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I'BY3 «KpuBOpOXCKNII HALIMOHAJIbHBINA YHUBEPCUTET»

PA3ZPABOTKA IMPOI'PAMMHOI'O OBECHHEYEHUA JJISA
MOJAEJIMPOBAHUA CBAPOYHBIX ITPOIECCOB

Buknadeno memoouuni ocHo8u ma Onuc anapamHo-npocpamHo2o 3a0es-
neuenHs: OJis1 GUHAYUEHHS ONMUMANbHO20 DeHCUMY 368apH0BATbHO20 SUPOOHUY-
mea

Usznoocenvl  memoouueckue  OCHO8bI U ONUCAHUE — ANNAPAMHO-
NPOSPAMMHO20 o0becneuenus: OJisi OnpeoeseHus ONMUMATILHO20 PedcUMa cea-
POUHO20 NPOU3BOOCMEA.

Methodical bases and description of hardware and software to determine
the optimal mode of welding production are presented.

IIpoOsiema M ee CBsI3b C HAYYHBIMH M NMPAKTHYECKMMHM 3aJadyamMu. B
HACTOSIIIIee BpeMsl BaKHEUIIUM YCIOBUEM COBEPILICHCTBOBAHUS U MHTEHCU(U-
Kallud CBApOYHOTO MPOM3BOJICTBA SIBJISETCS HE TOJBKO Pa3BUTHE TEOPETHYEC-
KHX OCHOB CBapKd C MCIOJIb30BAHWEM HOBEHIIMX JOCTUKEHHUI B Pa3IUUYHBIX
obnacTax (GyHIaMEHTAJIbHBIX M MPUKIATHBIX HAyK, HO U CO3/IaHUE BBICOKOA(]-
(beKTUBHBIX METOJIOB U CPEJICTB MOJCTUPOBAHUS U UMUTALIMUA CBAPOUYHBIX MPO-
neccoB. [I[puMeHeHne MaTeMaTHYECKUX METO/0B U MaTeMaTHUYE€CKOTO0 MOJEIH-
pPOBaHMsI CBAPOUHBIX MPOIIECCOB MPEBPATUIOCH B MOIIHBIA MHCTPYMEHTapHUil
UCCJIEIOBAaHUN M MO3HAHUS MPOILECCOB, MPOUCXOIAIINX B CIOKHBIX TEXHOJIO-
TMYECKUX CHCTEMax, KOTOpBIE MO3BOJIAIOT HE TOJBKO MOJYYUTH (HOpMaIn30-
BaHHOE OMHMCAHHE MX OCHOBHBIX 3aKOHOMEPHOCTEH, HO U 3P(HEKTHUBHO YIpaB-
JSTh UM, [1]

Ananu3 ny6aukanmii. Meron xoneuynbix pasHoctedt (MCP) u metona
KOHEYHbIX AeMeHTOB (MKD) oTHOCATCS K Kiaccy CETOYHBIX METOJOB IPH-
OJIMKEHHOTO pElIeHUs KpaeBbIX 3ajad. C TOUYKM 3pEHMs] TEOPETUUYECKUX Olle-
HOK TOYHOCTH METOJbl 00JIaJlal0oT MPUMEPHO PABHBIMU BO3MOXKHOCTAMH. B
3aBUCUMOCTH OT (POPMBI 00JIACTH, KPAEBBIX YCIOBUM, KOA(D(PUIIMEHTOB UCXO/I-
HOTO ypaBHEHHUsSI 00a METOJa UMEIOT MOTPEIIHOCTH aNMPOKCUMAIIMU OT MEPBO-
ro JI0 YETBEPTOTO MOPsiIKa OTHOCUTENBHO IIara. B cuily 3TOro oHM ycHnemHo
UCTIOJIB3YIOTCS Ui pa3pabOTKU MPOTPAMMHBIX KOMILJIEKCOB aBTOMATHU3HPO-
BAHHOT'O MPOCKTUPOBAHKS TEXHUYECKUX 00BEKTOB. [3]

