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Pesiome

Lenb uccnedoeaHusi. Paspabomka Mmemoduku uccrnedosaHusi UsHoca pe3bbbl 6ypuribHbIX mpy6 npu MHO20Kpam-
HOM C8UHYUBaHUU U 8bl0epxKe nod Haspy3kod.

Memoodbi. [ns uccnedosarull ucrions3yemcsi cmeHO UPC-1, komopbili npedcmasrnsem cobol ycmpolicmeo Ons
cos0aHusi Kpymsiwezo momeHma 8o 80 kHxm u nepedayu e2o Ha cauH4ugaemyro mpyby. CmeHO ocHauweH damyuKkom
MOMeHma C8UHYUBaHUS U cucmeMol yrpaesrneHus, peanusyroueli ceuHJusaHue 0o 0ocmuxxeHusi 3a0aHHO20 MOMeHma
3amspKKU Unu rnepuoduyeckoe MpurioxeHue MoMeHma K CeUHYeHHoU pe3bboeoli rnape. Memoduka ucribimaHuli ¢
ucrionb3oeaHuem cmeHda UMPC-1 npedcmasnsem cobol crnedyrowyro rnocnedosamersib-Hocmb Oelicmeuli: neped
HayvasioM ucrnbimaruli ydansomcs pe3bbosbie NPoOmeKmopbl; pe3bbbl Ha Hurnnene u emyrnke o4duwaromcs om
KOHCepsauUOHHOU cMa3Ku U criedo8 Koppo3uu CyxuM rpomupaHuem u riocredyrouum obesxupusaHueM; pesbba Ha
Hurinene obMepsiemcsi coeniacHo Kapme 3aMepos C MoMoWbio Kanubpa. Kanubp u3zeomosneH Ha 0CHoge omriedaim-Ka
pesbbosoli nogepxHocmu u npedcmaerisiem coboli nnacmuHKy € 8blipe3amu 8 hopmMe Mornepe’Ho20 ceHeHuss YHembipex
HUMOK pe3bbbl. 3a3op mMexdy kanubpom u pesbbol usmepsiemcsi ¢ nomouwbto Habopa wynos: om 0,01 do 0,09 mm — ¢
waeom 0,01 mm, cebiwe 0,1 mm 0o 0,45 mm — ¢ wazom 0,05 mm, cebite 0,5 mm 0o 1 MM — ¢ wazom 0,1 mm.
Pesynbmamali. CripoekmuposgaH u co3daH Ho8bIl mpubomexHudeckuli cmeHd modernu MIPC-1, noseonsrowul peanu-
308bI8amb pasiu4dHbie MemoduKu uccriedogaHusi usHoca pesbbbi BypurbHbIX mpy6 fnpu MHO20KPamMHOM C8UHYUBaHUU
u ebi0epxke nod HaspysKol. BaxHOU 0CO6eHHOCMbIO CIIPOEKMUPOBaHHO20 cmeHOa Aersiemcsi e2o ocHaueHue 0am-
YUKOM MOMeHma C8UHYUBaHUs1 U cucmemol yrpasrieHus, peanusyrouel ceuHdusaHue 00 0ocmuxxeHusi 3a0aHHO20
MOMeHma 3amsiKKU Uiu nepuoduyecKkoe npurioXeHue MoMeHma K CeUHYeHHoU pe3bboeol nape. MakcumarbHbili
Kpymsawul momeHm, co3dasaembill cmeHOoM, cocmaensem 80 kHm. PaspabomaHa yacmHas mMemolOuka, eKitoya-
towjas 8 cebss mpebosaHusi cmaHOapma APl 7G-2 u rokasaswas ceot aghghekmusHoCmMb npu uccriedosaHuUU U3Hoca
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pe3bbbl cmarbHbIx OypurnbHbix mpy6. [ns peanu3ayuu memoluku padpabomaH crieyuasibHbIU Kanubp, useomos-
JNIeHHbIU Ha ocHoge omrevyamka pe3bbosoli nosepxHocmu u rpedcmasnsaowuli cobol mniacmuHKy ¢ ebipesamu 8
gopme nornepeyHo20 ceveHUss Yembipex HUMOK pe3bbbl. B epaHuyax memoduku paspabomaHa Kapma 3amepos ¢
08yMms1 eblderieHHbIMU obrnacmsamu uamepeHutl. Co3daH an2opumm CeUHYUBaHUsT MpPybbl C PaBHOMEP-HOU CKOPOCMbIO,
sKnroYarowul 8 cebsi mpu amana. PaspabomaH an2opumm U3MeEPEHUU C UCMOb308aHUEM PENEPHbIX MEemok, npu
UCrob308aHUU KOMOPO20 pearu3yromcs 3amMmepbl 8 HembIpEx moykax kaxxool ebidesieHHoU obnacmu.

3aknroyeHue. [lonydeHHble pe3yrnbmambl Mo2ym Obimb UCMOMb308aHbl MpuU co30aHuU pecypcocbepezaroujux
mexHosoauli 06pabomKu C/IUMKO8bIX, MOPOUKOBLIX U HAHOKOMMIO3UUUOHHBLIX Mamepuasios ¢ pa3fiuyHol ducrnepcHo-
CMb0 ha308bIX U CMPYKMYPHbIX COCMAasIItoWUX, IKCrTyamupyeMblX 8 3KCmpemMaribHbIX YC08USIX U COCMOSIHUSIX.

Knrodeenie cnoea: usHoc; 6ypunbHas mpyba; pe3sbogoe coeOUHEHUE; C8UHYUBAHUE; CMa30YHbIU Mamepuar; mpe-
Hue; byposasi mexHuka.

Kondgpbriukm unmepecoeg: Asmopbi Oekriapupyrom omcymcmeue SI8HbIX U MOMEeHYUasibHbIX KOHGIUKMO8 UHmMe-
pecos, cesizaHHbIX ¢ nybnukayuel Hacmosuwel cmambu.
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Abstract

Purpose of reseach is to develop a methodology for studying the wear of drill pipe threads during repeated making
up and holding under load.

