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OBECIEYEHME TPEBYEMOM IMPOU3BOIUTEJIHLHOCTH
MHOI'OHOMEHKJIATYPHBIX POTOPHbIX MAIIINH

ByaenkoB E. A. (kagpeopa TM, JouHTY, 2. [loneyx, Yxpauna)

B Hacrosiiee Bpemsi pu peann3aiii MHOTOHOMEHKIIATyPHOTO POU3BOJICTBA Ha Oaze
POTOPHBIX CUCTEM HEMPEPHIBHOTO ACHCTBUS KaXJ0€ M3aenue o0padbaThIBacTCs B OTACIBHOM
paboueil MO3WIMH, YTO TPU YBEIMYECHUHM 4YHUCIIAa HOMEHKJIATYp W3JEIUNA TPUBOJUT K
YBEIMYEHHUIO 3aHUMAEMbIX IUIOIIAEH U NOTEPSM BO BPEMEHM KMHEMAaTHYECKOro nukia [1].
Pemenne nanHO# poOIeMBbl MO3BOJIUT CHU3HUTH IIEXOBBIE PACXO/bl HA COAEPIKAHUE JAHHOTO
000pyI0BaHMsA, CYHIECTBEHHO IMOBBICUTH BEPOSTHOCTh OKYINAHHMS TEXHHUYECKUX CHUCTEM 3a
CUYET CHW)KEHHUS TpeOyeMBIX TOJOBBIX MPOrpaMM H3JEIMH W TOTEpPh BO BpPEMEHH
KMHEMAaTHYeCKOTo IuKa. JlanHas npobyiema sBiIsSeTcss OAHON U3 OCHOBHBIX, CICPKUBAIOIINX
pa3BUTHE POTOPHBIX CHCTEM B YCJOBUSAX PBIHOYHBIX OTHOIICHWH, U €€ peIIeHUe MO3BOJIUT
000CHOBaHHO TOJIOMTH K MPOEKTUPOBAHUIO MHOTOHOMEHKJIATYPHBIX CHUCTEM HEIMPEPBIBHOTO
JeHCTBUS, LENeCO0Opa3sHOCTh MPUMEHEHHS KOTOPBIX B PA3IMYHBIX OTPACIsIX HApPOTHOTO
XO03SIMCTBA HE BBI3BIBACT COMHEHHM [2, 3, 4].

Henpto  BbINOJHEHUS JaHHOW paboOThl  sBisieTCS oOecredeHue Tpedyemoi
NPOU3BOAUTEIFHOCTH MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAaIlIMH 3a CYeT OOBEeIMHEHHUS
U3JIENAI C MaJIO MPOTPaMMO¥ BBITTyCKa JIJIsl 00pabOTKU B OJTHOM pabodei Mo3UIHH.

Jnist TOCTIKEeHUS TIOCTAaBJICHHOM TIETH JTOJDKHBI OBITH PEIICHBI TAKUE 3a/1aUH.

1. HccnenoBaTh 0COOEHHOCTH MHOTOHOMEHKJIATYpHOTO TPOU3BOJICTBA Ha 0ase
POTOPHBIX CHCTEM U BBISIBUTH (PAKTOPHI, CACPKHUBAIOIIUE UX PA3BUTHE.

2. HccnenoBaTh  BAMSHWE  CACPKHMBAIOMMX  (PAKTOPOB HA  TEXHUYECKHE
[I0Ka3aTeNy MIPOU3BOCTBA.

3. HccnenoBath IIPEAJIOKECHHBI cnoco6 HUBEJINPOBAHUSA BIIUSTHUSA
CACPIKUBAIONINX (PAaKTOPOB.

B HACTOSIIEE BpeMs
CYILIECTBYET MHOXECTBO  H3JEJIHH,
HUMEIOIINX CXOKHHA TEXHOJIOTMYECKUI

Hpouecc HN3TrOTOBJICHUSA n
OTJIMYAKIIINXCS TOJIBKO
FGOMeTpI/ILIeCKI/IMI/I pa3Mep aMH n
HeKOTOpBIMI/I KOHCprKTI/IBHLIMI/I
JJIEMEHTAMHU, TpeOYOIIMU JUTSE
NU3roTOBJICHUA CXO0XKHUx

TEXHOJIOTUUECKUX  JBWkeHui. Ha
pucynke 1 m300pa)keHbl CTEP>KHEBBIC
KpENeKHble W3JENUsl, OTIMYAIoLIUecs
(hopMoii ToNIOBKH U (HOPMOH TTOJIOCTH,
a Takke [JIMHOM U pa3MepaMu
roJoBOK. [[ns M3roTOBIIEHUS JaHHBIX
KPENEeXHBbIX M3/ MOKEeT ObITh MPUMEHEH TEXHOJIOTMYECKUI Mpolecc, BKIHOYAIOLIUMA
Takue OIepalu: OTpe3Ka 3aroTOBKM TpeOyeMoM JIMHbBI, MNpeABapuUTebHAs BbICAIKA
rOJIOBKM, OKOHYaTeNbHas BbICAJKa TOJIOBKH, pEIylLHMpOBaHHE pPEe3bOOBOM uacTH, HaKaTKa
pe3BOBbL.

JlanHple  KpemnexkHble u3nenus  (CM. pUCYHOK 1)  U3roTaBiIMBAarOTCS  Ha
O/JIHOHOMEHKJIATYPHBIX XOJIOJHOBBICAJOYHBIX aBTOMaTaX, TPEOYIOLIUX NepeHaNaaKy s

Puc. 1. Kpenexusie nznenus
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BbIIIyCKa pyroro usaenus. [Ipu u3rotoBiaeHny TaHHBIX W3EIUH HA MHOTOHOMEHKJIATY PHBIX
POTOPHBIX CHUCTEMaxX BO3MO>KHA OJIHOBpEMEHHasi 00paboTKa BceX HOMEHKIATyp Ha OJHOU
MHOTOHOMEHKJIATYPHOM KOMIUIEKCHO-aBTOMaTU3UPOBAHHONW POTOPHOW JIMHUH, OJHAKO IIPH
3TOM KaxJ0€e u3zienre o0pabaTeiBaeTCs B OT/IEIbHOM HHCTPYMEHTAJIBHOM OJIOKE.

Ha pucynke 2 wu3oOpakeHa cxeMa MHOTOHOMEHKJIATYPHOH POTOPHOW MAIIMHBI,
uMeronie u,=4 pabouux MO3UIMU U MO3BOJLIIOIIEH 00padaThIBaTh YETHIPE HOMEHKIIATYPHI
KpENEeXHbIX M3/enuid. JlaHHass MHOIOHOMEHK/IATypHash pOTOpHAas MallliHa JUJIsl HOPMaJIbHOTO
(YHKIMOHUPOBAHUA B COCTaBE aBTOMATUYECKOW JMHUM JOJDKHA COOTBETCTBOBATH OOILIMM
TpeOOBAHUAM, IPEIBSIBISIEMBIM K MHOTOHOMEHKJIATYPHBIM POTOPHBIM cuctemam [1].

[Tpu 3TOM obmas

IIPOU3BOIUTENBHOCTD
MHOTOHOMEHKJIaTYpPHBIX POTOPHOM MaIIHMHBI
MOJKET OBITh Ompe/esieHa Kak CyMMa 4aCcTHBIX
IIPOU3BOIUTEIBHOCTEH U3IETUN.

U
0=0y+0p+.+0z=—F.(1)
Tj

rae Q - obuas MpOU3BOIUTENBHOCTD
MAIIIHHBI.

04, Op, Oz - IPOU3BOIUTEITHHOCTD
MAaIIHHBI TTPU U3TOTOBJICHUU OT/IEITBHBIX
U3ETHIA Pa3IMYHBIX HOMEHKIIATYP.

U, - uncno pabounx NO3UIMM.

T} - BpeMsI KUHEMATUYECKOT0 IIUKIIA.

O4eBHIHO, YTO C YBEJIMYCHUEM YHCIIA
HOMEHKJIATYp  W3AEIHA W CHIDKCHHEM
BEJIMYMHBI KMHEMAaTHYECKOTO IMKIIA PACTyT TPEeOOBaHUS K NMPOHM3BOIAUTEIGHOCTH MAIIUHBI
NPY U3TOTOBIICHUN OTIENBHBIX M31eanil. Kpome Toro, yBennunBaeTcst 3aHMMaeMasi pOTOpPHOM
MAIIWHOW TIOIIA/1b.

JIsist OLICHKH BIMSTHUS YUCTIa HOMEHKJIATYP U JUIMTEIHHOCTH KHHEMAaTHYECKOTO IUKJIa
Ha TMPOUW3BOJIUTEIHFHOCTh MAIIHMHBI MPU HW3TOTOBICHUW OTIEIBHBIX H3JCIUH MPUMEM, UYTO
NPOU3BOANTEIFHOCTH MAIIMHBI TPU W3TOTOBJICHUM W3JEIHA paBHBI Mex1ny coboil. Torma
oOmas  MPOW3BOAUTEIBHOCTH  MOXET  OBITH  OMNpelesieHa  Kak  MPOM3BEICHHE
NPOU3BOANTEIFHOCTH MAIIMHBI TPH HM3TOTOBJICHWH OTACIBHOTO M3JENUS Ha YHUCIO
HOMeHKIaTyp. TpeOyemas 3aBHCUMOCTh MOKET OBITh OJy4YeHa C yaeToM (hopmyisr 1.

