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CHUHTE3 IPUHIIUITIUAJIBHBIX MOJIEJIEA MHOTIOHOMEHKJIATYPHBIX
NHCTPYMEHTAJIBHbBIX BJIOKOB

Byaenkos E. A., 3aitueBa U. 0. (Kageopa TM, [lonHTY, 2. /loneyx, Yxpauna)

OnHUM U3 OCHOBHBIX 3TAIlOB CO3JAHMS JIOOBIX CHCTEM HENPEPHIBHOTO JIEHCTBHS 5IB-
JSETCSl CUHTE3 NMPUHLIMINAIBHBIX Mozenel [1]. M3BecTHble METOAMKN NPOEKTUPOBAHUS CUC-
TE€M HENPEPBIBHOIO ACUCTBUS MO3BOJISIOT CO34aBaTh IMPUHIUIINAIBHBIE MOJIEIN UHCTPYMEH-
TaJbHBIX OJIOKOB I M3TOTOBJICHUS M3JENH OAHOTO THopa3mepa [1, 2] . OxHako, B ycio-
BUSIX PHIHOYHOI 3KOHOMHUKH BCE OOJIBIIIEE pacpOCTpPaHEHHE MOTy4yal0T MHOTOHOMEHKJIIATYp-
Hble Mpou3BojcTBa. Co31aHNe MHOINOHOMEHKJIATYPHBIX CHUCTEM HEIPEPBIBHOIO JEHCTBUSA, -
MHOTOHOMEHKJIATYPHBIX aBTOMATUYECKUX POTOPHBIX JMHUM, TpeOyeT pa3paboTKH HOBOM Me-
TOAWKU CHHTE3a MPUHIMITHATBHBIX MOJIETICH HHCTPYMEHTAIBHBIX OJIOKOB, TaK KaKk B JaHHBIX
JUHUSX B KQKJIOM HHCTPYMEHTAILHOM OJIOKE MPOU3BOAUTCS 00pab0OTKa U3IENNUN HECKOJIBKIX
Tunopasmepos [3].

CrpykTypa MOTOKa M3JENMHA MOJpa3syMeBaeT UACHTHUUYHOCTb XapaKTEPUCTHK IMOTOKA
JUTS KaXJ0H MHOTOHOMEHKJIATYPHOH paboyeil Mo3uInK, MO3TOMY B3aUMHOE MPOCTPAHCTBEH-
HOE PaCIIOJIOKEHUE 3JIEMEHTOB MHOTOHOMEHKJIATYPHOM POTOPHOM MAIMHBI MOKHO IIpen-
CTaBIATh Ha MpHUMEpe OAHOW paboueil moszunuu. B mpocTpaHCTBEHHOH 30HE, 3aHMMaeMON
MHOTOHOMEHKJIaTYpHOM POTOPHOM MAalIMHOI B mpolecce MpeoOpa3oBaHUS HU3ICIHM, €CTb
MPOCTPAHCTBO, 3aHUMAEMOE OJHOU pabouyeii nmo3unueit (puc. 1). M3aenus B MHOrOHOMEHKIIA-
TYPHYIO pabodyl0 MO3UIUIO MOCTYMNAIOT MO BXO[-
HOMY NMOTOKY V M BBIXOZAT MO BbIXOAHOMY — W.
Crnenyer OTMETHUTBH, YTO B Tpolecce pa3padOTKu
MHOTOHOMEHKJIATYPHBIX TE€XHOJOTMYECKHUX MpPOLeC-
COB M3TOTOBJICHUS U3JEIUN OIPEIEIAIOTC JABUXKE-
HUsL popMOOOpa3oBaHMs AIIEMEHTOB MOBEPXHOCTEH
W3IENUN JUIsl KaKJI0W MHOTOHOMEHKJIATYpHOU pa-
Oouell MO3MIIMH, a TaKKe pa3pabaTHIBAIOTCS] CXEMBbI
3aKpEIUICHUS. U TPAHCIIOPTUPOBAHUS W3LEIUH, UYTO
MO3BOJISIET OOOCHOBAaHHO NOJOWUTH K pa3palboTke
NPUHIMIIMAIIBHBIX MOJEJIe MHOTOHOMEHKIIATYp-
HBIX pabOyuX MO3UIMI uepe3 pa3paboTKy UX KOM-
ITIOHOBOK.

