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MeToanuyeckue peKOMeH AU

MO H3YYCHUIO TUCHUIIJIUHBI «HepCIIeKTI/IBbI NPpUMCHECHHUS Nepeaayd 3alenjacHueM B
MalllMHAaX Heq)TeI‘aSOBbIX MMPOMBICJIOB»

1 [lnannpoBaHue U OPraHU3aLMs BpeMeHH He00X0AUMOro J1Jisl M3yYeHUs1 JaHHOI
JUCHHUILIHHBI

Jucuummna «llepcnekTHBB IPUMEHEHHUS TIepeiad 3alelJICHHEM B MalllnHaX He(Tera30BbIX
MIPOMBICIIOBY SIBJISIETCSI OJJTHOW M3 IUCIUILIMH 0a30BOT0 IMKJIA B TIOATOTOBKE MaruCTPOB
Hanpasienus 15.04.02 «TexHonormueckue MammHel U o0opynoBanue», OITOIT
«CoBepIIEeHCTBOBAHHE JIEMEHTOB KOHCTPYKLIMI MalllMH U 000pYA0BaHUs He(hTera3oBbIX
HPOMBICIIOBY.

HCJIBIO KypcCa «HepCHGKTI/IBI)I MNPpUMCHCHUA NEpCaayd 3alCIJICHUCM B MallIMHax HC(l)TeFa?,OBI)IX
IMPOMBICIIOB» ABJIAACTCA N3YUCHHUC MAaruCTpaHTAMH OCHOBHBIX HaHpaBJ’IeHHﬁ Pa3BUTHUA U
COBCPHICHCTBOBAHUA II€PEaay 3allCIIJICHUEM B YCIIOBUAX COBPEMCHHOI'O YPOBHS PA3BUTUA
TCXHHUKHU U TCXHOJIOTHH U I[OCTI/I)KCHI/Iﬁ HAaYyYHO-TCXHHUYCCKOI'0O IIporpecca.

3agauaMyl TUCLMITIMHBI SBJISIOTCS: 03HAKOMJIEHHE MaruCTPaHTOB C OCHOBHBIMU HalpaBJICHUSAMHI
¥ METOJIaMH COBEpIIEHCTBOBAHUS Tepe/iad 3aleIUIEHUEM U pa3pabOoTKU UX HOBBIX TUIIOB IS
noBbIIIEeHUS () (HEKTUBHOCTH MPUMEHEHUS B MaIlIMHAX U 000pYyJ0BaHUM HE(PTETra30BbIX
IPOMBICJIOB, pa0OTAOLINX B 0CO00 TSKEIBIX YCIOBUSX HKCILTyaTalluU, IPU TPpeOOBAHUAX
MUHUMAaJIbHBIX Fa0apUTOB U MacCHhI.

N3yueHue qUCIUIUIMHBI BKIIOYAET:

— JIeKIMOHHBIC 3aHsATHS — 16 dac. (ounas popma oOydenws), 6 yac. (3ao4Has);

— TIpakTHYecKue 3aHATUs — 34 yac. (ouHas Gpopma oOyueHus), 6 4yac. (3a0uHas);

—  CcaMOCTOsATeNbHYI padoTy — 58 yac. (ounast hopma oOydenust), 116 vac. (3a04Hast).
@DOopMBI KOHTPOJIA:
9K3aMeH Bo 2 ceMecTpe (ouHas popma o0yueHus ), BO 2 ceMecTpe (3aouHasi).

3amorom YCIICHIHOT'O OCBOCHUA 3TOM JUCIHHUITIIIMHBI ABJIACTCA 00s3aTeNnpHOE TIOCCIICHUC
JICKOMOHHBIX U MPAKTUYCCKUX 3aHSATHH.

Ha mpakTruecKux 3aHATHSIX MaTepHall, U3JI0KEHHBIH Ha JIEKIUIX, 3aKPeTUIsIeTCs IPU
paccMOTpPeHNH KOHKPETHBIX 3a]1a4 CBS3aHHBIX C PACCMOTPEHUEM MEPCIIEKTUB IPUMEHEHHUS
Pa3IMYHBIX THIIOB TIEpe/Iay 3alelUIeHHEM B MalllnHAX U 000PYA0BaHHUH, UCTIONB3YEMbBIX Ha
HedTera3zoBbIX MpombIciax. Hampumep, B MPUBOIHBIX YacTAX HACOCOB BHICOKOTO JIaBJICHUS
CTPOUTENBCTBA U CEPBHCA HE(PTEra30BbIX CKBAXXKH, B IPHUBOJAX OYpOBOro 000pyAOBaHU
(poTopsl, J1e0EKH, BEepXHUN TIPUBOJT), IUTAHETApHBIE 3y0UaThie epeayll B MEXaHUYECKUX U
aBTOMATHUYECKUX KOPOOKax IMepeMeHsl nepeaay HepTera3onpomMbICIOBOro 000py10BaHuUS.



3arpaThl BpeMEHH Ha CaMOCTOSTENIbHYIO pa0OTy B IIEPBOM M BO BTOPOM CEMECTpax CieyeT
IUTAHUPOBATh, UCXO/IS U3 CIIECAYIOIUX PEKOMEHIAIINNA:

— YCBOEHUE JISKIIMOHHOTO MaTepuana — 10 uac.; (ounas popma oOydenwus), 6 gac.
(3aouHas);

— TIOATOTOBKY K MpakTudeckuM 3ansatusM — 10 dac.; (ounas ¢popma oOyuenus), 16
yac. (3a0uyHasi);

— TOJATrOTOBKA K PEUTHHTOBOMY KOHTpOJO — 14 gyac (ounas ¢opma oOydeHus);

—  BBITIOJIHCHUE KOHTPOJIBHOW pabOoThI — 22 4ac. (3aouHas ¢popma oOy4eHuUs);
— TOJTrOTOBKY K 9K3aMEHY — 24 yac.; (ounas ¢popma oOydenus), 24 yac.
(3aouHas).

2 PexoMeHIAIUM 110 UCTIOJIH30BAHUIO MATEPHAJIOB YU€OHO-METOIHYECKOr0 KOMILJIeKCca

Hwxe nepeunciiensl yueOHO-METOINYECKUE MAaTepUaIbl, 03HAKOMIICHHE C KOTOPBIMU SBJISICTCS
00s13aTeTbHBIM MPU BBHITIOJIHEHUH BCEX BUIOB CAMOCTOSITEIHHOM paOOTHI M TIOJTOTOBKH K
pyOEKHOMY KOHTPOIIIO U DK3aMEHY.

1. KoHCIEKT JTEeKIINi.

2. Xaputonos C.A., Haraiiies M.B., IOnun E.I' PacueT u mpoexTipoBaHue miiaHeTapHBIX
KOpOoOOK nepeaay MoCKOBCKHI rocy1apCTBEHHBIM TEXHUYECKUIN YyHUBepcUTeT uMeHu H.O.
baymana, 2012.

3. ®omun M.B. [lnanerapHo-1ieBouHble nepeaun MOCKOBCKUHM TOCYJapCTBEHHBII

TeXHn4Yeckuid ynuBepcutetr umenn H.D. baymana, 2009.

3 PexoMeHaanuu mo padore ¢ JUTEPaTypoi

Paboty ¢ autepaTypoii ciaenyeT HayMHaTh CO 3HAKOMCTBA ¢ KApTOW METOINYECKOTO
o0ecreyeHns AUCUUIUIMHBI (CM. pasfen 6 paboueil mporpaMmbl), B KOTOPOH MepeurcieHbl
OCHOBHAs U JIOTIOJHUTENIbHAS JIUTepaTypa U Ipyrue u3ganus, HeoOXouMble JUisd paboThl Ha
NPAaKTUYECKUX 3aHATHUSX.

C HUMU MOKHO 03HaKOMUTKCS B Oubmmoreke JAI'TY, a Takxke Ha caiite http://de.dstu.edu.ru.


http://www.iprbookshop.ru/31503.html

Kasxxnprit 13 pa3enoB TeMaTHUECKOTO MUIaHa JUCIUTIINHBI (CM. pa3en 2 pabodeit mporpaMmsl)
CcHa0XEH CChUIKAMU Ha UCTOYHHMKH U3 pasjena 6, 4To yIpoIlaeT MOMCK He0OXOaUMOM
uHpOpMaLnH.

Br10paB Hy)XHBII UCTOUYHUK, CIICAYET HAUTH HHTEPECYIOIIMNA Pa3/ieN MO OTIABICHHUIO UIIH
as(haBUTHOMY yKa3aTellto, a TAK)KE OJIHOUMEHHBIN pa3zien COOCTBEHHOTO KOHCIIEKTA.

Oco0oe BHUMaHUE CIEIyeT YACTUTh MPUBOAUMBIM allTOPUTMaM rpagruecKuX MOCTPOCHUN
AHAJTMTUYECKUX BBIUUCICHUN U COOTBETCTBYIOIIMM KOMMEHTapusiM. B ciydae BO3SHUKHOBEHHS
3aTpyaHEHUH ClieAyeT OOpPaTUThCS K IPYTHM HCTOYHUKAM, T]I€ U3JI0KEHUE MOXKET OKa3aThCs
0oJiee JOCTYITHBIM U MOHSITHBIM.

Heobxo1uMo OTMETHTB, 9TO paboTa ¢ y4eOHOH U CIIPABOYHOM JIMTEPATYPOI HE TOJIBKO MOJIE3HA
KaK CpeJCTBO OoJiee rTy0OKOTO U3Y4YeHUSs JIF0OOW AUCIUILINHBI, HO H SBIISETCS HEOThEMIIEMOM
4acThIO0 TPOPECCHOHATBLHOMN IEATEIIFHOCTH OYIyIIETO CIEIHaINCTa.

4 IloaroroBka IK3aMeHy

IToAroToBKA K 3K3aMEHY SBJISIETCS 3aBEPLIAIOIINM JTAIlOM B U3Y4EHUH JUCIUIUIAHBIL.
[ToBTOpEeHNe yueOHOro Marepuaa ciielyeT HaUMHATh C TIEPBOr0 MPAKTUUYECKOI0 3aHATHS,
MIOCKOJIbKY 3HAHUS, YMEHUS U HaBBIKU (POPMHUPYIOTCS B TEUEHUH BCETO Mepuoia o0yueHus,
MOCJIEI0BATENbHO, OT IPOCTOTO K CIOKHOMY, Oa3UpysCh Ha paHee U3J10)KEHHOM MaTepHale.

O0s3aTeIbHBIM IIpU MOATOTOBKE K KOHTPOJIbHBIM MCPONPUATHAM ABJIACTCA IOBTOPCHUC
TCOPECTUYICCKOTO MaTCpHraJia IO KOHCIICKTY J'IeKI_[I/Iﬁ n BLI6paHHOI>’I JIUTCpaType.

5 (I)OprI TEKylIEero, NIpoMe;KyTo4IHoro, pyﬁemﬂoro H UTOTOBOI'0 KOHTPOJIsA

5.1 Texymmii KOHTPOJIb

Texkymuit KOHTPOJIb OXBATHIBAET BCE TPH OPraHU3aLMOHHBIE COCTABISAIONINE PAOOTHI CTYAEHTOB
Ha JICKIUSX, MPAKTUYECKUX 3aHATUSAX U CAMOCTOSITEIbHYIO paboTy.

B xoze nekuun npenojgaBarenb BHIOOPOUHO 33Ja€T BOMPOCHI 110 U3JIaraéMOMY MaTepuaiy, pu
HTOM JIEKTOP MOXET JIETKO OIIEHUTh KaK YPOBEHb YCBOCHUS KaKJbIM CTYI€HTOM, TaK U TOTOKOM
B 1IEJIOM, YYUTHIBAETCS TAK JK€ U TIOCELIAEMOCTbD JIEKIIMOHHBIX 3aHATHI.

Ha mpakTtrueckux 3aHATUAX KOHTPOJIUPYETCS YCBOSHUE TEOPETUUECKOTO MaTepraa KaxbIM
CTYJEHTOM IO pe3yJIbTaTaM BBIMOJIHEHHSI TEKYIIIMX MPAKTUUYECKUX PaloT.

D hHEeKTUBHOCTh CAMOCTOATEILHON PabOThI OIEHUBAETCS MPU MPOBEIACHUH TTPAKTUUECKON
paboTHI.



5.2 IIpoMeKyTOYHBbIH KOHTPOJIb

[Tpouenypa 3amUThl MPAKTUYECKUX PabOT MpeycMaTpUBAET OTBETHI HA BOIIPOCHI
IpernoaaBaTesisi He TOJIbKO 0 CYIIECTBY BBIMOJIHEHHON paOOThI, HO M OTHOCSIINECS K pa3zienam
TEOPETUUECKOI0 Kypca, M3YUEHHBIM paHee.

5.3 PyOexxHblii KOHTPOJIb

B cootBercTBue ¢ mpunsaToit B JII'TY dhopmoii opranuzanuu yueOHOTo mpolecca, pyoeKHbIH
KOHTPOJIb OCYLIECTBIIAECTCS ABAX bl B ceMecTpe. [IpoBoauTcs pyOexkHbI KOHTPOJIb 110
pe3yJibTaTaM BBIIOJIHEHUS TPAKTHUYECKUX PadOT ¢ y4ETOM YCIEIIHOCTH YCBOCHHUS JIEKIIMOHHOTO
MaTepuaia U MOCelaeMOCTH BCEX BUI0B 3aHATUH.

5.4 UToroBbIii KOHTPOJIb
WTOTOBBII KOHTPOJIH IPOBOJIUTCS BO 2 CEMECTPE B BUJC IK3aMEHa.

DK3aMeH BKIIIOYAET JIBa TEOPETUUECKUX Bompoca. IIpu 3ToM Takxke MOTyT OBITh 3a/1aHBI
BOIIPOCHI 10 pa3/iesiaM TEOPETUUECKOI0 Kypca, KacarolUMCs IPaKTUYECKON paObOThl, U JaHbI
HeOOJIbIIINe TBOPUYECKUE 3a4a4UU ISl PELICHHUS.

Kypc gexknni
JIEKIIUA 1

MOIUPUKANNA HUJINHAPUYECKHUX 3BOJIBBEHTHBIX 3YBYATbBIX KOJIEC,
KAK BO3MOKHOCTH MOBBIINIEHUS UX HATPY30YHOM CITIOCOBHOCTH

no marepuajaMm crarbu Pynuunxoro B.H. 57 UTA, 2. bpanck

Onucana 603MONCHOCb YEETUYEHUS HAZPY30YHOU CHOCOOHOCMU U YMEHbULEHUS BUOpAYULL 8
YUTUHOPpUYECKUX 3Y04amblX nepeoauax 3a cuem pa3iuidHblx cnocob08 moougurayuu Koec.

HunuHaprueckue 3BOJIbBEHTHBIE Mepeadyl BECbMa YyBCTBUTEIbHBI K TAKUM MOTPEUIHOCTSIM,
KOTOPBIE BBI3BIBAIOT KPOMOYHBIN KOHTAKT U MOBBIIICHHBIC HaNpspKeHUs. C 11eNbi0 0CIa0IeHnus
WM UCKITIOUEHUS TOPIIEBOTO0 KPOMOYHOTO KOHTAKTa UCTIONB3YIOT MPOAOIBHYI0 MOAU(PHKAITUIO
pabounx MOBEPXHOCTEH 3yObeB (OOBIYHO OJTHOTO W3 Maphl KOJIEC), IpUaaBasi UM CieTKa
0604k000pazHy0 Ghopmy.

[Tpyu HaTMYUK TEXHOJIOTUYECKUX MOTPEITHOCTEN U AedopMaliuil neTanei mpoucXouT
nepeKaThIBaHUE MMOBEPXHOCTEH TaKMX 3yObEB B MPOIOILHOM HANPABICHUH C TIEPEMEIICHHEM
KOHTAKTHOM TUIOIIAIKU B CTOPOHY OJIHOTO M3 TOPIIOB 3yOUaTOro BEHIIA. Y YUTHIBAs, YTO
004K000pa3HbIC 3yObs pA0OTAIOT B YCIOBUAX JOKAIHHOTO KOHTAKTa (00BEMHOTO HAIIPSKEHHOTO
nehOpMUPOBAHHOTO COCTOSTHUSA), TIPEIaracTCsl H3rHOHBIC HANIPSKEHUSI B OCHOBAaHUH 3YObEB,



BBIMOJTHEHHBIX Ha 0a3e CTaHJapTHOTO UCXOJIHOTO KOHTYpA, ONpeiessaTh o hopmye,
COOTBETCTBYIOLIEH popmyne st 3youaTsix nepenad HoBukosa, Toxke paboTaromuX B yCIOBUAX
JIOKQJIbHOTO KOHTAKTa:

JF‘ = ZTFE ) Fuec ) Yae ) HFfEmEZ]J (1)

rae T — nepenaBaeMblid KPYTSIIUNA MOMEHT;
M — MOJYJIb KOJIEC;

Z. YHCJI0 3y6BeB KoOJI€Ca,

Y

- K03 (DUILIUEHT, YIUTHIBAIOIIUHN BIUSIHUE MTEPEKPHITHS 3yObEB;

Yiec - MIPUBEICHHBII 00beMHBIN KO3 PUIMEHT, yYUTHIBAIOIINN paclipeie]IeHHe Harpy3Ku
BJIOJIb JJTMHBI OECKOHEUHO JTMHHOTO 3y0a;

Kr _ KO3 (HULIMEHT HArPy3KH.

KoadduiuneHT Harpy3ku MOXKHO MPEJICTABUTh B BUAE TPAIUIIMOHHON (popMyIibl

Kr =K, Kg, - Kgg - KF,E: @)

rae K, " Kgy - K03((ULIMEHTHI BHELTHEN U BHYTPEHHEH JMHAMUYECKOW Harpys3KH;

Kea - K03 (HULMEHT pacnpeielieHNs Harpy3Ku MexX 1y 3yObsIMu;

K FE - k03 PUIHeHT HEPaBHOMEPHOCTH paCIpe/IeICHHsI HATPY3KH IO ITHHE KOHTAKTHBIX
JIMHUN.

[Tpennaraercs, uro ko3 dunmeHTs Ka, Kr @, Kry MO>KHO MIPUHSATH B IEPBOM MPUOIMKEHUH
PaBHBIMH, KaK JUIs Iepeaay ¢ OOBIYHBIMU 3yObsIMH.

[TpoBeneHHbIE HCCIE0BAHUS TOKA3aIIH, YTO MPOJOIbHAsE MOIU(UKAIHS 3yObeB
(60uK00OPa3HOCTH) MO3BOJISIET CYIIECTBEHHO CHU3UTh U3THOHbIE HanpshkeHus B 1,2- 1,3 paza u
MOBBICUTbH Harpy304HyI0 ClocoOHOCTh 3yOuaroii nepenauu. Ha puc. 1 npencraBiena kapTuHa
KOHTAKTHOTO B3aMMO/ICHCTBHS 3yObEB KOJIEC B IOJIIOCHOM 30HE.



Pucynox 1- Mogenb (a) KOHTaKTHOTO B3aUMOJICHCTBUS 3yObeB 1 1 2 mpu OTCYTCTBHH (2) U
Hajau4uu (0) mepekoca:

K - Touka KoHTaKTa 3yObeB; by . JuiMHA 3y0a; S - cMenieHne Touku K oT cepenuHbl by A -
CTerneHb 00UK00Opa3HOCTH 3yOa

OnHO¥ U3 TPUYMH CHIDKEHUS HECYIIed CriocOOHOCTH 3y0UaThIX Mepeiay sBIseTCs
BO3HHKHOBEHHUE BHOPaINii, BO30YKIaeMbIX IEPEMEHHOH JKECTKOCTBIO 3alleTICHHS U
CKa4K0OOpa3HbIM HarpykeHueM 3yObeB. JlaHHbIE (GaKTOPbI HE ONPENENAI0TCS TOIbKO
MOTPELIHOCTAMU U IIOITOMY UX HEJb3sl YCTPAHUTH IOBBILIEHUEM TOYHOCTU U3TOTOBJICHUS U
MoOHTaxa. OJIHAKO UX MOYKHO YCTPAHUTh C IMOMOIIBIO MPOGUIBHON MOIUBUKAILINN 3YObEB,
Ha3bIBaeMOM (hIaHKMPOBAHUEM.

B paGore Obl1a paccMoTpeHa koco3ybas rnepeaya ¢ CyMMapHbIM KO3()(DUIIMEHTOM MEepEeKPHITUS

2< €x <3 npu rne €z = E1:|L+EB, e Ea, €p _ KO3 PUITUEHTHI TOPIIEBOTO U

OCEBOT'0 IIEPEKPBITUH.

[Tone 3auennenus U GyHKUINS U3MEHEHUS )KECTKOCTH Cx K-i mapbl 3yOb€B BO BPEMEHU T

noka3aHbl Ha puc. 2au 6, rae t=1/ TZ, t - Texymiee Bpems, L _ nepuo1 3y0II0BOI 4aCTOTHI.

N3meHeHnne cTaTHIecKOi Harpy3Ku Py B K-il mape 3yObeB 1o (haze 3alenieHus Moka3aHo Ha
*

puc. 2, B, nuHus 1. Yyactku T COOTBETCTBYIOT KPOMOUYHOMY 3allCIUICHHIO 3yOhEB Ha BXOJE U

BBIXO/JI€ U3 3allCTIJICHUA.
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Pucynok 2 - K pacuery Moaudukanum 3yobes

@ — TI0JIe 3aleIUIeHUs; 6 — (QYHKIUS )KECTKOCTH Mapbl 3yObeB; 6 - PYHKIIMU HATPY3KU HA
Hemoupunuposannoii (1) u monudunupoanHoit (2) mapax 3yoneB

BbuTO ycTaHOBIIEHO, YTO MOAU(DHUKAINIO KOCBHIX 3yOhEB CIIEyeT MPOBOANTH TAKHM 00pa3oM,
4yTOOBI B J1H000H (haze 3aueneHus Ha nepuoze Tz BHITOIHSIUCH ONPEIETICHHbBIE YCIOBHUS,
COOTBETCTBYIOIIHME CAy4assM YETHOTO U HEYETHOTO YHUCIIa Map OAHOBPEMEHHO Harpy >KeHHBIX
3yObeB nepBoro ciaydas. [Ipu 3ToM 00s13aTeIbHBIM JIOTIOIHUTENBHBIM YCIOBUEM SABISIETCS TO,
YTO Harpy3Ka Ha BXOJISILYIO B 3alleIUIEHUE Napy 3yObeB 10JKHA IUIaBHO (O6e3yaapHO)
YBEJIMYMBATHCS OT HYJIS 1O JIMHEHHOMY 3aKOHY, a Ha BBIXOISAILYIO U3 3allEIUIEHUS Mapy 3yObeB
Harpy3ka 1o TOYHO TaKOMY e 3aKOHY JTOJDKHA YMEHBIIATHCS 10 HYJIS.

Ha npaxTuke npoduibHy0 MOAR(UKALINIO KOCOTO 3y0a MpeiaraeTcsi OCyIeCTBIATh MyTeM
cpe3aHus 4acTH OOKOBOM MOBEPXHOCTH 3y0a Ha KpaeBbIX yyacTkax. B aToMm ciyuae riybuna g
cpe3a ompeneliseTcs U3 YCIOBHs MONydeHUsT QYHKIMH Harpy3Ku B K-if mape 3yObeB B BUIE
paBHOOOYHOM Tparnenuu (puc. 2-B).

[TpennoxeHHBIN crI0co0 MPOQPUILHO-TPOIOIBHON MOAU(PUKAIINN KOCHIX 3yOheB
MAJTUHAPUYECKON TTepeaadn B COYETAaHUH C BRIOOPOM KOd(DPHUIMeHTa NePEKPBITHSI, TTO3BOJISET
TEOPETUYECKH MOJTHOCTHIO YCTPAHUTD JIBa BO3MYILAIONIUHN (haKTOpa: MEPEMEHHYIO KECTKOCTh
3aIeTUICHHS] M IUCKPETHOE HarpyKeHHe 3yObheB, BO30YKIAIOMNUX KOJIeOaHus ¢ 3yO10BOM
YaCTOTOW M TEM CaMbIM ITOBBICHTH HArPY304HYIO CITIOCOOHOCTH 3y04aToi mepeiadn.

OnHOBpeMEHHO B HBOJIbBEHTHOM KOCO3Yy0O0H Mepeaue mpH SKCITyaTalluy MPOUCXOAUT
HEpPaBHOMEPHOE M3HAIINBaHHE aKTUBHBIX MIOBEPXHOCTEN 3yObeB, TaK KaK CHJIa TPEHUS KaueHUs
Ha MOJIOCHOW JTMHUM 3yOheB B 15 pa3 MeHbIIe CUITbI TPEHUSI CKOJIbKEHUSI Y BEPUIMH U KOPHE
3yObeB. B pe3ynbraTe 3TOro BO3HUKAET UKINYECKasi KWHEMaTHUEeCKasl MOTPEeITHOCTh C
3yOLI0BOM 4aCTOTOM, KOTOpasi CHUYKAET IUIABHOCTh Pa0OTHI EpeAayy, yBeTUINBACT
JUHAMHUYECKHE HAarpy3KH, YMEHBIIAET JOJTOBEYHOCTD MIEPEIaUH.



J171s1 OBBIILIEHUS TUTABHOCTH 3BOJIbBEHTHOM Tepefadyn He00X0MMO CHU3UTh U3HAIIMBaHHE
AKTUBHBIX ITOBEPXHOCTEH 3yOhEB M MOBBICUTH YCTOMYMBOCTh UX UCXOIHOW TeoMeTpuu. B cBsi3u
C 9TUM IpeyIaraeTcsi y4acTku npoguiieii 3y0beB y BEpIIMHBI U KOPHS, paboTaroiiye ¢
MaKCHUMaJIbHBIM CKOJIbKEHHEM, 3aMEHUTh y4aCTKaMH, pabOTAIONMMH C YUCTHIM KaueHUEM,
JIOTIOJIHUB UX Y TOJIOBKH BBIITYKJIBIMH, @ Y HOXKKH BOTHYTBIMU AYTOBBIMHU yyacTKamu. B
cepenuHe npoduiel 3yobeB MoAUGUKALMOHHON TIepejaun COXPAHIOT BOJIbBEHTHBIC YUACTKH,
IIPU 3TOM BBICOTBI F'OJIOBKM M HOXKKH YMEHBIIAIOT 110 CPABHEHUIO CO CTAaHAAPTHBIMU IIPU
00s3aTensHOM obecrieyeHIH Kod(h(PULIMeHTa TOPIIEBOrO MEPEKPHITUS IBOJIBBEHTHBIX
MOBEpXHOCTEH 3yOheB HEe MeHee 1,1. Cxema 3alrerieHus: Takux 3yObeB IIPEICTaBIICHA Ha
pucyHke 3.

Pucynok 3 - Cxema 3aleruieHus BBITYKJIO-BOIHYTBIX YYacTKOB Ipoduiieii 3y0beB B HOpMaJIbHOM
CEUEHUU Nepelaun

HpOBe,Z[eHHBIe HCIIBITAaHUA 3Y6an0ﬁ nepcaadu, HU3TOTOBJICHHOM 110 HpeHHO)KGHHOﬁ CXEMC
3alCIIJICHUA, ITIOKa3ajinu, 4TO JOJIT'OBCYHOCTH HOBOM nepeaadyun B 2 pas3a BbeIIIC JOJTOBCYHOCTU
OOBIYHOM PBOJILBEHTHOM nepeaadyu npu 0JHOM U TOM K€ MEPHUOAC SKCILTyaTalluu.

JIEKIIUA 2

ITPOI'PECCUBHBIE 3YBYATBIE IIEPEJJAYU HA BA3E ®YHIAMEHTAJIbBHBIX
IPPEKTOB TPOYHOCTHU



IIo matepuanam crarbu: JXKypasnes ['.A, Kyunnckuii A.A,. HoBukoB P.B IIporpeccuBHbie
3yOuarple iepeaaun Ha 6a3e GpyHmameHnTanbHbIX 3¢ exToB mpounocTr// Hayka u Tpancnopt —
2007.-C.36-38

BrisBienue 3¢ (ekToB KpUBU3HBI KOHTAKTa M, B YACTHOCTH, KOMILJIEKCa (paKTOPOB,
OTIpEeeIIAIONINX POJIb BEIOOpA yriia 3allerIeHus], CO3/1aeT BO3MOKHOCTH ISl UHHOBAIMOHHOTO
IIPOPHIBA B TEOPUH IBOJIBBEHTHBIX M HEIBOJIbBEHTHBIX 3y0OUaThIX Mepeaad U Al MHTEHCUBHOTO
pPa3BUTHUS PELYKTOPOCTPOCHHUS.

BeimosiHeH aHanu3 NpakTHKH KOHTAKTHBIX PACcYeTOB, HATJISIIHO WIUTIOCTPUPYIOIINN BBISIBICHHE
3¢ dexToB KpUBU3HBI KOHTAKTa (3 (HEKTOB OOJBIIETO, OTHOCUTEIBLHO KJIACCHYECKOTO PEIICHUS
TUIOCKOW KOHTaKTHOM 3a7auu ['epiia v TpaJuIlMOHHBIX NIPEJCTABICHUN TEOPUHU U MIPAKTHKH
KOHTAKTHBIX PAacyCTOB, BIMSHIS KPHBH3H KOHTAKTHPYIOIIUX TEJl Ha HECYIIYIO CITIOCOOHOCTh UX
KOHTAKTa) YIPYTHX Tell, MOJCIIUPYEMbIX KpYroBbIMH IUIUHApamMu. Ha 6a3e agdexron
KPUBU3HBI KOHTAKTa C(hOPMYITHPOBAHBI COOTBETCTBYIOIINE COBPEMEHHBIM TCHICHITHSIM
Pa3BUTHS MAITMHOCTPOCHUS (PU3NUYCCKUE OCHOBBI COBEPIIICHCTBOBAHMSI 3y0UaThIX Iepead,
MOKa3bIBAIOIINE BO3MOXKHOCTH 3HAYUTEIHHOTO YBEITMUCHHS UX HECYIIeH ClIOCOOHOCTH.

JInHeliHbIE 3aBUCUMOCTH WJIM allIIPOKCUMALNs UMH B3aMOCBSI3€H Pa3IN4HbIX BEJIMYUH BECbMA
HarJIsHbl U YAOOHBI ITPU MCTIOIB30BAaHUM B PACUETHOM MpaKTUKE. XOpOIIO U3BECTHO
CTPEMIIEHHE K UX BBISBICHUIO B CJIOKHBIX JKECTKOCTHBIX U IIPOYHOCTHBIX pacyerax,
BBIHYKJICHHO IIOCTPOEHHBIX Ha MHOXKECTBE YIPOIICHUN U IPUHIUIIMAIBHO JOITYCKAOIINX
HEKOTOPYIO HECTPOTIOCTh J0KA3aTEIbCTB IPUMEHUMOCTH UCIIONIb3yeMBIX pemeHuil. K rakum
CJIydasiM OTHOCHUTCS U OIpeJIeJIeHUe B3aMMOCBsI3€i OCHOBHBIX (PaKTOPOB B KOHTAKTHBIX 3a/1a4aXx.

Y c10BUS KOHTAKTHOTO B3aUMOJEHCTBUS MHOTHUX J€Tajel MAIIMH U MEXaHU3MOB MOJICIIUPYIOT
KOHTaKTOM YIPYTUX O€CKOHEYHO JIMHHBIX [IIMHAPOB C MapaieIbHBIMU OCSIMHU, @ B OCHOBE HX
MIPOYHOCTHBIX PACUETOB JICKHUT PELIEHUE MIJIOCKON KOHTAaKTHOM 3a1a4u ['epria. 9To onpaBaaHo
TEM, YTO HOMHUHAJIFHO TaKue JeTaIM UMEIOT HauanbHoMHetHOe kacanue (HJIK), mo Benuumne
paanyChl KpUBU3HBI KOHTAKTUPYIOIIMX TEJ Yallle BCEr0 3HAYUTENBHO MPEBBIIAIOT IUPUHY
MOJIOCKH KOHTAaKTa, @ KOHTAKTHASI POYHOCTh 3aBUCHUT TJIABHBIM 00pa30oM OT

HaIpsKEHUH B 30HE KOHTAKTA.

Opnako ympyrue Tena, He3aBUCUMO OT X HOMUHAILHOM reoMeTpHH, (PakTHUECKU UMEIOT
KOHEYHbIE pa3Mephl U HauaiabHO-ToueyHoe kacaHue (HTK), a B HarpyeHHOM COCTOSTHUM OHU
B3aUMO/JICUCTBYIOT 0 HEKOTOPOU OTIMYHOM OT MOJIOCKU MOCTOSSHHOW IIUPUHBI ITONIAKE
KOHTAaKTa.

Ha puc. I mpencraBieHbl TeXHOJNOTHYECKHE, Ha TpuMepe HopM TouHocTH ol OCT 1643-81
(puc. 1a), u nehpopmanmoHHbIie, Ha pUMepe HAKTHUSCKUX PE3yIbTATOB IS TJIABHOTO
penyktopa BP28 Bepronera MU28 (puc. 1b), crieKTpbl ATEH HHTETPATLHOTO KOHTaKTa 3yObeB
3BOJIbBEHTHOW HIWJIMHAPUYECKOH TTepeayu.
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Pucynok 1 — CpaBHEeHHE CIIEKTPOB IIATCH U TOKa3zatesei mokanu3anuu (fT1) uHTerpanbHoro
KOHTaKTa 3yObeB 1o TexHojoruueckum (a: 1 — mpu 39# u 2 — npu 119§ creneHsx TOYHOCTH
o [OCT 1643981) u nepopmannonnsim (b: mpu kpytsimem Momente T1 = var, 5951 cTeneHb
touHocTd 1o 'OCT 1643981) OTKIOHEHHSIM 3BOJIbBEHTHOM IMJIMHIPUYECCKOM Iepeavn

Jlyist yaera kadecTBa KOHTAKTa MPH OIEHKE YCIOBHI KOHTAKTHOTO B3aUMOICHCTBUS 3yObCeB
OyJIeM HCITOJIb30BaTh IMOKA3aTeIH JIOKATH3AIMH IPOJIOJILHOTO pa3Mepa Li msITeH HHTerpaibHOTO
xonrakta fri = Li / bw, i =1,2..., rne bw — aktuBHas mupuHa 3y64aToro BeHia. Biustue
BBICOKOM JIepOpMaTUBHOCTH Kopiryca penykropa BP-28 yacTiuuHO ckoMIIeHCHpOBaHO
BBEJICHHEM «YIPEXKICHHS» 3yObeB (MX JTMHEHHOM MPOI0IbHOM MOAMMUKAIIMN) C YIIIOM Vg = | 1
— B2 |=2-10" pan. 3mech u naiee: S — yron HaKJIOHA JTHHUU 3yObeB; HHIEKCH | 1 2 B
0003HaYCHHSIX TTAPAMETPOB 3y0UaThIX MIepead OTHOCATCS K BEIyIIEMY U BEJJOMOMY KoJiecam
COOTBETCTBEHHO. CpaBHEHHUE CIIEKTPOB MATCH HHTETPAITBHOTO KOHTAKTa 3yOheB

(puc. 1) moKa3bIBaET, YTO AaXKe TEXHOTOTHIECKH BHICOKOTOUYHAS (CO MITH(OBAHHBIMHU 3yObSIMH)
3y0Odvarasi mepejiava moj MakCUManbHOU Harpy3ko# (npu yp # 0) MOXeT UMETh MEHbIIIee
snauenue nokaszarens fTi (puc. 1b), yem nepenaya HU3KOH TEXHOIOTHYECKON TOYHOCTH B
HEHArpy»XE€HHOM COCTOSIHUH (puc. [a). DTU pa3nudusi BOZHUKAIOT W3-3a 3HAYUTEIbHBIX (BILIOTH
10 yZ > 5-103pam) yriioB nepekoca yX B INIOCKOCTH 3aIleTUICHHsI 3yObeB.

Tem He MeHee, cuuTaeTcsl OOIEPUHSTHIM TE3UC O TOM, YTO B KOHTAKTE PEAJIbHBIX YIPYTUX TEJ,
MOJIETUPYEMBIX LIMIUHAPAMU C MapaJljIeIbHBIMU OCSMHU, COOJIIO/Ial0TCS FEPLIEBCKUE
COOTHOILIEHUS TAKUX OCHOBHBIX (DAKTOPOB KOHTAKTa, KaK CUJIa CXATHsI U IPUBEACHHBIN paguyc
KPUBHU3HBI KOHTAKTUPYIOLIUX TEJI, a I CBEACHUS 3a1a4 K IUNIOCKOH 3a/1aye TEOPUU YIIPYTOCTH
JIOCTaTOYHO OIIEPUPOBATh MAKCUMAJIBHON PACUETHOM YIEIbHON HArpy3KOU (max, HAMJIECHHOU C
y4€TOM HEPaBHOMEPHOCTH pacIpeiesieHus Harpy3ku. IIpu 5ToMm nanpHelinee yroYHeHUe
pPacyYeTHON CXEMBbI MILYT YK€ B YaCTH OLICHKHU BIIMSHUS psAJia JONMyLieHu! moaenu ['epua —
OTCYTCTBHSI yUeTa TMHAMUYECKUX SIBJICHUN, KOHEYHOCTH JUIMHBI PEAIBHBIX TEN U
MIPOMEKYTOUYHOI'O MACIISTHOTO CJI05I, IIEPOXOBATOCTH U TPEHHUSI IOBEPXHOCTEN B KOHTAKTE, a
TaK)X€ OTKJIOHEHU! CBOMCTB MaTe€pUaJIOB C)KUMAEMBIX TEJ OT UACAIN3UPOBAHHBIX MOKa3aTenen
U30TPOITHOCTH, OJTHOPOJHOCTH U ynpyrocTy. K ommbo4HOMY HCIIOJIb30aHUIO PEILICHH S IIIOCKOH
KOHTaKTHOM 3a1a4u ['eplia OTHOCAT IOCTPOEHUE HA €70 OCHOBE KOHTAKTHBIX PacYeTOB IS TEI C
HOMUHAJIBHBIM HauyaJIbHO-TOYEYHBIM KacaHHeM, 00Jiee COOTBETCTBYIOIIMM PELICHUIO 3a]1aun
['epuia — bensieBa 0 KOHTAKTe TeJ C MLUIMNTUYECKON (POPMOIl MIoa Ik KOHTaKTa,—
Harpumep, U1t 3yobeB nepenady HoBukoBa vy U1t KOHTaKTa XOJA0BOTO KOJIeca C HETIOCKHM
pENIbCOM.



B 10 ke Bpemsi mmpoKoe MPUMEHEHNE PEIICHHS TUIOCKOM KOHTaKTHOM 3afauu ['epiia B pacueTax
KoHTakTa pa3zHoobpazubix Ten ¢ HJIK umu ¢ 6mm3kum k HIIK HOMUHATBHBIM KacaHUEM
0a3upyercsi Ha BBEJCHUU KOppeKTupytomiero kodgduurenta KHP KoHneHTpanuy Harpy3Kku
BJIOJIb PACUETHOM JIMHUM KAaCaHMs, yYUTHIBAIOILETO BIMSHUE YIia YX MEX1y (hakTudecku
NIEPECEKAIOIIUMHUCS OCSIMHU LIMJIMHAPOB KOHEUHOM JUIMHBI M CBOJSILEr0, KaK CUNTAETCS, 3a/1a4y K
IJIOCKOM 3a7ja4e TEOpUH YIPYrocTH. MakCuManbHOE KOHTAaKTHOE HAIIPSKEHUE ONPEIESAETCS 110
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rae Ri - mpuBeneHHbII paanyc KPUBU3HBI KOHTAKTHPYIOIIHMX TEJl C PAJAUYCAMH ;

ui; Ei — koaddunment Ilyaccona u moayns FOHra Matepuana kontakTupyromux ten(i=1, 2);
F — cuna cxaTusi KOHTaKTUPYIOLIHUX TEJ;

| — mIMHA HOMUHAIBHOW JIMHUK KaCaHUSI KOHTAKTUPYIOLIHUX TEJ;

0 ¥ Omax—pacyeTHas yJC/IbHasA Harpy3ka Ipu €€ paBHOMEPHOM U HCPABHOMEPHOM,
COOTBETCTBCHHO, pACIIPCACIICHUU BIOJIb HOMUHAJIbHOM JTMHUHU KacaHMs.