U U 1
O=n-Qy=—:0y=—"1- = 0y=—, 2)
T k n-Tg k T k
/1€ 1 - YACIIO HOMEHKJIATy P U3JIEIHH.
Ha pucynke 3a nzo6paxeH rpa¢uk | 3aBUCUMOCTH NPOU3BOJUTELHOCTU MAalllWHBI
OpU  W3TOTOBJIEHWM OTAEIBHOTO M3/AENUs OT 4YUCla HOMEHKJIATyp M BpPEMEHHU
KMHEMaTHYeCKOIro IMKJA, MOCTpoeHHOW mo ¢opmyne 2. I'paduk mokasbiBaeT, 4yTo MNpuU
YBEJIMYEHUH BPEMEHM KMHEMAaTH4ECKOro IMKJIa Tpedyemasl NMpOU3BOAUTEIbHOCTh MAIMHBI
IpY H3TOTOBJIEHUM W3JAEIUN yMEHbIIAeTCsd 3a CUET CHIDKEHHUs oOIlell 3KOHOMUYECKU
000CHOBAaHHOW MPOU3BOJUTENLHOCTH, a MPHU YBEJIMYEHUH YUCIIa HOMEHKJIATYyp ocTaercs 0e3
U3MEHEHMsI 3a CYeT CHIDKEHHMsI TpaHCHopTHOM ckopoctu. [lpm 3ToM, C yBenuueHuem
TPAHCIIOPTHON CKOPOCTU YBEJIMYHMBAETCS BpEMsl KMHEMaTHUYECKOro IMKJIa 0e3 yBeIHdyeHUs
00111ell TPOU3BOAUTEIBHOCTH MAIIUH, YTO MPUBOJUT K BO3SHUKHOBEHUIO MOTEPh BO BPEMEHU
00paboTKH.

Puc. 2. MHOrOHOMEHKJIATYpHAsE pOTOpHAs
MaIlllMHA
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BnusiHue yucna HOMEHKIATyp u3Aenuil Ha 3()PEeKTUBHOCTh UCTIONB30BAHUS TUIOMIAIH
MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAIIMH HCCIEAYeTCS TPU TMOMOIIH KOIPPHUIMEHTA
UCTIONIB30BAHUS IUIOMIATU NF , XapakTEpH3YIOMIEr0 OTHOIIEHHWE IUIOIMIAAN KOJbIIa,
00pazyeMoro HHCTPYMEHTAILHBIMU OJIOKaMH, K TUIOIIAU POTOPHOMN MAIITUHEI.

:i: 4.Up.db.hp

p 7w-Upy-h,+dy)
rzae N - K03(pPUIMEeHT UCTIONBb30BaHMS MIIIOIIA TH.
F} - mnomans KobIa, 00pa3yeMoro HHCTPyMEHTAIbHBIMH OJIOKaMH.
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Puc. 3. I'paduku 3aBrCUMOCTEH

F}, - nnoniaags pOTOPHON MalIMHBIL.

dp - IMaMeTp UHCTPYMEHTAJIbHOTO OJIOKa.

h,, - Iar pOTOPHOM MAIlIMHBL.

Ha pucynke 36 npexacrasien rpaduk 1 3aBucumoctn ko3dduiimenra ucrnoab30BaHus
IUIONIaZM OT 4YHMCJIa HOMEHKNATYp (u,=n). I'paduk MoKasspIBaeT, 4TO NPU YBEIUYECHHU YUCIA
HOMEHKJIATYp U3AeTHid KO3(PQPHUIMEHT WCIOIb30BaHUs IUIOMAIA YMEHBIIACTCS W3-3a
YBEJIMYEHUSI IMaMETPa POTOpa, 3aBUCAILETO OT YUCa padounX MO3ULUI.

Takum 006pa3om, UCXOAS U3 TOJTYYCHHBIX PE3yJIbTaTOB, ISl 00ecriedeHus: TpedyeMoit
NPOU3BOJAUTEIFHOCTH MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAIlMH JIOJDKHA OBITH HaljeHa
BO3MO’KHOCTb YBEJIMUYEHHsI YKCIa HOMEHKIATyp 00padaTbhiBaeMbIX KpPENEKHBIX M3JeIuid 0e3
YBEIMYEHUSI Yyncia paboynx MO3ULHHI.

Ha pucynke 4 wu3oOpakeHa cxeMa MHOTOHOMEHKJIATYPHOHW POTOPHOW MAaIIHHBI,
NpPE/UIOKEHHON U1l pemieHuss JaHHOW mnpoOnemsbl. JlaHHas MammHa oOecTedrBaeT
BO3MOYKHOCTb 00pa0OTKM HECKOJIBKHX OJHOTHITHBIX KPETIEKHBIX H3/ETHi B OTHON paboueit
NO3HIIMK, HANpuMep, TpeaBapuTenbHoe (OopMOOOpa3oBaHHE TOJOBKH BHUHTOB W OOJTOB
OJIHOTO JHaMeTpa HO pa3HOW UMHBI W Oymskoi (opmel rosoBku. [IpemnoxkeHHas
MHOTOHOMEHKJIaTypHasi ~ pOTOpHas  MallMHAa  COOTBETCTBYET  BCEM  TpeOOBaHUSAM,
NpeIbSIBIIEMbIM K MaIllMHaM JaHHOTO Kiacca [2]. OOmas mpou3BOJHUTEIBHOCTh JTAHHOM
MalIuHbl onpeaensiercs no gopmysne 1.

[Ipu sTOM, yuuThIBask TO, YTO B MPEIJIOKEHHON MaIIMHE YHCIO paboyuX MO3ULMHA He
PaBHO YHUCIy HOMEHKJIATyp, 3aBUCUMOCTb MPOU3BOIUTEIBHOCTH MAIIUHBI IPU U3TOTOBJICHUU
OT/IEJILHOTO M3/ENUsl OT YuCjla HOMEHKJIATyp U BPEMEHHM KHHEMaTHYeCKOro IMKjIa Oyner
OTJINYATHCS OT TPAAULIMOHHOM.
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Ha pucynke 3a mo0paxeH rpaduk 2 3aBHCUMOCTH TPOW3BOAUTEIBHOCTA MAIIUHBI TIPU
M3TOTOBJICHUH OT/IEJIBHOTO M3/IEIHSI OT YMCIia HOMEHKIIATYp M BPEMEHH KMHEMAaTHIECKOTO IIMKIIA,
nocTpoeHHo# 1o popmyie 4. ['paduk nokaszbIBaer, YTo B MPEAJIOKEHHON MaIlIMHE C YBEJINYEHUEM
Yycia HOMEHKJIATYp W3IeNuid MX TpeOyemas NpOW3BOAMTEILHOCTh YMEHBIIACTCs, TO €CThb
OTKPBIBACTCS BO3MOXKHOCTH ~IIMPOKOTO HCIOJB30BAHMS POTOPHBIX CHUCTEM B  YCIIOBUSIX
KPYITHOCEPUITHOTO U JIa’K€ CEPUIHOTO IMPOW3BOJACTBA. AHAIM3 Tpa(uKOB, M300paKEHHBIX Ha
pucyHKe 3a TOKa3bIBAaET, YTO MHOTOHOMEHKJIATYpHBIE MAIIWHBI, NPUBEICHHbIE HA PUCYHKE 2,
CIIEyeT MCIONB30BaTh KOTJa YUCJIO HOMEHKIIATYp M3IEJHi paBHO WM MEHbIIE Yuciia pabodmx
nosviidi. B ciydae, Korga YMCIO HOMEHKIATYp W3CIMH TPEBBIIACT HSKOHOMUYECKU
00OCHOBaHHOE 4YHUCJIO pabOYMX TO3MIMH CIEAyeT MEepeXOIuTh K MHOTOHOMEHKIATypHBIM
POTOPHBIM MaIlIMHaM, M300paKEHHBIM Ha cxeme 4.

Jlng maivH, NpencTaBieHHBIX Ha cxeme 4,
KOd(p(PUIIMEHT  WCTONB30BaHMSA  IUIOMAAN  (CM.
dopMyiy 3) He 3aBUCHT OT YHCIIa HOMEHKJIATYD, U
Ha Tpaduke (cM. pucyHok 30) mpeacTaBieH B BHIE
npsiMoit 2.

Takum o0pazom, Npe/IOKEHHAST
MHOTOHOMEHKJIATYpHas poTopHast MaIliHa
o0ecrieyMBacT BO3MOXHOCTh YBEJIMUCHUS YHCIA
HOMEHKJIATyp W3/eiMii 0e3 W3MEHEHHsl dYHCia
paboYMX MO3UIIUIA.

