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PO3POBKA KOHCTPYKLIi MPUCTPOIO AN BUNPOBYBAHHSA
NMPOTUBUKNOAHOIO OBJIAOHAHHA CBEPANOBUH
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IOHTYHT, 76019 ,m. Isano-Ppanxiscok, eya. Kapnamcoka, 15, men. (03422) 727126,
e-mail: v_panch@ukr.net

Poboma npuceauena npobnemi nepegipku npomueuUKUOH020 00IAOHAKHS YCMs C8ePOOGUH HA 2EPMEMUUHICTNG
nepeo 86000M @ eKCHIyamayilo 4y nicis KanimaibHo2o pemonmy. Hapasi exazani eunpo6yeanhs npogoosmscs 3
BUKOPUCMAHHIM NePeCy8HOI HACOCHOI YCMAHOBKU BUCOKO20 MUCKY, Yepe3 W0 Mpugaiicms eunpooyeans ma ixws
sapmicms cymmego 3pocmaioms. Bioomutl npucmpiil 0151 npogedenHtst 6unpobyeéanb NPOMUGUKUOH020 00IAOHAKHS
Ha 2epmemuyHicmy 6e3 nepecysHoi HACOCHOI YCMAaHO8KU, npome HAOIUHICMb | eeKmusHicmy 11020 HEGUCOKA 3
NpUYUHU HeHAOIliHOI eepmemusayii HeobXiOH020 00’ €My c8epOI0BUHU. Aemopamu cmammi 3anponoHO8AHO KOHC-
MPYKYII0 NPUCMPOIO, HOBUZHOI SIKO20 € BV30.1 O 3a0e3neuenusi niOGUWEHol 2epMemudHoCmi eunpo6y8anozo
00’ eMy ma 6HYMpPIWHIT NOPUIHEBULl HACHIMAY MUCKY PobOY020 cepedosuya. B ocnoei Koncmpykyii cepmemusyio-
4020 8y31a 3AKAIA0EHO 080OIUHY DOZMUCKHY YAH2Y 3 elacmuyHuMu maudicemamu. I'epmemusayilo 30iticHIOONMb
PO3MUCKAHHAM KIHYIG YaH2U, HA SIKUX 3MOHMOBAHT MAHICEMU, d 8UCOKULL MUCK CMEOPIOIONb CULOI MSI2U HOPUIHSL.

Koncmpyrosanuss npucmporo ma nepegipy npaye3oamiocmi to2o elemMenmié UKOHAHO I3 3ACMOCYBAHHAM
KOMN' I0OMepHUX MeXHOA02il, Wo Oa3yIomvbCs Ha MemoOi CKIHUEHHUX eleMeHMIE.

KirrouoBi ciioBa: ycTsi cBepUIOBHHH, IPEBEHTOPHUH OJIOK, (POHTAaHHA apMaTypa, MaHi(OJIb], TEPMETHIHICTD,
L[AHTa, MaHKeTa.

Paboma noceawena npobneme nposepru nPpomMuBo8bIOPOCO8020 060PYOOBAHUSL YCIMbsL CKEANCUH HA 2epMemu-
YHOCTIb Neped 66000M 8 IKCHLYAMAYUIO UL NOCTe Kanumanbho2o pemonma. Cetivac nooo6Hwie UuCHbIMmanusi npou-
360051MCA C UCROL30BAHUEM NEPEOBUNICHOU HACOCHOU YCMAHOBKU BUCOKO20 OasleHUsl, 8CIe0CmBUe 4e20 ONUmensb-
HOCMb UCHBIMAHUL U UX CIOUMOCMb CYWeCmBenHo gospacmaiom H3eecmuo ycmpoucmeo 0/t npo8eoeHUs. UCHbL-
MAaHUil RPOMUBOEbIOPOCOB020 060PYO0-8aAHUSL HA 2EPMEMUYHOCTb 63 NEPEOBUNCHON HACOCHOU YCMAHOBKU, HO
HAOENCHOCMY U P HeKmUBHOCIb €20 HeGUCOKA 8CAEOCMBUE HEHAOENCHOU cepmMemu3ayuy Heobxooumozo oovema
CKBAdICUHBL. Agmopamu cmamvl NPedNoAHCeHA KOHCMPYKYIs YCMPOUCmed, HOGUSHOU KOMPO2o AGIAemCs y3en 0
obecneuenusi NOBLIUEHHOU 2EPMEMUYHOCIU UCNLIMbIBAEMO20 00beMa U 6HYMPEHHUU NOPUWHEBOU HASHemAamelb
Oaenenust pabouetl cpedvl. B 0CHOBY KOHCMPYKYUU 2epMEeMUUPYIO-Ue20 V3Ia NOJLONCEHA O8YXCMOPOHHSISL PA3ICUM-
Hasl yaumea ¢ dNACMUYHLIMU Manxcemamu. I epmemuzayuio npou3eoo0sim pas JcUMOM KOHYO8 YaHeu, Ha KOMOPbIX
CMOHMUPOBAHBL MAHICEMbL, A 8bICOKOE OAGIEHUE CO30AI0M CUNOU AU NOPULHSL.

Koncmpyuposanue ycmpoiicmea u npogepka pabomocnocoOHOCU €20 31eMEHMO8 8bINOIHEHbL C UCHOIb306A-
HUEM KOMIbIOMEPHBIX MEXHON02UL, OA3UPYIOWUXCS HA MEeMO0e KOHEUHbIX DJIeMEHMOG.