Methods. For the research, stand “IRS-1” was used. This stand is a device for creating a torque of up to 80 kNm and
transferring it to a made-up pipe. It is equipped with a make-up torque sensor and a control system that performs
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make-up until the specified tightening torque is achieved or periodically applies the torque to the made-up thread pair.
The test procedure for IRS-1 stand consists of the following sequence of actions: before starting the tests, the
threaded protectors are removed; the threads on the nipple and sleeve are cleaned of the preservative grease and
traces of corrosion by dry wiping and subsequent degreasing; the thread on the nipple is measured according to the
measurement chart using a gauge. The gauge is made on the basis of the threaded surface impression and is a plate
with cutouts in the form of a cross-section of four threads. The gap between the gauge and the thread is measured
using a set of probes from 0.01 to 0.09 mm in increments of 0.01 mm, over 0.1 mm to 0.45 mm in increments of 0.05
mm, over 0.5 mm to 1 mm in increments of 0.1 mm.

Results. A new tribotechnical stand of IRS-1 model was designed and created, which allows implementing various
techniques for studying the wear of drill pipe threads during repeated making-up and holding under load. An im-
portant feature of the designed stand is a make-up torque sensor and a control system that perform make-up until the
specified tightening torque is achieved or periodically applies the torque to the made-up threaded pair. The maximum
torque generated by the stand is 80 kNm. A particular technique was developed. The technique includes the re-
quirements of the APl 7G-2 standard and has shown its effectiveness in the study of thread wear of steel drill pipes.
To implement the technique, a special gauge was developed on the basis of the threaded surface impression and is
a plate with cutouts in the form of a cross-section of four threads. Within this technique, a measurement chart with
two selected measurement areas was developed. An algorithm for making up a pipe at a uniform speed was created.
The algorithm includes three stages. There was developed an algorithm of measurements using reference marks,
providing measurements at four points in each selected area.

Conclusion. The results obtained can be used to create resource-saving technologies for processing ingot, powder,
and nanocomposite materials with different dispersion of phase and structural components that are operated under
extreme conditions and states.

Keywords: wear; drill pipe; threaded joint; making-up; grease; friction; drilling equipment.
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HUTEIBHO K OypOBOW TEXHHKE, KOHHYE-

BBepgeHue
CKO€ pe3b00BOE COCTMHEHUE UMEET CYIIIe-

B HegrenpombicioBom 0b6opynoBa- CTBEHHBIE MIPEUMYILIECTBA [0 CPABHEHHUIO C

HUM  OypWbHBIE TPYOBI CYIIECTBEHHO MUIMHApUYEeCKol pe3pOoii. [Ipexxae Bcero,

BJIMAIOT Ha TEXHUYCCKHEC M SKOHOMHYC- 9TO BO3MOXKHOCTb CO3JAHMS B CONPSDKEHHUU

CKHE TOKa3aTelu CTPOMUTEIbCTBA Pa3Iny-
HBIX CKBaXHH. B cBOIO ouepenp, 3ddek-
TUBHOCTbH (DYHKIIMOHMPOBAHUSI OypPHIIbHBIX
TpYO CYIIECTBEHHO 3aBUCHUT OT KayecTBa U
HA/IeKHOCTH 3aMKOBOTO pe3b0OBOr0 CO-

eauHenus [1]. U3BectHo [2], uTo mpume-

OTHOCUTETIbHO TPOCTHIM CHOCOOOM >Kemae-
MOW HanpsHKEHHOW MMOCAJKH, a Takxke Oosiee
KAQueCTBEHHOE IIEHTPHPOBAHUE CBUHYMBAE-
MBIX JleTanieil u OpicTpoTa cOopKu. B cBsi3n
C 3TUM KOHMYECKas pe3bda IIUPOKO HC-

MMOJIb30BaJIaCh U 10 HACTOALICTO BPECMCHU
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MPUMEHSIETCS] B HE)TEPOMBICIIOBOU U OY-
poBoii TexHuke [2]. B mpomecce paboTh
CYIIECTBEHHOE 3HAUEHUE UTPAIOT IKCILTY-
aTallMOHHBIE XAapaKTEPUCTUKU U TepMe-
TAUYHOCTHh PE3bOOBBIX COCOUHEHHH Oy-
puibHBIX TpYO [3, 4]. IIpu MHOTOKpaTHOM
CBUHYMBAHUU MPOUCXOIUT MPOILECC Tpe-
HUS ¥ COIYTCTBYIOLIUI MPOLIECC M3HAIIM-
BaHUsS pe3bObl, B pe3ylbTaTe 4ero CHIKa-
eTcsi HanéXHOCTh paboTel [S]. B cBsi3u ¢
3TUM, BO3HHKAaeT HEOOXOAMMOCTH pa3pa-
OOTKM HOBBIX MEpPCHEKTHBHBIX MaTepua-
JIOB JUIS CO3JIaHMS OYPUIIBHBIX TPYO' [6-8],
C OJJHOM CTOPOHBI, U METOJUK CTEHJIOBBIX

WCIIBITAHUNA pe3bOOBBIX COCIWHEHUU Ha

CTOMKOCTh K M3HOCY NPU MHOTOKPATHOM
CBUHYMBAHUU — C APYIOM.

[lenpro HacTosmeld pabOTHI SBISETCS
pa3paboTKka METOAUKU HCCIEeJ0BAaHUS HU3-
HOCa pe3b0bl OypMIIBHBIX TPYO MPH MHO-

TFOKpaTHOM CBMHYHMBAHWHN WU BBIACPIKKE IO

Harpy3Kou.

MaTepMan bl U MeTOAbI

Jl1a necneroBaHUK MCHIONB3YETCS CTEHT
NPC-1, cnpoeKkTUpOBaHHbI B Hay4HO-TEX-
HOJIOTMYeCKOM Komruiekce «HoBble TexHo-
norun u Marepuansy GLAOY BO «CIIoITY
[Terpa Benmkoro» (puc. 1).

