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YCTPOUCTBO NIOUCKA MUHUMAJIBHOI'O 3HAYE HUS
MHTEHCUBHOCTHU B CUCTEMAX C JII/IHE?IHOFI TOHNOJIOr MUECKOM
OPTAHM3BAIIME

Bop3oB J1.Bb., Silnoukuna 0.0. (Kagh. BT, Kypck['TY, e. Kypck, Poccus)

B mapamnensubix cucremax (IIC) Bo3HHMKaeT psa KOMOMHAIMOHHO-TOMOJIOTMUECKUX
3a/1a4, OJHOM M3 KOTOPBIX SIBJISETCS pa3MelleHHe 3aaad (aIropuTMoB, mpoueccoB) [1].
[IpuMmeHeHue MporpaMMHBIX CPEACTB JJIsl PELICHUS 3TOH 3a7a4M 3a4acTyl0 HEIIPUEMIIEMO H3-
3a 3HAYUTEIbHBIX BPEMEHHBIX 3aTpaT. Y CTPAaHUTh JIaHHBIM HEJOCTATOK MOJKHO, MPUMEHS
CHeUUaIM3UpPOBaHHbIe ycTpoicTBa. [10M00HBIN MoAX0 yKe Hamen NMPUMEHEHHE B paMKax
KOMMYTAIllMOHHO-MOHTAKHOTO NpoeKTupoBanust OBM [2].

B paborte paccmaTpuBaercs 3amada pasMEIIEHUs] B MapajUleibHBIX CHCTEMax U
IpelaraeTcsl CHeuuaIu3upOBaHHOE YCTPOMCTBO MJii MOWUCKA MUHUMAJIBHOIO 3HAUYEHUS
VHTEHCUBHOCTH B CUCTEMAX C JJUHEWHOM TOMOJIOTMYECKOW OpraHU3aluen.

Wcxonnplil mpouece (3amava) NMpeAcTaBiseTcss B BHUJE OPUEHTHPOBAHHOTO HEB3Be-
meHHoro rpaga G=<X,E>, BeplIiHbl X; € X KOTOPOIO COOTBETCTBYIOT M0J]33/1a4aM, a JyTH

e; € EC XXX 3amaior cBsA3U MEXAY MOJ3a/aqaMHu. I'pad G 3amaeTcst MaTpHIleH CMEXKHO-

cti A. CTpOKH U CTOJIOIBI MaTPUIIBI OTMEUAIOTCs HOMepamu BepiuH rpada. Ha mepeceue-
HUH - CTPOKH U j-TO CTOJIOIA CTABUTCS €IUHUIIA, €CJIU (-0 U j-I0 BEPIIUHY COSAMHSET IyTa,
HampaBJICHHAas U3 BEPIIUHBI | B BEPIIMHY j, U HOJIb — B IPOTUBHOM CJTy4ae.

Matpuiia CMEXKHOCTH OTOOpaXkaeTcs OIHOPOJHOW CpEIO, cojepiKamieid mxn
AJIEMEHTOB OJHOPOJAHOM cpenbl. [lpum mocTyruieHMM curHanza OT BHEUIHETO YCTPOMCTBa
ynpasiienust (BYY) nmpoucxoautr MoJeaMpoBaHHE NMEPECTAHOBKU Napbl CTPOK U CTOJIOLOB
MaTpUIbl CMEKHOCTH M BBIUYMCICHHE MHHUMAJIbHOTO 3HAYCHHs pa3MEIIeHus1 (HUKHEH
OIICHKH), KOoTopoe Bhimaercs Ha BYY. Tomonoruueckas Moaens Juis pa3MmerieHus (00JacThb
pasMelenus) 3agaerca Martpuueidl paccrosHuit D = ||djj|lixn, DTEMEHTBI KOTOPOH IS

JIMHEHHOM MOASIN 00pa3yroTes 1o popMyiie d. . =i — j|, n-KOJIUMYECTBO BEPILHH.
i,j J

[Ipu noucke onTuManbHOrO (CyOONTHUMAIBHOIO) BapuaHTa pa3MEIlEHUsI BHAYale He-
00XO0/1MM MOUCK W/I€AJIbHON HEJOCTHKUMOM HIDKHEW OLIEHKHU pa3MEIleHUs [IPU JOMYIIEHUH, YTO
TonoJiorus ucxoanoro rpada G u rpada cszel MEXITY MOIYJISIMH JTUHEHHOM TOTIOJOTHYECKOM
MO/IEJIN TOKECTBEHHBI. J{J11 HaX0KAEHNUSI HIKHEHN OILIEHKH HEOOXOAMMO PaCIOJIOKHUTh 3JIEMEHTbI
MaTpulpl A 1o yObIBAaHHIO CBOMX 3HAUEHMH, a 3JIeMeHThI MaTpulisl D — no Bo3pactanuto. [locie
ATOT0 HEOOXOJMMO HANTH CKAJBIPHOE NMPOU3BEIEHUE COOTBETCTBYIOLIMX MMOJy4YECHHBIX 3HAUEHHH.

MHHIMATBHO BO3MOKHOE 3HAYEHHE MHTCHCHBHOCTH pasmernenust L s oprpada G
HE3aBHCUMO OT TOIOJIOTMYECKOI MOJIeNu orpeensieTcs 1o GopmyJie:

t
% [ [
L = Z a;d,
k=1

‘dkH— BEKTOPBI, NEPBBIM M3 KOTOPBIX COAEPKUT HEHYJIEBBIE AJIEMEHTHI

2

rae Hak
MaTpHIIbl CMEKHOCTH A, PacIlOIOkKEHHbIE 110 yOBIBAHUIO, & BTOPOM — HEHYJIEBBIE 3JIEMEHTHI
MaTpHLbl paccTOSsHUN D, pacnoJio’)KEHHbIE 10 BO3PACTaHUIO; k — TIOPSAKOBBIA HOMEp
DIIEMEHTA, t=|E| — MOUIHOCTh MHOecTBa Ayr E. Ilpu sTom ¢dakTuueckoe 3HaueHUE

*
MHTEHCUBHOCTH pa3MeLIeHus Bceraa inbo Ooublie, 1100 paBHO L .
[Ipennaraemas anmapaTHasi MOJIEJIb MPEACTaBIEHA Ha puc. 1.
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Puc. 1. ®yHkunoHanpHas cxema yCTpOWCTBA IOUCKA HIPKHEN OLICHKU

OyHKIMOHAJIbHAs CXE€Ma YCTpPOWCTBAa BKIIOYAET B ce0sA: MaTpuily >JIEMEHTOB
oarOpogHOM cpeanl (OC) i MOaeMpOBaHKS MPOIEcca pa3MeIeH s, OJIOK TIOUCKA HIKHEH
ouenkn (HU) nns ¢popmupoBaHus MHUHMMAIbHOTO 3HAUYEHHS MHTEHCHUBHOCTH B CHUCTEMax C
JMHEWHOU opraHm3anmei, aemmdparop 2 CTPOKH ISl BEIOOpA OYepETHON CTPOKH MAaTPUIIBI
OC; nmemmdparop 13 duxcupyembix Ayr it Qukcanuyd HazHadaemou nayru rpada G B
MOAYJISIX JIMHEHHOW TOIIOJIOTHYECKONW MOJEN; MYJbTHIDICKCOp 15 BeIOOpa 3jieMeHTa IS
nojgaun uHGOpManuu 0 Haauduu AyrH B rpade G ¢ BBIXOJOB TIPyMIBl OJOKOB AIIEMEHTOB
3ampera Ha R-BXOJ MNepBOro Tpurrepa pexuMa; CUETYMK | CTpPOK Uil HaKalUIMBaHUS
uHpopMalun o Tekyuell oOpabareiBaeMoit cTtpoke Marpurbl OC; cueTuuk 3 cTONOLOB
npeIHa3HAYCH IS TI0JICYeTa HOMEPOB 00pabaThIBAEMBIX CTOJIOIIOB B TEKYIIEH BBIOpaHHOMN
ctpoke Mmatpunbl OC; cuetunmk 14 mocienHero (GpUKCHPOBAHHOTO MOIYJS Ui XpPaHEHUS
HOMEpa MOZYJS JIMHEHHOW TOMOJOTHYECKOW MOJENd, B KOTOpOW Obula MpOW3BEICHA
nocienuss Qukcanus nyru rpada G; cdeTyMK 6 TEKyIIero 3HAYeHHs PACCTOSTHHS IS
XPaHEHUS KOJMYECTBA 3a(DUKCUPOBAHHBIX IyT JUIS TEKYIIEro 3HAUCHUS d’; BBIYMTAIOMININ 5
CUYETYMK PACCTOSHUM A1 XpaHEHHs TEKYIIEro 3HAUYE€HUS PACCTOSHUS, COOTBETCTBYIOLIETO

, d'= l,2,...,(n - 1); CUYEeTYHK 9 QUKCHPYEMOW JYTH IS TOJCYEeTa KOJIMISCTBA

BEKTOPY ||d'

MOJIyJIed, B KOTOPBIX JTOJDKHA OBITH 3aduKcupoBaHa jayra rpada G It TeKyIiero 3Ha4eHus
d'; rtpymma 12.1-12.m CcYeTYHKOB (HUKCHPYEMBIX JOyr JUIL TIOJCYETa KOJMIECTBa
3auKcUpoBaHHBIX AyT Tpada G; mepBblid 7 3JIEMEHT CpaBHEHHs JJIi CpaBHEHHUS 3HAYCHUI,
COJIepKAIMXCSl B CUETYMKE TEKYILEro 3HAUYEHUs] pACCTOSIHUSA M CUETUUKE PACCTOSHUMN; BTOPOM
10 »meMeHT cpaBHEHHs JMJIi NPOBEPKH KOJIMYECTBA 3a(PUKCHUPOBAHHBIX MOJYJIEH JUId

TeKymero 3Hadenws d'; rpymma 16.1, 16.2, ..., 16.m SR-TpurrepoB mis XpaHCHUsI
uHpOpPMAIMK O HATWUYHUU TyTH MEXIY COOTBETCTBYIOUIMMH HWHIMICHTHBIMH BEpIIMHAMU,
rpymma 18.1, 189.2, ..., 18.m 06y0KOB 3J€MEHTOB 3ampera i OJOKUPOBKH MOCTYIUICHUS

3HaYEHUH OT BJIEMEHTOB C 1-ii MO mM-10 CTPOK MaTpullbl | Ha COOTBETCTBYIOIIME 3JIEMEHTHI
rpymnst 17.1, 17.2, ..., 17.m snementos UJIN; nepBblii 4 Tpurrep pexuma npeiHa3HaueH JJis
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BbIOOpa pexnma pabora Omoka HU. Korma oH HaxomuTcs B €IMHUYHOM COCTOSHUH,
MPOUCXOIUT BBIOOp oduepenHoi myru rpada (T.e. BBIOOP OYEPETHOTO SJIEMEHTa MaTPHIIBI
CMEXHOCTH). Ecnmu Tpurrep pexxuma HaxOJHWTCS B HYJEBOM COCTOSHHH, TO YCTPOMCTBO
HAXOJUTCSI B cocTosiHMM (ukcaiuu nyru rpada. Bropoit 8 Tpurrep pexwma CIyKUT IS
BBIOOpa pekuMa (PUKCAIMH. KOT/Ia TPUTTEP YCTAHOBIICH B IUHUYHOE COCTOSTHUE MTPOUCXOTUT
YBEJIMYEHUE CUETYHKA TEKYIEro 3HAYCHHS PACCTOSHHS HA €JUHHMILY, a KOTJa OH B HYJICBOM
COCTOSIHHUH, TO TIPOUCXOIUT (pUKcalus Ayru; cueTduk 11 3HaUeHHs pacCTOSTHUS [T XPaHCHUS
TEKyIero 3Ha4YeHus d’ .

PazpaboTanHoe ycTpOMCTBO MO3BOJIAET MOACUYUTHIBATH MUHHUMAJIbHOE 3HAUYCHHE HMH-
TEHCUBHOCTH Pa3MEIICHHS B BEIYUCIUTEIHLHBIX CUCTEMAaX C JIMHCHHON TOMOJIOTHYeCKOi opra-
HU3AIMEH 10 KPUTEPHUI0O MUHUMH3AIIU HHTCHCUBHOCTH B3aUMOJCHCTBHS MPOIECCOB U JaH-
HBIX U MOET HCI0JIb30BaThCsl B 00NacTu npoektupoBanus BC, Hanpumep, Ipu pa3MeneHUH
HPOIIECCOB.

Cnucok qurtepatypsl: 1. Boesonun B.B. MaremaTuueckue Mojenu U METOIbI B Ma-
paenbHbIX npoueccax. — M.: Hayka, 1986. — 296 c. 2. Kypeituuk B.M., I'mymans B.M.,
[ep6axor JI.N. KomOunaTopHsie anmapaTHbie Moaenu 1 anroputmel B CAIIP. — M.: Paguo u
cBs3b, 1990. — 216 c.

IMPOEKTUPOBAHUE MHOTI'OHOMEHKJIATYPHBIX POTOPHBIX CUCTEM.
CXEMHBIE PEHIE HUA

Byaenxos E. A., Homoiinunxnii 1. I'. (JonHTY, 2. /loneyk, Yxpauna)

[IpoekTupoBaHHe COBPEMEHHBIX BBHICOKOA((PEKTHBHBIX CHCTEM HETPEPHIBHOTO JEHCT-
BUS, B TOM YHCJI€ U MHOTOHOMEHKJIATYPHBIX POTOPHBIX CUCTEM, HAUMHAETCS CO CTPYKTYPHO-
ro CHHTE3a Ha YPOBHE CXeMHBIX pemieHuii [1]. CymiecTByomye MeTo bl TPOSKTUPOBAHUS [2]
JTAHHBIX CUCTEM HE MO3BOJISIIOT CO3/JaBaTh HOBbIE MHOTOHOMEHKJIATy PHbIE POTOPHBIE MAIIMHBI
u nuHrd. Heo0xoauMocTh pa3pabOTKH HOBBIX METOJIOB TNPOEKTHPOBAHHA OO0YCIOBJIECHA
CTPYKTYPHO-(OYHKIIMOHATbHBIMH OCOOCHHOCTSMU JIaHHBIX cucTeM [3, 4], a caMu METO/Ibl Ha-
MIpaBJIeHbI, IPEXKIIE BCETO, HA PEIICHUE BAXKHOW MPOOJIEeMbI [S] KOHCTPYKTUBHOM CJIOKHOCTH
MHOTOHOMEHKJIATYPHBIX POTOPHBIX CHCTEM.

Lenbto BRIMOIHEHHS TaHHOM paboTHI SBIsIETCS pa3paboTKa METOI0B MTPOEKTUPOBAHUS
MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAallWH Ha YPOBHE CXEMHBIX PEUICHHUH, 00eCTIeYnBaIOIINX
MOJTyYE€HUE HOBBIX CTPYKTYPHBIX CXE€M JaHHBIX MAIITHH.

[IpoexTupoBaHre MHOTOHOMEHKJIATYPHBIX POTOPHBIX CHCTEM IPOU3BOJUTCS Ha He-
CKOJIbKMX YPOBHSIX, - MHOTOHOMEHKJIATYPHOW pOTOPHOM JIMHUH, MHOTOHOMEHKJIATYPHOU poO-
TOPHOW MalIMHBI, MHOTOHOMEHKJIATYPHOTO HHCTPYMEHTAIBHOTO Osioka. [Ipu aToM cTpyKTYypy
MHOTOHOMEHKJIATYPHOM pPOTOPHOM JIMHHUM B JOCTAaTOYHOM CTENEHHM OTPAXaeT CTPYKTypa Io-
TOKA U3JIeJIUH.

