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IMPEINCJIOBUE

OObemMbl TOTPEOJICHUS]T MHUHEPAIBHOTO CHIPhS BO3pPACTalOT, YTO
IpelonpenensieT yBeIMUYeHHEe OObEMOB T'e0JIOrO-pa3Be/IOUHbIX padoT,
MJIaHOMEPHOE, SKOHOMUYECKH d(PheKTUBHOE 00eCIIeUeHHE MPOMBIIILICH-
HOCTH pa3BeJaHHBIMU 3amacamu. [lepBocTeneHHas 3amada reosioropas-
BEJIKU — OTKPBITHE HOBBIX MECTOPOXKJICHMM, OMpe/e/ieHne KauyecTBa U
3armacoB IMOJIE3HOT'0 MCKOIMAEeMOro, OIIEHKa re0J0THYECKUX YCIOBUM €ro
3aneranus. [Ipu mpoBeneHWM 3TUX pabOT M3Yy4yalOT 3aKOHOMEPHOCTH
pa3MeIIeHUs] TI0JIE3HBIX HCKOIMAEMBIX, YCIIOBHS HMX 00pa3oBaHUsA, OCO-
OCHHOCTH  CTPOEHHS, BEIIECTBEHHBIH COCTaB, JAlOT  T€OJIOTo-
YKOHOMHYECKYIO OIIEHKY MECTOPOXKIEHHUS U MPOU3BOASAT €r0 MOATOTOB-
Ky K IPOMBIIUIEHHOMY OCBOeHHIO. 1o pesynbraram reosioropa3Benod-
HBIX pa0dOT MPOU3BOAAT MOJCUET, YTBEPHKAAIOT 3aachl MOJE3HBIX UCKO-
MaeMbIX M JAIOT UX MPOTHO3HYIO OILIEHKY. B KOMIUIeKce reosioropase-
JOYHBIX pabOT OypeHHe CKBaKUH COCTaBIISIET, MO Pa3HBIM MCTOYHUKAM,
ot 30 mo 50% 3aTpaT reosiorn4ecKux U3bICKaHuii. Pa3Begounoe Oypenue
B OTOM IIJIaHE SBJISETCS BEAYIIMM Kak 1Mo oObeMaMm, TaKk U M0 MaTepHu-
aBHBIM 3aTpaTaM. B 9TOH CBSI3M COBEPIICHCTBOBAHUE TEXHOJOTHUECCKUX
MPOIIECCOB, OYPOBBIX CTAHKOB M OYypOBOT'O MHCTPYMEHTA MMEET IMEePBO-
CTETICHHOE 3HAYCHHE.
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1. OCHOBHBIE IHOHATHA O ITPOLUECCAX COOPYKEHUSA
CKBAKHUH, CBOUCTBA I'OPHBIX ITIOPO/I
1.1. BypoBasi CKBa:KHHA U €€ 3JIeMEeHThI
bypoBoii ckBaxuHOW (puc. 1.1) Ha3pIBalOT MyCTOTENYIO IUJIMH-
APUYECKYIO TOJOCTh OOJIBIION MPOTSKEHHOCTH, COOPYNKAEMYIO B TOp-
HbIX nopoaax. Ilpu stom guameTrp D, MONEPEUHOE CEUCHHE CKBAKUHBI
3HAYUTEJILHO MEHBIIIE €€ MPOTsHKEeHHOCTH L [1].

Yemee

/

7 1A 74

L(H)

Cmenxa cxBaxuis
Ocy  exBaxuns)

Puc. 1.1. CkBaxxuHa U €€ 3JIEMEHTHI

bokoBast MOBEPXHOCTH ITOM ITOJIOCTH HA3BIBAETCS CTEHKOM, HA4YaJIO
CKBa)XHHBI — YCTheM, a THO — 3a00eM. CTBOJI CKBaXMHBI UMEET OChb, KO-
TOpasi MpeACTaBIseT cCO00 BOOOPAKAEMYIO JIMHUIO, TPOXOASAIIYIO YEPE3
LEHTPHI MTOMEPEYHBIX CEUCHUN CTBOJIA. [[pOEKIHs OCH Ha BEPTUKAIBHYIO
MJIOCKOCTh Ha3bIBaETCA MPOoQuiieM, a Ha TOPU3OHTAIBHYIO TIJIOCKOCTh —
IJaHOM CKBakuHbI (puc. 1.2). PaccrosiHne MexIy ycTbeM U 3a00em
CKBAXXHUHBI XapakTepusyer ee riyouny H wim nnuny ctosia L. Ilome-
pEUYHBIE pa3MEPbl CKBAXKMHBI ONPEAEIAIOTCS auameTpoM ctBosia D. Kak
MOKA3bIBACT ONBIT OYpEHUS re0JOTOPa3BEIOYHBIX CKBAKUH WX TTyOMHA
MOXET OBITh OT HECKOJIbKMX METPOB J0 HECKOJbKUX KHJIOMETPOB. Jlua-
METPBI CKBOKHH MOTYT OBITH OT 26—36 MM 110 1 M u Ooree.

[TomoxeHue CcTBOMA CKBAXUHBI B IMPOCTPAHCTBE XapaKTEPU3YETCS
yTJlaMU HaKJIOHA €€ OCH 1), 4 TAK)KE 3eHUTHBIM 0 U a3UMyTaJIbHBIM 0, YTJIaMU
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(puc. 1.2). [1o a3TuM mapameTpam CKBaKMHBI MOTYT OBbITh: BEPTHUKAJIbHBIC,
pacmoJIOKEHHbIE TTOJT YrioM 1) = 90° K TOpU30HTY; HAKJIOHHBIE, PACIIO-
noxkeHHble 1o yriaoM 0< n <90°, m ropuszoHTanmbHble, KOorma n = 0°.
YcThsi CKBOXKHMHBI MOTYT pPAcHoJiaratbCsi Kak Ha 3€MHOW MOBEPXHOCTH,
TaK U B MOJI3EMHBIX BbIpaOOTKax. B mocneaHem ciydae OHM Ha3bIBAIOTCS
noa3emMubiMu (puc. 1.3). B 3Tom ciiyyae BepTUKaJIbHBIC WJIM HAKJIOHHBIE
CKBa)XMHBI HAIPaBJIIEHbl BBEPX OT JIMHUU TOPU30HTA, IMO3TOMY OHH
HAa3bIBAIOTCA BOCCTAIOIIMMH. Y CJIOBHO YIOJI HAKJIOHA TAKUX CKBAXKHUH
MIPUHUMAETCS CO 3HAKOM MHUHYC (— 7).
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Puc. 1.2. CxemMa mpoCTpaHCTBEHHOI'O MOJIOKEHUSI CKBaXXUH, CO-
OpPY’KaeMbIX C MIOBEPXHOCTH 3€MIIU

[Ipu OypeHun CKBa)XMH OOJBIION MPOTSHKEHHOCTH WX CTBOJIBI Ya-
CTO HE OCTAIOTCSl MPSMOJUHEHHBIMU, a MPUOOPETAIOT KPUBOJIMHEHHYIO
dopmy (puc. 1.4). Och TakKMX CKBOXUH UMEET BUJ KPUBOM JIMHUU, U30-
THYTOM B OJHOM ITOCKOCTH WM B OpoCTpaHcTBE. OCh HCKPUBICHHON
CKBQ)XUHBI MPUHSATO HA3bIBATh TPACKTOPUEH WM TPACCOM CKBAKUHBI.
[Ipouecc M3MEHEHUsI MPOCTPAHCTBEHHOI'O MOJOXEHUS CKBAXKUH HOCHUT
Ha3BaHUE — MUCKpUBJIIeHHE. IHOrAa B Te0J0ropa3BeOuHOM OypEeHUH CY-
IIECTBYET HEOOXOJUMOCTh B HCKPUBJICHUU CKBAXKUH B JKEJIAEMOM
HarpaBiieHuu. Takoil Buj OypeHus Ha3bIBACTCS HANPABIEHHbIM.
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Puc. 1.3. CxeMa npocTpaHCTBEHHOT'O TMOJIOKEHUSI CKBAYKUH, COOPYXKa-
€MBIX U3 TIOJI3EMHBIX BBIPAOOTOK: 1 — rOpU30OHTaNIbHAS; 2 — HAKJIOHHAs BOC-
XoJsmas; 3 — BepTUKaIbHAs BOCXOjdIas (BoccTaromias); 4 — HaKJIOHHas
HUCXOJIAIIast; 5 — BepTUKaIbHas (HUCXOAIIAs); 6 — py/IHbIE TeIa

MTnay cxBawiis

&

Puc. 1.4. IIpoexkuuu Ocu HUCKPUBISIOMIMXCS CKBAXXHH HA BEPTH-
KUIbHYIO Y TOPU3OHTAIBHYIO IUIOCKOCTH C HA4YaJbHBIM YIJIOM HAKJIOHA:
n=90° n<90°
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B 3aBucHMOCTH OT MPOCTPAHCTBEHHOTO TMOJIOKEHUsI CTBOJIA CKBa-
’KUHBI TJTyOUHA PACTOJIOKEHHS ee 3a00s o BepTUKaIM H MOXeT cylile-
CTBEHHO OTJIMYAThCS OT JUIMHBI CTBoJIa L 1o ero ocu. Ecim mist BepTu-
KaJIbHBIX CKBXHUH H = L, TO 1Ji1 HAKJIOHHBIX U TeM 0oJiee sl UCKPUB-
JICHHBIX TITyOnHa H BCcerJia MEHBIIE IJTUHBI CTBOJA L.

Coopyoicenue ckeadxdcuH — CIOXKHBIA TPOLIECC, MPU KOTOPOM BbI-
MOJIHSIETCSL Pl OMEpalMii C HCIOJb30BAHUEM TOPHBIX MAIIKH, TMOTY-
YUBIINX Ha3BaHUe Oyposas ycmanoska (puc. 1.5) [2].

Puc. 1.5. bBypoBas ycranoska CHRISTENSEN (CS)

B nporiecce OypeHus CKBaKuH OypOBOM yCTAaHOBKOM BBITTOJTHSIOT-
Csl Omepalliy, CBsI3aHHBIC C pa3pyIICHHEeM Topojbl Ha 3a6oe. [Ipu sTom
MPUMEHSIOTCS JBa BapuaHTa OypeHHs Te0JIoropa3BelOYHBIX CKBAKHH:
oeckepHoBoe Oypenue (puc. 1.6, a) U KOJTOHKOBOE (KepHOBOE) OypeHue
(puc. 1.6, 6). CoOcTBeHHO OypeHHE CKBXKHWH 3aKJIIOYAeTCsS B pa3pyllle-
HUU MOPOABI Ha 3a00€ U yaJleHUH TPOyKTOB pa3pyIlIeHUs], B pe3yJIbTa-
T€ 4ero OpMHUPYETCs CTBOJI CKBXKUHBIL. ITOT MPOLIECC COMPOBOKIACTCS
3aKpEIVICHUEM CTEHOK CTBOJIa M BBIMIOJHCHHEM CITYCKOIOIBEMHBIX H
JIPYTUX BCIIOMOTATENBHBIX OIepaluidi, 0€3 KOTOPBIX HENb3sd YIIyOuTb
CTBOJI CKBakMHbI. Kak BUAHO U3 puc. 1.6, B o Mepe yBEeITUYEHUs IJTUHbI
CKB)XHHBI €€ TUaMeTp YMEHbImaercs ¢ Dj, 10 D;, 4TO CBSA3aHO ¢ HEOO-
XOJMMOCTBIO KPEIIJICHUS CKBAKHUHBI [3].

Ha puc. 1.7 npencrtaBieHbl THUIIOBbIE KOHCTPYKIIMH HHXECHEPHO-
I'COJIOTHYECKUX CKBAXHWH Mayioro auameTrpa. KOHCTpyKIMHM CKBa)KUH
I, IT u I1I TumioB 3aBucAT oT ee riayounasl: 7—10 m; 10-30m u 50m [4].
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Puc. 1.6. DneMeHThl OYypOBOW CKBaXKUHBI: a — MPU OECKEPHOBOM
Oypenuu; 6 — Ipu KOJIOHKOBOM OYpPEHHH; B — DJIEMEHTHI CKBOXKHHBI; 1 —
yCThe; 2 — CTEHKH; 3 — 3a00ii; 4 — KepH; 5 — CTCHKH CKBa)XMHA, 3aKPeIl-
JeHHBbIE 00caaHbIMKU TpyOamu; L — juymHa ckBaxkuusl, D, D, D,, D3 — nua-
METPbI CTBOJIA CKBAKUHBI
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Puc. 1.7. TunoBele KOHCTPYKIIUM WHAKEHEPHO-T€OJIOTUUECKUX CKBa-
KUH MaJIOTO IMaMeTpa: a, 0, B, T, 1 — PYIIIIbI CKBAXKUH; | — CKBaXKMHBI WX
JacTH CKBaKWH, OypeHHEe KOTOPBIX OCYIIECTBISICTCS 0€3 KperieHus 00-
CaJIHbIMU TpyOaMu; 2 — TO K€, C KpPEIJIeHUEM 00CaIHbIMU TpyOaMu
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Kak BUHO U3 pUCYHKA, CKBKUHBI MOTYT MPOBOAMUTHCS 0€3 KPETUICHUS
U C KpeIUIeHuEM 00CaTHBIMU TPyOaMHu.

Takum oOpa3oM, BCE BBHITIOJIHSIEMBIE TPH COOPYKECHUU CKBAKUH
paboThl MOXKHO pa3/IeIuTh Ha OCHOBHBIE, CBsI3aHHBIE ¢ (HOPMUPOBAHUEM
CTBOJIa, BCIIOMOTaTEIbHbBIC M CIleHaIbHbIe. K OCHOBHBIM BHIaM OTHO-
csiTCs pabOThI, CBSI3aHHBIE C TIPOIIECCOM OYPEHHS U 3aKPETUICHHUS CTEHOK
CKBaKHUH.

[Ipu OypeHHH CKBaXHH OOJIBIIOW MPOTSKEHHOCTH HEOOXOIUMO
COOpYKaThb OYP0OBOU KOMNIEKC, BKIOYAIONIUKA: OypOBYIO BBIIIKY, Oypo-
BOE 3JIaHHUE, II0JICOOHBIC M OBITOBBIE ITOMEIIICHHUS.

1.2. ®u3uKo-MexaHNM4YeCcKHe CBOIICTBA TPYHTOB

B mupokoM cMmbICiie MOJ TPYHTOM IMOHUMAETCS! pbIXJiasi TOpHAas MO-
pOJia, KOTOPYIO OTIMYAET OT CKAIBHBIX KPEMKUX MOPOJ pa3apOo0IeHHOCTh
U JIMCIIEPCHOCTh. B cocTaB IpyHTOB BXOJSAT TPU TPYMIbl JIEMEHTOB:
TBEPJIbIE MUHEPAIbHBIE YACTHI[bI, OPraHO-MUHEPAJIbHBIE COCIUHEHUS,
BOJIa M ra3oo0pa3Hble BKIIOUYEHHUS. TO €CTh IPYyHT MPEJCTaBISIET COOOM
TPEXKOMIIOHEHTHYIO CUCTEMY, CBOMCTBA KOTOPOM 3aBUCST OT €€ COCTaBa,
MIPOUCXOXKJICHU U APYyTux (akTopoB. TBepable MUHEPAIbHBIE YaCTUIIBI
IPYHTOB IPEACTABISIOT COO0M pa3zHOOOpa3Hbie Mo Ghopme, pa3mMepy U Co-
CTaBy 3€pHa, YacTullbl. [10 UX KpymHOCTH TPYHTHI pacOpeesaOTCs Clie-
ayomuM obpazoM: | — BBICOKOTUCHIEPCHBIC TIMHUCTBIC, COJCPKAIINE
cebilie 50% rnumHucThiXx yactul] pazmepom 0,001-0,005 mm; II — nepe-
XOIHBIE OT TJIMHUCTBIX K MbUIEBAThIM ¢ pazmepoB yactull 0,005-0,01 mwm;
I — meimeBatwie, comeprkantue 6omnee 50% gactury pazmepom 0,01-0,05 mwm;
IV — necuansle, conepxaiue 0onee 50% yacTuil U 3€peH MecKa pa3Me-
pom 0,05-2,0 MM [4]. Boga B rpyHTe€ MOXKET HaXOJIUTHCS B CBOOOJHOM
WIN CBSI3HOM cOCTOSIHUSX. CBsi3Hash BOJA MPENCTaBIsICT COOOM TOHKHE
MJICHKU, KOTOPHIMU OKPY>KEHbI MUHEpaJIbHBIE YacCTHUIIbI TpyHTa. [ pyHTHI
KJIACCU(PUIIUPYIOTCSI HA HCKYCCTBEHHBIC (HAMbIBHBIC, HACBIMHBIC), OCa-
JOYHBbIE HECKaJIbHbIC (TECUaHbIE), OCAJ0YHbIC MOJIYCKAJbHBIE, a TaKkKe
CKaJIbHble (MarMaTU4yeckue, MeraMopuueckue, ocaaounbie). Marmartu-
YECKHE CKAJIbHBIC MOPOJIbl BKIIOYAIOT T'PAHUT, TUOPUT, CUEHUT, radopo,
JUNApUT, aHJE3UT, TpaxuT U OazansT. K MeTaMoppuyecKuM CKaJbHBIM
MOpPOJIaM OTHOCSITCS THEWC, KBapIUT, (PUIUIUT, TIIMHUCTBIN CJIaHEI], pOro-
BUK, CKapH, MpaMop, MUJIOHUT. OcaJlouHbIE CKaJIbHBIE MOPOJIbI MPEICTAB-
JIEHBI JI0JIOMHUTOM, U3BECTHAKOM, a OCAJI0YHbIC MOITYCKAJIbHBIE TPYHTHI —
MepresieM, MEJIOM, TUaTOMUTOM, TTECYaHUKOM, aJIEBPOJIUTOM, apTUJUTUTOM.
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1.2.1. dusnyecKkue CBOMCTBA TPYHTOB

K ¢usnueckuM CBONCTBAaM TI'PYHTOB OTHOCSATCS: IUIOTHOCTH Y,
BJIAXKHOCTh W. IIJIOTHOCTBIO TpyHTa Ha3bIBalOT MAaCCy €IUHUIIBI €ro
ob0bema. BiaXHOCTBIO TPYHTA — OTHOIIIEHHE MAacChl BOJBI K Macce BbI-
CYIIEHHOI'O TPYHTA.

[ImoTHOCTP TpyHTa uU3MeEHsAETCS B MMpokux npenenax: (0,5—
3,0)'103 KT/M. Jl71s1 TIeCKOB OHa paBHA (1,3—2,65)'103 KT/M , IS TJIMH —
(1,2—2,78)‘103 KD/M’ , JUTS1 TIECUAHUKOB — (2,0—2,9)‘103 KD/M® , IUTst aJIeBpO-
JIUTOB — (1,8—2,8)'103 Kr/M , st aprujIJIMTOB — (1,7—2,9)’103 KO/M’, IUIst
MpamMoOpoB — (1,8—2,8)'103 KI/M°, JUIS U3BECTHIKOB — (1,8—2,9)'103 KT/M".
BiiaxxHocTs rpyHTOB M3MeHseTcs B npeaenax ot 0 go 3,0 [4].

1.2.2. MexaHn4eckue CBOMCTBA HECKAJILHBIX TPYHTOB

K MexaHW4YeCKMM CBONCTBaM I'PYHTOB OTHOCSITCS: yJEJIBHOE CIIEII-
nenue C,, yroja BHyTPEHHETO TpeHUs ¢, , Moayib Aedopmanuu E.

VYenvHOE crerienue 11l TBeporo rpyara C, 10°=1 I1a, g no-
ayteepaoro — 0,6 ITa, mis msarkormactuadoro — 0,2 Ila, mmsa Texyderuia-
ctuudoro — 0,1 Ila, a mus Texydero rpynra — 0,05 ITa. CyrnuHkr UMEIOT
yaenbHoe conpoTtusiienue C, 10° = (0,12-0,47) Ila, a rauasl — C, 10° =
(0,29-0,81) ITa. Yroa BHYTpEHHETO TPEHUS ¢y, 151 CYTJIMHUCTBIX U TJIMHU-
CTBIX TPYHTOB COCTaBJsieT 6—26°. MeHblllee 3HaUCHHE I TEKY4ero, a
Oosblliee JUIsl TBEPJOTO COCTOSTHMM TPyHTOB. Monynb nedopmanmu st
CYIIHHHECTBIX M TIIMHUCTBIX pyHTOB E' 10° = 50-340 ITa.

1.2.3. MexaHn4eckue CBOMCTBA CKAJILHBIX TPYHTOB

CxopocTb OypeHUs pa3BeIOYHBIX CKBAXUH B 3TUX I'PYHTaX 3aBUCHUT
OT MEXaHUYECKUX CBOMCTB MOPOJI: YIPYTHUE CBOWCTBA, BDEMEHHOE COIPO-
TUBJICHUE CXKATHUIO, TBEPAOCTh, aOPa3UBHOCTD, MNIACTUYHOCTD, XPYIIKOCTb,
TPEUIMHOBATOCTD U JIP.

YHpyroctb — OCHOBHOE MEXAHMYECKOE CBOMCTBO TOPHBIX MOPOJ,
XapaKTepU3yIoIIee ClIOCOOHOCTh TPYHTa COMPOTUBIISTHCS U3MEHEHHIO €TI0
dbopmbl U 00BbEMA TIOJ IEUCTBUEM CHJI, BBI3BABIIUX €ro Jedopmarnuio. K
MEXaHUYECKUM CBOMCTBAM 3THUX I'PYHTOB OTHOCSTCS: MOAYJb YIPYTOCTH
FOnra E, xoaddunuent Ilyaccona p, koncranrta Jlssme A, Moayib caBura
G, penest MPOYHOCTH MOPOJ HA OJJHOOCHOE CIKATHUE Gy

3Ha4YeHUsI MOMYJISl YIIPYTOCTH NEPBOro poaa E 10", Tla mms HexoToO-
pBIX MeTaMOp(PUUECKUX, 0CaI0YHBIX MOPOJ MpUBEACHBI HIKe. KBapiuT —
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(7,5-10); 6azanbt — 9,7; mpamop — (3,9-9,2); uzBectusk — (1,3-8,5); nec-
yanuk — (7,3—7,8); rpanut — (6-9,42) [4].

JHaunubie o mapameTpy koddduiinent IlyaccoHa BBITISIAAT Cleay-
oM oopazoM. Ilecuanuk — 0,33; kBapruronecyanuk — 0,1; mpamop —
(0,34-0,4); uzBectnsik — (0,19-0,33); yromas (0,14-0,16).

CyIIeCTBEHHOE BIHUSHHE Ha Pa3pyllaeéMOCTb TOPHBIX TMOPOJ MpU
OypeHHHU OKa3bIBaeT TAKOU MOKa3aTelIb, KaK COMPOTURIAEMOCTh CXKATHIO.
JUTst KBapIUTA Oy '10° = (2940-4900) ITa, 115t rpanuta — (2940-4900) Ia,
s u3BectHsaka (1000-2000) ITa, niasa mecuanuka (2000) Ila, pis mpa-
Mopa (980) I1a.

BakHbIM TOKa3aTesieM TPYHTOB SIBJISETCS «OYPHUMOCTBY». ITO KOM-
IJICKCHAs XapaKTepUCTHUKA, 3aBUCSIIAS OT TBEPAOCTH, aOpa3MBHOCTH,
TPENTMHOBATOCTH, INIOTHOCTH, BIIAYKHOCTH, CIICTUICHUS, YTIj1a BHyTPEHHE-
ro TPEHUs, MPUMEHSIEMOI0 MHCTPYMEHTa U JIpyrux ¢akTopoB. B kaue-
CTBE KOJMYECTBEHHOI'O TOKa3aTeNsl «OypUMOCTH» MPUMEHSIOT MEXaHH-
YECKYI0 CKOPOCTh OypeHUus. Bypumocmvto 2OpHbIX NOPOO HA3bIBACMCS
CKOPOCHIb NPOOBUNCEHUS 3A0051 CKBANCUHBL 3 8peMsL uucmozo Oypenus. B

COOTBETCTBUU C OyPHUMOCTBIO BCE TPYHTHI MOJAPA3ACISAIOTCS Ha T'PYIIIBI
(tabm. 1.1-1.3) [4].

Tabmuma 1.1
Krnaccuduxkaiysi ropHbIX OpoJ 1o OypUMOCTH
IS IITHEKOBOT'O OypeHus
Bpewms
Kareropus P
YHCTOrO
TOPHBIX ITopozer Syperms
11opot 1M, MUH
PacturenbHbiii c0ii ¢ HEOOJNBIION NPUMECHIO TPaBUS JI0
1 0 0,8
10%. MnoBarelie nopogpl. [lecok. CyrimHOK.
1 [lecyaHO-IIIMHUCTBIE TOPOBI C MpUMEChiO rpaBust 10 10%. 15

['yunbl utactuuHeble. [lecku cpetHen IIoTHOCTH.
[lecyaHo-rMUHUCTBIE TOPOJIBI C IPUMECHIO IPaBUsl, IEOHS OT
I 10 no 30%. IlomyTBepable INIMHBIL, CYIJIMHKH, cyrecH. Mei 2,0
cnalpiid. Cyxue necku. Yromib Oypbli.

[lecyaHo-rmUHUCTBIE MOPOABI C MPUMECHIO TPaBUs, IIECOHS

oomnee 30%.

v TBepaple TTMHBI, CYTIIMHKY, CyTiec. [ umc. Yroip KaMEeHHBIH. 4,1
Comp kameHHas. M3BecTHSK-paKyleuHuK. Mep3iblil MECOK,
CYIIMHOK.

\Y Becbma tBepapie mepaibie rvHbL [lecuanuk. Jlen. 7,2

MCp3J'IBIC TaJICHHUKH C I'NTMHKUCTBIMHK WMJIM IICCYAHBIMUA 3aI10JI-

12,7
HUTEISIMA. TBEpbIE INIMHBI C BKIIKOYEHUSIMU JJOJIOMUTOB. ’
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Ta6muna 1.2
Knaccudukarwsi ropHbIX Opo/ 0 OypUMOCTH
JUIS1 BPAIIATEIIbHOIO OYpEHUsI CKBaXKUH
Hopma

yIIIyOneHust
Kareropust sal4,Mmpu
TOPHBIX [Topone! rITyOHHe, M
Hopoa o | 300-
300 | 600

I Pacturenphblii cnoit. Perxibie nopoapl. CyrimHOK. I uHbI Te- 27| 152

Ky4He. ’ ’

I Cyrmiecu, CYTTIMHKH € IPUMECKIO Talibku, meOHs 10 20%. [ uHbI 108 | 725
TyromiactTuusble. Men tepapiid. KameHHas cosb. ’ ’

I [lecyaHO-TTIMHUCTBIE TIOPOABI C MPUMECHIO TATBKH U IICOHS
cebite 20 %. IlomyTBepaple MMHBIL, CYIIMHKH, cynecu. Men 57 38
cnaOpii. Cyxue mneckd. YToib KaMeHHbIM ciadbiif. Bypsri | 7 ’
yroib. V3BecTHAK-paKyIIeuHuK. AJIEBPOIUTHI CI1ab0CIIEMEHTH-
poBaHHbIe. MapraniieBas pya.

v Mepaibie iecku. AJeBpoauThl IUIOTHBIE. | iHbI TBepabIe. [lec-

YaHUKH IIMHUACTBIE. KamenHas conb. Kamennslii yrons cpenneit | 3,35 | 2.4
TBEpOCTU. Bypblil yrosb kpenkuid. CraHIbl ITTMHUCTHIE.

\Y ["ane4nuK, CBA3aHHBIN MNIMHACTBIM MaTepraioM. Mepanblii re-

COK. AJIEBpPONMUTHL. ApPrusumThl. [JIMHBI apruiumTononodHsie. | 2,25 1,6
W3Becthsiku. Mpamop. Jlonomutsl. CriaHiipl.

VI Iymuel  TBepmple,  mepsnble.  [lecyaHuku — KBapLEeBO-
M3BECTKOBUCTBIE. AJIEBPOJIMTHI C BKIIOUEHMAMHU KBapua. M3- | 1,5 1,1
BECTHSKU IUIOTHBIE. J{0JOMUTBI MI0THBIE. CIaHIbl TTIMHUCTBIE
Y KBapLIEBO-XJIOPUCTHIE. ATIATUTHI.

VII [aneuynuk. 1lleGenn. Ilecuanuk kBapiieBbid. J[OMOMUT OuYeHb 115 | 0.85
wIoTHBIA. CraHIbl clabOKpeMHEBbIE. | paHUThI, CUEHUTHI, Ta0- | ’
OpO M3BEP)KEHHBIC TIOPO/IBI.

VIIL Jonomutel  OkBaproBaHHbIE. (OKpPEMHEHHbIE  W3BECTHSKU.
OxpemuenHble cranipl. bazanbtel, nuabasel. Kapimrsl. bokcu- 07 | 055
TBL ’ ’
N3BecTHsiku okpemMeHeHHble. CriaHipl KpeMHUCTbIE. KBapLuThl

IX MarHeTuTOBbIE. KBapIIbl CO 3HAUUTENIBHBIM COJEPKAHUEM KOJI- 042 | 035
yeJlaHa. ’ ’

X Ilecyanuku kBapueBble. KBapuursl 3epHUCTBIE. MemKo3epHU-
cThle rpaHuThl. MarneruToBble 1 MaptuToBble pyasl. Ksapm | 0,25 | 0,21
KWIBHBIN. J{lnaba3pl. Anne3uThl. ba3anbTel HeEeMHOBEIE.

XI Crnanupl KpeMHUCTBIE AIMOBHAHBIE. KBapiumTel. KopyHaoBbie 017 | 0.14
nopoJibl. He 3aTpoHyThIE BEIBETpHBaHHEM 1a0a3bl, 0a3aIbTHI. ’ ’

XII He 3aTpoHyThie BbIBEeTpHBaHMEM KBapuuThl, KopyHaoBbslie | 0,05 | 0,05
OpOAbI
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Tabmuma 1.3
Krnaccuduxkarysi ropHbIX MOpoJ 1o 0ypuMOCTH
IUIS1 YAApHO-BUOPAITMOHHOTO OYpEHUs CKBaKHH TITyOHHOM 420 M

Bpewms
Kareropus P
YHUCTOTO
TOPHBIX IToposer

HOPOT OypeHust
p 1M, MUH
I ITouBeHHEII CIT0M, YepHO3eM, TOpd. 0,4-1,6
1 PacturensHblii 10l ¢ HEOOJNBINION TMPUMEChIO TpaBUS 0 0.6.2.4

10%. I'munbl mactuunbie. [lecku cpeHeit mioTHOCTH. T
1 [TosyTBEepAbIEC MHHBI, CYIJIMHKH, CYIIECH. C IIPUMECHIO I'pa- 0.9.3.6

7

Bus, 1eOHst ot 10 10 20%. Men cpenHelt miIoTHOCTH.

IlecyaHO-TIIMHUCTBIE IJIACTHYHBIE TIOPOJIBI C IIPUMECHIO T'Pa-
Bus, 1m1e06Hs o1 20 10 35%. Trepapie cyrmunaku, cynecu. Cia-
v Obie apryThl. [lopucThiii M3BECTHAK-paKyieynuk. TBep- | 1,8-7,2
Il Mel. MSrknii KaMeHHBIA yrosib. Mep3nble INIMHBL, Cy-
TJIMHKY, CYTIECH.

Ha nokazaresns «0ypuMOCTh» CYILIECTBEHHOE BIMSIHUE OKa3bIBACT AHU-
30TPONHOCTb TOpHBIX Nopox [1]. Iloo anuzomponnocmvio nonumaemcs
CNOCOOHOCMb MEEPObIX Mel UMeMb PA3Hble CEOUCMBA 8 3A8UCUMOCTNU
om Hanpasienusi. ITO OOBACHIETCS, MPEXKAE BCEro, KPUCTALINYECKUM
CTPOEHUEM TOPOJ000PA3YIOIINX MHUHEPAJIOB, Y KOTOPBIX CTENEHb IMPO-
SIBJICHUS CBOMCTB B pa3HbIX HAIPaBJICHUIX KpUCTAJIOrpauyeckoil pe-
meTKH pasznuyHa. OpUEHTUPOBAHHOE PACIIONIOKEHHE TAaKMX MHUHEPATIOB
ONpENIEIAECT aHU30TPOITHOCTh U CAMUX IOPO/I.

AHH30TPOMHOCTh CUJIbHEE MPOSIBISIETCS Y MOPO/, CIOKEHHBIX MU-
HEpaJlaMHi, UMEIOIIMMH BBITAHYTYI0 HUIOJbYaTYI0, IUIACTUHYATYIO WIIU
yeuryiuatyro popMy M pacrnonararoiuxcs B apauienbHbIX MIOCKOCTSX.
[Topoasl Takoro posa 001a1al0T CIOCOOHOCTHIO 00JIEE JIETKO pa3pylliaTh-
Csl BAOJIb CIIOEB C OPUEHTUPOBAHHBIM PACIOJIOKEHUEM MUHEPAIbHBIX 3€-
peH. B OThenbHbIX Cilydasx MJI0OCKOCTH aHU30TPOIIMU MOTYT HE COBIAAATH
C IUTOCKOCTSAMHM HAILIACTOBAHUS TOPOJIBI.

Crnenyer OTMETUTh, YTO aHU30TPOIHOCTh CBOWCTB MOXET MPOSIB-
JATHCS HE TOJBKO Y CIOMCTBIX MOPOJ, HO U Y MOPOJ, C SBHO BBIPAKEH-
HOW, OPUEHTUPOBAHHON CUCTEMOU TpELIMH. TPEelurHbl IPU ITOM MOIYT
OBITH MPEACTABJICHBI KaK CJIOW, UMEIOIIHNE HYJIEBYIO TBEPAOCTh. AHU30-
TPOIHOCTh TOPHBIX IOPOJ OLEHHWBAETCS MPU3HAKAMU: JIMHEWHOCTHIO,
CJIAHIIEBATOCTHIO, OTJIEIbHOCTHIO, TPEIIUMHOBATOCTHIO.
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Haunbonee 00BEKTUBHBIN METOJ] OLIEHKU aHU30TPOIHOCTU MOPOJT —
ONPENCIICHUE HMX MEXAHWYECKUX CBOMCTB B Pa3HbIX HAIPaBJICHUIX
(MOAYJIb YIPYTOCTH, COMTPOTUBIICHUE MOPOJIbI Pa3pyIICHUIO, TPOUYHOCTb,
TBEPAOCTh U T.1.). IIIMPpOKO HMCHOJIB3YIOTCS HEpa3pyILIAOIIUE METO]IbI
onpeJieNIeHUs aHU30TPOINUU TOPHBIX MOPOJ (YIbTPAa3BYKOBOM, AJIEKTPH-
yeckui, Tepmuueckuii). Ilokazarenem aHU30TPONHMM BO BCEX METOIAX
ABJISIETCSA COOTHOIIEHUE TMOJIy4Ya€MbIX BEIIMYMH B JIByX HANPABICHUSIX: B
IUIOCKOCTAX, IApaJUICIbHBIX IUIOCKOCTH, B KOTOPOU OPHUEHTHUPOBAHBI
MUHEpaJIbHbIE 00pa30BaHUS; B MIIOCKOCTAX, MEPICHAUKYIISPHBIX K HUM.
[Toka3aTresb aHU30TPOITUU IIPU 3TOM ONPEAEIAECTCS U3 BBIPAKEHHUS

A=CL/C,, (1.1)
rne CL u C,, — mokasareiad CBOWCTBA, ONMPEIEISIEMOro B Iapaj-
JIETTbHOM Y MEPHEHIUKYIIIPHOU TIITOCKOCTSX.

B Tabin. 1.4 npuBeneHbl JaHHBIE ONpPEACIICHHS MOKa3aTessl aHU30-
TPONUU TOPHBIX MOPOJ PYAHOTO MOJIsS pa3nuyHbiMU MeTogamu (o B. /1.
Jlapuonosy) [1].

Tabnuma 1.4
IToka3aTenb aHU30TPOIIUU
I'opnas nopona 10 TEII0- 110 pactipocTparie:
110 TBEPJIOCTH HUIO YIPYTUX
MIPOBOTHOCTH

BOJIH
AJIEBpPOJIUT 1,22 1,25 1,16
AneBpoOIUT
YIJIUCTO- 1,17 1,19 1,15
TJIMHUCTBIN
Ty kucnioro co- 1,35 1,39 130
cTaBa
Tyd cmemannoro 122 122 1.25
cocTaBa
Tyddut kucmoro 1,43 123 1,69
cocTaBa
Tybgur cmeman- 1,44 1,42 1,48
HOTO COCTaBa
AnpOurodup 1,06 1,00 1,04
Jnab6a3 1,05 1,00 1,12
["a66po-anabas 1,09 1,08 1,06
Cepupr- 1,35 1,34 1,36
KBaplieBasi Iopoia
Cepunur-
KBapLEBbI  Cia- 1,26 1,24 1,26
Hel
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Haubonee sipko aHU30TPOITHOCTH CBOMCTB BBIPaXKE€HA B CJIOUCTHIX,
CIaHLEBAThIX, OPOJIaX, YTO BUIAHO BU3yalTbHO. AHU30TPOIHOCTH TOp-
HBIX TOPOJ MPUMEHUTEIBLHO K MpOlecCYy OYpeHUs CKBaXUH HamOoJiee
MOKAa3aTeIbHO OMPENENAeTCsS 0 IBYM MEXaHUYECKUM CKOPOCTSIM Oype-
HUSI VLU V| .

[Ipy 3TOM yCTaHOBJIEHO, YTO CKOPOCTh OYpE€HHsSI B HaIlpaBJICHUH,
MEPHEHANKYIISIPHOM K IIIOCKOCTSAM JIEIMMOCTH, OTAEJIbHOCTH WU CJaH-
L[EBATOCTH MOPOJT VL BBIIIE, YEM B HANPABICHUH, MAPAJIIETBHOM UM V|, .
KonnuecTBeHHBIN MOKa3aTellb aHU30TPOIUH ONPEETUTCS U3 BBIPAKCHUS

A=vL, v, (1.2)

AHaJIOTUYHBIM 00pa3oM, TOKa3aTelb aHU30TPOIUU MOXKET OBITh

HalJIeH IO MUHUMAJIbHOU V,,;, | MAKCUMAIBHOM Vppa CKOPOCTSM OypEeHUS
A= Vimax /Vmin (1 3)

BeMUYUHBI Vo U Vi SBISIIOTCS. BEKTOPAMHU, 10 3HAYEHUSIM KOTO-
PBIX MOKHO ITOCTPOUTH BEKTOPHYIO AUArpaMMy UMEHIy0 GopMmy Om3-
KYIO K BJUIMIICY C KOPOTKOM Vi, U JUIMHHOM V. ocsimu (puc. 1.8) [1].
DOTH MIIOCKOCTH HOCST Ha3BaHUE TJIABHBIX IJIOCKOCTEH aHU30TPOIIUHU T10-
poabl. [Ipu paBeHCTBE 3HAUEHUN V BO BCEX HAIPABJICHUAX BEKTOpPHAs
auarpaMma npuoopeTraet GopMy Kpyra ¢ paguycom, PaBHBIM Vi, IJTa
IJIOCKOCTh SIBIISIETCSI 2/IA8HOU NIAOCKOCMbIO uzomponuu. B 3ToM 11ane
BCE MOPOJIbI ACNATCA Ha TPU TPYIIIbL: TPAHCTPOIHBIE, OPTOTPOMHBIE U
W30TPOITHbIE.

Tpancmponnvie TOPOJBI UMEIOT B OJHOU TNIABHOM IIJIOCKOCTH OU-
HAKOBBIE 3HAUCHMSI MOKAa3aTessi CBOMCTBA BO BCEX HAMPABJICHUSIX, a B
IBYX APYrux passbie (puc. 1.8, a).

Y opmomponuvix TOPOJ IIOKAa3aTeJaud CBOMCTBA OTJIMYAKOTCA BO
BCEX TPEX INIaBHBIX INIOCKOCTSX, KaK MOKa3aHo Ha puc. 1.8, 0.

AT S fer

S: (/)
7 7 L
| B e

NN
VAN
NN

/ca”i)

A

Yr
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NN -

r - L
Uy =Uz # Uz U #U5 #U5

Puc. 1.8. CxeMbl pacnoyIO)KEeHUS TJIABHBIX IUIOCKOCTENW aHU30TPO-
[IUU TOPHOU TTOPOJBI

7 -
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H30mponnvie TOPOIbI UMEIOT OJUHAKOBBIN MOKa3aTeNb CBOKWCTBA B
J1000M HaIPaBJICHUH BO BCEX TPEX IMIOCKOCTSIX.

B oOiiem ciydae mopojibl UMEIOT JIBE IJIaBHBIE MIIOCKOCTU aHU30-
TPONIMU U OJHY IUIOCKOCTh M30TPONUHU (Kak MokKa3aHO Ha puc. 1.8, a).
Y4uuTeiBas, 4TO AJ1 aHU3O0TPOIHBIX TOPOJ VL >V, TOKa3aTelb aHU30-
TponHOCTU A OyJeT Bcerja OOJIbIlle €IUHMIIBI, a JJIsi U30TPOMHBIX MPHU
VL =V, OH paBEH CINHUIIE.

Takum 00pa3zom, MakCUMaJIbHOE CONMPOTUBIICHUE MOPOJ] pa3pylie-
HUIO OyJeT B HAIMPaBJICHUH, MAPAILICTBHOM IIJIOCKOCTSIM JIETUMOCTH, T.€.
mpu Yy =90°, a MUHUMAaJIbHOE — B HANPABJICHUH, NEPICHAUKYJISIPHOM K
TUM IJIOCKOCTSIM. DTO HaIpaBJICHUE HA3bIBACTCS JIUHUEU HAUMEHbULIE2O
conpomuenenus (JIHC) nopoowl paspywenuro.

Kak moka3pIBalOT HCCIIEIOBaHUSA, ONBIT 3KCILTyaTalll Te0JI0T0-
pPa3BeIOYHBIX OYPUIIBHBIX MAIIUH «OYpHUMOCTBY» BCET/Ia BHIIIE B HAIPaB-
JICHUM, TEPICHAUKYISIPHOM K IUIOCKOCTSM CIOUCTOCTH, OTAEIBbHOCTH
WU JIETUMOCTH. DTO CIIEIyeT YUYUTHIBATh MPU 3aJ0KEHUU CKBAXKUH B
pa3pes3ax, CJIOKEHHBIX aHU30TPOMHBIMU (CIOMCTHIMHU) TOPOJIAMH, TaK
KaK OT 3TOro OyJeT 3aBUCETh CKOPOCTh OYPEHUSI U COOTBETCTBEHHO IMPO-
W3BOJUTEIBHOCTh TPY/IA.

AHM30TPOMTHOCTh TOPHBIX MOPOJ] BHI3BIBACT UCKPUBIICHUE CKBAKUH
B OIPEJCICHHOM HAIpaBJICHUU, YTO OOYCJIOBJIEHO Pa3IUYHOU COMpPO-
TUBJISIEMOCTBIO TOPHOUM MOPOJBI PAa3pPYyLICHUIO B 3aBUCUMOCTH OT PaCIO-
JIO)KEHUSI OCH CKBAXKUHBI OTHOCHUTEIBHO BEKTOPOB, XapaKTEPHU3YIOIIUX
AKCTPEMAJIbHBIC 3HAYEHUS OMPEACIISIEMOTO CBOMCTBA TOPHBIX MOPO/I.

BenuunHa MCKPUBJIEHUS ONPENEISIETCS YIJIOM BCTPEUYH OCHU CKBa-
KUHBI C BEKTOPOM, UMEIOIIUM MAaKCUMAJIbHYIO WM MUHUMAJIbHYIO Be-
JUYUHY. Y aHU30TPOMHBIX MOPOJ, KaK OTMEYAJIOCh paHee, MOJOKEHUE
ATUX BEKTOPOB OMPEACISIETCS UX CTPYKTYPHO-TEKCTYPHBIMU IpPU3HAKA-
MU: JIIUMOCTBIO, TUHEHMHOCTHIO, CIIAHIIEBATOCTHIO, OPMOI U pacmoJio-
YKEHHEM MTOPO1000pa3yIOIIUX MUHEPAJIOB.

OT aHU3O0TPOMHOCTH MOPOJ B 3HAYUTEIHLHON CTENEHU 3aBUCHUT Me-
XaHW3M pa3pyIlIeHUs TOPHBIX MOPOJ MPU OYPEHUH, MPOLIECC B3aUMO/ICHi-
CTBUS MOPOJOPA3PYIIAOIIETO UHCTPYMEHTA ¢ 3a00eM CKBaxxuHbl. Kak
BUJHO U3 pHC. 1.9 miockocTu AENMMOCTH (HAKJIOHHBIE JIUHUH) MOTYT
OBITH HAIIPABJICHBI BCTPEYHO HAMPABJICHUIO JBWKECHUS UHCTPYMEHTA WIH
nonyTHo [1]. B mepBom ciyuae (puc. 1.9, a), 00beM pa3pyliieHus: OKa3bl-
BaeTcs OoJjblie, yeM Bo BTopoM (puc. 1.9, 0). B cinyyae nBmxeHus pesia
BJIOJIb IUIOCKOCTEMN JienumocTH (puc. 1.9, B, 1) moposa Oyaer pa3pyuiaTh-
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C4 aCHMMETPHUYHO, B CTOPOHY, MPOTHUBOIOJOXKHYIO HAKIOHA 3TUX ILIOC-
KOCTEH.

a 6, 6 Gy B

=

i \

Puc. 1.9. Cxemsl pa3pylieHUs aHU30TPOIMHON MOPOJBI IIPU BHEI-
peHuu pesna

DTO BBI3BIBAET OTKJIOHEHHUE MOPOI0PA3PYIIAIOIIETO HHCTPYMEHTA B
CTOPOHY, MPOTHUBOMOJIOKHYIO HAITPABIICHUIO CIIOECB.

1.3. ®u3uKo-TeXHUYECKHE CBOMCTBA TOPHBIX MOPO/I,
BJIMAIOIIHE HA MPOLECChl OypeHHsI CKBAKHUH

1.3.1. Kinaccupukauus pusnyecKux CBOMCTB F'OPHBIX MOPO/I

Ha ¢popmupoBanue cTBOa CKBaKUHBI, KEPHA BIUSAIOT (U3UUYECKHUE
CBOMCTBA TOPHBIX MOPOJI, KOTOPBIE UMEIOT CIIOKHBIN COCTAB U CTPOCHUE.
DOU3NYEeCKUe CBOWCTBA MOAPA3NACISIOTCS Ha TPYNIBL:  T'€OJOro-
CTPYKTYPHBIE, T'€0JIOrO-TEXHUYECKUE, MEXAHUYECKHE, aKyCTHYECKHE,
TEPMUYECKHE, DJICKTPUUECKUE, MATHUTHBIC, PaJUOAKTHUBHBIC, BOJHO-
kosuouaHskle [1]. K reonoro-cTpykTypHbIM OTHOCSTCS TUHEUHOCTH, CIIO-
UCTOCTh, OTAEIBHOCTh, KIIMBAX, TPEIIMHOBATOCTh, MOPHUCTOCTh, pa3-
ApOOJIEHHOCTh, CIIAHLIEBATOCTh U Jp. K reosoro-reXHu4eckuMm — IUI0T-
HOCTb, YAECIBHBIN BEC, BIAXKHOCTh, MEP3JIOTHOCTD U Ap. MeXaHNYeCKUMHU
CBOWMCTBAMH SIBJISIFOTCSL YNIPYTOCTh, XPYIKOCTh, IUIACTUYHOCTh, TEKY-
YeCTh, MPOYHOCTh, AOPA3UBHOCTH, Pa3PYLIAEMOCTb, Pa3PHIXJIIEMOCTD,
CBIITy4Y€CTh, YCTOMYUBOCTD U JIp. AKYCTHYECKHE CBOMCTBA MPOSIBIAIOTCS
Ipu Tepefadye ynpyrux KojeOaHuM, MOIVIONIEHWH YNPYTHX BOJIH. JTH
IIPOLIECCHl OLICHMBAIOTCS MapaMeTpOM — BOJIHOBOE COIIPOTUBIICHUE.
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K TepMuuecknMm CBOWCTBAM OTHOCSITCS TEIJIONPOBOAHOCTh, TEMIIEPATY-
PONPOBOJHOCTH, TEMJIOEMKOCTh, TEMIIEpATypa MIIABJICHUS U Ap.