KiroueBble coBa: ycThe CKBa)KMHBI, I[AHTa, HANPSDKCHUS, TCPMETHYHOCTD, MIPEBEHTOPHEIHN OJIOK, poHTaHHAS
apmarypa, MaHH(]OJIB], TePMETHYHOCTb, [JAHTa, MAHKETA

The article deals with the issue of testing ofwledihead blowout preventers for integrityfoee placing a we
on production or after workover. At present, thentianed tests are conducted with the help of a hadtigh-
pressure pumping unit which has considerably insegbthe test time and their cost. The equipmertdoducting
tests of the blowout preventers for integrity withdhe mobile high-pressure pumpingituis known but it
reliability and efficiency are not high becauseimgecure sealing of the needed well section. Thbkaasi of th
article developed the equipment design which hadnaer piston supercharger of the process pressame
assembly for providing higher sealing of the tesibjct. The sealing assembly design is basedeoddhblesidec
expanding collet with elastic cuffs. Sealing is dwcted by maxg apart the collet ends on which there are ¢
and the high pressure is created by the pistonfputle.

Designing of the equipment and testing of its elemwas conducted with the help of computer tecgied
that are based on the finite-element method.

Key words: wellhead, stack of blowout preventersti€€mas tree, manifold, integrity, collet, cuff

IlocTanoBka mpo0JeMHu Ta ii posb

MaTypolo Ta cucreMa kepyBaHHs. [IpoTuBHKHIIHE
B OCBOEHHI Ha)TOBUX Ta ra30BHUX POJAOBHUIL

obmagHaHHs 3a0€3medye repMEeTH3aIlii0 yCTS CBep-
JUIOBUHH TIPH HAsBHOCTI B Hiii KOJIOHHOT TpyOH 4u

B mporeci copymxeHHsI Ta pEMOHTY HagTO-
BUX 1 ra30BHX CBEPAJIOBHH iX YCTSI OOJaJHY€ETHCS
nportuBukuaHuM obnagHanusm (IIBO) [1,3], mo
HpU3HAYeHe JUTA MBHUIKOI 1 HaliHOI repMeTH3anii
yeTs HAQTOBHX i ra3oBUX CBEPIJIOBUH IPH HAsiB-
HOCTI YM BIICYTHOCTI B Hill KOJIOHHM TPYO, LUMpPKY-
sl GypoBOro po3vMHy B IUIACT, BIABOAY rasy i
Ha(TH, AKi NOCTYNAIOTh i3 CBEPIJIOBHMHH, Ha O€3-
MeYHy BIAJATh 3 METOIO MOMEPEHKCHHS BUKHIIB 1
Bimkputux (outaHiB. [o ckmamy [IBO Bxomarsb
CTBOJIOBA YaCTHHA, CUCTeMa TPyOOIPOBOIB 3 ap-
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NpH i BIACYTHOCTI, PO3XOUKEHHSI, IPOKPYYyBaHH
1 TpOTATYBaHHS OYypUIBHUX TPYO 13 3aMKOBHMH
3'eAHaHHSMU Ta OOcagHHX TpyO i3 MydTOBUMH
3'€THAaHHSIMH.

3riHO YMHHHUX TeXHIYHUX perimameHtiB [IBO
MOBHUHHO MPOXOAUTH BUMPOOYBAaHHS HAa TepMETHY-
HICTh MICJISI MOHTa)XKY Ha CBEPJJIOBHHI THCKOM, 110
csrae 35 Mlla npotsrom 10-15 xBunun. Tpaau-
IMifHa cXeMa BUIIPOOYBaHHS 3MOHTOBAHOTO TIPO-
THBHKUIHOTO OONagHAHHS Iepeadadae 3aKpUTTS
npeBeHTopa Ha TpyOi abo TpyOHiH KOJOHI i CTBO-
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PEHHSA i MPEBEHTOPOM THCKY BOJH 3 JOIIOMOTOI0
MOOITFHOI HACOCHOI YCTAaHOBKH, IiJ€HAHOI O
MaHi(oIbIHOT JiHIT MPOTUBUKUIHOTO 00JIaIHAHHSL.

Taka cxemMa BHIPOOYBaHHS 3MOHTOBAHOTO
NPOTUBUKUIHOTO OOJIAJIHAHHS MAa€ JBa CYTTEBUX
HEJIOJIKH:

1. 3nauHa, a B ACSIKUX BUMAJKaX BEJIMKA Bap-
TicTh BUNpOOyBaibHUX poOiT. Lle mos's3ano mepi
32 BCE 3 JOBTOTPUBAINM YTPHUMYBAHHIM MOOLITh-
HOI HACOCHOI YCTAaHOBKH Ha CBEPIJIOBHHI TIPH
YCKJIaTHEHHX, [0 BUHUKAIOTh B MPOIIECI BUIIPO-
OyBaHHS; IHKOJIM 3HAYHUM BiJJIaJICHHSIM CBEPJJIO-
BUHU BiJl TEXHIYHOI 0a3u MiIpUeMCTBa; O0€310pi-
JOKSIM B OCIHHBO-3UMOBHI Ta 3MMOBO-BECHSHUN
Mepion; 3HAYHUMHU EKCIUTyaTalliiHUMK BHTpaTa-
MU TOIIO.

