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(57) TIpemnoxeHo pe3pGOBOE COCIMHERHE /TS CTANBHOM TPYOBI, KOTOPOE YJTydIIaeT CBOKO FePMETHIHOCTH PH

BHYTPCHHEM JAaBJICHUU C MOAACPIKAHUEM BBICOKOM TFEPMECTUYHOCTHU ITPU HAPYIKHOM JIaBJICHUN p63b6OBOFO
COGIMHEHUs, UMEIOLIETO HOC, MPHMEHSIEMOE B CTalbHOI TpyOe OONBIIOro AMaMeTpa M CO CTEHKOH
6osbIION TONIMHBL. B pe3600BOM COeTMHEHNH [Tl COSANHEHUS TEJ CTAIBHBIX TPYO, KaykKI0€ 13 KOTOPBIX
UMeeT HapyKHbIIl AuameTp Oosblie Win paBHbId 7 aroriMam (178 MM) U TOJNIIMHY CTEHKH OOJbIIE HIIH
paeayto 0,7 mroitmam (18 Mm), ymoBieTBopsieTcst BelpakeHue (1) B ommcannu u tp/t;>1,4, roe & [Mm]
SBJISICTCS 3a30POM MEKIy Hapy)KHOW ITOBEPXHOCTHIO HHMIIIEIS W BHYTPEHHEW IOBEPXHOCTHIO MY(QTHI
MOCJIE€ CKPCTIICHNA, U3BMCPCHHBIM Ha FpaHPI‘-IHOﬁ JIMHUU MCKIY KOHHYECKOM TMOBEPXHOCTHIO HUIIIICIIA U
CKPYIIIEHHOH TOBEPXHOCTHIO HUMIIENS, D [roiiM] - Hapy KHBIHI THaMeTp TeJa CTadbHO TpyOHI, t [IroiM] -
TOJIIMHA CTEHKH TeJIa CTaIbHOU TPYyOBI, L [MM] - paccTostHME MEX /Ty TOUKOI ITOBOPOTa, KOTOpAst SBISIETCSI
HO3PIIII/I€I7[ B 00JIaCTH KOHTAaKTa MCXKIOY yHHOTHHTeHbHOﬁ NOBECPXHOCTHIO HUIINCIA U yHﬂOTHHTeJ’IbHOﬁ
MIOBEPXHOCTBIO MY(THI, KOTOpast ABJISETCSA CaMOM OMM3KOH K BEPIIMHE HUITIENS], 1 BEPIINHON HUIIEIS
Mocjie CKpEIUIeHUs], KaK N3MEPEHO B HAIPaBJICHUHM OCH TPYyOBI, ty [MM] - TOJNIIMHA CTCHKW HUIIIEI,
M3MEpeHHas B TOUYKE MIOBOPOTA, U tg [MM] - TOJIIMHA CTEHKH MY(TbI, U3MEPEHHAsl B TOUKE IIOBOPOTA.
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OIIMCAHHUE U30BPETEHHUSA
2420-559897EA/061
PE3bBOBOE COEIMHEHMUE JIJISI CTAJIBHOU TPYBBI

OBJIACTb TEXHHKH, K KOTOPOU OTHOCHUTC A U30EPETEHUE

[0001] Hacrositee n3o0peTeHHe OTHOCUTCS K Pe3bOOBOMY COECAMHEHHUIO Ui CTaJbHOM
TpyObl ¥, KOHKpEeTHee, K pe3bOOBOMY COEOUHEHHUIO U COEIMHEHUs] CTalbHbIX TPYyO C
OONBIIMMU IUAMETPAMHU U CTEHKaMH OOJIBLION TONIIMHBL

YPOBEHb TEXHUKHU

[0002] Cranbhble TpyObl, Ha3bIBaEMble TPYOHBIMH H3IEIUSMHU HEPTEPOMBICIOBOTO
COpPTaMEHTa, MIPUMEHSIOT, HAIPUMED, AJIs1 Pa3BENKH MM 10ObMH He(TH MM MPUPOIHOTO rasa B
He(TAHBIX CKBAXMHAX WM Ta30BbIX CKBA)KMHAX (HWXKE B JAHHOM JIOKYMEHTE BMECTE
HA3bIBAIOTCS "HEPTIHBIMU CKBAKMHAMH"' WM T.I1.), pa3padoTke HEOOBIYHBIX 3aMacOB, TAKUX KaK
OMTYMHUHO3HBIN TMECOK WM CJIAHLEBBIA Ta3, W3BJIEUEHUS WM XPAHEHUS IBYOKHCH YIJIEPOAA
(monyueHus 1 xpaneHus1 1Byokucu yriaepona (CCS), monyueHus reoTepMaIbHON SHEPTUH HITH B
TEPMaJbHbIX HCTOYHHMKAX. JlIsi coenMHEeHWsI CTalbHbIX TpyO MPHUMEHSIOT pe3pOoBOe
COEIHEHHE.

[0003] Takue pe3pOOBBIE COEMUHEHMS AJIsI CTAIBHBIX TPYO B 00IIeM KiacCHQHULIUPYIOT,
KaK coeauHeHus: My(roBoro THma M uHTerpajgpHoro tmma. CoennHeHHe My(QTOBOro THIA
COeANHsAET mapy TPyO, OAHA M3 KOTOPBIX SIBJSIETCS CTANbHOW TpyOO#, M npyras sBIsIeTCS
KOPOTKOH TpyOO#, Ha3bplBaeMOW COEOUHHUTENIbHON Mydroii. B TakoM ciyuae oxBaTbIBaemas
pe3pba obecriedeHa Ha HAPYXKHOU mepudepuy KaXAOro U3 KOHIOB CTaJbHOW TPYyOBI, a
OXBaThIBaKOINasl pe3bba oOecmeueHa HA BHYTPeHHeH mnepudepun Kaxkaoro U3 KOHLOB
coenuHUTENbHOH My(Thl. B TakoM cny4ae oxBaTbiBaeMyr pe3b0y CTanibHOW TPyOBI
BBUHYMBAIOT B OXBATHIBAIOINYIO Pe3b0y COCTMHUTEIbHON My(ThI TaK, UTO OHH CKPEIUIIOTCS U
coenuustorcs. CoeqMHEHHE HWHTErpajbHOTO THUMA COeNUHseT mapy TpyO, o0e H3 KOTOpBIX
SIBJIIIOTCSI CTAJbHBIMH TPyOaMu, M OTHENbHYIO COCIUHHUTEIbHYI0O My(pTy HE NpPUMEHSOT. B
JAHHOM Clly4ae OXBaTbhiBaeMasi pe3b0a obecredyeHa Ha HapyKHOW mnepudepuu OIHOTO KOHIA
KON CTajbHOW TPyOBI, a OXBaThIBaroImas pe3bda oOecrieyeHa Ha BHYTpPEeHHEH mnepudepuun
APYyroro KOHUa. B TakoM ciiydae 0XBaThIBAEMYIO pe3b0y OHOM CTaNIbHOHN TPYObl BBHHYMBAIOT B
OXBaTBIBAOIIYIO pe3b0y APYro CTaIbHOMN TPyOBI TaK, YTO OHU CKPETUISFOTCS U COSAHHSIOTCSI.

[0004] CoenuHUTENBHBIN YYaCTOK KOHLIA TPYOBI, HA KOTOPOM OOecrieueHa OXBaThIBaeMast
pe3pba, COMEPIKHUT JIEMEHT, MOIJIKAIINA BCTABJICHUIO B OXBATHIBAIOIIYIO pe3b0y U OOBIMHO
Ha3biBaeMbid "HumnmneneMm". CoeNMHUTETBHBIA Y4aCTOK KOHIA TPYOBI, HA KOTOPOM obecredyeHa
OXBaTBIBAKOINAsI Pe3b0a, CONEPIKUT SJEMEHT U MIPHeMa OXBAThIBAEMOW pe3bObl, Ha3bIBAEMbIH
"mydroit". Hunmens u Mmydra 006pasyroT KoHIIBI TPYyO U uMeroT Tpyduaryio gopmy.

[0005] Ilpu Oypernn He(TAHBIX CKBAXXHH X OOKOBYIO CTEHKY YCHIIMBAIOT TPYOHBIMU
U3IENUSIMH  HE(PTETIPOMBICIOBOTO COPTAMEHTa JJIsi TNPeNOTBpaIleHusi OoOpyIIeHus: OOKOBOM
CTEHKM BO BpeMs OypeHHs, NIpH S5TOM IOJNYyYarOT MHOTOYHCJIEHHbIE TpPyOHBbIE H3AEIHS
He(TEerpOMBICIIOBOTO COPTAMEHTA, PACIONOXKEHHbIE OJHO B IpyromM. B mocnennee Bpewms