Bot nouemy coznanue pa3indHbIX METOAOB NPUOIMKEHHOTO PELICHUs 3314l O KOHTAKTe
YIPYTUX MUJIMHAPOB IPU MEpeKoce UX ocel ObLI0 HApaBJIEHO HA IPSMOE ONpeieieHne
KOHTAKTHBIX HAINPsDKEHUH 0e3 MCI0/Ib30BaHMs ONpaBoYHOro kodppuruenta KHP u He
NIPUBEJIO K aHAJN3y B3aUMOCBSI3€ OCHOBHBIX (DAKTOPOB KOHTAKTa. TaKkue METO/IbI HE MOTYIHIIN
HEO0XO0IMMOM IKCTIEPUMEHTAIBHOM arpoOallii ¥ He BOILIN B IIMPOKYIO PACYETHYIO MTPAKTHKY.
SIBnsieTcs OOIMIETIPUHSATHIM, UTO HE3aBUCUMBIE iepeMeHHbIe F u p B (1) mpuoOpeTaroT TMHEIHYIO
B3aMMOCBSI3b NP BBEJICHUH YCIOBUS IPOYHOCTH KOHTAKTHBIX MIOBEPXHOCTEH, HATIPUMED, TIO
TEOpUH HanOOJBIINX HOPMAJIBHBIX HANPSKEHUHG Himax = OHp (GHp = CONSt — 1omyckaemMoe
3HAYEHHE CHmax)

Fp=clp, (2)

Trac Fp — BCJIMYHHA CUJIbI F, COOTBCTCTBYIOIIAsA MMPUHATOMY YCIIOBUIO ITPOYHOCTH;
¢ — KOHCTaHTa, KaK CJICACTBUC TOI'O, YTO BCIIMYHNHA KHB MPAaKTUYCCKU HC 3aBUCUT OT Fp/p

Jluneiinas B3auMOCBS3b (2) CUMTACTCS YHUBEPCAIBHO JOCTOBEPHOM I ITUPOKOTO Kjlacca 3a1adq
pacyeTHOU MpakTUKU. B3anmocssi3u Tuna (2) crajaym OCHOBOIOJIATaAIOIIMMU IPU
dbopMyITUpOBaHUS TPAIUIIMOHHBIX MPEACTABICHUN 0 (U3NUYECKUX OCHOBAX PA3BUTHS 3y0UaThIX



nepezaay, Ha 0aze KOTOPbIX, B YaCTHOCTH, pa3pab0TaHbl U IUPOKO MPUMEHSIOTCS METO 1B
pacueTa BOJIBBEHTHBIX 3y0uaThix nepenad (Hanpumep, [OCT 21354-81),Bei0upatorcst
ucxoHbie KOHTYpHI 3yobeB(Hanpumep — ['OCT 13755-81),co3nano 3anennenne HoBukosa. B
AaBUACTPOEHUM PAaCIPOCTPaHEHbl PEKOMEHIALUU YHCTO F€OMETPUUECKOI0 M101X0/1a C
IPUMEHEHUEM MaKCUMAJIbHO JOCTUKUMBIX 3HAUEHUH yIJla 3alleIJIEHHs] 3BOJIbBEHTHON NIepe1aun
atw =47°...51° natw>51° ucxoas U3 yBeIUYEHUS CYMMapHOU cKopocTH KadeHus VE = 2V0 sin
atw.Bmecre ¢ Tem, HaMH [T0OKa3aHO, YTO BIMSHHUE THAPOJANHAMUUYECKUX (PAaKTOPOB HE OIpEeIIsieT
HU caMo SIBJIEHHE POCTa HEeCyIlel CIIOCOOHOCTH BOJILBEHTHOM Iepejauu pu yBEJINMYEHNUH yriia
3alleIIEHUs], HU IPUHLIUIIBI BEIOOpA €ro PallMOHAIBHOIO 3HAYCHUS, a TPAJULOHHbIE
¢u3nUecKre OCHOBBI YCOBEPILICHCTBOBAHMS 3yOUaThIX Mepeaayd omrO0ouHbl. AHATIN3 OIbITa
MCIIOJIb30BaHUs B PACUETHON IIPAKTUKE KIACCUYECKOTO PELIEHMSI IJIOCKOW KOHTAaKTHOM 3a/1a4uu
['epua npuBen K BBIBOJY O TOM, YTO €0 IPUMEHEHHUE CHU)KAET TOYHOCTh PACYETOB U
CAEPKUBACT peaIn3aliio 3HAUUTEIbHBIX PE3EPBOB YBEINYEHUSI IPOUYHOCTH U pecypca 3y0uaThix
nepeaay U Apyrux Aetaneid pa3nuuHbIX MamuH. Hamu BeisiBIIeHBI 3P QEeKThl KPUBU3HBI KOHTAKTa,
KOTOpbIE OTPAKAIOT 3HAYUTENIBHO OOJIbIlee (B CPABHEHUH € KJIACCUYECKUM PELICHUEM IIOCKON
KOHTaKTHOM 3aauu ['eplia) BIUsHUE NPUBEICHHON KPUBU3HBI B3aUMOJICHCTBYIOIIUX YIPYTUX
TeJI Ha pa3IMyHble 0Ka3aTeNd UX (YHKIMOHAJIBHBIX CBOMCTB — KOHTAaKTHON M ITyOMHHON
MIPOYHOCTH, 3aAUPOCTOMKOCTH U T.J. /{151 peanbHbIX YCIOBHI KOHTAKTHOIO B3aUMOAECHCTBUS
YIPYTUX TeJl C HOMUHAJIBHO HauainbHO-TMHEWHbIM kacanueM(HJIK) xapakTepHo HauanbHO-
toueyHoe ux kacanue (HTK), yTo npuBOIUT K IPOSBICHUIO HETEPLIEBCKOM B3aMMOCBSI3U
JIOITyCKaeMoM cuibl cxxatust Fp u npuBeaeHHOro paguyca KpuBU3HGI I'. Pe3ynbraThl,
MOKa3bIBAMOIINE CYIIECTBEHHO HENMHEHHbIE B3auMocBsi3u (tuma Fp= cpk, k>>1, rae c=const),
Han0oJiee COOTBETCTBYIOT YPOBHIO IEPEIOBBIX OTpacieil TEXHUKHU U COBPEMEHHBIM TE€HACHLUAM
pPa3sBUTHSI MUPOBOT'O TPAHCIOPTHOTO MalIMHOCTpoeHUs. [laHo ¢pusnueckoe 00ObsICHEHNE
JKCIIEpUMEHTANBHBIX pe3ynbTaToB (Niemann G.— Richter H. — 110 pocTy KOHTaKTHO
BBIHOCIIMBOCTH 3y0uaThIX nepenay, 3ydapesa H.1. — Urnanosa M.I1. — no usmeHnenuto Buia
YCTAJIOCTHOT'O pa3pyIlIeHus OT TIIYOMHHOTO K moBepxHoctHoMy, HoeprichM.R. — Zantopulos H.
u Xypasnesa ['.A. —110 3aBUCUMOCTH CONMKEHUS KPYTOBBIX YIPYTUX HapaieIbHbIX
LHWIMHJPOB OT UX PaJUyCOB), HE UMEIOIINX OOBSCHEHUS C MO3ULNN JTMHEWHBIX B3aUMOCBS3eH
OCHOBHBIX ()aKTOpPOB KOHTaKTHOM 3a1a4u. /JokazaHo, 4TO BIMSHUE TUAPOAUNHAMUYECKUX
(akTOpOB HE ONpEEIAET HU CAMOSIBIIEHUE POCTa HECYIIeH CIOCOOHOCTH 3BOJIbBEHTHON
nepeaayy Mpy yBeJIMYEHUH YIiia 3allelIeHNs, HU IPUHIUIIBI BBIOOPA €ro parioHaIbHOTO
3Ha4YeHHUs, a pOCT (IIPU ONPEIeNIEHHBIX YCIOBHSIX) HECYIIeH CIOCOOHOCTH 3BOJIbBEHTHBIX
3yOuaThIX Mepeay ¢ yBeJIMYCHUEM yTIJila 3alleTUIeHUs ONpeIeeH KOMIJIEKCOM (aKTOPOB,
BJIMSTHUE KOTOPHIX 00YCIIOBJIEHO TapaMeTpaMH TOYEYHOTO0 KOHTAKTa 3yObeB. CyllieCTBEHHbIE
pe3epBHI YIYUIIEHUS BOJBBEHTHBIX 3yOUaThIX mepeaad Ha 60asze peanuzanuu 3G GHeKToB
KPUBU3HBI KOHTAKTa COXPAHSIOTCS U B MIEPEAOBBIX OTPACISIX TeXHUKH. KOMIIEKC BBIMOIHEHHBIX
uccienoBanuit 3 PpexToB KpUBU3HBI IPUBEN K (POPMYJIMPOBAHUIO (PUINUECKUX OCHOB
COBEpILIEHCTBOBAHMS 3yOUaThIX 3alleTUIeHUH, Hanboee aJleKBaTHBIX TEHIECHIMSIM COBPEMEHHOTO
MalmHOCTpoeHUs. PazpaboTaHbl KWHEMAaTHUYECKUE PUHIIUITBI CBEPXaAIUTHBHOCTH
IIPOCTPAHCTBEHHOTO U IJIOCKOI'O CMEIIAHHOTO 3aueruieHus [P; yHuBepcanbHble KHHEMaTHUYECKHE
IIPUHIIMIIBI BHETIOJIKOCHOTO 3alleIIEHUS; CUCTEMA ITPOCTPAHCTBEHHOT'O U INIOCKOTO CMELIAHHOTO
saneruienns [P. Hanpumep, peanuzanueit (I'.A. XKypasneBbim, coBmectHo ¢ MB3 um. MUJL.
Muns, 1991 r.) 3 dexkToB KpUBU3HBI KOHTAKTa B TMHAMUYECKH BBHICOKO1€()OPMATHBHOM
3BOJIBBEHTHOM Iepeaye riaBHoro penykropa BP28 Bepronera MU28 kapauHanbHO pelieHa
po0JeMa NOBBIILIEHUS 3aIUPOCTONKOCTU U CYLLIECTBEHHO YBEJINYE€HA KOHTaKTHAsI



BBIHOCJIMBOCTH 3yObEB 3a CUET M3MEHEHHUSI YTJIa HCXOJHOT0 KOHTYpa 3yObeB oT o = 25° 0 o =
30° (yroa 3auemieHus Bo3pacTaer oT ow = 25,03° 1o ow = 31,06°). PacueTHOMY BBISIBICHUIO U
nocneayromei peanu3anyu 3GpPexToB KpuBU3HBI B penykTope BP28 mpenmecrBoBanu
MHOT0JIETHUE 3KCIIEpUMEHTalIbHbIE HccaenoBanus MB3 nM. M.JI. Muiis, He 1aBuIve 3aMETHOTO
pe3ynbTara. To XOpOIIO UILUTFOCTPUPYET CPABHUTENHHO CITa0yI0 3 PEKTUBHOCTH YUCTO
SMIIUPHUYECKOTO MYTH BBISIBICHUS PE3EPBOB MPOYHOCTH IBOJILBEHTHOTO 3a1ierieHus. Jpyroit
npumep. Ha 6a3e 3¢ dexkToB KpuBU3HBI KOHTAKTa pa3paboTaHa U UCIBITaHA UMIIOPT
3aMeniaroniasi KBa3udBOJIbBEHTHAS KOHUYECKas Iepeada ¢ KpyroBbIMU 3yObsiMu (puc. 2 u maoa.
1), B3aumo3amensiemas ¢ 6a30BOil epeaayeii peayKTopa NpuBoia BArOHHOTO reHepaTopa
¢upmer Flender.

Tabmuna 1 — ITapameTpsl ¥ pe3yabTaThl IKCIUTYaTalldd KOHUYECKOH Mepeaun ¢ KPyroBbIMU
3yobsimu peayktopa VBA 32/2, P=32 kBt1;22=82; m=4,0

KoucTpyKnHa FLENDER | « T pasc-Kanaram:
Mepenasa Konuaeckni peaysrop BBA 3272, P-32kBr; 2,81, m=4.0
Ir 12 21
Crank =14%, M, (DIN): ISXTT{GOST)
NAE(3.0=3.5)% =1 2ZXH3IA{GOST) Ne= =170G-3 (DIN)
. 950N Pa BOOMPa
Pecype =1,5.10" =0,7-10° 1,510
(PRGN THTE b AT [fe: oTRATA)

VCTATGCTHREIN HITOM
OUEHES |

Chopra Ceackrapaan HeceaexTurman Hecenektapnan




Pucynox 2 — ®oto 3y0heB B3auMo3aMeHsIeMO# Baji-mecTepHu Z1 = 21 mocie nuTenpHOu
skcrutyataruu (>500 ThIC. KM)

['eomeTpus Baj MIECTEPHHU SBISICTCS HAMITYYITUM BO3MOXKHBIM IIPHOJIMKEHHEM» K
compsiraeMomy ¢ Hell 6a3oBomy Kosiecy. OHa oJydeHa ¢ y4eTOM 0COOCHHOCTEH TPaHCIIOPTHBIX
MaIllliH, paboTaoNMX B KOPIycaxX MOHWKEHHOM )KECTKOCTH NIPU NIEPEMEHHBIX Harpy3kax. /s
obecrnevyeHns BRICOKOTO YPOBHS pa00TOCTIOCOOHOCTH 3aleIUICHHsT O3 MUCTIOIh30BaHUS
JIOPOTOCTOSIETO U 1e(PUIIUTHOTO TEXHOJIOTHIECKOTO MPOLIECCa BBEACHBI SKBUBAJIICHTHBIC T10
pe3ynbraty(Ho Hanbomee 3PEKTUBHBIC 10 MPOYHOCTHBIM TOKA3aTENISIM) KOPPEKIIUN T€OMETPUN
3yObeB U 3alleIUICHHS B LIEJIOM. B pe3ynbraTe maTHO KOHTAaKTa 3yObeB Mepeiad CpaBHUTEIHHO
MaJI0 MEHSIET CBOKO BEJIMYMHY U TOJIOKEHUE B ONPEACIICHHOM JTHAITa30HE OCEBBIX CMEIICHUHN
HIeCTepHH, a popMa 3yObeB HanbosIee OJIaronpusiTHA IS TIepeiayn Harpy3ku. Bas-mecrepHs
MOYXeET paboTaTh ¢ 3yOUaThIMH KOJIECAMU, UMEIOIIUMHU OJJMHAKOBBIC C HEH HOPMAaJIbHBIC CPEITHUC
MO/TYJIH, YTOJI HAKJIOHA 3y0a (CpeIHMiT), OJJMHAKOBYIO WJIH MEHBIIYIO IIMPUHY 3y04aToro BeHIIa
¥ KOHCTPYKIIMIO 3y0UaToro BeHIla, 00eCIeyMBaroONIyIoO 3a/laHHbIe TISITHA KOHTaKTa. Yncia 3yObeB
COIPSITaeMbIX KOJIEC MOTYT BapbUpPOBaThCA B Ipezenax 88—76.TexXHOMOTHs H3rOTOBICHUS BaJl-
HIECTEepPHU OCHOBaHA Ha MCIIOJIb30BAaHMH NCKIIOUUTEIILHO PSIIOBOTO CTAHIAPTHOTO
000pyI0BaHUs M HE TPEOYeT JONMOTHUTEIHHOTO 000PYIOBAaHHS 1 BBEICHUS CIICIIUAIBHBIX
YHCTOBBIX omepanuil. B To ke BpeMs BBINOJIHEHHOHN pa3pabOoTKON HE UCUEpIIaHbl BCE PE3EPBbI
MPOYHOCTH BaJl IIECTEPHHU.

JEKIHUSA 3

OIIEHKA ITPOTUBOPEUNBOCTHU TEOPUU U IIPAKTUKHA KAK KPUTEPUM
JOCTOBEPHOCTHU ®U3NYECKHUX OCHOB COBEPHIEHCTBOBAHUA
CUJIOBBIX 3YBYATBIX IIEPEJIAY

ITo maTepnanam crarbu ['.A. Xypasnes,

[Toka3zaHo, YTO B TEOPUU U MPAKTHUKE 3yOUAThIX Iepeayd HAKOIMHIOCh MHOXKECTBO
IPOTHBOPEUHIA, KOTOPbIE HE HAXOAT CBOETO OOBSICHEHUS C MO3ULMNA TPaJUIIMOHHBIX
(U3MUEeCKUX OCHOB COBEPILICHCTBOBAHMS 3yOuaThixX nepeaad. basy amns oObsacHEeHUsT 3TUX
IPOTUBOPEYH JaroT 3 PEKTh KPUBU3HBI KOHTAKTa — APPEKTH O0JIbIIET0 (OTHOCUTETHHO
KJIACCMYECKOI0 PELIeHUs TUIOCKOI KOHTAaKTHOH 3a1auu ['epiia v 001enpuHsThIX
NIPeJICTaBJICHNUI ) BIMSTHUS KPUBU3H KOHTAKTUPYIOIINX TEJI HAa HECYIYIO CITOCOOHOCTh MX
KOHTAaKTa.

PaccMoTpuM 3a1aun aHanm3a GU3MYECKUX OCHOB COBEPLICHCTBOBAHMS 3y0UaThIX Nepenayd Ha
6a3ze 0000mIeHNs (HaKTOB MPOTUBOPEUNBOCTH TEOPUHU M MIPAKTUKU U OLICHKH CTETICHU
JOCTOBEPHOCTH (PU3UYECKHX OCHOB OT YPOBHS IIPOTHBOPEYHBOCTH TCOPUH U MIPAKTHKU
3y04aThIX TIepeiay.



CwMmpbIciioM BeIOOpa TOTO WJIM MHOTO HAIpaBJICHHs COBEPILICHCTBOBAHUS 3y0UaThIX repenay
SBIISICTCA yy4IlIeHUE Pa3IMYHbIX MOKa3aTesei nX KOHKypeHTocnocooHocTH. s ynobcrra
0003HaYEHHSI TOTO CMBICIIA HAMU TPEAJIONKEH TEPMUH «(PU3NIECKUE OCHOBBI
COBEPIIICHCTBOBAHUS 3y0UaThiX niepenaw» [1]. DToT TepmMuH 0003HaA4YaET KOMIUIEKCHYIO 0a3y
BbIOOpA HAIIpaBJICHUS Pa3BUTHUS 3yOUaThIX Iepeaay.

duznyeckre 0CHOBEI COBCPUICHCTBOBAHUA COBPEMCHHBIX CUJIOBBIX 3y6anHx nepeaad sTo, mno
CyTH, (pU3MUECKHUI1 CMBICI BEIOOpA TOTO MM MHOTO HANPABJICHUS UX PA3BUTHUSA, Oa3UPYIOLIHIACS
HA HEKOTOPBIX KOJMYECTBEHHBIX COOTHOIICHUSIX, B TOM WJIM HHOW CTENEHH OTPaXKaIOIINX
00BEKTUBHBIE 3aKOHBI TPUPOIL. JloCTHKEHHE BHICOKOW JOCTOBEPHOCTH 3TUX COOTHOIICHUN
MO3BOJISET CAENaTh MPAaBUIbHBINA BEIOOP TEOPUHU U MEPEHTH K HHTEHCUBHOMY ITYTH Pa3BUTHUS
3yOuaThIX 3aneruieHnid. OmuboYyHOCTh UX BBIOOpa, HA0OOPOT, MPUBOAUT K HAKOIUICHUIO
MPOTUBOPEUYMUBBIX (HE UMEIOIIUX O0BICHEHUH C MO3ULIUN MPUHATHIX COOTHOILIEHUI) (haKkTOB, K
NIepEeX0/ly Ha IKCTEHCUBHBIN MTyTh COBEPILIEHCTBOBaHMS 3y0uaThixX nepenad. Coueranue
MHO€ECTBa POTUBOPEUHIA C PE3KO aJIbTEPHATHBHBIM XapaKTepoM (PU3MUECKHX OCHOB (KaK 3TO
MIPOU3OIILIO B Clydae co3/ianus 3auerienus HoBukosa u ero pa3sutus B pamkax [1J13)
NPUBOUT K TOPMOXKEHHIO TIPOTPECca B TEOPHH U MPAKTUKE 3y0UaThIX Mepead.

Kak npaBuio, 6a3upyroTcsi Ha OLEHKE KOHTAKTHBIX SIBJICHUH B CUJIOBOM 3alerieHud. Jlo
MOSIBJICHUS PEIICHUS TUIOCKOW KOHTAKTHOM 3aaaun ['epiia 6a3oii pa3BuTHs 3y0uaThiX rnepeaad
OBLTN TEXHOJOTUYECKHE BO3MOXKHOCTU (popMOOOpa3zoBaHus 3y04aToro BeHIa, KOTOPhIE CTAlIH,
HalpuMep, TOTYKOM K CO3JaHUIO SBOJIbBEHTHOT'O 3allCTUICHHUS.

B naugane XX Beka npuMeHEHUE PEIICHUs INIOCKOM KOHTAaKTHOM 3a1a4u ['epia B pacuerax
3yOuaThIX Nepeay 1ano BO3MOXKHOCTh MOCTPOEHHsI (PU3MUECKHX OCHOB COBEPIIEHCTBOBAHUS
CHJIOBBIX 3yOUaThIX 3alleIUIEHUH U3 MPOYHOCTHBIX cooOpaxeHuil. Kak ormeueno B padote [1],
(akTOM 3HAUUTEJIBHOTO IIpOrpecca B 00JIaCTH TEOPHH U MPAKTUKHU 3yOUaThIX Mepeaad cTajio
co3ganue 3aueruieHus HoBukoBa — epBoi MPaKTUYECKHU 3HAYMMOW CUCTEMBI 3aLICTUICHHUS,
6azupyrolieiics Ha MPOYHOCTHBIX (PU3UYECKHX OCHOBAX.

OCHOBHBIM KOJIMYECTBEHHBIM COOTHOILIEHUEM TEOPHUHU U NPAKTUKU KOHTAKTHBIX PAaCcU€TOB
ABOJILBEHTHBIX NIE€peay cTajna JMHeHHast B3auMocBs3b Fp = Cp, rne: Fp — BenmuuHa cuisl F,
COOTBETCTBYIOILAsl IPUHIATOMY YCIOBUIO IPOYHOCTH; ¢ — KOHCTaHTA, O — IPUBEACHHBIN pagnyc
KPUBHU3HBI TOPLOBBIX Npo¢uielt 3yoreB. OHa 1 OblIa MpUHATA U GOpMyIHpOBaHUS
pa3INYHbIX (U3NYECKUX OCHOB Ha 0a3e peleHMs IUIOCKOW KOHTaKTHOW 3amauu ['epua:

— @usunyeckue ocHoBbl E. bakunrema («M3bickanne TeX H3MEHEHUH B
npoduisx 3y010B, KOTOpPbIE YCTPaHWINA Obl HEOOXOJUMOCTh OOJIbIIEH
TOYHOCTH U3TOTOBJIEHUS, BEJIUCh B TEUEHUE PAJIA JIET U A0 CUX IIOP
MPOIOIDKAIOTCS. DTH U3bICKAHUsI ObLIM B MIPOIIJIOM U B OYAYIIEM, BEPOSITHO,
OyZIyT TaKUMHU ke OECIUIOTHBIMUY») MPUBEIHU K PACIIPOCTPAHEHHUIO
HBOJILBEHTHOTO 3alI€TUICHUS C MAJIBIMH YIJIAMU UCXOJIHOTO KOHTYpa 3yObeB,
BbIOMpaeMbIM U3 Inana3oHa o ~ 14°...20°.

— @usuyeckue ocHoBwl FO.H. Bynbiku [7] Ha 6a3e uccneaoBaHus MmiIoCKOro
3areryIeH s 001Iero (HE3BOIBBEHTHOIO) BUAA («HanOOIIee paauKalbHbINA
MyTh MOBBIICHUS TIEpeAaBaeMON MOIIIHOCTH TSI 3aKPBITHIX TIepead — He



MOWCKH HOBOM CHCTEMBI 3alleTUICHHUS, a U3ydeHHe U 0opb0a ¢ caMuM
SIBIIGHUEM YCTAJIOCTHOTO BBIKPAIIUBAHUS, TUMHTHUPYIOIMIETO TIepeIaBaeMy0
MOIIHOCTHY) MPUBEIH K BBIBOY 00 OTCYTCTBUU MEPCIEKTUB PealTu3allun
PE3epBOB BHETIOIFOCHOTO 3aLEIUICHUS U 000CHOBAHMIO TPAJUIIMOHHOTO
9BOJIbBEHTHOTO 3aIICIIJICHUS C YIJIOM HCXOAHOT0 KOHTYpa ¢ = 20° (Hampumep
—T'OCT 13755-81, TOCT 21354-81 unu DIN 3990) kak nyumiero cpenu
MOJIFOCHBIX U BHEMOJFOCHBIX 3aIICTIICHHIA.

— @wusuyeckue ocHOBHI Ha 0asze runore3sl Humana-Puxrepa [8] o BnusHuun
YBEJIMUYEHUS YIUIa 3aLEIJIEHUS] hw HA POCT (KaK CJIEJICTBUE POCTA
TUAPOAMHAMUYECKOTO A (DeKTa) Hecylel CnoCOOHOCTH BOJIbBEHTHOM
nepeaadu co3nanu TeHaeHuo [12, 13] npuMeHeHus 3BOJIbBEHTHBIX Mepeaay
C YBEITMUCHHBIMH 3HAYEHUSMHU YTJIOB UCXOJHOTO KOHTYpa ¢ U 3alleTICHUs
3yObeB aww. Kak mokaszano B padorax [9, 11] (ucxons u3 aHanm3a QUMK
YCTAJIOCTHBIX Pa3pyIICHH ) THIPOIMHAMUYCCKHA (D (DEKT MPOSIBIIIETCS
Onarogapsi yBeJIMYCHHIO JIOITyCKACMbIX KOHTAKTHBIX HAIPSHKCHUH.

— @usuyeckue ocHoBHI [10] Ha 6a3e ananuza Tpybuna — Cyxopykosa [10, 18]
(U3HUKH YCTAIOCTHBIX pa3pyLICHHUH 3yObeB C Y4ETOM BIMSHUM CUJT TPEHUS Ha
CHU)KEHHE CHJIBI C)KaTHus 3yObeB B X KOHTAKTE MPUBEIH K BBIBOY O
1eJIeCO00Pa3HOCTH MPUMEHEHHS HBOJIbBEHTHBIX Nepeiad ¢ MUHUMAaJIbHBIMU
yIJIaMy UCXOIHOTO KoHTypa & < 20°.

— @wusunyeckue ocHoBsl M.JI. HoBHkoBa (¢ 0c000i1 KHHEMATHKOMA
BHEMOJIFOCHOT'O TOYEYHOTIO 3aleruieHus HOBUKOBA, ¢ 0CEBBIM MEPEKPHITUEM
3yOb€B) IPUBEIHU K BHIBOJY O BO3MOKHOCTH YCOBEPIICHCTBOBAHUS CUIIOBBIX
nepeaay TOJIbKO B paMKax 3arersenus HoBukosa.

Ka)KI[LIe U3 TpaAULIMOHHBIX (I)I/BI/I‘ICCKI/IX OCHOB 3Y6L18.T]':>IX nepeaady JMKTyroT OI[HOO6p&3HOCTB )51
AJIbTCPHATUBHOCTD ITYTU Pa3BUTUA CUJIOBBIX 3y6‘-IaTI>IX nepeaayv:

— DBOJBBEHTHOE 3aneruienue o = 20°;

— DBOJIBBEHTHOE 3alleTlJIeHHE ctw —> MaX Ha 0a3e yuera (KaueCTBEHHO) POJIU
TUIPOJIMHAMUYECKHX (DaKTOPOB;

— DBOJIBBEHTHOE 3alleIUICHHE cqw —> MIN Ha 6a3e yueTa posid PPUKIIMOHHBIX (DaKTOPOB;

— BHEMOIIOCHOE TOUeUYHOE 3alernieHrne HoBrKkoBa MOBBIIIIEHHONW KOHTAKTHOW MTPOYHOCTH,
aIbTepHATHBHOE — HA 0a3e OTPHUIIAHUS IPUHIIUITHATFHON BO3MOKHOCTH CHHKEHUS
KOHTAKTHBIX HaprI)KeHI/Iﬁ B ITOJIFOCE U BOO6HIG B rI€pcaadax C JIMHENYATHLIM KOHTAaKTOM
3yOBeB.

K coxanenuto, TpaaunnoHHble (U3MUECKHE OCHOBBI CUJIOBBIX 3y0UaThIX nepenad (Kak u
TPaJULIMOHHBIE METO/Ibl KOHTAKTHBIX pacueTOB, 0a3UPYIOLIMECS Ha PEILICHUH IIIOCKOH
KOHTAaKTHOM 3a1auu ['epuia) mocTpoeHsl 6€3 1eTaabHOr0 aHaIu3a TEOPUH U IPAKTUKU
KOHTAKTHBIX pacyeToB 3yOuaThIX nepeaad. MHOroYMCICHHbIE IPOTUBOPEUHss BOOOLIE HE
IPUHUMAIIICh BO BHUMaHUE (Kak 3To ObUIO B cilydae pa3BUTHUs 3anemieHns HoBukosa B pamkax



JUI3) u HE paccMaTpUBAIOTCS JI0 CHX TTOP UCCIEAOBATEIISIMH M Mpou3BoauTesiMu niepeaad J1J13

Jlake B X0JIe TMCKyccuu 1o crathe [1]. Ha Ham B3, KputepueM JOCTOBEPHOCTH (PU3HUYECKUX

OCHOB MOXET OBITh TOJIBKO MPAKTUKA, TO €CTh — OTCYTCTBUE (DAKTOB MPUHIMITAATBHOM

MMPOTUBOPCUMUBOCTU TCOPUHU U IMIPAKTHKU UX pCAJIM3allUU. IlosiBaeHUE TaKUX q)aKTOB CTaHOBHUTCA

NPU3HAKOM OMIMOOYHOCTH (PU3MYECKHX OCHOB.

MupoBoO#i OIBIT COBEPIIEHCTBOBAHUS 3y0UaThIX 3alleIVICHNI Ha 0a3e TpaIullMOHHBIX

(1)I/I3I/I‘-I€CKI/IX OCHOB IIPHBCJI K HAKOIIJICHUIO NPUHIOUIINAJIbHBIX HpOTI/IBOpqu/Iﬁ B 00JIacTH

TPaAWLIMOHHON TEOPUH U MPAKTUKHU 3yOuaThiX nepeaad. Hanbonee xapakTepHbIMU (B CUITY
KMHEMaTHYeCKHUX OCOOCHHOCTEH 3y0UaThIX 3alelIeH!il) ABISIOTCS CAeAYIOIINE (PaKThI
MPOTUBOPEYMBOCTU TPATUIUOHHBIX (DU3MUECKUX OCHOB MPAKTUKH 3yOUaThIX Mepeaay:

OneIT pa3BUTUS MUPOBOTO PEAYKTOPOCTPOEHUS U nepeaoBbix oTpacieit PO [12,
13] mpuBen K MIUPOKOMY MPUMEHEHHUIO 3BOJIBBEHTHBIX Mepenau ¢ « > 20°. Oto
CTaJIO CIEJACTBHEM HAKOIUICHHSI SKCIIEPUMEHTAILHOTO MaTepHaa Jsis
IBOJILBEHTHBIX Mepenad o = 20° co cMenIeHnsIMU UCXOTHOTO KOHTYpa 3yOheB
Xz> 0 (uTo obOecreunBaeT poCT yriia 3alerieHus] qw) U HEe UMeeT 00bICHEHUS C
MO3UIMI TpaaulMOHHON Teopuu. Kak mokazano ananuzom [2, 17],
MPEJICTABICHUS O POJIU THIPOIMHAMUYECKHX (DaKTOPOB MPOTUBOpEUAT (TaOIUIIBI
1 u 2) skcniepuMeHTaIbHBIM pe3yibTatam [4, 20] ¥ OnbITY IPUMEHEHHS
TUXOXOJHBIX 3BOJBBEHTHBIX nepeaad (o = 20°) ¢ HU3KOM TBEPAOCTHIO 3yObeB, a
TaK)Ke KCIEPUMEHTAIBHBIM pe3yiibTaTaM [8] U ONbITY YBEIWYEHUSI KOHTAKTHOM
MPOYHOCTH TIOXONPUPaOATHIBAEMBIX (BHICOKOCKOPOCTHBIX W/WIIH C TIOBBIIIIEHHOMN
TBEPAOCTHIO 3yObEB) IBOJILBEHTHBIX MEpeayd ¢ yBEIUUCHHBIMU YTIIaMU
3aleIICHHUS.

Kaxk mokazano (puc 1 u puc. 2) uccnenoBanusmu |15, 22...24], B OTCyTCTBUA
OOIIENTPUHATOTO KJIACCHYECKOI0 PeIIeHUs sl CONMKEHHs O OCel IBYX YNpYrux
napaieNbHbIX KPYrOBBIX LMJIMHIPOB MPH UX CKATUU (OHO HE OBLIO 1aHO
['epuieM) pacnpocTpaHeHHbIE B MAILIMHOCTPOEHUHN METO/IbI OTIPEIEIICHUS
COJIMKEHUS HE YUUTHIBAIOT BIMSIHUE KPUBU3HBI, BECbMa TPOTUBOPEUUBHI U
TpeOyIOT YTOUHEHUS, a UMEIOIIUECS SKCIIEPUMEHTAIbHbIE PE3YIbTaThl HE BHOCAT
OTIPEIeTIEHHOCTH B BBIOOP METOOB pacyera . DTy BEIMYMHY UCIOIB3YIOT MIPH
oTpesieNieHuH IMHaMUYEeCKUX Harpy3o0K, YIJIOB IiepeKoca ys psja JeTaiei ¢
BBICTYIIaMH (HaIllpuMep, 3BOJIbBEHTHBIX 3y0UaThIX KOJIEC — C YYETOM YaCTUYHOU
KOMIIEHCAIINH MepeKoca 3yObeB B INIOCKOCTH UX 3aleTIEHNUs) U B IPYTHX
JKECTKOCTHBIX pacueTax.

OcHoBomnounararorias (mpu GopMyIHpOBAHUH TPAAUIIMOHHBIX MPEACTABICHUN O
(bU3MYECKUX OCHOBAX Pa3BUTHS 3y0UaThIX Mepenay, Mpu pa3padoTKe MIHPOKO
MPUMEHSIEMBIX METOJ/IOB pacyeTa dBOJIbBEHTHBIX 3y0UaThIX Mepeiad, Py BeIOOpE
HCXOJHBIX KOHTYpPOB 3yObeB ¢ ManbiMu yriiamu o < 20°, nanpumep — [OCT
13755-81, npu co3gaHnM HEAIBOIBLBEHTHBIX CUCTEM 3alleTICHUS ) THHEHHAS
B3aMMOCBSI3b JIONYCKAEMOM CHIIBI C)KaTHs Fp U IpUBEIEHHOTO panyca KPUBU3HBI
0 KOHTaKTHPYIONIMX YIPYTruX Ten Fp = Cp, BRITEKaroIIas U3 perIeHus II0CKOH
KOHTAKTHOM 3ayaun ['eplia u moayduBIIas YHUBEPCATbHOE TPUMCHCHHUE B



MHUPOBOM MAIIMHOCTPOCHUH IS KOHTAKTHBIX y3JIOB C HAYaJIbHO-IMHEWHBIM UITU
ONMM3KUM K HEMY KacaHHeM, IPOTUBOPEUUT (Tabauipl 2. ..5)
AKCIIEPUMEHTAJIbHBIM Pe3yJIbTaTaM [§] v OIBITY YBETUUYCHUS! KOHTAKTHOU
IPOYHOCTH TIOXONPHPAOATHIBAEMBIX (BBICOKOCKOPOCTHBIX MIIH C TIOBBIIICHHOM
TBEPJOCTHIO 3yObEB) 9BOJIbBEHTHBIX MEpeiay C YBEIMYEHHBIMU YTIIAMH
3alleTJICHHS.

[Tonoxenue puznveckux ocHOB 3auerieHus: HoBukoBa o HE3aBUCUMOCTH
KOHTAKTHOM MPOYHOCTHU 3yObEB B MOIIOCE 3aLEIUIEHUsS OT POpMBI mpoduieit
3yOb€B M OT CUCTEMBI 3aLEIIEHUs] IPOTUBOPEUUT (Tabauipsl 2...5)
AKCIIEPUMEHTAJIbHBIM PE3yJIbTaTaM Ha IUIOXONPUPa0aThIBAEMBbIX IBOJIBBEHTHBIX
nepegavyax U TeHASHIUAM IPUMEHEHUS (B MUPOBOM IIPAKTUKE U B NIEPETOBBIX
oTpacisax MammHocTpoeHust PD) 3BOJIbBEHTHBIX IIepeiay ¢ yBEIUUYEHHBIMU
yIJ1aMu 3aleTICHHs.

[Tonoxenue ¢puznueckux ocHOB 3anerieHust HoBukosa 00 0TCyTCTBUU
BO3MOXKHOCTEH 3aMETHOTO CHWIKCHHUSI KOHTAKTHBIX HANPSDKEHHI B TIepeiadax C
JMHENYaThIM KOHTAKTOM 3yOb€B IPOTUBOPEUUT (TA0IULBI 2...5)
AKCIIEPUMEHTAIBHBIM Pe3yIbTaTaM Ha IUIOXONPUPAOATHIBAEMBIX YBOJIBBEHTHBIX
nepeaayax ¥ TEHACHUIUSAM IIPUMEHEHHs 3BOJIbBEHTHBIX IIEpeiay ¢ yBEIUUYEHHBIMU
yIJlaMu 3alerieHust (B MUPOBOM MPAKTHKE U B IEPEAOBBIX OTPACIIIX
MaruHocTpoeHus PD).

[Tonoxxenuto pusmueckux ocHOB 3auerienns Hosukosa 06 oco6o
OJIaronpUATHOM TUAPOJUHAMUKE CMa3KH KOHTaKTa 3yOheB 3areruieHuss HoBukosa
IPOTUBOPEUYUT ONBIT UCHIBITAHUHN M SKCILTyaTalluu «TBepAbIx» nepenad JJI3 ¢
HOBBIIIEHHON MPUPAa0aTHIBAEMOCTBIO 3yObEB U C OTCYTCTBUEM B HUX
6e3u3HocHOro pexuma (B.A. I'puiiko).

[Tonoxenuto 00 anbTEpHATUBHOM XapakTepe 3aueruieHus Hosukosa (o
BO3MOKHOCTH 3HAYUTEIBHOTO CHUKEHUS KOHTAKTHBIX HAPSKCHUM,
UCKJIIOYMTENBHO, B TOUEYHOM BHEMOJIIOCHOM 3aneruiennu HoBukoga)
IIPOTUBOPEYUT OIBIT MUPOBOW MPAKTUKN HU3KHUX ITOKA3aTEIEH KOHCTPYKTUBHOMN
rMOKOCTH M KOHKYPEHTOCIIOCOOHOCTH 3anerieHns HoBukoBa 0THOCUTENBHO
HBOJILBEHTHOTO 3alemieHus. HecMoTps Ha TO, 4YTO CO3/1aHUE 3aLCIUICHUS
HosuxoBa u Han6osb1IHe 00bEMBI MUPOBOT'O IIPOU3BO/ICTBA 3yOUaThIX Nepeaay
OTHOCSTCS K TSKEJIOHATPYKEHHBIM IIEpeladyaM ¢ «TBEPABIMU» KOJIECAMU,
YPOBEHb PALllMOHAJILHOTO IPUMEHEHUS U IIPAKTUYECKON 3HAYMMOCTH IIepeiay
Hosukosa tuna JIJI3 BecbMa HU30K M OTPAHUYEH HX peaTU3alUen C «MATKUMI)
KOJIECaMH.

