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Metonnueckue yka3aHus pa3paboTaHbl B COOTBETCTBUU C TPEOOBAHUSAMHU
®denepanbHOro rocyJapcTBEHHOT0 00pPa30BaTEIbHOrO CTAH1apTa BHICILIETO
o0pa3oBaHusl B YaCTU COAECPKAHUS U YPOBHS MOJATOTOBKH BBIITYCKHUKOB
HanpasjaeHuto noArotToBku 15.03.02 TexHonornyeckue MavHbl U
o0opya0BaHHUE.

VYkazanust coiepkar TEOpeTH4YecKoe OO0OCHOBAaHHUE, METOAUKY U
[IOCJIEIOBATEIIbHOCTh ~ COCTAaBJIEHUS ~ MATEMaTHUYECKOTO  OINMCAHMS
TEXHOJIOTUYECKUX OOBEKTOB, NEPEUYEHb KOHTPOJIBHBIX BOIPOCOB A
CaMOMOATOTOBKH MO TeMe pabOT U CIUCOK PEKOMEHIYEMOU JTUTEpaTyphl.

Meroanyeckue yka3aHusi paCCMOTPEHBI U YTBEPIKICHBI HA 3aCEIaHUU
kapeapst XTMuAXII u pekoMeHAOBaHbl K BHYTPHUBY30BCKOMY
MCIIOJIb30BAHHUIO.

CocraBuTenbs  KaHJI. XuM. HayK, noueHT A.JL. [Ipockypaun

OTB. pemakTop KaH[. TEXH. HayK, noueHT A.M. CBua4eHKo
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BBenenue

[{enbr0 OCBOCHUSI NUCUUIUIMHBI «MOJIEIMPOBAHUE U ONTUMH3AIUA
TEXHOJIOTUYECKMX  IIPOIECCOB»  fABJISACTCA  (opMHUpOBaHHE Habopa
npodecCUOHAIBHBIX ~ KOMIETEHIIMH  Oyayimiero — 0OakamaBpa IO
HanpaBieHuo noArotoBku 15.03.02 TexHomorudyeckne MaiivHbl U
000pyJI0BaHUE.

OCHOBHBIE 3a/1a4X U3YUYEHUS COCTOSAT B YCBOCHUHU CTYACHTAMU:

- METOJOB CHUCTEMHOIO MOAXOJAa K HCCIEHOBAHUIO U  aHAIU3Y
TEXHOJIOTUYECKHUX MPOLECCOB;

- TPUHUHUIOB CO3/IaHUSI MATEMATHUYECKUX MOJIeNIe (PU3UKO-XUMHUYECKUX
MPOLIECCOB C HCHOJIb30BAHUEM CTAHJAAPTHBIX IIAKETOB M CPEACTB
ABTOMATU3UPOBAHHOTO MPOECKTUPOBAHUS;

- METOJlaM peajih3allid MaTeMaTH4YeCKUX Mojeiel (hU3UKO-XUMUUYECKUX
npoueccoB Ha OBM u yCTaHOBJIEHHS UX aJICKBAaTHOCTH.

- METOJOB IPOBEACHUS  JKCIEPHUMEHTOB C MCII0JIb30BAHUEM
MAaTeMaTUYECKUX MOJIEJIEN U YCTAHOBIICHUS TPAHULL UX IPUMEHEHHS.

[Ipy BBINOJHEHUHW KOHTPOJIBHOM pPabOThl CTYJIEHT NpUOOpETacT
CIEAYIOIILYI0 NPO(PECCUOHAIBHYIO KOMIIETCHITUIO:

[IK-2: yMeHHeM MOJENUpOBaTh TEXHUYECKHE OOBEKTHl U
TE€XHOJIOTUYECKHE TMPOLIECCHl C UCIOJb30BAHUEM CTAHJIAPTHBIX MAKETOB U
CPEICTB  ABTOMATHU3MUPOBAHHOTO  MPOCKTUPOBAHUS,  TOTOBHOCTBHIO
IPOBOJIUTHh HKCIIEPUMEHTHI MO 3aJlaHHBIM METOAMKAM C 00paboTKON u

aHAJIM30M PE3yJIbTaTOB.



IIpakTuueckoe 3ansatue 1

TEMA: <MATEMATHYECKOE OIITMCAHHUE THUITIOBBIX
TEXHOJOI'MYECKUX OB BEKTOB»

1.1 Knaccuguxanusi 0CHOBHBIX NMPOLECCOB U ANINAPATOB

Haubonee nenecoobpasHo KiaaccuUIUPOBaTh BCE MHOIooOpaszue
MPUMEHSIEMBIX B XUMHUYCCKON IPOMBIIIIICHHOCTH THIIOBBIX MPOIIECCOB I10
criocoOy co3maHus JABMXKYIIEH CHIIbI mpolecca. [lo sTomy mpu3HaKy Bce
IPOIIECCHI MOYKHO Pa3JICIUTh Ha IIECTh TUIIOB:

T'uopaenuueckue npoyeccol

CBsi3aHbI C MEPEMEIICHUEM XKHUJIKUX U Ta3000pa3HbIX MaTepuasoB.
K HuM OTHOCATCS: mNEpeKaynBaHUE, TPAHCIIOPTUPOBAHUE, XPAHECHUE,
IO3UPOBAHUE.

OcymecTBasgOTCs C¢  IIOMOIIBIO  HAacCOCOB,  KOMIIPECCOPOB,
BEHTUJIATOPOB, BO3AyXO1YBOK, EMKOCTEH.

JABMaKYyIIeH CHJIOM TMIPABINYECKUX IPOLIECCOB SABJISETCS PA3HOCTh
JABJICHUM. CkopocTb [IPOTCKAHUSA omnpenessieTcs 3aKOHaAMHU

rmapoaAnHaMHKH.

Tennoewvie npoueccol

Ces3aHbl ¢ iepeaaydeii Teria oT OJIHOTO Tela (MOTOKA) K IPyromy.

K HHM OTHOCATCSH: HarpeBaHWe M OXJaXICHUE, HCIApPEHUE U
KOHJICHCAlIUsl, TUTaBJICHUE U 3aTBEPICHHUE.

OcCymecTBJIASIIOTCH C TOMOIIBI HArpeBaTelbHbIX W IJIABUJIBHBIX
neyen, TEMI000MEHHUKOB, KOHJICHCATOPOB-XO0JIOIUIIEHUKOB,
UCTIAPUTEIIEH.

JABMKYLIed CHJI0OM TEIUIOBBIX NPOLECCOB SABJSAETCA PA3HOCTh
temnepaTtyp. CKOpoCTh MPOTEKaHUs MPOILECCa OMPENENAeTCsS 3aKOHAMU

TCIUIOIICpCaaYH.



Maccooomennwie (Oughgpyzuonnvie) npoueccol

CBsi3aHbl C TEPEXOJOM BEIIECTB W3 OAHOW ¢a3bl B JPYrylo B
pe3ynbrate udPy3um.

K HuM oTHocsiTcsi: TeperoHka, pektudukamusa, abdbcopOums,
azcopOIus U ecopOIrs, SKCTPAKITUS, CYIIKa, KpUCTALIU3ALINS U AP.

OcyiecTBiasilOTCS B PEeKTU(DUKAIIMOHHBIX KOJOHHAX, adcopoOepax,
afgcopbepax u JgecopOepax, OKCTpaKTopax, CYIIWJIbHBIX armmaparax,
KpUCTAILTU3aTOpax u Ap.

JIBHsKyHIed CHJI0I MacCOOOMEHHBIX IPOIIECCOB SIBJISIETCS Pa3HOCTh
KoHIeHTparuu.  CKOpocTh  Mpollecca  ONpeensercss  3aKOHaMHU

MaccoIrepeaadu.

Fudpomexanuuecxue npoueccol

Ces3aHbl ¢ 00pa0OTKOM HEOJHOPOAHBIX CUCTEM — MKUJKOCTEH H
ra3oB CO B3BELICHHBIMU B HUX TBEPABIMU UJIU KUJKUMHU BEIIECTBAMU.

K HuM OTHOCHATCHA: OTCTaMBaHUE B TIOJI€ CHUJIbI TSXKECTH,
LHEHTPOOEKHOM  TOJIe,  DJIEKTPUYECKOM W  MarHUTHOM  MOJISX,
neHTpudyrupopanue, GUILTPOBAHUE, TCUCHHUE Ta3a WM KUIKOCTH Yepe3
CJIOM CBIITYYHUX MaTEPHUAIIOB.

OcymecTBasilOTCS B OTCTOMHUKAX, neHTpudyrax,
ANEKTPOJECTUIpATOpaX, IHUKIOHAX, QUIBTp-TIpeccax, ammaparax ¢
MEIIIAJIKOM, B 0apOOTaXKHBIX ammapaTrax u Jap.

JABHKYIIEH CUJION SIBIISIETCS PA3HOCTh JIABJICHUM.

CkopocTh mporecca ONpeAensiercss 3aKOHAMU TUJIPOJUHAMUKH
HEOJTHOPOJHBIX CHCTEM.

Xumuueckue npoueccosl

Cesi3aHbl C TMpeBpalieHueM o00padaThIBAEMbIX MATEPUATIOB IS
MTOJYYEHHUS] HOBBIX COCTMHCHUM.

K HUM oTHOcCATCHA: mapoBas KOHBEPCHUS MPUPOJHOrO ra3a, CHHTE3
aMMMaKa, OKUCIICHUE aMMHAKA, OJTYYEeHUE AMMHUAYHOW CUJIUTPHI U 1.



OcymecTBIASIIOTCE B XMMHYECKMX PEAKTOpaX, KOHCTPYKUHUS
KOTOpbIX omnpeaensiercs yciaoBusMu (T, P), CKOpOCTbIO XHUMHYECKOU
peaKkiny, HAIMYUEM KaTalu3aTopa U Jp.

JABuokymiedn CHJIOM XUMHYECKHX IMPOILECCOB SBISAECTCS PA3HOCTH
KOHLIEHTpauuii  pearupyromux  BemectB.  CKopocTh  mpoiriecca

onpeacisICTCsa 3aKOHAMUA XMMHYECKOM KMHETHUKHU.

Mexanuueckue npouyeccol

Cas3aHbl ¢ 00padOTKOM TBEPIBIX MaTEPHAJIOB.

K HUM oOTHOCUTCH: H3MEIbUYCHHE, pacCeB, TPAHCIOPTHPOBAHUE,
J03UpPOBaHUE, CMEIIIMBaHUE.

OcymecTBiasiercsi B JIpoOWIKax, Kiaccupukaropax, g03aTopax,
CMECUTETISX.

JABuokymie CUJION SBISICTCS NPUIIOKEHHOE K TEIy YCUIIME WIIU
HaIpspDKeHUe (CxKaTusl, CABUTA).

CkopocTh npornecca onpeaessaeTcsl 3aKOHaMU MEXaHUKHU.

OCHOBHBIE  TIPOIECCHI  MOTYT  OBITh  MEPUOAMYECKUMU U
HENPEPHIBHBIMH.

Ilepuoanyeckue MNpoUecChl XapaKTEPU3YIOTCS EIMHCTBOM MECTa
NPOBEJICHUS PA3JIMYHBIX CTAUN U3MEHSIONMMUCS BO BPEMEHH MaccaMu 1
cocTaBaMM  IOTOKOB. TO  ecTb  Takue  MPOLECChl  SBJISIOTCS
HectaumoHapHbIMH, YTO 3aTPyJHSET WX AaBTOMAaTH3alMIO, CO3/IaHHE
KPYIMHOTOHHAXHBIX MPOU3BOJICTB, YCIOKHAET KOHCTPYKIUIO annapaTroB 1
T. [I.

Hamnpumep, Ha puc. 1 uzo0paxeH peaktop, NpeacTaBIdIONUNl coOon
anmnapaTr ¢ MeUlaJKod, 000pyAOBaHHBIN pyOaIliKkoil, B KOTOPYIO MOAAETCS
TEMJIOHOCUTEIIb.

Pabota  Takoro  peakTopa B  IEPUOJAMYECKOM  PEXKUME
XapaKTepUu3yeTcs CACAYIOIMUMH CTATUIMU:

a) 3arpy3Ka UCXOJIHBIX BEIIECTB B PEaKTOP;

0) HarpeB C MOMONIbIO MOAAYM TEIUIOHOCUTENS B pyOalky 1o
HEO0OX0TMMOMN TEMIIEPATYPHI;



B) CO37aHH€ C TOMOIIbI0 HMHEpPTHOTO raza (N2) HEoOXOaUMOro
JaBIICHUS,

I') MPOBEJACHUE pPEaKIMU 10 3aJaHHON KOHIICHTPAIlUW MPOIYyKTOB
peaKIuu;

1) OXJIQXKICHUE TPOAYKTOB U CHI)KEHUE JIaBJICHUS,

€) BBITPY3Ka MPOYKTOB PEAKITUH;

) MPOJyBKa anmapara.
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TenoHocures
ITpoayKTHI peakiium
Pucynok. 1 — PeakTtop cMmemienus, paboTaroniuii B
IIEPUOAUUECKOM PEKUME

HenpepbiBHBIE NMpolecchl XapaKTEPHU3YIOTCS CAUHCTBOM BPEMCHH
MPOBEJCHUS BCEX CTaJUM Mpoliecca, Kaxaas U3 KOTOPBIX OCYIIECTBISETCS
B CIICIIMAJILHOM arrapare.

[ToTokn, WX COCTaBpl W JAPYTrH€ IMapaMeTphbl Ha BCEX CTAAUAX
SABJISIOTCS YCTAHOBUBIIMMHUCS. OTO o0O0Jier4yaeT HMX aBTOMAaTH3aIHIO,
MO3BOJISIET YIPOCTUTh KOHCTPYKITHIO.

Ha puc. 2 mnpeacraBieH peakTOp CMEIICHHUs, padoTaroluii B
HEMPEPBIBHOM pekuUME. I OCYIIECTBICHUS HEMPEPHIBHOIO peXKUMa
TpeOyeTcst 00JIbIlIee YUCTIO alnapaToB.
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Pucynok. 2 — PeakTop cMerieHus, paboTarouii
B HEMPEPHIBHOM PEKHUME:

1 — TeryI00OMEHHBIE amnmapaThl; 2 — peaKTOp CMEIICHUS.

OcHoeHble 3aKOHbl

[IpoBenenue m0OOro mpollecca CBS3aHO C  MCIOJIB30BAHUEM
pa3IMYHBIX MaTePHUAJIOB U SHEPTruU (TJIABHBIM 00pa3oM TEIJIOBOH).
MarepuajbHble OajgaHChl OCHOBaHbI Ha 3aKOHE COXpaHEHUs

MaTepuH, a TemJIoBble 0aJlaHCHl — HA 3aKOHE COXpaHEeHUs dHepruu [1].

n m

2. Gicjj+ 2, G =0 (1.1)
i=1 k=1 .

n m "
D GiCpiti+ D 0 =0 (1.2)
i=1 k=1

IlmoTHOCTL. Macca XKHAKOCTH, COJEpPXKaIIAsicCsi B ECIUHUIIE €€
o0bemMa, Ha3bIBACTCS TJIOTHOCTHIO (p):

=y (1.3)

5

TJIe M — Macca JKUIKOCTH, KT V — 00beM )KUIKOCTH, M.

