKaNbHas MPOEKIMs N- TO HHTEPBAIIA, M;

S, - TOpHU30HTANBHAS MPOCSKIHS N- TO HHTEPBAJa, M;

1, - ;TMHA n- TO UHTEpBaNa, M;

R, - paauyc KpUBU3HBI N- FO HHTEPBANA, M;

L - rryOuHa CKBaXKMHBI IO CTBOJTY, M;

0, - 3eHUTHBII YTOJl CKBAYKUHBI B KOHIIE N- TO HHTEPBAJIa, TPajl.

1.3.2.1 TpexuHTepBaIbHBINH NPOPUIHL
[Tpu npoextrpoBanny npoduist (puc. 6) pacyeT BeAeTcs 10 CleAyIonei
cxeme
®, =arccos {[Ry" (R - S)] + H " [(H* +8 - 2R, " 8)]**}/ [(R, - 8)* + H’], (1)
rone H=h - H,.

1,=0,01745"R, " ©,, ()
H, =R, sin ©,, 3)
S; =R, (1 - cos ©,), “)
I3 = (H - Hy)/cos ©,, 5)
H;=h-H, - H, (6)
S;=(H-H,).tg O, (7)
L=H;+1+L. (®)



[ F
=
b
F o
o=l
= pu
b
- [
] =)
=
¥ k. b
So Sz
S

Pucynok 6 — TpexuHTepBaIBHBIN TPOPHIH

1.3.2.2 YerbipexuHTepBaIbHBINH NPOPUIL

[Ipy NMpOEKTHPOBaHWYM CKBAXHH C YETHIPEXHUHTEPBAJIBHBIM Ipoduiem
(puc. 7) B Ka4eCcTBE MCXOJHBIX JaHHBIX, KpOME TTyOHMHBI CKBa)KHHBI I10 BEPTH-
kanu h, orxona S, riryOMHBI BEpTUKaAIBHOTO y4acTka H;, paanycoB kpuBu3HBI R,
u R4, BBOIUTCSI 3eHUTHBIH yroJl CKBaXKHHBI B KOHIIE BTOPOro HHTepBajia 0@,. Ero
BEJIMUMHA ONpeJeNsieTcs 100 HOPMaTHBHO (B PsAAE CIy4aeB 3CHUTHBIN yroin
CKBXMHBI HE MOXKET MPEBBIIIATh OMpPENETICHHON BEIWYUHBI, HAIIPUMeEp, 200),
0o OepeTcst HeCKOJIBKO OoIbIe paccuuTaHHo| 1o ¢opmye (1). Jamee ompe-
JieTsieTcs JJIMHA TPEThero NPsIMOJIMHEHHOro y4acTka 1o GopmMyJe

5=A-B, )
e A=[(h-H, -R, sin®)/cos ®]-1S-B| sin®, (10)
B:Rz(l-COS®2)+(h-H1-RZ'SiIl@z)tg@z. (11)

3eHUTHBIN YToJ CKBa)XHHBI HA KOHEYHOI ITyOnHe O, onpeensiercs mo
dbopmyne

0O, = 0, - arctg [C/(Ry” - C)*], (12)
e C=[2R, |S-B]| cos ®,- (S - B) cos’ ®,]"". (13)
[TapameTps! BTOpOTO MHTEepBasa onpeaesstores mo gopmymnam (1), (2) u

3).

st TpeTbero MHTEpBaia riyOMHA 1Mo BepTuKanu h; u orxon S; ompexe-
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JIAIOTCS U3 BBIPAKEHUI
h; =15 cos ®,, (14)

S; =15 sin O,. (15)

JU1g d4eTBepTOro MHTEpBaja IapaMeTpbl NPOQHIL ONPENEIAIOTCS 10
dopmynam

14=0,01745 R4 (0, - ©,), (16)
S4=1R4 (cos Oy - cos ). (17)
¥
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Pucynok 7— UeThIpeXUHTEPBAIBHBIA TPOQUIH CKBAKUHBI

1.3.3 DnemeHThl, onpeesOmHe NPOCTPAHCTBEHHOE MOJI0KEHUE H
HCKPHUBJICHUE CKBAKHH

B mporecce OypeHus HanmpaBIeHHOM CKBaKMHBI HEOOXOIMMO 3HATH II0-
JIOXKEHUE KaKAOH ee TOYKH B MPOCTPAHCTBE. [l 3TOro OmpeaenisroTcss Koop-
JIUHATBL €€ YCThsI U MapaMeTpsl TPACChl, K KOTOPBIM OTHOCSITCS 3€HUTHBIN yToOJ
®, a3uMyT CKBaXXHHBI o (prc. 8) u ee auHa L.

3eHUTHBIH yrod — 3TO YroJl MEXIY OChI0 CKBAXKHHBI MIIM KacaTeJbHON K
HEN U BEPTUKANBIO. A3UMYT — 3TO yroi MEKAy HalpaBIEHHEM Ha CEBEP U ro-
PHU30HTAIBHOHN MpOEKIMEN KacaTelbHON K OCH CKBa)KUHBI, U3MEPEHHBIH MO Ya-
coBOIf cTpenke. JIIMHA CKBaKHMHBI — 3TO PACCTOSIHHUE MEXIY YCThEM H 3a00eM
O OCH.

IIpoexknus ocu CKBaXMHBI HAa BEPTUKAIBHYIO IUIOCKOCTH Ha3bIBaeTCA
npodusieM, a Ha TOPU30HTAIBHYIO — TIAHOM.

BeprukanbHas MI0CKOCTh, MPOXOAAIIAs Yepe3 OCh CKBAXHMHBI MM Kaca-
TEJbHYIO K HEil, Ha3bIBaeTCs allCUIaIbHOM.

IIpu BbIMONAXXMBAaHUM CKBA)KUHBI TPOUCXOTUT YBEIUUEHHE 3E€HUTHOIO
yria (bypeHue ¢ IOIbEMOM YIJIa), a IPH BEIKPYUHBAHHNH — YMEHbIICHHE (Oy-
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peHue C MnaacHueM yrna). HpI/I HUCKPHUBJICHMU CKBaXXUHBI BJICBO a3UMYT €€
YMEHBIIACTCA, a BIIPABO - YBCIUYUBACTCH.

TeMn OTKIIOHEHHS CKBOKHHBI OT €€ HadaJbHOTO HaIrpaBJICHUA XapaKTe-
pU3yeTCsi UHTCHCUBHOCTBIO UCKPUBJICHUSA i, KOTOpass MOXKET OBITH OoIpeacicHa
KakK J1J11 3CHUTHOT'O i@, TaK 1 a3uUMyTaJIbHOT'O icx HUCKPHUBJICHUA

Pucynox 8 — [Ipoexiusi CkBa)XMHBI Ha BEPTUKAIbHYIO U TOPU30HTAIIb
HYIO IINIOCKOCTHU
i@ = (®K - ®H)/L9 (18)
1o = (0 - a)/L, (19)
rae ®, 1 o, - COOTBETCTBEHHO HAYAILHBIE 3€HUTHBIN 1 a3UMYyTaJIbHBIN YIJIBI Ha
ONIPCACICHHOM HMHTCPBAJIC CKBAKUHBI, Tpasa; @K H O — TO K€ )11 KOHCYHBIX

YTJ10B UHTEpBaJia, rpai; L- JUJIMHA UHTEpBajia CKBaXUHbBI, M.

Ecnm ckBakMHA MCKPUBISIETCS C MOCTOSIHHON MHTEHCHBHOCTBIO U TOJIBKO
B alCUJAIBHON IIOCKOCTH, TO €€ OChb MPEACTaBIsET CO00H Iyry OKpy:KHOCTH
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panuycoM R, BeIrumHa KOTOPOro MOXKET OBITh ONpejiesieHa o Gopmyrie
R =573/ (20)

Crnemyer OTMETHTh, YTO HHTEHCHBHOCTH a3MMYTalbHOTO HCKPHBICHHS
CYIIECTBEHHO 3aBHCHUT OT 3€HUTHOTO YIJIa CKBRXHHBI U MPU MaJIbIX 3€HUTHBIX
yTJIaX MOXET JOCTHraTh BECbMa 3HAYMTEIBHBIX BEIHUHH, a 3TO HE JaeT IOJIHO-
TO TIPECTaBICHUS O TTOJIOKEHUN CKBaXXHMHBI. 151 OIIEHKH 00IIero NCKPUBIICHUS
CIIY)KHT YroJl MPOCTPaHCTBEHHOTO MCKPUBIICHUS (, TMOKa3aHHBIA Ha puc. 9. B
citydae, eciy Obl CKBaKMHA, MMEIONIasl B TOUKE A 3€HUTHBIN yron @, u azumyT
o.;, He UCKPHBIISIACh, TO 3200 ee okazaics Obl B Touke B, HO 3a cyeT UCKpHB-
nenust GakTHYecKH 3a00ii okaszaics B Touke C, 3EHHMTHBIH yroy CTan paBHBIM
O, a a3UMyT 0. Yroa BAC u gBiseTCS YIiioM MPOCTPAHCTBEHHOTO MCKPHUBIIE-
HUs. BenmuuHa ero aHanuTHYecku onpesessiercs no gpopmyiie

¢ = arccos [cos O " cos O + sin O, sin O cos(ai - ay)]. 21

C OCTATOYHOM CTEMEHBIO TOYHOCTH 3TOT YIOJ MOXKET OBITH ONpEIeNicH
o ¢opmysie M.M. Anekcanaposa

@ =[A®” + (A" sin ©)’1", (22)

rae A® u Aol — COOTBETCTBEHHO MPHUPAIIEHUS 36HUTHOTO U a3UMYyTaJIbHOTO YT,
JIOB HA MHTEPBAJIE, Ipaj; O, — CpeTHNI 3€HUTHBIA yrol HHTEpBaa, rpasi.
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Pucynok 9 — Yron nmpocTpaHCTBEHHOTO UCKPUBJICHUST CKBAYKUHBI

VHTEHCHBHOCTh NPOCTPAHCTBEHHOTO MCKPMBIIEHHUS i, ONPEJEAETCS I10



dopmyie

ip= /L, (23)

rae L- JJIMHa UHTCpBaJa, IJI KOTOPOro OMIpCACICH YroJl MIPpOCTPAaHCTBEHHOT'O
HUCKPHUBJICHHUSA, M.

BenuuuHa i, He MOXKeT OBITh OOJbIIE HHTEHCUBHOCTU UCKPHUBIICHUS I
TeX WM WHBIX CPEJICTB HAMPABICHHOTO OYPEHHUS, ONPENEIIeMbIX UX TeXHUYC-
CKOH XapaKTEepUCTUKOH.

Kpome ykazaHHBIX BEJIMYMH HANPaBJICHHBIE CKBAKUHBI XapaKTePU3YIOTCS
BEJIMYMHOW 0TX0Ma (CMemeHus) S 1 riTyOnHoH mo BepTukamm h. OTxox — mimHa
TOPU30HTAIBHON MPOEKIHUH MPSIMON, COSAUHAIONIEH YyCThe U 3200l CKBaXKUHBI.
I'myOnHa Mo BepTUKAaIM — JJIMHA BEPTHKAIN, COCIUHSIONICH YCThe ¢ TOPU30H-
TaNBHOU TIOCKOCTHIO, MPOXO/ISIICH uepe3 3a00il ckBaxuHBI (puc. 8).

1.3.4 IIpyYMHBI U 3AKOHOMEPHOCTH €CTeCTBEHHOI0 HCKPHBJICHHS
CKBaKHH

OTKIIOHEHHE CKBaXMH OT MPOEKTHOTO MOJO0XKEHUS MOXKET MPOUCXOIUTH
BCJIEJICTBUE HEMPABMWIIBHOTO 3aJI0XKE€HHs OCH CKBA)KMHBI NPU 3a0ypUBaHUU U
HCKPHUBJICHHUS B Tporiecce OypeHnsa. B mepBom ciydae MMEIOT MECTO NMPHYHHEI
CyOBEKTHBHOTO XapaKkTepa, KOTOpbIE MOTYT OBITh JIETKO ycTpaHeHbl. [yt aToro
HEOOXOIMMO 00ECHeunTh COOCHOCTh (POHAPS BBIIIKH, IIPOXOJHOTO OTBEPCTHS
pOTOpa M OCH CKBaXKMHBI; TOPH30HTAIBHOCTB CTOJIA POTOPA, IPAMOIUHEHHOCTH
Beayllei TpyOsl, OypuinbHBIX TpyO U YBT cOrnacHO TEXHUUECKUM YCIOBHSM.

Bo BrOopoMm ciryuae IeHCTBYIOT OOBEKTUBHBIC IPUYNHEL, CBS3aHHBIC C HE-
paBHOMEPHBIM pa3pylLIEHHEM HOpoJbl Ha 3a00e CKBaXMHBI. Kakmas 3 3THX
MPUYHH MPOSBIIETCS B BUAE CHJI M ONMPOKUIBIBAIOIINX MOMEHTOB, ACHCTBYIO-
HIMX Ha MOpPOJopa3spylIaolMi HHCTPYMEHT. Bce 3TH CHIIBI 1 MOMEHTBI MOTYT
OBITH IPUBEICHBI K OJHOIl paBHOAGHCTBYIONIICH M TTTaBHOMY MOMEHTY. Ilpu
9TOM BO3MOYKHBI YETHIPE CAy4as:

1. Bee cuitbl mpUBOAATCS K paBHOMAEHCTBYIONIEH, COBNAMAONIEH C OCHIO
CKBa)XWHBI, MOMEHT OTCYTCTBYeT (puc. 11, a). B sTom ciywae obecrneunBaeTcs
OypeHne NpsSIMOJIMHEHHON CKBa)XMHBL. TakuM 0Opa3oM, eciii MCKPHUBJIEHHE He-
KeJIaTeIbHO, TO HEOOXOMMO CO3/IaTh BBHIIICIIPUBEACHHBIC YCIOBHUS, YTO, OJHA-
KO, TPYIHO JOCTHKUMO;

2. Bce cunbl npUBOAATCS K PaBHOJEHCTBYIONIEH, HANIPAaBIEHHON HOA yT-
JIOM K OCH CKBaXHHBI, MOMEHT OTCyTCTBYeT (puc. 11, 6). [Tox metictBuem 6oxo-
BOW COCTaBISIIOIICH PpaBHOJACHCTBYIOLIEH CHJIBI IPOUCXOAUT (pe3epoBaHuUEe
CTEHKH CKBa)XXMHBI, a CJICTOBATEIbHO, HCKpUBIEHNE. VIHTEHCUBHOCTh UCKPHUB-
JICHUsI 3aBUCHUT OT (PU3MKO-MEXAaHMYECKHX CBOWCTB IOpoj, OokoBoii ¢dpese-
pyromiel crmocoOHOCTH A0JIOTA, MEXaHMYECKOH CKOPOCTH OypeHHs M APYTHX
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(daxTopo. Cieyer OTMETHTh, YTO MPH UCKPUBICHUH TOJBKO 3a c4eT (hpesepo-
BaHMs CTEHKH CKBOKHHBI HMEIOT MECTO PE3KHEe  Meperudbl CTBOJIA, YTO MPHU-
BOJIUT K TOCaJKaM HHCTPYMEHTA TPHU CIIyCKe U TPeOyeT JOMOIHUTEIBHON MPO-
paboOTKH CKBaKHHBI,
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Pucynok 10 — MexaHn3M HCKPUBIICHUS CKBaXKMH

3. Bce cuiibl IpUBOAATCA K PaBHOJICHCTBYIOIICH, COBMAIAIONMIEH C OChIO
MOPOIOPa3PYILIAIOIIET0 MHCTPYMEHTa M K OINPOKUIBIBAIOLIEMY MOMEHTY OT-
HOCHUTEIBbHO ero ueHtpa (puc. 11, B). BcneactBue 3Toro Mexay Ocblo CKBa-
JKUHBI U OCBI0O HHCTPYMEHTa 00pa3yeTcsi HEKOTOPBI yroi §, B pe3yibTaTe 4ero
U TPOUCXOIUT HUCKpUBIEHHE. VHTEHCUBHOCTh HCKPHUBIECHHUS B ITOM Cilydae
MPAKTUUECKU HE 3aBUCHUT OT (HPU3UKO-MEXAaHHMUYECKUX CBOWMCTB TOPHBIX MOPOA H
(dpesepyromiell CmOCOOHOCTH JI0JI0Ta, OCh CKBaXXHHBI  MPEACTaBISET COOOM
IJIABHYIO JIMHUIO, OJNIM3KYI0 K JIyre OKPYXKHOCTH, YTO OOJIerdaeT BCe IOCIie-
IyIonme padoTsr;

4. Bce cumbl IpHUBOIATCA K PaBHOJCHUCTBYIOIIEH, HE COBMAJAIOLICH C
OCBI0 CKB)XHHBI, U K OTIPOKHUIBIBaIONIEMy MOMeHTY (puc. 11, T). B aToM ciydae
HCKPUBJICHUEC CKBaXXHHBI IPOUCXOIUT 332 CUET COBMECTHOTO JeiCTBHUS (pese-
pOBaHMS CTEHKH CKBaXXMHBI U HAKJIOHHOTO TOJIOKEHUS MHCTPYMEHTa OTHOCH-
TEJBHO OCH CKBA)KUHBI,

Bo3HUKHOBEHME BBIIIEYKa3aHHBIX CHWJI U MOMEHTOB, IEHCTBYIOLIMX Ha
[IOPOI0pa3pYyLIAIOIINN HHCTPYMEHT, IPOUCXOANT U3-3a MHOXKECTBA NPUYHH, HE
BCE U3 KOTOPHIX U3BECTHBI. BCe OHM yCIIOBHO MOTYT OBITh MOJpa3AeIeHbl Ha TPU
TPYIIIBI — TEOJIOTHIECKHE, TEXHOJIOTHUECKUE  TEXHUIESCKHE.

[paBuneHBIT TOZOOP (MIPOCKTHPOBAHKE) TEXHOJOTHYECKUX M TEXHHYC-
CKUX CPEJICTB, & UMCHHO KOMIIOHOBKU HHU3a OypHIILHON KOJIOHHBI (0JIOT; OY-
puibHOM KonoHHBL, B3]1; TenecucTeM U OTKIOHUTENEH), a Takke OYpoBOTO pac-
TBOpa, SIBIISIOTCS OCHOBOIOJNATAIONIMMHU (PaKTOpaMH O0ECHeUMBAIONIIMHU yC-
MEITHYI0 (KOHTPOIHPYEMYIO) IPOBOAKY CKBaXKHHEL.
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PA3JIEJ 2
MOPOJOPA3PYIIAIOIUIA UHCTPYMEHT

[Moponopaspymaromuii HHCTpyMEHT (I0JI0TO) IpeAHa3HAuYeH Ul paspy-
LIIEHHs] TOPHOMW TTOPOAbI Ha 3a00€ npy OypeHUH CKBaXKHHBI.

IMo mpuHLMIY pa3pylieHHs] HOPObI J0J0Ta MOAPA3AEISIIOTCS HA 3 rpyn-
TIBI:

1) PexyIe-ckanbIBaromero JeHCTBUSI — NpUMEHSETCs Il pa30ypHBaHUs
BSI3KUX, IUTACTUYHBIX M MaJ0aOpa3sHBHBIX IIOPO/] HEOONIBIION TBEPAOCTH;

2) /[lpoOsime-cKaibIBaroniero AeHCTBHS — IPUMEHeTCs A pa30ypHBaHusI
HeaOpa3uBHBIX M a0pa3WBHBIX MOPOA CPEAHEH TBEPIOCTH, TBEPIBIX, KPEIKUX U
OYEHb KPEIIKHX;

3) Hcruparome-pexyIero AeiHCTBUS — NpUMEHsIeTCs I OypeHus B Mo-
pomax cpelHeHd TBEpAOCTH, a TAKKE MPH YepPEIOBAHNHU BHICOKOIUIACTHYHBIX Ma-
JIOBSI3KHMX ITOPOJL C HOPOJaMH CpeHEH TBEPIOCTH U JIasKe TBEPIBIMH.

[To Ha3HAYEHHIO JOJI0TA TOAPA3IEIICTCS:

1) [Jns Oypenus crutomHbeM 3a00eM (6e3 oTOopa KepHa) — OypoBbIE JI0JI0-
Ta;

2) Jnst OypeHust o KobleBoMy 3a0010 (¢ 0TOOpOM KepHa) — OyproJyioBKH;

3) MHns cnenmansHBIX paboT B IpOOYPEHHOH CKBaXHHE (BBIPAaBHUBAHUE U
pacIIMpeHne CTBOJA) U B 00cagHOM KoJIoHHE (pa30yprBaHUE IIEMEHTHOTO KaM-
HS Y T.J.)

ITo KOHCTPYKTMBHOMY HCIIOJHEHHUIO IOPOIOPA3PYIIAONIMI HHCTPYMEHT
JICTIUTCS Ha TPH TPYIIIIBL:

1) JlomacrHoit (puc. 13.1);

2) IMapomeunstii (puc. 13.2);

3) Cexropusiii (puc.13.3);

Pucynoxk 12.1 — Jlonmactaeie qonora: a —3/IPII-165M, 6 —3/IP-132M



Pucynoxk 12.2 — Ilapomrednsie qonoTa

Pucynok 12.3 — CexTopHble 10J10Ta
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ITo marepuary nopoaopa3pymarIiuX 3JIEeMEHTOB J0I0Ta JENUTCS Ha ue-
TBIPE TPYTIIBL:

1) Co cTanbHBIM BOOPYKEHUEM;

2) C TBepAOCIIIIABHBIM BOOPYKEHHUEM;

3) C arMa3HBIM BOOPYKECHHEM;

4) C anMa3HO-TBEPIOCIUIaBHBIM BOOPYKECHUEM.

2.1 bypoBble 100Ta

HauOomnbiee pacnpocTpaHeHUE B MPAKTHKE OypeHUs HeTAHBIX U Tra3o-
BBIX CKB)XHMH TOJYYHJIU IIApOIIEYHbIE J0J0Ta APOOSIe-CKaTbIBAIONIETO NeH-
CTBHS C TBEPJOCIUIABHBIM WM CTAIBHBIM BOOpYXeHHeM. KOHCTpykums Tpex-
[IapOIIEYHOTO JI0JIOTA MIpHUBEIeHa Ha puc. 14.

Tpu yaner 3 cBapuBaroT Mexay coboit. Ha BepxHeM KOHIIE KOHCTPYKIUU
Hape3aHa 3aMKOBasl IPUCOCANHUTEIbHAS pe3b0a. Kaxknas namna B HIKHEH JyacTu
3aBepriaercs mandoi 5, Ha KOTOPO# MPOTOYCHBI OETOBBIE JTOPOKKHU ITOJT IHAPH-
KA 1 ponukd. Ha mamnge depes cucteMy MOANIMITHUKOB 6 YCTaHABIMBACTCS IIIa-
porika 4 ¢ 0EroBsIMH JOPOXKKaMH. TeJo MapoIku OCHAIIEHO (hpe3epoBaHHbI-
MU CTaJIbHBIMH 3yObsIMH 7, pa3MeIIeHHBIMH 110 BeHIIaM. Ha Topiie co cTOpOHBI
MPUCOEMHHUTENILHOM pe3b0bl BEIOMBAIOTCS MIU(P I0JIOTA, €ro MOPSIKOBBIA HO-
Mep, TOJ] U3TOTOBIICHHUSI.

[apomieuHbie 10JI0Ta U3TOTABIMBAIOT KaK C IICHTPAIBLHOMU, TaK U ¢ OOKO-
BOH cuctemoi pombiBKE (puc. 15). Ha mamax mosiota ¢ 60KOBOW THIPOMOHH-
TOPHOH CHCTEMOW MPOMBIBKH BEITIOJHCHBI CIICIIAANBHBIC YTONIICHAS — IPUITH-
BRI 2 C IMMPOMBIBOYHBIMHU KaHaJlaMH U THE3JaMU IJIs1 YCTAaHOBKU TMAPOMOHUTOP-
HBIX Hacajok (ceueHue A-A).
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Pucynox 13 — KoHCTpyKIus TpexIapomeyHoro 10J10Ta



Pucynok 14 — CxeMa mapoIieyHbIX J0JIOT C HEHTPaIbHOIT (a) 1 OOKOBOH
(THIPOMOHHUTOPHOM) (0) MPOMBIBKOIT

[pu neHTpaIbHON POMBIBKE 320051 JIydIlle OYHMIIAIOTCS OT IIamMa LEeHTP
320051 W BEPIUIMHBI IMIAPOINEK, IIUIAM OECTPENATCTBEHHO BBIHOCHTCS B HAAIO-
JOTHYIO 30HY. OZIHAKO ITPU BBICOKOH CKOPOCTH YIJTyOKHM 32005 TPyJIHO TO/BEC-
TH K J0JIOTY HEOOXOANMYIO THAPABINIECKYI0 MOIIHOCTB, TpeOyeMyIo AJs Ka-
YECTBEHHOM OUYMCTKH 3a00s (Iepenaj IaBIE€HHWS Ha JOJNOTaxX C LEHTPaIbHOH
npombiBKoH He mpesbimaer 0,5-1,5 MIla). BokoBas ruipoMOHHTOpHAsT MPO-
MBbIBKa OOECIIeuMBAET JIYUIIyl0 OYMCTKY HauOoiee 3alulaMOBaHHOH mepude-
puiiHO# wacTh 3a00s1, TO3BOJISAET MOABECTH K JIOJIOTY OOJBIIYIO I'MIpaBiIHye-
CKyI0 MOIIHOCTH (IIepemnaj AAaBICHUS Ha JOJIOTaX C TMIPOMOHHMTOPHOI Mpo-
MBIBKOH focturaet 5-15 MIla). OgHako MOIIHEIE CTPYH OYpOBOTO pacTBOpa,
BBIXOJISIIIME U3 THJIPOMOHUTOPHBIX HACANOK, IKPAHUPYIOT TPAHCIOPTUPOBAHUE
IITaMa 4epe3 MPOEeMbl MEX]y CEKIMSAMHU JO0JI0Ta, O3TOMY YacTh IIjIama LUp-
KyJIUpyeT HEKOTOpOe BpeMs B 30HE JeHCTBHS IIApOIIeK U Nepen3MeNbdaeTcs, a
YacTh TPAHCIOPTHPYETCSI B 3a30paX MEXKIY CTEHKOH CKBaKHHBI M CIMHKaMHU
nan. IToaToMy 3a4acTyro MepexolsiT Ha aCCUMETPUYHYIO CHCTEMY NPOMBIBKH,
3amTymasi OfAHy WIH ABE THIPOMOHHTOPHBIC HACAIKH JUIS MOBBIIICHHUS HPOITY-
CKHOM CITOCOOHOCTH OCHOBHBIX TPAHCIIOPTHBIX KAHAJIOB JI0JIOTA.

BeroBele opoxkH Iangsl MApOIIKH U Tela KaueHus 0e3 cemapaTopoB
COCTaBJISIIOT ONOPY IIApOIKU. [IOMHMO MOJUIMITHUKOB KadeHHs OIOpa MOXKET
BKJIFOYATH MOJIIUITHUKH CKOJBXEHHS (aHTU(PUKIIMOHHBIEC BTYJIKH) U TOPLEBYIO
ATy (aHTHQPUKITHOHHEIA TUCK). I1010CTh OMOPHI 3aMOTHIETCS] KOHCHCTEHTHON
CMa3KOH.

Omnops! mapomiek — Hanboee OTBETCTBEHHBIE Y3IIbI MIAPOIICYHOTO 10JI0-
Ta, CTOMKOCTh KOTOPBIX YaIlle BCETO OIPEAEIISACT AOJITOBEYHOCTH J0JIOTA B Iie-
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soM. Onopsl BOCIPUHUMAIOT paJUaNbHbIE U OCEBbIE HATPY3KH (IO OTHOIICHUIO
K nandge).

Omnopsl mapomiexk B 3aBUCUMOCTH OT THUIOpa3Mepa A0JIOT KOHCTPYHPY-
IOTCSI M3 PA3IMYHBIX COYETAHWH HIAPUKOBBIX M POJIMKOBBIX IOALIMITHUKOB Ka-
YCHUS W TOAIIUITHUKOB CKOJBKCHHS.

[ITapukoBbIe MOAIIMITHUKY JIETYe Pa3sMECTHTh B OTPAaHHYEHHBIX pa3Mepax
IIAPOIIKH, OHU c71ab0 pearrpyroT Ha BO3MOXHEIC MTEPEKOCHI OCEeH MIapoIIeK U
nang. OaHaKo U3-32 MPOCKAIL3BIBAHUS ILIAPHKOB 110 OOKOBBIM JOPOYKKaM 3TH
MOJIIUITHAKH, OBICTPO HArpeBaroTCs U TPeOyIOT HHTEHCHBHOTO OXJIAKICHNUS.

PonukoBbIe MOMIIMITHUKA MOTYT BOCIIPUHUMATE OOJIBIIYIO, YEM IIAPUKO-
BbI€ MOJIIUITHUKN Harpys3Ky, HO TpyJIHee BIIHCHIBAIOTCSA B OIpaHMYCHHBIC Pa3-
Mepsl mapomiek. OHI BecbMa YyBCTBHUTENBHBI K IepeKocaM Oceil IIapoIek u
nand, ¥ mpu U3HOCE POJIMKOB HEPEAKO IAPONIKY 3aKIMHUBAIOTCS Ha Hamndax.

[onmUImHUKH CKONBKEHHUS CIIOCOOHBI BOCHPUHUMATh HAMOOINBIINE Ha-
rpy3ku. OqHako 3 (QeKTUBHBI OHU TOJIEKO NP HEBBICOKHX YaCTOTaX BPAICHHS
JI0JI0Ta, KOTJa TPYIIHeCs MOBEPXHOCTH MIAPOIIEK U A} W COCETHUX MOIINTI-
HUKOB Ka4eHUs CHJIBHO HE HATPEBAIOTCS.

B xaxmoil cucteme omnop 00s3aTeIbHO MMEETCS OAWH INApUKOBBIN MOA-
IIMITHUK, HAa3bIBACMBI 3aMKOBBIM PaJHAANBEHO-YIIOPHBIM MOJIIUITHAKOM JABYX-
cTopoHHero aeiictBusa. OH yAep)KUBaeT MIApoIIKy Ha Hande U BOCIPHUHUMAET
YCHIIHS, HalpaBJIEHHBIC BJOJH M MEPHEHANKYIIPHO K OCH Handsl. YcTaHaBIIH-
BaeTCs 3TOT MOAUIMIHUK B MOCIECTHIO OYepellb, Yepe3 LUINHAPHUSCKUN Ka-
Hai B marde, 3aTeM B OTOT KaHall BCTaBISETCS CTEPKEHb (Iajelr), U ero Ha-
pY’KHas 4acTh IPUBAPUBACTCS K TEITY HAN(HI.

[MoamMNIHMKY MIapoLeK B mpolecce OypeHns: cMa3bIBAlOTCS M OXJIax/a-
10TCsl OypOBBIM PacTBOPOM, MIPOHHUKAOLIMM K HUM II0 3a30PY MEKIY OCHOBAHH-
€M LIapOLIKH U YIOPHOI oBepXHOCTHIO B nande. [loatomy B OypoBoii pacTBop
JOOABIIAIOTCS CIICIMAIBHBIC PEareHTH, YIyYIIafoNnIie ero CMa309HbIe CBOWCT-
Ba.

[Ipu O6ypernn ¢ IpoayBKOI CKBaXKWHBI BO3AYXOM YCIIOBUS pabOTHI OIOp
IIapoIIeK 3HAYUTEIHHO YXYIIIAIOTCS BCICACTBUE HETOCTATOYHOTO TEIIOOTBO-
Jla OT TPYUIUXCS AeTajel MOAUIMIHUKOB. Ilo3ToMy B J00Tax, MpeAHa3HaueH-
HBIX Ui OypeHHs C TPOAYBKOW BO3AYyXOM, YacTh BO3AyXa IO CHEIHAITEHBIM
KaHajJaM B Jlanax M narndax HampasiseTcs HEelMOCPEACTBEHHO B OMOPHI Iapo-
IIIeK.

B nocnengnue rogpl Bee 0oybplice MPUMEHEHHE HAXOAAT IOJIOTa C TepMe-
TU3UPOBAHHON MaCIIOHATIOJIHEHHON onopoi (puc. 16), y KOTOPBIX crieluaibHas
cMa3Ka MOCTyHaeT K IMOANIMITHIKAM U3 3JIACTUYHOTO 0aJUIOHA 10 MMEIOIIEeMYCs
B siarne ¥ uange kanany. [IpoHnKHOBeHHIO OYpPOBOIoO pacTBOpa B MOJIOCTh TAKOH
OTIOpHI M yTEUKE CMa3K{ MPEISATCTBYET JKECTKAs YIUIOTHUTEIHbHAs MaHXeTa.
JI0ArOBEYHOCTh TaKUX JOJOT MPH OTPAHUYCHHON YacTOTe 0OOPOTOB HA IOPS-
JIOK 1 6oJiee MPEBOCXONT OITOBEYHOCTD JAOJIOT C OTKPHITOH OITOPOH.



st OypeHusi CKBaXMH B aOpa3uBHBIX MMOPOAAX Pa3IMYHON TBEPIOCTH C
IIENTBI0 TOBBIMICHNS JJONTOBEYHOCTH BOOPYKEHHS IIAPOIIKH OCHAIIAIOT BCTAB-
HBIMH TBEPJIOCIIABHBIMH 3yOKamHu (IITHIpsiMU). Takue 10JioTa 4acTo Ha3bIBAIOT
IITHIPEBBIMH. BeTaBHBIE 3yOKH 3aKpPEIUISIOTCS B TEJIE MIAPOIIKH METOIOM IIpec-
coBanus. st OypeHns B MasoaOpa3UBHBIX TOPO/AX B TEJIE CTATBHOMN IIAPOIIKH
(hpe3epyroTcst Tmpu3MaTHYeCKHe 3yObs, MOBEPXHOCTh KOTOPBIX YIIPOUHSETCS
TEPMOXHUMHYECKOW 00pabOTKOM.

ITo T'OCT 20692 «/lonoTa mapoliedHsley) IpeaycMaTpUBAETCs BBITYCK
JIOJIOT auaMeTpoM 76-508 MM Tpex pa3sHOBUIHOCTEW: OJHO-, ABYX- M TpEXIla-
pomeunbix. Haubonpmmii 00beM OypeHuUst HETSHBIX M Ta30BBIX CKBaKHH B
3amagHoi CHOMpPH IPUXOAMTCS Ha TPEXIIApOIIEYHBIE 0J0Ta AWAMETPaMU
190,5; 215,9; 269,9; 295,3 mm.

Tursl 1 00651aCTh IPUMEHEHHMS! HIAPOLICYHBIX JI0JIOT IIPUBE/ICHBI B Ta0IH-

ue 3.
Puc. 15 — Cxema jnonora ¢ repMeTU3MPOBAHHOW MAacCJIOHAMOJHEHHON
Onopou
Tabmuma 3 — Tums! TpeXImapomeyHbIX J0JIOT U UX Ha3HAUCHHUE
Tun no-
PexomennyemMble 001aCTH IPUMEHEHHS I0IOT
jora
M Cample MATKHE, HECLIEMEHTHPOBAHHBIC, IUIACTHYHBIC (HAHOCHI,
MSATKHE ¥ BSI3KHE TIMHBI, CIIAHIIBI, MATKHE H3BECTHSIKH)
M3 Msirkue, claboCIEMEHTUPOBAaHHBIE, a0Opa3WBHBIC (IIECYAHUKH,
Mepreim)
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IIponomxenue TabawIbI 3

MC

Msirkue, Heabpa3uBHBIC, C MPOIIACTKAMH TIOPOJ] CPETHEHN TBEPIO-
cTH (MeIl C MPOIUTacTKaMu cabO0CIIEeMEHTHPOBAHHBIX MMECYaHUKOB,

KaME€HHas COJIb C IPOIIAaCTKaAaMH aHT'UIPUTOB, IIIMHUCTBIC CJ'IaH].[LI)

MC3

Msr KHUce, CJ'Ia6OCL[€M6HTI/Ip0BaHHBIC, a6pa3I/IBHBIC, C IpoIiaCTKaMu

TOPOJI CPEeIHEN TBEPAOCTH (TIECUAHOTIIMHUCTBIE CIAHIIbI, MJIOTHBIE

TJIMHBI C MPOIUIaCTKaMH HeC‘IaHI/IKOB)

[TnacTrynble U XpyNKOMIACTHYHBIE HeaOpa3uBHBIE, CPETHEN TBEp-
JOCTH (TUTOTHBIC TJIMHBI, TIIMHUCTHIC CITAHIIBI, M3BECTHIKH CpeIHe

TBEPJIOCTH)

C3

A6paSI/IBHLIC, cpeaﬂeﬁ TBEPAOCTU (HCanHHKPI, NECYaHUCTHBIC

CJIQHIIBI)

CT

XpyHIKOIUTaCTHYHEIE, CpeJHEel TBEPIOCTH, C MPOIUIACTKaMHU TBep-
IOBIX TTOpoA (MECYaHWKH C TPOIUIACTKAMHU THUIICA, M3BECTHSIKU C

IpoIJIaCTKaMu r'urica, aHl"I/IZ[pI/ITLI)

TBepasle, Heabpa3uBHbIE (TBEP/bIC U3BECTHSAKHU, JOIOMMTEI, OO~

MUTH3UPOBAaHHbBIE N3BECTHAKH)

T3

Tsepabie, abpa3uBHBIE (OKBapIIOBaHHBIC N3BECTHAKH U TOJTIOMUTEI)

TK

TBepable, ¢ MpOMIaCTKaMH KPENKHUX (TBEpAble M3BECTHAKU C IIPO-

I1aCTKaMM MEJIKOKPUCTAINIMYCCKUX U3BECTHAKOB U I[OJIOMI/ITOB)

TK3

AOpasuBHBIE, TBEpHbIE, C IPOIUIACTKAMH KPENKHUX (OKpEeMHEbIe
aprUJUIUTHI, TBEPAble U3BECTHIKH U JOJOMUTBI, MEJIKO3EPHUCTHIE

CUWJIBHOCHEMCHTUPOBAHHLIC HeC‘IaHI/IKI/I)

Kpenkwue, abpa3uBHBIE (OKpEMHENIbIE METKOKPUCTAIUIMYECKHE HU3-

BCCTHAKH, 1OJIOMHUTHI, KBapI_II/ITLI)

OK

OueHb Kpernkue, abpa3uBHbIC (TPAHHUTHI, KBAIIUTHI, TUa0a3bI)
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Jonota anst OypeHUs: Ha MOHMXKCHHBIX 4acTOTaX (4actora 0OOpOTOB J10-
sota He 6oee 100 B MHHYTY) M3TOTOBIIIIOT ¢ OMOPAMH Ha JIBYX W Ooiiee moJ-
LIMITHUKAX CKOJBKEHUS U MOAMUITHIKAX KaueHus (A).

BrinmyckaroTes 1010Ta C OTKPBITOW ONOPOH U € YIUIOTHUTEIbHBIMU MaH-
JKETaMH U pe3epByapaMu it cMas3ki (V).

VYcnosHoe obo3Hauenue (mudp) nonota: Il —215,9 C-IT'HY 2354,
rae Il — Tpexmaporieyunoe ;

215,9 — HOMHHANBHBIN TUAMETpP A0JI0Ta, MM;

C — tun nonota (A1t OypeHus: IOpPOJ| CpeHEN TBEPIOCTH);

I' — GokoBasi THAPOMOHHUTOPHASI IPOMBIBKA;

H — omopa ans HH3K0000pOTHOTO OYpeHHS Ha OJHOM MOIUIMITHUKE
CKOJTB)KEHHS,

YV — onopa MacJIOHAIOJIHEHHAs C YIUIOTHUTENIBHOM MaHXeTOl;

2354 — 3aBoaCKO HOMEp J0JI0Ta.

B MapkupoBKe TpeXmapomIeyHBIX JOJIOT H JOJIOT C ICHTPaIbHOW IPO-
MeIBKOi udpa 11 n Oyxsa L] He yka3piBaeTcst

2.1.1 Texunuyeckue TPeOOBaHNS K MIAPOLIEYHBIM 10J10TAM

1. [losoTa ciegyeT H3roTOBILATE C MMPaBOH KOHUYECKOH 3aMKOBOW pe3b0Oii.

Pe3n0bl 3-42 u 3-63,5 — 10 TeXHUYECKOMY JIOKYMEHTY, YTBEPKAECHHO-
My B yCcTaHOBIEHHOM mopske. Pessba 3-50 — o T'OCT 7918.

OcranbHble pe3b0bl (kpoMe BennuuHbl HaTsara) — o [OCT 28487.

CootBercTBHE 00O3HAUCHHH IPUCOCAWHWUTENHHONH pe3sOBl 10  Ha-
CTOSIEMY CTaHAApPTy W cnenudukanuu 7 AMEpPHUKaHCKOTO HE(TIHOrO MHCTH-
TyTa (API Spec 7) npuseneHo B Tabnuie 4.

Tabmuia 4 — CooTBeTcTBUE 0003HAYCHUI MPHUCOCIUHUTEIBHON Pe3bObI
10 HACTOAIIEMY CTaHAAPTY W crierudukanmm 7 AMepruKaH-
ckoro HedrsiHOrO MHCTHTYTa (API Spec 7)

OG6o3HaueHHE TPUCOSANHUTENIBHOM pe3bOBI 110:
HACTOSIILEMY CTaHIAPTy API Spec 7
3-66 23/8 Reg
3-76 27/8Reg
3-88 3V/2Reg
3-117 4V 2 Reg
3-121 42 Reg
3-152 658 Reg
3-171 6Y 8 Reo
3-177 758 Res
3-201 85/8 Reg
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2. Harsir KoHnuecKo# 3aMKOBOH pe3bObl JI0IKEH ObITh:

10,35“”4 MM — TSl HUTITIETLHOH pe3bObl 3-42;

10,00 04 MM — 1151 HUIITIEIBHOI pe3bosI 3-50;

16,004 MM — f7151 HUTIIENTBHOI Pe3bGEI 3-63,5;

15,875 "2 MM —IUIsl HUIIEIBHBIX pe3bd 3-88, 3-117, 3-121, 3-152, 3-171, 3-

~0,80
177, 3-201;

OfgjiMM —isg MyQpTOBBIX pe3rd 3-88, 3-117,3-121, 3-152,3-171, 3-177, 3-
201.

3. CucreMa MpOMBIBKH THIPOMOHHUTOPHBIX J0J0T auamerpamu 190,5 MM u
OoJiee TOMDKHA OBITH TEPMETHYHA TP JABICHUM xuakoctu 7,85 MIla; nnamer-
pamu Meree 190,5 Mm — nipu naBneHnH sxunkocty S MIla.

4. Hacamky B THAPOMOHHUTOPHBIX JOJIOTaX ¢ OOKOBOW NPOMBIBKOW JIHa-
Metpamu 190,5 MM u Gosiee HOIDKHBI yIEpPIKUBATHCS MPU JIABICHHH SKUIKOCTU
7,85 MlIla; nuamerpamu menee 190,5 mm — npu ganernu xxkuakocta 5 MIla. Ha-
CaJIKH JOJDKHBI OBITh CMEHHBIMU.

5. B cBapHBIX mBax Ha MOBEPXHOCTAX YIIOPHOTO YCTYTIA HUTIIIEIS U HA pac-
CTOSIHUH 25 MM HaJ| YIIOPHBIM YCTYIIOM HHIIIEIS HE JOIYCKArOTCS Ne(heKThI CBap-
KH{, Ha OCTaJIbHOH Pe3b00BOI YacTH HUIIIENS JIOMYCKAIOTCSl €IUHIYHbIE MOPHI U
PaKOBHHBI THaMETPOM He Ooiee 1| MM B KoNMYecTBe He Ooliee 3 IIT. Ha KaXKIOM
mBe. Ha pe3p00B0ii 4acTH KOPITyCHBIX JIOJIOT JOMYCKAIOTCS €MHIYHBIE MOPBI 1
PaKOBHHEBI THAMETPOM He OoJiee 2 MM B KOJIMYECTBE /10 S5 IIT.

6. TpeOoBaHus K MarepualaM, XMMHKO-TEpMHUYECKOH 00paboTKe, KOM-
TUTeKTYIOIINM, KpacKaM, CMa3KaM JIOJDKHBI COOTBETCTBOBATh HOPMATHUBHON M TEX-
HUYECKOH TOKYMEHTALMH, YTBEP)KIEHHON B YCTAHOBJIIEHHOM HOPSIIKE.

7. IloBepXHOCTH JOJIOT, KPOME IPUCOSANHHUTEIBHON DPE3bObI, YIOPHOTO
ycryma Humrelns (YIOPHOTo Topiia My(dTHI), TOPIIa HUMIIEIS U 3aX0JHOH (acku,
JIOJDKHA OBITh TOKPBITA POBHBIM ClIoeM Kpackd. llocie BBICBIXaHUS Kpacka
JIOJDKHA TIPOYHO yaepkuBathbest Ha jonote. Kiace nokpeitust VII — mo TOCT
9.032.

8. Tlopsl, B3AyTHS, MENKHE Iy3bIpH W BBICTYIAHHSA KOPPO3HMH Uepe3
KpackKy, a TaKKe MOMagaHue KPacKu Ha MPHCOCTHHUTEIBHYIO Pe3b0y, YITOPHBII
YCTyT, KJIallaHbl, B OTBEPCTHUS KPBIIMIEK CMAa30YHBIX Pe3epByapoB, IPOMBIBOU-
HbIE KaHaJIbl THAPOMOHUTOPHBIX 10JIOT HE JIOITYCKAOTCS.

9. IlpucoenuHutenbHasl pe3bOa HOMKHA OBITh MOKPHITA AHTUKOPPO3UOH-
HOW CMa3KoOH.

10. Onops! mapomiek TOKHEI OBITh 3aIlOJHEHBl CMa3Koil. 3anoIHEeHne
cMa3kou oot ¢ onopoit HY crneayer nmpoBoAUTh 10 MOSIBIEHUS] CMa3KU U3-110]1
Mamkertbl. Jlonora ¢ onopamu AY u BY nepen 3anonHeHneM cMa3kod BaKyyMH-
PYIOT.

11. apomku pomot ¢ ormopamu AY, HY, BY momxnbl npoBopaunBaThcs
Ha OIOpax OT PyKH cO 3Ha4UTeNIbHBIM ycunueM. [llapomku gonot ¢ onopamu H,
B, A 1omkHBI CBOOOTHO ¥ TUTABHO MTPOBOPAYUBATHCS HA OMOPAX OT YCHITHHA PYKH.



3anerieHne 3yObeB WM 3yOKOB OJTHOM IMIAPOINIKU 3a 3yObs MM 3yOKH, a
TaKKe 32 KOPITYC IPYTOH IAPOIIKH HE JOITyCKAeTCs.

12. IIpyXuHHOE KOJBLIO KOMIIEHCAIIMOHHOIO y3JIa JOJO0Ta JOJDKHO 3a-
XOOUTh IO BCEMY NMEpPUMETPy B KaHABKY M HE MMETh ITOBPEXKICHHIH, a KPBIIIKa
HE J0JDKHA IIPOBOPAYMBATECS OT PYKH.

13. Cpok coxpaHseMOCTH A0JIOT — He MeHee 18 mMec. co AHS U3rOTOBICHHUSI.

14. MapkupoBKa IOJIOT JODKHA OBITH YETKOH M COXPAHATHCA Ha MPOTS-
JKEHHH CpOKa CIy»ObI fonoTa. Ha Toprie Hummens (Tosicke MyQThl) MapKUPYIOT-
csl:

- TOBapHBIN 3HAK IPEANPHUATHSI-U3TOTOBUTEIIS:

- yCIIOBHOE 0003HAYEHHE JIONIOTa (JIOITycKaeTcss 0003HAUSHHE CTaHapTa He
MapKHPOBATh);

-0003HaueHHEe MPUCOEIUHUTEIBHON Ppe3bObl (10 TpeOOBaHUIO MOTpPeOUTe-
nst);

-TIOPSIIKOBBIE HOMEpP JOJIOTa IO CHCTEME HyMepamuH MpeInpHsTHS-
H3TOTOBUTEIIS;

- 1aTa U3roTOBJICHUS (MeCsII, TON);

- KJICMO TEXHHUYECKOTO KOHTPOJIS.

Jlutrepamu A MapKUpPYROTCS JOJIOTA JUT HU3K00OopoTHOTO Oyperus (mo 110
00/MHuH),

H — nns cpenneo6opoTtHoro 6ypenus (ot 110 mo 300 06/muH),

B — st BeIcOKOOGOpOTHOTO Oyperus (6onee 300 mo 600 06/mMuH).

[Ipumep MapKUPOBKH:

III 215.9 M3I'B — gonoro TpexmiapomeyHoe, AuaMeTpoM 215.9 mwm,
Uit OypeHns MATKUX aOpaswBHBIX MOPOJ, ¢ OOKOBOH MPOMBIBKOH, IS BBICO-
KOOOOPOTHOTO OypeHHS

III 295.3 MCI'AY — noim0To TpexiiapolledHoe, JuaMeTpoM 295.3 M,
JUTsl OypeHHsI MATKAX TOPOJT C MPOCIOMKAMH CPEHHX, ¢ OOKOBOW MPOMBIBKO,
UL HI3K0000pOoTHOTO OypeHus (A - Bce MOIIIUITHUKH CKOJBKEHHS), C TepMe-
TU3UPOBAHHBIMHI MACIIOHATIOJIHCHHBIMU OLIOPAMHU.

2.1.1.1 Hoponopazpymaromuii nHcTpyMeHT OAO «Boarodypmarnmn»

B nacrosimee Bpemst OAO «Bonro0ypmarn» npuMeHsieT HOBOe 0003Haue-
Hue nonot (o cucteme ISO u API)
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2159 VU-LS 43

TEXHUYECKUE JAHHBIE
YCJIOBHOE OBO3HAYEHHUE JOOJIOT
V-CKANLSD 43 XYZTGD

Z R206

JIMaMeTp JI0JI0Ta, MM

[NPED®HKCHI

CYDPPUKCBHI

TPOJIyKTOBAsA JIMHUS

MO (HUKALHS 110 TOJIOTY

u nane (npepuKco)

MOPSIKOBBIH HOMEpP
KOHCTPYKIIMH 3aBOJla —
H3TOTOBUTEIIS

Mo(HKALHS MO MApOLIKe

(cydduxcer)
kxox [ADC
Tabnuna 5 — [IpogyKTHBHAS TUHUS
A A% N VU NU AU AUP AUL
nBa |TOJIb |ogun TOJILKO |OIMH JiBa JoJI0Ta |IBa  pagu-
pamu- KO HOAIIMII-  |TOJI- MOJIINI- |paAdalib- |MaJoro  |ajbHbIX
alb  |1OA-  |HHUK M-  [HUK HBIX JAMET-  |ITOIIHMITHH-
HBIX |IIMM- |CKOJBXKE- |HUKU CKOJNb- |MOJIIWI- (pa 7O |Ka
HOJ- |HUKK |HUS Ka4eHMs |’)KSHUSI C |HUKa 172 CKOJIb)KCHMS
THIT |Kade- |(OCTAJbHBIE |C YIUIOT-  |CKOJIBXKE- |MM c
HUKA |HHUS NOJIINI- |yIUIOT- |HEHWEM |HHUSA YIJIOTHEHU-
CKOJIIb HUKH He- C YIUIOT- eM
JKEHUS KaueHus) |HHEM HEHHEM (paspezHast
TIIaBaroIIast
BTYJIKa u
yHopHas
maiioa)

Tabmuma 6 — Moaudukamnus mo maponike J0JI0Ty U Jiare

IMPE®UKCBHI

CYDOOUKCHI

C |ueHTpanmbpHas HacaaKa

X

KIIMHOBH/IHBIN 300K
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[Ipomomxkenue TabIUITBI 6

K |xoMOuHMpOBaHHAs TPOMBIBKA KOHUUECKHUH 3y00K
A |mpoxyBKa BO3IyXOM 3yOOK mpoyed (HOpMBI, OTIHIHBIA
OT KJIMHOBUJIHOT'O Y KOHUYECKOTO
N |yanvHeHHbIe HacaaKu VcwienHas oObeMHas HalllaBKa
3yObeB
L |mammaBka Ko3blpbka W Haberaro- TOTIOJTHATETTHHOE apMHUpPOBaHHE
11el IrpaHH Jiarbl TBEPIOCIUIABHBEIME 3yOKaMu oOpart-
HOT'O KOHYCa IIapOLIKH
S |apMupoBaHMe CIIMHKH JIallbl TBEP- apMUpPOBaHUE OOpPATHOTO KOHYycCa
JIOCTITABHBIMU 3yOKamMu [IapOIIKK 3yOKaMu ¢ aMa3HBIM
D |apmupoBaHue CIIMHKY Jiaribl TTOKPBITHEM
3yOKaMH ¢ aJMasHbIM IIO-

2.1.2 MeToabl KOHTPOJIS IHAPOIIEYHBIX J10J10T.

1. KoHTpoib pa3MepoB IOJOT MPOBOAMUTCS C IPUMEHCHHUEM YHUBEPCAJb-
HBIX WJIH CHEIMAILHBIX CPEICTB M3MEPEHUIA.

2. JlnameTp JONOT — C TIOMOIIBIO PENIETBHBIX KaTHOPOB-KOJICII.

3. Pa3HOBBICOTHOCThH IAPOIMIEK OTHOCHTENHHO YIMOPHOTO YCTyMa, paiu-
apHOe OMEeHNe OTHOCUTEIHHO OCH PE3bOBI ClieTyeT KOHTPOIUPOBATH MO TeX-
HHUYECKOMY JOKYMEHTY, YTBEPKIECHHOMY B YCTAaHOBJIEHHOM MOPSAKE, C MO-
MOIIBIO CHEIUANTBHBIX KOHTPOJBHBIX MPUCIIOCOOJICHHH, ITaHTeHpeicMaca 1o
I'OCT 164, ungukaropa yacoBoro tuna no I'OCT 577 ¢ nenoii nenenus 0,01 mm.

4. Harsr npuCcOeMHUTEIBFHON Pe3b0BI OCYIIECTBIICTCS C TIOMOIIBIO PEe3b-
OOBBIX KAIMOPOB IO TEXHUYECKOMY NOKYMEHTY, YTBEP)KICHHOMY B yCTaHOBIICH-
HOM Tmopsizke. [Ipu 3TOM MOBEPXHOCTh Pe3bObI JOKHA OBITh TIIATEILHO OYHUIIIC-
Ha, a Ha TIOBEPXHOCTh PE3hObI JODKEH ObITh HAHECEH TOHKWH CIION JKHIKOTO
Maca.

5. I'epMETUYHOCTh CHCTEMBI NMPOMBIBKH W KPEIUICHHUS] HACAJIOK — OMpec-
COBKa JIOJIOT ¢ YIUTOTHEHHEM MO YIIOPHOMY YCTYITy HUMIENsS (YIIOPHOMY TOPILY
My®THI) B TedeHue 20 ¢ Ha THAPABINIECKOM CTEHIE.

6. Mertozp! KoHTpOIIs cBapHBIX mBOB — 110 ['OCT 3242.

7. KoHTposib MapKHpPOBKH, OKPAcKH J0JIOT, HAJTMYME CMa3KH HUIIIENS U B
OIIOpax, OTCYTCTBHUS CKOJIOB HAIUIABIIEHHOTO CIIOS Y OJIOT CO CTAIBHBIMHU 3y0b-
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AMHA, PACKOJIOTBIX WM MMCIOMINX YaCTUYHBIC CKOJIBI TBEPAOCILUIABHBIX 3y6KOB,
TIPOBOAAT BU3YAJIBHO.

2.1.3 KoHTpo/1b H3HOCA HIAPOIIECYHBIX J10JI0T.

KonupoBaHnve n3HOCA IIApOIIEUHBIX TOJOT MPOBOAUTCS KaK B COOT-
BETCTBHH ¢ cucTeMod KkoaoB IADS, Tak M B COOTBETCTBUH C METOIUKOM
BHUUBT. IlepBas oriamuyaeTcs OT BTOpOH Ooyiee MOAPOOHBIM OIHMCAaHUEM
3JIEMEHTOB JI0JIOTa U BKIIOUaeT 8§ mo3unuid, mo meroauke BHUUBT - 6, xors
Mo 00beMy WHPOPMATUBHOCTH OHH CTOSIT TIOYTH HA OJHOM ypoBHe. Bce nman-
HbIC JIOJDKHBI 3aIMCHIBATHCS B KAPTOYKY COTJIACHO INMPHBEICHHON HWKE pac-
mu(ppoOBKE KOJOB.