TpaaunnoHHBIE METOABI M TPOrPAMMBI KOHTAKTHOTO pacdeTa SBOJIbBEHTHBIX
3yOuaThIX nepeaay 00ecrnednBaoT FeOMETPHUECKUE U TPOYHOCTHBIE PACUEThI
npu 11000M 3HaYEHUHU ¢, HO PE3YJbTaT pacueTHON OLIEHKH KOHTAaKTHOM
IPOYHOCTHU 3yObEB IBOJILBEHTHBIX Iepesad (MIpH JOMYyCKaeMOM KOHTAaKTHOM
HANPSDKEHUU OHp = CONSt) MpakTU4YEeCKH HE 3aBUCUT OT 3HaU€HUs « (Kak,
Hanpumep, o 'OCT 21354-81 wiu DIN 3990) mu6o onpenenen oOpactaHrneM



PacYeTHBIX METOJIUK dIMIUpPHICCKUMU KodddumuenTamu. B mrobom ciydae 3To
IIPUBOAUT K HU3KOM TOYHOCTU KOHTAKTHBIX PACUYETOB U IIPOTHUBOPEYUT OIIBITY
MHUPOBOTO PETyKTOPOCTPOCHHUSI.

Pe3ynbrarhl CTEHIOBBIX HCIIBITAHUN CHUIJIOBBIX 9BOJIBBEHTHBIX IIEpead ¢ pa3HbIMU
3HAYCHUSMU YTJIa 3aleIJICHUs oqw (WM yIJia KICXOTHOTO KOHTYpa 3yOheB @) B
CHEIHMaJIbHBIX (CTEHIOBBIX) KOPIyCaX MMOBBIILIEHHOM KECTKOCTH IIPOTUBOPEYAT
CTEHJOBBIM MJIM SKCIUTYaTallMOHHBIM PE3yJIbTaTaM IO BEIOOPY pallMOHAIBLHOTO
3HAYEHUs & B «0OJErYeHHbIX» (TUIIMYHBIX, HAIIPUMEP, U1 TPAHCIIOPTHBIX
MallliH) KOPITyCcax: MEHBIINE 3HAYEHUS /ISl KOPIyCOB IOBBIILIEHHOMN KECTKOCTH
u OoJbIIME 3HAYEHMS Ul «OOJETrYeHHBIX» KOPITYCOB. DTO MOJI0KEHUE CTaBUT
110/ COMHEHHE TE€HJICHLIMIO MCIOJIb30BaHU YHUBEPCAIBHBIX CTEHIOB [
0TpabOTKH MapaMeTPOB pa3IMYHBIX 3yOUaThIX Nepeaay.

DOMIIUPUYECKHH MTOAXO0/1 K BEIOOPY yIia @ JaeT MPOTUBOPEUUBBIE PE3YIbTATHI OT
IBYXKpaTHOTO pocta (mpu yBenudeHuu o ot 20° no 28°) Harpy304HOR
cnocobnoctu (Human-Puxrtep) 10 MOTHOrO OTCYTCTBHSI €0 BIUSHUS
(Bpamnosckuii, BopoBud), 4TO HE UMEET TEOPETUIECKOTO OOOCHOBAHUS
TpaJULIUOHHBIMU METOJaMH.

TeopeTruecku TPaIUIIMOHHOE 3BOJBBEHTHOE 3aIICTIICHHE (C YTIIAMU UCXOHOTO
KOHTYpa 3yObeB B quamna3zone o = 14,5°...20°) nomkHo ObLI0 OBl COXPAHUTD
CBOIO MOHOIIOJINIO, HO (1)&KTI/I‘I€CKI/I B CUJIOBBIX II€p€aavyax OHO BBITCCHACTCA
YCOBEPIICHCTBOBAHHBIM 3BOJIbBCHTHBIM 3alICTINICHUEM C YBCIIMYCHHBIMHA YTJIaMU
3aIeTyIeHus], B TOM YHCIIe — PU

a>25°.

dwusnuecKkrue OCHOBBI COBPEMEHHOTO pa3BUTHS 3aneruieHns HoBukosa B
nepenavax JJI3 no cux nmop 6a3upyroTcs Ha yCTapeBIINX MPEACTABICHUAX (TUIIA
onbiToB JI.B. Bpaunosckoro [20] ¢ xopomonpupadbaTsiBaeMbIMU
HU3KOCKOPOCTHBIMHU «MSTKHMM» SBOJIEBEHTHBIMH KOJIECAMH ), HE OTPasKAIOIIIX
COBPEMEHHBIN yPOBEHb Pa3BUTHUs 3y0UaThIX Mepenad, a nepenadam JJI3 c
«TBEPJBIMU» KOJIECaMH NMPUIHCHIBAIOT [3] MEepPCEeKTUBY HIMPOKOTO IPUMEHEHHUS.

OcTaroTcst HeOOBSICHUMBIMU (TPaJAULIMOHHON TEOPHE) pa3IMuHbIMU
JKCIIEPUMEHTAMHU, B TOM YHCIIe — HanboJiee TUITMYHBIMU U3 HUX:

onbITel HuManna u Puxtepa (OPT, 1960 r.) ¢ 1ByXKpaTHBIM MMOBBIILIEHUEM
HeCyIlel CIIOCOOHOCTH 10 KOHTAKTHOM BHIHOCJIMBOCTHU 3yObeB (110 Mepe
YBEJTUYCHUS yTila KCXOTHOTO KOHTYypa 3yoheB oT 20° 10 28°) K0co3y0oii u
psIMO3YyOOi ABOJIbBEHTHBIX HWJIMHIPHUUECKUX Mepeaay

onbIThl 3ybapesa u Urnanosa (Poccus, 1989 r.) c usmenenuem Buaa
KOHTAKTHOT'O OTKa3a (IIpY YBEIMYCHHUH yTJIa 3aleIIeHHs ) TPIMO3yOooi
HBOJILBEHTHOM Mepeaul OT ITyOUHHOTO K TOBEPXHOCTHOMY.

BBISIBJICHHE U pean3alus 3HAYUTEIbHBIX PE3EPBOB YIyUIICHHUS] HCXOIHOTO
KOHTYpa 3yObeB M0 33JIUPOCTONKOCTH U KOHTAKTHOM BHIHOCIUBOCTH



9BOJIbBEHTHBIX LMWIMHIPHUUYECKUX KOCO3YOBbIX Mepeaay B pa3IMyHbIX MallliHAX
(manpumep, B BepTosiere MU-28) ¢ KOMILIEKCHO (TEOPETUYECKH U
AKCIIEPUMEHTAIBbHO, KOHCTPYKTUBHO U TEXHOJIOTHYECKH) 000CHOBAHHBIMH
napaMeTpaMH UCXOTHOTO KOHTYpa 3yObeB.

Hamu nokazano [15, 17, 19], uro TpagunuoHHbie (U3HUECKUE OCHOBBI 0a3UPYIOTCS Ha
COOTHOILIEHUSIX C 3aHWKEHHOW OLICHKOW BIUSHUS MPUBEICHHOTO pajnyca KpUBU3HBI P Ha
nokasarenu aedopMaTuBHOCTH [15] 1 Hecymeil cmocoOHOCTH KOHTAKTa YIPYTUX TEl ¢ OJIM3KUM
K HauaJabHO-TIMHEeHHOMY KacanueM [17, 19]. Tak, KoHTaKTHBIE pacueThl 3yOUaThIX repeaayd
UCXOJAT U3 IMHEHHBIX B3aUMOCBSI3eH

Fp=cp, (1a)

o=cq, (1b)

oaHa u3 Kotopbix (1a) 1o cux mop cumraercs crpasemanBoii [31], a apyras (1b) Bce vaie
CTaBUTCS MOJ] COMHEHHUE.

DKcrepuMeHTaTbHbIE HCCIIEJOBAHUS POJIM OCHOBHBIX (PaKTOPOB COMKEHUS MapauIeIbHbBIX
POJUKOB (LMJIUHAPOB KOHEYHOU JUTMHBI) MOATBEPKAaIH (0 MOsSBIeHUs pe3yabTaToB [21...23])
JIMHEIHBIe 3aBUCUMOCTH O = C(| (C — KOHCTaHTa). XOTs B3aUMHasi HEJIMHEHHOCTh O U ( U
3aMETHOE BIUSHUE Ha O PaInyCcOB MapauIeNbHbIX IWIMHIAPOB Rj MpU UX yIpyromMm KOHTaKTe
BBITEKAIOT U3 PsAJla U3BECTHBIX TEOPETUUECKUX PaOOT, KOJMUECTBEHHAs OLIEHKA U cama
JIOCTOBEPHOCTb TAKUX B3aMMOCBA3€H ocTaroTcs ciopHeIMU. Hanpumep, B cripaBouHuke [26]
HEJIMHEWHBIN XapaKTep 3aBUCUMOCTH O OT (| OTMEUEH JIJISl pa3/InYHbIX TEJ «3a UCKIIOYEHHEM
cONMMXKEHMs IBYX MapajulesIbHbIX UINHIPOBY, a B padoTtax [25, 27] yTBepk1aeTcs, yTo
paanychl MapauIeTbHBIX [IIMHIAPOB MPAKTHUECKU HE BIUAIOT Ha Bennuuny O. [Ipu cxartuu
wuT (R2 — o0) 1 ponrka (OH pacnoIoKeH MEXy TUTUTaMH) TIOJTy4E€HO KCIIEPUMEHTAIbHOE
noaTBepxkeHue [25, 27] HezaBuCUMOCTH O OT Rj, Toraa kak omnbitamu [23], HA0060POT,
JIEMOHCTPHUPYETCS BIUSHUE PAJINYCOB LIMJIMHIPOB Ha BEIUYUHY O.

Takast MpOTHBOPEUUBOCTH OIEHOK B3aUMOCBsI3EH O ¢ mapamerpamu ( u Ri (wim p) moguepkuBaet
cnaldyro uX 000CHOBAHHOCTh U HEOOXOUMOCTD JIOMOJIHUTEIHHOTO UCCIIEJOBAHUSI, B OCHOBY
KOTOPOT'O HAMH TTOJI0’KEHBI DKCIIEPUMEHTATbHBIC PE3YyIbTaThl [23] M aHATUTHYECKAs
3aBHCUMOCTH paboThl [21], monydyeHHas Ha 6a3e pemenus 3anaun H.M. MycxenumBunu o
TUIOCKOH Jedopmany NUIHH]IpA MO JEHCTBUEM JIBYX PaBHBIX M MPOTUBOIOIOKHO
HaIpaBJIEHHBIX COCPETOTOUYEHHBIX CHJL:



— b 48 R,
(™ [1 (@ -a)en—apB, (b )" o4,
2"(n+D!| 2"n! n(2n)! R, ’ Y
(2)
1- 4
m = E/J ;
e i

4i; Ei—xoadduuunent [lyaccona u monyns FOHra marepuana KOHTaKTUPYIOIUX TeJl
(i=1,2);

b — mosymMprHa MOJIOCKH KOHTAKTa;
Bon — uncna bepuymnu.

Jocrounctea Gopmyssl (2) 3aKITI0YAIOTCS B BO3MOKHOCTH JTOCTYIKEHHUS JIF000M Harepe.
3aJJaHHOM TOYHOCTHU pacueToB (mpu N =2, 3, 4,..., ©0) U B € IPUMEHUMOCTH ISl TIOOBIX
pa3MepoB LIMPHUHBI [TOJIOCKH KOHTAKTa, HE OTPaHUYEeHHBIX AomnyiieHusMu moaenu ['epua. C

Y, = q77-b2 | R?
TOYHOCTBIO JI0 BEJTUYMHBI TIOPSIIKA MAJIOCTH /| i i

pemenue (1) coBnamaer ¢
perieHueM paboThl [28], a B pamMKax 000CHOBAaHHOCTH AOMyIIeHus: Moenu ['epiia o Manoctu
HIMPUHBI TTOJIOCKK KOHTAKTa KOTMYECTBEHHO OHO JIaeT OHM3Kue ¢ pereHneM [29] pe3ynbTathl.
®opmyrna (2) moka3bIBaeT 3aBUCUMOCTh BEJTMYHMHBI O OT Rj (a HE OT MPUBEAECHHOTO panyca
KPUBU3HBI [IUIUHAPOB p), OT ( U 77i. Beicokas TouHOCTh PopMyIbl (2) MOATBEPKACHA pacueTaMu

METOAOM KOHCYHBIX 3JICMCHTOB [24], OHa XOpOIIO COOTBETCTBYCT PE3YyJIbTaTAM DKCIICPUMEHTOB
[23].

PesynbTaThl pacueToB u 3kcrepuMeHToB [23] nokasaiu, uyto yBenudeHue paguyca R (R = Ry =
R2) nmpuBoauT K pocTy cONMKEHUs o, a MposiBJIeHHE c1adoil 3aBUCUMOCTH O OT Ri MokeT ObITh
CJIEICTBUEM CYIIECTBEHHOI'O HEPaBEHCTBA paanycoB R2 >> Ri.

Jis yTouHeHHus MeXaHu3Ma YIpyroro cOJMKEeHUs IIUJIMHIPOB BINOJIHEH [22] aHanu3 (C

_ 4 s
7, =amb” IR; , 4TO BITOJIHE JTOCTATOYHO IS

TOYHOCTBIO JI0 BEJIMYUH MOPSIIKA MAJIOCTH
JIOCTOBEPHOTO PELISHUS MOCTaBICHHOM 3a]aui) C pa3/eIeHUeM OLICHKH BIUSHUS PanycoB R1
R2 Ha aBe cocraisromue o1 u 0 (01 + & = 0), MoKa3pIBarOIINE OTACIBHO (2 He CyMMapHYIO

BEJIMUMHY O) 1e(OpMalrIO MOJOBUHBI K&XKJI0TO U3 C)KUMAEMBIX IIUJINHIPOB.



o o o T T )‘
‘){.MM ()?'MM 07,MM 0=141074 ()‘Z.MM
0,MM 2 ® —e¢ V.MM
0.09411 Lo 1.4
0.0921] 5, 0.35 1.35
L2 y 1+1.5
0.001 S s 5 13
11
0.0881 L 0.25 Lok
2
0.086 705 0.2 5 1.2
: S5
0.084 0 0.15 1.15
IgR
g L 01—~ 1.1
0.05 1.05
0o 2 4  IgR;
Pucynok 1 — Bousnue paguyca Rz 6onbiiero Pucynok 2 — Biousinue paguyca Ri MeHbiero
[WJIAH]IPA Ha COCTABIISIONIUE O COMMKCHHS U | IMUIMHJPA HA COCTABJISIONINE O COMMKCHUS
COMDKEHNE O OCeH CTaJIbHBIX IMJIMHAPOB MIPU | U COMMKEHUE O OCEU CTaTbHBIX IUIUHAPOB
Ri=10 mm, q = 10* H/vm. npu R2= 102 mm, ¢ = 10°H/mm.

[Mapamertp b, sBnstomuiics (mpu HEM3MEHHBIX CBOMCTBAX MaTepuaia WIMHIPOB) QyHKIUEH
o0oux pannycoB Ri 1 Harpy3ku (, onpeaesnseT CI0KHOE UX BIMSHUE Ha KaXAyIO
cocrasisonyto d. Ha rpadukax puc. 1 u puc. 2 (¢ norapupMudeckMMH MIKagaMHu ocen
abcrucc) npeAcTaBiIeHbl HEKOTOPbIE U3 Pe3yIbTaTOB pacueToB [22] mpu = CONSt It CTalIbHBIX
(t=0,3;Ei=2,15" 10° MITa) munuaApoB ¢ R1 # Rz, KOTOpbIe pacKpbIBAIOT MEXAHU3M
CONMMKEHHS YIPYTHX Tell. YBenudeHue aedopMaluy OTAeIbHO B3SITOTO IIMIMHIPA o1 (pHc. 2)
i & (puc. 1) MpoOUCXOIUT C YBETUYECHUEM Painyca UMEHHO 3TOTO MIJIUHIpa, R1 umu Ry,
cooTBeTcTBeHHO. [IpH yBennuenuu paaunyca 6onbuiero nminsapa Rz (puc. 1) commkenue 0= o
+ &2 BO3pacTaeT, yTo Xopolo cornacyercs ¢ onbitamu [23]. ITo mepe yBenndenus paauyca Ri
MEHBIIIETO U3 HWIMHAPOB (PUC. 2) BIUSHHUE paauyca IPYyroro MUINH/IPA Ha BETHIUHY
COMIKEHUS] CHUKACTCS, & 3aBUCIMOCTD COJTMIKEHUS OT YACITBHON Harpy3Ky MpUOIMKAETCS K
JMHEWHOW. 3aMEeTHM, YTO U B 3TOM CIIydae paJnycChl IIHJINHIPOB CYIIECTBEHHO BIHSIOT Ha
U3MEHCHHE 3HAUYCHUH 01 U &, HO QyHKIWMs O = O1 (R1) sBIsieTcs Bo3pacTaroteit (pu ( = CONst;
m = const), Toraa kak Gpyuknus % = & (R1) — yosiBatomias [2] (puc. 2). Korma R — o u
ITHHAP (GAKTHIECKH KOHTAKTUPYET C IOMyHpOCTpaHCTBOM (Hampumep, ipu Rz = 10%%), paanyc
R1 mpakTHuecku He BAMsET Ha BeMMUUHY 0 = o1+ %= 1,41074 (puc. 2), 4T0 COOTBETCTBYET
pe3yspTaTam OIBITOB [25].

Mexanu3sm nposieieHust 3¢ ¢dexra yobiBanus QyHKIUH JeGopManui OOJIbIIEro MHINHAPA IPH
YBEJIMYEHUH PaInyca MEHbBIETO HWIMHPA MOKHO 00BSICHUTH POCTOM JiehopMaliuy IepBOro
MUAJTUHAPA O1 C YBETUYCHUEM €T0 paanyca R1 v CHIkeHHeM aedopMaliui BTOPOro MIIHHIPA O,
13-3a YBEJIMYEHUS IIUPHUHBI TIOJIOCKH KOHTAKTa U YMEHBIIEHUSI TITyOHHBI BHEAPEHUS B €0 TEJO
NepBoOro MWINHIPA, (pakTruecku urparomiero (mpu R1 << Rz) ponb unaeHTOpa. BHIsSBICHHBIN

3P PeKT MexaHU3Ma KOHTAaKTHOTO COMMYKEHUS MapauIeIbHBIX IMIMHAPOB MPOSBIISIETCS B pa3HBIX



M0 XapaKTepy U3MEHEHUX AeQopMallii CKUMAEMbIX [IUJIUHAPOB MPU U3MEHEHUH pajyca
OJIHOTO M3 IIWIMHAPOB U B IPUMEPHOM PaBEHCTBE (pUC. 2) 3TUX U3MEHEHUH (TIpU 771 = 772) B
npeaenbHbIX ciiydasx (R2 — o), 4To cooTBeTCTBYET omnbiTaM [25]. Jlerko mokasarb, 4yTo
IposiBIEHUE 3TOr0 AP PEeKTa B CaMOM OOIIEM Cydyae 3aBUCUT U OT BEIOPAHHBIX COUYETaHUN
CBOMCTB MaTrepuaiioB (L4; Ei) KOHTaKTUPYIOLIUX TEN.

Y cTaHOBIIEHO, YTO KaX10€ U3 ABYX PACIPOCTPAHEHHBIX MOJ0KEHUH (O CYLIECTBEHHOM BIMSHUU
panuycoB HWIMHIPOB HA BEIUYHHY CONMKEHUS UX OCEH M 00 OTCYTCTBUM TAKOTO BIUSHHS)
HOCHT YaCTHBIM XapaKTep U CIPABEJIMBO JIUIIb B ONPEAEICHHBIX IMana3oHaxX U3MEHEHUs
pannycoB Rj 1 BEIOpaHHBIX COUYETAaHUM CBOMCTB MaTepUaIoB KOHTAKTUPYIOIIUX TeJl; TOITOMY HU
OJIHO U3 HUX HE SIBJISICTCS YHUBEPCAIbHBIM. B TO ke Bpems onbITaMu [25] MOATBEPKAACTCS
BBISIBJICHHBIN HaMH 3 (PeKT — XOTs coMHeHue [21] B UX JOCTOBEPHOCTH U HE UMEJIO OCHOBAHHH,
pe3yNbTaThl OMBITOB [25] HE MOTYT SBJISATHCS J1I0Ka3aTeILCTBOM YHHUBEPCAILHOCTH BBIBOJIA O
HE3aBUCHMOCTH COMKEHUS O OT paanycoB Ri.

BrisiBnenue 3¢ pekToB KpUBU3HBI B KOHTAKTHOM COJIMDKEHUU YIPYTHX MapaUIeTbHBIX
[IUIAH]IPOB MTO3BOJIMIIO JaTh PU3NIECKOE 00BICHEHUE MPOTHBOPEUYNBOCTH H3BECTHBIX
TEOPETHUYECKUX U SKCIIEPUMEHTAIIBHBIX pe3yabTaToB [21, 23, 25-29] B yacTH OLIEHKH
B3aMMOCBS3€H OCHOBHBIX (PAKTOPOB COMMIKEHUS YIPYTUX MapaIeIbHBIX IUIMHIPOB U
YTOYHHUTD BIIMSHNE KPUBU3HBI KOHTAKTUPYIOIIKX TEJ Ha UX JKECTKOCTHBIC U TUHAMUYECKHE
MOKAa3aTeH.

VYc10BUS KOHTAaKTHOTO B3aMMO/ICUCTBUS 3yObEeB 3BOJIBBEHTHOM MEpelayll HAMU PAaCCMOTPEHBI B
[2, 19]. 1ns BISBIICHUS U HATJISAHON WILTFOCTpalinu (hakTa HECOOTBETCTBHS PACUETOB 11O
Mozenu ['epiia skcnepuMeHTaIbHBIM PE3YNIbTATAM U3 Pa3HbIX BAPUAHTOB HaMU NpuHsATa [16]
CTEINEHHas 3aBUCUMOCTb:

Fo=c 0 3)

IJIe TIoKa3areb CTereHu K omnpeiesieH Kak mapaMeTp, XapaKTepH3yIOIIHi yPOBEHb 3TOT0
HECOOTBETCTBUs. B 00I1eM cityuae, Kak mokasaiu UccleIoBaHus, mapamerp K 3aBucut ot
MHOTUX (PAKTOPOB M MOKET MPUHUMATH Pa3HbIC 3HAYCHHUSI.

Hcxonst u3 TouedHOM KOHIETITNHU pacueTa (0e3 UCToIb30BaHusI TOMPABOYHOTO KoddduimenTa
Khp) 1 yuutsiBast 3aBucuMocTs Ft= FCOS £ COSotw, 3anuiiem:

k
Fo (p | lcosa, = b.€,

—c o -
F, =Cpo'lcosa,, S

Po ) o COScty, , cos 3, npu &> 1; | = bw npu g5=0;

B, =arcsin(sin gcosa); f,, =arcsin(sin Scos «,) .

3neck u nanee: £ — KOAQOUIUEHT TOPIIOBOTO MEPEKPBITUS, Qtw — YTOJ 3aISTUICHUS; €1 —
KOHCTaHTa, Ft — OKpy>KHasl cHjia B 3allCTUICHUH 3YObeB; p — MPUBEICHHBIN PANyC KPHUBU3HBI



TOPLIOBBIX MPOUIICH 3yObEeB; ¢ — yroll UCXOAHOTO KOHTYpa 3y0beB; U — MepelaTOuHOE YHCIIO
nepeayun; UHJIEKCHI 0 ¥ p OTHOCST MapaMeTp Mepelayd K MUHUMAaJIbHOMY 3HAYEHHUIO YTJia
3aleryIeHus (U1l MHAEKCa 0) U K I0IycKaeMoMY (I10 YCJIOBHUIO MPOYHOCTH ) 3HAYEHUIO 3TOTO
napameTtpa (p). Tak kak u3 TeopeMbl Dinepa-CaBapu B TOUKE MOJIOCA UMEEM:

sina,, U | sing U

=a —_— — — W - <
r " (u+1y Po avv(u+1)2.u Z, .

F, sina,, )" cos £,CoS f3
P _ _ t b
E O, P Py PuPoPrs Prp = = P = = = :

TO 3amumeM:  *° SNy, ) . Cos o, - &,, COS B,

npu 21, Pu =1, nipu £5=0;

TAC: (H, (D, (xs — IIOKA3aTCJIN BJIIUAHHUA TpI/I6OH0FI/ILICCKI/IX, JUHAMHUYCCKUX U )KECTKOCTHBIX
(aKTOpOB, COOTBETCTBEHHO; 8w — MEKOCEBOE PACCTOSIHUE 3y04aTol mepeaayun; Z1 ¥ Z2 — 9uciia
3yOb€B MEHBIIETO U OOJIBIIETO 3y0UaTOro KOJIEC, COOTBETCTBEHHO.

VY cnoBUsl 3aMETHOTO BIMSHUS YIJla Otw HAa U3MEHEHHUE TpuOooruueckux (pakTopos (pu padbote
3y04aThIX KOJIEC B MACIISIHOM cpeJie) MOKHO Pa3ieiuTh (JUIsl JOMOIIOCHON (a3bl 3aleIIeHHs])
TOYKOM (MK 00JIaCThIO) Epexoa OT PeKUMa IPAHUYHOTO TPEHUS K KOHTAKTHO-
TUAPOIMHAMUYECKOMY PEXUMY, IPUOIMKEHHO OLIEHUBAs (B paMKax BBIIIOJIHEHUS aHAINU3a
HauboJsee TUTMYHBIX ONBITOB [4, 8, 20]) ATOT nepexo] uepe3 ypoBEHb MPeAeIbHON CyMMapHOM
CKOPOCTH KaueHHUs KOHTaKTa 3yObeB: Vriim =15 m/c.

Torna, cornacHo [2], Beipazum d3QPEKT OT KOMIUIEKCHOTO (C Y4eTOM (PPUKIIMOHHBIX CHUIT U

THJIPOAMHAMUYECKUX SBJICHUI) BIUSHUS TPHOOJOTHUECKUX (DaKTOPOB uepe3 ¢rH, MPUHUMAs IS

021 . 0.21
Ow Vg [ sinay, 1- ftga,,

V>V jjim: oo Vo SIN Ty ya s Vo < Viyiim: O = 1-ftgay, , rme f—

KO3(I)(1)I/II_[I/ICHT TPCHUS B 30HC ITOJIIOCA 3alICIIIICHUAA.

Ho ¢usnyeckuii cMbICi BAUSHUS yIila 3alelIeHHs] Ha KOHTaKTHYIO BIHOCIUBOCTh 3yObEB HE
OTpaHUYEH 3aBUCHUMOCTbBIO YCIOBHS 3alleIUIeHUs OT Tprbosornueckux akropos. [Tomumo Hux
U CUJIOBBIX ()aKTOPOB OH OXBATHIBAET POJIb TOPLIOBOTO MEPEKPHITUS U IUHAMHYECKUX (PAaKTOPOB,
a Takke — 3(pPexToB KpuBU3HBI KOHTakTa [1, 17, 19].

Bnusune coOCTBEHHO HETCpUCBCKUX B3aHMOCBS3€eH B HHHHHHPHHCCKOﬁ 3BOJILBEHTHOM nepeaaduc
MOKHO BBIPAa3UTH KaK:

o - :
k= Foo  PuPi P PoPss
. sing,, sin,, ) 1- figay,
SIN &y D=1 %we ) V> Vi O = 1-ftgay, , Vi < Voim.



PesynbraThl orleHKH (depe3 KodPPHIUEeHT [1tH) MAKCUMATIBHO BO3MOXHOTO MOJI0KUTEIBHOTO
(put V-1 > Vjim) BIMSHUS KOMIUIEKCA TPUOOIOTHYECKUX (haKTOPOB HA POCT KOHTAKTHOMN
MPOYHOCTH 3yObEB C YBEIIMUYCHUEM YTJIa 3aIeTICHUS YBOJIbBEHTHOM Mepe1ayul CBEICHBI B
tabmuiy 1 (st [iwo = 20°).

Tabmuna 1 — Benuuunsl koopduimenta [y Opu pa3IMuHbIX 3HAYCHUSIX YIJIa 3alerieHus [
9BOJILBEHTHOH nuMHApru4ecKoit mepeaadn (mpu V>V jiim, Hwo = 20°)

O 57 207 257 30

O 0,56 1,00 1,09 1,17

N3 Tabnuubl 1 BUIHO, 4TO POIIb yIUIa 3alleIuIeHus, onpeaesseMas THpOAnHaAMHUYECKUMU
dakTOopaMu, He BEIMKa; K TOMY K€ M 3TO €ro BIUSHHUE Yallle BCEro KOMIIEHCHPYETCs
U3MeHeHHeM K03 duimenTa TopLoBoro NepeKkpbITUs 3yObeB U IOITOMY CyMMapHbIi 3¢ ekt
MOYKET 0Ka3aThCsl HUUTOKHBIM. OOBsICHEHNE POTUBOPEUNBOCTH IKCIEPUMEHTATIbHBIX U
pacueTHbIX pe3yabTaToB [4, 8, 20| BaMsiHMEM HEeyuuThIBaeMbIX Teopuel I'epia
TpUOOJIOTHUECKUX (PaKTOPOB HE YCTPAHSIET NPUHIUITHATIBHBIE UX HECOOTBETCTBUS IS
CMa3bIBaEMOI'0 KOHTAKTA.

Tabnuna 2 — OueHka BIUSHUS yIUia 3allelyIeHus Ha KO3 (QUIIMEHT YBeTMYEeHUS HeCcyIen
CIIOCOOHOCTH PBOJIBBEHTHON IIMIIMHApUYECKOM niepeaayuu [J[] 4 Mo KOHTaKTHONH MPOYHOCTH
3yObeB

[TapameTpsl 3aLeNIIEHUS U paCUE€THBIE BETUYHHBI I'pynnb! oneiTOB
Ne 1 [8] Ne 2 [4]

Cow /0 Dew® 30,9°/22,6° 27°11° / 14-°30°
o/o00° 28-°/20-° 20-°/ 14-°30°
000/ Or 1,20/ 1,40 1,115/1,844
p=V oIV 1,336 1,845
o0 D06/ 0,936 -
@op= (SiNCw / SiNCw %) 1™ 1,063 1,14

pacyeT Ha OCHOBE JIMHEHMHOU ~1 / Her ~1 / HeT BIMSHUA

B3aUMOCBsI3U Fp = Cp BIUSIHUA [tw U tw




O0w/ pacyer ¢ y4eToM CUJI TPCHUS B <1,0/22,6° <1,0/14°30°
nydiiee zanervienun [10, 18]
3HayeHue [lw

pacder ¢ y4eToM ruapoguHamMuueckux |1,19 /30,9° 1,31/27°11°
daxTopos [8, 9, 11]

pacuet Ha 6a3e 3pdexToB kpuBu3Hbl | 2,1/ 30,9° ~1 / "Her BIMAHUA
KoHTakTa [1, 2, 17, 19] Otw
SKCIIEPUMEHTAIBHBINA Pe3yJIbTaT ~2/30,9° ~ 1,0/ uer

BIUSIHUSA [w

VK€ 1aBHO CIOXKHWIUCH CTATUCTUYECKU NOATBEPK/ICHHbIE TEHACHIIUN YBEIMYECHUS yIiia
HCXOJHOTO KOHTYpa 3yObeB & > 25° 3BONIbBEHTHBIX Iepenad [12]: «Kak moka3siBaeT CTaTHCTHKA
NPUMEHSIEMOCTH BBICOKOHAIPSDKEHHBIX MIIMHAPHYECKUX 3y0UaThIX KOJIEC, a0COIIOTHOE
OOJIBIIMHCTBO TUIIOPA3MEPOB CONPSKEHHBIX Iap UMEeT yroi 3auemienus o > 20°. Yrisl o >
20° moxy4atot MO0 MyTEM KOPPUTUPOBAHUS 3y0UaThIX KoJiec ncxoanoro konrypa no 'OCTy
3058-54, mnb0 myTeM HCHoIb30BaHUs KaK HEKOPPUTHPOBAHHBIX, TAK U KOPPUTHPOBAHHBIX
3y04aThIX KoJieC MOAU(DUIIMPOBAHHBIX UCXOIHBIX KOHTYPOB C IPOMUIBHBIMU yIJIaMU o >
20°.... Y cOBpeMEHHBIX BHICOKOHATPYKEHHBIX 3y04aThIX TMepeiad OTBETCTBEHHOTO HA3HAUCHHS
yriIbl 3anenienus gocturatoT 30°». Hanbosee s dexTuBHOE TpUMEHEHNE
YCOBEPLIEHCTBOBAHHOTO 3BOJIbBEHTHOT'O 3alleTIICHUS CAECP>KUBATIOCh OTCYTCTBHEM (PU3NYECKOTO
U TEOPETHUECKOT0 00BSICHEHUH (HECKOJIBKO M03KE JAHHBIX HAMH) BIUSHHS YBETUUEHUS yIiia
3aleTUICHUs] Ha POCT KOHTAKTHOH MPOYHOCTH YBOJILBEHTHBIX TIepeaay.

OTcyTcTBHE NMPSAMOTO yyeTa BIUSHHS XKECTKOCTH 3yObeB U TMHAMHUYECKUX (aKTOPOB, B
COBOKYITHOCTH, 3aHHMKAEeT pacyeTHbIN (110 Tabu. 2) cymmapHbiit 3p(eKT oT yBenTuueHus
napamerpa p 1is onbIToB ¢ Fip = Fip, ¥ HE MEHsIET ero 3aMeTHO A1 ONBITOB Fp >> Fipo.
Tpubonoruyeckue pakropsl B onbitax [13,14] Taxke CHUXKAOT 3TOT 3P PEKT, MOCKONbKY M3 HUX
(mpu V1 <V jlim) Ha HErO BJIMSET TOJIBKO POCT CHJI TPEHUS B KOHTaKTe [2, 5]. Bee 310
3aHMXKaeT BiusHuE d(dekTa pocta p B XopouionpupadaTeIBaeMbIX SBOJILBEHTHBIX NIEpeaayax,
YTO BUHO MO BennvrHe napamerpa K < 1 B Hammx pacderax 1o onbitaM [13, 14]. OnHako 3ti
pe3yIbTaThl HE MMEIOT OTHOIICHHUS, COOCTBEHHO, K MCIIOJIb30BaHMIO Moienn ['epiia B pacyerax
3y04aThIX mepeaad, a OTHOCATCS, NCKITFOUUTENBHO, K PO ()aKTOPOB, TPEOYIOMIUX CBOETO
UCKITIOYEHUS ITPU ONpeieieHnn napameTpa K. 3aHmKeHne pacyeTHBIX 3HaUeHHi apameTpa K
UJIET B 3a11ac ypOBHS JOCTOBEPHOCTH BBISIBICHHBIX 3()()EKTOB.

Bmusnane KPHBU3HBI 3y6I)eB Ha UBMCHCHUE CUJIOBBIX q)aKTOpOB B 3alCIINICHUHU ITPUBOAUT K
HEKOTOPOMY CHHKEHHIO KOHTAKTHOM BBIHOCIIMBOCTHU 3yObEB C YBEJIIMUEHUEM HUX YIiia
3alerIeHus cw. Poib ruipoquHaMudeckux (akTOpoB UMEET IPYroi 3HaK U CYIECTBEHHO
0oJbIIe IO MOAYIIO, HO M OHA He Benuka. M3 Tabin. 3 BugHO, 4TO 3P PEeKTh BIUSTHUS
HCTCPLUECBCKUX B3aMMOCBSI3¢eH 1 TUAPOJAWHAMUKHU IIPU YBCIIMYCHHUU YyIJia 3alICIIIICHUSA OT Chwo A0

Ctw OKa3bIBAIOTCS (1151 ONBITOB [8]) CyriecTBEHHO (MTOYTH HA TIOPSIO0K) pa3HBIMU:

(105-107)% — Bnusiaue 3pPeKkToB KPUBU3HBI KOHTAKTA;



(13-14)% — BaustHEE THAPOAMHAMHUYECKUX (DAKTOPOB.

Omnpenenenrem 3HadeHuit koadduipenta K nano gpusnyeckoe 00bSICHEHNE TPOTHBOPEYNBOCTH
SKCIIEPUMEHTANBHBIX JAHHBIX [0 KOHTAKTHOM BBIHOCIMBOCTH 3yObEB IBOJIBBEHTHBIX
HWIMHIPUYECKUX KOCO3YObIX nepeaay. OHO JIeKUT B HETUHEHHOCTH B3auMocBsizu Fp u p (ipu
OHp = CONSt), BRITEKAIOIIEH U3 MEXaHU3Ma PEAIbHOTO KOHTAKTHOI'O B3aUMOJCHCTBHS 110 CXEMe
HAYaJIbHO-TOUYEYHOT'0 KaCaHHUS.

Tabnuna 3 — OnpenencHre 3HaYeHUi mapamerpa K o HaunboJiee THITHYHBIM OIBITHBIM JaHHBIM
[4, 8, 20]

[Tokazarenn Koco3y0Osie nepenaunf + 0 npsiMo3yobie niepenaun =0
onbIThl [20] | onbITHI [§] ONBITHI [4] OTBITHI [§]
(o, -1 -100% 31,2% 104,8% 4.2% 106,9%
(¢ —1)-100 % —7,4% —7,0% —6,0% —6,0%
(py -1 -100% g>1 -16,0% -14,6% - -
g=0 - - 0 0
(o 1) ~1000/0 Va<l15wm/c |-2,0% - -1,7% —
Va>15m/c | — 12,9% - 14,2%
[MTapameTtp Kk 0,91 2,47 0,6 2,3

Ucxons u3 ¢pusndeckoro cmpicia cxembl koHTakTa THna HIJIK, k peanmsanum KoTopoi BecbMa
Onr3KH SKcriepruMeHTHI [4, 20], MOXKHO MoJIaraTh, 4TO 3HAUCHUS TTapaMeTpa K st STux
IKCIIEPUMEHTOB He JIOJUKHBI ObITh HIOKE K = 1. OHaKo pe3ynbraThl Tabi. 3 modydeHsbl Oe3 yuera
HEraTHBHOI'O BJIMSHUS POCTa Cfw HA KOMILUIEKC KECTKOCTHBIX U JUHAMUYECKUX (PAKTOPOB —
YCJIIOBHO OBLTO MPUHATO @p = 1 U ¢xs= 1 (TOT1a KaK, CKOpee BCero, GaKTHIEeCKH MX
NPOU3BEACHUE M rs < 1), UTO MPUBOJUT K 3aHWKEHUIO paCUCTHBIX 3HAYCHUH K JI71s Bcex
onbITOB [4, 20] 1 [8]. DTO MO3BOMSAET CcaENaTh BEIBOJ O TOM, YTO (haKTHUUECKHE 3HAYCHHSI
napametpa K B ombitax [8] MoryT ObiTh Bbimie: K > 2,47 (uist kKoco3yObix niepeaay) u K > 2,3 ms
psIMO3YOBIX Mepeaay.

B To ke Bpemst, u3 Tab:1. 3 BUIHO, YTO ONPEENSIONMMH B POCTE HECYIIEH CIIOCOOHOCTH
MPSIMO3YOBIX M KOCO3YOBIX mepenad [8] sBistoTcss UMEHHO d()PEKTh KpUBU3HBI KOHTAKTA (p,
TOT'JIa KaK ruapoanHaMudeckie pakTopsl (g~ 13—-14%) MOTyT UMETh JJake MEHbIIIee
MOJIOKUTEIHHOE BIHSHIE, YeM OTPULIATEIPHOE BIMSIHIE PYTUX JOMOIHUTEIBHBIX (DAKTOPOB
(manmpumep, @rF + gri= — 22% muia koco3y0oit nepeaayu [8]), mposiBIeHNE KOTOPHIX COMYTCTBYET
M3MEHEHUIO THAPOIMHAMUYECKHUX (PaKTOPOB. DTO 03HAYAET, YTO IIPU UCKIIIOUEHUH 3(PPeKTOB



KPUBHU3HBI KOHTAKTa, TO €CTh MPU COOJIIOICHUH TePIICBCKUX B3aUMOCBS3EH, SKCIIEPUMEHTHI [ 8]
HE MMOKa3aIn Obl pOCT HeCcyIel CIOCOOHOCTH UCTIBITYEMBIX Mepeiad C YBEINICHUEM yIiia
3aneruieHus. Takum 00pa3oMm, BIMSHUE TUAPOTUHAMUYECKUX (PaKTOPOB HE ONPEAEIISET HU CaMO
SIBIICHUE POCTA HECYIIEH CIIOCOOHOCTH YBOBBEHTHOMN NIEpeaun P YBEIMUCHUU YTIia
3alCTIJICHHUA, HU IPUHIUITBI BbIGOpa €ro panuoHaJIbHOI'O 3HAUYCHU .

