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Ha MCIIOJIb30BaHue (pailjia U TEeKCTa CTaThbu
"Bunokypos B.A., CagoBauunii B.A.
K mMaremaTnyeckoil Teopun oCs3aHUs.

— "http://vinokur.narod.ru/sat2.pdf". Uuarepuer. 2009."
nvenyemoii asiee "Crarbs", nosb3oBaresem (jajee mo rexery "Iloss3oBarerns).

Bce aBropckue mpasa wHa Crarbio npuHajie:kar apropam: Bunokyposy B.A. u Ca-

nosamdemy B.A. (masee mo Tekery "Apropsr").

2. JlanHasi orpaHUYeHHAas JIMIIEH3Ws COMPOBOXK/IAET KarKJIbIil 3aKOHHO HCIIOJIb3YEMbIil
sx3eMILgp Crarbu.

3. Jlannasi orpaHUveHHasT JINTIEH3UsT JAET IPaBO HA OrPpaHUYIEHHOE UCTob30Banmne Cra-
ThU OHOBPEMEHHO OJHUM YeJIOBEKOM Ha OJTHOM KOMIIBIOTEPE.

4. B pamkax jgaHHOl orpanumdentoii juren3un [logp3oBaTesib nMeeT mpaBo Ha HeOrpa-
HUYEHHOE PaclpocTpaHeHne u Konuposanue nacrosinero daitia "sat2.pdf" Crarbu.
Hu Tlonwzosarens, nu Kakoe Jinbo 0pUIHIecKoe Un (pU3NIecKoe JIUIO HE UMEIOT
mpaBa OpaTh IJIaTy 3a pacrnpocTpanenne win nepegady Crarbu B 1000t hopme 6e3
[UCHBMEHHOTO pa3perenns ABTOPOB.

5. B pamkax jgaHHOI OrpaHHYEHHON JIMIEH3UH HE PA3PEIIaeTcsi: MPOBOIUTH KOIMPOBa-
HUE U U3BJICUYCHUE COMEPKUMOTO, medarh CTaTby MEJTUKOM WK YACTUIHO, U3MEHSITh
daiilan Ul TEKCT.

6. s Apyrux BUJIOB UCIOIH30BAHMA: Ha OYMAXKHBIX HOCUTEISX, HA HECKOJBKAX KOM-
bIOTEpax, CETEBOro, OUbJINOTEIHOTO, KOJJIEKTUBHOTO U T.JI. — JOJI?KHA ObITH IOJIY-
yeHa y ABTOpOB ocobast JIUIEH3USI.

7. Tekct u daitabr CraTby HE MOT'YT KOIMUPOBATHCS, XPAHUTHCS B TAMATH KOMITBIOTEP-
HBIX CHCTEM WJIM BOCIIPOU3BOIUTHCA 6€3 JINIEH3NU, IIPEI0OCTABICHHO ABTOpaMU.

8. Hormyckaiores ccbUiKU Ha POPMYJIbI, TEOPEMBI, JIeMMbI 1 T.J1. u3 Cratbu Buja: "dop-
mysa (10) crarbu "Bunokypos B.A., Camoununit B.A. K maremarudeckoii Teopun
ocszanust. — "http://vinokur.narod.ru/sat2.pdf". Murepuer. 2009." "

9. @opMyJIbl B TEKCTE CJIEJYET PACCMATPUBATH KaK OTJIEIbHbIE 3aKOHICHHBIE IPOM3Be-

JIEHUsI, aBTOPCKHUE MpaBa Ha KOTOpbIe mpuHajiexkaT ABropam. JIroOble nx 3ammcu

Ha JIFOOBIX HOCUTEJISIX B JTIOOBIX (bopMaTax Ha JIFOOBIX sI3bIKAX CJIE/yeT paccMaTpH-

BaTh KaK MEPEBO/I, €CJIN COXPaHAeTCs (DyHKIIMOHAIbHAS 3aBUCUMOCTD 1 (DUBUICCKIIT

cmbicst. [IpaBa ABTOPOB pacpoCTpaHSIIOTCS U HA BCE TPOM3BOIHBIE (DOPMYJIBI, TIOJTY-

YEHHbIE U3 HUX MAaTeMaTUICCKUMU orepanusiMu. KoMmepaeckoe ncoib30BaHue i

BOCIIPOM3BE/IEHNE YKA3AHHBIX (POPMYJI B TEKCTaX, M300PAXKEHUAX, KOMIBIOTEPHBIX

mporpaMMax U T.J. BO3MOXKHO TOJIBKO C pas3pernieHus ABTOPOB.

Bunokypos B.A.



K MaremaTndeckoit TeOpun ocs3annsd

Bunokypos B.A., Cajosununit B.A.*

AnHoranus

[peoxken MmaTeMaTHIecKuit (hOPMATI3M JIJTsT OMTUCAHIS CHCTEM UCKYCCTBEHHOTO
ocsizanusi. CHOpMYITHPOBaHbI MaTEMATHIECKUE MOJIE/IN IIPOIECCOB CHATHUSI, 00PaboT-
KU ¥ WHTEPIPETAINE Ocsi3aTeabHoit nHdopmarmn. [TocTaBieHsr 3a1a41 KOTUPOBAHIS
U BOCIIPOM3BEJIEHNUST OCSI3aTEIbHON NHMOPMAITUN U IIPEIIOXKEHbI aJTOPUTMBI UX Pe-
mennsi. PaccMoTpena 3a/1ada MHTEPITPETAIINT OCA3ATeTHHON HHMOPMAINY U N3y IeHa
COOTBETCTBYIOIIAsT ITPOCTENIIAs MaTeMaTudecKasi MoJieJib. B paMKkax 9Toil mpocreii-
1TIeit MOJIESTN TIOJTYYIeHO CTPOTOE PETIeHne 33/ 1a91 HHTEPIIPETAIINH B CJIyIae KOHETHBIX
nedbopMaluii ¥ MoKazaHa HeJOCTATOYHOCTH JIMHEHOro mojxoja (3akon ['yka) st
ONMCAHUS 33Ja4 UHTEPIPETAIIUN OCA3ATEJIbHBIX JaHHBIX.

CraThbst COIEPKUT TIEPBOE B OTEUECTBEHHON JINTEpATYyPE PA3BEPHYTOE U3JIOKEHHUE
MaTeMaTUIeCKuX Mojeseil ocsasanusi. B Heil BIepBbIe MPeIIOXKEHO PeIeHre 33 a4n
MMOCTPOEHUsST ONTUMAJBHOTO aJTOPUTMa JIMHEHHOTO KOJUPOBaHUS (DYHKIIMA MHOTUX
IepeMeHHbIX B (popMe MaTeMaTudeckoil rumores3bl. CTaTbs MPEICTABIISIET UHTEPEC
JUUTST MATEMATHKOB, MEXaAHUKOB, MEJMKOB 1 MHXKEHEPOB, 3aHNMAIONTIXCS KOHCTPYUPO-
BaHUEM U UCIIOJIb3OBaHUEM CUCTEM MCKYCCTBEHHOI'O OCA3aHMA.

BBenenne

YesioBek HaJe/IEH TATHIO UyBCTBAMU: 3PEHHE, CIIyX, Oocs3anue, oboHsgHUE, BKyc. U3
9TUX [STH IYBCTB B COBPEMEHHOM MUPE HAuOOJIBINYI0 WH(MOPMAIUIO ITPUHOCAT 3PEHUE U
cayx. Vimenno jyig nudopmaliyu, jJaBaeMOil STUME JIByMsI IYBCTBAMU, Y€JIOBEYECTBO HA
CEerojiHs JIOOMIOCH TTOPA3UTEIbHBIX YCIIEXOB B CO3JIAHUNA MCKYCCTBEHHBIX CUCTEM €€ 3allu-
cH, XpaHeHus, o0paboTKu, nepegadn u Bocrpousseaenns. Cujisd mepe] TeIeBU30POM UIn
KOMITBIOTepOM B MOCKBe, COBpEMEHHBII Y€/ I0BEK MOXKeT HAOJIONATH B PeabHOM BPEMEHH
3a cobbiTusamu Ha yiure Cankr-IlerepOypra minm obmarbes ¢ KoJleraMu Ha KOCMUYe-
cKoii cranruu. AGOHEHT MOOUILHOI CBSI3H, HAXOSACH B JIECY, MOXKET OECe/I0BATH C JIPYTOM,
HaxXOJ/IAIIEeMCd Ha, JIPyroM KOHIIe 3eMHOIO Iapa. Bojiee Toro, cpejcTBa 3alucu CAesIaIn
BU3YaJbHO W ay/M0 JOCTYIHBIMU COOBITHS MPOIILIOTO — OYIb TO COOBITUS JTMIHON YKIU3HU
mwim KocMmdeckuit mosieT l'arapuna. T.e. cucreMbl HCKYCCTBEHHOTO 3peHUS U CIIyXa ITO3BO-
JISIIOT HAM HE TOJIBKO O0IIATHCs ¢ JIPYTUMU JIIOIbME Ha PACCTOSHUM, HO U IIyTENIeCTBOBATD
BO BPEMEHU.

Ho unorma, npu Bujie KpacuBoili KApTUHBI BO3HUKAET NHTYUTUBHOE 2KeJIaHUe TTOTPOTraTh
PYKOil Kakme-TO e€ 37eMeHThl. Ho cerojiHsa 9To KejaHue He OCYIIECTBUMO, MOO CHCTEMBI
HUCKYCCTBEHHOI'O OCA3aHUd He JJOCTULJIN eIll€ TAKOIO YPOBHS Pa3BUTHUA KaK CUCTEMbI UCKYC-
CTBEHHOI'O CJIyXa U 3PEHUs.

*(© Bunokypos B.A., Cagosunanit B.A. 2009



Onnako, B HOC/IeIHee JecaTriieTne psij gaboparopuii (eMm., Hampumep, [1, 2]) u dupm
(em., nanpumep, 3,4, B [6]) magann paspaboTky u Mpou3BOACTBO KOMIIOHEHT CUCTEM UCKYC-
cTBeHHOTO ocs3anust (KpaTkast abopesuarypa CIO). OcHOBHBIE IPUIOZKEHHST ITUX Pa3pa-
OOTOK: MeJIUInHA, 000PY/I0BaHNe JIjIs CJIENbIX, 000Py/IOBaHUE JIjId CUCTEM OE30IAaCHOCTH.
[IpeicraBisercss 4pe3BbIYAHO TMEPCIEKTUBHBIM UCIOJIB30BAHUE CUCTEM HCKYCCTBEHHOTO
ocsi3aHus B coejiuHeHnn ¢ VlHTEpHETOM, 9TO MOYXKET MPUBECTH K B3PBIBHOMY pOCTY cdep
[IPUMEHEHUsI W 9UC/Ia [T0JIH30BATEeH STUX CUCTEM.

[IpaBuresnbcTBoMm Poccuiickoit @ejepalinin HaydIHOE PYKOBOJICTBO IPOrPaAMMOil co3/1a-
HU$ TIEPBOII OTEYECTBEHHOU CUCTEMbI HCKYCCTBEHHOTO Ocsg3aHns Bo3j0xkeHO B 2007 romy
Ha HCcTHTYT MaremaTndeckux ucciesioBanuit ciaoxkubix cuctrem MI'Y nmm. M.B. Jlomono-
coBa. B poccuiickoit mporpamme cozganust CUO yaactBytor ps nogpazaeaeanit MI'V um.
M.B. JlomonocoBa, jipyrue yHuBepcuTeTh Poccuu, rocyiapcTBeHHBIE U YACTHBIE TIPEJIITPH-
situst. [lepBbre 9K3eMILIAPBI HCKYCCTBEHHBIX TAKTHIHLHBIX MEXAHOPEIIEIITOPOB YIKe CO3/TaHbI
U TOJIy9IHJIA PSJT JIUTIIOMOB HA POCCHUUCKHUX M MEXKIyHAPOIHBIX BbicTaBKax. OCHOBOI KO-
op/inHAIU paboT MHOTOYHC/IEHHBIX HAYYHBIX W MPOU3BOJICTBEHHBIX KOJJIEKTUBOB, YJacT-
BYIOIIUX B MPOEKTe, sABjsgeTcsd MareMarndeckoe onucanne CUO, matoree obuit TOUHBIIHI
SI3BIK pa3paboTKu. VIMEeHHO Ha CTPOroM MaTeMaTHIECKOM s3bIKe (DOPMYITHUPYIOTCS KOJIAIe-
CTBEHHBIE TPEOOBAHUS K IJIEMEHTAM CUCTEMBI, PACCINTHIBAIOTCS XAPAKTEPUCTUKU U IIPO-
E€KTUPYIOTCS KOHCTPYKITUU 3TUX JIEMEHTOB.

B nacrosimeit pabore Mbl hopmyupyem Maremarudeckoe omucanne CUO (pasuen|l)) u
B pas/esax 2H4 npumensiem 1o omnmcanne K MareMaTHIeCKOMY MOJIETHPOBAHNIO KOHCTPYK-
Uit ¥ aJrOPUTMOB PAOOTHI IIPU 3AIUCH, KOJUPOBAHUU, JCKOJIMPOBAHUU U WHTEPIIPETAIIIH
oca3aTe/IbHON MHMOPMAIIIH.

Pa6ota Bermosena npu noiep:xkke 'K Ne 02.522.11.2008 ot 18 mas 2007 roja.