Tabnuma 7 — KoaupoBaHue W3HOCA MIAPOIICYHBIX JOJOT IO CHCTEME

konoB IADS
Boopyxenue |Omopa (mon-| Buemnuii (Bropocrenen- | Ipuunna
[IATHUKY IUaMeTp |HbIA H3HOC moJpeMa
IJIOTHCHHUE)
I o D LB G D R
1 2 3 415 6 7 8

1(1)- BHYTPEHHUE DJIEMEHTbBI BOOPYXXEHMUS (Bce BHyTpeHHHUE psi-
JTBT)
0(2) - BHEIIHUE 3JIEMEHTbBI BOOPYXXEHU A
(Bce BHEIIHUE PSIIBI)

B xomonkax 1 u 2 mist ommcaHUS COCTOSIHHS BOOPYXXEHHS MCIONB3YETCS
TuHelHas mKkana oT 0 10 8 B COOTBETCTBHU CO CIICYIOIINM:
Dpe3epoBaHHOE BOOPYKEHHE! 0 - oTcyTCTBHE TOTEPH BHICOTHI 3y0a

8 - monHas MoTepst BEICOTHI 3y0a

Co BCTaBHBIMHU TBEPAOCIUIaBHBIMU 3yOKkamu: 0 - OTCYTCTBHE M3HOCA BOOpPYIKE-
HUS
8 - moxHas MOTEPst BOOPY KEHH

C ¢ukcupoBaHHEIME pe3LaMu: 0 - oTCyTCTBHE M3HOCA BOOPYIKEHHS
(amvasHBIE U T. 11.) 8 - moHas MOTEpst BOOPY KEHHS

D (3) - OIITMCAHUE N3HOCA BOOPYXEHH (ucmofb3yroTcsi TONBKO KO-
JIbI, OTHOCSIIIIMECS K BOOPY>KEHHIO)
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Ta6muma 8§ - Kozpl onrcanus ©3HOCa BOOPYKEHUS

*BC - Ci1oM mIapomKu

BF - Cnom anmMa3HO# IUIaCTHHBI O
HIBY

BT - Cnom 3yObeB miu pes3roB

BU - CannukooOpa3oBaHue Ha J0-
jore

*CC - TpemuHa B mapounke

*CD - Mctupanue mapomku, moTe-
Psl BpaLICHHS ITAPOIIKH

C1 - IlepexpsITHe mapoek (3ane-
BaHHE OJHOI IIAPOIIKH 32 APYTYIO)
CR - KepHenue noioTa wiv paspy-
IIEHUE [IEHTPa IapOIIKI

CT - Ckon 3y0KkoB

ER - Dpozus

FC - CraunBanue BepxyIiek 3yObeB
HC - Tepmuueckoe pacTpeckuBaHue
JD - HM3HOC OT MOCTOPOHHUX Ipej-
METOB Ha 3ab0e

*LC -IloTepst mapomkn

LN - [Toteps Hacagku

LT - Ilotepst 3yOKOB WK Pe3LOB
OC - DKCUEHTPUYHBIH U3HOC
PB - TIlospexaenue mnpu CIIO
(cxaToe monoTo)

PN - 3akynopka Hacaaku

RG - H3Hoc mno BHemHemy Jaua-
METpY, CKpYTJICHHE BHEITHUX PE3I0B
RO - Konbresoit uznoc

SD - [IloBpexaeHue KO3bIpbKa
JIamsl 10JI0Ta

SS - H3HOC caMo03aTauMBAIOMINXCS
3yOKOB

TR - O6pa3zoBanue rpedHE Ha 3a00e
WO - [IpombIB HHCTpYMEHTA, Pa3Mbl-
TOE IOJIOTO

WT - H3HOC 3yOKOB MK pe3IOB

NO - OtcyTcTBHE H3HOCA

L (4) - MECTOHAXOXIEHUE

Jlst mapommku lapomxka | Just monota
Ne:

N - HocoBoi psifg 1 C - Illapomika

M - Cpennuii psin 2 N - Bepunna

G - Bueunwii psin 3 T - Konyc
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[Mponomxkenue L (4)

A - Bee psiabt

S - 3amneyHuk
G - [ITabmon

A - Bce 30HBI

B (5) — VIJDIOTHEHUE MTOAIIUITHUKA

C OTKpBITOH OMOpOoi (HEe repMETU3HPO-
BaHHBIC)

(TepMeTH3MPOBaHHEIE)

Jiss omMCcaHUS WCHOJB30BAaHHOTO pe-
cypca IpUMEeHseTCs JIMHeWHAs [ITKajia OT
0508

0 - pecypc HE UCTIONIB30BAH

8 - pecypc HCHOIB30BaH MOJIHOCTHIO

(armMa3HBIX)

C 3akpsITOil onopoit

E - ymutotHeHus 3¢ ek THBHBI
F - ynioTHeHus BBILLTH U3 CTPOSI
N - He BO3MOXXHO OIPEICIUTh

X - I 00T Oe3 YIIOTHEHU

G (6) - BHELLIHUIT TUAMETP

1 - u3HOCa IO AMaMeTpy HeT

1/16 - uzHoca o auametpy 1/16 mroiima

1/8 - nu3noca no nuamertpy 1/8 mroiima

1/4 - uznoca no nuametpy 1/4 mroiima
D (7) - BTOPOCTENEHHbIN U3HOC (1cnomb30BaTh KObI U3 KOMOHKH Ne 3)
R(8) — [TIPUYNHA ITOJJbEMA MJIN ITPEKPAIIIEHU S PABOTHI

Tabnuma 9 — Koas! nprduH morbeMa 1010Ta

BHA - Cmena KHBK

CM - O6pabotka Oyp. pacTBopa
CP - ot6op kepHa

DMF - Ortka3 typ6o0ypa

HR - [logbem no Bpemenu

LIH - Iloreps uMHCTpyMEHTa Ha
3aboe

LOG -TUC

PP - Poct mim nmaneHuwe naB-
JICHUSI Ha CTOsIKE

PR - Tapmenmwe ckxopoctu Oype-

HHUA




[pomomxenue TadnuIBr 9

DP - Pa30ypuBanue nemenra
DSF - Aapust ¢ Oyp. KOJIOHHOU

DST - IInacToBble HCITBITAHUS

RIG - PemonT 060pynoBaHust
TD - IIpoekTHBI 3200i1

TQ - Poct kpyTsliero MoMeHTa

DTF - Otka3 3a001HOT0 HHCTPYMEHTA

FM - CmeHa reoJIorHYecKOl 0OCTaHOB-

K1

HP - ABapus

TW - OTBOpOT HHCTPYMEHTA

WC - Iloroausle ycinoBust

Ta6muna 10 — HekoTopbie IpUYUHEI U3HOCA IOJIOT

CocrosiHue J0JI0Ta

BosmosxHbIE MPUYIMHBI U3HOCA

Boabioe unciao cioMaHHBIX

U TIOTEPAHHBIX 3yOKOB

HenpaBuinbsHbIH BEIOOP 10T0Ta
HenpasunbHas npupaboTka go1ota
Upe3sMepHO BBICOKAs 4YacTOTa BPAILICHUS
UpesmepHo Oosnbluast Harpy3Ka

Pa6ota no metamty

YpesmepHo Oospliasi MHTEHCHBHOCTH IIPO-
MBIBKH

CIMIIKOM TPOJOJDKUTENIBHOE BPEMsI MEXaHH-

YeCKOro OypeHus

3HAYHMTEIbHBI H3HOC IIO

JMaMeTpy

Upe3sMepHO BBICOKash 4YacTOTa BpAIICHUS.
CUIIKOM TIPOIOJDKUTENIFHOE BpeMsl MEXaHU-
9ecKoro OypeHus

Cryck U paboTa J0JI0Ta B CTBOJIEC YMCHBIICH-

HOT'O 1ruaMeTpa

Opo3ust Tena MapoIIKH

UpesmepHO OoJblIasi HHTEHCUBHOCTD IIPO-
MBIBKH
Bonpoe conepxanue TBepAoi ¢asel B Oy-

POBOM pacTBOpe
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[punoxenune Tadmuist 10

UpesmepHo Oosbias Harpy3Kka
JonoTo npenHa3HaYeHo ISl MEHEe TBEPBIX

nopon

Upe3MmepHBbIii U3HOC OIOp UpesmepHO BbICOKask YaCTOTA BPaILlEHUs
J010Ta Upe3mepHo Oomblas Harpy3Ka

CAMIIKOM MPOIOIKUTENBHOE BpeMs
MeXaHW9IECKOro OypeHus

Bonbiioe coneprxanne TBepaoit dassl B Oypo-

BOM pPacTBOpe

2.2 JlomacTHbIE 10J10TA

[Tpu OypeHnu He(TSIHBIX M TA30BBIX CKBaXHH IUISl IPOBEACHHS OTICIb-
HBIX BUJIOB pa0oT mpuMeHstoT Tpexionactabie (3J1 u 3UP) u mectunonactHee
(6UP) nonota. JlomactHoe monoto 3JI cOCTOMT M3 KOpITyca, BEPXHSASA 4acTh KO-
TOPOT0 MMEET HUIIIENIb C 3aMKOBOW Pe3b00ii ISl MPUCOeIMHEHHs K OypHIbHON
KOJIOHHE, M TPEX NPHUBAPEHHBIX K KOPITyCY JI0J0Ta JIONACTEH, PacTIOI0KEHHBIX
M0 OTHOIIEHHIO APYT K ApyTy nof yrioMm 120 rpagycos. Jlis moasona 6ypoBoro
pacTBOpa K 320010 JI0JOTO CHa0)KEHO NMPOMBIBOYHBIMHU OTBEPCTHSIMHU, PAacIoJIo-
KCHHBIMH MEXJTy JIOTIaCTSIMH.

JlonmacTu BBINOJIHEHBI 320CTPEHHBIMH U CJIETKAa HaKJIOHHBIMHU K OCH JI0JIO-
Ta B HAIIPABJICHUH €TO BpalleHHs. B 3Toi cBSA3M 10 NPUHIMITY pa3pyLIEHHs 110-
ponst monota 3JI OTHOCAT K IOJIOTaM PEXKyIIe-CKalbIBAIONIET0 ACHCTBHS, TaK
Kak IOJ| BIUSIHUEM Harpy3KH JIOTIaCTH BpPE3aroTCsl B TOPOJY, a IO/ BIMSHHEM
BPAILAIOIIETO MOMEHTA CKaJIbIBAIOT €€.

Jonora 3JI npeaHazHadeHs! i OypeHHs B HeaOpa3UBHBIX MSTKUX IIJIa-
CTHYHBIX TOpofax (tun M) u i OypeHnst B HeaOpa3UBHBIX MATKHX IOPOJax ¢
MpoIUTacTKaMu HeaObpas3uBHBIX TTopoJ1 cpenHer TBepaocTr (tun MC).

Jlis yBenudeHus M3HOCOCTOMKOCTH JOJOT HX JIOMACTH YKPEIUIoT (ap-
MHPYIOT) TBEPJBIM CIUIaBOM. Y JOJIOT THIa M B Ipope3aHHbIE MO OIpeeNeH-
HOW cXeMe Ta3bl Ha JIONMACTAX HAIUIABIISIOT 3€pPHUCTHIA TBEPBIi CIIJIAB PENIUT, U
JIONACTh MOKPBIBAIOT YYTYHOM, a y 1070T Tuna MC B ma3sl yKJIaJ(bIBatOT U IPH-
MaNBaIOT TBEP/IOCIIABHBIC IITACTHHKH 1 TIOKPBIBAIOT JIONIACTH PEITUTOM.

Jorota 3JI BEITyCKAIOT KaK C THAPOMOHUTOPHBIMU HACAAKAMH, TaK U 0e3.
B mocnemHeM ciydae BBIXOJHBIE KPOMKH IPOMBIBOYHBIX KaHAJIOB apMHPYIOT
penuToM.

Cormacuo OCT 26-02-1282 «JlonoTa J10onacTHBIE» IPeayCMOTPEH BBIITYCK
nonot 3JI guamerpom ot 120,6 1o 489,9 mm.



Honota 3P B cpaBHeHHu ¢ 3JI UMEIOT CleAyoNUe OTINUUTEIbHbBIE 0CO-
OerHocTH. TpH JTOTIACTH BBITOJIHEHBI MPUTYIUICHHBIMHA, a HE 3a0CTPEHHBIMH, H
IpPUBapeHB! K KOPIIyCy TaK, YTO OHU CXOASTCS Ha OCH J0J0Ta, a HEe HAKJIOHEHbI K
Hell. Jlomactu nonota apMupyrOTCs Takxke, kKak Uy 3JI Tuma MC, HO ¢ J0TOTHU-
TEJIFHBIM YCHIICHHEM KPOMOK JIOTIacTel, KOHTAKTHPYIOIIUX € 3200€M M CTCHKOH
CKBa)XHMHBI, TBEPIOCIUIABHBIMH 3yOKaMH (IITHIPSIMH).

Taxkast 0cOOCHHOCTB BOOPYKeHHsI T03BoIseT ponoty 3WP paspymars mo-
POy pe3aHHeM U MCTHpaHUeM (MHUKpOpe3aHueM) aOpa3UBHBIX MSATKHUX MOPOJ C
IporIacTKaMu opoz cperneit Teepaocty (turn MC3).

OtpacnessiM ctangapToM OCT 26-02-1282 mpexycMOTpeHO H3TOTOBIIE-
aue nonot 3P muamerpom ot 190,5 10 269,9 Mm.

Honora 61IP nMeroT Tpu OCHOBHBIE JIONACTH, NPEAHA3HAYEHHbIE AJIS pa3-
pyLICHUS TOPOJBI Ha 3a00€, U TPHU JIOMOJHHUTENIBHBIE YKOPOUYCHHBIE JIONACTH,
KaJTHOpPYIOIIHE CTEHKY CKBaKUHBI. OCHOBHBIE JIOTTACTH MPUTYIUICHBI M CXOISATCS
Ha OcH J10J10Ta. J{OMOIHUTENbHbIE JIONACTH TaKKe MPUTYIUIEHBI U PACIION0XKEHbI
MEXly OCHOBHBIMM JIOTIACTSIMU. DTHU A0JI0Ta OTHOCATCS K Ty C.

ITo OCT 26-02-1282 npeaycMOTpeHO U3roToBIeHHe A0noT 6P nuamer-
pom ot 139,7 1o 269,9 mMm.

JlonacTHble 10J10Ta UMEIOT PSAJ CYIIECTBEHHBIX HEJOCTATKOB:

- UTHTEHCHUBHBIN H3HOC JIOMAcTeil B CBSA3U C HEMPEPHIBHBIM KOHTAKTOM pe-
KYIMAX U KaJTHOPYIOMNX CTBOJI CKBKMHBI KPOMOK JIOMACTEH JOI0Ta ¢ 3a00eM
U CTeHKaMU CKBa)KUHBI;

- Cy’)KEHHE CTBOJIa CKBO)XHHBI B TIpoliecce OypeHHs M3-3a OTHOCHTEIEHO
OBICTPOI1 MOTEPH AUAMETPA JTOJIOTA;

- OTHOCUTENIFHO BBICOKHI KPYTAIIMHA MOMEHT Ha BpallleHHe JJ0I0Ta;

- HEYJOBJIETBOPHUTENbHAS IEHTPHUPYEMOCTh Ha 3a00€, MPUBOASIIAS K UH-
TEHCUBHOMY HEIPOU3BOJILHOMY UCKPUBIIECHUIO.

OTMedeHHBIE HEJOCTATKH OOBSACHSIIOT NMPHYUHBI PEAKOTO IPUMEHEHHS
JIOIIACTHBIX JIOJIOT B MpAKTHKE OypeHMs HEe(TAHBIX M ra30BBIX CKBKHH JaKe
IIpY pa30yprUBaHUK MITKUX TOPOJ.

2.3 AiiMa3HbIe 10J10Ta

AnMa3sHble 0JI0Ta MpeaHa3HaYCHb! Ui Pa3pyLICHUs] UCTHpaHHEM (MHUK-
pope3aHreM) HeaOpa3suBHBIX [TOPOJ] CPeHEH TBEPAOCTH U TBEPABIX.

AnMa3zHoe I0JI0TO COCTOUT U3 CTaJBbHOTO KOPIyca ¢ MPUCOSANHUTENBEHOM
3aMKOBOH pe3b00ii U (hacOHHON aIMa30HECYIIel roIoBKH (MaTpuilsl). Marpuma
paszesieHa Ha CEKTOPbI paHalbHBIMU (WM CIIMPAILHBIMH) IPOMBIBOYHBIMH Ka-
HaJlaMH, KOTOpBIE COOOIIAIOTCSI C MOJIOCTBIO B KOPITyCE J0JIOTa Yepe3 MPOMBbI-
BOYHBIC OTBEPCTHSL.

AJIMa30HECYIYI0 MaTPHUIy M3TOTOBISIOT METOAOM IPECCOBAHHS U CIIe-
KaHHs CMCCH CIICIIHAJIBHO HOI[O6paHHBIX HOpOH_IKOO6p3.3HBIX TBEPABIX CILIABOB.
Iepen mpeccoBanueM B mpecc-popMe MO 3aJaHHOH CXeMe pasMELIalT Kpu-

41



42

CTAJUIMKM NPUPOAHBIX WINM CHUHTETUYECKUX anMma3oB. IIpu omHocnoiiHOM pas-
MEIICHNU aJIMa3oB HpuMeHstoT anMasel B 0,05-0,4 kapata (kapar — eIXuHUIA
HU3MepeHHs MacChl aaMa3oB, | kapaT paBeH mpumepHo 4,5 mm). [{na OypeHus B
TBEPIBIX ITOPOJAX HM3TOTOBISIOT JOJIOTAa C OOBEMHBIM Pa3MEIICHHEM MEIKHX
(menee 0,02 xapaTa) KpHCTAIUIOB anMasa B MaTpHUIle (MMIPETHHPOBAaHHEBIC all-
MasHble jgonora). [locie W3roToBNEHHs MOJOTa BBUICT ajaMa3oB Haj padoucit
IIOBEPXHOCTHIO MaTpHLbl cocTaBisier 0,1-0,25 nx quamerpa.

JwuameTp anmasHbIX JOJOT Ha 2-3 MM MEHbIIE COOTBETCTBYIOIIMX AHA-
METpPOB ILAPOIIEYHBIX JOJOT. DTO BBI3BAHO CO3JaHHEM YCIOBHH I Iepexoaa
K OypeHHuIo ajIMa3HbBIMHU JOJOTaMHM IOCJE MIApOIIEUYHbIX, Y KOTOPbIX, KaK Mpa-
BMJIO, [I0 MEepe U3HOCA YMEHBIIIAeTCs JUaMeTp.

OtpacneBbiM crangaprom OCT 39.026 mpemycMOTpeHO BBITyCKaTh all-
MazHble JojoTta nuamerpamu ot 91,4 no 292,9 mm.

OCHOBHBIMH JJOCTOMHCTBAaMH aJMa3HBIX JIOJIOT SIBJISIOTCS, XOpolias 1eH-
TPUPYeMOCTh UX Ha 3a00e M (OpMHUpOBaHHE KPYTIIOro 3a00s (B OTIMYME OT
TPEYTOJBHON C OKPYTJICHHBIMU BEpPIIUHAMHU (HOPMBI 320051 IIpH OypeHHUHU IIapo-
LIEYHBIMU JAO0JOTaMH).

Cy1iecTBEHHBIM HEJOCTATKOM aJIMa3HBIX JOJOT SBISETCS BO-TIEPBBIX,
KpaifHe HM3Kas MEXaHHYecKas CKOpOCTh OypeHus. MakcumaibHas MeXaHHde-
CKasi CKOpPOCTh OypeHWs, Kak IpaBHJIO, HE MIpeBbImacT 3 M/4. s cpaBHEHUS
MaKCHMaJbHas MeXaHW4YecKasi CKOPOCTh OypeHHs MIapOLIeUHBIMU JOJIOTaMH CO-
craBmwia okoso 120 m/4. Bo BTOpBIX, ajqMa3HbIe IOJI0Ta UMEIOT y3KyI0 00JIacTh
TIpUMEHEHU (MCKITIOYalOTCS a0pa3suBHBIC TIOPOJIBI), U B TPETHHX, IPEABSIBIAIOT-
Csl TIOBBIIICHHBIC TPEOOBAHUS K MPEIBAPUTEIBHON MOJrOTOBKE CTBOJA U 32005
CKBaYKHHBI.

2.4 Tonora UCM

Ocobast pa3HOBHIHOCTB JOJOT pa3paboraHa MHCTHTYTOM CBEpXTBEPIBIX
matepuanoB (MCM) — nonora tauma UCM. Hdonora UCM npenHa3zHadeHbl IS
pa3pylIeHHs] pe3aHHeM U HCTUpaHHWeM (MHUKpOpe3aHHeM) HeaOpa3HBHBIX MOpPO[
markux (M), nepemesxaroruxcs o Teepaocta (MC) u cpeaneit TBeproctu (C).

OTH 070Ta UMEIOT BOOPY)KEHHE M3 CBEPXTBEPAOTO KOMIIO3HUIIMOHHOTO
Marepuana «ClaByTH4», B COCTaB KOTOPOTO BXOJIST MEJIKOKPHCTAJLIMYECKUE
aJIMasbl U IpoOJICHHBII KapOouy Bosb(pama. J{i1s ocHaIEHHs JOJI0T IPUMEHSIOT
LIIHHPAYECKHE BCTAaBKHU (IITHIPH) AXAMETPOM §-12 MM ¢ TIOCKUMH WX TO-
nycdeprdeckuMu pabounmu Topuamiu. LITeIpu B Kopmyce KosioTa MpUIanBaloT
B THE3/1aX.

CymecTByeT ABe pasHOBUAHOCTH A0JI0T MCM Mo KOHCTPYKLHMU: JIOMACT-
Has ¥ CeKTopHas. JlomacTHast pa3HOBHIHOCTh aHAJIOTHYHA 110 KOHCTPYKIIUU J0-
noty 611P.

CexTopHasi pa3HOBUAHOCTD JI0JI0Ta COCTOUT M3 CTAIBLHOTO KOpIyca, TOp-
1eBast IpouIbHas HOBEPXHOCTh KOTOPOTO pa3fielieHa Ha CEKTOPHI paJAnaIbHBI-



MU MPOMBIBOYHBIMU KaHanamu. L Teipsimu u3 «CnaByTHda» BOOpysKeHa Toplie-
Bas ¥ KaquOpyronias MOBEPXHOCTH JIOJIOTA. BBIIET MITHIpeil Ha/l TOBEPXHOCTHIO
ceKkTopoB cocTaBiseT 3-5 mm. Ha kanuOpyromieit moBEpXHOCTH ITHIPU YTOILIE-
HBI.

[Ipu OypeHun B MATKUX MOPOIAX IUTHIPH PabOTAIOT KaK pe3Ilbl, OCYIIECT-
BIISISl pe3aHWe W CKajbiBaHWE. B mepeMeKarommxcsl Mo TBEPAOCTH M MOpOoJax
CpemHel TBepAOCTH paboTaloT 3epHA aMa30B, pa3pylias HOpPOAy MHKpope3a-
HUEM.

[IpucoeuHsIOT AOJIOTO K OYpHIILHOW KOJIOHHE IMPH MOMOIIM 3aMKOBOM
pe3bOBI.

OtpacnesiM crangaproM OCT 39026 npeaycMOTpEeHO BBIMTYyCKATh J0JI0-
ta UCM nuamerpamu ot 91,4 1o 391,3 mm.

IIpeumymectBamu gonot MCM sBIAIOTCS MX 3HAUUTEIbHAS IPOXOJKA HA
JIOJIOTO, JTOCTHTAIOMIAS (TIPH COOIOCHUH YCIOBUH DKCIUTyaTallii) HECKOIBKUX
COTEH METPOB, H OTHOCUTEIBHO BBICOKAs PEHCOBAast CKOPOCTh.

K HemocTtaTtkaM cliiefyeT OTHECTH Y3Ky0 00JIacTh MPUMEHEHHUS (TOJBKO B
HeabpasuBHBIX nopoaa M, MC u C) u BBICOKHII MOMEHT Ha BpallleHHE JI0JIOTa,
OTpaHUYMBAIOIIUIT TPUMEHEHUE 3200 HBIX ABUTaTENIEH.

2.5 JlosoTa crienuaJbHOIro HA3HAYEHUNA

W3 nonot sTol rpynisl HanboJiee pacpoOCTPaHEeHbl TUKOOOpa3HbIe A0JI0-
Ta — NMKOOYPBI. DTH J0JI0TA HMEIOT 3a0CTPEHHYIO MO yrioM moxa 90° rpaxycos
JonacTh, 1o QopMmMe HAIOMHMHAIOUIYI0 NHKy. BoopykeHme TBepaOCIIaBHBIC
IJIaCTUHBI U HITBIPU.

[To Ha3HAUECHUIO BBITYCKAIOT THUKOOYPHI JIBYX TUIIOB:

- I1P st mpopaGoTky (pacimpeHus) CTBoJIa MPOOYPEHHON CKBAXKHHbI;

- I s pa30ypuBaHUS EMEHTHOTO CTaKaHa, MOCTa M METAJUTMIECKUX
JieTalield B 00caiHOM KOJIOHHE 10CIIe €€ IIEMEHTHPOBAHUSL.

Bo m30exxanne moBpexAeHNS 00CaIHON KOJIOHHBI OOKOBBIC TPAaHH JIOTA-
ctu y nonot I He apMuUpPyFOTCS TBEPABIM CIUIABOM.

2.6 MHcTpyMeHT 1711 0TGOpa KepHa

s oTOopa KepHa HMCIONB3YETCsl CHEIMATBHBIA MOPOI0opa3py Ao
nHcTpyMeHT — OypunbHble rooBku (I'OCT 21210) n kepHOIpHEMHBIE YCTPO-
ctBa ('OCT 21949).

Bypronogka (puc. 17), paspyiias mopoay mo nepudepun 3a00s1, OCTaBIISA-
€T B [ICHTPE CKBAXXHHBI KOJIOHKY IOPOJIbI (KEPH), IMOCTYNAIOIIYI0 IPU yriry0ie-
HHUH CKBAXHMHBI B KEPHOIIPUEMHOE YCTPOWCTBO, COCTOSIIIIEE M3 KOPITyca M Kep-
HOIIPUEMHOI TPyObI (KSPHOIIPUEMHHUKA).

Koprryc KepHOIIPHEMHOTO yCTPOWCTBA CITY>KUT JJISI COSIMHEHHS OypHITh-
HOH TOJIOBKU ¢ OypHIIBHOHN KOJIOHHOW, pa3MeIeHUs] KePHOIPHEMHHKA U 3allly-
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THI €T0 OT MEXaHWYECKUX ITOBPEXKICHUH, a TaKXkKe JUIS MPOITycKa OypoBOTo pac-
TBOpA K IPOMBIBOYHBIM KaHaJaM OyproIOBKH.

KepHonpreMHHK mpenHa3sHAa4YeH IS IpHeMa KepHA, COXPAHCHHS €ro BO
BpeMs OypeHHS OT MEXaHWYECKUX MOBPEXKICHUN U THIPOIPO3HOHHOTO BO3EH-
CTBHSI OYpPOBOTO pacTBOpa M COXPaHEHHS MpPHU MOJbEME Ha MOBEPXHOCTH. [liis
BBITIOJHEHHUS 3TUX (QYHKIUA B HIDKHEH 4acTH KEPHONPUEMHHKA yCTaHABJIMBA-
0T KePHOPBATEJIN ¥ KepPHOAEPIKATENH, a BBEPXY KJIAIaH, IPOITYyCKAIOMNI dyepes3
ce0s1 BBITECHAEMBIN M3 KepHONpPHUEMHHKA OypOBOI pacTBOp HpH 3aIOJHCHHU
€ro KEPHOM.

Pucynok 16 — Cxema yctpoiicTBa OyprojoBKH ¢ KEPHOIPHEMHHUKOM

ITo cnocoby ycranoBku kepHompuemnuka B kopmyce I'OCT 21949 «VYcr-
pPONCTBAa KEPHONPHEMHBIC» IPETyCMaTPHUBAET H3TOTOBJICHHE KEPHOIPHEMHBIX
YCTPOHCTB Kak C HEChEMHBIMH, TaK M CO CheMHBIMH KEPHOTIPHEMHHUKAMH.

ITpu GypeHnn ¢ HeChEMHBIMH KEPHOIIPUEMHHUKAMH ISl ITOJJbeMa Ha I10-
BEPXHOCTh 3aIIOJIHEHHOTO KEPHOM KEPHONPHEMHHMKAa HEOOXOAMMO MOIHHUMATh
BCIO OYpHIIbHYIO KOJIOHHY.

[Tpu GypeHUN cO CheMHBIM KEPHOIPHEMHUKOM OypHIIbHAS KOJOHHA HE
MOJHUMAeTCs. BHYTph KOJIOHHBI Ha KaHATe CIyCKaeTCs CIEeIMaNbHBINA JTOBH-
T€jb, ¢ IIOMOILBIO KOTOPOrO U3 KEPHOIIPUEMHOI'O YCTPOMCTBA U3BIECKAIOT KEp-
HONPUEMHHUK U IIOAHUMAIOT €70 Ha MMOBEPXHOCTh. [Ipy oMoy 3T0ro e J0BU-
TeJs IOPOKHUM KEPHOIIPUEMHHUK CIIyCKAaIOT U yCTaHAaBIUBAIOT B KOPIIyCe.

B HacTosmee BpeMs pa3paboTaH LENbIH Pl KePHONPUEMHBIX YCTPOUCTB
C HeCheMHBIMU KepHonpuemHnkamu «Hexmpay, «KemOpmit», «Criyp», mpenHa-
3HAYECHHBIX IS PA3JIMYHBIX YCIOBHH 0TOOpa KepHA U MMEIOIINX aHAIOTHYHYIO
KOHCTPYKIIHIO.



JI1s KepHOTIPUEMHBIX YCTPOHCTB U3TOTOBISIOT MIaporednbie (puc. 17),
anmassble (puc. 18), nonmactasie 1 UICM OyproioBkH, IperHa3HAYCHHBIC IS
OypeHus B TIOPOAAX PA3NUYHOM TBEPIOCTH U aOpa3UBHOCTH.

Pucynoxk 17 — Illapomednas Pucynok 18 — Anma3zHas
OyprosoBka OyprosoBka

I'OCT 21210 mpexycMOTpeHO BBIMYCKaTh INAPOLICUHBIC U JIOMACTHBIE
OypHIIbHBIC TOJIOBKH AraMeTpaMu oT 76,0 1o 349,2 mm.

[Tpumep ycinoBHOro 0003HaYEHUs OYPrOJIOBKU AJIsI KEPHOIIPUEMHBIX yCT-
poiicTB 0e3 cheMHOro KepHompueMmHHKa (K) ¢ HapyXHBIM JuamerpoMm /[n =
212,7, BHyTpeHHUM auameTpoM /[l = 80 MM mias OypeHus MsArkux mnopox: K
212,7/80MTOCT 21210-75.

[Tpumep ycinoBHOro 0003HaYEeHUs OYProJIOBKU AJIsI KEPHOIIPUEMHBIX yCT-
POMUCTB cO cheMHBIM KepHonmpueMHUKoM (KC) ¢ HapyXHBIM AUaMeTpoM /Jn =
187,3 , BHyTpeHHUM quaMeTpoM /[é = 40 Mm 11 OypeHus: abpa3uBHBIX IOPOJT
cpenneit TBepaoct: KC 187,3 /40 C3TOCT 21210.
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PA3JIEJ 3
BYPUJIbHASI KOJTOHHA

BypunbHas kononHa (naee bK) coemunsier nonoro (nim 3a00MHBIA TBUTA-
TEJb U J0JIOTO) C Ha3eMHBIM 000PYA0BaHUEM (BEPTIIIOTOM).

bK npennazHadeHa A ClEeAYOMIUX LEIei:

- IIepemadd BpaIIeHHUs OT POTOpa K JIOJIOTY;

- BOCHPHSATHS PEaKTHBHOTO MO-
MEHTa 3a00HHOTO JIBUraTes;

- moxBoja OypoBOro pacTBopa K
3a0010 CKBaXKHHbI,

- CO3IaHMs HAarpy3KH Ha JIOJOTO;

- MOJbEMa U CITycKa J0JI0Ta;

- TPOBEICHHUS BCIIOMOTATEIbHBIX
pabot (mpopaboTka, pacmupeHue U Ipo-
MBIBKa CKBQ)KHHBI, HCIBITAHUC IUIACTOB,
JIOBUJIBHBIE pabOTHI U T.1.).

BK cocrour (puc. 19) u3 cBUHUYEH-
HBIX JIpyT C APYroM Beaymed TpyoOsl 4,
OypHIBbHBIX TPYO 8 M yTsDKEIeHHBIX Oy-
pmwisHEIX TpyO (YBT) 12 u 13. Bepxuas
yacte bK, mpexacraBneHHas Bemyien
Tpy0oii 4, mpUCOeTUHSETCS K BEpTIOry 1
C MOMOIIBIO BEPXHEro NepeBOAHUKA Be-
Iymei TpyOsl 3 U MepeBOAHUKA BEPTITIO-
ra 2. HmwkHHAN KOHenm Bemymed TpyOBI
MPUCOCIMHACTCS K TEpBOW OypHIIbHOU
TpyOe 8 ¢ IOMOIIBIO HIDKHETO MEePEeBO-
HUKa BeIymed TpyObl 5, NpemnoxpaHu-
TEJIFHOTO IepeBOTHUKAa 6 ¥ My(THl Oy-
puibHOTO 3aMKa 7. BypuibHble TpyOBI 8
CBUHYMBAIOTCS Py C APYroM OypHilb-
HBIMH 3aMKaMH, COCTOSIIAMH W3 MY(THI
7 OypWJIBHOTO 3aMKa M ero Hummens 9
WIN COCAWHUTENbHBIMU MydTamu 10.
VBT 12 u 13 cBUHUUBAIOTCS IpYyr € ApY-
rom HenocpenctBeHHo. Bepxnsist YBT
npucoefuHsieTcs K OypuibHON TpyGe ¢
Pucynok 19 — CoctaB Oypwiib- MOMOIIBI0 TepeBogHuKa 11, a HUXHISA

HOW KOJIOHHBI NPUBUHYMBACTCS depe3 MEepeBOAHUK 14 K
J0J10Ty (IIpU POTOPHOM OypeHHH) WIH K
3a00HOMY ABHUTATEIO C TOJIOTOM.




Kpome Ha3BaHHBIX BBILIE 3JIEMEHTOB, B KOMIIOHOBKY BK MoryT Briouars-
csl KaluOpaTopbl, LIEHTPATOPBI, CTAOMIN3aTOPBI, PACIIUPUTENH, TPOMEKYTOU-
Hble omnopsl 1 YBT, oOpaTHbIe KiamaHsl, (GHIBTPHI, MIIAMOMETAJUIOYJIOBHUTE-
JI1, aMOPTHU3ATOPBI, IPOTEKTOPHBIE KOMbIA, CPEACTBA HAKIIOHHO-HAMPaBIEHHOTO
OypeHus1, KepHOIIPHEMHBIE YCTPOUCTBA U JPYyToe ClielUaNbHOe 000py0BaHHUE.

3.1. Benymue OypuiibHblie TPYObI

Pucynok 20 — Bemymue Oypuiib-
HBIE TPYOBI

Hnst mepenaun Bpamenust bK ot po-
TOpa WIM PEAKTUBHOI'O MOMEHTa OT 3a-
OoifHOro nBHTaTeNs K POTOPY INPH OJTHO-
BpEMEHHOM oceBOM IepeMerieHun bK u
nepenade OypoBOrO pacTBOpa OT BEPTIIIOTa
B bK cnyxar Benymue OypuiibHbIe TPYOBI
(BBT, puc. 20).

IIpn Oypennn HeTIHBIX M Ta30BBIX
ckBaxuH npuMmeHsaioT BBT cOopHoli koH-
CTPYKIMH, COCTOSIIIME U3 KBaJPAaTHOM
TOJICTOCTEHHOM IITaHIM 2 € IPOCBEPJICH-
HBIM KaHaJIOM, BEPXHEro IITaHTOBOTO Tie-
pesomnuka (IIIIIB) 1 c¢ meBocTOpoHHEH
pe3p00il M HIDKHETO INTAaHTOBOTO IMepe-
Bognuka (IIIIH) 3 c¢ mnpaBocTOpOHHEH
pe3p0oii.

s 3ammTel OT M3HOCAa 3aMKOBOM
pe3s6n1 [IIITH, moasepraromieiics MHOro-
KpaTHbIM CBHHYMBAaHUSIM M pPa3BUHUYUBA-
HusM npu HapaumBanuu BK u cmycko-
MOJBEMHBIX paboTax, Ha [IIIIH nomonHu-
TENbHO HABUHYMBAIOT IPEIOXPAHUTEIb-
HBIN IEPEBOTHUK.

ITo TY 14-3-126 npenycmarpuBaet-
ca Beimyck BBT ¢ pasmepamu cropoH
kBajpaTHoW mranru 112x112, 140x140,
155x155. Pasmep mnpucoequHUTENbHOM
pe3bObI, COOTBETCTBEHHO, 3-117 (3-121; 3-
133); 3-140 (3-147); 3-152 (3-171).

KBagpatusie mranru ans BBT usrorasnusator ninuHoi 1o 16,5 M u3 cra-
ym rpynn npogroctH [ u K (npenen texydectn 373 u 490 MlIla), a mepeBogHn-
ku [THIH u [THIB — u3 cramu mapku 40XH (¢ mpenenom tekydectu 735 MIla).
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3.2. CraabHble OypHiIbHbIE TPYObI
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Pucvnok — 21 Cxema crajbHOM OVDUIBLHOM TPYOBI ¢ IPUBADEHHBIMU 3aMKaMU

&
lj‘

B Hacrosmee BpeMs B HepTerazoBoif MPOMBIIUIEHHOCTH ITUPOKO MCTIOJNb-
3yIOTCSI CTaJIbHBIE OypWIIbHBIE TPYOBI ¢ puBapeHHbiMK 3amMkamu (TBIT, puc. 21)

BypuieHast Tpy6a COCTOUT U3 TpyOHOH 3aTOTOBKH M IPHCOEIMHUTEIHHBIX
KOHIIOB (3aMKOBOH My(THI ¥ 3aMKOBOTo HuImems). Ilociaenane coenunsioTes ¢
TpyOHOM 3aroToBKOW JIMOO TocpencTBoM TpyOHOH pe3nOsl (mpoduis mo OCT
631) u mpencTaBisAOT coboi OyprIIbHYIO TpyOy COOpPHOM KOHCTPYKIWH, JTHOO
MOCPEICTBOM CBAapKH. [[Js CBUHYMBAHMA B CBEUH Ha NPHCOETUHUTEIBHBIX KOH-
Iax Hapesaercs 3aMkoBas pe3rba mo 'OCTy 5286 (Ha Hummene HapyKHas, Ha
My(Te BHYTpeHHsIs). st yBenn4eHHs: IPOYHOCTH COSTMHEHUIT KOHIIBI TPYOHBIX
3arOTOBOK «BBICA)KUBAIOTY, T.€. YBEIMUHBAIOT TONIIMHY CTCHKH.

CranbHble OypHiIbHBIE TPYOBI C IPUBAPEHHBIMU 3aMKaMH HPEIHA3HAUCHEI
MPEUMYIIECTBEHHO JUII POTOPHOTO crocoba OypeHHs, HO TakkKe HCIONb3YI0TCS
u ripu OypeHnn ¢ 3a00HHBIMH THIPABINYECKUMH IBUTATEIISIMH.

TBII BeimyckatoT B coorBercTBre ¢ [OCToMm P 50278 Tpex pa3zHOBHIHO-
cTei:

- [IB — ¢ BHyTpeHHei! BbICaIKOH;

- [IK — ¢ KoOMOMHUPOBAHHOH BBICAIKOM;

- ITH — ¢ Hapy»xHOi1 BbICaIKOH.

W3roToBisIIOT TpyOHBIE 3ar0TOBKM M3 cTanu rpymm mnpouHoctu [, E, JI,
M, P c nmpenenom tekyudectu, coorBerctBeHHO: 373, 530, 637, 735, 882 MIla
JnuHoU 12 M. TlpucoeuHUTENBHBIE KOHIIBI — OYpUIbHBIE 3aMKH — U3TOTOBJISIOT
o TOCT 27834-95 u3 cramu 40 XH (npenen rekydectu 735 MITa) s tpy6 u3
cranu rpymn npounoctu [, E. s tpy0 u3 cranum rpymnm npousocta JI, M, P
3aMKH U3roTOBISIIOTCS U3 ctanu 40XM®A (npenen tekydectu 980 Mlla).

Ocnoruble napamerpbl TBII, Hanbosee pacmpocTpaHeHHBIE B 3ama HON
Cubupu:

- ycioBHBIe auaMeTpbl TpyO 114, 127, 140 MM («yCIOBHBIM» — 03HAYaeT
OKpYTJIEHHBIH 0 IIeJI0ro 3HAUCHNUs);

- yCJIOBHAs TONIMHA CTeHKH 9, 11, 13 MM



- tunopasMeps! 3amkoB 3I1-159, 311-162, 3I1-178 (rme 159, 162, 178 —
Hapy>XHBbI AnameTp OypHJIBHOTO 3aMKa), COOTBETCTBEHHO Ui TPyO C ycioB-
HbIM AuameTpom 114, 127, 140;

- IpPUCOeIMHUTENIbHAs pe3b0a, COOTBETCTBEHHO, 3-122; 3-133; 3-147,

- CpEIHEB3BEIICHHAass Macca OJHOrO MOTOHHOTO METpa TaKuX TpyO mpu-
OJIM3KTENBHO paBHA 32 KT.

VYcnoBHoe o6o3HayeHHe TpyObl OypHIIbHONW ¢ KOMOMHUPOBAHHOW BbICAI-
KOW ¥ NPUBApEHHBIMH 3aMKaMH YCIOBHBIM JHaMeTpoM 127 MM M yCIOBHOMH
TOJNIIUHON cTeHKH 9 MM u3 ctanu rpynmsl npouHocty [: [IK-127X9 JI TOCT P
50278.

3.3. JlerkocniaBHbIe OypHJIbHbIE TPYObI
JlerkocrnaBHble OypHIIbHBIC TPYOBI cOOpHOM KoHCTpyKImu (JIBT, puc. 23)
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PucyHnok 22 — JlerkocmiaBHbIe OypHIIbHBIC TPYOBl COOPHOU KOHCTPYKIIHH

no 'OCT 23786 mpuMmeHSIOT Ipu OypeHUH ¢ MCIONb30BaHUEM 3a00HMHBIX T'HI-
paBmHUecKux aBuratesneil. Huskas miotsHocts Matepuana — 2780 kr/m’ (y craiu
7850 kr/M’) MO3BOJISIET 3HAYMTENHHO OONErdHTh OYPHIBHYIO KOIOHHY 63 Mo-
Tepu HeoOXoaUMOW MpovHOCTH. [ m3roroBneHus TpyOHBIX 3arotoBok JIBT
ucnozib3yercst awopans 16 (craB U3 cuctembl «ATOMUHUNA-Mens-Maruuii»)
JUTSL TIOBBIIICHHUS W3HOCOCTOMKOCTH, YIPOYHseMas TepMOOOpabOTKOW M MOJy-
gupmas mmdp J16T. [penen tekyuectu J116T cocrasisier 330 MIla. bypuib-
Hbie 3aMku it JIBT msrortosnstor cornacHo TY 39-0147016-46 u3 cranu map-
ku 40XH (npenen trekydectu 735 MIla) obaerdennoi koHCTpyKuuu — 3J1.

OcHoBubie mapamerpbl JIBT, Hanbosnee pacrpocTpaHeHHbIC B 3amaHON
Cubupu:

- ycioBHBIE tuaMeTpsl TpyO 114, 129, 147 mm;

- ycioBHas TonmuHa creHku 9, 11, 13, 15, 17 mMm;

- Ttunopasmepsl 3amkoB 3J1-140, 3J1-152, 3J1-172, (rme 140, 152, 172 —
HapyXHBIH IHaMeTp OYpHIBHOTO 3aMKa), COOTBETCTBEHHO UI TPYO C YCIIOB-
HbIM uameTrpom 114, 129, 147;

- TPUCOEIMHHUTENbHAS pe3b0a, COOTBETCTBEHHO, 3-121; 3-133; 3-147;
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- CpeAHEB3BeIllIeHHas Macca OJHOTO IMOTOHHOTO METpa Takux TpyO mpu-
Onmu3uTENHHO paBHA 16 KT.

YcnoBHoe o6o3HadueHue TpyObl OypuibHOIT u3 cmaBa 16T ycrnoBHBIM
nuamerpoM 147 MM u ycnoBHOW TommmHON creHkn 11 mm: JI16T-147X11
I'OCT 23786.

Kpome nonmxenHoil maccel, y JIBT ectb eme psn nocrouHcTB. Bo-
NEPBBIX, HATMYUE IIIAJKON BHYTPEHHEHW MOBEPXHOCTH, YTO CHIKAET THAPABIIHU-
YeCKHe CONpPOTHUBIECHUS MpuMepHO Ha 20% 110 CPaBHEHUIO CO CTAIBHBIMU OY-
PHIBHBIMH TpyOaMH OIMHAKOBOTO cedeHUs. UncToTa BHYTPEHHEH TOBEPXHOCTH
JIBT nocturaercs mpeccoBaHMEM IPU U3TOTOBJIEHHH. BO-BTOPBIX, AMaMarHUT-
HOCTB, YTO IIO3BOJIACT 3€HUTHBIA YToJl U a3UMYT CKBaXXWHBI 3aMCPATH WHKJIMHO-
METpPaMH, CITyCKaeMBIMH B OyPHIIbHYIO KOJIOHHY.

Opnako JIBT uMeroT u psii HEJOCTATKOB: HENb3s 3KCILTyaTHpoBaTh bK
npu temmnepartypax Beie 150 rpaxycos Llenbcus, Tak Kak MPOYHOCTHBIE CBOM-
ctBa J[16T HaunHatoT cHUKaThesa. HemomycTuMo MX 9KCIITyaTHPOBaTh TaKXKe B
arpecCHBHOI (KUCIIOTHON FITH MIETIOYHOI) cperie.

3.4 YTsiskesieHHble OypUJIbHBIE TPYObI

Jis yBenuueHus Beca u xecTkocTd BK B ee HIbkHEH yacTu ycTaHaBIH-
BatoT YBT, no3Bossiomye npu OTHOCHTENEHO HEOOIBIIOHN [UTHHE CO31aBaTh Ya-
CTBIO UX Beca HEOOXOJUMYIO Harpy3Ky Ha J0JIOTO.

B nacTosmee BpemMs HanboIee MHUPOKO MCHOIB3YIOTCS CIIETYIONTHE THITHI
VBT:

- ropstuekatannble (YBT), uzroraBnusaemseie mo TY 14-3-385;

- coanmancuposannbie (YBTC), usrorasnuBaemeie mo TY 51-744.

VBT 3THX THIOB MMEIOT aHAIOTHMYHYI0 0€33aMKOBYIO (OTCYTCTBYIOT OT-
JeTbHBIE MPUCOCANHUTEIBHBIE KOHIIBI) TOJCTOCTEHHYIO KOHCTPYKLHIO M IO-
craBisroress B komiuiekre. Kommiekr YBT umeer ogHy HaaIoJI0THYIO TPYOy C
JIBYMS My(TOBBIMH KOHIIAMH, & OCTAJIFHBIC — IPOMEXYTOUYHBIE (BEpPXHUIT KOHEI]
My(dToBass pe3pda, HIKHUN — HUMIENbHAs). ['opsaekaTanasie YBT BoITONHS-
I0TCSl TIagkuMu 1o Beed nuHe. Ha BepxHem konne YBTC BwImomHSETCS KO-
HyCHasl POTOYKA JUIsl JIYYILIETO 3aXBaTa KIMHbSIMHU NP CIIyCKO-IIOAbEMHBIX pa-
6orax.

TlNopsiaekaranasle YBT HCnonb3yroTCs IPEUMYIIECTBEHHO TTPH OypEeHUH C
3a00MHBIMH THUAPABIUYCCKUMH JBUTATCISIMH. VX WM3rOTOBISIFOT W3 CTalei
rpynmns! npognoctd [l u K (mpenen tekydectu 373 u 490 Mlla) metomom mpo-
KaTKH, 4TO 00yCIaBIMBAaET UX HEJTOCTATOUYHYIO IPOYHOCTH, OCOOCHHO B pe3b00-
BBIX coeuHEHHAX. Kpome TOoro, oHM MMEIOT 3HAYUTEIbHbIC JOMYCKH Ha KpHU-
BHU3HY, Pa3HOCTEHHOCTb W OBaNbHOCTh. [Ipu Bpamenun YBT 310 mpuBOAHUT K
ouenuro bK 1 3HAYUTEIBHBIM YCTAIOCTHBIM MEPErpy3KaM.

OcHosuble mapametrpsl YBT, Hambonee pacmpocTpaHeHHbIE B 3armaj-
Hoii Cubupu:



- HOMUHAJIbHBIE HapyKHBIC TuaMeTpsl TpyO 146, 178, 203 mm;

- HOMHUHAJBHBIN THaMEeTp MPOMBIBOYHOTO KaHana 74; 90, 100 mMM;

- uuHa Tpy0, cooTBercTBeHHO 8,0; 12,05 12,0 M;

- TPUCOEAMHUTENbHAS pe3bba, cooTBeTcTBeHHO 3-121; 3-147; 3-171;

- Macca OJIHOTO IOTOHHOTO MeTpa TaKux TpyO paBHa, COOTBETCTBEHHO,
97,6; 145,4; 193 kr.

VYcmosaoe obo3nadeHne YBT HapyxHBIM nmuamerpoMm 178 MM u nuamer-

poM mpoMbIBOYHOro kaHama 90 mMm w3 cranu rpymnnsl npounoctu [I: YBT
178x90 1 TV 14-3-385
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Pucynok 23 — Cbanancuposanusie YBT

CoanancupoBannsie YBT (puc. 23) HCIONB3YIOT MPSUMYIICCTBCHHO MPH
poropHoMm cmocobe Oypenus. YBTC wu3rotoBisiroT w3 crajei Mapku
38XH3M®A (mpenen texydectn 735 MIla) u 40XH2MA (mipenen TekydecTd
637 MIla). Kanax y takux TpyO HpOCBEpiieH, 4YTO 0OECIeUYnBaeT ero NpsiMOoJIH-
HEHHOCTB, @ Hapy)KHas MMOBEPXHOCTh MOABEPTHYTa MeXaHHUYEecKoil oOpaboTke,
910 00ecHeYnBaeT PaBHYIO TOJIIMHY CTEHKH W Kpyrioe cedeHme. OOKaTka
pe3b0Bl posinkaMu u ee pocdaTupoBanue, TepMuUecKas 00pabOTKa KOHIIEBOH
(0,8-1,2 M) moBepXHOCTH TPyO 3HAYUTETHHO IMOBBIIIAIOT UX IIPOYHOCTHBIE TIOKA-
3aTenu.

Ocnosnble mapamerpsl YBTC, Hanbomnee pacnpocTpaHeHHbIe B 3amma-
Ho#t Cubupwu:
- HOMHUHAJIbHBIE Hapy>KHBIC TuaMeTpsl TpyO 178, 203, 229 mm;
- HOMHHAJIbHBII 1uaMeTp nmpoMbeiBouHOTO Kanana 80; 80, 90 mm;
- nnuHa Tpyo 6,5 M;
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- MPUCOCAMHUTENbHAS pe3b0a, COOTBETCTBEHHO, 3-147; 3-161; 3-171;
- Macca OJIHOTO TIOTOHHOTO MeETpa TaKWX TPyO paBHA, COOTBETCTBEHHO,
156; 214,6; 273,4 kr.
Ycnosroe obo3nauenne YBTC HapykHBIM quamerpoM 178 MM ¢ mpucoe-
JUHUTEITBFHOH 3aMKoBOH pe3p0Ooit 3-147: YBTC 2 178/ 3-147 TY 51-774.

3.5 llepeBoAHUKHU

[]E[ [

I
Pucynok 24 — IlepeBogHUKH: a — IepexoIHbIe, O — My(pTOBBIE, B — HHII-
HeJIbHBIC

[lepeBomHMKY TpenHA3HAYCHBI A1 coeinHeHns aneMenToB bK ¢ pe3nda-
MU pa3IMyYHBIX TUIOB U pa3MepoB. IlepeBoguuku cornacuo ['OCT 7360 pazne-
JSIOTCA Ha TPU THIIA:

1) IepeBogauku mepexoxusie (11, puc. 24 a), mpegHa3HAYCHHBIC LIS
mepexoia oT pe3b0bl 0IHOTO pa3mepa K pe3pde apyroro. 111, umeromue 3aMKo-
BYIO pPe3b0y OJHOTO pazMepa, Ha3bIBAIOTCS IIPEAOXPAHUTEIbHBIMI;

2) IlepeBoauuku mydrossie (IIM, puc. 24 6) 11 coeAMHEHHS JIEMEHTOB
BK, pacnionoxeHHbIX APYT K APYTy HUIIEISMHU.

3) [lepeBoguukn wummensHbie (ITH, puc. 24 B) mis coennHEHUs IeMEH-
ToB BK, pacmonoxeHHbIX ApyT K APYTY MydTamuy;

[TepeBoHMKN Ka)KZOTO THIA U3TOTOBIAIOT C 3aMKOBOH pe3b00i Kak Ipa-
BOTO, TaK M JIEBOI'O HAaIpaBIeHUs Hape3ku. Pe3pba JOMKHA COOTBETCTBOBAThH
T'OCT 5286-75 nnst OypHIbHBIX 3aMKOB.

T'OCT 7360 npemycmatpuBaeT usroronineHue 90 TumopasMepoB mnepe-
BOJIHUKOB, KOTOPBIC OXBaTBHIBAIOT MPAKTHUECKH BCE HEOOXOAMMBIC CIydau HX
MIPUMEHEHUSI.



[Mpumep ycioBHOro oGo3HaueHusi nepeBopHuka tuna 111 ¢ pe3pbamu
Mydrosoit 3-147, aunmensHoit 3-171:

I1-147/171 TOCT 7360

To sxe, HO ¢ neBoi pe3pboit: I1- 147/171 —JITOCT 7360

[epeBomHMKH H3rOTOBIIOTCA U3 ctanyd Mapku 40XH (mpenen TexydecTi
735 Mlla).

3.6 CneunajbHbIe 3J1€eMEHTHI OyPUJIbLHOI KOJTOHHBI

Kamubpatops! cimykaT At BBIpaBHUBAHHSI CTEHOK CKBaXKMHBI M YCTAHAaB-
JIMBAIOTCS HEMOCPEICTBEHHO HAaJ IOJIO0TOM. MCHONb3yIoTCsa Kak JIOMAacTHBIE Ka-
muopatopsl ¢ npsMbiME (K), crimpanbabiva (KC) v HaKIIOHHBIMH JIOTIACTSIMH
(CT), Tak u mapomeynsie. Juamerpsl kamuOparopa U J0JOTa JOJKHBI OBITH
paBubl. Marepuan Boopysxkenns: tBepasiii ciias (K, KC), amvassr (CT), «Coa-
BytHd» (KC).

Lentparops!l npenHa3sHaueHbl Ui obecniedeHns coBMmemnieHns ocu bK ¢
OCBIO CKB)KHHBI B MECTaX MX yCTaHOBKH.

CrabunuzaTopsl, UMEIOIIKE JIUHY B HECKOJBKO pa3 OOJBIIYIO IO CpaB-
HEHHUIO C JUIMHOHM LIEHTPaTOpOB, CO3JaHbl JUIS CTAOWIN3alWH 3€HUTHOTO yria
CKB)KHHBI.

OUIBTP CIYXWUT A OYUCTKH OypOBOTO pacTBOpa OT NMPHMECEH, MOomaB-
IMX B HUPKYJSIHOHHYIO CUCTEMY. Y CTaHAaBIMBACTCS (QUIIBTP MEXy BeIylIeH
n OypmibHBIMH TpyOamu. OCHOBHOH 37eMeHT (puibTpa — nephoprupOBaHHBIN
maTpyooK, B KOTOPOM 3aJEepiKUBAIOTCA IPHMECH H, TPH OYEPEIHOM II0IbEME
BK, ynanstorcs. Ilpumenenue ¢uiibTpa 0co0eHHO HEOOXOIMMO IPH OypEeHUH C
3a00MHBIMH THAPABINIECKIMH JIBUTATEISIMH.

OOpaTHBII KJIalaH yCTaHABJIUBAIOT B BEPXHEH 4acThn OypHIbHON KOJIOH-
HBI JJIS TPEOTBPAIIEHHUs BEIOpOca Tu1acToBoro durronaa gepes moiaocts bK.

Komnbua-nporexTops! ycranaBiuBatoT Ha BK s 3ammTsl ot M3HOCA KOH-
JIYKTOpa, TEXHUIECKOW KOJOHHBI, OypPHIBHBIX TPYO M MX COCIMHUTEIBHBIX dJIe-
MEHTOB B IIporiecce OypeHHs U CITyCKO-NOABEMHBIX ONEPaIlHi.

3.7 YeaoBus padoTsl 0ypHIIBLHON KOJIOHHBI

Ycnmosus pabotsl BK mpn poropHOM criocobe OypeHus u npu OypeHHH C
3a00MHBIMH ABUTATEISAMH PA3IHYHBL

IIpu potoproM Oypennu BK, nepenaromrast BpamieHue OT poTopa K 00Ty
W Harpy3Ky Ha JOJIOTO, UCHBITBIBAET AeHCTBUE psAna cui. Bepxusas gacts BK
o1 I[eﬁCTBHCM cHJI COOCTBEHHOI'O Beca U nepenanaa AaBJICHUSA B TPOMBIBOYHbBIX
OTBEPCTUAX 0JIOTAa HAXOAWUTCA B PACTAHYTOM, a HHWXXHAA, BOCIIPMHHUMArOIIAas
peakiuio 320051, B ckaToM coctostuun. CrienoBarensbHo, B BK nMeercs ceuenue,
B KOTOPOM OTCYTCTBYIOT OCEBBIC pACTATUBAIOMINEC U COKUMAIOIIUEC CHUJIBI. Brrmre

53



54

9TOTO CEYEHUS JEHCTBYIOT HANIPSHKCHUS PACTSHKEHUS, BO3PACTAIOIINE K BEPTITIO-
Ty, a HHXKE HETO — HANPsHKEHUS COKAaTHs, YBEIMUMBAIOIIUECS K JOJIOTY.

IepenaBaemsrif BK Bpamaromuit MOMEHT IPUBOJUT K BO3ZHHUKHOBEHUIO B
HEU HanpsHKEHUH KPY4YEeHMs, & BpallleHUE KOJOHHBI C ONPEAEICHHON 4acTOTOH
TIOPO’KAAET IIEHTPOOESIKHBIE CHIIBI U, CIICIOBATENBHO, N3TNOAIONINE HATPSKCHUSL.
IlepBble yMeHBIIAIOTCS OT BEPTIIIOTa K A0JIOTY, @ BTOPbIe UMEIOT MaKCUMAalIbHOE
3HavyeHHe B HIkHeH gactu BK. OxgHoBpemenHoe feiicteue Ha BK mepeuncien-
HBIX BBIIIE CHJI OCIIOXKHSET YCIOBHUS ee paboThl MPH POTOPHOM criocobe Oype-
HUSL.

3.8 Onpenenenune GpakTHYeCKOH 0CeBOil HATPY3KHM HA /10JI0TO NpH Oy-
PEHUH CKBAKUH ¢ TOPH30HTAJILHBIM OKOHYAHHEM

3a Gonee ueM BEKOBYIO UCTOPUIO pa3BUTHA OypeHHs CKBaXXMH Hanbosee
MIEPCIIEKTUBHBIM OCTaeTCsl CIIOCO0 BpallaTeNlbHOTO yriayOseHus (OypeHus) 3a-
0051, BKITFOUAIOLIEr0 Kak OypeHHe poTOpoM, TaK M YIiIyOleHHe ¢ MpUMEHEHHUEM
ruapaBindyeckux 3aboinbix asurareneid (I'3J]). Tak, Hampumep, NPOBOAKY
(BCKpBITHE MPOXYKTUBHBIX KOJUIEKTOPOB) CKBAXHH Ha MecTopoxaeHusx Cpen-
Hero [Ipno6es u CeBepa TroMeHCKOW 007aCTH B OCHOBHOM OCYIISCTBISIIOT (OT
85 mo 90 %) ¢ mpuMeHEeHHEM BHHTOBBIX 3a0OMHBIX ABHraTeneil. B Hactosmee
BpeMsl pa3pabOTaHO JOCTATOYHO OOJBLIOE KOJMYECTBO KOHCTPYKIMH JIBUrarte-
nei. Co3nmanHele B nocieanue roasl B3] (cMm. pa3men 4) ©MEIOT BBICOKHE MO-
MCHTHBIE XapaKTEPUCTHKH, JOCTATOYHBIC U pealn3aliul 00BEMHOTO paspy-
LIEHHS MTOPOJIbI C COXPaHEHNEM CTaOMIBHOM ero paboThl. BeimyckaeMble u pas-
paboTaHHbIe 3a00MHBIC JIBUraTeNl MO3BOJIIIOT OYPUTH CKBa)KMHBI Pa3IM4HOMN
TITyOMHBI ¢ Pa3HBIMU THIAMH MPOGIIS, C MIHPOKUMH JHAITa30HAMH W3MEHEHUS
THUIA ¥ CBOWCTB IPOMBIBOYHBIX JKHAKOCTEH M IAPaMETPOB pexxnuma OypeHus, a
TaKKe C MPUMEHEHHEM DPa3HBIX KOHCTPYKLIHMH M THIIOPAa3MEPOB IIOPOIOPA3PY-
ITAOIIEr0 HHCTPYMEHTA.

