Ha npaBax pykonucu

g ""

X7 1 -

OEJIMH Amutpuii Bnagumuposuy

NCCIEJOBAHUE PABOYMX ITPOLHECCOB IS BYPEHUA
I'EOJIOTI'OPA3BEJIOYHBIX CKBAKHH U3 ITOA3EMHBIX I'OPHBIX
BBIPABOTOK C HEJIBIO OBOCHOBAHUA U PASPABOTKH UX
TEXHUKO-3KOHOMHUYECKOH MOJIEJIA

CneunanbHocTh 25.00.14 — «TexHOJIOTHS ¥ TEXHUKA I€0JIOrOpa3BeI0YHbIX padoT»

ABTOPE®EPAT
JYCCEPTAlMU Ha COMCKaHUE YUEHOU CTENEHU
KaHJIMJaTa TEXHUYECKUX HayK

Tomck — 2014



PaGota BeimonHeHa B demeparbHOM TOCyJapCTBEHHOM aBTOHOMHOM 0Opa3oBa-
TEJIBHOM YUYPEXKJACHUH BbICIIEro oOpazoBaHus «HanumoHanbHBIA HCCIIEIOBATENb-
ckuii Tomckuii nonurexunyeckuit yausepcute™ (PI'AOY BO HU TITY)

HayuHblii pyKOBOAUTEIIb! Capyes JleB AnekceeBuu
JIOKTOp TEXHUYECKUX HAYK, Tpodeccop

O¢unuajabubie onnoHeHTbl:  /lanwioB bopuc bopucoBud, HOKTOp TeXHHUE-
CKHMX HayK, 3aBeyrouien jadbopaTopueil mojazem-
HOM CTPOMTENIIBHOW T€OTEXHUKH M T€OTEXHOJIO-
ruii, UuctutyT roproro nena CuOUpCKoro otae-
nenust PAH, r. HoBocubupck

JlamOun Anartonuii IBaHOBHMY, KaHIUIAT TEXHHU-
YeCKMX HayK, JOIEHT Kadeapbl HedTerazoBOro
nena, PI'BOY BIIO «HanmoHalsHBIA HCCIEO-
BaTENbCKUNA MpPKYyTCKHI rOCyAapCTBEHHBIA TEX-
HUYECKUI YHUBEpCUTET» T. UpKyTCK

Benyumias opranusanus: OI'AQOY BIIO «Cubupckuii penepaibHblii YHU-
BepcuteT» . KpacHospck

BammTa guccepramuy cocroutest 24 nexabps 2014 r. B 15% Ha 3acemanuu quccep-
tanroHHOro coBeta /[ 212.269.07 npu ®I'AOY BO «HanmonansHbI UCCnenoBa-
TebCKUi TOMCKMH NOJMMTEXHUYECKUM YHUBEpCUTET» Mo aapecy: 634050, .
Towmck, np. Jlenuna, 30, HA TITY (kopmyc 20, aya. 504).

C muccepranueil MOXHO 03HAaKOMHThCS B 6ubimmoreke ®I'AOY BO «Hanmnonans-
HBIA HCCJIENOBATEILCKUN TOMCKHM MOJIUTEXHUUYECKUM YHUBEPCUTET» U HA CAUTE
http://portal.tpu.ru/council/914/worklist.

ABTopedepart pa3zociaH «  » 2014 1.
.o (v - »{ "!
Y4EHbIN CEKPETAPH AUCCEPTALIMOHHOTO COBETA, ,f,)? y f;;.-:/
&7, 4N
KaHJMaT Ie0JI0r0O-MUHEPAIOTHYECKUX HAYK RSV d Kopnsik JI.B.



OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTyaJIbHOCTH PaboThl. B HacTosiIIee Bpemsi CyIIeCTBYET BbICOKasi OTpeO-
HOCTh B OypEHHHU T€0JI0ropa3BeJOYHBIX CKBAXKHUH ISl YTOYHEHUS MECTOIOJIONKe-
HUS 3aJIeTaHus MOJE3HBIX UCKOMAEMbIX CYIIECTBYIOUIUX MECTOPOXKICHUM, a TaKkKe
pa3BEeAKU HOBBIX.

[Ipu reonoropa3Be04HOM OypEeHHH 11€1€CO00pa3HO MPUMEHEHHUE YCTaHOBOK,
oOecrieuynBaOIMX OypeHHE CKBaXWH Mayioro auamerpa (40-70 MM) ¢ menbro
CHUIKEHHUSI 3aTpaT Ha MaTepualibl U UHCTPYMEHT, a TaKXe€ CHOCOOCTBYIONIUX IO-
BEITIICHUIO CKOpOCTH Oypenws. [Ipu mpoxoake CKBaXXUH B TIOPOJIAX CPEIHEN TBEp-
JIOCTH U BBIIIE aKTyaJbHBIM SIBIISICTCS WHTEHCHU(DUKAIUS BPAIaTeIbHOTO OypeHus
3a CUeT MPUMEHEHHUS MAlllMH yJIapHO-BPaIlaTEILHOTO JICUCTBUA.

Bompockl sHepreTuku yaapHOro OypeHUsi TECHO CBsI3aHbI C IpobiieMamu
MPOYHOCTH U JI0OJATOBEYHOCTH OYpOBOI0 MHCTPYMEHTA U JieTaliell OypOBBIX MaIllMH,
¢ Bompocamu 3G(HEKTUBHOTO NMPUMEHEHUN Pa3IMYHBIX THUIOB MPHUBOJA B MEXa-
HH3Max MallWHbl. B CBA3M C 3TUM NPOBOAATCS TEOPETUYECKUE M SKCIEPUMEH-
TaJIbHbIE HMCCJIEAOBaHUS MPOILIECCOB MEPEIAaud yIApPHOIO UMITYJIbCa MO KOJIOHHE
OYpWIbHBIX TPYO, BIMSHUS OTPAXXKEHHOTO MUMITYJIbCA HA BEJIMUYUHY HANPSHKCHUHN B
JeTaIsIX W y37aX MaluHbl, 3QPEeKTUBHOCTH MPUMEHEHUSI TOTO WJIA WHOTO BUJA
HHEPTUU B MOAATUYUKAX U JPYTUX MPUBOAAX YCTAHOBOK.

DTH UCCIeOBaHUS MO3BOJISIIOT OKUIATh YIIYUIIEHUS YCIOBUM SKCIUTyaTaluu
OypOBBIX MaIlIMH, YBEJIWYEHUS MEXaHUYECKOW CKOPOCTH OypeHHs, MOBBIIMICHUS
HAJIC)KHOCTU U JIOJITOBEYHOCTU Y3JIOB YCTAaHOBOK. HO OJTHMM MOBBINIEHMEM MeXa-
HUYECKOW CKOpPOCTH OypeHUsl, TOJITOBEYHOCTH MHCTPYMEHTA U OCHOBHBIX Y3JIOB
MaIllUH HEeJb3sl JOOUTHCS PE3KOrO MOBBIIEHUS POU3BOAUTEILHOCTH U CHUKEHUS
3aTpat Ha OypeHue CKBaXKUH.

[TosTOMYy OAHOBPEMEHHO BEAYTCSI MCCIEIOBAHUS IO ONMPEACICHUIO BIUSHUS
BUJIa UCIIOJIb3yeMOW SHEpruu Ha 3()PEKTUBHOCTH OypeHUs CKBAXKUH; PEIIAOTCS
BOIIPOCHI, CBSI3aHHBIE C COBEPUICHCTBOBAHUEM M MPOTHO3UPOBAHUEM MApPaMETPOB
OypOBBIX MAIIMH U UX MPUBOJOB. PEINTh 3TH 3a/1a4u BO3MOXKHO COBPEMEHHBIMU
METOJaMU MOJICIIMPOBAHUS C MPUMEHEHUEM MTPOTPECCUBHBIX KOMITBIOTEPHBIX MPO-
rpaMM.

Ha npotskenun nocnennux 20 JeT aHanu3y 3aBUCUMOCTH MPOU3BOIUTEI b-
HOCTU OypEHMSI CKBAXXWH M3 MOJA3EMHBIX FOPHBIX BHIPAOOTOK OT pa3IUYHBIX (pak-
TOPOB TOCBSIIIEHO CPAaBHUTENIBbHO HEOOJbIIOE yuciao pabor. B ucciemoBaHusx
[Taymsna I'.A., b.®. Ckadsl, J[.H. Manukoa, B.1. [{ycesa, JI.A. Bykkepta, A.IL
Cammens, A.B. Tormruuesa, B.E. Conona, b.M. Pagumena, C.I'. Kanommna, 10.b.
['paboBa, B.A. AxynoBa, B.®. Illepbununa, 11.d. MenseneBa aBTOpbl €IUHO-
[VIACHO TPU3HAIOT 3HAYWTENIbHOE BJIMSHUE Ha MPOU3BOAUTEIHHOCTH BCIIOMOTa-
TEJIBHBIX Oneparnuii (paboT), ¥ ¢ Pa3IUIHON CTETICHBIO MOTHOTHI MBITAIUCH 9TO OT-
pa3uth. Heckopomubix B.B. oTMeuaer, 4To npu onTUMHA3aUMU U HOBBILIEHUH IPO-
W3BOJIUTEITLHOCTH OypeHUsI OT/AEIbHOE BHUMAHHUE CIIEAYeT YICISITh pa3paboTke
«OypOBBIX» aITOPUTMOB.

PaGoTta cBsi3aHa C BBITIOJIHEHUEM aKTyaJbHBIX HAYYHBIX HCCIICIOBAHUMN, BBI-
MOJIHIEMBIX B pamkax mpoekta «lccimemoBanue B3aMMOCHCTBUS CHIJIOBBIX HM-
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MyJbCOB B OYPOBOM HMHCTPYMEHTE M MAacCHBE FOPHBIX MOPOJ MPU OypeHHUH IIy-
POB U CKBAKMH M3 MOA3EMHBIX TOPHBIX BBIPAOOTOK» MpH nojjaepxke denepaib-
Hoi1 1ieneBoi mporpammel Ha 2009—-2013 rr. Ne 'K 2.445C2010 ot 03.09.2009 1., B
peanu3anyy KOTOpOro aBTOp NPUHUMAI HEMOCPEICTBEHHOE y4acTue.

Heabio padoThl SBISETCS MOBBIIEHUE MPOU3BOJUTEILHOCTH OypeHHUs Treo-
JIOTOPA3BEIOYHBIX CKBAXKMH 3a CUET COKpAIeHHs 3aTpaT BPEMEHU HAa BCIIOMOTa-
TeJbHBIE OMepalud NpU OYpEeHUU CKBaXKWH, BHIOOPE pAIIMOHAIBHBIX MapaMeTpoB
OypOBBIX MaIllMH, a TAaKXK€ COBEPIICHCTBOBAHUU KOHCTPYKIMNA OTJAEIbHBIX MPHUBO-
JIOB OYpOBBIX MAIIIUH.