CKBA)XMHBI, KaK Ha CyllIe, TaK ¥ HA MOpE, CTAHOBATCS BCE INIyOXKe; IJI TAKUX YCIOBHH pabOThI



4acTO TMPHUMEHSIOT pPe3bOOBBIE  COENMHEHUs ISl  COENMHEHHWs TPYOHBIX  M3JEeNui
HE(TENpPOMBICIIOBOTO COPTAMEHTa, B KOTOPBIX BHYTPEHHHE U HApPYXXKHBIE JIHAMETPHI
COEAMHUTENIbHBIX Y4aCTKOB B OOIEM OJMHAKOBBI C BHYTPEHHUMH U HAPYXKHBIMH JHAMETPaMU
CTalbHBIX TPYO Uit ynyuineHus 5((EeKTHBHOCTH CTPOUTENBCTBA HEPTSIHBIX CKBAXKHH.
ITpumeHeHne Takux pe3bOOBBIX COCAMHEHMH MUHHMMHU3UPYET KOJBIIEBbIE 3a30Pbl MEXIY
MHOTOYUCJIEHHBIMU TpyOHBIMH U3JIENUAMU He(TenpOMBICIIOBOrO COpPTaMeHTa,
PaCHOJNIOKEHHBIMA OJIHO BHYTPU APYIOro, YTO IMOBBIIAET 3(PQPEKTHUBHOCTh CTPOUTENHCTBA
ryOOKHX He(TSHBIX CKBA)KUH 0€3 3HAYUTENbHOTO VBEJIWYEHHUS JHaMeTpa CKBAKUHBL
Tpebyercss pe3pOOBOE COENUHEHHE C YIAOBJIETBOPHUTEIBHBIMH TOKA3aTEISIMH T€PMETUYHOCTH,
NPOTHBOCTOSIIIETO JABJICHUIO TEKyudel cpenpl BHYTPU (HHKE B JAHHOM JOKYMEHTE TaKXkKe
HA3bIBAETCS "BHYTPEHHUM JIaBJICHUEM") U JAaBJIEHHUIO TEKY4YeH Cpelbl CHapYyKU (HIDKE B TAHHOM
JOKYMEHTE TaKK€ Ha3bIBAETCS "HAPYXKHBIM JaBJICHHEM") TNPH BBIIEONUCAHHBIX CYXEHHSX
CeUeHMsI Ha BHYTPEHHHX M HAPYXKHBIX AMaMeTpax. B obmem, mokasarenb repMETHYHOCTH 10
IIPOTUBOJAEHCTBUIO BHYTPEHHEMY [aBJIEHHUIO HAa3bIBAIOT 'TE€PMETUYHOCTBIO NPU BHYTPEHHEM
JaBleHUU", TMOKa3aTelb TIEePMETHYHOCTH [0 MPOTHUBOAEWCTBUIO HApPYXHOMY JaBJIEHMIO
Ha3bIBAIOT "TEPMETUYHOCTBIO ITPU HAPYKHOM AaBJIEHUN".

[0006] H3BecTHBIE pe3b0oBbIe COeIMHEHMUS, KOTOpbIE o0ecrneYnBaroT
yOBJIETBOPUTENBHYIO T€PMETUYHOCTD, COJIEP:KAaT COEAMHEHUs] C YIIJIOTHEHUEM, I'7l€ IPUMEHSIOT
KOHTAaKT MeTajyla ¢ MeTauIoM (HUXKE€ B JAHHOM JOKYMEHTE HAa3bIBAeTCAd "'MEeTAJUIMYECKHM
ymiotHeHHeM"). Metajundyeckoe YIUIOTHEHHE SBISIETCS YCTPOMCTBOM, B KOTOPOM JIHAMETP
YIUIOTHUTENbHOW MOBEPXHOCTU HHMIIIENsS HEMHOro OoJblie JUaMeTpa YIUIOTHUTEIbHON
MOBEPXHOCTU My(PTHI (Pa3HOCTb NAHHBIX JUAMETPOB CJIEyET HAa3bIBATh "BEIUYHHON HaTsra") U,
KOTIZia pe3b0OBOE COCMHEHHE CKPEIUIIOTCS U YIUIOTHUTEIIbHbIE TOBEPXHOCTH MPUTOHSIIOT OJTHY
K JpyroW, BeJIWYMHA HaTsra OOYCIIaBJIMBA€T YMEHBIICHHE JAUaMeTpa YIUIOTHUTEIbHON
NOBEPXHOCTH HHIIIENS U YBEJIWYEHHE IUaMeTpa YIUIOTHUTENIbHOH IOBEPXHOCTH My(ThL, U
KaXaasi U3 YIUIOTHUTENbHBIX TIOBEPXHOCTEN CTPEMHUTCS BOCCTAHOBUTH CBOM Ha4aJIbHBIM
AuaMeTp U TpPU 3TOM TE€HEPHUPYET CUJIbl YIPYIroro IMOCHeAeHCTBHs, KOTOpble MPOU3BOAST
KOHTAKTHBIE AaBJIEHHSI HA YIUIOTHUTEIBHBIX TTOBEPXHOCTSX, OOYCIaBINBAas UX CLETUIEHHE OPYT C
ApPyroMm 1o Bcelt nepudepun, o0ecrneynBast Mpu 3TOM FePMETHYHOCTb.

[0007] JP 2006-526747 A (IlarentHsiii JlokyMeHT 1) packpbIBae€T METOMIHKY,
NPUMEHSIEMYIO JUIsl Pe3b0OBOTO COENUHEHMsS JJI CTAIBbHOW TPYOBI, COAEp KAIIero HUMIMEIb H
MyTy, rIe Ha Humene oOecrnedeH HOC ISl YAYYIICHHS TePMETHYHOCTH TPU HApPYKHOM
JaBJIEHUU C COXPAHEHUEM €ro repMEeTUYHOCTHU MPU BHYTPEHHEM JIaBIECHUM.

[0008] JP 2015-132285 A (IlarentHsiii JIOKyMEHT 2) pacKpblBae€T METOMIHUKY,
NPUMEHSIEMYIO JUIT Pe3bOOBOrO COEOUHEHMs U CTAJIBHOH TPYOBI COIEpIKaIlero HUMMENb U
My(QTYy, IZle JOJDKHO MPEIOTBPALIAThCS 3aeAaHne Pe3bObI TP 00ECTIeUeHINH TepMETHYHOCTH MPH
BHYTPEHHEM JIaBJIEHUHU U HAPYKHOM JaBJIEHUU.

[0009] Anonckwuii [Tarent 4535064 (IlatenTHeiii JlokymMeHT 3) coolmiaer, 4To pe3bOoBoe
COEANHEHHUE, COZeprKallee OAHO METAJUINYeCKOe VIUIOTHEHHE M OJUH HOC, uMeeT Oojee

BBICOKYIO F€pMETUYHOCTb IPH HAPY>KHOM AaBJIEHUH, YeM pPe3b00BOE coennHeHne Oe3 Hoca.



[0010] B naHHBIi OOKYMEHT B BHAE CCBUIKM BKJIIOUEHBI CIEAYIOLIHE JOKYMEHTHI
WU3BECTHOU TEXHUKHU.

[[Tarentnsiit Jlokyment 1] JP 2006-526747 A

[[TatenTtHeli JlokymenT 2] JP 2015-132285 A

[[TatenTHsiit JJokyment 3] [Tatent Anonnu No. 4535064

CYIIHOCTDb U3OBPETEHMA

[0011] 3apmaueli Hacrosimero wu3oOpeTeHus sBisercss obecnedeHne pe3rOOoBOro
COEAMHEHUs, B KOTOPOM VJyd4lleHa TepPMETUYHOCTb TPU BHYTPEHHEM JaBICHHH C
NOJ/Iep’)KAHUEM BBICOKOH T'€PMETUYHOCTH MPH HAPYKHOM JaBJIEHHH, MpUYeM pe3b0OoBOe
COEHEHUE HMMEET HOC, TPUMEHSETCS] B CTAJIbHOW TpyOe OONBbIIOro nuamerpa U CO CTEHKOM
OO0JBIION TOJIIMHBI.

[0012] Pe3pboBOE coenuHEeHHE sl CTANBHOMN TPyObl HACTOSIIETO U300PETEHMSI SIBJISIETCSI
pe3bOOBBIM COCAMHEHUEM JUIsl COSIUHEHUS Tell CTAJbHBIX TPYO, KaKIOW MMEroIel Hapy KHBIN
auameTp Ooblue Uik paBHBIN 7 M0WMOB (178 MM) M CTEHKY TONIIUHON Oonble win paBHoi 0,7
nroiima (18 mm). Pe3pOoBoe coenmHeHne BKIFOYaeT B cedst TpyOUaThlii HUMIENb U TPyOdaTyro
MydTy. My(Ty CKperuisIFoT Ha HHIIENEe, KOT[a HUIENb BBeAEH B Hee. Hunmenb BKIIOUaeT B
ceOs1 HOC, TIOBEPXHOCTD 3aIUIeYNKa HUMIIEIs], KOHUYECKYIO MMOBEPXHOCTh HUMIENS, CKPYTICHHYIO
MIOBEPXHOCTh HUMIIEISI, OXBATHIBAEMYIO Pe3b0Yy M YIUIOTHUTENbHYIO MOBEPXHOCTh Hummenst. Hoc
o0ecrieyeH Ha y4acTKe BEPIIMHbI HUMIENS U UMEET HapYXKHbIH TUaMeTP MEHbIIE BHYTPEHHETO
IraMeTpa ydacTka My(Thl, KOTOPBI 0OpaleH K y4acTKy BePIINHBI HUIIIENSA, KOTAa COSANHEHNE
ckperieHo. IToBepxHOCTh 3amuieunka Hummenst obecrieueHa Ha BepuimHe Hoca. KoHuueckas
NOBEPXHOCTh HUMIMENsS oOecrieueHa Ha Hapy>kHOH nepudepun Hoca. CKpyriieHHasi TOBEPXHOCTh
HUmmnens: odecrieueHa Ha KPOMKE MEXKAY MOBEPXHOCTHIO 3aIUieunKa HUIIMENs U KOHMYECKOH
NOBepXHOCThIO Hummens. OxBaTbiBaeMasi pe3pba obecrieueHa Ha HapyXHOHW nepudepun
HUMmens. YIUIOTHUTENIbHAs TOBEPXHOCTb HHMIINENst oOecreueHa Ha Hapy)KHOW mnepudepun
HUMMEIsT W PACHOJIOKEHa MEXIy HOCOM M OXBaThiBaeMoil pe3bOoit. Mydrta conmepkut
MOBEPXHOCTh 3aIUIeYrKa MYy(ThI, OXBATHIBAIOLIYIO Pe3b0y M YIUIOTHUTEIBHYIO MOBEPXHOCTb
my¢Thl. TloBepxHOCTH 3aruieunka My(Thl oOpaleHa K MOBEPXHOCTH 3aIljICYHKa HHIIENs U
COTMPHKACAETCS C TMOBEPXHOCTBIO 3aIUIeYMKa HUIMIMENs, KOrJla COEAMHEHHE CKPEIUIEHO.
OxBatpiBarolasi pe3pda COOTBETCTBYET OXBAThIBAEMOW pe3bde M olecredyeHa Ha BHYTPEHHEH
nepudepun MyQThl. YIUIOTHUTENbHAS MOBEPXHOCTh My(Thl OOpalieHa K YIUIOTHHTEIBHOM
MOBEPXHOCTH HUMIENS U CONPUKACAECTCS C YIUIOTHUTEIBHOW MOBEPXHOCTBIO HHUIIIENS IOCIe
CKPEeTUICHHUSI.

