Y4eOHO-MeTOAMYECKHE PEKOMEHAAIMU 10 U3YyYeHUIO TUCITUIIINHBI
«OCHOBBI MOJIEJTHPOBAHMS NPOLECCOB 00PAOOTKY JaBJIEHUEM))

1Jis1 0aKaIaBpoB

[TpenHa3HaueHBbI 151 CAMOCTOSITEILHOTO U3yUEHUs TUCIUIUINHBI OaKanaBpaMu
JTHEBHOU (GopMmbl 00yueHusi. M3yueHrne OCHOBBIBA€TCA Ha CaMOCTOSITENIbHON paboTe
O0akaJlaBpOB B TEUEHHUE COOTBETCTBYIOLIEIO CEMECTpa IO PEKOMEHAALUIM
NOKyMEHTallMu, BXOJAIIEl B cocTaB  y4eOHO-METOJAMYECKOrO0  KOMILIEKca
muctumnael (YMK]). Mckimrodenne cocTaBisieT MpakTHueckas (opma 3aHsATHH,
KOTOpasi B 00s13aTEIbHOM MOPSJKE JOJKHA MPOBOJUTHCS B YCIOBHSIX JJabopaTopuii u
CHEUATN3UPOBAHHBIX ayIUTOPHUI NpoduIupyromeni Kapeapsl.

PekoMenpanuu omnpenensior MOpsAOK padoThl CTyJIEHTa MO TPEM BHJAM
npoluecca 00pa3oBaHus JUIsl THEBHON (GOpMBI 00yUYeHHUs, IPEAYCMOTPEHHBIM padoueit

MPOrpaMMON U3y4aeMOU JUCHUTLINHBI:

1.  OCHOBHOTO — 0 U3YYEHUIO JIEKIIMOHHOTO MaTepHaia,
2.  TPAKTHYECKOTO — B paMKaX MPAKTHUECKUX ayUTOPHBIX 3aHITHHA,
3. JOMONHHUTEIBHOTO — TIOCPEIACTBOM caMocTosTenbHOU paboTel (CP) ¢

oubnuorpaduyecKuM MaTEPHAIIOM U BBITIOJTHEHUIO TEKYIINX 3aJaHUi MPAKTUIECKOU
YaCTH y4eOHOM MPOTrpaMMBbl CAMOCTOSTEIBHO.

JIEKIITMOHHBIN MATEPAJI OMCUMIUIMHBI M3y4aeTCs B COOTBETCTBHUM C
paboueil mporpammoit aucturinHbl, Bxonasmed B YMKJI. Tematuueckuii cocrtaB
JCKIIMOHHOTO  MaTepualia,  MOJJICKANEr0  CaMOCTOSITEIbBHOMY  HM3yYCHHIO,
onpenensercs ¢dopmoit 3.1 paboueri mporpammel YMKJI. Cnemyer oOpaTuth
BHUMaHHE Ha TO, YTO IUIaH, B TOM 4YHUCJE, JEKIIMOHHOTO Matepuayia B (opme 3.1
MIPUBOJUTCS B COUYETAHWU CO CChUIKAMH Ha JIMTEpaTypHbIE UCTOUYHUKU (PopMbI O, B
KOTOPBIX JIAaHHBIC pa3lelbl Kypca U3JararoTcs B HaumOoJiee TOJTHOM BHJE.
CaMOKOHTPOJIb 3HAHMS JICKIIMOHHOTO MaTepHayia JUCIUIIIMHBI OCYIIECTBIISCTCS
OakajgaBpOM MO OMOPHBIM BOIMIPOCAM JUCIMIUIMHEI, COJIEPKAIUMCS B KOHIIE paboueit
MIPOTPAMMBI, TT0 TIEPEYHIO BOIIPOCOB IK3aMEHAITMOHHBIX OMIJIETOB, a TaK K€ TECTOBBIX

BOIIPOCOB.



[TPAKTUYECKHUE 3AHATUA npu  camMOCTOSATENbHOM  MOATOTOBKE
BBITIOJHSIOTCS CTPOTO B MPOGUIBHBIX ayAuTopusx kadenpsl. Temaruueckuil 1ian
NPAaKTHUECKUX 3aHATHH mnpuBogutcs B Qopme 3.3 (IMOCpeacTBOM 0003HAUCHU
¢opmbl  3.1), cooTBeTcTBYIOLIEH pabouyell Mporpammbl, CO CChUIKAMHM Ha
METOAMYECKUE PYKOBOJICTBA B CIIUCKE JIUTEPATYPHI (popma 6).

bakanaBpam crnenyer oOpaTuTh BHHMaHu€ Ha TO, UTO IPOTOKOJIBI
7a00paTOpPHBIX pabOT MO MEpe HUX BHINOJIHEHUS WM B KOHIE cemectpa (1o
COIJIaCOBAaHUIO C MPENnoAaBaTeiIeM) [TOJDKHBI OBbITh MPOBEPEHBI, 3AIUUIIEHBI H
3aBepeHbl IpenojaBaTeneM. bakanaBp nomyckaercs K cllade dK3aMeHa WM 3a4yéra
(bopma koHTpoOJISI ompenensercss padoueld MpOrpaMMol AUCHUILIMHBI) TOJBKO MpPH
YCIIOBUU BBITIOJIHEHUS BCEX NMPAKTUYECKUX 3aHITHH.

CAMOCTOSTEJIBHA S PABOTA (CP) GakanaBpa onpenensieTcs u3yuyeHueM
TE€M JHMCLMIUIAHBI, BXOJSIINX B COAECPKAHUE JOMOJIHUTEILHON TUTEPaTyphl padoyueid
IpOTrpaMMBbl TUCIMILIHHBI ((popma 6).

[Ipaktnueckue pabOThl MpPU  CAMOCTOSTEIBHOM  HM3YYEHUH  TPeOyroT
0053aTENIbHOTO MX BBINOJHEHUSA (IKCIIEPUMEHTAIbHON YacTh) B J1aOOpaTOPHBIX
YCIIOBUSIX, ISl 4YETO BpeMs OTpaOOTKH pabOThI 3apaHee OrOBAPUBACTCS C JIEKTOPOM
JUCUUIUIMHBL M COIJIACOBBIBAETCS C AyJUTOPHBIM pacClHUCaHHEM J1abOpaTOpHid
npopunupyromein kadenpel. [Ipu 3TO0M, B paMKax CaMOCTOSITENIbHOTO H3Y4EHMS,
OakayiaBp JOJKEH 3apaHee U3YUYUTb TEOPETUUYECKYIO YacTh Pa0OThI CAMOCTOSITENIBHO,
MOATOTOBUB TPOTOKON paboThl. BplmonHeHne Takoll paboThl B J1A0OPATOPHBIX
YCIOBUSIX CBOJUTCS K TMPOBEACHUIO HKCHEPUMEHTAIbHOM 4YacTM M K aHaJu3y
MOJTyYEHHBIX IKCIIEPUMEHTATBHBIX JTaHHBIX.

Tematuyeckuii mian padot npuBogutcs B ¢popme 3.1-3.3, COOTBETCTBYIOIICH
paGoueil mporpamMmbl, CO CChUIKAMH Ha METOJUYECKHE DPYKOBOJACTBA B CIIHCKE
nauteparypsl (popma 6).

[Iporokonsl pabotel odopmisitorcs Ha mauctax ¢dopmata A4 umm A5 B
PYKOIIMCHOM WJIA MEeYaTHOM BujE (pabouee mosie JOJKHO UMETh pazMepsl 170%250

wtu 110x170 mm, neBoe moisie-25 mM). Ilo corimacoBanuio ¢ JEKTOPOM Kypca,



JomyckaeTcsi Oo(popMIISITH MPOTOKOJIbI B YYEHHUYECKUX TETPaAsiX CTaHIApTHOIO
oOpasma. [IpoTokonm Kakmoit pabOTHI JOHKEH COCTOSATH M3 TEMBI, IENH PabOTHI;
KPaTKUX TCOPETUYCCKUX CBEICHHIA, MOPSIIKA BBIIOTHEHUS; PE3yIbTATOB aHAIN3A U
BBIBOZIOB. Bce HeoOXoaumble WLIIOCTpallud K paboTe  JODKHBI  OBITH
MPOHYMEPOBaHbl W WMETh Ha3BaHWE, a B COOTBETCTBYIOIIMX MECTax TEKCTa
MPOTOKOJIa HEOOXOJMMO CChUIAThCA HA COOTBETCTBYIOUIUMN PUCYHOK HIIA TaOJUILY.
[lepen 3ammToii pabOT BCE MPOTOKOJIBI CIIMBAIOTCS (€CIM OHU OBLIU TOJTOTOBJICHBI
paszie’dbHO ApYr OT JApyra), B NOPAJKE HX CIIEJOBaHUS B TEUYEHHE CEMECTpa C
00s13aTeNIbHBIM ~ O()OPMIIGHUEM TUTYJIBHOTO JIUCTA. THUTYJIBHBIA JHCT JIOJDKEH
comepkaTh: Ha3BaHWE MUHHCTEPCTBA, Ha3BaHWE By3a, Ha3BaHUE Kadempsl,
HAMMEHOBAaHUE JUCIHUIUIMHBI, (QamMuiny OakajaBpa U MpenojaBaTeis, IMoJ
PYKOBOJICTBOM KOTOPOTO BBITIOJIHEHBI pa0OThI, a TAK)KE Ha3BaHUE ropoja U y4eOHOTro

roaa.

Pacnincanue KOHTPOJIA  IIPCIIOAABATCIICM  CAMOCTOATCIBHOIO  HM3Y4YCHHA
AUCHUIIIIMHBI CTYACHTOM COJACPKUTCA B ACKAHATC COOTBCTCTBYIOIICTO (baKyJIBTeTa u

Ha UHPOPMAITMOHHOM CTeH/Ie Tpoduaupyromiei kaheapsl.
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KOHCIIEKTA JIeKIUi 10 JMCHMIIIMHE
«OCHOBBI MOJI€JIMPOBAHMS MPOLECCOB 00Pa0OTKHU AaBJIEeHHEM))
(a1 0akaIaBpOB)

Yacts 1. DUSMYECKOE MOJIEJIMPOBAHUE
OcoGennoctu GpuznyecKoro MoaenupoBanus mpoueccos OM/I.

3agaun GU3MIECKOT0 MOJICTUPOBAHUSI TIPOLIECCOB KOBKH U IITAMITOBKH.
OcHoBHbIe ycioBus ¢usznueckoro moaenupoBanus TIT KIIIT

KoHCTaHTBI, KpUTEPHUH U 3aKOHBI ITO00MS

[Ipumenenue 3axkoHOB TToa00ust B OM/]

Pemienne npaktuueckux 3anay texHosoruu KIIIT mo nanueiM puznueckoro
MO/ICJTUPOBAHUS

Br100p pairoHaIbHOTO BapuaHTa TEXHOJIOTHYECKOTr0 Ipoliecca
HccnenoBanue TedeHUs1 METaJJIa B ITPOLIECCAX KOBKH U IITAMIIOBKH
MoaenupoBaHu€e TPOLECCOB KOBKH Y IITAMIIOBKH LIEJIbI0 HA3HAYCHUSA
palMOHAJIBHBIX PEXKUMOB Je(DOPMUPOBAHUS

Yacts 2. AHAJIOI'OBOE MOAEJIMPOBAHUE
CyIHOCTb aHAIOTOBOTO MOJEINPOBAHUA

DIEKTPUIECKOE MOJICTUPOBAHKE 33129 KATHOPOBKU BOJIOUYHUILHOTO HHCTPYMEHTA
[Tonsipu3aImOHHO-ONITHYECKOE MOICITMPOBAHNE B PEIICHHUH 33129 TEXHOJOTUN
KIIIT

dusndeckas CyIHOCTb MOJISPU3AIHOHHO-ONITHYECKOTO METO/1a
[Tonspu3amoOHHO-ONITHYECKOS MOJICIIMPOBAHUE B JJUCTOBOM IIITAMITOBKE
[IprMeHeHUE TOJSIPU3AIMOHHO-ONITHYECKOT0 MOACITMPOBAHUS TSI PEIICHUS
TEXHOJIOTHYECKON 3a/1aul COBEPIICHCTBOBAHUS MHCTPYMEHTA TIPH CBOOOTHON
KOBKE

[TpumeHeHne moIIpU3aMOHHO-ONITHYECKOTO MOJISTUPOBAHMS IS PEIIICHHUS
3aJ1a4 MPOEKTUPOBAHUS MITAMIIOBOTO MHCTPYMEHTA

[IpuMeHeHNE TOISIPU3AIMOHHO-ONITHYECKOTr0 MOACITMPOBAHUS TSI PEIICHUS
3a1a4 00BLEMHOM IITAMIIOBKHU

Yacts 3.MATEMATHUYECKOE MO/JIEJINPOBAHUE
MaremaTtndeckas mojaesnb. OCOOCHHOCTH MaTEMAaTHUYECKOTO MOJCIUPOBAHUS B

OM/I, pa3HOBUIHOCTH MaTEMATUYECKUX MOJIETIEH

CraTucTu4ecKue MOJICIA B TEXHOJIOTHM KY3HEUHO-IITAMIIOBOYHOIO
MIPOU3BOJCTBA

OO6m1ast xapaKTepUCTUKA CTATUCTUUYECKUX MOJIENeH

Pa3zpaboTka cTaTUCTHYECKOI MO IO JAHHBIM TUIAHUPYEMOTO SKCTIEPUMEHTA



22. Pa3zpaboTKa CTaTUCTUYECKUX MOJENIEH METOJOM IAPHOTO JIMHEHHOTO
PErpECCUOHHOrO aHaIn3a

23. IlocTpoeHnne MaTeMaTUYECKUX MOIENIEH TEXHOIOTUIECKUX MPOLIECCOB Ky3HEUHO-
HITAMIIOBOYHOTO MPOM3BOICTBA HA OCHOBE aHalIn3a (POPMOM3MEHEHUS MeTala B
MOJEIIUPYEMBIX IPOLIECCaX

24. CymHOCTb U IPUMEHSIEMbIE PaCYETHBIE METOBI.

25. IlocTpoeHne MaTeMaTHYECKUX MOJENIEH TEXHOJOTHYECKUX MTPOLECCOB KYy3HEUHO-
IITAMIIOBOYHOT'O MPOU3BO/ICTBA YUCIEHHBIMA METOIaMU

26. IlocTpoeHne MmaTeMaTHYECKUX MOJEIIEH pacueTHBIM IJIAHUPYEMBIM
skcriepuMenToM. [lapameTpryeckas naeHTUUKAIMSA MOAEITIEH

27. Ilpsamoe u 0OpaTHOE MOJAETUPOBAHUE TPOIIECCOB IIITAMITIOBKH

28. IlpuMeHenune MeToa MaTeMaTHIECKOTO MOICTTUPOBAHUS /ISl YIIPABICHUS
MIPOLIECCOM JIMCTOBOW IITAMITIOBKH.

Hanonnenue JICKOMOHHOT'O MaTcpuajia IlLIaHa KOHCIICKTa J'IGKI_[I/Iﬁ HOI[pO6HO
pacCMaTpuBaACTCA B COACPIKAHNHA yqe6H0ro HN3JaHuA

Pe3nukoB, FHO.H. MonenupoBanue TEXHOJOTHYECKUX MPOILIECCOB KYy3HEUHO-
IITAaMIIOBOYHOTO Mpou3BoAcTBa: yueO. mocobuwe / FO.H. PesnuxoB. — P. u//l.:
W3narensckmii nentp AI'TY, 1994.— 94c.

B kauecTBe NOMOJHUTENBHOM IMTEpATYphl, COAEprKalled 0030p M aHaIu3
COBPEMEHHBIX TpoOieM MojenupoBanus mpoueccoB OMJI, pexomenayercs
O3HAKOMUTBCS C COICpKAaHUEM MOHOTrpaduu

BoBuenko, A.B. CoBeplIEHCTBOBAHHME TEXHOJOTUU MPOLECCOB OOBEMHOU
IITAMIOBKYA HA OCHOBE NMPUMEHEHUSI TPAaHUYHO-3JIEMEHTHBIX Pacdy€ToB: MOHOTpadus
/ A.B. BoBuenko. — PoctoB H//]: U3natenbckuii nentp AI'TY, 2011. — 264c.

MeTtoauyeckue peKOMEHIAMU
(mpakTHYecKHe 3aHSITHS)

[IpakTuueckue 3aHITHS — OJHA U3 BAXKHBIX (POPM yueOHOTO IMpoIecca B Kypce
«OCHOBBI MOJENHMPOBaHMUS TPOLECCOB 00paboTkM AaBieHueM». Ha 3aHsATHA
BBIHOCATCS HamOoJiee Ba)KHBIE U CIIOKHBIE BOIPOCHI MPAKTHYECKOTO MPUMEHEHUS
3HAHUM M3 00JIaCTU TEOPETUYECKOro (JEKIMOHHOIO) Kypca, 0e3 KOTOpBIX
pazobpaTbCsi B MaTepualie IUCHUIUIMHBI HEBO3MOXKHO. 3aHATHS OPUCHTHPYIOT
0akasaBpoB Ha TBOPYECKUH TOAXOA K HW3YYCHHUIO H3JI0XKEHHOTO JIEKIIMOHHOTO
matepuana. Ocoboe 3HauYeHHWE TMPU TOATOTOBKE K TPAKTHUYECKUM 3aHATHUAM
NPUAAETCS CAaMOCTOSITEIbHOM paboTe ¢ HMCTOYHUKAMH M Y4YeOHOUM JMTepaTypoil.
[TpakTHdeckune 3aHATHS HAMpaBISIOT OaKalaBpOB Ha KOMIUIEKCHOE PacCMOTPECHHE
BCEX BOMNPOC Kypca MOJEIUPOBAHUS MPOLECCOB 00paboTku AaBieHueM. OHU AAIOT
BO3MOKHOCTh CTyZieHTaM 3¢ (HEeKTUBHO yCBaWBaTh Y4eOHBIC MaTEepHaIIbl, OBJIAJIEBAThH



MEPBOMCTOYHUKAMM M HAy4YHOM JIMTEPATypOu, MOMOTAIOT pPa3BUBATH MPOEKTHOE
MBIIIUICHUE B BOMPOCax pa3pabOTKH pa3HOOOPA3HBIX CXEMHO-IIPOCKTHBIX PEIICHUN B
obsactu MoaenupyeMbIx npoiieccoB OM/JI, mpuoOperarh HaBBIKH MOTHBUPOBAHHOTO
000CHOBaHUSI BHIOPAHHOW TOYKU 3PCHHS B TEXHOJOTHYECKUX BOIpocax. I JIaBHBIM
YCJIOBUEM YCBOCHHMS Kypca SIBJISIETCS TIIATEIbHAsl MOJTOTOBKA CTYJEHTA K KaKIOMY
3aHSTHIO.