DNEeKTpUYECKUEe, MAarHUTHBIE U PaJUOAKTUBHBIE CBOMCTBA TOPHBIX
MOPOJI MPOSIBIIAIOTCS MPU BO3JCHCTBUM HA HHUX JJIEKTPUYECKOTO, Mar-
HUTHOT'O WM PAIUOaKTUBHOTO MOJICH U OLIEHUBAIOTCS TAKUMHU MapaMeT-
paMH, KaK: 3JIEKTPOIPOBOJHOCTD, SJIEKTPUUYECKAsi MPOYHOCTh, TMaMarHe-
TH3M, TapamMarHeTu3M, MOTJIOMIAIOIIAas U paccerBaroIias CIIOCOOHOCTH.
K BOJHO-KOJUTOUIHBIM CBOMCTBAM OTHOCSTCS: CMa4MBaeMOCTb, BJIaro-
€MKOCTb, BOJOMOIJIOIIEHUE, BOJOHACHIIIEHHOCTh, BOJIOIPOHUIIAEMOCTD,
BOJI0OT/Ia4a, HaOyXaeMOCTh, Pa3MOKAeMOCTh, IUIBIBYYECTh, PaCTBOPHU-
MOCTb U T.J.

['€0J1I0ro-CTpYKTypHBIE W T€OJIOTO-TEXHUUYECKHUE CBOWCTBA MOPO]
CBSI3aHbI C T€OJIOTMYECKUMU MPOIIECCAMU U IIIMPOKO MCIIOIB3YIOTCS MPH
reoJIOTHYECKuX ucciaegoBanusax. OcTajabHble, ONMUCAHHBIC BBIIIE CBOM-
CTBa, 3aBUCSIT OT YCIOBHUM B3aUMOJCHCTBUS (PU3UYECKUX TOJEH WIH
Cpelbl ¢ mopoaoi. MexaHnyeckne CBOMCTBA OMNPENEIISIOT, MPEKIE BCE-
ro, 3(pPEeKTUBHOCTH MpoIEecca B3aUMOJICUCTBUS OypOBOr0 MHCTPYMEHTA
C Mmopojior 3a00s1, a TaAKOE CBOMCTBO KaK YCTOMYMBOCTh — CIIOCOOHOCTH
CTEHKH CKBXKMHBI HE 00OpyIIAThCA, HEOOXOIMMOCTb B KPEIUJICHUU CTBO-
J1a CKBaYKUHBI.

B nponecce OypeHus reonoro-pa3BeJOuHON CKBaKMHBI HEOOXOAU-
MO PEIIUTh ABE MPOTUBOIOJIOKHBIE 3a/1a4ul: C OJTHOM CTOPOHBI HEOOXO-
IUMO OO€CTIeYUTh pallMOHAJIbHBIE TapaMeTphl MpoIecca pa3pyLICHUS
MOPOJIbl 320051 CKBAXKUHBI, a C JIPyrol — chOpMUPOBATH CTBOJI CKBaXKU-
HBI, TOJYYUTh HE pa3pylIeHHbIe 00pasilbl MOPOJ, KEepHBI. DPHEKTUB-
HOCTb TIpoIlecca pa3pylieHusl 320051 CKBOXKUHBI OINpPEIETICTCS TaKUMU
MEXaHUYECKMMHU CBOMCTBAMH, KaK: YIPYIrocTh, IJIACTUYHOCTb, MPOY-
HOCTh, TBEPJIOCTh, A0Pa3UBHOCTH MOPO/Ibl. B CBOIO 0Yepenb, TaKoe CBOM-
CTBO, KaK yCTOWYMBOCTh — OMNpPELIsECT CIOCOOHOCTh MOPOAHON CTEHKHU
CKB)XMHBI HE pa3pylIaThCsi, a KEPHOB HE pa3pylIaThbCsi B KOJIOHKOBOM
TpyOe. Ilpu craboit ycTOMYMBOCTH MOPOJA MOTPeOyeTcs KperuieHue
CTEHKHU CKBaKMHBI 00CaIHOU TpyOOii.

1.3.2. YcTOM4YHBOCTH FOPHOI MOPO/bI
B nporuiecce OypeHusi CKBaXKMHBI Ha YCTOMUUBOCTD €€ CTEHKU BJIM-
10T cieayromue paktopsl [1]:
1. oOHakeHue MaccuBa, IPU KOTOPOM HAPYIIAETCS PABHOBECHS CHUJI
TOPHOTO JaBJICHUS B MPUJICTAIONIEH K CTBOJY CKBaXHUHBI 30HE;
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2. IEVCTBHE HA CTEHKY CKBAYKWHbBI U KEPH MEXAaHUYECKUX HArPy30K,
BO3HUKAIOIIUX MPHU BPAILIEHUH, CITYCKE, TOIbeME OYPHIbHBIX TPYO;

3. IeliCTBUE TIPOMBIBOYHBIX XKHUJIKOCTEH HA MOPOJbl B CTEHKE CKBAXKH-
HBI U HA KEPH.

VY CcTONYMBOCTHIO TOPHOW TIOPOIBI SIBJISIETCS €€ CITIOCOOHOCTh HE 00-
pyliaTbCs MpyU OOHAXKEHUU U HE Pa3pyllIaThCs MOJA JCUCTBUEM pa3ivy-
HbIX (pakTOpoB. M3BECTHO, YTO TOPHBIE TOPOJHI B MACCUBE HAXOSITCS B
CJI0’KHO-HANPSIXKEHHOM COCTOSIHHM TIOJ] IEUCTBUEM TOPHOTO, TIJIACTOBOTO
1 OOKOBOTO JaBJICHUM.

['opHOE HaBieHHE p, OMPEAENSAETCS BECOM TOJIIH BbIIIEIEKAIINX
nopof pr=va H (1.4)
TA€ Y, — YAEIbHBIM BeC nopoA; H — MOIIHOCTH TONIKA TOPOA.

[InacToBoe [aBIE€HUE P; ONPEACISIETCA JaBICHUEM KHIKOCTU
(wm raza), 3aKIIOYEHHOMN B MOpax IjiacTa

Pr = Vx Lna (15)

TA€ YV, — YACIbHBIA BEC KUAKOCTH, 3aKIIOUEHHON B MOpax IJIACTa;

L, — nmpe3omMeTpruuecKas BbICOTa IiacTa
Ln =L +(AH o Ayc) (16)

(L, — rmyOuHa 3aneranus miacta; A, — aIbTUTYJIa Nbe30MeTprye-
CKOTrO YPOBHA IUIACTa; Ay, — albTUTYJa YCThA CKBAKUHBI, T.€. BBICOTA
HaJl yPOBHEM MOPSI).

Kpome Toro, Ha mopoiy NeUCTBYET elie 1 O0KOBOE JaBJICHUE

Pox = A P, (1.7)
rae A — ko3 duimeHT O0KOBOTO pacropa.

[To nanubim JI. A. IlpeitHepa A 1151 CKabHBIX MOPOJ MPAKTUYECKH
OJIN3KU K €IUHMIIE, NI TIMHUCTBIX Topon A = 0,75-0,8, a 1151 meckoB
A = 0,35-0,41. O1oT KO3pDUIMEHT MOXKET ObITh TAKKE OMPEJECIEH W3
BBIPAKECHHUS

A=1-1,39 tgo —1,52C / pg, (1.8)
rae tge — ko3ppuumreHT BHyTpeHHero TpeHus; C — cuiia cuemnie-
HUSI YaCTHUI, CIArarolInX MOPOLY.

[Tox nencTBUEM ITUX JTABJIEHUK TOPHAs MOPOJa B MACCUBE HAXOIUT-
Csl B COCTOSIHMM paBHOBecusi. [Ipyu OypeHUM CKBaXKUHBI MOPObI OOHAXA-
IOTCSI ¥ 3TO PABHOBECUE HAPYIIAETCS, B PE3YJIBTATE YETO HANPSIKEHUS T1€-
pepacnpeneNsitoTcs, JOCTUrasi BOKPYT CTBOJA CKBXKMHBI MAaKCUMaJIbHBIX
3HaueHUM. JlefiCTBUTEIBHO, HA 3JIEMEHT 00bEMa MOPO/IbI, PACTIONOKEHHBIN
B TOPHOM MacCHBE Ha IIyOuHe /H OT MOBEPXHOCTH 3eMJIH, OyAyT NEHCTBO-
BaTh BEPTUKAJIbHAA P, M TOpU30HTaNIbHBIE cUibl P, = P, (puc. 1.10, a) [1].
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Puc. 1.10. CxeMsbl Kk pacyeTy yCTOMYMBOCTH TOPHBIX IOPOJ B CTEH-
KaX CKBaKHHbI

BeprukanpHas cuna onpenensercss BECOM TOJIIM BbIIIEIEKAIINX
TOPHBIX TTOPOJI
P,=S vy, H, (1.9)
riae S — momaab rpaHd BBIACICHHOIO 3jeMeHTa (KyOuka co CTo-
pPOHO#, paBHOM €IMHUIIE); Y, — YAEIbHBINA Bec nopoasl; H — rimyouna 3a-
JIETaHUsl MOPOJIbI.

[Ipu orcyTcTBUM OOKOBOTO paclIMpeHUs B 00beMe KyOuKa ropu-
30HTAJIbHBIE CUJIbI MPEHSITCTBYIOT PA3BUTHIO MOMEPEUHBIX AchopMaiiuii.
B ciydae ofHOOCHOTO CkaTust poaobHas aedopmarus Kyouka

e=P,/E, (1.10)
rae E — Moaynb yripyrocty mopo/ibl Ipyu OJHOOCHOM CHKATHH.

B mockoctn XOZ B 3TOM cllydae BO3HHUKACT momepedHas aedop-
Marus ,

&1 :H81:HPZ/E, (111)
rae u — kodddumuent Ilyaccona.

ITpr neiCTBUM TOJIILKO OJHOM rOPU30HTAILHON CHilbl Py o ocu Y
BO3HMKAET MomnepeyHas aepopmaiius B miockoctu XOZ:

ex = UPy/E. (1.12)

AHAJIOTUYHO, NPHU ACHUCTBUU TOPU3OHTAIBHOM CHIIBI P, TONBKO MO

ocu X nonepeyHas aeopmaius B miiockoctd XOZ paBHa
& = Py/E. (1.13)

B HeHapylieHHOM MacCUBE MPU BCECTOPOHHEM C)KAaTUU HUKAKUX
CMEUIEHU MOPOJIbI HE MPOUCXOAUT, MOATOMY CyMMa BCexX JAepopmaruit
Oyner paBHa Hy:t0. Clie10BaTeNbHO,

uP,/E+ pP,/E — P,/E = 0. (1.14)
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Ilpu P, =P, =P,
P. = uP,/(1—-p). (1.15)
[Ton nericTBMEM BEPTUKAILHOM M TOPU3OHTAIBHBIX CHJI B DJIEMEHTE
MOPO/JIbl BOBHUKAKOT HAMPSKEHUS
o, = YH; (1.16)
0, = 6y = G, W/(1-). (1.17)
HanpsikeHHOE COCTOSIHHE MOPOJbl BOKPYI CTBOJIA CKBaXWHBI Xa-
paKTEpU3yeTCs MOCTENEHHBIM YOBIBAaHHMEM B TJIyOb MacCHBa J0 3Haue-
HUM, OJIU3KUX K HAMPSKEHHOMY COCTOSIHHIO HETPOHYTOIr0 MaccuBa. Jlis
BEPTUKAJIbHOW CKBaXKWHBI Ha TIyOmHe H HampsokeHUs B OKOJIOCTBOJIb-
HOM 4YacTH MaccHuBa B 000N TOYKE, PacIoJOKEHHON Ha PAcCCTOSHUM |,
oynyt onpenensarbes (puc. ,1.10, 0):
PaguanbHO€ HanpsyKeHUWE B HAIIPABIICHUH Pajndyca I' B TOUKE A :

o, = W(1—p) yH(1-1%/ 1?). (1.18)
TaHreHnaaIbHOE HANPSKECHUE TIEPIICHIANKYJISIPHOE K PAAUYCY:
o, = w(1—p) yH(1-r/ 1?). (1.19)

[Ipu / = r pagunanbHOEe HampskeHUe O, B Touke B (Ha KoHType ce-
YeHUsI CKBAXHMHBI) OyJeT paBHO HYJO. TaHTeHIMAIBHOE K€ HaIpsKe-
HUE, HA00OPOT, MPUHUMAET MaKCUMAJIbHOE 3HAYCHHE:!

o, = 2yH p /(1- ). (1.20)

Ecnu TaHreHnuanbHbie HANPSDKEHUS C YBEIMYCHUEM TIIYOWHBI
CKBa)KMHBI TIPEBBICAT CUJIBI CIEIIJICHUS B MOPOJIEC, CTEHKH CKBa)KUHBI 00-
pymiartcsi.

[Ipu 3amoIHEHWHM CTBOJA CKBAa)KWHBI MPOMBIBOYHOU >KHIKOCTBIO
CO3/Ia€TCsl yCWIHE, MPOTUBOACHCTBYIONIEE OOPYIIIEHNIO CTEHKH CKBAXH-
HBI 32 CUET THAPOCTATUUECKOTO JIABJIEHUS CTOJI0A )KUIKOCTU

Pre = VxH, (1.21)

I7I€ Vx — YACIbHBIA BEC KUIKOCTHU, 3AMOJIHSIONICH CTBOJI CKBaXKH-
Hel; H — BEICOTa cTO10a )KUIKOCTH.

MakcumaibHbIe HalPsHKEHUS BO3HUKAIOT Ha BHYTPEHHUX CTEHKaX
CTBOJIa CKBa)XUHBI (pHUC. 1.8, 6) 1 MOTYT OBITh BBIPAKEHBI CJIEAYIONTUMHU
ypaBHECHHUSIMU:

6, = YsH, (1.22)
Or = Vi (1.23)
o, = 2AyH — v, H. (1.24)

[Ipyn HaIM4YMKU MIACTOBOTO AABJICHUS HANPSKEHUS B CTCHKE CTBOJIA
CKBa)XMHBI OYyT UMETh 3HAUCHMUSI:

6, = ’YHH - npnn; (1 25)
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G = Y)KH — NP> (1 26)
O = 27\”YHH - Y>1<H — NP (1 27)
rae 1M — Ko3hPUIUEHT, 3aBUCIIIUN OT CTPYKTYPHBIX OCOOCHHOCTEN
MOPOJIbI U BI3KOCTHU JKUJAKOCTH, KOTOPBIN n3Mensiercs ot 0 jo 1.
s Toro 4TtoOBl HE MPOUCXOIUIO OOPYIICHHUS MOPOI, JOJDKHO
OBITH BBIMIOJIHEHO YCJIOBHE:
c;—6,=0. (1.28)
[TonacTaBisisi 3HaUEGHHMS ATUX HaNpsDKEHUM W3 ypaBHeHuit (1.23),
(1.24), nonyuum
Ao = Y. (1.29)
Otcroga ciaenyerT, 4ro, peryyupys MIOTHOCTh TPOMBIBOYHOM KU
KOCTH, MOKHO JI0 OINpPEJEIECHHOI0 MOMEHTa COXPAHSITh YCTOWYUBOCTH
TOPHBIX MOPOJ B CTEHKAX MPOOYPEHHON CKBAXKUHBI IPHU YCIOBUHU, YTO
Pre = AynH. (1.30)
['muHucTBIC pacTBOPHI, 001a/1al0T CIIOCOOHOCTHIO MPUIABATH YCTOM-
YUBOCTh CJIA0OCBS3aHHBIM TOPHBIM TMOPOJIaM 3a CUET TJIMHHU3AIMU; TIPOHUK-
HOBEHMUSI TJIMHUCTBIX YACTUI] B TJIACT C 0Opa30BaHUEM TNIMHUCTON KOPKHU.
[Io ycTOMYMBOCTH BCE TOpPHBIC MOPOJABI PaA3/CICHbl HAa YETHIPE
IPYIIIbL:
I. BecbMa HEyCTOMUYMBBIE (PBIXJIbIE HECBA3HBIE MOPOJIbI THIIA TEC-
KOB, TPaBUs U T.].);
[I. cmabo ycroiumBbie (CUIBHOTPEHIMHOBATHIE, pa3IpOOJICHHbIC
CKaJIbHBIE TTOPO/JIbI TUIIA CJIA00T0 MECYaHUKA, CIAHIIEB, YTJIS U T.11.);
[II. ¢ u3MeEeHSIOMIENCs YCTOMYMBOCTBIO (TJIMHUCTBIE OPO/IbI);
IV. ycroiuuBble (CKabHbIE TIOPOIbI TUIIA TPAHUTOB, 0A3aJIFTOB U JIP. ).
bypeHnne ckBaxrH B mnopoaax I rpynmel COIMpPOBOXKIAECTCS OIHO-
BPEMEHHBIM KPEIUICHUEM CTEHKH CKBaKUHBI 00CagHbIMU TpyOamu. IIpo-
uecc Oypenusi mopoa Il rpynmbl OCIOXKHSAETCS TEM, YTO 00pa3yroTCs BbI-
BaJIbl OTACJIbHBIX KYCKOB MOPObI U3 CTEHOK CKBAKMHBI, & KEPH CHIIBHO
npooutcsi. CoopykeHUe CKBaKUHBI B Topojax Il rpymnmbl cTankuBaeT-cs ¢
OONBIIUMUA TPYAHOCTSIMU TaK, KaKk MPHU YBEJIWYCHUHM BIAKHOCTH TJIMHBI
J000T0 TUMA MPOUCXOIUT €€ pa3OyXxaHHUe, YTO COMPOBOXKIACTCS CY>KEHU-
€M CTBOJIa CKBaXXUHBI M TIPUXBATBIBAHUEM OYpOBOTro cHapsiia. Uto kacaer-
cst mopoAa IV rpynibl, TO ¢ TOYKKA 3pEHHsS YCTOMYMBOCTH OHHM Hambosee
OJIarONPUSITHBIL.
Bce ropsasie mopo/ibl MO XapakTepy CBSA3U MEXKIY MUHEpAIAMU, Ya-
CTUIIAMHU, CJIATAlOIIMMU MOPOAY AENATCS Ha CBA3HBIE (CKaJIbHBIE, TIOJIyC-
KaJIbHBIE), CBA3HbBIC MTKUE, HECBSI3HbBIC (PhIXJIbie) [1].
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Ces3Hble TIOPOBI 00J1a7Jal0T BCEMU CBOMCTBAMH TBEPJIOTO Tejia —
YIPYTOCThIO, TBEPOCTHIO, TPOYHOCTHIO U JIP.

Cesznble MseKue TMOPOJbl UMEIOT HEBBICOKYIO MPOYHOCTH U TBEP-
J0CTh U MPU YBIQKHEHUU BEAYT Ce0s KaK TUIHUYHO IUIACTUYHBIE TEa,
JIETKO U3MEHSIIOT CBOIO (hopMy.

Heceasznvle puIXiible TIOPOJIBI COCTOST U3 YaCTHUIL HE UMEIOIINX CBS-
31 ApPYT ¢ JpyroM. YacTo 3TH MOPOJbI HA3BIBAIOT CBHIMTYYUMHU, HE 00JIa-
JAIOIIUMHU TUITUYHBIMUA CBOMCTBAMHU TBEPJIOTO TEJIa.

1.3.3. TpemumHOBATOCTH T'OPHBIX MOPO/

Hawubomnpiiee BayussHuE Ha CKOPOCTh OYpPEHUS] CKBAKMHBI OKa3bIBACT
TPEIIMHOBATOCTh TOPHBIX Mopoj (Tadmu. 1.5). TpemmHoBaTOCTh PE3KO
CHUKAET MPOYHOCTHBIE CBOMCTBA MOPOJIHI [ 5], YaCTUYHO MJIH TOJHOCTHIO
MIOTJIOIIACT MPOMBIBOYHYIO JKHAKOCTh, YCHJIMBAET JWHAMHUKY pPaOOTHI
OypOBOTO J0JIOTA, YMEHBIIIAETCSA BBIXOJ COXPAHHBIX KEPHOB, YBEIWYH-
BaeT 4YacTOTy OOBaJIOB CTEHOK CKBa)XHH, MPUXBATOB OYPOBOTO MHCTPY-
MEHTA.

Tabmumna 1.5
Kiaccudukamnus TpenmHOBaTOCTH TOPOJT
['pynma XapaKTepHUCTHUKA MOPOJI y;[ae?;’:ra: ISITC/I;/IO_ Brixon kepHa, %
I MOHOIUTHBIC <5,0 87,2
II CnaboTpenmmHoBaThIE 5,1-10,0 76,9
III TpemmHoBaThIe 10,1-20,0 66,9
v CUnbHOTpEIUMHOBATHIE 20,1-35,0 46,4
A% Pazapobaennbie >35,0 34,1

Kak BugHo u3 Tabn. 1.6, ¢ yBenuueHueM TriIyOMHBI OypeHUs pac-
KPBITOCTh TPEIIUH YMEHBIIIACTCS.

Tabmuma 1.6
3Ha4YeHUs pACKPHITOCTU TPEUIMH Ha pa3JIUYHON r1yOnHe (MM)
AJ'ICBpOJII/ITOBLIe I'muaucTteie
['myOuna Oypenus, m [lecuannkn
CJIaHIIbI CJIaHIIbI

0-100 1,32 0,93 0,53
200-300 0,59 0,42 0,29
400-500 0,26 0,19 0,16
600-700 0,12 0,08 0,08
800-900 0,05 0,04 0,04
1000-1100 0,02 0,02 0,02
1200-1300 0,01 0,01 0,01
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Taomuma 1.7
BepositHOCTh nprxBaTa 0ypOBOTO HHCTPYMEHTA, %o
Nurepsan 0— 100— | 200— | 300— | 400— | 500— | 800— | 900—
OypeHusi, M 100 200 300 400 500 600 900 | 1000

BepostHOCTh IpU-

xBaTa, % 50 | 16,6 | 48,2 | 84 7,9 5,2 1,7 | 1,3
, /0

Kak mokasbIBaeT OIBIT F€0JI0rOpPa3BeJOYHOT0 OypEeHUs CKBaKUH I10
YTOJIBHBIM IUTACTaM OK0J0 64,8% mpuxBaTOB MHCTPYMEHTA NPOUCXOIUT
B nuamnazoHe 100-300 M ¢ OGOJbIIMMH 3HAYECHUSIMU PACKPBITOCTH Tpe-
nH. BeposATHOCTh mnpuxBaTa OypOBOr0O HMHCTPYMEHTA IIpUBEICHA B
Tabn.1.7.

2. TEXHOJIOI'USA BYPEHUA CKBAYKUH
N BYPOBOE OOPYJIOBAHHUE

2.1. Cnioco0Ob1 OypeHUsI MHKEHEPHO-Te0JIOTHYEeCKIX CKBAKUH

Konounkosoe 6ypenue — onquH U3 Hambojee IIMPOKO pacIpocTpa-
HEHHBIX CIOCO0OB MPOXOAKU CKBaxuH (10 35% Bcero o0beMa OypeHus
CKBaXXUH) [4]. DTO BpamaTeapHoe OypeHre KOIbIIEBhIM 3a00€M CKBaKUH
MaJIOro JMaMeTpa B Mopojaax Jro0oi KpenocTu. bypeHue npou3BoauTcs
MOCJIEI0BATEIIbHBIMU PEUCOBBIMHU YITyOJICHUSIMH, C pPa3pylICeHHEM 32005
B OCHOBHOM TBEPJIOCIUIaBHBIM MHCTPYMEHTOM. OCHOBHBIE MpEeUMYIIe-
CTBAa KOJIOHKOBOT'O OYpEHHMs: YHUBEPCAIBHOCTH T.€. BO3MOXHOCTbH IPO-
XOJIKA CKB@)XUH TMOYTH BO BCEX PA3HOBUIHOCTSAX TOPHBIX MOPO/, BO3-
MOYHOCTb TMOJy4EHHUs KE€pHA C HE3HAYUTEJIbHBIMU HApYyIICHUSAMHU IIPU-
POJHOIO CIIOKEHHUS TPYHTA, CPABHUTEIBLHO OOJIbIINE IITyOHHBI OypeHus,
HaJIuure OOJIBIIIOTO MapKa BBIMTYCKAEMBIX IPOMBIIICHHOCTHIO BBICOKO-
MPOU3BOAUTEIBHBIX OYPOBBIX CTAHKOB KaK CaMOXOJHBIX, TaK U CTaI[HO-
HapHBIX, XOpOIIIasi OCBOEHHOCTh TEXHOJIOTUH OypeHus U JIp.

CylecTBeHHbIE HEAOCTAaTKH KOJIOHKOBOTO OypeHHUsI C TOYKU 3pe-
HUSI BO3MOKHOCTH €T0 IIMPOKOTO HCIOJb30BAHUS MPU HHKEHEPHBIX
U3BICKAHUSX: MAJIbIA JUAMETP CKBAXKWH, KOTOPBIA BO MHOTHX CIydasix
HE TI03BOJISIET MPOBOJUTH THIPOTCOJOTHYECKUE UCCICAOBAHUS U UCIIbI-
TaHWS TPYHTOB LITAMIIAMH, BO Bcex moponaax nosrydarb 100%-HbIi BbI-
XOJl KEpHA U KauyeCTBEHHBIE 00pa3Ibl PHIXJIOr0 IPyHTA AJid J1abopaTop-
HBIX UCCJICIOBAHUH U T.I.

[Ipoxonka CKBaXMH OTUM METOJOM MOKET MPOU3BOJIUTHCS
«BCYXYIO» WU C MPOMBIBKOU. bypeHnne «Bcyxyio» (06e3 mojgaym B CKBa-
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KUHY BOJIbl) — HanOoJiee pacrpoCTpaHEHHAs Pa3HOBUIHOCTh KOJIOHKO-
BOro Oypenus npu usbickanusix. KomoHkoBoe OypeHue ¢ HepepbIBHBIM
BBIHOCOM KE€pHAa MOTOKOM MPOMBIBOYHON >KUIAKOCTA MHPUMEHSIOT TpHU
pa3BelIKe psija MECTOPOXKICHHUM MOJIE3HBIX MCKomaeMbIX. Jluamerp mo-
aydaemoro kepHa 34-38 MM. DTOT croco0 MO3BOJISET HE TOJIBKO CYIIIe-
CTBEHHO TMOBBICUThH MPOU3BOJUTEIBHOCTh TPYJd, HO U JOCTUYb MOYTH
100%-Horo BbIHOCA KepHa. s peanusanuu crnocoba TpedyeTcs 00b-
o€ Koau4uecTBo BoAbl. [IpousBoautenbHOCTH criocoba 10 300 M/cMmeny.

KoJIOHKOBBIN crioco0 OypeHus ¢ NpsMOM IPOMBIBKOM (puc. 2.1)
npeaycMaTpUBAET BBIHOC MPOJAYKTOB pa3pyIIeHUs BOJAOW B JIFOOBIX MO-
polax, ¢ NMpAMOW LUPKYJSALMEN IMPOMBIBOYHOTO areHra, CO3JaBacMOU
HAacocoM Ha TMoBepxHOCTU. OTAeNeHUE KEPHOB MPOU3BOJIUTCS C MOMO-
IIbI0 KEPHOPBATENEN U 3aKIIMHOYHOIO0 MaTepurara.

KononkoBbiii crnocod OypeHus ¢ TUIPOTPAHCHOPTOM WJIM ITHEB-
MOTPAHCIIOPTOM KE€pHa MPUBEJICH HA puC. 2.2.

NARRRARRRRRRARRRRAVERS

Puc. 2.1. [IpuHnunuansHas cxema KOJIOHKOBOTO OypeHus ¢ MpsSIMO
MIPOMBIBKOM: | — mopomopaspylmiarolni MHCTPYMEHT; 2 — KOJIOHKOBAas
TpyOa; 3 — mepexodaHuk; 4 — OypuibHBIE TPyObl; 5 —oOcadHbIE TPYOBI;
6 — OypoOBOI CTaHOK; 7 — BEPTIIIOr-CaJIbHUK; 8 — TaJIeBbIi OJIOK; 9 — KpOH-
omox; 10 —BpImka; 11 — HamopHBINA NUTAHT; 12 —3IeKTpOoABUTATENb CTAHKA,;
13 — nacoc; 14 — snekrpoaBurarens Hacoca; 15 — BcachIBarONIWM IIUIAHT;
16 — oTCTOMHUKHN



Puc. 2.2. IlpuHnunuanbHas cxemMa KOJIOHKOBOTO OypeHHs ¢ THAPO-
TPAHCIIOPTOM KepHa: | — mopoaopa3pymiaroimuii UHCTPYMEHT; 2 — Oy-
puibHbIE TPYOBI; 3 — 00cagHbIe TPYObl (KOHAYKTOD): 4 — TPaHCTIOPTUPY-
MBIl KepH;, 5 — HarHeTaTeJlbHBIM 1MaH; 6 — Hacoc; 7 — OypoBas ycTa-
HOBKa; 8 — Bpara renb;, 9 — orBogHoM muianr; 10 — BcackIBarOIIMM
niadr; 11 — kepHONpUEMHOE YCTPOMCTBO ¢ €EMKOCTBIO JJISI IIPOMBIBOY-
HOM KUJIKOCTH

Meonennospawamenvroe 6Oypenue. TexHonorus 3Toro OypeHUs
OTJIMYAETCSI TPOCTOTOM U COCTOUT B TOM, YTO CKBOKHHY YIUIYOJISIOT MH-
CTPYMEHTOM pEXYIIEero THUIla IyTeM Cpe3aHus C 3a00s CIUIONMIHOMN
cTpyXkKu. IIpu mpoxoake CKBaXWHBI 3TUM cIocodoM (710 3%) HcHob-
3YIOT OOBIYHBIE, OOJIBIIIEH YaCThIO CAMOXOAHBIC CTAHKHU JIJII KOJIOHKOBO-
ro OypeHus, a B Ka4eCTBE MOPOAOPa3pyIIAONIEr0 HHCTPYMEHTA — CITH-
panbHBIC OypBI, T.€. HHCTPYMEHT ISl BpamatreabHoro Oypenus. Kade-
CTBEHHAs T'€OJIOTHYECKasl JOKYMEHTAIMS IPHU 3TOM crioco0e OypeHHs 3a-
TpYyIHEHA.

[lInexosoe Oypenue — pasHOBUIHOCTH BpallaTEIbLHOTO OypeHHS.
Oco0eHHOCTh cmocob0a COCTOMT B TOM, YTO MPOIECCHl YTIIyOJICHUS
CKBO)XUHBI U yJAJICHHUS MPOAYKTOB Pa3pYIICHHS IIHEKOBBIM TPaHCIIOP-
TEPOM B HEM COBMEIIICHEI.

[IpeumyiecTBa THEKOBOTO CITOCO0A: BHICOKAs MEXaHUYECKask CKO-
pocTh OypeHHs, HE3HAUMUTEIbHBIC 3aTpaThl BPEMEHH Ha MOHTAKHO-
JEMOHTa)XXHBIE PaOOTHI M BCIIOMOTATEJIbHBIC OIEpPAIH, CPABHHUTEIHHO
OOJIBIIION JUAMETP CKBa)KWH, OTCYTCTBHE MOTPEOHOCTH B BOJAE JJIS MPO-
MbIBKU. HepoctaTku: O0JIBIION pacXol MOUIHOCTH M OTpaHUYECHHAs 00-
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nactb npuMeHeHus (no 12%), TpyaHOCTh NPOBEACHUS KaueCTBEHHOM
re0JIOTUYECKON JOKYMEHTAIUU.

Bpawamenvnoe oypenue cniownvim 3a60em (poTopHOE OypEeHHE)
MIPU UHXEHEPHBIX U3BICKAHUSIX MPUMEHSETCS TOJIBKO Il OypEeHHS THI-
pPOreoIOTHYECKUX CKBaKUH Ha Boay (110 3%). [nst mpoxoaku coOCTBEH-
HO MH)XEHEPHO-TEOJIOTUYECKUX CKBXHH 3TOT CIIOCOO HE MCIOJIB3YETCH,
TaK Kak OH HE 00ecneYrBaeT JOJLKHOW MHKEHEPHO-TE€OJIOTMYeCKON HH-
dopmanuu o rpyHTax. POTOpHBIN CITOCOO MO3BONISIET OYPUTH CKBAKHHBI
1000ro AuaMeTpa, MpakTUYECKH Ha 00y TpeOyeMyro TIIyOMHY U B
JTO0BIX TIO KpenocTu nopogax. CKBaKUHBI MOKHO OypUTh ¢ TIPSMOU U
oOpaTHOM MPOMBIBKOM, a TaKXe C MPOAYBKOM CKaThIM Bo3ayxoM. Oco-
0eHHO 3 (PEKTUBHO POTOPHOE OYPEHUE MPHU MPOXOJKE PHIXJIBIX MOPOJI C

oOpaTHO! MPOMBIBKOM BCACBHIBAIOIIUM CIOCOOOM HWJIM C MOMOIIBIO 3p-
mudra (puc. 2.3) [4].

Puc. 2.3. IIpuHiunuanbHas cxema poTOpHOTO OypeHust ¢ 00paTHOM
MIPOMBIBKOM: a — LIEHTPOOCKHBIN Hacoc; O — APIUPT; B — IKEKTOPHBIN
(BomocTpyiHBIM) Hacoc; 1 — 10510TO; 2 — OypuibHbBIE TPYObI; 3 — CMeCH-
Tenb apaudTa; 4 — ABoiHas rpy0da; 5 — Bpaiaresb (poTop); 6 — BEPTIIIOT;
7 — BaKyyMHBIM Hacoc; 8 — IIeHTPOOSKHBIM HACOC; 9 —IUTaHT IS IO 1a9H
cxaToro Bo3ayxa. Cmpenkamu noKa3aHo HanpasieHue O8UMNCEHUS HCUO-
Kocmu
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Yoapuo-kanamnoe 6ypenue cniownvim 3a60em — JOCTaTOYHO U3Y-
YEHHBIA W XOPOIIIO OCBOCHHBIM CHOCO0 TMPOXOJKH CKBaXUH. bypeHue
CKB)XMH B OCHOBHOM MAaJIOTO JMaMETpa MPOU3BOAMUTCS B MOPOJAX JIFO-
00ii KpernocTy, pecoBbIMH yTiIyOsneHussMu. [Ipu 3ToM OypoBOit HHCTPY-
MEHT B BHJE J0JIOT, IMOABCUICHHbIH HAa KaHAaTe, HAHOCUT YIapHYIO
HArpy3Ky Mo MOBepxHOCTU 3a00s. PaspyiieHHas mopoja yaaiaseTcss u3
3a00HWHON 30HBI C MOMOIIBIO JKEJIOHKH. DTOT CMOCO0 HCIHOJIB3YIOT st
OypeHus TUAPOreoIorndeckux ckBaxkuH. Jns Oypenus (mo 4%) mHxke-
HEPHO-T€OJIOTUYECKUX CKBAKUH €T0 MPUMEHSIOT TOJBKO MPU HATUIUHU
BaJTyHHO-TJICYHBIX TPYHTOB, TJI€ UCIOJIb30BAaHUE JIPYTUX CIIOCOOOB OY-
peHUs KpaitHe 3aTpyJHEHO WM HEBO3MOKHO. OOBIYHO yaapHOe OypeHue
CIUIOIIHBIM 3a00€M BEAYT C HEMPEPHIBHBIM IOTPYKEHUEM O0OCaTHBIX
Tpy0. DTOT crocod manonpousBoauTelieH (He 6onee 3—4 M/cMmeny). Kade-
CTBEHHAs T€OJIOTUYECKasl JOKYMEHTAITUS TP ATOM CIOCO0E MPaKTHICCKU
HEBO3MOXKHA.

Yoapno-kanamnoe 6ypenue xonvyegvim 3a60em — OUH U3 HauboJsee
HIMPOKO MPHUMEHSEMbBIX CIIOCOOOB MPOXOAKH CKBAKUH (10 35%). OCHOB-
HBIE €Tr0 MPEUMYIIIECTBA COCTOST B MPOCTOTE TEXHOJIOTHH, YOBIICTBOPHU-
TETHHOM KadyeCTBE I€0JIOTMYECKON JOKYMEHTAIlMU B BUJE OOpa3IloB Kep-
HOB, CPAaBHUTEIHLHO BBICOKON MPOU3BOIUTENRHOCTH (> 15 M/cmeny). K He-
J0CTaTKaM Croco0a OTHOCSTCS HEBO3MOXKHOCTb IPOXOJKU CKBKWH B
CKaJIbHBIX TPyHTaX, Majas JJIMHA peica, HEBO3MOXKHOCTh OTOOpa Kade-
CTBEHHBIX MOHOJIUTOB B HEKOTOPHIX IPYHTAaX.

PasnuyaroT aBe pasHOBUIHOCTH yAapHO-KAHATHOTO OYPEHMS KOJIb-
IIEBBIM 3a00€M: C OTPHIBOM HHCTPYMEHT M 0€3 OTphIBa MHCTPYMEHTA OT
3a00s1. Bce pazHoBUIHOCTH yIapHO-KAHATHOTO OYPEHUSI MOYKHO HCITOJIb-
30BaTh B 3aBUCHUMOCTHU OT T'€0JIOTHYECKOTO pa3pe3a MpH NPOXOIKe OJHOM
U TOM K€ CKBAKUHBI, MIOCKOJIBKY I BCEX MOTYT ObITh IPUMEHEHBI OJHU
U T€ K€ yJapHO-KaHATHBIE CTAHKU M TpeOyeTCs CMEeHa JIUIIb IMOPOI0pa3-
PYIIAIOIIETO HHCTPYMEHTA.

Bubpayuonnoe 6ypenue (puc. 2.4) OTHOCHUTCS K YHCITY HamoOoJiee
MIPOM3BOUTEIBHBIX CIIOCOOOB TMPOXOJKH CKBAKHUH IPH HHKCHEPHBIX
u3bIckaHusaX (10 50—70 m/cmeny) [4].

CKBaXHHBI OypsITCS B OCHOBHOM Majoro JMaMeTpa B MOpoJax Ma-
JION KPEMOCTH, KOJBILIEBLIM 3a00€M, PEHCOBBIMU YTIyOJICHUAMU C TEepe-
nadyed OypuIIbHBIM TpyOam YJapHBIX HUMIYJIbCOB OT OECHPYKUHHOTO
BuOpomosiota. [loMuMoO BEpTHKaIbHOIO CTATUYECKOTO YCHUJIUS O HH-
CTPYMEHTY HAHOCST yJapbl BBICOKOM 4acToThl. HegoctaTku BUOpaImoH-
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HOTO OypeHust — orpaHu4YeHHass 00J1acTh MPUMEHEHUS 10 TTyOUHE CKBa-
’KUH U KPETOCTU MPOXOJUMBIX TTOpoJ (10 4%), HU3KUN MPOLEHT YUCTOTO
OypeHus, TpyJ0EMKOCTh Mpollecca OUYUCTKU OypoOBBIX 30HMOB. [Ipu uH-
KEHEPHBIX U3bICKAHUIX BUOPOMOJIOTHI MOTYT OBITH PEKOMEHIOBAHbI JIJIs
OypeHust HEerTyOOKUX (TMPEeuMyIeCTBEHHO 10 15-20 M) CKBaKUH B MST-
KHX U PBIXJIBIX TOpOjax, NJis MOTPY>KEHUs TpyO B mpoliecce OypeHHs
CKBa)XWH, U3BJICYCHUS TPYO, TUKBUAAIIMN aBApUH, CBI3aHHBIX C IIPUXBa-
TOM, 3aKJIMHUBAHUEM WJIM 32)KHMOM MHCTPYMEHTa Ha 3a00¢€.
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Puc. 2.4. IlpunuunuaibHas cxema yaapHO-BHOPAIlMOHHOTO Oype-
HudA: 1 — OecnpyXUMHHBII BUOpPOMONOT; 2 — OJOK MauThl; 3 — KaHaT;
4 —nebenka OypoBOro arperara; 5 — JJIEKTpUYECKUM Kabenb, 6 — Oy-
pUJIbHBIC TPYOBI (IITAHTH); 7 — BUOPO30H/

IInesmoyoapnoe dypenue (puc. 2.5) OCyIIECTBISETCS ¢ TTOMOIIBIO
MOTPY>KHBIX Pa3BEIOYHBIX MHEBMOYIAPHUKOB WJIM MOTPY>KHBIX ITHEBMO-
POOOITHUKOB (B TIOCJIETHEM CITy4ae TOJIBKO B MATKHUX MOpojax) [4].

[Ipn WMHXXEHEPHO-TEOJOTHICCKUX H3BICKAHUSIX HCIOIB3YIOT B OC-
HOBHOM TOTPYKHbIE TTHEBMOIIPOOOMHHUKH.
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Puc. 2.5. [IpuHnunuanpHas cxema MHEBMOYIapHOTO OypeHus Io-
IPYHBIM THEBMOIPOOOMHUKOM: a — Ha KaHaTe; O — Ha mTaHrax; | —
CTakaH; 2 — MHEBMONPOOOMHUK; 3 — BO3JIyXOIIpoBOJI; 4 —KaHaT; 5 — OJIOK
MauThl; 6 — nedenka; 7 — OypusibHbIE TPYOBI (IITAHTH)

CymHOCTH crioco0a COCTOUT B TOM, YTO TOPOJIOPa3pyIIAIOIINN HH-
CTPYMEHT NOTPY>KalOT B CKBAXXUHY C MOMOIIBIO Pa3MEIICHHOTO HaJl HUM
MOTPY>KHOTO MHEBMONPOOOKHKKA. CxaThlid BO3AYX K MHEBMONPOOOWHUKY
nojiaeTcsl 1Mo OypuJIbHBIM TpyOaMm WM IO HUIAHTY. DTUM K€ BO3AYXOM
MPOYKTHI pa3pyIICHUs] BBIHOCATCA W3 CKBAXUHBI HAa MOBEPXHOCTH. [Ipu-
BOJI THEBMOYIApPHUKA WJIA TTHEBMOINPOOOMHHUKA OCYIIECTBIISIETCS OT KOM-
npeccopa, YCTaHOBJIEHHOrO0 Ha moBepxHocTu. 1o mpousBoauTensHOCTH
MTHEBMOY/JIapHOE OypeHHE HE YCTYIaeT BUOPAIIMOHHOMY M OOeCIeurnBacT
BBICOKOE Ka4eCTBO IMoiydyaeMor HH(popmMaiuu o rpyHTax. IlorpyxHeie u
MOBEPXHOCTHBIE THEBMOMPOOONHUKHN UCTIONB3YIOTCS TAKXKe 7151 OypeHus
TOPU30HTAIBHBIX U HAKJIOHHBIX CKBA)KWH IO/ TPYHTOBBIE aHKEPHI.

T'uopoyoapnoe 6ypeHue OCHOBAaHO Ha UCIIOJIB30BAHUM MOTPYKHBIX
TUAPOYAAPHUKOB. BypUTh MOKHO KaK C BpaIlIeHHEM (B CKaJIbHBIX MOPO-
nax), Tak 1 0e3 BpallieHus MHCTpYMEHTa (B MATKUX mopojax). [Ipu stom
o0ecIeunBaeTcss JOCTATOYHO BBICOKAs MEXaHUYeCKas CKOpPOCTh Oype-
Hus. HemoctaTok cmocoba ¢ TOYKK 3pEHUs] BO3MOXKHOCTU HCIOJIb30Ba-
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HUS €r0 MPU WHKEHEPHO-T€OJOTUUECKUX H3BICKAHUSIX HEO0OXOIUMOCTH
UMETh Ha OypPOBOM YCTaHOBKE HACOC U JOCTATOYHOE KOJIUYECTBO BOJBI.
Bubpayuonno-epawamenvuoe 6ypenue (puc. 2.6 u 2.7) [4] — Takxke
OJIUH U3 IPOTPECCUBHBIX CIIOCOOOB OYpEHUS NHKEHEPHO-TEOIOTMUYECKUX
ckBaxuH. [lopopopaspymiaromeMy HWHCTPYMEHTY, IMOMHMO YIApHBIX
MMITYJIbCOB, OJTHOBPEMEHHO COOOIIAeTCs BpamareabHoe apuxenue. Oc-
HOBHOE MPEUMYIIIECTBO 3TOTO CIIOCO0a COCTOUT B TOM, YTO OH, COXPaHsIs
BCE MOJIOKUTEIbHBIE KaueCTBA BUOPAILIMOHHOTO OypeHMsl, CyIIECTBEHHO
pacuipseTr 00JacTh €ro NPUMEHEHUs Kak MO IIyOMHE CKBakKUH, Tak U
M0 KPEMOCTH MPOXOIUMBIX IpyHTOB. Eciu o06iacTe nmpumeHeHust BUOpa-
IIMOHHOTO OypeHus orpaHuumMBaeTcs nopoaamu [-IV karteropwuii mo Oy-
PUMOCTH, TO C TTOMOIILIO BUOPALIMOHHO-BPAIIATEILHOIO OYPEHUST MOXK-
HO MPOXOJUTH CKBXXHUHBI B opoaax V—VI kareropuii mo OypumMocTu.

7

Puc. 2.6. IlpunnunuanbHas cxeMa BUOPAIIMOHHO-BPAIIATEILHOTO
OypeHus: 1 — mopoaopa3pyuamnil HHCTPYMEHT (KOPOHKA); 2 — KOJIOH-
KoBasi TpyOa (30HA); 3 — OypwibHble TpyObl; 4 — Bemymas Tpyoa;
5 — Bpamarenn; 6 — BUOpomnorpyxarenb; 7 — 0JI0ok; 8 — madTa; 9 — KaHar;
10 — 1ebenka; 11 — 6a30BBIM aBTOMOOMIIb

Bua u crioco6 OypeHuss He0OXOaUMO BBIOMpATh B 3aBUCHMOCTH OT
CBOMCTB MPOXOJIUMBIX TPYHTOB, HA3HAUCHHUS U TITyOWHBI CKBAXKWH, a TaK-
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e yCJIOBHI TTpomn3BojicTBa padboT. Ha BeiOOp criocoba Oypenus ompee-
JICHHOE BIUSHHUE OKa3bIBACT TAKXKE BHJI WHKCHEPHBIX W3bICKaHUU. BbI-
OpaHHBI cIOCOO JTOMHKEH 00€CTIeYrBaTh YJIOBJIECTBOPUTEIHLHOE KA4eCTBO
WH)KCHEPHO-TCOJIOTHIECKOH MH(POPMAITUU O TPYHTAX M JOCTATOYHO BBI-
COKYIO TPOM3BOAMUTEIBHOCTh. [Ipy HEe3HAUUTENBHBIX O00BEMaxX OypPOBBIX
paboT B OTIEIBHO B3STOM OpPraHU3AIMM CJICAYeT OPUEHTHUPOBATHCS Ha
YHUBEPCAJIbHBIC CIOCOOBI, T.€. TaKHE, KOTOPhIE 00ECIeYnBaIOT OypeHUe
CKB2)KUH B OOJIBIIMHCTBE Pa3HOBUIHOCTEN TPYHTOB.

T
e

[o ol
'|‘_o|"o
l

Puc. 2.7. [TpuniprmanbHas cxeMa BHOPAIMOHHO-BpaIaTe/IbHOro Oype-
HUA C THEBMOTPAHCIOPTOM KepHa: | —TpyXUHHBIA BUOPOMOJIOT; 2 —
THIPOJIBUraTeNb Bpalaress; 3 — calbHUK; 4 — BHEIIHAS KOJIOHHA TPYO;
5 — BHYTpEHHsI KOJIOHHA TpyO; 6 —TpaHCIIOPTUPYEMBIN TOTOKOM BO31Y-
Xa KEepH; 7 —TOJABWKHBIN BpalllaTellb; 8 — MEXaHU3M noaauu. Cmpenka-
MU NOKA3AHO HANPAGieHue 08UdCeHUs 86030YXA
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2.2. bypoBoe 00opyaoBaHue IJI51 COOPYKEHUSA HHKEHEPHO-
reoJIOTH4eCKUX CKBAKNH
2.2.1. CTaHKH ¥ YCTAHOBKH JIJI1 OyPEeHUS HEIrJIy0OOKHUX
30HAUPOBOYHBIX CKBAKHH
VYcranoska YKb-12/25 (puc. 2.8) [4] npennazHayeHa yisi OypeHus
CKBKHH JAHaMeTpoM 64 MM ri1yOuHO 10 15 M TBEpI0CIIIaBHBIM MOPOJIO-
pa3pylIaloIMM HHCTPYMEHTOM C TPAHCHOPTUPOBKOM MOPO/IbI ITHEKAMH U
10 TIIyOUHBI 25 M — aJIMa3HbIM M TBEPJOCIJIABHBIM MHCTPYMEHTAaMH JHa-
METPOM 76 MM C TIPOMBIBKOU MPU MHKEHEPHO-T€OJIOTUYECKUX U3bICKAHU-
X, TUAPOTEOJIOTMYECKOM 30HAMPOBAHUM, JIsi OypeHHs B3PHIBHBIX CKBa-
KUH B MEP3JIbIX TPyHTaxX. YTOJI HAkKJIOHa CKBaXWH cocTaBisier 45-90°.
YcranoBka YKb-12/25 umeer radaputsr 1375%1065%1960 mm u maccy 132
KT.