[TpenMeToM TaHHOTO MCCIEAOBAHUS SABIIAIOTCS OMEPALUHU, BBITIOIHAEMBIEC IPU
OypeHHH Te0JIOTOpa3BeAOYHBIX CKBAXKUH (OypeHHe, 3aMeHa KOPOHKH, pabouuil u
XOJIOCTOM X0/ MOAAaTYMKa, MOAKIIOUEHHE K ITHEBMO- U 3JIEKTPOCETH, OCMOTp CTaH-
Ka ¥ pabodero MecTa, MPOMbIBKA CKBaXKMHBI, CBUHUMBAHHE U HABUHYMBAHUE TPYO
OypWJIbHOW KOJIOHHBI, 3aKPETUICHUE U pacKperuieHrue 0ypoBOil yCTaHOBKHU B 3a00e,
nepees 0ypoBOl yCTaHOBKM Ha HOBBI Beep CKBaXXMH), UX B3aUMOCBS3U C Iapa-
MeTpaMy OypOBBIX MAIlIMH (JIaBJICHUE CKATOrO BO3yXa, JIMHA OYPHIBHBIX TPYO,
peiicoBOM MPOXOAKH, MOIIIHOCTh JBUraTeNsl MOJaTYlKa, MEXaHu3Ma IoBOpoTa pa-
Mbl, MEXaHU3Ma IEPEABIKEHUS YCTAaHOBKH, MOIIHOCTb JIBUTaTelisd BpalaTels,
naBjieHue paboden MKUAKOCTU, IPOU3BOAUTEILHOCTh HACOCA MACIOCTAaHIUH, MPO-
U3BOJUTENILHOCTh HACOCA BpAIATENs U IPYTUX MEXaHU3MOB).

Jlis JOoCTHKEHUS TTOCTABICHHOW eI, @ UMEHHO I Pa3paOOTKH METOANKHU
pacueta W BBIOOpa MapaMeTPOB CTAHKOB, 0OECIIEYMBAIOIINX BBICOKOMPOU3BOIH-
TeTbHOE OypeHHe CKBXXHH MAJIOTO JTUaMETpa, HEOOXOIMMO PelIUuTh CJIeAyIolue
3a/1a4uM:

o BBISIBUTH CTPYKTYPY OIEpaIfii, BBHITIOJHSAEMBIX MPU OypEeHUU Te0JI0-
ropa3BeJJOYHBIX CKBKHUH U MPEJCTABUTHh B3aUMOCBS3b 3aTpaT BPEMEHH Ha
BBIMIOJITHEHHE TEXHOJIOTMYECKUX ONepaluil B BUJE aHAJUTHUUYECKUX 3aBUCH-
MOCTEH OT MapamMeTpoB OYPOBBIX CTAHKOB;

o pa3paboTaTh TEXHMKO-3KOHOMHMYECKYI0 MOJIeNb Ipolecca OypeHus
CKB2KUH YJapHO-BpAIaTEIbHBIM CIIOCOOOM M METOAMKY BHIOOpa mapameT-
POB CTAHKOB;

o OMPENICNIUTh PAIIMOHAIbHBIE 00JIACTU MCIOJIb30BAHUS PA3IUYHBIX TH-
OB TIPUBOJIOB OYPOBBIX CTAHKOB;
o MPUBECTU MPUMEPHI ONTUMHU3AINH PEATBHBIX OyPOBBIX CTAHKOB U CO-

BEPILIEHCTBOBAHUS UX IPUBOIOB.

JlanHast paboTa SBISETCSA YaCThIO KOMIUIEKCHON paOOoThI 1O MCCIIEI0OBAHUIO 1
COBEPIICHCTBOBAHUIO OYpPOBBIX MAIIMH U MEXAHU3MOB JUIsl OypEeHUsI reosoropas-
BEJOYHBIX CKBAXKUH B MOPOJAAX CPEAHEU U BBICOKOW TBEPIAOCTH, MPOBOAUMOM KOJI-
JIEKTUBOM Kadeapbl TEOPETUUECKON U MPUKIIaIHON MexaHuku MHcTuTyTa Qusuku
BBICOKMX TEXHOJIOTHH, a Takxe Kadeapbl OypeHusi ckBaxkuH MHCTUTYTa IpUpo-
HBIX pecypcoB HallmoHaIBHOTO UCCIIEN0BATENBCKOTO TOMCKOTO MOJIUTEXHUYECKO-
IO YHUBEPCUTETA.

Hay4ynasi HOBU3HA.

1. Ha ocHoBe uccnenoBanuii paboyux MpOIECCOB OYpEeHUsT TeoIoropas-
BEJIOYHBIX CKBAXUH M3 TMOJ3EMHBIX TOPHBIX BHIPAOOTOK YCTAaHOBJIEHBI B3aUMOCBSI-
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3W MEXIYy pabOuYMMU OTEepaIMsIMHU, BBIOTHIEMBIMHI TPUBOTAMH OTICTHHBIX MeXa-
HU3MOB OYypOBBIX YCTaHOBOK.

2. OmnpeneneHa cTeneHb BIUSHUS U3MEHEHHUS MTPOJIOJKUTETLHOCTH OIle-
panuii Ha TPOU3BOAUTENLHOCTh OYPEHUSI CKBaXKHH.
3. Pa3paboTana TeXHHUKO-3KOHOMUYECKAss MOJENIb OYpOBBIX YCTaHOBOK,

MMO3BOJIAIOIMIAA OIITUMU3UPOBATE UX ITAPAMCTPBI OJHOBPCMCHHO IIO HCCKOJIBKHM
Hay4YHO 000CHOBAHHBIM KPUTCPHAM.

4. Onpenenenbl 00JaCTH PAMOHAIBHOTO HCHOJIB30BAHHUS CTAHKOB C
Pa3IMYHBIMY TUTIAMH TTPUBOIOB C YY€TOM TEXHUKO-IYKOHOMUYECKHX ITOKa3aTeNeH.
5. B nmaGopaTopHBIX YCIOBUAX JOKa3aHa pabOTOCIIOCOOHOCTh O€300MKO-

BOTI'O TMJIPOMMITYJIbCHOIO MEXaHU3MAa, SBIIIOIIETOCs YCOBEPUIEHCTBOBAHHON MO-
JEJIbI0 THAPABIMYECKOTO IPUBOIa OYPOBBIX YCTAaHOBOK.

6. Hay4yHo 000CHOBaH MpEJI0OKEHHBII aBTOPOM HAJIE€KHBIN CIOco0 pe-
I'YJIMPOBAaHUS SHEPTUU CUJIOBBIX MMITYJIbCOB THAPOUMITYJIBCHOTO MEXAHU3MaA IS
MHTEHCU(PHUKAIIMU BpaIllaTeIbHOIO clloco0a OypeHHst CKBaXKUH U3 MOJI3EMHBIX TOP-
HBIX BBIPA0OTOK, HOBM3HA KOTOPOTO MOATBEPK/IEHA TATEHTOM PD.

IIpakTHyeckasi 3HAYMMOCTb NIPOBEACHHBIX UCCICTOBAHMIA:

[IpakTryeckasi ICHHOCTb BBIITOJIHEHHONW pabOThI 3aKJIF0OYAETCS B TOM, YTO Ha
OCHOBAHUHU MPOBEJICHHBIX TEOPETHUYECKUX U AKCIEPUMEHTAJIBHBIX HCCIEIOBAHUMN
10 TeME JAUCCepPTaluU pa3pabOTaHbI:

1. MeTonuka uccieoBaHus OypOBbIX YCTAHOBOK C pa3IMYHBIMU THIIAMHU
npuBOJAA (MHEBMATUYECKUM, THAPABINYECKUM, SJIEKTPUUYECKUM, a TAKKE UX KOM-
OMHAIMSIMU) TIO3BOJIAET OIICHUTH BJIUSHUE TUIA MpUBoAa Ha 3PHEKTUBHOCTH OY-
pEHUS YK€ Ha CTaAUU NPOEKTUPOBAHUS YCTAHOBKHU.

2. [IpensioskeHHass TEXHUKO-3KOHOMUYECKAsT MOJIENb, YUUThIBas HauOO-
Jee 3HaYMMble KpuTepuu 3(PPeKTUBHOCTH OypOBOM YCTAHOBKH, IMO3BOJISIET TO-
CTPOUTH MHOTOYTOJIBHUKH, OTPAHUYHMBAIOIINE PAIIMOHATbHBIE 3HAUCHHS [TapaMeT-
pOB OYPOBBIX YCTAHOBOK C Pa3IMYHBIMU TUTIAMHU MTPUBOJIOB.

3. Hcnonp3oBanue pa3pabOTaHHOIO YCTPOWCTBA PEryJIHMpOBaHUS SHEP-
MU CUJIOBOTO MMITYJIbCa THAPOUMIYJIbCHOTO MEXaHHW3Ma, HOBU3HA U OPUTMHAIIb-
HOCTh KOTOPOT'O 3allUIleHa naTeHTOM P® Ha moje3Hyro MOJEnb, MO3BOJSET BbI-
OpaTh ONTUMAIBHYIO CKOPOCTh OYpEHHMSI IPU TPOXOKIECHUHU CIIOEB TOPHOM TOPOIBI
Pa3IMYHOM TBEPAOCTH.

HayuHoe 000CHOBaHME MPUMEHEHHS PA3IMYHBIX THIOB MPUBOAOB ISl MEXa-
HU3MOB OypOBBIX MAalIMH MNPEAYCMATPUBAET  HMCIOJIb30BAHUE  TEXHUKO-
HKOHOMHUYECKUX KPUTEPHUEB, KOTOPHIE MO3BOJIAIOT HM3MEPSTh, AHAJIU3UPOBATH U
OLICHMBATh B CONOCTABUMBIX BEJIMYMHAX PE3YJIbTaThl JaHHBIX HccieqoBaHUM. Pa3-
paboTaHHbIE METOJIUKHU PACUETOB C 1I€JIbI0 00OCHOBAHUS TUIIA TPUBOIA OTAEIIbHBIX
MEXaHU3MOB OYpOBBIX YCTAaHOBOK M BBIOOpa UX pallMOHAIbHBIX MapaMeTpoB SB-
JSIFOTCS. UHCTPYMEHTOM U OJHUM M3 CHOCOOOB PELICHUS TEXHUYECKUX IMpoOsieM
JATBHEHIIIET0 COBEPIIIEHCTBOBAHUS OYPOBBIX MAIIIVH.