[ToaroToBKy K 3aHSITUIO CJIEAYET BECTH B CIEAYIOLIEM MOPSIKE:

- BHUMATEJIbHO 03HAKOMUTHCS C IJIAHOM 3aHSITHS, CIIMCKOM PEKOMEHOBAaHHOM
JUTEPaATypbl, METOJUYECKUMU PEKOMEHIAIUSIMU;

- MPOYUTATh KOHCIEKT JIEKIIMM MO TEeME€ IUIAaHOBOTO 3aHSTHS, AKLUECHTUPYS
BHUMaHHE Ha COJIEp)KaHMM OCHOBHOTO MaTepHayia, HEOOXOJAMMOTO JJIsi OCBOCHHUS
MMOCTaBJIICHHBIX 1IEJICH;

- BaXHEWIIMM ATarioM padOThl MPU TOJATOTOBKE K IMPAKTHUUECKOMY 3aHSITHIO
ABJISICTCS U3YUYCHUE PEKOMEHJOBAHHON K KaXJ0W TeMe JuTeparypbl. ICTOUHUKH U
JUTEpaTypa aBTOMATH3AIMK KY3HEUHO-IITAMIIOBOYHOTO MPOU3BOJICTBA SIBIISIOTCS
OCHOBOM JOCTOBEpHBIX 3HaHHMU. IloMore oOydJaromuMcs MpU TOATOTOBKE K
3aHATUAM OKaXeT PEKOMEHJyeMasl JIuTeparypa, yKazaHHas B paszaeiie 6 Paboueit
POTrPaMMBl.

[Ipu pabGore Hag PEKOMEHJAOBAaHHBIMH HCTOYHUKAMH U JIMTEPATYPOil
HEO0OXOJIMMO MMOMHUTh, YTO HEJIOCTATOYHO OTPAHUYUBATHLCS OCTIIBIM 03HAKOMJICHHUEM
WJIU TIPOCMOTPOM TEKCTa.

Ha ocHoBe wu3ydeHHSI MCTOYHUKOB JIUTEPATYpPhl HEOOXOIMMO MOITOTOBUTH
MPOTOKOJI, 0()OPMHUB COOTBETCTBYIOIIME 3aMIUCH B HEM.

Hamnbonee Tpymoemkoll YacThlo, HO COBEPIICHHO HEOOXOAUMOM, IS
MOJTOTOBKHM K MPAKTUUYECKOMY 3aHSTHIO SIBJISIETCS KOHCIIEKTUPOBAHKE B MPOTOKOJIAX
MeToaudecKoi juTepaTypbl. KoHcriekTuBHas ¢opma 3amucu TpeOyeT He TOJIBKO
dbukcanun HauOoJee BaXKHBIX IIOJIOKEHWM HWCTOYHWKA, HO H (QuKcanmuu u
METOJIOJIOTUYECKUX TOJIO)KCHUH U JoKa3arenbcTB. Hepeako B mpoTokosiax
(UKCHUPYIOTCS U COOCTBEHHBIC 3aMeUYaHUsS W BOIPOCHI, KOTOPBIC B JajbHEUIIIEM
00CYXal0TCsl Ha JIEKIIMOHHOM HJIH JIA0OPATOPHOM 3aHATHSIX.

[IpoTokon cocTaBisieTcss B MOCIAEAOBATEILHOCTH, MPEIyCMOTPEHHON TIIaHOM
KOKJIOW TEMbl 3aHATHS, COAEPXKAIUMCS B COOTBETCTBYIOIIEM METOJIUYECKOM
YKa3aHUH.

K xaxaoMy mpoakTUUeCKOMY 3aHSTHIO PEKOMEHIYIOTCS BapUaHThl 3aJaHUM,
KOTOPBIE CJICTYET BHITIOJHATH 10 METOAUKE MaTEPUATIOB COMPOBOXKICHUS KaXKI0TO U3
HUX.

Ha npakTuyeckux 3aHaTHAX O0aKagaBp JOJDKCH:

- IPUHUMATH aKTUBHOE YJacTHE B 00CY>KJICHUH BOIIPOCOB 3aHSITHUS;

- BHUMATEJBHO CJCIUTH 3a OOCYXKJIEHHEM pacCMaTpPUBAEMbBIX OCOOCHHOCTEH
TEM;

- YMETh BECTH MOJIEMUKY C ONIMOHEHTaMU U MOTUBUPOBAHHO JI0KA3bIBATh CBOIO
TOYKY 3pEHHSI.

[IpuoOpeTeHHblE  3HAHUST W HABBIKM  TOBBIMIAIOT  [MO3HABATEJIbHYIO
JeATENIbHOCTh, JIal0T BO3MOXKHOCTH OakanaBpaM (OpMUpPOBATH CBOM YMEHHUSA U



HaBbIKH, AHAJINU3UPOBATDH q)aKTBI, HUCIIOJB30BAaTh HAYYHBIC HWCTOYHHKH, [ACJIATh
000CHOBaHHBIC BBIBOJFEI, HpI/IO6peTaTI> HAaBBIKM MW 3HAHHUA AJIA TaKOU (1)0pr1
06y‘IeHI/I}I N KOHTPOJIAA, KaK TCCTUPOBAHHC.

TeMbl NPAKTHYECKUX 3AHATHM

N3ydyeHne KOHCTPYKUMH OCHACTKH I (PU3MUECKOr0 MOJAeJTHPOBAHMS
npouecco OMJI B  ycaoBHSX  IUIOCKOTO M OCeCMMMETPUYHOIO
ne(oOpMHUPOBAHHBIX COCTOSIHUIA.

Llenp paGOThI. M3YYHTH MpEIaraéMble BApHAHTHI KOHCTPYKITUU OCHACTKH JIJIS
¢usnueckoro MopenupoBaHusi npouneccoB OMJ] B  ycimoBUAX IIOCKOTO U
O0CECUMMETPUYHOTO Ae(OPMUPOBAHHBIX COCTOSHUM.

HccnenoBanue 1epOpMHUPOBAHHOIO COCTOSIHMS NP  (PU3HYECKOM
MO/IeJIMPOBAHUH MPoIecca 00bEMHON MITAMIIOBKH

[leab  pabGoThl: W3y4YEeHHUE METOJAUKH HCCIENOBAaHUSA  pacIlpeaeICHHUs
nedopmalii U pa3MEpPoOB 3€pEeH MO CEYCHHIO TOKOBKM B YCJIOBHUSIX ILJIOCKOTO
ne(hOpMUPOBAHHOTO COCTOSIHUSI.

YucieHHOe MOJeJMPOBAaHME IMPOLECCOB IUIACTHYECKOH aedopManuu
MeTO0I0M IPAHUYHBIX 3JIEMEHTOB

[leab paboThl: M3y4YUTh METOAMKY pacuéra mpolecca IUIaCTUHYECKOM
nedopmalii ¢ MNPUMEHEHHMEM METO/la TPAaHUYHBIX JJIEMEHTOB U PAacCCUHUTATh
NEepeMENICHUs]  IPAaHUYHBIX W BHYTPEHHHMX  TOYEK,  paccMaTpuBaeMoro
nedopMupyemMoro tena.

IMocTpoeHue ¢ HCMOAb30BaHMEM JIEKTPOHHBIX Tadaum Microsoft Excel
CTATHCTHYECKOM MO/IeJIM CTOMKOCTH BBIPYOHOI0 IITAMIIA

Llesib paboThI: M3YyYUTh MPUMEHEHHE 3JICKTPOHHBIX Tabmui; Microsoft Excel
JUTST TIOCTPOSHUSI MaTEMaTHYEeCKHX MOJCIEH W MOCTPOUTh ypaBHEHWE KPWUBOH IS
CTOMKOCTH BBIPYOHOTO IITaMIa.

ANMNPOKCHMAIASI KPHUBBIX YNPOYHEHHs CTajJeil M CIUIAaBOB C
HCII0JIL30BaHHEM JIeKTPOHHBIX Tadoaun Microsoft Excel

Ileab  paGotbl. M3yuuTh BO3MOXKHOCTM  MOJYYEHUS  aAHAIUTHUYECKUX
3aBHCHMOCTCH KPHMBBIX YIPOYHCHHS PA3JIMYHBIX METAUIOB M CIUIABOB ¢
UCIIOJIb30BaHUEM CPEIbl IPOrPaMMHUPYEMBIX 3JIEKTPOHHBIX Tadmuir Microsoft Excel.
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PABOTA N91
N3yueHne KOHCTPYKLMM OCHACTKKN Ans (pM3nyecKkoro mogenm-
poBaHus npoueccos OM]] B yC/10BUAIX NJIOCKOIrO U OCECUM-
MeTpPUUYHOro AeopMUPOBaAHHbIX COCTOAAHMUIA [1,2]

Llenb paboTbl: U3yunTb NpeasiaraeMble BapuaHTbl KOHCTPYKLMM
OCHacTKu ans pusnyeckoro MoaenmpoBaHus npoueccos OM/ B ycno-
BUSIX MIOCKOrO M OCECHMMETPUYHOrO AehOpPMUPOBAHHBIX COCTOSIHWM
[3,4].

MaTepwuanbl, MHCTPYMEHT, 060opyaoBaHKe.

1. OcHacTka Ans MOAENMpOBaHWMS MIOCKOAE(OPMMPOBAHHOIO
coctosiHms (puc.1.1).

2. YHuBepcanbHblii noaknaaHoi wrtamn (puc.1.2) ans mopenu-
pOBaHUS1 OCECMMMETPUYHOIO AedOpPMUPOBAHHOIO COCTOSIHUS C Habo-
pOM  KOHAYKTOPOB ANl  3KCLEHTPUYHOW YCTAaHOBKM  3aroTOBOK
(pnc.1.3).

3. O6pasubl 3aroTOBOK U MOKOBOK, MCMOJb3YEMbIX U MOMyYEHHbIX
Ha U3y4yaeMblX pa3HOBUAHOCTSX OCHACTKM.

4. CnecapHblii UHCTPYMEHT Ans copku M pa3bopku npucnocob-

NEHWI, U3MEPUTENbHBIA UHCTPYMEHT.
12 3 4 5 6

240

- S -

290

Puc.1.1 OcHacTka aAns MoaenMpoBaHus niaocko-
[ehopMMPOBaHHOIO COCTOSIHMSA (BUA B «MNJ1aHE»)
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Puc.1.2 YHuBepcanbHbIi NOAKMAAHON WTaMn Ans
MOZENMPOBaHNSI 0CECUMMETPUYHOIO AechopMu-
pOBaHHOIO COCTOSIHUS

)
0Cb 3aroTOBKM 0Ck py4bR

@10+0,05
2ot8.

@25+0,1

89.5+0,02

130

160
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Puc.1.3 KoHAyKTOp ANst 9KCLLEHTPUYHOW YCTaHOB-
KV 3aroTOBOK B noAk/iagHon wramn (puc.1.2)

n.T.4.).

Mopsaok BbiNoAHeHNs paboTol.

Oblumne ceeaenums.
MN3yyaemble
wramnbl  (OCHacTKa),
npegHasHayYeHHble Ans
¢u3nyeckoro Moaenu-
poBaHus npoLieccos
OoMA, wmoryt  6bITb

KfiaccmduumMpoBaHbl:

— Mo BuAy MoAaenu-
pyemoro aedopMmpo-
BaHHOIMO COCTOSIHMSA
(nnockoe, ocecnMMeT-
py4yHoe W.T.M.);

— MO CTEeneHn YHu-
BEpCanbHOCTN reoMeT-
puuyeckoin dopmbl  py-
ybsl (B 3aBUCMMOCTU OT
BO3MOXHOCTU U3MeHe-
HUS CTEMEHU C/IOXHO-
CTV NMOKOBOK 6e3 nsme-
HeHus KOHCTPYKLIMM
LUTAMMOBOWM OCHAaCTKM);

— MO BO3MOXHOCTU
NPUMEHEeHUs  pasnunu-
HbIX MaTepuanos, Mo-
Aenupytowmx npouec-
col  OMA  (cBuHew,
Medb, CNoucTble nna-
cTu4yeckue mMoaenu

1. O3HaKOMUTLCHA C BUAAMWN OCHACTKW, NPeACTaB/ieHHbIMU Ha
puc. 1.1, 1.2 n 1.3. O6bACHUTb Ha3HayeHne 3n1eMeHToB, 0603HaYveH-

HbIX HOMEPaMu Mo3ULNIA.

2. BbINOMHUTB 3CKM3bl MHCTPYMEHTasIbHBIX BCTABOK MPUCMNOCO6-
NEHMS, MOKa3aHHOro Ha puc.1.1 B 0651acTu pacnonoXXeHms 3aroToBKu

(noz.4).

3. O6bACHUTL Ha3zHayeHue KoHaykTopa (puc.1.3) u onpenenutb



nopsaaoK ero npuMeHeHnsa B Xoae aKCnepuMeHTa.

4. PaccMOTpeTb UCXOAHbIE 3arOTOBKU U rOTOBbIE U3Aenns, rnony-
YeHHble B I'IpVICI'IOCO6J'IeHVIFIX. OueHuTb Ha3HayeHne M 0CobeHHOCTU
KaXaoro n3 BuaoB OCHACTKW.

5. CpenaTb BbIBOAbI MO pa60Te O Tunax NOKOBOK W 3aAa4dax UC-
cneaoBaHuAa No KaXAaoMy U3 paCCMOTPEHHbBIX I'IpMCI'IOCO6J'I€HMﬁ.

ConepxaHue oT4éTa.

OTYET 0 BbINOIHEHMN PabOTbl AO/MKEH BKIOYATb:

1. Ha3saHue paboTbl.

2. Uenb pabotbl.

3. MNepeyeHb MaTepranoB, MHCTPYMEHTOB M 060pyAOBaHUS.

4. 3cku3bl LWTAMMNOBOKN ocHacTku (puc.1.1-1.3) ¢ onmcaHnem
Ha3HauYeHus KaXkaon aetanu, 0603HaYeHHON HoMepaMu No3uLmnii, U
06nacTbio €€ NpUMEHeHwUsI.

5. BbiBOAbl o pabore.

PABOTA N22
UccneposaHne aecpopMMpoBaHHOIO COCTOSAHUA Npu pusnye-
CKOM MOAE/NIMpOoBaHUM npouecca 06bEMHOMN WTaMNOBKHY [1,2]

Llenb paboTbl: U3yYeHWe METOAMKM WCCeNoBaHUS pacnpeaene-
HUA aecopMaumnM M pa3MepoB 3epeH MO CEYEHMIO MOKOBKW B YC/TOBU-
AX NI0CKOro AedopMUPOBAHHOIO COCTOSIHUS.

MaTepwuanbl, MHCTPYMEHT, 060pyaoBaHue.

1. O6pasLpbl U3 CBMHLIA C KOOPAMHATHOW CETKOM, MOMyYEHHbIE
nocne opMoN3MEHEHUS B YCIOBUSIX NJIOCKON Aedopmaumm.

2. MepuTenbHbIN MHCTPYMEHT.

3. [varpaMMmbl pekpucTaniv3aummn anst NpuHATOro HaTypHOro
MoaenupyeMoro matepuana [5].

Obuine ceeneHus.

®dusnyeckoe MoaenMpoBaHUE Mpouecca LITAMMNOBKU B OCHACTKe,
npuBeseHHoM B N1.p. N21 3aBepluaeTcs Ha 3Tane nosydeHus aecdop-
MupoBaHHoro obpasua (puc.1.1, no3.4), cocTosiero U3 AByX CMMMeT-
PU4YHBIX NOMOBMHOK. [10 NpoBefeHus npouecca AedopMUPOBaHMS Ha
BHYTPEHHIOIO MOBEPXHOCTb KOHTaKTa Oblia HaHeceHa KoopAMHaTHas
CeTKa C NOCTOSAHHLIM pa3MepoM KBafpaTHbIX S4eekK.

[JanbHeiwas 0bpaboTka 3KCNEepUMEHTa CBOAWUTCS K UCCNedoBa-
HUIO 1ehOPMMUPOBAHHOIO COCTOSIHUSI MO WCKAXKEHHON KOOpAMHATHOM
ceTke. Huwxe npusoauTca Metoamka obpaboTkm mnckaxeHHbix aedop-
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MaLMen sueek CEeTKW, Npeano)xeHHas 3. 3ubenem [6].

Mopsaok BbINOAHEHUS PaboThl.

