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K HUCITO/Ib3BOBAHHIO HEKOTOPBIX A/ITOPUTMOB
C.A. KOPOBOBA B 3AJAYAX ABTOMATH3HPOBAHHOI'O
IMTPOEKTHPOBAHHHA H TIPEATIPOEKTHbBIX

HCC/IEAOBAHHAX

T'lpusesenrer aaropurmer C./1. KopoboBa A5 Bbiae/1eHHS KOHAHLIMOHHBIX HHTEPBA/lOB H
TpaHHLI KOHAMLIHOHHBIX TI/IACTOB /11 C/IOKHOCTPYKTYPHBIX YrO/IbHBIX MECTOPOMICHHH,
H OCHOBAHHbIE HA HHX METObl pa3de/IeHHS KapbepHOIro IPOCTPAHCTBA HA TeXHO/IOTH-
YecKHe 30HbI H MOAE/THPOBAaHHSA FTOPHBIX PaboT.

KrroueBble c/10Ba: Kapbep, Yro/b, CAOXKHOCTPYKTYPHBIE M/1acT, KOHAHLIMOHHBIF HHTEp-
Ba/l, TPHAHTY/IALIMSA, TeXHO/IOTHYeCKas 30Ha, MOAE/THPOBaHHe.

OmMpHOe HayyHoe Hac/eave

C.A. Kopo6oea — moa 35
feT WCK/IOUNTE/IbHO WHTEHCHBHOM, Lie-
NeyCTpeM/IeHHOM M Pa3HOIVIAaHOBOM pa-
OOTbI, KOCHYBILIEHCH CaMbIX PasHBIX ac-
[IeKTOB MO/IC/TMPOBAHUS MeCTOPOXKIe-
HU M HX OTKPHITOM pPaspaboTKH,
ONy6/IMKOBAHO Ja/leKO He B I[1O/THOM
obbemMe. Hacrosimasa pabota — MoOIbIT-
Ka YaCTMYHO 3arlo/HKTh 3Ty Opellb, OC-
HOBBIBAsCh [7TaBHBIM OOpPa3sOM Ha Mare-
puanax otyetoB o HWMP, B KoTopbix
Hapaay ¢ C./. KopoboBbiM mpuHUMan
ydacTMe W aBTOp, a Takke OBpaTHTh
BHIMaHWE Ha BO3MOXKHOCTH IIpUMeHe-
HUS paspaboTaHHBIX KM TOAXOIAOB M
METO/IOB.

[peamer HacTosiel paGOTbl — MO-
[eMUPOBaHUEe  PaspabOTKU  COXKHO-
CTPYKTYPHBIX Yro/ibHbIX 3as1exeit. Heko-
TOpble TPUHLIMITHA/IBHEIE BOIPOCHI MO-
[eMUPOBAHUA TOPHU30HTA/IBHBIX W TO/0-
IMX MeCTOPOXKAeHUl OblIh paccMoTpe-
Hel C./1. Kopo6oeim enie B 1960-e ro-
bl Y HalllIM OTpaxeHue B pabotax [1,
2]. B 1990-e roasl. vccrienoBaHus 6blv
BO30OOHOB/ICHEI B CBS3M C IPOB/IEMO
PaspaboTKU Yro/bHbIX MECTOPOXKACHUI
Bocrounoit Cubupu u [ansHero Bocto-
Ka, OT/IMUAIOMIMXCHA CAOXKHOM CTPYKTY-

POV I/1aCTOB (M BO3HMKAIOILIEH B CBA3U C
3TUM MpPOO/IeMOM OpraHyU3alMk UX Cce-
NIeKTUBHOM Pas3paboTKU) W PAAOM ApY-
rux ocobeHHocTel. Tpe6GoBasioch Takke
peanr3oBaTh pacueThl MO KCIIO/Ib30Ba-
HHIO KOMOHHHPOBAHHOM TeXHO/IOrHue-
CKOM CXeMbl, MpeaycMaTpuBaloleit Gec-
TPaHCIMOPTHYIO TepeBa/nKky ApariaiiHoM
BO BHYTPEHHHI OTBa/l C/IO0sl BCKPBIIIU
Herocpe/CTBeHHO Ha/l I/1acTOM U B Me-
RAYIZIACTAM HApAAY C TPaHCTIOPTHBIM
repeMellieHieM OCTa/lbHOM  BCKPBbIIIH,
HEIOCTOSHCTBO KO/MUYECTBA YrO/IbHBIX
ycTyrioB. B momnonHenue K riepeuncrie-
HbIM HECTAHAAPTHBIM YC/IOBUSM paspa-
GOTKH HYKHO A0GaBHTh, UTO B KauecTBe
MH(OPMALIMOHHON ©Ga3bl ObIIM HCIIONb-
30BaHbl He oOpaboTaHHble [AaHHBIE B
BUle TUIICOMETPUM II/IaCTOB, KaK 3TO
OOBIUHO ObIBaeT B MPeaArpPOeKTHBIX UC-
C/1leloBaHUi U IIPY [POEKTUPOBAaHWH, a
MepByUYHasg TreosiorMyeckas HHQOpPMa-
uuda. Takum ob6pa3oM, TpeboBaroch
CO37aHWe HOBBIX CPEACTB MOe/INpOoBa-
HUs, aHa/IOT KOTOPBIX [0 CHX TIOp He
pean3oBaHbl B IIPOMBIIIZIGHHBIX T1PO-
IrPaMMHBIX ~KOMIIEKCaX MO/emupoBa-
HUSl, TIPOGKTUPOBAHUS W I/IaHUPOBAHUS
OTKPBITBIX TOPHBIX Pa3paboTOK, B CBSA3U
C YeM Mpe/CTaB/IeHHbIl 371ech MaTepHarl,

