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AHHOTAIUA

Brinmycknas kBanupukannonHas padota cogepxkut 110 c., 15 puc., 11 Tabm.,
36 nuTepaTypHBIX UCTOYHUKOB, 1 mpu.

KitoueBrie ciioBa: mapocTpyitHoe OypeHre, MOICpHU3AIHS apOCTPYHHO-
MKEKTOPHOTO OypoBOTO CHapsiga, pa3padoTka kKoHcTpykimu LY, mytn
MOJICpHU3AIIIH, aHaiu3, 3 (PEeKTUBHOCTH METo/1a, HKOHOMUYECKast
1eJIecO00pa3HOCTh, OXpaHa TpyAa ,MOJENb, HCCIEIOBAaHUE, IOUCK pPEIICHUS
poOJIEMBI.

OOBEKTOM HCCIEIOBAHUS SABIJISIETCS MIAPOCTPYHHBIN METOJOM OypeHHS.

Lens paboTbl — noBbIiIeHUE 3(P(HEKTUBHOCTH MAPOCTPYUHOTO OypeHHUs B
TBEP/AbIX U KPENKUX TOPHBIX MOPOJax 3a CYET MOJAECPHHU3ALMUS pa3pabOTaHHOTO Ha
kadenpe OypeHHs] IApOCTPYHHOTO CHapsiia, KOHCTPYKIUS KOTOPOro MO3BOJUT
OCYULIECTBJISTh YJAABIMBAHUE W3HOUIEHHBIX IIAPOB 0€3 MOAbeMa HHCTPYMEHTA.

B mnponecce uccienoBanus MpOBOJIMICS aHAIW3 CIHOCOOOB YIIpaBJICHUS
areMeHTaMu  3a0oiHOro  obopynoBanus. Pa3paboTka cxeM  3a00MHBIX
nrapoynosureneil. IlpuBeneHel MeponpusTHs 1O OXpaHe Tpyna, OXpaHe
OKpY’KaroIlen Cpeibl, MPUBEACH TEXHUKO-IKOHOMUYECKUH pacyer.

B pesynbTaTe nuccnenoBanus ObU1 BEIOpaH HanboJee ONTUMATBHBIN CIIOCO0
BO3JICHCTBHS Ha MIAPOCTPYHHO-2KEKTOPHO OypoBoi cHapsn. B xonme paspaboTku
cxeM 3a00MHBIX IIapoyJIOBUTENEH, Oblia BbIsiBIeHA Oosee 3(pQexTuBHAsT MOJETb
NO3BOJIAIOIIAs PEHIUTh MpoOJeMy 3aTpaT BpPEMEHU Ha OIepalud IO 3aMeHe
M3HOIIEHHBIX IIAPOB HOBHIMHU.

OcHoBHBIE KOHCTPYKTHUBHBIE, TEXHOJIOTHYECKHE U TEXHHKO-
IKCIUTYaTallMOHHbIE XapaKTEPUCTHUKU: pacuyeT TEeOMETPUUYECKUX IapamMeTpoB
IapOCTPYHHOIO CHapsiaa, pa3padoTka KOHCTPYKIUMHU 3V, pacyeT TEXHOJIOTHIECKUX
napaMeTpoB MPYXKUHBI TOJKATENS, MpodUINpOBaHUE Kyjauka, TpodUINpoBaHUE
BHYTPEHHEW YaCTH KyJIauKa.

Crenenb BHEAPEHUS: HEOAHOKPATHO MPOBOAMINCH Pa3pabOTKU B KOHIIE

ACBAHOCTBIX TI'OA0B, KOTOPBIC TaK MW HC IIO3BOJMIIN PCIHIUTH HpO6J’ICMy



IKOHOMHUYECKOM 1enecoobpazHoct. lllupokoe mnpumenenne B OypeHUH HE
HOJIYYHIL.

OO0sacTh NPUMEHEHHUS: LIAPOCTPYHHOE OypeHre CKBaXXUH PUMEHUMO, KaK
B HE(TAHOM MPOMBIIIJIEHHOCTH ,TaK U B TPaXKIAHCKOM.

OKkoHOMHMYECKas A(PPEKTUBHOCTH/3HAUUMOCTh PA0OTHI: MOJAECpPHU3ALUSA
IapOCTPYHHO-3’KEKTOPHOrO0 OypOBOIO CHapsiia TO3BOJMJIA COKPaTUTh oOliee
BpeMs Oypenus. Kak cienctBue cokpaTwiiuch: (OHJ OIUIAThl TPYAA, PACXOJIbI
MaTepHUaJIoB, aMOPTU3ALMOHHBIE OTYHMCIICHHUS.

B OyaymeM miaHupyeTrcss peaju3alsi KOHILIENTa M IOBCEMECTHOE

PUMEHEHUE MIapOCTPYHHOTO OYpPEHUSI CKBXKHH.
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BBEJAEHUE

B mupoBoil mpakthke OypeHusi CKBa)XXMH HaOIIOfaeTcss TEHICHLMS K
YBEJIMYEHUIO 00beMa OypOBBIX CKBAKMH Pa3IMYHOTO HA3HAYEHUS B TBEPIBIX U
KpPENKUX Mopojax.

[IpuMeHeHne MEXaHMYEeCKOro crnocoda OypeHHs B KpPENKUX M TBEPABIX
TOPHBIX MOPOJAaX OKAa3aJoCh HEIOCTaTOYHO 3((HEKTUBHBIM, HECMOTPS Ha TO, YTO

IMOCTOAHHO COBCPIICHCTBYIOTCA OOJIOTA.

B nmaHHBIII MOMEHT M3BECTHO MHOXECTBO JPYTHMX CHOCOOOB pa3pylIeHUs
TOPHBIX TOPOJ TOMHMO KJACCUYECKOTO MEXAHMYECKOTO: T'HAPABINYECKUE,
TEPMHUUECKUE, B3PbIBOYAApPHBIEC, JJEKTPUUECKUE U KOMOMHHPOBAHHBIE CIIOCOOBI
pa3pywenus. Ha naHHOM 3Tare pa3BUTHSI TEXHUKH HE NPEICTABISAETCA BO3MOKHBIM
yBenuueHre H(P(EKTUBHOCTH pa3pylleHUs TOpHBIX IMOpPOJ Ha 3aboe mnpu
MEXaHUYECKOM cI11oco0e OypeHusi BBUY JOCTATOYHO HU3KON M3HOCOYCTONYMBOCTH
NOPOAOPA3PYIIAOIIET0 HWHCTPYMEHTa W OTHOCUTEJIBHO MaJlOil  MOIIHOCTH,
0JIBOAMMOM K 320010.

ITo pe3ynbTaTam uccienoBanus npodeccopa Cnubaka A.M. ko3pdumment
nepeavr MOIHOCTH Ha 3001 npu MexaHndueckoMm Oypenun coctasisieT oT 0,03 1o
0,2. AHanu3 aqbTepHATUBHBIX CIIOCOOOB OYpEHUs TOPHBIX MOPOJ MOKa3al, 4YTO B
OJv>Kalme roabl Bps JI OCYHUIECTBUMO IIMPOKOE MPUMEHEHHUE JIa3epa, MIa3Mbl,
AIIEKTPOHHOTO JIy4a, TEPMOCTPYH U B3pbIBa. TeM He MEeHee, MHOTHE UCCIIeA0BaTeNn
CUMTAIOT, YTO BO3MOXHO MPUMEHEHUE TUAPABINYECKUX U THUAPOMEXAHHUUYECKUX
crioco0O0B pa3pylIeHUsI TOPHBIX MOPO/I.

B Hacrosmit MOMEHT THAPABINYECKUN CITOCOO MPUMEHSIETCS B MSATKUX U
pBIXJIBIX Mopoaax. Mcnomp3oBanue 3TOro cmocoda sl pa3pylieHus TBEPAbIX U
CpellHEel KpEenmocTH TOPHBIX MOpOJa NOTpeOyeT 3HAYUTEIBHOTO YBEIMYECHHS
THJIPaBIMYECKON MOIIHOCTH Ha 3a0oe. bypeHue TBepIbIX M NPOUYHBIX MOPOJ
OCYUIIECTBIISIETCS THAPOMEXAHMUYECKUM CIOCOOOM, MpPU KOTOPOM pa3pyllIeHHE
nopoJ Ha 3a00€ MPOUCXOAUT 3a CUET PHEPTUH MOTOKA MPOMBIBOUHON KUIKOCTH C
collepkKaHreM a0pa3WBHBIX YAaCTHI[ JHOO IIApOB C BBHICOKONW KHHETHYECKOU

sHepruei. B mepBble MpeasiokmiIn crnoco0 mapocTpyHHOro OypeHusi aMepUKaHIIbI



@.I'" hhiiinm nu Ocken M.D., KOTOpbId oOKazajics HauOoJiee IMEPCHEKTHUBHBIM C
MPAKTUYECKOM TOUKH 3HAYUMOCTH.

Psan  HEKOTOpBIX  TEXHOJOTMYECKUX U TEXHUYECKUX  MpoOJieM,
BOZHHUKAIOIIMX IMPU pead3alui TUAPOAMHAMUYECKOTO Croco0a pa3pylieHUs
TOPHBIX MOPOJ, MOXKET OBITh pelleH 3a CYET MIAapOoCTPyHHOro crocoba OypeHus
CKBO)XHMH, KOTOPBIM 3aKJIIOYAeTCsl B pa3pylI€eHMH TOPHBIX MOPOJA yJdapamu
BBICOKOCKOPOCTHBIX IIAPOB, HEMPEPHIBHO LHUPKYJIUPYIOLNIMX B MPU3a00HHON 30HE
CKBaYKUHBI.

[apocTtpyitHelii ciocod Oypenus uccienoBann A.H. JlaBugenko, O.JI.
HepOeneBa, A.B. [yrapusipenos, T.H. 3yokoBa, A.A. Urnaros, B.I1. KopoTkos,
M.H. Hypneibaes, M.M. Maitnubaes, A.b. YBakoB , H.T. Tysk6ae, A.B.
Itpaccep, F.H. Deily, I.E. Eckel, A.B. Hildebrandt, L.W. Ledgerwood, A.W.
McCray, E.M. McNatt, J.E. Ortloff, G.H. Ramsey, M. Roth, P.S. Williams,
V. JlemxepByn u 1p. B xone uccnenoBanuii YBakoB A. b. 00Hapy»Kui1 BO3MOXKHOCTb
JOCTHKEHHSI BBICOKOM MEXaHW4YeCKOM ckopocTu Oypenus (10 20 m/yac B Kpenkux
TOpPHBIX TOpoJiax), a pabora kazaxckoro ydyeHoro C.A. 3aypOekoBa mnokasaia
IIPEBBIIEHNE MEXaHW4eCKOM ckopocth Ha 20% wm mpoxoaku Ha A0JsioTo Ha 43%
OTHOCHUTEJIFHO CEPUMHBIX JOJIOT MPHU OypEeHUU MOPOJ CPEIHEN TBEpAOCTH.

B HaumonanbHOM HCCIEeOOBATSIECKOM TOMCKOM MOJUTEXHUYECKOM
YHUBEpPCUTETE Ha Kadeape OypeHus pa3zpaboTaiu yCTAaHOBKY AJii aOpa3suBHOIO
OypeHHUs C MPUMEHEHUEM JI0JIOTAa THIPOMOHUTOPHO-2KEKIIMOHHOTO TUIIA, KOTOPYIO
B JJaJIbHEWIIEM TpeoOpa3oBajiv B YCTAHOBKY JAJIsl IapoCTpyiHOro Oypenus. B ee
OCHOBY JIET NPUHUUI pa3pyUIEHUsI TOPHON MOPOJbI MOCPEACTBOM HEMPEPHIBHOM
HUPKYJSUH TOPOAOPa3pyLIAOIINX YACTHI] Ha 3a00€, KOTOPBIN OCYIECTBISETCS 3a
CYET CTPYWHOTO ammnapara, NMPUBOJAUMOIO B JIEMCTBHUE IMOTOKOM MPOMBIBOYHOU
AKHUIKOCTH.

B xozxe maGopaTOpHBIX HCCIEIOBaHUM OBUIM BBISBICHBI CYIIECTBYIOIINE
npoOIeMbl IAPOCTPYHHOTO OypEeHUs U OIpEAesIeHbl OCHOBHBIE HANPABIICHUS WX
pemieHusi. B yactHOCTH, ObLIa MOCTABIIEHA 33/1a4a 10 3HAYUTEILHOMY COKPAILIEHUIO

BPCMCHM Ha CITYCKOIIOABEMHBIC OIICpAllU IIPU ITPOBECACHUHN TTOJICBBIX pa60T.



Pestomupysi, B 1aHHBIH MOMEHT HambOojee akTyalbHa pa3paboTKa HOBBIX
TEXHUYECKUX CPEJCTB U ONTUMAIbHBIX T'€OMETPUUYECKUX MapaMeTpoB OYpOBBIX
CHapsI/10B.

eab padoThl.

OcHOBHOI 1enbt0  pabOThl  ABJSIETCSl  MOBbIIEHUE 3(H(HEKTUBHOCTH
MapOCTPYHHOTO OypeHUss B TBEPABIX W KPENKHX TOPHBIX IMOPOJax 3a CUeT
MOJICpHU3AIMHN pa3paboTaHHOTO Ha Kadeape OypeHHs MapoCTPyWHOTO CHaps/a,
KOHCTPYKITUSI KOTOPOTO MO3BOJUT OCYIIECTBISATH MOJMUTKY U 3aMEHY U3HOIIEHHBIX
mrapoB 0e3 MoAbeMa HHCTPYMEHTa WM pa3pabOTKy HOBOTO YJIaBJIMBArOIIIE-
MOJNMUTHIBAIOIIETO YCTPOMCTBA.

