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AxkmyanbHocmb. [TunomHble cK8axXuHb! NPU 20pU30HMalbHO-HaNPasneHHoM 6ypPeHUU MOXHO OMHECMU K CK8axuHam Masio20 Ouamem-
pa, Komopble Haxo0sm WUPOKOe NpUMeHeHue 8 20pHOM Oere, 8 YyacmHocmu, Ons OemarnbHol pa3sedku u nod03emHol paspabomku pyd
ugemHbIx Memarnnos, 0515 de2azayuu 20pHbIX 8bIPabOMOK Y2OmbHbIX Waxm, @ makxe 80 MHO2UX Opyaux Ompaciisix NPOMbILLIEHHOCMU,
20e HeobxoduMo No MexXHOM02UYECKUM UMU MEXHUYECKUM YCIT08USM 02paHuyugamb duaMemp ckeaxuHbl. [ns aghexkmusHo20 bypeHusi
MaKUX CK8aXUH 8 nepemexaembix N0 meepdocmu 20pHbIX nopodax byposbie yecmaHOBKU OCHaWamcs yoapHbIMU MexaHu3Mamu, hop-
mupyrowumu 8 6ypurnbHol KoroHHe ydapHble (cumoskie) umnynbehl 8 ude 8omH ynpyeoli dechopmayuu, sozdeticmeyrowjue yepe3 by-
PUIBHYIO KOIOHHY Ha paspywaemyto 20pHyto nopody. [pu 3mom HeusbexHo pacceusaHue 3Hepauu UMNYbCos 8 pe3bboskIx COeAUHEHU-
Ax. Ecnu coeduHeHus 6ypunbHbix mpy6 npedHasHa4YeHbl MosbKo Anig 8pawjamenbHo20 bypeHusi, mo Nomepu 3Hepauu CUlosbIX UMNy/b-
€08 8 HUX Mo2ym 6bimb Hedonycmumo 6onbwumu, a pabomocnocobHOCMb U NPOYHOCMb CYUJECMBEHHO CHUXEHbI. Xoms pe3bbosbie co-
€0UHEHUS NPUHAMO cYUmamb HenoOBUXHbIMU, 8 OelicmeumenbHOCMU Npu 00HOBPEMEHHOM HagPyXeHUU UX KpYMSWUM MOMEHMOM,
ycunuem nodayu Ha 3aboli 6ypo8oeo UHCMPYMEHMa U CUMOBbIMU UMNybCaMu HEU3BEXHO B03HUKaOM Masibie NpocKab3bigaHus no
KOHMaKMHbIM NOBEPXHOCMSAM 311EMEHMO8 CoeduHeHUl bypurbHbix mpyb. Ha amux omHOCUMENbHbIX NEPEMELEHUSX cosepuwiaom pa-
6omy cunbi MpeHusi, 8bi3blasi SHEP2EeMUYECKUE NOMEPU, KOMUYECMBEHHO OUEHUMb KOMOpbIe MOXHO 3KCNEPUMEHMaAsbHbIM NymeM.
HayuHoe obocHosaHue u paspabomka pexomeHOayuli no NPOEKMUPOBaHUI0 U CO30aHUI0 HOBbIX KOHCMPYKUUL pe3bb08bix coeduHeHUl
OypurnbHbIX KOMOHH On1si NoBbIEHUs ghghekmusHOCMU cnocoba epawjamesnbHO-ydapHo20 OypeHUSI CK8aXUH Sensemcsi akmyasbHol
Hay4yHO-mexHuyeckou 3adayed.

Lenb: ebinonHumb aHanu3 QuHaMU4eCKux npoyeccos 8 pe3bbosbix COeOUHEHUSIX BYpUbHOU KOMTOHHbI NpU nepedade CUosbIX UMnyIib-
€08 om ydapHoeo y3na Kk nopodopaspywarowemMy UHCMpyMeHmy; nocmpoume aucmepe3ucHble duagpaMmbl, NO3BOMSIOUUE Ha OCHOBE
8bINOSTHEHHBIX IKCNEPUMEHMO8 OUEHUMb SHEP2EMUYECKUE NOMEPU, CesidaHHble ¢ pabomoll cun Heynpyao2o coNPoOMUBIIEHUS 8 Mecmax
KOHMakma conpsixeHHbIx demaneli pe3bbosbix COeOUHEHUL! 80 BPEMS PACNPOCMPAHEHUS YePe3 HUX CUMO8bIX UMNY/bCO8, Noka3amb Ha
npumepax 6ecnonesHocms nonbimok dobumbcs aghhekmugHoll nepedayu ydapHbIX UMNYIbCO8 Yepe3 COeAUHEHUs mpyb, NPUMEHSIEMbIX
npu epawamensHoM cnocobe bypeHusi, u 06ocHogamb pexomeHdayuu no paspabomke NPUHYUNUATBEHO HOBbIX HUNNEMbHbIX COEOUHEHU
mpy6, npednazaembix HayuoranbHbiM uccnedogamenbckuM TOMCKUM NOUMEXHUYECKUM yHugepcumemom Onsi GypeHust NUIOMHbIX
CK8aXUH, paHee ycnewHo npowedwux npoussodcmeeHHbIe UCnbimaHus Ha pyOHUKax usemHol memanmnypeuu 8 KbipebicmaHe u Kasax-
CcmaHe ¢ HenocpedCMBEeHHbIM yyacmueM asmopos.