OTmeTuM, YTO MOJTy4YeHHBIC B Ta0JI. 3 3HaueHus K oTpakaroT ypoBeHb J1e(hOpMaTHBHOCTH
KOHCTPYKIIUH, BIUSHUE TPHUOOIOTHUYECKUX (PAKTOPOB HA N3MEHEHHUE JOMYCKAEMBIX KOHTAKTHBIX
HANPSDKEHUH U Ha MPUPabaThIBAEMOCTh, IPOYHE YCIOBUS TPUPAOATHIBAEMOCTH 3YObEB U PSijl
UHBIX (PaKTOPOB, OMPENEIAIONINX 0OCOOCHHOCTH PEaIbHOr0 KOHTAKTa YIPYTHX Tell IPHU YCIOBUU
IIPOYHOCTH OHmax = OHp. BMECTE € TEM BEIMYUHA Oxmax U COITYTCTBYIOIEE €€ CHUKEHUIO
YMEHBIIEHUE TPOJI0JIbHON JIOKATU3alUA KOHTAKTa BO MHOTOM OIPEACIISIIOT MECTHOE U 00111ee
HANPSDKEHHOE COCTOSIHUE KOHTAKTHPYIOIIUX TEIl U TeMITepaTypy GpUKIIMOHHOTO KOHTakTa. Bor
oYeMy 3T 3HaueHUS K, B CBOIO 0uYepe/ib, KOCBEHHO XapaKTepu3yioT 3(dekTsl pocta
noKasaresei Hecyleil cnocoOHOCTH KOHTaKTa MO TNTyOUHHOM MPOYHOCTH, IO TEIIOCTOMKOCTH,
M0 U3HOCOCTOMKOCTH, IO 33IUPOCTOMKOCTH U MO U3TUOHON BHIHOCITHMBOCTHU 3YObEB.

Anamus [1, 2, 15...17] nokasai, 4To OCHOBHOM IPUYUHONW IPOTUBOPEUYMBOCTU TEOPUU U
NPaKTHKH 3y04aThIX Nepeiad sSBISETCS HEJOCTOBEPHAs OIIEHKA POJIM KPUBU3HBI 3yObEB B
KOHTaKTHBIX SIBIICHUSX.

OnHoit U3 TpUYKH (M €JMHCTBEHHBIM T€OMETPUIECKIM (PaKTOPOM CTATUYECKOTO KOHTAKTa
3yObeB), BIUSIOIIEH Ha POJIb yIUIa 3aleryieHusl, apusercs [6, 16, 30] uMeHHO MpUBEACHHBII
paanyc KpUBU3HBI p. DTO €IMHCTBEHHBIM KOHCTPYKTUBHBIN (akTOp, KOTOPBII U OIpeaesieT

3¢ (PEeKTUBHOCTH BHIOOpA MTYTEH COBEPIIIEHCTBOBAHMS MTAPAMETPOB MIEPEIaun U CUCTEMBI
3alenieHus, pusnueckre oCHOBHI Ha 0aze A (eKTOB KpUBU3HBI KOHTakTa. Hamu o60cHOBaHO
[2], uTO MO Mepe yXyALIEeHUs YCIOBUM MPUPadaTbIBAEMOCTH 3yObEB MOBBIIIAETCS U MPOSIBICHHE
3 PEeKTOB KPUBU3HBI KOHTAKTA. A 3TH YCIOBHUS COOTBETCTBYIOT HanboJjee 3HaYMMOi obaacTu —
00J1aCTH TSKEJIOHArPY>KEHHBIX 3yOUaThIX nepeaad.

[TpuBeneM HEKOTOpBIE Pe3yIbTaThl PACYIETOB MAKCUMAIbHBIX KOHTAKTHBIX HAIPSDKEHUN O IPU
CKaTUM YIIPYTUX CTATBHBIX HWIMHIPOB C TPUBEJICHHBIM PAINyCOM KPUBHU3HBI O = (pOo U
nepexocoM oceit ¥ [30] st cimydas cuiiel cxxatust F = Fo (Tabn. 4) u quig yenosus F = ¢pFo
(Tabi1. 5), COOTBETCTBYIOIIETO MOJIIOCY 3alleTUICHUs [IMIMHAPUYECKON 3y0UaToil nepesayu.

Ta6nuna 4 — IapameTpsl KOHTaKTa cTanbHbIX (112 = 0,3; E12 = 2,15:10° MITa) HenmapamienbHbIX
KPYTOBBIX MIMHIAPOB (0, = 10MM, y= 0,01 pan, | = a°) npu HensmenHo cxxumarorient cuiie F =
934H

Op a, MM | b, Mm li‘/;i'la (pp1/2 o! . MITa Kipr k<1
1 2,28 0,25 1754 1754 1,50

1,4 2,17 0,31 1519 1798 1,58 0,855




4 1,72 | 0,58 1009 2018 1,99 0,798

6 1,35 0,802 930 2278 2,53 0,708

Pacuetsr [30] moka3zanm, 94To B YCIOBUSAX HEM3MEHHOW CUJIBbI cxkaTus F = const (Tab1.4)
YBEIMYEHHUE O MIPUBOAUT K POCTY peabHOr0 K03 PHureHTa KOHIICHTpAauu Harpy3Ku Kgysr u K
MEHBIIEMY (YEM IO PELIECHUIO MIJIOCKOM KOHTAKTHOM 3a1auu ['epria) CHUKEHUIO (YTO BUIHO T10

POCTY BETHUMHBI @2 o ) MAaKCUMAaJIbHBIX KOHTaKTHBIX HalpsKEHUH, a B pe3yJbTaTe — K
CHIDKEHHIO mapameTpa K < 1. DTot ciy4ail uHTepeceH, HO [Uis 3y04aThIX Iepeaady OH He HMEeT
IIPAKTUYECKOI0 3HAYEHMsI, IOCKOJIbKY YBEJIMUEHHIO 3HAUEHHUS O B MOJIIOCE 3alleTIeHus (Ipu
HEM3MEHHBIX BHEILIHEH Harpyske U rabapuTte nepegaun) ColmyTCTBYET POCT CUJlbl cxkaTus F ~
@oFo. K ToMy xe 1 ipu K < 1 HaOIIOAal0TCsl CHIDKCHUE O M yay4dieHue Gopmsl (pocT
oTHoOUICHUs b/a) romanKku KOHTaKTa.

Ta6numa 5 — I[TapameTpsl KOHTaKTa cTanbHbIX (112 = 0.3; E12 = 2.15:10°MI1a) uumuaapos (o, =

10mm; | = Smm; = 0,005 panx) npu F=9,F, , Fo =487H (repueBckue HAPsHDKEHUS OHmax =

const)

Op a, MM b, MM 0., MIIa Kpr K

1 2,5414 0,17252 1200,5 3,3399

1,2 2,4908 0,19089 1106,9 3,4078 1,89046
1,4 2,4466 0,20804 1034,0 3,4694 1,88746
2,0 2,3387 0,25433 884,89 3,6295 1,88013
3,0 2,2038 0,32088 744,29 3,8517 1,87030
4,0 2,0973 0,37981 660,74 4,0472 1,86148
5,0 2,0061 0,43419 604,27 4,2313 1,85306
6,0 1,9238 0,48569 563,29 4,4122 1,84464
7,0 1,8468 0,53544 532,27 4,5963 1,83595
8,0 1,7721 0,58434 508,27 4,7899 1,82665
9,0 1,6974 0,63329 489,64 5,0009 1,81632
10,0 1,6193 0,68345 475,58 5,2419 1,80428




Bbonee xapakrepHbiMu (B 001eM cirydae u i 3y0UaThIX Tepeaad, B YaCTHOCTH) SIBIISTFOTCS

.F=2¢p F,
BapHaHTHl YBEJIUYCHUS HATPY3KH IIPH @p > 1. p

. Cny4yaro HEeM3MEHHOM BHEIIHEH
HArpy3KH ABOJILBEHTHOM 3y04aToil mepeaayu mpuMepHO COOTBETCTBYET TabmuIa 5.
MakcuManbHbIe KOHTAKTHBIC HANIPSDKEHUST O CHIDKAIOTCS (TIPU OHmax = CONSt), a hopma
IUTOIIAIKK KOHTaKTa (Oyaroaapsi pocTy OTHOIIeHus b/a) yaydiaercs. XapakTep B3auMOCBSI3H

Fp 1 p 1O JaHHBIM Tabl. 5 COOTBETCTBYET CTeNeHHOi 3aBucumoctu: Fp ~ o,

Pacueramu [30] moxTBepkA€HBI SBJICHUS, 00YCIOBIEHHBIE 3P PeKTaMu KpUBU3HBI KOHTaKTa. B
YaCTHOCTH, [10Ka3aHO, YTO yBeJIM4eHue 3HaueHus p (npu pocre Kppr, Kak 1o Tadi1.5, Wiu npu ero
CHIDKCHUH) IaeT CHIDKCHUE HATIPSHKEHUH O; (IIPU FePIEBCKUX HANPSDKEHUSX OHmax = CONSt).
[Tepexox k pacueram 10 A3PPEKTUBHBIM HAMPSHKEHHUSIM U Y4€T U3rHOHO-CABUTOBBIX
(KOMIIEHCAIMOHHBIX ) SIBJICHUN TPUBOJAT K OLEHKE JTOTIOJIHUTEIFHOTO CHIDKEHHS 3P (EKTUBHBIX
HaINpsHKeHUH, ce0eCTOMMOCTH KOHCTPYKIIUH, €€ YyBCTBUTEIIEHOCTH K TIOIPEITHOCTH KOHTAKTA,
pOCTa Harpy304HOM CIOCOOHOCTH U JOJITOBEYHOCTH.

HpI/IBGZIGHHBII\/JI aHaJIn3 ABJISICTCA AOIIOJIHUTCIIbHBIM O6OCHOBaHI/I€M BBIBOJIOB O HAJIMYUHN
PEe3€epBOB KapAMHAJIILHOTO POCTA HECYIIEH CIIOCOOHOCTH IBOJIbBEHTHOM 3y0uaToil nepeaayu (B
TOM YHCJIE — B MOJIOCE 3aIETUICHHUs) U 00 OIMOOYHOCTH TPAAUIIMOHHBIX (PU3UUYECKUX OCHOB, B
TOM uucIe — 3anerienus Hosukona.

®duznyeckue OCHOBBI 3aleryieHusi HoBUKOBa MpHUIAIOT anbTepHATHUBHBINA XapakTep rnepeaadam
JJI3, HO X mpUMeHeHue, Ha000POT, IPUBOJUT K TOPMOKEHHIO MPOTPEcca B TCOPUU U MPAKTUKE
3yOuateix nepenau: «cTopus co3nanus, pa3BUTHs U IPOMBIIIJICHHON peaan3aluy 3alerieHus
HoBukoBa Hanbosee pko UILTIOCTPUPYET YPOBEHb HECOBEPIICHCTBA TPAAUIIMOHHBIX MTOAX0/I0B
K KOHTaKTHBIM U THIPOJUHAMHYECKHM pacueraM 3yOouaTsix mepemad.» [1].

[Tytu coBepuieHcTBOBaHMS [ 14] CHIIOBBIX 3yOuaThIX 3aleuleHui Ha 6a3e 3 PeKTOB KPUBU3HBI
KOHTaKTa MOCTPOEHbI Ha HETMHEHHBIX (HErepleBCKUX ) B3aUMOCBS3AX OCHOBHBIX (pakTopoB (Fp=
¢ ) KOHTAKTHOM 3a/1a4¥ U CBOJATCS K CIIELYIONIHM BHIBOJAM:

- 0 CymeCTBeHHOﬁ 3aBHCUMOCTHU KOHTAKTHOM IMPOYHOCTH 3Y6BCB B ITOJIIOCC
3allCIIJICHUA OT (I)OpMLI HpOCI)HHeﬁ 3Y6L6B 1 OT CUCTCMBEI 3alICIIIICHUA

— 0 BO3MOXKHOCTHU KapJAUHAJIBHOI'0 CHHUKCHUS KOHTAKTHBIX HaHp}I)KeHI/Iﬁ 1 KOHTAaKTHBIX
TEMIICPATYP B PaA3JIMYHBIX (1)a3ax 3alCIlJICHUA, B T. 4. — B IMOJIFOCHOM TOYKCE,

— 0 HauOoJbIIeH BO3MOKHOCTH CHI)KEHHSI KOHTAKTHBIX HANpPSHKEHUH U KOHTAKTHBIX
Temreparyp B ¢a3e MI0CKOro BHEMOIIOCHOTO 3alleIuIeH s (C HayallbHO-TMHEHHBIM
KacaHueM 3yObeB) 0e3 BBEJCHUS OTPaHUYEHUH Kak 110 OCEBOMY, TaK U IO TOPLOBOMY
HEPEKPBITHIO 3yObEB, BIJIOTH /10 peaU3allii BHEMOIIOCHOTO 3alleTUICHNUS C
K03 punmreHTOM cymMmmMapHOTo niepekpoITus &=0.

BriepBrie (hr3nueckre OCHOBBI pa3BUTHS 3y0UaThIX 3alenieHui 0azupyrorcs Ha apdekTax
MeXaHHu3Ma TBepAOoro 1eopMUPYEMOTo Tejla, BHISIBICHHBIX UCCIEI0BAaHUIMU MEXaHU3Ma
CHIJKEHHS KOHTAaKTHBIX HAaNpSDKEHUH B yNPYIUX Tejaax ¢ OJMM3KUM K Ha4aJbHO-TMHEHHOMY
KacaHueM. D GEeKThl IPUMEHUMBI B Pa3JIMYHbIX y3J1aX U JETaJIAX U IOKa3bIBAlOT MHOr00Opasue
palMOHATBHBIX MTyTEH pa3BUTHUS 3y0UaThIX Mepeaay.



OrpaHMYeHHOCTh KOHCTPYKTUBHOW THOKOCTH M c(hephl pallHOHATLHOTO TPHMEHEHHS
9BOJILBEHTHOTI'O 3aIICTUICHHS C MAJIBIMHU yIilaMH UCXOJIHOTO KOHTYpa 3yobeB (a < 20°) u
3aneruieHus: HoBukoBa BbITEKaeT M3 OMIMOOYHOCTH TPATUIIMOHHBIX (PU3NIECKUX OCHOB.

DTO HATJISITHO MPOJIEMOHCTPUPOBAHO cTaThel [3], B KOTOPO# BBIOOP B KAYE€CTBE OJTHOTO M3
OCHOBHBIX HaIpaBJeHUM pa3BuTus 3anerieHuss HoBukoBa opuenTupoBan Ha nepegaun /JI3 ¢
«TBEpABIMU» KoJIecaMH Ha 0a3e MpeCTaBICHUN 0 «HEe3bI0JIeMOCTH» (PU3NUYECKHX OCHOB
3anerieHus: HoBukoBa u 00 allbTepHAaTUBHOCTH I'€HEPATIbHBIX HIeH BHEMIOIIOCHOCTH U
TOYEYHOCTH 3aleIUICHUs, 00 OTKa3e OT TOPI[OBOI'O MEPEKPHITHS 3yOhEB.

BbBIBO/IbI:

1. TlokasaHo, uTo (pU3UUECKYIO0 OCHOBY BbIOOpa 3((hEeKTUBHBIX HAIIPABICHUN
COBEPILIEHCTBOBAHUS 3y0UaThIX Mepeaay JaeT 00bsiCHEeHHE (PaKTOB MPOTHBOPEUYUBOCTH
TEOPHH U MPAKTUKU. KpHuTepreM J0CTOBEpPHOCTH (MM OMIMOOYHOCTH) (PU3UIECKUX
OCHOB COBEPLICHCTBOBAHUSI 3yOUaThIX NEepeiayd SABJIIETCS OTCYTCTBUE (MM HAJIUYUE)
(aKTOB MPUHIMNHAIHHON MPOTUBOPEUYNBOCTH TEOPUHU U MPAKTHKH 3yOUaThIX Mepeaad.
[TosiBnenue (pakToB MPOTUBOPEUUBOCTU TEOPUHU U MIPAKTUKU 3y0UaThIX Iepeiad JOHKHO
CTaHOBUTbHCS OBOOM JUIsI [NTyOOKOT0 aHalIM3a NPUHATHIX (PU3NYECKUX OCHOB
COBEpILEHCTBOBAHUS 3y0UaThIX 3alleTlICHUH.

2. TlpuunHO# OMIMOOYHOCTH TPAAUIIMOHHBIX (PU3NYECKUX OCHOB COBEPIICHCTBOBAHUS
3yO4aThIX Tiepeaay SBIsSETCS CYIIECTBEHHO 3aHKEHHAs OIEHKA BIUSHUS MPUBEICHHOTO
paauyca KpUBU3HBI 0 Ha TTOKa3aTeNH 1e(pOPMaTUBHOCTH U HECYIIEH CITOCOOHOCTH
KOHTAaKTa YIPYrux Tell ¢ OJIM3KUM K HAa4aJIbHO-TMHEHHOMY KacaHUEM, UYTO
MPUHITMITAATIEHO UCKAXAET CTPATETHIO PA3BUTHS 3yOUaThIX Mepead v MPUBOIUT K
TOPMO>KEHHUIO MPOrpecca MAITUHOCTPOCHHUS.

3. OO6ocHoBaHa y3Kast 007aCTh JOCTOBEPHOCTH TPAJAUIIMOHHBIX (PHU3NIECKUX OCHOB!

—  «TUIPOJAMHAMHYECKHE» (PU3NUECKHE OCHOBBI HE UMEIOT CMBICIIA TPAKTUYECKOTO
NPUMEHEHUS BIMSHUE THAPOIUHAMUYECKUX (aKTOPOB HE ONpeessieT HU caMo
SIBJICHHE POCTa HEeCYIlel CIIOCOOHOCTH IBOJILBEHTHOM Nepeaun Npu YBEIUYSHUN
yria 3alerieHus, HU MPUHIUIBI BEIOOPA €ro pallMoOHAIBHOTO 3HAYECHHUS,;

— c(epa parmoHAIBPHOTO MPUMEHEHHS TPATUIIMOHHBIX Tlepeaad HoBrukoBa Tumna
JIJI3 orpannyeHa HU3KOCKOPOCTHBIMH B Majo1e(hOpMaTHBHBIMU
WIMHIPHYECKUMU TIepeladaMy ¢ IIMPOKOBEHIIOBBIMH, HETIPSMO3yObIMH U
HEYIIPOUHEHHBIMU KOJIECAMU;

— «bpuknroHHbIe» Puznueckre ocHOBHI [ 10, 18] parmoHanbHO MOTYT OBITH
MPUMEHHUMBI 17151 MAJIOHArpYKEHHBIX (OTKPBITHIX) Mepeiay;

— ¢usuueckue ocHoBbl E. bakunrema u FO.H. Bynbiku panrioHansHO MOTYT OBITH
IIPUMEHUMBI JIJI1 TUXOXOJHBIX Y3KOBEHLIOBBIX Ilepeay.



[Toka3zarensiMu TOpMOXKEHHS IPOTrpecca pa3BUTUS 3y0UaThIX repeayd Ha 0aze
TPaIUIMOHHBIX (PU3NYECKUX OCHOB SIBJISIFOTCS, HAPUMED, IPUMEHEHHE IPOTPECCUBHBIX
ABOJILBEHTHBIX ME€pe/iad ¢ YBEIMYCHHBIMH YIIIaMU 3alleTIeHus! (UCKIIOUUTEIbHO, Ha 06a3e
AMIMPUYECKOTO MOJX0/1a) U COXPAHEHUE TYIIMKOBOI'O IyTH Pa3BUTHS 3alleTIICHUS
HoBukosa (B pamkax nepenau tuna J{JI3) c HU3KUMU NIOKa3aTENIMU
KOHKYPEHTOCIIOCOOHOCTH.

TpamunmoHHbIe PU3NIECKHE OCHOBBI Pa3BUTHS 3y0UaThIX Mepenay TUKTYIOT (T10-
Pa3HOMY) OJTHOOOPA3HOCTH PA3BUTHSI CHJIOBBIX 3y0UaThIX 3aleruieHuid. [IpenensHpiM
CIIy4aeM COYETaHHs MPOTUBOPEUYMBOCTH U aJIbTEPHATUBHOCTH (DU3UYECKUX OCHOB
pPa3BUTHS 3yOUaThIX Mepead siBISOTCS PU3MIESCKIE OCHOBBI CO3aHUs 3allCTICHUS
Hosuxkosa.

[IInpokoe NpUMEHEHNE B PACYETHON NIPAKTUKE KIACCUYECKOTO PEIICHUs MIJIOCKON
KOHTaKTHOM 3a1a4u ['epuia orpaHMuMBaeT TOYHOCTh PACYETOB U CACPKUBACT
pean3alnio 3HaYUTEIbHBIX PE3EPBOB IPOYHOCTH JAETANEH PAa3INYHbIX MALIUH U
MeXaHU3MOB. BbisiBienne 3¢ ()eKToB KpUBU3HBI KOHTAKTA JIeTaeT BECbMa aKTyaIbHBIM
YTOYHEHHE (II0 CXEME HayaJIbHO-TOYEUHOI'0 KacaH!s) METO/I0B KOHTAaKTHOT'O pacueTa
YIPYTUX TeJl C HOMUHAJIBHO HauyaJlbHO-TMHEWHBIM (WK OJU3KUM K HEMY) KaCaHUEM.
D dekThl KpUBU3HBI KOHTAKTA OTPAXKAIOT 3HAYUTEIHHO OoJbIIee (OTHOCUTETHHO
TPAAULMOHHBIX IPEICTABICHUNA TEOPUH U NIPAKTUKN KOHTAKTHBIX PACYETOB, a TAKXKE B
CPaBHEHHH C KIACCUUYECKUM pPEIICHUEM IJI0CKOI KOHTaKTHOM 3a1auu ['epiia) BiusHue
IIPUBEJICHHOIO PAJINyCa KPUBU3HBI P B3aUMOCHCTBYIOIIUX TEJl Ha JOIYCKAEMYIO CHILY
cxatus Fp mo paznuuHbIM MoKa3zaTensaM UX (yHKIMOHAIBHBIX CBOMCTB — KOHTAaKTHOH U
rI1yOMHHON MPOYHOCTH, 3aAUPOCTOUKOCTH U T.[.

Cy1ecTBeHHO HeIMHEHHbIE B3aUMOCBS3U Fp 1 P A7 Te, MOJIeIUPYEMBIX YIPYTUMH
KpPYTrOBBIMU HWJIMHJIpaMH (HalpuUMep, TUIa Fp:C,d(, k>1 npu oHp=CONSt), COOTBETCTBYIOT
YPOBHIO IIEPEIOBBIX OTPACIIE TEXHUKH U COBPEMEHHBIM TEHICHIUSAM Pa3BUTHS
MHUPOBOT'0 MallITMHOCTPOCHMUS.

[Toxa3zaHo, YTO POCT HECYIIEH CTOCOOHOCTH IBOJIBBEHTHBIX 3y0UaThIX Mepeaay C
YBEJIMUYEHUEM YTJIa 3alelIeHHs] 00YCIIOBIIEH, HCKIIIOUNTENBHO, 3P PeKTaMi KpUBU3HBI
KOHTaKTa, a YpOBEHb MX MPOSBIEHUS 3aBUCUT OT KOMIUIEKca (PAKTOPOB, ONPEEIISIOMINX
napameTpsl (PaKTHUYECKOro (TOYEUHOT0) KOHTAKTa 3yOheB.

[IpensioxkeHsl U pa3BUBAIOTCS PU3MUECKHE OCHOBBI COBEPIIIEHCTBOBAHMSI 3y0UaThIX
nepeaad, KOTOphie BIepBbie 0a3upyroTcs Ha 3P dekTax MexaHu3Ma CHIKCHHS
KOHTAKTHBIX HAMPSHKEHUH B YIPYTUX TellaX ¢ OJIM3KUM K HadadbHO-THHEHHOMY
kacanueM (9 dexrax KpUBU3HBI KOHTaKTA). 11 mepexoia OT SKCTEHCUBHOTO MYTH
COBEpIIICHCTBOBAHUS 3y0UaThIX NIepead K X HHTEHCUBHOMY Pa3BUTHIO HEOOXOIUMO
MPUBECTHU UX (PU3UIECKHE OCHOBBI B TIOJTHOE COOTBETCTBUE C MUPOBOU MTPAKTHUKOM.
[TepcnekTHBHOCTH (PM3MUECKUX OCHOB Pa3BUTHsI 3y0UaThIX Tepeaad Ha 6aze 3pdekToB
KPUBU3HBI KOHTAKTa (IBOJLBEHTHOTO 3allCTUICHHUS, CHCTEM CMEIIAHHOTO M TUCKPETHOTO
3aIleTUICHHS) OTpeiesieHa TeEM 00CTOSATEIBLCTBOM, YTO 3((DEKThI KPUBU3HBI KOHTAKTA HE
MIPOTUBOpEYAT MPAKTUKE 3yOUaThIX Mepeay.



10. BeisBieHO, 4TO 3HAYUTEIIBHBIC PE3EPBbI MOBBIIEHUS (BILIOTH J0 MPEBBIIIAIOIICTO
JIBYKPATHOE) HATPY309HOM CIIOCOOHOCTH COXPAHSIOT 3BOJIBBEHTHBIC U IPYTHE CUCTEMBI C
TOPIIOBBIM MEPEKPBITHEM U C (pa3aMH HAYaIbHO-IMHEHHOTO KacaHus 3yObeB, HAIPUMED,
Pa3InYHbIC CUCTECMbI CBEPXAAAUTHBHOTO CMCIIAHHOTO 3alICIINICHUSA, B TOM YHUCJIC —
BKITIOUaronue ¢a3bl ToueyHOro 3anerieHus HoBukosa 3anernenus [ 14].

11. BeisiBnenue 3¢ppexToB KpUBU3HBI KOHTAKTa (¥, B 4aCTHOCTH, 3)(heKTa pocTa yriia
3alleIUICHHUS 3BOJIbBEHTHOM TIepe/iadun) CO3/1aeT BO3MOYKHOCTH ISl HHHOBAI[HOHHOTO
IpOPHIBA B TEOPUH 3y0UaThIX Mepeaay U JJIsl HHTEHCUBHOTO Pa3BUTHS
PEIYKTOPOCTPOCHHS.

JIEKLIMSA 4

BJOKHUPYIOIIUI KOHTYP JIJISI 3YBYATHIX IEPEAU,
CIIPOEKTUPOBAHHBIX 11O 3AJIAHHOM TOJIIIUHE 3YEA HA BEPIIIMHE

ITo maTepuanam cratbu: Jlopodees /1. B., [llesuenko WM. B. braokupyromuii KOHTYp Asst
3yOuaThIX Mepeay, CIPOSKTUPOBAHHBIX MO 3a/IaHHOM ToNIIMHE 3y0a Ha BepiunHe// Hayka u
o0pa3zoBaHue - NEKTPOHHBIH xKypHai, Ne4 anpens 2011 r C.1-6,. http://technomag.edu.ru
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MeTtox onpeaencHHA KaYeCTBCHHBIX MOKA3ATSICH 3y09aThIX KOISC B 3aBHCHMOCTH OT
K03QOHIHEHTOB  CMEINeHHA [0 OIOKHPYIOIIEMY  KOHIYPY HOIYyYHI  IIHPOKOE
pacOopocTpaHeHHE H pa3sBHTHE KaK J7IA MET0Ja NPOSKTHPOBAHHA B 000DIIAINHX IapaMeTpax
[2. 4]. Tak u 114 TPATUIIHOHHOTO METOA MPOSKTHpOBaHMA [3. 5].

[IpoeKkTHpOBaHHE 3yOUATBIX KOTEC MO 3aJaHHOH TOMIIHHE 3y0a Ha BepmmHe [1]
MO3BOIAST COYCTATE NPSHMYINSCTBA ISOMEIPHH IPOSKTHPOBAHHA B  OOOOINAMOIIHX
mapaMeTpax ¢ HarLATHOCTEIO TPAIHIIHOHHOTO METOIA IPOSKTHPOBAHHA.

[TocTpoeHHe OJOKHPYIOINETO KOHTYpa IO 3aJaHHOH TOMIHHE 3y0a HAa BEpIIHHE
MO3BOMIHT OOECIEeUYHTsE HAHOOTee BBICOKYID ILUIABHOCTE PAOOTBI H NPOYHOCTE 3yO0UATOH
HepeIadn OpH MHHHMATPHOM BAPPHPOBAHHH I€OMETPHUSCKIX IapaMeTPoB,

Jna mocTpocHHA OIOKHPYIOWIETO KOHTYPA, IO 3alJaHHOH TOTIMHHE 3y0a HA BEPIOIHHE
TpeOyeTeA ONPEIeTHTh PAI HapaMeTPOB HCXOJHOTO KOHTYpa M0 3aJaHHOH TOMIDHHE 3y0a Ha
BEpIIHHE.

K ompemenseMeiM mapaMeTpaM peedHOIO HHCTPYMEHTA OTHOCATCA: Ko3(pHIHEHT

* *
BBICOTBI TOTOBKH /Iy H KO3 HITHEHT BBICOTBI HOKKH F.'f :

B KauecTBE HCXOIHBIX JAHHBIX 1A PACUETA TCOMETPHH KOTECA HCTIOMB3YETCA MOIYTh
7M. dHeI0 3y0beB KoTeca Z. Yro1 HCXOJHOTO KOHTypa (. Ko3hduIHeHT paiHaIbHOTO 3a30pa
C*, ko> dHIHeHT cMemenHnA X

+
Ha nepsoM 3Tarne ko3> GHIMEHT BEICOTH TOOBKH NPHHAMAETCH /g =1,

Kos¢dHnmeHT BEICOTE TOTOBKH ONpeJelAeTCA BEIHYHHON 3BOMBBEHTHOIO VIIa Oy
HA BepIODHHe 3y0da. JTOT Yrol JOMXEH OBITH ONpeleneH MO 3aJaHHOH TOMIMIHHE 3y0a Ha
BepIIHHE.

MunanmaTpHaA TOTIIDHHA 3y0a HA BEPIIHHE 3aBHCHT OT METOZAa TEPMOOOPAOOTKH.
BEPOATHOCTH CKOJIOB BEPIIHHBI, MapKH MaTcpHaIa H T.0. Hanmpmmep, 3yOuaTele koaeca ¢
MOIyJ€M. PaBHEIM 3 MM, peIyKTopa BHHTIA ABHraTedd 1B7-117 HMerT TOMIHHY 3yOBEB Ha

pepmuHe paBayio 0.7 - (.75 .



B padote [5] yron @, npoduna Ha OKpyKHOCTH BEPIIHH IPEATATAcTCA ONPEASTIATE C
TIOMOIIBED HAHOTPAMM I10 H3BECTHBIM 3HAYCHHAM VIIA NPO(QNIL Ha OKPVRHOCTH 330CTPEHAA
- 9 ¥ OTHOCHTEIBHOH TOMIIHHE 3YOLOB HA OKPYKHOCTH BepmHH 7, OnxHAKO. JaHHEBII
IOIXOI HE I03BOMACT NOIYIHTE TOCTATOUHYI0 TOYHOCTE 1714 PACIETOB.

B HacToAmeil paboTe pacueT 3BOIBBEHTHOIO yIia (, MpellaracTcd BBIIOIHHTE C
IOMOINBE0 MHEHMH3aOHH OeleBoil ¢ymkmmm [ = [S; — S, rae S; - Tommuna syda Ha
BEpITHHE 3YOYATOTO KOTeca, KOTOpad MOKeT OBITh 3aJaHA B JOTAX MOTYTA HIH KAk

AOCOMIOTHAA BelIHUMHA (B Z\-IH.Z[.I[H!\-'IEIIJHX). Sg" = TOJIIOHHA '3}-’651 B CCUCHHH. 3aJaHHOM
BAPBHPYVCMEBIM 3BOJIBBECHTHBIM VIJIOM .: METOIOM 30J0TOIQ CCUCHHA., Ha HHTICPBAIC

- R g . . —
H3MeHESHHA FEOIBBCHTHOIO Y¥TIa 0< ,:1:;' S/(2-d)+im a, rae S - OEPYAHAA TOIIDHHA 3y0a Ha
JqeTHTENBHOH OKPYAHOCTH, d - IeTHTENBHEIT THAMETP.

B pesynsTaTe MHEHMH3AIUHH NETeBOH (VHKOHH METOIOM 30J0TOrO CECUCHHA

L
OIIPpeeTIACTCA BCJIHYHHA 3IBOABBCHTHOIO VITIA  Surgxowwiil- 2TOT YOI ONpelcIHT CCHUcHHS, B

KOTOpOM TONMHHA 3y0a S, ¢ 3aJaHHOH TOYHOCTBED OYIST paBHa S, 3IT0T yrox

COOTBETCTBYET VINY NpOodHIA HAa OKPYRHOCTH BEPINHH.

=

a = Sucronmil
Taxknm odpasoM., GOPMyTBI ONpeNeIcHHA KO3(Q(QHIIHEHTA BBICOTHI TOTOBKH 3Yy0a

BBIITIAIAT CISIYIOIIHM 00pasoM:
hy =((ra—1)/T— (T-x-m=Ts-AY-m))/m. rae (1)
Fg - pAIHYC HA OKPYHHOCTH BEPIIHH.
I' - pAIHyC JeTHTEIBHOH OKPYRKHOCTH,
AY - ypaBauTenpHOE CMemeHME,
Ty=T1;-T; - Tun aneniaeHuA, rae:
I'ne 1> - mapaMeTp, olpeIelAOMHI THI 3y0bEB IICCTEPHH H KOISCa B Iepelade H

npHHAMAET 3HadeHuA: ] =/, ecan 3y0ba BHemHHe: ] —-/ ecaH 3yObA BHYTpeHHHE.
Kosdipuumedt BBICOTEI HOMEKH 3y0a ONpedeTAeTcd M0 KO3()(HIHEHTY BEICOTEI
TOJII0OBREHA CGHPHEHHUTG KOJISca.
* *® ®
he1=co 1+ ha 2 (2)
& * *
f?f =g+ My g (3)
.E[HHI'EB]IE MOoOXod IMO3BOIACT IIOCTPOHTE HOBYHY UEIHHCTB CYIISCTBOBAHHA 3}'6113'[01—0

3aleNIeHHA. B KaXIoll TOUKe KOTOpPOH MeHAeTcA Ko3(HIHEHT BBICOTHI TOTOBKH 3Yy0a.

COXpaHAA TOMIIHHY 3y0a Ha BepINHHE NocToAHHOII (puc. 1).
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Pnc. 1. baoknposodHsIl KOETYP 00 3aJAHHON ToIIIHHE 3y0a HA BepIIHHE

£;=27,2,=48, a =25 5, = 0.5. X}, X> - appupyeMble mapaMeTpaI

B nmrodoll Todke 3aKpallleHHOIO KOHTypa TOIINHHA 3y0a Ha BEpIIHHE OyIET paBHA
3amaHHOll BennunHe S, I[IpH 3ToM K03()/(pHIHEHTE BBICOTHl TOMOBKH HCXOIHOTO KOHTYpA
BBIUHCIARTCA 0 dopayaan (1-3).

Ilpr m3MeHeHHH MeToJa NPOSKTHPOBAHHA MCEHASTCA O0O0TAacTh CYINECTBOBAHHA
3yOdaTol mnepexzadn. B pesymeTare 3TOr0 TOUKA, HAXOOAIMMAACA BHYIPH 0O0IAcTH
CYIIecTBOBAHHA, IpH npoekrHposasad o OCT 1 00258-77 moxxeT HAXOIHTECA BHE 00IACTH
CYIIECTBOBAHHA IOCTPOSHHON J14 METOdAa MPOSKTHPOBAHHA MO 3aJaHHOH TOMIMHHE 3y0a Ha
BEpPIIHHE.

Ilony4enHe OMOKHpYIONIET0 KOHTYpa I0A MeTOoJa IPOSKTHPOBAaHHA IO 3aJaHHOH
TOMIHHE 3y0a Ha BEPIIHHE MO3BOMACT IPOBECTH CPABHEHHE METOJ0B IPOSKTHPOBAHHA.

PaccmMoTpHM  pe3yabTaTel JAHHOTO HCCISIOBAHHA HAa MNOPHMEPE ABHALHOHHOH
IpAMO3Y0O0H 3y0UaTOH NepeIadH cO CIeIYIITHMHE I€0METPHYECKHMH IapaMeTpaMH:

Uncao syowses £)=27, Z; = 48, yroa ucxoxsoro korTypa ¢ = 25°, koapduunest

#* Ed
pagHaneHOTO 3azopa Cp g — Cp 1~ 0.20328, MOIVIE T = 3. IIHPHHA 3y0YaTOro BeHIA

b =405 s PexmM HarpyxeHHA: HacToTa BpameHms 7500 o00/MHH. mepedaBacMad

MmMomHooCTE 400 EBT.



PesympTaT KOMIOBIOTEPHOTO MOISTHPOBAHHA HANPAKSHHH H BHOpanui B 3y0uUaToH
mepedade. Koileca KoTopoll paccunTtanel mo OCT 1 00258-77. mokasan Ha pHe. 2.

— *
KoadduneHT BEICOTEI FOTOBKH [IPH 3TOM METOIE PACUSTA OBIT IPHHAT hy =1.

ClcAnEHELE = 3.000 2] =27, zi= 43 zl=0.000 2= 0.000 Alfz=25.0 AfEM=251 bl=40.5 bhl=40.5 kal=1.000 kal=l.000

Pree=00 000000000000 00000 a0 a00a0aDanananonanano 4l D0E2525 41 DOF2525 200 200 19 18
Ql=dddia =444k

n= 700 edhom, P= 138752 H: W= 4000 xBr
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Pmnc. 2. Pe3yIbTaT OPOUHOCTHOIO pacdeTa NpH DpoekTHposarnn mo OCT 1 00258-77.

Cnenyrommpy ImaroM cpaBHeHHA OBLTA (HKCAIIHA TONIIHHEl 3y0a HA BEpIIHHE

Sa = 0.8 (puc. 3). KoadduuueHT BEICOTHI TOI0BKH OBLT paccdHTaH 1o doparyman (1-3).
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Puc. 3. 3aaueHnda reoMeTpHYecKHX HapaMeTPOB OPH NPOeKTHPOBAHHH MO 3aIaHHON

TOIMIEHe 3y0a Ha BepIINHE,



PesynnTar KOMIBIOTEpHOIO MOIEIHPOBAHHA HAOpPAAXEHHII H BHOPAalHH IIpH

NPOSKTHPOBAHHHE I'€OMETPHH IO 3aJaHHOH TOMIIHHE 3y0a HA BEPIIHHE MOKA3aH Ha pHC. 4.

O cHoBHEe mapaMeTpE: 0= 3 000 z1=27. zZ= 48. xl= 0.000 2= 0.000 Alfa=25.0 Alfab=15.0 b= 40.5 h2=40.5 hal=| 214 haz=1 175
GmrE=000000000000000000000000000000000000000000 400062525 41.0082525 20020018 14
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Puc. 4. PesyasTaT mpouHOCTHOIO pacydeTa NPH NPoeRTHPOBAHEH 0 3ATaHHOH TOIMNHE

3y0a Ha BepIIHHE

Kaxk suano w3 pac. 4 u pHc. 2 MeToI NPOSKTHPOBAHHA 10 3aTJaHHOH TOMIIHHE 3y0a Ha
P P op P Y
BEPIIHHE 00SCOSTNT CHIDKCHNE KOHTAKTHBIX HanpmueHud Ha 20 %, H3rHOHBX HAOPLKCHEH

Ha 30%., BeTHUHHEI BHOpanHH Ha 64 %.