[1JIOTHOCTB KUAKOCTH MAJIO 3aBUCUT OT JIABJICHUS U TEMIIEPATYPHI.
[IJI0THOCTB Ta30B B 3HAYUTEIBHOW CTENEHH 3aBUCUT OT TEMIIEPATYPHI
U JaBJICeHHs. 3aBUCUMOCTh MEXIY TeMIepaTypou, TaBjIeHUEM U 00beMOM



rasza OIpeJessieTcsl ypaBHEHHEM COCTOsIHUS (yIpaBieHueM MeHpaeneesa —
Knaninepona):

_mRT

M (1.4)

9

pV

rae p — pasnenue, Ila; V — o0Obem rasza, m°

; m — Macca rasa, Kr;
R — yHuBepcanbHas razoBas mnoctosHHas, R = 8314 Ix/(kmonb-K);
T — remneparypa, K; M — monekyispHas Macca ra3a, Kr/MoJib.

N3 ypaBHEHUS TTOJTyYUM:
m RT RT

P= — .
v 'm P (1.5)
YuutsiBas, 4TO
pV
——=const
T , (1.6)
MOYKHO MOJIYYUTh CIICYIOIINE COOTHONICHHS, MTO3BOJISIFOIINAE
pPacCUYUTHIBaThL 00BEM U INIOTHOCTH MPU U3MEHEHUH TEMIIEPaTyPhI:
P-T
V=y,-2
"P-T, (1.7)
_T,-P
P=Porp, (1.8)

rae 7, = 273K (0°C); Pp= 101325 Ila (HOpMaiabHbBIEC YCIOBHS).
Pacxo10M Ha3bIBaeTCS KOJUYECTBO JKUIAKOCTH, MPOTEKAIOIIECH Yepes

’KMBOE CEUCHHE II0TOKAa B EIWHUILYy BpeMeHH. Pacxon MoxkeT ObITh
BBIPAKEH B MACCOBLIX (71, KI/4) WM 00BEMHBIX (v, M>/4) €IUHUL] aX.
MaccoBblil 1 00bEMHBIN PACXObl CBSA3aHBI COOTHOIIEHUEM:
"=po, (1.9)
IJie p — TUIOTHOCTh JKUKOCTH.

CxopocTtbi0 TOTOKAa () Ha3bIBACTCS OTHOIIEHUE OOBEMHOTO
pacxojia (v) K IUIOMIAAN MOMEPEYHOTO ceYeHUs moToka (F):

10



_l)
“F (1.10)

IlioTHOCTL cMecH KUAKOCTEH (pey) TPUOIMIKEHHO MOXKHO
paccuuTath 1o hopmyiie:
1 X

Po Hp, (1.11)

M

TJIe X; — MaccoBas J0JiA i-T0O KOMIIOHEHTa B CMECH, p; — IJIOTHOCTH i-
ro KOMIIOHEHTA, KI/M>;

ILnoTHOCTB NI0O0OTO Ta3a p npu temneparype T u naBieHuu P moxet
OBITH paccunTaHa o ¢hopMmyJie:
To-P_ M 27315-P
T-Py 224 T-Py (1.12)

(To=273,15K, Py =1,013-10° Ia),

rae po, = M/22,4 xr/M> — IUIOTHOCTE rasa npu H. y., M — MonbHas Macca

P=po

rasza, Kr/kMojib; T— temneparypa, K; P u P, 1O KHBI ObITh BBHIPAXKCHBI B
OJIMHAKOBBIX €IMHULIAX.
Ili1oTHOCTH CMECH ra30B:

n
Pen = D, ViPi (1.13)
i=1

rjae yi — o0beM J0JIM KOMIIOHCHTOB T'a30BOM CMECH; p; — IUIOTHOCTD i-TO
KOMITOHEHTA, KI/M>"
JlaBaenue P cromba KUAKOCTH BBICOTOM /A TNpH  TIJIOTHOCTH
KHUIKOCTH p PABHACTCS:
P=p-g-h (1.14)

3nech P BeipaxkeHo B I1a; p-B xr/M>; g = 9,81 M/c?; h — BICOTA, B M.
OcHOBHOE ypaBHEHUE THAPOCTATUKU
P=Py+tp-g-h (1.15)

rae P — ruapocTaTuyecKoe AaBJIeHUE Ha TIIyOuHe /1 (6, M) OT MIOBEPXHOCTHU
xuakocty, [1a; P, — gaBineHne Ha TOBEPXHOCTh KUIAKOCTH, 11a.

11



OCHOBHBIE 3aKOHBI:

3aKOH COXPaHEHUs MacChl BEIIECTBA.
3aKOH COXpPaHEHUS SHEPIUU.

3aKOHBI TUAPOJUHAMUKH.

3aKOHBI TEIUIONEPEeIaUu.

3aKOHBI MacCONEPEIAYN.

Bonpocs! 11 KOHTPOJIA

1. ITo kakoMy mOpu3HaKy KIAaCCU(ULHUPYIOTCS  OCHOBHBIE
IIPOLECCHl XUMHUUYECKON TEXHOJIOTUU?

2. IlpuBenure KJIaCCU(PUKAIUIO OCHOBHBIX IPOLIECCOB
XUMHUYECKON TEXHOJIOTHH.

3. C  nmomomuipro KakuxX  anmnaparoB OCYIIECTBIISFOTCA
TUIPABINYECKUE MPOLECCHI?

4. YUto sBmgeTCAa IBWXKYLIECW CHJIOW TEIUIOBBIX mponeccoB? B
KaKHUX aIlapaTax OHA OCYIIECTBISIIOTCA?

5. B kakux annapaTtax OpoBOJATCS MaCCOOOMEHHBIE MPOIECCHI?

6. Ilepeuncnure mnpouecchl, OTHOCSAIIUMECS K MacCOOOMEHHBIM
IIPOLIECCAM.

7. Uto siBAsieTCA IBHXKYLIEH CHUII0N MacCOOOMEHHBIX MPOLECCOB?

8. Kakme cucremsl sBisroTca HeogHopoaHsiMu? [lpuBenure
MPUMEDPBHI.

9. B xakux anmapaTax MPOUCXOIUT Pa3AeleHUE HEOIHOPOHBIX
cUCTEM?

10. Uto siBisieTcst ABMXKYIIEH CUJIOW XMMHUYECKHX TporeccoB? B
KAKHX armapaTrax OHU IIPOBOISATCS?

11. Yto siBnsieTcss ABUAKYIIECH CUIION MEXAaHUYECKUX MPOLECCOB?

12. KakumMu cTtagusMud XapaKTepu3yeTcss paboTa peakTopa B
MEPUOIUYECKOM PEKUME?

13. IlepeuncinTe npeuMyIecTBa HEMPEPBIBHBIX MTPOLIECCOB.

14. Ilepeunciinte  OCHOBHBIE  3aKOHBI, HCIOJB3yEMBIE B

XUMHYECKOM TEXHOJIOTHHU.

12



IIpakTHyeckoe 3ansaTHE 2

Tema «ITOCJIEJOBATEJIBHOCTDb COCTABJIEHUA
MATEMATUYECKOH MOJEJIN»

MopenupoBaHnne Kak METOJ HMCCIEIOBAHUSA TEXHOJOTMYECKUX
IIPOLIECCOB BKJIFOYAET B c€0s CIEAYIOINE OCHOBHBIE JTAIIbI:

® [IOCTAaHOBKA LIEJIA MOJEIMPOBAHNUS;

® [I0CTPOCHUE MOJEIH MPOLECCa;

® [IPOBEpKA aJICKBATHOCTU MOJIEJIA U BHECEHUE KOPPEKTUB;

® IIPOBCACHHUC PACUCTHBLIX HCCJ’IGJIOB&HHIZ U OIITUMHU3ALUs IMpouecca

C UCITIOJIB30BAHUEM MOACIIN.

Kaxnapiii 3Tan  BriowaeT craauu. OOmas cxema mpoiecca

MaTeMaTU4YECKOr0 MOJEINPOBaHUs IPUBECHA Ha puc. 3.1.

™ © © ©

lMpedmemrasi Mocmanoeka| _ | M3y4enue CocmaeneHue Mocmpoerue
6rnacms 33dayu » meopemuyeckux | ypasHeHul || modenupyrouwezo
oon OCHO8 npoyecca modesnu (MO) anzopumma (MA) —|

CmpykmypHas u
@ napamempuyeckasi

udeHnmudpukayus
@ ;
Y
KomnbromepHas lpoeepka
_ | Peanusayus Ha - - .
> (Mamemamu4eckasi) »| adexkeamHocmu »| PeweHue
KoMnbromepe
modesnb modenu
fo L
SkcnepumeHmarsnbHbie AHanus
uccnedosaHus nosiy4yeHHou
uHghopmayuu

Pucynok 1 — O061ias cxeMa mpoiiecca MaTeMaTH4eCKOTO
MOJICTUPOBAHUS

llepeasa cmaous — 3TO mocTtaHoBKa 3anauyd. OIHOMY U TOMY XK€
OOBEKTY-OpUTMHAIY B 3aBUCUMOCTH OT LEJIEH MOJEIUPOBAHUS MOXKET
COOTBETCTBOBATH OOJIBILIOE YHCIO MOJEIEH, OTPAKAKOLIUX Pa3HbIE €ro
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CTOPOHBL. JTa CTaJHsl ONPEAEISIET HE TOJBKO LIENb aHaln3a, HO U MyTH
pELICHUS 3a/1a4H.

Bmopasa cmaous — 310 omnpeneneHue ¢GyHIaMEHTAIbHBIX 3aKOHOB,
KOTOPBIM TMOJUUHSETCS MEXaHU3M SBJICHUM, JIEXKaluX B OCHOBE
paccMaTpuBaeMoil TpoOJIEMBI.

Tpemvs cmaous. Ha ocHOBe BbIOpaHHON (U3UUECKOW MOJIENIU
3alIMCHIBACTCSl CUCTEMa ypaBHEHUU mMaTteMaTu4deckoro onucanus (MO).
Tumamu cucrem MO sBASIFOTCS:

1. Koneunsle  (CHUCTEMBl  JMHEWHBIX  alreOpanyeckux U
HEJIMHEHHBIX YPaBHEHUI).

2. CucreMbl OOBIKHOBEHHBIX AU epeHIInaIbHbIX YPaBHEHU.

3. Cuctembl  auddepeHranbHbIX  YpaBHEHHM B YacCTHBIX
POU3BOIHBIX.

Yemsepmas cmaous. Onupeaensercs MOAeJUPYOUIUA AJrOPUTM
pelieHus cucrembl ypaBHeHud (MA). B [1] nansg  onpeneneHus
MOCJEAOBATEILHOCTH PEIICHUS CUCTEMbl YpPaBHEHUW TMpeaiaraercs
pacrojaraTb HUX B JIOTUYECKOM TMOCIEIOBATEIBHOCTA C TOMOIIBIO
MOCTPOEHUsI OJIOUHOW MNOTOYHO-UH(POPMALIMOHHOW JuarpaMmbl (CXEMBbI
CBSI3€M  OTJENBHBIX CTaJui TEXHOJOTHYECKOro rmpouecca). B [2]
npejiaraeTcs TOCTPOUTh U MPOAHAIU3UPOBATH HMHQPOPMAIMOHHYIO
MaTpUIly CUCTEMbI YPaBHEHUMH.

Ilsmas  cmaodus. Co3maeTcss mporpamMmma JUisl  peaau3aluu
pa3zpaboTaHHOTO MoJenupyromero airoputMa Ha OBM  (co3maHue
KOMIIBIOTEPHOI MOJIENN).

Maremarnyeckass Moaejb — 3TO peaIM30BaHHbIM Ha KOMIIBIOTEPE
anroput™ (MA) pelieHusi CHCTEMBl YPaBHEHUNW MaTEMAaTHYECKOTO
onucanus (MO).

Lllecmas cmaous — 3TO TPOBEpPKa aIEKBATHOCTH MOJIEIIH.

AIeKBATHOCTb —  COOTBETCTBUE  MaTEMAaTHYECKOW  MOJIEIU
peanbHOMYy OOBEKTYy M  KaueCTBEHHOE (TEHIEHUUH  HM3MEHEHUs
NEPEMEHHBIX B MOJIETM M B OOBEKTE OJMHAKOBBI) U KOJIMYECTBEHHOE
(3KCIEpUMEHTAJIBHBIE JJAHHBIE).

14



y

= pacm _ —IKCn

Z(ypacm _ yakcn)z —c

rac € — HC MCHbIIC ITOTPCITHOCTH SKCIICPUMCHTAJIbHBIX HSMGPGHHﬁ.

Ceobmas cmadus — uneHTAQUKANMA. ECIM anekBaTHOCTL He
JIOCTUIHYTA, TO HY>KHO PELIMTH 33134y MACHTUOUKALMH:
ml‘n Hypacm _yf?Kcn

Ha sTom stane ajis obecredeHuss Ka4eCTBEHHOTO U KOJMYE€CTBEHHOTO
COOTBETCTBHUSI TMOBEACHUS MOJEIU M O0BbeKTa (aJCKBAaTHOCTH MOJICIIH)
mapaMeTpbl MOJCIH KOPPEKTUPYIOT Ha OCHOBAaHHMHM SKCIEPHMEHTAIbHBIX
naHHbIX. [Ipy 3TOM KOppeKTUPYHOTCS Kak Ko3(h(PUIUEeHThl (apaMeTpbl)
YpaBHCHUH  MaTeMaTHYeCKOTO  ONHCaHWs, T.H. IapaMeTpudecKas
UACHTU(UKAIIAS, TaK U caM BHUJ YPaBHCHUM, YUYHTHIBAIOIINN MEXaHWU3MBI
IMPOTEKAIOIINX MPOIECCOB, T.H. CTPYKTypHAas WACHTU(HUKAIIHS.

Bocvmas cmaous — w3ydeHue W TOATBEPKICHHE PE3yIbTaTOB,
MOJTYYCHHBIX MPU PEIICHUH MaTeMaTHUYECKON MO/ICIIH.

[IpoBoasiTCST  pacyeTHBIE HWCCICAOBAHUSA  MOJICNIM, aJICKBATHOM
peaIbHOMY TIPOIIECCY, CTaBITCA PA3JIUYHOrO POJia BHIYMCIUTEIbHbIE
IKCIEPUMEHTHI HA KOMIIbIOTEPE, TTO3BOJISIONINE 00yiee TIIyOOKO MOHSTH
3aKOHOMEPHOCTH MPOTEKAaHMS MCCIEAyeMOro Ipoiiecca. Pesympraramu
HCCIICIOBAHUM SIBJISIOTCS CTATUYECKHWE M JUHAMHUYECKUE XapaKTECPUCTUKHU
MPOIECCOB, YacCTO MpPEACTaBIsieMble B BHC T'padUKOB, aHAIN3 KOTOPBIX
MO3BOJISIET  NMPUHUMATh  PEHIEHWS 1O  YCOBEPIICHCTBOBAHUIO U
MOJIEpHHU3AIMU PaOOTHI PeabHbIX TPOU3BOJICTB.