1. 3yunTb MeTOANKY pacyéTa KOMMOHEHT TeH30pa AedopMauunii
MO WCKaXXEHWUI0 SIYEMKM KOOPAMHATHOW CETKU C BMMUCAHHOW B Heé
OKPY>XHOCTbIO — MeTo 3. 3ubensi.

McxoaHas kBagpaTHas suvelika AenUTENbHON CETKU MpU OAHO-
pozHoi aedopMaumn NpeBpallaeTcs B napasnsenorpamMM. BnucaHHas
B MUCXOAHbIM KBaapaT OKPY>XHOCTb NMpeBpallaetcs B annunc (puc.2.1).
DUKCMPYIOTCA COMpsDKEHHblE AvaMeTpbl (2a; u 2b;), coeauHsiowme
TOYKM KaCaHMWsl 3//IMNca CO CTOpPOHaMW napasnnenorpaMma, U yron §
MeXAy HUMM.

[MaBHble OCK 31MNCca ONpeaensioTCs Tak:

1 1 :
Z-a:Z-\/E-(alz+b12)+§~\/(alz+b12)2—4~a12-b12 sin? 5 ; (2.1)

1 1 :
2~b:2-\/§~(a12 +b12)—§-\/(a12 +b2)2 ~4.al bl -sin? 5 (2.2)
[NaBHble KOMMOHEHTbI AedopMaLmm HaxoaaTca no
1 alz+b12+\/(a12+b12)2—4~a12-b12-sin2§
N .

gp =2 =2 . :(2.3)
a0 2-ag
2,42 2, 12\2 )
a-+bf—.(ar +b7) -4-.a; -bf -sin“ o
g2=ln£=1-ln 175 \/ ! ! ,(2.4)
a 2 Z-ag

<
Za,

Pnc.2.1 Cxema npeobpa3oBaHnsi OKPY>XHOCTU B 3nMncC no 3. 3ubenio
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a WHTEHCMBHOCTb AedopMaumi C YYETOM YC/IOBUSI HECKMMAEMOCTU
onpefenseTcs Tak:

g-zi' e24ve2veq -6y . (2.5)
/ \/1 2 1722

V3

[nsi BbINONTHEHWS pacyEToB YA0OHO MOMb30BaTLCS KOOpAMHATaMu
Touek KacaHust A,B,C,D, a NonyyYeHHble XapaKTepucTukn ¢popmMounsme-
HeHus1 (aedopMaummn &;, &, &) cunTaTb NOKanbHbIMK Anst Toukn O B
LeHTpe sveikun (puc.2.1).

2. W3MepuTb napaMeTpbl KOOPAMHATHOW CETKU W BbIMOSHUTD
pacyéTbl ANs ABYX sveek: HanmmeHee u Hanbonee aedopMMUpPOBaHHBLIX

(no cobCTBEHHOMY MHEHMIO).

3. Monb3yscb AvarpaMMoi pekpuctannsaumy (Hanpumep, npu-
BEAEHHON Ha puc.2.2) BbIOPAHHOrO MOAENMPYEMOro MaTepuana u
paccyuTaHHbIMU B n.2 AAaHHbIMW, ONpPEeAENNTb BENNYNHY 3€PHA B CO-

r
v
MK
400 4
8 48%
§ 90 o ]
N A T
R 300 (Ve
o
g ]
¥ 250 V]
é’ e %
Ny
s AV
S 150 °$f
S // e = 540
X A 575
3 100 IR L2 500 O
= | X v W
S a 475 N
T gl =L 450 38
50 ¥
CE A e 425
7<= A 400 (™
0 20 a0 0% 0

Cmeneny Segopmayiu

Puc.2.2 OuarpamMma pekpuctannusaumm anioMmmHneBoro cnnasa AKS, aedop-
Mauus NoAa Npeccom
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OTBETCTBYIOLUMX SYelKax HaTypHOro obpasua npu 3agaHHOM Temne-
paType.

4. CpenaTb BbIBOAbI:

a) 0 MaKCMManbHOM M MUHUMASIbHON BENMYMHE 3epHA HATypPHOrO
obpasua, nosy4yeHHoro npu ero AeopMMpoBaHMKN B YCIIOBUSIX, COOT-
BETCTBYIOLLMX YC/IOBUSM MOAENM;

6) 0 Ka4ecTBe CXeMbI LITAMMOBKW.

CogepxaHue oT4yéTa.

OTYET 0 BbINONIHEHUW paboTbl AOMKEH BKOYaTb:

1. HassaHue paboTbl.

2. Uenb pabortbl.

3. MNepeyeHb MaTepuanoB, UHCTPYMEHTOB M 060pyA0OBaHMSI.

4. KapTuHy aecopMMpPOBaHHOIO COCTOSIHMSI BCEM KOOPAMHATHOM
CETKW C yKa3aHMeM BblbpaHHbIX A5 NCCneaoBaHns syeek.

5. Metoanky uccneposaHus AecOpMMPOBAHHOIO COCTOSIHUS MO
NCKa)KEHHOW KapTWMHE KOOPAMHATHOW CETKM C YKPYMHEHHBLIMU KapTu-
HaMW BbIOpaHHbIX SYEEK U BMMCAHHBLIX B HUX OKPY>XHOCTEN MNM 3/1-
JIUNCOB.

6. [dvarpamMMmy pekpucTanamsauum AN MNPUHATOr0 HaTypHOro
MOAenMpyeMoro Matepmana C ykasaHueM BenMuYuH 3EpeH B COOTBET-
CTBYIOLLMX SUYENKAX.

7. BbiBOAbl no pabore.

PABOTA N293
YucneHHoe MoaenMpoBaHMe NPOLIECCOB NJIaCTUUYECKO ae-
c¢opMaLmm MeToaO0M rpaHUYHbIX 3J1IEMEHTOB [1,2,7]

Lenb paboTbl: n3yunTb METOAMKY pacyéTa npouecca naacruye-
CKOM pgedopMauMn C MPUMEHEHWEM METOAA MPaHWMYHbLIX 3/IEMEHTOB
(M) n paccunTaTb nepemelLeHust U HaMNpPsSHKEHUS B FPaHWUYHbIX U
BHYTPEHHMX TOYKaxX paccMaTpusaeMoro aeopMnpyemMoro Tena.

MaTepwuabl, MUHCTPYMEHT, obopyaoBaHue.

1. YcnoBusa 3agay O pacTsHKeHUM MIOCKOro KonbLa@ BHYTpeH-
HMM YCWUMMEM, OCafKe NOMoChl U KBagpaTHOW 3aroTOBKM.

2. YHuBepcanbHas nporpamMma BEM_PL(2D)' [8], peanu3osaH-
Hasi Ha OCHOBE YWUCNEHHOMO MeToAa MPaHNYHbIX 31eMeHToB [9].

3. MK wn npuHTep.

! BEM - ot Boundary Element Method (MeTOA rpaHNUHbIX 3NEMEHTOB)



Obwine ceenenus.

3apgaya pacyéta KMHEMaTMYEeCKUX M CUJI0BbIX MapaMeTpoB Mpo-
ueccoB 06paboTKM METasNoB AaB/IEHMEM ABASIETCS (PU3NYECKN HEeNu-
HEMHOM M MOXET ObITb 3anucaHa B BUAE CYMMbl JIMHEMHOrO L(u) v
HenuHelHoro N(u) onepaTtopos [10]:

LU)+NU)=P, 3.1)

rae P— HekoTopas n3BecTHas yHKUus.

NTepaumoHHbIA  NPOLECC OCHOBLIBAETCS Ha  MpeACTaBEHUN
ypaBHeHus (3.1) B Buae

LU) =P-NU) (3.2)
3afaBasicb HavalbHbIM 3Ha4eHneM U, (B YacTtHocTu, Uy =0)

PelueHne noBTOpsieTCS A0 AOCTMXEHUS TpebyeMon TOYHOCTU Be-
NNYnHbl Uy,

Ans peweHns nuHelrHo-ynpyroi 3agauv (L(U)), coOTBETCTBYIO-
Lei paccMaTpyMBaeMOM, NPUMEHSIETCS MPAHUYHO-3/IEMEHTHOE YpaBHe-
Hue (TWY) [9, C.219]

* *
Cijuj + ] pijuidl” = [~ piudl”, (3.3)
rae Pj =0 jinj— ycunnsa B TOYKax rpaHuUbl, ONPeAensieMble KOMMo-

HEHTaMW TEH30pa Hamps>KeHWM W HanpaBASIOWMMKU KOCMHYCaMu K
BHELLHEeN HopMasnu, U; — NepeMELLEHNS Ha FpaHuLe, a peako UCMoSb-
3yeMmblit B OM/[], BHEMHTErpasbHblii YneH, onpeaensieT nepemelleHue
Tena B NPOCTPaHCTBE KakK Lenoro.

B HacTosileM pelleHnn UCNob3yeTcs U3BECTHAs aHanorns Mex-
Ly TEYEHWEM HEOKMMAaeMOW BSISKOW  XMAKOCTM W ynpyro-
fedopMupyeMbiM HeokMMaeMbiM TenoM (koad. lMyaccoHa v =0.5).
Bnarogaps TakoMy noAxoAy BenuyMHbl U; PaBHbl CKOPOCTSM MAacTu-
YeCKOro TeYeHMs B UCKOMbIX TOUYKax Ha rpaHuue obnactu.

[ns npakTU4ecKoro pelleHust uHTerpansl ypaBHeHus (3.3) pac-
CcMaTpuBaloTCs 6e3 BHEMHTErpasibHOroO YieHa U 3aMEHSII0TCS CyMMaMu
HOpPManbHbIX U KacaTeNbHbIX KOMMOHEHT HampshkeHUW U nepemelle-
HUI, AEMCTBYIOLMX YXXE€ Ha AMCKPETHLIX 3MIEMEHTaX rpaHuubl — Ha
rpaHnYHbIX anemMeHTax (M) [11]:

N, N oL, N N,

Sud [odl+ Xu) [o,dlM = Yod [udlr+ Yol [u,dl,(3.4)
j=1  Ap =L A j=L  Api j=L Api

rae N—uucno M, A7 — vx nnowaas.
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Bxoaswme B ypaBHeHus (3.3) u (3.4) BeNMUMHBI CO 3BE3Q0YKAMM
nonaratoTcs W3BECTHbIMW, B YaCTHOCTW, onpeaensitowmmmcs dyHaa-
MeHTanbHbIM peweHneM KenbeuHa [9, C.207]. Ons peleHus Henu-
HeilHoW 3agauv nnactudeckon paedopmaunm (NM(U)) vcnonb3lyetcs
UTEPaLMOHHBIN UMK, NOAYMHSIOWMICS 3aBUCUMOCTU:

k(@ Ha"=f""1, (3.5)

OavH 13 cnocoboB peanu3aumn MeToda Yrnpyrvx pelleHuin — pac-
YET Ha OCHOBE anropuTMa NEpPEMEHHOMN BS3KOCTM, NMEPEMEHHbIX Mapa-
METPOB YMNpPYrocT! U BENNYMH MOMPaBOK K UCXOAHbIM AaHHbIM. B 3TOM
C/ly4ae COOTBETCTBYIOLWME 3aBUCMMOCTM MMEIOT BUA:

U(Dn+1= U(Da+AUI)n, (3.6)
roe AU(I), — BenuuvHa nonpasku, yuuTblBaloWas U3MeHeHue Koad-
purUMeHTa XECTKOCTU UM napaMeTpoB YMNpyroctu npu gopmonsme-
HEHWUN.

PaccMOTpeHHbI MOAX0A COOTBETCTBYET METOAY YMpyrvX pelle-
HUI A.A.MnblolvHa, NpU KOTOPOM Heynpyras 3ajlava CBOAUTCS K Mo-
CNEeAoBaTeIbHOCTM PELIeHUiA ynpyrux. TexHONMorMyeckne 3afayv o
6onblunx AedopmMaumsix Mpu BLICOKOW TeMnepaType [AOMKHbI pac-
CMaTPMBaTbCS KaK 3alayM O TEYEHUWN HESIMHENHO-BS3KOW XXMAKOCTH,
No3TOMY paspellatolume ypaBHeHus ans 3agady obpaboTtku metansios
OaBNIEHNEM 3alUCbiBalOTCA aHa/llOrlM4yHO TOMY, KaK 3TO MPUHATO B
rmapoavHaMuke:

,Llc'ui‘jj-i-O',j :—Fi; ui,i :0, (3.7)
rOe KOMMOHEHTbl MACCOBOWN CWUMbl B KaXK[AOW siuelike BHYTPEHHeN 06-
nacTu onpeaensTca Kak

F=—u. oAy (3.8)

1
U =G = 5 E - HayanbHoe 3HayeHue KoathduULMEHTA XKECTKOCTU; G -

E Oj .
————; E— mopynb OHra E=—1; Ay;
2(1+V) &j
onepatop Jlannaca Ansi CKOPOCTM MepeMelleHns; @ - napametp,
XapaKTepusyoLmii yMeHblleHne KoadduUMEHTa XECTKOCTM B Npo-
uecce AedOpMUPOBaHUSI, CBSI3AHHOE C HENMHENHOCTbIO 3aBUCUMOCTU
o = f(&;) ANa pedopMmpyeMbix MaTepuasnos

moaynb cagura G =

w=1-*4. (3.9)
Hc
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B KauecTBe XxapaKTepuUCTMKM BSI3KOCTU Yxe AedopMMpyeMoro
MEeTa/fla MCrosb30BaH W3BECTHbI B Teopun 06paboTku MeTannoB
AaBlieHNEM KO3 PUUMNEHT XKECTKOCTH

_ 1 O
3]
roe o; — UHTEHCMBHOCTb HanpsiKeHWN; éi — WMHTEHCMBHOCTb CKOpO-

cTen aedopmaumin.

Kak y>xe ynoMnHanochb Bbllle, pacyeTbl BbIMOMHAIOTCA MO MeToay
ynpyrux peweHuit A.A. UNbloluMHA, C UCNONb30BAHWMEM COBMELLEHUS
NMHEAPV3YIOLWMX aNrOpUTMOB MNEPEMEHHON BSISKOCTM W MEPEMEHHBIX
napamMeTpoB yrpyroctu B Buze BbipaxxeHnit U.A. Buprepa [12,13]:

(3.10)

3 & 1 1= 1
\P:EO_—Iy E: 3EJ*1 . v-:2 EJ,]_ 2‘{1 (3 11)

1 VTeE qv-1-2v, 40 ) 1-2vig 1

12w Ejy 2¥

MocnenoBaTeNbHOCTL BbIYMCIEHWIA, B CBS3U C 3TUM, MOXHO reo-
METPpUYECKM NPeACTaBUTb TakK, Kak 3TO cAenaHo Ha puc.3.1 ¢ yyeTom
¢dopmynbl (3.11). 3gecb, NS KaXaoro TEKYLLIEro UTEPALMOHHOMO 3Ha-
YyeHna aedopMaumm M ckopoctn aedopMaumu HaxoaaTcs nocneaosa-
TeNbHO: BEIMYMHA YNPYroro HanpshKeHUs; Heynpyroro HanpspkeHus ¢
YYETOM BENNYMHBI €ro U3MEHEHNS — MO PeosiorMyeckoMy ypaBHEHMUIO
AedopMmupyemoro Metan-
Na V3BECTHOW MapKu; Bbl-
3BaHHOE 3TUM SBJIEHMEM §
n3MeHeHne koaduumeH- Tyl ety
Ta xecrtkoctn (3.10), mo-
ayns ynpyroctn  (£) u
OCTasNIbHbIX 3Ha4YeHun na-
pamMeTpoB BbIPaXXeHUiA
(3.11), oTpaxatoweecs Ha
BenuunHax o.. Ha cnepy-
lolen utepaumm u B che-
aywoweMm  npubnmxkeHun
npouecc NoBTOPSIETCS, HO
Y€ OT HOBbIX 3HauyeHui
napameTtpoB (3.11) n no-
naraetcsi, 4To

2 99
Ny

qca

€1 €, &3 €n1 €
Puc. 3.1 I'padmueckas nHTepripeTauusi npo-
Lilecca nocneaoBaTesbHbIX NPUBIMKEHUN
(uTepaunoHHOro npouecca) no anropuTMy
nepeMeHHbIX MapaMeTpoB yrnpyroctu
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E, =& tAsg,. (3.12)

Kak BuaHO u3 puc.3.1, Npouecc nocneaoBaTesNbHbIX Npubanxe-
HUI (MUTEPALIMOHHBIA MPOLIECC) CXOAUTCA K TOUYHOMY 3HAYeHUo Ae-

dopmaummn &, , ecnn OyHKUMS HENpepbIBHA, @ CKOPOCTb CXOAMMOCTM

CyLeCTBEHHO 3aBUCUT OT Buaa dyHkumn. Ecnn matepuan obnagaet
60MbLUMM YNPOYHEHUEM, T.€. KpUBasi Mano OTKJIOHSIETCS OT MPSIMOM
o=E¢ (unn, 4To TO Xe camoe, pyHKUMSA o(e) - Mana), To yxe 3-4
NpubAMxKXeHns AaloT AOCTAaTOMHO TOYHOe 3HayeHue aecdopmaumun. U
HaobopoT, ecnn Matepuan obnagaeT ManabiM YNpoYHEHUEM, TO MOXKET
noTpeboBaTbCs 3HAUUTESILHOE YMCIO UTepaumnii (NpUBAMKEHNUI) YTO-
6bl NONY4YNTL 3HaYeHUe aedopmMaumin ¢ TpebyeMoli TOUHOCTbIO [14].

CnepyeT OTMETUTb, 4YTO PaACCMOTPEHHasi MeToAMKa SB/seTcs
YHVWBEpCanbHOW U NpurogHa Ans pacyéta MOKOBOK JIto6ol KOHDUry-
paumu.