MeTo/1bl KOHEUHBIX 3JIEMEHTOB U KOHEUHBIX PA3HOCTEH MMEIOT psii Cylle-
CTBEHHBIX oTianuuid. [Ipexne Bcero, Meroasl oTnuyatores teM, yto B MCP an-
IPOKCUMHUPYIOTCA IPOU3BOJHbIE MCKOMBIX (yHKIMHA, a MCD — cOOCTBEHHO
pelIeHus, TO €CTh 3aBUCHUMOCTh MCKOMBIX (DYHKIMI OT TPOCTPAHCTBEHHBIX
KOOpPJIMHAT U BpeMeHU. MeTo/Ibl CUIIBHO OTIMYAIOTCS U B CIIOCOOE OCTPOCHHUS
cetok. B MCP ctpositcs, Kak MpaBuiio, peryysipHble CETKH, OCOOCHHOCTHU Teo-
METPHUM O0JIACTHU YUYMUTHIBAIOTCS TOJIBKO B OKOJIO TPAHUYHBIX y3J1ax. B cBsA3M C
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stuM MCP uaie npuMmeHsieTcs s aHaJIn3a 3a1a4 ¢ IPSIMOJIMHENHBIMU TPAHU-
namu obnacteil onpeaenenus Gpynkumii. K unciay TpaaMIMOHHBIX 3a1ay, pe-
maeMbIx Ha ocHoBe MCP, oTHOcCSATCS HCCIIEIOBAaHUS TEYECHHUH KUIKOCTEH WU
ra3oB B TpyOax, KaHajax ¢ y4eTOM TEeTIOOOMEHHBIX MPOLIECCOB U Psi APYTHX.
B MCD pa30uBKku Ha 3JI€MEHTHI MPOBOASTCS C YYETOM F€OMETPUUYECKUX OCO-
OeHHOCTEN 00JacTH, IpoLecc paz0MEeHUs HAYMHAETCsl OT TPaHMIbl JUIsl Hau-
JTy4lieil annpoKCUMAalMK €€ TeOMETPUH. 3aTeM pa3OrBarOT Ha AJIEMEHTHI BHYT-
peHHHEe 00JacTH, MPUYEM AITOPUTM Pa3OMEHHsI CTPOUTCS TaK, YTOOBI dJIEMEH-
Thl YAOBJIETBOPSUIA HEKOTOPBIM OTPAHUYEHHUSM, HAIIPUMEP CTOPOHBI TPEYTOJIb-
HUKOB HE OYE€Hb OTIWYAIUCH MO JyiuHE U T.1. [loatomy MCD Hambosnee yacto
UCIIOJIb3YETCA ISl PELEHUsl 3a/lady C MPOU3BOJBHON 00JacThiO OMPEICICHHUS
GyHKIIMN, TaKUX KakK pacdyeT Ha MPOYHOCTh JIETale W y3J0B CTPOUTEIBbHBIX
KOHCTPYKIIMI, aBUAIIMOHHBIX W KOCMHUYECKHMX ammnapaToB, TEIJIOBOW pacyer
aBurarenen u T. 1. [3]

OO61ei mpo6ieMOit METOJIOB SIBJIIETCA BBICOKAsi pa3MEPHOCTb PE3YJIbTH-
PYIOIICH CHCTEMBI allreOpanvecKux ypaBHEHHN (HECKOJIBKO JIECATKOB THICSY B
peanbHbIX 3a1a4ax). [loatomy peanuzarms MCP u MCD B cocraBe CAIIP Tpe-
OyeT pa3pabOTKH CHEIUATBbHBIX CIOCOOOB XpaHEHMsS] MATPHUILI KOdDPuImeH-
TOB CHUCTEMbI U METOJIOB PEIICHUS MTOCIIEIHEN

IMocranoBka 3agauun. llenpio qaHHON pabOTHI sABIIAETCA pa3paboTKa Teo-
PETUYECKUX U NTPUKIIATHBIX NTOJXO0J0B, KOTOPBIE MO3BOJISIOT PEAIN30BATH KOM-
NAKTHBIE U OBICTPHIE BBIYUCIMUTEIbHBIE AJITOPUTMBI JJIs1 MOJECIMPOBAHUS CBa-
POYHBIX MPOLIECCOB. TaKXkKe LENbI0 SBIIAETCS MOJYYEHUE Ka4eCTBEHHOIO CBap-
HOTO COEJIMHEHMS, 32 CUET NMPUMEHEHUS METOJ0B MATEMATUYECKOrO0 MOJIEIH-
POBaHUs PU ONPEACIICHUH TEXHOJIOTMYECKUX ITAPaMETPOB MPOLIECCA CBAPKH.

N3noxenne MaTtepuasa u pe3yjbTaTbl. MaTeMarnueckas MOJENb - 3TO
«3KBHUBAJICHT» 00BEKTA, OTPAKAIOMINKA B MAaTEMaTHUYECKON (opMe BaKHEUIIINE
€ro CBOMWCTBA - 3aKOHbI, KOTOPHIM OH MOJYUHSIETCS, CBSI3U, IPUCYIIIUE COCTaB-
JISIFOIIAM €TO YacTsM, u T. 1. [2] B Hacrosiiee BpemMsi MaTeMaTu4eckoe Mojie-
JUPOBAaHUE BCTYIMAET B TPETUHM, NPUHIMIHAIBHO Ba)KHBIM 3Tal CBOETO pa3BU-
TS, KBCTPAUBAsCh» B CTPYKTYPBI TAK HA3bIBAEMOI0 MHPOPMALIMOHHOTO 00111e-
cTBa. BriewaTnsommii mporpecc cpeacTB nepepadoTKy, Mepeaayrl U XpaHSHUS
uH(OPMAIMK COOTBETCTBYET MUPOBBIM TEHICHIMSAM K YCIOKHEHHUIO U B3aUM-
HOMY TMPOHUKHOBEHHUIO Pa3IMYHBIX chep dYeloBeyecKoi aesTeNbHOCTH. bes
BJIa/ICHUsI UHPOPMALIMOHHBIMU PECYpCaMU HEJb3sl U JlyMaThb O PEIICHHH BCE
0oJiee YKPYIHEHHBIX M pazHOOOpa3HBIX MPOOJIEM, CTOSUIUX TEPE] MUPOBBIM
coobmecTBoM. OgHako MHQOpMAIMS KaK TaKOBas 3a4acTyl0 MaJlo 4TO JaeT
JUISl aHAJIU3a U [IPOTHO3a, PUHSTHUS PELLIEHUI U KOHTPOJIA 38 UX BBIIIOJHEHUEM.
Hy>xHbl HazexHble cOcOObI MepepadoTKH MH(DOPMAIMOHHOTO «CHIPbS» B TO-
TOBBIM «IPOIYKT», TO €CTh B TOYHOE 3HaHHE. MIcTOpUS METOAO0JOTHH MaTema-
TUYECKOTO MOJICIIUPOBAaHUS YOEKIAET: OHA MOXKET U JOJKHA ObITh MHTEIICK-
TyaJIbHBIM SJIpOM WH(GOPMAIIMOHHBIX TEXHOJIOTHM, BCETO Mpoiiecca uHpopMa-
TU3anuK oo01ecTsa. [2]
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TexHuueckue, IKOJIOTUICCKHE, YKOHOMHUYECKUE U JIDYTHE CHUCTEMBI, U3Y-
qaeMble COBPEMCHHOUM HAyKOW, OOJbIlle HE IOABEPTalOTCS HUCCICIOBAHHIO
(HY>KHOU MOJIHOTHI ¥ TOYHOCTH) OOBIYHBIMU TEOPETUUCCKUMHU MeToaaMu. [1psi-
MOW HATYPHBIA SKCICPUMEHT HaJl HUMH JUTUTENICH, HE JCHICBBINA, YacTO Orac-
HBIA WU MPOCTO HEBO3MOXEH, MOCKOJIEKY HEKOTOPBIC U3 ATUX CHCTEM CYIIle-
CTBYIOT B €IMHCTBEHHOM 3K3eMIuripe. Llena ommbok u nmpocyeTroB B oOpaiie-
HUHM C HUMH HEJONMYCTHUMO BbICOKa. [loaToMy Maremarmdeckoe (Umivpe - WH-
bopMaIoOHHOE) MOICIMPOBAHUE ABJISCTCS HEN30CKHOM COCTABIISIONICH HayY-
HO-TEXHUUYECKOT0 mporpecca. [2]

