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AnHoTanms. PaboTa nocesinieHa HecaeI0BaHUIO BO3MOXKHOCTH allPOKCHMAIIMH IPOSKIIMH JIMHUH ePECeUeHHU IBYX LIMIIMHAPOB,
MEePECEKAIOMUXCS MO MPSAMBIM YIJIOM, AYTOH OKPYXHOCTH AWAMETPOM, PaBHBIM AHAMETPy OONBIIET0 U3 IepeceKarolIuXcs
IUIMHIPOB, B OMNPEIEIEHHOM JHana3oHe COOTHOIIEHWH uX auaMmeTpoB. IIpoBeleHO HcciIeqoOBaHUE, B paMKaX KOTOPOTO
BBIMIOJIHEHO Tpaduueckoe penieHne paccMaTpUBaeMOil 3aqa4yn IS pa3inyuHbIX cooTHoueHuit nuamerpoB d u D munmuHApos.
W3mepeHs! OTKJIOHEHUS A alNPOKCHMHPYIONIMX Iy OT TOYHBIX MPOEKIWi JIHHUH nepecedeHns. [lo pesympraTam H3MepeHHUH
MOCTPOCH TpauK 3aBHCHMOCTH MAaKCHMaJbHOTO OTKJIOHEHUS allpOKCHMHUPYIOIEH OyrHm A OT COOTHOUIEHHS IHaMETPOB
nepecekaronmxcs muHApoB d/D. [TokaszaHo, 4to B anana3oHe coorHomeHuH d < 0,6D anmpokcHMupyIomas {yra OTKJIOHSIETCS
0T TOYHOH NPOEKLUH JIMHUHU nepeceuenus B npenenax 0,5% ot D. [Ipenyoxken BapuaHT IpaKTUYECKOTO IPUMEHEHUS pe3yIbTaTOB
paboThl ISl ONTHMH3AlMM IpOLlecca COSAMHEHHs DJJIEMEHTOB TpyOompoBonoB. Iloka3zaHo, YTO IIpU HCIOJIB30BaHUH
IpeIaraeMoro crocoba anmpoOKCHMAIUH A ONpefeleHHs KOHTYPOB BbIpe3a Ha CTBIKYEMbIX y4YacTKax IOBEPXHOCTEH TpyO
cxema (POPMHUPOBAHUS BBIPE30B 3HAUUTEIBHO YIPOIIAETCS, a IIPOLECC MX MOJYUYCHHUS MOXKHO NPOU3BOIUTH MTOCPEICTBOM OJHOI
KOHIIEBOH (hpe3bl, TO ecTh 63 CMEeHBI HHCTpyMeHTa. [IpuBeIeHbI CXeMBI IS pacdéTa KOHTYPOB BEIPE30B HA CTHIKYEMBIX TPyOax
TI0 TIpeyIaraeéMoMy CIocoOy.

IIpeamer uccaeqoBaHus: Cilydail mepeceueHus ABYX LIMIMHIPOB IOA IPSAMBIM YIVIOM C BapbUPYIOLUIMMCS COOTHOIIEHHEM HUX

JAUaMETPOB.
MaTepnam,l U METOJbI: FeOMeTpI/I'-{eCKI/Iﬁ AJIrOPUTM MOJACIMPOBAHUA JIMHUU B3aUMHOI'O IIEPECCUCHUS ABYX HWIMHIPOB,
MEPECCKAOIUXCA MMoA NPAMBIM YIJIOM, — KpI/IBof/i 2-to nopsaaka — € HCHOJB30BAHUEM METOJA IIJIOCKHX ITOCPEAHHUKOB H

KOMITBIOTEPHOTO MOJICIIMPOBAHNSA; METO alllIPOKCUMALK B KOHTEKCTE pacCMaTpHBAEMOi 3aJa4H.

