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O CMHTE3E IEPEXOITHOM KPUBOM BO BITAJIMHE
OUINHAPUYECKHUX 3YBYATBIX KOJIEC 1 YEPBSIKOB

PaccmoTpeHa reomeTpusl IepeXoIHBIX KPUBBIX B BUIE YT 3JUIMIICOB, KACAIOIIUXCS OKPYXKHOCTEH BIa-
JUH OJHON0 U3 CBOUX BeplIMH. [IoCTpoeHBl MaTeMaTH4eCKue MOJEIH, ONUCBHIBAOLINE TEOMETPHIO IIe-
PEXOIHBIX KPHMBBIX JI0 PafUyCOB KPHBU3HBI BKIIOUMTENbHO. IIpoBeneHO HccieqoBaHHEe MEPEeXOAHBIX
KPHBBIX, NIPUBEICHB! TPA(QUKH, OTpaKaIOIIe HX reOMEeTPHIEeCKHe CBOICTBA. JlaHBI HOMOTPAMMBI JUIS
BbIOOpA pallHOHANIBHBIX IAPAMETPOB EPEXOHBIX KPUBBIX B BUJE YT JJUIUIICOB U OKPY>KHOCTEH.
KimioueBbIe cJ10Ba: IiepexonHast KpUBas, KOJIECO 3y0uaToe UINHPIIECKOE, YePBSIK IIATHHIPIICCKHIL.

1. ITocTranoBKa Npo0JieMbl H AKTYAJIBHOCTh 3aJa4MH.
1.1. Ilpogpuns 3y6a u nepexoonas kpusas. [1oBepxXHOCTH 3yObeB IIMHAPHIC-
CKHX 3yO4YaThIX KoJIeC ¥ [ITMHAPHIECKHUX YEPBAKOB SABIIIOTCS, B 00IIEM Cirydae, re-
JMKOWAMH, T.€. BUHTOBBIMH ITOBEPXHOCTSAMH HOCTOSHHOTO mara. Mmm gacTHeIMK
CITy4asiM{ TE€JIMKOUIOB: IMJIMHAPHIECKUMH TTOBEPXHOCTAMH (IUIs1 TPSIMO3YOBIX KO-
JIeC) ¥ TeJaMH BpallleHHs (Ul UCXOAHBIX MHCTPYMEHTaJbHBIX HOBEpXHOCTEl). Bee
9TH TIOBEPXHOCTH MOXKHO 00pa30BaTh BUHTOBBIM, MPSIMOJIMHEHHBIM WJIH KPYTOBBIM
NPOTSTMBAaHUEM TOPLIOBOTO, OCEBOTO MJIM HOPMAIILHOTO ceueHusl npoduiist 3yda (uiu
BHaaussel). [Ipu 3TOM, mMpakTHYecKH Bcerna, MpoQuiib BIAJUHBI COCTOMT M3 Pa3HBIX
Y4acTKOB (CM. pHCYHOK 1): paBoro U JieBoro npoduiieii 3yda 1 nepexoqHol KpuBoii.
Nwmeetcs qBa criocoba popmoodpazoBanms mpoduiist 3y0a 1 IepexoJHON KPUBOM:
Cnoco6 I — om uncmpymenma. 3amaroT IpoQmis 3yda nHCTpyMeHTa. [Ipodrib 3y-
0a 1 TIepeXoIHyYIO0 KPUBYIO HA 3y0UaTOM KOJIeCe MITH YEpPBSIKE HaXO/sT METO/IaMU TEOPUN
3arlerieHni. JTo "KIIacCHYeCKHil" M 9acTo MPHMEHSIEMBI IprueM CHHTe3a mpodueit
3yObeB. B TOM dncIe, B cCaMbIX pacIpOCTpaHEHHBIX — YBOJIBBEHTHBIX Nepeadax [ 1, 2].
Cnocob 2 — om npoguns 3y6uamozco xoneca. CAHTE3UPYIOT TPOQPHIIb, ONTHMH-
3Upys YCIOBHsI KacaHusi 3yObeB B mepefade. 3areM 3a0aiom NepexoOHylo Kpugsyio
(HarpuMmep, B BHjie HAOOpa Ay OKPY>KHOCTEH), CBS3bIBAIOLIYIO JIBE CTOPOHBI BIIaJMHBI
3y0a. 11, HakoHel, HaXO/AT Y4acTOK NPOdH- :
751 3y0a MHCTpyMeHTa Uit popmMooOpa3zoBa-
HUSl 3aJaHHOW NEepPEeXOAHOM KpUBOM WM
OTBICKMBAIOT 3aKOH JIBIDKCHHS! HHCTPYMEHTA
OTHOCHUTENIFHO 3aroToBKH (Tpu 00paboTKe
Ha MHOTOKOOpJIHMHATHBIX CTaHKax). Tak
CHHTE3MPYIOT, B YAaCTHOCTH, 3BOJIbBEHTHbIC
Tiepeiady ¢ UCTIONIb30BaHNEeM 0000IIAIOIINX
napameTpoB [3]. DToT crocol 3aganus Kpu-
BBIX BOCTPEOOBaH B 3a/1a4ax:
e ONTUMHU3aLMOHHBIN CHHTE3 mpoduien
3yObEB, KOT/Ia ONPEIEIISIOT HE TTapaMeTpbI