CTpyKTypHBII CUHTE3 MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAIIMH ¥ MHOTOHOMEHKJIA-
TYpPHBIX UHCTPYMEHTAJIbHBIX OJIOKOB 11€1€CO00pPa3HO OCYIIECTBIIATh HA OCHOBAHUH MHOT'OHO-
MEHKJIATypHBIX pabOuMX MO3UIMH, BKIIOYAIOMINX B c€Osl 3JIEMEHThl MHOTOHOMEHKJIATYPHBIX
POTOPHBIX MAIIMH U MHOTOHOMEHKJIATYPHBIX MHCTPYMEHTAJIBHBIX OJIOKOB, C MOCJELY OLIUM
00BEIMHEHNEM JTAHHBIX TO3UIMA B CTPYKTYpEe MHOTOHOMEHKJIATYPHOW POTOPHOM MAITUHBI.
Taxum 00pa3oM, CTPYKTYpHBIN CHHTE3 MHOTOHOMEHKJIATYPHBIX pabounX MO3UIMNA CTAHOBUT-
Cs KIIFIOUYEBBIM MOMEHTOM TPOEKTUPOBAHUS MHOTOHOMEHKIIATYPHBIX POTOPHBIX CHUCTEM, TaK
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KaK CTPYKTYPbI JaHHBIX HO3I/II_[I/II71 BKJIIOYAIOT B Cce0s OJICMCHTBI, MPUCYITHUC BCEM POTOPHLIM
MalllMHaM.

Puc. 1. O61as cxeMa MexX3J1EMEHTHBIX
B3aMMOJICUCTBUN

[IpencraBneHrie MHOTOHOMEHKIIATYPHBIX POTOPHBIX CHCTEM Ha OCHOBAaHWH MHOI'OHO-
MEHKJIATypHBIX pabOuMX MO3ULMI HE MO3BOJSET OCYIIECTBIATh X MO3JIEMEHTHOE NMPOEKTH-
pOBaHME, TO €CTh Pa3eiIbHOE NPOEKTUPOBAHNE MHOTOHOMEHKIIATYPHBIX MHCTPYMEHTAJIbHBIX
0JI0OKOB, MHOTOHOMEHKJIaTYPHBIX POTOPHBIX MAaIIMH U JTUHUN. [laHHBIE CTPYKTYPHBIE 3JIEMEH-
TBI IPOEKTUPYIOTCS B COCTaBE MHOTOHOMEHKJIATYpPHBIX pabounX MO3UIHUH.

CtpykTypHO-(DyHKIIMOHATIBHEIE OCOOEHHOCTH MHOTOHOMEHKJIATYPHBIX POTOPHBIX
cucTeM, - QYHKIMH MOJAU(DUKALINU CTPYKTYPhl U COOTBETCTBYIOIINX CTPYKTYPHBIX JJIEMEH-
TOB, 00YyCIJIOBIMBAIOT HEOOXOAUMOCTh pa3pabOTKH HOBBIX METOJIOB MPOEKTUPOBAHUS, I103BO-
JSIIOLIUX CO3/1aBaTh arperaTHble CTPYKTYPbl MHOTOHOMEHKJIATYPHBIX paOOuMX MO3ULMH U3
OTJIENBHBIX YHHU(DUIIUPOBAHHBIX CTPYKTYPHBIX 3JIEMEHTOB.

CTpyKTypHBIE CXE€MBI MHOTOHOMEHKJIATYPHBIX pabouuX MO3HMIUHA MOIy4aroTcs Hpo-
CTBIM IIEpe0OPOM BCEX BO3MOKHBIX BapUAHTOB OOIIEH CXEMbI MEXAIJIEMEHTHOI'O B3auUMO/IeH-
ctBus (puc. 1). Jlannas cxema OTOOpakaeT CTPYKTYpPHBIE JIEMEHTHI, BXOJSIIUE B COCTaB
MHOTOHOMEHKJIATYpHO# paboueit mo3urmu (Di1. 1, On.2, D3, ... Omn. i, ... D k) u B3aumo-
JEUCTBUS MEXly HUMH, U300paKEHHbIE B BUJIE COSAMHAIOIIMUX UX OTpe3KoB. Eciau cTpykTyp-
HBIE DJIEMEHTBI, N300pakKeHHBIE Ha CXEME, MPEICTABUTh KaK BEPIIUHBI TUIOCKOTO rpada, a oT-
pe3kr, 0003HAUYaAIOIINE B3aUMOJCHCTBHS MEXAy AJIEMEHTaMH, - Kak ero pedpa, To oOmias
CXeMa MEKIJIEMEHTHBIX B3aUMOJIEHCTBUI MOKET pacCMaTpUBAThHCS Kak IUIOCKU rpad, U npu
pa3zpaboTKe CTPYKTYpPHBIX CXeM MHOTOHOMEHKJIATYPHBIX pa00uuX MO3UIMH MOKET HCIOJIB30-
BaThcs Teopus rpados. /i miockoro rpada, oTpaskaromero MeK3JIEMEHTHbIE B3aUMOIEHCT-
BUS, MOKET OBITh COCTaBJIE€HAa MaTpUlla COOTBETCTBUS, BOCIPOM3BOJAILAS COOTBETCTBUE
CTPYKTYPHBIX 3JIEMEHTOB Jpyr Apyry (Ttadum. 1). Ilpu pa3spaboTke CTPYKTYpHBIX CX€M MHOTO-
HOMEHKJIATYpHBIX pabouMX MO3ULMHA METOJIaMU MaTeMaTHYeCKOT0 aHaINW3a C UCIOJb30BaHU-
€M COOTBETCTBYIOIIEr0 MPOTPAMMHOTO O0ECTIEYEeHHs] OCYIIECTBIISIETCS TIepeOOp BO3MOKHBIX
BapUaHTOB MaTpPHIl COOTBETCTBUS, U (POPMHUPYIOTCS COOTBETCTBYIOIIME UM CXEMBI MEXDJie-
MEHTHBIX B3aMMOJEHCTBUI, IPU MOMOIM KOTOPHIX HA MOCIEAYIONIMX 3Tanax MpOeKTUpOBa-
HUSI CO3/1al0TCSI MHOTOHOMEHKIJIaTypHbIe pabo4yue MO3UIMY 1 MHOTOHOMEHKJIATYpHBIE POTOP-
Hble MalInHbL. ClielyeT OTMETUTb, UTO C LENbI0 YHU(PUKALUU CTPYKTYP MHOTOHOMEHKIIATYp-
HBIX POTOPHBIX CHCTEM IpPU CTPYKTYPHOM CHHTE3€ Ha YPOBHE CXEMHBIX PEIICHUH Cleqyer
BbIOMpATh TaKyl0 CTPYKTYPHYIO CXEMy, KOTOpas MOKET OBbITh peajn30BaHa BO BCEX MHOTO-
HOMEHKJIATYPHBIX POTOPHBIX MAIMHAX JJIsl OCYILLIECTBJIEHUS BCEX OIEpaldii MHOTOHOMEHK-
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JIATYPHBIX TEXHOJOTMYCCKUX IMPONECCCOB U3TOTOBJICHHUSA I/I3IIGJII/II>'I.

Tabnuma 1. MaTtpwuiia COOTBETCTBHSI MEKIJIIEMEHTHBIX B3aUMOICHCTBUN

Neaw [Am1|om2[2m3] [2ani| [a2nk
511 | 1 1 1 .| 1 || 1
a2 | 1 1 1 | 1 .. 1
a3 | 1 1 1 [ 1 [ 1
ami | 1 1 1 1 1
ok | 1 1 1 [ 1 [ 1

PaccmotpuM mpomecc pa3pabOTKH CTPYKTYPHBIX CXE€M MHOTOHOMEHKJIATYPHBIX
pabouyux MO3UIMI Ha NpHUMEpPEe MHOIOHOMEHKIATYpHOTO TEXHOJOTHYECKOro IIpolecca
M3rOTOBJIEHHS CTEPKHEBBIX KPEMEKHBIX W3/IEITHM.

TexHOJOTUsT M3rOTOBJIEHUS! CTEPKHEBBIX KPEMEXKHBIX W3/E€IMA OCHOBBIBAETCS Ha
omepamusx TPEThEro  Kilacca, TMPH  KOTOPBIX  (GOpMOOOpa3oBaHUE  IMPOU3BOJIUTCH
MOBEPXHOCTbIO HMHCTpyMeHTa. [l peanm3anuy TakMX OIEpaluid HEOOXOAMMO Haludue
MHCTPYMEHTa, HNPUCIIOCOOJIEHMs (HAampuMep, IIyaHCOHA), CHUCTEMbl IPHUBOJA, a TaKKe
KOPIYCHBIX UM JpPYTrUX 3JEMEHTOB MHOIOHOMEHKJIATYPHBIX POTOPHOM MAalIMHBI MU
MHCTpyMEHTaIbHOTO OJyioka. Takum oOpa3oM, cxema MEeX3JIEMEHTHOIO B3auMOJEHCTBUS B
JJAaHHOM CJlydyae BKJItO4aeT Takue sneMmeHTl: MPM um MWD — sneMeHThI, CBSI3aHHBIE C
MHOTOHOMEHKJIaTYpHOH POTOPHOI MAIIMHON U MHOIOHOMEHKJIATyPHBIM HHCTPYMEHTAJILHBIM
0JI0KkOM CcoOTBeTCTBEHHO, IIpuB. — »31eMeHThl cuctemsl mnpuBoaa, WMucrp u Ilpucn —
DJIEMEHTHI, CBSI3aHHBIE C MHCTPYMEHTOM M mpucnocobnenueM (puc. 2). Ciemyer OTMETHTS,
YTO C LEJBI0 CHUXKEHHUS KOHCTPYKTHUBHOM CJIOKHOCTH MHOTOHOMEHKJIATYPHBIX POTOPHBIX
CUCTEM IIeJIECO00Pa3HO MCHOJb30BaTh MPHU PeaM3ally Olepanuil TPeThbero Kiacca oOUIyIo
CUCTEMY NpHuBOJa Uil oOecrnedeHHus paboyero xojaa MHCTPYMEHTA M MPUCIOCOOJIEHUS, TaK
Kak (hopMooOpa3oBaHUE W 3aKperUicHHE (BBITAJKUBAHMWS) U3JICTUS B OOJIBIIIMHCTBE CIy4YacB
OCYILECTBIIAIOTCS MMPOCTHIMU NMPSMOJMHENHBIMU JABUKEHUSMU.

BbI00p CTPYKTYpHBIX CXEM MOKET OCYLIECTBIATHCS KaK IMPH MOMOIIN OOIIEH CXEMbI
MEXD3JIEMEHTHOTO B3aUMOJEMCTBHA, TaK M IMpPU TOMOIIM MAaTpPUIBl COOTBETCTBUSA
MEXD3JIEMEHTHBIX B3aumojeicTBuil. Hanpumep, mnpu BbIOOpe CTPYKTYpHOM CXEMBI C
MOMOIIBI0 OOIIeH CXEeMbl MEXDJIEMEHTHOTO B3aWMOJAEUCTBUSA, M3 HEE HCKIIIOYAIOTCS
HEXeJlaTeJIbHbIE B3aUMOJACHCTBUS MeX Ty dliemMenTamu (puc. 3). [lomydennas Takum ob6pa3zom
cxema mpeolOpasyeTcsi B CTPYKTYPHYIO CXeMy MHOTOHOMEHKJIATypHOW paboueil MO3HUILUH.
[IpeoOpa3oBaHue MPOU3BOJIUTCS MEPECTAHOBKOM CTPYKTYPHBIX DJJIEMEHTOB Ha CXEME B
COOTBETCTBUU C UX MPEANOJaraéMbIM pacloJiO)KEHUEM B MHOTOHOMEHKJIATYPHON POTOPHOM
Mammse (puc. 4).
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Puc. 2. O0wmias cxema MeX3JEMEHTHOTO Puc. 3. BoiOop cxemMbl MEKX3IIEMEHTHOTO
B3aMMOJICMCTBHSI B MHOTOHOMEHKJIATY PHOM B3aMMO/IEUCTBHS
paboyeit mo3uiyu

BbeIOOp CTPYKTYpHBIX CXeM MHOTOHOMEHKJIATYpHBIX pabouuX TMO3UIMH MOKHO
OCYILECTBJIATH NIPU OMOIIM MaTPUIIbI COOTBETCTBUS. B 3TOM cilyyae Ha OCHOBaHUU MaTpPHLIbI
COOTBETCTBHS MEXDJIEMEHTHBIX B3auMMOJAEUCTBHI (Tabn. 1) paspabarbiBaeTcs Marpuia
COOTBETCTBHA MJIsl JTaHHOTO HabOpa CIPYKTYPHBIX 3JIEMEHTOB, IOCIE YE€ro IMPOU3BOJUTCS

BbIOOp TpeOyeMbIX B3aMMOJICHCTBUM MEXIY

CTPYKTYPHBIMU 3JIEMEHTaMU (puc. 5).
\ | Ha pucynke wuzoOpaxkeHa MaTpuia
Ipue. COOTBETCTBHUSI MEKIIIEMEHTHBIX
T~ B3aMMOJEHCTBHUIA, 0TOOpaKaroIas
BbIOpAHHBIN BapUaHT, U COOTBETCTBYIOIIAs €I
’\ Huctp CTPYKTypa MHOTOHOMEHKJIATYpHOU pabodeit
— MPM & NO3ULMH, ITIOCTPOCHHAs IO aHHOU MaTpHuiIe.
* — MHE JlanHas cxema OTIMYaeTcss OT Mpelblayluen
TEM, YTO IPEIIOoJaraeT yCTaHOBKY HE 00Iei
CUCTEMbI IIPUBOJIa B MHOTOHOMEHKJIATYpPHOU
pPOTOpHOI MammWHe, a WHAWBUAYaIbHBIX
Upnen CHCTEM NPHBOJA B KAKIOM OTHEILHOM
i MHOTOHOMEHKJIaTYpPHOM HHCTPYMEHTAJIbHOM
omoke. CrenyeT OTMETUTh, YTO BBIOOD
Puc. 4. BapnaHT CTpyKTypHO# CXCMBI CTPYKTYPHBIX CXE€M MHOIOHOMEHKIIATypPHBIX
MHOTOHOMEHKJIATYPHOU pabouei mo3uimu paboyux TMO3WIMK HAa OCHOBAaHHWU OOIIEH

CXE€Mbl MEKDAJEMEHTHBIX B3aWMOJICUCTBUI
obOsazaer OoJblIed HArJIAIHOCTBIO, a MCIOJIB30BAaHUE MATPHUL[ COOTBETCTBUS I0O3BOJIET
ABTOMAaTU3UPOBATh MPOLIECC BEIOOpA TPEOyEeMbIX BapHAHTOB.

BaxxHpiM 3Tanom mnpu mpoeKTUPOBAHUM MHOTOHOMEHKJIATYPHBIX POTOPHBIX CUCTEM Ha
YPOBHE CXEMHBIX PEIICHHUNA SBIIICTCS YHUPHUKAIUS CTPYKTYPHBIX CXEM MHOTOHOMEHKJIATYP-
HBIX pabouunx no3uimii. PaspaboTanHeie 11 KakI10i MHOTOHOMEHKJIATYpPHON paboueit mo3u-
UM CTPYKTYPHBIE CXEMbl CPABHUBAIOTCS JAPYT C IPYTOM, MOCJE YEro Mpou3BOAUTCSA BBIOOD
CTPYKTYPHOH CXEMBbI, IPU KOTOPOIl BO3MO’KHA pean3alus BCceX Onepanuii MHOTOHOMEHKJIA-
TYPHOTO TEXHOJOTHYECKOI'0 MpOLEecca M3rOTOBJICHUs H3Jenuil. B cilydae mpoekTupoBaHUs
MHOTOHOMEHKJIaTYpPHOM POTOPHOM CUCTEMBI JIJISl U3TOTOBJICHHS CTEP’KHEBBIX KPEMNEKHBIX U3-
JIeMi TaKoM CXeMOil SIBJIIETCSl CTPYKTypHas CXxeMa MHOIOHOMEHKJIATYpHOH paboueil mosu-
UM, TpecTaBieHHass Ha puc. 4. JlaHHas cxema 0OecneurBaeT C OJHON CTOPOHBI MPEEMCT-
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BEHHOCTb TEXHUYECKUX PEIICHUN, UCIIOJIB3YEMBIX IIPU CO3JaHUU OJHOHOMEHKIIATYypPHBIX PO-
TOPHBIX CHCTEM, - OOIIYI0 CUCTEMY NPHUBOJIA, HHCTPYMEHTAIbHBIN OJIOK C YCTAaHOBJICHHBIMU B
HEM WHCTPYMEHTAaMHU U IPHUCIOCOOJCHUSIMHU, a C APYroi — mpenmnojiaraer 0oyiee MpoCTyro
KOHCTPYKIIMIO MHOTOHOMEHKJIATYPHBIX POTOPHBIX MAIIUH OJarogapsi UCHOJIb30BaHUIO 00IIeiH
cucrteMsl npusoja. Kpome Toro, npeuiokeHHas cxema OTKPBITa K Pa3BUTHIO, TAK KAK K HEH
BO3MOJKHO JT0OaBJIEHHE OTACIBHON CHUCTEMBI IIPUBOJIA IS IPUCIIOCOOIICHHSI.