Cremyer OTMETHTh, 4YTO  peaiu3alys
MHOTOHOMEHKJIATYPHOTO TIPOU3BOCTBA KPETIEKHBIX

N\, |
75 7

Puc. 4. TIpennoxkennas v3/1enuil Ha 6ase TPE/IIOKEHHBIX POTOPHBIX MAIINH
MHOTI'OHOMEHKJIaTypHasi pOTOpHas (cM. pHCYHOK 4) NOTpeGOBanO pelueHms psixa
MalliHa npoOJIeM, a IMEHHO - MPOOJIeMBI To00pa U3ICITHI,

00pabaTeIBaeMbIX B OFHOM paboyel MO3MLHH, o0ecTieueHre TPeOyeMbIX 3aKOHOB JBIDKCHUS IS
MHCTPYMEHTOB U MPOSKTUPOBAHMUS COOTBETCTBYIOIINX HHCTPYMEHTAIBHBIX OJIOKOB.
[pennokeHHass cxeMa MHOTOHOMEHKJIATYPHOW POTOPHOW MAIIMHBI TO3BOJSIET PEIINThH
npoOieMy oOecrieueHusi TpeOyeMOoi MPOU3BOAUTEIILHOCTA JAHHBIX CUCTEM 32 CUET OOBETUHEHUS
WB3IIENTU C MaJjioil TporpaMMOM BBITTYCKa JUIsI 0OpabOTKK B OJHOM pabodei mo3wmyu. JlaHHBIC
MallvHBl  00ECIIEYNBAIOT COXpaHCHUE pvaeTHOﬁ BCIIMYHHBI KHHEMATHUYCCKOIO IHMKJIa H
Kkod(purMeHTa WCTONB30BaHMS TUIOMIAIA MHOTOHOMEHKJIATYPHOW POTOPHOM MAIMHBI TIPU
YBEJIMYECHUH YWCJIa HOMEHKJATYp m3aenmid. [IpensioyxeHHble MHOTOHOMEHKJIATYpHBIE POTOPHEIC
MaIlIMHBl  [eJIeCO00Pa3HO TMPHUMEHATh, KOIJIa YWCJIO0 HOMEHKJIATYp W3IEHiA TPEBBIIIAET
HKOHOMHYECKH OOOCHOBAaHHOE YHCJIO pabouyMx TO3MIMi. BeimonHeHHas paboTa To3BOJIHIIA
BBISIBUTH HOBBIE MPOOJIEMBI, 0€3 peIeHNsT KOTOPBIX Pa3BUTHE JAHHBIX CUCTEM HEBO3MOIKHO.

Cnucox aurepatypsbl: 1. KiycoB W. A. TexHoJorn4aeckue CUCTEMbI POTOPHBIX MAIlIH
JUISl CEpUIHOTO TIPOM3BOJICTBA. /ABTOMATH3AIMsl TEXHOJIOTHMYECKUX mpolieccoB: CO. Hayd. Tp.-
Tymna: Tynbckuii monurexH. uH-T, 1981 - ¢. 13 -19. 2. MuxaiinoB A. H. OcCHOBBI cCHHTE3a MOTOYHO-
MPOCTPAHCTBEHHBIX TEXHOJOTMYECKMX CHUCTEM HenpepbBHOTO aeiictBus.- Honenk: JonHTY,
2002.- 379 c. 3. KnycoB 1. A. Pa3Burue poTOpHBIX TeXHOJIOTH. / BeCTHUK MalmHOCTPOSHUS. -
2003.- Ned.- ¢. 46-50. 4. Tpeiic B. B., Kprokos B. A. KommiekcHast aBToMaTi3aiysi pOU3BOICTBA
Ha 0ase aBTOMATMUECKHX POTOPHBIX M POTOPHO-KOHBEWMEpHBIX JHHUK. // BecTHHK
MatrHoctpoeHus.- 2002.- Nel1.- ¢. 35-39.
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CHUHTE3 KOHCTPYKIIMH ITATAIOIIETI'O MAHUITYJATOPA

Bosoasko A.1O., T'opoden U. A. (xagp TM, [{onHTY, 2./[oneyx, Yrpauna)

Coznanre MOOMIIBHBIX pOOOTOB, CIIOCOOHBIX 3aMEHHUTDH YEJIOBEKa HA MHOTHX y4acTKax
COBPEMEHHOI'O IPOM3BOJCTBA, A TAaKXXE ABTOMATHUUYECKUX CHCTEM, KOTOPBIE MOTYT OBITbH
UCIIOJIb30BaHbl B YCIOBUAX, ONIACHBIX JUIS 30POBbs M KHU3HU YEJIOBEKA, SBJIETCS aKTyaJbHOU
HAYYHOH M TeXHHYECKOW mpobOiiemoil. OZHMM U3 BaKHBIX KJACCOB POOOTOB SIBISIOTCS
miararone  poOOoTHl, TNpeaHa3sHAYEHHbIE JUIi MEPEeMEIICHHS [0  TPYIHOMPOXOIMMOM
MECTHOCTHU WJIM MECTHOCTH C HEOIIPEJEJIEHHBIM THUIIOM NTOBEpXHOCTH. [Ipu nepeasuxeHnu mno
HETIPUCIIOCOOJICHHON MOBEPXHOCTH TPHUHLMIT [IaraHusi MO3BOJIIET BHIOMPATh MPH KaKIOM
niare MecTo, Hanbosee y100HOe, YTOOBI CTYNUTh HOTOM. JJOCTOMHCTBOM IIArarIiuX MaIliuH,
ABJIAETCSA MUHUMAJIbHBIE 3aTPaThl SHEPTUH IIPU NEPEABMKEHHUHN 110 MSTKOW IIOYBE U necky [1].

K HenocTtaTkam mararomyx MamlMH OTHOCSTCS: MPEPBIBUCTOE U CJIOXKHOE JIBUKECHHE
HOTH MIAraomero podoTa OTHOCUTEIBHO KOpPIyca, B TO BpeMs KaK Kojieca U T'yCEHHIIBI
MAaIIMH ABMXKYTCS HENPEPBIBHO U PaBHOMEPHO [2]; HM3Kasg CKOPOCTh NMEPEABMKEHUS IO
POBHOI IIOBEPXHOCTH; CJOKHAs KOHCTPYKLMS HOI'M IIArarolled MAallWHBI, COJEpIKalleu
HECKOJIbKO TMOJIBM)KHBIX COWIEHEHHWH, KaXKI0€ W3 KOTOPBIX HY)KJIAeTCsl B HE3aBUCHMOM
npusoze [3].

Jns Toro 4ToOBl Kakoe-muOO TeNo MpH IIararouieM JABM)KEHHH HaXOJWIOCh B
YCTOWYMBOM TOJIO)KEHWH, B OOIIEM cliydyae HEOOXOAMMO, YTOOBI OHO HMMEJO OMOpY IO
KpaiiHel Mepe B Tpex Toukax. CrenoBarenbHO, YTOOBI IIararoUIMi ammapar ObLI
YCTOMUYUBBIM, €My HEOO0XOAMMBI IO KpaiiHEW Mepe Tpu Horu. Bmecrte ¢ Tem uenoBek
MOJIB3YETCsl TIPU X0J1b0€ JIBYMsI HOTaMU U 00J1a/1aeT TOCTATOYHO OOJIBIION YCTOWYUBOCTHIO.
bonee Toro, mpu HeE0OXOJMMOCTH OH CIIOCOOEH MEpeMeIlarbesl Jake Ha OJHOM HOore —
npblkKaMu. OTHOCUTEIIBHO JIETKO CJIENaTh YCTOMYMBBIM KaK B HEMOJBUXHOM COCTOSIHUH, TaK
U B [IpOIIECCEe JIBMKEHUSI pOOOT C UEThIpbMSI HOraMU. TeM He MeHee Jaxke B 3TOM Cilydae JJIs
obOecnieueHHs CTATUYECKON YCTOMYMBOCTH JABMXKYIIETOCS pOOOTa B IPOIECCE YIPaBICHUS
TpeOyercst pelaTh JBa HE COBCEM IHPOCTBIX BOIpPOCAa: B KaKyl CTOPOHY JOJDKEH
NepeMenaTbcs LEHTP TSXKECTH LIArarollero ammnapara B JaHHbIE MOMEHT BPEMEHH M IO
KaKOMYy 3aKOHY JOJDKHO NMPOMCXOAUTh M3MEHEHUE CKOPOCTEH CBOOOJHBIX HOI' U ONOPHBIX
KOHEYHOCTEH MaHumyJisiTopa? SIBHOE ynpaBieHWE U3MEHEHHEM HANpaBJieHUs MEepEeMEIICHUs
LEHTpa TSAKECTU IOCIIE Ka)XI0ro 1mara poOdoTa NpUBOAUT K TOMY, YTO Ha MajbIX CKOPOCTSIX
YETBEPOHOTUI POOOT B OTJIMYME OT KUBOTHBIX MEPEIBUTAECTCS HEECTECTBEHHOW PHICKAOILEH
U3 CTOPOHBI B CTOPOHY MOXOJKOM. B 3TOM 3aKkimtouaercs OJUH U3 HEJOCTATKOB KOHCTPYKIMU
MOOMJIBHBIX pOOOTOB C YETHIPbMsI HOTaMU [2].