KommnoHOBKa MHOTOHOMEHKJIATypHOH pabo-
4yell MO3MIMM IpeACTaBisieT co0oi ycioBHOE 000-
3HAQYEHHE BXOIAIIMX B €€ COCTaB CTPYKTYPHBIX
AJIEMEHTOB B BHJIE T€OMETPHUECKUX (PUTYpP, OIHCHI-
BAIOIIUX IMPOCTPAHCTBEHHBIEC 30HBI, 3aHUMAaeMble
COOTBETCTBYIOIIIMMU 3JIEMEHTAaMU, U BIIMCAHHBIX B
IPOCTPAHCTBO, 3aHUMAaeMOE€ MHOIOHOMEHKJIATypHOU pabouet nosunueid. [Ipu atom ¢urypsl,
a 3HaYUT U CTPYKTYPHBIE 3JIEMEHTbl MHOTOHOMEHKJIATYpHOU paboueil mo3uuuu, 3aHUMAaIOT
OIIPENIEIICHHOE NIPOCTPAHCTBEHHOE TOJIOKEHUE APYI OTHOCUTENIBHO pyra, pU4YeM OT Xapak-
Tepa B3aUMHOI'0 PACIOJIOKEHHUS 3JIEMEHTOB 3aBHCUT BEJIMYMHA MTPOU3BOICTBEHHOIO 00beMa,
3aHUMAaeMOTr0 MHOT'OHOMEHKJIATypHOW paOoueit mo3unued u MamuHoi. I[Ipumenenue npus-
IIUTIOB NPOCTPAHCTBEHHOTO KOMIIAKTUPOBAHMS MO3BOJIUT YMEHBIIUTh 00BEM MPOCTPAHCTBEH-
HOM 30HBI, 3aHUMaeMOl MHOTOHOMEHKJIATypHOU paboueill MO3UIMEH, a 3HAYUT YMEHBIIUTh
00beM Bcell MallluHbI B 11eJIoM. Hapsiy ¢ 3TUM, HOBbIE MPUHIIMIBI POSKTUPOBAHUS MHOTO-

Puc. 1. IlpoctpancTBeHHas
30Ha MHOTOHOMEHKJIATYPHOM PpO-
TONHOW MATITAHKI
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HOMEHKJIATYPHBIX POTOPHBIX MAIIMH U HEOOXOIMMOCTh peall3aluu TPeOyeMbIX IBHKCHUN
(opM0o0Opa3oBaHUs U 3aKPETICHHS U3ACTHI HAKIaAbIBAIOT OrPAaHHYCHHS HA BOSMOKHBIE Ba-
pHaHTHI 00bEMHON KOMIIOHOBKH MHOTOHOMEHKJIATYPHBIX Pa00YHMX MO3UIMN, TOATOMY CHHTE3
NPUHIMITHATBHBIX MOJIENICH OCYIIECTBIISICTCS HA MEPECCYCHUU ITUX TPEX NMPUHIMIIOB (puc.
2). CnemyeT OTMETHUTb, YTO KaXIbIH CTPYKTYpPHBIN 3JEMEHT MpeJHa3HAuCH Ui peau3aliuu
| OTNpENENeHHBIX (YHKIMHA, I[O03TOMY B
! IIPOLIECCE CUHTE3a KOMIIOHOBOK IIPOU3BO-
! JUTCS TPOCTPAHCTBEHHAs OPUECHTALUA

| 7 -
| (bYHKI_[I/IOHaJ'H)HOI/I CTPYKTYPblI MHOT'OHO

I G MEHKJIATYpHBIX pabO4YMX MO3UIHMHA U PO-
-~ "iHoBble == 3y NpyHumng - TOPHBIX MAllIUH, TO €CTh OCYIIECTBIACTCS
APUHLMABL | npgcTpaHcT BEHHOTO CO3JIaHHE KOMIIAKTHOM ITPOCTPAHCTBEHHO-
POeKTUPOBaHH BaHMA N .
| P OPUCHTUPOBAHHOM (YHKIIMOHATBHON

|

CTpYKTYpbl [1] MHOTOHOMEHKJIATYPHBIX
pabounx no3unuid. B mpouecce coznanus
TaKOM CTPYKTYpbl MOTYT PEaIN30BbIBATh-
csl ee MpeoOpa3oBaHMs 3a CUET CIEAYIO-
LIEero:

- U3MEHEHUS  KOJIMYECTBa
pean3yeMbIX CTPYKTYPHBIM 3JIEMEHTOM
GbyHKIHH,

- 00beIMHEHHUS WU COBME-
IICHUS CTPYKTYPHBIX 3JIEMEHTOB,;

- U3MEHEHUS  MECTOpPacIo-
JI0KEHUSI DIIEMEHTOB;

- 3aMeHbI CTPYKTYPHOTO
JIIEMEHTA.