&EE“‘““-H IIpue.
an-1 | MPM | MHE | TIpse. | HHcrp | IIpHCn & —
MPM 1 1 0 0 0

Huctp
MHB 1 1 1 1 1 — MPM ’\'
Ipue. | 0 1 1 1 1 L — MIHE
Huctp | 0 1 1 1 0 -
ITpsrcm 0 1 1 0 1
IIpuco
T

Puc. 5. Beibop BapuaHTa CTpyKTypHOU CXeMbI MHOTOHOMEHKJIATY PHOU paboueil mo3uIu
C IOMOUIBIO MaTPUILbI COOTBETCTBUS

[Ipemnoxennpie MeTOABl Pa3pabOTKH CTPYKTYPHBIX CXeM MHOTOHOMEHKIIATYPHBIX
pabovmx Mo3uLMil NO3BOJIAIOT 0OOCHOBAHHO MOJAOUTH K BONPOCY CHM)KEHUSI KOHCTPYKTHUBHOM
CJIO’KHOCTH MHOTOHOMEHKJIATYPHBIX POTOPHBIX CHCTEM ITyTeM YHHU(UKAIMU UX CTPYKTYp Ha
paHHUX CTagusAX IIPOEKTUPOBAHHS. ArperarHblil IIPUHLIUI IIOCTPOCHHUS
MHOTOHOMEHKJIATYPHBIX Pab0unX MO3HIMHA TO3BOJIHUT YHU(PHUIIUPOBATH HE TOJIBKO CTPYKTYPHI
MHOT'OHOMEHKJIATY PHBIX POTOPHBIX CUCTEM, HO Y OTJEJIBHBIE CTPYKTYPHBIE DJIEMEHTHI.

Cnucox gureparypni: 1. MuxaiinoB A. H. OcHOBbl cHHTE€3a IOTOYHO-
IIPOCTPAHCTBEHHBIX TEXHOJIOTMYECKUX CUCTEM HEINPEPBIBHOTO nencTBys.- JJonenk: JJoHHTY,
2002.- 379 c. 2. Kaycos U. A. IIpoekTupoBaHre pOTOPHBIX MAIIMH U JUHUN: Y4el. mocoOue
JIJIsl CTYJICHTOB MAIIMHOCTPOUT. CIiell. By30B.- M.: Mammunoctpoenue, 1990.- 320 c. 3. byne-
HKkoB E. A., MuxaiinoB A. H. Omnpenenenue napaMerpoB MapLIpyTHU3alUM U3ICIUN B
MHOTOHOMEHKJIATYPHBIX POTOPHBIX CHCTEMax C TOMOIIbI0 MHOTOMEPHOH anreOpbl TpyI.
//TIporpeccUBHBIE TEXHOJOTHU ¥ CHCTEMBI MAIIMHOCTPOCSHMS: MeXTyHapOAHBIA ¢O. HAyYHBIX
TpyaoB. - Jounenk: JouHTY, 2005. Bemm. 29. C. 38 - 44. 4. bynenkos E. A., Muxaiinos A. H.
Hcnonp3oBaHue JBYXMEpHOW anreOpbl TpyNIl MpU CHHTE3€ MHOTOHOMEHKJIATYpPHBIX
potopHeIx cucteM. //IIporpeccuBHBIE TEXHOJOTUM H CHCTEMBl MAaIIMHOCTPOCHUS:
MexayHapoaHsiii ¢0. HayuHbIX TpynoB. - JJoneuk: JouHTY, 2005. Beim. 30. C. 48 — 55. 5.
beictpoB B. A., ®ponosuu E. H., Kinycos U. A., Ilpeiic B. B. PoropHsle TexHOMOTHH,
MallMHbl M JIMHUM Ha COBPEMEHHOM »JTale MPOMBINUIEHHOro pa3Butusa. // BecTHuK
MammHocTpoeHnus. - 2003. - Ne10. - C. 43 - 47.
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MOJEJIHUPOBAHMUE IIPOIECCA CTABIWIN3ALIMU COCTABA
IIIMTAKCHUAJIBHBIX CJIOEB IITP TUITIA AxByCi.x-yDzEi.z.

Epmonaesa H.B., EmeabsinoBa 3.H.
(kag. ungpopmamuxu, BUC FOPI'YOC, 2. Bonreooonck, Poccus)

BaxHpIM (haKTOPOM COBPEMEHHOT'O HAy4YHO-TEXHHYECKOTO IMPOrpecca SBISETCS pas-
paboTka 3((HEeKTUBHBIX TEXHOJOTHH MOJyYECHUs] COBEPLICHHBIX IMOJYNPOBOAHUKOBBIX MaTe-
pHUaJoB U MPUOOPOB HA X OCHOBE, a TAKXKE COCOOOB U3MEHEHHUS UX ONTHYECKUX U AJIEKTPO-
¢du3rueckux cBocTB. [lepcrekTUBHBIMU MaTepHaiaMH ONITOJICKTPOHHOM TEXHUKH SIBIISIOTCS
NATHKOMIIOHEHTHBIE TBepbie pactBopsl (IITP) coemuuennit A’B’ [1]. KauecTBeHHbIE 311H-
TaKCUAJbHBIE CJIIOM TBEPJABIX PACTBOPOB JAAHHBIX COCAMHEHHMH MOIYy4ar0T METOJOM 30HHOM
nepeKkpucTainzanuu rpaauearom temmneparyp (3I1I°T).

B macrosmeit paboTe mTpencTaBlieHa MaTeMaTHUecKas MOJENb (U3UICCKHUX
NpPOIECCOB, TMPOUCXOIIINX MpPH CTAaOMIM3AaLMK COCTaBa SIUTAKCHaNbHBIX cjoeB [ITP
coenunenuii A°B° tunma AxByCi.x.yDzEi.z.

D¢ddexr cTabunmzanmu cocraBa B MHOTOKOMIIOHEHTHBIX TBEpbIX pacTBopax (MTP)
SBIISIETCSI OJTHOM M3 CEpBhE3HBIX TNPHUYMH, 3aTPYIAHSIOMIMX BOCIPOU3BOJAMMOE TIOJTyUYECHHUE
M30MEPUOINUECKUX TeTEPOKOMITO3UIMIA 3aJaHHOI'O COCTABA.

IIpu pacuerax wcnosp3oBazach METOJAWKA, AaHAJOrW4YHas [2], pa3paboraHHas Ui
YeTHIPEX KOMIIOHEHTHBIX CHCTEM.

s onieHkn 3¢dexTa cTabMInU3aluyu CpaBHUBAJIACH CBOOOHAS YHEPTHS TBEPJIOTO
pacTBopa ¢ y4eToM u 0e3 ydeTa BKJIaJa ynpyroi 3HepIruu.

[Ipu pacuerax TemmeparypHas 3aBUCHMOCTb KO3(P(PUIIMEHTOB aKTUBHOCTH HE Y4H-
TBIBAJIACh, TIOCKOJIBKY TICEBIOMOP(HBIA POCT BO3MOXKEH JHUIIb NPU HEOOIBIINX OTIUIHAX
apaMeTpoOB PELIETOK COMPSTaeMBIX MAaTEPUAIOB, CMEIICHHE TeMIepaTyphl (a3oBbIX Tpe-
BpamieHuil AT He MOKET MpeBbIIIAaTh HECKOIbKO IpaaycoB [2].

Hamu Oblmm  mostydeHsl YpaBHEHHS CBA3M COCTaBa  HaIpPSHKEHHOTO
AIUTAKCUAJIBHOIO CJIOSI C PAacCOIIacOBaHUEM NEPHOJ0B PELIETOK CONPATraeMbIX TBEPIbIX

¢as:

X, —x,=-20 (a,—a,)

[k Gyaz_ﬂjz +k ﬂyzﬂxz_azﬂxy +k ﬂxyﬂyz_ayﬁxz ]
X A z b

7 A A
ﬂvzﬁxz_ x/'o-z - 2 ﬂxzﬂx _o-xﬂz
yi=yo =20 (@ ~a,)[k = +ky6'*UZA Pe i ek (1)
2
- () —O0 O .0 —
7 —z :—26 (a —a,)[k ﬁxyﬁyz ﬁxz y +k ﬂxzﬁxy xﬂyz +k x7y ﬁxy .
1 0 1 K x A y A z A

rae A- onpezenser rpaHUIbl XUMUYECKOH crinHoAanu [3]:

A = Gxayo-z _Gxﬁjz _Gyﬂfz _Gzﬁjy +2ﬁxyﬂxzﬂyz , (2)

ki — BOTHOBOW BEKTOp, MapauIeIbHBIN HAMPABICHUIO HAWJICTYANIIIETO CHKATHS.

aZfXHM B 82fXHM B a2fXI/IM ~
ﬁx—z_ T 8y2 ~ % 0z* ~ %
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a2fX”M 5 o° [ B°
oty T am P Taw P
XUM
rae /7 - XUMU4YecKasi CBOOOIHAs SHEPTHsl.
Taxke OBUIO TOJIYYEHO  BBIPAKCHUE s dakTopa CTaOWIM3alUM IS
MSITHKOMITOHEHTHBIX CHCTEM:
2 2
a, —da o O-Z — P, o0 —
f: 0 s —14+20 - kj y ﬁ) +k§ xZz ﬁxz+
a,—a, A A
2
G "G ) yZ pv4 - .’C’GZ X 74 - XZG ) p 74 Xy - ZGX
+k’ M +2k k, % + 2k k. % +2k k. ﬁﬁ}fy l 3)

WIA B COKPAILEHHOW 3aIIUCH:

Zkiz(ajal _,BJZ/) zkikj(ﬂjlﬂil _Gzﬂg)

:1+26'i¢j¢1 +4O_i¢j¢l
/ A A

IJle UHJEKCHI 7, j, [ TPUHUMAIOT O0YEPETHO 3HAUECHUS X, ), Z.

Kax cnemyer u3 Beipaxkenus (3), ¢akTtop cTaOMIU3AIMU PE3KO BO3PACTACT MO Mepe
NpUOIKEHUsT K TpPaHULE CIUHOJAIBHOTO pacmaja (3HamMeHaTelb CTpeMHUTcs K Hymo). Ha
rpaHMIaX CIMHOJAIBHOTO pacmajia 3aBUCUMOCTS f (X, ), Z) HCTIBITBIBAET pa3pbiB OT "+o0” K -
", ¥ IPOXOJAMT B 00JIACTH OTPUIATEIBbHBIX 3HAUYCHUH (akTopa crabmmm3anuu. Takum oOpa-
30M, IpaHUIBl 00JACTH OTPUIIATENIFHBIX 3HAUYCHUH Mapamerpa f OTBedaroT ypaBHEHUIO XUMHU-
4yecKou crimHonanu (2).

KomuaecrBennas onenka d¢dekra crabuimmszanyu OblIa MPOBEICHA Ui MATUKOMIIO-
HeHTHOU cucteMbl ALxGAvYIN; x.yASzP .z /INP mnpu opueHTanMu SMUTAKCHAIBHOTO CIIOS B
wiockocT {100}. Pacuer BbINOJHEH /U TUIMYHBIX TemrnepaTyp snurakcun T=953-1000 K.

bouta nmonydyena xopoias KOppemsiusi MeXay TEOPETUYECKUMU U IKCIIEPUMEHTAab-
HBIMU JJaHHBIMH. bbIa BBISBIIEHA OJTHA U Ta YK€ 3aKOHOMEPHOCTb: NP NPUOIIKEHUH K T'pa-
HUIIAM HECMEIMBAEMOCTH, (PakTop crabmim3anuud pe3ko Bo3pactraeT. Cradwmsupyromias
pOJIb MOJJIOKKU YCHIMBAETCS C POCTOM TEMIEPATyphl, MOCKOJIbKY HEWJI€aIbHbIN TBEpPbII
PacTBOp TPHU OXJIAXKICHAN CUCTEMBI TPUONMKACTCS K 00JIACTH TePMOIMHAMUYECKON HEYCTONYHMBO-
cri. OHaKo oOparieHue f B HOJIb TIPU OOBIYHBIX TEMIIEPAaTypax SMUTAKCUN HE HAOIII0JaeTCsl.

B tBepnom pactBope ALXxGAYIN|.x.yASzP;.z cocraBel y=0, y=1-X COOTBETCTBYIOT
YeTBEPHBIM cUcTeMaM. Pacder mokaseiBaer, uto dgdext crabmnmmzanuu B [ITP Beipaxen
cuiibHee, ueM B ueTBepHbIX cuctemax. Kak u B UTP [2], crabunuszamus nepuoja Kpucrai-
JUYECKOW pemeTKH He MPUBOJIUT K CTAOMIIM3AIK COCTaBa. ITO OOYCIOBICHO OOJBIINM Ha-
O0pOM COYeTaHuM X, Y, Z I PeaTu3aIiu TpeOyeMoro Neproia PEIIeTKH.

B pesynbraTe aHanmM3a Mogy4eHHBIX PACUYETHBIX JIAHHBIX ObLIO BBISICHEHO, YTO BBEICHUE
MSTOr0 KOMIIOHEHTA- aJIIOMHUHUS, B JKUJAKYI0 (pa3y yMEHbIIaeT paccorjacoBaHUE MEPUOOB pe-
HIETOK compsiraeMbIX MarepuanoB. OnnHako npu BeipamyBanuu [1TP ¢ koHueHTpanusamu amo-
MUHUS B XKUIKON (paze Oospbmie 0,1 MOJ. 10J1., MPOUCXOIUT W3MEHEHHE XapaKTepa YKa3aHHOU
3aBHCUMOCTH. YBEJIWUEHHE COJIEPKaHUs aTFOMUHUS B XKUIKOH (paze MpUBOAUT K pOCTY OTHOLIE-

o0
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HUA Aa/a. Ha Hall B3IV, 9TO OOYCIIOBJEHO OJM30CTHIO TPAHHUIIBI TEPMOIMHAMUYECKON Heyc-
TONYMBOCTH, KOTOPAsi PaCIIMPSIETCS € YBEJINYEHUEM KOHIEHTPALMH AJIFOMUHUS.

C yBenuueHHWEeM KOHUEHTpAlMM MbIIIbsKa paccorjacoBaHUE MEPHUOJOB PEIIETOK
AIUTAKCUAJIBHOIO CJIOS U MOAJIOKKU Bo3pacTaeT. /[aHHOEe sBIEHHE MOYKHO OOBSICHUTH
crenyronuM o0pa3zoM. B ciaydae moOaBieHUs Kakoro-iIn0O0 KOMIIOHEHTa B MHOTOKOMIIO-
HEHTHYIO JKUAKYIO (ha3y, €ro paBHOBECHAs KOHLEHTPALUs yBEIMYMUBACTCSA, & KOHIICHTpa-
L[Sl OCTAJIbHBIX KOMIIOHEHTOB nazaeT [3]. B Hamem ciyuae, npu 100aBJIEHUHN MBIILIbSIKA,
najgaeT paBHOBECHAss KOHIEHTpauus rauma u ¢gocdopa, u, caenoBaTenbHO, U UX COJEP-
KaHue B TBEpAOH (ase. DTU 3MeMEHTH MMEIOT MEHbBIINE aTOMHBIC PAJUyChl, TO3TOMY
NEPUOJI PELIETKU TBEPAOTO PAcCTBOpPa OJHO3HAYHO PaCTeET.

N3MeHeHne KOHLEHTpALMU Tajulks HE3HAYUTEJIbHO YMEHBIIAET HECOOTBETCTBUE
nepuoaoB pemeTok. M3meHenue koHueHTpammu Gocdopa 0Ka3plBacT aHAJIOTUUYHOE BIIUS -
Hue. OnHaKo yBenMmdeHue MoJibHOU nou hocdopa Gonee yem Ha 2,5 % HEBO3MOXKHO, UTO
00yCIIOBIIEHO PacCTBOPUMOCTHIO (hochopa B MHIUH.