O6bexkmom uccredosaHus S8n0mcs OypurbHbie KOMOHHBI C MYMOBLIMU U HUNNESTbHBIMU COEOUHEHUSIMU, KOMOpPbIe NPUMEHSAIMCS
npu pauwamernbHo-y0apHoM cnocobe bypeHusi ckeaxuH, a makxe pe3bb0osblie coeduHeHuss mpyb Ons NUMOMHBIX CKBaXUH 20PU30H-
marsibHO-HanNPagneHHo2o bypeHus.

Memoduka: 0630p ucmoyHUKO8 Hay4HoOU umepamypbi No 8onpocam nepedayu ydapHbIX UMNyIbCo8 no bypunbHOU KomoHHe, 060CHO-
8aHUe 803MOXHOCMU 3gheheKmUBHO20 UCNOMb308aHUs 8palamenbHo-ydapHo20 cnocoba bypeHusi 0nsi npoknaoku KommyHukayul bec-
mpaHweliHbiM MemodoM, @ makxe onpedeneHue 8enu4UHbI NOMepPb 3HepauU 8 pe3bb08bIx CoeduHEHUSX mpyb Ha 0cHoge Modenuposa-
HUSI Hagpyx)eHus Ha 1abopamopHOM cmeHOe.

Pesynsmambl. Ha ocHose akcnepumeHmarnbHol pabombl U KOMNbOMEPHO20 MOAENUPOBaHUS yCMaHO8EHbI 83aUMOCBS3U napamem-
po8 pe3bb0o8bix coeduHeHull u ahghekmusHocmu nepedayu yOapHbIxX UMnybCos no bypurbHOL KOMOHHE; 8bISBNEH0, Ymo obecneyeHue
MUHUMAbHO 803MOXHO20 3HAYEHUST XECMKOCMU COe0UHUMESTbHO20 3leMeHma npu Haubosblwel KOHMaKMHOU XeCmKOCMU CONPSIKEH-
HbIX 8UMKO8 COEAUHEHUS npuBOAUM K NOBbILIEHUIO KO3ghhuyueHma nepedayu amniumyObi CUslbl U 3HepauU umnysbcos. [pumeHsemble
8 Hacmosiwee epemsi CoeduHeHUs bypurbHbIX mpyb An1s 20pU30HMarbHO-HaNPasIeHHo20 ByPEHUSs CK8aXUH He npu200HbI Onisl epauya-
mesbHO-ydapHo20 cnocoba bypeHus u3-3a ompaxeHull eoniH Oechopmayuu om ydacmkoe pe3bbosbix coeduHeHul bypurbHbIx mpy6 6e3
COEOUHUMEbHbIX 3IEMEHMOB (Myghm Unu cneyuarnbHbIX Hunnenel 3akpbimozao muna).

Knroyesnble cnoesa:

[opu3oHmarnbHo-HanpasneHHoe 6ypeHue, mexHonoaus epamameano-ydapHoao 5yp6‘HUFI,
nepedaya cumn08020 umnyrbca, nunomHas CKkeaxuHa, KOJloHHa 6ypuanle mpy6, pe3bb080e coeduHeHUe.
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Texunonorus OypeHus, CBI3aHHAs ¢ Mepenaycii 0ceBo-
T0 YCWIMS TOJAYM, KPYTAMIET0 MOMEHTA W YAApHBIX
Harpy3ok Ha 3a00i CKBaXHHBI B BHAE (HOPMHPYEMBIX
BOJH jiehopmarind, 3QPEeKTHBHA TIPH PaspylIeHHH TOp-
HBIX TIOPOJ] ¥ HANUIA TIPHMEHEHHE M B PA3IUYHBIX YCTa-
HOBKaX TOPH30HTANBHO-HATIPABICHHOTO OYpEHHUS, peatu-
3YIOMUX OeCTpaHNICHHBIA METOJ MPOKJIAIbIBAHAS IO
3eMHBIX KOMMyHHKaui [1].

