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COBEPHIEHCTBOBAHME 'MIPOAUHAMUNYECKUX
MHNPOLHECCOB IIPU BYPEHUU 'OPU30OHTAJIBHO
HAITPABJIEHHBIX CKBAKUH

[ToBeienye 3¢ GeKTUBHOCTH U MOJHOTHI U3BJICYCHUS YIIIEBOAOPO/IOB U3 HEJIp B 3Ha-
YUTEJILHOM Mepe 3aBUCST OT COBEPIICHCTBOBAHUS TEXHOJOTHU pa3padoTku. HoBbie TexHO-
JIOTHH, OCHOBaHHbIE HAa NPUMEHEHUH T'OPU30HTAJIbHO-HANPABICHHBIX CTBOJIOB CKBAXXHH
CYILECTBEHHO HM3MECHWIM TEOPHIO M MPAKTUKYy H00bIYM HepTH u raza. OCBOSHHE TopH-
30HTAJIBHBIX TEXHOJIOTHI [TO3BOJIMIIO 3HAUYUTEIBHO NOBBICUTD JACOUTHI CKBAXKUH, YBEITHYHUTD
MIPOJOJDKUTEIIBHOCTD OE3BOAHOTO MEPHOA MX IKCIUTYaTAIMHU 33 CUET CHIDKCHHS IeTIPECCUH
u BbIpabaTeiBaTh 3amachl HE(TH Ha MECTOPOXKICHHSAX, KOTOPBIC paHee CUYHTAINCDH
HeusBieKaeMbIMU. [IpakTHka IOKa3bIBaeT, YTO T'OPH30HTAIBHBIE CKBAXXMHBI MOTYT OBITH
3 PEKTUBHO HCIIOIB30BAHBI IS IOPA3BEIKH U A0Pa3pabOTKU MHOTUX HE(TSHBIX, ra30BbIX
U He(TerasoBbIX MECTOPOXKACHHMH, /sl JOOBIYM BBICOKOBSI3KMX HedTeil M OUTYyMOB,
a TaKke MPUMEHATHCS NPHU pa3paboTKe 3ajeneld HeAOCTYIHBIX sl pa30ypHUBaHUs B CHITY
9KOJIOTMYECKUX MTPUYHH.

Temnbl pa3BuTHs OypeHHs TOPHU3OHTAIBHBIX CKBOKHH B MHPOBOH IPaKTHKE
HCKJIIOUUTEIIBHO BBICOKU. bypeHue ropu3oHTalbHO-HANPABICHHBIX CKBaXKUH B HACTOSIILEE
BpeMsI HaXOJUTCSA Ha CTAJUU CBOETO Pa3BUTHUSI U COBEpIIEHCTBOBaHU. Ele cymecTByer
pSI CIOXHBIX NpoOJIeM, HY)KIJAIOLIMXCS B CBOEM pEIICHWH. YCHelHas, Oc3aBapuitHas
IIPOBOJKA TOPU30HTAIBHBIX CTBOJIOB CKB&)KMH OIPEIEIACTCS IIPEXKAE BCETO CTCICHBIO
COBEPIIIEHCTBA MpoIecca MPOMBIBKH 1 000PYyI0BAHHS JUISl €70 OCYIIECTBICHHS.

[IpoBeeHHBIN aHANM3 HAKOIUIGHHOI'O OIBITa OYpPCHHS TOPH30HTAIBHBIX CTBOJIOB
yKa3bIBaeT Ha TO, YTO OCHOBHAsI MPUYMHA MPUBOMASIIAS K ITOBBIIICHUIO CPOKOB U CTOU-
MocTH cTpouTtenbeTBa ['C, 3TO aBapuy BbI3BAHHBIC TTOJIOMKAMH, MPUXBATOM CKBAXKHHHOT'O
HMHCTPYMEHTA U JIPYrOro TEXHOJIOTHYECKOT0 000PYAOBAHUS C MOCICAYIOIUM OCTABICHHEM
ero Ha 3a0oe.

