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(57) 3amayell HACTOSIIET0 W300PETEHHUS SBISETCA CO3MaHUE PE3bOOBOTO COCAMHEHHMS AN CTAIBHBIX TPyO OOIBIIOro

JMaMeTpa, KOTOPOe MOXKET ITOKa3bIBaTh BHICOKOE COMPOTHBIECHNE KPYTSIIEMY MOMEHTY U BBICOKYIO T€PMETHIHOCTD
U, OJHOBPEMEHHO, OOECIeYNBaTh CONPOTUBICHHE CABUTY, KOTOPOE IMOAXOAMT IS pa3Mepa CTalbHOH TpPYOBI,
noanexamei coequHeHno. Pe3rboBoe coenunenue (1) s craiapHBIX TPYO comep:kuT TpyOuarsiid Hunmens (10),
obecrevyeHHbIN Ha OKOHEUHOCTH CTaJIbHOM TPyOsI (2) 60mbIoro quamerpa, 1 Tpybouaryio mydry (20), BEITOIHEHHYIO
C BO3MOXHOCTBIO ckperieHus: Ha Hummene (10), xorna Hunmens (10) BBuHumBaercs. Hummens (10) comepxut
oxBatbiBaeMyto Gopmy (11) pe3nObl, BEIMOIHEHHYIO ¢ KOHHYECKO# pe3bboit. MydTa (20) comepKuT oxXBaThIBaroLIast
¢dopmy (21) pe3bObl, BBHIIOTHEHHYIO C KOHMYeckod pe3pbOoi. Kaxmas u3 dopm (11 m 21) pe3nbbl sBiseTcs
KJIMHOBHUJIHOHU pe3b0oii M uMeeT cedeHue B hopme racTouknHa xpocra. OxarbiBaemast popma (11) pe3sObl BBIIOTHEHA
C BO3MO)KHOCTBIO YAOBJIETBOPATH CICAYIOUMM BhIpaxeHHsM (1) u (2), Tak 4TO MIMPUHY Pe3bObl B KOHIIEBOI 001acTH
0XBaTbIBaeMOH ()OPMBI pe3bObI OJIHKE K OKOHSYHOCTH YCTAaHABIMBAIOT C Pa3MEPOM, COOTBETCTBYIOLIMM pa3Mepy Tena
CTaNbHOI TPYOHI (2).
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OIIMCAHHUE U30BPETEHHUSA
2420-571431EA/018
PE3bBOBOE COEJMHEHMUE /IS CTAJIBHBIX TPYB

OBJIACTb TEXHHKH, K KOTOPOU OTHOCHUTC A U30EPETEHUE

[0001] Hacrosiiee n3o0peTeHre OTHOCUTCSI K pe3b0OBOMY COEAMHEHUIO ISl CTAJIbHBIX
TpyO, MPUMEHSIEMOMY ISl COEUHEHUS! CTAIbHBIX TPYO.

YPOBEHb TEXHUKHU

[0002] CranbHble TpyOBI, Ha3bIBaeMble TPyOAMU AJIST HEPTSHBIX CKBAXKUH, MPUMEHSIOT,
HaTpuMep, IJIsl BEACHUS Pa3BENKH MM TOObIMU B HE(PTIHBIX CKBAKUHAX, FA30BbIX CKBAKHHAX U
T.A. (HMKE B JJaHHOM JOKYMEHTE BMECTE Ha3bIBAEMbIX ‘HE(TSAHBIMU CKBOKMHAMH WJIH T.IL.),
pa3paboTke HEOOBIUHBIX 3aMaCOB TAKUX KaK HE(TSHOW MECOK MITM CJIAHIIEBbIH ra3, BO3BpaTa UM
XPaHEHHsI BYOKHCH yriiepona (yJaBiIMBaHUS W 3axOpoHeHus yriekucioro raza (CCS), mns
NOJIYYEeHUS] TEOTEePMAaJbHONH SHEPrHM HJIM B WCTOYHHMKAX ropsiaed Boael. s coenmHeHUs
CTAJIbHBIX TPYO MPUMEHSFOT pe3b0OBOE COCTUHEHNE.

[0003] Takue pe3pOoBBIE COeAMHEHUS TPYO A HEPTSIHBIX CKBAKUH B OOIEM OTHOCAT K
KaTErOpHusiM THIIA C COSTMHUTENBHON My()TOH U MHTErPAIbHOTO TUIIA.

[0004] B coenuHEeHHH, OTHOCSINEMCS K THIy C COENUHUTEIbHONH My(QTOH, CTajabHbBIE
TpyOBl ~ COEOWHSIIOT, TMPHUMEHssA TpyOouaryro coenuHuTenbHyro Mydty. KonkpeTHO,
OXBaTBIBAIOINYIO pe3p0y OOECHeunBalOT Ha BHYTPEHHEH mepudeprun KaXAoro M3 KOHIOB
COEAMHUTENbHOW MY(ThI, @ OXBAaThIBAEMYIO pe3b0y oOecrnednBaroT Ha HapYXKHOH mepudepuu
KaXXJIOTO U3 KOHIIOB CTaJIbHOM TPYyOBI. 3aTe€M, OMUH KOHEIl OHOHN CTaJbHON TPYyObl CBUHUMBAIOT
C OJJHUM KOHIIOM CO€IMHUTENbHON My(ThI, 1 OJMH KOHEI PYTOH CTaNbHOU TPyObl CBUHUMBAIOT
C IPYTUM KOHLIOM COEAMHUTEIbHON My(ThI TaK, YTO JAaHHbIE CTAJIbHbIE TPYOb! coenuusoTes. To
€CTh, COeIMHEHNE TUIA C COCAMHUTEIBHON My(pTON HANPSAMYIO COSOUHSET mapy TpyO, ogHa u3
KOTOPBIX SIBJSIETCSI CTATIBHOM TPYOOH, U IpyTrast sIBISIETCS] COSMHUTENbHON My (HTOH.

[0005] HHTerpanbHbIM COEJUHEHHEM HAMPSMYI COENUHSIOT CTallbHble TPyObl Oe3
NMPUMEHEHUsT OTHENbHOW COeAMHHUTENbHOU My(pThl. KOHKpPETHO, OXBAaTHIBAKOINYID pPe3b0y
o0ecreynBarOT Ha BHYTPEHHEH mepudeprr OJHOro KOHIA CTaJbHON TPYOBI, & OXBATHIBAEMYIO
pe3p0y obecrneynBarOT Ha HApPYKHOW mnepudepun Opyroro KOHLA, W OAMH KOHEI OJHOH
CTalIbHON TPYOBI, OOECTIEUeHHBII OXBAThIBAEMOW Pe3b00H, BBUHUMBAIOT B APYTOH KOHEL APyron
CTabHON TPyOBI, oOecreueHHON OXBaThIBAIOIIEH pe3bOOl Tak, UYTO JAaHHBIE CTAJIbHbIE TPYOBI
COEIIUHSIOTCS.

[0006] CoenuHUTENbHBIN YYAaCTOK KOHIA CTAJbHOW TPYOBI, HA KOTOPOM oOOecreyeHa
OXBaThIBaeMasi pe3b0a, CONEP)KUT BJIEMEHT, TOJIEKAIINA YCTAHOBIKE B OXBATHIBAIOILYIO
pe3p0y, oOecredyeHHYI0 Ha CTajJbHOW TPyOe WM COSAUMHHUTEIbHOW My(Te, U OOBIYHO
Ha3bpiBaeMblil “HummeneM . KOHLEBOH y4acTOK CTambHON TPYOBI MIIM COETUHHUTENBHOH MYy(ThI,
Ha KOTOpPOM o0ecredeHa OXBaThIBAIOIIasi pe3b0a, COAEPKUT BJIEMEHT [Nl  IpueMa
OXBaTBIBAEMON pe3bObl CTaNbHOW TPyOBI, W HasbiBaeMblil “mMy¢roil”. Hummens u mydta
00pa3yroT KOHIIBI TPYO H, CII€I0BATENbHO, UMEIOT TpyOUaTyo Gopmy.

[0007] B mnocnenHee BpeMsi CTajlu IIMPOKO PACHPOCTPAHEHHBIMH TaKHE€ METOIUKH



cTpouTenbeTBa CKBaXXuH, Kak DwC (Oyperne oOcasHOM KOJOHHOH) U TOPU30HTAIbHOE OypeHue,
4yT0 00yCHaBIMBaeT OBICTPO YBEIMYHBAIOIIYIOCS MOTPEOHOCTh B COCNUHEHMSX, PACCUMTAHHBIX
Ha BBICOKUH KPYTALIMH MOMEHT. 3asBUTENN HACTOSILIEH 3asBKH W3TOTOBWJIM COCOUHEHUS IS
BBICOKOTO KPYTSILIEr0 MOMEHTa Ui CTaJbHBIX TPYO C HapyKXHBIMH auamerpamu 10 9-5/8"
(244,5 Mm), peacTaBlIeHHbIE PE3bOOBBIMU COEANHEHUSIMH C IPUMEHEHHEM KOHUYECKHX pe3bd ¢
CEYeHUSIMH B (hopMe JIaCTOYKMHA XBOCTA, KOTOPBIE TAKXKE U3BECTHBI, KAK KIMHOBHIHbBIE PE3bOBI,
Takue Kak packpeiThle IlatentHeiM Jlokymentom 1, wupeHTudunmpoBaHHbIM Huke. C
KJIMHOBUJIHBIMH pe3b0aMy LIMPUHA BBICTYNA pPe3bObl OXBAaThiBaeMOW (OPMbI Ha HUIIIENE
MOCTETIEHHO YMEHBIIAETCS 110 XOAY BAOJb CIHPAN Pe3bObl K OKOHEYHOCTH, a IIMPHHA KAHABKH
pe3pObl  OoxBarbiBaroIIeld (OpPMbI Ha TPOTUBOMNOJIOKHONH My(TE IMOCTENEHHO YMEHBIIAETCS
aHanmornyHo. JlonmojHHUTENbHO, 00€, pabdo4yre CTOPOHBI M 3aKJIagHbIE CTOPOHBI pPe3bObI
OXBaTBHIBAEMOH M OXBATHIBAIOIIEH (POPM UMEIOT OTPULIATENIbHBIC YIJIbI OOKOBOTO HAKJIOHA, KOTAA
CKpeIUICHNEe HUIIENS U My ThI 3aKOHYEHO, padOUYre CTOPOHBI COMPUKACAIOTCS APYT C IPYTOM, U
3aKJaHbIE CTOPOHBI COIMPHKACAIOTCS JAPYr C JAPYroM, TaK 4YTO pPe3bObl OXBAThIBAEMOH U
OXBaTBIBAKOIIEH (POPM SIBISIOTCS TUIOTHO NpUJIeratomuMe. JlaHHast KOHCTPYKLUS 0OecreunBaeT
pe3b00BOMY COEIMHEHUIO C KJIMHOBHIAHBIMH pPe3b0aMH BBICOKOE CONPOTUBIICHHE KPYTAIIEMY
MOMEHTY.

