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YK 621.311.25

MaremaTu4eckoe MOJEIUPOBAHUE W METOJbl ONTUMH3ALUHU: METOJ.
yKa3. ¥ MHIAUBUIYyalIbHbIE 3aianust it ctyaeHTtoB MJ1O, oOyyarommxcs mo
Harip. 140100  «TemnosHepreTka W TEIUIOTEXHUKa» /  COCT.
O.1O. Pomamosa, E.A. MacinoB; ToMCKUi MOJTUTEXHUYECKUN YHUBEPCUTET.—
Tomck: U3n-Bo ToMckoro nojiurexHu4eckoro ynusepcurera, 2013.— 66 c.

Metoauueckue yka3aHus U UHAUBUTYyaTbHBIC 33JJaHUs PACCMOTPEHBI
Y PEKOMEHJIOBaHbl K M3AAHUI0 METOJUUYECKUM CEMHHAPOM Kadeapsl
aTOMHBIX M TEIUIOBBIX AyieKTpocTaHimid 5 centsiops 2013 ropa,
rpotokost Ne 1.

3aB. kadenpoit ATIC,
JIOLEHT, KAHAUJAT TEXH. HAYK A. C. MartBeeB

AHHOTALIUSA

Meroanueckne yka3zaHUs U UHAUBUIyaJIbHbIE 3aJJaHUS MO TUCLIH-
muHe «MaTreMaTnuyeckoe MOJCIUPOBAHUE M METO/ABI ONTHMH3AIIUN
MpeAHa3HAUYCHbl i1 CTYJACHTOB, OOYYalOIIMXCS IO HAMpaBJICHUIO
140100 «TemnnosHepreTuka W TEIJIOTEXHHKa». JlaHHAs AMCHUIUIMHA
M3Yy4aeTcs B OJJTHOM CEMECTpE.

N3noxeHo conmepxkanue OCHOBHBIX Pa3JeioB JUCIMILUIMHBI, yKa3a-
HBbI TEMBI Ja0OpPaTOPHBIX PadOT M MpakTUuecKux 3aHsaTuil. [IpuBeaeHsbI
BApUAHTHl HWHJMBUAYAJIBHOIO JOMAIIHEro 3ajaHus. JlaHel mMeroauue-
CKHM€ YKa3aHHs IO BBITIOJHCHHWIO WHIWBHUAYaJbHOTO JIOMAIIHETO 3aja-
HUS.
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1. MECTO JUCHHUILINHBI B CTPYKTYPE
OCHOBHOM OBPA30OBATEJBHOU TIPOI'PAMMOBI

TeruioBble 3JIEKTPUUECKUE CTAaHIUM OTHOCSTCS K KIJIACCY CIIOKHBIX TEX-
HUYECKUX CUCTEM, ONTUMU3AIMs KOTOPBIX AAET 3HAYUTEIbHBIA SKOHOMHUYE-
ckuii 3pdext. [loaTomy Kypcy METOJOB ONTHMHU3AIIMU OTBOJUTCS 3HAYM-
TeJIbHAsA POJIb B MATEMAaTHYECKOW MOATOTOBKE CTYJICHTOB TEIIOIHEPTETUYE-
CKHX CHELHaJIbHOCTEH.

OCHOBHOM 1IE€JIbI0 TPENoJIaBaHus JUCHUUIUIMHBI SBJISETCS OOy4YeHHE
CTYJEHTOB OCHOBaM TE€XHHMKO-3KOHOMHYECKOW ONTUMHU3AIUM TEIJIOdHEPTE-
TUYECKOTO 00OpYAOBaHUS C MCIOJIb30BAHUEM COBPEMEHHOW KOMITBIOTEPHOM
TEXHUKH U TIPUBJICYEHUEM COOTBETCTBYIOIIETO MATEMaTUUECKOIO amapara.

3amaun M3y4EHMS] NUCHUIUIMHBI «MaTeMaTH4eCcKoe MOJICIUPOBAHUE U
METO/Ibl ONTHUMHU3ALNUNY 3aKITI0YAIOTCS B TEOPETUUECKOM OCBOCHUHU METOJIOB
OJHOMEPHOW M MHOTOMEPHOW ONTHUMHU3ALHNU U MPAKTUYECKOM HX HCIOJIb30-
BaHUU B TEXHUKO-PKOHOMUYECKHUX 3a7adax, a Tak:Ke B MPUOOPETCHUHN HABBI-
KOB MaTE€MaTUYECKOr0 MOJICIMPOBAHUSI 0OBEKTOB ONTUMU3AIMK U COCTaBIIEC-
HUSI TPOTPaMM pacueTa ONTUMAIbHBIX NTapaMEeTpPoB U PEKUMOB 000pyIOBa-
HHUS TEIUIOPHEPTETUYECKUX YCTAHOBOK.

[Tocne n3yyeHnss JaHHOW TUCUUILIUHBI CTYIEHT JOJIKEH:

HMEThb NpeacTaB/IeHHe:

e 0 METOJIHWKAX KOMIUICKCHOM ONTUMH3AlMU PEATbHBIX TEIUIOBBIX
CXEM C KOHJICHCAIITMOHHBIMH U TEIJIO(PUKAITMOHHBIMU TYPOOYCTaHOBKAMHU,

3HATh:

e OCHOBBI METOJIMKM T€XHUKO-3KOHOMHYECKHUX PACUETOB TEILJIODHEP-
FeTHYSCKUX O0OBEKTOB;

e  YKUCJIEHHBIE METOJbI OTHOMEPHON U MHOTOMEPHON ONTUMU3ALINH, B
TOM YHCJIE U C OTPAHUYECHUSIMU;

HUMeTh HABBIKH:

e pacuera TEPMOJAMHAMUYECKUX M TEIUIOQU3NYECKUX [apaMeTpOB
BOJIbI U BOJsiHOTO napa Ha [[DBM;

e  TEXHUKO-DKOHOMHYECKUX PACUETOB BAPUAHTOB MPU MPOCKTUPOBA-
HUU 000PYJIOBAHUSI U TETUJIOBBIX CXEM;

e  MaTE€MaTH4YECKOIO0 MOJCIUPOBAHUS OTICIIBHBIX 3JIEMEHTOB TEIIO-
BOW CXEMBI U TEIIOOHEPTreTUUECKOW YCTAHOBKH B LIEJIOM;

e  HCIIOJBb30BaHUS YUCIECHHBIX METOJ0B OJJHOMEPHOW U MHOTOMEPHOMU
ONTUMH3AIINHU TSI BRLIOOpA ONTUMAJIBHBIX MTapaMETPOB YCTAHOBOK;

e  COCTaBJICHHUS aITOPUTMOB M MPOTPAMM pacdeTa IesieBord (PyHKITUN
Ha [IDBM;

KOMMONEKT 3NEKTPOHHBIX ,
YUYEBHO-METOOUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD XI


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

e  HCMOJB30BaHUS CO3JaHHBIX MaTeMaTHYECKUX MOJelel 00opy1oBa-
HUA U TOTOBBIX MPOTPaMM ONTUMHU3AIMHU B TEXHHUKO-3KOHOMHYECKHX pacye-
Tax.

OTtnenpHBIE pa3fenbl Kypca 0a3upyroTcs Ha (MIPepeKBU3UTHI) AUCIIUII-
muHe «H}popManoHHbIe TEXHOIOTHI» U JUCIHUIUIMHAX MOAyJel «Marema-
tuka»y u «Dusuka» («JIuHeitHas anreOpa W aHAIUTHYECKAs TEOMETPHUS,
«HTrerpanpHOEe  ucumcieHuey,  «uddepeHunanbHble  ypaBHEHUS»,
«Dusuka 1», «dusuka 2», «dusuka 3»). KopekBU3UTOB HET.

[IpomMeXyTOUHBI KOHTPOJIb MAET OLEHKY TEOPETHUYECKHMX 3HAHUU H
IIPAaKTUYECKUX HABBIKOB B KOHIE ceMmecTpa. [lomydeHHbIe 3HaHUS OLEHUBa-
10Tcs 3adeToM. K 3adery qomyckaroTes CTYAEHTHI 10 PE3yNIbTaTaM BBIIIOJIHE-
HUS U 3allWATHl HHIMBUIYAIbHOTO JOMAIIHETO 3a/IaHUs, IPAKTUYECKHUX U Ja-
OopaTopHBIX paboT.
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2. COJIEP’)KAHME TEOPETUUECKOI'O PA3JIEJIA
JTUCLHUTIJIMHBI

2.1. BBeaenue

[Ipenmer u 3amaum kypca. CtpykTypa Kypca. PekoMeHayemas nurepary-
pa. Poiib MaremMaTM4ecKoro MOJACIIMPOBAHUS W MATEMATHYECKUX METOJOB B
pElICHNH UHXKEHEPHBIX 3a/1ad. [IpruMepsl ONTHMHU3AIIMOHHBIX 33/1a4 B pacyeTax
obopynoBanus U TemwoBbix cxeM TOC u ADC. Obmas hopMyIupoBKa ONTH-
MU3alMOHHOM 3amaud. [J100abHBIM W JIOKAIBHBIA 3KCTpeMyMbl. lleneBas
¢dbynakys. [Ipumepsl neneBbix QyHkimid. JIuauu ypoBHS 1IeeBOM (YHKITUH.
['paduueckoe npencrabneHue 1eneBoil GyHkmu. ONTUMU3UpYEMbIe TTapaMeT-
pbl. Orpannuenus. Knaccudukanms 3agay u merogoB ontumuzaimu. [lonsarue
MareMmatuueckor monenu. Knaccudukamus maremMaTidyeckux Mojenen. Jra-
bl pa3pabOTKu MartemaTuuecko mozenu. OCcoOOEHHOCTH MOJCIMPOBAHUS
TETUIOPHEPTEeTUYECKUX MPOLECCOB U 00BEKTOB. CyIEeCTBYIOUIME CHOCOOBI
MOCTPOCHUSI MaTEMAaTUYECKUX MOJIeNIe U rporpaMm pacuera TOY. Onpene-
JIEHUE TEPMOJUHAMHUUYECKUX U TEIIO(PU3NUECKUX CBONCTB BOJBI M BOJSTHOTO
napa ¢ nomouisro [I19BM.

Pexomenayemas aureparypa: [1], [2, c. 10-22], [7, c. 20-30], [8, c.
30-31, c. 77-103].

MeToauyeckue yKkasaHusl

Heo0xoa1uMo MOHATE MECTO MaTEMAaTUYECKOTO0 MOJEIUPOBAHMS IIPU HE-
BO3MO>KHOCTH M3YYEHUS SIBJICHUS WJIH TEXHOJOTHYECKOTO MPOILECCA B HATY-
PaJbHBIX YCIIOBHUSX. Y CBOUTH TaKHE MOHATHSA KaK MOJEJb, MaTEMaTUYECKas
MOJ€JIb, MOACIIUPOBAHUE. YMETh OCTPOUTh MAaTEMATHUYECKYIO MOJIENb 00b-
€KTa ONTHUMHU3aLMU B BUJE CUCTEMbl YPAaBHEHHI U 11€1€BOM (YHKLIMH. 3HAThH
YCHOBUSI CYLIECTBOBAHMUS ONTHUMyMa. VIMETh NMpEnCTaBIEHUE O Pa3IUYHBIX
KJIacCU(PUKAIMAX MATEMATUYECKUX MOJIEIIEH.

BOHpOCI)I H 3a1aHUA JJId CAMOKOHTPOJIA

1. Yto Takoe MareMaTHuecKkas MOAEIb?

2. HazoBuTte sTambl MOCTPOCHUSI MAaTEMATUYECKONW MOJIETH (PU3NUECKOTO
npoiiecca.

3. Chopmynupyiite 3a1a4y ONTUMU3AIIH.

4. HazoBute kpuTeprii BBIOOpA 11E7I€BOM (PYHKIIUH.

5. JlaiiTe MOHSATHE JIMHUM YPOBHS 1IETICBOM (DYHKITUH.

6. UYro Takoe rpaAMeHT ¥ aHTUTPATUECHT LEJIEBON PyHKIMU?

7. JlaiiTe ompeneneHue MaKCUMyMa W MHHAMYMa (YHKIIUH W YCJIOBHSI
CYIIIECTBOBAHHSI.
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8. HaszoBuTe nmpUHIUIBI HAXOXKIESHHUS ONTUMYMa (PYHKIIMH KJIACCUUYECKUM
METO/I0M MaTEMaTHYECKOIO AHAJIN3A.

9. Maiite ompezeneHrne TEPMOAMHAMUUECKUX MapaMeTPOB BOJBI M BOS-
HOTO Mapa.

10.B kakux mpezpenax M3MEHSIOTCSA OCHOBHBIE TEPMOJUHAMUYECKHUE I1a-
paMeTpbl BOJIBI U BOASHOTO Tapa?

2.2. MaTtemaTu4eckoe MoieJIMPOBaHNEe 00HEKTOB ONITUMM3ALMH

UucneHHble METOABI PEUICHNS HEIIMHENHBIX YPAaBHEHUI C OTHHUM HEU3-
BeCTHBIM. OTneneHne KopHel. MeToa MOJIOBUHHOTO JelieHus. MeTton mpo-
cToil urepanuu. VMcnoyib30BaHNE YMCIEHHBIX METOJIOB B TEIJIOBBIX pacdeTax
TEIUIOPHEPTETUYECKUX YCTAHOBOK. UMCIEHHBIE METOJbl PEUIEHUS CUCTEMBI
ypaBHEHUM. VCMONb30BaHME METOJOB IMPOCTOM HUTEpaluu W 3ehaens s
BBIOOpA ONTUMAJILHOM MOCIEI0BATEILHOCTH pacueTa TemioBbix cxem TOC u
ADC. AnnpokcuMmanus QyHkuuii. YucieHHoe uHterpupoBanue u audde-
pEeHUMpPOBaHUE PYHKIUM.

Pexomenayemas aureparypa: [1, 4, 11, 12, 13, 21, 22].
MeTtoauveckue yKazaHusi

Heo0xoauMo yMeTh OnpenensaTs Mo aHATUTHYECKOMY BUIY (YHKIHH €€
TUT. YMETh OIPEIENATh SBHO WM HESIBHO 33MaHHbIC (YHKIMHA. 3HATH OCHOB-
HBIC aJITOPUTMBI U METOJIbI PEIICHUs HENMHEHHBIX ypaBHeHUH. [loHMMaTh OT-
JIMYUE TIPSIMBIX YHUCICHHBIX METOJIOB OT UTEPAIMOHHBIX. Y CIIOBHS CXOJAUMOCTHU
UTEPAIMOHHBIX YUCICHHBIX METOJIOB. YMETh alllIPOKCUMHUPOBATH (PYHKIIUH T1O-
JTMHOMaMH PA3JIMYHOMN CTETEeHU, CTAaBUTh U PelllaTh 33J]a4d YHUCJICHHOTO UHTET-
PUPOBAHMS OTHOMEPHON (PYHKIIMU U YUCICHHOTO auddepeHupoBanus QyHK-
MM OJTHOW TIEPEMEHHOM.

BOHpOCI)I U 3a/1aHUA TJIs1 CAMOKOHTPOJIA

Kaxk Haiiti rpaduuecku KOpeHb HETMHEHHOTO YpaBHEHHS ?
Ha3zoBute OCHOBHBIE 3TAITBI OTACIIEHNS KOPHEW HEJTMHENHBIX YPaBHEHUM.
Kakune nmeroTcst mpsiMble METO/IbI PEIICHHUST HEJTMHEHHBIX YPaBHEHHIA?
Kakue nmeroTes ureparioHHbIE METOIbI PEIICHHST HETMHEHHBIX YPaBHEHHIA?
ChopmynupyiiTe yciaoBHsI OCTAHOBA UTEPALIMOHHOTO METO/IA.
Yro HazpIBaeTCs amnmpoKCUMalued (PYHKUMM MOJIMHOMOM NEpBOM U
BTOPOM CTETICHU?

7. TlpuBenute TabIUILy IEPBOOOPA3HBIX IIEMEHTAPHBIX (DYHKITHIA.

8. Hammmmire ocHOBHBIE (POPMYJIBI YUCIEHHOTO MHTETPUPOBAHMSI.

9. IlpuBenute Tabmuity Qopmyn auddepeHITupOBaHUS 3JIEeMEHTaPHBIX

(byHKIIHIA.
10.TTpuBenute ocHOBHBIE (POPMYITBI YKUCIIEHHOTO AU(PEPEHITUPOBAHMUS.

SN

7
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2.3. MeToabl 0lHOMEPHOI ONTUMU3ALUHA

HeoOxoaumble M TOCTATOYHBIE YCJIOBHS CYIIECTBOBAHUS MUHUMyMa
¢yHkuu ogHON mepeMeHHoi. Kiaccuyeckuii Metoq MUHUMHU3ALMUA (DYHK-
1MW OHOU mepeMenHo. Kiaccudukanus ducieHHbIX METOIOB PEIICHUS 3a-
Ja4 OJJTHOMEpHOW MUHUMU3aLKMK. CTpaTerus NoucKa. «Y JadHas» TPOMKa Y-
ces. YaumonanbHble GpyHKuuU. Bemykibie ¢pynkiun. Meroa nepedopa. Me-
TOJ TIOPa3psAHOTO MOMCKa. MeToa TUXOTOMHH. MeToA «30JI0TOr0» CEYEHUSI.
Meton napaboisi. CpaBHEHHE NPSIMBIX METOAO0B. MeTo/bl EPBOro MOpsiIKa:
METOJ| cpefHeil Touku, metoa HeroToHa. I'paduueckast uiroctpanus MeTo-
OB W QJITOPUTMBI pacdera. MeToapl MUHUMH3ALUU MHOIOMOJAIBHBIX
GyHKIU: MeTo nepedopa, METO T TOMaHBIX.

Pexomenayemas jqureparypa: [1], [2, c. 23-66], [7, c. 109-116], [8, c.
167-174], 9, 22].

MeTonnqecmle YKazaHuA

3HaTh HEOOXOAUMOE U JAOCTaTOYHOE YCIIOBHE CYLIECTBOBAHUS 3KCTPEMY-
Ma (PYHKIIMM OJTHOW M MHOTHMX MEPEMEHHBIX, CYTh KJIACCMYECKOTr0 METO/Ia MU-
HUMU3aMK QyHKIud. MIMeTh mpeacTaBieHHe 00 «yJadyHO» TPOMKUA YHMCEI.
Heo0xoauMo 3HaTh OCHOBHBIE METOBI HAXOXKJIEHUS SKCTpeMyMa (DYHKIUH, a
TaKKe€ JOCTOMHCTBA M HEAOCTATKH 3TUX METOZOB.

BOHpOCI)I H 3a1aHUA JTJIA CAMOKOHTPOJIA

1. JlaliTe onpeneneHne MUHUMyMa (DYHKIIMH KJIACCUYECKUM METOJIOM Ma-
TEMATUYECKOIO AHAJIN3a.

2. HazoBuTe OCHOBHBIE MTPUHIUIIBI TOCTPOEHUSI OJIOK-CXEMbI METOA U all-
TOPUTMA YHCJIEHHOTO PELLICHUS.

3. HazoBute anroput™ noctpoeHus rpaduika GyHkimu B makere MS Excel.

4. 3anumMTe OCHOBHBIE ONepaTophl B si3bika Pascal.

5. Ha3oBute OCHOBHBIE YHUCIIEHHBIE METOJbl HAXOXACHUS MHUHUMYMa
(yHKIMH OTHOM NTEpEMEHHOM.

6. HasoBure OCHOBHOE OTIMYWE MPSMBIX U UTEPAIIMOHHBIX METOIOB Ha-
XOXICHUS SKCTpeMyMa (PYHKLIMHU OJHOM MEPEMEHHOI.

/. YKaxuTte rpaHuibl MPUMEHUMOCTH PACCMaTPUBAEMBIX METOJIOB HAXO-
KJICHUS SKCTpeMyMa (PYHKLIUU OJHOW IEPEMEHHOM.

8. IIpuBeaure cTpaTervio BbIOOpa YMCIEHHOTO METO/a PELCHUs 3aJauu
HaXO0KACHUSI MUHUMYMa (QYHKLIUH.

9. HazoBuTe OCHOBHBIE JOCTOMHCTBA M HEIOCTATKH pPacCMaTpUBAEMBIX
METO/IOB PELICHUS 33141 HAXOXKACHUSI MUHUMYMa (DYHKLIUH.
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10. Kakast MmoeT ObITh MHTEPIPETAINS PE3YJILTATOB YHCIECHHOTO pellie-
HUS 33/1a9¥ JTFOOBIM W3 METOJIOB PEIICHUS 3a/1a4d HAXOXKICHUS MUHUMYyMa

byHKIIAN?
2.4. MeToabl MHOTOMEPHOIi 0€3yCJI0BHOM ONITUMH3ALMU

OO1ue NMpUHIMIIBI MHOTOMEPHON Oe3yclioBHOW MuHUMU3anuu. Jud-
dbepenupoBanre GyHKIMA MHOTHX IEPEMEHHBIX. [ pagueHT neneBoi QpyHK-
. Matpuna ['ecce. Ilepriit nuddepennuan. Heobxoaumoe ycimoBue cy-
[IECTBOBAaHUS MUHMUMYyMa (DYHKIIMM MHOTHX IepeMeHHbIX. [locTtatrouHoe yc-
JIOBUE CYLIECTBOBAHHWS MHUHHUMyMa (YHKIIMM MHOTHX TNEPEMEHHBIX. AJTO-
PUTM KJIACCUYECKOTO METO/Ia MUHUMHU3allUU (DYHKIIMM MHOTUX TIEPEMEHHBIX.

Pexomenayemas aureparypa: [1], [2, c. 23-33; ¢. 67-83], [7, c. 5-20;
c. 34-44], [8, c. 15-76].