Puc. 2.8. YcranoBka YKb-12/25: a — Bun cOoky; 0 — BUJl criepeu;
1 — menp; 2 — OeH3o00ak; 3 — BpamaTenb;, 4 — KapeTka; 5 — nedenka; 6 —
CTOMKa; 7 — noJKoc; 8 —pama; 9 — koneca; 10 — nqBurarens; 11 — nenTparop

VYcranoBka YKbB-12/25C (puc. 2.9) [4] npennazHadyeHa mis Oype-
HUSI CKBaXUH C QHAJIOTUYHBIMU IMapaMeTpaMu, HO BBITIOJHEHA B CaMo-
XOJIHOM HCHOJIHEHUU Ha 0a3e aBroMoOwia YA3-469b oOmieit Maccoit
1720 kr. B paifoHax co CIIOKHBIMH YCIOBUSIMU TPAHCIIOPTUPOBKH OYypo-
BOM CTaHOK CHUMAETCS C aBTOMOOWJISI M MCIIOJL3YETCS aBTOHOMHO.
VYcraHoBKka MCIONB3YETCS JIsi OypeHUs CKBaXXWH TIyOWHOW 10 15 M
IITHEKOBBIM CITOCOOOM, a 70 TIyOMHBI 25 M ¢ IPUMEHEHHEM alIMa3HbBIX
WU TBEPAOCIUIABHBIX KOPOHOK C MPOMBIBKON. C €€ MOMOIIbI0 MOTYT
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OBITH BBITIOJIHEHEI pa6OTI>I IO IMOUCKY, CbCMKC U KAPTHUPOBAHHUIO MCCTO-
pO)KI[GHI/Iﬁ ITOJIC3HBIX MCKOIIACMBIX.
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Puc. 2.9. YcranoBka YKb-12/25C: a — Bua cOoky; 0 — BUJ criepe-

mu; 1 — aBToMOOWIIB; 2 — Hacoc; 3 — MojJKoc; 4 — KapeTka; 5 — nedeaka; 6 —
LEHTPATOpP; 7 — KPOHIUTENH; 8 — NOMKpaT; 9 — Bpamarens; 10 — croika;
11 — nBurarenn; 12 — 6enzo0ak

2.2.2. CTaHKH ¥ YCTAHOBKH /ISl OypeHUus Pa3BeJ0YHbIX
CKBAKUH rJ1yOuHou ot S 10 30 m
YcranoBka YDBII-15M BbImonHEHa B BHUJAE OJHOOCHOTO IIpHUIIEIA
(puc. 2.10), Ha paMe KOTOPOTO YCTAHOBJIEHBI: JBUTATEIb, PEAYKTOP, IBE
nebeaku, 0eH300aK U CTaHMHA MadThl. MayTa COCTOUT U3 JBYX IIAPHUP-
HO COEIMHEHHBIX CEKIHH, CKIaJAbIBAIONINXCS B TPAHCIIOPTHOE IMOJIOXKE-
Hue. [Ipunien o6opyaoBaH sl YCTOMYMBOCTH OMOPHBIM KaTKOM M 3a/I-
Hen omnopor. YcraHoBka YbBII-1SM mnpeanasHadeHa mis yaapHO-
KaHATHOTO OypeHMs KOJBLEBBIM 3a00€M BEPTHUKAJIbHBIX CKBAXUH TTY-
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OuHOM 10 15 M B MATKUX U PHIXJIBIX OPOAaX C UCIOJIB30BAHUEM METOa
30HAUPOBAHUA IPU MHKEHEPHO-T€OJIOTMUECKUX U3BICKAaHUAX [4].

[Ipu sTOM oOOecreunBaeTCs TMOJIYUYCHUE HAYAIBHOTO JAHamMerpa
CKBaXMHBI 168 MM (C 3akperuieHueM Tpybamu Ha riayouny 4 m), mpome-
KyTouHOro — 127 MM (c 3akperuieHHeM TpyOamu Ha Tiayouny 10 m) u,

HaKoHeIl, KoHeuHoro — 108 MM (0e3 3akperuieHus).
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Puc. 2.10. YcranoBka OypoBas YBII-15M: 1 — karok; 2 — cromnop
IITHEKOBBIN; .3 — aHKep; 4 — yiedesika pydHas; 5 — pama; 6 — ABUraTenb; 7 —
OcH300aK; 8 — BcrmoMoraTeJbHBIM KaHaT;, 9 — kanat; 10 — momot; 11 —
Mauta; 12 — nenrparop; 13 — HanpaBmsronmi poiauk; 14 — nedenka; 15 —
penykrop; 16 —3amuss onopa; 17 — AMK 11 CIECaApHOTO HHCTPYMEHTA

Camoxonnas ycraHoBka ABB-2M (puc. 2.11) cMoHTHpOBaHa Ha
maccu aBromoOunia ['A3-66 [4]. OHa npeagHazHaueHa i1 OypeHHs
CKBAXXUH HAYAIBHBIM JuaMeTpoMm 168 Mm u koHeyHbIM — 108 Mm mpu
VHXEHEPHO-TEOJIOTMYECKUX M3bICKaHUAX B nopoxax I — IV kareropum
OypUMOCTH BHOpAIIMOHHBIM CIIOCOOOM Ha TiryOuHy 15-20 M, a Takxke
yAapHO-KaHATHBIM criocoOoM Ha riayouny a0 30 m B mopoaax [V-VIII ka-
TEropuu OYpUMOCTH.

Tpancmuccust aBTOMOOUIIS MEpeIaeT KPyTALMA MOMEHT OT JIBUTa-
TEJsl Ha reHepaTop u Jiebeaky. TpaHncMuccusi COCTOUT U3 KOPOOKH mepe-
aa4, KOpoOKK oTOOpa MOIIHOCTH, Pa3JaTOYHOr0 PEAYKTOpA U TPEX Kap-
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JAHHBIX BAJIOB. MauTa mpeaHa3HaueHa I MPOBEICHUS CITYyCKOIIOIhEM-
HBIX OMeparnuil mpu OypeHWH, a TakKe CIYXHT HapaBIISIONICH s
BuOpomosiota. KopoOka oTGopa MOIIHOCTH BKJIIOYAET M OTKIIOYAET

TPaAaHCMHUCCHIO OYypPOBOIl YCTAaHOBKH, a pa3AaTOUYHbBINA PEyKTOP BKIIOYAET
Y BBIKJIIOYAET T€HEPATOP.

Puc. 2.11. YcranoBka ABb-2M: 1 — BUHTOBOM NOABEMHHUK MauThI,
2 — TajeBbId OJI0K; .3 — BUOpOMOJIOT; 4 — MadTa; 5 — omopa MauThl; 6 —
reHepartop; 7 — nebeaka; 8 — aBTOMOOMIIb

YcranoBka YBP-2M (puc. 2.12) cMoHTHpOoBaHa Ha 0a3e aBTOMO-
owst 3NJI-131, Ha maTdopme KOTOPOro YCTaHOBIIEH OYPOBOM CTaHOK.
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Puc. 2.12. BypoBas ycranoBka YPB-2M: 1 — aBromoOusib; 2 — nu-
3€JIbHBIA JBUTATENb; 3 — penykTop; 4 — nebenka ¢ yIapHbIM MEXaHU3-
MOM; 5 — KaHaT ¢ 3aMKOM; 6 — KaHaT MoJbeMa MauThl; 7 — MayTa; 8 — Je-
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Oenka moabeMa MauThl; 9 — pazmarouHas kopoOka; 10 — pama craHka;
11 — Bpamaresnb

bypoBas ycranoBka YBP-2M [4] npenna3zHadyena ajisi OypeHus CKBa-
KUH TIPU Pa3BEAKE POCCHITHBIX MECTOPOKIECHUH MOJIE3HBIX UCKOMTAEMBIX U
CTPOMUTENLHBIX MAaTEPUAIIOB B YCIOBHUSAX, JOCTYIHBIX JIJIs1 aBTOMOOWIIBHOTO
TpaHCIOpTa. YCTaHOBKa oOecreunBaeT OypeHHE CKBaXKUH CIEAYIOIIUMU
CHOCO0aMHM: yIapHO-KaHATHBIM KOJIBIIEBBIM 3a00€M C MPUHYIUTEIbHBIM
NOTPYKEHUEM O0CaIHBIX TPYyO, MEJICHHO BpAILATEIbHBIM U KOJIOHKO-
BBIM «BCYXYIO».

[Iporiecc OypeHus BKIIIOYAET YEThIPE ONEpalUn:

1. Oypenue ckBaXUHBI JuaMeTpoM 219 MM ¢ kperieHueM Tpyoamu
Ha TIIyOuny 15 M;

2. OypeHue CKBaXXHHBI 1MaMeTpoM 168 MM C KperieHneM TpyOamu
Ha r1yOuny 25 M;

3. OypeHue CKBaKHUHBI TUaMeTpoM 127 MM ¢ KperieHneM Tpyoamu
Ha ri1youny 30 M;

4. OypeHue CKBaXKUHbBI 0€3 KperieHueM TpyoaMu Ha Tiyouny 30 m.

bypoBast camoxoniHasi ycraHoBka «Pa3sequnk» YBCP-25M (puc. 2.13)
MPUMEHSETCS JJI1 COOPYKEHUSI CKBAXKUH TUaMeTpoM 715 MM Ha riyOu-
Hy 25 M (B3ameH mypdoB).
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Puc. 2.13. bypoBas ycranoBka YBCP-25M: 1 — maura; 2 —yKocHHa;
3 — poTop; 4 — BUHTOBBIE JJOMKpPAThI; 5 — pama; 6 — TUAPOJOMKpATHI; 7 —
nebenka; 8 — myabT yIpaBICHUS

JlanHas ycTaHOBKa MOKa3ajia BHICOKYIO 3((hEeKTUBHOCTD TpU pabdo-
T€ B 3a00JI0UEHHBIX, JIECHBIX paiioHax. OHa UCMOJIB3YETCS TIPU Pa3BeaKe
CUJILHOOOBOJTHEHHBIX POCCHIMHBIX MECTOPOXKIACHUM C BBICOKUM COJIEp-
KAHUEM BAIYHOB, KPYITHOW rajbKu. ba3ol yCTaHOBKU SIBIIIETCS TPAKTOP
TT-4 ¢ momHOCTRIO nBUTaTeNd 81 KBT.

K pamMe ycTaHOBKM IIAPHUPHO KPEMUTCA MayTa, KOTOpas Mpu
TPAHCHOPTUPOBAHUMN YKJIAJbIBAETCS THIPOJOMKpPATAMU W KPEMUTCS Ha
MEPEIHEN CTOMKE.

2.2.3. CTaHKM ¥ YCTAHOBKM JIJisl OypeHHs Pa3BeIO0YHbIX CKBAKUH
riryounoi oosiee 30 m

YcranoBka YI'B-50M (puc. 2.14) npennazHaueHa mjis OypeHUs
TUAPOTEOJIOTMYECKUX U MHKEHEPHO-T€OJIOTUYECKUX CKBAXKHUH JBYMS CIO-
co0aMu: IIHEKOBBIM (C HAYalIbHBIM AUAMETPOM 198 MM M KOHEUHBIM —
151 MM) W KOJIOHKOBBIM C MPOMBIBKON (C HayajJbHBIM JUAMETPOM
198 MM u koHeuHBIM — 92 MM) [4]. ['myOuHa OypeHHUs: COCTaBISET IS
IIHEKOBOTO cnoco0a 50 M, a 111 Ko1oHKOBOTO — 100 M.
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Puc. 2.14. YcranoBka 1t ruaporeoiorudeckoro oypenus YI'b-50M:
1 — pama; 2 — nBuraresnb; 3 — TUAPOAOMKpPATHl OMYCKaHUS M MOAbEMA
MauThl; 4 — yJIapHBIM MeXaHU3M; 5 — KOpoOKa mepenayd; 6 — Topmo3sa; 7 —
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nyJabT yrnpasieHus; 8§ — nedenka; 9 — mauta; 10 — Bpamarens; 11 — oce-
TuTeNnbHbIE (aphl; 12 — orpaxkaenue; 13 — mHek; 14 — TUIPOTOMKPATHI
nojayu

VYcranoBka cMoHTHpOBaHa Ha 6a3e aBTomoOuis ['A3-66-02 ¢ npu-
LEMOM, B KOTOPOM pa3MEIIaeTCsl KOMIUIEKT OypoBOro MHcTpymeHTa. Ee
MIPUBOJ] OCYIIECTBISCTCS OT JU3EJIBHOTO JIBUTATENIS, PACTIOIOAKEHHOIO Ha
pame aBToMoOmIIA, yepe3 MyTy clerieHus: U KopoOky nepenad. [1Inek u
J0JI0TO B Tipoliecce OypeHust MpUBOJATCA B JCHCTBUE BpalllaTeIeM U TH/I-
pOJIOMKpaTaMu MOJauH.

Camoxonanas BuOpoOypoBasi yctanoBka BAC-75 (puc. 2.15) nipen-
Ha3HaueHa il OypeHUs WHXKEHEPHO-T€OJOTUYECKUX CKBAXKUH TpPEMs
criocobamu [4]:

1.  ynmapHO-KaHaTHBIM C BUOpAaTOpoM (HAYaJIbHBIN THUAMETpP CKBa-
KUHBI — 219 MM, KOHEUHbIN — 127 MM, TiTyOrHa — 60 M);

2.  BpamaTeNbHbIM C BBICOKOOOOPOTHBIM BpalllaTeiaeM (Hadasb-
HBIM TUaMETP CKBKUHBI — 132 MM, KOHEUHBIN — 59 MM, riryouda — 100 m);

3. BpalIaTeJbHBIM C HU3KOOOOPOTHBIM BpallareneM (HadaabHbIN
TMaMeTp CKBaXUHbI — 151 MM, KoHeuHbI — 127 MM, riayOuHa — 25 M).
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Puc. 2.15. Camoxonnasi BuOpoOypoBas ycraHoBka BAC-75: 1 — me-
pEMHSIS TUIPABIMYECKAs ONOpa; 2 TOIUIMBHBIN Oak; 3 — nepeaHsis pama; 4 —
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HIBEJVIEPBI CBSI3M; S5 — cpemuss pama; 6 — macnsHbid Oak; 7, 12, 15 —
TUAPOJAOMKPATHL; 8 — reHeparop; 9 — 3aanss pama; 10 — kanar; 11 — onopa
TUApPOAOMKpara; 13 — ctpena; 14 — onopHas ceKius cTpebl; 16 — edeaka

bypenue npou3BoAUTCS B MEP3JbIX U HEMEP3JBIX MOPOAAX C IIO-
IPYXEHUEM U U3BJICUEHUEM OOCAIHBIX TPyO. YCTaHOBKA BBINIOJTHEHA HA
0a3e rycennuHoro tpakropa JT-75H-C2 momHocThIO 66 KBT.

VYcranoBka pazsenoyHoro Oypenus YPB-2A-2 npeanaznauena s
OypeHHUsI CEHCMHUYECKHX M CTPYKTYpPHO-KapTUPOBOYHBIX CKBAXKUH Ha
He(Thb U Ta3 BpallaTeIbHbBIM CIIOCOOOM C OYHUCTKOM 320051 CKBa)KMHBI
IIPOMBIBKOM, MPOJYBKOW WM TPAHCIIOPTUPOBAHUEM PA3PYLIEHHOW IIO-
pOJbl HA TOBEPXHOCTh IIHEKAMH. YCTAHOBKA MOET HMCIIOJIb30BATHCS
MPU UHXKEHEPHO-T€OJOTUYECKUX H3bICKaHUAX. [yOuHa OypeHus cei-
cMuueckux ckBaxknH 100 M, xkapTtupoBouHbIX — 200 M, IPU IIHEKOBOM
oyperanun — 30 M. JluameTp CKBaOXXMH HAYaJIbHBIN/KOHEYHBIN IJIA ITUX
CKBa)XMH, COOTBETCTBEHHO, paBeH: 190/118, 190/93, 135/135 mm.

Bce mexanuszMmebl, Bxoasume B ycTaHOBKY YPB-2A-2 (puc. 2.16),
CMOHTHUPOBAHBI Ha IIaCCH aBTOMOOWJISI M TIPUBOASTCS B JIEUCTBUE OT €T0
JIBUTATEIS.
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Puc. 2.16. bypoBas ycranoBka YPb-2A-2: a — Bug cOoky; 6 — BUA
cBepxy; 1 — kopoOka 0TOOpa MOIIHOCTH; 2 — MIIMHAP MOIbeMa MadThl;
3 —Bpamarens; 4 — MyJabT YIPABICHUS;, 5 —3JIEBATOP ISl TPYO U MaTpOH
JUTS TITHEKOB; 6 — aBTOMOOMIIB; 7 — Ma4Ta; 8 — TajieBas cucteMa; 9 —pama;
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10 — yctanoBku OypoBOTo Hacoca U kommpeccopa; 11 — ruapogoMkpar
nogauu; 12 — pasmarouHas kopoOka; 13 — o0OBsi3ka THUIPOCHUCTEMBI;
14 —xapetka; 15 — onopHbIN TOMKpPAT

VYcraHoBka MMeeT Bpaliaresb ¢ THIPOIPUBOIOM, KOTOPBIN obecre-
YUBAIOT BBINIOJHEHUE Olepaluid: OypeHue, CBUHUMBAaHUE U PA3BEHUYUBA-
HUE OYpWIIbHBIX TPYO. YIIpaBlieHHUE YCTAaHOBKOM MOJHOCTBIO THAPODUITI-
POBaHO, B TOM YHCJIE IMOJbEM U OITyCKaHHE MauThl [4].

KoHcTpyKIMel yCTaHOBKH TPEAYyCMOTPEHA BO3MOKHOCTh OypeHUs
CKBa)XUH C OUYUCTKOM 320051 MPOMBIBKOW WJIM MTPOTYBKOM, JIJI1 YETO HA HEH
MO>XET ObITh CMOHTHPOBAaH OYpOBOI HACOC MJIM KOMITPECCOD.

bypenue ckBaxun riayouHor 100-300 M ¢ THAPOTPAHCIIOPTOM Kep-
Ha ocymiecTBiseTcs ¢ nmomoinbio kKomiuiekcoB KI'K-100 (puc. 2.17) [4, 5]
win KI'K-300. bypenue ¢ rumporpancnoproM KepHa auamerpoMm 34—38
MM OTHOCHUTCS K YHUCITY MPOTPECCUBHBIX, BHICOKOIIPOU3BOIUTEIbHBIX Me-
ToJ0B Oypenusi. OCOOEHHOCTH ITOTO METoAa OypeHUs — NPUMEHEHHUE
JIBOMHOMN OypHJIbHOM KOJOHKH, 10 BHYTPEHHEMY KaHATy KOTOPOW BBIHO-
CUTCSI KE€PH.
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Puc. 2.17. Kommiekc st OypeHHs C THAPOTPAHCIOPTOM KepHa
KI'K-100: 1 — GypoBoii Hacoc; 2 — cucTeMa HarHeTaHusi U OTBOJA IPO-
MBIBOYHOM KUJIKOCTH: 3 — JMBOWHAs OypwIbHAs KOJOHHA;, 4 — CTeIax
1t TpYO, 5 — KEpHONIPUEMHOE YCTPOMCTBO; 6 — MepeABIKHAS €MKOCTD
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Bce OCHOBHBIE 3JIEMEHTHI KOMIUJIEKCOB YHU(DUIIUPOBAHBI U OTJIH-
YaloTCs TOJIBKO KOHCTPYKIMEH OypuiabHOM KojoHHBIL [locneanss y KI'K-
300 cocTOUT M3 JIETKOCIUIABHBIX OYpWJIBHBIX TPYyO AuaMeTpoM 75 MM H
JUTMHOM 4 M, 4TO MO3BOJIMJIO 3a CUET CHMKEHUSI MacChl JTBOMHOW TPYObI
(22 kr BMecT0S52 KI) yBeIW4YuTh TiyouHy Oypenus ao 300 M. B cocras
KOMIUIEKCa BXOJaT OypoBasi ycraHoBka YPB-2A-2I'K, OypoBoii Hacoc
Hb4-320/63, rpy3onoabeMHble TPUCTOCOOIEHNS, MPOMBIBOYHBIA Callb-
HUK, cucteMa npoMbIBKM bII-149, kepnonpuemuoe ycrpoiictBo bII-150,
MpULEH JUIsI pa3MELIEHUsT €EMKOCTH KepHonpueMHoro ycrporcrsa I1E-
2,5b n noponopazpymarommx kopoHok KI'-84C, KI'-84MC, KI'-93MC
HapY>KHBIM JuaMeTpoM 84 1 93 Mm.

B III"'O «3amncubreomnorus» Oyposas ycraHoBka Y Pb-2A-2T'K MoH-
TUpyeTcs Ha maTtdopme 5 ¢ ocHoBanueM 6 BbicoToit 500 MM (puc. 2.18).
Pasmepsl mnatdopmer 9000x4600%2100 MM, a ee Macca MakCUMaJIbHO
CHIJKEHA 3a CYET IMPUMEHEHUS] KapKaCHOW OOIIMBKU C YTEILUIUTEIIEM.
Kapkac kpbliiiid pa30opHbIN, COCTOUT U3 YETHIPEX CEKIUH. ITO MO3BOJIA-
€T MU3BJICKATh C TIOMOIIBIO aBTOKpaHa OypoBOe 000PYyA0BaHUE U YKJIA IbI-
BAaTh Ma4Ty B TOPU30HTAIIBHOE, TPAHCTIOPTHOE MOJIOXKEHUE [S].
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Puc. 2.18. IlepeaBuxunas OypoBas ycraHoBka KoHCTpykuuu [1I'O
«3amncubreonorus»: 1 — 6ypoBas ycranoBka YPB-2A-2I'K; 2 — cucrema
HarHeTaHus; 3 — yKpbITUe MauThl; 4 — OypuJibHasi KOJOHHA; 5 — TIaT-
dopma; 6 — oCHOBaHUE

B nporiecce OypeHns CKBaKMHBI IPOMBIBOYHAS KUIKOCTh MOAACT-
C HaCOCOM M3 MEPEIBUKHON EMKOCTH Y€pPEe3 CATbHUK B KOJBIIEBOE IPO-
CTPaHCTBO JABOMHON OYypHUIBLHOW KOJOHHBI M Jajee K 320010 CKBa)KUHBI.
3aTeM KUIKOCTh BMECTE C KEPHOM M HIJIAMOM, ITOCIENOBATEIBHO IMPO-
XOJisl Yepe3 ILEHTPaJIbHbIM KaHal JBOWHBIX TPyO, BHYTPEHHIOI TpPyOy
CaJbHHUKA M KEPHOOTBOJAIINI NUIAHT, TOCTYNAET HAa MOBEPXHOCTh. BEI-
OypeHHas mopoja yJaBJIUBACTCS JTOTKaMH KEPHOIIPUEMHOTO YCTPOMCTBA,
CMOHTHUPOBAHHOTO HaJl MEPEABUNKHOW EMKOCTBIO, KOTOpas ITO3BOJSAECT
CO3/1aTh 3aMKHYTYIO CHUCTEMY UHUPKYJISAIUU MPOMBIBOYHON KUIKOCTH H
UCKJTI0YaeT HE0OXOMMOCTh OTPhIBa OTCTOMHUKOB.

B kauecTBe MpOMBIBOYHOW KUJKOCTH HMCIOJB3YIOT TEXHUYECKYIO
Boay. CKBaXMHBI OypAT, HE 3akpemisis obcamHbiMu TpyOamu. [lotepu
MIPOMBIBOYHOMN KUJKOCTH HEBEJIMKH AK€ B YCJIOBHUAX, MPU KOTOPHIX
OOBIYHOE KOJIOHKOBOE OYypEHHE C TJIMHUCTBIM PacTBOPOM COIPOBOXKIA-
€TCsI TIOJTHOU MOTEPEN IUPKYJIIALUN.

2.2.4. Cranku u yctanoBku Atlas Copco Craelius AB
JJIS KOJIOHKOBOTO OypeHHsi C MOBEPXHOCTH

Bbypossie ctanku CHRISTENSEN (puc. 2.19) [2], Tunopazmep CS,
npousBoauMbie Atlas Copco Craelius AB, mpencTaBisitoT cepuro KOJIOH-
KOBBIX MAIlIMH JJis1 OypeHUsi ¢ MOBEPXHOCTHU. B mpeniaraeMbix MOJEISAX
BOILIOIIEHBI JI0Ka3aBIIne CBOIO 3P(PEKTUBHOCTh TEXHOJIOTHH aJIMa3HOIO
OypeHHsl U TOCJIeIHUE YCOBEPIIICHCTBOBAHMS, HAIIPABICHHBIC Ha YIIPO-
IIEHUE DKCIUTyaTalluu CTaHKOB. JIJIsl JOCTUXKEHMSI BBICOKOM MPOU3BOIU-
TE€JbHOCTH, ONTUMAJIHOTO BBIXOJIa K€pHA MPU HU3KOU ce0ECTOUMOCTH
oypenust cranku CHRISTENSEN umMeroT cienyromue J0CTOMHCTBA:

- IPOXOHBIE MITAHTOACPKATEb U BpAIllaTElb;

- TA3EJIbHBIN IPUBO/I;

- BApUAHTHI YCTAHOBKH HA TYCEHUYHOE WJIM KOJIECHOE II1acCH;

- JaBHOE€ MU3MEHEHUE U CTPOTHI KOHTPOJb BCEX pabOUUX MapaMeT-

pPOB CTaHKA.

['eonoropa3BejoUHbIE CTAaHKW BBIMYCKAIOTCS MOJI MapKaMH:
CS1000, CS10, CS14, CS3001 u CS4002.
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['myOuna Oypenus crankamu (auamerp ckBaxkuH 60—-121 mm) co-
craBisieT 200—2200 m.
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Puc. 2.19. bypossie yctanoBku CHRISTENSEN (CS)

JUTISl OTKPBITBIX TOPHBIX pabOT: a — Ha paMme; O — Ha IIaccu
2.2.5. byposbie yctanoBkH Atlas Copco Craelius AB
JJISI METOAA «00paTHAS HMPKYJIALMD)

Bo BceM Mupe mpu3HAHO, YTO TEXHOJIOTUSI T'€0JO0TOPa3BEI0YHOIO
OypeHUsI METOJIOM «OOpaTHOW IUPKYJIAIUN» SIBISETCS HauboJsiee npous-
BOJIUTEIIBHBIM CIIOCOOOM TIOJIY4eHHSI 00pasloB IMOpOA B ILIamooOpas-
HOM COCTOSIHUM BBICOKOTO KauecTBa (MeXaHWYecKasi CKOPOCTb OYpeHUs
10 1,5 M/muH u Beiie). M3-3a BBICOKOI MPOU3BOIUTEIBHOCTH 3aTPAThI
Ha OTOOp MPOO TaKUM METOJOM B cpeaHeM B 2,5-3 pas3a MEHbIIE, YeM
MpU TPAJUIIMOHHOM KOJIOHKOBOM Oypenuu (puc. 2.20) [2].

Bypenune MeTonoM «0OpaTHOM HMPKYJISIUA» TPOBOAUTCSA JABYX-
CTEHHBIMU OypOBBIMHU TpyOamu. B kauecTBe pabouero MHCTpyMEHTa HUC-
MOJIB3YIOTCS CHEIUANIbHBIE TTOTPYXKHbIE MHEBMOYJAPHUKH CO IITHIPEBbI-
Mu josiotamMu RC wnu mapomreunsie qonora mojaener RC. [{ng ounctku
320051 UCIOJIB3YETCSl CHKATBhIA BO3/YX W/WIM BO3IYIIHO-BOJIHASI CMECH C
BO3MOXHBIM Jo0aBiaeHuemM meH. [1ogaua Bo3ayxa k 3a0010 OCYIIECTBIIS-
€TCA MO MEXTPYOHOMY MPOCTPAHCTBY, MPUBOJS B JICUCTBUE MMHEBMO-
yAApHUK W o0ecreunBas pa3pylieHue Mopojibl B 3a00HHOM 30HE. 3aTeM
OypoBasi MeJIOUb IO CHENHUATBHO CIPOCKTUPOBAHHBIM MPOAYBOUYHBIM Ka-
HajlaM JI0JI0Ta COOMpaeTcsl OT 320051 CKBaXKMHBI MO/ ICMCTBUEM CXKAaTOIrO
BO3JlyXa B €ro LIEHTP, MONaaasi BO BHYTPEHHIOIO TPYyOy BYXCTEHHOTO OY-
POBOTO CTaBa, U BBIJACTCS HAa MOBEPXHOCTh. PazjiesieHne C:kaToro BO3dYy-
xa 1 O0ypoBor Menouu (ITpoObl) MPOUCXOAUT B CHENMAIBHOM IUKJIOHE. B
HEM TOJT JICUCTBUEM LIEHTPOOEKHOM CHIIbI OypoBasi MEJOYb OCEMAeT Ha
OOKOBBIE CTEHKU W BBITIAJIAET Y€pe3 HIHKHIOK YacTh IIUKJIOHA B COOpPHBIC
eMKocTH. [locie 3Toro HeoOXoauMasi 4acTh MAKYETCsl B MEIIKKA U MapKu-
pyetcs. bypoBbie ycranoBku Explorac R50 u Explorac 220, mpemtarae-
Mmbie Atlas Copco Craelius AB (puc. 2.21) [2], sSBAsIOTCS TOJHOCTHIO
rUApOPUIIMPOBAHHBIMU OYPOBBIMH MAaIlIMHAMU IITUHIACIBHOTO THMA C
OCHOBHBIM TpeHA3HAYCHUEM /I MeToAa «oOpaTHas uupkysius» (RC).

['mybuna 6ypenusa aonoramu guamerpom 101,6 — 152,4 mm cocras-
nsiet 100-350 M. Yron HakJIOHa CKBa>KWHBI BEPTUKAJIBHO BHU3 1 45°.

Explorac 220 RC cnpoekThpoBaH B COOTBETCTBUU CO ClielM(pUKa-
USIMU CIIELIMAINCTOB U 0osiee yeM 20-JIETHUM OIIBITOM B 00JIACTHU reo-
JIOTOPa3BEeIOYHOTO OypeHHs, a KaXIbli KOMIIOHEHT OB TIIATEIBbHO MO-
n00paH M TOYHO OTPEryJUPOBaH AJisi OOECICYCHUS! ONTUMAJIbHBIX pe-
3yJbTAaTOB OypeHHUsl.



Puc. 2.21. BpOBaﬁ yTaHOBK Explorac 220 RC
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OCHOBHBIE JOCTOMHCTBA KOHCTPYKIIUU:

- yCWiIeHHas miatgopMa CTaHKa JOMOJHEHA CUCTEMOW MpeaBapu-
TEJILHOTO pacropa MayThl U €¢ (PUuKcaluy Ha 3eMJIE;

- YHUBEPCAJIbHBIN MOJABUKHBIN, MOJTHOCTHIO THAPOGUIIMPOBAHHBIN
CTOJI TTO3BOJIAET MPUMEHSTh PA3HOTUITHBIA OypOBOW UHCTPYMEHT;

- CHEIUaIbHO pa3pabOTaHHBIA I METOJa «OoOpaTHasl LUPKYIIs-
IIMs» BBICOKOMOMEHTHBIM BpalaTeiab 00OpYyJI0BaH POJIMKOBBIMU TIOJI-
IIMITHAKaMU C TTOBBIIIIEHHON CITIOCOOHOCTHIO M HAJEKHOCTBIO.

- nu3enb ctanka — CAT, otBewaer HopMam ctaHaapTa Euro 2.

- TIaHEJIb YTPABIICHUS MOXKET pacIioiaratbCs Ha pacCTOSHHUM A0 15 M
OT YCTaHOBKHU, oOecreurBas 0€30MacHOCTh MEPCOHaNa U MAKCUMAJIbHYIO
BUJIMMOCTD BBITIOJIHSIEMBIX OTIEPAIIUi.

- 6oproBoit kommpeccop XRV 10 «Atnmac Komko» — 3T0 HOBBII
BUHTOBOW KoMIipeccop ¢ naBienreM 30 6ap. KoMmakTHbIN U JeTKui, OH
UJICTbHO MOJIXOIUT JJIsI OypeHHUsl ¢ 0OpaTHOM IUPKYISALIMEH U OTpeo-
JISIET MaJIO SHEPTUH, YTO BEIET K 3HAYUTEIbHOW S3KOHOMUH TOILIHBA.

- 3(pdexTUBHAS KOHCTPYKIUS LMKJIOHA sl 0TOOpa mpold obecrme-
YUBACT TOUYHBIA U OBICTPBINA OTOOP MPOO, MUHUMUZUPYS TBUIh.

2.2.6. Ctanku u ycranoBku Atlas Copco Craelius AB
ISl TIOJI3¢MHOT0 KOJIOHKOBOTO OypeHust

DIAMEC — 3apeructpupoBaHHasi TOProasi Mapka BbICOKOOOOPOT-
HBIX MOJIHOCTBIO TUPO(PUIMPOBAHHBIX CTAHKOB (puc. 2.22), mpeaHa3Ha-
YEHHBIX JJIsI IPOBEJEHUSI OYPOBBIX pabOT ¢ OTOOPOM KEpHA B YCIIOBUSIX
nmoa3eMHbIX BeIpadoTok (Diamec 232, Diamec U4, Diamec 262, Diamec
U6, Diamec U6 dh, Diamec US8). Bo3aMoxHble BapuaHThl UCTIOJTHEHUS —
Ha pame (cajla3zkax), ¢ TYCEHMYHbIM WJIM KOJIECHBIM Iaccu [2].

Puc. 2.22. Ilogzemnas 6ypoBas yctaHoBka Diamec
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Bce O0ypoBrpie ycTaHOBKH cemeiicTBa Diamec 0OBeAUMHSIOT CIEHY-
IOIIUE OTIIMYUTEIbHBIE OCOOCHHOCTH:

- TJTABHOE M3MEHEHUE M CTPOTM KOHTPOJIb BCEX MapaMeTpoB Oy-
peHus obecreuyrnBaeT HauboJee ONTUMAIbHBIE PEXKUMBI paOOTHI;

- KOMMNAaKTHOCTb W MOAYJBHOCTh O00ECHEYMBAIOT MaKCHUMaJIbHO
C)KaThle CPOKM MOHTa)Ka M IEMOHTAXKa;

- MHOTO(YHKIIMOHAJIBHOCTh — YCTAHOBKH JIOMYCKAIOT MCIOJIb30Ba-
Hue CCK, oHO-, IBYXTpYOHBIX KOJOHKOBBIX CHApSAJIOB B COUYETAHUU C
aIMa3HBIMU M TBEPAOCIUIABHBIMH KOPOHKaMH, OypeHUE MOTPYKHBIMHU
MTHEBMOY/IapHUKAMHU.

['myOuna Oypenust OypoBbIMU CTaHKaMHU (UaMeTp CKBaXKUH 48—99 mm)
coctaisieT 1202000 m. CtanmapTtHOo ctaHku cepuu Diamec nocrasis-
IOTCSl  YKOMIUIEKTOBAHHBIMM CHJIOBOM YCTAHOBKOM (IM3EIBHOTO WJIU
ANEKTPUYECKOTO THUIIA), MPOMBIBOYHBIM HacocoM, Jedeaxoit CCK. Bos-
MO>KHA TTOCTaBKa CTAHKOB BO B3PBHIBO3AIIUIIEHHOM HCIIOJHEHHHU.

Hosrie Mmogenu Diamec cepun U: MoaepHU3UPOBAHHAST KOHCTPYK-
IIMs, KOHTPOJIb W YIPAaBIICHHE IapaMeTpaMH OypeHHs OT OOpPTOBOTO
KOMITbIOTEpa TpeTbero mokojeHus (APC) mo3BosSOT MOBBICUTE SKCILTY-
aTallMOHHBIE XapaKTEPUCTUKKW M HAJIEKHOCTb. ['eomoropasBegoyuHbIe
ctaHku cepun U UMEIOT CleayIoNKe TPEeuMyIecTBa:

- YBEJIMYEHHAsl MOIIHOCTh 00€CHEeUYrBaAETCA 3a CYET Oosiee panuo-
HaJbHON KOHCTPYKIIMU BpaliaTessi, 4TO MO3BOJISIET YBEJIIMUUTh CKOPOCTh
BpaIlEHUS U MPOXOJIKY;

- KoMmmbrOTepHass cucrtema ynpasieHus APC Ha ocHoBe MS
Windows o0ecreurBaeT MOJIHYIO aBTOMATU3AIIUIO MpoIecca OypeHus;

- B Mmoaudukaruu APC oauH omepaTop MOKET BBINOJHATH BECh
nepeyeHb HEOOXOAUMBIX Pa0dOT OJaroaapsi HOBOM KOHCTPYKIIMHM YCTPOU-
CTBa MO3UIMOHUPOBAHUS CTaHKA, YCKOPAIOUIEH MOArOTOBKY MAIlMHBI U
MOJTyaBTOMAaTHYECKOMY PEKHUMY CITYCKOIIOTbEMHBIX OTIePAIIHiA;

- JJIEKTpOHHasA cucTeMa yrpasieHus Canbus cokpailaer Koiauye-
CTBO THJAPOIUIAHTOB U 3JIEKTPOIPOBOJIOB, 00JIETYAET AUArHOCTHKY He-
HCIIPABHOCTEH, a TAK)KE T0OABJICHUE OMIIUA U aKCECCYapoB;

- CCHCOPHBIM DKpAaH YIPABJICHUS B COUYECTAHUM C JPKOMCTUKOM U
YHUBEPCAIbHBIM PETYJSATOPOM OO0JIETrdaloT BBOJ M HACTPOUKY paboumx
napaMeTpoB CTaHKa, OTOOpakaeMbIX Ha dKpaHe sl KOHTPOJIS/ MU3MEHEHUS
B aBTOMATHUYECKOM W/WJIA PYYHOM PEKUMAX.

OcHoBHBIE (DAKTOPBI, OMPEILISAIONIUE BEIOOP OYPOBOM yCTAHOBKHU —
1[eJIeBOe Ha3zHaueHHUe, TiyOuHa OypeHMsl, KOHCUHBINH IUaMETP CKBaXKHWH,
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XapaKTep U CBOMCTBA MPOXOJUMBIX TPYHTOB, IPUPOAHBIC YCIOBUS MECT-
HOCTH (penbed, paCTUTEIBHOCTD, KITUMAaT U Jp.).

BriOupaemast OypoBasi yCTaHOBKa JIOJKHA OBITh B JIOCTATOYHOM
cTeneHn Y(PGEeKTUBHON TEXHUYSCKH U IKOHOMUYECKH, 001a1aTh XOPOIIICH
TPaHCIIOPTA0EIBHOCTHIO (B Ciydae OOJIBIIMX Ta0apUTHBIX pa3MEpPOB U
MaccChl — BO3MOYKHOCTBIO pa300pKU Ha OTJACNIbHBIE TpaHCIOPTAOEIIbHbBIC
OJIOKH, a B CIydae CaMOXOJHOCTHU — BBICOKOH MPOXOJUMOCTHIO, MaHEB-
PEHHOCTBIO, TOCTATOYHOM CKOPOCTHIO MEPEABMKEHHUS), B ClTydae HE00XO0-
JTUMOCTH 00OecreunBaTh BO3MOXKHOCTh OYpEHHSI HECKOJBKHMHM CIIOCO0a-
MU, YKOMIUIEKTOBBIBATHCS HAJICKHBIM B pab0Te U YI0OHBIM B 00pallleHu!
OypOBBIM M BCIIOMOTaTEIbHBIM HHCTPYMEHTaMH, 00€CIIeYnBaTh MPOCTOTY
MIPOBEICHUSI PEMOHTA, BO3MOXXHOCTh OOCTY>KWBAHHSI MUHUMAJIbHBIM YHC-
JOM paboyux ¢ HE3HAUUTEIHHOM 3aTpaTod py4dHOro Tpyna, yI0OCTBO,
MPOCTOTY U OE30MaCHOCTH PAOOTHI.

Br16op OypoBBIX YCTaHOBOK JOJDKEH OIPEACTATHCS YCIOBUSIMHU
MPOBEACHUS OYpOBBIX PadOT, B TOM YHCJIE TITyOMHOUW M TUaMETPOM CKBa-
*uH. He pexomeHayercs UCIoab30BaTh YCTAHOBKH IS YCIIOBUM, HE CO-
OTBETCTBYIOIIMX MX TMapameTpaMm. BeiOupaeMblii TUTT yCTAHOBKHU JOJIKEH
B HauOOJIbIIIEH CTENMEHN YYUTHIBATh CrieU(PUKY paOOT TaHHOW KOHKPET-
HOM opranu3aruu. CleayeT CTPEMHUTHCSA, YTOOBI OpraHu3anus Oblia
YKOMIUJICKTOBaHA TPEMS-YETBIPbMS MapKaMU OJHOTHIHBIX CTaHKOB. B
ATOM CJIy4ae CYIIECTBEHHO YIIPOIIAETCS PEMOHTHOE OOCTYy>KUBAHHE, CO-
3/1aI0TCsI OJIArONMPHUSATHBIE TPEANOCHUIKH JJIA CIeIHaIU3alii OypPOBBIX
Opuraa, W CIEJOBATEeIbHO, TMOBBIIIECHUS MPOU3BOIUTEILHOCTH TPY/A,
YJIY4IIIatOTCSl OpraHu3alys U mpoBesieHne OypoBbIX padoT. CienyeT Tak-
K€ YUYHTBHIBATh BO3MOKHOCTH HCIIOJIb30BaHHUS BHIOMPAEMBIX YCTaHOBOK
IUIS IPOBEACHUS APYTUX BUIOB paOOT (MOJIEBBIX MCCIIEIOBAHUNA TPYHTOB
C TOMOIIbI0 HAaBECHOTO O0OpYJOBaHHUsA, OYpEeHMs] CKBKUH OOJBIIOTO
JIaMeTpa CIeUaIbHbBIM OYPOBBIM HHCTPYMEHTOM H T.J1.).

2.2.7. 3aboiiHble MEXaHU3MBbI, OypHJIbHBIE, KOJIOHKOBbIE
U 00cagHbIe TPYObI
Kepnonpuemnux «Kownycy (puc. 2.23) [5] ucnoib3yroT B COCTaBe
KCCK-76, KCCK-76M njis 0T60pa HEyCTOMYMBBIX yTJIEH, OMHOPOIHBIX
U HEOJTHOPOAHBIX MO (PU3UKO-MEXaHUUECKUM CBOWcTBaM. KepHomnpuem-
HUK «KOHyC» MpeacTaBisieT co00i caMOHACTpanBarolleecss yCTPONCTRO,
B KOTOPOM B Ka4€CTBE ABTOMATHYECKOIO PETyJIsTOpa MPUMEHEH YIpY-
MU TIAKET TapebyarThiX MPYKUH C 3aJaHHOW HArpy304HOM XapakTepu-
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CTUKOW. DTOT PETyJATOP OTPpaKaeT U3BMEHEHUE OypUMOCTH YTJs B (op-
M€ CHTHaJja yNpaBJICHUS, PETyIUPYIOIIEro paboTy KEpHOIPUEMHHUKA.
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Puc. 2.23. CweMmHublii kepHOonpuemHuka «Konycy»: 1 — roisoBka-
duxcarop; 2 — raiika; 3 — peryyusaTop; 4 — yJUIMHUATEIb; 5 — HUMIENb; 6 —
KOHTENHED; 7 — WITaMII
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JIns monydeHus YroJbHOIO KEpHA C COXPAHEHHWEM B HEM €cCTe-
CTBEHHOM CTPYKTYyphl KepHOnpueMHUK «KoHyc» aBTOMarudecku
HaCTpanBaETCs B MpoIlecce OypeHUs MO0 BEIUYMUHE ONEPEKEHUS IITaMia
OTHOCUTEJBHO TOpLA BpalAIOMIEHCS aaMa3HOM KOPOHKH KOJIOHKOBOTO
Habopa komruiekca KCCK-76 u no yaenbHOMY JaBJICHHIO MOJ KOHYC-
HBIM TOPLIOM IITamIma. /J(uameTp KepHONPUEMHHKA COCTaBiseT S1 mw,
nirHa 6860 MM, a macca 43 Kr.

[Ipy nOpuIOKEHHMH OCEBOM Harpy3ku P KOJOHKOBOMY HaOopy
(puc. 2.24) [5], ronoBka-hukcaTop, KOPIYC PErysaTopa NepeMeIiatoTcs
BHM3. B mporiecce OypeHHst yroJibHBIX IJIACTOB MPOUCXOJUT aBTOMATHU-
yeckasi HACTpoWKa KepHolnpruemMHuka «KoHyc» mo BennynHe omnepexe-
HUS IITAMIIA U YASIIBHOW OCEBOM HArpy3KW Ha TOPEIL IITamIIa.

CpbIB U yaepKaHHUE KEpHA OCYIIECTBIAECTCS €ro 3aKJIMHUBAHUEM B
KOJIBIIEBOM BBICTYIICE BHYTPH IIITaMIla IYTEM YBEJIUYECHHUS OCEBOU
Harpy3ku Ha OypoBO# CHaps/I.

a 61) B‘P

-
-
s

S p—
o Ty

E avawaTay.

-
-
-

avavaL

Puc. 2.24. Kunemarudeckasi cxema padboThl KepHonpreMHHKa «KoHycy:
a — B HEHarpy>KCHHOM COCTOSIHUU Iepe]l OypeHUEeM YTroJIbHOTO TJIacTa,
onepekeHue mrammna 8§ MM; O — BO BpeMsl OypeHus MiacTa mTaMrnoBaHu-
€M, ONEPEKECHUE Tamna 2,5 MM; B — MPU 3aKJIMHUBAHUU KEPHA, IITaAMII
OTCTAET OT aJIMa3HOMW KOPOHKH Ha 2 MM; | — mramir; 2 — aqiMa3Hasi Ko-
ponka; 3 — koHTelHep; 4 — KoJoHKOBbIM Habop komiuiekca KCCK-76;
5 — HOpyXWHHBIA perynsTop; 6 — NoAIMUNHUKN; P — oceBas Harpyska;
M — KpyTSA1IHAA MOMEHT
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Tuopoyoapuwiit  cnapsao CCI-76 npuMeHsieTCs IJId YyJapHO-
BpaIllaTeIbHOTO OypEeHUsSI Pa3BEJOYHBIX CKBXHUH riayouHoi mo 1200 m
aIMa3HbBIMU KOPOHKaMH JuameTpoM 76 MM B mopoaax VII-X kareropwuii
no Oypumoctu. OH BXOJUT B COCTaB KOMILJIEKCA CO ChEMHBIMH KEPHO-
npuemunkamMu KCCK-76-1200. Cuapsin (puc. 2.25) [5] BKIItO4aeT cheM-
HYI0 4acTh | u kopryc 3. CremHas 4acTh | BKIIOYAET THAPOYIAPHUK O,
COCTOSIIIIMN M3 KjamaHa 4, 0oiika 7, munuHapa S5, HakoBanbHU 10, mpy-
KUHBI 8 U 1oJBecku 11, coennHeHHoM ¢ kepHOonprueMHUKoM. Kopnyc 3
HMMEET LIEHTPATOpP, COSTUHSIONIMNA CHAPsl ¢ KOJIOHHON OypHJIBLHBIX TPYO
U pa3beM C OTMOPOH JJIs Mepelayu yAapoB Ha KOJOHKOBYIO TPyOy U KO-
POHKY.
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Puc. 2.25. CHapsj co ceeMHbIM ruapoyaapaukom CCI'-76

Ynopel 9 HakoBanbHU 10 B TpaHCIIOPTHOM MOJIOKEHUU CBOOOIHO
MPOXOAAT MO KOJIOHHE OYypuiabHBIX TpyO u Kopmycy 3 cHapsna. [lpu
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YCTAaHOBKE CBEMHOM 4acTu | Ha kopmyc 3 MaHXkeTa 2 IEepPEKPBIBAET
MEXTPYOHBIN 3a30p. X0/ ChEMHOM YaCTH COCTABIISACT 5S—7 MM.

[Ipy mocraHoBKe cHapsia Ha 3a00i HauyMHAET PadOTaTh TUAPO-
yAQpHUK, KOTOPBIM HAHOCUT yJaphl MO MOBEPXHOCTU 3a00s1 ¢ dHEprueu
5 JIx u ¢ gactotoit 1600—1800 ynapoB B 1 muH. I[Ipu paboTe kianaHa
MOTOK >KUIKOCTH MEPEKPHIBAECTCS W BO3HUKAET THAPABINYECKUN yJap,
1o ACMCTBUEM KOTOPOro KjamaH ¢ OoikoMm mepemMernaercs BHu3. Kiia-
MaH, JAOWAS 10 MWIMHApaA 5, OCTaHABIWBAETCsA, a 0OEK IMPOJOJDKAEM
JBI)KCHUE BHU3 M HAHOCUT yJlap MO HAKOBaJIbHE, KOTOPBIN jJajiee mepe-
JaeTCsl 4epe3 KOJOHKOBYIO TpyOy Ha KOPOHKY. 3a CUET OTCKOKa U DHEp-
MU CKATOU MPY>KUHBI OOCK BO3BPAIAECTCS B UCXOJHOE MOJOKEHUE, CO-
MPUKACAETCs C KJIAMaHOM U IUKJI TOBTOPSETCS.

[IpoMbIBOYHAST KUAKOCTh TNOCJIE TUAPOYJAPHUKA MPOXOJHUT B
KOJIBIICBOM 3a30p MEXJy KOPIYCOM M ChEMHBIM KEPHOIPUEMHUKOM U
nocTynaer Ha 3a0oil. [IpuMeHeHue TUAPOYJapHUKA B COCTABE KOMILICK-
ca KCCK yBenuumBaeTr mNpou3BoaUTeNbHOCTh OypeHuss Ha 20-30%
BCJIC/ICTBYE MOBBIIICHUS MEXaHUYECKON CKOPOCTHU U JIJIMHBI perica.