105



Ha Halll B3[7/151/1, IMeeT Hay4HBIM U ITpakK-
THUUECKUIT NHTepec.

Vinen u MeToabl YIIOMSHYTHIX PaboT
1960-x ronos, Haleamve MpyUMeHeHHe
U B uccrenosaHuax 1990-x roaos, cBo-
[STCA K IBYM OCHOBHBIM ITO/IOKEHUSM.

Bo-nepBbiX, a1s pa3paboOTKH Topu-
30HTA/IbHBIX M [IO/IOTUX MECTOpOXKIe-
HUI, rae TnybuHa Kapbepa IMOCTOsHHa
WM TIOUTH TOCTOSIHHA, OCHOBHOE 3Ha-
yeHue uMmeeT opMa GopTa B 1aHe. B
pabotax [1, 2] Gbl10 MpeanoXxeHo s
PA3/IMUHBIX 3TAllOB MNPUMEHSATh pa3Hble
CHCTeMbl [eKapTOBbIX KOOPAMHAT, TaK,
yToObl OCb OpPAMHAT I/Ia IPHUMEPHO
BIOMb UHUM (PPOHTa TOPHBIX pPaboT
(PI'P), 1 cTpouTb A KaxkaOM TaKoM
CHCTEeMbl COBOKYIMHOCTb IPSAMBIX /TMHMUI,
napa/i/ie/IbHbIX OCH OPAWHAT, C PaBHBIMU
pacCTosHUAMH Mexay HUMU. B mnpese-
max aTarla  ¢opMa KPUBO/IUHEHHOrO
PI'P xapakrepusyercsa opavHaTaMH TO-
YeK ero repecedyeHusi C MOCTPOEHHBIMU
MUHUAMH. 371eCh MPeaBOCXHUIIAeTCs CeK-
TOpHasg Mozenb OOpTa Kapbepa, Mpea-
noxenHaa M.B. Tabakmanom [3], ¢ TeM,
O[ITHAKO, OT/IMUMeM, 4UTO CeKTopa dJak-
THUUECKU SB/SIOTCS W30THYTHIMH T10/10-
CaMH C /IOMaHbIMHY T'PaHULIAMH.

Bo-BTOpBIX, MOMeIMpPOBaHUE 3a/1eXku
eCTh B [aHHOM C/lyyae MO/e/MpOBaHUe
MMOBEPXHOCTeN KPOB/W M TIOYBHI I/1acTa
(vmu nmactoB). McxoaHeIMM - A@HHBIMU
A7l 3TOTO CAYXKAT BbICOTHBIE OTMETKH
KPOB/MM W TIOUBHl [/ Pa3BeIOUHBIX
CKBaXuH. [lo 3TMM gaHHBIM TOBEpPX-
HOCTb MOXKeT ObITb anrpoKCUMHpPOBaHa
METO/IOM TPHUAHIV/IALIMU, NMOAOOHO 3eM-
HOM TIOBEPXHOCTH. DBblM IpemioxeHbl
ANTOPUTMBI  COEIVHEHUs] TOUeK (YCTheB
CKBaxkMH) /7151 pasbUeHns IZIOCKOCTH Ha
TPeyro/ibHUKN. JTa uzesi Oblla pasBUTa
C TOHM, O[HAaKO, TIIOINpPaBKOM, UTO A/
C/IOXHOCTPYKTYPHOM 3a71eKU  MPaHULIbI
71acTa B MeCTe Pacrio/IOKeHs CKBaXKU-
Hbl HeoOsi3aTe/IbHO OIpene/siioTCs Bbl-
COTaMH T'paHHLl CaMOrO BepxHero U ca-
MOr'O HMMKHEro Yro/IbHOro HHTepBa/sa B

106

KO/TOHKE CKBaXKMHBI U 3aBUCAT OT Iapa-
MeTPOB KOHAMULIUM.