O606wéHHas 6noKk-cxeMa anropMtMa  rpaHUYHO-3/IEMEHTHOIO
pacyéTa HeNMHeWHOW 33Jaun  (opMOM3MEHEHUs TMpUBEAEHa Ha
puc.3.2.

Mopsanok BbINOAHEHUS PaboThl.

1. N3yunTb METOAUKY MPAHWUYHO-3NIEMEHTHOMO pacyéTta

2. Ha ocHoBe MporpaMMHOro pelleHns 3agad O pacTsHKeHUM
NAOCKOro KoMbLA@ BHYTPEHHWM YCUAMEM U OCaAKe MOMoChbl NONYyYUTb
AaHHble 0 AedOpMMPOBaHUM 3aaHHbIX Ten Nnoj AenCTBUEM paccMaT-
pVBaEMOrO Harpy>eHus.

3. Cpenatb BbiBOAbI MO paboTe 0 xapakTtepe HOPMON3MEHEHUS
rPaHMYHOr0 KOHTYpPa Y BHYTPEHHUX SUeex.

YcnoBus 3agaHui.

3AJAHUME 1. 3apaya 0 pacTsHXKeHUM MNJIOCKOro Kosibua BHYTPEeH-
HUM ycunmeM puc.3.3.

Pasmepsbl konbua: r=20 MM n R=40 MM; MaTepuan — antoMmnHue-
Bbi cnnaB 16 npu t=400°C; rpaHW4Hble YC/IOBWS: HOPMasbHOE

HanpsHKeHne Ha BHYTPEHHEM KOHTYype
40 Ke

o 20, In— =9.8-In—=6. 8—2, KacaTeslbHoe HanpshkeHue
r 20 MM

Og Ha BHyTpeHHeVI NOBEPXHOCTN OTCYTCTBYET, Ha HAPY>XHOM KOHTYpE
Gn=65=0.
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Hwxe npuBoauTcs NpuMep 3anofiHEHUS daiina MCXOAHbIX AaH-
HbIX ANS 3aflayn O PacTSXKEHMM NNOCKOro CBMHLIOBOrO KOMbUa C yKa-
3aHMEM MNPUHATBIX B HEM (OpMaToOB MpeAcTaBneHuns uucen (cnpasa
no TekcTy). bonee nogpobHO MOPSAOK 3aMOSHEHWUSI AHANOMMYHbIX
¢alinoB paccMOTPeEH B METOAMYECKUX YKazaHusx [7,15].

Ha4alio

¥

I 7 I
1 BBO HCXOAHBIX TaHHBIX 1|5 Pacuér BayTpennux mapametpos| |
-reOMETPUYECKHE apaMeTphbI; | U UG (36,50 I
-(pu3HUECKNEe KOHCTAHTHI; I I
-TPaHUYHBIE YCIIOBUS ! \|¢ )
5 I
~KOOPMHATHEL BHYTPCHHUX ! 6 Jenenue BHYTpPEHHEH 001acTH gl
To4eK Teja; | Ha 5-TH TOYEUYHBIE TYEHKH ;;4'
~TOYHOCTb PEIICHHS. ! \l, =
I
| |
\I/ I 7 |
2 OmnpezneneHne MOI0KEHHN i| /i BayTpennuX Toyek sueek, | &

X 1 Q
TPaHUYHBIX IIEMEHTOB | npunnvas o = 3 E,. , HAXOZAT 5:
| =1}
\I/ I ou oo Ou 0o ]|
3 5 I 8e=—i8, =Yy =+ — 5]
Pacuér xoa(pHUIneHTOB BIUSHHUS, l ox oy dy Ox ::
HOCTPOEHHE CHCTEMBbI JINHEHHBIX [ 2 ., N3 =
i | a=5€-cce, e 20l | &
ypaBHEHHIt | 3 4 =

| c . o
! | oo, 2
- : I

= p = 0p&j & exp(—pt

4 Pewienue cuCTEMbI IMHEHHBIX ! Oi = Oofj & p(-p1) :q;SI
ypaBHEHUi I l gl
[ &~
| 8 lo |
| p==24 g=f(o,g) em (3.11) i
| 318, 1
I I
I I
: I
I
| 9 |
I I
I
[ =T | JlocturnyTa nu s i
i ) | &7 Tpebyemast TOUHOCTh pacuéra? I
way =<E >3 | A(W,E)<3% I
v, =<V> | |
s | |
| I
I I

11 pacnewarka pe3ynbTaToB pacyéra

Puc.3.2 bnok-cxema anropytMa pacdéta 3agayum OpMON3MEHEHUS



Puc.3.3 K 3apave o pactsixe-
HWUM NNOCKOro KOMbLa

14

Il I4 4I5 2Fi12.4 4I4

0 14 16 38 2 3 1800.0000 0.4500 2 0 0 O
1 40.0000 0.0000 0 0 I5 2F10.4 2I5
2 38.6370 10.3527 0 0
3 34.6410 20.0000 0 0
4  31.7341  24.3505 0 0
5  28.2842  28.2842 0 0
6 24.3505 31.7341 0 0
7  20.0000 34.6410 0 0
8 10.3527  38.6370 0 0
9 0.0000  40.0000 0 2

10 0.0000 20.0000 0 2
11 5.1764 19.3185 0 0
12 10.0000 17.3205 0 0
13 14.1421 14.1421 0 0
14 17.3205 10.0000 0 0
15 19.3185 5.1764 0 0
16 _ 20.0000 0.0000 0 1
17  30.0000 0.0000 0 1
18  28.9778 7.7646 0 0
19  25.9808 15.0000 0 0
20 21.2132  21.2132 0 0
21 15.0000  25.9808 0 0
22 7.7646  28.9778 0 0
23 0.0000  30.0000 0 2
24  35.0000 0.0000 0 1
25  33.8074 9.0587 0 0
26 30.3109 17.5000 0 0
27  24.7487  24.7487 0 0
28 17.5000  30.3109 0 0
29 9.0587 33.8074 0 0
30 0.0000  35.0000 0 2



=
(8]

31 37.5000 0.0000 0 1
32 36.2222 9.7057 0 0
33 32.4759 18.7500 0 0
34 26.5165 26.5165 0 0
35 18.7500 32.4759 0 0
36 9.7057 36.2222 0 0
37 0.0000 37.5000 0 2
38 38.7500 0.0000 0 1
39 37.4296 10.0292 0 0
40 33.5585 19.3750 0 0
41 27.4004 27.4004 0 0
42 19.3750 33.5585 0 0
43 10.0292 37.4296 0 0
44 0.0000 38.7500 0 2
45 0.0000 17.5000 0 2
46 2.0000 17.5000 0 0
47 4.0000 17.5000 0 0
48 2.0000 19.5000 0 0
49 2.0000 15.5000 0 0
50 15.5000 2.0000 0 0
51 17.5000 2.0000 0 0
52 19.5000 2.0000 0 0
53 17.5000 4.0000 0 0
54 17.5000 0.0000 0 1
1 1 2

2 2 3

3 3 4

4 4 5

5 5 6

6 6 7

7 7 8

8 8 9

9 10 11

10 11 12

11 12 13

12 13 14

13 14 15

14 15 16

0 16

1 0.0000 0.0000

2 0.0000 0.0000

3 0.0000 0.0000

4 0.0000 0.0000

5 0.0000 0.0000

6 0.0000 0.0000

315

215
I5 2F10.4 2I5
I5 2F10.4
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7 0.0000 0.0000
8 0.0000 0.0000
9 0.0000 0.0000
10 0.0000 2.0000
11 0.5176 1.9318
12 1.0000 1.7320
13 1.4142 1.4142
14 1.7320 1.0000
15 1.9318 0.5176
16 2.0000 0.0000 514 4F8.4 F8.2 F/4 Fi2.4
45 48 47 49 46 0.0000 0.0000 4.0000 4.0000
16.00 0.4500 1800.0000
50 53 52 54 51 0.0000 0.0000 4.0000 4.0000
16.00 0.4500 1800.0000
Y SA0AHUE 2. 3a-
fdada o6 ocagke nono-
/ cbl (puc.3.4) us aHano-
11213 5|67 9 10| |o rMYyHoro  Martepuana,
= Haxopsllerocs B aHa-
11(12]13|14(15|16|17(18]|19]|20 X JIOTMYHOM TeMnepaTyp-
42 > HOM pexume. Hapyx-
> HbI KOHTYp onucaH 52

Puc. 3.4 K 3apaye 06 ocaake nonocol

FPAHNYHbLIMU  21EMEH-

TaMK, a BHyTpeHHsIs obnactb pa3buta Ha 20 syeek.
TpeHne Ha KOHTaKTHOM NMOBEPXHOCTM — MakcuMasnbHoe (U,/2=1.8,
us=0); 60koBast rpaHMYHasi NOBEPXHOCTb — cBoboaHas (c,=cs=0).

Pe3ynbTaTbl aHaNUTUYECKUX pelleHust 3agaHuii 1 u 2 comep-

xartca B pabotax [16] n [17], cOOTBETCTBEHHO.
3AOAHUVE 3. 3apaya o6 ocagke 3aroToBKM KBagpaTHOro none-
PEYHOrO CEeYEHNS1 U3 aHaIOrMYHOro MaTepuana o0Cago4HbIMK NIMTaMu

4

LY MM

uuuui

30
20
10

X,MM
0 10 20 30 40~

Puc. 3.5 K 3apade N23 06 ocaake

c yrnybnexnmem (puc.3.5), Haxo-
Asuerocs B aHasIoOrM4yHOM TeM-
nepaTypHOM pexume. HapyxHbIl
KOHTYp onucaH 14 rpaHuyHbIMU
3NeMeHTaMn, @ BHYTPeHHSs 06-
nacTb pa3buta Ha 36 s4ueek.

TpeHue Ha KOHTaKTHOM mno-
BEPXHOCTM —  MaKcuMMasnbHoe
(u/2=1.8, us=0); 6okoBas rpa-
HMYHas MOBEPXHOCTb — CBOOOA-
Has (o,=cs=0).



17

ConepxaHue oT4éTa.
OTYET 0 BbINOIHEHMN PabOTbl AO/MKEH BKIOYATD:
HasBaHwne paboTsbl.
Lenb paboTbl.
MNepeyeHb MaTepUanoB, MHCTPYMEHTOB 1 060pyaoBaHMS.
KpaTkne TeopeTnyeckne cBeaeHusl.
Ycnoeus 3agady, pewaemblx MIM.
PacneuaTku caina ncxoaHbIX AaHHbIX U daina pesynbTaToB
pacqéTa nocne AoCTMXXeHnA CXOAUMOCTU C TOYHbIM peLlEHNEM.
7. KapTuHbl 4edopMMpOBaHHOIo COCTOSHMS TPAHNYHOIO KOHTY-
pa N BHYTPEHHMWX SiUYeeK CeYEHUS U3aenusl.
8. BbiBOAbI Mo pabore.

ouhwwn=

PABOTA N94
MocTpoeHue C UCNOoJIb30BaHUEM DJIEKTPOHHbIX Tabnuy
Microsoft Excel ctraTucTuueckoit Moenm CTOMKOCTH
Bblpy6HOro wramna [1,2]

Llenb paboTtbl: U3y4nTb MPUMEHEHWE SNEKTPOHHbLIX Tabnuuy Mi-
crosoft Excel ans noctpoeHns MaTeMaTUYECKUX MOAENeN U NOCTPOUTb
ypaBHEHWE KpUBOW A5 CTOMKOCTU BblpybHoro wramna [18-20].

McxoaHble AaHHble: pe3ynbTaTbl 3aBOACKUX UCCef0BaHUA KOMK-
yecTBa lWiTamMnoB Ha 1000 yaapoB npu Bbipybke aAeTanein TONALWMHON
0.5-10 MM (Tabn. 4.1).

Mopagok BbinonHeHns paboTsl
1. Mo paHHbLIM Tabn. 4.1 paccymTaTbh CTOMKOCTb LUTAMMOB - KOMK-
YeCTBO YAapOB A0 Nepe3aToyKu:

w100 @)
a

Tabnuua 4.1

Ne | TonwmHa | Kon-Bo wtam- | NC | TonwmHa Ma-| Kon-Bo wtam-

n/n|matepuana| nos Ha 1000 |n/n| Tepuana S, nos Ha 1000

S, MM yOaposB a, LWT. MM yOapoB a, WT.
1 0,5 0,0039 7 5,0 0,0279
2 1,0 0,0070 8 6,0 0,0327
3 1,4 0,0099 9 7,0 0,0373
4 2,0 0,0127 10 8,0 0,0419
5 3,0 0,0180 11 9,0 0,0463
6 4,0 0,0230 12 10,0 0,0507
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2. [laHHble pacyeToB 3aHeCTn B Tabn. 4.2 (nepBble 2 KOJIOHKN)

Tabnuua 4.2
No
n/n S N log S log vV
1
12| | | |

3. MocTpouTtb 3aBucMmMocTb NV(S).

4. Mo wuMeloWMMCcS o06pa3uaM rpacduyeckmx MpeacTaBIeHNi
yHKUMI (cM. puc. 4.1) caenaTb NPeAnoNoXeHVE 0 BUAE KPUBOM.

5. Ans npoBepku NpeanonioXxXeHus 0 UCTUHHOM XapakTepe yHK-
LMOHAsIbHOM 3aBMCUMMOCTM TPAHC(OPMUPOBATL €€ B MPSAMYIO JIVHWUIO,
NMPUMEHMB KOOPAMHATbLI NMPSIMOJIMHENHOMO NPeobpasoBaHusl.

[ins cTeneHHou 3asucumoctu (N = A-S°) cnpsmnsiowume Koopau-
HaTbl NOMy4YaloT forapudMUpoBaHNEM:

log N =/logA + Blog S (4.2)

6. CpeactBammn Microsoft Excel (dbyHkums LOG10( )) BbluncinTb
log(S) u log(N) v 3anucaTb ux B Tabn. 4.2.

7. Monb3ysace cpeactsamm Microsoft Excel u gaHHbIMK Tabn. 4.2,
noctpouTb rpaduk 3aBucumoctn  logV = £(logs). 4.3)
12 8. Monb3yacb cpeacrsamn Mi-
L ! f4 crosoft Excel, onpegenutb, aBnseT-
| Cs1 M 3aBUCUMOCTb (4.3) NUHENHOW.
ls] |/ Ecn pa (koadpdmumeHT Koppens-
um > 0,95), TO HaWTU BENUYMHY
/ = oTpeska, OTCeKaeMoro npsiMon Ha
- BEpTUKanbHOM  ocn  (dyHKUMS
1 OTPE30OK ( )) u yrnosoi koacdu-
7 umeHT npsimoit (cbyHkums HAKJTOH(

A ))
9. Mo gaHHbIM Tabn. 4.2 nony-
: — YWUTb YpaBHeHue perpeccumn MS).
0123 4 56789 10111213 10. lNpoBepuTb aaeKkBaTHOCTb
X NOMTy4YEHHOro0 ypaBHEHMSI MO KO3d-
Puc.4.1 Bup ypasHenns y=ax”  duumeHTy perpeccum (R%>0,95).
1) y=2x% 2) y=2x1
3) y=2x"%: 4) y=2x; 5) y=2x>.

-
e

=

- N W A " D O~ @ W
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11. Monb3ysicb Excel, paccMoTpeTb NpUroaHOCTb APYrUX perpec-
CMOHHbIX 3aBMCUMOCTEN AN MaTEMATUYECKOro OMUCaHWsS AaHHbIX
Tabn. 4.2. OueHUTb TOYHOCTb Pa3/IMYHBIX PErPECCUOHHBIX 3aBUCMMO-
CTel Mo BenuuuHe koadduumeHTa perpeccun. CaenaTb BbIBOA O
Hanbornee NpUroaHoi perpeccCUoHHON 3aBUCMMOCTM.

12. CpenaTtb obuine BbIBOALI MO paboTe.

CoaepxaHue oTYéTa.
OTYET 0 BbINOMHEHNM PabOThl IO/MHKEH BKJIHOYATD!
Ha3saHue paboTbl.
Lenb paboTsl.
MepeyeHb MaTepUanoB, MHCTPYMEHTOB M 060PYAOBaHMSI.
KpaTkune cBeAeHMS O pellaeMon 3aade.
PacneuyaTku daina pesynbTaToB pacyéra MOJENN CTOMKOCTU
BbIPYOHOr0 WTaMna ¢ perpeccuoHHbIMI 3aBUCMMOCTSIMU, UCMOMb3ye-
MbiMK B paboTe.

6. BbiBOabl no paborte.

PABOTA N295
AnnpokcMMauus KpuBbIX YNPOYHEHUs cTasieil U CJ1aBoB C
MUCNoJIb30BaHUEM 3JIEKTPOHHbIX Tabnuu Microsoft Excel [1,2]

AN A

Lenb pabotbl. M3yunTb BO3MOXXHOCTU NOSTYHEHWUS aHANIUTUYECKNX
3aBMCMMOCTEN KPUBLIX YMNPOYHEHWUS [21] pasnuuHbIX METannoB W
CNNaBoB C WCMOJSIb30BaHUEM cpeabl NMPOrpaMMuUpyeMbIX 3MEKTPOHHbIX
Tabnuuy Microsoft Excel [20].

WcxoaHble gaHHble. Pe3ynbTaThl MEXaHMYEeCKUX UCTbITaHWM pas-
NMYHbIX MaTepuanos (HanpuMep, cM. Tabnuuy 5.1 No AaHHbIM paboTol

[22]).

MopsaaoK BbINOAHEHUS PaboThl.

1. 3anyctutb obonouky Microsoft Excel yepe3 naHenb Myck,
Mporpammbl, Microsoft Excel, Enter.