[To 5TUM JaHHBIM MOYHO MPEABAPUTEIBLHO NMPEATIOTIO0KUTD, YTO NMPHU BbIPAIIUBAHUU
TBepAbIX pacTBOpoB ALxGAvYIN;.x.yASzP;.z/INP xak B 0o6actu TepMOAMHAMUYECKON He-
YCTOMYUBOCTH, TaK U BOJHM3MU €€ TpaHull, 3(P(PEeKTHUBHO HCIOIb30BaTh U3MEHEHHE KOHICH-
TpalM¥i MBIIIBSIKA B KUAKOHN (aze IJsl M3MEHEHHs MEePHUO0/ia PEIIETKH PacTylIeTo dTHTAK-
cuajgpHOrOo ciyos. Mcnonap3oBaHue B KauecTBE YIPaBJIAIOIIETO BO3AECHCTBHUS W3MEHEHUs
KOHIeHTpaluu ¢ocdopa, 1100 aTOMHUHUS HELEeJIeco0O0pa3HO, BCIEACTBUE BHICOKHX 3Ha-
YeHH Kod(UIMEHTa pacTpeeeHus JaHHbIX 3JieMeHToB (6ombire 100).

DKCIIepUMEHTAJIbHBIE IAHHBIE YJIOBJIETBOPUTEIBHO COBIAAAIOT C PACUETHON 3aBUCHUMO-
CTBIO, TIOJTy4eHHOH 1o (opmyie (3). OTarmyue pacueTHBIX M SKCIIEPUMEHTAIBHBIX JTaHHBIX MO-
eT ObITh 00YCJIOBIIEHO HETOYHOCTBIO PACUETHBIX MAapaMETPOB MEKATOMHOI'O B3aMMOJEHCT-
BusA. OJHAKO B 1LI€JIOM, MOJIy4YE€HHbIE ypaBHEHUS (1) MOKHO MCIIOJIB30BAThH IS ONPEAEIICHHS
COCTaBa HAIPSIKEHHOTO SMUTAKCUAJIBHOTO CJI0S 110 U3MEPEHHOMY PacCOIIACOBAHUIO IEPUO-
JIOB PEIIETOK COMPSTAEMbIX TBEPABIX (a3, HE pemasi CIOXKHYI0 CHCTEMY TPaHCUEHISHTHBIX
YPaBHEHUH.

BoiBoabl. [lonyueHHble ypaBHEHUSI MOKHO UCHOJb30BaTh Il ONPEJEICHUS] COCTaBa
SIHUTaKCHAILHEIX cioeB IITP coenunenui A’B’ Tuna AxBvyCi.x.yDzE|.z, BeIpamuBaemMbIx B
00J1aCTH TEPMOJAMHAMUYECKON HEYCTOMYMBOCTH MpU TEMIEparypax BbILIIE KPUTHUECKOMN
TEMIIEPATypbl CIMHOJAIBHOTO pachaa.

Jlis u3MeHeHus nepuoja PEIIeTKH PacTyIIUX SMUTAKCHAIbHBIX CJIOEB TBEPABIX
pactBopoB AliGayIni_yAs,Pi.,/InP kak B o6nacTu TepMOJUHAMUYECKON HEyCTOHUMBO-
CTH, TaK M BOJW3U ee rpaHul], 3(P(EeKTUBHO HUCIHOJIb30BATh M3MEHEHHE KOHIIEHTPaLUU
MBIIIBSIKA B KUIKOHU Pase.

Cnucok smmrepartypsi: 1. Jlozosckuit B.H., JIynun JI.C. [IaTHUKOMIIOHEHTHBIE TBEP-
ble PacTBOPHI coenmHenuit A’B’ (HOBbIe MaTepHasbl OMNTO3IEKTPOHHKH).- POCTOB-Ha-
Jony, maarenbcTBo PocTtoBckoro yHEBepcuTera, 1992,193 c. 2. Copokun B.C. Dddekr
CTaOMIM3aly TepHoJa pEIIeTKH B YETHIPEXKOMIMOHEHTHBIX TBEPABIX pacTBOpax.
//Kpuctannorpadus, 1.31, BbIn.5,1986,c844-851. 3. Copokun B.C., Pybunos O.P. Pacuer
CIIMHOJAJIBHBIX H30TEPM B MSATHKOMIIOHEHTHBIX TBEPABIX PACTBOpax A"BY. // OTII, 1.27.
Nel1/12, 1993, ¢.1931-1943.
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ABTOMATHU3AIUA B MAIIMHOCTPOEHUHA
KaszueBa H.K. (kagh. TM, 3KATY umenu Kaneup xamua, 2. Ypanvck, Kazaxcman)

[Tox TeXHONOTHYECKUMH OOBEKTAMH B MAIIMHOCTPOCHUH MOHHMAIOT TEXHOJIOTHYE-
CKoe 00opytoBaHue (CTaHKH, pOOOTHI U T. 1.), 00€CIeYnBaOIIEe BHITIOJHEHUE TEX UM WHBIX
TEXHOJIOTHYECKHX TporieccoB. COBPEMEHHBIC TEXHOJOTHYECKHE OOBEKTHI MPEACTABISIOT
KOMIUICKC CJIOKHBIX JHHAMUYECKHX CHCTeM. MX CI0XKHOCTh 00yCIIOBICHA BRICOKHMHU TPeOO-
BaHUSIMHU K MPOHM3BOAUTEIBHOCTH U TOYHOCTH PabOTHI TEXHOJOTHYECKHX OOBEKTOB. YIIpaB-
JICHUE TMpOoLecCaMu M 00BEKTaMH B MAITMHOCTPOECHUH OCYIIECTBIIIOTCS C MOMOIIBIO CUCTEM
yIIpaBJICHHUS.

Cucrema yrmpaBlieHUsI — KOMIUIEKC YCTPOUCTB CBS3H, 00ECIIEUNBAIOIINI TOYHOE U CO-
IJIACOBAHHOE BO BPEMEHH B3aMMOJICUCTBUE PA0OYMX M BCIIOMOTATEIBHBIX arperaroB M yCT-
POMCTB TEXHOJOTUUECKMMU OOBEKTaMH B COOTBETCTBHUH C 3apaHee pa3padOTaHHOUW Mporpam-
MO yIIpaBJIEHUs] HA OCHOBE MPHUHATOI'O TEXHOJIOTMUECKOT0 MpoLiecca.

Cucrema 4MCIOBOrO NPOrPaMMHOIO YNPABIEHUS MO3BOJIIOT BCE ONEpalUy, CBS3aH-
HBIE C IyCKOM, OCTAaHOBKOM, BKJIIOUEHHUEM U BBIKIIFOUEHHEM BCIIOMOTATENILHBIX YCTPOUCTB, a
TaK)Ke OIepanuu 1Mo oOecrneyeHno TpeOyeMbIX 3HAUYCHUH MapameTpoB (BEIMYHUH), OMpeie-
JSFOIIMX XOJI TEXHOJOTHYECKOTO TPOLIEcca B YIPABISIEMOM 00BEKTE, BBITIOJIHATH 0€3 ydacTus
00CITy’KHBAIOILET0 IIEpCOHAalIa, TOJILKO YCTPOUCTBAMHU aBTOMAaTU3UPOBAHHOTO YIIPABJICHNUS.

CrensmumMu CUCTEeMaMU Ha3bIBAIOTCSL CUCTEMbI YIIPABIICHUS, C TIOMOIIBI0 KOTOPBIX Ha
yIPaBIsieMOM OOBEKTE BOCIPOU3BOIUTCS M3MEHEHHE BXOJHOW BEIMUMHBI (IPOU3BOJBHO 3a-
JTAHHOM 110 BPEMEHHU) U, KaK MPaBUJIO, C YCUIICHUEM TI0 MOIIHOCTH.

[IporpamMma — ommcanue crocoba AOCTHKEHUS LETH C OJHO3HAYHBIM OIMCAHHEM
npoLeAypsl ero peamm3anuu. [IporpaMMa GyHKIIMOHUPOBAHHUS — COBOKYITHOCTh KOMaHJI, KO-
TOPBIC JIOJDKEH BBITIOJHATH TEXHOJOTUICCKUN OOBEKT.

Pa3peratoniast cnocoOHOCTh CUCTEMBI — HAaUMEHbLIIEE NIEpeMELIeHIEe padouero opra-
Ha, KOTOPOE MOXKET ObITh 33JJaHO CUCTEMOI YIIpaBJIEHHsI, U 3apETUCTPUPOBAHO U3MEPUTEIIb-
HOM CHUCTEMOM TEXHOJOTHYECKOTO O0BEKTA.

Juckpera — MUHMMaJIbHAsE TEOPETHUYECKAs BEJIMYMHA PEAKIUU TEXHOJIOTUYECKOTO
00bEKTa Ha €MHUYHOE U3MEHEHHE YIPABIISIONIEro CUrHaA.

OCHOBHbBIC HAa3HAYCHHS CHUCTEMBI YIIPABJICHUS TEXHOJIOTHICCKUMH OOBEKTaMU — BBI-
MOJIHEHUE 3aJlaHHBIX KOMAaHJ JJIA TOJJEep>KaHus TpeOyeMbIX 3HAUCHUN MapaMeTpPOB BBHITIOJI-
HSEMOTO TEXHOJIOTUIECKOTO MpOIIecca MPH ONPEICICHHOW TOYHOCTH ¢ HAMOOJBIICH MpOu3-
BOJIUTEIHHOCTHIO.

Be16op cucTemsl ynpaBieHHUsT BO MHOTOM 3aBUCHUT OT CHCHU(PUKH TEXHOJOTHIESCKOTO
npolecca, B KOTOPOM 3KCIUTyaTHUPYETCsl TEXHOJIOTMUECKUN 00BEKT, U OT TpeOOBAaHUMN SKOHO-
MUKH.

CucreMa aBTOMAaTHYIECKOTO YIIPABJICHUS TEXHOJIOTHISCCKUMH O00BEKTaMH JTOJDKHA BBI-
MOJIHATH CIEAYIOIINE 3aJaut:

a) obecrieunBaTh TpeOyeMble AEHCTBUS UCTIOJHUTEIBHBIX MEXaHU3MOB;

0) oOecrnieunBaTh 3aJJaHHBIC PEKUMBI TEXHOJOTUIECKOTO MPOIIECCa;

B) o0ecnieunBaTh TpeOyemble TapaMeTphl 00BEKTA MPOU3BOICTBA;

T') BBITIOJHATH BCTIOMOTaTeIIbHBIC KOMAH/TBI.

OcHoBHBIE TPeOOBAHMS K CUCTEMaM aBTOMATUYECKOTO YIIPABJICHHUS:

a) BO3MOXHOCTh YIPABJIEHUS CJIOXKHBIM IUKJIOM (DYyHKIIMOHHPOBAHHS TEXHOJOTHUYE-
CKUMM 00BEKTaMU;

0) oOecrnieunBaHUE BRICOKON MOOHMIIBHOCTH;
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B) oOecrieunBaHie BBICOKOI TOUHOCTH MPH BBICOKO HAJIEKHOCTH B paboTe;
I') IPOCTOTa KOHCTPYKIMU U HU3Kasi CTOUMOCTB;
1) BO3MO>KHOCTb IUCTAHIIMOHHOCTH B YIIPaBJICHUY;
€) BO3MO>KHOCTh CAaMOPETYJIMPOBAHUS B MPOIIECCE YIPABICHUS.
Komanipl, 3aj1aBaeMble TEXHOJIOTUIECKUM 00BEKTaM B CHCTEME IPOTPAMMHOIO
YIOPaBJICHUs, IIATCS HA TPU FPYIIbL:

1. Texnoyornueckue KOMaHIbI, oOecreunBarone TpedyeMble IeHCTBUS pabOUHX
OpPraHOB TEXHOJOTHYECKUX OOBEKTOB MPH BBHIIOJIHEHHN TEXHOJIOTUUECKUX MPOIECCOB.

2. lluknoBbie KOMaH/IbI, K KOTOPBIM OTHOCSAT U3MEHEHUs MMapaMeTPOB TEXHOJIOTHUYE-
CKUX 00BEKTOB (MIEPEKIIOYCHNE CKOPOCTEH, BBIOOP MHCTPYMEHTA, BBIKIIIOYCHUE OXJIaXKICHHS
UT. 1)

3. KoManzbl Ha BBITIOJHEHUE CITy>KE€OHOM mim siorumdeckoid nadopmanum, odecneyu-
BAIOIIHE IMPABHIHHOCTH BBIMOJHEHHS TEXHOJOTHYECKHMM OOBEKTOM BCEX 3aaBACMBIX €My
KOMaH/J| (3HaKW pa3zefieHHs KOMaH]l, KOHTPOJIbHBIE YHCIA U T. [I.) 3TH KOMaHJbI 3aBUCIT OT
NPUHATON CUCTEMBI HX KOJTUPOBAHUS.

[To xomanmHOW WH(MOPMAIMK CHCTEMBI YIIPABJICHUS KIACCUDUIUPYIOTCS CIEAYIO-
M 00paszom:

1. Cuctemsl ynpaBieHusi, paboTaroIIKe Ha OCHOBE TIOJHOW HA4YalIbHOW WH(OPMAIIHN

cHcTeMa yIPaBJICHUs C paclpeieUTeIbHBIM BAJIOM

KOTIIMPOBAJIbHBIE CUCTEMBI YTIPaBJICHUS

IIMKJIOBBIE CUCTEMBI YIIPaBJICHHUS

CHCTEMBI C YUCIIOBBIM NMPOTPAMMHBIM yTIPaBICHHUEM

2. Cuctembl ynpaBlieHus, paboTalolMe Ha OCHOBE HEIMOJIHOW HadallbHOU MH(pOpMa-

112008

IKCHEPUMEHTAIIbHBIE CUCTEMBI (00ECTIEYMBAIOT ONITUMAIILHOE YIIPABIICHHUE ITyTEM H3-
MEHEHUSI, yTIPABJIAIOIIETO ICHCTBHSA)

CaMOHACTPaMBAIOIIUECS CHCTEMBI YIIpaBlieHUs (00ECTIeYMBAIOT ONTUMAIIBHOE YIIPaB-
JICHUE ITyTeM U3MEHEHHUS TApaMETPOB CUCTEMBI U YIIPABIISIONINX BO3MOKHOCTEH)

CaMOOPTaHMU3YIOLINECs CHUCTEMBl YIpaBlieHHs! (00ECIIeYrBaOT ONTUMAJIBHOE YIpPaB-
JICHUE Iy TeM U3MEHEHHUS CTPYKTYPHI, €€ MapaMeTPOB M yIPABIIAIONIETO BO3ICHCTBYS)

caM000yJarOIIHecs] CHCTEMBI YIIPaBJIeHHUs (00ECIIeunBalOT ONTUMAIBLHOE YIIPABJICHNE
MyTEM M3MEHEHHS aJIrOPUTMA yTIPABJICHHUS UM MapaMeTpa YIPaBISIOMIEro BO3ICHCTBHI)

[Ipu moATrOTOBKE MPOU3BOJACTBA HEOOXOAMMO MPOBOJIUTH AHAIU3 TEXHOJIOTUIECKUX
00BEKTOB Ha OCHOBAHHMU M3YUYEHHS COOTHOIICHHS CIEAYIOMHMX TpeX MH()OPMAIMOHHBIX CO-
CTaBJIAIOLIMX MpoLiecca NPOU3BOICTBA:

1. Beibop TexHOIOrMYECKOTO 00BEKTa U MOA00P HOPMAIM30BAaHHOW WM yHU(UIIH-
POBaHHOM OCHACTKH, MPUCIIOCOOICHNH, HHCTPYMEHTA U T. .

2. IIpoexTupoBaHue CHEIMAILHON OCHACTKH, TIPUCTIOCOOJIEHUE, HHCTPYMEHTA

3. YnpaBneHue Bpy4HyIO OIepaTopomM

Ha ocHOBaHMM CKa3aHHOTO MOYKHO CJIeJIaTh BBIBOJI, YTO aBTOMAaTHYECKUE TEXHOJIOTH-
gecKkre 00BEKTHI IeTIeCO00pa3HO MCHOIb30BaTh B KPYNTHOCEPUITHOM M MacCOBOM TPOU3BOJI-
CTBaXx, KOT/1a TpeOyeTcss MaKCUMallbHas TTPOU3BOJUTEIBHOCTD MPH MPAKTHYECKH HEN3MEHHOU
HOMEHKJIATyphI IPONU3BOJICTBA.