[Ipennaraembie B JaHHOM paboTe pEeKOMEHIAIUA MOTYT OBITh MCIIOJIh30BaHbI
Hay4YHO-HCCJIEIOBATEIbCKUMHU U MPOEKTHBIMU OPraHU3alUsIMU MPU CO3AAaHUU HO-
BOI1 MJIM COBEPIIEHCTBOBAHUH CYLIECTBYIOIIEH TEXHUKH OypeHUsl CKBaKUH Majioro
JTMaMeTpa U3 MOI3EMHBIX TOPHBIX BHIPAOOTOK.
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Metoabl ucciegoBanmii. B mpouecce BbimosHEeHUS pabOThl MPUMEHSIICS
KOMILJIEKCHBIM MOAXO0J UCCIEA0OBAaHUM, KOTOPBIM BKJItOUad B ce€0sl aHAIM3 U Hay4-
HOe 000011eHrne HHOOPMAITMOHHBIX UICTOYHUKOB 110 BEIOPAHHON TEME, IPOBE/ICHHE
TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX UCCICIOBAHHI, MATEMAaTUUYECKOE MOJIEIIH-
pOBaHHE OCHOBHBIX M BCIOMOTATEIbHBIX MPOLIECCOB OypEHHUs TI'eoJIoropa3Beioy-
HBIX CKBaYKUH U3 MOJ3€MHBIX TOPHBIX BHIPAOOTOK, B TOM YHUCJIE C UCIOJIb30BAHUEM
COBpEMEHHBIX MporpamMmHbIx komiuiekcoB Visual Basic, Kommac, MathCAD.

Hay4yHble mo/105keHus1, BLIHOCUMbIE HA 3AIIUTY:

1. [Toka3zaHo, 4TO HAa OCHOBE pa3padOTAHHOW METOJIMKH pacueTa h3Me-
HEHUSI TTapaMEeTPOB MPHUBOJIOB OYPOBBIX YCTAHOBOK MOXHO CYIIIECTBEHHO IOBBI-
CUTh MPOU3BOIUTEIHHOCTh OYPEHHUS 3a CUET COKpAIICHHUS BPEMEHH, 3aTpadynBac-
MOTO Ha BBHITIOJIHEHHWE BCIIOMOTATEIBHBIX OIEpaIuil mpu OypeHHH Te0Joropas3Be-
JIOYHBIX CKBAYKUH U3 MTOA3EMHBIX TOPHBIX BRIPAOOTOK.

2. VYcTaHoOBIEHO, UTO M3MEHEHHE MapamMeTpoB MPUBOJOB OypoBOM Ma-
IIMHBI ISl TIOBBIIIEHUS €€ MPOU3BOJUTEIIBHOCTH MMEET TPaHUILIbl, CBSI3aHHBIE C
KOHKPETHBIMU OTPaHUYEHUSIMU (BEC MAITUHBI, MOIIIHOCTh, CEOECTOUMOCTD, NPUBE-
JIEHHBIE 3aTpaThl U Jp.), YTO IMO3BOJSET BHIOPATh TOT WJIM WHOM THUIl IPUBOJA C
Y4ETOM MAaKCHUMAJIBHOTO COKpAILEHUSI CPEAHEN MPOAOJIKUTEIBHOCTUA ONEpPALNN U
JIOCTHKEHUSI MUHUMAJIbHO BO3MOJKHBIX 3aTpar, obecrneunBas pecypcodD@exTrB-
HOCTh M SHEProcOepeKeHHE.

3. JlokazaHo, 4YTO MPUMEHEHHUE JBYX HEPETyJIUPYEMBbIX T'€HEpPaTOpOB B
CUCTEME THUIPOUMITYJIbCHOTO MeEXaHu3Ma sl OypeHHusi TI'€0JIOropa3BeI0YHBIX
CKBAXXUH IMO3BOJISIET PETYJIUPOBATH SHEPTUIO CUIIOBBIX UMITYJILCOB IMPHU MPOXOJIKE
CJIO€B TOPHOM MOPOJIBI C Pa3IMYHON TBEPIOCTHIO, YTO O1aroaapsi JOMOIHUTEILHOMY
BO3JICHICTBUIO BBICOKOYACTOTHBIX CHJIOBBIX HMITYJILCOB HAa Pa3pyllIacMyl0 TOPHYIO
MOPOIY CIIOCOOCTBYET MOBBIIICHUIO MPOU3BOAUTEIHLHOCTH OYPOBBIX YCTAHOBOK.

Jl0CTOBEPHOCTh ¥ OOOCHOBAHHOCTh HAYYHBIX IOJIOKEHUU, BHIBOJOB, PEKO-
MEHJIAIINil U pe3yJbTaToB obOecrieunBaeTCs HEOOXOIUMBIM O0OBEMOM TEOpeTHYe-
CKHMX HCCJIEIOBAaHUM, BHINIOJHEHHBIX HA OCHOBE MAaTEMATUYECKOI'0 MOJICIIMPOBAHUS
Y TIOATBEPKAAIOTCSI OCHOBHBIMM TOJIOKEHUSIMHU TEOPETUUECKON MEXaHUKH, a TaK-
K€ CXOIMMOCTBIO PE3YyJIbTaTOB UCCIIEA0OBAHUN C JAHHBIMU JIPYTUX aBTOPOB.

Peasim3anusi BBIBOAOB U PEKOMEH/IALM .

Pa3zpaboTanHasi aBTOpOM TEXHHKO-IKOHOMHYECKasi MOJieNb pabovux Mmporiec-
CoB OypeHUs CKBaXWH U3 TOA3EMHBIX TOPHBIX BBIPAOOTOK TiepeaHa B
OAOQO «3aBojg 6ypoBOro 000pyI0BaHUs» JIJIsi COBEPIISHCTBOBAHUS BBIMTYCKAEMbIX U
pa3pabOTKH HOBBIX OypoBBIX YcTaHOBOK U B OO0 «ABepc 1» mJisi COBEPIIEHCTBO-
BaHUS IPUMEHSIEMBIX OYPOBBIX YCTAaHOBOK.

Anpobauusi pa6orbl. OCHOBHBIC TMOJOXKEHHUS JUCCEPTALMOHHON pPabOThI
JIOKJIQJILIBATIUCh, OOCYXKIAIUCh U TIOJIYUYWUIU OJ00pEeHHE HAa HAyYHBIX CEMHUHapax
Kadeaphl TEOPETUUSCKOM M MPUKIATHOM MeXaHWKH HalmoHanbHOTO HcclienoBa-
TEJIHCKOTO0 TOMCKOTO MOJMTEXHUYECKOTO0 YHUBEPCUTETA; B JOKJIaJax Ha KoH(e-
PEHLUSX Pa3IM4YHOIO YpoBHs: Ha VI MexayHapoaHON Hay4YHO-TEXHUYECKOM KOH-
dbepennrn «CoBpeMeHHBIE MPOOIeMbl MammHOCTpoeHU», Ha X VI — XVII Mex-
JIyHApOJIHBIX HAYYHBIX CUMIIO3UyMax UMEHHU akajgeMuka M. A. YcoBa CTyJeHTOB U



MOJIOZBIX YueHBIX «IIpo0OieMbl reoIoruu U OCBOCHHS HEIP», HAa MEKTyHAPOIHBIX
MOJIOJICKHBIX HaydHbIX KOHPpepeHiusax «Cepepreoskorex-2011, 2012, 2013».

JIMYHBIN BKJIAJ ABTOPA COCTOMUT:

- B POBEJICHUU AHAJIMTUYECKUX UCCIEIOBAHUS TEXHOJIOTMUECKUX MPOILECCOB
OypeHusi reo0ropa3BeOYHbIX CKBXKUH U3 MOA3EMHBIX TOPHBIX BBIPAOOTOK C TO-
MOIIIbIO OYPOBBIX YCTAHOBOK C Pa3JIMYHBIMU THIIAMU IPUBOIOB,;

- B pa3paboTKe TEXHUKO-3KOHOMUYECKON MOJIeNIn OYpOBOM YCTAaHOBKHU U Me-
TOJHMKH BBIOOpA €€ palliOHATBHBIX TAPAMETPOB;

- B anpoOupoBaHUU 0€300HKOBOTO THAPOUMITYJIECHOTO MEXAaHH3MOM M 00pa-
OO0TKE Pe3yIbTaTOB AKCIEPUMEHTAIIbHBIX UCCIEIOBAHUT;

- B pa3pabOTKe TEXHUYECKOTO PEIICHUs MO PEryJUpPOBAHUIO HSHEPIUU HM-
MyJibCa TUAPOUMITYJILCHOTO MEXaHU3Ma.

YacTp HcclieIoBaHUI BBINOJHEHA MPU HEMOCPEACTBEHHOM Y4YacTHHM aBTOpa
coMectHo ¢ JLLA. CapyeBeiv, A.B. IIlampunoi, A.A. KazannesbiMm,
A.Il. KonmoaunsiM, B.I'. Kperr.

IMyoaukamuu. [1o Teme pabotel umeercsa 14 myOnukanui, B T. 4. 5 B )KypHa-
nax, pekomennoBanHbix BAK; 1 narent P® Ha nosie3Hyt0 MOJENb.

Crpykrypa u 00beM padoThl. Jluccepraius BhIMoJHEHA Ha 133 cTpaHuiiax
Tekcta. OHa COCTOMT W3 BBENEHUA, 4 TJIaB, 3aKIOUYeHUs, OHOIMOTrpaduyecKoro
cnucka u3 101 naumeHoBaHuit U coaep>KUT 19 pucyHKoB, 7 TaOIUIl U 3 TPUITOKE-
HUSL.

Bo BBeneHun 00OCHOBaHA aKTyaJdbHOCTh JUCCEPTALIMOHHOW padOThI, cop-
MyJIMpOBaHa I1€Jib, HaAyYHass HOBU3HA, MPAKTUYECKasi 3HAYUMOCTh, OCHOBHBIE T10-
JIO’KEHUS, 3alllUIIaeMbIe B paboTe.

B nepBoii rmaBe auccepTanuy NpUBEIEH KPaTKUid 0030p CIOCOOOB U CPEACTB
OypeHUs CKBaXXHH, 0030p OypOBBIX YCTAaHOBOK. [IpuBeneH aHanu3 3aTpat BpeMeHU
Ha OypeHHE CKBaXMH CTaHKAMH C Pa3IMYHBIMU TUIAMH TPUBOJOB YJIapHO-
BpalarenbHoro aeictBus. [lokazaHo 4TO MOATOTOBUTEIBHO-3AKIIOUYNTEIbHBIE U
BCIIOMOTATEIIbHBIE OMEpallii 3aHUMAIOT 3HAYUTENIbHYIO YacTh Mpolecca OypeHus
CKBQ)KHMH U3 MOJ36MHBIX TOPHBIX BBIPAOOTOK JIJIsl BCEX THUIOB YCTAaHOBOK.