HMrak, B paMKax paccMaTprBaeMor
po6/ieMbl OCHOBHBIMU 3a/1ladyaMy  SIB/ISi-
MTUCh:

1. Bagaya BblAEEHUS KOHAMIIMOH-
HBIX U HEKOH/IMLIMOHHBIX WHTEpPBa/IOB B
rpenenax OTAe/TbHBIX CKBaKHH

2. 3amava WX pacnpocTpaHeHHs Ha
OKPYXKAIOIIYIO [/I0IaAb, Pe3y/1bTaToM
yero sB/seTcs IIOCTpOeHHWe TIpaHHLl
KOH/IMLIMOHHBIX T/IaCTOB.

3. 3anaya pasdueHHs KapbepHOTro
T10/151 Ha TeXHO/IOTUYeCKUE 30HBI.

4. 3agaya asanTalld MeTOAOB MO-
[eMUPOBaHUS PA3BUTHsA TOPHBIX PabOT
MPHUMEHUTEe/IbHO K BBIOPaHHOM TeXHO/IO-
T'UU U CTPYKTYPEe KapbepHOro MOo/.

PaccmoTpuM 311 3azaun nocrienoBa-
TensHO. [lpu  OTKpbITOM pasdpaboTtke
CMOXHOCTPYKTYPHBIX YrO/bHBIX T/IACTOB
MOKasaTe/l KOHAMWLIMU  CYLIeCTBEHHO
BIMAIOT Ha pe3y/bTaThl o/cUeTa 3ara-
COB, COPTHOCTb YI/Ifl, ero 30/bHOCTb U
3aCOPEeHHOCTb TOPOAHBIMU BK/IIOUYEHUS-
Mmu. [lracthl pasaensoTcs Ha KOHAWLIM-
OHHBIe Yro/ibHble U MOPO/IHbIe KOMII/IeK-
Cbl — TaYKKU Yro/lbHBIX ITPOC/IOeB U Io-
POMHBIX  MPOI/IACTKOB,  AOIYCKAIOIIMX
CeNeKTUBHYIO BBIEMKY (McXoas W3 3a-
[aHHOM MMHMMA/IBHOM MOIIHOCTH 1My,
Yro/IbHOTO KOMII/IeKCa M MaKCUMa/lbHOM
MOIIHOCTH m, TOPOAHOIO MpPOC/OHKa,
BK/IIOYAaEMOTO B YrO/IbHBIM KOMIICKC),
30/IBHOCTb ~ KOTOPBIX  COOTBETCTBEHHO
HIXKe U Bblllle HOPTOBOM 30/IbHOCTH X —
rnapameTpa 3KCI/AYaTalMOHHBIX KOH/IM-
1. [lepeceuenre yronbHBIX U MOPO-
HBIX KOMII/IGKCOB Pa3BeOUHOM CKBaXKU-
HOU TpencTaBiseT coboil COOTBETCT-
BEHHO KOHAMIIMOHHBIE Yro/bHble U TI0-
pOAHbIe UHTepBa/ibl, OObeAUHSIONINE
roc/eIoBaTe/IbHOCTH  I/1acToIepeceye-
HUN. MeToa W mporpaMMHble CpecTBa
M0 WX BBIJE/IeHHIO pa3paboTaHbl Ha OC-
HOBe MpPUHLINIIa MaKCHMa/ZIbHOM KOHTpa-
cTHOCTU. B KauecTBe Mepbl KOHTPACTHO-
CTH MOKHO B3fTb CYMMY KBa/IpaTOB OT-



K/IOHEHUN CpeaHUX 30/IbHOCTer WHTep-
Ba/IOB OT BOPTOBOM 30/IbHOCTH X:

m

z=3 (¢, —x), (1)
k=1

rae m — KOMWYEeCTBO MHTEPBa/oB; K —

MMOPSAAKOBBLIM HOMep HHTepBasa, coaep-

JKallero rmpo6kl OT i 710 j (21).

B kauectBe MCXOaHON HHpOPMALIMU
HCTIO/NB3YIOTCA AaHHbIe MPO6 MO KO/OH-
Ke pasBe[OUYHOM CKBaxuHBI (i=1,n).
[nsi Kaxmor MpoGbl M3BECTHBI 3071b-
HOCTb C; , AAWHA MPOGHI /; U TIZIOTHOCTh
MaTepuana o; HyxkHO o6beauHUTH Mpo-
OBl B Yro/lbHble U MOPOAHble NHTePBAIbI.
Kaxaeit wHTepBan (ij, /i) cuvTaercs
YrO/IbHBIM H/H TIOPOAHBIM B 3aBUCHMO-
CTW OT TOrO, IpeBhIIAeT /U ero cpesa-
HSASl 30/IbHOCTh MpeaenbHYIO:

k=j k=j
E,7=ch-1k«6k/21k-6kSX (). (2)
k=i k=i

Llenk obbeavHeHUst MPO6 — MaKCH-
MM3UPOBaTh Z IPU C/IeAYIOUINX OrPaHU-
YeHUSAX:

1) Ecm ¢; > x u #1, j#n, T0 [2my;

2) Ecm ¢, > x, TO [2m,.