Puc. 1. Cteng ons uccnegoBaHus usHoca pesbbbl 6ypunbHbIx Tpyd mogenu NPC-1

Fig. 1. Stand IRS-1 for the study of thread wear of drill pipes

Ucnbitatensubiii creng UPC-1 — yer-

POICTBO Uil CO3AAHUS KPYTSIIIEr0 MOMEH-

! YBanosa A.B. TToBbicHye SKCIUTyaTalliOHHBIX
XapaKTepUCTHK TPYOHBIX PEe3bOOBBIX KOHCTPYKIWH,
W3TOTOBJIEHHBIX M3 BBICOKOIPOYHBIX aAJFOMHUHHUEBBIX
CIUIaBOB: aBTOped. IHMC... KaHA. TexH. Hayk. Camapa,
2013. 16¢.

ta 10 80 kH'M u mepenaum ero Ha CBHH-
guBaemMyo TpyOy. CTeH]I OCHAIIeH JaT4u-
KOM MOMEHTa CBHHYMBAHHSA W CHCTEMOM
yIIpaBIICHUS, PEATU3YIONICH CBUHYMBAHHE

0 JOCTMDKEHHS 3aJaHHOro MOMEHTa 3a-
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TAKKU WIA HDEPUOANYCCKOC IMPUIIOKCHUC

MOMEHTa K CBUHUYCHHO pe3p00BOil mape.

Pe3ynbTaTbl U UX 06CcyxaeHune

OCHOBHBIC PE3yJbTaThl C HCIIOJIB30-
BanneM creHga MPC-1 Obutn mony4eHsl B
CIEAYIOLIEH MOCIIEOBATEIBHOCTH:

1. Ilepen HayaloM HCIBITAHUH yia-
JISIFOTCS pe3b0OBbIE TPOTEKTOPBHI.

2. Pe3b0bl HA HHIIIIEE U BTYJIKE OYH-
HIAIOTCA OT KOHCEPBALMOHHOW CMa3Kh W
CJICZIOB KOPPO3HH CYXUM IMPOTUPAHUEM U
MOCIIEYIOIIUM 00€3)KUPUBAHUEM.

3. Pe3p0a Ha Hunmene oomepsieTcs co-
TJIACHO KapTe 3amepoB (puc.2) ¢ MoMo-
IbI0 Kamuopa.

Kamubp u3rotoBieH Ha OCHOBE OTIIE-
YaTKa pe3b00BOI TTOBEPXHOCTH M MPEICTaB-
JsieT coOOM IUIACTHHKY C BbIpe3amMu B (op-
ME TIONIEPEYHOTO CEUYCHUsSI YETHIPEX HUTOK
pe3bOBL. 3a30p MEKIY KaTMOPOM U pe3n0oit
U3MEpSETCS C TIOMOIIBI0 Ha0opa IIyNOB: OT

0,01 mo 0,09 mMm — ¢ mmarom 0,01 mm; cBBIIIE
0,1 mm mo 0,45 mm — ¢ marom 0,05 mwm;
ceire 0,5 mm 10 1 MM —c marom 0,1 mmM.

4. IIpoBOIUTCS BU3YAIBHBIM OCMOTp
pe3b0bl Ha Hanmuuue AedeKTOB, 3a00MH H
nedopmanuy BUTKOB.

5. YcraHoBieHHas Ha CTeHJ Tpyoa
BPYYHYIO IIJIABHO BOJUTCS B 3all€IUIEHUE C
My(}TOH U mpeaBapUTENLHO CBUHYHUBAETCS
Ha HECKOJIbKO 000pOTOB pe3bObl Ha Majoi
ckopocTH (oOmmii BUA CTeHAa C TpyOoit
IpUBEJIEH Ha puc. 3).

6. JlanpHelilee CBUHUYMBAHUE IIPOU3-
BOJIUTCSI B aBTOMAaTU4YECKOM PEKUME B CO-
OTBETCTBUH CO CJIEIYIOLIUM aJITOPUTMOM:

— CBMHYMBaHHE 10 MoMmeHTa 2 KH'Mm
Ha MOIIHOCTHOM pEeXHME
100%;

— cBuHYMBaHue g0 MoMmeHTa 20 kH M

IBUTATEIS

Ha pexxume 30 %;
— cBHH4YMBaHHe 00 MoMeHTa 49 kH M

Ha pexume 10 %.

15875
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— b Pl a— 4 IF~1 ~
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Puc. 2. O6bnacTtn 3amepoB pe3bbbl

Fig. 2. Thread measurement areas
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Puc. 3. O6wwuii Bug cteHga MPC-1 B npouecce cBUHYMBaHWS Tpyobl

Fig. 3. General view of IRS-1 stand in the process of pipe making up

7. CBUHUMBaHUE NPOUCXOAUT C PaB-
HOMEPHOU CKOpPOCTBIO, MPHUYEM, IIOCIIE
CBUHYMBAHUS HAHOCATCS ABE Napbl METOK
Ha My(dTe u Hunmene (puc. 4).

8. Ilocie BeIAEPKKM Napbl IIPU MOMEH-
Te 57kHmM B TeueHume wyaca 3amepsiercs
CMEULICHUE PENEPHBIX METOK, a Jajee napa
HUMIEIb-MYy(Ta CBUHYUBACTCS JO MOMEHTa
62 kHwm. [locne nocnennen onepauuyu BHOBb
3aMepsIeTCsl CMELIEHUE PENEPHBIX METOK.

9. [anee mapa BBIAEPKUBAETCA B Te-
yeHue 30 MUHYT ¥ pa3BUHYMBAETCS, MOCTIE
4ero OYMINAETCA OT CMa3KH ISl OCMOTpPA U
M3MEpPEHUM.

10. B mpomecce ocMOTpa BBISIBIISIETCS

HAJIMYKE 3a/IMPOB, OIICHUBACTCS N3HOC PE3b-

Obl M CTeNeHb AAre3ud CMa30yHOro Ma-
Tepuana.