JIns ToCTpoeHUsS MOJEIU HEOOXOAUMO COONIOATh CIIECAYIOIIUE
POCThIC MpaBUJIA;

® ypaBHEHMI IOJDKHO OBITH CTOJBKO (HE OOJibIlle M HE MEHBIIIE),
CKOJIbKO HMMEETCS HEM3BECTHBIX BEJIWYUH, OMNPEACISIONIUX ITOBEICHHUE
(bU3UYECKON CUCTEMBI;

e 11000€ ypaBHEHHUE MOKET OBITh PEIICHO OTHOCUTEJIBHO KaKOH-TO
HEW3BECTHON BEIMYMHBI B TOM CJydYae, KOTJa OCTaJdbHBIE BXOJSIINE B
HET0 HEM3BECTHBIC BEIMYHHBI ITOJTYICHBI U3 IPYTUX YPAaBHEHUH;

15



® KaXJ0€ ypaBHEHHUE PEIIACTCS OTHOCUTEIHLHO HanboJee 3HAUUMOn
U3 BXOIALINX B HEro IIEPEMEHHBIX; IMpU €€ BBIOOpE HAIO
PYKOBOJICTBOBAThCS (PU3NUECKUMU aCTIEKTaMH 3a/1a4H.

Bonpocsl 11 KOHTPOJIA

1. Kakue »sTambl BKJIIOYaeT B ce0S MOJCIMPOBAHHWE KaK METO]
HCCJICIOBAHUS TEXHOJIOTHYECKUX MTPOIIECCOB?

2. Kakpe Tumbl CUCTEM YpaBHEHUM BXOJSAT B MAaTEMAaTHYECKOE
OIMCaHHE TEXHOJIOTNYECKOT0 00beKTa?

3. Kak onpeznenseTcs MOJICIUPYIOINN aJITOPUTM PEIIEHUSI CUCTEMBI
ypaBHEHUM?

4. JlaiiTe onpeaeaeHue MaTeMaTUYECKON MOJIEIN TE€XHOJIOTHYECKOTO
00BEKTA.

5. Yto Takoe aieKBaTHOCTh MaTEMAaTHYECKOU MOJIEITN?

16



IIpakTHyeckoe 3anaTue 3

Tema «AIEKBATHOCTHh MATEMATHUYECKHUX
MO/JIEJIEW»

3.1 Kputepuu agekBaTHOCTH MojieJiei

Marematnueckass MOJielb OOBEKTa SIBISACTCS JIHMIIb €T0 aHaJOTOM.
[ToaToMy 3Ha4YeHUs TIEPEMEHHBIX, MOJyYaeMbIX Ha MOJEIU U OOBEKTE,
pasnuyaroTcs. 37€Ch BO3HHUKAET 3ajaya YCTAHOBJIEHHUS OJIM30CTH MOJIENU
peanbHOMY O0BEKTY (YCTAaHOBJICHHS aJeKBaTHOCTH Mojaenn). Kpurepuun
agexkBatHocT Mojenu (R) Oasupyercss B OCHOBHOM Ha MeETOJax
AUCTICPCUOHHOTO aHAJIN3a M aHaJIM3a OCTATKOB.

3
PasHOCTh MeXIy OKCIICPUMEHTANbHBIMH JaHHBIMH (Vi) W

M
paCCUMTAHHBIME 110 MozieH (Vi ) Ha3bIBAIOTCS OCTATKAMM:
e} =yl —yi' (3.1

O‘IGBI/II[HO, 4TO €CJIMU HUCIBITBIBACTCA MOACIb HCTHHA, TO OCTATKHU

Kl
CPaBHHMBI C BEIMYMHAMH i | XapaKTepH3YIOIMMH OIMNOKY H3MEHEHHIA.

[lopTomMy o0Omass Mepa HECOOTBETCTBUS  MOJEIU  pe3yjibTaTaM

OKCIICPUMCHTA SSM NpCACTaBJACTCA B BUJC!

88, =2.(y-y") (3.2)
i=1 .

B craructhke 3Ta BEJIMYMHA HA3bIBACTCS OCTATOYHOM CYyMMOM
KBaJIPaToOB.

Ecau npo mnOpoBeaeHMM  AKCIEPUMEHTAIBHBIX  MCCIIEAOBAHUM
MPOBOJSATCS TapajulebHbIE OMNBITH (T.€. TOBTOPHbICE W3MEPEHUS B
OJIMHAKOBBIX YCIIOBUSIX), TO WH(MOpMaIuio 00 OmuOKax HU3MEPEHUS

COJICPIKUTCS B:
N

N
, 1
S8, =2(¥j=¥)  ¥=r2); (3.3)
Jj=1 , TIIe Jj=1
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Torma BenuuunHa S8, omnpenenseT Mepy CIHOCOOHOCTH MOJACIH
OTpaXKaTh PE3yJIbTATHl SKCIICPUMEHTA.

n N
880 =2y =y ) =Dy} -¥) (3.4)
i=1 i=1

CyMMa kBaJpaTOB SSw0 XapakTepu3yeT CTeNneHb aJeKBATHOCTH
MoO/IeJIH, TaK KaK 9eM MEHbIe 8840, TEM Jydile MOJEIb BOCIIPOU3BOJIUT
DKCIICPUMEHT.

CyMMBI KBaJpaToB, Oyaydd NOJEIECHHBIMH Ha COOTBETCTBYIOIIHE
qHUCiIa CTEMEeHEeH CBOOOJBI, OMPENCIISIOT COOTBETCTBYIONIHE AMCIIEPCHHU.
Od4eBUIHO, YTO aJCKBATHOCTh MOJICTH MOYKET ONPEASIATHCS OTHOIICHHEM
oucnepcuu adekeamuocmu K oucnepcuu 8ocnpouszgooumocmu. Ecau 3To
OTHOIIICHHWE BeaUKO (»1), TO uCHBITHIBAEMas MOJEIb HE OTpaKaeT
PE3yIbTaThl SKCIIEPUMEHTA.

3.2 OueHka aIeKBATHOCTH MOJeJIel ¢ MOMOILIBI0 KPUTEPHs

dumepa (F)
J17151 TOTO HaXOAT OTHOIIICHHE:
Sao
F=a (3.5)

eocnp

s S,
ragpe a0, —eonp COOTBETCTBEHHO JUCIIEPCUS AJEKBATHOCTU U

AUCTICPCUA BOCIIPOU3ZBOAUMOCTH, OIIPCACIIACMBIC KAK

S, ¢ __SS,
o Sw = (3.6)

Sjo =
eocnp .
Uucno creneHeld cBoOOJABI 3aBUCUT OT TOro, KaKuM 0Opa3om
ompeAesIach BOCIIPOU3BOIUMOCTD OITBITOB.
Ecaun aucrepcust BOCHPOM3BOIMMOCTH OIpEICIsIach B OTACIBHOM
CEpHUH OIBITOB, TO

feocnp =n-1 (37)

=Nn-— .
Sao Pi, a :

TJE€ pi— YUCIIO YCTAHABIMBAEMBIX ITAPAMETPOB i-OM MOJIEIIH;

R _— gpcno IIOBTOPHBIX OIIBITOB,
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n — o0I11Iee YUCIIO OIILITOB.

Eciu nucnepcus BOCIIPOU3BOAMMOCTH ONPENECIISIIACH B KAXKIOM U3 ¢

Pa3IMYHBIX YCIOBHM, IPU KOTOPBIX MPOBOAUIOCH # MOBTOPHBIX ONBITOB,
TO

fa():”—Pj—‘I(ﬁ—l) a fsocnp=q(ﬁ_1). (38)

OcHOBHasi TUIOTE3a, KOTOpas MHPH ITOM IIPOBEPSETCSA, COCTOUT B
CJIEYIOUIEM: MOYKHO JIM CUUTATh CPAaBHUBAEMbIE BHIOOPOUHBIE TUCIIEPCUU
OLICHKaMH OJHOW W TOU K€ T€HEPAIIbHOU TUCIIEPCUM.

Ecnu na, To aucriepcuy HE3HAYUTENBHO OTIWYAKOTCA IPYT OT Ipyra u
MOJEIb AAEKBATHA O0BEKTY B Ipelesiax TOYHOCTH JSKCIepuMeHTa. B
OPOTUBHOM CJIy4a€ MOJIEJIb HEAIeKBATHA 00bEKTY.

B kayectBe KpUTEPUA OTIIMYMUA JUCIEPCUN HCIOJB3YETCA KPUTEPUU

Oumepa (F-xputepuit). 3Hauenus F-pactipeneneHuss sl pa3IMUHbIX

Soo

CTEINeHeN CBOOOIbI Jao u ~ %P IpUBEIEHBI B JINTEPATYPE 110 CTATUCTHUKE.

Ecau paccuutanHoe mno (5) 3HadYeHUE F<Fma5n(far>,f socnp ) nns
YPOBHS 3HAUYMUMOCTH p, TO THUIIOTE3a BEpHA, T.€. MOJAEJb aJeKBAaTHA
00beKTY.

3.3 OueHka MoeJId OTHOCUTEJILHO CPEAHEro 3HAYCHUS

HpI/I OTCYTCTBHUU IapaJuICJabHbIX OIIBITOB nu AUCIICPpCHUN

BOCHPOU3BOAUMOCTH (S, HEM3BECTHO) KA4eCTBO MOJECIU MOXKHO
2 S2

OLICHUTh, CPABHUB Sao Y IUCIIEPCUI0 OTHOCUTEJBHO cpenHero .
n
—\2
2. (¥i=¥) e (39)
S 3 = =1 y=—2Vi '
P n— 1 , TIe n i=1

Jmg  3TOro  UCHoJIb3yroT Kpurtepud Puiiepa U COCTABISAIOT
OTHOILLICHUE

F,=—53" (3.10)



ma6ﬂ

3aTeM €ero CpaBHUBAIOT C TAOJIMYHBIM 3HAYCHUEM Fiop (f v, J ad’)

JJI 3aJaHHOT'O ypOBHSI 3HAYUMOCTHU P-
F ma6ﬂ

Ecan r< Fyi p (fCP fao)

2 2
TO TUIIOTE3a O TOM, YTO Aucnepcuun % u Sao MIPUHAIJICKAT OJHOU U TOU

K€ TEeHEpaJbHOW COBOKYMHOCTH, BepHa. Torma ucCmosib30BaTh MOEIb
HeleJeco00pa3Ho, TaKk Kak oHa 00JIa/laeT OJJMHAKOBOW MPOTHO3UPYIOMIECH
CIIOCOOHOCTBIO CO CPEHUM 3HAYEHUEM.

ma6ﬂ
Eciu Fp> I-p (fc‘p fao)
Se, 82

TO IUCIIEPCUU M 40 3HAYUTENIILHO OTJIMYAKTCA APYr OT Jpyra,

2 2

Sp o S y

pUYeM > a0 Mcnonp30BaHUE MPOBEPSIEMONM MOJCIU SABJIACTCH
eJ1ecCo00pa3HbIM.

PaccMoTpeHHass  mpoBepka  4acTO  Ha3bIBA€TCS  IIPOBEPKOM
1[EeTIeCO00Pa3HOCTH UCIIOIB30BAHUS MOJIEIH.

IIpumep. HccrnenoBanachk THAPOJMHAMHKA IIOTOKA MXKHUIKOCTH Ha
Tapeiake PeKTU(HUKAIMMOHHON KOJIOHHBI. BBoawmim Tpaccep W H3MEpSId
OTKJIMK Ha BBIXOJAE W3 Tapeiakw. Jliasd ommcaHWs JBWKEHHS IIOTOKa
KUJIKOCTH ObLjIa MPHUHATA SYeeuHasi MOJICNb, COAepKaIas OJUH mapamMeTp
— YHUCJI0 sUeeK. 3 3KCIepuMEHTaAIbHBIX JaHHBIX OBLJIO YCTAaHOBJIEHO, YTO
quciao saeek paBHO 6. TpeOyeTcs yCTaHOBUTH aJeKBAaTHOCTH SYCCUHOU
MOJIETTH SKCIIEPUMEHTY.

Pe3ynpTaThl SKCIEpMMEHTAa W pacdeTa IO MOJCIH IMPHUBEICHHI B
Ttab6a. 3.1.

Tabnuma 3.1 — Pe3ynbpTaThl 9KCIIEpUMEHTA U pacyeTa Mo MOJIeIH

T, MUH 1 2 3 4 5 6 7 8 9 10

C,t/n |3 30 | 135 |253 (266 [210 |135 |77 (43 |26

Cr/n |49 |54 143 (210 {223 | 194 (145 |99 |62 |36

T, MUH 11 12 |13 14 |15 16 |17 |18 19 |20

C, r/n 17 |12 |9 7 5 3 2 1,5 |1 0
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C',r/nm |20 |11 |6 3 14 (0,7 |03 (0,2 |0,1 |0,03

Jlns OIIEHKH AWCIIEPCHHM BOCIPOM3BOIMMOCTH ObLTa IIOCTaBJICHA
OTAEIbHAs cepusl OIbITOB (Tabd. 3.2).

Tabnuua 3.2 — Cepus ONbITOB NP MOCTOSTHHBIX YCIOBUAX

Howmep onbita | 1 2 3 4 5 6
C,, r/n 25 18 22 29 35 23
Pemenue

bynem ycranaBiuBaTh aJlcKBaTHOCTh, UCIIOJIb3Ys KpuTepun duiepa.
CocraBum F-OTHOIIEHUE

g2
F ao
2 (3.11)
S(mcnp
§? 2
Haiinem 3Hauenue “a0 p = 4"
(c;-¢)
g2 _,; ’ _5701L3 _ 1001 (3.12)
“0 n—p 20-1 ’
>
(¢;-¢c)
2 i=1 - (313)
S gocnp = - = 35,6
1.E
‘TN
re /=1 ; (m — p)u (N — 1) — uncno creneHerd cBOOOIbI
COOTBETCTBEHHO TUCTICPCUH a7ICKBaTHOCTH U TUCTIEPCUU
BOCIIPOM3BOIUMOCTH.
SZ, 300,
F = = — =8,4

F-0oTHOIIEHUE PABHO gocnp
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CooTBercTBYIOIICE TaOIMYHOE 3HAUYCHHE Kputepus Duiiepa s

qucen crenmeHer cBobonbl 19 m 5 m ypoBHsS 3Haunmmoctu a = 0,01
Fmaéﬂ
cocrapimgem %01 (19,5)=95.
Takum oGpazom, F < fmaon

U siYeeyHasi MOJIeb aJiIcKBaTHA AKCIIEPUMEHTY.
OueHuM 11eJ1eCO00pa3HOCTh MCIIOJb30BaHUS SYCCYHOM MOACTH JIJIS

OIIMCaHus ABUXCHHA IIOTOKA XHNJIKOCTHU Ha peKTH(I)HKaHHOHHOfI TapCJIKC,

2
CpPaBHUB JUCIEPCUI0 OTHOCUTEIBHO cCpeaHero Y W JIUCIEPCUIO
5?2
aJICKBAaTHOCTH 49 ,
J1st aTOro coctaBuM F-OTHOIIICHUE B BUJIE

% 2
K} J—
52 (¢c; —c)
, 1
F=y §2, = i=t = 78375 G.15)
Sa@ , Tae n-—

a € omnpenensercs Kak cpeaHss KOHIEHTpauus 1o BceM 20 ombITaM,

T.C.
1 20
TP N A (3.16)
J_
Havinem Benmnunny F-OoTHOIIECHUS
7837,5
F=—""-=26,
3001 | (3.17)
CooTBeTCTByIOIICE TaOJMYHOE 3HAadeHue Kpurepus Owuimepa s
maon
gucen crerneHeii ceodoabl 19 u 19 cocrabisiem ~ 001 (19, 19) = 3,0.
Tak kak F > Fraon, (3.18)

TO A4YCCHHYIO MOACIJIb UCIIOJIb30BATH HGHCCOO6p33HO.