1 Maremarnieckoe onmcanne paboThbl TAKTUJILHOTO Me-
XaHOPeIEeINnTopa

TaxTu/IbHBIN MeXaHOPENENTOp IoJydaeT UH(MOPMAIMIO O MEeXaHHYeCKUX CBOMCTBax
TKaHell YesIoBeKa IPU CONPUKOCHOBEHUU €ro BHEINIHel pabodeil MOBEPXHOCTH C U3ydae-
MBIM 00BbeKTOM. BHemHsas pabodasi MOBEPXHOCTb MEXaHOPEIEITOPa IPeJCTaB/IgeT coDOi
IIOBEPXHOCTh YIIPYTroro jaedopMupyeMoro teja — pabdbodero teja MexaHoperenropa. IIpu
pabore pubopa (GUKCUPYIOTCA JIaBIE€HUs, BOZHUKAIOIINE B pabovueM Tejie MeXaHOPEIel-
TOpa, a TakKe (PUKCUPYIOTCA CMEIIEHNsT TOYEK MOBEPXHOCTH pabodero Teja. PesynibraTom
paboThl MpubOpa B UIAJTHHOM CIydae SBJIAIOTCS JBE BEJUUIUHBI: CKAJIIPHOE I0JIe JIaB-
Jlennit Ha paboveil MOBEPXHOCTU MEXAHOPEIENTOpa U BEKTOPHOE II0JIe CMENIEHU TOYeK
paboueil MOBepXHOCTU MeXaHopelenTopa. Jlajiee Mbl TpUBEIEM MaTEeMATUIECKOE OTTUCAHIE
paboThl MeXaHOPEINENTOPa PHU JIONOJTHUTEILHOM IPEJIIIONIOXKEHUH MAJIOCTH JIehOpMAaInii
pabodeii TOBEpXHOCTH. A UMEHHO, MBI ITPEJIITOJIOXKIM, ITO TOBEPXHOCTH COIMTPUKOCHOBEHMI
UMeeT 110Jie HopMaJieil, MaJjIo OTInYaroIeecss oT mocTossHHOM. T.e. MBI IpejogaraeM, 9To
cMeIleHne TOYeK pabodeil MOBEPXHOCTU IIPOMCXOJISIT, B OCHOBHOM, II0 HOPMaJid, TaK UTO
CMEIEHUSIMI B TIEPIEHIUKYIIPHOM HAIPABJIEHUU MOYKHO ITPEeHEOPEYb.



1.1 Onwmcanue B3amMoieiicTBUs padodeii IIOBEPXHOCTU MexXaHOpe-
ernTopa ¢ u3y4aeMbIM 00bEeKTOM

1.1.1 OcHOBHBIE BEJINYUHBI

B magasbHOM cocTostHUM pabodasi MOBEPXHOCTh MEXaHOPEINENTOPa IPEICTAB/IsIeT 13
cebst IIOCKYI0 TIOMAJKY (0OBIMHO KpyT). Bhibepem JieKapTOBY OPTOrOHAILHYIO CHCTEMY
KOOPJIMHAT C OCIMHU T U Y B ILJIOCKOCTH HAYAJBHOTO IOJIOXKEHUsT paboUeil IOBEPXHOCTH M
C OCBIO 2 II0 HAIpaBJeHUIO HOpMaJH K Heil. [Ipu pabore npubopa pabouee Teso mepeme-
MaeTcst napaJiebHO BIOJb ocH z Ha paccrosaue h € [0, H] = I, tne uncio H € Ry —
MaKCHMAJIbHBIH CABUr pabodero Tesa. Begem ciemnyiomme obo3nadenns. Yepes B € R?
obo3HaUNM 0a30BYI0 00JIaCTh, & UMEHHO, 00JIaCTh ILJIOCKOCTH, KOTOPYIO 3aHUMAaeT pabo-
Jag [MOBEPXHOCTb MEXaHOPEIENTOPA B UCXOJHOM (HE CABHHYTOM) MOJIOYKeHUU. Bejnmdnna
h € [0, H] nasee obo3HAUAET BEJIMUMHY CIBUTA pabOUero Teja BIOJb ocu z. [loBepxHOCTH
M3y49aeMoro o0beKTa B UCXOJHOM (He 1eOPMUPOBAHHOM) COCTOSTHUU 3a/1a€TCsl ypaBHe-
aueMm z = f(x,y), (x,y) € B. [ocie capura Ha paccrosiHue h B pe3yJjbTaTe KOHTAKTa C
00bEKTOM TIOBEPXHOCTH pabodero Teja mpuodpeTaeT HOBYIO (hopMmy. DTy HOBYIO MOBEPX-
HOCTBH MBI 33J[a€M ypaBHEHUEM

7= g(h, (l’,y)), (l’,y) € B, (1)

B CJBUHYTOl Ha BeJM4uHy h JEKAPTOBON OPTONOHAJIBHON CHCTeMe KOODJIMHAT C HOBBIMU
[EPEMEHHBIME
/ / /
Z=z4+hx =z,y =y. (2)

B I/ICXO,ZLHOﬁ CUCTEME KOOPJIWHAT HOBasd ITOBEPXHOCTDL pa6oqero TeJla 3allMIIETCA ypaBHE-
Huem

Z:a(ha (m,y)),(x,y) € B, (3)

e
a(h, (z,y)) = g(h, (z,y)) — h. (4)

B JaCTHOCTH, IIO OIIpEJCJICHUIO

Vi) € B | 90, (2.9)) = a0, (z.)) = . )

Oyukuuu [ U g MBI J1ajlee IpeIo/iaraeM HellpePbIBHBIMUA.
[Ipu kaxaom h € [0, H] onpemesmy MHOXKECTBO B3aUMOJICHCTBHS

D(h) = {(@.y) € B | glh.(z.1)) > 0} (®

T.€. TIOJIMHOYKECTBO T€X TOUYEK 0a30BOil 00/1acTH 3, B KOTOPBIX €CTh IOJIOXKUTE/ILHbIE JIe-
dbopmanuu noepxnoctu pabodero rena. Ilo nocrpoennto muoxkecrso D(0) = (. Bregem
JUist 09Ky (2,y) € B ancio

bz, y) = inf{h € I ’ g(h, (,9)) > 0} (7)

T.e. HUKHIOIO TPAHUILy BCEX Te€X CJBHUIOB h, MpU KOTOPBIX HMPOUCXOJUT JedOpMAIysd 10-
BepxHOCTH 00beKTa B Touke (r,y) € B. Oyukius b = b(x,y) onpejiejieHa Ha MHOYKECTBE
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Touek F' = UperD(h), B KOTOPBIX IIponcxomia nedbopMaris HOBEpXHOCTH 00bekTa. ToJb-
KO Ha MOJIMHOZKecTBe F' C B MblI H3y1uaeM MexXaHn'IecKune CBoiicTBa obbekTa. Tak 1To jasee
MBI [TPEJIIOJIOKUM, 4To dbyHKIMs f onpeseneHa Ha nomobaactu F C B. Oyukius f(x,y)
BBIDAYKaETCsl uepe3 u3Mepenuyto dbyHkmo b(x,y) no dpopmye

f(x,y):—b(m,y),(x,y) € F. (8)

B Hamux mpe/IiosiozKeHusiX moBepxXHOCTh JiechopMupyemoro obbekra 1pu (z,y) € D(h)
B CJIBUHYTOIi CHCTeMe KOOpIMHAT OyJer 3ajaBarThbcs ypashenueM z' = g(h, (z,y)). B uc-
XOJTHOH cucTeMe KOOPJIMHAT IOBEPXHOCTH JiehOpMUPYyEMOTro 0O0beKTa OY/IeT 3a/1aBaThCs
«CKJIEEHHOM» (pyHKITHEH

a(h, (r,y)), (z,y) € D(h);
f(x,y), (z,y) € B\ D(h).

Beeéntble BeIMUNHBI TO3BOJISIIOT HAM 3aIicaTh CMeleHus (1edopMarun) To9eK mo-
BEPXHOCTH OOBEKTA IPU 3aJJAHHOM CJBHUTE h B CJIEJIYIOIIEM BHU/IE:

def(h, (z,y)) = f(x,y) — f(h,(z,9)), (z,y) € F. (10)

fh, (z,y)) = (9)

1.1.2 Pe3yabTaThl N3MEpPEeHU

B pesysbrare nsmepenuii Mbl HOJIYYAIN CJICAYIONINE JIBa CeMeiCTBa CKAISIPHDIX MOJIei
HA [JIOCKOCTH, 3aHYMEpPOBaHHBIX UHJjeKcoM h € [: noste pasienuit p = p(h, (z,y)), (z,y) €
B; none cmernennit opepxuoctu oobekra def(h, (z,y)), (z,y) € F. B mpomecce obpa-
OOTKU MBI TaKXKe TOJIYIHIU (DOPMY IMOBEPXHOCTU OOBEKTA, MPEJICTABIAEMYIO (DyHKIIHEH
z = f(z,y), (z,y) € F, KOTOPYIO MOXKHO TakKe I[epe/iaBaTh Jajee Jjisi 00pabOTKN U WH-
TepIPETAIUN.

1.2 CsoiicTBa pabodero Teja

Nrak, B pe3ynbrare n3MepeHUil MbI TIOJTy9aeM B HeabHON CHUTyaIluu JIBa CeMeicTBa
CKaJISTPHBIX TI0JIEll: CKAJIAPHOe I0JIe JaBJIeHN U CKaJgpHoe mmoJie cMmernennii. OqHako, B
MOJIE/T MEXaHOPEIENITOpa, UCIIOJIb3YeMOl HaMU CEro/IHsI, U3MEPSIeTCsl TOJIBLKO TI0JIE JTaBJie-
HUIA, a 110JIe CMEeIeHU i JOJIXKHO OBITH IIOJIYIeHO MaTeMaTHIeCKoi 00pabOTKO 13 u3MepeH-
HOT'O ITOJIsI JABJIEHUI 110 M3BECTHBIM XapaKTEPUCTUKAM PabOIero Tejia MeXaHOPEIeIITOPA.
Bynem npeamnosarars, 9To CyIeCcTBYeT OepaTop MEXaHOPEINENTopa Kak 0TOOparkeHue:

A:C(I x B;R) — C(I x B;R), (11)

COCTaBJIAdIOIIEE KazKI0OMY CeMeIL/'ICTBy ,H‘aBJIGHI/Iﬁ CceMelCcTBO CMeHleHHfI. OnepaTop MeEXaHO-
penenTopa Ha3o0BEM OJHOPOAHBIM, €CJIM CyHIeCTBYET TaKOM orepaTop

A,:C(B;R) — C(B;R), (12)
YTO CHPABEJJTMBO [IPEJICTABICHNE

Vo e O x B;R)Vhe I | NyAp = ANy, (13)



rie N, : C(I x B;R) — C(B;R), r € I, ectb JnUHEHHBII HENPEPHIBHBIN OLEPATOP
CyZKeHWUsI, COIoCTaBJIsANell HenpepebiBHOit dyHknuu f(h, (x,y)) or nepemenusix h € [
u (x,y) € B nenpepsiBayio dyakiuio (N,p)(z,y) nepementoit (z,y), moaydeHHyo QUK-
carpeit aprymenrta h = r.

[Tpocreifimm OIHOPOAHBIM ONEPATOPOM MEXaHOPELENTopa aB/gercsa onepamop lyxa,
korja cymecrsyer ¢yukius k € C'(B; R) Takasi, aro

Vo € C(I x BiR) Vh € I V(z,y) € B | (Ap)(h, (z,y)) = k(z,y) - ¢(h, (z,y)).  (14)

Oyuknuio k € C(B; R) us coornomenus ((14) wHazoém annapamnot gynrkyuet. Omeparop
['yka nazosem o0dropodnwvim, ecau dynkiws k uz coornomenus (14)) sBisgercs nocroguuoit

k(xz,y) = Const = K. (15)

B srom ciyuae mocroganyio K Ha30BEM ynpy20l nocmoaHHOU MEXaHOPEIEITOPA.

1.3 uckperusamnus

1.3.1 JIuckperu3alusi 110 CIBUTY

MBI paccMOTpeI UACAIN3UPOBAHHYIO MOJIE/Ib IIPOLELY Phl U3MEPEHHIL ¢ IOMOIILIO TaK-
TUIHHOTO MEXaHOPELEeNTOPa, B KOTOPOil Pe3yILTaTOM U3MEPEHUIT ABJIAIOTCS ABE HEIPEPhIB-
HBIE BeIlleCTBeHHbIe (DYHKIMM TPEX BEIECTBEHHBIX TepeMeHHbX h, z,y: p = p(h, (x,y)),
g(h, (z,y)), — onpenenénnbie na npoussenennu I X B. OnHako, Ipu peasbHOil perucrpa-
UM CUTHAJIOB M BBOJE B KOMIILIOTED IPOBOJNTCSA IUCKPETU3alldsd CHIHajIa. A MMEHHO,
BeJINUMHA CJIBUTA TIpoGeraeT He Bech HenpepbiBHbIN unTepsas [0, H|, a npuauMaer Juiib
KOHeJHOe Jucjo 3HadeHuit 0 = hg < hy < hy < ...h,, = H, Hanpumep, npu mnepemMere-
HIH C MOCTOSIHHBIM ImaroM s € [0, H| mosiaraioT BeJMYHHBI CIBUIOB PABHBIME h; = j - s,
j € I,m, rae Benmunna mara s = 2 1 m — Hexkoropoe HaTYpaIbHOE UHCIIO.

1.3.2 JIuckperusaiuga no obJjactu B

[TpoBopuTest uCKperu3arys u Mo epeMeHHoit (z,y) € B, HO OHa MOXKET UMeTh 6oJiee
CJIOXKHBIH XapakTep. B HameMm npubope n KaHaJI0B U3MEPEHUs JIABJIEHUN B N IOJIOCTSX pa-
Oodero Tesia BBIJIAIOT NP KaXKJOM CJABHUTE 7 3HAYECHUI JIABJICHUIN Py, Po, . . . Py. B mpocTeii-
et TIMHeWHON MOJIe/IN JIQJIM CJIC/ YOIy 0 UHTEPIPETAIUIO STUM N BeJudnnaM. Boiienmnm
n niogobnacreit Py, Ps, ... P, objlactu B u onpeaeuM BeJIMIUHY p;, TJe ¢ = 1,2,...n, KaK
cpejiHee 3HAYEHUE JIaBJIEHU 110 1ojobactu P;, T.e.

pi(h) = fpip(fg((g)y))dsj

iel,n. (16)

Baecwh S(P;) — mwiomap i-Toit nojobaactu. B kauecTBe n3MepsieMbIX BEJTMYUH Mbl [OJTy-
gaeM, npu (pUKCHPOBAHHOM 3HAYCHUU CABHIa N, 3HAYCHUS 7 JIMHEHHBIX (DyHKIMOHAJIOB
BUJIA or HenpepbiBHO byakImu p = p(h, (x,y)) aprymenra (x,y) € B upu dukcn-
poBaHHOM aprymente h € I.