11. CBuHUNBaHHE B COOTBETCTBHM C
MyHKTaMH MeToauku 1-10 moBToOpsieTcs B
KOJINYECTBE, HEOOXOIUMOM JJIsl XOpOIeit
CTaTUCTHKH.

12. Ilociie OKOHYAHUSA IISITOTO U JIECH-
TOTO IIUKJIOB MPOHU3BOJAATCS 0OMEpHI pe3b-
Obl, pe3yabTaTbl KOTOPBIX 3aHOCITCA B
tabn. 1. U3mepenust mpoBoaarcs B obia-
ctax 1 u 2 (cm. puc. 2). Beero mpoBoauTcst
mo Tpu Habopa M3MEPEHH B KaXII0M 00-
JACTH, TIPH 3TOM B KaKJIOM Habope (uk-
cupyrorces 3amepsl nipu yriax 0, 90, 180 u
270° OTHOCUTENIBHO PENEPHOM METKH, IO-

Ka3aHHOM Ha puc.4.

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuTeta / Proceedings of the Southwest State University. 2020; 24(3): 8-20
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Puc. 4. MeTku, HaHECEHHbIE Ha CBUHYEHHbIE B NepBblit pas TpyGbl

Fig. 4. Marks applied to first-time made up pipes

Ta6nuua 1. MakcmarbHbIA U3MepPEHHbIN 3a30p, MM

Table 1. Maximum measured gap, mm

3 ) O6nacts 3amepoB 1/ Oo6nacTh 3amepoB 2 /

amep ) Measurement area 1 Measurement area 2
Measuring

0° 90° 180° 270° 0° 90° 180° 270°

1 dini dii di iz dirg drr; dr1 > dr 13 dr 14
2 dizi diz» di23 dizg dr2 ds 2 dr23 dr24
3 disz di s> di33 di3z4 dr3; d> 3 d>33 dr34
N3Hoc Ad; Adiog | Adiiso | Adi270 Ads Ad> 99 Ads 150 | Ad> 279

3amep 1 ocymiecTBisieTcs nepea Ha-
YaJIoM UCHBITAHUH, 3aMep 2 MOcCIe MATOro
CBUHYMBAHUSA, 3aMep 3 TMOcie JecsaToro
CBHHYMBAHUS, CTPOKa 4 — U3HOC Pe3bObI 3a
BpeMsI UCIIBITAaHUH (pa3HHUIIAa MEXIy 3aMe-
pom 3 u 3amepom 1).

[TonyueHHble IaHHBIE 1O 3HAYCHHUIO

HN3HOCA CpaBHUBAIOTCA C MAKCHUMAJIbHO 0-

MYCTUMBIM €T0 3HAYE€HHEM B COOTBETCTBUU
co crangaptoM API 7G-2, B pe3ynbTare ue-
IO YCTaHaBJIMBAETCSI COOTBETCTBHE pPe3b00-
BOTO COEIMHEHUS TPEeOOBaHUSAM JITAHHOTO
CTaHIapTa. OTU CBEICHUS B JAIbHEHIIEM
UCTIONB3YIOTCS MIPU MPOEKTUPOBAHUM H3]Ie-
JMH, SKCIUTYaTUPYEMBbIX B 3KCTPEMAJIbHBIX

YCIOBUSIX M cocTosiHUSX [10-22].
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3. Co3manHasg MeTOOMKA IIOKasaja

CBOIO 3(P(PEKTUBHOCTH MPHU HCCIEAOBAHUN
BbiBogbl
M3HOCA pe3bObl CTalbHBIX OypPHIBHBIX

B mpomecce mnponenannoi  paboTsr TpyO NPY MHOTOKPATHOM CBMHYHMBAHHMHU U

MOJTyYEHBI CIIEAYIOIINE OCHOBHBIE Pe3yiib- BBIIEPIKKE TIO]1 HArpy3KOii.

TaTbL. 4. Pa3zpaboTaHHas 4acTHAs METOAMKA

1. CripoekTnpoBan 1 CO37aH  HOBBIH BKIIOYaeT B ceOsi TpeGOBaHUA CTaHAapTa

Tpubonornveckuii crenny monenu HNPC-1, API 7G-2
TMO3BOJISFOIINIA  PEATU30BBIBATh PA3JINYHBIC TToNyqeHHbBIe Pe3yIbTATE MOTYT OBITH

METOJMKHA HCCJICIOBAaHUS HM3HOCA PE3BhOBI HCTIONB30BAHBI TIPH CO3TAHMH PECYpCo-

OYPUITBHBIX TPYO NPH MHOTOKPATHOM CBHH- cOeperalomux —TEXHONOTHH  06paboTKH

UMBAHUH 1 BBIACPIKKE N0/ HATPY3KOM. CJIUTKOBBIX, MOPOIIKOBBIX U HAHOKOMIIO-

2. Pazpaborana wyacTHasi MeETOJMKA SHIMOHHBIX MaTepHanoB C PpasTHIHON

MCCIIeZIOBAaHUS U3HOCA Pe3bObl OypPHIBHBIX JCTIEPCHOCTBIO (ha30BBIX M CTPYKTYPHBIX

TPYO NpH MHOTOKPATHOM CBUHYHBAHUU W COCTABJISIOINX, DKCIUIYAaTUPYEMBIX B DKC-

BBIIICPIKKE HOJI HArPY3KOU. TPEMaJIbHBIX YCIOBHUSIX H COCTOSHUSIX.

Cnucok nutepatypbl

1. Cemun B.U. IIpuMeHneHne COBPEMEHHBIX METOJUK MPOCKTUPOBAHUS PE3hOOBBIX CO-
enuHeHui TpyO HedrerazoBoro copramenta / CTpOUTENbCTBO HEPTSIHBIX U I'a30BbIX CKBa-
KUH Ha cyme 1 Ha Mope. 2012. Ne 7. C. 6-9.