OpnHako B mporecce yriayOneHHs: CKBa)KUHBI C TOPU30HTAIBHBIM OKOHYA-
HHEM 4YacTO BO3HHMKAIOT NPOOJIEMBI, CBS3aHHBIC C HECTAOMIBHOCTBIO PabOTHI
JIBUTATENs, €r0 OCTAHOBKaMM, 9TO OOYCIIOBICHO YepeAOBaHNEM pa30ypHuBaeMbIX
IIOPOJ] C Pa3HBIMH (HU3MKO-MEXaHHYECKUMH CBOWCTBAMH, IIPHMEHEHHEM JIOTIa-
CTHBIX (MaTPHYHBIX) JOJIOT, OOJIA/IAFONINX MOBBIIIEHHOH MOMEHTOEMKOCTBIO, a
TaKke OTCYTCTBHEM MH(pOpMaIu 0 (hakTHUecKoll (MCTUHHOI) 0CeBON HAarpy3Ku
Ha JIOJIOTO.

Poccuiickumu n 3apyOeXHBIMH yUSHBIMHU MTPEITIOKEHBI CITIOCOOBI KOHTPO-
71 OCEBOW HArpy3KH Ha JOJOTO HpPH OypeHHWHM TOPHU3OHTAIBbHBIX CKBAXKHH.
BonbImIMHCTBO U3 HUX BKIJIIOYAIOT ONpEJIeTIeHHe MOMEHTA JBUTATENs 10 BeJINYU-
HEe He0OXOAMMOH Harpy3KH Ha JOJIOTO W YIEIHHOTO €0 MOMEHTa, MCXOIS M3
ompenesieHns (PETHCTPAlliK) Pa3HHUIBI NIEPENasoB JABJICHUS B JBUTATElE MpU
ero pabore B pabodeM pexxume u pexxume xonocroro xoxa [10]. Tak, B 60ib-
IIMHCTBE OYpPOBBIX MPENNPUATHH NpH OYpEeHHH TOPU3OHTAIBHBIX Y4YacTKOB



CKB&)XHMHBI C BKIIIOUCHHEM B KOMIIOHOBKY Hu3a OypuibHOM konoHHBI (KHBK)
BHHTOBOTO 3a00WHOTO IBUTATENsl OIpENeNICHHE OCEBOW HArpy3KH Ha JOJIOTO
MPOM3BOAT ClenyrommmM obpa3zoM: ocymiecTBisitoT cnyck KHBK wHa 5 - 10 M
HEIOXO/S A0 3a00s; ONMPEeIAIOT BEC Ha KPIOKE; BKIIOYAIOT HACOCHI U 3aIyCcKa-
1ot B3/l 0e3 Harpy3ku; GUKCHPYIOT HaBJICHHE HA MaHU(OIbIE (CTOsKE OypOBOit
YCTaHOBKH) IpU paboTe ABHTATENs Ha X0iocToM xoxy; cimyckaror KHBK mo 3a-
6051 1 cHOBA (DMIKCHPYIOT aBJICHNE HAa MAaHU(OJIbIE MPH IIABHOM CO3JIaHUH Ha-
rpy3ku Ha nojioto. [o Mepe pocTa naBieHus Ha MaHH(OJIbIE ONPENENSIOT Oce-
BYIO Harpy3Ky Ha JOJIOTO, a TaK)Ke MOMEHT Ha Bajlly JBHTaTeils IpH padbore B
OIITHMAaJIbHOM (COIJIaCHO MACHOPTHBIM Xapakrepuctukam B3Jl) u TopMo3HOM
pexxume. 3ateM o craHmuu ['THU (Teonoro-TeXHMYecKux UCCIeI0BaHU), KOTO-
pas BelIaeT HH(OPMAIMIO O BEITMYMHE OCEBOH HArPY3KH, ONPEAEIIEMOH TOIBKO
10 BeCy KOJIOHHBI (TI0Tepe — U3MEHEHHUIO Beca) B Mpolecce CIycka U OypeHHs
CKBaKHHBI, IPOU3BOJST KOPPEKTHPOBKY (pakTHIECKON OCEBOM HAarpy3KH Ha J0-
JI0TO.

H3BecTeH Takke CHOCOO KOHTPOJS HArpy3KH Ha JOJOTO NpH OypeHHH
CKBaXXUH, npeanoxeHHbld yueHsIMU PI'Y um. .M. I'yOkuHa, BKIIO4aIOmui aB-
TOMAaTH3HPOBAaHHYIO CUCTEMY yIpaBieHus pexxumoM Oypenus (ACY PB), obec-
MEYHBAIONLYI0 KOHTPOJIbh U3MEHEHHSI Harpy3KH Ha Bally 3a00HHOTO THAPOIBUTa-
Tenst (Harpy3kd Ha JI0JIOTO), 10 M3MEHEHHIO CKOPOCTH WJIM TOKa IPHBOJHOTO
neurarenst 0ypoBoro HacocHoro arperata (BHA) u perymsitopa mojadu moyiota
(PILIL).

OpHaKo BBIIIETIPUBECHHBIE CITOCOOBI, a TaKKe MIPUMEHSIEMBIE B ITOCTE -
HHE TOJIbl aBTOMaTH3UPOBAHHbBIE CHCTEMBI, BKIIIOYAIOIINE JATIYNKH, YCTAaHABIIHU-
BaeMble B KOMIUIEKCE H3BECTHBIX TEJIEMETPHYECKHX CHCTeM (M3MepeHHe Ha-
TPY3KH C TIOMOIIBIO TEH30/1aTYMKOB, YCTAHABIMBAEMbIX B HEMarHUTHOM Iiepe-
BOJIHMKE Ha JIBUraTesieM), He ITO03BOJISIIOT OCYIIECTBUTh (PaKTUUECKUH KOHTPOJIb
0CEeBOW Harpy3KH Ha J0I0TO. HeBO3MOXKHOCTE OIpereNieHnst Harpy3KH o mepe-
nany (M3MEHEHMIO) JaBjieHHs Ha croske (MaHH(oibae) OypoBOH YCTaHOBKH,
CHWXEHHUIO (ToTepe) Beca OypHIIbHON KOJOHHBI, & TAKXKE UCIOIb30BAHMS JIaT-
YUKOB (HACTPOHKa KOTOPBIX NPOM3BOAUTCS IO ONTUMAJIBHON IHEPreTHUECKOU
XapaKTEepPUCTHKE JBUTATEINIs1) HANPSIMYyIO CBS3aHO C M3HOCOM pabouMX OpraHOB
(PO) B3]] B mporiecce ero paboThl, BO3MOKHBIM CAJTbHUKOOOPa30BaHUEM HIIH
N3HOCOM JI0JI0Ta. TakiKe CI0XHOCTH onpeneieHus (pakTHYeCKOW Harpy3kd Ha
JIOJIOTO 00YCIOBIICHO PaboToil — TpeHueM OypHIIBHON KOJIOHHBI B CKBa)KWHE.
Tpenne (mocankn) OypHIIBHOTO MHCTPYMEHTA OOYCIIOBICHO KaK HEOIXHOPOJHO-
CTBIO Pa30ypHBaEeMBIX TOPHBIX MOPOJ ((U3UKO-MEXaHWIECKUMH CBOWCTBaMH),
TaK ¥ yIJIOM 3aKpy4YHBaHWS OypHILHOW KOJIOHHBI BCIEACTBHE BOCIIPHATHS pe-
AKTUBHOTO MOMEHTA J[BUTATENs, BIUAIOIINE HA €€ MPOCTPAHCTBEHHOE IOJIOXKe-
HHE B CKBa)KHHE.

[lpun OypeHMH CKBa)XHMHBI C TIPOQHIEM, BKIIOYAIOIMINM HECKOJIBKO HC-
KPHUBJICHHBIX yYacTKOB, OypHIbHAS KOJOHHA MOJBEpPraeTcs ICHCTBUIO PasiIid-
HBIX Harpy3ok. B mporecce ee yriryOieHnsi oHa BOCIPHHUMAET KaK IPOIOJIb-
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HBbIE, TIONIEPEYHbIe, TAK M U3rMOarole Harpy3ku. B pesynbrare neicTByrommx
Harpy30K pa3iuYHbIe yYacTKH OypHIbHON KOJOHHBI TIOABEPTaOTCA N3THOY, IPH
KOTOPOM OHa TepsieT MPSMONMHENHHYI0 GpopMy. CaMbIM HPOCTHIM BHAOM H3rHOa
sBIIsieTCs onepednslil. Hanboee xapakTepHBIM IPUMEPOM HOMEPEUHOT0 U3TH-
6a OypwJIbHOI KOJIOHHBI SIBIISETCS M3TMO €€ B MCKPHUBICHHBIX ydacTKaX CKBa-
JKUHBI. V3ru0 MPOMCXOANT MOA IefiCTBHEM INONEPEYHBIX CHJI HAa KOHTaKTe KO-
JIOHHBI CO CTE€HKOW CKB@)KWHBI, IPH 3TOM BO3HUKAET CHJIA [’ CONPOTHBICHUS
OCEBOr0 TepeMenieHus OypHiIbHON KOJIOHHBI, IIPUYEM C YBEIMYEHHUEM HWHTEH-
CHBHOCTH MCKPHUBIICHHS yYaCTKOB CKBaKHHBI TaKXKe BO3ZHHKAIOT TIOTEPH €€ ycC-
TolunBocTH. Ha pucyHke 26 mpejacTaBieHbl CHIIbI, JEHCTBYIOIIME HAa OypuIlb-
HYIO KOJIOHHY 0€3 OTepH €e YCTOHYMBOCTH Ha Y9acTKaxX CTBOJIA CKBAXKHMHBL.

e F+AF

Fo=q-Al-f sina

G=¢Al G=¢Al G=qAl

Pucynok 25 — Cuiibl, 1elicTByOIME Ha OYPUIBHYIO KOJIOHHY Ha y4acT-
KaxX CKBaKUHBI 0€3 MOTEePH €€ yCTOWYMBOCTHU: a — MPSIMO-
JUHEWHBIH; O — BBIMYKJIBIA; B, T — BOTHYTHII

W3 pucyHka 25 BHJIHO, YTO CHIIBI CKJIAJIBIBAIOTCS U3 MPMKUMAIONICH CHIIBI
F.p, BeIMUMHA KOTOPOH 3aBUCUT OT HPOGMIA CKBAa)KUHBI, HAJIMYUS UCKPUBJICH-
HBIX Y4acTKOB — Habopa, cTaOMIM3aluy, TaeHHUs 3eHUTHOTO YIja, a TAKXKe CH-
abl TpeHus Fi, nepemelenus, CBsA3aHHONH C CONPOTHBIEHUEM OypHIIbHOH KO-
JIOHHBI U €€ JIEMEHTOB (My(T, 3aMKOB, KaJIMOPAaTOPOB, IEHTPATOPOB U T.J.) IPH
HepeMEIEHUY BJIOJIb CTEHKM CKBakuHbI [4]. Hanpumep, cuna Tpenus Fy, u cuna
npixatus Fq OypuibHOM KOJIOHHBI O TOPHYIO IIOPOJY B UCKPUBIEHHOM Y4acTKe
CKBa)XHMHBI OIIPEETISIOTCS BRIPAXKECHUSIMU

Frp=q-Al-sina-f u F;=q-Al-sina, (24)

rae g — Bec 1-ro metpa xuakoctH, H;



0. — 36HUTHBIA YroJ, Irpat;
f— k03 HUIHEHT TPEHHUS 0 TOPHYIO TOPOTY.

ITpu 3TOM Harpy3ka Ha JaHHOM yd4acTke Oyzaer coctaBisith G=¢q-Al, a
oceBasi COCTaBIIIONIAs Beca OypHIILHBIX TpyO paBHA

Fr=q-Al-cosax. (25)

Ha pucynke 26 npencTaBlieHbI SIIOPHI OCEBBIX YCHWIIMA U MOMEHTOB B
OypWIIbHOM KOJIOHHE MpU OYpPEeHHH CKBaXKMHBI C BKJIIOYEHHEM B KOMIOHOBKY
HU3a OypHIBHON KOJOHHBI 3a00WHOrO ABHratens (a) U POTOPHBIM CIIOCOOOM

(©).
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PucyHok 26 — Dmopsl OCEBBIX YCHIIMI I MOMEHTOB B OyPIUIBHOI KOJIOHHE:

I — cxema KOMIIOHOBKH OypHIIBHOW KONOHHEL, I — amiopa oceBrIX ycumit
IIpY HeHarpy»xeHHoM jonote; 11 — smropa oceBbIX ycuinii B pouiecce OypeHus;
IV — smropa kpyTsmmero MoOMeHTa B mpouecce OypeHus ( a — peaKTHBHBIA Kpy-
TSIIUA MOMEHT JOCTHraeT YCThsl; O — pEaKTHBHBIN KPYTSLIMH MOMEHT HE J10C-
TUTACT yCThS); H.C. — YCIOBHO HEUTpaNbHOE ceueHune; 1 — monoro; 2 — 3a00HHBIH
JIBUTATENb; 3 — YTsDKENICHHBIe OypriibHBIe TPYOBI; 4, 5 — komonna CBT JIBT

U3 mpencTaBIeHHBIX Ha PUCYHKE 26 3MIOP CICAYET, YTO OCEBBIC YCHIIHS H
KpYTSIINE MOMEHTHI, ISHCTBYIONIME HA OYPWIBHYIO KOJIOHHY ISl Pa3IMYHBIX
croco0oB OypeHus He oanHAKOBEL. C IENBI0 YBEIWYCHUS CPOKA €€ CIYXKOHI, C
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YUETOM NPUMEHSEMBIX COBPEMEHHBIX THIIOB BUHTOBBIX THAPABINYECKUX Ma-
mmH (BI'M), mMeromue BBICOKMX YHEPreTHYECKHE XapaKTePUCTHUKH, a TaKxKe
MPOBOJIKM CJIO’KHOTIOCTPOEHHBIX TPAEKTOPUH CKBaKMH TpeOyercst Ooiee Je-
TAIBHBIA MOIXOJ K ONpPENeNICHUIO HANPSHKEHHOTO COCTOSHHS OypHIIBHOI KO-
JIOHHBI.

CKBaXHHBI ¢ TOPU3OHTAIBHBIM U CyOTOPH30HTAIBHBIM OKOHYAHHEM, KaK
MPaBUIIO, IMEIOT HECKOJIBKO KaK BOTHYTHIX, IIPSMOJIMHEHHBIX, TaK M BBITYKIIBIX
y4acTKoB. [Ipyu MpOXO0XAEHHM TaKHX Y4aCTKOB CKBa)KMHBI OypHIIbHAsl KOJIOHHA
WCTIBITHIBAET KaK PACTATHBAIONINE, TaK M CKUMAIoNue HampspkeHus. [Ipn 3Ha-
YUTEJILHOM YBEIMUYEHUU COKUMAIOUIUX HAMPSHKEHUH OypusibHask KOJOHHA TepseT
YCTOWYMBOCTh U TIPUHUMAET CIUpaneodpasHyio ¢opmy. B pesynprare 06paso-
BaHUSI «CIHPAIN» CHIKACTCS YIPABIIEMOCTh KOJIOHHOMU, TOSBIISIFOTCS ITOCAIKH
IIPH CO3aHUM TpebyeMoi Harpy3ku Ha 3a00i. MHorue OypoBbIe TIPEATIPUATHS
B Clly4ae YBEIWYCHHUS MMOCATOK HMHCTPYMEHTa IPUMEHSIOT KOMOWHHPOBAaHHBIHA
croco6 Oypenusi (OypeHHE pOTOpOM C OJHOBpeMEHHOU pabortoi B3Jl) wiwm
OCYIIECTBISIIOT TIEPHOANYCCKUN TPOBOPOT OYPWIBHOW KOJOHHBEI POTOPOM
(BEpXHUM IIPUBOJIOM).

Ha pucynke 27 mpencraBieHa pacdeTHas cxema jaedopMaiuu u3ruda u
KPYTAIINX MOMEHTOB, JIEHCTBYIOIINX Ha OYpWIBHYIO KOJOHHY IIpH IIOTEpE ee
YCTOMUYHBOCTH.

Pucynox 27 — PacueTtHast cxema nedopmanuy n3ruba M KpyTSLIMX MO-
MEHTOB IIPM KOMOMHHMPOBAaHHOM criocode OypeHus: M, —
KPYTAIINI MOMEHT PacTSIHYTON YaCTH KOJNOHHBI, Mg, — MO-
MEHT, HEOOXOMUMBIN ISl BpAIEHHsI CHKaTOW 4acTH KOJIOH-
HbI; M, ,, — PEaKTHBHBIM MOMEHT OT Kopnyca (crartopa) B3/;
M, 4 — MOMEHT KOpITyca ABUrarTeis ¢ y4eToM UCKPHBIICHUS
CKBa)XXMHBI (TPEHUS 0 TOpHYIO mopoxy); HM; M, — MOMeHT
Ha KanubOparope; My — MOMEHT TPEHHs JI0JIOTa O CTEHKH
CKB&XHMHBI; M; — MOMEHT Ha JI0JI0Te; / — MaKCHMAaJIbHBIA



nporu6d Tpy0; G — cxxuMaromas u u3rudaromias cuia; [ —
JUTMHA TIOIYBOJHBI OCEBOW HM30THYTOW JTHHHUHU TPYO; Deys —
BHYTPEHHHUH JMaMeTp CKBaKMHBI; d — Hapy>KHBIH AUaMeTp

TpyO

CornacHo Hpe,Z[CTaBJ'IeHHOﬁ CXEMC Ha y4acTKe 6prIJ'ILHOI>i KOJIOHHBI BO3-
HUKAT CYMMApPHBIC HATIPSXKCHU S

=0c_+0 (26)

cym e use ?

rue o, = % - HampsDKEHHE CKaThs B TpyOaxX C MOINEpedHBIM ce4eHHeM F oT

o M
Jgercreus cunsl Gy o, ="  — HANpPDKEHus nrnba; M, =G- f — n3ru-

Garolii MOMEHT; /¥ — 0CeBOIl MOMEHT CONIPOTHUBIICHUS CEYCHUS TPYO

0..=9+ 91 27)

IIpu yBenudyenun Harpy3ku G B BEpXHEM CEUEHUH KOJIOHHBI, MPEBBI-
maronieil 3HayeHne KpuTuueckoit Harpy3ku G, HPOMCXOJUT €€ IPorud

use

_P- 7z E- 7 E-f-d
% 2 lz H (28)
rae Monyab FOHra ans craneHeix Tpy6, E = 2-10'" [1a ; MakcuManbHbIH
D -
nporud Tpyo, [ = (2d)

JlmiHa IOTYBOJHEI OCEBOM N30THYTOU JIMHUU TPYO

29

o 4
rne / — oceBoi MOMEHT MHEPLUH ONEPEYHOTO CEYEHHs TPYO, CM ;
g — Bec ogHOTO MeTpa TpyO, H;
@ — YacTOTa BpalleHus, 00/MHUH.

Hanpumep, mpu yriayOJeHUU TOPHU3OHTAIBHBIX YYacTKOB B HHTEpPBaax
Oypenwust ¢ 2650 mo 3155 m (anamu3 Oypenus 20 ckBaxkuH [Tprobckoro mecro-
POXIEeHHS) IPUMEHSITM KOMIOHOBKHU: 10510TO 215,9 BUT2-MC; BUHTOBO! N1BU-
rarens J[3-195; temecucremy; OypmiapHBIE TPyOBI C HPHUBapHBIMH 3aMKaMH
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(TBIIB) amamerpom 127 mm. Yrom HCKpuBieHns Bapsuposaics ot 70 go 87°.
Jl010TO HaXOAUIOCH OT 32001 Ha PacCTOSTHUH OT 24 1o 14,5 M, npu 3TOM Benu-
YUHA OCEBOW HArpy3Kd («IOCAKU — 3aBHCAHUS» MHCTPYMEHTA) HaXOIWIACh B
npenenax ot 4,0 mo 19 xH. OceBas Harpy3ka mo crannmu ['TU (reonoro-
TEXHWYCCKUX UCCIIeAOBaHui) pu Oypennn cocrarisuia 110 kH, npu atom Bec
Ha kproke BapsupoBaiucs oT 630 kH go 420 xH. YactoTa BparmeHust poTopa co-
craBsia 80 06/MuH. MOMEHT Ha pOTOpE B XOJIOCTOM pPEeKUME PabOTHI ABHTaTe-
751t coctaBisin 14-18 kH'M. B pabouem u TopMO3HOM pekuMax paOOThI JBUTATE-
7151 oceBas Harpyska coctasisiia 140 kH, a moment ot 19 go 28 kH M. Cornacho
MpOBEACHHBIM pacueram mipu = 0,14 m; d = 0,127 m; F = 0,00365 M o,=380
MIla; W= 136,4 cm*; I = 892,6 cm” Benmumna oceBoit cxumaroLeit Harpy3ku G,
IIpH KOTOPOH TOSIBIISIETCSl OocTaTodHas aedopmarms, coctasimster 194 xH. Cie-
JOBaTEIBHO, TIPH OYpEHUN TAaHHBIX WHTEPBAJOB B TPyOax MOSBISIETCS OCTaTOY-
Has nedopManus, rae o, JOCTUTAeT 3HAYCHUs Ipejiesa TeKydecTn Tpyd o, ,

MIPUBOASIIAS K IOTEPE YCTOWYNBOCTH KOJIOHHBI M €€ U3THOY.

YCTaHOBIECHO TaKke, 4TO OypuibHas KOJIOHHA B OOILIEM Clydae MOXKET
BpamaTecs:

1. Bokpyr coOCTBCHHOW MpPSIMOIUHEHHON, IUIOCKO- WJIH CIUPAIBEHO-
HU30THYTOH OCH;

2. BOKpyT ocH CKBa)XXHHBI CO CKOJIBXKEHHEM II0 €€ CTEHKE;

3. Bokpyr ocu cKBaXHHBI C 0OpaTHBIM MEPEKATHIBAHUEM T10 €€ CTEHKE.

B mpornecce OypeHHs CKBaXHHBI KOMOMHHPOBaHHBIM CIIOCOOOM B Oy-
PHUIIBHOI KOJOHHE BO3HUKAIOT CTATHYECKHE 7, W JUHAMHYECKHE 7, HAIpsKe-

HUSL KPYUYECHHUS
T =T +7T

max cm 02

(30)

MaxkcuManbHbIe HaNPsDKEHUS KPYUYEHHUS 3aBUCAT OT MOMEHTOB COIIPOTHB-
JIeHNi BO3HMKAIOIINX MPH BpamIeHWH OypHIBHON KOJIOHHBI, C YYETOM OJHO-
BpeMeHHO# padoTsl B3/1.

CyMMapHBIi KpyTSIIUA MOMEHT, ACHCTBYIOIMI Ha OypHIbHYIO KOJIOHHY
B TOPMO3HOM pexumMe padbotsr B3]

M, =M +M_+M, ,+M, +M +M, +M,, (€29)
. » - ». p.x p 0

CyMMapHBIi KPYTAIMIUIT MOMEHT, AEHCTBYIOMNIT Ha OypHIEHYIO KOJIOHHY
B paboyeM peKHMe U PEKHUME XOJIOCTOTO X04a

M, =M +M_+M, ,+M (32)
Kp Va [ P

mp.k 2



B nponecce paboThl ABHUraTesns B peXMME XOJOCTOIO X0Ja M pabouem
peXuMe cucTeMa «OypruibHasi KOJIOHHA — TOABIIKHAS YacTh JBUTATENs (POTOp-
Hasl IpYTINa)» He3aBUCHMBIL.

KpyTsamuii MOMEHT pacTsHyTOH 4acTH KOJIOHHBI (€CITH YCIIOBHO NPHHSATH,
YTO PacTAHYTas 4aCTh KOJIOHHBI HAXOJUThCS B BEPTHUKAIHHOM YJaCTKE)

N
M, =9545,2-— Hm.
n
MOIIHOCTh Ha XOJIOCTOE BpAICHHE PACTSAHYTOM YacTH KOJIOHHBI B BEPTH-
KaJBHOM ydJacTKe CKBaXuHHI (1o ¢popmyie B.C. demoposa)

N,=C-p-d*>-n".1 (33)

p’
rae C — SMOUPUYECKU KOI(PPUIMEHT, 3aBUCSIIMNA OT 3€HUTHOTO yriia

3 .
CKB&XHHBI; 0 — IUIOTHOCTH OYpOBOTO PacTBOpa, KI/M°; d — HAPYXKHBIHA JHaMeTp
OypHIIBHBIX TPYO, M; n — YacToTa BpalIeHHsS OYypHUIBHOW KOJOHHBI, 00/MUH;

{,=L, —I,— NuHA PacTAHyTON 9aCTH KOJOHHBI, L, — JUIMHA BEPTUKATBLHOTO

uHTepBana, M; [ =(, /q— IUIMHA CXKaTOW 4acTH KOJIOHHBI (TIpU ITOCAJIKe HHCT-

pPYMEHTa B MHTepBajiec Habopa KpUBHU3HEI), M; (J, — Harpy3Ka (Iocajaka HHCTPY-
MeHTa), H; ¢ — Bec 1 M 1pyO ¢ yuerom cuibl Apxumena, H.

B Tabnuie npeacTaBieHbl 3HAYCHUS dIMIUPpUYIecKOro koddurmenta C B
3aBUCHIMOCTH OT 3€HUTHOTO yIJla ¢ JIS ONIPENeNICHHUsI MOITHOCTH N 1 MOMEHTa
M, neiicTByrONIero Ha OYPHIBHYIO KOJOHHY B PACTSHYTOM YYacTKE CKBaKHHBI
a0 oT 900 1o 1100 M.

Tabmuma 11 — 3HaveHus sMnupuyeckoro kodgduuuenra C B 3aBHCUMO-
CTH OT 3€HUTHOTO yIJIa ¢ Ui OIpeAeTIeHus: MoutHocTH N 1
MOMEHTa M B PaCTSHYTOM y4acTKe CKBayKHHBI

Bennunna

3CHUTHOI'O

ymia o, o S = & - g a 3 3 2 8 3 S

rpas S I e I R I I O I S O I
C10° 0,192 | 0,250 | 0,490 | 0,650 | 0,840 | 0,965 1,10 1,12 1,14 1,62 1,74 1,87 1,93
N, kBt 6,3 8,5 162 | 21,6 | 27,9 | 32,0 | 36,5 | 37,2 | 482 | 538 | 57,8 | 62,1 | 64,1
M,Hem 785 1014 | 1932 | 2577 | 3228 | 3818 | 4354 | 4438 | 5750 | 6419 | 6896 | 7409 | 7647
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MoMeHT, He0OXO0ANMBIH [T BPAIIEHHUs CKATOW 9aCTH KOJIOHHBI

2

e =K w . [‘:‘M , 34)
2-E-1

rae x=0,15+0,2 — k03¢ HUIIEeHT, yINTHIBAIONIIIA BTOPOCTEIICHHBIE (haK-
TOpPBI; R — pajuyc CKBa)XUHbI, paBHBIH MOJIOBUHE PA3HOCTH JMaMeTpa CTBOJIAa U
nuaMeTpa OypwibHBIX TpyO; 4 =0,12+0,25 — k03 PUIHEHT TPEHHS KOJIOHHBI O
CTEHKH CKBayKHHBI.

PeakTHUBHBIH MOMEHT Ha KOPITyCe JBHIATEINs

Ap-V -
M — p 77(’"11

, 35
. (33)

rae Ap— nepenaa AaBJICHUA B JIBUI'aTCJIC B 3aBUCHMMOCTH OT BCIMYMHDBL

HArpy3KH Ha 0010 G, MIIa; ¥ — 06beM kamep paGounx opraxos B3JI, m’;
7, , — THAPOMEXAaHMYECKUH K.II.7. IBUTATEIs.

M — MOMCHT KOpITyCa ABUTaTCJIsl C YUCTOM UCKPHUBJICHUA CKBAXKUHBI

Tp.x
(Tpenwust o ropHyro nmopoay), Hw;
M,  =F

Tp.x

Ay =Lyq 1y pesind,

Tp.x

F,

Ipx — CHJIA TPEHHUS KOPITYCa O CTEHKH CKBXKMHBI, H;

¢, — JUTMHA JIBUTATENIA, M;

g, —Bec 1 M mBUTATENs, KI/M;

7, — Hapy>KHBIN paJinyC ABUTATEIIS, M;

4 — K03 (OUIMEHT TPEeHUs JBUTATEIS O CTCHKH CKBAKHUHBL

sin A — yroa UCKpUBJIEHHUS CKBa)KUHBI.

MoMeHT, pacxoayeMblii Ha BpalleHne KaauOpaTopoB, MaxOBHKOB, TPHU-
COeIMHEHHBIX K Baiy B3]

M, =G, R, K,; (36)

pad
rae Gy, = 2,0+5,0 kH — paguansHoe ycuiaue Ha paboune 371eMEHThl KaaubpaTo-
pa B 3aBUCUMOCTH OT JUTHHBI pabodei 4acTu (2JeMEHTOB KaJInOpaTopa);
Ry — pagnyc xanubparopa;
K, — koaddurment, yunteisaronuii cBoiicTBa Nopo.



MowmenTt COIPOTHUBJICHUA 0JI0OTa O CTCHKHU CKBAXXWHBI MOXKCT 6I)ITI) nona-
CYHTaH 1o (opmyIe
M, =370-D,,

rae D, — nnameTp A050Ta, M.
MoMeHT A BpalleHUsl J0JI0Ta IIPU pa3pyLIEHU FOPHOU IOPObI
M,=G,-M,,

rae G, — Harpy3ka Ha J10J10To, H;

My, — ynenbHbIi MOMeHT Ha poinore, H-m/kH (Hanpumep, B HaiieM ciy-
yae BUT2 MC ponoro pexymie-ckanbiBatoniero aeiicteus — PDC M, =20
H-m/xH).

Ha ocHOBaHWM BBIIIETIPUBEICHHBIX JTAHHBIX (aHAMN3 OYpeHHs CKBaXUH C
TOPU30HTAIBHBIM OKOHYaHHEM [Iprno6GCKOro MecTOpOKACHHMS) IPOBEAEH PacueT
CYMMapHOTO KPYTSIIEro MOMEHTA, AEHCTBYIOIIEro Ha OypHIBbHYIO KOJIOHHY B
XO0JIOCTOM, pabodeM (ONTHMATBHOM) U TOPMO3HOM pexume padotel B3I, Mo-
MEHTBI, IeUCTBYIONME Ha OypHUIIbHYIO KOJIOHHY NPH KOMOMHHUPOBAHHOM CITOCO-
0e OypeHHs COCTaBHIIN:

— npu pabore B3/l B pexxume xomocroro xona — M = 6,7 kH'm; M, =
49 xHm; M,, =21 xkHm; M, = 1,6 xH™m; M =04 xHwm ; M, = 0,05
kHwv; M, =0xH'™m; MKp =153 xHm;

— B pabouem pexume pabotel psuratens — M = 7,1 kHm; M, = 3,6

e

kHwm; M, =63 kHwm, M, =16 xHwm M =11xxHwm M, =0,05«Hwm

mp.k
M,=2,1xHwm M, =224 xHwM,
— B TOPMO3HOM pexkume pabotel B3Jl — M = 7,6 kH'm; M = 9,1

kH'm; M, =64 xkHwm, M, =16 xHwm M =14xHwm M, =0,05«Hwm

M,=28xHwm; M, =285xHwMm.

Crarndeckre HanpsDKEHUS B OYPHIBHOM KOJIOHHE COCTaBST
. =M_IW, 37
- w! Wy

.
rae W, — HOISIpHBIA MOMEHT CONPOTHBICHHS PACCMATPUBAEMOTO Cede-
HUS TPYOBL.

B Hamem ciiydyae paccMaTpuBaeMblil y4acTOK COCTOUT U3 CTAIBHBIX TPYO
TBIIB muamerpom 127 mm W, = 633,5 cm®. CTaTHueckue HAmpsUKEHWs 7, B
OypHIIbHOM KOJIOHHE B pabodeM pesxxume padoter B3] cocrasar 3535 H/m.

Ha ocHoBanuu aHanu3a OypeHHs] CKBRKHH M ITPOBEJCHHBIX PAcCueTOB I10-
CTPOEHBI AMIOPHI (PUCYHOK 28) OCEBBIX YCUIIMHA M KPYTAIIMX MOMEHTOB, JICHUCT-
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BYIOUIMX Ha OYpWJIbHYIO KOJIOHHY NPU KOMOMHHPOBaHHOM criocobe OypeHwus
CKBQ)KUH C FOPU30HTAIbHBIM OKOHYAHUEM.

[Tpu pabore B3/l B TOpMO3HOM peXUME M MOCIIEIYIOIIEH €ro OCTAaHOBKE B
OypHJIBHOM KOJIOHHE BO3HHUKAIOT JUHAMHYECKHE HANpPSDKCHUS KPY4eHHsS 7.

Taxoxe TaHHBIC HANPSDKEHUS C DJIEMEHTaMHM yIapoB O 3a00i 00Ta MOTYT BO3-
HHUKaTh NPH PacIpsIMIECHUU KOJIOHHBI, NpeJCTaBisiomell co0oil B Mectax HH-
TEHCHBHOTO MCKPUBJICHHSI CKBaXKUHBI CIIMPAJIb — IIPYKUHY.

JMHaMuueckne HaNpsDKEHUs! KPYUSHUST MOYKHO PaccuuTaTh 1o (opmyie

T

d-w
=y (38)

rae G, — MOZyNb YNpYyrocTH Tpu caBure, [la; p— mnoTHOCTs MaTepnama
Tpy6, KI/M’; g — YCKOpEHHe CBOGOIHOrO MajeHns, M/c’; @ — JacToTa
BpallleHUs] KOJIOHHBI, 00/MUH; d — HapYKHBIH TUaMETp TpyoO, M.
Tpu G, = 7,5 MIIa; p = 7800 kr/m’; g = 9,8 M/c’; @ = 80 06/mun; d =
0,127 MM, nUHAMHUYECKUE HANPsKEHUsS coctasT 1228 H/m/
CyMMapHbIe cTaTHUeCKHe 7, W JTUHAMHYECKHE HANpsDKEHHS KpydeHHs
7, B OypUIIbHOI KOJIOHHE IIPU KOMOUHUPOBAHHOM CIIOC00e OypeHUs COCTaBsT
4,75 xH/m.
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ITpu 9acToTe BPAEHUS Nporopa < Ngz; YCIOBHO MOXKHO IPUHATH, 4TO N
MOIITHOCTH Ha MPEOJI0JICHNE CONPOTHBICHUN KaluOpaTopa M J0JI0Ta O CTCHKH
CKBaXXMHBI 3aTpaueHa B3/1.

IIpn yBenmuuenmn Harpy3kum G Ha JOJIOTO W IIOCIEIYIONIEH OCTaHOBKE
JaBuratess (Nporopa = Npsy ) HACTYHAET KPAaTKOBPEMEHHBIH MEPEXONHON PEXUM
6e3 yBenMUEHHs MOMOIHUTEIBHOTO KPYTSIIET0O MOMEHTa, AEHCTBYIOIIETO Ha
OypWJIbHYIO KOJIOHHY OT POTOPHOM TPYIIIHI (IOI0Ta, Kamudparopa).

IIpy Nporopa > Nz B TEUEHHE BPEMEHH OT ty (OCTAHOBKHU JBHUTaTENs) JI0 typ
(KpUTHYECKOTO PEaKTHBHOI'O MOMEHTA OT C)KAaTOW YacTH OypHIIbHON KOJIOHHBI)
MPOMCXOINUT YBEIMYCHHE KPYTSIIEr0o MOMEHTa OT 320051 K yCThI0. B 3TOM City-
gae OypriIbHAs KOJOHHA HCIIBITBIBACT MAKCHMAJIbHBIC HANPSDKEHHUS B HIDKHEH
9acTH KOMITOHOBKH. I[IpH IOCTIDKEHHH KPUTHYECKHX 3HAYCHUH PEaKTHBHOTO
MOMEHTa BO3MOXEH OTBOPOT Pe3b0OBBIX COCTMHEHHH KOMIIOHOBKHY (IITHHJENS,
KOpITyca JABUTATEISA | T.JI.) I U3JIoM ruOkoro Bayia (Topcrona) B3J1. Ompene-
JIeHUE BpeMeHH palboThl OYpWIIBHOM KOJOHHBI OT IOJIHOM octaHOBKM B3/l mo
KPUTUYECKOTO 3HA4eHUsT MOMEHTOB, aeiicTByronmx Ha KHBK B ropusonTans-
HBIX CKBa)XHHAX, TPEOYET MPOBEACHUS JOMOIHUTEIBHBIX UCCIICIOBAHMIA.

Heo6x01uMo OTMETHTB, 9TO yBEITHUCHHE MOMEHTOB HAIIPSAMYIO CBSI3aHO C
HU3MEHEeHueM pacxofa Q W THapaBIHYecKoi cHibl W MpH MEPEeMEHHBIX PEXH-
Max paboThl JABHUTATENs, a TAaKXKe M3MEHSIOIINXCS CBOMCTBAx (peojorun) oypo-
BBIX PacTBOPOB, YTO BIFSIET HAa CHIDKCHHE KauyecTBAa OYMCTKH M KaK CIICACTBHUE
MIPUBOIUT K 3aIJIAMOBAHUIO 3aTPYOHOTO NMPOCTPAHCTBA CKBaKUHBI. Kak ykasbl-
BaJIOCH BHIIIE, IIOTEPH YCTOWYNBOCTH OYPHIBHOM KOJIOHHBI TIPUBOIAT K YBEIH-
YCHUIO MOCAT0K HHCTPYMEHTA M HEKOHTPOJIUPYEMOCTH KaK MPOCTPAHCTBEHHBIX
ee Gopm, Tak U cun TpeHus Fr,. Cua TpeHus ABISETCS TPYTHOONPEIETIMOH
MepEeMEHHO Tporiecca OypeHus, CyIIeCTBEHHOE 3HaYCHUE W HEONPEICIeHHOCTh
KOTOpO# B HAaKJIOHHBIX U T'OPH30HTAIBHBIX CKBaXMHAX 3aTPy[IHSET JOBEICHHE
(ompenenenne) (akTHUECKOH OCEBOM HArpy3kd a0 3200 M MOAAEp)KaHHE 3a-
JTAaHHOT'O peXnMa paboThl BAHTOBOT'O JIBUTaTElsl.

IIpennaraercst croco® ompeneneHus: GaKkTUIECKOH OCEBOW HArpy3kd Ha
JOJOTO TpU OYpEeHHH TOPU3OHTAIBHBIX CKBA)KHH BUHTOBBIM 3a0OHBIM [[BUTA-
TEeJeM.

Crioco0 OCyIIEeCTBIIIETCS CIICAYIOIINM 00pa3oM.

[Tpu OypeHHH TOPU3OHTANBHBIX M HAaKIOHHO-HAIPAaBJICHHBIX CKBAXHH C
HCTIONB30BaHWEM B KadecTBE MPHBOJA MOPOAOPA3PYIIAOIIEr0 WHCTPYMEHTa
BUHTOBOrO 3a001MHOr0 JBHUrareins BblOMpaercs 3(QQeKTHBHBIN peKMM OypeHus,
obecreunBaOmui HaIeKHYI0 paboTy Mmopoaopaspymaromiero nacrpymenra. C
9TOH Henpio Ha OypruibHOI KomoHHe B3/l ¢ 3akperuieHHBIM Ha HEM IOJOTOM
oITycKaeTcsi B CKBaXKHHY. He moxons 10 32004, M0 KOJIOHHE OYpUIBHBEIX TPyO B
B3]] momaeTcs HE0OXOIUMOE KOJIMIECTBO (COTIACHO MACIIOPTHBIM JaHHBIM 3a-
BOJIa M3roTOBUTEIIs) OypoBoro pactBopa. Ilocne 3amycka aurarens (Han 3a0o-
eM), IIpu paboTe ero B pekUMe XOJIOCTOr0 XOJa, IT0 MAaHOMETpPY OIPENeISIOT
JIaBJICHUE Ha CTOsIKe OypOBOH YCTaHOBKH, a 3aTeM IPOU3BOAAT IPOBOPAUYNBAHUE



OypUIBHON KOJIOHHBI POTOPOM (1100 BEpXHUM MPHUBOJOM OYpOBOH yCTaHOBKH)
C MOCJIEYIOIUM 3aMEPOM BEJIMYMHBI MOMEHTa M), (MOMEHT Ha POTOpE B pe-
skuMe padboTel B3/] Ha xosocToM xoxy).

3arem OypuibHas KOJOHHA C ABHTATENEM M JOJOTOM IMOJAETCS BHU3 10
KOHTaKTa ¢ 3a0o0eM, M Janee IUIaBHO CO3JIaeTcs OceBas Harpyska Ha JIOJOTO.
Onpenensror padounii pexxum padotel B3]l mo BenwuuHe naBieHHUS Ha CTOSKE
OypoBOIi YCTaHOBKH, IIOCJIE YETO IPOU3BOAAT IIPOBOpaUNBaHNE OypPHIBHON KO-
JIOHHBI POTOPOM (10O BEPXHHUM MPHBOAOM OYPOBOW YCTaHOBKH) C MOCICIYIO-
UM 3aMEPOM BETMYMHBI MOMeHTa M), , (MOMEHT Ha POTOpe B paboueM pexkuMe
pa6oter B3/1).

3Has BeMMYMHY MOMEHTa Ha poTope (BepxXHeM IpHuBoje OypoBOil ycra-
HOBKH) B M), 1 A7MHYy OYpUIbHOH KOJIOHHBI, KOTOPasi UCIIBITHIBAET TOJIBKO pac-
TATHBAIOIINE HANPSDKCHUS, ONPEAEIISIOT CHITy TPEHHUS 0 TOPHYIO Iopoay 0e3 Ha-
TPY3KH.

[Mocnie co3nanmst 0ceBOi Harpy3KH Ha JIOJI0TO 3aMepa pabodero JaBieHUS
Ha CTOsIKe OYpOBOM YCTaHOBKHU (BEpXHEM IPHUBOE) U pabouero MOMeHTa Ha po-
Tope M, , ONpenelstoT CULy TpeHUs OypHUIbHONH KOJIOHHBI O CTEHKH CKBa)KHHBI.

3Has oceByto Harpy3ky no cranuuu ['TU G ,. 7y, PacCUNTaHHYIO TOJIBKO
10 U3MEHEHHIO (II0TepH) Beca Ha KPIOKe OypOBOM yCTaHOBKHM IO ITOKa3aTelsiM
I'IB (ruzppaBnnyeckuii MHAUKATOP Beca), ONPEessioT (PaKTHYECKYI0 OCEBYIO
Harpy3Ky Ha JI0JI0TO

4'(Mp.P _Mx.p)")n
. D?

wCK(s’ CKe6

G(j)aKm. =Goc.r ~ > (39)

rae G,. rry — oceBas Harpyska Ha nonaoto no cranuuu I'TU, H;
M, — MOMEHT Ha poTope B pexkume pabdoTsl B3]l Ha Xonoctom xony,
Hwm;
M, ,. — MOMEHT Ha poTope B paboueM pesxume padotsl B3], Hwm;
D yg — AUAMETD CKBaXKHHBI, M;
IZie  U,— CKOPOCTh IIepeMelleHHs] OypHIbHONH KOJOHHBI BJIOJb CTEHKH
CKBaKHHBI; (p— YITI0Bas CKOPOCTb BpallleHHsl OypHUIbHON KOJOHHBI OTHOCH-

TEJNBHO CTEHKU CKBayKUHBI.

Pacuer akTiueckol Harpy3Kkd (COTJIACHO BBIMICTIPHBEACHHBIM JTaHHBIM
no 20 ckBaxkunam [IpnoGckoro MecTopoXkIaeHus) 1Mo MPeNIOKEHHOMY CIIoco0y
MoKa3aj ciefyroniee

4-(24000 —18000)-0,2

> =50xkH.
4,94.0,215

G paxm, = 71000 —
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U3 pacueroB cienyer, 4To (GakTHyeckas Harpy3ka Ipu OypeHUH CKBaXKH-
HBI C TOPU30HTAIEHBIM OKOoH9aHHeM coctaBmia 50 kH. CienoBaTensHO, ommo-
Ka ompezeneHus Harpy3ku no cranuuu I'TU cocrasnset 26 %.

Taroke B mporecce OypeHHs IO BBIIEH3I0KEHHOMY CIOCO0Y BO3MOXKHO
ornpezeneHne (HaKTHIECKOH 0CeBOM HArpy3KH IpH paboTe ABUraTeNs B TOPMO3-
HOM pexwume. i1 5Toro HeoOX0IUMO ONpEeTUTh BEIUIMHY MOMEHTa Ha Po-
Tope npu pabore B3]/l B TopMO3HOM pexkume M,,, U 1O BBILEIPUBEAESHHOM
(dopmyIe onpenenuTs (HaKTHIECKYI0 OCEBYIO HArpy3Ky Ha JJOJIOTO B TOPMO3HOM
pexxume pabotst B3/1.

Omnpenenenue GakTHIECKOH OCEBOI Harpy3Kd HO3BOJHT YBEIUUYHUTH (-
(eKTHBHOCTH OYpEHHUS TOPU3OHTAIBHBIX ¥ HAKIIOHHO-HANPABICHHBIX CKBAXKHH,
a TaKKe MOBBICHTH HA/IC)KHOCTH BHHTOBOTO 3a00HHOT0 ABHTATENs M MOPOJO-
pa3pyLIAloNero HHCTPYMEHTA.



PA3JIEJ 4
3ABOMHBIE IBUT' ATEJIA

HcTouHnkoM SHeprun 3a00WHBIX JBUTATENCH SBISICTCS THAPABINYCCKAs
9HEprus MoToka OypoBoro pactBopa. CyIiecTBYIOT IBa OCHOBHBIX THIIA 3a00¥i-
HBIX IBUTATEJICH:

* TypOWHA, IPUHIUIT JEHCTBHSI KOTOPOH MOA00CH IMPUHIIUITY OCEBOI'O WU
LEHTPOOEIKHOTO HACOCA;

* BUHTOBOM 3a00MHbIH aBurarens (B3/]).

Ipunmumn pabots! Typ6unsl U B3]l nmokazan Ha puc. 26. KoHCTpyKIus
JBUTATEJCH MOTHOCTHIO OTIMYAIOTCS APYT OT Apyra. TypOHHBI MIMPOKO TIpHMe-
HSUTHCh HECKOJIBKO JIET TOMY Hazajl.

IToTok

Tlotok
Bpamenie

a) TypOuna 0)BuHTOBOIT 3200IHEII JBUTATENH
Pucynok 29 — Ilpuanun paboter TypOuns! 1 B3/]

OpHako yCOBEpHICHCTBOBAaHME KOHCTPYKuui nonor u B3]l mpusemno k
TOMY, YTO B HAcCTOSIIEE BpeMsl TypOMHBI IPUMEHSIOTCS TONBKO B 0COOBIX (CIIe-
IIHANBHBIX) CiIydasx. B aToit rmaBe Ml paccMoTpuM B aetansx B3/l. TypOunst
paccMaTpuBaThcs He OYIyT, MOCKONBKY NMPHWHIMIBI MX pabOTHl U pacyeTsl jae-
TaJIbHO PACCMOTPEHBI B U3/IaHUSX U MyOIMKALHAX.
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4.1 BunToBoii 3a00iiHblii ABUTATEIb

BriepBble BUHTOBOI ABUTATENb (C OHOA0IEBOM KOHUTryparmeit 1:2) 0611
paspaboTan u mpuMeHeH kommnaHuei Dyna-drill. C Tex mop TexHONIOTHUs JBUTA-
TeJel mpomnuia JoNTHi myTh. JI1000it 3a00MHEINA TBUTaTEIh COCTOUT U3 YETHIPEX
OCHOBHBIX 4acCTei:

1. ¥3en nepemycKkHOro KiianaHa;

2. Cexuust mpeoOpa3oBaHUs SHEPIHU ITOTOKA PacTBOPA;

3. V3en coequHEHUs Baja ABUTATEINS C BaJOM IIITHHACIS,

4. TToIIUITHUKY U y3€JI IPUBOHOTO Baja.

¥Y3en mepenycKHOro KjanaHa MO3BOJISICT HAIONHATh KOJIOHHY WJIM OIO-
POXHSTB €€ MPH CITyCKOIIOAbEMHBIX oneparusx. [Ipu ycTaHOBKke Ha MHHUMAIb-
HYI0 CKOPOCTh MOTOKA, MOPIICHb KJIAIIaHA MPUAABIMBACTCS BHU3, MEPEKPHIBAS
BBIXOZ B 3aTpyOHOE mpoctpancTBo (puc. 30). 3To MpUBOIUT K TOMY, YTO pac-
TBOp HaIpasiseTcs B MOTop. Koria ckopocTh OTOKA CTAHOBHUTCS. MEHBIIE STOM
MHHHMAJIBHON BEMYUHEL, TO NMPY’KHHA BO3BpAIAeT MOPIICHb KJIAaHa B MOJO-
JKeHHe "OTKPBITO", OTKPBIBas MEPEIyCKHOEe OTBepcTHe. Bo m3bexaHue momama-
HUS TBepAOH (a3sl U3 3aTpyOHOr0 MPOCTPaHCTBA (OCOOEHHO B MeCYaHBIX (Hop-
Manusix), MEpPEeBOAHUK C KIIAallaHOM YCTaHABJIMBACTCSI HACTOJIBKO OJIM3KO K JIBH-
raTelto, HACKOJIBKO 3TO BO3MOXKHO.

CaM 1o cebe nBUTaTeNbh MOXET padoTaTh B 0e3 3Toro KiamaHa. Ero Mox-
HO YCTAaHABJIUBATh C MOMOIIbIO NEPEBOIHUKA C TEM XKE Pa3MEPOM COEAUHEHUH,
9TO M y JBUTATENS, C OJHOCTHIO 3aKPBITHIM MEPEIyCKHBIM oTBepcTHeM. OmHa-
KO 0OoJee penoYTHTEIBHBIM SIBISIETCS TPUMEHEHHUE KIlallaHa, T.K. OH IT03BOJIS-
€T HaTIOJHATHCS KOJIOHHE BO BpeMsI CITyCKa U "OIPOXKHATCSA" BO BpeMs MOAbeMa.

Cexyusi npeobpazosanus duepeul NOMoKa pacmeopa.

BuHTOBOI# 3200#HBII ABUraTENb — OOpaTHBIN 110 CBOEMY JEHCTBUIO HACO-
cy Myano. XXunkocts mpokadnBaeTcs 4epe3 MpOTsDKCHHBIE KPUBBIE TOBEPXHO-
ctu. Cuna JBMXKEHHS XHAKOCTH 3acTaBilsieT Bajl BpallaThCs BHYTPH cTaTropa
(puc. 31). Cuna BpaleHus 3aTeM mepenaeTcs Yepes3 mapHup K MPUBOJHOMY Ba-
Iy ¥ jlasiee, K J0NOTy.

1/2 5/8

Cratop

Cratop

OTKpbLIT 3akpbIT

Pucynok 30 Pucynoxk 31



XpOMHPOBaHHEIH POTOP MMEET CIHPAIHLHO-BUHTOBYIO hopmy. CranmpHOI
KOpITyC CTaTOpa U3HYTPHU MOKPBIT CI0XKHBIM PE3UHOBBIM 371acTOMEPOM. B aToM
MOKPBITUH UMEIOTCSl CIIUpaneoOpasHble yriryOneHns. YTriryOlieHust Ha cTaTtope
MOZOTHAHBI O BEIEMKH POTOPA, HO KOJIMUECTBO UX Ha OJIHY €AMHHMILY OOIIbIIe,
4yeM Ha potope. Porop BcTaBnsercst BHyTpb cTatopa. IIpu cbopke oHm 06pasyroT
HNPOTSHKEHHOE YIJIOTHEHUE BIOIb TOouek KoHTakTa. Ha puc. 32 mpuseneH npu-
Mep koHpuryparuu porop/crarop 1:2 u 5:6.

Pucynok 32 —

Kopnye

Jlsurarens 1:2 JBurarens 5:6

Kaxxnas nonHast cnupaib cTaTopa Ha3bIBaeT-
cs cTyneHbto. Jlaxke He3sHaUMTeNbHAs Pa3HU-
I[a MEXIy HapyXHBIM AHAMETPOM pOTOpa H
BHYTPEHHHM AMAaMETPOM CTaTopa BIUSAET Ha
MOIITHOCTh JBHTATENA. OJTH [IBUTATENH Jie-
JSITCSI HA HHU3KOCKOPOCTHBIE, CPEIHECKOPO-
CTHBIC M BBICOKOCKOPOCTHBIE THITEL. CKOpO-
CTHBIC ITTapaMeTPhl MOXXHO MEHSTh H3MEHE-
HHeM uucia "rpebHell" poropa, ux "mokaro-
cTH" M, COOTBETCTBEHHO BBIEMOK CTaTOpA.
Ha puc. 33 mpusenensl oOpasisl HCHOJb-
3yeMBIX Ha TpaKTHKe mpodwieidl aBurare-
Ten.

Pucynok 33 — OOpasmpl HCHONB3YeMBIX Ha TpaKTHKE Mpogureit
nsurareneid. Jluratens 1:2 1ys BBICOKOH CKOPOCTH
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BpallleHUsT ¥ MajJlor0 MOMEHTa; JBUrarenb 5:6 s
MEHBIIIeH CKOPOCTH BPAIeHNs B OOBIIIET0 MOMEHTA.
UYem Gompimre "rpedHei ", TeM BbIIIe KPYTAMINWHA MOMEHT M HIDKE BBIXOJ-
Has CKOPOCTb BpalleHHs. AHAJPUIIIOM TPOM3BOAATCS KaK MOTOpPHI 1:2, Tak u
MHOTOTpeOHeBbIe. VX MPUMEHSIOT A peIIeHHs pa3IHdHbIX 3amad. Ceximro
npeoOpa3oBaHus 3HEPTUH OypOBOTO PAacTBOpA YacTO Ha3bIBAIOT BUHTOBOW Ia-
poil.

Ysen wapnupa (coedunumenvras msea). ITOT y3eI COSTUHIESTCS C HHUXK-
Hel 4acThI0 POTOPA U MEepeiaeT KPyTAIINl MOMEHT M CKOPOCTh BPAILECHUS C PO-
TOpa Ha MPUBOJHON Bajl U JIOJIOTO. Y HUBEpPCAJIbHBIC COSAWHEHHUS MPeodpasyroT
9KCHEHTPUYHOE ABW)KEHHE POTOpAa B KOHLEHTPUYHOE JBIXKCHHE IPHBOJHOTO
Bana (puc. 31). Ha HEKOTOpBIX MOJENAX JIBUTATENEH MOABIKHBIE COEIUHEHHS
3aKpBIBAIOT 3AIUTHBIM PE3MHOBBIM NOKPBHITHEM. JTO NMPEAOTBPAIIAET HX 3PO-
3110 OT OypOBOTO pacTBOpa.

Hoowunnuku u y3en npugodno2o eana. ITpUBOIHON Ball SBISIETCS CTallb-
HBIM, IIyCTOTEIIBIM, XKECTKHM 3JeMeHTOM. OH KperuTcsi B 000iMax palraibHbIX
U OCEBBIX OTMOPHBIX MOAMIMIHUKOB (cM. puc. 3.1). Haubonpimas 9acts KUAKO-
CTH TEYeT MPSAMO Yepe3 LEeHTp Bajia K jgonory. OObraHbIil B3]l comepxur cire-
JIYIOIIUE TOANINITHUKOBBIE Y3JIbL:

a. 8epxHue onopHvle NOOWUNHUKY — TIPOTUBOCTOAT THAPABINIECKOW Ha-
rpy3Ke, BECy poTopa, IIaTyHa, NPUBOAHOIO Bajla M J0JIOTa, KOIJa JBUTATENb
HaXOJWTCS B IMOJABEIICHHOM COCTOSHUM (HE yrmHpaeTcs B JTHO 3a00s1). OObIUHO
OHU OBIBAIOT LIIAPUKOBEIE.

b. paouanvuvie noowunnuxu — BTYJIIOYHOTO THIIA, MPUMEHSIOTCS Kak B
BEPXHEH, TaK W B HIWKHEH 4yacTH. PaguanbHble MOJIINITHUKY JIBHUTaTeleH, BbI-
IycKaeMble AHaJpUIUIOM, NPEACTABISIIOT COOOW BTYJIKM C MOKPBITUEM U3 Kap-
6mma Bombdpama. OHE 00ECTIeUNBAIOT yIepKaHUE Bajla B PaJAHAIIEHOM HaIpaB-
nennn. OHU Tak ke PeryJupyloT MOTOK PacTBOpa Yepes MOIIHITHUKOBBIH y3el,
OTKJIOHSS 9aCTh MOTOKA (00BIYHO 4-5 %) Ha OXJIAKICHNE U CMAa3Ky Baja, paau-
IBHBIX W ONOPHBIX HOAIIMIIHUKOB M BBIBOJS 3Ty 4acTh HPsIMO B 3aTpyOHOE
MPOCTPAHCTBO BHIIIE NEPEBOJHUKA J0J0TO/Bai. KoxmdecTBo 3T0# wacTu pac-
TBOpPA OTIPEEIICTCs YCIOBHAMHI CMAa3KH M OXJIAKICHUS MOANIMITHUKOB U TIOTe-
peii 1aBiieHUs Ha OJIOTE.

3aKpbIThIE, CMa3bIBAIOIINECS MACIOM MOALIMITHUKH SIBIISIFOTCS albTepHA-
THBOM BTYJIOYHBIM. 3aKpBITHIC TTOJIIUITHUKA MOKHO PEKOMEH/IOBATh UCIIOJIb30-
BaTh B TEX CIIy4asx, KOTJla IPUMEHSIETCS paCTBOP, BRI3BIBAIOLINI KOPPO3HUIO, KO-
IZla B PacTBOPE COJCPIKUTCS 3HAUUTEIHHOE KOJIMIECTBO TBEPABIX YACTHI U IO
YCJIOBHSIM HEOOXOANMOCTH YMEHBILICHHs HOTEPH JABJICHUS Ha JJOJIOTE.