2. Co3gaTb HoBbIM dhaiin (Pain, Co3gaTtb) UM BbiIBpaTb HOBbIN
JINCT 3MEKTPOHHBIX Tabnuu B yxe cyllecTsylowieM daiine (BctaBka,
Jincr).

BHUMAHME: npu nepBoHa4asbHOM 3anycke nporpammbl Microsoft
Excel cozgaHne HOBOro nMCTa Npon3BOANTCS aBTOMATUYECKN.

3. Ha nucte Tabnuu BblbpaTb NPOWU3BOJIbHLIE SYEWKM NMOA 3HaYe-
HWUS NepeMeHHbIX BEeIMYMH CTeneHn aedopMaunn € U yaenbHOro Co-
NpoTUBEHMS AechopMMPOBaHUIO o (Hanpumep, auyeikn A3 1 B3). Mpu
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3TOM, Haj YKa3aHHbIMM SYElKaMu XXEeNaTeslbHO BbIMO/HUTbL KOMMEH-
Tapuu (Hanpumep, Al — eps, B2 — sigma, B3 — [krc/kB.MM.] 1 T.M.).

Tabnuua 5.1.
o [Kre/mmP.] npw g

Marepuan =567 To0,14 [ 0,21 0,28 0,35 [0,43 | 0,50
Cranb 10 41,191 | 47,645 | 51,880 | 55,111 | 57,755 | 60,009 | 61,983
Cranb 20 46,960 | 54,130 | 58,822 | 62,395 | 65,316 | 67,803 | 69,980
Cranb 45 66,220 | 73,731 | 78,513 | 82,094 | 84,983 | 87,419 | 89,532
Cranb Y8 91,804 | 96,234 | 98,924 [100,879(102,421]|103,699(104,791
Cranb Y12 | 77,416 | 82,973 | 86,406 | 88,928 | 90,934 | 92,608 | 94,046
Cranb
ovimoT | 68466 | 86,781 | 99,689 |109,996|118,719|126,357|133,197
Cranb
40XHMA 95,026 (100,096(103,187|105,437|107,217|108,693(109,957

Meab (99.2%)| 14,400 | 20,225 | 24,670 | 28,404 | 31,686 | 34,647 | 37,366
NaTyHb J160 | 25,687 | 35,089 | 42,113 | 47,934 | 52,997 | 57,528 | 61,661
An.cnnas AAIL| 10,030 | 10,900 | 11,443 | 11,845 | 12,167 | 12,436 | 12,668
Tutan B95 | 26,877 | 29,616 | 31,346 | 32,634 | 33,669 | 34,540 | 35,293

Huken. cnnas
XH77TIOP 108,728 [132,475|148,703|161,409(172,007(181,182|189,319

4. B BblbpaHHble SUENKWN 3aHECTU 3HAYEHUS BENUUMH £ U 6 (A3 1
B3; A4 v B4 1 T.4.) N0 AaHHBLIM NabopaTOpPHOro 3KCNEpUMEHTa Unu n3
Tabnuubl 5.1 (no BbIbOpy nNpenogaBaTensl) ANs 3agaHHOro Matepuana
(cM. npuMep B NpunoxeHuu 1).

Mpn HeobxoauMOCTM annpoKCMMaumMuM KpPUBBIX YMPOYHEHWUS AN
pasHbIX MaTepuanos, nn. 2+4 NOBTOPAIOTCA ANS KaXAOro Matepuana
Ha OTAesbHbIX JIMCTAX 31EKTPOHHbIX Tabnuu,.

5. Mo wMmelowMMcs AaHHbIM (CM. MpunoXxeHue 1) MNOCTPOUTHL
CTaHAapTHYIO TOYEYHYIO Anarpammy (CM. NpuioxeHue 2):

BctaBka:
Ovarpamma:
CraHpapTHble:
Tvn: 7oveyHas,
Bua: coegquHeHne ToYeK OTpesKamu
WU/ CO CITIaXKUBAHNEM.
Aanee> (J);

Psan:
Ao6aButb: UMa: (Hanpumep, Mapka MaTepuvana);
3HaueHus X: =Jiuct1!$A$3:$A$7
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(BBOAMUTCA C KJIABUATYPbl MM MbILWKOM MOCPEACTBOM MKOHOK CrpaBa
OT OKOH 3HaueHui);
3HaueHusa Y: =/uctl1!$B$3:$B$7;

Oanee> (.);
[JanbHenwmnin auanor CBOAUTCS K BBOAY KOMMEHTapveB B Mofe Aua-
rpaMMbl, HOCUT Heobsi3aTesNbHbIA XapaKTep, NO3TOMy peKoMeHAyeTcs
BbIMO/IHUTb:

Danee > (J);

FNotoso.

Pe3ynbTaTOM OMUCaHHLIX Bblle AEWCTBUI SBNSIETCA BbIBOA Ha
MCT 061acTn NOCTPOEHUS AMarpaMMmbl (CM. NpUIoXeHue 2).

6. Wcnonb3ys BO3MOXHOCTM Cpedbl 3MEeKTPOHHbIX Tabnuy
Microsoft Excel nponssecT1 annpokc1Maumio UMetoLLEelcs peonornye-
CKOM KpVBOWM pasfMyHbIMK TUNAMU DYHKUMIA (TMHEHON, norapudmu-
YeCKOM, NOMMHOMMANbHLIMK (2+6 nopsiaka), CTEMEHHOW U 3KCMOHEH-
LMasnbHOMN), C BbIBOAOM KaXAOro ypaBHeHWs1 (yHKUMM, ero avarpam-
Mbl M BEMYMHbBI OLIEHKM AOCTOBEPHOCTU Ha nosne rpadwmka (cM. npu-
noxexue 3).

6.1. BcnomoraTtenbHOM KHOMKOM Mblwn (NpaBoi) BblAENUTb KpU-
BYl0 B 06/1aCTW MOCTPOEHNS AnarpaMMbl. B BbiNaBLUEM MEHIO aKTUBMU-
3upoBaTb pasgen «[Job6aBuTb NMHUIO TpeHaa...» (OCHOBHOW — NEBOW
KHOMKOM MbILLKK).

6.2. Onpepenutb TUM annpokcummpytowero ypaBHeHus (U ero
nopsiaka Anst NoJIMHOMManbHON MyHKLUMK).

6.3. B paspene MAPAMETPbI 0653aTenbHO BblAENUTL OCHOBHOM
(NeBOI) KHOMKOWM MBbILLKWU Cleaytolmne pasaensi:

v nokasaTb ypaBHEHWE Ha AnarpamMme;
v NOMECTUTb Ha AnarpaMMy BeNMYMHY AOCTOBEPHOCTU amnmnpoKCu-
mMaumm (R12).

6.4. AkTMBU3MpOBaTb kHOMKY OK MocpeacTBOM OCHOBHOWM Kna-
BULLIM MbILKK Unn knaBuwel Enter knasmaTypsl.

6.5. CoxpaHuTb pe3ynbTaTbl annpokcMMaumm B npoTtokosne nabo-

paTopHOI paboThl.
BHUWUMAHME: pacneyaTka pe3y/bTaToB anmnpokcMMaLuum COBMECTHO C
NCXOAHBIMA AA@HHLIMUA MPOU3BOANUTCS MOCPEACTBOM BbIMOMHEHUS KO-
mMaHg (®ain, Meyartb) npu HeaktmBHOM (1) 06nacT MOCTPOEHUS
avarpammbl. B npoTuBHOM cnyyae 6yfeT npou3BedeHa pacnedvartka
TOMbKO 061acTM MOCTpoeHus Aamarpammbl 6€3 MCXOAHbIX AAHHbIX,
npoMaclTabupoBaHHoi Ha copmaT A4.
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6.6. Nn. 3.6.1+3.6.5 BbINONHUTb A1 KAXAOro TUNa anmnpoKCMMmn-
pylowen dyHKUMKM, cTUpas NpeaLeCcTBYIOLLYIO IMHUIO TPeHaa nocne-
[0BaTeSIbHbIM €€ BblAEIEHMEM OCHOBHOM K/IaBULLIEWN MbILIKM U HaXa-
Tnem knasuwn Delete Ha knaBuaType.

6.7. o 3Ha4YeHUsIM BENNYUH [OCTOBEPHOCTU anmnpoKCMMaLmK
(RA2) ansa kaxporo Tmna dyHKUMK caenaTb BbiBOAb! MO paboTe.

ConepxaHue oTyéTa.

OTYET 0 BbLINOMHEHUN PaboTbl AO/MKEH BKOYATL:

1. HasBaHue paboThbl.

2. Lenb pabothbl.

3. lNepeyeHb MaTepuanoB, MHCTPYMEHTOB U 060pyAOBaHMS.

4, KpaTkue cBefieHVs1 O peLlaeMoi 3aaaye.

5. PacnevaTku avMarpaMM 1 NOSTyYeHHbIX BbIPAXXEHWUN KPUBbIX
YMPOYHEHNS C Ko3dhdUUMeHTaMn AOCTOBEPHOCTU annpoKCUMaLmum.

6. BbiBOALI MO paboTe O TUME PEONIOrMYECKO Moaenu Hambonee
MOJSIHO OTpaXkatoLLiei CBOMCTBA UCCNeAyeMOro MaTepuana.
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MPUJTOXKEHME 1.

MpvMep 3anonHeHns NUCTa INEKTPOHHBIX Tabamy ana cnnasa AMr5

A B
1 eps sigma
2 [Krc./kB.MM.]
3 0,1 31,44
4 0,2 34,64
5 0,3 36,33
6 0,4 38,17
7 0,5 39,39

MPUJTOXKEHME 2.

Bua ctaHaapTHOM ToYeYHOM AMarpaMMbl B 0651acTu €€ NMocTpoeHus

AMr5
/
«—
—e— AMr5
0,2 0,4 0,6

MPUJTOXKEHME 3.

ANnpoKcMMaumMsl AaHHbIX CTENEHHOW (yHKUMeN

45
40
35

25
20
15
10

3aronoBok Anarpammi y = 432730152
R? = 0,9979
M"’-—-'
— —e— AMr5
—— CreneHHow
(AMr5)

0,2 0,4

0,6




10.

11.
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1.06uume ceeageHns

OncumnnnHa «OcCHOBbI MOAENMpoBaHus npoueccoB 06paboTkm
JaBfeHnemM» OTHOCUTCS K UMKIY cneumanbHbIX AucumnnvH. Mporpam-
Ma MO AMCUMNAMHE COCTaB/IEHA Ha OCHOBaHMKM y4yebHOro nnaHa noj-
roTOBKM CTyaeHToB — 6akanaBpoB Hanpasnenus 15.03.01 — «Mawwu-
HocTpoenne» OMOM «MHdopMaunoHHbIE TEXHOOMMK 06paboTkn Me-
TannoB AaBfeHnem»,

LUenblo ancumnivHbl sIBNsieTcs 06ydyeHWe CTyAEHTOB 3a04HOW
¢opMbl NpyHUMNAM 1 MeToaam rnsnMyeckoro, aHas0roBoro U MaTema-
TUYECKOTO MOAENMPOBAHWUM, MPUMEHSIEMbIX MPU  MPOEKTUPOBAHUM
TexXHoNormyecknx npoueccos obpaboTkn aasneHveM; hopMMpoBaHue
Y HUX MPaKTUYECKUX HABBLIKOB MPOW3BOACTBEHHO-TEXHOMOMMUYECKOW U
Hay4YHO-UCCNIEA0BATENBCKON AEATENbHOCTEN MO aHanmM3y TEXHOJOoru-
Yyeckux npoueccoB 06paboTkn AaBneHWeM B HamnpasieHUU UX COBep-
LLUEHCTBOBaHUS.

OucumnnunHa 6a3mpyeTtcs Ha 3HaHMM Takmx kypcos OMOIM «Uh-
(hOpMaUMOHHbIE TexHoNorMM 06paboTkM MEeTanoB AaBNEHMEM», KaK
TEXHOJIOrMs IMCTOBOM LUTAaMMOBKWU, TEXHOMOIMS KOBKM U 06BEMHOM
LUTaMMOBKM, KY3HEYHO-LUTaMMNoBO4YHOE 060pyaoBaHue.

OvcumnnanHa mnsyyaetcs CTyaeHTaMy 3a04HOro OTAeneHns B 7
ceMecTpe. B npouecce u3ydeHWs AUCUMNIMHBI BbINOMHSAETCA OfHa
KypcoBas pabota. o avcumnanHe yntaioTcs 0630pHble nekuun, Npo-
BOAATCS MPaKTUYECKNe 3aHATHS.

M3yyeHne acumnavHbl 3aBepLIaeTcs 3K3aMeHoM.

2. Paboyas nporpamMMa

2.1 BeegeHue.

OnpepeneHve, CyLHOCTb U Ha3HaveHne Moaenu. Mecto moaenei
B U3YYEHUWN U COBEPLLEHCTBOBAHUN KY3HEYHO-LUTaMMOBOYHOIO Npouns-
BOACTBa. Buabl MogenupoBaHus, Ux cywHocts B OM/,.

2.2 dnsmnyeckoe MoaenupoBaHue.

OcobeHHOCTU usmyeckoro MoaenuposaHus npoueccos OM/.
3agaun b13NYEeckoro MoAENNpoBaHUS MPOLIECCOB KOBKW W LUTAMMNOB-
kn. dakTopbl, obecrneuvBalolmMe peanu3aumio BO3MOXHOCTEN Gu3u-
Yeckoro MozenupoBaHus. eoMmeTpuyeckuii dakTop B (PU3NYECKOM
mMogenupoBaHmmn npoueccos OM/J — BnusiHme opMbl M pa3MepoB 3a-
FrOTOBOK Ha 3amnofiHeHWe pyybés, ¢OpMMPOBaAHME CTPYKTYpbl U
CBOMCTB MOKOBOK. OCHOBHblE YCNOBUSI (PU3NYECKOrO MOAENMPOBaHUS



TEXHOMOrMYeCKNX MpoLEecCoB Ky3HEYHO-LUTaMMOBOYHOMO NpPOM3BOA-
CTBa.

Mogobve aedopMaLMOHHO-CUMNIOBOM  CXEMbI, TEMMepaTypHO-
CKOPOCTHOMO PeXuMa, MEXaHNYECKOro PeXMMa, KOHTAKTHbLIX YCII0BUM
N UX peanun3aums B KOHKPETHbIX TEXHONIOMMYECKUX NpoLeccax.

KOHCTaHTbI, KpUTEPUN U 3aKOHbI NOAOOUS; reOMETpPUYECKoe, Me-
XaHu4eckoe u gusnyeckoe nogobue 8 OM/.

TpeboBaHusi nepBoM M BTOPOM Teopun nozobus. NpumeHeHue
3aKOHOB Noaobust B 06paboTke MeTanoB AaBfeHNEM NPUMEHUTENBHO
K MOAEeNMpoBaHMIO NPOLECCOB XOMOAHOro M ropsyero aedopmmposa-
HUS. YcnoBusi npubnmxkeHHoro mogenuposaHust B OM/[. Beibop Mo-
JenbHbIX MaTepuanoB M KOHKPETM3aumMs ocobeHHoCTel MoaennpoBa-
HWSI Ha NpYMEpPE NPOLIECCA BbITSXKKM AETaNM U3 HEP)KABEIOLWWEN CTanu.

Pa3paboTka pauMOHanbHbIX TEXHOMOMMYECKMX MpPOLIECCoB Ky3-
HEYHO-LUTAMMNOBOYHOIrO MPOM3BOACTBA MO AaHHBIM (PU3MUECKOro Mo-
LennpoBaHus.

dusmyeckoe MoaenmpoBaHMe, BbINOSHSEMOE C Lenblo U3ydeHus
KMHEMATMKN TeyeHus MeTanna B npoueccax OM/[: metoabl, uenwu,
npakTU4ecKoe NpuMeHeHue.

dusmyeckoe MoaenvMpoBaHMe MPOLIECCOB KOBKM WM LUTAMMOBKKU C
Lienbio Ha3HaYeHMsl pauMoHasibHbIX PEXMMOB AethOpMUPOBAHMSL.

2.3 AHanorosoe MOAennpoBaHue.

CyLLHOCTb @aHanoroBoro MoAEeNMpoBaHWS MPUMEHUTENIbHO K 3a-
Aadam OM/[. dnekTpuyeckoe MoAeNMpoBaHue: NPUHLUMM, NpUMEHeHne
B 3ajayax KanubpOBKM BOMOYUIBHOMO WMHCTpyMeHTa. Pusmuyeckas
CYLLHOCTb MONSPU3aLMOHHO-ONTUYECKOrO MoaenmpoBaHus. OcobeH-
HOCTU MOAENVMPOBaHUS MNOMSAPU3ALMOHHO-ONTUYECKUM METOAOM He-
ynpyrux 3agad. lNpvMeHeHne nonsipu3aumoHHO-ONTUYECKOro Moaenu-
pOBaHWsl Af1s1 PELeHUst TEXHONOMMYECKOM 3afayn COBEpLUEHCTBOBA-
HUsi hopMbl GOVMKOB NpW MPOTsXKKe. MMPOeKTUPOBaHWE LUITAMMOBOro
WHCTPYMEHTa C YYETOM AaHHbIX MONSPU3ALMOHHO-OMTUYECKOro Moae-
NMpoBaHus. Pe3ynbTaTbl NOMSAPM3aLMOHHO-ONTUYECKOrO MOAENMPOBa-
HMS O BMSIHUM XapaKTepa 3aroSIHEHUSI py4dbs Ha HanpshDKeHus B
LUTaMne v NnoKoBKe.

