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IOBUIEN UHHOBALIMOHHBIX BYPOBbIX TEXHOJIOTUHA
00630p nuTeparypsl

PaccMOTpeHb! MpoLecChl Co34aHus aIMa3Horo rnopoaopaspyLLIalLLEero MHCTPYMEHTAa: KPYMHOaIMa3Hoi 6ypoBori KO-
POHKY; MEsIKOaIMa3HOow GYPOBOL KOPOHKU,; KOPOHKM, OCHALLIEHHOM CUHTETUYECKUMM aJIMA3aMU; apMUPOBAHHOM KOMMIO3ULIM-
OHHBIMM Matepuanamy C NCroJsib30BaHNeM aiMa3os. [TpuBeaeHb! aTarbl IHHOBALMOHHOMO pa3BuTns OYPOBbIX TEXHOJIOMIA.

KnioyeBble cnoBa: anmasHas 6ypoBas KOPOHKA, NCKYCCTBEHHOE UCKPUBJIEHUE CTBOJIa CKBAaXWHbI, BAHTOBOV 3a00/i-

HbIV ABUratesib.

B 2012 roxy ormeuasicst psi io0mieeB Oy pOBBIX
texnosoruit: 150 Jet anmasnomy Oypenuto (as-
MasHoi O6ypoBoii kopotke); 100 jieT uckyccrBeH-
HOMY UCKPHUBJIEHHUIO CKBKIH; 50 JIeT BUHTOBOMY
3a00HOMY JIBUTATEJIIO.

PaccmoTpuM 1o OT/IeIbHOCTH ATAIbl UHHOBA-
[IHOHHOTO Pa3BUTHUsI OYPOBBIX TEXHOIOTHIL.

150 JIET A/IMA3HOW BYPOBOW KOPOHKE

Bypenue ropHbIX 1opoji — CJIOXKHBIN U TPYIO-
eMKuit mporiece, 3(hGEKTUBHOCTh KOTOPOTO BO
MHOTOM 3aBUCHT OT 9KCILJIyaTallMOHHbBIX BO3MOXK-
HOCTEIl UCTOJIb3yeMOro OYPOBOTO MHCTPYMEHTA.
MoxHO BBIZIEJIUTD uemvipe smana Pa3BUTUS ajl-
Ma3HOTO OYPOBOTO MHCTPYMEHTA.

I 3man — posxeHne KPynmHOaIMa3HoO| Oypo-
BOIi KOPOHKH. BriepBbie njest UCrosb3oBath aj-
Masbl J17ist OypPeHuUst TOPHBIX TIOPO/] TIPUIILIA B TO-
JIOBY 1IIBEHIIAPCKOMY YacoBIIUKY leopey Jlewo. Bot
KaK OIMCBbIBAaeT 3Ty UCTOPHUIO POCCUMCKUIT yue-
HbIli-MuHepasor beckoposanos B.B. [1]:

«Cayuniocs 910 B 1862 rosy. Jlemo 6611 pyKo-
BoaTesieM PaboT 110 POXOJKE KeJe3HOMIOPOK-
HOTO TyHHeJIs B mBekapckux Amnpnax. OH cToJi-
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KHYJICSI ¢ TIPOOJIeMOii OyPeHUsT TBEPIbIX TPAHUT-
HBIX IOPO/I. BypoBbIe KOPOHKN 13 CBEPXIIPOYHOI
3aKaJEHHOW CTaJN TOCJTe HEMPOIOJIKUTETbHON
paboThI MPUXOAUIN B HEroAHOCTh. CpoKu paboT
cpeiBasch. O3apenue npuniio k Jlemo, koraa
OH y’Ke BIaJI B OTYAsTHUE U MPAYyHO CO3€EPIAJ 13
OKHA JIOMHUKA CTPOUTEJEH TPYIbl OTPAOOTAHHBIX
CTaTBHBIX KOPOHOK. OH B cepIax mepedyepkHya
OKOHHOE CTEKJIO OPUJLIHAHTOBBIM TIEPCTHEM, Ha-
JeThiM Ha Oe3bIMsIHHBIN nastel]. Ha crexie obpa-
30BAJINCD JIBE POBHBIE KPECTOOOPA3HBIE IMHUN U
... Jlemro ocenniio! Asimas, TOJIBKO ajiMa3 — CaMblil
TBEPJIbIIl U3 U3BECTHBIX MATEPUATIOB — CIIOCOOEH
COKPYIIUTh TPAHUT W OJI0JIETh KAMEHHYIO TODY.
[IpuoGpeTeHHbIe MO ero Mpochhe aTMa3bl O
Ha W3TOTOBJIEHWE TEPBBIX IOJIYTOPA [ECSTKOB
aJIMa3HBIX KOPOHOK. ETo cbin Pynonbd BMecTe ¢
MexaHukoMm Ilure ycosepiieHcTBOBasl OypoBOii
CTAHOK U MPHUIYMAJI CIIOCOO KPEILTIEH ST aTMa30B
B KopoHKe. Co3/1aHHbIe UMU aJIMa3Hble UHCTPY-
MEHTBI CTOUJIN 3HAYUTEIBHO JOPOKE CTAJBHBIX
aHAJIOTOB, HO TIPEBOCXO/HO TIOKa3aiu ceOst B pa-
60te. CKOPOCTD MTPOXOAKK TYHHEJsI CYIeCTBEH-
HO BO3pOCJa. Boo/yleBIeHHbIH AOCTUTHYTHIM
ycrexoM, Jletmo mpeAnpruHs MONBITKY aJIMa3HO-
ro GypeHust Iy POB /IS B3PBIBHBIX PaboT, HO Ha
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3TOT pa3 B MaccuBe MpaMOpPHOii opobl. 11 cHoBa
aJIMa3Hble KOPOHKHU MPOSIBUIIN ce0st ¢ caMOii Jryd-
el CTOPOHBI. ITO OBLIIO HAYAJIOM IMTOXH AJIMa3-
HOTO OypeHusT».

[lepBoHaua/sibHO BCTaBKa ajMa30B 3aKJIOYa-
JIach B 3aKpEIJIEHNH UX B THE3/IaX METAJJIOM KO-
POHKHU. ITOT CIIOCOO BCTABKU HA3BIBAETCS YCKAH -
KOU NI Memo0om X0JL00HOU 6CMABKL.

Cy1ecTByeT HECKOJIBKO CIIOCOOOB BCTABKH aJl-
Ma30B B OypOBbIe KOPOHKH.

Hawnsyummim 1 HarboJsiee pacrpocTpaHeHHBIM
SIBJISIETCST T. Ha3. PYCCKULL cNOCOO YeKaHKU ajiMa-
30B, obecIeunBaloIUil HageKHOe (IIPOYHOE) 3a-
KperieHne aJIMa30B B TeJie KOPOHKU U B OOJIbIIIei
CTETIEHU TIPEOXPAHSIONINHI aJIMa3bl OT TTOBPEXK-
JIEHUST UX BO BpeMs pabOThI U TIpU aBapusix. Pyc-
CKHUH cIOCO0 YeKaHKW XapaKTEPU3YETCs TEM, UTO
BCTaBKa KaMHell aJIMa30B U caMa YeKaHKa ITPOBO-
JSATCS Kak ¢ O0KOBOM TIOBEPXHOCTU KOPOHKH, TaK
u ¢ ee Topia. Kpyriable KaMHM Pa3MeIanTcs 110
Hapy>KHOI CTOPOHE TOPIIOBOH TTOBEPXHOCTHU KO-
poHKH, OoJiee MeJIKMe — TI0 BHYTPEHHEH ee CTO-
poHe. AJiMa3bl, PacMoJIOKEHHbIE IO TOPIy KO-
POHKH, IOJIZKHBI TIOJIHOCTBIO TIEPEKPHIBATH €TO.