Jlis coxpaHEHus IIararolliuM amnnapaToM CTaTUYECKOM YCTONYMBOCTH MPH JABHKEHUH
HE00X0UMO, YTOOBI B Ka)XKIbIii MOMEHT BPEMEHU B OJJHOM I10JIO)KEHUU HAXOAMIOCh HE MEHEee
Tpex Hor. [loaToMy 4MclO IIECTh SBISETCS MUHUMAIbHBIM KOJMYECTBOM HOT, C IOMOIIBIO
KOTOPBIX IIATalolUil anmapar MOXET MOJJIePKUBATh CTAaTHYECKYI0 YCTOMYMBOCTH 0€3
NPUHYAUTEIHHOTO CMEIIEHUS TOJIOKEHUS LIEHTPA TSIKECTU MOCIIE MOJAHITHS WU Oy CKaHUs
mo6oit Horu. CrnpaBelMBOCTb MOAOOHOTO YTBEPKICHHUS AEMOHCTPUPYETCS C TOMOIIBIO
JyarpamMm X005l IIECTUHOTOTO anmnapara, IpUBEACHHbIX Ha puUC, 1.
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Puc. 1. Cxema ABWIKCHHS IIAararouiero arrapara ¢ Hi€CTbI0O KOHCYHOCTAMU

[Ipeanonoxum, 4TO B HAYAILHOM COCTOSIHMM alIapatr ONnupaercs Ha Tpu Horu A, D u
E (uentp Taxectu G — BHyTpu TpeyroiapHuka ADE), a tpu npyrue Horu B, C u F u3
CBOOOJTHOTO COCTOSIHMS NEPEMEIIAIOTCS B HOBOE ONOpPHOE nosoxeHune —rouku B', C' u F'
COOTBETCTBEHHO. Torja mo oxoH4yaHuu ABWxkeHUs HOr B, C u F 1eHTp TsKecTu okaxercs
BHYTpH Tpeyronbhauka B'C'F', a Horu A, D u E nepelinyT B cB0O0HOE MOJIOKEHUE M HAYHY T
nepememarbes B Toukd A', D' u E'. B npouecce xonp0bl Ba ONMUCAHHBIX COCTOSHUS OYIyT
Yyepe0BaThCsl, OJTHAKO B JIIOOOM CIIydae LEHTpP TSAKECTU OCTAHETCS BHYTPHU 3alUTPUXOBAHHOU
00J1acTH, B pe3yJIbTaTe YEro COXPaHsIETCs CTaTUUECKasi yCTOMYUBOCTb.

Ecin MexaHu3M KpemnjeHHsl HOT K KOPIIyCy JOITyCKaeT JABM)KEHUsS] HE TOJIbKO INPSMO
Briepen (UM TPSIMO HA3aJd), TO IIECTUHOTHA POOOT CMOXKET TepeMeIIaTthcs B JIHOOYIO
cropoHy. Ilockonbky paboTa HOT TMpuU ITOM OyJIeT OCYLIECTBISATBCA B TOM IKe
MOCJIEIOBATEIBHOCTH, YTO U MPHU XOAB0E TOJBKO MPSIMO BIIEPE, CTaTHYECKasi YCTOWIHMBOCTh
coxpanurcs. bosee Toro, ecinm umeeTcst BO3MOKHOCTh U3MEHATH CKOPOCTh IBUYKEHHS KayKIOU
U3 HOT, TO 3aKOHBI M3MEHEHHUSI 3TUX CKOPOCTEH MOKHO MOJ00paTh TaKUM 00pa3oM, 4TOOBI
CTaTUYecKas YCTOMYMBOCTH oOOecmeyuBaiach Jaxe TMpH JABIKCHHH YETBEPOHOTOTO
mararoiero anmapara [4].

JBmkeHus1, coBepiaeMble 1000i U3 HOT TPU YePEeJOBAHUN OTIOPHOTO M CBOOOIHOTO
MOJIOKEHUH B Tpoliecce X0ap0bI, MOKHO YIIPOIIEHHO Pa3leiuTh Ha (azy MOCTYNaTeIbHOTO
nepemeneHus 1 a3y BOCCTaHOBJIEHHA. B mpocTeiiiieM ciiyyae mepexoJ oT nepBoil (a3bl Ko
BTOPON MOET OCYILIECTBIIATHCA 3a CUET ABM)KEHUII HOTM BBEPX-BHM3 CTPOIO IO BEPTUKAIU
(puc. 2, a). OnpHako HHEpPrusl INAramIIero amnmapara OyJeT pacxoaoBaTbes Oosee
3¢ peKTHBHO, ecnu B TedeHHe (a3bl BOCCTAHOBJICHUS HOra OyIeT mepeMenarbesi II0
HEKOTOpoW kpuBOW. OnHa ©3 BO3MOXHBIX (OPM  KPHBOJHMHEHHOW  TPaeKTOPHH
BOCCTAHOBJICHHS TIOKa3aHa Ha puc. 2, 0.

¢a3a boccmanobrenus (cbododkoe @a3a boccmanobienus (cbododkoe
NI0/10XEHUE KOHEYHOCTL) N0/I0XEHUE KOHEeYHOCMU)

Hanpabrerue dbuxenusi Hanpabierue douxerust
a) 0)
padoyas asa (ongpHoe nooxeHue padoyqas @asa (onopHoe nosoxexue
KowesHocmy) KoHeHocmu)

Puc. 2. UneanusupoBansslii (a) 1 3¢ HekTUBHBIN () UKIBI IEPEMEIIEHUS CTOTIbI
po06oTa Mpu IBMKEHUU IATAIOIIETO anmapara.

[lo xakoii Obl TpaekTOpHMM HHU JBUTAJach HOra B (a3e BOCCTAHOBJEHHS JJId
BBIIIOJIHEHUSI 1lIara OHa JoJDKHAa oO0najath, IO KpailHe Mepe JByMs CTElEHSIMU
MIOJABMIKHOCTH: ITOJHMMATBHCS BBEPX-BHU3 10 BEPTUKAIM M IOKAYMBATBHCS BIIEpEI-HA3aJ IO
ropuzoHTanu. [IpaBna, B MCKIIIOUMTENbHBIX ClyuyasX, yAaeTcsi OOOWTHUCh MEXaHU3MaMHu C
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OJIHOM CTereHbI0 MoABMKHOCTH. Hanpumep, 6bU10 pa3paboTaHO HECKOJIBKO KOHCTPYKIIHA, B
KOTOPBIX HMUTHPYIOLIEE LIar IBH)KEHUE OCYIIECTBISETCS IyTEM IIPOCTOr0 MOBOpOTa [2].

[Ipu paccyxaeHur O TOM, KaKUM MHHHUMAJIBHBIM YHWCIIOM CTEIICHEH IOJABHKHOCTH
JI0JDKHA 00J1ajaTh KaXK/1as HOTa IIararollero anmapara, HesBHO MPEe/osarajock, YTo KOPILyC
poboTa mepemMerniaeTcst CTporo mpsiMoiimHeiiHo. Kak oka3anock, crpaBeisiuBO M 0OpaTHOE
YTBEpXKACHUE, T. €. €CIM Kaxkaas Hora poOoTa pacmojaraeT TOJbKO JIByMsI CTENCHIMH
NOJBMKHOCTH, @ €ro KOpPIyC HE HUMEeT CHEeNMalbHOTO MEXaHM3Ma Uil W3MEHEHHUS
OpHEHTAIH B MPOCTPAHCTBE, TO TAKOH pOOOT MOMKET JBUTATHCS TOJBKO B MPSIMOJMHEHHOM
HarnpasiieHUH. J{Js1 I3MEHEHUs] HanpaBJICHUs JABIKEHHS poOOTa TOJBKO 3a cyeT paboThl HOT
HE0O0X0MMO, 4YTOOBI KaXkias €ro Hora oOliajana 1Mo KpailHed Mepe Tpemsl CTENeHSIMHU
MOJIBUKHOCTH.

PaccmoTpum 1Ba BapuaHTa KOHCTPYKIMU HOT MIECTUHOTOTO IIAraroiero podora (puc.
3). Takasgs KOHCTpyKmus poOOTa TPEICTaBISIET W3 CeOS MIECTHHOTOTO CHMMETPHYHOTO
mrararomero podora ¢ JAByMS JBHTaTeIsIMH Ha KaKAyl0 HOTY WM TpeMs JABHraTelsIsMH Ha
Kaxayto Hory. Horm oGmagaroT AByMsSI U TpeMs CTETEHSIMH HOJBM)XKHOCTH COOTBETCTBEHHO
(puc. 4). HlapaupHOoe COEIMHEHHE HOT peaM3yeTcs IJIOCKON KMHEeMAaTHYeCKOW mapoiul 5-ro
KJ1acca.