B cootBercTBUM ¢ mpeabsBisie-
MBIMU TpeOOBaHUSIMU pa3paboTaHa KOM-
MIOHOBKa MHOTOHOMEHKJIATYPHOH pabovell MO3UIMKA HHCTPYMEHTAILHOTO OJIOKa ITAMIIOBKH
royioBkd BUHTOB (puc. 3). Lluppamu Ha cxeme 0003HAUCHBI MPOCTPAHCTBEHHBIE 30HBI, 3aHU-
MaeMble. AJIEMEHTaMi MHOTOHOMEHKJIATYpHOH pOTOpHOHM MamuHbI (1), a1eMeHTaMu MHOTO-
HOMEHKJIATYpPHOT'O HHCTPYMEHTAJILHOTO OJsioka (2), mHcTpyMeHTamH (3), mprcrnocoOIeHus MU
(4), obumm mpuBonmoMm (5), mpeobOpasyroum MexanuzMoM (6), ycTpoiicTBaMH yIpaBJICHHS
CMEHOW MHCTpYMEHTa H npucnocoonenus (7) u npeodpasyromero mexanusma (8). B mpornec-
ce paboOThl W3NS TIOCTYMAIOT MO0 BXOAHOMY MOTOKY V M BBIIPYXKAaIOTCS MOCle 00padoTKU
1o BEIXOAHOMY oToKy W. M31enus ycTaHaBiIMBalOTCS B IPUCTIOCOOIEHHS 1 00pabaThIBAIOT-
Csl FHCTPYMEHTOM, PAcCIOJIOKEHHBIM HaJl pucriocobnenreM. [1pu atom aBmxeHust popmooo-
pa3oBaHMs OT OOILIEr0 MPUBOAA MHOTOHOMEHKJIATYPHOH POTOPHON MAaIIMHBI M PeoOpazyro-
IIEro MEXaHu3Ma MepeaacTcs WHCTPYMEHTY, PACIIOJIOKEHHOMY IMOJI HUMH. YCTpPOWCTBA
YIpPaBJICHUS CMEHOW HMHCTPYMEHTa M NPHUCIIOCOOJCHUS, a TaKKE YCTPOWCTBO YIIPaBJICHUS
npeoOpa3yonMM MEXaHH3MOM IPUBOJA PACIIONAraloTCs PSAOM, YTO TO3BOJHUT COTJIACOBBI-
BaTh UX JCHCTBUs B mpouecce o0paboTku. VHCTpyMEHTHI, NpUCIOCOOIeHUS, mpeodpasyro-
IMIMA MEXaHW3M U UX YCTPOMCTBA YIPaBICHUS PACHOJIAraloTCsi B MHOTOHOMEHKIATYPHOM WH-
CTPYMEHTAJIBHOM OJIOKE, YCTAaHOBJICHHOM B MHOTOHOMEHKJIATYPHOW POTOPHOI MaIlnHe.

Pa3paboTaHHasi KOMIIOHOBKa OTOOpa)kaeT MPOCTPAHCTBEHHOE PACIIOJIOKEHUE CTPYK-
TYPHBIX JJIEMEHTOB, YTO TO3BOJISIET C YYETOM JBIKCHUI (POopMOOOpa3oBaHUS OCYIIECTBIATH
CHHTE3 NPUHIMIHAIBHBIX MOJIeJIe MHOTOHOMEHKJIATYPHBIX PabOYHMX MO3MIMA U MHOTOHO-

CHHTE3 TIPHHLHITHATEHBIX
MoaeneH

Puc. 2. Cxema cuHTE3a NPUHITUITHAI-
HBIX MOJETIEN
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MEHKJIATYPHBIX POTOPHBIX MalIKH. [Ipyu 3TOM pa3iuHble BApUAHTHI IPUHIUIIAAIBHBIX MO/IE-
Jeil mony4aroTcs epedopoM BO3MOKHBIX KOHCTPYKTHUBHBIX UCTIOJTHEHUN Pa3IMYHBIX CTPYK-

Puc. 3. KomnoHoBka MHOTOHOMEHKJIATYpHOU paboyeil mo3uiuu

TYPHBIX 3J1€MEHTOB. lIpomsunrocTpupyem NOCIENOBAaTENbHOCTh CUHTE3a IMPUHIUIUAIBHBIX
Mojielield MHOTOHOMEHKJIATYPHBIX pa0O4YMX MO3MLIMN Ha MpUMepe KOMIIOHOBKH, INPEICTaB-
JICHHOU Ha puc. 3.