[0013] Ynosnersopsiercst Boipaskenue (1), npuBeneHHoe Hivke, U tp/tp>1,4, rme & [MM]
3a30p MEXAY HapYKHOH MOBEPXHOCTHIO HUMIES] M BHYTPEHHEH MOBEPXHOCTHIO My(ThI mocie
CKPETUICHHUS, U3MEPEHHBIN Ha TPAHIMYHON JIMHUU MEKIY KOHUYECKOH TOBEPXHOCTBIO HUIIIENS
CKPYTJICHHOH MOBEPXHOCTHIO Hummenst, D [mroliM] HapyKHBIA [uameTp Tena CTaIbHOHW TPYOBI, t
[arofiM| TONIIMHA CTEHKU Tena CTaibHOU TpyOBl, L [MM] paccTrosiHMe MeXIy TOYKOH MOBOPOTA,
KOTOpasi sIBJIIETCSA TO3UIMEeH B OOJACTH KOHTAKTAa MEXIY YIUIOTHUTEIbHOW IOBEPXHOCTHIO

HUMIETST U YIJIOTHUTEIBHONH MOBEPXHOCTBIO My(THI, KOTOpas sBJSETCS caMoOil ONu3KOH K



BEPILIMHE HUIMIENS, U BEPIINHONW HUIMIENS TOCHe CKPEIUICHHUs, KaK M3MEPEHO B HAIpPaBICHUU
ocu TpyObI, t, [MM]| TONIIMHA CTEHKH HUMMEJNs, U3MEPEHHas B TOYKE MOBOPOTA, U tg [MM]
TOJIIIMHA CTEHKU My(ThI, H3MEPEHHAsI B TOYKE IIOBOPOTA.

[0014] 0,30+min(ayt +b,D, n=1,2,3)>6>min(a,t; +b,D, n=1,2,3 (1).

[0015] 3nmece min sBistercss (QyHKIUeH, KoTopas MPUHUMAET MHHUMYM H3 Tpex
(bakTOpOB B ee CkoOKax,

al=(L/t)x0,0115x(ty/t) """ —0,00247x (1, /t) 02,

b1=(L/t)x0,0076x(t/t)" "> —0,00120x(t /t) %!

a2=(L/t)x0,00725%(t,/t)"*7**' =0,00157x(t/t) 7?12,

b2=0;

a3=—(L/t)x0,00256x(t./t) "% +0,00372x(t/t) *'**’; u

b3=(L/t)x0,01986x(t/t) ***"> —0,01048 x(t,/t) "2,

KPATKOE OITACAHUE YEPTEXXEN

[0016] Ha ¢ur. 1 cxemMaTUYHO MOKA3aHO MPOJOJILHOE CEYeHHE Pe3bOOBOr0 COSTUHEHHUSI
My(TOBOTO THITa BAPUAHTA OCYIECTBIEHHSI.

Ha ¢ur. 2 cxemMaTWyHO TOKA3aHO TPOAOJIBHOE CeueHUe pPe3bOOBOr0 COETHMHEHHUS
MHTETPAIBHOTO TUIA, KOTOPOE OTJIMYAETCs OT coequHeHus ¢ur. 1.

Ha ¢ur. 3 mokasaHo mpomoibHOe ceueHne pe3bOOBBIX coenuHeHMd ¢ur. 1 m 2 mo
HAIPaBJIEHUIO OCH TPYOBI, MMOKA3bIBAIOIIEE HOC U YHACTKU BOJIU3U HETO.

Ha ¢ur. 4 nokazano mpononpHOe cedeHne pe3bOOBOro COEANMHEHUs], OTIMYAIOIIErocst OT
NOKa3aHHOTO Ha (ur. 3, 1Mo HAMpPaBIEHHUIO OCH TPYOBI, MOKA3bIBAKOIIEE HOC U YYaCTKH BOJIM3H
HETO.

Ha ¢ur. 5 nmokasan rpaduk KOppensiiMu MEXKAY 3a30pOM Ha HOCY U I€PMETHYHOCTHIO
IIPU HApPY>KHOM JIaBJICHUU.

BAPUAHTBI OCYHIECTBJIEHUA U30BPETEHHUSA

[0017] [TepMeTHYHOCTD IPU HAPYKHOM JaBJICHUH |

B pe3bOoBOM coenwiHEHWU HJIsi CTAJNbHOW TPyObl CO CTEHKOW OOJBLIONW TOJIIMHBI
BEJIMYMHBI HAPYKHOTO naByieHust o cranaapty API SC3 spistores 6mmskumu k 100% BenmnauH
HAPY>KHOTO  JIaBJICHWsT OSKBUBAJICHTHBIM HANpsoKeHWI0O 1o Mmsecy  (T.e.  BEJIUYUH,
COOTBETCTBYIOLIMX HAdajy TEKy4ecTH camoro marepuana 0e3 He M0OaBIEHHBIX PACUETHBIX
npouHocteii). Ecnu mpunokeHO Takoe OueHb BBICOKOE HApPY)KHOE NaBJICHHE, MPOTEYKa OT
HAPY>KHOTO JaBJICHHsI MOXKET BO3HHMKATh JaKe B PEe3bOOBOM COENMHEHHH Il CTAJIbHON TPYyOBI
CO CTEHKOH OOJBIION TONIIHUHBL

[0018] AsBtopsl mpoBenu OOIIMPHBIE HCCIENOBAHMA M HIACHTU(UIUPOBAIN CIIydau
NPOTEYKU OT HAPy>KHOTO AaByieHHs. T.e., BBICOKOE€ Hapy’KHOE JaBJIEHHE, KOTOPOE MPOHHUKIIO Ha
pe3p0y, yMEHbIIaeT AMAMETP BCEX YYACTKOB HHIIIENS, KOTOpPbIE PACIIONIOKEHBl Ha3ad OT
METAJUTMYECKOTO YIUIOTHEHUS, KOT/la HIKAaKOe Hapy’KHOE AaBJIEHHE HE MPOHHMKAET Ha YYaCTKH,
PACIIONIOKEHHbIE BIIEPEN OT METAJUIMYECKOro YIJIOTHEHHs M, TaKUM O0pa3oM, X JUaMeTp He
YMEHBIIAETCS U, B pe3yJbTaTe, YYaCTKU HUIIIENsS, PACHOJOXKEHHbIE OJIKe K BEPIIHHE, YeM

OXBaTbIBaCMas pe31>6a, COoACpKAIMUE METAIIMYCCKOEC YIUUIOTHCHHUE U HOC (HI/I)Ke B JaHHOM



JOKYMEHTE Ha3bIBa€MbIil "Topell Hummess"), BBIrHOATCs paguaibHO HapyKy. Takum odpasom,
TOYKA YIUIOTHEHUsS] TEepeMeLIaeTcss K BEpLUIMHE HHIIENs, W3 HM3BHE OT MOIXOIIeH aus
VIUIOTHEHHsI TOBEPXHOCTH (T.€. TOBEPXHOCTH, KOTOpasi oOpadorana st obOecnedeHus
NOAXOAALIEH LIepOXOBATOCTh WJIM MOJABEPrHyTa JApyrod mnoaxoasuiedt obOpaborke s
obecrieuennss 0Opa3oBaHMs METAJUINYECKOrO VILUIOTHEHUS, U MOJYYMIa MOCAAKY HaJJIeKaliM
CKOJIB)KEHHEM BO BpEMsl CKPEIICHHS] COeIMHEHWs), WM YIIOPHBIH BBICTYI HHMIIIENS HMPOYHO
BXOJIUT B KOHTAKT C BHyTpeHHelH nepudepueil MypThbl, Ipy 5TOM KOHTAKTHBIE CUJIBI YIUIOTHEHUS
3HAYUTEJPHO YMEHBIIAKOTCS, TAKMM 00pa30oM, 3HAYMTEIbHO YMEHbIIAETCS T€PMETHUYHOCTD MPU
HAPY>KHOM JIaBJICHUU.