JOKYMEHTSI ITPEAIIECTBYIOIIEI'O YPOBHA TEXHUKHU

ITATEHTHBIE JIOKYMEHTbI

[0008] [TTarenTtHbiit JokymenT 1] nyOmukarust WO 2015/194193 Al

CYHIHOCTD U3OBPETEHMA

ITPOBJIEMBI, PEIITAEMBIE M30bPETEHHEM

[0009] 3asButenu Hacrosuled 3asBKH pa3padoTaid pe3pbOOBbIE COECAUHEHUS IS
BBICOKOT'O KPYTSIIEro MOMEHTA JUIsl CTANIbHBIX TPyO ¢ Oonmpmmumu nuamerpamu. [Ipu paspaborke
Pe3bOOBBIX COENMHEHUH ¢ aruaMeTpaMu Oosblne 9-5/8" cOryacHoO KOHCTPYKTHBHBIM CTaHAAPTAM,
MO CYIIECTBY, ONWHAKOBBIM C OOBIYHBIMH M TNPOBEICHUU HCHBITAHUI OIBITHBIX H3JENUH,
corimacHo ISO 13679:2011, Series A ¢ mpuiIoKeHUEM KOMIUIEKCHON HArpy3Ku, BO3HUKAJIO
CIBUIOBOE pa3pylIeHHe B pe3bOe OXBaThiBaeMblii (POpMBI HAa HUNMENE TPU MPUIOKESHUU
MAaKCUMAaJIbHON PaCTATMBAOLIENH HArPy3KU.

[0010] 3amaueit HacTosiero U300OpPETEHMsI SIBJISIETCS CO3JaHUE Pe3bOOBOTr0 COETUHEHHUSI
I CTaJbHBIX TPyO OONBIIOro 1nuamerpa, KOTOPOE MOXKET IEMOHCTPHPOBATH BBICOKOE
COINPOTHBJIEHHE KPYTALIEMY MOMEHTY W BBICOKYI) TI'€PMETHYHOCTb U, OIHOBPEMEHHO,
o0ecrnieunBaTh COMPOTHUBIIEHUE CABHUTY, MOAXOASIIEEe pasMepy CTAIbHOW TPyObl, MOIIeKalien
COEAMHEHUIO.

CPEJICTBO PEHIEHHMA ITPOBJIEM

[0011] ABTopel mpoBenu OOIIMPHBIE HCCIENOBAHMA M1 HASHTU(UKALUN TMPUYUH
paspylieHnst pe3bObl B OXBaThiBaeMOW (opMe B pe3bOOBOM COEIUHEHUH Uil BBICOKOTO
KPYTSIIEro MOMEHTA JUIsl CTAIbHBIX TPyO OonbIIoro nuamerpa W OOHAPYKMIIM, YTO IIHUPUHA
pe3pObl Ha KOHIIE OXBAaThIBAEMOHM (POPMBI, KOTOPBII ONMke K OKOHEYHOCTH, CIHMIIKOM Maja

OTHOCUTECJIbHO MPOYHOCTU Ha PACTSANKCHUE HIIN, APYIUMU CJIOBaAMH, COIIPOTHUBJICHUA CABUIY,



TpeOyeMoro OT CTajgbHOH TPyObl OOJBIIOrO AMAMETpa, M CABUIOBOE pa3pylleHHE BO3HHKAET
BHayaJie B MEePBOM BHUTKe (POpMBI pe3pObl, HAUMHAIOIIEMCSI OT KOHIA JAHHOW (hOPMBI pe3bObI
(HM>Ke B TAaHHOM JTOKYMEHTE Takyke Ha3bIBaeTCs “‘TIepBBIM BUTKOM pe3bObI”). Korma casurosoe
pa3pylueHre BO3HUKAET B IEPBOM BUTKE Pe3bObI, HATPY3KH KOHLEHTPUPYIOTCS HA BTOPOM BUTKE
pe3bObl, KOTOpas SIBISETCS CIEAYIOUIMM BUTKOM pe3bObl pACIOJOXKEHHBIM B HANpPaBICHUU
BHYTPb, KaK BUJIHO B CEYEHUH BO BTOPOM BHUTKE pPe3bObl, OOyCIaBINBasi CIBUTOBOE Pa3pyllIeHHe
BO BTOPOM BUTKE pe3b0Obl, KOTOPOE B CBOKO Ouepesib 00yCIaBINBAeT KOHLIEHTPALMIO HATPYy30K Ha
TPETbeM BUTKE pe3b0e, KOTOPBIN SIBJISIETCS CIEAYIOIIMM BUTKOM Pe3bObl PaCHONIOKEHHBIM B
HANpaBJICHUH BHYTPb, OOYCNABIMBAas 31€Ch CIBUIOBOE pa3pylleHHE, W TaK Jajee; TaKhUM
0o0pa3oM, MPUHSTO, YTO CABHIOBBIE PA3PYLIEHHsS BO3HHUKAIOT TOCJIEAOBATENIBHO B BUTKaX
oXxBaTbIBaeMOH (GOpMbI pe3bObI B OONBIION 00JIaCTH.

[0012] Ecniu mpumeHsieTcst 0ObIMHAST KOHMYECKAs pe3bda ¢ TparneuenaaibHbIM CEYeHUEM,
NPUJIOKEHNE YpEe3MEPHON pPACTATMBAIOIIEeH HArpy3KM HE BBI3BIBAET pa3pylleHUil B pe3pdax B
IIMPOKOM JHAMNa30He, XOTsI HUMIENb U My(Ta MOTyT NeOPMHUPOBATHCS TaK, YTO OXBAThIBAEMAast
pe3p0a BBICKAKMBAET M3 OXBaThIBaroIIel pe3pObl. C Apyroi CTOPOHBL, B Pe3bOOBOM COCTMHEHUN
IUI BBICOKOTO KPYTSIIEr0 MOMEHTA, KaK PAacCMOTPEHO BBIIIE, Pe3bObl ¢ cedeHneM B (opme
JACTOYKMHA XBOCTa B OXBAaTHIBAEMOW M OXBaThIBAIOIIEH (opMax MNpPOYHO CLEIUIEHBI, U
OXBaThIBAEMast U OXBAThIBAIOIAS (POPMBI pe3b0Obl HUKOTIa HE PACLIETUISIOTCS.

[0013] CooTBeTCTBEHHO, B pe3b00OBOM COSAMHEHUH UL BBICOKOTO KPYTSIIEr0O MOMEHTA C
OXBAaTBIBAEMBIII U OXBaThIBalOIEH (opMaMu pe3bObl, BHINOJIHEHHBIMH B (OpME JACTOYKHUHA
XBOCTa KJIMHOBHJHBIMHU pe3b0aMu, Kak BUJHO B CEUYEHHUH, IPOYHOCTh IEPBOIO BUTKA PE3bOBI, B
KOTOPOM CIIBUI'OBO€ pa3pyllIE€HHE BO3HUKAET IEPBBbIM, SBJIAETCS BAXKHBIM Ul OOeCHeueHHs
HY>KHOH IPOYHOCTH Ha pacTsbkeHue. Kak Ha MHOUKATOpe ISl OLEHKH CONPOTUBJIEHUS CIBUTY
IepBOrO BUTKA pPe3bOBbl, AaBTOPBI COCPENOTOUMJIM BHHMaHME Ha OObeMe IMIMHAPA,
V=n/4-{(Dw+2T H)2—DW2}XWmm, rae Wpin, - MHUHHMajbHas LIMPUHA pe3bObl B KOHLEBOMH
o0y1acTu OXBaThIBAEMOU (POPMBI pe3bObI, PACMIONOKEHHON OJIMKe K OKOHEYHOCTH, U3MEpPEHHasI
HAa y4acTKe pe3bObl ¢ HauMeHbINEeH MHMPUHON pe3bObl (T.e. OCHOBAHWUHU Pe3bObI), K KOTOPOIl
OTHOCATCSI, KaK K aKCHaJIbHOU muHe; Dy, . nuameTp BHaguHbl Npoduis pe3bObl B TAKOH 30HE, K
KOTOPOH OTHOCSITCS, KaK K BHYTPEHHEMY IMAMETPy LHJIUHApa, u Ty - BbICOTa Pe3bOBI, K
KOTOPOH OTHOCSITCS, KaK K TOJIIUHE CTEHKH.

[0014] JlomomHUTENBHO, COPOTUBJIEHUE CABHUTY, TpeOyeMoe OT pe3bObl, BApbHPYETCS B
3aBHCUMOCTH OT aOCOJIOTHOH BENUYMHBI PACTSATHBAKOLIEH HArpy3KH, MpPH KOTOPOH TeNo
CTaJIbHON TPYOBI MEPEXOIUT Uepe3 Mpeaes TEKYIeCTH.

[0015] Ha ocHOBe BCeX NaHHBIX MCCIEIOBAHUI aBTOPBI OOHAPYIKMIIU, YTO €CIIA PE3bObI B
KOHIIEBOM Yy4YacTKe OXBaTbiBaeMOH (OpMbl pe3bObl HUMEIOT CONPOTHBIEHHWE CIBUIY,
COOTBETCTBYIOLIEE DPa3Mepy CTaJbHOH TPyObl, pe3prOOBOE COEAMHEHHE U CTaJbHBIX TPYyO
OoNBIIOro HMaMeTpa JEMOHCTPUPYET BBICOKOE COMPOTUBJICHHWE KPYTALIEMY MOMEHTY U
BBICOKYIO F€pMETUYHOCTH O€3 CIIBUTOBOIO pa3pylIeHHs B pe3bde.