Pe3ybTaThl: OKAa3aHO, YTO MPOEKIHS IMHUM B3aHMHOTO IIEPECEUCHHS BYX LIMIIHHAPOB, IIEPECEKAOIMXCS IO IIPSIMbIM YIIIOM,
Ha MI0CKOCTb, MapajlIeNIbHYI0 INIOCKOCTH X CUMMETPHH, TS ONPEeIEHHOr0 JUana3oHa COOTHOLICHUH ANaMeTPOB LIMJIMHIPOB
MOXET ObITh aNPOKCHMHUPOBAHa AyT0i OKPYKHOCTH AUAMETPOM, PABHBIM THAMETPY GOJIBIIEr0 U3 MePECEKAIOIINXCS LIMITHHIPOB.
YcraHoBNeHa 3aBHCUMOCTh TOYHOCTH AMIPOKCHMAIIH OT COOTHOIIECHUS ANAMETPOB MEPECEKAFOINXCS IMIHHAPOB. OTpeieseHbI
3HAUCHUS] MAKCUMAIIBHBIX OTKJIOHEHUH aNIpPOKCHMHPYIONIEH Ayrd OT TOYHOH JIMHUM JUIS Pa3INYHBIX COOTHOIIEHUH THaMeTpOB
LUJIMHIPOB ¥ Ha OCHOBAHHMH MOJYYSHHBIX JAHHBIX MOCTPOEH Tpadk 3TOH 3aBUCUMOCTH. [IpeaniokeH BapHaHT MPAKTHYSCKOTO
NpPUMEHEHHs PeIaraeMoro Crocoda amnmpoKCUMAIIMH JUTs ONITHMH3ALHU TEXHOJIOTHYECKOT0 MPOLIecca COSTUHEHNUS JIEMEHTOB
Tpy6omnpoBonoB. [IpuBenieHa cxema Jyisi pacyéTa BHIPE30B Ha CTBIKYEMBIX TPyOax.

BbIBOBI: MPOSKLHIO JIMHUK TIEPECEUCHHs LIMIIMHAPOB, NEPECEKAIOMINXCS O/ IPSIMbIM YIJIOM, Ha IUIOCKOCTb, NMapajljIeNbHyI0
IUIOCKOCTH WX CHMMETPHM, B HEKOTOPOM JHAala30HE COOTHOIICHWH HX JHAMETPOB MOXKHO C JOCTaTOYHOH TOYHOCTHIO
aNnmnpOKCUMHUPOBATH IYTOl OKPY)KHOCTH, AUAMETP KOTOPOii paBeH AnameTpy OOJIbIIero U3 HHIMHIPOB. TOYHOCTH alIPOKCUMALIMI
3aBUCHT OT COOTHOLIEHWH IMaMETPOB MEepeceKalomuXCs IMIMHAPOB. BO3MOXKHOCTE NpPHMEHEHHsS INpeaaraeMoro crocobda
amIpOKCUMAIMN U TPAHHIBI JOBEPUTENHHOTO JMAlla30Ha COOTHOIIECHUH JUaMETPOB JIOJDKHEI BEIOUPATHCS ¢ YIETOM JOITy CTUMON
TOYHOCTH TOCTPOCHHH B KOHKPETHON WH)KCHEPHOI 3ajade. YKa3aHHBI CHOCOO ammpoKCHMAaIlud MOXKET HPHUMEHSTHCS, B
YaCTHOCTH, B MPOLECCaX COCTUHEHHUS DIEMEHTOB TPYOOIPOBOZOB ISl pacyeTa KOHTYPOB BBIPE30B Ha CTHIKYEMBIX TpyOax, B
pe3yJbTaTe Yero cxema u npouecc GOpMHPOBaHHUS BHIPE30B 3HAUUTEIBHO YIPOILAIOTCS.

KitoueBble clI0Ba: LWIMHID, JIMHUS B3aUMHOTO TIEPECEUCHHs] MOBEPXHOCTEH, aIlpoKCHUMAaNus, Ayra OKpPYKHOCTH, THAMETD,
TpyOa, KoHIEeBas Qpesa.

TePeCceKaroIUMUCS oCSIMU Ha TUIOCKOCT,
BBEI[EHI/IE MapasuieNIbHYI0 MIOCKOCTH CUMMETPUU MTOBEPXHOCTEH,
sBysieTcst runepbosa [1].

B nmamHOif paboTe paccMaTpuBaeTcs OAHA W3 CnenoBarenbHO, TOYHas NPOEKLUS 3TOW JIMHUU
HamOosee pachpoCTpaHEHHBIX Ha MPaKTHUKE 3ajadq: CTPOMUTCSI C HCIOJIb30BAHHEM METO/AA IOCPETHHUKOB.
MOCTPOCHUE JIMHUU IIEPECeueHMs [BYX IMIUHIPOB, Iopsimox mocTpoeHWH [UId pelleHus 3TOW 3agadu
KOTOPBIE MEPECEKat0TCA MO NPSIMbIM YIJIOM. paccMmotpeH, Hanpumep, B [2]. Takue mocTpoeHus He

CrnenyeT OTMETUTh, YTO y AaHHOM 3aJlaul €CTh KaK COCTaBJIAIOT TPyAa Ul CHELHUAINCTOB, 3HAKOMBIX C
rpaguyeckoe, TaK W TPHUKIAIHOE TEXHOJOTHYECKOe a3aMHi HayepTaTeIbHON TeOMETpUH, OTHAKO TPEOYIOT
IpUMEHEHHE, 0 4YéM OyJIeT CKa3aHO HIKE. HEKOTOPOTO BPEMCHH.