[0019] Ha ocHOBe mHaHHBIX HOBBIX (PAKTOB aBTOPbI COWIH, YTO MOXET OBITh
NPEAOTBPALICHO 3HAYUTEIBHOE YMEHBIIEHUE TePMETUYHOCTH NIPU HAPYKHOM JaBJICHUH JAKE B
pe3b0OBOM COENMHEHHUH ISl CTaJbHOW TPYOBbI CO CTEHKOW OOJBIION TONIMUHBI, €CIU HUKHUN
npeaes YCTAaHOBJIEH Ha 3a30p O JAJIsl MPENOTBPAIICHUS MPOYHOTO KOHTAKTA BEPIIMHBI HOCA C
BHYTpeHHel nepudepueid MypTsl, Jaxke KOTAa MPUKIAIBIBAETCS BBICOKOE HAPYKHOE TaBJICHUE.
[TosTOMYy TPUHSIM TEOPUIO YIPYrol LHMIMHAPUYECKOH OOOJOYKH IJIsI pacyera BETHMYHHBI
nepopmanmu BbeIrMOa HOca (KOTOpash COOTBETCTBYET IIOJIOBHHE YBEIMYEHHUS HAMETPA),
KOTOPYIO HAaXOAWJIHM, KOTrZa TPHUKJIAIbIBAETCS HApPY’KHOE IABJICHUE, W WACHTU(PHUIHPOBAIH
TOIXOJISIIIMIA HYKHUH MPeaes s 3a30pa o.

[0020] [T"epmeTHYHOCTD IPU BHYTPEHHEM JIABJICHUH |

Kornma mpukianeiBaeTcsi BHYTPEHHEE AABICHHE, AUAMETP YIOPHOIO BBICTYIIA HHIIEJNS
YBEJNIMYUBACTCS Ui YBEJIMUYEHHs] KOHTAKTHBIX CHJI YIUIOTHEHUs. Bmecte ¢ TeMm, B CTajmbHOMN
TpyOe OONBIIOro AMaMeTpa U CO CTEHKOH OOJNBIION TOJIIUHBI, €CJU TOJIIWHA CTEHKH MYy(ThI
ABJISIETCS] HEOONBINONW OTHOCHTENIbHO HUIIIENs], YBEIMYEHHE Auamerpa My(pTbl B pe3yJbTaTe
NPUIOKEHNS] BHYTPEHHETO NABJICHUS SIBJIAETCS Takoke OOJBIIMM, YMEHBLIAIOLUIMM YCHIICHHUE
KOHTAKTHBIX CHUJ YIUIOTHeHus. [IpuHMMas yka3aHHO€ BO BHHUMAaHHE, aBTOPBI MOCUUTAJH, YTO
JOJUKHA CYINECTBOBATh TMOAXOISINAS BEJIWYMHA COOTHOIIEHHS TOJIIHMHBI YIUIOTHUTEIHbHON
CTEHKH HHIIENs W MyQThl JUIsl YBEJIMYSHHs] YCHJICHUS KOHTAKTHBIX CWJI YIUIOTHEHUS IS
YJIYYLICHUS] TEPMETUYHOCTU TIPU BHYTPEHHEM JaBJICHHH.

[0021] Ha ocHoBe nmaHHBIX (haKTOB aBTOPBI M300penu pe3bOOBOE COENUWHEHUE st
CTaIbHOH TpPYyOBbI, KOTOpPOE YJIy4YIIaeT TePMETHYHOCTb IIPU BHYTPEHHEM [aBJICHUU C
NOAAEPKAaHUEM BBICOKOM MepMETHMYHOCTH IMPH HAPY’KHOM JABJIEHUH Pe3bOOBOrO COCAMHEHUS C
HOCOM, TPHMEHSIEMBbIM B CTaJbHOH TpyOe OOJNBIIOro auamMerpa M CO CTEHKOW OOJBIIOH
TOJIIUHBL.

[0022] Pe3pboBOe coequHEHNE ISl CTATBHON TPYOBbl BAPHAHTA OCYIECTBIICHHS SIBJISIETCSI
pe3bOOBBIM COEMHEHUEM /ISl COCOUHEHUS TeJl CTAJbHBIX TPYD, KaKOAOe W3 KOTOPBIX HMMEET
HApY>KHBIHA AraMeTp OoJble Wi paBHbIA 7 aroiiMam (178 MM) U TONIIUHY CTEHKH OOJbLIE FITH
pasuyto 0,7 mrotima (18 mm). Pe3pboBoe coenuHeHue CONEPIKUT TPYOUATHI HUIMENb |
TpyOuaryro mypry. Mydra ckpemsiercs Ha HUIIENe, KOTAa HUMMENb BBeAeH B Hee. Hummens
COIEPKUT HOC, MOBEPXHOCTh 3aIUIeYMKa HUMIMENs, KOHMYECKYI0 IIOBEPXHOCTb HHIIIENS,

CKPYTJICHHYIKO MOBEPXHOCTb HUIIICTIS, OXBAThIBACMYHO p63b6y U YIUIOTHUTCJIBHYIO IMOBEPXHOCTDH



Hunnesst. Hoc obecrieden Ha yyacTke BEpLIMHBI HUMIENSI 1 UMEET Hapy>KHBIA TUaMETP MEHbLIE
BHYTPEHHETO AMaMeTpa ydacTka My(Tbl, KOTOPbI OOpalieH K Yy4acTKy BEpIIMHBI HUIIIENS,
KOTZla COeJUHEHHE CKperuieHo. IToBepXHOCTh 3amjeunka HUIIens oOecrieueHa Ha BepIIUHE
Hoca. KoHMueckass NOBEpXHOCTb HHMIENs oOecreyeHa Ha HapyKHOM mnepudepun Hoca.
CkpyrieHHasi HOBEPXHOCTb HUMMENsI o0ecrieueHa Ha KpOMKE MEXAY NMOBEPXHOCTBIO 3aIlIeYHKa
HUMNIENs W KOHWYECKOW IOBEpXHOCThIO Hummnens. OxBaTeiBaemas pe3pOa oOecrieueHa Ha
HapyXKHOHW mnepudepur HUNmens. YIUIOTHUTENbHAs IOBEPXHOCTb HUMIeENs oOecredeHa Ha
HApPY>KHOW mepudepur HUMIENs U PACMONIOKeHa MEXIy HOCOM M OXBaThIBAEMOW pPe3bOOil.
Mydra comepKUT TOBEPXHOCTb 3amjieyuka My(QTbl, OXBaThIBAKOLIYIO pe3bly, U
YIUIOTHUTENIbHYK TMOBEPXHOCTh My(dThl. IloBepxHOCTH 3ameunka MyQThl oOpameHa K
MOBEPXHOCTH 3aIUICYHKA HUIMIENI M COMPUKACAETCS C IMOBEPXHOCTHIO 3aIUIeYMKa HHUITIENs,
KOrJa coenHeHne ckperieHo. OXBaThIBarOIast pe3b0a COOTBETCTBYET OXBAThIBAEMOH pe3pde U
obecrieueHa Ha BHYTpeHHEH mnepudepun My(Tbl. YIUIOTHHTENIbHAS IOBEPXHOCTb MYy(THI
oOpalieHa K YIUIOTHUTENbHOW MOBEPXHOCTHU HUIIETISI M COMPUKACAETCS C YIUIOTHUTEIBbHOM
MIOBEPXHOCTBIO HUIIIEJS TOCIIE CKPETICHHUSI.

[0023] Ynosnersopsiercst Bripaskenue (1), nmpuBeneHHoe Hike, U tp/ty>1,4, rme & [MM]
3a30p MEXAY HapPY’KHOH MOBEPXHOCTHIO HUMIES] M BHYTPEHHEH MOBEPXHOCTHIO My(ThI mocie
CKPETUICHNUS, U3MEPEHHBI HA TPAHIUYHON JIMHUU MEKIY KOHUYECKOH MOBEPXHOCTBIO HUIIIENS
CKPYTJIEHHON TOBEPXHOCThIO Hummens, D [B mroiiMax]| HapyKHBI JUAMETP Teja CTaJIbHOU
TpyOBI, t [B mroiiMax| TONIIMHA CTEHKH Tena CTanbHOW TpyOml, L [MM] paccrosiHMe mexay
TOUYKOH MOBOPOTA, KOTOpAast SIBJISETCS MO3MLMEH B OOJACTH KOHTAKTa MEXIY YIUIOTHUTEIbHOU
MOBEPXHOCTBIO HUIMENS U YIJIOTHUTEIBHON MOBEPXHOCTHIO My(TBHI, KOTOpas SIBISIETCS CaMOMU
ONMM3KON K BEpIIMHE HUMNENs, W BEPLUIMHON HUIIENs IOCie CKPEIUIEHHUs, KaKk H3MEpeHO B
HAINpaBJIeHUN OCU TPYOBI, t;, [MM] TONINHA CTEHKU HUMIENs, N3MEPEHHAs! B TOUKE MOBOPOTA, U
tg [MM] TONIIMHA CTEHKH My(TBI, H3MEPEHHAs! B TOUKE TOBOPOTA.

[0024] 0,30+min(a,t +b,D, n=1,2,3)>6>min(ayt; +b,D, n=1,2,3) (1).

