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1 UICTOPUA HAYUYHOM HIKOJIbI

Hayunass mkona «Teopust CTPYKTypbl MEXaHUYECKHUX CHUCTEM U
IPAKTUKA €€ HWCHOJIb30BAHUS IPHU CHUHTE3E CJIOXKHBIX MAallWH, BKJIIOYAS
TOPHBIC U METAJLTypruYeckue» Obia ocHoBaHa B 1990 roay mpu kadeape
TEOPUU MEXaHW3MOB M MAIllMH U OCHOB KoHcTpyupoBanus Cubl' Y. K
HACTOSIIIEMY BPEMEHHM 3Ta IIKOJa SBISETCS OQUIMAIBHO MPU3HAHHOM,
uHpopManust o Hell omyOnumkoBaHa B kHuUTe «Poccuiickue HaydHbIE
HIKOJIBD.

OcHoBaTeneM HaAy4YHOW MIKOJIbI ABUJICS 3aCITYKEHHBIN JIESITENb HAYKU
Poccun u Keipremscrana, akagemuk MexnyHapoguorn AH Beicmen
mkoibl (MAH BIII) u Poccuiickoit Axkanemuu EctectBo3nanusi (PAE),
uineH-koppecnionaeHT HanuonansHon AH wu  Jlaypear ['ocnpemun
Keipreickori PecnyOnuku, na.T.H., mpodeccop JIBopuuxosB Jleonun
Tpopumouu. Ceptudukatom PAE Nell8 ot 27.03.2009r. on
oduIMaIbHO HArpaXJIeH 3HaKoM «OCHOBATENIb HAYYHOH IITKOJIBD.

Nudopmanmisi 00 OCHOBHBIX HCIOTHUTEISAX HAYYHOW IIKOJIBI
onyOJIMKOBaHA B SHIMKJIONEIUN «YUeHble Poccumy.

JBopaukoB JI'T. B 1958r. oxoHumsn ¢ oriauuneM ToOMCKUH
nonutexuuueckuii  uHCTUTYT (TIIM) 1o chnenuanbHOCTH  TOpHAs
AJIEKTPOMEXAaHUKA M Cpa3y NOCJIE OKOHYAHUS NMPUCTYNUI K HAyYHOU U
MPENoAaBaTELCKOM  JACATEIBHOCTH IOJI HAy4YHbIM  PYKOBOJCTBOM
npodeccopa Anumona O.J[. Ha kadeape ropuHbix wmamuH. [IpoBops
Hay4YHbIE MCCIEJOBAHUSI MO TOPHBIM, B YaCTHOCTH, IO OYpUIIbHBIM
MallliHaM, OH B TO K€ BpeMs MPUCTYMHAET K TJIYOOKOMY HM3yUYECHHUIO OOIIeH
TEOPHUU MEXAHU3MOB.

C 1 ceura0psa 1965r. Jleonun TpoduMoBHMY MO MNPUTTANIEHUIO
pekTopara OpyH3EHCKOTO MOJIUTEXHUYECKOTO NHCTUTYTA MEPEE3IKAET B T.



Opynze Kuprusckoit CCP wu Bo3rmaBmser Tam Kadenpy Teopuu
MEXAaHU3MOB U MAIIIMH U JIE€TAJCd MAIIVH.

K 1969-70rr. B ®IIN cnoxunach HaydHas IIKOjJa MO OypOBBIM
MAaIllMHAM, UCIIOJIb3YEMBIM B YCIIOBUAX TOPHOTO MPOM3BOICTBA Kuprusum.
[Ipu xadenape OblIa OTKpHITA AaCMHUPAHTYpA, IO3XKE, MO HHUIMATHBE
JIBopaukoBa JI.'T. Hauyanach MOArOTOBKA CHEAAIMCTOB IO JTUHAMHUKE W
MPOYHOCTH MAlIWH, MO0 MPOMBIIUICHHBIM poOoTaM M MaHumyssTopam. K
1974r. um OBLIIO TOATOTOBJICHO 9 KaHIUIATOB HAyK, a caM JIBOpPHHUKOB
JLT. B mae 1974r. na Oonpmiom coBeTe TOMCKOTO MOJUTEXHUYECKOTO
MHCTUTYTA 3alIUTUII JOKTOPCKYIO AuccepTanuio Ha temy «lccnenoBanue
peXMMOB  OypeHHs IIIMypoB B TOPHBIX MOpoJax  MallhuHaAMU
BPAIaTEJIbHOTO Y BPAIIATEIbHO-YIAPHOTO AEHCTBUSY.

Pa6otan B ®IIN JIopuuxoB JI.T. mo 1989r. K satomy BpemeHu um
ObUI0O MOATOTOBIICHO emie 18 KaHauaaToB Hayk. MHoOrue y4YeHUKH
bpynzenckot mkonbsl JILT. JIBOpHHMKOBa CTald JIOKTOpaMH Hayk,
akanemukamMu Hammonanenoit Axagemun Hayk, (mo 1991 cymectBoBana
Axkanemuss Hayk CCCP (AH CCCP)) gupektopamu  KpYIHBIX
npeanpuaTuii, GupmMm, peKTopamMu By30B, 3aBeAytomumu kadeapamu. Mmu
OBLIIM CO3/IaHbl CBOM HAYYHBIE IIKOJbI M HAYYHOE HAIpaBJICHUE, HAYATOE B
1965-1980 rr. B Kuprusuu ycmnemHo pa3BHBAIOIICECS 0 HACTOSIIETO
BPEMEHH.

Pesynbratel uccnemoBanuu JlBopnukosa JI.T. mo mnpoueccam
pa3pylIeHns] TOPHBIX MOPOJI ABUINCH OCHOBaHMEM K co3fannto [ OCTa Ha
OypuJbHBIE MAIIMHBI, a HSMIHUPUUYECKUM MaTeMaTHUYECKHM ammapar,
CO3JIaHHBI WM, CTall OCHOBAHMEM K pPa3pabOTKE TEOpUU MPOLECCOB
OypeHHsi, pacueToB U MPOCKTUPOBAHUSI OYypWIBHBIX MAIIMH U PEKUMOB
OypeHusi, BKiItouast OypeHrne Ha KOCMUYECKUX 00bEKTaXx.

B 1989r. JIsopuukos JI.T. nepeesxaer B Ky3bacc, B 1. HoBOKy3HEIIK,
r7ic BO3MUIABJsieT Kadeapy MEeXaHU3alluyd BCIIOMOTATEIbHBIX MPOIIECCOB U
pob6ororexHuku (MBIIuP) Cubupckoro MeTamyprudyeckoro MHCTHUTYTA.
B mae 1990r. xadpeapst MBIIuP u npuknagnoit mexanuku (IIM) Obuin
o0beIMHEHBI B OJIHY — Kadeapy TEOpUH MEXaHW3MOB M MAaIllMH U OCHOB
koHcTpyupoBanuss (TMM u OK), 3aBemyromnmumM KoTopol ObuT HM30paH
npodeccop JIBopuukon JI.T.

PaboThl O co3aaHuio Hay4yHOU 1IKOJIBI B T. HOBOKY3HEIIKe Hauanuch
Ha WHUIIMATUBHON OCHOBE C yTJIyOJEHHOW MOJATOTOBKH YYaIIUXCS IIIKOJ
ropona HoBoky3Henka. 3ansatus npoBoguiuchk B ayautopusx CMU. Ha
JEKIMAX HU3Jarajiuch oOlye MpoOJieMbl MAIIMHOBEACHUS, C yYalllUMHCS
MPOBOJUINCh WHAMBUAYaTIbHBIC 3aHATHA. B 1992r. mpu kadeape Oblna



OTKpBITA CHEUHAIBHOCTh «JlMHAMHKA M MPOYHOCTH MalIuH», Kadeapa
crana Boeimyckaromiedt. Ilozxke ¢ 2012r. na xadeape TuOKM Obina
OTKpbITa BTOpasi CHeHHaTbHOCTh «KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE
o0ecredyeHre MalIMHOCTPOUTEIbHBIX POU3BOCTBY.

[lox npencenarensctBom JlBopHukosa JI.T. mpu kadbenpe TMM u
OK paboTaeT MOCTOSHHBIN Hay4HBIM CEMUHAp MO MpoOIeMaM MEXaHUKU
MamuH. [lo utoramMm ceMuHapoB K HACTOSIIIIEMY BPEMEHM BBIMYIIEHO 23
cOOpHUKA TPYIOB, U3 KOTOPBIX, HaUMHasA ¢ 21-ro, COOPHUKHU BBIXOAST B
cTaTyce JKypHalia c Ha3BaHueM «MamuHoCTpoeHue», MaTepuabl
nyOJuKanuMii B KOTOPOM JOCTYIHBI Ha CalTe HAay4YHOM SJIECKTPOHHOU
oubanorexu http://elibrary.ru.

C 2007 roma HaydyHOM WIKOJIOW MPOBOJMUTCS €XKErojaHas y4deOHO-
MeToAnYecKass KOH(EpeHIus, MO0 UTOraM KOTOpPOW K HACTOSIIEMY
BpEMEHH U3AaHO [ COOpPHUKOB TpynoB «OCHOBBI MPOEKTHPOBAHUS
MaIUH.

[IpoBoasiTcss HayudHble KOH(EPEHIIMM HE TOJBKO AaCIUPAHTOB,
MpenoaaBaTescii U HayYHbIX PAOOTHUKOB YHHUBEPCUTETA, HO U CTYJCHTOB
cnenuanbHocTe  «IIpukmannas Mexanukay U «KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOE 00ECIEeUeHNE MAIIMHOCTPOUTEIBHBIX POU3BOJICTBY.



http://elibrary.ru/

cIHY, T A

i) 2011, Ne21
%/, ISSN 2226-2083 M m:";"r‘j':;. n—

OCHOBBI IPOEK THPOBAHHS MAIIHH

nATOR
MEEHO-METOMMECKOR KOH®EPEHININ

%

B 1998 Obu1 ocyiiecTBI€H NEPBbIA BBINYCK CHEHHATUCTOB IO
AUHAMUKE W mpoyHOocTHM MamuH: Tpynna KMX-92 — T'y6anoB E.®.,
[Ipsanko M.IO., Csepmmoa H.C. K 2015 rogy u3 17 BBIIYCKOB IO
CHENUaIbHOCTH «JlMHAMUKa M MPOYHOCTh MAIIUH» 9 CTYJEHTOB CTaju
KaHAUJaTaMU TEXHUYECKUX HayK, 14 CTyJIEHTOB MPOIUIM CTaXXHUPOBKY Ha
kadenpe B JODKHOCTH AaCCHUCTEHTOB, BBIMYCKHUKUA TPYIATCS Ha
MPOMBIIIJICHHBIX MPEANPUATUIX TOpoa, 001IacTH, a TaKXKe MPOKUBAIOT U
paboTaroT 3a pyoeKOM.

B 1991 romy B cOopHuMKe 10 MaTepuajaM BTOPOM Hay4HO-
MPAKTAUYECKOU KOH(epeHLINU Cubupckoro METaJUTypTrA4€CKOTO
MHCTUTYTa MO CEKUUH MAIIMHOCTPOEHUS U TOPHBIX MalluH Obljia
onybnukoBaHa ctathsi J[BopHukoBa JI.T. «OcHoBaHMsi K MeEToJaM
YCTaHOBJICHUS BUJOB Ipynil AcCypa U UCKIIFOUEHHS N30BITOUHBIX CBSI3EH B
HUX», B KOTOPOM MM BIIEpBBIC BBIBE/ICHA TaK Ha3blBacéMasi YHHBEpCaJIbHAs
ctpyktypHas cuctema (YCC) ypaBHEHUM, TMO3BOJSAIONIAS peIIaTh
pa3zHOOOpa3HbIe 3aJa4ll CHUHTE3a CTPYKTYp MEXAaHUUYECKHUX CHCTEM. OTa
YCC B nanbHeillleM SIBUJIACh OCHOBAaHMEM K HCCIIEIOBAHUIO Ba)KHBIX
3a7a4  CTPYKTYpbl MEXaHU3MOB MHOTMMU ydeHukamu JleoHupaa
TpodumoBuya.

C 1993 nmo 1998 r. [BopuukoBeiM JIL.T. Oblma pa3paboTaHa
MPUHIMIIHAIBHO HOBas TEOpHUS KUHEMATHUUYECKUX Tap MEXaHUYECKHUX
cucteM. bonbioe yudactue B €€ paspadorke mpuHsi JKuaro 2.4. Ilo
ATOMY HaIlpaBJICHUIO UM ObLTa 3alllMIIeHa JOKTOPCKas JUccepTaliusl.

[IIxomoi1 BriepBBICE B TEOPUU MEXAHU3MOB M MAIllMH OOOCHOBaHBI U
chopMyIUpOBaHbl MPUHIMIIMAIBHO HOBBIE HAyYHBIE HJAEHM M METOIbI
CTPYKTYPHOTO CHHTE3a KHHEMATHYECKUX TMap M KMHEMATHYECKHUX IIeTeH
BCEX KJIACCOB U CEMEMCTB. Pe3ynbTaTamMu BBINOJIHEHHBIX HCCIIEI0BAHUN
SBUJIMCh: YHUBEpPCAJIbHAsl CTPYKTYpPHAs CHUCTEMa CHUHTE3a MEXaHUUYECKUX
CUCTEM; TMOJHas KiaccupUKalus KUHEMAaTHUUECKUX TMap MEXaHHUYECKUX
CUCTEM; METOJ| OTBICKAHMS ITOJHOTO COCTaBa MEXaHU3MOB Pa3JIWYHBIX
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CEMEHCTB; TEOPHUS HUCKIIOYEHUS M30BITOUHBIX CBSI3€M B MEXaHMYECKHUX
CUCTEMaXx; TEOPHs CO3/JaHHS HOBOT'O MOKOJICHHS OYPUIbHBIX MAIIIHH.

OcHosHble HayuHble pe3yTbmamyl 3a NoceoHue 5 iem. KOIIEKTUBOM
Hay4yHOU Kokl 32 2010-2015 roast pazpaboTaHsbl

—  OCHOBBI  BceoOmiell  (yHHUBEpCAJIbHOW)  KiacCUPUKALMU
MEXaHWU3MOB;

— Hay4YHO-METOAUYECKUE OCHOBBI HCCIIENOBAHUSA 17|
COBEPIICHCTBOBAHUA YAAPHBIX CHCTEM, IMPUMEHAEMBIX MPU Pa3pPyLICHUU
XPYHKUX CPE;

— METOJbl KMHEMATUYECKOM M KHUHETOCTATUYECKOW Pa3pelimMOCTH
IECTU3BECHHBIX MIAPHUPHBIX IUIOCKUX TPy Accypa;

— YTOYHEHHAas TEOPUs MPOIOJbHOTO Y1apa;

— METObI CTPYKTYPHOT'O CUHTE3A IIJIOCKUX CTEPIKHEBBIX IIAPHUPHBIX
MEXaHU3MOB 03 M30BITOYHBIX CBSI3CH;

— TEOpHUs CTPYKTYPHOI'O CUHTE3a INIOCKUX KMHEMAaTUYECKHUX LIETEH C
BBICIIMMHM KHUHEMATHYECKUMU MTapaMUu;

— METOAMKA CTPYKTYPHOTO CUHTE3a TPEX3BEHHBIX MEXAHU3MOB;

— OCHOBBI CO3/IaHUS TAHTEHIIMAJIbHBIX IMOBOPOTHBIX PE3IOB
OYKMCTHBIX KOMOAHOB MOBBIIIEHHOW TPOYHOCTH;

— METO/JIbI CTPYKTYPHOI'O CUHTE3a CJI0KHBIX 3yOUaThIX MEXaHU3MOB;

— pa3paboTaHbl TEOPETUUECKHWE OCHOBBI TMpoliecca pa3pylICHUs
TOPHBIX TOPOJ IIEKOBBIMU JPOOWUIBHBIMM MAIIMHAMH U  METOJbI
COBEPIIECHCTBOBAHUS UX KOHCTPYKIIUH.

K Hacrosimemy BpeMeHH 1Mo Kadeape MoATroToBiIeHo 86 OakaiaBpoOB
TEXHUKU W TEXHOJOTMU MO HampasiieHUto «llpukiannas mexaHukay, 67
VHXXEHEPOB MO CIIEUAIIBHOCTU «/[MHAMWKA ¥ TPOYHOCTH MAILIMH.

3a Bpems pabotei B HoBokysneuke JIBopuukoBbimM JL.T.
MTOJITOTOBIIEHO 6 NOKTOPOB HayK W 19 kaHAMIaToB HAayK, U3 KOTOPBIX & —
ATO CTYAEHTHI, 3aKOHYUBIIMUE CIEIUAIBHOCTh «/[MHAMMKa WM MPOYHOCTH
mamay. C 1989 roma npu kadeape TuOKM 3zamuiieHbl JOKTOPCKHUE
nuccepranuu 3aiuesbiM B.U., JKuaro 3.41., PemopoBsim B.E., Koranom
b.1., CanueBoii A.D., CrenanoBbiM A.B.; KaHAUWJATCKUE IHUCCEPTALUU
Menoseim FO.A., lapanoseim B.M., Kykimaeim C.A., Agamosuu H.O.,
Tumodeenoii 1.C., JlokreBoit H.A., baknymunoit U.C., I'ybanoBbiM E.@.,
MomkunasiM H.B., Makapossim A.B., )KykoBeiM 1. A., baknymunasim /].C.,
bompmrakoBeiM  H.C.,  CrapuxoBeiM  C.II., IlonyraeBeim M.I.,
HqmvutpueBsim B.B., KpecroBo3asuxenckum I1.JI., ['opammueim B.B.,
®omunbM A.C.



3a mociieaHue S JIET 3alUIIeHO 2 JOKTOPCKHX M 5 KaHIUJATCKUX
auccepTanui, u3naHo 2 MoHorpaduu, omyOnukoBaHO 28 cTaTedl B
KypHalax, pekomeHjaoBaHHbIX BAK, 19 cTtaTeil B 3apyO0eXHBIX U3aHUSX,
Moyd4eHo 38 mMaTeHTOB Ha H300peTeHWS W ToJe3Hble Mojaenn, 11
CBUJICTENILCTB Ha mporpaMmbl ajis DOBM u 0a3sl JaHHBIX, MPOBEACHO 15
Hay4YHbIX KOH(EpEHIIUA.

A. B. CrenaHos, J1. T. IBopHUKOB
I T. Jisopuixos, C. 1. Crapukos

[ABOPHUKOB N.T., BO/NbLIAKOB H.C.
J1.T. AsopHukoB, U.A. XykoB

KOMMbIOTEPHbIN CUHTE3
CTPYKTYP MEXAHU3MOB
APOAONLHBIN YAAP CHIOBOE HOCTENOBARKE IROCIOAX
LIAPHHPHBIX I'PYIINT ACCYPA
MONYKATEHOUAANBHBLIM i

BONKOM KPUBOLLMMNHO-NON3YHHbIX

MEXAHU3MOB MOHOTPA®HS
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O noxropckux Juccepranui

B xaHMJATCKUX AUCCEPTALMI

B nateHTOB U CBUJICTCIILCTB

1990- 1995- 2000- 2005- 2010-
1994 1999 2004 2009 2012

e S

BATREY

PaGora kadeapsl  BBICOKO  OIIEHMBAeTCs  AJIMUHUCTpaIuen
KemepoBckoit obnactu. Ilpodeccop J[IBopuuko JI.'T. HarpaxaeH
JUAIUIOMOM 34 TIEpBOE€ MECTO B KOHKypce «JIydlmi 3aBenyrolun
kadeapoit 2004 roga». CoTpynHuKu Kadeapbl SBISIOTCS MOCTOSIHHBIMU
YYaCTHUKAMH MEXKIYHAPOJIHBIX BBICTABOK, JEMOHCTPUPYS Ha BBICOKOM
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YPOBHE CBOU pa3pabOTKW MPUKIAJTHOTO MPOMBIIUICHHOTO xapakrtepa. [lo
WUTOraM KOHKYPCOB Ha JIydlInu 3kcnoHat /[BoprukoB JI.'T. B coaBTOpCTBE
CO CBOMMM YyueHukamu HarpaxjeH CepeOpsHbiMU U BpoH30BBIMU
MENAISIMU Ha BBICTABKAX PA3JIMYHBIX JET «Yronb Poccun n MaliHUHTY, B
2006r. HarpaxaeH CepeOpsaHON MeAaIbl0 HA MEXAYyHapOIHON BBICTABKE,
npoxonuBiier B 1. Illenpsan (Kurail), a Takke MHOTOYUCICHHBIMU
TUITIOMaMH M MeJanblo «3a 0coObli Bkiaa B pa3Butue Kysbacca |l
CTENIEHW» II0 UTOraM pPETHOHANBHBIX KOHKYpcoB «/HHOBaumnm wu
n300peTeHusi Troja», MPOBOAUMBIX AamuHucTpanuern KemepoBckoit
obJacTu.

’ @
AUTTAOM

BPOH30BASL MEJIAJIB

®
AUITAOM

BPOH30BAS MEJIAJTb

pe3yabTaraM  KOHKypca, MPOBOJAUMOro AJIMUHUCTpanuei
KemepoBckoii  oOmactv, HaydHas 1mkona «Teopus  CTPYKTYphI
MEXAaHUYECKUX CHUCTEM W MPAKTUKA €€ WCIOJb30BAHUS IIPU CHUHTE3E
CJIOKHBIX MAIIIMH, BKJIKOYAasi TOPHBIE U METAJUIyPTUUYECKHE» B COCTABE
kadeIpbl TEOPUM MEXAHM3MOB M MAalIMH U OCHOB KOHCTPYUPOBAHHS
MPU3HAHA BEAYIIMM HAYYHO-TIEAArOrHYE€CKUM KOJJICKTUBOM.

3

AAMHHHCTPALHA KEMEPOBCKOA OBIACTH
AHNIOM
LA
ci Wa oy )

rpanra I
R

IyGepusrop
Keveponcnoll obaacrn
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2 OCHOBATEJIb HAYUHOM IIKOJIBI -
JIJEOHUJA TPOOUMOBHUY IBOPHUKOB

JIBOpHUKOB Jleonnn
TpodpumoBry —
3aCJTY>KCHHBIN JEATEIb
HayKU Poccurickou
denepanuu, TIOKTOP
TEXHUYECKUX HayK,
npodeccop, OCHOBATEIb

HaydyHOW wKoJbl «Teopus
CTPYKTYPbl ~ MEXaHUYECKHUX
CUCTEM W TMpaKTHKa €e

/\ UCIIOJIb30BAHMS TIPU CUHTE3E

’ CJIOKHBIX MAIIIMH, BKJIIOYas

| / TOpHBIE u
y METAJLTyPTUYECKUEY.

TBOpUECKYIO

/ NEATEIIbHOCTh JLT.

% JIBOpHHKOBA MOKHO

YCJIOBHO pa3eiuTh Ha TPHU
JTara: TOMCKHM, THE VXK€
CyllleCTBOBaja Hayy4Has
mkona mnpogeccopa O/
AnrMoBa; (QPYH3EHCKUU H
HOBOKY3HEIIKH, TI€ Hay4HbI€ MIKOJIbI ObUTHA co31anbl JI.T. JIBOPHUKOBBIM.

B 1958r. Jleonun TpodumoBud ¢ OTIMYMEM OKOHUMI TOMCKHUI
MOJIMTEXHUYECKU MHCTUTYT M OBbLI OCTaBJIEH MpenojaBaTelieM Ha
Kadepe TOPHBIX MAIIMH U PyAHUIHOTO TpaHcmopTa. C TpeThero Kypca —
c 1956r. oH akTHBHO y4YacTBOBaJ B HAy4YHBIX HCCIEAOBAHUAX KadeIpsl
MojJi PYKOBOACTBOM  3aBenyromiero  kadenpoi, pgomenta Onera
JmutpueBnua AnumoBa. K Hemy ke, yxe mpodeccopy, B 1959r. on
NOCTYNWJI B acnupantypy. B Oosbiieit crenenu camoctositensHo JILT.
JIBOpHUKOB BbIOpas ce0e HayyHYI0 TeMy — 0000IIeHHe 3aKOHOMEPHOCTEMN
1 PeKUMOB OypeHHUS TOPHBIX MTOPOJ MAITMHAMU BpaIIaTEIBLHOTO JICHCTBUS,
mo koTopod B 1964r. um ObUIa 3amuilneHa KaHIUJIATCKas JUCCEpTaIMs.
Eme panbmie, B 1963r. JI.'T. JIBopHUKOB Iiepenien padoraTh Ha Kadeapy
npukiiagHorn wmexanuku TIIA. IIpoBoas Hay4yHbIE HMCCIENOBAHUS 10
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MallliHaM BpamaTeJbHOro OypeHHs, OH B TO XK€ BpeMs MNPUCTYMHI K
rJ1yOOKOMY U3YUYEHHIO TEOPUU MEXAHU3MOB.

C 1 cenra0psa 1965 r. Jleonna TpodumoBHUY 1O TPUTIIANICHUIO
nepeexan Bo OpyH3e u Bo3riaBuil kadenpy TEOpUU MEXaHU3MOB M MaIlIuH
u peraned MamuH PpPyH3EHCKOr0 NOJMTEXHUYECKOTO HMHCTUTYTA, Ha
KOTOPOM K MOMEHTY €ro mpuxoja He ObLJIO HU OJHOTO IMPENoAaBaTess C
y4eHOU creneHblo. 3a Bpems pabotel B Kupruzuum JI.T. JIBOpHUKOBBIM
MOArOTOBIIEHO 24 KaHauzara HayK. [lo ero wHMOMaruBe Hadalach
ITOATrOTOBKA CHEHUAIIMCTOB 10 JTUHAMUKE U MPOYHOCTH MAlIWH, a CaM OH B
1974 r. 3ammmiaeT IOKTOPCKYIO OHMCCEpPTalMio, H30UpaeTcs IeKaHOM
MEXaHUKO-MAIIMHOCTPOUTEIHHOTO (DaKyJIbTETa U CTAHOBUTCS TUPEKTOPOM
HayuHo-ncclie10BaTebcKoro MHCTUTYTA MPO0JIeM MAIIMHOCTPOEHUS.

PesynbraThl uccinenoBanuid Jleonmga TpodumoBnua SBUIHCH
ocHoBanneM K ['OCTy Ha OypuwibHbIE MAIIMHBI, a 3SMIUPUYECKUN
MaTeMaTUYECKUA amnmapar, CO3JaHHbIA KM, CTal OCHOBAaHHEM K
pa3paboTKe TEOpUU MPOLECCOB OypeHHs, pacyeToB M MNPOEKTHPOBAHUS
OypwIbHBIX MalllMH ¥ PEXKUMOB OypeHus, BKiIoYas OypeHue Ha
KOCMHYECKUX O0BEKTaXx.

B 1989r. n.1.1., npodeccop JI.T. JIsopHukoB nepeesxaet B Kysbacc,
B I. HoBoky3HelK, rjie BO3MIaBisieT Kadeapy TEOpUU MEXAHU3MOB H
MallMH M OCHOB KOHcTpyupoBaHus. B 1992r. npu kadeape mo
naunmatuBe Jleonnaa TpodumoBuua ObLIa OTKpBITA CHEUUATBHOCTH
«/luHaMuKa ¥© TNPOYHOCTP MamMH» HamnpaieHus «lIpuknagHas
MeXaHuKa», U Kadeapa CTAaHOBUTCA BbIMycKarome. CTyIeHThl MOTYy4YnIn
BO3MOKHOCTb TOJIYYEHHUs JIBYXYpPOBHEBOTO 00pa3oBaHUA: mocie 4-X JeT
oOyueHHs — OakanaBp TEXHUKU M TEXHOJIOTUH, TIOCHE 5,5 JIET — UHKEHEpP-
MEXaHUK-HCCIIeIOBaTeNb. 3a  BpeMs  OOy4YeHus 1OJ  Hay4YHbIM
pykoBojictBoM mnpodeccopa JL.T. JIBopHMKOBA MHOTHE CTYAEHTHI
CTAHOBATCSI JlaypeaTaMH KOHKYpPCOB CTYJICHUYECKHMX Hay4YHbIX padoT,
y4acTHUKaMU KoH(pepeHui, nzooperarensamu. Kak npaBuio, Tembl paboT
(pOpMyIUpPYIOTCS YK€ Ha MEPBOM Kypce M MPOAYMBIBAIOTCS 0 JHUILIOMA
BKJIFOUUTENHHO, C KAKJBIM CTYAECHTOM 00€CIeYMBACTCS MHAMBUIYATbHOE
3aHATHE.

ITon npencenarensctBoMm JI.T. J[BopHukoBa npu kadpeape TMM u
OK paboTaetr mMOCTOSTHHBINA HAY4YHBIH CEMHUHAp MO MpoOJeMaM MEXaHUKHU
mamuH. [lpoBoasTcss KOHpEpeHUMH HE TOJbKO JJid AaCHUpPAHTOB,
IOpernoiaBaTesieil W HaydYHbIX pPaOOTHUKOB YHUBEPCHUTETa, HO H JJIA
CTYJ€HTOB, KaXJblil U3 KOTOPHIX NPUHUMAET HEMOCPEICTBEHHOE YYaCTHE
C JOKJIAJ0M.
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Jleonna TpodumoBuy o0nagaeT YHIUKIONEIUYESCKUMHU 3HAHUSAMU HE
TOJIbKO B 00JIaCTH TEOPUH MEXAaHW3MOB U MAIIIMH, HO U MEXaHUKE B LIEJIOM.
OH OXOTHO JENUTCS CBOUMH 3HAHUSMU W OIBITOM C MOJIOJBIMHU
COTPYAHUKAaMH, MNPENOAABATEIAMU, CTYAEHTAMH W  IIKOJIbHUKaMH.
bonpmoe BHuManue Jleonuny TpodumoBuy yaenser BOCHUTAHUIO
TBOPUYECKON JIMYHOCTH B CTYJEHTAaX, CYUTas, 4YTO HayKa M Y4YEOHBIN
mpoiecc B3auMOCBsi3aHbl. OH CTaBUT KOHKPETHbIE U  MOAPOOHO
pazoOpanHbie 1O aeTansiM 3anadu. CTyNeHTY, acIUpaHTy, JAOKTOPAHTY
CTOUT TOJIBKO CJIEOBATh YKA3aHUSIM PYKOBOJIUTENS M BCE 3aKAaHUYMBACTCS
YCIIEITHOM 3alIATON AUILIOMA WU JUCCEPTALIUU.

Jleonna TpodhumMoOBUY OCTOSTHHO 3aHAT HOBBIMH HACSIMU, KOTOPHIMH
OH IIEAPO AECIUTCS CO CBOMMH YYEHHKAMU, SIBJISIONIUMUCSA TJIaBHBIM
UTOTOM JEATEIPHOCTH M €ro TropAoCThr0. MHOrHe W3 HHX CTaIU
VH)XEHEpAMH, KaHIWAATaMH, JOKTOpAaMH, MW YCIEIIHO TPYASATCS B
pa3IMUHbBIX Topojiax Poccuu u 3a pyoGexom.

3a Bpems pabGotei B HoBokysuenke JIL'T. JIBOpHHUKOBBIM
MOATOTOBJIEHO 5 TOKTOPOB HayK W 19 kaHauaaToB HayK. 3a MOCIEIHHUE 5
JeT uM onyOsnkoBaHo 3 mMoHorpaduu u Oosiee 130 HayyHBIX cTaTel u
y4eOHO-METOANYECKUX paboT, 3amareHToBaHo Oojiee /0 HM300peTeHUM,
noinydyeHo okojo 10 cBuperenbcTB Ha mporpammbl ains OBM u 0asbl
nanHbeix. AroputeT JI.T. JIBOpHMKOBa Kak y4YEHOrO OYE€Hb BBICOK HE
Tonbko B Poccuu, HO u 3a pyOexoM. OH SIBISIETCA WICHOM BEIyLIUX
CoBETOB 10 3aIIUTE KAaHAUAATCKAX U TOKTOPCKUX JUCCEPTALIHM.

Paborta JI.T. JIBopHHMKOBa BBICOKO OILICHMBAETCS aAMUHUCTpALIUEH
KemepoBckoit obnactu, IlpaButenbctBamu Poccuiickoit denepanuu u
Pecnyomuku Keipreizctana. B 2004 r. mpodeccop Jleonun J[BopHUKOB
cTaj KaBajiepoM KeIpreizcraHckoro Opnena Crnasl (Jlanakep) 3a 0coObIit
BKJIaJ B HaykKy MW oOpazoBanue pecnyOnuku Kupruzuu. I[loueTHyro
Harpaay eMmy Bpyuua B I. buiikeke mnpe3uaeHT Keipreizcrana Ackap
AxkaeB. OH TakXke SIBJISIETCS MOCTOSSHHBIM YYAaCTHHKOB MEXyHApPOIHBIX
BBICTABOK, JEMOHCTPUPYS Ha BBICOKOM YPOBHE CBOM pa3pabOTKH
MPUKJIAJHOTO TMPOMBIIIICHHOTO XapakTtepa. [lo uToraM KOHKYpCOB Ha
nyumui 3kcnoHart JI.'T. /IBOpHUKOB B COABTOPCTBE CO CBOMMH YUEHUKAMU
HarpaxjeH CepeOpsHoil U BpoH30BBIMM MenasiMM Ha BBICTaBKax
pazinuHbIX JeT «Yroiab Poccum m Maiinunry, B 2006 r. HarpaxiaeH
CepeOpsiHOM Mealnblo Ha MEXIYHAPOIHOM BBICTABKE, MPOXOIUBIICH B T.
[lennsn (Kurail), a Takke HarpakxJieH MHOTOYUCICHHBIMU JUIIJIOMaMU U
Menanbio «3a 0coOwIil BKas B pazsutue Kysbacca |l ctenenn» mo urtoram
pPErMOHANIBHBIX ~ KOHKYpcOB  «MHHOBamuu ©  H300peTeHHs] Tojay,
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MIPOBOJANMBIX AJMUHUCTpanuen KemepoBckon o0yacrTu. Ha
Mexnynapoanoit HayuHou koH(epeHiuu «IIpobGiembl TeopeTudeckon u
MPUKJIAJHOM MEXAHUKW», TOCBALICHHOW 735-JIETUIO CO OHS POXKICHUS
akanemuka HAH Kazaxcrana V.A. J[xongacOekoBa, mpoxoauBiieit 1-2
Mapta B T. AnMa-Atbel, JI.T. JIBOpPHMKOB ObLI HarpakJaeH MeEIaJbio
akanemuka Y.A. JDkonmmacOoexkopa. B 2005r. B wecth  JlHsa
MamuHocTpouTtenss AOKTOp HaykK JI.T. JIBOpHMKOB HarpaxIeH MeHaibio
«3a ciyxenne Kyzbaccy».

17 mas 2006r. B ToMcke Ha 3acejaHuu yueHoro coBeta Cubupckoit
AkanemMun Hayk Bbiciied wmkossl Tnpenceaarens CAH BII M.H.
[lycteiHCKMMt  Bpyuun Jleonuny TpodumoBuuy  [IBOpHUKOBY 3a
HEOLICHUMBIN BKJIaJ] B pa3BUTHE BhICIIETO 0Opa3oBanus B Cubupu Menaib
Ounuknonennu «Jlyumme moaum Poccum». ITa Menainb sSIBASETCA BBICIIEH
oOIIIeCTBEHHOW Harpajoi 3a 3aciiyrd B 00JIACTU YKPEIJICHUS POCCUUCKOM
rOCyJIapCTBEHHOCTH, pa3BUTHUS (eaepanuszma, YCWICHHUS KYJIbTYPHOMH,
PKOHOMHYECKOU U BOeHHOU Mo1M Poccutickon denepanum.

B 2010r. Aamunuctpanueit Kemeposckoit o6nactu Isopuukos JI.T.
HarpaxjaeH 3HakoM «llouernsiii mpodeccop Kyzbaccan  (No24,
pacnopsbkeane Komernu ot 02.02.1010r.). K B 3TOM %€ roay Ykazom
IIpe3nnenta Poccun Harpaxaen Opaenom Ilouera.

B 2013r. nocranoBnenueM I['yoepHatopa Kyszbacca Tyneera A.Tl.
JBopukoBy JL.T. Obuio mnpucBoeHo 3BaHue «lloueTHbId TrpakIaHUH
KemMepoBckoit o01acTtuy.
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3 KOJUVIEKTUB HAYYHOM IIKOJIbI

3acayxkeHHblii AesTes b HayKu Poccnu /IBopHukos Jleonna TpodumoBuu
CO CBOMMH YYCHHMKAMH M KOJLJIETaMHU

HudcHutl pso. KpecroBoznsmwkenckuit I1JI. (k.T.H., BbimyckHuk 2006r.),
KykoB M.A. (K.T.H., TOIEHT, 3aMECTUTEIh 3aBEAYIOIMIETO Kadeapoil, BHITYCKHUK
2005r.), Beuyxanun [.C. (Beimyckauk 1999r.), EpmonaeBa H.}O. (acnupant),
HBopuuxoB JI.T. (a.1.H., mpodeccop, 3aBenyrommii kadenpoit), ['ymumona JI.H.
(K.T.H., IOUEHT, TUPEKTOP MHCTUTYTAa MAIIMHOCTPOEHUs U TpaHcnopra), Cenuna T.B.
(3aB. 1abopaToOpUAMH);

eéepxnutl psid. BapuaBa A.B. (acnupant), [Tonmyraes M.I'. (x.T.H.), CTapukoB
C.IIL (k.T.H., CT. MpeI., TUPEKTOP CTYJAECHYECKOr0 OM3HEC-MHKyOaTOpa, BHIMTYCKHUK
2008r.), l'apssmua B.B. (k.1.H.), UBuryn B.H. (x.1.H.), TyTteiHuH A.B. (acnupanr),
MakapoB A.B. (K.T.H., JOIIEHT, 3aM. JeKaHa 3a04YHOTO (aKyJIbTeTa, BBIMYCKHUK
2000r.), Haruobun A.B. (acnupant, BbimyckHuk 2010r.), Kykmun C.A. (x.T.H.,
nouent), Aémun B.M. (k.x.H., nonieHTt), KuszeB A.C. (acnupanrt, Beimyckauk 2010r.),
Momkun C.H. (acnupant, BeimyckHuk 2010r.), Musun FO.I'. (nouent), O6psinun
A.A. (acniupant, BeimyckHUK 2008r.), Xentyxun J[.B. (acnupaHT, BBIIYCKHUK
2000r.).

AnamoBud Hataawss OgeroBna: paboraet Ha kadeape ¢ 1991 rona,
CHayaja CTaXEpOM-HCCIEIOBATENIeM, 3aTeéM TpU rojaa oOyyanach B
acIUpaHType, COBMeIas ¢ mpemnojaaBanueM Ha kadeape. B 1998 roay noa
pykoBoAcTBOM JIBopHukoBa JI.T. 3amuTuia OuccepTalvio KaHIWJaTa
HayK 10 TeMe «CTpyKTypHBIM CHUHTE3, KUHEMAaTUKa M CTAaTHKa TJIOCKUX
HEACCYpPOBBIX MEXAaHU3MOB». UWTAET JIEKUHOHHBIE KYPChl MO MPEAMETY
«Teopuss mammH U MexaHu3MoB», «JluHamuka Mammn», «lIpuknamgHas
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MexaHuKay. B HacTosimiee BpeMsi pabotaer Ha Kadelape B JOIKHOCTH
noreHTa. OnyonukoBano 38 padbot, U3 HUX 9 - yueOHO-METOIUUECKUX.

bakaymun Amutpuii CepreeBud: BoiNyCKHUK rpynibl KMX-96, B
2006 romay 3amuTUI KaHIUIATCKYIO auccepTainuio «Pa3paboTka MeToa0B
CTPYKTYPHOTO M KHHEMATHYECKOIO CHHTE3a KIMHOBBIX M BHHTOBBIX
MEXaHU3MOB YETBEPTOT'O CEMENCTBAY.

bakaymuna Upuna Cepreesna: B 1989 rogy oxonumiia cpenne-
oOpasoBatenbHyto mkosy Ne 55. B aTot e rog nocrynuia B Cubupckuii
METAJUTypTHYECKUA HWHCTUTYT HA CHEIUAIBHOCTh «MexaHuyeckoe
o00Opy/I0BaHHE METALTYpPTHUECKUX 3aBojaoB». B 1994 roxy 3ammutuna
IUTUIOMHBIN TIpoekT ¢ oTmunueM. bakmymuna W.C. pabotaeT Ha kadenpe
T€OPUH U OCHOB KOHCTpyHnpoBanus MamuH ¢ 05.12.2000r. [Tocne 3amuTsl
KaHauaaTckoil auccepranuu (OMCKHII TOCYJIapCTBEHHBIA TEXHUYECKHUI
yHuBepcuteT B 2003r.) mnpuHATa Ha JOJDKHOCTH JoOlleHTa. Yurtaer
JEKIUOHHBIE Kypchl 1O «CTaTuKe COOpYyKEeHUM», «MexaHuke»,
«ITpukiianiHOW MEXaHWKe M JAeTalsiM MamuH», «CTpyKType peanbHbIX
MEXaHUYECKHX cUcTeM», «OCHOBaM KOHCTpPYyUpOBaHUs», «MeTpoioruu,
CTaHJapTU3aluu U cepTuduranumny, «IcTopun TEXHUKU U TEXHOJOTHN,
BEJIET IPAKTUYECKHUE U JTaDOPATOPHBIE 3aHATHS. SBISETCS PYKOBOJUTEIEM
MPOU3BOACTBEHHOUN MPAKTUKU y CTYJICHTOB CHEIUAIBHOCTH «/MHaMuKa u
MPOYHOCTh MAIIMHY. 3a TMOCJIEAHUE MATh JIET OMyOJUKOBaHO 4 y4eOHO-
METOJIMYECKUX U | HaydHast pabOThl. YUAaCTBYET B HAYUHO-TIPAKTUYECKUX
KOH(EpPEHLUSAX MO0 TEOPUHM MEXAHM3MOB M MAIMH W MallMHOCTPOEHUIO
pa3IMYHOrO TPOGUIS U SBISETCS YYEHBIM CEKpPETapeM €KEroJIHBIX
CTYyICHYECKUX KOH(EPEHILHI MO0 CEeKIUHU TEOPUH MEXaHU3MOB, JUHAMUKH
¥ npoyHocTu MamuH. baknymuna W.C. sBisieTcs 4I€HOM YYE€HOTIO0 COBETa
WHCTUTYTa MAaIIUHOCTPOEHHS W TPAHCIOPTA, YYACTBYET B 3acCEHaHUIX
['ocy1apCcTBEHHBIX ATTECTAllMOHHBIX KOMHUCCHUI MO 3allUTe JUILIOMHBIX
paboT CTYIEHTOB CIENHATLHOCTU «Jl[MHaMuKa M MPOYHOCTH MAIIMH» B
KauecTBe cekperaps. llpomuia moBwIIeHWEe  KBAIMGUKAIUM IO
nporpammaM «Pa3paboTka TecToBbIX MatepuasioBy (r. HoBoky3nenk, HO
TIIVY, 2010r.), «Co3nanue OpEe3CHTAllMd W HWCHOJIb30BAHUE
MYJIbTUMEIUNHBIX KOMIUIEKCOB B yueOHOM mpoiiecce» (r. HoBoky3HEIIK,
2011r.). HarpaxxaeHna meaanbio «3a JOCTOMHOE BOCIIMTAHUE JIETEH.

boabmakoB Hukura Cepreesu4: BointyckHuk rpymnmsl MXII-01, B
2007 romy 3amuTHI KaHIUAATCKYIO auccepTaiuio «OO0CHOBaHHE IMyTeH
pacimMpenusi PyHKIIMOHATBHBIX BO3MOXHOCTEW KPUBOIIUITHO-TIOI3YHHBIX
MEXaHU3MOBY.
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Iapssmun Baagumup BaagumupoBu4: B 2003r. OKOHUYWI JIMLIEN
Ne34 ¢ cepebpsinolt meganbio u octynui B Cubl' MY Ha cnenuanbHOCTH
«MeTamnypruueckue MaiiuHbl W obopynoBanue». Ilo okxoHuaHUU
yHuBepcutera B 2008r., MOayYuB ¢ AUILUIOMOM C OTJIMYHUEM, NMOCTYIWII B
acIUpaHTypy K I.T.H., npodeccopy JIBopHukoBy Jleonuny TpodumoBuuy.
B 2012r. 3amutun auccepranuio no crernuaibHocTy 05.02.13 — MammuHsl,
arperarsl ¥ Mpouecchl (METAILTypruuecKoro Mpou3BoACTBa). B HacTosee
BpeMsa paboTaeT TiaBHBIM KOHCTpykTOopoM OOO «Kanranckuii 3aBoj
KotenbHO-BCIIOMOTraTeibHOTO 000pyI0BaHUS U TPYOOIPOBOJIOBY.