B pesysbrare JucKpeTu3anum Mbl BMECTO HEIPEPBLIBHOM BelnleCTBEeHHO3ZHAYHON (yHK-
i p = p(h, (z,y)) TPEX BEIECTBEHHBIX EPEMEHHBIX, OIPEeIEIeHHON Ha IIPOU3BEICHNN
I x B, noaydaem jmimb m X n 3uadennii p;(h;), i € 1,n, j € 1,m, muneitnpix GyHK-
[MOHAJIOB BU/IA or stoit yukiwu. IlepBas ecrecTBeHHash MaTeMaTHIecKas 3a/1a9a
— OIHMCaHUe BO3MOXKHOI TOYHOCTH BOCCTAHOBJIEHUsI HENPEPBIBHOW CKaJIAPHON (DyHKIINH,
ompeIe/IEHHON Ha MHOXKecTBe [ X B, 110 3HAYeHnsIM m X N JIMHEHHbIX dyHKinonasos p;(h;)
or Heé. Dra 3aja4a cHavasa JI0JKHA OBITH paccMoTpeHa Ha cjioe h = Const B aByMep-
HOM BapHaHTe, KaK 3aJada 0 BOCCTAHOBJICHUN (PYHKINU JABYX MEPEMEHHBIX U3 HEKOTOPOT'O
KJIacca, 33JIJAHHON B KpyTe, [0 U3BECTHBIM (BO3MOXKHO € OIMIMOKOI) 3HAYEHUSM 1 JIMHEHHBIX
dbyuknmonanos Buja (16)) — cpesHux 1o 1mog06aacTIM OT Heé.

1.3.3 Onrumusanus ImepexosioB OT HEIIPEPBIBHOIO K JUCKPETHOMY MHpeacTaB-
JIEHUIO BEKTOPHOTO I0JII M1 HA00OpPOT

Nrak, mpu miepejiade B KOMIIBIOTEP U NIPU XPAHEHUH UH(MOPMAIIUKA MbI OT HEIIPEPBIBHOI
BeIeCTBEHHO3HATHON (DYHKITUH, OIPEJIe/ICHHON Ha MHOXKecTBe [ X B, mepexoauM K HEKO-
TOPOMY KOJIMPOBAHUIO 9TOI (DYHKIINN C ITIOMOIIBIO KOHETHOro Habopa auces. [Ipu mocery-
TOIEM BOCITPOM3BEJIEHUN STOTO BEKTOPHOTI'O T0JIsT B KOHEYHOM YCTPOUCTBE MBI JIOJIPKHBI TI0
[IOJTy YEHHOMY HaOOPY YHUCEs CHOBA C HEKOTOPOI TOYHOCTHIO BOCITPOM3BECTH HEIIPEPBHIBHOE
BEKTOpHOe TIoJ1e. 3/1eCh BO3HUKAET JiBe 3a1a4qn. [lepBast 3a1aua — onpeeiuTh ONTHMA b
HBI€ TIPOIIEIYPhl KOJMPOBaHUs W BOCIPOU3Be/ieHndA. Bropas 3ajiada — CKOHCTPYUPOBATDH
alapaTHO HE3aBUCUMYIO KOJIMPOBKY CKAJISIPHOTO IIOJI W TIPEJIOKUATH allllapaTHO He3a-
BUCHUMBIN CTAHJAAPT TEPeIavdn OCI3aTEeTbHBIX JIAHHBIX.

1.4 IloxydyeHme XapaKTEepUCTUK MeXaHUYIECKNX CBOWCTB O00bEKTa

Wraxk, jjs onucanust CBOWCTB 00bEKTa MBI HOJIYIHIA JBE CKaJSIpHbIE (DYHKIUH: I10-
Je nasienuit p m nosie cMmernenunit def. Kpome Toro, mbr momyawmmn dopmy odbekTa 10
nedopmarun — dyukius f. [losyaennbie qannabe JT0KHBI OBITH UCIIOIB30BAHbBI JIJI BOC-
CTAHOBJIEHUsI MEXaHUIECKUX CBOWCTB Marepuasa obbekTa B Touke (x,y) € F. B dukcn-
poBanHOI TouKe (z,y) € F Mbl uMeeM jiBe DyHKIUYU TIEPEMEHHON h: BEJIMIMHY CMEIeHUs]
nosepxuoctn — byuknus def(h, (z,y)) u Besmuuny nasienus — byuxmnuu p(h, (z,y)).
[Ipeamoaras Marepuas CJIOUCTBIM, MbI IIPUXO/IUM K OJJHOMEPHON MaTeMaTHIeCKOl 3a/1a-
€ 0 BOCCTAHOBJICHUH CBOMCTB CJIOEB 110 M3BECTHOMN BeInYInHe 1eOpMAaIlni U MPUIOXKEHHOM
cuite. B 3aBucumocTn ot Mosiesn jiechopMupyemMoii cpejibl B pasjiesie OY/IyT TOJTy IEHBI
COOTHOIIIEHUSI, CBSA3BIBAIOIINE PACIIPEIC/IEHIE MEXaHUICCKUX XapPAKTEPUCTUK IO CJIOSIM C
u3BectabiME DyuKIusyu p(h, (x,y)) u def(h, (x,y)).



2 Pacuér xapakTtepmcTuk pabovero Tejga TaKTHUJILHOT'O
MeXaHOpeIelnTopa

2.1 IlocTaHoBKa 3aja4n

PaccmarpuBaercss TaKTHIBHBIN MEXaHOPEIEITOP, UyBCTBUTEIbHBIM 3JIEMEHTOM KOTO-
poro siBjsieTcsd yupyroe jgedopmupyeMoe pabodee Tesio B (popme KPYroBoro IUJIMHJIPA
pajanyca r u BbIcOTOM [. BHyTpnm pabouero resa ciaenaHo n IMAJIHHIPUIECKUX IIOJIOCTEId,
HIYyIIIX OT BEPXHEr0 OCHOBaHWA pabodero teja K HukHeMy. OYHKIMENH 9TUX TOJIOCTe
SIBJIZETCS TIepeada aB/JIeHns OT HUKHEH IOBepXHOCTH pabovero reja, aehopMupyoeii-
Cs IIPUA COIPUKOCHOBEHUU C M3YYaeMbIM OOBEKTOM, K TEH30JaTUIMKaM, IPeodpasyOIIM
U3MeEeHCHHE JaBJICHHUA B COOTBETCTBYIOIIUE JJIEKTPHUYCCKUE CUI'HAJIBI. MI)I paccMaTpuBa-
€M BOIIPOC O KOHCTPYUPOBAHUK PabOUIero Teja Mo 3aJaHHBIM T€OMETPUIECKIM PasMepaM
N3y9IaeMoro 00beKTa U JJUANA30HY JOIMYCTUMBIX JABJIEHNN HA €r0 TOBEPXHOCTH.

2.2 OcHoBHBIE 0003HAYEHUSI

Nrak, gepes [ Mbl 0603HAYAEM BBICOTY IIJIUHJIPA PAOOYEro TeJia, Yepe3 1 — pajnyc ero
ocHOBaHUs, Yepe3 F — momaysiab FOHra yrnpyroro marepuasa, m3 KOTOPOIO COCTOUT Pado-
Jee Tes10. BBUAY MasiocTn auamMeTpa MOoJIOCTel, epeIaioluX JaBjieHne, 10 OTHOMEHNIO K
JITaMETPy CAMOrO IUJIMHJIPa PAbOIero Teja, Mbl Ha 9TOM dTalle MOJICTUPOBAHUS [I0/IaracM
pabodee TeJI0 OJHOPOIHBIM U U30TPOHHBIM. Uepes Al,, Mbl 0003HAYAEM MAKCHMAJILHOE
OTKJIOHEHIE BII0JIb OCH IIMJIMHIPaA TOYEeK paboueil MOBEPXHOCTH IUINHIPA P COIPUKOC-
HOBEHUHU € H3ydaeMbIM 0O0beKToM. Uepe3 p,, Mbl 0003Ha9aeM MaKCHUMAJbHOE JIaBJICHUE
Ha [MOBEPXHOCTH pabodero Teja, a depes [, — MaKCUMAaJIbHYIO CHJIY, JEHCTBYIONLYIO Ha
u3yvaeMblit 00beKT. [1o onpeenennio BepHO HEPABEHCTBO

Fon

)
mTr?

Pm 2 (17)
100, BOOOIIE TOBOPsi, HE BCS HUXKHSS MOBEPXHOCTH PabOUIEro Tejia COMPUKACACTCS ¢ U3Y-
JaeMbIM 00beKTOM. Uepes

€= (18)

MBI 0003HaYaeM BEJIMIUHY OTHOCHUTEJIHLHOI ,H‘GCbOpMaHI/II/I OUJINHIAPa pa60qer0 TeJ1a.

2.3 Makcumajbublie gedopMannum 1 JTaBJIEHUA

JList Toro, 9TOOBI PerenTop MOI' U3MEPSITh NeOMEeTPUIECKIe pasMepbl 00beKTa, Co/lep-
JKaIIEero 3JIeMEeHThI, BO3BBIIIAIONINecs Ha paccrosaue Al HaJl OCHOBHOMR IIOBEPXHOCTHIO 00b-
eKTa, HeoOXOIMMO, ITOOBI TeOMeTpUYIecKas BeimdanHa jgedopmariuu pabovero Tejia 1mo OCH
z obL1a He Menee Al. Uepes p,, 06003HAUNM 3HaAYEHNE MAKCUMAJIBHO JIOIIYCTUMOIO JTaBJICHIS
Ha JaHHBI 00beKT. JlaBeHne p u OTHOCUTEIbHOE V/JIMHEHNE £ CBSI3aHbI 3aKOHOM ['yKa

p = Ee. (19)



[oacrasisia B dopmyry (19) mMakcumaabHOe 3HAYEHHE JABJEHUS Dy, ¥ OTHOCUTEIHHOIO
VIJIMHEHUSI €,,, TOJIyIaeM BbIparkeHue s Moay/as FHOura pabodero teja

Pm
E=— 20
Em 7 ( )

Jepe3 3a/]aHHbIe TTPe/IeIbHbIe 3HAYEHNS BEJIMUNH JIOIYCTUMOTO MAKCUMAJILHOTO JIaBJIEHU S
Ha 00BEKT P,,& U MAKCUMAaJIbHONW OTHOCHTE/ILHOM J1epOpMAITH PAabOIero Tesa &,,.

2.4 Ilpumep 1

[Iycts paguyc nmwmmagapa r = 1 ¢M, MakcuMaJbHO JonycruMad cuia Fp, = 20 H mak-
cumasibHas gedopmarus Al = 3 mm. B srom ciryaae

F, 20H 2

=" - = 210° [Ia = 0,64 - 10° Ila. 21
Pm a2 wl04 M2 7 0" 1la=0,6 0" Ha (21)

st Toro, uTobb! jredbopMalust MO IUHIIACH TUHEHHOMY 3aKOHY, OTPDAHIUYINM MAaKCUMa b
HYIO OTHOCUTEJIBHYIO J1epOPMAaIiio BEJTUINHO

Em = =. (22)

Torma
=9-107% M =9 v (23)

Al, 3-1073wm
1

3
Marepuasn pabodero tesa goszken coriacuo dopmyite (20) nvers mogyns FOmnra

210°11 6
E=r—"=2.10° a~2-10° [Ta = 0,2 MIa.
Y T
3
Bauzkum momyitem FOura obsataeT BClieHEHHBIH O TUIEH
E =2,5-10° [Ta = 0, 25 MIIa.

Pesuna obmagaer momyaem FOura

E = 2,39 MIla.

3 KoaupoBaHue

3.1 O 3zBagade oNTUMAJILHOTO KOJIWPOBAHUA CKAJAPHOIO IIOJSA B
OrpaHUYeHHOII 00J1acTu

Mpb1 paccMaTpuBaeM B 3TOM pazJiesie MPOCTENINYI0 YaCTh ITPOOJIEMbI KOJIUPOBAHUS OCSI-
3aTe/IbHON MH(pOpMAIK, a UMEHHO, — KOJUPOBAHUE OJHOIO KaJIpa, IOJYYEHHOI'O IIpH
dukcupoBanHoii Bennaune casura h. Koanposanue cemeiicTBa IoJieil JaBeHnil U cMele-
HUI AHAJIOTMYHO KOJAMPOBAHUIO BUI€0(MDUIBMOB 1 IIPEICTABIISIET cODOi HoJIee CI0KHYIO, HO
JIOCTATOYHO ITyDOKO M3YUEHHYIO ITPO0JIeMy, KOTOPYIO Mbl Ha JaHHOM dTalle He 00Cy K IaeM.



Nrak, paccmarpuBaercs BelleCTBeHHasI HEIpepbIBHAs (DYHKIUS f, 3a/laHHast B Orpa-
HIgeHHO 3aMkHyTo# obmactu B C R2 Hampumep, obmacts B ecTb Kpyr paguyca R ¢
[EHTPOM B HavaJjie KOOPMHAT. 3a/IaH BEKTOD 3HAYEHUI (BO3MOYKHO € MOTPENTHOCTHIO) 1 JIH-
HEWHBIX HEIIPEPBIBHBIX (DyHKIMOHAIOB OoT byHkiuu f. Tpedbyercsd BoccTaHOBUTH (DYHKITAIO
f m npoBecTu €€ KogMpoBaHUE, T.€. 3auch nHMOpMAIu 0 PYHKIUNA B (hailjl HEKOTOPOIo
dopmara. TpeboBaHust K KOAUPOBAHUIO: MUHUMAJBHBIN 00bEM daiia U MaKCUMaJIbHAS
nHdopMaIgd 0 PYHKIUH ¢ MAKCUMAJTbHON TOYHOCTDIO.