[0025] 3mech min siBnsieTcsisi GyHKIUEH, KOTOpast OEpeT MUHUMYM U3 TpeX (HakTOpPOB B
CBOEM BbIpakeHUU B CKOOKax. al, a2, a3, b1, b2 u b3 onpenenstorcs cieayrmmuM o0pa3om:

al=(L/t)x0,0115x(ty/t) """ —0,00247x (t,/t) 0%,

b1=(L/t)x0,0076x(t /t) "> —0,00120x (t,/t) %!

a2=(L/t)x0,00725x(t,/t)"*7**' =0,00157x(t/t) 312,

b2=0;

a3=—(L/t)x0,00256x(t./t) "% +0,00372x(t/t) >'**’; u

b3=(L/t)x0,01986x(t/t) ***"> —0,01048 x(t,/t) "2,

[0026] B pe3pboBOM COEOUHEHHMU MJIsl CTaJbHOH TpPyObl BapuaHTa OCYINECTBIICHHS
YCTAHOBIIEH TaKOH HIKHMHA Tpemen Ui 3a30pa O, YTO Jake, KOrja BBICOKOE HapyKHOE
JaBlIieHHE, KOTOpPO€ NPOHUKJIO Ha pPe3b0y, YMEHbIIAeT AMAMEeTP BCEX YYacCTKOB HUIIIENS,
PACIIONIOKEHHBIX Ha3a/ OT YIUIOTHUTEIbHON MOBEPXHOCTH HUMIIENS, U NP PEAKIMH Ha HErO HOC
BbIFMOAETCS MO OTHOIIEHUIO K TOYKE MOBOPOTA, FEPMETHYHOCTh TPU HAPYKHOM [aBJICHUH,

NOJIy4eHHasi OT HOCAa, MOXKET MOoAjAep>KuBaTbcs. BepxHuii mpenen 3a3opa O paBeH HIKHEMY



npeneny 3aszopa, moc 0,3 MM U NPeAOTBPALeHNs] HEHY)KHOTO yBEJMUEHUs] 0ObeMa pe3aHust
WY YHCJIa IPOXOIOB BO BPEMs CTAHOYHOH 00paboTKu.

[0027] C npyroii CTOPOHBI, MOCKOJBbKY YCTAHOBJIEH HUXHHUHN Mpeaes COOTHOLIEHUs tp/ty
17 TOJIIMHBI CTEHKH paBHbI 1,4, yBenudeHue pauamerpa MyQThbI, IOJNYyYEHHOE IIpU
NPUJIOKEHUN BHYTPEHHETO NAaBJICHUS, MOXKET ObITh MHHMMH3HPOBAHO AaXK€ B CTAJIBHOI TpyOe
OonpIoro auameTrpa M CO CTEHKOH OoJibwION TommuuHbl. JlaHHOE YBENUUUBAET YCHIICHHE
KOHTAKTHBIX CHMJI YIUIOTHEHHUS, INPU O5TOM YJy4IIAeTCs TI'epMETHYHOCTb IPU BHYTPEHHEM
TaBIIECHH.

[0028] Takum obOpa3om, pe3b0OBOE COEMMHEHNE HACTOSIIEr0 BApUAHTA OCYIIECTBIICHUS
yJIy4IaeT TePMETUYHOCTH MPH BHYTPEHHEM JIaBJICHUH, TIOAIEPKUBAsT BBICOKYIO I€PMETHYHOCTh
NPU HApPY>KHOM JIaBJICHUU Pe3bOOBOTO COEIUHEHUsI C HOCOM, NMPUMEHSIEMbIM B CTAJIBHOI TpyOe
OoJpIIOro AraMeTpa U ¢ OOJBIION TONIMUHON CTEHKH.

[0029] ITpenmoututensHo, tp/t;>2,0 u, OoNee MPeANOYTHTENBHO, tp/t; >2.2.

[0030] Pe3pOoBOE coenMHEHNE MOXKET UMETh HHTETPAJIbHBIN THI UK My()TOBON THIL.

[0031] Hoc moxer umets 0,2% yciOBHOro mpenena Tekydectu Oosbiue, B 1,05 wm
bonee pa3 mpesbimaromuii 0,2% YyCIOBHBIA MpeneNn TEKy4ecTH Teja CTaJbHOH TpyObl, IO
CKPEIUICHNS] U U3MEPEHHOTO B HANIPABJICHUH BJIOJIb OKPY>KHOCTH.

[0032] Konkpernele crnocoOsl yBenmudenus 0,2% yCIOBHOTO Ipenena TEeKy4eCTH
BKJIFOUAIOT B ceOsl BBINIOJHEHHE OOKaTHs B XOJOJHOM COCTOSSHUM Ha KOHIlE TPYyOBl mepen
Hape3KOH pe3bObl WM BBITOJHEHHE YIPOYHEHUS 3aKaJKOW C BBICOKOYACTOTHBIM HArpeBOM,
Harpumep.

[0033] Ilo MmeHbluell Mepe OAHO U3 CIEAYIOLIEro. XUMHYECKYH) KOHBEPCHOHHYIO
00paboTKy, mecKOCTpYiHYI0 00pabOTKy M METAIIM3aLUI0 MOXKHO MPUMEHSTD Ui 110 MEHbLISH
Mepe OHOTO M3 CIIEAYIOIIEro: OXBaThIBAEMON pe3bObl M OXBATHIBAIOIIEH Pe3bObl, 0 MEHbIIEH
Mepe OJHOrO CJEAYIOLIEro: YIUIOTHUTENbHON IIOBEPXHOCTH HUIIENS U YIUIOTHUTEIbHOM
MIOBEPXHOCTH MY(ThI, M 1O MEHbIIEH Mepe OTHOTO M3 CIEAYIOLIErO: MOBEPXHOCTH 3aIlIedrKa
HUIIENS] U IOBEPXHOCTD 3aIUIeYHKa My (ThI.

[0034] [BapuaHThI OCYIIECTBIEHUS |

BapuaHTbhl OCyIIeCTBICHHsS Pe3bOOBOTO COEAMHEHUs Ui CTaJbHOW TPYyObl OIMHCAHBI
HIDKE M TIOKa3aHbl Ha 4epTeskaXx. OIMHAKOBBIE M COBIAJAOIINE KOMIIOHEHThI Ha YepTeskax
0003HaueHbI OMHAKOBBIMU CCHUIOYHBIMH TMO3ULUSIMH U UX OITUCAHHUE HE TOBTOPSIETCS.

[0035] Ha ¢ur. 1 cxemaTnaHO MOKa3aHO MPOAOIbHOE CeueHne pe3b00BOro coennHeHus |

Ay cranbHOW TpyObl BapuaHTta ocymectBieHus. Kak mokaszano Ha ¢ur. 1, pesnOosoe

>
coennHeHHe | sBisieTCsl Pe3bOOBBIM COCAMHEHWEM Ul COEAMHEHHUS TeNl 2 CTaJbHBIX TPYO.
Pe3npboBoe coenunenue 1 copepxut TpyOuateie Hunmenu 10 u tpyouaryro mydty 20. Mydra 20
ckperusiercss Ha Hunmensax 10, korga Hunmenu 10 BcraBisirores B Hee. Teno 2 cTajibHON TPyOBI
Kaxxoro Hummens 10 sBIsSeTcs 4acThiO CTANBHOM TPyOBl, copepskaiuel Hunmensb 10, kotopas He
pacmiosaraercsi BHyTpu My Thl 20 mociie BCcTaBjieHust. Teno 2 ctanbHON TpyObl MIMeeT Hapy KHbBIH
nuametp 7 mroiimoB (178 mm) nnm Oonbine u TonmuHy crenku 0,7 mroiima (18 mm) nnu Gosbiue.

To ectb, pe3pboBOe coemuHeHHe 1 NpPUMEHSETCS Ml CTAlIbHBIX TPYO C OTHOCHUTENBHO



OONBIINMH AAMETPAMH U CO CTEHKAMU OTHOCHUTENbHO OOJBILION TOJIIIUHBL.

[0036] Pe3pboBoe coenunenue 1, mokaszanHoe Ha ¢ur. 1, OTHOCUTCS K My(TOBOMY THITY
U comepkuT coenuHuTenbHy0 My(dry 3. CoennHuTenbHas Mydra 3 COCOUHSIET IBE CTAIbHBIX
TpyObl. CoenunutenpHas Mydra 3 comepkut nse Myprsi 20.

[0037] AnbprepHaTUBHO, pe3b0OBOE COeNUHEHNE | MOXKET OTHOCUTHCS K HHTETPAJIbHOMY
tuny. Kak nokasano Ha ¢ur. 2, pe3p00oBoe coeHeHne | HHTerpaJbHOIrO THUIIA TAKXKE SBISETCS
pe3bOOBBIM COEAMHEHHEM JIsl COEIMHEHUs Tell 2 CTaNbHBIX TPYO, M comepkut Humnmenb 10 u
my¢Ty 20. B pe3p0oBOM coenuHeHNH | MHTErpajbHOIrO THIMA OIHA CTalbHAs TPyOa CONEPIKUT
Hunmnenb 10, a apyras cranbHas Tpyda conep:kut mydry 20.

[0038] Kak mokazano Ha ¢ur. 3, Hunmenar 10 comepxkutr HOC 11, moBepxHOCTH 12
3amieynKa HUIIMENs, KOHMYECKYI0 MOBEPXHOCTh 15 Hummens, CKPYIVIEHHYK) NOBEPXHOCTh 16
HUIMIENs, OXBAaThIBAEMYIO pe3b0y 13 W ymiuoTHUTENnbHYH mnoBepxHOCTb 14 Hummens. Hoc 11
o0ecrieyeH Ha ydacTKe BeplMHbI Hummens 10, W uUMeeT HapyKHBIH JUAMETP MEHbIIe
BHYTPEHHEro auamerpa y4actka My(Qtsl 20, KOTOpBIH 0OpaleH K y4acTKy BEPLIMHBI HHUIIIEIS
10 korma coenmuHeHue ckpervieHo. [loBepxHocTh 12 3ameunka HUMNNETst oOecredeHa Ha
BepmmHe Hoca 11. Kornueckast moBepxHOCTh 15 Hunmens odecneueHa Ha Hapy»KHOH nepudepun
Hoca 11. CkpyrineHHast moOBepXHOCTh 16 HUNmens: o0ecrneyeHa Ha KPOMKE MEXKIY MOBEPXHOCTHIO
12 3amieynka HUNMETS] U KOHMYECKOW MOBEpXHOCThIO 15 Hummens. OxBarbiBaemast pe3bda 13
oOecrievueHa Ha HapykHOU nepudepun Hunmens 10. YoTHUTEIbHAS TOBEPXHOCTh 14 HUTMENs
obecrieueHa Ha HapykHOU mepudepun Hummens 10 u pacronokeHa Mmexny HocoM 11 u
OXBaTbIBaeMOH pe3bOoii 13.

