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K BOMNPOCY NMOCTPOEHUA TIMHNW MEPECEYHEHNA CPEPbLI 1 KOHYCA

Konomuey A. @, lNMactepHak A. H., HecmeaHoBa E. A.
(kadh. H v U, oHHTY, 1. [loHeuK)

B cTaTbe M3y4yeH Of4MH M3 CNOCOO0B MOCTPOEHUS NNMHUKN MepecedeHmnst cepbl U Nps-
MOro Kpyrosoro koHyca. Cnocob OCHOBaH Ha Crefytowmx nonoxeHusx. CeyeHune cgepbl
MNOCKOCTbIO, MPOXOASLLEN Yepe3 ee LEeHTP, CyTb 60/bLUas OKPYXHOCTb. [pun BpalleHun ee
BOKPYI NIMHUW YPOBHSA, NPOXOAALLel Yepe3 LEeHTP cepbl, A0 MONMOXEHWs, napasnesibHoro
NIOCKOCTU MPOEKUMIA, OHa COBMaAaeT ¢ KOHTYPOM Mpoekuun cgepbl. MN0CKOCTb, NPOXoas-
LA Yyepes BepLUMHY KOHYCa, pacceKaeT ero no npsaMovHeHbIM 06pa3yoLLmMm.

PaccMOTpUM CyLHOCTbL cnocoba Ha KOHKPETHOM npumMepe. 3aaHa ciepa ¢ LeHTPOM
O 1 NpsMOi KpYroBoit KOHYC ¢ ocbto 1 £M;. LieHTp O v ocb | nexxar Bo ()pOoHTaIbHOM NNOCKO-
ctn (puc. 1). MocnefHee fonyueHve AaeT BO3MOXHOCTb peLunTh 3agady, UCnob3ys TOMbKO
(PPOHTA/IbHYIO MPOEKLMIO.

Puc.1. JInHms nepeceyeHns cgepbl M KOHYyca

Mposeaem ¢poHTans f(f,) yepes BeplunHy S 1 LeHTp O. JTtobas NIOCKOCTb MPOX0oAs-
Wwas yepes f, pacceyet cepy No 60NLLIOIA OKPYXXHOCTK, @ KOHYC MO NPAMO/IMHENHbIM 06pa-
3ylOLWMM. TOYKM nepeceyveHns NOMyYeHHbIX IMHWIA 6yAyT NpUHaZNeXarb UCKOMOWR NIMHWK
nepeceyeHus. MocTpoum fge crydaiHble To4KM T U G NvHKU NepeceyeHus. Mposegem obpa-
3ytowyto S2(S;2;). MycTb NNOCKOCTb X, Npoxopsias vepes f, nepeceyeT KOHyC No 3Tol 06-
pasytoLeii. Cpepy OHa nepeceyeT Mo 6O/bLIOA OKPY>XXHOCTW. Ee Npoekuus He NOCTpoeHa.

MoBepHeM 06pasytoLLyto S2 BOKpYr (poHTanu f 10 NonoxeHus Szg, napannensHoro M.

Touky 22 MOXHO MOCTPOWTb, HalAs HaTypasbHYH0 BENMUMHY paguyca BpalleHus. Takoli

NyTb rpauueckn TPyAOeMKMWiA. [NnHbI BceX 06pasytolimMx KOHyca OAMHaKoBbl. [Mo3Tomy
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KOHLIbI 06pa3ytoLLMX B MOBEPHYTOM MOMOXKEHWUW BYAYT HAXOAUTLCS HA OKPYXKHOCTM N paauy-

ca S;1,. CnepoBatenibHO TOYKa 22

TOpUK, MAYyLLE U3 TOYKK 2, NepneHaAnKynsapHo f,. MoBepHYTOe NOMoXeHWe ceueHns chepbl

OKaKETCA Ha rnepecevyeHUn ayrn n n Npoekunnm  Tpaek-

MA0CKOCTbIO X COBMAJAeT C NPOeKLMel KOHTYpa cepbl. OTMeuaem ToUku T. ,G2 . O6part-

HbIM BpallleHneM Haxogum npoekummn T,, G,. Ha pyvcyHKe MocTpoeHa eLlé ofHa Touka Uy,
nexauas Ha Sp3,=l,. V13 Toukn 3, npoBeseHa NPOeKLUnsa TPaeKTOpUN TOYKN 3 MepreHanKy-

nApHo f, 40 NepeceyveHns ¢ N B TOUKe 32 . [Mposogum S, 32 . OTMeYaeM TOUKY U_2 nepeceye-

Hua S;U, 1 npoekummn KoHTypa chepbl. O6paTHLIM BpallieHeM HaxoauM Up. AHaMOrMuHo

MOXHO MOCTPOUTbL NIH060E KONMYECTBO TOYEK, COEAMHUB KOTOPbIE NEKa/lbHOW IMHKER, nony-
YMUM (DPOHTAIbHYIO NPOEKLMIO MCKOMOW IMHUN NepeceyeHus.

[N NoBbIWEHNA TOYHOCTU NOCTPOEHWUIA HaliaeM OMOpPHbIE TOUKWU NIMHUW MNepeceye-
HMA. Ha (hpoHTaIbHOM NpoeKummn nx 6yget nate. Age n3 HUX D(D,), E(E2) HaxoaaTca Ha ne-
peceyeHMn NPOEKLMIA KOHTYPHBIX 06pasytomx. TpeTbsa Touka C(C,) NeXMT Ha YpOBHe 3KBa-
Topa b(b,) cepbl. Yepes Touky 5, npoBoauM Lyry pagmycom S;5; [0 nepeceveHns ¢ npoek-

umeii KoHTypa cbepbl B Touke C, . OBpaTHbIM BpaleHnem Haxoanm Co. UeTsepTas Touka

A(A2) — KpaiHss. KacaTenbHas npsiMas B TOUke Ay K NPOEKUUM IMHUK nepeceyveHns Oyaet
BepTMKa/bHa. JIMHWA nepeceyeHns KOHYyca U Cepbl — NPOCTPAHCTBEHHAA KpuBas 4-ro no-
pagka. Ee nnockoctb cummeTpumn napannenbHa [y, [ostomy Ha [l nnMHWA nepecevyeHns
CnpoeunpyeTcs KpMBOW 2-ro nopsifka — B faHHOM criydae napabonoil. Touka A, Oyaet ee
BepLUMHOM. OHa pacronoXeHa Ha Tak Ha3biBaeMOM cpefHeli MH1M m [1], KoTopas sBnseTcs
0Cblo napabonbl. OCb M CTPOUTCA cnefyroLwmm o6pazoM. OTmeuaem Touky Ko=l,nb,.A3 Tou-
K K, nposogum nepneHamkynsp KoL, K MpoeKumn KOHTYpHOW 06pasytoLLein koHyca. Mony-
4yMM TOYKy L,. Yepe3 L, npoBogMmM m nepneHAnKynspHo l,. Bblgensem Touky 6,. Mposogmm
Ayry pagnycom S,;6, A0 nepeceyveHnsi C NpoeKLmeil KOHTYpa cepbl B TOUKe E Ob6parHbIM

BpaLLeHeM Haxo4um A,. Ha MHUM m, Kak Ha ocu Nexxut ¢okyc (Touka F) napabonbl. Ero
MOXHO MOCTPOUTL Tak. 3amepseM oTpe3ok O,K; 1 0TKNaabiBaemM ero Ha MpoeKuun KOHTYp-
HOW 06pa3yHoLLei OT TOUKK S,. Monyunm Touky M,. N3 M, nposoamm nepneHanKynsap MaN;
K lo. 13 Toukn N, ctpoum nepneHankynsap NP, K NpoeKkumn KOHTYpHO obpasytoLein. OTpe-
30K S,P, paBeH napameTpy p napabonbl. Pasgenvs ero nornonam B TOUKe Ry, 3amepsieM oTpe-
30K SR, M OTKNagbiBaem ero OT TOYKWM A, Bnpaso. Monyuum gokyc F. Ha Takom e pac-
CTOSIHUW CNeBa pacnonioXkeHa auvpektpuca d. MNsaTas onopHas Touka B, ABnseTcA TOUKON Ka-
CaHUA NpoeKLMn 0bpasytoLLell KOHyca K MPOeKLMN TMHUK nepecedeHns. OHa CTpouTcs cne-

AytoummM 06pasoM. Yepes S, NPOBOAUM KacaTe/bHYH Szg K OKPY>XHOCTM B TOUKE B_2 N3

Toukn 4, NPOBOAMM MPOEKLIMIO TOUKM 4 [10 NepeceyeHist C OCHOBaHMEM KOHYCa B TOUKE 4.

Ha npoekunn Sy4,, 6yaeT pacnonoxeHa MCKoMas Touka B.

Bce NOCTpOeHHbIe OMOpHble TOYKM BYAYT OMOPHBLIMU U ANS TOPU3OHTA/IbHOW MPOEK-
LMW NIMHX NepeceYveHns. Ha ropusoHTanbHON npoekuun 6yayT no ase Toukn A A’, B n B’,
C 1 C’, CUMMETPUYHbIE OTHOCUTE/IbHO 06LLEN MIOCKOCTM CUMMETPUN KOHYCa U cdepbl. Tou-
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Kn C 1 C’ pa3fienstoT MHMIO NePeceyeHs Ha [1Be YacTU — BEPXHIOK, BUAVMYHO, U HUXKHIOHD,
HEBMAVMYIO Ha FOPU30HTAILHON NPOEKLMN.
Kak YaCTHbII C/ly4ail M3y4eHHOro cnocoba BbITEKAET MOCTPOEHUE TOUEK MEePeceyeHms

NG

Puc. 2. Touknu
chepbl 1 NPSMOVA

nepeceyeHu s

NpAMoi co ctepoir. Ha puc. 2 n3obpaxeHo no-
cTpoeHne Tovek M, N nepeceuveHusi npsmoit | co
cthepoii. Yepes ueHTp O npoBefeHa ropn3oHTasb-
Has npamas h, nepecekarowias npsmyto | B Touke
A. Mpsamas | n ropusoHTanb h 3a4atoT NJOCKOCTb
2. OHa pacceyeT cepy No 60bLUOIA OKPYXXHOCTH
m. Ha nepeceyeHnn m u | HaxogaTCs UCKOMble
TOoukn M, N. Bokpyr ropusoHTtanu h nosopaymsa-
eM M/0CKOCTb 2 BMecTe ¢ m 1 | 4O NonoxeHus
ypoBHs. Mpsmas | noBepHyTa C MOMOLLbIO CAy-

YaiiHO ToukM B. TMoBepHyTOe MonoxeHne My

OKPY>KHOCTW M COBMafaeT C rOpM30oHTaIbHOI Npo-
ekuveli k; KoHTypa cepbl. OTMeYaeM TOUKU Ne-

peceyeHus M_1 N_1 NAHWIA Il, m_1 Ob6paTHbIM
BpaLleHnem Haxoamm Mi, Ni n My, N, Ha mncxopg-
HbIX NMPOeKLUMAX.

PaccMOTpeHHbI cnoco6 MOCTPOEHUS Nu-
HUWN MepeceyeHns chepbl N KOHyCa 1 TOYeK nepe-
ceyeHUs cepbl M MpsAMON ABNSETCA Hambonee
MPOCTbIM U TOYHbIM.