B coctaB MHOrOHOMEHKIJIATypHO# paboueil MO3UIMK BXOIAT KOMILIEKTHl HHCTPYMEH-
TOB U MPUCIIOCOOTICHNUH, KOTOPBIE MOTYT OBITh BBIIIOJHEHBI B BHJIEe OapabaHOB, KacceT, KOH-
BeHEpHBIX HakonuTene u T.1. [Ipeobpa3yrommii MeXaHu3M peaIn30BBIBACTCA KaK KyJIAuKo-
BbIM, OJKCLCHTPUKOBBINM, PBIYAKHBIN, KIMHOBBIM, pPbIYa’KHO-KYJIAYKOBBIM, 3KCLEHTPUKOBO-
KJIMHOBBIM M Ipyrue Bapualuy Ui KOMOWHAIMY MEePEYHCICHHBIX BapuaHnToB. OOLuii Mexa-
HUYECKUH MPHUBOJ MHOTOHOMEHKJIATYPHONH POTOPHON MAaIIMHBI OOBIYHO MPEACTABIISAET COOOM
IIPOCTPAHCTBEHHBII KyJAUKOBBIN MM KPUBOLIUIO-IIATYHHBINA MeXaHu3M. CiieyeT OTMETHUTD,
YTO YCTpPOICTBA yIpaBJEHHs B JAAHHOM CJIydae NPEAINOararoT BHIOOP COOTBETCTBYIOIETO
MHCTPYMEHTA WM MPHUCIOCOOJICHHUS U3 HAKOMUTENs, IPUYEM B 3aBUCUMOCTH OT THIIA HAKO-
NUTENs YyCTPOMCTBA YNpaBieHUs OyAyT UMETh Pa3IUYHbIA BUJ. AHAJOTUYHO, KOHCTPYKLIHUS
YCTpPOHCTBA YIpaBJICHHUS MEpeHANaAKONH MPeoOpas3yromero MexaHu3Ma OyeT omnpenensaTbes
caMMM MeXaHHU3MOM. KOHCTPYKTHBHO OHM MOTYT OBITh BBINOJIHEHBI B BHJIE XPAINlOBBIX, PhI-
Ya)KHBIX, PECUHBIX, 3yOUaThIX, KIMHOBBIX, XpalloBO-KJIWHOBBIX U JPYyrux nepenad. Takum o6-
pa3oM, IpoIecC CHUHTE3a NMPUHIMIHAIBHBIX MOJIENEH MpecTaBiseT coboi nepedop BapuaH-
TOB MOP(OJIOTHMYECKHI MaTpPHUIIbl, COCTABICHHONW M3 BapUaHTOB KOHCTPYKTUBHOTO MCIIOJHE-
HUSl Pa3JIMYHBIX CTPYKTYPHBIX 3JIEMEHTOB!

[as', as®, a3’, ...] — BapHAHTHI KOHCTPYKTHBHOIO HCIIOJIHEHHS HAKOIHTENEH HHCTDY-
MEHTOB, - 6apalaH, KacceTa, KOHBEHEepHBIN HAKOIUTEIb COOTBETCTBEHHO U T.1.;

1 .2 3 N
[as7, a4%, a4”, ...] - BapUaHTBl KOHCTPYKTUBHOTO UCIIOJHEHUSI HAKOIMTEJICH MPUCTIO-
coOyenni, - 6apa6aH KacceTa, KOHBEHEPHbI HAKOMUTENb COOTBETCTBEHHO U T.[I.;
[a5 | as’, . ..] — BapuaHTBl 00IIETO TPUBOJA: MPOCTPAHCTBCHHBIN KYyJIauyKOBBIA MeXa-

HU3M, IPOCTPAHCTBEHHBIN KPUBOIIUITHO-IIIATYHHBIN MEXaHU3M U APYrUe BapHAHTHI,
1 .2 .3 4 _5 N . N .
[as", as", a5, a6, 8, ...] - KYJTaYKOBBIH, SKCICHTPUKOBBIH, PHIUAKHBIN, KIMHOBBIH,
BKCI_IeHTpI/IKO I(J'II/IHOBBII/I nPe06pa3womHﬁ MEXaHU3M M JIpyrue Bapualud COOTBETCTBEHHO;

2
[a7 Ca7%, a7s, a7t a7, a7, . ..] - XparnoBble, phlYaKHbIC, pECUHbIC, 3y0UaThie, KINHOBBIE,
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XparoBO-KIMHOBBIE COOTBETCTBEHHO M JIPYTHE YCTPOICTBA YIpaBJIEHUS CMEHOM MHCTPYMEH-
TOB U MIPHUCIIOCOOICHMIA;

[ag", ag®, ag’, ag", ag’, ag’, ...] - XpamoBbie, perYAKHBIE, PECUHBIE, 3yGUaThie, KIHHOBBIE,
XparoBO-KJIMHOBBIE COOTBETCTBEHHO M JpPYyrHe YCTPOICTBa ympaBleHHs MEpPEeHANTaIKOM mpe-
o0pa3yroIiero MexaHu3ma.