OdeKTHBHOCTh TPUMEHEHHS PAcCMATPHBAEMOTO
croco0a CBsA3aHA CO CIOXHBIMH JIMHAMUYCCKUMH TIPO-
IIeCCaMU B KOJIOHHAX TPYyO, H3y4eHHEM KOTOPBIX Ha TpPO-
TSOKCHHW JIECATUIETHH B cepemue XX B. 3aHUMANKCh
yUeHBIE U3 Pa3HbIX cTpaH [2-6].

Oco0bIM 3NEMEHTOM B IieTH «OypoBas yCTaHOBKA —
KOJIOHHA — TIOPOI0Pa3pyIAOIIHi SIEMEHT — FOpHAs T10-
poziay SBIAIOTCSA Pe3bOOBBIE COEIMHEHNUS, OTIMYAIOIIHC-
Csl 3HAUUTENBHBIM KOHCTPYKTHBHBIM pazHOoOpasueM pe-
mennit. [lupokoe pacmpocTpaHeHue MOTydmia pe3nda
kpyrioro npoduis (puc. 1) [7].

B pabotax [8-20] npeacTaBieH psj BaXHBIX MOJTOKeE-
HUH KacaTelnbHO (QYHKIMOHUPOBAHUS Pe3bOOBOIO COCIH-
HEHHS B TIPOLIECCE €T0 HATPYXKEHNUS, B TOM UHCIE Bpama-
TENBHO-YAAPHOTO, KOTOPHIE JOIKHBI YUUTHIBATHCS MpPH
NPOCKTHPOBaHUK coenuHenuit Tpy0. Tak, Hampumep,
YCTAHOBJICHO, YTO COKpAIICHHE [TUHEI Pe3b0bI B pe3b00-
BBIX COCJMHEHHUSX y TOpIOB TpyO no 1,2-1,4 ee BHYT-
PEHHETO JAWaMeTpa, a TakkKe HAINYde HEHTPHPYIOLINX
YYacTKOB TO3BOJISAET YBENHYHTH YCTOHIMNBOCTD U JIOJTO-
BEYHOCTb OYpUIBHBIX TPYO.

Pacnpenenenue Harpy3Ku 1o BUTKaM pe3bObl ompesie-
JMETCS MEXaHW3MOM HATPYKEHHS Pe3bOOBBIX HIEMEHTOB
B coequHEeHHH. B pabote [3] aBTOp MPHUXOMHUT K BHIBOIY,
9T0 KOHTaKT MEXIy BUTKAMH pe3bObl B COCIMHCHHUH
OPOUCXOJUT MO MOBECPXHOCTHU. B 10 *e BpEMs BJIMAHUC
KOHTaKTHBIX JehopMaInii HECYIECTBEHHO, U MU MOX-
HO TpeHeOpeyb.

Coenunenne Tpy0, IpeCTaBIeHHOE Ha pHC. 1, MMeeT
3a30pPbl, IPpA 3TOM KOHTAKT MPOUCXOAUT IO JIMHUHU, CCIIN
OpeACTaBUTh COCAMHECHUE B CCUCHUN — B TOUKE.

Puc. 1. Cxema coedunenusi 6ypunvhoix mpy6 ¢ Kpyenoii
pe3vboii

Fig. 1. Connection diagram for round-threaded drill pipes

B pabote [3] otmeuaercs, uto pedopmaniu u3ruda u
CIIBUTA BUTKOB OYIyT HE3HAYUTEIHHBIMU B CHIIY MAlOH
BEICOTHl TIPOQIIIs pe3bObl OTHOCHTENbHO miara. KoH-
TaKTHBIE JiehOpMAIIUHN IS BCEX Pa3MEPOB MPUMEHSEMBIX
B HACTOSIICE BpeMs COCIUMHEHWI ¢ pe3p0oil Kpyriaoro
npodws [3, 8] IpaKTUIECKN OTMHAKOBEL.

MeToauka akcnepuMeHTanbHbIX MCCREAoBaHU NOTepb

3HEprum B pe3bGOBbIX COeANHEHNAX BYPUNbHBIX TPy

B nanHo# pabote xapakTep M3MEHEHHS CHII YIIPYTOro
¥ HEYIPYTOTO COMPOTUBICHHUS HCCIIEIOBANICS HA UCTIBITA-
TEIbHOH YCTAaHOBKE IPH KBA3UCTATHYECKOM HATPYKEHUH
coeMHEHHH OypUIbHBIX TPYO.