I'yoanoB EBrenuin ®@emoposuu: B 1998 ¢ omimmumem 3akoHUMI
00y4Y€eHHE N0 CIENHNATbHOCTU «IMHAMUKA U MPOYHOCTh Mamnu» Cuol' MY.
B 2002r. 3akonuunn 3a0unyto acnupantypy Cubl' MY na xadgeape TMM u
OK. B nekabpe 2003 pemieHueM aucCepTallMOHHOrO coBeTa TOMCKOTro
MOJUTEXHUYECKOTO  YHUBEPCHUTETA IMPUCYXKJECHA yYe€Has  CTEIEHb
KaHauaaTta texuundeckux Hayk. C 1998 mo 2003 pabortan B Cubupckom
rOCyJIapCTBEHHOM  WHAYCTPUAJIbHOM  YHHBEPCUTETE B  KauyeCTBE
npenojasarens. B Hacrosiiee Bpemsi SBISETCS TVIABHBIM CHEHHAINCTOM
TexHoJiorndeckoro otaena 3A0 «IIpomyriaenpoexTy.

JAvutpues Buxkrop BuaagumupoBuu: B 2003r. OxOHYMI
Cubupckuil ToCy1apCTBEHHbIA MHAYCTpUAIbHbIA yHUBepcuteT, B 2006r.
KemepoBcknii  rocynapcTBeHHbld  yHuUBepcuTeT. B ampene 2011r.
COCTOSIIaCh  3alllMTa  KaHIWJATCKOW  jaucceprauun B OMCKOM
rocyJIapCTBEHHOM TE€XHMYECKOM yHHUBepcuTeTre. B HacTosiiee Bpems
3aHUMAET JOJDKHOCTH JIolleHTa Kadeapbl HHOOPMAIIMOHHBIX CHCTEM
ynpasiieaust HoBoky3Henkoro nacrutyra (punuana) Keml'V.

Kusaro Inyapn SkoBiaeBu4: paboraer B yHuBepcutere ¢ 1963
rojaa, cHavana Ha kadenpe ['opHpix MamuH, a ¢ 1972 roga — Ha kadenape
«Jleranu MammnH». MMeeT BBICOKYI0 HAyYHYI0 W MPENoJaBaTelIbCKYIO
kBanudukamnuo. beul n30paH Mo KOHKYpCY Ha JOJDKHOCTH mpodeccopa
kadgeapsl TMM u OK B urtone 1998r. 1 nexabpst 1999r. on ObL1 3auncieH
B jgoktopantypy mnpu Cubl'MY. [lo mpukazy pekropa Nel56-x ot 08
nexkadpst 2000r. B CBSA3M C JOCPOYHOM 3aIIUTHI TOKTOPCKOW JUCCEPTAIUH,
OH OBbUI OTYHCIICH W3 JOKTOPAHTYpHl. Iayapa SKOBIEBUY MTPOBOIHII
OOJIBIITYI0 PabOTy MO CO3/aHHI0 OOPa3LOBOM MPEAMETHON ayJaMTOPHUHU IO
TMM, 060pynoBaHHYIO JOCTATOYHBIM KOJIMYECTBOM CTEHIOB, 00Opa3IloB
M3y4yaeMbIX M3JeIUA MW IIakaToB. JIeKnuu 4dYuTaeT Ha BBICOKOM
npodeccuoHaIbHOM YpoBHE. B Hacrosimiee Bpems Dayapa SKoBieBuY
SBJISIETCS 3aBEAYIOITUM Kadeapoil TEXHUUECKON MEXaHUKH U rpaduKu.
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KykoB HBan AJjekceeBu4. ¢ 1998 roma 3aHumaeTcs Hay4dHOM
JESTEILHOCTRIO MO MpOOJieME COBEPIICHCTBOBAHUS YIApPHBIX CHCTEM
TEXHOJOTHUYECKOro HaszHaueHus. B 1999 mnocrymun B Cubupckuit
rOCyJapCTBEHHBIM WHAYCTpUalbHbIM yHHBepcuTeT. B 2003 romy cran
nobeauTenieM KOHKypca Ha mojydyeHue ctuneHauu Ilpesupenta PO. B
utoHe 2003 roja ¢ OTAMYMEM 3allUTUI IUIUJIOM Ha CTENeHb OakaiaBpa 1o
Harnpasnenuro «IIpuxknaanas mexanuka». B 2004-M romy OblL1 HarpaxiaeH
auriomoM 3a III mecto B HomuHaiuu «Haywynas pabGota» B oGnactu
TEXHUYECKUX HayK KOHKypca «Jlyummi ctygeHt roga». B mapre 2005
roga ¢ OTIMYHAEM 3allMTWJI JHUIUJIOM HA CTEINEHb WHXEHEpa II0
crienuanbHOCTH «/JluHamuka u 1npouyHocTh Mamub». 01.07.2005 roma
YCICIIHO 3alllUTUJ JUCCEPTAlMI0O HA COUCKAHHE YYE€HOM CTEIEeHU
KaHJA/IaTa TEXHUYECKUX HAYK B JOKTOPCKOM COBET€ IIpu TOMCKOM
MOJINTEXHUYECKOM  YHHMBeEpcuTeTe. YueOy B yHuBepcurere UBau
AnlekceeBUY YCHENIHO COBMeNIal ¢ padoToi Ha 3aBoje «YHHUBEpcam» —
CHAYaJla HHXEHEPOM-KOHCTPYKTOPOM, 3aT€M BEAYIIUM HWHXECHEPOM-
KOHCTPYKTOPOM M HayaJbHUKOM MOJIEIBHOTO ydacTka. B HosioOpe 2005
roja HarpaxiaeH wenanpio «3a cuyxkenue Kyszbaccy». Harpaxaen
aumioMoM | cremeHu kKak moOeauTenb KOHKypca «lMHHOBamms u
nzobperenue roga — 2005». Harpaxnen aumniomamu, cepeOpPSHBIMH U
OpOH30BBIMH MeEAaIsIMM 3a JIYYIIMH OHKCIOHAT Ha MexayHapoaHOM
BbICTaBKe-ApMapke «Yronp Poccun u MaMHUHID) pa3iIUyHBIX JIET.
Tpwxasl moOenutenb KOHKypca Ha mnoiydyeHue ['pantra ['ybepHaTopa
KemepoBckoit o061actu Ha npoBeaeHUE PyHIAMEHTAIBHBIX U MPUKIIATHBIX
WCCICAOBAHUM IO  NPUOPUTETHBIM  HANPABICHUAM  COLHMAIBHO-
sKOHOMHYeCKoro pa3Butus Kyszbacca. B Hacrosiiee BpeMsi JOLIEHT
kadgeapsr TuOKM, saBnsieTcss 3amectureneM 3aBeayroliero kademapoi. B
2010 romy wum peanuzoBaHa wuaes o co3manuu B Cubl'NY
aBTOMATU3UPOBAHHOW  JTA0OpaTOpWM  MPOCKTHUPOBAHUS ~ MAIlIUH |
MEXaHU3MOB. 3a MeAarort4ecKkoe MacTepCTBO BO BHEIPECHUU HOBEUIIIUX
pa3pabOTOK B 00pa3oBaTENbHYIO JCATCIBHOCTh, 3a pa3paboOTKy H
BHEIpeHHE MH(GOPMAIIMOHHBIX TEXHOJIOTUM B yUYEOHBIM MPOIECC BHICIICH
mkosibl JKykoB M.A. HarpaxkiaeH Menanbio Pocculickon akaaeMuu
€CTECTBO3HAHUSI «3a HOBATOPCKYI0 paboTy B 00JIACTH  BBICIIETO
oOpa3oBaHus». 3a NPU3HAHHBIK MHUPOBBIM COOOIIECTBOM BKJIaJ B
pa3BUTHE TEXHUUYECKUX M (PU3MKO-MaTeMaTtudecknx Hayk JKykoB I.A.
HarpaxxJicH EBpONENCKHM HAayYHO-IPOMBIIUIEHHBIM  KOHCOPLIHAYMOM
Menanbio uM. Busieresasma JlernOnumIa.
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3aiineB Baagumup UBanoBuu: (rp. [M-58) — 1okTOp TeXHUUECKUX
Hayk, mpodeccop. C 1988 romy 3aBemoBanm kadenpoi «lIpukimagnas
Mexanuka». C 1990r. sBisiics JOoIeHTOM Kadeaphl TEOPUH MEXaHU3MOB U
MalldH M OCHOB KOHCTpyupoBanusi. B 1989r. mon pykoBoacTBoM
npodeccopa JIBopuukosa JI.T. npu kadenpe Obuia 3amuiieHa J0KTOpcKas
muccepranusi «Teopust W co3gaHUe KadeCTBEHHOTO TBEPOCILIIABHOTO
WHCTpYMEHTA JJ1s1 OypeHUs MIITyPOB YIAPHBIMU CITIOCOOAMM.

Kykaun Cepreit AjsiekcanapoBu4. B 1977T. OKOHYMI CPEIHIOIO
mkosry Ne41 r. HoBoky3Helka u B 3TOM ke rogy nocrynui B Cubupckuit
METALTYPTUYECKHUI  HMHCTUTYT MO CHEUUATbHOCTH  «MaluHbl U
TEXHOJIOTHSI 00pa0OTKU METaJJIOB AaBieHrem». [Io okoHyanuu B 1982r. —
ciyk6a B apmuu. Pabotan crnecapem Ha 3aBojie «MeTauiomTaMIn
(1985r.), WMHXKXEHEPOM-KOHCTPYKTOPOM IO OypOBOMY HHCTPYMEHTY Ha
Ky3nenkom mamzaBoje (1985-1987rr.). C 1987r. mo 1990r. accucteHt
kabenpel «lIpukmannas wmexanukay. C 1990r. mo 1993r. ounas
acrupaHTypa no cneunanbHoCcTH «['opHble mammHb. C 19931, o 1997r.
pabotan umxeHepoM-nporpamMmuctoMm B AO3T «Csazp-CepBucy». B 1997r.
BepHyJca B  uHcTATYT, 06.05.1998r. 3ammTun  KaHIUIATCKYIO
aucceptaimio  mo  Teme  «OOOCHOBaHME  pAMOHAIBHBIX  (HOpM
TBEPAOCIUIABHBIX BCTABOK (MHICHTOPOB) JI1 OypEeHHUs! IIMYyPOB MalllMHAMU
yaapHoro aectBus». C 1998r. nmo HacTosmiee BpeMs — JTOUEHT Kadeapsl
TuOKM, sBmgeTcda BeAymMM CIEMUAIACTOM MO IJUCHUILIMHE «/leTanm
MaIllMiH U OCHOBBI KOHCTpYHWpoOBaHUs». OnyonukoBaHo 38 pabOT U3 HUX:
NaTEHTOB U M300peTeHuid — 6, yaeoHo-MeTouueckux — 11.

Koran bopuc MHcaeBuu: B 1997r. 3ammTii JTOKYTOPCKYIO
muccepranuio «TexHonornueckoe oOecreyeHne KadecTBa IMPOW3BOJICTBA
TOPHBIX MAIIIMH U UHCTPYMEHTA.

KpecroBo3asuxkenckuii [lagesa IMmurpreBuY: BbIMYCKHUK TPYMITBI
MXII-00, B 2011 romy 3amuTHI KaHAUJATCKYIO JAUCCEPTAIUIO
«IToBbIlIIEHUE TTPOYHOCTH TAHTEHIIUAIBHBIX MOBOPOTHBIX PE3IOB TOPHBIX
OYKMCTHBIX KOMOAITHOBY, B HACTOAIIIEE BPEMsI HAUAJIbHUK KOHCTPYKTOPCKO-
TexHoJiorudeckoro otaena OO0 «I opHbIA HHCTPYMEHT.

JlokteBa Hatanbs AsiekcaHapoBHA: BhIMYCKHUK rpymnnbsl KMX-94,
B 2002 roay 3ammTWIa KaHIWAATCKYIO auccepranuio «lcciaemoBanue
KOJIe0aTeNbHBIX SIBJICHUM, BO3HUKAIOIIUX B IPOIECCE BO3JCUCTBUS Ha
MaTepUalibl BPAIIAIOITAMCS JTUCKOM.

MaxkapoB Auiekceit BiaagumupoBuu: 3akoHumn B 1994 cpenHroro
mkony Nell r. I'ypeeBcka u noctynuil B Cubupckyto ['ocynapcTBeHHYIO
['opHo-Metamnypruueckyto Akaaemuto (CubI'TMA) Ha crnenuaibHOCTh
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«/IlnHaMHKa ¥ TPOYHOCTh MamuH». C MEpPBOTrO Kypca IMoJ PYKOBOJCTBOM
npod. JABopuukosa JI.T. 3aHnMancs mpoOiaeMaMu IEKOBBIX JAPOOHUIBLHBIX
MammH. B 1999r. zammutun gumiom OakanaBpa, B 2000r. — aumiom
cnenuanucrta. B 2004 romy 3ammTHi  KaHIUJATCKYHO JIUCCEPTAIUIO
«MccnenoBanne mnpolecca pa3pylieHUus TOPHBIX TMOPOJ IIEKOBBIMU
IpOOUJIBHBIMU MAaIlIMHAMU U Pa3pab0TKa METOJIOB COBEPIIICHCTBOBAHUS UX
koHcTpykumiy. C 2009 mo 2014 — pouent kadenpsl rpadukud u
HauepTaTtenbHOM reomerpuu, ¢ 2014  goueHT kadeapbl TEXHUYECKOH
MEXaHUKU U rpadukud, 3aM. JUPEKTOpa HMHCTUTYTa OTKPBHITOTO
00pa3oBaHUSI.

MenoBbiii FOpuit ApueBuu: B 1991r. 3amurun KaHIUIATCKYO
muccepranuioo «OO0OCHOBaHHME, WCCIEAOBAHUE U CEPUITHOE OCBOCHHUE
O0ypoBbIx KopoHOK Trrna KTII».

Momkun Hukoaaii BukropoBuu: B 2004 rTomy 3amuTwiI
KaHJIUOATCKyl0  aucceprauuto  «lMccnemoBanne — HarpyKeHud U
nedopMalii TOPHBIX aHKEPOB KaK MPOCTPAHCTBEHHO-KPUBOJIUHEHHBIX
CTEpKHEWU M COBEPIICHCTBOBAHUE UX AJIEMEHTOBY», B HACTOSIIEE BPEMS 3aM.
nupekropa OO0 «TsxIpoMIpoeKT.

IMonyraes Makcum I'ennaabeBu4: B 2005T. okoHuns Cubupckuii
rOCY/IapCTBEHHBIM HWHIYCTPUAIbHBIN YHUBEPCUTET MO CHEHHAIBHOCTHU
«JIuTeiiHoe MPOU3BOACTBO YEPHBIX M IBETHBIX METAJUIOB» M MOCTYNUI B
3a04HYI0 acnupaHTypy nona pykoBojactBo JI.'T. JIBopnukosa. B 2011r.
3alUTUI KaHAUJATCKYIO0 JIHUCcEpTanuio mo teme «Pa3paboTka METOAOB
CTPYKTYpPHOTO  CHHTE€3a TPEX3BEHHBIX MEXaHH3MOB» B  (OmMCKOM
rOCyJIapCTBEHHOM TE€XHHYECKOM YHUBEPCUTETE, 10 CHEUUAIBHOCTH
05.02.18 — Teopus mexaHu3MOB M MaImuH. B HacTosIiee Bpems paboraet
noneHToM Kadenapel MeHemkMmeHTa KadectBa Cubl'MY. Hwmeer 34
MyOJIMKAIIMY U3 HUX 5 TTATEHTOB.

CanueBa AHapKyJb JCeHKYJ0BHa: mpodeccop Kadeapbl OCHOB
KOHCTpYUpPOBaHUsI MaIiMH OPYyH3EHCKOT0 MOJUTEXHUYECKOTO WHCTUTYTa
B 2010 rogy mox HayyHbIM pykoBoiacTBOM JlBopHmkoBa JI.T. 3ammTuna
JTOKTOPCKYIO JIHCCEPTAIlMI0, TOCBSIICHHYIO TIpobjieMaM CTPYKTYPHOTO
CHUHTE3a IJIOCKMX MEXaHNW3MOB C BBICIITUMUA KHHEMATHUUECKUMH TTapaMH.

CrapukoB Crenan IlaBjoBu4: emie B IIKOJE Hadal 3aHUMATHCS
Hay4YHOU paboToil Ha Kadeape Teopuru MeXxaHu3MoB U MalnH CUOUPCKOTo
rOCyJapCTBEHHOT0 WHIYCTPUAIBHOTO YHHBEPCHUTETA MOJ PYKOBOICTBOM
ceoero yuutens JlBopuukoBa JL.T. VBuekca mpoOiiemaMu TeOpUU
MexaHu3MoB W MamuH, B 2006 roay ycHnemHo 3allUTHI JIUIJIOMHYIO
paboty OakanaBpa 1o HampaBiieHuto «l[Ipuknannas Mexanuka». 3a Bpems
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y4eObl IPUHSI yuacThe 0osiee yeM B 15 koH(DEpEeHIHAX, MPOBOIUMBIX KaK
B CTpaHe, TaKk M 3a pyOexom, omyOiukoBan Oosiee 20 HayyHBIX paboOT.
Crenan IlaBnmoBud sBisieTCs aBTOpOM IiATH u3oOpereHuil. B 2006 romay
nobenus Ha KoHKypce «Jlyummii crtymeHt roma B Kysbacce» 1o
HalpaBJieHUI0 HayuyHas paborta. B ¢eBpane 2008 romy 3amuTuil IATLIOM
WH)KEHEpa MO0 HaIpaBiieHUI0 «Jl[uHaMuKa ¥ MPOYHOCTh MAIlIUH», a Yepe3
AT MECALIEB TMPEJICTaBUI CBOW [JUIUIOM B BHUJE KaHIUJIATCKOU
auccepranuu, ycmemHo e€ sammTuia u B ampene 2009 roma ObLn
ytBepxkaeH BAK P®. B suBape 2008 roma HarpaxiaeH Menanbio «3a
ciyxkenue Kysbaccy». B mapre 2008 roma Obi1 mpuHSIT Ha paboTy
CTaXKEpOM-TIpernojjaBaresieM Ha Kadeapy Teopuu MEXaHW3MOB W MalluH
Cubupckoro rocyaapCTBEHHOTO MHIYCTPHAIBLHOIO YHHUBEpcuTeTa. B mae
2009 roma mepeBeAEH HA JOKHOCTH CTApPUIETO MPEIMOIABATENSI 3TOU XKe
kapenpel. B amnpenme 2010 roma Ha3HaueH Ha JOJHKHOCTh IHPEKTOpA
Crynenueckoro OusHec-unkyoaropa Cubl'MY. B Hacrosiee Bpems
paboTaet no1eHTOM Kadeapsl TEOPUU U OCHOB KOHCTPYUPOBAHHS MAIITUH.

CrenanoB Auiexkcanap BacuabeBuu: B 1966 roxmy oxoHumMn
Taranporckuii  paMOTEXHUYECKUH  HHCTUTYT MO  CHEHUAIBHOCTH
«MaTeMaTH4ecKne U CYETHO-pELIAoNIMe Npuoopsl U ycTpoiicTBay. Ilocie
okoHuannss BVY3a mno pacopeaenenuto 1npuosul B CuOupckuii
METAJTYPTUUECKUM HWHCTUTYT W 5 saHBaps 1967 roma mOpUCTYyNUI K
00513aHHOCTSIM HHXEHEpa BBIYUCIUTEIBLHOrO IleHTpa. B 1975 rony
3alIUTUI  JUCCEPTAIMI0 Ha COMCKAaHWE YYEHOW CTENeHW KaHJIujaara
TEXHUYECKMX Hayk 1o crnenuaisHoctn 05.13.14 — aBTromarnueckoe
VIPaBICHUE U PETYJIUPOBAHUE B METAILTYPrHUYE€CKONW MPOMBIILICHHOCTH.
B 1983 roay nocrynun u 1987 rogy ¢ omnumuneM 3akoHUm1 CHOUpPCKHA
METAJLTYPTUUECKUN MHCTUTYT MO CHENHATBHOCTH «MeTajulyprusi YepHbIX
MeTaJuioB». B Teduenue 26 et 3aBenoBan kadeapoil, a 3aTeM MOCTYIWII B
JOKTOPAHTYpPY MpHU Kadeape Teopuu MexaHu3moB U MamuH. B 2013 roxy
3aIUTUI  JUCCEPTAIlMI0 HA COMCKAaHHUE YYEHOM CTENMeHM JOKTopa
TEXHUYECKUX HayK 1o cnennanbHocTH 05.02.18 — Teopust MEXaHU3MOB U
MalmdH. B 3TOM ke Troay TpHUCYXKIEHa YydYeHas CTelNeHb JJIOKTOpa
TexHuueckux Hayk. MUmeet okono 200 meyaTHbix padot, 10 cBUAETETHCTR
00 odunmansHON peructpaiuu nporpamm st IBM. B HacTosiiee Bpemst
paboTaeT B JOJDKHOCTH mpodeccopa kadeapsl CUCTEM aBTOMATH3AIUU U
yIIpaBICHUS HoBoky3Henkoro VHCTUTYTA KemepoBckoro
roCyJIapCTBEHHOTO YHUBEPCUTETA.

Tumodeea Hpaumna CranucaaBoBHA: paborana Ha Kadeape
TuOKM c¢ 01.12.1994. Tlog pykoBOACTBOM 3aBeiyiomiero kademapoit
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JBopHukoBa JI.T. B 1998 rony 3ammrnia KaHIUIATCKYO TUCCEPTALIUIO T10
Teme «CTpyKTypa M KMHEMAaTHKAa MEXAaHU3MOB UYETBEPTOTO CEMEWCTBA.
MHuoro ner 3aHuMaiia Ha Kadeape OMKHOCTh YYEHOTO CeKpeTaps.
IIpenomaBana crynenram npeametsl: «lIpuknannas mexanukay, «lleramu
Maiuny, « TMM»y. Pabortana Ha kadgeape no 19 mapra 2013r.

DoMuH Anekcen CepreeBuu: OKOHYMJI CPEIIHIOIO
o01reo6pazoBarenbHyto Koy B . Mbicku B 2003 roay. B atom xe romy
moctynmuii B CHOWpCKMI  TOCyZapCTBEHHBIM  WHAYCTPHATbHBIN
YHUBEPCUTET HA CHEHHAIBHOCTh «JlMHaMWKa W MPOYHOCTh MamuH». B
2007 romy ¢ OTAMYMEM OKOHYMJI OakajaBpuaT IO HaIpaBJICHUIO
«IIpuknagHas wMexanuka», B 2009 roay OKOHYMI CHEHUAIBHOCTH
«/luHaMuKa W TIPOYHOCTH MAIlMHY», MOJYYHB JUIUIOM HWHXXECHEpa-
MexaHuka. llocime ycnemHou cpayd SK3aMEHOB B OYHYIO aCHUPAHTYPY,
OBLIT 3a9MCJICH Ha CIEIUAIBHOCTD «Teopus MexaHu3mMoB u MamuH» B 2009
roay, a B 2013 roay ycCrnemHo 3aiyTii KaHIUIaTCKY0 JUCCEPTALUI0 PU
OMCKOM  TOCYZapCTBEHHOM TEXHUYECKOM yHUBEpcureTe. byayum
acrimpanToM Kadeapslr TMM u OK cran ctuneaaunatom Ilpesnnenta PO
Ui 0o0ydeHusi 3a pyOexoM M ObUl mpuriamedH B Bynmeprambckuii
yHuBepcutet, ['epmanus Ha 2010/2011 yuebnsiii roxa. Ilocne 3amuthl
qUccepTaluyu  cTajl  [oOeauTesieM  MEXKIYHApOJHOrO  KOHKypca
I'epmaHckoit  Ciy’kObl  akaJeMUYeCKUX OOMEHOB W MMUHHCTEpPCTBA
oOpazoBanusi U Hayku P®D «Mwuxaun JIOMOHOCOB» Ha MPOBEICHUE
HAy4HBbIX HccienoBaHud B I'epmanuu. bpul HampaBieH B YHUBEPCUTET
npukiagHeix Hayk T. [roccenpmopda nHa 2013/2014 yueOHBIN 1O
ABnsieTcss aBTOPOM psila HAyYHBIX CTATEHd IO TEOPUM MEXAHU3MOB U
nateHToB PO.

Ilapanos Baagumup HUBanoBuu: B 1992r. mox pykoBoacTBoM
npodeccopa [BopuukoBa JI.T. 3amuTuil KaHIUIATCKYIO IHCCEPTALIUIO
«Pa3beMHBIE SKCIIEHTPUKOBBIE COCIUHECHUS, UCCIEIOBAaHNE, KOHCTPYKIINHU
U TIPUMEHECHUE.
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4 OCHOBHBIE HAYYHBIE JOCTHU/XKEHUSA

YHUBEPCAJIBHAS CTPYKTYPHAS
KIJACCUDOUKAIINUA MEXAHNU3MOB
JABopuuxos JI.T.

Hacrosimas knaccudukanus 3aBeplianiach aBTOPOM B OKTAOpe
2011r., XOTa NpoAyMbIBAJIACH B TE€UCHHE TPEX JIET, HAUMHASL C CEHTAOPS
2008r. 3a »TO BpeMs CTal0 SICHBIM, 4YTO TNOSBWIMCH JOCTAaTOYHBIC
OCHOBAHHUS YTBEPKIATh O CIAEAYIOLIEM:

e J[o 2011 r. HE MpeANPUHUMATIOCH JaXKE MOIMBITOK CO3/aTh OOIIYIO
YHUBEPCAIBHYIO KJIACCU(PUKAIINIO MEXAaHU3MOB. DTHUM BOIIPOCOM CKOJIBKO-
HUOY b TITyOOKO MOKa HE 3aHUMAJIUCh HU POCCUNUCKUE YUCHBIC, HU YUEHbIE
Ipyrux ctpaH. bomnee Toro, mo »ToMy MoBoAy IMOKa HE OBLIO BBICKA3aHO
Jake Kakoro-ir0o o0IIero Cy>KJIeHUsI METOI0JI0TUYECKOT0 XapaKTepa.

o CyIIeCTBYIONINE HM3BECTHBIE YACTHBIC KIACCU(PUKAIIUM TUIOCKUX
MEXaHU3MOB, HWHBIX BHJOB MEXaHU3MOB, B TOM UYHCJIE IO
(yHKIIMOHAIBHOMY MX Ha3HAYEHUIO, HE MOTYT OBITb MHTETPUPOBAHBI TaK,
YTOOBI CJIOKHUJIACH €MHAs 00Ias UX KiacCUu(uKarius.

eTem He MeHee, HMCCIEIOBaHMS, BBIIIOJIHEHHbIE B HaIpPaBICHUU
M3YUYEHUSI CTPYKTYPbl MEXAaHU3MOB U HAKOIUJIEHHbIE 3a 150-11eTHII niepuo/
or mnepBbix pador IL.JI. YeOwimeBa, 0COOCHHO 3a JABa MOCJICIHUX
NECATUIIETHS, Tal0T OCHOBAHUS BIIOJHE OCMBICIIEHHO PEIIATh 3TY BaXKHYIO
npooJiemy.

B camom mmpokoM cMmbicie Toj kiaccudukainuen [1] moHuMaroT
«CUCTEMY COIOJUYMHEHHBIX MOHSTHUM (KIacCOB, OOBEKTOB) KaKOW-THOO
o0jlacTM 3HAHUMW, TMPEACTABISIEMYI0O B BHUAE cXeM (Tabinui) W
UCIIOJIB3YEMYIO0 KaK CpEJICTBO JJIsi YCTAHOBJICHUS CBSI3€M MEXKIY ITUMH
MOHSATUSIMU UJIU KJlaccaMu OOBEKTOB, a TAKXKE 11 TOYHON OPUEHTUPOBKU
B MHOrooOpa3uu TOHSITUH HWIX  COOTBETCTBYIOIIMX  OOBEKTOB.
Knaccudukamus ciayXuT cpelIcTBOM XpaHEHUS W TOMcKa WHOOpMAIUH,
comepkamiencas B Hed  camoi». (CuuTaeTcss  OYEBHUAHBIM, YTO
«MpaKTUYECKass HEOOXOAUMOCTh B  KjiacCU(UKAUUU  CTUMYJIUPYET
pPa3BUTHE TEOPETUUYECKUX aACIEKTOB HAyKH WM TEXHHKH, a CO3JIaHUE
KJIacCU(UKALINK SIBIISIETCS KAYECTBEHHBIM CKAYKOM B Pa3BUTHM 3HAHMS.
Knaccudukarmus, 6a3zupyromiasicsa Ha rTyOOKHX HAYyYHBIX OCHOBAHUSIX, HE
TOJIBKO TPEACTABISIET COOOM B Pa3BEpPHYTOM BHJEC KAPTUHY COCTOSHUS
Hayku (TE€XHUKU) uIM ee (¢parMeHTa, HO U T[O3BOJIAECT JeiaTh
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000CHOBaHHbBIE MPOTHO3bI OTHOCUTEIHLHO HEU3BECTHBIX elle (DAKTOB WU
3aKOHOMEPHOCTEN Y.

C TOYKM 3peHUs U3J0KEHHOI'0, MOKHO yTBEPKJaTh, YTO CO3/IaHUE
BceoOIIell (yHUBEpcalbHOM) KiacCH(UKAUM MEXaHU3MOB TO3BOJUT HE
TOJIbKO MaKCUMAaJIbHO TJIyOOKO 000OIINTH HAKOIIJICHHBIEC B TEOPUU 3HAHUS,
HO W JacT BO3MOXHOCTb C(OpMYJIMPOBaTh HauboJee II0JOTBOPHBIE
HamnpaBJICHUsT B €€ JajbHeumem pasputud. [lox yHuBepcaibHOU
Kinaccudukanuenn OylneM MNOHMMAaTh TaKyl KiaccUPUKAIMIO, KOTopas
MOKET IPETEHA0BATh HA SHIUKJIONEINYHOCTD, T.€. HA €€ UCIIOJIb30BAHUE B
CaMOM ILIMPOKOM TOJIKOBAHUU TMOHATHUS MEXaHH3Ma, KaK «COBOKYITHOCTH
TBEPABIX TEJ, KOTOPbIE€ B3aWUMHBIM CIECIUICHUEM U CONPOTUBIECHUEM
CIIOCOOHBI K COOOIIEHHUIO, TIEpeade U Mpeoopa3oBaHUIO ABMKEHUD» [2].

K xnmaccudukanmm MNpoCThIX MEXaHU3MOB OOpamanuch ApXxumes,
Butpysuit, . Jlednonsn [3]. M3BecTHbI CHpaBOYHBIE TPYIbI IO
Mmexanm3dMam C.H. KoxenukoBa [4], W.M. AprobomeBckoro [5],
A.D. Kpaiinena [6].

OpmHako MepBbIM, KTO CUCTEMAaTUUECKU 00paTHiIC K KiacCU(pUKaAIIUN
mexanu3moB ObuT JI.B. Accyp. Ero aucceprauus (13 depans 1916r) u
no3zxe (1952r) uznannas kuura [7] B cepum «KiacCuku HaykKu» Tak U
Ha3pIBanuch «lccnenoBaHue TIIOCKUX CTEPKHEBBIX MEXAHU3MOB C
HUBIIMMU MMapaMu ¢ TOYKU 3PEHUSI UX CTPYKTYPHI U KIaCCUPUKAITAN.

CBoe cTpemiieHHE K CO3JaHUI0 Kiaccu(pukanuu MexaHusmon JI.B.
Accyp 000CHOBaJl O4€Hb EMKO TaK, - «JIHUIIb Ta TEOPUS MOMKET C MOJHBIM
IpaBOM IMPETEHJOBaTh Ha HAy4YHOE 3HAUYCHHUE, KOTOpass B COCTOSHUM
yKa3aTh IyTH MPAKTUKE; JEJI0 HAyKH YKa3aTbh BCE BO3MOXKHOE, AENO
MPAKTUKHU BBIOPATh U3 BO3MOXKHOTIO MpakTUdHOE». [Ipenaraembie OCHOBBI
YHUBEpCAIBLHON KjacCU(PUKAIMU MEXaHW3MOB, [0 MHEHUIO aBTOpa,
COOTBETCTBYIOT MPOLUTUPOBAHHOMY yoexaeHuto JI.B. Accypa.

OTMeTuM, YTO BCE MEXaHW3MBbl HE3aBUCMMO OT WX Ha3HAYCHWUS,
CJIO’)KHOCTH M pa3MepOB OOPa3yIOTCs JIUIIL U3 3BEHBEB (TBEPABIX TE) W
COCMHEHUI 3BEHBEB, KOTOPhIE B TEOPUM MEXAHU3MOB HA3BIBAIOT
KMHEMaTHYeCKUMHU  MmapamMu. Ecau  49ucio  3BEHbEB  00O03HAUUTH
napaMeTpoM N, a YKUCJIO KHHEMAaTUYECKUX TMap MapaMmeTpoM P, TO UMEHHO

OTH JBAa TapaMeTpa LEIUKOM M TIOJHOCTBIO OMNPENCISIIOT CTPYKTYPY
KMHEMAaTHYEeCKOW TIIeMU MexXaHu3Ma. EcCTecTBEeHHO, KiaccUu(UKaIus
MEXaHU3MOB JIOJDKHAa OBITh HayaTa ¢ KJIacCH(PUKAlMU 3BEHbBEB U
KuHeMaThudeckux nap. C TOYKM 3peHus TOr0, YTO BCE 3BEHbS €CTh TBEPbIC
TeJa, OHU MOTYT OBITh PaCKIACCHU(GUIIMPOBAHBI JHUIIL IO CI0KHOCTH UX
WCIIOJIHEHUs, 4YTO OMNPEACNISACTCS YHMCIOM KHHEMATHYECKHUX  IIap,
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IIOCPEICTBOM KOTOPBIX OHU «CUEIUISIIOTCSDY, B3AUMOJIEHCTBYIOT C IPYTUMU
3BeHbAMU. OTMETMM TaKXe€, 4YTO OTIEIbHO B3SITOE 3BEHO, KpOME
COOCTBEHHO Tejla 3B€HA, COJICPKUT B CBOEM COCTaBE YUaCTKU, KOTOPHIMU
OHO MOXET BXOAWUTh B KHHEMATHYECKHME COCIUHEHMUSA, T.€. B
KUHEMATUYECKUE Mapbl C APYTMMH 3BEHBSIMU. JTH YYaCTKU HA3bIBAIOTCS
F€OMETPUYECKUMHU  JJIEMEHTAMHM  3BEHBEB. UHCIO TE€OMETPUYECKHUX
AJIEMEHTOB 3BEHA, IIOCJE BCTPAMBAaHUSA €r0 B KHHEMATHUYECKYIO IEIb,
OmpeeNsieT YUCIO €r0 KHHEMAaTUYeCKuX nap. Takum o0pa3oM, 3BEHbS, 10
YUCIYy HX TEOMETPUYECKUX DIEMEHTOB, MOTYT OBbITh OJHOMAPHBIMU,
INBYXIIAPHBIMH U T.J. A0 N-TIaPHBIX.

Uro kacaercs KMHEMAaTHYECKUX MApP, TO 3TO MOHATHUE 3HAYUTEIBHO
Oonee crmoxHoe. VX pa3nuyaroT, MpeXk/e BCEro, B 3aBUCMMOCTH OT YHUCIIA
IBI)KEHUN H JBYX CO€IMHEHHBIX 3BEHBEB APYT OTHOCHUTEIBHO JIpyTa WU
or uyucia cBs3eil K=6—H , HakimaapiBaeMbIX Ha WX OTHOCHTEILHBIC
nmwkeHns. OTiMYalommMxcs NOo mapaMmeTpy K map p, BcCero msTh:

IIATHUIIOABHUKHBIC pl , YCTBIPCXIMOABUIKHBIC p2 , TPECXIIOABHUIKHBIC p3 )
ABYXITIOJABUKHBIC p4 N OJHOIIOABUHKHBIC p5. MoxHO YTBCPKAAaTb, 9YTO K

HACTOSIIEMY BpPEMEHHU KilaccuPuKkaiusg KUHEMAaTUUYECKUX Iap BIIOJHE
pazpaborana u 3ta kiaccupukamus [10, 11] Moxer OBITH HCIIOJIB30BaHA
Kak (parMeHT o01Iel Ki1acCu(uKaum MEXaHU3MOB.

[IpennaraemMasi Ha HUBJIO0OKEHHBIX OCHOBAaHMSIX YHUBEpCabHas
CTPYKTypHas Kjlaccu(UKaIsl MEXaHW3MOB ObLlIa BIIEPBBIC OMyOJIMKOBAHA,
B TOM 4YHUCJE NyOJMYHO [OJO0KEHA, Ha TepBOM MexayHapOIHOM
JlxonnacoexkoBckoM cumno3uyme 1 mapra 2011r. B 1. Anma-ATte [12], a
3aTeM, (PaKTHYECKH TOBTOPEHA C HEKOTOPhIMU J1O00ABICHUSIMHM, Ha
Mexnynapoanoi koHpepeniuu «CoBpeMeHHOE MalnHOCTpoeHue. Hayka
u obpazoBanue» 14 utons 2011r. B r. Cankr-IlerepOypre [13]. TesucHoe
U3JIOKEHHE KJIacCU(PUKAIMU B 3TUX pabOTax HE JaBaJI0 BO3MO>KHOCTH
r1yOOKO OOBACHUTH CYyTh MpesiaraeéMbiX ypoBHEW kinaccudukanuu. Llenn
HACTOSIIIEH CTaTbU — BOCIOJHUTH YKa3aHHBIM MpoOes, B TOM YHUCJE C
HOMYJISIPHBIMU O0BSICHEHUSIMHU.

[lepeiinemM cOOCTBEHHO K ITpoOIeMe KilacCU(PUKaIIMK MEXaHHU3MOB.

[Ipexxne Bcero chopMyaupyeM H3BECTHBIE U YyKE€ JOKa3aHHBIE
MPUHLUIIBI, KOTOPbIE MOTYT OBITh MTOJIOKEHBI B OCHOBY KJIaCCU(DHUKAIINH.

1. Pazpaborannbliii B Havyasie XX Beka JI.B. Accypom MeToJ1 CuHTE3a
MEXaHU3MOB, OCHOBAHHBIH Ha YTBEPXKIACHUU, YTO JIOOOW MEXaHU3M
MOXET ObITh CTPYKTYPHO CHUHTE3UPOBAH MyTEM HACJIOCHHUS Ha BEIyIICe
3BEHO TPYINI 3BEHLEB, 00JIANAIONIUX HYJIEBOW MMOJBUAKHOCTHIO, BIIOJIHE
JoKa3zan ce0s MPUMEHEHUEM B TMPAKTHKE U MOXXET ObITh MCIOJIb30BaH B
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ocHOBe Kiaccudukanuu. OJHAKO BO3MOXKHO CYIIECTBOBAHME U HHBIX
(HeacCypOBBIX) MEXAHU3MOB.

2. Kakue Obl HU OBUIM CJIOKHBIE O CTPYKTYpE MEXaHU3MBbI (I10
YUCJy 3BE€HBEB M BHUJAM KHHEMATUYECKHX Iap), BCE OHU OIMHUCHIBAIOTCS
YHUBEpCAIbHOU CTPYKTypHOU opmyroit B.B. JodpoBoabsckoro [8]

W=(6-m)n->(k—m)py ,opu k—m >0, (1)
rae W — NoJBMKHOCTh MEXAHU3MA,

m — mapameTp J{oOpOBOJIBCKOTO, ONPEACHAIONIMNA YHCIO0 OOIIUX
CBsI3€M, HAKJIaJIbIBAEMbIX Ha BECh MEXaHU3M B IIEJIOM,

k — xmacc kunemarnueckux nap, K =1,2,345.

3. YHuBepcanbHasa CTpyKTypHas cucrema [10]

p=7+(-Dn__ +...+in; +...+2n, + 1y, 5
n=1+n__,+...+n+...4+N, +n + 0Ny, @)

rac mnapamerp v c€CTb 4YHUCIO TI'COMCTPHUYUYCCKHUX 3JJICMCHTOB Hauboee
CJIO)KHOTO 3BEHA KHWHEMAaTHUYCCKOM nen, a n; — 4YHCIO 3BCHBLCB,

H00aBIAIONIMX B IEMb MO | KHMHEMATHYECKHUX Map, ¢ HUCIOJIb30BAHHUEM
dopmynsr JIoGpoBoasckoro (1) 1MO3BONSET HAXOAWTh BCE BO3MOXKHBIC
CTPYKTYpbl MEXaHHU3MOB (KMHEMAaTHYECKHUX IIeMel) MO0 4YeThIpeM
3a/laBa€MbIM HE3aBHCHUMBIM mapamerpam: 7, M, K u W .

4. CTpyKTypHBIE CXEMBI JIFOOBIX KUHEMATUUYECKUX IENEH SIBISIOTCA
WHBapUAHTHBIMM, T.€. OHU HE 3aBUCAT HU OT CHUCTEMBI OTCY€Ta, HU OT
pa3MepoOB 3BEHbEB, HU OT KAKUX-IMOO (PU3NUECKUX YCITOBU.

5. OcHoBbIBaACh Ha Kareropusx konumuectBa no WM. Kanty —
«EIMHCTBO, MHOYKECTBO, BCEMOJHOTA», MOXHO HAWTH MOCIEIOBATEIBHO
BCE MHOTOOOpa3ue CXeM MEXaHU3MOB U KJIACCU(PUIIUPOBATH UX.

Ha ocHOBaHUM M3JI0KEHHOTO, B HACTOSIIEN CTaThe 00OCHOBBIBAIOTCS
CleNyIole HeoO0XOIUMble, a IO MHEHHMIO aBTOpa W JOCTATOYHBIE,
Kputepu (ypoBHU) KiacCU(UKALMU BCETO MHOT000pa3usi BO3MOMXHBIX
CTPYKTYyp Mexanu3moB (Tabmnuma 1).

[Ipuctynum Kk 000CHOBAHMIO YPOBHEW W MOAYPOBHEN CTPYKTYpHOU
KJ1acCU(PUKALIN MEXaHU3MOB.

1°. B 1914-18 romax poccuiickum ydeHbiM Accypom JI.B. Onu10
IPEIOKEHO BCE IIAPHUPHBIE TIJIOCKHE MEXaHU3Mbl KJIAaCCHU(DHUIIMPOBATH
MO CIOKHOCTHU J00aBJISIEMBIX K BEAYIIEMY 3BEHY KMHEMAaTHYECKUX LIETEH.
3a Beayliee 3BEHO AcCCypoM TMPUHUMAJICS, IO €ro TEPMHHOJIOTHH,
«OpOCTOM KPHUBOLIMUIDY, T.€. 3BE€HO, BXOASANIEE B OJHOMOJBUKHYIO
KMHEMATUYECKYIO Napy (B MapHUpP) cO CTOMKOU. [loABMKHOCTH «IIPOCTOTO
KpHUBOIILIUIA» Bceraa paBHa eaunuiie. K nepBoMy kimaccy Accypom ObLiu
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OTHECEHbl ~MEXaHU3Mbl, B KOTOPBIX K MPOCTOMY KpPHUBOIIUITY
IIOCJIEI0BATEIIBHO CIPUKPETIISIOTCS OHU TOJIBKO IIPOCTHIE
MHOT'OIIOBOJIKOBBIE IIEMM HOPMAJILHOIO THUIA», T.€. IENH, O0O0JaJaroIiue
HyJneBol moaBUKHOCTBIO W =0 , KOTOpble TMO3XKe OBLIM Ha3BaHbI
rpynnamu Accypa.