Puc. 3. Cxema cHMMETPUYHOTO IECTUHOIOro0 podoTa

Puc. 4. BapraHTbhl KOHCTPYKIIMU HOT:
a) C IByMsI IBUTaTeNsiMU; 0) C TpeMsl IBUTATEISIMU

B xauecTBe MCXOHBIX JaHHBIX NPUHSATO:

- BCE CWJIBI, JICUCTBYIOIME HAa KaXyI0 HOTY, paBHbl MEXAYy CO00I M cuila TAXKECTH
KOpIIyca paBHOMEPHO paclpeiesieHa MEXy HUMU;

- U1 paBHOBECHS IPUHUMAEM CUMMETPUIO OJTHOM CTOPOHBL, OTHOCUTENIBHO APYIOif;

- CHJIA TSKECTH, NIPUXOAIIAscs Ha OAHy Hory poboTa Pp= Py /35

- MEXJ1y CTYNHEH poO0oTa U ONOPHOM MOBEPXHOCTHIO BO3HUKAET CYyX0€ TPEHHUE;
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- BeC 3BCHBEB YUUTHIBACTCS O€3 Beca IBUraTesei.
Koaddurmenr TpeHus CKOJBKEHUS CTalM MO CTajiud cocraBisieT tan o=f=0,15 wmm
o~8,5° %' 5,57 DT0 O3Hauaer, 4To B MpeAesiax KOHyca 3TOro yria (OMMCAHHBIM TpeaeabHOU

CWION peakiuu omnopsl R BOKpYr HOpMalbHOHM peakimu onopsl Np), HET HEOOXOAUMOCTU
NPWIAKUBATH KAKOH-THOO MOMEHT CO CTOPOHBI JIBUTATesst M).
BHemnmnii MOMEHT JBHTaTess i1 CXEMbl Ha puc. 5 ompenensiercs no ¢opmyse (mpu

!
0>8,5°): M.+ 5, sine "4+ Foosal. — M, (D

Hns podora LAURON III [5] Bec co BceMH KOMIOHEHTaMHU COCTaBISIET Pogy—18KT.
[Mpuammaem L =50mMm, L=200mMm, d;=10mm, d=10MmMm, o=15°, B=30°, S;=0,031kr, S,=0,123kr,
f=0,15.

Hcxonst ¥3 TONMyYeHHBIX TEOPETMYECKHX PACYeTOB MOJKHO CIIENiaTh BBIBOABI O
KOHCTPYKIIMM HOTH C IByMsl IBUraressivMu (puc. 4,a):

- Takas KOHCTPYKIWsI po0OTa TMpeomnpenesser 3apaHee ero BBICOTY KOpIyca, a
COOTBETCTBEHHO M XapaKTEPUCTHKU MPOXOJUMOCTH, €CIIH 3BEHO b OyZer HaxOAWThCS B KOHYycCe
yIJla TpeHus,;

- U1 pa3HBIX KOA(HIINECHTOB TpeHUs (BUIIOB TMOBEPXHOCTEH), KOHYC YTJia TpeHus Oyier
paznbnii. Ecim 38eHo L OyzeT HanpaBiieHoO o] yTiioM OOJIBIINM, YeM JIOTTYCTUMBIH, TO CO CTOPOHBI
JIBUTATENsl JOJDKEH OBITh MPWIOKEH MOMEHT Ul yJEp)KaHUsd KOHCTPYKIMH B CTaTHYECKOM
noJioskeHUM. MakcuMarbHas BeJIMuuHa 3TOro MoMeHTa OyzeT B 50 pa3 0oJibliie, 4eM He0OXOa1MMO
JUIS yIep >KaHUs 3TOM HOTH B TIOJI0>KEHUH B Bo3ayxe, U B 100 pa3 0oJibliie, KOTja OCTaJIbHBIE 3 HOTH
OylyT HAXO/IUTHCS B BO3YXE;

- yroq [3 He BIUAET HAa BEIMYMHY MOMEHTA, a MOATOMY NPUHHUMAETCS KOHCTPYKTHBHO,
9TOOBI CLIOCOOCTBOBATH 33/IAHHBIM YCIJIOBHSIM BBICOTHI KOPITY Ca MIJIM IPOXOAMMOCTH.

JI1st KOHCTPYKITNM HOTH C TPEMsI IBUTATEIEIMK OyIET cripaBeiiuBo (puc. 4,0):

- ecnd yron o He OyJeT NpeBBIIaTh Yrojl TPEHWs, TO cxema OyAeT HaXOAWTHCS B
CTATUYECKOM PAaBHOBECHH Jaxke 0€3 MOMEHTOB M, 1 M3;

- TIPU TPEBBIIICHUU YIJIa O, YIJa TPEHWs, Il yJAEep>KaHUs KOHCTPYKIMH HEOOXOIMMO
NPUKJIA/IBIBATH MOMEHT TOJIBKO CO CTOPOHBI NIEPBOTO JBUTATEIS My,

- CTAaTUIECKU YCTOMYHMBOE TIOJIOXKEHUE MPU HE IPOYHON KOHCTPYKIIMU MOXKET AaTh YCAIKY,
YTO MOYKET CYIIECTBEHHO CKA3aThCsl HA POXOUMOCTH;

- B TIOJIOKEHWH, KOTJa HOTa TMOJHITA, HEOOXOIWMO YiKE TOIACPKHUBATH €€ IBYMs
MOMEHTaMHU OT JIBYX JIBUraTeleil 3HaYUT, SHEpreTHIeCKUi pacxoa OyneT B 2,58 pa3 0oJblile, 4eM B
BapUaHTE MEPBOI KOHCTPYKLIHH;

- pacxoJ1 SHEPT UM BTOPOU KOHCTPYKIIMHU OyIeT OOJBIINM €CITM YIUTHIBATh BEC JBUTATEIICH.

Takum 00pazoM, cxemMa KOHCTPYKIIMM HOTH C TpeMsl JBHTaTeIBsIMU sBIsieTcss Oolee
palMOHATIBPHON Il YCTIOBUM Hawiydied mpoxoaumocTd. OHa MOKET peam30BhIBaTh OoJjiee
CJIO>KHBIE BHIBI TIOXOJIOK, COKpAIaeT BpeMsl Ha M3MEHEHHE HANPABIICHUS IBHYKEHMS BCETO POOOTA.
Takast cxemMa KOHCTPYKIIMH HOT poOOTa TO3BOJEIET M3MEHSTh BBICOTY KOpITyca U SIBIISIETCS OoJiee
YHUBEPCAJIBHOM.

Cuucoxk jurepatypsi: 1. A.E. Koopunckuii. Bot onn — po6otsl.- M.: Hayka, 1972. 2. D.
Hakano Beenenue B pobGotorexnuky.- M.: Mup, 1988. 3. M.JL. Kwmbinesckas, b.B. I'purms.
MoOwiibHbIE U MOABUYKHBIE POOOTHI, UCIIONB3YEMbIE B HEMAILIMHOCTPOUTEIBHBIX OTPACisiX - M.:
BHUU-TOMP, 1991. 4. @y K., I'oncanec P., Jlu K. Po6ororexnuka: Ilep. ¢ anrn. — M.; Mup,
1989.5. LAURON III http//www.fzi.de/ids/
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HNCIIOJIB30BAHUE INIPOI'PAMMMUPYEMOI'O POBOTA MINDSTROMS
NXT B YYEBHOM IIPOLECCE

Kuszes S1.1., Ilepexonckuii C.I1., [lietenen A.B., Usana U.A., I'opodeun U.A. (kagp. TM,
LouHTY, 2./loneyk, Ykpauna)

CoBceM HeTaBHO pPOOOTOTEXHHMKA CYILIECTBOBAJNA JIMIIL HAa CTPAHMLAX HAY4YHO-
daHTacTUYECKX poMaHOB. HO Ha CEroqHSITHUI MOMEHT OHA SIBISETCS OJHOW U3 JIBHKYIINX
CHJI, KOTOpasl OIpeJeiseT MPOrpecc BO MHOTHUX OO0JIAcTSIX, TAaKUX KaK aBTOMAaTH3alys
NpPOU3BOJCTBA, KOCMOC, MEeIUIMHA, U T.A. [1]. 3HaYUTENBHYIO POJb B IMpolecce 00yueHHs
UTPaOT BO3MOJKHOCTH MOJYYEHUS HE TOJBKO TEOPETHUUECKHUX 3HAHUM KOHCTPYUPOBAHUSA U
NPOrPaMMHPOBAHUST POOOTOTEXHUYECKUX YCTPOWCTB, HO M MPAKTUYECKUX HABBIKOB, YTO
0COOEHHO AaKTyajbHO Ul CTYJIEHTOB creuuanuzauuu «MexaTpoHuka». OTO BO3MOXKHO
peann30BaTh € MOMOILBIO PA3IMYHBIX CUMYJISATOPOB. OTHUM U3 TAKUX CUMYJISITOPOB SIBIISETCA
koHcTpykTop LEGO MINDSTROMS NXT, B KOMIUIEKT KOTOPOTO BXOAST HEOOXOJUMbIE
JIETaJM JIJIsl CO3/IaHus TIOJHOLIEHHOTO poboTa (puc.1) [2].