JLnst mpuOIMKEHHOTO TTPEJICTABIEHUST HEIPEPBIBHON (DYHKIINN ¢ TIOMOIIBIO KOHETHOTO
Habopa 4ducesl MOryT OBbITh UCIIOJIb30BaHbI CJICTYIONINE METOIbI:

1) psaasr ypbe, psabl 0 COOCTBEHHBIM (DYHKIHUSIM JIMHEHHBIX OLEPATOPOB;

\)

) IIOJIMHOMMaJIbHasA MHTEPIIOJIAINA;

w

) CIUTaliHb;

=~

) BelBJIETHI;
5) TmOTOUYEUHOE TIpe/ICTaBIeHUE (PACTD);
6) crenuajbHbIE METOIBI.

[Ipu BeIOOpE METOIA TIPeICTaB/IeHNsT HY?KHO YIUTHIBATH ero "Texnosorndeckue" KadecTBa:
9KOHOMUYIHOCTD, TOYHOCTh, IPOCTOTA, UHTYUTUBHAS TIPO3PATHOCTH OIMMMCAHUS U UCIIOJIB30-
Banus. /s Oyaymero pazsutrus CUO BaxkeH BBIOOD NMPOMEKYTOUHOTO (hopMaTa XpaHe-
Hust nHGOPMAIIUK O KaJIpe B KOMIIBIOTEDE — AIIapaTHO HE 3aBUCUMOTO M SKOHOMUIHOTO.
B xagecTBe mepBoro Takoro dpopmara, je-pakrto yxke ucrnosbzyemoro B MI'Y um. M.B. Jlo-
MOHOCOBa, MBI PACCMOTPHUM (hOPMAT, OCHOBAHHBIN HA METOJIC BBIJICJICHHBIX TOYCK.

3.2 Omneparopbl KOAUPOBAaHUS U JI€KOAUPOBaHMs (BOCCTAHOBJIE-
HUSI)

[TockosbKy ¢ MaTeMaTuIecKOl TOUYKN 3PEHUs 3a/1a1a O TIOCTPOSHUH OIEPATOPOB KOJIH-
pPOBaHUS U JIEKOIMPOBAHNSI CTABUTCS aHAJOTMIHBIM 00Pa30M JIjisl IIPOU3BOJILHON pasmep-
HOoCTH ObJtacTu B, nmajee 10 pasmesa BKJIIOUUTEIBHO MBI HapsLy co ciaydaeMm B C R?
JoIycKaeM ciydaii, korjga B C R* k € N, re. xorma B — 3aMKHYTOE€ OTPaHUYIeH-
HOe TOAMHOXKeCTBO k-Meproro mpocrpanctsa R, IIycrs C(B) — 6anaxoBo mpocTpam-
CTBO HEIPEPBIBHBLIX BEIIECCTBECHHBIX d)YHKHI/IfI, JIEMEHTaMMU KOTOPOI'O ABJIAIOTCA HEIIPe-
peiBHBIe oToOpazkenus f : B — R. Hopwmoit snementa f € C(B) Ha3biBaeTcsi BeJUYNHA
| fII = sup | f(7)]. llox komupoBarueM MbI mOHKMaeM 3amuch nHGopManun o byHKIMN f B

FeB

BUJIE N YUCEJT, & MO/, JIEKOANPOBAHNEM BOCCTAHOBJIEHUE C HEKOTOPON TTOTPENTHOCTHIO UCXO/I-
noit pyuknuu f 1mo 3tum n gucgaam. opMaainsyeM 3TH PACCy:KJICHUA B BUJIE CJIETYIONTUX
OlpeJIeJICHUN.

Onpenenenne 1. Omobpascenue K : C(B) — R" nazosém onepamopom xoduposarus.

Onpepenenne 2. Omobpasicenue D : R" — C(B) naszosém onepamopom dekoduposanus
(soccmarosaenus,).
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EcrecrBennoe noxkeanne — BO3MOXKHOCTH TIOJTHOTO BOCCTAHOBJIEHUsT (DYHKITUHU TI0 Pe-
3yJIbTaTaM KOJIUPOBaHus, T.e. 110 uncioBomy Bektopy & = K (f) € R". Ho B ety 6eckoned-
HOMEepHOCTH OaHaxXoBa MPOCTpaHCTBa HenpepbiBHbIX GyHKiuit C'(B) 910, BoObIIE rOBODSI,
HEBO3MOKHO.

Teopema 1. Ilyemv K : C(B) — R" — aunetinoe nenpepuisroe omobpasicenue, mozoa
cywecmesyem nenpepuenan Gynkuyus [ maxas, wmo K(f) =0 u || f| = 1.

Urak, JuHEHHBIN HEPEPBIBHBIN OllepaTop KOJMPOBAHUS MEPEBOJUT B HOJIb KAK HYJe-
ByI0 (PYHKIINIO, TAaK U HEKOTOPYIO HEIPEPBIBHYIO (PYHKINIO f ¢ HOPMOI e IMHAIA 1 (PYHK-
mio ' = —f. Kaxoit 6p1 ssiement g € C(B) Mbl He B3sa B KadecTse obpasa g = D(0)
win onmbka || f — g|| nim omubka || f' — g|| Gymyr He menee emununbl. Mbl BuguMm, 91O
TpeboBaHue UICATHLHOTO BOCCTAHOBIICHS

f = D(K(f)) (24)

B cui1y TeopeMsl [I] B ciiydae JIMHEHHOTO HEIPEPBIBHOTO OllepATOpa KOJANPOBAHUS HE MOKET
OBITH BBITIOJIHEHO JIJIsT KazK 10l Henpepbisaoit dyukun f € C(B).

U3 reopemst 1| BeiTekaer, uro s dyakmun ¢ = Af, A € R, HOp™ma pasHocTH ||q —
D(K ()l = llg = DO = [lgll = [IDO)] = A = [[D(0)]| moxer Grprre cxompb yrommo
BesKa npu A — 00. Le ke Buixon? JIjist KoppeKTHOH MOCTaHOBKY 3a/a49 KOJAMPOBAHUS 1
JIEKOJAMPOBAHUS MBI
1) orpaHmYuMCs BMECTO MHOXKECTBa BCeX HelpepbIBHBIX (dyHKIWH C(B) HEKOTOPBIM €ro
nomvmoxkecrsom G C C(B);

2) Gynem jobuBarbest ymenbinenns pasuoctu f — D(K(f)) ma stom mommuoxecrse G

dyHKIHI.
Hasee MbI paccmaTpuBaeM mojvmuao)kecTBo Gyukimit G = Lip(B, M) C C(B), yuoBieTBo-
pstorux ycsoputo Jlummmia ¢ 3ajgannoit koncranroit Jlunmmuma M > 0.

3.3 Omnmcanne dpopmara XpaHeHUS OCSI3aTeJILHON MHGOPMAINN B
MeToze BblgeseHHbIX TodeKk (MBT)

B MeTose BBIIEIEHHBIX TOYEK 331aI0TCH:
1) marypaabHOE YHCIIO N

2) muoxkectBo T = {7,Ts,...7,} C B u3 n touek obiactu B, naiee naspiBaemoe "cer-

Koit".

anee zanucbiBaloTesa m KaJIpos. JJaHHble 0HOrO KaJpa:
3) BesmumHa cusura h;, i € 1,m;

4) n 3HAYEHUIT TIOJIS TaBJIeHUiT B TOUKax MHO)KecTBa T
5) m 3HAYEHWI [OJIs CMEIIeHnl B TOYKax MHO)KecTBa 1.

Ocszarenbaas nadopMalus XpaHUTCA U epeaéTes B Bujie dailia ¢ JJaHHbIMI .
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Onpenenenue 3. Onepamopom KoOuposaHus MEMOIG 6bl0EACHHBLT MOYEK HA3BIBACTNCA
omobpaocenue V . C(B) — R", conocmasasowee nenpepvsnot dynkyuu f € C(B)
sexmop & € R" eé wucroswx snauenuti 6 moukax cemru T, m.e. ecau & = V(f), mo

&= f(r),ie1n.

Oneparop KoaupoBaHUsT METO/a BBIIEJIECHHBIX TOYEK JIMHEEH 1 HEIIPEPhIBEH.

[Tpu ucnonbzosanun MBT pemaercs aBa ocHOBHBIX Kiacca 3a1a4d. Ha Bxome (Koaupo-
BaHme) — 3aJ1a4a o nepepaboTKe M3MEPEHHBIX BEJINYNH B TAHHBIE B , T.€. JIUIS KazK-
JIOr0 KaJpa periaeTcs 3ajada O BbIYUCICHUN 3HAUEHU T0JIs1 JaBIeHN B TOYKAX MHOXKe-
crBa 1’ 110 3HAYEHUSIM HEIIOCPEICTBEHHO M3MEPSIEMbIX BEJIMIHH, HAIIPUMED, 10 3HAUECHUSIM
N JTUHEHHBIX PYHKIIMOHAIOB BHIA , 1 3a/1a9a O BLIYUC/ICHUT 3HAYCHUI I10JIT CMEIeHit
B TOYKaxX MHO»KecTBa 1’ 110 3HAUYeHUsIM HEIIOCPEICTBEHHO M3MepsieMbIX BenauH. Ha BbIxo-
Jie (JeKoIMpoBaHue) pemaercs 3aa4a 0 BOCCTAHOBJIEHUH HEIPEPBIBHOIO TOJIs JaBJIeHUIT
1 HEIPEPBIBHOT'O TIOJIA CMEIIEHN 110 UX 3HAYEHUSAM B N TOYKaxX MHOxKecTBa 1.

NcnonwzoBanune MBT onmpaercss Ha perieHne CIeIyonmx MaTeMaTHIecKnX 3a/1ad.

3.3.1 Haxoxk/aeHre NorpenrHoCT! BOCCTAHOBJIeHUS (DYyHKIIUY 33 JaHHOTO (PYHK-
IMMOHAJIBHOT'O KJIACCA IO M3BECTHBIM €€ 3HAUEeHUSIM B TOYKaxX ceTKH 1.

3.3.2 OnrumaJjibHBIA BLIOOP MHOX>KecTBa 1.

3.3.3 IlocTpoeHne mMeTo/ja KOJUPOBAHUS, ONITUMAJIIBHOTO IO TOYHOCTHU U OBICT-
PO/JieiicTBUIO.

3.3.4 IlocTpoeHume ONTUMAJIBLHOTO METO/IA BOCCTAHOBJIEHUSI (MHTEPIIOJISIINAN)
dyHKIIMY M3 3a/JAaHHOTO KJIacca Mo €€ 3HAYEeHUSAM B TOYKaX ceTku 1.

KiroueBbim MmomenTom mipu ontumuzanuu MBT asisiercs perenune 3aiaqn [3.3.1] T.e.
IIOCTPOEHNE OIEHKH MOTPEITHOCTH BOCCTAHOBJIEHNs (DYHKIINN 33/ JAHHOIO KJlacca 1o eé 3Ha-
JeHUAM B Toukax ceTkn 1. Ilpm BBIOOpE DyHKIIMOHATIBHOIO Kitacca CleyeT yIUThIBATH
0COOEHHOCTH PADOTHI TAKTUJILHOTO MEXAHOPENENTopa. A MMEHHO, IIPU MaJIbIX HAYAIbHBIX
cBUTaxX h COMPUKOCHOBEHUE IMOBEPXHOCTU PabOvero resa ¢ 00beKTOM ITPOUCKOIUT TOJIBKO
o gacTu 6a30B0it obstact B. B sroit curyarmn dyuxun p(h, ) u g(h,r), 7 = (z,y) € B,
PaBHBI HYJIIO Ha CYIIECTBEHHOU YacTH 00JacTU B U MBI HE MOXKeM TPeDOOBATH HEIPEPHIB-
HOCTU WX YaCTHBIX HPOU3BOJIHBLIX. Takmm 00pa30M, KJacChl HEIPEPBIBHO i depeH -
pyeMbIX (DYHKIINI He COOTBETCTBYIOT Hallleil 3ajade. B cBaA3m ¢ 3TuM Jajtee Mbl OyjaeMm
MCIOJIB30BaTh B HaIlell MOJIe/ N Kaacc (DYHKII, YIOBJIETBOPSIONNX yCJIoBUIO Jlumimura.

Dukcupyem nosioxkureabHoe dncao M. Onpemesmm cieytoriee MmuoxkectBo Lip(B, M)
HEIPEPLIBHBIX BEIECTBEHHBIX oToOpaxkenuit f : B — R, yJ10B/I€TBOPAIONNX YCIOBUIO
JInmmmnra

Ve BVry e B | |f(7) — f(72)] < M - |7y — 7. (25)

3.4 Omenka ommbku MBT B sunmmiieBom kiacce Lip(B, M) npu
TOYHOM 33JIaHUM 3HaYeHUil (pyHKIIMU HA CEeTKe

Nrak, BC R*, ke N, — 3aMKHYyTOe OrpaHiIeHHoe MHOKecTBO u T = {7, 7y, ... 7} C
B — koHedHOE OJMHOXKECTBO U3 1 TodeK MHOoxkecTBa B — "cerka'. Cerky T MBI MOXKeM
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paccMaTpuBaTh Kak Kak jieMeHT MHOxkecTBa B™, T € B™. Breném " aucranimio oT ceTkn
T no MHoOxKecTBa B:
dist(7, B) = sup min | — 75, (26)

FeB i€l,n

T.e. HambOJIbIIIee BO3MOXKHOE PacCTOsSHIE TOYeK MHoxKecTBa B 10 cerkm 1. Jlucranims
dist(7', B) upu ¢pukcrupoBaHHOM MHOXKeCTBEe B ecTh HenpepbiBHast (DyHKIUs dj1eMenTa 1’ €
B". Beeném "onTumMasbHYO JUCTAHITHIO"

opdist(n, B) = Tlélfgn dist(T, B). (27)

Tak kak mMHOX)ecTBO B" — kommnakt, HenpepbiBHas dyukius dist(7, B) aprymenra T €
B"™ nocturaer cBoeil TOYHONU HUXKHEN I'paHu B HeKOoTOpoi#t Touke 1, € B". Touky T, MbI
HasbiBaeM "onrumMasibHOR ceTkoit". B 9Toit Touke

dist(7,, B) = opdist(n, B). (28)

Astropurm MBT, r.e. smneitnoe menpepeiBHOE oTobpaxkenune V : C(B) — R™, nocrpo-
ennoe 10 cetke 1" € B™, obyiajiaeT CaeyIonmMi CBORCTBAMMU.