KCUEGHTPUYHOS

POTOp ABHXeHUe
poTopa TUNWYHER KPUBaAR BLIXOAHOW
: MOLYHOCTN MHOTOTPe6HEBOTO
BMHTOBOTO ABUraTens
: MaKCUMaNeHas MOWHOCTE
CoeuHMTeNbHbIH Danxenue w
waphup CoefIUHUTENb- H
HOTO WapHupa 2 Havano cnaga
T
b
MpusogHoi KoHUeHTpHYec- Apamartuveckoe
n yBenuyexvie
Ban K08 ABUKeHHe c naneHms
npusogHoroe AaBNeHUA
Bana
Nonwnan
Xonocroi xoz noTeps
HaeneHue Hacocos
Pucynok 34 Pucynok 35

C. HUJICHUE ONOpHbie NOOWUNHUKY — TIEPEIAIOT Harpy3Ky OT HeBpallaio-
IIerocsi KOpIryca JBUraTessl Ha Bpallaromeecs: JOI0TO. DTU MOIIHUITHUKYA BOC-
NIPUHAMAIOT Harpy3Ky npu OypeHnu. OHH MOTYT OBITh KaK IIapHKoBbIC (AHaj-
PHILT), TaK ¥ aIMa3HBIMH HOALIMIHUKaMHU cKoikkeHus (Dyna - drill F2000S).

Bpawaiowuiica nepesoonux donoma — eTMHCTBEHHAs] HapyKHAS JBUKY-
miascs 4acTh Apurarens. OH UMEeT COeJUHEHHs B COOTBETCTBUU CO CTaHAapTa-
MU coenuHeHui 1010T API. B HEKOTOpPBIX KOHCTPYKLHMSAX ABUIaTelel mpeay-
CMaTpHUBaeTCAd YCTaHOBKA INPEJOXPAHSIOUIETO MEPEBOJHMKA MEXIY KOPILyCOM
CTaTopa U MeperyCcKHbIM KJIAalaHOM B IIEeJISIX MPEeIOXPaHeHUs pe3bObl JOPOTroro
KOpITyca MOTOpa.

3ameuanue: Bece coelMHEHUS KOPILYCOB (32 UCKIIIOYEHUEM TeX, KOTOpBIE
HaXOIATCA HaJl MEPEIyCKHBIM KJIATIAHOM) PACCOSAUHSATD U COSANHSATH B yCIOBH-
X OypoBoOi He JomyckaeTcs. JTO JIOJDKHO JeaThcs Ha 0ase ¢ IpaBUIIBHBIM
KpyTsmuM MoMeHTOM. Kak ObITo cka3aHO BhINIE, NMEPEMyCKHOW KiamaH He
BJIMSICT Ha pabOTy MOTOpa. B HEKOTOPBIX CiIydasx IOIyCKaeTCs 3aMEHa TIepery-
CKHOT'O KJIanaHa WM, IPU HAIWYUN MOJIXO/SIIET0 IepelyCKHOTO IepeBOAHUKA,
MOXHO 000HTHCH 0€3 IeperycKHOro KianaHa. [1o1beMHbIH NepeBOTHUK HYXKHO
MIPUMEHSITh TOJIBKO NPU NOJbEME U YKIaIKe.

4.2 TuapaBauka 3a00iHBIX IBUTaTe eI

[MpumeHenune 3a00HHBIX ABUTATENEH CYIIECTBEHHO M3MEHSET THAPABIIHU-
YecKHe pacdeThl LUPKYISANUOHHON cucTeMbl. HeoOXoauMo Yy4HTHIBAaThH Clle-
Iyrorye GakTophI:

1. Jlonycmumsiii duanazon ckopocmu nomoka. Kaxoelii THII U pa3Mmep
JBUTATENSI PACCUNTAH Ha ONPECIICHHBIN Hana3oH 00beMOB TNPOXOAAIIeH de-
Pe3 Hero KUIKOCTH. MHOrorpeOHeBble MOTOPEI UMEIOT HAMHOTO OOJBIINH [Ha-
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Ma30H JOMYCTHMOW CKOPOCTH MOTOKa OypOBOTO pacTBOpa, YeM JABHTATeNb 1:2
IPU TeX XKe CaMbIX pa3Mepax (HapyX HOTo AuaMmerpa). ITO MO3BOJISET POU3BO-
JUTH JYYIITyI0 OYHCTKY 3a00s, B OCOOCHHOCTH MPH OOJBIINX CKOPOCTIX IPO-
XOJKH.

2. Bbe3naepysounas nomeps oaenenus. Ilpu npokaunBaHuu OypoBOTo pac-
TBOpa, B MOMEHT BPEMEHH, KOTJIa IBUraTelIbh HAXOJUTCS B MOJBEUIICHHOM CO-
CTOSIHUH (T.€. HE COBEpLIAET MOJIE3HON paboThl), CyLIECTBEHHAs MOTePsl daBie-
HUS CBSI3aHA C IIPEOJOJICHHEM CHJI TPEHHS MEXIY POTOPOM M CTaTOpOM, IUIS
packpyumnBaHus Bama. [loTeps nmaBieHHS M CKOPOCTH BpAIICHUS MPOIIOPIIHO-
HaJIlbHa CKOPOCTH MOTOKA. DTU BEIMYUHBI U3BECTHBI JUIS KaXKAOTO pa3Mepa U
Tumna asuratens. OObYHO Oe3HArpy309Has MOTeps AaBJICHUS HE MpPEBbIIIaeT 7
aTM.

3. Ilomeps Oasénenuss na momope. B MOMEHT KkacaHus J0J0Ta 33005 U
MPUIOKEHHS Harpy3KH Ha JIOJIOTO — JAaBJICHWE B CHCTEME BO3pacTaeT. JTO yBe-
JIMYCHNE JaBIICHUsT OOBIYHO HA3BIBAIOT A depeHIaIbHbIM TaBICHIEM BUTa-
Tesa. KpyTsimii MOMEHT JIBUTATeNs BO3pAcTaeT MpsIMO IMPOMOPIIMOHAIBHO YBe-
JUYEHUI0 MU PEpEeHIUATLHOTO JABICHUS, HEOOXOIUMOTO JIJIS TPOKAYUBaHUS
JTAHHOTO 00BeMa JKUJIKOCTH Yepe3 MOTOP IPH BBHITOJHEHUH MM ITOJIC3HOM pado-
Thl. Ero Ha3pIBaloT moTepeit naBieHus Ha MOTope. J[ist MHOTOrpeOHEBBIX MOTO-
POB OHO MOXeET OBITH 35 aT™. u OoJee.

4. Ilpedenvroe dasnenue. CyniecTByeT MaKCHMaIbHAs PEKOMCHIOBAHHAS
Benn4rHA NG PEepeHINANFHOTO AaBIeHUs aBuratens. [Ipu 3ToM naBieHHH B
JIBUTATEJIC BO3HUKACT MaKCHUMAIIBHBIN KpyTAIHi MOMeHT. Ecir B 3T0# 00macTu
a¢dexTrBHas Harpy3ka Ha JJOJIOTO BO3PACTaeT, TO JIABJICHUE B CUCTEME YBEJIH-
YHBaeTCs. YIUIOTHEHHE MEXIy POTOPOM M CTaTOPOM HapymiaeTcs u3-3a aedop-
MaIlii BHYTPEHHETO MOKPBITUS CTaTopa, U OypOBOW PacTBOp TEUET 4epe3 JBH-
rareiib, He IPOU3BOAS IPH ITOM II0JIE3HOH padoThl, He Bpamuas 1onoto. [Toka-
3aHUS JTABJICHUS B CHCTEME IT0JIa4M PE3KO MOANPHITHBAIOT M HE MEHSIOTCS TPH
yBenuueHu! 3G QeKTUBHOI HATPY3KH Ha JOJOTO.

HenaBHue uccrnenoBaHMs MOKa3alH, YTO KPHUBAs BBIXOAHOW MOITHOCTH
nMeeT B Tapabomsl (puc. 35), a He HEMPEPHIBHO BO3PACTAIONICH KPUBOH, KaK
cuuTanock passile. Eciu gsuratens pabortaer Ha ypoBHe 50-60% oT mpenens-
HOT'O JaBJICHHUS, TO UM IIPOM3BOAMTCS Ta XKe camas padoTa, YTO U IPH BEIHINHE
90% ot npenenpHoro nasineHus. Ho B nmepBoM ciyuyae cuUTyalysi OKa3bIBaeTCs
HA MHOTO JIy4llle, T.K. UMEeTCsI 3HAUUTEeIbHOE MPEUMYILECTBO 0 TOYKH Ipe-
JETBHOTO JAaBJICHUS W TIPH 3TOM CYIIECTBEHHO Y UIMHIETCSI MOTOpPECYpC IBHUTa-
tens. Yem Oorbine BRIpaOOTKA B MOMIIMITHAKAX JBUTATEIS, TEM JIeTde eMy JOC-
TUYb TOYKH MPEACIBHOTrO AaBieHus. [1one3HO mpu JOCTHKEHHH 32005 yMBIII-
JICHHO Ha OYE€Hb KOPOTKOE BPEMS CHIIBHO YBEIMYUTH NAaBIICHWE IS OIpesielie-
HUS eT0 MPEIeIFHOTO 3HaYeHU. DTO MOMOXKET IKCIUTyaTHPOBATh JIBUTATEIb Ha
ypoBHe npumMepHo 50% oT 370l BennuuHbel. Ho BO Bcex ciydasx HU B KOeM
cilydae HeNb3s TIPEBBINATh MpPEAENbl, yCTAaHABIMBAEMBIC B CIIEHU(PHKAINIX
KOHCTPYKIIMH JBHTaTEIIS.



JBurarens, pabOTaONIMK HA TPENSTFHOM NaBJICHUH, HOJDKEH OBITh He-
MEIUICHHO OCTAaHOBJICH U yIaJIeH M3 CKBaXHHBI. [IpW MpoKaunBaHHU PacTBOpa
yepe3 HepabOTArOIHid TBUraTelb B HEM BO3HHUKAIOT CHJIBHBIC TOBPEIKIACHHS OC-
HOBHBIX 3JIEMCHTOB KOHCTPYKIIUH.

5. llomeps oaenenus na donome. Il JaHHBIX IJIOTHOCTH PacTBOPA, CKO-
POCTH TIOTOKA, Pa3Mep MOIEPEYHOr0 CEYCHHUs COIUIA JIOJI0Ta OMpPEAENIAIOT MoTe-
pIO TaBiCHMS Ha JojoTe. YeM MEeHbIIe IJIOIaAb IONEPEeYHOTO0 CEUCHHS, TEM
OoutbIIie MOTEPs AABIECHUS. DTO OOCTOSATEIHCTBO OKA3hIBAET BIHMSIHHE Ha 00BEM
KHUJKOCTH, OTKJIOHSEMOW Ha OXJIAXKICHHE MOAMMIHUKOB. YeM Gombire oObeM
OTKJIOHSEMOM KHUKOCTH, TEM OOJIbIIE M3HOC ITOMMINIHAKOB. 715 KaXKI0TO JTBH-
raTens CyIIECTBYET BIIOJHE OIPEACTICHHBIN PEKOMEHIOBAHHBIH OOBEM OTKIIO-
HSEMOH JKHIIKOCTH W, CIIEIOBATENIFHO, ONpeACIeHHOe 3HAYCHNE BEJIMYMHEI I10-
Tepu JaBlicHHs Ha jgonote. Ee Henp3s mpemblmaTh. [ MHOTOrpeOHEBBIX
AHaIPWDIOBCKIX MOTOPOB IOTEPS JABJICHHS HA JOJIOTE JOJDKHA HAXOJUTHCS B
nuamasone 35-105 atm.

6. Conno pomopa. BONBIIMHCTBO MHOTOTPEOHEBBIX ABUTATEIEH HUMEIOT
MOJIBII POTOpP, KOTOPBIT MOXKHO 3aKPBITh COBCEM MM yCTAHOBHUTH HA HETO Ha-
canky. Korna nuamas3on paGoTsl ABUraTelss HAXOAUTCS B COOTBETCTBUH C Tpebo-
BaHMAMH OypeHns, oOBIYHO yCTaHAaBIHMBAETCA Iiyxas 3ariymka. Ha OypoBoi
HaCaJKy pOoTOpa MOXHO JIETKO 3aMEHUTH. VICIonb30BaHne HaCaIKH POTOpA II0-
3BOJISICT:

a — YBEIMYHTH TOTOK JKHUIKOCTH, MPOTEKAIOIINI dYepe3 IBHUTraTenb (T.e.
MIPEBBICUTD A3PPEKTUBHOCTH OypEHUSI U3-3a JIYUIICH OYUCTKH 3a0051).

6 — YMCHBIINTh CKOPOCTH BpAICHHS JOJIOTA TPH OOJBIIMX CKOPOCTSIX
ITOTOKA JKUAKOCTH. DTO OCOOCHHO TOJIE3HO TPH PaboTe ¢ OOBIYHBIM TPEXIIapo-
LICYHBIM JOJIOTOM. B 3TOM cilyyae yMEHbIIAETCs] U3HOC MOALIMITHUKOB 0JI0Ta
U TIPOIJICBACTCS €r0 JIOITOBEYHOCTD.

B oboux ciaydasx ompesaeneHHas 4acTb IOTOKa OypoBOTrO pacTBOpa OT-
KJIOHSIETCSI OT KaHaJla MEeXAy POTOpoM | craTopoM. IToTok, mpoxoasamuii uepes
pOTOp, 3aBUCHUT OT BEIHIHMHBI Ju(HepeHInansHOro JaBISHUs ABUTATENs, KOTO-
pasi, B CBOIO OYepeab, MPSIMO MPOIOPIHOHATIBHA BETMUNHE KPYTAIIEr0 MOMEH-
Ta, MPOM3BOANMOTrO JABHTaTeNeM. Ecian oH oka3pIBaeTCsl MEHBIE HEOOXOIMMO-
ro, TO KOJMYECTBO JKUAKOCTH, MPOXOJIAIICH depe3 poTop, HYy)KHO YMEHBIIHUTE.
ITpu sTOM BO3pacTaeT CKOPOCTH BPAIICHUS M YBEIMYMBACTCS BEPOSTHOCTH II0-
JIOMKH JBHTateis. Takum o0pa3oM, €Clid Ha pOTOp YCTAaHOBJICHA HACAJKa H IO
YCIIOBUSIM OYUCTKHU 320051 CKOPOCTh MOTOKA JOJDKHA OBITh BBICOKOHM, TO HY)KHO
00 YBEIMYHUTh Pa3Mep HACAIKH, THOO YMEHBIIUTh CKOPOCTh MOTOKA. MIMeroT-
Csl CICIHANbHBIC TAOMULbI U1 Pa3IMYHBIX JBUTATENCH, KOTOPBIC MO3BOJISIOT
no700paTh BETUUUHY MEpernycKa IMOTOKA KUIKOCTH MPH PA3IHYHBIX KOH(UTY-
panusax Hacauok.

Bri6op Hacamok poTopa oueHb BakeH. CIHIIKOM OOblIas BeIUIHHA Ie-
penycka MpUBOJNUT K CYIMECTBEHHOMY YMEHBIIIEHHIO pa0OTOCIIOCOOHOCTH JBH-
ratens W, cleloBaTeNbHO, MOHKeHNIo dddektuBHOCTH Oypenus. Ecmu Hacan-
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Ka OKa)XeTCsl CIIMIIKOM OOJIBLION JUISl JAHHOTO TIOTOKA XHMJKOCTH, TO MOILIHOCTb
JBUTATENS OyJeT CHIBHO yMeHbIeHa. O4eHb HEMHOTHE IBUTATENH 1:2 MMEIOT
HOJBII POTOP (TONBKO T€, KOTOPBIE CHIPOEKTUPOBAHBI IS CTIEUATIBHBIX LIeTei).

W3-3a cBOMX KOHCTPYKTHBHBIX OCOOCHHOCTEH MHOTOTPEeOHEBBIE MOTOPHI
MOTYT HPHUMEHATBHCSA TPH 3HAUUTENHHO 00Jee BBICOKMX CKOPOCTSX MOTOKa, 0o-
Jiee BBICOKHMX Iu(QepeHINaNBHBIX TABICHUAX, OONBIINX BENWYMHAX IOTEPh
JaBJICHUS HA JOJIOTe, 4eM aBurateny 1:2. bomee BEICOKHE CKOPOCTH ITOTOKA Be-
IyT K Oonee OBICTPOH CKOPOCTH HMPOXOJKH U JIydllleld ouucTke 3a00s. bonbimas
MOTepsl TAaBJICHUS HA MOTOpPE 03HAYaeT BO3MOXKHOCTH MCIIOJIB30BAHUS OOJBIIECH
3¢ QEeKTUBHON HArpy3KH Ha JI0JIOTO, IPUBOAAIICH K OOJbIIEMy KpyTsIIEMy MO-
MEHTY U CKOPOCTH IIPOXOJKH. BO3MOKHOCTE 00Jiee BBICOKHUX MOTEPh JIaBICHHS
Ha JI0JI0TE 03HAYaeT BO3MOXKHOCTH TPUMEHECHHUSI MEHBIIINX pa3MepOB HACAIOK, a
3TO yJIydIlaeT FUAPABINKY OypeHus.

Tabmuma 12 — Cpasnenue xapakmepucmux 0gueameneil muna 1:2
U MHO202peOHeBbIX

1:2 B3J Mmuororpe6HeBsie B3/1
Bericokas ckopocTb Hu3kas ckopocTh
Huzkuii kpyTa1muii MOMEHT Bblicokuii Kpy T MOMEHT
Huzkue ckopocTtu motoka Bonee BbIcOKHE CKOPOCTU IIOTOKA

OTtcyTcTByeT poTopHas Hacaaka mnepe-|PoTopHas Hacanka mepemycka

mycKa bonee BbIcOkast moTepsi JaBIEHUs Ha
Hu3kas noteps naBieHus Ha ABUraTelle |ABUraTelle

Huskas noreps naBneHus Ha gonore|bosee BpICOKas MOTEps OABJICHUS HA
Mauslit 3¢h(heKTHBHBIN BeC Ha TOJIOTO  |IOJIOTE

Heo6xoamMbl  BBICOKOCKOPOCTHBIE J10-|bojyiee BBICOKHMI Ipeen Harpy3kd Ha
jora J0710T0 MOXHO NPUMEHATH IIAPO-
OTHOCHTEINIBHO JIETKO OPUEHTHPYEMBIE  |ILIEYHBIE 10JI0TA

OOBIYHO MPHUMEHSIOTCS ¢ KPUBBIMU Iie-|bojee TpyiHO OpHEHTHPOBATH
PEBOAHUKAMHU IIpumensrorcss ¢ KpUBBIMU HEPEBO-

HUKaMU U KaK OCHOBa '"THOKuX'" IBU-

raTtejen.

W3 BBIIIETIPUBEICHHOTO BUAHO, YTO HEOOXOIMMO TIIATENBHO IUIAHHPO-
BaTh TU/IPABINYECKYIO Iporpammy st B3/1.



U3-3a pa3iuyHbIX KOHCTPYKTHBHBIX OCOOCHHOCTCH, MEPCUUCICHHBIX BbI-
me, ABUraTeny 1:2 u MHOTOrpeOHEBbIE UMEIOT CYIIECTBEHHO Pa3IndHbIe pado-
YK€ XapaKTePUCTUKHU.

Bornee mmpokue rpaHUIbBl qUana3oHa CKOPOCTH TMOTOKA M MOTEpH TaBiie-
HUS Ha J0JIOTE JJI1 MHOTOTPEOHEBBIX JIBUTATEINCH IMO3BOJSET ONTUMH3HPOBATH
THIPABINKY JI0JIOTA.

Boree BBICOKHMI BBIXOIHOW KPYTSILUNA MOMEHT YMEHBIIAET BEPOSITHOCTh
BBIXO/Ia Ha MpellelbHOE NaBJICHUE MPU HCIOJIb30BaHUU BHICOKOMOMEHTHBIX JI0-
JI0T. DTO TaK )K€ JJaeT BO3MOXHOCTh IIPUMEHEHHs OOJBIINX IUaMETPOB OypoBO-
r0 MHCTPyMEHTAa (pacIIMpuTeieH, T0J0T OOJBIIEro JUaMeTpa | T.II.) MOJ| JBHU-
raTeseMm.

IIpu TO#i *Ke camol BBIXOAHOW MOIIHOCTH JBHUTaTeibh THMa 1:2 IOJDKEH
OBITH CYIIECTBEHHO JIMHHEE (M MMEeTh OOJIbIIee YHCIO CTyIEHEeH), 4eM MHOro-
TrpeOHEeBBIN IBUTATEIH TOTO XKe Hapy>KHOTO THaMeTpa.

B Tabmune 7 nmpencTaBieHbl ceNU(pUKALINN U1 MHOTOTpeOHeBOrO 1 1:2
JIBUTATEJICH ¢ HAPYKHBIM quameTpoM 7 3/4", KOTOpbIe WILUTIOCTPUPYIOT Pa3HHUILY
MEXly HUMHU.

Tabnuma 13 — Crerudukarm s MHOTOrpeOHeBOTO U 1:2 nBUTAaTeNei ¢
HapyXHbIM JameTpoM 7 3/4", KOTOpbIE HIUTIOCTPUPYIOT
Pa3HUILy MEXITy HAMH.

Kondurypamus 1:2 9:10
Jlnamna3oH pa3MepoB CTBOJIa CKBa)KUHBI, MM. 250,8-311,2 250,8 -
Juna, M. 6,16 7,41
MaxkcumanpHast Harpy3ka Ha J0JIOTO, KT. 9072 29483
MaxkcumanbHasi ToTepsl JaBleHUs Ha JIOJIOTE, 34,5 103,4
MuHHMaBHAS CKOPOCTh MOTOKA, JI/CEK. 18,9 12,6
MaxkcumalbHasi CKOpOCTb MTOTOKA, JI/CEK. 28,4 41,0
MaxkcumalbHasi CKOpOCTb IOTOKA - 50,5

yepes poTop, JI/CeK.

CkopocTh BpaleHus Bana, 00/MuH 275-415 55- 185
MaxkcuMalbHbIM KpYTAIIUIl MOMEHT, KI' M 159 622 - 830
MaxkcumaibHasi 1OTeps JaBJIeHUs 24,8 55,2

Ha MOTOpE, aTM.

KonuuecTBo cryneHein 3 2
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T'udpasnuueckoe npomusooasienue.

Bo Bcex mortopax B3]l obpatHoe naBieHue, co3laBaeMoe MOTOKOM pac-
TBOpA, MPOXOMASIIETO Yepe3 JBUraTelb U MOALIUITHUKH, CO3JaeT TUIpaBiIuye-
CKYIO Harpy3Ky, HampaBJIeHHYIO BHU3, BIOJIb och (Wy).

[Ipu OypeHHH Ha JOIIOTO CO CTOPOHBI 3a00s ACHCTBYET CHIa PEaKInH,
paBHas dpdeKxTHBHON Harpy3ke Ha noioto (WOB) u HanpaBneHHas BBepx. Paz-
HUIIA 3TUX JBYX CHJI yPaBHOBEIIUBACTCS KOMIUICKTOM OIOPHBIX MOIIUITHAKOB
U TepeaiaeTcsl Ha KOpIyc MOTopa.

Wt < WOB o3HadaeT, 9To Harpy>keHsl BEpXHHUE MOJIIUITHUKA

Wt = WOB o3Hauaer, 4To CyIIecTByeT OanaHc (MOMUIMITHUKA HE HArpy-
JKEHBI)

Wt > WOB o3HauaeT, 4T0o Harpy>KeHbl HI>KHHUE TTOAIIUITHUKH.

Jlis mpojuteHns MoTopecypca MOJIMIUITHUKAM, He00X0AuMO cOanaHCHpO-
Batb Wi 1 WOB HacToibKO, HACKOJIBKO 3TO BO3MOXHO. Bo MHOrux mporpam-
Max JKEeNaTeJIbHO COBMECTHUTh THIPABIMKY JOJOTa ¢ 3(PQPEKTUBHON HATPY3KOM
Ha JI0JIOTO TS TIOJTYYIEHUsT HAMTYdIINX pe3yabTaToB Oypenus. Ha mpakTuke 3To
TpyaHOIOCTIOKUMO. Koraa moTepu AaBieHUs Ha JOJIOTE BBICOKH, d(P(PEKTHBHAS
Harpyska Ha JI0JI0TO, He00X0oauMast JUIsl KOMIIEHCAIIUY THAPABINYIECKON HArpy3-
KW, MOJKET MPEBHICUTh PEKOMCHOBAaHHYIO HArpy3Ky Ha ABHTATENb M JOJOTO.
[Tone3usl rpaduku TUAPABIMYCCKON HATPY3KU Ui ONTUMH3AIUU KHU3HU IOJI-
IIAITHIKOB.

BaxxHo OTMETUTH, UTO MPH UcToNb30BaHUU B3/] B cKonb3siieM pexume
(6e3 Bpamenus), BennarHa 3QPEKTHBHON HArpy3KH Ha JOJOTO, BHIYHCIICHHAS
Ha OCHOBAaHUWH BEJIMYMHBI HATPY3KH HA KPIOKE, HE SBIICTCS TOYHOHM M3-3a TOTO,
YTO BEJIMYMHA TPEHHUS O CTEHKH 3a00s1 OKa3bIBaeTCS JOCTATOYHO BBICOKOH. B
TaKOW CHUTYaIlH eIUHCTBEHHBIM HaJC)KHBIM yKa3aTeJeM BEIMYUHBI KPYTSIIETO
MOMEHTA JIBUTATeNs SBJSIETCS JaBJICHUE HACOCOB.

[MomnepxuBas auddepeHaTbLHOE NaBICHHE IBUTATENS B CIEIU(pUYIe-
CKOM Y3KOM Juamna3oHe (MeHble AOMyCTUMOM MaKCHUMajbHOW BEIMYUHBI),
MOKHO ONTHMH3UPOBATH CKOPOCTH MPOXOJIKH.

4.3 Pexomenaauum no padore ¢ B3]

4.3.1 Coopka aBurares

- [IpunogHumuTe nBUraTenab, yCTAHOBUTE XOMYT M3 JIBYX IOJOBHH, OT-
KpYTUTE MOAbEMHBINA IEPEBOIHUK.

- [IpoBepbTe pyKoii paboTy HEperyCKHOTO KiIalaHa.

- JInst mpoBepku padotsel B3/l mprcoeMHNTE CHavYasa JI0JI0TO.

- IIpu npoBepke MOTOpa ¢ KPUBBIM NEPEBOJIHUKOM, CBEAUTE BpeMs MpO-
Ka4MBaHUS K a0COIOTHOMY MHHUMYMY.

- Bosemure YBT ¢ tenecucremoii. [Togcoenuanre oOpaTHBIN KIamaH H
KpPHMBOH IEPEBOTHUK K TPyOe.

- YcTaHOBHTE HUMIIEH KPUBOTO IepeBoIHIKA B MydTy B3/1.



- [Ipu nomoru Jiebekn COBMECTHUTE OCH PE3bOOBBIX COEIMHEHUH KPUBO-
ro nepeBojHnKa u B3/1.

- 3axBaTUTE KIIOYOM KOPITyC KPUBOTO MEPEBOJHUKA.

- IToTnX0HBKY BpalllaliTe pOTOPHBINA CTOJ IPOTUB YACOBOM CTPEJIKHU.

- Ilocne Toro, xak pe3pObI OyIyT aKKypaTHO 3aKpy4eHbI, 3aTSHHUTEC BCE
COCIMHEHHS KIFOUOM C MOMEHTOM B COOTBETCTBHH C peKoMeHaanusamu API.

- U3MepbTe yros yCTaHOBKH KPHUBOT'O IIEPEBOIHHUKA.

- YcTaHOBUTE OPUEHTUPYIOIIUN IIEPEBOJHUK. Y CTAHOBUTE XOMYT U3 JABYX
noy10BUHOK Ha YBT Huxe coenuHeHus.

- Orcoequnute HemaruuTHele YBT.

- BrIpoBHsiiTe na3 BTYJIKU OPUEHTUPYIOLIETO NEPEBOJHUKA C OChIO KpU-
BOT'0 NEPEBOJHHKA. 3aCTONOPBTE €r0 B TOM MOJIOKEHUN BUHTAMU.

- ITopcoenunure HemaruutHele YBT U criyckaiiTe B CKBaXKUHY .

4.3.2 Pabora c 3a00iiHbIM IBUTaTeJIeM

- Jlo Hayana paGoThI ABUTATENS 32001 JOKEH OBITh OUUIICH.

- MensnieHHo CIyCcKalTe B OTKPBITBHINA CTBOJI CKBAKHHBI.

- Ilpu BbICOKOI TemmepaType Ha 3a00e TEPUOIMYCCKH IIPEKpaIianTe
U PKYJIISIIHIO.

- [Ipu ncmop30BaHUN MEPEIYCKHOTO KJlalaHa PeryJisipHO JOJIUBANTE KO-
JIOHHY.

- Bynpre 0coO0eHHO akKypaTHBI B TIPH3a00HO 30HE.

4.3.3 IloaroroBka Kk padore Ha 3aboe

- YaepxuBasi KOJIOHHY Ha BECYy OKOJIO 3a00s, TIOTUXOHBKY TMPOMBIBAHTE
3a00ii.

- [IpombIBaiiTe 3200 O CKOPOCTHIO TTOTOKA, PABHOM MPH OCYIIECTBICHUH
mpornecca OypeHus. Eciu BOSHHKHET HEOOXOIMMOCTh — MEAJICHHO MOBOpAadH-
BaliTe KOJIOHHY.

- IIpu 3ape3ke pa3rpy3uTe KOJOHHY OT HalpsDKEHHsT MOMEHTa BpallleHUs,
JI0 Hayasa 3aMepoB.

- o Hayana OypeHUsI COpUCHTUPYHTECH.

4.3.4 bypeHnue c 3a00lHBIM ABUTaTEJIEM

- Peructpupyiite naBneHne DUPKYJIISIIIAL.

- Ecnu naBiieHne Ha CTOSIKE HE YBEIMUUBAETCS IIPH YBEJIIMUCHUH Harpy3KH
Ha JI0JIOTO, TO 3TO YKa3bIBaeT Ha TO, YTO IEePEIyCKHOH Ki1anaH He 3akphIT. [Ipu-
MOAHUMUTE C 320051 ¥ MPEPHIBUCTHIM PE3KMM N3MEHCHUEM JIABJICHUS MOMBITAM-
TECh 3aCTaBHUTh €T0 3aKPHITHCS.

- Kak Toneko nomnoro omycrurcst Ha 3200l u HauHeTCs OypeHHe, KpyTs-
Mt MOMEHT Ha JBUrarene Bospacret. [loTepst naBneHus1 HA JBHUTaTele yBEJIU-
YUTCSl TIPOMOPIHOHANEHO MOMeHTy. HeoOxommmo yMmMeHbIHTH nudQepeHnn-
JIbHOE JIaBJICHUE JBUTATEINS IO PEKOMEHIOBAHHOW ISl JAHHOTO JIBUTATels Be-
nuauHbl (mpuMepHo 26 at™. st DS00 Dynadrill).
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- Bypute, opruenTHpysch Ha MOKa3aHUS AABICHMS, a HE HAa Harpys3Ky Ha
J0J10TO (0COOEHHO B peKUMe "CKOJIbXKeHHs )

- IIpu Oypenun nojyepxuBaiiTe JaBjIeHUE Ha CTOSKE IMOCTOSHHBIM. DTO
00ECTIeYNT MOCTOSTHCTBO HArpy3KH Ha JHO 3a00s M 3aJaHHOTO HAIpPaBICHUS
(ipu yci10BHH, 4TO B TOMOT€HHOM (hOpMalMH OTCYTCTBYIOT PE3KHE H3MEHEHHS).

4.3.5 lloabem aBUraTesist

- Bparmaiite OypuiibHYI0 KOJIOHHY B OTKPBITOM CTBOJIE.

- Ecimm oTBepcTHE TEeperrycKHOTO KJIanaHa He 3a0uTo, TO KOJIOHHA OyIer
"cyxoit".

- IIpu pabGote B MATKHX MOpOJaX, BEPOATHEH BCETO, OTBEPCTHE KIIAllaHa
OyJIeT 3acopeHo.

- YpoBeHb pacTBOpa JOKEH MOAJEPKHUBATHCS HAMHOTO BBIIIE NEpeIry-
CKHOTO KJIallaHa.

4.3.6 O6cay:xuBaHue IBUraTeIs nMocJje noabeMa

- OTcoenMHUTE OT IBUTATENS IEPEBOIHUKHU, TEIECUCTEMY U T.II.

- Huxe nepenyckHoro kianaHa HaJleHbTE pa3bEMHBINA XOMYT.

- Xopolio npoMoiite kiarnas u oreepctus. [IpoBepbTe ero padory.

- IIpu momouy HEenHOro KiK4a yCTaHOBUTE IOJBEMHBIN NIEPEBOJHUK HA
nBurarenb. [IpoMoiiTe ABUraTens U A010TO.

- YcTaHOBHTE 10JIOTO B JOCKY OTBOPOTA.

- Bpamas 10510T0 B IpaByI0 CTOPOHY MPH MOMOIIM POTOPHOTO CTOJNA, 3a-
JIUBaliTe U3 IIJIaHra CBEPXY BOIY JI0 TEX IOP, IOKA U3 HACAJ0K HE CTAHET BBIXO-
JIUTH YUCTasl BOJA.

- Orcoequnure Boay. Uepe3 moabeMHBIA MEPEBOJHUK 3aJIEUTE HEMHOIO
Macja. MeyieHHO BpalllaiTe B IPaByl0 CTOPOHY JIO TEX IOp, TOKa HE yBUIUTE,
YTO MAcJIO MPOLIO B 10JIOTO.

- M3mepbTe modT MOAIMMITHUKOB KaK IMOKa3aHo Ha puc. 36.

- IlogBeckTe ABHraTeNb, U B 3TOM, MOJBEIIEHHOM, COCTOSSHUM U3MEPHTE
paccTosiHuEe MEKIy HM)KHEH 4acThlO KOpIyca NOIIIMITHUKOB U BEPXHEH KpoM-
KOH MepeBOIHUKA J0JI0Ta, OTO PACCTOSIHHE A.

- OnyckaiiTe ABUraTelb 4O T€X MOp, I0Ka OH HE YIPETCs B MOJI BCEM CBO-
uM BecoM. OmsTh U3MEPHTE ATy BEIUUUHY, paccTosaue B. JIFodT NOAIMIUITHUKOB
Oyner paBeH (A-B). [Iis kamoro nBUraTens CylniecTBYET CBOs JOIMYCTHMAas Be-
muurHa JrodTa. Onpenenure, HY>)KHO JIM OTIPABIISATH JIBHTaTellb HA CEPBHCHOE
00CITy)KUBaHUeE.

- YoxuTte qBUraTenb.

- Ecnu Bel He 103a00TUTECH O CBOEM JIBUTATENIE, TO B CIENYIOMIUN pa3 OH
He Oyner paboTars.

- Ha kopmyce nBurarens >kenaTeabHO KpacKO# yka3aTb KOJIMYECTBO Ya-
COB OypeHHUS W IUPKYISAIHHA. DTa WHPOPMAIHS OKaKETCS OYCHH ITOJIC3HOH B
JlajgbHEeHIeM.
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4.4 Ocooble cryuyan npuMeHenus B3/l ¢ npsaMbIM Kopnycom

WHorna cTaHOBUTCS HEOOXOAUMBIM MPUMEHSTHh JIBUTATENh C IPSMBIM
KOpITycoM 0e3 KPHBOTO NEPEeBOTHHUKA. THINHYHBIMH CITydasMH TaKOTO poja SB-
JSAFOTCS:

1. Bwicoxuti kpymawuti momenm. Korma CTaHOBUTCS OYEHb TPYIHBIM
BpalaTe KOJIOHHY (YacTo 3TO0 00YCIIOBIEHO 0COOBIMH CBOMCTBamMH nopox). Ox-
HUM U3 CIIOCOOOB peIIeHHs TaHHOI MpoOIeMBl SBISETCS MTPUMEHEHHE BBICOKO-
MOMEHTHOTO ABuraterns. KoJloHHa BpamaeTcs MeUICHHO, M HAaHOOJBIIYO YacTbh
padoThl OypeHUs BBIONHACT 3a00MHbBII ABUTaTeb. ECIIU 3TO MPOMCXOANUT B Ha-
KJIOHHOHM CEKIIUH IIPU HAIPaBIEHHOM OypeHHH, TO Ha KOPIyC JBUTaTeNs ycTa-
HaBJIMBAETCsA CTaOWIM3aTop ¢ pazMepoM Ha 1/8" Gosblie nauameTpa BEPXHETO
crabunmzaropa. B KHBK ycranaBnmuBaercst crabminsatop TOro e pasmepa.
Ecnu ckBakuHa BepTUKaNbHAas, TO ABUTaTeNb MOXKET paboTaTh B "CKOAb3sIEM"
peXUME ¢ yBEITMYCHHBIM CTAOHMIIM3aTOPOM, YCTAaHOBICHHOM Ha paccTosHuu 20
M OT JI0JIOTA.

2. Bypenue npsamoco cmeona. VIHorna Bech BEpPTUKAJIbHBIN yU4acTOK CKBa-
*HUHBI Oyputcs npu nomotu B3/]. C anMa3HEIM J0JI0TOM JydIlle BCETO UCTIONb-
30BaTh MOTOp THmna 1:2. /Iy TpeXIapomeyHoro JOi0Ta CIeayeT OTAaTh Ipel-
MOYTEHNUE MHOTOTPEOHEBBIM ABUTATEISAM.
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PA3JEJ S

IMPOEKTUPOBAHHUE KOMIIOHOBOK HU3A BYPWJIBHOMN
KOJIOHHBI

OmHUM U3 CaMBIX BaXXHBIX BOTIPOCOB IPH CTPOUTEIHCTBE 000N Hampas-
JICHHOHM CKBaXXHHBI, 1 OCOOCHHO TOPH30HTAILHOM, ABIAETCS 00OCHOBAaHUE KOM-
TIOHOBKM HHW3a OypHIIBHOH KOJIOHHBI. B 3TOM pasmene oOCyXIaroTCsi OCHOBBI
Teopur paboThl KOMIIOHOBOK HM3a OypuibHOH KooHHEI (BHA).

Komnonoexu nusa 6ypunvroi xonounvl (BHA) 0nsa pomopnoeo oypenus

PoTopHBIe KOMIOHOBKH OOBIYHO MPOEKTUPYIOTCSA AJIs OypeHUs Y4acTKOB
Ha0opa, majieHns] WM cTaOMIM3alK 3€HUTHOTO yTiia CKBaXXuHbI. [loBeneHue
71000# POTOPHOM KOMIIOHOBKH DEryJIHpyeTcs IMyTeM W3MEHEHHUs IuaMmerpa U
TTOJIOXKEHUS TISHTPATOPOB B mpeaerax nepBbix 36 M (120 ¢yT) ot 3a60s1. omod-
HUTEJIBHBIE LIEHTPATOPBI, YCTAHOBJIEHHBIE BHIIIE, OyIyT Majo BIUATH Ha Xapak-
TEPUCTHKY CTBOJIA CKBAYKHUHBI.

Ha puc. 37 mana TunmgHas KOMIIOHOBKa HH3a OypIIIBHON KOJOHHBI JUIS
Ha0opa 3eHHUTHOro yria ckBaKHHbI. OHa TpeOyeT mporuba yTsxKeIeHHOH Oy-
PUIIBHOM TPYOBbI MEXY NEPBBIM M BTOPBIM LIeHTpaTopaMu. [Iporu6 npuBoauT x
HaksioHy nosora (BT) m coznanuro GokoBoit cuiel Ha ponote (BSF), Hampas-
JICHHOW B CTOPOHY BEpPXHEH CTEHKH CTBOJIA. IHTEHCHBHOCTH HaOOpa 3€HUTHOTO
yria Ajst 5TOM KOMIOHOBKH YBEIMUYHBAETCS C YBEIUUECHUEM.

9 m. (30 dyr.)

9 m.(30 dyr.) 9 m. (30 doyr.)

[
7

9 m. (30 doyr.)

9 m. (30 pyr.)

Perynupyembii
crabunusatop

—— S

18 m. (60 dyt.)

i

by

KoutpossHoe
paccronsite
9 m. (30 chyr)

&

Perynupyemoe
paccronkme
3 m. (10 dyt.)

Far——t3

Pucynoxk 40 Pucynok 41 Pucynoxk 42

Pucynok 40 — TurmoBasi KOMIIOHOBKAa HH3a OypHIIbHOW KOJIOHHBI JJIsl Ha-
60pa 3eHUTHOrO yria

Pucynok 41— KOMIOHOBKa, MJTH KOMIIOHOBKA UIS yYacTKOB ITaJICHUS 3e-
HUTHOT'O yTIJja

Pucynok 42 — TumnoBast MassTHIKOBAasi CTAaOMIIM3AIMH 36HUTHOTO yTia
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PaccrosiHust Mexly NepBbIM M BTOPBIM IieHTparopamu. ITo mepe yBenu-
YeHUSI PACCTOSHHUA MEXTy ICHTPAaTOpaMH OyZeT YBEIHYMBATHCA NMPOTHO Oy-
pUIBHON TPYOBI, TEM caMbIM yBennunBast HakJIoH joioTa (BT) n 6okoByto cuiry
Ha nonote (BSF) (puc. 38). Korna nporu6 yTspxeneHHBIX OypHIbHBIX TPYO yBe-
JMYNTCS JI0 KaCaHWs HIDKHEH CTEHKH CKBaXXMHBI, HAKJIOH J0JIOTa M OOKOBasi CH-
Jla Ha J0JOTe JOCTHIHYT CBOMX MaKCHMANbHBIX 3HAYCHHH, YTO JACT MAaKCH-
MaJbHYI0 MHTEHCHBHOCTH HaOOpa 3€HHUTHOTO yIJjla 3TOH KOMIIOHOBKH. YBEIH-
YEeHHE PACCTOSHUS MEXJy LIEHTPaTOpaMH CBEPX 3TOr0 PACCTOSHHS NPHUBEAET K
YBEJIMYCHHIO JUTMHBI KOHTAKTa MKy YTSKEICHHBIMU OypHIbHBIMH TpyOamMu U
CTEHKOHM CKBaXXMHBI. JlaJIbHEHIIEr0 yBEINYEHHUsI HHTEHCUBHOCTH Ha0bOpa 3€HUT-
HOTO yIJIa He Ipou3oiiaeT. Boobie roBops, yTskeaeHHbIe TPYOs! OyayT Mporu-
6atbcsl, KacasCh CTEHKHM CKBAXHMHBI B TOM CIydae, KOTJla PACCTOSHHE MEXIY
ueHTpatopamu 6ompiie 18 m (60 ¢yT). Bennuuna nporuda Oyaer Takxke 3aBH-
CEeTh OT COOTHOIICHMH JUaMeTpa CKBAXXHHBI 110 CPABHEHHIO C JHAMETPOM YTs-
JKEJICHHOH OypHIIbHOM TPYObI, IMaMETPOM LIEHTPATOPOB.

KopoTtkuii mepeBoAHUK MEXITy TOJOTOM W TEPBBIM IIEHTPATOPOM YBEIHU-
9UT OOKOBYIO CHIIy Ha JIOJIOTE, YTO MPHUBEICT K YBEIMYCHUIO MHTCHCHBHOCTH
Habopa 3eHuTHOro yria. Ecam 310 paccrostHue OyneT pacTH Jalblie, CHia Ts-
KECTH OyJIeT CTPEMHUTHCS IPHOJIU3HUTH JJOJIOTO K HHKHEH CTEHKE CKBaXKMHBI, YTO
MpUBEJET K CHIXKEHHIO O0KOBOM cuibl Ha nonote (BSF) u Hakiony monorta B
CTOPOHY HW)KHEW CTEHKH.

YroObl KOMIIOHOBKA COXpaHsula CIIOCOOHOCTb HAOMpaTh 3€HUTHBIH yrol,
paccTosHIE MEXAY JOJIOTOM M IEPBBIM HEHTPATOPOM JOJDKHO OBITH MEHBIIE 2
M (6 GyT). DDPEKTHBHOCTH 3TOTO MEPEBOJHHUKA TaKkKe OyIeT 3aBHCETh OT Ha-
IPY3KH Ha JI0JIOTO, AWAMETpa MEepBOrO IIEHTPATOPa U PACcCTOSHUS MEXIy Hep-
BBIM M BTOPBIM LICHTPATOpPaMH.

BausiHue nuamerpa neHTparopa OyZeT OnpeiesiThesl AuaMeTpaMH IeH-
TPaTOPOB M YTSDKEICHHBIX OYPHIBbHBIX TPYO OTHOCHTEIBHO JHaMETpa CKBaXKH-
HBI ¥ Harpy3K Ha J10J0TO. DTOT 3¢ ekt Oyner HeOOIbUINM 110 CPABHEHUIO C
JIBYMsI TIEPBBIMH M 3aMETEH TOJBKO TOT/A, KOTJa MPOTH0 YTSDKENCHHBIX Oy-
PUIBHBIX TPYO HE MO3BOISIET UM KacaThCs CTEHOK CKBa)KHHBI.

Ha puc. 43 moxa3aHa TuoBas MasTHUKOBAst KOMIOHOBKA MJIM KOMIIOHOB-
Ka JUIsl y9acTKa MaJIeHHs] 36HUTHOTO yTJIa.

== == mm Haks10H fonota Bokosan cuna

—— . Ocb KOMNaHOBKW Ha fonotve

Pucynox 43 — Cxema felicTBusi 60KOBO# CHIIBI Ha JI0JIOTE
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PoropHasi KOMIIOHOBKa JUIsi M3MEHEHMs 3€HUTHOIO yIia Tpedyer IIo
KpalilHel Mepe OJHOTO LIEHTpaTopa, HO YacTO BKJIKOYAET TPH IeHTparopa. 1n-
TEHCUBHOCTb MaJ€HUs 3€HUTHOTO yIia Ul STOH KOMIIOHOBKH DPEryJlupyeTcs
MyTeM:

- UI3MEHEHHMS PACCTOSHHS MEXK/Ty JIOJIOTOM U TepBbIM IieHTpaTtopoM. Ecim
paccTosHUE MEXIy AOJIOTOM H IEPBBIM IIEHTPATOPOM yBEIHMYMBAETCS, CHIIA TH-
KECTH TPIDKMMACET J0JOTO K HW)KHEH CTEHKE CKBa)KHHBI, YBEIMUMBAs HANpaB-
JICHHbIE BHHM3 HAKJIOH JI0JIOTa M OOKOBYIO cwily Ha nojiore. Eciam paccrosiHue
MEXIY IOJOTOM H IIEPBBIM IIEHTPATOPOM CIIHIIKOM BEJIHKO, JT0JIOTO HAYHET U3-
rubaThesl BBEPX M MHTEHCHBHOCTH I1aICHHS 3€HUTHOTO YIJIa JIOCTHIHET MaKCH-
MyMa. OOGBIYHO PACCTOSTHUE MEXIY IOJIOTOM U TMEPBBIM IIEHTPATOPOM OyaeT
npumepHo 9 M (30 ¢yT). IHTEeHCHBHOCTD MTaA€HNs 36HUTHOTO YIia OyleT TaKkxKe
3aBHCETh OT AMAMETPa CKBAXKHHBI OTHOCHTENBHO AMAMETpa yTSKEICHHBIX Oy-
PHUIBHBIX TPYO M JHaMeTpa LEHTPaTopa M Harpy3KH Ha JOJIOTO;

- YBEIMYEHHS PACCTOSIHUS MEXKIY BTOPBIM U TPETHUM LEHTPATOpaMHu.
OHO JOJDKHO OBITh JOCTATOYHO OOJBIINM, YTOOBI JaTh BO3MOXKHOCTH 00pa3o-
BaTbCs MPOTHOY YTSDKEICHHBIX OYpHMIIBHBIX TPYO, YTO MO3BOJHUT YTSKEICHHBIM
OypHWIBHBIM TpyOaM MeXTy INEpBBIM M BTOPBIM IIEHTPATOPAMHU H30THYTHCS
BBepx (puc. 43). Ecim paccrostHue MeXIy NMepBbIM U BTOPHIM LEHTPAaTOpaMU
CIIMIIKOM BENHKO, YTSKEICHHBIE OypuibHbIE TpyOBl OyIyT NpOrudarscs K
HIDKHEH CTEHKEe CKBAa)XKHHBI BMECTO TOTO, YTOOBI M3rHOAThCA BBEpX. DTO IPH-
BesleT K ()OPMHUPOBAHUIO KOMIIOHOBKH JUISl YBEIMYEHHS 36HUTHOTO YIjIa BMECTO
KOMITOHOBKH JJIsl YMEHBIICHHUS 3€HUTHOTO yria. BooOiie paccTosHue Mexmy
MEPBEIM M BTOPBIM LIeHTpaTopamu IoJbkHO OBITE 9 M (30 ¢dyT), a paccrosHue
MEXIY BTOPBIM U TPETHHM LIEHTPATOpaMH AOJDKHO OBITH mpuMepHOo 18 m (60
¢yT). IHTEeHCHBHOCTD MafEHHUS 3€HUTHOTO yTJa JUIi KOMIIOHOBKH IIOCTHUTHET
MaKCHMyMa B TOM clly4yae, KOT/1a PAcCTOSIHUE MEXAYy BTOPBIM U TPETBUM LIEH-
TpaTopaMy TO3BOJIUT YTSDKEICHHBIM OypHWIBHBIM TpyOam NPOBHUCHYTH M KOC-
HYTbCSl CTEHKH CKB&)KHHBI. VHTEHCHBHOCTBH IaJICHHS] 3€HUTHOIO yria Oyner
TaKXKe 3aBHCETh OT HArpy3KH Ha JIOJIOTO M JHUaMeTpa IEHTPATOPOB U yTKEICH-
HBIX OypPHIIBHBIX TPYO OTHOCHTEIBHO ANaMETpa CKBayKHHBI;

- YMEHbBIIIEHUSI JAUaMeTpa TmepBoro IeHTtpatopa. Ero addext Oymer He-
OONBIINM TI0 CPAaBHEHHIO C IByMs MepBbIMH (hakTopamu. BimsHue nuamerpa
LeHTpaTopa OyJeT 3aBHCeTh OT JUaMeTpa LEHTPATopa U yTSHKEJICHHBIX Oypuilb-
HBIX TPYO OTHOCHTEIBHO AMaMEeTpa CKBaKHHBI M HArPy3KH Ha J0JIOTO.

Ha puc. 45 nana THmosasi KOMIOHOBKA JUISl CTAOMIIM3AI[MN 3€HUTHOTO yT-
Jla WIN JKECTKasg KOMIIOHOBKA. JTa KOMIIOHOBKA CHI)KAeT CKJIOHHOCTh CKBaXKHU-
HBI K HCKPHUBJIICHUIO 1 OOBIYHO COJEPIKUT TPU HIIH OOJee IEHTPATOpa, pacIoio-
JKEHHBIX Ha HEOOJIBIIOM PacCTOSHUH APYT OT Apyra. Jlnamerp u pacrojioxKeHue
LIEHTPATOPOB NPHUBOAT K CHIDKCHHUIO HAKIIOHA JI0JI0Ta M OOKOBOM CHIIBI HA JO-
10T0. KoMrmoHOBKa MOKET OBITH CITPOEKTHPOBaHA ¢ TEHACHIMEH ciiaboro Habo-
pa WM MajeHUs 3eHUTHOTO yTia Ui KOMITEHCAIIMN TEHACHIINH BIMSHUS TOp-



HBIX MOpoA. B HekoTopbix MecTax At OOpbOBI C BIHUSHUEM TeOJOTHUYECKUX
(haKTOPOB MOTYT MOTPEOOBATHLCS JIOTIOTHUTEIBHBIE IIEHTPATOPHI (prc. 46).

9 M (30 dyt.)

9 M (30 dyt.)

e

Perynupyembiii [iif I
CTabMIN3aTOP fgi

Perynupyemoe
paccTosiHue

3 M (10 dyt.)

Pucynox 44 Pucynoxk 45

Puc. 44 — TunoBast KOMIIOHOBKA JJIsl CTAOUITM3AINK 3€HUTHOTO yTJa, WU
KECTKask KOMIIOHOBKa

Puc. 45 — KoMIIoHOBKa ¢ M30THYTBIM KOPITyCOM 3a00WHOTO JABHUTATEINs C
peryIrpyeMBIM YTIIOM IepeKoca 6e3 eHTPaTopoB

Komnonoexku nuza 6ypunbHoil KOIoHHbL ¢ 3a00UHBIM 08ucamenem

KommoHOBKH ¢ 3a00WHBIM JBHTATENIEM SBIISIOTCS YHHBEPCATBHBIMH M
MIPUMEHSIOTCS BO BCEX Y4YacTKaX HAIpPaBICHHBIX M TOPU30HTAIBHBIX CKBAXKUH.
OHH UCTIONB3YIOTCS JJIS OTKIIOHEHHS OT BEPTHKAIM W HaOOpa 3eHUTHOTO YA,
OypeHHsI y4yacTKOB, CTaOWJIM3allMM 3€HUTHOTO yIiia M OOECHEeYMBAIOT TOUYHOE
yIpaBJIeHHE TPaeKTOpPHEH CKBaXWHBI. [IpoeKTHpoBaHHE KOMITOHOBKH C 3a00ii-
HBIM JBHUraTesieM OyleT 3aBHCETh OT ee Ha3HaueHHs. Kak B ciiydae ¢ pOTOpHBI-
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MH KOMIIOHOBKAaMH, XapaKTCPHUCTUKH KOMIIOHOBOK C 3a00WHBIM JIBUTATEIIEM
TAKXC HM3MCHAIOTCA C NOMOIIBK KPUBBIX INEPEBOAHUKOB M HM30THYTBHIX KOPILY-
COB. HeKOTOpLIe KOMIIOHOBKH C 3a00HHBIM JABUTATCJIEM MPOCKTUPYIOTCA C BO3-
MOKHOCTBIO BpalllCHUs, APYTUEC - oe3 BpaleHus. Bpaiiaemble KOMIOHOBKH Ha-
3BIBAIOTCA "KOMI‘IOHOBKI/I, BKIIIOYAKOIIWEC 3a00MHBII JABUTATCJIb C PETYJIMPYCMbIM
YIJIOM Tepekoca', Tak Kak OHHM JOMYCKAalOT IOIEPEeMEHHO BpallleHHe W OpHEH-
TUPOBAHUC IAJIsI TOYHOI'O HAIIPABJICHUA CKBAXXUHBI 11O HaMCUYCHHOM TPACKTOPHH.
PaccroAHue oT aonora Ao mecra nepekoca (¢yr.)
1 p 20 30

) 1

WsorHyThIld KOpPnyc KpuBoii nepesofHuK

-~
- - -
- " ~
-~ 3eHUTHBIA ~
yron Gonee 20°

36HUTHBIN N
yron 6onee 20° N

Peskuit neperub cteona

MpuHuMaeTcA oauH ~N
W TOT e Yron nepekoca ~

PaccronHue oT gonota go Mecra nepexoca (dyr.)

Pucynok 46 — ['paduik XapakTepUCTUKH WHTCHCHUBHOCTH PE3KOTO MEpPEru-
0a CKBa)KMHBI

Ha puc. 48 noka3aH M30THYTHII KOPIyC KOMIIOHOBKH, BKJIIOYAIOILEH 3a-
OOWMHBII MBUTaTENh C PErYIUPYEMBIM yriioM rmepekoca (SMA) 6e3 kakux-1uoo
LEHTPaTOpoB. JlelicTBHE ITOM KOMIIOHOBKHU YyBCTBUTEIBHO K 36HUTHOMY YIIIy U
TIOJIO’KEHUIO 30HBI M3ruba. Ha puc. 42 moka3aHa XxapakTepHCTHKa HHTEHCHBHO-
CTH PE3KOro neperuda CKBaXUHBI B 3aBUCHMOCTU OT PACCTOSHHS MEXIY 10J0-
TOM W TIEPEKOCOM JIJIsl 36HUTHBIX YTJIOB MeHee u Oostee 20°. Iy 3eHUTHBIX yT-
70B MeHee 20° MakCHMMallbHasi HHTEHCHBHOCTh PE3KOT0 Neperuda CTBOJA CKBa-
JKUHBI UMEET MECTO B TOM CJlydae, KOrJja MECTO IIEpEKOCca paclookKeHo Ha pac-
crostaun okono 10 M (30 ¢yT.) oT monoTta. OHa SKBUBaJICHTHA HHTCHCUBHOCTH B
cllydae IPUMEHEHHS IPSAMOTo 3a00HHOTO JBUTATENS C KPUBBIM MIEPEBOTHUKOM.
ITo Mepe yBenM4YeHHUs 3€HUTHOTO yrila MaKCUMallbHasi MHTEHCHBHOCTH PE3KOTO
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neperuba UMEET MECTO TOT/a, KOTAa NEepEeBOJHUK PACIIOI0KEH Ha PACCTOSHUU
npuMepHo B 2,5 M (8 ¢yT.) oT monoTta. Ta KOMIOHOBKA MPEACTABIAET OO0t
TUINYHYIO KOMIIOHOBKY C W30THYTBIM KoprtycoM. JlaHHBIH rpaduk moarsep-
x1aetT ee Hed(h(HEeKTHBHOCTH B KadeCTBE KOMITOHOBKH JUISI OTKJIIOHEHUS CTBOJIA
CKBa)KHHBI.

[IpuunHa Takoil XxapakTepHCTHKH KOMIIOHOBKM TOKa3zaHa Ha puc. 47. [lo
Mepe YBEJIMYCHUS 36HUTHOTO yIJla CKBaKHHBI CHJIA TSDKECTH MPIKIMAET BEpX-
HUHA KOHell 3a00WHOT0 IBHMIaTelsl ¢ M30THYTHIM KOPIyCOM K HM)KHEHW CTEHKe
CKBO)XMHBI W yBeIHUMBaeT OokoByio cwry Ha moiote (BSF). Kommonoska c
KPHUBBIM TIEPEBOAHUKOM IIPH HEOOJBIIOM 3€HHTHOM YIJIe CKBR)XMHBI BHayaje
co3maer OoMNbIIyI0 OOKOBYIO cHily Ha monore. Ha puc. 48 mokazan 3a00WHBIH
JBUTATENb C U30THYTHIM KOPIYCOM C OJJHUM LIEHTPAaTOPOM Ha KOPITyCe IIIHH-
JeNisl U OJHUM IIeHTPaTOpOM Haj pabodel ceknueil 3a0oiHoro asurarens. [lo-
TIOJTHUTENBHBIE [IEHTPATOPHI YIY4IIaloT paboTy KOMIOHOBOK, BKITIOYAIOIINX 3a-
OOMHBIN IBUraTeNb ¢ PEryIMPYEMBbIM YIJIOM HepeKoca IPpH HeOONBIINX 3€HUT-
HBIX YIJIaX CKBOKHHBIL.

|
|

Pucynox 47 — Hnmocrtpanus B3au- Pucynokx 48 — Jlpurarens ¢ H30-
MOJEHCTBUS KOMIIO- THYTBIM KOPIIyCOM
HOBKM ¢ 3aboeM n C LIEHTpaTopaMHu
CTEHKOW CKBaXKUHbI
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nepexoca
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UeHTPATOPpaMM Ha iBUuraTene u
Bbille Hero

WHTeHCcHBHOCTD pe3koro nepernba
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0 10 20 30 40 80 50 70 80

SeHUTHBLIA yron

Pucynox 49 — CpaBHeHHe MHTEHCUBHOCTU PE3KUX MEperuboB I KOM-
MOHOBOK, BKJTFOUAIOIIUX 3a00MHBIN JBUTATENb C PEryiu-
PYEMBIM yTJIOM IepeKoca, ¢ IEHTpaTopaMu U 6e3 HuX

Ha puc. 49 nokazana 3aBUCUMOCTb MHTEHCHUBHOCTHU PE3KUX MEPErHOOB OT
3€HUTHOTO yIila CKBKUHBI JJIS TTIaIKOI KOMIIOHOBKH, BKJIFOUAIOLIEH 3a00MHBII
JIBUTATeNb C PEryJIMPYEMbIM YIIIOM MEPEKOCa, 1 KOMIOHOBKHU C LIEHTPATOPOM Ha
3a00IfHOM JIBUTaTelNiC ¥ LIEHTPATOPOM, YCTAHOBJICHHBIM HaJl 3a00HBIM JBHIATE-
JIeM.