IlpeaMerom  gaHHOro  McciaegoBaHusi  siBmsercs  dddexTuBHOE
YJIaBJIMBAIOLIE-TIOIUTHIBAIOIIEE YCTPOMCTBO, CIOCOOHOE CHHU3UTH 3aTpaThl
BPEMEHM Ha OINEpalyyd MO 3aMEHE HW3HOIICHHBIX IIAPOB HOBBIMM B IpOLECCE
IapOCTPYHHOTO OypEeHUsI CKBAKUH.

3agavu uccJieI0BaHUs.

HeobOxoaumbie 3a1auu U1t TOCTHXKSHHUS 11CITH:

® aHAJIU3 TEHACHIIMHU Pa3BUTHUS IIAPOCTPYHHOTO OYpEHUS CKBAXKHH C LETBIO
BBISIBJIEHUS MTEPCIEKTUBHOCTU JAHHOTO criocoba OypeHus;

e 0030p M aHalM3 HMMEIIIErocs 3ajesia Mo pa3padoTKe YIaBJIMBAIOIIE-
MOJIUTHIBAIOIIETO YCTPOUCTBA;

e AHaJIN3 CIIOCOOOB YMPAaBJICHUS dJIEMEHTaMU 3a00MHOTO0 000pyAOBaHUS U
MocJeAyoIIeH Kiaccu(puKaIuy JaHHBIX CIIOCO0O0B;

e Pa3paboTka cxeM 3a00NHBIX WIAPONUTATENE M IIAPOYJIOBUTENEH C
JaIbHENIIEH NX CUHXPOHU3AIUEH;

MeTtoauka uccjeaoBaHuid. MeToapl UCCIEN0BAHUSA, KOTOPBIE IMO3BOJISAT
PEIINTH MOCTABJICHHBIC 3a][a4H:

e AHaIN3 CYLIECTBYIOIINX VCCIIEI0BAHUN c IIOCIIEAYIOLIEN
cHuCTeMaTH3alluel;

® TBOPYECKOE  OCMBICIICHHE CYIIECTBYIOIIMX CXEM  yJIaBJIMBarOUIe-
MOJIMUTHIBAIOIIETO YCTPOUCTBA,

OcHOBHOE cojepskanue padoThl n3nokeno 8 MS Word.



B nanHoii paboTe nmpoun3seneH cOOP M AHAJIM3 JTUTEPATYPHBIX HCTOYHUKOB
0 TEMaTHKE IIAapOCTPYHHOro OypeHus, a Takxke pa3padoTaHa KiacCHUPUKALUSA
CI0c000B BO3AECHCTBUS Ha 3JEMEHTHI 3a00MHOr0 00OPYIOBAHUS U KOHCTPYKIIMMA

3a00MHBIX IApOYJIOBUTENEH.



1 JlurepatypHslii 0030p
1.1 TeneHUMH PA3BUTHUS IIAPOCTPYHHOI0 OypeHHsI CKBAKUH

B nacTosiee BpeMs B MUPOBOM MPaKTUKE OYpeHUsl CKBAXKUH HAOIIOAaeTCs
TEHJEHITMS K TIOBBIINICHUIO O0beMa OypeHHs B TBEPABIX TOPHBIX IOPOJAX,
XapaKTePU3YIOIIETOCss HU3KUMH 3HAUCHUSIMU MEXaHUYECKOM CKOPOCThIO OypeHUs U
MPOXOJKK Ha I0JIOTO. B CBSA3M ¢ 3TUM, aKTyalbHOCTh MPUOOpETAIOT pa3paboTKu
QIbTEPHATUBHBIX CIOCOOOB pa3pylIeHHs] TBEPIbIX TOPHBIX mHopoA. OIHUM U3
NEePCIEKTUBHBIX SIBIISIETCA IAPOCTPYiTHOE OypeHHe, CyTh KOTOPOTO 3aKJII0YAETCs B
pa3pylIeHUH NOPOJI yAapaMHu HENPEPHIBHO HUPKYJIUPYIOUIUX B MPU3a00HHON 30HE
CKBaXUHbBl METAINIMYECKUX IapoB. L{UpKyIsALMSA OCYIIECTBISETCS MPU MOMOUIU
mapocTpyiHo-»keKkTopHOTO OypoBoro cHapsiaa (LLIDBC). [ToTeHunanbHO, TaHHBINA
CIOCO0 MOXET JaTh 3HAYUTENbHBIA MPUPOCT CKOPOCTH OypeHUs B HMHTEpBAJIAX
TBEPJBIX TOPHBIX MOPOJ, CHU3UTH JCHEKHBIE 3aTpaThl 3a CYET COKpAIlCHUs
BPEMEHHU MPOBEICHUS CIIyCKO-TIOABEMHBIX oneparuii. Kpome Toro, mapocTpyiHbIN
CH0c00, JIETKO BIHCHIBASCh B CYIIECTBYIOUIYIO TEXHOJIOTHIO OYpPEHHs C BBIHOCOM
IUlaMa  TPOMBIBOYHOW  JKHJIKOCTbIO, HE  TOTpedyeT  3HAYUTEIHHOTO
nepeo0opyAoBaHus OypOBOW YCTaHOBKH.

Crioco6 paspyiieHusi TOPHBIX MOPOJI ylapaMu IIapoB ObLT MPEIJIOKEH B
1955 . rpynnoi yueHbIx amepukanckod HedTssHoM komnanuu «Kaprtep Oin K°».
Pe3ynbTaThl 3THX HCClIeoBaHUM OCBeIIeHBI B padotax 1.0, Dckens, @.I". J[iinu,
JLY. JlemxepBypna [1, 2]. HexoTtopsie maHHbIe TpuBOASTCS B paborax A.Y.
Makkpes u @.Y. Kone [3]. Llenpto ucciemoBanuii Obla pazpaboTka Ooliee
adexkTrBHOTO crocoba OypeHHs HEPTIHBIX CKBAXHH. YOEIMBIIUCH B
BO3MOYKHOCTH pa3pylICHUs] TOPHBIX MOPOJ yAapaMH ObICTPOABMKYLIUXCS IIAPOB,
UCCJIEIOBATENN PELIWIM NpoOJieMy CO3JaHUsl YCTPOMCTBA, MO3BOJISIIOLIETO
OCYILIECTBIISTh Pa3roH MAPOB U UX PELUPKYIIIUI0. Y CTPOHCTBOM, HaUOOJIEE MOJIHO
OTBEYAIOIIIUM ITUM TpeOOBaHUSIM, OKa3aJiCs CTPYHHBIN HACOC.

B pesymbrare mpoBeNEHHBIX JTAOOPATOPHBIX  HMCCIENOBAHUN  OBLIO
YCTaHOBJICHO, YTO HAMOOJIbIIIAsi MEXaHUYECKast CKOPOCTh MPOXOAKH HAOIII01aeTCs B

CIyda€ HCIIOJBb30BaHHWA 1IAPOB MAKCHUMAJIBbHO BO3MOXKHOIO JUHAaMETpa, HE



3aKJIMHUBAIOIIMXCS B KAMEpPE CMEUIEHUs! CTPYMHOro Hacoca. Takxke yCTaHOBJIEHO
YBEIMYECHHE MEXaHUYECKOW CKOpPOCTH OypeHHsl MpU MAKCUMaJIbHO BO3MOXKHOM
pacxojie, Ipy KOTOPOM HE MPOUCXOUT BBIHOC IIAPOB U3 CKBaXKUHBI. [Ipu Oypenuu
U3BECTHsKA ObLIA IOCTUTHYTA CKOPOCTH MPOX0IKK 6,8 M/4 (Tipu pacxoze 254 1/MuH,
nepenaje JaBieHUA B comuie cTpyiHoro Hacoca 4,4 MIla). Hcnons3oBanue
TJIMHACTOTO PAacTBOpa 00YCIOBUIIO MaJIeHue CKOpocTr OypeHus Ha 25%, a Bo3ayxa
- Ha 75 % 10 CpaBHEHUIO C UCTOJIb30BaHUEM BOJIbl. HE00X0IMMO OTMETHUTB, UTO IS
ONpENENICHUs] pacxoja MIAapOB M CKOPOCTHM HX ABWKEHHS B KaMepe CMEIICHUS
CTPYWHOTI'0 HACOCA UCITOIB30BAJICS CIIEIUAIBHBIN IAPUKOBBIA JIEKTPOMArHUTHBIN
JIETEKTOp, a MPOLECC 3aKJIMHUBAHUS IIAPOB B KaMEPE CMEIICHHS UCCIEI0BAJICA C
IIOMOILBIO BBICOKOCKOPOCTHON BHJIEOCHEMKH.

Ha ocHoBe pe3ynpTaroB  J1aDOpaTOPHBIX  HCCIEIOBAHMN  ObLIU
CKOHCTPYHMpOBaHbl [IBa IIAPUKOBBIX Oypa auamerpom 228,7 MM s OypeHus
ckBaxuH [1]. bypsl nmenu cmeHHbIe Kamepbl cMeneHus nuameTpom 89 u 102 mm u
Habop comen auameTpom oT 15,9 no 23,8 mMm. CrienyeT OTMETUTh, UTO ammaparhbl
OblTM M3roToBiIeHB K3 cTaau SAE4340 u 3akanensl g0 tBepaoctu 36-40 C mo
Poksemny. Comia M3roToBISsIM U3 BOJIb(PaAMO-KOOATBTOBOTO TBEPJOTO CILIABA.
[[Taps! TpOU3BOAUIUCH HA clieliMaibHOM npecce u3 ctanu SAES52100 u 3akansnuck
no tBepaoct 50-53 C mo PokBemty. McnbiTanus kanuOpOBOYHBIX Jlall MpU
BO3JIECTBUM Ha Oyp oceBOM Harpy3ku 12,2 Tc U KpyTAILIEro MOMEHTA, paBHOro 693
KI'CM, ITOKA3aJIi UX YJOBJIIETBOPUTEIBHYIO IPOYHOCTb.

B xo11e mpOMBINIIEHHBIX UCOBITAHUN ObLTO MTpoOypeHo 16,2 M B Mpamope,
U3BECTHAKE M PO30BOM KBApPLUTE C NPUMEHEHUEM B KadeCTBE IPOMBIBOYHOMN
XKUAKOCTU BOAbIL. B Tabun. 1 npeacraBineHs! ycaoBUs NPOBEACHUS UCTIBITAHUM.

[Ipu GypeHun OKJIaXOMCKOTO MpamMopa (Msrkasi mopoja) CpeIHui TuaMeTp
CKBa)XHUHBI paBHsUICS 270 MM, a CpefHsisi CKOPOCTh MPOXOKU cocTaBmia 2,29 m/4.
[To BUPIKMHCKOMY M3BECTHSKY (IOpoja cpeaHed KpemocTd) Oblia ModydyeHa
CpelHsAsl MeXaHW4ecKas CKOpocTh 1,22 M/4 mpu nuaMmerpe CKBaXKuHbI 251 mwm.
Cpennsisi MexaHnuecKasi CKOPOCTh OypeHHsI pO30BOTO KBapIuTa (TBepAas moposa)
coctaBuia 0,15 m/4, a auamerp ckBaxkuHbl - 246 mMm. IIpu sToM HaGmrOmANCA

WHTEHCUBHBIN M3HOC KaJTUOPOBOYHBIX Jiam Mpu OypeHuu kBapuwuta. [Ipu Oypenun



MpaMopa M M3BECTHSIKA CTaJbHbIC IIapbl MPAKTHUYECKW HE HW3HAUIUBAIUCH, MPU
OypeHuHM *e KBapuura 3a 3,5 yaca Bec nopiuu B 63,5 kr ymeHsiuics Ha 1,13 kr.
M3HOC MNOBEpXHOCTEM Kamepbl CMEIICHUS W JpYrux JeTalieid ammapara ObLl

HCCYIICCTBCHCH.