IT sman — menkoanmasHbie OypOBbIE KOPOH-
ku. Ha mepBoMm atare 7151 M3roTOBIEHUS KOPO-
HOK NTPUMEHSJINCH KPYTTHBIE anMasbl. s apmu-
POBaHMS aJIMa3HbIX KOPOHOK BIIJIOTH /10 TPU/I-
aThiX ro10B XX CT. UCIIOJIb30BAJIHN UCKJIIOUM-
TeJTbHO YepHbIe TEXHUYECKHe aiMa3bl COpTa Kap-
GOHAIO C TOHKOKPHUCTAJINIECKON CTPYKTYPOU 1
MaJIOl XpYIKOCTbIO. Macca oTzesibHOro ajiMasa
kosiebsiercst ot 0,5 710 2 KapaToB. ITO caMble J10-
porue TexHuUYeckue anMasbl. [Ipu OypeHun B
KPEMKUX U 0COOEHHO TPEIIMHOBATHIX MOPOAAX
Pacxojl aJMa3oB YBEJUYUBAJICSA ¥ CTOUMOCTD OY-
peHus Pe3Ko Bo3pacTaa.

Jlutst ocHateHust KOPOHOK OBLITH TIPE/ITIOKEHbI
MeJIKHe aMa3bl — TaK TOSBUJINCH MEJTKOATIMa3-
Hble GypoBbIe KOPOHKU. B 3aBUCHMMOCTH OT BeJu-
YUHBI a7TMa3bl HA TOPIlE KOPOHKU PACIIOJIarajanuch
@) B OJIMH CJIONl — OJHOCJIOHbBIE KOPOHKH, 6) B
HECKOJIbKO CJIOEB — MHOTOCJIOIHBIE KOPOHKH 1
6e3 Kakoii-1nb0 CXeMbl PACIHOJIOKEHHS, T. €. C
PaBHOMEPHBIM pas3MeleHUeM 110 BCeMy 0ObeMy
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MaTPUYHOTO MaTepuaja — WMIIPErHUPOBAHHbBIE
KOPOHKHU.

OnHocoliHbIE KOPOHKN apPMUPYIOTCST ajiMasa-
MU KPYNHOCTbIO OT 2—5 10 40—60 miT./Kapar.
MHorocI0iHbIE KOPOHKH apMUPYIOTCsT Ooiee MeJI-
KUMU 3epHaMU 00beMHBIX aiMa3oB oT 60—90 10
90—120 mrr./xapat. UMniperanpoBaHHbIE KOPOH-
KW apMUPYIOTCST 00hEMHBIMU aJIMa3aMi KPYITHO-
crbio ot 120—500 mrt. /Kapat u 6oJee.

IIT 5man — anmasubie GypOBbIE KOPOHKH, OC-
HallleHHbIe CUHTETHYeCKMMH aiMa3aMu. [lepBas
MOMBITKA CHHTE3a ajiMasa ObLIa TPEIIPUHSTA B
1823 1. ocHoBaTesieM XapbKOBCKOTO YHUBEPCHUTE-
ta B. Kapasunwvim, KOTOPHIN TIPU CyXOH ITepeToHKe
JIPEBECUHBI TIPU CUJIBHOM HArpeBaHUU ITOJTYUUJI
TBEP/IbIe KPUCTAJLIHl HEN3BECTHOTO BETIECTBA.

«B 1893 r. ipodeccop K./. Xpyus06 nipu 6bicT-
POM OXJIaK/IEHUH PACILIaBJIEHHOTO cepebpa, Ha-
CBITIEHHOTO YTJIEPOJIOM, TaKKe MOJY4IHJ KPHUC-
TaJIJThl, IapamaBIie CTeKJI0 U KOpyH/. Ero onbit
ObLT ycremHo noBTopeH A. Myaccanom, 3ame-
HUBIINIM cepeOpo Ha skese30. [Tozxke ObLTO ycTa-
HOBJICHO, YTO B 9TUX OIBITAX CHHTE3NPOBAJICS HE
ajiMas, a KapOuJ KpeMHMs (MyacCaHMMT), KOTO-
PbIil MeeT OYeHb OJIM3KKE K aJIMa3y CBOICTBA.

B 1879 rony motnanackuit xumuk /l. Xauueu
OOHAPYIKUJI, YTO TPU B3aMMOJEHCTBUU TIIEJI0Y-
HBIX METAJJIOB C OPTAHUYECKUMU COCMHEHUSIMI
IIPOMCXO/IUT BbIjIeJIEHNE YIJIEPO/Ia B BUJIE Yellly-
ek rpacduTa, ¥ MPEANoJIOKUI, YTO TIPU MTPOBee-
HUU TOZO0OHBIX PEAKINIT B YCJIOBUSX BBICOKOTO
JIaBJIEHUS YTIEPO/l MOKET KPUCTATIIN30BAThCS B
dbopme anmazsa. Ilocne psiia dKCIEpUMEHTOB, B
KOTOPBIX cMech napaduHa, KOCTSIHOTO Macja 1
JIUTHS JITTUTETbHOE BPEMs BbIIEP;KUBAJIACh B 3a-
MAagHHOM, HaTPETOM 10 KPACHOTO KaJIeHUs, CTalTb-
HOU TpyGe, eMy yIaJoCh MOJYYUTH HECKOJBKO
KPHUCTAJIJIOB, KOTOPBIE TTOCJI€ HE3aBUCUMOTO HC-
cireloBaHus OBLTH TIPU3HAHBI aiMa3aMu. B Hayy-
HOM MUPE €ro OTKPBITHE He OBLIO MPU3HAHO, TaK
KaK CYUTAIOCh, 4TO aJIMa3 He MOKET 00Pa30BbBI-
BaTbhCs MIPU CTOJIb HUBKUX JABJIEHUSIX U TEMITepa-
typax. [ToBTOpHOE nccienoBanme 06pasios XoH-
Hes, ipoBejieHHoe B 1943 1. ¢ npuMeHeHneM peH-
TreHOBCKOTO aHAJIN3a, TOJTBEPANUIIO, YTO TOJY-
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YeHHbIe KPUCTAJLIBI SBJISTIOTCS a7TMA3aM U, OJTHAKO
npodeccop K. Jloncoetin, IpoBoAUBINAs aHAIUS,
BHOBb 3asIBUJIA, YTO IKCIIEPUMEHTHI XoHHES SIB-
JFI0TCS MUCTUDWKATE> [2].

B 1939 r., B aBTOPUTETHOM COBETCKOM >KypHa-
Jie «Ycrexu XUMUU» MOSIBIIACH OOJIbITIAsT Hayd-
Hag cTaThd npodeccopa Oscest Unvuua Jleiinync-
K020 ¢ TIOAPOOHBIMU pacyeTamu, rpapuKamMu U
TabJIMIaMu, B KOTOPOI ObLIN HAliIeHbI 10CTaTOY-
HO TOYHBIE U HAJIEJKHbIE TTAPAMETPbI CHHTE3a aJI-
Masa. Osceli Vbny, BeIZAIONINICS XUMUKO-(hH-
3WK, 10 MPABy CYMUTAETCS] aBTOPOM criocoda CuH-
Te3a amMazoB (1939 r.), mpuMeHsSeMOTro HbBIHE
WHIyCTPUATBHBIMU CTpaHaMu. EMy BMecTe ¢ ero
6patoM — akageMuKoM Anexcanopom Hivuuom
Jletnynckum n cectpoir — mpodeccopom Jopoti
Hnvunuunot Jletinyuckoii — NOCBSIEHA KHUTA
B.C. Iopo6ya «Tpoe n3 ATOMHOTO TIPOEKTA: CeK-
petubie husuku Jleitmyuckues (M.: JIKU, 2008).
B 2009 r. Bemio 2-e u3panue 10J; Ha3BaHUEM
«Cexpernbie pusukn Atromuoro npoexkta CCCP:
ceMmbst JlelmyHckux». B 9Tol KHUTE TOBECTBYET-
cs1 06 ucropuu orkpeitust O.U. JleiimyHckoro u
06 peanmzanuu B [IBeru, CIIIA u CCCP cos-
pPEMEHHOTO crtocoba CHHTE3a ATTMA30B.