[0016] Pe3pboBOE coennHeHNe sl CTANBHBIX TPYO HACTOSIIErO U300PETEHUsT CONEPIKUT

TpyOuaTbiii HuUNNeNb, OOeCHeueHHbIH HAa OKOHEYHOCTH CTaJbHOW TpyObI C HApY>KHBIM



nuamerpoM OD OGonpme 240 mm, u TpyO4aTtyro My(QTy, BBIIOJHEHHYIO C BO3MOXXHOCTBIO
CKPEIUJICHNs] Ha HUIMIeJe, KOra HUMIeIb BBUHYMBAETCs. HUmNmenb COmEp>KUT OXBATHIBAEMYIO
¢bopMmy pe3bObl, BBIMOJHEHHYID C KOHHUYECKOW pe3pOol, OOpasoBaHHON Ha HAPYKHOU
nepudepun HUMIENS U UMEIoLIeld cedeHue B (popme jactoukuHa xBocta. Mydra comepkur
OXBATBIBAIOIIYI0 (OpMy pe3bObl, BBIMOJHEHHYIO C KOHHYECKOH pe3bOoil, 00pa3oBaHHOH Ha
BHyTpeHHEH nepudepun MypTsl U UMeIOIel ceueHue B (popme jacToukuHa xBocTa. JlaHHAas
oxBaTbiBaroIas ¢gopma pe3pObl nMeeT NpoduiIb pe3bObl, COOTBETCTBYIOLIWI OXBAaThIBAEMON
pe3pOe. JIOMOMHHUTENBHO, IIAr 3akKJIagHBIX CTOPOH MJisi OXBaTbiBAeMOUW (GopMbl pe3bObl U
OXBaThIBAOIIMK (HOpMBbI pe3bObl MEHbINE Hiara pabO4YMX CTOPOH Uil OXBAThIBAEMOW (HOPMBI
pe3bObI M OXBaThIBAKOIIEH (POPMBI PE3bOBL.

[0017] OxBateiBaemasi popmMa pe3bObl YAOBIETBOPSET CIECAYIOUIMM BbIpaskeHHsM (1) u
(2):
{(Dy +2Ty)? — Dy} x Wy,

{(0D)z — (1D)?}

Wnin>3,0 MM ... (2).
[0018] B Bepaxkenusx (1) u (2), OD - HapyxHBI nuamerp crtanpHOW TpyOsl, ID -

0.40 = M <0.60--(1)

BHYTPEHHUH AMaMeTp CTanbHOU TpyObl, Dw - nnamerp BmaauHbl npoduiis, CMEKHON ¢ paboueit
CTOPOHOH Ha KOHIIE OXBaThIBAEMOU (hOPMBbI pe3bObl OJIHKE K OKOHEUHOCTH, Th - BBICOTA Pe3bObl
oxBaTbiBaeMON (GopMbl, © Wyin - IIHpPUHA pPe3bObl, M3MEPEHHAs Ha OCHOBAHWU pPE3bObI, B
KOHLIEBOI 00s1acTH OXBaThIBAeMOM (OPMBI pe3bObl OJIIKE K OKOHEUHOCTH.

IMPEMMYIIECTBA U30BPETEHMA

[0019] Hacrosimee n3oOpereHue obOecrieunBaeT pe3bOOBOE COSAMHEHHE ISl CTAbHBIX
TpyO OONBIIOro nuameTpa, KOTOPOE COAEPKUT OXBAaThiBaeMyr (opMy pe3bObl Ha HUIIENE C
CONPOTHUBJIEHHE CABHUTY, KOTOPOE MOAXOIUT JUJI pa3Mepa CTalbHOH TpyObl OOJBIIOrO Auamerpa
U KOTOpoe o0ecrneynBaeT BBICOKOE COINPOTHUBJIEHHE KPYTAIIEMY MOMEHTY U BBICOKYIO
TepPMETUYHOCTb.

KPATKOE OITMCAHUE YEPTEXEU

[0020] Ha ¢wur. 1 mokasaHo npoAoIbHOE CeueHne Pe3bOOBOr0 COSUHEHHS ISl CTATbHBIX
TpyO BapHaHTa OCYLIECTBICHUS MO OCH TPYOBL

Ha ¢ur. 2 mnoka3aHo ¢ YyBEJMYEHHEM TMPOJOJbHOE CEUEHHE OXBATBIBAEMBIH H
oxBaThIBaroIIeH popm pe3pOsl ur. 1.

Ha ¢ur. 3 mnoka3aHo ¢ yBelWYeHUEM TIPOAOJBHOE CEYCHHE KOHIIEBOW 3OHBI
OXBaTbIBaeMOI (popMbl pe3bObI Gur. 1 Oike K OKOHEUHOCTH.

Ha ¢ur. 4 nokazana rpaduueckas OLEHKAa Pe3yJIbTATOB COMPOTHUBJICHUS KPYTALIEMY
MOMEHTY C MPUMEHEHHEM aHaJIN3a METOJJOM KOHEUHBIX 3JIeMeHTOB (nanee anannsa FEM).

Ha ¢ur. 5 mokasan myTh Harpy:keHus, IMOJYYEHHbIH W3 OLEHOK Te€PMETHYHOCTH C
npuMeHeHueM aHanusa FEM.

Ha ¢ur. 6 nokasans! pe3ynbTaTsl rpaduuecKoil OLlEHKN FepMETUYHOCTH C IPUMEHEHUEM

ananmza FEM.



Ha ¢ur. 7 mokasanel pe3ynbTarbl rpaU4eckoll OLEHKH CONPOTUBICHUS CIBUTY C
npuMeHeHueM aHanusa FEM.

BAPUAHTBI OCYIIECTBJIEHWA U3OBPETEHMA

[0021] Pe3pboBoe coeauHeHUe Ui CTAlIbHBIX TPYO HACTOSIIErO BapHaHTa
OCYLIECTBJICHHUs] COAEPKUT TPyOuaThlii HUMMENb, OOECHEYeHHBbI Ha OKOHEYHOCTH CTaJIbHOH
TpyOBl ¢ HapyxxHbIM nuamerpoM OD Gombire 240 MM, 1 TpyO4aTyo MyQTy, BBIIOJIHEHHYIO C
BO3MOXXHOCTBIO CKPEIUICHHs] Ha HUIIINeNe, KOrJa HUMMelb BBUHYMBaeTcs. Hunmenb conmepkut
OXBaThIBAEMyI0 (OpMy pe3bObl, BBINOJHEHHYI) C KOHHYECKOW pe3b0oii, 0O0pa3oBaHHOH Ha
HApY>KHOW mepudepun HUMIETsT W UMeEroIel ceueHne B (opme acToukuHa XBOcTa. MydTa
CONEP’KUT OXBATHIBAKOINYID (HOpPMY pe3bObl, BBIMOJHEHHY) C KOHHYECKOW pe3nOoi,
o0Opa3oBaHHON Ha BHyTpeHHel nepudepru My(Thl 1 UMEIOIIeH ceueHrne B (popMe TacTOYKHUHA
xBocTa. JlaHHas oxBaTeiBaromasi Gopma pe3pObl MMeeT Mpodiib pe3bObl, COOTBETCTBYIOIIUN
OXBaTbIBaeMOH (popme pe3bObl.

[0022] JlomonHUTENBHO, Iar 3aKJaJHbIX CTOPOH JAJIsl OXBAThIBAEMOI (OpMBI pe3bObI U
OXBaThIBarOIIEeH (HOpPMbI pe3bObl MeHbIIE Iara pabodmx CTOPOH Ui OXBAaThIBAEMOH (POPMBI
pe3bObl m oxBarhBaromed ¢Gopmbl pe3pObl. To ecTh, Kakmas U3 OXBATHIBAEMOW W
OXBaTbIBarOIIe (OpM pe3bObl TpPENCTaBiIeHa KIWHOBHIHON pe3b0Oi, UMEIOIIeH MIHUPUHY
pe3bOBbI, KOTOPast MOCTENEHHO YMEHBIIAETCS MJIH YBEJIMYUBAETCS] K OKOHEUHOCTH.

[0023] OxBatbiBaeMast hopMa pe3bObl yIOBJIETBOPSET CAENYIOIUM BeIpakeHusM, (1) u
(2):

{(DW + 2TH)2 - DWZ} X Winin < 0.60-- (1

py—apyy -0

0.40 =

Wiin>3,0MMm ... (2).

[0024] B Beipaxenusx (1) u (2), OD - nHapyxHbIli auamerp crajbHOH TpyObl, ID -
BHYTPEHHUIH TUaMeTp CTajJbHON TpyObl, Dw - nuamerp BnaauHbl npoduis cMeXHOI ¢ paboueit
CTOPOHOI Ha KOHIIE OXBaThIBAEMOU (POpMBbI pe3bObl OJIHKE K OKOHEUHOCTH, Ty - BBICOTA Pe3bObl
oxBaTbiBaeMOH (opMbl U Wy,in - LIMPUHA Pe3bObl, M3MEPEHHAsT Ha OCHOBAHUHM pPe3bObl, B
KOHLIEBOI 00acTH OxBaThIBaeMOH (HOpMbI pe3bObl, Onmke K OKOHEYHOCTH. BricoTa pe3pObl
OXBaThIBAEMOH M OXBaThIBaroIIel GopM B oOmeM oguHakoBas. Bricota pe3bObl OXBaThIBAEMOI
(bopMBI 1 BBICOTA pe3bOBI OXBATHIBAIOIIEH (POPMBI SIBJIIETCSI TOCTOSTHHOM 110 BCEH JUTMHE y4acTKa
BUHTOBOM MOJHONPO(UIBHON Pe3bOBI.

[0025] bonee mnpenmoYTUTENBbHO, OXBaTbiBaeMast (opma pe3pObl  yIOBIETBOPSIET
clenyroleMy BeipaskeHuto (3):

{(Dw + 2T4)? — Dy} X Wy,

{(0D)? — (ID)?}

0.45 < <050 --+(3)

[0026] B pe3pboBOM CoemUHEHNN JUIA CTAIBHBIX TPYO HACTOALIErO0 M300PETEHUS BBICOTA
pe3rObl, Ty oxBaTbiBaeMOH (OPMBI MPENNIOUTUTEIBHO He MeHbIne 1,8 MM, mis obecrieueHus
JOCTaTOYHOTO COMPOTUBIIEHHE KPyTsAlieMy MOMeHTY. C Ipyroii CTOpOHBI, €CJIU BbICOTA Pe3bOBbl,

Ty oxBareiBaeMON (POpPMBI CIUIIKOM OOJbIIas, 3TO O3Ha4YaeT rIyOOKHWe KaHaBKU pe3bObl Ha



BHYTpeHHell nepudepun My(Thbl, KOTOpble YMEHBLIAIOT MPOYHOCTb HA PACTSHKEHHE MYy(QTHI;
NPUHUMAst 3TO BO BHUMAaHHE, BBICOTA Pe3bObl, Ty OXBaThIBAeMOIl (POPMBI, MPEATIOYTUTENBHO, HE
Oonpie 2,3 MM.

[0027] dopmbl B ceueHMM BEpLIMH pe3bObl OXBATHIBAEMOM M OXBaThIBAKOIEH (GopM
pe3bOBl U (GOPMBI B CEYEHUH BIAAMH MPOQUIIS OXBATHIBAEMOH M OXBaTbhiBarolIed (Gopm pe3nObl
MOTYT OBITH OTpPE3KaMH MpPSMOH, MapajuIeNbHBIMH OCH CTaJbHOW TpPyOBI, MJIM MOTYT OBITbH
OTpe3KaMM TMPsMON, HAKJIOHEHHBIMH HA YyIrojd KOHYCHOCTHM BCEH OXBaTblBAEMOW W
OXBaThIBAIOIIEH pe3bObL.