Cnucok nutepatypsbl: 1. 'nasyHoB E. A. O npoekuumn NMHUK nepeceyeHns Asyx no-
BEPXHOCTE BTOPOro nopsifka, MMerLwmx o6Lyro NaocKocTb cummeTpum // Tpyasl MockoB-
CKOro cemuvHapa fno HavepTaTe/bHOM FeOMETPUM 1 UHXKEHEPHO rpagnke. — M.: Foc. U3a-Bo
“CoBeTckas Hayka”, 1958. — C. 35 - 69. 2. Konotos C. M. O6 1Ucnonb30BaHUN reomMeTpuye-
CKMX MECT B HayepTaTe/lbHON reomeTpun // Bonpockl TEOpUM U NPaKTUKKA HayepTaTe/bHOM
reometpum. — K.: KNeBCKMIA NHXEHEPHO-CTPOUTENbHbIA MHCTUTYT, 1960. — C. 3 - 12.
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BUMYK/ICTb EPMITOBA KYBIYHOIO CMIAAHY

OnbxoBunyeHko H.IM., MopoxHa A.B. (kad. HI i 1T, JoHHTY, 1. [loHeubK, YKpaiHa)

Po6oTa npucesivyeHa BM3HAYeHHIO YMOB BUMYK/OCTI epmiTOBa Ky6iYHOro CnnaiHy, a
TaKOX YMOB 30epeXxeHHs XapakTepy 3MiH [pYyroi NoxigHOi PYHKLIT Yy BY3N0BMX TOYKaX
CnnaiHy.

Mpwn po3B’A3aHHI NPaKTUYHMX 3aa4 NPOEKTYBaHHA MOBEPXOHb /10MaTOK BEHTUNATO-
PiB LLIAXTHOrO MPOBITPIOBAHHSA 3 ABNAETLCA HEOOXIAHICTb IHTepnonAuil yHKLiT 3 (ikcoBa-
HVMW 3HaYeHHAMYM NepLLIOT MOXIAHOI Y BY3/I0BMX TOYKaX. Taka 3afaya Moxe 6yTu po3B’s3aHa
3a [J0OMOro epMiToBa Ky6iuHOro cnnaiHy [1].

Hexaii y By3nax citkm A:a= Xg <X <Xy = b 3apaHi 3HauYeHHa yHKuiT f(x) i

1T noxigHoi f/(x). fi = f(xi), fi/(x) = f/(xi), 1=0,1...N.
EpmiTOBMM Ky6iYHMM CNMaitHOM HasuBatoTb (yHKLi0 S(X), sIKa 3a0BO/bHSE BUMO-
ram:

1. Ha KoXXHOMY Bigpi3Ky [xi X; +1J S(x) = A|0 + All(x - Xi) + A|2(x - Xi)2 + A|3(x - X )3,
2.8(¢)= ., S/(xi): £/ =0 N.

[ns o6uncneHHsa KoeilieHTiB A|0’ Ail’ A|2 Ta A|3’ NpPU KOXKHOMY | MaemMo CUC-
Temy piBHsAHb

S(x)= 1., S( /

Logye ¢! of _
s'o) =1 st =1L,

%+0) = fiap

P03B’513aB L|t0 CUCTEMY, OTPUMAEMO Ha [xi X +1]

S =0, +0,O T, + o Oh 40 Oh ]
ge ¢y (0)=0-0°@+20), 9, =°@-20), o3 =t1-1)%,

— 420 _ - _ = (x —
go4(t)— t=(1-1), hi Xy %0 t=(x Xi)'
Lis chopmyna 3pyyHa A5 TeOPeTUUHUX LOCNifKeHb. 19 NPaKTUYHOro 064YMCNEHHS
cnnaviHy Yy TOo4yKax xD[xi,xi +1] 6iNbll  BUTIAHO, 3 TOYKM 30pY KiNIbKOCTI apuPMETUYHUX
onepauiin, cnigytoumn hopmynu.

50 = 1 + (- +t(B+A)E

__ _ / N Cevm gl
pe A=-2(f ) m(fl v ) B=-As(r - fon £

B npakTuyHuX 3agadvax 4acto O6yBatOTb BiJOMI TiSIbKU 3HAYEHHS PYHKLIT fi y By3-
NOBMX TOYKaX, a 3HAYEeHHS NepLUMX MoXigHMX fi/ y BY3/10BMX TOYKax He Bigomi. HalibinbLu
MPOCTUM BMXOA0M 3 TakOi CUTYyaLiT 3’ABNAETLCA BUKOPUCTAHHSA 3aMiCTb TOYHUX 3HAYEHb MNO-
XiAHOT AeAKNX 3HaYeHb, L0 annpoKCUMYHTb fi/ . Mobyayemo TakKy anpokKcumavito Ha OCHOBI

PO34iMbHUX Pi3HULb Di , fIKi 3anunLIemMo y BUrnsagi
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f.—f. £ —f
D=4t 1=1,, 141 1 =12  N-1
i I h I h.
-1 i
f - f f—f

1 0_ 2 1
O

oo f fo—f

__ N-1 'N-2 _ N N-1

PN = AN-1T A=Ay ) ’
N—2 N -1

{e lul (h +h 1) ) ﬂ’|:1:1_’ul

S(x) HanexwuTb Knacy C'. [lpyra noxigHa, y 3araibHOMy BUMafKy, PO3pVBHa Y BYs3-
nax citku A. MNpu iHTeprnonayii QyHKUIT YacTo 6yBae HeobXiAHO 36eperTi AeskKi i AKiCHI Xa-

pakTepucTukun. Hanpuknag, konu f(X)- Bunykna yHuU3 QyHKLis (f//(x) >0), TO NPMPOSHO
BMMOraTy, LWo6 cnnainH TeX 6yB BUNYKNUM YHK3. [pyra noxi,qHa Ky6i4HOro MHOrousieHy Ha

KOXHOMY BIZpi3Ky [x X; lJ € NiHINHOI (hyHKLIE, TOMyS (x) >0, Konu yci apyri noxig-

Hi Yy BY3/10BMX TOYKax JofaTHi S//(x) = Mi >0.

[pyri noxigHi y By3/10BUX TOYKax 064MCOKOTLCA 38 POpMynaMm

_ / /
._6(f|+1 f) 2fI+1 41‘i
i 2 '
h. hi hi
_ / /
" _ 6(1‘I+1 f)+4f|+1+2fi
i+1 2 h, h.
hi i i
Hexain f(x) € hyHKUi€tO, L0 3pocTae. MepLi NoXigHI 3anuLiemo y BUrnsgi
f/: f|+1_f| -5
i h. i’
[
f. . —f
S
fi+l_T k|+15| ne ki >0, §i >0.
[
Migctasumo ix y popmynu (1) i (2).
M. o 45 2kI +1§| v o 4kI +1§| 25
i h. ' i+1 h '

13 ymoBu M >0 oTpuMmaemo - k <2;i3ymosun M. T >0 oTpumaemo - k=0,5.

Konn M >M P11 k<l,konm M. <M|+1’ k>1.
3an|/|Lue|V|o 5 1y|3|/|rn;|,u,|
f. - f. f. - f.

— 1+2 i+1_ i+l i

5i+1_ o o k|+15| OCKIi/IbKM 5 1>0,To
i i

f.+2—2f.+1+f.

5 < ' hkl L MigcTasnmo Lo HepisHicTb y hopmyny (3).

ii+1

1)

)

©)
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AR TR LTS T L P R P W
I 1
hlkl +1
3BIfKW :
-f. -1
1+2
1”7 AeRl_ hf/ oot
i+1 i
OcCKinbKu 05<k <1 konu M 2 MI LT O,5s Rlsl.
I3 HepiBHICTb R1 20,5 0Tp|/||\/|ae|v|
5f. , —3f. —2f.
/ _ i+l i i+2
fi <R,.AeR, = - : 4
[
I3 HepiBHOCTI Rlsl OTPUMaEMO
3f. . —2f - f
/ i+l i i+2
f > R3, ne R3 = hi : (5)
HepisHocTi (4) i(5) cymicHi Konu
R, < f/ <Ry. (6)
OcCKinbkun 1< k <2 Komm M =M. i1 TOo 1< R1s2.
I3 HepiBHOCTI R1 >1 OTpVIMaGMO
/
fi < R3 : @)
I3 HepiBHOCTI R1 < 2 OTPUMAEMO
4f. , —3f. -2f.
/ —_ i+l i i+2
fi 2R4,,c|,eR4 = - : (8)
[
HepisHocTi (7) i (8) cymMicHI Konu
R, < f/ <Rj. ©)
Takum YMHOM, AKLLO0 418 3HAYeHb NepLlol NOoXiAHOT fi/ , Un X anpokcumain D, Bu-
KOHYtOTbCA ymoBM (6), koM M. >M|+1’ yn ymosu (9), Konu Mi SMi+1’ (hyHKUiA
S//(x)zo. Konu ui yMOBM He BMKOHYHOTLCA, (YHKLisA S//(x) MOXe OYTW 3HaKO3MiHHOMO,

L0 NPU3BOAUTBL A0 ocumnauii rpadika pyHKuUii S(X) .

Cnucok nitepatypu: 1. 3asbanos FO.C., Ksacos B.W., MupowwHuyeHko B.J1. MeTo-
Abl cnnainH yHKumia. -M. : Hayka 1980.-350c.
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CUNOBE PEIYJTIOBAHHA MNMPUBOAA MAHIMNYNATOPA
B NMPOLIECI CBEPAJ/TIHHA

Manic ®., PyciH B. (OTTO-hoH-I"epike-YHiBepcuTeT, M.Margebypr, HimeyunHa),
LHeligep A. (PpayHxotep-iHcTUTY T, M.Maraebypr, HimeuunHa),
Baubko B. (kadg. CMNY, JoHHTY, M.[JoHeLpK, YKpaiHa)

OcTaHHIM YacoMm 3pocTae iHTepec 40 aBTOMaTm3alii NpoLecy CBepA/liHHSA, a TaKoX [0
BMKOHaHHS A0ro 3a [0rMoMorot poboTiB-MaHinynaTopiB. 3acToCyBaHHA PO6OTIB A4/1s CBEpA-
NiHHA B aTOMaTM30BaHNX TEXHONOTIYHMX MpoLecax MoXe OyTu NOTpiGHMM A1 TakKuX onepa-
Ui, SK MOHTaX, AEeMOHTaX, YTui3ayis, cepBicHi onepauil y MeguuuHi [1]; cBepaniHHA B ce-
pefoBuLLi, L0 € HEOE3MEYHUM AJ15 XKUTTELISANBHOCTI NIOANHN [2]; B KOCMIYHIN ranysi.

AHani3 npoLecy cBepA/iHHA | TEXHONOTIYHMX BUMOT [0 HbOr0 [03BOMAKTL BUAIINTY
HaCTYMNHi NPUYNHK, LLLO 06YMOB/IIOKOTL HEOOXIAHICTL KOHPONIOBATM CUTY KOHTaKTY MiX CBe-
PAJIOM | MaTepiasioM Npv CBepA/IiHHI 3a JONMOMOrOK MaHinynATopiB:

. no3uuiiHe perynoBaHHA MaHiMynsTopiB 3 BUCOKOK TOYHICTIO BUK/IMKAE TPY-
[HOLL, TOMY LLIO MaHINyNATOPY MatoTb, AK NPaBUsIo, HEAOCTATHLO XKOPCTKY KOHCTPYKLitO;
. [OCNIPKEHHSA [OBOAATH, WO CWNa KOHTaKTy MK CBEPA/IOM Ta MaTepiaiom

6e3nocepesHbO NOB’A3aHa 3 TaKUM TEXHOMOTIYHMM MapaMeTpoM CBEPA/IHHSA, AK LWBUAKICTb
nofaHHA CBepANa, AKMUN Mae ByTU KOHTPO/IbOBAHUM, TOMY € CEHC Y CU/IOBOMY PEry/toBaHHi;

. Cy4yacHi npouecu CBepANiHHA BMMaratoTb TPMMaTU CUNY KOHTAaKTy Ha BU3Ha-
YeHOMY piBHI;
. CWAY, WO BUHMKAKOTL Mif Yac KOHTaKTY, MalTb He MepeBuLLyBaTh JONYCTU-

MUX 3HAYeHb, W06 YHUKHYTN MeXaHI4YHOr 0 NMOLUKOKEHHS MaHINynsaTopa.

OTKe, MOXHa roBOpUTY MPO TEXHOMOrIYHe YNpaB/iHHA NPOLLECOM CBepA/IiHHSA 3a [0-
MOMOIOKO PeryntoBaHHA CUIM NOLAHHA CBepAa.