2. Ilpn BunpoOyBaHHI yacTo HeoOXimHO 3a-
XHIIAaTh 00caTHy KOJIOHY Bin Aii BHIIPoOyBalbHO-
ro THCKY. /ISl 1bOTO BHUKOPUCTOBYETHCS IaKep
(cBepUIOBHHHUI TepMETH3aTOp), AKHUH BiITOKpEM-
JIIOE CTBOJI CBEPUIOBHHHU BiJl YCTHOBOTO 00Ma-
HaHHs. Takuil makep TakoX HEOOXIIHO BHKOpPHC-
TOBYBaTW MPU  TiJAPaBIiYHOMY BUNPOOYBaHHI
YCTHOBOTO OONIQJIHAHHA B YMOBax BIJKPUTOTO
CTBOJIA CBEPAJIOBHHM (HasBHICTH HEOOCAIKEHOTO
CTBOJIA, 30HU mepdopalii eKkciTyaTauiiHoi KoJo-

HasBHICT, BKa3aHHX HEOOJIKIB OIMHUCAHOI
CXeMH BHIPOOYBAaHHS MPOTUBHKUIHOTO 0OJIaf-
HaHHS 1HKOJIM TPHU3BOJMTH IO HESKICHOTO BHIIPO-
OyBaHHs (3 IOPYWIEHHAM BUMOT YMHHHMX pETyame-
HTIiB), IO 3MEHLIY€ HAAIHHICTh NPOTUBMKUIHOTO
oOmagHaHHs, 30UIbIIyE IMOBipHICTH HadTOTra30I-
POSIBJICHB.

Orasa ocTaHHIX 3aKOPAOHHHUX i BITYN3HAHMX
HOCJiZKeHb i myOJikamii

daxiBusMu kadeapu HahTOBOro 00IaHAHHS
IBaHO-DpaHKIBCHKOTO HAIIOHAIHHOTO TEXHITHOTO
YHIBEPCHTETY HaTH 1 Ta3y 3alPOIIOHOBAHO CXEMY
BUIIPOOYBaHHS 3MOHTOBAHOTO MPOTHBUKHUIHOTO
oOmagHaHHs 0e3 BUKOPHCTaHHS MOOLIBHOI Hacoc-
Hoi yctaHoBku (puc. 1). CyTh 3ampomoHOBaHOL
CXEMH TOJIITaE y BUKOPUCTaHHI marpyOka 3 IIo-
pIIHEM, IO OIyCKAaIOTHCA B KOJIOHHY TOJIOBKY 1
00THCKaIOTHCSI IPEBEHTOPOM, SIK JKepera poOodo-
r'0 THCKY NP BUIIPOOYBaHH.

Heznonikom Takoi cxeMH € HEOOXiJHICTh Hpo-
TATYBAHHS MOPLIHA y KOJIOHI TPYO BENMKOrO Jia-
MeTpa, SKi JOCHTh 4YacTO MAaroTh BHYTPIIIHI IO-
LIKO/DKEHHS Y BUTIISAI PHCOK, KaHaBOK Ta aedop-
MOBaHHUX JUISHOK. HasBHICTH Takux JedeKTiB
NPU3BOJIUTH JO BTPATH TEPMETUYHOCTI y 30HAX
MOITKO/KEHHST CTIHOK KOJIOHW 1, BIANOBIIHO, IO
IMIYJIBCHUX BTpaT THCKY Ta TiIpaBiiuHUX YAapiB.
BumnpoOyBanHsi BKa3aHUM METOIOM BHMAarae mpu-
KJIaJ]aHHS TATOBUX 3YCHIb Ha MiJHOMHOMY MeXa-
uismi mopsiaky 10° H (100 T). Sk Hacmizok, Brpa-
Ya€ThCSl JTOBIOBIYHICTH MPEBEHTOPHOTO OJIOKY.

ITocTaHoBKa 3aaa4i JOCTiKeHHS

Mu nocraBuin niepes co00r0 3aBIaHHS BIOC-
KOHAJIUTH BHINPOOYBaTbHUN MPUCTPIH  TaKuM
YUHOM, 1100 CTBOPUTH MiBUINEHY TePMETHIHICTh
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1 - koumponvro-3anobidcHutl npucmpit,
2 - enesamop; 3 - 6unpodysanbHul nampyoox;
4 - npesenmopnuii 610K, 5 - manigponvoa ninis;
6 - konouna conosxka

Pucynok 1 —CxemMa onpecyBaHHA
NPOTUBUKHUIHOTO 00JIaTHAHHS HA CBEPAJIOBUHI

pobodoro 00’ €My i 3MEHIIUTHU TATOBI 3yCHUIUIS Ha
migAOMHOMY MexaHi3Mi. [[1s1 mocArHEHHS MOCTaB-
JeHOT MeTH TependadaeTsesl  YAOCKOHAICHHS
KOHCTPYKIIT OMpPeCyBalIbHOTO MPUCTPOIO MLISXOM
BBCJICHHS TEPMETH3YIOUOTO HEPYXOMOTO By3Ja 3
OPY)KHUM CTaJICBHM CIIEMCHTOM Ta 3aCTOCYBaHHS
KOMIT IOTEpHUX TEXHOJIOTiH, a caMme MakKeTy Ipo-
rpam Solid Works ijist KOHCTpyIOBaHHsI €JIeMEHTIB
MPUCTPOIO.

OcHoBHUI 3MicT i pe3y1bTaTH Po60TH

Jist  MOCSATHEHHS TIOCTABJICHOI METH OyIio
PpO3pO0JIEHO KOHCTPYKIIiFO MPUCTPOIO, IO 300pa-
KeHUH Ha pUCcyHKY 2. EmemenTtH ameraneii Gasy-
IOThCSI Ha PEKOMEHAAINIAX HOPMATHBHUX Marepia-
nis [4].