Cama mOCTaHOBKa BOIPOCA O MaTEMAaTUYECKOM MOJICIIMPOBAHHUH JTFOOOTO
00BEKTa TIOPOXKIACT YCTKUH IJIaH JACUCTBUI. ET0 MOXKHO YCIIOBHO pa3OUTh Ha
TPH 3TaIa; MOJECIIb - AITOPUTM - Iiporpamma (puc. 1).

Puc. 1. COCMCl@]l}UOU/;ue mamemamudecKkoco MO@@]ZUPO@CZHM}Z

Ha nepBom stane BbiOupaercsi (MM CTPOUTCS) SKBUBAJICHT OOBEKTA, OT-
paXaromuii B MaTeMaTU4eckoi (opme BaKHEHIIHME €ro CBOMCTBA - 3aKOHBI,
KOTOPBIM OH TOJUYHMHSICTCS, CBSI3U, MPHUCYIIUE COCTABIIAIOIIAM €T0 4acTsM, U
T.I. Matemarudeckass Mojenb (Wi ee (hparMeHThI) UCCIEAYETCS TeOpeThye-
CKUMH METOJIAMH, YTO MO3BOJISICT MOJYYUTh BaXKHBIC TPEIBAPUTECIILHBIC 3HAHUSI
00 oObekTe. [2]

Bropoii aTan - BeIOOp (Miu pa3paboTKa) aaropuTMa Jijis peaanu3alud Mo-
JeM Ha KoMITbloTepe. Mojiens npeacTaBisercs B popme, yI0OHOW s TIpH-
MCHEHHS YHUCIICHHBIX METOJIOB, OMPEACISCTCS MOCICI0BATEIBHOCTD BBIUUCIIH-
TEIILHBIX U JIOTUYECKUX OIEPalnii, KOTOPbIC HYXXHO MPOBECTH, YTOOBI HAWTH
WCKOMBIC BCIIMYMHBI C 3aJaHHONW TOYHOCTHIO. BBIYMCIUTEIBHBIC AJTOPUTMBI
JOJDKHBI HE MICKaKaTh OCHOBHBIE CBOMCTBA MOJICTH U, TAKUM 00pa3oM, UCXOJI-
HOrO0 O0BEKTa, OBITh SKOHOMHYHBIMA M TaKHUMH, KOTOPBIC aJalNTHPYIOTCS K
0COOEHHOCTSIM PElIaeMbIX 33134 M UCTIOJIb3YEMBIX KOMITBIOTEPOB. [2]

Ha TpeTthem 3Tame co3maroTcs IporpaMMBl, MEPEBOISIIUEC MOJICIb U aJIr0-
PUTM Ha JIOCTYITHBIA KOMIBIOTEPY SI3bIK. K HUM TaKke MpeIbsBIISIOTCS TPeOOo-
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BaHUS SKOHOMHUYHOCTH M aJalTHBHOCTH. MIX MOYKHO Ha3BaTh «3JICKTPOHHBIM»
SKBHUBAJICHTOM HCCIIEyeMOro 00BbEKTa, YXKe MPUTOIHBIM IS HEIOCPEACTBEH-
HOTO HCITBITAHUS Ha SKCIIEPUMEHTAIBLHON YCTAaHOBKE - KOMITbIOTEpE. [2]