Lis npobnema 6yna BXe AoCNifKeHa HayKOBLAMW. 30Kpema, NnepemilleHHst Kopnycy
LLaraklo4oro poboTy Ansa peanisadii cBepANiHHSA, KEPOBaHi 3a 40NOMOrow iH(opmaLii Npo cu-
Ny KOHTaKTy pgocnimkysanunca Y.lmykepom Ta A.LLUHerigepom [3]. Cunose ynpaBniHHA
NPUBOAOM MaHinynaTopa BUKoHyBanu . Anici Ta P.[aHiens [1]. B cBOili po60Ti BOHW 3acToO-
COBYBA/IM K/laCUYHI MeTOAM Ans ynpasniHHA maHinynatopom PUMA 560 nig yac peanizauii
npoLiecy cBepA/iHHSA.

T0NOBHOI METOH AOCMILKEHb LLOAO CUI0BOMO YNpasiHHA MPUBOAOM MaHINynsaTopa
B Npoueci CBepANiHHA, L0 BUKOHYBaMCA B BiAaini asTomarusauii dpayHxogep-iHCTUTYTa
(M.Marpgebypr, HimeuunHa), 6yno 3HainTv anroputm ynpasniHHA, AKUA HaKpawum YUHOM
OyB 61 NpuaaTHUM A1 PerynitoBaHHA CUW NMOoJaHHS CBepAa B NPOLECi cBepa/liHHA. B pam-
Kax L€l pob0oTu 6y po3rnsHeHi pi3Hi METoAM peryntoBaHHS CUAM KOHTaKTY i BUPILLEHO, L0
AN CBEPANIHHSA MaHiNynsaTopoM NOTPi6HO 3aCTOCOBYBATU METOAW, AKi peani3ytoTb aKTUBHY
NnoJaT/IMBICTb MaHiNynaTopis. Byno 3HangeHo, WO HalKpawyM YNHOM 18 BUKOHAHHS TeX-
HOMIOTIYHMX BUMOT [0 CBEPA/IiHHA Nacye nosuuiiHe perysntoBaHHA NpMBOAa MaHinynsTopa 3
HaknafgeHM KOHTYPOM peryntoBaHHs cunm (puc. 1). HaknageHwin perynsatop cuim fgogae He-
06XiHY KOPEKL,it0 MOIOXKEHHS MaHinynsaTopa Ans YyTPUMaHHS CUAN KOHTaKTY Ha NOCTiIHOMY
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PiBHI. € TaK0X MOX/IMBICTb PO3IMKHYTM KOHTYP CUAW, | TOAI NpMBOA MaHinynatopa 6yae
NnLLe NO3ULIAHO perynboBaHuM. Lie [03BO/ISE LIBMAKO MiABECTM CBEPA/IO A0 MOBEPXHI, KON
BiJOMa KOOpAMHATA TOUKM KOHTaKTY.
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Puc. 1. CTpyKTypHa cXxema Mo3unLiiiHOro perynioBaHHs NpuUBoAa 3 HaknafeHUM KOH-
TYPOM PEryntoBaHHs CUY

EKcrnepvMeHTaNbHI JOCMIIKEHHA MPOBOAWINCA 3 MaHINY/NATOPOM LUararoyoro poboty
“KartapuHa”, wo 6yB po3pobneHnii B ®payHxodep-iHCTUTYTi. CTPYKTYypa A0CNIAHULBKOT YC-
TaHOBKM 306paXkeHa Ha puc. 2.
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HA NPVMBOAOM MaHinyndTopa 3a Aoro-
MOrOK KOHTpOsiepa Ha 6asi curHasib-
HOro npouecopa. [BuryH nocTiHOro

= lsmn CTPYMY MaHINynaTopy >XWBMBCA Bif
o KepoBaHOro KOHTPO/NepOM MepPeTBo-
Ist w .
Masinynsirop proBaya, AKMIA peanizoByBaB LUMPOT-
F. HO-IMMY/NIbCHY MOAYNALLIO.
Pist

Puc. 2. 3arasibHa nobyaosa LOCNIAHULBKOT YCTaHOBKM

MaHinynaTop 306paxeHo Ha puc. 3.

Opunb

Jatumk cunmn

[BWryH nocTiiiHOro cTpymy,
YepB'AYHUIA peaykTop,
No3uLiiHWIA NOTEHLOMETP

=

LWtaHra

Crilika

Puc. 3. 3aranbHa nobyaosa MaHinynaTopa
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Pe3ynbTaT¥ MOZENOBAHHA CBEPA/IIHHA | MPaKTUYHI pe3ynbTaTy NpefcTaBfieHi Ha
puc. 4.
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Puc. 4. EKcnepuMeHTanbHI pesy/ibTaTy PeryfitoBaHHA CUW MOAAHHA Mif Yac CBeps-
NiHHA (F — cnna, X — NnepemiLLeHHA MaHinynaTopa); a) NOPiBHAHHSA 3 pe3y/ibTaTaMu MOLENto-
BaHHSA; 6) nepexifHi npouecy 3 pisHUM 3aBAaHHAM CUIIN.

B AKocTi cunoBoro perynstopa 6yB BukopucTaHuid IM-perynsrop, wo6 YHUKHYTH
CTaTUYHOT MOMUIIKMN.

Ha puc. 4,a NOpPiBHIOKOTLCA PE3Yy/bTaT! MOLE/OBAHHA 3 NPaKTUYHUMK. BoHW CBIf-
yaTb, WO BMOpaHa cUCTEMA PerynioBaHHA MOXe OYTW BMKOpUCTaHa A4/ BUPILLEHHS MOCTaB-
NEeHOro 3aBAaHHA. MOTpiGHO BiA3HAUMTK, LWLO B AaHin cucTemi Gyna BUSBNEHA 3aNeXHICTb
SIKOCTI nepexigHMX MPOoLEeCiB Bif BEMYMHN 3aBfaHHSA. TOOTO perynarop 3 NoCTinHMMK napa-
MeTpamy MoXxe 3a6e3MeynTI 3a0BiNbHI pesy/bTaTy NnLle B 06MeXeHOMY poboyomy Auana-

30Hi.

[na po3wmpeHHs poboyoro avanasoHy 6yn0 BUKOHaHe HeniHiiHe perysntoBaHHS 3a
fornomoroto asi-norikv [4]. Cructema peryntoBaHHA Mpy LbOMY 3a/nLLIMMacA He3MIHHOHO, a
napameTpu perynsaTopa cuim aMiHKBa/IUCA 3a AONOMOroro (hasi-aganTauil (puc. 5).
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Puc. 5. HeniHiiiHe peryntoBaHHs Cum
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dasi-npasuna 6ynu cknageHi TakumM YMHOM, LLLO6 Ha NoyaTKy nepexigHoro npoecy,
KONW NOMWMKa AYXKe BeNnKa, NnapameTpu perynsropa 6ynu Ha mexi CTIKOCTI. 3i 3MeHLLEeH-
HAM MOMWJ/IKM PeryntoBaHHA napameTpy 3MiHIOBaINUCh, WO6 BigNoBigaTM MOLY/ILHOMY OMTMK-
MYMY, i B KiHLi NepexigHoro NpoLecy BOHW NPUAMany 3Ha4yeHHsl, MeHLi 3a Ti, Wo BiAnoBi-
A1 MOAYNbHOMY ONTUMYMY. TakuM YMHOM Byna 3pobieHa cnpo6a YHUKHYTW nepeperynto-
BaHHSs.

PesynbTaTu 3aCTOCYBaHHA (pasi-agantayii npeAcTas/ieHi Ha puc. 6.
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Puc. 6. 3acTocyBaHHA (pasi-afanTauil 418 NOKpaLLeHHA AKOCTI nepexigHMX npoLecis
Npw 3MiHI 3aBaHHA Ha cuny

Cnuparounch Ha ycnilHy peasnizauito ccTeMI yrpasiHHSA NPUBOAOM MaHINynsaTopa
| NpuBeAeHi eKcrnepuMeHTaslbHI pe3ynbTaTi, MOXKHa 3p06UTY BUCHOBOK, LLO MPOLEC CBEpA-
NiHHS MOXe BYTN BUKOHaHWi 3a AONOMOIOK poboTiB-MaHinynaTopis. Jocnign nokasanu, Wwo
AN15 3a0e3MneyeHHs 3af0BiflbHUX pe3yNbTaTiB Y LWMPOKOMY Avana3oHi 3aBfaHb CUIN € fopey-
HMM HeniHiHe perynoBaHHs. Y pamKax Lporo 6yna ycnilHo 3acTocoBaHa (hasun-norika. Mae
CEeHC MepeBipUTN MOX/MBICTb 3aCTOCYBaHHS IHLUNX IHTENEKTYa/lbHUX METOAIB AN peanisauii
HEeNiHIHOr O perynoBaHHs, 30KpeMa HelipOHa/IbHUX CITOK.

Cnucok nitepatypu: 1. Schraft R.D., Volz H. Serviceroboter. Innovative Technik in
Dienstleistung und Versorgung. — Berlin: Springer Verlag, 1990. 2. Alici G., Daniel R.W.
Force-control-based robotic drilling in hazardous environments // International Journal of Ro-
botics and Automation, 1996,Vol. 11, No.2.- Pp. 62-73. 3. Gorinevsky D.M., Schneider A.
Yu. Force control in locomotion of legged vehicle over rigid and soft surfaces // International
Journal of Robotics Research, 1990, 9/2. — Pp. 4-23. 4. Palis F., Rusin V. Adaptive impedance
control of robot systems with mechanical constraints / 10" International Workshop on Robot-
ics in ALPE-ADRIA-DANUBE REGION, RAAD’61.-Vienna, 2001.
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PO3POBKA A/ITOPUTMIB PEIYJIFOBAHHA A/1A PEA]'II3A‘LI,I'I' MO/JENEW
HABAHTAXEHHA HA JIABOPATOPHIN TEXHOJIOINYHIN YCTAHOBLII

PipeHwTans Y. (OTTO-(hoH-Iepike-YHiBepcuTeT, M.Maraebypr, HimeyunHa)
MeTpyk B.®. (kad. CMY, JoHHTY, m.[JoHeubK, YKpaiHa)
BaHHak A. (OTTO-(hoH-I"epike-YHiBepcuTeT, M.Margebypr, HimeyunHa)

KomnnekcHa aBToMatm3alis TeXHOOriYHOro npoLecy, BUCOKa HafiiHiCTb Ta npo-
CTe BBEJeHHA B eKcryaTauito efleKTPUYHNX NPUBOAIB € MigcTaBamu 415 NOLa/IbLIOro PO3BU-
TKY Ta BUABNEHHA HOBMX rasly3ei iX 3acTOCyBaHHSA. [pn LbOMY CTae Ay>Ke BaXIMBUM PO3-
rNAAaHHA eNeKTPOnNpMBOAA Y CYKYMHOCTI 3 06’€KTOM PerysitoBaHHA, a caMoro npuBofa-He K
YXOPCTKOro 3'€JHaHHA ABWUIyHa Ta reHeparopa, NpoTe AK enacTUYHOT ABO- abo TPUMacoBOI
MeXaHiYHOT CUCTEMMN.
CxemaTtunyHe 306paXkKeHHs TPMMacOoBOT CUCTeMM MOKasaHe Ha puc. 1.