Tabmuua 1 — YciioBus poBeAeHUs TPOMBIIIJICHHBIX UCTIBITAHUHN MIAPUKOBOTO Oypa

Vsp,
Dex, M](p, Goc, ’ dc, dl(c, Per, Apc, Q, dm, Vi, VBrll, Vxnz, VBl‘I3, Qm, Vi,
IMapametp 06/ Ko Mu, KT
MM | KIC'M | KT'C MM | MM MIla | MIla |(n/mus | MM M/c | m/c | m/c | m/c |mr/c | m/c
MUH
5,05—| 3,9- 63,4—
3navenue | 228,6| 46,4 |736| 20 |22,1|89 (3,6 1970 | 31,8 241| 55 | 1,13| 0,95 140 (22,8
5,33 | 4,18 86,2
[Ipumeuanue

Dew — muamerp cHapsina, Myp — KpyTsiiuii MoMeHT, Goc — 0ceBasi Harpy3ka, Vep — CKOpOCTh BpatieHust, dc — quamerp cora, Oxc
— JIMaMeTp KaMepbl cMeteHus, Ky — KoaGUIMeHT 3keKuun, Per — aBlICHHE Ha CTOsIKE, Apc — TIepera]] AaBJICHHs B COILIE,
Q — pacxox Bopl, 0u — quaMeTp mwapos, M — Macca mapoB, Vi — CKOPOCTB KUIKOCTH Ha BBIXOJE M3 KaMepPhl CMEIICHHS,
Vant, VBI?, VBI® — cKOPOCTH BOCXOAAMIEH KHIKOCTH COOTBETCTBEHHO B 3a30pe MEK/y allapaToM M CKBaKHHOM, BO3JIE COIIa

U BO3Jie OYypMIBHBIX TPYO, Qu — pacxo miapoB B kKaMepe cMeIeHus, Vi — CKOPOCTh BBUIETA MIAPOB M3 KAMEPhI CMEIIICHUS

B pe3synbTare npoBeAEHHBIX TEOPETUUECKUX U 3KCIEPUMEHTAIBHBIX padoT
OBUIO CZEJIaHO 3aKIIOYEHHE O BO3MOXHOCTU «IPOU3BOAMTH pa3pyLIEHUE TOPHBIX
MOpPOJ, C 3AMETHOM CKOPOCTBIO, YTO MOKA3bIBAET PEAJTbHOCTh MPUHLHUIIOB OypeHUs
ynapamu mapoB. JlanpHeiliue paboThl MOTYT OBITh CHEJIaHbl JJIS TOJHOTO
ONPENIEIICHNS UX MEPCIIEKTUBHOCTH B YCIOBUSAX NPOU3BOACTBA» [1].

Onnako yxe B 1961 r. onuH u3 ywyactHukoB rpymnmnsl JI. Y. JlemxkepByn
orMeyas: «MMmynbcHOe IIapuKoBOe OypeHHE HE HMEET MPAKTUYECKOTro
npuMeHeHus. Ha TOCTUrHYTOM ypOBHE € €ro MOMOILbI0 MOKHO pa3pyliaTh HOPO/IBbI,
HO C DKOHOMHMYECKOW TOYKH 3PEHHS TOT MPOLECC 3HAUYUTEIBHO MEHEE BBITOJIEH,
yeM oOObIYHOE BpamiatesbHoe OypeHue» [1]. JlaHHbIE BBIBOJBI OOYCIIOBJICHBI
METOJAMYECKOW OIIMOKOW: NpH MPOBEACHUU HKCIEPUMEHTOB aMEPUKAHCKUE
yueHble, Jenas aKIEeHT Ha OlpeaeNieHue (PU3NYECKOW CYIIHOCTH padoTh
HIAPOCTPYMHBIX aNMapaToB, OYpUIIM pa3IMyHbIe MO0 KPEMOCTH TOPHbIE TOPOIbI TPH
OJIMHAKOBOW CKOPOCTH BBUIETA IIAPOB U3 ammapara, paBHoit 22,8 m/c. Kpome Toro,
OypoBOil CHapsl, KOTOPBIA Yy4EHbIE Ha3BaJd «TPABUTALIMOHHO -HHXEKTOPHBIM,
UMeJ psii HeocTaTkoB. CrieruanbHble Jamnbl 7 (puc. 1), KOHTaKTUPYIOIIHE ¢ 3a00eM
CKBXHMHBI JUISI TOJJEP)KAHHUS ONTHMAIBHOIO PACCTOSIHUS MEXAY JOJIOTOM H

3a00eM, TEepeKphIBaiM 4YacTh 3a00s, co3/aBasi HEOOXOJAMMOCTh BO BpallleHUU



CHapsga, W OTHOCHUTCIBHO 6BICTpO W3HAIIUBAINUCh. Taxxke MMpUXOoaANJIOCh
noaacpPKUBaThb ONTUMAIbHBIN pacxoa XKHUAKOCTH, T.K. IPU €ro yMCHBIICHHUU
«o0Jako PCE3CPBHBIX MIAPOB» PACIIOIAraJioCb HHIKC COILId, a IIPU YBCIIMYCHUU -
BbIIIC, YTO IPUBOJANIIO K CHHKCHHIO pacxoda mapoB B KaMCPC CMCUICHHA UM, KaK

CJIe/ICTBUE, K MaJeHUI0 Y(PPEeKTUBHOCTH OypeHUSI.

Pucynox 1. «['paBUTAIIMOHHO-UHKEKITHOHHBIN» OypoBOi cHapsiy [4]:
1 — xonoHHa OypUIIBbHBIX TPYO; 2 — como; 3 — kamepa cMelieHus; 4 — pedpa;
5 — MOpOAOpa3pyIIAOIIKE MAaPhl; 6 — MIJIaM BEIOYpEHHOMN MOpOobl; 7 — Janbl; 8§ — «00JIaKko
PE3EpPBHBIX IIAPOB

Bonpeku orpunatenpsHbIM BbIBOJAAM IIEPBOOTKPHIBATEICH IIAPOCTPYUHOTO
OypeHusi, IaHHBIH CHOCOO TIPOJOJKAT BBI3BIBATH HMHTEPEC Y HEKOTOPHIX
UCCIIEI0BATEIICH.

Hecmotpss Ha mnpuBeneHHele 3akirodeHuss, ¢ 1963 r. B HOxHo-
KazaxcTaHCKOM  T€O0JOTMYECKOM  YNpaBICHUM  HAyaluCh  JalibHEUIIUe
WCCJICIOBAHMS JTAHHOTO Crmocoba OypeHus, Ha3bIBa@MOI0 IMIAPOCTPYWHBIM (IIPU
sToM mnopoaopaspymatomuii uactpyment (IIPUM) HaspiBasics «mapocTpyHHbBIM
anmapatomy ). [Ipudem B cuity Toro, 94To 11 3G HEeKTUBHOMN pabOThI IMIAPOCTPYHHOTO
anmapara HET HEOOXOJUMOCTH B €ro BpaIlllEHWH, €ro MPUMEHSIU IS

HCKYCCTBCHHOT'O HNCKPUBJICHUA reoJIoropa3BCJ0uYHbIX CKBa>XHH. Nmu


http://vk.com/photo176723261_341872041

HCIIOJIBb30BAJIACh KOHCTPYKIUA 6ypOBOF O CHapsaaa ¢ MCXaHUYCCKHUM BOOPYKCHUCM
JJOITaCTHOI'O THUIIA [5] B oTianuue ot AMCPHUKAaHCKOTI'O BapruaHTa, KOHTAKT CHApsAAa C
3a00€M CKBaKHHBI OCYLICCTBJLAJICA 3a CUCT OIIOPHOI'O Oammaka 2, OJHAKO, ITPHU 3TOM

COXpaHsIach HEOOXOAMMOCTh BO BPAIlIEHUHU M OCEBOM HAarpy3Ke Ha J0JIOTO (puc. 2).
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Pucynok 2. [llapocTpyitHO-2KeKTOPHBINA OYPOBOH CHAPS] C MEXaHUYECKHM BOOPYKCHHUEM
JIOMACTHOTO THUMA:
1 — xopmyc; 2 — mopogopa3pyIIaroNuii OMOPHBIN OamMak; 3 — THe3710; 4 — CTPYMHBIN amnmapar; 5
— COIIO; 6 — KaMepa CMEIIEHUs C OKHAMM; 7 — IIapBbI

AHanu3upyss  pe3yiabTaTbl aMEPUKAHCKMX  YYEHBIX, PYKOBOAUTEIb
uccinenoBanuii A.b. YBakoB yka3bIiBall Ha UX HE COBCEM OOBEKTHUBHBIC BBIBOJIHI [6].
AMepUKaHIIbl TIPU MPOBEICHUHN SKCIIEPUMEHTOB Jeall aKIEeHT Ha OIpeJeecHue
(bU3NYECKOM CYIIHOCTH pabOThl IAPOCTPYHHBIX aIllmapaTtoB, B TOXE BpeMs
BOIIPOCaM pas3pylIeHUsI TOPHBIX MOPOJ YACIIIOCh HEONPaBAaHHO Majl0 BHUMAaHUSI.
B pesynbrare oHM COBEpUIMIIN SIBHYIO OLIMOKY, MBITAsACh OYpPUTh pa3IudHBIC I10
KPEMOCTH FOPHBIE TOPO/IbI ITPH OJMHAKOBOM CKOPOCTHU BBLIETA IIAPOB U3 amIapara,
paBHo# 22,8 m/c.

B pesynbprate mpoBeAEHHBIX WCCIIENOBAaHUN, TOAPOOHO OMHMCAHHBIX B
pabotax [6, 7], ObUIM BBISBICHBI OCHOBHBIC aHAJUTHYSCKHE 3aBHUCHMOCTH,
XapaKkTepU3ymolue TMPOIECC pa3pylIeHUsT TOPHBIX IOPOJA yAapamMu IapoB,

pa3zpaboTaHa METOJIMKA pacueTa MPOIECCOB MAPOCTPYUHOTO OypeHUsl, MPOBEICHBI



7a00paTOpHblE W TOJIEBBIE  MCHBITAHHS,  PACCUMTaHA  HKOHOMHYECKAs
3G (HEKTUBHOCTh JAHHOTO cHoco0a. DKCHEPUMEHTANIbHO YCTAaHOBJIEHO, YTO B
ONTUMAJILHOM pE&XHME padOThl IMAPOCTPYWHBIX anmaparoB MeXaHUYecKas
CKOPOCTh OypEeHHsI BO3pACTaeT C YBEIHMUEHHUEM KPETOCTH FOPHBIX MOPOJ M MOKET
ObITh paBHOM 20 M/4 B KpETIKMX M OYEHb KpenKux nopoaax. [Ipuyem 605b1110i H3HOC
CHapsiia MOKHO HCKIIIOUWTH 3a CYET CO3JaHUsl ONTUMAJIbHOM CKOPOCTH BbLIETA
IapoB, IPU KOTOPOW OTCYTCTBYIOT OTCKOKHM IIApOB OT 3a00s. YKa3bIBAIOTCS
CIeIyIOUMEe MPEUMYIEeCTBA IAPOCTPYHHOro OypeHusi: MpOoCTOTa YCTPOMCTBa
HIAPOCTPYWHOTO ammapara, BO3MOXKHOCTb YIMPOIIEHUS W oOJerdeHus: OypoBOTo
CTaHKa BCIEACTBUE OTCYTCTBUS HEOOXOJUMOCTH CO3JaHUS OOJBIIUX OCEBBIX
Harpy30K M BpallaloliuX MOMEHTOB, 3KOJoruueckas 0e3onacHocThb. Taxxke aBTOpbl
YKa3bIBaIOT Ha CIEIYIONINE HEIOCTATKY IAPOCTPYUHOTO OypeHUs: HEOOXOIUMOCTh
YCTaHOBKHM MOIIHOTO HAacoca M HEBO3MOXXHOCTh OTOOpa KepHa. B panbpHeliem
pa3paboTaHHbli  YBakoBbIM A.b. mapocTpyilHbli  CHapsa — MOABEprajics
HEOJHOKPATHBIM YCOBEPUIEHCTBOBAHUSAM.

B nmuccepranuu kazaxckoro ydenoro 3aypoexkoBa C.A. 1995 r. [8] Obun
ONpEJENEeHbl  PAllMOHAJIBHBIE  MapaMeTpbl  MPOIECCOB  pa3pylIeHUs  IpH
IApOCTPYHHOM OypeHHH, Ha OCHOBAHMHU 4Yero pa3zpaboTaHa HOBask KOHCTPYKIIUS
mapoctpyiHoro cHapsiaa HICM-216 ¢ commoM u KaMepoil CMEIIEHUsI KOJIbLEBOU
dopmbl (puc. 3). Ilepudepuiinas yacte 3a00s paspylmianach IMIAPOCTPYHHBIM
cnocoOoM, IeHTpalbHasi - BpallaTeJbHBIM IPU  TOMOIIM  OIMOPHI  C
TBEPAOCIUIaBHBIMUA 3yObsiMU. Takas KOHCTPYKIMS oOecrnieuMBasia MOJJEp:KaHUE
ONTUMAJIBHOTO PACCTOSIHHUSI MEXIy JI0JOTOM M 3a00eM B mporiecce OypeHws,
NO3BOJIAJIa CHSTh OTPAaHMYEHHUS HAa MAaKCUMaJbHBIM pPacxol MPOMBIBOYHON
KUJKOCTH, a TAK)KE HAMPABIIATH 1Iaphl BO BITyCKHbIE OKHA. K HegocTaTkam MOKHO
OBIJI0 OTHECTH HEOOXOAMMOCTD BO BPAIIICHUH CHAPSJIA U OCEBOM Harpy3Ke, ObICTPHIHA
U3HOC  ONOpBI,  CIOXXHOCTb  YOpPaBJICHHS  NpoLeccoM  OypeHus  Ipu

KOMOMHUPOBAHHOM pa3pyIIeHUH 320051.



w

w

Pucynox 3. [llapocTpyitHO-2KEKTOPHBINA OYpOBOI CHApsI/I ¢ COTUIOM U KaMepoi CMEIICHUS
KoJiplieBoit popmel (1o 3aypoexoBy C.A.):

1 — kanubparop; 2 — NepeBOAHUK; 3 — MPUCOCTUHUTENbHAS TOI0BKA; 4 — MOABOSIINE KUAKOCTh
KaHaJbl; 5 — KaMHOpyroIe-IIeHTpUpYIoUre pedpa; 6 — KOJIBIIEBOE COIIO; 7 — 3a/Iep’KUBAIOIIEe
yCTPOICTBO; 8 — omopa cHapsia; 9 — konblieBas kamepa cMmenieHus; 10 — Kopmyc cHapsa;

11 — TBepaocnnaBHbIe 3yObs; 12 — mapbl

[IpoMBbIlIUIEHHBIE HCHBITAHUS TOKAa3ajly IPEBBIIICHUE MEXaHU4YECKOU
ckopocTtu Ha 20% u mpoxoaku Ha A0J0TO Ha 43% MO CpaBHEHHIO C CEPUMHBIMHU
nonoramu. [8]. Ilpuuem OypeHue OCYHIECTBISUIOCHh POTOPHBIM CIOCOOOM B
untepasie 500-1100 M, mpeacraBieHHOM MNOpPOAAMHU CPEOHEH KPEMOCTH, MpHU
CIEYIOUMX MapaMeTpax pexxuma OypeHus: pacxon kujakoctu - 30 j/c, oceBas
Harpy3ka - 10 kH, gactora Bpamenus - 90 06/MuH, IIIOTHOCTh OYPOBOTO pacTBOpa
- 1060 xr/m3.