Pucynok 1 — IlepexoaHas kpuBast

BO BIIajiuHe 3y0a:
npodmnx (qaCTO, 3BOJTBBCHTI)I), a HAXOIT 1 — nHO BHajauHBI, 2 — JIeBas 4acTh, 3 — IIpaBast 4acTh
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ero (opMy, HarpUMep, Mo KPUTEPHIO MUHAMYMa KOHTAaKTHBIX HAIPSDKEHUH Ha UCKO-
MOM y4acTke poduis 3yoa. [4-6].

e 3ajaHNe Ha4yaJbHOrO NPHONMKEHHS sl NapaMeTpHYecKoro CHHTe3a mepe-

XOIHOM KpUBOW 1O KPUTEPHUIO MUHIMYMAa U3THOHBIX HANPSHKCHUH B 3yOBsX.
OtpucoBka 2D-u300pakennii 3y04aTsix 3BeHbeB B CAD crucTemax.
Pacuer u cozganue cpenctBamu npunoxkeHus k cucreme KOMITAC-3D (3AO
"ACKOH",www.ascon.ru) "Bamsl m wmexanmdeckue mepemaun 3D" 3D-
MoJIeJiel YepBsIKOB U 3y0UaThIX KOJIEC C LEJIbI0 UX MOCIEAYIOLIEr0 U3rOTOBIIE-
HUS Ha COBPEMEHHBIX MHOTOKOOPJMHATHBIX CTAHKAX.

1.2. Ilpobnema. AKTyanbHO co3llaHUe OOIIUX YHHBEPCAJIbHBIX: METOIMK, ajro-
PUTMOB U MaTeMaTUYECKUX MoJeel 3aaHusl IePEXOAHBIX KPUBBIX, OPUEHTUPOBAH-
HBIX Ha PEIICHUE Ha3BaHHBIX 33/1a4, M OTBEYAIOIINX CICAYIOLINM TPEOOBaHUSIM:

¢ Bo3MOXXHO 3a7aHKE IEPEXOJHBIX KPHUBBIX I BCEX BUJOB IIMIMHAPUIECKUX 3y0-
YaThIX JeTayeid. B ToM gmcie: ¢ HECUMMETPUYHBIME 3yObsIMH; C KACAHHUEM H C TIe-
pecedeHIeM TiepexoIHOI KpruBoi poduits 3y0a; ¢ 1-3 pa3HBIMH KPUBBIMU U T.1I.

e ['apaHTHPOBAHO MOJTydYEHHE MEPEXOJHBIX KPHBBIX 0€3 YUacTKOB C MaJIBIMH pa-
JIMycaMy KPUBU3HBI (HA TAKMX Yy4acTKax OoJbllasi KOHIEHTPALHs HAPSHKSHHH ).
MaremaTH4yecKie MOJICJIN He COJepKAT CIOKHBIX YPaBHCHUH U aJTOPUTMOB.
IIpenycMmotrpen mpocToii uHTepdeiic monp30BaTeNs i yupaBieHus GopMoii
MepeX0JHOM KPUBOM U pa3MEILEHUEM PAaCUETHBIX TOUEK Ha HEll.

AXTyalbHOCTh TIPOOJIEMBI BO3PacTaeT C POCTOM BO3MOXKHOCTH 00paOOTKH
3yObeB Ha MHOTOKOOPAMHATHBIX CTAaHKaX C MPOTPaMMHBIM yIpaBieHueM [7].

1.3. Bozmoorcuvie nymu pewrenus. BaXHbIM SIBIIIETCSI BOIIPOC O TOM, KaKHU€ BU-
JIbl JINHUH CIIeAyeT B3ATh Ha y4acTKax MepexonHoi kpuBoi. Ilomaraem, uro ams ie-
BOW M NpaBOi yacTell NepexoqHol KpuBoH (cM. puCYHOK 1), Haubosee 1moIXosIu-
MH SBJISIOTCS CIEAYIOIINE TPU BUA IMHUH, U3 KOTOPBIX U CIIEIyeT CAeIaTh BEIOOD:

e Jlyra smunca, Kacaromerocss OKpy>KHOCTH BIIAJWH OJHOIO U3 CBOMX BEPIIHH.
Oco0eHHOCTH: TTPOCThIE MATMOJIENH;, YACTHBIN CIIy4aid — Iyra OKPYKHOCTH.