TouHoe pemeHue paccMaTpUBaeMOW — 3afauud 3aBHCHMOCTh JIMHUH IIEPECEYCHUS] TOBEPXHOCTEH
MepecedeHNs] IMWINHAPOB TOAYMHACTCS CIEeIyIOIei BpAaIleHHsI OT COOTHOIIEHUS HX Pa3MepOB pacCMOTPEHA
teopeme: «Ecim  mepecekarommecs IOBEPXHOCTH Ha MIpHMepe NepecedeHus ABYX IMIMHIPOB B pabote
BTOPOTO  TOpSOKAa HMEIOT OOIIyI0  IUIOCKOCTh [3]. 3mech maércst obmIas xapakTepUCTUKA U TSHICHITHS
CUMMETPHH, TO JHHHUS UX MEPECEUCHHUS MPOCIUPYETCS HM3MEHEHMs BHELTHETO BHU/Ia IPOCTPAHCTBEHHOM KPUBOH
Ha 3Ty IUIOCKOCTh B BHJIE KPUBOW BTOPOTO MOpsKay. B IIPY U3MEHEHUU COOTHOLICHUH AUaMETPOB LIUIUHAPOB.
YaCTHOCTH, IIPOEKLMEN IPOCTPAHCTBEHHOM KPUBOU B pabGote [4] mpuBeneHBI OCHOBHBIE CBEJIEHHS O
JUHUN TIepeceyeHMs ABYX LMIMHAPOB BpallleHUs ¢ mpoeknusix JuHUA (B ¢dopMme KiaccuuKauuu),
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MOJy4aeMbIX HpPU  IIEPECEUYCHHH  IOBEPXHOCTEU
BpalICHUs, €CIH COOJIOAEHB! YCIOBUSl YIIOMSIHYTOU
BBIIIIE TEOPEMBI.

B pabote [5] pemrenme 3amaum ommcaHo Ooiee
JeTalbHO. B yacTHOCTH,  OpoOeKUUs  KpPUBOU
MepecedeHus] [OWIMHAPOB B  BUAE  TUIEpOOIIBI
MIPUBOJUTCS € €€ aCHMITOTaMH M OTIOPHBIMH TOYKAMH.

B pabote [6] momydeHo ypaBHEHHE, OIICHIBAIOIIEE
UCKOMYIO PaBHOCTOPOHHIOIO THIIEPOOITY — IUIOCKYIO
KPHUBYIO BTOPOTO MOPSIKA.

Brimie MPUBEACHBI JINIIb HEKOTOPLIC U3 MHOKECTBA
HNCTOYHMKOB C  OINHUCAHHEM  peIleHUs  JIaHHOW
kyaccuyeckoi 3agaun. Ilo aToi *e nmpuuuHe B HOBOU
JUTepaType He  yjaemsercs ocoboe  BHHMaHHE
yKa3aHHOH 3a/aue.

Crenyer OTMETHTh, YTO BO BCEX YIOMSHYTBIX
HCTOYHHMKAX PACCMATPUBACTCSI MMEHHO TpaduyecKu
TOyHOe pemeHue. I[Ipu 3TOM mOmOOHAas TOYHOCTH
MIOCTPOEHHH 9aCTO HE UMEET IPAKTUIECKOTO CMBICIIA Ha
paboumx yepTexax 3a HCKIOYEHHEM CIydaeB, KOTAa
HCKOMasA JIMHUA TICPECCUYCHUA  ABJIACTCA JIMHUEN
00paboTku (pa3meNeHus, CTHIKOBKH, THOa) MaTepualia
JUIL  TIOCTENYIOIIMX TEXHOJOTWYECKUX  OIepalui,
HalpuMep, CBapKH. B CBS3M ¢ 3TUM BO3HHUKAeT
3aKOHOMEpHasi ~ IOTpeOHOCTH B JIOMYCTHMOM
YTIPOIIEHNH TIPOIiecca MOCTPOSHHS 3TON JINHHH.