3necy [j — mvHa WHTepBasa, CO-
Aepxallero Mnpobbl OT [ [0 j BK/IIOUU-
TenbHO, (). 3agaua MoxkeT ObITh pellle-
Ha METO/IOM [AVMHAMMUYECKOro Iporpam-
mupoBaHus. CHauazla  BBIYMC/ISIOTCH
cpeqiHee conepXaHWe C; B MHTepBasiax

ans i=1,N u j=i,N. 3Hauenns c,o6pa-

3yI0T TpeyronbHylo Matpuily. C ee mo-
MOIIBIO CTPOUTCH Tpadd BO3MOMKHBIX
obbeiMHeHU MPo6 B UHTEPBA/IbI.
[leBasi TpaHHlla WHTepBasa Bceraa
HaXOAWTCA Ha I/IaBHOM /MaroHanu
MaTpuliel. Ee HoMep paBeH Homepy
cTpokru i. [lpaBas rpaHuviia UHTEpBana
ornpesensieTcs HOMEpPOM CTonbla  J.
KaxaoMy sneMeHTy MaTpHlibl CTaBUTCH
B COOTBETCTBUE BepliivHa rpada. Bep-
IIMHBL Tpadha coeauHstoTcs ayramu. Ot

BeplMHBl (i, j) Oyra wWmer BAEBO A0
[7TAaBHOM AMaroHa/M, a 3aTeM BBepX A0
BepuivHbl (k, i-1). Takas ayra cooTtBet-
CTBYeT 0ObeAnHEeHHIO Pob B coceaHue
vHTepBassl (k, i-1) u (i, j). OT BepmMHEbI
(k, 1) oyra MoxeT ObITh IpOBeaCHa
TAkKUM Xe 0Bpa3oM B/eBO /10 T7TaBHOM
[varoHany Y BBepx [0 BepiuHbl (/, k-
1). OTor nocnenoBaTe/LHOCTU AYr Oy-
AYT COOTBETCTBOBaTh MHTepBasbl ([, k-
1), (k, i-1) u (i, j). Ecan ayra sakaHuuBa-
erci B BepllMHe, MNpHUHaAIe)KaIIeH
MepBOM CTPOKE MAaTpMLIbl, TO IOC/Ie-
HUM 3BeHOM 6ynet ayra (/, k-1). Orpa-
HUUYEHMs Ha AOMNYCTHUMBIM YpOBeHb Cce-
NeKUUU TIPOBEPHAIOTCA C/IeAVIOM 00-
pasoM. PaccrosiHre ot BepiuvHb! (i, j)
[0 T/IABHOM [AWAroHany AOMKHO ObITh

He MeHbllle Be/IMYMHBI My, el C;; <X U

He MeHbllle my,, ecC/I1 Ejj>X, Ecin xe

BeplMHa (/, j) MNpPHUHAA/IEXKUT TMEPBOM
CTPOKe WM Toc/ieqHeMy CTonbuy, u
C;>X, TO Takas MpOBepKa He /enaercs

1 orpaHhyeHyre CHUMaeTcs. B cayuae,
KOrZla OrpaHMUeHHs Ha YpPOBeHb Cerlek-
LMY He YIOB/IeTBOPSIOTCS, TO BeplIvHa
(i, ) wncrmouaercs wu3 MHOXKectBa G
BepllrH rpada.

[anee BceM BepiiMHaM rpadpa MPUCBau-
BAIOTCA OLIHKH, pastbie P, = (¢, — x)° . Ha
MHOKeCTBe BeplivH rpada OTHICKHUBaeT-
€ MAaKCUMa/IbHBIM MYTh IO C/IeAYIoLIeMy
ArOPUTMY:

1. lns i=1 nonoxum z,, =P, (Bep-

mmHa (1)e G, j=1,_n).
2. [na TO/IOKUM  Z; =
= m;;;\x[zkﬂ,_1 + PJ, k=1i-1(k), (ileG

CooTBeTcTByIOIIasl MakKCHMyMy yra
rpacpa OTMeUYaeTCs CTPE/KOHM.
3. B cronbue n HaxomMM maxz,,
i

i=2,n

i=1n, (ineG u no crpenkaMm BOcCCTa-
HaB/IMBaeM OIMTHMA/bHBIN [TYTh.
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[Ipumep pacuera mpuBeseH B Tab-
miuax 1-3 ana ycnoBuit my=m,=1wm,
x=45 %.

OrnruMaribHOe pasbreHre COMePRUT
crieayionMe miacroriepecedeHus: 1—1;
2-4; 5-5. XapakTeprCTHKU 3THX UHTEp-
Ba/IOB coaepxkatcs B 1abmn. 4.

Wuteppaiet 1-1 u 5-5 sapastorcs
Yro/IbHBIMM, a 2-4 — MOPOAHBIMU.