* Cankr-IlerepOyprckuii rocyaapcTBeHHbIH MOPHBIH MHCTUTYT (TeXHUUYecKuil yHuBepcurer) uM. I'.B. Tlnexa-
HoBa, Cankr-IlerepOypr, Poccus
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B OounbrimHCTBE CityyaeB npu pa3dypuBanuu mwiactoB ['C NpUMEHSIOT POMBIBOYHBIC
pacTBOpbI Ha BOAHOW ocHOBe. [Ipn HeBpamaromumxcs: OypHiIbHBIX TpyOax B TOPU3OHTAIb-
HBIX YYacTKax CTBOJIa CKBaKMHBI JUIl 3((EKTHBHOrO BhIHOCA IIIaMa HEOOXOIUMO 3aja-
BaTh TypOYJIEHTHOE TEUCHHE MPOMBIBOYHON JKHUAKOCTH, YTO TPHBOIUT K HEMPOHOPIHO-
HaJIbHO BBICOKMM HEprosaTparaM, Tak Kak MOTEepHU JABJICHHUs BO3PACTAIOT B KBaIPATUIHOM
3aBHCUMOCTH OT CKOPOCTH MOTOKa. OIHAKO YBENMYCHHE TYPOYJICHTHOCTH 3a CYET MOBBI-
IICHUS CPEeTHEH CKOPOCTH HE B TIOJHOW Mepe obecriednBaeT 3PPEKTHBHOCTD IMPOMBIBKH,
MMOCKOJIBKY B IOUPOKOM 3a30pe (BHCAYMHA OOK CTBOJIA) JKHIKOCTH MOJKET JBHTAThCS
B TypOYJICHTHOM pEXHME, a B y3KOW 4yacTH OyAeT COXPaHATHCSH CTPYKTYPHBIH PEXUM
C TOpa3lo MEHBIIEH CKOPOCTBIO TEYECHUs, TAe OyJeT OceAaTh 3HAYMTENHbHOE KOJIMYECTBO
6yp0BOFO mjiaMa, 4YTo MOXKET MPUBECTU K CYHICCTBECHHBIM OCJIOKHCHUAM. VBeanueHue
pacxoaa HpOMLIBO‘lHOﬁ KHUAKOCTHU 1A JOCTHKEHUSI BBICOKHX CKOpOCTCﬁ II0TOKa B 60.]1])-
LIMHCTBE CITyyaeB HEBO3MOXKHO. Kpome TOro, B cHCTeME «CKBa)XHMHA-TUIACTY CO3/ACTCs
TIOJIOKUTEIIBHBINA TIeperiajl AaBJICHUSI IPH ITOM, KaK MPAaBUIIO TPOUCXOAUT IIOTIIONICHNE
MIPOMBIBOYHOM JKHIKOCTH M KOJIbMATalys Mpnu3aboiHOM 30HbI tu1acta. OOIEen3BeCTHO, YTO
COXPaHEHHE KOJUIEKTOPCKHX CBOMCTB ILIACTA JUIS HOBBIMCHHS HE(TCOTAAYM JTOCTUTACTCS
npu OypeHHH Ha JETPecCHMH — OTpUIaTedbHOM mepenane maienus (OI1[) ckBaxunHa-
-IUIACT WJIM PAaBHOBECHU MEX/Y JaBJICHHEM B CKBa)KHHE M IUIACTOBBIM JaBlieHHeM. Kpome
TOro, OypeHHe rOpPU30HTAIBHOIO CTBOJA MPH OTPHULATEIBHOM IIEpernajie AaBJICHUS IPOH-
CXOIUT ¢ 0oJiee BBICOKOU A (HEKTUBHOCTHIO, HEXKEIIN B YCIOBUSIX PEMPECCUH.

VYenosust O] puMeHHMbI B OypeHHUH KakK TOPU3OHTAJBHBIX, TAK U BEPTHKAIBHBIX
CKB&XUH HM3-32 HEOCHOPUMBIX MMPEUMYILIECTB, MO3BOJISIONIUX CBECTH K MHUHHUMYMY MpPOO-
JIEMBbI, CBSI3aHHbBIE C OypeHHUEM, COKPATUTh 3aTpaThl MO J0ObIUe HE(PTH U ra3a, yMEHBIIHUThH
nary0HOe BO3CHCTBHE Ha OKPYXKAIOIIYIO CPEy U MOBLICHTH O€30MacHOCTh PadoT.

