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Bonpockl reoMeTpun HeaBONbBEHTHbIX 3yb4yaTbiX nepenayvy C 3BOSIbBEHTHbIM LUAVHAPUYECKAM
NCXO4HbIM 3BEHOM BrepBble Obinn paccMoTpeHbl B MoHorpadumn A.C. [asbigoBa [1], a no3xe B MOHO-
rpacbumn @.J1. JinteuHa [2]. 16 okTsi6ps 2003 roga B cBOoen nekumn ans «3ybyatHukoB» Poccum B Mo-
CKBE OOMH U3 BblOAKOLWMXCS y4YeHbIX B 06r1acTn Teopumn 3ybyatbix 3auenneHmi npodeccop O.J1. Jlut-
BWH, Bosrnasnawowmnn «Gear Research Center» B CLUA (r. Yukaro), Ha KOTOpOM nNpucyTcToBan
N aBTOp CTaTby, OTMETUN, YTO pa3paboTKM TakMx nepenad akTyasribHbl U B HacTosilee Bpemsi. Paspa-
OOTKM HE3BOMbBEHTHbIX Nepeday Tuna UWINHAPO—KOHUYECKMX C MalbiM MEXOCEBbIM YrfioM npea-
ctaBneHbl B pabote B.A. JlonatnHa 1 O.H. LlykaHoBa [3]. /IX nepcnekTMBHOCTb M NPUMEHEHNE B TEX-
HUke oOycnoBneHbl, npexae BCEro, LWWPOKUMUM TFEOMETPO—KMHEMATUYECKMMN BO3MOXHOCTAMM
HEe3BONbBEHTHOrO 3auenneHns [4]. OgHako Ha NpakTMke 3TU BO3MOXHOCTU MUCMOMb3yITCA Aaneko He
MOSHOCTBIO, TaK KaKk CUHTE3 N aHanu3 Takux 3auenneHuin NpuBA3bIBAETCH K MCXOQHOMY KOHTYpY Npo-
eKTMpyeMbix nepenady. Bmecte ¢ Tem gaxe y 0ObIMHON 3BOMbBEHTHOM LUITMHOPUYECKON nepegauyn
BCKpbIBalOTCs1 OonblumMe pe3epBbl NOBLILEHMS €e Hecylel CnocoBHOCTM, pecypca U HaOeXHOCTW,
€Cnn aHanu3 u CUHTEe3 3auenfieHns BbINOMHAETCA UCX0AA TONbKO U3 ero TeopeTUYecKnx BO3MOXKHO-
CTen ¢ ncnonb3oBaHMem 0606LatoLWwmx napaMmeTpoB [5]. ATO pe3Kko paclumpsaeT Ananas3oH ynpasne-
HUS reoMeTpo—knHematumdeckumm nokasatensmu (MKIM) 3auenneHns ¢ uenbko Nony4yeHns mx Hambo-
nee 6naronpuaTHOro Komnnekca. A Kak MokasbiBaeT OnbIT 3JKChnyatauum LUANHAPO—KOHUYECKNX
3ybyaTbix nepeaad, TONbKO KOMMIIEKCHOEe coyeTaHme 6naronpuaTHbIX reOMeTPUYEeCcKMX U KMHemaTtu-
YeCKMX nokasartenen 3auenneHms cnocobCcTByeT YNydLLEHNI0 UX TEXHUKO—IKCMIyaTaLMOHHbIX Xapak-
Tepuctuk. B HeaBonbBEHTHOM 3auenneHuun, obpasdyemMomM Ha 6a3e 3BONbBEHTHONO UCXOAHOrO 3BEHA,
B OTNINYME OT 3BOSIbBEHTHOIO, MOXHO MOMYYUTb NPaKTUYECKN Nobor xapakTep KOHTaKTa nyTeMm CooT-