Heo6xouMo 3aMeTUTh, YTO B LIESAX YIPOUIEHUS KOHCTPYKIIMH MHOTOHOMEHKJIATYp-
HBIX POTOPHBIX MAlIMH OJHOTHUIIHBIE CTPYKTYPHBIE 3JIEMEHTHI ClIeAyeT YHH(PUIUPOBATH, -
BBIOMpATh OJIMHAKOBHIE YCTPOMCTBA yIPaBIEHHS ISl HHCTPYMEHTAIBHBIX HAKOTIUTENIEH U Ha-
KONUTeNe mpucrnocoOIeHni, mpeoOpa3yrommux MEeXaHu3MOB, MPUHUMATh OJIMHAKOBOE KOH-
CTPYKTUBHOE HCIIOJHEHHE PA3INUHBIX HAKOMUTENEeH, MpeoOpa3yIomyX MEXaHU3MOB U IPYTUX
CTPYKTYPHBIX 3JIeMeHTOB. Pa3paboTaHHasi NpUHIMITHATIBHAS MOJIEb MHOTOHOMEHKIATYPHOT O
MHCTPYMEHTaJIbHOTO Osloka (puc. 4), COOTBETCTBYIOIIAs MPEACTaBICHHON KOMIIOHOBKE MHO-
TOHOMEHKJIATYpHO# paboueii mo3urmu (puc. 3), BKIIOYaEeT WHCTPYMEHTANbHBIN Oapaban 3 U

. NPUCIIOCOOICHNE 2, TaK)Ke BBIINOJIHEHHOE B

4 " — 5 Bujie Oapabana. TexHonornyeckoe Bo3/eii-
CTBHE MHCTPYMEHTHI MOJYy4aloT Yyepe3 TOoJI-

KaTellb OT pblyara 4 u mnpeoOpasyromero
MeXaHH3Ma 5, KOTOpBI B CBOIO OYEpe]b
B3aMMOJICHCTBYET ¢ OOLIMM TPHUBOJOM
MHOTOHOMEHKJIaTYpHOM POTOPHOM MaIlu-
HbI yepe3 mToK 1. Bece MmexaHu3mbl BKITIO-
YeHbl B COCTaB MHOTOHOMEHKJIATYpPHOTO
L~ | 6  wuHCcTpyMeHTanbHOro Onoka 2. YcTpoHcTBa

9 / / yIIpaBJICHUs] MHCTPyMEHTalbHOrO Oapaba-
Ha M mpucrnocobneHuss 7 obecrnedynBaroT
- MOBOPOT COOTBETCTBYIOIIUX CTPYKTYPHBIX

& — JJIEMEHTOB.
PaGoTaeT MHOTOHOMEHKJIATYPHBIH

{ - 7 MHCTPYMEHTAJIbHBINA OJIOK CleayromuM 00-
J pazom. M3nenus o BXOAHOMY IOTOKY I10-

CTymaroT B OJIOK, TJie yCTaHaBJIMBAIOTCS B
MPUCIIOCOOICHHUE TP JIBUYKEHUH TJIaBHOTO
Baja BHuU3. IIpu nanmpHeimem nBHXKEHUU
IJIABHOTO Bajla BHU3 PBIYAYKHO-KIMHOBBIN
npeobOpa3yronmii Mexanu3m 4-5 yepes ToJIKaTelnb OKa3blBae€T BO3ACHCTBUE HAa MHCTPYMEHT,
pacIoyioKeHHBIH B MHCTpyMeHTalbHOM Oapabane 3. Ilocie okoHUaHUS 0OpabOTKHU TIIaBHBIH
BaJl IepeMeNIaeTcss BHU3 M0J] AeHCTBUEM OOIIero MpUBO/a, PH 3TOM ITpeoOpasyrouni Mexa-
HU3M 3aHHMAaeT MCXOJHOE MOJIOXKEeHHE, a MPUCIOCOOIeHNE, OMyCcKasCh, OCBOOOXKAAeT U3/e-
nue. Mznenue BITpYKaeTcst M0 BBIXOJHOMY MOTOKY W.

Puc. 4. [TpuniunuansHas MOJI€Tb MHOTOHO-
MEHKJIaTyPHOTO UHCTPYMEHTAILHOTO OJI0Ka
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