2.4 MaTeMaTmyeckoe MoaenMpoBaHue

MoHATUE MaTeEMaTUYeCcKoW MOAENN M MaTEMATUYECKOro MOAENW-
poBaHusi. Pa3HOBMAHOCTU MaTeMaTuyeckux mogenei 8 OM/.



Cratuctmnyeckue Moaenu B TEXHOJI0MMM Ky3HEYHO-
LUTAaMMOBOYHOrO MpPOM3BOACTBA: 00LIas XapaKTepuCTMKa, MeToauKa
pa3paboTky Mo AaHHbIM NJIAHMPYEMOIrO 3KCNepUMeHTa.

PaspaboTka CTaTUCTUYECKUX MOAENEN METOAOM MapHOro perpec-
CMOHHOr0O aHanm3a. MpuMeHeHne aneKTpoHHbIX Tabnuuy MS Excel ans
pa3paboTKu perpeccMoHHbIX Moaenei.

MocTpoeHMe MaTeMaTUYecKMX MOZeneil TEXHOMOMMYECKUX Mpo-
LleCCOB KY3HEYHO-LUTaMMNOBOYHOIO NMPOM3BOACTBA Ha OCHOBE aHanu3a
¢hopMOn3MEHeHNsT MeTanna B Moaennpyemblx npoueccax. CylHOCTb U
NpUMeHsieMble pacyeTHble MeToabl. MogenupoBaHue npouecca 06b-
E&MHOW LITaMNOBKW MOKOBOK TWMa LUECTEPEH C UCMOJSIb30BAHWEM Bapu-
aUMOHHOro MeToaa. [MpUMEHEeHWe MEeToAa KOHEYHbIX pasHOCTEW Ans
MaTeMaTMyecKkoro MoaenvMpoBaHus npouecca Harpesa. Mogenuposa-
HWe npouecca WTaMnoBKN AeTanu «Yalka» MeTo0M KOHEYHbIX 3rie-
MEHTOB M METOAOM BepxXHel oueHKW. CyLIHOCTb MEeToAa rpaHUYHbIX
3/1IEMEHTOB MPUMEHUTENBbHO K 3ajavyaM MaTeMaTU4ecKoro MOAEenMpo-
BaHWS MPOLIECCOB LUTaMMOBKM.

PaspaboTka MaTeMaTu4yeckmx Mogenei npouecco OM/, MeToaoM
pacyeTHOro niaHuMpyeMoro akcrnepvMeHTa. apameTpuyeckas maeH-
TUDMKALUMS pacYeTHbIX MOZENEN: CYLWHOCTb, TEXHONornyeckas 3dg-
(hEKTUBHOCTb.

Mpsimoe n obpaTHoe MogenupoBaHWe MPOLECCOB LUTaMMOBKMU:
CYLLHOCTb, NPUMEHsiEMble MeTOAbl pacyeTa POPMOU3MEHEHUS, TEXHO-
NlorMyeckme acnekTbl.

MNpvMeHeHne MeToda MaTeMaTMYecKoro MOAEeNMpoBaHWMA Ans
ynpaBieHWsi NPOLIECCOM NIUCTOBOW LLITaMMOBKMW.

3. 3aaaHus K KypcoBoi pabote

3.1 UHpmBuayanbHoe 3afiaHne K KypcoBow paboTe BbibupaeTcs B
COOTBETCTBUM C HOMEPOM BapuaHTa' (cM. Tabn.1), KOoTopbIi BbiAAETCA
CTyOeHTY B Havane 7 yyebHoro cemecrpa.

3.2 B kypcoBoi paboTe cpeAcTBaMM MaTeMaTU4ecKoro mMoaenu-
pOBaHNs> HEO6XOANMO:

! Jlnst crymenToB 3a04HOM (OPMBI OGYUEHIS HOMEp BAPHAHTA COOTBETCTBYET MOPS-
KOBOMY HOMepY B O(HILHAIBHOM CIMCKE TPYIIIbl HA MOMEHT Havasa TeKyLIero y4eo-
Horo cemectpa. CTylneHTam O4YHOH (opMbl 0OyueHHs HOMEp BapHaHTa BbIIAETCS
HpeTofaBaTeNeM HHIUBUYalIbHO.

2 PeKOMEH/IYeTCs HCIIONB30BATh PEONIOTHUECKHe MOJETH U3 padoT [1,2] cremyrommx
marepuaios: Pb, Cu, Al u np.



3.2.1 BbINONHWTbL AUCKPETU3aLMIO M MOCTAaHOBKY 3ajayv Aans
rPaHMYHO-3/IEMEHTHOMO MM KOHEYHO-3/IEMEHTHOrO MOAENMPOBaAHMUS
npouecca OMJ [3-5].

3.2.2 Onpegenntb MakcMMasnbHoe ycunune aedopMMpPOBaHUS 3a-
rOTOBKM, MOCTPOUTL rpacvK ero 3aBUCUMOCTM OT 3HAYEHMS BEMUMHDI
KOHTaKTHOro nepemelleHnss  (BHegpeHus) nyaHcoHa  P=f(dh)
[3,c.:134-137], a Tak Xe aHanorn4yHoiMm o6pa3oM onpeaennTb 3Hade-
Hue paboTbl gedopMmpoBaHus n noctpoutb rpaduk A=f(dh).

3.2.3 MocTpouTtb rpadukn GopMonsMeHeHust (NepemMeLLeHnii unm
cKopocTeit) cBo60AHbIX MOBEPXHOCTEN B 3aBMCMMOCTU OT Mpeobraia-
IOLIMX A1 HUX OCEN KOOpAMHaT, AN 4-5 paBHopacnpeaenéHHbIX 3Ta-
nos AedopMmnpoBaHns (BbIGOPOUHBIX CTaaui).

3.2.4 MNocTponTtb rpadvkn pacnpeaeneHns HopManbHbIX (K, npu
Ha/IMYMKM B YCNTOBUSIX 3a1a4M, KacaTeslbHbIX) KOHTAKTHbBIX HanpshKeHWit
MO NOBEPXHOCTSM LUTAaMMOBOrO MHCTPYMEHTA.

3.2.5 MocTpouTtb rpacmku pacnpeaeneHvst HanpsXkeHun (pacts-
rMBaIOLLMX) BHYTPM MOKOBKKM Mo eé annHe B Hambonee KpUTMYECKOM
ceyeHun.

3.2.6 OnpepenuTb 3HauyeHWe KpUTEpUsi reOMETPUYECKON CNoX-
HOCTW nony4YeHHoW opMbl NokoBkK St [6,c.158].

3.2.7 OnpegenuTb 3Ha4eHMe KpuTepust HepaBHOMEPHOCTM pac-
npeaeneHns HakonaeHHoro AedopMMPOBaHHOIO COCTOSHUS Js U Mo-
CTPOUTb rpadpmK ero U3aMeHeHus OT BEeMYMHbI KOHTAKTHOro nepeme-
weHus (BHegpeHus) nyaHcoHa Js=f(dh) [3,c.21; 7,c.24].

3.2.8 Mo 3Ha4yeHuaM KpuTtepueB n. 2.2.6 1 2.2.7 caenaTb BbiBOA
0 ccopMUpoBaBLLEMCS pacrpefeneHMn B MOKOBKE HacneaCcTBEHHOro
HepaBHOMEPHOro AeOpMMpPOBAHHOIO COCTOsIHMSA [3,c.:184-186; 8].

3.2.9 lNpeactaBnTb CO60POYUHLIN 3CKU3 MM YEPTEX LUTAMMOBOM
OCHACTKN Ans (hU3n4ecKoro MoAENMpOBaHNS paccMaTpyMBaeMoro npo-
uecca, ¢ nNoapobHbIM ONMCAHMEM HA3HAYEHUS KaXkAOro 3feMeHTa C
aKLEHTOM Ha hOpMy KOHTaKTHOro MHCTpyMeHTa [9,c.3; 10,c.3].

3.2.10 lMpeactaBuTb pe3ynbTaThbl (MpuBecTn uancTpaumm) dop-
MOWU3MEHEHUSI TpaHuLbl AedOopMUMPOBAHHOIO Tefa Mocne nocnieaHen
CTaauM C CETKOM, 06pa3oBaHHON NMHMSAIMKM KOOPAWHAT JlarpaHxa unu
C nonsiMm pacnpeaeneHuns aecopMaumin B U30SIMHUSX MX pa3rpaHuye-
Hu1s no 06bEMy Tena (naowaamn paccMaTpuBaAeMoro ceveHus). AHano-
MYHbIM 06pa3oM MOCTPOUTb KapTWHbLI COBMELLEHHOMO MOCTaAMMHOMO
¢opMOM3MeEHEHMS FPaHML, 3aroTOBKM Ha BCEX 3Tamnax pacdéTHOro ae-
¢opmMmpoBaHus, HO 6e3 NnapamMeTpoB BHYTPEHHEr0 COCTOSIHMS.



BapunaHTbl MHAMBUAYaNIbHbIX 3a4aHWUI K KYpCoBOM paboTe. Tabnuua 1
Bap|AB=CD| EF | BE [ dH KoHTakTHOe TpeHue FnybuHa |Cxema N2 % Hpumeyanme
No MM MM | MM | MM Ha NOBEPXHOCTAX ceyenus mm | (puc.1) rpag P
1 40 40 20 | 10 [AD=max [EF=max - - 40 1 AD=80
2 40 40 20 | 10 [AD=min EF=min — - 40 1 AD=80
3 40 40 20 | 10 [AD=max [EF=min - - 40 1 AD=80
4 40 40 20 | 10 [AD=min EF=max - - 40 1 AD=80
5 40 22,36 | 40 5 |AD=max |EF=max — - 40 2 126°52" [AD=80; FF=40
6 40 22,36 | 40 5 |AD=min EF=max — - 40 2 126°52" [AD=80; FF=40
7 40 41,23 | 20 5 [AD=max |EF=max - - 40 3 75°58" [AD=80
8 40 41,23 20 5 |AD=min EF=max — — 40 3 75°58" [AD=80
9 40 40 20 | 10 [AD=max |EF=max [AB=max - 40 4 AD=80
10 40 40 20 | 10 [AD=min EF=min [AB=max — 40 4 AD=80
11 40 40 20 | 10 [AD=max [EF=min |AB=max - 40 4 AD=80
12 40 40 20 | 10 [AD=min EF=max [AB=max — 40 4 AD=80
13 40 40 20 | 10 [AD=max [EF=max |AB=min — 40 4 AD=80
14 40 40 20 | 10 [AD=min EF=min |AB=min — 40 4 AD=80
15 40 40 20 | 10 [AD=max [EF=min |AB=min — 40 4 AD=80
16 40 40 20 | 10 [AD=min EF=max [AB=min — 40 4 AD=80
17 40 41,23 | 20 5 |AD=max |EF=max |CD=max - 40 5 75°58" [AD=80
18 40 41,23 | 20 5 |AD=min EF=max [CD=max — 40 5 75°58" [AD=80
19 40 41,23 | 20 5 |AD=max |EF=max |CD=min — 40 5 75°58" [AD=80
20 40 41,23 20 5 |AD=min EF=max [CD=min — 40 5 75°58" [AD=80
21 40 22,36 | 40 5 |AD=max |EF=max |AB=max - 40 6 126°52" [AD=80; FF=40
22 40 22,36 | 40 5 |AD=min EF=max [AB=max - 40 6 126°52" [AD=80; FF=40
23 40 22,36 | 40 5 |AD=max |EF=max |AB=min - 40 6 126°52" [AD=80; FF=40
24 40 22,36 | 40 5 |AD=min EF=max [AB=min — 40 6 126°52" [AD=80; FF=40
25 40 40 20 | 10 [AD=max |EF=max [AB=max | CD=min 40 7 AD=80
26 40 40 20 | 10 [AD=min EF=min [AB=max CD=min 40 7 AD=80
27 40 40 20 | 10 [AD=max [EF=min [AB=max CD=min 40 7 AD=80
28 40 40 20 | 10 [AD=min EF=max [AB=max CD=min 40 7 AD=80
29 40 22,36 | 40 5 |AD=max |EF=max |AB=max CD=min 40 8 126°52" [AD=80; FF=40
30 40 22,36 | 40 5 |AD=min EF=max [AB=max CD=min 40 8 126°52" [AD=80; FF=40
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PekoMeHAaUMK K BbINOIHEHWIO 3aAaHUA KypPCOBOW paboThi

B coctaB KypcoBoi paboTbl BXOAUT MOSICHATESIbHAS 3anucka,
06bEMOM He 6onee 35 CTpaHWL OCHOBHOrO TekcTa (6e3 nmpunoxe-
Hui), n 1 nnct dopmata Al rpacryeckoi YacTu.

PexomeHayeTcss nuct dpopmata Al ycnoBHO pa3genutb Ha obna-
ctn dopmaTta A4 (8 WT), Ha KOTOPLIX CNeayeT PacnosioX1Tb OTAENb-
HbIMW WANIOCTPaUMAMM (PUCYHKaMM CO CKBO3HOWM Hymepauuen) pe-
3y/bTaTbl YACNIEHHOrO MOAENMPOBAHUS npouecca (popMoU3MEHEHUS.

nnnoctpaumn nn. 3.2.1 — 3.2.7 n 3.2.10 pekomMeHayeTcs npea-
CTaBnsATb B rpaduyeckon Yactu pabotsl, a nn. 3.2.8, 3.2.9 — B nosc-
HUTENbHOW 3anucke. Mpy 3TOM HE3aBMCMMO OT PaCrONOXEHUS UIl-
NIOCTPaLMI, coaepXaHne MOSICHUTENbHOW 3anmnckn KypcoBoi paboThl
JO/MKHO OTpaXkaTb B TEKCTOBOM (popMe KOMMEHTapwuu, pacyétbl U
BbIBOAbI NO KaxkaoMmy u3 nn. 3.2.1 — 3.2.10, a Takke OCHOBHbIE Bbl-
BOAbI MO paboTe B LEIOM.

JINTEPATYPA
- K TEOpeTUYEeCKOM YacTu Kypca:

1. CropoxeB M.B., MNonoe E.A., Teopust 06paboTkm mMeTannos aas-
neHueM. 4-e nsa. — M.: MawmnHocTpoeHue, 1977. — 423 c.
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1.Llenn v 3agayw.

PekoMeHaaumn npegHasHayeHbl 41 obecneyeHnst METoANYECKON
NMoadEpPXKKN CaMOCTOSITENIbHON paboTbl CTyZEHTOB 6akanaBpCcKOro
YPOBHSI NMOArOTOBKM MO BOMPOCaM BLINOJIHEHUSI KYpPCOBOW paboTbl Mo
ancumnnmnHe «OCHOBBI MOAENMpOBaHUS npoueccoB 06paboTkn aasne-
HUeM>».

2. 3ajaHune K KypcoBow paboTe

2.1 MHavBuayanbHoe 3alaHue K KypcoBol paboTe BblibupaeTcs B
COOTBETCTBMM C HOMEPOM BapuaHTa® (cM. Tabn.1), KOTopbIi BblAAETCS
CTyAeHTY B Havane 7 yyebHoro cemecrtpa.

2.2 B kypcoBoi paboTe cpeacTBaMuM MaTeMaTUYECKOro Mopaenu-
pOBaHNs> HEOBXOANMO:

2.2.1 BbINOAHUTbL AMCKPETU3aUMIO M MNOCTAaHOBKY 3ajayn ans
rPaHNYHO-3NIEMEHTHOIO W/ KOHEYHO-31EMEHTHOIO MOAENNPOBaHUS
npouecca OM/ [3-5].

2.2.2 Onpepenntb MakcMMasnbHoe ycunue aedopMMpoBaHus 3a-
FOTOBKM, MOCTPOUTb rpadmK ero 3aBUCMMOCTU OT 3HAYEHWUS BETUYMHDI
KOHTaKTHOro  nepemelleHuss  (BHegpeHus) nyaHcoHa  P=f(dh)
[3,c.:134-137], a Tak Xe aHanornyHeiM 06pa3oM onpeaenuTb 3Haye-
Hue paboTbl AedopMmnpoBaHns 1 noctpouts rpacdmk A=f(dh).

2.2.3 MocTpouTtb rpadmkn popMonsmMeHeHust (NepemMeLeHnii unm
cKopocTei) cBo6oAHbIX NMOBEPXHOCTEN B 3aBUCMMOCTU OT npeobraga-
IOLMX ANS HUX OCeW KoopauvHaT, Ansl 4-5 paBHopacnpenenéHHbIx aTa-
noB AedopMmnpoBaHns (BbIGOPOYHbIX CTaaui).

2.2.4 ToctpouTb rpacdmkn pacnpegeneHus HopMmasbHbIX (U, Npu
HanuMKM B YCNTOBUSIX 3alauM, KacaTeslbHbIX) KOHTAKTHbIX HanpshKeHWii
MO NOBEPXHOCTAM LUTAaMMNOBOro MHCTPYMEHTa.

2.2.5 MocTpouTb rpacmku pacnpeaeneHust HanpshkeHuin (pacTs-
rMBAIOLLUMX) BHYTPU MOKOBKKM Mo eé annHe B Hambonee KpUTMYECKOM
ceyeHuu.

! Ans cTyAeHTOB 3a04HOM (DOPMbI 06YUYEHUSI HOMEP BapyaHTa COOTBETCTBYET MOPSIAKO-
BOMY HOMepy B OduUManbHOM CriMCKe Fpynnbl Ha MOMEHT Hadana Tekyllero y4ebHoro
cemecTtpa. CTyaeHTaM o4Hoi hopMbl 06yUYEHUS HOMEP BapuaHTa BbiAAETCS NpenoaaBa-
Tenem MHAMBMAYaNbHO.