OnpecyBalbHANM TPUCTPIH OTpUMaB MapKy-
BaHHs OIl-24%39]1I", a #foro TexHi4Ha XapakTe-
pUCTHKA HaBelleHa B Ta0ymIi 1.
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1 - zinv3a, 2 -noputens, 3 -kinvye ywinpHowue,
5 - eaiika, 6 -waiba, 7 - cmonopHuil 26unm,

8 - 6yx0, 9 -manocemu, 10 -yanea, 11 -posnipua
emynxa, 12, 13 -sepxuiti ma HudicHiti po3nipHi
xonycu, 14npyocuna, 15 -onopre xinvye,

16 - namuckue xinoye,17 —ywinvHrowue Kinvye,
18 -npoodka, 19 -2onoexa, 20 -canvruxu,
21- mopuyesi ywjinoHenHs

Pucynok 2 —KoHcTpyKuisi NpucTpoIo
JJIsl ONIpecyBaHHS MiABUIIIEHOI repMeTHYHOCTI

PosrasitHeMo JeTambHO KOHCTPYKIIO MpHU-
CTPOIO TIiJIBUINEHOI TePMETUYHOCTI IS OMpeECy-
BaHHs IPOTHBUKUIHOTO 00IaqHaHHs (PHCYHOK 2).

OCHOBOIO TIPHCTPOIO 3 IMIIBHUIIECHOIO TepMe-
TAYHICTIO pOOOTH € Timb3a 1, IKy peKOMEHIOBaHO
BHUTOTOBUTH 3 BHCOKOMIIIHOT JIeroBaHoi ctaii. 3a-
TOTOBKOIO MOe OyTH OypuibHa abo oOTshKeHa
OypuibHa TpyOa, y SKiii 00pOOJISIOTh BHYTPILIHIO
Ta (a60) 30BHILIHIO IOBEPXHIO 3AIEIKHO B1J PO3Mi-
Py €KCIUTyaTaliiHoi KOJOHM 4 iHIKMX (DaKTOPIB.
BHyTpimHIO MOBEPXHIO TiIb3H CIIJl XOHIHIYBaTH
JUIsl 3MEHIIEHHS. TepTsi. CTIHKM TiJIb3H MAIOTh MEB-
HE YMCIIO OTBOPIB VISl MEPEIyCKaHHs po6o1oi pi-
quHK (BOIH) B 00’ €M KOJOHH. Y Tiib3i KOB3a€ I0-
pIilieHb 2 3 YIIUIbHIOIOUUMH KUIbLIAMU 3, KU, B
CBOIO 4epry, KpimuThcs Ha mToli 4 raiikor 5 Ta
maiiooro 6. KinbLs pekoMeHI0BaHO BUTOTOBIISATH 3
rymu Mapku 4004-4 a00 CHHTETUYHOTO KaydyKy
mapku CKH 40. Yucio kineup 6akaHO HE MEHILE
Tphox. Jlms HamifiHOi (ikcarii raiiku Ha pi3b0i
IITOKA 3aCTOCOBAHO CTOIIOPHI TBUHTH 7.
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Tadoauus 1 —TexniuHa xapakTepucTHKA
npuctporo OII-245%35I1TI°

MakcuManbHHN THCK 32
onpecyBanns, Mlla
Temmnepatypa po6odoro +5°C...+507T

cepenosuia, °C, He OinbIe

YMOBHUI AiaMeTp eKCILTy- 245
aTaliiHoOl KOJOHH, B SIKIH
BUKOPHUCTOBYETHCS OTIPECY-
BaJIbHUHM TIPUCTPIH, MM
I'aGaputHi po3Mipu, MM
BUCOTA 1100
[IMPUHA 422
CymapHuii 0OChOBHH Xif 38,5

KOHYCiB, MM

Bennuuna po3THCKaHHS Ma- 8
HXKET 10 JiaMeTpy, MM

KepyBauus npuctpoem TUCTaHIIIHHE,
3 IyJIbTa
Tuck cripanroBaHHs 32

3aro0iKHOro Kiamnada, MIla

Tsarose 3ycwiis Ha MITOIT
JUISL IOCSITHEHHST MaKCUMaJTh-
HOTO THCKY

Ha BepxHhOMY KiHIII INTOKA 3a JOMOMOTOIO
Pi3b0H KPIIUTHCS BYXO 8, uepes sKe Ha IITOK 1 IMo-
PUICHb [EPEIAETHCS TArHyYe 3yCHILIS Bif OypoBoi
Je6IKH a0o IHIIOrO MPUCTPOIO. Y TOMY BHIAJKY,
KOIIM JiaMeTp KOJIOHH BEIHKHH 1 MOTPIOHI BEIHKi
3yCHJUIS, TO 3aCTOCOBYIOThH €JIeBATOp, KW Hals-
raloTh Ha INTOK, B IHITOMY pa3i TOCTATHHO BUKO-
puctatu rak. Ilin pi3b0OBOI0 YAaCTHHOIO INTOKA
BUKOHAHO JUISHKY KBaJpaTHOTO Mepepisy, MoBep-
XHS SIKOi CITY’KHUTh JJIs Tiepe/iadi KpyTHOTO MOMCH-
Ty BiJ INTOKa OO JETajei By3Jia TepMeTH3allil.
11100 3a0e3meunTH BUCOKY IT€pMETHUHICTD 1 JOBIO-
BIYHICTh TPHUCTPOIO TMOBEPXHIO INTOKA MiAJAIOThH
cynepdiHinryBaHHO Ta MOJipyroTh. Hwkhii (3a
PHCYHKOM) KiHEI[b IIITOKA € KBAaAPATHOTO MEPEPI3y.