[0039] Mydra 20 comepxutr moBepxHOCTb 21 3aruieunka My(Tbl, OXBAaTHIBAIOIIYIO
pe3p0y 22, YIJIOTHUTENbHYIO TOBEPXHOCTh 23 My(ThI, KOHUYECKYIO TOBEPXHOCTb 24 My(ThI, U
CKPYIJIEHHYIO TNOBepxHOCTh 25 My¢rel. [loBepxnHocte 21 3ameunka MydTel oOpammeHa x
NOBEPXHOCTH 12 3aruieynka HUNNENs U CONPUKACAETCs ¢ MOBEPXHOCTBIO 12 3amiedynka HUMIeds,
KOorga coeauHeHWe ckpervieHo. OxBaThiBaromias pe3b0a 22 COOTBETCTBYET OXBATbIBAEMOI
pe3rbe 13 u obecnieuena Ha BHyTpeHHelH nepudepun My ol 20. YIUIOTHUTENbHAS] TOBEPXHOCTh
23 my¢dThl oOpameHa K YIUIOTHUTEIbHOH NOBEPXHOCTH |4 HUNNENs W COMPUKACAETCS C
YIUIOTHUTEJIBHON MOBEPXHOCTBIO 14 Hunmesns nocie ckperuieHus. Konnyeckas noBepxXHOCTh 24
My(ThI OOpalieHa K KOHHYECKOW MOoBepxHOCTH 15 Hummens. CKpyrjieHHas MOBEPXHOCTh 25
My ThI OOpaleHa K KpyrJioi MoBepXHOCTH 16 HUTIENS.

[0040] Ecnu 3a30p Mexay Hapy>KHOH MNOBEpXHOCTbIO Hummens 10 u BHyTpeHHeM
MOBEPXHOCTBI0 My(pThl 20 TOCHE CKpEIUIeHUs, W3MEPEeHHBbIH Ha TPAHUYHOH JIMHUU MEXIY
KOHMYECKOW MOBEPXHOCTHIO 15 HUMIENs M CKPYTICHHOH MOBEPXHOCThIO 16 Hummens 0603HaueH
O [MM], Hapys>KHBII AUaMeTp Tena 2 CTalnbHOU TPyObl 00o3HadeH D [mroiiM]|, TONIMHA CTEHKH
Tena 2 cTampHOW TpyObl oOo3Ha4deHa t [mroiiM], paccrosiHue Mexny Toukoil PP moBopora u
BepmHON Hummens 10 mocne ckperuleHus, n3MepeHHoe no HampasieHHro CL ocu TpyOsr
obo3naueno L [mm], Tommuna crenku Hummenst 10, uamepennas B Touke PP moBopora, koTopas
SBIIIETCS MO3ULMENH B OOJIACTU KOHTAKTa MEX/y YIUIOTHUTEILHON NMOBEPXHOCTHIO 14 HUMmens u

YIUIOTHUTENBHONW TOBEPXHOCTBIO 23 My(QThl, KOTOpasi sABISIETCA CaMON ONM3KOW K BepIINHE



nHunmesns 10, obo3Havyena tr, [MM], u TonHa cTeHkn My ThI, n3MepeHHasi B Touke PP moBopora
o0Oo3HaueHa tg [MM], Torna ynosnersopsiercst Beipaskenue (1), npuseneHHoe HIDKe, U tp/t; >1,4.

[0041] 0,30+min(ayt +b,D, n= 1,2,3)>6>min(a,t; +b,D, n=1,2,3) (1).

[0042] 3necy min sBisiercss QyHKIHMEH, KOTopast OepeT MUHUMYM U3 Tpex (pakTopoB B
CBOEM BBIPAKEHHH B CKOOKaX.

al, a2, a3, bl, b2 u b3 onpenessiroTcs CleAyOLUIM 00pa3oM:

al=(L/t)x0,0115x(ty/t) -*"78~0,00247 x(t /t) >*2**2,;

b1=(L/t)x0,0076x(t/t)"***"2=0,00120%(t, /t) ¥,

a2=(L/t)x0,00725%(t,/t) "*73*'-0,00157x(t, /) "***'2;

b2=0;

a3=—(L/t)x0,00256x(t./t) >**%*+0,00372x(t/t) >'**; u

b3=(L/t)x0,01986%(t/t) ***°—0,01048x (1 /t) >,

[0043] ITockoabKy Hapy»XHBIH quameTp D U TONIIMHA t CTEHKH Tena 2 CTaJbHOH TPyOBI
HE SIBJIIFOTCS] CTPOTO TIOCTOSTHHBIMH BJIOJIb BCETO TeNa 2 CTAIbHOM TPYObI, HApyKHBIA AuameTp D
MOJKET OBITh MPENCTABJIEH CPEIHUM HAPY)KHBIM TUAMETPOM, U TOJNIINHA t CTEHKH MOXKET OBbITh
IpefcCTaBleHa cpeAaHell TommuHON crTeHku. CpenHUN HAapy>KHBIM JAWAMeTp MOJydaroT
U3MEpEeHHeM MO KaXJ0My M3 JABYX HaIlpaBJIeHUH MEepNEeHAMKYJSPHBIX APYT APYTY, HApY>KHbIN
IUaMeTp Teja 2 CTalbHOH TPyOBI 10 CKperuieHnst Ha mo3uuuu B 1 mrofime (25 MM) OT TOpueBoi
MOBEPXHOCTH MY(TBI COEAMHEHUS TOCJIE CKPEIJICHUsI U TIOJIYyYEHUs] CPEIHEro MO U3MEPEHUSIM.
AHaJOTMYHO, CPEHIOI0 TOJIIMHY CTEHKU MOJYYaroT MO MU3MEPEHUsSM Ha KaKAOW U3 8 TOuek,
PACIIONIOKEHHBIX M0 OKPY)KHOCTH NepUMeTpa (C yrioBbIM MHTEPBAJIOM 45°), TONIIMHBI CTEHKU
Tena 2 CTaJIbHON TPyOBI O CKpeIuieHHs Ha mo3uiuu B 1 mroiime (25 MM) OT TOpLIEBOi
MOBEPXHOCTH MY(PTBI COEAMHEHUS ITOCIIE CKPEIUIEHUS U TIOJIYYEeHUSI CPEIHErO 110 U3MEPEHHSIM.

[0044] B nHocy 11, mokazanHoM Ha (ur. 3, KOHUYECKass IOBEPXHOCTh 15 HuMMens, o
CYINECTBY, MapajulelbHa KOHHYECKOH mnoBepxHOCTh 24 mydTsl. T.e., paccrosHue MexXmy
KOHMYECKOW MOBEPXHOCTHIO 15 HUIMENs 1 KOHUYEeCKOH MOBEPXHOCTHIO 24 My(ThI SIBJISIETCS, TIO
CYLIECTBY, IMOCTOSHHBIM. AJIbTEPHATHBHO, KaK TMOKa3aHO Ha (ur. 4, pacCTOSIHHE MEXIy
KOHMYECKOW IMOBEPXHOCThIO 15 HHUMMENs W KOHMYECKOW MOBEPXHOCTHIO 24 My(ThI MOXKeT
MIOCTENIEHHO YBEJIMYMBATbCS B HANpaBlieHWHW K BepwinHe Hoca 11. B Takux peanusanusix
IJIOLAAb KOHTAKTa YIUIOTHUTENBHOW MOBEPXHOCTH 14 Hummens ¢ yIUIOTHUTENbHOU
MOBEPXHOCTBIO 23 My(PTHI MOCIe CKPeIUIeHUsT OOJIbINe TUIOIAAN KOHTAKTA, IIOKA3aHHOW Ha (ur.
3, ¥ MOXET, 1O CYLIECTBY, 00€CMeunBaTh MOBEPXHOCTHBIN KOHTAKT (MJIM JIMHEHHBIN KOHTAKT B
NPONOJILHOM cedeHuH). Takum obOpa3om, mo3uuusi Toukun PP moBoporta, kKak ompeneneHo o
HanpasieHuo ocu TpyOsl CL MokeT BapbHpOBATHCSA B 3aBUCUMOCTH OT 3aTSTUBAIOLIECH CHIIBI U
BEJIMYHMHBI BBITHOAHUS, T.€. nedopmannu Hoca 11.

[0045] Belme onucaHbl BapUaHTBI OCYINECTBICHUS H300pPETeHUs, HO HACTOsIIEe
n300peTeHNe MU HE OrpPaHWYE€HO M BO3MOXKHBI pa3iuyHble Moaudukanuu 0e3 orxoma OT
CYILIHOCTU U300peTeHUsI.

ITPUMEPBI

[0046] [Jlns moaTBepkaeHHMs TMONE3HOro d(p@dekra OMMCAaHHBIX BBIIIE BAPHAHTOB
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OCYIIECTBIIEHHUsI M300pETeHHsT NPOBENEH aHajH3 YHUCIEHHOIO MOJENUPOBAHUS CIIOCOOOM
YIPYTOMIacTUYECKUX KOHEUHBIX 3JIEMEHTOB.