Bonpocs! 11 KOHTPOJIsA

1. JlaliTe MOHATHE aJICKBATHOCTH MAaTEMATHYECKON MOJICIIH
2. Kak mnpexacraBisieTcs oOmas Mepa HECOOTBETCTBUS MOJICIIH
pe3yabTaTam SKCIepuMeHTa’?
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3. Kakum obpazoMm PACCUUTHIBAETCS JIACTIEPCUS
BOCHPOU3BOJUMOCTH?

4. Kak oleHMBAeTCA aJIeKBaTHOCTh MOJICJIIEH C MOMOIIBI0 KPUTEPUS
Qduiepa?

5. Kak orieHuBaeTcs 11€1€Co000pa3HOCTh UCTI0JIH30BaHUS MOACIH TIPU

OTCYTCTBHM ITapAJJICIIbHBIX OITBITOB?

IIpakTyeckoe 3ansaTue 4

Tema K<MATEMATUYECKUE OITUCAHUSA TUITOBbBIX
MOJIEJIEA TMAPOJJUHAMUKN»

4.1 MaremaTuuyeckasi MOJeJIb anmnapara uaeajbHoOro
cmemnenus (UC)

Annapar MC mnpencraBisieTcs Kak amnmapar ¢ MENIaIKOW, 4Yepe3
KOTOPBIN HENPEPHIBHO MPOXOJUT MOTOK KUAKOCTA. MOIIIHOCTh MEIIAIKU
TaKoOBa, YTO IMIOCTYIAIOMIAsl KHUJIKOCTh MTHOBEHHO TEPEMEIINBACTCS C
Maccod B ammapare, 4eM oOecneurBaeTCs paBEHCTBO IMapaMeTpOB
npoiecca (KOHIIGHTpAIUid, TeMIeparypbl M T. JI.) IO BCEMy OOBEMY

arrmapaTa U Ha BbIXOJI€ U3 HEero (pUcyHoK 4.1).

Co(¥)
G

Ci(1)

Pucynok 4.1 — Cxema annapara uaealbHOT0 CMEIICHUS

3nece G — OOBEMHBIM pacxoj PpEaKIHMOHHOM Macchl, M>/u;
Co(t), Cy(t)

r/M; V — 00beM peakTopa, M.

— BXOJHasd W BbIXOJHAasdl KOHIOCHTPpAIUHU, MOJII:/M3 NI
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Bpems npeGbiBanust yactui B anmnapate MC HeoamHakoBO, Tak Kak
MEIIAJIKa MOKET HAlPaBUTh CPa3y K BBIXOAY HEKOTOPBIE YACTHUIIbI, IPYTUE
K€ MOTYT LIUPKYJIMPOBATH B anmapare.

VYpaBHeHHe MaTepuaIbHOTO OaiaHca:

d(Cy(t)V)
dt

=GCy(t)-GCy(t) 4.1)

Hauamsasie yenosus: 1=0; Ck(1)=Co(1)

s mocTostHHOTO 00Bema peaktopa (F=const) umeem:

dC, (t
v X _ Geeyit)-cut) (42)
niin
dC (1) 1
Tl _ L eyt)-C (1
it Z__( o(1)—Cr( )). (4.3)
. 4
T=—
31ech G _ cpennee BpeMs NpeOBIBAaHMS YACTHIl B arliapare

UJICATbHOTO CMEILIEHHUS. f — TEKYILEE BpEMS.

Kpugas pasrona peakropa UC wnu F-kpuBas (pucyHnok 4.2):

F(t)=Ck(t)=C0(t)(1—exp(_?t)] (4.4)

3necb Co(t) — cTyneH4YaTO€ BO3J/ICMCTBHE Ha BXOJE B pEaKTOp;

Ci(t), F(t) — xoHLIEHTpaIMsI HA BBIXOJIC M3 pEaKkTopa.
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1

0,8 / 0,8

e
w | |
[/ WA\

"/ N

0 0
0 2 4 6 8t10 0 2 4 6 81‘

a — F-xpuBblie; 6 — C-KpUBBIE.
Pucynok 4.2 — Xapakrepuctuku mojenu anmapara UC

bonee ynoOHO i1 aHanu3a W CpPaBHEHUS KPUBYKO pas3roHa

npeaACTaBJIAATb B HOPMUPOBAHHOM BUJIC!

C.(t)
Fo(t)=—*"=1—exp(-0)
H Co(1) | 4.5)
g="L
PI(S T — HOPMHUPOBAHHOE BpEMSI.

NmnynbcHas xapaktepuctuka peaktopa MC (C-xpuas):

C
C(t)=C,(t)= Coz__(t)exp(—%); Cuy(t)= Ckxj =exp(-0)  (4.6)
0 .

4.2 MaremaTtuuyeckasi MOJAeJIb anmnapara uaeajbHOro
BbIiTecHeHusi (MUB)

B anmapare B npuHrMaeTcss NOPIIHEBOE TEUEHUE KUJIKOCTH BJIOJIb

IIOTOKa IIpHU PAaBHOMCPHOM pacHpCACICHUHU BCIICCTBA B HAIIPABICHUU

MEPIECHAUKYISIPHOM JIBUKEHHUIO.

25
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Co(¥)

G Ci(t
k())

< [y
>

Pucynok 4.3 — Cxema annapara u€albHOTO BBITECHEHUS

Ncxons u3 aToro, Bce yactuilpl B anmnapare B uMer0T 01MHAKOBYIO
CKOpPOCTb, OJMHAKOBOE BpeMs MpeObIBaHUS, KOHIICHTpAIlMs BeIIeCTBa
U3MEHSETCS BJIOJIb MOTOKA (PUCYHOK 4.3).

31ech:

L — npenenbHOE 3HAYEHUE KOOPAUHATHI, M;

V — 00beM anmapara, M;

G — 00BbEMHBIH PacXo JKUAKOCTH YE€PE3 alapar, M>/d;

S — ceuenue anmapara, M%;

Ci1, Ci, Ci+; — KOHUEHTpauusi Tpaccepa B i—[, i, i+] CcedyeHHsX

arrapara.
VYpaBHeHue maTepuanbHOro 6ananca annapara MB:

oc(t,1) __ 8C(1,1)

dt ol (4.7)

rac C(t’ l) — KOHIOCHTpaAlA BCIICCTBA, U3MCHAIOMIAACA I10 KOOPJAHWHATC

armapara BA0JIb TOTOKa / U BpEMEHU £,
u=—
U — JIMHEWHAsI CKOPOCTh MOTOKA S

HavanbeHble yciioBus: t=0;120;C(1,0)=Cy (1) .

['paHUYHBIEC YCIOBUSA: I=0;20;C(0,1)= C"(t).

VYpaBHeHus: marepuanibHOro OanaHca amnmapata MB wmoryt ObITh

3aIMcaHbl Yepe3 BpeMs IPeObIBaHMS YaCTHI[ B alapaTe — ~¢ (OCHOBHOIX

napameTp MOJICIIH):
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6C(t,x)__l6C(t,x)

ot r.  ox (4.8)
VvV SL
7 1'6 ==
rjae ©¢ — BpeMs PeObIBAHMS YaCTHUI] B allllapaTe ¢ G,
[
X=—
X — BeJM4YuHa 6e3pa3sMepHO KOOPAMHATHI BAOJb TOTOKA L.

9

Cs(l) — 3HayeHUE KOHIICHTpAlMU 110 JUIMHE anrapaTa B HadaJlbHbIN
MOMEHT BPEMEHHU.

Jns  ymoObcTBa ~ MareMaTH4YeCKOro  OMUCAHUS  UCIOJIb3YIOT

6e3pa3mepHoe Bpemsi, 0 =1/7
VpaBHEHHE MaTepUaAILHOTO OaaHca UMEeT BUI:
0C(0,x) 0C(0,x)
—— =m (4.9)
00 ox
HauanbHble U TPAaHUYHBIE YCIIOBUS:

x=0;, 20; C(x,0)=Cy(08).
0=0;,x=20; C(0,0)=Cy(x)

Jlnsi monydeHus pelieHuM YypaBHEHUM MaTepualibHOTO OaniaHca

3aJal0TCd  HA4YaJbHBIC W  I'PaHUYHBIC  YCJIOBUA, T.C. N3MCHCHUA

KOHIICHTpAIlU IO KOOPJIMHATE U BPEMEHHU.
2. Kpunas pasrona peakropa B (F-kpuas) (pucyHok 4.4):

F,(1)=Cy(1)=Cy(t~7,) (4.10)

VYpaBHeHHE KPUBOW pa3roHa MpeCTaBIsAeT CTYNEHYATY0 (PYHKIIHIO C
3ama3ApIBAIOIINM apTyYMEHTOM.

NmnynscHas xapaktepuctuka (C-kpuBasi) (pucyHoK 4.4):

¢, (t)=0(t-7,) 4.11)

YpaBHeHHE WMIYJIbCHOW XapaKTEPUCTUKU TMPEJCTaBISET CO00M
AenbTa-pyHKIMIO C 3aMa3/bIBAIOIIUM apTryMEHTOM.
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Co® Fult

A A
0 t 0 T T T3 t
a
T M T T
A
A
0 t 0 T T2 T3 t

0

a — F-xpussie; 6 — C-kpuBbIe, T/€ T1, T2, T3 — BpEMsI 3ama3/IbIBAaHUs

Pucynok 4.4 — Xapakrepuctuku Mojiesn anmapara B

4.3 Slueeunas moaean (SIM)

Sdyeeynas MoOJENb  ONHUCHIBAET MPOMEKYTOYHBIE  COCTOSIHUS
CTPYKTYphl THUIPOAWHAMHKHM IOTOKOB B pEaJbHBIX ammaparax MexXIy
Mmonemsimu annapatroB MC u HMB. SIM cxemaThuecku MpeacTaBiIseT
peanbHbI anmnapar, Kak HEKOTOPYIO TOCJIEA0BATEIbHOCTh B OJITUHAKOBBIX
sueek HMC (pucynok 4.5). I'mgponnHamuueckas s4ee€dHass MOJIEIb
CONEPKUT JBa MApaMETpa M — 4YHMCIO S4YEEK; T — CpeaHee Bpems
npeObiBanus. Ilogbop 3THX mMmapamMeTpoB TMO3BOJSIET peliaTh 3ajayu
MapaMeTpPUIECKOro CMHTe3a (MOJCTPOMKHN) TUAPOJIUHAMUYECKUX MOJIEen
peanbHbIX anmnaparoB. M3menennem n ot 0 40 % MOXKHO OIKUCATh BCE

IIPOMEKYTOUYHBIE COCTOSIHUS TMAPOJMHAMUKHU IOTOKOB MEXKAY MOJIEIIBIO
NC u UB.
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Y

1 2 n
T T T
oo =[Je-
V. V, V,

1 n

Pucynok 4.5 — Cxema annapara, OHUCBIBAEMOTO SIYEEYHON MOJEIBIO

VYpaBHeHue maTepuanbHoro 6ananca AM:

dV.C.(t
#() =GC;_(t)—-GC;(t),i =1,2,...,n. (4.12)
HayvanbHble yCIIOBUS: £=0,C;(0)=Cy(2),
rae i —HoMep siuerku SAM;

Vo . L o
i — 00BeEM 1-U STUEUKH, M

3.
2
— pabounii 00beM anmapara, M,

G — 00BEMHBII PACXOJ KUAKOCTH, M>/4.,

VYpaBHeHus matepuaibHoro Oamanca M MoryT ObITH 3amMCaHbl
yepes Bpemsi peObIBaHUS

_dC,(t)

Ui,

dt = Ci—l(t) - Ci (t))i = 1,2,...,” (413)

9

rae °i — cpefHee BpeMs HpeObIBAHUS B i-if siaeiike; *4 — cpeiHee BpeMs

4=
npeObIBaHMS B anmapare G

2. KpuBas pasrona AM (F-kpuas). KpuBsie pasrona SIM moryt
OBITh TMOJYYEHBI pEIICHHUEeM CHCTEeMbl ypaBHeHUU (4.12) mpu 3amaHuu

HAYaJbHBIX YCIOBUM IO KOHIEHTPAIMU B BUJE CTYNEHYATON (PYHKIIUU.

T
IIpumepsl F-KpuBBIX 171 3aJaHHOTO 4 IPU Pa3JIMYHBIX N MMOKAa3aHbl Ha

pucyske 4.6a.
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3. UmnynbecHas xapakrepuctuka JAM (C-xpuBas). [ng uMImyabCcHOM
XapakTepucTuk SIM MMeeTcs: aHaTUTUYECKOE PEIICHUE YPaBHEHNUS:
On—1
CulO)_ M exp(-nb),
Co(0) (n-1)! (4.14)
C.(t)=C_ (0)Cy(t)/7 .

Con(0)=Cy(0)=

[Ipumepsr  C-kpuBbix M 18  pa3nuUHBIX 3HAYECHUSAX N

peCTaBIICHBI Ha pUCYHKE 4.60.

F@) cy !
A H n=0o0

n:
0,5 ~

n=
n=00

0 /% %{

4 0 2 4 6 8§ 4 10

a — F-kpussie; 6 — C-kpuBbIe.

Pucynok 4.6 — Xapakrepuctuku AM

4.4 Opnonapamerpuueckas nupPpysnonnas moaeanb (0OAM)

OJIM oTHOCUTCS K THUNOBBIM MOJESM THUAPOJAUHAMHKHA ITOTOKOB
peanbHbix anmapatoB. OJIM  Takke ONUCHIBAET MPOMEXYTOUHbIC
COCTOSIHUA CTPYKTYPbI TUAPOAMHAMUKY Mex Ty Moaessimu MC u UB.