Bo BTOpOIi rnaBe pacCMOTPEHBI BOIPOCHI, KACAIOIINECS UCCIIEIOBAHUS COCTA-
Ba U CTPYKTYpPhl BCIIOMOTATEIbHBIX OMNEpaIui 1Mo TunaMm npuBoaoB. OmnpeneneHa
B3aMMOCBS3b MPOJOJKUTEIBHOCTH BCIIOMOTaTEIbHBIX OIEpalyii ¢ mapamerpaMu
OYpOBBIX MAIIMH U UX TPUBOOB.

B Tperbeil rnaBe mpuBeneHa pa3zpaboTaHHAsT TEXHUKO-IKOHOMHUYECKAs MO-
JieJTb, TIO3BOJISIONIAs MPU 3aJaHHBIX HAayaJbHBIX YCIOBUAX OMPENENATh TAKHUE 3HA-
YEHHUs TIEPEMEHHBIX MapaMEeTPOB TUIA MPUBOJOB OTJEIbHBIX MEXaHU3MOB, KOTO-
pbIe YAOBJIETBOPSUIM OBl YCIOBHIO MaKCUMyMa MPOU3BOJAUTEIHHOCTH TIPU MHOTO-
dakTopHOoM aHanu3e 3PPEKTUBHOCTA OYpOBBIX YCTAHOBOK C YYETOM BBIOpAHHBIX
OTpaHUYCHUM.

B derBepToil TnaBe mpeacTaBiIeH MPUHIMI PaOOThI U IKCIEPUMEHTATBHBIC
WCCJIEIOBAHMS THIPOUMITYJIBCHOTO CHJIOBOTO MEXaHW3Ma, CIIOCOOCTBYIOIIETO WH-
TeHCU(HUKAIMN pa3pyIICHHUs] TOPHBIX MOPOJ MPU OYPEHUH CKBAKUH MaJOro Jua-
MeTpa U3 MOI3EMHBIX BEIPAOOTOK.



Aemop evipadcicaem 01a200apHOCMb HAYYHOMY PYKOBOOUMENO O.M.H., NpO-
geccopy Capyesy JI.A. 3a memoouueckylo nomMowjb U KOHCYIbMAyuu, NpusHa-
MeNbHOCMb COMPYOHUKAM KaAdeop meopemuyeckol U NPUKIaoHou Mexanuxu, oy-
penus ckeadicun Hayuonanbnoeo ucciedosamenbckoco NOAUMEXHUUECKO20 YHU-
gepcumema 3a NOMOWb 8 Op2aHu3ayuu u npogedeHuu sxcnepumenmos. Ocobdas
onazooaprocms 0.m.H., npogeccopam C.A. Pabuuxosy, B.JI. Eeceesy 3a yennvie
3ameyanust u npeodioNceHus no pabome.

Ctpykrypa aBTOpedepara chopMHpOBaHa COTIACHO 3AIMUINACMBIM IOJIOXKeE-
HUSIM.

IlepBoe HayuHoe moJ0KeHUe. [lokazano, umo Ha OCHO8e pa3padboOmMaHHOl
MemooOuKu pacuema uMeHeHUsi napamempos npueooos OYPOBbIX YCMAHOBOK
MOJICHO CYWeCMBEHHO NOBICUMb NPOU3B0OUMENbHOCTb OYPEHUs 3a CUem COKpPa-
WeHUsl 6peMenl, 3ampadueaemo20 Ha BblNOJIHEHUE BCHOMO2AMENbHbIX ONnepayuli
npu OypeHuU 2e01020pa3ee00yHbIX CKBANCUH U3 NOO3EMHBIX 20PHBIX 8bIPAOOMOK.

Jlis ynoOcTBa aHanu3a BIMSHUS NPOAODKUTEIBHOCTH ONEpaluii Ha MPOU3-
BOJUTEIBHOCTh OYpEHUS NPEJIOKEHO pa3fesiuTh MX Ha TPYIIBL: ONEpaluu, He
CBsI3aHHBIE C pabOTOM NpuBOJa — [, (M3MEHEHHE TUIIA U NTAPAMETPOB IPUBOJA HE
MNOBJIMSET HAa MPOJOJIKUTEIBHOCTh BPEMEHU ATHX ONEpalil) U omnepanuu, Mnpo-
JOJDKUTEIBHOCTh BPEMEHHU KOTOPBIX HAIPSMYIO 3aBUCUT OT MpUBOJA — [, (M3Me-
HEHUE THUIAa MMPUBOJA UM €0 MapaMeTPOB BIMSIET Ha UBMEHEHHUE MPOIOIKUTEI b-
HOCTH oTiepariui).

VY CTaHOBJIEHO, YTO MEHBIIHNA 3(PPEKT JaeT CHUKEHUE MPOJOJIKUTEILHOCTH
onepauuii, He CBSI3aHHBIX ¢ padboToil mpuBoaa T, (kpuBas 4 it BceX TUIIOB MpPH-
Boja Ha puc. 1). M3 pucyHka BUIHO, YTO B MEPBYIO OYepe/b 1eIeCO00pa3HO MaK-
CUMaJIbHO COKpAIIaTh OTEpaIiy, CBsi3aHHbIe ¢ paboroit mpuBoxa (T,,, kpussie 1, 2, 3,
puc 1).

OueHuBaTh PalMOHAIBHOCTh U3MEHEHUS TOW WJIM WHOW ONEPALMU C LENBIO
YBEJIMYEHUS] MPOU3BOAUTEIBLHOCTU OYypEeHHs HENOCPEACTBEHHO MO camMOd Mpou3-
BOAUTEIBHOCTU CHOKHO. C 3TOM LENbI0 NPENIOKEHO BBECTH KPUTEPHiA, MO3BO-
JSIIOLIUM B IIEJIOM OLICHUTHh pabOTy MEXaHW3MOB OypOBOIl YCTAHOBKHM — CPEIHSIS

MNpOAOJIZKUTCIBHOCTD onepaunﬁ:

E _h_znti
om — n -

, MUH, (1)

rie t; - IpoAOKUTENBHOCT BBIIUTHEHUS 1-0M omepanuu npu OypeHUuH CKBa-
XKUHBI TITyOrHON H MEeTpoB; n — KOJUYECTBO Onepanuii, COCTaBISIONUX BETUYNHY
T,y

Jlis yBenuueHus: Mpor3BOIUTEIILHOCTH HEOOXOAUMO, YTOOBI CpeHEee BpeMsi
BBITTOJIHEHUS O/THOM oreparu (t,,;) YMEHBIIIAIOCh:

H

Q=70 (2)

N THn+t0n'n.
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1
\' 24 Puc. 1. 3aBUCHMOCTE M3MEHEHHUS OT-
22 HOCUTEJILHOM  MPOW3BOJUTEIHLHOCTH
OypeHHs] OT BPEMEHHM BCIIOMOTATElb-
HBIX OIEpPaINi:
L8 onepayuu, 3agucsaujue om muna npu-
16 gooa:
1 - T,, rugponpuBoa;

2,0

| 1,4
2 - T,, MHEBMONIPUBO/IA;
1.2 3 - T,, MTHEBMOTHAPO- M DICKTPOIPH-
! 2 3 4 ._5 T, T, BOJIA;
02 0,25 08 09 Lo T onepayuu, He 3a8ucsawjue Oom mund
0.8 npueooa:
0.6 4 - THH
0.4
0.2

OcraBisisi T, HEU3MEHHBIMU TI0 BEJIMYMHE, HEOOXOAUMO 00ECIIEYUTh YCIIO-
Bue t,,— 0.

JIOCTUTHYTB 3TOTO MOKHO CIEAYIOUIMMH CIIOCO0aMU:

1) yMEHBIIUTh CyMMapHYIO MNPOJOJKUTEIBHOCTh ONepanuil, mMyTeM COKpa-
LIEHUS BPEMEHU ONIEpalli, €€ COCTABIIIOIINX:

T, >0 mpm n = const

2) COKpaTUTh KOJMWYECTBO HauOoJiee MPOJOJLKUTEIBHBIX onepauuid: n — 1
IPU MOCTOSIHHBIX BEJIMYMHAX OCTAIOIIMXCS onepanuil (mpeaesioM CHUKEHUS CITy-
YKUT OJIHA oTepanus - OypeHue);

3) yMEHbIIATh MPOJOJKUTEILHOCTh OTACNIBHBIX ONEpalii ¢ OJTHOBPEMEH-
HBIM COKPAILEHUEM YHCIIA IPYTUX ONEpalUi:

T,->0un—-1

TakuMm 00pa3oM, mocTaBiieHHas 3a/1a4a MOXKET ObITh pellleHa B COOTBETCTBUU
C pa3paboTaHHON METOJMKOM, KOTOpast BKJIIOUAET B ce0s CIEIyIOIINE TallbL:

1. I'pynnupoBKy BCIIOMOTaTENbHBIX TEXHOJIOTUYECKUX OIEpanuil u ompese-
JIeHHE UX JJIMTEIBHOCTH Yepe3 MapaMeTpbl OypUIIbHOM YCTaHOBKU M MPUBOJIOB €€
MEXaHHU3MOB.