Crenyer OTMETHTh, YTO KOMIIOHOBKA C IIGHTPATOPAMHU XapaKTepU3yeTCs
OoJIbIIICiT MHTEHCUBHOCTBIO PE3KHX MEPErHOOB MPH HEOOJBIIOM 3CHUTHOM YTJIe
U OCTHIaeT MEHBIIETO0 MaKCHMAaJIbHOTO 3€HHTHOIO YIJIa, YeM TJIaKasi KOMIIO-
HOBKa.

B nenom, yem Oomblie quaMeTp BEPXHEro LEHTpaTopa, TeM Oonee 3¢-
(heKTHBHA 3Ta KOMIIOHOBKA B TOYKE OTKJIIOHEHHS CKBaKHHBI OT BEPTHKAJH U IIPH
BBICOKHX 3CHHTHBIX YIJIaX MaKCHMallbHasi WHTCHCHBHOCTh PE3KOro Ieperuda
Oyner Hike. Uem Ooubllle TUaMETp HWKHETO IEHTpaTopa, TeM Oosee ¢ dek-
THUBHO OyJeT paboTaTh 3Ta KOMIIOHOBKA ITPH BCEX 3€HUTHBIX yTIIaX CKBa)KUHEI.

‘g — [NapKas KOMNAHOBKA G PErYIMPYEMLIM YIAOM
nepesxoca

- . O p—

E LIGHTPATOPAMM HA ABWraTENe W BLILE HEro

g

§

i

=

= Habop. Mosopor Ymeuswenus Nosoper Habop

= wHNTHOrO  BneBO tenuTHOrO snpaso teKNTHOrO
yma yma yra

Pucynok 50 — CpaBHeHHE MHTEHCHBHOCTH PE3KHX MEPErHOOB Ul KOM-
TIOHOBOK C PETYJINPYEMBIM YIIIOM IIepeKoca



Ha puc. 50 mpuBeneHs! CBEICHUS IO
MHTCHCUBHOCTH HEPErHO0B B 3aBHCUMOCTH
OT OpUCHTAIUU HaIpaBlIeHHs IeHCTBUS OT-
KJIOHUTEIS I KOMIIOHOBOK, BKIIFOYAlO-
mUX 3a00iHBIA ABUTATENb C pETynupye-
MBIM YTJIOM TIepeKoca, 6e3 IEeHTPaTOpOB U
¢ neHrparopamu. [Jagkas KOMIIOHOBKa
OUCHb YyBCTBHUTE/IbHA K OPHUEHTALMH Ha-
NpaBJIeHUs JeWcTBUA OTKiIoHHUTENd. OHa
JlaeT MaKCHMAJIbHYI0 MHTCHCHBHOCTH PE3-
KOTO Ttepernda mpy HaIlpaBICHUH IEHCTBUS
OTKJIOHUTENS K BEPXHEH CTEHKE CKBa)XKUHbI
(TFO — 0 rpax) 1 MMUHUMAJIBHYIO IIPH TO-
Bopote (TO — 90 u 270 rpax). KommoHoBka
C LEHTpaTopaMH XapaKTepU3yeTCs MEHb-
el 9yBCTBHTENBHOCTBIO K OPHEHTAIINU
HanpaBlIeHUss  ACHCTBUS  OTKIOHMTEIS
(TFO). Ilpu ymeHbIIEHHH IOHaMeTpa IIeH-
TPaTOpOB KOMIOHOBKa CTaHOBUTCS Ooiee
qyBCTBUTEJIEHON K OpUEHTAI[UM HalpaBiie-
HUS ACHCTBUS OTKJIOHUTEIS.

Ha puc. 51 moka3aH 3a00iHbII 1BU-
raTtenb ¢ M30THYTHIM KOPITyCOM M HakJIaja-
KOW WJIM SKCIEHTPUYHBIM KOPITyCOM BMe-
Pucynok 51 — 3a6oiiubie aurareny ¢ CTO HIKHETO NCHTPATOPA. HauKnanKy MOX-

SKCLIEHTPHUHBIM Kopry- HO CYHTaTh KaK CMCIICHHBI ICHTPATOp.
COM/HaKITAKO# Takue KOHCTPYKIIMM KOMIIOHOBOK C pery-
JIMPYEMBIM YTJIOM IIepeKoca JaroT OoJbIIHe

BO3MOYKHOCTH MEHSATH NPOECKTHBIE MHTEHCHBHOCTH Habopa yryia, Tak Kak Ha-

KJIaJIka MO3BOJIAET MOJEIHPOBATEH IIEHTPATOP JIIO00T0 JHaMeTpa: OT JuaMeTpa

MEHBIIIE JUaMeTpa CKBa)XXUHBI JI0 THaMeTpa OoJIblIe IMaMeTpa CKBaKHHBI.

3aboiinvie 0suecamenu ¢ 08yms nepekocamu
3a0oiiHble IBUTATENN C ABYMs IEPEKOCAMH — 3TO JIBUTATENH, UMEIOIINE

OJIMH MEPeKOC Y COCAMHHUTENBHOIO IIapHUpa Baja (KaKk M30THYTHIH KOPIIyC y

JBHUTATEIS C OHUM IEPEKOCOM) M MEPEKOC MEXIy pabouel cexuuer u mepemy-

CKHBIM KJIAITAaHOM B BEpXHEH YacTu 3a00WHOTO JBHrareis. Bropoil (BepxHHIA)

MEPEKOC MOXKET OBITh IIOCTOSIHHBIM HJTH PETYIIHPYEMBIM.

JBurarenu ¢ aByms nepekocamu OyayT HaOMpaTh 3eHUTHBIH yroin ¢ Oonee

BBICOKON MHTEHCHUBHOCTBIO, YeM JBUTATENIN C OJAHUM MEPEKOCOM, HO UX HENb3S

BpaIlATh.
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Janee mpuBeneHbl pa3lIUYHblE KOHCTPYKLUH 3a00MHBIX ABUTATeneil c
JIByMsI MIEPEeKOCaMH ¥ THUIIOBBIE KOMIIOHOBKH HH3a OypHIIBHON KOJIOHHBI, HC-
MOJIb3yeMble IPU OYPEHHHN Pa3IMYHbIX YUYaCTKOB TOPH30HTAIBHBIX CKBAKHH.

Pucynok 52 — KoHCTpyKIIMU IBUTATENCH ¢ IByMSs U3rHOaMu



CraHpapTHaA
6ypunbHan

YTakenséHHan
Tpy6a ‘GypunbHan Tpyba ¢
WapHMPamu
CraHaapTHaR
BypunbHan

Tpy6a

3a6oWHbiit ysen
CUCTEMb M3MepeHWi
B MPOLECCe OypeHiR

ToncTocTeHHan
BypunbHan 3abouHbih yaen
CUCTEeMbI b
W3MEPEeHWI
8 npoyecce

Y peHuA

Y1AaKenéHHan
6ypunbHan Tpyba
N ¢ wapHmpamu

fAce

Acc B §

3aboiiHblin
fIBMraTenb C OfHUM
nepeKocom

Pucynok 53 — KomnoHoBka ¢ peryiu-

pyeMBIil yriaoMm Inepe-
Koca 6e3 IIEHTPaTOpPOB

YTRMENEHHAA
GypunbHan Tpy6a
C wapHvupamu

ToncTocTeHHaR
GypunsHan
TpyGa

R YraxenéuHan
H GypunsHana Tpy6a
i c wapHpamu

HBIM JIBUTATENEM
OJTHIM TIEPEKOCOM
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Pucynok 54 — KommonoBka ¢ 3a60ii-

C



CraHpapTHan
GypunsHan
Tpy6Ga

YraKenénHan
GypunbHaa TpyGa
© WapH1pamu

CraHpapTHanA
BypunbHana
Tpy6a

YTRKONEHHARA
BypunbHan TpyGa
C WapHUpaMu

CraHpaptHas
GypunbHan
Tpy6a

3aboliHblii ysen
CHUCTEMbI U3MepeHUiA
B npouecce GypeHnA

ToncrocTeHHan

GypunbHan YTamensHHan

ToncTocTenHan H PyGa 6GypunbHan Tpy6a
6ypunbHan l . ¢ WapHMpamu
TpY6a

YTAKenéHHaA
BypuneHan Tpy6a
€ WapHMpamMn

PYEEy—

i

Acc

] 8]

3aboliHLIA
Asurarenn ¢
OfiHUM

3aboitHbli ABUraTens NepeKkocom

C OfHVM NEPOKOCOM
W HaknagKoi

Pucynok 55 — KomnonoBka ¢ 3a00iiHeIM  Pucynokx 56 — KommoHOBKa, BKITIOHaromas
JIBUTATEIIEM C OJHUM IIe- 3a00MHBIN ABUTATENb C OJI-
PEKOCOM U HaKIaaKoH HUM IIE€PEKOCOM, C BEPXHHUM

1 HWKHHUM LIEHTPaTOpaMH



YrroKenéHHaA
GypunbHaa Tpy6a c
CraHpapTHan wapHUpamm
GypunbHan
Tpy6a

3aboiiHbIVi yaen
CUCTeMbI UIMEPEHIA
B npoyecce GypeHua

YraxenéHHan
E GypunbHan
TpyGa
k¢ wapHupamn

3a6oiiHbiik asuraTens
f c AByMA nepekocamm

Pucynok 57 — KomnoHoBka, BKII04al0-

CraHgapTHan
BypunbHan
Tpy6a

ToncTocTeHHan

6ypunbHas |

TpYyba

Yr1auenéHHan
GypunbHan Tpy6a
C WwapHupamu

3a6oitHbiii y3en
CUCTEMbI M3MepeHU
B npoyecce Gypexua

YTAKenéHHan
GypunpHan TpyGa
C WwapHupamn

1ast 3a00MHbIN IBUTATENH C
JIByMSI IEPEKOCAaMH, HAKJIa -

KOW M IIEHTpaTopaMu

3aboiiHbiit ABUraTens
C OAHUM NEPBKOCOM

Pucynok 58 — KomnoHoBKa ¢ 3a00ii-

HBIM ABUT'aTCJIEM C O-
HHUM [IEPEKOCOM IS
CpEIHero yria
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P YTAxenéuuan
GypunbHana TpyGa
¢ LiapHupamu

YramenéuHan
HypunpHana TpyGa
€ WapHupamu

CraspapTHan
GypunbHan
TpY6a

CraHpapTHan
GypunbHan
Tpy6a

3aGoiiHblit yaen
cUCTeMbl UsMepeHmii
B npouecce GypeHua

3aboiiHblii ysen
CHUCTOMBI U3MEpeHUi
B npouecce GypeHus

ToncTocTeHHan ToncrocTenan
GypuneHan YraensHHan GypunbHaa Y1AaKensHHan
TpyGa GypuneHan Tpy6a Tpy6a GypunbHan TpyGa

C WapH1pamm C WapHMpamn

Llentpatop UeHTparop

3aboiibiit Asuratens
C BYMA NepeKocamm

3a6oiiHbIi peuratenb
C ABYMA Nepexkocamu

Pucynok 59 — Komnonoska, BKJIt0- Pucynok 60 — Komnonosxa c 3a-
yaromas 3a00HHBIA IBU- OOMHBIM IBHUTATEIEM C
raTeib C IByMsl IEPEKO- JIBYMsI IEPEKOCaMU 1
caMU, HaKJIaJKOU M IICH- JUTMHHOW MPsAIMO# J10-
TpaToOpoM MMacTHOM HaKJIaJKON



JUis ICKyCCTBEHHOTO HCKPHUBIICHUS CKBAXKHH B TpeOyeMOM Hampasiie-
HUU HUCTIOJIB3YIOTCA PA3JIMYHBIC TCXHUYCCKUEC CPEIACTBA, HA3BIBAEMBIC OTKIIOHU-
tensiMu. [Ipu poTopHOM OypeHHM TEXHHYECKHE CPEICTBa U TEXHOJIOTHUS HCKYC-
CTBEHHOTO MCKPUBJICHUS OOJIee CIIOXKHBI, ITO3TOMY Yallle UCTIOIB3YIOTCS OTKIIO-
HUTENHN ¢ 3a00HHBIMH JIBUTaTeNIIMH. C MX TIOMOIIBIO HA TTOPOAOPa3pyLIAIOIIEM
HHCTPYMEHTE CO3[aeTcs OTKJIOHSIOMIAS CHJA, MIJIM MEXIY OChbI0O CKBAaXHHBI U
OCBIO TIOPOJOPA3PYIIAIONIEr0 HHCTPYMEHTA BO3HUKAET HEKOTOPBIA yroi Iepe-
Koca. 3a4acTylo 3TH OTKJIOHSOINE (aKTOPbI IEHCTBYIOT COBMECTHO, HO Ka-
KOI-100 M3 HUX MMEeT MpeBaimpyromee 3HadeHue. [lpn 3ToM moKa3aHo, 4TO
JUIsL JII000W OTKIIOHSIONIEH KOMIIOHOBKH TIPH .

OTCYTCTBUU mporuda TypboOypa u pa3padboT-
KN CTBOJIA CKB&KHHBI IIPH JIIOOBIX COOTHO-
HIEHUAX JUaMETPOB J0JIoTa U TypOoOypa,
UCKPHBIICHHE CTBOJIA BCIEICTBHE (hpe3epo-
BaHUs CTCHKH CKBaXWHHEI B 4,84 pasza 0oib-
e, 9€M B pPE3YJIbTATEC ACUMMECTPHUYHOTO

paspyiienus 3abos. Ecmu mpoucxonur mpo- 1
rub 3a00HHOTrO JBUTATENS, TO OIS UCKPUB-
JICHUsI CTBOJIA 33 CUET aCHMMETPHYHOTO pa3-
pylIeHHs TOpoabl Ha 3aboe Oyner ere
MEHBIIIE. Pucynok 61—

B cnyuae, eciaM HCKpUBIEHHE INPOMC- KDHBOI TIeDEBOIHIK
XOAWT B OCHOBHOM 3a cYeT (hpe3epOBaHUS
CTEHKH CKB@KHHBI, TO TAaKHWEC OTKJIOHHWTEIM HAa3bIBAIOTCSA C YNPYroi Hampas-
JISIOILEH ceKIuel, a eciu 3a CueT NMepeKoca HHCTPYMEHTA — C JKEeCTKOH Harpas-
JISIIOIIEN CEKIIUEH.

K nHanbonee pacnpocTpaHeHHBIM OTKJIOHHUTEISIM OTHOCHTCS KPUBOH TIepe-
BOJIHUK, IIOKa3aHHBIA Ha puc. 61. OH mpezacTaBiseT cob60il OOBIYHBIN MTEPEeBOI-
HHK, IIPUCOEANHHUTEIbHBIC PE3bOBI KOTOPOrO BBIMNOJHEHBI 0] YIJIOM JpPYT K
JIpyTy. DTOT yroi cocTaBiser oT 1 o 4°.

KpuBoii nepeBoAHUK BKIIOYAETCS B KOMIIOHOBKY MEXIY 3a00HHBIM JBH-
rarenem u YBT. B pesynbrate Gonbinoi xectkocta YBT B 3a00iiHOM JBUTaTE-
Jie BO3HMKACT M3rH0, W Ha MOPOJOPa3pyIIAIONIeM HHCTPYMEHTE BO3HHKAET OT-
KJIOHSIOMIas cuiia. Bennunua ee CyIiecTBEHHO 3aBHCHT OT JUIMHBI M )KECTKOCTH
3a00MHOTO ABUTATENS, TIO3TOMY KPHBBIE IIEPEBOJHUKH HCIONB3YIOTCSI C OHO-
CEKIIMOHHBIMU WJIM YKOPOYEHHBIMH TypOOOypaMH M BHHTOBBIMU 3300HHBIMH
JABHUTI'aTCIISIMU.

VIHTE€HCUBHOCTh MCKPUBIICHHS CKBa)KUHBI NP MPUMEHEHHH KPHBBIX IIe-
PEBOJHUKOB 3aBUCHT OT yIJIa IepeKoca pe3b0, FeOMEeTPUIECKUX, KeCTKOCTHBIX
7 BECOBBIX XapaKTEPUCTHUK KOMIIOHOBKH, peknuMa OypeHus, ppesepyroriei cro-
CcOOHOCTH 10J10Ta, (PM3MKO-MEXAHMUYECKUX CBOWCTB T'OPHBIX MOPOJ, 3€HUTHOTO
yriaa ckBakuHBI. IloaToMy OHa KomeOneTcs B IMMPOKMX mpenenax oT | x 6
rpaa/10 m.
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MaxkcuManbHbI 36HUTHBIH YToJ, KOTOPBI MOXET OBITh JOCTUIHYT HpH
MIPUMEHEHUH KPUBOTO TIEPEBOJHUKA C OJHOCEKIIMOHHBIM TypOoOypoM, cocTas-
nsietr 40-45° [2]. Tlpy HE0OXOMUMOCTU JAOCTHIKEHUS OOJBIINX 3CHUTHBIX YIIIOB
CIIEyeT UCIIOJIb30BaTh YKOPOUCHHBIE MIIH KOPOTKHE 3200 HbIC ABUTATEINH.

K GeccriopHBIM NpenMyIIecTBaM KPHUBOTO IEPEBOAHHKA OTHOCHTCS €ro
IIPOCTOTA, OJJHAKO MPHU €ro HCIOIB30BAHUH YXYALIAIOTCS YCIOBUS pabOTHI 3a-
0oifHOTO IBUTATENS 3a CUET yHnpyrod aehopMmannil, ”HTEHCHBHOCTh MCKpPHUBIIE-
HUS M3-3a YKa3aHHBIX BbIIE (AKTOPOB KOyeOIeTcs B MIMPOKHX IMpeaenax, Io-
POIOPa3pyLIAIONIMNA HHCTPYMEHT M3-32 HAIWYHS OTKJIOHSIONICH CHIIBI paboTaeT
B 00JIee TSIKEIBIX YCIOBHSIX.

TypOunsnsie otkiaoHuTenU cepun TO (puc. 62) coctosT u3 TypOUHHON | 1
IIAHJENBHOM 2 cexnuii. Kopryca cekiuit COeMHIIOTCS MEeXAY CO00M KPUBBIM
MEPEeBOJHUKOM 3, TO3BOJIIOIUM IepelaBaTh OCEBYIO Harpys3ky. Kpyrsmuii
MOMEHT OT Bajia TypOWHHOH CEKIWHU K Bayly IIIHHIC-
JIs1, pacroJiaraloliuxcsi moJl yrjioMm ApYyr K JOpyry, me-
permaercsl KyJlIadKOBBIM IIapHUpOM 4. MakcuMmaabHBIHA
YTOJI IIepeKoca ocell MPUCOSANHUTEIBHBIX Pe3b0 KpH-
BOT'0 IIEPEBOIHUKA Y MOXKET OBITH OIpesieieH o (op-
MyJie

v =573l - LYD - dy/ 21,7, (41)

rae l; — paccrosHEE OT TOpLa J0J0Ta IO KPUBOTO Ie-
peBomHHKa, M; l, — paccTosHHE OT KPHBOTO IIPOBOJ-
HHKa JIO BEPXHETO MEPEeBOAHUKA OTKJIOHUTEINS, M; D -
JIraMeTp nonora, M; d — auamerp TypboOypa, M.
Bennunna 1; MokeT OBITh ONpeneneHa U3 BEIPaXCHUs

%. 3 I, =23,9 [(D - dY/ 1], (42)

TIe i) - J)KelaeMasi ”HTECHCHUBHOCTh
HUS CKBRXXHHBI, Tpaj/10 M.
| [penenbHOE 3HAYCHUE BETUYHHBI |5, TPU KOTO-
poii He mpoucxoauT mporuda Typbodypa, onpeaenseT-
R ¢ 1o popmyiie

1,=2,83"1,. 43)

VYron nepekoca pe3bd MEpeBOJHUKA CEPHHHO BBI-

MMyCKaeMBIX TYPOMHHBIX OTKJIOHUTEIECH COCTaBIICT

Pucynok 62 — Typounneii  1,5°, a anamerp xopmyca — 172, 195 u 240 mm. Un-
OTKJIOHUTEIh
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TEHCUBHOCTh MCKPUBJICHUS CTBOJIA IPU  UX MpUMeE-
HEHUH JoX0IuT 110 3 rpan/10 m.

[IpeumymecTBaMu TypOUHHBIX OTKJIOHHUTENEH
SIBIISIIOTCSA TPUOIIKEHNE KPHBOTO IEPEBOJHHUKA K
320010 CKBOKUHBI, B Pe3yJIbTaTe Yero MCKPHBICHHE
CTBOJIAa MMeeT Oosee CTaOWIBHBIN XapakTep, Majo
3aBHCSAIIEe OT (PU3UKO-MEXaHHYECKHX CBOMCTB IIO-
pox u TtexHomorunu Oypenus. Mcnonb3oBaHue He-
CKOJIBKMX TYPOMHHBIX CEKIMH (OTKIOHUTEIH CEPHH
OTC) no3BonsieT yBeNMYMBATh MOILIHOCTb M KPYTs-
M MOMEHT Ha JI0JIOTE W MPUMEHATh TaKue OTKJIO-
HUTEIH B CKBA)XWHAX MaJlOTO AWAMETpPa, T. €. TaM,
rie OOBIYHBIC KPHBBIC MEPEBOJHMKHM HE JAIOT JKe-
JIAEMBIX Pe3yIbTATOB.

CylecTBEHHBIM HEIOCTATKOM TypOMHHBIX OT-
KJIOHUTEJIEH SIBISIETCS MaJblii MOTOpPECypC KyJadKo-
BOT'O HIAPHUPA, COCTUHSIONICTO BaIbI IITHHEIEHON
U TypOMHHOMN ceKuuii.

JTOro HemocTaTKa B HEKOTOPOH CTENCHH JIU-
IIeHbI MMUHACTb-OTKIOHUTENN (puc. 63), y KOTo-

PBIX KPUBOH NEPEBOJHUK | BKIIOYEH B pa3beM-
HBIH KOpITyC 2 IINMAHAENTA, a BaJl H3rOTaBINBACT-
Cs COCTAaBHBIM, COCIMHEHHBIM KyJauKOBBIMH
noxymydramu 3.
Takasgs KOHCTPYKLUS OTKJIOHHUTENS IIO3BOJISET pasrpy-
3UTh MOTYMY(MTH OT THIPABIMYECKUX HArPy30K M yBe-
JUYUTh JOITOBEYHOCTDH Y3JI0B II0 CPAaBHEHUIO C TypOUH-
HBIMH OTKJIOHUTETSIMH. [lIMMHAENTb-OTKIOHUTENN MOX-
HO JSKCIUTyaTHPOBAaTh BMECTO OOBIYHOTO INMHHICHSI C
JIFOOBIM CEKIIMOHHBIM TYpOOOYypoM.

VYrom nepekoca KPHBOTO IIEPEBOTHIKA CEPUITHO
BBIITyCKAEMBIX UIMHUHAENb-OTKJIOHUTENEH COCTaBIsIeT
1°30', a HapyxHnbiii guametp — 195 u 240 mm. 3a cuer
MPUONMKEHUST KPUBOTO TEPEBOJHUKA K 32000 MOBHI-
IIaeTcsd OTKJIOHSIOMIAs CIOCOOHOCTh M CTAaOMIBHOCTH
HCKPUBJICHUS CKBAYKHHEI.

Haunbonee mpocThIM B H3TOTOBIECHUH SBISETCS
OTKJIOHUTENb C 3KCLEHTPUYHOW HAKIaJAKOW, IOKa3aH-
HBIA Ha puc. 64. B 3TOM ciy4yae Ha MINUHAECTE WIH KOP-
myce 3a00ifHOTO IBUTATENs IpUBapUBaeTCs HakIanka. B
pe3yiabpTaTe Ha IOPOJOPa3PYIIAIONIEM HWHCTPYMEHTE

S S SNZA

o\
WY

Pucynok 63 — lllnunaens-
OTKJIOHHUTEND

Pucynox 64 — OTKIIOHUTEND BO3HUKAET OTKJIOHSIONIAs CHJIA U IIPOUCXO-
C HaKJaJKOH JUT MCKpHBIEHNE CKBaknHbI. Pammyc R wmc-
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KPHBIICHHS CTBOJIA MOXKET OBITh paccyrTaH mo hopmyie

R=1/[2sin(B + 0)], (43)

[IPH 5TOM
sin3=h/1, (44)
sin ¢ = (d +2h - D)/ 21y, (45)

rae | — pgmHa Typ60OYypa, M; h — BeIcoTa Haknanku, MM; D — muamerp moiora,
MM; d — nuametp 3a00WHOrO JBUraTeNsl, MM; || — paccTosiHUE OT TOpIfa T0JI0Ta
IO HAKJIAAKH, M; l, — pacCTOSIHHE OT HAKJIAIKH IO BEPXHETO IIePEBOTHUKA TYP-
600ypa, M.

IIpy mpUMeHEHUM OTKJIOHUTENEW ¢ HAKIaJKOH MCKPUBJIEHUS CKBAXKHHbI
HanboJee cTaOWIBHO IO CPABHCHHIO C JPYTMMHU OTKIOHUTENS. B ormnmymu ot
OOBIYHBIX KPHBBIX MEPEBOJHUKOB C YBEITMUYECHHUEM 3€HHTHOTO YIila CKBA)KHUHBI
OTKJIOHSIOIIAsl CIIOCOOHOCTh OTKJIOHHUTENS C HaKIAAKOH He yMeHbImaeTca. OH
MOET OBITh UCTIONIB30BaH C JIIOOBIM 3a00iHBIM nBUTaTeneM. OJHAKO CIeayeT
OTMETUTh U CYLIECTBEHHBIH HEJOCTATOK — "3aBUCaHHE" MHCTPYMEHTA B IIPOLEC-
ce OypeHMs B pe3ysbTaTe TPEHUs HaKJIaJKu O mopoay. B psne ciywaes, oco-
OCHHO B KpPEMKUX IOpOJaX, OTMEYAeTCs CHIDKCHHE MEXaHHYECKOH CKOPOCTH
Oypennst 1o 50 %. [nst yMeHbIIEHUs BIMAHHUS 3TOro (pakTopa Kpas HaKIaaKd
BBITIOTHSIOTCS CKOLIIEHHBIME, OHA OOJIMIIOBBIBAETCSI PE3UHOMN, OJTHAKO TIpobIemMa
"3aBUCaHuA" COXpaHseTCs.

Pa3HOBUAHOCTHIO OTKJIIOHUTENS C HAKIAJAKOW, IO3BOJISIONIEH B KAaKOWU-TO
Mepe M30aBUTHCSA OT 3TOTO HENOCTATKa, SBIETCS YNPYTUH OTKIOHHTENHh. OH
MpeJCTaBIACT CO00I HaKIaIKy Ha MINHHAETIEe TypOoOypa, OMHpAroIIyrocs Ha
pe3uHOBYIO peccopy. B cimyuae "3aBucaHusA" WM 3aKIWHUBAHWS WHCTPYMEHTA
MIPOMCXOIHUT HPOTHO PEccopbl, YTO CIOCOOCTBYET CBOOOJHOMY MPOXOXY OT-
KIIOHHUTENS MO CKBaKWHE. VI3MEHsIsl TOJNIIMHY PEeCcCOpPbl, MOKHO PETYIHUPOBAThH
MHTEHCUBHOCTb UCKPUBJIEHHUS CKBA>KUHBI.

Jls IOBBIIIEHUS! HUHTEHCUBHOCTH M CTAaOWMJIBHOCTH MCKPHUBIICHUS B PAJE
CITydaeB B KOMIIOHOBKY HH3a OyPHIIBHOIN KOJOHHBI BKJIIOYAETCS 1BAa OTKIOHHTE-
Jisl, HapuMep, MIMUHIETb-OTKJIOHUTENb ¢ BUHTOBBIM 3a00MHBIM JIBUTaTeNeM U
OOBIYHBIN KPHUBOW NMEpeBOMHUK. [IpH 3TOM, €CTECTBEHHO, HAIpaBIICHUS JEHCT-
BUSL OTKJIOHUTEJIEN JOJKHBI COBNAAATh.

IIpu mpuMeHEeHNUU BCEX OMUCAHHBIX BBINIE OTKIOHHUTEIECH MOCIE HCKPUB-
JICHWsI CKBaXXUHBI HA TPeOyeMyT0 BEIMUNHY MIPOM3BOIMUTCS 3aMEHAa KOMIIOHOBKH
HE3aBHCHUMO OT CTENEHHU M3HOCA MOPO0pa3pyIaoiero HHeTpymMenTa. s co-
KpaIeHns 3aTpaT BPEMEHH BO3MOXKHO OypeHne KOMIIOHOBKOH C OTKIOHHTEIIEM
C OTHOBPEMCHHBIM BpAILCHHEM KOJOHHBI OYPWIBHBIX TpyO poropoM. Hawmbo-
Jiee MIPUTOAHBIM JJIS 3THX IIeJiel ABIAETCS OTKJIOHUTEIb C AKCIEHTPUYHON Ha-
KJIAIKOH, T.K. TIPU HCIIOJIB30BAaHUH IPYTHX OTKIOHHUTENEH MPOUCXOOUT OBICT-
pHBIit U3HOC 3a00MHBIX ABurareneil. IIpu 3TOM ciiemyeT OTMETHTH yBETHUYCHHE
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nuameTpa ckBaxuHbl 10 10 % OT HOMHUHAIBHOTO.

Jns perynmupoBaHds MHTCHCHBHOCTH MCKPHBJIICHHUS B Tpoliecce OypeHUs
6e3 moagbeMa MHCTPYMEHTA MPEII0KEHO HECKONbKO KOHCTPYKIMH OTKIOHHUTE-
nei. OJHAKO B HACTOSIEE BPEMsl CEPHIHO BBIITYCKACTCS TOIBKO OTKIOHHUTEINb
TEJICNUIIOT, pa3paboTaHHBI DpaHIly3cKUM HHCTUTYTOM Hedtu. OH mpencras-
JsieT co00¥ KPUBO MEPEBOJHUK C U3MEHSIOMIMMCS YTIIOM mepekoca oT 0 1o 2,5
wm 3° B 3aBHCHMOCTH OT MompuKaun. OH COCTOMT U3 BepXHeil | 1 HIKHEI
2 CeKLMH, COEIMHEHHBIX BAJIOM 3, OCh KOTOPOI'O HAKJIOHEHA O]l HEKOTOPHIM
YIJIOM Y K OcsiM ceKuuid. [Ipy B3aMHOM MONOXKEHUU ceKuuid 1 u 2, mokazaHHOM
Ha puc. 65, a, yroa mepekoca MeXAy HUMH OTCYTCTBYET U IpH OypeHHU HC-
KPHBIICHHUS CKBaXMHBI HE NMpOHCXoAuT. [Ipm moBopoTe cekmuil Ipyr OTHOCH-
TenapHO apyra Ha 180° (puc. 65, 6) yroi mepekoca MeXIy OCIMHU CEKIIUH cocTa-
BUT 2y, ¥ IpU OYpPEHUH CKBa)KUHA OyIET HCKPHUBIATHCS C MaKCUMAaJIbHOM IS
JAHHOTO OTKJIOHHUTENS WHTEHCHBHOCTBIO. [IpH Ipyrux B3aMMHBIX IHONOKEHHIX
CEeKITUI yroj mepexoca MexIy HuMH Oynet B mpeaenax ot 0 go 2y°. IToBopor
CEKUUI APYT OTHOCUTENBHO ApPYyra MPOU3BOAUTCS C MIOMOIIBIO AJIEKTPOABUraTe-
JIs1 IO KOMaH/IaM ¢ TIOBEpXHOCTH 3€MJIH, IIepeiaBaeMbIM 110 Kabeimto. M3roras-
JIMBAJINCH SKCIEPUMEHTAIIBHBIE OTKJIOHUTEIH, B KOTOPBIX KOMaHJa Ha IIOBOPOT
CEeKIIMU TIepeaBajach M0 THAPABINIECKOMY KaHAIy MyTeM cOpoca BHYTPh KO-
JIOHHBI OypWJIBHBIX TPYO CTanbHBIX IapoB. Pukcanusi CEKIHid IPYyr OTHOCH-
TEJIFHO JpyTa B Pa3HBIX MOAU(HKAIIIX OTKIOHHUTENEH MPOU3BOANTCS KaK JHC-
KpETHO, TaK U B TFOOOM >KeTaeMOM ITOJIOKCHUH.

HanpaBneHI/Ie HCKPHUBJICHUS CKBa>XHUHBI

° |+0

Pucynok 65 — IlpunuunuanbHas cxema  PucyHOK 66 - M3MeHEHHe 3€HUTHO-

KPHBOTO MEPEBOIHUKA C ro yrina © u asuMyTa o

U3MCHAIOIIUMCA yTIIOM CKBayXWHBI IIPU Pa3Iny-

nepekoca HBIX YIJax YCTaHOBKH
OTKJIOHUTEJIS
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5.1 OpueHTHpOBaHHe OTKJIOHHUTeIEH

OpueHTHPOBaHUE OTKIOHHUTENEH 3aKII0UaeTCsl B COBMEICHUH Halpasiie-
HUSI MX JACHCTBHUSA C HAaNpaBJIeHHEM HEOOXOAMMOT0 OTKJIOHEHHS CTBOJIA CKBAXKU-
Hbl. OPUEHTHPOBAHUE IIPOU3BOANUTCA OTHOCUTENBHO (PUKCHPOBAHHON B KAKOM-
100 OIPE/ICICHHOM MOJIOKEHUH IIFIOCKOCTH. B HaK/IOHHBIX CKBa)KMHaX TaKoH
IUIOCKOCTBIO Yallle BCETO SBJSIETCS alcCHaanbHas, T.€. BEpTHUKaNbHas ILIOC-
KOCTb, IPOXOSIIAst Yepe3 OCh CKBAXHHBL, & B BEPTUKAIBHBIX — INIOCKOCTh Mar-
HUTHOTO WJIM HCTUHHOTO MEpPHUJIaHa.

Yron mMexny (GUKCHPOBAHHOHN IJIOCKOCTHEO U IUIOCKOCTBIO, B KOTOPOM
MPOUCXOANUT UCKYCCTBEHHOE HWCKPUBIIEHHE CTBOJIA CKBAKUHBI (IJIOCKOCThH OT-
KIJIOHSHHS1), Ha3BIBACTCS YTIIOM YCTaHOBKH OTKJIOHHTEIIS.

YT01 yCTaHOBKH M3MEpSeTCsl 0T (PUKCHPOBAHHOM IIOCKOCTH 110 4aCOBOH
CTpeNiKe U MOXKeT u3MeHATbesa oT 0 1o 360°. [l BepTUKAIBHBIX CKBaYKUH YOI
YCTAHOBKHM OTKJIOHWTENIS PAaBEH a3UMYTy TPeOyeMOro HCKPHUBIICHUS CKBAYKHIHBL.

B HaKJIOHHBIX CKBa)KMHaxX IPH YIJe yCTAHOBKHU , paBHOM 0 °, mponcxo-
JUT UCKPUBICHUE CTBOJIA B CTOPOHY YBEIWYEHUs 3eHUTHOro yria ©. IIpu yrie
ycraHoBkH Wy = 180° B mpomecce OypeHHs CKBaXHHBI C OTKIOHHUTENIEM 3e-
HUTHBIM yToJa ee yMeHbIIaeTcs. A3MMYTAJIbHBII Yyrod B TOM M JIPyrOM ciydae
ocraercsi Heu3MeHHbIM. Ecii v =90°, TO Ipu UCKPUBJIEHUU a3UMYT CKBa-
JKUHBI YBEIWYIHBAeTCA, a IpH Y = 270 © a3uMyT YMEHBIIACTCS IPU COXPAHCHUHN
3eHuTHOro yriaa. Ilpu ycnosuu, uro 0° <y < 90°, npu UCKpUBIEHUH TPOUCXO-
JUT yBeIUUYeHUe 3eHUTHOro yria ® u asumyta o. Eciu 90° <y < 180°, To a3u-
MYT BO3pacTaeT, a 3eHUTHBINA yroa yMmeHsmaercs. Ecin 180° <y < 270°, To
IIPY MCKPUBJICHUH TIPOMCXOIUT yMEHBIICHHE 3¢HUTHOTO yIila M a3uMyra. Eciu
270° <y < 360°, TO 3eHUTHBIN yroJ BO3paCTaeT, a a3UMYT yMEHbIIaeTcs (pHuc.
63).

TouHoe 3Ha4YeHHEe yriia yCTaHOBKM OTKJIIOHHTENS NPH TpeOyeMoM H3Me-
HEHHMHU 3€HUTHOTO YIJIa U a3UMyTa MOXKET OBITh ONpPEJICNICHO Pa3INYHBIMU Me-
TOJAMH: aHAJTUTHYECKH; TpaduuecKu (HECKOIBKHMH CIIOCO0aMH); IO HOMO-
rpaMMaM, NPEATOKCHHBIMH Pa3HBIMHA aBTOPAMH; C IIOMOINBIO CHEIHATBHBIX
pubOpoOB.

W3BecTHBIE (hOPMYINBI I pacueTa yIila YCTAHOBKHM OTKJIOHHUTENS JOCTa-
TOYHO TPOMO3JAKH W COAEpKaT 3HAYCHHE yTJIa NMPOCTPAHCTBEHHOT'O HCKPHBIE-
HUSI CKBaXWMHBI Ha MHTEpPBAJIC IPUMEHEHHS OTKJIOHWUTEIS, T.€. IPEIBAPUTEIBHO
HEOOXOIUMO 3a/aThcs JUIMHOI 3Toro mHTepBana. OmHako (akTuueckas JIHHA
HMHTEpBajia NCKPUBICHHS NTPAKTHYECKN HUKOTa HE COBIAJAET C MPEABAPHUTEIIb-
HO TIPHUHSATOH, MO3TOMY B PAcUeTe yIjIa YCTAHOBKH HOSBIISIETCS MOTPEHIHOCTb.

Hawnbosee mpocTo U ¢ JOCTATOUHOI CTENEHBI0 TOYHOCTH YroJl yCTAHOBKU
OTKJIOHHTEJIS MOXET OBITh onpeseneH rpadudecku. s 3Toro oT HalpaBIeHus,
YCJIOBHO HPHHSATOTO 3a ceBepHoe (puc. 67), oTKIajbIBaeTcad (DaKTUUECKUH o,
(Ha 3a00€ CKBa)KMHBI) U TpeOyeMblil O, (B KOHIIE MHTEpBalla MCKPHBIICHUS)
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a3UMyTaJIbHBIE YINIbl CKBaXXMHBL. [10 MOMy4eHHBIM HalpaBlIEeHHAM B IPUHATOM
JTMHEWHOM Macmitabe (Hampumep, 1 © =1 cM) OTKIJIaIIBAIOTCSI COOTBETCTBEHHO
bakTnuecknii Oy 1 TpeOyeMmblii O, 3eHUTHBIC YTIIbL.

TpeOyemble a3UMyTaNbHbIN Oy, U Oy, YIJIBI ONPEAEIIAIOTCA U3 HE0OX0u-
MOCTH BBIBEJICHUSI CKBaXKMHBI B 3aJJAHHYIO IPOEKTOM TOUKY MO paHee MpHBe-
JIEHHOM METOIUKE.

[onmy4yennsle Toukn A n B coemumHsIoTCS, 00pa3oBaBIIMiiCS MPH 3TOM
yroan BAC paBeH nckomMoMy yriy ycTaHOBKH . OH M3MepsieTcs OT Halpablie-
Hust AC 10 4acoBoOi CTpenKe.

Bennumna otpeska AB  Ha puc. 67 B NpHHATOM JTHHEHHOM MacmTabe
paBHa TpeOyeMOMy YIily IPOCTPAHCTBEHHOTO MCKPUBIICHUS! CKBAXKUHBI. 3HAS U3
TEeXHUUECKOH XapaKTePUCTUKH OTKJIOHUTENs] HHTEHCUBHOCTh MCKPHUBICHUS
CKBQ)XMHBI 1 MIPU €r0 NPUMEHEHHH, MOXHO ONpPEACTUTh IJINHY WHTEpBana HC-
KyCCTBEHHOT'O McKpHBiIeHHs L o hopmye

Pucynok 67 — I'paduueckuii MeTO OIpeieIeHHs yTila YCTAHOBKH OTKJIO-
HUTEIS

L=, (46)

Iepen opueHTHPOBAaHHEM OTKIOHUTENS B CKBAXKHMHE JIOJDKHO OBITH OIpe-
JIeJICHO ero (hakTHYECKOE MOJI0KEHNE OTHOCUTENBHO JMOO0 INIOCKOCTH MAarHHT-
HOTO MepHuauaHa (B BEPTUKAJIHLHOM CTBOJIE), JHOO alCHAATBLHON IUIOCKOCTH (B
HAKJIOHHOM CTBOJIE).

B niepBoM ciydae Hanbosiee pacpOCTPAHCHHBIM SIBIISICTCS METO Herpe-
PBIBHOTO MPOCIICIKUBAHUS 32 TIOJIOKCHUEM OTKJIOHHUTEIIS B CKBAKUHE B IIPOIEC-
ce ero crycka (Metoj MeTok). Jlpyrie crnocoObl OpPUEHTHPOBAHUS B ITOM CITy-
yae MO0 CIIOXKHBI, JHOO UMEIOT HU3KYIO TOYHOCTh. [IpH OpUCHTUPOBAHUH IO
METKaM Ha KOHI[aX BCEX DJIEMCHTOB OYpPHIIbHON KOJOHHBI MIPEABAPUTEIILHO Ha-
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HOCSITCSI METKH, PacIlOIOKEHHBIE B OJTHOW OCEBOH IIIOCKOCTH (Ha OJHOHN 0Opa-
3YIOIIEH).

OpUEeHTUPOBAHHBIN CHYCK OTKJIOHHUTENS MO METKaM MOXET OCYIIEeCTB-
JATBCA PA3TUYHBIME METOAAMH, HO HamOoJiee PacTpOCTPAHEHHBIM SBISETCS
CJIeIYIOLTUH.

Ha OymakHO#i JieHTe, JUIMHOW 4yTh OoOJiee JUIMHBI OKPY)KHOCTH 3aMKOB
OypuIbHBIX TPyO, MPHOIM3UTENBHO TOCpeauHe cTaBUTCS MeTka O (OTKIOHH-
Tenb). OTKIOHHUTENb OITyCKAeTCs B CKBOKWHY, M Ha Hero HaBMHUMBaeTcs YBT.
Metka O Ha JIEHTE COBMEUIAETCS C METKOM Ha OTKJIOHHUTENE, YKa3bIBaIOLIEH
HarpaBlIeHHE ero JEeHCTBUs, Ha OyMaKHYIO JICHTY IEpPEHOCHTCS MeTKa C
HmwkHero koHna YBT wu craButcs mudpa 1. HHCTpyMeHT omyckaercs B
ckBaxknHy, HaBuHuuBaercs JIBT (s obecrieueHns BO3MOKHOCTH 3aMepa Iapa-
METPOB HCKPHUBIICHHS CKBa)KMHBI MArHUTHBIM HHKIMHOMETPOM 0e3 mMmojbeMa
KOJIOHHBI OypWJIBHBIX TPyO HpH HCKYCCTBEHHOM HCKPHBICHUM), MeTKa 1 Ha
JIGHTE COBMEIIAeTcs C METKOM Ha BepxHeM koHue YDBT, a merka ¢ HuXKHEro
konna JIBT mepeHocutcs Ha JeHTy, W craBurcs nudpa 2. HHCTpyMeHT
omyckaetcs, HaBuHunBaercss ChT, MeTka 2 Ha JieHTe COBMeEIIaeTcsl C METKOW Ha
BepxHeM koHIle JIBT u Ha neHTy nmepenocutca metka 3 ¢ HixHero konna CBT.
B Takoil nocnenoBaTenbHOCTH IPOU3BOIUTCS CIIyCK BCEro MHCTpyMeHTa. [y
TOBBIINICHAST TOYHOCTH OPHCHTHPOBAaHHS IPH WM3MCHCHHH JHaMeTpa Tpyo
OyMaKHYIO JIGHTY HEoOXOoAuMo MeHsTh. Tak, HampuMep, MOCIe CITycKa BceX
JIBT 147x11 na BepxHHWH KOHEI] ¢ OyMaXKHOH JIeHTHI mepeHocHutcs MeTka O.
Janee metka O Ha HOBOW OyMaXHOHW JIEHTE coBMeImaeTcs ¢ MeTkor O Ha
BepxHeM koHue JIBT, Ha nenry nepenocurcs metka HkHero konua CbT TBIIB
127x9, u coyck mpopomkaercsa. Ilocie HaBUHUMBAHUS KBajgpaTa MeTKa Ha
TocJIeHeH OIMyIIeHHOH TpyOe COBMeEIIaeTcs ¢ IMocieNHe MEeTKOH Ha JIeHTe, a
MeTKa O ¢ JIEHTBI IEPEHOCUTCS Ha MEPEBOIHUK KBaapaTa. JTa METKA yKa3bIBacT
HampaBJieHHE NEHCTBUSA OTKJIOHHUTENS, Haxoslerocss B ckBaxkune. Jlaiee
HEOOXOMMO ITyTeM ITOBOPOTA BCEH KOJOHHBI OypHIIBHBIX TPYO (Bcerma mo da-
COBOM CTpENKE) COBMECTUTH 3Ty METKY C IIPOCKTHBIM HAIpaBIICHHEM CKBaXKH-
HbL [Ipy 5TOM HEOOXOAUMO YYECTh YToJl 3aKpYIHBaHUs HHCTPYMEHTA MOJ AeH-
CTBHEM PEaKTUBHOTO MOMEHTa 3a0oiftHoro apuraresns. IIpakTuuecku 3ta onepa-
UL BBITIOJTHACTCS CIIeAyIonM oOpazoM. 3 miaHa mporpamMMel Ha IIPOBOIKY
CKBa)XMHBI, KOTOpas BBIAaeTcs OypoBoil Opurane 10 Hadana OypeHus, OepyTcs
3HAUECHUsS] MPOEKTHOTO a3UMYyTa CKBAKUHBI Oy, U a3UMYT NPHEMHBIX MOCTKOB
OypoBOI YCTaHOBKH O, NPEIBAPUTEIHHO ONpeeNAeTCs 3HAUCHHE BCIIOMOTa-
TEJNBHOTO yTiia O 1o Ghopmyie

8= Olyp - Oy 47)
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VYron & oTKIIa/IIBACTCSI HA HENOABM)KHON YaCTH POTOpa OT HalpaBlICHUS
MOCTKOB TI0 XOJy YacCOBOH CTPEJKH, €CIIH OH ITOJIOXKUTEIbHBIN, H MPOTHUB XO-
J1a, - €CJIU OTPULATENbHBIH (puc. 65).

Ha porope craButca metka II, ykaspiBaromasi HanmpaBlICHHE HA MPOCKT-
Hy!o Touky. Ot 3T0i MeTku I1 Bcerja 1o xojy 4acoBO# CTPENIKH OTKJIaJbIBACT-
CA YTOJI 3aKpy4YrBaHUA MHCTPYMEHTA O ITOT HeﬁCTBHeM PC€aKTUBHOTO MOMECHTA
3a00iHOTO ABHraTens, M Ha POTOpE CTa-
Butcsi metka O. 3areM BpalieHHeM KOJOH-
HBl OYpWIBHBIX TPYyO COBMENIAIOTCS METKH
O Ha nepeBoJIHMKE KBajjpaTta U poTope, Ho-
CIIEIHMH 3aKpbIBAaeTCsi, WHCTPYMEHT 0e3
BpaIlleHHs OITyCKaeTcsl Ha 3a00ii, 1 HauMHa-
erca Oypenue. [ noctosHHOTO HabIIONE-
HUS 3a ITI0JIOKEHHEM OTKJIOHHUTENS B IIPO-
ecce yriryOKn CTBOJIa Ha POTOPE CTaBUTCH
BCIIOMOTATeNIbHAsl METKa, COBMEIICHHAs C

OJIHUM U3 pedep KBajapaTta. Puc. 68 - OpuentupoBanune
[pu HapamBaHUKM MHCTPYMEHTA OT- OTKJIOHUTEJIS Ha POTOPE B
BOpaYMBaeTCs Beayluas Tpyba, HABUHYHBA- BEPTHKAIEHOM CTBOJIC

€TCs HapalyBaeMasi, MOCIeIHsSI MEeTKa Ha
OyMa>KHOH JICHTE COBMEIIAETCS ¢ METKOM Ha MoceHel TpyOe, Haxomsmencs B
CKBa)KWHE, U Ha JICHTY MIEPEHOCUTCSI METKa C HapaluBaeMoit Tpyosl. MHCTpy-
MEHT OITyCKaeTCsl B CKBaXXHHY, HABHHIMBACTCS KBAJIPaT, TOCICIHAS METKa Ha
OyMaKHOH JIEHTE COBMEIAETCsI ¢ METKOM Ha HapolleHHOH Tpybe, a meTtka O ¢
JISHTHI TIEPEHOCUTCSI Ha TIEPEBOIHMK KBanpara. Jlaiee mporecc OpueHTHpPOBa-
HUS [TOBTOPSICTCS, M IPOJIOJDKACTCS YIITyOKa CTBOJIAa CKBaXKHHBI B 33/IaHHOM Ha-
MIpaBIICHUH.

To4HOCTH OpPHEHTHPOBaHHS MO METKaM M CpaBHUTEIBHO HEBEIUMKA H
MOXeET OBITh OIpe/eicHa 0 hopMyIie

M=3n" rpan, (48)
/1€ N — YUCJIO MEPEHOCca METOK.

VYroun 3akpy4rBaHHs HHCTPYMEHTA MO JEHCTBHEM PEaKTUBHOIO MOMEHTA
3a00MHOTO JABHTATeNs, OTKIAIBIBACMBIH Ha HEIMOJBIDKHOW YacTH poTOpa OT
metku I1 mo gacoBoif crpenke, 3aBUCHT OT MHOrux Qaktopos. K ux umcmy ot-
HOCHTCSI THIT 3a00HHOT0 JIBUTraTelis, (PU3NKO-MEXaHUIECKHE CBOWCTBA OypPUMBIX
HOPOJI, THII JOJI0Ta, OCEBAasl HArpy3Ka, pacxol U KaueCTBO IIPOMBIBOYHOM >KH[-
KOCTH, KOMIIOHOBKA KOJIOHHBI OypHJIBHBIX TpyO, MHTEHCHBHOCTH UCKPHBICHHS
CKBa)XMHBI U Jp. 3HaUECHHE yIja 3aKpyYHBAHUS MOXKET OBITH OIpeIeNIeHO aHa-
JUTUYECKH WK 10 HoMorpammaM. OJHAaKO 4Yamie ero OmpefelsioT, UCXOII U3
ombITa OypeHUs: B KOHKPETHBIX YCIOBHSIX, TaK, HaIpHMep, B YCIOBUAX 3amaj-
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HoMt CubupH IUIsi KOMIOHOBKH, COCTOSIIIEH M3 JOJIOTa, JUaMeTpoM 295,3 mwm,
Typ6obypa TII 240 (1 cexmms), kpuBoro nepesogunka, YBT 178 x90 - 12 M,
JIBT 147x11 - 36 M, TBIIB 127x9 ocTanbHOe, HUCTIONB3YyEMOH I HCKPUBIEHUS
CKBa)XMH B HHTepBaJsie OypeHns MoJl KOHIYKTOp, 3HAUYEHUS yTia 3aKpyIHBaHUI
MIpUBE/ICHHI B Ta0M. 14.

Tabmuma 14 — Yron 3akpyduBaHHsS HHCTPYMEHTa NpH OypeHUH
MoJ1 KOHIYKTOP

I'my6uHa CKBa>KUHBI, M 100 200 300 400 500

Yo 3akpy4yuBaHus, Tpaj 4 8-10 12-14 18-20 25

Jlis KOMIOHOBKHM, cocTosmIed U3 JonoTa auamerpom 2159 mm , Typ-
ounnoro orkiaonutens TO 195, JIBT 147x11 - 36 m, TBIIB 127x9 - 500-700 M,
JIBT 147x11 ocrampHOE, HCHOIB3YeMOI IpH OypeHHH MOJ] IKCIDTYaTallHOHHYIO
KOJIOHHY, 3HAUCHHMS yIJIa 3aKpyYUBaHUS IPUBEICHHI B Ta0I. 15.

Tabnuua 15 — Yron 3akpy4nBaHUsl HHCTPYMEHTa NPU OypEHUH T0J] DKC-
IUTyaTallOHHYIO KOJIOHHY

I'myOuHa ckBakn- | YTOJ 3aKpydHBa- I'myOuHa ckBaku- | YTOJ 3aKpydH-

HBI, M HUS, Tpaj HBI, M BaHMs, Tpaj
600 30 1300 70-80
700 40 1400 80-90
800 45 1500 90-100
900 50 1600 100-110
1000 55 1800 110-120
1100 60 1900 120-130
1200 70 2700 120-130

Kak yka3plBajoch paHee, YIoJ 3aKpy4YHBAaHUS HHCTPYMEHTA 3aBUCUT OT
MHOTHX ()aKTOPOB, IO3TOMY (haKTHUECKOE €ro 3HAUYEHHE 3a4acTyio BeChMa Cy-
LIECTBEHHO OTIMYAETCS OT NMPHUHATOro. B CBSA3M ¢ 3THM, B IpoIecce UCKYCCT-
BCHHOTO HMCKPUBJICHHUA CKBAXXUHBI IMPOU3BOAUTCA ONPECACICHUEC q)aKTI/I‘IeCKOFO
yrina 3akpyunBanus. [Ipy 3ToM, Kak npaBHiIo, UCTIOIB3yeTCs rpaduuecKuil Me-
toi. Jna aToro mocie OypeHHUsl ¢ OTKIOHMTENEM OIPENENICHHOrO MHTEpBaa,
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Hanpumep, 40 M, TPOU3BOAUTCS 3aMep (PAKTHUECKOTO 3CHUTHOTO yriia U a3u-
MyTa CKBaXUHBI. Jlalee OT yCIOBHOTO HampaBleHUs, TIPHHATOTO 3a CEBEPHOE,
OTKJIaJ(IBACTCSl A3UMYTAIbHBIN YTOJl CKBAXKUHBI B HAYaJIe HHTEPBAJIa HCKPHUBIIC-
HUS O, & 110 MTOJIyYeHHOMY HANpaBJICHUIO B MPHHATOM JIMHEHHOM MacmTale,
HanpuMmep, 1°=1 CM, OTKJIa/IbIBa€TCsl HAaYaJbHBIA 3€HUTHBIN yroa O, (Touka A,
puc. 66). B Touke A ot HampaBneHuss AD 1o 4acoBOii CTpenKe OTKIJIaIbIBaeTCst
YTOJI YCTAHOBKHU OTKIIOHUTEIIS |/, a TIO MOJTy9eHHOMY HAIPABJICHUIO B IPUHSATOM
JUHEHHOM MaciTade — YroJ MPOCTPAaHCTBEHHOTO MCKPUBIICHHS CKBAKUHBI () HA
MPOOYPEHHOM MHTEpPBaJie. DTOT YToJI ONpenesieTcs: o hopmyie

¢=i"h, (49)

I7ie i MHTEHCHBHOCTh MCKYCCTBEHHOTO MCKPHBIICHHS U MCIOIB3YEMOTO OT-
KJIOHHUTEIS, TPaa/M (ONpeneNseTcsl U3 TEXHUUECKOH XapaKTepUCTUKH OT-
KJIOHMTENS); h — IuTiHA TPoOYPEHHOTO MHTEpBaa, M.

IMonyyennas Touka B coequnsiercs ¢ Toukoil O, npu 3T0M yriisl o, U ©,
SBIIAIOTCS. pacYETHBIMH IS TPOOYPEHHOTO MHTEPBaa.

3ateM B Touke O OT HampaBJeHHs Ha CeBEp OTKJIAIbIBACTCS (haKTHUECKUH
(3aMepeHHBIH) a3UMYT O U IO IOJYYEHHOMY HANpPABJIEHUIO B MPUHATOM JIHU-
HeliHOM MaciTabe GpaKTUUeCKUiA 36HUTHBIN yroJl CKBaXXUHbI Oy,

Iomy4ennstit yron BAC sBnsercst nonpaBkoi K yIrily 3aKpy4MBaHUS HH-
CTpYMEHTa, MpPUHATOro 1o Tabm. 8 miam 9. Drta mompaBKka Oepercsi Co 3HaKOM
IUTIOC, ecii (paKTHYECKUH a3MMyT MEHBIIE PACUeTHOTO, M CO 3HAKOM MHHYC,
€CIIH Olg > Olp.

B cnygae, ecnu Touku A, B u C okaxyTcsa Ha ojHO#M npssmoi, HO B u C
HE COBMAJYT, TO 3TO CBHAETEIBCTBYET O TOM, UYTO (haKTHUECKUI YToJl 3aKpydH-
BaHMsl MHCTPYMEHTA PaBEH NPHHATOMY, HO (paKTHUYECKasi MHTEHCHBHOCTbH MC-
KYCCTBEHHOTO HCKpHUBJICHHS IS MCIOIB3yeMOr0 OTKJIIOHUTENS OTIMYAeTCs OT
YKa3aHHOW B TEXHHYECKOW XapaKTEPUCTHKE.

Ilocne ompeneneHus BeIUYMHBI MONPABKU yria 3aKpy4YHBAaHUS HHCTPY-
MEHTa HEOOXOJMMO TPOM3BECTH KOPPEKTHPOBKY YIila YCTAHOBKH OTKJIOHUTEINS
ITyTeM ITOBOPOTa KOJIOHHEI OYPHUIBHBEIX TPYO.