OcHoBoit OJIM sBasiercss monenb WB, ocmoxHeHHas oOpaTHBIM
nepeMelIuBaHueM, CciaeaylomuM  ¢GopMaabHOMY 3akoHY Juddy3uu
(pucynok 3.13). OOpatHOoe mnepeMelrMBaHUE B peaJbHBIX ammnaparax
MOXET OBITb BBI3BAHO MOJICKYJsipHOW auddy3uert, TypOyJIeHTHBIMU
nyJbCalUsIMUA, TMPUCTEHOYHBIMU d(PdexTaMu B JIAMUHAPHOM TOTOKE,

KOHBCKTUBHBIM IICPEMCIINBAHHUCM.
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: U, C;
Unp Cl-1> Ci p }
Co(1) Ci(®)
> Ussp Ci Uip Cis —> G
D —— N o
G DL Pe
L

PucyHnok 4.7 — Cxema anmnapara, UMEIOIIEr0 OJHOMapaMETPUIECKYIO
i dy3nOHHYIO MOJIEITH
31ech:
L — nipenenpHOE 3HAYEHNE KOOPAUHATHI, M;
V — 00beM anmapara, M,
G — 00BbEeMHBIH pacXojl JKUAKOCTH YEPE3 armnapar, M>/d;
S — ceyeHue anmapara, M>;
Ci1;, Ci, Ci+1 — KOHLEHTpauusi Tpaccepa B i-1, i, i+l cedeHusx
amnmapara.

v,,U

U

np’ = o0p’ T psgMasi, oOpaTHas M CPEAHSS CKOPOCTh MIOTOKA, M/4;
U=U,,-U,,.

JUIs ~ omucaHUST ~ COBOKYIIHOTO  BJIMSIHHS ~ 3THX  (DaKTOpPOB,

BBhIpaXKaoIleecs: B OTCTaBaHWMM OJIHUX dYacTull oT aApyrux, B OJIM

D

HCIIONB3yeTC KO3 GUITMEHT TpoaobHON nquddy3uun ~L WIn KpUTEpPHUi

[lexkne Pe. Ilpum nonyyennn OJIM mnpuHHMaeTcs, YTO KOHLEHTpALMS

BCIICCTBA HCIPCPBIBHO HU3MCHACTCA BJAOJb KOOPAHWHATHI M IMOCTOSHHA B

CCUCHUHU allrapara.

Pe

_Lv .
D, D, = lim U,y Al (4.15)

1. YpaBHenue matepuanbHoro 6amnanca OIM.
VYpaBuenue OJIM ¢ yueroM korddunrieHTa npoaoiabHol quddy3uu

HUMECT BUA:
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oc(t,l)_

oC(t,1) 82C(t,1)
ot ol )

+D
Lo

(4.16)

['paHnYHBIEC YCIOBUS:
D, 0C(t,1)
U ol
dC(t,l) _
da
HauvanbHble yciioBus:
t=0;120,
C(t,l)=Cg(1).

=C(t,1)-Cy(1),

0.

VYpaBaenusa OJIM c yuerom kputepus llekne m cpegHero BpeMeHH
MpeObIBAHUS:

oC(t,1) __,0C(t,1) DL 8°C(t,1)

T

4.1
ot ol v o 17
pe= UL
WJIA C YYETOM TOI'O, UTO D, :

oC(,1) __,0C(t,1) I’8*C
ot ol Pedl*

T

(4.18)

VYpaBuenue OJIM wmoxeT ObITH 3amucaHo B 0Oe3pa3MEpHBIX
KOOpJIMHATaX

0C(8,x) __0C(0,x) 1 0°C(0,x)

4.19
00 Ox Pe  ox? ( )
['paHnYHBIEC YCIOBUS:
1 dC(0,x)
=0; =20, =C(0,x)—C,(8),
x Pe d (0,x)—Cy(0)
x=1; 620; dC(—é?,x):O.
dx

HavaneHbIie yCiioBHUS:
0=0;,C(0,x)=Cg(x).
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OJIM sBnsiercs Takxke Kak U SAM mpoMeKyTOUHOM MOAEIBIO MEXKITY
monensimu IC u MB: npu Pe —> oy Dy, —>0 OJM nepexoaut B

moaens MB; npu Pe —> 0 yu Dy > _ mozens MC. Ina peanbHbIX
amnnapaToB 3a4acTyI0 MOXHO NMPUHATH Moens VIB npu Pe =100

Kpurtepuii Pe nns npakTudeckux pacueToOB U3MEHSETCS B AUANa30HE
0,01+10%

2. Ilpumep kpuBbix paszrona OJIM mns pa3nuyHbIX 3HaueHUU Pe
npuBeneH Ha pucyHke 4.8. F-kpublie noaTBepxkaarT, uto OAM sBusiercs
MIPOMENKYTOUYHON MOJETBIO.

[Ipumep umnynbcHbIX Xapaktepuctuk OJIM mpuBenen Ha puc. 4.8.
C-KpUBBIE TaKX€ MOATBEPKIAIOT MPOMEKYTOUHBIN XapaKTEP MOJIEIIH.

Jna Pe21008 1 e nna pexumor 6Gmuskux k HB, nomyueHo

AHAJIUTUYICCKOC BBIPAKCHUC HMHYHBCHOﬁ XapaKTCPUCTUKHU

_Ck(9) _ 1 _(1-6*)°
Com(@)="¢(9) = (DL)”‘” D, (4.20)
2 || — 4~

UL i UL |

Wi yepes Pe

_Cx(0)_ 1 | (1=0)
Cy(8) 2\Jrm/ Pe 4/ Pe |

Cron(0) (4.21)
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cw) t  Pe—ooo—1JIl I Pe=500 F(t) a
Pe—0

[ Z

N ‘

a )

a — C-xpuBsbie; 6 — F-xpuBsbie.
Pucynok 3.14 — XapakTepuCTUKH OJHOIIAPAMETPUIECKOMN

niddy3uoHHON MOJIeNTH

4.5 Bonpocekl 1J11 KOHTPOJIS

1. [lpuBeauTe ypaBHEHHE MaTepHalibHOTO OajlaHca peakTopa
UJICAJIbHOTO CMELLIECHMUS.

2. Kak MeHsercs Bpemsi MpeObIBaHUS 4YacTUL B ammapare
UJICAJIbHOTO CMEILIECHHUS.

3. IlpuBenure kpuByro pasrona peakropa MC wmm F-xpuByro npu
CTYIIEHYaTOM BO3JIEMICTBUU Ha BXOJI€ B PEAKTOP.

4. IlpuBenutre ypaBHEHHWE MaTepUalbHOTrO OanaHca peakTopa
UJCAIBHOT'O BBITECHEHMUS.

5. IlpuBenure kpuByro pasrona peakropa B wunu F-xpusyro npu
CTYIIEHYaTOM BO3JIEMICTBUU HA BXOJI€ B PEAKTOP.

6. Kakoe cocrosHMEe CTPYKTYypbl THAPOJMHAMUKHA  IOTOKOB
ONMCHIBACT STYECYHASI MOJICIIb !

7. IlpuBeauTe KpUBYIO pa3roHa peajJbHOTO PEAKTOPa, OMUCHIBAEMYIO
AYECYHOU MOJICNIbIO, WM F-KpUBYIO MPU CTYIIEHYATOM BO3JCHCTBUU HA

BXOJIC B PEAKTOP.
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8. UTto sBISETCS OCHOBOM OJHOMapameTpuieckor auddy3noHHON
MOIeIun?

9. IlpuBeauTe KPpUBYIO pa3roHa peajbHOT0 PEaKTOpa, OMUCHIBAEMYIO
oJHOMapameTpuueckoi auddy3noHHON Mopaenbio, uiu F-kpuByr mnpu
CTYIICHYaTOM BO3JICHCTBHH Ha BXOJIC B PEAKTOD.
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IIpakTuyeckoe 3ansaTue 5

Tema «COCTABJIEHUE MATEMATHYECKHUX
MOJIEJIEA SKCINIEPUMEHTAJIBHO-
CTATUCTHYECKUMU METOAAMMN»

8.1 OcHOBHbBIEC IOHATHS U ONpe/IeIeHUSs

B Tex cnyuasx, korna uHGopManyMd O paccMaTpUBaeMOM IIpoliecce
HEJIOCTATOYHO WJIM TMPOIECC HACTOJBKO CIIOXKEH, YTO HEBO3MOKHO
COCTaBUTh  €ro  JICTCPMUHUPOBAHHYIO  MOJEIb, MNpUOETaloT K
AKCIIEPUMEHTATBbHO-CTATUCTUIECCKUM METO/IaM.

[Ipu 3TOM mpolecc paccMaTprBalOT Kak «4epHBINA AUK» (puc. 8.1).

X; —>

x, —»| TexHonornyeckun —— y
.......... o6bekT

Xn ——>

X1, X2, ...Xn — (DaKTOPBI (HE3aBUCHUMBIE TIEPEMEHHBIC);
y — QyHKIMS OTKIIMKA.
Pucynox 8.1 — Ilpeocmasnenue npoyecca, Kak «4epHo20 AUWUKAY

MaremaTnueckoi MOJIENbI0 SIBISETCS (PYHKIMS OTKJIMKA, KOTOPYIO
ONPENECIAIOT MO Pe3yjabTaTaM SKCIIEPUMEHTOB, B XOJI€ KOTOPBIX MEHSIOT
3HAYCHMUA X; U OLPENEIAIOT V:

y= ¢(x19x2°,"’xn), (51)

Pa3znuyaroT macCUBHBIA U aKTUBHBIN SKCIIEPUMEHT.

IlaccMBHBIN DKCIIEPUMEHT — 3TO IIOOYEPEIHOE BapbUPOBAHUE
KOKJIOM W3 TMEPEeMEHHBIX, a Takke cOOp HMCXOJHOIO CTaTUCTHYECKOTO
MaTepualia B PEKUME HOPMAJIIBHOM JKCIUTyaTallud Ha IPOMBILIICHHOM
oObekTe. Mcnonb3yloTcsi METOJIbl KJIACCUYECKOTO PErpecCHMOHHOTO U
KOPPEJSIMOHHOTO aHaI13a.

AKTHBHBIA DKCIIEDUMEHT CTaBUTCSA MO 3apaHEE COCTABJICHHOMY
wiaHy (IJIAaHUPOBAHUE SKCIEPUMEHTA) U IPEIyCMaTpUBACT W3MEHECHHUE
BCEX MAapaMETPOB OTHOBPEMEHHO.
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Jlnst ommcaHus Tpoliecca HanOoJiee 9acTO HMCIOJIB3YIOT YpaBHCHHUE
perpeccuy BTOPOTO TOpSJIKa, KOTOpoe s TpeX (aKTOPOB 3aIUIISTCS
CIEAYIOIIUM 00pa3oM:

Y=63+6,X1+6,X; +63X;+61,X;X, +63X1X3 +653X,X;

2

, ) (5.2)

KoadduiiueHt 69 Ha3pIBalOT CBOOOJHBIM WJICHOM ypaBHEHUS

perpeccun; K03 PUIHUEHTHI 8j — TMHEHHBIMU (P ekTamu; KodhPUIIHMEHTHI

8jj — KBaapatuuHbIMU 3ddexktamu; KOIDPUUIUEHTH 64 —dPdexTamu
B3aUMO/JICHCTBUSI.
Koadduumentsl  ypaBHeHHs (8.2) oONpenessitoTcs  METOI0M

HAaMMCHBIIUX KBAAPATOB U3 YCIIOBUSI:

N
D= (y!-y;)" =min (5.3)

i=1 _

3neck N — 00beM BbIOOpKU. PazHOCTh Mek 1y 00beMOM BBIOOpKU N U
YHUCIIOM CBsi3ed [, HAJTOXXEHHBIX Ha 3Ty BBIOOPKY, HA3bIBAETCS YHCIIOM
cTeneHen cBoOO bl BBIOOPKHU f'

f=N-1

IIpu oTbickaHuM ypaBHEHMsI perpeccun [ paBHO  YHCITY
onpenensieMblx Ko3(hPUIUEHTOB.
Bun ypaBHEeHMs perpeccuy BRIOUPAETCs MYyTEM SKCIIEPUMEHTAIBHOTO

noaoopa.

Ilpumep

OrnpenenuTh 3aBUCUMOCTh PACTBOPUMOCTH TUOCYJb(aTa HaTpus ()
oT Temmeparypbl (x). O0bem BbIOOpKHM N = 9. DKCHEepUMEHTAIbHBIE
JTaHHbBIC MPUBEJICHBI B Ta0JI. 1.

Tabnuna 1 — PactBopuMOCTh THOCYJIb(aTa HATPUS HPU Pa3IUUHBIX

TeMIlepaTypax
x,’C |0 10 20 30 40 50 60 70 80
y,% [33,5 |37,0 (41,2 |46,1 |50,0 |52,0 |56,3 |64,3 [699
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Pewenue

PactBopuMocTh  THOCynbGhaTa HATpPUS  OMNMUIIEM  JIMHEHHBIM

60 u 61

ypaBHeruem ¥ = 0 t61 %, Koaddurmentsr OTIPEICIINM

COOTBETCTBEHHO 110 popmyiam (8.2) u (8.3):

61 =0,44; %0=32.

Bri0opounbiil KoA)PUIMEHT KOPPEALNU:

r*=0,99.

Bennunna ko3duiiieHTa KOppensiuu OYeHb OJIM3Ka K EIUHMUIIE;
CJIEOBATEIbHO, 3aBUCUMOCTh MEXAY X WU ) SBIACTCA MPAKTHYECKU
JIMHEWHOM U UMEET BUJ:

y=32,6+044x

[locne Toro, Kak ypaBHEHHE pETpecCHM HaWJIeHO, HE0OXOIUMO
OPOBECTH CTATUCTUYECKUN aHAIA3 PE3YJIbTATOB. DTOT aHAIU3 COCTOUT B
CJIEYIOIIEM: MPOBEPAETCS 3HAUYMMOCTh BCEX KO3(P(UIIMEHTOB perpeccuu
B CPaBHEHUU C OMIMOKON BOCHPOU3ZBOAMMOCTH U YCTaHABIMBACTCS
aJCKBaTHOCTb  YpaBHEHHs.  Takoe  HcCIIEIOBaHWUE  HAa3bIBAETCS
PErpECCUOHHBIM AHATU30M.

[Ipy mpoBeneHUM PErPECCMOHHOrO aHajiu3a NPUMEM CIEAYIOLIne
JNONYILICHUSA:

BxonHoli mapaMmeTp X U3MEHSETCS C MPEHEOpPeKUMO MaJion
OILIMOKOM.

Pe3ynbTaThl HAOMIOACHUN y1,y2, ...yN HAJ BBIXOJHOW BEIUYNHOU
NpEACTaBISAIOT COOOW  HE3aBUCUMBIE HOPMalbHO  paclpe/iesiCHHbIC
CJIy4YaiiHbI€ BEJINYHHBI.

[Ipu mnpoBemeHun HKcrepUMEHTa € OO0OBEMOM BBIOOpKHM N mpH

YCJIOBUH, UYTO KaXKJIbIA OMBIT MOBTOPEH Mt pa3, BHIOOPOUHBIC JUCIIEPCUU

2 2 2
Sl ’S2 ""SN JOJI?KHbI OBITH OJHOPOAHBI.