Tabmuma 1 — HeoOxonumple W J0CTaTOYHBIE KpPUTEPUH (YPOBHH)
KJIacCU(PUKAIITU MEXaHU3MOB
MexaHn3MBbl
AccypoBsl | MA HeaccypoBbl | MHA
v v
CewmeiicTBa, S, Bunsl, V,
\ 4
ITpocTpancTBa
\ 2 \ 4
Ioncemerictsa, S, ; IonBunael, V,

TIlognonBugoceMeiicTBa,

VvV-5)

v

Pazpsinbl, var p,

v

THoapazpsiast
Y
Knaccesr, K, —ot 1 mon

Yucno kourypos K P —orl o &

\ 4
Hoxkmaces, K, on | —or1m0 2, &;
Yucio nap Ben. 3seHa, P, —0oT200 T

[Mopsinku, P, —Alo

\ 2
I[Moxmopsinku, P, /g
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EcrecTBeHHO, TakMe  MEXaHU3MBI  Ha3bplBaTh  ACCYpPOBBIMH.
AJIBTEDHATUBHBIMA KM MOTYT CO3/aBaTbCi MEXAHHU3MblI, KOTOPBIE
HAUYMHAKOTCS HE C «IPOCTOr0 KPUBOIIWMA», @ CO 3BEHA, BXOJAIIETO CO
CTOMKOM B MHBICE KUHEMAaTHUYECKUE Maphl, T.€. HEOJHONOABWKHBIE. Takue
MEXAaHU3MBI HEJIb3 OTHOCUTH K acCypOBBIM, a NOTOMY Ha3bIBaTb HX
CIeAyeT HEacCYpOBBIMHU. DTO OINpeEJeSICHUE ObLIO MPEIJIOKEHO aBTOPOM
Hactosame cratebu B 1993r. [10]. IlomMuMO «IIpPOCTOTO KpHBOULIUIIA»
MOET OBITh HCIIOJb30BaH B KA4YECTBE BEIYIIETO 3BEHA M «IIPOCTOM
MON3yH». OTU  3BEHbS  00JIAAIOT  €AMHCTBEHHBIM  JIBUKEHUEM
OTHOCUTEIIbHO CTOMKM — WM BpalllaTeIbHBIM B (KpUBOIIMM), WU
noctynateabHbIM /1 (mon3yH). Takum oOpa3oM, Bce acCypOBbl MEXaHU3MBbI
HAUYMHAKOTCS C KHHEMaTUYeCKUX nap B nim 11.

TeopeTnyeckn BO3MOKHO CO3/1aBaTh MEXAHU3MBI C 00JIEE CIOKHBIMU
BXOaHbIMHU mapamu [11], a umenno BB, BIl, IIB, viu BBB, I[IBB, BIIB,
IIIIB, BIIlI, wan BIIBB, BIIIIB, BIIBII nnu, B KoHlIe KOH1IOB, BIIBIIB.
[IpakTrdecKOoe MCIMOJb30BAHUE HEOJHOIOABMIKHBIX Map TAKXE BIIOJHE
BO3MOKHO. JTa 3aJaya JIETKO PEMIAETCs C WCMOJIb30BAHHEM, HAIIPUMED,
JIMHEHHBIX TUJIPO- WK THEBMO- IPUBOJIOB C YTOJIKOBBIM IIITOKOM, & TAKKE
C 3aMEHOM UWJIMHIPWYECKHX TopimHed Ha chepudeckue. Bromne
BO3MOKHO TAK)KE€ HAWUTU pelieHus 1 nap BBB u npyrux.

BaxxHO OTMETUTh, UTO C 3aMEHOW BXOJHBIX nap B wnm I Ha Oonee
CJIOKHBIE, T.€. HA HEOJHOMO/IB>KHBIE, 00IIasi CTPYKTypa MeXaHu3Ma OyJeT
PEanr30BbIBATHCA BBEACHUEM JIOTIOJNHUTENBHBIX K BEAYIIEMY 3BEHY LIETIEH,
OTJIMYAIOIIMNXCS OT TPYII HYJIEBOUW MOJABUKHOCTH, T.€. OT Irpynn Accypa.

OTH  JONOJHUTENbHbIE UENH JOJDKHBI 00y1aaTh KOHKPETHOM
OTPHULIATENIbHOW MOJABUKHOCTBIO. ECiy Ha BXoAe nmpuHUMaercs napa Bll,
TO M00aBJIATh CIEAYET IeNU ¢ MOABMXXHOCTHIO W =—1, mpu BBeIeHUU
napsel, Hanpumep BIIB, W = -2, npu UCHOJIb30BAHUN YETHIPEXIIOIBUKHOMN
napel BIIBB, W =-3, a npu BIIBIIB, W =—-4 . Takue rpynnsl u
KMHEMATUYECKHM W KHHETOCTATHMYECKM pEeIIaThCs JOJDKHBI WHAYe, 4YeM
rpynmnbel Accypa, B KOTOPBIX YHCJIO YPaBHEHUM BCErJa COOTBETCTBYET
YUCJly HEU3BECTHBIX TIapameTrpoB. I, XOTs MHoOrue wu3 3ajad IIo
OTHOIIIEHUIO K HEACCYpOBBIM MEXaHHW3MaM IIOKa MOTYT OBITh TOJBKO
chopMyIUpOBaHbl, MPUHIMIUAIBHBIIL  BOMPOC O  CYIIECTBOBAHUU
HEACCYPOBBIX MEXAHU3MOB YK€ HE BBI3bIBA€T COMHEHUM. Tak, HA pUCYHKE
| TmoKa3aH TPOCTPAHCTBEHHBIM TPEX3BEHHBIM MEXAaHU3M HYJIEBOIO
CEMENCTBA, B KOTOPOM 32 BEIyILIECEC 3BEHO MPUHUMAETCS MOPHIEHb | C
YT'OJIKOBBIM IIATYHOM.
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P3

PucyHok 1 — Tpex3BeHHbIN HEACCYPOB MEXAHU3M HYJIEBOIO CEMENCTBA

B sTOM MexaHu3Me, BXOAHAs Mapa SABISAETCA MapOu JBYXIOABUKHON
( ps ), T.e. oOecrneuuBaromield 1Ba OTHOCHTEIBHBIX JBIKCHHS —

NoCTYNnaTCjabHOC BAOJIb OCH HUIIMHAPA W BpallaTCIbHOC BOKPYT TOH Ke
OoCH. HepBoe " BTOPOC 3BCHbA COCANMHCHBI B HTUJIIMHAPHUYCCKYIO IIAPY Py, 4

BTOPOE 3BEHO CO CTOMKOH B c(epruecKyro mapy ps. IlonBmxkHOCTE 3TOM

npocTpancTBeHHOM 1enu 110 (1) paBusercs 1 (egunuiie). [Ipu aTom BTOpOE
MOJABUKHOE 3BEHO B ’TOM MeXaHU3Me 00J1aaeT MOABMKHOCTHIO OTIUYHOMN
OT HYJIS, T.€. OHO HE SIBISAETCS Tpynmoi Accypa. OTUM J0Ka3bIBAETCS, YTO
TaKOTO PojJia MEXaHU3Mbl HE MOTYT ObITh OTHECEHBI K acCypoBbIM. IMEeHHO
Ha ITOM OCHOBAHWHU TIOSIBISIETCS HEOOXOJMMOCTh BBEJCHUS TOHSITHS
HEACCYPOBBIX MEXaHU3MOB M pa3InuyaTh MEXaHU3MBbI Ha acCypoBbl (MA) u
HeaccypoBbl (MHA), 3TO JejeHHe MEXaHU3MOB MPUHUMAETCS 3a TEPBBIM
YPOBEHb CTPYKTYPHOU KIacCU(PUKALINN MEXaHU3MOB.

dopmaibHO, T.€. B KOJUYECTBEHHOM OTHOIIICHUH, YUCIIa BO3MOKHBIX
HEACCYpPOBBIX KHHEMAaTHYECKUX IIeTel TpH  3aJaHHBIX  YCIOBUSIX
CYIIECTBEHHO MPEBOCXOIST YUCIIA CTPYKTYP aCCYPOBBIX IIETIEH.

2°. B ocHoBe BTOPOTO YPOBHS KJacCU(PUKAIMU MEXAHU3MOB JICKUT
NpUBEICHHAs BBIINIE YHHUBEpPCalibHas CTpyKTypHas ¢opmyna (1)
J10GpOBOJIBLCKOTO.

CorimacHo d3ToM (¢opmylie MEXaHU3MBI MOTYT CYIIECTBEHHO
OTJIMYATHCA JIPYT OT JpyTa.

Jleno B TOM, 4YTO CO37aBacMble YEJIOBEKOM MEXaHU3Mbl MOTYT
npeaHa3HayaTbesl  JJIi  paOOThl B Pa3IUYHBIX  MPOCTPAHCTBAX.
«Knaccudeckn» MTPOCTPAHCTBEHHBIM MEXaHU3MOM SIBIIICTCS TaKOH, B
KOTOPOM KaXKJ10€ W3 3BEHbEB MOXET JBUTAaThCA KaK CBOOOJHOE TBEPIOE
TEJI0 OTHOCHUTEIHHO JEKapTOBOW CHCTEMBbI KOOPAWHAT, T.€. 00JIanaTh
IIECTHIO CTEMEHSIMH CBOOOBI (BIOJb U BOKPYT TPEX KOOPAMHATHBIX OCEH

= = = = =

N — 9UCJIO MOJABUXXHBIX 3BCHLCB. OTH 3BEHBS MOI'YT COCAUHATBCA MCIKIAY
coboi pasHbIMH BO3MOJXHBIMH BHIAAMH TI'COMCTPHUYCCKHUX CBSI3CU —
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KHMHEMATHYCCKUX I1ap. Kak Obu10 mokxa3zaHo BBIIIC, BCCI'O TAKHUX IIAp IISATh
KJIaCCOB OT pl_ IIITUIIOABHUKHBIX 110 p5 — OJHOIIOABHKXHBIX. Ka}KI[aﬂ n3

ATUX TIAp HAKJIAAbIBAET COOTBETCTBeHHO mo 1,2,3,4 m S5 cBsA3ed Ha
OTHOCUTEJIbHBIC JBHMJKCHUS 3BEHBEB, T.€. TAKMX CBsA3Ci B MEXaHH3ME
MOXET OBbITb P1,2P,,3P3,4P, U 5P; WTyK. MexaHuU3M OKa3bIBaeTCsA

MOJABMKHBIM, €CJIM YHCIO0 TOABHXKHOCTEH 6N 3a BBIUETOM BCEX
HAJIOKEHHBIX CBs3ed (P, +2pP, +3P;+4p, +5P;) OKaspIBacTCd paBHBIM

enquauie. lloBToprM, YTO B TAaKOM KIACCHYECKH MPOCTPAHCTBEHHOM
MEXaHU3ME BCE 3BEHbBS JBIKYTCA KaK CBOOOJIHbIC Teja. B HEM HUYTO HE
MPEMATCTBYET OTHOCUTEIBbHBIM JABMXKEHUSIM 3BE€HbAM. [losTOMy Takou
MEXAaHU3M Ha3bIBAIOT JJalITUBHBIM WJIM CAMOYCTaHABIUBAIOIIUMCS.

B Tom cnydae, xorja mpakThka TpeOyeT YCTpaHUTb B MEXaHU3ME
HEKOTOpbIC OOIIME W3JIMIIHUE JJIsI 3aJlaHHBIX YCIOBUM JBWKEHUS — OT
OJHOTO JI0 TSTH, TO MEXAHU3MbI CTAHOBSITCS MPOCTPAHCTBEHHBIMH, HO C
OIHOM, JBYMs, TpEMs, YEThIPbMsI OOIIMMHU YCIOBUSMH CBSI3U WIH
mIockuMu. Bo Bcex 3TuX ciiydasix HEHW30€KHO BO3HHUKAET B MEXaHU3ME
nedurut noaBuxHocter W wim, 4To MO CYTH OJAHO W TOXE, U30BITOK

CBsI3eH q. Tak B MMIOCKOM MCXaHHU3MCEC, YHUCIIO HOI[BH)KHOCTGﬁ HJIA 3BCHBCB

OCTaeTCSd PAaBHBIM TPEM — JBAa HE3aBUCUMBIX JABWKEHUS OTHOCHUTEJIBHO
JIBYX OCEH IJIOCKOM CUCTEMBbI KOOPJIUHAT U OJIHO IBUKEHUE OTHOCUTEIIBHO
OCH MEPHECHAUKYJSIPHOM TJIOCKOCTH. TO €CTh Ha Takod MEXaHU3M
HaJIO)KEHbl TPU OOIIMX YCIOBUS CBA3U. YMCIO OOMIMX HaJ0KEHHBIX
CBA3ed MpHUHATO 0003HayaTh 1o J{oOpoBOIBCKOMY Kak M (OT HYJS 10
natv). Yucio u30BITOYHBIX CBSI3€M (] TOrJa CTAaHOBUTCS PaBHBIM

g=m(p—n), rae p obiuee UMCIO KMHEMATHYECKHMX MAp HE3ABHCHMO OT
X KiaccoB, a aeduuut moaBwxkHocTe W_ =1—(q. M30bIiTKa CBsizel
win aedUuIuTa MOABKHOCTEH HE BO3HUKHET julib npu M=0. Takue
MEXaHU3Mbl OTHOCSAT K HYJIEBOMY CE€MEUCTBY. Bce npyrue cemeucrna
ONPEACISIIOTCS  ypaBHEHUSIMH  MOABMXKHOCTH  u3  dopmyinsl (1)
J10OpOBOJIBCKOTO.
Axanemuk M.N.AptoboneBckuii B 1939 rony [9] npemioxui neauTh

MEXaHHU3MBbI 110 TTapaMeTpy M JoOpOBOJILCKOTO Ha namb cemeucms

myneBoe (M=0) —W, =6n-5p: —4p, —3p;—2p, — Py,

nepBoe (M=1) — W, =5n—4p: —3p, —2p5— Py,

BTOpoe (M=2) —-W, =4n—-3p; —2p, — Ps,

* Dra popmMyia OblIa BriepBble BhBeNeHA B 19231, npodeccopom Manbimessim A I1.
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Tperbe(M=3) — W; =3n—-2p; — p,,
gerBeproe(M=4) — W, =2n— p;.

VuuteiBas ycinosue K—m >0 B ¢popmyie (1), MOKHO 3aMETHTb, YTO
pa3IMuHbIE CEMEUCTBA MEXAHU3MOB OOPa30BBIBAIOTCS  Pa3TUYHBIM
Habopom kuHeMatudeckux map. I[Ipy m=0 MOryr ucmosib30BaThCs BCE
napsl OT Ps 10 Py, Ipy M=1— mapsl OT Pg 40 P,, IpU M =2 — napsl OT
Ps 10 P3;, Opy M=3 — mapel Ps U P, , a ONpu M=4 MOryr
MCII0JIb30BAaThCS JIMIIB Maphl Ps.

N3 W3710XKEHHOTr0 BHJHO, YTO pa3jIWyHbICE CEMEMCTBA MEXaHH3MOB
MPUHIMIIMATIBHO OTJIMYAIOTCS JPyr OT JApyra M K HMX HCCIEJOBAHUIO
JOJDKHBI OBITH MPUMEHEHBI OTINYAIOIINECS METOIBI U IPUEMBI.

ABTOPOM HaCTOAIIECH pabOTHI ObLIIO MPEIOKEHO BHYTPH CEMENCTB B
COOTBETCTBUM C COCTaBOM MCIIOJIb3YEMbIX KHHEMAaTHYECKUX Tap
PA3IMYHBIX KJIACCOB BBIICIIATH OTJIMYAIOIIMECS APYT OT Jpyra MoJICEMEUCTRa.

B derBepTOM CceMEWCTBE MEXaHHM3MOB MMEETCS €JIUHCTBEHHOE
IO0JICEMEHCTBO

Wy =2n— ps,

B TPETHEM CEMEMNCTBE — MTOJCEMENUCTB TPH

W) =3n—2p5 — Py,
W3(2) :Sn_2p5,
Waz) =3n— Py,

U TIPUHLMUIHUATBHBIC OTJIUYUA MEXaHU3MOB ATUX IMOJCEMEHCTB OUYEBUIHBI,
BO BTOPOM CEMEMNCTBE — MOJICEMENCTB CEMb

Woay =4n—3Ps5 —2p, — Ps; W4y =4Nn—3ps,

Wai) = 4N —3ps —2py, W5y =4n—2p, — Ps,

W@ =4n—3ps — ps, W) =4n—2py,
W2(7) =4n - p,,

B IIEPBOM CEMENCTBE UX MATHAALATH
Wyqy =9n—4ps =3P, —2p3 — P, Wy =Sn—4ps,

W) =9N—3p, —2P3 — Py

Wyz) =5n—4p5 —3p, — 23, Wig) =5n—3p, —2ps,
Wiz =5n—4ps5 =3P, — Py, Wiy =5N—3p, — Py,
Wy4y =5N—4p5 —3p,, Wiz =5n-3p,,
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W) =5N—4ps —2ps, Wiagy =5n—2p3,
W7y =5n—4ps — p,,
W1(15) :5n_2p2

AHAQJIOTHYHO MOTYT OBITh HaWJIEHBI BCE IOJICEMEHCTBA HYJIEBOTO
cemMmeiicTBa, ux 31. IlokaxeM ux

W,y =6n—4p, —3p;,—2p, — py,
Wogy =6n—5ps—4p, —3p; —2p, —p, 007 Al R

Woz) =6N—5ps —4ps —3p; —2y, Woag =6n—4p, —3p; —2p,
Wo@ =6n—5ps —4p, —3p; — Py, Woag) =6N—4p, —3p; — Py,
Woeay =6n—5p; —4p, —3p;, Wo(og) =6N—4p, —3ps,
Woi) =6N—5ps —4p, —2p, — Py, Wony =6n—4p,—2p, — Py,
Woe) =6N—5p5 —4ps —2p;, Wo) =6N—4p, —2p;,,
Wozy =6n—5ps —4p, — Py Wos) =6n—4p, — py,

W) =6n—5ps —4p,, Wo(2a) =6N—4Dy,

Woe) =6n—3ps —3p3 —2p, — Py, Wo(zs) =6N—3p3 —2p, — Py,
Wouoy =6n—5ps —3p; —2p,, Wo(26) =6N—3p3 =2y,
Woary =6n—3ps —3p; — Py Woz7y =6n—=3p3 — Py,
Woaz) =6n—35ps —3ps, Wo(2g) =6Nn—3p;,

Wous =6n—5ps —2p, — py, Wo(zg) =6N—2p, — py,
Wouay =6N—5ps —2p;, Wo(sg) =6Nn—2p,,

Woas) =6n—3ps — pr, Wo(syy =6n—p;.

Woe) =6n—5ps,

[Ipu >TOM CTaBUTCS YCIOBHE, YTO YHUCIAa KHHEMATUYECKHUX Map B
IIPAaBOX YAaCTH ITUX YPABHEHUM HE MOTYT IIPUHUMATH HYJIEBBIX 3HAUCHUM.

Takum oOpa3oMm, Bcero mMOJACEMENUCTB MeXaHu3MOB 57 W,
CJIEOBATEAbHO, JJIsi WM3YYEHHUS PpA3JIUYHBIX CEMEHUCTB M Pa3IMYHBIX
MOJACEMENCTB MEXAHU3MOB JOJDKHBI MCIIOJBb30BAThCS  OTJIMYAKOIIUECS
CTPYKTYpHBIE (DOPMYIIBI.

JloOaBum emie, uto u3 57 mojcemMeicTB nuib B 31 moacemMeincTBe
CYIIECTBYIOT acCCypOBbl MEXaHHM3Mbl, B OCT&JIbHBIX 26 MOTYT OBIThH
peaIn30BaHbl JUIIb HEACCYPOBBI MEXaHU3MBI.

O603HauyuM KpuTepui Kiaccu(uKauy MEXaHU3MOB O CeMercTBaM

KaK Sy , rae m — mapamerp J[loOpOBOJBCKOTO, a | — HOMeEp
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nojceMerMcTBa. YUYMCIO MOACEMENWCTB  MEXAHWU3MOB  OIPEACISACTCA
3aBHCHMOCTBIO j,, =28 ™ —1,

CuunTtaeM BaXHbIM OTMETUTh, YTO MO mapameTpy JoO6poBoiabckoro m
BO3MOKHO HE TOJIBKO ONPEJECIATh OTHONICHHE MEXaHW3Ma K TOMY WU
MHOMY CEMEWUCTBY — OT HYJIEBOT'O JI0 YETBEPTOI'0, HO Y Pa3iIv4aTh BHYTPHU
CEMEUCTB MPUHAJICKHOCTh MEXAaHU3MOB K TOMY WIH HHOMY
MPOCTPAHCTBY (PYHKIIMOHUPOBaHUS. [[e0 B TOM, UTO, €CJIM YCTAaHOBUTH
3HaY€HWE M paBHOE JBYM (M =2), TO B I€KAPTOBOM CUCTEME KOOPAUHAT
9T JIBa OOIIMX YCJIOBHS CBS3UM MOXHO KOHKPETHU3UPOBATh MO-pa3HOMY, a
UMEHHO u3 1mectd cBobon naBwxkenuss BIIBIIBII moxxHO ocCTaBUTh
BO3MOkHbIMU BIIBB, nnu BIIIIB, nan BIIBII, nan BIIIIII 1 MmexaHu3msl,
MIOCTPOEHHBIE B 3TUX MNPOCTPAHCTBAX, OYAYT CYIIECTBEHHO (HE UCKIIIOUYEHO,
MPUHIMIKAIIBHO) OTJIMYaThCs APYyr OT japyra. Ha 3ToM oOcHOBaHWU B
YHUBEpPCAILHOM KJIacCH(UKAIMM MEXaHU3MOB IIOCJE YCTAHOBJICHHS
CEMENCTB M MOJICEMENCTB MEXAaHM3MOB BBEJIEM KaK HEOOXOIUMOE JCICHHE
MX Ha «IPOCTPAHCTBA», B KOTOPHIX OHU MOTYT CYIIIECTBOBATh.

[IpuBenem nmpumep pasHoOOpa3usi MEXaHU3MOB TPETHETO CEMEHCTBA
BCEX TpeX mnojaceMercTB. OHM MOryT CYyHIECTBOBATH B IPOCTPAHCTBAX
BBB, I1BB, BIIB, IITIB, BIIIT u I1III1. Mexauu3mbl, GyHKITMOHUPYIOIIHE
B IIPOCTPAHCTBE BBB ABIISAIOTCSA chepuuecKuMu 1581051
nceBgochepruueckumu, B npocrpanctse [IBB — koHnyeckumu 3y0uaThimMu,
B npoctpanctBe BIIB — BunTOBBIMU 3yOuarhimMu, B [IIIB — mimockumu, B
BIIIT — BuntOoBBIMM, B IIIIII — mpocTpaHCTBEHHBIMU KIMHOBBIMHU
MEXaHU3MaMHU.

Wtak, nmocie Toro kKak MexaHu3Mbl OyIyT packiaacCUPUIIUPOBAHBI IO
ceMeicTBaM M MOJACEeMEHCTBaM, HEO0O0XOAMMO HUX pa3deiuTh B
PACCMOTPEHUHU MO MPOCTpaHCTBaM (yHKIIMOHUPOBaHUS. MIMEHHO C 3TOM
1eNbio B Kiaccudukaiuio (Tadbauia 1) BBOAUTCS MOIypPOBEHb CEMENCTB B
bopMyIMPOBKE — MPOCTPAHCTBA.

OOpaTtuM BHUMaHHE e€llleé Ha OJHO OOCTOATENhCTBO. He B nmroOom
MOJACEMEMCTBE MOTYT OBITh TOCTPOSHBI MeXaHM3Mbl. UTOOBI Takwue
MEXAHU3MBI BBIJICIIATh CPEAU JIPYTUX, BBEAEM IMOHITHE «IAPATOKCATBHBIX
MEXaHM3MOB» U «IICeBIOMEXaHU3MOBY». [lon mapagokcalbHBIMU OylieMm
MOHUMATh TaKUE, KOTOPbIE MOTYT ObITh (HOPMAJIBHO CTPYKTYPHO CO3aHBI,
HO MApaJOKC UX 3aKJIIOYAECTCA B CIOXHOCTH WU JTa)KE HEBO3MOXKHOCTH
NPUBEJACHUS WX B JBWKEHUE. Takhe MeXaHU3Mbl TMOSABISIOTCS Cpeau
HEACCYPOBBIX MEXAHU3MOB, B KOTOPBIX OTCYTCTBYIOT NApPHI ISITOTO KJIACCa.
Tak, MexXxaHu3M CE€ApMOro IIOJICEMEUCTBA MEPBOrO IMOACEMENCTBA
omuckIBaeTCs (popMyson
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W2(7) = 5n _3p4

[To stoit dopmysie MOKET ObITh HAWIEH, HAPUMEDP TPEX3BEHHBIM
MEXaHu3M, ¢ N=2 u Py =3, YIAOBICTBOPAIOIINNA 3T0i1 popMmyne. OgHAKO
peann3oBaTh €ro MnpooneMatudHo. MIMEHHO MO3TOMY OH JOJDKEH OBITh
OTHECeH K  MEXaHWu3MaM  «HEOOBIYHBIM»,  «OCOOCHHBIM» WU
napajoKcaabHbIM.

Ho Moryr mosBisATBCS U3 peHIeHHS CTPYKTYPHBIX (Qopmyl
MEXaHHM3Mbl, HEpealu3yemMble B TpuHIHNE. Hampumep MexaHu3Mm
HYJICBOTO CEMEWCTBA, TPHALATH IEPBOTO IMOACEMENCTBA, OIUCHIBACTCS
bopmynoit

Wo(s1y =6n—p;.

Io sToMy BbIpakeHue (popmanbHo, 3anasast Wy 3y = 0, K npumepy, npu

n =3, Haiinem yro P; =11, HO peann30BaTh €r0 B KOHCTPYKLMIO HEBO3MOKHO,

a MoToMy OyJIeM Ha3bIBaTh TAKON MEXaHU3M IICEBIOMEXaHU3MOM.

HeobOxoaumo eme m100aBUTh, YTO B MPAKTUKE MAIIMHOCTPOCHUS
NPUMEHSIIOTC W MOTYT  HaWTH  I[IMPOKOE  HCIOJb30BAHUE
HEOJIHOCEMEMCTBEHHBIE MeXaHW3Mbl [14], kKorga B KadecTBE BXOMSIIMX
BHYTPb MEXaHM3MOB BKJIIOUAIOTCS KHHEMAaTHYECKHUE IIEMU Pa3HbIX
ceMeiicTB mo AptobosieBckomy. OOpaTuM BHUMaHHWE Ha TO, YTO 3THU
BXOJSIIME BHYTPh MEXaHU3MOB IIENTM HE MOT'YT OBITh KAKUMHU YTOJHO, OHU
JOJDKHBI CTPOTO COOTBETCTBOBATH TPEOOBAHMSAM K IIETsIM, 00JIadaroiinuM
HYJIEBOW MOJABUKHOCTBIO, WM, 00OOIIUTENBHO, TPEOOBAHUSIM K TPyIIam
Accypa. A eciu 3TO Tak, TO M3JI0OKEHHAs KJIacCU(UKAIUSI MOXKET OBITh
UCIIOJIB30BaHA JJIsI OMUCAHUSA Tpymn Accypa pa3IudHbIX CEMEUCTB U
MOCTPOEHUS Ha UX OCHOBE JIFOOBIX HEOJJHOCEMENCTBEHHBIX MEXaHU3MOB.

3°. Hrak, mnoBtopum. Ilocne Toro Kak KOHCTPYKTOp WU
UCCIIEIOBATENIb MPUHSJ pEIIeHHEe O CO3JaHUM acCypOBOr0 WM
HEacCypOBOr0 MEXaHHM3Ma M BbIOpa €ro CeMeicTBO U MOJACEMEUCTBO, OH
MOJIy4aeT B CBOE PACIHOPSKEHHE KOHKPETHYIO (POpMyJy MOABUIKHOCTH,
CBSI3BIBAIOIIYIO YKMCJIO 3BEHHEB N C UYHWCIAMU  HCMOJb3yEeMBIX
kuHeMmaTndecknx mnap. K mpumepy co3gmaercs  acCypoB  IUIOCKHM
CTEPKHEBOM MEXaHU3M TPEThETro CEMEMCTBA, IEPBOro MojcemeiicTa. s
Hero ¢opmyIia MOJABHKHOCTA UMEET BUJ

W =3n-2p; — p,.

Ota dopmyna cama Mo cebe HE JaeT BO3MOXKHOCTH MPOIOJIKUTH
pElICHNE 33/1a4l O CUHTE3€ CTPYKTYp MEXaHU3MOB, TaK KaK B HEH HE JaHO
pacipoBKM TOHATUA uMcia 3BeHbeB. OHU MOryT OBITh pa3HOU
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CJIO)KHOCTH — JIBYXIApPHBIMHU, TPEXMapHBIMU U T.A., HO OHHM 3aKJIIOYECHBI
BHYTPH 0003HAUYCHHUS N.

Urobp ux auddepeHmMpoBaTh, T.€. pazodpaTh MEXITy co0oii,
HEOOXOIMMO TIEPEUTH K PACCMOTPEHHIO CIICTYIOIIEr0 YPOBHS KIacCU(UKAIIH.
B sToM TpetbeM ypoBHE BBOJIUTCS MOHATHE HAKOOJIEE CIOKHOTO — OA3UCHOTO
3BEHA 1M B BUJC 7 — YIOJbHUMKA WIM 7 -BEPIIMHHUKA IO YHUCIY €ro
T€OMETPUUYECKHUX AIIEMEHTOB, KOTOPHIMU OHO 00pa3yeT KHHEMAaTU4eCKUE Taphbl
C JPYIMMU 3BEHBSMHU, U TPOU3BOJAUTCS JICJICHUE MEXaHU3MOB HA 6U0bl B
3aBUCUMOCTH OT uucna 7 . K mepBoMy BHIY OTHECEM MEXAaHU3MbI C
OJTHOTIAPHBIM 3BE€HOM (7 =1), KO BTOPOMY BHIy — C JBYXIIQPHBIM 3BEHOM
(7 =2), K TpeTheMy BHY — C TpEXIapHbIM (7 = 3) U T.]I.

BBeneHure moHsATHS 0a3MCHOrO 3BEHA MO3BOJIIET COCTABUTH IS
WCIIOJIb30BaHMUS JIBA HOBBIX ypaBHEHUS (2), ONpenessiomux YUCIIO
KMHEMATUYECKUX TMap IIEMW M YHUCIO 3BEHBEB IE€MH, KOTOPHIE MOXKHO
3amucaTh B CBEPHYTOM BHJIC

0
p:T+ Z|n|,
d -1
0
n=1+>n.
L -1

B stux YPaBHCHHUAX 11O ni , KaK ITOKa3aHO BBIIIC, IOHUMACTCA YHUCIIO

3BEHbEB, JOOABJISIONIUX B LIEMh MO | KHHEMATHYECKUX Map.
C popmanbHON TOYKM 3pEHUS, UCXOS U3 TOCTPOEHUS OOILETO WieHa
in;, cienoBasio MEpBbI wieH nepBoil Gopmynsl B (2) 3amucaTh Kak ..

OpHako, BBIIOJIHAS 9TO yCJIOBHE, HAIIPUMEP NPU N, =2, K 7— YrOJbHUKY

HeoOXxoauMo OyaeT m00aBUTH 3BEHO € 4ucioM map 7+1, T.e. Oonee
CIIOHO€, HO OTO OOCTOSTENBCTBO HAPYIIWIO OBl JIOTUKY TOHSITHS
OasucHoro 3BeHa Lenu. Tem He MeHee, 3a1aBaTh 3HaUeHUs N, >1 MOXHO,

€CJIN KaXKJ0€ N3 3BCHLCB nz. BBOIUTH B LCIIb HC3aBUCHUMO JPYyT OT ApYyra,

T.€. HE COCJIUHSS UX HEMOCPEACTBEHHO. OTMETUM 3]I€Ch JIMIIb TO, YTO B
cilydae, Koraa 3azaerca N, =1, paccMarpuBaeTcs caMblil OOIIMM Ciiydai

CUHTE3a CTPYKTYD.
Ecau BeIOpaTh 3a Hanbojee CJI0XXKHOE 3BEHO II€MH, HampuMmep
YeThIpeXMapHOe 3BEHO, T.e. MPHUHATh, UTO 7 =4, TO MPUBEICHHBIC JIBA
ypaBHEHHUSI MPUMYT BIIOJIHE KOHKPETHBIN BUI, @ UMEHHO
p=4+3n;+2n, +n,,
Nn=1+n3+n, +n +ny.

(3)
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3H€CB 3BCHbBA no — 9TO TaAaKHC 3BCHbB, KOTOPHLIC, IIPHUCOCAUHIAACH K

LEeMHU, HEe JOOABIISIOT B HEE KWHEMAaTUYECKUX Tap.
Pemmts npuBEIEHHYIO CUCTEMY — 3TO 3HAYUT HAUTH YUCJIA 3BEHHEB
Ng,N,,N; 1 Ng. IIpu mcnonp3oBaHMU OOJIEE CIOXKHOIO 3BEHA 7 YHUCIIO

HEW3BECTHHIX yBennduBaercs. OaHaKo, €CIM UMETh B BHUIY, YTO MOTYT
OBITh 3aJaHHBIMUA BEJIMYMHBI P U N M YTO BCE PEIICHUs JOJIKHBI OBIThH
MOJIOKUTEITLHBIMA M I[€JIOYHUCIICHHBIMH, 3ajJada OKa3bIBAeTCS BIIOJHE
pa3pemnmMon.

[epBsiii BU1 MexaHu3MoB (7 =1) coryiacHo (2) onmuchIBaeTCsl CUCTEMOM

Ps+ Py + P3+ P2+ P =1,
(4)
n=1

OTKYJa CIEAYET, 4YTO

i(n,_lmr_2 +...4+N+... N, +0+0g) =0,

-1
WIM TPU UEJTOYHUCICHHBIX TOJIOKUTEIbHBIX PEHICHUSIX CHUCTEMBI (4)
HEN30€KHO YCIOBUE

ny=N_o,=...Ny=...=N, =N, =Ny =0,
C y4eTOM OTMEUEHHOI0, PEHICHUSAMH CUCTEMBI (4) Oy IyT
Ps=Lps=Lps=lp,=1 wmw p=1

YTO ONMCHIBAET KJIACCHl KNHEMATUYECKUX Map, OT IIEPBOTO 0 IATOrO.

Yucno KHHEMAaTHYECKHUX Map U YUCJIO 3BEHBEB LIETIEN BTOPOIrO BUJIA
(7 =2) onpeneauTcs CUCTEMOM

p=2+n,
n=1+n,.

Tak kKak B 3TOM Ciydyae MOTYT BXOJMThb B LIENIb KPOME 7 -yTOJIbHUKA
JUIIb 3BEHbS Ny, NO0ABJISAIOLIME MO OJHOM KMHEMAaTHYECKOW Iape, TO
BTOPOW BUJ MEXAaHU3MOB OYyJET COJIEpk aTh B CBOEM COCTAaBE BCETO OJMH
NOJBHU/JT BO BCEX MSATH CEMENCTBAX.

Tpetunii BU1 MeXaHU3MOB (7 = 3) ONUCHIBAECTCS CUCTEMOM

p=3+2n,+n, .
n=1+n, +ny, ®)
OTKYyZa CIJIEyEeT, YTO B COCTaB MEXaHU3MOB TPETHETO BUJA MOTYT BXOJUTH
pa3Hble 3BE€HbSA, 4 UMEHHO U Ny U N,. B CBA3UM ¢ 3TUM, TpeTHil BUI
MEXaHMU3MOB MOKET OBbITh pa3JeieH Ha JBa MOJBHAA, B MEPBOM U3
KOTOPBIX MOT'YT HCIIOJIB30BAaThCS 3BEHbs Ny U N,, a BO BTOPOM — JIMIIb

3BEHbA N .

36



OtmernM, 4ro 0O€3 3BEHBEB Ny, N0OABIAIOMMX B LENb IO OJHOU
KHHEMaTUYECKOU nape, CO3/1aBaTh KHHEMaTHYECKHE TETH,
YIAOBJICTBOPSIIOIINE  YCIOBUIKO MEXaHu3Ma, T.e. ycioButo W =1 |,
HEBO3MOXXHO. Takum o0Opa3om, B COOTBETCTBUHU C (5) K TpPEThbeMy BHUIY
MOKHO OTHECTH J[Ba MOJIBH/Ia MEXaHHU3MOB

p=3+2n, +N u
p=3+n,.

[IpuBenennas Bbime cucreMa (3) ONMUCHIBAET BCE MEXaHU3MBI
YeTBEPTOro Bua. BHyTpu 3TOro Bua CymecTBYIOT MOABUIbI MEXaHU3MOB,
KOTOpbIE ONPEACNSAIOTCS COCTaBOM IIPUMEHSIEMbIX 3BeHbEB. IlepBoe
ypaBHeHHe (3) BIOJIHE KOPPEKTHO MOYKET OBITh MPEICTABICHO B IMOJIBHIAX

p=4+3n;+2n, + N, (nepBbIii TOABUA),
p =4+ 3n; +n; (BTOpOI NOABUL),
p=4+2n, +n (Tperuii noaBUN),
p =4+ n, (4eTBepThIil MOABUN),
TO €CTh 3TOT — YETBEPTHIA BUJ MEXaHU3MOB ( 7=4) UMeEeT 4YeThIpe
MOJBU/IA B 3aBUCIMOCTH OT MCIIOJIb30BAHUSI B HEM Pa3HBIX IO CJIIOKHOCTH

3BCHBEB ;.
AHaJI0rM4HO paccyxKaast, MOXHO HAUTH IIpH 7 =5 110 YPaBHCHUAM
p=5+4n,+3n;+2n, +n,, ©)

n=1+n,+n3+n, +n;,

BC€ IIOJABU LI ITATOI'O BUAa MCXAHU3MOB. Hx Bcero BocemMb

p=5+4n, +3n;+2n, +ny, p=5+3n3+2n, +n,,
p=5+4n, +3n; +n,, p=5+3n;+n,,
p=5+4n,+2n, +n,, p=5+2n,+n,
p=5+4n, +n,, p=5+n,.

YucIo moaBHUIOB IMIECTOI0 BUAA MEXaHU3MOB (7 = 6) — ImecTHAAIATh.
B ceapmom Bujae mexaHusmoB (7 =7) Bcero 32 noasuaa U ux (Hopmylibl
Ha OCHOBAaHUU H3JIO)KEHHOIO MOTYT OBITh 3allMCaHbl 0€3 OCIOKHECHUH.
TeopeTudyeckn, YHUCIy 7 MOXHO 3a7aBaTh JIFOOBIE TOJIOKUTEIIbHBIC
3HAYEHMS J10 OECKOHEYHOCTH BKJIIOYUTEIBHO, HO B IPAKTUKE BPSA JIU
BCTPEUAIOTCS €T0 3HAYCHUS BBIIIC 7 = 7.

Bunel 1 noaBuasl MexaHu3MoB OyneM o0o3Hadath, Kak V_;, rae 7

ompenensieT B, a |-rmoaBua MexanusMa. YHciao moJIBUI0B MEXAaHU3MOB

— o(r-2)

Ipu 7 >2 ONpeNeNseTcss 3aBUCUMOCTBIO . . B cootrBercTBUH €
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OIIMCAHHBIM, 3aIUCh V, 3 03HAYACT, YTO PACCMATPHBACTCS YCTBEPTHIH BHJL

MEXaHU3MOB, TPETHETO MOABU/IA.

N3 W3JI0)KEHHOTO CJIEIYyeT, YTO BCE CEMEUCTBA M IMOJCEMENCTBA
MEXaHU3MOB TIOCJIE WX BbIOOpa JOJKHBI OBITh WJICHTU(DUIIMPOBAHBI IO
BUJIaM U TIOJABUJIAM.

WNTak, KOHCTPYKTOpP WJIM HCCIEA0BATENb IIOCIE TOTO, Kak WM
BBIOpAHO [JiIi MCIOJIb30BAHUS YpaBHEHUE TMOJBIKHOCTU MEXaHU3Ma
3aIaHHOTO CEMEICTBA U mojiceMelcTBa (10 M), BBIOUPAET CPer BUIOB U
NOJIBUJIOB MEXaHU3MOB (II0 7 U N;) HY>XHbIIA BUA U noasul. I[locne 3toro

OH ITOJIy4aeT CUCTEMY YPABHEHUM

W =(6-m)n-> (k—m)p,,k-m=>0,
0
3 p=7+>in;, (7)
-1
0
n=1+>n,
L -1

KOTOpas 1nmo3BOJIUT HaMTH BCE 3HAUYCHMUSI pk n ni .

Ha »ToM pemeHnune 3agauyd O BHAAX M IOABHAAX MEXaHU3MOB
OKa3bIBACTCS 3aBEPIICHHBIM.

O6paTuMcs gajee K 3agade 00 OTIIMYMU MEXaHU3MOB OIPEIEICHHBIX
MOJACEMEMCTB M 3aJaHHBIX  MOJBHUAOB. ODTOT  MOJNOJYPOBEHb
KJIacCU(pUKAIIMK HA30BEM YPOBHEM MOANOABUI0CEMEMCTB.

JlanuM ~ MHONHBIC  MOSCHEHHS, KaKue OTIMYHS  MEXaHH3MOB
3aKJIIOYAIOTCS B ATOM TMOJINOAypoBHE. Jlerde Bcero 3TO MOSICHUTH Ha
KOHKPETHBIX Npumepax. O06paTuMcsd K ME€XaHU3MaM BTOPOTO CEMEHCTBa
MEepPBOro MOJCEMENCTBA U TPETHEro BHUAA MEPBOro MmoaBuaa. Becero takux
MEXaHU3MOB 7 II0 MMOACEMENCTBAM U OECKOHEYHO MHOTO IO moasuaaM. Ho
M0 BHJaM U TMOJBUJIAM HX MOXKHO OTpaHUYUTh 4YHCciIoM 7 =7 (Oosee
CIIOKHBIX MEXaHHU3MOB B peajbHON TEXHHUKE €Ile HE CO37aBajioCh U HE
UCnoib30Banocs). IlpuHnMas 7., =7 MOXHO JIETKO COCUUTaTb BCE

BO3MOJKHEIE BUJIBI " IIOABU/IBI. Bunos oynaer IIIECTh
(r=2,7=3,7=4,r=5,7=6u =7 ), a NOABUIOB — IIpU 7 = 2 — OJIMH,
npu 7 =3— 1Ba, Ipu 7 =4 — YeThIpe, NMPU T =D — BOCEMb, NPU 7 =6 —
IIECTHA/IIaTh, MPU 7 = / — TPUAIATH JBa, a BCEro mecthaecat Tpu (63),
T.€. BIOJIHE 0003pUMO.