[Tonmy4yeHHble pe3yiabTaThl BbI3BAJIM aKTUBHBIA MHTEPEC MCCIEN0BATEICH U
MPOU3BOJICTBEHHUKOB. Pazpaborannbiii YBakoBeiM A.b. u Illtpaccepom B.B.
HIApOCTPYMHBIN CHapsAn At OypeHus CKBaXXUH [9] moaseprajica AalbHEHIIeMy
coBepuieHcTBoBanuto. Jlepoenes JI.C. u ap. pazpaboTanu cHapsa AJis 3PO3UOHHOTO
Oypenus [10], cHabkeHHOE CPEICTBOM JIJIsl OTIPEICTICHUSI PACCTOSIHUSI OT €T0 cpe3a
0 320051 CKBAXKMHBI, CBSI3aHHOE€ C MEXaHM3MOM TMojayu Hacaaku. A.B.
Jyrapublp€HOBBIM U Ap. 3asBJICHA KOHCTPYKIHUS IIapOCTpyiHOro cHapsiga [11], B
KOTOpPOM COIUIOBAas Hacajka M pa3rOHHAas KaMmepa COEAUHEHBbI IIapHUPHO-
MOBOPOTHO, YTO 00ECHIEYMBAET TPEOYEMbIN TUAMETP CKBAXKUHBI 110 BCEH ITyOUHE.

3y6koBa T.H. pa3zpaborana aBe KOHCTPYKITUU IIapoCcTpyiHOTO cHapsiaa [12, 13]. B



MIEPBOM HIDKHSSI BHYTPEHHSISI 4aCTh CHapsiia CHA0KeHa MarHUTaMU JIJIs YTy UIIeHUS
HUPKYJSILUA TOPOA0OPA3PYIIAIIMX IApOB, @ HAa PAa3sTOHHOW KaMepe HaXOIUTCs
OyHKep JJi1 TOYHOTO HAMpaBlieHUs IIapoB B €€ OkHa. OCOOEHHOCTHIO BTOPOTO
CHapsi/ia SIBJISIETCS TO, UTO CTPYMHBIN alapaT paciojoKeH SKCIEHTPUYHO B KOKYXe
M JKECTKO MpHUKperuieH mnoj yriaom 20-70° x 3ariaymike, CBSI3aHHOW C KOJIOHHOM
OypWJIBbHBIX TPYO C BO3MOYKHOCTBIO KPYrOBOIO MEpPEMEIIEHUS OTHOCHTEIBHO
BEPTUKAJILHOM OCH YCTPOMCTBA, UYTO OOECIEUMBAET PABHOMEPHOE pa3pylICHUE
3a00s1.

Kpome Toro, m3aBecTHbI KOHCTPYKIMHU MMIAPOCTPYHHOU OYpOBOM TOJIOBKU
[14], ruIpOMOHUTOPHO-3KEKTOPHBIX HACANOK Ha IIAPOLIECYHBIE J0JOTA U JI0JO0Ta
uctupatouiero tuna [15, 16], rugpomonuTopHoro Oypa 1jisi OypeHUs PBIXJIBIX
TOPHBIX MOPOJ NMPHU THIPO100bIYE [17], mapoCcTpyHHOTO CHapsiia ¢ HarpeBareneM
JUTst OypeHust B Mep3JIbIX TOPHBIX mopoaax [18].

B XXI Beke uHTepec CnenuanaucToB K MApOCTPYUHOMY OYPEHUIO 3aMETHO
cHuzwicsa. B nmyOnukyeMbIx paboTax yamle paccMaTpuBarOTCs MPOOJIEeMBI
KOHCTPYHUPOBAHUS MIPU UCCIIEIOBAHUN KOMOMHUPOBAHHBIX CIIOCOOOB pa3pyIICHUS
ropHeix mnopoj. Tak mapocTtpyilHoe OypeHHE 3auHTEpPECOBAIO YKPAUHCKHX
uccienosareneit [19-21], kotopsie pazpaboTanu THIPOJIUHAMUYECKHUN CHApAI, B
OCHOBE KOTOPOTO JIEKUT KOMOMHAIMs IIApOCTPYWHOrO U ApOOOBOro OypeHHs.
Opnako uH(pOpMaIMU O MPOBEACHUU AaTbHEHIINX HCCIEAOBaHUN B paboTax He
OBLJIO MPEACTABICHO.

AHanmu3 u 0000IIeHHEe Pe3yJIbTaTOB PadO0T, MOCBAIICHHBIX UCCIIEIOBAHUIO
[IAPOCTPYWHOTO OypeHus, MO3BOJIAET MPUHTH K BBIBOJY, UYTO OHO SIBJISIETCS
JIOBOJIHO  TIEPCTIIEKTUBHBIM, OJIHAKO TpeOyeT TMpOBENEHUS JalbHEHIIHNX
TEOPETUUYECKUX U HKCIIEPUMEHTAJIBHBIX HUCCIEOBAHUM, a TAKKE KOHCTPYKTOPCKHUX
popabOTOK, YTO MOXKET MO3BOJUTH BHINTH HA MPUMEHEHUE B MPAKTHUKE OYPOBBIX
pabor.

C 2012 r. uccrnemoBaHusi JTaHHOTO CIocoOa MPOBOAATCS Ha Kadeape
OypeHus CKBaXMH TOMCKOT0 MOJIUTEXHUYECKOro yHUBepcuTeTa. B xo1e Hux Obu1o
JI0OKA3aHO, YTO ONTUMAalbHOM sABiseTca KoHCcTpykuus LIIDBC ¢ comnom, kamepon

CMENICHUS IMWIMHApUYeCKor (opMbl u KoHWueckuMm guddy3opom ¢ ux



MOCJIEA0BaTEIbHBIM OCEBBIM pacroyiokenreM (puc. 4). IlpunHuun aencTBus
CHapsiia CJIeIyIOIINii: paboyas )KUJIKOCTb, MOJABOANMAS K anmnapary, yCKOpsieTcs B
coruie 1 1 Ha BBIXOJIE U3 HETO UCTEKAET C OOJIBIION CKOPOCTHIO B KAMEPY CMEIICHHUS
2. IIpu 3TOM B IPOCTPAHCTBE, OKPYIKAIOIIEM BBIXOJI comuia | ¢ BHEIIHENW CTOPOHBI,
oOpa3zyeTcst 30Ha paspsbkeHus. B kopiryce cHapsiia BBIIIOJHEHbBI TEXHOJIOTHYECKHE
OKHa 3, yepe3 KOTophle Oaarofaps pa3psuKeHHUIO IPOUMCXOIUT BCachblBaHUE padboyeit
KUIKOCTH CO B3BEHICHHBIMH IIApaMU 5 W YacTUIlaMU mriamMa 6 u3 3aTpyOHOTO
npoctpaHcTBa. Jlanee nByxdas3Hasi cMech MPOXOJIUT Yepe3 KaMmepy CMEIICHHsS 2,
noctymnaetr B Auddy3op 4 u yaapsercs 0 mopoay 7, OCYIIECTBIISAS pa3pyllcHUE.
Janee mapbl 5 MNOJHMMAIOTCS B 3aTPyOHOM MIPOCTPAHCTBE, OTPAXKAIOTCS OT
3aIEPKUBAIOIIETO YCTPOMCTBA 8 U Uepe3 TEXHOJOTHUECKUE OKHA 3 HAIpPaBIISIIOTCS

B KaMepy CMeleHns 2. 3aTEM LUKJI IOBTOPSETCS.
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Pucynoxk 4. IllapocTpyitHOKEeKTOpHBINA OYpOBOI CHAPsA U MPUHIIMIT €r0 padoThI:
1 - comto; 2 - kamepa cMenIeHust;3 - TEXHOJIOrn4eckue okHa; 4 - muddysop;S - mapsi; 6 -
YacTULBI IJ1aMa; 7 - pa3pyliaemasi IopoJa;8 - 3aJepKUBAIOLIEE YCTPOICTBO.
Ha ocHoBe TeopeTHYeCKHX M SKCIEPUMEHTAIBHBIX HCCJIEAOBaHUN OBLIN
IMOJYYCHBI CICAYIOMNUE PE3YIIbTAThI:
—  BBIABJICHBI 3aBUCHUMOCTH BJIHMSHUSA TEXHOJIOTUYECCKUX IapaMETPOB

pexuMa U reoOMETPUUYECKUX MapaMeTpoB OypoBOro cHapsaa Ha 3(PQPEeKTUBHOCTD

IapOCTPYHHOTO OypeHUs;



—  BIIEpBbIE BBINOJHEHA BBICOKOCKOpOCcTHasA (3600 xagpoB B CEKyH.Y)
CbeMKa JJisi MCCIIeOBaHUsl OBICTPOMPOTEKAIOUIUX MPOLIECCOB IIAPOCTPYHHOTO
OypeHusi, TO3BOJIMBIIIAS pa3padoTaTh GU3NUECKYIO MOJIEIb;

- pa3paboTaHa METOJMKAa pacyeTa TEXHOJOTHYECKHX IMPOLECCOB
HIApPOCTPYHHOTO OypeHUs B PA3IMYHBIX T€0JIOTOTEXHUUECKUX YCIOBUSIX.

B mensx mampHelimero moBbimieHUsS 3(PQGEKTUBHOCTH MIAPOCTPYHHOTO
OypeHUs U BHEJIPEHHSI €ro B MPAKTUKY OypOBBIX pabOT HEOOXOIUMO MPOIOIIKHUTh
UCCJIEIOBATENIbCKME U ONBITHO-KOHCTPYKTOPCKHE pabOThl B CIETYIOIIMX
HanpaBlieHUsX [22]:

-  JIETAJIBHOE M3YYEHUE DHEPreTUYECKOro BOMpOca C  LEJbIO
ycranosienus KI1/] mapoctpyitHoro OypeHus;

- HCCJEIOBAHME BIMSHUS PA3IUYHBIX TUIIOB MTPOMBIBOYHBIX KUIKOCTEH
Ha 3G (HEKTUBHOCTH OypeHMUS;

- pa3paboTKa MaTeMaTH4YeCKOW MOJENHM MPOLECCOB HIAPOCTPYHHOTO
OypeHusl CKBa)KHH, MO3BOJISIIOLIYI0 PAacCUUTHIBATh OKUIAEMYI0 MEXAHHUYECKYIO
CKOPOCTb OypeHUs B Pa3JIMYHBIX I€0JIOTO-TEXHUUYECKUX YCIOBUSIX;

- pa3paboTKa MEpONPHUATHS IO MOBBIIICHUIO U3HOCOCTOMKOCTH CHapsa;

- pa3paboTka ¥ WCHOBITAHUE CIIOCOOOB  KOHTPOJSL  MPOIECCOB
IapOCTPYHHOTO OypEeHUsl CKBAXKUH;

- pa3paboTka KOHCTPYKIIUU YJIaBJIMBAIOLIE-TIOAMUTHIBAIOIIETO
YCTPOMCTBA, MO3BOJISIFOLIETO 3aMEHATHh M3HOILIEHHBIE IIAapbl HOBBIMH, JOCTABISATH
niapbl Ha 32001 ¥ IOJIHUMATh UX U3 CKBAXXUHBI BMECTE C OYypOBBIM CHApSIOM, IS
CHW)KEHMS 3aTpaT BPEMEHU Ha CIIyCKO-TIOAbEMHBIE ONIEPALINH;

—  BBINOJIHEHHUE HCCJIEIOBAHUN U OMBITHO'-KOHCTPYKTOPCKUX paboT Mo
peuieHnio mpoOIeMbl HAKIOHHOHAIPABICHHOTO OypeHHsI CKBAaXXUH C MOMOUIBIO

IapOCTPYHHO-IKEKTOPHOTO OYPOBOTO CHAPSIA.