[0028] “OxBatbiBaecmasi ¢dopma pe3bObI’ M “OxBaTbiBaroInas (opma pe3bObl’, Kak
onpeneneHo B Gopmytie u300pETeHHs, MOKET COAEPKaTh OOJNACTh MOJHOMPOPUIBHON Pe3bObl,
I7Ie IUara3oH B KOTOPOM 00J1acTh MOJHOMPO(IIbHONW pe3bObl OXBAaThbIBAEMOM (POpPMBI U 00IACTh
NOJHONPO(MIIBHON pe3bObl OXBAThIBAIOIIEH (POPMBI SBISIOTCS TUIOTHO MPUIETAIOLINMU, KOTAa
HUMMENb U My(pTa CKperieHbl, MOKET UMeTh JUIHHY 1o ocu 40-60 mMm. MoxHO obecrneduThb
00JlacTh HEMOJHOMPO(PUIBHONH pe3bObl, KOTOpas MPOXOAUT Cpasy OT KOHI, Omke K
OKOHEYHOCTH OJIHOM WJIM K10 u3 obnactedl MoMHONPO(GUIbHOW pe3bObl, MPeaCcTaBISIOIINX
OXBaTBIBAEMYI0 M  OXBaThIBAKOIIYI (GopMmbl pe3pbObl. MokHO ofecreunTh  00NacTh
HETNOJHOMPODMIILHON pe3bObl WM APYTYI0 00JaCTh MOJHONPOPUIBHON pe3bObl C MOCTOSHHOM
IIUPHUHON pe3bObl, KOTOpask MPOXOAUT Cpasy OT KOHIA, OJIMKe K OCHOBAHUIO OJHON WIIM Ka)IOH
u3 obJyacreil MOJHONPOPUIBHON pe3bObl, MPENCTABISIONINX OXBATHIBAEMYIO U OXBaTHIBAOLIYIO
dbopMy pe3pObI, Kak ompenesieHo B Gpopmyie n3odperenus, (T.€. KOHeN OJke K Telly CTaIbHOM
TpyObl). B KOHTEKCTE HacTosimero n3o0pereHus: 00JacTh MONHONPOQUIBHON pPe3bObl MOXKET
OBITH OOJIACTHIO UMEIOLIEH MTOCIIeIOBAaTEIbHbIE BUTKH PE3bObI C IOCTOSIHHOMN BBICOTOH pe3bObl, U
00s1acTh He MOJTHOMPODUIBLHON Pe3bObl MOKET OBITh OOACTHIO C TTOCTENEHHO YMEHbIIAOIIENCs
BbICOTOI pe3rObl. Korma coenuuenue ckperuieHo, obe rpymibl, padoune CTOPOHBI U 3aKJIadHbIE
CTOpPOHBI pe3bd B 00nacTu MOMHONPOGUIBHON pe3bObl M 00JaCTH HEMOIHONPO(PUIBHON pe3bObl
OXBaThIBAeMOH (OpPMBI MOTYT OBITh B KOHTAKT€ C pabOYUMH CTOPOHAMH M 3aKJIaJHBIMHU
CTOpOHaMu pe3bObl OxBaThiBaroIel ¢Gopmbl. Korma coemuHeHue CkperieHo, o0e TPYIIbI,
paboumne CTOPOHBI U 3aKJIaIHbIE CTOPOHBI BUTKOB Pe3bObl B 00JIACTH MOJHOMPOPUIbHON pe3bObl
U 00JacTh HEMmOJHONPO(UIBHOW pe3bObl OXBaThIBAOLIEH (POPMBI MOTYT COINPHKACATHCS C
paboYuMH CTOPOHAMH U 3aKJIaJHBIMH CTOPOHAMH BUTKOB Pe3bObI OXBATHIBAEMOH (POPMBIL.

[0029] Kaxnas u3 pabo4ynx M 3aKJIaTHBIX CTOPOH KAKIAOW pe3bObl, UMEIOIIeH CeueHue B
¢dopMe NacTOYKMHA XBOCTA, UMEET OTPHLATENbHBIA yros OOKOBOro HakjoHa. Hampumep, yron
OOKOBOTO HAKJIOHA pa0OuYMX W 3aKJIaIHBIX CTOPOH MOKET COCTaBisiTh OoT —10° mo —1°. Vron
OokoBOro HakjoHa paboduell CTOPOHBI SBJISIETCS YIVIOM, OOpa3OBaHHBIM MeEXOy padoueit
CTOPOHOHW U TNpPSIMOH JIMHUEH mepneHauKysipHol ocu TpyOrl, CL (cm. ¢ur. 1) B mpononbHOM
ceueHNH. YToJ OOKOBOTO HAaKJIOHA 3aKJIQJHOM CTOPOHBI SIBJSIETCS YIJIOM MEXKAY 3aKIagHON
CTOPOHOH U MPSIMOM JIMHUEH MeprneHAnKyIspHoi ocu TpyOsl, CL B mpomonbHOM cedenuu. Ecnn
pabouasi uaM 3akJIaiHasl CTOPOHA MapaljiesibHa MPSAMON JTMHUU NMEPIEHIUKYJISIPHOH OCH TPYOBI,
CL, yron 6okoBoro HakyioHa paBeH 0°. Ecnu pabodast uin 3akianHasi CTOPOHA OXBAThIBAEMOM

pe3bObl HAKJIOHEHAa U oOpalleHa paauajbHO Hapy:Ky, yroj OOKOBOTO HAKJIOHA JAHHOW CTOPOHBI



NPUHUMAET TOJOXKHUTENbHOE 3HaueHue. Hamporus, ecnm padouass wiam 3akiagHas CTOpPOHA
OXBaThIBAEMOH pe3bObl HAKJIOHEHAa M OOpalleHa pagualbHO BHYTPb, Yroyl OOKOBOTO HAKJIOHA
TAHHOH CTOPOHBI MPUHUMAET OTpULIaTeNbHOE 3HaueHne. Ecnu pabouas nim 3akiagHas CTOpOHA
OXBaTBIBAIOIIEH pe3bObl HAKJIOHEHa U OoOpalleHa paguaJbHO BHYTPb, Yrojl OOKOBOTO HAaKJIOHA
JaHHOW CTOpPOHBI TPUHMMAET TOJOKUTEIbHOE 3HaueHwe. Hampotus, ecnu pabouast wim
3aKJIaHasi CTOPOHA OXBATBIBAIOIIEH pe3bObl HAKJIIOHEHA M OOpalieHa pajiualbHO HAPYKY, Yroll
OOKOBOr0 HAaKJIOHA JAHHOHW CTOPOHBI MPUHUMAET OTPULIATEIbHOE 3HAYCHHE.

[0030] HapyxHblii nguamMeTp Tejla CTAJbHOM TPyObl MOMKET COCTaBJIsITh, OoJiee
MPEINOYTUTENbHO, He MeHbIne 245 MM u, eme Ooyiee MPENNOYTHTENHHO, HE MeHbine 270 MM,
HapyxHblil nuamerp Tena CTaJbHOW TPYyObI, MPEANOYTHTENBbHO, HE Oombine 400 mMm, U erme
Oonee mpeAnoYTHTENHHO, He Ooybine 350 MM u, HauboJiee MPEANOUTUTENbHO, He Oonbine 310
mM. Teno cranbHOI TpyObl, MPEANOYTUTENBHO, UMEET TONLIMHY CTEHKH, B OOIIEM MOCTOSTHHYIO
no Bcell mumHe mo ocu. Teno crambHOH TPYyOBI, NMPEANOYTHUTENBHO, MMEET HAPYKHBIH U
BHYTPEHHHUH TUaMeTphl B OOILIEM MOCTOSIHHBIE MO BCel JumHe 1o ocu. Hummens obecriedeH Ha
KOHIIE TeJia CTaJIbHOU TPYOBI.

[0031] Bo BpeMs BBINOJHEHUS CTaJIbHOW TPYyOBl BHYTPEHHIOID U HApPYKHYIO
MIOBEPXHOCTH TPYOBI MPOKATHIBAIOT, MPU 3TOM TpyOy BpalmaeT WHCTpyMeHT. BmecTe ¢ Tem, Ha
BBIITOJIHEHNE TPYOBI BIHSIIOT Pa3u4Hble (PAKTOPBI, TAKHE KaK MOJOXXEHHE HWHCTPYMEHTa BO
BpeMsl IPOKATKH, U3HOC MHCTPYMEHTA U TeMIepaTypa MPOKAaTKH, TaK YTO MOJy4d€HHas CTajlbHasl
TpyOba MoOXeT He O00s3aTeNbHO HMEThb CTPOro KOJbBLEBOE CeYeHHe, HO MOXET OBITh
nepopMHupoBaHa, UMETh CEYEHNE HE CTPOrO KOJIbLIEBOE, TAKOE Kak sjunnTryeckoe. HezaBucumo
OT TOro, UMeeT JH TPpyOa CTPOro KOJNBLEBYIO WM HE CTPOro KOJbLEBYIO (OpMy, Hapy KHBIH
AMaMETp TOJY4YEeHHOH CTaJbHOM TpyObl M3MEPSIIOT B MHOJKECTBE TOUEK B HANPABJICHHH IO
OKPYKHOCTH, M TpyOy OTIpYKarOT, KaK MPHUHATOE H3JENHe €CJIH MAaKCHMAaJIbHOE 3HAYCHHE
JAHHBIX M3MEpEeHHH MeHblie 3HavyeHus, 3amaHHoro API (American Petroleum Institute) (mo
neiicteyromemMy craHaapty 101% HOMHHAJIBHOTO HAPYXKHOTO JHUAMETpa CTaJbHOW TpPYyOBI).
Hapyxusbiii guamerp OD  cranpHOH TpyOBl HACTOSIIIEr0 HM300pETEHHs MOXKET OBITh
HOMUHAJIbHBIM HAaPY’KHBIM THAMETPOM CTaJIbHOH TPYOBI.