e Jlyra nmpou3BOJIBHO PacHoNIOKEHHOTo uturnca. OcoOeHHOCTH: OoJiee CIIOKHBIE
MaTeMaTHYeCKHe MOJIENHN; TaKHe MEepPeXOIHbIe KPUBBIE HMCIOJIB30BaHbl B JHC-
cepraiui [8] ¢ 1enbl0 MUHUMH3AIUH U3THOHBIX HAIIPSHKEHNUI B HOXKKE 3yObeB.

e [lommayra, T.e. HabOp Iyr OKPY)KHOCTEH C YIPaBJIAEMBIMH OT OJHOTO WM He-
CKOJIBKHX TIapaMeTpOB: JIMHAMH 1 paJiycaMi KpUBH3HBI BceX ayr. OcOOCHHOCTH:
Haubosiee OOLIMIA Ciydail 3aJaHusl TUIOCKHX JIMHHMH, WCIOJB30BAaH INPH CHHTE3E
npodusieil 3yObeB € 3aJaHHBIM 3aKOHOM H3MEHEHHsI KOHTAKTHBIX HalpsDKSHHMIA
BJIOJIb MICKOMOM JIMHNHM 3alleTUIeHNs [6]; Hafe)KHbIe, HO TPOMO3/IKHE MaTMOICIIH.
1.4. Ilpeonoswcennoe pewenue. B manHoi paboTe paccMOTPEH HEPBBIA BUA

muHAA. Takue Ayry 3JUTHICOB OTPOOOBAHBI MIPH MPOIOLKEHIH paboTHI [6], U OKa-
3aJI0Ch, UTO MPH 3TOM: HE BO3HUKAET MPOOJIEM ¢ yCTpaHEeHHEM MHTep(EepeHIINH I'0-
JIOBKH 3y0a ¢ NepexoJHOM KPHUBOIf; JIETKO yNPaBIsITh (POPMOM NMEPEXOJHOH KPUBOH
U pa3MelIeHHEM PAacYeTHBIX TOYeK Ha Hed. CunTaem, 4TO TPETUH B JIMHUH (T10-
JUyTa) caMblii TIEPCIIEKTUBHBIN, HO €T0 IeecO00pa3HO HMCIIOJIb30BaTh JIUIIb O-
cJIe TOTO, KaK Ha Jyrax 3JUIMIICOB OyIyT BBIABIICHHI IMTaBHBIE 3aKOHOMEPHOCTH H3-
MEHEHHS PaJnycoB KPUBHU3HBI BIOJIb IMEPEXOIHBIX KPHUBBIX, IPU KOTOPBIX H3THO-
HBIE HANIPSDKEHUS B 3yObSIX MHHUMAJIBHBL.

ITpu 3a1aHMY IEPEXOTHBIX KPUBBIX IPHIAEPKUBAEMCS CIIETYIOIINX MPUHIUIIOB!

e [lepexoaHas KpuBasi COCTOUT U3 ABYX yacTell: MpaBoi U 1eBoM, C BO3MOXKHOCTBIO
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BCTaBK{ MEX/y HUIMH TPETHETO y4acTKa — B OOIIEM ClTydae, TAakKe Jyr'y SJUIHIIICA.
e [aBHBIe MCXOMHBIC JIAHHBIC I HaXOXKACHHS MEPEXOAHOM KPHBOI: KOOPAMHATHI
HIDKHHX aKTUBHBIX TOYEK Ha JIEBOM U IPaBOM MPOMIUISIX BIIAANHBL, OPTHI KacaTelb-
HBIX K IPOMIUIIM B 3THX TOUKAX; PaIyC OKPYKHOCTH BIAIMH JUIs1 3y0UaThIX KOJIeC.
B cratee paccMoTpeHBI 3yOUaThIe Kojieca ¢ BHEITHUMH 3yObsmu. [laHHas padota
BBINIOJIHEHA B PaMKaX JIOTOBOpa O TBOPYECKOM HAYJHO-TEXHHYECKOM COTPYIHHYCCTBE
MEXy HHCTUTYTOM cBepXxTBepabIx MaTepuaioB HAHY (r. Kues, Ykpanna), Hedrerazo-

BbIM yHHBepcHuTeToM (I. Tromens, Poccnst) m OO0 "ACKOH-KP" (r. Kues, Ykpaunna).

2. PacyeTHasi cxema, MCXO/IHbIE IaHHBIE U TpedyeMble pe3yabTaThbl. Ha pucyH-
Ke 2 JaHa pacueTHast cxeMa JUIsl TIOCTPOSHHSI MaTeMaTHIECKOM MOJIEIH MEPEXOTHON KpH-
Boii CD B Buze ayru smumnca. Ha Hem: C — Touka Havaa nepexoaHoi KpUBO Ha JICBOM
cropone npo¢us 3yda (HaxoauTCs Ha AHE BnauHbl); K — Tekyias Touka; U — ee Kpu-
BOJIMHEWHAs1 KOOpAMHATA; N, T — OpThl HOPMAJIM ¥ KacaTeJIbHOM K EPEXOAHOM KPUBOIL.