2 PekoMeHAyeTCs MCronb30BaTh PEONOTMYEcKMe Moaenn m3 pabot [1,2] creaytowmx
MaTepuanos: Pb, Cu, Al v ap.



BapunaHTbl MHAMBUAYaNIbHbIX 3a4aHWUI K KYpCoBOM paboTe. Tabnuua 1
Bap|AB=CD| EF | BE [ dH KoHTakTHOe TpeHue FnybuHa |Cxema N2 % Hpumeyanme
No MM MM | MM | MM Ha NOBEPXHOCTAX ceyenus mm | (puc.1) rpag P
1 40 40 20 | 10 [AD=max [EF=max - - 40 1 AD=80
2 40 40 20 | 10 [AD=min EF=min — - 40 1 AD=80
3 40 40 20 | 10 [AD=max [EF=min - - 40 1 AD=80
4 40 40 20 | 10 [AD=min EF=max - - 40 1 AD=80
5 40 22,36 | 40 5 |AD=max |EF=max — - 40 2 126°52" [AD=80; FF=40
6 40 22,36 | 40 5 |AD=min EF=max — - 40 2 126°52" [AD=80; FF=40
7 40 41,23 | 20 5 [AD=max |EF=max - - 40 3 75°58" [AD=80
8 40 41,23 20 5 |AD=min EF=max — — 40 3 75°58" [AD=80
9 40 40 20 | 10 [AD=max |EF=max [AB=max - 40 4 AD=80
10 40 40 20 | 10 [AD=min EF=min [AB=max — 40 4 AD=80
11 40 40 20 | 10 [AD=max [EF=min |AB=max - 40 4 AD=80
12 40 40 20 | 10 [AD=min EF=max [AB=max — 40 4 AD=80
13 40 40 20 | 10 [AD=max [EF=max |AB=min — 40 4 AD=80
14 40 40 20 | 10 [AD=min EF=min |AB=min — 40 4 AD=80
15 40 40 20 | 10 [AD=max [EF=min |AB=min — 40 4 AD=80
16 40 40 20 | 10 [AD=min EF=max [AB=min — 40 4 AD=80
17 40 41,23 | 20 5 |AD=max |EF=max |CD=max - 40 5 75°58" [AD=80
18 40 41,23 | 20 5 |AD=min EF=max [CD=max — 40 5 75°58" [AD=80
19 40 41,23 | 20 5 |AD=max |EF=max |CD=min — 40 5 75°58" [AD=80
20 40 41,23 20 5 |AD=min EF=max [CD=min — 40 5 75°58" [AD=80
21 40 22,36 | 40 5 |AD=max |EF=max |AB=max - 40 6 126°52" [AD=80; FF=40
22 40 22,36 | 40 5 |AD=min EF=max [AB=max - 40 6 126°52" [AD=80; FF=40
23 40 22,36 | 40 5 |AD=max |EF=max |AB=min - 40 6 126°52" [AD=80; FF=40
24 40 22,36 | 40 5 |AD=min EF=max [AB=min — 40 6 126°52" [AD=80; FF=40
25 40 40 20 | 10 [AD=max |EF=max [AB=max | CD=min 40 7 AD=80
26 40 40 20 | 10 [AD=min EF=min [AB=max CD=min 40 7 AD=80
27 40 40 20 | 10 [AD=max [EF=min [AB=max CD=min 40 7 AD=80
28 40 40 20 | 10 [AD=min EF=max [AB=max CD=min 40 7 AD=80
29 40 22,36 | 40 5 |AD=max |EF=max |AB=max CD=min 40 8 126°52" [AD=80; FF=40
30 40 22,36 | 40 5 |AD=min EF=max [AB=max CD=min 40 8 126°52" [AD=80; FF=40
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2.2.6 OnpeaennTb 3HauYeHWUEe KpUTEpPUSI TEOMETPUYECKON CIIOX-
HOCTM Mosly4eHHoM copMbl MOKOBKKM St [6,c.158].

2.2.7 OnpegenuTtb 3HadeHUe KpuTepusi HepaBHOMEPHOCTM pac-
npeaeneHnst HakonaeHHoro AeopMMPOBAHHOIO COCTOSIHUS Js M MO-
CTpouUTb rpaduKk ero M3MeHeHns OT BeNMYMHBI KOHTAKTHOrO rnepeme-
weHus (BHeapeHust) nyaHcoHa Js=f(dh) [3,c.21; 7,c.24].

2.2.8 Mo 3Ha4veHussM kputepueB N. 2.2.6 1 2.2.7 caenaTtb BblBOA
0 cchOopMUpOBaBLLIEMCA pacnpefeneHn B NMOKOBKE HAcneACTBEHHOro
HepaBHOMepHOro AecOpMMPOBAHHOIO COCTOSIHMS [3,C.:184-186; 8].

2.2.9 lNpeactaBuTb CO60POYHBIN 3CKU3 WM YEpTEX LUTAMMOBOW
OCHACTKKN Anst GpU3n4eckoro MoaennpoBaHMs paccMaTpuBaemMoro npo-
uecca, € nNoapobHbIM OMNUCAHWEM HA3HAYEHUS KaXaoro 3feMeHTa C
aKLEHTOM Ha pOpMy KOHTAKTHOro MHCTpyMeHTa [9,c.3; 10,c.3].

2.2.10 MNpeacraBuTb pe3ynbTaTbl (NPUBECTU MAMKOCTpaunn) ¢op-
MOWM3MEHEHUS TpaHuUbl AedOpPMUMPOBAHHOIO Tefla Mocne MnocneaHen
CTaMn C CETKOMN, 06pa3oBaHHOM NIMHUAMM KOOpAMHAT JlarpaHxa um
C nonamMu pacnpeaeneHns aecopmaumin B U30MHNUSX UX pasrpaHuye-
HUs No 06bEMY Tena (nowaan paccMaTpMBaAEMOro ceyeHuns). AHano-
MYHbIM 06pa30oM MOCTPOMTb KapTUHbI COBMELLEHHOTO MOCTaAUMHOIO
(popMOM3MeHEHMS rpaHuL, 3aroTOBKM Ha BCEX 3TamaxX pac4yéTHOro ae-
dopMmpoBaHus, Ho 6e3 NapaMeTpoB BHYTPEHHEro COCTOSHMS.

3. PekoMeHAauUmMn K BbINOJHEHWUIO 3aAaHUA KYpCOBOM paboThl

B coctaB KypcoBoi paboTbl BXOAWT MOSICHUTENbHAs 3anucka,
06BbEMOM He 6onee 35 cTpaHuL, OCHOBHOro TekcTa (6e3 npunoXeHui),
n 1 nuct copmata Al rpaduyeckoit YacTy.

PekomeHngyeTcs nuct dopmata Al yCnoBHO pasgenutb Ha obna-
ctn dopmata A4 (8 WT), Ha KOTOPbLIX CneayeT PacrnosioXWUTb OTAENb-
HbIMK WMANOCTPaUMAMU (PUCYHKaMM CO CKBO3HOM HyMmepaumen) pe-
3ynbTaTbl YACNEHHOrO MOAENNPOBaHMS Npouecca hOpPMON3MEHEHUSI.

WnmocTtpauun nn. 2.2.1 — 2.2.7 n 2.2.10 pekoMeHayeTcsa npea-
CTaBnsATb B rpaduyeckor Yactu pabothl, a nn. 2.2.8, 2.2.9 — B nosc-
HUTENbHOW 3anucke. Mpu 3TOM HE3aBMCMMO OT PACMOSIOKEHUSI UITHO-
CTpauMii, CoaepXaHUe MOSICHATESIbHON 3amnuckyM KypcoBol paboTbl
[O/MKHO OTpaXkaTb B TEKCTOBOWN (popMe KOMMEHTapuu, pacyéTbl U Bbl-
BOAbl MO KaxkaoMy u3 nn. 2.2.1 — 2.2.10, a Takke OCHOBHbIE BblBOAI
no pabote B LENOM.




4.Cpeancrsa peanvsaumm MoAeANPOBaHUS

MoaenupoBaHme (GOpPMOM3MEHEHMS pacCMaTpUBAEMbIX BapuaH-
TOB KpaeBblX 3aa4y MOXET 6blTb peanM3oBaHO Ha OCHOBE MpUMEHe-
HMs MHOro NporpaMMHOro nNpoaykTa (YMCNeHHOro MeToaa).

CTyneHTy cneayeT yuuTbiBaTb, YTO BCE COBPEMEHHbIE JIMLEH3U-
OHHble nporpaMMHble npoaykTel (QForm, Deform wu np.), umetowme
WUHTYUTUBHO SICHbIN UHTepdenc (No3BONSIOWMIA U3yunTb MOPSAOK
NPUMEHeHNs NPoAYyKTa CaMOCTOsATeNbHO), 6a3mpyloTCs Ha YMCNEHHOM
MeTofle KOHeYHbIX anemeHToB (MK3) [11-13]. Mo 3Toi npuunHe Me-
TOOAWKM MPUMEHEHMS B MOAENNPOBAaHMM (POPMOM3MEHEHMSI KOHEYHO-
3/1EMEHTHbIX NPOrPaMMHbIX MPOAYKTOB B HACTOSLIEM PYKOBOACTBE
noapobHoO He paccMaTpuBaloTCS.

Mpn 3TOM yXe U3BECTHO, YTO CyLLECTBEHHBIMM OCOBEHHOCTSIMU B
BOMpOCax MoAeMpoBaHMs npoLeccoB OPMON3MEHEHNS N, B YaCTHO-
ctn, B npoueccax OM/, B HacTosLiee BpeMs Tak e obnagaer nps-
MOW YMCNEHHbIA METOA rpaHWyHbIX 3nieMeHToB (M) [14-16]. M2 B
HacTosiLee BpeMs He MpeacTaBieH NULEH3UOHHBIMU MPOrpaMMHbIMU
NpoAyKTaMm1, HO pa3finyHble METOAMKM M MpPOrpamMmMbl Ha €ro OCHOBe
M3BECTHbI AOCTAaTOYHO AaBHO. OAHOW M3 MocneaHWMX MoAoGHbIX Mpo-
rpamMm sBnsietcs pabota [177]°.

B aTOi cBS3W, cneaylowmii aanee matepuan OTHOCUMTCS K OCO-
6EHHOCTSM NPUMEHeHUs1 NporpaMMel [17] K MOAENMPOBaHUIO KPaeBbIX
3a/lay BapuaHToB 3agaHuin (puc.1).

CTeneHb aBTOMaTM3auMM peanv3yeMoro MporpaMmMHO npoLecca
YMCNEHHOro MoaenMpoBaHust MM nocTagmiHblX 3afay copMounsme-
HEHMsS MOXXHO MpeACTaBUTb MO CTPYKTYPHON CxeMe, NpMBEAEHHOMN Ha
puc.2. TaK, B YaCTHOCTM, Ha 3TOM CXEME CTPESIkaMn 0BbIYHOW TOSLWK-
Hbl MOKa3aHa CBsA3b, 06YC/OBNEHHas nocneaoBaTeslbHbIM NepemeLle-
HWeM, npeobpasoBaHVMEM WM onpeaeneHneM Heobxoaumon MHGop-
MauuK; KpynHorabapuTHbIMK CTpenkaMn NoKa3aHo: YEDHLIMY — aKTU-
BaLMS UCMONHUTENBHOMO (MyckoBOro) (ainia COOTBETCTBYIOLLEN MPO-

ic pe3ynbTaTaMu CpaBHUTENBHOIO aHanm3sa ocobeHHocTel MK u M3 MOXHO 03HaKo-
MWUTbCS No paboTam [3,15]
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Prc.2 — YnpowéHHasa CTpYKTypHas cxema peanusauuu rpaHn4Ho-
3/1IEMEHTHOr0 MOAENMPOBaHUS 3aga4 (PopMOM3MEHEHMS
rpaMMbl; CBET/IO-CEPLIMM — YNPaBNeHWe TPyrnnoBoi nepepadyent AaH-
HbIX (charinamu); TéMHO-cepbiMyu — TPYNMNOBasi CBs3b, TPebytowas Bbl-
NnosiHeHus1, NpeobpaszoBaHMa MM KOPPEKTUPOBKN AaHHbIX (B OTAENb-

HbIX Cly4yasix — nosib3oBaTenem).

B cooTBeTCTBMM C pMC.2 MPUMEHEHME NPOrPAMMHOM peanunsaunm
MID K pacyéty ¢hOpMOM3MEHEHMS HAUMHAETCS C CaMOCTOATE/IbHOM
MOArOTOBKM CTYAEHTOM chaiina UCXOAHbIX AAHHbIX, YTO B JAaHHOM CIy-
Yae OTPaXXeHO CBSA3bIO «MONb30BaTeNb» — «dain UCXOAHBIX AaHHbIX».
dalin UCXOAHbIX JAHHbLIX JOMKEH UMETb Ha3BaHue ddd.dat’ v pormkeH
6bITb 3aMOMHEH YMCIEHHBIMW 3HAYEHNAMM UCMOSb3YEMbIX B MPOrpaM-
Me nepeMeHHbix [10,16,17], B COOTBETCTBUM C MPUHATLIMU B Hen
ycnosusaMu (bopMaTHOro BBOAA AaHHbIX, B CBSA3M C YEM MpaBuia ero
3aMO0SIHEHUS HUXKE paccMaTpmBaloTcs NoApOo6HO.

* (aiin MoxeT 6biTb cchopMMpoBaH B /II060M TEKCTOBOM pPefaKTope, HanpuMep, B CTaH-
fapTHoM pepakTope MS Office — «6110KHOT».



5. MpaBuna 3anofHeHns daitna UCXOAHbIX AaHHbIX

CTpykTypa daitna UCXoAHbIX AaHHbIX COCTOUT U3 cemu 10Cieno-
BaTe/IbHbIX O/I0KOB, COAep)XaluMX Kak obLuLyto Ans BCEM 3adauu, TaK v
MHAVBUAYANbHYO, HO MHOFOKPaTHO MOBTOPSIOLLYIOCS OAHOTUMHYIO
nHdopMaumio.

[TepBbivi 6710k VcxoaHOW MHbOPMaUMK Anst pacyéTa pacronaraeT-
Cs B OAHOW — nepBol cTpoke chaiina v nocneaoBaTeslbHO COAEPXKUT
cnepyowme nepemMeHHble, 0603HaYeHUss U opMaTbl KOTOPbIX MpUBE-
[eHbl B Tabnuue 2:

Tabnuua 2
dopmMaThl BBOAA AaHHbIX B NepBbIi 610K daina McXoaHbIX AaHHbIX
N @) ~
| S 8 | o)
Q oq b E § Q
QT | ol @ = Q ] 3
SIS (HSIER|Q || |" |88 S

Qopmart | I1 (I14|I5|I5(I5| I5 [F12.4F12.4] 14 | 14 | 14 14
INFB — VHAEKC, XapaKTepu3YHoLWMii Hanmume 6eCKOHEYHO YAaNEHHOM
rpaHuLpl:
1 — umeeTcs,
0 — TeNno KOHeYHbIX pa3MeposB;
NE — uncno rpaHnYHbIX 3/1EMEHTOB;
NN = 4ncno rpaHuUyHbIX Y3/10B;
/NP — 4nCno BHYTPEHHUX TOYEK;
IPL — nHaeKc Tuna 3agaun:
1 — nnocko-HanpsHkéHHOE COCTOSIHNE,
2 — nnocko-AechopMMpOBaHHOE COCTOSIHWE;
IDSYM — VHAEKC YCOBUIA CUMMETPUN:
0 — cuMmeTpun Hert,
1 — ropusoHTanbLHas MNIOCKOCTb CUMMETPUU,
2 — BepTuKanbHas niocKoCTb,
3 — ABe NSI0CKOCTU;
E— mopaynb tOHra;
PO — koadbdmumeHT MNyaccoHa;
JATmax — Yicno NATUTOYEYHbIX SiYeeK, BblAeNeHHbIX BHYTPU Tena;
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KODE — napaMeTp, Onpeaensiowmin xapakTep, BbIMOSHAEMOW Mpo-
ueaypbil:

KODE=0 cdbopmupyeT dainbl: rrr.dat — hain pesy/ibTaroB pacyé-
78, idd.dat — daiin ¢ OaHHLIMWU 419 CIEAYroLes UTEPALIMI
pacyéTa OfHOM M TOW Xe cTaaMn (OopMOM3MeHeHus (B
JanbHeWleM HeobxoaMMO TOMbKO ero nepeumMeHoBaTb B
ddd.dat, npenBapvTenbHO yaanue WAM nepeMecTus nep-
BOHA4asbHbIN);

KODE=1 dopmupyet dainbl: rrr.dat, idd.dat, iid.dat — nocnen-
HUI alin — C AaHHBIMW 479 Creqyrolyen pacyéTHou cra-
Zm HopMon3MeHeHust Tena (B AanbHeWleM Heobxoanumo
TONbKO MepeMMeHoBaTb ero B ddd.dat, npensapuTenbHO
yAanvB UM NepeMecTvB NepBOHaYanbHbIi). B aToM chny-
Yyae rpaHuua TpaHcOpMUPYETCS C YY4ETOM NpeaLecTByto-
LUMX PACYETHBIX UBMEHEHWIN, @ BHYTPEHHUE TOYKU U S4EH-
KU OCTAIOTCI HENIMEHHBIMU 10 MECTOIMO/IOKEHMIO, KaK U
paHee npu KODE=0;

KODE=2 copmupyeT dannsl: rrr.dat, idd.dat, jid.dat — nocneg-
HWUI alin — C AaHHBIMKM ANs cneaylowein pacyéTHON CTa-
ann opMomnaMeHeHns Tena (B AanbHeNleM HeobXoanMo
TONbKO MEpPEMMEHOBATb €ro B ddd.dat, npeaBapuTenbHO
yAanvB WM NepemMecTvB NepBOHayanbHbIM). B aToM cny-
Yyae MOoMoXEeHNe rpaHnLbl U BHYTPEHHUX Touyek (M siueek)
TPAHCHOPMUPYETCH C YHETOM IPEALLIECTBYIOLErO POPMO-
U3IMEHEHMUS.