B MenxocepuiiHOM M CepUHHOM MPOM3BOJCTBAX LEIECOOOPA3HO MCHOJIb30BATH TEX-
HOJIOTHYECKHE OOBEKTHI C CHUCTEMaMHM YHCIIOBBIM NPOTPAMMHBIM YIIpaBJIeHHEM, oOecnedn-
BAIOIIMMH BBITIOJTHEHHE TEXHOJIOTHIECKUX TPOIIECCOB B aBTOMATUYECKOM PEKHME.

[Ipu 5TOM TOSIBIIIETCS BO3MOYKHOCTH OBICTPOI NMEpEHANIAJIKH Ha BBITYCK MPOIYKIHU
IpU CMEHE HOMEHKJIATYPBhI MIPOU3BOIMMON MPOAYKIMU. B 3KCTIEpUMEHTATEHOM U YaCTHIHO
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B MEJIKOCEPUIHOM MPOM3BOJCTBAX 11€1eCO00pPa3HO UCIOJB30BaTh YHUBEPCAIBHBIE TEXHOJIO-
rHYECKHe OOBEKTHI, TaK KaK B 3TOM CIIyyae JOCTUTAETCS MaKCUMallbHast THOKOCTb.

Pa3BuTHe cpencTB aBTOMaTHKHU U 3JIEKTPOHUKHU U MPEXE BCETO MEXAHU3MOB U YCT-
POICTB MPOTPAMMHOTO YTIPaBJICHHS, TIO3BOJISIET BBIMOJHATH (DYHKIMU YIPABICHHUS Ha Kaue-
CTBEHHO 00Jiee BEICOKOM YPOBHE, 2 UMEHHO — YIIPABIATH pabOTON arperaTtoB ¢ ONTHMHU3ALH-
eil peXUMOB HMX pabOThl, aganTaeld U CaMOHACTPOMKON pPEKUMOB, IMpHUAaBas CHCTEMa
yHpaBJICHUsI HE TOJIBKO (DYHKIIMU UCTIOJIHEHUs pa3padOTaHHON MPOTPaMMBbl, HO B 3HAUHUTEIIb-
HOM CTENneHu W caM Ipoliecc nporpaMmupoBanus. IIpu co3nanny aBToMaTHUECKUX U aBTO-
MaTU3UPOBAHHBIX CHUCTEM PA3JIMYHOIO Ha3HAYEHMs JI0 HEJAABHETO BPEMEHM B KAaUECTBE UX
BBIUHCIIUTEIHHONH OCHOBBI HIMPOKO HCIOJIB30BAIKCH JIBA KJlacca CPEICTB IM(POBON TEXHU-
KH.

VYerpoiicTBa JKECTKOM CTPYKTYPHI, BBITIOJHEHHBIE HAa 0a3e IH(POBBIX JIOTHIECKUX
CXEM, OOBIYHO COJEP>KAT OOJIBIIOE YMCIO JUCKPETHBIX 3JEMEHTOB U MHTEIPAJBbHBIX CXEM
MaJIoi U CpEeIHEH CTENeHN UHTerpauuu. [109TOMy IIaBHBIM HEIOCTaTKOM CHUCTEMBI HA OCHO-
BE€ TAKUX YCTPOMWCTB SIBJIIETCS 3HAYUTENILHOE BPEMsI NMPOEKTUPOBAHUS M HM3TOTOBJICHUSA, a
TaK)Ke TPYAHOCTU BHECEHUS] U3MEHEHU .

DNEeKTPOHHBIE BbIYMCIUTENbHBIE MalIMHbl (OBM) yHuBepcanbHble U yIpaBiISIOLIME.
Hcnonp3zoBanne DBM B npolieccax ynpaBlieHHsS TEXHOJIOTHUECKUMH 00bEKTaMH TIPUBEJIO K
MOSIBJICHUIO ITPOM3BOJICTBEHHBIX CHUCTEM WJIM KOMIBIOTEPU3MPOBAHHBIE HWHTETPUPOBAHHbBIC
NPOU3BO/ICTBA. BakHENIIMMY KOMIIOHEHTaAMHU 3TUX CHUCTEM SIBJISIIOTCS MOJICUCTEMBI aBTOMa-
TU3UPOBAHHOI'O MPOEKTHPOBAHMSA, a TaKXK€ MPOIrpaMMHO-alNapaTHbI HMHTEpQeiic, Takas
CUCTEeMa TPEACTaBiIAeT cCOO0M aBTOMAaTU3MPOBAHHBIM KOMIUIEKC ¢ TMOKO IepecTpanBaeMoi
TEXHOJIOTUEN, B KOTOPOM yNpaBieHHE OCYIIECTBISETCS OT LeHTpaipHOW OBM. OcHoBHOMI
3aznaueit 3Toil OBM sBiisiercs obecriedueHre MaKCUMalbHOW M paBHOMEPHOW 3arpy3KH CTaH-
KOB C IOMOIIbIO aBTOMAaTU3UPOBAHHBIX TPAHCIIOPTHBIX CPEICTB JJIS JIeTaleld U PExKyIIero
uHcTpyMeHTa. DBM Ttaxke pacrpenenser pabouue nporpamMMbl, XpaHsaiuecs B OM0IMoTeKe
IPOrpaMMHPOBAHHOIO 00ECTICUEHHUS.

Cnenyromum 0ojee BBICOKMM YPOBHEM aBTOMAaTMUYECKOIO YIIPAaBJICHUS SIBISETCA
obOecnieueHne ydera, IUIAHUPOBAHWE W AHMCIIETYUPOBAHUE PabOTHI AaBTOMATH3MPOBAHHOTO
KOMIUIEKCa. DTO 0 CYyTH JieNa SIBJSIeTCSl YPOBHEM aBTOMATHU3UPOBAHHOW CHCTEMBI yIIpaBiie-
Hust ACY nexa win npeanpusitusi, Kotopasi peaausyercs Takxke ¢ nomouipto OBM. Takas
MHOTOYpPOBHEBAsl CUCTEMa YIIPABJICHUS, 3aK/IIOYAIOIIAs YaCTUYHO M 3a/1a4yd aBTOMAaTU3aLUU
aJIMUHUCTPATUBHOTO YIPABJICHUS HA3bIBACTCS THOKOW WHTETPUPOBAHHOM CHCTEMOM.

Cucremsl ynpasnenust Ha 0aze OBM crpositcs Ha ocHOBe Mukponpoueccopos (MIT),
KOTOpBIE SBJSIIOTCS 0a30BOi enuuuel Takux cucreM. @opmuposanue u passutrue MII npu-
BEJIO K MOSIBJICHHIO HOBOT'O MOJIX0/a K MPOEKTUPOBAHUIO HUPPOBBIX CUCTEM HA OCHOBE MPO-
rpaMMHUPYEMOM JIOTUKU. DTO MOJXOJ NPENoJiaraeT Mpu MOCTPOEHUH CHCTEM HCIIOJIb30Ba-
HHE CTAHIAPTHBIX YHHUBEPCAIbHBIX MHKPOIPOLIECCOPOB, pabOTAOLIMX MOJA YMpaBICHUEM
IPOTPAMMBI.

Cnucok autepatypbi: 1. «ABTomMarmzanus mamuHocTpoeHus» Kamyctun H.M.,
Hpsixonos H.II., Ky3nenos I[1.M. MockBa «Bseicias mkomnay, 2003 r.
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HUCIIOJIB30BAHUE TPEXMEPHOI'O MOJAEJIHNPOBAHUA B KYPCAX
I'PAONMYECKUX JUCHUIIJIUH

JlonatoB O. A., Kmwes C. C. (ka¢. H'u UT’, /[onHTY, 2. [loneyx, Yxkpauna)

OpHoil w3 OBICTPO pPa3BUBAIOIIMXCS BETBEH COBPEMEHHBIX BBIYMCIHTEIBHBIX
TEXHOJIOTUH SIBISIETCS KOMIbIOTEepHas rpaduka. Mcmonb3ys «yHHBEpCalbHBIA YepTEeKHBIN
npubop», kotopeiM siBisiercst [IK, ocHamieHHBId OJHOW M3 CYIIECTBYIOIIMX TpapuIecKux
cucrem, Hampumep, KOMITIAC-3D, ona oOnamaer OYeHb OOJBIIMMU BO3MOXKHOCTSIMHU
aBTOMaTHU3aIMy rpadguyeckux nocrpoeHu [ 1].

Kpome TpaauIMOHHBIX CIOCOOOB BBIMOJHEHUS YEPTEXKEeW MpH IOMOIIM 3TOMH
CHUCTEMBI, pa3paboTaHbl M HAIUM IIHPOKOE TMPUMEHEHHE CIIOCOOBI TPEXMEPHOTO
TBEPJOTEIBHOTO MOJEIUPOBAHUA. DTO TNPUHLMIHNAILHO HOBBIE BO3MOXKHOCTH IIOJYUYEHUS
rpaduuecKkoil JOKyMEeHTanmuu. YepTeku co3AaBaeMbIX H3AEIMH B ATOM CIIydyae MOXKHO
NOJy4yaTh JIMIIb Ha KOHEYHOW CTaguu pa3paboTKH, a B TPOIECCe NMPOCKTHPOBAHUS HX
YCIEIIHO 3aMEHSIOT BUPTYaJbHbIE MOJENU 3THUX M3JeNUil. DTH MOJENM BKIIOYAIOT B cels
BCIO T€OMETPUYECKYI0 HH)OPMAITUIO O CO3/[aBaeMbIX U3ENUSIX, HEOOXOIUMYIO JJIS aHAIN3a U
WHKEHEPHBIX PacyeToB, M TO3BOJIAIOT ABTOMATHYECKH II0JIydaTh JIOOBIE IUIOCKHE
U300paKeHUs IS pa3pabOTKu TpadUIecKO JOKYMEHTAIIUH.

BHenpeHnne HOBBIX KOMIBIOTEPHBIX TEXHOJIOTMH B MPAKTUKY MPUBOJUT K YACTUUHOU
(a B nmampHEHIIeM BO3MOKHO M TIOJHOW) 3aMEHE TPAJUIMOHHBIX CIIOCOOOB BBIMOJHEHHUS
YyepTexeil Ha MaIIMHHBIE, YTO, €CTECTBEHHO, OKa3bIBAaeT BIMSHHE Ha COAEpKaHHE M 00beM
u3ydyaemblx Tpapuueckux AucuuIUiMH. IlpencraBisieTcss BaKHBIM OINPEAETUTh MECTO
KOMIIBIOTEPHON T'paduKu B psALy TpapUUECKUX TUCIUIUINH, a TAK)KE COOTHOIIECHHE PA3HBIX
CHOCOOOB IMOJIy4YEeHUSI YEPTEXKEN, C TEM, UTOOBI 3TH HOBOBBEJICHUS MOJIOXKUTEIBHO CKA3aINUCh
Ha ypOBHE rpaguueckoi MoAroTOBKU Oy IyLIMX CHEIMAIUCTOB.

3aHnUMasICh KOMIBIOTEPHOH IpadUKOM, CTYJCHT U3ydaeT MPHUHIHIIBI B3aUMOACHCTBUS
¢ rpauuecKoil CUCTEMON — PACIIOJIOKEHHE UHCTPYMEHTAIbHBIX MTAHENEH, 1MaIOTOBbIX OKOH,
YHCIIOBBIX MOJIeH, a Takke HaOOphl KOMaH[ JJisl BBINIOJHEHHs rpadudeckux neiictBuii. Ho
KPOME OCBOEHHS IpauaecKoro MHCTPYMEHTa ¢ OOJBIINM KOJIMYECTBOM (YHKIWH, CTYJECHT
JIOJDKEH HaY4YUThCSl IOHUMAaTh HOBBIN NMPUHLUI MOJIy4YEHUS YEpTEkKeil: MKy HUM U Hcce-
JyeMbIM MPEIMETOM, Ipapuueckuil 00pa3 KOTOPOro cieayer n300pa3uTh Ha YEPTEXKE, pacio-
naraetcst [1K, BO3MOKHOCTH KOTOPOTO AJisi 00pabOTKH JIF000# HHPOpMAIIUU OYEHB OOJIBIIHE.

OO6nanasi MOIIHBIMU BBIYUCIHTEIBHBIMUA BO3MOYKHOCTSAMH, TpauyecKasi CUcTeMa CIIo-
cobHa 00paboTaTh U MPEACTaBUTH B TOTOBOM BHJE MHOT'O€ U3 TOTO, YTO JIOJDKHO OBITH TIPEI-
METOM TOAPOOHOI0 UCCIEIOBAaHUS U BHUMATENbHOrO u3yueHus. He mopneder au 310 3a co-
0011 mpornycku B rpaduueckomM oOpazoBaHuu? CMOXKET JIM CIEHHAIIUCT, HE UMEs TPATUIIOH-
HOU rpaduvaecKoil MoArOTOBKH, YPPEKTHBHO paboTaTh B NanbHEeHmeM? JTH BOMPOCHI BBIXO-
JSIT Ha TIEpeIHMH IUIaH, TaK KaK CTENEeHb KOMIBIOTEPHU3AIMU Yy4eOHOTO Ipolecca CTPEeMu-
TEJbHO HApacTaerT.

s aHanm3a B oOmieM oObeMe ydeOHOro TrpaduvecKkoro maTepuana yCIOBHO
BBIJICJIUM HECKOJIBKO Y3JIOBBIX TEM C TOYKHM 3PEHHUSI MX BaKHOCTH, TPYJOEMKOCTH, 3aTpar
BPEMEHH Ha YCBOEHHUE.

1. IIproGpeTeHne nepBOHAYAILHBIX HaBBIKOB I'padUUeCKUX MOCTPOECHUHN M U3yUeHUE
cBelleHnd 00 0OPMIICHUN YEPTEIKEH.

B 570l yacTH TpaaUIMOHHOTO Kypca CTyAEHTa OXHUJIaeT KpomoTiuBas paboTa IO
NPUOOPETEHUIO HABBIKOB BbIUEPUUBAHUS JIMHUI Pa3IMYHOTO TUIIA, AYT, OKPY>KHOCTEH, HAIH-
canusg mpudToB, U MHOroe japyroe. bosnbioro Tpyna tpeOyeT BBIIOJHEHUE CONPSHKEHUH C
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HAXO0’KJICHUEM LIEHTPOB, TOUYEK CONPSKEHUN, € MOCJIECAYIOEN CTBIKOBKOM JinHMi. K TOMYy ke
JaBHHE TPAAULIUK OOYyYEeHHUS UIKOJHHUKOB MPOCTHIM TIpapUUECKUM ICHCTBUSAM B CpeaHEH
IIKOJIe ITOCTENEHHO yTpaunBaloTca. Ha kommbloTepe, eciy CTyIeHT 001a1aeT MUHUMAJIBHbI -
MU HaBBIKAMH OOMICHHUS ¢ Tpaduaeckoil cucTeMoil, Takas paboTa TPyJHOCTEH HE BBI3BIBACT,
YEepTEXKU Cpa3y MOIydaroTcss Xopouiero kauectBa. OHAKO 4eloBeK He puoOpeTaeT HeoOXo-
JUMBIX HAaBbIKOB pa0OThl BPyUYHYIO U 0€3 HAIWYMsI JOCTYIIHBIX TEXHUYECKUX CPEJCTB OH CTa-
HOBHTCS] OECIIOMOIIIHBIM.

Hawm npeacrasnsiercs, 4To Jaxke €M pacCUUTHIBATh HA TO, YTO B JAJIbHEHIIEM, B CBS-
3M CO CIUIOUTHOHM KOMIIBIOTEpHU3AIME, YepTe:KU OyAyT BBINOIHATHCS ToJbko Ha 1K, Bce paB-
HO 110/I00HbIe HaBBIKH, BEIPa0aTHIBAIOIINE TPYI0JII00ME, TOUHOCTh B paboTe, aKKypaTHOCTh U
MHOT0€ IpyTOe, KpaitHe HE0OXOIUMBI, U 3Ty YacTh pabOTHI, HECMOTPS Ha BCIO €€ PyTHUHHOCTD,
HEJb3s TIOJTHOCTBIO MEePEOBEPUTHh KOMITBIOTEPY. DTO TOT (PyHIAMEHT, HA KOTOPOM CTPOUTCS
BCE 3[JaHHE NOJITOTOBKH K YCHEIIHON padOoTe B JAIbHEHIIIEM.