BETCTBYHOLLEro BbibOpa pasHOCTH Ymcen 3yObeB 3BOSIbBEHTHOMO KOneca nepeaayv u UCXO04HOro 3BeHa
[1...3]. B HE3BOMNBBEHTHOM 3aLeNfEHNN UMEOTCA Takke OONOSTHUTENbHbIE BO3MOXHOCTU YNpaBreHus
ero reoMeTpo—KMHeMaTU4EeCKUMM MnoKasaTensiMm 3a CHeT M3MEHEHUS napameTpoB MOBEPXHOCTU 3a-
LenneHns, KoTopasi B OTNIMYME OT 3BOJSIbBEHTHOrO 3auennieHns, He aensaeTtcs nnockon [1...3]. Hanbo-
nee LwMpokue BO3MOXHOCTU ynpasneHua [KIT 3auenneHns OTKpbIBAOTCA MpU CUHTE3e nepedayu
C BHYTPEHHMM HE3BOJSIbBEHTHBIM 3auennieHnem, obpasyemom Ha 6ase UUNUHOPUYECKOrOo 3BOSIbBEHT-
HOro ucxogHoro 3seHa [3, 4]. icxogoa n3 aToro, cxema Takon nepegadm Ha CKPELLMBAaOLMXCS OCSX
NPUHATA B KQYEeCTBE NUCXOAHOM CXeMbl Npu NpoekTupoBaHum (puc. 1). OcTanbHble BapuaHTbl CXEM Me-
peday paccmaTpumBaloTCa Kak ee Moaudumkaumym unu 4YactHble crydau. HavanbHas NoOBepXHOCTb
HE3BONIbBEHTHOrO 3BEeHa Mepedady paccMaTpuBaeTcs Kak ormbarolas HavanbHOW MOBEPXHOCTU
3BOJSIbBEHTHOIO MCXOL4HOrO 3BEHA M KacaeTcsa ee No HEKOTOPOoW NuHUWN. IOeHTU4YHOEe UCXOQHOMY Lu-
NVHAPVUYECKOMY 3BEHY C BHYTPEHHUMWU 3yObsAMM NpoM3BOAsLLEe KONeco MOXET ObiTb peanv3oBaHO
OBVWXXEHNAMUN PEXYLLMX KPOMOK LeBepa C BHYTPEHHUMU 3yObsaMu. MaeHTu4HOoe MCXogHOMY LMnnHA-
pUYEeCKOMY 3BEHY C BHELLUHMMM 3yObsMM NPOM3BOASLLEE KONECO peannu3yeTcsl ABMKEHUSAMU PEXYLLMX
KPOMOK 00bI4HOro gonbska. [na peleHns HEKOTOPbIX NMPaKTUYECKUX 3a4ady MOXET MUCMOfb30BaTbCA
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KOHMYEeCKOe NCXOOHOEe 3BEHO, Hanpumep, ansa obecnevyeHns NMHENHOro KOHTakTa Ha o6enx CTopoHax
3yObeB 3BONIbBEHTHO—KOHMYECKONM LLECTEPHM Nepedayn peaykropa Ans pasnBoeHus noToka MOLLHO-
CTW B cyaoBbIx npusogax [3, 4]. B atom cnydyae ngeHTUYHOE eMy Npon3BosiLLee KOeco peannuayeTtcs
ABWKEHUAMN PEXYLLUNX KPOMOK 9BOSIbBEHTHO—KOHMYECKoro wesepa. [pn 3agaHHOM 3HaveHun nepe-
AATOYHOrO OTHOLLEHUS | OTHOCUTENBHYIO (NPU €ANHUYHOM OMaMeTpe OCHOBHOW OKPY>XHOCTU UCXOLHO-
ro 3BeHa) reoMeTpuo MCXOOHOM CXeMbl nepeaayn NOMHOCTLIO ONpeaensT cneywme obobuyato-
Wwure napameTpbl (puc. 1): a, — MexoceBOe PacCTOsiHUe; X — MeXOoCeBow yron unu o, — yron