BeiBoabl

bnokmpoBouHEIE KOHTYpa. HCIIOIB3YeMBIE NOPH NPOSKTHPOBAHHH AaBHAIIHOHHBIX
3yOUATEIX Nepelay I0IKHBl OBITh CBA3AHEI C COBPEMEHHBIMH METOIHKAMH IPOCSKTHPOBAHHA.
JanHad 3ajada OBLIA pelOeHAa METOJaMH HeIHHEHHOIO IpPOrpAMMHPOBAHHA. HYIO IacT
BO3MOKHOCTD MAKCHMATBHO YIPOCTHTE MPOIEce MPOSKTHPOBAHHA ABHAIIHOHHBIX 3VOYATBIX
mepead.

HenoresoBpaEne MeTOOa OPOSKTHPOBAHHA II0 3AJaHHON TONINHHE 3y0a HAa BEepIOHHE
MO3BONAET CYINECTBEHHO YOPOCTHTER MNPOIECe NPOSKIHPOBAHHA H JOCTHTHYTH YBEIHICHHA

OpOYHOCTHRIX mokasaTench '3}('611&&1.'( ncpedat.



JIEKIIUSA 5

9BOJIBBEHTHBIE IIEPEJAYHU OBOBIIEHHOI'O UCXOJHOT'O KOHTYPA U UX
TEOMETPUYECKUM PACUET

ITo maTepnanam crapu: Anunues O.J1. ['eomeTpuueckuii pacyeT 3BONIBBEHTHBIX II€peIay
0000611eHHOr0 ncxoaHoro KouTypal// Teopus mexanuszmoB u maruH. 2008. Ne 2. Tom 6. C. 60-73



B HacToAmHAN MOMEHT caMoOe MIHPOKOe MPHI0kEeHHE B IPAKTHKE MIPH TeOMETPHISCKOM pac-
9eTe€ IBOIBBEHTHBIX Iepedad Hamwia mpaouyuodsaa meopua (IT), B KoTopoHd OCHOBOIIONIArar-
ITHM HavaaoM ABIAETCA mpaduyuonHuiil ticxoonwsiti kounnp (THK). ITo cymectsy TT cBa3aHa He-
[TOCPeICTBEHHO ¢ H3TOTOBISHHeM 3y0uaThIX Kodec. a TIIK (pHc. 1) IpHHAT B KadeCTBe HCXOITHOMH
0asel 1714 onpedeneHHA IeoMeTpHUIeCKHX (opM H pa3MepoB 3y0UaThIX Kolec H 3y00pe3HBIX HHCT-
pymenToB [11]. TIpu 3ToM reometpua TIIK BmomHe ompeneneHa YeTHIPHMA HE3aBHCHMBIMH TIapa-
MeTpaMH (MomymB 11, YTOI Ipodut HCXOIHOTO KOHTYpa O, k03 (hHITHEHT BBICOTH TOTOBKH 3y0a
h, H K0o>pQHIHEHT paJHAIBFHOTO 3a30pa ¢ ). BOIpekH cBoeMy COBEepIIEHHOMY BHIY H HEOCIIOPH-
MBIM TocToHHCTBaM TT HMeeT OJHH CYMIECTBEHHBI HeIOCTATOK., CBA3AHHBIN C y3KOH 0GIacThIO
CYIIECTBOBAHHA 3YOUATHIX KOJEC H Mepeaat. KOTOPhIE TEOMETPHUECKH OMPEIeIeHbl Ha OCHOBAHHH
THK. Oco0eHHO 0TYETIHBO 3TOT HEAOCTATOK MPOABIASTCA MPH NPOEKTHPOBAHHH 3BOIBBEHTHBIX
KOIIeC C MaJTbIM THCTIOM 3y0beB H 3y09aThIX MepeIad ¢ BRICOKHM K03(QHITHEHTOM epeKphITHA.

J1a pacmHpeHnAs 001acTH CYINeCTBOBAHHA 3BOIBBEHTHOTO 3allellIeHHs H3BECTHBIH PYCCKHIA
yaérbii 3.5, Byarakos H ero coTpyIHHKH pa3padaThIBarOT ApyTyio Teoputo [12], [13], HazBaHHYIO
HMH meopiteil e oboduertvix napavempax (TOIL). OcHOBHBIH I0IX0I. HA OCHOBAHHH KOTOPOTO
crpouTca TOIL ceazaH ¢ orpHOandeM TIIK Kak HCXOOHOrO Hadanaa U4 OIpedeIeHHd 3BOJIbBEHT-
HOH reOMeTpPHH H Ha3HauYeHHE HOBBIX HE3aBHCHMBIX MapaMETPOB, HEMOCPEACTBEHHO CBA3AHHBIX C
3BOJIBBEHTHBIM MPOQHIeM. ITOT MOAX0I B OOIBIIOHN CTENeHH PACIIHPHI BO3MOKHOCTH TPOEKTH-
poBanuA. C momormsio TOII cTamo Bo3MOKHBIM CHHTE3HPOBAThH TaKHe 3y0UaThle MepeaadH, B OT-
HOIMEHAH KOTOPBIX PAHBINE CIHTANIOCh, YTO HX HEBO3MOKHO CeTaTh IPH IBOIHBEHTHOM 3allellie-
HHH. [lonoKHTeTbHBIe Pe3yIbTaThl BCE-TaKH He NMIPHBEIH K MaccoBoMy mpuMeHeHH0 TOII B mpak-
THKE H K H3MeHeHHI0 JeHCTBYIOIOHX CTaHIapToB [16]. IIpHYHHEI 3TOT0, BEPOATHO, 3a70KEHEI B
He3HaHHH TOIT MHOTHMH clIeHATHCTAMH H B HElOIIY/LIPHOH HIee 3Toil TEOpHH, COITTacHO KOTO-
poit TOII opueHTHpOBaHaA He Ha pa3puTHe T1. a Ha €€ OTpHIAHHE.

B page nyOmrKkanHil B mocieaHee BpeMA HaOM0JaeTcA MOBEIMIEHHBIH HHTEPEC K 360.168€H -
HOMY 3ayenieHuo ¢ HecuMMempu4dHsimMy npogunavu. TIpH 3TOM B OJHOH 9acTH TaKHX MyOTHKa-
mai [11], [15] 3anoxens npuananel TT, a B apyroi# gacta [14], [17], [18]. [19] — nprAIHTE
TOII. Hcmonp30BaHHE HECHMMETPHIHBIX MPOQHIeH IPHBOIHT K ONPeIeTEHHBIM TPEHMYTIECTBAM.
CaMeple cyIlecTBEHHBIE CpelH HHX CBA3aHBI ¢ pacIIHpPEeHHEM 00IacTH CYINECTBOBAHHA 3BOIBBEHT-
HOTO 3alleNI¢HHA H ¢ MOBHINEHHEM KOHTAKTHOH MPOYHOCTH B padoueM HallpaBIcHHH JIBH/KCHHA.
BCIEICTBHE YBEMHICHHA aKTHBHOTO YT7Ia MPodHiId 3a CIET TaCCHBHOTO.

HecHymeTpHIHOCTD 3BOMBBEHTHOTO 3allellIeHHA, [0 MHEHHIO aBTOpa CTAaThbH, MOKHO OCY-
MIECTBHTH He TOTBKO MO OTHOMEHHI0 K OOKOBBIM MPO(HIAM, HO H B TAHT€HIIHATHHOM HaIpaBie-
HuH [3], [4], [5] nyTeM H3MeHeHHS TONIMHHEBI 3Y0beB 3a CUST NTHPHHBI BIAIHHBEI TPOH3BOIANIETO
HHCTpyMeHTa. CoBMellleHHe paJHaTbHOIO CMENIeHHA HCXOJHOTO KOHTYpPa H TaHTeHIIHATBHOH He-
CHMMETPHIHOCTH 3y0beB [6]. [7]. [8] u Ha3sHaUeHHEe 06001yeHHo20 ucxodrozo Kowmvpa (OIIK) [1].
[2]. ompeaengemoro GOTBIIHM YHCIOM HE3ABHCHMBIX TapaMeTpoB (pHC. 2). 3HAUHTETBHO pacIlH-
pAeT 00IacTh CYIMECTBOBAHHA 3BOTBBEHTHOTO 3AlICIUICHHA. DTO ABMASTCA NPEANOCBIIKON A CO3-
TaHHA HOBOH oGoduennoti meopuu (OT), B KoTOpoH coBMemarTca npeaMymectsa 1T u TOIL B
3TOH CBA3H B HACTOAINISH cTaThe MpemaaraeTca 0000IMeHHaA MeTOAHKA TeOMETPHIECKOTO pacueTa
BCeX BO3MOKHBIX Pa3HOBHIHOCTEH ITHIHHAPHIECKHX 3BOIBBEHTHBIX Mepead BHEIHEro 3alellie-
HHA, B KOTOPOH BBRIMHCTHTETbHBIE (QOPMYIBI 1A cAMMeTpHIHBIX nepemad (I'OCT 16532-70) mo-
Ty4aroTcA Kak JacTHEIH cIydail IpH HCIOIB30BAaHHH IIPeIT0ASHHBIX (QOPMYyTL.



2. O000meHHBIH HCX0THBIH KOHTVD

2.b. ByIrakos c4HTaeT, 4TO “OCHOBHBIM BHHOBHHKOM OTrpaHHYEHHBIX BOo3MokHOCTEeH TT

asierca TIIK. ITosToMy Ha OCHOBe €ro OTpHUAaHHA 0H pa3pabareiBaeT TOIIl m pacmupseT BO3-
MOKHOCTH TeOMEeTPHIECKOTO CHHTe3a. B 3ToM cMmeIcie mpocTtat gopma THK (em. puc. 1), onpeme-
TAeMadA TOTIBKO UETBIPEMA HE3ABHCHMBIMH IapaMeTpaMH, IeHCTBHTENBHO 3aJep:KHBAcT pa3BHTHE
reoMeTpHUecKoi TeopHH. [lo MHeHHIO aBTOpa CTaThH., MPHYHHBL, OTPAHHIHBAIOIIHE BO3MOKHOCTH
TPagHIIHOHHOTO CHHTE3d. CBA3AHBL HE CYINECTBOBAHHEM HCXOIHOIO KOHTYPA, a C YACTHBIM CJIyYa-
€M ero ompeaeneHHA. Bo3MoxkeH H APYTOH MOAX0, KOTOPRIH. B OTAHUHE OT MOAX0da Byiarakosa,

CBA3aH C HaxokIeHHeM 0000meHHOH lZlJOpMBI HCXOOHOI'O KOHTYpPa. IIOCIe 3TOro.

C IMMOMOINBHD YVT-

BepPKICHHOTO B NMPAKTHKE TPAJHITHOHHOTO NIPHHITHIA “OT MPOH3BOIAMIETO KOHTYpa K 3y0HaTOMY
KoJecy”, JemaeTca pacieT reoMeTPHH 3y0UaThIX KOTec H 3y00pe3HBIX HHCTPYMEHTOB.

BBICOTHI 3y0a h” 1 BBICOTHEBIE K03() pHITHEHTHI MEPEX0IHBIX YYACTKOB g1 . €2 » &1

OUK [TPK1

[TPK2

c

\ !

uexoaublii koutyp (MK)

p

} f

Puc. 1. TpaouunoHHsill HCXOOH BIT ROHIMYD
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B stoit cBa3m npemnoxkennasii ONK (cM. prc. 2). B otamane oT THK, AMeeT HecCHMMETPHY-
HbIe TPO(HIA H ONpeendeTcs He YeThIPhMA, @ BOCEMbBIO He3aBHCHMBIMH [apaMeTpaMHi (MoyIB
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Puic. 2. Q0001eHHBII UCXOOHBITI KOHIMYD



JInaefiaele pasMepsl OMK BRIMHCIAIOT MO CISIYIOMHEM (OPMYIaM

* * A A% A Ak
p=xm, h=hm. g=gm. g=gm. g=g m. g=g, . (1)
*
a He3aBHCHMBIe mapameTpsl THK (0, /1, U ¢) MOTy9ar0TCA, KOTa BEIIOMHEHBL Y CIOBHA

=8 =8 2)

B momatue OIIK. B otanune ot noHATHA TIIK. BKIageiBaeTca Oolee MHPOKHHE CMBICT IIO
OTHOIMISHHIO K MOTydaeMbIM IPOH3BOIANTHM KOHTYpaM. B camom obmeM cayaae OLK ompemenaer
TeOMETPHIO IBYX Pa3HBIX IIPOH3BOIAINHX peeuHbIX KOoHTYpoB. Ilepsorii (ITPK 1) Henomnesyerca i
mpoHIHPOBAHHA HHCTPYMEHTA MISCTePHH, a BTopoi (ITPK2) — o4 HHCTpyMeHTa Komeca. Kpome
TOTO. PacIoI0KeHHe MPOTHBOISKAIMHX MPoHIel B OPOH3BOIANIAX KOHTYpaX MOIydIaeTcd TaH-
TeHITHATBHEIM cMemeHHeM npodmeii QLK (garee HCMOIB3YeTCAd TOTBKO KOPOTKOE MMOHATHE MNdH-
2eHyUAToHOE cateljeriie). CYIECTBOBAHHE MAHSEHYIUATEHO20 CMeN{eH A TIPH OTPeIeIeHHH IPOH3-
BOJAMIHX KOHTYPOB ABIAETCA OCHOBHEIM MoMeHTOM OT. DT0 B 3HAUHTENBHOH CTENIeHH PacIIHPAET

o0m1acTh CYIMeCTBOBAHHA CHHTC3HPOBAHHBIX IICpedad. TaHreHITHATBHEIE CMEIISHHA - 11 H A B

N * *
1

g=da . ?r: =05h-¢". c=

]
g
g

JBYX NPOH3BOIAIIEX KOHTYpaxX H CyMMa 3THX cMemleHHi Xy onpeendtoTcs ypaBHEHHAMH
Xy=xm, X,=x,m. Xs=xm=(x+x,)m, (3)
I1e Xi1. X2 H Xz — Ko3dpunuenTtsl. IIpH 3TOM TaHTEeHIHATBHOE CMENIEHHE IOTOKHTIEIBHOS

(X7>0). ecnm mHpHHa BHaAHHBEI 3y0a IMPOH3BOJAINETO HHCTPYMEHTa cpefHell HpAMOH m1-m
(pHc. 2 ¥ 3) Gomsmre, UeM TOMMHHA 3y6a, H oTpHIaTembHOe (X;<0) B oGpaTHOM CcayUae.
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Piic. 3. CinanodHoe 3auenTenie ecmepril ¢ RPou3eo0auiei peiiroi

OIIK. TIPK1 u ITPK2 pa3mH4aroTca MeATy c0O0H HE TOIBKO M0 OTHONICHHI TaHTeHIIHAIb-
HOTO CMeMeHHA, HO H M0 YHCTY, MECTONOI0KEeHHI0 H BeIHUYHHE MepeXOIHBIX YUacTKOB. B 3ToMm
cMeIcie OIIK ompemendeTcsa 4eTBIPBMA NEePEXOXHBIME V9acTKaMH, 4 B IPOH3BOMANIHX KOHTYpax
3THX YYacTKOB ABa. OHH paclioIoKeHbl TOJIBKO V BEPIIHH 3y0beB. KaK IOKa3aHo Ha pHC. 2.



3. ,:[B}'CTO[]OHHQE‘ CMelleHHe 3B0OTBEBEHTHRBIX KO.1eC

T'eonerprsa 3y0uathix Koec B OT (kak 1 B TT) ompenendeTcs ¢ MOMOINBH IPeaCTaBIeHHO-
r'0 Ha pHC. 3 CTAHOYHOTO PeeuHOro 3alellleHnd. B o0meM coy4dae, Kak BHIHO HENOCPEICTBEHHO H3
3TOH CXeMBl. OTHOCHTEIBHOE MONOKEHHE HHCTPYMEHTa H 3aTOTOBKH MOIYYEHO CMEMICHHEM IIpA-
MomHHEHHBIX npodrnei OITK B ABYX HallpaBIeHHAX — paJHaIbHOM H TaHT€HITHATBHOM. [IpH 3TOM
pagHaTPHOE CMENISHHE OCYINECTBISHO CMENICHHeM HCXOTHOrO KOHTYpa Ha BEIHUHHY X=xm. a
TaHTeHITHATLHOE — CMeTIeHHeM 00okoBEIX npodmrei OIK Ha BeTHIHHy X:=X: 71 10 OTHOIMEHHIO K
HX HOMHHATEHOMY IMOTOKEHHIO. B pe3synpTaTe IBYCTOPOHHEIO CMEMeHHA TOMIIHHA 3YOBEB § H
IMHpPHHA BOAJHH € [0 Ayre JelHTelIbHOH OKPY/KHOCTH (C paJHyCcOM F) IOIYYarTcd pasHBIMH. B
3aBHCHMOCTH OT COOTHOIIEHHH 3THX BEIHYHH H BHIA CMEMICHHA., B 00IeEM ClIy4ae, BO3MOKHEL BO-
ceMb pa3HOBHIHOCTeH 3y0uaTeIX Konec (pHc. 4). Ecnu cpaBuuts ¢ TT. TO TaM pasHOBHIHOCTeH
KOIec TOThKO TPH (HyJTeBOe, paJHaTbHO-TIOI0KATETbHOE H PaHAThHO-OTPHIIATENBHOR).

Jn4 konéc Ge3 cMemeHHA BBIIOIHAETCA PAaBEHCTBO § = €. JTO jKe caMoe paBeHCTBO OyeT
BEITIOTHATHCA H 4714 KOJEC ¢ ABYCTOPOHHHM CMeIMeHHeM, HO TIPH JOMOTHATEIFHOM YCIOBHH:

x, +x(tgo+tgo )=0. 4

Takoe OBYCTOpPOHHES CMCIICHHE HAa3bIBACTCA PDAEHOBECHBIM CMENU{ERIENM.

Buj xoneca (LecrepHu)

i * |
Hynesoe s=e CMelLeHHOe
X=0: Xx1=0
JIBYCTOPOHHO CMELIEHHOE PanuajibHO CMeNeHHOe TanreHHaNnLHO cMEIEHHOE
x#0. xc#0 x#0, x=0 x=0., xx70
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Puc. 4. PasHoeHOHOCMU 3Y0UAMBIX KOleC

Ot BBIOOpa X H X; B OONBIIOH Mepe 3aBHCAT TeOMETPHA 3yOUaThIX KoJec, KaudeCTBEHHBIE
MOKa3aTedH 3alellUIeHHd H Harpy304dHas coco0HOCTh nepefaadud. [IpH 3ToM I7IA KakIoH Iepejaun
qeThipe Ko3(dHITHEATa X;, X1, Y3 H X HA3HAYAOT HHIHBHIYaTbHO, B COOTBETCTBHH C e
npeaHa3HAUYeHHAEM H MpeIbABIASMBIMH K HeH TpeOoBaHHAMH. BeIOop pallHoHATBHBIX KO3(GHITH-
€HTOB CMEIeHHA — 3TO OJHH H3 OCHOBHBIX 3TAllOB FeOMeTPHYECKOT0 CHHTe3a 3y0JaToH IepeJadn
B TIpe/TaraeMoil MeTOTHKE.

4. O000mérHOE 00pA30BAHHE 3B0/ILBeHTHOH Nepelavud BHeNIHeI0 3a0el/IeHAs
[IpHHIIAT. HAa OCHOBAaHHH KOTOpOro oOpa3yeTcd 3IBONbBeHTHad Iepeaada 0000IIeHHOTO

BHECIIHETO 3alCIIIICHHA, IIOACHACTCA C IIOMOIINBH PHLC. 5. Ha HéM IIOKa3aHO BO B3aHMHOH CBA3H
3BOJIBBCHTHOC 3alICILICHHC KOCO'SYﬁbD( KOJIeC H HHCTPYMCHTAIBHBIC 3alCIIICHHA 3THX KOJICC C
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Puc. 5. Q0001HEHHOE I60T66EHIMHOE 3AUENTEHUE




npoH3BoIAMHEME pefikame [TP1 u TTP2 B TopriesoM cedeHHH. O0pa3oBaHHe 0000IIeHHOTO 3alle-
TeHHA CHavala ycTaHaBmHBaeTcA BbiGopom OITK. a moTowm. mocie HazHaueHHA KO3(HITHEHTOB

TAaHTeHITHATRHOTO CMEMEHHA ¥;; H X;. ompenenderca reoMerpua ITP1 u ITP2. Kaxgad m3 3THX
IBYX TIPOH3BOIAMIHX peeK MOKeT OBITh ¢ HYJIEBBIM. HOTOKHTEIBHBIM HIH OTPHIATEIBHBIM TaH-
I'eHITHATBHEIM CMeNIeHHeM GOKOBBIX mpodmued, moka v OIK HeT cMemeHHAI B TaHI'€HIIHAIBEHOM
HampaplIeHHH. Jalee. MOTVICHHBIMH IPOH3BOIAITHMH PeHKaMH H 3aJaHHBIMH KO3((HITHEHTaMHE
PamIHaTIbHOTO CMEIMEHHA X H X, OIpeIendercd reoMeTpH:A MecTePHH H Kolleca B CTAHOTHOM 3alle-
IUIEHHH. BIOCIeaCcTBHE OHH 00pa3vIOT 3aleIlicHHe B 0600MeHHOR 3BONBBEHTHOH nepenade. Ha
pHC. 6 mpencTaplieHa 0000NIeHHaA KIacCH(QHKAIIHA BOIBBEHTHEIX MEPeaad B 3aBHCHMOCTH OT Y-
J0BHI, HaKIaabIBaeMBIX Ha PaaIHATbHBEIC H TAHTeHITHATBHBIE CMEIISHHA.

JBOJILBEHTHbLIE rnepejavu
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Puc. 6. Knaccu@urauua 360,166€HIMHBIX HEPEOay

113 pacyHKa BHIHO, UTO PABEHCTBO (1, = (. XapPaKTEPHOE 1A HyIeBBIX Nepeaat., BBIIOTHACT-
ci B TPEX ciryuadx. B OByX H3 3THX cioydaeB (mepemads “0e3 cMelleHHA H “paBHOCMEIIeHHbIE™
nepeTadd) HeoOX0THMO, 9T00R Xz=X; T X2 = 0 H X:: =X X = 0. B TpeThem civaae HyaeBas

nepeiada MmoayiIacTea ¢ IBYCTOPOHHHM CMEIMEHHEM, KOTMa BRITIOTHEHO VCIOBHE

Xy _

M
2(tga+tga ). (5)
Xy
He]_)e,ﬂ[afiﬂ C TaKHM OBYCTOPOHHHM CMCIICHHCM Ha3bIBACTCA PAIEHOEECHO C.HBH;!E?HHOF? ;repedmeﬂ.
VYcmosre (5) ycTaHaBIHBAST TPAHHITY pPa3/eleHHA MOTOKHTEIbHBIX H OTPHITATETHHBIX Mepead.

5. Odo0menHAS MeTOTHKA reOMeTPHYIECKOI0 PACTETA

K 3agaHHRIM BeIHYHHAM A4 TCOMETPHUICCKOTO pacdcTa OTHOCATCA. HE3aBHCHMEIC ITapaMeT-

* * * AR £ ®

PBI M, O, O A. h.e . g .2 . ggm OlIK m mapaMeTpel =1, 22, €1, C2 3y04UaToH mepegadvs.
Kpome HEX. B COOTBETCTBHH C pellaeMOH 3ajaded. 3aJal0TcA JOMOTHHTEIBHO €Ille IATh H3 Clle-
IVIOMIHX ITeCTH B3aHMHO CBA3AHHBIX MAapaMeTPOB: dy. X1, X1. X2, Xp H B. T eomMeTpHUIecKHl CHH-
Te3 0000MeHHOr0 3allelIeHAA YacTO CBA3aH C PellleHHEM ABYX OCHOBHBIX 3adad. B nepeoill H3 HUX
3adaHbl X1. X¢1. X2. X2 H B, TpebyeTcA ONpeaeInTs MeKOCEBOE PACCTOAHHE ay. BO emopoit 3amaqe
MEKOCEBOE PACCTOAHHE ¢, CUHTASTCA 3aJaHHBIM. Bo3MOXKEH H KOMOHHHPOBAHHEIN BapHaHT. KO-
ra Moclie pemeHnd MepBoi 3a7aul BeIHTHHA (1, OKPYTIASTCA, H ITOTOM pPelIaeTcA BTopasd 3aJada.
[TocnemoBaTeIBHOCTE PEIICHHA NEPBOH 3aJ1avH MOKa3aHa B Tabnuanax 1. 2. 3 H 4. B KOTOPBIX H3-3a
OTPaHHYEHHOTO 00BeMa CTaThH HEeTPaIHIIHOHHBEIC BEITHCIHTETbHBIE (DOPMYIBl JaHEI 0€3 BEIBOIA.



J14 OCYIIeCTBICHHA B3aHMHON CBA3H MEKIY BEIUHCIASMBIMH BETHUYHHAMH H BBIABICHHA HX (pH-
3UYECKOH CYITHOCTH MQIYISHHEIE Pe3yIbTaThl BH3YAIH3HPOBAHEl Ha pHC. 5. KpoMme 3Toro. Ha pHC.
7 moka3aHBI XapakTepHBIE TOUKH IPodHIe H CBA3aHHEIE ¢ HHMH HapaMeTpBL

A Sea
=
a1
.‘, ()

l"v
‘ laA, 'a”A - 3BONBBCHTHBIC
ﬂpO(EHJHd

nl, W'l - nepexonabie

KpHBBIC

Hlimyass 4

Puc. 7. XapaxkmepHsie mouki akmMu6HO20 1 NACCHEHO20 npoduiet

Pacuér ko3ddummenTa mepeKphITHA MO TpeAnaraeMoi MeToaHke OasHpyeTcd Ha oOmeM
moaxoae, omuca"HOM B [10]. OH mpHMEHHM Kak T8 HOPMAThHBIX (HEeMOIpe3aHHBIX), TaK H A
MOpe3aHHbIX 3yGheB (TPAaTHITHOHHBIH ITOIX0] MPHMEHHM TOIBKO T4 HOpPMaTbHEIX 3yObeB). Ha-
JaTbHAA TOUKA ¢ H KOHEYHaA TOUKA b THHHH 3allelIeHHA ONpe/eTAITcA He 0HOH (Kak ¥ Tpaad-
ITHOHHOH METOIHKH), a TPEeMA XapaKTePHBIMH cXeMaMH (prc. 8).

."ﬁ i ()f o
a) Py =Py P20 6) P<P: Pp=0 B) T.p ne cymectsyer (Pp,<0)

Puc. 8. MecmononoxceHiue mommp ﬂOdp("iﬂHH(h‘O Hpﬂtpﬂﬂﬂ o mouru d HAYATA 301 enTeHHA

Pemenne BTOpOfI 3agaqH "[’]J66YE‘T NpedBapHTEIBHOTO ONPEICICHHA YII0B 3alCIICHHA Oy H

A
O 4 (OHH ompeenAroTeA Mo opMyTaM, IpHBeIEHHBIM B Tad. 2). TTocie 3Toro MPH MOMOIIH OC-
HOBHO20 VPABHEHUA 0000UIEHHOZ0 3aljenTeH A

X,y +xy(tgo+tg ah) =(z; +z,)(Inva,, +i11vc1;1, —inva, —i11va;} (6)

HAXOJHTCA CBA3b MEAKIY CYMMAapPHBIMH KO3(QGOHITHSHTAMH CMEIIEHHA Xr H Xr. Jlanee, mocie VIod-
HEHHA 3HAUCHHIH X1. X1, X2, Y H [ PEIICHHE BEITIOIHACTCA TAK K¢, KAK H B IIEPBOI 3a1ade.



Tadonuma 1

Hcxonable TaHHBIE 1719 reoMeTpHIECCKOI0 pac1aeTa

HammeHoBaAHHE He3aBHCHMOI0 HapaMeTpa Obosnavenne| IIpmmep
Moayns m 10
JeTHuTensHBIH YTO HAKIOHA THHHH 3y0a § 22°
_ [MecTepHH z 4
Uncno 3v0peB 1 —
Komeca z,
.e 0
AKTHBHBIH yTo1 npoduna o 32
M -
TIACCHBHBIA YTOT IPOhHITA vl 16"
- *
o 5 K03(pHITHEHT BEICOTHI 3y0a h 2.2
OB6001meHHbIH ¥
HCXOJIHBIH KOHTYP 0 AKTHBHOTO TIPOMHIA MeCTePHH ) 0,12
- Kos¢dn- ¥
1K) [HeHT |HACCHBHOTO NMPO(HIA IIeCTEPHH] 2, 0.15
BBICOTHI *
AKTHBHOTO MPO(]HIA KoTeca 0.14
nepexona | pod g2
MacCHBHOTO MpogHIA KoTeca 25 0.35
- . 0.08
Koadpumnent IIECTEPHH q :
PajHAIBHOTO 3a30pa — o 0.05
KoadpunnenT paau- ICCTCPHH X1 0.31
AIBHOTO CMEMeHHd xomeca X, — 0.18635
Ko>((HIHEeHT TaHreH- IeCTEPHH Xr1 0.27
] A ; -
IHATBHOTO CMEIeHHA Komeca X, 017

Pacuer MexoceBOro PACCTOAHHAA

Tadonuma 2

@, NPH 3aJAHHBIX KOYQQHIMEATAX Y|, X, X H X

Odo3Ha- IIpn-
HamveHOBaHHe mapaMerpa — PacueTHas Gopmy.ia Mep
JleIIHTeIBHOE MEKOCEBOE PACCTOAHHE a a=m(z;+z,)/2cosp 59.3194
Topuossie | AKTHBHOTO npodHIT o, o, = arctg(tga/cosp) 33.9777°
yrael OIK A Ao A 0
TNacCHBHOTO MPOQHIA o, o, =arctg(tga /cosf) 17.1850
Ko>d - | PAAHATHHBIX CMEINeHHH Xy Xy =X, +X, 0.12365
€HT CYMMEI 3 . ) .
¥ TAHTCHIIHATIBHBIX CMEIMeHHH| X g Xg =X, TX, 0.10
2vg (tga+tgo
. X, y+2xy (tgo+tgo
Vrisl 3anennenna - gt 2T EVE <
1 AKTHBHOTO inva, +inva, = . o
(OmpenenaroTes npodua Uy = ) 36,2531
FATS - . M
B pesynbIate +INVo,+mva,
PeOIeHHA . ~
pHBe 1EHHOTH IacCHBHOTO Oy 21,7151°
CHCTEMBI npodus cosd,, Ccosd,
ypaBHeHHI) — = "
cosd,, COsd,
cosa, )
Mexocepoe pacCTOAHHE a, a,=—a———. HIH 61
Cosd,,







M
cosa,
a,,=ad———

. o
COS U,

Tabnuoma 3

rE'O_\IE'Tpﬂ‘IE'[‘KKE' PasMepbl H MapaMeTPhI ROJIeC

Odo3Ha-
HamMmenoBaHHe mapamMmeTpa JeHHe PacuetrHas gopmy.1a IIpuMmep
- : . / 0.3063
Koaddpuunent AKTHBHOTO c o —0.5(h" == sin2a. /¢ o e
Hanﬁgﬁmem Ipodms Xpin ¥; min=0-3(h —z;8in"a, /cosP) —g; 02190
Cememiz [[ACCHEHOTO)  » N 05 = sin?a” feosB)— o 0.7617
IpoduIA Y nin X; min=0.5(h —z;sin"a, /cosP)-g; 0.4205
KosddumneHT HaHMeHEBIIETO —_ A
. A — _ —05
TAHTEHIHATPHOTO CMEINEeHHs N min X i min= Yr2min= 0.3/ (tga+tga )—7] |-0.5680
- - F * . A A
Koa)hHIIHEHT MaKCHMATLHOTO » Xr; ma= 057—(05h —g;)tgu—(0.5h —g; *jtgﬂ_ — | 0.2705
TAHT€HITHATPHOTO CMEMeHHA ~rmax * 0 Ak 0. A 0.0388
~ g/ 1g(45%+0/2) - g tg(45%+ 0" [2)
. 43,141
JleTHTEeNbHBIH THAMETP d d; =mz; [cosf 75497
. 35,7752
aKTHBHeIL |  d, dp; = d; cos - _
. 62.6066
OcHOBHOH THAMETp
X A g d — d cosa’ 41.2154
MaCCHBHEII 5 pi =d; COSU, 72 1269
. 27.341
JTuameTp BIAIHH d, d,=d —(h —2x)m 49.770
- =29 /(= /= ;
HauansHEIi mecteprn|  d,, d,=2a,/(z,/z,+]) 44,364
AHAMETP KoIeca 2 d,=2a,-d, 77.636
MIECTEPHH| ¢ ¢, =cm 0.8
PannaneHbIHA 3a30p - -
KoJeca c, Cy =y 0.5
Koa HITHEHT ABHHTEIBHOTO / .
b cxiezlqlpemm Ay Ay =x; —(a,—a)/m —0.0444
dy=2a,-d., - 2c;m . um _
mectepEa| d, Y, - _ 70,630
JlnaMeTp BepIIHH d =d+2mh /2 —c+x—Ay)
3y0beB d,, =2a,—d, —2c,m um
Koleca d, K 93,659
d_,=d,+2m(h /2 —cy+x,—Ay)
Oxpy:KHadg JeTHTeNbHAA m T N 229012
TOIIIIHHA 3y0a B TOPIOBOH 5, Sp = [+ x5+ x;(tga + tga )] I;"”-'G
IITOCKOCTH cosff 2 3.2
21 9
,I[eﬂmejbﬁag HOpMaIbHAA s s; =5, cosp 21,234
TOTITHHA 3y0a 12.309
r \ / 59.5678°
Vronmpodmma | AKTHBHOIO o a,; =arccos(dy; /d,;) 59.5678
a ai bi [ Yai a0
B TOUKE Ha mpodua ! 48,0520
OKPYAKHOCTH acCHBHOTO A *_arccos(d’ 1 54.2009°
BEpIIHH Y — 0g Og; = arccos(dy; /dg;) 39.6367°
v . vl ; : 0
YTOII HaKJIOHA JTHHHH 3y0a Ha B, B, =arcte(d tgp/d.) 33_.}8300
TIOBEPXHOCTH BEPIITHH / 26,6208
TommuAaa 3y0a Ha IOBEPXHOCTH 1.6035

BCPIIHH B TOpIIOBOfI IIIIOCKOCTH

. P A
Stai=d gitm /224 [x;(tguriga )+ .\*”-]/:j,-Jr

1.4705




+(Inv o, +inv o_;“)/z —(inva,;+inve,;)/2}

HopnanbsHas TommuHa 3y0a . s . =s, ;COSP,; 1.337
Ha MOBEPXHOCTH BEPIIHH “a Cai .l at 1.315
OnpenenatoTca B Pe3yIbTaTe PelIeHHA CHCTe-
MBI YPaBHEeHHH: o, =4
. ~ NV 0. +inv 8. = inv o +inv o 519°
VTo71 OKpYAHOCTH ?ﬁ‘fffp'ﬁf’f 5 mv &;+mv e, =1nvo,+inva, + 60'0% 190
3a0CTpeHHA POOIH 48.8599
o N .
BEPH;%H;II?:WB HaCCcI;BHOTO 6 +[7+2x,(tga+iga )+2x,,]/z; z, =7
mpoduIa 5/ 0
P cos B; cos o, 34‘§914D
A A —1'0. 165
cos 0; COs O,
A
JHaMeTp OKpYKHOCTH _ d de=d cosa, d Ccos a, 71.663
3a0CTPEHHA BEPINHH 3YObEB A AT T — =4y A 95.161
cos8; cos6; =
Ipr x;, = x, . -
. e * [
axmporo | p;;=0.5d; sina,— m[0.5h — g; —x;1/sin0; | (o668
mpouLA ! IIpH X< X, 0 0.5847
- kS _ o2 .-'{ ) £
Pagnyc KpHBH3HBI pr; =m[0.5(h —z; sin” 0, /cosP) —g; —x;]
3y0a B IrpaHHYHOH o
TouKe Ilpu x; = x, ¢
A ) n * ke .'"ll - ~
[1ACCHBHOLO o p,=05d;sina, —m[0.5h —g; —x;]/sina; | 45179
] I 2
mpo QA Tpn x,< x._ 6.0682
M £ .7 A Ak
py; = m[0.5(h —z;sin"o, /cosﬁ) —g —x]
IIpu
4cosP[0Sh'—g —x:] 0
. 4cosP[05h —g; —x; -
AKTHBHOTO o x2x, > g0y =tgd, & Y 0.41390
yuacTKa I = = = sin2a, 1.0701
TIpH X, < Xy —> 120y =2py; [dp;
Yron npoduni :
TPaHHYHOH TOUYKE [Ipu X=X, . —>
* Ak
IaCCHBHOTO A ted =teq 4cosB[05h —g; —x;] 12.3631°
V4acTKa a; ST SN - sindo 9.5514°
=1 T
M PN N
Mpu x,< X, —> 1g0;; =2p;; /d,.
d;j=dy; /cosa; . mm .
AKTHBHOTO d . 35,7755
mpodHIa I 42 2 62.6175
JHaMeTp OKPYK- dy= 1\.'0’ bi + 4P
HOCTH B TPAHHY- " " "
HOi1 TOuKe dy;=dp; /cosa; . B R
macCHBHOTO|  ;* 42,1938
npoduIa ! [ n ~ 73.1409
pod dy;= \.'Idbr'z +4p;;
) tgo ,=tga,, —2,(tgu,—tga,,)/z|  Ecam
Vroa mpodui s AKTHBHOTO - too, <0 |3 9767°
HIDKHEH KOHTAKT- | uairpn 0oy et (& X gUpi= 10.1842°
HOH TOYKE g0,=18a,,,~ 5 (18 &~ 18a;,,)| Touka p me |+V-15%2
CYIIeCTBYeT




tzapl_r Uy, 25 (120, — tgay,)[Eem
nmaccHBHOro|  ~ gg;f::o —19.5153
TACTKA / _ 5
I Tga}zz rgu;t—:1(tgugl—rga;v)j:‘mtmap He 9.6145
CYIIECTBYET
Ecmn
aKTHBHOTO P p1= Gy, SN, —0.5d;, t2 0,y ) 1.2435
P P pp!
mpodu1n P Pp2=dy SIN 0, — 0.5dp1 18041 {rouka P He 3.6234
Pagmyc KpHBH3HEI CVITTeCTEYoT
3y0a B HHKHeH hi Y
KOHTAKTHOMH TOUKe " A ” " Eiﬂ”
maccHBROro| 2 P p1= 0y, $iNUp, —0.5dp, tgd,) ppi<O -7.3038
IpoQHIa ~ o PR A
p [1) P J'Opﬂ = (?'h_ SH]O_’N_ — 0":\('?.{:1 l'gC(ﬂl TOUKa p He 6.1091
CVIIIECTBYET
d,i=dp; /cosd, ;. HIH .
aKTHBHOTO | g pi— ©bi . Pl 35.8615
npopuing P | 72 2 3,
JIHaMeTp OKpyK- pod d pi= ldi; + 4sz‘ 63.6088
HOCTH HHKHeH
KOHTaKTHOf TOUKH d ;= fsz /cosa, ;. HIH
MacCHBHOTO d’ # -
npoduna P 2 _
dj; Z\Jdpi +4ppi

HpHMC‘IaHHCZ

1) Bo Bcex 0003HaueHHAX HHKHAN HHAeKC 7 paBeH | mmm 2. Coygait 7 =1

OTHOCHTCA K mecTepHe H ITPK1: cay4ait i = 2 OTHOCHTCA K Icouecy u [TPK2

2) Pacuer mmametpa d, (d

) He IPOH3BOJHTCA. €CIH Uy

Oﬂpps 0 (U

<0 IIP;:-‘CSIO).