Ha HmxHROMY KiHIII T1TH3W 3MOHTOBAHHI BY-
301 JUIsI TepMeTH3allii HeOOXiAHOro 00 eMy eKc-
iyaraniiiHoi kKonoHu. OCHOBHUMH eJIeMEHTaMH
By3Jla € TYMOBI MamXeT 9, OfArHEeH1 Ha HWKHIH 1
BepXHIil KiHIi po3ruckHoi manru 10. Mamxkeru
BHUTOTOBJICHI 3 ITAKEPHOI TYMH 1 B Tepepisi Hara-
IOYIOTh Tapajenorpam i3 3a0KpYIJIeHUMH KyTaMu.
Hanra mae ne menme 10 — 12nemoctok, a mmpu-
Ha po3pi3iB, OCOOJMBO MiA MaHXETaMH, MOBHHHA
OyTH MiHIMajbHa, 100 He “3aKycyBaTu” I'yMy Ma-
HXeT. Big 0cbOBOr0 3MillleHHSI MaHXeTH 3aikco-
BaHO pPO3MIpHOIO BTyjdkolo 11, BHyTpimHIM nia-
METp SIKOi MOBUHEH OYTH TakuM, mo0 3a0e3neunTn
MaKCHUMaJIbHO MOJKJIMBE PO3XOKEHHS IEITIOCTOK
1aHrd. BHyTpimHi poOodi MOBEPXHI I[AHTH BHKO-
HaHI KOHIYHUMH 3 KyTOM B Mexkax 12—14° a came
[l TIOBEpXHI 3 000X OOKIB 0OMExeHi KiJ‘IBLIeBI/IMI/I
OypTukam, fKi OOMEXYIOTh HMEPEMILIEHHST PO3IIi-
PHUX KOHYCIiB — BEPXHBOTO 12 Ta HWKHBOTO 13.
{06 BHUKIIOYHATH MOXIIUBICTH “3aJIMNIAHHS” KOHY-
CiB y 1IaH3i, iXHI TOPIi, 3BEpHEHI OJIUH JO OJHOTO,
pO3MEpPTi CHipalbHOIO LTUITHAPHUYHOIO HPY>KUHOIO
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BTale

Pucynok 3 —KoHcTpykuis By3Jja repMeTu3ailii NpeBeHTOPHOI YACTHHH CBePAJTOBUHI

30BHIIIHI TOPLi PO3MIPHUX KOHYCIB KOHTakK-
TYIOTh 3 BEPXHIM OMOpHUM KimbreM 15, ske Ha-
MpecoBaHe Ha Tib3y 1 10 TOPIT BUTOYKH, Ta HH-
’)KHE HaTUCKHE Kiable 16.OcraHHe KOB3a€ II0 30B-
HIIIHIA OWTIHAPWUYHIA TOBEpXHI TiJb3H, a 3a30p
MiX IMMH JETaJIIMU YIIUTBHEHO MaHxeramu 17.
Kinpresi moBepXHi OMOPHOTO Ta HATUCKHOTO KO-
HYCIB, SIKI KOHTAaKTYIOTh 3 MamKeTamMu 9 MaioTh
(hopMy 3pi3aHUX KOHYCIB, MEHIII 3a JiaMeTpoM
TOpII SKUX CIPsIMOBaHI BHM3. TakMM YUHOM 3a-
Oe3meuyeTbesl HaTiHUNA ymop MamKeT i Yac
NPUKJIaIaHHS HABAHTXKEHHS JI0 IITOKA.

VY HWKHIA 9aCTHHI BHYTPINTHBOT IIMTIHIAPUY-
HOI [OBEPXHI TUIb3M  HAapi3aHO YIOPHY pi3bOy
IPSIMOKYTHOrO a0  TpareLieBUHOrO Iepepisy.
CrpsKeHO0 10 wi€i pi3sbOOBOI MOBEPXHI € 1CHTH-
yHa noBepxHs mpooku 18. IIpoOka 30BHIIIHIM Ki-
JNBUEBMM YNOPOM KOHTAKTY€ 3 HHJKHIM TOpLEM
HATHCKHOTO Kinbisl 16, a y BepxHbOMYy TOpII Mae
KBaJpaTHUI OTBIP Ii/l HIDKHIH KiHEIb ITOKA 4.

Ha BepxHili KiHelb TiIb3M HATBUHYCHA TOJIO-
Bka 19, yepe3 HEHTPabHUM OTBIp SIKOT POXOAUTH
mToK 4. 3a30p MK ITUMH AETAIAMU YIIIILHEHO
mamkeramu 20. [1lo6 He BuTiKanma poOoya pianHa
yepe3 3a30pu B pizbOOBOMY 3’ €AHAaHHI, y BUTOUKY
Ha BEpXHHOMY (MO PUCYHKY) TOPII Tib3W BCTaB-
JICHO TOpIbOBe yuiibHeHHs 21. B romosmi 19
3po0JICHO OTBIp 3 Pi3b00I0 IS WA €AHAHHS 0
TOJIOBKU TPYOOIIPOBOIIB, 8 Ha 30BHILIHIM MOBEPXHi
3po0JeHO MaTpyOOK 3 (uIaHIEeM, A0 SKOrO Kpi-
MUTKCS 3aNO0LKHMN KiamaH 22 a0o IHIIMIA 3armo-
OLKHMI TpUCTPill TSI OOMEXKEHHST BUMPOOYBaIh-
HOT'0 THUCKY B IIPUCTPOI.