Teopust O.U. JleiimyHcKoro Oblia paKTHYEC-
KU TOJTBEPIK/EeHA MojiyueHueM depe3 15 jier B
psizie 1abopaTopHil AIMa30B CrienuaIucTaMu (up-
mbl ASEA (Allmanna Svenska Elektriska Aktie-
bolaget) [1IBernu u kommaunm «/[skeHepa aJex-
Tpuk»> CIHIA.

B 1960 r. B CCCP Jleonud @edoposuu Bepe-
wazun B TaGOPATOPUK CBEPXBBICOKUX [[ABJICHUI
BIIEPBbIE CyMeJI TIOJIYYUTh UCKYCCTBEHHbIE aiMa-
3bl. B mambHeiimem smaboparopuio Beperarnia
npeo6pazoBasiii B VIHCTUTYT (DUBUKHM BBICOKHX
nasyennii (MDBJ/]) AH CCCP u Jleonunn @eno-
POBUY CTaJI €ro NepBbIM AnpekTopoM. OHOBpE-
meHHO B Kuese Obun cozman MHCTHTYT cBepx-
TBEPABIX MaTepuaion (aupextop — B.H. baxyw),
B KOTOPOM pa3pabaThIBaINCh TEXHOJIOTUS 1 HHC-
TPYMEHTApUH /I TPUMEHEHUsT aJIMa30B B IIPO-
MBITIIJIEHHOCTH (TIT(OBATBHO-TIOTMPOBAIBHBIE
JIVICKH, aJIMAa3HbIe UL, PE3I[bI, OyPOBbIE KOPOH-
ku u T. 1.). lanbiie B CCCP pemtenunem mpob.ie-

MBI CHHTE32 2JIMA30B 1 OPTaHU3AINH UX BBITyCKa
3aHUMaanCch VIHCTUTYT (DU3UKK BBICOKUX JIaBJie-
wnii Axagemun Hayk CCCP, UHCTUTYT CcBEpX-
TBep/biX Marepuanos Axkajiemun Hayk YCCP u
PSIl CHIEIMATM3UPOBAHHBIX 3aBOZIOB M HAYYHO-
MCCeIOBATEIbCKUX UHCTUTYTOB.

IV aran — anma3sHbie OypoBbie KOPOHKH, ap-
MHPOBaHHbIE€ KOMIIO3UIIHOHHBIMH MaTepHaIaMH
C HCIIOJIb30BaHUEM aJIMa30B. JTO KOPOHKH JIBYX
TUTIOB: @) apMUPOBAHHBIE CBEPXTBEP/bIM Mare-
puasom «CiaByTud»; U 6) apMUpPOBaHHBIE aJl-
Ma3HO-TBEP/IOCIVIABHBIMHU IJIACTUHAMMU.

Pa6otbl IFU-HIY no anma3Homy Gypexuio

JlueriponierpoBckuii Topabiit uacTUTYT (JITN) —
HbiHe HanumoHanbHBIN TOPHBI YHUBEPCUTET
(HTY) — ocnoBan B 1899 rony. Kadenpa texau-
KW Pa3BeIKN MECTOPOXKIAECHIH TT0JIe3HBIX MCKOTIA-
embix co3zana B 1929 roxy. Ho pa6otsl 1o aimMas-
HOMY OYpeHUI0 HAaYaJIMCh ellle 10 CO3[MaHusT Ka-
denpor. IIpodeccop AA. Tummenvgpapbd — ocHo-
Batesb Kadeapsl — B 20-€ TOBI TTPOIILIOTO CTO-
JIETUST OTYOJIKOBAJ PSIJL CTATEH, TIOCBSIIEHHBIX
aJIMa3aM 1 UX IPUMEHEHUIO B IPOMBIIIIIEHHOCTH,
a TaK)Ke aJIMa3HOMY OYPEHUI0 CKBKUH HA YTOJIb
B [lonbacce u Ha jkese3HbIe py/bl B Kypckoii mar-
HUTHOM anoMasn# [3].

Pabotbl 110 asMazHOMY OyPEHUIO CKBaXKUH B
AT'M-HI'Y BpimomHAINCH TIO IBYM HaIPaBJIeHU-
SIM: nepeoe — KOHCTPYKTOPCKOE; 8Mmopoe — TeX-
HOJIOTUYECKOE, T.€. TEXHOJIOTUsI OypeHusT aimas-
HBIMU KOPOHKaMHU.

K xoncmpyxmopcrkomy HaripaBieHUIO OTHOCSTCS
Takne pa3paboTKM: ajiMa3Hbie OypOBble BUOPAIIMOH-
Hble KOPOHKY [4]; asiMastast GypoBast KOPOHKA C He-
CHMMETPUYHOM TU/IPABJINYECKON CUCTEMOI [ ]; Che-
MHas1 ajiMa3Has OypoBasi KOpoHKa [6]; AUCKOBbIit
TTOPOZIOPA3PYIIAIOIINI MHCTPYMEHT [7].

B TN n Tynasckom dunuane [THUTPU B
1984 1. GbuIn pazpaboTaHbl ajMasHble GYpPOBbIE
subporacsiie kopouku 01A3-KM ¢ npupos-
vbeiMu asiMazamMu 1 01A3cB-/KM ¢ cunTeTnuec-
kuMu anmaszamu [4]. Kopryca KOpOHOK BBITIOJN-
HEHBI 13 BHOPOracsiero (IeMdupyroIero) Kom-
nozuionnoro Matepuaia J[30-MII. /Iluamerpsr
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KopoHOK — 46; 59; 76 1 93 mm. Koponku mipesina-
3HAYEHBI JIJIsI BPAIIATEIHHOTO OYPEHUs Te0JI0To-
Pa3BeIOYHBIX CKBAKMH KOJIBIIEBBIM 3a060€M C OT-
60pOM KepHa B MajoabpasuBHbBIX, MOHOJIMTHBIX,
cnaborpentHoBaThix 1opogax IV—IX karero-
puii mo 6ypumoctu. IIpumenenne koporok 01A3-
KM u 01A3cB-KM B3amen koponok 01A3 u
01A3cB co cTaJbHBIMU KOPIIyCAaMU ITO3BOJISET
MOBBICUTh WX CPEAHUN TEXHUYECKUH pecypc
(croiikocTb) Ha 25—30 % M MEeXaHUYECKYIO CKO-
poctb Oypennst Ha 10—15 %. AsmMasHble KOPOHKH
01A3-KM u 01A3cB-7KM ObLiu IPUHSATHL K ce-
puiiHoMy TipousBojCcTBY Ha KabapaunHo-6aikaH-
CKOM 3aBOjIe 2JIMA3HOTO UHCTPYMEHTA.