Ha puc. 2, a nmpencrasiena cTpyKTypHas cxema ycTa-
HOBKH, a Ha PHC. 2, 6 IPUBEICH IIPOLECC CHATHS THCTe-
PE3UCHBIX AUAarpaMM. YCTaHOBKA COCTOMT M3 Peryiupy-
eMBIX Omop — 1, HKHeH Tpasepchl — 2, HA KOTOpOil 3a-
KpEIIEHO 3aXBaThIBAIOIIEE YCTPOHCTBO — 3, I pacro-
JAraroTCs TATYWKU CIUIBI, BBIIE PACTIONATACTCS BEPXHAA
TpaBepca — 7. Ilpu OBUKeHHWH TpaBepchl —/ 4epe3 3a-
XBaT — 6 HaUMHAET ACHCTBOBAThH HAIPYy3Ka B 3aBHCUMOCTH
OT HAIpaBIICHHUs JBIKEHUs HA 3aKpeIUIEHHOE pe3b00Boe
coequnenue — 5. [TapameTps! OypuibHbIX TpyO U coenu-
HUTENBHBIX JIEMEHTOB IPHBEICHH! HA PUC. 3, TEOMETpPH-
YecKHe pa3Mepsl yKazaHsl B padborax [4, 7).

HUcneitatensHas MamuHa cepur LFM-125 kH npeo6-
pasyer jaedopmainio pe3pOOBOTO COCAMHEHHS, BO3HHK-
MYy B pe3yibTaTe BO3ACHCTBHS PACTSIKCHHS, CHKATHSA,
m3rida, B aHAJIOTOBEII JNEKTPHYECKHIl CHTHAT, COOTBET-
CTBYIOIIWH BENMIHHE H3MEPAEMOTO0 TIapamMeTpa.

MeTonuKka CHATHS THCTEPE3UCHBIX JHATPaMM BKIIIO-
qajia psijl HTAroB:

1) mozmrotoBka pe3bOOBOTO COEAMHEHHSA OYpPHIbHBIX
Tpy0 — 5 K YCTaHOBKE Ha WCIIBITATEIHHON MAIlHHE;
KecTkas (uKcamus KOHIIOB OYpHIBHBIX TpyO B 3a-
KUMHBIX YCTpOHCTBAX — 3aXBaTax —3 H 6;

2) u3MepeHue IaTYMKOM CHIIbI, PA3MEIICHHBIM B 3aXBa-
Te —2, Harpy3KH, IPUKIaIpBaeMol K 00pasiy;

3) u3MepeHHe MepeMeleH s TPABEPChl JaTUYUKOM Tepe-
MeIICHNS;

4) mepeMerieHre MOABIKHOM TPaBepChl OCYIIECTBIACT-
Cf OT OTHENBHOrO NPHBOJAA (CYIIECTBYET BO3MOX-
HOCTb M3MEHEHHS BBICOTHI Pabodero mpoCTPaHCTBA
TEPEMEIICHUS TPABEPCHI);

5) ympaBneHust pexUMaMu PabOThl UCTIHITATENBLHON Ma-
IIMHBI OCYIIECTBISAETCA B OJIOKE yHpaBieHus u cbopa
JIaHHBIX.
®opma 1 podhuTb pe3bObl MPHUBEACHBI Ha PHC. 3.

B xauectBe MaTeprana U1 H3TOTOBJICHUS Oy PHILHBIX
TpyO mpuMeHsIOT XpoMoHuKeneBble cTanu 40XH, 45XH,
50XH. ComnpsixeHue pe3b0OOBOrO coefUHEHHS Oypriib-
HBIX TPYO BBITONHEHO ¢ 3a30poM. lyisl 3aUTHI OT KOPPO-
3UM BHYTpeHHUH KaHan pocdarupyror [4].

[lomy4enHple B pe3ynbTaTe HKCIEPUMEHTA THCTEpe-
3UCHBIE AMarpamMMsbl IpescTaBieHsl Ha puc. 4. Haxonsace
B YCIOBHSIX CJIOXHOTO JMHAMHYECKOTO Harpyxenus [5],
pe3b00BbIE YUACTKH TPYO HCIIBITBIBAIOT HOMNEPEUHYIO Je-
(opmanuio, HaNpapJIeHHYI0 B HUIIEILHOM COSXHMHEHHH
OT COEIMHHUTENBHOTO 3JIEMEHTa, B My(TOBBIX — K COE/IU-
HUTEILHOMY JJICMEHTY.