[Ipy OAMHAKOBOM YHMCIE TAPAJUICIBbHBIX OIBITOB, MPOBEPKa
OJHOPOJHOCTH TUCIIEPCUN CBOJUTCA K CICAYIOLIEMY:
Onpenensiercst CpeiHEE U3 PE3YJIBTATOB NAPAIIICITBHBIX OMBITOB
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Zy,-u
B —~ (5.4)
Vi ="

m =12 .., N.

OnpenaenstoTcs BBIOOPOUHbIE AUCTIEPCUU

D (yiu-¥:i)
2 — u=1

5.5
5 (5:5)
m—1 ,i=1,2,...,N.
Onpenensiercs cymma JUCIepcuit
2
PINF (5.6)
i=1
CocTaBiisieTcsi OTHOIICHUE
g2
Gmax Nmax
5.7
s (5.7)
i=1
S2 -
rjae ©max — MaKCUMaJIbHOE 3HAYCHHE BEIOOPOYHOM JUCTIEPCHH.
Eciu qucniepcuu OTHOPOAHBL, TO
G <G,(N,m—1) (5.8)
G (N,m—-1)
rae P — Ta0yIupoBaHHOE 3HaueHue kpurepus Koxpena

IpU YpOBHE 3HAYMMOCTH p.
Ecau  BbIOOpOYHBIE JAUCIEPCUM  OJHOPOJHBI, PACCUUTHIBACTCSA
JUCTIEPCHST BOCTIPOU3BOIUMOCTH

% 2
Si
eocnp N

f

Uucno creneneit cBOOOAbI f ATOM AUCIEPCUU PaBHO
f=N(m-1).
Jucnepcusi  BOCHPOM3BOAUMOCTH HEOOXoauMa JJid  OLEHKH
3HAYUMOCTH KO3QPHUUUEeHTOB YypaBHeHusi perpeccun. OleHka
3HAYUMOCTH KO3 DUIIMEHTOB TPOBOAUTCS 0 KpuTepHto CThIOJIEHTA
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tj = E—l‘
bj
)

rjae bi — i-it ko3 DUIIMEHT ypaBHEHUS PErPECCUU;

Spj— cpeaHee KBaApaTUUHOE OTKIIOHEHHUE i-Ir0 KO3 UIIMEHTA.

Ecnu ¢ 6onbliiie #p(f) 17151 BHIOpAaHHOTO YPOBHS 3HAUMMOCTH p U YUCa
cTeneHen cBo0O bl f, TO KO3PGULMEHT b; 3HAUMMO OTIIMYAETCA OT HYJIS U
YUHUTBIBAETCSI B YPABHEHHUH PETPECCHUHU.

He3naunmbie KOP(pPUUMEHTH NPUPABHUBAIOTCA K HYJIIO U U3
ypaBHEHUS PETPECCUU UCKITIOYAIOTCA.

OcraBmuecs K03¢GPUITMEHTHI TEPECUUTHIBAIOTCS 3aHOBO.

AJIEeKBATHOCTb YPaBHEHMUS MPOBEPSAETCS 10 Kputepuro Puiiepa

2
SZE (5.10)
2 .
Seocnp
s2 2
rae 09"’ — nucnepcusi BOCHPOU3BOAUTCS; Y40 — pucnepcus
aJ€KBaTHOCTHU
Al 2
m(¥i=Fi) 5.11
ao N
—e
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B stom ciydae kpurepuii duiepa MOKas3bIBa€T, BO CKOJIBKO pa3
YMEHBIIIAETCS ~ paccessHue OTHOCHUTEIBHO IOJYYEHHOTO ypaBHEHUS
perpeccu MO CpPaBHEHUIO PACCESHHEM OTHOCHUTENIBHO cpenHero. Yem
oosbine 3HaueHue F mpesbiaetr Ta0nuaHoe Fumas(f1 f2) 1151 BBIOpaHHOTO
YPOBHS 3HAYUMOCTH p M YHCEN CTeNeHeu cBoboansl fi = N-1 u f> = N-e,
TeM 3P (EeKTUBHEE YPAaBHEHNE PETPECCUH.

Bonpocsl 11 KOHTPOJIsA

- B kakux caydasx = HMCIOJB3YIOT  DKCIIEPUMEHTaJbHO-
CTAaTUCTHYCCKHUI METOJ COCTABJICHHS MaTEMaTHYECKOM MOJICIN?

- Yewm oTiM4aeTcs aKTUBHBIN SKCIIEPUMEHT OT ITACCUBHOTO?

- Kakum o6pazom onpenenstoT BUJl ypaBHEHUS perpeccun?

- Kak onpenenstoT ko3pPuiineHTs ypaBHEHHUS perpeccuu?

- Kakue ko3 duiinenTsl ypaBHEHUS CYUTAIOTCS 3HAUUMbBIMHU ?

- Kak mnpoBepsiercss aAeKBaTHOCTb YpPaBHEHHUS PErPECCHU C
HCIIOJIb30BAaHUEM JIUCIIEPCHUU  BOCIIPOM3BOJMMOCTH M JUCIEPCUH
aJICKBaTHOCTHU?

- Kakum 00pa3zoM MOKHO OILICHUTh KayeCTBO amnlpOKCHMAIIUU
MPUHATHIM YPaBHEHHEM IIPH OTCYTCTBHUH IapaJICIbHBIX OIBITOB?
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BBEJAEHHUE

bakanaBp mo nHamnpasneHuto noAarotoBku 240100 Xumuueckas TEXHOJIOTHS
JIOJDKEH periaTh 3a/1add MaTeMaTHYECKOTO MOJIEIMPOBAHUS MPOIECCOB U OOBEKTOB
Ha 0a3e CTaHJApPTHBIX MAKETOB aBTOMATHU3UPOBAHHOIO MPOECKTUPOBAHMS M IMAKETOB
MPUKIAAHBIX TPOrpaMM JJIi HAYYHBIX MCCJICIOBAHUM, MPOBOJUTH pacueT W
NPOEKTUPOBAHUE  OTIEIbHBIX  CTaJAMi  TEXHOJOTMYECKOro  Mmpolecca ¢
MCIIOJIb30BAaHUEM CTAHJAPTHBIX CPEJICTB ABTOMATU3ALMH POEKTUPOBAHUS.

Y4yeOHoe mocoOue BBIIOJHEHO Ha COBPEMEHHOM HAyyHOM YPOBHE U
pacCUMTaHO Ha CTYAEHTOB, 00JIAJAIOIIMX JOCTATOYHOM MOATOTOBKOM MO pazienam
oOmelt xuMuu, GU3NKA U MaTEMaTUKH, (U3UIECKON XUMUHU, OOIIEH XHUMHYECKOU
TEXHOJIOTMM, TPOIECChl M ammapatbl XUMHYECKOM TEXHOJOTMH, XHWMHUYECKHE
PEaKTOPBHI.

VY4eOHoe nmocodue cocTaBiIeHO AJis MPOBEACHUS JIa0OPATOPHBIX 3aHATHI
TUCHUIUINHBL «MoJIeTMpOBaHe XUMUKO-TEXHOJIOTHYECKHUX MTPOLIECCOB) C yUYETOM
tpeboBanuii crangapra @PI'OC BO s moaroToBku 6akaiaBpoB HANPaBICHUS
18.03.01 «XuMnueckas TEXHOJIOTHUSI.

[Ipy mOATOTOBKE 3TOr0 W3MaHWUS OBLIM YYTCHBI OCHOBHBIC W3MCHEHUS B
mporpaMMe JUCHHIUIMHBI W TEHJICHIIMA €€ pa3BUTHA. bBBUIO yUYTEHO TaKxke
CTPEMJICHHE YCHJIUTh OOIIYI0 MPAaKTHYECKYIH0 TOATOTOBKY XHWMHKA-TEXHOJIOTA.
[TocnenoBaTeTbHOCTh Pa3ACIOB COOTBETCTBYET CTPOTOH JIOTHYECKON CTPYKType
kypca. [Ipennaraemoe aBTOopammu ydeOHOE MOcoOHME COCTOUT M3 9 mabopaTOPHBIX
paboT W 9 TpWIOKEHUH, MaTepual KOTOPBIX HCIOJIB3YeTCS IMPH TOJATOTOBKE H
MIPOBEICHUH JIAOOPATOPHBIX 3aHATHI. B KOHIIE KaXX10i TEMbI 3aHATHS IIPEACTABIICHBI
BOITPOCHI JIJII KOHTPOJISI 3HAHUH CTY/IEHTA.

B pesynbrare OCBOCHHS MaTepuana BCEX pas/esioB IMOCOOHS MO JUCIUTIIINHE
«MopgenupoBaHue  XUMHUKO-TEXHOJormdeckux  mporeccoB»  OOIl  cryneHt
npuodperaeTr  ciaeaywlue  oOmenpodeccuoHanbHble W IpodecCUOHANIbHbBIC
KOMITETCHIINH

OIIK-1: cmocoOHOCTPIO M TOTOBHOCTHIO HCIOJIb30BaTh OCHOBHBIE 3aKOHBI

CCTCCTBCHHOHAYYHBIX AWCHUILIWMH B HpO(l)eCCHOHaHBHOﬁ ACATCIbHOCTH, IIPUMCHATD
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METOJIbl MaTEeMaTHYECKOr0 aHaju3a M MOJEIMPOBAHUS, TEOPETHUYECKOTO H
HKCIIEPUMEHTAJIBLHOTO UCCIIEeI0OBAHUS;

[1K-2: TnpuMeHATh aHaJUTHYECKUE W YHUCJICHHBIE METOABl PEIICHUs
MOCTaBJICHHBIX 3a]1a4, UCIIOJIb30BaTh COBPEMEHHbIE MH(OPMALIMOHHBIE TEXHOJIOTHH,
IPOBOAUTH 00PaOOTKYy HWH(OPMAIUM C HCIOJB30BAHHEM NPUKIATHBIX MPOrpaMM
JeI0OBOM c(hephl ACSITENFHOCTH; UCTIONB30BaTh CETEBbIE KOMITBIOTEPHBIE TEXHOJIOTHH
1 0a3bl JaHHBIX B CBOEH MpPeIMETHOW 00JacTH, MaKeThl MPUKIATHBIX MPOTPaMM IS
pacdera TeXHOJIOTUYECKUX MMapaMeTpOB 000pyI0BaHUS;

[1K-22: nnaHnupoBaTh Y  OPOBOAUTH  (PU3MUECKHME U XMUMHUYECKHE
AKCIIEPUMEHTBHI, MPOBOJUTH 00padOTKY MX Pe3yJbTaTOB U OIIEHUBATH MOTPEIIHOCTH,
MaTeMaTHYeCKd MOJAETUPOBaTh (PU3UYECKHE M XMMHUYECKHE TMPOILECCHl M SBIICHHUS,
BBIJIBUTATh TUIIOTE3bI M YCTAHABIMBATH TPAHUIIBI UX TIPUMECHCHHUS.

ABTOp HaJeeTCs, YTO MpPH OBJAJCHUU MATEPHAIOM JIaHHOTO Y4eOHOTO
nocoOusi, CTYIACHT CMOMET WCIONb30BaTh IMOJyUYEHHBIE KOMIETCHIIMH TIpU
BBIMOJIHEHUH BBIMYCKHON KBaJM(UKAIIMOHHOW paboTe M B Ipolecce TPYyI0BOH
JESTEIIEHOCTH.

Conepsxanue yueOHOro mocodusi cooTBeTCTBYeT TpeboBanusM denepanbHOTo
rOCy/IapCTBEHHOTO  00pa30BaTENBLHOTO CTaHAapTa BBHICIIETO OOpa3oBaHHS K
COJIEP)KaHUI0 AUCHUTIIMHBI «OpraHudecKas XUMUsS» sl CTYJIEHTOB HaIlpaBJICHUS
18.03.01 «XumMuueckass TEXHOJIOTHUSD.

[leapt0o  ocBOEHMSA  OUCUUILIMHBI  siBAsieTcss  (opmupoBanue  Habopa
npo(ecCHOHANBHBIX ~KOMIIETEHIIMM Oyaymiero 0OakajaBpa 10  HaIlpaBJICHHUIO
noarotoBku 240100.62 Xumuyeckast TEXHOJIOTHS

OcHOBHBIE 33J]a41 U3YUYEHUS TUCHUIUIMHBI "MoaenupoBaHue XUMHUKO-
TEXHOJOTUYECKUX MPOLECCOB" COCTOAT B YCBOCHUH CTY/ICHTaAMMU:

— METOJOB  CHUCTEMHOTO  IOAXOAA K  HCCIEAOBAHUID W aHalu3y
TEXHOJIOTHYECKHUX MTPOLIECCOB;

— MPUHLWIOB CO3JaHUS MAaTeMaTHYEeCKUX MojeNed (PU3NKO-XUMUYECKUX
IPOLIECCOB C MPUMEHEHUEM aHATUTUYECKUX U YUCIEHHBIX METO/IOB PEIICHMUS;

— aHaJIM3a TEXHOJIOTMYECKOro Mpolecca Kak 00beKTa yIpaBiIeHUS;

— MCTOAOB H AJI'OPUTMOB TIPOCKTUPOBAHWA MW OITUMHU3ALNU (1)I/I3I/IKO-



XUMHUYCCKUX MPOHCCCOB U XUMHUKO-TCXHOJIOTHUICCKUX CHUCTCM.

JlucuuninHa 3aKiaiblBaeT TEOPETUUYECKUE OCHOBBI M IPAKTUYECKHE HABBIKH, HA
KOTOPBIX OyIeT 0a3upOBaTHCS BBIMOTHEHUE BBITYCKHON KBATHM(PUKAIIMOHHON PabOTHI
U paboTa OakanaBpa Ha MPOU3BOCTRBE.

CtyaeHT nocie u3y4eHus TUCIMIUIMHBI T0JKEH:

3Hamb TPUHLUUIBI MATEMATUYECKOTO MOJECIUPOBAHUS  TEXHOJIOTMYECKHUX
00BEKTOB, METO/Ibl MOCTPOCHUS SMIMPUYECKUX M (PUIUKO-XUMHUYECKUX MOJEeH
TEXHOJIOTHYECKNX 00BbEKTOB, MMAKETHI MPUKIIATHBIX TPOTPAMM JIJII MOACIIUPOBAHUS;

Ymems cOCTaBIATH MaTEMaTHYECKOE OINHCAHUE TUIOBBIX TEXHOJOTHYECKUX
00OBEKTOB, BKJIOYAIOIIEE CHUCTEMbl YpPABHEHUHW MAaTEMaTUYECKOrO  OINUCAHUS
TEXHOJIOTHUECKNX OOBEKTOB M peaym30BbIBaTH ero Ha OBM, wucnoiab30BaTh
MaTEMaTUYECKyl0 MOJelb JJig TMPOBEJACHUS PACUYCTHBIX HUCCIEIOBAHUA U
HMHTEPIPETUPOBATH CMBICII MOJTYYEHHOTO MATEMATHYECKOIO PE3yJIbTaTa;

Brnademvy MeTONMKON TOCTPOECHHS MATEMAaTHYECKUX MOJENE THUIOBBIX
TEXHOJIOTHYECKHUX 00BEKTOB, HaBBIKAMHU MPUMEHEHUS COBPEMEHHOTO
MaTeMaTUYECKOr0 HHCTPYMEHTApHUsl JJisl MOJIEIMPOBAHUS, HABBIKAMH COCTABJICHUS
MaTeEMATHYECKON MOJEIN TEXHOJIOTMYECKNX 00BEKTOB Ha DBM U HConabp30BaHUsA
ATOM MOJCIH JIJIsl MPOBEICHUS PACUCTHBIX UCCIICTOBAHUM.