[Tpu paspymeHnu TBEP/BIX U KPEMKUX TOPHBIX
MIOPO/I 3HAUNTEIbHAS YaCTh S9HEPIMU PACXOLYeTCs
Ha TpeHue OYPOBOIl KOPOHKU O TOPHYIO TOPOLY.
ITa 4acTb 3HEPTUN TIEPEXONT B TeTio. TenaoByto
9HEPTHI0 TPEHMS MOKHO WMCIIOJIb30BATh [IJISI WH-
TeHCU(UKAIUY [TPOIIeCCOB paspynieHus. /s ato-
TO TeMIlepaTypa B 30He KOHTaKTa PEXYINX dJIe-
MEHTOB ¥ TOPHOI MOPO/IbI 30081 TOJIKHA OBITH J10-
CTATOYHO BBICOKOIL, YTOOBI HAIPETh NPU3aOONHbIIT
CJIO¥A TTOPOJIbI ¥ Pa3yTIPOYHUTH ero. /[J1s ncmosib3o-
BaHMs TEIJIOBOM SHEPIMU TPEHUs COTPYAHUKH

HarmonanbHo# ropHoli akajieMu YKpauHbl COB-
MecTHO ¢ VTHCTUTYTOM CBEPXTBEP/IbIX MAaTEPUAIOB
HAHY paspaGoraiu TepMoMexaHrndeckue Oypo-
Bble KOPOHKH, B KOTOPBIX IIPUMEHEHbI CBEPXTBEP-
JIble  KOMTIO3UIIMOHHBIE MaTepuajibl U aJMasbl.
bBoutn mpoBenieHbI  CTEHZIOBbIE WCCJEOBAHUS W
MTPOM3BO/ICTBEHHBIE NCTTBITAHNS PA3JIMIHBIX KOHC-
TPYKIUI OYPOBBIX KOPOHOK, OCHAIIIEHHBIX PAa3HbI-
MU CBEPXTBEP/IBIMKM MaTepHaJaMK: OJUKPUCTAII-
JIMYECKUMH aJIMa3aMu, KapOuaoM 60opa, HUTPUIOM
KPEMHWS, MAaTEPHAJIOM «T€OTEPMaJ», PEJIUTOM W
KPOIIKO#1 KapOu1a BoJibhpama.

J1J1s1 OTIBITHO-TIPOMBIIILJIEHHBIX MCIBITAHUI TTPH-
MEHSIJTMCh TePMOMEXaHUYecKrue KOPOHKHU Ha Oc-
HOBE MCKYCCTBEHHBIX aJTMa30B, KOTOPbIE OTJINYA-
JINCh OT CePUUHBIX KopoHOK Thuma bC-33 nanm-
YUeM OTHOTO WJIN JBYX IMUPOKUX TTPOMBIBOYHBIX
kaHayoB [8]. Kak moxasanmu cTeHoBble UCCIIEN0-
BaHUs, y/IEJbHBII U3HOC OMBITHBIX KOPOHOK IT0
CPaBHEHUIO C CEPUITHBIMU aJIMa3HbIMU ObLT B 1,6—
2,4 pasa HyzKe nipu Oypenuu rpanuta Kymparires-
CKOTO MECTOPOXKIEHUS, UMEIOIIETO TJIOTHOCTh
2,7 xr/m3, opucrocts 0,98—1,6, mpexen mpoy-
HOCTH TIpU oiHOOCHOM ckatun 140—192 MlIla n
uctupaemocth 0,48—0,45 r/cm (Tabu. 1).

Tabnuya 1
Pe3ysibraThl CTEHI0BBIX UCCJIEIOBAHHUI TEPMOMEXAHUYECKUX OYPOBbIX KOPOHOK
Mexanuueckasi CKOpoCTb OypeHust YenbHbIi U3HOC
Twum kopoHku
M/4 % MM/M %
BC-33-59 2,53 100 0,026 100
BC-33-59-TM1/1 2,81 112 0,017 63
bC-33-59-TM2/1 3,24 128 0,011 42
BbC 33-59-TM2/2 3,00 118 0,096 369
Tabnuua 2

Pe3yJI])TaTbI OIIBITHOTO 6ypemm CKBa’KHH B IIPOU3BOICTBEHHbIX

YCI0BUAX TEPMOMEXAaHUYECKUMHA 6yp0BbIMI/I KOpOHKaMu

Obnem [Tpoxojika Ha KOPOHKY MexaHuueckast CKOpoCTb OypeHust
Tumn xoponkn Gypenust, M
’ M % M/4 %
BC-33-59 14,80 7,40 100 2,99 100
BbC-33-59-TM2/1 18,64 9,32 126 3,60 120
BC-33-59-TM1/2 17,90 8,95 121 3,75 125
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Pesynbrarel OypeHust CKBaKMH B TIPOU3BOJIC-
TBEHHBIX YCJIOBUSX TEPMOMEXaHMYECKUMHU KO-
POHKaMM NpUBeEHbI B Ta0I. 2. 3a cYeT UCIOJIb-
30BaHWS TETNJIOBOW SHEPTUU TPEHUS TIPHU pas3py-
IIIEHUY TOPHBIX TTOPO/I 320051 MEXaHUYECKAsT CKO-
poctb Gypenust Bospocia B 1,20—1,25 pasa, npo-
X0/1Ka 3a peiic yBeanuniach B 1,21—1,26 paza.

K mexnonoezuueckomy HampaBieHuo OTHOCAT-
s caeyonue pa3paboTK:

+ UMITYJIbCHBIE TEXHOJIOTHH OypPEHUs: ¢ Tepe-
MEHHOI 0ceBoi Harpy3koi, F = var [9]; c nepe-
MEHHBIM PaCXO/IOM ITPOMBIBOYHON >KU/IKOCTH,
Q =var [10—13]; c mepeMeHHOIT YaCTOTOI Bpa-
MIEHNsT TTOPOZI0PA3PYIIA0IEr0o WHCTPYMEHTA,
n =var |14, 13];

+ TEXHOJIOTHUST aJIMa3HOTO OypeHUs] Ha MUHMMa-
JIBHOM PACXO/I€ TPOMBIBOYHO# JKUIKOCTH € 00€eC-
IeyeHneM TePMOMEXaHNYeCKOTO pa3pylieHus
ropubIx opozx [ 16, 17];

+ TEXHOJIOTUST aJIMa3HOTO OypeHMsI ¢ MpuMeHe-
HUEM IIPOMBIBOYHBIX JKUIKOCTEH, COIEPIKAIIIX
TOBEPXHOCTHO-aKTUBHBIX BetiecTB (ITAB).

B paspaboTke npuHuManu ydacrue Inume-
un E.@., Cupux B.®., /lyons HA., laspunenxo HM.,
/lasudenxo A.H., Bapenux A.B. B niporiecce ucciie-
JIOBAHUIT TP pa3pabOTKe PEIENTyP MPOMBIBOYHBIX
JKUJIKOCTEH yTOYHSINCH TIPE/ICTABICHUS O MeXa-
Hu3Max BozzelictBus IIAB nHa ropryio nopoxy u
IIPOMBIBOYHYIO JKUIKOCTh U 006 ydere (HaKTOpoB
JUIST BBIOOpA PerenTypbl. 3a TObI HCCAeTOBAHUIT

Tabnuya 3
PexxuMbl UMIyJIbCHO# IPOMBIBKH
Bpewmst maysbl o1a4n IPOMBIBOYHOM KUAKOCTU L, € 0,315 0,205 0,125 0,105 0,068
Bpewms monaun mpoOMBIBOYHOI KUAKOCTU L, C 0,315 0,205 0,625 0,525 0,342
Tabruya 4
Bausnue pekrMa NPOMBIBKH Ha MEXaHHYECKYIO CKOPOCTb aIMa3HOro GypeHus
C Mexanudeckast
Bpamienus, | Harpyska P, Tay3bl oIa4um t/tn
MI/IHA [[aH leOMbIBKI/I t C t e . JKHUIKOCTH,
" nox 7/MHH oM/Mun %
Koponka 01A3-59
239 700 NmmynbcHbrii 0,375 0,375 1:1 13,3 1,23 211
VIMITy TbCHBIIH 0,125 0,635 1:5 26,6 1,15 197
ITocTosanmbIit — - - 40 0,58 100
239 700 UmtyibcHblii 0,205 0,205 1:1 23.3 1,07 220
NmmynbcHblii 0,068 0,342 1:5 0,99 203
ITocrossHubI — — — 0,48 100
377 900 WMy ibCHBII 0,315 0,315 1:1 14,4 4,47 146
VIMITy IbCHBII 0,105 0,525 1:5 28,8 3,64 118
ITocrosinubIi — — — 40 3,06 100
Kopomxka AK1-59
377 900 WMy nibCHBII 0,315 0,315 1:1 14,4 1,78 144
ITocTrositnubIit — — — 40 1,24 100
699 700 VIMITy TbCHBIT 0,315 0,315 1:1 14,4 1,31 127
ITocrossHHBI — — — 40 1,03 100
699 1100 VIMITy TbCHBII 0,315 0,315 1:1 14,4 7,16 143
ITocTosHHBII - — — 40 5,00 100
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ObLI HaKoILIeH GOJIbINOI 00beM MaTepuaia, Ko-
TOPBIiT TPEOYET OTAETHHOTO PACCMOTPEHHSI.