Tak xak BeIOpaHHBIC IS MPUMEPA MEXaHU3MbI BTOPOTO CEMEHUCTBA
MIepPBOTO MOACEMENCTBA, KOTOPHIE OMUCHIBAIOTCS (HOPMYII0H TTOABMKHOCTH
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Woa) =4n—3ps —2p, — s, (@)
OTHOCSITCS €Ille U K TpeTheMy BHUIY (7 =3), IEpBOMY MOABUAY, TO K HUM
IpUMEHNMA TaKKe YHUBEpCaJbHasl CTPYKTYpHasi CUCTEMA
P=Ps+ P+ P3=3+2n,+ny, ()
n=1+n,+n,. (c)
Nmenno »tumu tpems dopmynamu (a), (6) u (¢) MBI Oynem
MOJIb30BAThCS, OTHICKMBASI MTOJIIIOIBUI0CEMENCTBA MEXaHU3MOB.
3amaguMcs ellle OJHUM KOHKPETHBIM YCJIOBHEM — OyJeM HCKaTb BCE
CTPYKTYpbl MEXaHHU3MOB C 3aJaHHBIM YHCJIOM TIOJIBM)KHBIX 3BEHBEB,
HAIpUMeEp, paBHBIM &, T.e. mpu N = 8.
IloxcraBus 970 3Ha4eHne N B (a) 1 3a1aB W (y) =1 nmomy«nm

3p5+2p, + Py = 3L, (@)
Uucno 31 moxker OBITh OOECNEUEHO pPa3IUYHBIMU HEHYJIEBBIMU
YHCJIaMHU 1ap pa3HbIX KJIACCOB — Ps, P,y U P3, @ UMEHHO

Ps =6, Py =6, p3 =1,
Ps =7,p4=4 P3 =2, (d)
Ps =8, Ps =2, p3 =3.
[Touck 3TUX TpEeX PELICHUU MOXKHO IIPOBECTU HA OCHOBE CIEAYIOLINX
npeoOpazoBanuil. [Ipu N =8 u3 (c) naiigem, 4to
N, +N; =7 nmu N =7—ny,
Toraa u3 (8) Moay4num
Ps + Py + P3=3+2n, +7—-n, =10+ n,, (8"
OTKYJla ClenyeT, 4To cymma nap ( Ps + P, + P3) He MoxeT ObITh MeHee 10,
4TO MMeeT MecTo npu N, =0, U YTO HE COOTBETCTBYET 3aJaHHOMY
ycaosuto N, #0.
Beipazum u3 (6”)

P3 =10+n, — ps — P, (6")
U, IOJICTABUB ATO 3Ha4YeHUE B (a'), MoJIydyum
2ps + py +n, =21, (a")

OTKyJa
Py =21-2ps —n,.

IloacraBuB nanee 3To 3HaueHue P, B (8''), HalaEM, YTO
P3; = pPs +2n, —11.

[Ipu p, =1 (HEHyJIEBbIE 3HAUCHMS BCEX TAP p, ) HOJTYUYUM

ps +2n, =12,
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OTKy/1a
12-ps
2
Tak kak oO11ee yncio map corjiacHo (8") He MoxeT ObITh MeHee 10, To

Ps He MOXKET OBITh OoJiee 8 (IPU HEHYNEBBIX 3HAUCHUSIX P; =1wu p, =1),

n,

a Torga M3 IOCJEIHEH 3aBUCUMOCTU CIEAYET, YTO N, HE MOXKET OBITh
MeHee N, =2.
Jlasmee MOKHO pacCMOTPETh BCE BO3MOKHBIE 3HAYEHUSAN, > 2, HO MBI
OrpaHUYMMCS YaCTHBIM 3HaueHueM N, =3. B aToMm ciryuae mo (')
Ps + P4 + P35 =13,
a o cucteme (a'), (6"), umeronieii Bu

3ps +2p, + p3 =31,

Ps + Pg + P3 =13,

MOJKHO HalTH, 4to Py =18 —-2p5,a py = ps — 5.
13 mosy4eHHOro ciefyer, 4To Ps He MOKET UMETh 3HAYCHHUH, MEHee
6, a 9TO O3HA4YaeT, YTO peajlbHbIMHU 3HAYEHUSAMU Pg OyayT Ps =6, ps =7
u Ps =8. MIMeHHO McXonsd M3 ATUX 3HAYEHHMM 4ucen map p, HaWIEHBI

pUBEACHHBIC BBITIE 00IIHe pereHus (d).

[lonyuennbie Tpu pemieHust mo ux Homepam: Ne 1, Ne 2 u Ne 3 u
OTNPEACISIOT  TMOANOABUIOCEMENCTBA, T.€. SBISIOTCS MEXaHU3MaMH
MEPBOT0, BTOPOTO U TPETHETO MOANOIBHI0CEMENCTB.

YToOBl CTPYKTYpPHO CO3JaTh TaKM€ MEXaHU3MbI, BOCHOJIb3YEMCS HX
oO1en CXEMOH, YIOBJIETBOPSIOILIEN 3aJIaHHBIM YCIIOBUSIM:
N=87=3N,=3, HO colepxalleil B CBOEM COCTaBE BHUPTYyaJIbHbIE
KHHEMAaTHYECKHE Taphl, T.C. apbl B BUJIE MTYCTHIX KBAAPATOB (PUCYHOK 2).
[TonmonBumocemMelcTBa MEXaHU3MOB MOSABSATCS TOTJA, KOrJa Ha MecTax
BUPTYaJbHBIX Nap OYIyT Pacoj0XeHbl TaKUE, KOTOPbIE COOTBETCTBYIOT
pemieHussM Ne 1, wim Ne 2, mim Ne 3. [lapsl ps, P, U P3 MOTYT 3aHMMAaTh

MO3UIMU PA3HBIX BUPTyaldbHbIX map oT mapsl | 1o maper X1, mHanpumep
Tak | —pg, l—=py, M —-pg, VW—-p3, V-p5, VI-p,, VIl -p,,
VIl —ps, IX=p,, X=ps, XI=psg, Xl =ps, Xl -ps - gro
COOTBETCTBYET BTOPOMY PENIEHUIO 110 (2).
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Pucynok 2 — O01as cxema MexaHu3Ma

Teneps oOpaTumcs K paszpsijaMm IOJINOABUI0CEMEUCTB. PaccMoTpum
uxX mnouck Ha mpumepe pemenus Ne 1 ( ps =6,p, =6,p;=1).
HeoOxoauMo Bce TpuHaAIAaTh MYyCTHIX KBAJgpaTOB 3aMEHUTh IIECTHIO
napamu pPs, LIECTbIO MapamMu P, U OAHOW mapou P;. Takux BapuaHTOB

MOXET OBITh HECKOJIBKO M MMEHHO 3TH BapHaHThI OMPEACIST pa3psiibl
MEXaHU3MOB.

KosnuecTBO BO3MOXKHBIX Pa3psiIOB MOXKET OBITh OINPENEICHO 10
TEOPUH TMEPECTAHOBOK. M3BECTHO, UTO MEPECTAHOBKAMHU M3 N 3JIIEMEHTOB
HAa3bIBAIOT COCIUHEHUS OTJIWYAIOIIUECSA APYT OT APYra TOJBKO MOPSIKOM
BXOJAIIMX B HUX DJIEMEHTOB. B paccMarpuBaeMOM Hamu ciiyyae umeem 13
AJIEMEHTOB — TPUHAAIATh BHUPTYAJIbHBIX Tap, OOIIee YHCIO0 UX
nepecTaHoBok N! wmm 13 1.

OnHu MOTyT OBITh 3aMEIIEHBI IIECTHIO MAPAMU Pg, HIECTBIO MTapaMu Py,

M OJTHOM Mapoil Pj, 00IIee YNCIO TAKUX MEPECTAHOBOK OYAET PaBHO

_ (Ps + P4 + P3)!

p
" ps!pa!ps!
NI OJIA KOHKpCTHO paCCManPIBaCMOFO cnyqaﬂ
o 13!
" eleHl

yTo gaet 12012 BapraHTOB nepecTaHOBOK.
Hpyrue pemenus, a wumMeHHo ( Ps=7/,p,=4,p3=2 ) w

( ps=8,p,=2p3=3) mamyr uymcia MEPECTAHOBOK COOTBETCTBEHHO
25740 u 12866.
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Cpenu H2THX TMEpPECTaHOBOK MOTYT MOSBISATHCA  HM30MOp(]HBIC
(MOBTOPSIIOIIMECSA) W HENPHEMJIEMbIE C  TOYKM  3pEHUS  MX
PabOTOCIIOCOOHOCTH CXEMBI.

OTHU 3a/1a4ud MOTYT OBITh PEIIEHBI C UCTIOIB30BAaHUEM KOMIBIOTEPHBIX
mporpaMm, KOTOpbIE YK€ ampoOMpOBaHBl HAa MPAKTUKE, HAMpUMeEp, B
pabore [5].

[Tocne Toro kak yka3aHHBIM METOJAOM OyAyT HaWJEHBI BCE pa3psibl
MEXaHU3MOB, TOTPEOYETCS PACCMOTPETH BOZMOKHBIE UX TOIPA3PSIIbI.

Jleno B TOM, YTO KHHEMaTW4yeckue mapel Ps , P, U P; (B

paccMaTpuBaeMOM IIpUMEpE) MOTYT HMETh pa3HO€ MCIIOJHEHHUE II0
OTHOCHUTEJIbHOMY JBUXEHHMIO 3BEHBEB, 4 UMEHHO, Mapbl P; MOI'YT OBIThH

Buna BBB, IIBIl, BIIB, BIIII, IIBB, napsl P, MoryT ObiTh Buga BB, BII,
IIB, napel pg moryt ObITh Bujaa B u II. BnosHe peanbHO HaWTH Bce

BO3MOKHBIE COUETAHUSI OKOHYATEJIbHO BHIOPAHHBIX KHHEMATUYECKUX Map.
Hanpumep, npuMEHUTENBHO K PACCMATPUBAEMOMY BBILIE IPUMEPY MOKHO

MIPUHATH KOHKPETHO ISl ucroib3oBanus napel: | — B, 11— BB, 11l - 11, IV —
BIIB,V - B, VI - BII, VIl - IIB, VIII - B, IX—-BII, X— 11, XI - BBB, XII —
B, XIIl — B. Takux BapuaHTOB B MPAKTUKE MOXKET ObITh BCETO HECKOJBKO.

Ecnu ux ykaszaTh 1m0 HoMepaM B COOTBETCTBUM C BBIOpPAHHOM JIOTHKOM, TO
MOXHO OyAeT N00aBUTh KAaK 3aBEPIIANONIMNA MNOAYPOBEHb — IMOAPAa3PSIbl
MEXaHU3MOB.

4°, HcTtopruuecku CIIOXKUIIOCh TaK, YTO MEPBBIMU B TEXHUKE CTau
MPUMEHSTHCS IOCKUE PhIUAKHBIE U 3y0uaThle MexaHu3Mbl. Kakue-mmbdo
oOmue CBOMCTBA B HJTHUX MEXaHU3Max HE MNPOCMATPUBAINCH W,
€CTEeCTBEHHO, UX U3y4YCHUE MPOUCXOAMIO He3aBUCUMO. OTIMCaHHBIC BBIIIIE
MOHATHUSI CEMEUCTB U BUJOB MEXaHU3MOB MPUMEHUTENIBHO K PHIYaXXHBIM U
3yO4YaTbiM MEXaHM3MaM HE HCHOJIb30BAINChL 3a HMX MPAKTUYECKOUN
HEHao0HOCThIO. CTpeMJICHHE YUYCHBIX HaWTH KJacCU(UKAIMOHHBIC
KPUTEPUM K PHIYAKHBIM U 3yOUaThIM ME€XaHU3MaM MPUBEIIO K MOSBICHUIO
NOHATHUA KjaccoB MexaHu3MoB. JI.B. Accyp B [7] 3anmucan «...yclIOBUMCS
Ha3bIBaTh MEXaHU3MaMH MEPBOTO KJlacca BCE MEXaHU3MBI, KOTOPHIE MOTYT
paccMaTpuBaThCid KAk  MOJYYEHHBbIE U3  MPOCTOrO  KPUBOIIUIIA,
MOCPEACTBOM MOCJIETOBATEILHOIO IPUKPETUICHUS OJJHUX TOJIBKO MPOCTHIX,
OTKPBITBIX MHOTOIIOBOJIKOBBIX IE€TI€H HOPMAJIBHOTO THUIIA.

[ToBTOpUM, YTO MOJ «HPOCTHIM KPUBOLIUIIOM» AcCyp MHOHUMAI
OJIHOTIaPHOE 3BEHO, COSMHEHHOE B IIAPHUP, TO €CTh B OJHOMOABMIKHYIO
BpalllaTEeJIbHYI0 KMHEMATUYCCKYI Iapy Ps CO CTOMKOH, 4epe3 KOTopoe

nepeaacress ABMKCHHUC OT ABUIATCIIA HAa BECb MCXAHH3M. AHaJ'IOI‘I/I‘IHYIO
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pOJIb  MOXET Urpartb MW  «IIPOCTOM TMOJ3YH», KOTOPBIM  4Yepe3
OJIHOMOJIBUKHYIO TOCTYINATENbHYI0 TMapy MPUBOAUT B JIBUKEHHE
MEXaHU3M (Hampumep MOpPIIEHb JABUTraTeNss BHYTPEHHEro cropanus). U3
MPUBEACHHOIO OIpPEIEICHUsT MEXaHUu3Ma I[EPBOro Kjacca JTaHHOrO
AccypoM, cleayeT, BO-NIEPBBIX, YTO MEXAHU3M IEPBOr0 Kilacca MOMXKET
OBITh CKOJIBKO YT'OJIHO CJIOKHBIM, T.€. MHOTO3BEHHBIM, & BO-BTOPBIX, U YTO
caMO€ Ba)XKHO€, OH HE YCJIOXKHEH BBEJCHHUEM H3MEHSEMBIX 3aMKHYTBIX
KOHTYPOB BHYTPH €T0 CTPYKTYPbI. ITO 00CTOATENBCTBO JI0KA3bIBACTCS TEM,
YTO ONHUCAHHBIM MEXaHW3M TIEPBOrO0 KJjlacca CTPOUTCA TOJbKO U3
HOPMAaJbHBIX MO AccCypy Ipymn 3BeHbeB. 1107 HOpMaIbHBIMH TpyIIIaMU
Accyp TOHMMan TakHe, KOTOPbIE CTPYKTYpPHO OKaHUYMBAIOTCS JUIIb
MOBOJIKAMHU, T.€. JBYXMApHBIMU 3BEHbsIMU. I[IpuMepbl Takux Trpynn
npuBeAeHbl Ha pucyHke 3. Ko BpeMeHM NpoBEAEHUs] HUCCIEAOBAHUI
Accypom Obutn  um3BecTHBI: Jguaga CuibBecTpa (pUCYHOK  3,a),
TPEXIIOBOJKOBOE 3BeHO bypMecTepa (pucyHoK 3,8) U 4ETHIPEXIOBOAKOBAS
rpymma ['probnepa (pucyHok 3,c), Ha HUX ObUIO yKa3aHO ACCypoM U UM
OB CO3/IaHbl BCE 0oOJiee CIIOKHBIE HOPMaJIbHBIC TPYIIBI, HAYWHASA C
ISATUIIOBOJIKOBOM rpyIiibl (pucyHok 3,d).

j)/\ dB) ; o

TpexmoBogkoBOE
Jnana p SBGHI([) YeThIpexmoBOIKOBAS IIgTunoBoakoBas
CunbBecTpa rpynma ['probGiepa rpynma Accypa
p Bypmecrepa py p p Py Yp
Pucynok 3 — HopmanbHsbie 10 AcCypy rpyIibl 3B€HbEB HYJIEBOU
IMOABHKHOCTH

Oco0eHHOCTh HOPMAJILHBIX TPYIMM 3aKIH0YaeTCs B TOM, YTO OHHM HE
MOTYT OBITb pa3fesieHbl Ha Oo0Jee MpOCThle TPYIIbL, a, TaKXKe, IMpPU
IIOCJIEIOBATEILHOM TIPUKPEIUICHUM HUX K BEAYILIEMY 3BE€HY — IPOCTOMY
KPUBOIIIUITY, B MEXaHM3ME HE MOryT O0Opa30BBIBATHCA 3AMKHYTHIE
U3MEHSAEMbIE KOHTYpPbL. Takum 00pa3oM, MEXaHU3MBbI 00JIEE BHICOKHUX KJIAaCCOB
YeM TEPBBINA, 3TO TAKUE MEXAHU3MBI, B KOTOPBIX 0053aTEIbHO MPUCYTCTBYIOT
MTOJABMYKHBIC U3MEHSAEMbBIE 3aMKHYThIE KOHTYPBI. B pa3nMuHbIX CEMEUCTBAX U
BUJAX MEXAaHU3MOB, U3MEHSEMbIE KOHTYpPHI MOTYT OBIThb Pa3IMYHBIMU IO
KOJIMYECTBY BOBJICUCHHBIX B HHMX 3BE€HbEB. Hanbosee npocThiM N3MEHSIEMbIM
3aMKHYTBIM MOKET OBITh KOHTYp, OOpa30BaHHBIA JBYMs 3BEHBSIMHU, KaK 3TO
MOKa3aHO Ha pUCYyHKE 4. DTO IUIOCKMIA KyJA4yKOBBIA YETHIPEX3BEHHBIN
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MEXaHHM3M, B KOTOPOM 3BEHBsIMHU 1 1 2 00paszyeTcs ABYX3BEHHBIA 3aMKHYThIN
M3MEHSIEMBIN KOHTYpP ¢f, MEXIYy ToOuKamu A u B.

KoHTaKkThl 3TH TOYEYHBIC, T.€. 3B€HbSI 00pa3ylOT MEXJIy CO00M Tak
HAa3bIBAEMBIE BBICIINE KUHEMATHUYECKHUE MAPBL, 4 TOTOMY, OTHOCUTEIIBHOMY
JBUKECHUIO 3BEHBEB | M 2 HUUTO HE MPENSATCTBYET.

[To mpennoxenutro AprtoboneBckoro M.M. mimockue mapHUpPHbBIC
MEXaHU3Mbl CO BCTPOEHHBIMH B HHX 3aMKHYTbIMU HM3MEHSEMbIMU
KOHTYpPaMH OT YEThIPEX3BEHHBIX, MSATU3BEHHBIX U 00Jiee ObLIM OTHECEHBI K
MEXaHU3MaM YETBEPTOro, IMSITOrO M T.A. KJIACCOB, T.€. K MEXaHW3Mam
BBICIIMX KJIACCOB. Tak, HA PUCYHKE 5 MOKa3aH MEXaHW3M ISTOro Kiacca
mo ApToOO0JIEBCKOMY C  TSATU3BEHHBIM  IOJBHXHBIM  3aMKHYTBHIM
U3MEHAEMBIM KOHTYPOM s .

Pucynok 4 — KynauykoBblii MEXaHU3M C Pucynok 5 — IInockuii
JIBYXCTOPOHHUM U3MEHAEMbIM MEXAaHU3M IISTOro Kiacca
3aMKHYTBIM KOHTYPOM

NmMess B BuUAY HW3JI0KEHHOE, B TMpeajiaraeéMoi Kiaccuukanuu
BBOJIMTCSI IOHATHE KIACCO8 MEXAHU3MOB OT IEPBOTO Kilacca no Accypy u
BBIIIIE B 3aBUCUMOCTH OT CIJIOKHOCTH BXOISIIMX B IEMb 3aMKHYTBIX
U3MEHSIEMBIX KOHTYpPOB, HAyWHAasi OT JIBYX3BEHHBIX, TPEX3BEHHBIX
KOHTYpOB, KOTOpbIE MOTYT OBITb OOpa3oBaHbl, B YaCTHOCTH, NpHU
MCIIOJIb30BAHUM BBICIIMX — TOUEYHBIX KHHEMATUYECKHUX Map.

Urto KacaeTcs NOCTPOEHUS B CTPYKTYypax MEXaHU3MOB 0oyiee OAHOTO
KOHTYypa, TO 3Ta MpolsemMa Moka HUKeM He o0cyxaanach. Eciu moioiTu k
BOIIPOCY CHUCTEMHO, TO €CTECTBEHHOM BO3HUKAET HEOOXOAUMOCTb
BBEICHUS IOHATHUSA, ONPENEISIONIET0 YKMCIO KOHTYpOB B Lenu. bynem
Ha3bIBaTh CTPYKTYPHl MO YHCIYy KOHTYpPOB B HHUX — OJHOKOHTYpPHBIE,
JIBYXKOHTYPHBIC U T.JA. 10 N-KOHTYPHBIX CTPYKTYp. [Ipu 3TOM yuTem, 4To
B COCTaB N-KOHTYPHBIX CTPYKTYpP MEXAaHU3MOB KpOME Han0OJIee CIOAKHOTO
KOHTYpa, ONPEAEISAIONIETO KIACC MEXaHU3Ma, MOTYT BXOJUTh TAKHUE K€ U
MEHEE CJII0KHBIE KOHTYPBI.
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Tak, B TpPEXKOHTYpHOM MeEXaHH3ME IIATOTO KJacca, TO €CTh C
Han0oJiee CIIOKHBIM MSATU3BEHHBIM HW3MEHAEMBIM KOHTYPOM MOTYT OBITh
CO3JIaHbI JIOTIOTHUTEIbHBIC, HATIPUMED JIBa pa3HbIX KOHTYpa OT BTOPOTO JI0
nAToro kiacca. JIerko yCTaHOBUTh BCE TEOPETHUYECKH BO3MOKHBIC
COYETaHUs KOHTYPOB B TakoM MmexaHus3Me. llepeuncium ux: 1(5+2+2),

YTO O3HAYAET — IATHIM KJIACC, IUIFOC BTOPOM KJacc, INIFOC BTOPOM KJIacce,
2(5+3+2),3(5+3+3),4(5+4+2),5(5+4+3),6(5+4+4),7(5+5+2),
8(5+5+3), 9(5+5+4), 10(5+5+5), T.e. mecaTh pasHBIX coueTaHuil. B

COOTBETCTBUM C 3TUMHU COUYETAHHUSAMH, BBEJEM JOIOIHUTEIBHO IIOHSATHUE
IOJKJIACCOB MEXaHU3MOB. B paccmarpuBaeMoM mpuMepe UX AECATh — OT
nepsoro — 1(5+2+2), no mecaroro — 10(5+5+5). U, ecin B peaqsHOM

MeXaHH3Me HCIOJIb30BaTh, HATIPEMED, codeTanue KoHTypoB (5+4+3), To

BeCh MEXaHU3M OyJeT Ha3BaH — MEXaHU3MOM IIATOr0 KJjacca,
TPEXKOHTYPHBIU, MSITOTO MOJIKJIACCa.

[TokaxkeM B Tabmuie 2 MNpPUMEPHI KIACCOB, N-KOHTYPHOCTH U
MOJKJIACCOB MEXaHU3MOB B cCilyd4ae, KOorja B MEXaHU3ME MOTYT
MPUCYTCTBOBATh 3aMKHYTBHIE HW3MEHSAEMbIE KOHTYpbl OT OJIHO- [I0
MATUKOHTYPHBIX C  HU3MEHSEMBIMM  3aMKHYTBIMM  KOHTypamMu  OT
JIBYX3BEHHBIX J]0 CEMU3BEHHBIX.

[To Tabnuiie 2 1€rKko MOTyT OBITh OMpEJIeIEHbl HOMEPA MOJKIACCOB
MEXaHU3MOB. B caMOM CII0KHOM TMSATHKOHTYPHOM MEXaHHM3ME CEIbMOTO
KJj1acca (B KOTOPOM X, = /) BCETO MOTYT UMETh MeCTO 126 moakiiaccoB

M KOHKPETH3aIlis B BHUJC YTBEPKICHUS — «MEXaHU3M CEIbMOro Kjacca,
125°" moxaxnacca» (7+7+7+7+6) BrojaHe ageKBaTHO.
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Tabmura 2 — [Ipumepsl K1accoB, N -KOHTYPHOCTH U TIOJIKJIACCOB MEXaHU3MOB
N - KOHTYPHOCTH T10 Onno JByx- Tpex- Yetpipex- [IsaTu-
YHCITy KOHTYPOB KOHTYPHBIC | KOHTYpHBIE | KOHTYpPHBIE | KOHTYPHBIE | KOHTYPHBIC
CII05KHOCTh OCHOBHOT'O
IToxkiaccel MEXaHU3MOB
KOHTYPA, Qax
2* 2 2+2 2+2+2 2+2+2+2 2+2+2+2+2
3+2+2 3424049 | Stetete+2
3+3+2+2+2
3+3+2 3+3+2+2
- 3+2 3+3+3+2+2
3 3 3+3+3 3+3+3+2
3+3 BCero 3434343 | OrItSSH2
3+3+3+3+3
HOJKJIAacCOB 3 Bcero 4
BCEIO 5
44242
442 4+3+2 oT oT
443 4+3+3 4+2+2+2 442424242
4* 4 444 4+4+2 pi (o) 1o
Beero 3 4+4+3 A+4+4+4 A+4+4+4+4
4+4+4 Bcero 10 Bcero 15
BCEro 6
5+2 oT oT
5+3 oT 5+2+2 5+2+2+2 5+24+2+2+2
5* 5 5+4 o 5+5+5 o bi (o)
5+5 Bcero 10 5+5+5+5 5+5+5+5+5
Bcero 4 Bcero 20 Bcero 35
6+2
643 oT oT
6+4 or 6+2+2 6+2+2+2 6+2+2+2+2
6* 6 645 1o 6+6+6 bi (o) 1o
Bcero 15 6+6+6+6 6+6+6+6+6
6+6
Bcero 35 Bcero 70
BCEro 5
7+2
7+3 oT oT
7+4 oT 7+2+2 T+2+42+2 T+2+42+2+2
7* 7 7+5 no 7+7+7 o Io
7+6 Bcero 21 T+7+7+7 T+7+7+7+7
T+7 BCero 56 Bcero 126
Bcero 6

* YUCII0 3BCHLEB B KOHTYPC

B tabnuile 3 mokazaHbl 3HaUYCHUSI YUCEI MOJKIACCOB MEXaHU3MOB B
3aBUCUMOCTH OT N “KOHTYPHOCTH OT OIAHO- OO JCCATUKOHTYPHBIX
MEXaHU3MOB TIPU YBEJIWYECHUHU KJIACCOB MEXAHU3MOB OT BTOPOrO 10
OJIMHHAILIATOTO.

W3 310l TabauIbl BUIHO, YTO YUCIIO MOJKIACCOB JECATUKOHTYPHBIX
LEMEN Pa3HbIX KIACCOB OT BTOPOTO 0 OAWHHAAUATOTO BKIFOYUTEIBHO
u3Mensiercs oT 1 1o 48620. Tem He MeHee, KakI0€ COUETAaHUE KOHTYPOB
MOXET UMETh €IMHCTBEHHBIN, COOTBETCTBYIOIINI €MY HOMED, T.€. HOMEP
IoJKJIacca.
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Tabmuna 3 — 3HaueHns Yucel IIOAKIACCOB MEXAaHU3MOB B 3aBUCUMOCTH OT

N -KOHTYPHOCTH

Yuco noAKIIaccoB MEXaHU3MOB IIPU YHCIIE KOHTYPOB
1 2 3 4 &) 6 / 8 9 10
1 1 1 1 1 1 1 1 1 1 1
@ 2 1 2 3 4 &) 6 / 8 9 10
= 3 1 3 6 10 15 21 28 36 45 55
= 4 1 4 10 20 35 56 84 120 165 220
g 5 1 S 15 | 35 70 126 | 210 330 495 715
=| 6 1 6 21 56 | 126 | 252 | 462 792 1287 | 2002
§ / 1 7 28 | 84 | 210 | 462 | 924 | 1716 | 3003 | 5005
| 8 1 8 36 | 120 | 330 | 792 | 1716 | 3432 | 6435 | 11440
2 9 1 9 45 | 165 | 495 | 1287 | 3003 | 6435 | 12870 | 24310
10 | 1 10 | 55 | 220 | 715 | 2002 | 5005 | 11440 | 24310 | 48620

OTMeTuM, 9TO B TUIOCKHX NIAPHUPHBIX IEISIX HambOoJiee MPOCTHIM
SABJISICTCSL YETHIPEX3BEHHBIM N3MEHSEMbIN 3aMKHYThINH KOHTYp. [lokakem B
Tabnuiie 4, CKOJIBKO M Kakhue MMEHHO TIOJKJIACChI MOTYT OBITh
OpraHW30BaHbl MPH YCJIOBUH, YTO MAKCHUMaJbHOE KOJHMYECTBO KOHTYPOB
MPUHUMAETCS] PaBHBIM TISITH, a HAWOOJEe CIOKHBIM KOHTYPOM SIBJISCTCS
CEMU3BEHHBIN.

Bce mopkmaccel MeEXaHM3MOB, IIOMEIIEHHBIE B Taoimue 4,
0003Ha4YeHbl ~ HOMepamu. HawubOosbiiee  KOJMYECTBO  IMOJKIACCOB
MEXaHU3MOB — 35 MOXKHO TMOCTPOHUTb, €CIIU CaMbIM CJIOKHBIM KOHTYPOM
MIPUHUMAETCS CEMU3BEHHBIN, & MEXaHU3M OKa3bIBACTCS MATUKOHTYPHBIM.
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Tabnuua 4 — [loaknaccel MEXaHU3MOB

[Tonknaccel MEXaHM3MOB ITPU YKCIIE KOHTYPOB
1 2 3 4 5
4 1(4) | 1(4+4) | 1(4+4+4) | 1(4+4+4+4) 1(4+4+4+4+4)
| 1(5+4+4+4+4),
| 1(5ravay | 10+A+ARA) 1o 0 p i nvara):
S 1(5) 12(55:‘2 2(5+5+4); g(gigig:j) 3(5+5+5+4+4);
(5+5) | 3(5+545) 4((5+5+5+5))’ A(5+5+5+5+4);
5(5+5+5+5+5)
1(6+4+4+4);
2(6+5+4+4); | 1(6+4+4+4+4); 2(6+5+4+4+4);
1 (6+4+4); | 3(6+5+5+4); | 3(6+5+5+4+4); 4(6+5+5+5+4);
1(6+4): 2(6+5+4); | 4(6+5+5+5); | 5(6+5+5+5+5); 6(6+6+4+4+4);
6 1(6) 2(6+5)3 3(6+5+5); | 5(6+6+4+4); | 7(6+6+5+4+4); 8(6+6+5+5+4);
3(6 +6)’ 4(6+6+4); | 6(6+6+5+4); | 9(6+6+5+5+5); 10(6+6+6+4+4);
5(6+6+5); | 7(6+6+5+5); | 11(6+6+6+5+4); 12(6+6+6+5+5);
6(6+6+6) | 8(6+6+6+4); | 13(6+6+6+6+4); 14(6+6+6+6+5);
g 9(6+6+6+5); | 15(6+6+6+6+6)
5 10(6+6+6+6)
T 1(7+4+4+4);
% 2(7+5+4+4); | 1(7+4+4+4+4); 2(7+5+4+4+4);,
E 3(7+5+5+4); | 3(7+5+5+4+4); 4(7+5+5+5+4);
§ 4(7+5+5+5); | 5(7+5+5+5+5); 6(7+6+4+4+4);
N 5(7+6+4+4); | 7(7+6+5+4+4); 8(7+6+5+5+4);
1(7+4+4); | 6(7+6+5+4); | 9(7+6+5+5+5); 10(7+6+6+4+4);
2(7+5+4); | 7(7+6+5+5); | 11(7+6+6+5+4);12(7+6+6+5+5);
3(7+5+5); | 8(7+6+6+4); | 13(7+6+6+6+4); 14(7+6+6+6+5);
1(7+4); | 4(7+6+4); | 9(7+6+6+5); | 15(7+6+6+6+6); 16(7+7+4+4+4);
7 1(7) 2(7+5); | 5(7+6+5); | 10(7+6+6+6); | 17(7+7+5+4+4); 18(7+7+5+5+4);
3(7+6); | 6(7+6+6); | 11(7+7+4+4); | 19(7+7+5+5+5); 20(7+7+6+4+4);
A(T+T7) | T(7+7+4); | 12(7+7+5+4); | 21(7+7+6+5+4); 22(7+7+6+5+5);
8(7+7+5); | 13(7+7+5+5); | 23(7+7+6+6+4); 24(7+7+6+6+5);
9(7+7+6); | 14(7+7+6+4); | 25(7+7+6+6+6); 26(7+7+7+4+4);
10(7+7+7) | 15(7+7+6+5); | 27(7+7+7+5+4); 28(7+7+7+5+5);
16(7+7+6+6); | 29(7+7+7+6+4); 30(7+7+7+6+5);
17(7+7+7+4); | 3L(7+7+7+6+6); 32(7+7+7+7+4);
18(7+7+7+5); | 33(7+7+7+7+5); 34(7+7+7+7+6);
19(7+7+7+6); | 35(7+7+7+7+7)
20(7+7+7+7)

Ha pucyHke 5 1oka3aH IUIOCKUMU LIAPHUPHBIA MEXAHU3M IISITOTO
KJ1acca, IBYXKOHTYpHBIN. CorjacHo Tabiune 4 3TOT MEXaHU3M OTHOCHUTCS
K IIEpBOMY MOJKJIACCY, CPEAU IBYX BO3MOXKHBIX MOJKJIACCOB.

48



PucyHnok 6 — [llapHupHBIN IByXKOHTYPHBIM MEXAHU3M

B »TomM MexaHu3dmMe U nATU3BEeHHbIM KOHTYp BGHEF, wu
yeTblpex3BeHHbII KOHTYp GCDH 3aMKkHYyTHIE U TOABM)XHBIE B TOM CMBICIIE,
YTO OTHOCHUTEJIBHOE PACIIOJIOKEHHUE 3BEHBEB B 3THX KOHTYpaX B IPOLIECCE
paboThl MEXaHNU3Ma U3MEHSETCS.

Jlenenne MeXaHW3MOB Ha KJIACCHI U MOJIKJIACCHI BIIOJIHE MOJYUHACTCS
oOlIel TeOpUM KMHEMATHYECKUX LEIMEH, KOTOopas Hauboyiee pa3BEpHYTO
n30xeHa B padote [10].

JIrobas kuHEMaTn4ecKas Lenb MpU €€ 00pa3oBaHUM BETBUTCH. Uucio
BETBEH y 1LIeNM OMNpPEACIISETCS YUCIAMU €€ 3BEHbEB N U KMHEMATHYECKHUX

nap p
y=p-(n-1). (8)
C npyroi CTOpOHBI apaMeTp ¥ MOXKET OBITh BBIPAXKEH UEpPE3 UHCIIO
BBIXOJIOB 1IeTIH O (CBOOOJHBIX KMHEMATUYECKUX IMap WM COCAMHEHUU CO
CTOMKOI) M uepe3 YUCII0 3aMKHYTHIX U3MEHSIEMbIX KOHTYPOB B HEW &, T.e.
B BUJIC
y=0+a. (9)
[IpupaBHsiB mnpaBbie yactd (8) u (9), mHoaydywMm, YTO YHCIIO
MU3MEHSEMBIX 3aMKHYTHIX KOHTYPOB JIF000M 1enu
a=p-(n-1)-o. (10)
[Ipu oTCyTCTBMM <, T.€. B LIEMSAX MEPBOrO Kjacca, YMCJIO BBIXOJOB
nenu

S=y=p-(n-1).
[Ipu u3BeCTHBIX 7 (BUI MeXaHu3Ma) U N; (MOABUA MeXaHU3Ma) 110 (8) MOYKHO
onpeneauth ¥ U Toraa w3 (9) HaWth . YKCHO BBIXOJOB MMM MOXKET
U3MEHAIThbCST OT ¥ no 2. Ilpu 6 =y —1, a=1. DTOT KOHTYp MOXET OBITb

OpPraHM30BaH YMCJIOM 3BEHLEB OT ABYX A0 N. Haubosee CloXHBINA KOHTYp B
MEXAHU3ME ONPENEISIET €ro KIacc — OT BTOPOro J0 N-HHOro. 3aMKHYThIE Ha
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CTOMKY MEXaHM3MBI JIOJDKHBI 00JajaTh Kak MUHHUMYM JBYMS CBOOOIHBIMU
BBIXO/IaMH{ M TOTJa YKCII0O KOHTYPOB MOKET OBITh HaiIEHO KaK

a=y—2,
a B 3aMKHYTBIX KHHEMAaTHMYECKHX ILIEMsAX, HE CBSI3aHHBIX CO CTOMKOM,
KaKOBBIMHM, HAIIpUMEDP, SBJISIOTCS TaK Ha3bIBacMble ey ['prodiepa, yucio
BBIXOJIOB O =0 M TOrja B TaKUX LEMAX X =¥ .

Takum 00pa3om, eclii B pe3yJibTaTe pelIeHus CUCTeMbl (2) OyneT
HaiilecHo oO0Imee 4YWCI0 3BEHhEB MEXaHW3Ma M OO0IIee YHCIIO
KMHEMaTUYECKUX map B HEW, TO mo (&) JErko HalTH YUCIO BETBEU J .

Jlanee, U3 KOHKPETHBIX COOOpaKEHUM, OMPEACIISIONIUXCS TEXHHUYCCKHM
3aJlaHUEM Ha TMPOEKTUPYEMBIM MEXaHW3M, BBIOMpAETCS Il HEro YHUCIO
BBIXOJIOB 0 Ha HEIMOJBHXHYIO CTOMKY M 10 (9) omnpenensercs nmoTpeOHoe
YHUCJIO 3aMKHYTBIX U3MEHSAEMBIX KOHTYPOB &, TO €CTh €r0 KOHTYPHOCTb, a
II0CJIe TOTO, IO TabnuIle 2 WiIK 10 4 BRIOMpAETCs UM HAXOAUTCS TMOAKIIACC
MexaHm3Ma. Takmm o0pa3oMm, 3ajada O HAXOXKICHWH KIAacCOB U
IIOJIKJIACCOB CTAHOBUTCS BIOJIHE Pa3pEIICHHOM.

Tak, B [ENM TPETHErO0 CEMEWCTBA, BTOPOTO IIOJICEMEUCTRBA,
onmuchIBaeMOTo (popMyon

W3z =3n -2,

npu cozganuu rpynn Accypa (W) =0) u3 BocbMu 3BeHbeB (N=8 u

Ps =12) uncno BerBen nenu y =5. B 9TOM MIapHUPHON LIETIH ¢ TapaMu Ps

HE MOIYT CYIIECTBOBAaTh KOHTYPhl BTOPOTO M TPETHETO KJIACCOB.
[IpocTeliiM KOHTYPOM [JIsi 3TOro ciydyas (pUCYHOK 7,a) SIBISETCS
YEeTBIPEXYTOIbHBIN — ¢, , T.€. MOKHO CO3[aTh LIENb YETBEPTOrO Kiacca.
B03MOXHBI TOCTPOEHUS TAaKMX BOCBMHU3BCHHBIX IICMENM TAaKXKE B BUIEC
neneid nmaroro (g ), mectoro (g ), ceapmoro (a,) U BocbMOro (ag)
kiaccoB. [locineauuii ciaydait n300pakeH Ha PUCYHKE 7,86.

B mnoka3zaHHbIX nensx npu o =1 uncino BeixonoB y—a =4. Ilpu
3alaHUd O =3 MOTYT OBITh MOCTPOCHBI LENU C JIByMSI 3aMKHYTBIMU
KOHTypamMu ¢, +a, (pucyHok 7,c) u as +«a, (pucynok 7,d). B mepBom
CIy4ae MOJIydaeM IEMb YETBEPTOrO0 KIacca, ABYXKOHTYPHYIO, IEPBOIO
MOJIKJIACCa, BO BTOPOM CJIy4ae — 3TO IEMb MSITOTO Kilacca, IBYXKOHTYpHas,
epBOro mojknacca. B nmenu 7,e Tpu M3MEHSEMBIX KOHTypa. JTa UEMHb
YETBEPTOTO KJIacca, TPEXKOHTYPHAsl, IEPBOTO MOJIKIACCA.
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Pucynoxk 7 — Knaccel 1 nogkyiaccbl KHHEMATHYECKUX 1EeTIEH

OpnHako, AeeHUs MEXaHU3MOB IO KJIaccaM, 1Mo N-KOHTYPHOCTH U IO
nojKjIaccam SBJISIIOTCS KPUTEPUSIMHU HEOOXOUMBIMU, HO
HEJIOCTATOYHBIMU, YTOOBI HIACHTUPHUIIMPOBATH BCE MEXAHU3MBI IOCIE
MOCTPOCHUSI B HUX H3MEHSIEMBIX 3aMKHYTBIX KOHTYpPOB. BaXHO Takxke
pa3invyaTh MEXaHU3MBI IO CJI0KHOCTH BXOJIHOTO 3B€HA. /[es10 B TOM, 4TO B
OECKOHTYPHBIX MEXaHM3MaX MX KMHEMaTUYeCKHE IIEMU BO BCEX BETBSIX
3aKaHUYMBAIOTCA TIOBOJIKAMHM, TO €CTh JBYXMapHLIMU 3BEHbSIMU. [Ipu
MOCTPOCHUHU BHYTPU IEMU 3aMKHYTBIX H3MEHSEMBIX KOHTYpPOB, BETBU
MOTYT OKAaHYMBATHhCS 3BEHBAMHU OO0J€€ CIIOXKHBIMH, a4 HMEHHO TpEX-
YeThIpEeX-, ¥ BOOOIIE N-napHbIMU. Tak, TI0CKas MapHUpPHAs MSITU3BEHHAS,
YETBEPTOTO Kjacca (pUCYHOK,8,a) KUHEMAaTU4YeCKas LETIb,
yzroBnerBopsitornas ycnouto Wy o) =1, MoxeT ObITh COOpaHa B MEXaHNU3M

IBOSIKMM 00pa3oM, WIIM ¢ BEIYIIMM JBYXIIAPHBIM 3BeHOM | (pUCYHOK 8,6)
WM C BEAYIIUM TPEXIapHbIM 3BE€HOM 4 (PUCYHOK 8,C) U 3TU MEXaHWU3MBbI
OKa3bIBAIOTCS CYIIECTBEHHO pa3HbIMU. MeXaHU3M 10 CXeMe 8) COCTOUT U3
BEAYIIETO 3BE€HA U YETBHIPEX3BCHHOM T'PYIIbI ACCypa YETBEPTOTO Kjacca ¢
3aMKHYTBIM HW3MEHSIEMBIM UYETBIPEX3BEHHBIM KOHTYPOM, a CXeMa c)
oOpa3yeTcs OT TpeXmapHOTO 3BEHAa C TMPHUCOCAMHEHHEM K HEMY
TPEXMOBOJAKOBOM HOPMAJIbHOU IpynIibl Accypa.

Pucynok 8 — OTiuuunsi MEXaHU3MOB MO CJI0KHOCTH BEIYIIETO 3BEHA

PaznuyaTte Takue menu OyjaeM BBeAcHHEM 0003HadeHus P (mapa) ¢

HHIACKCOB 6 , 4YTO O3HA4YacT 4YMUCJO I1ap BECAYHICIO 3BCHA, 4 LCIIb B IICJIOM
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mo Kkimaccam Oynaem o0osHadaTe Kak K, opp , T.e. MEXaHHM3M Kiacca
max 8

o C YHCIOM KOHTYPOB « , BBICTPOCHHBIX II0 MOJKIAcCy N mpu

max 2
BeIyIEM 3BEHE ¢ 4yucioM mnap pP,. Hampumep, cxema, mpuBeieHHas Ha

pHCyHKe 7,c ONUCBIBACTCS, KaK Kyqy3.

5°, [lepeiineM Kk msATOMY YPOBHIO KiacCU(DUKAIIUA MEXaHU3MOB.

MexaHn3Mbl  OJIMHAKOBBIX CEMEMCTB, BUJOB M KJIaCCOB MOTYT
CYIIECTBEHHO Pa3InyaThCsl B 3aBUCKMOCTH OT MIPUHATHIX B HUX JUCTAHIINMN —
yuciaa 3BEHBEB MEXK/Y BBIXOJAMH. B COOTBETCTBMM C 3THUM BBOIUTCA
JICJICHUE MEXAHU3MOB Ha NOPOKU, ONIPEEIIieMbIE YUCIIAMU CTOPOH 3BCHBEB
e MEXAY BbIXOJaMU Ha CTOMKY. OOOCHYeM ATO TMOJIOKEHHE ToIpoOHEe.
SIBnsieTcs OYEBHMIHBIM, YTO y OJIHOMAPHOTO 3BEHA (PUCYHOK 9,a) MexmTy
KMHEMAaTHYECKMMH MMapaMH BCErO OJHA CTOpPOHA AA, y NBYXIAPHOIO — JBE:
AB u BA (pucyHok 9,6), y Tpexnaptoro — tpu: AB, BC u CA (pucyHok 9,c) u
T.0. B KuHemMaTWuecKoM ILiemu, IMOKa3aHHOW Ha pucyHke 8,d, Bcero
OJIMHHAIIATh CTOPOH 3B€HbEB, OHU MOKA3aHbI CTPEIKAMMU.