IOCT  2.305-2008 [7] omaér cuemyrommue
PEKOMEHIAIMK JUIS TIOCTPOCHUS JIMHWM B3aHMHOTO
repeceveHus mopepxHocreit: «9.4 Ha Bunax u paspesax
JOMYCKAaeTCsl  yNpOIIECHHO M300pakaTb IPOCKIMU
JTUHAN TIepeCceUeHNs TOBEPXHOCTEH, €CIM He TpeOyeTCs
TOYHOrO MX TmocTpoeHus. Hampumep, BMecTo
JIEKAJIbHBIX KPUBBIX IIPOBOIAT IYyTH OKPYKHOCTH H
MPAMBIC JIMHUU.>»

OfHako  KOHKpPETHBIE

PEKOMCHAAUN JJIsL

HCIIOJIBb30BaHUS YKa3aHHBIX yl'IpOIIIeHI/Iﬁ B CTaHAApTC

oTcyTcTBYIOT. [Tomydaercs, 4To aBTOp YepTexka JOIDKEH
MIPUHUMATh peUIeHHe 00 MCIOJIB30BaHUM IT0JIOOHBIX
YHPOIIEHUH CaMOCTOSITEIJIBHO, PYKOBOJCTBYSICh
YCJIOBUSMM KOHKPETHOW TEXHUYECKOM 3a1auHu.

Hemm nanHO#M paOOTHI:

1. Tlpeanmoxutb M 0OOCHOBaTh HCIIOJIB30BAHHE
ompeAenaEHHOro CIoco0a yNPOIIEHHOTO H300paKeHUs
MIPOCKIMHU JIMHWM B3aUMHOTO TIEPECEUCHUs] JABYX
MUJIMHAPOB MOJ NPAMBIM YIJIOM;

2. [Ipoananu3upoBaTh BO3MOKHBIN JJOBEPUTEIbHBII
JMana3oH COOTHOIIECHUN AWAaMETPOB LMJIMHIAPOB, B
KOTOpPOM YIPOIIIEHHE 10 IpeiaraeéMoMy Crioco0y naér
yIIOBJIETBOPHUTEIILHBIE PE3YIIbTATHI;

3. C yuéToM YCTaHOBJIEHHOTO JIOBEPUTEIHLHOTO
JMana3oHa PacCMOTPETh IPAKTHYECKOE IMPHUMEHEHHE
crnocoba YIpomEHHOTO HM300paKEHUSI YIIOMSHYTOH
JIMHUH B TEXHOJIOTHYECKHUX MpoIeccaX M MHKEHEPHBIX
3ajayax.

1 TPAOMYECKOE PEIIEHUE 1
HNCCJIEJOBAHUE 3AJTAU

Ha HavanpHOM »STame JgaHHOH pabOTBl OBLIO
BBIIBUHYTO TIPEIIONIOKEHAE O TOM, YTO MPOCKIIHIO
JIMHUM TIEPECEUYCHUs] BYX LUIUHIPOB IOJ TPSIMbIM
YIJIOM — PaBHOCTOPOHHIOIO THUIEPOOIY, MOJydaeMyro
npu rpaduyeckoM pelIeHHH 3aJadd, B HEKOTOPOM
JMara3oHe COOTHOILLIEHUI JIINaMETpPOB
MEPECEKAIONINXCS MMIAHAPOB MOXKHO C JOCTaTOYHOU
TOYHOCTBIO AMNMPOKCHUMHUPOBATh IYrOd OKPYIKHOCTH,
JUaMETp KOTOPOW paBeH JuaMeTpy OONbIIero u3
LWIAHAPOB. Cxema TaKou AMPOKCHMAITUH
MpEJICTaBlicHa Ha pHUC. | I TpuUMepa COOTHOIICHUS
nuamerpoB 0=0,5D, rme d u D — cOOTBETCTBEHHO,

JMaMETPBl MEHBIIIETO ¥ OOJIBIIETO IMITHHAPOB.
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Puc. 1. Cxema annpokcuManuy TOYHOM JTUHUM (TUIEPOOIIBbI) Jyroi OKPYKHOCTH
Fig. 1. Scheme of approximation of an exact line (hyperbola) by an arc of a circle

Jlist mpOBEpKU MPEIIMONIOKEHUSI W JTOCTHIKCHUS
MOCTABJICHHBIX IIeJiell B pamkax paboTel  ObLIO
MIPOBEJICHO HKCCIIEIOBAHUE: BBIIIOJHEHO rpaduueckoe
pelleHne paccMaTpUBaeMoil 3a/1aui METOJJOM TIOCKUX