Hcxoonvie dannpie: 1) N — uucio pacuerHpix Touek Ha muaun CD (Bximouast To4-
ku C u D; N>2); 2) k — koaddunment ynpasneHus pa3MelieHHeM pacyeTHbIX TOUEK Ha
ymann CD (paBeH OTHOIICHUIO UTHHBI TTOCIIETHETO OTPE3Ka, IPUMBIKAIOIETO K TOUKE
D, k mmiHe epBoro otpeska, mpuMbIkaroniero K Touke C); 3) Upax — Mapamerp ympas-
nenust opmoit mepexonHoi kpuBoit CD (1°<Upx<120°); 4) Xp, Yp — KOOpAMHATHI
HIDKHEH aKTHBHON TOYkH Tpoduist 3yba B CH-
creme koopaunaT XCY (cM. pucyHok 2); 5) op —
YToJI HaKJIOHa HOpMAal K mpoduimo 3yba B ero
HIDKHEH aKkTHBHOW Toduke; 6) Aop — TpeOyeMblii
YTOJ U3JI0Ma TIPOQIIIS B HIDKHEH aKTHBHOM TOY-
ke (MHOT/1a 3TO pe3ybTaT BHIYUCIICHHL).

[pakTideckn Bcerma KOOPAWHATHI TPOQU-
Jiet 3yobeB (1 Touku D, cooTBeTCTBEHHO) paccum-
TBIBAIOT B CHCTEME KOOP/IMHAT 3y04aToro KoJseca.
U Torna ucxomHeIMU JJaHHBIME OyIyT (BMECTO Xp,
Yp): It , @, ¥ Xpo, Ypo B cucteme koopaunat XqOYo,
a TaKKe YroJl HaKJIOHa HOpMaJH apg K ocu OXg —
CM. PHUCYHOK 3, Ha KOTOPOM TIOKa3aHBI CHCTEMBI KOOP/IHHAT:
3ybuaroro koneca (XoOYy) u nepexoanoii kpusoit CD (XCY).

WHorpma, BMecTO It ¥ @, MOTYT OBITH 33JJaHBI KOOP.IH-
HATHl Xcp U Yo Toukn C B cucreme XoOYy. [IpuBenem
(dhopMyJIbl TIepecdeTa UCXOAHBIX JaHHbIX.

@ =arctan(Yco,—Xco);
cor ey =& +Yéo » 1)

Op =0py—¢
Yo = Ypo *COS@—Xpg -SINQG—T.

@ynxius arctan(x,y) B (1) HaXOOUT TOJAPHBIA yroi
TOYKH, OTMepsieMbIii 0T oci OX, 110 IBYM ee KOOpAHHATaM X
1 Y; YTOJI JISKUT B HHTEpBaNe {—<Q<m}.

Tpebyemvie pesynomansi. 1) YpaBHEHHUS UL pacuera
KOOpMHAT ToueK Ha jimHur CD W mpoekimii BEKTOpoB N 1
7. 2) QopMyJIbI I HAXOXKIEHUS Pajdyca KPUBU3HBI B Te-  PrcyHok 3 — JIge cucteMbl
kymiedl Touke K. 3) Anroput™ BelUHCIEHUs KpuBONMHEH- — KoopmuHar: XgOYon XCY

Np

@
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HBIX KOOpJIMHAT JUISl PaCYETHBIX TOYEK IPU MX 3aJaHHOM HEPaBHOMEPHOM pa3Mellie-
uun Ha uHIM CD. 4) @opMyIts! U151 BEYHCIICHAS yTila U3iioMa Adp.
3. Pacuernble ypaBHenust. [IprBommm 1x 6e3 BbIBOZA M C MUHUMYMOM TTOSICHCHHIH.
INomyocu 6a3zoBoro smmnca:
X
=0 H=_Jo 3)
SINU pay 1-COS Uy

VYron u3noma mpodmst B Touke D
Aoy = arctan(—H - Sin Uy, , B-COS Uy ) —alp . 4)

Ecmu Aop>0 — u3710M BBIMYKIIBIH, T.€. MPOUCXOJUT MOAHYTpEHHUE (ToApe3aHue)
3y0a. IIpn Aap=0 — mepexomHas kpuBast 1 IpodmiIb 3y0a B Touke D kacatorcs. UToObt
nostyuuts B Touke D kacanwe wnm TpeOyemblil yroi uszioMa (Harmpumep, OCTaBiIss
MPUITYCK TIOJ TIOCTeAyrolee NUIM(oBaHNe TPOQmiIs 3yda), CIeayeT BapbUpOBATD,
TPEXe BCEro, MapaMeTpoM GOPMBI U,y MOXKHO Takxke BApbHPOBAaTh KOOPIHHATOH Yp
(T.e. pagUANBHBIM 3a30POM HIIH PAIHYCOM I). A IPY MUHHMH3ALMI W3THOHBIX HATIPS-
KCHUH HaJUICKUT U3MCHATh U KOOPIHMHATY Xp (T.€. TOMIMHY 3y0a). 3aMeTuM, 4To, Ba-
PBUPYS KOOPMHATAMH Yp U Xp, ClIEAyeT KOPPEKTUPOBATH ¥ 3HAUCHHUE YITIa Olp.