B Hamiomy BHIIajAKy NPHCTPiii pO3paxoBaHo
Ha J1IaMeTp eKCIUTyaTaliiHoi Kononu 245mm. [pu
nepeHanaro/KeHHI MPUCTPOIO Ha NPOBEJICHHS BU-
mpoOyBaHb y KOJIOHI JEII0 OLIBLIOro JiaMeTpa,
CJIiJ] 3aMIHUTH MamHXeTH 9 a00 KOMIUIEKT JieTaieH,
y SIKUM BXOJIUTHUMYTh TaKOX I[aHTA, PO3MIpPHiI KO-
HYCH, OIIOpPHE Ta HATHCKHE KUIbIlA, MPYXUHA 1
mpooOKa.
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Bennunnn 3a30piB MK TOPLSIMH OIIOPHOTO 1
HAaTUCKHOTO KiJEIh Ta PO3MIPHUX KOHYCIB Ta MiX
MaH)XeTaMH 1 ONOPHHUM Ta HATUCKHUM KIJIBIISMH, a
TaKOXK MDK MaH)KETaMH Ta PO3MIPHOI0 BTYIKOIO
MiI0MPaIOTh B MPOIECi HAIATO/HKCHHS MIPUCTPOIO.
Bonu mnoBuHHI OyTH TakuMH, 00 TpPU BKPYUy-
BaHHI NMPOOKHU I1aHTa PO3THCKAala MaHXeTH, a OIo-
pHE 1 HAaTUCKHE KiJIbI[SI CTHCKAIN MAaH)XeTH B OChO-
BOMY HampsMi i, TaKUM YHHOM, CIPHUSUIH 301b-
IICHHIO JliaMeTpa OCTaHHIX.

JleTalbHO KOHCTpYKIlisSI By3ja TepMeTH3allii
NPEBEHTOPHOI YACTHHU CBEPJIOBUHHU 300pakeHa
Ha PUCYHKY 3.

st aBTOMaTH3aIli NPOEKTHO-KOHCTPYKTOP-
CBKHX POOIT, 30Kpema JUIs ONTHMI3alii KOHCTPYK-
uii Ta npyu BUOOP1 PO3MIPIB OKPEMHX CIIEMEHTIB, a
TaKOX JIJISl TIEPEBIPKU KOHCTPYKIIi MPUCTPOIO Ha
MiIHiCTE Oyio  BHKOpHCTaHO pemaktop Solid
Works 20103 momaTkoM [ BHKOHAHHS IOCIIi-
JUKCHb METOJITaMH CKIHYEHHO-CJIIEMEHTHOTO aHAITI3Y
Simulation [6].

CxeMy IpOBEICHHS BUIIPOOYBaHb 300pakeHO
Ha PUCYHKY 4.

Oco0MuBICTh METOIUKH MPOBEICHHS BHIIPO-
OyBaHb TPUCTPOEM IMiJBUIICHOT TEPMETHYHOCTI
MOJIATAE B HACTYIMHOMY. Y CBEPIJIOBHHY OITyCKa-
€TBCS 1 TMABIMTYETHCSA IO Taka OypoBoi abo miiio-
MHOI YCTAHOBKH BUIIPOOYBaJbHHMM MPUCTPIiH, Oy-
JloBa sKOro omucaxa Buiie. llpuerpiii motpibHO
3a(ikcyBaTH Ha MOTPIGHOMY PIBHI B CBEpJUIOBHHI.
[Ticns 3akpuTTs mpeBeHTOpaA 1 (ikcallii TPUCTPOIO
OITyCKAIOTh MITOK MPUCTPOIO JIO BXOPKEHHS B KOH-
TaKT HIDKHBOTO KBAJPATHOTO KIiHISI OCTaHHBOTO 1
MTOBEPXHI KBaIPAaTHOTO OTBOPY Y IMOBOPOTHIN MPO-
O11i. 3a OMMOMOTOI0 PYYHOTO KITF04a ab0 MexaHid-
HOTO TPUCTPOIO O00EPTAIOTH IITOK 3 MPOOKOIO JIO
THUX Tip, TTOKW I[aHTa HE PO3THCHE TepMETHU3YIOUi
MaHXETH 3 TapaHTOBaHHM 3YCHIUISIM IX TPUTHC-
KaHHS JIO CTIHOK EKCIUTyaTalliifHOI KOJOHH, SKe
BCTaHOBITIOEThCSl CKCTIIEpUMEHTanbHO. Kpim Toro,
BECh TMIPHUCTPIiil 3a TOJIOBKY T'iJIb3U JOMKPATOM TIepe-
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1 - nposywuna, 2 - konmpoavhutl npucmpiil, 3 - senmuis, 4 - yHisepcaibHUull nNPeeeHmop,
5 - poboue cepedosuue, 6 - nrawxosuii npeeenmop, 1 - ninis manighorvoa, 8 -20106Ka KOIOHHA,
9 - manoicemu, 10 -nopwens, 11 -zinvza, 12 -wmok. 13 -3anobisxcuuti npucmpii

Pucynok 4 —CxeMa BUIIPOOYBaHb MPOTUBHKHIHOIO 00IaHAHHS
NMPHUCTPOEM MiIBUIIEHOI FepMeTUYHOCTI

MIIYIOTh Bropy 3 HEBHUM 3YCH/UIAM (BETHUHHY
BCTAQHOBJIIOIOTh €KCIIEPUMEHTAIBHO) 710 HaIiHHOTO
BIUPAHHS MAHXET Y BHYTPIIITHIO TIOBEPXHIO KOJIOHH.