ITERAC — napaMeTp, onpegensitowmii HOMep pPacy€THOM MTepaumn
coxpaHsieMbIx halinoB ddd.dat v rrr.dat B npeaenax ogHon pac-
YETHOW CTaAMKN, HAUMHAsA C HYNEBOMO COCTOSIHUS;

KodOSI — koachpUUMEHT, NpuHUMatoLLMIA ABa 3HadveHus 0 unm 1:
KodOSI=0 — ans nnockou 3agaum,

KodOSI=1 — pgnsa cnydasl nepecyéra KMHeMaTUYeCckMx napameT-

pOB B LMIMHAPUYECKYIO CUCTEMY KOOpAMHAT.
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Bropos 6710k nHdopmauun coctout m3 (NNV+NP) — uncna CTpok,
B Ka)AOW M3 KOTOPbIX MPUBOAATCS AaHHble O FPaHWYHbIX y3/ax U
BHYTPEHHMX TOYKaX B NocC/ieAoBaTeNbHOM KX nepeuncneHmn. 06o3Ha-
yeHust U popMaThbl 3TUX NEPEMEHHBIX NpuBeAeHbl B Tabnuue 3:

Tabnuua 3
(DopMaTbI BBOAA AdHHbIX BO BTOpOﬁ 610K (.bal‘;U'la NCXOAHbIX AaHHbIX
ne‘:i:f”’ K X(K) Y(K) | IDUP(K) | ISYM(K)
®opmat 15 F10.4 | F10.4 15 G

K — NopsiAKOBbIA HOMEP TPaHWYHOrO Yy3/a WM BHYTPEHHEN TOYKM
(nocnegHve NpuBOAATCA nocnegoBaTesnibHO, MNOC/e BCeX rpaHuy-
HbIX Y3/10B);

X(K), Y(K) — koopaMHaTbl COOTBETCTBYIOLLEr0 MPaHNYHOro ysna unu
BHYTPEHHEW TOUKM;

IDUP(K) — napaMeTp, yKa3blBaloWMi Ha HannymMe MpeaLecTByoLero
Mo HOMepY ABOWHOMO rPaHMYHOIo y3/1a C TEMU Xe KOOpANHaTaMu
(ans BHYTPEHHMX TOYEK — HE YKa3blBaeTCs):

IDUP(K)=0 — npu OTCYTCTBUW ABOMHOIO Yy3na;
IDUP(K)=(K-1) — paBeH HOMepy y3na C aHanormyHblMU KOOpAM-
HaTamu.

ISYM(K) — nokasatenb, onpeaenstowmii NoAoKeHne rpaHNYHOro y3na
WKW BHYTPEHHEW TOYKM Ha MAOCKOCTM CUMMETPUMK:

ISYM(K)=0 — ecnu y3en nam Touka He NeXUT Ha MNOCKOCTU CUM-
MeTpun;

ISYM(K)=1 — ecnu y3en uam Touka — Ha FOPU30HTasIbHOM Mioc-
KOCTU CUMMETpUU;

ISYM(K)=2 — ecnu y3en unv Todka — Ha BEPTMKasbHOW MI0CKO-
CTU CUMMETPUU;

ISYM(K)=3 — ecnn y3en wam TOYKa — Ha NepecevyeHunn MIocKo-
CTel CUMMETPUM.

Tperuyi 6710k VHGOPMaLUMK COCTOUT U3 NE-Yncna CTPOK, B KaX-

[ON U3 KOTOPbIX NMPUBOAATCS AaHHblE O CTbIKOBKE TEKYLLEro HOMepa

rPAHMYHOrO 3/IeMEeHTa C COOTBETCTBYIOLUMMW HOMEpPaMU TPaHUYHbIX

Y3/10B B ero Hayane u koHue. O6o3HayeHus n dopmatbl 3TUX nepe-
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MeHHbIX NpuBeaeHbI B Tabnuue 4:

Tabnuua 4
dopmMaTbl BBOAA AaHHbIX B TPETMI 610K halna ncxoa-
HbIX AaHHbIX
MNepeMeHHble K INC(K 1) INC(K 2)
®dopmart I5 I5 I5

K — NOpsiAKOBBIN HOMEP MPaHNYHOIO 3MEMeHTa B COOTBETCTBUM C MPW-
HATBIM HanpasieHneM 06xoaa rpaHuLbl;
INC(K 1), INC(K,2) — HOMepa rpaHWUYHbIX Y3/10B PacrofiOKEHHbIX CO-
OTBETCTBEHHO B Hayane W KOHLUE TEKYLEro rpaHUYHOro 3neMeHTa.
YerBEpThiki 6/10K COCTOUT U3 OAHOW CTPOKM U COAEPXKMUT AaHHblE
0 pasgeneHun obLero Yucna rpaHWYHbIX Y3/10B NO ABYM rpynnam, B
3aBUCVMMOCTM OT AEWCTBYIOLUMX HA HWMX FPaHUYHbIX yCnoBuii. O603Ha-
YeHns 1 popmaTbl 3TUX NEpeMeHHbIX NpuBeaeHbl B Tabnuue 5:
NFIP — 4nCNO rpaHUYHbIX Y3/10B, B KOTOPbIX 33Jal0Tcs NMb0 TONbKO

Tabnuua 5
®opmaTbl BBOAA AaHHbIX B YeTBEPTOM 6r1oke
aitna ncxoaHbIX AaHHbIX
lNepemMeHHble NFIP NDFIP
®dopmart I5 I5
nepeMeLleHms NMbo cMellaHHbIE TPaHUYHbIE YCI0BUS;
NDFIP — 4nCno rpaHMYHbIX Y310B, B KOTOPbIX 3aflaHbl TONIbKO Hanps-
XKEeHWsl, OeNCTBYIOWME B 3aBUCUMOCTM OT MPUHSITON ANMHBI Fpa-
HWUYHOIO 3NeMeHTa.

[arewi 6710k daina MCXOAHbIX [AaHHbLIX COCTOMT U3 NFIP —
ynucna CTPOK, B KaXkKAOW M3 KOTOPbIX MPUBOAATCS AAHHbIE O MPaHWy-
HbIX y3naX, B KOTOpPbIX AEMCTBYOT KMHEMATMUECKME UMM CMELUaHHbIE
rpaHuyHble ycrnosusi. O6o3HaueHns M opMaTbl 3TUX MEepPeMEHHbIX
npvBeaeHsl B Tabnuue 6:

Tabnuua 6

dopmMaThl BBOAA AaHHbIX B NATOM 6/10Ke halinia UCXOAHbIX AAHHbIX

MepeMenHble | K | P2*K-1) | P2*K) | IFIP(2*K-1) | IFIP(2*K)
®opmaTt 15 F10.4 F10.4 15 15
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K — HOMep TeKyLLero rpaHUYHoro y3na;
P(2*K-1), P(2*K) — rpaHu4Hble NepeMeLlleHnst UM HanpshkeHus B
HanpaBneHusIX X Y, COOTBETCTBEHHO, B 3aBUCMMOCTU OT 3Haye-
HWUS napameTpoB [FIP(2*K-1) v IFIP(2*K),
IFIP(2*K-1), IFIP(2*K) — noka3aTefb, YKasblBaloWMN Ha TWUMN FpaHKy-
HbIX MapaMeTpoB (YCMoBuWi1), AEWCTBYIOLWMX, COOTBETCTBEHHO, B
HanpasneHuax Xn Y:
IFIP(2*K-1)=0 — ansa HanpsbkeHut B P(2*K-1), nencTeyowmx B
HanpasneHun X

IFIP(2*K-1)=1 — nna nepeMelleHnii B P(2*K-1), neicTByOWMX B
HanpasneHun X;

IFIP(2*K)=0 — ans HanpskeHwin B P(2*K), peicTeytowmx B
HanpasneHuun Y;

IFIP(2*K)=1 — ansa nepeMelueHnii B P(2*K), nefcTByOWMX B
HanpasneHun Y.

Llecros 60k daina ncxoaHbIX AaHHbIX cocTouT w3 NDFIP —
uMcna CTPoOK, B KaXAOW M3 KOTOPbIX MPUBOASITCA AaHHbIE O FpaHUy-
HbIX Y31aX, B KOTOPbIX AENCTBYIOT CTaTUYECKUE IPaHNYHbIE YCIIOBUS B
HanpsXKEHMSIX, OTHECEHHBIX K AJIMHE MPUHATOrO rPaHNUYHOrO 3MEMEH-
Ta. O6o3HayveHnss 1 popMaTbl ITUX NepeMeHHbIX NpuBeaeHbl B Tabnu-
ue 7:

Tabnuua 7
®dopmaTbl BBOAA AaHHbIX B LecToM 6ioke daiina
NCXOAHbIX AaHHbIX

MNepeMeHHble K P(2*K-1) P(2*K)

®opmart I5 F10.4 F10.4

K — HOMep TeKyLlero rpaHMYHoOro y3na;

P(2*K-1), P(2*K) — rpaHu4Hble HanpskeHus B HanpaBieHusx Xu Y,

COOTBETCTBEHHO.

Cenpmovi 6/10K VICXOAHON MHGOPMaUMK Ansl pacdéta COCTOUT U3
JATmax — uncna CTpoK U CoaepXuT B MNOCnefoBaTeNbHOM BUAe WH-
¢dopMaumio 0 rpynnuMpoBKe BHYTPEHHMX Todek Tena (Mo 5 wryk) B
auelnkn (puc.3,6-8), napamMeTpbl U (popMaTbl KOTOPbIX NPUBEAEHLI B
Tabnuue 8:
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Puc.3. Mpumep amckpetmsaumm ceyeHust 3arotoBkn (50x80 mm) (a)
auenkamm (5x5 MM) (6) n obo3HauyeHune y3noB auenkn NO25 (B), ans
npouecca 0caaku B yCNIOBUSX NIOCKO-Ae(DOPMUPOBAHHOMO COCTOSIHUSI.

JA(JAT), JB(JAT), JC(JAT), JD(JAT), JE(JAT) — npuBoasiTCa HOMepa
BHYTPEHHMX TOYEK, BXOAALWMX B Kaxayld pacCMaTpuBaeMylo
Avenky no «ynutke» (puc.3(6) Toukn A — £, nocnepoBaTenbHO);

sumUIp(JAT), sumUZp(JAT) — NpuUBOASTCS U3MEHEHUS OJIMH NPOEeK-
umin otpeskoB JA-JC v JB-JD Ha ocv X 1 Y, COOTBETCTBEHHO, 3a

Tabnuua 8
dopMaTbl BBOAA AaHHbIX B CeAbMOIl 610K (haiina MCXOAHBIX AAHHbBIX
[
3 DR
3|8
IRl
RIS IS R N N N
o ISISISSSRIBIDINIRIN| B
c IxgIvlglgSIS|8IsSI8 3]
SIRAIR"NIN| 3 |3 | X |¥ |||
Qopmat | 14 |14 |14 |14 | 14 |F8.4 |F8.4|F8.4|F8.4|F8.2|F7.4|F12.4
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BCe ripeguiectsyrowme cragmm (ncnonbsyetcs npu KODE=2);
Xac(JAT), Ybd(JAT) — npvBoasTCa riepBoHa4asabHbie (NCXOAHbIE) Mpo-
€KUMOHHbIE ANMHbI 0Tpe3koB JA-JC v JB-JD (ncnonb3yetcs npu

KODE=2);

PJS(JAT), PIV(JAT), PJE(JAT) — nNpuBOAATCA 3HAYEHUS 1€PBOHAYAE/Tb-
HOM TNoLWaan siueikn, Tekylmne 3HaueHmst koadduumeHTa Myac-
CoHa ¥ Moaynst fOHra B Hell nocne pacYéTHOro M3MeHeHus eé
reoMeTPUYECKMX NapaMeTpPoB.

Ounckpetnsauus
BHYTPEHHEro pacyéTHoro
obbéma (nnowaan cede-
HWS1) 3aroTOBKM siYenkaMu
NPUMEHAETCA B LENAX pe-

anvsaunm anroputMma
yrpyrux — peiieHuii - A.A.
UnblowuHa B ¢opme ne-
PEMEHHBIX napameTpoB
ynpyroctu. Bsoautca B

Lensx opraHusauum uTte-
PaUMOHHOIO UMK/Ia, no-
CPeacTBOM  KOTOPOro  MC-
XOAHO Heynpyras (Henu-
HelHas) 3ajava peluaeTcs
NMocpeacTBOM  MOCnesoBa-
TENbHOCTM PELLEHUIA yrpy-
mx  (IMHenHbIX) 3agad
[3,C.83,89; 10]. Cxema
Takoro  anroputMa B
YMPOLEHHOM BMAE MOXET
6bITb NpeacTaBneHa Tak,
KaK Ha puc.4.

B cooTBeTCTBUM C UC-
nonb3yemMbiMn  0603HaYe-
HUsSIMKW, HanpuMmep dann

_‘10

->I1 Bg0d 0aHHbIX
Y
2 [TocmpoeHue Mampuu, 8MUsIHUSI
N1 2paHUYHbIX Y3708
v
3 PeuweHue cucmems! ypasHeHuli 8

nepemMeweHuUsaX U HanpsxxeHusax

4 IocmpoeHue Mampuy, en1usiHUS
01 6HYMPEHHUX MOYeK
v
g OnpedeneHue napamempos eHympu mena
v
F

Pacyém komnoHeHm dechopmayull u
KomnoHeHm ckopocmell dechopmayuli no syelikam.
Pacyém uHmeHcugHocmel
Oehopmayull u ckopocmeli deghopmayuli 8 sielikax|
C NpuBsI3KOU 3HaYeHULl K UeHmparbHbIM MoYKam.
2
U Pacuém uHmeHcugHoCcmU HanpsxeHul
No peosioaudeckuM 3agucumocmsm o=f(g;,¢;)
0ns ussecmHol MapKu Mamepuana
L 2
i Pacyém
nepeMeHHbIX napaMempog ynpyaocmu 8 siyelikax
yepe3 napamempb| 853KOCMU U UX yCpeOHeHue
v
g OueHka cXo0UMOCMU PELUeHUs K
MOYHOMY 3Ha4YeHU0 No E u v

Y

Bb1800 daHHbIX I

Puc.4. bnok-cxema anropuTtMa ynpyrux
peLleHuin B popMe nepeMeHHbIX Napa-
METPOB YNpyroctu
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4 Y,MM NCXOAHBIX AAHHbIX ANS 3ajaun pac-
3051’5\\"’/—T1 yéTa 06paTHOrO POPMOU3MEHEHUS
NS Mmpouecca O0CaAKu, MpeacTas-
20 NEHHOr0 Ha pwWC.5, HauMHaroLerocs
OT BbICOTbI 55 MM, MoxeT 6biTb 3a-
10 MoSHeH B cneaytouleM Buae (Npuso-
XM AATCA BbI6OpOUHbIE AaHHbIE 610KOB
2
0 10 20 30 40 MHbOopMaLUu):
Puc.5 NUcxogHas ctaguns ans
npoLecca ocaziku
0 13 15 95 2 3 1800.0000 0.4500 28 0 0 0
1 38.0464 .0000 0 1
2 37.9689  3.9370 0 0
3 37.7222 7.9008 0 0
_ 15 _ _ .0000 _ 27.5000 _ 0_ _ 2
16 .0000 22.5000 2
108 27.5000 10.0000 0
109 27.5000 0000 0
110 27.5000 0.0000 1
1 1 2
2 2 3
7 7 8
8 9 10
13 14 15
8
9  0.0000  0.5000 1 1
15 0.0000  0.5000 1 1
1 0.0000 0.0000
8 0.0000 0.0000
16 77 18 78 17 .0000 0.0000 5.0000 .0000 25.00 0.4500 1800.0000
18 83 20 84 19 0.0000 0.0000 5.0000 5.0000 25.00 0.4500 1800.0000
20 89 22 90 21 .0000 0.0000 5.0000 .0000 25.00 0.4500 1800.0000
70 99 72 100 71 0.0000 0.0000 5.0000 5.0000 25.00 0.4500 1800.0000
72 105 74 106 73 0.0000 0.0000 5.0000 5.0000 25.00 0.4500 1800.0000
74 109 76 110 75 0.0000 0.0000 5.0000 5.0000 25.00 0.4500 1800.0000
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OcHoBHble 6/10k1 BBOAUMOM MHGMOPMaLMK O pacyéTHOM 3aaade B
npeacTaBNeHHON pacnedyaTke daina MCXOAHbIX AaHHbIX [AOMOJHM-
TEIbHO YC/IOBHO pa3fesieHbl FOpU30HTaNIbHLIMU JIMHUAMK, @ BTOPOIA
670K [IOMONHUTENbHO pasdeneH MyHKTUPHOW JIMHUEN Mpu nepexoae
OT OMNWUCaHUS TPaHUYHbIX TOUYEK K BHYTPEHHWUM, KOraa HeobXxoaMMoCTb
B YKa3aHUM 0Ccobbix ToYeK — yTpaumBaetcs. CTaTMyeckne napameTpsbl
K pacyéTy NpUBOASTCS B KIG/MM-

[JononHutenbHasi MHGoOpMaumsi, Heobxoaumasl Ans NoaroTOBKM
KypcoBoi paboTbl, NpMBOAMTCS B y4ebHOM nocobum [18].
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