2.Cemun B.M. CoBepiieHCTBOBaHME KOHCTPYKLUH pPe3bOOBBIX COEAMHEHUH Tpyo
He(Tera3oBoro copraMeHTa W 3a0OWHBIX aBurareieil / BectHuk Accorumanuu OypoOBBIX
noapsanuukos. 2013. Ne 1. C. 33-37.

3. baconu B.C., bysnosckuii 1.H., Ilerynkun 1.B. BinsHne mMoMeHTa KpemieHus
3aMKOBBIX COEIMHEHHMH Ha HKCIUTyaTallMOHHBIE XapaKTEPUCTHKH ATIOMUHUEBBIX OYpPHIIbHBIX
TpyO // Bypenue u HepTh. 2016. Ne 4. C. 42-47.

4. MykameB H.b. TI'epmernuHOCTh pe3bOOBBIX COEAMHEHHH OypHIBHBIX TpPYO //
CEBEPTEOSKOTEX-2013: marepuanst XIV mMexayHapoaHONH MOJIOACKHOW HAyYHOM KOH-
depennun: B 5 4. Yxra, 2013. C. 122-125.

5. Ky3pmunsbix J[.B. CoBeplIeHCTBOBaHNE METOIOB MOBBILIECHHUS 10JITOBEYHOCTH 3aMKO-
BOTO COEAMHEHUsS] OYpUIIbHOM KOJIOHHBI TP MHOTOKPaTHOM CBHHUYMBaHUM // CeBepreosko-
Tex-2011: marepuansl XII MexayHapoIHOW MOJIOEKHON HAY4YHOM KOH(pepeHUuu: B 5 4.
Vxta, 2011. C. 140-145.

6. Baxpymes A.B. BricokoMOMeHTHBIE pe3b0OBBIE COEIUHEHHS OYpUIIBHBIX TPYO.
OmnsiT npumenenus // Hedrts. ['a3. HoBauuu. 2014. Ne 11 (190). C. 17-20.

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuTeta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



16 MalumHocTpoeHne n mawimHoseaeHne / Mechanical engineering and machine science

7. Cemun B.U. [loBepxHOCTHOE yNpOYHEHUE 3aMKOBOW pPe3bObl METOAOM KapOOHUTpa-
uu // Hedrsanoe xo3siicto. 2004. Ne 12. C. 104-106.

8. Ilat. 2624274 Poccuiickas ®@enepammsi, MIIK C21/] 1/09, B23K 26/352. Crioco6 06-
paboTKH pe3bOOBOro COeIUHEHHUs OYpUIIbHBIX TPYO U3 THUTAHOBBIX CIUIaBOB / AcTta-
moB A.A., Hukutun A.B., ImutpoB A.U., Cemora [LI1.; 3asButens u nateHTo001a1aTENb
«AO llenTpanbHOe KOHCTPYKTOPCKOE OrOpo MoOpckoil TexHUKH «Pyouny». Ne2015149445;
3asBi1. 17.11.2015; omy6u. 03.07.2017. brom. Ne 19.

9. Investigation of the pivoting friction of shkh15 steel over R6MS5 and 10R6MS-MP
steel with the use of mathematical modeling / A.D. Breki, A.G. Kolmakov, A.E. Gvozdev,
N.N. Sergeev // Inorganic Materials: Applied Research. 2019. Vol. 10. Ne 4. P. 927-932.

10. Breki A.D., Gvozdev A.E., Kolmakov A.G. Semiempirical mathematical models of
the pivoting friction of SHKh15 steel over R6MS steel according to the ball-plane scheme
with consideration of wear // Inorganic Materials: Applied Research. 2019. Vol. 10. Ne 4.
P. 1008-1013.

11. XKypasnes I'.M., I'BozneB A.E. O6paboTka cTasneii u CriiaBoB B HHTEpBaJe TeMIepa-
Typ (da3zoBbix npeBpamennii. Tyma: M3a-so Tynl'y, 2016. 320 c.

12. XKypasnes .M., I'BozneB A.E. [Inactuueckast qunarancus u nedopManroHHas mo-
BpEXKIAEMOCTh MeTaIoB U criaBoB. Tyna: U3a-soTynl'Y, 2014. 114 c.

13. Mechanism of the hydrogen cracking of metals and alloys, part I (review) /
N.N. Sergeev, A.N. Sergeev, S.N. Kutepov, A.E. Gvozdev, A.G. Kolmakov // Inorganic Ma-
terials: Applied Research. 2019. Vol. 10. Ne 1. P. 24-31.

14. Mechanism of the hydrogen cracking of metals and alloys, part II (review) /
N.N. Sergeev, A.N. Sergeev, S.N. Kutepov, A.E. Gvozdev, A.G. Kolmakov // Inorganic Ma-
terials: Applied Research. 2019. Vol. 10. Ne 1. P. 32-41.

15. I'Bo3neB A.E. Dkcrpemanbhble 3 GEKThl IPOYHOCTH U IUNIACTUYHOCTH B METaJInde-
CKUX BBICOKOJICTUPOBAHHBIX CIUTKOBBIX M MOPOIIKOBBIX CUCTEMaX. 2-¢ M3J., UCIPaB. U JIOIL.
Tyna: M3a-so Tyal'V, 2019. 477 c.

16. ®U3HKO-MEXaHMUYECKUE U KOPPO3HOHHBIC CBOWCTBA METAUIMYCCKHX MATEPHAJIOB,
sKcIutyatupyemsbix B arpeccuBHbIX cpenax / H.H. Ceprees, A.H. Ceprees, C.H. Kyrenos,
A.E. I'Bo3aeB, M.B. Ymakos, B.B. U3Bonbckuit. Tyna: MU3n-so Tynl'Y, 2019. 553 c.