Koncmpykyusa xepronoma (puc. 2.26) [5] paspaborana B IIT'O
«ITonsipHOypanreonorus» mig KOPOHOK auamerpoM 76, 84 m 93 mm. B
KEPHOJIOME Pe3Ibl TBEPAOrO CIIaBa 3aMEHEHBI CTAIbHBIMU IIapUKaMHU,
OKa3bIBAIOIIMMHU MYJILCUPYIOINIEE PauaibHOEC BO3JAEHCTBUE HA KEPH, UTO
UCKJIIOYAeT €ro 3akjivHuBaHve. KepHosoM pacrosnokeH Ha pacCTOSHUU
80-90 MM OT TOpLIA KOPOHKH.
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Puc. 2.26. KoHCTpyKIUs KepHOJOMa () U cXeMa OMPECCOBKH IIa-
puUKOB (0)

bypunvuvie mpyowor (PeOpuK) BBIOIHAIOT OJHOBPEMEHHO HECKOJIb-
KO (DyHKIUI:

1. mepenaya KpyTAIIEro MOMEHTA U YCWINS MIOJJa4l HA KOPOHKY;

2. MpOMBIBKA U MPOyBKA 320051 CKBAXKUHBI;

3. NOJIbEM U CITyCK OypOBOrO MHCTPYMEHTA;

4. TpaHCIIOPTUPOBKA KEPHA.
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JlerkocmiaBHbeie OypuiibHBIE TPyOBI (puc. 2.27) [4] NpUMEHSIOTCS C
JIBYMsI TUITAMH COeIUHEHUM: My TOoBO-3aMKOBbIM JIBTM U HUNMEIbHBIM
JIBTH. B xauectBe Marepuaiia TpyO NPUMEHSIOTCA cTaid Mapok 45, 3612C,
45V, 38XHM, a taxxke amromunueBbiid cruiaB J[16T. Tpyosr JIBTM co-
SAMHSIOTCA IPYT ¢ ipyrom mydramu u3 craieit 361 2C, 40XH, 45. TpyObt
JIBTH mnMmerot HunmensHoe coeaunenne u3 crainen 40XH, 45Y.
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Puc. 2.27. JlerkocnnaBHbie OypuibHbie TpyOsl: a — JIBTM-54: 1 —
3aMok; 2 — Tpy6a; 3 — mydrta; 6 — JIBTH-54: 1 — Hunmens tuma A;
2 —Tpy0a; 3 — Hunmnens Tuna b

3aMKM I COCAMHEHUS MEXIy cOOO0M OYpUIBHBIX TPYyO IHUaMeT-
poM 50 mm m3rotoBiaoT o ['OCT 7918-75. 3aMOK COCTOUT W3 HUIIIIEIIS
(puc. 2.28, a) u mydThI (puc. 2.28, 0), COETUHIEMBIX MEXIY COO0M Kak
MIPaBOM, TaK U JIEBOM 3aMKOBOU pe3n00ii [4].

Kononroswvie u ob6caonvie mpyowi

KoJioHKOBBIE TPYOBI NMPEACTABIISIIOT COOON TEXHOJIOTHMYECKUN WH-
CTPYMEHT, TIPH TMOMOIIM KOTOPOTO OCYIIECTBISETCS HEMOCPEICTBEHHO
OypeHre CKBaXWHBI, a 00caaHbIe TPYObl — BCIIOMOTATENIbHBIN HHCTPY-
MEHT JIJIs1 KpeTIJICHUS CTEHKU CKBa)KUHBI.

KonoHkoBbie TpyObl UCIOIB3YIOTCS JIs TIpUEMa KepHa, MOCIeTy-
IOIIETO €ro TPAHCIOPTUPOBAHMS HA MOBEPXHOCTh M IOJICPXKAHUS 3a-
JTAHHOT'O HaINpaBJIeHUs OCH CTBOJIAa CKBaXXUHBI B Ipoliecce oOypeHus. O0-
caguble TpyOs! (puc. 2.29) mpegoTBpaialoT 00Bajabl U CYKEHHE CTEHOK
CKBQ)XMHBI B HEYCTOMYMBBLIX TOpOAaX, MEPEKPHIBAIOT HAMOPHBIE U IIO-
TJIOIIAIOIINE TOPHU30OHTHI [4].
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Puc. 2.28. bypunbHblii 3aMOK: a — HUIIMENb; 0 — MyQTa
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Puc. 2.29. KomonkoBas o0OcagHas TpyOa HHUIIIIEIBHOTO COCIUHE-
HUA: a — TpyOa; O — HUMMENb
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3. BYPOBOM NHCTPYMEHT
3.1. TBepaociyiaBHble HHCTPYMEHTBI
3.1.1. UHcTpyMeHT Uil YIAPHO-BHOPALIMOHHOI0 OypeHUus
B kauecTBe MHCTpyMEHTa MpU BUOPOOYPEHUH TPYHTOB HCIOJIB3Y-

10TCsl BUOpO30HABI (puc. 3.1) [4].

Puc. 3.1. YcrpoiictBo BUOpO30HIa ¢ KiIanmaHOM: | — MepexoaHHUK;
2 — nmasient; 3 — kopmyc; 4 — ynop; 5 — kianaH; 6 —pabdouee KoJbI[0

Bubpozon npencrasiser coboit TpyOy IIuHOU 1-3 M, HMEIOITYIO
Ha HIDKHEM KOHIIE pabouee KoJIbIo 6, a Ha BEpXHEM NEpPeXOaHuK 1 s
MPUCOEIMHEHUS K OypuiibHBIM TpyOaM. TpyOa mo Bceil JJInHEe UMEET OJIHY
VI HECKOJIBKO MTPOPE3EH ISl OYUCTKHU 30HAA OT MOPOJIBL. 30HAbI HMEIOT
muametpsl 108, 127, 146 u 168 mm, pexe — 89 u 219 mm. Ha puc. 3.1 npu-
BEJICHAa KOHCTPYKIMSI BUOpO30HIa auamerpoM 168 MM ¢ ogHO#l mpope-
3p10. Pabouee komb110 BUOpo30HAa Ha 4—6 MM OOJIbIIEe KOpPIyca U UMEET
YTOJI CKOCa PEeXYIEed KPOMKH B 3aBUCUMOCTH OT MPOXOJUMBIX MOPOJ OT
15 no 60°, uto ymeHbIIaeT CUIy TpEeHUs 30HAa 0 mopoay. Ha pexyryro
KPOMKY pabo4ero Kojblia AJi MOBBIIIEHUS W3HOCOCTOMKOCTH HAarlJIaBJis-
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10T TBepAbld cruiaB. [[insi OypeHHs YCTOMYMBBIX CBSI3HBIX TJIMHHUCTBIX
TPYHTOB TMPUMEHSIOT 30HABI C OJHOM MPOPE3bI0 C yriioM BeIpe3a 140—
160°, 94TO MO3BOJISIET JETKO OYUINATH 30H]I OT MOPOJbl. B MeHee ycTonuu-
BBIX, HO CBSI3HBIX MTOPOJIaX MCIOIb3YIOT 30H/IbI C MEHBIIIUM YIJIOM BhIpE3a
(90—-140°) wnm 30HaBI ¢ AByMs BbIpe3amu. HecBsizHbIC (OIUIBIBAIOIIUE U
CBIIy4Yr€) TPYHTHI CIAEAYET MPOXOJUTH KEJIIOHKAMH, BXOJIHOE OTBEPCTHE
KOTOPBIX MOJIHOCTBIO NIEPEKPHIBAETCS KIanaHOM. Takue *KEeJIOHKA UMEIOT
B BEPXHEH 4acTh OTBEPCTHUS JIJIS1 OUUCTKU UX OT MOPOJIBI.

3.1.2. TeepaocnjiaBHbIe HHCTPYMEHTHI BPAallaTeJILHOI'0
OypeHusi MOPO

OTOT TN UHCTPYMEHTOB B BUJIE€ KOPOHOK MPUMEHSIIOT JJisI BHIOY-
puBaHUs KEpHOB. OCHOBHBIMU KOHCTPYKTUBHBIMHU 3JIEMEHTAMU KOPOHOK
ABJISIFOTCSI: KOPOHOYHOE KOJBIIO, TBEPAOCIJIABHBIC BCTABKH, [IUPKYJISAIU-
OoHHbIE KaHajbl (puc. 3.2) [1]. BctaBku noapa3ieisitoTcs Ha OCHOBHBIE U
noape3Hbie. OCHOBHBIE BCTAaBKM BBICTYIIAKOT HAJ TOPLIOM KOPOHKH, B3a-
UMOJICUCTBYIOT C MOPOJOM KOJBIIEBON MOBEPXHOCTH 320051 CKBaKUHBI U
BBIOYPUBAIOT KEPH MOPO/IBI.

[loape3nbie BCTaBKM JOJDKHBI KaauOPOBAaTh CTEHKY CKBaKUHBI U
BBIOYPUBAEMBIIl KEPH, MIO3TOMY OHHM BBICTYMHAIOT 3a OOKOBYIO HapY>KHYIO
Y BHYTPECHHIOIO ITOBEPXHOCTH KOJIbI[A. JTO UCKIIKOYAET TPEHUE KOPOHOU-
HOT'O KOJIbIIA O CTEHKY CKBAKUHbBI U KEPH.

B coorBerctBun ¢ I'OCT 11108-70 mpoMBIIIIIEHHOCTH BBIITYCKAET
KOpPOHKH 1151 Oypenusi: M — msrkux nopoa; CM — cpeHux 1o TBEp/I0-
cTu Masoabpa3uBHbIX Opo; CT — TpelrHOBaTHIX, CPEAHUX MO TBEPIO-
CTU Manoabpa3uBHBIX TOpoJ; CA — MOHOJUTHBIX, CPETHUX MO TBEP/IO-
cTu a0pa3uBHbBIX Mopoj. KopoHnku tumna M BbITyCKalOTCA 1UamMeTpoM 93,
112, 132, 151 MM, a kopouku tunoB CM, CT, CA umerot nuaMmeTpsi 36,
46, 59, 76, 93, 112, 132 u 151 mm. JIns apmupoBaHus KOPOHOK MHpPHU
BpaIllaTeIbHOM OYpPEHUH PEKOMEHYETCS MPUMEHSTh CPEIHE U JIU KPYII-
HO3EPHHUCTHBIE MaJoK0OaIbTOBBIC TBepAbie ciiaBbl Mapok BK6, BKS,
a TMpU yAapHO-BpallaTeIbHOM — BBICOKOKOOanbTOBBIE Mapok BKI11,
BK15, BK20, BK25. Ilocaennue o6nanaroT OOJbIIEH yJIapHOU BS3KO-

cThi0. KOpPOHKM HCTONB3YIOTCSA Il OypeHHs MOPOJ KpPEmoCThIO [0
f=8-10.
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Puc. 3.2. OCHOBHbBIE THUIIBI TBEPAOCIUIABHBIX PEKYUIUX KOPOHOK:
a— MIl; 6 — CM3; 1 — KOpoHOUHOE KOJIbLIO; 2, 4 — BHYTPEHHSSI U HAPYXK-
Hasl KaMOpyIollKre MOAPE3HbIE BCTABKHU , 3 — OCHOBHAs BCTaBKa
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3.1.3. TBepaocmiiaBHbIe HHCTPYMEHThI
JJIS yIAPHO-BPAIIATEJILHOI0 OypPeHUs MOPOI

s Oypenus reonoropaspeounbix ckBakuH CKb HITO «I'eorex-
Huka» u [ITHUUIT'PU pazpadotansl TBepaociuiaBabie koponku KI'-1, KI'-2,
KI'-3, KI'-4, KI'-5 I'TIA 48M, I'TIN 67M, T'TIN 121M, I'TIN 126M, I'TIA
126MC, TTI1A 101M, KII-113, KII-161, KII-184, KII-216, KIII-113,
KAII-132, KAII-151.

JInss  apMUpOBaHHS KOPOHOK NPUMEHSIIOTCS TBEPAOCIUIABHBIC
(BK15) BctaBku (puc. 3.3) [1] BeimonHeHHbIe B BUjie iactul ['55, 157,
I'l1, I'13, TI1A, 1197 wnu wreipeit 11P-1, ITP-3, ITP-4. 'onoBHas yacth
BCTaBOK MMeEET (OpMYy CUMMETPUYHOIO WJIM aCUMMETPUYHOrO KJIMHA C
yrioMm 1ipu BepuinHe 70-100°. KopoHKM MCHIONB3YIOTCS I OypeHHs
nopoJ kpenocteio f = 6-16.

wp |9 0" g .

~T5N a0
% . ":.-’
r I
[ g

r i re3 s0° ns

e — @

< A
e §
B3 & 9.0 |
;Q\\ %Q
-y

o 1 | m.@\fm, Tﬂf @

B

Puc. 3.3. Tumsl TBEpAOCILUIABHBIX BCTABOK

B koponkax mjisi OypeHHus CKBaXUH T'MApoyJapHuKaMu (puc. 3.4)
BCTAaBKM YCTAHABJIMBAIOTCS B BBIPE3aX-THE3/IaX M 3aKPEILIAIOTCS MalKoi.
[Ipu 3TOM OHM BBICTYMAIOT Ha 1,5 MM HapyXy U BHYTPbh KOPOHOUHOTO
KOJIbIIa, & HA TOpIE Ha 4,5 MM, UTO HUCKIIFOYAET TPEHUE KOJIbIIA O CTEHKY
CKBa)KUHBI U MOPOJHBIN KepH [1].
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Puc. 3.4. KOHCTpYKTHBHBIE 3JIEMEHTHI KOPOHOK ISl yAapHO-
BpalllaTeIbHOTO OypeHusi: 1 — KOPOHOUHOE KOJblO; 2 — BCTaBKa; 3 —
MPOKJIAJIKA U3 CTAIbHOM CETKU

JInst OypeHuss CKBOXMH C NPUMEHEHUEM [THEBMOY/IAPHUKOB
[HHUI'PU pazpaboTtanbl koponku tuma KII (puc. 3.5) mis mpocThIX Ko-
JOHKOBBIX cHapsaaoB v KJIIT — ans qeoiinbx [1].

Koponka KII BbInoiHEHAa B BH/I€ CTAIBHOTO TOJCTOCTEHHOI'O KOJIb-
1a ¢ peOpaMu KECTKOCTH, B TOPIIE KOTOPBIX KPEMATCS TBEPIOCIIIIaBHbBIC
BCTaBKHU. Pe3p00Basi 4acTh KOPOHKU B CBSI3M C TIepeJiaueii CyIeCTBEHHbIX
TUHAMHUYECKUX Harpy30K mMeeT KoHHYecKyto dopmy. Takoe pe3nOboBoe
COeIMHEHUE 00€CTIeYMBAET FEPMETUYHOCTD, MOBBIIICHHBIE MPOYHOCTh U
HU3HOCOCTOMKOCTh, @ TAK)XKE YMEHBIIIAET TPYJAOEMKOCTh OTBUHUMBAHUS U
HAaBUHYMBAHUS KOPOHKH Ha IITAHTY.

Ha puc. 3.5, B npeacraBieHa KOpOHKAa CO BCTaBKaMH, UMEIOIUMU
JIe3BUsI TpEeyroiabHou (opmbl. Takas KOHCTPYKIUS TO3BOJSET YMEHB-
IIUTh KOJWYECTBO BCTAaBOK B KOpPOHKE. [[1s1 OTphIBa KepHa MOPOABI U
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yAepKaHUs €ro Mpy NOJAbEME U3 CKBAXHHBI B CHEHUAIBHBIX Ma3ax KO-
POHKH MOHTUPYIOTCS JiBe CKOOBI [1-00pa3Hoit dopmel. [Ipu oTcyTcTBUM
KEpHa CKOOBI, CBOOOHO MEpEeMeEIIasCh B Ia3ax, OMYCKAIOTCS B HUKHEE
KpalHee MOJIOKEHUE W BBICTYNAKOT HA 5—6 MM W3 Tena KOpoHkH. [Ipm
MPOJIBMKEHUU KEPHA BHYTPh KOPOHKH CKOOBI MOJHUMAIOTCS U YTarlu-
BaroTCs B mazax. [Ipu moabeme OypoOBOro MHCTPyMEHTa OHU MO JCH-
CTBHEM CHJI TPEHUS BBIXOIST W3 MAa30B B 3a30p MEXKIY BHYTPEHHEU
CTEHKOM KOPOHKM M KepHOM. KepH B 3TOM ciydae 3aKJIMHHUBACTCS H
HAJIC’)KHO YIEPKUBAECTCS B KOJJOHKOBOM OYpOBOM CHapsi/Ie.

a 0 A-4 B A
3 4  (rabegnymo) =2

A-A
(rofepnymp)

Puc. 3.5. KOHCTpPYKTHUBHBIE 3JIEMEHTHl KOPOHOK JJii yAapHO-
BpalllaTeJIbHOTO OypeHus ¢ MHeBMoyaapHukom: 1, 2, 3, 4 — BCTaBKW;

5 — ckoba KepHOpBarens; 6 — AIEMEHTHI MOPOJIbl CKAIBIBAEMBIE MIPU yIape;
7 — IMHUM KOHTAKTA JIE3BUS BCTABKU C TOPOJOH 320051

Jlnst OypeHusi CKBa)XXWH YBEIMYEHHOIO JHWAaMETpa MCIOJIb3YIOTCS
TBEpAOCIIaBHbIE Joi0Ta (puc. 3.6). B otinumune ot kopoHok KII oHu He
UMEIOT BHYTpeHHUX pebep [1]. Jlna momydeHuss KepHa BCTaBKH BBICTY-
MAalOT BHYTPb KOPOHOYHOTO Koibla Ha 0,7-1 mm. [Ins 3axBara m yaep-
*aHus kepHa B kopoHkax KJIIT BcTpoeHsl crienraibHbie CKOOBI 3.

PaccMOTpeHHBbIE BbIIIE KOHCTPYKIUU OOECIEUUBAIOT TOJyUYEHHUE
KOJIBIIEBOTO 320051 C BbIOyprBaHHWEeM KepHa. JlojoTa npejcTaBieHHbIC HU-
xe (puc. 3.7, 3.8) pa3pymarot mopoay 3ab0s1 6e3 oOpazoBanus kepHa [1].
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Puc. 3.6. KoHcTpyKkiuu A0JIOT JJIsSI yIapHO-BpallaTeIbHOTO Oype-
HuA ¢ nHeBMoyaapHukom: a — KJIT; 6 — KAII-M; 1 — npucoequauTesHas
pe3b0a; 2 — KOPOHOYHOE KOJIbIIO; 3 — ckoOa kepHoBatels; 4, 5, 6 , 8— TBep1o-
CIUTaBHBIE BCTABKU Pa3IMUHON (HOPMBI; 7 — HUPKYIISLUOHHBIE OKHA

Honoto J14M-3 (puc. 3.7, a) uMmeeT cTyneH4atyo GopMy ¢ orepexa-
IOIIEH LIEHTPATLHOM BCTABKOW 1, UTO yiydIlIaeT Mpolecc pa3pylieHus mo-
POJIbI 320051 M CHIDKAET €r0 IHEProeMKOCTh. J0JI0TO apMuUpyeTcsl TBEpIO-
criaBHbIMM BetaBkamu 1301, I'1109 ¢ kimmHOBHAHOM TOJIOBHOM YacThio. Kak
BUJIHO U3 PUCYHKA TpY OOKOBBIX BCTaBKH PACIIONIOXKEHBI 1moj yriaamu 120°.
JuameTp 3Tux 00T coctasisier 96, 115 mm. K OypuiibHbIM TpyOam J10-
JIOTO KPETHTCS C TIOMOIIBbIO HAPYKHOU pe3bObl Ha KopItyce 4.

Honoto I'TIN 148M (puc. 3.7, 6) kpenuTcs K OypuIbHBIM TpyOam
BHYTpEHHEW pe3b00ii koHnvueckor gopmbl. LlenTpanbHas BcTtaBka 1 pac-
MOJIOKEHA B Kopmyce 4 10J0Ta JUaMETPAIbHO, YTO YBEIIMYHMBAET MPOY-
HOCTh €€ COEIMHEHMs ¢ KoprmycoM. [lomoTa nuamerpom 76 MM OcHaa-
rotcst BctaBkamu 11106, I'1105, I'5703.

Honoto I'TIN 149M-76 (puc. 3.7, B) uMeeT cTyneH4yatyto ¢Gopmy C
omepeKaroIieil 1MeHTpabHOM BCTaBKOM 1 M yeThIpe OOKOBBIX BCTaBKHU 2
tuna [156, 1149. Konctpykuus kopmyca 4 BBIIOJTHEHA AHAIOTHYHO J0JIO-
Tty ['TIN 148M.
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Puc. 3.7. KoHCTpyKItMu A0JI0T SISl YIQPHO-BPAILLIATEIBHOTO OYpEeHMS C
TUIpOYAapHUKaMU: | — LEHTpajbHas BCTaBKA; 2 — OOKOBBIE BCTAaBKU; 3 —
IUPKYJSILUOHHBIE KaHAJIBL; 4 — KOPITYC; 5 — KaTMOPYIOUIE BCTABKH

1 5 ) 64
; 2
]
2 3
3 4

Puc. 3.8. KoHCTpyKITMU AOJI0T TSI YIAPHO-BPAIIATEIIBHOTO OYpEHHMS C
MTHEBMOYAapHUKaMU: | — MPUCOEIUHUTENbHAS pe3b0a; 2 — KOPIYyC J0JI0Ta;
3 — KoJbII0; 4 — BCTaBKH; S, 6 — IUPKYJIALIMOHHBIC KAHAJTBI
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Jlnst pa®oThl ¢ MHEBMOYAApHUKAMHM HAlUId NMPUMEHEHHUE J0JI0Ta
tuna KIIC, KIIC-M (puc. 3.8). Homnoto KIIC (puc. 3.8, a) cocTouT u3
KOpIlyca 2 ¢ BHyTpEHHEN pe3b00il [IJIsi COeMHEHUSI C OYPUIIbHBIMU TPY-
Oamu. J{ms apMupoBaHus KOpITyca UCIOJIb3YIOTCSI BCTABKU B BUJIE IIITHI-
pelt unuaapuyueckoit ¢opmel [1P1, ITP2, ITP3, [TP4 ¢ kIMHOBUIHOMN TO-
JIOBHOM 4acThIO, ¢ yriioM 3aoctpenust 70—140°. CrangapTHbie JuaMeTPhl
nosot 96, 113, 132, 152 mm. Jonoto KIIC-132M (puc. 3.8, 6) oTiinua-
€TCSl TEM, YTO OCHAIIAETCS BCTaBKamMu (IITHIPSIMU) MEHBIIETO AUaMeTpa
co cepuueckord TOJOBHOW YACThIO, KOTOpasi PEKOMEHIYETCS BMECTO
KJIMHOBUIHOU 1Jis Oosiee Kpenkux mopoj. O61acTh NMPUMEHEHUS JTOJIOT
nopojel kpenoctbio f = 6-16. Honoto KIIC-96M (puc. 3.8, B) umeer
0oJiee MPOCTYI0 TEXHOJOTHYHYI) KOHCTPYKIHMIO C KOHUYECKOU Hapyxk-
HOM IPUCOCTUHUTEIIHLHOU pe3h00ii.

Koponka K-105K (puc. 3.9) — uetsipexnepas, X-oopaznas. Kopmyc 1
KOPOHKHU M3rOTOBJICH W3 cTanu mapku 45XH u cHaOkxeH XBOCTOBHUKOM
JUIsl COEIMHEHHS] KOPOHKH C MMHEBMOYJIAPHUKOM. UeThIpe pexylux Jies-
BUs 2 apMHUPOBaHbI BCTaBKaMu (IJIACTUHKAMU) 3 TBEPOTO CILJiaBa Map-
ku BK15 dopmel I'13 u I'OCT 880-75. Pexyiue jie3Busi BHIOypHUBaIOT
KOJIBLIEBYIO KAaHABKY C HapyX HbIM auameTpoM 105-106 MM u BHyTpeH-
HuUM 41 mm [6].
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Puc. 3.9. bypoBas koponka K-105K mi1st mHeBMOy1apHuKa
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OOpa3ytomuiicst MpyU 3TOM B LIEHTPE CKBAXUHBI KEPH THAMETPOM
41 mMm paspymraercs mrtbipeMm 4 U3 TBepaoro cruiaa Mapku BK13, 3a-
MPECCOBaHHBIM B Kopmyce KOpPOHKH. CKBO3HOM IEHTpaIbHbIA KaHal
auaMeTpoM 20 MM CITy>KWT JJIsl TIOJIBOJIA CKATOr0 BO3yXa U3 LIWJIMHApPA
MTHEBMOY/JIapHUKA JIJI OUUCTKHU 320051 OT OYpOBOM MENOoUYr, KOTOpPas BbI-
JyBaeTcsi B KOJIBIIEBOM 3a30p MEXK]y IHEBMOYJIAPHUKOM U CTEHKOM
CKBA)KHMHBI YEPE3 pATHAIBHBIE TPOTOUKHU 5 U MOJYKPYTJIbIE BHITOUKHA HA
HapyXKHOM TMOBEPXHOCTH KOPOHKM. Ha XBOCTOBMKE KOpPOHKH Mpe.y-
CMOTPEHBI T1a3bl 6 JJI MIAPUKOB AuamMeTpoM 17 u 46 MM, COCTUHSIOIIMNX
€€ C MIHEBMOYJapHUKOM.

Koponka K-125K nmeer aHaI10OrM4Hy0 KOHCTPYKIMIO U OTJIAYACT-
csa ot kopoHkH K-105K Toneko pazmepamu,

BypoBsie nosioTa Aia yaapHo-BpamiatenbHoro oypenus (puc. 3.10)
COCTOSIT U3 TOJIOBHOM 4acTH 1 M XBOCTOBHUKA 2, KOTOPHIM HEOOXOIUM JJIsI
nepelayd UHCTPYMEHTY KPYTAILIETO0 MOMEHTA U yAapHOTO UMMyJibca [7].
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Puc. 3.10. JlomoTa mjisi ymapHO-BpalllaTeIbHOrO OypeHus: a —
K100B u BK-155; 6 — K105KA u K-130K; B — KHIII-110

BypoBeie nojsiota knaccubUIUPYIOT: O (opMe T'OJOBOK Ha Jie3-
BUIHBIC U IITHIPEBBIC; MO YKUCIY Ppa3pylIaAONIMX TBEPAOCIUIABHBIX JIE3-
BU (IITBIPEiT) HA J10JI0TYATHIE, TPEX- U YEThIpEXIephie, X-00pa3HbIe; 0
PACIONIOKEHUIO Pa3pyILIAIONIUX JIE3BUM — HA OJHO-, JABYXCTYINEHYATHIE
(c omepekarolM Je3BHEeM) U MHOTOCTYIEHYAThIE; M0 CIOCO0y yiase-
HUsI OypOBOI Meoun 13 320051 CKBaKUHBI C LIECHTPAJIbHOMN, BHEIICHTPEH-
HOW Y BHEILIHEWU POLYBKON.

Jlomora ¢ ogHUM JIE3BUEM IIPOCTHI U JIETKO 3aTauyMBarOTCS. BbICO-
Kasi SHEeprus yJiapa Ha JIE3BUU JI0J0Ta 00€CIIeurnBaeT OOIBIITYI0 CKOPOCTh
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OypeHwusi, OJTHaKO B Mpoliecce OypeHusi (0COOECHHO MO aOpa3WBHBIM II0-
pojaM) auaMeTp J0JIOTa YMEHBIIAeTCs, 00pa3yeTcs 0OpaTHBIM KOHYC U
JI0JIOTO 3aKJIMHUBAETCA. 3aKJIMHUBAHHUE IMPOUCXOIUT TaKke Hpu Oype-
HUH 110 TPEIIMHOBATHIM ITOPOIaM.

MHorone3BuiiHbIC J10JI0Ta MOTYT OBITh C OMEPEKAIOIIUM JIE3BUEM
u 0e3 Hero. J[omoTa ¢ 4eThIpbMS JIE3BUSIMU MOTYT OBITh KPECTOBBIMU U C
X-00pa3HbIM PACIONIOKEHUEM JIC3BHM.

Jlonota ¢ TpeMsi U 4eThIPbMS JIE3BUSIMU MU3HOCOYCTOWYHBBI, XOPO-
10 (OPMHUPYIOT CTEHKH CKBOXKHHBI MO TUAMETPY U MOYTH HE 3aKJIMHU-
BAIOTCSI TIPU OYPEHUH TPEITUHOBATHIX MTOPOI.

WX HemocTaTKu: TPYAHOCTb 3aTOYKU JIC3BHM, OTHOCHTEILHO HeE-
OoJIbIIIas CKOPOCTh OYPEeHUS M3-3a HEOOIBIION YIeIbHOM YHEPTUU yaapa
Ha CIMHUITY JJIMHBI JIC3BHS J0JIOTA.

3.1.4. TBepaocmiiaBHble HHCTPYMEHTbI
JJIS BpalaTeJbHO- YIAPHOT0 OypeHusi MOpPoJ

B ropHom0OBIBAIOIIUX OTPACISIX MPOMBIIIJIEHHOCTH MPUMEHSIOT
IJIAaBHBIM 00pa3oM COCTaBHbIE OypOBBIE IITAHTU CO CHEMHBIMU KOPOH-
KaMHy, apMUPOBAHHBIMU TBEPJOCILUIABHBIMUA BCTaBKaMH. bypoBbie Ko-
ponku [8] nnsa nepdoparopuoro Oypenust (I'OCT 17196-77) nzrotosisi-
IOT YEThIPEX THUIIOB, TUAMETPOM 32—85 MM, C KOHYCHbIM VI pe3bO08biM
MIPUCOECAUHUTENBHBIM OTBepcTHEM. KopoHku mumamerpoMm 10 43 Mm
JOJDKHBI IPUMEHATHCA ¢ nepdopaTopaMu ¢ dHEPrueil yaapa He Oosiee
63,74 JIx, nuametpom ot 43 1o 65 MM — Cc dHeprueu yaapa He OoJiee
88,26 JI)x, muameTpom cBeilie 65 MM — He 6onee 147,1 JIx.

Tunel u 00s1acTh TPUMEHEHHSI KOPOHOK MpHUBEACHBI B Ta0d. 3.1 u
Ha puc. 3.11.

Tabnuna 3.1
Twurbsl KOPOHOK

Tun HamvenoBanune XapaKTepUCTHKA IMOPObI
KIOIT JlonoT4yartble IJIaCTUHYATHIC Bsi3krie MOHOJIUTHBIE

Bsi3kue TpemmHoBarbie
KKII KpecroBblie 1u1acTuHYaThIe P

1 abpa3vBHbIC

XPpYHKUE MOHOJIMTHBIE

KTIII Tpexnepble WIThIPEBbIC by

1 TPCHIMHOBATLIC

KHIII | HeneperaunBacMeble IITHIPEBBIC XpyIikre adpazriBHbIC
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Koponka nepdoparopa (puc. 3.11, a) coctrout u3 xopmyca 1 u mia-
CTUHYATOTO WJIM IITHIPEBOIO TBEPAOCIIABHOTO BOOPYKEHHUSA 3 U3 CIlJIaBa
Mapku BK15. JIist mogaum BoJibl K 320010 IPEyCMOTPEHO OTBEPCTHE 2.
TBepaocmiaBHOEe BoOpykeHUE 3 — 3TO JIMOO TIACTUHKH, JIUOO KPYTIIbIE
CTepKHHU U3 TBepaoro criaBa Mapku BK15 mis mopoxa £ = 12—-16 , mapok
BK8 u BK8B — myst mopon ¢ f = 10-12, mapox BK6 u BK6B — 151 1io-
poa ¢ f=10. TBepabie ciiaBbl MPEACTABIAIOT COOOM CMECH TTOPOIITKOB
kapOuaa Boib(dpama u KoOajibTa, CICYCHHBIC PU BRICOKUX TeMIIEpaType
u naBnenuu. [{udpa B Mapke TBEpAOro CruiaBa yKa3bIBaeT Ha COJACpIKa-
HUe kobOanbTa B mporeHTax. CruiaBel ¢ MajbiM COJCp>KaHUEM KoOasbTa
o0JaiatoT 0oJsiee BEICOKOM TBEPAOCTHIO, HO OHHM M 00Jiee XPyIKHE.
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Puc. 3.11. BypoBbie KOPpOHKH: @ — C KOHYCHBIM OTBEpPCTHUEM; O —
¢ pe3b00oBBIM oTBepcTHeM; B — BUJ ¢ Topua tunoB KIIJI; KKII; KHIII;
KJII; KTHI (pa3mepst, Mm: D — nuameTp Toi0BKH, d — TUaMeTp KOPIy-
ca, d; —amametp pe3rOnl, H — BbicOTa KOpOoHKH, h| — nirHa pe3nOsl, b —
TOJIIIMHA JIE3BUS)

Lonomuamwie koponxu (KII) ¢ npsMOyroJbHbIMH TBEPIOCILIIAB-
HBIMHM BCTaBKaMM B BUJIE TUIACTUHOK MPUMEHSIOT Uil OypeHus KPermKux
Y BSI3KUX MOPOJ, KPECTOBBIE IIACTHHYATHIE PEKOMEHIYIOTCS JUISl Kpen-
KUX TPEIIMHOBATHIX MopoAd. [llmwipesvimu xopouxkamu (KAL) Oypst
LINYPbI B TPEIIMHOBATHIX MMOPOJIAX CPEAHEN KPEMOCTH.
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st OypeHusi CkBaxuH auameTrpoMm Oosiee 65-70 MM u OosbIie
BMECTO KPECTOBOM (POPMBI TOJIOBKM MPUMEHSIOT X-00pa3Hylo, KOTopas
Jydiiie 00ecTieunBaeT KPYyTjioe CEUCHUE CKBAYKUHBI.

Ilpumep ycnosnoco obosnauenus xoponxu tana KTII pasmepamu
D =52 mMm, d3 = 31 mm ¢ kpyrio#t pe3sooii: KT 52-31K T'OCT 17196-
77. To xe, pazmepamu D = 52 MM, d; = 31 MM ¢ KpyrJIOynopHO# pe3b-
ooii: KTII 52-31K KY I'OCT 17196-77.

HauOomnbiiee pacnpocTpaHeHHUE MOJYYHIIM 10J0TYAThIE KOPOHKH.
Tak, B pyAHON MNPOMBIIIJIEHHOCTH PACXOAYETCsl JO0JOTYATHIX KOPOHOK
79,5%, xpectoBbIx 17%, Tpexnepbix 3,5%. Pacxo1 KOpOHOK pa3IMYHBIX
JTMaMETPOB cocTapisieT: auameTrpoM 32-38 mm — 1,9%, 4046 mm —
89,3% u 49 mm — 8,8%. KopoHku ¢ pe3bOOBBIM COCAUHEHUEM HMEIOT
neByto kpyriayio pe3b0y (K) mwinm eByro kpyrioynopayto pe3noy (KVY).

HeszaTaunBaeMble MITHIPEBbIE KOPOHKHU (OJTHOPA30BOTO JACHCTBUS)
KHIII apMupyroT HUIMHIPUYECKUMH IITHIPSIMUA TBEPJIOrO CIUIaBa C 3a-
KpyIJIEHHOW roioBKo. CpOK HMCHONB30BaHUS TaKUX KOPOHOK B 1,7—
2 pa3za Oodblie, yeM y gojiot4aTeix. OHU HEe TPeOYIOT 3aTOUKH, YTO IMO3-
BOJISICT OYpUTh UMM ITyOOKHE CKBaKMHBI 0€3 pa300pKku OypoBOro craBa
s 3aMeHbl KopoHKH. [locne mpoxoma 150-300 M ckBaXMHBI PEKOMEH-
ayeTcs NM@OoBaTh TOPIIHI BCTABOK JJIs1 YJAJE€HUS TOBEPXHOCTHOTO CJIOS
YCTaJIOCTHBIX TpelMH. B MpOTHBHOM ciiy4yae TPEUIMHbI YITyOJst0TCsS U
MPUBOJIAT K U3JIOMY TBEPAOTO CILIABA.

KopoHka cunTaeTcst 3aTyIJICHHOM, €CJIM OHA UMEET MPUTYIUICHUE,
paBHOE 3 MM, Ha PACCTOSTHUM 5 MM OT BHEIIHErO Kpasi, UJIA KOTrJa BbICO-
Ta NOHWKEHUS yTJIA IJIACTUHBI focturaet 8 mm. [Ipu npaBuiibHOM 3KC-
IJTyaTaluy KOPOHKA BeiaepxkuBaet 10 10 3aToyek.

Bce koponku, kpome kopoHok tuna KHIII (KOII), noanexar 3a-
TOYKE MOCJIE 3aTYILICHHUS.

JI7151 KOPOHOK YCTAHOBJICH CIICIYIONMIUI PsiJl HAPY>KHBIX TUAMETPOB:
32, 36, 40, 43, 46, 52, 56, 60, 65, 70, 75, 85 mm.

3.1.5. MarepuaJbl 1J151 TBEPAOCILIABHBIX BCTABOK
B 1iens1x moBBIIEHUS U3HOCOCTOMKOCTH TOPHBIX MHCTPYMEHTOB HMX
PEXYILIYI0 YacTh OCHAIIAIOT METAJUIOKEPAMUYECKUMHM, HaIJIaBOYHBIMU
TBepAbIMU ciulaBamMu. COeMHEHHE CIUIaBa C KOPIyCOM MOpOAOpaspy-
HIAIOUIET0 MHCTPYMEHTA AOKHO OBITh JOCTATOYHO MPOYHBIM, TAK KAk
OoJiplllas pa3HUIlA B 3HAYCHUSAX KOIGDDHUITMEHTOB TEPMUUYECKOTO PaCIIIu-
penus (B 2—4 pasza) TBEpJOro CIjlaBa U CTAJIM KOPITyca MPUBOJUT K BO3-
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HUKHOBECHMIO TIpU TaliKe (HArpeBe) TEPMHUUYECKUX HAIpPSIKEHUM, IOCTe
OXJIQXJICHUS YaCTO MPEBOCXOIAIIMNX MPEET NPOYHOCTH TBEPOTO CILIaBa.
Jlims apMupoBaHUsT TOPOJAOPA3PYIIAOIIET0 WHCTPYMEHTA MCIOJIb-

3YIOT CIEYeHHBbIE BOJb(paMoOKoOaabTOBbIE cIiaBbl Mapku BK
(tabx:. 3.2) [9].
Tabmumna 3.2
XapakTepucTUKa TBEPJBIX CIIABOB
Conepxanue
OCHOBHBIX DOu3NKo-MeXaHNYECKHE CBOMCTRA
KOMITOHEHTOB, %
Mapka IIpeae
cIIaBa Kap6U MIPOYHOCTH IIJI0T- TBEPJIOCTH
Bomb(pama KOOQIBT | MPH HU3TH- HOCTI3>, HRC,
oe, Ml 1a, r/cM HE MEHeEe
HE MEHEe
BK3 97 3 1100 15,0-15,3 89,5
BK3-M 97 3 1100 15,0-15,3 91,0
BK4 96 4 1400 14,9-15,2 89,5
BK4-B 96 4 1400 14,9-15,2 88,0
BK6 94 6 1500 14,6-15,0 88,5
BK6-M 94 6 1350 14,8-15,1 90,0
BK6-OM* 92 ) 1200 14,7-15,0 90,5
BK6-B 91 6 1550 14,6-15,0 87,5
BKS 92 8 1600 14,4-14.,8 87,5
BKS8-B 92 8 1750 14,4-14.,8 86,5
BK8-BK 92 8 1750 14,5-14.,8 87,5
BK10 90 10 1650 14,2-14,6 87,0
BK10-M 90 10 1500 14,3-14,6 88,0
BK10-
OM* 88 10 1400 14,3-14,6 88,5
BK10-KC 90 10 1750 14,2-14.6 85,0
BK11-B 89 11 1800 14,1-14,4 86,0
BK11-BK 89 11 1800 14,1-14,4 87,0

[pumeuanue: * copepxut 2 % xapOusia TaHTaIa
(www.drillings.ru/tverdsplav).
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[IpeumymiecTBa TBEpaAbIX cIuiaBoB BK:

- Oonbmias TBepaocTh (10 91 HRC),

- BBICOKO€ COIIPOTHUBIICHUE M3HOCY npu Harpese 10 1000 °C,

- HEMOABEPKEHHOCTh 3aMETHOM IIACTHYECKON JIehopMaIinH,

- OoJpIIast MPOYHOCTH Ha CKaTHeE,

- OTCYTCTBUE YIIPYTOH JieopMaIiuu.

Henocratku tBEpapix crmaBoB BK:

- MaJIbIY TIpeeNl MPOYHOCTH Ha U3rM0 U pacTsHKEHUE,

- HEOOJIbIIas yapHasi BI3KOCTb.

CoenuHeHue CIiaBa ¢ KOPIyCOM MOPO0Pa3pylIAIOIIEr0 UHCTPY-
MEHTa JIOJXKHO OBITh JOCTATOYHO MPOYHBIM, TaK Kak OOJbIIas pa3HUIla B
3HAYCHMUAX KOd((PUIMEHTOB TEpMHUUYECKOro pacuupeHus (B 2—4 pasa)
TBEPJOrO CIUIABA M CTAJIM KOPIyca MPUBOJIUAT K BO3HUKHOBEHHUIO TPHU
naiike (HarpeBe) TEPMUYECKUX HAMPSHKEHUM, TOCE OXJIaXKACHUS YacTo
MPEBOCXOAIIUX MPEJIeS MPOYHOCTU TBEPJIOTO CIUIaBa.

CiyiaB M3roTaBiIMBaIOT B CHEHUAIBHBIX T'padUTOBBIX Mpecc-
dbopmax myTeM CIIEKaHHUs MpPHU TeMIIepaType HUKE TeMIepaTyphl IJiaB-
JeHust kapOumoB B cooTBeTcTBUM C TpeboBanusimu ['OCT 3882-74.
[Hudpsl B Mapke cruiaBa COOTBETCTBYIOT MPOILICHTHOMY COJIEPYKAHUIO KO-
OanbTa. CruiaBbl MOJyYarOT CIIEKAaHUEM CMECH MOPOIIKOB MOHOKapouaa
BoJibpama 1 koOanbTa npu Temieparype 1320-1480 °C. Monokapou
BoJb(Ppama — coequHenne TBepAaocThio 1730 MIla ¢ Temmeparypoii pas-
noxenusa 2600 °C — mpeacTaBiieH B CIUIABax B BUAE 3€pEH pa3Mepom 1—
5 Mkm (ocHOBHasi macca). KobanbT B cruiaBe — [IEMEHTUPYIOIAs COCTaB-
nstomasi. TBepaocTe kobOanbTa B 4—5 pa3 HIKe, yeM KapOuja Boib(dpa-
Ma, temneparypa miasieHuss 1350 °C. KoOanbT XOpoiio cmadyuBaer
KapOuj BoJib(h)paMa, B CIUIABE€ OH HAXOJUTCS HE B YUCTOM BHJIE, & CO-
JEP>KUT TBEPJbIe pacTBOPHI Bosb(hpama u yriepoaa (ot 1 mo 8—10 % mo
Macce) [6, 9, 10].

[To cTpykType npombIlIeHHOCTh PD BBITYCKAET CIUIABBI: MEJIKO-
3epHUCTBIE (pa3Mep 3epeH 10 1 MKM), cpeHe3epHUCThIE (pa3Mep 3epeH
1-2 MKM) U KpyIHO3EpHHUCTBIE (pa3mep 3epeH 2—5 MKM). Menko3epHu-
CThIE CIUIaBbl MPU OJIMHAKOBOM XHMMHYECKOM COCTABE€ UMEIOT OOJIbIIINE
TBEPAOCTh U M3HOCOCTOMKOCTh, HO MEHBIIYIO MPOYHOCTh, YEM KPYITHO-
3epHUCThIE. [lociaeaHue MMEIOT MOBBIIIEHHBIE MPOYHOCTh U YJIAPHYIO
BSI3KOCTh, HO 00JI€€ HU3KYI0 M3HOCOCTOMKOCTh. B 3TOH CBsI3M B ropHOM
MIPOMBIIUIEHHOCTH [MHAPOKO MPUMEHSIOTCA CPEIHE- U KPYITHO3EPHUCTHIE
CILJIaBBI.
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3.1.5.1. ®uznveckre CBOMCTBA TBEPABIX CILIABOB

[InotHOCTB. IIMOTHOCTH CIJIABOB 3aBUCUT OT XUMHUUYECKOTO COCTaBa
CIUIaBOB (C yBenuueHueM cojepkaHus Co M TUTaHA YMEHBIIIAETCS).
[1TOTHOCTh CHMKAETCS MTPU HATMYUU B KOHKPETHOM CIUIaBE OCTATOYHOM
MIOPUCTOCTU, CBOOOTHOTO TpaduTa.

TemnonpoBogHOCTh. TBEpAbIE CIUIaBbI padOTAIOT B YCIOBUSAX Tpe-
Huda. B pesynbTaTe 00pa3yeTcs Temio, KOTOpoe Mpy XOpolIien TerIonpo-
BOJHOCTH JIOJI’KHO OTBOJIUTCSI OT MECTa KOHTaKTa pe3el] — Mopo/ia.

Ecnu TBep/plil CIIaB UMEET HU3KYIO TEIUIONPOBOJHOCTD, TO BbIJIE-
JSFOIIEECS TEIJIO COCPENOTOUMBAETCS HA PEXKYILIEH KPOMKE pe3lia U OH
WHTEHCUBHO H3HaImBaercs. [1oaToMy TenmonpoBOHOCT A0TKHA ObITh
ONTUMAJIBHOM, 00€eCIEeYMBATh HAUITYUIIIUE PEXKYIIUE CBOWCTBA TBEPIOTO
criaBa. B mpenenax ofHOW Ipynmbl CIUIABOB TEIMJIONPOBOJAHOCThH 3aBU-
CUT OT KoJuyecTBa KapOujaHou (asbl U nopuctoct. C yMEHbIICHUEM
KapOUaAHOUW (pa3bl U MOPUCTOCTU TEILIOMPOBOJHOCTh BO3pacTaeT. Bosb-
dpamMoK0oOaNbTOBBIE CIUIABBI OOJie€ TEIIONPOBOJHBI, Y€M THUTAHOBOJIb-
bpaMoK0OATHTOBEIE.

KoadduimeHT TepMUYECKOro pacuiupeHusi TBEPJIbIX CIIJIABOB M3-
mensierca oT 3,9:-10-6 (BK2) no 6,3-10-6°C—-1 (BK30). Ou B 24 paza
MEHBIIIe, 9eM y craleil, rae cocrasisier (11-17)-10-6°C™". Takoe pasiu-
yue K03(QPUIUEHTOB NPUBOJUT K BOBHUKHOBEHHUIO MOCIIEC OXJIAXK/ICHUS B
CHAssHHBIX COEJWHEHUSX TEMIIEPATYPHBIX HaNpsiKEeHU. TertonpoBo-
HOCTh cmuiaBoB rpynnsl BK B 2—-3 pa3za Bbliie, yeM ObICTpOpexylIeH
cta. OnpeneneHnasa mo meroay Konbpayiia, oHa jj1s crutaBoB ¢ 4 %
Co pasna 50,24 Bt/(m'K) u c 15 % Co — 66,99 B1/(m'K). C nopsimeHu-
€M TEeMIIepaTyphbl TEIUIONPOBOJHOCTh CHUXaeTcs. Bricokasi Temionpo-
BOJTHOCTh CIIOCOOCTBYET OBICTPOMY OTBOJY TEILJIa OT PEXKYIIUX KPOMOK
MHCTPYMEHTa U YMEHBIIICHUIO UX U3HOCca [9].

KoadduimeHT muHEMHOTO paciimpeHusi TBEPAbIX CILUIABOB Xapak-
TEpU3YyET YIJIUHEHUE TeJla MPU HArpeBe, 3aBUCUT OT XMMUUYECKOIO CO-
CTaBa CIUIaBa U C YBEJIIMUCHUEM COJIepKaHUs KOOAJIbTa BO3pacTaerT.