Tadmnuoa 4
Pacdger Ko3()(pHIHEHATA HepeKPLITHS NPH OPAMOM H 00PATHOM HANPABJI€HHAX BPAlLleHASA

H 0Obo3HAa- P ) IIpn-
aHMeHOBAHHE MapaMeTpa JeHHe acueTHasi popmy.a Mep
OCHOBHOI! Iar B TOPHOBOH IIOCKOCTH| Pp=mcosd, [cosp 28.0978
(aKTHBHOML, IacCHBHOIT) Po- Py py=rmcosa, /cos 3 32.3704
TeopeTHUecKHI YYaCTOK JIHHHH . A .~ 36,0729
P ‘ i i ‘FAB‘ I B FAB = Ay, SHL 0y, ! B Gy SILU,,, o)
3alleINIeHHA (AKTHBHOM, TIACCHBHOM) 4 - 4 22,5695
IIpH X, 2 Xy —> [ 4q=P
akTHBHOH | [, [Ipn x,< -‘fmmH Pn=Pp1 —> Lig=pp | 1.2435
HepaGounit HauaabHBIH [pu X< Xy T PP p1 = ! 4a=Pn
YUaCcTOK THHHH - ;"
3aleNIeHAA PH X 2 Ny = L gg ppl
i A .
naccuBHOH | [, Ipu x; < x,, . H p;lippl - ‘Fdda:ppl 4.5170
A B A A . A A A
Ipa X, <X B Pp>Ppy = [ =Pn
TIPH X = Xy —> Igp=Pp
AKTHBHOI fﬁb ITpn x,< x, . H p;z$p2 — !?Bg; Pp2 | 5.6234
HepaGoumii KOHEYHBIIT TIpH X, < X0 B P1o>P o = Ip=Pr2
YYaCTOK THHHH
3alenIeHna Hpn X, 2 X —> Iy Bb™ sz
. - ~ A ~ -,-_ A - A _ A -
maccusHO | /5, | IIpu x,<x,  H p;r,;ppz — [ Z]_pp2 6.0682
ITpu \* ,,MH p;f, p'pZ — J’Bb p;z




Padounii y9acTOK THHHH 3allETVIERA | ;  ;» I =] ] —]. - pi=p _ph g |29:2059
(aKTHBHOIL. MACCHBHOIA) ab* ab ab 4B da 'Bbr  Tab 4B “da 'Bb 1] 0843
A
KoaqpaIEeHT TOPIIOBOrO MEPEKPBITHA e & . L N [ ab 1.039
(AKTHBHBI. TTACCHBHBII) a-"a - P4 ’ a pA 0.370
b
b, =min(b: b ,)
Pabodad mupHHA 3aellIeHHA b, " 1w 100
b, - muprHa mectepus, b, - mupHHA KoTeca
KoadduiuedT oceBoro nepekprITHA - e el by, sinf3 1192
(AKTHBHBIIL, TTaCCHBHEIIT) P- =P BT T o
Koshduupuent mepekprITHA A A A 2.2
(?(b HT TICPEKPEL] e " E=€4+8: & =84 +Ep -
(aKTHBHEII, TACCHBHEIIT) 1.56

_KoHel
3ayenienis

XapakTepHbie
VUIaCTKH THHHH
3alleIlIeHAA

KoHel
AW ENACHUA

IIpumegarnue: 1) Touka A—Hagalo TeOpPeTHISCKOTO YUACTKA THHHH 3alellTeHHA.
2) Meto pacueTa—0IHH H TOT K€, KaK 1714 HOPMaIbHBIX, TaK H A4 ITOJpe3aHHbIX 3y0BeEB.

6. HpOBE‘pR:’I KaveCTBa 3ACILICHHAA

KauectBo 3y0uaToil mepesaun Oa3sHpyeTcd Ha HeCKOTBKHX I'eOMETpPHUECKHX IOKa3aTeldx,
OIpeIeIAOMHAX TPAHHIEI 00IacTH €€ CYIIecTBOBAaHHA. B XoIe reoMeTpHIECKOro pactieTa MpoBe-
PAIOTCA IATE OrPAaHHYHTEIRHBIX YCIOBHH. CBA3AHHEBIX C: 1) peatsrwiv cyviyecmeoearuem OHK:
2) nodpezaniiem 380.1beeHINHLIX npogieli: 3) saocimpentiem 3vovee: 4) unmepghepenuedi € zaiyen-
Jenur, 5) xoagghuyueninonm nepexpoiniiA. BhIToTHeHHe ycT0BHA | MPOBepAETCA BBIYHCISHHEM
Xt min H Xt mgy 10 (DOPMYyTTaM, IPHBEAEHHBIM B TaOI. 3. XapaKTep OCTAIBHBIX UeThIPeX OrpaHHYIH-
TeBHEIX YCIOBHH, IO CYIIECTBY. TOT /K€ CaMBIH. UTO H B TPAIHIHOHHOH MeToanKke. B obmeM ciy-
Yae 114 ACCHBHBIX NpoQHIell JomycKaeTca olpedeléHHOe Toape3aHHe [9]. BeIeACcTBHE KOTOPOro
BBIIIOTIHEHHE YCTOBHI 2 H 5 He o0A3aTensHO. IIpoBepka ycinoBHA 4 B 00meM ciIydae CBA3aHA C
IpeaBapHTEIbHBIM ONpeaeIcHHEM MECTOMOTOKEHHA NOoCHeIHEll KOHTAKTHOH TOYKH P B COOTBET-
CTBHH C TIOKA3aHHBIMH Ha pHC. 8 TpeMA pasrpaHHUIHTEIBHBEIMH CIydagMH. ECIH IIpH OpoBepKe Ka-
K0e-TH0O YCIOBHE OKaKeTCA HEYJOBIETBOPHTEIBHBIM, CIIeAyeT, B 3aBHCHMOCTH OT KOHKPETHOH
3a0aYH. H3MEHHTB X1, Xq1. X2 HIH Xr. B OTINBHBIX CIIydasgx MOKET 0Ka3aThCAd HeOoOXOOHMBIM H3-
MEHHTE H IpYTHE BeTHUHHEL [locie TakuX H3MeHeHHH Bce IPOBEPKH TOBTOPAKOTCA.

7. UncaeHHBIH IpAMep

B kauecTBe 4HCIIEHHOTO IIpHMepa A HILUTIOCTPHPOBAHHA BO3MOKHOCTEH 0000MEHHOH Me-
TOJHKH BRIOpaHa 3y0UaTad mepefada ¢ 2y = 4 B 2p = 7, KOTopad, COITTacHO H3BECTHEIM MeTOIHKAM
[15] u [16]. aBnsgeTca HeocymecTBHMOH nipH B= 0 BcaeacTBHE HETOMYCTHMO MATOTO KO3(DQHIIH-
€HTa MePEeKPHITHA (£, < 1). UnCIeHHEIE 3HAYSHHA BXOTHBIX MApaMeTPOB, HEOOXOMHMEIX 17 Teo-
METPHYECKOI0 pacuera. MpHBEASHEI B Ta0I. 1. I13 HEX BHIHO. UTO Iepedada ABIASTCA KOCo3y0oi ¢
HeCHMMETPHIHBIMH IPOQHIAME (0. # o ), 3yGUaThle KoTeca HMEIOT PaJHATHHEIE H TAHTeHIIHATb-




HEle eMemeHn (x; # 0, vy # 0, xg # 0. x» # 0). a OIIK HmeeT pasHBle 3HAYCHHAA BeIHIHH g; H C;
* A

7

M *® &

E
(@1 #F22#%g1 #2 #c1 # ) CHavama 3a7ada IreOMeTPHIECKOTO CHHTE3a pemmaerca o ¢op-
My1aM Tadia. 2 OpH 3aJaHHBIX X1, X2, X;1 H Xp. B PE3VIBTATE UETO HAISHO MEKOCEBOE PACCTOAHHE

. JI1A 3TOH LieH NpeIBapHTeIbHO ONpedelle bl YIUIEL 3alelllIeHHd O, H G“,A C IIOMOLIBK IIPHBE-
JIeHHOMH B Tadl. 2 cHCTeMBI YPaBHEHHI H CHENHATbHO pa3paboTaHHOH mporpamusl [5]. ITotom mo
dopmvymaM Tadn. 3 H 4 ompeiendroTcA OocTalbHBIE TeoMeTpHUECKHe pa3Mephl 3y04aThIX Kolec H
napaMeTpsl 3y04aroil mepenaud. UHclIeHHBIe 3HAYEHHA ONpedeldeMbIX BeIHUHH 3allHCAHBL B IIO-
caexHell KomoHKe Tadmum. Pacuer yriaoe O u O " OIpeNeAIOIHX 3a0CTPEHHA BePIIHH 3yObeB,
OCYINeCTBIAETCA IMyTEM pellleHHA BTOPOil cHCTeMBl TpaHCIeHISHTHBIX ypaBHeHHH. B pesyiprate
CIeTaHHBIX PacieTOB H MPOBEPOK OTPAHHIHTETBHBIX YVCIOBHEH yCcTaHaBIHBAaeTCA PadoTOCIOCOD-
HOCTh CIIPOEKTHPOBAaHHOH Iepefaud. I[lomydeHHBIE pPe3ylIbTaThl HCIIOIB30BAHEL IIPH IIOCTPOSHHH
Ha pHC. 5 B MacIITade cTAHOYHOIO 3alEeIUIEHHA IBYX KOJIeC H KapTHHEL PEalbHOIO 3aLeIlIEHHT KO-
neca. KoaddHHaeHT TopHoBoro mepekpsITHA 3TOH Mepeqadd (¢ MaTbIMH YHCIAMH 3y0beB) B ak-

THBHOM HAIIPaBIeHHH BPAIIeHHA NOTydaeTca £, =1,039.
8. 3ak1rouenne

HpPIBC,E[CHHBIf.‘ q)OpI\Iy.HBI TSCOMETPHUCCKOr0 pacucTa MHIHHAPHICCKHX 3BOIBBCHTHRIX IIEpe-
Oa9 BHCIIHETO 3allCIIICHHA OTHOCATCA K CaMOMY O[F)I.II{‘_\[Y CIyUar. KOTOa 3allCIlICHHS KOCO'SYﬁOE.
JIBYCTOPOHHE (]JE[.E[HEII[BHO H TEIHTEHHHE!IBHO) CMEIEHHOE, ¢ HeCHMMETPHYIHBIMH l'IpOElJH.T.ﬂ_\[H. C
IBYMA HCOOHHaAKOBBRIMH padHaIbHBIMH 3a30paMH. C pa3’HBIMH II0 BEIHITHHE MNEPEXOIHBIMH VHacT-
KaMH. C IIOJpe3aHHBIMH H HEIIOIPe3aHHBIMH H]_)O(bHJl}IMH. 9"[')( METOIHEY MOKHO IMOJIB30BaTh IIPH
KaKI0H JacTHOMH Pas’HOBHIHOCTH 3BOJIBBEHTHOI'O 3allCIIIEHHA. Oe3 HeoOXO0THMOCTH MIpPHBISYeHHA
HOBBIX pPaCICTHBIX CbOpI\IYI. B MPAKTHICCKOM CMBICIIE 0000MmeHHAA MeTOIHKA 00eCIIeYHBaET BO3-
MOKHOCTh CO3IAaHHA OJHOTO OOIIETO nporpaMMHOIO IIPOAYKTa O14d KOMIIBIOTEPHOTQ MPOSKTHPO-
BaHHA BCEX BHIOOB 3BONBBCHTHERIX II€pPEIat BHEONTHETO 3allCTICHHA.



JIEKLIUS 6

NPUMEHEHUE OITUMU3ALIUOHHBIX METOJ0OB U UHTEPAKTUBHOI'O
BJIOKHUPYIOIEI'O KOHTYPA IIPU BBIBOPE KOO®PUIUEHTOB CMEIIIEHUA
(KOPPUTUPOBAHUUN) IMWINHAPUYECKHUX 9BOJIbBEHTHbBIX 3YBYATBIX
INIEPEJAY BHEIHTHET' O 3AHEIVIEHUSA

IIo maTtepuanam crarbu ['onoBanéB B.A. [IpuMeHeHnE ONTUMHU3ALIMOHHBIX METOJIOB U
MHTEPAKTUBHOIO OJIOKHMPYIOLIEro KOHTYpa MpH BbIOOpe KOAPPUIIUEHTOB CMEIICHUS

(KOppUTHPOBAHUM ) WJIMHAPUYECKUX IBOJBBEHTHBIX 3y0UaThIX Mepeiad BHELUIHETO 3alleIIeHUs
/ CAIIP u rpaduka. — Hos6ps 2014 — C. 2-6

TpebGoBaHMsI K MOBBIIIEHHON MPOYHOCTH, AOITOBEYHOCTH, N3HOCOCTOMKOCTH U TUIABHOCTH
paboThl 3yOuaThIX nepeaayd ObUIH, €CTh U Oy1yT NIPUOPUTETHBIMU IPU IPOEKTUPOBAHUN
3yOuatbix nepeaad. Lllnpokue BO3SMOXKHOCTH I yOBIETBOPEHUS ATUX TpeOOBaHUN
IPEJOCTABIISAET TaK HAa3bIBAEMOE KOPPUTHPOBAHHUE HBOJIBBEHTHBIX 3y04aThIX Kojec. CyIHOCTh
KOPPUTHPOBAHUS CBOJUTCS K UCIIOJIB30BAHUIO PA3IIMYHBIX YYACTKOB OJHOU U TOM K€
3BOJILBEHTHI. KoppUrupoBanue Npon3BOIUTCS ITyTeM U3MEHEHUS MOJI0XKEHUS (CMEIIeHNs)
MHCTPYMEHTA OTHOCUTEJIBHO 3aTOTOBKH B CTAHOYHOM 3alerieHuu. FIMeHHO KoppurupoBaHue
MO3BOJIIET O€3 MaTepualIbHBIX 3aTpaT C MOMOIIBIO0 CTAHAAPTHOTO HHCTPYMEHTA U3MEHSTh
dbopMy U pazmepsl 3yObeB, BApbUPOBATh KaUECTBEHHbIE MIOKA3aTeNIN U HATPY30UHYIO
CIIOCOOHOCTH Tepe/iauu, BIIUCHIBATD Mepesiady B TpeOyeMoe MeKOCEBOE PaCCTOSIHUE, a TAKKe
MPOEKTUPOBATh pabOTOCIIOCOOHBIE Nepeaaun, (yHKIMOHUPOBAHHE KOTOPHIX MPHU HYJIEBBIX
CMEIIEHUSX MPOCTO HEBO3MOXKHO (HAIIPUMED, C MATHIO-IIECTHIO 3yObsIMH Ha MaJIOH IIECTEpHE).



[Toka3zarensiMu, OTpakaroIIMMU KOPPUTHPOBAHUE 3yOUaTON Napsl, IBIAIOTCA KO3(PPUIHUEHTHI
CMEILIEHUS UCXOJHOT0 KOHTYpa — X1 1 x2.

HarnsgaeiM cioco6oM 0ToOpa)xeH s 3aBUCUMOCTH T€OMETPUUYECKUX ITapaMeTPOB U
Ka4eCTBEHHBIX MMOKa3aTesel nepeaadu oT Ko3(h(HUIIMEHTOB CMEIIEHUS SIBJISIIOTCS. KPUBBIE,
MOCTPOCHHBIE [T KaXKI0T0 COUETAHUS YHCeI 3yObeB nepeaayuu z1 u z2 B INIOCKOW cCUCTEME
koopauHar x1 u x2. OTa cucrema KoopauHat Obuta peanoxkena M.b. I'pomanom [1], a B
JanpHeieM noyyuia pasutue B pabotax B.A INaBpunenko [13] u koinexkrusa,
BosriasisieMoro M.A. bonotockuM. Umenno B.A. ["aBpriieHKO NTpeiioKuil TEPMUH
«OJOKHUPYIOMIMIA KOHTYp 3yOuaTol mepenadmn».

Cytb 6nokupyromiero kourypa (bK) — puc. 1 [2] cocTouT B TOM, 4TOOBI Ha TIIOCKOCTH
KoopauHaT x 1, X2 B BUjie HA0Opa JIMHUH IMOKa3aTh OCHOBHBIC OTPAHUYCHUSI, B IIPE/Ieiax
KOTOPBIX Oy/IeT oOecrieueHa KNHEMATHIECKH MTPaBUiIbHAsL padoTa 3y0uaToii nepeaay.

TakoBbIMU OTpaHUYEHUSAMU (U30JIUHUSAMU) SIBJISIOTCS:

* [IPEJICIBHO JIOMYCTUMOE MUHUMAaIbHOE 3HaUeHHE K03(p(PHimeHTa TOPIOBOro MEePEeKPHITUS £0L =
1 (mpu €a < 1 Oyzaer HapylleHa HENPEPHIBHOCTD 3allCIIEHUsI 3yObEB B IIepeiayue);

* uHTEepEpEHINS B paboveM 3aleIICHIH,
* 'PaHMUIIBI IOIYCTUMOTO MOAPE3aHHUS;

* [IpeJIEJIbHO JOIYCTUMOE MUHUMAaIbHOE 3HAYCHHE HOPMAJIbHOM TOJIIMHBI 3y0a Ha MOBEPXHOCTH
BEpIINH 3yObeB sna = 0;

* cpe3aHue 3y0a 3y0uaroro kosueca 3y00ope3HbIM J0JI05SKOM MpH 00paboTke Koseca
UHCTPYMEHTOM.
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Pucynok 1 — biiokupyromuii KOHTYp Iepeauy BHEIIHETO 3aLeTUIEHNs], COCTaBICHHON U3 KOJIEC,
HapC€3aHHbIX PECYHBIM HHCTPYMCHTOM

BryTpu 610KHpyOIIEro KOHTypa MOTYT OBITh IPOBEACHBI TMHUH YCIOBHBIX TPaHUII, 32
KOTOPBIC MTEPEXOIUTH HE peKoMeHayeTcs: €a = 1,2, sna = 0,4mn, muauu X1 = Xxminl u X2 =
XMIN2, orpaHUYMBAIOIIKE HAYAJIO TOApEe3anus, a Takke guuust X1 + X2 = 0 (mpu pacuete
nepenavu mno kodpduirienTam cmelienus) win JuHus x1 + x2= xX (mpu pacueTe nepeiayu ¢
(UKCUPOBAHHBIM MEKOCEBBIM PACCTOSTHHEM ).

Kpome Toro, mpeacrasisieT HHTEPEC JIMHKS BRIPAaBHUBAHUS YACIbHBIX cKobkeHui (JIBYC) B
HIDKHUX TOYKAaX aKTUBHBIX TIpoduuieii 3yoseB Op 1= 0p2. [1o cyTu, sTa TUHUS SBIASETCS



KpUTEpPHUEM U3HOCOCTOMKOCTH Tiepenayu. Beinenenue stoit muann Ha BK Ob110 cnenano M.A.
bonotoBckum [3] Ha ocHoBanuu padot A.U. dukepa [4].

MHorue y4yeHble 3aJaBaJIMCh BOIIPOCOM O IMIPUHIMIAX PALMOHAIBHOrO BhIOOpa K03 (PULIMEeHTOB
cMmelenus. He BeI3bIBatoT comHeHM BbIBOABI M. A. bonoToBckoro [3] o TOM, 4TO apameTpsl
paLMOHATILHON KOPPEKLIMH 3aBUCST OT yCIOBUM pabOTHI M BUa Hauboee BEPOSITHOTO
paspyieHust 3yObeB, OT MaTepHaJiOB, U3 KOTOPBIX M3TOTOBJICHBI KOJECa, U UX TePMOOOpPabOTKH,
OT c1ioco0a U3roTOBIICHHUS 3y0UaThIX KOJIEC, OT Kilacca TOYHOCTHU IepeJayuu U T.1.

Bornee noapobHast uHpopManus 00 UCIOIB30BaHUHU OJIOKHPYIOIIUX KOHTYPOB IIPH
MPOCKTUPOBAHHUU 3BOJIbBCHTHBIX HUJIMHAPUYICCKUX NICPEaAaY JaHa aBTOPOM B COBMECTHOM CTaThe
¢ npoeccopom JI.T. babuuessim [13].

MeTo/1b1 ONTUMHU3ALUHU, UHTEPAKTUBHBIN OJIOKUPYIOLIUI KOHTYpP U pacueT nepeaadn

Co3znanue anb60MOB GJIOKUPYIOIMX KOHTYPOB 3y04aThIX Mepeiad KOJICKTUBOM 0]
pyxoBoactBoM M. A. bonotosckoro [8, 9, 10] obecnieuno KOHCTPYKTOPOB U pacu€TUYMKOB
MOIITHBIM HHCTPYMEHTOM 10 MO00PY K03 (HUIIMEHTOB CMEIICHUS, OHAKO HE PEUIMIIO 33aa9y
ONITUMAIILHOTO BBIOOpa mapaMeTpoB Koppuruposanus. [logdop ko3 duimentor TpedoBai ot
KOHCTPYKTOpa OMPEIeTICHHBIX MPOPECCHOHAIBHBIX HABBIKOB U HEOJHOKPATHOTO BHITIOJIHCHHS
TPYIOEMKHUX PAacUeTOB IepeaayH.

C nosineanem [19BM 3a1aua mocTpoeHUs MHTEPAKTUBHOTO OJIOKUPYIOMIETO KOHTYPa yiKe
pemanach [11], oqHAKO OCHOBHOM 1EJIBIO MTOCTPOEHHUS OBLIIO UCTIOJIb30BaHUE TIPU
WHTEPAKTUBHOM IPOEKTUPOBAHUU MHOTOKpPATHO cTposuxcs bK, Ha KOTOphIX B mporiiecce
MIPOEKTUPOBAHUS U3MEHSUIMCh TPAHULbI OJIEH JOMYCTUMBIX 3HAUEHHUM U NepeMenanych JIMHUH
KaueCTBEHHBIX MOKa3aTesne.

B Hacrosimiee Bpems 3a1aueil onTHManbHOTO BbIOOpa K03 (HUIIMEHTOB CMEIIEHUs 3y0UaToii
nepenadn JOJDKHA 3aHUMAThCsl KOMITBIOTEPHAs IPOrpaMMa, UCIIONIb3YIOLas Ul IIOUCKa
peleHni MeToIbl ONTUMHU3aLKKU. B TaHHOM ciydae npoekTupyemas 3y0daras rnepejnada
MIPEACTABIISICTCS B BUAE MAaTEMAaTUYECKON MOJIEIIN € 3aJaHHON COBOKYITHOCTBbIO KPUTEPUEB U
CHUCTEMOM T€OMETPUYECKNX OTPAaHUYECHMI 10 ITapamMeTpaMm 3auerieHus. A nHTepakTuBHbIN bK
JIOJIKEH CIYKUTh YOOHBIM CPEICTBOM BU3yaJIM3allMM CUCTEMbI OTPAaHUYEHUHN U TUHUI
KAa4eCTBCHHBIX ITOKA3aTeIeH 3alCIUICHNU.

UYro xe mpencraBiseT co00i MaTeMaTnueckas Moiens 3youaroi nepemaaun? [lo cyru, 3To
reoMeTpuueckuii pacueTt, BeimoaHseMbii mo ['OCT 16532-70 [6], u pacueT Ha TPOYHOCTb,
BeImostHsieMbIi 1o ['OCT 21354-87 [7], ¢ neneBoit pyHKIMEH, BEICTPAaUBaeMOM 110 OJTHOMY HIIH
M0 COBOKYITHOCTH KPUTEPHUEB.

st moctpoenus muaMi BK, moMuMo mMaTemaTudeckoi MoIeny 3y04aToi nepeaadu,
HEO0OXOIMMBI METOIBI TIOMCKA JIMHUN SKCTPEMYMOB JIJISI TEX WJIM MHBIX TIOKa3aTesei
(reoMeTpUYECKHX U MPOYHOCTHBIX) B ABYMEPHOM I10JIe 3HaYCHHUH KOA()(PUIIMEHTOB CMEIIICHUS.

DTH acMeKThl ObUIA UCTIONB30BaHbI IPH pa3padOTKe MOJACUCTEMBI pacuyeTa U BrIOOpa

KO3 (UIIMEHTOB CMEIIEHHUS ISl MOYJIsl pacyeTOB HMJIMHIPHUECKOH 3y0uaToi nepeaadn
BHEITHETO 3a1ierieHus (puc. 2 u 3), Bxoasiiero B komruiekc nporpamm KOMITAC-GEARS,
KOTOPBIiA, B CBOIO OUYEPE/Ib, SBISIETCS YaCThIO pa3pab0TaHHOTO aBTOPOM CTAThH MPUIIOKCHHUS



«Banbl u Mexannueckue nepeaaun 3D» ais cucremsl TpexMmepHoro moaenuposanuss KOMITAC-
3D poccuiickoit komnanuu ACKOH.

FreomeTprMuecKkri pacueT

Pucynoxk 2 — JluanoroBoe okHO «I'€OMETpHUYECKUNA pacueTy
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Pucynok 3 — JluanoroBoe okHO «Pacder u BBIOOP KOA(PHUIMEHTOB CMEILEHHS»

B kauecTBe MeTO1a ONITUMU3ALIMY AJIs1 PELLIEHUS IOCTaBICHHOM 3a7a4n Oblia BeIOpaHa
nporpammHas peanuzanus meroga SUMT ®uakko u Makkopmuxka [5].

[Tocne Bu3yanusauy OCHOBHOI'O JUAJIOTOBOTO OKHA MOJICUCTEMBI (pUc. 3) aBTOMAaTUYECKU
crpoutcst UBK. Jlanee monp30BaTeb MOXKET BPYUHYIO BRIOPATh TOUKY € KO DUITEHTaMHU
cMmeleHns X1 1 X2 HeMoCPEeACTBEHHO Ha TOJI€ WM 3allyCTUTh ONTUMU3ALIMOHHBIA pacueT Il
HaXoXJeHUs KodpduuneHToB x1 u x2.

B pe3ynbrare BeINONIHEHNS] ONTUMHU3AIMOHHOTO pacuyeTa OyAyT HailIeHbl pelieHus,
OTPaXKaIOILKE BCE BO3MOKHBIE COUECTAHUS IISTH KPUTEPUEB:

* KOHTAKTHOM MPOYHOCTH (3arac MPOYHOCTH 110 KOHTAKTHBIM HANPSKEHUSIM);
* MPOYHOCTH 110 U3THOY (3armac MPOYHOCTHU 110 U3THOHBIM HAMPSHKEHUSM ),

* PaBHOIIPOYHOCTH MO M3rU0y 3yObeB BEOMOI0 M BEIYIIEro Kojeca;

* U3HOCOCTOMKOCTHU M HauOOJBIIIETO COMPOTUBICHUS 3a€/IaHUIO;

* IJTABHOCTU pabOTHI Epeayn.

HoBrie muaNM B 6JIOKUPYIOIIIEM KOHTYpE 3y0UaToi repeaadn

[Tocne BoimonHenus pacueta B UBK nonomHuTtenbHO cTposTcs:

* IMHUS PABHOMIPOYHOCTH 1O U3rHby 3yObeB BeayIero u Beaomoro komneca (JIPIIN);




* JINHUSI MUHUMATBHBIX KOHTAKTHBIX HanpspkeHui (JIMKH) (muHust 3HadeHnii X2, mpu KOTOPBIX
npu 3a1aHHOM X1 3HaYeHHE KOHTAKTHBIX HANPsOKEHUH OyieT MUHUMAIIBHO).

OTU TUHUU CTPOSTCS C YUETOM:

* peaJbHO 3aJJaHHOM HArpy3KH U3 pacueTa Ha MPOYHOCTh MpH MakcuMaabHOU Harpy3ke (TOCT
21354-87 [7]);

* MEXaHWYECKHUX CBOMCTB MaTepHaJIOB BEYLIEr0 U BEAOMOI0 KOJIeca;
* cxeMbl pabOThI IEPEIAUH.

Jnis ynoOGcTBa BOCIPUATHS JTMHUS BBIPABHUBAHUS YACTBHBIX CKOJIBKCHUN, THHUS
PaBHOMPOYHOCTH 110 U3rHOY U JIMHHUSI MUHUMAJIbHBIX KOHTAKTHBIX HAIIPSHKEHUN BbIIETICHBI B
OTZEJIbHYIO LIBETOBYIO IPYIITY, KOTOPYIO Ha30BeM [ pynmoi JIMHANA MEXaHUYECKUX ITOKa3aTesen
3aLleIICHMSL.

IIpy 3TOM yCTaHOBJIEHO CIEAYIOLIEE:

* IMHUSA paBHONPOYHOCTH 10 u3rudy (JIPIIN) npoxoaut, kak npaBuio, psaaoM ¢ JMHUEH
BbIPaBHUBAHMUSI Y/IEIbHBIX CKOJIbKEHUM;

* IMHUS MUHUMaJIbHBIX KOHTaKTHBIX HanpsbkeHuit (JIMKH) nepecekaet nunuto
PaBHONPOYHOCTH 110 U3rHOy U JIMHUIO BIpaBHUBaHUs yaenbHbIX ckoabxeHui (JIBYC). [Ipu
ATOM Yalle Bcero ajs npsamo3yosix nepeaay JIMKH pacnonoskeHa Bblle 30HbI OJIOKUPYIOLIETO
KOHTYpa, a 11 koco3yorix nepenady JIMKH npoxonut yepes 30Hy GJI0KUpPYIOIIEro KOHTYpa

(puc. 4).



mel L AT VT U1 1] [ / (
 JUHUS MUHUMO/BHEX KOHTOKITHBIX HOPAXEHU / / B | | ‘ . L1

| /
\ / el

’ l , \ ‘ | A+ i /s palkonposwoci 3yceel no uszudy 1
2800 4+ 4 H VA WA ! | { o ] 1 4
i ‘ | ,1 } 800 \ { |

5 T 1

/ i ; i 28 !
2400 { LS - A i i ! {4 vas 4 4 H |
V7 2 o | 24004 1 \ 1 LB 1 1 l - L) { {

22001 4 ﬂGﬁHD/?,OU‘-fHU_'/?Z/ 'Z&"&m ey 1/ A—1—1 — " L/%:Uﬂ Bopabrubianus ydersx ckonsxeni | /
O I A 74 O I I Y, ,

/51 BoppabHubanus YoeroHsX CKOMBXPHIL V A ‘ 2000 Pttt - ! VA5 45 [ —
1 eco—— —~ — e e o | | T
1600 \ +—a—< \ .‘!1, < — ] 1 4 { L —1 H il 1 e J

& { 18004 -t

AV =] Vs rumuransfex kosmakmsx Hanpaxesuy N

} 1 N ‘ ! 7 = 5 / N
| \ l/\( %‘ 12004 4\ —= T 2 / S

: =F === .

J4 > N //] ]
e //" ! 1000+ + ' \ - \'{finn {\\ ! i
0,800 — o § \ ‘ N !

aewr/ 4 \ ! X /‘gz —*v > \ |

R & // N

0201 \ 40 <\
\ il %

& &
a @
s 8
| 4
/ * v

{ / L] /
| N /

.ya(o«‘r 2= 5 B B Al | B rl + 7*._y
20— v, | N L3 Nl

«1.200 -1.000 -0 800 -0.800 -0.400 -0.200 -0.000 0200 0400 0800 0800 1000 1200 1400 1600 1800 2000 22 1200 -1.000 0800 -0600 0.400 -0.200 0000 0200 ;:W 9600 0800 1000 1200 1400 1600 1800 2000
X1

Pucynok 4 — JIuHnn MexaHMYECKHX MOKa3aTenel 3alerieHus:: a — JUIs NpsMo3y0oil nepegauu,
06 — a5 Koco3yOoit nepenaun (Touka *1 — onTUManbHast TOUKA O KPUTEPHIO KOHTAKTHON
HNPOYHOCTH, *2 — 10 U3rHOHON MPOYHOCTH, *3 — 10 paBHOIIPOYHOCTH Ha U3TUO, *4 — 1o
U3HOCOCTOMKOCTH U 3a€aHUI0, *5 — 10 TIIaBHOCTH pabOThI)

MoskHO ObLTO OBI MPEANOI0KUTH, YTO JUISI KOCO3YOBIX TIEpead BOMPOC BU3YalIbHOM
JIOKAJIM3aluy Tiepeiady ¢ ONTUMAIbHBIMU XapaKTePUCTHKAMHU MMPOYHOCTH U M3HOCOCTOMKOCTH
CJIeTyeT CYMTATh PEIIEHHBIM — ONTHUMAIIbHOM cuuTanack Obl Touka, Haxoxasmasics Ha JIMKH
Mexy Toukoit ee nepeceuenus ¢ JIBYC u Toukoit nepeceuenus ¢ JIPIIM. Ota Touka (Touka
MOJIL30BaTENs Ha pUC. 40), 0€3yCIIOBHO, OyIeT OYeHb OJIM3Ka K ONTUMAIBHOCTH, HO TTOJIOXKCHHE
peaTbHOM TOYKH SKCTPEMyMa, ONPEETICHHOTO MO0 COBOKYITHOCTH TPEX KPUTEPHEB,
COOTBETCTBYIOIIUX 3TUM JIMHUSIM, MOKET OBITh HECKOJILKO MHBIM.

M3omnons koadpuimeHToB 3amaca KOHTAKTHBIX U U3THOHBIX HAMIPSKEHUH B OJIOKHPYIOIIIEM
KOHTYpE

[IponomkeHreM paboT MO TOCTPOCHUIO TMHUY MUHUMAIIBHBIX KOHTAKTHBIX HAPSKCHUN CTaIH
paboTHI IO MOCTPOCHUIO COBOKYITHOCTH M30JIMHUM (M30110J1e# ) K03 PHUIIEHTOB 3amaca
npouHocTH. Tak, s nmpsamo3yooi nepeaaun hpopma u3omnosiei OyeT Takoi, Kak MoKa3aHo Ha
puc. S u 6.

[Ipu sToM «arpsimoyrosibHas» (popma u3oroneit ko3P UIMEHTOB 3araca H3rHOHBIX HATIPS
nepeaayd ¢ MajabIMH yriiamu HakiaoHa f (1o 10°). st koco3y0oit mepenayu ¢ yriioM HakJIoHa 3 =
15° popma nzomoneit kKo3pHUIMEHTOB 3amaca U3rHOHBIX HAMIPSKEHUH CYIIIECTBEHHO MEHSETCS.



Jluaun u3omnonel kKo3pGUIUEHTOB 3armaca KOHTAKTHBIX HAMPSKEHHUH YeTKO TPYIIUPYIOTCS
BOKPYI' pAaCCMOTPEHHOM BbIIIE JMHUM MUHUMAJIbHBIX KOHTAKTHBIX HallpspKeHUH (puc. 7 u 8).

JlanpHeiiee ncnoab30BaHNE H30IOJIEH MPOCTO U MOHTHO. [lepeaaya ¢ MCKOMBIME 3HAYCHUSIMU
K02 (UIIMEHTOB 3amaca OyJeT HaXOIUTHCS B 30HAX, PACIIOJIOKECHHBIX MEXIY JIMHUSIMU
M30MOJIEH.

Pabora ¢ MHTepaKTUBHBIM OJIOKHPYIOIIKUM KOHTYPOM
HHTepakTUBHBIN OJIOKUPYIOLINI KOHTYP MPEICTaBICH B OTACIBHOM OKHE.

ITocne BEITIONHEHUS OIITUMHU3AIIMOHHOI'O PacyCTa B I10JIC HNBK 6y,HYT IIOCTAaBJICHHI IISATh TOYCK,
COOTBETCTBYIOIIMX BBIITOJIHEHHBIM pacu€TaM MHAWBUAYAJIBHO 110 KAXIOMY U3 KPUTCPHUCB, a
TakKoKC IICCTasd TOYKA, ABJIAOIIAACA pGSYJ'IBTI/Ipy}OH_[eﬁ 10 COBOKYITHOCTH BCEX IISITU KPUTCPUCB

(puc. 9).

B nanpHeiineM moib30Bareib CMOXKET 0ToOpa3uTh B nosie UBK pacueTHyr TOUKy, HailIeCHHYIO
1o Jr000MY M3 BapUAHTOB pacyeTa, 1100 BriOpatTh B nosie MBK molyro Touky (B TOM 4ucie u
HaAXOJIAIIYIOCS 32 MPEIeIaMU OTPaHUYUTEIBHBIX JIMHUI) JIJIS1 BBIIOJHEHUSI pPyYHOTO pacyera.

[To mo6oMy U3 BapHAHTOB pacyeTa MOTYT ObITh IPOCMOTPEHBI PE3yJIbTaThl TEOMETPHYECKOTO
pacdera u pacyeTa Ha mpovHOCTh (puc. 10 m 11).

Brimonnena Bu3yanuzanus 3auerniaeHus (puc. 12).
JlomonHenus

1. [ToMumo pekrma paboThl OCHOBHOTO THAJIOTOBOT0 OKHA «PacueT u Bb100p K03 HUIIHEHTOB
CMeIleHus» co BcTpoeHHbIM OKHOM MBK Bo3MoskeH pexxuM pabotsl, koraa okHo MIBK BeiHEceHO
3a Mpeiebl OCHOBHOTO OKHA. B 3TOM ciiydae B Tabnuile pe3yapTaToB 0TOOpaXKaroTCs
JIOTIOJTHUTEIbHBIE KOJIOHKHU C rapaMeTpamu (puc. 13).