17. ITar. 2707374 Poccuiickas @enepauus, MIIK B23K 26/38. Criocob ¢popmupoBaHus
YIPOYHEHHOTO MMOBEPXHOCTHOTO CJIOS B 30HE JIA3€PHOM PE3KH AeTallell M3 JIErMPOBAaHHBIX
KoHCTpyKunoHHbIX ctanei / CepreeB H.H., Munaes 1.B., Tuxonosa U.B., I'BozneB A.E.,
Ceprees A.H., KonmakoB A.T'., Kyrenos C.H., Manuii /I.B., T'onbiues 1.B.; 3asButens u
nateHTooOmanarens OO0 «METAJUIMKAT71». Ne 2019115250; 3asBn. 17.05.2019; omy6m.
26.11.2019. brom. Ne 33.

18. Tlat. Ne 2695715 Poccuiickas ®enepanus, MIIK B23K26/38. Cnocob ¢opmupoBa-

HUSI YIIPOUHEHHOTO MPUIIOBEPXHOCTHOTO CJIOS B 30HE JIa3epHON pe3ku neraineii / Munaes U.B.,

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuteta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



Axumoswny B. A., Bpekn A. [1., Anbxumerko A. A. n ap. MeTtoamka muccrnenoBaHust M3Hoca pesb0obl... 17

Ceprees H.H., Tuxonosa U.B., I'BozneB A.E., Ceprees A.H., Anssauna E.C.; 3asBurens u
nateHTooOmagarens OOO HIIIT «TEJIAP». Ne 2018140047; 3asBn. 14.11.2018; omy0m.
25.07.2019. bron. Ne 21.

19. UccnemoBanue MpOU3BOAUTEIBLHOCTH IMPOIECCA MOJYUYECHHUS TOPOIIKOB METOJI0M
anekTpospo3nonHoro aucrneprupoBanus / E.B. AreeB, b.A. Cemenuxun, E.B. Areena,
P.A. Jlaremos, H.A. IluBoBap // U3Bectuss Kypckoro rocynapcTBEHHOr0 TEXHHUYECKOTO
yausepcurera. 2010. Ne 4 (33). C. 76-82.

20. Ucnonp3oBaHNe TBEPIOCIUIABHBIX JIEKTPOIPO3MOHHBIX TMOPOIIKOB IS TOTY4EHUS
W3HOCOCTOMKHX MOKPBITHIA TIPU BOCCTAHOBIICHUH W YIPOYHCHHUH JETaJIel MAIIMH U UHCTPY-
menta / E.B. Arees, A.A. llaBeinoB, E.B. AreeBa, A.C. bounapes, E.Il. HoBukos // U3Be-
ctus FOro-3amagHoro rocymapctBeHHoro yamBepcutera. Cepusi: TexHHKa M TEXHOJOTHH.
2013. Ne 1. C. 32-38.

21. OueHka BIUSHHUS JKUJIKOTO CMa304YHOIO KOMIIO3UI[MOHHOTO MaTepualia ¢ HaHO4Ya-
cTHLIaMu reoMou¢uKaTopa Ha TpeHue B noamumnHukoBoM y3ine / A.Jl. bpexu, O.B. Tonou-
ko, H.E. Crapuxos, JI.A. [Iposotopos, H.H. Ceprees, E.B. Arees, ['Bo3nes A.E. // U3BecTus
IOro-3anangnoro rocynapcrtsennoro ynuepcutera. Cepusi: Texnuka u texHonoruu. 2015.
Ne 3 (16). C. 17-23.

References

1. Semin V.. Primenenie sovremennykh metodik proektirovaniya rez'bovykh so-
edinenii trub neftegazovogo sortamenta [Application of modern methods for designing
threaded connections of oil and gas pipes]. Stroitel'stvo neftyanykh i gazovykh skvazhin na
sushe i na more = Construction of Oil and Gas Wells on Land and at Sea, 2012, no. 7, pp. 6-
9 (In Russ.).

2. Semin V.I. Sovershenstvovanie konstruktsii rez'bovykh soedinenii trub neftegazovogo
sortamenta i zaboinykh dvigatelei [Improving the design of threaded connections of oil and
gas pipes and downhole engines]. Vestnik Assotsiatsii burovykh podryadchikov = Bulletin of
the Association of Drilling Contractors, 2013, no. 1, pp. 33-37 (In Russ.).

3. Basovich V.S., Buyanovsky LN., Petunkin I.V. Vliyanie momenta krepleniya zam-
kovykh soedinenii na ekspluatatsionnye kharakteristiki alyuminievykh buril'nykh trub [In-
fluence of the moment of fastening of lock connections on the performance characteristics of
aluminum drill pipes]. Burenie i neft = Drilling and Oil, 2016, no. 4, pp. 42-47 (In Russ.).

4. Mukashev N.B. [Tightness of threaded connections of drill pipes]. SEVERGE-
OEKOTEKh-2013. Materialy XIV mezhdunarodnoi molodezhnoi nauchnoi konferentsii.
[SEVERGEOEKOTEKA-2013. Materials of the XIV international youth scientific confer-
ence]. Ukhta, 2013, pp. 122-125 (In Russ.).

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuTeta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



18 MalumHocTpoeHne n mawimHoseaeHne / Mechanical engineering and machine science

5. Kuzminykh D.V. [Improvement of methods for increasing the durability of the lock
connection of the drill string during multiple screwing]. Severgeoekotekh-2011. Materialy
XII mezhdunarodnoi molodezhnoi nauchnoi konferentsii [Severgeoekotech-2011. Materials
of the XII international youth scientific conference]. Ukhta, 2011, pp. 140-145 (In Russ.).

6. Vakhrushev A.V. Vysokomomentnye rez'bovye soedineniya buril'nykh trub. Opyt
primeneniya [high-Torque threaded connections of drill pipes. Experience of application].
Neft'. Gaz. Novatsii = Oil. Gas. Innovations, 2014, no. 11 (190), pp. 17-20 (In Russ.).

7. Semin V.I. Poverkhnostnoe uprochnenie zamkovoi rez'by metodom karbonitratsii
[Surface hardening of the lock thread by carbonitration method]. Neftyanoe khozyaistvo =
Oil Economy, 2004, no. 12, pp. 104-106 (In Russ.).