CToUT TaKke OTMETHTH €IIe OJMH BAXKHBIM aCIIEKT
OTHOCUTENBHO NPHMEHEHHS HUIIENBHBIX COCAMHEHUH ¢
Kpyrioi pe3p0oil. 10 00yCIOBIEHO TEXHONOTHYHOCTHIO
ero M3roToBJeHus. JIaHHbIH (akTOp MOXKET OKa3aTh 3Ha-
YUTCIIbHOC BJIUAHUC HAa BHCAPCHUC U3JCIIHA B CepHﬁHOC
npou3BoAcTBO. B pabore [8] mpoBeneHo mccnenoBaHue,
HaIpaBlIeHHOE Ha CPaBHEHHE METO/0B 00PaOOTKH M BEI-
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SBICHHE ONTHMAIBHOTO crocoba obpabotku. Hambonee
HPOH3BOJUTENBHBIM METOJOM SBISETCS TOUYCHHE CTaH-
JapTHBIM PE3LOM C TIEPEMEHHOH TITyOHHOM pe3aHus.
[IpoanamusupyeM mpomuecc 1ehOpMHPOBAHKS COCIH-
HEeHHUi TPyO MO TUCTEPE3UCHBIM JIHATPAMMAM, MMEIOIIHM

Pa3NIUHS MEXKITY JTMHISIME HArPy3KH U Pasrpy3KH, MOJTy-
YCHHEIM HA YHHBEPCANBHOM HCIBITATENBHOH MaIInHE
LFM mpu kBazucTaTMdeckoM HarpyxeHuu. J[umarpamma
noctpoena B mporpamme Origin Ha 0CHOBE MONYYEHHBIX
B X0JIC IKCIIEPUMEHTA JTAHHBIX.

6/b

Puc. 2. a) cmpykmypras cxema ycmauosku: 1 — pezyiupyemvie onopvl, 2 — HUdCHAA mpaeepca; 3 — 3axeamvléaroujee
yempoiicmeo ¢ oamuukamu cuivl; 4 — nanpasnaowue,; 5 — pe3vbbogoe coedunenue; 6 — 3axeam, 7 — 6epxXHas mpasep-
ca; 6) cHamue 2ucmepe3UCHbIX QUASPAMM NPU HASPYHCEHUU COeOUHEeHUL OYPUTbHBIX MPY6

Fig. 2. a) structural diagram: 1 — adjustable legs; 2 — lower traverse; 3 — gripping device with force sensors; 4 — guides; 5 —
threaded connection; 6 — acquisition; 7 — upper traverse; b) reading of hysteresis diagrams under drill pipe connec-

tions loading

ala

6/b

Puc. 3. Pe3vbogoe coedunenue OYpunvbHOU KOIOHHBL: @) 3AMKOBOe KOHUUecKoe, 0) HunneavHoe ¢ Kpyaiotl pe3vbotl
Fig. 3. Drill string threaded connection: a) lock conical connection; b) round-threaded nipple joint
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Puc. 4. ['ucmepe3suchvie ouazpammul: @) 3aMKOBO20 COeOUHeHUs mpyod,; 6) HUNNETLHO20 COEOUHEHUs C Pe3bOOLL KPYelo2o npoguis
Fig. 4. Hysteresis diagram of the: a) pipe lock connection; b) nipple connection with a round profile thread
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BosneiictBytonuii Ha coeuHeHUue TPYO CUIOBON MM-
NyIbC BBHI3BIBAET OTHOCHTENBHOE CMEIICHHE BHTKOB
pe3sObL. [Ipn 9TOM BO3HMKAIOIIME CHIIBI TPEHHS COBEp-
LTAI0T PaboTy, ONMPEIENAIONYI0 JONIO OTEPh JHEPTHH B
pe3b0OBOM COEAMHEHHH TpyO IepeaaBaeMoil BONHOM
yIpyroi nepopmaruu.

Oueprus, paccesHHas 3a LUKI JedopMUpoBaHHUs
Pe3b00BOT0 COSTMHEHNUS, BRIPAKAETCS KOIPPUITHESHTOM:

¥= [ F ().

Takum 00pa3oM, MOJCUNTAB PACCETHHYIO SHEPTHUIO 33
OJIUH LMK Ae(OPMUPOBAHHUS, MOXKHO CYyIHTh 00 d(pdex-
TABHOCTU COCAWHEHHUA C TOYKH 3pCHUA MEpEaadu HM-
mynbca. Jlns cpaBHEHHS TOTEPh DHEPTUH TONYYCHHBIE
auarpaMMbl YCJIOBHO pa3ZI€JICHBI Ha JBa y4aCTKa U MOJ-
CYMATAHbI IUIOLIAIN KAXAOro yYacCTKa. HOHy‘IeHHHe pe-
3YyJIbTAThl IPUBCICHLI B Ta6J'II/H_[€.