ABuryH PeaykTop HaBaHTaXXEHHS
My, l my, / 3 m,, N my
Oy, Py Iu ¢ @, ¢ J

Puc.1. TpumacoBa MexaHi4yHa cMCTeMa efleKTponprBeoja

MogentoBaHHS Takol cucTemy nepefbayac po3paxyHOK Ta NobyaoBy perynstopis
LUBWAKOCTI. B pamKax Li€i po6oTu nopyu i3 TpaguuiinHum Ml-perynsatopomM WBMAKOCTI 6yno
3anpoBapKeHO 1 HOBE AOCATHEHHS Y ranysi peryntoBaHHs efleKTPUYHUX NPUBOAIB — TaK 3Ba-
Hi MofanbHI perynaTopu 3i cnoctepiradaMmu Apyroro ta TpeTboro Buay (Zustandsregler mit
dem Beobachter 2.Art, Zustandsregler mit dem Beobachter 3.Art). Lli HOBI (hopMun MOANbHNX
perynatopis 6yno BnpoBamkeHo B OTTO-oH-Iepike-YHiBepcuteti m.Margebypr, BOHM €
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Puc. 2. Peakuis cucteMn Ha TUMOBE 3aBAaHHA 3 PIHUMU
Bugamu perynartopis (1- MMl-perynarop, 2-mofanbHWUiA pery-
NATOp 3i cnocTepirayeM 2 Buay, 3-MofasbHWUIA perynatop 3i
cnocTepirayem 3 Bugy).



NH>XEHEP, Ne 3, 2002 r. 65

CMpOLLeHMMY hopMaMmn TPaAMLIAHOro MOAaIbHOrO perynsTopa 3 crnocTepirayem, ase noka-
3ylOTb MNPW LUbOMY pe3ynbTaTh He TipLui 3a CBOro nonepeaHuka. Puc. 2 Hagjae NopiBHANbHY
XapaKTepUCTUKY peakLii TPUMacoBOT CUCTEMM Ha Kepyrounid Ta 36ypHUIA BNMBW.

MopiBHAHHSA Haae MOXK/IMBICTb BCTAHOBUTK, L0 ONTUMa/IbHUM 3 HaBeLEeHUX NpuKa-
AiB € perynoBaHHA 3a AONMOMOrol MOA&/ILHOIO perynatopa 3i cnocrepiradem 2 sugy. Mpu
LLbOMY MepeperynoBaHHsA CTaHOBUTb 6/1M3bK0 2 % 3a Kepytouum BrnAvBoM. CyTTEBUM Hefo-
NiKOM HOBUMX BUAIB PEryNtOBaHHSA € Te, L0 ONTMMI3aLlia TX NMPOBOAM/IACA 3a KepYUUM BNN-
BOM, MpY LibOMY NepeperysitoBaHHA 3a 30ypeHHAM CTaHOBUTL 6/1M3bK0 5%.

Hapani npomofenboBaHy TPUMAacoBY CUCTEMY 3 MOLASIbHUM PerynsaTopom 3i crocTe-
piradvem 2 Bugy 6yno 3a pgonomorot Real-Time-Workshop-Toolbox (Matlab, The
MathWorks, Inc.) Ta npuHumnom Hardware-in-the-loop-Simulation BnpoBamkeHO Ha fito4vy
NnabopaTopHy TEXHOMOriYHY YCTaHOBKY 3 METOK MOPIBHAHHA MOAEMOBAHHA 3 NPaKTUYHUMK
pe3ynbTaTtaMmu Ta KOHTPO/HO AKOCTI PerysitoBaHHS.

MpuHumn Hardware-in-the-loop-Simulation 0CHOBaHWIn Ha TOMy, L0 OAHa 4YacTUHA
NPUBOAY € peasibHO MOOYA0BaHOK MalMHOK (ABWUIYH), NpoTe AK iHWa (MalluHa HaBaHTa-
YXeHHA abo reHepaTop) € MOAe/IbOBaHOK B PEXXMMI peasibHOro vacy. [ns noefHaHHA peasb-
HOro NMpYBOZA Ta MOZE/OBaHHA OYy/10 BNPOBaMKEeHO LOAATKOBe anapaTtHe 3abesneyeHHs Hi-
MeLbKoT dipmy dSpace GmbH. Ha nabopaTopHiii TEXHOMOTIYHIA YCTAHOBL Kpi3b 3MiHY Y
yaci AMHaMIYHOro MOMEHTY B 3a/1eXXHOCTI Bif, LLUBMAKOCTI 06epTaHHA Np1BoAY 3a A0NOMOro0
MOZe/ItOBaHHA 6YN0 AOCATHYTO NEBHOT peakLil MaMHN HaBaHTaXKeHHS Ha ABUryH. Po3paxo-
BaHUi MOMEHT OMopy MPWBOLY MOAAETLCS Y SKOCTI 3aBAaHHSA Ha MalUWHY HaBaHTaXKEHHS,
TOO6TO Ha MOfe/lb HaBaHTAXEHHS, BUXOAOM € peasibHUA MOMEHT, LU0 MepesacTbCA Ha Ban
npueoga. CTpyKTypa MoAeni HaBaHTaXKeHHS 306paxkeHa Ha puc. 3.
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Puc. 3. Mogesnb HaBaHTaXXeHHS TPMMAcoBOT CUCTeMU 3a NpuHLUMNnomM Hardware-in-the-
loop-Simulation
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Ha puc. 4 HaBefieHO NOPIBHAMbHI pe3y/nbTaTh TPUMAcoBOT CUCTEMU, WO 6yna NPoOMo-
[eNboBaHa 3 peaslbHOK TPUMACOBOK CUCTEMOKD, NO6YA0BAHO 3a NpuHLUMNoM Hardware-in-
the-loop-Simulation. B 060x Bunagkax 6yB 3anpoBafpKeHWU MOAaNbHWUIA Perynarop 3i cro-
cTepirayem 2 Buay, pesynbTaToM € peakLisi CUCTEMU Ha KepYOUniA Ta 30YpHUIA BNINBW.

O/ oy ! ! : ! :
1 : | : |
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O - === - - - - - S EEEE TR R R R T---------- F-- -
2 248 3 3.4h 4 t.cek.
Puc. 4. MopiBHANbHA XapaKTepucTMKa peakuii TpMMacoBOl CUCTEMM 3

peakLieto peasibHOT cUCTeMu, NO6ya0BaHOI 3a NpuHUMnoM Hardware-in-the-loop-Simulation
Ha Kepyrounii Ta 36ypHuin Bnamem (1- npomoaensoBaHa CUCTEMA, 2-peanibHa CUCTEMA)

Ha puc. 4 4iTKO BMAHO, WO B MPOLECI MYCKY CUCTEMM OCTaHHA 3HAXOAMTLCA Nif
BMN/IMBOM OfHi€l 3 ABOX TI pe30HaHCHMX 4acToT, a came 10,4 'y, HeBenuka HecTabifnbHICTbL B
CTaTMYHOMY peXxKuMi NoB’a3aHa 3 NpobieMoro 6araToKpaTHOro LMgpo-aHasoroBoro- Ta aHa-
NOroBO-LMHPOBOr0-NepeTBOPEHHS.

Cnucok nitepatypu: 1. Riefenstahl U.: Elektrische Antriebstechnik. Stuttgart-
Leipzig, B.G. Teubner, 2000. 2. Schroder D.: Elektrische Antriebe 2. Berlin Heidelberg,
SpringerVerlag, 1995. 3. Schitte F., Bunte A., Grotstollen H.: Hardware-in-the-loop-
Simulation elektro-mechanischer Systeme, Universitat-Gesamthochschule Paderborn, FB 14,
Leistungselektronik und elektrische Antriebstechnik, Padeborn, 2000. 4. Vockel E.:
Optimierung drehzahlgeregelter elektrischer Antriebe mit drehelastischer Mechanik, MSR,
Berlin, 1987. 5. Follinger O.: Regelungstechnik, Heidelberg: Hitig Verlag, 1990.
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ONTUMU3ALINA CTPYKTYPbl HEMPOHHbIX CETEW C NMOMOLLbIO
MEEHETUYECKNX A/ITOPNTMOB B 3AJAYAX POBOTOTEXHUKN

CknapeHko E. I". (kad. CMY, JoHHTY, r.[JoHeLK, YKpanHa)
AkceHTuIn B. B. (kach. CMY, JoHHTY, r.[JoHeukK, YKpanHa)

B nocnefHwe rofbl cpeau cneyuanncToB B 061acTv TeOPUM aBTOMATMUECKOTO YrpaB-
NEHNs HAaMEeTU/ICA NMOABEM UHTEpPeca K HOBbIM HeTPaMLMOHHLIM NoAaXoAaM, 06beUHEHHbIM
06LLelt Lienbio MHTEeNNEeKTYam3aumMm cucteM ynpasneHnsi. CBOMCTBEHHbIE Ye/IOBEKY MpUeMbI
MbILLIEHWUSA Peasin3ytoTcs Npy 3TOM Ha 6a3e reHeTUYECKUX a/ifOPUTMOB M UCKYCCTBEHHbIX
HEMPOHHbIX ceTeld. Kakaoe M3 HanpaBneHWin MMeeT cneuuguyeckne 061actn NpUMeHeHNs 1
ABNSAETCA MOLUHLIM UHCTPYMEHTOM A/11 pPeLleHns onpesenieHHoro Kpyra 3afad. VIHTerpmpys
e 3TV NoAxoAbl, MOXHO BbIATN Ha Ka4eCTBEHHO HOBbIV YPOBEHb CO3LaHWS UHTENNEKTYaslb-
HbIX CUCTEM.

O6bEKTOM MCCNEe0BaHWI JaHHON paboTbl ABASETCSA YMCNEHHBIV MeTOZ, Npeobpasosa-
HWS KOOPAMHAT B CUCTEMAX PerynmpoBaHuns poboTamm ¢ NOMOLLbHO UCKYCCTBEHHbIX HEMPOH-
HbIX ceTell. OCHOBHas Lie/lb UCCNef0BaHWIA — NPOBEPUTb BO3MOXHOCTb MCMO/Ib30BaHUSA reHe-
TUYECKMX aNIrTOPUTMOB /15 ONTUMU3ALMIN CTPYKTYPbI HEMpoceTeil Ha npumepe npeobpas3oBa-
HUA KoopamHaT B cucteMe ynpasneHns SCARA-po60TOM, CM. puc 1.
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Puc. 1. CtpykTypa (a) 1 cucteMbl kKoopamHat (6) SCARA-poboTa

B poboToTexHMKe NpeAcTaBnseT MHTepec npeobpasoBaHMe AeKapTOBLIX KOOPAMHAT
cxBaTa poboTa p M BO3MOXHO €ro opueHTauuy R B yrnoBble KOOPAUHATbI MONOXEHNS coue-
HEHWIN (|, KOTOPOE Ha3bIBAeTCA 0O6paTHbIM KMHEMATMYECKMM MpPeobpa3oBaHMEM KOOpAMHaT
nnn obpaTHoO 3agadelt KuHematu [1]:

g =T*p.R). (1)

061 Nnoaxoa Ans aHAMTUYECKOro peLleHns 06paTHO 3aaum KMHEMATU He K3BeC-
TeH. MM03TOMy ANst KaXXA0ro po6oTa J0/MKHO GbiTh HaliieHO COBCTBEHHOE peLLIEHe, KOTOPOE
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Jaxe Ana Takoro npoctoro po6ota kak SCARA sBnsieTcA [0CTaTOYHO C/IOXKHbIM. B 3TOM
Cnyyae NpuobpeTaeT aKkTyaSbHOCTb MAESA MCNOMb30BaHWSA HelipoceTel [2] ANs HaxOoXaeHUs
peLLeHns nyTeM 06y4yeHus.

B cnyuae paccmatpuaemoro po6ota SCARA obpaTHas 3aava KMHEMATUKN COCTOUT
B HAXOX[JEHWUN YrnoBbIX KOOPAMHAT (0,,d,) MOMOXEHWS COYNEHEHWIA MO [EeKaTPOBbIM KOOp-

AMHaTaM NonoxXeHus cxeara (X, y) B cucteme KoopamHat XoYoZo, CM. puc. 16. KoopanHata z
cxBaTa OA4HO3HAYHO ONpeaensieT (s, & OPUeHTaums cxsaTa MpU U3BECTHbIX (1 U (2 AaeT
BO3MOXHOCTb OMpesennTb NIErko qa .