[MockonbKy  BbIG/IGHHE TEeXHO/OTH-
YeCKUX 30H Ha Yro/bHOM paspese Mpe-
AYCMAaTPUBaeT pPacCMOTPeHHe pasivy-
HbIX KOHAMLIMOHHBIX MOIIHOCTeMH, OIlpe-
[lefiieMbIX BbIeMOUYHBIM 0O0PYI0BaHEeM,
HeOoOXOIMMa TeOMEeTPH3aLMS Yro/bHBIX
KOMIVIGKCOB /11 KaXIOro BapHaHTa
KOHAWIIMOHHOM MomHocTH. [las  dop-
Ma/IbHOTO pellieHUs] 3a7ada CTaBUTCSH
cneayiomiM  obpasoM. HykHO coenw-
HUTb Mexay cobort KOHAMLIMOHHbBIE Ti/1a-
CThl B COCeNHMX CKBaxMWHax (puc. 1).
[TockonbKYy 3TO MOXKHO cAenaTh CaMbl-
MM PasHbIMU CMOCOHAMHU, HCIONB3YET-
cs coobpameHue, YTO CBHTa I[1/1aCTOB
HMeeT B CpeaHeM HallpaB/eHHe U Yroan
rajieHyst, onpeaesnsieMble TOACTH/IA0-
MMM KOpeHHbIMU nopoaamu. OTcioaa
BO3HMKaeT (POPMY/IMPOBKA OMTUMH3a-
LIMOHHOM 3aZauu: COCAWHUTb MeXay
CO6OM KOHAMLIMOHHBIE TI/1aCThl B CO-
CeMHUX CKBaXKMHaX TaK, UTOOBl CyMMa
KBaZApaToOB OTK/IOHEHWH KOOPAWHAT
BEKTOPOB TaZieHHsl T/1aCTOB OT KOOp-
AVHAT BeKTOpa IMaZeHHs MOACTU/IAIO-
IIMX KOPEHHBIX MOPOA B 3TUX CKBaXKU-
HaxX Obima MuHMManbHa. Crioco® pe-
lIeHWs 3a7ayd CYIIeCTBeHHO 3aBHCUT
OT TOTO, UTO MOHUMAETCs 10 COCeAHH-
MU CKBaxkMHaMH. [lnsi [BYX cocemHUX
CKBakMH B/IO/Ib BBIOPAHHOTO MPOOU/ISA
U a0 Tpex CKBaxWH, OOpasyioLrX
BepIIMHbl TPEYro/IbHUKa TPHAHTY/ISLIN-
OHHOW CeTH, 3ajaya pellaeTcs MeTOA0M
MMHAMHUeCKOTO  IMPOrpaMMHPOBaHHS.
Camo BbizlesieHre TakKuX TPOEK OIMMCAHO
HIXKe.

OcymiectBrieHa creayomas opMa-
nusalva 3agaud. [las ABYX CcOcenHHX
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CKBaXKMH BCe BO3MOKHbIEe BapHaHThl CO-
eIMHeH!s TI1acTollepeceyeHut, BKIIIO-
yasg BO3MOXKHble BBIK/IWMHUBaHUA II/1a-
CTOB, U300paxaloTcs B BHAE IIOCKOTO
rocnenoBaTe/lbHOro  rpadpa,  Kaxaad
BepllHa KOTOPOIo paclio/lokeHa B V3-
7le TIPAMOYIO/IbHOM CeTH U ollpejensaeT
BapHUaHT COeIMHEeHUsl ABYX AaHHBIX I/1a-
CTOllepeceyeHul, a AaYrd olpenessoT
OOMYCTUMOCTb COYeTaHUs [BYX COeau-
HeHUH. UeTHbIA HOMEp CTPOKU — 3TO
YABOEHHLIN TOPAAKOBBIA HOMep I1a-
CTOIlepeceyeHrsl B IIepBOM CKBaxMHe,
cumtas cBepxy. HeueTHrli1 HoMep cTpo-
KU — 3TO YABOEHHBIN TOPAAKOBBIA HO-
Mep 0e3 eauHHLl A1 06O3HaUeHHs
BO3MOKHOTO BBIK/IMHUBaHHUA /19 MO60-
ro Iviacra, NMpoOBOAMMOIO OT I/IacTorle-
peceyeHrss BO BTOPOM CKBaxUHe. AHa-
MTOTUYHO YeTHBIM HOMEp CTonbLa — 3TO
YABOEHHBIN T[IOPAAKOBLIM HOMep I/1a-
CTOIepeceyeHrsl BO BTOPOM CKBaxXMHe,
a HeyeTHbIN — YABOEHHBIM MOPAAKOBLIN
HOoMep Ge3 eMHHLIBI (@ A1 TToc/AeaHero
I/IIOC eIVHMLIA) Ansi 0603HaYeHHs pac-
MO/I0KEeHUsA TOUKW BBIK/IMHMBaHUA I171a-
CTa, UAyLIero OT I/lacTollepeceyeHus B
MepBoOi CKBaxHHe. KonnyectBo BeplvH
rpacdha paBHO MpousBeneHHO (Z2n+1)x

x(nfl- 1), rne njn nj — KO/M4eCTBa Ivia-

CTorepeceyeHr B MepBON U BO BTOPOU
CKBaXVHax COOTBETCTBEHHO.