Co3maB Tpuaxy «MOJEIb - aIrOPUTM - MPOrpaMMay, MCCIeI0BaTeNb T0-
Jy4aeT YHUBEPCAJIbHbIN, TMOKUI U HEIOPOrOl MHCTPYMEHT, KOTOPbIA CHavaia
OTJIQKHUBACTCSA M TECTUPYETCS B MPOOHBIX BBIYMCIUTEIBHBIX IKCHCPUMEHTAX.
[Tocne Toro xak ageKBaTHOCTh (AOCTATOYHOE COOTBETCTBUE) TPUAIbI HCXOIHO-
My OOBEKTY YJOCTOBEpEHA, C MOJIENBIO MPOBOAATCS Pa3HOOOpA3HbIC U MOJI-
pOOHBIC HCCIIEAOBaHUS, KOTOPHIE JAIOT BCE HEOOXOIUMBbIC Ka4eCTBCHHBIC U
KOJIMYECTBCHHBIC CBOMCTBA U XapaKTEPUCTUKU 00beKTa. [2]

[Tporecc MoEIMPOBAaHUS COMIPOBOKIACTCS YIIYUIICHUEM M YTOYHCHHEM,
10 Mepe HeOOXO0IMMOCTH, BCEX 3BEHHEB TPHA/IBI.

Byayun meromosoruei, MareMaTHUECKOE MOJICIMPOBAHUE HE MOAMEHSET
coboif MaTeMaTuky, UMKy, OMOJIOTHIO U IPYrHe HAyYHbIC TUCIMILINHBI, HE
KOHKypHUpyeT ¢ HUMH. Hao00poT, TpyIHO MEepPEOleHUTh €r0 CHHTE3UPYIOIIYIO
poab. Co3gaHue W NMPUMEHEHHUE TPHAJbl HEBO3MOXHO 03 OMOphI Ha CaMbIe
pasHbIe METOJIbI U MOAXO/IbI - OT KAUeCTBEHHOI'O aHAJIM3a HEJIUHCHHBIX MOJIe-
JIeH 10 COBPEMEHHBIX S3BIKOB MPOrpaMMUpoBaHus. OHO JaeT HOBbIC JOTOIHH-
TEJIbHBIC CTUMYJIbI CAMBIX Pa3HBIX HAIIPaBJICHUH HayKu. [2]

Ha ocHoBe muddepennmansHoro ypaBHeHUs TerionpoBogHocTy (1)
CTPOMM MaTEeMaTHUYECKYIO MOJIENb IO MPUHIIMITY YePHOTO SIIHUKA.

&r _ A (¥r &7 5%}

&r  op \@x® | @30 | fa° (1)

[IpenmnonoxkuM, 4To BCSI CUCTEMA - 3TO HEKOTOpPasi COBOKYITHOCTh JEUCT-
BU, aJITOPUTMOB, MPeoOpa3oBaHUM U JAHHBIX, HA BXOJ KOTOPOW MOCTYIMArOT
BXOJIHbIE TIapaMeTpPhl, a Ha BBIXOJI€ UMeeTCs perieHre. Takum o0pa3om, TaKyro
CUCTEMY MOHO IPEIACTABUTh B BUJIC YEPHOIO SIIIMKA, B KOTOPBIA MOCTYIAOT
YIIPABIISIIOIINE CUTHAJIBI U CUTHAJIBI C IAHHBIMU M HA BBIXOJIE UMEEM PE3YJIbTH-
PYIOIIMMN CUTHAIL.

[Ipyn mccnemoBaHUM CHCTEMBI HAWOOJBIITUN MHTEPEC BBI3BIBACT 3aBUCH-
MOCTh MEXIY BXOJIOM U BbIX0J0M. COOTBETCTBEHHO W3MEHEHHUE BBIXOJIHBIX
rmapaMeTpoB I0J] BIUSHUEM BXOIHBIX KBATH(DHUIMPYIOT KaK MpeoOpa3oBaHHE
CHCTEMBI.

Marematudeckass MoJielb TpoIiecca IMepeHoca TEeIIoBou ’Heprun F =
f(Xi, Yi, Zi, ti) uzodpaxena Ha puc. 2
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Puc. 2. Mamemamuueckas mooens npoyecca nepeHoca meniosou 3Hepeuu
f - nekomopas npeobpazyiowas Gyukyus, Ha OCHOBE KOMOPY CMPOUM MH@OHGC ]
Mamu4ecKyio mooein, X; - 6xoouvie napamempnlt, Y; - ebsz%é napamempel,
Z; - ynpasnsiowue napamempul, ti - spemennoii cuenan (npucywuii monvko ou- TCMIIE
HAMUYECKUM MOOEJISIM) Hal

[TapameTpbl MaTEMaTUYECKOW MOJIETTU IPUBEAEHBI B Ta0J. 1.

Tabnuua 1
Tlapamempol mamemamuueckoi mooenu

@YHKIIMU HAYAJIBHOTO paclpeesieHue TeEMIIEpaTyp.
['pannyHbIE yCnOBUA
I'panu1el HarpeBaemMoro tena
[ar o ocu OX
[ar o ocu OT
Tennodusznueckue K03PGULUEHTHI

PasmepHOCTh ceTkn
Pacnpenenenue Temneparyp B teje (pemenue /IP)