HeilpoHHas ceTb, KoTOpas Wuc-
nofb3oBaiacb Ansa  npeobpasoBaHus
KOOpAMHAT,- 3TO MHOFOC/IOMHBbIA nep-
LIeNTPOH C ABYMS BXOZamu, ABYMS Bbl-
X04amMu MU ABYMSI CKPbITbIMU C/IOAMMU.
HeipoHbl B CKPbITbIX CNOSIX WMET
TaHreHC-CUrMOMAHbIE  MnepefaToyHble
(hYHKUMW. BbIXOLHOW C/OW COAEPXKUT
[Ba IMHENHbIX HelipoHa, YTo6bl He or-
paHN4MBaTb 3HaYeHUSA BbIXOAHBLIX e-
PeMeHHbIX. Takum 06pa3oM, CTPYKTypa
HeMpoCeTN UMeeT NpeACTaBNeHHbIA Ha
puc. 2 Bug.

Puc. 2. MHOrocnoviHblii  NepuenTpoH  Ans
onpeaeneHns KOOPAMHAT COYSIEHEH WA

OObIYHO Ha NpPaKTUKe METOAOM MPOOHbLIX TPEHMPOBOK NOABUPAIOT Takoe YUC/O Heil-
POHOB B CKPbITbIX CNOSX HEMpoceTu, KOTopoe obecrneynBaeT Tpebyemyro cpepaHe-
KBafpaTUYHYIO OLUMOKY TPEHUPOBKM CETU MPU HafeXXHOCTU ee CXOAUMOCTK. MoNHbIA nepe-
O0p BCEX BO3MOXHbIX KOMOWMHALMIA OYeHb TPYLOEMOK M 3a4acTyt0 He BO3MOXEH. B fjaHHOM
cnyyae 6bln BbINOMHEH Nepebop BapbMpOBaHMEM Yunc/ia HEPOHOB B NMePBOM C/I0€ OT O4HOrO
[0 ABajuaTti 1 BO BTOPOM - OT O4HOrO [0 AeCATW, CM. Ha pucC. 3. ATO MO3BONUT OLEHNUTL pe-
3yNbTaTbl, MPeLCTaB/IEHHbIE HMXe.

[ns HaxoXAeHNs ONTUMa/IbHOM CTPYKTYPbl HEMPOCETM MOXHO MCMO/b30BaTb FeHe-
Tnuueckuii anroputm (FCA) [3], KOTOpbI ABNSETCA YHUBEPCA/IbHBIM UHCTPYMEHTOM OMTUMMU-
3auun. ONTMManbHOCTb CETU JO/MKHa XapaKTepn3oBaTbCA KaK MUHUMAaSIbHOCTHHO OLUMGKM
TPEHWPOBKM, TaK Y MUHUMa/IbHOCTBIO UCMOJb3YeMbIX HEAPOHOB. [19 onpefenieHns COOTHO-
LUEHNS MeXAy 3TUMK BennynHamn 6blia BBeAEHa crefytowas hopmyna rnokasarens Kayect-
Ba:

L= 10-2 . ei'l . ni'z ) (2)

roe Ll — npucnocobneHHOCTb i-0i 0co6u (ONTUManbHOCTbL CETH),
ei — CpefHeKBagpaTUyHas OLUMOKa TPEHUPOBKM i-0ii ceTw,
ni — 06LLee KONMYECTBO HEPOHOB B 060MX CKPbITLIX COSX i-OM CETW.
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Puc. 3. PesynbTaTbl TPEHUPOBKM HelipoceTei

B ncnonb3yemom A Gbinn cAenaHbl Takxe cnefyLiye YCTaHOBKMU:

. BeIMYMHaA nonynauumn — 20 ocobeid;
. 4MCNo MOKOseHMn — 50;
. 06nactb nomcka — 200 HelipOHHbIX CeTell

(1..20 HeilpoHOB B NepBoM cnoe, 1 1..10 HepOHOB — BO BTOPOM).
Pe3ynbTat paboTbl FeHETUYECKOr0 aliropyUTMa NpeAcTaBieH Ha puc. 4.

Hep o~

/

2 /\/
1 7
0 10 20 30 40 50
[MokoneHnsA

a) 9)

Puc. 4. KpuBasi UI3MEHEHUS CpefiHeN NpMcnoco6/1eHHOCTM ceTel B npoLecce paboThbl
I"A (a) n Kpyrosas anarpaMmma KOHEYHOro nokosneHus (6)
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B kpyroBoii guarpamme 415 KOHEYHOTO MOKOMEHUS, CM. puc. 46, BeNMUMHa ceKTopa
COOTBETCTBYET MPOLEHTHOMY OTHOLLEHMIO MOKa3aTeNs KayecTBa COOTBETCTBYIOLLEN CETU K
CyMMapHOMY MOKa3aTe/to KayecTsa Bcei nonynsuumn. OnTrManbHas HeilipoHHas CeTb C MOKa-
3aTenem Kavectsa 18,3 nMeeT No 7 HelipOHOB B CKPbITbIX CMosiX. PaboTa gaHHOM ONTUMK3N-
POBaHHOW CETY XapaKTepu3yeTcs CNeAyHLWnMmM NoKasaTensMu:

. cpeAHeKBagpaTnyHas owmnobka 2,5-10°° pag,

. cpefiHee OTK/IOHEHWEe pe3y/bTUPYIOWMX TOYEK OT 3aJaBaemblX B [eKaTpOBOi
cucteme KoopauHat meHee 0,1 Mm, CM. puc. 5.

[aHHble nokasaTenun yA0BNETBOPAIOT TpeboBaHMAM K pabote SCARA-po6oTa. Ans
onpefeneHns CpefHero OTKIOHEHWS Pe3yNbTUPYIOLLMX TOYEK OT 3a4aBaeMblX B [eKaTPOBOiA
CUCTEME KOOPAMHAT Ha BXOZbl HEMpOCeTW nofasannch cnyyaliHble KoopanHatbl (%, §). . CeTb

reHepvpoBasa npy 3TOM 3HaYeHHs KoopauHat oceid (q,,d,);. MocnefHve npeobpas3oBbiBa-
NICb C NMOMOLLBI0 TOYHBIX aHASIMTUYECKMNX BbIPXKEHWI NPAMON KMHEMATUKKN po6oTa B No3u-
LMK (X,Y)i U CpaBHUBAINCD C 3aaHHBIMU KoopauHatamu (X, ), .

0.08 0.1

AENE N1 AR En v
S A e M i
A8 O ML L

-0.02 \
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o
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>
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a) 6)
Puc. 5. X-owmnbKa (a) 1 y-owumbka (6) npyu obpatHom npeobpa3oBaHUN KOOPAMHAT
[LNS CTa TECTOBbIX TOYEK

MonyyeHHble pe3ynbTaTbl NOKa3bIBatOT, YTO BEMUMHBI OLUMOOK, KOTOPbIE BOSHMKAKOT
npu MHBEPCHOM Mpeobpa3oBaHUM KOOPAMHAT, HE3HAUMTE/IbHbl. TO NOATBEPKAAET NPUH-
UMNUaNbHY0 BO3MOXHOCTb peasim3aumy KMHeMaTUYeckoro npeobpasoBaHus KOOpAMHAT B
POBGOTOTEXHUKE C MOMOLLbK HEAPOHHBLIX CETel M MX ONTUMU3ALMU C NMOMOLLBIO FeHeTuYe-
CKUMMX aiIrOpPUTMOB.

Cnucok nutepatypsbl: 1. ®dy K., FoHcanec P., /ln, K. PO60TOTEXHUKA, Nep. C aHr /.-
M.: Mup, 1989, ISBN 5-03-000805-5. 2. Wloka D. et al. Anwendungsstand Kinstlicher
Neuronaler Netze in der Robotik. In Neuronale Netze in der Automatisierungstechnik. Hrsg.
Hafner, S. Minchen, Wien: Oldenburg, 1994, 48-73, ISBN 3-486-22878-1. 3. Schoeneburg E.
Genetische Algorithmen und Evolutionsstrategie: Eine Einfuerung in Theorie und Praxis der
simulierten Evolution. — Bonn; Paris; Reding, Mass: Addison-Wesley, 1996, 488 s, ISBN 3-
89319-493-2.
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OMNPEAENEHNE ANHAMUWHECKNX XAPAKTEPUCTNK TOKAPHOI'O
CTAHKA C AJATNTTUBHOW CNCTEMOW YTIPABJIEHNA

XopxopauH A.B., Mopobel, N.A., boneiiko B.B. (JoHHTY, [oHeLK)

Pa3paboTKa afianTUBHOW CUCTEMbI YNPaB/ieHUs METa/IIOPEXYLLMM CTaHKOM [1,2] 3a-
TPYAHWTENbHA 6e3 ONMcaHNs ero AUHaMUYeCKUX XapakTepucTuk. C Lefibio OnNucaHus AMHa-
MUYECKMX XapaKTepUCTUK TOKApPHOTO CTaHKa aBTopaMm OblIn NPOBeAeHbI CrelnaibHbIe 3KC-
MepumeHTasIbHble uccnefoBaHus. MposefeM aHann3 nosilyYeHHbIX 3KCMEePUMEHTOM peasinsa-
UMiA. Mpn 3TOM NPeANOoXNM, YTO 0OBEKT YNPaB/ieHUs ONUCLIBAETCA YPaBHEHNEM TPETLEro
nopsiaKa, No3TOMYy OH MOXET 6bITb OMNUCaH SIMHENHBIM AUdhepeHLMaNbHbIM YpaBHEHNEM C
MOCTOSAHHBIMU KO3(h(hULUMEHTaMN CNeAYIOLLEro BUaa:

3ToMy AuddepeHunanbHOMY YpaBHEHUIO COOTBETCTBYET NepeaaTrovHas yHKUms 3-
ro nopsigka:
k :
agp® +a,p? +ap+1’
rae ai, a, az— NOCTOAHHbIE KO3(W(MLMEHTDI;

W(s) = (2)

y(t) :;Lﬁ, Yeux (0) =0 — NprBesieHHOe K eIMHULIE OTK/IOHEHWE perynnpyemMoit Benu-
YMHbI B g:;pasmepHOM BME;

X(t) :;L((o?) — MPUBELEHHOE K eAMHMLE BO3MYLLAKoLLLee BO3AENCTBME B Ge3pa3mMepHOM
BMLE; )

OnpefenyMm HensBeCTHble KO3((ULMEHTDI a;, b; MCnonb3ysa cneymanbHy0 CUCTEMY ypaBHe-
HUIA:
5&1 = Fl + bl;
@, =F, +b, +b,F; (3)
B, =F, +b, +b,F, +b,F,.
MapameTpbl Fi, BXOAALLME B 3TY CUCTEMY YPaBHEHUI UMEKOT aHA/IMTUYECKMNE BbIPAXKEHWS :

- [L-y(t)]at 4)
=
F, =F [lL-y] - el (5)
0
F=F° J’[l -yt -20+ 7)ole (6)
0

t o
roe 6 = F — U3MeHeHHbI MaciTab no BPEMEHMN.
1

Onpegenvm napameTpbl (2) MeTogoM CrMOLO, BbINO/HSS CreaytoLLye AeiACTBIS:
1. Ocb abecuyce peannsaLmmy NepexoiHoro NPoLecca B TEXHONOMYECKON CUCTEME Pa3feNnm
Ha OTPe3KM C MHTepBanammn BpemeHn At=0.01c ( NOCKOMbKY AINTENbHOCTb MEPEXOAHOr0
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npouecca B cucteme coctasnset 0,3 €), UCXOAA M3 YCNOBUSA, UTO Ha MPOTSHXKEHUN BCEW
peasm3aumy npouecca napaMeTp CW/bl Pe3aHNs Ye,x HE UMEET PesKnx U3MEeHEeHWN, Tak,
4yTO BMpegenax 2At Mano OTAMYaeTCcs OT NPSMONA.
2. 3HayeHwue Yg,x B KOHLE KaXXAoro nHTepsana At pasgennm Ha y([J) , nofyyeHHble 3Hade-
HUS
0=Yeux / Y(I)  3aHecem B Tabn. 1. Takum 06pa3om, Npueesem (OyHKLUMIO K 6e3pasmMepHOMY
BUAY.
Tabnunuya 1 — Pe3ynbTaTbl BbIMUCIEHWI NepPeAaTOYHON PYHKLUUM CUCTEMbI METOLOM
nnowaaeii CUMoHo

tc y o 1-0 0 1-6 (1-c ) |1 206+ (1-0)(-
*(1-0) | 8%2 20+
6%/2)
0 1466,15 | 0 1.0 0 1 1 1 1