2. OcBoeHHME METOAOB MPOELMPOBAHUS M pEIIEHUE 3aJad HadyepTaTesIbHON
rE€OMETPHH.

PaccmoTpuM perienue psgoBod 3amaud w3 Kypca. HeoOxoamMo mocTpouTh
NPOEKIMHA CEYECHUS MPSIMOM TNPHU3MBI IUIOCKOCTBIO OOIIero mosoxxkeHus. [padudeckoe
yCJIOBHE 3a7ja4ul IPUBEJIEHO HA puC. 1.

Jlns denoBeka, OJMHAKOBO XOPOIIO BIIAJCIONIETO0 KAaK TPAIMIMOHHBIM CIIOCOOOM
pemenus 3anad, Tak U npu nomowu IIK, BeluepunBaHuMe 3TON 3a1add € HCIOJIB30BAHHEM
KapaH/alla U YepTeKHbIX MHCTPYMEHTOB COCTaBJIsIeT B cpeaHeM 5 MuH. [loctpoenue 3Toit
xe 3anaun Ha [1K ¢ ucnonp3oBanuem rpaduaeckoit cucremsl KOMITAC-TPADUK Ttpebyer B
JBa pa3a OoJIbIIMX 3aTpaT BpeMeHH. Bo3HuKarolue MnoTepu BPEMEHH MOXKHO OOBSICHUTH
HEOOXO0AMMOCTBIO O(opMIICHUST YepTexka OyKBEHHO-IM(PPOBBIMH OOO3HAYCHUSIMH TOYEK,
NPSIMBIX, IUIOCKOCTEH C HUCMOJIb30BaHMEM IMOJACTPOUYHBIX M HAJCTPOYHBIX HMHIEKCOB. [lpu
BBIUCPUYMBAHNUYN BPYYHYIO 3aTPAaThl BpEMEHH Ha MOI00HBIE ACHCTBUS HEOObIIHNE.

Ecnu 3agady nmomnbITaThCsl BBIIOJIHUTD, UCIIOJIB3YSl METOJ TPEXMEPHOTO MOJEIUPOBa-
HUSI, 3aTpaThl BpEMEHHU yBEIMYUBAIOTCS MHOTOKPATHO. DTO CBSI3aHO C TEM, YTO IOCIE pelie-
HUSI B IPOCTPAHCTBE (UTO caMo IO ce0Oe BBI3bIBAET ONPE/CIICHHbIE 3aTPYIHEHHS, TaK KaK ce-
Kyliasl IJIOCKOCTh 3aHMMaeT OO0lIee MOJIOKEHUE) NP NEePEX0/Ie K YEPTEXKY, IOTHOCTHIO IPU-
XOJIUTCSI BOCCTAHABJIMBATH MOCTPOCHUSI M MIPOCTABIATH 0003HadeHus. CeoBaTeIbHo, pele-
HHE 3a/1a4 HauepTaTeIbHOW T€OMETPUH, C MCIOIb30BaHUEM TpaUuecKOil CHCTEMBI, HEJb3s
CUMTATh PALMOHAJILHBIM.

Eme oaun npumep. Heo6xoaumMo mocTpouTh MPOEKIMK CEYEHHUsSI KOHYCa MJIOCKOCTBIO
Y UICTUHHBINA BHUJI ATOTO ceueHus (puc. 2).

TpynoeMKOCTh U UIMTEIBHOCTh pemeHus 3Tou 3aaaun Ha [IK, a Takxke mnocrtpoenue
YyepTeka C €ro MOMOIIbIO, COBEPLIEHHO HE COU3MEPUMBI C TEM KPOMNOTIMBBIM TPYAOM, KOTO-
pBIil 3aTpayuBalOT CTYJEHTHI IIPU padoTe BPy4yHYI0. 3A€Ch MPEUMYIIECTBO KOMIIBIOTEPHON
rpaduKu HEOCTIOPHMO.

Ho cnenyer ydectb u BTOpyl0 CTOPOHY 3TOTO mpoliecca. M3 memaroruku u3BecTHO
OJIHO OYEHb BaKHOE MPABMUJIO: CO3HAHUE YEJIOBEKAa aKTyaJbHO BOCIPHHHMMAET JIMIIb TO, Ha
YTO HalpaBlieHa ero AesATeTbHOCTh [2]. CMOXKET N CTYIEHT, TOCJIe pelIeHUs 3aJadyd Ha
KOMIIBIOTEPE, BOCIIPOM3BECTH €€ BPYUHYIO U YCBOMTH, BBINOJHAS MOCTPOEHUE OO0JBLIOTO
KOJIMYEeCTBa JOMOJHUTENBbHBIX Touek? Ckopee Bcero, yto Her. Ero aestensHOCTh Oblia
HarpaBJieHa Ha BBINOJHEHHE HEOOXOJMMBIX KOMaHJ YIpaBJieHUS rpaguuecKkoil CUCTEMOU U
HHUKaK He cI10coOCTBOBAJIa IOHUMAHHIO CMbICIIa IOCTPOCHUH U XapaKTepa BO3HUKAIOUIUX MPU
3TOM JIMHUM.
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Puc. 1. Ilpumep ycnoBus 3a1auu U3 Kypca Puc. 2. TIpumep ycnoBus 3a1auu U3 Kypca
HA4YepTATEIbHON FeOMETPUH WHXEHEPHOU TpaduKu

3. IlocTpoeHune HarIsIAHBIX U300pakeHui.

I'paduyeckue qUCUUIUIMHBI TIOMUMO OCHOBHOM LI€JM — FOTOBUTH CHELMAIUCTOB, Bila-
JEIOLMX METOJaMH BBIPAKEHHS MbICIIEH IIPU MOMOILU YEPTEKEH, IPU3BaHbl BHIIOJIHSITH €Il1e
OJ/IHY BaXHYIO pOJib: Pa3BUBATh IIPOCTPAHCTBEHHBIE NPEACTABIICHUS.

['eomeTpuueckue Tena U UX COUYETAHUS SABIIAIOTCS MaTEpUaoM, HA OCHOBE KOTOPOTO
MOJKHO TIPOIIE BCErO CO3/1aBaTh MPOCTPAHCTBEHHBIE 00pa3bl U ONIEPUPOBATH UMH, ITOITOMY Ha
3aHATUAX YACTO MPHUOEraroT K MOCTPOSHHUIO UX aKCOHOMETPUYECKUX H300paskeHuil. M3yuenue
croco0a Mnoyly4eHuss akCOHOMETPUUECKUX MPOEKIMH MPEACTaBIIAETCS OUEHb BaXKHOM 4acCThIO
rpaduueckoit moAroToBku. Ho, BBUIY CIIOKHOCTH, KaK MPAaBHIIO, HA 3aHATUSIX OTPAHUYHMBA-
FOTCSl JIIIb TOCTPOCHUEM MPOCTEHIINX BUIOB aKCOHOMETPUYECKUX MPOEKIMHA — H30METPUM.
3avacTyro 3Tu u300paxkeHuss 00Jaal0T HEIOCTaTOUHON HAarsAHOCTRIO. [locTpoenue numer-
pui ¥ TPUMETPUI B HACTOSIIIIEE BpEMSL YK€ HE PAKTUKYETCS.

C BHeapenueM B y4eOHBIN mporiecc 3-D MoaenupoBaHus MOSABUIACH BO3MOXKHOCTh
OTPAHUYHTH 70 MHHUMYMa PYYHOE TOCTPOCHHE HATTISAHBIX M300pakeHHH, TaK Kak JFOObIe
MOCTPOGHHS ATOTO THIIA MPEKPACHO PEATM3YIOTCS MAIIUHHBIM CITOCOOOM.

Bosbiie TOTO, MOJIOKUTENHHBIM (DaKTOPOM HCTIONB30BAaHUS TPaPUUECKON CHUCTEMBI,
ABJIAETCA BO3MOXHOCTh IOJIy4€HHsl HarJIIHbIX M300pa’keHHi Ha J1I000M 3Tare MoTydeHHs
yepTeka. ITa 0COOEHHOCTh TBEPAOTEIBHOTO MOEIMPOBAHUS MMEET UCKIIOUUTEIbHOE 3Ha-
YyeHHe i1 yueOHOTo Ipolecca U NO3BOJISIET 3HAYUTENBHO YBEIMUUTh BOBMOKHOCTH Pa3BUTHS
NPOCTPAHCTBEHHBIX IIPEICTABICHUN.

BoiBoabl. llepuony BpeMeHU HCIONIBb30BaHMS HA MPAKTUKE MPEUMYIIECTB BINOJIHE-
HUSI YepTexel cpeAcTBaMu KOMMBbIOTEPHON IpadMKH, TOJDKEH MpeIlecTBOBaTh MEPHOJl OC-
MBICJIEHHSI METOJIOB MPOELUUPOBAHUS U MPOEKIMOHHBIX CBONCTB MPEIMETOB, YTO U SIBISETCA
OCHOBHBIM COJIEP>)KaHUEM TPAJULMOHHBIX KYpCOB Haue€pTaTeIbHOW T€OMETPUN U MHKEHEPHOU
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rpa¢uku. Bueapenune 3-D MoaenupoBaHus JOJDKHO MPOBOJIUTHCS MOITAHO M BeChbMa B3Be-
LICHHO.

Cnucok aurepatypsni: 1. Kyapsasues E. M. KOMITAC-3D V6. OcHoBbl paOoThI B
cucteme. — M.: JIMK IlIpecc, 2004. — 528 c.: uin 2. Sxumanckas M. C. Pazputue
IPOCTPAHCTBEHHOT'O MBILUIEHUS IKOJIbHUKOB. — M.: Ilenaroruka. 1980. — 238 c.

CPABHUTEJIbHBI 1 AHAJIN3 BBITIOJTHEHUS YEPTEXKE
PA3JIMMHBIM U CIIOCOBAMMU

JlonatoB O. A., Aipymuna E. B. (kag. HI'u UT', [lonHTY, 2. [loneyx, Yxpauna

I'papmueckas cucrema KOMIIAC-3D mnpennazHaueHa it CO3IAHUS TPEXMEPHBIX
MoJIeJIeH eTaneil 1 COOPOUHBIX €AMHUIL C TIOCIEAY OIS M0JlyaBTOMAaTHYECKON MOATOTOBKOM
pabourx U cOOPOYHBIX YEPTEKEH, crienrupuKaIwii, TEKCTOBBIX H APYTUX JOKYMEHTOB [1].

DTO NOCTATOYHO CJIOKHAs, IOCTOSIHHO COBEPIIEHCTBYIOLIASCS CHCTEMa aBTOMAaTH3U-
POBAaHHOI'O MPOEKTUPOBAHUSI MAaKCUMAJIbHO HAaCTpOEHAa Ha CTAHIApPTHI, UCIOJIb3yEMbIE B YK-
pauHe, ¥ OTJINYAeTCs BHICOKOH 3(PPEKTUBHOCTHIO M POU3BOAUTENHLHOCTHIO. Ee n3ydenue Ha
HayaJIbHBIX dTanax TpeOyeT BPeMEHH M YCWINH, Tak KaKk HEOOXOAMMO OCBOUTH HOBBIE BO3-
MO’KHOCTH, YTOOBI B JAJIbHEHIIIEM CYIIECTBEHHO OOJITYUTH IMPOLECC CO3JAHUS YEepPTEKEH,
BILJIOTH /10 NIOJTHOW MJIM YaCTUYHOM aBTOMATH3allM MHOTHX PYTHHHBIX MPOIECCOB.

[TombITaeMcsi cpaBHHBATH MEXIY COOOH IBa mMpollecca CO3MaHUS YepTeka KaKoro-
0o TpenMeTa: TPAAUIUOHHBIN croco0 BBIYEPUYMBAHUS, C UCIIOJIB30BAHUEM OOBIYHBIX Yep-
TEXHBIX HHCTPYMEHTOB, U CIIOCOO0 MOTyYEHHS UX MPHU MOMOIIN YIOMSHYTOH BhIIIe rpadude-
CKOW CUCTEMBI.

Ecmu paccmarpuBaTh co3jaHue yepTeka Ha MPOU3BOJCTBE, HAIPUMEP, B KOHCTPYK-
TOPCKOM OI0pO, TO, 0YEBUIHO, YTO ITH JIBa CII0CO0A HE COMOCTABUMBI, — KOMITBIOTEPHBIN CIIO-
co0 00J1a1aeT HEOCTIOPUMBIMU MPEUMYILIECTBAMHU.

BoimonHenue ueprexxell B cTeHax yueOHOTO 3aBEeAEHHUS, MPECIEAYET JIPyrue Leiu:
M3y4YaeTcsl MPOEKIMOHHBIN anmapat, MCIONb3YIOMEeHcs: IS CO3/1aHus M300pakeHHH Tpex-
MEpPHBIX MPEIMETOB Ha IUIOCKOCTH, PAa3BUBAIOTCS M COBEPLIECHCTBYIOTCS MPOCTPAHCTBEHHBIE
Npe/ICTaBIICHNUS], IPHOOPETAIOTCS HEOOXOAMMbIE HABBIKU BBITTOJHEHHS U oopmiieHns rpadu-
yeckux paboT. Ecnmm mocnenHss menb — nMpruoOpeTeHne HaBBIKOB — B HECKOJIBKO BHIIOM3MeE-
HCHHOM BHJIC€ MOET OBITh YCBOCHA M B TpoIecce paboThHI ¢ TpadyUIecKO CUCTEMOM, TO BO-
NpPOCHl peajau3alliyi MEPBbIX JABYX LENel MpU aBTOMAaTHU3UPOBAHHOM CIOCOOE BBIMOJIHEHUS
yepTekel TpeOyI0T BHUMATEIbHOTO PACCMOTPEHHS.

[Iponecc co3nanus yepTeka peasbHOTO NpeaMeTa BCEr/la HAUMHAETCS C U3yUEHUs ero
NPOCTPAHCTBEHHBIX CBOMCTB. B xapakrepuctuke m000ro mnpeaMera WIM COBOKYHMHOCTH
NpeIMETOB 3TU CBOMCTBA 3aHUMAIOT Beayliee MecTo. Onupasich Ha HUX, YEJIOBEK pPacloO3HAeT
NPEIMETHI, ONpe/eNsieT UX 0COOCHHOCTH, KIacCUPUIMPYET, ONpe/essieT B3auMHOE TIOJI0XKe-
HHUE B npocTpaHcTBe. K TakuM CBOWCTBAM OTHOCSAT Hapy>KHYIO U BHYTPEHHIOIO (opMy Ipeji-
MeTa, BEJIMYMHY, B3aUMOPACIOJIOKEHHE COCTABIJIAIOIIMX €ro 3JEMEHTOB, PAacIOJIOKEHHE B
NPOCTPAHCTBE OTHOCUTENIBHO HEKOTOPOM CHCTEMBI OTCUETAa, B3aMMHOE PAaCIIOJIOKEHUE He-
CKOJIBKMX NPEAMETOB. Y MEHHE MBICIUTh B CUCTEME MPOCTPAHCTBEHHBIX 00pa30B CO3[aeT Y
YeJI0BeKa HE0OXO0IUMbIE TIPEANOCHUTKH JJI TBOPUECKOM IEATEIILHOCTH [2].