[0032] Taxxe MpoBepsOT BHYTPEHHHUI nuaMeTp, NPU 3TOM BHYTPEHHHH OUaMeTp U
BHYTPEHHIOK TTOBEPXHOCTD BBINIOJHEHHOW CTAIBHON TPyObl U3MEPSIIOT, IPUMEHSISI OTIPABOYHBIH
kamubpomep, kak packpbiTo B JP 2016-130668 A. JluameTp OmpaBOYHOrO KaIuOpoOMepa TaKKe
3anmaH crannapramu AP nns cranpabX TpyO 10-3/4" 65.7# (Hapy»KHBII AHaMeTp Tena TPYyOBL:
273,05 MM; BHYTpeHHHH auamerp Tena TpyOsl: 242,82 MM), 3aaHHBIA JHAMETP ONPaBKU
SIBJIIETCSI HOMUHAJIBHBIM BHYTPEHHUM JIHAMETPOM CTaJIbHOU TPYOB!I MUHYC 5/32 nroiiMoB (4 MM);
TakUM 00pa3oM, BBINOJHEHHYIO CTAJIbHYIO TPyOy MOXKHO OTIPY’KaTh, KaK NMPUHSITOE H3JENHE,
€CIli ~ MHMHUMQJbHOE  3HAU€HHWE  BHYTPEHHEro  jauamerpa  TPyObl HE  MEHbIIe
242,82-5/32x25,4=238,851 mm. Buytpennuii nuamerp ID crampHONH TpyOBI HacTosero
n300peTeHNsI MOXKET ObITh HOMUHAJIbHBIM BHYTPEHHUM JHAMETPOM CTaJIbHOH TPYyOBI.

[0033] Beicota pe3pOb, Ty MOXKET Takke ObITh HOMHHAJIBHOH BBICOTOH pe3bObl

cranbHON TpyObl. Dw 1 Wyin B BbIpaskeHu# (1), MpUBEAEHHOM BbIIIE, MOKHO BBIYHCIUTH Ha



OCHOBE HOMMHAJIBHBIX 3HAUYEHUH pPAa3JIMYHbIX I1apaMeTPOB, OIPENENSIOMNX MNpOodHIb
KOHMYECKON pe3bObl, TAKMX KaK JJINHA Pe3bObl, yTOJl KOHYCHOCTH Pe3bObl, BBICOTA Pe3bOBI, mar
pabouYuxX CTOPOH U IIAr 3aKJIaJHBIX CTOPOH.

[0034] IlepeuncneHHble BbIlle HOMHMHAJbHbIE 3HAUEHUS B NMPHJIOKEHUH K TpyOam s
He()TSHBIX CKBO)XUH MPH YAOBIETBOPEHUN TpeOoBaHuil ctanaapToB API 1 pasmMepoB pa3anyHbIX
YYaCTKOB, MOKHO CUHTATh HOMUHAJbHBIMU 3HAYEHUSIMH, €CJIH OHU COOTBETCTBYIOT JOIYCKaM,
3anaHHbiM cranaapramu API. Hapyxwsbiii nuamerp OD, BHyTpennuit auamerp ID, BbicoTa
pe3b0bl, Ty, Dw 1 Wy, MOryT ObITh M3MepPeHHBbIMU 3HaueHusiMU. Eciu cranmpHas TpyOa He
UMEET CTPOro KOJBIIEBOIO CEYEHHUs, MPEANOYTHTENbHBIM SIBJSIETCS NPUMEHEHHE 3HAYCHUS,
MOJIYY€HHOTO BBINIPSMIICHUEM CTAJIbHOW TPyObl, B PEAJIbHOCTH WJIM B MOJEIUPOBAHUH IS
TIOJIY4EHUS] CTPOTO KOJIBLIEBOT'O CEUEHHSI.

[0035] Pe3bboBoe coenuHeHHWe JUIsI CTalbHBIX TPYyO HACTOSIIEro BapHaHTa
OCYIIECTBIIEHHs] ONHMCAHO HIDKE CO CCBUIKOM Ha uepTeku. B ueprexax OAMHAKOBBIM H
COBIAJAIOIIUM 3JIEMEHTAM MPUCBOEHBI OIMHAKOBbIE 0003HAUYEHUS, U OIMHAKOBBIE OTMCAHUS HE
TIOBTOPSIFOTCSI.

[0036] IlokasanHoe Ha ¢ur. 1

HACTOSIIIETO BapHAHTA OCYIIECTBIEHHS COAEPKUT TPyOuaThlii HUnmensb 10 u Tpyduaryo Mypty

, pe3bboBoe coenwHeHWe | Ui CTalbHBIX TPYO
20. Hunmens 10 BBIMONTHEH U3 KOHIIEBOT'O YYacTKa CTAIbHON TpyObl 2. MydTa 20 BhINONHEHA U3
KOHIIEBOTO YYaCTKa COEIMHUTENbHON MYy(TbL, M BBINOJHEHA C BO3MOXKHOCTBIO CKPEIUICHUS Ha
Hunmene 10, xorma Hunmens 10 ycraHaBmuBaeTcss B Hell. Y4aCTKM CTajbHOH TpyObl 2 32
UCKJIFOYEHHEM KOHLIEBBIX YYaCTKOB MOTYT Tak’K€ OTHOCUTBCS B JJAHHOM JIOKYMEHTE K “‘Teny
TpyOb”. Ha ¢ur. 1 nokasana oce CL cranbHOll TpyOBl 2, HapyxHbi auamerp OD Tena
CTaJIbHOMW TPYOBI 2, T.€. AMAMeTp Hapy>KHOH nepudepun, a Takxke BHyTpeHHHH nuametp ID Tena
TpyOBl, T.e. nuamerp BHyTpeHHeH mnepudepun. CranbHas TpyOa 2 HACTOSIIEro BapUaHTA
OCYLIECTBJICHHUsI SIBJSIETCS] CTAJIbHOW TPyOOH OonblIoro muamerpa, B KOTOPOIH Hapy>KHBIH
auametp OD Ttena TpyOsl Gomnbine 240 mwm.

[0037] Hurmens 10 comepskut oxBatbiBaemyro Gopmy 11 pe3pObl 1 ynopHsiil BeicTym 12.
OxBateiBaemast ¢opma 11 pe3bObl mpencraBieHa pe3bOOH, NPOXOISINEH CHUPATBHO Ha
HapykHOW miepudepun Hummens 10. OxsareiBaemast ¢opma 11 pe3pObl mpencraBieHa
KJIMHOBUJITHOW pPe3b0Oi, MMEIOIIel IIUPHUHY pPe3bObl, KOTOpas IMOCTENEHHO YMEHBIIAETCS K
okoneuHoctu Humnmens 10. Kaxnapiii BUTOK pe3pObl oxBaThiBaeMoil opmbl 11 pe3bObl umeer
ceueHrne B (popMe JaCTOUKMHA XBOCTA. YTOPHBIM BBICTYN 12 MPOXOOUT OT KOHLA OJIMXKHETO K
OKOHEYHOCTH OxBaTbhiBaeMoOi (popmbl 11 pe3pObl 10 OKOHEYHOCTH. YYacTOK 13 yIIOTHEHHS
HUMIENsT 00ecTeYeH Ha Hapy KHOH nepudepun yropHoro Beictyna 12. B mokazaHHOM BapuaHTe
peanusalny y4acToK 13 yIUIOTHEHHs HUMIMENS NPEeACTABICH HUIMHAPUYECKON YIUIOTHUTEIbHOU
MOBEPXHOCTBIO, BBIMIOJHEHHOH IO Ayre, Kak BHOHO B CEYEHHWH, AJbTEPHATUBHO, (opma B
CEUEHHH YIUIOTHUTEJIbHOTO Yy4acTKa HUMIEN st 13 MOKeT ObITh MPSIMOJIMHEHHON HMIIN MOXKET OBIThH
o0Opa3oBaHa KOMOMHALIMEH MPSIMOH JIMHUU U TYTH.

[0038] MydTta 20 comepkuT OTKpBITBI KOoHeU i npuema Hummens 10. Mygra 20

COIEPKUT OXBaThBAKOLIYI0 Gopmy 21 pe3pObl, 0OeCreueHHYr0 Ha CBOEH BHYTpPEHHEH



nepudepun, W YIUIOTHUTENbHBIH ydacTok 22 Mmy¢Thl. OxBarbiBatomas ¢opma 21 pe3pObl
SIBJISIETCS KOMIUIEMEHTapHON oxBaTbiBaeMol popme 11 pe3nObl, npencrapieHa pe3b0oii, KoTopasi
NPOXOIUT CIUPAJIbHO Ha BHyTpeHHed nepudepun mydptsr 20. OxpareiBaromas ¢opma 21
pe3bOBbI pencTaBieHa KIMHOBUIHON pe3b00i, UMEIOIEH IUpPHUHY pe3bObl, KOTOpast MOCTENEHHO
YBEJIMYUBAETCSI OT OTKPBITOrO KOHIA K BHyTpeHHeil mydre 20. Kaxaplii BHTOK pe3bObI
oxBaTbIBaroIel ¢Gopmbl 21 uMeer ceueHne B (popMe JACTOUKHMHA XBOCTA. YIUIOTHUTEIbHBIN
y4acTok 22 My¢Tel 00pa3oBaH KOHHYECKOW MOBEPXHOCTBIO, PACIIONOXEHHOW Janiblie K
BHyTpeHHel mydTe 20, yem oxBaTbiBaromas Gopma 21 pe3bObl. YIUIOTHUTENBHBIA y4acTOK 22
My(QTbI MOXKET ObITh MPENCTaBIeH LWIMHAPUYECKOH YIUIOTHUTENIBHOH MOBEPXHOCTHIO,
BBIIOJIHEHHOH B BHUJAE JOyrd, KaK BUIAHO B CEUEHHM, WJIU MOXET OBIThb BBITIOJHEH, Kak
KOMOWHAIMS PSIMOH JIMHUU M JYTH, KaK BUTHO B CEYCHUH.