Jlemma 1. ITyemov ¢ynxuyua f € Lip(B, M) u V(f) =0, mozda
I < M - dis(T, B). (29)

Jlemma 2. ITyemov gynryuu fr u fo us kaacca Lip(B, M) u ux 3Haverus na MHoMCECMEE
T coenadarom, moada

|lfi = fol| < 2M - dist(T, B). (30)

JIlemma 3. Jlasn MBT V : C(B) — R" cywecmsyem nenpepwviehuii onepamop dexodupo-
sanus D : R" — C(B) maxot, wmo

Vf € Lip(B,M) | [[f = DV(H)| < M- dist(T, B). (31)

Bameuanue 1. Ouerku semm He yaywwaemv, 8 Kaacce Lip(B, M).

Onenkn — CBOJIAT TIOCTPOEHHE ONITUMAJIBHOTO ajaroputMa B Kiaacce Lip(B, M) k
BBIOOPY ONTHUMAJIBHON CETKM M3 1 TOYEK JJIsl JJaHHOro Ha3oBoro Muoxkectsa B. Ilpu sTom
BO3HUKAET BOIIPOC: a He sBjsgercd ju ajgroput™ MBT ¢ ontuMaibHBIM BBIOOPOM CETKH
ONTUMAaJIbHBIM B KJIaCCE BCEX JIMHEUHBIX HEIIPEPbIBHbIX a.HFOpI/ITMOB?

3.5 3aja4da onTUMaJbLHOTO JIMHEITHOIO KOANPOBAHMS

[Iyctb A : C(B) — R™ — nuneitnoe HemnpepbiBHOE oTobpazkenue. Paduycom adpa
JIMHEHHOIO HEIPEPLIBHOTO 0TOOpazkeHus A HAa30BEM BEJMIUHY

kerrad(A,M,B)= sup || f]. (32)
fELip(B,M)
A(f)=0

CoracHO IpeabILIyIeMy pasiery i oneparopa koauposanus V. MB'T BepHo paBeHcTBO

kerrad(V, M, B) = M - dist(T, B). (33)
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Beeném Tounyro HukHIOO rpanb Besmannbl kerrad(A, M, B) B knacce L(C(B), R™) Bcex
JIMHEHHBIX HelpepbIBHBIX oTobpazxkenuii A : C(B) — R™

ocval(n, M, B) = B L('ér(lg) n )kerrad(A, M, B). (34)
= , n

Tak kak omeparop MBT ¢ onTuMmasibHbIM BBIGOPOM CETKH SIBJISIETCS JIMHEHHBIM HeIpe-
peiBHBIM  oTobpazkenueMm kiacca L(C(B),R"™), Tto no onpenerennio (34) Besumaunb
ocval(n, M, B) u3 coornommennii (28)),(33]) ciaenyer nHepasencrso

ocval(n, M, B) < M - opdist(n, B). (35)

Onpepenenne 4. Jlunetinoe nenpepvisroe omobpasicenue A, : C(B) — R"™ naswsaemcs
ONMUMAALHOLM MEMOIOM NUHETHO020 KOOUPOSAHUA, ECAU

kerrad(A,, M, B) = ocval(n, M, B). (36)
Crenyromas TeopeMa siBJISETCS TUIIOTE30i aBTOPOB.

Teopema 2. IIycmv B samxnymoiti wap k-meprozo eskaudosa npocmparcmsa, k € N,
mozda onepamop MBT ¢ onmumasvHoim 6b100pOM CEMKU ABAACMCA ONMUMAALHBIM ONE-
PAMOPOM AUHETIHO20 KOOUPOBAHUA

ocval(n, M, B) = M - opdist(n, B). (37)

JloKazaTebCcTBO TeOpeMbl [2] aBropaM W3BECTHO JIUINb B JIBYX YACTHBIX CJIyYasX:
1) k=1, n € N — j0Ka3aTejbCTBO 9TON0 YaCTHOTO ciiydas umeercs B kuure [7, § 4.2].
2)n=1, ke N.

CrpaBe/IMBOCTE TEOPEMBI [2] B OCTA/IBHBIX CIIydasX eCThb OTKPBITas IIPo0JIeMa TeOPUH
OIITUMAJILHOT'O JINHEHHOT'O KOJIUPOBAHUA.

3.6 Paspemniarorrasi ciiocoOHOCTHL pudbopa

[lycrs GazoBas objiacte B ectb Kpyr pajuyca R. Obozmaumm gepes Ag,, € Ry —
MaKCUMAaJIbHO BO3MOYXKHOE n3MeHeHune (pyHKIUN ¢ OT IEHTPa Kpyra K ero rpaHulle, a depes
Ag € R, — MakcuMasbHYIO TIOIPEITHOCTD onpeesenns (yHkimn Ha Kiacce Lip(B, M).
Torza, corsacHo siemme 2] n 3amedanuio [I] BepHO paBeHCTBO

Ag = M -dist(T, B) (38)

WK TIPU 3a/JaHHOM YPOBHE morpernnoctu Ag

Ag
M=—"9 _ 39
dist(7T, B) (39)
Torna makcuMasibHOE u3MeHenune (BYHKIUN ¢ BIOJb PAJIYCa KPyTra
Ag, <M-R<Ag—. 40
gm = = 29 4st(T, B) (40)
Hazosém 6e3pasmepHyio BeIMInny
R
=_ vt 41
@ dist(7', B) (41)

14



paspewarowet, cnocobrocmuro (Q npubopa. Ilepenumem mepasencrso (40) B ciemyromeit
dopme

—~ Q. (42)

BuiBog 1. Ochoshoti 2comempureckoti xapakmepucmurot maxmuioH020 METGHOPEUEn-
mopa, onpedesarwets MoYHOCTNG USMEPEHUL, ABAALMCA €20 PA3PEWAIOWAL COCOOHOCTIL

().

3.7 Ilpumep 4.1

PaccMoTpuM Tak THIBHBIN MeXaHOPEIENTOP, padotee TeJI0 KOTOPOTO uMeeT (hOopMy IiH-
JIMHJIPa € PAIMyCOM OCHOBaHUsA R, B KOTOPOM CeJaHbl n = 19 BO3IYIIHBIX Kamep B hopme
MPSIMBIX KPYTOBBIX ITUJINHJIPOB JTHAMETPaMU d ¢ PACCTOAHUAMUI MEXK Ty IeHTpamMu OJirmKaii-
MIUX MUIAHIPOB v = 3,5 MM. Bouibupasi mpoeKknuu 1meHTPOB MaJsibIX IHUJIMHIPOB 38 TOUYKH
ceTkn 1, MBI TIoJTydaeM ceTKy 7', Jijish KOTOpOil BeJIndnHa

dist(T, B) = % ~ 2. 02 MM. (43)
Paspemaromas criocobrocTs pubopa corsacuo dopmyste (41) pasra
10 MM
= ——— ~5, 44
@ 2,02 MM (44)

Eciu MBI 2ketaeM Terepb MpOU3BeCTH U3MepeHne pejibeda MOBEPXHOCTH 00bEeKTa, € 10~
IPentHoCThIO He 6osiee Ag = 1 MM, TO COIJIACHO HEPABEHCTBY JIOTIYCTUMOE U3MEHEHUe
BBICOTHI peibeda

Agn <Ag-Q =1vm-5=>5wmm.

LLHH nsMepeHusd JaBJIEHUA C TOYHOCTBIO Ap = 151Ia JAO0ITYCTUMOE MaKCHMaJIbHOE N3-
MEHeHUuE JaBJIeHUAd Ha IIOBEPXHOCTU 00bEeKTa,

Ap, < Ap-Q = 1511a-5 = 751]1a.

4 Hcnonb3oBanme PyHKINN HArpy»KeHUs g aHAJJIN3a
CTPYKTYPBI CJIO2KHO MeXaHUYEeCKOI CUCTEMBbI

4.1 K umcropum Bompoca

Nzyuenne GyHKINKM HArPYKEHUS MaTepuaJia, T.e. 3aBUCHMOCTH HAIIPSZKEHUST 0 OT OT-
HOCHUTEJIBHOI slecpopManun £ B obpasiie Bocxoaut emé K [.B. Jleiibruiy (cMm. mucbmo
['.B. Jleitoruna k ¢. Bepuymm 1690 roma [§]). Co Bpemén paborer P. I'yka 1687 roma
[9] maTepuasbl, CHONBb3yEMbIE B TPOMBIIIIEHHOCTH U CTPOUTETHCTBE, B IHATIA30HE MaJIbIX
Jecbopmaliuii XxapakTepu3yoTcs JUHEHHON QPyHKIHel HAarpyKeHust

0 = Fke, (45)

HasbiBaeMoil 3akoHoM ['yka, rje E — KOHCTaHTa, XapaKTepU3yIollasi MaTepuas U Ha3bl-
BaeMast MOOYAL HOPMAALHOT ynpyzocmu Wi mo0yab FOnea. Bosbioe KOIHIeCTBO 9KC-
nepuMenTa bHbIX pabor (em. [10]) nmocssimeno usydeHuio auanazoHa MPUMEHUMOCTH 3a-
koHa ['yKa U onpejie/ieHuI0 peajibHON (bYyHKIMHE HAPYKEeHHs PA3JIMYHbIX MaTepUAJIOB.
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[Tpu sTom, Kak npasmio, HaunHas ¢ [.B. Jleitoruma [§], nperoxkusiero ncrnoap3oBaTh
IUIEePOOJIMIECKYIO 3aBHCHMOCTD € OT 0, U3ydeHHe (QYHKIUN HArPyKEHHs [IPOBOUIOCH
IPHU MaJIbIX JedopMaIusax U CBOJAUIOCH K OCTPOEHNIO (DYHKIINN HAIDYZKEeHHsI N3BECTHOIO
BUJIQ, 3aBUCSIINEIl OT HECKOJIbKHX YUCJIOBBIX [1apaMeTPOB, HOJJIEXKAIUX OIIPe/e/IeHII0 B
9KCIIEPUMEHTE.

C XIX Beka B MaINHAX HAYHHAIOT IPHIMEHSATHCS CUIBHO J1eOPMUpPYeMble MaTePHAJILL,
TaKne KaK PE3NHA, U COOTBETCTBEHHO BO3HUKAIOT SKCIEPUMEHTAJIBHDLIE U TEOPETHICCKHE
nccsie[oBanns (byHKINHE HANPYKEHNS /IS KOHEIHBIX JedopManuii, T.e. B INAIa30He BEJIH-
YUHBI OTHOCUTEIbHOM jedopMaliuu €, cpaBHUMOl ¢ enununei. OJHAKO, IPU STOM COXpa-
HAETCsl TeH/IEHIINs CBOAUTH Olpeieienue QyHKIHN J1eOPMAIIU K OLPEIeJIeHIIO HECKOIb-
KHX IHUCJIOBBIX IIADAMETPOB, XapaKTEPU3YIOMINX KPUBYIO U3 38IaHHOIO HAPAMETPUIECKOTO
ceMeicTBa.

Ha cerommsa ycranosseno (cm. [I1]), 9o B cranmonaproM COCTOSHUE OHOPO/IHAS H30-
TPOIIHAs CPeJla XapaKTePU3yeTCsl JIarDAHKUAHOM, OIIPeJIeJIEHHBIM C TOYHOCTBIO JI0 IIPOU3-
BOJIBHOIT YUC/I0BOM (DYHKIIHN TPEX IIePEMEHHbIX, BIJI KOTOPOl KOHKPETH3UPYETCSI 110 IKCIIe-
PUMEHTAJIBHBIM JAaHHLIM. B Hacrosimeil paboTe MbI 110 CYIIECTBY OIPAHUYUMCH MOJEIBIO
ozxmoMepHbIx jgedopmanuit. [ perennst 3a4ad T€OPUH HCKYCCTBEHHOIO OCHA3AHHS MBI
IPUMEHUM COBPEMEHHBIH 110/X0/] (byHKIHOHATIBHOIO AHAJIN3a. A MMEHHO, BCIO (DYHKIIHIO
HarpyzKeHHsI Mbl OyJleM paccMaTpuBaTh KaK OJUH OOBEKT, XapaKTePU3YIOIIUi MaTepuall,
T.e. KaK QyHKI[HOHAIbHBIIT IIapaMeTp — XapaKTePUCTUKY, BOOOIIEe FOBODSI, He CBOJSIIMIICA K
HaOOPY HECKOJIbKUX ducesI. MbI [IOKazKeM, ITO Ha STOM fA3bIKe JIETKO CTABSATCS U PEIIAIOTCA
38490 aHAIN3a U CHHTE3a MEXaHHYIECKHX CHCTeM. Kpome TOro, Mbl yBUAUM [IPUHITUIIN-
AJILHYIO HEJIOCTATOYHOCTD JIMHEHHOrO MOAX0/a (3akona ['yKa) /I pernenus 3Toro Kiacca
3a,1a1.