8. Astashov A. A., Nikitin A.V., Dmitrov A. 1., Selyuta P.P. Sposob obrabotki
rez'bovogo soedineniya buril'nykh trub iz titanovykh splavov [Method for processing thread-
ed connections of drill pipes made of titanium alloys]. Patent RF, no. 2624274, 03.07.2017.
(In Russ.).

9. Breki A.D., Kolmakov A.G., Gvozdev A.E., Sergeev N.N. Investigation of the pivot-
ing friction of shkh15 steel over R6MS and 10R6MS5-MP steel with the use of mathematical
modeling. Inorganic Materials: Applied Research, 2019, vol. 10, no 4, pp. 927-932.

10. Breki A.D., Gvozdev A.E., Kolmakov A.G. Semiempirical mathematical models of
the pivoting friction of SHKh15 steel over R6MS steel according to the ball-plane scheme
with consideration of wear. Inorganic Materials: Applied Research, 2019, vol. 10, no. 4,
pp- 1008-1013.

11. Zhuravlev G.M., Gvozdev A.E. Obrabotka stalei i splavov v intervale tempera-tur
fazovykh prevrashchenii [Processing of steels and alloys in the temperature range of phase
transformations]. Tula, Tula State University Publ., 2016. 320 p. (In Russ.).

12. Zhuravlev G.M., Gvozdev A. E. Plasticheskaya dilatansiya i deformatsionnaya po-
vrezhdaemost' metallov i splavov [Plastic dilatancy and deformational damage of metals and
alloys]. Tula, Tula State University Publ., 2014. 114 p. (In Russ.).

13. Sergeev N.N., Sergeev A.N., Kutepov S.N., Gvozdev A.E., A.G. Kolmakov Mecha-
nism of the hydrogen cracking of metals and alloys, part I (review). Inorganic Materials:
Applied Research, 2019, vol. 10, no. 1, pp. 24-31.

14. Sergeev N.N., Sergeev A.N., Kutepov S.N., Gvozdev A.E., Kolmakov A.G. Mech-
anism of the hydrogen cracking of metals and alloys, part II (review). Inorganic Materials:
Applied Research, 2019, vol. 10, no. 1, pp. 32-41.

15. Gvozdev A. E. Ekstremal'nye effekty prochnosti i plastichnosti v metalliche-skikh
vysokolegirovannykh slitkovykh i poroshkovykh sistemakh [Extreme effects of strength and
plasticity in metal high-alloy ingot and powder systems]. Tula, Tula State University Publ.,
2019. 477 p. (In Russ.).

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuteta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



Axumoswny B. A., Bpekn A. [1., Anbxumerko A. A. n ap. MeTtoamka muccrnenoBaHust M3Hoca pesb0obl... 19

16. Sergeev N.N., Sergeev A.N., Kutepov S.N., Gvozdev A.E., Ushakov M.V., Izvol-
sky V.V. Fiziko-mekhanicheskie i korrozionnye svoistva metallicheskikh materialov, eksplu-
atiruemykh v agressivnykh sredakh [Physical-mechanical and corrosion properties of metal
materials operated in aggressive environments]. Tula, Tula State University Publ., 2019.
553 p. (In Russ.).

17. Sergeev N. N., Minaev I. V., Tikhonova I. V., Gvozdev A. E., Sergeev A. N.,
Kolmakov A. G., Kutepov S. N., Maliy D. V., Golyshev 1. V. Sposob formirovaniya up-
rochnennogo poverkhnostnogo sloya v zone lazernoi rezki detalei iz legirovannykh kon-
struktsionnykh stalei [Method for forming a hardened surface layer in the zone of laser cut-
ting of parts made of alloyed structural steels]. Patent RF, n0.2707374, 2019 (In Russ.).

18. Minaev I. V., Sergeev N. N., Tikhonova I. V., Gvozdev A. E., Sergeev A. N., Al-
yavdina E. S. Sposob formirovaniya uprochnennogo pripoverkhnostnogo sloya v zone laz-
ernoi rezki detalei [Method for forming a hardened near-surface layer in the zone of laser
cutting of parts]. Patent RF, no. 2695715, 2019 (In Russ.).

19. Ageev E. V., Semenikhin B. A., Ageeva E. V., Latypov R. A., Pivovar N. A. Issle-
dovanie proizvoditel'nosti protsessa polucheniya poroshkov metodom elektroerozionnogo
dispergirovaniya [Research of productivity of the process of obtaining powders by the meth-
od of electroerosive dispersion]. Izvestiva Kurskogo gosudarstvennogo technicheskogo uni-
versiteta = Proceedings of the Kursk State Technical University, 2010, no. 4 (33), pp. 76-82
(In Russ.).

20. Ageev E. V., Davydov A. A., Ageeva E. V., Bondarev A. S., Novikov E. P.
Ispol'zovanie tverdosplavnykh elektroerozionnykh poroshkov dlya polucheniya iznosostoi-
kikh pokrytii pri vosstanovlenii i uprochnenii detalei mashin i instru-menta [Use of hard-
alloy electroerosive powders for obtaining wear-resistant coatings when restoring and
strengthening machine parts and tools]. Izvestiya Yugo-Zapadnogo gosudarstvennogo uni-
versiteta. Seriya: Tekhnika i tekhnologii = Proceedings of the Southwest State University.
Series: Engineering and Technologies, 2013, no. 1, pp. 32-38 (In Russ.).

21. Breki A.D., Tolochko O. V., Starikov N. E.,Provotorov D. A., Sergeev N. N., Age-
ev E. V., Gvozdev A. E. Otsenka vliyaniya zhidkogo smazochnogo kompozitsionnogo mate-
riala s nanocha-stitsami geomodifikatora na trenie v podshipnikovom uzle [Evaluation of the
influence of a liquid lubricating composite material with nanoparticles of a geomodifier on
friction in a bearing unit]. lzvestiya Yugo-Zapadnogo gosudarstvennogo universiteta. Seriya:
Tekhnika i tekhnologii = Proceedings of the Southwest State University. Series: Engineering
and Technologies, 2015, no. 3 (16), pp. 17-23 (In Russ.).