[Tio6o NyTh Yepes BeplrHb rpada
OT eAVMHCTBEHHOW BeplIMHBI [10C/1e/1He-
ro YpoBHSA (MMpaBas HIKHASA BeplIrHa)
K edVHCTBEeHHOM BepllrHe I[epBOTro
YPOBHS (eBasi BepxHss BepllyHa) Ofl-
pedenseT HeKOTOPBIM BapHWaHT coeau-
HeHHs BcCeX II/1acTolepeceyeHui B
ABYX CKBaxkMHax. Kaxaas BeplivHa
rpaca, uMerollas UeTHble HHIEKCHI,
ronyyaeT OLIGHKY, pPaBHYIO CYyMMe
KBaZpaTOB OTK/OHEHWH YI7IOB HaK/0-
Ha KpPOB/M M IIOYBBl YrO/IbBHOIO KOM-
I7Iekca O OT HeKOTOPOro 3adaHHOIo
yrzia or (yYrzia Hak/IOHa KOPEHHBIX I10-

poun).



Tabmuia 1

[laHHbIe o naacronepece4YyeHHAM

Ne n/m 1 2 3 4 5
MoHoCTh, M 1,0 0,4 1,9 0,6 2,1
3onsHOCTD, % 33,6 57,8 34,6 82,1 34,6
[MnotHocTs, T/M° 1,4 1,9 1,4 2,3 1,4

Tabmuia 2

MartpHuua C; CPeaHHX 30/IbHOCTel B 06 beAHHeHHBIX N/1acTonepecedyeHHAX

C HOMepaMH OT i A0 j BK/IIOYHTe/IbHO

1 2 3 4 5
1 2 3 4 5 6
1 33,6 42,1 38,0 47,8 43,5
2 39,8 51,9 45,3
3 34,6 50,8 44,0
4 82,1 49,8
5 34,6
Tabnviia 3
MartpHua 3navennii P;; (4HCHTenb) H KpHTepHA z;; (3HaMeHaTeb)
1 2 3 4 5
1 130,0" 84" 49,0 7,8 2,2
130,0 8,4 49,0 7,8 2,2
2 27,0* 47,6* 0,1
157,0 177,6 130,1
3 108,2 33,6 1
110,0 142,0 94
4 23,0
180,0
5 108,2*
204,8

* — MoMeyYeH max Zz;.

Tabmuia 5.4

Xapaxrepucrmm ONTHMaAbHOTrO 00beAHHEeHHS NAaCT onepeceqenmi B HHTepBa/ibl

HutepBansi MoOLHOCTb, M 3onbHOCTb, % IMaotHOCTL, /M3
1-1 1 33,6 1,4
2-4 2,9 51,9 1,66
5-5 2,1 34,6 14

Tenepb 3amaya CBOAMTCH K HAXOX-
[IEHUIO MUHHMa/IbHOTO TYTH uepe3 Bep-
IMMHBI Tpadha U /Ierko penaercsi ¢ I10-
Mollblo  anroputMa  bBennmana-Kanaba
[5]. TlpeanoxkeHHsi criocob 3amaHvs

BapHaHTOB COeAVHEeHHA Il/IaCToriepece-
YeHWM B BUe I10C/1e/10BaTe/1IbHOrO rpa-
cba IMO3BO/14EeT /1erKO 3aJaBaTb W/IKM 3a-
rpemarb HEKOTOPbIe alipuoOpHble CO-
efMHeHUss U UX KoMOuHauuu. [as 3a-
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CkB.N1

CkB.N2

Puc. 1. BapuaHT coeanHeHHs N/1acTonepece4eHHH B CKBaXKHHaX

MpellleHns COoeMHeHUs] KaKHUX-TO Il/1a-
CTOTIepeCceueHtil 0CTaTOUHO IIPHUCBO-
WTb COOTBETCTBYIOLIEH BepliuHe rpada
MO/TOKUTE/bHYIO GEeCKOHEUHYIO OLICHKY).
[lns 3agaHys aripUOPHBIX COeAVHEeHU! B
rpace OCTaBAfIOT BeplIMHBI, COOTBET-
CTBYIOIIME 3THM COeAVHEeHWsM, U Bep-
IIMHBI, /1eXKalllie Ha BCeX MYTAX, MPOXO-
AAIMX Yepe3 HUX OT Ioc/e/IHer Beplly-
HbI K [TepBOU.