PucyHok 9 — Uncio CTOpOH 3BEHbEB KHHEMATHYECKOM 1I€TH

OO6u1ee yucno CTOpoH A MENu ONPEAETUTCS 3aBUCUMOCTBIO
2
T

UtoOsl 4YMCIIO KUHEMATHYECKUX MMap M YHUCIO 3BEHBEB B IIEMHU
(pucynok, 9,d) mpum 00pa3oBaHWUM 3aMKHYTOTO HW3MEHSIEMOIO KOHTYpa
BCFG (pucyHok, 9,e) He U3MEHUIOCH, HEOOXOIUMO, OOBEANHSS OTKPHITHIC
napel A u G B ogHy, 100aBuTh cBOOOaHYIO mapy H. To ecTh mocTtpocHUe
3aMKHYTOI'O KOHTYpa &, B 3TOM Cilydae, IPUBOAUT K YBEJIWYEHHUIO YHCIA

ctopoH 1ienu Ha eauHuity (GH). Eciam KOHTypoB BBOIWTCS @ IITYK, TO
CYMMAapHO€ YHCJIO CTOPOH LIENH A . CTAHOBUTCS] PaBHBIM

A =A+a. (12)
ITpn 3TOM NOSIBIAIOTCA Hapy’KHbIE A, U BHYTPEHHHE A, CTOPOHBI

uenvu. BHyTpeHHUME CTOpPOHBI  OKa3bIBAKOTCA BHYTPH  3aMKHYTBIX
U3MEHSEMbIX KOHTYpOB. CyMMapHO€ YHCIIO CTOPOH TOT1a OyaeT

A=A, +A,. (13)
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Yucno BHYTPEHHUX CTOPOH 3BEHBEB LIENU HAXOAUTCS MO U3BECTHBIM
3aMKHYTBIM KOHTYpaMm, Kak

Imax

ﬂ’g = Ziai ! (14)

Imin
U Torzaa A, =A. —A,. (15)
Jlanee, mpyu N3BECTHOM YHCIIE BBIXOIOB IETIH 0 MOXHO PACTIPEICITIUTh
4UCIIO A, — HAPYXKXHBIX €€ CTOPOH MEXy BBIXOAMH, T.€. PELIUTH 3a7ady O

A,/6 . DTO pelieHWe MHOTOBapHaHTHO, a IIOTOMY BO3MOXKHBIC

OTJIMYAIOIIUECS BAPUAHThI MEXaHU3MOB I10 3TOMY NapaMeTpy, HE0OXOAUMO
paznnuatk. C 3TOM LENbI0 BBEIEM MOHITUE HOPsOKO8 MEXAHU3MOB.

OTMeTuM, 4YTO CYIIECTBYET OIPAaHMYCHHE Ha MHUHUMAIbHYIO
«JIUCTAHIMIO» MEXIY BBIXOAAMH, OIMPEACIISIONIYIOCS BKIIOYEHHBIM B HEE
YHCJIOM CTOPOH — 3BeHbeB. Tak, Ha pucynke 9,d mexay Beixomamu E u G
TPU CTOPOHBI 3B€HbEB, MEXKy G 1 A — 4eThipe CTOpOHBI U MeXy A u E —
YETHIPE CTOPOHBI.

PealbHO 53TH <«JIUCTAaHUHUM» MOTYT HU3MEHSITHCS OT OJHO- JO
n-croponnux. Hanpumep, MeX1y BhIXOJaMU B HEACCYPOBOM MEXaHU3ME C
OJIHAM TIOJIBM>KHBIM 3BE€HOM, OOPa3yIOIIMM CO CTOMKOM TOYEUHBIE BBHICIIINE
knHeMaTuieckue mapel A u B (pucyHok 10,a), Bcero oaHa CTOpOHA U TIPH
ATOM 3BEHO | BIOJIHE MOXKET UMETh JIBIDKEHHUE OTHOCUTEIIBHO CTOWKH, a B
mIockoi kuHeMaruueckoil nenu O1ABO, (pucynok 10,8) mexay BbIXogaMu
O1 1 O, DOMKHO HAXOOUTHCS HE MEHEE TPEX CTOPOH, MHAYE CHUCTEMA
OKa)XETCS HETMOJBIWKHOU. VIMEHHO MO3TOMY B PacCMaTpHUBAEMOM HIDKE
npuMepe IUIOCKOTO IIAPHUPHOTO MEXaHW3Ma ¢ N=7 MUHUMAJIbHOU
JUCTAaHLIUEN MPUHUMAETCA TPEX3BEHHAS.

a) 1 8) A B

4 Ol 02

Pucynok 10 — IIpocreiimme HeacCypoB U acCYpOB MEXAHU3MBI

B KOHKpeTHOH MIOCKOM IENH TPEThero ceMeiicTra (M =3), TPEThero
Buna ( 7=3), yerBeproro kmacca ( @, ), OABYXKOHTypHOH ( « =2¢, ),
CEMU3BEHHOU (N =7 ), moka3aHHON Ha pucyHke 10, 4KMCIO HAPYKHBIX
CTOpoH A, paBHO 10 1 OHO MOKET OBITh Pa30UTO MEKIY ABYMS BBIXOJaMU,
Kak 3+7, 4+6 u 5+5. OTu couyeTaHus U ONPEACIAT NOPSIIKN MEXAHU3MOB, a
MMEHHO

3+7 — nepBOro nopsika,
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4+6 — BTOpOTO TIOPSIKA,
5+5 — TpeThero NopsakKa.
He kaxpiii OpsI0K B KOHKPETHOM CITydae MOXKET ObITh PEaTn30BaH.
B 1npuBeneHHOM TmpuMepe pealm3yeMbl BTOPOM M TPETbU MOPSIIKH
(pucyHok 11,a u s).

Pucynok 11 — BocbMu3BEHHBIE IAPHUPHBIE MEXAHU3MbI PA3HBIX MMOPSAKOB

DOTH MeXaHU3Mbl MOTYT OBITh PA3JUUYEHBI JUIIb [0 UX MOpsakaM. B
MepBOM 3TO 4+6, BO BTOPOM 5+5 mpu 00X0/Ie UX 10 YACOBOM CTPEIIKE OT
O,k O,unor O, x 0.

ITpu yBennueHun 4uciia BEIXOAOB OT 2 0 ¥ 00IIee YUCiIo A, MOKET

JEIUTHCS HA YHUCIO JUCTAHIIMN TakK, YTO BHYTPHU TMOPSIKA pa3eiICHUS
MOTYT MOSIBUTHCS PA3JIMYHMS MMOCIIEI0BATEILHOCTHA YUCET CTOPOH, KOTOPHIE
CIEAYET YUYUTHIBATh ITyTEM BBEJACHUS MOHATUN MOMOPSIKOB.

[TokaxkeM Ha mpuUMepe METOAMKY TMOUCKA MOPSAJIKOB U MOJMOPSIKOB
MexaHu3MoB. [Ipomomxum paccmaTpuBaTh IIockue (M =3) MApHUPHBIE
(ps =0) mMexanu3MsbI (W3(2) =0) Tperbero Buga (7 =3), NOABUKHOCTD
KOTOPBIX onpenesieTcs Gopmyion

YHuBepcanbHas CTPYKTypHas CHCTEMa MJid TaKUX MEXaHU3MOB

3aIUCHIBACTCS KaK
Ps =3+ 2n, +ny, a7
n=1+n,+n,.

Haunem pa3bicKuBaTh W yCTAaHABIWBATH MOPSAKH M TOATOPSAKU
TaKUX MEXaHU3MOB, 33/1aBIIMCh BHavyaye yciaoBuem N, =0. B aTom ciyuae,
cuctema (17) 3anuiercst B BUE

Ps =3+ Ny,
n=1+n,.

[logctaBum 3TH 3HaueHuss Ps; U N B (16) m Haigem, 4TO
n=4n=5p;="7.

(18)
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B uncne N=5 ogHO 3BeHO TpexmapHoe (7 =3) U YEThIpE 3BEHA
nByxnapssle (N, =4). Yucno cropoH takod nenu no (11) okaxercs

paBHbIM A =11, a yKcIIO BETBEN ¥ MO 3aBUCUMOCTH (&) MpHU YCIIOBUH, YTO

B 1LIETM HE OYJEeT U3MEHSAEMBIX 3aMKHYTBHIX KOHTYPOB, TO €CTh Ipu o =0,
JacT 3HadyeHue y =3 . Mexly 3TUMUA TpeEMs BbIXOJAMHU HalMYECTBYET

A =11 cropon. [lpu yciioBUM, YTO HAWMEHBILIEE YHUCIO CTOPOH MEXKIY
ABYMs BBIXOJAMHU A, =3, HalIGCHHOE A MOXET OBbITh IPEJICTaBICHO B
BUJIE IBYX MOPSIKOB
1(3+3+5),
2(3+4+4).
[lepecTaHOBKa YHCEll, 3alIMCAHHBIX B CTPOKAaX, HE MOXET MU3MEHUTD
UX TIOCIENOBATENbHOCTH, a NOoTOMy o00a »3TH TMOpAdKa HMEIOT
€IMHCTBEHHBIN NMOBTOPSAIOIUN X MOANOPSIOK. MeXaHnu3Mbl, HaliIEHHbIE
10 U3JI0’KEHHOM METO/MKe, IPUBEACHBI Ha pUCYHKe 11, a u 6.

Pucynok 12 — [llectu3BeHHBIE TIIOCKME MIAPHUPHBIE MEXAHU3MBI,
OTJIMYAIOLIMECS 10 HOPAIKAM

3amanuMcsl yCIOBHEM, YTO HalneHHas uens (7=3, N=5, ps=7,
N =4) CTpOUTCS C OJHUM HU3MEHSEMBIM 3aMKHYThIM KOHTYpoM « =1.
Torna no (9) naiinem, uro o =(y—1)=2, a A, mo (12) okaxercsi paBHbIM
A. =A+a=12.

Bo3MoykHbI 1BE cuTyanmu (pucyHoK 13,a,6), Koria co3aeTcs Takas 1ellb
C KOHTYPOM (¢, (4E€TBEPTHIN KJIACC) ¥ KOTJa ¢ KOHTYPOM (s (TIATBINA KJI1acc).

Pucynok 13 — [IaTu3BEeHHBIE LIENTU C U3MEHSAEMBIM 3aMKHYTHIM KOHTYPOM
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B nepBoM ciiy4ae 4ucio HapyKHbIX cTopoH 1o (15) 4, =4. —4=8n

TOrJla BO3MOXHBI JHCTaHUMU 3+5 wu 4+4, BO BTOPOM Cciydae
A, =A.—5=7,4T0 NaeT €AUHCTBEHHYIO JUCTaHIMUIO 3+4. PeanusyembiMu

SBIISAIOTCS JBa mopsaka — (4+4) u (3+4), nokazannasle Ha pucyHke 13. O6a
ATUX MOPSIKA UMEIOT TOBTOPSIOIIUE UX TTOATOPSIIKH.
W3menum ycioBue M 3amanuMcs 3HadeHueM N, =1, torma (18)

3aIUIIETCS B BUJIC
Ps =5+,
n=2+n,
OTKyJla Haiaem, uto Ny =5, n=7, ps; =10.
Tenepp B 1lenu J1Ba 3B€HA TPEXMAPHBIX, MSATh 3BEHBEB IBYXMAPHBIX U
mo (11) momyuum ymcio cTopoH A =16, a 4KMCIO BBIXOJOB O =y =4.

[TonyyenHoe 3HaueHue A =16 MOXHO pa3aEIUTh MEXIYy YEThIPbMS
BBIXOJIAaMHU B MSTh MTOPSAKOB

1(3+3+3+7),

2(3+3+4+6),

3(3+3+5+5),

4(3+4+4+5),

5(4+4+4+4).

[lepBblli W MOATBIA MNOPSJAKKM HMMEIOT MO OJHOMY IOJNOPAJIKY,
MOBTOPSIONIME CaMM  TOPSIAKM, TPU  OCTABIIUXCS MOTYT  OBITh
MIPEACTABJICHBI B PA3JIMYHBIX MOANOPSAKAX, & UMEHHO, BTOPOU MOPSJIOK B
BHJIE TIOAIIOPSIKOB

2(1)(3+3+4+6),
2(2)(3+3+6+4),
2(3)(3"‘4"‘3"‘6),
TPETHI TTOPSAIOK B BUJIE IBYX MOANOPSIKOB
3)(3+3+5+5),
3(2)(3+5+3+5),
Y YETBEPTHIN MOPSJOK B BUJIE TPEX MOATOPIAIKOB
4(1)(3+4+4+5),
42)(3+4+5+4),
4(3(3+5+4+4).

Ha pucynke 14 mnoka3aHbl MeEXaHHU3MBl @) — IIEPBOrO IIOps/IKa,
MIEpBOTO MOAIOPAJIKA, 8) — BTOPOTO IMOPsJIKA, IEPBOTr0 MOANOPSJIKA, C) —
BTOPOT'0 TOPsJIKAa, BTOPOro moamnopsaka, d) — BToporo mopsijka, TPEThero
noanopsaka, f) — Tperbero mopsaka, BTOporo moamnopsaka, g) —
YETBEPTOrO IOPSAKA, MEPBOro MOAMOPsAAKa M K) — 4eTBepTOro IMopsaka,
TPETHEr0 MOATOPSIKA.
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> 3
1(3+3+3+7)

7. /A
43)(3+5+4+4)
Pucynok 14 — BapuaHTbI ey NJI0CKOTO MIAPHUPHOTO MEXAHU3Ma C
tICTLIpI)MSI BbBIXOJaMHU

OcranbHble TOPSAKU W TMOMAMOPSAAKHA TaKOW CTPYKTYphl HE MOTYT
ObITh peaau30BaHbl WIM IOKa HEe HaiijeHbl. Ecim, ganee, yMEHBIIUTH
YUCJIO BBIXOJOB O JO TpeX, TO B LEMSAX MOSBUTCA OJIMH W3MEHSEMBbIN
3aMKHYTBIM KOHTYP, @, €CJIU IPUHATH O = 2, TO TOABSATCS JABA U3MCHIEMBIX
KOHTypa. VI 3TH 1lemM MOXKHO packKiacCU(UIMPOBATh KAaK IO KJaccam
(mozknaccam) Tak U Mo nopsiakam (IoamnopsiaKam)

WTtak, moaBoasi UTOT M3JI0KEHHOT'O BBINE, BCE MEXAaHU3MBI B HX
MOJIHOM  MHOTrooOpa3uyM BHE 3aBUCUMOCTH OT (PYHKIIMOHAIBLHOIO
Ha3HAYEHUSI MOTYT JIeNUThCsl Ha accypoBbl (MA) u HeaccypoBsl (MHA) u
nanee KiaccuUIMpoBaThCs 10
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ceMencTBaM, S, /j

BUIAM, V.,
knaccaM K, o m/p,
u opsifkam Py .

Kaxaplii OTIUYaIOMMACS OT APYTUX MEXaHNW3M MOXKET OBITh ONHMCAH
bopmymnort (M, Sy Vi Ky oimp, Pag):

[IpuBeAEHHBIE B HACTOSIIEH CTaThe AHAIUTHUYECKHE 3aBHUCHUMOCTH,
ONpeJeAIoNINe YPOBHU KIIaCCU(UKAIIMA MEXaHHU3MOB, JIOCTaTOYHO
XOpOIIO MPOBEPEHBI HA MHOTMX YACTHBIX NPUMEpPAX U JaJbHEHUIIEe
COBEPIICHCTBOBAHUE MOJIXOJIOB u pa3BUTHE npeaIaracMoun
KJIaCCU(UKAIIMU MMO3BOJUT PEIIUTh OJHY W3 BAXKHEHIIUX 3a7a4 B TCOPUU
MEXaHU3MOB U MallliH. B COOTBETCTBUU C NMPUBEAECHHON KilacCU(pUKALNEN
MOTYT OBITh pa3pabOTaHbl METOJbl KHHEMATHUYECKOTO M JUHAMUYECKOTO
HCCJIECIOBAaHUS MEXaHHW3MOB I10 CEMENWCTBaM, BU1aM, KJlacCaM 1 MOPSAKaM.

[lokaxxem TipuMep TMOJHOM HWASHTUPUKAIMK MEXaHW3Ma IO
OTIMCAHHBIM YPOBHAM KiIacCH(PUKAITUN.

Ha pucynke 15 mokaszaH CIIOKHBIM JABEHAATU3BEHHBIA IUIOCKHUI
MEXaHU3M C JBYMsS BBIXOJAMH Ha CTOWKY W C YETHIPbMSI W3MEHSIEMbIM
3aMKHYTBIM KOHTYpPaM.

Pucynok 15 — /IBeHHaAIIaTU3BEHHBIN TJIOCKUA MEXAHU3M C YETBIPbMS
3aMKHYTBIMHU U3MEHSIEMbIMUA KOHTYpPaMH

OTOT MexaHu3M sBIsgeTcs accypoBbiM (MA), TpeThero cemeicrna,
BTOPOIr'0 TMOJICEMEICTBA; TPETHErO BHJA, IMEPBOrO IMOJBUIA; CEIBMOIO
KJIacCa, YETBIPEXKOHTYPHBIM, BTOPOr0 MOJKJIAcca, C  BEAYIIUM
JIBYXIAPHBIM 3B€HOM; BTOPOTO MOPSAIKA, IEPBOTO MOMOPSIKA.

[TosicHUM: T.K. MEXaHHU3M COCIHUHSETCA CO CTOMKOW HAa BXOJE 4Yepe3
KMHEMAaTHYECKYI0 Iapy Ps, TO OH SBISETCA acCypoBbIM. Tak Kak OH

BBITIOJTHEH TIJIOCKHUM, T.€. YJAOBJIETBOPSAET YCIOBUIO M =3, TO OTHOCUTCS K
TpEeTheMy KJIacCy, a TaK KaK ONHUCHIBAETCS CTPYKTypHOH GdopMyJion
nonBwkHocty W =3n—-2p; 0e3 wucnonb3oBaHus map P, , TO

HOHCGMCﬁCTBO €ro BTOPOC. HMcnonp30BaHuEe B HEM KaK CaMOIro CJIOXKHOTO
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0a3MCHOrO 3BEHA, T.€. 7 -yTOJbHUKA — TPEXIIAPHOTO, ONIPEAEIIAET €ro BUJl —
TPETUM BUJ, & TaK KaK KPOME 7 -yTOJIbHUKA B HEM HCIIOJIb30BAHBI 3BECHbS
N, , AoOaBifOlIME IO JABE KHUHEMATHYECKHE Napbl, OH OTHOCUTCS K
IepBOMY NoJBUAY. Hannuue B enu CEeMU3BEHHOTO U3MEHSIEMOTO KOHTYpa
ompenensieT KJacCc MEXaHuW3Ma — CeAbMOM, 00Ilee YUCIO HU3MEHSEMbIX
KOHTYPOB  —  4YE€TbIpe, ONOpeAensaT €ero N -KOHTYPHOCTb  —
Y4eTBIPEXKOHTYPHBIN. OOIIee 4ncio BHYTPEHHHX CTOPOH Lenu A, paBHO

20. DTo yHnciIO MOXKET OBbITh pa3duTo Ha couyeranue 1Udp 1(4+4+4+8),
2(4+4+5+7), 3(4+4+6+6), 4(4+5+5+6) u 5(5+5+5+5). PaccmarpuBaemoe
coyetanue (4+4+5+7) onpenensier BTOPOH IOJKIACC MEXaHU3MOB. Tak
KaK BeyIllee 3B€HO B MEXaHU3MeE MPUHSATO ABYXIapHOE (BO3MOXKHO 3a/1aTh
IBU)KEHUE OT CTOMKH WU TPEXIIAPHOMY 3BEHY), TO 3TOT MEXaHH3M €CTh
MEXaHU3M C JIByXIapHbIM BEAYILIUM 3BEHOM.

B ananuzupyemMoM MeXaHU3ME OOIee YHUCIO0 HapyXHBIX CTOPOH
Mexay Beixogamu A, =10. DTo 4ymcno MoxeT OBITH pa3OUTO MEXAY

nByMsl Beixojamu kak 1(3+7), 2(4+6) u 3(5+5), uto onpeaensier NopsaKu
MEXaHU3MOB. B paccmaTpuBaeMoM YacTHOM CIydae MEXIY BBIXOJIaMHU
MMEEM AUCTaHIui0 4+6, a 3TO 03HAYAET, YTO ATOT MEXAHHU3M BTOPOTO
nopsifika, a TaKk KakK ATO COYETaHWE W3 JBYX LHUGPP €AUHCTBEHHOE, TO
MEXaHU3M OTHOCHUTCA K MEepPBOMY HOAMNOPSAKY. B 1enom, nmoka3zaHHbI Ha
prcyHke 14 MexaHn3M omuchBaeTCst popMynon MA SyoVa, Ky a0, Pojr -

OTOT NMpUMeEp MO3BOJIMII MOKa3aTh, YTO JIOOOW CIIOXKHBIA MEXaHHU3M
MOXET OBITh OMHUCAH CTPYKTYPHOI (POpPMYIIO, BIOITHE OTIMYAIOUIEH €ro
OTO BCEX APYTMX MEXaHU3MOB.
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NPUHIUIINAJBHBIE YTOYHEHUSA TEOPUU
KUHEMATHUYECKUX ITAP
JABopHuxos JI.T.

OCHOBBI TOAX0JIa K TEOPUU KMHEMATUYECKUX Tap, T.€. MOJABUKHBIX
COCMHEHUI 3BEHBEB MEXAHUUYECKHUX CHUCTEM OBbLIM H3JI0KEHBI aBTOPOM
HacTosImIeH crtatbu B pabore [1], omyOmmkoBanHOoW B 1994r. Ilozxe
HEKOTOpasi U JOCTATOYHO CYIIECTBEHHAs 10pa0OTKa TeOpuH Oblia cAeiaHa
B JIOKTOpcKoi auccepranuu Kuparo 2.4, [2], 3amumennoi um B 2000r.,
u B coBMecTtHOU (/BopHukoB JI.T., Kusaro 2.4.) monorpaduu «OCHOBBI
TECOPUHU KUHEMATHUCCKHX map» [3].

3a npomeamee ¢ 2000r. Bpems KaKMX-TMOO HOBBIX BaKHBIX
pE3YJIbTaTOB UCCIIEIOBAHUI B 3TOM HAIIPABICHUU OMyOJIMKOBAHO HE OBLIO,
XOTSI MHOTME W3 TMOJHATBIX B IEPEUUCICHHBIX paboTax BOMPOCHI
OCTaBaJUCh OTKPBITBIMU. B 4YacTHOCTM, HE OBLIO HAWAEHO MOJIHOE
MHOT000pa3nue OJHOKOHTAKTHBIX KMHEMAaTUYECKUX Map U STOT BOMPOC HE
Obl1  gaxe chOpMyJIHPOBAH JOCTATOYHO OTYETNIMBO. VIMEHHO JTOM
npoOJieMe U MOCBSIIAETCS HACTOSIAs CTAThS.

KopoTko MOBTOpPHM CYIIHOCTh HCIIOJIb30BaHHOTO B [1] moaxoma k
MOMCKY OTJIMYMI MEXIY BO3MOKHBIMU K MPUMEHECHHUIO KUHEMATUUYECKUMU
napamu. lIpexae Bcero yToO4yHUM, YTO pedb Oyaer UATH O
r€OMETPUUYECKUX CBA3AX MEXKIYy CONPHUKACAIOIMIMMUCS 3BEHBIMH, Kak
TBEPABIMU TelaMU. Takue CBSI3M HA3bIBAIOT TOJOHOMHBIMH, T.€.
HAKJIQJbIBAIOIIMMHU OTPAHUYEHUS HA TIOJIOKEHHWE UM OTHOCHUTEJIbHOE
NepeMenieHue Tell (3BEHbEB) CHUCTEMbl. YUACTKU TeJl, KOTOPbIMH OHU
CONpPUKAcaloTCsl, 00pa3ys TIEeOMETPHUYECKHE CBSI3M, Ha3bIBAIOT MX
reOMETPUUECKUMHU 3JIeMeHTaMu. Bce reoMeTpruyeckue 3JeMeHThI Tell €CTh
MTOBEPXHOCTH.

W3 Teopuun moBepxHocTei [4] u3BecTHO (pUCYHOK 1), 4TO B JIFOOOM
Touke M mnoBepxHOCTH II MOXHO TIPOBECTHM KACATEIbHYIO K HEHU
MJIOCKOCTh, HA KOTOPOMl MOTYT OBITh HAMJEHBI JBa TJIaBHBIX B3aUMHO-
neprneHauKyIsspHbIx Harpasienus |-1 u 11-11.
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Pucynok 1 — Kacarenpnas miockocts B Touke M k nmosepxHoctu 11

HopMmanbHble  cedeHHsT NOBEPXHOCTH IO  OTUM  TJIABHBIM
HAIIPABJICHUSAM JAIOT INIOCKUE KPUBBIE C PaAuyCaMH KpUBU3HBI B TOUke M
COOTBETCTBEHHO p; U p, . JTH PAAUYChl SIBJISIOTCS MUHHMAJIbHBIM U
MAaKCHMaJIbHBIM W3 BCEX KPHUBBIX, MOSBIAIONIMXCA B CEUYCHUAX
paccMaTpuBaeMoi NOBEpXHOCTU B Touke M. KpuBH3HBI INIOCKUX KPUBBIX
M0 TJIaBHBIM HampaBleHHsM Beipaxarorcs kak K, =1/p, u K, =1/p, . B
o0lIeM cily4yae 3TH KPUBU3HBI OMpPEAeIsatoTcs 3HaKaMu. [1oyoKuTenbHbIN
3HaK CBUJAETEIBCTBYET O BBINYKIOCTH KPUBOW, @ OTPULIATENBHBIA — O €€
BOTHYTOCTH.

[IpounsBeneHue riaBHbIX KPUBU3H TOYKU M MMOBEPXHOCTH

K=K;-K; (1)
HAa3bIBaIOT IayCCOBOM KPUBU3HOU ITOBEPXHOCTU B OTOU TOUKE.
B 3aBucumocTHM OT 3HaKa K , pPa3IM4yarOT JJUIMNTAYECKHUE,

runepooMyeckue M NapadOJIMYecKHe  TOYKH  MOBEPXHOCTEM.
OIUIMIITUYECKOM  HA3bIBAIOT TAaKyK TOYKY, JUIi KOTOPOM rayccosa
KPUBHU3HA MOJIOKUTEINIbHA, T.€. 00€ rJIaBHbIC KPUBU3HBI OJHOTO 3HAKA

K;-K,>0, (2)
TOYKa T[IOBEPXHOCTH HA3BIBACTCS TUIMEPOOJUYECKOM, €Clid TrayccoBa
KpHWBHW3HA OTPULATEIIbHA, T.€. [JIaBHBIE KPUBU3HBI Pa3HOTO 3HAKa

K;-K,<0, (3)
a B TOM ClIy4ae, KOrjJa rayccoBa KpPUBH3HA OKa3bIBAETCS PABHOM HYIIIO,
TOYKY OBEPXHOCTH HA3bIBAIOT MapaOOINUYECKOM, 1 HEE

K;-K,=0. 4)

Bocrnone3dyemMcss moHATMEM NpocTOM  moBepxHocTH. [IpocTton

MOBEPXHOCTBIO HWJM KYCKOM MPOCTOM MNOBEPXHOCTH OyAeM Ha3bIBaTh
TaKyl0, rayCcCoBa KpPUBH3HA KOTOPOW Ha PacCMaTPUBAEMOM YYAaCTKE HE
WU3MEHSETCS 10 3HAKY.
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Ecin BCe TOYKM MNOBEPXHOCTH WJIA PACCMATPUBAEMOM €€ YacTH,
KYCKa, YIOBJIETBOPSIIOT YCIOBHIO (2), TO M BCIO TaKyI IMOBEPXHOCTH (€€
KYCOK) Oy/JeM Ha3blBaTh 3JUTMITUYECKOM, €CJIM BCE TOUYKH MOBEPXHOCTHU
YAOBJIETBOPSAIOT ycioBUi0 (3), TO TOBEPXHOCTh OyJeM Ha3bIBaTh
runepOOIuYecKor, U, HAKOHEI, €CJIM BCE€ TOYKH IOBEPXHOCTHU
yAOBJECTBOPSIOT YCIOBHUIO (4), TO MOBEPXHOCTh OYyJIET MapaboJM4YecKOi.
CymecTByeT 0co0ast 3JTUNITUYECKAs! TOBEPXHOCTD, JIJIs1 KOTOPOU B KaXIOM
€€ TOUKE TJIABHBIE HANIPABIICHUS HEONPEAECICHHBI. TaKkne TOYKU HA3bIBAOT
TOYKAMHU OKPYTJICHUS, a TOBEPXHOCThIO Takou sBisiercs: cdepa. To ecTh
chepa ecTh IJUIUNTHYECKAs MOBEPXHOCTh, rayCccoBa KPHUBU3HA KOTOPOU
IOCTOSIHHA U 110 3HAKY U 110 BEJIMYUHE.

HepaBenctBo (2) ynoBiIeTBOpsiIETCS B JBYX CIly4asix, a HMEHHO,
KOT1a

K;>0, K,>0, (5)
YTO COOTBETCTBYET JBOSIKOBBIITYKJION JJUIMNTUYECKON IMOBEPXHOCTH, M
KOT1a

K,<0, K,<0, (6)
YTO  ONPEAECNAeT JABOAKOBOTHYTYH)  AJUIMINTHYECKYIO) TOBEPXHOCTD.
M3BeCTHO, YTO BOTHYTOCTh M BBITYKJIOCTh KPHBOW y= f(x), B TOM YHCIC
JIe)KaIIeHd HAa TOBEPXHOCTH, ONPEAECIISIETCA M0 3HAKy BTOPOM MPOU3BOJHOM
(GyHKIMHU, omMChIBaroIIeld KpuByro. Eciau £"(x)>0, To kpuBas oOpaiieHa
BOTHYTOCTBIO BBEPX, T.€. B CTOPOHY MOJOKUTEIBHOTO HAMPABICHUS OCH Y,
eciu ke f"(x)<0, TO KpHBas BBEpPX oOpallleHa BhIIYKIOCThIO.

['eoMeTprUUECKUN 3JIEMEHT 3BEHA, BBINIOJHEHHBIM B COOTBETCTBUHU C
yciaoBueM  (5), MOXKET  TMpeacTaBisATh coOOW  4acTh  JItOOOH
JBOSIKOBBIITYKJION TOBEPXHOCTH, T.€. TOBEPXHOCTH, [JII KOTOPOM
KacaTelbHasl IUIOCKOCTh B JIIOOOM €€ TOYKE JIEKUT HE HIXKE CamMou
NMOBEPXHOCTU. MMeeTcss B BHAY CONPHUKOCHOBEHHE IIIIOCKOCTH CBEPXY
noBepxHOCTU. K TakuMm TOBEPXHOCTSIM OTHOCSTCS, Hampumep, cdepa,
CXKATbli W BBITAHYTBIM  JJUIAINCOWIBI, TPEXOCHBIA  AIJUIMIICOWU/I,
JBYIIOJIOCTHBI  TUNEPOOJIOW, JJUIMOTUYECKUH  mapaboyionn, TeJo
BpallleHusl JIIOOOW BBITTYKJIOW KPUBOW OTHOCHUTENIBHO OCH, JIeXkKalled B
IJIOCKOCTH KPHUBOM, HapyKHas MOBEPXHOCTh TOpa, OOK OOYKM W T.II.
N300pa3uM Takod Te€OMETPUYECKHUI 3JIEMEHT B BHUJIE JBOSIKOBBITYKJIOTO
Tena (puc. 2,a), HA30BEM €r0 YCIOBHO «IapoM» B 0003Haunm Oyksoii L.
Bce Touku 3TOM MOBEPXHOCTH SJUTUIITUUECKHE ¢ K, >0, K,>0, 0003HaYUM
ux kak IJIJI1.
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[Tap Jlynka Kopcer Cemiio

9)

Iapl [Tap2
Hunuuaap XKenob ITnockocth
Pucynok 2 — IloyiHbIi cOCTaB MPOCTHIX NOBEPXHOCTEN,

KaK rcOMCTPHYCCKHUX 3JICMCHTOB 3BCHbLCB

[Tap3

['eomeTpruuecKkuil 31eMEHT 3B€Ha, (hopMa KOTOPOTO YAOBIETBOPSET
yciaoBUIO (6), €CThb 4YacTh, KYCOK JIBOSIKOBOTHYTOW MOBEPXHOCTH, JJIsi
KOTOPOM KacaTellbHas IIOCKOCTh B JIFOOOM TOYKE JIGKHUT HE BBIIIEC CaMOM
noBepxHocTh. OOpa30BaTh TAKOW r€OMETPUYECKUIN AJIEMEHT 3B€HA MOXKHO,
UCTIONIB3Ysl ~ BHYTPEHHIOIO  TIOBEPXHOCTh  COOTBETCTBEHHO  c(ephl,
AIUIMIICOUA, JJUIMNTAYECKOro mnapadosiouna u T.1. HazoBem Takoi
AJIEMEHT YCJIOBHO «JIyHKOM», 0003HaunM OykBoul JI u m3zo0pazum ero B
camMoM oOIlleM BHje, TOKa3aHHOM Ha pucyHke 2,b. Bce Toukm stoii
MMOBEPXHOCTH JJUTMNTHYECKHE, HO ¢ K; <0 m K, <0, 0003Ha4YUM HX KaK
DJUI2.

Kakux-m100 MHBIX BUJIOB T€OMETPUUYECKUX DJIEMEHTOB 3BEHHEB U3
HEpPaBEHCTBA (2) MOTYYUTh HE MPEIOCTABISAETCS BOZMOKHBIM.

PaccmoTpuM HepaBeHCTBO (3). OHO yJOBIETBOPSETCS TaKXKE B JIBYX
Cy4asix, a HIMEHHO KOrja

K,<0, K,>0, (7)
Y KOTZ1a
K;>0, K,<o. (8)

CBsbKeM TIIABHBIC HAMPABJICHHUS], IO KOTOPBIM OMPEAECISIOTCSA II1aBHbIE
KPUBU3HBI, C OCSIMH CHUMMETPUU MOBEPXHOCTU. OChb, MAPAILICITBHYIO
IIEPBOMY TIJIABHOMY  HANpPaBJICHUIO, HA30BEM MPOJOJIBHOW  OCBIO
MOBEPXHOCTH, & NMEPIECHANKYIISIPHYIO €1 — IIONIEpeYHOo. B ¢BA3M ¢ 3TUM, 110
ycioBusiM (7) u (8) MOSIBISIIOTCS JIBE OTJIMYAIONIIMECS JpYyr OT Jpyra
IIOBEPXHOCTH, & UMEHHO BOTHYTO-BBINIYKJAas W BBIITYKIJIO-BOTHyTas. Eciu
BOTHYTOCTb UMEET MECTO B IUIOCKOCTSAX, B KOTOPBIX JICKUT MNPOJIOIbHAS OCh
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MOBEPXHOCTH, TaKyl0 MOBEPXHOCTh OYyJleM Ha3bIBaTh BOTHYTO-BHIMYKJIOM.
I'eoMeTpryecKnil 3IEMEHT 3BE€HA, BBINIOJHEHHBIM MO TAKOM IMOBEPXHOCTH,
OyJileM YCIIOBHO Ha3bIBaTh «KOpceT», 0003Ha4aTh OykBoi K 1 n300pakaTh
B BHJE, I[IOKa3aHHOM Ha pucyHke 2,c. [loBepxHOCTp 3TOrO TEMNA
yAOBJETBOpsET yciaoBuio (7). Bce Touku 3TOM MPOCTONM MOBEPXHOCTH
runepOoInyYecKre, a moToMmy 0003HauMM 3Ty moBepxHocTh kKak [UII2. K
TAKOBBIM IMOBEPXHOCTAM OTHOCSITCS  OJHOIOJIOCTHBIM  TUIEPOOJSIONI,
KaTeHouJ, TiceBaocdepa, BHYTPEHHSS TMOBEPXHOCThH TOpa, a TaKkKe
MMOBEPXHOCTH BPAILICHUSI BOTHYTBIX KPUBBIX OTHOCUTEIIBHO OCH, JIEKAIICH B
IJIOCKOCTH KPUBOM M HE Mepecekaroiieid KpuByro. CI0BO «KOpceT» ObLIO
00pa30BaHO U3 WU3BECTHOTO B MAIIMHOCTPOCHUU TOHATHSA «KOPCETHOCTH)
[5], Tme Mo KOPCETHOCThIO MOHMMAIOT «OTKJIOHEHHE (OpMBbI TMpoduis
MIPOJIOJIBHOTO CEUCHUSI IWIMHJIPA, IPH KOTOPOM JUAMETP TOPIIOB OOJIbIIIE
IMaMeTpa CPEAHETO CEUEHUS.

Ecnmu  BOTHYTOCTH  HOpOSIBISIETCSI  BO  BCEX  IUJIOCKOCTSX,
MEPIEHANKYISPHBIX TPOAOJBHOM OCH ITOBEPXHOCTH, a BBIIYKJIOCTh B
IUIOCKOCTAX, COBIIAJAIOMIMX C MPOJOJIBHOW OCBIO, TO MOBEPXHOCTH 3TY
OyJleM Ha3bIBaTh BBIMYKJIO-BOTHYTOM. ['eoMeTpUUeCKUil 3JIEMEHT 3BEHA,
BBITIOJIHEHHBIA IO 3TOM MOBEPXHOCTH, HA30BEM YCIIOBHO «CEIIOMY,
MCXOJId U3 MOHATHUS «CEIJIOBAasi TOYKA, T.€. TOYKA TJIAJKONW MOBEPXHOCTH,
BOJIM3M KOTOPOH MOBEPXHOCTh JIGKHUT IO pa3HbIe CTOPOHBI OT CBOEH
KacaTeJIbHOU IJIOCKOCTH», 0003HauuM OykBoil C M u300pa3uMm B BUJIE,
MOKa3aHHOM Ha pucyHke 2,d. Bce TOUku Takoil MpOCTON MOBEPXHOCTH
€CTh TOYKM rumnepbOonanyeckue, obo3zHaunMm wux kak [HUII2. K takum
MOBEPXHOCTSIM OTHOCUTCS, HAITPUMEP, TUIIEPOOTMYECKHUI TapaOOIOn/I.

[lepeiinem Kk mapabOJIMYECKUM MOBEPXHOCTSIM, @ UMEHHO K aHAJIU3y
paBeHCTBa (4). DTO paBEHCTBO YAOBJIETBOPSIETCS B TPEX CIIydasix, KOTaa

K>0, K,=0 umn K;=0, K,>0, 9)
KOTJa
K;<0, k,=0 wm K;=0, K,<0, (10)
1 KOT/Ia
K;=0, K,=0. (11)

JlBoiiHas 3amuchk B ycinoBusx (9) m (10) chmenana moTomy, 4TO
pa3Hulla B a0COJIOTHBIX 3HAYEHUSIX TJIaBHBIX KPUBU3H, HE MPUBOAUT K
U3MEHEHUIO BHUJA MOBEPXHOCTU. YcioBuEe (9) CBOAUTCA K BBIMTYKIIBIM
JUHEWYAThIM  TIOBEPXHOCTSAM,  KAKOBBIMH  SIBIISIFOTCSI  KPYTOBBIE,
AIUIMNTUYECKUE, TUNEPOOJUUeCKre, TNapadOoIMYecKue MWIMHAPHL U
KOHYCbhl. OOOOIINTENBHO HA30BEM TAaKOW F€OMETPUUECKUN 3JIEMEHT 3BEHA
«UIMHIpOM», o0o3HauuM ero OykBoi Il, a m3o0paxkaTh ero OyaeM B
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BUJE, MOKAa3aHHOM Ha pHUCYHKE 2,e. Bce TOUYKM TakOW IMOBEPXHOCTH
ABJISIIOTCS MapaboIMYecKUMHu, 0003HaunM ux kak [TAPI1.

Jl71s1 TOBEpXHOCTEH, yIOBIETBOPSAIONUX ycioButo (10), B oTnuuue ot
ycaoBud (9), XxapakTepHa BOTHYTOCTh. JTO T€ K€ JIMHEHYATHIE KPYTOBBIE,
IUIMNITUYECKUE,  TUMEepOOIMUecKue,  MapaboiuYecKue  IUIMHAPSI,
COIPUKACAIOLIASICSA TMOBEPXHOCTh KOTOPBIX BHYTpeHHsAs. HazoBem Takou
Ir€OMETPUUECKUN DJIEMEHT 3BEHA «kKEI000M», 0003HaunM OykBou K u
u300pa3uM B BHJE, MOKa3aHHOM Ha pucyHke 2,f. Bce Toukum sroit
MOBEPXHOCTH Mapadosinueckue, 0003HaunM ux kak [TAP2.

Ycenouto  (11) ynoBiaerBopsieT MJIOCKOCTh. ['eoMeTpuuecKkum
AJIEMEHTOM 3BE€HA, BBINOJHEHHBIM B COOTBETCTBHM C OTHM YCIOBHUEM,
ABJISIETCS «IUIOCKOCTh». O003HaunMm e€ OykBoit II m m300pa3um B BuUlE,
MPUBEICHHOM Ha pUCYHKE 2,0. Bce TOYKM STOW NOBEPXHOCTH
napabonnyeckue, 0003HaunM ux kax [TAP3.

Kakux-mub0 WHBIX TPOCTHIX TJIAJAKUX OIMHUCHIBAEMBIX €IUHBIM
YPaBHEHUEM MOBEPXHOCTEW, MOTYIIUX OBITh HCIOJb30BAHHBIMU IS
00pa30BaHUs TEOMETPUYECKUX JJIEMEHTOB 3BEHBEB, MNPUHIUIHAIBHO
OTJIMYAIOIIMXCS OT PAaCCMOTPEHHBIX, HA3BaTh HENb3s. [loBTOpUM, YTO MOA
NpOCTBIMU  OyJleM TIOHMMAaTh IOBEPXHOCTH, Ha KOTOPBIX TIayccoBa
KpPUBH3HA HE MEHSETCA IO 3HaKy. MTak, reOMETpUYECKUMU 3IEMEHTAMU
3BEHBEB MOTYT OBITH cienyiomne cemb — «mapy» (L), «ryakay (JI),
«xopce™ (K), «cemnio» (C), «uunmuaapy (1), «xk€nod» (AK) u «ImI1ocKoCcTb»
(IT). OTMeTHM, 4YTO KaXJI0€ U3 3BCHBEB MEXAHM3MOB MOXKET HUMETh B
CBOEM COCTaBe JIID0O0E 1EJI0€ YUCIIO TEOMETPUUECKUX AJIIEMEHTOB, HAUYMHAs
C eIUHUILIBI. B MambHENIeM U3JI0)KEHUH U HA PUCYHKE 2 yIAJIUM KaBBIYKH
B Ha3BaHUSX MIPOCTHIX MOBEPXHOCTEM.

OCHOBBIBasICh HA TOM, YTO HAa PUCYHKE 2 MOKa3aHbl UCUEPIBIBAIOIIIEC
BCE€ BO3MOXKHBIE TJAJKUE TMOBEPXHOCTH, MOTYIIUE BBIMOJHATH (DYHKIHUH
F€OMETPUYECKUX DJIEMEHTOB 3BEHBEB, MPOAHAIU3ZUPYEM BCE BO3MOXKHBIC
BUJIbI CBSA3CU MEXIy 3BEHBSIMU, YUYHUTHIBAS KPUTEPU HAJTOKUMOCTH
noBepxHocTer. llog HaI0KHUMOCTBIO, KaK 3TO MPUHATO B TEOPUU
MOBEPXHOCTEH, OyJaeM IMOHMMaTh CHUTyallulo, KOTJa TMpPU B3aUMHOM
HaJIO)KCHUU MOBEPXHOCTH COINPHUKACAIOTCA B TOYKE, MO JMHUM WU TIO
noBepxHocTU. [Ipum moOsBIEHUM B KOHTAaKTe 0OoOJiee OJHOM TOYKH,
OTCTOSIIIIUX APYT OT JIpyTa, 00Jjiee OJHOTO y4yacTKa JUHUM, 00Jiee OTHOTO
y4acTKa MOBEPXHOCTH, a TAKK€ TOYKU W JIMHUHU, TOYKU M MOBEPXHOCTH,
JUHUM W TOBEPXHOCTH, TAaKUE  IIOBEPXHOCTH  OKa3bIBAKOTCS
HEHAJIO)KUMBIMU, OHH JIOJDKHBI pACCMATPUBATHCS KAK MHOTOCBSA3HBIE. TakK,
HEHAJIO)KUMBIMHU  SIBIISIFOTCSL  KOPCET M IIOCKOCTh, KOpPCET U KEN0O,
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MJIOCKOCTH U k€100, cemnio u cenio. C TyHKOW HEHAIOKUMBIMU SIBISIFOTCS
BCE TOBEPXHOCTU Kpome Imapa. B tabmume 1 B cTpokax U cToiOnax
MOMEIIEHBI 0003HAYEHUS TTOBEPXHOCTEH, N300paKEHHBIX HAa PUCYHKE 2, U
B TOU K€ MOCJIEIOBATEIBHOCTH.