Tabnuua. Onpedenenue nomepsv dHepeul no NIOWAOU
nemuu SUcmepesucHoll Ouazpammol
Determination of the energy loss by the area of
the hysteresis diagram loop

Table.

PacTsokenue, Cokarue, MM°
Tun coenuHeHus 2 .
Joint design MM , Compreszsmn,
Stretching, mm mm
3amkoBas pe3bba
Tool-joint thread 2762 262
Kpyrnas pe3sba
Right-handed round 687,86 172,2
thread

AHanu3upys pe3ynbTaThl, MPeCTaBICHHbIE B Ta0IH-
1€, MOXKHO C/IENIaTh BBIBOJIBI, YTO HIPH Iepeaade yAapHO-
0 MMITYJIbCa M0 TPYOaM C HHIIEIbHBIM COCIUHEHHUEM C
KpYyIIoil pe3p00il MOTEpU SHEPTHM B COCIUHCHUH MPH
CKATHH CYIIECTBEHHO HUKE, YEM Y 3aMKOBOTO COE/HHE-
Hust. TIpu mUKIIe CKATHS HUNIIETBHOTO COCIMHEHHS BHT-
KU KPYTJIOi pe3b0bl BBICBOOOKAAIOTCS, TEM CAMBIM CHH-
KAIOTCSL TIOTEPU DHEPTHH MPH MPOXOKICHUH CHIOBOTO
umIysibca. Ho mpu pacTshkeHNWH HUMMENBHOTO COCAHMHE-
HUS Ha WcmbITaTenpHod Mamuue LFM motepn sneprum
00J1bI1IE, YTO OOBSICHUTH MOXHO KOHCTPYKTHBHBIMU OCO-
OCHHOCTSIMU 3TOTO COGAMHEHHS TPYO, U UTO HE COOTBET-
CTBYET IIPOLIECCY MPOXOXK/IEHUS CUIOBOTO MMITyJIbca He-
pe3 coeMHEHKe, KOrjJa pacTAruBarollee ycuine GpakTu-
YEeCKH OTCYTCTBYET.

Hunmenb MOTHOCTBIO CKPHIT BHYTPH COEIUHSEMBIX
Tpy0, MOITOMY MPHU CKATHH, AeOPMUPYSICH B paaHalib-
HOM HAIpPaBJICHHH, TPYObl CHUMAIOT HArPy3Ky B MECTax
KOHTAKTa COMPSUKEHHBIX BUTKOB PE3bOBI, CBOMS CHUIIBI
TPEHHUS K MAUHUMYMY. B 3aMKOBBIX U MY(TOBBIX COEIH-
HEHHSX TPU TPOIOIEHOM COKATHH CIUTBI TPEHHUS U OTEPH
9HEPrHH PACTyT, YTO CBSI3AHO C PafHATbHBIMU Aedopma-
UMK 3JIEMEHTOB YKAa3aHHBIX PE3bOOBBIX COCIUHCHHIL.
Ilpu 3TOM, yYHTBIBasL, 4TO B CHJIOBBIX HMITyJbcax, Gop-
MUpPYEeMBIX OOHKOM B OYpIJIBHOW KOJOHHE, COCTABIIAIO-
IIast PacTSDKCHHS ONM3Ka K MEHEMYMY, TIOTEPSIMH DHEp-

THH OT Hee AN Pa3pyIeHUs OPOAB MOKHO PEHEOPEUb.

IToMuMO pe3ynbTaToB, NOMYUYEHHBIX B XOJE IpPOBEJC-
HUSl OKCIICPHMEHTOB, eIl OAHUM (haKTOPOM, MO3BOJIIIO-
LM KOCBEHHO OICHUTH 9((EKTHBHOCTb IPUMEHEHHUS HC-