[ToBpekaeHne KOJIEKTOPCKUX CBOWCTB IPUCTBOJIBHOM YacTH IUIACTA CBOJUTCS K MHU-
HUMYMY HJIH HCKJIIOYAeTCsl COBCEM, OJarofaps MPUTOKY IIACTOBOW KHIKOCTH BO BPEMs
OypeHus, 4To B CBOIO OYEpeIb MO3BOJISIET OOOMTHUCH 6€3 CTUMYJSIIMKU U OYHUCTKH IIPO-
JYKTHBHOTO IIJIacTa, KOTOpPbIE, KaK MpaBWIO, HEOOXOIUMBbI B OObIYHOM OypeHuu. bia-
rojiaps JIaHHOM TEXHOJIOTMH 3HAYNTEJIbHO YMEHBIIAIOTCS POOJIeMbl U PUCK IIPH OypeHHUu
B UCTOLIECHHBIX IUIACTax, TaKKe, HAIIPUMEP, KakK MMoTepst LUPKYJISIUNA 1 IPUXBAThl OypPOBOTO
WHCTpyMEHTa n3-3a rnepenaja aasieHus. Ce0ecTonMOoCTh He()TH U ra3a CHIXKACTCS 33 CUET
YBEIMYCHUSI MEXaHWYECKOW CKOPOCTH IPOXOJKH, MPOIJICHUS CpOKa CIIy>KObI J0JI0Ta,
YMEHBIICHUS PAacXO/l0B Ha JIMKBUAAIMIO WM IpeAoTBpalieHue npodiem Oypenms. Ha
YMEHBIICHHN Ce0ECTOMMOCTH TPOIYKIMH CKa3bIBACTCS TAKKE yBEIWYECHHE 00BEMOB JI0-
OBIYM BCIIENCTBHE CHIDKCHUS d(PPEeKTa HAPYIICHHUS MIPOHUIIaeMOCTH (CKHH-3((deKkTa) mpu-
3a00ifHOM YacTH TuIacTa. Y MEHbLICHHE WM ITOJHOE OTCYTCTBHE HEOOXOIMMOCTH B YTHIIH-
3aIiK OTPabOTaHHOTO OYpPOBOTO PACTBOPA MOBBIIIAET IKOJIOTHIECKYIO OLECHKY TEXHOJIOTHH.

UccnenoBanmsamu D.A. AxoroBa, A.C. [lenncoBa, u Ip. OBUIO yCTaHOBJICHO, YTO Bpa-
nieHne OypHIIbHOI KOJOHHBI OJIaronpusTHBIM 00pa3oM CKa3bIBACTCS Ha TPAHCIOPTHPOBKE
YaCTHUII IJIaMa ¥ 3BaKyalluH U3 3aCTOHHBIX 30H.

[TosTOMy OJHUM M3 OCHOBHBIX HAINPABJICHUH MOBBINICHUS 3()(EKTUBHOCTH OypeHHUs
I'C 1 MUHUMH3aLUK HapyLICHHS SKCILTyaTallMOHHBIX KayeCTB IUIacTa SBISETCS (OpMH-
pOBaHUE BPAMIATCIIBHO-IIOCTYHATCIBHOI'O0 IMOTOKA HpOMBIBO‘-IHOﬁ JKHUAKOCTHU B HEIIOJABU-
JKHBIX CTCHKAX KOJIBIICBOT'O KaHaja. JIJ'IS{ OIICHKU BO3MOXXHOCTH CO3JaHUA 3aKpPYUYCHHBIX
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IIOTOKOB B KOJIBLCBLIX KaHajlaX TOPU3OHTAJbBHBIX CTBOJIOB CKBaXHUH MPHU HUPKYJIALIAN
HpOMI;IBO‘IHOﬁ JKHUJIKOCTHU, OUCHKU CTCIICHU BJIMAHWA OCHOBHBIX (baKTOpOB, OIMPCACIIAIOINX
TEXHOJIOTHYECKUE OCOOEHHOCTH U PCSKUMHBIC IMapaMETpbl MpoHecCa yAaJCHUA IlIlaMa,
3aKOHOMEPHOCTHU KOTOPOI'0 MOKHO YCTAHOBUTL TOJIBKO OIIBITHBIM IIYTEM, ObLIN IMPOBEACHDBIL
HUCCICA0OBAHMA.