Tab6mauma 1

Bua noBepxHoctu

Humuap,
Kénoo,

[Tapaiuienenunesn,

[+ |+ ||+ E
+

+ I+ |+ |+ |+

@

a

X

=

o
=|x|=|0)=|=|E

[ImrocaMu B TabnuiEe TOKAa3aHbl  HAJIOXKHUMOCTH, BKIIIOYAs
CaMOHAJIO)KUMOCTh CEMH MPOCTHIX IMOBEPXHOCTEHM, a MMEHHO: IIap-Iiap
(1), map-nyuka (L), map-xopcer (IIK), map-cemio (IIIC), map-
uunuaap (HI]), map-xkénod (LK), map-tuiockocts (LI, xopcet-
kopcet (KK), kopcet-cemio (KC), ummuaap-kopceT (I[K), nuiuHap-ceasio
(C), wumuaap-twmwaap (L), mwmmanp-xénod (1K), mwnuHIp-
mockoctb (IIIT), nnockocTh-1iockocTh (III1). Beero ux naTHaaaTh.

[Ipu co3maHuy MEXaHUYECKUX CHUCTEM 00ECIEeUYUTh rapaHTHUPOBAHHO
TOYHBIE CBSI3U 3BEHHEB MEXKIY COOOW MOXHO JIMIIb C MCIOJIb30BAHUEM
YCIOBUS HAJIOKUMOCTH T'E€OMETPUUECKUX DIIEMEHTOB 3BEHbEB. IIpu
HAJOXKEHUU  TEOMETPUYECKUX  DJIEMEHTOB  3BEHBEB  MOSIBIISIOTCS
reOMETPUUYECKUE CBA3U 3BEHHEB. PacCMOTpUM MOJIPOOHO BCE BO3MOMKHBIE
reOMETPUUYECKUE CBSI3U 3BEHBEB.

N3BectHO, 4YTO CcBOOOAHOE TBepaoe Teiao 7T B JI€KapTOBOM
npocTpancTBe  (pucyHok 3) wumeer 6  (IIeCTb) HE3aBUCHMBIX
OTHOCUTENbHBIX JBWKEHUHN (moABUXKHOCTEM). OHO MOXKET CMENaThCs
BJIOJIb TPEX OCEHM KOOPJMHAT U MOBOPAUYMBATHCS OTHOCUTEIHHO KaXKI0M 13
HuXx. Ecnu 3T0 Telio BBOJUTH B FT€OMETPUUECKUE CBSI3U C APYTUMH TEIaAMH,
OHO OK&XKETCSI HECBOOOAHBIM U MOXKET IMOTEePATh B OTHOCUTEIHHOM
JBIKCHUU OJHO, 1B, TPH, YETHIPE, MATh WX BCE IIECTh MOBMKHOCTEH.

68



Pucynok 3 — CBo0Oo1HOE TBEPIOE TEIIO B IEKAPTOBOM MPOCTPAHCTBE

PaccmoTpuM  Temeph, Kakue DJJEMEHTapHbIE CBSI3M  MOKHO
oOpa3oBaTh MEXIy TeJIaMH, HCIOJIb3ysl OOOCHOBAHHBIC BBIIIE CEMb
MPOCTBIX TMOBEPXHOCTEH (PUCYHOK 2) € Y4YE€TOM MSATHAALATH UX
BO3MOYHbIX OJJHOKOHTAKTHBIX Hanoxumocteit (Tabiuma 1)*.

PaccMoTpuM HMX B MEPEUYUCICHHOW BBIIIE MOCIEI0BATEIBHOCTH.
Haunewm (pucyHok 4) co cBsi3u map-map (IITII).

z

LIS
SJUIT-DJ11

BIIBIIB(IT)

Pucynok 4 — I'eoMmeTrprueckast CBsI3b 1Iapa € MapoM

IIpn BBeneHUMM B CBs3b MLIapa C LIAPOM, HEBO3MOXXHBIM OKAXKETCS
€IMHCTBEHHOE OTHOCHUTEJIBHOE JIBUKEHHE, & UMEHHO — BJOJIb OCH Z, T.K.
IIPA TAKOM OTHOCHUTEJIBHOM CMEILEHUH 11apOB Pa30pBETCSA KOHTAKT 1IapOB
Y TIOTEPSIETCS BCAKUM CMBICI PACCYXKIEHUW O T€OMETPUYECKOU CBA3U. B
COOTBETCTBMM C O3TUM B COCIMHEHHM IIapa C 1IapOM OCTaroTCs
BO3MOXXHBIMU M HE3aBUCUMBIMHU  TpPU  BpallaTeJIbHBIX MW JBa
MOCTYNATEIbHBIX OTHOCUTEIIBHBIX JBWKECHUS, T.C. IISTh IBWKEHUH. Bce
OTU JIBUKEHUS MOKAKEM CTPEJIKAMHU U CIIEJIAEM BBIBOJ, YTO CBSI3b I1apa C
mapoM €cTh CBsI3b mstunoasrokHas (IIII5). HezaBucumbie CMEIICHUS
OJHOTO IIapa OTHOCUTEIIBHO APYTOro BAOJb OCEU X U ) XOTb U IIPUBOIAT K

1 .
B noucke BO3MOXHBIX T€OMETPUUYECKHX CBS3€H 3BEHbEB MEXaHU3MOB IPHUHHMMAJIa Y4acTHE CTYICHTKa
rp.MXII-08 Cubl'MY Ymakosa Haranes AnexceeBHa.
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W3MEHEHUSIM KOOPJAMHAT TOUYKH KACaHUs KaK MO OCAM X H ), TaK U IO OCH
Z , ONHAKO B CHIy W3BECTHOCTM TE€OMETPUU MIApa, IO KOTOPOMY
MPOCKAJIB3bIBAET BTOPOH IIap, KOOpJAUHATA €ro MO OCHU Z OyAEeT 3aBUCHUMA
OT KOOpJIMHAT, COOTBETCTBEHHO x U ). OcobeHHocth cBsizu LIS
3aKJII0YAETCAd B TOM, YTO 00€ TOYKH COMPUKOCHOBEHHS IIAPOB SIBISIOTCS
smmmntuyeckumu (DJIJI1) — m Touka mepBOro Imapa, U TOYKa BTOPOTO
mapa. OTH TOYKHA YIOBIETBOPSIOT YCIOBHIO (5), a IOTOMY CBSI3b
o6o3naunm kak (DJIJI1-DJIJI1). YcaoBumcs Takke BCE BpalllaTelIbHBIC
JIBMKEHMS TeJla OTHOCUTEIBLHO OCell KoopauHaT 0003Ha4aTh OykBou B, a
noctynartenbHbie — OykBot [II. Torma, B cBs3u LI oxaxytcs
BO3MOKHbIMH JiBYoKeHUss BIIBIIB(II). D10 03HaYaeT, 4TO OTHOCHTEILHO
ocel X U y BO3MOKHBI He3aBucuMmble ABmxkeHus B u I, a oTHOCcuTENnbHO
ocu Z Tonbko B. byksa (II), momeleHHas B CKOOKH, O3HAYaeT 3aBUCUMOC
MOCTYINATEIbHOE JBUKEHUE BNIOJb OCU Z. OTMETUM, 4YTO BOOOUIE HEIb3S
OCYILIECTBUTh OTHOCHUTEJIbHBIX JBWXEHUW 3BeHbeB B Buue I
(mocTynaTenbHbIX CMEMIEHUM MO BCEM TpeEM OcCsiM) 0€3 paspbiBa HX
cBsa3aHHOCTU. PaccmaTpuBaemas cBs3b LIS sBisieTcst 6€3yCIOBHON — HE
OTPaHUYCHHON HUKAKMMU BHYTPEHHUMHU €€ YCIOBUSIMU, T.€. KaKue Obl HU
WCIIOJIB30BAJIUCHh B HEM (POpMBI mIapoB B BUJIe CHEPUUECKHUX TEN, B BUAC
JIBYXOCHBIX BBITSIHYTBIX WJIM CKATBIX AJUTUIICOU]IOB, KYCKOB ITOBEPXHOCTEM
AIUIMNTHYECKUX 1MapaboJIONI0B, ABYXMOJIOCTHBIX THUIEPOOJIOUIOB WU
JTO0BIX UX COYETAHUM YHCIIO BO3MOXKHBIX OTHOCHUTENBHBIX JBH)XEHUU B
HHUX HE U3MEHUTCS, T.€. CBSI3b OCTAHETCS MATUIIOABHKHOM.

Crienyromien CBS3hI0 € JUIMNTUYECKUMU TOYKaMU COMIPUKOCHOBEHUS
TeN ABJsieTcsl CBs3b wmap-nyHka (IIIJI). B camom o0miem ciyyae, Korja
KpUBH3HA IlIapa MPEBOCXOJUT KPHUBU3HY JYHKH (PHUCYHOK 35), mmap
MOJYy4aeT BO3MOXKHOCTh BpalllaThbCd BOKPYT BCEX TPEX OCEU JEKApTOBOM
CHUCTEMBI KOOPAWHAT U MOCTYNATEIBHO CMEMATHCS MO JTYHKE BIOJIb OCEU X
U y, T.€. CTAHOBUTCS CBs3bI0 msiTunoaBuxHou (IIIJI5), obecrieunBaroiei
ISTh He3aBUCHMBIX NBMkeHMH BIIBIIB(II) ¢ 3aBUCUMBIM JIBH)KCHHEM I10
OCH Z OT 33/1aBa€MBbIX MMOCTYNATEIbHBIX CMEMIEHUHN MO OCAM X, Y WK X U .
DTa cBA3b 00pa3zyeTcs IUIUNTHICCKUMU TOUKAMHU I1apa U JIYHKH, OJTHA U3
KOTOPBIX yI0BJIETBOpsAET yciaoButo (5) — DJIJI1, a Bropas ycinoButo (6) —
OJIJI2. MenHo »TuMU 0003HAUYCHUSIMH HaeHTUPuuupyeM cBsizb T
(pUCYHOK 5).
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Pucynok 5 — I'eomeTpuueckast CBsi3b Iap-iayHKa

B otnunuue ot casu IS5, B paccMaTpuBaeMOU CBSI3U BO3MOXKHO
BBECTU JIOMOJHUTEIbHBIE BHYTPEHHHE YcClIOBUS. Tak, eciau 1map
BBITIOJIHUTh B BHJE KPYroBod Oouku (mox OOYKON TOHUMAETCS
reoMeTpuueckuii obpaz B cooTBeTcTBUM ¢ [6, cTp.178]), T.e. C
oOpasymolIieil B BUIE€ AYTH OKPYKHOCTH C PaANyCOM, PAaBHBIM PaguycCy
KPUBU3HBI JYHKH, TO BO3MOXXHBIMU OKaXyTCS UYETHIPE OTHOCHUTEIbHBIX
JIBIDKCHUS OOYKM: TpU BpallaTeIbHBIX BOKPYr ocedl x, y, Z U
MOCTYyIAaTENIbHBIE BJOJIb OCH ¥ (pUCYHOK 6,a). [Ipy 3TOM CONPUKOCHOBEHUE
mapa-004Kky U JIYyHKU OyAET MO Jyre OKPY>KHOCTH JIYHKHU U CBSI3b CTAHET
IIIJI4(4). Eciu map BBINOJHUTH CHEPUYECKUM U KPUBU3HY JIYHKHU
NpUPaBHATH K  KpuUBU3HE cdepuueckoro 1mapa (caenarb  UX
KOHTPY?HTHBIMHU, T.€. COBIQJAIONIMMU 1O BCEW MOBEPXHOCTH), TO B ATOU
CBSI3M  OCTAaHYTCSI BO3MOXXHBIMM TpU  BpalllaTeJIbHBIE  JIBHIKCHUS
OTHOCHUTENBHOE X, ) U Z, CBSI3b CTAHET TPEXMOABWKHOM, T.€. cBsA3bto IIIJI3
(pucyHok 6,b). Eciam ke JIyHKY BBIIOJHUTH IMapaOOIMYeCKOM M B HEe
MOMECTHUTH MapaboINUECcKyI0 00UKY, KaK 3TO NOKa3aHO HA PUCYHKE O,c, TO
B OTHOCUTEIHLHOM JABWKEHUU 3TUX TEJI MOXHO TIOJYy4YUTh JIMIIbL JIBa
BpaIlleHUs] OTHOCUTENIbHO oceit x u Z. [lonyyeHHass TakuM 00pa3oM CBSI3b
OKa3bIBaeTCs CBsI3bI0 BB 1 MoxkeT ObITh 0003HaueHa kak 112,

Hakonen, eciaum 3a Mmiap NOPUHATH JBYXOCHBIM BBITSHYTHIM WM
CKaThIi Aymuncoua (pUCyHOK 6,d) M MOMECTUTHh €ro B KOHIPYIHTHYIO
JYHKY, TO BO3MOXHBIM OCTAHETCS E€IUHCTBEHHOE OTHOCUTEJIHHOE
JIBU)KCHUE — BpAIIEHUE OTHOCUTENIBHO ocH Z. Ilpu 3TOM yClOBUU CBS3b
ctaHeT cBsa3bto IIIJI1. BBeneHrue TpEXOCHOTO JUTANICOUIA B COCAUHEHUE C

KOHTPYSHTHOM JTYHKOM 00€CTICUUT HEMOABUKHOE COCTMHEHNE 3BEHbBEB, T.€.
.
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Pucynok 6 — CBsi3u map-inyHka ¢ HaJIO)KeHHBIMI/I BHYTPEHHHMHU YCIIOBHSIMU

OOpatuMcst K CBsI3U IIap-KOpPCET. DTa TOUEYHasi CBS3b 0Opa3yeTcs
aumnTudeckor toukord tmrapa (DJIJI1) u rumepbosryecko TOYKOM
kopcera (I'MII1) B coorBercTBUU C ycioBusiMu (5) u (7), T.e. sABIsETCS
cBsi3bto (DJIJI1-T'UIIL). Dta cBsa3b nokazaHa Ha pucyHke 7. OHa siBIsieTCs
natunoABwkHoU (IIIKS) ¢ He3aBucuMbiMU ABWKeHUsIMU BIIBIIB un ¢
3aBUCHUMBIMU MTOCTYIATEIbHBIMUA OTHOCUTEIIbHBIMU JABUKEHUSIMU IO OCAM
Xuy.

1IK5 z

SJUT1-T'UII1

y
BIIBIIB(I)

X
PucyHok 7 — I'eomeTpuyeckas CBs3b MIap-KOPCET

B 5Ty cBsI3p MOXHO BBECTM BHYTPEHHHME YyCHOBUS. Eciam map c
KOpCEeTOM OyAyT CONMPUKACATHCA B TOPJIOBUHE KOpCETa IO JUHUH, TO
HEBO3MOXHBIM CTAaHET MOCTYNATEJIbHOE JBUKEHHUE M0 OCU X U CBA3b IIPU
chepudecKoM IImape CTaHeT YEThIPEXTOABIKHOM, T.¢. IIIK4 (pucyHoK 8,a).
[Ipu wucnonHeHun 1apa B BHUAE KPYroBoil O0YKHM C 0OpaszyrouieH,
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CONPUKACAIOIICHCA C KOPCETOM IO Jyre, TO CTAaHET HEBO3MOXXHBIM
BpAIllCHUE IIapa BOKPYT OCH Z U CBA3b CTAHET TpexmojBwxHou — IIIK3
(pucyHok 8, D) ¢ orHocuTenbHbIM aBWkeHHMeM BIIB. Ecou ke miap
BBIIIOJIHUTh JABYXOCHBIM BBITSIHYTBIM 3JUIMIICOUJIOM, TO BO3MOKHBIMU
OKa)KyTCsl BpalllaTeJIbHbIE ABUKEHUSI OTHOCUTENBHO Oceld X U Z. CBsI3b IPU
sToM ctaneT IIITK?2 (pPlcyHOK 8,¢).

z
BIIBB BIIB
b) X

B

c) & d) ’x

PrcyHok 8 — CBsi31 mIap-KOPCET C HATOKEHHBIMU BHYTPEHHUMHU Y CIIOBUSIMU

Haxownel, eciu map BBITIOJIHUTH B BUAE TPEXOCHOTO 3JUTUIICOUA, TO
HEBO3MOKHBIM OKa)KETCSl BPAILIATEIbHOE JIBU)KEHWE OTHOCUTEIBHO OCH Z,
OCTaHETCS] BO3MOXXHBIM JIMIIb €IMHCTBEHHOE BpAaIlaTEIbHOE [IBUKECHHE
BOKPYT OCH X, CBSI3b cTaHeT cBs3bio IIIK1 (pucyHok 8,d).

Crnenyromieil o HOpsIKY SIBIASETCA CBS3b IIAP-CEJI0 (PUCYHOK 9).
Ota cCBA3b O0Opasyercss HAJUMNTHYECKOW Toukol tmiapa OJJUII wu

runepoonndeckoi Toukout cemna I'UII2 o ycnoswuto (8).
z

mcs
SJUTI-TUII2

y

BIIBIIB(IT)

X
Pucynok 9 — I'eomerpuyeckas CBsA3b 1Iap-CeJI0
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B camom o6mieM ciaydae sta cBs3p nsatunoaBwkHas (IIICS5). Ona
JIO3BOJIICT TISITh He3aBUCUMBLIX ABwkenuid BIIBIIB U 3aBUCHMOC
newxkenue (II) mo ocu z. Ilpudem, mpu CHBUKEHHUM IIapa MO OCU X
CMEIIICHUE IO OCH Z OTPHULIATEIbHOE, a NIPU CABWKCHHUHU IIapa Mo OCH ) —
nojoxuTenbHoe. CylecTBYeT TaKO€ CMEIICHHUE I1apa OJHOBPEMEHHO I10
OCSIM X U y, IPU KOTOPOM CABHMIKEHUS 110 OCH Z HE OyJIeT.

OTta CBI3p 00MagaeT BHYTPEHHUMH YCIOBUSIMHU. Tak, eciu B
TOPJIOBHHE CeJijia, T.€. B MECTE€ HAaMOOJBIICH €ro KpUBU3HBI IIap M CEIJIO0
CONPUKOCHYTCS 1o JMHUU (pucyHok 10,a), To 0€3 HapylIeHHUsI 3TOro
KOHTaKTa CTaHYT HEBO3MOKHBIMHU MOCTYNATEJIbHBIC JIBUKCHUS IO OCAM X
n y. CBa3p cra”er TpexnoaBwkHou IIIC3, ¢ TpeMs BpamaTeabHbIMU
JIBIDKCHUSMH BOKPYT BCEX TpeX Oceil cuctembl koopauHat. [Ipu sTtom
MTOCTYIIAaTeIbHOE CMEIICHUE IO OCH )y CTaHET BOOOINE HEBO3MOXKHBIM, a
CMEIIICHUE IO OCH X HAPYIIUT COITPUKOCHOBEHUE TEJI MO JIUHUMU.

Eciu ke 1map BBIOTHUTD B BUE BBITSIHYTOTO AJUIUIICOUIA (PUCYHOK
10,b), TO BO3MOKHBIM OCTAHETCS €IMHCTBEHHOE BpaIATEIbHOE

OTHOCHUTEJIbHOE JIBMJKCHHUE JJUIMIICOMJIA BOKPYT OCH X M CBSI3b CTAaHET
cBsa3br0 IIICI.

Pucynoxk 10 — CBs3u map-ceio ¢ HaJI0KEHHBIMUA BHYTPEHHUMHU
YCIIOBUSIMU

OnHaKO OTMETUM CEPhE3HYI0 OCOOCHHOCTh MOKa3aHHBIX HA PUCYHKE
10 ceszeit HIC3 v IHIICI . VIX cienyeTr OTHECTH K HEYCTOMYMBBIM CBSI3SIM,
KOTOpbIE MCMOJIb30BaTh B MpaKTHKE BechbMa mpobiematuyeHo. JlroOoe,
Jake HE3HAUUTENIbHOE CMEIEHHE IIapoB BIOJAb OCH X HEU30€KHO
MU3MEHUT CBSI3U HA TOUYEYHBIE C MOSBICHUEM JOTOJHUTEIbHBIX CMEIICHHM,
KOTOpbIE HapylIaT ONPENEICHHOCTb JBUKEHUS BCEH CHUCTEMBI B LIEJIOM.
Ha stom ocHoBanuum cBsizu IIIC3 w IIICI Henb3sd pEeKOMEHIIOBATh Kak
IMIMPOKO MPUTOAHBIE IJIS MCIOJIb30BaHMS B MallMHOCTpoeHuu. Ha sTtom
OCHOBAHWM OHU UCKIIFOYAOTCS U3 JAIBHEMIIETO PACCMOTPEHMUS.

[lepeiineMm K reoMeTpUYECKON CBSI3M map-uuiuHap (pucyHok 11). B
ATOM CBSI3U TOYEUYHBIH KOHTAKT 00pa3zyeTcs JUIMNTHYECKON TOUKOU Imapa
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(DJIJI1) n mapabonudeckoit Touko nunuaapa (ITAP1) — o ycmosuto (9),
T.€. ctaHoBUTCS KoHTakToM DJIJI1-TTAPI.

IS
DJUTI-TIAPI

Pucynok 11 — I'eomeTpuueckas CBSI3b map-1IHIHHIP

DTa CBA3b SIBISETCS OE€3YCJIOBHOM, T.€. HUKAKUMU BHYTPECHHUMHU
YCJIOBUSIMA B HEH, Kak TO — M3MEHEHHEM (opM Iapa WIM MIIMHIPA
(Hampumep, TPEeBpalIeHUEM €ro B KOHYC) HEIb3S YMEHBIIUTH OOIIEro
YUCJIa OTHOCUTENbHBIX JBH)KEHUM 3THX TEJL.

Urto kacaetcsi cBa3u Imap-xkénod (pucyHok 12), To oHa obpazyeTcs
aanTrUdeckol Toukon mapa (DJIJI1) m mapa®onmdeckol Mo yCIOBHUIO
(10) Toukoit x&énoba (ITAP2), t.e. sBmsercs cBszpio DJIJI1-TTAP2. DOrta
CBSI3b JO3BOJIIET IIATH OTHOCUTENBHBIX IBIDKEHWU BIIBIIB n onHO
neuxeHue (I1) o ocu z, 3aBUCUMOE OT CMEILICHUS 110 OCH ).

XS
OJUTL-ITAP2

y
" BIIBIIB(IT)

PucyHnok 12 — I'eomeTpuueckast cBsi3b I1apa ¢ kEnoooM

B »TOM CBA3M BO3MOXKHO MCIIOJb30BaTh HEKOTOPHIE BHYTPEHHUE
ycioBus. Tak, €ciu map BBIMOJHUTE CHEPUUECKUM U COBMECTUTH €T0 C
&KeJI000M 10 JIMHUU, TO MOCTYIMATEIHHOE CMEIICHUE 11apa MO OCH Y CTAHET
HEBO3MOXHBIM M COSMHEHUE TIpeBpaTuTCs B ¢BA3b IIIJK4 (pucyHnok 13,a).
Ecnu B %€100 moMecTuTh KpyroByro 004Ky, KaK 3TO OKa3aHO Ha PUCYHKE
13,b, TO HEBO3MOXHBIM CTAHET BpalllaTeIbLHOC JBIKCHHE OOYKH BOKPYT
OCH Z, OCTaHYTCSI BO3MOXHBIMH ITOCTYNATEIbHOE CMEIICHUE U BPalICHUE
OOYKM OTHOCUTEIBHO OCHU X M BpAIICHUE €€ OTHOCUTEIHHO OCH ), CBS3b
CTaHET TpeXMoABMKHOU — IIIZK3 ¢ OTHOCUTENbHBIMU ABWKECHUAMU BIIB.
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d)
Pucynok 13 — CBs3u map-xk€nob ¢ HaJI0KEHHBIMU BHYTPEHHUMHU
YCIIOBUSIMU

Ecnu B kadecTBe IIapa MCMOJb30BaTh BBITSHYTHIM 3JUIAICOUI, TO
YHCJIO OTHOCHUTEJIBHBIX BO3MOYKHBIX JBUXECHHUM €r0 YMEHBIIUTCSA. ITO
ompeaessieTCss 0COOCHHOCTSIMU T€OMETPHUH DILIUIICA, 3aKITIOUAIOITUMHUCS B
TOM, YTO KPOTYANIINM PACCTOSTHUEM B HEM MEX]y TOUYKAMU IO JIMHUIM,
MPOXOJSIIIAM 4Ye€pe3 €ro ILEHTP, SBISETCS Majlas ochb ayuuica. Ecinu
BBITSHYTBIM  DJUIMIICOMJ  yCTAHABIMBAaeTCA B  KEIOO 1O  Jyre
CONPUKOCHOBEHMSI, TO TTIOBEPHYTHCSI OTHOCUTEIBLHO OCH Z OH HE MOkeT. He
MOKET OH MOEBEPHYTHCS U OTHOCUTEIBHO OCH ). CBS3b MPU 3TOM CTAHET
cBsi3bto IIIZK2(1). Ecnu BBITAHYTBIM JJUTMIICOM] TOCTaBUTh B JKEIOO
OoJIBIIICH OChIO B HampaBiieHUH ocu Z (pucyHok 13,d), To cBs3b cTanet IIB
III7K2(2). Ecnm e ucnoyib30BaTh TPEXOCHBIN AJUTUIICOU] U YCTAHOBUTH
€ro B KOHTPYIHTHBIN 3Jmuncouay kémod (pucynok 13,d), To ocranercs
BO3MOXHBIM E€JIMHCTBEHHOE JABHKCHUE — MOCTYMNATEJIbHOE BIIOJb OCH X
k€100a, T.e. mossBUTCS cBsI3b IIIZK 1.
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Cnenymolieil — celbMOM B COOTBETCTBUM C HCIOJIB3YEMOW JIOTHMKOM
PacCyXIEHHUI SBISIETCA CBS3b AP-IUIOCKOCTh (pucyHOK 14). OHa
obpazyerca toukamu JDJIJI1 mapa u nmapabonudeckoit mo yciosuto (11)
TouKOM 1ockoctu [TAP3.

ITIS
OJUIT-ITAP3

Pucynok 14 — I'eomeTpuueckas CBsI3b mapa ¢ IIOCKOCTBIO

Ota cBa3p (DJUI1-ITAP3) sBasiercss 0e3ycioOBHOM, T.K. HHMKaKOE
W3MEHEHHe IIapa mo (GopMe HEe MOXKET U3MEHHUTh YHCIIa OTHOCHUTEIBbHBIX
€ro JIBUKEHUM Ha MJIOCKOCTH.

Uto kacaercsi ClEAyrIIed CBsS3U, a UMEHHO CBSI3U KOPCET-KOPCET
(KK), To oHa, BO-TIepBBIX, oOpa3yercs conpukocHoBeHueM Touek I'MIT1
oanoro kopcera u ['UII1 — Broporo, 1.€. ectb cBsi3b ([ UIT1-T'UII1), a Bo-
BTOPBIX HAa HEE MOTYT OBITh HAJOXEHbI BHYTPEHHHE YCIIOBUS, T.€. 3Ta
cBs13b, kKak cBsa3b KK, He emmHCTBeHHas. B camoM oOmiem BuJEe OHa
MoKa3aHa Ha pUCyHKe 15.

KK5
I'NI1-Ir'miil

% BIIBIIB(II)
Pucynok 15 — I'eomerprueckas CBA3b KOPCETA C KOPCETOM

Kaxnaplii M3 KOPCETOB MOXKET OBbITh 00pa3oBaH JIIOOOW TIIOCKOU
BOTHYTOM KPUBOM MyTEM €€ BPAIIECHUS OTHOCUTEIBHO OCH, JICKAIllEeu B
IJIOCKOCTH 3TOW KPUBOW M HE MeEpeceKaroleil KpuByr. OTHOCHTENbHBIE
IBWKEHUSI KOPCETa IO KOPCETY BIOJb OCEH X M ) OYEBUIHBI, XOTS IPHU
TOM TMOSABJSIOTCS 3aBUCHUMBbIE OT (HOPM KOPCETOB OTHOCUTEIbHBIE
CMEILEHUS BAOJb OCU Z. BpaleHue KOpCceToB Ipyr OTHOCUTEIBHO Jpyra
BOKPYI' OCE€H X U ) TaKXe BIIOJHE O4YEeBHUAHBI. UTO Kacaercsi B3aMMHOI'O
IIOBOPOTa KOPCETOB OTHOCHUTEIBHO OCH Z, TO TAKOM IIOBOPOT B CAMOM
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oO11eM citydae sIBJIsIeTCS BIIOJIHE BO3MOXKHBIM. Bce 3TO MO3BOJISIET CUUTATH
3Ty cBs3b CBA3bl0 KK5. Opgnako mpu oOpa3oBaHUU KOPCETOB MOKHO
HCIIOJIb30BaTh TaKUE IJIOCKUE KPUBBIC (HAmpUMep, AYTH OKPYKHOCTH),
MIPU KOTOPBIX JIFOOOW OTHOCHUTENBHBINA MOBOPOT BOKPYT OCH Z MPUBEACT K
MOSIBJICHUIO JBYX TOUEK KacaHUsi KOPCETOB, a 3TO OyJeT O3HayaTh, YTO
paccMarpuBaeMasl  CBA3b  BBIPOAUTCSA. TakoW ciydyad Omnpeneisier
nosienienue cBsisu KK4 (pucynHox 16,a). Eciam xe kopcerbl B HX
ropJoBuHax OyIyT CONpHUKacaThCs MO MOBEPXHOCTU, TO HEBO3MOXHBIMU
CTaHyT 00a MOCTYMATENbHBIX JABUKCHUS MO OCSIM X M ¥ U CBA3b CTaHET B

cBs13pi0 KK2 ¢ oTHOCHTEIBHBIM JBWKCHHEM BB (pucyHok 16,b).
z z

KK1

a) #x C)
Pucynok 16 — CBsi3u KOpPCET C KOPCETOM C BHYTPEHHUMU yCIOBUAMU

X

Ecnmu ke oIMH W3 KOPCETOB B €ro TOPJIOBHUHE BBINOJIHUTH
AJUIMIICHBIM ~ (pUCYHOK  16,¢), TO  €IMHCTBEHHBIM  BO3MOKHBIM
OTHOCUTEJBHBIM JIBUKEHHEM OCTAHETCS BpalllatesibHOE (B) U CBsI3b CTAHET
KK1.

PaccMmoTpum faniee HaIOKUMOCTh TOBEPXHOCTEN KOpceTa U cema. B
oOleM BHUJIE€ Takas CBA3b MpPHUBEJICHA Ha puUCyHKe 17. DOTa CBs3b
obpazyetcsa conpukocHoBeHuem touek ['MIT1 xkopcera u 'UI12 cemna, T.€.
Takass CBsa3b ecTb CBs3b [ UIII-TUII2 wm onHa po3Bonsier msTh
OTHOCUTEJILHBIX JBMXKEHUM, T.e. sBisgeTca cBsa3bto KC5. B Heil npu
CABW)KEHMHM KOpCETa IO OCAM X WA y MHOSABATCS OTHOCUTEIIbHBIE
3aBucuMble ABuxkeHus (IT) o ocwu Z.

KC5
I'UI1-TUII2

BIIBIIB(I])

X
Pucynok 17 — I'eomerprueckast CBA3b KOPCETA B CEMIIE
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Ha 3Ty cBsI3b MOTyT OBITh HaJOXKEHBI BHYTPEHHHE ycioBus. Eciu
KOHTaKT KopceTa U cefjia OyAeT MO JUHUU — MO Jyre OKPY>KHOCTU B HUX
ropjioBuHe (pucyHok 18,a), TO HEBO3MOXHBIMU OYAYyT BpalllaTeIbHbIE
JIBHXKEHUSI OTHOCUTEIBHO OCEH y ¥ Z U OCTYNATEbHOE JBUKEHUE MO0 OCU
y. CBsI3b TIpH 3TOM cTaHeT ojHonoaBmxkHON (B) ¢ o6o3naueHnem KC1(1).
Ecnu  kopcer ©  celo  OKaXYTCS  KOHTPYDHTHBIMH,  T.C.
COIPUKACAIONIMMHUCS TI0 BCel mMoBepxHOCTH (pUCyHOK 18,Db), To CBs3B
OCTaHETCS  OJHOIOABM)KHOH, oOecreunBaronicii BpamarenpHoe (B)

JBUKCHUE OTHOCUTEIIBHO ocH x. O003HaYnM 3Ty cBsi3b kKak KC1(2).
zZ

KC1(1) KC1(2)

a) * b)

Pucynok 18 — CBsi3b KOpCET-CEMITIO C BHYTPEHHUM YCJIOBUEM

OueBuaHo, uto o0e 3tm cBsi3u — KCI(1) u KCI(2) He umeror
MPUHITMITMATIBHBIX OTJIWYMH IO TIepeIaBaCMOMY JIBUKECHUIO.

PaccmoTpuM nanee cBA3b MIWIMHApPA ¢ NWIMHAPOM (pucyHok 19). B
aTON cBa3u Tmapabonuyeckas Touka (ITAP1) opHoro 1mumnuHapa
comnpukacaetcs ¢ napadonuueckoit Toukoi (ITAP1) Broporo nunuaapa, T.e.
sta cBA3b ecTh IIAPI-ITAP1. Ona oOecrieunBaeT mITh OTHOCUTEIBLHBIX
newkenut BIIBIIB u moxer ObITh oOo3HaueHa kak II]5. 3aBucumoe
JBMKEHHME TI0 OCH Z B 3TOM CBSI3U MOXKET IMOSBUTHCS B CJIydae, €CJIU OJUH
HUAJIWH]P WK 00a BBITIOJIHUTH B BUJIE KOHYCOB.

IS
ITAP1-ITAP1

BIIBIIB

X
Pucynok 19 — I'eomerprueckas CBA3b HWJIMHAPA C [UIUHIPOM

BrosiHe oueBHIHO, YTO 3Ta CBA3b 0€3yCIOBHA.
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Crnenyrouieit siBasieTcs CBA3b MIIMHAPA ¢ KopceToM (pucyHok 20). B
Hel oOecrnieunBaetcs: conpukocHoBenre Touek [TAP1 mununapa u ['UII1
Kopcera, T.e. 3Tta cBsizb [IAP1-I'MII1.

K5
TTAP1-THIII

4 BIIBIIB(IT)
Pucynok 20 — ['eomeTpuyeckas CBsI3b HUIUHAPA C KOPCETOM

[Ipy HEKOTOPOM OrpaHWYEHHOM yTIJie TMOBOpPOTa IWJIMHJpA
OTHOCHUTEJIBHO OCH Z W TpPH CHENHAIBHO BBIOpAaHHON 0O0pa3yromeit
MMOBEPXHOCTH KOpCEeTa KOHTAaKT MEXAy TeldaMu OyAeT OCTaBaThCs
TOYCYHBIM M 23Ta CBSI3b OKaxeTcs nsarunoasmxkHon IIK5. Opnako,
KpHBH3HA KOpPCETa MOXET OBITh BhIOpaHa TaKO#, P KOTOPOW ITOBOPOT
OTHOCHUTEIILHO OCH Z OyJIeT HEBO3MOXKHBIM U CBSI3b ITPeoOpazyeTcs B CBA3b
I[K4 (pucyHok 21,a). Korna sxe KpuBH3Ha KOPCETa B TOPJIIOBUHE OKAXKETCS
pPaBHOW KPWBH3HE IWJIWHAPA, KOHTAKTHUPOBATh IIWJIHWHIAP M KOPCET OyayT
o JuHuUU. [Ipy 5TOM MOXKET MOSIBUTHCS JABa ciydas, a UMEHHO, KOIja
KpUBH3HA IUWIMHIpA MOCTOSIHHA MO BEJIMYMHE, T.C. IIUJIUHJP BBIMOJIHEH
IPSIMBIM KPYTOBBIM (PHCYHOK 21,0), 4TO COOTBETCTBYET CBSI3U

1B

) BIIB 0)

Pucynok 21 — CBsi3u HWIMHAP-KOPCET C BHYTPEHHUMU YCIOBUSMU

BIIBII(IT) b) X

IIK3, wm xorga KpuUBU3HA MEpEMEHHA [0 BEJIWYMHE, HANpUMeEp MpHU
MPUMEHEHUH TMapaOOJUYEeCKOro WM  BJUIMITHYECKOrO  IWJIMHAPOB
(pucyHOK 21,c), 4TO O3BOJISIET ONYUYUTh CBA3b I[K2.

[TomecTum  gamee  mWIMHAP Ha  ceqio  (pUCYHOK — 22).
ConpukOCHOBEHUE TEI B 3TOM CBsi3U oOpazyercss depe3 Touky I[IAPI
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uunuaapa u touky ['UII2 cenpna, T.e. 3ta cBsazp (ITAP1-I'MII2) u ona
MOXeT ObIThb oOo3HaueHa kak I[C5. Ilpu capure mWIMHApPA MO OCH Y
MOSIBIISICTCS 3aBUCUMOE JIBUKEHHUE 10 OCH Z.

1C5
TTIAP1-TUII2

BIIBIIB(I)

X
Pucynok 22 — ['eomeTpuyeckas CBsI3b UAIAHAP-CETIO

Ha 3Ty cBsI3b MOTYT OBITh HaJOKEHBI BHYTpEeHHHE ycioBusa. Ecnu B
TOpJIOBUHE IIJIMHAPA M BO BHAJMHE CENJIa COCTUHEHHE UX OKaXKETCS IO
JUHUH, TI0 KOHTPYIHTHBIM JyTraM OKPY>KHOCTEH, TO HEBO3MOKHBIMU Oy Iy T
BpalaTeabHble JBUKEHUS OTHOCUTEIBHO OCEHl ) W Z, CBSI3b MPU ITOM
(pucyHok 23,a) OKAXETCS CBA3BIO HC2(BII).

LIC2

1C1

a) 7x b) 7x

Pucynok 23 — CBsI3b HUIMHAP-CEIO C BHYTPEHHUMU yCIOBUSIMU

Ecnu ke UMIMHIP BBINOJIHUTH MapaOOIMYEeCKUM WM SJUTMIICHBIM,
KaKk »dTO II0OKa3aHO Ha puCcyHKe 23,0, TO BO3MOXHBIM OCTaHETCS
€MHCTBEHHOE JBW)XEHHUE — MOCTYNATEIbHOE MO OCHU X U CBSI3b CTAHET
cBsizbto IIC1.

[Ipy HanoXeHUM [WIMHApPA HA IUIOCKOCTh (pUCYHOK  24)
BO3MOXHBIMUA OTHOCUTEIIBHBIMU JBWKCHUSMHU OKaszbiBaoTcs B u I1
OTHOCUTEJIBHO OCH X, II — OTHOCUTENBHO ) U B — OTHOCUTENBHO Z.
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=
y

2

BIITIB

X
Pucynok 24 — I'eomeTpuueckas CBSI3b HIWJIMHAP-TIIIOCKOCTh

Ota cBs3b (BIIIIB) uetbipexnonasxHas — I[I14, ona Ge3yciioBHas,
T.e. B HEH, JAaxe u3MeHsas GopMy IUIUHJIPA, HENb3sS YMEHBIIUTh YUCIIO
OTHOCUTEJIbHBIX JBUKCHUW 3BEHBEB.

[Tomemas nganee MUIMHAP B KEITOO (pUCYHOK 25), B caMOM OOIIeM
ciyyae mosiyduM TpexnoaBwxknywo (BITIT) ces3p I[ZK3. 1lpu cMmenieHuun

MUJIMH/PA TI0 JKeT00y 1o OCH ) MosABIIsieTcs 3aBucumoe Asrxkenue (1) mo z.
z

1DK3

=
y

2

BIIII

X
Pucynoxk 25 — CBs3b HUIUHIP-KENT00

Ha 3Ty cBsi3pb MOTyT OBITh HaJOKE€Hbl BHYTPEHHHE YyciioBUs. Eciu
KpUBH3HA kEN00a COBNAAET C KPUBU3HOW KPYrOoBOTO IIMJIMHJIpA, TO Mapa
cTaHeT AByXmoJBwxHOW I[/K2 (pucyHoxk 26,a), B HEH oOCTaHyTCS
BO3MOKHBIMH ~ BpalllaTelbHOE W MOCTynarenbHoe nBuxkeHust (BIT)
OTHOCHUTEJIBHO OCH X. EclIM XK€ HWJIMHIP BBINOJHUTH MapadOINYECKUM,
rUNepOOIMYECKUM WU SJUIMITHYECKUM U BBECTH €r0 B COEIMHEHHE C
KOHTPY?HTHO BBITIOTHEHHBIM kEM000oM (pucyHOK 26,0), To ocranercs
BO3MOXHBIM JIMIIb OJHO OTHOCHUTEJIBHOE NMOCTYNATEIbHOE JIBUKEHHE IO
OoCH X U CBs3b cTaneT I[/K1.
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b)

PucyHok 26 — CBsi3u HUIMHAP-KEN00 ¢ BHYTPEHHUMHU YCIIOBUSIMU

OTMeTHM, 4YTO TPU 3TOM BHYTPEHHEM YCIIOBUU COEIUHEHUS
HWIUHAP-KENT00 HamboJiee MPOCTO  peau3yeTrcss MOCTymaTelbHas
KUHEMATH4YECKAs CBSA3b.

[Tocnenneir w3 BO3MOXKHBIX CBsi3ed, 00pa3yeMbIX M3 IIPOCTHIX
MOBEPXHOCTEW (PUCYHOK 2), SBISIETCA CBSI3b IUIOCKOCTH-IUIOCKOCTh
(pucyHok 27). B Hell BO3MOXHBI TPU OTHOCUTEIBHBIX JBHXKEHUS -

ITOCTYIIATCJIBHBIC 110 OCSIM X M ) ¥ BpAIIaTCIIbHOC OTHOCUTCIIBHO OCH Z.
z

13
=
y

2

X
Pucynok 27 — I'eomeTpuyeckast CBsI3b IIIOCKOCTh-TUIOCKOCTh

I1I1B

O6o03HaunM 3Ty cBsizb Kak III13 v oTMETUM, UTO OHa OE3yCIlIOBHas,
T.€. HUKAaKAMW HW3MEHEHUSIMM TEJI  HEJb3s YMEHBIIUTh  YHCIIO
OTHOCHUTEJILHBIX IBUKEHUM B HEH.

Takum o0Opa3oMm, 3JI€eMEHTApHBIMH OJHOKOHTAKTHBIMHU CBSI3SIMH,
00pa30BaHHBIMU CEMbIO MPOCTHIMU TIIAJKUMH TTOBEPXHOCTSIMHU, SBIISIOTCS
COpOK JB€ OOOCHOBaHHBIC BBHIIIIE TEOMETpUUYECKUEe CBs3U. M3 Hux
IBEHAIATh CB3eU SABISAIOTCA msatunonsvkueimu: IS, VTS, IIIKS,
HICS5, IS5, IHJKS, IS, KKS, KCS, 115, I[KS, I]C5; mecTh cBs3ei
ABJSAIOTCS yeTblpexnoaBvwkabiMu — IIJI4, HIK4, IIIJK4, KK4, I[K4,
I[I14; cemb Tpexnonswxkusimu — VI3, K3, IIIC3, IIIJK3, I[K3, 1]7K3,
IIII3; Bocemb npyxnoaswxkueiMu — ILI2, IIIK2, IIIZK2(1), IIIJK2(2),
KK2, IIK2, I]C2, I]/K2 u neBsth ogHoBoABMKHBIMU — LI/, IIIK], IIICI,
1K1, KK1, KCI(1), KC1(2), IIC1, I[’K1.
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N3 42X mepeuncIeHHBIX CBA3EH HE BCE€ MOTYT OBITh MCIIOJIb30BaHbI B
MPAKTUKE KaK BIOJIHE MPUTOJHBIE U MPUHIIUIHAIBHO OTIUYAIOIIUECS OT
npyrux. Tak, npusenenusie Ha pucyHke 10 ces3u HIC3 v HIICI, xak 310
y>Xe OBUIO 3alKUCaHO BHIIE, SABJISIOTCS HEYCTOMUMBBIMU CBSA3SIMHU U HE
MOT'YT ObITh PEKOMEHI0BaHbI K MPUMEHECHHUIO.