[0039] Kak moka3ano Ha ¢ur. 1 u 2, oxBarbiBaeMas ¢opma 11 pe3pObl HacTOSIIETO
BapHUAHTa OCYILIECTBICHHUS COAEPIKUT 00JACTh MOJHONPO(UIBHON pe3bObl HHUIIENS W 00JNacTh
HeToHONPOoUIbHOH pe3bOb! Hummnenst. O01acTh MONHONPOQUIBHON pe3b0bl HUMIIENS SBIISETCS
o0yacTero, coaep)kKaliedl BUTKH pPe3bObl, HMEIIUE 3aJaHHyK BbICOTY pe3pOb, Ty u
PAacCIONOKEHHbIE ¢ 33JaHHBIM InaroM paboumx cTtopoH, LP u marom 3akiaaHbIXx CTOpOH, SP.
Obnacte HenmoMHOMPO(UILHON pe3bObl HUMIIENS SBJSIETCST 00JaCThiO, TIe MIyOWHA BhIpe3a Ha
HApy’KHOH TOBEPXHOCTH CTAJbHOW TpyObl 2 HE SBISIETCS JOCTATOYHOW Uit OOeCTedeHHsI
3aJIaHHOM BBICOTHI BUTKA Pe3bObI, B pe3ysbrare TOro (pakra, yto BooOpaskaeMasi KOHUYECKas
MIOBEPXHOCTh, 00pa3yroliass KOHHUECKYI0 (pOpMy KOHUYECKOH pe3bObl, MepeceKaeT HapysKHYIO
MOBEPXHOCTh CTajibHOH TpyObl 2. OxBarbiBaromiast ¢opma 21 pe3pObl comep:kut 00JIaCTh
noJHONPO(MIBHON pe3pObl MypThl U 00JacTh HEeNOJHONPOPHIBbHON pe3pObl MypTel. ObmacTh
HOJHONPOMIBHOH pe3bObl My(ThI MPOXOAUT OT TOYKH BOJHM3H OTKPBITOro KOHLA My(Th 20 10
TOYKHU BOJIM3H BTOPOrO BUTKA pe3bObl oxBaThiBaeMoi Gopmel 11 Ha Hunnene 10. Butku pe3pOb
B 00J1IaCTH HENMOJHONPO(MIBLHON pe3bObl My(Thl CLEIUIIIOTCS ¢ MepBbIM BUTKOM 11A pe3bObl
oxBaTbiBaeMoi (popmbl 11 pe3pObl Ha Hunmene 10, korna Hunmnenb 10 u mygTa 20 CKperIeHsl.
Kak mnoka3ano Ha ¢ur. 2, KOrga COeIMHEHHE CKPEIUICeHO, BbICOTA pe3bObl B 00JaCTh
nojgHonpodIbHONW pe3bObl OxBaThiBaeMoOl (opMbl 11 MeHbIIE BBICOTHI pe3bObI B 00JIACTH
noJHonpoQIbHON pe3rObl oxBaTbiBatomeil Gpopmsl 21, Tak uyTo HebonbIoh 3a30p (okoso 0,1
MM, HampuMep) CO3/aeTCsl MEXIY BEPIIMHON pe3bObl oxBarbiBaeMoi (opmbl 11 u BnaguHOMA
npoduis pe3pObl oxBaThIBarOLIeH (GopMbl 21, Korma BepIIMHA pe3bObl OXBaThIBAOIIEH (OPMBI
21 HaxomuTCsd B KOHTaKTe C BHAIAWHOW npoduis pe3bObl oxBaTbiBaeMoi ¢Gopmer 11.
[IpenmouyTHTeNnbHO, AMANIA30H, B KOTOPOM 00JIaCTh MONMHONPO(UIBHON pe3bObl OXBaThIBAEMOMN
¢dopmbel 11 mIOTHO mpuieraeT K OONACTH MOJHOMPOMIBHONW pe3bObl OXBaThIBAOIIEH (OPMBI
21, xorna CoeIMHEHUE CKPEIUIEHO, UMEET JIIMHY N0 ocu oT 40 1o 60 Mm.

[0040] Kak moka3aHo Ha ¢wur. 1 u 2, kaxxaas u3 padounx cropon 11L, 211 u 3aknagHbIx
cropoH 118, 21S kaxpmoii pe3pObl OxBaThiBaeMOH M oxBarbiBarolneil gopm 11 m 21 mmeer
OTPHLIATENBHBINA yToJl OOKOBOro HakJIOHA, 6. Yron 00KOBOro HakioHa, 6 padounx ctopoH 11L u
21L u yron G0KOBOro HaKkJIOHA, O 3aknagHbIX cTOpoH 11S u 21S MoskeT ObITh OAMHAKOBBIM, HIIH

MOJKET OBITh Pa3HBIM.
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[0041] Korna munmens 10 u mydra 20 ckpeniensl, 3aknanHas ctopoHa 11S u pabouast
cropona 11L pe3pObl oxBaTeiBaeMoii opmer 11 compukacarores ¢ 3akiagHoON cTopoHol 21S u
paboueii ctoponoii 21L pe3pObl oxBaThiBarowiel ¢popmel 21 Tak, uro Hunmenb 10 Gmokupyercs
Ha MmydTe 20, mpu 3TOM 00eCreuuBaeTCs BBICOKOE COINPOTHUBJIEHHE KPYTSIEMY MOMEHTY, U
KOTJla y4acTOK 13 yIUIOTHEHUs HUNMENs IJIOTHO NMPHJIEraeT K YIUIOTHUTEIBHOMY y4acTky 22
My}TBI, Olarogapsi mocaake ¢ HaTArOM, 00eCIeYNBAETCS BBICOKAs T€PMETHYHOCTb.

[0042] Bg HacTosiieM BapHaHTe OCYIIECTBICHUS, Kak moka3aHo Ha ¢ur. 1 u 3, npoduis
oxBaTbhiBaeMor ¢opmbl 11 pe3pObl paspaboran Takum, 4TO BUTOK 11A pe3pObl Ha KOHIE,
KOTOPBIH OJIMKe K OKOHEYHOCTH, 00JIaCTH MOJHONPOGUIIBHON pe3bObl oxBaTbiBaeMOi Gopms 11
yIIOBJIETBOPSIET CIEAYIOIUM BbIpaxkeHusM, (1) u (2):

{(Dy +2Ty)? — Dy} x Wiy,

{(0D)z — (ID)?}

Wnin>3,0 MM ... (2).
[0043] B Beipaxkenusix (1) u (2), OD - HapyxHBIH nuamerp ctanbHOH TpyOsl 2, ID -

0.40 =

M <0.60---(1)

BHYTPEHHHUI TUaMeTp CTaJbHOH TpyObl, Dw - muamerp BnaauHbl npoduist cMeXHON ¢ paboueit
cropoHoii BuTka 11A pe3sObl, Ty - BoicoTa BuTKa 11A pe3pObl OTHOCHTENBHO KaHABKH PE3bOBI,
CMEXHOU ¢ ero pabouel cTOpoHOH, W Wp, - mupuHa BuTka 11A pe3bObl, W3MepeHHas Ha
OCHOBAHUH PE3bOBL

[0044] PespboBoe coenuHeHne | A CTaNpHBIX TPYO HACTOSINErO BapHaHTA
ocymiecTBiieHUs1 obecrieynBaer COATAaHCHPOBAHHYIO KOMOWHALIMIO BBICOKOTO COMPOTHBIICHHUS
KPYTSLIEMY MOMEHTY, BBICOKYIO T'€PMETUYHOCTb M BBICOKOE CONPOTUBIIEHUE CABUTY HA KaXKIOH
U3 OXBaTbIBaeMOH M oxBaTbiBaroied Gopm 11 m 21 pe3bObl, npencTaBieHHBIX KJIMHOBHUAHOM
pe3b0oi, 1 oxBaThiBaeMasi popma 11 pe3bObl CKOHCTPYHPOBAHA TAK, YTO MUHUMAJIbHAS IIUPUHA
pe3bOBbI mepBoro BuTka 11A pe3pObl, MI3MEpEeHHAast Ha €e OCHOBAHUH, OXBaThIBaeMOil popmsl 11
pe3bObI COCTABIISIET IO MEHbLIEH Mepe 3 MM, U BbipaskeHHe (1) BbIllIe yIOBIETBOPSETCS.

[0045] Hacrosiee u300peTeHHE MOKHO TPUMEHSTH HE TOJNBKO IJisl Pe3bOOBBIX
COEAMHEHUH, OTHOCSINMUXCS K THIY C COEAUHHUTENIbHBIMA My(pTaMu, HO TaKxke IS
MHTETPaIbHBIX pe3b0OBbIX coennHeHui. HacTosiee n3o0pereHne He OrpaHUYeHO MMOKa3aHHBIM
BBILIE BAapPUAHTOM OCYIIECTBJIICHUS, U SBISIFOTCS BO3MOXHBIMH JIDYTHE  Pa3IMYHBIE
MOIU(UKALMH, HE BBIXOISIINE 32 PAMKH CYIIHOCTH H300pETEHUSI.

I[MTPUMEPBI

[0046] [Inst moaTBepsKASHUS IPEUMYIIECTB pe3b00OBOr0 COSTUMHEHUS JJIsl CTAIbHBIX TPYO
HACTOSIIEr0 BAapUaHTa OCYINECTBJIEHUS NPOBENCHBl MOJCIHUPOBAHMS YHCIEHHOTO aHajH3a
MOCPENCTBOM METOa YIPYTOIJIACTUYECKHH KOHEYHBIX 3JIEMEHTOB ISl OLIEHKH COMPOTHBIICHHS
KPYTSIIEMY MOMEHTY, T€pPMETUYHOCTH M COIPOTUBJICHHUS CIIBUTY.

[0047] <Y cnoBus UCIIBITAHUI>

Jlisa ananmmza FEM ObuTo cO31aHO MHOXKECTBO HCTIBITBIBAEMBIX 00Opa3LoB (Momenen ais
aHamM3a) ¢ OTJIMYAKOIUMHUCS NMPOPUIAMU Pe3bObl, U MPOBOAUIHN YIPYTOIUIACTUYECKHH aHAJIN3

METOAOM KOHCYHBIX OJSJICMCHTOB I KaXA0ro HMCIbITBIBACMOI'O o6pa3ua, CpaBHHBass HUX
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nokaszarenu paborsl. Kakaelii ncnbITBIBaeMbIN OOpasen sIBIISJICS pe3bOOBBIM COENUHEHHEM C
COEAMHUTENBbHOU My(TOH, nMeromel 0a30BYyI0 KOHCTPYKLHMIO, NMOKa3aHHy Ha ¢ur. 1-3, B
COEAMHEHUH CO CTANbHBIMU TPYOaMH CO CIEAYIOLUMH NapaMeTpaMu;

pa3mepsl ctanmpHbIX TpyO: 10-3/4" 65.7# (¢ Tenom TpyObl C Hapy>KHBIM JHAMETPOM
273,05 MM U BHYTPEHHUM JuaMeTpoM 242,82 Mm)

marepuaj. mMarepuan TpyObl msi HeTsHbIX ckBaxkuH Q125 cormacHo cranmapram API
(HomuHaNBHBIN mpenen Tekydectn YS=862 MIla (125 Tbic.¢yHT/KB.ArONM) yron OGOKOBOTO
HAKJIOHAa pabOYUX U 3aKJIaIHBIX CTOPOH pe3bObl: —5°

[0048] B Tabnuue 1 mokasaHbl pa3Mepbl U IpyTrue napaMeTpbl pe3bOOBBIX COSAMHEHUN,
NPUMEHSIBIIUXCS JJIS1 aHAJIHM3a B KAYECTBE UCTIBITHIBAEMBIX O0Pa3IIOB.