B ITU coBmectro ¢ CKb HIIO «IeoTexnu-
Ka» Obljia pazpaboTaHa PaBHOPACXOAHAS TEXHO-
JIOTHSI TUAPOYIAPHOTO aJIMa3HOTO OYPEHUST BbI-
COKOYACTOTHBIMU THApOyAapHukamu ['59B u I'76B
¢ KoMOMHUPOBaHHbIMU oTpaxaTensamu OI'59 u
OI'76, pacmosioskeHHBIME TT0 pekoMeraanmm [T
¢ BHYyTpu(}a30BOil 1 BHYTPUITUKJIOBON yCTAaHOB-
KOIl Ha pacxojie aJIMa3HOTO BpalaTeabHOro Oy-
penwus [9].

[Tpuemounbie ucnpiTanus orpaskaresnein OI'59
u OI'76 mpoBeieHbl Ha JKeJTe30PYAHBIX MeCTO-
poxknenusix B Kpusoposkckoit 'PI IITI'O «IOx-
ykpreosiorust» u 3eipsiHoBckoii [P IO «Boc-
TKa3reoJIoTusI». B pe3ysbraTe poBeieHNs NCTIbI-
TAHWH TIOJIYYEeHBI CJIEAYIONIEe Pe3yIbTaThl: POCT
MeXaHU4YeCcKoil ckopoct Oypenus cocraBu 10,3—
21,8 %; poct npoxozku 3a peiic — 10,2—42 %; pe-
cypc orpaxkarenst — 1150—1400 u; makcuMasb-
Hast riyouna 6ypenust — 2280 .

Corpyaaukamu [T 1 OMITHT IITO «IOx-
YKPTeoJIorusi» pa3paboTaHa U BHEAPEHA PaBHO-
pacxo/iHas TeXHOJIOTHS BPaIlaTeabHO-YAapPHOTO
OypeHust BLICOKOYACTOTHBIMU THAPOYAAPHUKAMHE
I'59B u I'76B 6e3 orpaxkate/iss U ¢ oTpaskareieM
OI'B-MII na pacxomax aTMa3HOTO BpaIiaTeabHO-
ro OypeHus, Kotopasi ob6ecrieunBaer pocT Mexa-
HUYEeCKOl ckopoctu Gypenust 7,8—20,8 % u mpo-
XOZIKH 3a peiic 34 %. PaszpaboranHast paBHOpac-
XO/[HAST TEXHOJIOTUST BpaIlaTeJbHO-YIapHOTO Oy -
PEHUsT BICOKOYACTOTHBIMU THIPOYIAPHUKAMU Ha
pacxojie ajIMa3Horo OYpeHusi ¢ OTpakaTessIMu
TUIPABJINYECKUX BOJTH C BHYTPpH(hA30BOIi 1 BHYT-
PUITNKJIOBOI YCTAaHOBKOI MOBBITIAET 3 (PeKTIB-
HOCTb ¥ IJIyOUHY THPOYAapHOTo Oypenust. Briep-
Bbl€ B MUPOBO#I TIPaKTHKe OYPEeHUsT CKBaKUH Ha
TBep/Ible T0JIe3HbIe MICKOTIaeMble JIOCTUTHYTA TJIy-
6una Oypenus csoitre 2000 m (2280 m). Tuapoy-
napubie KoMmiiekesbl [ B+OI'B mpunsars! k cepuii-
HOMY 1ipou3Bo/cTBY Ha DM 3.

[Tomaua ouncTHOTO areHTa ¢ MepeMeHHbIM pac-
XO/IOM 00€eCTIeYMBAET, C OJHON CTOPOHBI, HOJIb-
myto rayOuHy Mporpesa Mopojibl Ha 3a00e CKBa-
JKUHBI 32 CYET TOJHOTO TIPOSIBIEHNS BHYTPEHHE-
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TO TPEHUS MEK/IY 3e€pPHAMHU MUHEPAJIOB, BXOJISIITIX
B COCTaB FOPHOI MOPO/IbI, @ TAKKe MEXKIY aToMa-
MU, MOHAMU W MOJIEKYJIaMU BHYTPU UX KPUCTAJI-
suyeckux pemretok. C Apyroii CTOpOHBI — Ha-
6uioaercst 9 heKT MOBBIIIEHUST XPYTTKOCTH TO-
PO/l B pe3yJibTaTe PUCYTCTBUS HeCTAIIMOHAPHO-
T'O TEMITEPATYPHOTO TOJIS.

Peanmsanus Takoro pexxuMa mpoMbIBKH (TIPO-
JIyBKW) OCYMIECTBJISETCS TPU HMCIIOJIH30BAHUN
CTaHAAPTHOTO 00OPYIOBaHUS ¥ MHCTPYMEHTA 3a
cYeT BKJIIOYEHUsI B UX COCTAB TOBEPXHOCTHBIX
WJIN TIOTPYKHBIX YCTPOWCTB, PEPBIBAIOIINX T10-
TOK OYMCTHOTO areHTa MPU MOCTOSHHON Togaye
Hacoca (KoMITpeccopa), UJIN 3a cYeT M3MEHEeHUs
MACIIOPTHBIX KOHCTPYKTMBHBIX MAPAMETPOB B IIPO-
1ecce 9KCITyaTalli Hacoca — yMeHbIIIeHHe YHnC-
Jia paboTAOIINX TUTYH/KEPOB WJTH KJIATIAHOB.

CreHIOBbIE MCCIIEIOBAHST AIMa3HOTO Oy PEHVIsT
C UMITYJIbCHOM ITPOMBIBKO# OCYIIECTBJISIUCH [TPU
OypeHnu OJIOKOB TPaHKTA C IIPOMBIBKOI TEXHUYEC-
koit Bozoit [10—13]. B Tabu1. 4 nmpuBoasiTcst pesy-
JIBTaThl CTEH/IOBOTO OYPEHUST TIPH PEKUMAX MITY -
JIbCHOM TIPOMBIBKH, KOTOPbIE IPUBEIEHBI B Ta0I. 3.

Kak cienyer us gannbix tabi. 4, Bce UcCaen0-
BaHHbBIE PEKUMbBI MMITYJIbCHOI MTPOMBIBKH 00ec-
MEYNBAIOT POCT MEXaHMYECKOH CKOpOCTH Oype-
Hus. KoadduimerTt pocta cKOpocTu u3MeHsIeTcst
ot 1,18 no 2,2. Xapaktep MMITyJTbCHOW ITyJIbCa-
1M C OTHOIIIEHNEM BPEMEHM T1ay3bl K BpeMEHU
TTO/Iau¥ TTPOMBIBOYHOM KuikocTh 1 : 1 okasbiBaer
6oJIbIITeE BIIMSIHUE HA CKOPOCTH OYPEHHUs], YeM TIPH
cootHotenuu 1 : 5.