TouHoCTh (MakCHMaNbHASI TIOTPEIITHOCTH)
Z; Merton pemienus nudpepeHunaibHOro ypaBHEHUs
Merton pemiennst CJIAY

t; Bpewmsi, B TedeHHe KOTOPOTO OCYIIECTBIISIICS MPOIIECC HarpeBa

MHOXKECTBO MaTeMaTHYECKMX MOJIEJICH OMUCHIBAIOTCS AU(HEpeHIINATb-
HBIM YpaBHCHHEM WJIM CUCTeMOM auddepeHInaibHbIX YPaBHCHHUH C KpaeBbIMU
YCIIOBUSIMU TIEPBOrO, BTOPOIO M TPEThEro poja. TouyHoe pelleHHe KPaeBhIX
3aja4 yJaeTCsl MOJYYUTh JIHIIb JII1 HEMHOTUX ciiydaeB. [losToMy oOmuit cro-
c00 ux pemrenus, B ToM uncie u B CAIIP, 3akiroyaercsi B UCIIOJI30BAHUM Pa3-
JMYHBIX TPHOMKEHHBIX Mojeield. B Hacrosiee Bpemsi HanOojiee IHUPOKOE
pacmnpoCcTpaHeHNE MOYYHIN MOJIECTH Ha OCHOBE WHTETPAIbHBIX YPABHCHUU U
MOJICJIM Ha OCHOBE METO/1a CETOK (METOJT KOHEUHBIX pa3HoCTeH). [3]

CyTh METOJIa CETOK 3aKJIFOYAETCs B alllIPOKCUMAIIUU HCKOMOM HEIPEPhIB-
HOW (YHKIIMM COBOKYITHOCTBIO NMPHOJIMIKEHHBIX 3HAUCHUM, PACCUYMTAHHBIX B
HEKOTOPBIX TOYKax 00JIaCTH - y31axX. COBOKYIMHOCTh y3JI0B, COCIUHEHHBIX OIl-
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peneneHHbIM 00pa3oM, oOpasyer ceTky. CeTka, B CBOIO O4Y€pelb, SIBISETCS
JUCKPETHOW MOJEIIBbIO 001acTH ompeaesneHuss uICKoMol ¢pyHkuuu. [lpumenenue
METO/Ia CETOK TMO3BOJIAET CBeCTH AU dEepeHIINATBHYIO KPAeBYIO 3a/1auy K CHC-
TeMe HEJIMHEWHBIX B OOIIEM cliydae aare0pandeckux ypaBHEHHM OTHOCHUTEIb-
HO HEU3BECTHBIX Y3JIOBBIX 3HAUCHUH (yHKIHH. [3]

Yacto npu paboTe ¢ MaTeMaTUYECKUMU MOJEISAMUA IPUXOAUTCS UCCIENO0-
BaTh 3aBUCUMOCTb APaMETPOB CUCTEMBI OT BpeMEHM. Takol Kiacc 3a/1ay Ha-
3bIBAaETCs HecTalMoHapHbIM. CylIecTBYeT JBa Coco0a MOJyYEHUs PEIICHHUS:
SBHBIA U HESIBHBIN MeToA. [Ipu ncnonbs3oBaHuu J1I000ro U3 CrocoO0B HEOOXO-
JAUMO BBIOpATh MIAOJIOH /JIsi 3aMEHbl YaCTHBIX NMPOM3BOJHBIX HA Pa3HOCTHBIE
anasoru. [3]

Pa3paboTtannas cucreMa npeaocTaBiseT BO3MOXKHOCTh MOJIb30BATENIO MO-
JYYUTh PELICHHE YpaBHEHHS TEIUIONPOBOJHOCTH C MOMOIIBIO METOJa KOHEY-
HBIX PA3HOCTEN Il TPAHUYHBIX YCIOBHM mepBoro pona. dOyHKIMOHaNbHAA
CXeMa CHCTEMBbI IPUBE/ICHA Ha PUC. 3.

. l _=
:
: :
* )

Buznauenns
$ynxuii

II0YaTKOBOI'0

' ' PO3I10/TiIEHHS

Puc. 3. @yuxyuonanvhas cxema cucmemol
['maBHBIM (PYHKITMOHATBHBIMU OJIOKAMH CHCTEMBI SIBJISTIOTCS 010K «BBO
NaHHbIX», «PacueT HauyanbHOrO pacmpeneneHus Ttemieparyp», «Pemenus
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YpaBHEHUS TEIUIONPOBOJIHOCTU» U «BBIBOJ pemieHus ypaBHeHUs». OcTalbHbIe
OJIOKH JTOTIOJTHSIOT WK PACIIUPSIIOT BO3MOKHOCTU CUCTEMBI.

brok «BBoa maHHBIX» nenuTcs Ha TpH dTama. [lepBoiid aTam - 3T0 padboTa
omoka «Ompenenenne (yHKIMM HAYaIbHOTO pacnpeaeneHus». Ha manHOM
ATare OT IMOJIb30BaTENsI OKUIACTCS BBOJI C KJIABHATYPhl (DYHKIIMHU WU 3HAYE-
HUSI-KOHCTAHThl HAYaJIbHOI'O paclpeaeicHus TeMneparypbl. Cucremoit npeay-
CMOTPEHO HCIIOJIb30BaHUE JBYX MEPEMEHHBIX (X W ) Ui ompeseseHus 3Have-
HUAW MO BCEW JJIMHE TEJIa B TEYEHHUE YKA3aHHOTO BPEMEHH. TaKke eCThb BO3-
MOJKHOCTh MCIIOJIb30BaTh ciemyromue Gpyukuuu: Sin (cunyc), Cos (kocunyc),
Pow (Bo3BeseHue B cTenens), Tan (tanrenc), Sqrt (kopens), EXp (sxcrmoHenTa).
U ucnosnp3oBaTh 3HaUCHUE MaTeMaTu4eckoi KoHcTauTel Pl (3,14).