NOCPEJHUKOB  JJIsl  Pa3iM4YHBIX  COOTHOILEHUH
JMaMETPOB MEPECEKAIOINXCS LIMIIMHPOB, B AUATIa30HE
or 0d=0,25D gpgo d=D. Pesymprarel perieHus
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MIPEICTaBICHBI Ha pHC. 2. 3M1eCh CIUIONIHOW OCHOBHOM
II0Ka3aHbl TOYHBIE JIMHUM, IIOJYYEHHBbIE IIyTEM
KJIACCUYECKOTO0 PELIEHUs] METONOM IIOCPENHUKOB, a
IITPUXOBOM TOHKOM JMHUEH — alpOKCUMHUPYIOLIUE
JOYTH OKPYXKHOCTEeH ([0 TpeajiaracMoMy CIoco0y
anMpOKCUMAIIUH).
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a=0250

Puc. 2. Pemienue 3agauu nepeceyeHus AByX MWIMHAPOB IS PA3THYHBIX COOTHOUIEHUH UX AUAaMETPOB
Fig. 2. Solution of the problem of intersection of two cylinders for different ratios of their diameters

3arem ObLTH BBITTOJTHEHBI NU3MEpeHNUs
MaKCHMAJIBHOTO OTKJIOHEHHS A anmpOKCHMHPYIOIINX
Oyr OT COOTBETCTBYIOUIMX TOYHBIX JHHHHA. Cxema
TaKOT0 M3MEPEHHUs IPUBEAEHA Ha puC. 3 Ul mpuMepa

coorHomienus  auametpo  d=0,85D.  3mauenus
MAaKCHUMAIbHBIX  OTKIIOHCHHH, W3MEPEHHBIE B
MI/IHHI/IMeTan, 3aTCM 6I)IJ'[I/I HpeﬂCTaBHeHBI B

OTHOCHTENBHOHN (hopMe — uepe3 TuaMeTp OOJbIIero u3

uutuaapos D. To pesynbraTam u3MepeHHii moCTpoeH
rpaduK 3aBHCHUMOCTH MaKCUMAILHOTO OTKIOHEHHS A
ANMPOKCUMHUPYIOIEH  IyrH  OT  COOTHOILEHHS
JIMaMEeTPOB Tiepecekaromuxcst mmaapos d/D (puc. 4).
Ha rpajuke nmnpuBeleHAa JIMHHA  TpEHIa U
aImpOKCHMHUPYIOIIAst GyHKIHA HCCIeyeMoi
3aBHCHMOCTH.

Puc. 3. Cxema HU3MEPCHUSI MAaKCUMAJIbHOTO OTKJIOHCHU ST aHHpOKCHMprIOH.{eﬁ AyTHU OT TOYHON JTUHUH
Fig. 3. Scheme for measuring the maximum deviation of the approximating arc from the exact line
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Puc. 4. I'paduk 3aBUCHMOCTH MaKCHMAJIEHOTO OTKJIIOHEHHS A anmpOKCHMUPYIONIEH JyTH OT COOTHOLICHUS THAMETPOB
nepecexaroruxcst uuaapos d/D
Fig. 4. Graph of the dependence of the maximum deviation A of the approximating arc on the ratio of the diameters of the
intersecting cylinders d/D)

W3 pe3ynbTaToB HCCIENOBaHMs, B YaCTHOCTH, M3
puc. 3, 4 MOXHO 3aMETUTh, YTO JI0 COOTHOIICHHS
quametpoB  d=0,5D  anmpokcumupymoomas — ayra
NPaKTHYECKH  COBMAJaeT C  TOYHOH  JMHHEH
nepeceyeHus wMHApoB (s d=0,5D makcumanbHOE
otkionenne A cocrasiser Beero 0,22% ot D).
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2 [TIPAKTUYECKOE ITPUMEHEHUE

PE3VYJIbTATOB PABOThBI
KpuBble BTOpOro mopsjaka, Kak ¥ HX HPOEKLHH,
4acTo JiekaT B OCHOBE (OPMBI  TEXHHYECKUX

KOHCTPYKIIUU B COOPYKEHHUH (KaK, HAIIpUMep, OTIHCaHO
B pabortax [8 10]). TIlosTOoMy pe3ymbTaTHI
HWCCIIENOBAHNMA B DTOW 00JaCTH HEW3MEHHO HAXOIAT
MIPaKTHYECKOE  INPUMEHEHHE, M HUX  BaXHOCTb
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TIePUOANIECKU
Ty OJIMKAUSIMH.