Ha xoadgduirenT pocta MexaHM4eCKOH CKO-
pocTu OypeHust TP UMITYJIbCHOI IIPOMBIBKE OKa-
3bIBAET BIIMSIHUE YPOBEHb 3a00iHOI MOIIHOCTH. B

Tabruya 5
PacueTHble 3HaYeHNsA 3a00HHONH MOIHOCTH
7n, MUH ! P, naH N, kBt
239 700 1,7
377 900 3,4
699 700 49
699 1100 7.1
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Puc. 1. 3aBUCUMOCTb MEXaHUYECKOU CKOPOCTU GyPEHMst ajl-
MAa3HO¥ KOPOHKO M0 TIECYaHUKY OT PACXO/[a OUMCTHOTO aTeH-
Ta (CKOPOCTh BpallleHuss MHCTPyMenTa # = 377 MuH '; 1ua-
MeTp KOpoHKH — 76 MMm). OceBast Harpy3ka: 1 — P =5 kH;
2—P=8xH;3—P=11xH;4—P=14xH

TabJI. 5 IpUBe/eHbl pacdeTHbIe 3HaYeHUsT 3a001-
HOI MOIITHOCTHU N, oripejieieHHbIe 110 GopMmyJie
N=2-10"7 Fndcp,

rae F — ocesas Harpyska, faH; n — yacrora Bpa-
IIEHVIST, MUH dcp — CpeIHUI amMeTp KOPOHKHU, MM.

CpaBHeHme JaHHBIX TaOJI. 4 M 5 CBHUIETEIbC-
TBYET O TOM, 4TO IIPH YPOBHE 3a00ITHOI MOTITHOC-
1 B 1,7 kBT mmnysibcHast mpomMbIBKa IIPUBOUT K
BO3PACTAHMIO MEXaHUUYECKOI CKOPOCTH OypeHWst
6oJiee YeM B [[Ba pasa.

[Tpu yBesmmuernn 3a00HON MOIITHOCTH /10 3,4—
7,1 kBt ckopocth yBesmunBaetcs B 1,18—1,46 paza.

B JITU 6bu10 paspaborato ycrpoiictBo 3PMA
C Pe3MHOMETAJINYEeCKUM YIIPYTUM 2JIEMEHTOM,
KOTOPBII 0OecieyrBaeT He TOIbKO BUOpOTAIIeHNE,
HO 1 paboTy GYPOBOIT KOPOHKH € IIEPEMEHHOM Yac-
ToTOM Bpaienus. Mcrosb3oBaHue 3TOro ycrpoiic-
TBa pu Oypernu mopoj B JloHbacce cyiecTBeHHO
COKPATHUJIO KOJIMYECTBO aBapuii, MOJIOMOK 6ypPOBO-
TO MHCTPYMEHTA, TIO3BOJIAJIO YBEJTUINTh:

1) MEXaHUYECKYIO CKOPOCTh OYPEHUsE: TBEP/IO-
CIJTABHBIMU KOPOHKAMU Ha 25 %; aJIMa3HBIMU KO-
porkamu Ha 30 %.

2) POXOJIKY 3a peic: TBep/OCIIaBHBIMU KO-
ponkamu Ha 15 %; anmazubiMu Koponkamu Ha 12 %
[14—15].

WccanenoBannst BAUSHUS Pacxojia MPOMBIBOY-
HOM JKMIKOCTH HAa MEXaHWYECKYI0 CKOPOCThH TI0-
Kasaji, 4YTO 3Ta 3aBUCUMOCTb UMEET CJIOXKHBII
xapaxrep (puc. 1) [16, 17].

Ha rpacduke Habmomaercst iBa MAaKCHMyMa Me-
XaHWYECKOW CKOPOCTY TIPY PA3IMYHBIX 3HAYEHU-
SIX Pacxojla OYUCTHOTO areHTa, MpuyeM HarnboJIb-
MM MaKCUMYM OTMeuaeTcsl IPU MEHbIIIeM pac-
XO/le IIPOMBIBOYHOHN JKMJIKOCTU. AHAJOTHYHbIE
3aBUCUMOCTH MEXaHUYECKOW CKOPOCTU OypeHust
NI UMIIPETHUPOBAHHBIX KOPOHOK OT Pacxoja
OUMCTHOTO areHTa moayuyunu corpyauuxu (I
C.A Bonxos u H.B Conosvés.

Taxkum 06pasom, psizt pazpaboTok Kadeapbl Tex-
HUKH Pa3BEKN MECTOPOKIEHU TTOIE3HBIX NCKO-
maembrx JII'V mMenn 3HaUUTENbHBIN Pe3ysbTar,
IIPOIIJTN BCECOIO3HbIE TTPUEMOYHbIE NCITBITAHUS 1
OBbLIN MPUHSITHI K CEPUHHOMY MTPOU3BOICTBRY: aJl-
MasHble BuOporacsiie 6yposbie koponku 01A3-
KM, 01A3cB-’/KM-KB3AU; runpoynapubie KOM-
TIJIEKCBI, BKITIOYAIOIIE BBICOKOYACTOTHBIN THIPO-
VIApHUK U OTpaskaTesib TUAPaBANYECKUX BOJIH,
TS peasin3aliiy PaBHOPACXOIHOM aIMa3HOTUIIPO-
yAapHOI TexHoJIornu OypeHnn ckBaxuH-OM 3.

Hexortopbie pazpaboTKU MPOTILIN TPOU3BOACT-
BEHHBIE MCITBITAHHST: TEXHOJIOTHSI aJIMa3HOTO Oype-
HUS1 HAa MUHUMAJIbHOM PacXozie IIPOMbIBOYHOM JKU/1-
KOCTH; aJIMa3Hast KOPOHKA C HECUMMETPUYHON THI-
PaBJIMYECKOI CUCTEMOIT; TEXHOJIOTHSE OYPEHMUS C 11 =
= var 3a cuer npuMeHernst 3PMA. Psjt pazpaboTok
HaXOJSITCST B CTaJinK JIaGOPATOPHOTO IKCIIEPUMEHTA.

100 JIET UICKYCCTBEHHOMY UCKPUBJIEHUIO CKBAXXUH

Bosnukniee B 1842 rogy mexanmdeckoe Bpa-
maresbHoe OypeHue ¢ MPUMEHEHHEM MapOBbIX
MAIIMH MHOTHE TO/bI TPUMEHSIIIOCH JIJIst Oy PEHsT
TOJIBKO BePTUKATbHBIX CKBasKUH. U sunib 70 set
CITyCTSI JIIOJI HAYYUJIUCh MCKYCCTBEHHO H3Me-
HSTD TOJIOXKEHUE OCU CKBAKMHBI B IIPOCTPAHCTBE
noa3eMubix Henp [18, 19, 23]. MoxHo Ha3BaTh
wecmyv 9manog PasBUTUSI TEXHOJOTUU HCKYCCT-
BEHHOT'O UCKPUBJIEHUSI OCU CKBAKUH:
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Puc.2.CxemaIIC ~ Puc. 3. Cxema HHB

I aTanm — poskaeHne HCKyCCTBEHHOTO HCKPHB-
JeHusi ckBaxkuH. [Ipousonio ato B 1912 rony.
Ha tore Adpuxu npu OypeHur ajMasHbIX CKBa-
JKMH TIOHaJOOMIOCh M3MEHUTD TIOJIOKEHUE OCH
CKBayKMHBL. J[J1s1 9101 Omepaiy GbLTo0 IPUMEHEHO
YCTPOICTBO, Ha3BaHHOE «OYp0sol Kaumns (puc. 2),
a oTIeparysi MoJIyunJia Ha3BaHHUe «UCKYCCMBEeHHOoe
ucxkpuenenue cksaxcurvly (MNC).

II 3Tan — HaKJIOHHO-HANIPaBJIEHHOE OypeHue.
B nanpHeiineM TeXHOJIOTHS NCKYCCTBEHHOTO HC-
KPUBJICHUS CKBAKUH COBEPIIEHCTBOBAIACK. [Ipo-
(brs TaKMX CKBAKUH CTAIH CTIOKHBIME (PUC. 3).
Bypenue mosyunio Ha3BaHue «HAKIOHHO-HANPAG-
aennoe» (HHDB).