[0049] [Tabnuua 1]
vucno |mmH |[kow | T |LP | SP \"Y DW | Bl | MT Fs | Ps HACITBI

BIT |a yeci |H |MM |MM |min |[MM |pa | W H/ | % TaHU
ye | pe3pd | ocTh | M MM xe | Gyt | Mu e
MBI | BI pe3b | M HUe | yHT | H peainb
i MM Obl, (N HOH
o0p rpan TpyO
ase BI
1
Nel | 115,8 |5,72 |2, |93 [9,00 255|263, |03 | 1896 |57 |- CABU | CpaB
0 0 |6 7 5 85 7 | 18,69 | roBoe | HUT
paspy | enpH
IIE€HU | bIH
e npu
mep
Ne2 | 115,8 | 5,72 |2, |9,7 [937 (2,73 ]263, |03 | 1827 |57 |- HE cpaB
0 0 |4 7 7 40 6 19,16 | ucmel | HUT

ThIBa CJIbH

m bl

npu

Mep

Ne3 [ 1158 [5,72 |2, |10, | 9,73 [2,92|263, |04 | 1758 |57 |- He cpaB
0 0 12 7 0 13 4 18,42 | ucmpl | HUT

ThIBA | €JIb
m HBIN

npu
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Mep

Neq

115.8

5,72

10,
50

10,1

3,12

263,

1686
38

57

14,89

HEC

HCIIbI

ThIBa

JIN

pu
Mep

Au3a

1300
pere

HUsA

No5

115.8

5,72

11,
60

11,1

3,64

263,

1550
92

58

11,78

HE

HCIIbI

ThIBa

JIn

npu
Mep
nu3a
WHa
300
perte

HUA

Ne6

115.8

5,72

12,
10

11,6

3,88

263,

1509
36

58

9,42

HEC

HCIIbI

ThIBa

JIA

npu
Mep
I3a
HiHa
1300
pere

HUA

No7

115.8

5,72

12,
70

12,2

4,16

263,

1426
77

58

-8,27

HE

HCIIbI

ThIBa

JIn

pu
Mep
nu3a
WHa
300
perte

HUA

Ne8

123.3

5,72

10,
00

10,5

3,29

263,

2092
80

43

12,73

HE

HCIIbI

ThIBa

JIN

npu
Mep
3a
WHa
300

pere
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HUA

N9 | 136,0 | 4,78 |2, |11, | 10,5 |3,30|263, |05 | 1959 |46 |-9,10 | Her | mpu
0 2 100 |O 7 0 79 6 CABU | Mep
rOBOT | Au3a

0 iHa

paspy | u300

IIEHH | peTe

A HHA

[0050] B Tabmuue 1, ucnoeiThiBaeMbiii oOpasen #1 co3mamu Ha OCHOBE MPaBUII
KOHCTPYHPOBAHHMS, OJUHAKOBBIX C MPABUIIAMH JUJIsI OOBIYHBIX TPYOHBIX COEIUHEHUH OT CPEIHETO
10 MaJioro JUaMeTpa JJisi CTaIbHbIX TPyO, XOTSl MCIHbIThIBaeMble 0Opa3ibl #2 - #7 co3maBaiu
NOCPENCTBOM MOIU(pUKALMK Mu3aiiHa HCHBITBIBAEMOro obpasua #1 1Mo OTHOLIEHHMIO K Imary
pabounx cropoH, LP u mary 3aknanusix cropoH, SP. McnbiTbiBaeMblii 0Opaser #8 BBITIOTHEH Ha
OCHOBE HCHBITBIBAEMOT0 00pa3na #1, nMerouum npoduib pe3pObl ¢ maroM pado4nx cropos, LP
11,00 MM u marom 3akiagHbix ctopoH, SP 10,50 MM u ¢ yBenMueHHOH BBICOTOH pe3bObl, T.
HcnbiThiBaeMblii 00paszer] #9 BBIMOJIHEH Ha OCHOBE HCIBITBIBAEMOrO o0pa3ia #8, MMerIuMm
npoduib pe3pObl, CO3MAHHBIA YMEHBLIEHHEM KOHYCHOCTH PE3bObl Il YBEIMYEHHS JJIFHBI
pe3pObl. 3HaueHust BoipaxkeHUs (1) U Wpin U1 KAKAOTO M3 UCTBITBIBAEMBIX 00pasuoB #1 - #9
OBUIH OIpeneseHbl, OKa3ajoCh, YTO HUCHBITbIBAGMble OOpas3ibl #1 - #3 wWMenu 3HAYCHHS 3a
npenenamMu AMarna3OHOB HACTOALIET0 HM300pPETEHUs U CIENOBATEIbHO PAaCCMATPUBAIOTCS, Kak
CPaBHUTENbHBIE NPHMEPHI, & 3HAYEHHs] UCIBITBIBAEMBIX 00pa3loB #4 - #9 umenu 3Ha4YeHUs B
IuanasoHax Hactosimero mzobperenus. “JlnuHa pe3pObr” B Tabnuue 1 O3HAa4YaeT BCKO JJIMHY
pe3bOBI, comeprkalnyr O0NacTh MOJHOMPO(PUIBLHON pe3bObl M 00NACTh HEMOJTHONPO(HIBLHON
pe3pObl.  “KOHyCHOCTh pe3bObl” O3HA4YaeT YIOBOCHHBIH yrojl MEKAy MpsIMOH JIHHHEH,
MPOXOISIINNA Yepe3 CepPeUHy, ONpeesIeHHbI BIOJIb HANPABJIEHUST BBICOTHI paboUeli CTOPOHBI,
KO pe3bObl, KaK BUIHO B CEUEHHH OXBAaThIBAeMOH (POpMbI pe3bObl, C OIHOM CTOPOHBI, U
OCBIO TPYOBI pe3bOBI C APYTOIA.

[0051] [Ouenka conpOTUBIEHUS KPYTSILIEMY MOMEHTY |

JUIi  OLEHKH CONPOTHBIEHHS KPYTSIEMY MOMEHTY 3HAa4eHHE, IMpPH KOTOPOM
UHHULUUPYETCS TEKy4eCTh Ha AWarpaMme KpyTsiiero MomeHnrta cBuHumBaHust MTV (3Hauenue
MaKCHMaJIbHOTO KPYTALIEr0 MOMEHTa) o0padaThiBAIM KakK KPYTALIMA MOMEHT Ha Tpenese
TEKYUYEeCTH U PUMEHSUTH [T OLIGHKU. Pe3ybTaThl OleHKH NoKa3aHbl B Tabaue 1 u Ha ¢ur. 4.

[0052] [Ouenka repMeTUIHOCTH |

JUisi OLEHKHM TePMETHYHOCTH NPHUKJIAIbIBAIN KOMIUIEKCHYIO HArpy3Ky, HMHTHPYS
peampbHOE WCIBITAaHHE, KaK IOKa3aHO Ha (ur. S5, 1 BBIUMCICHUS KOHTAKTHOH CHIIBI
YIUIOTHEHMsI, BOZHUKAIOIIeH Mexay ydacTkaMu 13 u 22 yniotHeHus. Camoe HU3KOE 3HA4YeHUE
KOHTAKTHOW CHJIbI HA MyTH HAarpy»keHus oOpadaTbIBasii, KAK MHHUMAJIbHYIO KOHTAKTHYIO CHITY
Fs ynnoTtHeHus, U repMEeTUYHOCTb OLIEHWBAJIM HAa OCHOBE AOCONIIOTHOW BENIWYHMHBI JAHHOTO

3HaueHMs. Pe3ynbpTarhl OlleHKH Noka3aHbl B Tabnune 1 u Ha ¢ur. 6.
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[0053] [ConpoTuBaeHUE CIBUTY ]

JUisl OLEHKH COTPOTHUBIICHUS CABUTY MPHUKJIAABIBAIM HArpy3Ky, cocTaBismomyro 90%
pacTAruBarolIel Harpy3kH, NMPU KOTOPOW TENO CTaIbHOH TpyObl 2 MEpexoauT uepe3 mpenen
TEKYYeCTH, U BBIUUCIAIM IUIACTUYECKYI0 Aedopmaiuio capura, Ps Ha ydacTke NMOBEPXHOCTH
oxBaTbiBaeMoi (Gopmbl 11 pe3bObl, KOTOPBIN PAacHoOOKEeH BOJW3U BNAAWHBI MPOPUIST pe3bObl
CMEXHOH ¢ paboueil cTopoHoi mepBoro BuTka 11A pe3bObl, (y4acTOK MOBEPXHOCTH BOIM3U
KPYIJIOrO Y4YacTKa, COEAMHSIOIEro padouyl0 CTOPOHY M IOBEPXHOCTh KAHABKU Pe3bObI
CMEXHYI0 ¢ pabodell CTOpPOHOI), Ha KOTOPOM CIBUTOBOE pa3pylleHHe HHULUHPYETCs, |
MOCYMTAJIH, YTO Ye€M MeHbIe abCOMIOTHOE 3HaYeHne Ps, TeM Jydine CONMpPOTHUBIICHUE CIBUTY.
PesynbraTh! OLleHKH NOKa3aHel B Tabuue 1 u Ha ¢ur. 7.

[0054] [Pe3ynbTaThbl OLIEHKH |

Kak mokazano Ha ¢ur. 4, ans ucneiTbiBaeMbix o0pasnoB #1 - #7, MTV HeckoJabKO
yMeHbLIaeTcsi, korma Imar padoumx ctopoH, LP pe3pObl yBeNmWYHMBAETCSs, TPU STOM,
COIPOTHBJIEHHE KPYTAIIEMY MOMEHTY, TpeOyeMoe OT M3Ieiust, cCuuTaeTcs: obecrnedeHHbM. s
UCTIBITBIBAEMBIX OOpPAa3IoB #8 u #9, KECTKOCTh OXBATHIBAEMOU (POPMBI PE3bOBI YBEIHYMUIH U
IUIMHY pPe3bObl HECKOJBKO yBENMW4miMd, Tak 410 MTV HeCKOJIbKO yBeNMM4YWIoch. JlaHHBIE
pe3yAbTaThl TO3BOJSIIOT MPEATOJIOKHUTh, YTO pPe3b0OBOE COEOMHEHHE, YIOBIETBOPSIOINEE
HACTOSIIEMY H300PETeHUI0, JEMOHCTPUPYET CONPOTUBICHUE KPYTSAIIEMY MOMEHTY, IO
CYLIECTBY, PAaBHOE COIPOTHUBIICHUIO PE3bOOBOTO COCAMHEHUS, YIOBJIETBOPSIOIIETO MpPaBHIIaM
KOHCTPYHPOBAHMS, OJMHAKOBBIM C TE€MH, YTO NPUMEHSIOT Al OOBIYHBIX COEAMHEHUH Tpyd
CPEAHEro-MaJloro AMaMeTpa AJisl CTAIbHBIX TPYO.