Jlo TOJIOBKM TPUCTPOIO MPUEAHYIOTH MATPY-
0OK, JI0 SKOTO, B CBOIO YEPry, ITiIKITFOYCHUA KOHT-
POJBHUY TIPUIIAJ JJIsi BUMIPIOBAHHS TUCKY T4 BEH-
THb. Yepes 1ieit matpybok 00’ eM TUTh3H, 110 3Ha-
XOJIUTHCS MiJ] TOPIIHEM, Ta 00 €M Ti€l yacTHHU
KOJIOHH, 0 3HAXOAUTHCS HaJl MaHKETaMH BHIIPO-
OYBJILHOTO TPHCTPOIO 3aNOBHIOIOTH POOOUOIO
piguHo0 (Bomoro). Ipu 1boMy OakaHO MOBHICTIO
CTPaBHUTH IMOBITPs 3 BKazaHUX 00’ emiB. ITicis 1b0-
ro TIEPEKPUBAIOTh BEHTWIIb, 100 3am00irTu 380po-

THOMY PyXOBi piguHu. ['ak OypoBOoi 4u ImimiiMans-
HOi YCTaHOBKH IEpEMIlllye Bropy IITOK 3 MOpII-
HEM, CTBOPIOIOYH TaKMM YHHOM TIiJi IPEBEHTOPOM
HEOoOXiAHNH BUIIPOOYBAJILHUNA THCK.

KonTponp 3a BeNM4HHOIO BUTIPOOYBaIbHOTO
THCKY 3IIHCHIOIOTh BHUMIPIOBAIBHUM MPHIIAIOM
(MamomeTpom). B pasi BUHUKHEHHs YCKJIaTHEHB i
aBapiiHUX CHTYyaIlifl, BUKJIMKAHUX CTBOPCHHIM
HAJMIPHOTO THCKY TiJi TPEBEHTOPOM, IO MOXKE
MIPU3BECTU 10 PYHHYBaHHSI ONPECYBAIBHOI CHUCTE-
MU, CIpalbOBYE KOHTPOJIHHO-3aMO0IKHUAN TIpH-
CTpiit (B HAIIOMY BapiaHTi — 3aIOODKHMIA KIIaIlaH),
NpUETHAHNUN 10 MATPyOKa rOJOBKH.

—
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Pucynok 5 —Koncrpykuisi po3tuckHoi nanru (a) Ta repmeTusywqoi mamkeru (0)

[TepeBara 3anmponoHOBaHOT KOHCTPYKIIil ompe-
CYBaJIbHOTO TPHUCTPOIO Ta JIEHIO 3MiHEHOI CXeMH
BUIIPOOYBaHHS MPOTHBHUKKUIHOTO OOJIAHAHHS TIO-
JSITA€ B HACTYITHOMY:

1) BunpoOyBajpHuii TpuCTpiii 3abe3meuye
BHUIIy T€PMETUYHICTh BIJICIKaHHS BHIPOOYBAHOIO
00’eMy 3a paxyHOK BHKOPHCTaHHS HIOHAHMEHIIS
JIBOX VIIUTHHIOIOUUX MaHXET Ta HaAiHHOI iX (ik-
cartii y KOJIOHI.

2) Ilix yac BupoOyBaHb HEOOXIAHO TPHKIIA-
JIaTH MEHIIE IMIiMMalibHe 3yCHIUISI O TPUCTPOIO,
OCKUIBKY TLIOMIA TOPIIHS, 0 CIPUUMAE TUCK PO-
0040OT0 CcepeloBHMINA, € MEHIIOK, HDK OmopHa
IIoma Tepepisy PYXOMHX €IIEMEHTIB paHiIie
CIIPOEKTOBAHOTO MPUCTPOKO. Bkazanuit  dakrop
3HIIKYE EHEPTOEMHICTb NPOLIECY BUIPOOYBAHb.

3) 3pocTae IOBroBiYHICTH MPUCTPOIO, 6O Bif-
CYTHE NEPEMIIICHHS TYMOBHUX CJICMCHTIB y KOJIOHI
Ta IX TEPTS 10 MIOPCTKUX 1 MOUIKOJPKEHUX CTiHOK
KOJIOHH 1, BiJIITOBITHO, 3HOIITYBaHHS.

4) TligBUIIy€ThCS YHIBEPCATBHICTD IIPUCTPOIO
B 1isioMy, 00 17151 BUPoOyBaHb MPOTH BUKUIHOTO
oOnagHaHHS Ha CBEPAJIOBHHAX PI3HOTO JiaMeTpa
JIOCTAaTHLO 3MIHHTH KOMIUIEKT PYXOMHX JeTayiei
(KoHyCH 3 MPYKUHOIO, HATUCKHI KiJIBIA Ta LAHTY)
1, BIacHE, MaHXETH.

5) BincyTHe akTMBHE TEPEMIIUEHHS 30BHILI-
HiX MOBEPXOHb MPUCTPOK) BIAHOCHO YUIIBHIOK-
YHX EJIEMEHTIB MPEBEHTOPIB, a II¢ MiIBUIIHUTH J0B-
TOBIYHICTh OCTaHHIX.

170)
170 )

Jly’ke BaXJIHMBOIO JCTAIIFO HPUCTPOIO, BiJ
SIKOi 3aJieKaTuMe HOro 34aTHICTh TepMETHU3yBaTH
BUNPOOYBaHy MOPOXHUHY 3 POOOYHMM CepenoBU-
meM, € nanra. KoHCTpyKIifo Takoi I[aHru 300pa-
’KEHO Ha PUCYHKY 5.