1.2 Hmewmmiicas 3ajeJ nmo  pa3padorke  yJaBJUBaKOIle-
NOANMTHIBAKIIEI0 YCTPOHCTBA

B Hactosimee Bpemss Ha Kadeape OypeHuss CKBaxkuH ToMcCKoOro

IMOJIUTCXHUYICCKOT'O YHUBCPCHUTCTA IIPOBOJATCA TCOPCTUICCKUC u



HKCIIEPUMEHTAIbHBIC UCCIEIOBAHUS MIAPOCTPYHHOTO criocoba OypeHus, KOTOPbIit
MOJKET JaTh 3HAUYUTEIbHBIM MPHUPOCT CKOPOCTU OYpEHHsS] B TBEPIBIX U KPENKHUX
TOPHBIX NOPOJax, YBEIUYUTh MIPOXOJAKY Ha 10J10TO. KpoMe Toro, mapocTpyiHbIil
cioco® OypeHHs JIETKO BIHCHIBACTCS B CYIIECTBYIOIIYIO TEXHOJIOTUIO OYypeHHs
MEXaHUYECKUMHU CHOCcO0aMU C TPOMBIBKOW M HE MOTpeOyeT 3HAYUTEIIBHOTO
nepeobopyaoBaHus OypOBOW yCTaHOBKH.

lapocTpyiiHselii cioco® OypeHusi OCHOBaH Ha pa3pyILIeHUH TOPHBIX MOPO/T
HOCPEACTBOM BO3JECHUCTBUS METAJUIMYECKUX UIapOB, O0O0JaJaoImuX OOJbIION
KMHETUYECKOW DJHEPrUEeN HEMOCPEACTBEHHO IIEpe] KOHTAKTOM C IIOPOJOM U
MHOTOKPAaTHO HUPKYJIUPYIOLUIUX B IPU3a00HHOM 30HE CKBaYKUHBI 3@ CUET CTPYHHOTO
anmapara, IOJIOKEHHOTO B OCHOBY KOHCTPYKLMH IIAPOCTPYHHO-KEKTOPHOTO
J10JIOTA.

['pynnoit yuenbix u3 TOMCKOrO MOJMTEXHUUYECKOTO YHHMBEpPCUTETa ObLIO
nokazaHo [1], uro Hambonee 3(p(HEeKTUBHOMN AJi pa3pylICHUs TBEPIbIX U KPEMKHX
TOPHBIX TOPOJA SBJIAETCS KOHCTPYKIUS IIAPOCTPYHHO-33KEKTOPHOTO OypOBOIO
CHapsga C COIUIOM M KaMepol CMELIEHUS UMWIMHIPUYECKOH (OpMBI € HUX
NOCJIEIOBAaTEIbHBIM OCEBBIM pacrnosiokeHuem. Ilpu 3ToM Kamepa cmenieHus
JOJDKHA 3aKaHYMBaThbesa nuddy3opoM, a Juisi HApaBJICHHs MIApOB U3 3aTPyOHOTO
IIPOCTPAHCTBA HEMOCPEACTBEHHO B KaMepy CMEILIEHHS B KOHCTPYKIMIO CHapsa
JOJKHO BKJTFOUATHCA 3a/I€PKUBAIOIIEE YCTPONUCTBO.

1.2.1. Pa3paboTka ynaBiuBaromie-no/ MU THIBAIOIIETO YCTPOUCTBA

B npouecce mapocTpyiiHOro OypeHHMs HEU30€XEeH HW3HOC IIapoB.
Pe3ynbrartel aMepUKaHCKUX HCCIEAOBaTele CBUAECTEIBCTBYIOT O TOM, YTO INpHU
OypeHum KBapIiuTa 3a 3,5 yaca Bec nmopuus B 63,5 kr ymenbmuics Ha 1,13 xr [2].
[1o pe3ynpTaram NpOMBIIIIECHHBIX UcnibITaHU YBakoBa A.b. [3] B cpegnem 3a 100
4 OypeHus HIapbl U3HALIMBAIOTCA [0 TUAMETPy Ha 4—5 MM.

[Ipotecc  OypeHHMsT IIAPOCTPYHHBIM  CIIOCOOOM  CKJIQJbIBACTCS M3
OTPEJIEICHHBIX MOCJEI0BATENbHBIX TANOB: 1) CIyCK MIapoB HA 32001 CKBaKUHBI,
2) CIIyCK MIapOCTPYHHO-HKEKTOPHOTO OYpOBOTO CHapsiaa; 3) mpoiiecc OypeHus;

4) mombeM cHapsiia M3 CKBAXKHUHBI; 5) ylaBiIMBaHUE IIAPOB C 32004

CKBa’>XUHBI.



ITo MmeTonMKaM pacyera IapOCTPYUHBIX CHAPSAOB PA3IMYHBIX ABTOPOB [2—
5] nmameTp HMCHOJB3YEMBIX IIAPOB OOJbIlE JUaMeTpa MEPBUYHOIO COIUIa, T.C.
UCKJIIOYAETCd BO3MOXKHOCTH CITyCKa IIApOB 4Yepe3 KOJOHHY OypUIIbHBIX TpYO.
Cryck mapoB uepes3 3a30p MEXAy OypUIIbHBIMU TpyOaMu U CTEHKaMH CKBaYKUHBI
ABJISIETCS HEPALMOHAJIIBHBIM BCJEIACTBUE BBICOKON BEPOSTHOCTH 3aKJIWHHUBAHUS
IApOB W WX HEAOCHycKa A0 3a00s CKBaXWHBI. B Xole MpOW3BOJCTBEHHBIX
UCIIBITAaHUM crioco0a ObLI0 onmpoOOBaHO ABa croco0a TOCTaBKH MIAPOB Ha 3a00M.
[lepBbIii cmoco® 3akiroyasncss B JOCTaBKE IIapoB B OyMaKHBIX TMaKeTax,
cOpachlBaeMbIX B CKB@)KHHY, KOTOpBIE IIOCJIE€ Hayala MHUPKYJIAIUA OypOBOTO
pacTBopa pa3MsArdaivch U BHIHOCWIMCHh Ha YCThe. BTOpPOIl BapuaHT NOCTaBKU — C
NOMOIIbIO KOHTEIHEPa, MPEICTaBISAIOUIET0 U3 ce0s1 KOJIOHKOBYIO TPYOy, CYy>KEHHYIO
B HIDKHEH 4acTu 1 3a0uTyro minHoM. KoHTeliHep ciyckaiu Ha OypUIIbHBIX TpyOax,
BKJIIOYEHHEM Hacoca IMOJ JaBJICHHUEM NPOMBIBOYHOW JKHUJKOCTH  IIapbl
BBIJIABJIMBAINCH U3 KOHTEHHEPA, ITOCJE YEr0 OH NOTHUMAJICS.

Jist u3BNIE€YEHMS IIAPOB C 320051 CKBAKMHBI UCIIOJIb30BAJIA IAPOYJIOBUTETN
Pa3IMYHBIX KOHCTPYKIUH, CITyCKaeMble Ha 32001 CKBa)KUHBI TIOCIIE MTOAbEMa J10J10Ta
U3 CKBOKUHBI.

Bricokasi TpyqoeMKOCTb, HU3Kasl HAJIEKHOCTb U 3HAYUTEIbHBIE MOTEpPU
BPEMEHHU Ha CITyCKO-NObEMHBIE OIEpaI[UU IIPH BBIOJIHEHUH OIlepanuil o 3aMeHe
W3HOUIEHHBIX IIApOB HOBBIMHU TpeOYIOT pa3padOTKU TEXHUYECKUX CPEACTB,
o0ecIeuynBaroIIMNX MOBBIIIEHUE PEHCOBOM ckopocTH Oypenus. Tak, npeacTaBiseTcs
BO3MOXXHOM pa3zpaboTka yCTPOMCTBA, CIIOCOOHOTO HAPSY C 3aMEHON M3HOIICHHBIX
[IapOB HOBBIMU CITyCKaTh IIaphl Ha 3a00W W MOJHUMATh MX C 320051 CKBa>KUHBI
BMecTe ¢ OypoBBIM CHapsfoM. Mcxos U3 LeNeBOro Ha3Hau€HUs MpeasiaraeMoro
YCTPOMCTBA, HA30BEM €r0 YJIaBINBAOIIE-TIOATUTHIBAIOIIIM.

Pa3paboranHass cxema KOMIIOHOBKM HH3a OypWUIBHOW KOJOHHBI C
yJIaBJIMBaIOLIe-TIOANUThIBaOMUM ycTpoiicTBoM (YIIY) npencraBieHa Ha pUCyHKe
1. ITpu sToM YIIY cocToUT U3 CKIAIBIBAIOIIETOCA 3a/IEPKUBAIOIIETO YCTPOMCTBA 2

JIEIECTKOBOTO THUTIA, 3200MHBIX MIAPOMUTATEINS 3 U MIAPOYIOBUTEIS 4.



[Mpunmun pabGoter VYIIY 3akmiouaeTcss B BBINOJIHEHUU —CIEIYIOIIEH
MOCJIEA0BATEIBHOCTH TEXHOJIOTMYECKUX OINEPALINNA:

1. cmyck npeAcTaBiIeHHOM KOMITIOHOBKY HU3a OYpHIIBHON KOJIOHHBI J0 320051
CKBa)XHMHBI (IIPY 3TOM 33JEP’KUBAIOLIEE YCTPOWCTBO HAXOAUTCS B TPAHCIOPTHOM
MIOJIOYKCHHH ),

2. BO3/CHCTBUE Ha 3a00WHBIN IIAPOTHUTATENb C IEbI0 MOJaun Ha 3a00i
IIEPBOM MMOPLMH IAPOB;

3. BO3JeHCTBUE Ha 3aJepkuBaroiiee ycrpoiictBo (3Y), mepeBoa ero B
pabouee MoJI0KEHUE;

4. mporuiecc OypeHus 10 MOSBJICHUS TPU3HAKOB YPE3MEPHOTO N3HOCA IIAPOB;

5. Bo3zelicTBue Ha 3V, MepeBO/] €ro B TPAHCIIOPTHOE MOJIOKEHUE (TIPU 3TOM
aenectkd 3Y NepeKpbIBAIOT TEXHOJIOTMYECKHUE OKHA OYpOBOr0 CHaps/1a);

6. BKIOYeHHE OypoBOro Hacoca, MOABEM MIApOB J0 3a00MHOrO
IapOYJIOBUTENS, UX yJIaBIUBaHUE;

7. BO3EWCTBHE HA 3a00MHBIN IIAPONUTATENb, IPUBOASAIICE K BBICHIITIAHUIO
BTOPOM MOPIIMHU IIAPOB HA 3a00M;

8. BozjeiicTBue Ha 3Y, mepeBo/ ero B paboyee MOJI0KEHNUE,

9. BKIIIOUECHHE HACOCa, BO3OOHOBJICHHE MpoIecca OypeHusI.
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Pucynox 5. Cxema KOMITIOHOBKH HH3a OYPHIIHHOM KOJIOHHBI C YJIaBIMBAOIIE-TTOAMTUTHIBAIOIITUM
YCTPONCTBOM:
1 — OypoBoii cHapsi; 2 — 3a/Iep KUBAKOIee YCTPOHCTBO; 3 — 3a00MHBIN IIApOTTUTATENb;
4 — 3a00iHBIH M1apOYTOBUTEND



1.2.2. PazpaGoTka 3a00iiHOT0 IIAPONMUTATES

Ha nepBoM 3Tane KOHCTPYKTOPCKHUX pabOT HAMH pa3paboTaH 3a00NHBIN
niaponuTaTens [6], mpeACcTaBICHHbBINA Ha PUCYHKE 2.

3a00MHBIN IapoNUTaTeNh COCTOUT U3 KOopiyca 1, COeTMHEHHOTO B BEpXHEH
4acTH C KOJOHHOW OypWiIbHBIX TPYyO 2 W B HHKHEM YacTH C LIAPOCTPYHHBIM
anmapatoM 3, W T[OABWKHOIO »3JeMEHTa 4, uMewmero cemio S5 s
repMETU3UPOBAHHON TMOCAJIKU 3amopHoro kmanaHa 6. B kopmyce | wumeercs
LICHTPAJIbHBIM /7 W NEepenyCcKHoW KaHan 8. Mexay koprnycom | M IOABUKHBIM
AJIEMEHTOM 4 pacrionaraercs npykuHa 9 ¥ oTcek s pazMenienus mapos 10.