2. ®opma orobpakaemoro UBK MeHsieTcs B cirydae UCIIOJIb30BaHUS B Ka4eCTBE 3yOOPE3HOTO
WHCTpyMEHTa J10y10sKa. [Ipu 5TOM yuuThIBaeTCs cTeneHb ero u3noca. CooTBETCTBEHHO OyayT
MEHSTBCSI M pe3yIbTaThl MHOTOKPHTEPUAILHOTO ONTHMH3AIMOHHOTO pacyera (puc. 14a,6).
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Pucynok 5 — M3zomnouns ko3¢ HUIMEeHTOB 3amaca KOHTAKTHBIX HAPSHKEHUH IS IPSIMO3YObIX
nepeaaq
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Pucynok 6 — M3omosnst KO3 HUIIMEHTOB 3amaca W3TMOHBIX HAMIPSDKEHUH IS IPSIMO3YObIX U
Koco3yObIx (B < 10°) mepenau
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Pucynok 7 — U3omnons koa¢uiimeHToB 3amaca KOHTAaKTHBIX HANPSKEHUH JI1S1 KOCO3YOBIX
niepenad (B > 0°)
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Pucynok 8 — 3omnons koadduiimeHToB 3amaca M3ruOHBIX HANPSKEHUH U1 KOCO3yObIX mepeaay

(B>10°)
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Pucynok 9 — YBennueHHOE OKHO C HHTEPAKTUBHBIM OJIOKUPYIOLIUM KOHTYPOM
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" " Beayuee *! Begomoe H 06 o Beaywee ™' Begomoe %
' o Koneco Koneco Koneco Koneco
Tcno 3yGoe Hexoduwse danere % % T I m E?b;zcnneawngux Ay oBueit nﬂm:{f::: ‘ Pw d 13845
'aguyc npoGunAa B TOUKE Ha P, 143 18739
Mogyne, MM 1, 2 OKDYKHOCTH ESPLINH, MM @ 5 '
Yron HaKnoHa 3y6b e Ha AGAHTEALHOM WHANHAPE B 0°0000" Yenosue Pp <Py <Pa - BBINOAHEHO BLINOAHEHO
McXogHeli KOHTYD - rocT 1375581 [Anamerp 0 PONKE, MM D 3,464 3,464
Yron npoduna KOHTYpa o 2070000 rrw; nw::w Na“::prawm. npoxoAAw e ap 247337 2233'58"
Kosuymenr eucoret ronoeku sy6a KouTypa LY ! JInameTp OKpYXHOCTH, NPOXOAALL B YEPE3 UBHTP POAMKA, MM dp 41,343 81,408
KoadhuumeHT paauancHoro 3a30pa WCXOAHOID KOKTY pa & 0,25 Pagnyc poduneh 3ybues &
Koapduument paauyca i kpueod Y 038 TOMKAX KOWTAKTa N0BEPXHOCTH POAMKA C FAGBHBIMM Pm 6,877 13,888
B MPaHW4HO# TO4Ke NPOdMNA 3yHa NCKOAHOTO KOHTYPE S nogepxHOCTAMM 2yBLee, MM
Wupwna 3y6yatoro BeHya, MM b 34 34 Yenoene Pp<Pm<Pa - BINOAHEHO BLINOAHEHO
Sy w LHOTO KOHTYPA x 0 0 P3azMep N0 POAUKAN, MM M 44 g078" 84872838
CTenems TONHOCTH - 7-C 7-C Yenoswe dp+D>d, - BLINOAHEHO BLINOAHEHO
Onpede Yenoswe dp= D>dy - BLINOAHEHO BLINOAHEHO
MepeaaToukoe weno u 2 HopmankHan Tonw uka 3y6a no aenwrenchof
Mexncesoe paccTOAHHE , MM Ay B0 |QXPIORHOTTH, WY i il i
JleanTens HeIf AuameTp, MM d 40 80 — L a0
Syssuutp eopie 36000, ua 4 “ 34 Yenosme oTc: :::::hm:aum ayba . - —
Auametp Bnaauk 3y6ees, MM dj— 35 75 mm—' ,:m-onu q:: eiixoi ¥ X2 - BLINOAHEHO BLINOAHEHD
Havans Hiih Anawerp, um 4, 40 80 Pagnyc em TouKe npodina y6a, MM P 0,993 7833
OcHoeHOR gnameTp, MM 4: 37,588 75,175 Ycnosse OTCYTCTBMA NOAPe3aHMUA P20 - ELINOAHEHO BLINOAHEHO
Yron Tpe 200000 Ycnosue orcy & PSPy = b BLINOAH:
u “'“‘_ H TOAWMHE 3Y63 Ha NOBEPXHOCTH BEPLUMH, MM Sia 1,39 15
MOCTORKHAR XOPAE, MM S 2,774 2,774 p 0,4m, 08
Buicora 40 NoCToANHOM XOpAM, MM T 1.4%5 1435 rﬁnu:»:;:ga;:agn:?xmcm sepwus npu noeepxHoctHom | O
::nn)'.cn T prsoui: npod 3y6a 8 TouKax, [ 8,316 15,157 :umm OTCYTCTENA 3A0CTPEHUA — %..2“0".‘ ‘,}mxa‘ - BHINOAHEHD BLINOHEHO
:T‘A‘;g'c'ﬁm':::a'ummamm npopuna 3y6a Py 1,782 9,085 aKTMBHeIX NpoguneR 3y6ies yoees % -4.25848 -1 51769
Yenose P;>Py s — TOPUYOBOro Nepe € 1,635
Hucno syBeee & Anune obLyeil HopManu 4 3 5 TOPUOBOro NepeKpLITHA B 12
[lauma obuged Hopman«, Mu W 15321538 27 59598 toaakd s, 163




Pucynok 10 — Pe3ynbTaThl TeOMETPHUYECKOTO pacueTa

Tabnuua 1. Pacyér va NpouHOCTE NPW AEACTEMM MaKCHMANLHOR HArPY 3K
uMAMHApHLecKoi 3yBuaToi nepefavn BHewWHero sauennenua (no MOCT 21354-87)

Haumenosaune u oboznavenue napameTpa Ezg::é:e - B::;;:? .
Hexodnee danHbe
Yucno 3ybbes Zp, 5 20 | 40
Moayne, Mm m, 2
Yron HaknoHa 3yfb e Ha AeNMTENLHOM UMAKKA pe B 0°00'00"
Yron npodmna MCXOAHOr0 KOMTY pa o 20°0000"
WupuHa 3yBuaToro eHya, M b 34 34
Koadduument cMewenma HCX0QHOro KOHTYpa x 0 1]
CreneHb TOMHOCTH - 7-C 7-C
Bapuaut cXeMel pacnonoMeHna nepegauu - 5
*! Cranb 12XH3A FOCT 4543-71
Mapka matepuana p;
Crane 12XH3A MOCT 4543-71
TeepAOCTe akTMBHBIX NOBepxHocTeh sybees, HRC - 56 I 56
M:‘: ::r:gz: :la gegyuiem konece), H'm Tnax 500
Hactota BpalieHua eegywiero koneca, ob/muK ny 500
Onpedenaemsie napamempl
Okpy®HaA CKOPOCTe B 3aUenneHun, m/c | v | 1.047
Pacyém Ha KOHMaKMmHYIO NPONHOCME
KoadduumenT, yuuTHIBAIO WU HEPABHOMBPHOCTL KHB 1.166
pacnpeseneHna HarpyaKu No ANUHE KOHTAKTHBIX NUHUA
YaensHan okpykHaa AuHamuyeckas cuna, Hivm W, 3,774
Koad duumenT, yuuTRIBAOWMA AMHAMHYECKYI0 HArpysKy, KHv 1,005
BOZHUKEWYIO B 33UENNEHHA A0 30HE! PE30OHANHCE
Okpy®Has cuna Ha JenuTensHom uwaukape, H Fr 25000
YaensHan pacuetHan okpyxHaa cuna, Himm Wy 861851
PacyétHoe KoHTakTHO® Hanpsxenue, MMa Ottmax 2392322
Honyckaemoe KoHTakTHOe Hanpaxesune, MMa U,-gp_m ¥ 2464 2464
KoadduymeHt 3anaca No KOHTAKTHEIM HaNPAKEHWAM My 1,03 1,03
Pacuém ma npounocms npu u3zube
KoadhduumenT, yYUHTHIBAK LLUA HEPABHO MEPHOCTE ) Kﬂi 1216
pacnpen enexua Harpyski N0 ANUHE KOHTAKTHBIX AMHURA '
YaeneHan OkpyXXHAA AuHaMUYeckad cuna, Hivmm W, 4313
Koad duument, yuMTEIBAOWMA SHHAMHYECKYIO HArPY2KY, kg, 1.006
BOZHUKAWYIO B 23UENNEHHH A0 20HE! PE30HAHCA -
Okpy¥Han cuna Ha ASNHTENLHOM UMauHape, H Fp 25000
YaeneHan pacuetHan okpyxHaa cuna, Himm Wiy 899,289
Pacuétioe nanpaxenue usrnba, MMa O Fmax 1857 031 1708 648
Honyckaemoe Hanpaxkenwe uaruba, MMa O rpmax 1600 1600
KoadduumenT 2anaca no HanpaxeHuam uaruba ng 0,889 0,966

Pucynok 11 — Pe3ynpTatsl pacyeTa Ha IPOYHOCTH MIPU JECHCTBUU MAaKCUMAJIbHON HArpy3Ku




Busyanmszauua sauenneH s

Puc. 12. Busyanusauus sauenneHus

DuLMenTOB CHeutenus

Puc. 13. PaclumpeHHbI pexxum paboTbl OCHOBHOIO AManioroBoro okHa «PacyeT 1 Bbi6op KoahhULMEHTOB
CMeLLeHUs»
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Puc. 14. ®opma VNBK npu 06paboTke 3y60peaHbiM A0NGAKOM (HOBLINA (&) M M3HOLLEHHLIN (6) BoN6sK)

BBOR orpannqmwh no noKasarenaMm Kavecrsa 3auennenda

HanmeHoBatme 1 0603HaYeHHE NapaMeTpa Beayuiee Koneco Beaomoe Koneco

X &

1, Ko3OHUMEHT MAHMMANEHO AONYCTHMOMO SHAYEHHA s’“ndn |0.4 |0.4

HOPMaNbHOH TONWHHBI 3y¥6a Ha NOBEPXHOCTH BEPLMH m,

2, MMHMMANEHO AONYCTMMOE 3HaHEHNE | I"—
ko3 PHUMEHTS TOPUOBOrO NEPEKPLITHA €q 12

* BBOA IHSHCHT OFDIHIHEHINT HOIBONRET - 7IDM X YWEHLIIEHN DACUMPHTS,
a 110 YBEVINCHIDS - CYIITE OBNIACTE FOMCKA PELIHY,

Puc. 15. Beog orpaHu4eHuii nNo rnokasarensm Ka4yecTea 3auensieHns

3. ITpu HEOOXOIMMOCTH MIPUHSTHIE OTPAHUYCHHSI 110 TIOKA3aTeNsIM KauecTBa 3alleTICHUs MOTYT
OBITH M3MeHEHHI (puc. 15). Hanpumep, ycTaHOBIICH HIDKHUN Tpeen ko3 duimenrta
MUHHMAJIHHO JIOITYCTUMOTO 3HAYCHHSI HOPMAIILHOW TONIIUHBI 3y0a, paBHbIH «0.25» wim
JIpyromy 3HaueHHIO He MeHbIe «0»; YCTAHOBICHO MUHUMAIIFHO JONMYCTHMOE 3HAUCHHE
Kod(puImeHTa ToOpIoBOro MEPEKPHITHSI, pAaBHOE « 1 » WM IPyromMy 3HAYCHHIO.

OcHOBHBIE pe3yJbTaThl pa0OTHI

1. I[TocTpoena MmaTemMaTH4ecKasi MOZIENb 3y04aToil mepeaayd ¢ CUCTEMON OrpaHUYeHUH,
IIPUTOHAS JJIA UCIIOJIBb30BaHUSA B METOAaX ONTUMH3ALUH.



2. BoimonHeHa nporpamMmHasi peaiusalys IoCTPOSHUSI HHTEPAKTUBHOTO OJIOKUPYIOIIETO
KOHTYpa.

3. Peanin3oBaHa METOMKAa MHOTOKPUTEPHATIBHOW ONTHMHU3AIMU 3y0UaToOro 3alerICHu,
MIO3BOJIAIOIIAS KOHCTPYKTOPY € JTF000H KBalM(UKaKe ObICTPO PEeIIUTh 3a/1a4y moadopa
ONTUMAJILHBIX 3HAYCHUN KO3(PPHUIIMEHTOB CMELICHHUS, HCXOS U3 KPUTEPUEB
(GYHKIIMOHUPOBAHUS MPOSKTUPYEMOH Mepeiauu, IPU 3TOM OJTHOBPEMEHHO peliiasi 3a1a4u
IMOBBIIICHHUA ITPOYHOCTHU U JOJITOBCUHOCTU 3}’6‘IaTBIX nepeaayd 663 U3MCEHCHUA TCXHOJIOTUN
POM3BOJICTRA.

4. BBeieHbI HOBBIE JIMHUU OJOKUPYIOIIETO KOHTYpa — JIUHHS PAaBHOIIPOYHOCTH 110 H3TUOY
3yOb€B BEAYIIETO U BEIOMOIO KOJIECa U JIMHUS. MUHUMAJIbHBIX KOHTAKTHBIX HaIPSKEHUI.

5. BBeieHo nonsTre u301moiieii Ko3(UIIMEHTOB 3araca KOHTAKTHBIX U H3TUOHBIX HANPSIKCHUH B
OJIOKMPYIOIIEM KOHTYpE, PACCMOTPEHa UX (popma JuIs IpsAMO3yOBIX U KOCO3YOBIX Iepesad.

6. [Ipunumas Bo BHUMaHHe mupokoe pacupoctpanenue cucreMbl KOMITAC-3D, a Takxe
HOMYJISIPHOCTh MOAYIsl «Banbl u Mmexannueckue nepeaadu 3D», MOKHO IPENIOJIOKUTD, YTO
IpeUIO’KEHHAst METOMKA pacyeTa KO3 PHUIIMEHTOB CMELICHHS 3y0UaThIX mmepeaad ¢
UCTIOJIb30BaHUEM OJIOKHPYIOLIETO KOHTYpa OyeT BOCTpeOOBaHa U CIICIIMATNCTAMHU
HPEANPUATHH, U ITPeroiaBaTesim

JIEKIIUA 7

PACYET TEOMETPUYECKHUX ITAPAMETPOB HUWJINMHAPUYECKHUX
9BOJIBBEHTHBIX IEPEJIAY C HECUMMETPUYHBIMU 3YBbAMU

ITo matepuanam cratbu Tumodees B.I1., JI.A. ®ponos. Pacuer reomerpuyeckux napameTpoB
IWIMHAPUYECKUX IBOJIBBEHTHBIX Mepe/iad ¢ HECUMMETPUUHBIMU 3yObsiMu// Teopusi MexaHU3MOB
u mamuH. Ne2(6), 2005. C. 15-21

BBenenue

[Tepenaun, coctaBieHHbIE U3 3y0UaTHIX KOJIEC C HECUMMETPUYHBIMU 3YObSIMU, UCIIOIB3YIOTCS
TOT/1a, KOT/Ia Harpy3Ka Ha 3y0 MpH BpalleHUH B MPSIMOM M 00paTHOM HalpaBJICHUU
HEOJIMHAKOBA, TM00 Harpy3Ka OJMHAKOBA, HO UCIOJB3YETCs ISl OTHOTO U3 Mpo( el B TeUeHHe
CYIIECTBEHHO 0oJjiee UTUTENBLHOT0 epro/ia BpeMeHU. [ 1aBHas BbIro/1a MpUMEHEHHUs repeiay,
COCTaBJIEHHBIE U3 3yOUaThIX KOJIEC C HECCUMMETPUYHBIMH 3yObSIMU, COCTOUT B MOBBIILIEHUU
KOHTaKTHOM MPOYHOCTHU 10 MEpe YBEIUYEHUS YIiia mpoduIs.

[Ipodunm HECUMMETPHYHBIX 3yObeB 3y0UaTOTO KOJeca OUYEPUCHBI IO BOJIBBEHTAM OCHOBHBIX
OKPYXXHOCTEH ¢ pa3HBIMH JHaMeTpaMu. 3yOuartas mapa, COCTaBI€HHAs U3 KOJIEC C
HECUMMETPUYHBIMU 3yObsIMH, pab0TaeT B MPsIMOM U 0OpaTHOM HampaBJICHUH BpPaIEeHUs IPU
pa3IMYHBIX yriax 3aueruienus (puc. 1).



aw

Pucynoxk 1 — Cxema 3anernsieHust 3yo4aroi mepeiadn, COCTaBICHHON U3 KOJIEC C HECUMMETPUUHBIMU
npodunsimu 3yObeB

k
(04
dw — MEKOCEBOC PACCTOSIHUE, tw - YTJIBI 3alICTIJICHHUSA B IIPSIMOM U 06paTHOM HalTpaBJICHUAX

BpaIICHUS, T K- HACHTHYHO «IITPUX» IS MPSIMOTO HATPABIICHUS BPAIICHHS, «IBA IITPUXA)» - LIS
oOpatHoro; NiN2 — nuHus 3aneruieHns B IpsIMOM HalpaBiieHUU BpaieHus; Lilz - nuHus 3auenneHus B

00OpaTHOM HalpaBJICHUH BpalleHUs; Touka P-momoc 3anerienns;  wi (i=1,2)-muameTpsi

k
Ha4yaJbHBIX OKPY)KHOCTEHl; ~ P - TrHaMeTpbl OCHOBHBIX OKPYKHOCTEH JUIs pa3HbIX YIIIOB IPODUIICH.

Bo Bcex 0003HaUCHHIX 34€Ch U JaJIcc, HWKHUN HHICKC 1-oTHOCHTCA K EeCTCpHE, 2K KOJICCY.
Ha puc. 1 moka3ano HampaBJICHHUEC IBUKCHHUA B IIPSAMOM HAITPABJICHUHN (01 U (2.

I'eoMeTpust SBOJILBEHTHOTO 3alEIUICHUS ¢ HECUMMETPUYHBIMU MPOPHIIMU 3YObEB B
00001ar0INX MapaMeTpax U3NoKeHa B padoTe U3BECTHOTO CIEIMATUCTA B 00JIACTH 3y0UaThIX
nepemaud D.b.Bynrakosa[1].

B nannoit pabote npezioskeHa METOJMKA pacueTa FreOMETPUH LIUIMHIPUYECKUX 3BOJIbBEHTHBIX
KOCO3YOBIX Ilepe/iad ¢ HECUMMETPUYHBIMH 3yObsIMU OCHOBaHHas Ha nosoxkeHusx ['OCT 16532-
70[2]. OcHOBBI pacueTa IPAMO3yObIX 3yO0UaThIX KOJIEC C HECUMMETPUIHBIMH 3yObSIMHU OBLITH
W3JI0KEHBI B padote [3]; B 3TOM paboTe 11t MPOESKTUPOBAHUS TEOPETHUIECKOTO HCXOIHOTO
KOHTYpa MHCTpYMEHTa ucmoiab3oBaH KOHTYp 1o 'OCT 13755-81[4], B KOTOpOM nepexoaHbIe
KPHBBIE SIBJISIIOTCS] IyTaMU Pa3HbIX OKPYKHOCTEW. B Tex ciyyasx, Korja Takoil UCXOIHbIN
KOoHTYp He obecnieunBaeT Tpedyemoro 'OCT 21354-87 ypoBHS JONYCTHUMBIX HANPSIKEHUN U



pecypc, mpeajiaraeTcs B3siTh 32 OCHOBY ISl MIPOCKTUPOBAHUS UCXOAHBIN KOHTYp o ['OCT
P50531-93[5], B KOTOpOM NEepeXOHbIE KPUBBIC SBJISIFOTCS YaCTHIO OJAHOU U TOM K€ OKPYKHOCTH.
Takxe, B OTMuKE OT paboThl [3], B JaHHOI paboTe mapamMeTpsl HCXOAHOTO KOHTYpa: h'a 1 ¢ 1o
00enM CTOpoHaM 3y0a peiiku MPUHATHI OJUHAKOBBIMU. OTCIO/1a UCXOTHBIA KOHTYp OyeT
BBITJISIICTH CIICAYIONIMM 00pa3oM (puc. 2).

JenntenoHasn

npamas

p=mtm

Pucynok 2 — McxonHbIii KOHTYp /7151 HECUMMETPHYHBIX 3yOheB

k *
Q" - yrae1 mpoduiieit Ha 00enx cTopoHax 3yda IMIECTePHH M KoJieca; P - mar; I - KodpPHUIUeHT
paamyca CKpyTieHus 3y6a BIaMHBI HCXOJHOTO KOHTYPa; N a -koddduimenT BEICOTH rooBku; h'j -
o *
KO3 (HULUEHT rPaHUYHOM BBICOTHI, C -KO3(QPUIIMEHT paiuaIbHOTO 3a30pa.

Pacqu OCHOBHBIX reOMeTqueCKI/IX HapaMeTPOB le/l 3aJaHHOM MEKO0CEBOM paCCTOHHI/II/I
aw

Jns HarnsgHocTr npenacrasienus, no anamoruu ¢ 'OCT 16532-70, nanublie a1 pacuera u
pacueT OCHOBHBIX T€OMETPUUYECKUX MMapaMeTPOB CBEICHBI B TaOIHUIIbI (CM. Tabm.1, Tabmn.2).

Tabmuma 1 — McxoaHbie qaHHBIE 71 pacuyeTa OCHOBHBIX TEOMETPHUUYECKUX TTApaMETPOB MIPH
3aJIJaHHOM MEKOCEBOM PACCTOSTHUM Qw

HaumenoBanue napamerpa O0o03HaueHNe

HIECTEPHU Z1
Yucio 3yoneB

KoJieca 72




Monayns m
JenurenbHbIN yroi HaKJIOHA JIMHUU 3y0a B
Yl npoduiieii Ha MeHee u OoJiee R
o', o
Harpy>KeHHBIX CTOpPOHaX 3y0a '

e *
CrienuanbHbId KoaddurmeHnTt BEICOTHI TOJOBKH h"a
UCXOJHBIA KOHTYP

w *
Koaddurment rpaHndHO# BHICOTHI h'
*
Koaddumuent panguansHoro 3a3zopa c
MexxoceBoe paccTosiHUE aw

Pexomenaruu no BeiOOpy yrioB npoduiieit cM. B padorax [6],[7] u nanee B craThe.

* o *

B Ta6nuue 1: ko3 dummeHT BEICOTH TOIOBKU h'a =1, KO3 GHUIMEHT rpaHUIHOM BBHICOTHI ' =2,
*

ko3 duimeHT paguansHoro 3azopa ¢ =0,25.

PacdeT 0OCHOBHBIX T€OMETPUYCCKHX AapaMeTPOB, TJie HanOoJee CyIIeCTBECHHBIM SBIISICTCSI
pacueT cyMMapHOro Ko3(GHIMEeHTa CMEILICHHUS Xs IIPH 33JaHHOM MEXOCEBOM PACCTOSIHUH aw,
npecTaBieH B Ta0I. 2.

Ta6n1/1ua 2 — PacdeT OCHOBHEIX TCOMECTPHUICCKUX IMapaMCTPOB

HaunmenoBanue mapamerpa | O603 | Pacuernsie hopmybl
HaueH
ue
1. JlenurenbHOE MEKOCEBOE a (zy +z5)m
a =—
paccTosiHue 2cosf3
2.Top1oBbI€ yTIIbI o’ tgor," tga'

. o'=——
npoduiei HCX0THOTO Y7 cos B
KOHTYpa Ha 0oJjiee U MeHee
Harpy>KeHHBIX CTOPOHAX o o, e 9

t goy =
3yba cosf
3.Yrasl 3anerieHus npu Otw , ,
COS Oy, = — - COS Ot
BPAIICHUH B IPSMOM H a,
0o0paTHOM HanpaBICHUN
» n a’ mn
Oltw COS Oy, "'= — - COS O
W




4. Koapdumment cymMmbl y o = ((invouy,, +involy, ™) — (invo, +invo, ™)) (21 + 25)
cMeluenuit > = 2(tgo'+tga”)
5.Koapdunuen |y Pa30uBKy 3HaUCHUS Xs HA COCTABJISIONINE X1 M X2
T CMEIICHUS IIECTEPH | X1 PEKOMEH/IyeTCsI IPOU3BOIUTH MOCIIE POBEPKU
u Ka4yecTBa 3allCIICHHS 110 TEOMETPHUSCKUM
MIOKa3aTeIIsIM.
y Koieca | X2

Pacuer MeskoceBOro paccTOsiHUS Ay NMPHU 32JAHHBIX KOI(P(PUIIHEHTAX CMEIIeHUs X1 U X2

CnokHOCTh pacuera MeKOCEBOT0 PACCTOSHUSA MPH 331aHHBIX KOA(PPUIIMEHTaX CMEIICHUS
COCTOHT B TOM, YTO HEJb3s MPOU3BOJIHHO HA3HAYATh 3TU KOIPPUIIMEHTHI O6€3 MpeABapUTEIHHOTO
ompezeNieHus yriioB Mpoduis 1 yria HakjIoHa 3yObeB. 3/1€Ch HAaJ0 UMETh BBUY, UTO
yBeJIMUYEHHUE yriia mpoduist 3y0a o Ha CTOPOHE UCTIBITHIBAIONICH OOJBIITYIO HAarpy3Ky, KaK U
yBEJIMYEHHUE yTiIa HAKJIOHA 3y0a [3, BEIET K YMEHBIICHHUIO JEHCTBYIOIINX KOHTAKTHBIX
HaNpsDKEHUH B 3y04aThiX mepemaadax. [Ipu 3ToM Jutst pa3HBIX YIII0B f MUHHUMABHBIC
KOHTAKTHBIC HAIPSDKEHUS JEHCTBYIOT MIPU PA3IMYHBIX yriiax o. Heo0xoanuMo Takke ydecTb, 4To
U JIOTYCKaeMble KOHTAKTHBIC HAMPSKEHUS JIJIS TIepeiayd TakyKe MEHSIOTCS TPU U3MEHEHHUH o U 3.
Takum 00pa3om, HY>KHO HE TOJILKO IT0I00paTh TakKe o U 3, IPU KOTOPBIX JACHCTBYIOIIHE
KOHTAKTHBIE HANIPSDKEHUS OYAyT MUHUMAIIBHBIMH, HO B 00s13aTEIbHO IPOBEPUTD, YTOOBI ITH
HaANPSDKEHUs OBUIM MEHBIIE TomycKkaeMbIX. Jliis kaxaoi 3y0uaToi mepeadu 5TU o U 3 pa3HEbIe.
OnrtumanbHOE 3HaUEHUE yria o HaxoauTcst okoso 40° [6]. 3aeck Takke HY>)KHO 3aMETUTh, UTO
yBenuueHue K0d(pPHUIIMEHTOB CMEIIEHHUS X1 U X2 BEIET K YMEHbBIIIEHNIO KOHTAKTHBIX
HanpspkeHud. [Ipu aToM yBenuueHue X1 1 X2 3ppeKTuBHO Tosbko B quana3one ot 0 go 0,2+0,25.
D¢ heKTUBHOCTH JAILHEUIIIETO POCTa Xi pe3KO CHIkaeTcs. Kpome Toro, mpumeHeHue
kod(urmenton cmerieHus B auanazone ot 0 g0 0,2+0,25 a3 pexTrBHO TONBKO MpH yriaax o <
30°. IIpu moxbope yrioB npoduis HE0OOX0IUMO TPOU3BECTH UCCIIEAOBAHMS HA OTCYTCTBUE
MOJIpe3aHus ¥ 3a0CTPEHHsI 3yObEeB, OTCYTCTBHE HHTEP(EPEHIINH, a TAK)KE MPOU3BECTU MPOBEPKY
o kod(unnenty nepexpoitTus. [Ipu uccnenoBannu 3y0uaThix KOJIeC ¢ HECUMMETPUYHBIMU
npodunsmu 3yObeB Kodh(HUIIMEHT HAMMEHBIIETO CMEIIEHUS JOCTATOYHO ONPEIeIUTh AJIs
CTOPOHBI 3y0a C MEHBIIIUM YTIIOM Tipoduis [7].

B npuBenennsix Taba. 3,4, 5 npeacraBieHbl 3HAYSHUST HAMMEHBIIETO YNCIa 3yObeB Zmin
3ybuatoro kojeca ¢ ko3 duruenTom cMereHus x=0 Mpu CTaHOYHOM 3aleTNICHUH ¢ UCXOJHOM
IPOM3BOIALICH PEHKOI Ul 3HaUeHUH YTI0B pod el MeHee Harpy>KeHHON CTOPOHBI 3y0a
a’=15°,20° u 25° u3 yCi10BUs OTCYTCTBHSI IOJPE3AHHUS.

Tabmua 3. Tabauia 4. Tabmwnia 5.

a”=150 a”=200 u”=250



B.° z B,° z ,° z
o 8 30 o3 18 o 6 12
Cs. 81012 29 CB.3 1012 17 CB.6 110 16 11
Cs.12 o 15 28 CB. 12 10 17 16 Cs. 16 10 23 10
CB.15 10 17 27 CB. 17 no 21 15 CB. 23 10 28 9
CB.171019 |26 CB.21 1025 |14 C.28 1033 |8
CB.19 1022 |25 CB.25 1028 |13 CB.33 1038 |7
CB22 1024 |24 Cs.28 031 |12 CB.381043 |6
CB.24 026 |23 Ce.31 1034 |11 CB.43 1045 |5
CB.26 1o 27 22 CB. 34 no 37 10

CB.27 10 29 21 CB. 37 1o 40 9

CB.29 5o 31 20 CB. 40 no 44 8

Cs.31 mo 33 19 CB. 44 no 45 7

Cs33 1034 |18

CB.34 o 36 17

CB36 1038 |16

CB.38 10 40 15

CB.40 o 41 14

CB.41 nmo 43 13

CB.43 o 45 12

CrnenyeT y4uThIBaTh, UTO C YBEJIUYEHUEM YIia Mpoduis K03()PUIMEHT NepeKphITHS
ymeHnbiraercs. Koo uiueHnT nepexpeITrs Tak)Ke yMEHBIIASTCSI TP YBETNICHUT
Koa(urmenTa CMENICHUS X1 Ha MIeCTepHE, eclii KodpuimeHT cmerieHus Ha konece x2<0, 94To
HarJISIHO WIUTIOCTPUPYET pHc. 3.



By

2,700 - |
|
2,500 A
o =10°
T~
2,300 =
—Ki o =20°
2,100 ]
e, S
T —
e .
1,900 - o =30°
e = 1 s
| 1
1,700 ‘ ‘ I
X2 | O 0 0 0 0 0 0 0 0 0 0
0o |01 |02 03|04 |05)|061|07/|08]09] 1

X1

Pucynok 3 — Biusaue yrina npoduis u koappuureHTa cMeleHus Ha K03 GUIUEHT TepeKpbITHSL.

I'paduku Ha pucyHke 3 mocTpoeHs! s nepenaun: 21 =16 u 22 =29; m=7 mm; B=15°; bw=55 mm —
pabouas mmpuHa 3y04aToro BeHIla, yrisl npoduiiei uamenstores ot o=10° mo a =30°.

B tabGnunie 6 mpuBeneHbl 3HAUCHUSI YTIIOB TPOQUIICH, MPU KOTOPHIX HACTYIAET 3a0CTPEHHUE 3yOa
HCXOJHOT'O KOHTYpaA IMPU COXPAaHCHUH BBICOTHBIX IMaPaMETPOB CTAHAAPTHOT'O UCXOJHOTO
pPEEYHOro KOHTYpa.

Ta6muia 6 — 3naueHus yriaoB npoduiieii 3yda, mpu KOTOPOM HACTYIAET 3a0CTPEHUE UCXOTHOTO
KOHTYpa

a’,° |10 11 12 13 14 15 16 17 18 19

47,21 | 46,72 | 46,23 | 45,72 | 4520 | 44,67 |44,12 | 43,55 | 42,97 | 42,37

a’,° |20 21 22 23 24 25 26 27 28 29




I/ICXO[[HBIG JAaHHBIC OJI pacdeTa v pacyeT MEKOCCBOTO paCCTOSHHUA Aw ITPHU 3aJaHHBIX

K03 PHUIHMEHTaX CMEIICHUS X1 U X2 CBEIEHBI B Ta0IHIIbI (CM. Tabi.7, Tabm.8).

Tabmuna 7 — UcxoaHbie JaHHBIE IS pacyera

41,75 | 41,11 | 40,45 | 39,77 | 39,05 37,55 | 36,76 |3593 | 35,08
a,° |4 4 1 6 6 38,32 |7 4 9 1
a’,° |30 31 32 33 34 35 36 37 38 39

34,18 | 33,25 32,28 |31,26 | 30,20 | 29,09 |27,92 |26,7/0 |2542 |24,07
a’,° |8 6 3 7 5 3 8 6 4 8
a’’,° |40 41 42 43 44 45 46 47

22,66 | 21,17 |19,60 |17,95 |16,22 | 14,39 |12,46 | 10,44
a,’ |2 4 8 9 2 4 8 1

HaumenoBanue napamerpa O06o3HaueHme
HIECTEePHU 21
Yucno 3yobeB
KoJieca 22
Moaynb m
JlenuTenbHBIN Yroi HaKJIOHA JINHUU 3y0a B
Vsl npoduiieit Ha Oosiee U MeHee N
a’, o
Harpy>K€HHBIX CTOPOHax 3y0a
CrenuanbHbli Koad¢uimeHT BBICOTHI TOJIOBKH h*a
UCXOJHBIN KOHTYP
KoadduimenT rpaHiuHOM BHICOTHI h'
Koadduunent paananbHoro 3asopa ¢
HIECTEePHU X1
Koaddumnment cmemnienus
KoJieca X2




Ta6mumia 8 — PacdeT MeKOCEBOTO PaCCTOSHHUS aw MPH 33JaHHBIX KOY(PPHUITMEHTAX CMEMICHUS X1
" X2

1. Koaddunuent Xz Xs =X + X,
CYMMBbI CMEILICHUI

2. ToproBble yriibl | o't oL tga
iy o= ——
npoduneit g cos P
HCXOJIHOTO KOHTYpa
. N t all
Ha OoJiee U MeHee o tga, "= g
Harpy»eHHbIX cosf

CTOpOHax 3y0a

3.Vrusl 3anenyieHus | 0w 2xs (tgol+tga' )

inva,,'+invo,," = invo, +invey, " +

(Vs 3auerieHus

HaxoJsTCs U3 o | SOS o' _ cos Oty

CHCTEMBI cosa,”  COSCLy,”

TPAHCLEHIEHTHBIX

ypaBHEHHI)

4 MexoceBoe aw a m(zy +z,)cosa;'  m(zg +2,)coso"
paccTosiHue Y 2c0sB-cosay, 2C0sf3- cos oy,

Cucrtema TpaHCIICH/ICHTHBIX YpaBHEHUN B CTpoKe 3 Ta0. 8 MOKa3bIBAET, UTO YTJIbl 3AICTUICHHS HE
HE3aBUCHMBEI, €CIIH 3TOTO HE y4eCTh M MPOU3BOANTH pacueTsl B coorBeTcTBUM ¢ [OCT 16532-70
[0 KaX/I0MY YTy Mpo(uiIst OTIENbHO, TO KO3 PUIIMEHTH! CMEelIeHUs OyyT pa3Hble 110 pa3HbIM
CTOpOHaM 3y0a H, cJeI0BaTeIbHO, MEKOCEBbIE PACCTOSHUS 110 pa3HbIM CTOPOHAM 3y0a TaKxe
OyAyT pa3iMyHbl, YTO HEBO3MOXKHO.

Pacuer nuameTpoB 3y0uaThix Kosec nmpousBoautcs mo anamoruu ¢ [OCT 16532-70[2].

B xadecTBe mpumepa pacCMOTPHUM TIepeiavy co CISAYIOINME mapaMeTpaMu: M=9 mwm; 21=13;
2,=32; B=12°; x1=+0,2; x2=-0,425; yrue1 npoduieii o’ —u3mensercs ot 20° (cTaHIapTHBINA
UCXOJIHBINA peevHbIi KOHTYp) 10 38° (TpencTaBieHHbIN Ha puc. 2), o’=20°, ©3MEHEHU yIJIOB
3alleTUIeHUs TIPU BPAIIEHUH B IIPSIMOM M 0OpaTHOM HalpaBJIeHUH CBEJCHBI B Ta01.9.

Ta6J'II/II_Ia 9-— Pe3y'J'ILTaTBI pacucTa yrijosB 3alCIVICHUSA B IPAMOM U 06paTHOM HaIlpaBJICHUAX

BpalleHus
o”, Tpaa o’, rpaj Ot Tpajg otw’, Tpaj
20 18,765
20
22 18,772 20,979




25 18,780 24,236
28 18,787 27,440
30 18,791 29,554
33 18,795 32,700
35 18,798 34,783
38 18,801 37,889

Kak BuHO M3 mpumepa, 1o Mepe yBeIrueHHs yria npoduist Ha 0oiee Harpy>KEHHOH CTOpOHE
3y0a o’, yBEJIMUMBAETCS HE TOJIBKO YIOJl 3alleIJIEHUs IIPY BpallleHUU B IIPSIMOM HaIpaBJIEHUU
Otw’, HO M YTOJI 3aLCIUICHNS] HA MEHEEe Harpy:KEHHO! CTOpOHE 3y0a Ipu BpalleHNUH Mapbl B
00paTHOM HalpaBJIEHUH O’ IPU HEU3MEHHOM @ .

JIEKLUS 8

BO3MOHBIE UCXOJAHBIE PEEYHBIE KOHTYPbI 1JI1s1 HAPE3AHUSA
3YBYATBIX KOJIEC C HECUMMETPUYHBIM NTPO®UIIEM

ITo maTepuanam cratbu Tumodees B.I1., JI.A. ®ponoB Bo3zmoxkHbIE HICXOAHBIE pECUHbBIE

KOHTYpBI JJI Hape3aHUs 3y04aThIX KOJIeC ¢ HeCUMMETpUYHBIM ITpoduinem// Teopuss MEXaHU3MOB
u MamuH. Nel(2), 2004. C. 56-61

BBeaenue

J1Be cTopoHsl mpoduiist 3yda 3yd4yaTroro kojeca GyHKIMOHATBLHO PA3JIMYHbI I OOIbIINHCTBA
MeXaHU3MOB: 100 pabouas Harpy3Ka Ha OJTHOM MpO¢uUIIe 3HAUUTEIBHO BhIIIE, YEM Ha JIPYTroM,
1100 Harpy3ka OIMHAKOBA, HO UCIOJIb3YETCs VISl OHOTO U3 Mpo¢ el B TEUEHUE CYILIECTBEHHO
Oosee IIUTETHLHOTO NEepHoJa BpeMeHu. 1 B ToM U B IpyroM ciiydae HECUMMETPHYHBIHI 3y0
MO’KET 00eCIeUnTh OJIMHAKOBBIN CPOK CITy>KOBI 0 00enM cTopoHaMm. B 3y0Guarbix nepenayax
C HECUMMETPHUYHBIM NpoduiieM 00e CTOPOHBI 3y0a yJacTBYIOT B Iepeiayue BpalaTeIbHOTO
JBUKEHMS U HAIPy3KH.

OnuH u3 npoduiei, HCTIBITHIBAIONINN OOJIBIIIYIO HATPY3KY, YITYUIIaeTCs 3a CUET MEHEee
Harpyskaemoro npoduis. [IpumeHneHre HeCUMMETPUYHBIX 3yObEB MO3BOJIET OBBICUTH
HECYIIYIO CIIOCOOHOCTD BOJILBEHTHBIX IIepe/iad 110 KOHTAaKTHOW M M3TUOHOM MPOYHOCTH B
OCHOBHOM (0o0Jiee Harpy>KeHHOM ) HaIPaBJICHUH BPAIICHUS 3a CUET YBETUUCHUS yria
3aneruienus. Kak ykazano B pabore O.b.Bynrakosa [1], npu pacuéTe KOHTaKTHBIX HapsKEHUH
1o opmyrne ['epiia, KOHTaKTHBIE HATIPSKEHUS Gy TIPAMO TIPOTOPLHMOHATBHEI COSeC? 2aw. D10



03HAYaET, YTO YBEIMUEHUE yIuia 3auerieHus ow ¢ 20° 1o 30°, npu npo4yux paBHBIX YCIOBUSX,
MPUBEIET K YMEHBIICHUIO KOHTAKTHBIX HampsikeHui B 1,16 pasza, 4To MO3BOJIUT YBEIUYUTH
nepeaaBaeMyro Harpy3ky 6onee ueM B 1,34 paza. M3 popMyibl 1o pacu€Ty TOIIIMHBI MAaCISTHON
TIEHKH CIIeyeT, 4TO B TIOJIOCE 3allelIeHus oHa snsercs Gpynkimeit ¢=sin*®aw cos®Pow,
[Tpu nmpouux paBHBIX YCIOBUSAX yBelnueHUe yria 3anerieHus ow ¢ 20° go 30° conpoBoxaaeTcs
YBEJIIMUYCHUEM TOJIIIMHBI MaCJIsTHOM TJIEHKU TpUMEpHO B 1,5 pasza. Takoil pocT TONIIMHBI
MAacCJISIHOM TUIEHKH, B CBOIO OYEpEe/Ib, MPUBOAUT K 00PAa30BaHUIO ECTECTBEHHOTO AeMIidepa
Kosie0aHui B 3alIEIUICHUH, a TAK)KE K YBEJIIMYEHHIO JOJITOBEYHOCTH MEPEAAY, K YMEHBIICHUIO
TEIUIOBBLICTICHUS U NOTEph Ha TpeHue. Henb3st 3a0bIBaTh O HEraTUBHOM CTOPOHE MOBBIIICHUS
yria 3anerieHus ow . [Ipu ToM xe KpyTsieM MOMEHTE U MEKOCEBOM PACCTOSHUU YBEJIMYCHHE
yria 3alerieHus ow IPUBOIUT K YBEIMUEHUIO PaliaibHbIX CUJI, IEHCTBYIOIIHUX Ha ONOPHI.