[0055] C nopyroii cTopoHBI, Kak MOKa3aHO Ha (ur. 6, 1Jsi UCTIBITBIBAEMBIX 00pa3LoB #1 -
#7, MUHMMaJnbHas KOHTakTHas cwia Fs yIUIOTHEHHs ocraBanach, MO CYLIECTBY, Ha OJHOM
YPOBHe, Aaxke Korga mar 4 pabo4ux CTOPOH BHTKOB pe3bObl BapbupoBaics. [l KaXaoro us3
UCTIBITBIBAEMBIX 00pa3LoB #8 U #9, repMEeTHYHOCTb ObLIa HECKOJIBKO HUXKE, YeM FepMETUYHOCTD
I MCTIBITBIBAEMBIX 00pasuoB #1 - #7. Ilpu 5TOM, BeIMYMHA YMEHBIIEHUs OCTaBaJach B
JOTMYCTUMOM JIMANa30HEe, U T€PMETUYHOCTb, TPEOYEMYIO ISl U3NEIHs, CUUTATN 00eCTIeueHHOM.
JUIsi KakKAOro HMCIBITBIBAEMOro Oo0pa3lia MHHUMAaJIbHAsi KOHTAaKTHas cwia Fs yIuloTHeHus
BO3HHKAJIa HA 3TAle HArpy3KU C HAPY>KHBIM JaBJICHUEM U CXKaTHUEM, HIECHTH(PHULHNPOBAHHBIMU
nozuuusamiu (9), (17).

[0056] Jlns OLEHKW CONPOTHBJIEHHWS CABUTY, Kak TOKa3aHO Ha ¢ur. 7, s
UCTIBITBIBAEMBIX O0pa3LoB #2 W #3, KOTOpbIE HE YIOBIETBOPSUIM TPEOOBAHUSM HACTOSIIETO
n3o0pereHus;, riactudeckas neopmauus casura, Ps b yMEHBIIWIACH OT YPOBHS
UCTBITEIBaEMOro obpasua #1. J{ns #4 - #9, koTopbie YAOBIETBOPSUTH TPEOOBAHUSM HACTOSIIIETO
n300peTeHNs, MOKHO BHIETh, YTO IUIacTHYecKas nedopmanus CABUra, Ps 3HAYUTENBHO
YMEHBLIMJIACh OT YPOBHSI UCIIBITBIBAEMOT0 00pasua #1.

[0057] JlanHble pe3ynbTaTbl AEMOHCTPHUPYIOT, YTO, AN KaXXAOrO W3 HCIHBITHIBAEMBIX
obOpasuoB #4 - #9, KOTOpbIE YIOBJIETBOPSUIH TPeOOBAHHMSIM HACTOSIIEr0 W300pEeTeHMs,
COIPOTHUBJIEHHE KPYTSIEMY MOMEHTY U I'€pMETHMYHOCTb HAXOMWINCh B OOIEM Ha YPOBHSX,

OAHHAKOBBIX C HMCIIBITBIBACMbIM o6pa3u0M #l, HO COIIPOTUBJICHUE CIABUTY KapAWHAJIbHO
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YBEJIUYHIIOC.

[0058] [McnbiTanne peanbHON TPYOHI|

Jns ucneITbIBaeMbIX 00pasnoB #1 u #9, M3roTOBMWIIM SK3€MIUBIPBI TSI OLIEHKH
COIPOTHBJIEHUS! CIBUTY UCIIBITAHUEM PEaJIbHOM TPyOBbL.

[0059] [ns BemoaHeHuss oOpaOOTKM MOBEPXHOCTH HAa HCHBITHIBAEMBIX HK3EMILIIpAXx,
HHUKaKOil 00pabOTKM MOBEPXHOCTH HE BBIMOJIHSIIOCH HA HUIIIENE MOciIe 00pabOTKU pe3aHueM, a
mydty mnoasepriu 00paboTke mOBepXHOCTH, mpumenss ¢ochar wmapranua. Bo Bpems
CKpeIUIeHus1 HUMmneNss U MyQThl Ha coequHeHun npumensin cmasky BOL 4010 NM, koropas
SIBJIIETCSI HKOJIOTUYECKU O€30MacHO, W CKPEIUIeHHWE MPOM3BOIIINA C 3aJaHHBIM KPYTSIIUM
MOMEHTOM JO TMpPOBEICHUS UCHBITAHUS HA PACTSDKEHUE/CHKaTHe, B KOTOPOM PaCTATHBAIOILYIO
HArpy3Ky U C)KUMAIOIIYE0 HArpy3Ky MPHUKJIAIbIBAIHN MONEPEMEHHO, KaKaasl U3 TaHHBIX HArPYy30K
cocTaBisiia 90% Harpy3Ku pacTsDKEHUS/COKATHSI, TPH KOTOPOH TEJIO CTaJIbHOU TPYObI MEPEXOIUT
yepe3 TMpenesl TEKYYeCTH, | ONpPEAeNsUIM, BO3HUKAET JIM CABUTOBOE pa3pyLIEHHE B
OXBaTbIBaeMOH (popme pe3pObl Ha HUTITIENE.

[0060] B maHHBIX UCHBITAHUSX JUISI HCIBITHIBAEMOTO OOpasia #1 BOSHUKAIO CABHUTOBOE
pa3pylIeHre B OXBaThIBAEMOI (opMe pe3bObl BO BpeMs MATHAALATOTO LUK PACTSKEHUS, XOTS
IUIL MCTIBITBIBaeMOro obpasna #9, CIBUrOBOE pas3pylLIeHHE HE BO3ZHHKAJIO Jaxe rocie 25-ro
LIUKJIa TIOBTOPSIFOINMXCS HArpy30K PACTSDKEHHSI U CXKATHSA. JTO MOATBEPIKIAET, UYTO Pe3bOOBOE
COEAMHEHNE HACTOSIIEro H300PETEHHSI HMEET yIOBJIETBOPUTEIbHOE COPOTUBIICHHUE CIIBUTY.

ITEPEYEHD CCHIJIOYHBIX ITO3ULINNA

[0061] 1: pe3pboBOE coemuHeHne s cTanbHbIX TPyO, 10: Hunmens, 11: oxBaTeIBaeMast

dopma pe3pObI;, 20: MydTa; 21: oxBarbBaromas Gpopma pe3pObl 2: cTanbHas Tpyoa
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D®OPMYJIA U3OBPETEHUS

1. Pe3pboBoe coenmHEHHE IJIsI CTaNbHBIX TPYO, copepskaiiee TpyOdaTblil HUMIENb,
o0ecrieueHHbIH Ha OKOHEYHOCTH CTaJIbHON TPYOBI ¢ Hapy>kKHbIM nuamerpoM OD Gomnbine 240 mm,
U TpyOuaTyro My(Ty, BBIIOJHEHHYI0 C BO3MOJKHOCTBKO CKpPEIUIEHHWS Ha HUIMIENe Ipu
BBUHYMBAETCS HUIMIENS, INPU 3TOM HUMINEIb COAEPXKUT OXBAaThIBAEMyl0 (GopMy pes3nOsl,
BBINOJITHEHHYIO C KOHHYECKOH pe3b0oil, 00pa3oBaHHOW Ha HapyXKHOH mnepudepuu HUIIeNs,
My(Ta COOEpKUT OXBATHIBAOIIYIO (OPMY pe3bObl, BBINOJIHEHHYIO C KOHHYECKOH pe3bOoH,
00pa3oBaHHOM Ha BHyTpeHHEW nepudepun MyThl, KaX1as U3 OXBAaThIBAEMON U OXBATbIBAIOILEH
dbopm pe3bObl UMeeT cedeHue B (opMe JIACTOYKMHA XBOCTA, M IIAr 3aKJIaJHBIX CTOPOH IS
OXBaThIBaeMOH (OpMbI pe3b0Obl M OXBaThIBaKOIEH (HOpMbI pe3bObl MeHbIe mara padodmx
CTOPOH Il OXBaTbiBaeMoW (popmbl pe3pObl M OXBaThIBarOlIel (GPOpMbI pe3bObl, U TPH 3TOM
oxBaTbIBaeMast popma pe3bObl YAOBJIETBOPSET CIeAYOIUM BhipaxkeHwusM (1) u (2):
{(Dy +2Ty)? — Dy} x Wy,

{(0D)z — (1D)?}

Wnin>3,0 MM ... (2)

rae B BolpakeHusix (1) m (2), OD - HapyxHblii auamerp cranbHON TpyObl, ID -

0.40 =

M <0.60---(1)

2

BHYTPEHHHUH TUaMeTp CTaJbHON TpyObl, Dw - nuamerp BnaauHbl npod s CMeXHON ¢ paboueit
CTOPOHOH Ha KOHIIE OXBaThIBAEMOU (hOPMBbI pe3bObl OJIHKE K OKOHEUHOCTH, Th - BBICOTA Pe3bObl
oxBaTbiBaeMON (GopMbl, © Wyin - IIHpPUHA pPe3bObl, M3MEPEHHAs HAa OCHOBAHWUU pPE3bOBI, B
KOHLIEBOI 00s1acTH OXBaThIBAeMOM (OPMBI pe3bObl OJIIKE K OKOHEUHOCTH.

2. Pe3p00BOE coenrHEHUE A CTabHBIX TPYO MO M. 1, B KOTOpOM oxBaTbiBaeMas popma
pe3bOBI YIOBIETBOPSIET CIENYIOMIEMY BbIpaXeHuto, (3):
{(Dw + 2T)* — Dy*} X Wipin

045 = oDy — D)7}

=050 --«(3)

3. Pe3p0oBOE coenuHeHMe I CTABHBIX TPYyO 1Mo 1. 1 win 2, B KOTOPOM BBICOTa Pe3bOBI,
(Ty) oxBarbiBaeMoil hopmbl pe3bObI He MeHbIIE 1,8 MM.

4. Pe3p0OoOBOE coenuHEHHE Ui CTANbHBIX TPyO mo m. 1, 2 uam 3, B KOTOPOM BBICOTA
pe3wObl, (Th) oxBaTeIBaeMOl GopMbl pe3bObI He OosbIIe 2,3 MM.

5. Pe3pboBOE cCoeaMHEHUE ISl CTANIBHBIX TPYO MO JIFOOOMY M3 NMyHKTOB 1-4, B KOTOpOM
yrOJl KOHyCHOCTH OXBAaThIBaeMOM (pOpMbI pe3bObl He OombIie 5,72°.

ITo noBepenHocTn
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