HaKJ10Ha FeOMeTpI/I‘-IeCKOIZ OCW HE3BOJSIbBEHTHOrO 3BEHA K Ha4anbHOW NITIOCKOCTU nepepayu H, Yw —

yron mexagy KacaTenbHbIMM K 06pasyroLMM HavanbHbIX NOBEPXHOCTEN 3BEHbEB B Touke W kacaHus
MX HayanbHbIX OKPYXXHOCTEN; B, — Yron HaknoHa NMuMHUKM 3y6a MCXOQHOro 3BEHa Ha HayarnbHOW Mo-

BEPXHOCTW.

Puc. 1. UcxogHasa cxema HE3BOMbBEHTHON 3yGyaTon nepefadn ¢ 3BOSIbBEHTHbIM LUNUHOPUYECKUM NCXOLHBIM
3BEHOM

Mpy BblBpaHHbIX 3HaYeHMsIX 06obLLaoWmMX NapaMeTpoB CXeMbl Nepeaayvn oTHOCUTENbHas reo-
METPUS 3aLenneHns MoHOCTbI0 OnpeaensieTcs TeKYLWUMU U 9KCTPEManbHbIMU 3HaYeHUsIMU 0606-
LialoLMX NapamMmeTpoB 3aueniieHuns: ay, (TOPLOBOTO yrra 3auensieHus), onpeaensiowero noroxeHmne

o6pasy+ou_|,1/|x NOBEPXHOCTU 3auenieHnd, n (Xy (yrna I'IpOCbI/IJ'IFI 3BOJIbBEHTbI NICXOOHOIo SBeHa), onpe-

AendALero NonoXeHne ToYek Ha aTux obpasyowmx.

3apadva cuHTe3a 3auenneHns B obobLuarowmx napameTpax MoxeT ObiTb chopmynupoBaHa cne-
Aylowmm obpasomM: Npu 3agaHHbIX 3Ha4YeHUAX obobLuaoWwmnx napameTpoB CXeMbl Nepeaayn onpeae-
NUTb NOBEPXHOCTb 3auenneHns B ee obobLaloLwmx koopanmHaTax, a no Hem — NoBEepPXHOCTU 3yOLoB
3BEHbLEB.

[MoBEPXHOCTb HE3BOMBLBEHTHOrO 3auensieHns, obpasyemoro Ha 6ase 9BONbBEHTHOrO MCXOLHOMO
3BeHa, MOXXHO paccmaTpmBaTb Kak COBOKYNHOCTb TOYEK Beepa HopmMarnew K npodunto ero 3ybuos, xe-
CTKO CBSI3@HHbIX C OCb0 ero BpalleHus. [10aToMy oHa MOXeT ObITb OnMcaHa CUCTEMOMW ypaBHEHWUN
3TOro Npodunsa B HEMOABMXKHON CUCTEME KOOPAMHAT M ypaBHEHWEM, CBA3bIBAKOLLMM annnuvkaTy Top-
LLOBOr0 CeYEeHMa UCXOAHOro 3BeHa ¢ obobLatowmmm napameTpamm 3avlennenus [3].

MpUHUMNBI CMHTE3a NOBEPXHOCTM HE3BOSbBEHTHOrO 3auensnieHns B obobwawmx napameTpax,
chopMynNMpoBaHHbIE aBTOPOM CTaTbW, 3aKNOYaTCA B CrneayoLwem:

1. MNMoBepXHOCTb HE3BOMbLBEHTHOrO 3aLenneHnss CylwecTByeT B npeaenax o6obuieHHon obnactu
cyuwlectBoBaHusa 3auenneHnss (OOC3), onpenensieMon COBOKYMHOCTbIO 3HAYEeHUN 0606 aroLwmX
napamMeTpoB cxembl nepegayn a,, (8, ), Yu. By ¥ obobarwmx napameTpoB 3ybyaTtoro BeHua

MCXOOHOTO 3BEHA Z (41cno 3y6LoB) U m, (OTHOCUTENbHAs TOMLWMHA 3yBLOB Ha OKPY)XXHOCTU BEPLLMH).
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2. B npegenax OOC3 cyuiecTByeT nokanbHasa obnactb cywectsoBaHua 3auennenus (JIOC3), onpe-
AensLwan noBepxHOCTb HE3BOSbBEHTHOIO 3auenfeHnst Npu 3agaHHblX 3Ha4YeHMAX 06o6LLatoLLmX
KOOpPAMHAT O[HOW M3 ee KparHWX TOYeK O 4 (yron npoduns 3ybua MCXoaHOro 3BeHa Ha OKPY>KHOCTH

BEPLUUH) U qy,, (Yron 3auenneHuns B COOTBETCTBYIOLLEN TOYKE).