C momormpio 6ioka «Omnpezenenrne QyHKINH TPaHUIHBIX YCIOBUM» TOJIb-
30BaTelb UMEET BO3MOXKHOCTh BBECTH B CHUCTeMY (YHKIIMU pacTpeeTeHHUs
TEIUIa Ha TpaHuIax Tejia (JieBas ¥ mpaBasi TpaHUIlbl). BO3MOKHOCTH U OTpaHM-
YeHUs MpU BBOJAE (YHKIMHM aHAJIOTUYHBIE ¢ OyiokoM «OmpeneneHue QyHKIUU
Ha4aJIbHOTO PaCIpEICTICHUS».

Ucnonw3ys 6510k «Bbi00p pa3MEepHOCTH CETKU» MOJIb30BaTEIh UMEET BO3-
MOXHOCTh BBECTH TPaHUIIBI OTPE3Ka, Ha KOTOPOM OyeT MPOU3BENICH pacueT, u
YHCIIO TOYEK pa3ouenus no ocam X u t. Takum o6pa3om, 0THO3ZHAYHO OMpeie-
JIATCSL pa3MeEPhl CETKU JJIsl UCTIOJIb30BAaHUS CETOYHOTO METOJa PEIICHUS ypaB-
HEHHS TEIUTIOMPOBOIHOCTH.

Cnenyromuii 3Ha4MMblid OJOK (PYHKIIMOHAIBHOUM cXeMbl 3TO «Pacuer Ha-
YaJBLHOIO pacipeeeHus TeMneparyp». Ha 1aHHoMm 3tane cucrema BbIYUCIAET
HayaJIbHOE pacHpeiesICeHHe TEMITEPATyp BO BCEX TOUKAX CETKH HA MIEPBOM CJIOE€
110 BPEMEHHU.

brox «Pemienust ypaBHEHHUSI TEIIOMPOBOIHOCTH» OOBEIUHAET B cebe 2
anroput™Mbl pemieHus nuddepennmanpHoro ypaBHeHus. Ha BbiOop mosb3oBa-
TEJsl MOAAETCS ABE CXEMbl pACUETOB: SIBHAS U HEABHAs. DTU CXEMBbI IIPEICTAB-
JieHbI OJI0kaMu «SIBHast cxema penieHus» U «HesBHast cxema pereHus».

[Tocne BeimosiHeHUs OJi0Ka «SIBHAsI cXeMa PEIICHUS» CUCTeMa MEPEXOIUT
K Onoky «OrmpezesnieHre 3HAUeHU TeMIlepaTypbl Ha Ka)JOM JTare MyTeM 3a-
MEHBI KOHCUHBIMU pa3HOCTIMU». Ha 3ToM 3Tame gacTHbIE IPOU3BOAHBIC IU]-
dbepeHIMaIbHOTO YPaBHEHHS TEIJIOMPOBOIHOCTH 3aMEHSIOTCS Pa3HOCTHBIMU
aHaJIOraMy U PaCCUUTHIBACTCS 3HAUCHUE TEKYIIEH TOUKE CETKH.

Ecnu nonw3oBarens BeIOpall BapuaHT ¢ MCIOJIb30BaHKUEeM OJioka «HesiBHas
CXeMa PEIICHU», CUCTeMa BKIIIOYaeT B paboty Osok «PopmupoBanus CJIIAY
M3 KOHEUHBbIX pa3HocTei». Ha ocHOBE pa3sHOCTHBIX aHAJIOTOB, KOTOPHIE 3aMe-
HSIOT YaCTHBIE MPOU3BOJIHBIC NU(PHEPEHIINATBEHOTO ypaBHEHHUS TEIIOMPOBO/-
HOCTH, (OpMHUPYETCS CUCTeMa JIMHEHHBIX alre0OpauvyecKux ypaBHEHUM
(CJIAY), KOTOpyHO MOXHO CBECTH K TpEXJHaroHaJlbHON Mmatpuiie. Jlanblie
Ha4YMHAET CBOIO paboty 650k «Pemennst CJIAY». DToT 610K IperycMaTpuBaeT
pemenne CJIAY MeTom0M MPOTOHKH, KOTOPBIN SBIISICTCS Hanbosee dPpheKkTus-
HBIM JIJIS1 PEUICHUS TPEXAUAroHalbHbIX MATPHIL.

176



[Tocne nonyuenus pemenus Y mi00bIM U3 BbIIIE NMPUBEIECHHBIX MYTEM
HauMHaeT paboTy 050K «BbIBOA pelieHus: ypaBHEHUs». DTOT OJIOK Pa3BETBIIS-
€TCsl TI0 IBYM HamlpaBJICHUSM: BBIBOJI aHATUTHUYECKOW M BBIBOJAA IpapUIECKOM
uHpopmaruu. VX BBIIOJIHEHUIO COOTBETCTBYIOT 0J10KH « TaOnuuHOe pelieHrne»
u «I'paduueckoe pemienne» cooTBeTCTBEHHO. C UX MOMOIIBIO MOJIb30BATENb
UMEET BO3MOXHOCTh MOJIYYHUTh B PUEMIIEMOM BHJI€ PE3YIbTAThl POBEACHHBIX
pacyeToB.

Jlanee, eciii ecTh KEJIaHWE COXPAHUTh PE3yJbTAaThl PACUETOB, MOJIB30BA-
TeJIb UMEET BO3MOXKHOCTD 33/IeMICTBOBAaTh Takue OJIOKU Kak «CoxpaHEeHUE JlaH-
HBIX pacuera» u «CoxpaHeHue rpadukoB B rpaduuecKoM BUIEY.