Kosdduuuent nuHEHHOrOo pacmupeHus TUTaHOBOJIb(PAMOBBIX
CILJIABOB IIPUMEPHO B 2 pa3a HUXKE, YEM JJIsl MAIOYIJIEPOJIUCTON CTaIH.
OTO pa3inuue OTPa)KaeTCsl Ha KauyeCTBE MHCTPYMEHTA C HamasHHbIMU
njacTuHamMu. M3-3a JOMOJHUTEIBHBIX HANPSKEHWM, BO3HUKAIOIIUX B
pe3yJibTaTe pazinuus B KOADPUIHEHTAX JTUHEUHOTO pacIIUpeHUs, IJia-
CTHUHBI MOTYT OTCJIaUBAaTLCA OT KOpIyca pe3la Uil UMETh TPEIIUHBI.
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Tepmudeckre cBOMCTBA TBEPABIX CIJIABOB UTPAIOT OOJIBIIYIO POJIb
IpY M3TOTOBJIEHWW W OSKCIUTyaTalldd WHCTPYMEHTA. TBepJble CIUIaBbI
YyBCTBUTEJbHBI K YCIIOBHSIM HarpeBa M OXJIAXKIEHHWS, a OHM BCera
UMEIOT MECTO IIPH MalKe MIACTUH TBEPAOro CIUIaBa K MHCTPYMEHTY, MIPU
nutMdOBaHUU U 3aTOYKe M3eaui. Bo nzdexanue oOpa3oBaHUs TPEIIUH
B M3JICIUSAX U3 TBEPBIX CIUIABOB CJICAYET MPUMEHSATh MEJICHHOE Harpe-
BaHHME W OXJaXJICHHUE MpHU Maiike, ONTUMAaIbHbIE PEKUMBI MPHU HUTH(O-
BaHUU U OOUIILHOE OXJIXKJICHUE.

KpacHOCTOMKOCTh — CBOMCTBO TBEPJOrO CIUIaBa COXPAHSITH TBEP-
JI0CTh, U3HOCOCTOMKOCTh U APYrHE€ KauecTBa, HEOOXOAMMBIC NIJIsI pe3a-
Hus. OHa nposiBiisiercst B uHTepBaie temmeparyp 900—-1000 °C. Kpacho-
CTOMKOCTh THUTAHOBOJIH(PAMOBBIX CIUIABOB BBINIE, YeM BOJIb(PaAMOKO-
OAJIbTOBBIX, OJIaroapst MPUCYTCTBUIO KapOuia TUTAHA.

3.1.5.2. Mexanu4yecKkue CBOMCTBA TBEPAbIX CIJIABOB

TBepaocTh — CBOMCTBO TBEPIAOTO TEJIA CONPOTUBIIATHCSA MPOHUKHO-
BEHUIO B HEro APYyroro rtejaa. TBEpAOCTh — OJHO U3 IJIaBHBIX CBOMCTB
TBEPABIX CIUJIABOB, T.K. OT HEE 3aBUCUT UX U3HOCOCTOMKOCTb. ['1aBHOE
BIIMSHUE HA HEE OKa3bIBAET KOJIMYECTBO KapOuHOM (pa3bl U pazmep 3ep-
Ha 3TOoM ¢a3pl. C yBEIMYEHUEM KOJUYECTBA KapOWAHOW (a3bl Wiu
YMEHBIIIEHUEM pa3Mepa 3€pHa TBEPIOCTh BO3pacTaet [9].

TBEpHOCTh CILUIABOB B HECKOJIBKO Pa3 BBHILIEC TBEPAOCTH CTaJCH H
coctaBisieT oT 84—86 mo 90-91 HRA. Ilpu HarpeBe cruiaBa TBEPAOCTH
€ro CHUXAETCsI, HO OCTAaeTCsl B 2—3 pa3a BhIIIE, YEM Y OBICTPOPEKYILEH
ctani. TuTaHOBOJb(PPAMOBBIE CIUIABBI OTIMYAIOTCS OO0Jee BBICOKOM
TBEPJIOCThIO, YEM BOJb(PpaMoOBbI€, T.K. KapOUJl TUTAHA TBEPIKE, YEM Kap-
ouj Bosibhpama.

[Ipenen mpoyHOCTH MpU U3THOE.

[IpoYyHOCTH — CBOMCTBO TBEPAOI'O TEJIA CONPOTUBIIATHCS BO3JEH-
CTBUIO BHEIIHUX CUJ. [IpOYHOCTH CIIJIABOB HA M3rMO C MOBBILICHHEM CO-
nepxanus koOanmbTra Bo3pactaeT or 1000 (cmmaB BK2) mo 1800
2000 MlITa (crtaB BK15) u cHukaeTcs npu NMOBBIIIEHUU TEMIIEPATYyPBhI.
C yBennueHHeM KPYMHOCTH 3€peH KapOuaa Bojb(paMa MPOYHOCTH Ha
U3rud MOBBIIIACTCS.

VY napHast BA3KOCTh TBEPABIX CIUIABOB BECbMa HU3Ka M HAXOAUTCS B
npeaenax 2—7 I[)K/CMz, TOrJa KaK, HarpuMmep, y ctaiu 40X oHa BO MHOTO
pa3 Beimre (120-170 Jix/cm”). C HOBBILICHHEM COIEPKAHHS KOOATIbTA
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yaapHas Bs3kocTh pacteT oT 1,0 (BK2) o 6,5 Ix/cm2 (BK30). ¥V kpym-
HO3EPHUCTHIX cru1aBoB OHA Ha 20—30 % BbIllIE, YEM Y MEIKO3EPHUCTHIX.
Mopynb ynpyrocTu CIjiaBOB B CPEJIHEM B 3 pa3a BBIIIIE, YEM Y Jie-
TMPOBAHHBIX CTAJIEM U COCTABJISET 6:10° MIla. C YBEIIMYEHUEM COJIEP-
KaHUsA KoOaibTa MOMYJIb YNPYTOCTH HECKOJBKO CHUXkaeTcs. boubioe
paznure B MOAYJISIX YIPYTOCTH JIByX MaTepuaioB (CTaaud U TBEPIOTO
CILJIaBa), U3 KOTOPBIX U3TOTOBIISIIOT U KOTOPHIMU aPMUPYIOT UHCTPYMEHT,
MPUBOJUT K 3HAYUTENILHON MIeperpy3ke TBepIoro ciuiara. [loatomy mecto
COCIMHEHUS TBEPJIOTO CIUIABA CO CTAJIbIO IOJHKHO OBITh AKECTKHUM.
[Ipo4HOCTh XapaKTEpU3YyETCsl BEIMUYMHOW Pa3PYIIAIONIUX HArpy30K
P CXKATUU, U3TUOE, PACTSHKEHUH U HAXOAUTCS B 0OpaTHOM 3aBUCUMOCTH
oT TBepaocTH. OHa 3aBUCUT OT pa3Mepa 3epeH KapOuaHoU (a3bl U BO3-
pacTaeT C yBEIWYCHHEM COJIEp)KaHHUs KOOallbTa, AOCTUTash MaKCUMyMa
npu Co 15-20 %. TuranoBoiab(paMOBBIE CILJIaBBI MEHEE MPOYHBIE, T.K.
KapOuJl TUTAaHA UMEET MEHBIIYIO0 MPOYHOCTh. [[pOYHOCTH TBEPIBIX CILIa-
BOB IIPU CXKaTUW MMEET BEChMa OOJBIIIOE 3HAUYCHUE W XapaKTEPU3YET B
HEKOTOPOU CTENEeHHU MX IJIacTUYecKue cBoicTBa. C yBeJIWUYEHUEM pa3me-
pa 3epHa KapOWJHBIX 3€pPEH, a TaKXKe COJEpKaHUsl KoOanbTa mpenen
MPOYHOCTH TBEP/IBIX CIUIABOB MIPH CHKATUU G MOHOTOHHO YMEHBIIIAETCHI.

3.2. lllaponieyHbie HHCTPYMEHThI

bosbioe pazHooOpasue OypuiabHBIX MaIIUH U CIIOCOOOB paspyiiie-
HUSI MacCUBa YTJid U TOPHBIX MOPOJI MPEIONPEACTNUIO0 U O0JbIIOe pa3HO-
o0pa3zue MapoIIeUYHbIX HHCTPYMEHTOB. Pa3paboTaH U NpeaioKeH LeIbIi
psan kinaccuUKaIUi 3TOT0 HHCTPYMEHTA, B OCHOBY KOTOPBIX MOJIOKEHBI
pa3IMuHbIe TPU3HAKU: HAa3HAUYCHHUE, 00JIaCTh MPUMEHEHUS, KOHCTPYK-
TUBHBIE OCOOCHHOCTH U JIp.

PazgaBiauBarOIMii MHCTPYMEHT KJIACCU(PUIUPYETCS HA OUCKO8bIE,

wmoipesvie U 3youamole wiapowku (puc. 3.12) [11].
A- '

Puc. 3.12. lapowmku ¢upmsel “Xyrec Tyn” CIIIA: a — TpexBeH10-
Bas 3yOuarasi; 0 — AByX/IMCKOBas; B — MHOTOBEHIIOBAs IITHIPEBAS
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Ulapoweunvii uncmpymerm 1O TIPUHIIUAIYY BO3JEHCTBUS Ha pas-
pyIIaeMy0 TOPOJY OTINYACTCS OT APYTHUX CTATHYCCKHUM MPHIIOKCHUEM
oceBoil Harpy3ku. OH XapaKTepu3yeTcs HEMPEepPhIBHOCTHIO Ipoliecca
pa3pyIlIeHUs, HU3KUMHU 3aTpaTaMH YHEPTHH Ha TPEHUE, YTO ITO3BOJISET
MPUMEHATh €r0 MO KPEenKuM abpa3uBHBIM mopoaaM. OJHAKO cTaThde-
CKO€ pa3JaBiIMBaHUE IOPOJBI TPEOyeT OONBIIUX OCEBBIX YCHIINM, ITO-
ATOMY MAIIIMHBI C TAKUM WHCTPYMEHTOM HMMEIOT OOJIBIIYI0O Maccy W Ta-
Oapurtsl. [llaponiku TpUMEHSIOT SIS OypeHHS CKBa)KWH B IITUPOKOM JHa-
na3oHe 1o kpenoctu nopoj ot f =3 go f= 18).

3.2.1. lllapomeyHble 10J10TA 15l OypPeHUSA CKBAKUH
Ha OTKPBITBHIX FTOPHBIX padoTax

OCHOBHBIM  TTOPOAOPA3PYIIAIOIIUM HHCTPYMEHTOM, KOTOPbIM B
HacTosee Bpemsi Oyputcsi cBbliie 80% CKBaKMH Ha OTKPBITHIX TOPHBIX
paboTax, sBISIIOTCA IIapoliedHble Aojota. [llapoiedynsie qoj0Ta Mpe-
CTaBJIIIOT COOOM HamOoJee YHHUBEPCATLHBIM MOPOAOpa3pyIIAIONIi Oypo-
BOM MHCTPYMEHT, IMOCKOJIBKY O0JIaCTh €ro NMPUMEHEHHsI OXBAThIBACT MpaK-
TUYECKU BCE MHOT000pa3ue ropHbIX MOPO: OT OYEHb MATKUX JI0 BEChbMa
TBEP/bIX.

Cormacao I'OCT 20692-2003 mrapomeunsie aonorta [7, 12—18] mis
OypeHHsl B3pBIBHBIX CKBaXMH MOTYT OBbITh C odHotu (puc. 3.13, 3.14) [12,
13], osyma (puc. 3.15) [13, 18], mpems (puc. 3.16, 3.17) u 6onee maporka-
Mu. Haunbonbliiee pacripocTpaHeHHE TTOTYYHITN TPEXIIAPOIIEYHbIE JOI0TA.

Oonouwapoweunvie donoma (puc. 3.13) coctosaT u3 kopmyca 1 ¢
MPUCOCAMHEHHOM TOJOBKOM, Jamnbl 2 U chepuueckoit maporiku 3. ITpo-
MBIBOYHOE YCTPOMCTBO BBITIOJHEHO B BHJIE CKBO3HOTO IMepUPEpuitHOro
OTBepCTHUs 4, IPOCBEPJIICHHOrO B Jlall€ HEJAAJICKO OT OCHOBaHMS Hambl,
HaIPABJISIONIETO CTPYIO KHUJIKOCTH MO KacaTeJbHOM K MOBEPXHOCTH IIa-
pomiku. Illapomika BBIMOJHSETCS C MNPOJOJILHBIMH BbIpE3aMHU Ha €€
HapyXHOU MOBEPXHOCTH, CLIOCOOCTBYIOIMIMMU JTyUIlI€ MPOMBIBKE J0JIO-
Ta, W OCHAIAeTCs BCTaBHBIMU TBepaociiaBHbIMU 3yOkamu (BK8BK,
BK11BK). OngHomrapoiieunbie 0J0Ta U3rOTaBIMBAIUCH JuameTpamu 97,
140, 161, 190, 214 (cepuiinbie) u 269 MM (onbiTHEIE) (puc. 3.13, 3.14).

Jsyxuwapouweunvie oonoma (puc. 3.15) BeITycKaauch B OoJiee MIMPO-
KOM aCCOPTUMEHTE, YeM OJIHOIIapoIieyHbie. X MpUMEHSIOT TiIaBHBIM
00pa3oM Mpu OypeHHH T'€0JIOrOpa3BeIOUYHBIX CKBaXHMH. Hampumep, mo-
aoto B112MI" BeimonHsAeTCA ABYXCEKIMOHHBbIM. CEKIUM 3TOro J0J0Ta,
MOXO0KHE Ha CEKIIMU TPEXIIAPOIIECYHOTO J10J0Ta, COMPATAOTCS TIOCKO-
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CTSAMH Ha (PUKCHUPYIOMMX IMTU(TAX U COCTUHSIIOTCS CBAPHBIMH IITBAMH.
VYron nakinona nand Kk ocu gosiora 57°30'. Omnopa KaXI0W MIApOIIKH
BbINoOJIHEHA 10 cxeme CIIP, T.e. MOAUIMITHUK CKOJBXEHHMS, IAPUKOIIO/I-
IIMITHUK (3aMKOBBIN) U pOAMKOBBIN noamunHuk. [lapomku — camoouu-
MIAFOIIIMECS CO CMEIIEHUEM UX OCEU OTHOCUTEIILHO OCEM J0JIOTA HA 3 MM.

Puc. 3.14. Moaudukaiuym 0Te4eCTBEHHBIX OJIHOIIAPOIICUHBIX JIOJIOT:
a — cepuiiHasi; 0 — ¢ KOJIbIIEBBIMU PacTOUYKaMHU Ha IIAPOIIKE; B — C HUXK-
HEW MPOMBIBKOM; I — C KOHUYECKUMU 3yOKaMu

[T
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Puc. 3.15. JIsyxmapomieunsie qonota: a — B112MI'; 6 — 2B39C;
B—II 112 M-IIB OAO «BBM-rpynm»

Ob6o3nauenue donoma 11 112 M-IIB o3Ha4yaeT «IBYyXIIApOIIEYHOE
nosoto auamerpom 112 mm ana Oypenust mMarkux moponx (M) c 1eH-
TpanbHOU MpoMbiBKOH (L) Ha moammnHukax kadenus (L[B)».

®pe3epoBaHHbBIC 3yObsl MIAPOIIEK — KPYIHBIE, 3a0CTPEHHBIE, 3alllU-
IICHHBIC TBEPOCIUIABHON HaIIaBKOW. BbIeMKH MEXy 3yObsIMU 1O BEH-
Iy JOBOJBHO IIMPOKHE U MIyOOKHUE, TAaK K€ KaK U MEKBEHIIOBbIE pacTOU-
k. Takoe BoopykeHUE obOecreurMBaeT HauOojee BBICOKYIO A(PHEKTUB-
HOCTh B OYEHb MSTKHX M BA3KUX Mopojax. IIpombiBka — 6okoBas. [1po-
MBIBOYHBIE KaHaJbl MHOTAA OCHAIIAKOTCS MUHEPATOKEPAMUYECKUMHU COII-
JIaMU, HaIIPaBJIIONUMU CTPYH KUJAKOCTH B 3a30Pbl MEXKTy IIApOIIKAMHU.

B omnpeneneHHbIX TeoJIOro-TEXHUYECKUX YCIOBUAX ATH J0JOTa
o0OecreunBaroT NPEeBOCXOACTBO HaJ TpexiapomednsiMu Ha 10—15% 1o
npoxoake U Ha 15-20% mo MEexXaHU4YEeCKOM CKOPOCTH, T.€. B YCIOBHSX,
KOTJla HEBO3MOXHO CO3/1aTh HEOOXOJUMBIE OCEBBIE HATPY3KHU HJIA HOP-
MaJIbHOW paboThl TpeXIIaponieyHbiXx A0JI0T. Kaxaas otnenbHas CEKIMs
JBYXIIAPOIIIEYHOTO JI0JI0Ta MMEET OOJIbIIME IUAMETPHI MIAPOIIEK IO
CPaBHEHUIO C TPEXIIAPOIICYHbIM, YTO IMO3BOJSET UMETh Ha IIAPONIKE
YBEJIIMUCHHOE YUCJIO 3y0YaTOTO MM TBEPJOCIIJIABHOTO BOOPYKEHUS TIPU
YBEIIMUCHHOM IIare Mexjay 3yOkamu. 3yOKu, pacrojioKEHHbIC Ha Ia-
POIIIKE C YBEJIIMUYECHHBIM IIarOM, HAHOCAT IO 320010 00Jiee NHTEHCHUBHBIC
yAapbl CO CKOJIOM 00Jjiee KPYIHBIX YacTHUILl pa30ypruBaeMOn MOPOIbI.

IIpeumywecmeom IBYXIIAPOUIEYHBIX AOJOT HAJ TPEXIIAPOIIEY-
HBIMU SIBJISIETCS] YIPOILIEHUE TEXHOJIOTUHM MX U3TOTOBJIEHUA. JByXIIapo-
HI€YHbIE J0JI0TA UMEIOT MEHBIIYI0 CTOMMOCTh. K Hedocmamkam ABYX-
IaPOLIEYHBIX JOJIOT OTHOCUTCA HEJOCTATOYHO MOIIHOE KaIHOpyrolee
BOOPYKEHHUE — HACBHIIIEHHOCTh 3yObsiMHU cHUXkeHa Ha 30% 1o cpaBHe-
HUIO C TPEXIIAPOIICUYHBIMU JI0J0TaMU. ITO NPUBOIUT K MPEKICBPEMEH-
HOMY M3HOCY JI0JI0Ta M0 AUaMETPy, a TAK¥KE SBJISIETCS TPUUMHON BUOpa-
WU NpU OypeHUH, IPUBOASAIICH K 001€e HHTEHCUBHOMY HCKPHBIICHUIO
CKBa)KHUHBI, YEM MPU OYPEHUM TPEXIIAPOUICUHBIMU TOJTOTAMH.

Tpexwapoueunvie oonoma. Hanbosee pacipocTpaHEHHBIMU SIBJISI-
€TCSl TPEXILIAPOIIECUHbIE A0JI0Ta. ITO OOBSCHAETCS HAWIy4lled BIHCHI-
BAEMOCTBIO B KPYTJIO€ IMOIMEPEUYHOE CEUEHHE CKBAXKHHBI TPEX KOHHUYE-
CKHMX IIApOIIEK, 00ECIECYMBAIOIINX Jy4Illee [IEHTPUPOBAHUE U yCTONYU-
BOCTh JI0JIOTA, OTHOCUTEIHLHO HEOOJIBIIOE €CTECTBEHHOE HCKPHUBJICHUE
CTBOJIa OypUMOM CKBaKMHBI, XOPOIIYI0 KAIMOPOBKY CTEHKU CKBAKUHBI,
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BO3MOXKHOCTh pa3MEIICHUsI B WX BHYTPEHHHUX IMOJOCTSIX TOCTATOYHO
MIPOYHOM OIOPBHI.
Tpexmaponieunslie goi0Ta [7, 13—18] ucnons3yroT mais pa3padboT-
KM TIOPOJ] OT MSITKUX JIO0 OYE€Hb KPEMKUX C BOOPYKEHHUEM IIIAPOIIKHA B BU-
ne ¢pe3epoBaHHBIX Ha HEMl 3yObeB (puc. 3.16, a, 3.17, a) pa3au4HON 1JU-
Hbl M KOH(QUTYpaIM¥ WIA BIOPECCOBAHHBIX B HEE IITHIPEH W3 TBEPAOTO
CruiaBa — kapouaa Bonbdpama (puc. 3.16, 6, 3.17, 6).
a vy 0 Pl

Puc. 3.16. Tpexmapomeunsie aonora OAO «BBM-rpymm»: a — ¢
bpesepoBanHbIM BoopykeHueM 111 215,9 T-1IB mis OypeHust TBEp/bIX I0-
pon; 6 — ¢ TBepaociiaBHbIM BoopyxkenueM III 215,9 T3-IIB W75-2 mns
OypeHHs TBEPbIX aA0pa3uBHBIX TTOPOJ

a ; 0 s ;
3
3
= 4 4
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5 13
12
5 2 12
2 N ‘ . 5
. \ h, 5
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/_&x\\- X
N X Vs,
’ = ,4‘*\ g

v‘/\“u'n‘;f"'\tﬁ"'/.-i
11 109 8 7 1 11 1098 7 6

Puc. 3.17. KOHCTpYKTHBHBIE CXEMBbI TPEXIIAPOIIECYHBIX JOJIOT: a —
3y04aToro ¢ (hppe3epoBaHHBIM BOOPYKEHUEM IIAPOUIEK U EpUPEepUiHON
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MPOJYBKOM; O — IITHIPEBOTO C BOOPYNKEHUEM ITUIMHAPUUECCKUMHU DJIie-
MEHTAMHU U3 TBEPAOTO CIUIABA U LEHTPAIBHOW MTPOYBKOU
Tpexmapomeunsie gonora Ha puc. 3.17 [7] cOCTOAT U3 31EMEHTOB:
1 — mapomka; 2 — nama g070Ta; 3 — NPUCOCAUHUTEIIBHBIA HUIIEIb C
pe3b0oit; 4 — nepudepuiinbiii (puc. 3.17, a) u neHTpanbHbIi (puc. 3.17, 0)
MIPOTyBOYHBIC KaHAJIbI; 5 — KaHaJ Il OJIa4l 3aMKOBOT'O Psijia IIIAPUKOBO-
ro TOJIIUITHUKA C (PUKCATOPOM; 6 — POJTUKOBBIM MOAMIUITHAK OMOPHKI; 7 —
3aMKOBBIN IIAPUKOBBIN MOIITUITHUK; 8 — POJUKOBBIN MOIIUITHUK OMOPHI;
9 — snemeHTHI TOpoJIOpazpymIarolIero ¢ppezepoBanHoro (puc. 3.17, a) u
TBepaocIuiaBHoro (puc. 3.17, 0) BoopyxeHus mapoimiku; 10 — kopryc
mapomku; 11 — ynopHas msgra mapomku; 12 — BO3IYIIHBIM KaHAT K
MOIIUITHUKAM IIApOIIKK; 13 — BO3yX0-HAPaBISIONIMA BUHT.

Tpexmaponieunsie noaota (puc. 3.17, a) COCTOAT U3 TPEX CBAPHBIX
CeKIMH (J1am) 2, Ha KOTOPbIX MOHTUPYIOT mIapotku 1. Onopsl mapouiek
B 3aBUCHMOCTH OT Pa3MEPOB JOJOT BBINOJHSIOT 110 PA3JIUYHBIM CXEMAM.

B ropHo#l mpOMBINUIEHHOCTH TPEXIIAPOIICYHBIE 10JI0Ta TPUMEHS-
10T ¢ oniopamu (P-111-P), uMeromumu Ba CUIIOBBIX POJIUKOMNOAIMIMITHHAKA 6
¥ 8 U MEXIy HUMHU OJIMH IIAPUKOBBIN (3aMKOBbIN) 7. Ha monorax manbix
IUAMETPOB HIDKHUM TMOJIIUITHUK MOXET ObITh mapukoBbiM (P-III-111)
WIN CKOJB3SIIEro Thma. Jlonora, npeaHasHaueHHbIE I TSDKENBIX YCIIO-
BHI 3KCIUTyaTaluy, CHA0XatoT yropHo msatoil ckonbxenus (YIIC) 11.

JInst mojgauM CxaToro BO3JyXa Ha 3a00W CKBa)XMHBI C LIEJBIO €€
OYMCTKM OT MPOJYKTOB Pa3pylICHUs B XBOCTOBHKE W Jarax J0JI0Ta
UMEIOTCSl KaHasbl. [[1s1 OypeHus B3pHIBHBIX CKBAXXMH Ha Kapbepax MpHU-
MEHSIOT J10JI0Ta ¢ npoayBKou. [Ipu OypeHun CKBaKUH C IPOTyBKOM BO3-
OYyXOM MOTYT HMCIOJIb30BaThCS uemvlipe cnocoboa npooysku C Y4EeTOM
PaCIIONIOKEHUSI U KOHCTPYKIIUM TIPOAYBOYHBIX KaHaioB: 6okoBas (I1I),
nenrpanbHas (IT), komOunupoBannas (I1K) u pesepcuBnas. Ha puc. 3.18
npejctaBiieHbl cnocoovl npoodysku OAO «BBM-rpymm» [17]. Takxke
ecTb neHTpanbHas (11) u 6okxoBast (rugpoMoHuTopHasi) mpombiBka (I7).

Y J[0J0T ¢ LUEHTPaJIbHOM MPOIYBKOW OCHOBHAs YacTb BO31yXa
HEIMOCPEACTBEHHO HAIpaBisieTCsl Ha 3a00i CKkBakMHBL. OJHAKO B MO-
CleAHEE BpEMS MPEUMYIIECTBEHHOE PACIPOCTPAHEHHUE MOJYUYarOT J0JIO-
Ta ¢ OOKOBOW MPOJYBKOW, Y KOTOPBIX BO3yX M3 LIEHTPAJIbHOI'O KaHaja
MOCTYIAET K COIJIaM, HAMPaBJISIONMM BO3YIIHBIE CTPYU Ha 3yObs I1a-
POIIIEK, YTO CITIOCOOCTBYET UX OYUCTKE U OXJIAXK]ICHHUIO.
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Yacte Bo3ayxa (o1 5 10 25 %) mocTymaeT B KaHabl Jian U Hand u
MOABOAMUTCS K OMOpaM IIAPOIIEK ISl UX OXJIAXKACHUS, CMa3KU U MPEAO0T-
BpaIleHHs MTOTaJIaHusI B OTIOPHI OYPOBOM MBLIN U BOJIBI.
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Puc. 3.18. CnocoOsI mpoyBKH: a — O0KOBasi; O — lIEHTpajbHas;
B — KOMOMHHUPOBAaHHAS

JI0JIrOBEYHOCTh IIAPOIIEYHOTO JO0JIOTa BO MHOTOM 3aBHUCHUT
OT CTOMKOCTH MOJIIAITHUKOBBIX OMOP IAPOIIEK.

Omnopsl mapotek (puc. 3.19) nonot guamerpom 215,9 MM u Bblle
BBITIOJTHEHBI MO CXEME: POJIMKOBBIA MOAIIMITHUK — IIAPUKOBBIA (3aMKO-
BbII1) MOJIIMITHUK — POJIMKOBBIM MOAIMUIHUK (cokpaienHo P-111-P) [15].

Jonora nuamerpom 244,5 MM 1 00Jiee MOTYT JIONOJHUTEIBHO CO-
nepkaTh yHnopHbld moamunHuk ckodibkenus (YIIC) B Buae maiosl,

BOCIIPUHUMAIOIIEH OCEeBYIO0 Harpy3ky. Omnopsl ckoibxkeHus (C) umeroT
J0J10Ta uamMeTpoM MeHbIe 120 mm.



Puc. 3.19. Onops! mapomeynsix J010T
Omnops! mapomek, corstacHo ['OCT I'OCT 20692-2003 uzroraiu-
BAaIOT Ha:

. moamuMMHUKAaX ¢ TeIaMU Ka4eHUsI U OJHOM UJIU 00Jiee YIOPHBIX
MNOAMIUITHUKAX CKOJIBKEHUS, WK 0€3 YHOPHBIX MOAIIUITHUKOB CKOJIbXKE-
Hus — B;

2. MOJIUITHUKAX C TE€JIaMU Ka4€HHUsI U OJHOM WJIU 00Jiee YIOPHBIX
MOJLINUITHUKAX CKOJIBXEHUS U TepMeTh3anuen onopsl — BY;

3. OJTHOM paJiMaJIbHOM M OJHOM WJIM 00Jie€ YIOPHBIX MOAIIUITHUKAX
CKOJIbXEHUS (OCTaIbHbIE MOAIIUITHUKY C TeaMu KaueHus) — H;

4. OIHOM paJMAIBHOM W OJHOM WJIM OOJiee YMOPHBIX MOIIUITHU-
KaX CKOJIbKEHHUSI (OCTaJibHbI€ TMOJIIWIHUKA C TeJlaMd KaudyeHMUs)
¥ repMeTusanuen onopel — HY;

5. nAByx wunu Oojiee paguaibHbIX MOAIIMITHUKAX CKOJBXEHUS
C OJIHUM WJIK 00Jiee YIOPHBIM MOAMIMITHUKOM CKOJIBKEHUS — A

6. AByX wuiau Oojee paauadbHbIX MOIIIMITHUKAX CKOJBXKEHUS
C OAHUM WJIK OOJiee YIMOPHBIM MOAIIMIHUKOM CKOJIBXEHUS M FEePMETH-
3anuent onopel — AY.

Omnops! mapomek tana AY (puc. 3.20), H (puc. 3.21), B (puc. 3.22)
HauOoJIee pacnpoCTpaHEHbI B TOPHO-PYAHON MPOMBIIIJIEHHOCTH U BBIITYC-
katrorcst OAO «BBM-rpymm» [17]. Takum oOpa3oM, COBpEMEHHbIE 10JI0Ta
coJiep>KaT TOPLOBBIM YIMOPHBIA MOAIMIHUK cKoJbxkeHust (YIIC) B Buze
11ai10b1, BOCIIPUHUMAIOIIEH OCEBYIO HArPy3KYy.
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bonbmon paguanbHbIN
MOAIIUITHUK CKOJIbXCHUS
DnacTUYHOE YIJIOTHECHHUE

[LimaBaromas paspe3Has BTyJIKa
[ITapuKOBBIV 3aMKOBBIN
MOJIIUITHUK KaYEHUsI

TopHOBBIA NOAUIUIMHUK CKOJIbKCHUS
C YIIOpHOH m1aiiooun

Maubii paauanabHbId HOAUIUITHUK
CKOJILKEHUSI

Puc. 3.20. I'epmeTuzupoBanHas onopa tuna AY

PouKOBBIN TTOAIIUITHUK

[ITapuKOBBIN 3aMKOBBIN
MTOIIIATTHUAK

TopHoOBBIA NOAUTATTHUK
CKOJIb)KCHUS

PammansHBIN NOAMIMITHUK
CKOJIbKCHMUS

TopLOBBIN MOAUIAITHUAK
CKOJIBKEHUS

Puc. 3.21. OtkpsiTas onopa tuna H
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PonukoBBIN TOAITUITHUK

[ITapuKOBBIN 3aMKOBBIN
MOIIIUITHUAK

TopLOBBIN TOAUIAITHUK
CKOJIbKCHUS

PommkoBeI OANIMITHIK

TopOBBIN MOAIIATTHUAK
CKOJIb)KCHUS

Puc. 3.22. OtkpsiTas onopa tuna B

3.2.2. Tunbl TBEPAOCIJIABHOTO BOOPYKEHHS MIAPOLIEK

JIs mosTydeHusl HaWIydIluX MoKa3aTese npu OypeHUr HEoOXO0au-
MO HCIMOJB30BaTh JI0J0TA C MapaMeTpaMH, COOTBETCTBYIOIIUMHU TOPHO-
r€OJIOTUYECKUM YCIIOBUSIM Pa0OThl M (PU3UKO-MEXAHUYECKUM CBOMCTBAM
OypuMbIX TIOpoJ1. [ToATOMY CYIIECTBYIOT TUIBI IIAPOIICUHBIX JOJIOT JJISI
Pa3HBIX YCIOBUM TpuMeHeHus (Tabi. 3.3) ¢ pa3HbIMH TUIIAMU BOOPYKe-
Hud mapoiek (tadn. 3.4) [1, 7, 15, 18]. 3yObs mapoiek ¢ppesepyrorcs B
TEJIE KOHYCA IIApOIIKK W HAIUIABJISAIOTCS TBEPABIM CIUIABOM. BcTaBKu-
HITHIPY 3aMPECCOBAHBI B OTBEPCTHUSA B KOPITYCE MIAPOIIEK.

Tabnuua 3.3.

O06sacTh pallMOHAIBHOTO MPUMEHEHHUS IAPOIICYHBIX T0JI0T
Pa3JIMYHBIX TUIOB

IToka3zarenn
TPYIHOCTH Oy-
Tun gonora py y
penus I1g, B co-
no 'OCT Bypumebie ropHbie TOPOIbI OTBETCTRIL C
20692-2003 .
KJaccudukanuen
B.B. PxxeBckoro
I[lopoabl cpeaHe TBEPAOCTH M C OPOILJIACTKA-
MM _TBEPJBIX IIOPOJI: INIOTHBIE TJIMHBI, THIIC,
CuCT COJIM, Mepresib, MECYAHWCTBhIE CIAHIIbI, He- <6
IJIOTHBIC
YW OTUIICOBAaHHBIC M3BECTHSKU WM JAPYrue Ma-
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J0a0pa3uBHbBIC JIETKOOYPUMBIE TTOPOJBI C TPO-
IJTACTKAMU TTOPOJI CpesiHel OYpUMOCTH

AOpa3uBHBIE OPOABI CPE/IHEN TBEPJIOCTH: HU3-
BECTHSKH OPraHOT€HHO-00JIOMOYHBIE, MECTAMHU
NEPEKPUCTATN30BAHHBIC, HHOTJA JOJOMHUTHU3HU-
POBaHHBIE, C NPOCIOSMH APTUJUIMTOB; IEpe-
CJIauBaHME IUIOTHBIX IVIMH, NHOTAA ApTUJUIMTO-
NOJO0OHBIX, B PAa3JIMYHON CTENEHU IeCYaHU-
CTBIX, U3BECTKOBUCTBIX, 3arUIICOBAHHBIX C IEC-
YaHUKAMU Pa3HO3EPHUCTBIMU, KBapLEBBIMU,
U3BECTKOBUCTBIMU, TJIMHUCTBIMM, aprUJLIATA-
MU  CIIIOAUCTBIMH, HHOIZA OKPEMHEIBIMU,
QJIEBPOJINTAMM KBAPLIEBBIMH, IECYAaHUCTHIMU,
U3BECTKOBUCTBIMU

C3

TBepable MOPOJBI: CIIaHLbI, U3BECTHSKHU, aJ€B-
pPOJIUTHI, ApPrWJUIUTHL, CIA00CLEMEHTHPOBAH-
T HbI€ [ECYAHUKHU U APYrHe Majlo- U CpellHeal- 6-8
pa3uBHBIE MOPOJIbI CPEIHENH TPYAHOCTU Oype-
HUS

Teepaple TOPOABLI ¢ MPOIIACTKAMH KPETKHUX:
MEJIKOKPUCTATHYECKHAE U CIa00J0JIOMUTH3UPO-
BaHHBIC OKBApIIOBAaHHBIC W3BECTHSIKH, U3BECTKO-
BO-TJIMHUCTBIC CIIAHIBI, MAarHe3UT W JpyTHe
cpenHeadpa3uBHBIC MOPOJBI CPEeIHEH TPYIHO-
cTH OypeHus

TK 810

[Iponomxenue Tadm. 3.3.

ITokazarens
TPYAHOCTH OYy-
penus L, B co-
OTBETCTBUH C
Kiaccudukanuen
B.B. PxeBckoro

Tun gomora
no 'OCT byprmsle ropasie mopoasl
20692-2003

AOpa3uBHBIE TBEpJAbIC TMOPOJbI: ANaTUTHO-
He(EeNMHOBBIE PYIbl, IEPUAOTUTHI, JOJIOMUTH-
3UPOBAHHBIE OKBAapIIOBAHHBIC W3BECTHAKH U
JOJIOMUTBI; BBIBETpENble Trabbpo, MapTUTO-
TeMAaTUTOBBIE M THIPOTEMATHTOBBIE DYIbI,
IUIOTHBIE TIECYAHWKH, CPEIHHE TPaHOIUOPHUT-
nophupsl, CHEHHUTHI; BTOPUYHBIE KBAPIUTHI,
Ty(bI U Ipyrue abpa3uBHBIE MMOPOJBI CperHEN
TPYAHOCTU OYpEHUs ¥ TPYAHOOYpUMBIE

T3 812
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TK3

TBepabie a6DaBI/IBHBI€ HopoAabl € IMPOIIACTKA-

MU KPENKHUX: JTOJIOMAUTU3UPOBAHHBIE U3BECTHSI-
KU

C IpPOINIACTKAMHM  NPOYHBIX  IECYAHUKOB,
OKBAapLOBAaHHbIE U3BECTHSIKHU C MPOIIACTKAMHU
OKPEMHEIBIX MOPOJ, AUOPUTHI, rabdpo U npy-
rue abpa3suBHBIC TPYIHOOYPUMBIE TOPOIBI

10-12

Kpenkue mopojbl: OKpEeMHEIbIE H3BECTHSKH,
JOJIOMUTBI, JUOPUTHI, TPAHOIUOPUTHI, BTOPUY-
HbI€ KBApLUTHI, CPEHUE TPAHUTBl U JIpyrUe
abpasuBHBIE TPYAHOOYpPUMBIE TTOPOIbI

12-16

OK

OueHb KpENKUE NOpPOAbl: I'PAHUTHI, TPAHUTO-
THEHCBI, THEUCHI, POTOBUKH, CKapHbI, KBapLHU-
ThI, TaO0OpPO, MUada3bl, TPAHOCUEHUTHI, TPAHO-
JUOPUTHI, 0a3aIbThl, JUOPUTHI, JHKECIHIUTHI U
JIpyrue TpyAHOOYpHUMBIE M BeCbMa TPYAHOOY-
pUMBbIE BBICOKOAOpa3uBHbBIE TOPOIbI

> 16

Tunbl BOOPYKEHHUS IAPOLIEK

Tadnuria 3.4.

Twun nomora

Hcnonnenue mapomeK

M C dpe3epoBaHHBIMU 3yObSIMU
M3 Co BCTaBHBIMU HITBHIPSIMU
MC C ¢dpeszepoBaHHBIMU 3YOBSIMU
M3C C ¢dbpes3epoBaHHBIMU 3YOBSIMU W BCTABHBIMH IITHIPSIMH
C C ¢dpeszepoBaHHBIMU 3YOBSIMU
C3 Co BCTaBHBIMH IITHIPSIMU
CT C dpe3epoBaHHBIMU 3yOBSIMU
T C dpe3epoBaHHBIMU 3yObsIMU
T3 Co BCTaBHBIMU HITBHIPSIMU
TK C ¢dbpeszepoBaHHBIMU 3yObSIMU U BCTABHBIMU HITHIPSIMU
TK3 Co BCTaBHBIMH IITHIPSIMU
K Co BCTaBHBIMHU HITBHIPSIMU
OK Co BCTaBHBIMHU IITHIPSIMU
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Ulapowku 0onom OK (IUThIpEeBbIE) apMUPOBAHBI TBEPIOCIIIIABHbI-
MU HITHIPSIMU ¢ TTonychepuueckumu rojgoBkamu. LIITeipu 3akpemisitorcs
B T€JIE IIAPOIIEK METOJOM XOJIOJHOM 3aIIPECCOBKHU.

lapowxu oonom TK uMer0T KOMOMHUPOBAHHOE BOOPYKEHHUE, CO-
CTOSIIIEE U3 YEPEAYIOIIMXCS TBEPAOCIUIABHBIX IITHIPEH, 3alpecCOBaH-
HBIX B TEJIO MIApOIIEK, U BBIPPE3EPOBAHHBIX B UX KOPITYCe 3yOII0B.

Hlapowxu oonom T umeroT 3yOl1ibl, BeIpE3EpOBAHHBIC B KOPITYCE
IIAPOIIICK ¥ HAIUIaBJICHHBIC TBEPJIBIM CIIaBOM. JIJisi mpeioxpaHeHust J10-
JOT OT HW3HOCAa MO JHUaMEeTpy OOpaTHbIE KOHYCHI IIAPOIIEK TaKKe
HaIJIABJISIOTCS. TBEP/IBIM CILIABOM.

®dpe3epoBaHHbIE 3yObsl IIAPOLIEK (Ppe3epyroTcs B TeJie KOHyca Ia-
POILIKY W HAIUIABJISIFOTCS. TBEPJIBIM CIUIABOM. BCTaBHBIE IITHIpH 3ampecco-
BaHbI B OTBEPCTHUS B KOPITYCE IIAPOIIIEK.

Lonoma muna K u OK xapakTepu3yrOTCa yAapHbIM JCUCTBUEM BO-
OpY’KEHHS Ha paspyinaeMbiid 3a00i. [Ilapomku 70I0T UMEIOT YUCTOE Ka-
yeHue 1o 3a0010 0e3 MpOCKaIb3bIBaHUS, & BOOPYKEHUE COCTOUT U3 LIU-
JIMHJIPUYECKUX TBEPJIOCIIABHBIX 3yOKOB CO CPepruUYECKOil TOJOBKOM.

Lonoma muna TK u T XapakTepu3yrOTCs yAapHO-CKaJIbIBAIOIINM
JEHCTBUEM BOOPYXKEHHUA HA pa3pylaeMbiid 3a00i. [lapomku 3tTux om0t
UMEIOT KMHEMATUYECKUE CXEMBbI, 00ECIICUMBAIONINE YHCTOE KAaYEHUE C
HEOOJIBIIIUM TPOCKAIB3bIBAHUEM OCHOBHOTO KOHYCa IO IMOBEPXHOCTHU
3a00s. [TosTomMy TBepaocmiiaBHble U (pe3epOBAHHBIE 3yObsi HAHOCAT T10
320010 yJapbl C HEKOTOPBIM CIBUTOM IO XOAY BpAIlEHHUS IMIAPOIIEK.
[ITapomeunsie qosnota Tuna T u TK o6pa3yroT 3a00i1 BEIMYKIOM GOPMBI.

Jlonoma muna CT u C XapakTepu3YyIOTCs CKAIBIBAIOIIAM JICHCTBU-
€M BOOPY>KEHMSI Ha paspyllaeMbie MOpojbl. X mapomku MMerT MHO-
TOKOHYCHYIO  (OpMy  CaMOOYMIIAIONIETOCS THUMAa U paboTaroT
0 KMHEMAaTUYECKOM cXeme, 00ecleunBaroneil KaueHne CO 3HAUYUTEIb-
HBIM MPOCKaJIb3bIBAHUEM OCHOBHBIX KOHYCOB IIAPOIIKHU BJOJb MOBEPX-
HOCTHU 32005. OcH MIapoIIeK CMEIIeHBl OTHOCUTEIBHO OCH JI0JI0Ta Ha 2—
3 MM B 3aBUCHMOCTH OT pa3MEpOB JI0JO0Ta, MOATOMY BOOPY>KEHHE IIa-
POIIIEK, COCTOSIIEE U3 TBEPAOCIIaBHBIX 3yOKOB U (hpe3epOBaHHBIX 3yOb-
€B, HAHOCUT 10 320010 HAKJIOHHBIN yJap CO 3HAYUTEIIbHBIM CIIBUTOM IIO
xony ux BpaumeHud. [Ilapomeunsie qonora tuna CT u C oOpa3yroT 3a-
0oi1 Beiykyi0oM (hopMbl. s mpenoxpaHeHus: 10J0T OT U3HOCA MO Jua-
METpy OOpaTHbIE KOHYCHI IIAPOIIEK TaKXE HAIUIABISIOTCS TBEPbIM
criaBoM penutoM. O0JIacTh MPUMEHEHUS TBEPJbIX CIIJIABOB BBINMyCKae-
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MbIXx OAO «KupoBorpaackuil 3aBoJi TBEPJIbIX CILIABOB», TPUBEICHBI B
tabm. 3.5. [19].
Tabnuma 3.5.
O6s1acTh NpUMEHEHHUS TBEPIBIX CIUIABOB
Cruias Ob6nactu npuMeHeHus

[ITapomeunoe OypeHUE Te0JIOropa3BEJOYHbIX, IKCILTyaTa-
[UOHHBIX M B3PBIBHBIX CKBaXUH B KPEMKHUX M OYEHb KpEI-
KUX aOpa3uBHBIX TOPHBIX MOPOJIax ¢ Kod(ppuiueHToM Kpe-
noctH no mkane [Ipotonbsikonosa j0 f= 18.

[ITapomeynoe OypeHUE TIeoJIOropa3BEJOYHbIX, IKCILTyaTa-
[IMOHHBIX U B3PBIBHBIX CKBAKHUH B BSI3KUX, CPEAHEN TBEPHO-
BK11BK |cTu u TBepapiX abpa3uBHBIX TOPHBIX MOPOAax ¢ Kodduiu-
€HTOM Kpemoct 1o 1mkaige I[IporoassikoHOBa [0
f=16.

[ITapoiieyHoe OypeHHE reoIOropa3BeIOUHbIX, IKCILUTyaTalu-
OHHBIX Y B3PBIBHBIX CKBKUH B BSI3KHX, CPEJIHEN TBEPAOCTH U
aOpa3MBHBIX TOPHBIX MOPOJAX C KOI(PHUIIMEHTOM KPErmocTH
no wkasne [TporoabsikoHoBa 1o /= 18.

BK13 JlerupoBanHbiii ciuiaB 3ameHseT criasbl BKEBK 1 BK11BK

Lugposoii unoexc 6 0603HaUeHUU MAPKU CNIABA YKA3bIBAECTN HA NPOYEHMHOE
cooepoicanue Kobaibma.

BK8BK

BK12KC

Ha puc. 3.23 [17] u 3.24 [10] npuBeaeHsl TUMBI TBEPAOCILIABHOTO
BOOPY’KEHHUS [IAPOIIIEK.
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Puc. 3.24. ®opmbl TOJIOBOK MITHIPEN: a — chepudeckas; 0 — KIMHO-
BUJIHAS; B — JIy4deBas; I — mapaboaouaHas;  — TpeXrpaHHast
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[Iteipu co chepudeckoi roJIOBKOM 3HAUYUTEIBHO MPOYHEE KIUHO-
BUJIHBIX. DKCIIEPUMEHTAIBHO JIOKAa3aHO, YTO 11€J1I€CO00pa3HO MPUMEHSTh
HIAPOIIKA ¢ KOMOMHUPOBAHHBIM BOOPY>KEHHEM B BHJIC UEPEIYIOIINXCS
ITBIpEN C rojoBKamu cepuueckoil U KIMHOBUAHOU (opM. [Ipu sToM
TOJIOBKY KJIMHOBHUJHOTO IITHIPS CIEIYET, pacnoyarath moja yriom 90° k
OCH BpalleHUs mapoiku. [I[puMeHeHne KOMOMHUPOBAHHBIX MIAPOIIEK B
CpPaBHEHUM C IIAPOIIKOHN, OCHAIEHHON TOJBKO CHEpUUECKUMU IITHIPS-
MH, JAET CHUKEHHE YAEIbHOW 3HEpProeMkoct Ha 21%, a HamopHOro
ycunus — Ha 25%.

3.2.3. O003HaYeHMEe MAPOIIEYHBIX J0JIOT
Kinaccudukanus ngonot Beinossercs no 'OCT 20692-2003.
CucteMa 0003HaYEHUS MIAPOIIEYHBIX J0JOT (cM. puc. 3.25) [17].

250,8 V - ALS 74 Y - R824

Anamerp 3aBofcKoi Homep
Jonota, MM KOHCTPYKLUW

NpopyKTOBasA NMHWA

Mopudmkauma
Mogupukayma no wapouwke (cycpurco)
no gonoTy 1 nane
(npedpmKcel) Mepeble gBe unppel Koga IADC

MPOAYKTOBbIE IMHWUMU (cepum no Tnam onop) |

OTKPEITAA ONOPA MO CXEME: OTKPEITAA OMOPA NO CHEME: OTKPEITAA CNOPS MO CXEME:
P38 HANEHEIA NOAWMNHAE CKONEXEHMA — POMMEQELIA NOBLWMIHME K3HEHMA — PONMECEEIA NOBWMIHME K3HEHWA —
LUAPMKOBEIA NODWWTHVK K34eHMA — IWAPWKOBEI NODWWIHWK K34eHWA — IWAPHKOBEIA NOGWWIHAE KaYeHWA —
TOPLUOBEIA NOBIWHIHHEK CKONMBXKEHWA — TOPUOBEIA NOALMIHKMK CKONEKEHKMA — TOPLOERIA NOALMTHME CKONBXKEHMA —
P38 HANEHEIA NOAWMNHAK CKONEAEHMA = | PAAHANEHEIA MOSWMIHKEK CKONEXEHWA = PONMKOBEIA NOALMIHME KA4YSHWA —
TOPUOBEIA NOAWWIHMEK CKOMBXKEHHA TOPLOBLIA NOALMIHE CKONEKEHWA TOPLOBLIFA NOALLMIHUEK CKONbXEHWA
A | npopyeka Gokoean X | 2yB0K KNMHOBMOHOA QopMEl
AC | npoayeKa UeHTparnkHaA Y | ayBok koHuHeckoi dopmel
AK | npopyeka koMEMHAPOBaHHARA 7 | ayBok apyroi dhopusl
R | pepepcueHan oumcTka 2aboA -
T | YownenHan obbemHan Hannaeka
L | Hannaeka Haberaiowei rpaHK W Ko3kIpEKa NAMNE thpe3epoBaHHED: 3yEreR
LL Hannaeka HateraWwen rpaHK M yCMneHHan P ﬂ,DnOﬂHMT@ﬂbelﬁ KaJ‘IHE)pyIOLLI,Mlﬁ pAL
HaMNNaBkKa KO3BIPEKA Nank (nmpeaHHe 3\"6'(”1"
g | 3PMMPOBaHME CIMHKA Nkl TEEPAOCTNEHEIMA OAMHAPHLI PAL 3YBKOB Ha OBPATHOM KOHyCe
3yBKamm ’ ’
B | nonacts (ckoc Ha civHke nans!) GG | peoitHoi pAR 3yGKoB Ha OBPATHOM KoHyce
N | yonuHerHas Hacaaka W | younenHsit nepidepmiiieii pag

Puc. 3.25. Cuctema 0003Ha4€HUs IAPOILICYHBIX J10J0T
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Ob6o3uauenue oonoma 111-320T3-I1I'B TTOCT 20692-2003 o3Havaet
«TPEXIIAPOIIEYHOE M10J0TO auameTpoM 320 MM C BOOPYKEHHUEM IIla-
pomkamu T3 ¢ mpoayskoit omop (II) m OokoBoi (M3 corell) cxemoit
ouncTku 32005 (I') c’KaTbIM BO3AYXOM C IIAPOIIKAMH Ha MOIIAITHUKAX
kaueHus (B)». Tak kak nms OypeHus Ha Kapbepax MPUMEHSIOTCS B OC-
HOBHOM TpPEXIIAPOIIEYHbIE 1070Ta, UHIAEKC 111 4acTo omyckaror.