2. Bpibop mapameTpoB, U3MEHEHHE KOTOPHIX MaKCHUMAaJIbHO CHMYKAET Cpeli-
HIOIO MTPOAOJDKUTEIBHOCTD ONEPALIAN.

3. MHOromaroBbslii MOUCK PEMIEHUS C YYETOM NPHUHATHIX OTPAHUYECHHUU U IO-
KazaTeneit appekTuBHOCTH:

3.1.  PacnpenenuTh BeCh LMK OypeHHUs C HCMOJb30BAHUEM paccMaTpH-
BaeMoi OypOoBOHM YCTaHOBKHU B BUJIE IBYX TPy ONepalnii (3aBUCSILINE U HE 3aBU-
csmue ot tumna npuBoaa — Ty Ton):

Tu.n. = itl ' Ts.n. = itl .
i=1 i=1



3.2.  Haiitu ux pazHocts AT =T, T

H.n. "

3.3. OnpenenuTh MaTeMaTHYECKYIO0 3aBUCUMOCTD OIepaliiii, BXOISIINX B
T,, OT IapaMeTPOB YCTAHOBKHU U MIPUBOJIOB €€ MEXaHU3MOB:

t ="f(a,b,...K),
t=f(a,b,..K,),
t.=f(, b, ..K,),
rae a,b, ... K- napamerps! ycranosku.
3.4.  YCTaHOBWTH MpeJieiibHbIC 3HAUCHHUS TTAPaMETPOB:

A max = & =8 i
b =b >b. .
Kimx = Ki 2K i -
3.5. BoiGpaTh uHTepBambl M3MeHeHHs mapamerpos: Aa, Ab, ... AK.
Torma ucciemyemple mapaMeTpsl MOTYT IPHHUMATD CJIEIYIOIINE BETUYHHBL:
a=a,+Aa, a,=q +Aa, ..., a,=a,,+Aa;

b,=b,+Ab, b,=b +Ab, ..., b =b_ ,+Ab;
K,=K,+AK, K, =K, +AK, ..., K, =K, , +AK.
3.6.  Ompenenutb CPEIHIO TPOIOJDKUTEIHLHOCTD OTIEPAIMH TPH HAadaIb-

HBIX 3HAYEHUSIX NapaMeTPOB:
n

2t
t = i=1
OII. n

3.7. Tlpu MCXOAHBIX 3HAYCHHUAX MAPAMETPOB HANTH YJENbHBIC MPHUBEICH-

HbBIC 3aTPAThI 3Hp.0 , cebecronmocth 1 mor. M ckBaxuasl C,, oTHOCHTEIBHBII Bec

G, u ynenbayro mouHocts N g
3,0=f(ab,..K),
C,=f(ab,..K),
G,,=f(ab,..K),
N,,=f(ab,..K).

3.8.  Ompenenutb CPEeIHIO MPOAOHKUTEIBHOCTh OINEpaIuil Mpyu U3MEHe-
HUU KaXJ0T0 apaMeTpa Ha ONpe/IeJICHHbIA HHTEPBA:

t:1117 HpH aO _)all (b01 COv vy Ko) = COﬂSt,
t(t:;" HpH bO %b 1 (a()’ CO! ey Kifl) = ConSt;

t(fnlﬁ HpH KO - K11 (aO! b01 Co; ey Ki—l) = COﬂSt
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3.9. Haiitu pasHOCTH MEXIy CpEeIHEW MPOJOIKUTEIHLHOCTHIO OIEpaIuu
t,. ¥ BeITMYUHAMH, MOJyYCHHBIMU B 3.8:

AtE =t -t

by _ by
Aton. - ton. _ton.!
AtS =t —tf
3.10. W3 BennuuH, NOIy4eHHBIX B 3.9, BRIOpaTh MakcUMajbHYIO. [lapame
y p y pameTp
HalpuMep, dj), JaBIIMM At™ =max, obecriednBaeT HAWOOJIBIIEE MPUPAILICHHE
pumep pyp

OII.

MPOU3BOJIUTEIIBHOCTH. OCTAaEeTCsl MPOBEPUTH €r0 MO OTPAHUYCHUSIM, HAWJIEHHBIM B
3.7. Jlis sToro:

3.10.1. B ciyuae n-At} <AT HaliTH yJenbHbIe HPUBEICHHbIC 3aTPAThl 3;% U

cebecronmocts C* MpH MPUHATOM 3HAYEHUH TAHHOTO IapaMETPA.
3.10.2. Tlpu n-At® > AT pacueTbl, CBA3aHHbBIC C ONTUMHU3AIMEH U COKpaIlle-

HUEM BPEMEHH OIEPAIMI IPYIIIBI 1, , 3aKOHYUTH (CIIELYET MOHUMATh TaK: H3Me-
HEHHE MapaMeTpa dy 10 BEIMUYUHBI 83 00€CIIEYHIIO IPUPOCT MPOU3BOAUTEIBHOCTH
B 3a1anHoi o0mactu AT . [ToaTOMYy ClietyeT epeNTH K COKPAIEHUIO Olleparii

rpymmsl T, .

a

a- o
m. 1 C* co snauenmsamu 3,,, u C,, HalineHHbIMH B 3.7,

3.11. Cpasnurs 3
a
eciu Boinonssiercs 3.10.1. Ipu 3, < 3, u C* < C, usmenuts napamerp a;
€lle Ha UHTEpBal 4a U Ipy HOBOM 3HAUEHUU MMapaMeTpa a, = a; + 4a HalTH cpea-
a
HIOIO TIPOIOJDKUTEIBHOCTH omeparuu, t.; .

3.12. Ompenenutb pa3sHOCTb MEXKIY CpPEAHEH MPOIOJDKUTEILHOCTHIO OIle-

=% — _ t ay
OII1. OII. oI *

parmu (6) 1 BHOBB moydeHHou npu 3.11: At
3.13. Ecnum BenmumHa At oOmsITh HanOONbBIIAs, TO ApaMeTp 8, U3MEHUTH
ellle Ha UHTepBai az = a, + 4a u ganee ciaenosats ¢ 3.10. Ecnu BennunHa At* He

SBIISIETCS. MaKCHUMAaJIbHOW, TO BBIOpaTh B 3.9 mpyroi mapameTtp, oOecredrBIINANA
HarOOJIBIIYIO U3 UMCIOIIUXCS BEJIMYUH At! ¥ BCE ONEpaIy ¢ HUM MPOU3BOJIUTH C
3.10.

Ecnu npu BbiOpanHOM mapamerpe B 3.11 okaxercs, 4To yzelbHbIE MpHUBE-
JICHHBIE 3aTPaThl WK CE0ECTOUMOCTh | MOTr. M CKBa)XMHbI, HallJICHHbIE C 3TUM Ma-
pametpom, Oyayt Gomsmre 3,,, u Cy, TO OT M3MEHeHHEe ITOrO Mapamerpa IoKa

CJIEIyeT OTKa3aTbCAd W BbIOpaTh Apyroii cormacHo 10.
CornacHo JaHHOTO aNropuTMa MCCIEAyEeMble MapameTpbl U3MEHSTh 10 TEX
op, TTOKa HEe OYJIET BHITIOJHEHO YCIOBHE:
m
nY At >AT,
i=1
WJIU TTapaMeTphl HE IPEBBICAT CBOU MPEIETbHBIC 3HAUCHUSI.
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m
i o o
[Ipu nZAtOH. > AT nepeiitTu k rpynne onepauuii 1, ¥ Janee clIemoBaTh ¢
i=1
3.3, IOImEpEMEHHO COKpallas IPOJOJLKUTENLHOCTh MM KOJIMYECTBO OIEPALMid
rpynm T, u T, 3a C4eT COBEPLIEHCTBOBAHUS OypPHIILHOM YCTAHOBKH.

Onupasice Ha BO3MOXXHOCTU pa3pabOTaHHON TEXHUKO-3KOHOMUYECKON Mojie-
71, OBLIT TPOBE/ICH MOUCK PAIIMOHATBHBIX MMAPAMETPOB YCTAHOBKHU C ITHEBMOTHUIPO-
MPUBOJIOM, PE3YJIbTaThl KOTOPOTO MPUBEACHBI B Ta0M. 1.

Tabnuma 1. OnTtumanbHbIE 3HAYEHUS BEJIMYMH IMapaMETPOB YCTAHOBKU C
ITHEBMOTHJIPOITPHUBOJIOM

Hcxongnoe OnTuManbHBIC
IMapameTpsl 3HAYCHHUE 3HAYCHHMS IMapa-

napamMeTpa METPOB
JlaBneHue cxaToro Bo3ayxa, P, atm 50 9,0
Jlnvna OypuiibHO# TpYOHI, lg ., M 1,0 1,3
JlnHa peiicoBoii mpoxoaxH, |,, m 4,0 6,0
MoiHocTh ABurarensa nogarduka, N, kBt 1,4 1,62
MoMHOCTE ABUTATEIS MEXaHU3Ma ITOBOPOTA 102 102
pamsl, N, KBT ’ ’
MontHOCTh ABUTATENIS MEXaHU3Ma Iepe/IBH- 59 59
KEeHUs yCTaHOBKHU, Ny, KBT ’ ’
[Tpon3BOAMTENBHOCTS HACOCA MACIOCTAHITUH, 9.0 9.0
Q,, 1/MuH ’ ’

OnTuMu3anms mapaMmeTpoB JaHHOH OypOBOM YCTAaHOBKH M €€ IMPHUBOJOB CO-
IJIACHO MPEIJIOKECHHON TEeXHUKO-3KOHOMHYECKOW MOJICTH ITO3BOJISICT IMOBBICUTH
MIPOU3BOJIUTEIIBHOCTh OypeHHs Ha 55% mpu HEM3MEHHBIX 3HAYCHHSX YACIbHBIX
MIPUBEJICHHBIX 3aTpaT U cEOECTOMMOCTH METpa CKBaKHH 3a CUET YBEIWUYCHUS JaB-
JICHUS C)KATOro BO31yXa N0 9 atM, IJIMH OypUIIBHBIX TPYO M PEHCOBOI MPOXOAKU
10 1,3 1 6 M COOTBETCTBEHHO M MOIIHOCTH JBHUTATEINS MogaTdauka 10 1,62 xBT.

BTopoe HayuHOe MoJI0KeHHE. Y Cmano6ieHo, Ymo usMeHeHue napamempos
npugooos 0OYPoBoU MawluHbl O/l NOGLIUEHUS ee NPOU3BOOUMENbHOCIU UMeem
2PaAHUYbL, CBA3AHHbIE C KOHKPEMHbIMU 02PAHUYEHUAMU (8eC MAULUHBL, MOUHOCD,
cebecmoumocmo, NPUBEOEHHble 3ampamsl U Op.), YMo No380Ji51em 8blOpams mMmom
UMY UHOL TMUN NPUBOOA C YYEMOM MAKCUMATbHO2O COKPAWEHUS CPeOHell NPOoOo.i-
HCUMENbHOCU Onepayuu U OOCMUNCEHUS MUHUMATILHO B03MOJICHLIX 3ampam,
obecneuusas pecypcodppexmusHocms u dHepeocoepedcetue.
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OnpegenuTs Hantn YCTaHOBUTL METEMETMH%CK}JI-O VCTaHOoBUTL NpeaenbHble
_— L AT =T T l»| 3aBUCUMMOCTL Onepauuin oT 3HaueHVs NapamMeTpos BLiGpaTs
I =4, — 4, napameTpoB nNpueoaa UHTepBansl
iy = 8; = i
t; = f(ay, By, ..., ky); N3MeHeHUA
1 1r Zlp === 2 2*1 1» !
7 b..=b>b._, napaMeTpos
.................. 'J'a! 'J'b! ? ﬂK
ty, = f(ap, By, ., Ky) Ko 2K 2 Ky /
T Mpu UCXOOHBIX OnpepenTs
OnpenennTs t,, NPU N3MEHEHNM KaKOOrO P A CPEnHIO
napamMmeTpa Ha onpefeneHHblit MHTepBan: SHa4YeHUAX
- — . «| MPOJOIMKNTENbHOCTD
Bbibpathb tepon, = max |« . napamMeTpoB HaWNTH vhy
= t: ¥ _ 1
toe s MPW ay = ay, (B, ¢, K,) = const; 304, Cyu Go Nye onepaunn Tep on = =
1 toem s MPW by — by, (ag.cg.....K ;) = const;
CpaBHUTbn A1l <= AT
fam s MPU Ky 5K, (ag. by.cq..... K, ) = const
Mpw n-Ar2 . zAT
Mpn 3% <3_, M C* <C,
paboTaThC NpoBepuTh BCE
napameTpamu NameHuTL NnapameTp Ha napameTpbl
rpynnst 1, CpaBHUTb 3% 1 C* MHTepsan Aa v
PaboTtaTb go Tex, nop
C 3 C noka n- At M::J.T
oy =0 Mpu 32 >3_, KM C* > C, *
Mpw v
¥ n-Ard, <AT BeibpaTb apyroii NMpopaboTaTh pekomeHgauuu no
napameTp COBEpPLUEHCTBOBaHUK DypoBOW