Pa3zpabotannasi cuctema JJig MCCIEIOBaHUS MPOLIECCOB MEPEHOCca TEIIo-
BOIl SHEPIUM W3HAYAJILHO ObLIA 3a/lyMaHa KaK yNpoOIIEHHBIA BapuaHT paboThI ¢
IPOrpaMMHBIMU MTAKETaMU JJIi MAaTEMaTUYECKOTO MOJEIMPOBAHUS MTPOTEKAHUS
¢usnuecknx mporeccoB. llenbo paboThl OBUIO MOMYYUTH TMOJHOIEHHYIO U
MPOCTYIO JUIsl pabOThl U MOHUMAHUS MOJIb30BATENIEM CHUCTEMBI, IIyTEM OTCEYe-
HUSI HAarPOMOKJIEHHOCTH U M30BITOYHOCTH CYIIECTBYIOIIUX CUCTEM.,

JlJig MCTI0NB30BaHUS ATOM CUCTEMBI HE IpeaycMaTpUBaiach Jito0as peru-
CTpallds WM pa3pelieHue, 4To SBISETCS MPUBJICKATEIbHBIM JIJISi UCIIOJIb30Ba-
Hus. Takoe pemieHue ObUIO MPUHATO, MOTOMY YTO 3TO COKpAIaeT BpeMs J10C-
Tyna TMOJb30BaTENsl K CAaMUM pacueTaM U HE 3acTaBjsieT MOMHUTH Mapojid U
JIOTHHBI.

OO6mwmit anropuT™M padOThI C MPOrpaMMON MOKHO OINHUCATH CJICIYIOIIUM
oOpa3zom. [lonb30Barens BBOAUT B CUCTEMY HaudalbHbIC IaHHbIC: (PYHKUIUU Tpa-
HUYHOI'O M HAYaJbHOTO paclipe/iefieHus Teria, Npeaeibl Tejla, KOTOpoe Harpe-
BaeTcs, KOJIMYECTBO IIaroB MO NMepeMeHHbIM X U t, U Bpemsi HarpeBa. [lanee
cucTeMa IMPOU3BENET MPOBEPKY Ha KOPPEKTHOCTh JaHHBIX. B ciydae ommbok
MOJIb30BATENI0 OYyJIeT BBIJAHO COOOIIEHHE ¢ KOHKpETH3alMel CIelaHHOW UM
OIIINOKH.

Jlaniee moJyib30BaTeNt0 HEOOXOAMMO BBIOpATh CXEMY, MO KOTOPOl HYXHO
pelaTh NOCTAaBIEHHYIO 3a7auy. TakuMm o0pa3oM, 1mocie BbIOOpa METo/Aa pelie-
HUS BBI3BIBACTCS WM MOANPOTrpamMma JUlsl pelieHusl YpaBHEHUS TEIUIONPOBO/I-
HOCTH C TTOMOIIBIO SIBHOW CXEMBI, WU TIOIPOrpaMMa HESIBHOM CXEMBI.

[Tocne 3aBepiieHUs] BRIYMCICHUI CHCTEMa BBIBOJMUT PE3yJIbTAaThl B aHAJM-
TUYECKOM (TaOIMYHOM) U rpadUyecKkoM BapUaHTaX, YTO U SBJISCTCS 3aBepliie-
HUEM OJHOTO LMKJIAa paboThl porpammel. Jlanee cucreMa nepexoiuT B pexkuM
OKUJAHMUA BBOJA HOBBIX HAYaJbHBIX JAHHBIX WM BbIOOpAa APYroro Meroja
peleHusl.

OO61muii anropuT™ paboThl CUCTEMBI ITPEICTABIIEH Ha puc. 4.

Jlanee Gosiee MOAPOOHO OCTAHOBUMCS Ha aIrOPUTME MPOIIEAYPbl PEIICHUS
muddepeHIanbHOr0 ypaBHEHUS METOJOM KOHEYHBIX PA3HOCTEH MO SIBHOM
cXeMme.
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BHeceHHs 3MIH Yy
BBeEeH1 naH]

Puc. 4. Obwuit aneopumm pabomel cucmemsl

B nauane paboThl nporeaypsl 1Jisl pelieHrs MOCTaBICHHON 3akauun Tepe- O60:
JAIOTCA U THULIUAIU3UPYIOTCS BXOJIHBIE TAPaMETPhI, KOTOPHIE 6LIJ1HH£;3%§eHLI B Pz
Hayase pa0oThl ¢ cucTeMo. Jlanee BBIMOJHAETCS pacueT pa3MepoOB CETKHU JJIS
MIPOBEAECHHUS MOCIECAYIOIINX BEIYUCICHUMN.

Tak kak MBI IONYyYrJI (DYHKITUH TPAHUYHOTO U Haqaanorospacnpeﬂene-

HUSI TEIUIa, Mbl UMEEM BO3MOXKHOCTh PACCUMTATh 3HAYEHUS TEMIIEpaTyphl B
KKJIOW TOYKE CETKH Ha TIEPBOM CJio€, Koraa BpeMs paseH 0.