Puc. 1. OcHoBHBIE KOMITIOHEHTHI yrpaBieHus KoHCTpykTopa MINDSTROMS NXT

VYnpasineHue COBpEMEHHBIM pPOOOTOM TPOU3BOAMTCS LEHTPAIBLHBIM KOHTPOJUIEPOM,
KOTOPBIH MOCTOSTHHO TOJTy4aeT HH(POpMALUIO 00 OKpY’KaIOIIEeM MHpE U MCXOJSl U3 ITOT0, Ha
OCHOBE YIIPABJISIONICH MPOTpaMMbl, BhIpaOaThHIBAaET IUIAH CBOETO MOBeAcHUs. MHpopmarys
MOCTYIIa€T OT CEHCOpPOB (OCS3aHUSA, pACCTOSHHUSA, CBeTa, 3Byka M T.1.). KoHTposuep
oOpabatsiBaeT MHHOPMAITHIO, TTOJTyYECHHYIO OT CEHCOPOB, & 3aT€M NMPUHUMAET PEIICHHE O TOM
WIM MUHOM JIeHCTBUM. Bce NeHCTBUS BBINOJHAIOTCS € MOMOIIBIO NpHUBOJAOB. OHM OOBIYHO
NpPEJICTaBSIIOT  cO0OM  HEKWe  JBUraTend, IOJACOECIUHEHHbIE K  yCTpOHCTBaAM -
UCTIOJTHUTENBHBIM opraHaM (3¢ dexTopam). [Ipumepamu 3¢ heKTOpoB MOTYT OBITH KOJIECA HITH
rpeidepsl.

[Iponykr MINDSTROMS NXT cocTout u3 cieayronmx KOMIOHEHTOB (puc.1):

1 - uaTesUIeKTYadbHBIH 070k NXT — 5T0 pasymHas, KOHTPOJIMpyeMas KOMIIBIOTEPOM
netais koHeTpykTopa LEGO, kotopast Mmoxket 3actaBuTh podoT MINDSTORMS BEITIOTHSTE
pasHooOpaszubie aercTBus. NXT - 32-pa3psianblid 0JIOK, KOTOPBI UMEET B CBOEM COCTaBe
OecrpoBOIHBI KOMMYHHUKAIMOHHBIA TopT Bluetooth m mopt USB. Ilporpammupyembrii
MaTpuU4HBIA jauciiiedt, 4 Bxonma, 3 BbIXOJa, 6 mnpoBomHas I1wmdpoBas I1wiaThopma.
I'pomkoroBopurens Ha 8 kI'l. MHOXKeCTBO NpeOTPEIeIEHHBIX TPOIPAMMHBIX KOMaH MOTYT
OBITh UCNOJBb30BaHbl HEMOCPEJICTBEHHO B OJioke. bosee crnoxHOe mNporpaMMHpoBaHUe
TpedyeT ucnosb30BaHus nporpammHoro odecnedenus 2000077.

2 - JlaT4uK NPUKOCHOBEHHUS - [T03BOJISIET ONPEeATh AaByieHre. OH Takke MOXKET CUMTATh
€MHUYHbIE 1 MHOXKECTBEHHbIE KaCaHUsl.
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3 - laTyuk 3ByKa - MOXET U3MepsATh ypoBeHb Iryma B [0 u JIOA. OH Takxke pacrno3HaBaTh
00pa3ibl 3ByKa U ONPEENATh pa3Inyusl B TOHAX.

4 - JlaTYMK CcBeTa - MOKET OIPENEIATh CTENEHb OCBELIEHHOCTH B KOMHare. Take ¢ ero
MIOMOIIBI0 MOKHO HM3MEpATh MHTEHCHUBHOCTb CBETa B IBETE (YNOPSAAOYMBAHHE IO IIKaJE
ceporo).

5 - YabTpa3BYKOBO# JaTYMK - MOXKET 0OHApyXHBAaTh OOBEKT M U3MEPSATH €ro OJM30CTH B
JIOMMaxX WM CAaHTUMETpax.

6 - HHTepakTHBHBIA CEPBOMOTOP HMEET BCTPOCHHBIM JAaT4YMK BpalllEHUs, KOTOPbIN
U3MEpSIET CKOPOCTh, PACCTOsSIHUE U TepenaeT coodmenuss ooparHo B NXT. DTo mo3BossieT
KOHTPOJIMPOBATH BPAILEHUS MOTOpPaA ¢ TOYHOCTBIO A0 OJHOro rpaxgyca. Heckosbko MOTOpOB
MOTYT OBITh CHHXPOHU3UPOBAHBI, YTOOBI BPAIIATHCS C OJTHOM CKOPOCTHIO.

Taxke B KOMIUICKTAIIMIO KOHCTPYKTOpa BXOJWUT HaOOp IIECTepeH, MepenaTOYHBIX
MEXaHU3MOB U OJOKOB [JIg co3maHusi pobOora. Mopenn #3 KOHCTPYKTOpa HMEIOT
BO3MOJKHOCTb JIBUTaTbCsl B pa3HbIE CTOPOHBI, I[IOBOPAYMBATBHCS, JBUTATbCA Ha3aa U
BBITIOJIHATH TIPU 3TOM KaKylo-Ii0o paboTy. Bce 3TH KOMITIOHEHTHI KOHCTPYKTOpA TO3BOJIIOT
CO3/1aTh aHTPOMIOMOP(HBIX U MAPAIUIETBHBIX POOOTOB, KaTaIyJIbThl, MAIIMHBI, BE3AEX0/bl U

T.1. (puc.1) [3].

Puc. 2. Mogenu po6otoB Ha ocHOBe KoHCTpykTopa MINDSTROMS NXT

I[Ipu mporpammupoBanur poOOTa MOYKHO  BOCIIOJIB30BAThCS  CTAHAAPTHBIM
IPOrpaMMHBIM TAKETOM, JUJIsl 3TOTO TpeOyeTcsl HapHCcOBaTh IOCIENI0BATEIbHOCTh HMKOHOK,
KOTOpBIE OYyT COOTBETCTBOBATH PA3IMYHBIM JACHCTBUAM poOOTa. DIeMEHTapHBIE HACTPOUKH
rpapuueckd oopmIIeHBI W TOHSATHBL. Hampumep, BO3MOXHa HACTpOWKa IBUTATENs Ha
OTPEJEIIEHHOE YUCII0 000POTOB, YroJl HIOBOPOTA U BpeMsi pabOThI.

Takum 00pa3oMm, CTyAeHTHl crenuanu3anuu «MexaTpoHUKa» MOTYT HCIOJIb30BaTh
unctpymeHtapuii LEGO MINDSTROMS nans  usyuenuss KypcoB «PoOOTOTEXHHKa»,
«CeHcopbl M U3MepHUTeNbHas TexHHKa». CoBpeMEHHas NporpaMMHpyeMas poOOTOTEXHHKA
MINDSTROMS NXT mnpeaocTaBisieT BO3MOXKHOCTh TO3HAKOMHTBCSI C HOBEUIIUMU U
COBPEMEHHEHIIMMH  BO3MOXXHOCTSMH  POOOTOCTPOCHHUS. ITO TO3BOJSIET  CTYACHTaM
UCMOJb30BaTh 3HAHUS, I[OJIydeHHble M3 KypcoB «lIporpaMMupoBaHue TEXHUYECKOTO
obopynoBanus» U «IIpoMBIIUIEHHbIE CUCTEMbI YIPABICHHS», AJS LEJICHAIPaBICHHOTO
NpOTPaMMHPOBAHUS COOpPAHHBIX KOHCTPYKIMH poOOTOB. Mcronmbp30oBaHWE CHUMYJISITOPOB
LEGO MINDSTROMS 1no3BojisieT NPUMEHATh IMOJY4YEHHbIE TEOPETUYECKHE 3HaHUS B
00J1aCTH KOHCTPYUPOBaHMS U IPOTPaMMUPOBAHUS POOOTOB Ha MPAKTHUKE.

Cnucoxk autepatypsl: 1. http:// robo.com.ua. 2. http:// lego.com 3. http://roboforum.ru
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OCOBEHHOCTHU U KJACCHD®UKAIIUA TEXHOJIOI' NMYECKUX ITPOLOECCOB
HETIPEPBIBHOI'O JEWCTBUA

Koccak T.M. ([JlonHTY, 2. /loneyk, Yxpauna)

B 3aBucuMocTH OT yClHOBUW NPOU3BOJCTBA M HA3HAUEHUS NPUMEHSAIOT
pa3jM4YHblE TEXHOJOTMYECKHE TMPOLECCH HENpPEpbBIBHOTO JedcTBUsI. Bun
TEXHOJOTUYECKOr0  Ipoluecca  oOmpeaelsercs  KOIMYECTBOM  ONEpaluHu
OXBAaThIBAEMbIX INPOLECCOM U HOMEHKJATYPHOCTHIO BBINIyCKa U3JIEIHHU.