VYpaBreHue nepexomnoi kpusoit CD:

x=B-sinu; y=H-(@-cosu). (5)
Oprt KacareabHOM:
B-cosu H -sinu
T =/(B-cosu) +(H -sinu)? ; e (6)
Opt HOpMaiH (BBIXOAMT U3 meaa ACTaln):
Me="Ty; Ny =T ()
Panuyc kpuBu3HbBI
T3
R=-
B-H| ©)

3mech 3HaK 03HAuaeT, 4To MPOGIIIb ePEXOTHON KPUBOH BOTHYTHIM.

Onmmrc, Kak U3BECTHO, MOXET BBIPOAUTHCS B OKPYKHOCTh. Torma, pamuyc Ry
OKPY>KHOCTH M YTOJI Ojp; HAaKJIOHA KacaTelbHOM K MEpeXxOJHON KpuBOH B Touke D
HAXOJSTCS TaK:

1-k P
ke =22 A== Ry =Ky +Ay; g =2 -acig(Ay).  (9)
Xp YX 2

Yt00BI NOTYYHTh 3a1aHHBIA YTOJI Opy TIPU TIEPEXOAHON KPUBOH B BUJIE TYTH OKPYK-
HOCTH CJI€lyeT BapbUPOBaTh, KAK MUHUMYM, ABYMsI IapaMeTpaMu U3 TPeX: Upay, Yp U Xp.

MaccuBbl KOOPAMHAT TOYEK HA IEPEXOJHON KPUBOM IIPU PABHOMEPHOM U3MeE-
HEHUU KPUBOJUHENHON KOOPAUHATEI U:

u
Au:N—min; i=0; u;=0; x;=0; vy; =0, (10)
up=(@-Au); x =B-sinu;; y;=H-@1-cosy;), {i=1,2,..,N}. (11)

MaccHB KpHUBOJIMHEIHBIX KOOP/IMHAT MPH 3aIaHHOM KO3(dHImeHTe pazMerneHus K:
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2 2

M =[O XN*1)2+(y2N Yns) Ky =N2 0 Au =AU (12)
X1 +Yi M

_ Umax

= W)

[IpuBenennsie Boime ypaBHeHHU (1-14) mpUTOIHEI 1 [T BEIYUCICHAS KOOPAUHAT
TOYEK Ha JICBOW CTOpPOHE BIIAIMHBI MEPEXOMHOM KpuBoi (ymHUs AB Ha pucyHke 1).
Ipn He3HaUNTENBHON KOPPEKTHPOBKE MCXOMHBIX JAHHBIX M HEKOTOPBIX (hOpMYII, X
MOJKHO TIPUMEHSTB U JUIS TIEPEXOMHBIX KPUBBIX Ha Peiikax M B OCEBBIX CEUCHUSX 4ep-
BsikoB. Eciut Touku B u C coBnagaroT (cM. prcyHOK 1), TO Ha mepeXoHON KPUBOit Oy-
JIeT /IBa, @ He TpU ydacTka. [locie BBMUCIEHHsT KOOPMHAT PacyeTHBIX TOYEK Ha Beel
nepexoHoi KpuBoit mo Gopmysam (10-14), MOKHO HaTH: MPOEKIIHK OPTOB KacaTellb-
HBIX ¥ HOpMaJIel, a TaKXKe PaiyChl KpHBH3HBI — 10 (hopmynam (6-9) mpu i=0,1, ..., N. U
HCTIONIb30BaTh KX, HAIPUMED, IS HAXOKICHUS PO HHCTPYMEHTA [Tl 00pabOTKH
MIEPEXOHOM KPHBOM, a Takke paJuycoB KpUBU3HBI 3TOro npodust. [Ipu 3toM Bepost-
Hee BCEro, MoTpedyeTcs IepecunTaTh KOOPANHATHI TOYEK M IPOSKIMH BEKTOPOB B CH-
cremy koopauHat XyOY, 3y04aToro kKoieca (CM. pUCYHOK 3) TIO CIICIYIOLIAM (pOpMyIIaM:

Xgi = X; -COS@—(y; +r;)-Sing ~Nyg =Ny -COSQ—Ny; -sing

AU =AUy Ky s U =g+ AU, {i=2,3, ., N} K

o ., {i=0,1, ... N}. (15)
Yoi =(Yi +1f)-COSQ+X; -SiN@| ~ Nyo; =Ny; -COSQ+N,; -SiNG

4. UccnenoBaHne reoMeTpUH mepexoaHbix KpuBbix. Popmystsl (1-15) 6bum
pean30BaHbl B KOMITBIOTEPHOH mporpamme. [Ipu aTom BHavase Habpanu B Word pas-
Jenbl 2 ¥ 3 ¢ pacueTHBIMU cXeMaMH U (hopMynaMi. 3aTeM (popMyIibl 3aIiporpaMMHIpoBa-
JI C pacIieyaTkH, 9To JeaeT HajaexkHee hopmyisl (1-15) v pucyrku 2 u 3 B JaHHOH cTa-
The. Hioke npeacTaBieHb! pe3ybTaThl PacieToB, BHIIOJIHEHHBIX TI0 3TOH porpamMMe.