VccnenoBanus POBOAMINCE HA CIICHUANBHO pa3pabOTaHHOM CTEHIIE C IPO3PAvHON
TpyOOil MOTOOHOM YYacTKy NpH3aOOWHOW 30HBI KOJIBIICBOTO KaHAJIa CKBAXKHHBI JUIMHOU
6 M. KoHcTpykius cTeHIA IO3BOJUIA MPOBOMUTH HCCIEIOBAHHSA, KaK IPH CO3JaHHUU
BpallleHUs TII0TOKA B KOJBIEBOM KaHAJe CICIHaJbHO YCTAHOBICHHOW TYpOWHKOM,
C BO3MOXHOCTBIO BpAILlEHUS BOKPYI CBOEH MPOJOJIBHOM OCH MOJ JAEHCTBUEM IIOTOKa
MIPOMBIBOYHON JKUIKOCTH, TaK W 0e3 BpamieHns. OKpyKHbIE KOMIIOHEHTHI CKOPOCTH TYp-
OMHKHU U3MEPSUIHCH CIICIIUATBHBIM YCTPOMCTBOM, a CTETIEHb 3aKPYTKH IMOTOKA OIIEHHUBAJACh
IO BBOAMMBIM YacTUI[AM MAarHUTHOTO MaTepHalia Y OKHCh xkele3a YFe,O3, koTopast HCroib-
3yeTcs B KauyecTBE MAarHUTHOTO KOMITOHEHTa [UII MAarHUTO3AIUCH W CIEIHAIBHOTO
KpacuTest CTPOOOCKONMNYECKHM U TaXOMETPUICCKIM METOJIOM. B KadecTBe MPOMBIBOUHON
KUJIKOCTH MCIIOJIF30BAJIACH BOJA U MAJIOTIIMHUCTEIA pacTBop. Ilmam (CTpouTenpHBIN TIECOK
C PKBUBAJICHTHBIM d = 1,5 — 2,2 MM) moaBajicsl B 3aIaHHON KOHIICHTPAIIUH CIICIHAIEHBIM
YCTPOMCTBOM MOA TOpel LeHTparopa. [lolHOTa BBITECHEHMs LUIaMa OLEHUBANACh Kak
BH3YaJIbHO, TaK M 0TOOPY U3 EMKOCTH MTOCIIE OTCTOSI.

CoOTHOLIIEHUE MEX/Y HEHTPOOEKHBIM U I'PaBUTALIMOHHBIM YCKOPEHHEM OLICHWBAJIAChH
yuciom @pyna [1]

Fr=o r/g (1)

ITpu 3Hauenun kputepust @pyna Fr > 1 nposaBiseTcs akTUBHOE BO3JEHCTBUE IIEHTPO-
OEXKHBIX CHJI M [TOTOK >KUJIKOCTH COOTBETCTBYET BPAILICHHIO 10 3aKOHY TBEPJIOT'O Tea.

[Tpn ymenbiuennn yucna Opyna Fr < 1 Habaromaercs: paJdaibHOE M BEPTUKAIBHOE
pacciioeHue OTOKA.

3akpyTka TIOTOKa OIIEHHWBajach 110 JWHAMHUYECKOMY KpuTepuio PeitHonbiaca,
MTOJICYNTAHHAS 110 JTHTHAMUIECKON CKOPOCTH Vi = A/ T/ P

Re = VP @)

v

B npesenax JOCTUTHYTOTO MCCIIEAOBAHUS, OTPAHMYCHHOTO JUIMHOM TPYObI cTeHaa 6 M
HaOII0aTIOCh YCTOHYMBOE COXpaHEHHE HAYAIBHOIO MOMEHTA BPAIICHHS, JTUHAMHYECKUN
mapameTp Petinonmpaca Re* = 5,5-5,6.