IIpumep ycnoBHOro 0003HAUYECHHS TPEXILAPOIICUHOTO JI0JI0Ta JTha-
MeTtpoM 215,9 MM 11 OypeHus aOpa3uBHBIX MTOPOJ CPEHEN TBEPAOCTH
(C3), ¢ uentpansHoi npoayBkoit (I1), Ha nByx unu Oojnee paauaIbHBIX
MOAMIUITHUKAX CKOJBKEHUS C OJHUM MM 00Jiee YIMOPHBIM MOIITUITHU-
KOM CKOJIbK€HHS U repMeTh3anueii onopsl (AY):

Jonoto mapomeunoe III 215,9 C3-1TAY I'OCT 20692-2003.

[laporiku 1 Jiarsl A0JIOT B OCHOBHOM HM3TOTOBJISIFOT M3 XPOMOHUKE-
neBoit Manoyraepoauctor (12XH?2), (20XH3A) 1 HUKEIb-MOINOICHOBOM
(17H3MA) cTaneii u moJIBEpraroT XMUMHKO-TEPMHUUECKON 00padoTKe.

3.2.4. Knaccupurkanus mapoumevHsix 7050t 1o koay IADC

Koa TADC (International Association of Drilling Contractors) —
MexayHapoaHoit acconuanuu OypOBBIX MOJPSAYMKOB OCHOBaHA Ha
YETHIPEXCUMBOJIBHOM KOJI€, OTpa)KarolleM KOHCTPYKIIUIO J0JIOTa U THUI
TOPHBIX MOPOJ, 1JIsi OYpEeHUs] KOTOPBIX OHO TIpeHa3zHaueHo. [lepBrie Tpu
CHUMBOJIa) — IU(POBBIC, a YETBEPTHII — OyKBEHHBIH [17].

Cepusi BOOpy:KeHHSsI X X X X

| |
| |
| nostota (1-8) T T JlonoJaHuTeabHbIE |
| |
| XapakTepucTuku (A-Z) |
| THI BoOpysKeHHsI XapakTepHucTHKA |
i noJora (1-4) KOHCTPYKIIMHU onopsl (1-7) i

Cepust BOOpyxeHHsI J10J10Ta — niepBasi udpa kona. Bocemb kareropuii
CepHid BOOPY>KEHHSI COOTBETCTBYIOT OOILEH XapaKTepUCTUKE TOPHBIX MOPOJ,
11 OypeHusi KOTOPBIX MpeaHazHadeHo nooto. Cepun ot 1 10 3 onpenensi-
0T JI0JI0Ta ¢ (Ppe3epOBAHHBIM BOOPYKEHUEM, a cepuu OT 4 10 8 — nonora ¢
TBEPAOCIUIABHBIM BOOPYKEHUEM. BHYTpuU rpyImi 10J0T ¢ Pppe3epoBaHHBIM
U TBEPAOCIUIABHBIM BOOPYXEHUEM YyBEJIMYEHUE LUPPBHI CEPUU O3HAUAET
YBEJIMYEHUE TBEPAOCTU NOPOI, ISl KOTOPBIX MPEAHAZHAUYEHO JI0JIOTO.

Tun BoopykeHus nosiota — BTopas uudpa xoma. Kaxmas cepus
paszeneHa Ha 4 TUNa B 3aBUCUMOCTH OT TBEPAOCTH pa30ypuUBaeMbIX MO-
poa. Tun 1 o3Hauaer monora Jjisg OypeHusi HaubOojaee MATKUX MOpPOJ B
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npezesiax Cepuu, a TUI 4 — OTHOCUTCA K HauOoJsiee TBEPAbIM MOpOJaM B
Ipeaeaax CEpUu.

XapaKTepUCTUKA KOHCTPYKLUWHU ONOPBbI ONPEHEISICTCA TPEThEU
g poit Kozaa:

1 — oTKpbITast (HETepMETHU3UPOBAHHAS ) OTIOPA;

2 — OTKpbITas onopa /it OypeHust C MPOIYBKOM BO3yXOM;

3 — OTKpHBITas OMopa ¥ TBEPOCIIaBHBIE BCTABKH HA KaJTUOPYIOIINX
MOBEPXHOCTSX MIAPOLIEK;

4 — repMeTU3UPOBAHHAS ONOPA HA MOJIIUIMHUKAX KAYEHUS;

5 — repMeTH3WpOBaHHAs OMNOpa Ha MOJUIMITHUKAX KayeHUs
Y TBEPOCIUIABHBIE BCTABKM Ha KAJIMOPYIOIIMX MOBEPXHOCTSX HIAPOIIIEK;

6 — repMeTU3UPOBAHHAS OIIOPa Ha MOJIITUITHUKAX CKOJIbKEHUS

7 — repMETH3UpOBAaHHAsA OINOpa Ha MOJIIAIMHUKAX CKOJIbXEHHS
Y TBEPJIOCIUIABHBIE BCTABKU Ha KAJTUOPYIOIINUX MMOBEPXHOCTSIX MIAPOIIEK;

8, 9 — pe3epBHbIE, JJIs1 BO3MOXKHOT'O IPUMEHEHUS B Oy TyIIIEM.

JIONOTHUTENBHBIC XAPAKTEPUCTUKH OMPEAECISAIOTCS YETBEPTHIM
OYKBEHHBIM CUMBOJIOM (HE0053aTEIBHO):

A — nonota 11 OypeHust C IPOIyBKOM BO3yXOM;

B — repMmetn3upoBaHHas onopa, crieuaibHasi;

KOHCTPYKIIUS YIUIOTHEHUH, JOMyCKarolas, HampuMep, OypeHue ¢
TOBBIIIIEHHOW YaCTOTOW BPAIICHUS;

C — neHTpajibHas HACAJIKA;

D — cneunanbHas KOHCTPYKIIMS BOOPY>KEHHUS, MUHUMHU3UPYIOIIAs
OTKJIOHEHHE CTBOJIA CKBAKUHBI;

E — yn1nuHeHHbIE HACAIKY;

G — ycwieHHas 3allliTa KO3BIPHKOB Jall HAIUIAaBKOW WM TBEPJIO-
CILJIABHBIMU 3yOKaMu;

H — nonoTa asis HarpaBiIe€HHOTO WA TOPU30HTAIBHOTO OypeHUS;

J — TMIPOMOHUTOPHBIE A0T0TA ISl OypeHHs ¢ HAOOPOM KPUBHU3HBI,

L — kanuOpyrolye HaKJIQJKA Ha COUHKaxX Jal, apMHpPOBAHHBIE
TBEPIOCIIaBHBIMU 3yOKaMu;

M — nosnota st OypeHus ¢ 3a00HHBIMU IBUTATEIISIMHU;

S — crangapTHBIE J0JIOTa C PPEe3epOBAHHBIM BOOPYKEHUEM;

T — IByX1IapomeyHele J0JI0TA;

W — ycoBepIIeHCTBOBAHHOE BOOPYKEHHUE;

X — 3yOKU MPEUMYIIIECTBEHHO KJIMHOBUAHOUN (hOPMBI;

Y — 3yOKku KOHUYECKOU (hOPMBI;

Z — npyrue popMbl 3yOKOB.
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3.2.5. KOHCTPYKTHBHBIE 3JIEMEHTHI I'€0JI0r0Pa3BeA04HOI0

NMOPOAOPA3PYHIAIIEr0 HHCTPYMEHTA MIAPOMICYHOI0 THIIA

KOHCTpYKTHBHBIE 3JIEMEHTHl WHCTPYMEHTA IIapOIIEYHOr0 THUIA
OTpPENIETSAI0OT KHHEMAaTUKy U AMHAMUKY MX paboThl Ha 3a00e. OCHOBHBIE
AJIEMEHTHI THCTPYMEHTOB CO3J]aBAJIMCh C YYETOM MHOT000pa3us CBOMCTB
TOPHBIX MOPOJ U MOCTOSIHHO COBEPIIICHCTBYIOTCSA. ITO KacaeTcsl, MPexIe
BCETO, BOOPYKEHHUSI M OINOP IIAPOIICK, a TaKKE CXEMbl OUUCTKHU 32005
CKBa)KHUHBI OT MPOAYKTOB pa3pyILICHUSI.

Kak ObUIO MOKa3aHO paHee, OCHOBHBIMU KOHCTPYKTHUBHBIMHU 3JI€-
MEHTaMH SIBJIIOTCS: KOPIYC, JIambl, HAn@bl, MOIITUITHUKY, IAPOIIKH U
WX BOOPY>KEHUE, MPOMBIBOUHBIC KaHabl. [lopopopaspyuiaromue WH-
CTPYMEHTHI OTJIMYAIOTCS JIPYT OT APyra 4ucjioMm, GopMoil U pacrosoxe-
HUEM IIapOIIeK; reoMeTpuiIecKor (popMoi, pa3MepoM U Ka4yeCTBOM BO-
OPY>KEHHMSI; YUCJIOM, KOHCTPYKIIMH M PACIOJIOKEHHUEM IPOMBIBOYHBIX
KaHaJIOB U JPYTUMU JICTAIISAMU.

Kopnyc nonota npencraBisieT coO0W JIUTOE KOJIbIIO, UMEIOIee Ha
BEPXHEM KOHIIE BHYTPEHHIOIO MPUCOETUHUTENIBHYIO PE3b0Y; K KOPIyCYy
MpUBapuBarOTCA Jarnbl. CEKIIMOHHBIE JOJIOTAa U3TOTOBIAIOT CBAPKOW OT-
JENBHBIX CEKIMM — Jiar, 00pa3yomuX KOPIyc, Ha BEpPXHEM KOHIIE KOTO-
pOTO Hape3aeTcsl Hapy»KHasl IPUCOSTIUHUTEbHAs pe3boa. [1o aToMy 1pu-
3HaKy BCE€ IIAPONIEYHBIE J0JIOTa ACNATCA HA JBE TPYyNIbL: Irpymnma A —
ceKImoHHbIe (auamerpoMm ot 46 no 320 mm) u rpynna b — kopnycHseie
(nuametpoM ot 346 110 490 Mm).

Jlonoma 2eonocopazeedounoco cmanoapma JIHaAMETpoM Ooee
59 MM UMEIOT KOHYCHYIO 3aMKOBYI0 pe3b0y (puc. 3.26, a) [1], a auamer-
poM 59 MM M MeHEee — [UIMHJIPUYECKYIO0 HUMMEIbHYIO pe3b0y Tparmelie-
unansHoro npoduis (puc. 3.26, 0). llapoiieynble KOPOHKH TaKKe MO-
I'yT UMETh HapY>KHYIO WM BHYTPEHHIOIO Pe3b0y (3aMKOBYIO WJIM CIEIIU-
ATBHYI0 HWIMHAPUYECKOU (DOPMBI) JJIsI MPUCOCANMHEHUS] K KOJIOHKOBOM
TpyOe npu cOopke OypoBOro cCHapsa.

Jlanwvl ciayxat s 3akperuieHus nand (ocei), BOKPYT KOTOPBIX
BpAIlaIOTCS MIAPOIIKH.

lllapowxu — OCHOBHOUM pabounii opran uHcTpymeHnra. dopma mia-
POIIIEK MOXKET ObITh PA3IMYHON: KOHUYECKOM, IIUIIUHAPUIECKOH, chepu-
4YeCcKOM, moycepruueckoil, IMCKOBOM, B BUJIE€ YCEUEHHOTO KOHYCA.

Hawnbonee pactpoctpaneHHast ¢popma mapoiiek — KOHMYeCKasl ¢ ee
pa3HOBUIHOCTSIMU. [IpuMeHsieTcs OIHO- U MHOTOKOHYCHBIE IIapOILKH,
KOTOPBIE MOTYT UMETh OCHOBHOM KOHYC, HECKOJIKO JIOTIOJHUTEIbHBIX U
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oOpaTHBIM KOHYCHI. 3a0CTPEHHAs YacTh IMIAPOIIKH HA3BIBACTCS BEPIIH-
HOM, TPOTUBOIIOJIOKHAS TUIOCKast — ThUTbHOM yacThio (puc. 3.27) [1].
a

s

Puc. 3.26. ITpodunu pe3pOb! MaponieyHbIX J0JIOT:
a — KOHMYECKOH; 0 — TparnenenaaJabHOn

ThmHaR  vacms
I
Puc. 3.27. Cxembl pacloJIO)KEHHUs BEHIIOB Ha IIApOIIKax: a — C
(dpe3epoBaHHBIMU 3yObsIMU; O — C BCTaBHBIMH IITHIPSIMU M3 TBEPBIX
crnaBoB; 1, 11, 111 — nomepa mapomuek; 1, 2, 3 —0eroBble JOPOKKH

['eomeTpuyeckas popMa KOHYCHBIX IIAPOIIEK OMPEALISICTCS YUCIOM
U yriamu kKoHycoB 2, 2B, B, B3, AuHON oOpa3yroiux, a rabapuThl —
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BbICOTOM mmapomiku H u amamerpom kanmOpyromer OoKpy HOCTH Dy,
[TonoxxeHne mapoleK OTHOCUTEIBHO KOPIyca OMNPENENeTCS YIIOM
HaKJIOHa OCH UIAPOIIKH, BEJIWYMHOW BBUIETA BEPIIMHBI IMIAPOIIKH U
CMEILIEHUEM OCH IIAPOIIKH.

JI71st ocHaIIEHUsT OJJHOIIAPOIICYHBIX JI0JOT MPUMEHSIOTCS OOBIYHO
mapomiku chepudeckoit GopMbl, B (opMe TUCKOB, KOJbIEBON (POPMBEI,
KOHHYeCKor (opmbl. B CBS3M ¢ TeM, 4TO JOJIOTO OCHAIIACTCS OJHOMN
HIAPOIIKOM, MOSIBIISIETCS BO3MOXHOCTh YCHIIUTh OIOPY, YTO CYUIECTBEH-
HO MOBBIIIAET CTOMKOCTH JI0JOT B 1EJIOM U 3 PEKTUBHOCTH Pa3pyILICHUS
MOPO/IBI IO BCEH TUIoMaau 320051, BKIIOYAs U €ro HEHTPAJIbHYIO YacTh.

BoopyxeHrne win nopoaopa3pyliaroiye JIEMEHThI IapoIIeK MO-
I'yT ObITh B BUJIC OTJEIbHBIX 3yObEB WM IITHIPEN (3yOKOB) U3 TBEPJIBIX
CIUJIABOB, PACHOJIATAIOIIUXCA JUCKPETHO KOHUECHTPUYECKUMHU BEHIIAMH
HO ompejaeneHHoN cucteme (puc. 3.27). Bcem BeHIlaM TNPHUCBanMBaIOTCs
OyKBEHHbIE WU HUPPOBBIE 0003HAUEHHUS (OT BEPIIMHBI K TOpiy): A, b,
B, I, I, Evmu 1, 2, 3, 4.

B OonpmmHCTBE cilyyaeB 3yObsl MIapoOUIEK MUMEIT (POopMy KIHHA,
OCHOBHBIE AJIEMEHTHI KOTOPOTO MOKa3aHbl Ha puc. 3.28, a, 0 [1].

a
2 3
1 4
5

B reéficy) rés(zey) ; razs(acy) razs

< LN
RV
B 90° &
450 ¥ |
Ay
/(Th Wwe | a°
E%‘,}nnst

Puc. 3.28. T'eomerpuyeckre GopMbl 1 KOHCTPYKTUBHBIC AJIEMEHTHI
BOOPYKEHHUS IIAPOIIEK
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Ha puc. 3.28. mpencraBieHsl cieayronge oO0oO3HayeHUsd: a, 0 —
3yObsi; B — TBEPAOCIUIABHBIC IITHIPU (BCTABKH); 3 — BHYTPEHHUM TOPEI]
3y0a; 4, 5 — cOeraroinass U HaOeraromas MOBEPXHOCTh 3y0a; O — JJIMHA
3y6a; H, u H, — BeIcOTa 3y0a 1Mo HOpMaJIM K KOHYCY IIApPOIIKH COOTBET-
CTBEHHO Hapy>KHOMY U BHYTPEHHEMY; m U a — IIMpUHA 3y0a Yy OCHOBA-
HUSI U TIPU BEPIIUHE; S — 1Iar 3yObeB; 0L — YTOJI 3a0CTPEeHUS 3y0a

Jlnna 3y0a 3 3aBUCUT OT YKCiia BEHIIOB U IIAPOIIKE U €€ Pa3MEpOB.
Ha nepudepuiiHplx BeHIIAX JJMHA 3yObeB OOBIYHO OOJBINE, YEM Ha OC-
HOBHBIX. MUHHUMaNbHas JJIMHA 3yObEB 5 MM y J0JIOT Majoro JuameTpa.
Y 1070T CO CMEMIEHHBIMH OCSIMH IIApOIIeK OObIYHO b > 2e (Tme e —
BEJMYMHA CMEIleHUs ocel, MM). BricoTa 3yObeB Ha pa3HbIX BEHIAX pa3-
JMYHA W YBEJIMYMBAECTCS K ThUIbHOM YaCTH MIAPOIIKU B 3aBUCUMOCTH OT
XapakTepa Mopo/I, A pa3pylIeHUs] KOTOPIX MpeHa3HAYAETCs TOJI0TO, U
ero pazmepoB. OObIUHO AJis1 O0JIee MATKUX MOPOJT BbIcoTa Oepercs 00Jib-
mie, a i TBepAbIX — MeHble. [Ilupuna 3yda y OCHOBaHUSI M 3aBUCUT OT
BBICOTHI U YIJIa 3a0CTPEHUSI CMEKHBIX 3yObEB Ha OJTHOM U TOM >K€ BEHIIE.

[Topoaopa3pyiiaroniue UHCTPYMEHTBI IIAPOIICYHOTO THUIA, MPE]-
Ha3HAYEHHbIC /U1 paOOTHl B MOPOJaX MOBBIIICHHBIX TBEPAOCTH U abpa-
suBHocTH (OK, K, TK, TK3, T3, C3, MC3, M3), ocHalarTcs TBEPIO-
CIUJIABHBIMU IITHIPSMH (3yOKaMM) TpeX OCHOBHBIX ¢opm (puc. 3.28, B):
c noaycdepuueckum TOpHoM padoueirl yactu ¢dopmbl I'-26 wnm THma
1CL, ¢ mmockum TopuioM Gopmsl ['-54 nnum tuna 2CL u ¢ KIMHOBUIAHBIM
topioM ¢opmel I'-25 nnu tuna 3CILI. [Teipu Tuna 2CL, npumeHsieMbie
B KQUECTBE KAUTHOPYIOMINX, UMEIOT TIJIOCKUM TOpeIl.

JluaMeTp TBEPAOCIJIABHBIX IITHIPE B 3aBUCUMOCTU OT HOMEpa U3-
Jelms MoKeT ObITh oT 3,14 mo 14,14 MM, a BBICOTA B 3aBHCHMOCTH OT
aramMeTpa — oT 3 110 24 M.

TBepaociiaBHbIe MITHIPU YKPEIUIAIOTCSA B TEJIE MIAPOIIKH MPECCO-
BaHHEM B OTBEPCTHUAX, UMCIOIIUX IO JUAMETPy MHUHYCOBBIH JOIYCK B
npeaenax 0,06-0,09 mm.

3.2.6. KOHCTPYKTHBHBIE 0COOCHHOCTH Ie0JI0ropa3BeI0uYHbIX
HIAPOIIECYHBIX 10JIOT

CKb HIIO «I'eoTexHuka» coziaHa cepusi MajorabapuTHBIX OJTHO,
IBYX W TPEX MIAPOLICYHBIX TOJOT auaMeTpom oT 42 nmo 151 MM tuno-
pasmepoB M, C, T, K, u OK [1]. JonoTa ucnonb3yroTcs Jjsi OypeHus
ckBaxuH B nopoaax ot IV go XII kareropuit mno Oypumoctu. Jlonora
tuna M npenHazHadeHsl 151 caMblx Msrkux nopof (I-IV kareropum no
OypuUMOCTH).
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Kak BunHO 13 puc. 3.29, nosoro tuna M nMeeT 1B€ KOHYCHBIE IIa-
POILKH C BBICOKMMU 3yObAMH U YIIIOM UX 3aoctpenus 45-50°. TIpombi-
BOYHAs KUJKOCTh MMOJAETCS HAa MOBEPXHOCTH 320051 C OUYECHb BBICOKOU
ckopocThio (710 70 M/C), Tak KaK JOJ0TO OCHAIIEHO THIPOMOHUTOPHBIMH
HacaJKaMHU.

S e NV, T SR S T S I

Puc. 3.29. KoHCTpyKTHUBHBIE 3JIEMEHTHI J0JIOTa sl OypeHHs B
MATKUX MOPOJAaX C THAPOMOHMTOPHBIMM Hacaakamu: | — mama: 2 — ma-
pomika; 3 — namnda; 4 — MapuKOBBIM 3aMKOBBIM MOANIMIHUK; 5 — IIAPHU-
KOBBIM MPOMEXKYTOYHBIA MOAIIMITHUK; 6 — POJMKOBBIM KOHIIEBOW IOA-
IIUITHHK; 7 — 3yObs Mapomku, 8 — mtudT-hukcarop; 9 — 3aMKOBBIHN Ma-
aen; 10 — rugpoMoHuTOpHAs Hacaaka: 11 — mpoMBIBOYHBIA KaHAT, 12 —
MpUCOCANHUTENbHAS pe3b0a; 13 — opueHTUpyromu mrudt

Honorta tuna C (puc. 3.30) npeaHasHaueHbl IS MOPOJ CpeIHEH
KpPEMOCTH U MOTYT OBITh BBIMOJHEHBI 3yO4YaThIMH WJIM IITHIPEBBIMHU. B
KOPIIyCe JI0JIOTAa MOTYT OBITh YCTAaHOBJIEHBI KOHYCHBIE WU C(heprudecKre
WJIU JIUCKOBBIE TIIAPOIITKH.

3yOuaTeie KOHyCcHBIE miapomku (puc. 3.30, a) uMeroT 3yObsi MEHb-
1€ BBICOTHI YeM Yy JOJIOT THra M U ¢ OOJBIITMMHU YTIaMH 3a0CTPEHUSI.
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JIJisi TIOBBIIIEHUSI U3HOCOCTOMKOCTH 3yObsi apMHUPYIOTCS  3€pPHUCTHIM
TBEPJBIM CIUIABOM MAapKH PEJIUT.

B npakTuke OypeHus TIIyOOKHX CKBOKHH B MOPOJIaX CpeAHEN Kpe-
MOCTU IIUPOKO MNpUMEHSIOTCS oaHomapomeydnbie gonora 10K-100C,
1-139.7C3-H (puc. 3.30, 0).

Jns Oypenust B nopojaax cpenneit Teepaoctu B CKB HITO “T'eo-
TEXHHUKA" CO3JaHbI JOJIOTA C MIAPOIITKaMHU JUCKOBOH (DOPMBEL.

Honoto tumna 3J1JI-76C (puc. 3.30, B) uMeeT aBa IHUCKaA, OCHAIIICH-
HBIX TBEPJOCIUIaBHBIMM BCTaBKamu. [Ipyu 3TOM BEHIBI MOTYT pacrioja-
raTbCsi COOCHO C KOPIYCOM J0JIOTa U MOJT HEKOTOPBIM YTJIOM.

Puc. 3.30. Konctpykiuu moa0T s OypeHHs B MOpoaax CpeaHen
TBEPJOCTH C IIAPOIIKaMH KOHYCHOM a, chepuueckoi O U JUCKOBOM B
dopm: 1 — kopnyc; 2 — mapamky; 3 — IMIAPUKOBBIE MOJUIUITHUKHT; 4 —
namnda; 5 — BTynka; 6 — npuaMaTuyeckasi MIMOHKA; 7 — TBEPAOCIIaBHAS
BCTaBKa (IITHIPH); 8 — IPOMBIBOYHBIC KaHAJIbI

Honota tuna T, npeaHa3sHadueHHbIC 11 OypeHUs TBEPIbIX TOPOJI,
OOBIYHO CHAOXXEHBI JIBYMS WJIM TpPeMs KOHYCHBIMH MaJIOra0apUTHBIMU
mapomikaMu (puc. 3.31). Ocu 3y0uatsix mapoinek (puc. 3.31, a) uMerT
yTOJI HAaKJIOHA, KaK BUJIHO U3 PUCYHKa, 52 Tpajiyca, 4To 00eCreynBaeT ux
nepeKaThIBaHUE 10 MOBEPXHOCTH 3a00s1 0e3 ckonbxeHus. s obecme-
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YEHUsI MPOYHOCTH 3yObsl MIAPOIIEK HWMEIOT MEHBIIYIO BBICOTY, YEM Y
oot Tunopazmepos M u C.

Honoto tuma T3 HebOosbimoro auamerpa (2/1b-76T, 2B-93T3),
CHA0XEHHO JABYMS IIAPOIIKAMU C TBEPAOCIUIABHBIMU BCTaBKaMH (IIIThI-
psMu) KIrnHOBUIHOU dopmbl 125 (puc. 3.31, 6) npeana3zHayeHbI 17151 Oy-
penus ckBaxkuH B nopojiax VII-IX kareropuii mo 0ypumoctu. [lapomiku
y JIOJIOT 3TOr0 THUIAa WMEIOT, KaK BHJHO M3 PUCYHKA, pazHyio (opmy:
OJTHOKOHYCHYIO U B BUJIE YCEUEHHOT0 KOoHyca. LleHTpanbHbIil KaHaT 1u-
JUHJIpUYECKOil (hOpMbI 00€CTIEUMBAET MPOXO] TPOMBIBOYHOM KUJKOCTH
K 3a20010.

(O, QRIS I )
o

¢h

X 059 |2
25°

50°

Puc. 3.31. KOHCTpyKIIUM IIapOIICYHBIX JOJOT HJia OypeHus B
TBEPJIbIX MopoAax: | — mpucoenuHuTeNbHas pe3bda; 2 — nama; 3 — 1ma-
poiku; 4 —1anda; 5 — 3anopHBINA Mayer] ¢ OypTUKOM
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Jlnst OypeHusi reosioropa3BelIOYHBIX CKBOXKHH MaJIOro JuameTpa
ObL1a pazpabotana cepus noiot tuna A u UK (puc. 3.31, B, 1). I1o
MPUYMHE OYEHb MAJICHHKOW IUJIONMIaJAM 320051 CKBaXXUHBI JI0JIOTA OCHa-
IAFOTCS OJHOW WM JIByMs IIAPOIIKAMHM C YCTAHOBKOW WX Ha IOJIIIWII-
HUKaX CKOJIb)KEHMS, TaK KaK OMOpbl Ha MOJIIMITHUKAX KayeHUs KOH-
CTPYKTUBHO HE BIHUCBHIBalOTCS B ckBaxuHe. lllapomiku umeroT dopmy
YCEUEHHBIX KOHYCOB C BOOPYXEHHEM W3 TBephoro cruiaBa BK8B ¢ mo-
nychepudeckoi popmoit pabouerd yactu. JlojgoTa BBITyCKarOTCS Jra-
metpamu 42; 46; 59 u 76 mm.

Honota tuna K u OK cnyxat mnsa OypeHHs B KPENKUX U OYCHb
kpenkux nopogax VIII-XI kareropuit mo Oypumoctu. Takue monora
OCHAILIAIOTCS IBYMsS WJIHA TPEMS OJHOKOHYCHBIMH CAMOOYMIAKIIAMUCA
IapoIlIKaMu CO BCTaBKaMM (IIThIpsIMU) U3 TBepAoro ciuiaa BKS 1u-
JUHJPUYECKON (HOPMBI, HMEIOIUMHU TOIychepuuecKuii Topei. YToj
HakJIOHa ocH 1mapoiuiek ot 50 go 52°.

3.2.7. KOHCTPYKTHBHBbIE 0COOEHHOCTH Ie0JI0ropa3BeI0uYHbIX
HIAPOIIEYHBIX KOPOHOK

[Ipu OypeHun CKBa)XUH C IEJIBIO MOJTYYEHHs] 00pasiioB MOPO/I, IMO-
JIE3HBIX UCKOIMAEMBIX MPUMEHSIOTCS MIApPOLIEYHbIEe KOPOHKHU (KOJIOHKOBBIE
nosiota) turoB C, CT, T, TK u K [1]. Haubonee mupoko UCHONb3YIOTCS
KOpOHKH TUIOB T 1 K B KOMITIEKTE ¢ ABOMHBIMU KOJIOHKOBBIMH CHApPsJIa-
mu (KC), pazpaborannsie B CKb HIIO “I'eorexnuka”. KopoHKH KOH-
CTPYKTHBHO BBITIOJIHEHBI B BUJIE KOPITyCa U YETHIPEX WK IIECTHU IIAPOIICK,
uMeroIux popMy yceueHHOro KoHyca wiv noiycdeps (puc. 3.32).

[Tapomiku kopoHOK TuMa T OCHaIIEHbl TBEPAOCIUIABHBIMU BCTaB-
KamMu (IITBIPSIMU) HWIMHIAPUYECKOU (OPMBI C KIMHOBUIHOW pabodeit
yacThlo, a Tuna K — BcraBkamu ¢ Topiiom chepudeckoi popmbl. Onopa
IIAPOIIEK COCTOUT U3 JIBYX MOJIIMIHUKOB CKOJIBKEHUSI U OJIHOTO IIa-
PUKOBOTO, BBINOJHSIOMIETO POJib 3aMKka. KaHanel IS TPOMBIBOYHOMN
KUIKOCTU PACIOJIOKEHbI Ha Tnepudepun Kopryca KOpOoHKHU. Bepxsis
4acTh KOpIyca CHa0KeHa HApPYXHON MWIMHAPUYECKOW pe3bOoil s
MIPUCOEAMHEHHUS K KOJIOHKOBOM TpyoOe.

B mnpaktuke OypeHusi CKBaXMH Ha HEDTh U Tra3 ¢ 0OTOOPOM KepHa
npuMeHstoTcs mapomeunsie KopoHku tunel C, CT, T u K co crienunans-
HBIMM JIBOMHBIMH KOJOHKOBBbIMH cHapsiaamu (KT — mpu TypOMHHOM
oypenun u KAD, JIK u np. — npu poropaom) B coorBeTcTBUU ¢ ['OCT
21210-75.



99

NN
S

2
3 ;
R 5

Puc. 3.32. KoHnctpykuusa mapomedynod koponku 6/IK 112K: 1 —
KOpITyC KOJIbIIEBOUM (hOpMBI; 2 — BHYTPEHHSIA miapouika (hopMupyroias
KepH); 3 — 3aMKOBBIN manelr; 4 — mTudT-huKcaTop; 5 — 3aMKOBBIH I11a-
PUKOBBIA MOJIIMITHUK; 6 — Hapy>KHas mapoiika (hopmMupyromas cTBOJ
CKBa)XUHBI); 7 HUPKYJISALUUOHHBIE KAHAIIBI

3.3. AnMa3HbIM HHCTPYMEHT
3.3.1. KoHcTpyKTHBHBIE 3JIEMEHTBI AJIMAa3HOI0 HHCTPYMEHTA

AnmazHble OypOBbI€ KOPOHKHU U J0J0Ta KOHCTPYKTUBHO COCTOST U3
Tpex yacTeu: kopnyca, mampuywl u pe3yos (puc. 3.33) [1]. Kopmyc 1 an-
Ma3HOT0 MHCTPYMEHTA UMEET BUJI KOPOHOYHOTO KOJIbLIa CO CTAHIAPTHOMN
MPUCOCAUHUTEIHHOM pe3b00il.

Martpuua 2, npegHa3Hau€HHAs IJId Pa3MEIICHUS M 3aKperUICHUs
alMa3HbIX pPe3loB (3epeH) 3, 4, 5 1 uMerolas ONnpeaeIeHHY0 TeOMETPH-
4ecKyro (Gopmy, MPUCOSTUHICTCS K KOPOHOYHOMY KOJBIY MPHUIIAUKOMN
UM ¢ TIOMOIIBI0 Kies. B mporiecce OypeHus (pa3pylieHus MOpoJibl 3a-
0051 CKBaXKUHBI) aJIMa3HbIE€ 3€pHA €CTECTBEHHO MU3HAIIUBAIOTCS U TEPSAIOT
CBOIO PEXKYIIYIO CIIOCOOHOCTb.

Martpuiia J10mKHA COXpaHSATh pabOTOCIIOCOOHOCTH OYypPOBOTO HH-
CTPYMEHTa Ha BCIO TNIyOMHY CKBa)KUHBI. JTO 00ECIEUMBAETCS CIEHAYIO-
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M oopazoM. [Ipu kpUTHUECKOM M3HOCE aIMa3HBbIX PE3IIOB CHUJIBI Pe3a-
HUS U TPEHHS O MOPOJTYy, NEUCTBYIONINE HA HUX, CTAHOBSITCS OOJIBIIIEC YeM
CUJIBI UX CLICTUICHUsI ¢ MaTepuajioM MaTpullbl. PaBHOBecHe cuil HapyIa-
€TCSl U U3HOIIICHHBIC 3€pHA «IOKUAAIT» MaTpuily. B paboty «monakiro-
YJAFOTCSD» 3€PHA CIEAYIOIIETO CJIOS MATPHIIBI.

Ha xopoHkax agma3zHbIe 3epHa MOT'YT PacIojiaraThCsi B MaTpHIIE B O]
HOM CJ10€ (0OHOCTOUHbIE A), B HECKOJIBKUX YIIOPSAAOUYEHHBIX CIIOSX (MHO20-
ciounvle M) m 0e3 omnpenelieHHOTO Topsaka (umnpecHuposanuvle WN).
3epHa B a0Opa3sWBHBIX HWHCTPYMEHTAaX WMEIOT pas3IuyHyio Gopmy:
HU30METPUUYECKYIO0, TPOMEXKYTOUHYIO, TJIaCTUHYATYIO.

l“ .:"
/

/ 1
7

ol eld [Fiis AV

| N Eb:a‘-u‘_u' L | J*

s * A g 0:0/0d . X
5 4 5 4

Puc. 3.33. KOHCTpYKTHBHBIE 3JIEMEHTHI AJIMa3HbIX OYpOBBIX MH-
CTPYMEHTOB: a — KOpPOHKa; 0 — j0yi0T0; 1 — Kopmyc; 2 — maTpuna; 3 —
HOJIPE3HBIE PE3LIbL; 4 — TOPLOBBIE PE3LIbI; 5 — UPKYJIALNOHHBIE KaHAJIbI

dopMa 3€peH MOKET KOJIMYECTBEHHO OILCHUBATHCS MAPAMETPOM
«kodddunuent Gopmel 3epHa» Ky = d; /d,. Kak Bunno us puc. 3.34 310
OTHOIIICHUE MAaKCUMaJbHOI'O pa3Mepa 3epHa K MHUHUMalibHOMY. K mpa-
BUIILHOM (opme oTHOCsTCA 3epHaA ¢ Ky = 1,0-1,5, x nckaxennoi ¢ Ky =
1,5-4,0, x mnactunuaron ¢ Ky 6oxee 4,0.

D¢ hekTUBHOCTH pabOTHl AJIMa3HBIX KOPOHOK, JIOJIOT IMpeaomnpese-
JSeTCA PEXYIIEH CIMOCOOHOCTBIO M H3HOCHBIMH XapaKTEepUCTUKaAMU
MUKPOPEXKYIIIETO MHCTPYMEHTa — abpa3uBHOTO 3epHa. Pabouwmii cioit
aJIMa3HbIX KOPOHOK B KJIACCUYECKOM MPEICTABICHUH PACTIOI0XKEH MEXK-
Iy TIOBEPXHOCTHIO MPOXOMSIIEH uepe3 BEepIIMHbI HanboJiee BHICTYMAalo-
IITUX 3€PEH U TOBEPXHOCTHIO MaTpuIlbl (puc. 3.35).
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Puc. 3.34. Cxema qyis onpenenenus napamerpa Ky,

nopooa

mampuya
Puc. 3.35. ITapameTpsl pabodero ciiosi aliMa3HbIX KOPOHOK

Tonmuua 3TOro ¢osi 3aBUCUT OT pa3mepa 3epHa d; u mpeaeabHO
JOTTYCTUMOM 3aJIeJIKU 3epHa B MaTpuity h, = d\—L, I3BectHoO, uTO 2(Pdhek-
THBHOE pa3pylIeHUE MOPOAbl OYJET TOJBKO IPU BHEAPCHHUH ajIMa3HBIX
PE3II0B B HEE HA OMpPEJICICHHYIO TIIyOuHYy /.

[Tpu 3TOM MeEXITy TOPIIOM MATPHIIBl U TIOCKOCTHIO 320051 TOJDKEH
OCTaBaTbCSI HEKOTOPHIH 3a30p A ISl MUPKYJSAIMH OYHMCTHOTO arcHTa,
OXJIAXkAAIONIEro pabouyto 4acTh OypOBOTrO MHCTPYMEHTA U YAJISIOIIETO
MPOAYKTHl pa3pylieHus. IT0 00eCeUnBaACTCS ONPEEICHHBIM BbIJIETOM
aJIMa3HBIX PE3IOB HaJl MMOBEPXHOCTHIO MaTpuIlsl /,. Ha mpakTuke Hanbo-
Jee palMoHaIbHBIN BBUJIET aIMa3HOTO 3€pHa MpU OypeHUHU IMOPOJ] CO-
ctaBisieT 10 30% d; g mopoa cpexaneit kpenmoctu, 10 20% d; — ans
kpenkux nopoa u 10 10% d; — ang kpenkux adpa3uBHBIX NOPOA. 3epHA
HE YJEp>KUBAIOTCS B MAaTPHUIIE TIPHU WX 3a/I€JIKE, COOTBETCTBEHHO, HA TTy-
ouny menee 70%, 80% u 90% ot pa3mepa 3epHa d;. [ToaTomy u3zHOCO-
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CTOMKOCTh MaTPHIIbI, 3aBUCSIIAS OT €€ TBEPJOCTHU U APYTUX (PaKTOPOB,
JOJI’KHA COOTBETCTBOBATH (PU3UKO-MEXAHUUYECKUM CBOMCTBAM OypHUMBIX
nopo. CiauikoMm TBepaas MaTpuiia OyJeT U3HAIIMBATHCS MEIJICHHO, U
yACPKUBATh JIOJbIIE HEOOXOIUMOTrO 3aTYNMHBIIHECS 3€pHAa alMa3oB.
B cBs3u ¢ atum 3dPeKTUBHOCTH pabOTHl OYPOBOTO MHCTPYMEHTA OyAeT
HU3KOM. CIOCOOHOCTh 3€pEH CONMPOTUBIATHCS HAPYLICHUIO €r0 CLEIIe-
HUSl C MaTpULEH XapaKTEPU3YETCs €ro TBEPAOCThIO. Marpuupl coBpe-
MEHHBIX aJIMa3HbIX UHCTPYMEHTOB 00JIaJIal0OT Pa3IUYHBIMU TBEPAOCTHIO
U HU3HOCOCTOMKOCTHIO. [l0 mpu3HAKy TBEpJOCTH OHU JENSITCS Ha He-
ckoJibko TUMOB: oueHb msrkas 10—15 HRC, nopmanbnas 20-25 HRC,
tBepaas 30-35 HRC, ouens tBepmas 50-55 HRC. HopmanbHasa matpuna
MPUMEHSIETCS 1JIsl pa3pylIeHUs Maji0aOpa3uBHBIX MOPOJ, TBepAas — JIs
aObpa3uBHBIX TIOPOJI, @ OYEHb TBEpJias — sl BeCbMa aOpa3suBHBIX MOPOJ.

B 1abn. 3.6 nmpuBeneHbl JaHHBIE O 3€PHUCTOCTH aJIMa30B ISl ap-
MUPOBAHUS KOPOHOK.

Tabnuma 3.6
3epHUCTOCTh AJIMA30B
3epHUCTOCTD, 5.9 10-5 20-10 | 30-20 | 40-30 | 60-40
IT/Kap
Pazmep 3,3-4,0 | 2,5-3,6 | 1,8-2,5 | 1,5-1,8 | 1,3-1,5 | 1,1-1,3
aJiMa3ia, MM
3EpHUCTOCTD, 200— 300- 400-
hras 90-60 | 12090 | "0 | 00 | 300 | 600400
Pazmep 1,0-1,1 | 0,9-1,0 | 0,8-0,9 | 0,7-0,8 | 0,6-0,7 | 0,5-0,6
aJiMa3ia, MM

3epHHUCTOCTh aJIMa30B B KOPOHKE 3aBUCHUT OT HMX IOJOXKEHHUS B
Matpuile. Mecta mepexoaa OT TOPIOBOM K OOKOBOW MOBEPXHOCTH KO-
POHKHU apMHUPYIOT 00Jiee KPYITHBIMU aJIMa3aMHU.

Mukpopexyine pe3ipl (3epHa) BBIIOJHAIOT Pa3audyHble (QyHKIINH
U TIOAPA3ACIISIIOTCA Ha: TOPIOBBIE, 00bEMHBIC U MOJPE3HBIE.

Topyoevie pacnoyiOXKEHbI Ha TOPIE MHCTPYMEHTA U CIy>KaT st
pa3pylieHus: MOPObl 320051 CKBaKUHBI.

Obvemubie pazMeniatoTcss BHYTpu Matpulbl. [lo mepe u3Hoca ko-
POHKH (TOPIIOBBIX PE3IOB, MaTepuajia MaTPHUIlbl) OOHAXKAIOTCS U BCTY-
MalT B KOHTAaKT ¢ mopojiod 3abos. Takum oOpa3zoM, 0ObEMHBIE 3€pHa
CTAHOBSITCS TOPLUOBBIMH.

Iloope3nvie HYXHBI NJiS BbIpaBHMBaHMS (KaIMOpOBAaHUS) CTCHKH
CKBa)KUHBI M BHEITHEW MOBEPXHOCTU KEPHA, a TAKXKE NI 3alIUThl KOP-
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myca KOPOHKH WJIM J0J0Ta OT M3HOoca. PazMephl 3TOro 3epHa OoJblIe,
yeM 00beMHOr0. OCHOBHBIMM TMOKA3aTEIsIMHU, XapaKTepU3YyIOIUMU pac-
MOJIOKEHUE 3€PEH B MATPHIIE, SIBIIIOTCS CIEIYIOIINE: CyMMapHas Macca
3epeH B kapatax (1 kapat = 0,2 rpamma); HaCBIIIEHHOCTh MaTPUIIbI 3€p-
HaMH (Kap/cM” Wik B % OT 06beMa MAaTPHIIBI); HACHIIIEHHOCTh TOPI[A KO-
POHKH 3epHAMH (IIT./cM HIIH B % OT IUIOMAAH TOPLA MATPHIIBI); 3ePHH-
CTOCTh (ILIT./Kap).

3.3.2. YeTpoiicTBO aJIMa3HBIX KOPOHOK

Oonocnotinsiit MHCTpYMEHT (puc. 3.36, a) [1] umeeT TONIBKO OAUH
PSZT TOPIIOBBIX aJIMa30B C 3€PHUCTOCTHIO OT 2 10 60 mIT/Kap U HACHIIIEH-
HOCTBIO 13—25%.

Mmuoeocnotinwiii macTpyMeHnt (puc. 3.36, 0) MMeeT, Kak IpaBHIIO,
MATh-IIECTh MapAJICIbHBIX CJIOEB 3€PEH BHYTPU MaTpHUIlbl. [loaTOMy 3TH
anmasbl 3epHUCTOCThIO 60—120 mIT/kap Ha3bpiBaloT 00beMHbIMU. Ha MHO-
TOCJIOMHBIX KOPOHKAaX B KauyeCTBE MOAPE3HBIX 3€pEH MPUMEHSIOT Oojee
KpyIHbIE anMasbl 3epHUCTOCThIO 20—60 miT/kap. HacelenHocTs Topua
ATUX KOPOHOK TaKasl K€, KaK U OJJHOCJIOMHBIX.

Hmnpecrnuposannviti MTHCTpYMEHT (puc. 3.36, B) 3TO Tak»Ke€ MHOIO-
CJIOMHBIN, HO C HEYNOPSAI0YECHHBIM PACIIONO0KEHUEM aJIMa30B B MaTPUIIC
1 ¢ HachIeHHOCTHIO 20—40%. 3epHUCTOCT, OOBEMHBIX aJIMa30B y TaKo-
ro MHCTPyMEHTa KOJEeOJEeTCsS B OYCHb IMIUPOKOM guamnazone ot 100 mo
10000 mt/kap. B xauecTBe mOApPE3HBIX AIMA30B MPUMEHSIOTCS TaKXKe
0oJiee KpymHbIe 3epHUCTOCThIO 30—60 mIT/Kap.

4

Puc. 3.36. Tunsl ajiMa3HbIX KOPOHOK: | — KOpPOHOYHOE KOJBIIO;
2 — maTpula; 3 — moApe3Hbie pe3libl; 4 — TOPLOBBIE PE3lbl; 5 — 00bEeM-
HBIE pe3Ubl; 6 — MPOMBIBOYHBIN KaHAI

ToproBble 1 00BEMHBIE 3€pHA PACIIOIATAIOTCS B MaTPHIIE B CEKTO-
pax no cieayruum cxemaM [1]: paduanvuas (puc. 3.37, a); cnupanvras
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(puc. 3.37, 0); konyenmpuueckas (puc. 3.37, B). OCHOBHOE TpeOOBaHHE
K CXEME PACIOJI0KEHHUS 3€PEH — MOJIHOE MEPEKPHITUE BCEH ILIOMIAAM 3a-
0051 CKBOXXHMHBI. DTH 3€pHA 3aKPCIUIAIOTCS B MAaTPUIIE TaK, YTOOBI OIpe-
JeJICHHAs UX 9acTh BBICTYIIAJa M3 Hee. BennunHa BeUICTa 3€pHA U3 MaT-
PHIIBI [, 3aBUCUT OT MapaMETPOB CHCTEMBI «MaTpPHIIA — 3€PHO — ITOPOJIAY.
[Ipexxae Bcero, 3TO0 TBEPAOCTh MATPHUIBI, pa3MEphbl 3¢pEH M CBOMCTBA
TOPHBIX ITOPO/I.

Puc. 3.37. OCHOBHBIE CXEMBI PACIIONIOKEHUS 3€PEH AIIMAa30B B CEKTO-
pax: 1 — cekTop Marpuipl; 2 — 3epHA anMa30B; 3 — MPOMBIBOYHBIN KaHAI

Matpuiibl anMa3HbIX KOPOHOK MOTYT MMETh Pa3InyHyi (Hopmy
(puc. 3.38.) [1]. Matpuiipl ¢ IJIOCKUM TOPIIOM XapaKTEPHBI JI UMIIpe-
THUPOBAHHBIX KOPOHOK (puc. 3.38, a). OBanbHas dopma (puc. 3.38, 6, B)
XapakTepusyercs paanycoM R 3akpyriieHus topia Matpuilsl. Hanbomee
pacipocTpaHeHHOU sBisieTcst hopMa ycedeHHOM moiaycdepsl, Koraa pa-
ANYC 3aKpyTryIeHHs R O0JbIe MOJOBUHBI / TONIIUHBI KOJIBITA MATPHIIHI.
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Puc.3.38. ®opmbl MaTpull aliMa3HbIX KOPOHOK
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KopoHKku crieninanbHOro Ha3HAYEHUSI UMEIOT YTOJIIIEHHYI0 MaTpHU-
Iy C pa3IuyHON TreOMeTpHUel TOPIIOBOM YacTh — cTaHaapTHas (puc. 3.38,
r, 1), TioT (puc. 3.38, €), cnenuanbHbli TuiIoT (puc. 3.38, XK), IBYXCTY-
nenyaras (puc. 3.38, 3), nBoitHOM KoHyC (puc. 3.38, M) U MOTYKYIOJ
(puc. 3.38, k).