B ocHoBY paccmaTpuBaeMbIX Iepeaay MoJI0KeH HECUMMETPUUYHBIN UCXOIHBIN peeUHbId KOHTYP.
Takolf KOHTYp MOXHO MOJIYYUTh, €CIIM Y CHMMETPUYHOTO KOHTYpa C YIJIOM IpOQHIIs ¢ OHY U3
OOKOBBIX CTOPOH OBEPHYTh BOKPYI' TOUKHU €€ MepPEeceYeHus C eIUTEIbHOW NpAMO Ha
HEKOTOpHbIH yroi. [Ipy 3ToM y HECUMMETPUYHOTO KOHTYpPa COXPAHSIOTCS MPEXKHSSA TOJILIMHA
3y0a Ha fenuTenbHOl npsaMoii S = 0,57m, a TakKe BHICOTHBIE pa3Mepsl 3y0a, orpeessieMble

ha 1 C ' hf v )
kodpurmenTaMu . 3MeHs0TCS MUIIb TONIIMHBI 3yObeB Ha JTI000H PSIMOH,
napajuieIbHON NeTUTENbHOM [2].
HHCTpyMEHT, B OCHOBE KOTOPOTO JIC)KHUT UCXOJHBIA KOHTYP, JOJHKEH 00ecreunBaTh:
— MUHUMAJIBbHYIO IIHPUHY JTHA BIAJUHEI 3y04aToOTo KOJeca;
— OTCYTCTBHE 3a0CTPEHUs 3yObeB Ha OKPYKHOCTH BEPIITUH 3y0UaTOro KoJieca,

— COXpPAaHCHHUC CTAHAAPTHBIX BBICOTHBIX ITAPAMETPOB 3}/'6BGB 3y6anor0 KoOJIEeCa.

Hcxons u3 3Toro, Mo’kHO c(OpMYIMPOBATH OCHOBHBIE TPEOOBAHNUS K UCXOTHOMY PECUHOMY
KOHTYpY:

— OTCYTCTBME 3a0CTPEHHUS Ha IMPSIMOM BIAJMH;
— HaJIAYUE MMHUMAJIBHOTO pajnyca epexoqHON KPpUBO;
— coxpaHeHHue BBICOTHBIX napameTpoB o ['OCT 13755-81.

2 BausiHue OCHOBHBIX reOMeTPHYeCKUX MapaMeTpoB Ha ¢opmy 3y6a ¢ HeCHMMETPHYHBIM
npoguiaeM.

OnpenenyM BIUSHHUE yIJla HAKJIOHA JJMHUU 3yObeB M KO PHUIMEHTa CMEIEeHUs Ha (opMy
HECHMMETPUYIHOTO 3y0a Mpu ymciax 3yobeB z=9 u z=37 u yriamu npodumns o = 20°, az =40°
(puc 1). Ha puc.1 n3o0paxeHbl HCXOAHBIN U UCXOAHBIA TPOU3BOJSIINNA KOHTYPBHI.
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Pucynok 1 — Brnusinue yriia HakiioHa Ha ¢popMy 3yOneB

B Tabnuue 1 nmpeacraBneHbl HCXOIHBIE MPOU3BOSIINE KOHTYPHI U MPOQIIN 00pa30BaHHBIX
MU 3yObeB B TOPLIOBOM CEUCHHH s YTIIOB HaKJIOHA InHUY 3yObeB $=0°, B=15° u f=33°
(koaddurment cmerienus X=0).

Tabmuma 1
®dopma 3y0a
Vrom Hcxoaublii mpou3BOASIIMNA KOHTYP
(x=0)
HAKIOHA | (rop110B0E CeucHme)
z=9 z=37
¥ *
C=CT-m
Fy
b=h,*m
B:OO 1
he=he *m
A4
. P=nm, R
+ £
[ [e=c¢*m
Ihf h*m
p=15° +
h=h¢*m
P=mm,
[ ——————————— ]|
P RS
b~y /4 \\\-\Q\\“
B:33o H 4 \)\\\\\
h= h; *m 4
. P=mm, R —

|4 k] Ta6J'II/IHBI 1 BUJHO, YTO C YBCIIMUCHUECM YTJIa HAKJIOHA B TOPIIOBOM CCUYCHHHU YBCIIMYUBAIOTCA:
— TOJNIIMHA 3y0a Ha JAETUTENBHON OKPYKHOCTH;
— TONIIHWHA 3y0a y OCHOBaHMSI;

— TOJIIMHA 3y0a Ha OKPY>KHOCTHU BEPIIUH.




Tabmuua 2 — Boustaue ko3 duumenta cmenenust Ha Gopmy 3yObeB

dopma 3yba Popma 3yba npu
Koadpdurment npu z=9 z=37
CMCILICHUA
(B=0°)
x=-1
P SO
.l R
x=-0.5
NN
x=-0.3 N
x=0
x=+0.3
x=+0.5




M3 TabyuIibl 2 BUAHO, YTO C YBEIMYCHHEM KOA((DHUIIMEHTA CMEIICHUS YBEITNIMBACTCS TOJIITMHA
3y0a Ha JIeNUTEbHON OKPY)KHOCTH, YMEHBIIIACTCS TOJIIMHA 3y0a Ha OKPY>KHOCTH BEPIITUH
3yObeB, YMEHBIIIACTCS PAJANYC BIAJIMH 3y0UaTOro KoJieca, YBEIMUYUBACTCS TOIIMHA 3yObeB Ha
OKPYXKHOCTH BIAJVH U, KaK CJICICTBUE, YMEHbIIaeTcs nmoape3anue 3yoneB. [Ipu z=9 3aocTpenue
3y0a MPOUCXOIUT pu X~+0,3, a ¢ yBeaudueHneM K03 GUIIMeHTa CMEIICHHS IPOUCXOIUT
YMEHBIIIEHUE BBICOTHI TOJI0BKH 3y0a. [Ipu z=37, kak BUIHO U3 PUCYHKA, 3A0CTPCHHMS 3y0a HEe
MPOUCXOIUT Jaxe mpu kodpdummente cmemenus X=+0,5.

3 Bo3mo:kHBIE HCXOIHbIE IPOU3BOASIIIME KOHTYPbI VISl HApe3aHus 3y04aThIX KOJIEC C
HeCUMMETPHYHBIM Npoguiem.

Yron npoduiis 1eBoil cropoHsl 3yda octaBuM paBHbIM 20°, a yros mpoduiis mpaBoii CTOPOHBI
3y0a Oynmem uaMeHsTh ¢ 25° 1o 40° (Tabnuna 3), mpu 3TOM yro HakjIoHa JIUHUU 3yObeB B=0° u
koadurment cmenieHuss X=0 .

Tab6muna 3.

VYron npoduins | UcXomHblil MPOU3BOISIIIHIA KOHTYP dopma 3yba

oy =20° (HOpMaJIbHOE CEYCHHE) (B=0°; x=0)

o =25°

o =30°

o2 =35°

o2 =40°

[Ipu yrne npoduis paBaom 40° 6ynemM UMETh MUHUMAJILHO BO3MOXKHBIHN painyc KpUBHU3HBI
NEPEeXOAHOM KPUBOM, TaK KaK 3a0CTPEHUE Ha JIMHUH BIAJMH BO3HUKHET YK€ MPH yrie Mpopuiis
paBHOM 41°.



W3 tabnuibl 3 BUAHO, UTO TOJIIMHA 3yObEB Y OCHOBAHMSI YBEIIMYUBAETCS, HO OJHOBPEMEHHO
YMEHBIIAETCS TOJIIMHA 3yObeB Ha OKPYKHOCTH BEPILIUH, a TAKXKE PAJANYC MEPEXOTHON KPUBOI.

£ P L £ ST £
L1 | LP
L1 Le N D
I L Ir .
20 | 297 X .
é _Q_r - g _Qr E{L_'ﬁ
N4 ;7 NI g
i N
P
P
a) 6)
A, i L4 TN L
E s ; LL] L2
B /3.?__,3?/ é neoe |20
L
, v
: e ;L S
\ \
] P . ) P _
B) r)
Puc. 2.

Ha puc.2 (a, 6, B, I') MOKa3aHbl UCXOAHbBIE MPOU3BOASAIINE PEEUHBIE KOHTYPBI C YIJIaMU MPOQUIIS
o = 20°, a a2 =25°, 30°, 40°, 45°. [TapameTpbl 3TUX UCXOTHBIX TPOU3BOIAIINX PECUHBIX
KOHTYPOB MPUBEACHHI B Ta0OIHIIE 4.

Tabnuua 4.
o 2 ha* | het | c* | L* Lo* b* p*
250 0,837 0,734 0,852 0,398
20° 30° 1 1 0,25 | 0,900 0,671 0,941 0,309
35° 0,978 0,593 1,054 0,197




40° 1,080 0,491 1,194 0,056

IIpumeyanus

1. ha* - K09()(HUIIUEHT BBICOTHI TOJIOBKH;

2. hf*-k03(HUIUEHT BBICOTHI HOXKKH;

3. C* - KO3PGUIUEHT paAUaTHLHOTO 3230pa;

4. p*- ko3 hUIUEHT pagryca KpUBU3HBI IEPEXOJHON KPUBOIi;

5. L1, L2, b - mapameTpsl, XapakTepu3yroline mojoxenue neHrpa okpyxuoctu (Li= Li*-m; Lo=
Lo*-m; b=b*-m, roe m - momxyib).

Ecnu npoduns 3aunerienus Oyner MoanduuupoBaH, a Harpy3Ka INpuiIokeHa B paiioHe rnoioca
3alleIJICHNs], TO paAnyC KPUBU3HBI IEPEXOAHON KPUBON HE CYIIECTBEHEH, ITIOCKOJIBKY
HalnpsDKeHUe U3ruda He sBseTcsl onacHbIM. Ecy Touka NpUiIokKeHns: Harpy3Kyu MOXeT
NEPEeXOUTh Ha BEPXHIOI KPOMKY, TO IPU BBIOOpE KOA(PGUIMEHTA panyca KPHBU3HBI
NEPEXO0IHOM KPUBOM HA/I0 YUUTHIBATh HANpsKEHUE U3ru0a, pu 3TOM ClIeAyeT IOMHUTh, YTO
CMBICJT YBEJTMUEHHUS yTriia MpoQHIIs 3aKII04AETCsl B CHIPKEHUH UMEHHO KOHTaKTHBIX
HaIpsKEHUN.

AJITOpUTM BbIOOpAa BAPHAHTA KOHTPOJILHOM PadoThI CJIeqyOLIMii:

KOHTPOJIbHAs pa00oTa COCTOUT U3 BBeJAeHHs, OCHOBHOM 4acTH, 3akiardenns. Homep
KOHTPOJIbHOI Pa00ThI COOTBETCTBYIOT MOPSIKOBOMY HOMEPY CTY/IEHTA B CNIMCKeE I'PYNIIbI.

3agaHus 1719 BHINOJIHEHUS KOHTPOJBLHOM padoThI

1. Moaudukanus UMJIHHAPUYECKHX IBOJIbBEHTHBIX 3y04aThIX K0JIec, KAK BO3MOKHOCTh
NOBbILIEHHUS UX HATPY304YHOM CIIOCOOHOCTH

2. TlporpeccuBHbIe 3y0uaThie nepeaadyu Ha 6a3e pyHaaMeHTATbHBIX 3¢ PeKToB
NPOYHOCTH

3. OueHka NPOTHBOPEYMBOCTH TEOPHH H MPAKTUKH KAaK KPUTEPHIi 10CTOBEPHOCTH
(pu3nyecknX OCHOB COBEPILIEHCTBOBAHMS CHJIOBBIX 3y0UaThIX Nepenay

4. Baoxkupyromui KOHTYP 1JIsl 3y0UaThIX Nepeaay, CIPOeKTHPOBAHHBIX 110 3aJaHHOI
TOJIIUHe 3y0a HA BepLINHe

5. DJBOJIbBEHTHBIE Nepeiav 00001EeHHOI0 HCX0AHOI0 KOHTYPa U UX reoOMeTpHYeCKH i
pacuer



6. IIpuMeHeHHe ONTHMHM3ALMOHHBIX METOI0B M HHTEPAKTUBHOI'0 0JIOKHPYIOLLETro
KOHTYpa npH Bbidope K03(pPpuIHeHTOB cMeleHus! (KOPPUTHPOBAHNH)
HMJIHHAPUYECKHUX IBOJIbBEHTHBIX 3y04aThIX Nepeiay BHELIHEro 3alenJeHust

7. Pacuert reOMETPpUYCCKUX MAPpaAMETPOB MUWINHAPHYECCKHUX IBOJbBCHTHBIX II€peaa4 ¢
HECUMMETPUYHBIMU 3y6]:ﬂMI/I

8. Bo3MokHbBIE HCXOAHBbIE PeedHble KOHTYPbI /I Hape3aHus 3y04uaTbIX KoJiec ¢
HeCUMMeTPHYHBIM Npoduiem

TpeOoBaHMsI 10 BBHINIOJHEHUIO K 0(POPMIICHUIO

KoutpoabHas padora 10/:kHA ObITH BbINOJHEHA JUcTaxX popMmaTa A4, HA 0JJHOI CTOPOHE
Jucta. Teker Mo:keT ObITH BHINOJIHEH OJIHUM U3 CJIEIYIOIIHUX CIOCO00B:

- PYKOIUCHBIM CIIOCO00M, AKKYPATHO, YeTKHM Pa300pYuBbLIM MOYEPKOM, YePHUIAMU
(macToii) 0THOTO HBETA (YEPHOT0 UJIM CHHEr0);

- ¢ NIOMOIIBLI0 TEKCTOBBIX perakTopoB mpudrom Times New Roman, pazmep mpudra —
14nT, MEKCTPOUYHBIN HHTEPBAJ — MOJYTOPHBIii (1,5).

Oneanlcn, OIMMUCKH JOMMYCKACTCH UCHIPABJIATD 3aKPAIIUBAHUEM KOPPEKTOPOM 1JIsA GyMaru
N HAHECECHHMEM HA TOM K€ MECTEC UCITPABJCHHOI'0O TEKCTA.

HyMepauml CTpaHMl CKBO3Hasl, MIEPBLIM JIMCTOM CHHTAECTCHA THTyJ’lebIﬁ JIUCT, HOMEP
CTPpaHUIbI HA HEM HE MPOCTABJISACTCH.

CTpyKTypHBI€e CXeMbl MEXaHU3MOB, 10JI’KHbI ObITh BBINOJTHEHBI AKKYPATHO €
HCIOJIb30BAHHEM YePTEKHbIX HHCTPYMEHTOB, JIN00 NpeacTaB/IeHbl B CKAHUPOBAHHOM
BH/e WK B BuIe pororpaduii. PaGora 10/1:kHa MMETh:

- TUTYJIbHBIH JIUCT, 0()OPMJICHHBIIi, COTJIACHO 00IEYHUBEPCUTETCKUM TPeOOBAHUSIM;
- cOep/KaHMe;

- BBeJleHHeE;

- OCHOBHYIO 4acCTh;

- 3aKJII0YeHue;

- CIIUCOK UCITOJB30BAHHBIX HCTOYHHUKOB.

IIpumep BbINOTHEHHUSA U 0(POPMJICHUSI KOHTPOJIbHOM PadoThl NPEACTABJICH B IPHJIOKEHUH
A.
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«TOHCKOM I'OCYJIAPCTBEHHBIA TEXHUYECKHUI YHUBEPCUTET»

(Ar'TY)
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IIpumep 0cCHOBHOI YacTH

Moaudukanus HHINHAPUYECKHX IBOJIbBEHTHBIX 3y0UaThIX KOJeC, KAK BO3MOKHOCTh
NOBBIIIEHUSA UX HATPY304HOM CIIOCOOHOCTH

Hunaunapuyeckue 3B0JIbBEHTHBIE NePeIavyd BeCbMa YyBCTBUTEIbHbI K TAKUM
NMOTPELIHOCTAM, KOTOPbIe BHI3IBAKOT KPOMOYHBII KOHTAKT U MOBbINIEHHbIE HANIPSXKEHU .
C ueibio oci1a0JieHUs WIN UCKJIIOYEHHs] TOPLIEBOr0 KPOMOYHOT0 KOHTAKTA UCIOJIb3YIOT
NMPOJ0JIbHYI0 MOAM(PUKANUIO PA00UYMX MOBEPXHOCTEN 3y0beB (00BLIYHO OIHOTO U3 MaPbI
Ko0JIeC), IPUAABas UM cjerka 604xoodpasnyr gopmy.

IIpn HATMYHUU TEXHOJOTHYECKHX NMOrpemHocTell u JedopMannii aerajieil MPpoOUCXoauT
nepeKkaTbiBaHNe MOBEPXHOCTEN TaKUX 3y0beB B NPOJA0JILHOM HANPABJIEHUH €
nepeMenieHHeM KOHTAKTHO NJIOIIAKU B CTOPOHY O/THOI'0 M3 TOPIOB 3y04aTOro BeHIa.
YunreiBas, 4T0 004K000pa3HbIe 3y0Obsi PA00TAIOT B YCJIOBHAX JIOKAJBLHOI0 KOHTAKTA
(00beMHOr0 HANIPSIZKEHHOT 0 1e()OPMHPOBAHHOI'0 COCTOSIHUS), Ipe/IaraeTcs U3ruOHbIe
HANPS’KeHUs] B OCHOBAHMH 3Y0beB, BHINIOJIHEHHBIX HA 0a3e CTAaHAapPTHOI0 HCXOHOIO0
KOHTYpa, onpeaessitb o ¢gopmy.ie, COOTBeTCTBYIOLIEeH dopmy.ie s 3y0UaThIX nepesay
HoBukoBa, Toke padoTalolux B yCJ0BUSIX JTOKAJIbHOI0 KOHTAKTA:

Op = ZTYE ’ Yuec ’ Yae ) K’F!(mgzjr (1)

rae T — nepenaBaemMblil KPYTSALUMA MOMEHT;
M — MOIYJIb KOJIEC;
Z- yncJi0 3y0beB KoJieca;

Y

- KOO(pPUIHEHT, yYUTHIBAIOIINI BJIMSHHE NIePEeKPBITHS 3Y0ObeB;

Yier - NpHUBeIeHHbIN 00beMHbIH K03((PUIHEHT, YYNTHIBAIOIIMI pacnpeneaieHne
HArpPy3KH B/10JIb VINHBI 0€CKOHEYHO JJIMHHOTO 3y0a;

Kr _ K03(puumeHT HAarpy3Ku.

Koa¢gdunumneHT Harpy3ku MOKHO NPeICTABUTh B BH/ie TPAAUIIHOHHOH GopMYy.Ibl:

Kp =K, Kgy - Kgq - KF,E: @)



HA I/IHFU -

K03 ¢uuMeHTHI BHEIIHEH M BHYTPEeHHEl JUHAMUYECKO HATPY3KH;

Kro - k03¢ ¢uumneHT pacnpenejeHUuss HArPy3KH MeX1y 3yObsIMHU;

K FE - ko3 (puumeHT HEPABHOMEPHOCTHU pacinpeieleHNsl HATPY3KH MO JJIHHE KOHTAKTHBIX
JAHUHA.

IIpennaraercs, 4ro K03pGuuueHTsI Ka, Kra , Key MOKHO IIPHHATH B IIEPBOM
NpuOINKEeHNH PABHBIMH, KaK [JIS lepeJay ¢ 00bIYHbIMH 3y0ObsIMH.

IIpoBeneHHbIe HCCIETOBAHNS TOKA3AIH, YTO MPOA0JIbHAST MoTUUKAIUS 3yObeB
(004K000pa3HOCTH) MO3BOJISIET CYIIECTBEHHO CHU3UTH U3rHOHBIe HaNpsi:kenus B 1,2-1,3
pa3a ¥ NOBBICUTH HATPY304YHYIO CIIOCOOHOCTH 3y0uaToii mepexaun. Ha pucynke 1
NnpeacTaBJIeHa KAPTHHA KOHTAKTHOT0 B3aUMO/IeiiCTBUS 3y0beB K0JIeC B MOJIIOCHOI 30He.

0
0
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Pucynok 1 - Moaejib KOHTAKTHOTO B3anMo/eiicTBHs 3y0ObeB 1 U 2 npu OTCYTCTBHUH (2) U
Haanuuu (0) mepexoca:

K - Touka KoHTaKTa 3y0beB; bw - 1uHa 3y0a; S - cMeneHue Touku K ot cepennubl bw ;
A - creneHb 004K000pa3HOCTH 3yDa

OpaHoli M3 NIPUYHUH CHU/KEHHUS Hecyllel cocoOOHOCTH 3y04aThIX nepeaay siBjaseTcs
BO3HMKHOBEHHE BUOpanuii, BO30yK1aeMbIX NIePeMEHHOM KeCTKOCThIO 3allellJICHUs 1
CKAa4YK000pa3HbIM HArpy:keHueM 3y0beB. /laHHbIe (paKTOPHI He ONpeAeISIOTCH TOJIbKO
NOrPeIHOCTAMM M MO3TOMY MX HeJIb3sl yCTPAHUTDH MOBBIIICHHEM TOYHOCTH M3rOTOBJICHHSA
U MOHTaKa. OJHAKO MX MOKHO YCTPAHUTH € MOMOLIbIO NPOPUIbHON MOAUPUKALMHU
3y0beB, Ha3bIBaeMOil (p1aHKHPOBaHHEM.

B padoTte 0bli1a paccMoTpeHa Koco3ydasi epeaaya ¢ CcyMMapHbIM K03 duiueHTomMm
£ Eq <€ £ £
nepexpeiTia 2< = <3 npu B, rie €% =E€a+"B rpe €a, “F _
K03(PUUHEHTHI TOPLUEBOI0 U 0CEBOI0 NEePeKPbITHH.



IHose 3auensiennst U PyHKUMS U3MEHEHUS KECTKOCTH Ce K | -if mapbl 3y0ObeB BO BpeMeHH T

NMOKa3aHbI HA PpUCYHKe 2 au 0, THe T=1/ Tz, t - Tekylee Bpems, Iz _ nepuoj 3yonosoi
YacTOThlI.

N3meHeHuUe cTaTHYECKOI HATPY3KH Py B K i-ii mape 3y0beB 1o ¢ase 3anenyieHus MoKa3aHo
rs

Ha PUCYHKE 2, B, JUHHUA 1. YuacTtku T COOTBECTCTBYHOT KPOMOYHOMY 3allCNIJICHUIO 3}761363
Ha BX0/1€¢ U1 BBIX0A€ U3 3allCIIJICHUS.
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PucyHok 2 — i3MeHeHHe cTaTHYeCKOIl HATPY3KH K I-il ape 3y0beB 1o (a3e 3anensieHust
MOKa3aHO



IIpumep odopmiieHHs CIUCKA UCIIOJIb30BAHHBIX HCTOYHUKOB

CIIMCOK UCIIOJIB30OBAHHBIX HCTOYHHUKOB

1. XapI/ITOHOB, C.A. Pacuer M NpoeKTHPOBAHNE ILIAHETAPHBIX KOPOOOK mepeaay /

C.A. Xaputonos, M.B. Haraiiues, E.I'' FOaun. — M. : MockoBckuii
rocy/1apcTBeHHbIH TexHn4yecknii ynusepcurer umenu H.J. baymana, 2012 — 324 c.

Cuapes, A.H. PacueTnl MalivH U 000py/10BaHust sl 100bIYu HedTH U raza / AU,
Cuapes. — M. : Uu¢pa-Unxenepus, 2013 — 218 c.

Bonpocsl 1151 py0e:kHOro KOHTPOJIs1 o aucuuninHe «[lepcnekTUBBI NPUMeHeHHs
nepeaay 3anerieHueM B MAIIMHAX He(Tera3oBbIX MPOMbICIOB)

1 peliTuHr

Pa3znen 1 OcHOBHBIE HANIPABJIEHNSI COBEPIIEHCTBOBAHUS Mepeaay 3auenjieHueM

1.

[lytu yBenuueHus: Harpy304HOM CIIOCOOHOCTH M YMEHBIIEHUsI BUOpaluil B
LWIMHJPUYECKUX 3y0UaThIX Mepenayax 3a c4eT MOAU(UKAIIIN KOJieC

AHanIM3 IpaKTUKU KOHTAKTHBIX PacueToB, BbIsBICHHE 3(D(PEKTOB KPUBU3HBI KOHTAKTa
YIPYTUX TeJl, MOJEIUPYEMBIX KPYTOBBIMH LIWJIMHIPAMHU.

dusnuecKkue OCHOBbI COBEPIIEHCTBOBAHUS 3y0UaThIX Mepeiad, BO3SMOKHOCTH
3HAUUTENBHOTO YBEJIMUECHUSI UX HECYIEeH CIOCOOHOCTH

dusnueckas o0cHOBa BbIOOpa 3()(heKTUBHBIX HAIIPABICHUN COBEPILICHCTBOBAHMS
3yOuaThIX nepeaay

Bnusinue npuBeneHHOro pajnyca KpUBU3HBI O Ha MOKa3aTeNlu AepOpMaTUBHOCTH U
HECYIIEeH CITOCOOHOCTH KOHTAKTA YIPYTUX TN ¢ OJM3KUM K Ha4aIbHO-TMHEHHOMY
KacaHUEM

O651acTh JOCTOBEPHOCTH TPATUIIUOHHBIX (PU3MUECKUX OCHOB COBEPIICHCTBOBAHUS
3yOuaThIX mepeaay

YTo4yHeHue (1o cxeMe HayallbHO-TOYEYHOT0 KaCaHUs) METOJ0B KOHTAaKTHOTO pacyera
YIPYTUX TeJl C HOMUHAJIBHO HauyalbHO-TMHEWHBIM (WK OJM3KUM K HEMY) KacaHueM

Pa3znen 2 COBpeMeHHBIe METOIbl CHHTE3a HETPAAUIIMOHHBIX Nepeaay 3alenjJacHuemM

8.

CBs13b OJIOKHPYIOIIKUX KOHTYPOB M METOJIOB ITPOEKTUPOBAHMS 3yOUaThIX epeaay Ha
OCHOBE METOJUK HEJIMHEWHOTI'O IIPOIPaMMUPOBAHUS.


http://www.iprbookshop.ru/31529.html
http://www.iprbookshop.ru/31529.html
http://www.iprbookshop.ru/13545.html

9.

broxupyromuit KOHTYp 1151 3y0UaThIX Mepeaad, CIpOSKTUPOBAHHBIX IO 3aJaHHOM
TOJIIIMHE 3y0a Ha BEpIIMHE

2 peMTHHT

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

O0001IeHHBIN UCXOTHBIN KOHTYP.

JIBycTOpOHHEE CMEIEHUE IBOJIbBEHTHBIX KOJIEC.

O06006mEnHOEe 00pa30BaHNE BOIBBEHTHON MepeIayy BHEIIHETO 3aIlCTIICHHS.
O060011eHHAsE METOIMKA TEOMETPHUECKOTO pacyera.

HpOBepKa Ka4yeCTBa 3allCIUICHUA, CIIPOCKTUPOBAHHOI'O HA OCHOBC O606H_ICHHOFO
HCXOJHOT'O KOHTYpa

Maremarudeckasi MOJICIb BY6‘18.TOI7I mnepeaadu, ¢ CUCTEMOM OI‘pEIHH‘ICHHﬁ, JJIA
HCIIOJIB30BaHUA B MCTOAaX OIITUMHU3AllHN

[TporpamMMHas peanu3anus NOCTPOCHUS UHTEPAKTUBHOTO OJIOKUPYIOIIErO KOHTYpa B
cucreme KOMITAC-3D

MeTouKka MHOTOKPUTEPHAIBHON ONTUMHU3AIMU 3y0UaToro 3aleryieH s, Ha OCHOBE
no0opa ONTUMANBHBIX 3HAUEHUN KOI(PPUIIMEHTOB CMEILIEHHUsI, UCXOS U3 KPUTEPUEB
(GyHKIIMOHUPOBAHUSI IPOSKTUPYEMOH Tepeaun

[TonsTHe n3onomnei kKo3PpPHUINEHTOB 3amaca KOHTAKTHBIX U U3TUOHBIX HANPSKEHUH B
OJIOKMPYIOLIEM KOHTYpE, UX (hopMa JuIs MpsIMO3yObIX M KOCO3YObIX Iepeaay

Pacuer ocHOBHEIX reOMCTPHUICCKUX MApaMCTPOB HUIIMHAPUUICCKHUX 3BOJIbBCHTHBIX
KOCO3Y6BIX rnepeaady ¢ HCCUMMETPUYHBIMU 3y6I>$IMI/I IIpU 3aJaHHOM MECIKOCCBOM
PaCcCTOsIHUM Aw

Pacuer MexoceBOro paccTosTHUS aw WIHMHIPUYECKUX IBOJIBBEHTHBIX KOCO3YObIX
nepeaay ¢ HECUMMETPUYHBIMU 3YObSIMH TIPH 33aHHBIX KOA((UIIMEHTaX CMEIICHUS X1 U
X2

BnusiHre OCHOBHBIX T€OMETPHUECKUX MTapaMeTpoB Ha popMy 3y0a ¢ HECUMMETPUYHBIM
npoduieM.

Bo3MosxHbBIE HCXOAHBIE TPOU3BOASIINE KOHTYPBI ISl HApe3aHHsl 3y0uaThIX KOJEC ¢
HECUMMETPUYHBIM MPO(UIEM.

buaersl mo JUCIHUIIJINHE «HepCHEKTI/IBbI NPUMEHCHHUA II€peaayd 3alCNJICHUEM B MallIMHAX

He(bTera:melx IIPOMBICJIOB»

1.

[TyTu yBenuyeHus Harpy304HOM cnocoOOHOCTH M YMEHBIICHUs! BUOpauii B
IWIMHAPUYECKUX 3y0UaThIX epeaayax 3a cueT MOAU(UKALUU KoJiec
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11

12

13

14

15

16

17

18

19

CBs13b OJIOKHPYIOLIUX KOHTYPOB M METO/I0B ITPOEKTUPOBAHMSI 3y0UaThIX Mepeiad Ha
OCHOBE METOJMK HEIMHEHHOTO POrpaMMHUPOBAHUS.

AHaJn3 NPAaKTUKA KOHTAKTHBIX pacueTOB, BbIABICHHUE Y3PPEKTOB KPUBU3HBI KOHTAKTa
YIPYTUX TeJl, MOAEIUPYEMBIX KPYTOBBIMHU LUIUHAPAMH.

broxupytomnuii KOHTYp AJig 3yOUaThIX Iepeaayd, CIPOESKTUPOBAHHBIX MO 3a/1aHHOM
TOJIIMHE 3y0a Ha BEpIIMHE

duznyeckre OCHOBEI COBCPUICHCTBOBAaHUA SY6‘laTBIX nepeaad, BO3MOXHOCTH
SHAYUTCIBHOI'O YBCINYCHUA UX Hecymeﬁ CIIOCOOHOCTH

O0001IeHHBIN UCXOTHBIN KOHTYP.

duznyeckas OCHOBA BbIOOpa 3PEKTUBHBIX HANIPABICHUH COBEPIIICHCTBOBAHUS
3yOuaThIX mepeaay

I[BYCTOpOHHCC CMCIICHHE 3BOJIBBCHTHBIX KOJICC.

Bnusuaue MMPUBCACHHOI'O paanyCa KPUBU3HBI P HA IIOKA3aTCIIN ﬂeq}OpMaTHBHOCTH u
Hecymeﬁ CIIOCOOHOCTH KOHTAaKTa YIIpyrux Tei € OIU3KUM K HaanLHO'HHHeﬁHOMy
KaCaHUEM

0O06006mEnHOEe 00pa3oBaHNE BOIBBEHTHON MIepEIayy BHEIIHETO 3aI[CTICHHS.

O06acTh TOCTOBEPHOCTU TPATUITUMOHHBIX (PU3HUECKUX OCHOB COBEPIICHCTBOBAHUS
3y04aThIX Tiepeaay

O06006111eHHas METOIMKA FeOMETPUUECKOT0 pacyeTa.

YTo4yHeHue (1o cxeMe HayallbHO-TOYEYHOT0 KaCaHUs) METOJ0B KOHTAKTHOT'O pacyera
YIPYTUX TeJl C HOMUHAJIBHO HauyalbHO-TUHEWHBIM (MM OJM3KUM K HEMY) KaCaHUEM

[TpoBepka kadecTBa 3aleMICHHs], CIPOEKTHUPOBAHHOI'O HA OCHOBE 000OIIEHHOTO
HCXOJHOI0 KOHTYypa

MareMaTu4deckas MOJACIb 3Y6anOﬁ nepeaadu, ¢ CHCTEMOM OFpaHquHHﬁ, JJI
HCIIOJB30BaHMUsA B METOJaX OIITHUMU3AIINN

Bo3MoskHBIE HCXOTHBIE IPOU3BO/AIINE KOHTYPBI ISl HApe3aHUsa 3y0daThIX KOJEC C
HECUMMETPUYHBIM MPO(UIEM.

[TporpaMMHas peanu3aius MOCTPOCHUS HHTEPAKTUBHOTO OJIIOKHMPYIOIIETO KOHTYpPA B
cucreme KOMITAC-3D

BrwsiHre OCHOBHBIX T€OMETPHUYECKUX MTApaMETPOB Ha GopMy 3y0a ¢ HECHMMETPUIHBIM
npoduieM.

Metoarka MHOTOKPUTEPHATHLHON ONTHMH3AINHU 3y04aTOro 3aleTICHNs], HA OCHOBE
moadopa ONTUMAIBLHBIX 3HAYCHHH KO3 (UIIMEHTOB CMEIIEHHUS, UCXO0IS U3 KPUTEPHEB
(YHKIMOHUPOBAHUS POEKTUPYEMOH Iepeaun



20 PacueTr Mek0CeBOro pacCTOSIHUA aw LIMIMHIPUYECKUX 3BOJIBBEHTHBIX KOCO3YOBIX
nepeaay ¢ HECUMMETPUYHBIME 3yObsIMU TIPY 33JaHHBIX K03 duimenTax cmemenus x1 u

X2

21 TlousTue u3omonei ko HUIMEHTOB 3amaca KOHTAKTHBIX U M3THOHBIX HANPSHKEHUHN B
OJIOKHPYIOIIEM KOHTYpE, UX Gopma sl MPSMO3YyObIX U KOCO3yOBIX Tiepeaad

22 Pacder OCHOBHBIX T€OMETPHUYECKUX TAPAMETPOB IMIMHAPUICCKUX IBOJILBEHTHBIX
KOCO3Y6BIX nepeaady ¢ HCCUMMETPHUYHBIMUA 3y6B$IMI/I IIpH 3aIaHHOM MCKOCCBOM
PacCTOSTHUU aw.



Bomnpoce! 111 py0ekHoro KOHTpoJis mo aucuunimnne «llepcnekTuBbl NpUMeEHEHUs
nepeaay 3alenjgeHneM B MAIIMHAX HeTera3oBbIX MPOMBICJIOB)

1 peiimune
Pa3znen 1 OcHOBHBIE HATIPABJIEHNSI COBEPIIEHCTBOBAHUS Nepeaay 3auenjieHueM

23. [lytn yBenuueHHst Harpy304HOI CITIOCOOHOCTH M YMEHBIIICHHUS BUOpAIHii B
IMHAPHUYECKUX 3y0UaThIX Nepeaadyax 3a cueT MoIu(pUKAIIH KOJIeC

24. Ananu3 nNpakTUKKA KOHTAKTHBIX PAaCueTOB, BhISBICHHE Y(PPEKTOB KPUBU3HBI KOHTAKTA
YIPYTUX TeJl, MOACTHPYEMBIX KPYTOBBIMU IIMJIHMHIPAMH.

25. ®u3nYecKre OCHOBHI COBEPIICHCTBOBAHUS 3y0UaThIX MMepeIay, BO3SMOXHOCTH
3HAYUTEJILHOTO YBEIMYCHHS UX HECYIIEH CIIOCOOHOCTH

26. duznueckas 0CHOBA BbIOOpa 3(h(PEKTUBHBIX HAIIPABJICHUH COBEPIICHCTBOBAHMS
3y04aThIX miepeaay

27. BnusiHue mpUBEICHHOTO painyca KPUBH3HBI O HA TIOKa3aTenu AeOpMaTUBHOCTH U
HecylIeil cnocoOOHOCTU KOHTAKTa YIPYruX Tel ¢ OJIM3KUM K HadyaJbHO-TMHEHHOMY
KacaHueM

28. O61acTh JOCTOBEPHOCTH TPAJAUIIMOHHBIX (PU3NUECKUX OCHOB COBEPIICHCTBOBAHMS
3y04aThIX Tiepeaay

29. YTouyHeHue (1o cxeMe HavallbHO-TOYEYHOTO KacaHMs) METOA0B KOHTAaKTHOTO pacyera
YIPYTUX TeJl C HOMUHAJIBHO HauyalbHO-TUHEWHBIM (MM OJM3KUM K HEMY) KaCaHUEM

Paznen 2 COBpeMeHHLIe METO/AbI CHHTE3a HETPAAUIIUOHHBIX NIEpeaayd 3alciliCcHuEM

30. Cs3b 6HOKI/Ipy10H_II/IX KOHTYPOB U METOJOB IIPOCKTUPOBAHUS 3Y6‘18.T]':>IX nepeaayd Ha
OCHOBE METOAUK HEJIUHEWHOI 0 nporpaMMupOBaHu.

31. brokupyrouuii KOHTYp I 3yOUaThIX mepeaay, CIpOeKTUPOBAHHBIX 10 331aHHON
TOJIIIMHE 3y0a Ha BepIIMHE

2 peiimune
32. O000IIEeHHBII UCXOTHBIA KOHTYP.
33. JIByCTOpOHHEE CMEIIICHHE YBOJILBEHTHBIX KOJIEC.
34. O6061mEnHOe 00pazoBaHKe IBOJIBBEHTHOM MEpeaaydl BHELUTHETO 3aleTUICHUS.
35. O6001IeHHast METOIKA TEOMETPUUECKOTO pacueTa.

36. [IpoBepka KauecTBa 3aLEIUICHUS, CIIPOSKTUPOBAHHOTO Ha OCHOBE 0000IIEHHOTO
MCXOJHOI0 KOHTYpa



37.

38.

39.

40.

41.

42.

43.

44,

MaremaTruueckast MOJIeb 3y0UaToi mepenayu, C CHCTEMOM OrpaHUYCHUM, IS
HUCIIOJIB30BAHUS B METOAAaX OIITUMMU3AIIUN

[TporpaMMHas peaau3aius MOCTPOCHUS HHTEPAKTUBHOTO OJIOKHPYIOMIETO KOHTYPA B
cucreme KOMITAC-3D

Metoarka MHOTOKPUTEPHATILHON ONTUMM3ALMY 3y04aToro 3aleIuieHus], Ha OCHOBE
o00pa ONTUMAJIbHBIX 3HAYEHUH K03()(PULIMEHTOB CMEIeHUs], UCXOS U3 KpUTEpUEB
(YHKIMOHUPOBAHUS IPOSKTUPYEMOH Iepeaun

[TonsiTHE M30mOMeH KOAPPHUIMEHTOB 3araca KOHTAKTHBIX M U3THOHBIX HAMIPSDKEHHUH B
OJIOKMpYIOIIEM KOHTYpE, X (hopma JijIs IPAMO3YyObIX M KOCO3yObIX Iepeaad

Pacuet ocHOBHBIX IrCOMCTPHUUCCKUX IMAPAMETPOB HUIIMHAPHUUCCKUX 3BOJIbBCHTHBIX
KOCOSY6HX nepeaady ¢ HCCUMMCTPUYHBIMU SY6I>5IMI/I IIpH 3aJAaHHOM MCKOCCBOM
PaCcCTOSIHUHU Aw

Pacuet MexxoceBoro pacCTOsAHN dw UMIMHAPHUYCCKUX 3BOJIbBEHTHBIX KOCO3Y6HX

nepeaady ¢ HCCUMMCTPUYIHBIMU SY6B${MI/I IIpH 3aJIaHHBIX KOB(I)(bI/II_II/ICHTaX CMELICHUA X1 U

X2

BrvsiHMe OCHOBHBIX T€OMETPHUYECKUX TTapaMeTpoB Ha PopMy 3y0a ¢ HECUMMETPUYHBIM
npoduiem.

Bo3MoskHBIE HCXOJHBIE TPOU3BOASIINE KOHTYPBI JUIsl HApe3aHus 3y0uaThIX KOJEC C
HECUMMETPUYHBIM MPO(UIEM.