YCTaHOBKHW

Puc. 2. biok-cxema onTuMHU3aliy apaMeTpoB MPUBOJOB OYPOBBIX YCTAHOBOK 10 HECKOJIBKUM KPUTEPHUSIM
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Pemenne 3agaun 06 3p¢GeKTUBHOCTH OYypOBON YCTAaHOBKH C ONPEIEICHHBIM
TUTIOM TMIPUBOJIa HA KOHKPETHOM y4YacTKe TPOU3BOCTBA MPEAINOIaracT onpeene-
HUE YKOHOMHUYECKHX TPaHUI] U 00JIaCTH €ro Iesecoo0pasHoro npumeHeHus. [lpu
OTIPEICTICHHBIX YCIOBHIX PabOThI (TOI0BOM 00BEM MPOU3BOJICTBA, UCIIOIE30BAHNE
KaJICHIapHOTO BPEMEHH) pallMOHAIbHEE UCTIOIB30BaTh TOT WJIM WHOM THIT TPUBOIA
¢ yuetoM cebectoumocTu 1 mor.Mm. ckBaxkunsl C (puc. 3 a, 0).

C, yci. ef./mor.m.

C, yen. ea/mor.m. |

]
0,6 1 0.7
0,6
0,5

0.4

5 10 15 20 L,n:10", nor.m 001 02 03 04 05 06 07 08 09 1.0
a

Puc. 3. a) 3aBUCHMOCTb c€0ECTOMMOCTH TOT.M. CKBOXXHHBI OT T'OJIOBOIO O00OBeMa
MIPOM3BOJICTBA paboT; 0) BausHHE K03 UIIMEHTA UCIIOIH30BAHUS KaJeHIAPHOTO
BpPEMEHU 1] Ha C€0ECTOMMOCTD T1.M. CKBaYKUHBI:

1) nHEeBMONpPUBOA; 2) MHEBMOTHMAPONPHUBOM; 3) 3JIEKTPOIMHEBMOTIHAPOIPHUBO/L
4) rugpornpuBoa

[Ipu rogoBoO#l MPOU3ZBOAUTENHHOCTH O 9 THIC. MOTr.M. B TOJ I1€J€CO00Pa3HO
WCIIOJIB30BaTh AJIEKTPOIHEBMOTHAPONPUBOIHBIE OypOBbIE YCTAaHOBKHU, CBBIIIE —
YCTAHOBKH C THAPONPUBOAOM (pHC. 3, a). B yclioBHsIX 3arpy3Kku Mo KajleHIapHOMY
BpeMenu 110 0,15 — Hanbonee 3pPeKTUBHO MPUMEHEHHE MHEBMOIPUBOIHBIX Ma-
IIMH, TIPU OOJIbIIEH 3arpy3Ke — TUAPONPUBOAHBIC. Takke MOKHO OIICHUTH paIuo-
HaJIbHOCTbh MPUMEHEHUS JPYTUX TUIIOB MIPUBOJIOB.

Ha mepBbIil miiaH 4acTo BBICTYNAIOT W JAPYTHEe KPUTEpUM, HanboJiee TMOJHO
OTpa)xarolue KOHKPETHOE MPOSBIICHUE YCIOBUM dKcrTyatannu. OObeKTUBHBIN U
BCECTOPOHHUI aHAJIN3 MOXKET ObITh 00ECreYeH TOJIBKO MPHU YCIOBUH HUCIIOIh30Ba-
HUS JUIA 3TUX IeJiel CUCTEMBbl TEXHUKO-IKOHOMHUYECKUX TOoKa3aTenel (cedbecTou-
MOCTb I.M CKBaXWH, YJ€JIbHbIC TPUBEJICHHBIC 3aTPAThl, CTOUMOCTh YHEPTUHU, TIPO-
U3BOJIUTEIILHOCTh OypeHUs, YACIbHBIC MOIITHOCTh IPUBOIA M BEC YCTAHOBKH).

Ha puc. 4 npeacrasieH rpaduk, oTpaxaromuil pe3yiabTaThl HUCCIEIOBAHUS
MOIITHOCTH JIBUTATeNsl MexaHu3Mma Tmogatyrka N, OT BBIOpaHHBIX TEXHHUKO-
DKOHOMMWYECKHUX MOKA3ATEIICH.
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Go Ni/ ( Cs 3mp C
180 1,8+ 0,18+ 0,9 1.8+ 1.8
160 1,64 0,161+ 0,8 1,6+ 1,6
1404 1410141 07+ 141 14
120 124 0124 06 L 124 12
100 1,0+ 0,10+ 0,5 1o+ L0
80 0,84 0,08+ 0.4 08+ 08
60 0,64 0,064 0,3 0,6+ 006

40 +~ 044 004+ 02 + 044t 04 VY

20 02+ 0,024 0,1 02+ 02
Nn, kBt

13 15 1,7 19 21 23 25 27 29 31
Puc. 4. I'panuiibl ONTUMaIBLHON MOUIHOCTHU JIBUTATEINs ToAaroiero Mexanusma Ny,
JUIS. pa3fIMYHBIX THUIOB TIPUBOAOB OYpOBOM YyCTaHOBKHU: 1) MHEBMOINPUBOL;
2) NHEBMOTUAPOIPUBO; 3) 3JIEKTPOIMHEBMOTUAPOIPHUBO/L

3agaBasich OIpeaeieHHbIM 3HaueHueM mapameTpa N, MOXKHO ONpeaeTuTh,
Kako¥ Tum npuBoAa obecnieyuT Hanbosiee dPPEKTUBHOE €ro HCIOIb30BAHUE IO
TOMY KPUTEPHUIO, KOTOpPBIA MHTEepecyeT. MOIIHOCTh MOJATYHMKA B MpEIeNax oOT
1,3 mo 1,9 kBT 3 pexTnBHO NPUMEHATH TOJIBKO B IMHEBMOIpUBOE. [Tpuuém mor-
HOCTh B 1,3 kBT addexTuBHa ¢ TOukH 3peHus oOecrneyeHus: MUHIMAJIbHBIX 3Haue-
Huii yzaensHoW MomHocTH N, ; crommoctu »Heprum C,;, a BeIMYMHA €€ B
1,9 kBT mo3BoJisieT Moxy4uTh OJIM3KO€ K MUHUMYMY 3HAU€HUE NMPUBEJICHHBIX 3a-
TpaT 3,, ; © MAKCUMYM IPOU3BOAUTENBLHOCTH Q.

Bosnee BbICOKHME MOILIHOCTH ONTUMAJbHBI JI1 APYTUX TUIOB MPUBOJOB, B Ua-
cTHOCTH, OT 1,9 10 3,0 kBT paulnoHaIbHO MPUMEHATH KaK B THEBMOTUIPONIPUBO/IE,
TaK ¥ B AJIEKTPOITHEBMOTUIPOTIPUBO/IE.

B tom ciydae, koraa TpeOyeTcs MPOU3BECTU OLIEHKY MPUBOJA MO BCEM KpHU-
TEpUSAM OJHOBPEMEHHO, HE OTJaBasi MPEANOUYTCHUSI HU OJTHOMY U3 HUX, ONITUMAJTb-
HOE 3HAYEHHWE PACcCMATPUBAEMOTO MapameTpa OMPEACTUTCS KaK LEHTP TAKECTU
JAHHOT'O MHOTOYTOJIbHHKA.

[Tpu HaANMOXEHUU MHOTOYTOJIHLHUKOB HECKOJIbKUX KpUTepueB (N, P, U 1p.)
MIPEIOCTABIISICTCA BO3MOXKHBIM OMPEEIUTh OOIIYI0 0071acTh palMOHAIBHBIX 3Ha-
YeHUI TMapamMeTpoB OYpOBOM YCTAaHOBKHU [IJISi PA3IUYHBIX TUIIOB MPUBOJIOB, TEM
CaMbIM TMPUHATH ONTHUMAIbHOE PEIICHHE BHIOOpA THIMA MPUBOJA MO HECKOJIbKUM
KPUTEPHUSIM.

Tperbe Hay4yHOe MoOJIO:KEHUE. /[OKA3AHO, YMO NpUMEHeHue 08X Hepeyiu-
PYeMblX 2eHepamopos 8 cucmeme SUOPOUMNYIbCHO20 MeXaHusma OJisi OypeHus.
2€071020pa368€00UHbIX CKEANCUH NO360JISIEN De2yIupo8amsv SHEPISUl0 CULOBLIX UM-
nYIbCO8 NPU NPOXOOKE CI0e8 20PHOU NOPOObL C PA3TUYHOU MEEPOOCmbIO, YUmo OJ1a-
200apst 0ONOJHUMENbHOMY 8030€UCHEUIO 8bICOKOUACMOMHbBIX CUNO8bIX UMNYILCO8
HA paspyuiaemyto 20pHy10 nopoody cnocoocmeyem noGblULeHUI0 NPOU3B0OUMENbHO-
cmu 6YpO8bIX YCMAHOBOK.
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Ha puc. 5 npeacrasieH npyuHUUO padOThl THAPOUMITYJIBCHOIO CHIIOBOM Me-
XaHU3M, CIOCOOCTBYIOUIETO MHTEHCU(UKAIIMU Pa3pylIeHUs TOPHBIX MOPOJ MpU
OypeHUU CKBXKMH MAJIOTO AUAMETPa U3 MOJ3EMHBIX BbIPaOOTOK.