0.01 1464,085 | 0.0026 | 0.9974 | 0.562 | 0.9438 0.9414 |0.8893 | 0.887

0.02 1462,02 | 0.0051 | 0.9949 | 0.1123 | 0.8877 0.8831 | 0.7817 | 0.7777

0.03 1453,73 | 0.0154 | 0.9846 | 0.1685 | 0.8315 0.8187 | 0.6773 | 0.6668

0.04 1445,5 0.0256 | 0.9744 | 0.2246 | 0.7754 0.7555 [ 0.5760 | 0.5612

0.05 1437,24 | 0.0359 | 0.9641 | 0.2808 | 0.7192 0.6934 | 0.4779 | 0.4607

0.06 1424,85 | 0.0513 | 0.9487 | 0.3369 | 0.6631 0.6291 | 0.3829 | 0.3633

0.07 1412,46 | 0.0667 | 0.9333 | 0.3931 | 0.6069 0.5665 | 0.2911 | 0.2717

0.08 1400,07 | 0.0821 | 0.9179 | 0.4492 | 0.5508 0.5056 | 0.2024 | 0.1858

0.09 1383,55 | 0.1026 | 0.8974 | 0.5054 | 0.4946 0.4439 | 0.1169 | 0.1049

0.1 1354,64 | 0.1385| 0.8615 | 0.5616 | 0.4384 0.3777 |0.346 | 0.0298

0.11 1300,95 | 0.2051 | 0.7949 | 0.6177 | 0.3823 0.3039 | -0.0446 | -0.0355

0.12 1280,3 0.2308 | 0.7692 | 0.6739 | 0.3261 0.2509 | -0.1207 | -0.0928

0.13 1239 0.2821 | 0.7179 | 0.73 0.27 0.1938 | -0.1936 | -0.1390

0.14 1214,22 | 0.3128 | 0.6872 | 0.7862 | 0.2138 0.1469 | -0.2633 | -0.1809

0.15 1160,53 | 0.3795 | 0.6205 | 0.8423 | 0.1577 0.0978 | -0.3299 | -0.2047

0.16 1123,36 | 0.4256 | 0.5744 | 0.8985 | 0.1015 0.0583 | -0.3933 | -0.2256

0.17 1073,8 0.4872 | 0.5128 | 0.9546 | 0.0454 0.0233 | -0.4536 | -0.2326

0.18 1027,28 | 0.5077 | 0.4923 | 1.0108 | -0.0108 | -0.0053 | -0.5177 | -0.2514

0.19 1003,59 | 0.5744 | 0.4256 | 1.0670 | -0.067 -0.0285 | -0.5647 | -0.2404

0.2 982,94 0.6 0.4 1.1231 | -0.1231 | -0.0492 | -0.6155 | -0.2462

0.21 949,9 0.6410 | 0.3590 | 1.1793 | -0.1793 | -0.0644 | -0.6632 | -0.2381

0.22 908,8 0.6923 | 0.3077 | 1.2354|-0.2354 | -0.0724 | -0.7077 | -0.2178

0.23 879,69 0.7282 | 0.2718 | 1.2916 | -0.2916 | -0.0792 | -0.7491 | -0.2036

0.24 863,17 0.7487 | 0.2513 | 1.3477 | -0.3477 | -0.0874 | -0.7873 | -0.1978

0.25 821,87 0.8 0.2 1.4039 | -0.4039 | -0.0808 | -0.8223 | -0.1645

0.26 784,7 0.8462 | 0.1538 | 1.4600 | -0.46 -0.0708 | -0.8542 | -0.1314

0.27 751,66 0.8872 | 0.1128 | 1.5162 | -0.5162 | -0.0582 | -0.883 | -0.0996

0.28 722,75 0.9231 | 0.0769 | 1.5724 | -0.5724 | -0.0440 | -0.9086 | -0.0699

0.29 697,97 0.9538 | 0.0462 | 1.6285 | -0.6285 | -0.029 | -0.9310 | -0.043

0.3 681,45 0.9744 | 0.0256 -0.6847 | -0.0176 | -0.9503 | -0.0244
Cymma 18.3077 7.9767 2.0369
3. Onpepgenum KoarumneHTsl nnowagen Fi ,Fp Fs:
4,
oa . C
FL =Atg) [1-o(iAt)] - 0,51 - o(0)]C (7)

L= L
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F, =F’ A8 E n [1-o(iAB)][1 -iAB] — 0,51 - 0(0)]E (8)
0& C
£ E Af Ooa . . (iAB)? C
, =F DZ [1-o(iAB)][1- 2iA8 + 1-0,5[1-o(0)]C 9)
1= 2 C

CTatnyeckuii KoathhuumeHT nepegadmn k onpesesium U3 COOTHOLLEHWS:

k=—, (10)
Peann3oBaB npuBefeHHOe B NporpammHol cpege Matlab [3], 66111 nonyyeHs cne-
AyroLme 3Ha4YeHNs napameTpoB:

a, =F =01781,  a,=F,=0.0133 a, =F, =4.8736*10".
roe Ay — ycTaHOBMBLUEECS 3HAYEHME BbIXOAHOMN BEINUMHBI:

Ay = !Lr[.] V.., (1) =805.4, (11)

roe AX — BenmumHa BXOAHOTO CKauka, Mo 3aaHuio.
Toraa uckomasi nepegatouHas GyHKUMs GYAET UMETb BUA;

805.4

W =
(P) 4.874*10" p® +1.331*10% p® +0.1781p +1

(12)

cnonb3ysa cpeactea Matlab, no nonyyeHHo nepeaaToyHoOM QyHKLMK Obln NOCTPO-
eH rpaumk nepexofHoin yHkuuu, puc.l ( CoBMELLEH C UCXOLHON KPUBOW pas3roHa, npuse-
[EeHHO K 6e3pasMepHOMY BUAY , KOTopas M306paxkeHa NyHKTUPHOW NIMHUEN).
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Puc. 1. 'patmK UCXOAHOW KPUBOIA pa3roHa 1 MepexofHon (yHKLUMn
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Hwke npvBefeHa pa3paboTaHHad nporpamMmMa metoga Cumoto B Matlab:

del t=0.01; tfin=0.35;

t=0:delt:tfin;

p2=[ 1466. 15 1464.085 1462.02 1453.76 1445.5 1437.24 1424.85
1412.46 1400.07 1383.55 1354.64 1300.95 1280.3 1239 1214.22
1160.53 1123.36 1073.8 1057.28 1003.59 982.94 949.9 908.6
879.69 863.17 821.87 784.7 751.66 722.75 697.97 681.45 673.19
669. 06 664.93 662. 865 660. 8] ;

yd=p2(1)-p2;

k=yd( 36)

y=yd. / k;

col 3=1-vy;

s3=sun{col 3);

fl=del t*(s3-0.5*(1-y(1)))

delth=t(2)/f1

col4=t./f1

col 5=1-col 4;

col 6=col 3. *col 5;

col 7=1-2. *col 4+(col 4. "2) ./ 2;

col 8=col 3. *col 7;

s6=sun{ col 6)

s8=sun{ col 8)

f2=f172*del t h*(s6-0.5*(1-y(1)))

f3=f173*del t h*(s8-0.5*(1-y(1)))

numl=k; denl=[f3 f2 f1 1]; %unl=yd(31);

sysl=tf (nunil, denl)

[ypl,t, x] =step(sysl, t);

plot(t,yd, r--",t,ypl,"k-"),grid;

Cnucok nutepatypbl: 1. Gorobez 1., Golubov N. Adaptronsysteme in der Werkzeugma-
schine fiir die spanabhebende Formung — Entwicklungsmethoden und Entwicklungsprozesse
im Maschinenbau. 5 Magdeburger Maschinenbau-Tage.- Berlin, Logos-Verl.,2001,-S.45-51.
2. Topob6ey N.A., Tony6os H.B., Bopenb O.A. Pa3paboTka KOHCTPYKLMM MeXATPOHHbIX CUC-
Tem (ppesepHbIX CTaHKoB — CO6.TpyaoB MexayHap. Hayy.-TeXH.KOH(epeHUmMn «CoBpeMeH-
Hble TEXHO/IOTMW, Ka4eCcTBO, PeCcTpPyKTypusaumnsa» TMCR-2001 B r.KuwnHese 23-25 masd 2001
— KnwwHes, 2001, Bbin.l1, ¢.382-386. 3. MATLAB 5 flr Ingenieure/ Szstematische und
praktische Einfuhrung/ Adrian Biran, Moshe Breiner.- 3. Auflage — Bonn, Addison-Wesley-
Longman, 1999 — 541.
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IMONEMEHTALIA PEKYPCUBHOI IAEHTU®IKALIIT 3A METOAOM
SABBAYEHOI MOXMBEKM HA MOBI MPOIrPAMYBAHHSA C

LLlymaxep B. (TexHiuHuiA yHiBepcuTeT BpayHLuBeiir, FepmaHis)
KenbraHkid M.B. (kah.CI1Y, JoHHTY, m.[loHelbK, YKpaiHa)

Bupiwytoun 3agadi po3pobku, ekcnyaTauil, aBTomMaTu3alii TeEXHIYHOT cucTemu, Ay-
YKe 4acTo MU He MOXXeMO 06iiTMuca 6e3 TOYHOI MaTeMaTUYHOI Mogeni Li€el cuctemu, saka 6
onucysana il AMHaMiYHi BnacTMBOCTI. B 06n1acTi NpupogHUYMX Hayk, 0C06/MBO Y (isuui,
Ximil, 6ionorii, MeguUMHI, HaBiTb B EKOHOMILi iHTEpeC A0 MaTeMaTUYHMX MOLENEe, Wo onu-
CYKOTb AOCNiIKYBaHy CUCTEMY, CUIbHO 3pic. OCHOBHI AUHaMiYHI BNacTUBOCTI CUCTEMU MO-
XYTb OYTW 3HalAEHI TEOPETUYHOK NOBYA0BOK MOoAenNi, SKLWO BiOMi 3aKOHW, L0 ONUCYHOTb
T B aHaNiTUYHIA dopmi. AKLWIO Li 3aKOHW HEBIAOMI B3arasi, BiJoOMi YaCTKOBO U/ BUMarakTb-
CA TOYHI 3HAYEHHS LeAKUX ICTOTHUX NapameTpiB, MPOBOAUTLCA eKCreprMeHTalbHa NobyaoBa
Mogeni, sika Ha3nBaeTbCA iAeHTUgikalieto. MNpu LbOMY BUKOPUCTOBYHOTLCSA 0OMIptOBaHi Cur-
Ha/I | LYK TbCA 3a/1eXXHOCTI Bif Yacy B MeXXax 06paHoro Kiacy MaremMaTtuyHuX mMogenei.

laeHTUikalis cuctem (MPoLeEciB) € HOBOK AMCLMNIIHOK, WO PO3BMBanacs, Hacam-
nepej, y pamkax Teopii peryntoBaHHsi 3 1960 poKy. Y Hiil BUKOPUCTOBYIOTLCS 3HAHHSA 1 Me-
TOoAN 3 Teopii IMOBIPHOCTEW, Teopii aBTOMATMYHOIO pPeryntoBaHHs, Teopii BUMIpiB. [ns
OflepXXaHHA 1 06pO6KM iH(OPMALLT BUKOPUCTOBYETLCA CyvacHa BUMIiptOBa/IbHA i LnpoBa
obumncroBasibHa TEXHIKa

Y pamkax igeHTugikauii He po3rnafaroTbCs (i3MYHI 3aKOHM 1 mpouecy, LWo
BifOYyBatOTLCA yCcepeauHi cuctemn. Hasnaku, cuctema po3rnffacTbCs AK AesKa YopHa LWyx-
naga (black box), wo mae Bxif i BMXif, NPUYOMY KOPUCTYBAY MOXe KepyBaTWUCA LesKMMU
anpiopHMMM 3HaAHHSAMY NP0 CTPYKTYPY i NOPALKM MONIHOMIB, LLIO ONUCYOTb cucTemy. Ane Ui
3HaHHS He € HeobXiAHUMU. laeHTUIKaLis 03HaYae NOLYK MOZeNi, PO3rfsHYTOl CUCTEMU, Y
(hopmi MaTeMaTMUHOT PYHKLLT. 3Ha4YeHHS BMXOA4Y MOAENi MOBUHHE iIKHalbiNbLLe BignoBigaTK
3HAYEHHIO BUXOLY peasibHOl CUCTEeMU, a B ifealbHOMY BMNAAKY — AOpiBHIOBaTU. [py LbOMy
BPAxXOBYETLCA, L0 3HAYEHHSA BUXOLY PeaslbHOT CUCTEMU MICTUTb Y COOI HebaxkaHi nepeLuKo-
AN, 1 He MoXke ByTu TOYHO 06MIpLOBaHe.