[0047] <Y cnoBust UCTILITAHUIA>

Jnis aHanm3a IO YOPYTOIUIACTUYECKMM KOHEYHBIM 3JIEMEHTaM IPUMEHSIN MOJIeIb
pe3pOoBOro coenuHeHUs 0a30BOM KOHCTPYKLMH, MOKazaHHOW Ha ¢ur. 1. OOumme ycnoBus
UCTIBITAHUN OBLTH CJIEAYIOLTIMU.

[0048] Pasmep crampHOM TpyObl: 14 mroiiMoB, 100# (c HapyKHBIM AUAMETPOM 355,6 MM
U TOJNIMHOM cTeHKH 17,78 Mm).

Marepuai: cranb P110 (npenen Texyuectn 862 H/mm?, Moxyb yrpyrocta 205 KH/mm?,
u ko3 durment [lyaccona 0,3) no cranmapram American Petroleum Institute (API).

Tun pe3pOoBoro coenuueHnst: My(QTOBBIN (C HAPYIKHBIM AUAMETPOM 386 MM).

dopma u pasmep pe3pObI TpamenennanbHas TpPyOHas pe3pda € yroj HakJIoHA
Harpy>KEHHOW CTOPOHBI Pe3bObI 3°, YroJl HAaKJIOHA HAIPABJISIFOIIEH CTOPOHBI pe3bObl 10°, BrIcOTA
oxBaTbIBaeMOl pe3pObl 1,978 MM, mar pe3vObl 6,35 MM (4 TPI( BuTKa Ha ArOIIM) 1 KOHYCHOCTD
pe3b0bI 1/16.

Pasmep Hoca: L=17 mm, t;=10,3 mm

VYCoBHsI CKpETJIeHNsT: 3aTsDKKA 10 COMPUKOCHOBEHUS C 3aIJICUUKOM U JTOTIOJIHUTENbHAS
3atskka ¢ 1/100 obopora.

YcnoBust Harpy KeHUsl:

(1) BHyTpeHHee naBieHHME @ 4YUCTas Harpy3ka BHyTpeHHero namieHus 100% npenena
TEKYUYEeCTH TeJa CTAJIbHOMN TPyOBI,

(2) HapyxHOe [aBleHHe. 4YMCTas Harpyska HapykHoro nasiaeHust 100% mnpenena
tekyuectd (100% no crangapty API 5C3s) Tena cranbHOM TpyOBL

[0049] BHyTpeHHee naBieHHE MPUKJIAIBIBAIN K BHYTPEHHUM mepudepuiHbIM
NOBEPXHOCTSIM HUMIENA M My(QTbl, TaKK€ B LEJIOM K IMOBEPXHOCTSM, PACIOJOXEHHBIM B
HANpaBJIEHUH BHYTPb OT KOHTAKTOB METAJUIMYECKOTO YIUIOTHEHHs (HampuMep, HapyKHOU
nepugepuiiHON MOBEPXHOCTH HOCA HUMIIENIS, BHYTPEHHEN nepudepuitHON MOBEPXHOCTH y4acTKa
My(TbI, COOTBETCTBYIOLIEH HOCY HUIIENS, U TOBEPXHOCTSM 3aIJICYMKOB HUTIIENS] K My(ThI).

[0050] HapyxHoe naBleHME TNPUKJIAIBIBAIN K  HAPYXKHBIM  nepudepHiiHbIM
MOBEPXHOCTSIM HUMIENS U My(ThI, a TAKXKE KO BCEM IMOBEPXHOCTSIM, PACIOJIOKEHHBIM CHAPY KU
KOHTAaKTOB METAJUTMYECKOrO YIUIOTHEHHUS (HampuMep, pe3bOOBbIM MOBEPXHOCTSM HHUIIIENS H
My(QTBI).

[0051] <Cnocob oueHkmr™

Kak mnokazano B Tabmuie 1, TpHUBENEHHOW HMXKE, CKPEIUICHUE MOISTHPOBATH IS
Mogeneit 1-6 B yka3aHHBIX BBIIIE YCJIOBHUSIX WUCIHBITAHUN M QHAJIU3UPOBAIU A0 BBIYHUCIEHUS
TePMETUYHOCTH TIPU BHYTPEHHEM JIaBJICHUH U HAPY’KHOM NaBieHnH. Kaxnayro, repMeTHdHOCTD
IpU BHYTPEHHEM JABJICHUM M HAPYKHOM AABJICHUHU MOJYyYaJd AENEHHEM KOHTAKTHON CHIIBI
ymioTHeHust (M, Oonee TOYHO, KOHTAKTHOM CHJIBI YIJIOTHEHMS HA €IWHULY JUTHHBI
OKPY>KHOCTH TIEPUMETpPA), TOJYyUYE€HHOW, KOTAa BHYTPEHHEE WM HAapy>KHOE MaBIIEHHE IPH

BBIIINCOIMUCAHHBIX YCJIOBUAX HAT'PYKCHUA IMMPUKIIaAbIBAIN KOHTAKTHOHN CHUJION YIUIOTHCHUS ITIOCJTIC



11

ckperuteHus (T.e. ¢ K03(pPUIINEHTOM YMEHbIICHHs] B KOHTAKTHON CHJIE YIUIOTHEHUS B CPABHEHUH
C BEJIMYMHOU TOCTIe CKpervieHus ). [ epMeTHYHOCTD SIBJISIETCS] COOTHOIIEHUEM KOHTAKTHOU CHUIBI
YIUIOTHCHUS, HOqueHHOﬁ KOorga MPUKIIAABIBACTCA Harpy3ka HdaBJICHHs, OTHOCHUTCIIbHO
KOHTAKTHOHN CHJIBI YIUIOTHCHU MOCJE CKPEIUICHUS, U YEM 60.]'[]3]116 YKa3aHHasi BCJIMYMHA, TEM
Jy4IIe TePMETHIHOCTb.

[0052] Tabauma 1

MOJIeNb 3a30p COOTHOIIIEHUE repMETUYHOCTD repMETUYHOCTD
S (Mm) TOJILIUHBI 1o 1o
CTEHOK BHYTPEHHEMY HapY>KHOMY
te/tL TABJICHUIO TABJICHUIO

1 [0,15 2,25 1,21 0,81
2 (048 2,25 1,23 0,81
3 10,08 2,25 1,21 0,77
4 (0,14 1,38 0,8 0,91
5 103 2,25 1,22 0,81
6 |0,06 2,25 1,21 0,71

[0053] B Hacrosimux ucnbitanusx 0,43 mm >6> 0,13 mm. Takum obpazom, Mopenu 1 u 5
SBJIIIOTCS] TTATEHTOCIIOCOOHBIMHU mpuMepaMu, a Mozaenu 2—4 u 6 SBJISIOTCS CPaBHUTEIbHBIMU
npuMmepamu. Mozenb 2 umeer 3a30p O Oonbine uiu paBHbIA BepxHemy mnpeneny (0,43 mm).
Monenu 3 u 6 kaxaas MMeeT 3a30p O MEHbIIe WM paBHbIA HmkHeMy mnpeneny (0,13 mm).
Mopenp 4 uMeeT OTHOLIEHUE TOJIMHBI CTEHKH tp/ll, MEHbIIE WM PABHOE HIDKHEMY Ipeneiy
(1.4).

[0054] BenuuuHbl repMETUYHOCTH NPU HAPY>KHOM JIaBJIEHUU MOEJNEH, OTIMYArOIUXCs
or Mogenu 4, mnokazanbl Ha ¢ur. 5. Kak A0mkHO OBITh SICHO W3 JaHHOTO rpaduka,
TePMETUYHOCTb NMPH HAPY)KHOM JABJICHUH 3HAUYUTENIbHO MEHSETCS B CIy4asx, Koraa 3a30p O
Oosple WM MEHbIIE HIDKHEro mpexnena. T.e, korga 3a30p O CTAHOBHTCS MEHbIIE HIIKHETO
npenena, IepMETHYHOCTb MPU HApPy>KHOM [1aBJIEHHH 3HAYMTENbHO yMeHbInaercs. JlaHHOe
NPOMCXOIUT B MEPBYIO OYepenb, MOCKONbKY HOc 11 nedopmupyercs niam BhIrubaercsi Tak, 4To
€ro BepIIrHA YIIHPAETCs BO BHYTPEHHIOK0 nepudepuro mydrsi 20.

[0055] Hnst Mogmenu 4, koTropasi MMEET COOTHOIICHHE TOJIIUHBI CTEHOK MEHBINE
HIDKHETO Ipefieia, T'epMETHYHOCTb IPU BHYTPEHHEM JaBJIEHUH SIBIAETCS OYeHb HM3KOI.
Mopenp 2 uMeeT repMeTUYHOCTH NPU BHYTPEHHEM [AaBJIEHUH U HAapy>KHOMY JaBIIEHUIO, IO
CYLIECTBY, paBHYIO repMeTHuHOCTH Mogenei 1 u 5; BMecTe ¢ TeM, MOCKOJIbKY 3a30p O OoJibIie
WIM paBHBIH BEpPXHEMYy IIpeleNy O3HadaeT VYBEJIMYEHHBbI OOBEM pe3aHHs, CTOMMOCTb
U3roToBJIeHNs: B Monenu 4 sBJsieTCsi BBICOKOM.