Knaccudukanus ynciaeHHbIX METOJI0B MHOTOMEPHOM O€3yCIIOBHOW MH-
HUMHU3AUU. MeToas! Uil HernaakuxX (QyHKIMI: METOJ MHOTOTpaHHUKA, Me-
TOJBI CIy4alHOTO Mmoucka. MeTonabl Mg TNaakuxXx (PyHKIUNA (METOABI CIycC-
Ka): METOJbl HYJIEBOTO MOpsiika (MpsAMbI€), METOJIbI IEPBOTO U BTOPOTO IMO-
psankoB. OnTuMainbHasl cTparerus moucka. Bo3MOXHbIE U NTpUeMIIEMbIE Ha-
npaBiieHus. MoaenpHas cxeMa pelIeHus 3aa4l METOJIOM CIycKa. 1'apanTus
CITyCKa IIPH MEPEMEIICHUH U3 OJHOW TOYKH B IPYyTryr0. CXOOIMMOCTh MOJIEIIb-
HOM CXeMbl. Beluncienue ImHbl 1miara. Beraucienue HanpasiieHUs IMOUCKA.
YucnenHoe nuddepeHuupoBaHue B pacuerax rpagueHtra. Meroa Koopau-
HATHOTO CITyCKa M ero BapuaHThl. ['paduueckas unrepnperanus Merojaa, ero
JOCTOMHCTBA M HEJOCTATKHU, 00JaCTh MPUIIOKEHUSI. AJITOPUTM METO/1a KOOp-
IUHATHOTO crycka. [Ipumep ucronb3oBaHus METOAa KOOPAUHATHOIO CITyCKa
JUTsT BEIOOpa ONTHMANIbHBIX TapamMeTpoB TOVY. MeToasl mepBoro mopsiaka:
IPaIMEHTHBIN METOJ, METOJ HAUCKOPENIIETO CIYyCKa, METOIBI CONPSKEHHBIX
HarpaBieHuil. ['paduueckas naTepnperauus rpagueHTHoro Meroga. llar u
HAIIPpaBJICHUE CIIyCKa. AJTOPUTM IpaAUEHTHOTO MeTofa. CXOAMMOCTh METO-
na. [Ipumep ucnosib30BaHusl TPaJMEHTHOIO METOJA JJisi BBIOOpA ONTUMAJIb-
HbIX mapameTpoB TOVY. Meton Hauckopeiero cmycka. ['padguyeckas ui-
JrocTpanus Metona. PacdeT mara u HanmpaBlIeHUS CITyCcKa. AJITOPUTM METOA
HaWCKOPEMIIETO CITyCKa U MPUMEPBI HCTIOJIb30BAHUS.

Pexomenayemas aureparypa: [1], [2, c. 67-123], [5], [7, c. 116-128],
[8, c. 115-167], [21].

[Ipunoxxenne METOIOB TPAIMEHTHOTO CITyCKa K 3a/ladaM BBIOOpa OINTH-
MaJibHbIX TTapameTpoB TOC.

Pexomenayemas aureparypa: [1], [13, c¢. 119-153], [14, c. 132-162],
[15, c. 34-67], [16].
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MeToanuyeckue yKasaHus

YMeTh oTiIM4aTh PyHKIIMM MHOTHX MEPEMEHHBIX OT (PYHKIIMHU OJHOM Iie-
pPEMEHHOI. 3HaThb OCHOBHBIC IPABHJIA HAXOXKJIEHUS YAaCTHBIX IPOU3BOAHBIX
MIEPBOTO W BTOPOTO MOpsAKa Al GYHKIUI MHOTHX TIEPEMEHHBIX. YMETh 3aIu-
CbIBaTh MaTeMaTU4YEeCKHE BBIPAKEHUS B MaTpUUHOU (hopme. 3HATh OCHOBHBIC
IIPaBWJIa BBIYMCIICHUE OIPENEIUTEIS NIEPBOTO, BTOPOTO M TPETHETO MOPAIKA.
WmeTh mpencraBieHue O IpajueHTe (PyHKIMM MHOTMX IEPEMEHHBIX. YMETh
OPUMEHATh METO/I KOOPIAUHATHOIO CIYCKa Ul (PYHKIMA MHOTUX IEPEMEHHBIX
IUIS1 HAXOXKJICHUS SKCTpeMyMa (DyHKLIMH.

Bomnpocsl 1 3a1aHus 1JIsi CAMOKOHTPOJIA

1. [IpuBeauTe OCHOBHYIO KJIacCH(DUKAITMIO METOJ0B MHOTOMEPHOM Oe3yc-
JIOBHOM MUHUMU3AIUH.

2. Kax BeIOMpaeTcst 006JacTh AOMYCTUMBIX 3HAYCHHUH TP MCTIOJIh30BAHUN
MeTO/1a KOOPAMHATHOTO CITYCKa JIJIsl BRIOOpa ONTHMAIBHBIX MTapaMeTpoB TOY?

3. Kak BeIOMpaercs 067acTh AOMYyCTUMBIX 3HAYECHUH MPH WCTIOJIH30BAHUN
IPaJMEHTHOTO METOA TS BEIOOpA ONTHUMAIIBHBIX MTapaMeTpoB TOY?

4, HazoBuTe yClOBHA, TP KOTOPBIX CYIIIECTBYET TapaHTHS CITyCKa TIPH
MEPEMEITICHUN W3 OHON TOYKH B IPYTYIO.

5. Kakum o0pa3oM ocylecTBisieTcsl pacyeT ONTUMAIBHOIO 1Iara Mmpyu Bbl-
0ope HaucKopeHIero crycka?

6. HazoBuTe kpuTeprun 0CTaHOBA OCHOBHBIX MCIOJIB3YyEMbIX METOOB JIJIs
HaXOXKJIEHUS dKCTpeMyMa (DYHKIIUH MHOTHX MTEPEMEHHBIX.

7. N300pazute rpaduyeckyro MHTEPIIPETALMIO METOJa KOOPAUHATHOTO
CITyCKa.

8. Kakum 00pa3oM BBIUUCIISIETCS] TIOTPEITHOCTh KaKJ0TO M3 METOJIOB OIl-
TUMU3ALAN?

9. HazoBuTe BO3MOXKHBIC U TIPUEMIIEMBIC HANPABIICHHS TIPH PEATH3aIN OCHOB-
HBIX METOJIOB ONTIMH3AITUH.

10. ChopmynmpyiiTe MpaBUIO CXOAWMOCTH pacCMaTpHUBAEMBIX METOJIOB
ONITUMU3AITUH.

2.5. OcHOBBI TEXHHKO-)KOHOMHUYECKONH ONNTUMHU3AINH
cxeM 1 napamerpos TIC

TexHuko-3koHOMHUecKre nokazarenu TOC. YcnoBus cOnocTaBUMOCTH
BAPUAHTOB B TEXHUKO-DKOHOMHYECKUX pacuerax. PacueTHeii nepuon. luc-
KOHTHPOBaHUE IKOHOMHUYECKHX Mokazateneit. Koadduiment auckoHTHpPO-
Banusi. Hopma auckonTa. Metoasl oneHku 3()PEKTUBHOCTA WHBECTHUINI B
sHEepreTudeckne o0BeKThl. [IpocThie U MHTErpanbHble KpuTepuu h(PEeKTHB-
HOCTU WHBECTULIHMA. DJIEMEHT MOTOKA peabHbIX AeHer. [IpuTok peanbHbIX
neHer. OTTOK pealibHBIX AeHer. YUCThIM JUCKOHTUPOBAHHBIA A0XOa. MHTe-
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rpajJbHBINA CPOK OKYIaeMOCTH. DHeprocoeperaromme Mepornpusatus Ha TOC u
WX TEXHUKO-DKOHOMHYECKHE PE3YNIbTAaThl. ANTOPUTM pacueTa 3(HPeKTUBHO-
cTu 3Heprocoeperaronux Meporpuaruii Ha TOC. Beibop onTuManbHbBIX TEX-
HUKO-3KOHOMUYECKUX PEIICHUN MPU MaJbIX U3MEHEHUSIX B TEIJIOBOU CXEMeE
TOC n ADC. TunnuHble 3aJa4yd TEXHUKO-DKOHOMHYECKOW OIITHUMU3AIIUUA
obopynoBanus u cxem TOC.

Pexomenayemasn gureparypa: [1, 3, 5, 6, 14, 19, 20, 24].
MeToanyeckue yKazaHus

Heobxomumo yMeTh paccuMTaTh TEXHUKO-3KOHOMHYECKHE IOKa3aTesn
napoTypOMHHOM YCTAHOBKHM B 3aBUCHUMOCTH OT HayaJIbHBIX MApaMETPOB. Y METh
COCTABUTh LEJIEBYIO (DYHKLMIO JUI ONTUMU3AIMA OCHOBHBIX HapameTpoB TOC
paOoratomiero no nukiay PeHknHa Ha OCHOBAaHMM MaKCHMAaJbHOTO 3HAUYEHUS
tepmuueckoro KII/I. 3nate onpeneneHne TEXHUKO-35KOHOMUYECKOW ONITHUMHU3a-
uuu oobopynoBanus u cxeM TOC. MimeTs npeacraBieHne o cnocodax Moaeu-
poBanus TemioBbix cxeM TOC u ADC, 0 MeTOIMKaX KOMIUIEKCHOW ONTUMU3A-
LIUU pealbHbIX TEIUIOBBIX CXEM C KOHACHCAIIMOHHBIMU U TEIUIO(PUKAIIMOHHBIMA
TypOOYyCTaHOBKaMHU.

BOIIpOCI)I U 3a1aHUA TJIs1 CAMOKOHTPOJISA

1. HazoBuUTE OCHOBHBIE TEXHUKO-3KOHOMUYEcKue nokazarenu TOC.

2. 3anuiuTe TUMUYHBIC 337[a4d TEXHUKO-DPKOHOMHYECKON ONTUMHU3AIIUU
napametpoB TOC.

3. Uto Takoe k03 PpUIMEHT TUCKOHTUPOBAHUS ?

4. Yto Takoe HOpMa JIMCKOHTA?

5. HazoBure cyiiiecTByOIIME METOBI OLIEHKH A(PPEKTHBHOCTH MHBECTUITH.

6. UTo Takoe IMOTOK M OTTOK PEaJIbHBIX JCHET?

7. Uto TaKoe UCThI AUCKOHTUPOBAHHBIN TOX0T?

8. Uto Takoe CpOKH OKYIIaeMOCTH?

9. IIpuBenuTe cocoObI BBIOOpPA ONTUMATBHBIX TEXHUKO-3KOHOMHUYCCKIX
PELICHNI ITPU MAJIbIX U3MEHEHUAX B TeruioBol cxeme TOC n ADC.

10. CopmymupyiiTe THIMMYIHBIC 3aJa9M TEXHUKO-DKOHOMHUYECKOW OTTH-
Mu3aluu ooopyaoBanus u cxem TOC.

2.6. MeToabl ONTUMHM3ALUM € OTPAHUYCHUAMH

OC0OEHHOCTH TEXHUYECKUX ONMTUMH3AIMOHHBIX 3a1a4. OCHOBHBIE pa3-
JIeTbl MATEMATUYECKOTO TMporpaMMmupoBanus. DopMynupoBaHue oOmei 3a-
Jla4yd MaTeMaTU4eCKOro nmporpammupoBanus. Knaccnueckue 3anaum marema-
THYECKOr0 MPOrpaMMHUPOBAHUS: TPAHCIIOPTHAS 337a4a, 3aJa4a O pexKUMe pa-
00ThI 3HEprocucTeMbl. Bunbl orpanndenunii. OO0Ias ¥ OCHOBHAS 3a7a4d JIU-
HEMHOTO IporpaMmMupoBaHus. ['eoMerprueckas MHTEprpeTanus 3a1a4u JIu-
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HEWHOI0 MNpPOrpaMMHPOBAHMS. MeTonsl pemeHus 3anad JUHEWHOrO IIpo-
rpaMmmupoBanus. CUMIUIEKCHBIA MeToA. Mcrnonap30BaHHE CHMILIEKC-METO/1a
JUTA peLleHUs 3a/1a4i HauBBITOAHEHINEro pacnpeaeneHust Harpy3ku Ha TOC,
Hennueiinplie 3a1aun ¢ orpaHM4eHUAMA. MeTon HeonpeaeIeHHbIX MHOKUTE-
neit Jlarpamka. Meton mtpadubix GyHkuuid. ['eomerpudeckas UHTEpHpeTa-
WS ¥ AITOPUTMBI pacyeTa. JJUCKPETHOE U LETOYNCIEHHOE TPOrpaMMHUpPOBa-
Hue. OCHOBBI METOJa AMHAMUYECKOTO IIpOrpaMmMupoBanus. Mcnonb3zoBanue
METOJIOB LIEJIOYMCIICHHOTO ITPOrpaMMHUPOBAHUS B 3aJa4ax CETEBOrO IIAHU-
pPOBaHUS U ONTHUMAJILHOTO PE3EPBUPOBAHMS SHEPIETUYECKOrO 00OpyI0Ba-
Hus. Pacnipenenenne Harpy3ok Ha TOC ¢ uCnosb30BaHUEM METOA0B MaTeMa-
THYECKOIO MPOrpaMMHUPOBaHUS.

Pexomenayemas aureparypa: [1, 2, 7, 8 — 16, 27].
MeToanyeckue yKazaHHsi

OcBouth KiaccU(pUKAIMIO 3aJa4 MaTeMaTHUYeCKOro MpOrpaMMHpOBa-
HUsl. 3HATh KIIACCHYECKUE 33/1a4d MAaTeMaTH4YECKOr0 ITPOTPaMMHUPOBAHUs Ta-
KM€, KaKk TPAaHCIOpPTHasA 3aJada, 3a/1adya O peKuMe paboThl SFHEPrOCUCTEMBI..
[IpeacTaBisITh TEOMETPUYECKYIO HWHTEPHPETALMIO U AJITOPUTM pacuera.
NmeTb nousiTHE 00 OCHOBaX METOJA JMHAMUYECKOTO MPOrpaMMHPOBAHUS.

BOIIpOCI)I U 3a1aHUA TJIs1 CAMOKOHTPOJISA

1. Chopmynupyiite 0011yIO 3a/1a4y MAaTEMaTUYECKOTO MTPOrpaMMUpPOBa-
HUSL.

2. ChopmynupyiTe TpaHCIOPTHYIO 3a/1a4y.

3. Ha3zoBuTe OCHOBHBIE METOJbI PEIICHUs 3aJay JIMHEHHOTO Mporpam-
MHPOBAHUS.

4. [losicHUTE CyTh CUMILJIEKCHOTO METO/IA.

5. [losicHuTe CTpaTeruio CUMILIEKCHOTO METO/IA.

6. HazoBuTE OCHOBHBIC OTPAHUYCHHS B HETMHEHHBIX 3a/1a4ax.

7. IlosicauTe cyTh MeToaa mTpadHbIX QPYHKIUH.

8. 3amuImTe anropuT™M MeToja MHOXKuTenen Jlarpamka.
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3. COAEP KAHUE NPAKTUYECKOI'O PA3JAEJIA JTUCHUIIJINHBI
3.1. TemaTuka NPAKTHYECKUX 3aAHATHI

IpakTnueckoe 3ansaTue Ne 1. «Merog mnoc/en0BaTEILHBIX
NPHUOJIMKEHHI B pacuyeTax TelIoBbIX cxem» (1 gac)

3agaua Ne 1

OrnpenenuTs OTHOCUTEIBHBIE PACXO/IbI ITapa Ha BCE DJIEMEHTHI TEILIOBOM
cxembl Ha puc. 3.1, paccuyuTaB MOJYYEHHYIO CUCTEMY YpPaBHEHUN METOJIOM
MOCJIEIOBATENbHBIX TPUOTMKEHUH.

Pacuer 3aMKHYTOro KOHTYpa OCHOBBIBAETCSI HA pazpvlée OOPAMHbIX CE5-
3eu B HEM. Takou pa3pbIB AENAET CXEMY PA30MKHYMOU, YTO TTO3BOJISIET OCYIIIE-
CTBUTH MOCIIEIOBATEIBHBINA O€3UTEpAIIMOHHBIN ee pacueT. Hampumep, pazopBas
cBs3b o, Mexay UBJI u cenmaparopoMm B cxeMe Ha puc. 3.1, IOIy4UM HOBYIO

cXeMy, JIMIIIEHHYI0 KOHTypa Mexay sinementamu UBJ, C, III1, II1 (puc. 3.2).
B pa3soMKHYTOW CXeMe MOSBHIICS HOBBIA BXOJAIIMI B CEMAPAToOp MOTOK O .

Eciu 3a1ath 3HAYEHKE TIOTOKA O, , TO MOYKHO ompenenuts o = f (o), pac-

cuntaB nocinenoBareabHo AmeMmenTsl C, I, II1, UBJl. JIis Toro, 4ToObl BCE
rapaMeTphbl B pa30OMKHYTOM CX€M€E COOTBETCTBOBAIM IMApaMETpaM B 3aMKHYTOM,

H€O6XOI[I/IMO BBIIIOJIHCHHUC PAaBCHCTBA OLC* =0, U
PO’ XO’ h0

K

e L L

Puc. 3.1. Cxema napoTypOMHHON yCTaHOBKH

13

KOMIMJIEKT 3JIEKTPOHHbIX
e B = J omasneswe 5 f aakpuiTh X §


http://portal.tpu.ru/ido-tpu
http://tpu.ru

Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

Puc. 3.2. ®parmeHT cxembl IapoTypOUHHON YCTaHOBKU
a, = f(o,"). DTMM Kak Gbl 3aMBIKAIOTCS Pa30pBaHHbIE CBs3H. [locmen-

HEC PaBCHCTBO SBJILICTCA MATCMATHYCCKHUM IIOATBECPIKACHHUECM BO3MOKHOCTH
HCIIOJIb30BaHMA I PCIICHHA 3a/la4i METOJ0B ITOCIICAOBATCIIBbHBIX HpI/I6J'H/DK€—

HUU.
ITopsinok BhINoOJIHeHMsE 3axa4um Ne 1
1. Onpenensem napamMeTphbl HACBHIIICHHUS B TEINIOOOMEHHUKAX
!

hy = f(R):  tyo=f(R);
= f(R) ta=f(R);
h, = f(R);, t5,=Tf(R);
h, = f(R); tg=f(R);
ty = f(R):  h = f(R).

2. 3aziaeM HayaIbHOE MPUOIMKEHUE O, < Olg.
3. U3 ypaBHEHHUII MaTepuaibHOTO U TEIJIOBOr0 0alaHCOB cenaparopa
*
aC = aCH + aCB
!

ae-hy-099=qa. -h +a,-h

ompenenseM o, U O, .
4. V3 ypaBHEHHs TemioBoro OajaHca TMapoOBOrO MaporeperpeBarens

(IIIT)
OLHH'(hO_h(,))ZOLCH '(hrm_hc)
14
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OIIpe/IEIAEM PACXO/l TPEIOLIETO M1apa Ha HEro o .
5. U3 ypaBHEeHMs TEIIOBOTO OasiaHca Iist pereHepariBHOro nojorpesaress [11
al'(m_m)+ann (hO, _hl’)+a‘CB (hé _hl’)ZO(‘rIB (hBl _hB3)’
rae O, =0y+0,, — pPacxoa IHUTAaTENbHON BOJBI, ONPENEIIEM pacXoj
IPEIOLLEro napa o .
6. PaccuuteiBaeM pacxon napa Ha Beixoje u3 UBJl o, = og — oy

*
O — 0O
(04

¥ CPaBHHBAeM MeXy coboit o, 1 o . Ecin > ¢, TIe € — Hanepex

c

3aJlaHHas IIOIpCIIHOCTh, TO IIOJIaracm (XZ = O U pacydeT NOBTOPACM, HA4YH-

Has ¢ 1. 3. B mpoTuBHOM Cily4ae mepexoauMm K 1. 7.
7. PaccuntsiBaeM nojiorpesarens 113, He BXoAsmuid B 3aMKHYTBIA KOH-
TYp M OIPEIEIseM Pacxo/ mapa o,

oz - (hy —g) + (o + o, +ouy) - (= hg) = oy - (M3 = hy ).

HcxoaHble JaHHbIE K PAKTHYECKOi 3a1a4ye Ne 1

Py=5 MlIla; P,=2 MIla; P,=0,5 MIIa; P,=0,06 MIIa; B, =0,005 MlIIa;

hy=2800 xx/kr; hy=2640 xlx/xr; h,=2480 xLx/kr; h,=2740 x/x/Kr;
h..=2960 x/lx/kr; h;=2630 xJ[x/KT.

Henmorpes Boxb! 10 TemriepaTypbl HachimeHus napa B 11 u I13 npunsaTs
! 5i<pOMe 9TOro, B Tabia. 3.1 mpuBeneHbI 3HAYCHHUSI OTHOCHUTEIILHOTO pac-
X071a rapa Ha TypOHMHY 110 BapHaHTaM.

Tabauma 3.1

HUcxonnbpie nanabie K 3agaue Ne 1

Ny 2 3 |4 |5 6 7 8 9 10
Bap

oy |10 |09 |085 |08 |07 |065 |075 |083 |095 |0.92
Nt 112 13 14 |15 |18 |17 |18 |19 |20
Bap

o |096 094 |088 |04 |045 |043 |057 |078 |082 |0,84
N o1 122 23 24 |25 |2 |27 |28 |20 |30
Bap

O 061 |063 |0,67 |05 052 (05 |058 |048 |0,86 |0,48
€=0,02.
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IIpakTHyeckoe 3anaTHe Ne 2 «BbI0Op ONTHMAJBHOIO HEAOTPEBa B
pereHepaTuBHOM noporpesaresie TIC» (1 gac)

3amgaua Ne 2

Ha ocHOBe TEXHMKO-3KOHOMHYECKOTO CPaBHEHHWS BapHUAHTOB OIpElIe-
JUTH ONTUMATBHBIA HEIOTPEB BOJIBI 10 TEMITEpATyphl HACBIIICHHUS 1Tapa B pe-
reHepaTuBHOM mojiorpeBarene 111 Glopt. 3a xkputepui 3GPEKTUBHOCTH TIPH-

HSTh MU3MEHEHHE PACUETHBIX 3aTpaT 03 MO CPAaBHEHHUIO C MPOM3BOJIBHO BbI-
OpaHHBIM «0a30BBIM» BAPUAHTOM.