Ha pwuc.l npeactaBneHo NpuUHUMN igeHTUQikayii. $K  roBopunocs  BULLE,
IAeHTUIKaLA 03HAYa€E MOLLYK MaTeMaTUYHOT MOAeNi peasibHOT (PI3NYHOT CUCTEMU.

l v(t)
u(® Pea/ibHa w(t) ¥
" cuctema e
y(t)
t &(t)
> M 120 »O—
[ o
Anroputm no- K ~
LLYKY MapameT- P

Puc. 1. MpuHumn igeHTUdgikayii.
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Lis maTemMaTM4Ha MOLENb BU3HAYAETHCA Yepe3 NPOBeAeHNI Ha KOXHIM KPOLi AncKpe-
THOCTI pO3paxyHOK 3aB6ayeHOro 3HadeHHs ¥(t) Buxogy peanbHOI cuctemun. KoedilieHTH

MoniHOMIB MOZe/i OMMUCYHOTLCA 3a LOMOMOrOK BeKTOpa napameTpis €. B 0CHOBI BU3Ha4eHo-
r0 KPUTEPIO OLIHKM NIEXWTb PI3HULA MIX 3HAYEHHAM BUXOAY iAeHTU(IKYEMOI cuctemn y(t)
I 3aBOAYEHNM 3HAYeHHAM BUXOLY cucteMun ¥(t) (3HaYeHHs BMXOLY MOZENi), L0 ONUCYETLCA
K 3aB6ayeHa nomuska &(t). Lia ouiHka Befe [0 3MiHM BeKTOpa &, NOKW KPUTepPIin He byae
BMKOHYBATW YiTKO BM3HAYEHOT YMOBMU.

Y 6aratbox Bunafkax HeobXifHO mMaTu MaTeMaTUyHy MOZe/Nb LOCNiAKYBaHOI cucTte-
MY B on-line-yMoBax, MoKKM cama crcTema He BUKHOYAETLCA 3 poboyoro pexxumy [1]. Mogenb
Y LUbOMY BUMaAKY 6a3yeTbCs Ha CMOCTEPEXEHHSX, L0 Bif0yBalTbCA B peaslbHOMY Yaci. o-
Tpeba B Takiin N06yLO0BI MOZe/i BUABNAETLCA NPU NPUAHATTI pilleHb WoL0 MaribyTHLOT po-
60TV peanibHOT cucTemMn. Hanpuknag,:

SKWI BXIAHWIA cUrHan NoTpibHO fofhaBaTh Ha HAaCTYNHOMY KpoLi AWCKPETHOCTI?

AKVMW NOBMHHI 6YyTY NapamMeTpu 3a0B0/IbHAKOYOr0 YMOBaM ONTUMa/IbHOIO (inbTpa?

AKi 3aBbayveHi 3HaYeHHA BMXOAY CUCTeMU OYAYTb KpawmMMmun 418 HacTYMHOro 3aBfaH-
HA?

4M MarTb MicLie NOMWU/IKK B PO6OTI CUCTEMU | AKLLO TaK, TO AKi?

Yac po3paxyHKy napameTpiB Mofeni NoBuUHeH 6yTn 0OMEXeHUM, TOMY Lo 06pobKa
BUMIpPIB MOBMHHA 3aKIHYATLCA MPOTArOM OLHOrO IHTepBa/ly AUCKPETHOCTI. IHaKLe mopenb
He 3M0oXkKe 06p0BMTY HeobXiAHWMIA NOTIK iHhopMaLii Ha KOXHIM Kpoui. MeToaun ifeHTudiKa-
WiT, WO BIAMOBIAAKOTL MOCTaBNEHVM YMOBaM Ha3uBalOTbLCA PEKYPCUBHUMMU, TOMY LLO BUMI-
proBaHi BXiAHI-BUXiAHI faHi 06p06/A0TLCS PEKYPCUBHO — HA KOXKHIM KpOLii iTepauii.

Mporpama, po3pobsieHa aBTOpamu, BMKOPUCTOBYE METOA 3aB6ayeHOi MOXMOKW Ans
ifeHTMikauii 6yab-akux ctinkux ARX, ARMA, ARARX, ARARMAX [1] cuctem. Aani
NPUBEAEHWIA aiIrOPUTM PO3paxyHKY Koe(ilieHTIB NONIHOMIB, WO OMNUCYIOTb A0CANILKYBaHY
CUCTEMY Ha KOXKHIM KpoLi ANCKPETHOCTI:

&(t) = y(t) — §(0);

&t) =8t -1+ yORMw()e(t) ;

R(t) =R(t-1) +y Oy )y () -R(t-1)];
() =1- A1),

fe &(t) - 3aBb6ayeHa noxmoka (prediction error);

y(t) - 3Ha4YeHHs BMXOAY A0CNIAKYBaHOT CUCTEMU;

¥(t) - 3aB6ayeHe 3HaUYEeHHS BUXOAY CUCTEMU (3HAYEHHS BUXOAY MoAeni);

&(t) - BEKTOP-CTOBMELb napamMeTpiB MoAeni;

w(t) - BEKTOP-CTOBMELb 3Ha4YeHb MOXigHMX 3aBOQYEHOro 3Ha4YeHHs BUXOZY CUCTEMMU
¥(t) no napameTpax @,...0, cuctemu;

A(t) - dhakTOp Nnam’aTi (3BUYaitHo npuinmaeTbes A =0,97..0,995).

3a gonomorow BuLeonuncaHoi nporpamu 6yna pocnimkeHa ARARMAX-cuctema 3
HaCTYMHOI CTPYKTYpPOIO:

y(t) =u(t) +v(t);
y(t) —1,58359y(t —1) +0,98751y(t - 2) = 0,001965u(t —1) +0.001957u(t - 2) + V(1)
v(t) —0,156v(t —1) +0,3v(t — 2) = e(t) +e(t —1) +0,2(t - 2),
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Ae u(t) - 30BHILLHIN KepyHOUMiA CUrHA, WO MOXE PerynoBaTUCs KOPUCTYBAYEM;
e(t) - 6inunin wym.

Pe3ynbTat LOCNILKEHb NPUBEAEHI Ha puUC. 2.
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Puc. 2. lgeHTndikauis ARARMAX-cuctemu

Cuctema nepefbayvyetbecs LinKoM. HesHauHa BigMmiHHICTL y(t) Big ¥(t) Ha noyartky
npoecy igeHTugikalii y noganbwiomMy nparHe 4o Hyns. Ane ifeHTUikauisa B TakoMy BUAI
MOXe OyTW peasi3oBaHa TilbKM B /1abopaTopHMX yMoBax. Ha BMPOOHMLUTBI 3aBXAM €
06MeXyroui YMOBY, L0 BiAOMBatOTLCS HA TOYHOCTI MaTeMaTUYHOT Mogeni.

Cnincok nitepatypu: 1. Ljung L. System Identifikation. - New Jersy: Prentice-Hall,
1992. 2. Ljung L. System Identifikation. Toolbox User’s Guide for Use with Matlab. - Natick:
The MathWorks Inc, 1995. 3. LpinkuH A.3. OCHOBbI MH(OPMaLNOHHON TeopUn NAEHTU(N-
Kaumn. - M.: Hayka, 1984. 4. Leonard W. Einflihrung in die Regelungstechnik. - Braun-
schweig: Vieweg, 1992. 5. Leonard W. Digitale Signalverarbeitung in der MeRR-und Rege-
lungstechnik. - Stuttgart: Teubner, 1973. 6. Unbehauen H. Regelungstechnik Ill. - Braun-
schweig/Wiesbaden: Friedr. Vieweg & Sohn, 1985. 7. Isermann R. Identifikation dyna-
mischer Systeme. Band | und Il. — Berlin: Springer-Verlag, 1988. 8. Kernighan B., Ritchie D.
Programmieren in C. - Minchen: Carl Hanser Verlag, 1983. 9. Press W. u a. Numerical Reci-
pes in C. - Cambridge: University Press, 19909. 10.
www.chipnews.ru/html.cgi/arhiv/00_09/stat_2.htm
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MOAE/IMPOBAHUVE TEXHUYECKOIO COCTOAHWA NETANEN C
NCIMOJ/Ib3OBAHVEM BbIHNCJTMTE/IBHOU TEXHUKN

YeHuos H.A., CyneiimaHoB C.J1., VicaeHko B.B. (JoHHTY, r. [JoHeuUK, YKpanHa)

J1to60e Npon3BOACTBO TPebYeT 3HAUMTE/bHbIX 3aTpaT Ha anpobaumio, aHainm3 U BHe-
[PEHNSI HOBbIX METOAO0B MPOrHO3MPOBaHNA OTKasa WM MCCnefoBaHWe MoBeAeHUst paboThbl
CYLLECTBYIOLLMX KOHCTPYKUMIA AeTanieil. ITO MOXKET ObITb YNPOYHEHWE MaTepnasnos, N3MeHe-
HMSA NPOM3BOACTBEHHONM NPOrpaMmbl, XMMUYECKWIA cocTaB MaTepuana. ViccnegoBaHuio noga-
BepratoTca getann, TexHuyeckoe coctosHue (TC) KOTopbIX onpeaenseT COCTosAH1eM paboye-
ro opraHa [1]. UTtobbl yyecTb BCe (haKTOpPbl U B KpaTHaliluve CPOKM NPOBECTM MUCCNef0BaHUA
MexaHM3Ma B Harpy>eHHOM COCTOSiHMM Oblna pa3paboTaHa cucTeMa MMUTaLMOHHOIO Mofe-
NMpoBaHNsa paboTbl AeTanun. ViccnegoBaHve NPOBOAMIOCH HA OCHOBE COBPaHHON CTaTUCTUKM
Noly4eHHOM Ha OCHOBaHWUW ANAarHOCTUMKMW WK arperaTHoro XKypHana no aHasornyHbIM geTa-
Nnam.

3BeCTHO, YTO n3MeHeHe TC geTanm HOCUT CTOXACTUYECKWUIA XapakTep. DTO AaeT
Ham NpaBO MCMOMb30BaTh A4/1F ONUCaHUS pecypca AeTanun 3aKOH pacrnpeseneHuns, napameTpu-
3aumsa KOTOpPOro npegnonaraet onpejeneHve ero Buga 1 napameTpoB U3 CTaTUCTUKM, Mpes-
CTaB/IEHHO NOTOKOM pecypcoB. B cnyuyae mogenvpoBarHmsi TC getanm aToT NOTOK hopmupy-
eTCA 13 JaHHbIX O CPOKaxX 0TKA30B 1 MOXET ObITb NPeACTaB/IEH B BUAE MaTPULLbI:

Ti:[tl, tz, . tN],

rae i — KOonmMyecTBO feTanel UCronb3yembiX B MofdenvpoBaHun TC getanu;

N — KONNYeCcTBO M3MepPEHUIA N0 OAHONM AeTanu;

Ti — Bpems paboThbl i-TON feTanu;

tn — MOMEHT BPEMEHM AMAarHOCTUKW i-TOW AeTanu.