Pe3ynpraThl MccnenoBaHUN MOKA3aJIM, YTO JJSI OYMCTKH 33001 TPH KOHIIEHTPALUH
TBepAbIX yacTul 10-12% mo macce K >KMAKOCTH TPH HEBpAIAIONIMXCS TPyOax CKOpPOCTh
MIOTOKA JOJDKHA JIOCTHTaTh 5—6 M/C, B TO K€ BpeMs HPHU 3aKPYUYCHHBIX MOTOKAX, MOJHBIN
BEIHOC obOecmieunBaetcs rpu ckopocti 0,3-0,4 M/c, ¢ koHmenTpanueit 10 20%.

[TpoBeneHHBIEe UCCIIEIOBAaHUS IOATBEP MM IPABUIBHOCTD (DU3HYECKHX MPEIIIOCHIIOK
HCTIOJBH30BAaHUS IICHTPOOEKHBIX CHJI M OCEBBIX CKOpOCTEH MOTOKa It 3((HeKTHBHOTO
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BBIHOCA TBEP/IbIX YACTHUI] LIJIaMa MPH OypEeHHH FOPU30HTAIIBHBIX CTBOJIOB CKBaXKMH. B 3a-
KPY4YEHHOM IOTOKE 00ECIeYMBACTCs TTOJIHBIH BBIHOC TBEP/BIX YACTHUI] ITPU KOHIEHTPAIUU
70 20% mo macce K NMPOMBIBOYHOM JKMJKOCTH, @ €€ PACXOJ CHIXKAeTCs Ha MOPSAAO0K MO
CPaBHEHHIO C MUHHMMAQJIBHO JOIYCTUMOM IIpEJIeNIOM CKOPOCTH MOTOKa 0e3 BpalleHus.
YcTaHOBIICHHBIE 3aKOHOMEPHOCTH IO3BOJIIIOT OOOCHOBBIBATH INPHHIMITHATIBHBIE CXEMBbI
1 METOAMKU NPOEKTUPOBAHMS U pacdyeTa TEXHWYECKHX CPEJICTB YIPABICHUS MPOLECCOM
MIPOMBIBKH TOPU30HTAIBHO-HAMNPABIECHHBIX CKBAXKHMH, KAK B PEXKHME PaBHOBECHS, TaK U Ha
JETNPECCUN C MUHMMAJIbHBIMHA JHEPTeTHUECKUMH 3aTpaTaMH IPH HOJTHON OYHCTKE KOJb-
LIEBOTO KaHaja MPaKTU4ecKH 0e3 orpaHuueHus: oOorameHus: 00beMa KUAKOCTH TBEPABIMU
YaCTUIIAMHU TTPH BEICOKOH MEXaHWYECKOH CKOPOCTH OypeHHsI.

BckpriTHe MPOAYKTUBHBIX IJIACTOB HA JETIPECCHU TIO3BOJIIET COXPAHATH MPUPOIHEIC
(bUITBTpAIMOHHBIE CBOWCTBA KOJUIEKTOPA, W MOBBIMIATH d()DPEKTUBHOCTH M3BJICUCHHSI YTIIe-
BOJIOPOJIOB M3 HEJP.

JlanpHeliiee COBEPIIEHCTBOBAHUE TEXHOJOTMYECKUX OIEpaldii, COCTaBISIONIINX
MPOIIECC MPOMBIBKU OYPSIINXCS TOPU3OHTAIHLHO HAMPABICHHBIX CKBAXHH IIEJIECO00pa3HO
OCYIIECTBIISATh CO3JJaHUEM BpaIIaTeIbHO-TIOCTYNATENbHBIX MMOTOKOB M CHUCTEM JUIS €ro
YIPaBJICHUS.
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