Jlist pemieHust maHHOW 3amaum mojorpeBatens [11 HeoOxomumo pac-
CMaTpuBaTh B TEIUIOBOM CXEeME COBMECTHO C Bhimectosmum [12 (puc. 3.3).
OO6muit momorpes Bojbl B rpymnie nogorpesareneit [11 u I12 npuaumaem no-
crosiHHBIM (t,,,t,, - 3a7aHBI) IPU U3BECTHBIX IIapaMeTpax Iapa B pereHepa-

THBHBIX 0TOOpax P, m P u pacxozne Boxsl uepe3 TemnooOMeHHuku G, .

Br16op Glopt BBITIOJIHAETCS BapUAHTHBIMU pacue€TaMH MPU U3MEHEHHUU
0, B IOIMyCTMMOM AMamna3oHe. 3a MUHHMAaJIbHOE 3HAYEHUE HEIOTPEBA MOXKHO

MPUHATH O4€Hb Masioe uuciio, Hanpumep 0,01; makcuManbHOE 3HAYEHUE HE
JOJDKHO IPEBBIIATH Pa3HUILy MEXKIY TEeMIEpaTypod HachlIEHUs 1S, rpero-

uiero napa B I11 1 TeMnepaTypoi BXOIAIIEH B IOAOIpEBATENb BOIBI t; .

HM3MeHeHue HCOOI'PCBa B IIOAOI'PCBATCIIC IT1 HCOAHO3HAYHO BJIMACT Ha

COCTABJIAIOMIUC PACUYCTHBIX 3aTpaT B Typ60y0TaHOBKy.
Py

P,h,, D, P.h, D, b

| P2
‘ M2 ‘ 1 | P,
‘ tB2 $ tB1 d\ GB’tBO ) : P,
N

ltsz’hzl 1’h1'

C ymeHblieHHeM 0; MOBBIIIAETCS TEMIIEPATypa BOJbI HA BBIXOJE U3 I10-

S
Puc. 3.3 Puc.. 3.4

norpesatens Il t,, =ts; -0, (ma Bxome B moxmorpesarens [12) (puc. 3.3).
IIpu 3ananHbIX TeMnepaTypax t,, u t,, 5T0 03Ha4YaeT yBEINYEHUE [TOJOTPEBA

BOJIbI B 1-i1 ctynenu perenepanuu (I11) ¢ oqHOBpeMEHHBIM YMEHBIIEHUEM BO
2-11 (I12). Ilpu mocTossHHOM pacxoe BoAbl uepes3 noporpesarenu G, = const

pacxoj mnapa B HIXKECTOSLIMI noforpesartens D; yBelInyuBaeTcs Ha HEKOTO-
pyto BennuuHy AD, a B cnenyromuii o xony Boael D, ymeHbIIaeTcs Ha 3TO
e 3HaueHue. B pesynbrare 3TOro B TypOUHE COBEpPIIACTCS JOTOTHUTEIbHAS
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pereHepatuBHas BelpaboTka MommuocTH AN = AD-(h, —h) mpu pacmmpe-
HHUM I1apa OT MapameTpoB 2-ro otoopa 1o aasneHus P (puc. 3.4), kotopyro

MOKHO ONPEIEINTh TaKXke ¢ ucmnoiab3oBanueM Metoauku KUM (koadduiu-
€HTOB U3MCHEHHUSI MOIITHOCTH ) OTOOPOB.

OpHako yMEHbIIIEHHE HEJAOTPeBa MPUBOAMUT K CHIKEHUIO CpPEIHENora-
pPUPMHUYECKOTO TEMIEPAaTypHOTO HAamopa TEIIOOOMEHHUKOB M POCTY Tpe-
OyeMoil MOBEPXHOCTH HArpeBa, B pe3yjbTaTe Uero yBEJIMYUBAIOTCS KaluTa-
JIOBJIO>KEHHUS B PETEHEPATUBHYIO YCTAHOBKY.

Poct HenorpeBa, Ha00OPOT, CHIXKAET BHIPAOOTKY 3JIEKTPOIHEPTUHU, HO
MO3BOJISIET COKPATUTh KallUTAJIbHBIE 3aTPATHI.

PexomenayemMasi mocj1eI0BaTeILHOCTh pacyera ONTHMAJILHOTO He-
norpesa 0;

1) OnpenensroTcss TEPMOAMHAMUYECKHE TTapaMETPhl Iapa U IpeHa)ka B
nogorpesaressx 111 u [12:
e  SHTaJILIHUM Mapa B otoopax: (mo I Tadbmune [29])

h=T(R.Y), h = T(Ry1,);
e MapaMeTpbl HacklIieHus B ogorpearessix [11 u I12: (mo 11 tadm. [29])
= f(R), hh=1(R), &, =f(R), hy=T(R);
e Temmeparypa Boaer 3alI2 t, =t,, —0,, rie O, =5°.
2) HaxonsT nuama3oH M3MEHEHHUs HEJOTpeBa B pacCMaTpUBaEcMOM MO-
JorpeBartene

min . nmax
077 =01; 6, =(ts1 —tgo)—1.

3) 3aparorcs 3Ha4eHUsAMH 0, B Ipeenax JOIMYyCTHMOIO AMana3oHa (Ha-
npumep, 1, 5, 12) u 1151 HUX onpeaensroTcs:

a) Temrieparypa Bojbl 3a nojgorpesarenem I11

=t —6;;

0) TerIoBbIe HArpy3KH pPacCMaTPUBAEMOIO U BBILIECTOSIIETO MOIOTPE-

B) cpeaHenorapudmuueckue TemrnepaTypHble HAmophl TETIOOOMEHHHU-
koB I11 u I12 cooTBETCTBEHHO:

Atl = M X AtZ = ﬂ;
In ts1 — 1tz In tso — g1
ts1 — g1 tso —1p2
r) [UTOMIAIH TOBEPXHOCTH TEIIOOOMEHHUKOB, M:
F=Q/(k-At); F, =Q, /(k-At,).
17

KOMMMEKT NEKTPOHHBIX A
YUYEBHO-METOAUYECKUX MATEPUANOB L ] I = I OTTIABNIEHME < I mﬂlmial


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— -

4) OnuH U3 BapUaHTOB (Gf , Flo, FL, tgl) MPUHUMAETCS 32 «0a30BbINY U

A Beex npyrux Bapuanros (0,,F , F,, t,;) mo cpaBHeHHIO ¢ «0a30BBIM»

PaCCUUTBIBAKOTCS:
a) U3MEHEHHUE TUI0IAau OBEPXHOCTH nogorpesarens [11

_ 0.
o =R -F";
0) U3MEeHeHue TUTOIIAIN MIOBEPXHOCTH mmoaorpeBaTess [12
_ 0.
o =F —-F;
B) CyMMapHO€ U3MEHEHHE IUIONIA/IA TOBEPXHOCTU
') U3MEHEHHUE KAUTAJIOBIOKEHUHN B MOAOTpeBaTENH, PYO.
0K =125k, -oF;
) U3MeHeHne Terna 0Q , BHOCUMOTo B 1-if mogorpeBaTenb (paBHOE C

OoOpaTHBIM 3HaKOM M3MEHEHMIO TeIJia, BHOCUMOIO BO 2-i TEINIOOOMEHHUK) B
CBSI3M C U3BMEHEHUEM HeslorpeBa B 1-M nojorpenatene, KBt
0Q =G, ¢, (t _tgl);
3) U3MEHEHHUE MOITHOCTH TypOUHBI, KBT
oN,, =(e, —€)-8Q,

riae €;,e, — koappunueHTsl n3MeHeHusa MouHoctd (KMM) oTO0poB;

1) 3ameraromast MOIHOCTh 0N, = —0N,;
K) U3MEHEHUE MPUBEJICHHBIX PACYETHBIX 3aTpaT, pyo.

03 =(E, + p,)-8K +c-h 6N

rac E. — HOpMaTUBHBINA KO3 HIOUCHT O €KTUBHOCTH KaIlBJIOXKCHUM
H 9

3aMm !

MOXkHO npuHumatrs E, =0,12;
P, — K03 GULHEHT aMOPTU3ALMH, AJIsl SHEPTETHUECKOT0 000Py10BAHUS
p, = (0,06 +0,08);

5) cpaBHMBAIOTCSI MEXIy COOON MOJydyeHHbIE 3HaUeHUs1 03 U BbIOMpa-

ercs BapuanT (0] PL), 7Ist KOTOPOTO BeMMuUMHA 83 — MHHHMATBHAS.

18
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Tabauma 3.2
Hcxonusle naHHbIE K 3a1a4e 2
K
° h ! k , c,
Bap | Gap 6ap krle uac (M2K) | Pyo/M’ | kBra

1 [200] 4,0 |250|100 | 70 |4000)0,120,23| 2,5 8000 | 0,25
1 1220 5,0 |270]150| 65 |3500/0,13/0,25| 3,0 7000 | 0,30
1 [240| 6,0 |250|120 | 72 |5000)0,10|0,23| 2,3 6000 | 0,35
151200 | 40 |250| 80 | 70 |5000|0,12|0,20| 25 8000 | 0,25
220 | 5,0 |270| 90 | 75 |5500(0,13|0,22| 3,0 7000 | 0,30
151240 | 6,0 | 250 | 110 | 78 | 6000 | 0,08 | 0,16 | 2,3 6000 | 0,35
2 |200| 50 | 300|150 | 80 |3000|0,20|0,28| 2,0 9000 | 0,25

o o Nolg|A~wNF
=
ol

2 |200| 6,0 | 300|160 | 85 |3600|0,21|031| 20 8000 | 0,30
2 [200| 7,0 {300 | 170 | 90 |4000|0,23|0,33| 2,0 7000 | 0,35
10 | 1 |200]| 4,0 | 250|100 | 70 |5000|0,12]0,23| 25 6000 | 0,25
11 | 1 |220| 4,0 | 270|100 | 60 |5300/0,13]0,25| 2,5 8000 | 0,30

12 | 1 [240| 4,0 | 250|100 | 65 | 6100 0,10 0,23 | 2,5 7000 | 0,35
13 11,2 ]200] 50 |250| 80 | 60 |3200|0,12]0,23| 25 8000 | 0,25
14 11,2220 5,0 |270| 80 | 60 | 3400/0,13]0,25| 3,0 7000 | 0,25
15 11,2240 50 |250| 80 | 60 |3800|0,10]0,23| 2,3 6000 | 0,25
16 | 1,1 | 200 | 4,0 | 250 | 150 | 70 | 4000|0,12]0,23| 2,0 8000 | 0,25
17 11,1220 5,0 | 270 | 150 | 65 | 3500 |0,13]0,25| 3,2 7000 | 0,30
18 | 1,1 |240| 6,0 | 250 | 150 | 72 | 5000|0,10]0,23| 25 6000 | 0,35
19 11,3200 4,0 | 250|120 | 70 | 5000 0,12 0,20 2,5 8000 | 0,25
20 | 1,3]1220| 5,0 |270| 120 | 75 |5500(0,10|0,22| 3,1 7000 | 0,30
21 11,3240 | 6,0 | 250 | 120 | 78 | 6000 |0,08|0,16| 24 6000 | 0,35
22 1151200 | 5,0 |300| 160 | 80 |3000|0,20|0,28| 2,0 10000 | 0,25
23 |15]200| 6,0 | 300|160 | 8 |3600(0,21|0,31| 20 8000 | 0,30
24 115]200| 7,0 | 300|160 | 90 | 4000 |0,23|0,33| 2,0 7000 | 0,35
25 1101]120| 3,0 | 200 | 50 | 50 |3000|0,12|0,23| 2,3 8000 | 0,30
26 {10130 | 3,0 |[200| 50 | 55 |3000(0,13|0,25| 2,3 8000 | 0,30
27 1101]140| 3,0 | 200 | 50 | 65 |3000|0,10|0,23| 2,3 5000 | 0,30
28 | 6,0 250 | 10,0 | 350 | 100 | 130 | 5000 | 0,09 | 0,20 | 2,7 5000 | 0,30
29 |50 ]300|10,0|350| 90 |120/4000|0,10|0,25| 25 7000 | 0,30
30 | 7,0]1250|10,0|350| 80 [130|7000|0,21|0,32| 25 4000 | 0,30
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3.2. Ilepeyennb 1a00paTOPHBIX padoT

JlabopaTopHbie pabOTBI MpECHEAYIOT IeNb YIIyOsueHus mpodeccuo-
HAJIBHBIX 3HAHWW TYTEM HCCJICJAOBAHUS 3KOHOMUYHOCTH TEIUIOBOM CXEMBI
IITY ¢ yaeTom MHOTOOOpa3ws BIUSAIOMHKX Ha €€ paboTy (paKkTOpPOB M BEIOOpA
ONTHMAJILHOTO PEIICHUS Ha OCHOBE KOMITICKCHOM ONTHMH3AIUH.

JlaGopaTopnas padora Ne 1 «cnosib30BaHue MeTO1a MOPA3PATHO-
ro MOWcKa JJsi BbIOOPA ONTHUMAJBHBIX TEPMOIMHAMHYECKUX MAapaMeT-
poB IITY» (2 yaca)

OTder cocTaBiseTCA KaXKIbIM CTYIACHTOM WHIUBUAyaldbHO. B Hero
JOJHKHBI BXOJUTh HUXKE MEPEIUCICHHBIC TTYHKTHI:

1. IlocTanoBKa 3a1aun

[Taporypbunnas ycranoBka (IITY) paGoraer mo mukiy Penkuna
(Hacviyennozo napa ¢ 0OHUM peceHepamusHbiM nodo2pesamenem) ¢ Tapa-
MeTpami ... (Xg, B, Py). Haiftn ontumansHoe 3HaueHue ... (0asrenus napa

6 pezenepamueHom omoope P,) METOJOM NOPa3psiAHOTO IOUCKA, BBIOPAB B
kadecTBe kpurepus 3 pextuBHocTH Tepmuueckuii KIT 1.
Onmumusupyemuiii napamemp — ... (Hanpumep, P,).

Ileneean ¢pynkuua — ... .

2. Cxema IITY [24]. O0o3HaunTh Ha cxeme Bce mapameTpnl [ITY,
BIIMSIOIIME HA 1IEJIEBYIO (DYHKITHIO.

3. UcxoaHble JaHHbIE

X =R =iBy=.).
4. JInanazon u3MeHeHHsl ONTHMH3HPYEMOIo NapaMeTpa
MuUHUMAIBHOE 3HaYEHHE — ... (Hampumep, P =...);

MakcuMaibHOe 3HaUeHue — ... (Hanpumep, B™ =...).

5. ITopsinok padoThI

PacdeT BeieM B COOTBETCTBUHM C alTOPUTMOM METOJA MOPA3PSAIHOTO MO-
HCKA.

5.1. Utepanus 1:

a=P™" (MUHMMaNBbHOE 3HAYEHHE ONITUMU3MPYEMOTO IAPAMETPA);
b=PR"™ (MakcuManbHOE 3HAYEHHE ONTHMHU3UPYEMOTO MTAPAMETPA);
hy=(b—-a)/4, rne a u b — rpanuma orpeska, Ha KOTOPOM HILETCS OII-

THMaJIbHOE 3HaYCHUE.
[IpuanMaem 3HadeHUs ONTUMHU3UpyeMoro mapamerpa ... (F) ot a

no b ¢ marom h =... u cunraem KIIJ] B Toukax P, =R +h, ¢ ncrons3zoBanu-
em niporpammbl KPDi.exe. [TonydeHHbie 3HaueHus 3aHOCHM B Ta0i. 3.3. Pac-

20

KOMMMEKT 3NEKTPOHHBIX ,
YYEBHO-METOOUYECKUX MATEPUANOB - I L 2 I III'IIABIIEIIHEfEI JARPBITD XI


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

4eT BemeM 10 Tex nop, nmoka KIIJ[ He cTtaHneT ymMeHbImaThCs MO0 HE JOCTUT-
HEM KOHIIa OTpe3Ka b .

Tabmuma 3.3
Pesynbrarhl pacuera Ha ureparuu 1
h=..
F’l,MHa 0,1 1,1 3,1 4,1
n 0,2511 0,3441 0,4210 0,4130

5.2. Utepanus 2:
VYMeHbIIaeM mar B ueTbipe pasa h, =—h /4 u nBuraemcs B mportusomno-

noxkHoMm HampaieHuu, noka KIIJ[ cHoBa He cTaHeT yMeHbIIAThCs OO HE
JOCTUTHEM JIPYroro KOHIL@ OTpe3Ka. 3a MEPBYI0 TOUKY IPHHHUMAEM IOCIIeN-
Hee 3HadeHue u3 Tabn. 3.3. Jlpyrue 3HaueHus ONpeAeistoTcs Mo (opmye
R, =R +h,. [lonyuennsle 3HaYeHUs 3aHOCUM B Tabm1. 3.4.

Tabmuma 3.4
Pesynbrarhl pacuera Ha UTEpaIuu 2
h, =...
P,Mlla |4,1 3,85 3,35 3,1
n 0,4130 0,3441 0,4262 0,4210
5.3. IloBTopsiem pacueTsl ¢ HOBbIMU maramu hy =-h,/4;, h,=-h;/4,

... J10 T€X IOp, IMOKa OYEPEAHOM IIar HE CTAHET MEHBIIE 3aJaHHOU MOTpell-
HOCTH |h| <¢. Pe3ynbpTaThl pac4eTOB CBOJUM COOTBETCTBEHHO B TAOJIMIIBI U T.

1.
6. I'paduk 3aBUCUMOCTH 1] OT ONTUMHU3HPYEMOTO MapamMeTpa ¢ HILTIO-
CTpalyen MeToa.
7. BeiBoa: (ONTHUMaNbHOE 3HAYCHHE ... PABHO ..., ipu 3ToM KIIJ moc-
TUTAeT MAaKCUMAJIbHOM BEJIMYUHHI ...).

Teoperuyeckasi 4acTh
CyTh MeTO/1a TIOpa3psAAHOTO TTOUCKA 3aKIF0YAETCS B TOM, YTO ISl YHU-
MOJIaJTbHOW (PYHKIHMH Iepebop Touek Ha oTpe3ke [a;b] mpoucxoaut cHavyara

c maroM h = X;,; — X > € 10 Tex mop, noka (QyHKIU HE CTAaHET BO3PACTATh,

T.€. OKa He BhIMonHHUTCS ycnosue f(Xi,;)> f(X) uam moka ouepennas us

i+1
ATHX TOUYEK HE COBIMAJET C KOHIIOM OTpe3Ka.
[Tocne aToro mar ymeHbarT (0OOBIYHO B UETHIPE pas3a) u mepedop To-

YCK € HOBBIM HIAaroM mnpou3BOAUTCA B IMPOTHUBOIIOJIOKHOM HAIIPABJIICHUH 10

* *
YHHMOJIaJII)HOI/I Ha3bIBACTCA (bYHKHI/ISI, nMern@aia CAIMHCTBEHHBIM MUHUMYM.
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TCX II0P, IMOKa 3HAYCHUA q)yHKI_II/II/I CHOBA HC IICPCCTAHYT YMCHbIIATHCA WJIN
oucpcaHas TO4Ka HC COBIIAACT C APYI'UM KOHIIOM OTPC3Ka.

Tabmma 3.5
BapuanTs! k 1aboparopnoit padote N 1
Ne @aiin pacuera | OnTUMHU- Hcxonnsle
., (ITapameTpsl
Bap Cxema KITA 3UPYEMBII 0Ty JTaHHbIE
KPDi.exe rapamerp

1 2 3 4 5 6

1 |Hwkn PeHknHA HACKHIIICHHOTO X0=0,995;
mapa ¢ OJHHUM pereHepaTHB- PO,P1,Pk, |P1=1MIIa;
HBIM TI0JIOTpEBaTeIEM KPD1.exe PO X0 Pk=0,005 MIla;

£=0,1 MITa.

2 |luxn PenkuHa HACHIIIEHHOTO X0=0,999;
mapa ¢ OJHUM pEreHepaTHB- PO,P1,Pk, |PO=2MIIa;
HBIM TI0JIOTpeBaTeIeM KPD1.exe P1 X0 Pk=0,005 MIla;

£=0,01 MITa.

3 |ukn PeHkuHA HACHIIEHHOTO X0=0,995;
mapa ¢ OJHHUM pPEreHepaTHB- PO,P1,Pk, |PO=5MIIa;
HBIM TI0JIOTpeBaTeIeM KPD1.exe P1 X0 Pk=0,0035 MIla;

£=0,01 MITa.

4 |llukn PeHkuHA HACHIIIEHHOTO X0=0,995;
mapa ¢ OJHUM PEreHepaThB-|, nry oo t0, P1, Pk,|P1=1MIla;
HBIM TI0JIOTpeBaTeIeM ’ t0 X0 Pk=0,004 MIla;

g=1"°C.

5 |[ukn PeHkuHA HACHIIEHHOTO X0=0,999;
Mapa ¢ OJIHAM PereHepaTHB-|, oo exe 10, X0, P1,{t0=200°C;
HBIM II0J0rPEBATEIEM ' P1 Pk Pk=0,005 MIIa;

€=0,01 MITa.

6 |[uxn PenkuHa HACHIIIEHHOTO X0=0,995;
mapa ¢ OJIHMM PEreHePaTHB-|, bryo o o t0, P1, Pk,|t0=300 °C;
HBIM T0JIOTpEBATENIEM ) P1 X0 Pk=0,0035 MIla;

€=0,01 MITa.

7 |llmkn PeHKMHA HACBHIMIEHHOTO tpw =150 C;
napa ¢ OJHUM PEreHepaTHB-|, pa oo PO PO, tpw, PK, PkZE),QOS MIlIa;
HBIM T0JIOTpEBATENIEM X0 X0=1;

£e=0,1 MlI]a.