4.2 Omnmcanue cxeMbl 3KCIIEPUMEHTA

Mg paccmaTpuBaeM JiBe IIJIOCKHE, OECKOHEYHO TOHKHE, aOCOJIIOTHO TBED/IblE, HapaJl-
JIeJTbHBIE TIJIACTUHBI, PACIIOJIOKEHHbIE Ha paccToguun [ apyr ot japyra. Ock & 1eKkapToBoit
OPTOrOHAJILHON CHCTEMBI KOODJAMHAT HaIPaBJjeHa 0 HOPMAJIU K ITOBEPXHOCTH ILJIACTUHBI,
ocu y M z — uepneHIuKynagapHo. [lepsag miacruna naxomurced B miockoctu r = 0, BTO-
pad miactTuna — B I1ockoctu x = [. [Ipeanonaraercs, 94To nmonepevynbie pa3mMepsl IJIACTUH
MHOT'O OOJIBITIE PACCTOSIHUSA | MeXK Ty HUMU. T.e. ec/in, HAIIPUMED, ILIACTHHBI UMEIOT (hOPMY
IPAMOYTOJIbHUKA €O CTOpOHaMHu [, 1 [, 10 0CAM Y U Z COOTBETCTBEHHO, TO BEPHBI COOTHO-
IIEHUS

ll < 1, ll < 1. (46)
Yy z
Mesk 1y maacTHHAME IIOMEIAEeTCsl hccjieayeMast Mexanmdeckas cucrema A. Ilepsas mra-
CTUHA COBepINAaeT JBHKEeHWe [0 OCH = B mHTepBase mepemerteruii [0,1[. Mexanndeckas
cucrema A pedopmupyercs 1oz geiicrBueM CIbl F' co CTOPOHBI epBoii mractuibl. Cpe-
Hee JaBjieHNe Ha TOBEPXHOCTH MEPBOI ITJIACTUHDI

F
re S — IUIONIA b IJIACTUHBI. BBeIEM BeIMYUNHY OTHOCHTEIBbHON j1edopMaIiun MeXaHude-
CKOM cmcTeMbl A o ocu z:

6—{
o

(48)
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Oupenenenne 5. Qyuruyuell Ha2PYHCEHUSA METAHUMECKOT cucmemv. A Has3veaemcs
Pynruus o = f(g), onpedeaérnnan na [0, 1], u conocmasaarowan KaHcOOMY 3HAUEHUIO OM-
HOCUMENLHOT, 0ePOPMAUUL E COOMBEMCMBYIOWEE 3HAMEHUE JABACHUA O

Mpbr Oyjiem jtajiee mpejiroJiaraTb, YTO B Ha4aJIbHOM IOJIOKeHuu 1npu r = (0 MexaHuve-
cKasl cucreMa He jnedopMupoBaHa, T.e. npr 3toM F =0 n ¢ = 0. D10 03HAUAET, ITO JIJIsd
dyHKIMN HArpyKeHnus [ mpejnosiaraeTcs BBITOJTHEHHBIM YCJIOBHE

£(0) = 0. (49)

B cinydgae, eciim dyHKIMsT HArPYKEHNsT HEIIPEPBIBHA U CTPOI0 MOHOTOHHO BO3PAaCTAET, Cy-
mecTByeT obpaTHasd QYHKIMA f !, KoTopyio MbI 6yjeM obosHadaTh ¢ = f~ 1. OyHKIUIO
f MbI OyIeM Ha3bIBaTh Jajiee NpAmMot GYHKUUET Ha2PYHCEHUS I IPOCTO PYHKUUET Ha-
epystcenus, a odpaTHyo0 PYHKIUIO ¢ — 00pammoti GyHruyuets Ha2pyatcerus.

OCHOBHOI TIEJTBIO HAIIIETO0 PAcCMOTpeHus B pasjere (4| ssisercsa nceneqoBanne 3a1a4qn
MHTEpIIPeTaIui 0CsI3aTe/IbHbIX JaHHBIX Ipu jedopmarun cxkatus. [losromy MbI 371€Ch
OrpaHUYUBAEMCsI PACCMOTPEHUEM BeJIMYMHBI OTHOCHTEIbHON Jedopmanuu ¢ € [0,1] u
o > 0. Oguako, jajgee MOXKHO TaKyKe CUUTaTh, 9T0 € €| — 00, 1[ u o € R, T.e. paccmar-
pUBaTh OJJHOBPEMEHHO JiehbopMaIiy C:KaThsi U PaCTIzKeHus. Bce OCHOBHBIE YTBEPIKICHUsT
pasIelIoB OCTaHYTCs IIPU 3TOM clipase yiuBbIMEI. C MaTeMaTUIeCKOil TOUKY 3peHus
[IPU MaTeMaTHIECKUX BBIBOJAX MbI OIUPAEMCs JIUIIH Ha OJJHOMEPHBIN XapakTep JedopMa-
AU, T.€. IPeJIIIojaraeM, 9To KaxKash TOUKa CHCTeMbI CMEIaeTcs JIUITb BA0JIb ocn x. [Ipu
CKATUU MHOTIOCTOMHBIX J1e(POPMUPYEMBIX MEXaHHYECKUX CHCTEM 3TO YCJIOBHE HE TPYI-
HO TEXHOJIOIMYECKHU peayin30BaTh. [Ipu pacTszKeHur MHOTOC/IOWHOW CHCTEMbl BO3HUKAET
BOIIPOC O CKJIEMBAHUU CJIOEB, KAK B CMBIC/IE TEXHOJOTHIECKOH BO3MOXKHOCTH TAKOBOI'O CO-
eJIMHEHNUsI, TaK ¥ B CMbICJI€ BJIMSAHUS 9TOI Olepaliy Ha MEXaHMIeCKHe CBONCTBA CHCTEMBI.
[TosTomy caydait € < 0 11 MHOTOCJIOMHBIX MEXaHUYIECKUX CHCTEM MeHee MPaKTUIECKH
BHAYUM.

4.3 DyHKNUS HATPY2KEHNH KAK XapaKTEePUCTUKA OTHOPOJIHOTO Ma-
TepuaJia

ITycts mmacTunsl 1 1 2 ABAAIOTCA OJMHAKOBBIME IIPAMOYTOJILHIKAME CO CTOPOHAMI [,
1 [, ¥ IPOCTPAHCTBO MeXKIy HUMH 3all0JTHEHO OJJHOPOIHBIM MaTepuaoM. Bum dyHKImo-
HaJIbHOI 3aBUCUMOCTH BEJIMYUHBI CUIbI F' 0T BeJmduHbl JedOpMallii T 3aBUCUT OT BCEX
pa3mMepos [, [, [, obpasna. [Tokazkem ofHaxo, 4To B, PyHKIIMOHAIBHOIN 3aBUCUMOCTH JIaB-
JICHUS 0 OT OTHOCHUTEJIBLHOI'O YIJIMHEHHA € He 3aBUCHT OT T'€OMEeTPUYECKHUX BesuduH [, [y, [,
1pu BbiOHeHNN yeaoBust (46]).

4.3.1 HezaBucuMoCTb BeJIUYMHBI JaBJEeHUS OT ILJIOMIAAM ILJIACTUH

PaccmoTpuMm 1Ba 9K3eMILIsIpa BBIMIEOMUCAHHONW CUCTEMBI, 3aHYMEPOBAHHBIC WHIEKCAMUI
a1 3, C OJIHUM U TEM K€ MaTePUaAJIOM MEXK/Iy ILIAaCTUHAME, ¢ OJIMHAKOBBIM PACCTOSHUSIMU
MEZKIy IIACTHHAMU [, HO C Pa3HBIMU T€OMETPUICCKUME pas3MepaMi ly o, . o 1 1y 3, [, g TI7Ta-
crun. IIpeamonoxxum, aro naunsl l, o u l, 3 COM3MEpUMBL U JJIAHEL [, o U [, 3 CON3MEPUMBIL.
B cuny comsmepumocTr Mbl MOXKeM pa3ouTh miaactuy 1, Ha N, € N 0JMHAKOBBIX IIPSIMO-
YTOJIBHUKOB I ITacTuHY 1g Ha N TAKHUX 2Ke OJIMHAKOBBIX IIPAMOYTOJIBHUKOB C IIOMIAIbI0
S,. PaccmaTpuBast 9TH MpsiMOYTOJIBHUKN KaK OCHOBAHWSA IUJIMHIPOB, pa3odbém Temo A,
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MEXKJy IUIACTHHAMU CHCTEeMBI v Ha N, OJMHAKOBBIX IapaJsllesIeluIesioB, a Teao Ag Mex-
Jly IIacTHHaMU cucreMbl 3 Ha Ng TaKHX 2Ke OJMHAKOBBIX MaJIbIX HapaJsileelnunesoB P.
[IycTs cMmerenns x ouHAKOBBI B cucreMax « u 3. Torma /ist KazKa0ro Majoro mapaJiie-
sennniesia P ocuna Fy, neiicTByoIasi cO CTOPOHBI IIEPBOi ILJIACTUHBI, OY/IET OJUHAKOBA W
JIaBJIEHNE B CUCTEME (v PABHO

N, F, Fj
Oq = NS 5. (50)
a JlaBjeHne B cucreMe 3 paBHO
gy NaB: o
77 NgS, S,
Nraxk,
O = 0. (52)

BeiBox 2. Ecau ecmv dee cucmemvt o U 3 ¢ pasHvLMU NAOWGOAMU NAGCMUH, HO ¢ 00U~
HAKOBHIM HAYAALHOM DACCTMOAHUEM | MEHCAY NAGCTIUHAMU U ¢ 0OUHAKOEBLM 00HOPOOHDIM
MAMEPUANOM MENHCIY NAGCTUHAMU, MO NPU 110001 seaunune dedpopmavuu x € [0,1] co-
0MBEMCMBYIOULUE HAZPYHCEHUA Ty U O3 PAESHDL.

4.3.2 HezaBucuMocCTb AaBJieHHSI OT TOJIIIUHBI [ oOpa3ia

PacemorpuMm cHOBa Ba 9K3eMILIsIpa « U 3 BBIIMIEONNCAHHON CHCTEMBbI C OJIMHAKOBDI-
MU IJIAaCTUHaMM WU OJMHaKOBBIM MaTepHaJiOM, HO C Pa3HBIMU PaCCTOAHHUAMMN MEKJY IlJIa-
crunamu [, n lg. IlpeamonoxknM, 9T0 reoMeTpUYecKHe BEJNIUHBI [, U lg COM3MEPUMEL.
IIpeamnonozkuM, 4TO abCOTIOTHBIE YIJUHEHUSA T U Tg B CHCTEMAX TaKOBBI, YTO

Lo X
e (53)
lo ls

[Tokazkem, 4TO TOI/IA JaBJIEHNs] PABHBI, T.€. BEpHO paBeHCTBO (52)).
B camom gete, 110 yCJIOBHIO COM3MEPUMOCTH CYIIECTBYIOT HaTypaJsbHble dnciaa N, € N

u Ng € N Takne, 410
lo ls

— == =nh. 54

Torma cucrema o pazdouBaercss Ha N, OIMHAKOBBIX CJIOEB TOJIIMUHON h, a cucrema [ —

Ha Ng TaKuX »Ke OJNHAKOBBIX CJIOEB TOIMUHOM h. AGCOIOTHOE yIJTMHEHNE OJHOTO CJIOs B

CUCTEME (v PaBHO

x
s,a — = . 55
Pua = 3 (55
ABcCoI0THOE YIJIMHEHNE OJTHOTO CJIOST B CHCTeMe (3 PABHO
g
s = —-. 56
B cuny (53}54)
T ely,
sa = T == = h 57
Bua= = S = (57)
! z
g Elg
s5=—-— =—-— =ch,. 58
BTN, TN, (58)

Uraxk, yJamMHeHnst OJUHAKOBBIX CJIOEB OJIMHAKOBDI, CJI€0BATEIHLHO OJUHAKOBLI U HATDY-
JKEHMUsl, T.e. BEPHO paBeHCTBO ((52)).
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BeiBox 3. Ilpu odunaxosoti naowadu naacmun 6 06YT Cucmemar ¢ 00UHAKOGbM 00HO-
POOHBLM MAMEPUALOM HAZDYHCEHUE T 3ABUCUM, UL O BEAUNUHDL OMHOCUMENbHOT Je-
dopmavuy €.

4.3.3 UMuBapuaHTHOCTb (PYHKIWUU HATPYKEHUS

Breioib! [2| n |3| TOKa3bIBAIOT HE3aBUCUMOCTD (DYHKIIMH HATPYZKEHUS OT FreOMEeTPUIECKIX
apaMeTpoOB CUCTEMBI, YJIOBJIETBOPsIONIeil yeiouio ((46]).

BwoiBos 4. Jlas mobvix dsyx cucmem o u 3, Yyoo8AEMBOPANOUWUT YCAOBUN (@), ¢ 00uHaKO-
BBLM MATNEPUAAOM MENHCIY NAGCMUHAMU UL PYHKUUY Haepystcenus 0 = f4(e) uo = fa(e)
cosnadarom.

Nrak, dyHKIMS HArPYKEHUsT OJTHOPO/IHOTO MaTepUaJia siBJIZeTC XapaKTePUCTUKON Ma-
TepHuaJia, He 3aBUCAIIE OT TeOMeTPUIeCKUX pa3MepoB obpasna. /lasee Mbr Oyaem mpero-
JIATAThb, ITO (DYHKIUS HATPYZKEHUS SABJISETCS HEIPEPBIBHOW U CTPOrO MOHOTOHHO BO3PAC-
taforreil dynknueit Ha uaTepsase [0, 1| n3MeHeHNs IEPEMEHHO €, TTPHIEM

limo(g) = +o00. (59)

e—1
B 3TuX npe/io/iozKenugx cymectsyer obparnoe orobpazxenue f1 : [0, +o0o[— [0, 1] Taxxke
HeIpepLIBHOE U CTPOTO BO3PACTAIoINIee, KOTOPoe MBI OyieM ob0o3HadaTh ¢ = [ 1.