Ha ocHOBe AaHHbIX AMarHOCTUKK (Tabnuua 1) Ang KakK[on getanm MOXHO onpefe-
JNTb 3aKOH n3MeHeHna TC B TeyeHUN BpemMeHN T 1 BeNMYMHY n3Hoca Y.

Tabnnua 1 - icxogHast Hopmauns B BUE JaHHbIX AMarHOCTUKN

Ne n3mepeHus T Y
1 12.01.99 0.1
2 15.01.99 3.4
7 31.01.99 6.3

cnonb3oBaHMe 3aKOHa pacnpefeneHns ans nameHeHns TC Kaxgol getanv nos3so-
NNT NONYYNTb TPEHA M3 3aKoHa n3MeHeHns TC Y=f(t) (pucyHoK 1a), Ha OCHOBaHWM KOTOPOro

MpypaboTka YCKOpEHHbIii N3HOC

\% T Wmaxy
,,,,,,,,,,,,,,,,,,,,,,,,,,, __ | ey T
an ‘
|
Y =f(t) |
|
| |
| |
|
| |
Y E | ;
El--------— | |
| | |
| | |
| |
|
! ; 1
! | ! Y |
T T O Ye Y Y
npupa HopMasnbHas YCKOpeHHBI 0T K pupa: HOpMaNTbHas! lyckopernbiip P
60TK: paboTa M3HOC BOTK: pabota

PucyHok 1 - TunuyHas KpmBas usHoca (a) 1 Kpuas CKopocTu n3Hoca (6)
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C ONpeAeneHHo BePOSATHOCTLH MOXXHO MOAENMPOBaATL pa3/inyHble 3aKOHbI U3MeHeHns TC. B

npoLecc MoAennpoBaHUsA UCMoMb30Baacb Kpusas ckopocTty usHoca 1=f(Y) (pucyHok 106),

npyn 3ToM 418 06paboTKM CTAaTUCTUYECKMX AaHHbIX Npeobpa3oBaHue BbIMOSHANOCH YUC/IEH-

HbIM METOAO0M. 18 HTepBaia MeXay ABYMS TOUKaMU, OMpPefensoT CpefHee 3Ha4YeHme:
TEXHNYECKOro COCTOSAHUS:

_YatY
! 2
CKOPOCTM W3HOCA:
LYY
==
T~ T

Ha petanb o6opynoBaHWs [eCTBYeT 3HauUTe/lbHOE YMC/I0 OTHOCWUTENbHO PaBHO-
MpaBHbIX (HaKTOPOB. STO NO3BONAET MCMOMb30BaTb HOPMaSbHBIA 3aKOH pacrpefeneHus ans
mMofenuposaHus TC aTol feTanun. B Teopumn HafeXHOCTU HOpPMabHOe pacnpefeneHune npu-
HMMAatOT Kak pacnpefenieHne HapaboToK Ha 0TKa3 BCNeACTBME CTapeHUs U U3HOCca, Korga Ko-
apuLmeHT Bapnaumm pecypca He npesbillaet 1/3.

[na HopmanibHOro 3akoHa auddepeHumanbHas GyHKumsa pacnpegeneHus f(t) onpe-
[ensieT AN KaxAoro 3HavyeHus t BepOATHOCTb COObLITUSA, COCTOALLEro B TOM, YTO C/yyanHas
BE/IMYMHA NPUMET 3HaYeHne MeHbLUe t. OHa UMeeT cneaytowmii BUA;

__ 1 (t-ty)
f(t)= GNm@xp 202 E

roe L, ty — napameTpbl HOPMasIbHOrO 3aKOHa pacnpefeneHuns, COOTBETCTBEHHO Xa-
paKTepum3yloLLme CpefiHee 3HaYeHNe pecypca v ero pasbpoc.

KoathduumeHT Baprauuu v, onpegenseTca OTHOLLEHNEM MapamMeTpoB 3aK0oHa:
— o-N
_K'
Mpouecc mogenvpoBaHua TC feTann MOXHO NPeLCcTaBUTb Kak Moc/efoBaTenbHoe

peLleHmne 3aa4, B BUAe 6/10K CXembl (PUCYHKe 2).
Ha nepBoHayanbHOM 3Tane aHaM3MpyroTCa OcC-

Vi

OnpepeneHne 3akoHa HOBHbIE MapameTpbl KPUBOW BXOJALUMX B PYHKLMIO CKOPO-
pacnpeneneHuna CTv u3Hoca [2]:
7 f,(y), y<Y. (npupaboTka)
FeHepauns HOBbIX =Ty +% () <
NAPAMETPOB CKOPOCTH y¥)  y>Y. (YyCKOpeHHbIn n3HoC)
n3Hoca ,
Vi roe  fn(y) - Mogens pocTa, Ucnonb3yeMas Ha y4a-
Annpokcumayms CTKe NpupaboTKu;
- fy(y) - mMogenb pocta ucnonb3yemas Ha y4yacTke

MpoBepka TOYHOCTH YCKOPEHHOr0 U3HOCa.
annpoKcUMaLmum Heobxogumo obecneunTb MonmyyveHne mMaTemary-

YECKMX OXXMAAHWIA NapaMeTpoB AeTau, UCMO/b3YEMbIX AN

Mepexop Sé yHKLMAM onuncaHnsa ee TC. Kpome 3TOro B Hem onpegensietca Koam-
CKOPOCTM M3HOCa K (hMUMEHT Bapyaumm NO KakaoMy napaMeTpy W BUA ero pac-
dyHKuMM TC geTtanu npefeneHns A1 HOpMasbHOTO 3akoHa (pUCyHok 3). Ha-
npumep, AN TOUKK nepermba Ye onpefensiercs 3akoH pac-
Puc. 2. bnok-cxema Mony-  npegenenns U KOAh(hULMEHT BapuaLmuu B ABYX Hanpas/e-
HEHMA  CMOAENMNPOBAHHBIX  Hygax, Tak OTHOCMTENILHO OCU CKOPOCTM M3HOCA U OTHOCK-
KpuBbiX TC TeNbHO OCU BE/IMUMHBI M3HOCA. DTO AaeT BO3MOXHOCTb Ha-
NOXWTb Ha OfHY TOYKY [Be C/ly4ailHble CreHepMpOBaHHbIe
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BE/IMYMHBI, YTO B CBOK O4epefb MO3BOMAET NONYYUUTb YHUKAbHYKO Kpusyto TC petanw.
AHaNIOrMyHO NPOBOAMNIOCH HAXOXAEHWE 3aKOHOB pacrpefenieHns U KoapguumeHT Bapuauum
[/19 OCT/IbHbIX BEMUYNH BXOAALLMX B (POPMY/y CKOPOCTU U3HOCA.
[ns onpefeneHns Tekyllen pea-
I Nn3aunn AeTann ucnosbyerca 610K «I e-
1=f(Y) Hepauus HOBbIX MapamMeTpoB ANS KPUBOWA
CKOpOCTM M3HOCa». B xoge nposeaeHMs
3KCMepuMMeHTa Mo OfHON [eTanii MOXET
ObITb MONYYEHO HECKOMbKO peanunsawuii
Ye n3meHeHns TC. [nsa 3Toro Mcnonb3yoTca
napameTpbl feTan, onpesensieMble B Npo-
Lecce aHanm3a TC petaneil. PesynbTaTom
AB/AETCA CreHepupoBaHHas (YHKUUA U3-
meHeHus TC getanu I=f(Y). MonyyeHHyto
KPMBYIO annpoKcUmupyem rnosiMHOMOM 6-i cTeneHn. B 6noke «poBepka TOYHOCTM anmnpok-
CYMaLMn» BbIMOJTHAETCS OLeHKa 3KCNepUMEHTa/IbHO NOYyYeHHOW (DYHKLMeA U Ha OCHOBe ee
annpOKCMMMPOBaHHOW (hYHKLUMW C MCMOMb30BaHWEM KO3(h(ULMeHTa KOppensaumMm Ha afek-
BaTHOCTb NMOBTOPEHUA KPMBOW CKOPOCTU M3Hoca. Mepexod oT yHKumm 1=f(Y) k Y=Ff(T) Bbl-
MOMHEeH NyTeM MPOCTOro npeobpasoBaHns B 6/10Kke «llepexod OT (YHKLMM CKOPOCTM M3HOCA
K TC petann».

MpoBefeHVe 3KCrepMMeHTa C UCMOMb30BaHMEM MogenvposaHus TC noTtpe6osan
BbINOMHUTL PAL NOCNeA0BaTe/IbHbIX AeNCTBUIA. [epBbIM AENCTBMEM ABMSNOCH pa3paboTka
KOMMbIOTEPHOM MPOrpaMmbl, peanunsyroweli (yHKUMM mnccnefyemoil 3agadn. Takas npo-
rpamma nmeet UmMst «model» B KOTOPOI peasinM3oBaHbl BCe CBOWCTBA MCCneAyemMoid 3ataumn. B
NPOrpaMmHoON peasin3aLum NpUHATO:

— NS KaXK/J0ro HOBOro 3HaUYeHUs moaenvpyeTcst Bca Kpyeas TC aeTanu;

—  KOJINYECTBO MCXOAHbIX KpuBbIX TC f0/MKHO npeBbiwaTtb 30. 3T0 orpaHuyeHne
CBSI3aHO C MCMO/b30BaHNe HOPMaslbHOrO 3aKOHa;

—  nporpamma «model» MOXeT MCMOoMb30BaTb 3HAUeHUs NepeMeHHbIX Y 1 T, a Tak
K€ AaHHbIE arperaTHoro XypHana;

— B nporpaMme «model» MOXeT MoAennpoBaTb 6ECKOHEYHOE MHOXECTBO Kpu-
BbiIX TC getanu.

BbiBoAbl. Pa3paboTaHHas nporpamMmma mogenvposaHua TC getann npu aKcnnyara-
Lun obecneymsaeTt noslyvyeHne faHHbIX 0 3MeHeHUM TC NO HECKONIbKMM peann3aumsm aeta-
.

t

Puc. 3. AHan13 3aKoHa pacnpegeneHns ang
TOYKN Yg

K nporpamme MOXHO NOAKMOUATL [ NPOBEAEHNS UCCNefoBaHWIA NoBYH 3afauy
CMOMb3YIOLLLYHO AaHHble 0 Tekyllem TC aeTanu Hanpumep, AMarHocTYeckas Mofaesb.

MMWTaLMOHHOE MOAENMPOBaHME PeaM30BaHO Ha KOMMbIOTEPE, UTO obecneumBaeT
MpoBe/ieHN e N0GOr0 IKCMEPUMEHTA Ha BUPTYa/IbHOW AETaNN B TEUEHUN HECKObKUX CEKYH/,
3TO aHaNOrMYHO NPOBEAEHHOMY 3KCMEPUMEHTY Ha (HU3MYECKOW AeTann B TEYEHWNE HECKOMb-
KX MeCsLEB, NeT.

Cnncok nutepatypsbl 1. Ceaywl B.A. HafeXXHOCTb pEMOHT Y MOHTaX METaNNypru-
yecknx MawmnH. K.: HMK BO, 1992. -368c. 2. YeHuos H.A., CyneiimaHos C.J1., Pyuko B.H.
Kcnonb3oBaHve mogeny pocta 415 annpokcumaunm yHKLMN CKOPOCTM U3HOCa feTanein me-
XaHU4eckKoro obopygosaHus //T1porpeccuBHble TEXHONOTUM U CUCTEMbI MALLMHOCTPOEHWS:
MexayHapoAHbIi €6. HayyHbIX TPyAoB. — JoHeuk: JoHI TY, 1999, Bbin.7. — 241c.