3. B npegenax OOC3 cyuwiecTtByeT nokanbHas o6nacTb CyLleCTBOBaHUSA 3auensneHnsi, onpeaensto-
Las NOBEPXHOCTb HE3BONbBEHTHOIO 3auensieHust ¢ Hambonee GnaronpPUATHBLIM KOMMJIEKCOM €ro
reoMeTpO—KUHEMAaTMYECKMX MOKa3aTeNEeN.

4. Komnnekcom MKl HE3BONBBEHTHOMO 3aLENNIEHN MOXHO YNpaBnsTb NyTeM uameHeHus obobLuato-
LLMX KoOpAWHAT OOHOWM M3 KpamHMX TOYEeK MOBEePXHOCTU 3alenneHns B npeaenax obobLleHHon 0b-
nacTu CyLEeCTBOBaHMS 3aLEnieHus.

MpuHUKMNbI onpeaeneHna obnacTen CyLecTBOBaHMSA HEIBOMbBEHTHbIX 3aUenfieHnn ¢ LMNnMHApu-

YECKUM 3BOJIbBEHTHBIM UCXOAHbLIM 3BEHOM B 0000LLIAOWLMX KOOpANHATaX Oy » Oy WINIOCTPUPYIOTCS

pwuc. 2 ans BHYTPEHHero 3auenrieHmna n puc. 3 ANs1 BHELWWHEro 3auensieHns.
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Puc. 2. K onpegenennto 0606LweHHon (0G1,G2.G3Go0) n nokansHon (ABPQ) obnacTen cylecTBoBaHWS BHYT-
PEHHEro HE3BOSIbLBEHTHOrO 3aLenneHns Ha 6a3e 3BONbBEHTHOIO LIMITMHAPUYECKOrO MCXOOHOrO 3BeHa:

g1— rpaHuyYHasi KpuBasi NoApe3aHnsl HESBONbBEHTHbIX 3YGLIOB; g2, g3 — FPaHUYHbIE KPUBbLIE 3a0CTPEHUSI HE3BOJbBEHTHBIX
3ybLOB; § — fokKarnbHasi KpMBasi 320CTPEHUS HEBOLBEHTHOrO 3ybLa; S — BepLUMHa KPUBOW S; p — KpuBasi,
onpeaensowas popmy o6pasytoLLeli TOBEPXHOCTU BEPLUMH HESBOSIbBEHTHOMO 3BEHA

O6o6LeHHan obnacTb cylectBoBaHus 3auenneHns (OG12G,G3GpO ) orpaHnymMBaeTcs KpuBOW
noapesaHns gy U KpMBbIMU 380CTPEHUA g, g3 3YyOLIOB HEIBOSIbBEHTHOrO 3BEHA, KOTOPbIE CTPOSATCH
npy BapbUpoBaHUW YNpaBnsoLWeEro napameTpa o, . [ns pacyera KoopavHAT TOYeK yKa3aHHbIX Kpu-
BbIX UCMOMb3YOTCA ypaBHEHNS, NOMny4YeHHbIe B [3].

JlokanbHas obnacTb CyecTBOBaHUSA 3auUennieHns CTPoUTCS Npy 3agaHHOM 3Ha4veHun obobuyato-
Liero napameTpa o, W OrpaHN4MBaeTCs COOTBETCTBYIOLLEN NPSIMON NMUHWENR Oy =0, W NoKanbHOM

KPUBOW 3a0CTPEHMSI HE3BOMNbBEHTHLIX 3yOLOB S. BeplwimHa S kpuBOW S NexuT Ha GuccekTpuce yrna
Oy Oty TOUKM KOTOPOWM COOTBETCTBYHOT BO3MOXHbIM NOMOCaM 3auenseHus.