[IpuHuun paboThl IIaponuTaTeNs 3akioudaercs B ciaeayromeM. [lepen
CIIlyCKOM IIApONMTATENsl B CKBAaXUHY B OTCEK [UIsl pa3MElleHHs [mapoB 12
3achlnaroTcs mapel. B mporecce OypeHus depes LEeHTpalbHbIN KaHall 7 Kopiyca
poKaunBaroT OypoBoi pacTBop. [logBUXKHBIN AeMeHT 4 yepKUBaeTcs B KpaiiHEM
BEPXHEM IMOJIOKEHUH MPYKUHON 9. Jlns ocyliecTBieHUsl MOANMUTKHU IIapoB 0e3
OCTAaHOBKHM LHPKYJISLUMU OypOBOrO pPAacTBOpa C YCThSl CKBaXWHBI B KOJOHHY
OypuIbHBIX TPYO 2 cOpachIBatOT 3aNOPHBIN KjlanaH 6, KOTOPBIM caauTcs B CEIJI0 5
Y MIepEeKPbIBAET LIEHTPAJIbHBIN KaHai 7. 3a cYeT pocTa JaBjieHHus OypoBOro pacTBopa
Ha celyIo 5 mpyxuHa 9 OyAeT CKUMAThCS U MOABWKHBINA 3JIEMEHT 4 MepeMecTUTCS
B KpailHee HUXKHEE IIOJOKEHUE, OTKpPBIB IEpemycKHON KaHai 8. braromaps
BO3/ICICTBUIO CHJI TpPaBUTAllMM M JaBJeHHUs] OypOBOro pacTBOpa, MOABOJUMOIO
yepes NePenyCKHOM KaHal 8, maphl BBICHIIAIOTCS U3 OTCEKA 15 MX pazMenieHus 10
B 3aTpyOHOe mpocTpaHcTBO. [locie BbIChIMaHMWs IIAPOB OCTAHABIMBAETCS
HUPKYJISIUS OYpOBOTO PacTBOpa, MPU ATOM MOJIBUKHBIN 371€MEHT 4 BO3BpaIacTCs
B HCXOJIHOE TOJIO’KEeHKE. 3alIOPHBIN KiIamnaH 6 N3BJIEKAETCs U3 KOJIOHHBI OYPHIIbHBIX
Tpy0 2 Tpu TOMOUIM OBEpIIOTa, CIyCKaeMOro Ha TajeBoM KaHate. Jlaree

BKJIIOUaeTcst OypoBOi Hacoc, mpoliecc OypeHust BO30OHOBIISIETCSI.
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Pucynoxk 6. 3a00iiHbII mIaponuTaTess:
1 — kopmyc; 2 — konoHHa OypuibHbIX TpYyO; 3 — [LIDBC; 4 — moaBMXHBIH 21IeMeHT; 5 — ceano; 6
3aMOpHBIN Ki1amnaH; 7 — HeHTPaJbHBINA KaHall; 8 — MepenyCcKHOM KaHa,
9 — mpyxwuHa; 10 — oTcek A7 pa3MeleHus apoB

OT0 CymIecTByIOMUE pa3paboTKy MPUHIIUITHATEHON CXEMBbI yIaBIMBAIOIIIE-
HOJIMUTHIBAIOIIETO YCTPONCTBA, CHOCOOHOTO OCYIIECTBIISATH HapsiAy C 3aMEHOM
M3HOUIEHHBIX IIApOB HOBBIMM CIYCK IIApOB Ha 3a00il M uX moabeM c 3a0o0s
CKBXUHBI BMECT€ C OYpOBBIM CHapsoM. Taxke NpemiokeHa KOHCTPYKIIHS
3a00MHOr0 IaponuTaTesis, MO3BOJSIOLUIET0 BHICHINIATH OAHY IMOPLHIO IIAPOB Ha
3200 CKBa)KUHBI.

K uncny nanpHEHIIMX KOHCTPYKTOPCKUX PabOT CIENyeT OTHECTH:

* pa3paboTka yCTpoWCTBa M croco0a MPHUBEACHUSA 3aJEP>KUBAIOIIETO
YCTPOMCTBA B pabouee U TPAHCIIOPTHOE MOJI0KEHHUE;

* pa3paboTKa KOHCTPYKIIMKA 3a00WHBIX IIaponuTaTeaei, 00eceunBaronmx
MOPIIMOHHYIO TI0/Iavy IIapOB HA 320011 CKBAKHUHBI;

* co3ianne d(PPEeKTUBHBIX KOHCTPYKLNNA 3a00MHBIX IApOYJIOBUTEIIEH;

* IOWCK aJIbTEPHATUBHBIX CIIOCOOOB BO3/ICUCTBUS Ha 3JIeMeHTHI YIIY



1.3 Anagu3 Ccnoco00B ynpaBjieHHSI JJIeMeHTaMHu 3a00iHOro
o0opya0oBaHuS.

B ocHOBy paccmoTpenus u mocieayoomiei kiaccudukanuu ObUIo B3STO
clenayomee O00OpyNOBaHUE : CKBAKWHHBIC DPACIIUPUTENH, MaKephl , SKOPH
,JIOJJBECKH XBOCTOBUKOB.

1.3.1 CkBaskMHHbIE PacCIIMPUTETH

Pa3znBwxHBIE pacuMpuTenM JOEIATCS MO XapakTepy MNPUBEIACHUSA U3
TPaHCIOPTHOTO B palouyee IMOJIOKEHUE Ha MEXaHUYECKHE, THUAPABIMYECKHE U
WHEPLUHUOHHBIE.

[Ipn momomy naBiieHMS, KOTOPOE PAa3BUBACTCS B HATHETATEIBLHOU Maru-
CTpajJH Hacoca M KOpIyCce MHCTPYMEHTAa IPU MPOMBIBKE , IPUBOAATCS B pabouee
ITOJIO’KEHHE THIPABINYECKUE PA3IBUKHBIE PACILIUPUTEIH.

Ilocne HpPOMBIBKM  IOCPEACTBOM  BO3BPAaTHOIO  YCWIHA  IPY)KHUH
3aKpBIBAIOTCS ITOPOIOPA3PYyILIAIOIIAE OPTaHbl.

3a cyeT HEHTPOOEKHBIX CHJI, KOTOPBIE IEUCTBYIOT Ha MOPOA0PA3PYLIAIOLINE
Oprasbl IIPpY BPALCHWU MUHCTPYMEHTA, NHEPLUMOHHBIE Pa3/IBUKHBIE PACLUMPUTEIN
npuBoAsTCs B pabouee mnonoxkeHue. llon npaBineHnem coOCTBEHHOro  Beca
3aKPBIBAIOTCS JIOMACTH.

Hepa3asrkHble paclIMpUTENN IOAPA3IACIAIOTCA HA DKCLEHTPUKOBBIC,
TUIPOMOHUTOPHBIE M KOMOMHUPOBAHHBIE MO XapakTepy NpHUBEACHHUS B pabouee
MOJIOKEHUE M BO3ACHCTBUS HA pa3pylIaeMblil 3a001.

OKCUEHTPHUKOBBIE PACUIMPUTENIM HMEIT HKCLIEHTPUYHYIO Maccy,KoTopas
CMEIIEHHA OTHOCUTENBHO OCU CKBakMHBI. KoJIoHHA TpyO C paciivpuTenem 3a cuer
JEHCTBUS LEHTPOOEKHBIX CHJI OIMUCHIBAET NMPELECCHOHHOE JIBMKEHHE B CTBOJIE.
ITocie yero 3aKkperuIeHHbIN Ha KOPITyce MOPOAOpa3pyLIAIONIUN OpraH yBEINYUBAET
JMaMeTp CKBAXKMHBI 3a CUET pa3pyLIeHUs ee OOKOBON MOBEPXHOCTH.

OCHOBOI THIPOMOHUTOPHBIX PACIIUPUTENCH SIBISECTCS BO3JIEUCTBUE CTPYH,
MCTEKAIOIIEN U3 HACAIOK, Ha TIOPOJY , 3aJIETAIOIYI0 B UHTEPBAJIE TPOLYKTUBHOIO

macta. [locne cmycka B 3aJJaHHBIA MHTEpBal U CO3[IaHUSI PACUETHOTO Iepernajia



JABJICHUSI HA HACAJKaX THAPOMOHHUTOPHBIC PACIIUPUTEIN MPUBOASTCS B padouee
COCTOSIHUE.

HepaznBuxHble pacmipuTend KOMOMHUPOBAHHOTO JEHCTBUS COUYETAIOT U
MEXaHMYECKOE C THUAPOJMHAMUYECKUM BO3JCHCTBUEM pazpyiieHueM 3ados. s
npuBeAeHUsT Heooxoaumo obecrieunTh L{MpKymsius mpoOMBIBOYHOM KUIKOCTH B
CKBOKHMHE W BpAIECHUE KOJOHHBI OYPUIBHBIX TPYO MPUBOAST KOMOMHUPOBAHHBIN
pacmmpuTens B pabodee MmooKeHHUE.

CKBa)XMHHBIE  pAaCIIUPUTENM  MOTYT, KaK  HUMETh  BBIJBUXKHBIC
MOpPOI0opa3pylIatolie OpraHbl ,TAK U HE UMETh JIJIs CO3/1aHUsl KABEPH B MHTEPBAJIC
MPOIYKTUBHOrO Iacta. Pa3Mep pas3aBIKHBIX pacUIMpUTENed pas3ivyaeTcs B
3aBUCUMOCTH OT TOJIOKEHUsI(TPAHCIIOPTHBIA WM pabouunit). becnpensaTcTBeHHBIN
CITyCK MHCTPYMEHTa B 3aJaHHBI WHTEPBAJ CKBAXKHHBI OOECIEUUBAET pa3Mep
KOpITyCa, HaxXOMISIIUICA B TPAHCHOPTHOM TMOJIOKEHUU C YYETOM JUAaMETPOB
oOcanubix TpyO M OypeHus nuioTcTBojia. Ilocie cmycka, TOCTUTHYB 3aJaHHOTO
WHTEpBaJIa, MOPOJAOPA3PYIIAIOIINE OPraHbl BBIJBUTAIOTCS U3 KOPIyCa, 3aKOHYUB
pacuupenue, youparorces ooparHo [14].

Pa3nBuokHbIE pACHIMPUTENIA PA3IUYAIOT MO XapaKTepy NPUBEIACHUS U3
TPAaHCIIOPTHOTO B pabodyee IMOJOKEHHWE Ha MEXaHMYECKHe, THUAPABIUYECKHE U
WHEPIUOHHBIE.

[IpuHIMI OEUCTBUS THUAPABIMYECKUX M MEXAHMYECKUX PACIIUPUTENCH
COOTBETCTBYIOT YCJIOBHSIM MOJEpHU3AIMK 3Y, MOITOMY OHU OBUIM B3ATHl Ha
paccMmoTpeHue. MHeplMOHHbIE paclIUpUTENId HE pacCMaTpPUBAIMCH, TOTOMY YTO
OHM JEHUCTBYIOT Ha TOPO0OPA3PYIIAOIINE OPTaHbl 32 CYET BPALLIEHUH HUHCTPYMEHTA,
KOTOpPOE MPOTUBOPEUYUT UCXOTHON KOHIIEIIINN IApOCTPYHHOTO OypeHHUs.

CKBOXHMHHBIM ~ pacHIUpUTEIh CO  CKJIAJBIBAIONIMMUCS  JIENeCTKaMu
nocayxuin nporoturnom 3Y [15]. TlpuHiun pacmuputeNs 3aKkiIo4yacTcs B
BO3JICMCTBUM  TOCTYINATEIbHO  JBIDKYIIErOoCs  TOJIKaTelIsl Ha  IIapHHUPHbBIC
MOpoIopa3pyliaroe opranbl. ToJIkaTeab MPU ITOM SIBISETCS MPOJIOKECHUEM
NOANPY>KUHEHHOTO TOPIIHS CO IITOKOM, KOTOPBIA NPUBOAUTCS B JBUKEHUE

IIPOMBIBOYHOU JKUAKOCTBIO.



Pucynok 7 — Pa31BUKHOM CKBa)XMHHBII pacIIMpPUTEIID:
1 — xopnyc, 2 — na3bl,3 — HOPOIOPA3PYILIAIOLINE OPTraHbl, 4 — MITOK, 5 — MOPIIEHB,
6 — ¢ukcupyroue cpeacTra, 7/, 8 — yropHas KaHaBKa,
9, 11, 12 — npombIiBouYHBIE KaHaJbl, 10 — nepenyckHas kamepa, 13 - ToiKaTenb

1.3.2 Ilakepsbl U AKOPHU

Paznuyaror makepsl CI€IyIOMNX TUTIOB:

[IB — makep, BOCOpUHUMAIONIUHN YCHJIMS OT IMEpENana JaBJICHUs, HallpaB-
neHHoro BBepX; IIH — nanpasnennoro Ban3; [1J] — HanpaBieHHOro Kak BHU3, TaK
Y BBEPX.

JI1s BocpUsTUS YCWINS OT IIeperana JaBlIeHus, IEUCTBYIOIIEr0 Ha IIaKkep
B OJJHOM WJIM JABYX HAIIPaBJICHUSX, IAKEP IOJKEH UMETh COOTBETCTBYIOLIECE 3asi-
KOPHUBAIOILIEE YCTPOMCTBO (SKOph), HaJIM4HME€ KOTOpOro B mudpe makepa o0o-
3HauaeTcs OykBoul «S». SIkopu B OCHOBHOM MPUMEHSIOT ¢ makepamu TuroB [1B u
ITH.

[To criocoOy mocaaku makepsl MOAPa3AeIAOT Ha THaApaBinyeckue I, Mexa-
Huueckne M u rugpomexanndeckue ['M

Axops ruapasanyecknid Tuna Al u 2417 Sxops cryckaeTcs B CKBaXUHY
Ha KOJIOHHE HaCOCHO-KOMIIPECCOPHBIX TPYO BMECTE C IMAKEpOM, 3aIKOpPU- BAETCs B

3KCHJ’IyaTaLII/IOHHOI\/’I KOJIOHHE IIpHW I10Ja4C B TPY6BI KHUIKOCTHU II0J AAaBJICHHUCEM.


http://www.fips.ru/rupatimage/0/2000000/2200000/2290000/2292000/2292438.ti

Uepes oTBEpCTHE a KUIKOCTh BO3AEHUCTBYET HA MTOPLIEHD U MTOCIIE CPE3aHKSI BUHTOB
NepeMeIaeT IJIAallKh ¢ TUIAIIKOJAepKareyieM BBepX. Ilmamku, mepeMemascs 1o
KOPIYyCy, Pa3ABUTAIOTCA pPaJAHAIbHO W 3asKOPUBAIOTCA 3a CTEHKU O0O0CaaHOMN
KOJIOHHBI. SIKOph 0CBOO0K1a€TCS MPHU IMOIHEME KOJIOHHBI HACOCHO-KOMITPECCOPHBIX
TpyO.