Toper MaTpuilsl MOXKET UMETh (hopMy mosrycepsl, Korjaa ee paau-
yC paBeH IMOJOBUHE TOJIIHUHBI Koibla (puc. 3.38, €). KopoHku ¢ takoi
dbopmoit MaTpUITBI UCIIOIB3YIOTCS B YCIOBUAX MHTEHCUBHOTO M3HOCA €€
nepudepuitnon yactu. Ilomychepuueckas hopMa mo3BOISET YBEIUUUTD
KOJIMYECTBO ajIMa30B, PACIOJIOKEHHBIX B HauOojiee W3HAIIMBAIOIICHCS
00J1acTH MaTPHUIIbl KOPOHKH.

Cuuraercs, yto dhopMa noiaykymnoiaa (puc. 3.38, K) CIOCOOCTBYET
COXPaHEHUIO KepHA MpU OYPEHUH B MATKHX, JIETKO pa3pylIaeMbIX MOPO-
JaX ¥ YMEHBIICHUIO MHTEHCUBHOCTH UCKPUBJICHUS CKBaXXUH. KOpOHKH C
Takoil (opMON MaTpuilbl MPEHA3HAYCHBI JUIsi OYpeHUs B CHUJIbHOAOpa-
3UBHBIX U PAa3pyLIEHHBIX MOPOJaX, KOrJa WMHTEHCUBHO W3HAIIMBAIOTCS
BHYTPEHHUE KPOMKHU TOpIia MaTpuilbl. OOBIYHO MATpHUIIbl aJIMa3HbIX KO-
POHOK HMMEIOT BHUJ[ CIUIOIIHOTO KOJIbI]Aa WJIM OTACIbHBIX 3JEMEHTOB
onpeneneHHON (OopMbI, Ha3bIBAEMbIX IITAOMKAMH, KOTOPHIE KPEMSATCS B
TOpPIIE KOPOHOYHOTO KOJIbI[a. Pa3MellieHne aaMasHbIX 3€peH B KOPOHKAX
ONpeeISIeTCS UX KOHCTPYKIMEH, HACHIIIEHHOCThIO MATPHUIlbl 3€PHAMU,
3€pHUCTOCTHIO aJIMa30B, KOH(DUTypalueld TPOMBIBOYHBIX KaHAIOB U (hU-
3UKO-TEXHUUYECKUMH CBOMCTBaMU TOPHBIX MOopoA. CylleCTBYIOT YEThIpe
pexrMa Hu3HOoca paboyero cios: oOpa3oBaHME Ha 3€pHAX HM3HOCHBIX
IJIOIAIKaX; BBIKpAIIMBAHUE MEJIKUX KYCOUYKOB 3€pHa; 00BbEMHOE pa3-
pYyIIEHHE 3€pHA; BBIPHIB 3€pHA U3 MATPUIIHI.

IIpomwvieounvie kananvt (puc. 3.39) obOecreunBarOT IUPKYIALMIO
OYKMCTHOTO areHTa B pabodeM CJioe C IENIbI0 OXJIaXKICHUS MHCTPYMEHTA
U yHaJeHusT W3 Npu3a00MHONW 30HBI MPOIAYKTOB Pa3pyIICHUS IOPOJIbI,
MAaTpPHIIbl U U3HOIIEHHBIX 3€peH (Ij1ama).

Kanamsl geiaroT Kak B TOPIIOBOM, TaK U OOKOBOM YacTSAX MaTPHIIHI,
a Tak)ke, MHOTJa, B KOpIyce KOpOHKU. YeM MHTEHCHBHEE padoTaeT WH-
CTPYMEHT, T€M OOJIbIlI€ JOJKHA OBITh MPOMYCKHAasl CIIOCOOHOCTH IIPO-
MBIBOYHBIX KaHAJIOB. JIJIs1 9TOr0 yBEIMUMBAIOT UX YHMCIIO U TUIOIIA/Ib T10-
nepevHoro ceyeHusi. @opma ceueHus 10KHa 00ecreunBaTh HEOOIbIITNE
TUAPABINYECKUE TTOTEPU MPHU ABWKEHUU KUIAKOCTU. [IUpKyIsSAIMOHHBIE
3a30pbI pabOUYEro TOPIIOBOTO CJIOS MHCTPYMEHTA, a TAaK)Ke 3a30Pbl MEXKITY
OOKOBBIMH TMOBEPXHOCTSIMU MATPUIIbI U CTEHKOW CKBa)KUHBI, C OJHOMU



106

CTOPOHBI, KEPHOM — C APYrod JIOKHBI oOecrmeunBaTh d(PGhEeKTHBHOE
yAaJeHue MujlaMa. Y MEHBIIIEHHUE 3TUX 3a30POB PE3KO YBEIUUYHUBAET U3HOC
WHCTPYMEHTA, 9YTO IPUBOJUT K BBIXOJY M3 CTPOS KOpPOHKH. [ ymyd-
IIEHUS ITUPKYJIAIUN OYMCTHOTO areHTa, OXJIAKICHHUS Kopmyca pa3pado-

TaHa KOHCTPYKLHUSI KOPOHKH C KOHYCHBIMHU IPOMBIBOYHBIMU KaHaJlaMHU
(puc. 3.39) [20].

Puc. 3.39. KopoHka ¢ KOHyCHBIMU ITPOMBIBOYHBIMH KaHAJIaMu: | —
MaTpuLa; 2 — KOpIyC KOPOHKH; 3 — IpPOMBIBOYHBIM KaHan, D, Dy —
Hapy>KHbIE AUAMETPhl MAaTPULIBI U KOPOHKH; d ; — HapyKHBIM JUaMETp
orBepctus; d ,—BHYTpEHHUH IuaMeTp OTBepcTHsi; h — paccrosiHue ot
TOpLAa MATPUILBI 10 OCEBOM JIMHUU TPOMBIBOYHBIX KaHAJIOB

[IpakTuka reosloropa3Be0uHOr0 OypeHHs IMoKa3ajia, 4YTo IIaM U3
10/ TOpIla KOPOHKH MOJHUMAETCS Ha BHICOTY h B 3a30pe Mexay ee Kop-
ITyCOM M CTEHKOH CKBa)XKMHBI ITOJ ACHCTBHUEM IIEHTPOOCKHBIX CHJI, BO3-
HUKAIOMIMX MPH BpalieHnu OypoBoro cHapsaa. Jlanee miam 3axBaThIBa-
€TCS OYMCTHBIM areHTOM W TPAHCIIOPTHUPYETCS Ha JIHEBHYIO IOBEpX-
HOCTh. JIJIsI MOBBIIIEHUS M3HOCOCTOMKOCTH M PaObOTOCIIOCOOHOCTH aj-
Ma3HOW KOPOHKH PEKOMCHJIIYETCS B KOPIYCEe KOPOHKH, BBIIIC MaTPHUIIBI
UMETh paJualbHbIC TPOMBIBOYHBIC KaHAJIbl KOHHMYECKOW (POpPMBEL.
HapyxHbIii quaMeTp OTBEPCTHS PEKOMEHIYETCS NPUHUMATH PaBHBIM
TOJIIIUHE KOopryca KopoHkH. KoHnueckass ¢opmMa OTBEPCTHS TO3BOJISET
UCKIIFOYUTh 3aKJIMHHUBAHUE KYCOYKOB IIJIJaMa U (pOpMHUPYET MOABEMHYIO
CHJIy, KOTOpask TPAaHCIIOPTUPYET €ro Ha JHEBHYIO IIOBEPXHOCTD.
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3.3.3. YeTpoiicTBO aJIMa3HBIX KOPOHOK IJIsl KEPHOBOI'O
OypeHHsI CKBAKUH
B 1a6xn. 3.7. u Ha puc. 3.40 npencraBieHa uHdopMalys Mo pac-
mudpoBKEe MHJEKCA aIMa3HbIX KOPOHOK ISl KEPHOBOTO OypeHHsS U HX
KOHCTpyKIMH [1].

Puc. 3.40. Tunbr anma3aeix KopoHOK: a — 053-59; 6 — 07A3-59;
B — 06A3-76; r — 015A3; 1 — kopnyCc KOpOHKH; 2 — MaTpulia; 3 — TOPLO-
BbI€ ajIMa3bl; 4 — 00BEMHBIC alIMa3bl; 5 — MOJAPE3HbBIC aTMa3bl
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Ta6muma 3.7
NHaekchl KOPOHOK
NHexc KOopoHKH PacmudpoBka nnaexca
01,02...09 [TopsiakOBBIIT HOMEpP KOHCTPYKIIMH KOPOHKH
A M, U Pa3melnienue 3epeH B MaTpHIIEe: OJTHOCIONHBIE A,

MHOTOCJIOMHBIE M, nMInIperaupoBanubie 1

1,2,3,4,5 Twun matpunsl: 1 — odeHb MATKas, 2 — MsITKas,
3 —HOpMmanbHas, 4 —TBepAas, S — OUeHb TBEpaas
b, B, I, E, K, JI, IT | CopT 06beMHBIX aJIMa30B

10, 20, 30. .. 600 3epHUCTOCTh 0OBEMHBIX aIMa30B, IIT/Kap
b, B, K CopT noape3HbIX aIMa30B
10, 20,30...60 3epHUCTOCTH MOJPE3HBIX aJIMa30B, IIT/Kap

Becp anmasHblli MTHCTPYMEHT MapKUPYETCsS B COOTBETCTBUM € TY 2—
037-79—72. NHeKc, yCTaHABIMBAEMbIA Ha KOPOHKE, COCTOUT U3 YETHIPEX
yacreid. Harrpumep, o6o3znaueHue 01 A3—b20—E20-Ne 3437A2 paciudpo-
BBIBAETCs cienyronmm oopazom: 01 — nmepBas KOHCTPYKIUST KOPOHKH; A —
OJIHOCJIONHAA; 3 — HOpMaJIbHbIM TN MaTpullbl, 520 — COPT U 36pHUCTOCTH
TOPIIOBBIX U 00BEMHBIX anma3oB; E20 — copT U 3epHUCTOCTH MOJPE3HBIX
anMazoB; Ne 343’7 — 3aBOJICKOM MACIIOPTHBIA HOMEp KOpOHKHU; AW — 3aBOj
W3TOTOBUTEIb AJIMa3HOTO MHCTPYMEHTA; 2 — KOPOHKA U3TOTOBJIEHA BO BTO-
POM KBapTaJie roja.

AnmaszHble KOPOHKH, n300pakeHHbIe Ha puc. 3.40, UMEIOT HOpMaJIb-
Hyto Matpuily tBepaoctbio 20-25 HRC, Beuier 3epen /;, B mpenenax 20—
30% oT d}, 3epHUCTOCTh TOPLIOBBIX aiMa3oB OT 3 g0 200 mr/kap, a mo-
pe3HbIx oT 4 110 60 mT/Kap.

Ha puc. 3.41 [1] npuBeneHsl crnenuaibHbIE aaMa3HbIE KOPOHKH,
KOTOpBIE MpeIHa3HAUYCHBI JIsi OypEeHHs] CKBOXXUH CO ChEMHBIMU KEpPHO-
npueMHuKamMu. C 3TOW LENbI0 OHU UMEIOT YJIMHEHHBIM KOPIYC C NpH-
COCTMHUTENBHON pe3p0oil. dopma yTONIIEHHON MaTPHUIbl TBEPAOCTHIO
20-25 HRC moxer ObITh cTyneHuarou (puc. 3.41, a) co cnenuanbHbIM
HaIPABJISIONIUM MTHJIOTOM.



109

a 0 W B
T ’
E .
: /)
%

é 1
- > D

= % 3

4 3 T 4 o g Sy LS )

Puc. 3.41. CneunanpHble anMa3Hble KOPOHKHU: | — kopmyc; 2 — mar-
pu1ia; 3 — MPOMBIBOYHBIE KaHalbl; 4 — “nunor”

Topuossie anMa3zbl 3epHUCTOCTHIO 10—-30 1 120400 pacnonararorcs
B OJIUH CJIOM C BBUIETOM HaJ MOBEPXHOCTHIO Matpullbl 30% ot d;. Ilox-
pe3Hble anMasbl UMEI0T 3epHUCTOCTh 20—30 mrr/kap. [TpoMBIIIIIEHHOCTh
BeIyckaeT KopoHkH Tumna K n KACK. AnMazHble KOpOHKHM C MPOTyBKOM
CKaThIM BO3AyxoM (puc. 3.41, 6 u 3.41, B) UMEIOT MaTpHIly B BHJIE BOCBMHU
CEKTOPOB C MOMEPEUYHBIMU OTBEPCTHUSIMU HA TPAHUIIE MATPHUIIBI U KOPITyca
KOPOHKHU. JTO CITOCOOCTBYET JIYUIIIEMY OXJIaXJICHUIO KOPOHKH U yJTydIlia-
€T YCJIOBUS BblJauu IjlamMa U3 32005 CKBaXXUHBI. Takue KOPOHKHU apMHUPY-
I0TCS alMa3aMu 3epHUCTOCTHIO0 2030 mIT/Kap U UMEIOT TBEPAOCTh MATPH-
upl 2025 HRC. KopoHku ¢ 3epHaMH W3 CHUHTETHYECKUX QAIMa30B M
ceepxtBepabix MatepuasioB KAW, bCC, AKC, UKC, KCK, JIKP, KC,
KCAB ycnemHo 3aMeHSIIOT €CTECTBEHHbBIE AJIMA3bl.

Koponku, nipeacraBieHHble Ha puc. 3.42 [1] npeaHa3HadyeHbl IS
KEPHOBOI'0 OypeHUs Fe0JIOropa3BeJOUYHbIX CKBAKHUH.



Puc. 3.42. KOHCTpYKIIMM KOPOHOK C CUHTETUYECKHMMH alIMa3aMU:
1 — xkopryc; 2 — MaTpula; 3 — BCTaBKa ¢ CAHTETUYECKUMU ajiMa3aMu

Koponka (puc. 3.42, a) Tuna KCK apmupoBaHa CHHTETHYECKUMHU
anmazamu ACIIK (monukpucrannuyeckue kapooHaThl). KopoHKH UMEIOT
YyeThIpe OOJBIINX MPOMBIBOYHBIX KaHala M YEThIPE CEKTOPa, B KOTOPHIX
YCTAHABJIMBAETCSA IO TPHU PEKYIIUX dJIeMEeHTa. Macca CHHTETUYECKUX
anMa3oB coctapisier 19-21 kap. Koponku tuna JIKP ocHaiiensl cuHTe-
TUYECKUMH 3€pHAMM W3 CBEPXTBEPJOTro Marepuayia 3iab00p—P TBepmo-
cthio 90—100 HRC u momyckaroT Tpex-, YETBIPEXKPATHYIO MEPE3ATOUKY
PE3LOB. DTO CYLIECTBEHHO MOBBIIIAET CTOMKOCTh KOPOHKH.

Koponku KCAB (puc. 3.42, 6) apMupoBaHbl CHHTETUYECKUMHU T10-
mukpuctamyeckumu anmazamu CBCII. Pe3npsl umeroT UuiavHapuye-
ckyto dhopmy pasmepamu 3,5%4,0 wim 4,0x4,0 mm u maccy 0,6—0,8 kap.
KopoHKH UMEIOT 11€CTh CEKTOPOB U IIECTh MPOMBIBOYHBIX KaHAJIOB.

Benyelt kommanueit Mupa 1o mpou3BOJCTBY ajIMa3HOTO OypoBO-
ro uHCTpyMeHTa aBisieTcs komnanusi Atlas Copco Craelius AB.
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Hwuxe npuBoAUTCS MepeueHb KOJOHKOBBIX aMa3HbIX OYpPOBBIX KO-
poHok (puc. 3.43, 3.44) [2] u pacmmpureneid 3Toil KoMnaHuu ajis oype-
HUSI T€0JIOTOPA3BEI0YHBIX CKBAXKHUH:

- OJIHOCJIOWHBIE U UMIPETHUPOBAHHBIE aJIMa3HbIE KOPOHKU U pac-
HIUPUTENH JJI OJTHO-, ABYX- U TPEXTPYOHBIX OYpOBBIX CHAPSAIOB, CHAPS-
JIOB CO ChEMHBIM KEPHOIPUEMHUKOM JIFOMMOBOTO U METPUUYECKOTO CTaH-
naptoB quameTpom 43—146 mm (ot A 10 S);

- TBEPAOCIUIABHBIE U MOJUKPUCTAIUINYECKUE KOPOHKU U PacUIupH-
TeJU JIJIs1 OJJHO-, IBYX- U TPEXTPYyOHBIX OypoBbix cHapsiaoB u CCK;

- aJIMa3HbBIC U TBEPAOCIIaBHBIE OamMaKy 00CaIHbIX U OypOBBIX TPYO
JTIOMMOBOTO U METPUYECKOTO CTAaHAAPTOB AUAMETPOM S7—127 mm.

Puc. 3.44. Onepauuu 1o u3BICYEHNUIO KEPHOB U JEMOHTAXKY
OypoBOro craBa
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3.3.4. YcTpoiicTBO 10J10T ISl 0€CKEPHOBOTO OyPEeHUS CKBAKHH
Ha puc. 3.45 [1] npuBeaeHbl OJHOCIOMHBIE J10JI0Ta C HAPY>KHOU
MPUCOCTUHUTEIBLHON PE3b00H, IIEHTPAIBHBIM U OOKOBBIMHU IPOMBIBOY-
HBIMU KaHAJIAMHU.
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Puc. 3.45. KoHCTpyKIIMK OTHOCIOMHBIX JOJIOT: 1 —Marpuia; 2 — Topio-
BbI€ pe3Ilbl; 3 — IEHTPAJbHBIN MPOMBIBOYHBIN KaHal; 4 — OOKOBBIE TTPO-
MBIBOUHBIC KaHAJIbI; 5 — KOPIYC A0JI0Ta; 6 — MPUCOETMHUTENbHAS pe3b0a

Honoto 08A3 (puc.3.45, a) ocHaiaercsi aiMa3amMu 3€pPHUCTOCTHIO
20-30 mt/kap, uMeeT ABa OOKOBBIX MPOMBIBOUYHBIX KaHajla, KOTOPbIE Jie-
JSAT MaTpUIly Ha JABE YacTH.

Honoto 09A3 (puc.3.45, 6) umeeT Tpu COUPATbHBIX OOKOBBIX MPO-
MBIBOYHBIX KaHana. ToproBas MOBEPXHOCTh MAaTpHUIIBl BBHINIOJIHEHA B
(dbopme BHYTpEHHET0 KOHYyCa ¢ yIJIoM npu Bepuinnae 80°.

JlonoTa 3TOro THMA NpeAHa3HAYEeHbI ISl OypEeHUs MJIOTHBIX MOHO-
JUTHBIX MOPOJI CpeHEN a0OpPa3UBHOCTH.
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3.3.5. Aiima3bl M cBepXTBepAble MaTepPUAaJIbI 1JI 0YyPOBBIX
KOPOHOK M J0JI0T

JInst ocHalleHUs KOPOHOK M JIOJOT MCIOJIb3YIOTCSl KaK €CTECTBEH-
HbIE, TPUPOAHbIE aiMa3bl (A), TaAK U CUHTETUYECKHE HCKYCCTBEHHBIC
anmasbl (AC), a Tak:Kke CBEpPXTBEPIbIE UCKYCCTBEHHBIE MaTepuaibl (CM).

Anmaz ecmecmeennviii — MUHEPa, BCTPEYAIOIIUNCS B IPUPOJE B BU-
JI€ XOpPOWIO BBIPAXKEHHBIX KPHUCTALIOB paszmepoMm or 0,36 mo 3,65 mwm,
MPEJCTABIISIONINI COO0M KyOMYECKYI0 MOAU(DUKAIIMIO CAaMOPOIHOTO YT-
Jepoja. 3a €UHUILY MacChl aJIMa30B MPUHIT METPUUYECKHUI KapaT, paB-
Hbid 0,2 T. AJIMa3 MMEET CaMyk BBICOKYIO TBEPAOCTbh M H3HOCOCTOM-
KOCTb CPEAU MPUPOJAHBIX MUHEPATIOB. MUKPOTBEPIOCTh €r0 HAXOAUTCS B
nuana3zone ot 95000 mo 100600 MIla u cymiecTBEHHO MPEBBIAET 3TOT
napamMeTp y IPYTHMX CBEPXTBEpJbIX MaTepuanoB. Eciu mpuusath abpa-
3UBHYIO CIIOCOOHOCTh, HU3BHOCOCTOMKOCTD 3a €MHUILY, TO Y KapOuja 6opa
oHa coctaBut 0,5-0,7, kapouna kpemuus — 0,2—0,4, a 35eKTpoKOpyHAA —
0,15. Anmas coctout Ha 96-99% u3 yraepona, 0,2% azota, 0,1% kuco-
pona, 0,002% amromunus, 0,001% kpemuus, 0,001% mapranma, 0,0005%
Meau. AjiMa3 uMeeT temneparypy miasneHus okojo 4000 °C [1]. s u3-
TOTOBJICHHUSI KOPOHOK U JOJIOT MCIOJB3YIOT TEXHUYECKHE aIMa3bl U UX
Pa3HOBUIHOCTH B BUJIE 00JIOMKOB MJIM HOBPEXKICHHBIX KPUCTAILIIOB.

B Poccurickoinn @enepanuu UCIONIb3YHOT TEXHUYECKUE ajIMa3bl TUIIOB
oopT, 6ammac, kapOboHaI0, J0OBIBaEMBIX Ha SIKYTCKHUX aiMa30/100bIBAOIINX
npeanpuaTusx («Mupy, «Y naunbliny, «KoMcoMOIbCKHiD U «Aixam») of-
HOM n3 kpynHeumer B mupe kommnannu AK «AJIPOCAy. [Ipombiiuien-
HBIMH CUMTAIOTCS MECTOPOXKICHHUS C cCoAepKaHrnem anmason 0,4 Kap/M3 :

bopt npexacrasisier coOOK CPOCTKA MEJIKUX KPUCTANIOB U 3€pEH
HEMPaBUIBLHON (POPMBI CEPOr0 MIIM YEPHOTO 1[BETA.

bannac nHaxomautcs B popme ceposuToB paguaibHO-TyYHCTOTO
CTPOCHUS.

KapOoHaso coCcTOUT U3 OTAEIBHBIX 3€PEH pa3zMepoM OKosio 20 MKM,
TE€CHO CPOCHIMXCS IPYT C IPYTOM B ILJIAKOTIOJO0HBIE TOPUCThIE 00pa30-
BaHWUSI.

ITo pa3zmepam paznnuaroT ajiMasHble 3epHa U moponiku. Pazmep 3e-
peH ot 3,65 1o 0,72 MM OIIEHHMBAETCSl MX KOJIMYECTBOM B OJTHOM Kapare U
COCTaBJISIET, COOTBETCTBEHHO, 2—800 1mIT/Kap. PazMep ajiMa3HbIX MOPOLIKOB
ot 0,57 no 0,36 MM cootrBercTBYeT 3epHHUCTOCTH 800—4500 mr/kap. To
€CTh, YEM MEHBIIIE pa3Mep, TeM OOoJiblle 3epeH (YacTHI] MOPOIIKa) «pa3-
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MENIAeTCs» B OJHOM KapaTte. OIHOCHOWHAsT KOpPOHKa auaMeTpoMm 46 mMm
MMEET B MaTpuIle 6—8 Kap aaMasoB, a TUaMeTpoM 59 mMm — 1o 12 kap.

B kxopoHkax 00ObE€MHBIE AJIMa3HbIE MUKPOPE3Ibl COCTABIISIIOT [0
60%, a nmoape3nsie — 10 40%. /1 oaHO- MU MHOTOCIOMHBIX KOPOHOK
MPUMEHSIOT aiMa3bl 3epHUCTOCTHIO 20—100 mT/Kap, a Jaj1s UMIIPETrHUpO-
BAHHBIX, UCIIOJIB3YEMbIX TP OYPEHUM KPEHKHUX, aOpa3uBHBIX, TPEITUHO-
BaThIX mopoj, a0 1200 mr/kap. st apMupoBaHUsl J0JIOT MPUMEHSIOT
OoJiee KpyIHbIE aIMas3bl.

TexHuueckue aaMasbl BEICOKOTO KauecTBa (XV rpymnmna) npuMeHs-
I0T B KOpOHKax 0e€3 MpeaBapuTebHOW 00pabOTKH, a HU3KOTO KavyecTBa
(XX rpynna) moaBepraroT ApOOJEHUIO, OBAIM3ALMKU, METaUIU3alUd U
TEpMOOOpPadOTKE.

OBasn3anusi TPOU3BOJIUTCS HA CHEHHAIBHBIX YCTAHOBKAX C LEJBIO
MOJIyYEHHUS OKPYIJIOW (POpMBI 3epHa.

Mertannu3aiys NpUMEHSIETCS € LEbI0 MOKPBITHSI TOBEPXHOCTH ajMa-
32 TOHKUM, B HECKOJIBKO MUKPOHOB, CJIOEM TYTOILTABKOIO METalljia, UMEI0-
IIETO BBICOKYIO aJre3uto K anmazy. OHa MO3BOJISIET YCTPaHUTh JE(PEKThI
MOBEPXHOCTH 3€pHA, MOBBICUTH HA 15% HMX MPOYHOCTH, YIAYUIIUTH CIEI-
JIEHUE 3€pHA CO CBS3KOM U yBEIMYUTH Ha 15-20% CTOMKOCTH KOPOHOK.

TepmooOpaboTka anmazHoro cbipbsid 10 920-940 °C mosBossieT
CHATh BHYTPEHHHUE HAINpPSXKCHUS B KPUCTAUIAX U TaKUM OOpPa3oM MOBBI-
cuth Ha 20—80% KX NPOYHOCTE.

Jlns apMupoBaHusi OYpOBBIX KOPOHOK M JOJIOT MPUMEHSIIOT OBaJIM-
30BaHHBIC aJMa3bl 3€PHUCTOCTHIO OT 5 j10 600 mT/Kap. B mocneanee Bpe-
M C UEIbI0 YBEJIIMYEHHUSI CLETUICHUSI 3€pHA C MAaTPULICH MPU OBATU3ALIMU
MOBEPXHOCTh ajMasa MOKPBIBAIOT JIByMs — Tpems ciosimu. Ilpu sTtom
CJIOM, KOTOPBIM KOHTAKTUPYET C 3€PHOM, UMEET XOPOIIHE C HUM aAre3u-
OHHBIEC CBOMCTBA, a CJION, TPUMBIKAIOIITUN K MaTpHIle, OJM30K MO (PU3HKO-
TEXHUYECKUM CBOMCTBAM K MaTepuaily, U3 KOTOPOro OHA U3rOTOBJICHA.

[To TY 47-2-73 «CsIpbe aiMazHOE» aliMa3bl pa3/ICIICHbI HA JEBAThH
KaTeropuil Mo ux BUAY U Ha3HaueHuto. J[j1s1 u3rotoBiaeHus OypoBOTro UH-
CTPYMEHTA UCIOJIb3YETCS aIMA3HOE ChIPbE YETBEPTOM, IISATOM U AEBATOU
rpyni. Ilpu smom pecypc anmasuvix 0yposvix uncmpymenmos ¢ 8—10
pasz bonvuie, yem y meepoocniaeno2o uncmpymenma. CpeaHsis CKOpoCThb
OypeHHUs CKBaXUH aJIMa3HbIMU JnojoTamu B 18—20 pa3 Bhllie, 4eMm mpu
UCIIOJIb30BAaHUU IIAPONICUYHBIX 10J0T. Hanbonemmii 3¢ ekt maror xo-
POHKH HEOOJIBIIIOTO JUAMETpA.
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Anmaszor cunmemuueckue (AC) MoayqaroT CHHTE30M U3 TpaduTa Ha
MOIIHBIX THAPABINYECKUX npeccax npu gasieHusx P = 1000-5000 MIla
u temneparypax T = 2000-2500 °C. Onu xiaccuuiupyroTcsi HA MOHO-
KPUCTAJUIMYECKHUE U TTOJTUKPUCTAIIINYECKHE.

MOHOKpPHCTAIUIMYECKHE MMEIOT TAaKYK0 K€ KPUCTAUIMYECKYIO pe-
IIETKY U CBOMCTBA, KaK U €CTECTBEHHBIC, MPUPOJIHBIE anMa3bl. OTIHYMS
COCTOST JIUIIL B TBEPAOCTU, NMPOUYHOCTH, (OpME 3€pHA U KPYIHOCTH.
[IpOMBIIIIEHHOCTh U3rOTOBISIET CUHTETUYECKHE MOHOKPHUCTAJUIMYECKHE
anMasbl ciaeayromux mMapok: ACO — 00bIYHOM MPOYHOCTH, XPYIIKHUE;
ACP — noBbllIeHHOW TpoYHOCTH, MeHee xpynkue; ACB — BbicOko#
npouHocTH; ACK — BBICOKOW MPOYHOCTH, KPUCTAUIMYECKHI, COPTUPO-
BaHHbI; ACM 1 ACH — mukponopomku. Pazmep cuHTeTHYECKUX aliMa-
30B B OCHOBHOM 0,2—1,2 mMM.

Cunretnyeckue mnonukpucraumyeckue anmaszsl APK—4, APB-I,
ACIIK, ACB nosy4arT B BUAE HUIUHAPOB JUAMETPOM 4 MM U BBICOTOM
4 MM u3 rpaduTa IpU CUHTE3€ B MPUCYTCTBUU METALTNYECKUX PACTBO-
putenen npu temreparype 950—-1000 °C. Otu anmaszbl HE YCTYHAKOT IO
M3HOCOCTOMKOCTH €CTECTBEHHBIM, IIPUPOTHBIM.

Ceepxmeepovie mamepuanvt (CM) MO HEKOTOPHIM CBOMCTBaM I10-
N00HBI aJiMazaM, a HEKOTOPbIE MPEBOCXOIAT UX MO CBOMM IapaMeTpam.
K HuUM oTHOCATCS KyOOHMT, T€KCAaHUT, CIaByTHY, 3JIb00p, Oe100p, Oopa-
30H, TBecall, barac, KapOoHaI0 U Jp.

Ky6onur (kyOuueckuid HUTpUA 00pa) COKpPAIIEHHO HOCUT HAa3BaHUE
KHb u mpexacrasisier coboii xumuueckoe coeauHeHue Oopa (43,6%) u
azota (56,4%) ¢ KyOu4yeckomn pereTkoi mogooHoi aamaszy. OH CHHTE3H-
pyercs nogooHo anvazy AC npu temneparype 1500-1800 °C u naBnenuu
1o 6000 MIIa. B P® ero BbltycKarOT 101 Mapkou 31600p, B . Kuese —
KyOoHut, a B CILIA — 60opa3zon. [Jist OypoBOro MHCTPYMEHTA UCIIOJIb3YETCS
ab0Op—P B BUAEC HMWIMHIPUKOB JUAMETPOM 3,8 MM M BBICOTOM 5 MM C
tBepaocThio 10 7000 MIla. Kyoonut mapok KO, KP, KH umeer tBepnocTs
10 9250 Mlla, He ycTynaeT €CTECTBEHHBIM ajiMa3aM MO0 M3HOCOCTOMKOCTH
U HE TePSET CBOMX MEXAaHUUECKUX CBOMCTB MPHU BHICOKUX TEMIIEpaTypax.

CnaByTu4 3HAQUYUTEIBHO MPEBOCXOJUT ajiMa3 MO MPOYHOCTU U HE
YCTyIaeT €My MO M3HOCOCTOMKOCTH. OH M3roTaBIMBAETCs B BUJAE IITa-
OMKOB WJIM IUIACTUH Pa3IMYHON (HOPMBI U IIUPOKO HCIOJIb3YETCS JJIS
apMUPOBAHUS JIOJIOT.

['eKkcaHUT UMEET TBEPAOCTh U MPOUYHOCTh HIKE, YEM Yy KyOOHUTA, HO
00Jiee BBICOKYIO YJIAPHYIO BSI3KOCTb.
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4. CIIOCOBBbI YIAJIEHUSA ITPOAYKTOB
PA3PYHIEHUSA U3 CKBAXKHUHbBI
4.1. CxeMbl HUPKYJAUUN IPOMbIBOYHOH KUIKOCTH

B Hacrosiiiee BpeMsi UCHOIB3YIOTCS TP OCHOBHBIE CXEMBI ITUPKY-
JSIUMAU SKUAKOCTH WUJTM MPOMBIBKM CKBa)KWH: TIpsiMas, oOpaTHas U1 KOMOU-
HupoBaHHas [1]. I[Ipu 3TOM MOXET NMPOUCXOAUTH TOJIHAS, HEMOIHAS U
MECTHAasl UUPKYJISIIUS )KUIKOCTH.

llonnas yupkynayus CONPOBOXKIAETCS JIBHIKEHHEM ITPOMBIBOYHOM
KUIKOCTU TIO 3aMKHYTOMY KpYTry: Hacoc — OypwibHbIE TPyObl — CTBOJI
CKBaKMHBI — ITUPKYJISIIIMOHHBIE JKe100a ¥ OTCTOMHUKHU — Hacoc (puc. 4.1, a).
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Puc. 4.1. CxeMbl LMpKyJISIIAYA TPOMBIBOYHOU KHJIKOCTH B CKBAYKUHE:
1 — BcaceIBaromiasi JUHMS; 2 — HACOC;, 3 — HarHeTarelbHas JIUHUS, 4 —
OypuJibHBIE TPYOBI; 5 — YPOBEHb JKHAKOCTU B CKBa)KWHE; 6 — BOJIOIO-
TJIOIIAFOIIMM I11aCT

Henonnas yupkynsayus TpOMBIBOYHON KUIAKOCTH TMPOUCXOIUT TIPH
€e MOJHOM TIOTJIONIEHUH B MEPEeCeKaeMOM IIIACTe WM B TPEIIMHAX —
KHUIKOCTh MO TpyOaMm mocturaer 3ab0s, HO MOXET BBIUTH HAa TMOBEPX-
HOCTb TaK, KaK YXOJHUT B TONITY mopoJ (puc. 4.1, 6).

Mecmuas yupxynsayus >KAJKOCTH COCTOUT B TOM, YTO MOTOK KH/I-
KOCTU JIBIDKETCSI TIO 3aMKHYTOMY KPYTy B MpU3a00MHON YacTHU CKBaXKU-
HBI: OypOBOM CHapsI — CTBOJ CKBaKUHBI — 320011 (puc. 4.1, .B).
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Cxema npamou yupKyIAyuy XapakTEpU3yeTcsl TE€M, UYTO MOTOK
KUJIKOCTH TIOJIa€TCsS B CKBAXHHY MO OypHIIBHBIM TpyOaM M KOPOHKY,
OMbIBaeT 3a00M, a 3aTeM MO CTBOJIy CKBa)XHHBI BO3BpAlllaeTCs Ha IIO-
BEPXHOCTH (puc. 4.2, a).
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Puc. 4.2. CxeMbl HUPKYJISALUM HOPOMBIBOYHOM KHAKOCTH: | —
Hacoc; 2 — HarHeTaTebHas JIMHMS; 3 — OypuiIbHbIE TPYOBI; 4 — OypOBOi CHa-
pA; S — NOpOAOPa3PYIIAOIINNA UHCTPYMEHT; 6 — MpUEMHAasi EMKOCTh HACOCa;
7 — BcachIBarollas JUHUS; 8 — TePMETU3UPYIONIEE YCTPOMCTBO (CaIbHUK);
9 —Bon0-KepHONIOTLEMHAS TPYOa; 10 — makepyroriee ycTpoicTBo; 11 — kepH

B kadecTBe JOCTOMHCTBA ATOM CUCTEMBI MOYKHO OTMETUTD IMPOCTOTY
ee ocymecTBiaeHuss. K HegocrarkamMm MOXKHO OTHECTH: HEOOXOJIMMOCTh
OOJIBIIIOr0 KOJUYECTBA KUIKOCTH JJIsl TIOJYYEHHUS TOCTATOYHO OOJIBIIION
CKOPOCTH, YTO MOJKET OBITh NMPHYMHON OOBAJIOB CTEHOK CKBA)XKHH CIIO-
YKEHHBIX HEYCTOMYHUBBIMU MTOPOJAMHU M TIPUXBATOB OYPOBOTO CHApsIIA.

Cxema obpamuou YupkyIayuy KUJKOCTA MOXKET OCYIIECTBIATHCS
IByMs croco0aMH: MpU ToJade >KUIAKOCTH IO CTBOJY CKBa)KWHBI
(puc. 4.2, 6) unu no MEeXTpyOHOMY MpOoCcTpaHCTBY (puc. 4.2, B). I1o BTO-
poMy cmocoOy MPOCTPAHCTBO MEXKAY OypWIbHON TpyOOMl M CTEHKOM
CKB)XMHBI TIEPEKPHIBACTCS CIICIHATBHBIM CaJIbHUKOM (ITAKEpOM) WU



118

3aMOJHACTCS IIOTHBIM TJIMHUCTBIM PACTBOPOM, MOITOMY IMPOMBIBOYHAS
KUJKOCTh BBIHY)KJICHA IOJHUMAThCS BBEPX BHYTPH KOJOHHBI TPYO.
Bmecte ¢ BOCXOASAIIMM TOTOKOM TIpH OOpaTHON MPOMBIBKE MOTYT
TPAHCIIOPTUPOBATHCS HE TOJIHBKO YACTHIIBI IIIJITaMa, HO M KEPH.

CxeMa 0OpaTHOW MNPOMBIBKM CKBAKMH HMMEET Psii JTOCTOWHCTB:
BO3MOJKHOCTD TOJYUYEHHUSI BBICOKOM CKOPOCTH BOCXO/IAIIETO MOTOKA MPHU
MEHBIIIEM PacXoie MPOMBIBOYHOM KHUIKOCTH M MEHBIIIUX MOTEPSAX HAIMO-
pa; BO3MOXKHOCTh TPAHCIIOPTUPOBAHUS KEpHA HAa TMTOBEPXHOCTh 0€3 MO Ib-
eMa OypoBoro cHapsija (puc. 4.2, B).

CxeMa KOMOMHUPOBAHHON HUPKyJsiuu (puc. 4.2, T) COCTOUT B
TOM, YTO MOTOK HAarHeTaeMOW B CKBaXKHMHY KHUIKOCTH JBHKETCS MO OYy-
pPUIBHBIM TpyOaM BHH3, a B KOJIOHKOBOM CHapsijie — BBEPX.

IInesmamuueckuti cnoco6 (puc. 4.3) yoanenus npooyKkmos paspy-
uieHus B ONIPEJICTICHHBIX YCIOBUIX 00Jiee 1esiecoo0pa3eH, YeM C UCIOIb-
30BaHUEM MTPOMBIBOYHOMN KUKOCTH.

Puc. 4.3. Cxema IHUPKYJISAIIMOHHOW CHUCTEMBI TIpH OYPEHHH C TIPO-
TyBKOM CKBaXMHBI Bo3ayxoM: 1,3,7,15 — Har"erarenbHas JuUHHS (OT
KOMIIpeccopa); 2 — MacjoBIarooTAeNIUTelNb; 4 — pacxoaomep; 5 — MaHo-
MeTp; 6 — TepMoMeTp; 8 — OypuiIbHBIE TPYOBI; 9 — repMeTU3UpYIOIIee
ycTporcTBO; 10 — BeikMaHas auHus; 11 — BomoHamopHas jduHHS (OT
Hacoca); 12 — nupKyJIsSUMOHHBIN KaHal B OypuiIbHBIX TpyOax; 13 — nuia-
MOYyJiaBJIMBaroias Tpyoa; 14 — kopoHka
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[Ipumenum npu OypeHUH CKBa)KWH JIOOBIM MOPOAOPa3pyHIAIOIIUM
uHCTpyMeHTOM. [THeBMaTuueckuit cnoco0 yaaneHusi NpoayKTOB pa3py-
HICHUSI COCTOUT B TOM, YTO BO3AYX C IOMOIIBIO KOMITPECCOpPA HAarHeTa-
€TCsl K 320010 CKBAXKHMHBI W, JIBUTASICh C JOCTATOYHO OOJIBIIONW CKOPO-
CThIO, BBIHOCUT YaCTHUIbl Pa3pyLIEHHON MOpPOJbl Ha MOBEPXHOCTh. [Ipu
TOM BO3MOKHBI JIB€ CXEMBbI MPOJYBKU: MpsiMas U oOpatHas. Haubonee
pacrnpocTpaHeHa cxemMa MpsiMO MTPOTYBKH.

JIOCTOMHCTBOM paccMaTpuBaeMoOro crnocoda sBisieTcs TO, YTO LUp-
KYJUPYIOIUN BO3AYX, HMesl OOJbIIYyI0 MOJABUKHOCTb, UHTEHCHUBHO
ouuIaeT 3ab0i OT MPOIYKTOB pazpyuieHus, dPPEeKTUBHO OXJIaxAacT
3a00MHBIM MHCTPYMEHT, MPAKTUYECKU HE Hapyllas yCTOMYMBOCTH IIO-
POJi CTEHKHU CKBAYKHHBI.

[THEBMaTHYECKHIT CITOCOO TPAHCIIOPTUPOBAHMS IPOJAYKTOB pa3py-
IIEHUSI U3 CKBAYKUHBI TO3BOJISIET: MOBBICUTh MEXAHUUYECKYIO CKOPOCTh
OypeHUs; yJIy4lIUTh YCJIOBUSI HM3Yy4YEHUs TEOJOTUYECKOIro paspes3a IIo
nuiaMy; yCTPaAHUTh pa3pylI€HUE CTEHOK CKBAKUHBI.

4.2. Texunueckue cpeacTBa /M NPUTOTOBJICHUA U 00pPadOTKHU
NMPOMBIBOYHBIX KHIKOCTEH
4.2.1. Kparkasi XapaKTepuCTHKAa IPOMbIBOYHBIX KUAKOCTEN

Kak nmokasan onbIT OypeHus reojioro-pa3BelouHbIX CKBAKUH paHee
HIMPOKO TPUMEHSIEMbIEC TPOMBIBOYHBIE KUJKOCTH TaKHUE, KaK BOJA, IJIU-
HUCTBIE PACTBOPBI TEPAIOT CBOIO 3(PPEKTUBHOCTH MPU MPOBEACHUU TITY-
O00KuX CKkBauH. [Ipy 3TOM BO3pacTarOT rUAPOJIMHAMUYECKAE HATPY3KU
Ha CTEHKY CKB&)XMHBI, BO3PAacCTa€T BEPOSITHOCTh CAaMO3AKJIMHHBAHMS
KEpHa, MOBBIIIAETCA BUOPALMS KOJOHHBI OypHIbHBIX TPYO. DTH HpHUUHU-
HbI, a TaK)Ke HEOOJBIINE 3a30pbl MEXAY OYpOBBIM CHApsOM U CTEHKOMN
CKBaXHUHBI (70 3 MM) moTpeboBanu pa3paboTku Oosiee 3PHEKTUBHBIX
MPOMBIBOYHBIX >KHAKOCTEH. [TpOMBIBOUHBIE XKUIKOCTH JOJKHBI 00JIa-
JaTh XOPOIIMMH CMa304YHO-OXJAXAAOMUMHA U TPAHCIOPTUPYIOIIUMU
CBOMCTBaMH, UMETh HEOOJIbIIINE THIPABINYECKUE TOTEPH, CHUKATH BUO-
panuio OypoBoW KOJOHHBI. OHHU JIOJKHBI XOPOIIO OYHMINATH 3a00i OT
nuiaMa, o0JjialaTh HU3KOW (uibTpanuei B MOPOJY U KPENUTh CTEHKY
CKBaXXMHBI. K TaKuM HPOMBIBOYHBIM >KUIKOCTSIM OTHOCSITCA T'yMaTHO-
CUWJIMKATHbIE, TOJHUMEpPHbIE, MOJUMEpPKAIUEBbIE, A3PUPOBAHHBIE U JIp.
[ToMrMO CBOMCTB MPOMBIBOYHOM KHUJKOCTHM Ha TMOKazaTeau OypeHHs
OKa3bIBAIOT CYIIECTBEHHOE BJIUSHUE €€ YPOBEHb B 3aTpyOHOM MPOCTpaH-
CTBE U CIIOCO0 €ro nmoaiepKaHusl.
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['TMHBI ¥ TIIMHOMOPOIIKY SBJISIFOTCS OCHOBHBIMHM CTPYKTYPHBIMH KOMIIO-
HEHTaMH JJIsl PELETITOB Pa3IMYHbIX MTPOMBIBOUHBIX JKUJIKOCTEH, a TaKkKe
NacT JJIsl U30JISILUU 30H NOTJOIIEHUS [S]. [ TTMHBI IPUMEHSIIOT CIIETyIO-
IIUX TUIOB: OEHTOHUTOBBIE, KAOJTUMHUTOBBIE, OCH ICTUTUTOBBIC, TTOJIBITOP-
ckuToBble. Haubosnee addexkTrBHBIC TIWHBI — OCHTOHUTOBHIE B BHJIC
€CTECTBEHHBIX TJIMHUCTBIX CYCHEH3UH M 00paOOTaHHBIX XMUMUYECKUMHU
MarepuaniamMu (KaJdblUUHUPOBAaHHAs WM Kayctuueckas conbl, CCBh,
KCCBb, ox3ui, neHoracurens U T.J4.) pacTBopoB. O0padoTka 1o6aBKamMu
XUMHUUYECKUX peareHToB (21-28%) mpoBoauTcs aJjisi MpeaoTBpaICHUS
oOpa3oBaHusl Ha CTEHKE CKBaKUHBI KOPOK, KOTOPBIC MPUBOMST K IPH-
XBaTy OypuibHON KOJIOHHBI. [loNMMEpOEHTOHUTOBBIE MPOMBIBOUHBIE
KUJKOCTH cOCTOSIT U3 0eHTtonuTa, I'TIAA (2%), KaabLIMHOPOBAHHOM CO-
Ibl TIPUMEHSIOT B MOPOAAX C PAa3IMYHOM CTEMEHbIO TPEUIMHOBATOCTH.
PeareHTbl criocoOCTBYIOT MOBBIIEHUIO 3(P(HEKTUBHOCTH OYUCTKHU 32004,
TPAHCIIOPTUPOBKUA MOPOJIBI MO CKBAXKHUHE, CHIXKCHUIO THUAPABINYECKUX
CONPOTUBIEHUM. [IpOMBIBOYHBIE KUJIKOCTH Ha OCHOBE 3MYJIbCOJIOB (DT—
2, OI'T, DJ1-4, OH-4), nonmumepos (ITAA) UCOIB3YIOTCS B YCTOMYUBBIX
U CpeJHEN YCTOMYMBOCTH, MOHOJIUTHBIX, CIA0OTPEIIMHOBATHIX MOPOIAX.
Onu 0051a71a10T BEICOKUMHU CMa30YHBIMU U (PIIOKUPYIOIIMMU CBOMCTBAMHU.
JUIs TIMHUCTBIX TOPOJ, apTUUIMTOB, CIAHIEB pa3pabdoTaHbl UHTUOUPO-
BAHHBIC MPOMBIBOYHBIC >KUIKOCTH (M3BECTKOBBIC, XJIOPKAJIMEBBIC, XJIOP-
KAJIBLIUEBBIE, ATIOMOKAIMEBBIE, CUJIMKATHBIE U JIp.). OHU PEeI0TBPAILIa0T
MOBBIIIIEHHOE HAO0yXaHHe, BCITyYHMBAaHUE MOPOJbL. JIJisl COIEHACHIIIIEHHBIX
MOPOJ, C LIETBIO MPEAOTBPALICHUSI PACTBOPEHUSI CTEHOK CKBA)KMHBI 1I€JIE-
CO00pa3HO MPUMEHEHHE TAKUX PEareHTOB KaK: XJIOPUCTHIM HATpUM, Kay-
CTUYECKasl WIM KaJbLIMHUPOBAHHAS COJbI, Kpaxmaj, XJOpHJ MarHus,
I[TAA u gp. Ilpu OypeHuH CKBaXMH B YCIIOBUSIX OOBAJIOB €€ CTEHKH B
[JIMHUCTBIE PACTBOPHI BBOJAST YTSKEIUTEIM Ha OCHOBE MEpPresi, U3BECT-
HsIKa, 1I0JIOMUTA, OapuTa, MAarHETUTA U IPYTUX PEArcHTOB.

XUMUYECKUE PeareHThl U MaTepuaibl Jjisi 00paOOTKU MPOMBIBOY-
HBIX JKUJIKOCTEH MOJIpa3IesiioOTCs Ha CIACAYIOIIUE TPYIIIIbI.

1. PearenTsl 1 MaTepuaiabl OOIIEro Ha3HAYCHUS JJIsI PUTOTOBJIC-
HUA O0a30BbIX pACTBOPOB: KayCTHYecKas c€oAa, HU3BECTh, KapOOHaT
HATpUS; TJIMHBI, OUTIOIMMEPBI, TTOJIMMEPDI ISl PETYJIMPOBAHUS CTPYKTY-
pBI pacBoOpa; OEHTOHUT, MOJUMEPHI JIJIs1 OHMKEHUS (PUITBbTPALIVH.