III stan — KycroBoe Oypenue. [IpumeHeHme
HHD B ciox#bIX Teorpadmieckix ycaoBUSIX TPH-
BEJIO K CO3/IAHUIO HOBOI TEXHOJOTUN OYPEeHUsS —
«kycmosoe 6ypenue> (KBC) (puc. 4).

IV sran — mHoro3sa6oiinoe oypenue. [Ipnme-
nenrie HHDB B cI0KHBIX Te0sIOrMuecKux yCcaoBu-
X, & TAKKe JIJI TOJTy9eHUs] 3HAUUTEThHOTO 9KO-
HOMUYECKOTO ah)eKTa IPUBEJIO K CO3IAHUIO TEXHO-
JIOTHAH «MH0203a60tiH020 oypenusi> (MBC) (puc. 5).

V sTan — ropusoHTaJbHOE OypEeHHE CKBAKHH.
[Tpumenenne HHDB st GypeHust CKBakKUH Ha yT-
JIEBOJIOPO/THOE CBhIPbe (0COOEHHO B HU3KOTIPOHH-
I[aeMbIX TOPU30HTAX ) OIPEEJINIIO CO3/JaHIe TeX-
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Puc. 4. Cxema KycTa CKBOKUH

HOJIOTUU OYPEHUS «2AYOOKUX 20PU3OHMAILHBLX
cxeaxcun» (I'BC).

VI 31an — ropusoHTaJIbHOE HAIIPaBJIEHHOE Oype-
uue. [Ipumenennie HHB u I'bC npuserno k coznanmio
663TpaHIHef/’IHor0 METO/Ia TPOKJIA/IbIBAHUS ITOJA3EM-
HbBIX KOMMYHHKAITAI TTPU TIOMOTIA HETJTYOOKHUX TTPH-
TIOBEPXHOCTHBIX CKBAKHH I10 TEXHOJIOTMU «20PU30H -
manvhozo nanpaesiennozo oypenus» (THB) (puc. 6).
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Takum o6paszom, caenannbiii 100 jger Hasa,
Ka3aJ10Ch Obl, HE3HAYMTEIbHBIN IIPOPHIB B TEXHO-
Jioruu OypeHust CKBaKUH B BUJIE€ UCKYCCTBEHHOTO
VICKPUBJIEHUS] CKBAKWH B MTOTE TTPUBEN K TTOSIB-
JIEHUIO OOJIBIIOTO YNC/Ia UHHOBAIMOHHBIX TEXHO-
JIOTUii OypEeHUs] CKBAXKIH.

50 JIET BUHTOBOMY 3AEOWHOMY AABUTATEJTIO

B Hacrosiiiiee BpeMst [Jist BpamaTeabHoro Oy-
PEeHMS CKBAXKMH UCIIOJIb3YeTCsl ITPUBO/I, KOTOPBII
MOJKET OBITD: @) HA3EMHbIM, T.€. PACTIOIATATHCS Ha
HOBEPXHOCTH 3EMJIH; 0) NOZPYICHBIM, T.€. PACIIO-
JlarathCst B 3a00€ CKBAsKUHBL.

B niepBom ciiyyae HazeMHBIN TIPUBOJI TIEpeiaeT
BpallleHNe IopoI0Pa3pyiaioleMy HHCTPYMEHTY
MOCPEACTBOM OYypUJIbHON KOJOHHBI. Ha Bparie-
Huie OYPUJIBHOI KOJOHHBI 3aTPAauyMBAETCST MHOTO
mortHoctr. Kpome Toro, Bparmarorasicst 6ypuiib-
Has KOJIOHHA CO BPeMeHeM CUJIbHO MU3HAIINBaeT-

Puc. 5. Cxema MBC

CsI TIO HAPYKHOMY JIHaMeTpY.
Bo BTOpOM ciydae TOrpysKHO¥ MPUBOJ Tiepe-
JlaeT BpallieHue HeroCcpeICTBEHHO TOPOI0Pa3py-

HeTpOHyTaﬂ 3eMHas IT0OBEPXHOCTH

Byposast mrranra £

Puc. 6. Cxema 'HDB
1 2

AoIeMy HHCTPyMeHTY. B aToMm ciryyae Gypuiib-
Hasi KOJIOHHA He BPAIIaeTcst, IT0ITOMY TIpH Oype-
HUK T1yOOKUX CKBaKKMH MIPEANIOYTUTEIbHEE [TPHU-
MEHSITh OTPY/KHOU MPUBOIL.

B kauecTBe MOTPY;KHOTO TIPUBOJIA TIPUMEHSIIOT
TypOOOYPBI, 3IEKTPOOYPbI, BHHTOBBIE JBUTATEJIH.
Eciu Typ6o0ypbl 1 971eKTPOOYPhI UMEIOT MOYTH
BEKOBYIO MCTOPHIO, TO BUHTOBbIE 3200 HbIE JBU-
raTeJii — 9TO CPaBHUTETBHO MOJIOION THII TIOT-
pysxkHoro asuratess [20, 21, 22, 24]. Moxuo

s i
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Puc. 7. CxeMa OJIHOCEKIIMOHHOTO BUHTOBOTO 3a00MHOTO iBUTraTesis: T — MEPEXOIHNUK; 2 — KOPILYC IBUTATEIbHOI CeKIum; 3 —
crarop; 4 — poTop; 5 — KapJaHHbII Bas; 6 — KOPIIYC IIIUH/Es; 7 — TOPIEBON CaIbHUK; 8 — MHOTOPS/IHBIN pa/iMabHO-
0CEBOM TTOANINITHUK; 9 — pajriajbHas pesuHOMeTa/IndecKas o1nopa; 10 — BaJl IIMUH/es
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Puc. 8. Cxema IBYXCEKI[MOHHOTO BUHTOBOTO JIBUTATEJSI C JKECTKUM COeJUHEHMeM paboumx opraHoB: 1 — kiaimah; 2 —
MIePEeXOIHUK COeJIMHUTENbHbIN; 3 — BTYJIKa; 4 — ctatop; 5 — porop; 6, 7, 9, 10 — nepexonnuku; 8 — mydra; 17 — Ban
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Puc. 9. Cxema BUHTOBOTO JIBUTATEJIS C IIyCTOTEIBIM POTOPOM

0003HAYUTD B0CEMb IMANOE POKIEHUS BUHTOBO-
ro 320601 HOTO IBUTATEJS:

I aTan — posK/IeHre BUHTOBOTO 3a00MHOTO JBH-
rarenst (B3/[) — oqHo3ax01HOTO, OTHOCEKIIMOH-
Horo asurarens. B 1962 r. M. Xapucon (XblocTOH,
CIIIA) paspaboraj 0ObeMHBbII THAPABINYECKUI
BUHTOBOII JiBUTaTeh. /11 co3manust IBuraTesisi OH
UCIIOJIb30BaJI OOPAIEHHbIII TePOTOPHBINA BUHTOBOI
Hacoc Myano. Tak 6bLT co3/1aH OTHO3aXO/HBII,
OJIHOCEKITMOHHBIN BMHTOBOI 3a00MHBIN JBUTATETH
(B31I) (puc. 7). XapaxkrepHoii 0COOEHHOCTBIO ATO-
ro B3/l siBasteTcst BpIcOKas 4acToTa BpalieHus.

II aTan — MHOTO3aXO0/IHBIII BUHTOBOU /IBUTA-
teab. B3/] — a1o rugpasimyeckuii 3a60MHbII 1BU-
ratesib 00bEMHOTO THIIA, paboUre OpraHbl KOTOPO-
TO BBITTOJIHEHBI 110 CXeME TJIAHETAPHOTO MEXaHH3-
Ma, IPUBOJIMIMOTO B JIEICTBHE 32 CUET IHEPTHU
MTPOMBIBOYHOM KuaKoCcTH. B 1966—70 t1. Hukoma-
posvim C.C., liyjcmanom M. T. u np. (Mocksa, CCCP)
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ObLI pa3paboTaH POTOPHBIIL IBUraTe b ¢ BUHTOBOI
Mapoii cO 3HAYUTETHHO OOJIBIITIM YKCIIOM 3aX0JI0B,
YTO TIO3BOJIAJIO YBEJTMUNTH BpaIlaTeIbHBII MOMEHT
Y CHU3UTD YaCTOTY BPAICHMUS.