[ToBTOpstonMu Apyr npyra sBisitorcs cBsizu I[K2 u I]C2 (pucyHku
21,b u 23,a). OcraBuM Kak HanOoOJCE JICTKO PEaIU3yeMyl0 U3 HUX CBSI3b
I[K2. MoHO BBIBECTH U3 MCIOJb30BaHus cBs3b III2K2(1), mpuBeACHHYIO
Ha pucyHke 13,c, Tak Kak OHa Mo cocTaBy nBwxeHui (BII) nyOonupyer
cBsa3b LZK2. JlyOonupyrouuMu Apyr apyra siBISIOTCS Takxke cBszu IHIK]
(pucynok 8,d) m KK1 (pucynok 16,c). [Ipu opraHm3anuu 3TOH CBSI3U
MPEANOYTUTEIBHEE UCITOIB30BaTh MOCIIETHIOK0.

N3 nByx cBszeit KCI(1) u KCI1(2), oTnuyaronmxcs JIMIIb BHIOM
CONPUKOCHOBEHHUSI 3BEHBEB — IO JyI'€ OKPYKHOCTHM M MO IMOBEPXHOCTHU
KOpCeTa, OUEBUIHBIM MIPEUMYIIIECTBOM 00JIaJaeT BTOpasi CBSI3b, UMEHHO €€
MBI U UCTIOJIb3YEM KaK MPEANOUYTUTEIbHYIO.

Takum o0pa3oMm, MOXHO OKOHYATEIBHO HAa3BaTh YMCJIA U BUJBI
OJIHOKOHTAKTHBIX CBSI3€M, KOTOphIE€ OYIyT HCIOJb30BaHbl Jajiee MpHU
CO3/IaHMH BCETO MHOT000pa3rsi HEOTHOKOHTAKTHBIX KUHEMATUUECKUX Tap:

natunoapokueie: LIS, IHJIS, HIKS, IICS, IS, HODKS, IHIIS,
KK35, KC5, LIS, LIKS, LICS;

yeTeipexnoasuxHbie: [11J14, I1TIK4, I[1DK4, KK4, 11K4, 11114;

tpexnoaswxkubie: I3, K3, [IDK3, [1K3, [K3, T1113;

npyxnoaswkusie: [IJ12, K2, K2, KK2, [IK2, [1K2;

ognonoapwkubie: IIJI1, IIDK1, KK1, KC1, ILIC1, ILD)KI.

B Teopun mexaHu3MoB [6] MexaHMYECKHUE T€OMETPUUYCSCKHUE CBS3H,

KaKk ¥ BCE TOJBM)KHBIE COCIMHEHUS 3BEHBEB IMPUHSITO HA3bIBATH
KUHEMATUYECKUMU TMapaMud MW JCJIUTh HUX Ha KIACChl MO YHUCIY
HE3aBUCUMBIX BO3MOKHBIX OTHOCHUTEJIBHBIX JIBH)KEHUU 3BEHHEB B HUX. B
MOJIHOM COOTBETCTBHUM C 3TUM, HAlJICHHbIC U ONKMCAHHBIC BBIIIE CBSI3U KaK
KMHEMAaTHUYEeCKHE Mapbl MOTYT OBITh Pa3HECEHbI MO KJaccam: NEpPBOro
Kjacca (MSITUMIOJABHXKHBIE), BTOPOr0 (UETHIPEXIOABUKHBIE), TPETHETO
(TPEXMOABUXHBIE),  YETBEPTOro  (IBYXIOJBWXKHBIE) W IATOTO
(OTHOMOABUKHBIE).

OTMeTHM ellle OJIHY BaXXHYI0 OCOOCHHOCTh OTJIMYAIOIIUXCS APYT OT
Ipyra KHHeMaTH4YeCcKux map. SBisSsACch mapaMu OJTHOTO M TOTO K€ KJacca,
OHU MOTYT CYIIECTBEHHO OTJIMYAThCS JPYr OT Jpyra IO KOMILIEKCaM
BUJIOB OTHOCHUTENBHBIX JIBUKECHUHN 3BEHbEB. [IpakTuka MalIMHOCTPOCHHS
JIUKTYET MOTPEOHOCTH BO BCEM MOJIHOM MHOT000pa3uu, KOTOPOE CBOAUTCS
K CJIIEIYIOIIUM IISITHAAUATH PEATU3yEMBIM cXeMaM (PUCYHOK 28).
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BIIBIIB

[Tape! mepBoro knacca
(ISATUTIOABUKHBIE)

BIIBB BIIIIB BIIBII

[Tapsr BTOpOTO Ki1acca ‘1 ‘
(4eThIpeXTOIBUKHBIE) :,

I1B

[Tape1 TpeTbero
KJ1acca

(TpeXmoIBUKHBIC)

BIIII

«—>

/ / %/
[Tape! yeTBepTOTO
KJacca
(IBYXTIOJIBUKHBIE)
/‘/ //

[Tape! msToro knacca
(OTHOTIOIBMYKHBIE)

Pucynok 28 — ITonHbli cocTaB TpeOyeMbIX MPAKTUKOW MAIIMHOCTPOEHUS
KOMILUIEKCOB OTHOCUTEJIBHBIX JBUKCHUM 3BEHHEB B KWHEMATUYECKUX ITapax

Bce o60ocHOBaHHBIC Bl KUHEMAaTHUECKHE TIaphl (36 map) cBejeM B
TaOJIMIIBI 110 MX KJIacCaM M 00ecIieYnBaeMbIM UMH KOMILIEKCAM B KCHHH.

B Tabnuie 2 moMemieHbl BCe ABCHAAINATh KUHEMATHYECKUX Iap
NepBOro Kjacca, o0ecrneunBaronuM Komiiekc aABxeHuit BIIBIIB.

OTtnnuarotcs 3THU apbl reoOMeTpueH COINPUKACAKOIINXCS
MMOBEPXHOCTEW. BCce OHM TOYEUYHBIE, OJHOKOHTAKTHBIE W JO3BOJISIOT IO
[I9Th OTHOCUTEJILHBIX HE3aBUCUMBIX IBIDKEHUU 3BeHbeB BIIBIIB ¢ onHuM
— IIECTBIM BO3MOXKHBIM 3aBUCHUMBIM JIBUKCHHUEM.

BaxxHo oTMmeTHMTh, 4YTO OTHM JABEHAAIATh  MITHUIOJABHKHBIX
KMHEMAaTUYECKUX IMap MOTYT OBITh HCIIOJIb30BaHbl MPHU CO3JIaHUU OoJice
CJIO)KHBIX COCIIMHEHUN 3BCHBEB, & MMEHHO YETBIPEX-, TPEX-, IBYX-
OIHOIOJABUKHBIX KMHEMATHUYECKUX Mmap. Tak, COEIMHEHUE NBYX 3BEHHEB
yepes nsath nap IS5 — obecnieyuT noaydeHue OgHONOABUKHOM Maphl.
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Tabmuma 2 — [lATUNONBMXKHBIE TEOMETPUYECKHE CBSI3M — Kak
OJIHOKOHTaKTHbIE KHUHEMATHYECKHE Naphl | kiacca

M5
OJUI1-2J111

IKS
QJUIT-T'UII1

KC5
'UII-T'UII2

KK5
TUII1-T'UAIT1

BIIBIIB(II)

BIIBIIB

o BIIBITB(I) d BIIBIIB(IT)

B Tabmuume 3 npuBeneM BCe IIECTh  YETHIPEXIOABUKHBIC
kuHematuueckue napel T4, IIIK4, IIIZK4, KK4, I[K4, I[II14. Ouu
pPacloJIOKEHbI IO CTENEHW CJHOXHOCTH  HCIMOJIB3YEMBIX  MPOCTBIX
MMOBEPXHOCTEN, B COOTBETCTBUHU C PUCYHKOM 2.

OTH YETHIPEXIIOIBUKHBIE KWHEMATUYECKUE MAPhl UMEIOT OTJIMYME HE
TOJBKO MO T€OMETPUU COMPHUKACAIOIIUXCSA MPOCTHIX MOBEPXHOCTEN, HO U
II0 COCTaBy OTHOCHUTEJIBHBIX JBHUKECHUW 3BEHBEB B JECKAPTOBOM CHUCTEME
KOOPJIMHAT B COOTBETCTBUU C PUCYHKOM 28.
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Tabmuma 3 — YeThIpeXNOABUKHBIE TE€OMETPUYECKUE CBS3U  —
OJIHOKOHTaKTHbIE KUHEMaTrn4eckue napsl |l knacca

z

K4

BIIBB(IT)

7
BIIBII(IT) BIIBII(I) %

HeoOxoaumble 111 MPaKTUKHA KOMILIEKCHI JBWIKCHHH, a WMEHHO
BIIBB — oGecneunBatorcs napamu T4, IIIK4 w IIIZK4, BIITIIB —
napou I[I14, a BIIBII — napamu KK4 wn I[K4, npuuem B cBsa3ax IIIK4,
KK4, IIK4 Bcerna mosiBIsieTCsl JOMOJIHUTEIBLHOE 3aBHUCHUMOE JBUKCHHUE
(IT) OTHOCUTEIILHO OJTHOM WIIM JIBYX OCEH.

CoBMeCTHOE MCIIOJIb30BaHUE MPHUBEICHHBIX B Ta0IUIle 3 CBSA3CH MIIH
COBMECTHO € [MapaMd TMEpBOro  Kjacca  MO3BOJISIET  CTPOUTH
HEOJIHOKOHTAKTHBIE TMapbl APYTUX KJIaccoB. Tak, COCAUHEHUE JBYX
3BEHBbEB 4epe3 ABe napel, Hanpumep K4 v K4, O3BOINAT MONYYHUTh
JIBYXKOHTAKTHYIO [MApy YETBEPTOro KJiacca.

B Tabnuie 4 nmomernieHbl OJHOKOHTAKTHbIE KMHEMATHYECKUE Maphbl
(reoMeTpHUUYECKHE CBSI3M) TPETHETO Kjlacca.

Takux map Bcero wecrts: I3, IIIK3, IIIK3, IIK3, I[K3, IIII3.
[Tapamu TpeThero Kjgacca MOXKHO OOeCleurBaTh MSATh BO3MOXHBIX
KOMIUIEKCOB JIBJKEHUM B JEKAPTOBOM CHCTEME KOOPJAMHAT, a UMEHHO
BBB, IIBB, IIIIB, BIIB v BIIIl. KOHKPETHO TAaKWE€ IABUXKCHUA MOTYT
ObITh BoCTIpou3BeieHbl: BBB — napoit IIIJI3, IIBB — napoii 1IIJK3, BIIB
—napamu HIK3 w I[K3, BIIII — iapoui I[/K3 v IIIIB — niapou I1113.
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Tabnuia 4 — TpexnoaBUKHbIE T€OMETPUUYECKHUE CBSI3U — OJTHOKOHTAKTHBIE
kuHeMatudeckue napsl Il kmacca

z z
H1JI3 IK3
—>
y y
BBB BIIB
X X
Z Z
1IK3 10K3
y g
y
BIIB ﬁf BIIII
X X

B Tabnuiie 5 mpuBeneHbl BCE OJHOKOHTAKTHBIE KHHEMATUUYECKHE

Iapbl 4ETBEPTOro Kiacca — ABYXIOABMKHBIE. X Bcero mects: 12,
HIK?2, IIIJK2, KK2. IIK2, 1]/K2.

Tabnuna 5 — J[ByXmoJABUAKHbBIE T€OMETPUUECKUE CBSI3U — OJTHOKOHTAKTHBIE
KuHeMaTtudeckue napsl 1V kiacca

Z
V4
11J12 HIK2
y y
4 BB BB
X
z Z
KK2 LIK2
y y
o
4 BB X T1B




[Tapbr yeTBEepTOrOo Kilacca, B COOTBETCTBHM C PUCYHKOM 28, MOTYT
o0ecrneunTh BOCTIPOM3BEICHUE CIEAYIONMMNX KOMIUIEKCOB NIBMXEHUM: BB,
IIB, IIIT v BII. Kommiiekc BB M0OXHO MOJIy4dTh, UCTIONB3Ys napel 12,
HIK2 v KK2; xommiekc IIB — uctions3yst napsl HIZK2 v ITK2; koMIIeKc
BII — mnapoii IJ7K2, yto kacaercsi Komiuiekca asvokeHuud IIII, Tto ero
BOCIIPOU3BECTU OJHOKOHTAKTHOW MapOX HEBO3MOKHO. JTO €IMHCTBEHHBIN
KOMILJIEKC OTHOCHUTEBHBIX JBUKECHUM U3 BCEX, IPUBEICHHBIX HA PUCYHKE
28, KOTOpbIi TpeOdyeT 0oJiee CI0KHOTO KOHCTPYKTUBHOTO BOTUIOIICHHS.

B Tabnuie 6 nokazaHbsl BC€ KHHEMAaTUYECKUE OJJHOKOHTAKTHBIC Mapbl
IATOTO KJlacca, JO3BOJSIOIIME €AUHCTBEHHOE OTHOCUTEIIBHOE JBUKCHUE
3BeHbeB. Beero ux mects. Oto I, IIIK1, KK1, KCI1, I]CI v I1[7K1.

B coorBeTrcTBMM C pHCYHKOM 28, Takhe mapbl MOTYT
OPraHU30BbIBAaTh BCErO JABA BUJAa KOMIUIEKCOB OTHOCUTEIBHBIX JBUKECHHUMN
3BeHbEB, 3T0 — B u I1. JIpmxenne B moxHO oOecmieunth mapamu I,
KK1 v KC1, neuxenus I peanmsyrorcs napavmu HIZK1, I[CI v LK.

Tabnuia 6 — OqHONOABUKHBIE TEOMETPUUECKHUE CBI3U — OJTHOKOHTAKTHBIE
KMHEMaTH4YeCKHe napel V Kiiacca

L1 z XK1 Z

[TogBoas WUTOr M3NOKEHHOMY, OTMETHM, UYTO TMOAXOJ K MpoOieme
CO3JJaHMA BCEr0  MHOrooOpa3usi KUHEMaTHUYECKUX TMap 3BCHBHEB
MEXAHUYECKNX CHUCTEM, OCHOBAHHBIM HA HWCMOJIb30BAHUU CEMH IMPOCTHIX
MMOBEPXHOCTEW, OTIMYAIOIIUXCSI IO TayCCOBOM KPUBHU3HE, IO3BOJISET
CUCTEMHO M3YUYUTh MX NMPUHUUMNHUAIBHBIE OTIIMYUS U CHAEIATh BBIBOJbBI, HE
MMEIOIINE JTIOTUYECKUX MPOTUBOPECUHIA.
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YAQPHBIX CUCTEM U KOMITBIOTEPHBIE WHCTPYMEHTAIBHBIE CPEIICTBA ISl X
pa3pabOTKM W  MoJepHU3auMu //  AKTyaldbHble MpPOOJEMBI B
MairHoctpoenuu. — 2015. — Ne2. — C. 71-76.

337. TyreinnH A.B. ®a3pl JIBWKEHHUS POJUKOBOTO KaHTOBATEIS
MPOKATHOTO cTaHa U ero kuHematuka / A.B. Tyteinun, JI.T. JIBopHUKOB //
BectHuk Ky30acckoro rocyaapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA. —
2015. — Nel. - C. 67-69.

338. KykoB M.A. MoaenupoBanue TMNPOJOJBHBIX KOJIeOaHUMN
coXHbIX O0ikoB yaapHsix cuctem / U.A. Kyxos, E.I'. Tumodees, B.B.
MosuanoB // Hayunoe o6o3penue. — 2015. — Ne5. — C. 90-93.

339. JIpopaukoB JI.T. OOocHOBaHHMS yHUBEPCAIBLHOIO MeETOJa
cuHTe3a kuHemaTuueckux nened ['prodnepa / JI.T. JIBoprukos, JI.H.
['ynumoBsa // @ynaamenTanbubie uccnenoBanus. — 2015. — Ne4. — C. 48-54.
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6 IIATEHTBI U CBUAETEJIBCTBA

1. A.c. Nel778265 P®, MIIK E21B 10/56. TsepaocmiaBHas
BcTaBka nisi OypoBbeix kopoHOK / Kykmun C.A., JIBopuukoB JI.T. —
Ne4878964; mpuoputet ot 31.10.1990; omy6s1. 30.11.1992, bron. Ned4,

2. A.c. Ne1798507 P®, MIIK E21D 1/06, EO2F 5/18. YcTpoiicTBoO
st tianetapHoro Oypenus / JIBopuuxoB JI.T., Illamommnukos M.J. —
Ne4459322; mpuoputet ot 24.05.1988; ony6s1. 28.02.1993, brom. Ne8.

3. A.c. Ne1800017 P, MIIK E21C 3/04. Otpaxkatesib BOJIH CXKaTHUS
/ ABopuukoB JI.T., AnexkcanapoB JI.H., Ilyunnasu C.I'., ®emoroB I'.B. —
Ne4932500; mpuoputet ot 29.04.1991; ony6u1. 07.03.1993, Broi1. Ne9.

4, A.c. Nel812358 Pd, MIIK F16D 1/06, F16B 17/00.
OkcuentpukoBoe coenuuenne / JlopuukoB JI.T., Ilapamos B.U. —
Ne4925099; nmpuoputet ot 03.04.1991; ony6s1. 30.04.1993, broa. Nel6.

5. A.c. Nel815590 Pd, MIIK F28F 3/08. IlmactuHa
TEIJI000MEHHOTO WM Teruionepenatomero anmnaparta / Isopuukos JI.T.,
Kaccup I'.A., Baneros A.JL., Anyd I'M. — No4922253; npuoputeT OT
28.03.1991; omy6:1. 15.05.1993, Bros. Nel8.

6. ITarent Ne2005174 P®, MIIK E21C 1/00, E21C 5/02. BypunbHas
mamuHa / JIsopaukoB JI.T., I'ynumor C.H., [Ipsako FO.A. — Ne04836577;
npuoputet oT 07.06.1990; ony6s1. 30.12.1993, bron. No47—-48.

7. ITaTent Ne2005879 Pd, MIIK E21C 1/00, E21B 3/00. Crenpa nis
UCCIIEIOBaHUsL TpolieccoB OypeHusi ropHbeix mnopon / JIBopuuko JI.T.,
[Mpsanko FO.A. — Ne5034630/03; mpuoputer ot 30.03.1992; omy6:.
15.01.1994, bron. Ne28.

8. Ilareur Ne2007636 P®d, MIIK F16D 1/06. Pa3wemHoe
coequnenne / JIBoprukoB JIL.T., IllapamoB B.M. — Ned934575/27,
npuoputet oT 05.05.1991; ony6:. 15.02.1994, bron. Ne28.

9. ITatent Ne2008137 P®, MIIK B23B 31/02. DKCHEHTpUKOBOE
coequuenne / JIBoprukoB JIL.T., IllapamoB B.M. — Ne4893471/08;
npuoputeT oT 25.12.1990; ony6s. 28.02.1994, bron. Ne28.

10. ITarenr No2008529 P®, MIIK F16B 1/00, F16B 2/18.
OkcueHTpukoBoe coenunenue / Jlpopauko JI.'T, Illapamos B.U. —
Ne50245118/27; npuoputet oT 27.01.1992; ony6n. 28.02.1994, Bron. No28.

11. TTarent Ne2026978 P®, MIIK E21C 3/00, E21C 3/08. Y napHbIii
mexanu3M / JIpopaukoB JI.T., XKuparo 2.5. — Ne5027911/03; mpuoputet
oT 19.02.1992; ony6s1. 20.01.1995, brom. Ne27.

12. ITarent Ne2039192 P®, MIIK E21B 10/16. TeepaocmiaBHas
BCcTaBKa i1 OypoBbiXx KopoHOok / JIBopuukoB JI.T., bepecne A.H.,
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Kykmua C.A. — No5027948/03; mnpuopurer ot 17.02.1992; onyOm.
09.07.1995, bron. Ne24.

13. ITatent Ne2039195 P®, MIIK E21B 10/36. bBypoBas kopoHnka /
Kykmun C.A., dBopuukoB JL.T. — No5034210/03; mnpuoputer oOT
26.03.1992; omy6u1. 09.07.1995, bron. Ne24.

14. ITatenr Ne2041442 PO, MIIK F28F 3/00. Ilmactmaa
TEMJI000MEHHOTO WM Teruionepenatomiero anmnaparta / Isopuukos JI.T.,
Kaccup TI'.A., BomeroB A.Jl., MemwokoB M.U.,, Anyp [I'M. -
Ne5063224/06; nmpuoputet ot 05.06.1992; ony6u1. 09.08.1995, broin. Ne24.

15. ITarenTt Ne2041792 P®, MIIK B25D 17/02. boek / JIBOpHUKOB
JL.T., Mpanko F0.A., I'ymumoB C.H. — Ne5027301/28; mpuopurer ot
17.02.1992; ony6u1. 20.08.1995, bros. Ne24.

16. IMatent Ne2053053 P®, MIIK B23B 51/00, B23B 31/02.
Pexxymuit  uactpyment / JBopuukoB JIL.T., IllapamoB B.M. -
Ne5023845/08; nmpuopuret ot 27.01.1992; ony6u1. 27.01.1996, bron. Nel7.

17. ITareat Ne2062911 P®, MIIK F16B 2/18. DxcneHTpHUKOBOE
coenudenue / JIBopuuxoB JIL.T., IllapamoB B.M. — Ne5023835/28;
npuoputet oT 27.01.1992; ony6:1. 27.06.1996, bron. Nel7.

18. IMatent Ne2065022 Pd, MIIK E21B 10/36, E21B 10/46.
bypoBas koponka misi yaapHoro Oypenust / JIBopuukoB JI.T., Ilpsanko
FO.A., I'y6anoB E.®.— Ne93040942/03; mpuoputer ot 12.08.1993; omy0.
10.08.1996, bron. Nel7.

19. Tlarenr No2069277 P®, MIIK F16B 2/18, B23B 31/02.
[{anroBoe coeauHenue aeranei MamuH / J[Bopuukos JI.T., Hlapanos B.1.
— No5034289/28; mpuopurer ot 26.03.1992; omy6n. 20.11.1996, brou.
No27.

20. ITatent No2069733 P®, MIIK E21B 10/02. bypoBas kopoHka /
[Mpsanko FO.A., I'opoynoBa H.M., MamontoB A.M., [IBopuukoB JL.T. —
Ne93045367/03; mpuoputet oT 21.09.1993; omy6m. 27.11.1996, bron. Ne28.

21. Ilatreur No2074991 P®, MIIK F16B 21/04. BaiionerHoe
coenquHenue / JIBopuumko JI.T., IlapamoB B.M. — Ne5023841/28;
npuoputet oT 27.07.1992; ony6s1. 10.03.1997, Bron. Ne33.

22. ITatent No2080447 P®, MIIK E21B 10/36. bypoBas koponka /
JBopuukoB JI.T., Kykmun C.A. — Ne5036775/03; npuopurer OT
09.04.1992; ony6u1. 27.05.1997, bron. Ne33.

23. ITatent Ne2082047 P®d, MIIK F16H 25/20. Penykrop
noctynarenbHoro asuwxkenus / J[BopunukoB JL.T., TumodeeBa MN.C. —
Ne94028539/28; npuoputet ot 27.07.1994; ony6s. 20.06.1997, bron. Nell.

24. Tlatent No2083793 Pd, MIIK E21B 10/36. BypoBas koponka /
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HBopauko JIL.T., XKusaro 2.4. — Ne94019386/03; mnpuoputer OT
26.05.1994; ony6u1. 10.07.1997, Bron. Ne33.

25. TlatrenT Ne2083820 Pd, MIIK E21C 11/02. BbypoBoii
manumnyisatop / Jsopuuko JIL.T., CeepmioBa H.C. — Ne94019886/03;
npuopuret oT 31.05.1994; ony6s. 10.07.1997, bron. Ne33.

26. ITatent Ne2083840 P®, MIIK E21C 47/10. Cnocob oTnencHus
CTpoUTeNbHOTO0 KamHs OT MaccuBa / J[BopuukoB JI.T., I'ybanoB E.®. —
Ne93058034/03; mpuoputet ot 30.12.1993; ony6s. 10.07.1997, bron. Ne33.

27. Ilatent Ne2090735 P®, MIIK E21B 10/56. TeepaocmiaBHas
BcTaBKa J[BopHHKOBa—BeuyxkanuHa 1y OypoBbIX KOPOHOK / J[BOPHUKOB
JL.T., Beuyxauna JI.C. — Ne95104169/03; mpmopurer ot 21.03.1995;
omy0J1. 20.09.1997, bros. Ne8.

28. ITatent Ne2090753 P®, MIIK E21C 5/02. Yaapuas OypuinbHas
mamuHa / JIBopaukoB JI.T., I'y6anoB E.®. — Ne93030308/03; mpuoputer
ot 08.06.1993; ony6s1. 20.09.1997, Bros. Ne29.

29. IMarent Ne2098701 Pd, MIIK F16H 25/00, F16S 5/00.
JIByxkoHTakTHas kuHemaTudeckas napa / J{Bopuukos JI.T., Kusaro 2.4.
— Ne96104540/02; npuoputer ot 06.03.1996; ony6a. 10.12.1997, brou.
Nell.

30. ITatrear No2099610 P®d, MIIK F16B 2/00. Pa3pemHOe
3aknuHuBaoIiee coenqunenue / Jlpopaukos JI.T., Anamosuu H.O., [1ynses
N.B. — Ne96101076/28; mpuoputer ot 09.01.1996; omy6a. 20.12.1997,
broi. No22.

31. ITatent Ne2101181 Pd, MIIK B30B 1/20. BunTtoBoit npecc /
JBopuukoB JI.T., Oiipux A.A. — Ne96111484/02; npuopurer OT
06.06.1996; ony6:1. 10.01.1998, Bron. No22.

32. Tlatent Ne2101140 P®, MIIK B23B 31/00, F16B 7/00.
OxkcuentpukoBoe coeauHenune / IllapanmoB B.M., JIBopnukoB JIL.T. —
Ne96111580/02; mpuoputet oT 06.06.1996; omy6. 10.01.1998, Bron. Ne22.

33. Ilatent Ne2104157 P®, MIIK B30B 15/16. IlpeobOpazoBarenb
napyienus / JIpopaukos JI.T., 3umapun I1.A. — Ne95110344/02; npuoputet
oT 19.06.1995; ony6s1. 10.02.1998, bros. Ne29.

34. Tlatent Ne2105123 P®, MIIK E21B 10/36. bypoBas koponka /
JBopaukoB JI.T., I'yoanoB E.®. — Ne96103246/03; mnpuopureT OT
01.02.1996; omry6s1. 20.02.1998, bron. Nel6.

35. Ilatent Ne2106542 P®d, MIIK F15B 3/00, B30B 15/16.
'mapomexanunueckuid npeoOpazoBarens ycunus / JIBopuukoB JLT.,
3umapun IL.A. — Ne96111483/02; mpuopurer ot 06.06.1996; omyOm.
10.03.1998, bron. No22.
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36. Ilatrent No2108492 P®d, MIIK F16B 2/00. Tpex3BeHHOE
3akiauHuBaroniee coenunenue / JopuukoB JI.T., AmamoBuu H.O. —
Ne96105809/28; mpuopuret oT 26.03.1996; ony6:1. 10.04.1998, bro. Ne22.

37. Ilatenr Ne2108493 P®, MIIK F16B 2/18. Pa3zwemHOe
SKCIIEHTpUKOBOe coenuuenne / JIBopuukoB JI.T., AnmamoBuu H.O.,
[ITaparmoB B.M. — Ne94042761/28; mpuopurer ot 30.11.1994; omy6a.
10.04.1998, bron. Ne30.

38. ITarent Ne2120615 Pd, MIIK GOIN 19/02, GO1N 3/56.
YerpoiicTBo miis onpenenenus ko3 duunrentos Tpenus / JIsopaukon JI.T.,
XKuparo 2.4. — Ne93038390/28; mpuopurer ot 27.07.1993; omyOu.
20.10.1998, bron. Ne30.

39. IMTatent Ne2123428 P®, MIIK B30B 1/02, F16H 21/00.
Prryaknsiii mpeodpaszoBatens ycunuii / JIBopuuxoB JI.T., AponoB M.A.,
Mamees C.B. — Ne97108294/02; mpuoputer ot 20.05.1997; omy0:.
20.12.1998, broa. Ne§.

40. ITarent Ne2130545 P®, MIIK E21C 11/02. BypoBo#i arperat
it ctpoyHoro Oypenusi mimypoB / JIBopaukoB JI.T., I'ybanos E.D. —
Ne97109700/03; mpuoputet oT 10.06.1997; ony6s1. 20.05.1999, bron. Ne32.

41. Tlatenr Ne2137595 P®d, MIIK B25D 17/02. VY nmapauk
OypunbHoii Mammnbl / JIBopHukoB JI.T., [Tpsako M.FO. — Ne98111004/28;
npuoputet oT 01.06.1998; ony6s1. 20.09.1999, bron. No23.

42. Tlatent Ne2137964 P®, MIIK F16H 25/00, F16S 5/00.
JIByXKOHTaKTHas NBYXIOJBWIKHAs KUHeMaThuyeckas mapa / JIBOpHHUKOB
JLT., Kuparo 2.5. — Ne98107446/28; npuoputer ot 20.04.1998; omy0O.
20.09.1999, bron. Ne2.

43. Tlatent Ne2137965 P®, MIIK F16H 25/00, F16C 11/00.
CamoycTaHaBJIMBAIOIIASCS MATUKOHTAKTHAsI BpalliaTeyibHas
kuHeMatudeckas napa / JIpopaukos JI.T., XKusaro 9.5. — Ne98109223/28;
npuoputet oT 15.05.1998; ony61. 20.09.1999, bron. No2.

44, Tlatent No2141289 P®, MIIK AG1lF 2/54. TIpore3 kuctu /
HBopuukoB JI.T., Kusaro 2.4., KypmiokoB A.B. — Ne98112672/14;
npuoputet oT 26.06.1998; ony6s1. 20.11.1999, bron. No23.

45. Tlatent Ne2142850 P®, MIIK B02C 1/04. IllexoBas apobuinka /
JlBopaukoB JI.T., Makapor A.B. — Ne98110302/03; npuoputeT OT
01.06.1998; ony611. 20.12.1999, bromn. No2.

46. ITarent Ne2143050 P®, MIIK E21B 19/08. Bbypos,oii
manunynstop / JBopuukoB JL.T., CeepmnBa H.C. — Ne98109323/03;
npuopuret oT 15.05.1998; ony6s. 20.12.1999, Bromn. Ne2.

47. Tlatent Ne2143066 P®d, MIIK E21C 1/00. BpamarenbHas
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OypuibHas mammHa / J[BopuukoB JI.T., Cepmio C.I'., badanos A.Il.,
Tumodeesa N.C., Kagounukos I1.1O., JIuteenko K.A. — Ne98112671/03;
npuoputeT oT 26.06.1998; ony6:1. 20.12.1999, bron. Ne2.

48. ITarent Ne2143067 P®, MIIK E21C 11/02. Bbypo,oii
manumnyisatop / Jsopuuko JI.T., CeepmioBa H.C. — Ne98111003/03;
npuoputet oT 01.06.1998; omy6:1. 20.12.1999, Bron. No2.

49. Tlatrent Ne2143073 Pd, MIIK E21C 37/24, B25D 11/12.
VYnapueiii mexanusm /  JBopuukoB JI.T., Kuumentses B.JO. -
Ne98112670/03; npuoputet oT 26.06.1998; ony6s1. 20.12.1999, bron. Ne2.

50. ITarent Ne2143604 P®, MIIK F16B 2/18, F16L 25/00.
Coenunaenne TpybompoBooB / JIpopaukor JI.T., Kaneagun B.O., Ilynses
N.B. — Ne98122192/06; npuoputer ot 08.12.1998; omyba. 27.12.1999,
brom. Ne23.

51. TTarent Ne2147662 P®d, MIIK E21B 1/16, B25D 11/12.
VY napubiit Mmexanusm / JIsopuuxoB JI.T., SA3pkoB A.B. — Ne98112669/03;
npuopuret oT 26.06.1998; ony6s. 20.04.2000, brom. Ne6.

52. Ilatent Ne2148133 Pd, MIIK E04C 3/08. Cnoco0 co3maHus
KOHCTPYKTHUBHBIX CXeM cTpouTenbHbIX ¢epM / JIBopHukon JI.T., Knumona
N.C. — Ne98113130/03; mpuopurer ot 07.07.1998; omy6n. 27.04.2000,
broi. Ne6.

53. Ilatent Ne2148143 P®, MIIK E21B 1/16, B25D 11/12.
VY napueiii mexanusm / JIsopuukoB JI.T., KomrykoB A.B. — Ne98112668/03;
npuoputet oT 26.06.1998; ony6:1. 27.04.2000, bros. Neb.

54. Tlatent No2148170 P®, MIIK E21C 39/00. YcrpoiictBo s
ONpPEAENICHUsI YHEPTOEMKOCTH Pa3pylI€HUs] TOPHBIX Mopoj / JIBOpPHUKOB
JLT., IIpoxopenko C.B. — Ne98111042/03; mpuopurer ot 09.06.1998;
omy06J1. 27.04.2000, bros. Ne6.

55. Ilatent Ne2150626 P®d, MIIK F16H 25/20. Penmykrop
nocrymnarenbHoro JBwkeHuss / JBopuukoB JI.T., Ckapasirun A.I1O.,
baknymun JI.C. — Ne99109743/28; mpuopurer ot 11.05.1999; omyOq.
10.06.2000, bron. Ne2.

56. ITatent Ne2155894 P®, MIIK F16H 19/04. Peeunsnlii MexaHU3M
/ HBopuukoB JIL.T., Kaccup I'.A., Kuszer [I.C. — Ne99100488/28;
npuoputeT oT 05.01.1999; ony6s. 10.09.2000, bros. Ne33.

57. Tlatent Ne2160816 P®d, MIIK E21B 10/56. TepaocmnaBHas
BcTaBka / boiikoB B.B., /IBopaukos JI.T., Kyknun C.A. — Ne99100486/03;
npuoputeT oT 05.01.1999; ony6s. 20.12.2000, bros. Ne23.

58. ITarent Ne2162032 Pd, MIIK B30B 15/16, F15B 3/00.
['uppaBmuueckuit mnpecc / JBopuuxoB JIL.T., 3umapun ILA. -
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Ne99110700/06; npuoputet ot 18.05.1999; ony6s. 20.01.2001, bros. Ne33.

59. Ilatent Ne2164998 PD, MIIK E21B 1/16. Y gapusbIii MexaHusm /
JBopaukoB JI.T., JlutBenko K.A. — Ne99123511/03; npuoputer OT
04.11.1999; ony611. 10.04.2001, bron. Nel9.

60. ITarent No2165023 P®, MIIK E21D 21/00. 3arspkHOe
ycTporictBo ankepa / Ceepmio C.I'., IsopaukoB JI.T., [TonOopoHHUKOB
C.®. — Ne99121083/03; mpuoputer ot 05.10.1999; omy6a. 10.04.2001,
bromn. NelO.

61. A.c. Ne270845. 3akpeitoe. — 3apeructpupoano 01.03.88.
(Coastop: Jonuenko B.C.)

62. ITatent Ne2166092 P®d, MIIK E21D 21/00. 3amokx ankepa /
JBopaukoB JI.T., IIImapo A.B., Momkun H.B., CeepmnoB C.I. —
Ne99127677/03; mpuoputet oT 27.12.1999; omy6m. 27.04.2001, brom. Nel9.

63. ITatent Ne2167993 P®, MIIK E21B 10/56. TepaocmiaBHas
BCcTaBKa sl OypoBbix KopoHOK / JIBopuukoB JI.T., I'ybanor E.®. —
Ne99123820/03; mpuoputet ot 10.11.1999; ony6s. 27.05.2001, bros. Ne19.

64. [Tatear Ne959 Pd, MIIK F16B 02/18. DxcreHTpHKOBOE
coenudenue / JpopuukoB JI.T., IllapamoB B.M. — Ne4925238/28;
npuopuret oT 04.04.1991; ony6s. 16.10.1995, Bron. NelO.

65. Ilatenr No2180414 P®, MIIK F16H 21/16, FO1B 3/02, FO1B
3/04, FO2B 75/26, FO2B 75/32. MexaHu3Mm npeoOpa30oBaHus JIBMKCHHS /
HBopuukoB JI.T., Koram Bb.W., IlImakoB E.H. — No2000114535/06;
npuoputet oT 06.06.2000; ory6:1. 10.03.2002, Bros. Ne32.

66. ITatent Ne2182953 PO, MIIK E21B 1/38, B25D 17/02. Crioco6
0o0pa3oBaHUs BUAOB KATEHOWJHBIX OOWKOB yAapHBIX MEXaHU3MOB /
HBopuukoB JIL.T., KykoB WM.A., CrtumanoB A.I'. — Ne2000132024/03;
npuoputet oT 20.12.2000; ony6s1. 27.05.2002, bron. Ne20.

67. Ilatear Ne2184290 P®, MIIK F16H 25/20, B25D 17/02.
PenykTop moctrymatensHoro auxenus / JIsopuukoB JI.T., Ckapabiruf
A1O., baknymun J[.C. — Ne2000117900/28; mpuoputer ot 05.07.2000;
omy0J1. 27.06.2002, brom. Ne8.

68. ITatenr No2189348 P®d, MIIK B66C 1/28. MexaHusm
mectu3BeHHoro cxBara / JIsopuukoB JI.T., TutoB A.A., Cy3nanbies E.B.
— No2000109107/28; mpuoputet ot 11.04.2000; omy6s. 20.09.2002, brou.
No36.

69. Ilarent Ne2191698 P®, MIIK B30B 15/16, B30B 1/32, F15B
15/02. TlpeoOpaszoBatens naBieHus ruuapomnpecca / JlBopuuko JL.T.,
Xoxpud M.B. — Ne2000130885/02; mpuoputer ot 08.12.2000; omyO.
27.10.2002, bron. Ne21.
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70. IMarenT Ne2201348 P®d, MIIK B30B 1/06, F16H 21/00.
KpupommunHo—mon3yHHbIi Mexanu3m npecca / JIsopaukos JI.T., Uykukos
0O.C., Crapuko C.II. — Ne2001120227/02; npuopurer ot 18.07.2001;
omy6:1. 27.03.2003, Bros. Ne(7.

71. ITatent Ne2202030 P®, MIIK E21B 10/56. TepaocmiaBHas
BCcTaBKa I OypoBbix kKopoHOK / /[BopuukoB JI.T., Beuyxaunun [1.C. —
Ne98111133/03; mpuoputet ot 09.06.1998; ony6s. 10.04.2003, bros. Ne30.

72. Ilatrentr Ne2204748 P®, MIIK F16H 21/00. Pwryaxabii
npeoOpazoBarenp ycuiuii / JIpopaukoB JI.T., Hukynun A.A., bakinymmHa
N.C. — Ne2001120228/28; nmpuoputet ot 18.07.2001; omy6a. 20.05.2003,
broi. Nell.

/3. Ilatent Ne29748 P®, MIIK E21D 5/00. Ctepxenr ankepa /
JBopuukoB JI.T., IIpoxymenko C.1., Momkun H.B., Beuyxanun [.C,
babano A.Il. — Ne2002118034/20; mpmopurer ot 09.07.2002; omy0.
27.05.2003, bron. Ne21.

74. Tlarent Ne2207462 P®, MIIK F16H 21/14, F16H 25/04.
PoryakHpiii MexaHuU3M ISl pa3feieHus BpAIIaTeIbHOTO JIBMKECHUS /
JBopaukoB JI.T., Illepenko C.M. — Ne2001132117/28; npuopurer OT
26.11.2001; omy6u. 27.06.2003, bron. No21.

75. ITatent Ne31226 P®, MIIK B63B 35/73. Katamapan / Mypartos
A.M., llleBuenko A.C., JIopaukoB JI.T. — Ne2003103550/20; npuoputer
ot 10.02.2003; ony6s1. 27.07.2003, bros. Ne(9.

76. Tlatenr Ne2210692 P®, MIIK F16H 21/16, F02B 75/32.
Kpupommnuo — non3yHHeiii MexanusMm / J[sopuukos JI.T., Hukonos A.E.,
bonbmakoB H.C. — Ne2001132116/28; npuoputet ot 26.11.2001; omy0J.
20.08.2003, bron. Ne21.

77. ITatent Ne2212510 PO, MIIK E21B 10/42. Pesen st Oypenus
mmnypoB / JlBopuukoB JL.T., Ilpoxymenko C.H., IlonsiHuer H.A.,
Beuyxanun J[.C, Kamuama B.B. — Ne2001133224/03; mpuoputeT OT
06.12.2001; omry6s1. 20.09.2003.

78. ITatent Ne2212511 P®d, MIIK E21B 10/56. be3ne3Buiinag
oypoBas koponka / JI[BopaukoB JI.T., IIpokymenko C.U., Kykmun C.A.,
Beuyxanun JI.C., IloaemanieB H.A. — Ne2001133223/03; mpuoputeT OT
06.12.2001; omy611. 20.09.2003.

79. ITatent Ne2212535 P®, MIIK E21C 35/18. TanreHmuaibHBIN
noBopotHbii  pesery /  JBopuukoB  JL.T., Ilpokymenko C.U.,
KpecroBoznBuxenckuii I1.[[., TlombinmeB H.A. — No2001134315/03;
npuoputeT oT 17.12.2001; omry6:1. 20.09.2003.

80. ITarent Ne2212540 P®d, MIIK E21D 21/00. 3atrsxHOE
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yctpoiictBo ankepa / JIsopaukos JI.T., IIpokymenko C.U., Momkun H.B.,
[TonsieB H.A. — Ne2001133233/03; npuoputet ot 06.12.2001; omy0a.
20.09.2003.

81. ITarent Ne2214870 Pd, MIIK B03B 13/00, B03B 13/04.
YCTpOUCTBO ISl BBIACICHUS METAUIMYECKUX TPUMECEM U3 IOTOKA
TEXHOJIOTHUYECKOU Macchl kene3Hbix pya / CmupHoB M.C., JIBOpHUKOB
JLT., Hunkep JI.M., ®unmunmnos I1.A., Jloporynuos B.B., Tl'aiinun A.Il.,
Py6exoB b.3., Komuccapo A.B. — No2001120182/03; mpuopurer ot
18.07.2001; omy6u1. 27.10.2003, bros. Nel2.

82. Ilarent No2215213 P®, MIIK F16H 25/00. TpexkoHTakTHas
kuHemaTuyeckas napa / Jlpopaukos JI.T., XKusaro 2.4., AnamoBuu H.O. —
Ne2001133207/28; npuopuretr ot 06.12.2001; omy6a. 27.10.2003, broa.
No28.

83. ITarent Ne2219389 Pd, MIIK F16B 3/00, F16B 2/14, F16B 2/18,
F16D 1/06. llInonoynoe coequnenue / Jpopuukos JI.T., Illapanos B.U.,
Pyouk A.B. — Ne2001106825/11; mpuoputer ot 12.03.2001; omyOm.
20.12.2003, brom. NeO5.

84. Ilatrent Ne2224082 P®, MIIK E21B 17/042. Coenmuenwne
OypoBsix mranr / JIsopuukos JI.T., IIpokymenko C.U., Beuyxanun /I.C.,
IToneiaieB H.A. — Ne2001134316/032001134316/03; npuoputer OT
17.12.2001; omy611. 20.02.2004, Bros. Nel8.