Jlanee B IBOMHOM LMKJIE IO SIBHOM CXEME PACCUUTHIBAEM sHauoABHEEEXEMA
MepaTypsl B KAKIAOM TOYKE CETKM Ha CIECAYIOIMUX CIOSAX C YYETOM TECUYCHUS
BPEMEHHU.

ITocne BbIYKCIIEHWS 3HAYEHWM TEMIEPATYpPbl HA MOCJIEIHEM CJIO€ HAJO
paccyuTarh MOTPEIIHOCTh IMPOBEACHHBIX pacyeToB. [ 3TOro ¢ MOMOIIBIO
(GYHKIOWI TPaHWUYHBIX M HAYAJIBHOTO PAaCTpEICICHUNA PACCUYNThIBACM 3HAUCHUS
TeMIepaTyp Ha MOCJIEAHEM CJIO€ MO BpEMEHU. 3aTeM HAXOJUM Pa3HUILY MEXITY
ATUM 3HAYCHHEM U 3HAUYCHHEM, KOTOPOE OBLIO BBIUUCIICHO C TTOMOIIBIO SBHOM
CXEMbI METOJIa KOHEYHBIX pa3zHocTel. Ha 3Tom sTame u 3aBepiiaercs padbora
MIOJITPOTPAMMEBI IO BBITIOJIHEHHUIO PACUETOB I10 SIBHOW CXEME.

Hauano paGoTsl mporieypsl pacdeTa 1o HEIBHOW CXEeMe HEe OTINYAETCS OT
npensiayiie. Jlanee B JBOMHOM LMKJIE 3aMEHSAEM YaCTHBIE MPOU3BOJHBIE HA
pazHocTHBIE aHanoru. Takum oOpa3zom popmupyem cuctemy JTUHEHHBIX anreo-
panueckux ypaBHenuii (CJIAY) u perraeM ee METOI0M MPOTOHKH.
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[Tocie BbIUMCIICHHS] 3HAYEHUW TEMIEPATYphl HA MOCIETHEM CJIO€ TAKKe
pacCUUTHIBAEM MOTPEUIHOCTh MPOBEICHHBIX PACUETOB M 3aKaHUYMBAEM pabOTy
MIPOTICAYPHI.

OmHUM U3 IPUOPUTETHBIX HAMPABICHUN Pa3BUTHS HAIIICH CTPAHBI SIBIISCT-
Csl BHeIpeHne MH(POPMAITMOHHBIX TEXHOJIOTHH BO Bce cepshl Ku3HU. Vcmob-
30BaHUE COBPEMEHHBIX TEXHUYECKUX CPEJICTB MPEIOCTABISET PACTYLIUH KO-
HOMUYECKUI U obuietexHudeckuid 3¢ dext. Mcnonap3oBaHue aBTOMATU3UPO-
BaHHBIX PACUETOB JIJI MOJICJIMPOBAHUS TTpoliecca MepeHoca TeMIOBOM YHEPTUr
MIPU CBapKe 3HAYUTEIIHO COKpAIaeT BpeMsi, 00beMHOCTh M CJI0KHOCTh pacye-
TOB 10 CPABHEHUIO C PYYHBIMU pacdyeTamMu. Takke MOBBINIAET TOYHOCTh MIPOBE-
JICHUSI TAaKUX PAcCYeTOB 3a CUET TOT0, YTO KOMIIBIOTEP MOKET OMEPUPOBATH C
0oJiee TOUHBIMU MPUOTUKEHUSIMH, YEM YETOBEK.

B mpouiecce paboThl HaA MPOEKTOM ObLIa OCYIIECTBICHA aJaNTalus Cy-
IICCTBYIOIMNX MAaTEMATHYECKUX MOJEIICH pacIipeeieHus] TEMIIepaTypPHBIX T10-
Jiel Ha TMOBEPXHOCTU M3JIETUSl U CKOPOCTU OXJIAXJEHHUS HA OCH IIBa MPHU 3a-
JAHHOM TeMmIiiepatype, co3aaHHbIX PeikanuuaeiM M.M. mjisi mpolieccoB cTaruo-
HAPHOTO JBUKEHUS DJICKTPOIHON TPOBOJIOKH.

[TapameTphl yACIbHOM TEIJIOEMKOCTH, TUIOTHOCTH W TEMIIEPATypPhl TLIaB-
JICHUS CBAPUBAEMOTO METaJlJIa MPUBEICHBI B YCPSAHECHHOM 3HAYCHUU U TIPUHS-
ThI 32 TIOCTOsIHHBIE (coracHo Teopun M.M. PeikanuHa).

Ha puc. 5, 6 npuBenens rpaduku 3aBUCUMOCTEH 3HAUEHUS MMOTPEITHOCTH
IIpU U3MEHEHUHU pa3Mepa PacueTHOW CETKU W pacIpeiesieHUs] TEIJIOBON dHEp-
T'UH B T€JIE, COOTBETCTBEHHO.
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Puc. 5. I'pagux 3asucumocmu 3navenusi noepeutHocmu npu U3MeHeHuu pasme-
pa pacuemnoti cemxu’ 1 - Nx=6, Nx=12, Nx=36

179



1000 +

900

— T
800 |
700 //

600 /

500 -

Y+0,001

400

300

200 /

100 -

Puc. 6. I pagux pacnpeodenenus mennogou snepeuu 6 mene. Ilonyuena ananu-
muueckas sasucumocms Y=-555056.X°-238 X°+2796 X+138,57 ¢ kos¢huyu-
enmom Haoedcrnocmu 0,99.
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