Jast 6os1ee TOUHOTO OTKJIabIBAHUS YIJIOB HA HETIOJBHKHOW 4acTH POTO-
pa HeoOXOJMMO MIEPEBECTH MX 3HAUYEHHMS B Ipajlycax B AJIHMHY JyT'H OKPY>KHOCTH
S crona poTopa no popmyie

S=r o/573, (50)

TJ€e I — paguyc CToJia POTOPa; 0L — OTKJIAJAbIBAEMBIN yroJl.
JnuHa myru u3mepsercs cTajJbHOU PyJIETKOM.
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B HakJIOHHOM CTBOJIE UCIIOIb3YETCSL KOCBECHHBII METOJ OPUCHTUPOBAHNUS,

C

L B
Pucynox 69 — Tpaduuecknit meron  Pucynoxk 70 — OpueHTHpOBaHHE OT-
OIpeNeNIeHHs TONpPaBKH KJIOHUTENSI Ha pOTOpe B
yTia 3aKpy4uBaHUS HaKJIOHHOM CTBOJIE

OCHOBAHHBIM Ha OMPEIEIICHUH TOJIOKEHHUS TUIOCKOCTH JEUCTBHS OTKIOHUTEIS
OTHOCHUTENBFHO arCUAaIbHON TNIOCKOCTU CKBaXXUHBI. JTO CYIIECTBEHHO CHHXKAET
3aTpaTbl BPEMEHH M TOBBIIIAET TOYHOCTh OPHUEHTHPOBAHUSA OTKIOHHTENSA. B
KOMITOHOBKY HH3a OypHIIbHON KOJIOHHBI BKJIFOYAETCS TaK Ha3bIBACMBIA MarHHT-
HBI TIEPEBOHUK, MPECTABISIONINI COOOH OOBIUHBIA MEPEeBOJHUK, BO BHYT-
peHHEl O0KOBOI TOBEPXHOCTH KOTOPOTO BCTPOCH IMOCTOSIHHBIN MarHUT. Co3aa-
BAaeMblil UM MAarHUTHBIM HOTOK UMEET TO € HalpaBJICHUE EUCTBUS, UYTO U Ha-
MpaBJeHUE ACUCTBUS OTKJIOHUTENSA. [lpu OpHeHTHpOBaHWM BHYTPb KOJIOHHBI
OypHIIBHBIX TpyO OIMyCKaeTcsi MHKIMHOMETP C MarHUTHOH OyCCOJblO, Hampu-
mep, Tuna KU T. Pa3preiB peoxopaa (Hayamo orcueTa) Oyccolu HHKIMHOMETPA 3a
CYET SKCLEHTPUYHOI'O Ipy3a PaMKH JaTYMKOB B HAKIOHHON CKBa>KMHE pacroJia-
raeTcs B aliCHJANbHOM TIOCKOCTH. MarHuTHas cTpeiika 0yccon, HaXoasiencst
B MarHUTHOM MEPEBOJHHKE, (DUKCHPYETCS B HAIPABICHUH ICUCTBHUS OTKIOHH-
tens. [lpu 3amepe MHKIMHOMETpP MOKa3bIBA€T yroJl pa3BOpOTa IUIOCKOCTU JeH-
CTBUSl OTKJIOHHUTENS IO OTHOIICHWIO K a3UMYTy CKBXHHBI. OTCUHTHIBACTCS
3TOT YroJl IPOTUB X0J1a YaCOBOW CTPEJIKHU.

OpHUEHTHPOBAaHUE OTKJIOHUTEINSI B CKBAXKHHE MPAKTHUECKU TPOU3BOIUTCS
crenyromuM obpa3oM. IlpenBapHUTENBFHO ONpenenseTcss 3Ha4eHHE BCIIOMOTa-
TEJILHOTO yriia o 1mo hopmysie

0=0a - dy, (51)

rae o — (akTHUeCKHi a3MMYT CKBaXHHBI Ha 3a00€; o, — a3UMyT IMPUEMHBIX
MOCTKOB, 3Ha4eHHE KOTOPOro OepeTrcs U3 IUIaHa - IPOrpaMMbl Ha TIPOBOJI-
Ky CKBaKMHBI.
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VYron & oTKIIa/IIBACTCSI HA HENOABM)KHON YaCTH POTOpa OT HalpaBlICHUS
MPHUEMHBIX MOCTKOB ITO YaCOBOM CTPEIKE, €CJIU OH MOJ0KUTENEH, U IIPOTUB Ya-
COBOH cTpenkH, ecnu orpuuareneH (puc 70). Ha potope craButcs metka A —
(akTHyecKnii a3UMyT CKBOKUHBI. OT HOITy4eHHON METKH A IPOTHB X0J1a 9aco-
BOW CTPEJKH OTKJIAABIBACTCS YTOJI A, 3aMEPEHHBII MHKIMHOMETPOM B MarHHT-
HOM TIEPEBOJHHKE, HA POTOPE CTABUTCS METKA, a 3aTE€M OHA IEePEHOCUTCS Ha IIe-
PEBOJHUK KBajipaTa. JTa METKA yKa3bIBaeT HAIpaBJICHUE ACHCTBUS OTKIOHUTE-
TS

Jlanee oT MeTKH A Ha pOTOpE MO YaCOBOM CTPENKE OTKIAAbIBAETCS yroil
YCTQHOBKU OTKJIOHHUTENS Y U YTOJI 3aKPy4YHBaHHs KOJIOHHBI OYyPUIBHBIX TPYO o,
OIpeJIeNIEHHbIE TI0 paHee NMpuBeleHHON cxeme. Ha potope craBurcs metka O,
3aTeM IyTeM BpallleHHsl KOJIOHHBI OypuIIbHBIX TpyO poropom MeTka O Ha repe-
BOJIHUKE KBajIpaTa CoBMeIaeTcs ¢ MeTkod O Ha poTope, pOTOp 3aKpBIBAeTCs, U
HayMHAETCsI npolecc OypeHHs CKBaXXMHBI B HOBOM HAIpPaBJICHUH.

B nponecce OypeHust HEOOXOIMMO MTPOBOIUTH OCTOSHHBIM KOHTPOJb 32
MOJIOKEHUEM CKBAaYKMHBI B IPOCTPAHCTBE. JlJIsl 3TOr0 MPOU3BOAATCS 3aMephI 3e-
HUTHOTO yTJIa U a3uMyTa 4depe3 12 - 25 M NpoXoAKH B 3aBUCUMOCTH OT yCJIOBHUIl
OypeHHUs ¥ HCIOJIb3yEMOT0 OTKJIOHHUTENS. 3aMephl TPOU3BOJIATCS IyTEM CITyCKa
WHKJIMHOMETPa BHYTPb KOJIOHHBI OypHibHBIX TPYO. [Ipu aTom it obecniedenus
3amepa azumyTta B KHBK Brmmrouaercs 24 - 36 m JIBT mexny YBT u cranbHbI-
MU OypunbHBIMH TpyOamu. JlJisi HCKIIIOYEHHS NOTPEUIHOCTEH IPH M3MEPEHUH
HWHKJIMHOMETP JOJDKeH HaXxoauThes He O6mmwke 15 M ot VBT u 3 M ot cTansHOTO
3amka JIBT. Taxum obpa3om, 3amep ITPOU3BOIUTCS HA HEKOTOPOM yIAJICHUH OT
3a00s1. s ompeneseHus 3€HUTHOTO yIila M a3UMyTa CKBa)KMHBI HEIOCPEACT-
BEHHO Ha 3a0oe walle BCEro McHonb3yercs rpadudeckuii meron. [lmst sToro
OT HEKOTOPOIO HalpaBlICHUS, YCIOBHO MPUHUMAEMOIO 3a CEBEPHOE, OTKIafbl-
BAIOTCS a3MMYTHI CTBOJIA B Hadajle HHTEPBaJa MCKYCCTBEHHOTO MCKPUBICHHS H
3amepenHssblii B JIBT o, (puc. 71). [To 3TUM HampaBieHUSM B IPHHATOM JIMHCH-
HOM MacIiTabe OTKJIAJbIBAIOTCS COOTBETCTBYIONIUE 3€HUTHBIE YIibl O, u O,.
[Mony4ennsle Touku A u B coenunsroTes Mexay coboil. BemnunHa otpeska AB
B MPHUHATOM JIMHEHHOM MacimiTabe paBHA YTy IPOCTPAHCTBEHHOTO HCKpHUBIIE-
HUS CKB&XWHBI (O, Ha MHTepBaie h, OT Hayaga NPUMEHEHHS OTKJIOHHUTENS 0
TOYKH 3amepa mapameTpoB uckpusieHusi B JIBT. CrnenoBarenbHO, MHTEHCUB-
HOCTb IPOCTPAHCTBEHHOI'O UCKPUBIIEHHS 1, HA ITOM MHTEpBaje paBHA

i,=¢/h, (52)

Vron IIPOCTPAHCTBECHHOT'O UCKPUBJICHUA CKBaXHUHBI (p; HA HHTEPBAJIC h ot
Havajla IpUMCHECHUS OTKIIOHUTEA 10 320051 COCTaBUT

=iy h. (53)
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3HaYCHUE ITOTO yIia (; B IPUHITOM JTUHEHHOM MacuiTabe OTKIIaIbIBacT-
ca no HanpasieHnto AB ot touku A. Ilomyuennas touka C coemmHsieTcs
Toukoi O, mocie 4ero onpeAesstoTcsl 3eHUTHBIM yroa ®, u a3uMyT o, Ha 3a60¢e
CKBaKHHBI.

O ¢

Pucynok 71 — I'padudeckuii MeTon OmpelesiieHus 3eHUTHOTO U
a3MMyTATBHOTO YTJIOB Ha 3a00€ CKBAKUHBI

5.2 HeopueHTHpyeMble KOMIOHOBKH /JIsl YIPABJeHUs UCKPUBJIEHH-
€M CKBAaKUH

Hcnonb30BaHue pa3IuyHbIX TUIIOB OTKJIOHUTENIEH NO3BOJSAET UCKPUBIIAThH
CKBa)XHHBI CO 3HAYMTEIBHOW WHTEHCHBHOCTBIO, OJHAKO MPU 3TOM Tpebyercs
BpeMs Ha UX OpHeHTupoBaHue. Cienyer OTMETUTh, UTO MPH BHIIOJIHEHUU 3TOM
OTIepAIINH 3aYACTYIO 110 PAa3IMIHBIM IIPHYMHAM MIPOUCXOAT OUIMOKH, YTO MpPHU-
BOJIUT K elle OONBIIMM 3aTpaTtaM BpeMeHH. [1o3ToMy 1Uis yrpaBiieHHS UCKPHUB-
neHueM mnpejiaratorcs pasnnuasle KHBK, no3Bonstomue OypuTh CKBaXKUHBI B
HY>KHOM HAaIIpaBJICHUU M HE TPeOYIOIINe OPHEHTHPOBaHNsL. Pa3HbIC THITBI TaAKUX
KOMITIOHOBOK 00ecrednBaloT OypeHHe BepTHKAJIbHBIX yYacTKOB, MPSIMOJIHHEH-
HBIX HaKJIOHHBIX C MAQJIOMHTEHCUBHBIM YBEIIMUEHUEM UJIM YMEHBIIEHUEM 3€HUT-
Horo yria. OfHaKko MpH UX KUCHOJb30BAaHUM XOTbh M COXPAaHSIOTCS OOIIMEe TeH-
JICHIMU MCKPHBICHNS, HO HHTCHCHBHOCTH KOJIEOJETCS B IIMPOKUX Ipeienax B
3aBHCHMOCTH OT KOHKPETHBIX I€0JIOTUYECKUX ycioBuH. [loaTomMy ans kaxaoro
MECTOPOXKACHUsSI HEOOXOIUMO BBISBICHUE 3aKOHOMEPHOCTEH MCKPUBICHUS IS
Pa3NUYHBIX THIIOB MOPOAOPa3pPYIIAIONIEr0 WHCTPYMEHTA, 3a00MHBIX TBUTaTe-
Jiel, nnuHbl 1 quamerpa YBT, MecT yCTaHOBKM LEHTPUPYIOLIUX 3JIEMEHTOB.

Kpome TOro, npuMeHeHue pa3iauyHbIX KOMIIOHOBOK JA€T XOpOIUHUE pe-
3yJIbTaThl TOJBKO B CIIydae, €CIIM HAIpPaBICHUS KENaeMOro M e€CTECTBEHHOI'O
HCKPUBJICHUH COBIANAIOT WM ONM3KH IpYT K ApyTy. B mpoTtuBHOM ciydae 3¢-
¢dextuBHOCTH Hcnonb3oBanus KHBK 3HaunTensHO cHIKAeTcCs.

Crabunuzanys, yMEHbIIEHNE WIH YBEIWYCHHE 3€HUTHOIO yIJla HAKJIOH-
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HO- HaIpaBJICHHBIX CKBaXXHH pocturaercs ycraHoskoil B KHBK nenrparopa Ha
COOTBETCTBYIOIIEM PAcCTOSHUM OT Topla fnoioTta. Ha puc. 69 mokasaHsI Teo-
peTudecKkue 3aBUCHMOCTU MHTEHCHUBHOCTU MCKPHUBIEHUS OT ATOTO PAacCTOSIHUS
JUISL Pa3IIMYHBIX JHAMETPOB JOJIOT, TypOoOypOB U IIEHTPAaTOPOB. AHAIN3 MIpHUBe-
JCHHBIX TPa(pHUKOB MOKA3hIBACT, YTO OOIIME TEHACHIIMH HCKPUBICHHUS CKBaKUH
JUISL PA3IIMUHBIX CIy4aeB cOXpaHsaoTcs. [Ipu ManoM paccTOSHUM JI0 LIEHTpaTopa
WHTEHCHBHOCTh HCKPUBJICHUS Onm3Kka K 0, 3aTeM BO3pacTaeT A0 HEKOTOPOTO
MaKkCHUMyMa, a 3aTeM CcHuxkaeTcd. CleayeT OTMETUTh CYIeCTBEHHOE BIMSHUE
quaMeTpa neHTparopa. Ilpm ero ymeHbIIEHHH maxke Ha 2 MM WHTEHCHBHOCTH
UCKPUBJICHUS CHU)KACTCS B HEKOTOPBIX CIIy4asix B 2 pasa.

B xommanmu FOKOC npu OypeHun BepTHKANBHBIX yYacTKOB M yYaCTKOB
CTaOMIIM3aIMA 110 3¢HUTHOMY YTIIY W a3UMYTy T0oA 245 MM KOHIYKTOpP HCIIOJNb-
3yI0TCS KOMIIOHOBKH, BKJIIOUYAOIIHE JI0JIOTO, KanubpaTop, 3a00iHbINH JBUraTeh
T 12PT — 240 u BTOpO# KATMOPAaTOp WU JOJIOTO, KauOparop, 3a00HHBIN TBU-
rarenb T 12PT — 240 ¢ nBymsi HaBapeHHBIMU Ha KOpIyce LEeHTpaTopamu Jua-
METPOM 282 MM.

3Ota jxe KOMIIOHOBKA, HO 0€3 IICHTPATOPOB Ha KOPITyce, MO3BOJISCT YBEIH-
YUBATh 3€HUTHBIA yroJl C MHTEHCUBHOCTHIO 1 — 5" Ha 100 M IIpU OJTHOBPEMEH-
HOM yMeHbIIeHHH a3umyTa Ha 1 — 5° Ha 100 M.

IIpu GypeHun MoJ SKCIUTyaTallMOHHYIO KOJIOHY JUIs CTaOWIM3aliy mapa-
METPOB WCKPHBJICHHUS HCIOIB3YETCS KOMIIOHOBKA, COCTOSIIAs W3 JOJOTa, Ka-
nmubparopa, 3aboitnoro meuratens 3TCIHI1 — 195 ¢ AByMs IIECTUINIAHOYHBIMU
LeHTpaTopaMu auaMeTpoM 213 MM Ha mmuHzaene. Takas KOMIIOHOBKa, HO € OJI-
HUM IIEHTPATOPOM, ITO3BOJISIET CTaOMIM3UPOBATH 3CHUTHBIA yrojl C OJHOBpE-
MEHHBIM yMeHbIeHHeM asumyTa Ha 1 — 3° Ha 100 m.

[Ipu HEOOXOIUMOCTH YBEIMYEHUS 3€HUTHOTO yIJIa HCIIOJIB3YIOTCS Clle-
JYIOIIMEe KOMIIOHOBKHM: J0JIOTO, Kanubpatop, Typ6oOyp 3TCILU1 — 195, Ha
IIMAH/IENe KOTOPOrO YCTaHOBJIEHA IeHTpupyromas koporka CTK nuamerpom
214 MM WIH IOJIOTO, IBa KAIUOpaTopa, COCTUHEHHBIX HUIIEIBHBIM IPOBOIHU-
koM, Typ6oOyp 3TCHII — 195. Tlpu npuMeHEHHH dTHX KOMIIOHOBOK 3€HUTHBII
YroJl NOBBIIIAETCS C MHTEHCUBHOCTBIO 1 — 3° Ha 100 M mpH OIHOBPEMEHHOM
ymenburernn Ha 1 —3° Ha 100 M.

JIisi MaJOMHTEHCHBHOTO CHUKEHHS 3eHHTHOro yria Ha 1 — 3° Ha 100 M
HCIIOJIB3YEeTCsl KOMIIOHOBKA, COCTOSINAsl W3 JOJ0Ta, Kaaubpatopa, TypOoOypa
3TCHIT — 195. Ilpu 3TOM a3uUMyT TaKkKe€ YMEHbIIaeTcs Ha 1 — 3% 5a 100 M. Ilpu
HEOOXOAMMOCTH YMEHBIICHHS 36HHTHOTO yIJIa ¢ HHTEHCHBHOCTBIO 10 3 — 15° Ha
100 M IpUMEHSIOTCSI KOMIIOHOBKH, BKITIOUAIOIINE OJI0TO, HEPEBOIHUK My(TO-
BB, BAHTOBOW 3a00iHbBIN neurarens J| — 2 — 195, nmepeBomuuk, JIBT 147x11
JurHON 12 M umm ponoro, nepeBogHuk, Tpy6a TBIIK 127x11 amunOit 6 - 8 M,
kamubparop, Typ6oOyp 3TCII1 — 195. [Ipu mpuMeHEHWH MOCISIHEH KOMITO-
HOBKH a3UMYT CKBaXXHHbBI CHUYKAETCS C MHTEHCUBHOCTBIO 3 — 5 Ha 100 M.

111



1
) 1J
rpagA D, /’F‘\<L Tpag00, n —

2
a
2 [
T 1 f/ B o
0 ’II N 0 /J f [T
z 4 /l j z a
1 25
. Lm . Lm
L
rpagA00, m
2
1t

1 3\

Lm

-1

1]

Pucynox 72 — 3aBUCHMOCTb MHTEHCUBHOCTH UCKPUBIICHHS CKBa)KUHBI
0T MecTa yCTaHOBKHM LIEHTpaTopa: a — Typ6oOyp nuamerpoM 172 MM, T0JI0TO
nmuametpoM 215,9 MM, muametp rieHTparopa 1-214 mm, 2-212 mm, 3-240 mm; 6
— Typ00oOyp muamerpom 195 MM, gomoro auamerpom 215,9 MM, qTuamerp IeH-
Tparopa 1-214 MM, 2-212 mm; 6 — Typ600yp auamerpom 240 MM, JOIOTO AMA-
MeTpoM 295,3 MM, quametp neHtparopa 1- 290 mm, 2-285 MM, 3-280 mm
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PA3JIE] 6
BYPOBBIE IPOMBIBOYHBIE KUJIKOCTH

[Tpu OypeHnu BpamaTenbHBIM CIIOCOOOM B CKBa)KHMHE ITOCTOSIHHO LIUPKY-
JIUpyeT MOTOK XKUIKOCTH, KOTOpas paHee paccMaTpUBaach TONBKO KaK CPeacT-
BO A7 yOaJCHHS NMPOAYKTOB pa3pymieHus (mniama). B Hacrosmee Bpems oHa
BOCTIDHHHUMAETCS, KaK OJMH U3 TIABHBIX (PaKTOpOB oOecreunBaromux 3dhex-
THBHOCTb BCETO ITporecca OypeHusI.

[Tpu mpoBeneHnn OypoOBBIX pabOT HUPKYJIMPYIOUIYIO B CKBaXKHMHE KH-
KOCTb HPHUHSATO HA3bIBATH — OYPOGbIM PACMBOPOM UNU NPOMbBIGOUHOU HCUOKO-
cmoio (Drilling mud, drilling fluid).

BypoBoii pacTBop, KpoMe ynajieHusl I1ama, JOJDKEH BBINOJHSATD JIpyTHE,
B PaBHOM CTENEHHU BakHbIE (DYHKIIUH, HAIIPaBICHHbBIE HA 9hhekmusHoe, IKOHO-
MuuHoe u bezonacroe BHIIIOTHEHHE U 3aBepiIeHHe mporecca Oypenus. [o sroi
IIPUYMHE COCTaB OypOBBIX PACTBOPOB M OLICHKA €r0 CBOWCTB CTAHOBHUIICS TEMOM
60JIBIIOr0 00beMa HayYHO-IIPAKTHUECKUX HCCIEI0BaHUN 1 aHATIH3a.

B macrosmee BpeMsi B MEPOBOH NMPaKTHKE HAOIIOAAETCs TEHACHIHUS pOC-
Ta IIyOnH OypeHus! CKBaXKHMH, a KaK CIEICTBHE, U yBEIWYECHHE ONACHOCTH BO3-
HUKHOBEHHMS NIPH 3TOM Pa3IMUHBIX OCIOXKHEHUH. Kpome Toro, mocTossHHO y:xke-
CTOYaroTCs TpeboBaHus Gojee MOMHOH U 3(h(GEKTUBHON 3KCIUTyaTaIlliy MPOIyK-
THUBHBIX IOpoJ. B 3Tol cBsi3u OypoBOi pacTBOp JOJDKEH UMETh COCTaB M CBOM-
CTBa, KOTOpbIe OOecreunBain Obl BO3MOXKHOCTH OOPHOBI C OOJBIIMHCTBOM M3
BO3MOXKHBIX OCJIOKHEHHH M HE OKa3bIBall HETaTHMBHOTO BO3JECHCTBHSA Ha KO-
JIEKTOPCKHE CBOMCTBA MPOTYKTHBHBIX TOPH30HTOB.

6.1 YciaoBusi OypeHusi ¢ mpuMeHeHHeM OYPOBBIX IPOMBIBOYHBIX
KHAKOCTEH

B mpouecce OypeHust HapynraeTcsi paBHOBECHE TOPOJI, ClIaralolnX CTeH-
KH CKBaXHH. YCTONUUBOCTH CTEHOK 3aBUCHT OT HUCXOJHBIX MPOYHOCTHBIX Xa-
PAKTEPHCTHK TOPHBIX MOPOJ, UX M3MCHEHHS BO BPEMEHH II0] ACHCTBHEM pas-
JUYHBIX (aKTOpOB. Bosbinast posb 3aech NPUHAUICKHUT MIPOLECCy POMBIBKH
IpOMBIBOYHOMY areHTy. OCHOBHasi 3ajaua NPOMBIBKM — obecrieueHne sddex-
THUBHOTO TIporiecca OypeHHs CKBaXXHMH, OHa BKIIIOYAeT B ce0sl COXpaHEHHE Kak
YCTOHYMBOCTH CTEHOK CKB)XXKUH, TaK 1 KEpHa.

B ycnoBusix, xorja HapymeHa HeJI0CTHOCTh IOPOJIbI, OOJIBIIYIO POJIb HUI-
paeT ropHOe JaBieHHE. B NpHCTBOIBHOM YaCTH CKBaXXMHBI OHO IPOSIBISETCS
KaK B BEPTHKAJIBHOM, TaK U B TOPH30HTAIILHOM HallpaBlicHWH. bokoBoe maBie-
HHE SIBISIETCS CIIECTBHEM BEPTHKAJIBHOTO M BBI3BIBACT KacaTelbHbIC HaIlpshKe-
HUSL, CIIOCOOCTBYIOIINE BBITyYHUBAHUIO MIOPOJ, CY>KEHHUIO CTBOJIA U 00BaooOpa-
30BaHMIO. BennunHa kacaTeNbHBIX HANPSHKEHUH 3aBHCUT HE TOIBKO OT TOPHOTO
JIaBJICHUS, HO ¥ OT JIaBJICHUS IPOMBIBOYHOMN JKHKOCTH.
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B Oypenunm ropHoe naaBie€HHE BCerJa IPEBBINIAET THIPOCTATHYECKOE
cTon0a MPOMBIBOYHOHM >KUAKOCTH B CKBaXXHHE M CIOCOOCTBYET pPa3pyIICHHIO
CTCHOK CKBaXKMHBI, €CJIM IIPOYHOCTH caMoi MopoJabl HEAOCTATOYHA WM 3HAYU-
TEJIbHO OCa0JICHa B Pe3yJIbTaTe BO3JCHCTBUS MPOMBIBOYHOM kuakocTu. Hawm-
Oosiee MHTEHCHBHA AedopMalus MOPOJIbI HEOCPEACTBEHHO Y CTEHOK CKBaXH-
HBI, T7I¢ O0OKOBOE /IaBJIEHNE HE YPAaBHOBEILINBACTCS THAPOCTATHUECKUM H CHIIAMU
CUETUIEHUs] TOPHOW MOpOJAbl. XapakTep M3MEHEHHs CHJ CLEIUIEHUS B MOPOJE
00yCIIOBIIEH T€0JI0TO-MUHEPATIOTNIECKUMHA OCOOEHHOCTSAMH TOPHOW TOpPOJIBI 1
e¢ B3aMO/IEHCTBHEM C NMPOMBIBOYHOM JKHIKOCTBIO, TIIABHBIM 00pa3oM (pu3nko-
XUMHUUYECKUM.

DU3UKO-XUMUYECKOE BO3JCHCTBHE JKUAKOCTH HA TOPHYIO TOPOAY MPOsB-
JISIETCSI B TPEX OCHOBHBIX (hOopMax:

1) axTHBHOE BO3AEHCTBUE, OCHOBAHHOE Ha Mpolleccax TUApaTaluy, AUC-
colLMaluK, HOHOOOMEHA U XUMHYECKUX MPEBPaIlCHH;

2) aacopOIMOHHOE BO3JIEHCTBUE;

3) oCMOTHYECKOE BO3JICHCTBHE.

OCHOBHOE OTPHIATENBHOE BIUSHWAE NMPOMBIBOYHOM KUAKOCTH HA MPOU-
HOCTh TOPHBIX MOPOJ CBOJUTCS K (PU3UKO-XUMHUYECKHM HU3MEHEHHSM B CTPYK-
Type 1mopoJ nox JieiicTBreM ¢uibTpara. JleficTBue GpuiabTpaTa COMpoBOXKAACTCS
JcTieprayeil TIMHUCTONW COCTaBIIIONIEH IOPO/Ibl, HA0yXaHUEM, KalTMIUIIPHBIM
U IVHAMHYECKUM pacKIMHUBaHHEM. Ha KOHTakTe MPOMBIBOYHOM JKHUIKOCTH CO
CTEeHKaMM CKBA)XKMHBI IPOMCXOIUT XMMUYECKOE PacTBOPEHHUE, BhIIEIaYUBaHUE,
THIpOMEXaHUUECKOe paspylieHue nopoasl. IIpolecc ycunuBaeTcss MexaHHYe-
CKHM BO3JICHCTBHEM OYPHIBHON KOJOHHBI HA CTCHKH CKBa)KUH.

XapakTep ¥ CKOPOCTh OCITa0JICHUS CBSI3eH MEKIY YaCTHUI[AMU FOPHBIX I10-
pox pu OYpEeHHH ¢ MIPOMBIBKOH BO MHOTOM 3aBHCAT OT HAJIHYHS €CTECTBEHHBIX
HapyIIEHNH CIUTONIHOCTH TOPOABI (MOPHCTOCTH, TpemmHoBaTtocTn). C omHOM
CTOPOHBI, OHM CaAMH SIBIIIIOTCS HCTOYHMKOM YMEHBIIEHHS MEXaHHMYECKOW MpOoY-
HOCTH TIOPOJIBI U CIIOCOOCTBYIOT €¢ CMadMBaHUIO. B Mecrax HapylleHHs IBH-
XKeTcst QUIIBTPAT U BO3HUKAIOT KalWUIsApHbIe cuutbl. C qpyroi CTOPOHBI, HalU-
YyHMe HapyIICHUH SBIISETCS YCIOBHEM 00pa30BaHMs (MIBTPAIMOHHONW KOPKH U3
4acTUI] TBEPOoH (ha3bl MPOMBIBOYHOI'O areHTa, CIIOCOOCTBYIOIICH MOBBIIICHHIO
YCTOMUYUBOCTH NOPOJBI.

BaxHblii (akTop YCTOMYMBOCTH TOPHOH MNOPOJABI — €€ eCTEeCTBEeHHas
BIAXHOCTh. Jlake NpU HE3HAYUTEIbHOM YBIAXHEHHM TOpPOJ IIyOMHA MX yC-
TOMYUBOTO 3allETaHUsl PE3KO yMeHblIaeTcs. [IpH MONMHOM BOJOHACHIIICHUU
MIPOYHOCTb, HANPUMED, IUIOTHBIX TJIIMH U TJIMHNACTHIX CIAHIIEB, CHIKAETCS B 2 —
10 pa3. bonpmioe 3HaYeHHE I YCTOMYNBOCTH CTEHOK CKBa)KUH UMEET U (PU3U-
KO-XMMHUYECKUI COCTAB XKUAKOCTEH, HACBHIIAIOIINX ITOPOAY.

[TnacroBast )KUAKOCTh OKa3bIBAET XMMHMUYECKOE BO3ACHCTBUE HA TOPHYIO
MOPOJYy, YCUJINBAIOILEECS IPU BCKPBITUH I1ACTa, OHA XKE SBISIETCS MPEANOChLI-
kol auddy3un u ocmoca. Ecni B CKBaKMHE NMPOMBIBOYHAS KHIKOCTh OyAeT
OoJsiee MUHEPaJIM30BAaHHOM, Y€M IJIaCTOBAasi BOAA, TO IMPOLECC OCMOCA HE I0-
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BJIMSET HA [ETOCTHOCTh MOPOJBI, TAK KaK HE IIPOU30HUIET OOHOBICHUE CPEIbI U
YBEINYEHHE KOJIIMUECTBA )KUAKOCTH B IIOPax MOPOJIBI.

CKOpOCTh OTJIENCHUsI YaCTHUI] MOPOJABI B MPOLIECCE paspyIICHHs] CTEHOK
CKB&KHH 3aBHCHT OT BEJIMYMHBI ABJICHUS CTOJIOA IPOMBIBOYHOMN >KHIKOCTH, a
TaKKe TMIPOMEXaHNUECKOTO BO3ACHCTBHS JKUIKOCTH B MPOLECCE UPKYIISAIHN.
OJIHaKO CyLIECTBEHHOE IOJOKHUTENILHOE BO3JCHCTBHME JaBJICHUS CcToj0a Ipo-
MBIBOYHOU JKMJIKOCTH Ha OOBAJIMBAIOIIMECS MOPOJbI OyJeT TOJIBKO HpH Ipe-
JIeTIbHO OTPaHMYCHHOM MOCTYIUIeHUH (uibTpara B Iuiact Wik ee (usuko-
XMMHYECKOM YIPOYHSIONIEM JCHCTBUM HA MOpOAy. B miacTnuHbIX (MOI3yYHX)
MOpoJiax POCT MPOTHBOJABICHUSI MPOMBIBOYHOM JKHIKOCTH CYIIECTBEHHO 3a-
TPYJOHSET pa3BUTHE CYXKEHHH CTBOJNA0 B OCHOBHOM BCleACTBHE (hu3HKO-
XMMHYECKOTO B3aMMOJCHCTBHUS TPOMBIBOYHOHN JKHIKOCTH C THOPOJAMH, Clla-
raloIMMH CTEHKH CKBA)XHH.

BhIaessitoTes crefyonye BUAbl HapyIEeHHH LHEeJOCTHOCTH CTEHOK CKBa-
KMH B Pe3yJbTaTe B3aMMOJCHUCTBUS MPOMBIBOYHOM JKHUIKOCTH C TOPHBIMHU MO-
pomamu: oOBaibl (OCHINN); HaOyXaHUE; INIACTHYHOE TeUeHHe (TT0JI3y4ecTh); XU-
MHYECKOE PACTBOPEHHE; Pa3MBbIB.

YCTOWYMBOCTh TOPHBIX TMOPOJ BO MHOTOM CBsI3aHA ¢ O0eclieYeHHeM He-
NPEPHIBHOM IMUPKYISIUN TPOMBIBOYHOM XHMIKOCTH B Ipolecce OypeHHs IpH
HaJIMYMU B TEOJIOTMYECKOM pa3pese MPOHUIAEMBIX TOPHBIX Nopoj. Yarue Bcero
B IPAKTUKE Pa3BEAOYHOTO KOJOHKOBOIO OypEeHHs Takue MPOHHUIAEMbIC 30HBI
MPEICTABICHBI BOJOHOCHBIMH IUTACTaMH. B 3aBHCHMOCTH OT IJIaCTOBOTO JIaBIIe-
HUS 1 PUMEHSIEMOT'0 IIPOMBIBOYHOTO areHTa MOTYT NPOMCXOJUTh HOTJIONICHHE
MPOMBIBOYHOH JKHIKOCTH, BOJIOIPOSIBIICHHE, HEYCTONYMBAs LIUPKYJISILIUL.

[Tornomenne NpOMBIBOUYHOM JKUIKOCTH YJOPOKAET, a MMoAYacC JeJIaeT He-
BO3MOXHBIM OypeHHe CKBaKHHBI. BosoNposBiIeHHE yXyZINIaeT KauecTBO IIPO-
MBIBOYHOH >KUJIKOCTH B IIPOLIECCE LIUPKYJISLMH, IPUBOJUT K JOTOJHUTEIBHOMY
9KOJIOTHYECKOMY 3arpsizHeHH0. HeycroliunBas HIMPKYJISIIUSL OCIOKHSET TEXHO-
JOTHIO OypeHus, oANepKaHNe KauecTBa XKUAKOCTH, €€ PETYINPOBaHHE.

[Mornomenust nensrcs Ha YacTHUYHbIE M IOJIHBIE. [IpoHMIIaeMble 30HBI
KJIacCUGHUIUPYIOTCA N0 BelndnHe Kod(duImenTa, XxapakTepusyomero npoHu-
LIaEMOCTb 30HBI B mporecce OypeHns. [IpoHunaeMsie 30HBI, MpeICTaBICHHbIC
HEYCTOWYMBBIMU, TOHKOTPEIIMHOBATBIMH WJIM MOPUCTBIMH ITOPOAAMHM, W30JIHU-
PYIOTCSL YyacTHLaMH TBepod (a3bl MPOMBIBOYHOM JKHJIKOCTH B Iporiecce Oype-
HUsI CKBaXHH. [loTepsi MPOMBIBOYHOTO areHTa 3/1eCh CBOJHUTCS K 00beMmy, OT-
¢unbpTpoBaBIIEMyCs B ITpouecce GopMupoBaHHUS KOPKH.

OnHako ecnu OypeHHe CKBaXKMHBI BEICTCS Ha JKHJIKOE WM Ta3000pasHoe
0JIE3HOE MCKOIMAeMOe, TO CTaBUTCS 3a/1adya COXPaHEHHs MPOHUIAEMOCTH ILa-
CTa M pOJIb IPOMBIBOYHOTO areHTa yCIOXKHICTCH.

CooTHoleHNE AaBIeHNH cT0I0a TPOMBIBOYHOH KUAKOCTH H IIIACTOBOTO
(mopoBoro) omnpezeisieT BeNMMUMHY UM GEepeHIMAIBHOTO IaBICHHs B CKBAXHHE,
KOTOpOE UrpaeT Ba)KHYIO POJIb HE TOJIIBKO B COXPAHEHHH CTEHOK CKB)KHHBI, HO
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U B IIpoIiecce pa3pylIeHHs MOpoAbl Ha 3a00e U MpuxBaTax OypoBOrO MHCTpY-
MeEHTa.

6.2. Cnoco0bI IPOMBIBKH

[Ipu OypeHun CKBaXXKUH MPOMBIBOYHAS KHUJIKOCTh JIOJKHA IUPKYIUPOBATH
110 3aMKHYTOMY THIpPaBIMYECKOMY KOHTYpy. B 3aBHcHMOCTH OT BUAa ruapas-
JINYECKOTO KOHTYpa BCE CYLIECTBYIOIIHME CHUCTEMBI ITPOMBIBKHM JIENATCS HA JBE
TPYIIIIBL:
1) cucTeMbl MPOMBIBOK C BBIXOZOM PacTBOpa Ha MIOBEPXHOCTH;
2) cucTeMbl IPOMBIBOK C BHYTPHUCKBAKUHHON ITUPKYJISIINECH.
B 3aBucuMocTH OT HanpaBiI€HUs ABUKEHHSI IPOMBIBOYHOHN JKUAKOCTH I10
OTHOIICHUIO K OypOBOMY MHCTPYMECHTY HPOMBIBKA C BBIXOJOM €€ Ha MOBEPX-
HOCTB OCYUIIECTBIISIETCS 10 OIHOM M3 MPUBEJECHHBIX Ha pUcC. 73 cxeMm.
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Pucynox 73 — CxeMbl IPOMBIBKH C BBIXOJIOM OypOBOTO pacTBOpa Ha IOBEpX-
HOCTB: a — IpsiMasi MPOMBIBKA, 0 — oOpaTHas MPOMBIBKA, B — 00-
paTHas IPOMBIBKA Yepe3 IBOHHYIO KOJIOHKOBYIO TpyOy (C THIpO-
TPAHCHOPTOM K€pHA, I — KOMOMHHPOBAaHHAs MPOMBIBKA)

KomOunupoBaHHast cucTeMa IPOMBIBKH MO TEXHOJOTMH HCHOIHEHUS
MOZpa3JeIsieTCsl Ha MEPHOAUYECKYIO (IIOCIEN0BAaTEIbHYI0) M COBMEILEHHYIO
(mapamensHyto). OGa BapuaHTa MOTYT OBITH PEATM30BaHbI KaK 110 MPSIMOH, TaK
u 1o obpatHoi cxeme. IIpy MCHONB30BaHUM MEPHOAUYECKON NPOMBIBKM Ha-
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IpaBJICHHE TTOTOKAa OypOBOTO pacTBOpa MEHsIETCS C MPSIMOW MPOMBIBKM Ha 00-
paTtHyto 1 HaobopoT. HanpasneHue IBIKEHUS pacTBOPa, MOAAaBAEMOr0 K 320010
CKBa)KHHBI, U3MEHSETCSI Ha IOBEPXHOCTH MPU COOTBETCTBYIOLIEH 00BSI3KE HACO-
Ca M yCThs CKBOKUHBI.

6.3 OyHKIIMH OYpPOBOTO pacTBOpa

Yoanenue npodyxmoe paspywenus uz ckeaxcumnbi.

Bces BeiOypenHas mopoja gomkHa 3((GEKTHBHO yIalAThCA ¢ 3200 U U3
CTBOJIa BO M30E)KaHUE MEepEeH3MeNIbUeHUs lulaMa M JONOJHHUTEILHOTO H3HOCA
TIOPOZ0Pa3pyIIAONIETO WHCTPYMEHTA M OypriIbHBIX TpyO. KauecTBo oumcTim
32005 3aBHCUT OT CTETICHU TypOYIU3aIuy KUIKOCTH B Mpu3aboiHON 30He. UeM
OHa BHIIIIC, TEM JIydIlle ¥ ObICTpee OYHIaeTcs 3a00i CKBaXXHHEI OT BHIOYPEHHOM
mopozsl. Ha xapakTep Te4eHHs KUAKOCTH B IMPU3a00HHON 30HE CKBaKHWHBI CY-
IIECTBEHHO BJIMSET YacTOTa BpaIlIEHHs OypOBOro CHaps/a, a TAaKXe KOHCTPYK-
U M PacCIlOIOKCHUE MPOMBIBOYHBIX OKOH B MOPOAOpPAa3pyIIAIONIEM HHCTPY-
MEHTE.

CriocoOHOCTE OYpOBOTO PacTBOpa YIalsATh IIIaM M3 CKBAXXHHEI B OT-
CTOMHHK 3aBHCHT YaCTHYHO OT XapaKTEPHCTUK PacTBOpa M YaCTHIHO OT CKOPO-
CTH IIMPKYJISILMK B KOJIBIIEBOM IIPOCTPAHCTBE MEXIy OypHibHOW TpyOOH H
CTeHKOH ckBakmHBL. Korma MomHocTH OypoBOTo Hacoca HEIOCTAaTOYHO IS
obecriedeHnsT HEOOXOAUMONW CKOPOCTH BOCXOJISIIETO MOTOKa OypOBOTO PacTBO-
pa, ans 3pGEKTHBHOTO yAAICHUS [IIaMa, MOXKHO YBEIHYUTH BS3KOCTH PacTBO-
pa, ocobeHHo, mpenen TekydecTd. OIHAKO 3TO MPUBOAUT K YXYAIIECHHIO YCIIO-
BHIl OYHCTKH PacTBOpa U POCTY THIPABIMYCCKUX CONPOTHBICHUN B LUPKYIIS-
[MOHHOW CHCTEME CKBa)KUHBI.

Oxnadicoenue nopooopaspyularoue2o ULCmpymeHma u 0ypuibHvix mpyo

B mporecce OypeHHsT MPOMCXOAUT HArpeB IIOPOIOPa3PyIIAIOIIET0 HHCT-
PYMEHTa 3a CUeT coBeplaeMoil Ha 3a00e MexaHu4eckoi paboTsl. BypoBoii pac-
TBOP, OMBIBasi OPOAOPA3PYIIAIONINNA HHCTPYMCHT, B PE3yJIbTaTe KOHBEKIIMOH-
HOro 0OMeHa OTBOJUT Teri0. DP(PEKTUBHOCTh OXITAKIACHHUS 3aBHCUT OT Pacxo-
Jla OypoBOrO pacTBOpa, €ro TeIIopHU3NYECKHX CBOWCTB M HayallbHOW TeMIiepa-
TYpHI, a TaKkKe OT pa3MepoB M KOHCTPYKTHBHBIX OCOOEHHOCTEH MOpOoIopaspy-
MIAOIIET0 HHCTPYMEHTA.

BypoBoii pacTBop Takke OXJaxkaaeT OypribHBIC TPYObI, HATPEBAIOIINACCS
BCJIEZICTBHE TPEHHUS O CTEHKH CKBAKUHBI.

BypoBbie pacTBOpBl 00JIaIal0T OTHOCHTENIFHO BBICOKOH TEIIOEMKOCTBIO,
MO3TOMY (PYHKITHS OXJIQKICHHUS BBITIOJIHACTCS JTaKe MIPH HEOONBIINX UX pacxo-
Jlax.

Yoepoicanue yacmuy 6v16ypennoli nOpoovl 60 836€UEHHOM COCMOIHUU

YaepikaHue 4acTHIl BBIOYPEHHOH NMOPOJBI M yTSKETIHTENS BO B3BEILICH-
HOM COCTOSIHMU B IPOMBIBOYHOM KHJIKOCTH, HAaXOJSILEHCs B CKBa)KHHE, HE0O-
XOIMMO JUTS MPEIOTBPAIICHHUS MIPUXBATOB OypHIIBHOTO MHCTPYMEHTA IIPH IIpe-
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KpaIieHuu TUPKYJISIuH. Jsi BBITONHEHUS 3TOW (QYHKIUU OypOBOH pacTBOp
JOJDKEH 00JIaaTh THKCOTPOIHBIM CBOMCTBAMH, TO €CTh CIOCOOHOCTBIO IIpe-
BpaIaTsCcs MpU OTCYTCTBUU JBIDKEHUS U3 30JI1 B Iellb ¢ 00pa30oBaHUEM CTPYK-
TypHI, 00Naarommeil onpeaeacHHON yCTOWINBOCTBIO. Y CTOHYHNBOCTD CTPYKTYPHI
OILICHUBACTCS BEIMINHON CTATHYECKOTO HAIIPSIKEHUS CIBUTA

Obnecuenue npoyecca paspyuienus 20pHvlX HOpoo Ha 3a60e

AKTHBHOE BO3/IEHCTBHE OypOoBOTO pacTBOpa Ha 3a00il 00yCIOBJIEHO,
TJIaBHBIM 00pa3oM, KHHETHYECKOW >HEpruei IMOTOKa Ha BEIXOJE M3 OypoBOTO
CHapsiza.

D¢ dekT ruapoJMHaMUYECKOr0 BO3JCHCTBUS YCUIIMBACTCS IyTeM MOA00-
pa TUIOMIA N CEYEHHs M MECT PACHOJIO0XKEHHs KaHAJIOB, depe3 KOTOpBIE KUA-
KOCTb BBIXOJWT Ha 3a00¥ CKBaKHUHBI. JTa (YHKIHS ITPOMBIBOYHON KHIKOCTH
HaunOomee d3PeKTUBHA B IOPOJIAX PHIXJIOTO KOMIUIEKCA.

Kpowme toro, obnerdenue mpoiiecca pa3pylieHus: TOPHBIX MOpoA Ha 3a0oe
MOXET OBITh OCYIIECTBIEHO 3a CUEeT MOHIDKEHHA HX TBepaocTH. CyIIHOCTBH
mpoliecca MOHKECHUS TBEPAOCTH TOPHBIX MOPOJ 3aKIFOYACTCS B CIEAYIOIIEM:
TOPHBIC TIOPOJIBI HE OJHOPOIHEI IO MPOYHOCTH, UMEIOT OoJiee cliadble MecTa B
KPUCTAJUIMYECKOIl pellIeTKe, a Tak)Ke MUKPOTPEIIMHBI, POHU3BIBAIONINE KpPH-
CTaJUTBI ¥ PACIOI0KEHHBIE [0 UX TPAHHUIIAM.

JKunkocTh kKak BHEHIHSISA Cpeda aKTHBHO YYaCTBYET B IPOLIECCE MEXaHH-
YECKOI'0 pa3pylIeHHs FOPHBIX IOPOA, NPOHUKAs B TIyOUHY Ae(hOpMHPYEeMOro
TeJla — B 30HY IIpeApa3pymeHns, MPEACTaBIIONIyI0 co00il neopMupoBaHHbIe
CIIOM C TIOBBINICHHOW TPEIIMHOBATOCTHI0. AKTHBHOCTB JKUAKOCTH MOXET OBITH
3HAYHUTEIHFHO TOBBIIICHA HEOONBIIMMHU J00aBKaMH K HEW CIEHUATbHBIX Be-
LIECTB, MOIYYMBIIMX HA3BaHHUE noHu3umeneu meepoocmu. Bo3necTBre ITUX
BEIIIECTB Ha MPOIECC pa3pyLIeHNs TOPHBIX MTOPOJ OCHOBAHO HA yCWJICHHH (u-
3UKO-XHMHUYECKOTO B3aMMOJCHCTBHS TUCTIEPCHOHHOMN Cpebl C pa3BUBAIOIIIMU-
Csl B MPOIECCEe MEXaHMYECKOTO Pa3pYIICHUS HOBBIMH MMOBEPXHOCTSIMH TOPHOM
nopoJiel. JlucnepcuonHast cpena OypoBOro pacTBopa ¢ J00aBIECHHBIMU TOHH3H-
TEJIIMH TBEPIOCTH, NPOHUKAS B 30HY IMpeIpa3pyIIeHUs W pPaCIpenesisich 110
MHUKpPOTpEUIHHAM, 00pa3yeT Ha MOBEPXHOCTSX TOPHBIX MOPOJ aJCOPOIOHHEIC
IUIEHKH (COJIbBATHBIC CJION). DTH IJICHKH MPOMU3BOAAT PACKIMHUBAIOIICE JeiicT-
BHE B 30HaX, PAcIlOJIOKEHHBIX BOJIM3M ITOBEPXHOCTH OOHa)KaeMbIX TOPHBIX MO-
PO, BCIEACTBHE YETr0 CO3JAIOTCS Jy4IINEe YCIOBUS UX pa3pyuieHus. YeM cuirb-
Hee NpHU ITOM CBA3b CMAuUUBAIONIEH MXHUIKOCTH C IMOBEPXHOCTBIO TeNa, TEM
CHIIbHEE pacKJIMHHUBAOIIEe eiicTBHE acopOLOHHO-CONBBATHBIX CIIOEB.

Habmonenns mokaszainu, 9to mpu OypeHHH C J00aBKoi B OypoBOH pac-
TBOp TIOHHU3HTEICH TBEPIOCTH 30HBI IIPEIPa3pyIICHUS TOPHBIX TIOPOJI CTAHOBSIT-
csi Ooimee pa3sBUTBIMHU, 3apOJBIIIEBBIE IENU PACIPOCTPAHAIOTCS 3HAUUTEIHHO
riry0ke M KOIMYECTBO MX YBEJIMYMBACTCS MO0 CPABHEHHIO C BO3JCHCTBHEM XKHI-
KOCTH MaJIOaKTHBHOM, 06€3 ajcopOupyronmxcs 100aBoK.

IToBepXHOCTHO-aKTUBHBIC BEIICCTBA, aICOPOUPYSCH Ha OOHAKAECMBIX IO-
BEPXHOCTSAX MHUKPOTPEILIUH, CIIOCOOCTBYIOT CHIDKCHHMIO CBOOOIHOM MOBEPXHO-
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CTHOI! SHEpPruu Tena, 4TO yMEHbIIAEeT BEINYUHY HEOOXOJUMOM Ui pa3pyIIeHUs
paboThl U obierdaeT pa3dypuBaHue TOpHOU TTOPOIbL. DHHEKTUBHOCTD NEHCTBHS
MOHU3UTENEeH TBEPJOCTH 3aBUCUT OT MEXAHHYECKUX YCIOBUH pa3pyIIeHUs
(Ipeke Bcero NepruoAMIHOCTH CHIIOBBIX BO3JCHCTBHI), XUMHUYECKOH MPUPOIBI
CaMUX pEareHTOB, WX KOHIEHTpaluu B OypoBOM pacTBOope M (HU3HKO-
XMMHYECKUX CBOHCTB FOPHBIX ITOPO/.

Ha moBepXHOCTSX TBepAOro Tema B KayeCTBE MOHU3UTEIEH TBEPIOCTH
MOT'YT aJICOpOMPOBAThCS KaK IOBEPXHOCTHO-aKTHUBHBIE MOJICKYJBI OpraHuye-
CKHUX BEIIECTB (HE 3JIEKTPOIUTOB), TAK M HOHBI JIEKTPOJIIUTOB.

B kadecTBe OCHOBHBIX HOHHU3HUTENEH TBEPAOCTU MOPOJ HCHOIB3YIOTCS
KaJbLIMHUPOBAaHHASA COAA, €IKUH HATp, U3BECTh HETallleHas U TalleHas U pas-
JINYHBIE MBLITA.

[ToHn3uTenn TBEPAOCTH MOPOJ MOMOTAlOT Mpoleccy AalbHENIEero auc-
MEPTUPOBAHMS HAXOAIIETOCS B KPYTOBOM IUPKYIALMK OypoBOTO mulama. JTo
nUMeeT 0cOOCHHO Ba)KHOE 3HAUCHHE NMpH OypeHUH C MPOMBIBKOH 3a00s1 ecTecT-
BEHHBIMH ITPOMBIBOYHBIMH PacTBOpPaMH, AWCIEpPCHas (haza KOTOPHIX 00pa3yeTcs
U3 4aCTHYEK TBEPJBIX MOPOJ, AUCIEPTUPOBAHHBIX MEXaHHMUYECKHM BO3J€iCTBU-
eM fos0Ta Ha 3a00i. [IpumensiemMble nisl CTAOMIM3alUK €CTECTBEHHBIX Kap0o-
HaTHBIX PACTBOPOB MOBEPXHOCTHO-AKTHBHBIE BEIIECTBA MPOHUKAIOT B TPELIHHEI
JIOBOJIBHO OOJIBIINX YACTHUEK IITaMa, OTKAIBIBAEMBIX OT 32005 yJapamu 3yObeB
JI070Ta. AZCOpOHUPYSACH HA BHOBH 00Pa30BAaHHBIX TIOBEPXHOCTSAX, OKa3bIBas pac-
KIIMHUBAlOIee AeiicTBUE U MOHMXKas TOBEPXHOCTHOE HATSKEHHUE, 9T BEIIeCTBa
CIOCOOCTBYIOT HajbHEHIIEMY MMCIEPTHPOBAHMIO IUIaMa 0 YaCTHYEK KOJUIO-
UJTHOTO pa3Mepa, OCTAIOMIMXCS B CHCTEME B KadecTBE JHUCIEpPCHOH (a3bl pac-
TBOpA.

CoxpaHeHne YCTOMUUBOCTH CTEHOK CKBaYKHHBI

CoxpaHeHHEe yCTOMYMBOCTU CTEHOK CKBa)KUHBI — HEIIPEMEHHOE YCIIOBHE
HOpMaJBHOTO Tporecca OypeHus. [IpumunHa OOpymIeHUsS] CTEHOK — JEHCTBHE
ropHoro gasiaeHus. CMaunBaHKE TOPHBIX MTOPOJ] PHIXJIOTO KOMILIEKca B Mpolec-
ce OypeHHs ¢ MPOMBIBKOW PE3KO YMEHBIIIAET MPOYHOCTh CTEHOK CKBAKHUHBI U,
CIIeZI0BATENbHO, UX YCTOWYMBOCTb. YeM mAajbllie pachpoCTpaHsIEeTCsl 30Ha CMa-
YMBAHUS, TEM WHTEHCHBHEE HJET MPOIECC pa3pyIleHHus CTEHOK. DTOT MpOLEecC
YCHIIMBAETCS BCIEACTBHE Pa3MbIBAIOILETO ACHCTBUS MPOMBIBOYHOM JKHAKOCTH,
HaJIN4us B HEH BELIECTB, CIOCOOCTBYIOIUX PAa3pYIIEHUIO TOPHBIX TOPOL.

HesxenarenbHoe W3MEHEHHE CBOIMCTB MOPOJ yCTPaHSAETCS MOAOOPOM pe-
LENTyphl IPOMBIBOYHOI JKUAKOCTU. B dacTHOCTH, B HEe BBOAAT KOMIIOHEHTSHI,
NpUJAoLIe el Kpensimue cBoiictsa. KpoMe TOro, psji IpOMBIBOYHBIX KHIKO-
CTel COep KUT TBepAyIo (ha3y, KOTOpas, OTIarasch npu GUIBTPALHHU B ITOPax U
TOHKHUX TpeLIMHaxX, 00pa3yeT MaJoNpOHUIaeMyI0 Ul XKHIKOH (a3bl Kopky. Ta-
Kasi KOpKa, 00ianasi OMpEeNeNICHHOW MEXaHWYECKOW IPOYHOCTBIO, CBS3BIBACT
c1a00CIIEeMEHTUPOBAHHBIC YAaCTHIIBI TOPHBIX MOPOJ, 3aMEJISIET MM MOJHOCTHIO
OCTaHABIIMBAET TIPOIECC JANTBHEHIIET0 pacIpoCTpaHeHNsI CMOYEHHOM 30HBI BO-
KPYT CTBOJA CKBAKUHBI.

119



CoxpaHEHHIO YCTOWYHMBOCTH CTEHOK CKBA)KHHBI CIIOCOOCTBYET I'MJPOCTa-
THYCCKOC J1aBJICHHUC HpOMBIBOqHOﬁ KUOKOCTH. OI[HaKO C €ro poCToM yBCINYN-
BAETCSl WHTEHCUBHOCTh NPOHWKHOBEHUSI NMPOMBIBOYHOM JKHUAKOCTH B TOpHBIC
MOPOJIBI, MAJIaeT MEXaHHYeCKasi CKOpOCTh Oypenusi. B aTux ycnoBusix emie 60-
Jiee MOBBIIIACTCS N30JIMPYIONas M 3aKpeInIIomas posib (GHIBTPALMOHHON KOp-
KH.

Bonbmiee 3HaueHNE THAPOCTATHYECKOE TABICHUE ITPOMBIBOYHOM KHIKO-
CTH npuoOpeTaeT Npu OypeHUH TPEIIMHOBATHIX MOPOJ, a TAKXKE MOPOJ U MHHE-
pajos, 06naz[a101u1/1x CBOMCTBOM MEIJICHHO BBIJIABJIMBATHCA B CKBaXXUHY I10]Q
JISWCTBHEM TOPHOT'O JaBJICHUs (HAIIPUMEp, COJIM: TaIUT, KapHALIUT u ap.). Cos-
JTaHWE JTOCTAaTOYHO BBICOKOTO THAPOCTATHYECKOTO JABIEHHS MO3BOJUT COXpa-
HHUTb YCTOWYHUBOCTH CTCHOK CKBa)KHHBI B TAKHX YCIOBHSX.

Cosoanue 2uopocmamuuecko2o pasnosecus 6 cucmeme "cmeon CKeaiCu-
Hol - nuacm"

B mpouecce OypeHusi CKBa)KMHA M BCKPBITBIA ITACT 00pa3yloT CHUCTEMY
mIacT — CKBa)XHHa. HpOMBIBO‘-IHaﬂ JKHUOKOCTh OAaBHUT HA CTCHKH CKBAXUHBI.
KuaxocTn miny ras, HaXOSIIMECs B IUIACTE, TAKXKE JABAT HA CTEHKU CKBa)XKUHBI,
HO CO CTOPOHBI IutacTa. [10CKOJIBKY JKHIKOCTH CONPUKACAIOTCS IPYT C APYTOM
4yepe3 KaHasbl (PUIBTpanny, NPOHMU3BIBAIOIINE CTEHKH CKBKUHBI, IUIACT H
CKBa)KMHA MPEJICTaBIIAIOT CO00M COOOIIAOIINECs COCYABI.

Ecau 6 npoyecce Oypenus oaeienue 6 CKeajdcune O0bue NIACHOB020,
6y,ﬂeT HaﬁﬂIO,HaTbCﬂ yxon HpOMI:IBO‘-lHOﬁ JKHUAKOCTH B IINIACT — IIOIVIOLICHUC.
DT0 NPUBOJMUT K BO3HUKHOBEHHUIO PA3JIMYHOIO POJA OCIOKHEHHUSIM B IpoLecce
OypeHus:

— CHUIKACTCA YPOBCHL JKXHUJKOCTH B CKBaXUHE, UYTO MOKET BbI3BATH O6Ba-
JIbI CTEHOK;

— TEPSCTCS AOPOroCTosAIas MpoOMbIBOYHAS JKUIKOCTD,

— OCJIOXKHSIETCSI KOHTPOJIb 3@ MPOLIECCOM MPOMBIBKH;

— 3arpsA3HSIOTCS MOA3EMHbIE BOJIbI.

Ecnu nnacmosoe oasnenue bonvuie cudpocmamuiecko2o NaBICHHUS MPO-
MBIBOYHOH KHUAKOCTH, BO3HHKAECT BOJONPOSBICHUE — KHIKOCTh N3 CKBa)KHHBI
TMOCTYNACT Ha MOBEPXHOCTh. DTO TakKe MPUBOAUT K HEXKCIATCIbHBIM IOCICA-
CTBHSIM: 3arpsi3HACTCS NMPUWIIETAIOIIAs K CKBAXXMHE TEPPUTOPHS, PE3KO yXyIIIa-
€TCsl KaueCTBO POMBIBOYHOMN JKMIKOCTH, YTO BBI3BIBAET OOpYIICHHE (WK ITyde-
HHUE) CTEHOK CKBa)KHH.