8 |[ukyn PeHKHMHA HACKHIIIEHHOTO PO, tpw, Pk P0O=1 MIla;
napa ¢ omHuM pereHeparus-|KPD3.exe tpw Xo’ ' IPk=0,004 MIla;
HBIM I10JIOTPEBATEIIEM X0=0,99; e=1 °C.

9 |[ukn PeHknHA HACKHIIIEHHOTO t0=250 °C;
mapa ¢ OJHUM pereHepaTHB- tpw ©, tpw, Pk=0,004

KPD4. exe Pk, X0 o
HBIM M0JIOTpEBATENIEM X0=1,0; e=1 °C.

10 |[{ukn PenknHa HACHIICHHOTO t0=350 °C;
napa ¢ OJIHUM pereHepaThB- tpw t0, tpw, Pk=0,0060;
HBIM IT0/IOTpEBaTEIEM KPD4. exe Pk, X0 X0=0,998;

e=1 °C.
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KOMIMJIEKT 3JIEKTPOHHbIX
e B = J omasneswe 5 f aakpuiTh X §

No ®aiin pacuera | OnTuMu- Hcxonurnie
., (ITapameTpsl
Bap Cxema KITA 3UPYEMBII 0Ty JTaHHbIE
KPDi.exe rapamerp

1 2 3 4 5 6

11 |[Huxn PeHKrHA HACBHIIIEHHOTO Pc=1 Mlla;
mapa ¢ OJIHUM CerapaTopoM PO PO, Pc, Pk,|Pk=0,0036;

KPD5. exe X0, Xc X0=Xc=1,0;
¢=0,1 MIlIa.

12 |[lukn PeHkuHa HaCBIIIECHHOTO P0O=5 MIla;
mapa ¢ OJIHUM CerapaTopoM PC PO, Pc, Pk, |Pk=0,003;

KPD5. exe X0, Xc X0=Xc=1,0;
¢=0,01 MIIa.

13 |[lukn PeHkuHa HaCBIIIECHHOTO P0=10 MIla;
mapa ¢ OJIHUM CerapaTopoM PC PO, Pc, Pk,|Pk=0,004;

KPD5. exe X0, Xc X0=Xc=0,995;
¢=0,01 MIIa.

14 |[luxn PeHKMHA HaCBHIIIEHHOI'O Pc=1 MIla;
mapa ¢ OHUM CEMapaTopoM | ppe ave t0 ;(2(’) ;C’ Pk, Pk= 0,004;

' 2 IX0=Xe=1,0; 6=1°C

15 |[{ukn PenknHa HACHIICHHOTO t0=280 °C;
mapa ¢ OJHHUM CerapaTopoM PC t0, Pc, Pk,|Pk=0,003 MIla;

KPDG6. exe X0, Xc X0=Xc=0,999;
¢=0,01 MIIa.

16 |[{ukn PenknHa HACHIIICHHOTO t0=320 °C;
mapa ¢ OJHUM CEapaTopoM PC t0, Pc, Pk,|Pk=0,004 MIla;

KPDG6. exe X0, Xc X0=Xc=0,997;
¢=0,01 MIIa.

17 |lluxn PeHKWHA HACBHIIIEHHOTO Pc2=0,1 MIla;
napa c JIByMs cernapaTropamu Pcl,Pc2,PO,[P0=5 MIla;

Pcl Pk, X0, Pk=0,004 MIlIa;
KPD12. exe Xcl,Xc2  |X0=Xcl=Xc2=1;
£¢=0,01 MI]a.

18 |[{ukn PeHKMHA HaCBHIIIEHHOIO Pcl=1 MIla;
napa c JIByMs cernapaTropamu Pcl,Pc2,P0,|P0=6 MIIa;

Pc2 Pk, X0, Pk=0,005 MIIa;
KPD12. exe Xcl,Xc2  |X0=Xcl=Xc2=1;
€=0,01 MI1a.

19 |luxn PenkuHa mneperpeToro Pp2=1 MIla,
napa ¢ JBYKpPaTHBIM IpOMIIe- Ppl, Pp2,|P0=25 MlI]a,
perpesom Ppl PO,Pk, t0,|Pk=0,004 MIIa;

KPD13. exe tpl, tp2  [t0=tpl=tp2=600°C
€=0,01 MITIa.

20 |Hukn PenkuHa meperpeToro Pp2=0,7 MlIla;
mapa ¢ JIBYKpPaTHBIM IpOMIIe- Ppl, Pp2,|P0=22 MI]a;
perpeBom Ppl PO,Pk, t0,|Pk=0,005 MIlIa;

KPDI3. exe tpl, tp2 t0=tp1=tp2=550°C
£=0,01 MITa.
23
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No ®aiin pacuera | OnTuMu- apaMETDLL Hcxonurnie
Bap Cxema KITA 3UpPYEMBIi1 I}[TY p JTAaHHBIE
KPDi.exe rapamerp

1 2 3 4 5 6

21 |luxn PenkuHa meperperoro Pp1=5,0 MlIla;
mapa ¢ JBYKpPaTHBIM IpOMIIe- Ppl,k Pp2, ngZG Mlla; .
perpeten kpDexe P ot

€=0,01 MITa.

22 |lUuxn PeHkWHa meperperoro Pp1=6,0 MIla;
napa ¢ JBYKpaTHBIM IpOMIIe- o0 Eglp,k PQ(Z), Eg:gOOIS/:I%I'II\?[;H
perpeBoM p PK, y|[PK=U, a,

KPD13exe tpl, tp2  [t0=tpl=tp2=550°C
£¢=0,01 MITa.

23 |lluxn PenkuHa meperperoro P0=20 MlIIa;
mnapa ¢ JABYXCTYIEHYaThIM pe- tpw Po, tpw,|Pk=0,004 MIIa;
reHepatuBHbIM nojgorpeBoM  |KPD16.exe Pk, t0 t0=540 °C;

e=1 °C.

24 |lHukn PenkuHa meperpeToro P2=0,1 MIla;
napa ¢ JBYXCTYIIEHUYaTbIM pe- P1 P2 Po Po=10 MIIa;
TEHEPATHBHBIM MOJIOTPEBOM |\ b)17 exe P1 Pk 10 Pk=0,003 MI1a;

: ’ t0=510 °C;
€=0,01 MITIa.

25 |lUuxn PeHkWHA meperperoro P2=0,5 MIla;
napa ¢ JBYXCTYIIEHUYaTbIM pe- Po=17 MlIla;
T€HEPATUBHBIM T10JI0TPEBOM p1 P1,P2,Po, |Pk=0,004 MIlIa;

KPD17.exe Pk, t0 t0=550 °C;
¢=0,01 MIIa.

26 |[luxkn PeHkuHa meperpeToro P1=1 MIla;
napa ¢ JBYXCTYIIEHUYaTbIM pe- P1 P2 Po Po=10 MI1a;
TEHEPATHBHBIM MOJIOTPEBOM | py17 exe P2 Pk 10 Pok:%8035 MIlIa;

' : t0=500 °C;
£=0,01 MITa.

27 |lUuxn PeHKMHA Teperperoro P1=3 MIla;
napa ¢ JBYXCTYIEHUYaTbIM pe- P1 P2 Po Po=19 MIla,
TEeHEPATHBHEIM MOJIOTPEBOM |, 517 ave P2 Pk’ tO’ ' |Pk=0,005 MI1a;

' ’ t0=560 °C;
€=0,01 MI]a.

28 |luxn PeHkuHa mneperperoro tw2=80 °C;
mapa ¢ JABYXCTYIEHYATBIM pe- twl tw? Po=6 Mlla;
TEeHEPATHBHEIM MOJIOTPEBOM |, 510 ave twl P 0,I5k, tf) folizs%gg)dé MHa;

e=1 °C.

29 |lUukn PeHkWHA meperperoro tw1=230 °C;
rnapa ¢ JABYXCTyIE€HYaTbIM pe- Wl tw2 Po=13 Mlla;
TCHEPATUBHBIM MOOTPEBOM |\ by1g exe tw2 Po,|5>k, té ItDOkzzs% (())(())4(1j MHa;

e=1 °C.

30 |[ukn PenkuHa mneperperoro tw1=200 °C;
napa ¢ ABYXCTYIIEHYaTbIM pe- twl tw? Po=13 MlIla;
TeHEPATHBHBIM MOJIOTPEBOM |, 5y18 axe tw2 P 0,I5k, tf) ItDOk::50789’5C MHa;

e=1 °C.
24
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JlaGopaTopnas padora Ne 2 «Ucnoab30BaHHe MeTOa KOOPAMHAT-
HOr0 CIYCKa JJisi BbIOOpPa ONTHMAJBLHBIX TEPMOIMHAMHMYECKHUX Mapa-
MeTpoB IITY» (2 uaca)

OT4eT COCTaBISAETCS KaXABIM CTYICHTOM HWHAMBUAYAIHLHO WU JOJHKEH
COJIEPIKaTh CIEAYIOIINE Pa3eibl:

1. IlocTanoBKa 3a1a4M.

[Tapotypbunnas ycranoBka (IITY) padotaer no uukiny Penkuna ... (na-
npumep, no YUKy HACLIUYEHHO20 NAPA ¢ OOHUM Pe2eHepamueHbiM No0o2pe-
gamenem) ¢ mapameTpamy ... (X, B, Fy). Haiitn ontrmanbsHbie 3HaUCHHS . ..

u ... (hanpumep, dasnenus ocmpozo napa Py u oasnenus napa 6 pecenepa-

musrnom omobope Pi), BBIOpaB B KauecTBe KpuTepus 3p(HEKTUBHOCTH TEPMM-
yeckuit KIIJ n.

OnHoMepHast ONTUMH3ALUS BBINOJIHIETCS METOI0M niepebopa (uiu Apy-
MM METOJOM OJHOMEPHON ONTHUMU3ALMHU — [0 COIVIACOBAHMIO C IIPENoiaBa-
TENeM).

Onmumu3zupyemole napamempuvl — ... .

Lenesan pynkuyusa — ... .

2. Cxema IITY [24]. O6o3HaunTh Ha cxeme Bce mapamerpsl [ITY,
BIIMSIIOIIME HA 1IEJIEBYIO (DYHKITUIO.

3. UcxoaHbIe JaHHBIE.

Xg=.; B =....

4. lnana3oH U3MeHEeHHUs] ONTHUMHU3HPYeMbIX IApaMeTPOB.

MuHnumanbHOE U MaKCHMaJbHOE 3HAUEHUS MEPBOrO MapaMeTpa COOT-
BETCTBEHHO — ... (Hanmpumep, P =...; B =..).

MuHuManbHOE U MakCUMalbHOE 3HAYEHHsI BTOPOTO ONTHMHU3UPYEMOTO
napametpa — ... (Hanpumep, P™" =...; ™ =...).

5. Ilopsinoxk padoThl.

Pacuer BeneM B COOTBETCTBUMU C aIrOPUTMOM METOAA KOOPAMHATHOTO
CITyCKa.

5.1. Urepaunus 1.

Hlar 1.1. ®ukcupyeM 3HaYeHUE BTOPOTO MapaMmerpa ... (Hampumep,
qu’ =1 Mlla) u MeHsieM 3HaYeHMs NEPBOTO Mapamerpa ... (Hanpumep, Py) B
JOIyCTUMOM JHamna3oHe ¢ HeKOTOpbIM maroM Py =B, +h,. C ucnons3osa-
nuem nporpammel KPDi.exe (mo Bapuanty) cumtaeM KIIJ[ B moaydeHHBIX

Toukax (P, qu’ ). Ilomy4yeHHble 3HaueHHs 3aHOCUM B Tabi. 3.6. CpaBHuBas

suauenns KITJI Mexay coBOM, ompesenseM onTHManbHOE 3HaueHne PO,
KOTOpoMy cooTBeTcTBYeT MakcuMyM KIIJI Ha sTom miare.
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lar 1.2. ®ukcupyeM 3HaUYE€HHE NMEPBOrO MapaMmeTpa NpH HaWJEHHOM
BBIIIIE ONTHMAJbHOM 3HAYEHUM IIEPBOrO IapameTrpa ... (Hanpumep,

¢ _ poptl —
Py’ =By~ =16 MIla) u MeHseM 3HaYeHUs BTOPOTO MapameTpa ... (Hanpu-
Mmep, P) B momycTuMoM auana3oHe ¢ HeKoTopeiM maroM B =P +h. C uc-
noJib3oBanreM nporpamMmbl KPDi.exe cunraem KIT/[ B moiydeHHBIX TOYKaX
(Po‘b , P)). Ilomyuyennsle 3HaueHus 3aHocuM B Ta0. 3.7. CpaBHUBAs 3HAYECHUS

KITJI mexnay coOoii, onpenensieM ONTUMAIbHOE 3HAYEHUE P1°ptl, KOTOpOMY
cootBeTcTBYeT MakcumyMm KIIJI Ha BTOpOM I1are nepBoil UTepaluu.

Tabnuua 3.6 Tabnuua 3.7
R?=0,6 MIla PY = pPP=16 MIla
(2-ii mapametp) (1-it mapametp)

P,, MIla | KIIJI R, Mlla KIIJ
2 0,2130 0,1 0,2107
14 0,3776 0,9 0,3801
16 0,3844 1,0 0,3856
18 0,3802 1,1 0,3765

OPL=16 MIla RP"=1,0 MIla

5.2. Utepauus 2.
Ilar 2.1. dukcupyem 3HaueHUE BTOPOro mapamerpa ... (Hanpumep,
qu’ =1,0 MIla) mpu HaiineHHOM Ha miare 1.2 oNTHMaldbHOM 3HAYEHUH ...

(ranpumep, npu Pl(b: P1°pt1:l,0 MIIa) u cHOBa MEHsEM 3HAa4YeHHUS TEPBOTO
napametpa ... (Fy) B nonycrumom auanasone. Cuntaem KII/I u nomyueHHsle
3HaueHus 3aHocuM B Tabxn. 3.8. CpaBHuBas 3HaueHus KIIJ[ mexny coboi,
onpesieNsieM ONTHMAILHOE 3HAYeHHe MepBoro mapamerpa ... (PyP#=16,7

MlIla) na BrOpoi utepaunn. Emy coorBerctByer makcumyM KIIJ[ Ha sTom
miare.

Ilar 2.2. ®ukcupyem 3HAYCHHE MEPBOrO NapaMerpa Ipu HaWJEHHOM
Ha BTOPOM WTEpalM¥ ONTHUMAJIbHOM 3HAYEHUHU MEPBOTO Mapamerpa... (Ha-

npumep, P = PPP'2=16,7 MIla) u MeHsEeM 3HAuYCHHS BTOPOTO MApaMeTpa ...
(nanpumep, P;). Cautaem KIIJ] n momydeHHbIe 3Ha4e€HHS 3aHOCHM B TaOl.
3.9. CpasuuBas 3nauenus KIIJ[ mexny coOoii, ompenensieM onTuMaibHOE
smauenne PP, koTopomy cooTercTByeT MakcumyM KITJ[ Ha BTOpOM mmare
BTOPOM UTEPALUH.
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Tabmuua 3.8 Tabmuua 3.9
R%=1,0 MIla PP = PYP2=16,7 MIla
P,, MITa KI1I R, MITa K11
16,5 0,3861 0,95 0,3870
16,7 0,3864 0,96 0,3873
16,9 0,3820 0,97 0,33869
OPL2=16,7 MIla R°P'2=0,96 MIla

Pacudetsl BeleM 0 TeX MOp, MOKa ONTUMAJbHBIE 3HAYEHHUS IEPBOrO H
BTOPOr0 MapameTpoB Ha COCEIHHUX UTEpalUsAX HE CTaHYT MEHbBIIE Harepesn
3a/IaHHBIX MOTPEIIHOCTEMN.

Jlyist paccMaTpuBaeMoro npumepa mociie ABYX UTepaluii HeoOXO0JIUMO
MIPOBEPUTH YCIOBUSL:

_ |poptl opt2 . _ |poptl opt2
Ecmu xotst OBl OOHO M3 OTHUX YCJ'IOBI/Iﬁ HC BBIIIOJIHACTCA, H606XOI[I/IMO

IIEPENUTH K TPETHEN UTEPALIUN U T. 1.
6. [lo pesymbraTam Bcex UTepalmii cocTapisieM cBOaHYI0 Tadm. 3.10 pesyib-

TaTOB.
Tabnuna 3.10

Howmep Howmep mara [Torpemnoctu
UTEpaALUHU [ar 1 [ar 2 pacuera

0} opt KIIJI 0} opt KIIJT ONITUMAIIBbHBIX

Pl PO PO Pl napamMeTpoB

Urepanus 1 AR, AR
Urepanus 2

7. B xoopauHaTax ONTUMM3UpPYeMbIX napameTpoB (ranpumep, (Py,P))
B MacuITabe CTPOUTCS TPAEKTOPUs KOOPAMHATHOTO CITyCKa U3 OJHOM TOYKHU B
Apyryio (Hanpumep, us (Pooml, Pl‘pl) 8 (Poq’l, PlOp”) u m. 0.). TyT e yCIOBHO
MOKA3bIBAIOTCS TUHUK YPOBHS 11esieBoil ¢yHkimu U 3HadeHust KI1/] B Toukax
M3JI0Ma TPAEKTOPUHU.

8. BeiBoa: (onmumanvHoe 3HaueHue nNApamempos ... pAaHo ..., Npu
omom KIIJ] oocmuzaem makcumaibHOU 6eIUYUHbL ... ).
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Teopernueckasi 4acTb

CyThb MeTOJa KOOPJMHATHOTO CITYCKa 3aKII0YAaeTCS B MHHHMH3AIUH
MHOromnapaMmerpuieckoi ¢pynkumn  F(X, X,, ..., X,) CHaydajga 1Mo OJHOMY

[mapameTpy Xl , 3aTCM I10 BTOPOMY X2 U T. O. 10 IIOCJICOHCTO ITapaMCTpa Xn .

Ha nmepBom »Tamne perienust 3aqaun GUKCUPYIOTCS 3HAUCHUS BCEX Mapa-
METpPOB, KpOME IIEPBOT0, U ONPENEIAECTCS ONTUMAIbHOE 3HAYEHUE IEPBOTO
IapaMeTpa, T. €. peIIaeTCs 3a/1a4a OJHOMEPHON MUHUMH3ALNN

F= F(xl(var),xz(bo,...,xn(bo) — min,

npu usmeHeHuu nepeoco napamempa 0T MUHUMAJIBHOI'O 10 MAdKCHUMAJIb-
HOI'O 3HA4CHUA. HaﬁﬂeHHOG OIITUMAJIBHOC 3HAYCHHC IICPBOIO ITapaMCTpa

o6o3Haunm X',

Janee MILETCS MHUHUMYM GyHKIIN
F= F(X1¢,°pt*, X, (var), X3¢)O, . meo) npu USMEHeHUU MobKO 6Mopo20 Na-

pamempa X,. Ilpu 3TOM mepBblii napameTp (UKCUPYETCS NMPHU HalJIEHHOM

opt* _ . opt*
BBIIIC OIITUMAJIBHOM 3HAa4YCHUU Xl(’p =X .

I_II/IKJI OITUMHU3AINH 3aKAaHUYMBACTCA II0CJIC OIIPCACIICHUA MHHHUMYMa

byakun F = F(Xf£t*,ng)t*,...,x(orf’:)q),...,xn (var)) npu usmenenuu napamem-

pa Xn, 4YTO COOTBCTCTBYCT YCTAHOBJICHHUIO €O OIITUMAJIBHOIO 3HAYCHMA

xoP
OOBIYHO OJMH ITUKJI IOMCKA HE MO3BOJIICT HANTH MUHUMAJIbHOE 3HaYe-
uue ¢pyukiuu F(X). [ToaToMy HEOOX0AMMO TIOBTOPEHHE YKa3aHHOTO IHKIIA.
B mporecce BBITIOSHEHUST BTOPOTO ITMKJIA HTEPAIUii KOOPIMHATHOTO
CITyCKa OTPEIEIISIFOTCSI ONTHMAIBHBIC 3HAUCHUSI ONITUMHU3HPYEMBIX TTapaMeT-

* % * % * %
POB BO BTOpOM NpHOmImKeHHH: X X5 ..., X" HT. 1.