DTar 3HaKOMCTBA C MPEAMETOM M MU3YUYEHHs €ro NPOCTPAaHCTBEHHBIX CBOMCTB, SIBJISIET-
cst o0s13aTenbHbIM. Kakum crioco6om OyieT MojiyueH 4epTex B JajbHENIIEM, JIJIs 3TOTO 3Tama
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HE UMEET 3HA4YeHUs. [J1aBHBIM SIBISIETCA TO, YTO B pPE3yJIbTAaTe€ HANPSKEHHOM YMCTBEHHOM
JIESTeTBHOCTH, B TOJIOBE Yy YeJOBEKa MOJDKHA OBITh chopMHUpOBaHA MBICICHHAs, 0OBEMHAs
MOJIeITb TIpeIMeTa. B 3aBHCUMOCTH OT MOATOTOBKH, OHA MOXET OBITh CTATHYHA WX 00JIa7aTh
AJEMEHTAaMH JUHAMHKH, TOTJIa YEJIOBEK Iepej] CBOMM MBICICHHBIM B30POM MOXKET Mepeme-
aTh UM MMOBOPAYUBATH CO3/JaHHYIO MOJICIIb.
Coznanne oOpasa mpeamera SBISICTCA TJIABHBIM COJEPKAHUEM MPOCTPAHCTBEHHOTO
mbinuieHus. [loguepkHeM TO BakHOE 0OCTOSATENBCTBO, YTO (POPMUPOBAHHUE MPOCTPAHCTBEH-
HBIX 00pa30B OCYILIECTBISIETCS TOJILKO Ha MPEIMETHOH ocHoBe. s rpaduueckux aucCLuI-
JUH OOBEKTAMHU M3Yy4E€HMs SBISIOTCS IPOCThIE reomerpuueckue tena. OHU NPEICTaBIAIOT
00JIbILIME BO3MOXKHOCTH Il Pa3BUTHUS IPOCTPAHCTBEHHOTO MBILIUICHUS.
Ha BTOpOM »3Tame TpaaMIMOHHOTO CHoco0a BBHIMOJHEHUS YepTeXka, CO3MaHHYIO MO-
Jle]b IIPEAMETA MBICIICHHO IOMEIIA0T B CUCTEMY BUPTYaJbHBIX IUIOCKOCTEH mpoekumi. [Io
OTHOIICHUIO K HAM MOJIENb PACIOjararoT Tak, 4ToObl 00ecrneYnTh TpeOOBaHUS K TIIABHOMY
HU300paKEHUIO, OTIPEACIUTh MUHUMAIBHOE KOJIMYECTBO HEOOXOAMMBIX U300paKeHUH JIs TIe-
penadu GOopMBI MPEAMETA, UX yI000UYUTAEMOCTh, IPOCTOTY BBITIOJHEHUS, U IPYTOE.
Ha tperbem sTamne, U3 xapakTepHBIX TOUEK Ha MpeAMeETe, NEPIEHIUKYJISIPHO K KaXI0U
U3 TIOCKOCTEN MPOEKIHiA, MBICIEHHO MPOBOISAT MPOCIHUPYIOIIUE JIyUH, U, OMUPAsACh HA TOY-
KU, TIOJTyYEHHBIE TIPH MEePECCUECHUN ITHX Jy4deH C IIOCKOCTIMH, (OPMHUPYIOT HEOOXOIUMBIC
n300pakeHust. 3aTreM, B COOTBETCTBUH C IIPaBWJIAMH, CUCTEMA IUIOCKOCTEW MBICIIEHHO pa3Bo-
padnBaeTCs B IUIOCKHUIA YEPTEXK, U U3 ITUX N300paKEHUH CO3TAI0T YePTEX NMpeIMeTa.
Otcrona cremyeT, 9YTO NPU TPAAUIHOHHOM CIOCO0€ M3TOTOBJICHHS, €Ile /10 Hayania
BBITIOJTHEHNSI N300paXeHUI MpeaMeTa Ha JUCTe Oymaru, JOJDKHAa OBITh MpoBeAeHa OOJbIIast
paboTa, KOTOpasi MPOTEKAET MBICICHHO, OHA HE BHUJHA JJIsI TIOCTOPOHHETO HaO0IATeNs], HO
OHa MPEJICTaBJsIET OYEHb BaYKHBIN 3TAIl BO BCEM IPOLIECCE MOCTPOEHUSI UEPTEXKa.
[Ipu co3ganuu yepTexka ¢ MOMOLIBIO KOMITBIOTEPHOH rpadUuecKoil CUCTEMBI Ha BTO-
POM 3Talie peuIaroTcs CeAYOIINE BOPOCHL:
- KakKoH 2JIEMEHT MpeaMeTa CJeIyeT B3ATh 32 OCHOBY B KaueCTBE MCXOIHOTO (6a30-
BOTO0);

- KakKOW 3CKH3 M Ha KaKOU MJIOCKOCTH MPOEKIHA CIEAYET MOArOTOBUTH JJIS MOTy4e-
HUSI €70 MOJIEIIN;

- KakoW omnepauuen JIyqiie BCEro 3TOT 3JIEMEHT BBIIIOJHUTD;

- KakuMH (HOpMOOOPa3yIONIMMHU OTIEPAIMAMHU U B KAKOW MOCIIET0BATEIIBHOCTH MOX-
HO peain3oBaTh popmy mpeamera.

OTO Takke YMCTBEHHBIE OIEpPALMU, HO €IIe Ha CTaJAUU CO3/aHUs MEepBOHAYAIbHOU
dopMbl IpeMeTa, Ha 3KpaHE MOSIBISIETCS €r0 NMPOCTPAHCTBEHHBIM BHUPTyalbHbIM o0Opas. C
HUM MOXXHO peaJibHO paboTaTh, MHOTOKPATHO MaHHUIYJUpys (GopMod u pazMmepamu. Takoid
MOJIXO0Jl YIPOILIaeT U obsieryaer paboTy KOHCTPYHPOBAHHUS, UCKIIIOYAET BO3MOXKHOCTh IOSIB-
JICHHSI MHOTHX OIIIHUOOK.

[Ipu sTOM, cam Tporecc CO3MaHus TPEXMEPHON MOJENN MPHOIMKAETCS K TPOIECCY
M3TOTOBIICHHS TIPEIMETa Ha TPOM3BOACTBE. Hampumep, momydeHne ucXoqHOU (GOpMBI Tpe-
MeTa MOXHO NPEJCTaBUTh ceOe KaK 3aroTOBKY, BBINOJHEHHYIO OTJIMBKOM, yJaJeHHE YacTH
Marepuaita — 00pabOTKOM ¢ HCIOJIb30BAaHUEM TOKAPHO-(PE3EPHBIX OIepaiuni, 100aBlieHuE
4acTy MaTepualia — Makoi, MpUKJIEUBaHUEM, CBAPOYHBIMH OTIEPAIHSIMHU.

Bo3moxHOCTH HCcTONb3yeMol rpadudeckoi CUCTEMBI TaKOBBI, UTO WHOTJA C BUILY
CJIOHBII MIPEeIMET, YEPTEXK KOTOPOTO MOTpeOoBal Obl Ha BBIIIOJHEHUE BPYUHYIO JI0CTATOYHO
OOJIBIIMX 3aTpaT BPEMEHU, MOXHO BBITIOJHUTH OJHOM €IMHCTBEHHOU omepamueit. [l mpu-
Mepa, Ha puc.l mpejacraBiieH 3CKU3, HA OCHOBE KOTOPOTrO OJHOMN Omepanueil BpalleHus Bbl-
MOJIHEHA MOJIeTIb IpeameTa (puc. 2).
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Puc. 1. Ockuz 11 coznanust Moaenu Puc. 2. I3omeTpus BHIIIOJHEHHON MOJIEN

Ha nocnennem sTarme npu KOMIIBIOTEPHOM CIIOCOO€ M3TOTOBJICHUS YepPTekKa, 3a pa3pa-
OOTYHKOM OCTAETCS OKOHYATENBHBINH BEIOOP TaKOW COBOKYITHOCTH M300paXKeHUH, KOTopast Obl
MO3BOJISJIa OJTHO3HAYHO YUTaTh (OPMY NpenMeTa, HAHOCHTh pasMepbl U JPYTrylo OYKBEHHO-
IUPpoBYI0 HH(POPMALIHIO, KOHTPOJUPOBATH €TI0 MU3rOTOBJIEHUE HAa MPOU3BoaAcTBE. OTpHUCOBKA
BbIOPAHHBIX N300paXKEHUH BBITIOJIHAETCS aBTOMaTUYECKU.

AHanu3upys NpeICTaBJICHHBIE MOCIEJOBATEIILHOCTH BBIIIOJIHEHUS YEPTEKa, MOXKHO
cieNaTh BBIBOJ O TOM, YTO BO BTOPOM CiIyyae MPOILECC €r0 CO3/1aHusl 3HAUUTEIbHO YIPOIla-
eTcs: rpaduueckas CUCTeMa, CIeAys YKa3aHUsM pa3padoTdyrka, (OPMHUPYET €ro caMOoCTOS-
TenbHO. JlIs 3THX Lenel B CUCTEME MMEIOTCS COOTBETCTBYIOIIME MPOTPAMMBI, CIIOCOOHbBIE
MOCTPOUTh M300pakeHUe Ha JIOOOM MJIOCKOCTH MPOEKIMI B COOTBETCTBUU C IIpaBHIIAMHU
IPSIMOYTOJIBHOTO NMPOEMPOBAHUSI. ITO TpeOyeT 3HAYUTEILHO MEHBIIIEI0 BPEMEHHU Ha BBINOJI-
HEHHE, paboTa KOHCTPYKTOpPA CTAHOBUTCS 00JIE€€ MHTEIUIEKTY aJIbHOM.

Ho B yueOHOM mipoliecce, €Ciii MOTHOCTHIO MEPEUTH Ha KOMITBIOTEPHBIN CIIOCO0 MOITy-
YeHUs YepTexkell, yacTb yueOHOM MporpamMmbl, Kacaroleics n3y4eHus U NpakTHYecKOro Mc-
MOJIb30BAHUS U300paKEHUH METOJIOM MPSIMOYTOJIBHOTO MPOEIMPOBAHUS, HE OyJEeT pean3o-
BaHa.

[IpsiMbIM cnencTBUEM 3TOTO OyJIET HEMOJTOTOBJIEHHOCTh CTYJIEHTOB K UTEHHIO YXKE
uMmerouxcs yeprexxeid. He Bnages MeTooM NpoenypoBaHusl U BCETO TOTO, YTO C HUM CBsI3a-
HO, HE 3aKpENUB B HaBbIKaX, HEBO3MOXKHO CO3/1aTh MPOCTPAHCTBEHHBIM 00pa3, a/leKBaTHbII
n300pakeHHOMY Ha uyepTeke npenmery. Takoil oOpa3 He sBIsSETCS MPOCTON CyMMOMN UMeEro-
MIUXCS HA HEM HM300pa)XeHWid, a MpearnoiaraeT uX MBICIUTEIbHYI0 TpaHC(HOPMALIUIO C MPH-
BJICYCHHUEM 3HAHUI 1 HABBIKOB PA0OTHI C 3TUM OCOOBIM BHIIOM Tpadudeckoit nHpopmanu.

OTO MpOsIBUTCS B TEX paszjefiaX YepueHusi, IJ€ BBIMOJIHAIOTCS YEPTEXKHU JAeTajel, oc-
HOBOM Il KOTOPBIX SIBJSIFOTCS YEPTEKHU 0011ero Buaa (aeraarpoBanue). B atom ciayuae mo-
Jy4yeHue oOpasza JeTalu ONHPAaeTCsl Ha YTEHHE 4epTexka, CoepiKallero M3o0paxeHus c6o-
pouHoil enuHMIBI. Heo0Xx01MMO OTHICKATh BCe M300pa)KeHMs, OTHOCAIIMECS K paccMaTpu-
BaeMOMH JIeTajM, U ONHUpPasiCh HA HUX M 3HAHUE NMPOEKUUOHHOTO ammapaTa, MpeJACTaBUTh €€ B
o6beMe. Ha nomo1p KoMIbroTepHOM rpaduyeckoil CUCTEMBI 3/1€Ch PACCUUTHIBATH HE MPUXO-
JTUTCSL.

BbiBoabl. BBeneHue B MpakTUKy  KOHCTPYHMPOBAHHUS KOMIIBIOTEPHOTO
TBEPJOTEIBHOTO MOJEIMPOBAHMS KapIWHAJIbHO HM3MEHWIO MHOTHE MpPHEMbI Ipaduyeckux
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MOCTPOEHHH, OJJTHAKO 3HAHHS, MOJyYEHHbIE NMPH U3yYSHUH MHKEHEPHOU rpaduku, ocTaroTcs
BOCTPEOOBAaHHBIMH, TaK Kak 0€3 MBICICHHOTO IIPOCTPAHCTBEHHOT'O 00pa3a rnpenMeTa HUKaKue
TEXHUYECKUE CPEJICTBA HE IOMOTYT BBIIIOJIHUTH €r0 YEPTEX HA IKPAHE MOHUTOPA.

Cnucok aurepatypsni: 1. Kyapsasues E. M. KOMITAC-3D V6. OcHoBbl paOoThI B
cucteme. — M.: JIMK Ilpecc, 2004. — 528 c.: wi. 2. borBunnukoB A. /1., JlomoB b. ®. Hayu-
HbIE OCHOBBI (DOPMHPOBAHUS 3HAHWK, YMEHUH M HAaBBIKOB HIKOJHHUKOB. M.: Ilemaroruka,

1979. — 256 ¢.: um.

orJjisig monyJjassPHUX CAD-CUCTEM
Measryii O. L., Taiinap O.I'. (xag. epagpixu, [JonHTY, m. Jloneywvk, Yrpaina)

BrnipoBampkeHHs cy4acHMX KOMI'TOTEPHHUX TEXHOJIOTIH Ha YKPAiHCHKHX MPOMHCIOBHX
HiINPUEMCTBAX JI03BOJISIE M BIDKUTH 1 IPEBCTUTHYTH HA PUHKY MAITHHOOYIIBHOT IPOAYKIIII B
yMOBaxX KOPCTKOT KOHKYpEHIlii. ABTOMAaTH3aIlisl MiATOTOBKM BUPOOHHUIITBA JIA€ MOMJIUBICTH
HiINPUEMCTBAM IIBUAKO pearyBaTH Ha 3MiHY IMOTHTY, Y KOPOTKHH TEpMiH BHUIyCKaTH HOBi
BUIU TPOMAYKINi, IIBHIKO MOJEPHI3yBaTH BUITyCKaEMYy TIPOIYKIIIO, BIICIIIKOBYBaTH
JKUTTEBUIA THKI BUPOOIB, €PEKTUBHO NIABUINYBAaTH sKicTh. CydacHi CBITOBI TEHJEHIIIT
PO3BUTKY IUKTYIOTH CBOi yMOBH. ChOTOIHI MPAKTUYHO HEMOXKIIMBO MPUBECTU ITIIPUEMCTBO
y BIIMOBITHICTH BUMOTaM MDKHapoJHOi cuctemu sikocTi mo ISO 9000 Ge3 BmpoBaKeHHS
KOMI'IOTEPHHUX TEXHOJOTIH y KOHCTPYKTOPCHKO-TEXHOJIOTIUYHY IiATOTOBKY BHPOOHHIITBA.
Take CTaHOBHINE YaCTO MEPEUIKOKA€ YKPATHCHKUM IMIANPUEMCTBAM OCBOIOBATH HAHOLIBII
BUTITHI pUHKHU PO3BUHEHUX KpaiH.

Vike 3aKiHUYMBCS TOW Yac, KOJU MOTPEOU KOHCTPYKTOPCHKO-TEXHOJIOTTYHUX BiAJILTIB
obmexyBamm CAD-cucremamu, 1o niloTh Ha 1ox001 Kyiapmana. CyyacHMH MiAXif
KOHCTPYKTOPCHKO-TEXHOJIOTTYHIN MArOTOBII XapaKTepeH KOMIUIEKCHICTIO pimeHb. ToMy Bce
JacTile nepeBara BigaaeTsCs IpoayKTaM, IHTerpoBaHIM MDK co6oto. Lle mo3Bossie 30epiratu
aCOLIaTUBHI 3B'A3KM MDK TOKYMEHTaMH IO BCbOMY JIAHIFO’KKY MIITOTOBKH BHPOOHUITBA i
BUKITIOYUTH B TAKH CITOCIO «BUIAIKOBY» HEBIMMOBITHICTh Y JOKYMEHTAITII.

JInist BUKITIOYEHHST THX K€ «BHIAIKOBOCTEW» citykarh PLM-KOMIOHEHTH, SKi MICTSTh
BCIO iH(OpMaIlito, HeOOXiHY IJIsl MPOCKTyBaHHS, BUTOTOBJICHHS Ta SKCIUTyaTallii MpoayKIlii B
oprasizaiii Oyap-axoro npodimo. Ha erami miaroroBku BUpoOHUITBA cucTeMa 3ale3nedye
HAKONMYCHHS JaHUX TPO PE3yJbTaTH KOHCTPYKTOPCHKO-TEXHOJIOTIYHOTO TPOEKTYBAHHS 1
oOMiH iH(}opMamiero MK IH)XEHEPHUMH CIy)KOaMu. 3aTBEpUKEHI NaHi 1 JOKyMEHTAIlis
MEePeAlOThCS B IHII CIY>KOW IINPUEMCTBA JUISI MAaTepialIbHO-TEXHIYHOTO 3a0e3IeyeHHS,
BUPOOHHUIITBA 1 EKCILTyaTallii BUpOOiB, 110 BUITYCKAOTb.