B mpouecce OypeHust naBieHHE KHUAKOCTH B CKBAXWHE W3MEHSETCS: K
TUAPOCTATUICCKOMY Z[06aBJ'ISIeTC$[ JaBJICHUE, BCJIMYMHA KOTOPOI'0 3aBUCUT OT
BBITIOJTHACMBIX B CKB2)KMHE TEXHOJOTMYECKHUX omeparui. [103ToMy BO3MOXKHBI
YCIIOBHS, KOTJa NP OypeHUH MOTNIOIEHUE MePUOHUECKH TepeMekaeTcs ¢ BO-
JOMPOSABICHUEM, YTO TAKKC OTPHUIATECIIBHO CKa3bIBACTCA Ha (I)yHKHI/IﬂX IIPOMBI-
BOYHOM KU/IKOCTH.
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ObecnieueHne paBeHCTBA AABJICHUH B CUCTEME IUIACT — CKBaKHHA B IIPO-
recce OypeHuUs MO3BONUT U30€KaTh HEXKeNaTeNbHBIX OCIO0KHEHUI NMpHU BCKPHI-
TUH IPOHUIIAEMBIX TOPHBIX OPOLI.

Coxpanenue nponuyaemocmi npoOyKMusHbIX 20pU30HMOE

Ota QyHKINS TPOMBIBOYHOM HAKOCTH BaKHA MPU OYypEHHU CKBa)XXHH Ha
JKHUJKUE M Ta3000pa3Hble MOJE3Hble HCKoMaeMble. B Takux ckBaxkuHax 00s3a-
TENIbHO TPOBOJATCS HCCIENOBAHUS 110 OLIEHKE 3allacoB M BO3MOXKHBIX 1eOUTOB
CKBa)XMH. YacTh CKBaXMH MOXET BIOCIEACTBHU HCIIOIb30BaThCA B KauecTBE
JKCILTyaTallHOHHBIX.

Tak xak B npornecce GpuIbTpaIly MPOMBIBOYHBIX JKHKOCTEH Ha MOBEpX-
HOCTH TOPHBIX MOPOJ M B YCTBEBBIX YaCTSX MOP U TPELIUH OTKIAbIBAETCS KOP-
Ka M3 YacTHILl TBEpAOH (a3bl, MPOAYKTUBHOCTH IUIACTA B NMIPUCKBAXKUHHON 30HE
yMeHbIIAaeTCsl. DTO NPUBOANT K CHIKEHHIO 1€OUTa CKBAXKHH, HCKAKEHUIO MOJ-
CUETOB 3aI1acoB, HETIPAaBIJIFHOH OICHKE MPOHHUIIAEMOCTH TOPHBIX mopox. [Ipu-
4YeM yMeHBIICHHE TPOHUIAeMOCTH IPHCKBAKWHHOI 30HBI MOXET OKa3aThCs He-
obpaTuMbeIM. Bo m30ekaHme OTPHIATEIRHOTO BO3IEHCTBHS JKHIKOCTH HA MPO-
JOYKTHBHBIM ITACT KOPKA JOJDKHA JIETKO pa3pymIaThCs, a TBEPJIbIe YaCTHIHI BHI-
MBIBaThCS M3 KAHAJIOB (DMIIBTPAIIHH.

Kpome Toro, cHIDKeHNE TIPOHUIIAEMOCTH TTPHU3a00IHON 30HBI MTPOIYKTHB-
HOTO TIJIacCTa BO3MOXKHO BCJIEACTBUE JAeHCTBHA (HIbTpaTa OypOBOTO pacTBOpa
Ha TIMHUCTBIN I[EMEHT MOpOJ| KOJUIEKTOpoB. Takue ycioBus Hambojee xapax-
TepHBI U yenoBui paboter FOKOC. [lns mpenoTBpameHnss BOSMOXKHBIX OC-
JIOXXHEHUH HEOOXOANMO HCIIOJIB30BATh IPOMBIBOYHYIO JKUAKOCTH HE OT(UIBT-
POBBIBAIOIIYI0 AUCIIEPCUOHHYIO CpeAy B TOPHBIE MOPOABI, CATaloIliue CTEHKH
CKBa)KUHBI.

OT0 mocturaercs MoAOOPOM BHAA TBEPAOH (Da3bl MPOMBIBOUHOMN JKUIKO-
CTH U BBEJICHUEM CIELHUATBHBIX KOMIIOHEHTOB.

Ilepenoc snepeuu om Hacocog K 3a00UHbIM MEXAHUIMAM

st 3dpexTuBHOM paboThl 3a00HHBIX MEXaHU3MOB (TypOOOYpOB, THAPO-
yIapHUKOB, BUHTOBBIX JIBUTATENEH) TpeOyeTcs onpeeneHHas SHeprus, KoTopas
MEPEHOCHUTCS OT OypOBOTrO Hacoca, YCTAaHOBICHHOTO Ha ITOBEPXHOCTH, K 320010
ckBa)kKuHbI. KonuuecTBo 3TON 3HEPrHM ONpeeNnseTcsl TEXHUUYECKMMHU XapaKTe-
PHUCTHKaMU 3a00MHBIX MEXaHU3MOB M YCIOBHAMH OypeHUs.. DHEprus, 3aTpadu-
BaeMasi Ha IIPUBOJ OYpPOBOTO Hacoca, PacXoIyeTcs, KpOMe TOTO, Ha IIPEomoe-
HHUE TUAPABIMYECKAX CONPOTUBIEHUN MPU LUPKYIALUN POMBIBOYHON SKUIKO-
CTH B CKBaXXHHE.

Texan4eckre BO3MOKHOCTH HACOCOB OTPAaHWYEHBI, TO3TOMY KOJIHYECTBO
MOJIBEICHHON K 3a00HHOMY JIBHUTATENIO HEPTHU OyAeT 3aBUCETh OT MOTEeph Ha-
Topa MPHU IUPKYIAINHN TPOMBIBOYHON KHUAKOCTH. [loTepn 3aBUCAT, IPH MTPOUNX
PaBHBIX YCIIOBHUSX, OT MOAAYH HACOCA M PEOJIOTHIECKUX CBOMCTB KUAKOCTH. Tak
KaKk Ha IMoJady HAcoca BIMSIOT T'€OJOTHYECKHE YCIOBHA OypeHHS U Pacxon
KHUJIKOCTH, TPeOyeMbIH I yCTOHYNBON pabOTHI 3a00IHOTO0 MeXaHW3Ma B HYX-
HOM PEXHMe, TTIaBHBIM PETyIHPYIOIUM (aKTOPOM SHEPreTHUECKUX 3aTpar Oc-
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TalOTCS PEOJIOIMYECKUE CBOWCTBA IIPOMBIBOYHON kuUIKOCTH. [loaTomy mpu uc-
MOJIb30BAHMK 3a00WHBIX MEXaHM3MOB CTPEMSTCS MAaKCHMAaJIbHO YMEHBIIATh
PEOJIOrHYECcKHe apaMeTphbl TPOMBIBOYHBIX JKHIKOCTEH, YUUTHIBAS IIPH 3TOM M
IpyTue uX QyHKINH.

Obecneuenue npogederus 2e0U3ULECKUX UCCIeO08AHUL

[Ipu OGypeHnn CKBaXHH W 1O JOCTHIXKCHHH NPOCKTHOH TTyOMHBI 00s3a-
TENBHO MPOBOIUTCS KOMIUIEKC re0(U3NUecKnX HMCCIIET0BAHHUN, MO3BOJISIONINX
YTOYHHTH FEOJIOTHYECKUI pa3pe3 U U3MEPHUTH PsiJl BAKHBIX XapaKTEePUCTHK ILIa-
cta. O((HEeKTUBHOCTh TAKMX MCCIEIOBAHUN 3aBUCHUT OT Ka4eCTBa TPOMBIBOUHOM
JKUIKOCTHU. TaK, IpH HOBBIIIECHHBIX PEOJIOTHYECKUX MapaMeTpax reopu3nIecKue
npuOOpPBI MOTYT 3aBUCATh B CKBOKHHE, B TO BPeMs KaK OypHJIbHBIA HHCTPYMEHT
OITycKaeTcst CBOOOJHO. B oTHeNbHBIX Cilydasx mapaMeTphl IPOMBIBOYHBIX XKH[-
KOCTEH BIIMSIIOT M Ha MOKa3aHusi NpuOOpoB. Bee 3T 00cTOsITENBCTBA OIKHBI
YUHUTBIBATHCS NIPU BEIOOPE KaueCcTBA MPOMBIBOTHON JKHIKOCTH.

IIpedoxpanenue 6ypo6ozo uncmpymenma u 060py008aHus om KOppo3uu u
abpaszueHo2o usHoOcA

Koppo3sust 6ypriibHOro HHCTPYMEHTa U 000py/JOBaHNUS BBI3BIBAETCS, B OC-
HOBHOM, JICHCTBUEM COJIEii, a TaK)Ke KHCIIOPO/ia BO3/yXa, PACTBOPEHHBIX B IPO-
MBIBOYHOH JKHJIKOCTH. Pexke KOppo3usi MPOUCXOIMT MOJ] JEHCTBUEM CEpPOBOIO-
poza, MOCTYIMAIOIIEro B TPOMBIBOYHYIO KHJKOCTh M3 TOPHBIX ITOPOJI.

AOpa3uBHBIA N3HOC BEI3BIBACTCS TBEPBIMU YaCTHIIAMH, ITOTIAIAIOIIIMH B
MPOMBIBOYHYIO JKHJIKOCTH JIMOO IIPH NPUTOTOBICHUH, MO0 B Ipouecce Oype-
Hust. CoBMecTHOe AeHCTBHE aOpa3uBHOTO M3HOCA U KOPPO3UH YCHIIUBAET MPO-
[ecC pa3pyIIeHUs] METaJuIa, IIPUBOIUT K MPEKAECBPEMEHHOMY BBIXOIY M3 CTPOS
MHCTPYMEHTa ¥ 000pYJ0BaHUsl, MOJOMKaM M aBapusiM. [loatomy mpu BbIOOpE
MPOMBIBOYHON >KMJKOCTH HEOOXOIMMO YUHTHIBATH €€ KOPPO3HOHHYIO M adpa-
3UBHYIO aKTMBHOCTh. KOPPO3HOHHYIO aKTUBHOCTh CHHMYKAIOT BBEJICHUEM CIELH-
ANBHBIX T00aBOK — HHTHOUTOPOB KOPpo3uH. J[1s1 yMEHBIIEHHU a0pa3uBHOTO U3-
HOCa MPOMBIBOYHBIE JKHJKOCTH CIIeIyeT PEeryJIsIpHO OYMILNATh Ha MOBEPXHOCTH
OT TBEP/IbIX a0pa3HBHBIX YACTHII.

3axynopueanue Kananog c yenwvlo CHUNCEHUA No2ioujeHus 6ypoo2o pac-
mMeopa u 600ONPUMOKO8

BypoBoii pacTBOp IOKEH 00MazaTh 3aKyHOPHBAIOUIMMH CBOHCTBAMH.
OT0 mocTHraeTcs BBEJCHHUEM M3MENBUYEHHBIX BEIIeCTB-HaNoMHuTened. Omara-
ACh B CYKCHUSIX TPEIIH, YACTHI[BI HAIIOJHUTENS CO3/1AI0T KapKac, Ha KOTOPOM
ocaxxaaercsi TBepaas (aza, GopMHUpYst M30JSALMOHHBIE TaMIIOHBL [locTeneHHo
TaKHe TAMIIOHBI CMBIKAIOTCS, 00pa3ysl B MOMJIOLIAIOIIEM IIACTE BOKPYT CKBa-
JKHHBI BOZOHETIPOHHUIIAEMYIO 3aBECY.

YacTuibl HAIOJHUTENS JOJKHBI PABHOMEPHO PACIPEACIISATHCS B JKHJIKO-
CTH, TTO3TOMY HEOOXOANMO, YTOOBI XKUAKOCTh 00JIafana ONpeIesICHHON CTPYyK-
TYpOHi, MPEISITCTBYIONIEH OCAXIAECHHIO HAIOJHHUTENS. Pa3Mepsl yacTHIl HaroJl-
HUTENS U €T0 KOHIIEHTPaNus He JOIDKHBI CYIIECTBEHHO yXyALIaTh paboTy Oypo-
BBIX HaCOCOB.
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IIpedomepawenue 2azo-, Hegpme-, 6000NPOAGIEHUL

I'a3, He(TH MM BOMA, C KOTOPHIMH CTAIKHWBAIOTCS B MPOHUIIAEMBIX OPO-
JlaX, MPOHU3AaHHBIX OypPOBBIM, TOJOTOM OOBIUHO NPEJOTBPALIAIOTCS OT TEUSHUS
(boHTaHUpPOBAHUS) B OTBEPCTHE JABICHHEM, MPOSBICHHBIM CTOJIOOM IPOMBEI-
BOYHOH KHIAKOCTH. KOJMYIECTBO 3TOT0 THAPOCTATUIECKOTO JABJICHHS 3aBHCHUT B
3HAYUTENBFHON CTENEHH OT IUIOTHOCTH MPOMBIBOYHOW >KHIKOCTH U BBICOTHI
ctosba KUAKOCTH. [[aBlieHHEe B CTBOJIE CKBaKUHBI TAKXKE 3aBHCUT JJO HEKOTOPOI
CTEeTIeHH OT [aBJIeHUs OT yJapHOW Harpy3Kd, BBI3BAaHHOM LUPKYIUPYIOIUM
TJIMHACTBIM PAacTBOPOM M IBIDKCHHEM OypuibHOW TpyObl. [laBieHue ot ymap-
HOW Harpy3KH [0 OYEPEAM CBSI3aHO C IUIACTHYECCKOM BS3KOCTHIO, IPEICIOM Te-
Ky4eCTH, U TpeJIeIbHBIM CTaTHUECKUM HaIpsHKEHHEM CABHIA TIIMHHCTOIO pac-
TBOpA.

Cruodicenue kod(gpuyuenma mpenus

OnnH n3 HamboJee MPOTPECCHBHBIX METOMOB CHIDKEHHS K03 (uImeHTa
TPCHUS SIBIISICTCS BBEACHHUE B HUX CIICIUATIBHBIX OPraHHMYCCKUX MM KOMOWHH-
POBaHHBIX 100ABOK, B pE3yNbTaTe 4ero 00pa3yeTcs 3MYIBCHs, 00Jamaromas
CMa309YHBIMU CBOMCTBaMH. Takue MPOMBIBOYHBIC KHIKOCTH 00CCIICUUBAIOT P
JIOTIOJIHUTEINIBHBIX MOJIOKUTENBHBIX 3((EKTOB: yBelInYeHHEe MeXaHWYECKOi
CKOPOCTH, MOBBIIICHHE CTOHKOCTH OYPUIIBHBIX TPYO, CHI)KEHHE 3aTpaT MOITHO-
CTW Ha BpAILEHUE KOJOHHBI OYPWIIBHBIX TPYO, CHIDKEHHE IOTEph Haropa IpH
UPKYJIISIIH.

CoxpaHeHue 3aJaHHBIX TEXHOJOTHYECKUX XapaKTepUCTUK

B mporiecce OypeHust pacTBOp Kak MOXHO OoJiee AITUTEIbHOE BpeMs J0JI-
JKEH COXPaHATh IPEIyCMOTPEHHBIE MPOEKTOM TEXHOJOTHYECKHE CBOWCTBa. B
NPOTHBHOM Clly4ae OH MEpECTaHEeT BBINOJHATH HE0O0XOoanuMble (GyHKLHUH, 4TO
MOJKET TIPUBECTH, C OJTHOH CTOPOHBI, K BOSHUKHOBEHHIO OCJIOKHEHUH M aBapHi,
a ¢ Jpyroi, K HEOOXOMUMOCTH JOMOJHUTEIBHON ero 00paboTKH XMMHYECKUMHU
peareHTaMH, 9YTO BBI3BIBACT YBEINICHNE CTONMOCTH OYPOBBIX PadoOT.

OKkonoruueckast YucTora

[Ipu GypeHnn HaKIOHHO-HAIPaBICHHBIX CKBAXMH OypoBOH pacTBOp MoO-
JKET IOTAJaTh B BOJOHOCHBIC TOPH30HTHI, B PyCJO PEK M pa3MBaThCA IO TO-
BEPXHOCTH B IpUPYyCI0BOi 30He. I1o 3T0i mpudnHe (HECMOTPS Ha MEPOIIPHUATHS
IO TIPEAYIIPEKICHHUIO STHX SBJICHUI) PacTBOP HE MOJDKEH OKa3bIBATh I'yOUTEIb-
HOE BJIUSHHE Ha OKPYXKAIOILIYIO0 Cpeay — JOKEH OBITh KOJIOorudecku Oesomac-
HBIM.

st aToi menu OypoBO#M pacTBOpP JODKEH M3TOTABIUBATHCS U3 HETOKCHY-
HBIX MaTepHajioB, HE CIOCOOHBIX CO3JaBaTh SOBHTHIE COCAMHEHMA. TOKCHY-
HOCTh MaTEpHANIOB M UX COCIMHEHHN JODKHA KOHTPOJIMPOBATHCS HA 3TAIe IMpo-
eKTHPOBAHUSL.

DxoHoMHYecKas 3PPEKTUBHOCTH

[pu ycrnoBUM BBHIOTHEHUST OYPOBBIM PACTBOPOM BCEX BBILICTICPECYHCIICH-
HBIX (YHKIMHA OH JOJDKEH WMETh MHHHMAJIFHO BO3MOXKHYIO CTOMMOCTB. DTO
o0ecIeunBaeTCs ONTUMAITBHBIM TOA00OPOM PELENTYPBI MPUTOTOBJICHUS OYpOBO-
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ro pacTBopa W NPUMEHEHHEM HauOoJiee JIENIEBBIX MAaTEPUAIOB JIJIs €r0 MPOM3-
BOJICTBa (0€3 yiiepba KauecTBy).

TakuMm 00pa3oM, ONTHUMANIBHBII MPOLIECC TPOMBIBKU CKBaYKHH 00ECIeYH-
BaeTcsl MPAaBUIILHBIM COUETaHHEM BHUjia OypOBOTO pacTBOpa, PeKMMa MPOMBIBKH
(moauu Hacoca) ¥ OPraHU3aUOHHBIX MEP IO MOAIEPIKAHHUIO U PETYIUPOBAHUIO
CBOIicTB pacTBOpa B mporecce OypeHus. TONBKO TaKOE COYCTAHHE MO3BOJUT
3¢ PEKTUBHO pean30BaTh TEXHOIOIHIECKHE (DYHKIIUH MPOIIECCa IPOMBIBKH.

B 3aBUCHMOCTH OT TEOJOTHYECKOrO paspe3a U (HH3MKO-MEXaHMYECKUX
CBOHCTB TOPHBIX MOPOJ KOHKPETHOTO pailoHa OAHU (YHKIHMH MPOMBIBOYHON
JKHJIKOCTH SIBJISIIOTCS TJIABHBIMH, J[PyTHE — BTOPOCTENEHHBIMU. HeoOX0MuMbIii
KOMILTEKC (DYHKIIMH Mpoliecca MPOMBIBKH TIPEABSABISET K IIPOMBIBOYHOMY arcH-
Ty TpeGOBaHUS, ISl YIOBICTBOPEHUS KOTOPHIX OH JIOJDKEH MMEThH OIpeIeseH-
HBIE CBOWCTBA. DTU CBOMCTBA 00YCIIOBIUBAIOT BH/] IPOMBIBOYHOM JKUJAKOCTH.

6.4 Buabl npuMeHsieMbIX IPOMBIBOYHBIX JKHAKOCTET

B Hacrosmiee Bpemst 3a pyOe)oM 13 BCeX THITOB OypPOBBIX PacTBOPOB HaOO-
Jiee IIHPOKOE PaCIPOCTPAHEHHE TTOMYUIIN OE3MIMHUCTBIE MHIMOMPOBAHHBIE pac-
TBOPHI HAa OCHOBE OMOTONMMEPOB M PACTBOPHI Ha yTiIeBogopoaHoi ocHOBe (PYO)
[6]. TTocnenaue 00MamArOT MOBBIIEHHOW MOKAPOOIIACHOCTHIO W TPEOYIOT JOTIOI-
HUTEJBHBIX JOPOTOCTOSAIINX MEPONPHUSTUH 10 OXpaHe OKpy:Karomieil cpenpl (yTu-
TM3anys, 3aMKHYTBIH UK OUPKYJSIIAN, XPaHEHHE MAaTepHaioB M 3aMELICHHOTO
pacTBopa v T.11.).

C 1esbI0 UCKITIOYEHHMS YacTH HeoctatkoB PYO, pekoMeHIyI0T HHBEPTHBIC
SMYJIbCHUH Ha OCHOBE YTJIEBOJIOPOHBIX JKHKOCTEH C BHICOKUM COJEPIKAHHEM BO-
161 [6]. OCHOBHBIM TpeOOBaHHEM, MPEABSIBIAEMBIM K TaKOTO POJIa IMYJIbCUSIM SIB-
JSIeTCsl UX YCTOMYMBOCTH MPOTHB oOpaiieHus a3 u paszpyuieHus. B wactHocTh,
MPUMEHSEMbIE B HACTOSIIEE BPEMsI BBICOKOKOHIIEHTPUPOBAHHBIE HHBEPTHBIC
3MyJIbCHOHHBIE pacTBopsl (BUDP), paspadoranusie BHUUBT, o6maanaror HU3KoM
aI'peFaTl/IBHOﬁ yCTOﬁHMBOCTbIO, U UX HUCIIOJIb30BAHUE MPAKTUYCCKHM HEBO3MOKHO
TIPY HAJIMYMH B T€OJIOTMYECKOM pa3pe3e BOJIOHACHIILIEHHBIX TUIAcTOB [6].

Haunbonee npuemiemMbiM, ¢ 3KOHOMHYECKOH U TEXHOJIOTMUECKON TOYKH 3pe-
HUS, METOIOM OOECIEUEHUs] COXPAHHOCTH MPOIYKTHBHBIX 30H HYXXHO IPU3HATH
ucrosb3oBaHne cuHTeTuuecknx [TAB, m3meHstommx (QU3MKO-XMMHUYECKYIO MTpH-
poxny ¢uiIbTpara, YTo IO3BOJISIET BMECTE C JPYTMMHU TEXHOJOTHYECKHMMH NpHeMa-
MH 00ECHeunTh HaMEHbILEE CHIDKCHHE NPOHUIIAEMOCTH HE(TCHACHIIEHHBIX
KoJutekTopoB. M3yuenmto BimstHust [IAB Ha mporiecchbl agcopOuum 1 cMadnBaeMo-
CTH TOPHBIX OPOJI TIOCBSAIIEHO JIOCTATOYHO OOJIBIIOE KOIMYECTBO paloT.

W3 anamm3a sTHX paboT ciieqyer, 4To IpUMEHSEMbIe MpPH HEPBUYHOM
BCKPBITHH IUTACTOB cHHTeTHYeckue [TAB NOmKHBI yIOBIETBOPSTH CIETYIOIINM
TpeOOBaHHUSM: MOJHOCTBIO PACTBOPSITHCS B IIACTOBON M TEXHHMUYECKOH BOAE; CHU-
XKaTh MEK(a3HOe HATSHKCHUE Ha TPaHUIE pasjena «puibTpar OypoBOro pactsopa
— He()TH» MPU BO3MOXKHO MAJIBIX KOHIIEHTPALHSIX; MOBBIIIATH CMaYUBaeMOCTb T10-
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BEPXHOCTH KOJUIEKTOpa HE(THIO, T.e. 00JanaTh rHAPOPOOH3UPYIOIIUMH CBOWCT-
BaMH; HE3HAUHUTEIBHO aJcOpOMpOBATHCS HAa TOBEPXHOCTH KBapIIEBBIX, KapOOHAT-
HBIX ¥ IJIMHHUCTBIX MOPOJ; pexynpexaaTs oopazosanue B I13I1 smymnbcun, a eciu
OHa o0pa3zyeTcs, TO CHIDKATh €€ CTOMKOCTh; MPeIyNpekIaTh KOaryJsIHio TBepI0i
(a3l OypoBOTo pacTBOpa M IUTaMa U HE JIOIyCKaTh BBINAJICHHS UX B 0CaJI0K; CIIO-
cOOCTBOBaTh BCKPBITHIO IUIACTAa IIPH MHMHHMMAJbHBIX 3aTpaTax; HE OKa3bIBAThH
BIIMSHYS Ha OCHOBHBIE ITApaMETPHI PacTBOpA.

B OypoBoii pakTHKe P BCKPBITHH TPOIYKTUBHBIX IIaCTOB BCE OOJIbIIEE
NIPUMEHEHNE HaxoIAT Oe3rnmmHucThie OypoBble pacTBopbl. Ilepexon Ha Oypenue
CKB&)XMH C NPHMEHEHHEM OE3ITIMHUCTBIX OYpOBBIX PAacTBOPOB INEPBOHAYAIBHO
ObLT 00YCIIOBJIEH CTPEMIICHHEM TOBBICUTh MEXaHUUECKYIO CKOPOCTh MPOXOJKH 32
CUET CHI)KCHUSI COJIepKaHus TBEp/IoH (ha3bl, CIOCOOCTBYIOINIEE TOHMKEHHUIO (-
(hepeHIMANBHOTO NaBICHUS Ha 32001 CKBaXKMHBI H, CJIEIOBATENBHO, COKPAILICHHIO
CPOKOB CTPOHUTENIECTBA CKBAYKHH.

Tak A.M. I'ycMaHOM | JIp. OTMEUYEHO, YTO IEPEXO0]] C MPOMBIBKU 32005 BO-
JIOH Ha MPOMBIBKY IIMHHCTBIM PAacCTBOPOM BJIEUET 3a CO00I M3MEHEHNE MEXaHU3Ma
OYUCTKH 320051 OT BBIOYpeHHOW TOpoAbl. AHaMM3 (PPAKIIMOHHOTO COCTaBa MPOO
1J1aMa, 0TOOPaHHBIX NP OYpEeHHH, MTOKa3al, YTO IPH IIPOMBIBKE CKBXUH TJIMHH-
CTBIM PAacTBOPOM IIPOLIEHTHOE COJCPKAHNE KPYIHBIX (PPAKIHI MEHBIIE, & METKNX
0oJIpIIe, YeM NP TMPOMBIBKE BOAOH. DTO OOBSCHSIECTCS TEM, YTO TPHU MPOMBIBKE
TJIMHHUCTBIM PacTBOPOM 00pa30oBaHHE Ha 3a00€ TJIMHUCTO-IIIAMOBOM MOIYIIKU M
poct nuddepeHIHATEHBIX TaBICHNH 3aTPyIHSACT OT/IeTIEHHE OTKOJIOTON YacTH I10-
pozIBI OT 320051, @ OTAENEHHAs JacTh ITOJBEPTacTCs TOBTOPHOMY BO3ZCHCTBHIO 3y-
0a LIapOIIKH, TO €CTh IOBTOPHOMY M3MEJIbUYCHHIO.

B.I". JlutBumko u M.U. JIunkecoM nmoka3zaso [14], 4to npuMeHeHHe c1ado-
CTPYKTYPUPOBAHHBIX OypPOBBIX PACTBOPOB C MAJIBIM COACPKAHUEM TBEPIOH a3kl
MIO3BOJISIET CO3/1aTh TypOyICHTHBIN PEKUM TEUEHHS PacTBOPA IO 3aTpyOHOMY ITpO-
CTPaHCTBY, YTO CIIOCOOCTBYET YITyUIIEHHIO KaYeCTBA OYMCTKH CTBOJIA CKBAYKUHBI 1
TOBBIIICHHIO 3()(HEKTUBHOCTH PabOTHI AOJIOT.

B.b. llItypH mokasai, 4To yBeNW4YeHHE KOHIICHTPAIINH TBEpAOH (a3sl B Oy-
POBOM pacTBOPE OKa3bIBAET CYLIECTBEHHOE BIMSHUE HAa 3HAUCHUE MEXaHUUECKOH
CKOPOCTH IPOXOJKH, YACIbHYI0 MOILIHOCTb Pa3pyILEHUS U APYTUE DHEpreTHde-
CKHeE MOKa3aTeN! MpoIiecca pa3pyIIeHus..

BelmeykasaHHble JaHHBIE O BIMSHUU COZEPIKaHUs TBEpOi (a3bl OypoBoro
pacTBOpa Ha MEXaHUYECKYK CKOPOCTb MPOXOJKH COITACYIOTCS C pe3yiabTaTaMu
9KCIIEPUMEHTAIIbHBIX UCCIIEOBAHUI aMEPUKAHCKNX YUIEHBIX U TIOJTBEPIK/ICHBI HC-
crienoannsamu H.M. Kpeicuna, A.M. Hanenmuackoit u ap. [15,16] na npumepe Oy-
penust ckBaxuH B [Tepmckom IIprkambe.

Cretyer OTMETUTD, YTO HAIMYKE B PACTBOPE aKTHBHOM IIMHMCTOH (ha3bl He
TOJBKO HETAaTUBHO OTPAXKAETCSI HA CKOPOCTH CTPOHMTENHCTBA CKBAXHMHBI, HO W B
OosbIel CTEeNeHU NMPUBOAUT K MHTEHCHBHOM KOJbMAaTalluM MOPOBOTO MPOCTpPaH-
CTBa MOPOJI, 3HAYUTENBHO CHIKAsI UX MOPUCTOCTh U IPOHMIIaeMocTh. Kak u3Bect-
HO, TJIMHBI, IPHIMEHSIEMBIE JUISl IPUTOTOBJIECHHST OypOBOTO PacTBOpA, CONIEPIKAT JO0
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50 % gactun BenmmuuHOM MeHee 0,01 MM u 25 % gactur — 0,001 MM, 9TO com3Mme-
PUMO C BEJIMUMHOM MOPOBBIX KaHaNOB. CHU3UTH OTPULIATENILHOE BIMSIHUE TBEPAOI
(ha3bl MOXHO 3a CYET YMEHBIICHHS €€ KOHIEHTPAIUH, a TaKkKe PeryIupoBaHUEM
€e MCIEPCHOCTH M XUMHUYECKOTO COCTaBa, HO TMPH 3TOM HEOOXOANMO YUIHTHIBATH
3HAUYEHUsl BEJIMYUHBI IVIOTHOCTH U CTPYKTYPHO-MEXaHUYECKUX CBOICTB.

B cBs3u ¢ 3TUM, B HOCIEHUE TOABI OCHOBHBIM HAMpPaBIECHUEM B CO3aHUU
HOBBIX THITOB OYpOBBIX PacTBOPOB ObITa pa3zpaboTKka penentyp Oe3rTHHHICTHIX Oy-
POBBIX PaCTBOPOB ¢ MUHUMAIGHBIM COAEPKaHUEM TBEPOH (a3bl MM ske ¢ KUCIIOo-
TO-PACTBOPUMBIMH YTSDKEIUTESIMU.

W3BecTHBI penenTypsl OE3MIMHUCTBIX OyPOBBIX PACTBOPOB, pa3pabOTaHHBIC
O.K. Asrenonyno, Bb.A. Amnnpeconom, A.W. BbymaroBemv, JI. JIkekcoHOM,
O.I'. Kucrepom, H.M. Kpeicuaeiv, M.U. Jlunkecom, K.JI. MunxaiipoBbim,
A M. Hanenunckoit, B.M. Ilogropaosemv, A.Y. [IlapunoBsIM U ApyTUMH OTEUe-
CTBEHHBIMH U 3apyOeKHBIMHU HcclienoBatensiMi. [Ipu ux pa3paboTke nccienoBa-
TeNSIMA OOJBIIOC BHUMAaHWE YIESNSUIOCH CHIDKCHHWIO TIIyOWMHBI ITPOHUKHOBEHHS
¢unbTpaTa B IDIACT, 32 CUCT PETYIUPOBAHUS COICPIKAHUS IOJNHUMEPCOJICBBIX U
KOMIIIEKCOO0Pa3yIOIIX KOMIIOHEHTOB JUCHEPCHON (a3bl U JUCTIEPCHOHHOI cpe-
Iel B OypoBoM pactBope. Tak, XK. biiokoMm u ap. mpemioxkeH OypoBoil pacTBop, B
COCTaB KOTOPOro BXOJT: BOJIA, 100ABKH, MOHMKAIOIIME BOJAOOTAAUY, YTKEIUTE-
JI1 U BA3KOCTHOHM areHT, B KA4eCTBE KOTOPOTO UCHOJIB3YIOT MPOMYKT PEaKLUH JKe-
ne3a u ruapookncH. CocTaB M TEXHOJIOTHS NIPUTOTOBICHUS PAacTBOPA JIOBOJBHO
CJIOKHBI JUIs1 IPUMEHEHUSI B IPOMBICIIOBBIX YCJIOBUSX.

B.1. Kpsuios u B.B. Kpelyn yka3piBatoT, 4To Hog00p rpaHyIOMETPHYECKO-
ro cocTaBa TBepIoH (a3sl 6ypoBOro pacTBopa Ul BCKPHITHS MPOTYKTHBHBIX IUTa-
CTOB CIIOCOOEH CYIIECTBEHHO YIJYUIIHWTh KadeCTBO (DMIBTPAIMOHHONW KOPKH, W3-
0ekaTh KOJBMATalllH TIOPOBOTO MIPOCTPAHCTBA MOPOIBI U COXPAHUTH KOJUIEKTOP-
CKHE CBOWCTBA MPOIYKTUBHBIX TOPH30HTOB.

P.U. ®enocoBbM 1 ap. pa3padoTaHa perenTypa Oe3rTUHUCTOTO MOIHMMEp-
HO-TUAPOIeNEBOr0 PacTBOpPa THUIA « DIKOPUID) HA OCHOBE YKCYCHOKHCIIOTO XKeJe3a.
OTH CHCTEMBI 00JIaJJaAl0T HEJMCIIEPTUPYIOLINM ACHCTBHEM U BBICOKON (DIIOKKYITH-
pyIOIel coCOOHOCTBIO TOPOA PAa3IMYHOIO MHHEPAIOTHYECKOr0 COCTaBa, SIBIIS-
I0TCS CHJIBHEHIINMH WHTHOMTOpAaMH HaOyXaHWs TIMHHCTBIX IOPOJ, MPEeNoTBpa-
LIAIOIIUMHU UX JUCIICPTUPOBAHUE W 00pa3OBaHUE M3OBITOYHBIX 00BbeMOB. Peoio-
TMYECKOl OCOOEHHOCTBIO ITUX PACTBOPOB SABISACTCS ICEBAOILIACTHYHOCTB, B pe-
3yJIbTaTe YETO YIyUIIaeTcsl OUMCTKA 32005 M YBEIMYUBACTCS MEXaHMUYECKas CKO-
pocts OypeHus. ['uaporeneBbie pacTBOPHI IMTO3BOJISIOT MPOBOIUTE I'e0(U3MIECKUE
HCCIICIOBaHMS [UTs ONIPEICIICHUs 00beMa 3aIacoB YIIEBOAOPOIOB B 3aJICKH, a TaK-
e paboTHI, CBSI3aHHON C MPOBOAKOI CKBakKMH. ONHAKO HAJIMYKME B COCTaBE AUC-
TIEPCHOHHON Cpebl KaTHOHOB TPEXBAJICHTHOTO JKENie3a MOYKET BBI3BIBATh OOMIIb-
HOE 0caIK000pa30BaHUE TIPH KOHTAKTE (PUITbTpATa C IIIACTOBBIMH (hirronzamu.

Ha npeanpustusix 3anaaHoii Cubupy NpUMEHANIN pacTBOPhI OHIIOpUTA U
kpuctammioruapara xiopuaa maraus (IOCT 7759-73, [42]). C ucnons30BaHAEM
STOM JIEFKOPACTBOPUMOMN COJIM MOYKHO TIOJYYHTh PAacTBOpP IUIOTHOCTHIO 10 1300
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kr/M’. OJIHAKO PACTBOp OMIIO(HTA TAKOi IUIOTHOCTH MMEET TEMIepaTypy KpH-
cTamu3aun okoi1o 3 'C, 4TO 3aTpyAHAET €ro MPUrOTOBICHHE U PHMEHEHHE B
ycnoBusix Cesepa.

JU1st NCKITFOUeHHUST OTPUIATENBEHOTO BIMSIHUS TIIMHICTOTO PAacTBOPA B HHCTH-
tyte «TatTHUITMHedTh» Oblia pazpadboTaHa perentypa o0JEer4eHHOTo TOoIuMep-
MenoBoro 0ypoBoro pactBopa. CoxpaHeHHe KOJUIEKTOPCKHX CBOWCTB JOCTHIACTCs
3a CUeT HE3HAUHUTEIIBHOTO COJCPIKaHUs B PAcTBOpE INIMHUCTON COCTABISIOIICH U
HaJIMYMS XMMHYECKH aKTHBHOHM TBepnoi (a3bl, KOTOpask co3MaeT MCKYyCCTBEHHBIH
3alUTHBIN 9KpaH. Ha ctaguy ocBoeHUsI TakoM 3KpaH JIETKO yAAISeTcsl KUCIOTHBIM
cocraBoM. Hanuumne ravHOMoOpoIka Bee-Takd 00yCIaBIMBAaeT HEOOpaTUMOE CHU-
KEHHE (PUIIBTPAIOHHON XapaKTepUCTHKH I11acTa.

P. KitammutoM mipeutoskeH Oe3TIMHHUCTBIN OypOBOH pacTBOp, B COCTaB KO-
TOPOTO BXOJAT I'MAPONN30BaHHbIM nomauakpunamun — 0,048-0,48 %, ruapocyib-
¢ut Harpus — 0,13 %, Guxpomar Hatpus — 0,13 % u Bozma. PacTBop MMeeT HU3KHE
(rokynUpyronwe CBOHCTBA. XMMHUYECKHE PEareHTH, IPUMEHSEMBIC UIS MPHUTro-
TOBJICHHS PACTBOPA, IOPOTHE U Ne(HUIIUTHBIC.

. 300H1HBIM NpeAsIoKeHa MPOMBIBOYHAS YKUAKOCTb, COIEPKALIas B CBOEM
coctaBe: Ouononumep, NaOH wmnmu KOH, kapOonar natpusi, kpaxmain, PAC-R,
PAC-CL, KCI, MpaMOpHYIO KpOIIIKY, IEHOTaCHTeNh U Ononma. Kak MoxxHO 3ame-
TUTb, COCTaB CUCTEMbI OUEHb CIIOXKHBIN, U PETYINPOBAHUE APAMETPOB KUJIKOCTH
B IIPOMBICIIOBBIX YCJIOBUSIX MOYKET OBITh HCBO3MOXKHBIM.

N.1O. XapuessiM u ap. [17] pa3paboran Oe3riMHUCTBI OypOBOH pacTBOp
Ha BOJITHOW OCHOBE, B cOCTaB KOTOporo Bxomsit: 3-10 % xmopuna xamus; 0,02-2,0 %
nonmakpuwiamuaa; 3,0-4,0 % suraocynboHaTHOrO peareHta — crabMIM3aTopa
(manpumep, KCCB, wim ©XJIC, umm ox3un); 0,2-0,5 % KMLI; 1-40 % cmecu xap-
OoHaTa KaJbIWA M CEPHOKUCIIOro skene3a. st moBbImeHus 3G (heKTHBHOCTH pea-
TEHTOB CTaOMIM3aTOPOB PAacTBOP oOpadaTeiBaroT menodamu B koimdectse 0,1-0,3
% ot obbeMa pactBopa. [Iiis yaydIeHrs: CMa3bIBAIOIIMX CBOMCTB BBOJST HE(TH,
HepTenpoayKThl, TpaduT u pasnuunbie [IAB. OCHOBHBIM HEIOCTATKOM JaHHOTO
pacTBopa SBISIETCSI €M0 MHOTOKOMIIOHEHTHOCTb M HETEXHOJOIMYHOCTh B IIPOMBI-
CJIOBBIX YCJIOBUSIX.

B.K. JlaBbIn0BBIM, IIpH pa3pabOTKe TEXHUKH M TEXHOJOTHH MEPBUIHOTO
BCKPBITHS TIPOXYKTUBHBIX IUIACTOB HA MECTOPOXKICHUAX, HAXOMSAIINXCS Ha TO3M-
HeW CTauy SKCITyaTaIid, ObLT peUIoKeH OypOBOI pacTBOp, coAepIKaInii NH-
rubupytronme n1o6aBku U HemoHoreHHole [TAB, oGecrieunBarome HU3KUE 3Haue-
HUsI TOBEPXHOCTHOTO HATSDKEHUS (DUIBTpaTa Ha TpaHuIle ¢ HepThio. OfHAKO B pa-
60Te OTCYTCTBYIOT JaHHBIE TI0 COCTAaBY pacTBopa u JuddepeHIpoBanHas OI[eHKa
€ro BJIMSHMS Ha CBOIMCTBA IIPUCKBaKUHHON 30HBI ILJ1acTa.

B.A. AnnpeconoM, K.JI. MunxaiipoBsiM u ap. [18] 1 BCKPBITHS IPOIYK-
THBHBIX IUTACTOB Ha MECTOPOXKACHHAX bamkopTocTana nMpeanokeH 0e3rTHHUCTBIA
MTOJIMMEPHBIA PacTBOp ¢ ucmoyib3oBanueM [TAA, HeroHoreHHBIX [TAB (mkomay,
OII-10 u ap.), TEXHUUECKOI CONM (XJIOPUABI HATPHS, KAJbIIMS, IMHKA MU JKENe3a)
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U TJIACTOBOH BOJBI. DTU PacTBOPBI UMEIOT BHICOKHE PEOJIOTHYECKHE CBOMCTBA (1,
= 71-546 mlla-c) 1 BBICOKYIO IUIOTHOCTb.

Jlnst BCKpBITUS IIACTOB-KOJUIEKTOPOB Ha KacMMOBCKOM MOI3€MHOM XpaHH-
JIMIIIE Ta3a aBTOpamMH paboThl OBUT MPEAJIOKEH BBICOKOMHHEPATM30BAaHHBINA Oe3-
TIIMHUCTBI OypOBOM pPAacTBOp, HE COACPIKAIIUIA TUCICPCHOrO HAMONHHUTEIS-
yrsoxenurens (IpH mIOTHOCTH 10 1500 kr/m’). OCHOBA CHCTEMBI — BRICOKOMHUHE-
panm3oBaHHAs BogHAsA (pa3a CMEMIAHHOTO COCTaBa, BKITIOYAIONIAst HEOPTaHHIECKIe
COJIM U 9KOJIOTHYECKH 0€30MacHy0 KOMIO3HUIIHIO OIMMEPHBIX PEryJISTOPOB Peo-
JIOTUYECKUX U (PHIBTPAMOHHBIX CBOUCTB. [10 3asBIICHNIO aBTOPOB, KO PHUIIEHT
BOCCTAHOBJICHUSI TIPOHHUIIAEMOCTH (DMIIBTPYIOLIECTO CIIOSI, UMHTHPYIOIIECTO Iecya-
HUK TUTacTa ¢ Ha4aJIbHOM mpoHuIaeMocthio 538,6 M/1, coctasun 70 %, B TO BpeMst
KaK MpH NPOKaYMBAaHUU CTAHJAPTHOrO MOJMMEPIIIMHUCTOIO PacTBOPA, YTSKEICH-
Horo Gaputom He mpesbiman 10-20 %. IIpu onmpoboBaHMM cOoCTaBa Ha CKBaXKHHE
YAAJI0Ch MOJIyYUTh BBICOKYIO €€ IIPOU3BOAUTENLHOCTD MIPU IENPECCUU, HE MPEBBI-
matomiet 1,5 MIla. OgHako cBeieHHsSI 0 KOMIIOHEHTHOM COCTaBe pacTBopa B pabo-
T€ OTCYTCTBYIOT, Kak M OTCYTCTBYIOT PE3yJIbTaThI JA00OPATOPHBIX NCTIBITAHHH.

W.N. beneit u E.A. Konosanos [19] pa3pabotanu noaMMepHbIi amroMOaK-
PHIIOBBIA pacTBOp ciemyomero cocrasa: rumad — 0,7-1,0 %; cepHOKUCTBIH ajro-
munuit — 1,5-2,0 %; xaneuuuupoBanHas coga — 0,5-0,6 %; Boga — ocranbHoe. B
pe3yiabpTaTe B3aMMOEIHCTBHS THUIAHA U CEPHOKHUCIIOTO ATIOMHHUS 00pa3yroTcs
KOMILJICKCHI, KOTOpbIe M3-32 HU3KUX 3HadeHuit pH cpexapr (4,9-5,2) ocaxmaroTcs.
[MoBsimenne pH cpernp! BBeeHHEM KaIbLIMHUPOBAHHOM COJIBI IPHBOUT K 00paszo-
BAaHMIO OJHOPOAHBIX pACTBOPOB C  YJOBJICTBOPHTEIBHBIMH  CTPYKTYPHO-
MEXaHHUECKUMHU CBOWCTBaMU. HecoBepIIeHCTBO JaHHOTO PAacTBOPA MPOSIBISIETCS B
BBICOKMX (DIIOKKYNHPYIOIINX CBOHCTBAaX. DTO MPUBOIANUT HE TOJHKO K OYHCTKE €r0
0T BBEIOYPEHHOM ITOPOJIBI, HO M YAAICHHIO U3 CHCTEMBI TIOIMMEPHBIX KOMIDICKCOB.

B.N. Jleonunoseim, I'.A. TTaxmypunbim [20] mpeanoxeH MOJTMMEPHBINA pac-
TBOP, B COCTaB KOTOPOTO BXOAAT 2,5 % xpommuka, 16 % KCCB-2, 1,5 % kayctu-
4eckol conpl, 80 % 1IacToBOl BOIBI ¢ MUHepanu3arueit 75 r/in. [TonoxurenbHbIM
JUISL TAaHHOTO pacTBOpa SBJAIOTCS HHU3KWE Mokasarenu ¢uibTpannn. K HemocTat-
KaM CIIeIyeT OTHECTH HCIOJNB30BAHUE B OOJIBIINX KOJHMYESCTBAX XPOMIIHKA U JIHAT-
HOCYNB(OHATOB.

OCHOBHBIM HampaBJCHHEM B pa3paboTKe OE3TIIMHUCTBIX CHCTEM, B COCTAB
KOTOPBIX BXOJSIT aKPUJIOBBIE ITOJIUMEPBI, A(UPHI LEILTIONO03bI U JIMTHOCYJIL(OHATHI,
SIBIETCS (POPMHUPOBAHIE YCTOMYNBON BO BPEMEHH 30HBI KOIBMATAINH, JUIS pa3-
PYIICHUST KOTOPOH TPH OCBOCHUHM CKBAKHHBI HEOOXOIMMO HCIIOIB30BATh CICIIH-
AIIBHBIE TEXHOIOTHH. [10T0KUTETFHEIM MOMEHTOM SIBIISIETCS TOAXOJ K BEIOOpY CO-
CTaBa JHCIICPCHOHHON Cpelbl, KOTOPBIA MpeaynpekaacT HaOyXaHue U JUCICePrH-
pOBaHHE TIIMHUCTBIX MUHEPAIOB KOJUIEKTOpa (KalueBble PAacTBOPHI, IIACTOBBIC
BOJIBI TIPOTYKTHUBHBIX TOPH30HTOB) U MPEAyTIpexkacHIe o0pasoBanms BHD (Be1O0p
[TAB).

ABTOpaMH TIPEIVIOKEH OE3TJIMHUCTBIN SMYJIBCHOHHO-TENIEBBI IOJHcaxa-
puasblit pactBop (BOI'TIP) amst BCKpHITUS IUIACTOB U MPOBOJIKU CKBAXKHH B OC-
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JIO)KHEHHBIX TOPHO-TEOJIOTHYECKHUX YCIOBUAX. PacTBOp MpHroTaBIMBaeTCs Ha OC-
HOBE IUTACTOBOH BOBI. VIHTHOMpYyromme cBOHCTBA €My MPHIAI0T BBOAMUMEBIE XJIO-
pHUIBI Kanusi U MarHus. Peonoruueckue XapakTepUCTHKU PEryIHPYHOTCS BBOAOM
KpaxmMaia, TIOJIMaHHOHHOM IIeJIFONIO36] MJIM KCAHTAaHOBOW CMOJIBI, TIOBEPXHOCTHO-
aKTHBHBIC CBOWCTBA — I00ABKOH B COCTaB IIOBEPXHOCTHO aKTHBHOTO BEIIECTBA
KOMIUIEKCHOTO JISHCTBH. B KadecTBe KONbMATaHTA-YTSKEIUTENs HCHOJIB3YeTCs
kapOoHat Kanbius. KpoMe Bcero mpodero, B cOCTaB pacTBOpa BBOIHUTCS HE(TH,
MO-BUAMMOMY, B Ka4ecTBE cMasblBarollel no0aBku. J[aHHBIN pacTBOp NEpBOHA-
YaJbHO pa3padaTeIBajics Ui OypeHns B HEYCTOWYMBBIX MIMHHCTBIX OTIIOKEHHSX.
He paccmarpuBaetcst ero BIusHHE Ha (DUIBTPAIIMOHHO-EMKOCTHBIE CBOICTBA T1jIa-
cTa.

B nocnennee BpeMst B MEPOBOH NPAKTHKE OypeHMs! UIsl BCKPBITHS MPOIYK-
TUBHBIX IUIACTOB NPUMEHSIOT OypOBEIE PACTBOPBI, COJAEPIKAIlIIe B CBOEM COCTaBe
MOJHUCAXaPUTIBL.

Tak, M.C. OkyneBbiM, JLII. Cepruenko u np. [21] npemioxeH Oe3ruHU-
CTBIH OypoBOI pacTBOp UIS BCKPBHITHS HPOAYKTUBHBIX ILTACTOB, COZIEPIKAIIMIL
kapookcumernnemnnonosy 0,8-1,2 %, 3anedHylo NbUIb, YJIOBICHHYIO 3JIEKTPO-
(unbTpamMu IEeMEHTHOOOXKUTOBBIX Tieuer 16,8-37,2 %, OOpHYIO KHUCIOTY WU TeT-
pabopar Harpust 0,1-0,1 % u Bogy. OpUruHaNbHBIE M HETPAINIIMOHHO HCIIOJIb3Ye-
MBIE PEareHThl, JAI0T BO3MOXKHOCTh NPUMEHEHUS] PaCTBOPA TOJBKO B €IMHUYHBIX
CITyqasix.

A Tperbsik [22] npeanoxun OypoBoil pacTBOp, coaepKamuii KapOOKCH-
MeTunernonody 0,5-2,0 %, JeKCTpUHOBYIO KPOIIKY — CMECh YTJIEBOJIOPO/IOB,
00pazyIomuxcst Mpy THAPOIIH3E KapTo(enpHOro 1 MarcoBoro kpaxmaina 0,5-2,0 %
U BoAmy. JlekcTpuHOBas KpoOIIKa sBISETCS KONbMATALMOHHBIM HAMOJHUTENEM, a
OCTaIBHOM COCTaB pacTBOpa OYEHb UyBCTBHUTENEH K ITOJIHMCONEBOI MHHEpal3a-
I[1H, IOATOMY TIPUMEHEHUE JaHHOTO PacTBOpa HOCHT OrPaHUYEHHBIN XapakTep —
TOJIBKO B TIPECHBIX CHCTEMaX.

Tem e aBTOPOM MPEIIOKEH COCTaB PACTBOPA, KOTOPBIA CONEPIKUT IEKCT-
puHOBYIO Kpymy 0,5-3 %, KMII 0,5-2,0 %, eaxwii natp 0,1 % u Boay [23]. Hamu-
Yre KayCTHIECKOH COMBI CO3/IacT MOBHIIIeHHOE 3HaueHne pH cpexnst (mo 14), uto
OTPaHMYUBACT UX IPHMEHEHHE B YCIOBHAX MCIIOIb30BAHMS ATFOMUHHUEBBIX TPYO U
HETaTHUBHO CKa3bIBAETCs HA YCTOWYNBOCTH CTEHOK CKBA)KUHBI.

WN.1O. Xapues [17] npeanoxun UCIONb30BATh ISl BCKPBITHUS MPOTYKTHB-
HBIX IUIaCTOB OypoBOii pacTBOp, comeprkanii KMIL 0,5-5,0 %, xpaxmain 1-3 % u
BOJY.

Pa3paboTaH psa IPOMBIBOYHBIX JKHUIKOCTEH HAa OCHOBE Kpaxmaisa ¢ 100aB-
KaMi (DepMEHTHBIX TPENapaToB TUIA YHIONOIUTAMEKTYPOIO3bI MM aMHJIOIUTH-
yeckux (pepMeHToB. OIHaKO JIeUCTBHS M CBOWCTBA ()ePMEHTOB B IUIACTOBBIX YCIIO-
BHUSIX €Ille HEAOCTATOYHO M3YYEHBI, NX BIUSAHUE HA KOIJIEKTOPCKHE CBOMCTBA TIIa-
cTa ¥ He(pTEeHACHIIIEHHOCTh HEOAHO3HAYHBI, IO3TOMY IIPUMEHCHHE TAKUX IPOMBI-
BOYHBIX KHUAKOCTEH OrpaHUIEHO.
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B ycioBusiX BBICOKMX TEMIIEpaTyp M JaBJICHHI ObUIM HOIBITKH HCIOJIb30-
BaHMA B KayecTBE OYPOBOTO pacTBOpa IUIACTOBOHM BOJBI, CoeprKamerd me3mid. Ta-
Kast BOJIa MOYXKET MOCTABIATHCS Ha OYypOBYIO MIOTHOCTHEO 2200 Kr/M’ Ge3 coep-
JKaHWA TBEPIBIX B3Becel. BypoBbIe pacTBOPEI C CoslepikaHNeM LIE3Hs MOTYT Mpe-
CTaBISITh NOTCHIMAIBHBIM MHTEpeC ISl OypeHHsl M 3aKaHUMBaHUS CKBaKHMH, HO
TMOKa €HI€ HE BBIABJIICHBI BO3MOXHBIE HETATUBHBLIC MOCICACTBUA, C KOTOPHBIMH
HPEICTONUT CTONKHYTHCS IIPU OypPEHHH MOCIIELYIOIINX CKBAKHH.

ITpu BCKpBITUH TPEIIMHOBATHIX KOUIEKTOPOB HAIILIM IPHMEHEHHE CHCTEMBbI
6ypOBI>IX PacTBOpPOB, COACPIKAIIUE WHCPTHBHIC HAIIOJHUTEIN B Ka4€CTBE KOJIbMa-
TaHTOB. B psizie Taknx pacTBOPOB HCIOJB3YIOT HEPTEPACTBOPHMBIE OpraHMYECKHE
YacTUllbl, HAIIPUMEP, BOCKHU U CMOJIBI. B HEKOTOPBIX pacTBOpax Mnpu ONTUMAaJIbHBIX
TeMIIepaTypax 3TH YaCTHIBI MOTYT Ie()OPMHPOBAThCSA M JEHCTBOBATh KaK Mare-
pHaBI IS PEryJIMpOBaHUs IIPOLECCOB (DHIIBTPAIIMU U 00pa30BaHMs CBOJOBBIX Ie-
PEMBIUEK. DTH CHUCTEMBI JIydIlle BCEro pabOoTarOT MpH TEMIIepaTypax oT 65 °C o
95 °C. TIpu Temneparype Hike 65 °C TaKue YaCTHIBI CTAHOBSTCS CIHIIKOM TBEp-
JIbIMU, & [IPY TEMIIEpPATypax cBblIe 95 OC — coMIIKOM MSTKHMH.

B kucnoTopacTBOPUMBIX M MOIAIONINXCS OMOXUMHUYECKOMY Pa3JIoKEHHIO
cucteMax OypoBBIX PaCTBOPOB B KaUeCTBE 3aKYHOPUBAOIINX MATEPHAIOB OOBIYHO
UCIIOJIB3YIOT M3MEJbYeHHBIH KapOoHaT Kayblst. OH MOJHOCTBIO PAacTBOPSIETCS B
KHCJIOTE U IIOCTABJIAETCA B BUJE HIMPOKOW TaMMBbI MOPOLIKOB Pa3JIMYHOIO IPaHy-
JIOMETPHYECKOT0 COCTaBa (OT HECKOJIBKIX MIJIIUMETPOB JI0 COTHIX JOJIH MIJLTH-
MeTpa). YCTaHOBIJICHO, YTO IPU MPABUIILHOM MOAOOPE rPaHyJIOMETPHYECKOrO CO-
CTaBa C TMOMOIIBIO CYCIICH3WH OJHOTO KapOOHaTa KaJbLUs MOXKHO IIPOBOIHTH
KpaTKOCPOYHBIH PEMOHT CKBAXKHH.

IIpoBeneHHBIN aHANIU3 CYILECTBYIOIIUX CUCTEM, IIPUMEHSAEMBIX UL BCKPBI-
THS TIPOYKTUBHBIX IIIaCTOB, MOKa3aJl HAJIMYME MX 3HAYMTENILHOTO YHMCiIa, paspa-
0aThIBaEMbIX KaK CHELHAIBHO JUIsI KOHKPETHBIX I'€0JIOTMUECKHX YCJIOBHH, Tak M
MTOTBITKY HAUTH YHUBEPCAILHYIO PELETITYPY.

Hawubonee nepcrniekTUBHBIM HaNpaBIEHUEM SIBISIETCA UCCIEIOBAHUS MOIH-
MEpCOJIEBBIX COCTaBOB, HE COJEPIKAINX FJIM MAJIOCOAEPIKAIINX TBEpAyIo (a3y. B
Cllydasix HEOOXOIMMOCTH HCIIONB30BAHHS PACTBOPOB IUIOTHOCTHIO Bbime 1400
KI/M’, BO3MOYXHO J00aB/ICHIE HHEPTHOTO YTSHKEHTENS, HE OKa3bIBAOMIET0 OTPH-
L[aTeIbHOTO BIIMSHUS Ha IPOHUIIAEMOCTh IIPUCKBXKUHHON 30HBI KOJUIEKTOPA.
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I'JTABA 7
BYPEHHUE BOKOBBIX CTBOJIOB

7.1 Bypenune G0KOBBIX CTBOJIOB M3 CYIIECTBYIOIIUX CKBAKUH

HoBble TeXHOJIOTUM M CTpaTerusi IMPOMBICIOBBIX CEPBHCHBIX PadoT, CO3-
JaHHBIC B TEUEHHE MOCIEAHETO AECATHIETHS, CTIOCOOCTBOBAIN TOMY, YTO Hau-
Gosiee MpeANPUUMYKBBIC TOOBIBAIONIME KOMIIAHUU NPHUILTH K 00IIeMy MHEHHIO
0 HEOOXOIMMOCTH /1aTh HOBYIO JKU3HB CTAphIM CKBaKHHAM.