CIeoyeMblX THIIOB COGNMHEHMH [ BpallaTenbHO-
yaapHoro OypeHusi, sBIsSeTcS KO3(POHIMEHT KOHCTpPYK-
THBHOTO COBEPILIEHCTBA [4], €ro ompeeNstoT 1o hopmyie:
Smax + Smin,
THe Spin — MHUHIMATbHAS IUIOMAAb CEUCHHS IITAHTH;
Smax — MAKCHMAJIbHAS TUIOMAIb CEUCHHS IITAHTH.
OTaNOHHBIM 3HAYeHHEM sBisercs k. ~1 — mpu j0-
CTWKEHUH JJAHHOTO KO3((UIMeHTa HaOM0aeTCd MUHH-
MaJIbHBIE TIOTEPU SHEPTUU B COCAMHEHHH. [l nccneny-
eMBIX THIIOB COCIUHEHHI MONy4aeM pe3ylbTaThl, K0 (-
(UIMEHT KOHCTPYKTUBHOTO COBEPIICHCTBA JUIS COENHHE-
HUS C 3aMKOBOM KOHMYeCKOH pe3nOoii paseH k. ~0,514,
IS HUTIEIFHOTO COSAMHEHHS K0I()(HIMEHT KOHCTPYK-
THBHOTO COBEpIICHCTBA paBeH k. ~0,915. 3HaunrensHoe
BIWSHUE HA JAHHEIH KOA((HUINEHT OKa3bIBACT MOCTOSH-
CTBO ceueHHUs OypUIBHON KOJOHHBI, B TOM YHCIE B MECTE
coequHeHus. CrefyeT OTMETHTb, YTO B ITAHTaX C I1O-
CTOSHHBIM CEUCHHEM MaKCUMAIbHBIC HATIPSHKCHUS CHIU-
*Katorcs Ha 20 %, IpU 9TOM TOBBIIACTCS CTOUKOCTE Oy-
POBOTO MHCTpYMEHTA. JTO OOBACHIETCS OTCYTCTBHEM B
HUX JIOTIOJTHUTENBHBIX OTPAKEHHBIX MMITYJIbCOB, BO3HHU-
KAIOIMX M3-3a NIEPEMEHbI ceueHus. B cBA3M ¢ 3TUM Bax-
HO TPUICPXKUBATHCS MOCTOSHCTBA CEUCHUS OypHIBLHOH
KOJIOHHEI Ha BCEH JUTHHE KOMOHHEL

c =

BbiBoabI

1. KoHcrpykiun coequHeHHH OypuIbHBIX TpyO, KOTO-
pBle IIPHMEHSIOTCS NPH BPAIATENbHOM CIIOCO0E To-
PU30HTATBHO-HAMPABICHHOT0 OypeHHs MHIOTHBIX
CKBQXWH, HEMPHUTOAHBI IS Ooiee 3(PHEKTUBHOTO
BpAIIATENbHO-yAAPHOTO OYpeHHs TOPHBIX MOPOJ C
TepeMeXaroNIeicss TBEPAOCTBIO JIMOO TPYHTOB C pas-
JIMYHBIME BKJTIOUCHUSIMH TIOBBINICHHOA TBEPIOCTH.
OTO CBA3aHO C TEM, 4TO pPe3b0OBBIE COCIUHEHHS
«Tpy0a B TpyOy» 0€3 OTIEIBHOTO COCIUHUTENBHOTO
aeMenTa (My(Thl WM HHUIIIENs) HeH30eKHO HMEIOT
Y4acTKH TpyO ¢ YBETMUCHHUEM TONEPEIHOTO CEUCHNUH,
OT KOTOPBIX HPOUCXOAHUT OTPaKEHHE BONH Aeopma-
mua. [Ipr 9TOM He TONBKO CYIECTBEHHO CHUKAETCS
K03 DUIMEHT MepeIaun SHEPrUH yaapa 1o Oypwiib-
HOH KOJIOHHE, HO M HAJIe)KHOCTh PabOTHI Pe3b0OBEIX
coeMHEHHI Tpy0, B KOTOPHIX PE3KO BO3PACTAIOT
HAMPSOKCHHUS M3-32 HAJIOKCHUS TPAMBIX U OTPaXKEH-
HBIX BOJH nedopmanun. [Ipu pactpocTpaHeHIH BOIH
nedopMaIuy yepe3 COSIUHEHHS TPYO MOTepH 3HEp-
THA TIPOUCXOIAT TaKkKe B TPOLECCE KOHTAKTHOTO
B3aUMOJICHCTBHS BUTKOB PE3b0bI, BBI3bIBAS [IPH ITOM
UX M3HOC W HarpeB TpyO B MeCTaX COCAMHEHHUH, YTO
CBSI3aHO C paboTOl CUI HEYNPYTOro CONPOTHUBICHHUS.
[Tomy4ens! SKCIePUMEHTAIBHBIC PE3YIIBTATHl YKa3aH-
HOTO BHJa TOTEPh SHEPIUH Ha OCHOBE NOCTPOCHHS
TUCTEPE3HUCHBIX JuarpamMM. [lodydeHHbIE SKcHepH-
MEHTANbHBIC PE3yNBTaThl MOATBEPAMIM, YTO Oiaro-
Japs MPeTyCMOTPEHHBIM B KPYIJION pe3pbe 3a3opam
paboTa CHII HEYIPYroro CONPOTHBICHHS, a CIEA0Ba-
TENLHO TIOTEPH SHEPTUH MPH Mepenade CHIOBOTO UM-
MyNbCa CHKATHS 4Yepe3 HHUIIMENBHOE COCAMHEHHE 0Y-
punbHBIX TpyO B 1,5 pasa Hike, 4eM MpH COENMHECHUH
«Tpy0a B TpyOy».
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RESEARCH OF POWER IMPULSES TRANSFER THROUGH THREADED CONNECTIONS
OF THE DRILL-STRING DURING ROTARY-PERCUSSION DRILLING
OF PILOT HOLES FOR TRENCHLESS PIPELINE LAYING
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The relevance of the research. Pilot wells for horizontal directional drilling can be attributed to slim holes that are widely used in mining,
in particular, for detailed exploration and underground development of non-ferrous metal ores, for degassing mine workings of coal mines,
as well as in a lot of other industries to limit the diameter of a hole due to technological or technical conditions. Moreover, to obtain effec-
tive drilling of slim holes in rocks with high alteration in hardness, drilling rigs are equipped with percussion mechanisms forming force im-
pulses in a drill-string in the form of elastic deformation waves propagating at sound speed through drill pipes threaded connections to-
wards a rock-breaking tool. Such energy transfer of power impulses is accompanied by its dissipation in the threaded connections. Thereat
if the connections of drill pipes are intended only for rotary drilling the energy loss of power impulses in them may be unacceptably large,
and efficiency and strength are significantly reduced. Though the threaded connections are considered to be stationary, in reality while
simultaneous loading of them by torque, drilling tool feed thrust and power impulses a small slip inevitably arises on the contact surfaces of
the elements of drill pipes connections. Friction force works on this relative travel causing energy loss that can be quantified experimentally.
Without a clear understanding of the rules of power impulses propagation through threaded connections, it is impossible to assess objec-
tively the possibilities of the efficiency increase of the transfer of their energy on a drill-string to the rock-breaking tool, and therefore, in
general at all, the reasonableness of using percussion mechanisms in installations for horizontally directed drilling of pilot wells. Thus, the
scientific substantiation and development of recommendations for designing and creating new designs of threaded connections of the drill-
strings to improve the efficiency of the rotary-percussion method of drilling slim holes are the urgent scientific and technical task.