BMecTu ¢ TeMm, NpoeKTHUPOBAaHUE TEXHOJOTMYECKUX MPOLECCOB AOJKHO
OCHOBBIBATHCSI ~ HAa  NEPCHEKTHUBHBIX  BBICOKOA(P(EKTHUBHBIX  Mmpoleccax
HENMPEPBIBHOTO neiictBus, KOTOpBbIE COOTBETCTBYIOT COBPEMEHHBIM
JOCTHUKEHUSM HAayKU U TEXHUKH.

[Ipy >TOM OHM  [OOJXKHBI OpPUEHTUPOBATHCI HAa  KOMIIJIEKCHBIE
TEXHOJIOTUYECKHE TPOILECCh, B COCTAaB KOTOPBIX BKJIIOYEHB HE TOJbKO
TEXHOJOTUYECKUE ONEepanuy, HO M ONEpalUy MO HNEPEMEUIEHUI0, KOHTPOIIIO,
OopUeHTauuMu, 0a3upoBaHUSA, 3aKPEMIEHHUA, KOHCEPBAIUU U yNAaKOBKE TOTOBBIX
U3 CIHUH.

OcHOBHast 0COOEHHOCTh NPOEKTHUPOBAHUS TEXHOJOTHYECKUX IMPOILECCOB
HENMPEPBIBHOTO JAEHCTBHUSA 3aKJIKYAaeTCs B TOM, YTO OHHM COCTaBJSAIOTCSA U3
oraenpHBIX moxa mpouecco U = {1,2,3,...,n} (puc. 1), nmpu 3ToM OOBIYHO
Ka)X bl M3 3TUX MNOANPOLECCOB BKJIKYAET MHOXXECTBO pa3IMYHBIX ONEpALUU U
aeiicTBUM, 00BEAMHSEMBIX 3TUM IOJ HPOILECCOM U pealnu3yeMblX B OJHOM
koHKpeTHOM IIIITM HenpepblBHOTO A€elCTBHUA,

1 2 3 1 o ... Lyl n

Puc.1. CtpykTypHas cxemMa TE€XHOJIOTUYECKOTO MpOIecca HENPEPHIBHOTO
NEeUCTBUS

NpUYEM TEXHOJOTMYECKHUE MPOLECCH HENPEPBIBHOTO NEHCTBHUS UMEIOT Majaylo
JUIMTEJBbHOCTh U3TOTOBJEHUS U3JENUU Onaronaps HENpPEepbBIBHOCTHU Mpolecca U
OBICTpO# UX mepenadyu OT MOAYJSA K MOAYJIA , 3@ CUET KOTOPBIX TPAaHCHOPTHHIX
MEXMOAYJIbHBIX ITUKJIOB.

Pa3zpaboTka TEXHOJOTMYECKOrOo TMpollecca HENPEPBIBHOTO JEHCTBHUSA,
NpeJaHa3HAYeHHOTO JJISI M3TOTOBJIEHHS OOJBIIOTO MHOXECTBAa HU3ACIHUA B
YCIIOBHUSIX MacCOBOIO MPOM3BOJICTBA , OOBIYHO CJIOXHBIM MpoOLEcC . OHA UMEET
Heapl0 JaTh NoJApoOHOEe omnucaHue anroputma usrortosiaeHus IO ¢
HEOOXOJMMBIMU TEXHUKO-DKOHOMHUUYECKMMHU IMOKa3aTeJsIMU U OOOCHOBAHUEM
NPUHITOTO BapHMaHTa BO3MOXHOTO TEXHUYECKOTO pEeUIECHHUS.

TexHuueckass mnpopaboTka ompeaenaseT HeoOXOIUMBIE  CpeJcTBa

npousBoacTtBa 1iad Beinycka IIO , TpymoeMKocTh M ce0ECTOMMOCTH UX
HU3TOTOBJICHUA.

Bce »TO CcayXHWT OCHOBOW IJsi OpraHu3anuu CHAOXEHHUS OCHOBHBIMHU M
BCIIOMOTaTCJIbHBIMHU MaTpugamMu N KaJeHaapHOTIo IMJIIaHUPOBAaHUA

, TEXHUUYCCKOTO KOHTPOJA ) HHCTPYMCHTAJIIBHOTO n TPAaHCIIOPTHOTIO
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oOecreuyeHuss , a TakKxXe JJs OMNpeJeJeHHs NPOU3BOJCTBEHHBIX 00BEMOB U
mjaomiagei , ToTpeOHbIX YHEPTETUUECKUX pecypcoB U paboueil cuisl,

Cneuudpuka pa3pabOTKM TEXHOJOTHYECKHX MPOIECCOB HEMPEPBIBHOTO
JNEHCTBUS COCTOUT, MPEXJe BCEro, B Ooupmol rnybuHe mpopaboTku u Oojee
CTPOTroM 0OOCHOBAHHUM NPUHIATOTO BapHaHTa TEXHOJOTHYECKOTO MpoIecca.

ABTOMAaTH3an U NPOU3BOJCTBEHHBIX NPOLECCOB CBS3aHHA C OOJbIIHUM
KalUTaJbHBIM 3aTpaTaMM, MOPTOMY BCE TEXHOJIOTHYECKHE U KOHCTPYKTOpPCKHE
pemeHus AOJKHBI OBITh 0O0OCHOBAHB TEXHUKO-3KOHOMHYECKUM pacyeTaMu.

B  ocHOBY aBTOMaTH3UpPOBAHHOTO  TEXHOJOTHYECKOTO  Mpolecca
HENPEPHIBHOTO JNEHCTBUS CleAyeT 3aKiaJblBaTh NPOTPECCUBHYIO TEXHOJIOTHIO,
o0ecrneynBaKINY0 MOJyYeHUE KAaYECTBEHHO HOBOW COBOKYIHOCTH CBOMCTB U
MEpBI TOJIE3HOCTH BBINMYCKAEMbIX HU3ETHUHU.

I[Ipu »ToM  HeoOxomumMo  oOecHmeyuTh paBHYK HJIH  KpPaTHYIO
NIPOU3BOAUTEIBHOCTh MOANPOLECCOB HAa OTACHbHBIX mo3unuax IIIITM, xkectko
NOJYMHEHHBIX TAaKTy BBINYCKa M3JIEJUU, MIPUUYEM BO BCEX CllydyasiX HEOOXOIUMO
BECTHU NMPOCTPAHCTBEHHYIO MPOPaOOTKYy NPUHUMAEMBIX PELHICHUH.

K mnpobneme ompeneineHuss CTPYKTYpbl TEXHOJOTHUECKOTO IMpolecca
HENPEPHIBHOTO JACHCTBUS OTHOCHUTCS BHIOOp, KaK KOJHYECTBA IMOANPOIECCOB,
TaK U MOCHEN0BATEIbHOCTH BBHIIMMOTHEHUS dTHUX MOJIPOIECCOB.

OTU BONPOCH pemaTCid B KaXIOM KOHKPETHOM ClIydyae H3 YyCIOBHSA
0C00EHHOCTEN TEXHOJOTUH M3TOTOBIEHHS KOHKpeTHOTO [1O M HempepBhIBHOCTH
npoIiecca B yCJIOBHUSAX aBTOMAaTU3UPOBAHHOTO MPOU3BOJICTBA.

Oco0eHHOCTAMHM  NPOEKTHUPOBAHHUSA  NOANPOILECCOB  HENPEPBIBHOTO
NEWCTBHUS  3aKJIIOYAeTCs B MHOTOBAPHMAHTHOCTH BBIOOpa CTPYKTYPHOTO
pemeHus. DTO CBA3aHO C TEM, YTO JaHHBIE MOANPOINECCHl HUMEIOT CIOXHYIO
CTPYKTYpY, CTPOEHHE H CBS3M MEXJYy TEXHOJOTHYECKHUMHU DJIEMEHTaAMH,
CBOWCTBEHHBIE TOJBKO 3TOMY KJacCy MOJIPOILECCOB.

B 3akn04eHUU MOXXHO OTMETHUTH, YTO OCHOBHBIM HTOTOM HCCIEJOBaHUH
HAaCTOSAOIETO pasjena sABIAAEeTCS pa3paboTka OCHOB MHOTOYPOBHEBOTO
MOJEIUPOBAHUA M TPOCKTUPOBAHUSA BBICOKOI(P(PEKTUBHBIX TEXHOJOTHYECKUX
MPOUECCOB HEMPEPBIBHOTO JIEUCTBUS.