Ecau dyukius narpyxenusi f nauddepennupyema B Touke £ € [0, 1], 10 eé mpous-
df " y
BojiHAas §_(€) B 9TOM TOUKe HaszbiBaeTcsa Juddepenyuarvioim Modysem HOPMAALHOT Ynpy-
eocmu. TlponsBomHas B Touke € = () HA3BIBACTCA MOJYAEM HOPMAALHOT YNPY20CMU I
Mmodynem [Onea
df

F = jg(g)lgzo' (60)

asee MbI paccMOTpUM JBe 3aia4u 00 olpe/iesieHuu (DyHKIUN HAIPYKEHUs CJI0ZKHOM
CUCTEMBI, COCTABJIEHHON M3 HECKOJbKUX IOJICUCTEM C U3BECTHBIMU CBONMCTBAMMU.

4.4 DyHKNUS HATPY2KEHUS CJIOUCTOI CUCTEMbI

[IycTh mpocTpaHCcTBO JABYMS MEXK/Iy IJIACTUHAMU 3aIlOJHEHO K MapaJiieIbHbIMU ILIa-
CTUHAM CJIOAMU ToJmuHamMu Iy, ly, .. . lg, i + 1o + ... [y = [. VI3BecTHBI OOpaTHbIE (DYHKITIH
HarpyKeHud i, g2, - - - Jx ITUX CJ0EB. Tpedyercs orpeieiMTh 0OpATHYIO (DYHKITUIO HATDY-
JKEHUd ¢ BCEHl CUCTEMBI.

B kaxk10it Touke 0OJaCTU MEXK/Iy IJIACTUHAMH HAarpyKeHue ¢ OJuHaKoBO. [losTomy
OTHOCHTEJILHOE YIJIMHEHHE (~TOTO CJIOS PABHO &; = ¢;(0), & ero abCoJII0THOE Y/IJIHHEHTE —
x; = €;l;. OOI1ee cMelreHue mepBoil IIaCTHHBI PABHO

k k
i=1

=1

OrHOcuTEILHOE YIJIMHEHNE CUCTEMbBI PaBHO

X

=T ZIMZZ - > au(o), (62)
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Nrak, mjisg obparHoit (pyHKINN HAIPYKEHUsI CHCTEMBI ¢ CIIPABEJJINBO PABEHCTBO

k
9= g (63)
i=1
rae
i &
Oéi:;, Zazzl (64)
i=1

JloKazaHO yTBepzKJIeHue

YrBepxkaenue 1. Obpamnas GyHKUUA HAZPYHCEHUA CAOUCTOT CUCTIEMDL ABAAECTNCA Gbl-
nYKA0T KoMOUHaUUet 06pamHvbx GYHKUUT Ha2PYAHCEHUA CA0EE 6Uda @ .

Huddepennupys pasencrso (63)) B Hys1e, m0oIyUaeM ciecTBIE .

CaenacrBue 1. Modyav FOnea E croucmoti cucmemor svipastcaemes ueped moodyau FOwnea
cnoée E;, 1 € 1,k, no ¢popmy.se

L] (65)
—_ = p—.
E ="E

ameuanue 2. [Ipocmetiuium BaNHCHBIM YACNMHBIM CAYUAEM CAOUCTNOT CUCTNEMDL ABAA-
emcsa cucmema, Kancoull caotll Komopot cocmoum u3 001020 MAMEPUANL C U3BECTIVHBLMU
c60UCMBAMU, M.E. ¢ UBECMHOU HYHKUUET HAZPYAHCEHUS MAMEPUAND.

4.4.1 3ajava 0 BOCCTAaHOBJIEHUU TOJIIUHBI CJIOEB 110 U3BECTHOM (pyHKIUU ab-
COJIFOTHOT'O CMEIII€HUs CUCTEMbI

[Tycrb Ham u3BecTHa GyHKIMs abCOMIOTHOTNO CMeIeHust Beeil cucreMbl © = (o), 0 €
[0, 00], 00 € R,. U3 dopmysr (61]) cienyer pasencrso

k
o= lig: (66)
i=1

B JimHeiiHOM npocTpancTBe HenpepbiBHbIX (yuknuii C([0, 0g], R). PaBencrso O3Ha-
4JaeT, 4YTo (PYHKIUSA ¢ ABJAETCA JIMHeHo KomOunarmeit dyHKIWH g1, ga, ... g C HEOT-
punaresbubIMu KodddurimertaMu [;, MeronumMu (bU3MIeCKuil CMbICJT TOJIIIUHBL cjiosd. 13
JINHEHHOM ajreOpbl U3BECTHO, 9TO KOd(hdunuentsr Iy, ly, . . . [ B dopmyite OJTHO3HAYHO
ompeJie/IeHbl TOTJIa U TOJBKO TOTJIa, Korjaa (OYHKIUU g1, G2, . . . Ji JIMHEHHO HE3ABUCUMBI.
JlokazaHo cieiytolee yTBep:K/IeHNeE.

Yreepxkaenue 2. Toruwuvt cA0E6 CAOUCTNOT CMPYKMYPYL GOCCMAHABAUBAIOMCA NO U3-
secmmoll Pyrkyuonasvnot sasucumocmu & = p(o), o € 0,00, seaununv, abcoaommol
depopmaryuy cucmemovl T OM HAZPYAHCEHUA T Mo20a U MOALKO mo20a, k020a 06pamHbLE
PYHKUUU HaA2PYIHCEHUA CAOES NUHETHO HE3A6UCUMDbL.

Bameuanue 3. B cuay KOMMYMAMUSHOCNU ONEPAUUL CAONCENUA CKRAAAPHOIL OYHKUUT
u3 npedcmasaenus suimexaem, 4mo no 00nol Asuws ussecmuol ynrkyuu x = (o)
cucmemvt He MOoAHCEM ObiMb 60CCMAHOBAEH NOPAIOK CACDOBAHUA CAOES, UDOO PABEHCMEBO
coxpansemca npu 110001 nepecmanoske GYHKUUL G1, g2, - - - G-
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4.5 DyHKNUS HATPY2KEHUS MUJINHIPUIECKON CUCTEMbI

[Tycts mmactuna 1 pazdbura wHa k momobiacteit G, Gs, . . . G, Ha KaxKJI0H U3 KOTOPBIX,
KaK Ha OCHOBAHUU, IIOCTPOEH ITUJINH/IP ¢ 00pa3yIoieil BJ0JIb OCH X JIO TIACTUHBI 2. 1-THIi
MUINHAD ABJISeTcs IOACUCTeMoil ¢ mpaMoit dbyHKIueil narpyxxenuda f;, i € 1, k. Tpebyerca
OIIPEJIC/IUTD TPAMYIO (DYHKIIUIO HATPYKEHUS BCEH CHCTEMBI.

[Iycts € — oTHOCUTE/NBHAS JleopMalinsd BCell CHCTEMBI. B CUly reoMeTpuu CUCTEMBbI
OTHOCHUTEJIbHDIE JedopMaluy Beex k MUJINHJIPOB PaBHBI MKy COOOil U paBHBI €:

1 =E&yg=...=¢C —=E¢&. (67)

JlaByienue Ha MOBEPXHOCTHU ¢-TOTO IUJIUHJIPA PABHO

oi = fi(e). (68)
Cwta, jfeiicTByIOIIAast CO CTOPOHBI -TOTO IUJINH/IPA Ha IJIACTUHY 1 paBHA
F; = S;fi(e), (69)

rae S; — mromas i-Toit mogobsmactn G; Ha miracture 1. Obmas cuita, aeficTByONas Ha
IJIACTUHY 1, eCTh

F = ZSifi(g)a (70)
a CpejHee JABJICHHE

koo
=3 A, ()

f= Z%’fz’ (72)
e

k
o =—, i€k > a=1 (73)

JlokazaHo ciiejyroliee yTBepzKICHUE.

YrBepxkaenue 3. [Ipaman GyHKuuA Ha2pysHcenus YUAUHOPULECKOT CUCTNEMDL ACAAET-
CA BLINYKAOT KOMOUHAUUET NPAMOLL PYHKUULT HA2PYHCEHUA UUILUHOIPOS-nodcucmem 6uda

(7273).

Huddepennupys pasercrso (72)) B Hysie, morydaeM CJejIcTBHE.
CaenctBue 2. Modysv IOnea E yusundpuseckotls cucmemvt 6uipactcaemcs 4epe3 Mmooy
IOnza yusundpos-nodcucmem E;, 1 € 1)k, no gpopmyane

k

i=1
3ameuanue 4. Hpocmeﬁwum BANHCHBIM HACTMHBIM CAYHAEM uU/LUH(?pUH€CT€O’IZ cucmemovlt
ABAACTNCA CUCTNEMAQ, Kaorcowvill u’U,JLUHap-nOaCU,CTTLEMCL %Omopoﬁ cocmoum u3 001020 Mame-
puaaa ¢ U3GECIMHBIMU CGOﬂCmGCLMU, m.e. ¢ U3BeCmMmHoU éyﬁm‘uueﬁ HaA2PYHCEHUA MAMMEPU-
ana.
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4.5.1 3ajava 0 BOCCTAaHOBJIEHUU ILJIOMIA/Iell cedYeHU I TUJINHIPOB [0 U3BECTHOM
dyHKIIMM HarpykeHust

ITycTh B MMIMHAPUIECKOl CHCTEME IMPH KasKI0H BEJMYUHE OTHOCHTEIBHON medopMa-
muu cucrembl € € [0,0], g9 €]0, 1[, 3aana Besmauna 10/HOMN cubl F) jeficTByiomeii co
CTOPOHBI IIACTUHBI 1, T.e. 3a1ana dyuknus F' = (e) kmnacca C([0, 0], R). PaBencrso
TOIJIa 3alUCHLIBACTCA KaK JIMHEHHAS 3aBUCHMOCTH (DYHKIMI M3 JTMHEHHOro IIPOCTPaHCTBA

C([0,&0], R) BUZA
k
Y= Z Sifi (75)
i=1
NTaK, cripaBe/i/InBo yTBePK IeHHe.

YrBepxkaeHue 4. Iliouwadu cevenuti yusurdpos UYusuHOPUYECKOT CUCTNEMDL 0OHO3HAYHO
60CCMAHABAUBAIOMCA N0 U3secmHol 3asucumocmu F = 1p(e) cuav F, deticmsyrowets na
cucmemy, om OmHOCUMeNvHoOU dehopmaru cucmemov, €, moz2da U Moavko mozda, K020a
NPAMBIE PYHKUUYU HA2PYHCEHUA UUAUHIPOG-N0JCUCTNEM NUHETHO HE 3A6UCUMDbL.

4.6 JlunHeitHble cpeabl

PaccmoTpum cpejty, noauusiontyocst 3akony ['yka, T.e. Jijist KOTOpoit mpsiMast byHKIHs
HAIPY>KeHUs JIMHeHHa BHIA Ha paccmarpuBaeMoM uHTepBasie [0,&0], 0 < g9 < 1,
otrHOCHTENBHBIX Jtechopmartuit. Torma obparnast GyHKINA HApyXKeHUst € = ¢(0) TakkKe
JUHENHa 1 NMeeT BUJIL

1
£ = EO’, o€ [0,0'0], gg = E&fo. (76)

g mobbix k JIMHEHHBIX MATepUaJsoB JUHEHHOE MPOCTPAHCTBO, HATAHYTOE Ha UX Kk
dyHKINT HArpYKEHNs, OJTHOMEPHO, YTO BJIEYET NPH k > 1 HEBO3MOYKHOCTH OTHOZHATHOTO
BOCCTAHOBJIEHUST KAK CJIOUCTON CTPYKTYPBI (CM. YTBEDXKIEHIEe , TaK 1 IUINHIPUIECKO
CTPYKTYDBI (CM. yTBepKieHue [4f).

st ciioucToit CTPyKTypbl U3BecTHAs (DYHKIUS abOCOTIOTHON J1eOPMAIME CHUCTEMbI

x = (o) u3 1. HMeeT BH/

r=(Y )0 0el0,0).

=1

T.e. Bca 9KCIIEpUMEHTaJIbHad I/IHCbOpMaL[I/IH CBOJUTCA K OAHOMY YHUCJIOBOMY COOTHOIIIEHWIO

B
o~

Cﬂﬁ = Ei'a (77)

—1 L

-
Il

B KOTOPOM M3BecTHa wmciosas senunna C, = %(0)|,—9 — npomssoanas abcosoTHOf
nedopMaIui CUCTEMBI T TI0 HAIPSKEHWI0 ¢, W u3BecTHBI Momyan FOura F;, i € 1.k,
CJIOEB.

Jnst s Ipraeckoii cucteMbl n3BecTHas GyHKIMA F = 1)(&) 3aBUCUMOCTU BEJTMINHBI
[IOJTHOM CUJIbl F' OT BeJIMIMHBI OTHOCUTEIBLHOM 1edOopMaIiuu CUCTEMBI € COTJIACHO (DopMyIIe
(75) umeer Bu

k
F= ZSiEi g, € €10,¢e0).

=1
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T.e. Bca 9KCIIEpUMEHTaJIbHAasI I/IH(bOphIaILI/IH CBOAUTCA K OJHOMY YHCJIOBOMY COOTHOHICHHIO

k
Cy =Y SE;, (78)

=1

B KOTOPOM H3BeCTHa dncjioBas Bejndnna Cy = %(5)\520 — [POM3BOIHAS BEJIMUYUHBI 110JI-
HOIT cubl F' 110 Bem4amHe OTHOCUTEIBLHOI AedopMaliun €, n u3BecTHb Moayaun FOura Fj;,
1 € 1, k, muImHIpoB.

4.7 HWcnoab3oBaHUE IIOJIYHIEHHBbIX TeOpeTUYEeCKUuX pe3yjibTaToB

[Tosrygennble pe3yabTaTbl O MEXaHUIECKHUX CBOMCTBAX CJIOKHBIX CHUCTEM MOTYT OBITh
UCITOJIb30BaHbI JIJIsl JIBYX OCHOBHBIX TIEJIEH: JIJIsd 337189 CUHTE3a CJI0KHON MEXaHUYeCKO CHu-
CTEMBI C 38IaHHBIMA MEXaHUICCKUMU CBOMCTBAMU U JIJIs 38/1a91 UJICHTU(MDUKAIIIHA CJIOXKHOI
MeXaHUIeCKON CUCTEMBI 110 €€ MEXaHUIeCKIMM CBOWCTBAaM.