The aim of the research is to analyze the dynamic processes in the threaded connections of a drill-string during the transfer of the power
impulses from the percussion node to the rock-breaking tool; to build hysteresis diagrams which allow assessing the energy loss
associated with the work of inelastic resistance force at the contact places of the mated parts of the threaded connections during the
propagation of the power impulses through them based on the experiments performed; to show by examples the futility of attempts to
achieve the effective transfer of the power impulses through the connections of the drill pipes that are used for rotary drilling and to
substantiate the recommendations on the development of fundamentally new nipple connections of the pipes proposed by the National
Research Tomsk Polytechnic University for drilling the pilot wells that have previously successfully passed production tests at non-ferrous
metallurgy mines in Kyrgyzstan and Kazakhstan with the direct participation of the authors in the rotary-percussion drilling of slim holes
from underground mine workings.

The object of this study is drill-strings with coupling and nipple connections, used in the rotary-percussion method of drilling wells, as well
as the threaded connections of the pipes for the pilot wells for horizontal directional drilling.

Methodology: the review of scientific literature on formation of the percussion impulses, the transfer of the waves of deformation on a drill-
string; the substantiation of the use of the rotary-percussion method of drilling for horizontal directional drilling as well as the comparison of
research results and the assessment of energy friction loss in the threaded connections of the drill pipes.

Findings. Based on the percussion-wave theory previously unknown interrelations were obtained which allowed running the computer
simulation of threaded connections parameters influence on the efficiency of the power impulses transfer on a drill-string. The main cause
of impulses energy loss was found to be the forces of inelastic resistance occurring in case of the relative displacement of the drill pipes
and the connecting elements. To increase the transfer ratio of the amplitude of the power and the energy of the impulses it is necessary to
take the minimum possible value of connecting element rigidity as well as to increase the contact stiffness of the conjugate turns of the
threaded connection. Currently used drill pipes connections for horizontal directional drilling of wells are not suitable for rotary-percussion
drilling due to the reflection of the deformation waves from the sections of the threaded connections of the drill pipes without connecting el-
ements (couplings or special closed-type nipples).

Key words:
Horizontal directional drilling, rotary-percussion drilling technology, power impulse transmission, pilot bore, drill-string, threaded connection.
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