Llenv  npakmukyma — HayduTh CTYyJI€HTa OCHOBHBIM  COCTaBIAAThH
MaTE€MaTUYeCKOE ONUCAHUE XUMHUKO-TEXHOJIOTHYECKUX IMPOIECCOB, PEAU30BBIBAThH
UX B BHUJE KOMIIBIOTEPHBIX NPOrpaMM M HCHOJIb30BAaTh WX [JI1 aHAIW3a U
ONTUMHU3ALUNA XUMHUKO-TEXHOJIOTMYECKHUX MPOIECCOB, UX MPOCKTUPOBAHHS.

[lepen Tem kKak NPUCTYNHUTh K pabOTe B KOMIIBIOTEPHOM Kjacce, CTYIEHT
JOJDKEH TIPOWUTH HHCTPYKTAX M M3YyYUTh BOMPOCHI MO TEXHUKE OE30MaCHOCTH H
npaBwiiaM paOOThl B KOMITBIOTEpHOM KJiacce (mpuioxkeHue A). Ilepen nposeneHuem
nabopaTopHON pabOTHl CTYACHT JOJDKEH YETKO YSICHUTH Iellb PabOThl, MU3YYHThH

TEOPHIO, METOJIUKY TIPOBEACHHUS JIA0OPATOPHOU PabOTHI.



JIABOPATOPHAS PABOTA 1
Tema: HPUMEHEHMUWE MathCad IJI1 MOJAEJIMNPOBAHUA
TEXHOJIOTTHYECKHUX OBFBEKTOB

Heas paGorbl: M3yunts Bo3MoxkHocth MathCad npu mopenupoBaHuu
TEXHOJOTMYeCKHX 00BeKTOB. Ha OCHOBE MaTeMaTH4ecKoro OIMUCaHUsS Mpolecca
okucieHus quokcuaa cepsl B cucteme MathCad uccnenoBath BIUSIHUS TEMIIEPATYPhI
Ha KOHCTAHTY pAaBHOBECHS, PABHOBECHYIO CTEIEHb IPEBPAIICHUS, CKOPOCTb
XUMHUYECKOUN PEAKIIUU.

[TpuoOpeTaembie KOMIIETEHIIMU O00pa30BaTEIbLHON MpOrpaMMmbl IPU U3YUEHUU
Marepuaina pazaena — [1K-1, ITK-9, TIK-17, TTK-28.

[Tpu BbIMOSHEHUHN J1AOOPATOPHON PAOOTHI OCYIIECTBISETCS MOJEIMPOBAHUE
CTaJuy OKHCIIEHUS JUOKCHIA CEPBl XUMUKO-TEXHOJOTHUECKOTO MTPOLECCA MOTYYEHHS
CEpPHOM KHCIOTBI C HCIIOJIb30BAHHEM OCHOBHBIX 33aKOHOB XHMHHM W XHMHYECKOU
KHUHETHKH, YTO CIOCOOCTBYeT (DOPMHUPOBAHHUIO Yy CTYACHTOB MNpodhecCHOHATBHOM
komnereHunu 11K-1; ncnonb3oBaHKre YKMCIEHHBIX METOJOB JJI PELICHHS] CUCTEMBI
YPAaBHEHUH MAaTEMAaTHYE€CKOr0 OMNHCAHUS XUMHUKO-TEXHOJOTMYECKOro Mpouecca
dbopmupyeT y cTyaeHToB mpodeccuoHanbHyto kommnerenuuto [1K-9; mposenenue
MCCJIEIOBAaHUM BIMSHUS PA3IUYHBIX (PAKTOPOB C HCIOJIH30BAaHHUEM MAaTEMaTUYECKOU
MOJIETIM M aHaju3 BJIMSHHUS MX Ha TOKas3aTellnd mpouecca GopMHUpPYET Y CTYIEHTOB
npodeccruonabHyo kommneTeHiuo [1K-17; paspaboTka mMaremaTH4ecKOW MOJETU
XUMHKO-TEXHOJIOTHUECKOro  mpouecca B cpeae mnporpammbl  MathCad ¢
MCIIOJIb30BAHUEM BCTPOCHHBIX (PYHKIMH M (PYHKIMI mojp3oBarenss GOpMHUIYET Y

CTyZIeHTOB Tipodeccruonanbuyto komrnerenmuo [1K-28.

Teopernuyeckasi 4acTh

1.1 CocTaBjieHHEe MATEMATHYECKOI0 OMMUCAHUS TEXHOJOTHYECKOI0
00beKTa

MatemaTrnyeckoe onmrcaHre TEXHOJIOTHYECKOTO 00BEKTa MPEeCTaBsieT coO0M
CUCTEMY YPaBHEHHMI, KOTOpas CBSA3BIBAECT MEXIy COOOW BXOJHBIE U BBIXOJHBIC

IMEPEMCHHBIC PCAJILHOI'O IIpoLecca, MpOTCKAr0IECro B 3TOM 00BEKTE.



X »| TexHonorn4eckun | ,
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Ynpaenswowme Bo3genctemna [J

Pucynok 1.1 — [IpeacraBinenue TeXHOIOTHYECKOTO 0OBEKTA

Jlnst uccnegoBaHusl CBOMCTB 00bEKTAa HEOOXOMMO C TOMOIIBIO CIEUATIBHOTO
ANTOpUTMA PEWIUTHh 3Ty CUCTEMY YPAaBHEHUM W PEAIU30BaTh STOT aJTOPUTM Ha

KOMITBIOTEPE

»=F(XU) (1.1)

B 3aBucumoctH oOT cnocoba ompezaeneHus F BbIACTAIOT TPU METOJA
COCTaBJICHUS] MATEMATUYECKOTO OMUCAHUS:

—  TEOPETHYECKUM (aHAUTUTHUYECKUMN );

—  JKCNEPUMEHTAIbHO-CTATUCTUYECKUN (METOJ «UYE€PHOTO SAIIUKAY);

—  JKCIIEPUMEHTAIbHO-aHATUTUYECKUH.

[IpumMeHeHre TOro WiM MHOTO METOJIa OMpPENeNseTCs CTENEeHbI0 U3yUYeHHOCTH
SBJICHUS ¥ TIPOIIECCOB O0OBEKTA MOJICTUPOBAHHUSL.

Teopernueckuii MeTOA  TpeNINoiaraeT COCTaBJIEHHE MaTEMaTUYECKOIo
onucaHusi 00bEKTa HAa OCHOBE TNTyOOKOTO MOHMMAaHUS (PU3MUYECKUX M XUMHUYECKUX
3aKOHOMEPHOCTEH MPOLIECCOB, MPOTEKAIOIIUX B HEM.

B cocrtaB MareMaruyeckoro ONUCAaHUS BXOMAT CIEAYIOIIME TPYIIIbI
YPaBHEHUM:

— COXpaHEHUsl MacChl U PHEPIHH, 3allMCaHHBIE C YYETOM T'HIPOJIMHAMUYECKOU
CTPYKTYpPBbI JBUKEHUS TOTOKOB,;

— 3JIEMEHTAPHBIX MIPOLECCOB ISl IOKAIBHBIX 3JIEMEHTOB IIOTOKOB;

— TEOPETHYECKHE, MOJYIMIUPUUYECKUE WU SMIHUPUYECKUE COOTHOIICHUS
MEX/1y pa3InYHbBIMU apaMeTpaMHu MPoLecca;

— OrpaHWYEeHHsI Ha TapaMeTphbl Ipolecca.
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B Maremarmueckux ONHCAHUSAX  XUMHUKO-TEXHOJOTHYECKUX  OOBEKTOB
MIPUMEHSIIOT:

— KOHEYHbIEC CUCTEMBI JINHEWHBIX AJIreOpanyecKuX U HETMHEHHBIX YPAaBHEHUI;

— 0OBIKHOBEHHBIE U (PepeHIInaIbHbIE YPAaBHEHHUS,

— CHUCTEeMbI OOBIKHOBEHHBIX JU(depeHIIaIbHBIX YPaBHEHUH;

— CUCTEMBI U] PepeHIIMaIbHBIX YPABHEHUN B YACTHBIX TPOU3BOAHBIX.

[TocTpoeHne mMareMaTHUEeCKOM MOJIEIN TEXHOJIOTHYECKOTO 00BEKTa BKIIFOYAET
CJIEIyIOLIME OCHOBHbBIE CTANU:

1. U3ydyeHue cBONCTB 0OBbEKTa MOECIUPOBAHHUS.

2. CocraBiieHHE ypaBHEHUN MaTeMaTtuyeckoro onucanus (MO).

3. IlocTtpoeHue anropuTma pEIICHUST CUCTEMbl YpaBHEHUN MaTeMaTHYECKOTrO
onucanusg (MA).

4. Peanuzanys Ha KOMIIBIOTEPE aIrOpUTMa PEIIEHUs] CUCTEMbI YpaBHeHUH MO
TEXHOJIOTHYECKOr0 0OBEKTA.

5. Ycra"HoBieHre aJeKBaTHOCTH MaTeMaTHYECKOM MOJICIIH.

6. UccienoBanue MaTeMaTUYeCKON MOJICIN 50041 BBIUHMCIINTEILHBIN
AKCIIEPUMEHT WJIM PAaCUETHBIC HUCCIIECOBAHUS MTPOIIECCa B TEXHOJIOTHUYECKOM OOBEKTE.

7. OnTUMU3aIMs NpoIecca ¢ UCIOIb30BaHUEM KOMITBIOTEPHON MOJICIIH.

1.2 MaTtemaTH4ecKOe ONMMCAHNE MPOLECCA OKUCIEHUS TUOKCHIA CePhl

OpHoil W3 cTaguil MPOU3BOJACTBA CEPHOM KHUCIOTHI SBJISETCA MPOLECC

OKHCJICHHS TMOKCHIA CEPBI KUCIOPOI0OM BO3AyXa, IPOTEKAIOIIUM 10 PEaKIIUU

250, +0, ¢>250; [ p

Peakuust  sBiseTcss  oOpaTWUMOM, 9SK30TEPMHUYECKON, TIPOTEKAIOIIEH ¢
YMEHBIICHUEM YHUCIIa MOJIEH.

KoHcTaHnTa paBHOBECHUS pacCUUTHIBACTCA MO GOpMyIIe

:@_4,6455

9

lgK

p
rae T — temneparypa, K.
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CKOpOCTh XMMUYECKON pPEaKLMH, BBIPAKEHHAS YE€pe3 CUCTEMBI MPEBPAILCHUS

AUOKCHAa CCPhbI, OITMChIBACTCA YPABHCHHUCM

_ kP I-x |6-05-a-x x’
a 1-02-x|1-05-a-x P-K2-(I-x)

r

r7ie k; — KOHCTaHTa CKOPOCTH MPSMOUN PEaKInu;
a — conepxxanue SO, B UCXOTHOU CMECH, MOJIbHBIE JI0JIH;
6 — conepxkanue O, B UCXOAHON CMECH, MOJIbHBIE J0JIH;

X — cTeneHs npeppanieHus SO:.

KoncranTta CKOPOCTH PCAKIIMHU OIIMCBIBACTCA YPABHCHHUEM

_E
— . RT
k,=k,-e

b

rze ky — NpeadKCIOHEHIMAIbHbIA MHOXUTEND, 1/¢;
E — sHeprus akTUBalMU NpAMOM peakuuu, J[>x/Mob;

R = 8,314 JIx/(monb-K) — yHHMBepcabHas ra30Bas MOCTOSIHHAS.

CBsi3p PaBHOBECHOM CTENEHU NPEBPALIECHUS W KOHCTAHTbl PaBHOBECHS

BBIPAXKACTCA CICAYIOIIUM YPABHCHUCM

 _ xp\/]—0,5-a-xp
P (1=x,)\P(6=05-a-x,)

5

A€ X, — paBHOBCCHaAsI CTCIICHD IIPEBPAILICHH.

1.3 O nporpamme MathCad

MathCad — yHuBepcanbHas cpefa sl pelieHus 3a4a4d B Pa3IMuHbIX OTPACIIAX
HayK{ U TEXHHUKH, B KOTOPOU ONKMCAHKUE PEIICHUS MAaTEMAaTUUECKUX 3a/1a4 3a/1a€TCsl C
IOMOUIBIO IPUBBIYHBIX MATEMAaTHYECKUX (POPMYJI U 3HAKOB.

B coctaB MathCad BXOIAT HECKOJBKO HMHTETPUPOBAHHBIX MEXIY COOOM
KOMITOHEHTOB:

— MOIIHBIM TEKCTOBBIM PENAKTOP, IMO3BOJISIOIINN BBOAUTH, PEIAKTUPOBATH U

(dbopMaTupoBaTh KaK TEKCT, TAK U MATEMATUYECKUE BBIPAKCHHUS,;

— BBIYUCJIUTENbHBIA MPOIECCOpP, YMEIOUUNA MPOBOJUTH PACUYEThl IO
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BBEJICHHBIM (pOpMysaM, UCTIOJIb3YSl BCTPOECHHBIEC YHCICHHBIE METO/IbI;

— CHMBOJIBHBI  Tpoleccop,  SBJSIOUIMICS,  (AKTUYECKH, CHCTEMOM
HCKYCCTBEHHOT'O MHTEIIJICKTA;

— OIpPOMHOE XpaHWIMILE CIPAaBOYHOM HMH(pOpManuH, Kak MaTeMaTHYeCKOM,

TaKu WHXKEHEPHOU, 0(hOPMIICHHOHN B KQU€CTBE MHTEPAKTUBHOM JIEKTPOHHON KHUTH.

MathCad coxaepxxutr  OOJbIIOE  KOJUYECTBO  BCTPOCHHBIX  (DYHKIIWH,
MO3BOJSIFOIIMX ~ PElIaTh CHCTEMbl JIMHEWMHBIX W HEJIMHEWHBIX  YPABHEHHU,
OOBIKHOBEHHBIX YPaBHCHUH M YpPaBHEHHMM B YACTHBIX MPOU3BOJHBIX, OCYIIECTBIATH
PErPecCri0 SKCIEPUMEHTAIBHBIX JAaHHBIX M CTAaTUCTUYECKYI0 00paboTky. Kpome
ATOT0, BO3MOXHO WCIOJIb30BaHUE (DYHKITHH, OMpEeNeIsieMbIX MOJIb30BaTEIEM, B TOM
Yuclie W C NPUMEHEHHEM MporpamMMHbIX omnepaTtopoB [1-3]. MathCad wmeer
MIPEKpacHbIC CPEACTBA HAYUYHOU TpaduKu.