B kauecTBe mpuMepa MPakTUYECKOTO NPUMEHEHUS
pe3yiIbTaToB JaHHOW paboTel mpemnaraeTca HX
WCIIONIb30BaHUE Al ONTHUMHM3ALMKM  IIpolecca
COEIMHEHUsI JIEMEHTOB TPYOOIIPOBOIOB.

3amada CTEIKOBKH JIBYX TPYO pa3HOTO AMaMeTpa oL
MPAMBIM YTJIOM YacTO BCTPEUYAETCS B Pa3IMYHBIX
OTpaciiiX MPOMBIIICHHOCTH, TIE€ HUMEIT MEeCTO
JJIEMEHTHl  TPyOOIpOBOAHBIX cucTeM. OpuH H3
Hauboliee  pacHpOCTPaHEHHBIX  CIIydacB 3T0
COEIMHEHUE METALIMYECKUX TPyO IMOCPEICTBOM HX
ceapuBanus [11]. Ilpu TakoM mpouecce CTBIKyeMbIE
YYacTKH TPYO NOJDKHBI OBITH CHEIUaIbHBIM 00pa3zoM
MIOJTOTOBJICHBL: TOpEIl OXHOW TpyObl W OOKOBas
MTOBEPXHOCTh JIPyrO JOJDKHBI MMETh CIELHaIbHBIC
COBMEI[aeMbIE€ APYT C JPYyroM BBIPE3Bl WIIM CPE3HI,
(bopMa KOTOPBIX MOXKET BapbUPOBATHCS B 3aBUCHMOCTH
OT CXEMbl CTHIKOBKM. Ha mpakTuke BBIpE3bl 4acTo
BBINOJIHSIOT 10 CTICIHATbHBIM HAKJIQJAHBIM [Ia0I0HAM,
pa3mep 1 popMa KOTOPHIX PACCUUTHIBAIOTCS UCXOAS U3
pa3MepoB TpyO U CXEeMBI CTHIKOBKH.

Ecnu  ucmonp3oBaTh — IpeAnaraeMelii  croco0
annpoKCHMAallid B JIOBEPUTEIHHOM  JIMara3oHe
COOTHOIICHUH TUaMETPOB CTHIKYEMBIX TPyO, TO cxema
1 TIpoliecC BBINONHEHHS BBIPE30B Ha 00enx Tpydax
3HAYUTEIBHO YIPOIIAIOTCA: B 3TOM CiTydae 00a BbIpe3a
MOJKHO BBITIONHATH Ha (PEe3epHOM CTAaHKE OIHOU
KOHIIEBOU (hpe3oil, tuaMeTp KOTOpO paBeH JHaMeTpy

NOATBECPIKAACTCA AKTyaJIbHbIMU

Oonpieil m3 creikyemblx Tpy6. Hioke Ha puc. 5
IIPEACTaBICHBI MOJICJIM 3TAIOB IPOLECcca CTHIKOBKHU IO
npemraraeMomy croco0y. Ilpu sTom rmy6maa 060mx
BBIPE30B PACCUHTHIBACTCS U3 IIPOCTHIX TEOMETPUIECKUX
COOTHOIIICHNI HAa OCHOBAaHHH BCETO JIBYX MAPaMETPOB —
muametpoB d u D CTBIKyeMBbIX TPyO, M 3TOT pacuér
JIETKO MOXKET OBITH O(OPMIIEH B Ka4eCTBE IPOrPaMMEI
Ju1s ctadka ¢ UITY.

OCHOBBIBaACH Ha MEPBUYHBIX PE3YNbTAaTaX JaHHOIO
UCCIIEI0BaHUS, B TOM YHCIIE TPEXMEPHBIX MOAEIAX, s
IPeUIaraéMoro  crnocoba MOATOTOBKH — CTHIKYEMBIX
Y4acTKOB  TpyO MOXeT ObITh  PEKOMEHIOBaH
JIOBEPHUTEIbHBIIN HAaa30H COOTHOLICHHH nrametpos d
< 0,6D. Ilpu o>TOM ammpoKCHUMHUpyIOIIas Jyra
OTKJIOHSETCSI OT TOYHOM MPOSKIMHU JINHHH TIepeceUeHHs
muHApoB B mpenenax 0,5% ot D (puc. 3, 4). Takue
BEJINYMHBI HE BBIXOMAT 32 MPEIENbl JOMyCKOB CBapPHBIX
IIBOB M COINOCTABHMBI C TOYHOCTBIO IIOATOTOBKH
CTBIKYEMBIX YYacTKOB KIACCHYECKHMH CII0COOaMH,
HallpuMep, Ta30BOM  pe3KOW ¢  MEXaHWYECKOU
obOpabotkoii [12, 13], a MuUHUMaIbHBIC 3a30PbI
3allOJIHAIOTCA TNIpU  CBapHBaHMH. lcmosnb3oBaHue
ANIPOKCUMAIINH 32 Tpe/ieNlaMH yKa3aHHOTO Uarna3oHa
d/D Takxke BO3MOXKHO, OAHAKO €€  Cclieayer
paccMaTpuBaTh B COBOKYIIHOCTH C TAKMMH (pakTopamu,
Kak TOJIIIMHA CTEHOK COSITUHACMBIX TPYO U apaMeTphl
BBIOPaHHOT'O THIIa CBAPHOTO IIIBA.