TpanuiiitHo 1TaHTH 3aCTOCOBYIOTHCS y MaIlld-
HOOYIyBaHHI K €JI€MEHT KOHCTPYKILIi MPHUCTPOiB
JUTSE MEXaHIYHOT 00pOOKH, a came JJIs 3aKPITUICHHS
3arOTOBOK IT0 BHYTPIITHIN UM 30BHIIIHIA MOBEPX-
Hi. [Ipy mpoMy 3MiHA pagiaIbBHOTO PO3MIPY I[aHT
CTAaHOBHTb HE3HAYHY BEIMYMHY, BCHOTO KiIbKa
ACCATHX MUTIMETPa, 1 LSl BEIMYMHA BU3HAYAETHCS
BIIXWUJICHHSIM JlilaMeTpa 3ar0TOBKU a00 iHCTPYMEHTY.

M¥u IpoNoHYEMO BHKOPHCTATH IIAHTY 32 He-
TPaJMUifiHUM MPU3HAYEHHAM — 5K E€IEMEHT, IO
TNOBUHEH [e(OpPMYBATH KiIBLEBI MaHKCTH, 301/1b-
LIYIOYH IXHiM po3Mip 1 IPUTHCKAIOUM iX 10 CTiHOK
Tpyou. OCcoONMBICTIO LAHTH € T€, 10 BOHA BHKO-
HaHa JIBOCTOPOHHLOIO — 3 000X KIHIIIB BHKOHaHI
PO3TUCKHI BHYTPIIIHI KOHIYHI TTOBEPXHi, a 3 30B-
HIIHGOTO OOKY Ha I[AHTY MOHTYIOTH MAaHXETH.
OueBuAHO, IO KOHCTPYKIisl LAHTHM MOBHHHA 3a-
Oe3medyBaTH 3MiHYy pajiajbHOTO PO3MIpy podoUnx
[TOBEPXOHb MEIFOCTOK 1, BIAMOBIAHO, AedhopMallio
LaHr'M Ha BeIWYuHy 10 3—5 MM. CHpHUSATIHBOIO
MEPEYMOBOIO JUISI OTPUMAaHHSI TaKUX 3HAYEHb Jie-
dopmauiii e ii sHaunuii xiametp (202 mm) Ta 10B-
xuHa (270 mm). O4eBHIHO, IO TOBIIMHA TIPOPI3iB
MiX TeTIOCTKAMH IAHTH € MIHIMAITBHOIO JUIS TOTO,
o6 He “3aKycyBaTh” MaTepiall TyMOBOI MaHXeTH
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1 cranoButh 0,5 — 0,6mMM. HeoOxigHO Takox 3a-
Ge3nevnTH J0BXKMHY KOHTAKTHHX MOBEPXOHb LaH-
ru 1o 55 — 65um BIZ[HOBI,I[HO JI0 IIUPUHU MaHXKET.

Sk marepian nerani BuGupaemo cranb AlSI
4340 @uamnor crami 65 HOpMaH13OBaH01) 3 MOAy-
nem mnpyxkHocti 2,05- 106" MIla, xoediienToM
[lyaccona 0,32, rpanunero MlLIHOCTl Ha pO3TAT
1100MlIla ta rycTHHOR 7850xkr/m*>

B pesynbraTi npoBeneHHS KOMIT FOTEPHUX JI0-
CIPKeHb OYJI0 BCTAHOBJICHO, IO 3aIIPOITIOHOBAaHA
KOHCTPYKIliSl [aHru 3a0e3nedye MaKCUMallbHE
PO3XOKEHHS TIENMIOCTOK 70 3,9 MM Ha CTOpOHY,
YOro IUTKOM JOCTaTHBO JJIi BUKOHAHHS €0 JIe-
TaJTI0 CBOET (DYHKILII.

BucHoBKH Ta pexoMeHaamil

B naniii po0OoTi mpeacTaBieHO KOHCTPYKIIIO
MIPUCTPOIO, IO 3a0e3nedye IiIBHUIEHY TepMeTHY-
HICTHh BEPXHBOI YaCTHHHU EKCIUTyaTaIliitHOI KOJIOHH
3a paxyHOK BiJIIJICHHS HarHiTaio4yoi KaMepu Bif
OCHOBHOT0 00’ €My KOJIOHH. 3 ILIi€I0 METOI0 CKOHC-
TpyHOBaHO MeXaHi3M repMeTu3anii Ha 6a3i HaHro-
BOTO PO3THCKada Ta OPHUTIHAIBHOI KOHCTPYKIIii
MamxkeT. [IpoBeeHo mepeBipKy mpare3IaTHOCTI Ta
ONITUMI3alliI0 KOHCTPYKILIii PO3TUCKHOI IAHTH Me-
TOaMHU CKiHYEHHO-CJIEMEHTHOTO aHaJli3y i3 BHKO-
puctanHsaM npukianHol nporpamu Solid Worksra
ii momynst Simulation.

3acTocyBaHHA PO3pOOJICHOTO MPUCTPOIO JO-
3BOJINTh BUKOHATH BHIIPOOYBaHHS 0€3 BHKOpPHC-
TaHHA MOOLTBHOI HACOCHOI YCTaHOBKH, LIO CYTT€-
BO 3MCHIIUThH BUTPATH HA KOHTPOJb CBEPAJIOBUHH
TepeI BBEACHHSIM 11 B €KCIDIyaTallifo.
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