III 5Tan — ceKIMOHHbBINH BUHTOBOI ABUTaTe b,
CekrnonupoBatnre pabounx OpPraHoB SIBUJIOCH
OJTHMM U3 HanboJiee TMEePCIeKTUBHBIX HalpaBJie-
HUI TOBBITIEHNUS JOJITOBEYHOCTH BUHTOBBIX TP
(puc. 8). baarogapst Takoil TEXHOJTOTUY PACTU-
psiercs obacth npumenenust B3/ B paitonax ¢
OCJIOKHEHHBIMU YCJIOBUSIMU OYPEHVSI.

IV stan — ynpasasemsiit B3/l ¢ kpuBbiM ne-
PEXOHUKOM U H30THYTHIM KOPILyCOM. JTOT THUII
BUHTOBOTO J{BUTaTE st ObLI pa3paboTaH B CBSI3H C
teM, yTo B3/l mosiyanau npuMeHeHre He TOJTbKO
pu OypEHUH BEPTUKATBHBIX TITYOOKUX CKBAKITH,
HO U JIJIst HAKJIOHHO-HAIIPABJIEHHOTO OYPEHYSL.

V aran — B3/l ¢ perympyeMbIM yIJIOM HCKPUB-
JIEHVS] IINUAHIEIbHON ceKuy. J1oT i B3/] ObLt
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Puc. 10. O6uwmii Buz (a) u cxema (6) MOJYJIbHOTO TYPOOBUH-
TOBOTO JIBUTaTeNs: 1 — HINMNH/END; 2 — TYpOUHHAST CEKIINST;
3 — BUHTOBOU MOJyJIb; 4, 5 — COOTBETCTBEHHO POTOP U CTa-
TOP BUHTOBOI1 ITapbl; 6 — TOPCHOH; 7 — COeZINHEHNE TOPCHOHA
C BaJIOM TypOUHHOMN CeKIUM; 8§ — Bajl TypOMHHOMN ceKuuu; 9 —
cryneHb TypOuHbL 10 — oceBast onopa mmaHesss; 11 — 1010to

paspaboTaH [I7ist HAaKJIOHHO-HAITPABJIEHHOTO 1 TO-
PU30HTATBHOTO OypPEeHUsT TITyOOKUX CKBASKHH.
VIaran — B3/ ¢ mycToTe biM pOTOPOM. ITOT
TUII BUHTOBOTO /IBUTATEJIS MO3BOJISIET YMEHbB-
HIUTH JUIMHY U MacCy JIBUTATENsI U CYIIeCTBEHHO
IIOBBICUTH CTOMKOCTD y3J1a COelMHEeHUsI POTOpa €
BAJIOM HINMH/e. Takas KOHCTPYKIUS T03BOJIS-
eT yJY4YIlUuTb SHEPreTUYECKY0 XapaKTepUCTUKY
u KIIJT v cHU3UTH ypOBEeHb BUOPAIUY JIBUTATEJIST

(puc.9).
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VII stan — yammuénnsnii B3/[. Ha ocHose
0OBIYHOTO BUHTOBOTO 3a00MHOTO JIBUTATEJIST TIO-
BBITIIEH KJIACC MOTOPA /IJI YBETMYEHUS KPYTAIIe-
ro momenTta B3/, 4To6bl yCKOPUTH paspylieHue
TOPHBIX ITOPO/I.

VIII sTan — TypOOBUHTOBOM ABHUraTesb. Mo-
JyJIbHBI TYpOOBUHTOBON [[BUTATENH BKJIIOYAET
TPU OCHOBHBIX Y3J1a: ITTHH/IEJIb, TYPOMHHYIO CEK-
110 ¥ BUHTOBOM Moty b (puc. 10). Koncrpyxims
IpeycMaTprUBaeT padHble BapUAHTBI arperaTupo-
BaHU4 YKa3aHHBIX y3JI0B. B 3aBucumocTn oT mmoc-
TaBJIEHHBIX TEXHOJOTMYECKUX 3a/[ad MOTYT WC-
MOJTb30BATbCA TaKWe BapUAHTBI KOMIIOHOBKU:
HITWH/IEIb M BUHTOBOW MOJLYJIb; IIITMH/Eb U TYP-
OUHHAST CEKIINST; IITUH/IEb, TYPOMHHAS CEKITHST 1
BUHTOBOW MO/YJb. MOHTaX 3THUX KOMIIOHOBOK
MOJKET OCYIIECTBJIATHCS KaK B YCIOBUSX 11€Xa, TaK
1 HENOCPe/NCTBEHHO Ha CKBakuHe. MopysbHble
TYpOOBUHTOBBIE JIBUTATENIN OPTAHUYHO COYETAIOT
CTabUIBHOCTh YHEPTETUYECKON XapaKTEPUCTUKH
BO BPEMEHU U BBICOKYIO KECTKOCTb IMHUY MOMEH-
Ta, 4TO 0OECTIEYNBAET HOCTIKEHIE O0JIee BBICOKUX
nokasareJieil paboThI JIOJIOT, YeM TIPH UCTIOJIb30Ba-
HK TypOOOYpa NI BUHTOBOTO IBUTATEJIS.

N3 BBIIEN3T0KEHHOTO MOKHO CIeTaTh 3aK-
Jo4yeHune, yTo B HacTosiee Bpems B3/l abdex-
TUBHO TIPUMEHSIETCS TIPH MTPOXOJIKE TIYOOKUX WH-
TepPBAJIOB, TIPU OYPEHNUN HAKJIOHHO-HATIPABJIEH-
HBIX ¥ TOPU3OHTAJIBHBIX CKBAKWH, TIPU PEMOHTE
CKB&KUH, TIPK OYPEHUN IEMEHTHBIX MOCTOB ¥ TI€C-
YaHbIX IPoOOK. /[namason Beiryckaembix B3/l 1o
WX UaMeTpy BeJauk — ot 42 10 240 mMM.
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IOBLJIEI IHHOBALIMHMX
BYPOBUX TEXHOJIOITIA
Ornsig mitepatypu

PosrsnyTo nporecu yTBopeHHS aMa3HOTO TTOPOOPY -
HIBHOTO IHCTPYMEHTY: KPYIIHOQIMA3HOi GYPOBOI KOPOHKH;
JpibHOAMIMAa3HOI GYPOBOI KOPOHKM; KOPOHKM OCHAIIEHOI CHH-
TETUYHUMHU aJIMa3aMi; apPMOBAHOI KOMITO3UIIIHHUME MaTe-
piaamu 3 BUKOpUCTaHHSAM anMasiB. HaBeseHo etamu iHHO-
BalliiHOTO PO3BUTKY OYPOBUX TEXHOJIOTIIA.

Kuawuoei croga: anvasna 6ypoBa KOPOHKA, HITYYHE BUK-
PUBJIEHHSI CTBOJIA CBEPJIOBUHY, ITBMHTOBUIA 3a01iHMIT IBUTYH.

A.A. Kozhevnikoo, A.K. Sudakov

State Higher Education Institution
«National Mining University», Dnipropetrovsk

ANNIVERSARIES OF INNOVATIVE
DRILLING TECHNOLOGIES
Reference Review
Processes of formation of diamond rock cutting tools, na-
mely big diamond drilling crown; small diamond drilling crown;
crown equipped with synthetic diamonds; reinforced by com-
posite materials using diamonds are considered. Stages of in-
novative development of drilling technologies are presented.

Keywords: diamond drilling crown, artificial borehole
deviation, screw downhole motor.
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