Kpurepuem ocranoBa anroputma sIBJIS€TCS YCJIOBUE OTJIMYMS «ONTH-
MaJbHBIX» 3HA4YCHUU OJHOUMMCHHBIX IICPCMCHHBIX Ha JABYX ITOCICIHHUX HTC-
palMsax Ha BEJIMYMHY Halepel 3aJaHHOM MTOTrPEIIHOCTH

Xioptk _ Xiopt(k—l) < &,

rie | usmensemcss om 1 10 N; K — HOMep UTEpaLIHH.
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Tabnuia 3.11

BapuanTts! k 1aboparopHoit padote No 2

KOMIMJIEKT 3JIEKTPOHHbIX
e B = J omasneswe 5 f aakpuiTh X §

®aiin pac- Ontumu- | ITapamer-
Ne HUcxonurie
Bap Cxema qyera KHI[ 3UpyeMble pHI AHHbIE
KPDi.exe | napamerpsl Ty
ukn PerknHa HACBHIIIICHHOTO Pk=0,005 MITa;
1 rapa ¢ OJJHUM pereHepaTHB- KPD1.exe PO, P1 PO,P1,Pk, | X0=0,995;
HBIM TI0JIOTpeBaTesieM , X0 £170,1 Mlla,
€2=0,01 MIIa.
Pk=0,003 MIlIa;
[ukn PenkrHa HACHILIEHHOTO 1.
2 | mapa ¢ OJIHMM pereHepaTHB- KPD1.exe PO, P1 POPLPk, | X0=1
HBIM TI0JIOTpeBaTesieM , X0 £170,1 Mlla,
€2=0,01 MIIa.
IMukn PenkrHa HACBIIIIEHHOTO Pk=0,004 MIla;
t0, P1, Pk, | X0=0,995;
3 | mapa ¢ OJHUM pereHepaTHB- KPD2.exe t0, P1 %0 c1=1 °C-
HBIM ITOI0TpEBaTEIeM £2=0,01 MITa.
Pk=0,005 MIIa;
vk PeHkrHa HACHIILIEHHOTO 1.
t0, P1, Pk, | X0=1,;
4 | mapa ¢ OJHUM pereHepaTHB- KPD2.exe t0, P1 %0 c1=1 °C"
HBIM ITOI0TpEBaTEIeM £2=0,01 MITa.
Pk=0,005 MIIa;
[ukn PenkrHa HACHIILIEHHOTO 1.
5 | mapa ¢ ogHUM pereHepaTHB- KPD3.exe PO, tpw PO, tow, | X0=1;
HBIM TI0JIOTpeBaTesieM Pk, X0 ¢120,1 Mila,
g2=1°C.
IMukn PenkrHa HACBIIIIEHHOTO Pk=0,004 MIIa;
6 rapa ¢ OJJHUM pEreHepaTHB- KPD3.exe PO, tpw PO, tow, | X0=0,995;
HBIM TI0JIOTpeBaTesieM Pk, X0 e1=0,1 Mila,
g2=1°C.
Pk=0,0055,
IHuxn PeHKkrHA HACBIIIEHHOTO _1n.
7 | mapa ¢ OJTHUM pereHepaTHB- to, tpw ©, tpw, | X0=1,0;
HBIM OJIOTpEBaTEIeM KPD4. exe ’ Pk, X0 | e1=1°C;
g2=1°C.
Ilukn PerkrHa HaCBIIICHHOTO Pk=0,007,
8 | mapa ¢ oJlHUM pereHepaTHuB- to, tpw ©, tpw, | X0=0,998;
HBIM OJIOTpeBaTEIeM KPD4. exe ’ Pk, X0 | e1=1°C;
g2=1°C.
PO Pc Pk=0,005;
9 [{uxn PeHkrHA HACHIIIICHHOTO PO PC Pk’ XO’ X0=Xc=1,0;
mapa ¢ OJJHIM CernapaTopom KPD5. exe ’ )’(C " | €1=0,1 MIla;
€2=0,01 MITa.
PO PC Pk=0,003;
10 [uxn PeHkrHA HACHIIIICHHOTO PO PC Pk’XO’ X0=Xc=0,995;
mapa ¢ OJJHAM CernapaTopom KPD5. exe ’ )’(C " | €1=0,1 MIla;
€2=0,01 MTITa.
11 [uxn PeHkrHA HACHIIICHHOTO PO. PC PO, Pc, Pk=0,005;
napa ¢ OJJHIM CENapaTopoM KPDG6. exe : Pk, X0, | X0=Xc=0,996;
29
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@aiin pac- | Ontumu- | ITapamer-
Ne HUcxonurie
Bap Cxema yera I_(HZ[ 3UpyeMbIe pbl AHHbIE
KPDi.exe | mapamerpbl [Ty
Xc €1=0,1 MI1a;
€2=0,01 MlIlIa.
PO PC Pk=0,004;
12 [ukn PerknHa HACBHIIIICHHOTO PO Pc Pk, XO, X0=Xc=1;
napa ¢ OJHHM CEIapaTopoM KPD6. exe ; )’(c ' | €1=0,1 MIIa;
€2=0,01 MlI]Ia.
P0=5 MlIla;
ukn PerkrHa HACBHIIIICHHOTO PclPe, Pk=0,004 MlIa;
13 mapa ¢ aByms cenaparopau | KPD12. exe Pcl,Pc2 PO,Pk,x0, | X0=Xc1=Xc2=1;
™ patop ' Xcl,Xc2 | €1=0,01 MITa;
€2=0,01 MIIa.
P0=6 Mlla;
lukn PerknHa HaCBIICHHOTO PclPe2, Pk=0,005 MIla;
14 mapa ¢ 1B cermapatopami | KPD12. exe Pc1,Pc2 PO,Pk,x0, | x0=xcl=xc2=1;
YMIL Cetlapatop ' xc1,xc2 | €1=0,01 MIla;
€2=0,01 MlI]Ia.
P0=10 MlIla;
ukn PerknHa HACHIIIICHHOTO PelPe?, Pk=0,005 MI!Ia;
15 HaPa ¢ 1B cenapatopamu | KPD12. exe Pcl,Pc2 PO,Pk,x0, | x0=xcl=xc2=1;
pa € /IBYMA cernaparop ' xcl,xc2 | £1=0,01 MITa;
€2=0,01 MIIa.
P0=15 MIla;
PcLPC2, Pk:0,00_4 Ml:[a';
16 Ilukn PerknHa HaCBIICHHOTO Pcl Pe2 PO Pk x0 x0=xcl=xc2=1;
napa ¢ aByms cenaparopamu | KPD12. exe ' xci xéZ " 1 €1=0,01 MITa;
’ €2=0,01 MIla.
P0=25 MIla;
[{ukn PenknHa neperperoro Ppl, Pp2, | Pk=0,004 MI]a;
17 | mapa c IByKpaTHBIM IIpOMIIe- KPD13. exe Ppl, Pp2 PO,Pk, t0, | t0=tp1=tp2=600 C
perpesom tpl, tp2 | €1=0,01 MIIa;
€2=0,01 MIla.
P0=20 MIla;
[ukn PenkuHa neperperoro Ppl, Pp2, | Pk=0,003 MIla;
18 | mapa ¢ IByKpaTHBIM IIPOMITE- KPD13. exe Ppl, Pp2 PO,PK, t0, | t0=tp1=tp2=550 C
perpesoM tpl, tp2 | €1=0,01 MIla;
€2=0,01 MIIa.
P0=17 MIla;
[{uk1 PenkuHa meperperoro Ppl, Pp2, | Pk=0,004 MI]a;
19 | mapa ¢ IByKpaTHBIM IIpOMIIE- KPD13. exe Ppl, Pp2 PO,Pk, t0, | t0=tpl=tp2=540C
perpesom tpl, tp2 | €1=0,01 MIla;
€2=0,01 MIIa.
20 [k PenknHa neperperoro Pp1, Pp2 Ppl, Pp2, | P0=28 MIla;
napa ¢ aBykparasiM npomme- | KPD13. exe ' PO,Pk, t0, | Pk=0,004 MIIa;
30
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@aiin pac- | Ontumu- | ITapamer-
Ne HUcxonurie
sa Cxema yeta KIIJ[ | 3upyembie pbl AHHBIC
P KPDi.exe | mapamerpsl [Ty A
perpeBoM tpl, tp2 | 10=tpl=tp2=650 C
€1=0,01 MIIa;
£2=0,01 MI]a.
[ukn Penkuna nmeperperoro Pk=0,004 MI1a;
21 napa ¢ AByXCTYIEeHYaThIM Po. tow Po, tpw, t0=540 °C ;
pereHepaTUBHBIM ITOI0TPE- KPD16.exe 1P Pk, tO €1=0,1 MITa;
BOM e2=1"°C.
L{ukn PenkuHa neperperoro Pk=0,005 MI1a;
Po, tpw, _ .
oo | 11apa C IBYXCTYNEHYATbIM PO, tpw Pk 10 t0=510 C;
pereHepaTUBHBIM ITOI0TPE- KPD16.exe ’ ’ €1=0,1 MITa;
BOM e2=1"°C.
ks Penk Po=10 MlIla;
uki Penkuna meperperoro PK=0,003 MITa:
rapa c JIByXCTYI€HYaTbIM P1,P2,Po, N o
23 KPD17.exe | PLP? Pk t0 | 05007
pereHepaTHBHBIM MTOJIOTPE- . , 610,01 MITa:
BoM £2=0,01 MITa.
o p Po=13 Mlla;
ukJi1 Penkuna neperperoro Pk=0,004 MIIa;
rapa ¢ AByXCTYIEHYaTbIM P1,P2,Po, con o,
24 reHEPATUBHBIM [0I0TPE- KPD17.exe | F1P2 Pk, t0 t0=550°C;
PETeHEp OAOTpe ' ' €1=0,01 MITa;
BoM £2=0,01 MITa.
Po=5 MlIla;
Pk=0,003 MIlIa;
I{ukn PenknHa neperperoro A o,
rapa c JIByXCTYIeHYaTbIM P1,P2,Po t0=470 °C;
25 ereHepaTUBHEBIM MOJI0Tpe- KPD17.exe P1,P2 Pk’ tO’ '+ | 120,01 MIla;
pererep HOTP ' ! £2=0,01 MITa.
BOM
Po=1 MlIla;
[Muxn Penkuna neperperoro Pk=0,003 MI]Ia;
P1,P2,Po, o
26 | mapa c IByXCTyIEeHYaThIM pe- P1,P2 t0=350 °C ;
KPD17.exe Pk, t0
TEHEPATUBHBIM I1I0JOTPEBOM €1=0,01 MIla;
€2=0,01 MIIa.
Po=3 MlIla;
[{ukn PenkuHa neperperoro Pk=0,003 MITa;
27 witwz | WEW2 o400 °c;
mapa ¢ IBYXCTYMEHYaThIM Pe- | 1 b18 exe , Po,Pk, {0 = ;
TeHEPATUBHBIM II0JJIOTPEBOM €l=1"°C;
g2=1"°C.
Po=5 Mlla;
[Muki PenkuHa neperperoro Pk=0,004 MI]Ia;
28 | mapa ¢ ABYXCTYIEHUYATBIM pe- twil, tw2 twil,tw?2, t0=450 °C;
pa € AByXCTyIl Pe | KPD18.exe ' Po,Pk, t0 it
reHepaTUBHBIM MOI0TPEBOM el=1°C;
g2=1 °C.
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Ne @aiin pac- | Ontumu- | ITapamer- VCXOHELS
Ba_ Cxema yerta KIIJ[ | 3upyemsie pbl aHII{[He
P KPDi.exe | mapamerpsl [Ty A
Po=9 MlIla;
[uxn PenkuHa reperperoro Wl tw2 Pk=0,005 MI1a;
29 | mapa ¢ qByXCTYIEHYAThIM pe- KPD18 twl,tw2 P t0=500 °C;
exe Po,Pk, t0 —1 o
reHepaTUBHBIM TTOI0TPEBOM €l=1°C;
€2=1°C.
Po=14 MlIla;
[{ux PenkuHa reperperoro Wl tw2 Pk=0,006 MI]a;
30 | mapa c IByXCTYIIEHUYATHIM pe- twl,tw2 DL . | 10=570 °C;
KPD18.exe Po,Pk, t0
reHEPaTUBHBIM MOJIOIPEBOM Y el=1"°C;
€2=1°C.
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4. THANBUAY AJIBHBIE JOMAIIHUE 3AJIAHUSA
4.1. O0mme MeToANYECKHE YKAZAHUS

VY4eOHbIM TUIAHOM NPETYyCMOTPEHO BBIOIHEHUE OJHOTO WHIWBHIyallb-
Horo nomariHero 3aaanus (M/3). OHo cocTouT u3 Tpex 4yacreil, Kaxaoe u3
KOTOPBIX B CBOIO OYEPE/Ib COCTOUT U3 psAJlia 3a4ad.

W13 ciocoOcTByeT 6oiiee Ty00KOMY M3YUYEHHUIO METO/I0B OJJHOMEPHOU
U MHOTOMEPHOM ONTHMM3AIUMU U MPUOOPETEHUIO HABBIKOB MX HCIIOJIb30Ba-
HUSA IS IPAKTUYECKUX 3a7a4.

IlepBas yacte /I3 cootBeTcTBYET pasaenam 2.1 — 2.2 TeopeTudecKoi vac-
TH, BTOpast 4acTbh — pazzenam 2.3 — 2.5, a TpeThs yacThb — paznenam 2.6 — 2.9.

Homep BapuanTa 1aHHbIX KO BeeM 3agadam U/I3 onpeneasiercs mo
nocJeHUM JABYM HudpaM HoMepa 3a4eTHO KHMKKH. Ecim oOpasyemoe
umMu yuciao ooasme 30, To ciaeayer B3AThL cymmy 3Tux uugp. Hanpumep,
€CJIM HOMep 3a4eTHOM KHMKKH 3-5511/12, To HOMep BapuaHTa JaHHBIX 3a/1a4
W13 pasen 12. Eciu Homep 3aueTHOM kHMXKU 3-5b11/31, TO HOMEp Bapuas-
Ta 1aHHbIX 3a1a4 /I3 paseH 4.

4.2. llepBas yacts U/13
3agaya 1.1. OCHOBBI TEOPUM MOTPELIHOCTH

BprauciauTh ¥ onpeaeuTh NOTPEUIHOCTh pe3yibTara.
Hcxonubie nanHbie K 3aaa4de 1.1 npuBeaeHs! B Tadm. 4.1.

Tabmuma 4.1
HUcxonubsle naHHble K 3amaue 1.1
Ne Bap Bripaxxenue
1 oy = (hg; —hgy)/(h —hy)
9 o, = (hg, —hgs)
(h, —hy)

L = oy - (hy =)+ oy - (g —hy)
L=ay -(hh—he)+a;-(hh—h)

_ N3
5 20 =y —h)-A—ot, -0.75)
h, —h
6 Y :ocz-—z_h:z
7 0tg = orgne (1 — M) (g — )
; ot = (N — ) /(s — i)
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Ne Bap BripaxeHnue
9 Q =Dy - (hy —hyp) + Dy - oy - (hy, —hpyy)
10 Q=Dy-(1—0y—ay)-(hy, —hyy)
11 Q =Dy (hy —hpp) + Dy - o - (hy, —hpyy)
12 Q=Dy-Q—ay—0ay) (hy, —hy)
3 o o 1)ty ()
(hy — 1)
14 n; = (hy —he)/(hy —hi)
15 o =ay - (hy—h.)/(hy—h3)
16 op =ay - (h'—ho)/(hy'—hy)
_ 9y -(hy —hy)
H "o (hy - hy)
_ay-(hg—h)+ay-(hy —hy)
10 ) (hy — 1Y)
_ (1-o0y —a,)-(h, —hy)
19 i (hy —h)
20 n_:al'(ho_hl)‘ﬂlz'(ho_hz)"‘(l_al_az)'(ho_hK)
' (hy —p)
21 Yy = (h, —hy +hyy — by ) I(hy =y + by, —hyyy)
22 Y, = (h, —hye +hyy —hyy) /(hy =y + hygy —hygy)
23 Y3 = (hy —hy +hyy —hy ) /(hy = by + by —hyyy)
24 N =Dy - (o - (hg =) + 0y - (hy —hy)), kBr
o5 D, = (hol\ighK) + 0y -100
26 n; = (hy —hy) + (hyy — ) /(hy —hg)
27 oy =1- B
b (g —ho)/(hy - hy)
28 D= Sy
ho — g + 0 - (N — hyyy)
N
D. — 5
23 0 (o - (hg =) +ay - (hyg —hy))
30 Ny =Dy - (hy —hg)- L+ ay)
34

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

3HavyeHMs NapaMeTPOB B IPABOM YaCTU BBIPAKECHUIA

hy = 3460 (+4) xJ[x/kr; hy = 1533 (£0,5) kJIx/kr;
hy, =3320 (+4) xJx/kr; hy = 1268 (£0,4) xJIx/xr;
h, =3100 (+4) xJx/kr; h, = 1008 (£0,3) kJIx/xr;
h; =3260 (+4) DK/ hy = 762,6 (£0,5) xJIx/xr;
h, =3050 (+4) x/kr; hy = 2777 (£05) xJx/xr;
he = 2910 (+4) KK/ hy =697 (£0,5) xlx/kr;
he = 2540 (+4) xIUx/kr; he =321 (£0,5) xJIx/xr;
hp, = 3100 (+4) xDx/Kr; he =121 (£0,5) x/x/xr;
Ny, = 3560 (+4) KDx/Kr; Npp = 3470 (£0,5) xJIx/xT;
he = 2335 (+4) xx/xr; o; = 0,0754 (£0,0005);

hg, = 1232 (+4) ®hw/r; o, = 00325 (+0,0005);
hg, = 9934 (+4) ®hi/kr; o3 = 01014 (+0,0005);
hgs = 7594 (+4) xbx/kr; ox = 05871 (+0,0005);
hp, =589,5 (+4) Kx/r, ook = 0,7943  (+0,0005);
hpg = 1238 (+4) &Dx/Kr; D, = 50 (+1)xr/c;

N5 =120000 (+500) kBr;

O0mue MmeToanUYecKne YKa3aHUS U KpaTKue cBeleHus K 3agave 1.1.

OCHOBBI TEOpUHU TOTPEITHOCTH M3JIOKEHBI B [9]. 3mech ke mpuBenem
OCHOBHBIE TMOHSTHS, HEOOXOAUMBIE Il TTOHUMAHUSI CYTH MPEIJIONKEHHOTO
3a/1aHuUs.

O6o03HaunM: A — TOYHOE YHUCIIO; @ — MPUOIMKEHHOE YHCIIO.

Abconomuas noepewnocms A = |a — A|.

A
Omuocumenvhas nocpeutHocmbs o= w

ﬂeC}ZmultHa}Z 3anucs yucia
a=oy-10" + 0o, 10"+ 4o, - 10MM

rae o — mu¢ps uncna (i =1, 2,..., n); oy #0; M — crapmmii 1ecITUIHBIHI
pasps.
Snavawue yugppol

3HavyanmMu nudpaMu TpUOIMKEHHOTO YKciia 8 Ha3bIBAIOTCS BCE LU-
PBI B €T0 IECATUYHOM M300paXKeHUHU, OTIMYHBIC OT HYJIS, ¥ HYJIH, €CIId OHU
COJZIEpIKaTCsl MEXKIY 3HAYAIMMHU [T paMy WM PACTIONOKEHBI B KOHIIE YHCIIa
Y YKa3bIBAIOT Ha COXpaHEHHE pa3psiaa TOYHOCTH.
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Bepuuie 3naKu 6 «y3KoM» CMblCe
IpuGmmkensoe uncao a=oy -10™ +a, -10™ + ..+ o, -10m " 4

COJICPKUT N 8EPHBIX 3HAKOB 8 Y3KOM CMbIC/Ie, €CIN a0COIIOTHAS MOTPEIIHOCTh
ATOTO YHCJIAa HE MPEBOCXOAUT NOJIOBUHbI eOUHUYbl IECITUYHOTO pa3psinia, Bbl-
paskaeMoro N-i 3Hauaiien nupom, cuuTas cieBa HampaBo, T.€. €CJIU BBITIOIHS-
€TCsl HEPaBEHCTBO

A<0,5-10™ ",
Bephvle 3HaKu 6 «UUPOKOM» CMbLCTE
IpuGmmwkenroe uuciao a= oy -10™ + o, -10™ ™ + ..+ o, -10™ " 4

COICPIKHUT N 8EPHbBIX 3HAKOB 8 UUPOKOM CMbICle, €CIIA a0COJIFOTHAS Imorpcei-
HOCTBH 3TOro 4ucCiia HC IIPEBOCXOIUT eaMHul/;bl ACCATUYHOI'O paspsaaa, BbIpa-

. . . -n+l
’KaeMoro N-oii 3Hauarei nudpoii, cuuras ciesa Harnpaso, T.e. A<1-10M ",
lloepewnocmu ancebpaudeckux oeucmeui:

— Cymmbl A(a+b)=Aa+ Ab;
— pasnocmu A(a—b)=Aa+Ab;
— npouseedenus d(a-b)=0a+0adb;

— uacmHoz2o d(a/b) =0oa+db;

— M-l cmenenu 6(am) =m-oa;

— KopHA M-1i cmenenu 8(“\1/5) = % -08;

— npu  ymHodCenuu TPUOIMKEHHOTO
yucna @ Ha mounoe uucno K ommocumens- O(k-a)=20a;
Has TOTPENTHOCTD HE MEHSETCS

— npu ClosuceHuu HpI/I6J'II/DKeHHOFO qucia

a ¢ mounvim uuciom K abcomomuas mo- A(a+k)=Aa.
IPEIIHOCTL HE MEHAETCS

Ilpasuna noocuema yugp

1. Tlpu cnoxeHUH W BBHIYUTAHUM MPUOIMKEHHBIX YUCEN B PE3YJIbTATEe
CJIEIyeT COXPAHUThb CTOJBKO JIECATUYHBIX 3HAKOB, CKOJBKO WX B TPHOIH-
KEHHOM, JAaHHOM C HAUMEHBIIIUM YHCIIOM JECATUYHBIX 3HAKOB.

2. Ilpym yMHOXEHMH W JI€TICHUU B PE3yJbTaTe CJIEAYeT COXPAHUTH
CTOJIBKO 3Hayammx mudp, CKOIbKO WX B MPUOIMKEHHOM, JAHHOM C Hau-
MEHBILIUM YUCJIOM 3HaYalluX Hudp.

3. llpu Bo3BemeHUM MPUOIMKEHHOTO YHCIa B KBaJpaT WK KyO B pe-
3yJbTaTe CIEAYeT COXPAHUTh CTOJIBKO 3HAYalIMX LU(pP, CKOJIBKO UX B OCHOBA-
HUM CTETICHH.
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4. Tlpu u3BNEYEHUU KBAJPATHOTO WM KyOMYECKOTO KOpPHEW U3 MpHu-
OJMVDKEHHOIO 4YHMCla B pe3yjbTaTe CIEAYyeT COXPaHUTh CTOJBKO 3HAYaIIUX
u¢p, CKOJIBKO UX B IOJKOPEHHOM YHUCIIE.

5. Ilpu BBIYMCIEHHH MPOMEKYTOUHBIX PE3YJIBTATOB CIEIYET COXpa-
HUTH Ha OJHY 1KUppy Oonbie, ueM TpeOyioT npasuia 1) —4). B okonyaremns-
HOM pe3yJbTaTe 3Ta «3anacHash» 1u@pa oTopachIBaeTCsl.

3amaya 1.2. YnuciaeHHbIe METOAbI PelICHUS HeJIUHECHHBIX YPABHEHU I

Jist perenepatiBHOrO noBepxHocTHOrO nojaorpesatesnst TOC (puc. 4.1) 3a-
JIAHBI:

— B,t; — naBneHue u TeMneparypa rperolero napa;

— G, — pacxon HarpeBacMoil BOJBL;

— t,, — Temmeparypa BOZbI Ha BXOJE;

— F — nnomanp TemiooOMEeHHON TOBEPXHOCTH;

— K — koa(dunueHt remionepenayu.