Ha pucynke 4 mnokazaHo BiusiHHE THapamerpa GpopMbl Uy, Ha BHI MEPEXOJHON
KPHBO# TIPH JBYX Pa3HBIX COOTHOIICHHSX €€ BBICOTHI U IMHPUHBI Kyy=Yp/Xp. B seBoit
yactu pucyHka (Kyx=3/4) pa3MmelleHne TOYEK BJOJIb TMEPEXOIHON KPUBOM OJIM3KOE K
paBHOMEPHOMY, T.€. ko3 duruent pasmerenust Touek K=1. B npaoii uactu (kyx=4/3)
—k=0.5, T.e. mocneanuii otpe3ok (y Touku D) BrBoe kopoue nepsoro (y Touku C).

=3 T T T .4

= ——Umax=1 D § == Umax=1 Dﬁ]ﬁ

= - f == Umax=45

A [ = = =

£ Umax=45 7/ £ . || = Umax=56.23

5, —+—Umax=75.43 Yy E 3 o—Umax=70 | i

£ < | - Umax=90 / '/ £ || -=—Umax=80 -

g ||—o—Umax=100 y o , || = umax=s0 ) ;5

= || =—=Umax=110 / v/ = ~0— Umax=100 /

o1 & /fx/ﬁ/ & )72 il

S| B (2]

: Pz K an:

o

= e Z.

5 Ic s |C )

o 0 Q] 7 : Q«j 0 D‘g } yivi
0 1 2 3 4 0 1 2 3
Paccrosinue o xacaTeabHON KO BIIAaAWHEC, MM Paccrosnue no xacarensHoi B T.D

PucyHok 4 — Bnusinue napameTpa Umgy, YIpaBiieHus: popMoit Ha BH] IepexX0oAHOM KPUBOH
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Ha pucynke 5 npeznctaBieHo, Kak U3MEHSIOTCS paliyChl KPUBU3HBI IEPEXOI-
HBIX KPHUBBIX, IPUBECHHBIX Ha pUCYHKE 4 cieBa. OOpaiaeM BHUMaHHE HA TO, YTO:

] |

-2 Aféqﬁlj\
== — f
TN T
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PricyHOK 5 — 3aBHCHMOCTb Pajiiyca KPHBU3HBI Kospuunent mmpunst kyx=yp/Xp
EPEXOIHOM KPHBOH ¢ Yp/Xp=3/4 OT ToNI0XKEHHs Pucynok 6 — Haxoxenue nepexoaHon
TOYKH Ha HEW U OT mapamerpa GOpMBI Upy KpHUBO# B BUJIE IyTH OKPYKHOCTH

a) KpuBast ¢ Up,=75,43 kacaercst mpoduist 3yda B Touke D (npu ap=15°); 6) Broab
9TOH KPWUBOW paguyCc KPUBHU3HHI OJIM30K K KOHCTaHTE R~—4MM, T.€. SJUIUIIC TOYTH
BEIPOJTMIICS B OKPYXKHOCTh. Ha pucyHKe 6 mpuBeaeHa quarpaMma, ¢ IOMOIIbI0 KO-
TOPO MOKHO HaXOJIWTh ITApaMeTPHl MEePEXOTHON KPHBOH B BUAE AYTH OKPYKHO-
cTH. OTO Aenaercs Tak:
1) Tlo HwkHEN quarpamMe HaxoauM Kyy, yKa3aB yroi op: @ op=15° — kyy=0,768.
2) Tlo BepxHeii muarpamme HaxoauM R/Xp B %: @ Kyx=0,768 1 — R/xp=103,1%.
3) Boruncisiem pamuyc Ry kpuBusssl qyru okpyxHOocTH: Ri=1,031;-Xp=4,124MMm.
T.e. ecnu caenaTh BHaAUHy ryoxke (BMECTO Yo=3MM B3ATbh Yc=KyyxXp=3,072Mm),
TO Jyra Aumuica ¢ R~—4MM BBEIpOANTCS B AYTY OKPYXKHOCTH cRy=—4,124MM.
Baknble xapakreprctrky kKpuBoit CD: a) auana3oH U3MEHEHHsI PaJuyCOB KPHBH3-
HBI Ryjin ¥ Riax BIIOJIb 3TOM JIMHKUM; ) YTOJ Olps HAKJIOHA KacaTeIbHOM K KpuBOii B T. D.
Ha pucynkax 7 u 8 npuBeieHbI AUarpaMMbl, TIOKa3hIBAIOIINE, KaK 3aBHUCAT Ry,
Rmax ¥ Opf OT JBYX MapamMeTpoB — Umax | Kyx. JlaH oOmumii Bua quarpamm (CaeBa) U X
HanOoJiee BayKHBIEC (hparMeHTHI (CIIpaBa — B KPYITHOM MacinTaoe). Mcnons3ys 3Tu mua-
TpaMMBI MOKHO TaK HaXOHUTh TIEPEXOJHBIC KPHBBIC C ONTHMAIBHOW TeOMETPHEH:
e TIO IAHHBIM Uy H Opy, HAITH Kyy, T.. OTHOMIEHHUE Yp/Xp (110 rpadukam prcyHKa 7);
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Pucynok 7 — Bausinue napameTpoB nepexoiHol KpuBoH (tapameTpa GopMbl Upqyy U
ko3 dunrenTa BHICOTHI Kyx=Yp/Xp) Ha yroi aps HAKJIOHA KacaTelnbHOW K KpUBOH B T. D
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Pucynok 8 — BiustHue Ungy 1 Kyx=Yp/Xp Ha paanycsl KpuBu3HbEI RMin u Rmax kpusoi CD