Axops ruapomexannveckui Tuna AI'M . B ckBaxkuHy SIKOpb CIIyCKAtOT
C TaKepOM Ha KOJIOHHE TPYO, IPU 3TOM KOHYC yJIEPKUBACTCS B BEPXHEM TIOJIOKCHHUH
MPY>KUHHBIM KOJIbLIOM. [Ipu mocanke makepa BpallaTeNbHOE ABUKEHHE U OCEBas
Harpy3ka oT TpyO K Makepy HepeAaroTcsl 4epe3 TOJIOBKY, IITOK U MEPEBOJHUK
sxops. Ilocie mocanku sxops Moja JaBJICHUEM HarHeTaeMoW B TPYObI >KUJKOCTU
KOHYC OCBOOOXKJIaeTCs OT TPYKUHHOTO KOJbI[a M TEPEeMEIIaeTCs BHMU3,
BKJIMHUBASICh TOJI LUIMIICHI, KOTOPBIE PA3JBUTAIOTCS 0 KOHTAKTa C 00CaJHOU
KOJIOHHOW ¥ BOCIIPMHUMAIOT Harpy3Ky nakepa. SJIkopb BMeCTe C TaKeEpOM CHUMAETCS
C MECTa YCTaHOBKM HATSKEHUEM KOJIOHHBI TPYO, IPU 3TOM T'0JIOBKA BHITAJTKUBAET

KOHYC HU3-1104 HIJIUIICOB, X AKOPb IIPUBOJUTCS B IICPBOHAYAJIBHOC ITOJIOKCHUC.

1.3.3. IloaBecKkH XBOCTOBUK

XBOCTOBMK 3aMEHseT JMOO OSKCIUTyaTallUOHHYI0 KOJOHHY (CaMbIit
pacrpoCTpaHEHHBIHN ciTy4aii), TM00 MPOMEKYTOUHYIO (UCIIOJIB3YETCS PEXeE).

PaznruuaroT XBOCTOBUKU CIEIYIOIINX THUIIOB:

MexaHnuyeckasi KJIMHOBasi MOJABeCKa - TOCJIE CITyCKa XBOCTOBHMKA Ha
3aJIaHHYIO TJIYOMHY KOJIOHHY TpPYyO NPHUMOJHMMAIOT Ha HEOOXOIUMYIO BBICOTY U
MTOBOPAYMBAIOT BJIEBO. MPH ATOM INTU(PT, MOBEPHYTHIA COBMECTHO C KOPITYCOM,
BBIXOJUT U3 3alleTUICHUS C KPIOYKOM, KOTOPBIH OCTAaeTCs HEMOIBHKHBIM
OTHOCUTEJIBHO KOpITyCca  TOJABECKH BCIEACTBUE JCHCTBUS CHUJ TPECHHS TIPH
B3aMMOJICHCTBHH PACIIEPTOTO IIEHTPATOpa CO CTEHKaMH 00caHON KOIOHHBI. [lanee
KOJIOHHY IUIaBHO TIOJIAal0OT BHU3, KOHycoOoOpa3Has My(pTa HAYMHAECT BXOJIUTH B
KJIMHOBUIHBIC TUTAIIKH, PAa3ABUTAs WX JO TOJHOTO PACKIMHUBAHUS B KOJBIIEBOM
MEXKOJIOHHOM 3a30p€. XBOCTOBHUK OCTAeTCS ITOABEIICHHBIM Ha KIMHOBHIHBIX

TIaIIKaxX, yIUPAIUXCS B CTEHKH 00CaHON TPyObI PeIbIIyIeii KOJIOHHBI.



KaunoBass moaBecka ruapasBju4eckoro aeiicrsus - lIpu nossimeHnn
JABJICHUS BHYTPH KOpIlyca Ha TUIb3y 6 JCHCTBYIOT CHUJIbI, HAIPABICHHBIE B
CTOPOHY HAaKOHEYHMKA. B pacueTHbII MOMEHT CHIIBI, JOCTATOYHOIO Ui Cpe3a
CPE3HOI0 DJIEMEHTA, DJIEMEHT CPE3acTCsl, TMIb3a C HAKOHCYHUKOM, IIEPEMELIasCh,
JBUTAIOT MIOCPEACTBOM IUIAHOK ITOABUKHBIX KIIMHBEB ITOJABUKHBIEC KIIMHBS, KOTOPBIE

B33HMOI[CI>1CTByH C HCIIOABWIKHBIMU KIIMHBAMU OTKUMAIOTC, YBCIIMYHUBAA IUAMCTP

KOHCTPYKITUH, GUKCHPYS TIOJIBECKY XBOCTOBHKA BHYTPH CKBA)KHHBI.

Kaaccaduxanus cnoco6os Bo3aefi cTBHS Ha 31eMeHTHI 3a60iHOro
obopyaoBaHus

Ilo Tany mepexa4yn 3HePTrHH
TOAp a3 AETISIOT:

l Mexanngeckne I TrapaBangeckne Taapomexanmgeckne w | HMaepnmonnbIe | MaranTabie | | Daextpuueckne
Bypau eHye HHCTpyMeHTa o i o BsaumogeiicTene Bospeiicrene
= TIOOXKeH e obycnoenexo He ocobimn

Cryckonogoem+as onepauus

BosAeiicTeve MMADOAVHEMUNECKTH CTRYH Ha

— PETHYIO NPYAMHY, KOTOPER & CNEACTEMM

" pabosuit oprax

MoeopoTE KONOHHDI &
paznIMHEE CTOPOHE #
OAHOBpEMEHHERA NOgE+E e
BHUZ UM BBEPX, NPUECAMT
2/1em eHT & pabouee nonoxexuel

MpoA3EKa T3MNOHIHHLIM PICTEOPOM ‘

ToebiuenHe AS8nenWR, w10 BEAET 33
COBO CPE3 3/1BMEHT 08 . INIEMENHT 3aHIM aeT]

pabouee nonoxeHme

Pabo4yio NO/IOCTD 3/1EMEHTS, Tem Cam

Moga4a oTe epA3EMOro COCTIB S &
npUECAR ero & pabosee nonoHEHIe

Bpawerme ciapRaa v
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THAPOAMHAMUECKOR CTPYH

I efCTEVIONINMIL Ha

MErHUT HOUM W 33PRAEMMN,
nogoHbMM
2nekT puaeckm, 3

2nexT pueckero umnynsca —I
Ha2nemenT 0BOpYACEaHUA

BPaLIETENBHOE ASIRERNE 1
loces @A Harpyaka Ha2nemenT, Nog
war "

vt rer) e
OpraHbI IPH B PALIEHITH
MHCTPYMeHTA. 3aKpbITie
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aboqee nonoxenne.
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pUHECKM:
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Pucynok 8. Knaccuduxaius cnoco00B Bo3A€MCTBUSI Ha 3JIEMEHTHI 3a00HHOT0 000pYA0BaHUS



Pazpenbl He momiexaniye NmyOJUKAlMM B CBSI3U C Ppa3pabOTKOMl HOBOWM
TEXHOJIOTUU, TPETEHAYIOIEH HA TATEHT:

- PazpaboTtka cxem 3a001HBIX MIAPOYTOBUTEICH.

- PazpaboTtka cxeM 3a00MHBIX IAPOTHUTATEICH.

- CuHXpoHM3alMs paboThI 3a00MHBIX aponuTaTeIeH 151
IapOYJIOBUTEIIEH.



[Mpunoxenne (A)

Abrasive-Enhanced Water-Jet Drill for Hard Rocks



Water and abrasive jetting, and mechanical techniques expedite hard
rock drilling

The U.S. Bureau of Mines has patented and transferred to industry an
abrasive-enhanced water-jet rock drill. This drill incorporates three novel
components: a collimator, jet deflectors for cutting clearance, and an unpressurized
swivel, which rotates at 1,000 rpm while passing 20 gpm of an abrasive slurry
flowing at 1,000 ft/s.

Drilling occurs through the action of a 10,000-psi, 20-gpm water jet into
which is entrained 22 Ib/min of abrasives. The pumps, hoses, and fittings are those
commonly used in the water-jet-cleaning industry. Only inexpensive, common
sandblasting abrasives are used.

This drill can cut through hard rocks with moderate-pressure jets; e.g., rocks
with a compressive strength of 73,000 psi can be drilled with a 10,000-psi abrasive
jet. In addition to drilling holes, the drill can cut deep, narrow kerfs; collar a hole at
any angle; drill through rubble; and chamber holes.

The development of the abrasive jet drill is a significant advance in the state
of the art of hard-rock drilling. The Government of the United States has licensed

the abrasive jet drill patent to Weatherford Water Jetting Systems.

Collimator

A water jet formed by the discharge of a nozzle into a pipe will not dissipate.
It will retain its cutting ability significantly beyond the distance at which jets passing
through air are effective [5]. The jet is constrained to flow parallel to the pipe axis;
I.e., it is collimated. This collimated flow reduces the rate of loss of momentum of
the jet as compared with a water jet in air. A water jet in air loses its rock-cutting
ability shortly after exiting the nozzle, whereas the collimated abrasive jet has drilled
hard rock (a dolomite with a compressive strength of 20,000 psi) 5 ft from the nozzle.
Experiments have shown that a collimated abrasive jet retains 75 pet of its energy

after passing through a 10-ft length of collimating pipe.



In the abrasive jet drill, water from a 10,000-psi, 20-gpm pump is accelerated
to 1,250 ft/s through a 0.080-indiameter nozzle. The water then entrains sand and
air, and the resultant slurry enters an ANSI schedule 160 steel pipe (the collimator).
Lengths of pipe from 2 to 10 ft have been used as collimators. Abrasive particles are
accelerated by the jet and retain most of their kinetic energy as they pass through the
collimator. Sand particle velocities as high as 1,000 ft/s have been measured at the
outlet of the collimating pipe by double-exposure, highspeed photography.

Since a collimating pipe situated downstream of a high- pressure nozzle
permits a high-velocity jet to retain its cutting ability for several feet, the collimating
pipe can serve as a drill rod. In the Bureau’s abrasive water-jet rock drill, the nozzle
Is situated several feet upstream of the end of the drill so that it never enters the drill
hole. The drill stem downstream of the nozzle is not pressurized. This is in contrast
to conventional water-jet drills, which use a multiple-pass nozzle situated at the

bottom of the hole at the end of the string of pressurized pipe.

Jet deflectors for cutting clearance

Drill pipes must be capable of following into a drill hole as the hole deepens.
The drill must cut a hole wider than the outside diameter of the drill stem.
Conventional water-jet drills accomplish this by using rotating, multiple- orifice
nozzles at the downstream end of the drill string.

This arrangement has not proven practical for an abrasive jet drill because
the multiple orifice is quickly destroyed by wear. Instead, with the Bureau’s drill,
clearance is cut by deflecting the jet with two 1- by 0.25- by 0.125-in carbide plates
silver soldered into slots at the end of the collimating pipe .These plates are
positioned so that a portion of the jet is deflected and cuts wider than the pipe
diameter, while the remainder of the jet passes undeviated between the deflectors
and cuts the central portion of the drill hole.

The carbide deflectors are placed at an angle of 15° to the center plane of the
collimator. This placement permits the abrasive jet to cut a hole wide enough for the
collimating pipe to enter and deep enough to maintain a steady advance into the drill

hole.



The deflection angle chosen is a compromise between the competing needs
for axial and radial cutting. High angles of incidence of the abrasive onto the
carbides engender wide, shallow cuts, while low angles of incidence give narrower
and deeper cuts. Of course, the collimating pipe and the deflectors exhibit wear, but
both the pipe and the plates are low-cost, expendable items. The wear process is such
that both the pipe and the deflector plates are worn out after about 2 h of abrasive
jetting at 10,000 psi, 20 gpm|[2].

Nonpressurized swivel for passing abrasive streams

Present state of the art requires that the drill string of a water-jet drill be
rotated in order to cut clearance. Rotation of a conventional water-jet drill requires
that the pressurized water pass through a swivel. This swivel must contain high
pressure (10,000 to 30,000 psi) while rotating at high speeds (500 to 2,000 rpm).
Because of these requirements, the high-pressure swivels are apt to be expensive and
unreliable.

The Bureau’s abrasive jet drill avoids the problem of high-pressure swivels
because the fluid in the collimating pipe downstream of the nozzle is not pressurized
but exhibits a vacuum. The pipe is rotated inside a sealed ball bearing and a pillow
block bearing .The rotary motion is imparted by a hydraulic motor coupled to the
pipe by a chain and sprocket. The simple bearing swivel is very inexpensive ($8 in
1986)[2].

Design of the drill

The drill, as described in the preceding sections, is essentially a rotating
collimating pipe terminated by silicon carbide deflectors. The drilling apparatus is
composed of these essential parts and has various means of activation and control.
Water (20 gpm) is pressurized (10,000 psi) by an Aquadyne model GE150 DT
triplex pump and fed through water-blaster hoses to a 0.080-in-diameter 3D Leach
and Walker nozzle [6]. This nozzle has a 13° conical taper downstream from the
incoming conduit and ter~minates in a straight section with a length equal to three

outlet diameters. The pressure is dropped across this nozzle as the jet discharges into



a mixing chamber. The Venturi effect thus created entrains 22 Ib/min of sand and air
into the mixing section through hoses connected to a sand lance in a barrel. Sand,
air, and water are mixed and flow at 1,000 ft/s through the collimating pipe. The drill
Is carried on a carriage , upon which are mounted controls for the air and hydraulic
systems. The drill is remotely controlled from an operator’s station. The collimating
pipe is rotated at 250 to 1,000 rpm by a motor coupled to the pipe by a chain and
sprocket. The drill rides on two orthogonal screw-driven mounts, permitting the drill
to be translated along the surface of the rock as well as to penetrate into the rock.