Cnucoxk Jaurtepatypsni: 1. Muxaitnos A. H. PaszpaboTka MeTOn0B
NpOEKTUPOBAHUSA BbICOKOA () PEKTUBHBIX NOTOYHO-NIPOCTPAHCTBEHHBIX
TEXHOJOTHYECKUX CcUcTeM. ABTopedepar AuC. Ha COMC....MOKT. TEXH. HayK.-
Kues: KIIN, 1992.-33c. 2. KnycoB U.A , Kopuoxuu HU.®., [Tamun A.A. K
BOIpOCY BbIOOpa CXeMbl NPUBOJA aBTOMAaTHYECKUX POTOPHBIX TUHUAR
HITAMIOBOYHOTO npousBoacTBa ,Ky3HeuHo-mTaMIoao4Hoe mp-Bo, 1986, Ne
12. C. 27-28.
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PO3POBKA ITP MHIIUITIOBO - CTPYKTYPHOi MOJAEJI JIsA CKIIAJAHHA
AETAJIEN

Jlegapos J.B., Kyaso6iga O.0. (kag. TM, /[onHTY, m. [Joneywk, Yrpaina)

[Ipouec ckmaganHs sBiISE€ COOOI0 yXKe CKIIAJHE SABHIIE K caMe MPOLEC, TaK 1 C TOUKH

30py ONKCY WOro KiHEMAaTHKH, CKJIaJaHHS CXEeM Ta MOJeled 3IIHCHCHHsS BIUIMBY Ta
MOBEIHKY CKJIAJAEMUX eJIeMEHTIB [1].
Posrisnaroun nporiec CKIiaJaHHs, MOXKHA BIA3HAYHTH, 110, K 1 111 0OpOOKH, I CKIATaHHS
CIpaBe[sIBa MOJIENIb TEXHOJOTTYHUX BIUMBIB. IIpoliec TEXHOJIOTIYHOTO BIUIMBY, TOOTO
CKJIaJIaHHS, 00OYMOBIIIOE BUJ] 1 CTaH TEXHOJIOTTYHOI CUCTEMH, 110 € YACTHHOIO MPHUHIUIITIIOBO-
ctpykrypHoi moneni (IICM). Lleit 3B's130k oOpaTHHII - TEXHOJOTIYHA CHUCTEMa BILUIMBAE HA
MpOIEC 3a JOMOMOTOI0 MOTOKIB TEXHOJIOTIYHOTO BIUIMBY, 3MICT SKHX 3QJIC)KUTHh BiJl BHIY
TEXHOJIOTIYHUX BIUTUBIB, K1 3A1HCHIOIOTHCS y mporieci.(1uB. puc. 1)

. IIpoues TEXHONOTTMHOrO BILTHEY R

T (Yac) .

Puc. 1. Mojenp cucTeMH TEXHOJIOTTYHUX BIUIUBIB

[lin wmaTepianbHUM TOTOKOM S pO3YMIIOTH JeTaii, CKJIagajlbHI OJHHHII,
IHCTPYMEHT, yCTaTKyBaHHs, TMPUCTOCYBaHHA W IHIOII  MarepiaibHi  3aco0wu,
BUKOPHUCTOBYBaHI mpu ckiaxanHi. [lix indopmaniiammM  moTtokoM [ po3yMirOTh
TEXHOJIOTIYHHI TpOILeC CKIAaJaHHi, TeXHIYHI YMOBM Ha NMPHUUMaHHSA W iCIUT BUPOOIB,
CKJaJallbHI PO3MIpPHI JIAHIOIOTH, PO3MIpHI KpECICeHHS CKJaJaHb, 3arajlbHi BUIH
CKJIQJIAIBHUX OJIMHUIb, TEXHOJIOTIYHI CXEMHU 3arajbHOTO CKJaJaHHA, iHPOpMAaLis Mpo
HAsABHICTh 1 CTaH YCTaTKyBaHHS, PO HASBHICTh OCHACTKH, IHCTPYMEHTa, BUKOHABIIIB i
iH.. Ilix eHepreTHYHUM MOTOKOM E pO3yMilOTh ycCi BHAM €HEprii, BUKOPUCTOBYBaHI y
BUPOOHULITBI.

Jns po3poOKu NPUHIUIIOBO-CTPYKTYpHOI MoOAeNl CKJIadaHHS BHUpoOy HaMm
HeoOX1THO MaTH JaHl Mpo BCl TPU NpUBEAEHI BUILE MOTOKU. Po3poOka mpUHLIMIIOBO-
CTPYKTYPHOT MOJENI CKJIaJaHHsI MPOBOAUTHCS B IEKIJIbKA €TaIliB:

l. Jlexomno3uuiss BUpoOy Ha OKpeMi CKJIaJoBl YaCTUHHU, PO3TIIAA iXHBOT
reoMerpii, BUMOT J0 CKjIanaHHi. MaeTbcs Ha yBasl, WONPH pPO3IJLAlI TeoMeTpii
yBaraOyae TpUACISATUCA TOBEPXHAM, sSKI € 0a3yl4YuMHU TMpH CKIaJaHHI, a TaKOX
MOBEPXHAM IO SIKUM OyJyTh CIOJTy4yaTHcs AeTall.(quB. puc.2 — 3’e€JHaHHs 1, ...3’ €AHaHHSA

1.)

2. Posrmin MO KJINBHX BapiaHTIB CKJIagaHHsI KOJKHOTO 3'eIHAHHS,
YOOPSAAKYBAaHHS MHOXEHH KIHEMaTHUYHUX CXEM JJi1 KOXKHOTO BHIY CKJaJaHHS. (IUB.
puc. 2 — Beij, Ki)

3. Bubip meTony cknagaHHsA 1 KIHEMAaTUYHOT CXEMU JJIs1 KOXKHOTO 3'€ THaHHS,
TOOTO CHHTE3 MPHUHIIUIIOBO-CTPYKTYPHUX MOJENEeH CKIagaHHsI OKpeMuX 3'eqHaHb. Bubip
00yMyMOBJICH BHMOTaMH 10 BHPOOY, MOJKJIHMBOCTSIMHU HIANPUEMCTBA, BUMOTAMH IO
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po3ranryBaHHs 00agHEHHS, aHTa31€10 KOHCTPYKOpa Ta IHIIUMHU OCOOJIMBOCTAMU. (JIUB.
puc. 2-TICM i) [1, 2, 3]
4. CunHTe3 €1MHOT TMPUHIMIIOBO- CprKTypHol’ MOJeNli CKJaJaHHA BUPOOYy 3
OTPUMAHHUX paHille MOJAENeH CKIaJaHHs OKpEeMHUX 3'€THAHb. (I[I/IB puc. 2 — I[ICM Bupo0)
Bubip mocnigoBHOCTI 1 BUAY CKJIagaHHi Toro abo iHmIOTo 3'egHaHHA Oyne
00yMOBJIEHMI BHMOTaMH, 3alpONOHOBAaHUMH JI0 LBOTO 3'€THAHHS 1 MOJKJIUBOCTAMH
ninsHKH abo 1exy, jae Oyae BinOyBaTucs CKJIagaHHSA.

3'enans BCl11, K1 IICM1
b |, § BC12, K2 (—»
BCl1i, Ki
BC21, K1
BC22, K2
3'eqHaAHHA 4’©4 ’ IICM2
2 BC2i, Ki
B
{/)I BC31, K1
0 3'eqHaHHA BC32, K2
C 3 > 1eM3 —(X)
BC31. Ki
S
: : BCjl1, K1
3'eqHaHHA i BCj2, K2 .
IICMi
BCji, Ki

Puc. 2. IlpuHIMNOBO - CTPYKTypHa MOJENb CKJaaaHHsi BupoOa: B3ji -i-mif Bup
ckiamaHHs j-oro 3'enHanHs; Ki - i-a kiHeHemaTWyHa cxema j-oro 3'enHanus; [ICMj -
OPUHIHUIIOBO - CTPYKTypHa MOJeNb CKiIanaHHi j-oro 3'enHanus; I[ICMBupo6 -
NPUHIHIIOBO - CTPYKTYpPHA MOJIENb CKJIaJlaHHs BUpoOa.

TakuM YUHOM NpeAcTaBieHa MOJeIb MOJXE OOJIeTIIUTH TMpolec CKJIaJaHHA
TEXHOJIOTTYHUX TMPOIECIB CKJIAJaHHI BUPOOIB Ta MOXe OyTH TOKJAJeHAa y OCHOBY
po3po6ku nporpam CAIIP ans oGuucaoBaIbHOT TEXHIKH.

Iepenixk nmocuaanb: 1. HoBukoB M.II. OcHOBBI TE€XHOJOTHH COOPKHM MAIIUH U
MexaHu3smMoB. — M.: Mamunoctpoenue, 1980. — 592 c. 2. Pynenxo IL.A.
IIpoexTrpoBaHHE TEXHOJIOTMYECKUX MPOIECCOB B MamMHOCTpoeHuu. — K.: Buma mk.
['onoBue u3g-Bo, 1985. — 255 c. 3. ABromaruueckue potopusie sunuu/ U.A. Kmycos,
H.B. Bonxkos, B.U. 3onoTyxun u ap. - M.: Mamunoctpoenue, 1987. — 288 c.
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