OTO0 3aCTaBHIO CEPBHUCHBIE KOMIIAHWUH «IIOBBICUTH KBATH(PHUKALMIO» U
pacIIMpHTh MepedeHb pemaeMbIX Ipo0IeM o KOHTPOIIIO 3a Jo0bIueil u cocTos-
HHEM TPOAYKTUBHBIX IIIIACTOB. AKTHBHU3HPOBAIOCH TEXHHUYECKOE TBOPYECTBO.
Hampumep, B obnacTu OypeHHUs! CTBOJIOB-OTBETBICHHH TEXHUUYECKUE pa3paboT-
ku (OypeHune THOKMMH TpyOaMH, MaJora0apHTHBIE TeIeMETPUIECKHE CHCTEMBI
U crienualibHOe 000pyI0BaHHE JUTs 3aKaHYMBAHMS OOKOBBIX CTBOJIOB) pacIIUpH-
JI1 BEIOOP BAPHAHTOB YCKOPEHHS OKYIAaeMOCTH MHBECTUIMH B MECTOPOXKICHHUS.

CoBepIIeHCTBOBAaHNE TEXHOJIOTHH OypeHHs YBEJIMYWIIO YHCIO CKBAaXKHH,
13 KOTOPBIX MOXHO OypUTh OOKOBBIE CTBOJIBI C KOPOTKUMH M CPETHUMU PaIiy-
caM{ KpUBU3HBI, a TaK)KEe Pa3BETBICHHBIC CTBOJBI, IPUMEHSs OypHIBHBIE KO-
JIOHHBI M3 OOBIYHBIX HJIM THOKHX TPYO.

BO36paW€HU€ K cmapuim CKeadCuHam

BosBpameHne K CTappIM CKBaKMHAM [UIS TOJMYYCHHUS JOTOJHUTEIHHOM
JOOBIYM HE SIBJISIETCS HOBBIM MeToj oM. Haunnas ¢ cepenunbl 50-X rogos, Hed-
TSHbIE KOMITAHHH BO3BPAILAIKCh K CTApbIM CKBaXHHAM M Oypuin OOKOBbBIE
CTBOJIBI, YTOOBI OOOMTH 30HBI 3arps3HEHUS] KOJJIEKTOpa WM MEXaHWYeCKHe
MPEMATCTBUSL B CKBAXKUHE, DKOHOMSI TaKUM 00pa3oM CpelcTBa B CPABHEHUH C
OypeHHeM HOBBIX CKBaXHMH. HelaBHee pacuInpeHre phIHKa YCIyT 1O OypeHHIO
OOKOBBIX CTBOJIOB 0053aHO BO MHOTOM COBEPILIEHCTBOBAHUIO TEXHOJIOTHUII Oype-
HUS 1 3aKaHYUBAIOT CKBAKHH.

Bypenue OOKOBBIX CTBOJIOB CHHKAeT CTOMMOCTb CTPOHMTENILCTBA TOPH30HTAIIb-
HBIX CKBaXWH. Kpome yBenwueHHs NPOU3BOIUTEIHHOCTH CKBaXXHMH, OypeHHE
OOKOBBIX CTBOJIOB ITO3BOJISICT OTOMPATh YTIICBOJOPOIBI M3 KOJUICKTOPOB, paHee
HE OXBAaueHHBIX pa3paboTkoil (puc. 74). MHOTOCTBOJbHBIE Pa3BETBICHHS W3
CYIICCTBYIOIIMX CKBKUH YIIYYIIAIOT YCIOBHS BCKPBITHS MPOIYyKTHBHOTO IUIA-
cra (puc. 75). A HeOoiplINe U30IMPOBAHHBIC 3aJ€XKH HE(PTU WIIM Tra3a MOTYT
OBITH BCKPBITHI CKBKHUHAMH C OOJBIIMMH OTXOIAMH OT BEPTHKAJH, B TOM YHC-
JIe 1 MHOTOCTBOJBHBIMH (pHC. 76). OOBIYHO TOPU30HTAIBHBIC CKBAKUHEI 110
MPOU3BOIUTEIILHOCTH PEBOCXOMSAT BEPTHKAIbHbIE CKBXHHBI B 3-4 pasa, a B
HEKOTOPBIX CIIydYasx HaOJIF0aI0Ch YBEIIMYCHIE IPOU3BOAUTEILHOCTH B 17 1
6onee pa3. Kpome Toro, npy HaIMuuM ra30BOM MIATKY WM MTOJACTUIIAIONIEH BO
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Jibl (MJI TOTO M JPYTOro BMECTE) TOPU3OHTAIBHBIE CKBAXKHHBI JAIOT 3HAUUTEINb-
HBIH IPUPOCT U3BIEKAEMBIX 3aI1aCOB.

-®dpes-tine No NepumMeTpy -HouTpons ta ebiHocOM

-Bbipesaune oxHa { necka
-Nsonauma nnacros
-HouTpons ga npuroxk.

\ 8abyp-ume bok. cTeona BakaHuMBaHKe
i

: BypeHue MCHPMB. Y1acTKa -Fpaenitnan nabuexa
=EN -Cp. Paanyc KPHBMEHDI mn
| @ -opor. paguyc kpueusHbI u

EypeHMe ropMsoHT. yYacTka
-MecHaenrayma

-Byposo#i pacTtsop ana
BCHPBITHA NPOAYKT. $OHDI
-Mpu nporusoaasneHnn

- Y
e 3N ¥

Bakanyusauue
~Coobuy. ¢ OCHOBHBIM CTBOA.
-Mzonauua nnacros
-docTyn
-Moasecka xpocTOBMKA

Pucynok 74 — Cucremsl OypeHHsT OOKOBBIX CTBOJIOB.

g
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e
e
HesaTpoHyTbiit BoKOBOI CTEON C KOPOTHKURA
IKCNAYATAUWMOHHBIA NAACT | PaoMYCOM KPMBEMIHDLI

PucyHoxk 75 — bypeHune MHOTOCTBOJIbHBIX CKBaKUH
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;Muomcmonbuan
CHE@#HHE C DONbLL

Pucynok 76 — Ontumusanus 1006191

He nns Bcex ckBaxuH OypeHHE OOKOBBIX CTBOJIOB SIBIISIETCS HAWITYYITHM
CIOCOOOM TIOBBIMICHHS TTPOM3BOIAUTEIFHOCTH. B CBSI3M € 3THM, KOPHOpPAIHI
[mrom6Geprke BeIOpaia yBeTUYeHHE OTAauH TIIACTOB B KAYECTBE OCHOBHOM 1LIeJH
CBOEH CEpBUCHOW JesATeNbHOCTU. HampapiieHus NMpUIIOKEHUS YCUIIUH orpeje-
JSIOTCS OOBEAMHCHHONM TPYIION MHKEHEPOB, JCICTHPOBAHHBIX KOMIAHUAMH U
penraronux mpodiemMy BbIOOpa CKBRKHH-KaHIUIATOB HAa MPOBEIECHUE paboT 1Mo
MOBBIIICHAUIO OT/Aa4H, IDTACTOB. DTa TaK Ha3biBaeMas [ pyrma moBEIIICHUS Hed-
TeoT/auM TIAacToB (aHriuiickas adbopesuatypa PEG) HeceT OCHOBHYIO OTBETCT-
BEHHOCTP 32 OTOOP CKBa)KHH-KAaHAWAATOB M BBIPAOOTKY MPOCKTHBIX PEIICHHU.
Ha ocHOBe TEXHHUKO-IKOHOMHYECKOTO aHajH3a MPOMBICIOBOH HH(POPMAIUH O
CKBa)XMHAX WM MECTOPOXICHUAX WHKeHeps! Tpynnsl PEG nmpuanMmarot onrtu-
MaJbHOE MPOEKTHOE PEIICHUE, UCIOB3YS MOMOIIb CIELUATUCTOB COOTBETCT-
Bylomiero npodwis. PemieHne 3aBUCUT OT BO3HHUKAIONIMX IPOOJIIEM M MOXET
BKIIFOYATh HOBBIC IeO(M3UYCCKUE HCCICIOBAHHS, PCBH3HI0 YXKE HUMEIOLIHXCS
KapoOTaXKHBIX MATCPUANOB, OYpEeHHE HOBBIX CKBAXWH WM OTBETBJICHHA, IO-
BTOpHYIO Tiepdopannio, 00padOTKy HMPUCKBaOKUHHOW 30HBI TSI MHTECHCH(UKA-
UM [PUTOKA WM JAPYTHE BUJbI KAUTAIBHOTO PEMOHTA CKBaXKHH. Bee 3T0 ne-
naetcs s oOecrieueHus] IEPBOKIACCHOTO CEpBHCA NP PEUICHUH JTI000T0 BO-
MPOCa, OTHOCSIIIETOCS K TOBBIIICHUIO HE(TEOTAuH ILJIACTOB.

Jlobviua uz He3amporymeix 3KCHIyamayuetl niacmos
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IloBblieHne TeKyIIEel CTOMMOCTH CTapbIX MECTOPOKAEHUH. bypenue ro-
PH30HTAIIBHBIX OTBETBJICHHUI M3 CYIIECTBYIOUIMX CKBAXKHH ITO3BOJISIET BCKPBITH
HE3aTPOHYThIE SKCILTyaTalne IPOAYKTHBHBIE IIACTHI.

Ckeadicunbl-kanouoamsl 05 OypeHust 60KOBbIX CHBOI08

I'mapopa3peiBel, MOBTOpHAs mepdopaiysi, BOCCTAHOBICHHE KOJUICKTOP-
CKHX CBOMCTB IUTacTa MpH 00paboTKe KUCIOTONH M HOBOE 3aKaHUMBAHHE CKBa-
KHHBI — BCE 3TO HIMPOKO MIPUMEHSIEMBIE METO/bI YBEINYEHHS MTPOILYKTHBHOCTH
CYIIECTBYIOUINX CKBAXXUH, & 3HAYNUT, U YACTON TEKYIIEH CTOMMOCTH Ha CTapbIX
MECTOpPOXKACHMUIX. B HacTosmee Bpemst OypeHne OOKOBBIX CTBOJIOB IMPUBIEKAET
MIOBBIIICHHOE BHUMaHHUE B CBSI3M C MOTCHLHMAJIBHBIM yBEINYEHHEM OTAAYU M3
3arpsI3HEHHBIX MJIM WCTOLICHHBIX IUIACTOB M BO3MOXKHOCTBIO BCKDPBITH HOBBIC
IUIACTHI C MEHBIINMU 3aTPaTaMH.

HWrak, korna Hagio OypuTh OOKOBBIE CTBOJIBI? BO MHOTHX cilydasx mpuMe-
HEHUE TPAJUIHOHHBIX TEXHOJIOTHH M TEXHHYECKUX CPEICTB MOXKET OKa3aThCA
Hea(ppeKTUBHBIM WM HelenecooOpa3HbIM. B crapbix ckBaknHax OypeHme 0o-
KOBBIX CTBOJIOB MOXKHO CYHTATh HAWIYUIIMM TEXHHYECKHM DCIICHHUEM, €CIIH
ecTh HaZexHOe 000CHOBaHWE 3(PPEKTUBHOCTH BCKPBITUS NPOIYKTHBHOH 30HBI
HaKJIOHHBIM MJIM TOPU30HTAJIBHBIM CTBOJIOM (puc. 76). BypeHue O0KOBBIX CTBO-
JIOB M3 CYIIECTBYIOIIMX CKB2)XWUH JECIICBIIC, Y€M CTPOMTEIHCTBO HOBBIX CKBa-
xuH. Kpome Toro, tpaekropus OOKOBOrO CTBOJA MPOXOJUT BOJIM3M CTApOi
CKB&XXHHBI, TI€ TPOAYKTHBHAs 30HA YK€ OXapaKTepu30BaHa KEPHOBBIMHU U Ka-
POTaXHBIMH JaHHBIMH, a TaKKe pe3yJbTaTaMH HWCIBITAHUS W OIKCILTyaTaluu
ILTacTOB.

Onmumuzayus omoauu niacma

[ToBbIIeHre 1OOBIYM 3a CUET ceTH OOKOBBIX CTBOJIOB. JlOMOMHUTEIBHBIE
OGOKOBBIC CTBOJIBI PAaCXOAATCS BEEPOM M3 CYLIECTBYIOMIEH OOBIYHOIN WM TOpH-
30HTAJILHOW CKBAXKMHBI U YIIyUIIAIOT YCIOBHUS IPUTOKA U3 ILIACTA.

Bckpwimue yoanennvix cmpykmyp

HoBble TEXHOJIOTUM U TEXHUUYECKHE CpeIcTBa OypeHHs MOTYT HOBBICHTh
MOTPEOHUTENIECKYI0O CTOMMOCTD 32 CUET BCKPBITHA MENKHX 3anexeil medru. Vc-
NONB3ys. HOBEHIINE 3a00WHBIC ABUTATEIM M T'€OHABUTAIMIO, MOXHO OypHTH C
MOPCKHX IUTaT(OpPM HaNpaBICHHBIE CKBAXXHHBI C OTXOAAMHU B HECKOJIBKO KHIIO-
METpPOB, HCKIOYasi HEOOXOAMMOCTh JOMOJIHUTEIBHOTO cTpouTenbeTBa. CeTb
OOKOBBIX CTBOJIOB, IPOOYPEHHBIX M3 OCHOBHOW CKBa)KMHBI, MOTYT BCKPBITh pa3-
JWYHBIE YaCTH MECTOPOXKICHNUS, TTO3BOJISIS OTKA3aThCs OT OypeHHsI HOBBIX CKBa-
HKHH.

Ecnn cymecTByromas CKBaXMHA BCKPBUIA T'a30BYIO INATNKY WM MPOIIIa
BOIM3M HEe, a TaK)Ke NMPU HAJIMYMK MOJCTHIIAIONIECH BOJBI, TO COAEPKAHUE ra3a
WJIN BOJBI (3a4aCTYIO U TOTO, U JAPYrOro) B JOObIBaéMON MPOAYKIIMH CKBAXKUHBI
00BIYHO yBenuuuBaeTcs. IIpu OTCYTCTBUM ra30BOH MIANKH TPaJUIHOHHBIM CIIO-
co0OM OTCPOYNTH IPOPBIB BOBI SABISETCS MephOparys TOIBKO BEPXHEH 4acTH
NpPOJAYKTHBHOTO MHTepBaia. OJJHAKO BO MHOTUX CIIy4asiX [PU PaJHaIbHOM HpH-
TOKe (pIronaa co3naBaeMoi JIeTpeccuyl ObIBAET JOCTATOYHO, YTOOBI MOATSHYThH
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BOJY K 30He nepdopauuu B Buae KoHyca. JJOCTUrHYB HIKHUX IepdopannoH-
HBIX OTBEPCTHH, Boja, Oiaronaps ee OOJBIION ITOABHKHOCTH, MOXET CTaTh OC-
HOBHBIM KOMIIOHEHTOM MPOAYKIMH CKBAKUHBI.

[Ipu cuiIbHOM TOATIOpE «HIDKHEH» BOJBI OOBOJHEHHE CKBAXKHHBI MOXKET
UMETb MECTO Ja)Ke IIPU OTCYTCTBHM BOAOHE(TSIHOTO KOHTAKTa ITOBBIIICHHOW
MOABIDKHOCTH. Kak mpaBmIto, CTBOJIBI TOPH30HTAIBHBIX CKBaKHUH PAacIONararoT
OmKe K KpoBJIe MPOLYKTUBHOTO IIIACTa, TIO3TOMY Iepenaj NaBIeHHs, epIeH-
JUKYJSIPHBI OCH CKBaXKHMHBI, IPUBOAUT K MOABEMY BOABI B BUJAE TPEYTOJIBHON
MpHU3MBL, a HEe KoHyca. s oOpa3oBaHMs TaKOW MPU3MBI HEOOXOIMUMO BBHITEC-
HHUTB ropas3no Oonblie HeTH, YeM 11 00pa3oBaHUs KOHYCa, TO €CThb OTjaya
ITaCTa YBETMYMBACTCS JaXKe 3a CUET FTEOMETPHUCCKUX XapaKTePHCTHUK BOSTHOTO
MOTOKA.

B oTnoxkeHusx, CKJIOHHBIX K BBIHOCY Iecka, OypeHue OOKOBBIX CTBOJIOB
MOXET WCKIIOUUTh HEOOXOANMOCTh CITyCKa JOPOTOCTOSIINX TIPABUIHBIX
(GUIBTPOB, UCIIOIB3YEMBIX ISl OOPHOBI ¢ MECKOM. B OTiHuMe OT BepTHKAIbHBIX,
TOPU30HTAIBHBIE CKBKHHBI ITO3BOJIIFOT OTOMPATh CTONBKO K€ I OOJbIIe
MPOAYKIHMHY IPU 3HAYMTENBHO MEHBLINX JENPECCUSIX Ha IIACT.

CrnenyrouM MPEeUMYyIIECTBOM OOKOBBIX CTBOJIOB SIBJISETCS YIIydIlIEHHE
YCIOBUH BCKPBITHS MHOIOIIIACTOBBIX MECTOpOXkAeHHH. Ecim oTaenpHble Iuia-
CTBI UMEIOT AOCTATOYHYIO MOIIHOCTB ISl Pa3MEIleHHs B HUX TOPU30HTAIBHBIX
CTBOJIOB, TO O4YeHb 3(PQPEKTHBHON CTparerueil spisercs OypeHHe HECKOIBKUX
PacHoJIOKeHHBIX JPYT 3a JAPYroM OOKOBBIX CTBOJIOB B 3TH ILIACTHI U3 OAHOM
CKBO)XHUHBI. MEHAA MPOTSHKEHHOCTh BCKPBITHS KaXKIOTO IUIacTa OOpaTHO IIpo-
MOPILMOHATBHO UHTEHCUBHOCTH MPUTOKA, MOXHO MOJAEPKHBATH PABHOMEPHYIO
YIEeNbHYI0 OTJady IIaCTOB (CyMMapHas J00blua M3 IulacTa, OTHECEHHas K Ia-
JICHUIO TUIACTOBOTO JIaBJICHUS).

Bonee nenieBbIM pelieHHeM STOI NPOOJIEMBI SBJISIETCS BCKPBITHE BCEX
IUTaCTOB OJHUM HAKJIOHHBIM OOKOBBIM CTBOJNIOM. [IpH IpoeKTHpOBaHHMH Tpack-
TOPUHM TaKOro OOKOBOTO CTBOJA MOXHO MPEAyCMOTPETb YBEIUYEHUE MPOTH-
KEHHOCTH BCKPBITHS IUIACTOB C MEHBIIUMH ACOMTaMH, YTOOBI ITOAICP)KUBATH
YZSNBHYIO OTAady IUIACTOB Ha MPUOIM3NUTEIBHO OJJMHAKOBOM ypoBHE. OIHAKO B
ciryyae OOBOJHEHUs OJHOTO U3 BBICOKOIIPOM3BOIUTENIBHBIX IJIACTOB, U30IUPO-
BaThb €ro OyJeT ropasao TpyAHEH, 4eM B MHOTOCTBOJIBHOM CKBAXHHE.

B cpaBHeHuU ¢ BepTHKaIbHOI CKBaXXMHOW, HAKJIOHHBIM GOKOBOI CTBOI
MOXKET 3HAYWTEIBHO YBEJIUYUTH OTOOP M3 TOHKOCIOMCTOTO MECTOPOXKICHUS,
T/ie U3-3a MaJOi MOIIHOCTH HEBO3MOXHO Pa3MECTUTh TOPH30HTAIBHBIN CTBOI B
Ka)XZIOM OTJEIbHOM IpoIIacTke. YacTo yrieBoJopoAcoeprKallie MIacTbl He
BKJTIOYAIOT B YHCIIO JKCILTyaTallMOHHBIX OOBEKTOB, MM OHU HE JAOT IMPHUTOKA
IIPY HAYaJIbHBIX METO/IaX 3aKaHUUBAHUS CKBAKUHEI.

Takne MHTEpBaIBI MOXHO JOMOTHUTENBHO MPONephOpHpoBaTh U MOCIE
THIPOpa3pbIBa 3HAUUTENBHO YBEIUYUTh IMPOU3BOAUTENBLHOCTh CKBaXKUHBI. On-
HAaKO B MQJIOMOITHBIX IIacTax OypeHne OOKOBBIX CTBOJIOB C TOPH3OHTAIBHBIMHU
yuacTkamu 3(eKTHBHEES THAPOPA3PHIBOB.
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BBuay 0CcOOBIX yCIOBUI OCaJKOHAKOIUICHHs CTpaTUrpaduyeckoe crpoe-
HUE HEKOTOPBIX 3aliekel oOecreunBaeT YCIOBUS MHTPAIUN YTIIEBOIOPOJIOB B
TOPU30HTAIEHOM U BEPTUKAIBHOM HAMpaBICHHUSAX. | conoruueckue (Gamuu c
KOHTPACTHBIMU KOJUIEKTOPCKUMHU XapaKTEPUCTUKAMU MOTYT OBITh Kak dKpaHa-
MU, TaK M KaHaJIaMH I MHTpanud. MHOT/Ia TeCYaHnuCThIe KOJUIEKTOPHI MOTYT
MMETh CIUIIKOM MaJIyI0 MOIIHOCTh, YTOOBI OBITH BBIZCIEHHBIMU B CeiicMOpas-
pese, HO Omaromapsi OONBIION MPOTSHKEHHOCTH, OHM BHIHBI HA aMIUTUTYIHBIX
ceficMOKapTax CTPYKTYpPHBIX TOPHU30HTOB. B TakuxX ciydasx rOpU30HTAJIbHBIE
CKBKMHBI MOTYT WJICAJbHO PEIIUTh MPOOJeMy SKCILTyaTallly ITUIACTOB MaJlOH
MOIITHOCTH ¥ BCKPBITHSI YTIIEBOIOPOIHBIX 3AJICKEH, YAaTCHHBIX IO TOPU3OHTAIH
OT yCTbsI CKBYKUHBI.

3ajeXn MOKHO TIOAPA3/ICINTh MO XapakTepy ApeHaKHOH 30HHI (JieBas
KoJIOHKa). JIJist J1000# U3 BUIOB 3aeXu d3(PPEKTUBHBIMH MOTYT OKa3aThCsl He-
CKOJIBKO THITOB CKBA)XWH: BEPTHKAIBHBIC, BEPTUKAIBHBIC C THAPOPa3pHIBAMH
IUTACTOB, HAKJIOHHBIC, TOPU30HTANILHBIC, TOPU3OHTANBHBIC C THAPOPa3PhIBAMH,
MHOTOCTBOJIbHBIE I MHOTOCTBOJIGHBIE C OTBETBJIICHUSAMHU Ha pa3Hoi riyOuHe. B
LEHTPaJbHON M MpPaBOW KOJIOHKAX PHCYHKa 77 IPUBEICHBI IPHMEPHI ITOBBIIIC-
HUS TOOBIYM U OTJIAYH IJIACTOB 32 CUCT OYPEHUS HAKJIOHHBIX M TOPU30HTATBHBIX
OOKOBBIX CTBOJIOB, 3()()EKTHBHOCTH KOTOPHIX OMPEACISICTCS MPOHUIIAEMOCTHIO H
KOJUIEKTOPCKUMU XapaKTepUCTHKAMH IJIacTa.

TPpAaeKTOPHHA CKEBAEHHLI

XapakTep Hax I amsHEIe
AperazEoll T0HBI CKBaKHEED CKBAKHEET
Tam—————
IIpoHHIAeMOCTE (K),m Bep Ky T ampaax Kp

Koporxue,

3oua ectec i &
TpenpmoBaTOCTH napasie mbIe,

B yesommax —

TpempHant

Cxpavksma s
HarHe TEHHA BOXbI

Text o, Conm. mormaata sorpamrs | BORpRIime sammoi sanems
FAIMeIEKE HECKOMEXO Sawmemeit 0000 WM HECKOIE K HITH.

Crparmrpadiriecku M3oIIpoER. Cxm. mommata soxparms | BOXPSImie xamanh sancmot
IaJTem HECKONHEXO FaNemeii OO HITH HECKOIL KHIIH
cTmomanmt

O CXBOBIINA TOIHEND.
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Pucynoxk 77 — [Ipumeps! 3¢ ek THBHOCTH TPUMEHEHUS TOPU30HTAIBHBIX CKBAYKIH
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OOBIYHO TOPU3OHTAJBHBIE CKBAXHHBI, IEPICHIUKYJISPHBIC ITPUPOIHBIM
TpemmHaM, obecrednBaroT 0ojiee BBICOKYIO HPOW3BOANTENBFHOCTD, YeM BEPTH-
KaJbHbIE CKBa)XXUHBI MOCIE THAPOpa3pbBoB. Kak mpaBuio, NpupoaHble Tpelu-
HBI PACIIONIOKEHBI B BEPTHKAJIBHBIX IUIOCKOCTSIX, HO €CITH KOJUIEKTOp 3aieraer
HEerTyOOKO WM HaXOJWTCS I10Jl aHOMAJIBHO BBICOKMM IUIACTOBBIM JAaBIICHHEM,
TO MOTYT BCTPETUTHCS PACKpPBIThIE TOPU30HTAIBHBIE TPEIIHHEL. B Takux ciyda-
X L1eJIeCO00pa3HO OypHUTh BEPTHKAIBHBIC W HAKIOHHBIC CKBa)XUHBI. OIHAKO B
IIIyOOKO 3aJIeralolnX KOJUIEKTOpax ¢ aHOMAlIbHO BHICOKHMM ILIACTOBBIM JIaBIIe-
HHUEM JIydIle 3aKpelUTh PaCKPHIThIE TPEIINHBI, 9YTOOB! N30eKaTh MOTePh MPOU3-
BOJMTEJILHOCTH 10 Mepe MaJeHUs IOPOBOTO JAaBJICHUs B IpOLecce IKCILTyarTa-
LHH.

BeITsSHYTBIE B JUIMHY 3aJIeXH MOTYT 00pa30BaThCs B aJUTIOBHAIBHBIX OT-
JIOXKEHUSIX WIH B pe3ynbTaTe KPYMHBIX ocloxHeHHH. Oba THMa 3anexeid MOXKHO
BCKpPBIBAaTh TOPU30HTAIBHBIMU CKBaXMHAMU. [I711 KOHKPETHBIX yCIOBHI BBIOH-
paercs crparerusi OypeHusi, onpenensieMas 3aJadaMH, KOTOpBIE JOJDKHBI pe-
IINTh CKBAXWHBI. HamprmMep, cTBOJ CKBaKWH MOXET WATH BHYTPH OIHOM 3aire-
KM, BIOJIb HEE WJIM BCKPBIBATh MO BO3MOKHOCTH OoJIblliee YHCIIO 3ajiexei. B
MOCJIEHEM CIIydae CTBOJI CKBaKHHBI UAET NMEPIEeHAUKYISPHO IJIHHHBIM OCSM
3aJIeXeH, 9YTO COOTBETCTBYET MEPEMEIICHHUIO MONEPEK CKIIOHA, CYIIECTBOBABIIIC-
ro B IEPUOJA OCaJKOHAKOIUICHUs. [IpyrMM perieHHeM MOTyT OBbITb MHOTO-
CTBOJIBHBIC CKBa)XKMHBI /TSI BCKPBITHS KaHAJIOB, BBIABICHHBIX CEHCMHUYECKUMHU
3aMepaMH B TOPH30HTAIBHBIX CKBRKHUHAX, U3 KOTOPBIX OYPSAT OOKOBBIE CTBOJIBL.
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Pucynok 78 — CpaBHeHue A0OBIYM W3 HAKJIOHHBIX CKBRXHH U MHOTO-
CTBOJIBHBIX CKBa)XKHH C TOPHU3OHTAIBHBIMH OTBETBIICHUS-
MU Ha pa3HOH riryOuHe
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Ha ocnoBe ananusa uyBcTBUTENBHOCTH 11O cucteMe NODAL cpaBHuBaer-
Csl IPOU3BOAUTEILHOCTD IBYX TOPU30HTABHBIX OTBETBICHUIH, PAcOI0KEeHHBIX
OJJHO HAJl APYTUM, U HAKJIOHHBIX CKB@XHMH C Pa3IMYHONW MNPOTSHKEHHOCTHIO
BCKPBITHSA NPOAYKTHBHOH 30HBI, MPEACTABICHHON IBYMS TOJCTBIMH IUIACTaMH
YHCTOTO TecqaHnKa (MeKCUKaHCKUI 3aJIHB).

Eme omHOI 0011aCTBI0 IPUMEHEHHS TOPU3OHTAIBHBIX CKBAKUH SIBISIETCS
BCKPBITHE CBOJOOOPA3HBIX CTPYKTYPHBIX IOCTPOCHMH, Te KPyTO MaJaroInue
IUTaCTHI MOTYT OBITh YBEHUAHBI Ta30BOI MIANTKOM BBEPXY WM ITOJIHUPATHCS CHHU-
3y Bojoi. OHUM M3 CIOCOO0B OYpEeHHUsS B TAKUX CTPYKTypax SIBISIETCS BCKPHI-
THE Cpa3y HECKOJIBKUX IUIACTOB OJHUM T'OPH30HTAIBHBIM CTBOJIOM, pa3Meliae-
MBIM Ha 0€30IIaCHOM PACCTOSIHUM OT Ta30BOM IIANKM W IOAMHUPAIOIIEil BOJBI.
XO0Ts 3TOT cOco0 KakeTcss 04eHb (P PEKTUBHBIM, OH HMEET OUEBUIHBIN HEI0C-
TaTOK. B CKBa)XMHY COBMECTHO MOCTYIAET MPOIYKIHUSI BCEX BCKPBITHIX IIACTOB,
U TIPOPBIB ra3a UK BOJBI IO OJHOMY M3 HUX OTPUIATENBHO CKaXKkeTcs Ha paboTre
BCEX OCTAJBHBIX. bonee Hale)KHBIM OBITIO OBl CEIEKTUBHOE BCKPBHITUE KaXKIOTO
IUTaCTa OTACIBEHBIM OOKOBBIM CTBOJIOM. [IpH 3TOM OOKOBBIE CTBOJIBI pacIioiara-
FOTCsl Ha 0E30ITaCHOM PACCTOSIHUHM OT KOHTAKTa C ra30M WIIH BOJOM, YTO MPEIoT-
BpalaeT MpexJIeBpeMEHHOe OOBOJHEHHE WM pas3ra3supoBaHHe I0O0BIBaeMOil
npoxykud. [ Kaxaoro OOKOBOTO CTBOJIA BRIOMPAETCS ONTHUMAalbHAS IPOTS-
YKCHHOCTH BCKPBITHA MPOYKTUBHOTO TOPH30HTA.

BypeHre HAKIOHHBIX WM TOPU30HTAIBHBIX OOKOBBIX CTBOJIOB YBCIHUYH-
BaeT AeOMTHI CKBaKMH, HO moTepu naBieHus Ha Tperne B HKT mimm cammx 60-
KOBBIX CTBOJAaX MOTYT OTPaHWYHTH 3TH JEOWTH. B TakoMm ciydae BO3MOXKHO
MIPHUHATHE aJbTEPHATHBHOTO PEHICHUS 00 IKCIUTyaTallid OOKOBBIX CTBOJIOB IIPH
MEHBIINX 3HAYEHUSX AEMpeccHu Ha IuacTel. IIpu 3TOM mosBiasercs BO3MOXK-
HOCTB M30€XaTh MPHUMEHEHHS JOPOTOCTOSAIMINX CPEICTB KOHTPOJS 32 BEIHOCOM
IecKa — TPaBUHHBIX (DUIIBTPOB Pa3IMYHBIX THUIIOB. DKOHOMHYESCKHI aHAIN3 3a-
TpaT Ha KaKIBI BUA PabOT C YIETOM OXKHIAEMBIX U3MCHECHUH TOOBIUU MMO3BO-
JIUT BBIOPATh ONTHMAIBHOE PEIICHHE.

Cnocobvl bypenust GOKOBbIX CIMBONL08

Korga 0ypeHue O0KOBBIX CTBOJIOB IPH3HAHO ONTHMATEHBIM TEXHUYECKUM
pelIeHreM, BCTaeT BOIPOC, KaKylo OYpHIbHYIO KOJOHHY CIIEAyeT UCIIOJIB30BAaTh
- 13 OOBIYHBIX WM W3 THOKKX TpyO. Ha mrardopmax, rae HeT OypoBBIX yCTaHO-
BOK, 3a0ypuBanne n3 HKT wiu Oypenue ¢ nenpeccueil Ha MPOyKTHBHBIH IJIacT
9KOHOMUYECKU IPPEKTUBHO MPOBOJMTH C MOMOIIBI rHOKuUX Tpyd. Bypenue ¢
JeTIpecCHel CIOCOOCTBYET COXPAHCHHIO KOJUIEKTOPCKHX CBOICTB HMPOIYKTHB-
HBIX TUTACTOB M YBEIMYECHNIO MEXaHNIECKOW CKOPOCTH OypeHHSI.

BonbmmHCTBO OOKOBBIX CTBOJIOB M3 CTAPhIX CKBKHH OYPST C JUTHHHBIM
(6onee 150 M) mnu cpemaum (60-150 M) pagumycaMu KpUBH3HBI, HCIOIB3YS
00bIHBIE OypuibHBIE TPYObl. OIHAKO HAaMETHJIACh TEH/ICHIUS YBEITHUYCHHS
guciia OOKOBBIX CTBOJIOB C MaJbIM paauycoM KpuBu3HBI (12-30 m). s Oype-
HUS OTBETBJIGHMH C KOPOTKMM pajauycoM KpuBu3HbI HeoOxomumbl KHBK c
IAPHUPHBIMU dJIEMEHTaMH. DTH OOKOBBIE CTBOJIBI 0COOEHHO 3()()EKTUBHBI B YC-
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TOWYMBBIX MOPOJAX, IJI€ MOXKHO OOOWTHCH Oe3 ciycka 00CagHbIX TPYO U JI10-
MOJIHUTENFHOTO BHYTPUCKBRXUHHOTO O0OpYIOBaHMs JUisi 3aKaHUMBaHHS. Tex-
HHUYECKUE CPeACTBa OypeHHs MO KOPOTKOMY paauycy TpeOYIOT MeHbIIeil mpo-
TSHKEHHOCTH MCKPUBJICHHOW YacTH CTBOJIA CKB)KHHBI, Kak MpH pabore ¢ 00bId-
HBIMHM, TaK M ¢ THOKMMH TpyOamMH. ITO MO3BOJISIET 3a0ypHUBaTHCS HUXKE BHYTPH-
CKB)XMHHOTO 000PYZI0OBaHHS WM pa3MellaTh Kak KPUBOJIMHEHHBIN, TaK U TOPH-
30HTAJbHBI Y9aCTKH OTBETBJICHHS B IPOAYKTHBHOM ILTACTE, YTOOBI M30€KaTh
po0JieM, CBS3aHHBIX C BBILIEIEKAIUMHU TIOPOJaMHU.

Pacrer momyssipHOCTh MHOTOCTBOJIbHBIX HOBBIX CKBXHH, KOTJa M3 OC-
HOBHOT'O CTBOJIa CKBa)KMHBI OYPST HECKOJIBKO TOPH30HTAJILHBIX OOKOBBIX CTBO-
JIOB. DTa TEXHOJIOTHS MO3BOJISIET YMEHBIIUTh YUCIO CKBRKUH Ha MECTOPOXKJIE-
HHUH U CIIeNaTh SKOHOMHUYECKH 3((HEKTUBHON pa3pabOTKy MEIKHX MECTOPOXKIE-
HUH. YMEHBIIEHHE YHCIa CKBAXXHH 3HAYUTEIFHO CHIDKAeT 3aTpaThl Ha 00opy-
JIOBaHUE YCTHEB M BBIBOJ| CTOSIKOB Ha OBEPXHOCTh MPH ITO/IBOJJHOM 3aKaHUHBA-
HHH MOPCKUX CKBaXHH. C TOYKH 3pEHUSI TE€OMETPUH, MHOTOCTBOJIbHASI CKBAXKH-
Ha MOXET MPOCTO MMETh JIBa ITPOTHUBOIOJIOKHO HAMPABICHHBIX OTBETBJCHUS B
OJJHOM TPOJYKTUBHOM IUIACTE ISl YJIyYIICHUS YCJIOBHH BCKPBITHS, WIH OT-
BETBJICHHS UMEIOT ()OPMY KHCTH, YTO MO3BOJISIET BCKPBITh HECKOJBKO ILIACTOB,
PAcCIOJIOKEHHBIX HAa PAa3HBIX YPOBHAX MHOT'OIIACTOBOTO MECTOPOXKAEHHS. MHO-
TOCTBOJIbHAS KOH(UI'YPAIHs MOXKET IPUMEHATBCS B OIHOM IUIacTe, 4ToObl yBe-
JMYHThH TUIOLIA/b JPEHAXKa HECKOIBKUMHU MapajlIeIbHBIMH WIIH PACXOSIITUMUCS
BeepooOpa3HO OOKOBBIMHU CTBOJIAMH.

AHanu3 nponyckHbIX Xapakmepucmux CK8ANCUnsl (CM. pucyHox 79)
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Pucynok 79 — CBenieHus 0 MPOIYCKHBIX XapaKTEPUCTUKAX CKBAKHHBI
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B nanHoMm mpumMepe mpomyckHble XapakTepuctuku ckBaxuusl (IIXC), or-
paskaeMble 3aBHCHMOCTBIO MEXy JaBICHHEM Ha yCThe M JeOMTOM, NPE/CTaB-
JIeHbl KpUBBIMH Uil paznuuyHoro cedeHus kaHana HKT. 3a cuer yBenudenus
nuamerpa HKT M0OXHO 3HAUUTENEHO MTOBBICUTH NEOUT.

Texnonozus bypenus 6OK0GbIX CMBE0I06

ITonroroBka CKBaXMHBI K OYpEHHIO OOKOBBIX CTBOJIOB MOXKET BKIIOUATh
Takue paboThI, KaK MOHTa)X YCTaHOBKHM JUIs KarpeMoHTa, mogbeM HKT ¢ BHyT-
PHCKBRXHHHBIM 000pYZIOBaHUEM, 3aJaBKa [IEeMEHTa B 30HY nepdopanuu, 4Toobt
6e30macHO MPOBECTH OYHCTKY CKBAXKUHBI OT OCTOPOHHUX IPEIMETOB, U Kapo-
Ta)K IS OLIEHKH COCTOSIHUS 00Ca/THOI KOJIOHHBI M IIPUBSI3KH K TE€OJIOTHYECKOMY
paspe3y 3a KOJIOHHOM. B 3aBUCHUMOCTH OT yCIIOBUM U KOHCTPYKLIMU CKBa)KUHBI,
BO3MOJKHBI HECKOJIbKO BapHaHTOB INPOBEICHHUS paboT: OoT 3a0ypHBaHHS B OT-
KPBITOM CTBOJIE A0 OypeHHs U3 00CaaHON KOIOHHEI uepe3 60KOBOE OKHO, BBIpe-
3aHHOE (h)pe3epaMu, ONMPAIOIIIMHUCS Ha YHUIICTOK, MM U3 MCKYCCTBEHHOTO HH-
TepBajla OTKPHITOTO CTBOJA, CO3JAHHOTO ()pEe3epOBAHUEM BCETO IONEPEYHOTO
ceueHHsT 00CaTHOI KOJOHHEI.

Bypenuto OOKOBBIX CTBOJIOB OOBIYHO MPEIIIECTBYET CITyCK IMPOCKOINYE-
CKOTO MHKJIMHOMETPAa M KapOTAXHBIX HMPUOOPOB Ui YTOYHEHUS NPOCTPAHCT-
BEHHOTO TOJIOXKEHMsI 00CaJHOM KOJOHHBI M 3KCIUTyaTallMOHHOro oObekta. Ha
OCHOBe 3TOi MH(pOpManuu BbIOMpaeTcs riyouHa ¢pesepoBanus o0caJHON KO-
JIOHHHI ¥ 3a0ypHrBaHus OOKOBOTO CTBOJA. B BEIOpaHHOM MHTEpBaIe MPOBOAUTCS
LEMEHTOMETPHSI, U €CIH LIEMEHTHOE KOJIbLIO 3a KOJIOHHOM MI0X0ro KayecTBa, TO
nocie (hpe3epoBaHUs CTAphId EMEHT M3 OTKPBHITOIO MHTEpBaja YAAISIOT pas-
JBIKHBIM PaCIIMPHUTENIEM, KOTOPHIA 320[JHO YBEIMUMBACT JHUAMETP CKBAKHUHBI
(puc. 79).

C NOMOIIIBIO CIEHUANTBHOTO CITyCKaeMOT0 B CKBR)KHHY YCTpOICTBa Ha 3a-
JIAaHHOH TIyOMHE IpOpe3aeTcst Kpyrosasi 1ieilb B 00CaIHOW KOJIOHHE M IIEMEHT-
HOM KaMHe 3a Heil (A). B pabodem moo)keHHH pe3Iipl BEIABUTAIOTCS U3 KOPITY-
ca YCTpPOMCTBa, a B TPAHCIOPTHOM MOJOXKEHHH YNUPAIOTCS B Ma3bl KOpITyca.
JnuHa ¢pesepyeMoro ydactka KoJoHHHI (B) 3aBUCHT OT Takux ()aKTOpPOB, Kak:
BHYTPCHHHH AMaMeTp KOJOHHBI M HAPYXHBIH AnaMeTp ee My(T, IUaMeTp JI0JI0-
Ta ¥ YToJl HCKPUBIEHHUS KOpITyca 3a00HHOT0 ABUTaTens. MIHTepBal OTKPBITOTO
cTBONa, 0Opa3oBaHHBIN B pesynbrare (pesepoBanust (C), IMEepeKpbIBAIOT Iie-
MeHTHBIM MocToM (D) mnst 3abypuBanus OokoBoro ctBosia (E). Hacte crapoii
CKB@KMHBI HIDKE MHTEpPBaJa 3a0ypUBaHUS OCTACTCS N30JIMPOBAHHON OT OOKOBO-
TO CTBOJIA.

Ecnu npu 3a0ypuBaHMM U3 BEPTUKAIBHOI'O CTBOJIA OPHEHTHUPOBAHUE OT-
KJIOHWTENSI BBITIOJHSETCS C MOMOIIBI0 MarHUTOMETPa, TO 0CBOOOXKIAIOT OT 00-
ca/HOM KOJIOHHBI HHTepBan nopsaka 18 m (puc. 80). [muna dpesepyemoro yda-
CTKa MOXKET OBITh YMEHbBIIICHa, eciiu Ayist opueHTHpoBanus KHBK ncnonb3yercs
THPOCKOIIMYECKUH KOMMAac. YYacTOK OTKPBITOTO CTBOJIA CKBAKUHBI IEPEKPHI-
BAlOT TPOYHBIM IIEMEHTHBIM MOCTOM. UTOOBI M30ekaThb MAarHUTHBIX IOMEX,
MOCT pa30ypHBalOT 10 MIyOMHBI HA 6 M BBIIIE ITOJIOLIBEI OTKPBITOTO HHTEpBAIA.
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Henocratkom Merona ¢pesepoBanust 00casHbIX TpyO IO BCeMy CEYCHUIO SIBIIS-
I0TCS TIOBBIIICHHBIE TPEOOBaHUA K MPOYHOCTH LEMEHTHOI'O MOCTa I 3a0ypH-
BaHMS U TPYTHOCTH MOMCKa T'OJIOBBI HIKHEH CEKLMH 00CaTHOH KOJOHHBI, €CIIH
Tyna nmotpedyeTcst BOiTH mocie OypeHns: 00KOBOTO CTBOJA.

Pucynok 80 — ®pesepoBanue TpyO 10 IepuUMETpy

Bo MHorux ciyudasx MeXaHHYecCKas CKOPOCTh OypeHHs! OrpaHHMYHBAETCS
YCIOBHSIMH BBIHOCA IINTaMa M3 CKBAXKHHBI, a [UI1 TOPU3OHTAIBHOTO y4YacTKa
npoGJieMa BBIHOCA [IJIaMa CTAaHOBUTCS elle clokHee. KOHCTpyKIHs coBpeMeH-
HBIX MHCTPYMEHTOB Ui (hpe3epoBaHUS IperycMaTphBaeT oOpa3oBaHHE Mell-
KOH, He (OPMHUPYIOIIEH KIyOKOB CTPYXKH, JIETKO yIalsieMOH M3 CKBa)KUHBI.
[Ipu ¢pezepoBanuK NpeNIOUTHTENBHEI TPOMBIBATh CKBAKUHY MOJIMMEPHBIMHU,
a He TIMHHUCTHIMHA OypOBBIMH pacTBOpaMH. PacTBOPEI Ha yIiIeBOJOPOIHOI Oc-
HOBE BOOOIIE HE peKOMEH/1yeTCs IPUMEHATH JUIsl ppe3epoBaHus.

3 B

Pucynok 81— Bripe3anue okHa
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Omnepanuyu 10 BBIPE3aHUIO OKHA B 0OcanHOM KonoHHe (puc. 80) HaunHa-
I0TCS CO CIIyCKa M OPHEHTHPOBAHUS N3BJIEKAEMOT0 YUIICTOKA, CO3/AIOIIEro OT-
KJIOHsIoIIee yeuane Ha (pesepst (A). Tloce dukcarmu yurncroka sskopem mpo-
M3BOJMTCS CPe3aHne yAep KHUBAIONEH INHUIBKH, U HEPBBIA (pe3ep BHIpE3acT B
KOJIOHHE OKHO pa3MepoM B HeckodbKo aroiiMoB (B). Crenyromuit dpesep BbI-
TIOJTHSIET OCHOBHOW 00beM padoTHI 110 BHIPE3aHHIO OKHA U CITyCKaeTCs BMECTE C
3JUTNTIICOMIHBIMU (pe3epaMu, KOTOPbIE PACIIUPSIOT OKHO M BBHIPAaBHHUBAIOT €r0
kpoMku (C). ITocie okoHYaHUS BBIPE3aHUS OKHA MPUCTYHAIOT K 3a0ypHBAHUIO
otserBienus (D). Yuncrok ncnons3yercs, utoosl Hanpasuth KHBK u o6opy-
JIOBaHWE JIJIs 3aKaHYMBaHUS CKBaXKWHBI B oTBeTBIeHHE (E). Korma paGotsr B 0T-
BETBJICHIH 3aKOHYEHBI, YUIICTOK MOKHO M3BJI€Yb, OCBOOOJHB JOCTYI K HMXKe-
nexamuM miactam (I u G).

ANbTepHaTHBOH (hpe3epOBaHUIO BCETO MOMEPEYHOTO CEUYEHUS TPYO SBIIS-
eTcsl BBIpe3aHHe OKOH B 00CaJHON KOJIOHHE. DTO TpeOyeT yCTaHOBKU OPHEHTH-
POBaHHOTO YHIICTOKA U (hpe3epOBaHMs OKHA B HECKOJBbKO 3TanoB (puc. 81). Ilo-
CJIe TOro, KaK YMIICTOK YCTAHOBJICH B HY>KHOM HalpaBlICHUH, CPE3aeTCs HIMNIb-
Ka, CoequHsIomas ero ¢ ¢pesepoM mnepBoro sramna. Hauwnaror Bpamarb Oy-
PHIBHYIO KOJIOHHY, U TBEPAOCIUIABHBIE PE3Ibl HAKOHEYHNKA (hpe3epa Bpe3aroT-
csl B CTEHKY 00caJHO kooHHBI. Ha ciemyromiem 3tarne oKHO B KOJIOHHE Tpope-
3aeTCs CNEIMAIBHBIM JIOJIOTOM, KOTOPOE OTXKUMAEeTCs HaKJIOHHOH IIOCKOCTBIO
YHIICTOKA B CTOPOHY CTE€HKH 00CaJHOI KOJOHHBI M OpOo/sI 3a Heto. OKHO pac-
LIMPSIIOT ¥ BBIPAaBHHUBAIOT €T0O Kpasi ¢ MMOMOLIbI0 KOHUYecKoro dpesepa, Hajl KO-
TopbM npsiMo 1o YBT ycranaBnuBaroT oquH mwim ABa (pesepa dIUIUIICONTHON
(opMmEIL.

B cpaBHeHHu ¢ BbIpe3aHueM OKOH (pesepoBaHue 00CaJHON KOJIOHHBI MO
BCEMY IOTEPEIHOMY CEUECHHIO MMEET Psii MPEUMYIIECTB: HUCKIIOUAeTCs] HEOO-
XOJMMOCTh HCIIOJIB30BaHHUSA THPOCKONMHUYECKOT0 KOMIIaca, MMEeTCS BO3MOXK-
HOCTb HauYMHATh HA0Op KPUBH3HEI OJIMKE K 00BEKTY dKCILTyaTaluu, GppesepoBa-
HUE MOXHO BBITIOJHHUTH 32 OAHO aonbienne. C Apyroil CTOpOHBI, IPU BEIpe3a-
HHH OKOH MCIIOJIb3YETCS YHIICTOK, 00ECIIeUMBAIOIIMN IPHHYIUTEIFHOE OTKIIO-
HEHHUE, HO TpeOyIomMii HECKOJIBKHX CITyCKOB TMPOCKOINHMYECKOrO KOMITaca IJIs
opueHTtupoBanus yurncroka 1 KHBK.

Kpome Toro, Bblpe3aHue OKOH TpeOyeT HECKOJBKUX JOJOJICHUH paziaud-
HBIMH (pe3epaMu, a HaOOp KPUBHU3HBI NPHUXOAWTCS HAYMHATH BBIIIE, YTOOBI
pa3MecTuTh cooTBeTcTBYyHoIME AeMeHTsl KHBK.

Kaxkoii 0b1 crioco0 3ape3ku HM NpUMEHsUICS, TOCIe BBIXOAa B TOPOIY 3a
KOJIOHHOH MOSBISIETCS BO3MOXKHOCTH JIOMOJHUTENBHOTO BhIOOpa. Kpome cran-
JTApPTHOTO MCKPUBJICHUS 10 CPEJHEMY pajuycCy, CYLIECTBYET HECKOJIBKO HOBBIX
METOJIOB, KOTOPBIE MOTYT MOBBICHTH 3(Q()EKTHBHOCTh OypeHNsI OOKOBBIX CTBO-
70B. Bypenne ¢ KOPOTKHUM pagrycoM KPHBH3HBI, HCIIOIH30BaHUE KOJIOHHBI THO-
KUX TPYyO M MHOTOCTBOJIbHBIE CKB)KMHBI — BCE OTH BapUaHTBl HYXKAAIOTCSA B
TIIATETHHOM 3KOHOMUYECKOM aHAJIH3e.
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Ipumenenue cubkux mpyo

Hcnonb3oBanne THOKUX TPYO SBISIETCS OHOW U3 HOBBIX TEXHOJIOTHI TIPH
OypeHur OOKOBBIX CTBOJIOB (pHC. 82). DTOT cmocod 0coOEeHHO MpHUBIEKATEICH
TP BBICOKOW CTOMMOCTH MOOMIM3aNuu OypoBoil yctanoBku. Hanbonee s dex-
TUBHBIM TIPUMEHEHHEM THOKHX TpyO sBisercs OypeHne OOKOBBIX CTBOJIOB
ckBo3b HKT ¢ momnepikanueM pe:xuma JIenpeccui B CKBaxkuHe. [ nOkue TpyOsI
I03BOJISIFOT ONlEpaTHBHEE KOHTPOJIMPOBATH COCTOSHUE CKBAKUH C HU3KMMH ILIa-
CTOBbIMH JaBiieHusIMU. OTafgaeT HeOOXOAUMOCTh MOIbeMa TPYO U [UIYIICHHS
CKBa)XWHBI, YTO MTOBHIIIACT IPUBIIEKATEIHHOCTH TEXHOJIOTHH.

€.

PucyHnok 82 — Cxema BeIpe3aHUs OKHA.

Hosrie KHBK st Oypenns ruOKkuMu TpyOaMu yITydIIaloT KauecTBO KOH-
TPOJIS 32 TPAGKTOPHEH CKBaXXMHBI U TMTOBHIIAIOT 3G PEeKTUBHOCTH padoT. OnHa m3
takux KHBK, Ha3BanHas cucremoii VIPER, umeer kaOenbHBII KaHall CBSI3U C
MOBEPXHOCTBIO JUIA Tepefaddl NIEKTPOIHEPTHH W MH(GOPMAINHM M BKIIOYACT B
ce0s1 TelecUcTeMy IS YTIOBBIX H3MEPEeHHH M YCTPOHCTBO Ui TIOBOPOTA
KHBK. Vnpasnsomue 3JeKTPOCUTHAIBI TIEPEIaloTCsl ¢ TIOBEPXHOCTH 1o Kabe-
mo. [lpu OypeHun ¢ aenpeccueld Ha IUIACT, KOTJa MPOMBIBKA OCYIIECTBISETCS
pacTBOpOM, BCIIEHCHHBIM BO3IYXOM HJIHM a30TOM, HEBO3MOXKHO IEPeAaTh HH-
(hopmanuio Mo THAPABIMYECKOMY KaHATy, U €ro 3aMeHseT KaOenbHbIH. B cpas-
HCHHU C THUIPABIMYCCKUM, KaOCTIbHBIH KaHal YBEIMYMBACT CKOPOCTH Tepeaadu
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HH(POPMAIMK Ha HECKOJIBKO MOPSIKOB U MO3BOJISCT YIPABISAThH BCEMH JIaTUHKA-
MU C IIOBEPXHOCTH.

Eme omnum mpeumyimectBom cuctembl VIPER sABnsgercs mnoseliieHue
s dexTuBHOCTH OypeHuss THOKUMHU TpyOamu. Dnextpoasuratens Hany KHBK
YBEITMYMBACT BPALIAIONIII MOMEHT Ha JIOJIOTE H CIIOCOOCTBYET OCYIIECTBICHUIO
HENPEPBHIBHOTO U JJOCTATOYHO TOYHOTO KOHTPOJIS 32 TPACKTOPHEH CKBAYKUHBI.

[TocTosiHHOE MEIUIEHHOE BPALEHHE CIIIAKUBACT TPACKTOPUIO CKBAXKHHBI
u yMmeHblnaeT notepu Ha TpeHue KHBK o cTeHkHM CKBa)KHHBI, YTO TMO3BOJISET
OypHTh CKBOXXHUHBI C OOJILIIIMM OTXOJIOM OT BEPTHKAIN. BO3MOKHOCTh MTOCTOSH-
HO KOHTPOJHPOBaTh 3a00MHOE NaBJICHHE B Ipolecce OypeHUs, MPOMBIBKH H
CITyCKO-TIOJIbeMHBIX Omepalnuii o0ecrieuuBaeT Mojiep kaHne 3aJaHHON Jenpec-
CHUH Ha IUIACT.

Cucmema VIPER c xonounou eubxux mpyo

Cucrema VIPER — sto KHBK ¢ kabenpHBIM KaHajlOM CBS3H, BKJIIOYAIO-
mias B ce0sl anmaparypy Ui 3aMepa HHKIMHOMETPHYCCKHX JTaHHbBIX, €CTECTBCH-
HOTO TaMMa-H3JIy49eHHs, TEMIIEPaTypsl M JaBIICHUS, a TakKe 3a00WHHBIN IBUTa-
TENb-OTKJIOHUTENb C LUPKYJISLUOHHBIM NEPEBOJHUKOM U YCTPOMCTBO ISl OpHU-
eHtanuu ¥ nocrosHHoro Bpamenus KHBK. Muadopmanus ¢ 326058 1 KOMaH/IBI
Ha 3a00# mepenaroTcs Mo Kabemo, KOTOPHIH MPOKAYMBAKOT BHYTPHh KOJOHHEI
rubKux Tpyo.

Cucmembvl 01151 3a0YPUBAHUS HECKOJILKUX DOKOBBIX CMBOI08

IIpy MHOTOCTBOJNILHOM OYpPEHHH HECKOJIBKO TOPU3OHTAIBHBIX CTBOJIOB
pa3MemnaoTcs B OZHOM IJIM HECKOJIBKHX TPONYKTHUBHBIX IDiacTax (puc. 83).
ViydieHue ycioBUi BCKPBITUS TUIACTA U CHIDKEHUE CTOMMOCTH CTPOUTEILCTBA
3a CUeT UCIMOJIb30BAHUS HA3€MHOTO OOOpYIOBAaHMS M CTBOJIA YK€ CYIIECTBYIO-
el CKBa)XKHHBI JIENIAI0T MHOTOCTBOJIBHOE OypeHHE OOKOBBIX CTBOJIOB IPHBIIC-
KaTelabHON TexHonorueil. HezaBucuMo OT uncina GOKOBBIX CTBOJIOB CTOMMOCTh
MTOATOTOBUTEIHHBIX PabOT M CYMIECTBYIONIEH CKBOKUHBI OCTAIOTCS HEU3MEH-
HbIMU. TakuM 00pa3om, 3aTpaTbl HAa CTPOHMTEIBCTBO OJHOTO OTBETBJICHUS B
MHOTOCTBOJIBHOM CKB2KMHE MEHBIIIE, YeM B CKBaXKHHE C OJJHUM OOKOBBIM CTBO-
soM. [oBprmaercss 3¢)(eKTHBHOCTS HCHOIB30BAHUS YCTHEBBIX SUCCK MOPCKOH
JIOHHOHM ITUTHI W SKOHOMHUTCSI CTOMMOCTh OypEeHHsI WHTepBaja, KOTOPBIH yxke
BCKPBIT CYILECTBYIOIIEH CKBAKUHONU. BOKOBBIMU CTBOJIAMH MOYHO BCKPBITH HO-
BbIC, paHee HE BCKPBITHIC 3aJCKH, W JCOUT, MPUXOMANIANACI HA OIHY SYCHKY,
BO3pacTer.
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O ornOT Ay JaBIICHHS U YIIEKTPOHKUKA ramMMa-KapoTaka U IeKTPOHHKA
1

ic]
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U PeyKTOp C MOAIMOHUKAMI

5]

1Hapuup
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DJIeKTPOHNKA YIIpaBIeHHUs

DJIIEKTPOABUTATEIIEM
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3a00WHBII IBUTATEIb-OTKIOHUTETH

yriia HCKPHUBJIEHHUS KOPITyCa ABUTAaTEIIA-OTKIIOHUTEIA |

J

Pucynok 83 — BypeHue ¢ ucnoip30BaHHEM KOJIOHHBI THOKUX TPYO.

TexHOMOTHsT MHOTOCTBOJNIFHOTO OypeHHUs oOeclieunBacT BO3MOXKHOCTH
3HAYUTENIFHOTO CHIDKEHHS CTOMMOCTH U 3aTpaT Ha OypeHHe M 3aKaHUYMBaHUE
CKBA)XMH, YBEJIIMYCHHSI YPOBHS TOOBIYH, a Taroke Oomee appekTnBHOE APEHUPO-
BaHHE KOJUIEKTOPA, YTO TO3BOJIIET PACIIMPUTH BO3ZMOXXHOCTH Pa3pabOTKH KOJI-
JIEKTOpa U YBEIUYUTh U3BJIEKAEMbIE 3aMachl YIIIEBOJOPOAOB IPHU 3HAUUTEIEHOM
COKpAIICHUN CYMMAapHBIX 3aTpaT Ha Pa3pabOTKy MECTOPOKICHHS.
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Hermy6oxo 3aneratonimie
WJTA UCTOIICHBIC TJIaCThI

Msoro-
1aCTOBBIE
3aNeKN

Tpemunnoaras
30Ha

Pucynok 84 — MHorocTBosbHOE OypeHHUEe sl TOBBIICHHS JOOBIYH.
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