This capability permits the drill to be used to cut kerfs as well as to drill holes.

Drilling

Test holes were drilled in samples of Sioux Quartzite, St. Cloud Gray
Granodiorite, Oneota Dolomite, and Salem Limestone. Test data are given in table
1. These tests were conducted with a 10,000-psi, 20-gpm water jet, a rotational speed
of 600 to 700 rpm, and an entrainment rate of 22 Ib/min of dry sand. Deflectors were
set at 15° to the axis of the pipe.

These test data show that hard rock can be drilled with an abrasive jet drill,
but the penetration rate attainable varies with rock hardness. Table 1 gives the

maximum penetration rate attained for each rock tested[3].

Table 1.Penetration rate In four rocks

Rock Compressive strength, psi Penetration rate, in/min
Sioux Quartzite 73,000 4
St. Cloud Gray Granodiorite 30,000 4
Oneota Dolomite 20,000 6
Salem Limestone 8,000 30

The Bureau’s abrasive-enhanced water-jet drill offers the following advantages over
other rock drills. This drill—

1. Can operate with a pressure that is far lower than that of conventional
water-jet drills. The abrasive water- jet drill can cut hard rock with a compressive
strength of 70,000 psi with 10,000-psi water pressure. Other water-jet drills must use
a pressure approximately equal to the compressive strength of the rock. The



abrasive-enhanced water-jet drill uses only commercially available hoses and
fittings commonly used in the water-jet-cleaning industry.

2. Does not physically contact the rock and, thus, does not have to absorb
the force of the rock pushing back on the drill rod. This permits the drill to be built
of much lighter materials than conventional drills.

3. Does not require a bit.

4. Can enlarge (chamber) selected parts of the drill hole by slowing the
penetration rate. This capability would be helpful to mine operators who must blast
tough rock. The chambers can be loaded with extra explosive to put increased rock-
breaking power where it is most needed.

5. Can penetrate uncompacted, loose rock . This ability could be used to
drill probe holes or blastholes in gob areas of mines.

6. Can drill holes that overlap. Overlapping holes can be strung together
to create a kerf.

7. Can make small-diameter (less than 1 in) holes. These small holes are
ideal for resin-grouted rock bolts because their smaller size decreases the volume of
grout required.

Conventional rotary or percussive rock drills are incapable of performing the

functions described under items 5, 6, and 7[4].

Abrasives

The drilling abilities of garnet and silica sand were compared by drilling for
10 s with the abrasive jet drill, measuring the volume of each hole, and comparing
the volume data (table 2). Three holes were drilled into blocks of Sioux Quartzite
with each abrasive. These samples have an unconfined compressive strength of
73,000 psi. These data indicate that, on a per-pound basis, the New York garnet is
63 pet and the Idaho garnet is 40 pet more effective than silica sand in drilling Sioux
Quartzite. However, silica sand is used in most of the routine drilling because it is

much less expensive [4].



Table 2.-Drilling ability of garnet and silica sand

New York Idaho Silica
garnet garnet sand
Weight used Ib per 10 s 3.6 4.9 4.9
Volume cm3 per 10 s 6.9 5.8
removed 8.1
Volume per cm3/lb 1.92 1.65
weight 1.18
Normalization of volume per weight .1.63 1.40 1.00

Parametric drilling studies on nickel ore from sudbury, Ontario

Parametric test drilling was conducted on samples of nickeliferous breccia
and gneiss from the nickel district of Sudbury, Ontario, Canada. The objective was
to enhance the effectiveness of the abrasive jet drill as a first step in the development
of a blasthole drill or roof drill suitable for use in the hard rock in mines in the
Sudbury district. The parameters investigated were water pressure, drill fluid

chemistry, drill rotation speed, and pipe size [5].

Water Pressure
An important purpose of the testing was to determine if the drilling rate could
be increased by increasing the pressure of the water jet while keeping the total power

constant. Table 3 compares the results of drilling at 10,000 and 20,000 psi.

Table 3.Drilling test parameters and results

Rock Pressure, psi Flow rate,gpm Abrasive rate, | Penetration rate,
Ib/min Ib/min
Breccia 10,000 17 24 5
20,000 12 33 5
Gneiss 10,000 17 24 3
20,000 12 33 3

Many pumps used in water-jet cutting can be operated over a range of
pressures and flow rates. Since the total power delivered by the pump is limited, an
increase in the pressure of a jet is normally accompanied by a decrease in flow rate.
In order to see if the drilling rate could be increased by an increase in the pressure
delivered by the pump, drilling was conducted at 10,000 psi, 17 gpm and compared
with drilling at 20,000 psi, 12 gpm. The results of this test are given in table 3, along



with the drilling parameters. Three repetitions were performed at each pressure and
flow rate. The rate of advance of the drill into the hole was preset. If the hole
deepened at a rate equal to the drill advance rate, a hole was drilled through the rock
and the trial was deemed successful. If the hole deepened at a rate slower than the
drill advanced, the drill rod would stick in the hole and the trial was deemed a failure.

These test data show that there is little advantage in operating the drill at
20,000 psi. A 10,000-psi jet appears to be as effective as a 20,000-psi jet of
comparable horsepower. This is not surprising because the cutting ability of a water
jet is determined primarily by the energy in the jet. Lower pressure operation is
desirable because the equipment experiences much more wear when the drill is
operated at 20,000 psi [5].

Drill fluid chemistry

A series of drilling tests were performed in breccia, using various levels of a
commercially available polyacrylamide additive, to determine the effect of additive
concentration on penetration rate. The long-chain polymer additive has been used
for 15 years as a collimating agent by the water-jet-cleaning industry [7]. The
following four additive concentration levels were tested; 0.3, 0.15, 0.075, and 0.0375
vol pet. Penetration did not increase at the first three levels and the drill stuck. The
0.0375-pct addition increased the drilling rate about 1 in/min. These results are at
variance with the practice of the water-jet-cleaning industry, which claims that a

concentration of 0.3 vol pet is optimum for maintaining collimation of water jets.

Drill Rotation Speed

Tests were conducted to determine the effect of rotation speed on the
penetration rate in breccia. Tests were conducted at 250, 500, 750, 800, and 1,000
rpm, with constant conditions of 20,000-psi, 12-gpm, red flint abrasive. A

penetration rate of 6 in/min was achieved, but the rotation speed was shown to have



only a small effect on penetration rate. The optimum penetration rate was found to

occur between 600 and 1,000 rpm.

Pipe Size

It was suggested that drilling rates might be enhanced if the velocity in the
collimating pipe was increased by forcing the discharge from the pump to flow into
a smaller collimating pipe. It is not possible to drill with pipes smaller than 0.5 in
because no method exists for attaching deflector plates onto smaller pipe.
Accordingly, static cutting tests were performed to determine if the pipe size affected
penetration rate.

In these tests, the collimating pipe was placed at a standoff distance of 1 in
from the rock, and a jet from each pipe impacted the rock for 10 s. The volume cut
was measured. Table 4 contains the data. These data indicate that the cutting ability

decreases with decreasing pipe diameter.
Table 4.VVolume cut by 10-s static

Nominal pipe size,in

Inside diameter,in

Volume cut, cm3

1/2

0.546

4.7

3/8

423

3.8

1/4

302

1.0

Polyethylene oxide additive

An experiment was performed to determine the effectiveness of the zeta-
potential drilling fluid polyethylene oxide in the abrasive jet cutting of Sioux
Quartzite. The Bureau’s abrasive jet drill operating at 10,000 psi, 17 gpm was
traversed across a block of quartzite at 5 in/min using the following different types
of jets: water only, water and abrasive, water with 50 ppm polymer, water, abrasive,
and 15 ppm polymer, and water, abrasive, and 50 ppm polymer. The results of the
tests were compared. The volume of rock cut in each test was measured, and these
measurements were compared. This trial showed that 15 ppm of polymer enhanced
cutting 5.5 pet, while 50 ppm of polymer enhanced cutting 3.9 pet as compared with
abrasive jets without polymer. This level of rock cutting enhancement can be
explained in terms of reduction of friction in the flow of fluid through the pump and
drill [6].



Kerfing

Long, narrow kerfs can be cut if the collimating pipe is rotated and translated
simultaneously. If the pipe is fed into the kerf as cutting proceeds, the kerf can be
cut deep. Kerfs have been cut 34 in into Salem Limestone and 19 in into Oneota
Dolomite.

A narrow (1-in) kerf was cut through a block of nickeliferous breccia from
the Sudbury region of Ontario, Canada. This kerf was cut by repetitively translating
a rotating drill across the rock at the rate of 5 s/in, using a 10,000-psi, 17-gpm
abrasive jet. The drill was rotating at 600 rpm. Red flint abrasive was fed into the jet
at the rate of 24 Ib/min. The kerf measures 6.5 by 1.25 by 16.5 in and took 26 min
to cut.

The relatively long time taken to cut a kerf is a reflection of the fact that kerf
cutting is less efficient than drilling. This inefficiency results from nonuniform
cutting caused by inhomogeneities in the rock. Harder material is cut more slowly
than the adjacent softer material, creating high spots in the kerf. The collimating pipe
cannot penetrate deeper than the depth of these high areas. This causes a longer than
optimum standoff distance because the collimating pipe is not able to penetrate to
within an inch of the bottom of the cut in the softer areas. Another problem arises
when surfaces are created in the walls of the kerf, which require the incident jet to
impinge upon the walls at a grazing angle. Grazing angles of incidence are inefficient
for cutting because the jet’s energy is deflected rather than absorbed by the rock.
Surfaces, which present a grazing angle of incidence to the jet, are created when the
depth cutting by the undeviated jet outruns the width cutting by the deviated portion
of the abrasive jet. In this instance, most of the kinetic energy of the deviated jet is
wasted and the cuts are too narrow for the collimator to advance to within an inch of
the bottom of the kerf. The standoff distance is then longer than optimum, resulting
in drastically reduced cutting rates and consequent lengthening of the time needed
to cut the kerf.



3AK/IIOYEHUE

B 1aHHOM  MAarucrepckom  AMCCEPTALMM  M3JIOKEHBI  PE3YyJIbTATHI
TEOPETHUYECKUX M AHAJIUTUYECKUX HCCIIEIOBAHUNA TEXHOJIOIMYECKUX IIPOLIECCOB
HIApOCTPYHHOTO OYypeHUss C MCIOJb30BAHUEM COBPEMEHHBIX METOJIMYECKHUX
CPEICTB U MPOrPaMMHOI0 KOMIIBIOTEPHOTO OOecCedeHus. AHalIu3 pe3yibTaToB
UCCIIEJOBaHUM MTOKa3aJl, YTO MIapOCTpyHOE OypeHHe 001aJaeT psAAOM IPEUMYILIECTB

IO CPABHCHHUIO C TPAJUITNOHHBIMU:

- IIeHa;

—  yaoOCTBO U IIPOCTOTA HKCILTyaTalUH;

- YBEJIHMYEHHUE MPOU3BOIUTEIHLHOCTH.

Buenpenue nanHoi pa3zpaOOTKH MO3BOJUT COKOHOMUTH OromxkeT 2,1 pasa,
yTO foKa3biBaeT 3ppexruBHOCTh LIIDBC.

Pe3ynbTarhl paboThl 3aKITIOYAIOTCS B CIIEAYIOMIEM:

— Oosiee MEPCHEKTUBHBIM MpPU OYpPEHHHM CKBa)XXMH B TBEPIBIX M KPEMKUX
TOPHBIX SIBIISICTCS THUIPOMEXAHMUYECKUW CIOCOO0 BO3JCHCTBHS Ha DIIEMEHTHI
00Opy10BaHUsl, pealu3yeMblil ¢ MOMOIIbIO BpallaTeIbHOIO ABMXKEHUS U OCEBOM
HArpy3Kd Ha 3JIEMEHT MO/ IaBJICHHEM HarHeTaeMOM JKUIKOCTH.

— pa3paboTaHa KOHCTPYKIUSI IIAPOYJIIOBUTEINSI, MO3BOJISIONIAS TTOBBICUTH
PENCOBYIO CKOPOCTh OYpEeHUS.

— JI0Ka3aHa 3KOHOMHYEecKasi 3(P(EKTUBHOCTh MPU BHEIPEHUH KOHIIENTA
IAPOYJIOBUTETIS.

B nensx ganpHeiiiero BHeIpeHus MapoCTPyHHOro OypeHus U MOBBILIEHUS
ero 3(pQexKTUBHOCTH HEOOXOAUMO MPOJOKUTH HCCIIEIOBATENLCKUE U OIBITHO-
KOHCTPYKTOPCKHE pa0dOThI B CIEAYIOLIUX HAMPABICHUAX:

1) pa3paboTaTh U KOHCTPYKIMIO TOJAMUTHIBAIOIIETO YCTPOWCTBA JIJIsI
CHW)KEHHMSI 3aTpaT BpPEMEHM Ha CIYCKOIIOJABEMHBIE OIEpaluy IO 3aMEHE
M3HOUIEHHBIX IIAPOB;

2) pa3paboTaTh M HCIBITATh CIOCOOBI KOHTPOJS HAaJ IPOLIECCAMU

IapOCTPYHHOTO OypeHusi CKBaXKUH (B YaCTHOCTH, CUETUMKA PACX0/ia IIapoB).