Pemras coBMecTHO ypaBHEHUs TEIUIONEpeNaud U TEIioBoro OalaHca,
HATH TEMIIEpAaTypy BOABI 3a oAorpesarenem t,,:

1) oTaenuTh KOPEHb IpadUueCcKu;

2) YTOYHUTH KOPEHb METOJIOM IOJOBHHHOIO JICICHUS C TOYHOCTBHIO
e=0,2.

[Mpunsars Cp=4,19 kJx/Kr.

Hcxonubie nanHbIe K 3a1a4ue 1.2 npuBeaeHsl B Ta0I. 4.2.

Tab6muna 4.2
HUcxonupie nanHble K 3aga4de 1.2
Homep |, Vi [ ¢, o G,.xr/c |[t,,°C | F, v K , kBr/mM?K
BapHuaHTa

1 0,1 230 120 65 300 3

2 0,1 240 210 70 600 3,1
3 1 250 12 150 35 3,2
4 1,2 230 25 145 55 3,3
5 0,7 240 17 129 45 3,4
6 0,65 250 21 124 65 3,5
7 0,12 230 33 70 100 4,0
8 0,9 240 11 150 37 3,6
9 0,63 250 1,2 130 3,5 3,7
10 0,61 230 2,1 128 6 3,8
11 1,2 240 5 150 15 3,9
12 0,32 250 50 106 150 2,0
13 0,52 230 110 120 300 2,1
14 0,4 240 23 112 60 2,2
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OkoH4aHue Tabnuuel 4.2

Howmep Pi,MIla |ty °C G,.xr/c | t,,°C F, o K , kBr/M°K
BapuaHTa
15 0,51 250 41 123 120 2,3
16 0,19 230 1,1 92 3,2 2,4
17 0,12 240 110 64 310 2,5
18 0,11 250 205 68 570 2,6
19 1,1 230 15 150 27 2,7
20 0,12 240 37 67 95 2,8
21 0,59 250 19 122 66 2,9
22 0,1 230 120 63 310 3,0
23 0,1 240 130 55 230 3,1
24 0,08 250 105 45 290 3,2
25 0,1 230 110 65 300 3,3
26 0,1 240 200 70 600 3,4
27 1 250 11 150 35 3,5
28 1,2 230 23 145 55 3,6
29 0,7 240 16 129 45 3,7
30 0,65 250 20 124 65 3,8

O0mue MeToanUYecKne YKa3aHUsl U KpaTKue cBeeHus K 3aga4e 1.2

B ocHOBY pacueTa moJI0XKEHBI 1Ba YPaBHCHUS:

1) ypaBHEHHE TEIJIOBOTO OanaHca 1Mo BOJC

Q= GB ) (tB2 _tBl) ’ Cp ; (1)

2) ypaBHCHHE TEIUIONepeaun

Q=K-F '(tsz _tBl)/ In((tsl _tsl)/(tsl _th)) )

Tepmoounamuyeckue napamempbvi

— sHTaNbNuA napa B oroope hy = f(B,t;) — onpenemnsercs o tabdm. 3 [29];

— TeMIIEpaTypa U SHTANBIUS JPCHAXKA IPEIOIIEro mapa B COCTOSHUM Ha-
cemmenust: ty = f(R); h = f(R) — onpenenstiercs mo tabn. 2 [29].

Py, t, h, Dy Q1
A 4
) tBZ GB’ tB1
I 1
I tsllhl
| ——— -
Puc. 4.1. Cxema napoBOJSIHOTO Puc. 4.2. I'padudeckoe penieHue
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MO0 PEeBATENA ypaBHeHuii (1) u (2)
Yto0B! HaliTH {,,, HAO COBMECTHO PEIUUThH CHCTeMy ypaBHeHui (1)—(2).

OnHuM 13 cocoOOB €€ pellIeHUs SIBISIETCA epagho—aHanumudeckui. Memoo.
Jli1s 3TOr0 IpUHUMAETCS PAA 3HAYEHUH t,,, JUIT KOTOPBIX BBIYUCIISFOTCS 3HAUe-

Husg Q mo ¢opmynam (1) u (2) u crpositest n8e 3aBucumoctu Q = fi(t,,) u
Q, = f,(t,,). Touka mepeceueHus MOIyYEHHBIX IpauKOB HaeT rpaduueckoe

pemenue 3anaun (puc. 4.2). Mcnons3yst nanHble TpaduyuecKkoro penieHus 3a-
naun, BeigessieM otpesok (5-10) °C, BkTrouaromuii TOUKy TepecedeH s rpa-
¢ukoB. ['panunsl orpe3ka o003HauaeM Kak a u b. Beinenenne otpeska, BKIFO-
YaloIIero KOpeHb, HA3bIBACTCS OmoeneHUeM KOPHelL.

YT10oOBI IPUMEHUTH METO]] IOJOBUHHOTO AEICHUs A HaXoxaeHus t ,,

npuBeneM cucremy ypasHeHui (1) — (2) x Buny f(t,,)=0. dus storo mpu-
paBHsEM TIpaBbie YacTu ypaBHeHu# (1) — (2) u nepeHeceM Bce B OJHY CTOPO-

Hy:
K-F-(t, -t
GB'(tBZ_tBl)'Cp_ (B2 Bl) =0. (3)
In tSl_tBl
tSl_tBZ

[TpoBepruM, YTO TPaHUIIBI BBIACICHHOTO OTpe3ka [a,b] nexar BHyTpH
[ag: 0], THE @9 =1 +Bt;
bo == tSl - 6t y

ot — marmoe uucio, Harmpumep Ot = (0,1+1).
Memoo nonosunno2o oenexus

N3BectHO, uto Qynkuus f(X) HempepwiBHA Ha [a,b] u umeer emunCT-
BEHHBIN KOpeHb. DTO 03HauaeT, uyto BemogHsercs f(a)- f(b) <0.

CyTh MeTO/Ia TIOJIOBUHHOTO JEJICHHsI COCTOMT B TOM, YTO /IS HAXOKICHHUS
KOpHSI JienuM oTpe3ok [a;b] momonam Toukoit € =(a+b)/2, onpenensem 3HaK

(YHKIIMU B TOYKAX & U C U BEIOMpPAEM KaXKIbIi pa3 Ty MOJOBUHY OTPE3Ka, Ha KO-
TopoM QyHKIMs MenseT 3Hak: [a;C] - ecm f(a)- f(c) <0 u orpesok [C;b] -
ectu f(c)- f(b) < 0. Pacyer 3akaHuMBacTCs, KOr1a HHTEPBAJI, COACPIKAIIUMN KO-

PCHB, YMEHBIIIATCS JI0 33IaHHOM ITOTPEITHOCTH. AJITOPUTM METO/1a TIOJIOBHHHOTO
JICJICHUS TIPUBEICH Ha puc. 4.3.

3agaua 1.3. MeToabl OJHOMEPHO ONTUMM3ALIMH

1) Haiitu Mmuanmym dyskiun Y=f(X) KI1acCHYECKUM METOIOM.
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2) Haiitu Touky MuHMMyMa (pyHKIMH Ha oTpe3ke [a,b] meTomom nu-
xoTomMuu C morpemHocTeio €=0,05. IIpuHATH paccTossHME MEXAy TPOO-
HbIMHU TOoukamu 0=0,1.

3) Haiitu Touky muHUMyMa GyHKOHH Ha oTpe3ke [a,b] meromom
«30J710TOTO» ceueHus ¢ morpentHoctrio €=0,05.

Pemenust npousuroctpupoBath rpaguyecku. Mcmnonb3oBaHue MeTOI0B
Ha HAYaJbHBIX 3—5-THU UTEPALUIX OMHUCHIBAThH MOAPOOHO, pe3yIbTaThl MOCIIE-
AYIOLIUX [IarOB MOKHO CBOJUTH B TAOJIMILY.

MeToauveckue yKka3aHus K BbINOJHEHHUIO 3a1a4u 1.3

Jlns pemenus 3amaun 1.3. HE0OOXOAWMO HCIIOIL30BaTh IPHUBEICHHBIC
HUXKE aJITOPUTMBI.

Knaccuueckuii memoo mam. ananuza

1. Pertaem ypaBuenue f'(x) =0 na untepBasie X € [, b], kopHu KoTOpO-

TO SBJISIOTCS TOYKaMHU BO3MOXKHOTO IKCTpeMyMa (YHKIUH (CrmayuoHapHbimu
TOYKAMH).
2. OnpenensieM MUHUMYM (YHKITUH OJTHUM U3 CIIOCOOOB:

2.1. Haxonum BTOpyto mpomsBogHyto f”"(X) u ompenernsem ee 3HaK B
CTannoHapHBIX Toukax. Eciu B cranmonapuoii touke f“(x) >0, To ata TOU-

Ka SIBJISICTCS TOYKOM MHUHHUMYMaA, CCJIM BTOpasd IIPOHU3BOJHAA OTpHUIATCIIbHAA,
TO — TOYKOH MaKCUMYyMa. BBI6I/IpaeM CTalMOHAPHBIC TOYKH, IJIXI KOTOPBIX
BTOpasd IIpOU3BOaAHAA OoJbIIIe HYJIA — 3TO TOYKHU JIOKAJIBHBIX MUHUMYMOB.
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< MeToa nonoBMHHOroO AeneHus >

Beon a,\b,a)

v

c=(@a+hb)/2
a »  DOyHKLMSA
___fla) f(x)
© c
YHKUUSA
f(x) flc) -

v A 4

PYHKUMA MeHSAET
3HaK Ha [b; c]

DYHKUMA MeHsAET
3HaK Ha [a; C]

Het

X =(a+b)/2
|
Ax = (b-a)/2

BeiBog X, AX

Puc. 4.3. Anroput™m MeTO/1a TOJIOBUHHOTO JICJICHUS

41

KOMIMJIEKT 3JIEKTPOHHbIX —— :
YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

Tabmuma 4.3
Ucxonnsie nanublie k 3aaaue 1.3

Ne Bap. Oyukims y=Ff(X) [a; b]
1 f(x)=x*+x [-1; 0]
2 f(x)=x>—3x [0,7; 1,7]
3 f(x)=x>—6x+1 [1;2,2]
4 f(x)=x*+8x>-30 [6.7:-5,5]
5 f(x)=x*+4x3-20 [-3,3; -2,3]
6 f(x) = x3 +6x? —15x [0,3; 1,3]
7 f(x)=x*—2x° [0,2;1,3]
8 f(x)=2x3—x [0; 1,5]
9 f(x)=x*-4x*-10 [2,6; 3,6]
10 f(X)=x*+x*+x+1 [-1; 0]
11 f(x)=x*—4x?-10 [1; 2,5]
12 f(x)=—x>+12x [-2,5; -1,1]
13 f(X)=4x% + 2X + 2 [-1; 0]
14 f(x)=2x3+6x> +4 [-0,3; 1]
15 f(x) = x* +x [-1;0,2]
16 f(x)=x?—-x [0; 1,4]
17 f(x) =5x°+5x* + x+1 [-1; 0]
18 f(x) = 2x° + 4x? - 2x+10 [0; 1]
19 f(x)=x3+5x* +x+1 [-0,5; 0,5]
20 f(x)=x3—5x* +x+1 [3; 4]
21 f(x)=4x3—x*—-2x+5 [0; 1,3]
22 f(X)=2X3 +4x% +2x+2 [-1; 0]
23 f(x)=2x3 +4x% —2x -2 [0; 1]
24 f(x) = 2x* +10x% + 2X + 2 [-1; 0]
25 f(x)=2x3+5x* +3x + 4 [-1; 0]
26 f(x)=2x*+2x3-30 [0; 1]
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Ne Bap. Oyukims y=Ff(X) [a; b]
27 f(x)=6x*+2x>-20 [-1; 0]
28 f(x)=x*+6x-15 [-3,7; -2,5]
29 f(x)=x*+11x-5 [-6; -4,8]
30 f(x)=5x>—-10x* + x+5 [0; 1]

Brruncisiem 3HaueHus (PYHKIUU B TOYKAX JOKAJIbHBIX MUHUMYMOB U Ha
KoHIax oTpe3ka [a,b]. CpaBHHMBaeM MX MEXAy cOOOH M BBIOMpacM MUHH-

*
MajbHOE 3HaueHue QyHkuuu f ;. 1 cooTBeTCTBYyIOLIECE €My 3HAUEHHE X .

2.2. BeruucisieM 3HaueHUs] (PYHKIMHA BO BCEX CTAMOHAPHBIX TOYKAX U
Ha KOHIaX oTpe3ka [a,b].

Bribupaem muHMMansHOE 3HaueHHe ¢yHKoun f .. © cooTBercTBYIO-
*
1iee eMy 3HaueHue X .

Memoo ouxomomuu
Meton IMXOTOMHH OTHOCHTCS K METOIaM UCKJTFOUCHUS OTPE3KOB.
Touku X, u X, pacmonararorcsi OIM3KO K ceperHe oTpe3Ka [a, b]:
“ = a+b-o, « a+b+d
1 — " A~ 2 =
2 2
rae 0 — Majoe 4Yuciio, BeIOMpaeTcs u3 nuanasona [0, 2€]; €- morpemHocTh

pacuera X . AJITOpUTM METO/Ia NPUBEJICH Ha puc. 4.4.
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( MeTtoa auxoTomum )
|

Beoa: a, b, €, O
N B —
>
x1=(a+b-0)/2
1
x2=(a+b+3)/2
x1 »| DyHKUMSA f(X) |¢—
f1 "
¢
X2 V
¢ f2 N
Ra F1efa>>
v
b=x2 a=x1 v
| x*=(a+b)/2
R=(b -a)/2 ;
< min
Hert Oa '
\RSE/ BbiBOA : frjn , X

Puc. 4.4. Anroput™m MeToJ1a AUXOTOMUU

Memoo «3010mo2o» ceuenus

MeTton «30710TOro» ceueHus: obnagaeT Haumyyuier mnocie metona du-
OOHaY4M CTpaTeruei MoucKa TOYKM MUHUMYMA, T.K. OJJHA U3 MPOOHBIX TOUEK
(X, | X,) MEepexXoAnT Ha CICIYIOUIYI0 UTEPAaLlUIo U MO3TOMY Ha BCeX IIa-
rax aJlropuTMa, KpoMe MepBoro, TpedyeTcs: JUIIb OJHO BbIYUCICHHE (YHK-
MU, AJTOPUTM METOJIa «30JI0TOT0Y» CEUEHUS IPUBECH Ha puc. 4.5.
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( Meton “3onoTtoro” ceveHus ) @P
|

T S
x*

O]
et " DyHKUY
T (\15 1)/2 <f,,m_ f (x)

x1=a+(1-1)-(b-a)
I

X2=a+t.(b-a) BuiBog: x*.f_,,
x1
¥ OyHKUMA
<Y1 f(
x2
—P®| OyHkumn
g_.L f(X)

Oa @ Het

b=x2 a=x1

1 1

x2=x1 x1=x2

I 1

y2=y1 y1=y2

1 1

x1=a+(1-1)(b-a) x2=a+t(b-a)
d:;fn;x)umn 4§:— —>X2 DyHKUMS
X

—— 2| T

R=(b -a)/2

H a
er R<e a

Puc. 4.5. Anroputm MeTo/1a «30J0TOr0» CEYEHUS
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4.3. Bropas yacts U/13

3amaua 2.1. TexHUKO-IKOHOMUYECKHUIT BHIOOP ONTHMAJBLHOIO JHAa-
MeTpa NaponpoBoia 0CTPOro napa

Paccuurtate TpyOOmpOBO OCTPOTo mMapa TypOOyCTaHOBKH C HAYaIbHBI-
MU MapaMmeTpamu napa Py u ty Ipu U3MEHEHUU ero AuamMeTpa B mpeeliax,
COOTBETCTBYIOIIMX JOMYCTUMBIM 3HAUEHUSIM CKOPOCTH mapa W, U ompeje-
JIUTh 3HAYCHHUE JIUaMETpa, COOTBETCTBYIOIIEE MUHUMYMY MPHUBEEHHBIX pac-
YETHBIX 3aTpar.

Hcxonubie nanHbie K 3aj1a4ue 2.1 npuBeaeHsl B Ta0I. 4.4.

O06o3HaueHus B TaOIHIE:

N, — 27eKTprYecKas MOUIHOCTE;

P, — maBieHue ocTporo napa;

t, — TemmepaTypa ocTporo mnapa;

D, — pacxonx octporo napa;

L — nnmuna TpyOonpoBoaa;

Z&M — CyMMa MECTHBIX CONPOTUBIIEHUHN TPyOOIIPOBOIA;
Erp — KOO PUIUEHT TPEHNUS;

Nr — K03 QUIUEHT HEHHOCTH TEILIa;

Nk — KIIJ] naposoro xotia;

by — yZIenbpHBII pacxo] yCIOBHOTO TOILIMBA HA OJIOK;

hy — YHCJIO 4aCOB HCITIOJIb30BaHUsA YCTaHOBJIeHHOﬁ MOIIHOCTHU 6J10Ka;

C; — 1eHa YCIOBHOIO TOILINBA;
Kyq— yaemnbHbIe KaluTanoBI0KeH:s. B TPyOONIPOBOJ, pyO/KT;

[IpuHATH: HOpMATUBHBIN KOADPUIMEHT 3P(HEKTUBHOCTH KAIMBIIOKEHUN
E;=0,12, xooppuumenT aMoOpTU3alIMOHHBIX OoTUuCIeHuN Py =0,07, momyc-

TUMOE HOMHHAJIbHOE HANPsDKEHHE CTaln G o= 90 Mlla

1). 3anucaTh 1eNEeBYI0 (YHKIMIO, ONTUMUZUPYEMbIC MMapaMeTphl, pas3-
MEpPHOCTh ONTHMH3AIMOHHON 3a/layd, OTPAaHWYCHHUS Ha ONTHMH3UPYEMBIE
rmapameTpBhl.

2). PaccunTaTh M3MEHEHWE MPUBEICHHBIX PACUETHBIX 3arpaT O3 s
HECKOJILKMX MPOU3BOJIBHBIX 3HAYCHHUHN JHAMETpa W3 JOMYCTUMOTO JHara3o-
Ha.

3). IlocTpouts rpaduk U3MEeHEHHUs O3 U €€ COCTABIAIONIUX OT ONTHUMHU-
3UpPYyEMOTO TapaMeTpa.

4). Ilpoananmu3upoBaTh W3MEHEHHUE 1EJeBOM (GyHKIMU O3 M COCTaB-
JISTOTIIUX.
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Tabmuua 4.4
HUcxonnrpie naHuble K 3agaue 2.1
Neap. | 1 | 2 | 3 | 4 | 5 [ 6 | 7 | 8 | 9 | 10
N, =200 MBr
Py, 6ap 140 |230 235 |240 |130 230 |245 |150 |160  |140
ty, C 565 (540 550 |545 |540 560 |520 |510 530  |550

Dy .xr/c 186 |258 458  |736 180 |265 |440 |340 |370 180
75 97 85 94 70 89 91 78 65 85

L,wm
DEuw 0 7 9 8 8 9 10 |10 |10

Erp 0,02 (0,017 |0,018 |0,019 |0,021 {0,017 {0,019 {0,025 {0,025 {0,023
Nr 1 1 1 1 1 1 1 1 1 1

Nk 092 1093 (091 094 09 (091 092 1094 10,9 (0,90
by 0,340 (0,337 |0,330 |0,320 |0,335 {0,330 {0,325 {0,350 {0,350 {0,355

KT y.1./kBT4

hy,qac 5500 4500 |5000 |6000 7000 [6500 (6700 |4500 [5200 |7000
C; . pyoryr [800 850 |900 (950  |1000 (800 850  |900  |950 (1000

kyH,Pyﬁ/Kr 200 210 |250 |250 |300 200 210 250 250 (300
Ne Bap. 11 12 13 14 15 16 17 18 19 20

N =300 MBt
Py, 6ap 150 250 |245 230 120 210 220 230 180 200
t,.C 550 510 |520 530 520 560 540 530 540 550
DO Kr/c 190 |250 450 730 180 270 440 440 200 200
L,m 75 90 87 95 70 86 98 98 110 110
z éM 9 8 7 8 9 8 10 10 10 9
gTP 0,02 0,017 |0,018 |0,019 |0,021 {0,017 0,023 {0,023 {0,025 {0,029
N 1 1 1 1 1 1 1 1 1 1
Nk 092 093 091 1|094 09 091 (0,93 10,93 0,90 0,91
bo : 0,340 |0,330 |0,320 |0,345 |0,335 {0,330 {0,355 (0,360 {0,343 {0,350
KT y.T./KBTu4
hy , 4ac 5000 (4000 |5100 |6200 |6800 |6300 (3700 (3400 |5300 |6000
pC}Eg/T,-Y-T- 800 850 [900 950 1000 {800 850 900 950 1000

ky)l , py6/kr 200|210 (250 250 300 200 {210 250 250  |300

47

KOMMMEKT NEKTPOHHBIX A
YUYEBHO-METOAUYECKUX MATEPUANOB L ] I = I OTTIABNIEHME < I mﬂlmial


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

OxoxHuanue Tadoaunsl 4.4

Newap. | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

N, =100 MBr
P).6ap  [250 150 [145 130 [220 150 (160 [170 |180  |200
ty, C 550 [510 |520 |530 [520 [560 (540 [530 540  |560

Dy, xr/c  |200 |240 440 740 190 (280  [450  |410  |220 300

L,m 79 97 83 93 72 85 95 95 110 120
Z Em 9 8 7 8 9 8 10 10 10 10
Erp 0,02 0,017 |0,018 |0,019 |0,021 |0.017 0,023 {0,023 {0,025 {0,021
Nr 1 1 1 1 1 1 1 1 1 1

Nk 092 1093 |091 (0,94 |0,90 10,91 0,93 0,93 0,90 0,90
by 0,330 |0,345 |0,320 |0,343 |0,332 {0,330 {0,355 {0,360 {0,343 {0,330
KT y.1./kBT4

hy , dac 5000 (4000 |5100 |6100 |6700 (4700 (3700 |5400 {4300 (5500
Cr. 800 850 |900  |950 1000 |800 |850  |900  |950 1000
py0./T.y.T.

kyﬂ , pyo/xr 200 |210 (250 250 (300 200 210 250 250 300

MeToauveckue yKa3aHus K BbINOJHEHMIO 3a1a4u 2.1

B cooTBeTCTBUU C MemoOuxol mexHuKo-3KOHOMUYEeCKOU OnMmuMU3ayuu
npU Manblx U3MEHEeHUsAX 8 Mena108ol cxeme, OJUH U3 BAPUAHTOB C COOTBETCT-
BYIOIIIUM JMAMETPOM MapoONpoBOJa MPUHUMAETCS 3a «0a30BbIi». BriOop
«0a30BOr0» BapuaHTa MPOU3BOJIEH. MOXXHO MPUHSTH 32 «0a30BbIi» BapHaHT
C HAUMEHBIITUM JUAMETPOM.