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuTeta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



20 MalumHocTpoeHne n mawimHoseaeHne / Mechanical engineering and machine science

UHcpopmauua o6 aBTopax / Information about the Authors

SAxumoBu4 Banepuii AnexcanapoBuy,
BEAYIINI HH)KEHEep HayYHO-HUCCIIEeI0BATEIhCKOTO
1 o0pa3oBarelbHOro eHTpa «Besepdop-
[Monmurexuuk»y, PI'AOY BO «CIIoITY

[erpa Benukoroy, r. Cankr-IlerepOypr,
Poccuiickas @enepanus,

e-mail: valera spb@inbox.ru

Bpexn Anexcanap xanwiabeBu4, KaHIUIAT
TEXHUYECKUX HaYyK, TOLEHT BBICIIEH IIKOIBI
marmHocTpoeHust, DTAOY BO «CIIOITY Ilerpa
Benukoroy, r. Cankr-IlerepOypr,

Poccuiickas @enepanus,

e-mail: albreki@yandex.ru

AJBXMMEHKO AJlekceil AJleKcaHIpOBHY,
JTUPEKTOp HAYIHO-TEXHOJIOTHYECKOr0 KOMILIeKca
«HoBBIe TEXHOOTUHU U MaTEpUaIb),

OIAOY BO «CII6ITY Ilerpa Benukoroy,

r. Cankr-IlerepOypr, Poccuiickas denepanus,
e-mail: 958643 5@mail.ru

Kypaknn Makcum KoHcTaHTUHOBMY,
WHXXEHEep OT/IeNa 10 B3auMOIEHCTBHIO

¢ 000pOHHO-TIPOMBIIIIIEHHBIM KOMILIIEKCOM,
OIAOY BO «CII6ITY Ilerpa Benukoroy,

r. Cankr-IlerepOypr, Poccuiickas denepanus,
e-mail: kurakin@spbstu.ru

Jsmenko Janunia BaaguMupoBu4, WHXEHED
HAYYHO-HCCIIEIOBATENBCKOTO U 00pa30BaTEILHOTO
nentpa «Besepdopa-Ilomurexanx» ®IAOY BO
«CIIGITY Ilerpa Benukoro», r. Cankr-IlerepOypr,
Poccuiickas ®enepanus,

e-mail: liashenko@spbstu.ru

AreeB EBrennii BuktopoBu4, 10KTOp
TEXHUYECKUX HayK, nmpodeccop, mpodeccop
Kadenpbl TEXHOIOTUN MAaTEPHAIIOB U TPAHCIIOPTA
OI'bOY BO «IOro-3amannelii rocyqapCcTBEHHBIN
yHHUBepcuTe™, r. Kypck, Poccuiickas ®eneparus,
e-mail: ageev_ev(@mail.ru,

ORCID: http://orcid.org/0000-0002-3862-8624
KytenoB Cepreii HukonaeBu4, kaHauaat
MeIarornueckux HaykK, JOICHT,

OI'BOY BO «Tynbckuii rocyaapcTBEHHBIN
nexgarornueckuil yausepeurer um. JI.H. Toncroroy,
r. Tyna, Poccuiickas ®enepanus,

e-mail: kutepov.sergei@mail.ru

I'Bo3aeB Ajsekcanap EBrenbeBu4, 10KTOp
TEXHUYECKUX HayK, podeccop, TiIaBHbIH
Hay4aHbIHA coTpynHUK, PI'BOY BO «Tynbckuit
roCyJJapCTBEHHBIN NIEAArOrnYeCcKuii
ynusepcuter um. JI.H. Toncroroy,

r. Tyna, Poccuiickas ®enepanus,

e-mail: gwozdew.alexandr2013@yandex.ru

Valeriy A. Yakhimovich, Leading Engineer

of the Research and Educational Center
Weatherford-Polytechnic, Peter the Great SPbPu,
Saint Petersburg, Russian Federation,

e-mail: valera spb@inbox.ru

Aleksandr D. Breki, Cand. of Sci. (Engineering),
Associate Professor, Higher School of Mechanical
Engineering, Peter the Great SPbPu,

Saint Petersburg, Russian Federation,

e-mail: albreki@yandex.ru

Aleksey A. Alkhimenko, Director of the
Scientific and Technological Complex «New
technologies and materials», Peter the Great
SPbPu, Saint Petersburg, Russian Federation,
e-mail: 9586435@mail.ru

Maksim K. Kurakin, Engineer of the
Department for Interaction with the Military-
Industrial Complex, Peter the Great SPbPu,
Saint Petersburg, Russian Federation,

e-mail: kurakin@spbstu.ru

Daniil V. Lyashenko, Engineer of the Research
and Educational Center Weatherford-Polytechnic,
Peter the Great SPbPu, Saint Petersburg,

Russian Federation e-mail: liashenko@spbstu.ru

Evgeny V. Ageev, Dr. of Sci. (Engineering),
Professor, Professor of the Department of Materi-
als and Transport Technology, Southwest State
University, Kursk, Russian Federation,

e-mail: ageev_ev(@mail.ru,

ORCID: http://orcid.org/0000-0002-3862-8624

Sergey N. Kutepov, Cand. of Sci. (Engineering),
Associate Professor, Department of Technology
and service, Tula State Pedagogical University
named after L. N. Tolstoy, Tula, Russian
Federation, e-mail: kutepov.sergei@mail.ru

Aleksandr E. Gvozdev, Dr. of Sci. (Engineering),
Professor, Professor, Chief Researcher,

Tula State Pedagogical University named

after L. N. Tolstoy, Tula, Russian Federation,
e-mail: gwozdew.alexandr2013@yandex.ru

M3Bectus KOro-3anagHoro rocygapcTeeHHoro yHusepcuteta / Proceedings of the Southwest State University. 2020; 24(3): 8-20