[0056] IlpuBeneHHBIE BBILIE PE3yJIbTATHl AEMOHCTPHUPYIOT, YTO Pe3b0OBBIE COENUHEHHS
MATEHTOCIIOCOOHBIX MPUMEPOB UMEIOT JIVULIYI0 T'€PMETUYHOCTb NMPU BHYTPEHHEM IABJIEHHH U

JYYIIYEO TEePMETUYHOCTh TPU HAPYKHOM  JaBJIGHUH, YeM pe3bOOBble COCHMHECHHS
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CPAaBHUTEJIbHBIX TPUMEPOB.
OIMCAHUE CCHLIOYHBIX MO3UIANI

[0057] 1: pe3pbOBOE COenMHEHNE [JIsI CTABHON TPYOBI

2: TeJo CTaNbHOHN TPYyObI

10:
11:
12:
13:
14:
15:
16:
20:
21:
22:
23:
24:
25:

HUTIIENb
HOC

MOBEPXHOCTD 3aILICYHKA HUTITIEIIS
OXBaTbIBaeMasi pe3b0a

YIUIOTHUTEIbHASI TOBEPXHOCTD HHUITITEJISI
KOHHYECKasl TOBEPXHOCTh HUIITIENS
CKpYTJIEHHAS] TIOBEPXHOCTh HUTITIEJISI
my¢ra

MOBEPXHOCTD 3arUiedrKa My ThI
OXBAaTBIBAKOIIAs pe3bda
YIJIOTHUTEJbHASI TOBEPXHOCTb My ThI
KOHHYECKasi MOBEPXHOCTb My ThI

CKpPYTJICHHAs TIOBEPXHOCTh My(PTHI
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®OPMYVYJIA H30BPETEHUA

1. Pe3p0OoBOe coenuHeHHMe ANl COEAMHEHUs TeJ CTAJbHBIX TPYO, Kakmoe M3 KOTOPBIX
UMeeT HapyXHbI auameTp Oonblie wid paBHbI 7 mroifimam (178 MM) M TONIIMHY CTEHKH
Oonpire nmm pasuyto 0,7 grotima (18 MMm), comepaxaruee:

TpyO4aThIii HUIITIENb; U

TpyO4aTyr0 My(Ty, BBIIOJHEHHYIO C BO3MOXKHOCTBIO CKPEIUICHHs Ha HHMIIIENe, KOTaa
HUIIIENb BBEJIEH B HEe,

pUYeM HUMIEIb COAEPKUT:

HOC, OOecreueHHbIH Ha y4acTKe BEPIIMHbI HUMIMEIS U UMEIOLINI HApY>KHBIA JTUAMETP
MEHbIIe BHYTPEHHEro IuUaMeTpa ydacTKa My(Tbl, KOTOPBIH OOpalleH K y4acTKy BEpLIMHBI
HUIIENS, KOr7la COeANHEHNE CKPETICHO;

MOBEPXHOCTH 3aIUICYHKA HUTIIENs], 00ECTICYEHHYIO Ha BEPIIMHE HOCA,

KOHMYECKYIO TOBEPXHOCTD HUIIEISI, OOECIIEYeHHYIO Ha HapyKHOU nepudepun Hoca,

CKPYTJICHHYIO MMOBEPXHOCTh HHUIMIIENS, OOECIIEYCHHYI0 Ha KPOMKE MEKAY MOBEPXHOCTHIO
3amIe4yrKa HUMNeNst 1 KOHMYECKOW MOBEPXHOCTBIO HUIIIIETIS,

OXBaTBIBAEMYIO pe3b0y, 0OECIIEUEHHYIO Ha HApY KHOW nepudeprun HUIIENS; U

YIUIOTHUTENbHYIO TOBEPXHOCTb HHUIINENs, OOECNEUEeHHYI0 Ha Hapy)XHOW mnepudepun
HUMIENSI U PACIIOJIOKEHHYIO0 MEXKITy HOCOM M OXBaThIBA€MOH pe3b0oi,

npudeM My(dTa COIepKUT:

MOBEPXHOCTD 3aruiednka My(Tbl, OOpaleHHYI0 K MOBEPXHOCTH 3aIuleudKa HUMIMENS U
BBINIOJIHEHHYI0 C BO3MOKHOCTBIO KOHTAaKTa C IOBEPXHOCTBIO 3aIlJIeddKa HUIIMENs, KOraa
COEIMHEHHUE CKPETUICHO;

OXBATBIBAIOIIYIO Pe3b0y, COOTBETCTBYIOLIYIO OXBAThIBAEMOI pe3nde 1 00eceueHHyo Ha
BHyTpeHHeH nepudepun MyQTsl, 1

YIJIOTHUTENIBHYIO ITOBEPXHOCTh My(ThI, OOPAIEHHYIO K YIUIOTHUTENIBHON IMOBEPXHOCTH
HUIIEIS W BBIIOJHEHHYID C BO3MOXHOCTBIO KOHTAaKTa C YIJIOTHUTENBHOW IOBEPXHOCTHIO
HUIIENS NOCNE CKPEIIEHNS,

IIPU 5TOM yIIOBJIETBOpsieTcs: Boipakenue (1), mpuBeneHHOe HUKE, U tp/t; >1.4,

0,30+min(a,t; +b,D, n=1,2,3) >&>min(a,t +b,D, n=1,2.3) (1),

rae 0 [mMm]| 3a30p MeXIy Hapy)KHOW TOBEPXHOCTBIO HHIMIENS U BHYTPEHHEH
MOBEPXHOCTBIO MY(TBI TIOCJIE CKPEIUIEHUS, W3MEPEHHbIH Ha TPAHUYHOW JIMHUU MEXIY
KOHUYECKON TMOBEPXHOCTBIO HHUMMNENS U CKPYIJEHHOW MOBEPXHOCThIO Hummens, D [mroiim]
HapY’KHBIH JUAMETp TeNla CTaJIbHON TpyOBl, t [AF0WM]| TOJIMHA CTEHKH Tela CTaabHOU TPyOsI, L
[MM] paccTosiHHEe MeXIy TOYKOW MOBOPOTA, KOTOpAs SIBJISIETCS MO3WLIMEH B OOJIACTH KOHTAaKTa
MEXAY YIUIOTHUTEIBHON MOBEPXHOCTHIO HHUMIEIS W YIUIOTHUTENBHOW MOBEPXHOCTHIO MY(TBHI,
KOTOpasi SIBJsIeTCsl caMoOi OJM3KOM K BepIIMHE HUIIENs, W BEPIIMHONW HUINIENS IOCIe
CKPEIUICHUs, KaK M3MEPEHO B HAMpPABICHUU OCH TPYOBI, ti [MM] TONIIMHA CTEHKH HHUIIIIEJS,
U3MEpEeHHasi B TOYKE MOBOPOTa, U tg [MM]| TONIIMHA CTEHKH My(ThI, M3MEpEHHas B TOYKE
MOBOPOTA,

IpU 3TOM Mmin siBiseTCsl PyHKLUUEH, MpUHUMAOLEeli MUHIMYM U3 TpeX (aKkTOpOB B €€
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CKOOKax,

al=(L/t)x0,0115x(ty/t)"-*"7"~ 0,00247x(t /t) >**"2;

b1=(L/t)x0,0076x(t /) "**°"*— 0,00120x(t /)" **!";

a2=(L/t)x0,00725%(t,/t)"°7*—= 0,00157<(t/t) 712,

b2=0;

a3=—(L/t)x0,00256x(t./t) "%+ 0,00372x(t. /) *"**?; u

b3=(L/t)x0,01986%(t,/t) ***°— 0,01048x(t,/t) 9932,

2. Pe3pboBOE coenurHeHue 10 1. 1, B kKoTopom tp/t; >2,0.

3. Pe3p0OoBoe coenmHeHHMe TO M. 2, B KOTOPOM pe3b0OBOE COEAMHEHHE SIBISIETCS
coeAHEeHneM My (TOBOTO THIA.

4. Pe3pOoBoe coenuHeHne 1o Jrodomy u3 . 1-3, B koTopoMm Hoc umeeT 0,2% yCIOBHBIN
npenen Texkydectd B 1,05 wnm Oonee pa3 mpesbimaroiuii 0,2% yCIOBHBINA MpeaeN TeKy4ecTH
TeNa CTaJbHOM TPyOBbl, 1O CKPETUIeH!Us] U M3MEPEHHbII B HAMPABJICHUH BIOJIb OKPYKHOCTH.

5. Pe3pboBo€E coenuHeHne 1Mo JIF0OOMy U3 mil. 1-4, B KOTOPOM IO MEHbLIEH Mepe OJTHO H3
XUMHYECKOW KOHBEPCHOHHOH 00paboTKH, MeCKOCTpyHHOW 0o0paboTKM U MeTauTH3aluu
NPUMEHSIETCs TI0 MEHbILEH Mepe K OTHOMY M3 OXBAaThIBAEMOI pe3bObl U OXBATHIBAIOILEH Pe3bObl,
M0 MEHbILIEH Mepe OAHONH W3 YIUIOTHUTEIbHON MOBEPXHOCTH HUINENs WU YIJIOTHUTEIbHON
MOBEPXHOCTH My(Thl, M O MEHbIIEH Mepe OJHOH M3 TMOBEPXHOCTH 3aljiedrKa HUMIENs U
MIOBEPXHOCTH 3aIICYHKa MY THI.

ITo noBepennocTn



G/l

L6869S



G/c



3/5

oul. 3

22

13



oUl. 4

13

744




[EPMETUHHOCTb MNP HAPYXXHOM L ABJTEHIAN

0.9

0.8

0.7

0.6

5/5

OUI. 5
0 0o |
°© .
AVANA30H 15 NATEHTOCMOCOBHBIX
: [PUMEPOB :
0.1 0.2 0.3 0.4

3A30PS  (vm)

0.5



	Bibliographic data
	Abstract
	Description
	Claims
	Drawings