B

Puc. 5. Mozeny sTanoB nporiecca CTHIKOBKH IBYX TPYO IO IpeiaraeMoMy croco0y: a, 6 — hpopMupoBanue TpeOyeMbIX BEIPE30B
Ha Tpy0ax KOHIIEBOU (pe30ii; B — 3JIEMEHT TPYOONpPOBOIa — TPOUHKK — B cOOpe
Fig. 5. Models of the stages of the process of joining two pipes according to the proposed method: a, b - the formation of the
required cuts on the pipes with an end mill; ¢ - pipeline element - tee - complete
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CxeMEl JIIs pacqéTa BBIPE30B Ha CTBIKYEMbIX pr6aX MEHBIIETO U OOJIBILIETrO ANaMETPOB MMPUBEACHBI HA PHUC. 6a

u 0, COOTBETCTBEHHO.

a

0

Puc. 6. Cxembl 1yt pacyéra BEIPE30B Ha CTHIKyEeMBIX Tpy0Oax MeHbIIero (a) 1 Goibmero (6) JHaMeTpoB
Fig. 6. Schemes for calculating cutouts on joined pipes of smaller (a) and larger (b) diameters

Tonmmua cTeHku TpyOBI, YacTo oOo3HAa4daeMas B
JHUTEpaType Kak S, TakkKe BIUSIET Ha pa3sMep Halycka
1moJ; 00pe3Ky Mo KOHTYpPY OTBEpPCTHS, MOIy4aeMOro Ha
TpyOe Oompmero mumamerpa D (pme. 7, a). [dua
(dhopMUpOBaHHS BBIPE30B Ha TpyOax U 00Ope3Ku
YIIOMSIHyTOTO Hamycka 0e3 CMEeHbl MHCTPYMEHTa, TO

eCTh OXHOH (hpe3oii, MOXKeT OBITh pPEKOMEHIOBaHA
CTyHeHYaTass KOHIeBas ¢pe3a ¢ AByMS paboOuuMu
y4acTKaM# pa3Horo aumametpa (puc. 7, 0). Peanm3amus
JAHHOTO Toaxoaa Tpedyer Ooiee NeTaabHOTO aHAIN3a
U BBIOOpA THIIA HHCTPYMEHTA — (hpes.

a

0

Puc. 7. Hamyck o KOHTYpy OTBepCTHS () M IIpejyiaraeMasi CTyleH4aTast KoHneBas gppesa (6) st ero oOpe3ku
Fig. 7. Overlap along the contour of the hole (a) and the proposed stepped end mill (b) for cutting it

BbIBO/bI

[Mpoekuuio MUHUK TIEpECeUeHUs! ABYX IMIMHIPOB,
MEPECEKAIOIINUXCS MO MPSAMBIM YTJIOM, Ha IJIOCKOCTD,
napayieibHyl0  IUIOCKOCTH HMX  CHMMETPHH, B
HEKOTOPOM JMAala30He COOTHOIICHHA WX IHMAMETPOB
MOXXHO  alIPOKCUMHPOBATh AYTOH  OKPY>KHOCTH,
JUaMeTp KOTOpOH paBeH JauaMeTpy OOJbIIero u3
WIHHIPOB.

To4HOCTH ANMPOKCUMAIUH 3aBUCHUT oT
COOTHOUICHHUS] JMAMETPOB LWIMHIPOB: TaK, MpU
coorromieann d < 0,6D anmpokcHMHUpyrOIas Iyra
OTKJIOHSIETCSI OT TOYHOM MPOEKIMHU JIMHUH ITEPECeUSHNUs
muwmHApoB B mpenenax 0,5% ot D, duro mexur B
npejenax A0MyCKOB CBapHbBIX IIBOB.
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BosmoxHOCT IMPUMEHEHHUS IIpeaIaraeMoro
croco0a annpoKCUMaluK U TPAaHULBI JTOBEPUTEIHEHOTO
Juana3oHa  COOTHOIIEHHM  AMaMEeTpOB  JOJKHBI
BBIOMPATHCS C YUETOM YCIIOBUH U TpeOyeMOl TOUHOCTH
MIOCTPOEHUH B KOHKPETHON MHXEHEPHOI! 3a1aue.