85. ITatenT Ne2229641 P®d, MIIK F16H 21/00. Pwryaxxubiii
MEXaHHU3M C MOABWKHBIM ITpuBoJIoM / JIBopHukoB JI.T., Banasimes A.B. —
Ne2002116927/112002116927/11; npuopurer ot 24.06.2002; omy0.
27.05.2004, bromn. NeO7.

86. ITatenT Ne2229642 P®d, MIIK F16H 21/00. Pwryaxxusiii
MexaHu3M ¢ ruOkumu cBsizsimu / J[BopuukoB JI.T., Heymaxun B.H. —
Ne2003100990/112003100990/11; mnpuopurer ot 13.01.2003; omy0.
27.05.2004, broa. No34.

87. Ilatent Ne2230946 P®, MIIK F16B 2/18, F16L 15/00.
Coenunenus tpy6 / JIBopuuko JI.T., ITynses M.B. — Ne2002111085/06;
npuoputet oT 24.04.2002; ony611. 20.06.2004, bromn. Ne36.

88. Ilatent Ne2232637 P®, MIIK B02C 1/04. IllexoBas npobuika /
JBopaukoB JI.T., Makapo A.B. — Ne2003103458/03; mpuoputer OT
05.02.2003; omy6u1. 20.07.2004, bron. Ne34.

89. IlaTenTt Ne2234583 P®d, MIIK E21B 1/38, B25D 17/04. Boek
yaapHoro wmexanmsma /  JIBopuukoB JL.T., XKykos HN.A. -
Ne2003109114/03; mpuopuretr ot 31.03.2003; omy6s. 20.08.2004, bros.
No34.
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90. ITateur Ne2234606 PdD, MIIK E21D 23/00. Ceknus
MexaHnusupoBaHHoit kpenu / JBopuukoB JL.T., Epemun J.C. -
No2003115907/03; nmpuoputrer ot 27.05.2003; omy6s. 20.08.2004, broa.
Ne(5.

91. Ilatent Ne2235594 P®, MIIK B02C 1/04. IllexoBas npobuika /
JBopaukoB JI.T., Makapos A.B. — Nc2003103459/03; mpuopureT OT
05.02.2003; omy6u1. 10.09.2004, bron. Ne34.

92. TTarent Ne2240454 P®, MIIK F16H 25/00, F16S 5/00.
TpexkoHTakTHasE JBYXIOABWXHAs KUHeMaThuyeckas mnapa / J/[BOpHUKOB
JI.T., Kuparo 2.5. — Ne2003109113/11; npuoputet ot 31.03.2003; omy0.
20.11.2004, bron. Ne32.

93. ITarent Ne2240675 P®, MIIK AO1F 12/30, AO1lF 12/38.
Comomotpsic / JlBopuukoB JI.T., Koram Bb.M., Yepmeim A.Il. —
Ne2003108578/12; mpmopuretr ot 27.03.2003; omy6a. 27.11.2004, brom.
NeO5.

94, Tlarent Ne2241880 Pd, MIIK F16H 25/00, F16S 5/00.
TpexkoHTaKkTHasE IBYXIOABHXHAs KUHeMaThuyeckas mapa / J[BOpHUKOB
JL.T., XKusaro 2.4., CazonoB E.B. — No2003105875/11; nmpuopurer ot
03.03.2003; omy6u1. 10.12.2004, bron. Ne34.

95. Ilarent Ne38836 P®, MIIK E21D 21/00. T'opubiii ankep /
JBopuuxoB JI.T., I[Ipokymenko C.H., Momkun H.B. — No2004104273/22;
npuoputet oT 16.02.2004; ory6:1. 10.07.2004, bron. Nel9.

96. ITatent Ne39357 Pd, MIIK E21B 10/00, E21C 35/00. Pe3en miist
OypeHus yrieil u Msarkux ropasix nopon / JIsopuukos JI.T., [IpokymieHko
C.1., bypnakoB A.JI., Kazanie A.A. — No2004103947/22; npuoputer oT
11.02.2004; omry61. 27.07.2004, bron. Ne21.

97. Ilarentr Ne40645 PO, MIIK E21B 10/52. TsepnocmiaBHas
IacTMHa JUid  OypoBbIX MNOpoAHBIX pe3uoB / JlBopruko JL.T.,
[Ipoxkymenko C.U., bypnakoB A.JI., Kanunun B.B., Kazanner A.A. —
Ne2004115563/22; mpuoputet ot 27.05.2004; ony6s1. 20.09.2004.

98. Ilatrent Ne41072 P®, MIIK E21B 10/56. Tpexnepas
Oe3ne3BuitHas Oypoasi kopoHka / JBopuukoB JI.T., IIpokymenko C.H.,
Kykmua C.A., T'ybanoB E.®. — Ne2004116589/22; mnpuoputer oOT
04.06.2004; ony6s1. 10.10.2004.

99. Ilatent Ne42258 PO, MIIK E21B 3/00. Coenunenue OypoBOTO
pesua co mranroit / JIsopaukos JI.T., [Tpokymenko C.H., Kazannes A.A.
— No2004124166/22; npuoputet ot 10.08.2004; ony6:1. 27.11.2004.

100. ITatent No02242578 P®, MIIK E21B 7/02. BbypoBoii
manumnystop / JsopaukoB JL.T., ITponun C.FO. — No2003120268/03;
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npuopuret oT 02.07.2003; omy6s. 20.12.2004, bron. Ne08.

101. ITarent Ne42568 PD, MIIK E21B 3/00. [Topomusrii 6ypoBoii
pesen / Ilpokymenko C.M., Kammuun B.B., JIBopuukoB JIL.T. —
Ne2004124172/22; npuoputet ot 10.08.2004; omy6:. 10.12.2004.

102. ITatent Ne2246201 P®, MIIK AO1F 12/38. Conomotpsc /
HBopuukoB JI.T., Koran Bb.M., Yepnsim A.Il. — No2003118025/12;
npuopuret oT 16.06.2003; omy6s1. 20.02.2005, Brom. NeS.

103. CsunerennsctBo I1I9BM Ne2004612091. / JIBoprumkos JI.T.,
IIponun C.1O. (P®) — 3apeructp. 09.09.2004.

104. ITatent Ne42569 PO, MIIK E21B 3/00. Coenuaenne 6ypoBoro
pesia co mranroit / JIBopaukos JI.T., [Ipokymenko C.U., Kanunun B.B. —
Ne2004124173/22; mpuoputet ot 10.08.2004; orry6:1. 10.12.2004.

105. ITatent Ne42581 Pd, MIIK E21D 21/00. Illaiba 3aTssKHOTO
yctpoiictBa ankepa / JIBopaukos JI.T., [Ipokymenko C.U., Momxkun H.B.,
[IImapoB A.B. — No2004114414/22; npuopuret ot 13.05.2004; omy0.
10.12.2004.

106. Ilatenr Ned44744 P®, MIIK E21C 35/18. TaHreHnuaibHBINA
noBopoTHbii  pesen /  JIBoprukoB JL.T., IIpokymenko C.H.,
KpecroBozaBuxkenckuit  I1.JI. — Ne2004123541/22; npuoputeT OT
04.08.2004; ony61. 27.03.2005, bron. Ne9.

107. Tlarent Ne2252912 P®, MIIK B66F 7/06, F16H 21/00.
I'pyzononbemuas miargpopma / JlBopuukoB JIL.T., bakmymuuna WU.C.,
Hexorenes I1.B. — No2003120269/11; npuopuret ot 02.07.2003; omy0J.
27.05.2005, bron. Nel5.

108. TTarenr Ne2261386 P®, MIIK F16H 25/00, F16S 5/00.
YeThipexkoHTakTHass kuHeMartndeckas napa / JIsopuukoB JI.T., KuBaro
D.41., BanoB /.M., bopucosa JI.Lb. — Ne2004115132/11; npuopurer ot
19.05.2004; omy6u1. 27.09.2005, bron. Ne27.

109. ITatent No50244 PO, MIIK E21B 3/00. CtynenuaTsiit pezer—
pacumpuTenb ¢ 00patHbIM pe3anueM / [Ipokymenko C.U., bypnakos A.JL.,
JBopaukoB JI.T., Kamuuua B.B. — No2005120576/22; npuoputer OT
01.07.2005; ony6u1. 27.12.2005, bron. Ne36.

110. ITateur Ne49566 PD, MIIK E21B 19/00. Coenunenue
OypoBbIX HITaHT yepe3 BHyTpeHHui ymop / IIpokymenko C.U., Kanunun
B.B., JIsopaukoB JI.T. — Ne2005119266/22; npuopurer ot 21.06.2005;
omy0:1. 27.11.2005, bron. Ne33.

111. Tlarent Ne2276291 P®, MIIK F16B 17/00, F16B 7/00, B23B
31/00. DxcuentpukoBoe coeaunenue / JIsopuukos JI.T., lllapanos B.U.,
CyxoB A.A. — No2004131124/11; npuoputer ot 25.10.2004; omyOm.
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10.05.2006, bron. Nel3.

112. Ilatreur Neo54093 P®, MIIK E21C 35/18. Pa3beMubli
MOBOPOTHBIN pe3en; Jjs ropHbix komOaitHoB / Ilpokymenko C.H.,
Kamuaua B.B., IBopaukoB JI.T. — Ne2005118611/22; mpuoputer oOT
15.06.2005; omy611. 10.06.2006, bron. Nel6.

113. ITatrent No53427 P®, MIIK F41J 1/12. VYcrpoicTBo s
yJIaBIMBaHUS MyJb JIETKOTO OTHECTpelbHOro opyxus / bepecuer A.Il,
HBopaukoB JI.T. — Ne2005133641/22; npuoputet ot 31.10.2005; omyo6u.
10.05.2006, bron. Nel3.

114. TTatent Ne53702 P®, MIIK E21B 3/00. Tpexmnepsiit pesen ams
oypenns mmypoB / [Ipokymenko C.U., Kanuaua B.B., [IBopuaukos JI.T. —
Ne2005140232/22; npuopuretr ot 22.12.2005; omy6a. 27.05.2006, bro.
Nels.

115. ITarent Ne54628 Pd, MIIK E21C 35/18. Pesernr moOBIYHOrO
kombOaitna / Ilpokymenko C.U., Craposankuit C.B., JIBopuuko JL.T.,
KpecroBozasuxenckuit I1.J[., Beuyxanun [.C. — No2006100399/22;
npuopuret oT 10.01.2006; omy6s1. 10.07.2006, bron. Nel9.

116. ITatreaT Ne2285169 P®, MIIK F16H 37/16. IlmanerapHslii
MEXaHW3M I pealu3alu IOCTYyNaTeIbHOTO JBWIKEHUSI phbluara /
JBopaukoB JI.T., bonmapenko B.C. — Ne2005111318/11; npuopurer ot
18.04.2005; omy6u1. 10.10.2006, bros. Ne28.

117. CeunerensctBo IIOBM Ne2006611506. Pacuer mapameTpoB
CTPYKTYPHBIX CXEM KHHEMAaTUYECKHUX IEeNeld B 3aJauye KOMIIbIOTEPHOTO
cUHTe3a CTpYKTyp Mexanu3MoB / J[BopaukoB JI.T., Ctrenano A.B. (P®) —
3apeructp; 3apeructp. 04.05.2006.

118. ITatrent No2289741 P®d, MIIK F16H 21/16. Ilpoxomnoit
KPUBOIIUITHO—TIOJI3yHHBIN Mexanu3M / [Isopuukos JI.T., bonsmakos H.C.
— No2005120430/11; mpuoputer ot 30.06.2005; ony6:a. 20.12.2006, bron.
No35.

119. ITatent Ne2288390 P®, MIIK F16H 1/14. 3ybuaras nepenaya /
JBopuukoB JI.T., Koran b.H., YepnanueBa A.H. — No2005116617/11;
npuoputet oT 31.05.2005; ony6s1. 27.11.2006, bron. Ne33.

120. ITatent Ne59688 Pd, MIIK F21B 3/00. Pesen mnsi Oypenus
mnypoB / Ilpokymenko C.M., Kamuaun B.B., JIBopuukoB JL.T. —
Ne2005118467/22; npuopuretr ot 14.06.2005; omy6n. 27.12.2006, brod.
No36.

121. Tlarent Ne2291336 P®, MIIK F16H 55/20, F16H 1/14, F16F
1/32. Konnueckuit penyktop / JIsopaukos JI.T., Koran b.W., Yepnaniena
A.H. — Ne2005108679/11; npuopuret ot 28.03.2005; omy6:a. 10.01.2007,
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brost. Nel.

122. Tlatent Ne2295080 P®, MIIK F16H 25/20. YeTbipex3BeHHBIN
peayKTOp nocrynarenabHoro aAsvkenus / JIsopuukos JI.T., baknymun JI.C.
— Ne2005136509/11; npuoputet ot 24.11.2005; omy6:1. 10.03.2007, brou.
Ne7.

123. Tlatent Ne2298124 P®, MIIK F16H 21/16. KpupomumnHo—
MIATYHHBIM MEXaHU3M CO CJBOCHHbIM MmaryHoM / JIBopaukoB JL.T.,
bonwsmakoB H.C. — Ne2006102766/11; npuoputer ot 31.01.2006; omy0.
27.04.2007, bron. Nel2.

124. Tlatent Ne2301928 P®, MIIK F16H 21/16. KpusommmHo—
MOJIBYHHBIM MEXaHu3M TNiepeMeHHON CTpykTypsl / JIBopuuko JL.T.,
bonbmiakoB H.C. — Ne2006109986/11; npuopurer ot 28.03.2006; omy0O.
27.06.2007, bron. Nel8.

125. CsunerensctBo [IDBM Ne2007613024. Ananmu3 Gopm O0iKOB
yaapabix mexanu3MoB / JIBopaukos JI.T., XKykos U.A. (PD) — 3apeructp;
3apeructp. 11.07.2007.

126. ITatrenr Ne2303728 P®, MIIK F16H 21/16. VY nmapHsrii
KPUBOIIUITHO—TIOI3YHHBIM Mexanu3M / JIsopuuxoB JI.T., bonbmiakos H.C.
— Ne2006113300/11; mpuoputet ot 19.04.2006; omy6:1. 27.07.2007, brou.
No21.

127. Tlatrear Ne2303699 Pd, MIIK E21D 23/00. Ceknus
MexanuszupoBaHHoi kpenu / JBopuukoB JI.T., KuszeB A.C., CtapukoB
C.IL. — Ne2005141748/03; npuoputer ot 30.12.2005; ony6s. 27.07.2007,
bros. No21.

128. CsunerennsctBo [I9BM Ne2007613473. Crnennanu3upoBaHHBIN
rpadUuecKuid peAakToOp MJii MHTEPAKTUBHOTO CUHTE3a KOHCTPYKTHBHBIX
cxem crpoutenbHbix (pepm / [ABopuukoB JI.T., CtenanoB A.B. (PD) —
3apeructp 15.08.2007.

129. Tlarenr Ne2305406 Pd, MIIK A21C 1/00, A21C 1/14.
[IpocTpaHcTBEHHBIH TecTOMECUIbHBIN MexaHu3Mm / JIBopuukoB JL.T.,
ITonmyraes M.I'. — Ne2006107074/13; npuoputer ot 06.03.2006; omy0.
10.09.2007, bron. No25.

130. ITateut Ne2309051 P®d, MIIK B43L 11/00. Mexanusm mig
BOCIIPOM3BEJICHUS] IPOCTPAHCTBEHHBIX KpUBKIX / JIBopHuKoB JI.T., ®oMun
A.C. — No2005141747/12; npuoputet ot 30.12.2005; ony6:1. 27.10.2007,
bros1. Ne30.

131. CunerensctBo [IDBM Ne2007614717. CuHTe3 TreoMeTpuUH
00iiKoB ynapHbIx MexaHu3moB / JIBopuukoB JI.T., XKykoB U.A. (PD) —
3apeructp. 14.11.2007.
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132. Tlatent Ne2311999 P®, MIIK B23P 19/027, B30B 1/34, F15B
15/20. YcTpo#icTBO 111 3alpecCOBKH HHICHTOPOB B KOpIyce OypOBBIX
kopoHok / JIBopHukoB JL.T., Xoxpun M.B., Momkun C.H. -
Ne2006110176/06; mpuopuretr ot 29.03.2006; omy6s. 10.12.2007, bro.
No34.

133. TTarenr Ne2313701 P®d, MIIK F16B 2/18, F16B 7/04.
Coenunenne TpyO6 / JBopHuxoB JI.T., Ilymser M.B., CyxoB A.A. —
Ne2005113011/11; mpuopuretr ot 28.04.2005; omy6n. 27.12.2007, brod.
Ne36.

134. Tlatenr Ne70168 P®, MIIK BO7B 1/28, B07B 1/42.
JByxcekuuonubii rpoxotr / JIBopuukoB JIL.T., CrapuxkoB C.II. -
Ne2006111137/22; npuopuretr ot 05.04.2006; omy6a. 20.01.2008, bro.
No2.

135. CBunmerensctBo II9BM  Ne2008610556. Ilporpamma ms
aBTOMATU3UPOBAHHOTO CHHTE3a IIOJHOTO COCTaBa CTPYKTYPHBIX CXEM
BOCBMM3BEHHBIX IUIOCKMX pPBIUYaKHBIX MexaHu3MoB / J[BopuukoB JI.T.,
CrenanoB A.B. (P®) — 3apeructp. 30.01.2008.

136. ITatent Ne2326765 Pd, MIIK B30B 1/26, F16H 21/34.
Kpupommuuo—-mon3yHHeiii  Mexanu3sM mnpecca / JIBopuukoB JL.T.,
bonbmakoB H.C. — Ne2006133431/02; npuoputet ot 18.09.2006; omy01.
20.06.2008, bron. Nel7.

137. ITatent Ne2329381 P®, MIIK E21D 23/00. I'mapomomMkpat
ceKIuu mexanusupoBaHHoil kpenu / J[BoprukoB JI.T., bakmymun [1.C.,
KuaszeB A.C. — Ne2007102447/03; mpuoputer ot 22.01.2007; omyO:.
20.07.2008, bron. Ne20.

138. ITatrent Ne2332260 Pd, MIIK B02C 1/04. JIByxmekoBas
apobunsHas MamwmbHa /  JIBopuukoB JL.T., CrapuxkoB C.II. -
Ne2007101108/03; mpuopurer ot 09.01.2007; omy6n. 27.08.2008, bro.
No24,

139. ITarent Ne2332600 P®, MIIK F16H 25/00, F16H 21/02, F16S
5/00. Tpex3BEHHOE€ KUHEMAaTHYECKOE COEIUHEHUE (TPEKC) C IIECThIO
OoTHOcUTENIbHBIMU JBIKeHUsIMU / JIBopHukoB JI.T., Ilomyraes M.I'. —
Ne2007108182/11; mpuopuretr ot 05.03.2007; omy6a. 27.08.2008, bro.
No24.

140. CsunerenpctBo I[IDBM  Ne2008614756. ABTOoMaTHUYECKUit
MOUCK CTPYKTYPHBIX TIpynn Accypa MO 3aJaHHOMY YHCJIy 3BEHBEB /
JBopuaukoB JI.T., [Ipouun C.YO. (P®) — 3apeructp. 03.11.2008.

141. CBugaerennsctBo bJI Ne2008620365. CuHTe3 MJIOCKHX U
MIPOCTPAHCTBEHHBIX KWHEMATHUYECKUX LENeH, HCXOId U3 CIO0KHOCTH
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0a3MCHOTO 3BEHA M 3aJaHHOr0 KoJimdecTBa 3BeHbeB / J[BopHmkoB JI.T.,
[Iponun C.1O. (P®) — 3apeructp. 03.11.2008.

142. Tlatent Ne2340816 P®, MIIK F16H 21/16. KpupomumnHo—
NMOJIBYHHBIN MexaHu3M mneperpysxkarens / JIBopaukoB JI.T., BonbmiakoB
H.C. — Ne2006147050/11; npuoputet ot 27.12.2006; omy6a. 10.12.2008,
brom. Ne34.

143. ITatent Ne2340814. IltaneTapHblii MeXaHU3M C 0€3BOIUILHBIM
catesuutoM / JIsopaukos JI.T., lypeirun A.B., Yepnsasckuii K.C. (P®) —
Ne2007118620; npuoputet ot 18.05.2007; ony6:1. 10.12.2008, bros. Ne34.

144. TTatent Ne2342573. CamoycTaHABIMBAIOUIMNCS TJIAHETAPHBINI
mexanu3Mm / JIpopamkoB JI.T., JImutpuer B.B., bongapenko B.C. (PD) —
Ne2007126434; npuoputet ot 11.07.2007; omy6:1. 27.12.2008, bros. Ne36.

145. Tlatent Ne2345253. T'mapomoMkpar—ycunutens / JIBOPHUKOB
JLT., Momikun C.H. (P®) — Ne2007108173; mpuopurer ot 05.03.2007;
omy6:1. 27.01.2009, bros. Ne3.

146. Tlatent No2347885. TBepmocmiaBHas BCTaBKa — KaTeHU[ /
HBopuukoB JI.T., XKykos N.A. (P®) — Ne2007123865; mpuoputeT OT
25.06.2007; omry6:1. 27.02.2009, Bros. Ne6.

147. TTatent Ne2362014. MHoroyaapHblii KyJ1auKOBBIM MEXaHU3M
OypunbHoii wmamuubl / JIBopuukoB JI.T., Harubun A.B. (PO) -
Ne2007142096; npuopuret ot 13.11.2007; ony6s1. 20.07.2009, bron. Ne20.

148. Tlatent No2375619. Tpex3BeHHOE KUHEMAaTHYECKOE
COeIMHEHUE (TPEeKC) ¢ CEMbIO OTHOCHUTEIbHBIMU JBWKCHUSIMU /
JBopuuxoB JI.T., Tlonyraee M.I'. (P®) — No2008139756; npuoputet OT
06.10.2008; omy6s1. 10.12.2009, bron. Neo34.

149. ITatrent Ne2378118. Pruaxsplii MexaHH3M Tpecca /
JBopuukos JI.T., I'yaumona JI.H., Crapukos C.I1. (P®) — Ne2008129967;
npuoputet oT 21.07.2008; ory6s. 10.01.2010, Bro. Nel.

150. ITatent Ne94515. IIpocTpaHCTBEHHBI  YETHIPEX3BEHHBIN
MEXaHU3M C BHHTOBOM Tapoil U POJUKOM, IBMXKYIIUMCS B TIpope3u /
JBopuukoB JI.T., ®omun A.C. (P®) — Ne2010100100; mpuopurter oT
11.01.2010; omy6u1. 27.05.2010, bros. Nel5.

151. ITatrent Ne99823. Cekius MeXaHU3UPOBAHHOW Kpemu /
JBopuukoB JL.T., Kusazes A.C. — Ne2010126387; mnpuopurer oOT
28.06.2010; omy6u1. 27.11.2010, brom. Ne33.

152. ITatent Ne2395383 P®D, MIIK B25D 17/02. boek ymapHOro
MexaHu3zMa — Tpuiiekc—ooek / XKykos M. A., CapaxanoBa E.B., bypna A.E.
(PD) — No2008145864; mpuoputer ot 20.11.2008; omy6n. 27.07.2010;
brom. Ne21.
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153. IlaTeHt No2397384. Y paBHOBELICHHBIM
caMOYyCTaHaBJIUBAIOIIUICA IUIaHeTapHbIH Mexanu3M / J[BopuukoB JI.T.,
bongapenko B.C., Imutpuer B.B. — Ne2009122331; npuopurer oT
10.06.2009; omy611. 20.08.2010; bron. Ne23.

154. Tlatentr  Ne97934.  IIpocTpaHCTBEHHBI  CMECHUTEIIbHBIN
Mmexanu3M / JIBopuukoB JI.T., Ilomyraee M.I. — Ne2010114699;
npuopuret oT 13.04.2010; omy6s1. 27.09.2010, brom. Ne27.

155. TTatent Ne98668. CnunnunroBas katymka / TynaceB C.E.,
JBopaukoB JIL.T. — Ne2010113858; mpuoputer or 08.04.2010; omyOu.
27.10.2010, brox. Ne30.

156. ITatent  Ne2404384. IIpoCTpaHCTBEHHBIH  TPEX3BEHHBIN
noBopoTHBIN MexaHu3M / JIsopuukoB JI.T., [Tomyraes M.T"., I'peazen I1.C.
— No2009102556; mpuopurer ot 26.01.2009; omy6m. 20.11.2010, brom.
Ne32.

157. ITatent Ne2407932. IIaATU3BEHHBIA PEAYKTOP IMOBOPOTHOIO
mewkenus / JBopumkoB JI.T., T'mesgumoB B.K. — Ne2009144615;
npuopuret oT 01.12.2009; omy6s. 27.12.2010, bron. Ne36.

158. CBUIETENBCTBO O pErucTpanuu mporpammbel s OBM
Ne2011611314. Anroput™m HUCKIIOYEHUS] U3OBITOYHBIX CBS3EH B IUIOCKUX
rpynnax Accypa / JIBopuukoB JI.T., I'yaumosa JI.H., bamunkas H.B. —
3aper. 09.02.2011.

159. CBuaetenbcTBO 0 peructparuu 6a3pl gaHHbIX No2011620213.
[TonHbI CcOCTaB IUIOCKMX IIAPHUPHBIX BOCBMU3BEHHBIX MEXaHU3MOB /
HBopuukoB JIL.T., T'ymumoBa JI.LH., bamuukas H.B. - 3asBka
No2011620054, nata nocrynnenus 31.01.2011r., 3apeructp. 17.03.2011r.

160. CuaetenbcTBO O peructparuu 6a3pl gaHHbIX No2011620214.
[TonubIli  cocTaB  OJHO3BEHHBIX TPYNHI  HYJIEBOM  IMOJBHXKHOCTHU
MpocTpaHCTBEHHbIX MexaHu3MoB / JIBopHukoB JI.T., ITomyraee M.I'. —
3asiBka Ne2011620053, nara mnocryminenuss 31.01.2011r., 3apeructp.
17.03.2011r.

161. ITarent No2412381. Pe3nboBoe coeauHeHHEe JAeTalield C
BBIPABHMBAHUEM HArpy3ku 10 BUTKaM pe3bObl / JIBopuukoB JI.T.,
3abonkun K.B. — Ne2009142918; mpuoputer ot 19.11.2009; omyOq.
20.02.2011, Bromn. Ne5.

162. ITatent Nel102375. KpuBOIMMIHO-TON3YHHBIA MEXaHU3M C
nBoiHbIM nofzyHoM / JIBopaukoB JI.T., ConoBreB A.C. — Ne2010128671;
npuoputeT oT 09.07.2010; omy6s. 27.02.2011, Bron. Ne6.

163. ITatent No2414638. VHEpUHMOHHO—UMMYJIbCHBIA  MPUBOJL
Bpamennss / J[BopumkoB JI.T., CamueBa A.D., Makuenko A.B. —
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Ne2009143701; mpuopuret ot 25.11.2009; ony6s. 20.03.2011, Bros. Ne8.

164. ITatent Ne2418998. Illmonounoe coemuHenue / J[BOpHHKOB
JI.T., bopoBckux J[.B. — Ne2010110974; npuoputet ot 22.03.2010; omy0.
20.05.2011, bron. Nel4.

165. ITatent Ne2419006. CamoycTaHABIMBAIOIIMICS TUIaHETAPHBIN
Mmexanu3M / JlBopuukoB JI.T., Jmutpuer B.B., AnngpeeBa S.A. —
Ne2010108197; mpuopuret ot 04.03.2010; omy6s1. 20.05.2011, bron. Nel4.

166. ITatent No2422703. IIpoCTpaHCTBEHHBIH  KPUBOIIMITHO—
IaTyHHBIA MeXaHu3M BToporo cemericta / J[Bopuukos JI.T., ®omun A.C.
— Ne2010107717; mpuopurer ot 02.03.2010; omy6mn. 27.06.2011, brou.
Nel8.

167. ITatent Nel05962. KpuBOHIMIHO-TION3YHHBI MEXaHU3M CO
caBoeHHbIM 1aTyHoM / JIBopuukos JI.T., I'ynumona JI.H., Hazapos H.A. —
Ne2010151958; npuoputer ot 17.12.2010; ony6m. 27.06.2011, bros. Nel8.

168. ITatent Ne2423179. JIByxiekoBasi JApoOWIbHAs MalluHa/
HBopaukoB JI.T., Makapo A.B., I'apsmmuu B.B., Yamnuukxos /1.0. —
No2010107717; npuoputet ot 02.03.2010; onty6. 10.07.2011, broa. Nel9.

169. ITatent Ne2433266. Ilorpyx)HOW U3MEPUTEIb KPEMOCTH
ropubix mopon / JBopuukoB JI.T., Kopuee B.A. — Ne2010110978;
npuoputet oT 22.03.2010; ory6n. 10.11.2011, bron. Ne31.

170. ITatent No02439329. Cekiusa MeXaHU3UPOBAHHOM Kpenu /
HeopaukoB JI.T., Kusazer A.C., I'ymumoBa JL.H. — N02010126446;
npuoputet oT 28.06.2010; orry6s. 10.01.2012, Broin. Nel.

171. Tlateut Ne2440525. PpuakHplii MeEXaHU3M C JIBOWHBIM
npuBogoM / JIBopuukoB JL.T., XKenryxun J[.B. — Ne2010134242;
npuoputet oT 16.08.2010; orry6s. 20.01.2012, Brot. Ne2.

172. Tlatenr  No2446331.  IlpocTpaHCTBEHHBIM  IIAPHUPHBIN
yeTblpex3BeHHUK / J[BopHukoB JI.T., O0Opsamun A.A. — Ne2010145407;
npuoputet oT 08.11.2010; ony6s1. 27.03.2012, bromn. Ne9.

173. Tlatenr  Ne2450177.  JIByXBSApYCHBIM  SKCIEHTPUKOBBIN
CaMOYCTaHABJIMBAIOIIMICS  paJUaIbHBIA  MOJIIMIHUK  KadeHus /
JBopaukoB JI.T., Hemumo C.C. — Ne2011106134; npuoputer oOT
17.02.2011; omy6s1. 10.05.2012, bron. Nel3.

174. TTatent No2450186. KpuBOUIMIHO-TION3YHHBI MEXaHU3M CO
cnoxkubiM 1matyHoM / JIBopaukoB JI.T., Cepenko E.K. — Ne2011106135;
npuoputet oT 17.02.2011; ony6s. 10.05.2012, bron. Nel3.

175. ITatenTt Ne2455148. ITnockuil NByXIUIaTPOPMEHHBIA MEXaHU3M
¢ Tpems nipuBosiamu / [lonocyxun A.B., JIBopaukos JI.T., XKentyxun /I.B.
— Ne2011106723; mpuopurer ot 22.02.2011; omy6sn. 10.07.2012, brou.
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Nel9.

176. TTatent No2456491. YeThlpE€X3BEHHBIN KYyJIaYKOBBIM MEXaHU3M
/ 1BopuukoB JI.T., Epmomaea H.FO. — Ne2010145405; npuoputer oT
08.11.2010; omy611. 20.07.2012, bron. Ne20.

177. ITatear Nel18921. Mexanm3sm a1t 00paOOTKH  CIIOMKHBIX
BHYTpeHHUX TmoBepxHoctert / JIBopuukoB JIL.T., domun A.C. —
Ne2011152128; mpuopuret ot 20.12.2011; omy6s. 10.08.2012, bron. Ne22.

178. TlaTtent Ne2461745. TpexbapyCHBIN caMOyCTaHABIUBAIOIIUICS
paguanbHbld moamunHUK KadeHus / JlsopuukoB JI.T., Hemumor C.C.,
Bukropos I.A. — Ne2011122329; npuoputer ot 01.06.2011; omy6m.
20.09.2012, bron. Ne26.

179. ITatent Ne2470194. Mexanusm JJisi ONPOKUABIBAHUS TPY30BOM
matdopmel ¢ aByMs rumapomoMkpatamu / JIBoprukoB JI.T., IllepcTiok
A.B. — No2011134525; mpuopurer ot 17.08.2011; omy6m. 20.12.2012,
brost. No35.

180. ITatenr KG Nel515. VYpaBHOBEUICHHBIA ABYXCATECIUTUTHBIN
CaMOYCTaHABIWBAIOIIUICA TIJIaHETApHBIM MexaHu3M / KbsIprei3ckuii
rOCyJapCTBEHHbIM TexHU4YeCKui yHuBepcureT uM. M. Passakosa; JL.T.
JBopuukoB, A.D. CaaumeBa, M.A. JlymenoBa, VY.Y. KokosoeBa. —
No20110079; npuoputet ot 15.07.2011; onmy6s1. 31.12.2012, bros. Nel2.

181. CunerenbctBO Ne2012611835. CunTe3 yaapHOTO HMITYJIbCA
M0 3aBUCHUMOCTH «CHUJIa—BHEAPEHUE» ISl Pa3pyILICHUST TOPHOU MOPOJIbI
yaapom / KykoB M.A., CapaxanoBa E.B. (P®) — No2011660043;
nocryrmienue 26.12.2011; 3apeructp. 17.02.2012.

182. CBuuerenbpCcTBO No2012612133. IToctpoenue
MOTYKaTeHOUAAIBHBIX OOMKOB ymapHbix MexanusmoB / JXykoB M.A.,
HBopuukoB JI.T. (P®D) — Ne2011660044; mnoctymienue 26.12.2011;
3apeructp. 24.02.2012.

183. ITatrent Ne2478433. TpéximiekoBas ApoOUIbHAs MalidHa /
HBopuukoB JIL.T., Tapammn B.B. — Ne2011139062; npuopurer ot
23.09.2011; ory6:1. 10.04.2013, Bros. Nel0.

184. Ilatrent Ne2484943 Pd, MIIK B25D 17/02. boék
munHApokonndeckuid / JIsopuukoB JI.T., XKykos U.A., Momuanos B.B.
(P®) — Ne2011152123; mpuopurer ot 20.12.2011; omy6n. 20.06.2013;
bros. Nel7.

185. Ilatent Ne2484944 P®, MIIK B25D 17/02. VY npapuuk
OypunbHoit wmamubbsl / JKykoB W.A., [Aopuuko JL.T. (PD) -
Ne2011152126; mpuopuret ot 20.12.2011; omy6s1. 20.06.2013; bron. Nel7.

186. ITatent No2484909.  DnekTpoMeXaHUYECKUH KaHTOBATEIb
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npokatrHoro crtana /  JIBopuukoB JI.T., Tyreiaun A.B. (P®) -
Ne2011150071; mpuopuret ot 08.12.2011; omy6s1. 20.06.2013; bron. Nel7.

187. ITatent No2484886. [IpOoCTpaHCTBEHHBIN CMECUTEIIbHBIN
mexanm3Mm / JIBopaumkoB JI.T., fAckeBma O.M. (PD) — Ne2012104940;
npuopuret oT 13.02.2012; omy6u1. 20.06.2013; Broa. Nel7.

188. IlatenTt Ne2486049 P®, MIIK B25D 17/02. boék mumuaApo—
ncesaochepuueckuii  /  JBopumkoB JI.T., XKykos HN.A. (PD) -
Ne2012101093; mpuopuret ot 11.01.2012; omy6s1. 27.06.2013, bron. NelS8.

189. Ilatent No2499929 P®, MIIK F16H 1/48.
YerbipexcaTe/UIMTHBIA TUTaHeTapHbld  penykrop / JBopauko JL.T.,
I'epacumoB C.I1I1., [IBopHukoBa E.B. — Ne2012112774; npuopurer oOT
02.04.2012; omry6s1. 27.11.2013, Bros. Ne33.

190. ITatent Nel134855 Pd, MIIK B43L 11/00. ITpocTtpancTBeHHO—
reIMKOUIanbHbI  Mexanm3M / JpopamkoB JI.T., ®domumr A.C. -
Ne2011152125; mpuoputet ot 20.12.2013; orry6:. 27.11.2013, bros. Ne33.

191. ITarent Ne2502898 P®d, MIIK F16C 29/02. VY aepxuBaromasi
TPEXMOJIBIKHAsT KuHeMmaTtnueckas napa / J{Bopaukos JI.T., ®omun A.C.,
Kusaro I.51. — No2012122955; npuopurer ot 04.06.2012; omyO:.
27.12.2013, bromn. Ne36.

192. CsunerensctBo BbJ] Ne2013620221. YpoBHM yHHBEpCalbHOM
CTPYKTypHOM kinaccudukanuu mexaHusmoB / [[BopuukoB JL.T. (PD) —
No2012621468; noctyruienue 19.12.2012; 3apeructp. 31.01.2013.

193. ITarent Nel37063 Pd, MIIK F04B 9/02. IlpuBoa HacocHOM
yctaHoBkH / J[BopuukoB JI.T., ®omun A.C. — Ne2012125286; npuopurer
ot 18.06.2012; ony6u1. 27.01.2014, bros. Ne3.

194. TlaTent No2513776 P®, MIIK F16H 21/46.
[IpocTpaHcTBeHHBIN YeThIpex3BeHHbIN MexaHu3M / @omun A.C., SckeBuu
O.M., ®omun M.C., IlapamonoB M.E. — Ne2012155034; npuopurter ot
18.12.2012; omy6u1. 20.04.2014, brom. Nel 1.

195. Ilarenr Ne2514322 P®, MIIK F16H 21/16. Mexauusm c
nepekaTeiBarouMcest peiuarom / J{popuukoB JI.T., MakcumoBa E.H. —
Ne2012155035; mpuopuret ot 18.12.2012; ony6s1. 20.04.2014, bron. Nel2.

196. ITatent Ne2520623 P®, MIIK F16H 21/00. ITomHOTTOBOPOTHBIM
JIBYXKPUBOIIUIHBIA TUIOCKUM MEXaHU3M C TOABUKHBIM JIMHEHHBIM
npuBogoMm / JIBopuukoB JL.T., XKenaryxun J[.B. — Ne2012133896;
npuoputeT oT 07.08.2012; ony6s1. 27.06.2014, Nel8.

197. ITatent Ne2520624 P®d, MIIK F16S 5/00. TpexmoaBuxHas
kuHemaTuyeckas napa / Jlsopaukos JI.T., ®omun A.C. — Ne2012133897;
npuopuret oT 07.08.2012; ony6u1. 27.06.2014, Ne18.
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198. Ilatent Ne2520844 P®, MIIK F16C 19/50, F16C 19/55.
TpEXBAPYCHBIM CaMOYCTAHABIMBAIOIIMNUCA PAJAAIBHBIA  MMOAIIUITHAK
kaueHuss ¢ otBepctusimu / JIBopuukoB JL.T., Bukrtopo J[.A. -
Ne2013109871; mpuopuret ot 05.03.2013; ony6s. 27.06.2014, Nel8.

199. ITatent Nel41206 P®, MIIK F16H 1/28. YpaBHOBelICHHbIH
JIBYXCATEJUIMTHBINA IUIaHeTapHbI MexanusM / JIBopHukoB JI.T., Yimakos
A.®. — Ne2013154375; mpuopurer ot 06.12.2013; omy6n. 27.05.2014,
broi. Nel5.

200. ITarent Nel45286 P®, MIIK F16H 1/48. YpaBHOBEIICHHBIM
IBYXCaTCJUIMTHBIN TUTaHeTapHbId Mexanus3M / JIBopuukoB JI.T., Auapeena
SA.A., KykoB U.A. — Ne2014118251; mpuoputet ot 06.05.2014; omy6a.
20.09.2014, bron. Ne26.

201. ITatent Ne2529918 P®, MIIK B02C 1/02. TpexmekoBas
npobunsHas wmammHa /  JIBopuukoB JI.T., YammwmkoB J[.O. -
Ne2013127857; npuoputet ot 18.06.2013; orry6:. 10.10.2014, bros. Ne28.

202. Tlarent Nel146204 PO, MIIK E21C 39/00, GOIN 3/10.
YCTpoiCTBO i1 OMpEAeNieHUs] MPOYHOCTH TOPHBIX MOPOJ B CKBaXUHE /
HBopuukoB JI.T., KopueeB B.A., KopueeB IIL.A. — No2014122226;
npuopuret oT 30.05.2014; omy6s. 10.10.2014, brom. Ne28.

203. Tlatrenr No2532751 P®d, MIIK B25J 9/02, F16H 21/14.
JIByXypOBHEHBBIM MaHHUMNYJISITOP C 3aMKHYTOM KUHEMATHUYECKOW IIETBIO
JBopuukoB JI.T., CmacenkoBa FO.C. — No2013109868; mpuopurer ot
05.03.2013; onty6u1. 10.11.2014, Bros. Ne31.

204. Tlarent Ne2533369 PO, MIIK F16H 25/08. YeTbipex3BeHHbIN
KYJJAYKOBBI MEXAaHU3M C H3MEHSEMbIM MPOMEKYTOUYHBIM 3BEHOM /
HBopaukoB JI.T., EpmomaeBa H.IO., Cymxkasa A.A. — No2013105985;
npuoputet oT 12.02.2013; ony6s1. 20.11.2014, bron. Ne32.

205. Tlarent No2534095 P®, MIIK F16C 11/00, F16S 5/00.
JIByxnoaBmxHas kuHematudeckas napa / JI.T. JIsopaukos, A.C. ®omuH.
— Ne2013130398; mpuopurer ot 07.08.2012; omy6n. 27.11.2014, bro.
Ne33.

206. ITatreur Nel665 KG, MIIK F16/H 1/48. Ilartu3BeHHBIN
KyJaukoBbiii MexaHusMm / JIBopuukoB JI.T., CagueBa A.D., [lymieHoBa
M.A., KokomoeBa Y.V. — No20130050.1; mpuoputer ot 13.06.2013; omy0.
29.08.2014, bro. Neg.

207. ITatear Ne2538108 Pd, MIIK B02C 1/02. IlexoBas
ApoOuiibHAasE MallliHA CO B3aWUMONOABWKHBIMHU IIeKaMu / J[BOpPHUKOB
JL.T. YamuaukoB J[.O., FOmua H.J. — Ne2013127856/13; mpuoputer OT
18.06.2013; ony6s1. 10.01.2015, bromn. Nel.
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208. CBunerennctBo IIDBM  Ne2015620078. Ilomubelii cocTas
IJIOCKUX IIAPHUPHBIX BOCBMHU3BEHHBIX T'PYNI HYJEBOM MOJBUXKHOCTUA —
rpynn Accypa / I'ynumona JI.H., /IBopaukoB JI.T. (PD) — Ne2014621579;
nocrymienue 19.11.2014; 3aperunctp. 15.01.2015.

209. CBuaetrennsctBo BJ] Ne2015610765. Pacder TpaHCMHUCCHOHHOTO
Basia Ha kpydeHue / JIémun B.M., XKykos N.A. (PD) — Ne2014661690;
nocrymienue 19.11.2014; 3apeructp. 16.01.2015.

210. IlateHt No2541049 PO, MIIK F16H 1/48.
CaMoycTaHaBJIMBAIOIIMICS TPEXCATCIUIMTHBIN IUIAHETAPHBIN PEayKTOp /
HBopaukoB JI.T., T'epacumoB C.I1. — No2013154381/11; mpuopurer ot
06.12.2013; ony0u1. 10.02.20135, Bron. Ne4. — 5 c.
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HayuHo-cnipaBouHO€ u3nanue

KyxoB lBan AnekceeBuy,
Anppeesa fIHa AHapeeBHa

Hay4unbie mkousl Cuol'1Y

TEOPUA CTPYKTYPbl MEXAHUYECKUX CUCTEM
U ITPAKTUKA EE UCITOJIL30BAHUSA ITPU CUHTE3E
CJIOKHbBIX MAIIINH, BKJIIOYASA I'OPHBIE
N METAJINTYPITHUECKUE

[Toamucano B neuats 22.06.15 1.
®opmar Oymaru 60%84 1/16. bymara nucuas. [leuats odcernas.
VYen. neu. 1. 9,00. Va.-m3xa. 1. 9,56. Tupax 100 >x3. 3aka3 Ne 385.

Cubupckuii rocyapCTBEHHbBIN UHYCTPUAIbHBIA YHUBEPCUTET
654007, r. HoBoky3Henk, yia. Kuposa, 42.
N3natensckuit neatp Cudbl' MY