B nmanHom yctpoicTBe it OPMUPOBAHMS CHIIOBBIX MUMITYJILCOB MOYKHO BbIJIe-
JIMTH JIBa KoJieOaTeabHbIX KOHTYpa. [lepBolii KoieOaTenbHbIi KOHTYP: THIIPOITYJIbCca-
TOpBI — 3, 6, CO3/1ar0IUE KOJIeOaHUs NaBJICHUS KUIKOCTH; BTOPOIl: KHUIKOCTh, HaXO-
JSIIasICsl B 3aMKHYTOM 00beMe — 8 ¢ pykaBOM BbICOKOTo AaBienus (PBJ]) — 7, akTus-
Hast Macca — 11 ¢ KopImycom ruapouInHapa — mHeBMonoAaTuuk — 10,

[ToTeHUMaIbHAsT SHEPTUSA CHKATOTO BO3[yXa B IHEBMOMNOJATYHUKE, Pa3TOHSSA
aKTUBHYIO MAacCy, MEPEXOAUT B €€ KUHETUYECKYI0 SHEPTrHi0. AKTHUBHAs Macca,
JEHUCTBYSl Ha 3aMKHYTBHIM OO0BEM JKHMIIKOCTH, NPEoOpa3yeT CBOIO KUHETUYECKYIO
HHEPTHUIO B MOTEHIUAIBHYIO HEPTHUIO 1e(OPMUPOBAHHOTO pyKaBa BHICOKOTO JIaB-
nenust — 7. JlepopMmanius pykaBa BBICOKOTO JaBJieHHUs Oy/IeT MPOAOIHKATHCS O TeX
Mop, NOKa HE U3PACXOJYETCs BCSI KMHETHYECKAs] SHEPrusi Macchl. BhIHYKIECHHbIE
KoJie0aHus JTaHHOM cUCTEMBI 00eCTIeUnBaIOTCsl padOTON THAPOIYJIbCATOpPA.

WMitynbebl AaBiEHUS KUAKOCTH (POPMUPYIOTCA cienyromuM obpasom. [lpu
paboTe TruApoIysibcaropa IUTYHXEP NEPHOJUYECKH BBITAJKUBAET XKUIAKOCTh B
3aMKHYTBIA 00bEM, cO37aBasi JOMOJHHUTEILHOE JIaBIICHUE B THAPOLIWIMHIPE U PY-
KaBe BBICOKOTO AaBiieHus (puc. D). bmaromaps nanuuuio PBJI, obnanaromiero He-
JMHENHON XapaKTepUCTUKOW U3MEHEHHUSI JaBleHUs P OT OTHOCUTEIBHOIO N3MEHE-
HUs 00bema V, BO BTOPOM KoJieOAaTeIbHOM KOHTYpPE CHHYCOMJAIbHBIMHU KoOJieOa-
HUSIMH TUTYHXKEPA CO3AK0TCS UMITYJIbChI AABICHUS KUIKOCTH, KOTOPBIE BO3IEHCT-
BYIOT Ha IOPIIEHb U TOpPEL MaporInHapa. M3-3a Manoi ynpyroctu IHEBMOII-
PYKHHBI TI0O CPAaBHEHHUIO C XKUAKOCTBIO IPOUCXOJIUT PACKAYKa TMAPOLMIMHIpA C
aKTUBHOM Maccoi. [Ipu nBMkeHMH Macchl Ha 3a00W U HAJTMYUU peXHUMa pabOThI
CUCTEMBI, OJIM3KOTO K PE30HAHCHOMY, CO3/1al0TCS UMITYJIbChI IaBJICHUS KHUAKOCTH,
KOTOpBIE Yepe3 MOPILIEHb U XBOCTOBUK MEPEAatoTCs 10 OypUIIbHON KOJIOHHE B BU-
Jie BOJH AehopMalluy CKaTHs Ha 3001 CKBa)KUHBI.

[Ipumenenue pazpaboTaHHOTO 0€300HKOBOIO THAPOUMITYJIBCHOTO MEXAHU3MA
B COBPEMEHHBIX OYpPOBBIX YCTAHOBKAX XapaKTEPU3YETCs PSAAOM NMPEUMYIIECTB:

- BBICOKHMM K.II.JI. MAaIUIMHBI 32 CYET OTCYTCTBUSI BO3BPATHO-IIOCTYIATEIBLHOTO
NercTBUs 00iKa U epeTeKaHus KUIKOCTH B CUCTEME (CHCTEMA 3aMKHYTa);

- OTCYTCTBHE 0OIKa, a COOTBETCTBEHHO M OTCYTCTBHE IIIyMa, BBI3bIBAEMOTO
IIPU yAapax O XBOCTOBUK OYpOBOM KOJOHHBI MPU yIapHO-BPAILATEILHOM CIloco0e
OypeHus;

- HCKpOOE30IM1acCHOCTh MPUMEHSIEMOI0 MEXaHU3Ma.

[Tpu OypeHuu cioeB Mopoabl pa3InYHON TBEPAOCTH BO3HUKAIOT CJIOKHOCTH B
BbIOOpE peknma OypeHus. [Ipu mpoxoike ciioeB rOpHOM MOPOBI BBICOKOW TBEP-
JIOCTH TpeOyeTcs yBEeIMYEeHWEe WHTEHCUBHOCTH OypeHHUs, Ipu OypeHUU TOPOJIbI
HU3KOW TBEPIIOCTH — YMEHbIIEHHE. B CBsI3U ¢ 3TUM BO3HUKaeT HEOOXOAMMOCTH B
peryJMpoBaHUU CHUJIOBOTO BO3JEWUCTBUSA HA TOPHYIO OPOJY B Ipoliecce OypeHHUs.
C aToit 1enpio ObUI0 pa3paboTaHO YCTPONCTBO ISl PETYJIMPOBAHUS SHEPTUH CUIIO-
BBIX UMITYJILCOB, (POPMUPYEMBIX THIPOUMITYJIBCHBIM MEXAHU3MOM.
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Puc. 5. Mojenb ruipOMMITYJILCHOTO CUJIOBOTO MEXaHU3Ma, OCHAILIEHHOTO YCTPOM-
CTBOM PETYyJMPOBAHUS IHEPTUH CUIIOBBIX UMITYJIHCOB:

1 — aneKTpoABHUTaTENb; 2 - KPUBOIIMITHO-IIIATYHHBIH MEXaHU3M THPOIYJIbCATOPA;
3, 6 — ruapomynbscaropbl (reHepaTOpbl UMIYIBCOB); 4 - nummneBas Mmydra;

S — Bajgbl THUAPOMYILCATOPOB; [ - pykaB Bbicokoro pgaienus (PBJI);
8 — 3aMKHYTBIH 00BEM KUAKOCTH; 9 - KOpPIyC THAPOIMIMHIPA,
10 — mueBmononatuuk; 11 - aktuBHas macca; 12 — matpy0ok; 13 — mopIieHs cuiio-
BOrO TUIpomwiuHapa; 14 - XBOCTOBUK KOJOHHBI OypWIBHBIX  TpYO;

15 - mopoaopa3pymaroniuii HHCTpyMeHT; 16 - ropHas mopoaa

Y CTpORCTBO ISl pETyJIMPOBAHMSI YSHEPTHH UMITYJIbCa THIPOUMITYIHCHOTO ME-
XaHu3Ma OypoBOTO CTaHKa MPEJICTABICHO B BUJE TeHepaTopa (GOpMUPOBAHUS HM-
MYyJHCOB JABJICHUS B 3aMKHYTOM MOJIOCTH, COCTOSIIETO U3 HEPETYJIUPYEMbIX T'eHE-
patopoB 3, 6. ['eneparop 3 BhINOJIHEH B BUAC KYJIAaUKOBOTO MEXaHH3Ma, TCHEPATOP
6 mpezcTaBiieH B BUJIE IUTYH)KEPa M COSIUHEH C DJICKTPOBUTaTENIeM | KPHUBOIIIMII-
HO-IIIATYHHBIM MeXaHn3MoM 2. KOHIIbI BajoB 5 HeperyaupyeMbIX TreHepaTopoB
UMEIOT BUHTOBBIC IILTUIIBI TPOTHUBOIOJIOKHOTO HAKJIOHA M IUTHIEBYIO My(TY 4.

PerynupoBaHue MpOMCXOAUT 3a CYET M3MEHEHHS oObeMa KuakocTth. Kak
ClIeyeT U3 KHHEMATHUKHA MEXAY MepeMeIeHUEM IUTYHXXEPOB TeHepaTopoB 3, 6 u
YIII0BOM CKOPOCTH (® BaJia IPUBOHOTO JIBUTATENS CYIIECTBYET COOTHOIICHHE:

A=Ay-sinwt, A=A4,-sinwt,

rae A — TeKymas KoopJauHaTa IUTyH)Kepa, @ — yIjoBas CKOPOCTh Baja MpH-
BOJIHOTO JIBUTATEIIA, t — BpeMs, 4; , — aMIUTUTYAHOE 3HAUCHHUE X0/1a IUTyHXepa.
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Torga 00beM MyIBCUPYIOMIETO MOTOKA WM MPOCTO MyJIbCUPYIONTUN MOTOK,
pa3BUBAaEMbIil IEPBBIM U BTOPHIM T€HEPATOPAMH, COOTBETCTBEHHO PaBEH:

Q1=A1-f1-sina)t, QQZAQ‘ fz‘Sina)t,

rie fy , — mIomaae pabodero Topia IyHxKepa.

[TockobKy TeHepaTophl KojicOaHmit 3 U 6 THAPABIMYECKA MEXKITY COOOH CBS-
3aHbI U Yepe3 My(PTy 4 UMEIOT KECTKYIO PEeryIupyeMyl0 KHHEMaTUYECKYIO CBS3b,
TO, KOTJIa TTYH)KEPhI IEPEMENIaroTcsl CUH(a3HO, T.€. KOTJa OJHOBPEMEHHO MPOXO-
JIAT BEPXHIOI U HWKHIOKO «MEPTBBIE TOYKM» CYMMApPHBIN MYyJILCUPYIONIUN TTOTOK,
pPa3BHBAEMbIN T€HEPATOPAMHU, PABEH CYMME

Q:Q1+Q2, QZA]_‘fl'SinCOt"'Az'fz'SinCOt,

eciu

Al'fleg'fz, TO

Q:2A1'f1'3ina)t. (4)

Ecnmm mexnmy mepeMernieHus M TUTYH)KEPOB TeHEepaTOpoB KojieOaHuit 3 u 6
HapylleHa CHH()a3HOCTh, T.€. BEPXHHUE U HUKHUE «MEPTBBIC TOUKUY» OHHU MTPOXOAST
HEOJHOBPEMEHHO, TO 3TO PACCOIrIaCOBAaHUE XapaKTEPU3YyeTCs yrioM ciaBura a3 y
U SIBJISIETCS YTIIOM OTHOCUTEIBHOTO MTOBOPOTA BAJIOB FEHEPATOPOB KosiebaHuit 3 u 6.