B kauecTBe yenesoti ¢pyHxkyuu UCONB3YETCS U3MEHEHUE MPUBEICHHBIX
pacueTHbIX 3aTpaT 03 MO CPpaBHEHHUIO C «0a30BBIM» BapuaHTOM. ONTUMU3U-
pyeMbIii TapaMeTp — IuaMeTp ocTporo mapa d WM COOTBETCTBYIOIIAS €My
10 YPaBHEHHUIO HEPa3phIBHOCTH CKOPOCTH Mmapa W. OnTUMU3aIMOHHAs 3a/1a-
9a OTHOCUTCSL K 0OHOMEPHBIM.

CornacHo wmeroauke [5] dukcuUpyeTcsi JaBlieHHE Mapa 3a KOTJIOM
P, = const (puc. 4.6) mpu 3aaHHBIX 3HAYECHUAX PACX0Aa ocTporo napa Dy u

HayaJbHOU TeMIieparype {;.

W3menenne nuamerpa mapornpoBojga 0 HEOTHO3HAYHO BIHSIET HA CO-
CTaBJISIIOIME PACUETHBIX 3aTpaT B pacCMaTpUBaEMylo TypOOycTaHOBKY. Tak,
HanpuMep, ¢ yMeHblleHrHeM 0 CHMXAeTCsl TOJIIUHA CTEHKU TPyOOIpPOBO/IA,
€ro BEC U KalUTAJbHBIE BIOKEHHS B naponpoBoA. OqHako, ¢ Ipyroi cTropo-
HBI, yMeHbIlleHHe d , COTJIACHO YPAaBHEHUIO HEPA3PHIBHOCTH, BEJET K YBEIIU-
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YEHUIO CKOPOCTH Mapa W BHYTPH MapOINPOBOAA U COOTBETCTBYIOIEMY POCTY
THJPABINYECKOro conporuBiacHusa APR,. IIpu 5TOM yMeHbIIaeTCsi Ha4aJIbHOE

naBieHue napa nepen TypomHoi Py =Py — AR, u, cooTBeTcTBEHHO, MagaeT

TEIJIOBasi SKOHOMUYHOCTh TypOOYCTaHOBKH, YTO BBI3BIBAET NIEPEPACXO]T TOII-
muBa Ha TOC um yBenuueHHe HKCILTyaTallMOHHBIX 3artpaT. Kpome Toro, cie-
JyeT TaKKe y4ecTh, YTO C YMEHBIICHHEM Py CHIKAIOTCS KaIMTAJIOBIOKEHHUS
B IIAPOBITYCKHYIO YaCTh TYPOUHBI.

@opMyJIbl 1)1 pacyeTa PUBEICHBI HUXKE.

PO PO'

Puc. 4.6. Cxema napornpoBoja OCTporo napa

[Ipu 3amanHOM ckopocTu mapa W (M/C) BHYTPEHHUH IDUaMEeTp MapoIpo-
Boaa dpyy (M) OIpenensieTcs U3 ypasHeHus Hepa3pbleHOCMU

4.D, -V,
du. = #, 1
N M

rae D, — pacxon cBexero nmapa, Kr/c;

Z — 9uCIio HUTOK TpyOorpoBoaa. MoxxHO mpuHITH Z =2.
Tonwuny cmenku S B TIEpBOM NPHUOTMKECHUHN OIICHAM, M

S=01-dgy. (2)
Hapyoicnvii ouamemp, M

dy=dgy+2-S. (3)
Kanumanoenoocenus 6 mpybonposoo, pyo:

Kp =1,25-kyy -G, (4)

e Ky — yZIebHbIE KAMTANIOBIOKEHHU B TPYOONpOBOa, PyO/KT;

G - Bec TpybompoBoIa, KT.

(42 2
G:Z(dH_dBH)L'pCT’ (5)
Ie per — YACIBHBIA BeCc MeTamla TpyOonpoBona, kr/mM® (s cramm
Per = 7850 kr / m>).
49

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://portal.tpu.ru/ido-tpu
http://tpu.ru

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— -

IKenryamayuortvle U30epiHcKy B TapOMpPOBOJT MOKHO IPUHSITH
HBKC =01- KTP' (6)
T'uopasnuueckoe conpomuesnenue naponposooa, lla

L a

ARy = Z§M+§TP'd— PRV (7)
BH 0

Vy — yaenpHbIl 00BEM Iapa, M°/KT; 3aBHCHT OT HA4albHBIX IAPaMETPOB

Py, ty ompenensercsa no tadbmuue 1 [29];
Z‘iM — CyMMa MECTHBIX CONPOTUBIICHUMN;
Erp — KO3 uLUEeHT TpeHus.

H3menenue kanumanoenodicenui OK,; B MapOBIIyCKHYIO 4acTb TypOu-
HBI, pyO

0

APy — AR,

0
rne AR, APOO — THJIPABIIMYECKOE COMPOTUBIICHHUE MMAPONPOBOJIA B TEKYIIEM

oKop =a- A EY (8)

1 «0a30BOM» BapHaHTAX COOTBETCTBEHHO,
N, — anexTpudeckas MOIHOCTb TypOuHbl, KBT, a=1 — koad dunmeHT.

Pazmeprocme senuuun Py, APy, APY _npu nodcmanoske 6 gopmyny (8)

00J12iCHA_ ObIMb 00UHAK0B0U |

Omuocumenvroe usmenenue YoeibHo20 pacxood MONUSd, BHI3BAHHOE
HU3MEHEHUEM TTapaMeTPOB Iapa Iepe)l TYpOHHOM, 110 CPABHEHHIO C «0a30BBIM)
BapHUaHTOM

0
600 (AR —ARY) -
100 P, '
Hszmenenue 20006020 pacxoaa monJjuea B CBA3U C USMCHCHUEM mienjio-

80U IKOHOMUYHOCMU TYpOOYCTAaHOBKH TIO CPAaBHEHUIO C 0A306blM BapHaH-
TOM, T.y.T.

5b = (0,07 10,013

8B, =ly-h,-N,-8b-107°, (10)
rae by, — yaensHsIi pacxo/ yCIOBHOTO TOIUIMBA IO BEIPAOOTKE 3JIEKTPOIHEP-
ruu, Kr y.1./kB1"4.

db — oTHOCHTENBPHOE M3MEHEHNE YIETHFHOTO pacXo/a YCIOBHOTO TOILIHBA.
B Beipaxxenue (9) N, nmoacrasnars B kBT !

Hszmenenue npugedenHvlx pacuemHuvlx 3ampam 1o CPAaBHEHHIO ¢ «0a30-

BBIMY» BapUaHTOM, pyoO.
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Pexomenyemast nociedosamenvbhocms paciema OnmuMaibHo20 ouamempa
1. 3aparoTcst 3HaYEHUSIMU CKOPOCTH TMapa W B IpeJienax JOMyCTUMOTO
auana3oHa (0T Wy, A0 Wy, ) ¥ UL HUX ONPEICISIOTCS BHYTPCHHUE TUAMET-

pbl Ogy COINIACHO ypaBHEHMs HEPa3pbIBHOCTU. MOXKHO HPUHATH Wi, =5 M/C;
W, =100 M/c.

max
2. OnuH u3 BapuanToB (g, NMPUHAMAETCA 32 «Ga30BBIA» M JUIS HEro
onpenernsorcs: APy, K%,, Hch-
3. Ina Bcex apyrux BapuaHTOB (dgy) paccumteiBarorcs: ARy, Kip,
H i M no cpasnenuto ¢ 6a306blM 6apUAHIMOM.
— N3MEHEHHE KallBJI0KEHUI B TPyOOIIPOBOJL
_ 0 .
OKrp = Kpp = Kep; (12)
— M3MEHEHHUE KallBJIOKEHUI B 000pynoBanue OK .y, Ha CTOUMOCTh KOTOPOTO

BJIMSICT U3MEHCHHE UaMeTpa TpyoorpoBoaa (o ¢popmyiie (8));
— N3MEHEHHE €XKETOMHBIX IKCIUTYyaTAIlMOHHBIX U3AEPKEK B MAPOIPOBOJL

0o .
O sy = Usyc — Usges (13)
M COOTBETCTBYIOIIEE M3MCHCHIE TOILTUBHBIX H3IEPIKEK

— U3MEHEeHHEe TOJI0BOro pacxona Tommmsa OB, mo 3aBucumocth (10) 1 cooT-
BETCTBYIOIIIEE N3MEHEHUE TOTUTUBHBIX H3JEPIKEK
— U3MEHEHHE NMPUBEICHHBIX pacyeTHBIX 3aTpaT 03 1o (11).

4.4. Tperbst yacts U3
3amaya 3.1. Meroabl MHOTOMEpPHOM 0e3yCJI0BHON MUHMMHU3ALMU

1. 3anucaTh BEKTOp — IpaiueHT 3aJJaHHON (PYHKIUU.

2. Haiitu 3Hauenue rpaanenta GyHkun F B Toukax X1 X2,

3. I'paduueckn u300pa3uTh TPaAMEHT W AHTUTPATUEHT B TOYKAX
X X2,

4. Haiitn MuHMManbHOe 3HaueHue Qynkiuu F(X,X,) Kraccuueckum

METOJIOM.
5. Haiitu Touky MuHMMyMa QyHKIUH F(X,X,) TpaaMeHTHBIM MeETO-

1
JI0OM, BBIOpaB 3a Ha4aJIbHOE MPHUOJIMKEHUE TOUKYy X ™, a B KAUYECTBE KpUTEPUS
OCTaHOBa ||V F|| <& =0,05. HavanpHsIii mar criycka h npuHsaTh paBHbIM 1.

Pemienue mpowitocTpupoBaTh rpauuecKu.

o1

KOMIMJIEKT 3JIEKTPOHHbIX
e B = J omasneswe 5 f aakpuiTh X §


http://portal.tpu.ru/ido-tpu
http://tpu.ru

Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

Hcnonp3oBanre METO/Ia HA HAYAIBHBIX 3+5 IIarax OMMCHIBATH MOAPOO-
HO, pe3yJbTaThl MOCIEAYIOIUX UTEPALNA MOXHO CBOJIUTH B TaOnuIbl. ['pa-
(budeckue WITIOCTPAIIMHU BBIMOJIHUTD B TTOJIXOSIIEM MacTaoe.

TaGmna 4.5
Hcxonubie nannbie K 3aaaue 3.1
Ne Bap F (X, %;) X! X*

1 (% —1)% +2(Xy — 2)* + 3% —5X, + 7 0;0) | (5,-2)
2 X2 + 2X3 + 4X, (5:5) | (-2,-7)
3 X7 +5%5 — X, +8 L1 | (5:4)
4 AXE + X5 + Xy —5 (2:05) | (-4-4)
5 X+ 2%5 + X — Xy L1 | 5:-9)
6 X + 2X5 — 3% — 4%, +17 @;-1) | (2-4)
7 304 —1)% + 2(X, +1)? + X, — 7%, (2:2) | (-7;35)
8 X2+ 2X2 — XX, +8 2:-2) | (-4:-9
9 X + X5 + XXy + 5% — 4 0:5 | -7
10 2XZ +5X5 — XqXo + Xq — 3%, +12 (0,5;0,5) | (2;-4)
11 0,3%% + X2 —0,2%X, + X, —3 (2;2) | (-7;-8)
12 (% —3)* +2(X, —3)* +5x%, — 9 (0; 0) (3;5)
13 (% +1)% + (X +2)? =3 + 4%, + 7 @;1) | (5,-5)
14 (% —1)% +2(Xy — 2)° + XXy — % — 5%, —10 1;-1) | (-3;4)
15 2(% +10)% + 2(X, —5)% — XX, — 3%, +4x, —1 0;0) | (-2;5)
16 0,1(x —1)% +0,25(x, — 2)* + 0,1xX, + 3% —11 | (10;10) | (5;-15)
17 5(% —1) + (X, — 2)% — 4% —5X, + 2 L1 | 47
18 | (% —1)% + (% — 2)* +0,5%%, +0,2% —0,8x, +14 | (3;-3) | (-5;5)
19 A(x —1)% + (X, — 2)% — 3%, —5x, —10 (-1;-1) [(0,2;-0,9)
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Ne Bap F (X, %,) x?! X2
20 (% +3)% +2X3 + XX, — 4% + 7%, —3 2;3) |(-1,7;4.9)
21 X2+ (X = 7)2 = %X, —6X + 4 11 | (-5:68)
22 (% —6)% +3%5 +2,5% —0,7x, -1 (0,5;0,5) | (-3;-3)
23 X~ + 4(Xy + 7)? +0,6% X, + 2% + 5% — 2 0;0) | (-28.2)
24 3(% +2)% +5x5 +0,3% X, — % — X, —11 (1;2) [(8,7;-1,1)

25 | 10(x —6)% +5(X, —6)° + XX, —3% —5%, —10 | (0;0) | (-3;-4)

26 (2% —1)% + (X, — 2)% + Tx —5X%, 0;5 | (-7:-2)
27 3% +5%5 + 4x, (-5; -5) (2;7)
28 3% + X5 — X, +8 -2,2) | (34
29 2X7 +5%5 + X — 2 (2,0) | (-3;-3)
30 X2+ TXZ + X — 7%, 2,1) | (-5:-3)

MeTonnqecmle YKa3aHuA K BBINNOJIHEHHUIO 3a1a4YM 3.1

I'paouenm pynkumm F(X) MHOTHX MEepEeMEHHBIX B HEKOTOPOHW TOYKE

X e En — OTO BCKTOpP, KOOpAWHATAMU KOTOPOI'O ABJIAIOTCA YaCTHBIC ITPOU3-
BOJHBIC (1)YHKI_[I/II/I B ATOM TOYKE:

Grad F(X)=V F(X)=F'(X):(86F§(X), 68F>(<X)’ aa':—)((x)}
1 2 n

B maioif OKpecTHOCTH TOYKM X TpaJUeHT YKa3bIBaeT HalpaBJiICHUE
cKopetiue20 803pacmanus ()yHKIIUHU, a €ro HOpMa XapaKTepU3yeT CKOPOCTh
3TOTO BO3pacTaHus. BEKTOp — aHTUIPaTUCHT YKa3bIBACT HAMPABJIICHUE CKO-
petiwezo yoviganus GyHKIUU.

B nro6oii Touke moBepxHOCTH TieneBoi GyHkuu F(X) Bekrop — aHTH-

rpaJiieHT MEPICHANKYJIIPEH KacaTelbHOH K JimHuM ypoBHs F(X)=const B
JTOU TOUKE.

* * * *
B touke X (X, X, ..., X,), A€ MMEET MECTO MUHUMYM (pyHKINH, BEK-
TOp — T'PaJEHT U BCE €r0 KOMIIOHEHTHI 0OPAIIatoTCs B HOJIb.
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— N —

Mampuya I'ecce ynxkuun F(X) MHOTHX IMEpEeMEHHBIX — 3TO MaTpHIla
BTOPBIX MTPOU3BOTHBIX:

O’F(X) &°F(X) O*F(X)

OXOX — OXO%,  O%0X,
O’F(X) &°F(X) O*F(X)
H(X)=F"(X)=| 0x,,0% X, 0%  0O%,0X,

O°F(X) &*F(X) O°F(X)
OX,0% ~ OX. 0% OX,OX,

Knaccuueckuii memoo 06e3ycioeHoil MuHumMuzauuu @QyHKyuU MHO2UX
nepemMeHHbIX
1. HaxonuM 4yacTHBIC IPOU3BOAHBIE GyHKIMU F (X, X,,...,X,) HOCIEIO-

BATCJIBHO 110 BCCM IICPCMCHHBIM U IIpUPABHHUBACM HUX HYJIIO

O F (X, Xpseees X)) 0

OX, ’

O F (X, Xpseees %) 0

9 8X2 ,

O F (X X9, X)) 0.
OX,

2. Pemaem MoJTy4eHHYIO CHCTEMY YPaBHEHUH, KOPHU KOTOPOU SIBJISFOT-
Csl CMayuoHapHviMu TOIKAMU.
3. Haxomum martpuiy ['ecce H(X) B cranmoHapHBIX TOYKaX MHUHHMU-

supyemoit pynkiuu. Ecin H(X) > 0, To nccneayemast Todka COOTBETCTBYET

MUHUMYMY (YHKIIUH.
AJNTOpUTM IpaIMEHTHOrO METO/Ta B BUJIE OJIOK-CXEMBI IPUBEZICH Ha puc. 4.7.
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( pagueHTHbIN MeToq )
I

Beoa;
X°(x,°x,”) Ha4arnbHasa To4Ka Crycka;
h - HayanbHbIN LIaT;

€ - MorpeLLHOCTL pacyeTa

F(x,,X,) = min

(%, %,)
—F_z’ OyHKUMSA
Pl (x, x.)
oF(x.”x) | _OFX)_
0%, X,
'(xl",xz") <
oF(X) OF(x.’,%,°)
OX, o,
>
1
o _\/ ‘ oF, x| % | oFe ) |
| ol = %, DX,
Het Ja
0 *_v O
xll=x1°— h- aﬁg;(l’_XZO) X1| =X
1
0,1 L *—y O
X; =X 0 X, =X,
- | - X21:X20_ h- aF();l ’Xzo)
2 * *
X, =X, To1 M} DyHKUUS
T | X dymiuns Fon | FOGX)
FO_Fl F, F(x,x,) D
[la M
0 Her BbiBoa:
X*(X.* X,*)- TO4Ka MUHUMYMa;
h=h/2 Frin- MUHVYMarbHOE 3Ha4YeHne
HKLWM
| yHKL,

Puc. 4.7. PazBepHyTbIil aNrOpuT™ IrpaJUEHTHOTO METOAA

Ha puMepe QYHKITUH JIBYX TIEPEMEHHBIX
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3anayva 3.2. JIuHeiiHOe MPOrpaMMHpPOBaHUe

Haiitu rpaduyeckum crnocoOoM MakcCUMallbHOE U (MJIM) MUHUMAJIbHOE
3HauYeHHE LeJeBON (YHKIUH MPH 3alaHHBIX OrpaHuYeHHsIX. McxonHbie qaH-
HBIE MIpe/ICTaBICHBI B Ta0I. 4.6.

Tabnuua 4.6

Wcxonnble qaHHbpie K 3agaue 3.2

No Bap Ileneast pynkuus Z OrpanndeHus
12x; +4x, <300; 4x +4x, <120;

3% +12x, <252, X, X, =0
2% + 4%, <16; —4x% +2X%, <8§;
X +3X, =29, X, X, =0

2% + 4%, <14;  —5% +3X, <15;
4% +6Xy, =224, X, X, =20

4% +2X, <12, =X +2X, <6;
2% +4X, 216; X, X, =0
3% — 2%, <12, —X +2X, <8§;
2% +3X, 26; X, X, 20

X, <6; 3% —X, <21,

3% =X =20, X, X,=0

Xo <5, X —X, <5

1 30x; +40x, — max

2 X + X, —>min

3 |X + X, > max

4 X, 4+ 2X, —> max

5 —2X% + X, — min

6 X, + X, — min(max)

7 X, + X, — min(max)
X+ X295 X, X, 20

X =3, 0,5% —X, >-35;

X, —2X%, <10; X, X, =20

X =23, X —2X,=2-1; X +X, <14
2%, —4X%, <20; X, X, >0

X <8, 0,5% —X, =-4
L7x+X%,283 X, X,20

X <10; 0,5% — X, > -5

2% +X, 29, X, X =0

X <7, 0,5% —X, 24,

L7X% +X, =285 X, X, =0

8 2% + X, — min(max)

9 2% + X, = min(max)

10 |=X + X, — min(max)

11 |2X, — min(max)

12 | % +3X, = min(max)
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No Bap IleneBas dpynakius Z OrpanuyueHust
0,25% — Xy =2 —4; X + X, < 4;
X <9 X, X =0

Xo <6; X =2

2% +4%, 20; X, X, =0

Xo <15 % 22,5

—3% +95%X, 20; X, X, =0

X, <5 X =3

2% +3X%, 20; X, X, =0

X, <10; X =1

—3% +3X, 20; X, X =0
—3% +8X, <40; X +X, =3;
X <10; X, X, =0

—3% +6X, <36, X +2X, = 2;
X <8 X, X,=0

—2X, +6X, <36, 22X + Xy = 3;
X <11 X, X, =0

—oX; +3X, <30; X, + X, =3;

13 |=X + X, = min(max)

14 | X +5X%, = min(max)

15  |=2% +4X, — min(max)

16 |2X% — 3%, = min(max)

17 | =% —2X, — min(max)

18  |4X + 5%, — min(max)

19  |—4X + X, = min(max)

20  [5% —3X, = min(max)

21 |—2X% — X, — min(max
o (max) X <8 X, X,=0
_ —4% +3X%, <15, X +X, =2,
22 | —2X, — min(max)
X\ <7, X, %20
] 16X + X, <16; 0,43x, — X, =5;
23 |3 — min(max) 12 e
X, X, =0
) 2% + X, <14; 0,4% —15%, =5
24 | % + 4%, = min(max)
X, X, =20

31x, + 42x, — min(max) 12X, + 4%, <260; 3x +4x, <120;
3% +10x, <250; X, X, =0

A% + X, <0; =X —2X, 2 -20;
4% + 3%y 236, X, X, =0

=3% + X, <0; =X —2X, = -10;
4% +3Xy 224, X, X, >0

25

26 5% —5X, — min(max)

27 |5% —2X, — min(max)
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No Bap IleneBas dpynakius Z Orpanudenus
—4x, + X, <0; X +2X, < 20;
—4X, +3X, 2 =36, X, X, =0
2% + 3%y <12; — 2%, + 3X, < —24;
29 | =5X; — min(max) 3% — 2X, < —18; — 3% — 2X, = —24; X;, X

28 |5% +5X%, = min(max)

4%, +6X, <12; - 4x, +6X, < —24;
30 10X +X; > min(max) | _6x, —4x, < —18, — 6% — 4%, > —24; X, X

MeTOIlI/I‘leCKl/Ie YKa3aHud K BBINNOJIHCHUIO 3ala1M 3.2

Teopus ymHeliHoro mporpammupoBanus usioxena B [1], [2] [5], [6],
[7]. Metonuka rpaduyeckoro pemeHus 3a1adu JUHEHHOTO TPOrpaMMHPOBa-
HUS TSI IBYMEPHOTO ClTydasi ¥ TPUMEPhI PEIICHUs 3a/1a4 MPUBeIeHBI B [8].