e TIPOAHATIM3UPOBATh I HAHICHHOTO Kyy IMama3oHbl M3MEHEHUS Ry, U Ry (1O
PpUCYHKY 8), ¥ IPUHATH pElIeHNe O MPUMEHUMOCTH Takoi KpuBoil. Vu, usmensis
Kyx, TTOUCKATh GOJIee MOAXOISIINI BAPHAHT C MEHBIIEH pasHULel Ry, U Ryay.
e YTOUYHHTE U paccuuTaTh 1Mo opmyiam (1-15) Bce mapameTphl IepeXxoJHON KPHUBOM.
e [lepexomHyr0 KpUBYIO OOBEAMHHUTH C TPOQHIIEM
3yba u, mpu HeoOXoammocTH, noryduts B CAD
CHCTEME BHHTOBBIM, MPSIMOIMHENHBIM WIIH KPYy-
TOBBIM TIPOTATHBAHUEM: LMIMHAPUYECKUI dep-
BSK; WA UWIMHIPUIECKOE KOCO3y0oe WM Tpsi-
MO3y0oe KOJIECO; HJIM HCXOJHYI0 WHCTPYyMEH-
TaJIbHYIO TIOBEPXHOCTD B BUJIE TEJIa BPALLICHHUS.
Ha pucynke 9 mpeacrapieH mpuMep rnepena-
YM, B KOTOPOW K CHHTE3MPOBAaHHBIM MPOQHIIIM, Ja-
IOIIUM TIOCTOSHHBIE KOHTAKTHBIE HANPSDKEHUS MO
T'epity BOib BCel JIMHUM 3allEIUIEHUs], TPUCOEIH-
HEHBI [IEPEXOIHBIE KPHUBBIE B BUJE YT AILIUIICOB.
BbIBOABI: Pucynok 9 —Iepenaya ¢ 2,=3, 2,=27

1. IlpuBeneHs! pa3pabOTaHHBIE MATEMATHYECKHE MOJCIH MEPEXOJHBIX KPUBBIX,
COCTOSILIIME U3 IYT JUIMIICOB M OKPYKHOCTEH M OPUCHTUPOBAHHBIC HA ITapaMeTpHye-
CKHIl CHHTE3 KPHUBBIX IT0 KPUTEPUIO MHHUMYMa HalpsOKSHUH B OCHOBaHHUH 3y0a.

2. IlpoBesieHO McCleI0BaHUE TEOMETPUH ITHX KPUBBIX, B PE3yJbTaTe Yero mo-
CTPOEHBI JIMarpaMMBbl, U CO3/IaHbl OCHOBBI METOJMKH CHHTE3a AYT JJUIMIICOB C Ma-
JIO¥ pa3HUIEel MeX1y MUHUMAIIbHBIMU U MaKCHUMAJIbHBIMH PaJycaMi KPHUBH3HBI
ITHX JYT.

3. Ilpn mapaMeTpu4eckoM CHHTE3€ IEPEeXOJHBIX KPUBBIX Ha CHMMETPHYHBIX
3yOBbsiX pa3yMHO HaXOJUTh TPH HEU3BECTHBIX: C) MapaMeTp Umax YIpaBieHHus Gop-
MOJl TepexoJHON KpUBOM; D) pamuaneHbld 3a30p C; &) TONIIUHY 3y0a S, Ha mo-
BEPXHOCTH BEPIINH.