[Ipennaraemerii croco® anNpoOKCHMAIMd MOXKET
TIPUMEHAThCS B TNPUKIAAHBIX HWH)XXEHEPHBIX 33/a4ax,
HampuMep, B MPONECCe CTHIKOBKM  3JIEMEHTOB
TpyOompoBonoB. Ero wucnonb3oBaHnme  MO3BOJSET
3HAYUTEIBHO YIPOCTHTH CXEMY H IIPOLIECC BHIIOITHEHHS
BBIPE30B Ha CTBHIKYeMBIX TpyOax: B 3TOM ciydae oba
BBIPE32 MOXKHO BBIIIOJNHATH Ha (PPE3EpPHOM CTaHKE
OIHOM KOHLIEBOW (hpe3oi, nmuaMeTp KOTOpOW paBeH
JuaMeTpy OoJIbLIel U3 CTHIKYEMbIX TPYO.
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ON THE POSSIBILITY OF APPROXIMATION OF THE CYLINDERS INTERSECTION LINE
PROJECTION WITH A CIRCULAR ARC

But A.Yu.

Sevastopol State University,
299053, Sevastopol, Universitetskaya str., 33, aybut@sevsu.ru

Abstract. The work is devoted to the study of the possibility of approximating the projection of the intersection line of
two cylinders intersecting at a right angle by an arc of a circle with a diameter equal to the diameter of the largest of
the intersecting cylinders, in a certain range of ratios of their diameters. A study was carried out, within the framework
of which a graphical solution of the problem under consideration was made for various ratios of the diameters d and
D of the cylinders. The deviations A of the approximating arcs from the exact projections of the intersection lines are
measured. Based on the measurement results, a plot of the dependence of the maximum deviation of the approximating
arc A on the ratio of the diameters of the intersecting cylinders d/D was plotted. It is shown that in the range of ratios
d <0.6D, the approximating arc deviates from the exact projection of the intersection line within 0.5% of D. A variant
of the practical application of the results of the work to optimize the process of connecting pipeline elements is
proposed. It is shown that when using the proposed approximation method to determine the contours of the cutout on
the butt sections of the pipe surfaces, the scheme for forming cutouts is greatly simplified, and the process of obtaining
them can be performed using one end mill, that is, without changing the tool. Schemes for calculating the contours of
cutouts on joined pipes according to the proposed method are given.

Subject of study: the case of the intersection of two cylinders at a right angle with a varying ratio of their diameters.
Materials and methods: a geometric algorithm for modeling the line of mutual intersection of two cylinders intersecting
at aright angle - a curve of the 2nd order - using the method of flat mediators and computer simulation; approximation
method in the context of the problem under consideration.

Results: it is shown that the projection of the line of mutual intersection of two cylinders intersecting at a right angle
on a plane parallel to their plane of symmetry, for a certain range of cylinder diameter ratios, can be approximated by
a circular arc with a diameter equal to the diameter of the largest of the intersecting cylinders. The dependence of the
approximation accuracy on the ratio of the diameters of intersecting cylinders is established. The values of the
maximum deviations of the approximating arc from the exact line for various ratios of cylinder diameters are
determined, and a graph of this dependence is plotted based on the data obtained. A variant of the practical application
of the proposed approximation method for optimizing the technological process of connecting pipeline elements is
proposed. A scheme for calculating cutouts on joined pipes is given.

Conclusions: the projection of the line of intersection of cylinders intersecting at right angles onto a plane parallel to
their plane of symmetry, in a certain range of ratios of their diameters, can be approximated with sufficient accuracy
by an arc of a circle, the diameter of which is equal to the diameter of the largest of the cylinders. The accuracy of the
approximation depends on the ratio of the diameters of the intersecting cylinders. The possibility of using the proposed
approximation method and the boundaries of the confidence range of diameter ratios should be chosen taking into
account the acceptable accuracy of constructions in a specific engineering problem. This approximation method can
be used, in particular, in the processes of connecting pipeline elements for calculating the contours of cutouts on joined
pipes, as a result of which the scheme and the process of forming cutouts are greatly simplified.

Key words: cylinder, line of mutual intersection of surfaces, approximation, circular arc, diameter, pipe, end mill.
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