[na dopmMupoBaHre AUHENHON MO-
ey TI/IaCTOB B IIPOCTPAHCTBE IpHMe-
HfeTCs aHa/oTMYHas T[IOCTAHOBKA /1S
3a7a4v C TpeMsl COCeNHUMH CKBaKHHa-
mu. BepuHel rpaca pacrnonaraiotcs B
y3/1aX MPsIMOYTO/IbHON TPeXMepHOM CeTu
(puc. 2) v ompenensitoT BapHUaHTBI CO-
e/IMHeHWsl Mexay cobol MaacTornepece-
YeHUs B TpeX CKBaxuHaX. [yru rpada
onpeensiioT AOMYCTUMOCTb KOMOWHa-
LIMU ABYX COeANHEHUN.

Kaxaplii myTe 4Yepes  BepIIMHbBI
rpadpa OT BEepIIMHBI C MaKCHMa/lbHBIMU
uHAekcaMu (2nji1, 2njyq ongy1) K
BepliMHEe C HaMMEHBIIMMU UHAEKCaMU
(1, 1, 1) samaeT HEKOTOPBIF AOMYCTH-
MBIii BapHaHT COeAMHEeHHs I1acTolle-
peceueHUil B TpeX CKBaKHMHAX, BK/IIO-
yas BBIK/IMHMBaHWA. BepuivHel rpada
HMeIOT TPY MHEKCa, KaXK/blil U3 KOTO-
PBIX MOXKeT ObITbh UeTHBIM U HEUeTHbBIM.
WMHpekchl ompenensitoT BapUaHT  Co-
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envHeHWs T[/1acTollepeceyeHnit ¢ Ho-
Mepamu i, j, k B Tpex ckBaxuHax. Eciu
BCe TpU MHIeKca ueTHhle (21, 2j, 2k),To
BepllrHa oOIlpeaenseT CcoeavHeHHe
I/1acToriepeceyeHuit i, j, K B COOTBeTCT-
BVIOILIMX CKBaXkKMHAX B CIIOUIHOM I/1acT
(puc. 3, a). Ecan onnn v3 vHAEKCOB He-
yeTHBIt — BepumwmHbl  (21,2],2k+1),
(2i,2/%1,2k) vn (2i+1, 2j, 2k), To naact
BBIK/IMHMBaeTCA M MMeeT hopMy yce-
yeHHoM mmpamuabsl (puc. 3, b). Ecawm
[Ba WHAEKCa HeyeTHhle — BepIIMHEI
(2i,2/x1, 2k+1), (2i+1, 2j, 2kt]1) vmn
(21, 2/#1,2k), TO BHKAMHUBaHHE
nMeeT opmy KauHa (puc. 3, ¢). Tpu
HEUeTHBbIX MHAGKCA He orllpeaensior
HUKAKOrO COe[VHEHWs, a CAyxKaT A/
CBA3U MeXKY BepIlIMHAaMU.

[ns1 Kaxkaoro TUMa COeAWHEHHs IO
KOOP/AMHATAM IPAaHUYHBIX TOUYEK II/I0C-
KOCTeH  BBIUMUCASIOTCH  KOOPAMHATHI
HOPMa/IbHBIX BEKTOPOB U CYMMEI KBa-
PaTOB  OTK/AOHEHWH OT KOOPAHHAT
HOPMa/IbHOTO  BEKTOpa  II/IOCKOCTU
MOACTU/IAIOIINX Topoa. TakuM obpa-
30M, Kaxaas BeplivHa rpadpa rnonyya-
eT UhCAOBYIO OLIeHKY. OITUMa/IbHbIN
BapUaHT CoOeAHEeHHs OoIpesesiercs
MUHHMAaNbHBEIM TIYTeM 4epe3 BeplIHHBI
rpada C AAaHHBIMU YHC/IOBBIMH OLIEH-
KaMM, aArOPUTM TIOCTPOEHUs] KOTOPO-



2
2 (
3
3 4
5
4
6
5 7
8
k Q Q 9
j
D D Y
\J AN

U

1 2

1 3

3 4 5 6 7 i

Puc. 3. Tunsl coeanHeHHs naacronepece4eHH H BbIK/IHHHBaHHH

ro aHa/iorMyeH HKCIIOAb30BAHHOMY /1S
Bbl/Ie/IeHUs] KOHAULIMOHHBIX WHTEPBa/IOB
(c 3aMeHOM orepalvy MAKCUMU3aLIMK Ha
MMHVMU3ALIHIO).