JIuHuel ypoOBHS JTMHEHHOTO BBIPAKCHUS HA3BIBACTCS TEOMETPUUICCKOE
MECTO TOYEK, YJOBJICTBOPSIONIMX 3aJaHHOMY 3HA4YCHHI0 KO HUIIMCHTA B
npaBoit yactu (F=const).

Bce UM ypoBHS TaHHOTO JIMHEHHOTO BRIPAKCHHS MAPAJLIeIbHBI.

I'pagueHT JUHEIHOTr0 BBIPAKEHUsI — 3TO BEKTOP M3 KOI(DDUIIUECHTOB
IIpH HEW3BECTHBIX B JICBOH 4acTH JnHelHoro Beipaxkenust C = (C,,C,,..,C,).

Bce rpaaneHTsl HOpMaJibHBI (OPTOTOHAJIBHBI) K CBOUM JIMHUSAM YpPOB-
Hs ¥ YKa3bIBalOT HAIPABJICHHE CKOpellIero BO3PACTAHMSA IIPABOM YacTH.
[Io HampaBneHHIO TpaaUEHTa OIPEACIISIIOT, KAaKUE MapasulesibHbIe CIBUIH
MPUBEAYT K JIMHUSAM YPOBHS ¢ OOJBIITMMU WM MEHBIITMMH 3HAYCHHUSIMU TIpa-
BOW 4aCTH JIMHEMHOTO BBIPAXKEHUSI.

IIpumep. Haiith MUHMMabHOE W MAaKCHUMAJIBHOE 3HAYECHUS LIEJICBOM

bymKIH
X, + 2%, = Z — min(max)
(X + X, <2
Xo <5
npu ycaoBusix: D=4X% <6 : (*)
X =15
X, % =0
Pemenne.

1) ITocTporM MHOIOYTOJILHHMK PEIICHHUM, 3aMEHHUB B YCIOBUSX (*) 3HaKU
HEPaBEHCTB Ha 3HAKW TOYHBIX PABEHCTB (3allITPUXOBaHHAs 00J1acTh Ha puC. 4.8).
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[Tokaxem s mpumepa rpaduueckoe MoCTpoeHue o0JacTd, 3aJaHHON
MEPBBIM HEPABEHCTBOM
—X + X, £ 2. (**)
3amMeHUM B HepaBeHCTBE (**) 3HAaK «<» Ha 3HAK «=» M MOJIYYUM ypaB-
HEHue npsAMoi: —X; + X, = 2. IlpoBenem 3Ty mpsAMyI0 Ha IJIOCKOCTH 4epes3
JBE TIPOU3BOJIbHBIE TOUKH. 3amaguM X% =0, Torma X,=2. Ecmu X,=0, T0o X =-
2. TakuMm oOpa3zom, mpsiMasi MPOXOIUT Yepe3 Touku ¢ koopaunatamu (0; 2) u
(-2; 0) — cm. puc. 4.8.
YroObl ONpeeNnTh, Kakas MOMYyMIOCKOCTh COOTBETCTBYET HEPABEHCTBY
(**), MOCTPOMM TI'PAMEHT TOro JIMHEiHOro Bhipaxkernus C, =(—1;1) - puc.

4.8. IlomymnockocTs, onpeaenseMas HarpasieHueM rpaguenra C,;, conepkur

MpsMbIE, JUIsl KOTOPBIX IIpaBasi 4acTh B BbIpaxeHUH (**) Oonbue 2. Hac unTe-
pecyer (CyAs 1o 3HaKy) MPOTUBOIIOIOKHAS TPATUEHTY MOJIYTIOCKOCTb.
AHaJOTUYHO ONPEIENSIOTCS MOJYIUIOCKOCTH, 3a/JaHHBIE OCTAJIbHBIMU
HEPAaBEHCTBAMH B CHCTEME OrpaHrueHHi (*).
2). IMoctpoum BekTop-rpaaueHT neneBor GpyHkimu C = (1, 2) u3 Havana

KoopauHAT. Bece TMHUU ypOBHS 11e7IeBOM (DYHKIMH TEPIICHANKYIISIPHBI STOMY
BEKTOPY.

3). BeiOepem TOUKy, IpHHAICKAIIYIO MHOTOYTOJLHUKY PEIICHHIA, Ha-
npumep A=(32), u mnpoBeaeM depe3 Hee IEICBYI0  (YHKIUIO
F=F&2)=3+2-2=7.

4). JlpuraeM LeleByro (YHKLMIO B HAIPABICHUH BEKTOpa-rpajueHTa C
70 TiepeceueHus ¢ kpaitaen Bepimaoii M = (5; 6) MHOTrOyronpHuKka. B Touke
M = (5; 6) byHKIUSA IPUHUMACT MaKCHMAaJIbHOe 3HAYCHHE
Frax = F(56)=17.

5). JlBuraem 1ieneByr0 (YHKIIMIO B HaIlPaBJICHUH, MPOTHUBOIIOIOKHOM

BekTOpy-rpaaueHty C, 1m0 mepecedeHuss C IpYyroll KpalHed BEepIIMHOMN
N =(1,5;0) muoroyromeuuka. B Ttouke N =(1,5;0) dyHKIUA npuHAMaeT

MHUHUMAaJIbHOe 3Hauenue F;, = F(15 0)=15.
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Puc. 4.8. MHOroyroyibHUK pelieHui 1 neneBas QyHKIHs
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5. MPOMEXYTOYHBIN KOHTPOJIb

[Tocne 3aBeprieHnst H3yYCHHS JUCIUTUTMHBI CTYJICHTHI CIAIOT 3a4eT.

3adeTHBIN OWJIET BKJIIOYACT JBa TEOPETUYECKUX Bompoca. OOpazer; Ou-
JieTa IpUBEICH B noapaszzaene 5.2.

[Tpu ompeneneHuM pe3ysbTaTa 3a4eTa YYUTHIBAIOTCS PE3YJbTATHI BBI-
MOJHEHHOTO WHJWBUAYAIBHOTO JOMAIIHETO 3aJaHWs, PEIICHUs 3aaad Ha
NPAKTHYECKUX 3aHATHUSAX, BHITIOJHEHUE H 3aIIUTa JIA0OPATOPHBIX padoT.

5.1. Bonpochl a5l MOATOTOBKH K 3a4eTy

1. OmnucaHue ONTUMHU3ALMOHHON 3aJ]aul B TEINIOOHEPIETUYECKUX pac-
qyeTax

2. OCHOBHbBIE METOJbI JJI PEUICHMsI 3aJjaul paclpeleieHus Harpy3oK
MeX1y TypOuHaMu

3. Ilpumep MCMONB30BaHUSA METOAA ITWHAMHUYECKOTO MPOTrpaMMHpPOBa-
HUS B MH)KEHEPHBIX 3aJ1ayax

4. Tlpumep KCIIONB30BaHUS IPAJAUEHTHBIX METOJIOB B MHKEHEPHBIX 3a-
navax.

5. CyTb 1 onucaHue MeTosa «ITpadHbIX» QyHKIMIA.

6. CyTb 1 onricaHre MeTo/1a «0apbepHBIX» (PYHKIIUH.

7. Ilpumep ucnonb30BaHUsS MeToAa «IITpadHBIX» (YHKIHMA B WHXKE-
HEpHBIX 3aJa4ax.

8. Ilpumep ucnonb3oBaHUs MeTola «WTpadHbIX» (QYHKUUNA B HHXKE-
HEpHBIX 3aJa4ax.

9. Ucnonp3oBanue Merona Jlarpanka Juisi ONTUMHU3ALMU MAPaAMETPOB
TeroBbIx cxem TOC.

10.Ucnonb30BaHUe CHUMILICKC-METOAA JIJIsl paclpeielieHuss Harpy3oK
MEXIy OCHOBHBIM 00opyaoBanuem TOC.

11.XapakTepuCTUKU U KJacCU(PUKALMI MAaTEMAaTUYECKUX MOJIEIIEH.

12.Vicnonp30oBaHNe KIACCHUYECKUX METOJIOB MAaTeMaTHYECKOTO aHalln3a
JUTSL pelIeHUs] ONTUMHU3aLMOHHBIX 33]1a4.

13.0cob6eHHOCTH ONTUMU3ALINH JTS BEITYKIIBIX U HEBBITYKJIBIX 3a/1a4.

14 . MeTo1bI 1IEJIOYUCIIEHHOTO TPOTrPaMMUPOBAHMUS.

15.1Tpumepsl  pacuera 3(G(HEKTUBHOCTH 3HEprocOEperaronmx Mepo-
npusatuii Ha TOC.

16.0Omnpenenenre MaTeMaTUueCKOT0 MOJICITUPOBAHUS.

17.0Onwmcanvie (hakTopoB, KOTOPHIC OMPENEIIN PACIIUPEHUE B TOCIIEIHEE
BpeMsi 00acTelt MpUMEHEHHsT MaTeMaTUYECKOTO MO/IETIMPOBAHUSI B TEXHUKE.

18.IlepeunciuTe OCHOBHBIE ATalbl MAaTEMaTHYECKOIO MOIECIMPOBAHMUS
TexHuueckoro oobekra (TO).
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19.Yto moHMMAIOT MOJ MepapXuel MaTeMaTHYeCKUX MOJeNed Mo OT-
HOIIIEHHIO K OTHOMY U ToMY ke TO?

20.YT0 mOHUMAIOT TTOT IEKOMITO3HUITNEH MAaTEMaTHICCKUX MOJIEIICH?

21.JlaiiTe o01iee MOHATHE aITOPUTMA.

22.Ha3zoBuTe CBOWCTBA aJITOpPUTMA.

23.IlpuBenute GOpMBI 3aMUCH aITOPUTMOB.

24.0Onuiute pazHooOpasue Hopm 3arucu aaropuTMa.

25.N300pakeHne airopuT™Ma MpH €ro OMUCAaHUH B BUJE OJIOK-CXEMBI.

26.0mpezenenre yHUMOAAIbHON (DYHKIIUH.

27.MeToJibl ONTUMHU3AIUH JJISI MHOTO3KCTPEMAaIbHBIX (DYHKITUH.

28.11po0OneMbl HCIONIB30BAHUS KIACCHYECKOTO armapara MareMaruye-
CKOT'0 aHaJIu3a JUIsl HH)KEHEPHBIX ONTUMU3AIMOHHBIX 3a/1a4.

29.Ilepeunciute Tanbl OOIIETO ATOPUTMA UCKITFOYCHHS OTPE3KOB.

30.0OmummTe cyTh MeTO 1A TTapado.

31.3anmch neneBoil GyHKIMK U OTPaHUYCHUI B TPAHCTIOPTHOM 3a/1a4e.

32. ®opMyIupOBKa OCHOBHOTO (PYHKIIMOHAIBHOTO ypaBHEeHUs bemmana.

33.HazoBute BakHeWmmM QpyHKIHOHATBHBIM cBoiicTBa TOC (ADC).

34.B gyem paznuuune B LENSX KOHCTPYKTOPCKOTO U IMOBEPOYHOTO pacue-
TOB TEIJIOBBIX CXeM?

35.K xakomy By — KOHCTPYKTOPCKHUM WJIM MTOBEPOUYHBIN — OTHOCSTCSA
ONTUMH3ALMOHHBIE PACUETHI SHEPTETUUECKOTO0 000PYI0BAHUS U TTOYEMY?

36.Korja coOBOKYMMHOCTb MIPEAMETOB OyI€T CUCTEMOMN ?

37.Y1o noHumaroT noji rpacdom?

38. 1151 KakuX 3a/1a4 UCIOJIb3yeTCs rpadudecKoe MoJIeTUpOBaHue?

39.Kakumu rpaduueckumu crnocod6amMu MOKHO PEIIUTh KIACCHYECKYIO
3a/1a4y O pacrlpeeieHuu CPeCTB?

40.Kakne hopmMbl MaTEMaTHIECKOTO OINMMCAHUS WCITONB3YIOTCS B Mate-
MaTHYECKHX MOJIETISIX TOTOKOpACTIpEACTICHUS ?
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5.2. O6pa3sen 3a4eTHOr0 OMJIeTA JISl CTY/AEHTOB,
U3YYAIOLIUX JUCHUIUIMHY 10 KJIACCHYECKOH 3204HOM opme

B nmanHOM pa3zgene mpuBeneH obOpaser OuieTra JJiss CTYACHTOB, CHAro-
HIMX 3a9€T 3209HO, BO BpeMs ceccur B ToMCKe.

3AUYETHBIU BUJIET Ne X
o auciuiuinHe  «MaTteMaTH4YecKkoe MoAeJTUPOBAaHUe H METOIbI ONTHMH3ANUI»

NHCTUTYT AUCTAHLMOHHOT0 00pa30BaHUsA Kype 3

1. Anroputm u rpadguueckas WUIOCTpalusd MeTona auxotomuu. [oc-
TOMHCTBA U HEJAOCTATKU MO CPABHEHHIO C METOI0OM Tiepedopa.

2. O6mas GopMynIHpoBKa W MaTeMaTHYECKas 3alllCh MHOTOMEPHOM
0€3yCI0BHON ONTUMU3AIIMOHHON 3a/1a4H.

CocraBu: E.A. Macnos
YTBepxkaato: 3aB. kadenpoit ATOC A.C. MarseeB
« » 201 r.
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6. YYHU EBHO-METONYECKOE OBECIIEYUEHHUE JUCHUIIJINHBI
6.1. JIlutepaTypa obsi3aTe/ibHAA

1. Pomamosa O. }O. MeTonpl ontuMu3anuu U pacuetrsl Ha OBM Ttex-
HUKO-3KOHOMUYECKUX 3a1ay: yueOHoe mocobue. — Tomck: U3n-so TIIY,
2007. 210 c.

2. Jlecun B.B. OcHoBbl MeTonoB ontumuzanuu/ B.B. Jlecun, 10.I1. JIu-
cosell. — M.: U3g—Bo MAMU, 1995.

3. Kauan A.J[. CnpaBoyHO€ MocoOME MO TEXHUKO-3KOHOMUYECKUM OC-
HoBaM TOC: cmnpaBouHoe mocobue/ A.Jl. Kayan, b.B. SIkoBiaeB. — MuHCK:
Bremmoinias mkoia, 1982.

4. Tlomeipun JI.C. MaTemaTuyeckoe MOJACIUPOBAHUE U ONTUMM3AIUS
TEIIOPHEPTETUUECKUX YCTaHOBOK. — M.: DHeprus, 1978.

6.2. JluTepaTypa A0NOJHUTEIbHAS

5. Kauan A.Jl. TeXHMKO-3KOHOMUYECKHE OCHOBBI MPOEKTUPOBAHUS TE-
TUTOBBIX AJIEKTPUUECKUX CTaHIMi: yueOHoe mocodue/ A.Jl. Kawan, H.B. My-
KOBO34HMK. — MuHCK: Bpinmiimas mkona, 1983.

6. TexHUKO-2KOHOMHYECKHE OCHOBBHI BhIOOpa mapameTpoB KOC / mox
pen. JI.C. Crepmana. — M.: Beiciias mkona, 1970.

7. T'mnn @. [Ipaktrueckas ontumu3zanusa. — M.: Mup, 1985.

8. Horun B./]. OCHOBBI T€OpHH ONTUMHU3AIIMU: y4eO. TocoOue s CTy-
nentoB BTy30B / B.Jl. Horun, N.O. IlporoasskonoB; mox pea. M.O. Ilporo-
IbIKoHOBa. — M.: Bric. k., 1986.

9. Aoxku M. Benenue B meToanl ontumm3anun. — M.: Hayka, 1977.

10.Axynnu W.JI. MaTematnyeckoe mporpaMMHUpOBaHUE B MpPUMEpax U
3aauax: yueoHoe nocodue. — M.: Bricmias mikoma, 1986.

11.Yucnennsie MeToapl: yueOHUK A TexHukymoB / H.W. [lanununa u
np. — M.: Beiciias mkosna, 1976.

12.3aBapeikud B.M. Yucnennsie metoas/ B.M. 3aBapeikun, B.I' XKu-
tomupckuit. — M.: IIpocsemenne, 1990.

13.IToneipun JI.C. Marematnueckoe MOJEITUPOBAHUE M OMTHUMHU3AIIHS
TETUIO3HEPTETUUYECKUX YCTAHOBOK. — M.: DHeprus, 1978.

14 Kauan A.J[. OntumMu3zanusi pe>KuMoB U TOBbIIIeHNE Y (PEKTUBHOCTH
paboTel mapoTypOuHHBIX ycTaHOBOK TOC. A.JI. Kauan, b.B. SIkoBneB. —
Munck: Bermmoinas mkoia, 1985.

15. Annapromenko A.M. OntuMu3anusi pekKUMOB padOTHI M TTapaMeTPOB
TEIUTOBBIX 3jekTpoctanimit/ A.U. Aumgpromenko, P.3. AMunoB. — M.: Beic-
mras mkoia, 1983.
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16.Metoasl onTuMu3anuu pexxuMoB sHeprocucteM / B.M. I'opHinTeitn
u ap.; noxa pea. B.M. I'opumreiina. — M.: Dneprus, 1981.

17.1yn T. Pemenne naxkenepHsIx 3a1a4 Ha OBM. — M.: Mup, 1982

18.Ankok /1. A3pik [TACKAJIb B unmmoctpanusix. — M.: Mup, 1991.

19.Coxomnos E.f. Termnodukanys v TEIIOBbIE CETU: YYCOHUK JIJIST BY30B.
— 7-e u3n., crep. — M.: MU3natensctBo MOU, 2001.

20.MeToiMKa PKCIPecc-0IeHKH SKOHOMUYECKON A(h(PEKTUBHOCTH IHEP-
rocOeperaronmx Mmeponpustuii Ha TOC. PJ[ 153 — 34.1 — 09.321 — 2002. —
M.: Cnyx0a nepenoBoro onsita OPI'POC, 2003.

21.PomamoBa. O.}O. Onpenenenve TepMOAMHAMUYECKUX MMapaMETPOB
BOJIbI U BOJSHOIO Iapa Npu MojelupoBaHuu TerioBbix cxem TOC u ADC:
Metoanueckue ykazanus. — Tomck: M3n-so TITY, 2006. — 28 c.

22.Pomamoa O.}0. Metoas! mocinenoBaTeIbHBIX TPUOTMKCHUN B pac-
yerax TemioBbix cxeM TOC nu ADC: metoanveckue ykazanusa. — Tomck: U3a-
Bo TIIY, 2005. - 19 c.

23.Pomamora O.1O. ManuBuayanpHOE 3aaHue 1o Teme «MeToasl o/1-
HOMEPHOW MUHUMH3AINN» U METOIUYCCKHE YKa3aHUS K €ro BBITIOJIHCHHIO:
MeToandeckue ykazanus. — Tomck: M3n-so TITY, 2003. — 28 c.

24.Pomamora O.10. Mcmonap30BaHre METOIOB OJTHOMEPHOW MUHUMHU3a-
MU JJIs BBIOOpA ONTUMAIBHOTO JAuameTpa maponpoBogoB TOC: Meroauue-
ckue ykazanus. — Tomck: M3n-Bo TITY, 2004. — 28 c.

25.PomammoBa O.}O. Vcnonb3oBanue METOJI0B MUHUMU3AIUU JIJIsI BbI-
0opa oNTUMAJIbHBIX TepMOAMHaAMu4ecKux napametrpoB [1TY: meronnueckue
ykazanus. — Tomck: Uza. TITY, 2004. — 32 c.

26.PomamoBa O.1O., Tu A.B. I'paduueckoe uccneqoBaHue IIEIEBOM
¢byukiuun Ha Marematuuecko monenu I[ITY: meroaudeckue ykazaHus. —
Tomck: U3xa. TITY, 2004. — 12 c.

27.Tu A.B. Hcmonp30BaHHE CHMIUICKC-METONA ISl PEIICHUs TpaHC-
MMOPTHOM 3ajauu: MeToandeckue ykasanus. — Tomck: M3n-so TIIY, 2006. —
28 c.

28.I1anteneeB A.B. Meroapl onTuMu3anuyd B TpUMEpax M 3aaadax;
yaeoHoe mocobue/ A.B. ITantenees, T.A. JletoBa. — M.: Beicm. IlIk., 2002. —
544 c.

29.BykanoBuu M.II. TaGnuipl Tertopu3nueckux CBOMCTB BOJIBI U BO-
nsiHoro mapa/ MLIT. Bykanosuy, C.JI. PuBkun. — M.: CranaapTtsl, 1980.
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