2. PeareHTbl 1 MaTepuaibl CIEHUAIBHOTO Ha3HAYCHUS JJIsl TIPU/JIa-
HUsI OypOBBIM PacTBOpaM HWHTHOUPYIOIIMX, CMa304YHBIX, aHTUBUOpAIIU-
OHHBIX CBOWMCTB, MOBBIIECHUSI A(P(DEKTUBHOCTH OA30BBIX PACTBOPOB: WH-
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TUOUTOPBI CJIAHIIEB U TJIMHUCTBHIX TTOPOJ, TIPEIOTBpAIIAIONINX HA0yXaHue
U TUJpaATalUI0 MOPOJ; CMA304YHbIE M aHTUBUOpAIIMOHHBIE 100aBkH (Jle-
HoJ1, Mopo30:1, ['eon u ap.); MOBEpXHOCTHO-aKTUBHBIE BEIIECTBA, CLIOCO0-
CTBYIOIIUE CHIXKCHHIO TIPOYHOCTHBIX CBOWMCTB FOPHOM MOPOJBI Ha 3a00e,
YMEHBIIECHUIO TJIOTHOCTH pacTBOpa (Cylb(aHO, KUPHBIE KUCIOTHI, HE-
KaJIb U JIp.); 3aKyIMOPUBAIOIINE MaTEpPUabl JUIsl MPEIOTBPALIEHHUS TTOTJI0-
IIEHUS PacTBOPa B CHIIbHOMPOHHUIIAEMBIX, TPEIIIMHOBATHIX MOPOJIax (ape-
BECHBIEC ONMUJIKH, PE3UHOBAs KPOIIIKa, U3MEJIbUeHHAas IiactMacca u Jip.).

B npaktrike OypeHuUsl TreosIoropa3BeIouHbIX CKBaKUH HAUOOJIbIIEE
pacrpoCTpaHEHUE TOJYYWIM MEXAaHUYECKUU U (PU3MKO-MEXaHUYECKUU
CIIOCOOBI TPUTOTOBJIECHUS MPOMBIBOYHOM JKUJIKOCTH.

MexaHuueckuii croco0 peau3yeTrcss B CIASAYIOIINX TEXHUYECKUX
CPEJICTBAX: JIOMACTHBIE W MPOMNEIUICPHbIE MEIIATKH, THIPABINYECKUE Ca-
MOBpAIIAIOITUECs] TIEPEMEIINBATENM, AaKTUBATOPHI, (pe3epHO-CTPYUHbIE
MEJIbHUIIBI, TUAPOIKEKTOPIBIE CMECUTENH, J03aTOPHI U JIp.

MexaHnnyeckue TIMHOMEIIATKN 00€CTIeUnBaIOT MEPEMEIIMBAHUE U
JTUCIIEPTUPOBAHNE KOMOBBIX I'JIMH U OCHTOHMTOBBIX TJMHOIOPOIIKOB B
IIpoliecCce MPUTOTOBICHUS U XUMUYECKOM 00pabOTKHU.

[ TMHOU3MENBYUTEND UCIIONB3YIOT B PSIE CIy4aeB JJIisl MPUTOTOB-
JICHUSI TPOMBIBOUHBIX JKMJAKOCTEM W3 MECTHBIX KOMOBBIX MaTEpHaJIOB,
O0COOCHHO B 3UMHEE BpeMs JUisl JPOOJICHUS CIUIIIUXCS KOMKOB WIIH
cMep3iuxcs KyckoB. Ha puc. 4.4 [5] npeacraBieHa KOHCTPYKIUS TJIH-
Hou3Menbuntena KoHCTpykuuu [1I'O «kOsxreonorus», odecneunBaromnas
s PekTuBHOE NIpOoOJICHUE W W3MEIbUCHUE KOMOBOW TJIMHBI MEpen 3a-
I'PY3KOH B TNIMHOMEIIAJIKY WX (Ppe3epHO-CTPYyHHYIO MEJIbHHUILY.

[ MMHOU3MENBYUTEH COCTOUT W3 CIEIYIOIMIMX OCHOBHBIX Y3JIOB:
Kopiyca 1, y1apHOro yCTpoHCTBa, BKIIOUAIOIIETO BaJl C Pa3MEIICHHBIMU
Ha K€M YEeThIPbMS yAapHBIMHU JionacTsMu (OutamMu) 2, MpUEeMHOro OyH-
Kepa 3, MapHUPHOU 3y0UaTol ImeKkH (AEKH) 5 U yCTpONCTBA JJIsl OYUCTKHU
JIONIACTEN OT TJIMHBI 4.

4.2.2. Texuuuyeckue cpeacTBa AJs NPUTOTOBJICHUSA
NMPOMBIBOYHBIX KHIKOCTEH
JIs TIpUrOTOBJEHUS IPOMBIBOYHBIX JKHAKOCTEM HEO0OXOIUMO
3HaTh UCXOAHYI0 MH(OPMAIIUIO: TEXHOJIOTHUUYECKUE MapaMeTPhl; pacxo/
KUJIKOCTH; MPUMEHSAEMbIE MaTepualibl (TJIMHBI, XUMUYECKUE PEAreHTHI,
no6asku). IIpoMbIBOYHAs >XHUIAKOCTh MOKET OBITh M3TOTOBJICHA JBYMS
criocobaMu: MexaHu4deckuM; (pusznko-mexanundeckum [5]. Jlus peanuza-
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MM MEXaHUYECKOro Croco0a MPUMEHSIIOTCSA JIOMACTHBIE W MpOoIesuiep-
HbIE€ MEIIAJIKU, TUIPABIMYECKHUE IMEPEeMEIINBATEIN, aKTUBATOPHI, (Ppe-
3€pHO-CTPYWHBIC MEJIbHUIIBI, THIPOIKEKTOPHBIC CMECUTENH, 103aTOPHI U
npyroe obopynoBanue. MexaHn4yecKkue TIIMHOMEIIAIKY B MPOIECCe MpHU-
TOTOBJICHUSI U XUMOOPAOOTKH MPOMBIBOYHBIX >KUJIKOCTEH BBITOJHSIOT
GYHKIMU TI0 TIEPEMENIUBAHUIO U JTUCTIEPTUPOBAHUIO KOMOBBIX TJIMH U
OCHTOHHUTOBBIX MTOPOIIKOB.

I'nunousmenvuumenu (puc. 4.4) WCHONB3YIOTCS TIPU IPUTOTOB-
JICHUY TIPOMBIBOYHBIX JKUJIKOCTEH M3 MECTHBIX KOMKOBBIX T'JIMH, B 4acCT-
HOCTH B 3UMHEE BpeMs, Korja TpedyeTcsi IpoOjeHrne CMEP3IINXCS Kyc-
KOB. M3MenbueHue ocyliecTBIAETCS YIapHbIM MEXaHU3MOM U3 YETHhIPEX
jonacTel 2, a X OYUCTKA OT TJIMHBI CIIEIUAILHBIM YCTPOUCTBOM 4.

K 60KOBBIM cTEeHKaM pabouei yacTu Koprnyca |1 TTHHOU3MENbUYHTE-
JIs1 MApHUPHO TPHUKpEIieHa 3yduaras 1meKa S5, B KOTOpOor yJIapHBIMH JI0-
MacTAMH 2 pa3fgaBIUBAIOTCA KPYIHbIE KyCKH TVIMHBL. CTEneHb HU3MEIb-
YeHUsI MOKHO PEryJIMpoBaTh 3aMEHOM IeK. ParmoHadbHBIM CUMTAETCS
pasmep kyckoB oT 70 go 110 MM (MeHbIIMI pa3Mep MPEeANOYTUTEICH
st Gpe3epHO-CTPYMUHON METTBHUILBI).

1

Puc. 4.4. I'nunonsmenvuntens: | — kopryc; 2 — yaapHas JIONacThb;
3 — npuemHbIi OyHKEp; 4 — YCTPOMCTBO OYMCTKH JIONACTEH OT TJIMHBI,
5 — mapHupHas 3yo4aras 1meka; 6 — OCHOBaHHE TJIMHOU3METbYUTEIS

JI71s1 MOBBIIIEHUS] U3HOCOCTOMKOCTH pabo4nX yacTeu 3yOuarTou iie-
KU U yAApPHOU JIONACTH apMHUPYIOTCS MJIACTUHKAMU U3 TBEPJIOTO CILIABA.
[TpousBoauTENbHOCTh U3MENbUUTENS cocTaBisier 10—15 1/4. Pazmep 3a-
Ipy>kaeMbIX KyCKOB TJIMHBI HE OJIKEH npeBbImaTh 500 M.
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Dpezepro-cmpytinvie meavuuysl Tuna ®CM (puc. 4.5) [5] ABAAIOT-
Csl pa3HOBUIHOCTHIO MEXaHMUYECKUX MEIIAIOK, KOTOPhIE MCIOIb3YIOTCS
JUTS1 TPUTOTOBJIEHUSI IPOMBIBOYHBIX KUAKOCTEU. OHU UCTIONB3YIOTCS IS
BBITIOJTHEHUS] CJIEAYIOMMNX OIEpali: MPUTOTOBICHUE MTPOMBIBOYHON
KUJKOCTH Ha 0a3e MOPOIIKOBBIX MaTepHaioB (TJIMHA, U3BECTh U T.1.) U
XUMHUUYECKUX PEareHToB; 00paboTKa pacTBOPOB JJIs MOBBIIICHUSI UX KOJI-
JOUAATBHOCTH; YTSKEIIEHHE PacTBOPOB. B HacTosiiiee BpeMs BbIITYCKa-
orcss MenbHHLBI THHA PCM-3, OCM-7, OCM-13 MOHIIHOCTBIO 0
35 xBt, npousBoautenbHOCThIO A0 20 T/4 KOMKOBOM TJIMHBI U 40 T/4
riuHomnopoimika. K goctronHcTBam  Pppe3epHO-CTPYHHBIX METBHUIL MOXK-
HO OTHECTH BBICOKYIO (B 4—5 pa3 0obllle MITHHOMEIIAIOK) ITPOU3BOIH-
TEIbHOCTh, OTCYTCTBUE IIyMa U BUOpaALIUU, HEOOJIBIIINE Ta0APUTHI.

Puc. 4.5. ®peszepHo-cTpyitHag MenbHuLa Tuna ®CM: 1 — nucnepru-
pyromias pudieHas miuTa; 2 — JIONACTHOM PoTOp; 3 — JIONacTh; 4 — JIOTOK;
5 — BbIXO/IHAA pelieTka; 6 — oTpaxkareabHbIA HUTOK; 7 — O0PT; 8 — mpueM-
HBI1 OyHKep; 9 — maTpyOoK i nmojgadyu Bojbl; 10 — MexaHU3M OTKpbIBa-
HUS U 3aKPBIBaHMS KPBIIIKA JOBYIIKY; 11 — pama

Hacoc-memanka (puc. 4.6) [5] HeoOXxoauMa aJIsi IPUTOTOBJICHUS,
00pa0OTKN W MEpeMENIBaHUS PAacTBOpPA, OTIACICHUS TBEPAbIX YACTHII
KpymnHee 3 MM 1 TTOJa4M pacTBOpa Ha OYKMCTKY B THAPOIMKIOHHBINA OJIOK.

C momomipl0 Hacoca-MeIIalKd MOXXHO IIPUTOTOBUTH TJIMHUCTHIN
pacTBOpP M3 TJIMHOIIOPOIIKOB, BOJHBIX PaCTBOPOB MOJHUMEPOB, pEarcHTOB
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Y3 TOPOLIKOBBIX M THIAPOTEIEBBIX MarepuanoB. [[pom3BOAUTENBHOCTH
YCTAHOBKH TPH TMPHUTOTOBIICHUU TIMHUCTOIO PAaCTBOPA COCTABISAET OT
2 1o 3 1/4. Ba3oBBIM YyCTPOMCTBOM HacOCa-MEIIAIKH SIBISETCS AJIEKTPO-
Hacoc «I'HoOM» 1, coequHEHHBIN BaJIOM 2 ¢ MELIAJIKOM 4.
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Puc. 4.6. Hacoc-memanka: 1 — anektponacoc «I'nHom»; 2 — Bai; 3 —
pelieTrka; 4 — Memmajnaka; 5 — orpaxjaeHue; 6 — cTomopHas Iaioa; 7 —
HITYLEp; 8 — cenuaibHas raika

[Ipuniun paboThl BpalalOIMIEHCs MEIIANIKN 3aKII0YaloTCs B TOM,
YTO MOTOK PacTBOpa MPOXOJHUT YEpPEe3 PEIIETKY, MEJIKUE YaCTHIIbI, B3BE-
HICHHBIE B PAaCTBOPE, MPOXOIAT YE€PE3 OTBEPCTHUS PEIIETKU U YHOCSTCS
HAaCOCOM, a KPYIIHBIE — 3aJ€PKUBAIOTCS PEIIETKON, CMEIIUBAKOTCS C I10-
TOKOM, CKOJIB3SIIUM BJOJb HEE, U MOBTOPHO APOOSTCA, MOKa HE MPO-
HUKHYT 4€pe3 PEIICTKY.

VYcraHoBka Hacoca-MeIIaIKd CIOCOOCTBYET MOCTOSHHOMY MOIEp-
’KAHUIO TEXHOJOTUYECKUX CBOMCTB pacTBOpa B TpeOyeMbIX Mpeeiax.

I akTMBanMM NPOMBIBOYHBIX >KUJKOCTEW HANLIA NPUMECHEHHUE
CTPYMHBIE JI€3UHTErPATOPBI, 3MYIbraTOPbl, TUAPOJAUHAMUYECKHAE JIHC-
MepraTopsl, YIbTPA3BYKOBBIE IMYJILCUOHHBIE U JIPYTHUE YCTAHOBKHU.
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4.2.3. Texunueckue cpeacrna s 0ecTpyOHOro
KpeIuieHHsI CKBAKUH

[Ipu OypeHun reosoro-pa3BeloYHbIX CKBAKHUH YaCTO MPUXOIUTCS
nepeceKkaTh TOPHbBIE BBIPAOOTKU. B 3TOM CBS3M MPUXOIUTCA MOAKIIOYATh
JOTIOJIHATEIIbHBIC TEXHUYCCKHE MEPOIPHUATHS: H30JIAINS, MEePEKPBITHE
TOPHBIX BBIPAOOTOK; M3MEHEHUE KOHCTPYKIIMU CKBa)KHUHBI; BBIOOpD U
000CHOBaHHE TTapaMETPOB MPOMBIBOYHOM >KUAKOCTH. JIJIs1 TPOXOKH 30H
OoOpyIIeHU W MPU BCKPBITUH TOPHBIX BBIPAOOTOK HAIUIM MPHUMCHCHHE
YHUBEpCAIbHBIC TaMIIOHAKHBIE CHapsabl (puc. 4.7) [5].
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Puc. 4.7. YHuBepcanpHblli TAMNOHAXHBIN cHapsg Y TC-2M



126

Ha puc. 4.7. npencrasnensl cinenyromue sneMmeHtsl: 1, 12, 20 —
KOpITyCca, COOTBETCTBEHHO, CHApA/la, CMECUTEILHOIO U OOpaTHOIrO Kila-
MaHoB; 2, 5, 15 — BTYJIKU, COOTBETCTBEHHO, KOHYCHas, (hjiaHIeBas U 00-
paTHOrO KjaraHa; 3 — ceuio Kiianana; 4 — BUHT; 6, 9, 21 — nepexoIHUKH,
COOTBETCTBEHHO, BEPXHUH, LIECHTPAJIbHBIN U HUKHUW; 7 — LEHTpaJIbHAS
TpyOa; 8 — koHteiHep; 10, 18 — mapuku; 11 — mTok: 13 — cMecuTenbHas
kamepa; 14, 19 — npyxwunsl; 16 — Hunmens; 17 — oboiiMa oOpaTHOTO
KJIaraHa.

Tamnonasxcuwiii cuapso YTC-2M (puc. 4.7) uMeeT yBEIUYECHHYIO
CMECUTEIIBHYI0 KaMepy, 4TO NPEJOTBPAIIAET €€ 3aCOPEHHUE KPYHHBIMH
dpakuusIMu TAMIOHUPYIONIEH cMecu. Ero KOHCTPYKIMs MO3BOJISIET MO/I-
COCJIMHEHNUE K €r0 HWKHEMY IEPEXOJHUKY MOPOI0PA3PYIIAIOMIETO HH-
CTPYMEHTa, YTO TO3BOJISIET COBMECTUTh ONEpaIuy Mo OYpEeHUIO U TaM-
MTOHUPOBAHUIO CKBAKUHBI.

[IpuHuMO AEWCTBUS CHApsifa 3aKitodacTca B cienyromem. Kon-
TEUHEp 8 MPEIBAPUTEIIBHO HAa MOBEPXHOCTH 3AIOJHSIETCS YCKOPUTEIEM
CXBaTbIBaHUs TAMIIOHUPYIOIIEH CMecH, a BEpXHAS 4YacTh (uiaHIEeBOM
BTYJIKM S5 3amojiHseTcss OyQpepHON KUJIKOCThIO {MAIIMHHOE MAaciio WU
TJIMHUCTBIN pacTBOp). [locne 3Toro yHuBepcanbHbI TaMIONAXHbBINA CHA-
psn 0e3 mapuka 10 omyckaeTrcss B CKBOKHHY Y IIPOUCXOJUT TIporiecc Oy-
peHusi ckBaxkuHbl. [Ipu BcTpeye 3aBana HaACTynaeT HEOOXOAUMOCTh TaM-
ITOHUPOBAHMUS.

B navane tammnoHupoBaHus 1mapuk 10 omyckaercs B OypuIIbHBIE
TpyOBI C OJJHOBPEMEHHOM moAadel 1eMeHTHOro pactBopa. [llapuk nepe-
KpPBIBA€T OTBEPCTUE B KIIaNaHE 2, KOTOPBIM IO JaBIECHUEM OITyCKAETCs B
HIDKHEE TTOJIOKEHHUE OTKPBIBAasi OTBEpCTUE B ceiie kianana 3. [Ipu atom
YCKOPUTEIb U3 KOHTEMHEpA & TMOJI NaBICHUEM, CO3aBAEMBIM MPOKAYM-
BA€MOM CMEChIO Uuepe3 OTBEPCTHS BO (DJIaHILIEBOM BTYJIKE, BHITECHSIETCS B
CMECUTEIIbHYIO Kamepy 13. B kamepe KOMIIOHEHThI CMEIINBAKOTCS U Ye-
pe3 OOpaTHBIN KJIamaH MOJIAI0TCS B 30HY TAMIIOHUPOBAHMS, MOCIIE YETO
CHapsj MOJHUMAETCS U MpombiBaeTcsa. OOpaTHBIM KIamaH HCKIIOYaeT
MOIAIaHUE CMECHU B CHAPSAJ MOCJIE OKOHYAHUSI TAMIIOHUPOBAHUS.

Yempoucmeo TCT-11B (puc. 4.8) [5] npeaHazHadeHo IS KpeTICHUS
CTEHOK CKBa)KHUHBI Y JUKBUIALIMY MOTJIOIEHUS] PACTBOPA B IOPOJAaxX CO 3Ha-
YUTEIILHBIM PACKPBITUEM TPEIIHH. [10 MHTEHCHBHOCTH MOMIONIEHUS TIEpPECe-
KaeMbI€ TOPHBIE BHIPAOOTKH TMOJIPA3/ACISIOTCS Ha MTh TUMOB: | — mororiie-
HUS POMBIBOYHOM KUJIKOCTH HET; Il —qyactnunoe normomenue; 111 — monHoe
noronienue; IV — MHTeHCUBHOE TIOMIIOIIeHHe; V — KaTacTpopUUecKoe IMo-
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rioueHue. 1 KoIu4eCTBEHHON OLIEHKH TUIIOB MOIJIOIIEHUIN BBEACH KO-
s PuIMeHT noryomnawie cnocooHocTu K, KOTOPBIM, COOTBETCTBEHHO
ATUM IIATH TUNaM, paseH: 0, 1, 1-5, 5-20 u 20.
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Puc. 4.8. Tamnonaxuoe ycrtpoiictBo TCT-1I'B: 1, 9 — kopmyca
CMECHUTEILHOM KaMephl U yCTPOMCTBa; 2 — 00aT; 3, 6 — m1aiida HUMIeNs U
BepxHsdA; 4, 17 — Hunmenu; 5 — wapuk; 7 — 103aTop; 8 — UEHTpaIbHAS
TpyOa; 10, 18 — mepexoaHUKN BepxXHUM U HUXKHUM; 11 — KoHTEelHep; 12 —
VIUIOTHUTEbHAsE MaHxkeTa;, 13 — cMecuTenbHas kamepa; 14 — mapuk;
15 — oboiima oOpatHOro KianaHa: 16 — npyxuHa

YCTpOUCTBO B 3aBUCUMOCTH OT XapakTepa MOTJIOLIEHUs IT03BOJISIET
IIPU CMEHE J103aTopa 7 pEeryjaupoBaTh MOJayy YCKOPHUTENIS B CMECHUTENb-
HYI0 Kamepy oT 5 10 20% u noyry4aTh BA3KHE U BBICOKOBSI3KHE CMECH.

Ycerpoiicteo TCT-1I'B umeer cmecurensHyro kamepy 1, Ha KOTO-
pyI0 HAaBHHYMBAIOT HWKHUN MepexoAHUK 18 ¢ 0oOpaTHBIM KilallaHOM
(mmapuk 14) 1 mopoaopa3pyIiarimmnM HHCTPYMEHTOM (Ha puc. 4.8 He T10-
ka3aH). Konreitnep 11 3amonHstoT yckoputeieMm (KUIKUM CTEKIOM),
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HABUHYMBAIOT BEpXHUU mepexoAHuK 10 u yCTpoWCTBO Ha OypHIIbHBIX
TpyOax omyckaercs B MHTEPBaJ TaAMIIOHUPOBAHUA.

[Tocne 3akaunBaHus 11eMEeHTHOTO pacTBopa (30% pacueTHOro o0b-
eMa TaMIIOHUPYIOIIEH CMECH) C LEJbI0 MpeaBapUTEeIbHON 00paboTKu
OCJIO)KHEHHOTO y4YacTKa CKBOXKHHBI B OypuiIbHBIE TPYOBI cOpachIBaeTCs
IapuK 5, KOTOPBIM 3aJIepKUBAETCS HAa HIDKHEH 11aiide 3 u nmepeKkphiBacT
B HeW oTBepcTue. Ilpu manpHEWmeM NMpoKayrBaHUU MPOUCXOJUT CPBIB
VIUIOTHUTEJIBHOM MaHXkeThl 12 B kamepy 13, mocie 4ero yCKOpUTesib Bbl-
TEKAeT B CMECUTEIIbHYIO KaMepy, TJI€ OH CMEIIMBAETCA C OCHOBHBIM KOM-
MMOHEHTOM TaMIOHHpYIoIIeH cMmecH. [Ipm 3ToM oOpazyemas cMech depe3
OoOpaTHBIN KJIalaH MOCTYMAET B OCIOKHEHHBIN YYaCTOK CKBaKHUHBI.

[TonoxxuTenpHbIe PE3yJIbTaThl TPU TAMIOHUPOBAHUU YCTPOUCTBOM
TCT-1I'B 6butu gocTurayThl B 90% ciydaes.

YVempoucmeo VIII'B-1 (puc. 4.9) [5] npennaznadeHo st 6ectpyO-
HOT'O TIEPEKPBITUSI TOPHBIX BBIPAOOTOK, MEPECEKAEMBIX CKBAXKMHAMHU, a
TaKKe JJIS U30JIS1UNA YYACTKOB MTOPO/J] ¢ MHTEHCUBHBIM M KaTacTpoduye-
CKHUM TIOTJIOIIEHUEM MPOMBIBOYHOMN KUJIKOCTH.

VYerpoticteo YIII'B-1 coctout u3 cHapsiga 2, neppopupoBaHHOU
TpyObI 6, IpoOKU-1IeHTpaTopa 10, U3roTOBICHHON U3 JieTKOpa3OypuBae-
MOr0 MaTepuayia (JIepeBa, MIaCTMAacChl, AJIFIOMUHHUS), 3JIACTUYHONH 000-
J04kd 8. B kauecTBe 3/1aCTUYHON OOO0JIOUKH MPUMEHSAETCS KalpOHOBas
TKaHb C OTBEPCTUAMU pazMmepom 1,5%1,5 MM, KOTOpass yMEHBIIAET pa3-
pyliaroiiee JACHCTBUE MOTOKA BOJbI B CKBAKMHE HA TaMIIOHUPYIOIIYIO
CMECh B HaYAJIbHBIN NIEPUOJ] €€ CXBATHIBAHUSI.

B HwxHuil nepexognuk cHapsana Y TC-2M BBuHuMBaIOT niephopu-
pPOBaHHYIO TpyOy, JUIMHA KOTOPOM JOJKHA MPEBBINIATH BHICOTY TOPHOM
BBIPA0OTKH Ha 3—4 M, Ha HIDKHHUM KOHEIl KOTOPOMl ¢ MOMOIIBIO IIIUJIEK 9
KpenuTcs rmpoOka-iieHTpaTop 10.

OnactuyHasg 000JIOYKA 3aKPEIUIsieTCs BOKPYT NepPOpUpPOBAHHOU
TPyOBl B HIDKHEN YacTH OaHJQXKHOMW JICHTOM, a B BEpXHEU — pPE3MHOBBIMU
KoJibliamMu 7. JIlmamerp 00004k OOsbIe AUaMeTpa CKBaXKUHBI B 1,2—
1,5 paza, a ee qyirHa paBHa JJIMHE TTepOOPUPOBAHHOMN TPYOBHI.

[Tocne okoOHYaHMS 3aMOJIHEHUS KOHTEHHEPA YCKOPUTEIEM CXBAThI-
BAHUS TaMIIOHUPYIOLIEH CMECU YCTPOWCTBO OITYCKalOT B CKBaXWHY M
YCTAHABJIMBAIOT TAKUM 00pa3oM, 4TOOBI MPOOKa-IEHTPATOP HAXOAWIACh
HIKE MOYBBI TOPHOU BBIpaOOTKU Ha 1-1,5 m. Tammonupyromas cMech
MOJAeTCS KOJIOHHY OYPUIIBHBIX TPYO C TTIOMOIIBIO HAcoca.
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[lTociie mepeMemmBaHus B KamMepe S5 TaMIOHUPYIOIIAs CMECh C
YCKOPUTEJIEM 4epe3 OTBepcTUsi B nep(opupoBaHHON TpyOe 3amoiaHseT
AMACTUYHYIO 000JIOUKY, KOTOpasi B TOPHOM BBIPAOOTKE MPUHUMAET IIU-
JUHIPUYECKYI0 (OpMy, a B CKBaXXHMHE — (POpMy CKBaKMHBI. YUepe3 oT-
BEpPCTUS B 000JIOUKE YAaCTh CMECH MPOXOJUT B CKBAXKHHY W 3aIOIHSET
TpeIUHbl B mopoje. B aToM ciiydyae snactuuHas 0000YKa SIBISETCA
kapkacoMm. [lo OKOHYaHWHM H3OJSAIUMU TOPHOM BBIPAOOTKH B CKBaKHMHE
MPOBOJST JaJIbHEHIINE pabOThl O KPEIJICHUIO €€ CTEHOK B 30HE BIIHS-
HUS TOPHOM BBIPAOOTKU M BOCCTAHOBJICHHUIO ITUPKYJISAIIUNA TTPOMBIBOYHOM
KUIKOCTH C yY€TOM MPUHATON TEXHOJIOTHH.
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Puc. 4.9. CxeMa yCTaHOBKHM YCTPOWCTBA MEPEKPHITUS TOPHBIX BbI-
paborok YIII'B-1: I, IIl — cOOTBETCTBEHHO KpPOBJIA U MOYBA TOPHOU BBI-
pabotku; Il — ropnas BeipaboTka; [V — 3a00q ckBakuHbl; 1 — OypuiibHast
TpyOa; 2 — cHapsan YTC-2M; 3 — mapuk; 4 — KJlaraH CMECUTENs; 5 — cMe-
cuTeNibHas kamepa; 6 — nepdopupoBaHHas TpyoOa; 7 — PE3UHOBOE KOJIb-
110; 8 — aacTU4Has 000JI09Ka; 9 — amoMuHKeBas mmuiIbka; 10 — mpoOka-
LEHTPATOP



130

llepekpuvisarowue yempoiicmea muna YIIII (puc. 4.10) pazpaboTa-
el BHUUBT s nukBupanuu KatacTpoPUUIECKUX IMOTVIOMICHUH Mpo-
MBIBOYHOW HUJKOCTH, BBI3BAHHBIX OOJBIIUMHU TPEIIMHAMHU, IMyCTOTAMU
WJIM TOPHBIMU BbIpaboTKamu [5].

OcnoBHoOM 3neMmeHT YIIII — cnenmnanbHas BBICOKONpPOYHAs SYCH-
cTas, KanpoHoBasi 000y0uka 4, KOTOpasi CIIyCKAETCsl B 30HY MOTJIOIICHUS
C TIOMOIIIbIO OYPUIIBHBIX TPYO.

YCTpOUCTBO COCTOUT U3 JIBYX YaCTEM, IIEPBOE U3 KOTOPBIX OCTAET-
CAd B CKBaXXHMHE, 2 BTOPOE M3BJICKACTCS U3 Hee. B CKBaXKUHE OCTAaBIISIIOT
000JI04YKY, 3alIOJIHEHHYIO IIEMEHTHBIM PAacCTBOPOM, KOTOpPasi MOXKET 00b-
€MHO PaBHOMEPHO PACIIMPSITHCS, a TaK)KE HaMPaBIAIONIYI0 Tiepdopupo-
BaHHYIO TPYOKy. DyacTuyHasg 000JI0YKA PaCUIUPSSICh BOCIPOU3BOJAUT
KOH(UTYpaIro MyCTOT, TOPHON BHIPAOOTKHU.
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Puc. 4.10. Cxema paboThl yCTpOICTBA MEPEKPHITUS 30H MOTJIONIE-
Huil Tuna YIIIT: a — B TpaHCIOPTOM MOJIOKEHUU B 30HE BBIPAOOTKU; O —
PACKpEIIEHNE yCTPOMCTBA B CTBOJIE CKBAXXMHBI U MOABEM €r0 KOpPIyca
Ha BBICOTY OOOJIOYKH; B — 3aKaQUMBAHWE HAMOJHUTEIEH U TAMIIOHUPYIO-
IIMX CMECEH; I — OCBOOOXKIEHHE OYpPHUILHOM KOJOHHBI U Kopiyca YIIII
OT ycTpolcTBa mepekpbiTus; 1 — GoHaps; 2, 3 — HEHTpaJbHBIE TPYOHI;
4 — BBICOKOIIPOYHAs SYEUCTasg KarmpoHoBas 000J04YKa; 5 — NpeJoXpaHu-
TeJIbHBIN OalliMak; 6 — paCKpEIIsAIoIIee YCTPOMCTBO; 7 — mmap
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KoHTpoJsibHbIEC BONIPOCHI
Pasznes 1: OCHOBHBIE OHATHSA O MPOLECCAX COOPYKEHHUS CKBAKHH,
CBOMCTBA rOPHBIX MOPOJ

1. Yto Takoe ckBaxuHa.

2. [ToHATHSI O KOHCTPYKIIMU CKBAKUHBI U €€ DIIEMEHTAX.

3. Kakumu nmapameTpaMu XapakTepu3yeTCs MPOCTPAHCTBEHHOE TO-
JI0)KEHUE CKBAKUHBI.

4. Knaccudukanus OypoBBIX CKBOXHH IO YTy HAaKJIOHA K TOpH-
30HTY.

5. HazoBuTe criocoObl OypeHHs TeoJIoro-pa3BeI0uHbIX CKBAYKHH.

6. [IpuBenuTe OCHOBHBIE 3JIEMEHTHI KOHCTPYKUWWA CKBAXKUH TPHU
OECKEpHOBOM U KEPHOBOM OypEHUHU.

7. llpuBeauTe TUMOBBIE KOHCTPYKIIMU HHKEHEPHO-TEOJIOTUUECKUX
CKBa)KUH.

8. HazoBute coctaB 000py/10BaHMS OypOBOr0 KOMILIEKCA.

9. Kakue cBoOMCTBa FOpHBIX MOPOJ, BIUAIOT Ha MPOIECCH OypeHus
CKBa)KUH.

10. YTo BXOJIUT B COCTAB I'PYHTOB.

11. I[IpuBenure kinaccuUKaIyio TPyHTOB.

12. Yto oTHOCUTCS K (PU3NUECKUM CBOMCTBAM I'PYHTOB.

13.YT0 OTHOCUTCSI K MEXaHUYECKHUM CBOMCTBAM HECKAJIbHBIX TPYHTOB.

14.Y10 OTHOCUTCS K MEXaHUYECKUM CBOKWCTBAM CKaJIbHBIX TPYHTOB.

15. Yto Takoe OyprUMOCTbh TOPHBIX MTOPO/I.

16. IIpuBenute knaccUPUKAIMIO TOPHBIX TOPOJT U TPYHTOB 1O OY-
PHUMOCTH JIJISI IITHEKOBOTO CITOCc00a OypeHMUsI.

17. IlpuBenute KiaacCUPUKAIMIO TOPHBIX TTOPOJI U TPYHTOB 1O OYy-
PUMOCTH JIJI BpalaTeIbHOro crocoda OypeHus.

18. IIpuBenute Ki1accUPUKAIIMIO TOPHBIX TTOPOJ U TPYHTOB IO OYy-
PUMOCTH JJIsl YIapHO-BUOPAIITMOHHOTO crioco0a OypeHusl.

19. Yto Tako€e aHW30TPOMHOCTh TOPHOU MOPOIBI.

20. IIpuBegute hopMyay s ONpeACICHUS MOKa3aTeas aHU30TPO-
uu U pacimudpyire ee.

21. HazoBute METOBI ONIPEACIIEHHUS TTOKA3aTENCH aHU30TPOIINH.

22. Kak 3aBUCUT CKOPOCTh OYPEHHS CKBOKHHBI OT TTOKA3aTeIIsl aHHU-
30TPOIUH.

23. [lpuBeauTe CXEMBbI PACIOJIOKEHUS TJIABHBIX IUIOCKOCTEH aHU-
30TPOITUU TOPHOU MOPOIBI.
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24. Kak BiMsieT aHHU30TPOIHUS IMOPOJbI HA MPOLECC B3aUMOJIEH-
CTBHSI C HEIO TOPOIOPA3PYILIAOIIEr0 HHCTPYMEHTA.

25. IpuBenure knaccupukauio GU3NIECKUX CBOMCTB TOPHBIX OPO/I.

26. UTo BXOAUT B MOHATHE YCTOMYMBOCTH TOPHOM MOPO/IBI, (HaKTO-
PBI BIUSIONIME HA 3TOT MMOKA3aTeNb.

27. Kakue coCcTaBisONMe TOPHOTO AABJICHUS BIHSIOT HA YCTONYH-
BOCTh CTEHKHU CKBaYKUHBI.

28. UTo Takoe aJIbTUTYJIa YCThsI CKBAKHUHBI.

29. Ilpuenute Gopmyay s onpeaeiaeHus Koddduimenta 00Ko-
BOI'0 pacriopa u pacmudpyunre ee.

30. IIpuBeguTe cXeMy K pacyueTy YCTOMYMBOCTH IMOPOJ B CTECHKE
CKBaYKUHBI.

31. Uro Takoe pagualbHOE W TAHTCHIMAIBHOE HAIPSIKCHUS B
CTEHKE CKBa)KUHBI.

32. IlpuBeaure KnaccUuPpuKaIMIO TOPHBIX MTOPOJI O YCTOMYHUBOCTH.

33. UTo Takoe CBA3HBIE WK HECBI3HBIE MOPOJIbI.

34. Kak BiusieT peliMHOBATOCTh TOPHBIX MOPOJ] HA UX TPOUYHOCTD.

35. [IpuBenuTe KJIACCU(PUKAIMIO TOPHBIX MOPO/T 110 TPEIIMHOBATOCTH.

Pazgen 2: Texnosnorust 0ypeHusi CKBa:KMH M 0ypoBoe 000py10BaHue

1. IlpuBenure cHOCOOBI OypeHHUS MHKEHEPHO-TCOJIOTHUYECKUX
CKBa)XMH, UX 00J1aCTh TPUMEHEHUSI.

2. ITpuBenuTe cxeMy KOJIOHKOBOTO OYpEeHHs C TMAPOTPAHCIIOPTOM
KEpHa U OMUIIUTE €€.

3. [IpuBenute cxeMy pOTOPHOTO OypeHHsI C 0OpaTHOU MPOMBIBKON
U OIUIIIUTE €€.

4. IpuBeaure cxemy yJ1apHO-BUOPAIIMOHHOTO OypEeHHs U OIUIIUTE ee.

5. IlpuBeauTe cxemMy NHEBMOYJIAPHOTO OypeHHUs C MOTPY>KHBIM
MTHEBMOITPOOOMHUKOM U OTIUIIIUTE €€.

6. IlpuBenure cxemy BUOpallMOHHO-BpAIIaTEILHOTO OypeHHsS U
OMUIIUTE €€.

7. ObnacTb NPUMEHEHUSI U KOHCTPYKTHUBHBIE OCOOEHHOCTH yCTa-
HoBku YKb-12/25C.

8. OOnacTh MpUMEHEHUS M KOHCTPYKTUBHBIE OCOOCHHOCTU YCTa-
HOBKH YDBII-15M.

9. O6nacTh NPUMEHEHUSI U KOHCTPYKTHUBHBIE OCOOECHHOCTH YCTa-
HOBKU YPB-2M.
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10. Ob6nacth MpUMEHEHUS U KOHCTPYKTHUBHBIE OCOOCHHOCTH yCTa-
HOBKH YBCP-25M.

11. O6bnacte NpUMEHEHUSI U KOHCTPYKTUBHBIE OCOOCHHOCTH yCTa-
HOBKH YI'B-50M.

12. Obnacth NpUMEHEHUS U KOHCTPYKTHUBHBIE OCOOCHHOCTH yCTa-
HoBKH BAC-75.

13. Ob6nacth mpUMEHEHUS U KOHCTPYKTHUBHBIE OCOOCHHOCTH yCTa-
HOBKU YPB-2A-2.

14. OGnacth MpUMEHEHUSI U KOHCTPYKTUBHBIE OCOOCHHOCTH KOM-
iekca KI'K-100.

15. O6nacte MpUMEHEHHSI U KOHCTPYKTUBHBIE OCOOCHHOCTH Oypo-
Bbix crankoB CHRISTENSEN, npousBoaumbix Atlas Copco Craelius AB.

16. O6nacts MPUMEHEHHUSI U KOHCTPYKTHUBHBIE OCOOCHHOCTH Oypo-
BbIX ctaHkoB Explorac 220 RC, npousBoaumeix Atlas Copco Craelius AB.

17. Obnacts MpUMEHEHHUSI U KOHCTPYKTUBHBIE OCOOCHHOCTH OYypO-
Bbix ctankoB DIAMEC, npousBoaumbix Atlas Copco Craelius AB.

18. OGnacTe NMpUMEHEHUS! U KOHCTPYKTHBHBIE OCOOEHHOCTU Kep-
HomnprueMHUKa «KOHyC».

19. OGnacTe MpUMEHEHUS U KOHCTPYKTUBHBIE OCOOEHHOCTH TH]I-
poyaapHoro cHapsiaa CCI'-76.

20. O0sacTh NPUMEHEHHS] U KOHCTPYKTUBHBIE OCOOEHHOCTH KEp-
HOJIOMA.

21. Haznauenue OypuiibHbBIX TPYO.

21. O06nacTh MPUMEHEHHUS U KOHCTPYKTUBHBIE OCOOCHHOCTH JIETKO-
CIUTaBHBIX OYpHJIBHBIX TPYO.

22. O06nacTh MPUMEHEHHS U KOHCTPYKTHUBHBIE OCOOEHHOCTH KO-
JIOHKOBBIX TPYO.

Paszgea 3: bypoBoit HHCTpYMEHT

1. Knaccudukanus 0ypoBoro HHCTpyMeHTA.

2. TBepaocmiaBHBIM HHCTPYMEHT 711 KOJIOHKOBOT'O OYpeHHSI.

3. TBepaocIIaBHBIA HHCTPYMEHT JIJIs1 OECKEPHOBOTO OypeHUSI.

4. Knaccudukanus TBEp/IbIX CIIJIaBOB.

5. ®U3UYECKUE CBOMCTBA TBEP/IBIX CIIJIABOB.

6. MexaHn4eckue CBOMCTBA TBEPBIX CILJIABOB.

7. KOHCTPYKTUBHBIEC 3JIEMEHTBI TBEPIOCILIABHOTO PEXKYIIEro Oypo-
BOI'0 MHCTPYMEHTA.
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8. KoHCTpyKTHMBHBIE 3JIEMEHTBHI TBEPAOCIUIABHOTO  YIIApHO-
BHOPAIIMOHHOTO OYPOBOI'0 MHCTPYMEHTA.

9. KOHCTpYKTHBHBIE BJEMEHTBHI TBEPAOCIUIABHOIO  YJIApHO-
BpalaTeIbHOTO OypOBOr0 HHCTPYMEHTA.

10. KoHCTpyKTHBHBIE 3IEMEHTHI TBEPAOCIUIABHOIO BpalIaTEIbHO-
yAapHOro OypoBOrO MHCTPYMEHTA.

11. Knaccudukarus mapoiieyHoro 0ypoBoro HHCTpyMeHTa.

12. KOHCTpyKTHBHBIE 3JIEMEHTHI OJTHOIIAPOIIEYHOTO HHCTPYMEHTA.

13. KOHCTpYKTHBHBIE 3JIEMEHTHI ABYXIIAPOLMICYHOTO HHCTPYMEHTA.

14. KOHCTpYKTHBHBIE 3JIEMEHTHI TPEXIIAPOIIEYHOTO UHCTPYMEHTA.

15. CnocoObl mpoyBKH MIAPOIIEYHOTO OYyPOBOTO HHCTPYMEHTA.

16. KoHCTpyKTHBHBIE OCOOEHHOCTH OTOP MIAPOIIEYHBIX JI0IOT.

17. Knaccudukarus mapoiiedHbix 1070t no koay IADC.

18. [TaponieyHblii HHCTPYMEHT i1l KOJIOHKOBOT'O OypeHUsI.

19. lllapomieuHbiii THCTPYMEHT J1J11 OECKEPHOBOTO OypeHUSI.

20. OcHoBHOE M KaiMOpylolee 3y04aTo-IITHIPEBOE BOOPYKEHUE
IapOIICYHOTO MHCTPYMEHTA.

21. KOHCTpyKTUBHBIE AJIEMEHTHI aJIMa3HOr0 OypOBOTO MHCTPYMEHTA.

22. Yto Takoe MaTpulia, kiaccupukanus u GopMbl MaTpHIL.

23. YTo Takoe 3€pHUCTOCTh AJIMa30B.

24. KOHCTPYKTUBHBIC 3JIEMEHTHI aIMAa3HOW KOPOHKHU.

25. KoHCTpyKTHBHBIE OCOOCHHOCTH ajMa3HBIX KOPOHOK IS KO-
JIOHKOBOT'O OypeHHUs.

26. KOHCTpYKTHUBHBIE OCOOCHHOCTH aJIMa3HBIX JOJOT JiJisi OecKep-
HOBOT'O OypeHHS.

27. Knaccudukanusi OCHOBHOTO U KaJIHOPYIOUIETO BOOPYKEHHUS
aJIMa3HOTO UHCTPYMEHTA.

28. Kakue anmasbl MCHOJNB3YIOTCA B OYpOBOM HMHCTPYMEHTE, HUX
CBOWCTBA.

29. Kakue cBepxTBep/ible MaTepualibl UCIOJB3YIOTCS B OypoOBOM
MHCTPYMEHTE, UX CBOKCTBA.

Pa3znen 4: CriocoObl yaajieHUusl IPOAYKTOB Pa3pyuieHUs
U3 CKBAKMHBI
1. XapakrepucTruka MpOMBIBOYHBIX KUIAKOCTEM.
2. CxeMbl IUPKYJISAIUU TPOMBIBOYHOM KUAKOCTH B CKBaKUHE.
3. KoHCTpyKTHBHBIE 0COOCHHOCTU MITMHOU3MEIbUYUTEIIS.
4. KOHCTpYKTUBHBIE OCOOCHHOCTH (PPEe3ePHO-CTPYHHON MEITbHHUIIBI.
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5. KoHCTpyKTHBHBIE 0COOCHHOCTH HACOCA-MEIIIAJIKH.

6. KoHCTpyKTHBHBIE 0COOCHHOCTH TAMIOHAXKHBIX CHAPSIOB.
7. CXeMbl yCTPOMCTB JIJIsl MEPEKPHITUS TOPHBIX BHIPAOOTOK.
8. CXeMbl YCTPOMUCTB JJIsI IEPEKPBITHS 30H MOTJIOMICHUS.
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HbIX HckomaeMbix» / A. M. Ilexun, A. FO. bopucos; ®I'bOY BIIO
«Ky306ac. roc. Texd. yu-T um. T. @. ['opbaueBa», Kad. ropn. mammsa u
komIuiekcoB, Kemeposo, 2013. — 25 c.
(http://library.kuzstu.ru/meto.php?n=5649)

54. HN3yyeHne KOHCTPYKUHUM TBEPAOCIJIABHOIO WHCTPYMEHTA :
METOJIMYECKHE YKa3aHWs 1O BBIMNOJHEHUIO JIA0OpaTOpHON pabOThI IO
mucuuIuinHe «bypoBble CTaHKU M OypeHHE CKBaXXUH» JJISI CTYJICHTOB
cnenuanbHocTd 130101.65 «IlpukitagHas reonorus» cnenuain3anus
«I"eonmoruyeckas CheMKa, MOMCKU U pa3BeKa MECTOPOXKICHUN TBEPJIbIX
noje3Hbix uckomaeMbix» / A. M. Llexun, A. FO. bopucos; ®I'BOY BIIO
«Ky306ac. roc. Texd. yu-T um. T. @. ['opbaueBa», Kad. ropn. mamms u
komIuiekcoB, Kemeposo, 2013. — 30 c.
(http://library.kuzstu.ru/meto.php?n=5896)
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3. 3A0 «Ymnpasnswomas ropHas MalllMHOCTPOUTEIbHAST KOMITAHUS
PYJITOPMAIIl» http://www.rudgormash.ru

4. OAO «bpsHKOBCKHI1 3aBO] OYpOBOro 000PYA0BaHUS
(byposeie ctanku 3UD-1200MPK, CKb-41, ycranoBka YKb4-
CA4) http://www.bzbo.ru

5. OAO «Aunraiireomann» (bypoBbie cTaHkU U ycTaHOBKH 3D,

VKB, YCB, IIBY) http://ageomash.ru

OOO T/l «Aunraitreo0ypmarn» http://altaygeoburmash.ru

«Cubreorexnuka» http://sibgeotehnika.ru

00O «CubreorexkoMIuiekT» http://www.bmto.ru

00O «IIetpobypCepBuc»

http://www.petroburservis.ru/article68.php

10. OOO «ITaptus 76» http://www.partiya76.ru
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11. OAO «KupoBorpaackuii 3aBoji TBEPABIX CILIABOB)
http://www kzts.ru

12. OAO «TBEPAOCIIIIAB» http://tverdosplav.ru

13. 3AO «benropojickuii 3aBOJI TOPHOTO MAIIMHOCTPOCHUS
http://www.belgormash.ru

14. «3aBox bypoBsix Texnonoruii» http://www.zavodbt.ru

15. 3AO0 «AnekcanapoBCKui 3aBoji OypOBOro 000pYI0BAHUS
http://www.azbo.ru

16.  «PoclIpombyp» http://rosprombur.ru

17. 3AO0 «I'eomam-Ilentp» http://www.geomash.ru

18. O0OO0«OntPernonCHad»
http://www.metallsbyt.ru/production/doloto.php

19. «I'pynna komnanuii TC3I1»
http://www.tspc.ru/about/lit/drillingbit

20. «bypoBoii moptan» http://drillings.ru

21. OOO «byptexcuad» http://bts-ekb.ru

22. «UNITOOLS» http://unitools.ru

23. «Atlas Copco» http://www.atlascopco.ru

24. «BakerHughes» http://www.bakerhughes.com

25. «Smith Bits & Smith Services»
http://www.slb.com/services/smith_bits smith services.aspx

26. «National Oilwell Varco»
http://www.nov.com/Drilling/Drill_Bits.aspx

27. «TORQUATO DRILLING ACCESSORIES»
http://www.dthhammers.net/torquato

28. «Sandvik Tamrock»
http://www.miningandconstruction.sandvik.com

29. «Bucyrus International, Inc.» http://www.bucyrus.com

30. «MICON-Drilling GmbH » http://www.micon-drilling.de

31. VYronwHbiii mopran http://coal.dp.ua

32. T'opHas TexHHKa: HOMEHKJIATyPHBIN CIIPAaBOYHHK
http://www.gortehno.ru

33. T'opnas sHiuknoneaust http://www.mining-enc.ru
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