3anaya TPUAHTY/IALIMKM CeTH CKBAXKUH
MexXay Teo/IOTHMYeCKHMH paspesaMu pe-
maeTrcss OAHOBpPeMeHHO W /18 TOro,
yTOObl HaWTU TPOMKH COCeIHHe CKBa-
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1 2

Puc. 4. Tpuanryasuusa mMexkay pa3BeAOYHbIMH CKBaKMHaMH

KHUH M COelHHATh I/IacTorlepeceyeHys
Y, 3aTeM, /s TOCTPOEHUsl Moaenu Mo-
BepxHocTelt naacta. CylecTBYIOT pas-
MWUHBIE MeTOabl TPWAHIY/IALMM, obec-
reyrBaone 6onee WM MeHee paBHO-
MEpHOe coerHeHHe YCTbeB CKBaXKUH B
HerepeceKarolyecs TPeyrobHHUKH
[6].YVuuThiBas TOT pakT, UTO Ha Yrob-
HBIX MECTOPOXKACHHSAX C IO/IOTHM 3a/le-
raHveM I/IaCTOB pa3Be/loUHble CKBaKH-
Hbl OOBIYHO TIPYIIMPYIOTCH BAO/b Pas-
Be/IOUHBIX /IMHHWM, a/lTOPHUTM OITTHMa/lb-
HOM TPUAHIY/IALIMKM MOMKET ObIThb YIIpO-
meH. CKBaKMHBI BAOMb COCeAHUX pas-
Be/IOUHBbIX /IMHUIN TPYIIIHMPYIOTCS B He-
repecekaroecss TPeYro/bHUKU TaKKM
o6pa3oM, 4ToObl CyMMa AMMH GOKOBBIX
CTOPOH TPEeYro/IbHUKOB C OCHOBAHUAMH
Ha PasBelOUHbIX /AWHHAX Obl/la MUHU-
MasibHOM (puc. 4).

PaspaboTaHHbBII aArOPUTM TPHAHTY-
ASUWM TIpeacTaBiseT coOOM MeToa To-
HMCKa «KpaTdyaillero MNyti» Ha rpade,
BhIPAKAIOIIEro MHOXKECTBO BapHaHTOB
[IOCTPOEHUS TPEeYro/lbHUKOB, B KOTO-
POM, OHAaKO (KaK W B Mpeablayiuei 3a-
fade), Beca IPUIKMCHIBAIOTCS BepIIMHAM,
a He nyraM. BepuwHbel rpadgpa — 31O
BO3MOXKHbIE  BapUaHThl  COeAMHEHHs
BepIIvH, T.e. rapkl cTopoH ()-(j), a Beca
BepUIH — WX A/IWHBL. [lyryd BbIpazKaioT
«OTHOILIEHUe TMOPOKAeHUe» COeIMHeHHH,
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T.e. B KOTOPOM IOpOXKIalolllee Coeau-
HeHre — 3To0 mapa (i), a nopoxaae-
Moe — creayiolliee coelrHeHHe, KOTO-
pbIM MoOXKeT ObiTh aubo (i)-(j+1), mmbo
(i+1)-(). VMcxoaHass v KoHeuHast Bepllu-
Ha, MeXAy KOTOPBIMHM HYXKHO HalTH
KpaTyaMlliMi [1yTb, COOTBETCTBYIOT CO-
eMMHeHUIo TiepBbix 1-1 v nocneanux i*-
J*, CKBaHH 0berx nuHui. [lonck Kpart-
YaMilero MyTH 4epes3 BeplivHbl rpadpa
OCYIIECTB/SCTCH  aHA/IOTMUHO  paHee
PAcCCMOTPEHHBIM 3aauaM.

Urto KacaeTcs ABYX ApPYrux 3aaady,
OHM CBfI3aHBbI C IIOCTPOEHHEM pPaspe30B
KapbepHOro 0718 10 /IMHHSAM pasBeiou-
HbIX CKBaxuH. [Ipu pasmeneHny 30HHI
10 BLICOTE KPOB/Is 30HbI 6eCTpaHCIopT-
HOM BCKPBIIIM CTPOMTCA Ha paspe3e Kak
SKBUAMCTAHTA I10 OTHOIIEHHIO K KPOB/IE
r71acta. Ee MoBepxXHOCTb B IMPOCTPAHCT-
Be ollpenensieTcs Mo TeM XKe alrOpHT-
MaM TPHAHTY/ISALIHH.

Uro KacaeTcsi MO/MOXKEeHHI TOPHBIX
PaboT, B OCHOBY WX MpeACTaB/AeHUs A/
paccmatpuBaemoro caydas C./0. Kopo-
60B mnonoxun onucadrve PI'P no nomno-
caM MeX7ay pas3BelOYHbIMH /TMHUAMHU.
PopmanbHOe OMrcaHWe TaKoro BapyaH-
Ta CEeKTOPHOM Mofenu, TMPHUroaHoe Kak
AN VHTEPaKTMBHOTO MOZe/MMPOBaHKs,
TakK W /IS PellleHUs] OINTUMMU3ALIMOHHBIX
3az1ad, IpriBeIeHO B paboTe aBToOpa [6).
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Ovchinnickov A.P. ~ AUTOMATED CONTROL SYSTEM ROBOT-HANDLER WITH
CYLINDRICAL WORKING MOVEMENT ZONE

The automated control system of the robot-manipulator with a cylindrical working operative

range, which is using in modern welding production is considered. The kinematic scheme,

mathematical model of system are given.

Key words: the automated control system, the robot-manipulator, mathematical model.
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