Tak kak reHepaTopbl KoneOanuii 3 U 6 UMEIOT OOIUI MPUBOJIHOM JBUTaTEIIb
1, Bpaiarmmnmii ux ¢ yriioBOM CKOPOCTHIO @, a BaJIbl O TEHEPATOPOB paccoriacoBa-
HbI Ha YroJl ¥ MyQToil 4, TO CyMMapHbIi MyJIbCUPYIOIINUA TOTOK ONPEIETUTCS Te-
1eph Kak reoMeTpuueckas cyMmma Q=Q, +Q, HJIM Kak CyMMa CABHHYTHIX Ha yroll

¥ CUHYCOHUJT OHUHAKOBOW YaCTOTBI

Q=A;fy-sinwt+A4,f,sin(wt+ ). (5)

Otcrona BUHO, uTo eciiu =0, To B pe3yJibTare noiydaem dopmyiy (4), eciu
w=180°, TO

Q=A1-fl-Sina)t+(-A2-f2'Sina)t)

U TIPHM YCIIOBUH

Ay f1=A4,f, O6ymem umers Q=0 (mpu 0JUHAKOBOM 00BEME JKHIKOCTH, BBITEC-
HSEMOH B 3aMKHYTYIO TIOJIOCTh TUTYH)KEPaMH HEPETyJTUPYEMBIX TeHEpaTOpPOB).

dopmyna (5) oTpakaeT ciydail, Korjaa 3a oJuH 000pOT Baja reHeparopa CH-
JIOBBIX THUIPABIMYECKUX HUMITYJIBCOB TUTYHXKEPHI COBEPIIAIOT OJMH TBOWHOM XO[I.
Ecnu KOHCTpYKTHUBHOE BBITIOJTHEHHE T'€HEPATOPOB KOJEOAHWI TaKOBO, YTO TUTYH-
YKEPBI COBEPIIAIOT N IBOWHBIX XOJIOB 32 OJIUH 00OPOT Basia (HarpuMmep Jyisl Kyjaad-
KOBBIX T'€HEepaToOpOB KOJeOaHWl N — YUCIIO 3aXOJ0B Kyjadka), To dhopmyia ais
OTpeeICHNS MyILCUPYIOIIETO TTOTOKA MPUHUMAET BH/I;

Q=41 sinwt+A4,f,-sin(newt+ ny). (6)

Takum oOpa3om, U3MEHsIS OTHOCUTEIBHBIN Yroyl ciBUra (a3 Mexay BajamMu

o

reHeparopoB kosebanuit 3 u 6 or 0 10 180

, IIYJIbCUPYIOIINNA MOTOK U3MEHAETCS

OT MaKCUMyMa O0 HYJIA.

PerynupoBanue yrna cipura (a3 i OCyIIECTBISIETCS OCEBBIM MEPEMEILICHUEM
My(ThI 4 IO BAHTOBBIM LIUIMIIAM BaJIOB F'€HEPATOPOB KOJIEOAHUH.
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PanronanpHBIM BHIOOPOM yTJIa HAKJIOHA NUIAIIEB OMPEIESIeTCs] HE0OXO0Iu-
Masi BEJIMYMHA OCEBOTO TepeMerieHus MyQThl 4 17151 U3MEHEHHSI MYJIbCUPYIOIIErO
MOTOKA OT HYJIA 0 MAaKCUMYyMa.

M3MeHeHrne o0beMa MyJNbCUPYIOIMIEH >XKHIKOCTH CIOCOOCTBYET HM3MEHEHHIO
aMIUTATY 16 (POPMUPYEMOTO HMITYJIbCA JABJICHUS B 3aMKHYTOW IOJOCTH, a COOT-
BETCTBEHHO M PHEPTUU CUJIIOBOTO UMIYJbca B OYpUIIBLHOM KOJIOHHE. YBeJIWYeHUe
o0BeMa MyJTLCUPYIOLIETO MOTOKA TPU HEM3MEHHBIX MTapaMeTpax pyKaBa BBICOKOTO
JaBJIeHHs (TTOJIBIM yIPYrui 2JieMeHT 7, (puc. 5)) MPUBOAUT K YBEIUUYCHUIO UHTCH-
CHUBHOCTH OYypeHHs, IPH YMEHBIIICHUH HA00OPOT — UMITYJIBCHOE CHUIIOBOE BO3JICH-
CTBHE Ha TOPHYIO IMOPOY CHUKACTCA.

B ycnoBHSX CIOXHOTO TEOJIOTHYECKOTO CTPOCHUS HCCIETYyeMOTo KOHTYpa
3aJieraHusl TOPHOW TIOPOJIBI ONEPaTOpP MOXKET PEryJIUpOBaTh HHTCHCUBHOCTh Oype-
HUS, ONUPAsCh HA BO3MOXXHOCTH Pa3pabOTaHHOTO YCTPOWCTBA, TO €CTh MOAOHUPATh
ONTUMAJIBHYIO BETUYMHY MEXaHUIECKOW CKOPOCTH OYpEHHSI.

YCTpOHCTBO PEryIUPOBAHMS DPHEPTUN HUMITYJIhCa THAPOUMITYJIBCHOTO MeXa-
HH3Ma T[I03BOJISIET MPOM3BOJMUTH peryiupoBaHue B mnpeaenax or 0 mo 2Q
(rme Q — 00BeM KHIKOCTH BBITECHAEMOU B 3aMKHYTYIO TIOJIOCTh T€HEPATOPOM KO-
JeOaHui) TIPU YCIOBHH PaBEHCTBA 00BEMOB HCITOJIB3YEMbBIX TEHEPATOPOB KosebOa-
HUH.

3AKJIFOYEHUE

B pabore, Ha OCHOBaHUU PKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX MCCIIEI0Ba-
HU, aHAJIN3a COBPEMEHHBIX TEXHOJIOTMI U TEXHUKU MPEACTABICHO PEIICHUE Ha-
YYHO-TEXHUUYECKOM 3aJ]a4il 1O TOBBIMICHUIO MPOU3BOJIUTEILHOCTH OYpOBBIX Ma-
muH Oyiaromapsi pa3pabOTaHHOW HAa HAYYHOM OCHOBE TEXHUKO-DKOHOMHUYECKOU
MOJIEIN paboYuX MPOIECCOB OypeHHUs Ie0JIOropa3BeI0YHBIX CKBAKUH U3 TO/I3EM-
HBIX TOPHBIX BHIPAOOTOK.

1. VY CTaHOBJIEHO, UYTO MOBBIIIEHUE MPOU3BOUTEILHOCTU OypeHUs CKBa-
)KUH U3 TOJ3E€MHBIX TOPHBIX BBIPAOOTOK BO3MOXXHO JIOCTUYb HE TOJBKO 3a CUET
YBEJIMYEHUsI MOIIHOCTU OypOBOM YCTaHOBKU U CKOPOCTH OYpEHMSs, HO TaKke 3a
CYET COKpAaIICHUs BPEMEHU Ha BBIIOJHEHHUE BCIIOMOTATEIbHBIX OTIEpaIU.

2. YcTaHOBIEHBI B3aMMOCBSI3M MEXK]Yy OIEpalMsIMU, BbITOJIHIEMbBIMU
MPUBOJIAMH OTJCJIBHBIX MEXaHU3MOB OYPOBBIX YCTAaHOBOK, BBISIBIICHA CTEIEHb
BIIUSIHUSA WX Ha MPOU3BOJIUTEIBHOCTh OypEHUs CKBAXUH M3 MOA3EMHBIX TOPHBIX
BBIPAOOTOK.

3. Pa3paborana TeXHMKO-PKOHOMHUYECKass MOJIEIb OYypOBBIX yCTaHOBOK,
KOTOpasi MO3BOJISIET ONTUMU3UPOBATh UX MapaMeTPbl OJTHOBPEMEHHO MO HECKOJIb-
KM Hay9YHO OOOCHOBAHHBIM KPUTEPHUSIM.

4. OOOCHOBAaHO YTBEpXIEHHUE O TOM, YTO HamOoJee CYLIECTBEHHOE
BJIMSIHUE HA TPOU3BOJIUTEIBLHOCTh OYpEHHUsI OKa3bIBAIOT OTMEpaluu, MPOAOJIKHU-
TEJILHOCTh KOTOPBIX 3aBUCHUT OT IMapaMeTPOB U TUMA MPUBOJa OYpOBON YCTAaHOBKH.

5. JlokazaHo, 4TO YBEJIMUCHHUE WM YMEHBIIIEHUE B HECKOJILKO pa3 Kako-
ro-1u00 OJHOr0 mapameTpa MpUBojJa OypOBOW YCTAaHOBKM HE MPUBOAMUT K 3HAUU-

19



TEJIbHOMY YBEJIMYEHHIO MPOU3BOAUTENBHOCTH. CyIllIeCTBEHHOTO YBEJIUYEHUS MPO-
U3BOJIUTETLHOCTH OYPOBBIX arperaToB MOKHO JOOUTHCS TOJBKO MyTEM OJHOBpE-
MEHHOT'O U3MEHEHHUS psijia HauboJliee CyleCTBeHHBIX (haKTOPOB.

6. OmnpeneneHbl palMoHaAIbHbIE TPAHUIBI U 00JIACTH MPUMEHEHUs Oypo-
BBIX YCTaHOBOK C Pa3JIMYHBIMU TUIIAMU MPUBOJIOB, 0OecIeurBaromine pecypcocoe-
perarouryo u pecypcodPPeKTUBHYIO TEXHOJOTHIO OypeHHs Uil TOTO WUIU MHOTO
THUIIA IPUBOJIA OTHOCUTEIBHO MIPUHATHIX KPUTEPHUEB.

7. Pa3zpaboTaHo ycTpOHCTBO pPeryInpOBaHUs SHEPTUN CHIIOBBIX UMITYJIb-
COB, (POPMHUPYEMBIX THUIPOUMITYIECHBIM MEXaHU3MOM, TIO3BOJISIOIIEE BBIOPATh OTI-
TUMAJIbHBII pEeKUM OypEeHUs MTPU NPOXOJKE TOPHBIX MOPOJ PA3TMYHON TBEPIOCTH.

Ony0mkoBaHHbIe pa00THI 0 TEMATHKE IUCCEPTAIUOHHOTO UCCICI0BAHMS.
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