Punox CAD-cucrem BenmuesHuid, Bin «Baxkoi» ¢paniy3pkoi CATIA 10 «ierkoi»
BiTun3HsAHOT bCAD. I Tem ckiaanime po3idpaTtucss y BChOMY PI3HOMAHITTI MPOTMO3HUII 1
3poOuTH npaBUIbHUNA BUOIp. Po3risiHeMo HalOUIbII MOIMYJISpHI y HAc B KpaiHi 1 BIIHOCHO
HE0POT1 MPOTPaMHi IPOTYKTH.

Cucrema AutoCAD, ctBopena ¢ipmoro Autodesk, siBIsieTbcs Ha CHOTOAHINIHIN JI€HB
HAWUTIOMIUPEHIIIOI MPOTPAMHOI0 TPpadiyHOI0 CHCTEMOI aBTOMATH30BAHOTO MPOCKTYBAHHS B
MIPOMUCIIOBOCTI, 1[0 HApaxOBY€E IMOHAJ JIBa MUIBHOHM 3apeeCTPOBAHMX KopucTyBaudiB. Cama
dipma Autodesk mocimae yeTBepTe MICIe Y CBITOBIN TaOei PO paHTU Cepe po3poOrOBayiB
nporpamuoro 3abe3nedenns s [1K.
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[HmmM  BaximBUM  (hakTopoM Oyna rmependayeHa B CHCTEMI  MOXIIMBICTD
BUKOPUCTAHHS cClielianizoBaHoi MoBH mporpamyBaHHi AutoLISP. ¥V pesynbraTi mmpoki
¢dyskuioHambH1 MOKIMBOCTI AutoCAD mepeTBOpMIH 110 CUCTEMY Yy CBOTO POJAY CTaHIAPT y
KJaci CHCTeM aBTOMATH30BAaHOTO TEXHIYHOTO IPOEKTYBAHHS 1 BUKOHAHHA KPECISPCHKHUX
poOirt. 3apa3 AutoCAD — ne Hailb1bII THyYKa 3 ICHYI0YHX TpadiyHa nporpaMHa CUCTeMa JIJIs
[1IK, 3nmaTtHa e(eKTHMBHO MPALIOBATH Yy BCUIAKUX Taldy3fX TEXHIYHOTO IPOEKTYBaHHS.
VYHIKaJIbHA MOMJIUBICTH JIETKO aJaNTYBAaTUCS /10 HAMPI3HOMAHITHIIINM <JTIOJICHKHM» MOBaM,
BKJIIOYAIOYM 1 Ti, II0 BUKOPUCTAIOTh HENATUHCHKUH andait, noctaBmwm AutoCAD moza
KOHKYPEHIIIEI0 Ha MDKHApOJAHOMY pHUHKY TPOTPaMHHX HPOAYKTIB IS CHUCTEM
ABTOMATH30BAHOTO TMPOeKTyBaHHA. Y pesynbTaTi AutoCAD 3apa3 BUKOPHUCTOBYETHCS OUIBII
HK B 125 kpainax mupy.

Autodesk y cucremi AutoCAD opHi€l 3 mepmmx 3acTocyBajia NPUHLIUIT TPUBUMIPHOT
MOJIei TPOEKTOBAaHOI KOHCTPYKIIi: KapKacHi MOJeNi TPUBUMIPHI TOBEPXHI, CTBOPIOBaHI
IUIIXOM 3aBIaHHS BUCOTH 1 piBHA. Y CYTHOCTI II€ IPUHIMIT PO3MIIIEHHSI TBOMIPHUX 00'€KTIB,
MOMIIIEHUX y TPUBUMIPHUNA TPOCTIp.

CydJacHi KOMITIOTEpHI TEXHOJIOTIi MojapyBaiiil iHXKEHepy OuIbII SKiCHO 3poO0JeHui
3aci0 CHIIKYBaHHSA - TPUBHMIPHY MOJIENb, 110, X04a i iCHy€ Yy BHIJISAJI JIAHIIOKKA OITOB 1
OalTiB y mam'aTi KOMI'IoTepa, MpoTe, Mae IMUIKOM peaibHi (i3MyHI XapaKTepUCTUKU: 00'eM,
IMiNBHICTh, Maca, IEHTP BAard, MOMEHT iHepiii Ta iHime. I MOXHA PO3IJIAHYTH 3 Pi3HHX
CTOpiH, po3i0paTH i 3i0patu (SKIO MOBa ¥ie PO CKJIAJAIBHY OJHMHUINO) 1 HABITh 3arisTHY TH
ycepenuny. OIHUM i3 Cy4aCHMX METOMIB TPHUBHUMIPHOTO TBEPAOTLIOTO MOIEITIOBAHHS
MEXaHIYHUX JAeTajeil Ha mepcoHalbHOMY Komm'torepi Buctymae cuctema KOMIIAC - 3D,
po3pobiena pociiicbkoro kommaniero «ACKOH»

CKUTBKH CMUTMBHUX 33{yMiB HE 3HAHUIIJIO CBOT'O PEAIbHOTO BTUICHHS Yepe3 HeJI0CTady
gacy! Moyxe BHHHKHYTH IIUJIKOM TPHPOJHUM CYMHIB: a YW HE 3aHAaATO 0Oarato 3yCHIb
noTpiOHO 3aTpaTUTH HAa OCBOEHHS HOBHX TEXHOJIOTIH Ha piBHI, mo 3a0e3meuye iXHE
npakTuuHe 3acrtocyBaHHs? Came, MaOyTh, AMBHE IOJISITa€ y TOMY, IO Ha MOOYIOBY
TPUBHMIPHOT MOJeNi BHpoOy Haivacrinie moTpiOHO He OuIbIIe Yacy, YUM Ha PO3poOKy ii
IUIOCKOTO KpECJICHHS. 3YCWUIIMU PO3POOIIOBAYIB Cy4YacHI CHCTEMH BOJIOJIOTH THM, IO
3BHYAIHO HA3UBAIOTH «PYXKHIM iHTEppEeHcoM», TOOTO 3pyYHHMH 1 3pO3yMUIMUMH 3aco0aMu
BUKOHAHHS MOOYI0B.

KonkypeHmis Ha puHKY cucteMm aBTomaru3zoBaHoro mpoektyBaHHs (CAIIP) 3mymye
KOMIIaHii IIyKaTW HecTaHmapTHi pimeHHs. KopucryBau omepxye peaqbHy MOKIMBICTH
MOPIBHIOBATH MPOIO3UIIi Pi3HUX KOMIIaHIA 1 HA CBOEMY BIIACHOMY JIOCBIiJlI TIEPEKOHATHCS B
e(eKTUBHOCTI TOT 200 IHIIIOT CHCTEMHU.

Bakko mepematu cloBaMH BiIUyTTS JIIOJUHH, KOJHM Ha IJIOCKOMY €KpaHI MOHITOpa
MOCTYIIOBO MaTepiai3yloTbcs WOro 00'eMHI NyMKH Ta TBOpuYl iaei. Tum Oiiblne BaXKJIUBO,
00 y el MOMEHT il PYKOIO BUSBHBCS 3pYUYHHIA HCTpYMEHT. OKpY’KHOCTI 1 JIiHIT Ha marepi
TEX MOKHa OyAyBaTH IHPKYJIEM 1 TMOCTIHHO JIAMKHM OJIIBIIEM, ajie MpodecioHasl 3aBXKIH
BUOMpae NO0OPOTHI 1 SIKICHI IPUHATIEKHOCTI.

KOMIIAC-3D V8 - 0auH 3 OCHOBHHMX MOJYJIIB KOMIUIEKCY aBTOMaTH30BaHUX CHCTEM
KOHCTPYKTOPCBHKO-TEXHIYHOI MIATOTOBKKM BuUpoOHUNTBa KOMIIAC V8. KiI040BOIO
OCOOJIMBICTIO TIPOJYKTY € BUKOPHUCTAHHS BJIACHOTO MAaTEeMAaTUYHOTO SApa 1 MapaMeTpHIHUX
TexHoJori, po3pobnenux daxiBugsmu ACKOH. Meroau monenmtoBaHHs, Kl peaji3oBaHi B
nporpami KOMITAC - 3D V8, € 3araipHONpUHATAME B cydyacHuX 3D - cuctemax.

Cucrema KOMITAC-3D mae y cBoemMy pO3MOPS/KEHHI aykKe €(eKTHBHI 3aco0u
MOJIeTIOBaHHA. BoHa 103BOJIsIE CTBOPIOBATH TPUBUMIPHI MOJENI CAaMHUX CKJIQJAHHUX JeTajeH i
300pok. BukopucTtoByrouM Hao4HI METOJMU CTBOPEHHS O0'€MHUX €JIEMEHTIB, KOHCTPYKTOP
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oTIepy€ MPOCTUMU Ta MPUPOTHUMH MOHATTSIMU: O0OHMIIIKa, MiACTaBa, OTBIp, ¢acka i T.m. [lpu
IbOMY MPOLEC NPOEKTYBAHHS YacTO BIATBOPIOE TEXHOJOTTYHMNA TMPOIEC BHUTOTOBICHHS
netani. Y mpoueci moOyJoBH TPUBUMIPHUX MOJENEeH CKIaJalbHUX OJUHUIL KOHCTPYKTOP
Ma€ MOXIJIMBICTh TUMYACOBO BIIKJIIOYATH BiTOOpaXkeHHs Oyb-sikuX eneMeHTiB. Lle ocobmiBo
3pYYHO, KO MOJENb MICTUTh Y 001 KOPITyCHI JA€Talll, B IKMX PO3MIIICH] 1HIITI KOMIIOHEHTH
BUpoOy. besnocepennbo Ha ekpaHi MOHITOpa KOHCTPYKTOP MO’KE€ BHKOHATH pO3pi3 MOJei
CTaHAAPTHUMHU a00 JOJAaTKOBUMH IUIOLIMHAMH MPOEKIiHd, abo moOynyBaTH CBiid, camuit
HEHMOBIpHUH, pO3pi3.

[Ticns moOynoBu 3D - mopem ageranmi abo 300pku, abo Oe3mocepenHhO0 B XOi
noOyJI0OBH KOHCTPYKTOP MOXE OJepKaTu Il KpeciaeHHs O0e3 PyTHHHOTO CTBOPEHHS BUJIIB
3ac00aMu TUIOCKOTO KpecieHHsA. s 1poro moTpiOHO JuIne BKa3aTH HEOOXimHI BHUIH,
MPOBECTH JIiHIT po3pi3iB abo meperuHiB. [lnocke kpeciaeHHs Oyne CTBOpEHE aBTOMATUYHO 1 3
a0COIIOTHOIO TOYHICTIO, HE3aJIe)KHO BiJ CKJIaaHOCTI Mojeni. OTpuMaHuil y Takuil crocio
JOKYMEHT MOJKHa JIONOBHUTH BOYJOBaHMMH B CHCTeMy 3acobamu 2D-KpeciieHHS:
NPOCTABUTH JOJATKOBI PO3MIPH, MO3HAYEHHS IO3MUIIH, 3alIOBHUTH OCHOBHHUI Hamuc abo
MIroTyBaTH crieru@ikarriro.

Y KOMITAC-3D o6'eMHi Mol Ta TUIOCKI KpeClieHHs acolliiioBaHi Mk coboto. Lle
O3Havae, MO OyIab-siKa 3MiHA, BHECEHA B MOJENb, OyJe HeraHO 1 TOYHO BiJOWTO Ha BCIX
BUJAX KpeclieHHSA. MOXIIMBOCTI CHUCTEMH JO3BOJSIIOTH 33JaBaTh MapaMETpUyHi 3B'SI3KH 1
acomiamnii K MDK OKpPEeMHMH €JeMEHTaMH JeTajeld, Tak 1 MDK JeTalsiMU B CKJIaJajlbHUX
onuHMsX. Lle 703BOJIsiE€ MIBUAKO BHOCHTH 3MiHHM B MPOEKT, CTBOPIOBATH Pi3HI BapiaHTH, K
OKpPEMUX JIeTalIeH, TaK i BCbOro BUPOOY B IILIIOMY.

[Tepepaxoani Buie MoxJBOCTI cuctemMu KOMITAC-3D BUTigHO Bipi3HSIOTH 11 Bif
6a3zoBoi cuctemu AutoCAD 2004, sika nye CHIBHO TOJIETIIHIa POOOTy KOHCTPYKTOpa, aje
HE BUpIIIy€e BCiX MpoOieM, MOB'I3aHUX 3 pOo3paxyHKaMH KOHCTPYKIIH 1 JeTasei, MiHimizaii
BUIIAIKOBUX TIOMHJIOK TIPU MIPOEKTYBaHHI Yepe3 BIICYTHICTh aCOLIATHBHUX 1 MapaMETPUIHUX
3B's13kiB. [loOymoBa Mozeneil mpocTopoBHX KOHCTpYKLid, orpumanux B AutoCAD 2004,
3BUYAMHO JIONIOMArae OJep>KyBaTH OUIbINE peaicTUIHE TOJaHHS Npo BUPIO, ane 1e ITyxe
He0arato B TOPIBHSHHI 3 MOXIIMBOCTSIMH TPHUBHMIPHOT MOJIENi, BUKOHAHOI B CHCTEMI
KOMIIAC-3D.

[Ipn yBaxkHOMY pO3IJISiAI  MOXKHA  PO3IVITHYTH TI€BHY  €BOJIIOLIIO  CHCTEM
NPOEKTYBAaHHS: Bifi 0aHAJIILHOTO ABOMIPHOTO MPOEKTYBAaHHS JO TPUBUMIPHOTO MOICITIOBAHHS
3 Habarato OUIBPIIMMH MOXIIMBOCTSMH. HacTymHUM KpOKOM JIOTT4HO CTajJO0 BHHUKHEHHS
cucteM, 1o 0a3zyroTbes Ha 3D-MoJenoBaHH], aje CTBOPEHUX ISl PIIEHHS OUIBII BY3bKHX
cnenupivHUX 3amad. Y Tepelik TakuX 3a7ad YBIWIUIA: NPOEKTYBAaHHS TEXHOJIOTIYHOTO
OCHAIIEHHA (IITaMIM, Tpec-hOpMH), TEXHOJOTIYHA MIATOTOBKAa BUPOOHHITBA, 00poOKa Ha
Bepctarax 13 UIIK, iHxKeHepH1 po3paxyHKH 1 IMHAMIYHUI aHaji3 Ta HIII.

Came 1o TakoMy IIISIXY YCHIIIHO PYXarOThCsl TBOPLI CUCTEMHU aBTOMAaTHU3allil
KOHCTPYKTOPCHKO-TEXHOJOTTYHOT miAroToBkM BHpoOHunTBa T-FLEX CAD - 3akpure
akiionepHe toBapuctBo «Tom Cucremu» (M. MockBa). CTBOpEHHI KOMIUIEKC MPOTpaMHUX
3ac001B  JOomOMarae BHPINIYBAaTH BCUIAKI 3aBJaHHs Bl MPOEKTYBaHHA BHUpPOOy 10 HOTro
BIIPOBA/PKEHHSI Y BUPOOHHUIITBO. 3aJIeKHO Bij IUJIEH MPOEKTYBaHHS IMPHU PO3pOOIN BUPOOY
BUKOpUCTOBYIOTh CAIIP Toi abo iHmOl ¢yHKIIOHambHOCTI. Lle 103BOJsIE palioHaIbHO
OCHalllyBaTH poOoue Miclie 1HXeHepa 3aJIeKHO Bl cnenudiku. Bimome reomerpuuse sapo
Parasolid, n1io n1eXuTh B OCHOBI CUCTEMHU MapaMETPUYHOTO TPUBHMIPHOTO MOJEIOBaHHS T-
FLEX CAD 3D pno3Bosise KOpuCcTyBauaM MOJENIOBAaTH TPUBUMIPHI JeTall 1 CKIaJalibHi
KOHCTPYKIIT Oy 1b-KO1 CKJIQJIHOCT1 3 MOJIMBICTIO ONTUMi3alii napamerpiB. CTBOpeHi Mojiei
MOYKHa pO3paxyBaTd a0 MAaTH aHali3y B OUIBIIOCTI BIMOMHUX 3aXIIHHUX 1 POCIHCHKHUX