Cnucoxk sureparypsi: 1. [agpunenxo B.A. OCHOBBI TEOpPHH 3BOJNBBEHTHOM 3yOuaToil nepenaun.— M.: Mamm-
Hoctpoenue, 1969.—431c. 2. boromosckuii M.A., bespykos B.1., Bacunves O.D. n ip. CpaBOYHIK 110 TCOMETPH-
YECKOMY PacyeTy SBOIBBEHTHBIX 3yOUaThIX M YEPBIUHBIX repenad — M.: Mammroctpoerue, 1986. —448c. 3. Byz-
2axoeé O.B. Teopwst 5BOJIBBEHTHBIX 3y0UaThIX mepezad. — M.: Manmsoctpoerue, 1995. — 320c. 4. Lebek, Alan O.,
Radzimovsky E.l. The synthesis of profile shapes and spur gears of high load capacity // Trans. ASME, 1970, B 92,
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V]IK 621.83

O cuHTe3e NMepexoHOli KPHBOH BO BNAHHE IIMIHHAPHYECKHX 3y0UaThIX KoJec H YePBAKOB
| I.T. ba6uyes, A.B. Kpusomesi, M.I'. Ctopuakos, B.A. T'osioBanes, A.FO. Taiicun // Bicauk HTY
"XTII". Cepist: IIpobnemu mMexaniunoro npusoxay. — X.: HTY "XIII". — 2013. — Ne41(1014). — C.7-14. —
bi6miorp.: 8 Ha3B.

PosrisiHyTa reoMerpisi HepexifHUX KPUBHX Y BUIISIAL YT €JICIB, IO CTOCYIOTHCS Kill 3amajnH
OJHOIO 31 cBOiX BepmuH. [100ynoBaHi MaTeMaTH4Hi MOZEII, 10 OMHUCYIOTh FeOMETPiro HepexifHUX KpHU-
BHUX 0 pajiyciB KpUBU3HU BKIIOUHO. [IpOBeeHO TOCITIHKEHHS MEpeXiIHIX KPHBUX, MPUBEACHI rpadi-
KH, 10 BiJOOPaXKal0Th X T€OMETPUYHI BIaCTUBOCTI. J[aifHn HOMOrpamu [yisi BUOOPY pallioHaIbHHX T1a-
paMeTpiB y BHIVISIII AYT €JICIB U Kil.

KurouoBi ciioBa: nepexijiHa KprBa, KOJIECO 3y0uaTe HUIIHAPOBE, YePB’ K LIMITiHAPOBHUM.

Discerned geometry of fillet curves in view as elliptic arc, what touch a circle of dedendum with one
of peak. Build mathematical models for description geometry of fillet curves up to radius of curvature in-
cluded. Realized research of fillet curve, presented diagrams that shown its geometrical attributes. Depicted
nomograms of choosing rational parameters of fillet curves in view as elliptic arcs and circles.

Keywords: fillet curve, cylindrical gear, cylindrical worm.
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CEPTUO®UKAIIMOHHBIE UCITBITAHUA KOMIIO3UIIMOHHBIX
MATEPHAJIOB ITP HU3KNX U TOBBIIIEHHBIX TEMITIEPATYPAX

PaccMmoTpeHa MeToAMKa MPOBENCHHS CEPTU(PHUKAINOHHBIX YCKOPEHHBIX MCIBITaHUH Iap TPEeHHs ¢ IOo-
JIMMEPHBIMU KOMITO3UIMOHHBIMU MaTepHallaMH B J1Ja00OPAaTOPHBIX YCIOBUSX IIPU MOBBIIEHHBIX 10 375K
1 IoHIKEeHHBIX 10 MuHyc 173K temmeparypax.

KuioueBble ¢10Ba: METOIMKA, KOMIIO3UIIMOHHBIE MaTepUaibl, TeMIepaTypa.

IMocranoBka 3agauu. [lomuMepHbIe KOMIIO3UIIMOHHBIE MAaTEPHANBI BCE Yalle
HaXoJAT MIUPOKOE NMPUMECHEHUE B NIEpEaavdax 3alCIIIICHUEM MEXAaTPOHHBIX CHCTEM
pa3IUYHOTO Ha3HaueHWs. B psize ciiydaeB OHM MOTYT paboTaTh 0€3 CMa3Ku B IH-
POKOM JHana3oHe TeMIepaTyp; UX MPUMEHEHHE MO3BOISIET CHU3UTh Maccy IpHOo-
POB U MEXaHH3MOB B 2 U OoJee pas.

OCHOBHOW 3a/laueil UCCIICIOBAHMIA SIBIISUIACH Pa3pabdOTKa METOIMKH JIIs TIPO-
BEJICHUS CEPTU(PHUKAIMOHHBIX YCKOPEHHBIX HCIBITAHWNA Map TPEHUS C MOIUMEp-
HbBIMU KOMIIO3WIITMOHHBIMU MaT€puajliaMu B na60paTopHr)Ix YCJIOBUAX TPU ITOHU-

© B.JI. bacuniok, B.€. Crapxuncekuii, O.1. Mapnocesny, I'.O. I'mazynosa, C.C. Ilamina, 2013
14 ISSN 2079-0791. Bicnux HTY "XIII". 2013. Ne 41 (1014)