Mpy 3apaHHbIX 3HA4YeHUsX 06obLLaoLLINX KoopaAnHAT Afwa U Og KpanHen Toukn A JIOCS3 oHa aB-

nsieTcs OAHO3Ha4YHO onpeferieHHon obnacTteio ABPQ, nuHmns p kotopon onpegenset dopmy obpa-
3yloLLIEel NOBEPXHOCTU BEPLLMH HE3BONIBBEHTHOIO 3BEHa. B npefene nuHusa p coBnagaeT C KPUBOW S.
Mpn onpefeneHHblx 3HavYeHuax ob6obLatomnx koopamHat Toukn A nokanbHasi obnacTtb CyLlecTBOBa-
HUSE MOXET OrpaHMYMBaTbCS CnpaBa (ansa BHYTPEHHEro 3auennenns) unm CH13y (ansa BHeLHero 3aue-
NreHnsl) COOTBETCTBYHIOLLEN OCbIO KOOPAMHAT, @ NpM Marown pa3HOCTM Yncen 3yObeB KOMec BO BHYT-
PEHHEM 3aLenneHnn — yCrnoBmMeM OTCYTCTBUSA MHTEPdEPEHLMN BEPLUNH 3yObeEB.
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Puc. 3. K onpeaenennto 0606LeHHon (0G12,G,G3Go0) n nokansHon (ABPQ) obnacTtei cylecTBoBaHUS
BHELLHEro He3aBOSIbBEHTHOIO 3aLlenneHnst Ha 6a3e 3BONbBEHTHOrO LMIMHAPUYECKOrO UCXOAQHOMO 3BEHa:

g
\ 10

g1— rpaHnyYHas KpuBasi Noape3aHnst He3BOMbBEHTHbLIX 3YBLIOB; g2, g3 — rPaHNYHbIE KPpUBbIE 3a0CTPEHNS HE3BOSIbBEHTHbIX
3ybLOB; S — nokanbHasi KpMBasi 3a0CTPEHNS HEIBOMBBEHTHOIO 3ybLa; S — BepLUMHa KPUBOW S; p — KpvBas,
onpepenstowas hopmy obpasytoLlert NOBEPXHOCTN BEPLUNH HE3BONBBEHTHOTO 3BEHa

3aknoyeHue

[nsa ycnewHoro npoekTMpoBaHua 3yb4vatbix nepeaad, YAOBMETBOPSIOLWINX CaMbiM BbICOKM Tpe-
6oBaHMAM MALLUMHOCTPOEHMS, CUHTE3 3auenneHnsa npeanaraeTcs BbIMOMHATL MO CXEME «OT MoBepX-
HOCTMK 3auenneHns B obobLiaowmx KoopaMHaTax — K Ka4yeCTBEHHbIM MoKasaTensiM U Nvb 3aTeMm
K TEXHONOrMN U3roTOBNEHMS 3yD4YaToro n3genusay, a aHanua 3auenneHns — ¢ NoMoLblo 06001 eHHOM
1 NokanbHbIX obnacTen ero cyLecTBoBaHus.

Mpn peanusauumn M3NOXEHHbIX MOAXOOOB B CUCTEME aBTOMATM3UPOBAHHOIO MPOEKTUPOBAHMUS
NoSIBNAETCA BO3MOXHOCTb OMNpeAensaTb npedernbHble 3HAaYEeHUs1 reOMETPUYECKUX U KMHEMATUYECKMX
nokasaTtenen HedBONbBEHTHbIX Nepeday pasHbiX BMAOB, a NpU 3adaHHbIX Kputepmax paboTocnocob-
HOCTM M TpeboBaHMsIX K MaccorabapuTHbIM MokasaTenam nepegaydn — Hambonee GnaronpusiTHLIN
KOMMJIEKC reOMETPO—KMHEMATUYECKNX NMOoKa3aTenemn 3auenneHus.
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