JIst cioncToit CTpyKTYPhI MBI ITOKA3aJId, 9TO oOpaTHast (DYHKIINA HATPYKEHHUS CHCTE-
MBI SBJISETCS BBIIYKJIONH KOMOMHAIEl BuUIa obpaTHBIX (DYHKIUIT HAPY KEHUS €€
cnoés. Obparnas BenmanHa MOy st HOHra crucTeMbl B 9TOM CJIydae siBJISETCST BBIMTYKJIOMN
KOMOWHAIIMEH BUIA obpaTrHbIX BeauanH Mojysteit FOHra citoés.

JIns TUInHAPUYIECKO CUCTeMbl IpsiMas (PYHKIUS HArpy>KeHUsl CUCTEMbI SABJISI€T-
st BbIyKJIo# KoMbOuHarnumeit Buja (7273)) dyHKumil HArpYKEHUsT [HITHIPOB-TIOICUCTEM
u moxaysib FOHra cucrembl ectb BbiyKias kombuuarust Buga (74473) momyseir FOnra
IJIAHIPOB-TIOACUCTEM.

B zajauax njieHTuduKanm oKa3aJics BbIJIEJTeHHBIM CJIydail JUHEHHBIX CPe/I, T.€. MaJIbIX
nedopmariuii. OKazaaoch, 9To Jijist J1II000To Habopa JIMHEHHBIX Ccpejl JTUHEHHOe TPOCTpaH-
CTBO, HATSHYTOE Ha HAOOP MX (DYHKIINI HATPYKEHHS, OJITHOMEPHO, YTO IPUBOJIUT K HEBO3-
MOZKHOCTYU OJHO3HAYHOI'0 BOCCTAHOBJICHUA ITaPAMETPOB CJIOXKHOW JIMHEHHON CJIIOUCTOR Ccu-
CTEeMBbI ITPU KOJIMYECTBE CJIOEB 0oJiee eIUHUITbI WU CJIOYKHOM JIMHEWHON IMJIMHIPUIECKO
CHCTEMBI [PU KOJIMYECTBe [UJIMHIPOB GoJiee equHuIbl. YTBepKaenus [2] u [ moxasbisa-
10T, 9TO JIJIsi OJTHOBHATHONW HJICHTHMUKAIIUN CJIOXKHOM MEXaHUIEeCKOH cucTeMbl TpedyeTcs
ncc/ieloBaHne €€ MOBEJICHUS IPU OOJIBIIUX JedOpMaIngX, KOI/la OTHOCUTEIbHAsS J1edop-
Malldsl CHCTEMbI € CpaBHUMA € €IMHHUIEH 1 (YHKIMS HAIPYKEHHUSI B CUIYy COOTHOIIECHMS
(59) stBIsieTCs HEJIMHENHOIA.

JlarHoe uccae0BaHUEe MbI MPOBEJIA C TEIbI0 MPUIOKEHUS K KOHCTPYUPOBAHUIO TaK-
TUJIBHBIX JTATIYNKOB U WHTEPIPETAINN JaHHbBIX, TOJIYyYeHHBIX ¢ UX ITOMOIbIo. [Ipn anammze
CTPYKTYPbI MEXaHUIECKON CHCTEMBI 110 M3BECTHON (DYHKIIMOHAJIBLHON 3aBUCUMOCTH BEJIH-
YUHBI a0COTIOTHOIO CMEIIEHUS T OT BEJIMINHBI HAIPYKEHUs 0 Mbl KCIIOJIb30BaJIM JIOKAJIBHO
MOJIE/Ib CUCTEMbI, KaK COCTOSIIEH M3 IIJIOCKO NapaJsiie/IbHbIX CJIOEB, UTO MO3BOJIMIO IIPO-
BOJIUTH HE3ABUCUMYIO 00pabOTKY MHMOPMAIUN B KaXKJI0W TOYKE MOBEPXHOCTHU JIATUIUKA.
[Herecoobpasno Ha CJAEIYIONIEM dTAIle MOJACTUPOBAHUS IIEPEHTH K OoJiee CJI0KHON MOJIE/IH
¢ yIETOM M3rubaHus CJIOEB U peasibHON TPEXMEPHOCTH M3ydaeMON MeXaHHIeCKOH CTPYK-

TYPBHI.

23



5 3akKJIIoueHune

B wnacrosimeit pabore MbI BBEJIM OCHOBHBIE MaTeMaTUYECKUE BEJIUIWHBI JIJIA OITHCA-
HUsI CUCTEM HCKYCCTBEHHOI'O OCHA3AHUS U PACCMOTPEJU B IEPBOM IPHUOJINKEHIH BOIIPOCHI
CHSITHUSI, XPAHEHUS U UHTEPIPETAlluu ocsg3aTebHoil nndopmaruu. Mbl paccMoTpesu mpo-
cTeiilne MaTeMaTUYeCKHe MOJIEJIM U IIOCTAHOBKHU 3aJad, IO3BOJIAIONINE, TeM He MeHee,
chOpMyIMPOBATH KOJIUUIECTBEHHBIE TpeOoBaHNsa K TexHmdeckKuM daementam CHO.

Pazymeercs, maiee BMecTe ¢ pa3BUTHEM U yeIoKHeHneM Texandeckoit bazer CUO Oyer
pa3BUBATbHCS U TeopeTuydeckasd 6as3a. CireIyrolye HalpaB/JIeHusd siBJISIOTCs, Ha HaIll B3IJIAT,
[I€EPBOOYEPETHBIMH.

1) Pacuér onTuMaabHBIX KOHCTPYKIUI YCTPOHCTB CHATHS OCA3aTeIbHON nHMOPMAIT, B
YACTHOCTH, ONITUMAJILHOI'O T€OMETPUIECKOTO PACIIOIOKEHHS 9JIEMEHTOB JJATYNKOB U MX
cBOIiCTB — cMmoTpuTe paszelst 23]

2) PasBurue MareMaTHIECKUX CPEJICTB KOJAUPOBAHUS U JIEKOJUPOBAHUS OCI3aTEIbHON MH-
dopmaruu. 37ech npeoaraeTcst pacCMOTPEHNE JIBYMEPHBIX BEHBJIETOB CIEIUATbLHOMN
KOHCTDYKITMI U CBOHCTB yHKIMOHAIBHOTO Kiiacca Lip(B, M).

3) I/ICCJIG,H‘OBaHI/Ie MEXaHMYECKUX CBOICTB KHUBBIX TKaHe 1Ipu ,ZLe(i)OpMaHI/IHX CcKaTudd.

EcrecrBennsrit cieaytommuit yposerb pazsutusa Teopun CMO — mepexox ot "mokasapo-
Boro" paccMoOTpeHHs K pacCMOTPEHHIO (buaIbMa. 371eCh BCe TPU dTalla: CHATHE, XpaHEeHHe
U MHTepIIpeTalus — MOUYT MOTPedOBaTh TJIyOOTro PAa3BUTHUs, IMOCKOJILKY YK€, HAIIPUMED,
OJIM30CTDb JIBYX COCETHUX KAJIPOB IIPUHIUIINAIBHO MEHSIET 00bEM U XapaKTep MOJTyIaeMoit
u obpabaTbiBaeMoil nH(MOPMAIIIH.

K npunnunuansaomy passutnio treopun CNO moxkeT npuBecTu u MCCAEIOBAHIE Me-
XaHUYIECKUX CBOMCTB »KUBBIX TKaHeil. Harnpumep, HeckuMaeMOCTh »KUBBIX TKaHell 3acTa-
BUT HAC M3y4aThb MOJEJH CJIOXKHBIX CIABUTOBBIX M M3rMOHBIX JledhopMariuii u norpedyer
PaACCMOTPEHNUsI CYIIECTBEHHO HE OJIHOMEPHBIX Jiedpopmariuii. [Ipu sTom nipugércs usydarh
TPEXMEPHBIE CMEIIEHUST 3JIEMEHTOB MTOBEPXHOCTH pabodero Teja JaTInKa U MePeXo/InTh K
3aIUCHU, XPAHEHUIO 1 00pabOTKe ceMeNCTB TPEXMEPHBIX BEKTOPHBIX TOJIEH CMENIeHUIA.

Ho Bcé sro — meno Oyjaymux ucciienoBanuii. B nacrosmeii ke pabore Mbl CTaBHIN
CBOEil OCHOBHOII 1EJIBIO CO3/IaHNe eMHOTO MAaTEeMAaTUIEeCKOTO allllapaTa U 00IIero TOIHOro
KOJIMYECTBEHHOTO SI3BIKA JIJIsI MATEMAaTUKOB, MEJINKOB, UHZKEHEPOB U TEXHOJIOIOB, 3aHIMA~
IOIUXCS CUCTEMaMU UCKYCCTBEHHOT'O OCSI3aHUSI.

Tekcr mannoit mybaukanun gocryned B areprere — cmorpure [12].

24



Crmcok aurepaTyphl

[1] Tachi Laboratory. The University of Tokyo Graduate School of Information Science
and Technology. — Caiitr B urepnere: "http:/ /www.star.t.u-tokyo.ac.jp".

[2] ARTANN Laboratories, Inc. — Caiit B UnTteprere: "http://www.artannlabs.com".
[3] Medical Tactile Inc. — Caiit B Untepuere: "http://www.medicaltactile.com".

[4] Pressure Profile Systems, Inc. — Caiir B Uureprere:
"http:/ /www.pressureprofile.com".

5| Palpometer Systems, Inc. — Caifit B UnTeprere: "http://www.palpometer.ca".
[ D y : D D palp
[6] Tekscan, Inc. — Caiit B Unrepuere: "http://www.tekscan.com".

[7] Tuxomupos B.M. Hekoropsie Bompochl Teopun npubsmkenuit. 1976. M3narenbero
MockoBckoro yausepcutera. Mocksa.

[8] Leibniz, Gottfried Wilhelm: Letter to Jacobus Bernoulli. Ony6iukosano B G. W.
Leibniz, Mathematische Schriften (Red. G. E. Gerhardt), Vol. III, Abt. 1, S. 13-20.
Heidelsheim: Georg Olms Verlangsbuchhandlung 1855 (mepemsnano B 1962 r.).

[9] Hooke, Robert: Lectures De Potentia Restitutiva, or of Spring, Explaining the Power
of Springing Bodies. London: John Martyn. Ilepeusnano B Early Science in Oxford
(ed. R. T. Gunther), Vol. VIII, pp. 331-356. Oxford: R. T. Gunther, 1931.

[10] Besn [Ixx.®. DxenepumeHTaIbHbBIE OCHOBBI MEXAHUKH J1€(DOPMUPYEMBIX TBEPJIBIX TEJI.
Yacte 1. Mansie pecdopmarmu. — Mocksa: "Hayka', ['maBHas pemaxiuss Gpu3mko-
MaTeMaTHIeCKOU jureparypbl. 1984.

[11] Bunokypos B.A. Hacrunet u3z cpejabl. Maremaruaeckue metompl u Mojenn. — Vurep-
wer. 2002. "http: //vinokur.narod.ru/vinbook.html".

[12] Bunokypos B.A., Cajgosuuunii B.A. K maremarudeckoii reopun ocsizanust. THTepHET.
2009. "http://vinokur.narod.ru/sat2.pdf".

25


http://www.star.t.u-tokyo.ac.jp
http://www.star.t.u-tokyo.ac.jp
http://www.artannlabs.com
http://www.medicaltactile.com
http://www.pressureprofile.com
http://www.pressureprofile.com
http://www.palpometer.ca
http://www.tekscan.com
http://vinokur.narod.ru/vinbook.html
http://vinokur.narod.ru/vinbook.html
http://vinokur.narod.ru/sat2.pdf
http://vinokur.narod.ru/sat2.pdf

	Лицензия
	Введение
	Математическое описание работы тактильного механорецептора
	Описание взаимодействия рабочей поверхности механорецептора с изучаемым объектом
	Основные величины
	Результаты измерений

	Свойства рабочего тела
	Дискретизация
	Дискретизация по сдвигу
	Дискретизация по области B
	Оптимизация переходов от непрерывного к дискретному представлению векторного поля и наоборот

	Получение характеристик механических свойств объекта

	Расчёт характеристик рабочего тела тактильного механорецептора
	Постановка задачи
	Основные обозначения
	Максимальные деформации и давления
	Пример 1

	Кодирование
	О задаче оптимального кодирования скалярного поля в ограниченной области
	Операторы кодирования и декодирования (восстановления)
	Описание формата хранения осязательной информации в методе выделенных точек (МВТ)
	Нахождение погрешности восстановления функции заданного функционального класса по известным её значениям в точках сетки T.
	Оптимальный выбор множества T.
	Построение метода кодирования, оптимального по точности и быстродействию.
	Построение оптимального метода восстановления (интерполяции) функции из заданного класса по её значениям в точках сетки T.

	Оценка ошибки МВТ в липшицевом классе `39`42`"613A``45`47`"603ALip(B,M) при точном задании значений функции на сетке
	Задача оптимального линейного кодирования
	Разрешающая способность прибора
	Пример 4.1

	Использование функции нагружения для анализа структуры сложной механической системы
	К истории вопроса
	Описание схемы эксперимента
	Функция нагружения как характеристика однородного материала
	Независимость величины давления от площади пластин
	Независимость давления от толщины l образца
	Инвариантность функции нагружения

	Функция нагружения слоистой системы
	Задача о восстановлении толщины слоёв по известной функции абсолютного смещения системы

	Функция нагружения цилиндрической системы
	Задача о восстановлении площадей сечений цилиндров по известной функции нагружения

	Линейные среды
	Использование полученных теоретических результатов

	Заключение
	Список литературы