C Bo3moxHocTsiMu MathCad MOXHO TI03HAKOMHUTBCS TTO3HAKOMUTECH,
BBITIOJTHSA  3aJaHUA.COACPKUT OOJBIIIOE KOJIMYECTBO BCTPOCHHBIX (DYHKITUH,
MO3BOJSIFOIIMX  PElIaTh CHUCTEMbl JIMHEWMHBIX W HEJIMHEWHBIX  YPABHEHHU,

OOBIKHOBEHHBIX YPaBHEHUM B YaCTHBIX MTPOU3BOJIHBIX [2, 3].

Annapartypa, 000py/ioBaHHe U MAaTEePHAJIbI

JlaGopatopHas paboTra TPOBOAUTCA B  KOMIIBIOTEPHOM  KJlacce C

ucnosb3oBaHueM nporpammel MathCad.

MeToauka npoBeieHus U 3aIaHUA K padore

PaGora BeimonHsercs Ha [IDBM kaxabiM CTYJIEHTOM CaMOCTOSITEIBHO.
Hcxoanbie nanusie npuseaeHsl B Tadbnuue [11 npunoxenus b. Bapuant BeiOupaercs
110 HOMEPY CTYAEHTa B CIUCKE IPYIIIIBI.

J1n1st BeIMOTHEHUS! paOOThl HEOOXOAMMO U3YUYHUTh:

— BO3MOKHOCTb cpenbl MathCad nnst coctaBneHust pyHKIMIA TOJIb30BATES;

— UCIOJIb30BaHUE BCTPOCHHBIX (PYHKIUH;

— OCHOBBI IporpamMmmupoBanus B cpeae MathCad;

— TIOCTpOEeHHE TPadUKOB.
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3amaHus:

1. U3yuute BausHue TtemmepaTypel B uHTepBasie 400-660 °C Ha 3HaueHUE
KOHCTaHTBl PAaBHOBECHS.

2. CocraBbTe IporpamMmy JiJjisl pacyeTa paBHOBECHOW CTENEHH MpEeBpallleHus
JIMOKCUAA CEphbl, MCIOJb3ysd METOJ JeJeHUs HHTepBaja mnomnojam. (PaBHoBecHas
CTENEHb MIPEBPALLEHUS U3MEHAETCS B pefenax x, = 0-1).

3. IloctpoiiTe rpaguk 3aBUCMMOCTH PABHOBECHOM CTENEHHU NMPEBPAILIEHUS OT
TeMIepaTyphl.

4. Onpenenurte BIMSHHUE TeMIIEpaTyphl Ha KOHCTAaHTY CKOPOCTU PEaKIHUU H
nocTpoiite rpaduk 3aBUCUMOCTH k; — 1.

5. Toctpoiite rpaduk 3aBUCUMOCTH CKOPOCTH pEAKIHUU TpPH 33JaHHOM
3HAYEHHUH TEMIIepaTyphl OT cTeNneHu npespaiienus B uaTepsaie 0,01-0,95.

HpOBGI[I/ITe dHAJIN3 ITOJTYUCHHBIX PC3YJILTATOB.

Conep:xanue oTyera

OT4eT AOKEH COJepKaTh: TeMy JIabopaTOpHOM paboThl, (GaMUIHIO, TPYIILY
CTYZIEHTa, UCXO/IHbIE JAHHBIE, PE3YJIbTAThl BBIMIOJHEHUS 33/1aHUM, BBIBOBI.
[IpuMep BBITIOJIHEHHST PACUETHON YacTH J1abopaTOpHOW pabOThI MPHUBEACH B

MPUWIOKEHNU B.

KoHTpoJbHBIE BOIPOCHI

1. Yro mpexacrapisieT OO0 MOIETH TEXHOJIOTUYECKOTO 00bEKTa?

2. llepeuyncnure METOABI COCTABJICHUS MAaTEMAaTHYECKOTO OMKUCAHUs 00OBEKTA.

3. Kakue rpynmnsl ypaBHEHHI BXOIST B COCTaB MaTeMaTUYECKOTO OMHCAHUS
TEXHOJIOTHYECKOTO 00BbeKTa?

4. Kakuve ypaBHEHUS TMPUMEHSIOT B  MaTeMaTHYeCKOM  OIKMCAaHUU
TEXHOJIOTHYECKOTO 00BbeKTa?

5. HazoBute OCHOBHBIE CTaAUMM IIOCTPOCHUS MATEMATHYECKOW MOJEIHU
TEXHOJIOTMYECKOTO O0OBEKTA.

6. OxapakTepusylTe peakuio OKUCIEHUS TUOKCUAA CEPBHI.

7. Peakumsi  OKHUCJIEHUS  JUOKCHUJA  CEpPbl  SBIAETCA  DK30- WU
13



3HJIOTEPMUYECKOM.

8. UTo 3HaYUT «PAaBHOBECHAsI CTENEHb PEBPALIECHUS»?

9. Kak meHsieTcss paBHOBECHAsI CTENEHb MPEBPAIEHUSI OKUCICHHS JUOKCUIA
Cepbl IPU MOBBILIEHUU TEMIEPATYPHI?

10. Kakue denhjtyyst pynknuun MathCad Bei 3naere?

11. Kak co3nath pyHKIIHUIO TTOJIH30BATEIIS?

12. Kak noctpouts rpadguk cpeae MathCad?

Cnucok pekoMeHIyeMoii TuTepaTyphl

1. I'aprman, T.H. OCHOBBI KOMIIBIOTEPHOTO MOJAEIMPOBAHUSA XUMHUKO-
TEXHOJIOTMUYECKUX Mporneccos : yuebd. mocodue / T.H. 'aptman, J.B. Knymun. — M. :
Axanemknura, 2008. — 416 c.

2. Makapos, E. I'. Unxenepusie pacuetsl B MathCad 14 / Eprenuit Makapos.
- CIIG. : [Turep, 2007. — 592 c.

3.Pemienrie anropuTMuueckux 3aaad cpeactBamu cuctembl MathCad
METOJIMYECKUE yKa3aHUs JIJIsl CAMOCTOSITENIbHON paOOThl CTY/IEHTOB CHEIMAIBHOCTH
071900 "HNudpopmamoHHbIE CHUCTEMBI M TEXHOJIOTHH" W JPYTrUX HWHXKEHEPHBIX
cnermansHOCTel / Coct. bomaeipes [[.B. / oTB. pen. B.M. Petinep. - HeBuaHOMBICCK :

HTU T'OY BIIO CeBKasl'TY, 2005. — 44 c.
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JIABOPATOPHASI PAGOTA 2

Tema: MOJIEJJMPOBAHUE TPOCTOM
I'MJAPABJIUYECKON CUCTEMBI B CTATUKE U
JTUHAMUKE

Hear padoTbl: npUOOpETEHHE TMPAKTHUYECKUX HABBIKOB COCTABJICHUS
MAaTEMATUYECKOM  MOJEIM  TEXHOJOTMYECKOTO  MpoLecca, HAaXOIALIETOCsS B
CTallMOHAPHOM (CTATHYECKOM) U JUHAMUYECKOM PEKUMaX U HABBIKOB HCCIICIOBAHUS
MOBEAECHUSI MTPOCTOM THUAPABIMYECKOW CUCTEMBbl B CTATUYECKOM W JIMHAMHYECKOM
PEXKHMMax C UCMOJIb30BAHUEM KOMIBIOTEPHBIX MOJIEIICH.

[IpnoOpeTacMble KOMIIETEHIIMM 00Pa30BaTEIbHOM MPOTrpaMMbl TIPU U3YUYCHUHU
marepuana paszaena — [IK-1, I1K-9, ITK-17.

[Ipy BBIMOJIHEHUH JA00OPATOPHON PaObOThI OCYIIECTBISIETCS MaTEMAaTHYECKOE
ONMCAHUE MPOCTOM THUIPABINYECKON CHCTEMBI, HAXOISIIIEHUCS B CTAaTHYECKOM H
JTAHAMHUYECKOM pEXHMax C MCIOJIb30BAHUEM OCHOBHBIX 3aKOHOB €CTECTBEHHO-
Hay4YHbIX qucturuivH (popmupoBanue [1K-1); ucrnons3oBaHue BCTPOSHHBIX (QYHKIIUI
cpenbi MathCad u 4YHCIEHHBIX METOJOB I PEIICHHUS CHUCTEMbl YpPaBHCHHM
MaTeMaTHYECKOr0 OMHMCAHUS TEXHOJOTHMYECKOTO 00BheKTa (OPMHUPYET y CTYJICHTOB
npodeccuonanbuyo kommetrennuio [1K-9; mpoBenenuwe wuccienoBaHul BIUSHUS
pasIUYHBIX (PAKTOPOB € HKCMOJIB30BAHMEM MATEMAaTUYECKOW MOJCIU W aHaJIHu3
BIIMSHMS UX Ha MOKa3aTeNu Ipoiecca GOpMUPYET Y CTYACHTOB MPoheCcCUOHATIbHYIO

rkomnerennuro [1K-17.

Teoperuyeckasi 4acThb

Cxema mpocToi THIPaBINYECKOM CUCTEMBI IIPEACTABICHA HA PUCYHKE 1.

Jns mocTpoeHUsA CTATHYECKOW MOJENM NPEACTABICHHOM T'MAPABIMYECKON
CUCTEMBI HEOOXOAMMO BBIINOJIHUTH TPU MOCIIEOBATEIbHBIX dTalla:

—  UM3YYUTb WM O3HAKOMUTHCS C TEOPUEUN MPOTEKAIOIINX MTPOLECCOB;

— TIIOCTPOWUTH M INPOAHAIU3UPOBATH CUCTEMBl YPABHEHUM MAaTE€MaTHYECKOIO
onmucanust (MO) nporiecca;

— BbIOpaTh W peayn3oBaTh Mojenupyromuii anroputMa (MA) perieHus
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Pucysox 2.1 — IIpocTas FHAPABIITeCKas CHCTSMa

A1 MOCTPOCHESI CTATHHMECKOH MOICHH IPCIACTABICHHON IET
TEMET HEOGXOITIIMO RREITIOITHHTE TPH ITOCIIETORATEITRHEIX S>Tarma:
MOYUMTL UM O3LAKOMHILCS € TCOPHCH LPOICKAIOLMX LHPOLICC
— DOCTPOHTE M IIPOAHAIMIMPOBATE CHCTEMBI YPABHEHHI MaTe
carrz (MO) mporecca:
HLIGPATL, M PCAIMIORATL  MOCHMPYIONME  minopurma (M.
Tener ypaBHeHIHE MO.

2.1 Mayaernme TeopHH mpoTiecca

Pucynok 2.1 — IlpocTas runpaBiuyeckas cucreMa

2.1 U3y4yeHue Teopum npomecca

['unpaBnuyeckas cucrteMa, W300pakeHHas Ha pHUCYHKe 1, BKIIOYaeT JBa
KJIarnmaHa, wuMmeromue KodphuuueHTsl mnpomyckHoOW cmocoOHocth ki u ko
COOTBETCTBeHHO. KitamaHbl pacmnonokeHbl 10 U MOCIe 3aKpbITOM eMKocTh. Bxon u
BBIXOJI M3 €MKOCTH OCYUIECTBIIIETCSI Ha ypOBHE AHMIIA. /laBiieHHME Ha BXOAE B
cucteMy Py, a Ha BbIxoz€ u3 cuctemMsl Ps.

CkopoCTh NPOTEKAHUA KUIKOCTH Yepe3 KJIarnaH B COOTBETCTBUU C YPABHEHUEM
bepHyimmn 11 cymMMapHOW YIEJIBHOM SHEPTUU DBJIEMEHTAPHOW CTPYH HIACAIBHOU

KUAKOCTHU IMPHU YCTAHOBUBIICMCS PCIKUME UMCCT BU/L
V=k (])8)6_])6191)(), (21)

rae k — ko3 UIMEHT TPOIMYCKHON CITOCOOHOCTH KJlalaHa;
P, , Ps,x — 1aBJICHUS >KUIKOCTU HA BXOJAEC M Ha BLIXOJC M3 KjlaraHa.

Bbonee ctporas 3anuck 3Toit GopMyIibl UMEET BU/T
V = k : Sgn(f)ex - Pgbzx) (Rsx - Pebzx) (22)

rae sgn(x) — GyHKIMs 3HAKa MOXKET MPUHUMATh TOJIBKO Tpu 3HaueHus: —1, 0, +1 B

COOTBETCTBHUHU CO CXEMOU
—1,ecmm x <0;
sgn(x) = 0, ecmu x = 0; (2.3)

+1, ecmm x > 0.
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B pesynbrate, B cooTBeTcTBUHM C (popmynon (2.3), 3HaK CKOpPOCTH MOTOKa
KHUJIKOCTU CTAHOBHUTCS OTPHUIATEIBHBIM, €CJIM HalpaBlieHUE €€ IBUKEHHs Oyaer
IIPOTUBOINOJIOKHBIM N300paKEHHOMY Ha pUCYHKe 2.1.

Tak Kak rUApaBIMYECKasl CUCTEMA COJAEPKUT JiBa KJIANAHA, TO MPUBEICHHBIX
¢dopmyi B cucteme ypaBHeHH MO 107KHO OBITH JBa.

B cooTBeTcTBUM €O CIEACTBHEM M3 3aKOHa JladbTOHA NaBIEHUE XUAKOCTU

Pscuox. BHUZY €MKOCTH OTIpeiensieTcst o popmyiie

Pofcudk = Pea3 + ngg’ (24)

rae: P.,; — naBneHue raza HaJi IOBEPXHOCTBIO KUJAKOCTH;
[/ — NJIOTHOCTb KUAKOCTH; [y — YPOBEHb JKUIKOCTH B EMKOCTH.
Jlnst onpeneneHus AaBiaeHUs rasza P.,; HCHOJB3YeTCs COOTHOIICHHE IS

nacaabHOI'O I'a3a

P V. =P V" =const (2.5)

2asz’ 2as3 ,

rae: VY — 00beM eMKOCTH, HE 3al0JIHEHHBIH KUIKOCThI0 (VY=S//H,);
V.as — 00BEM raza B 3aKpbITON eMKOCTH (V..s=S(H — Hy)).
B pesynbTate OyzaeT cnpaBeaiuBo
P,S(H-H,)=P"SH® uw P, =PN% (2.6)
g .
®opMyJIbl U1l ONPEAEICHUS JaBICHUS KUAKOCTH Poeuor (2.4) 1 NaBlieHUA ras3a
P..; (2.6) wucnosb3yroTcsi IJIsi ONUCAaHUSA TIOBEJCHMS 3aKpbITOM €MKOCTH B
TUApPaBINYECKON cucTeme (pucyHok 2.1).
JIna  paccMarpuBacMOM  T'MAPABIMYECKOM  CHCTEMBI, HAaXOIMIUEHCS B
CTallMOHAPHOM PEKUMeE, OyJIeT CIIpaBeUIMBO YpaBHEHHUE MAaCCOBOTO OaslaHca
Vi—V,= 0. (27)
[TapameTpbl JUHAMHUYECKOW MOJEIM B OTJIMYME OT CTATUYECKOHM MOJEIH,
U3MEHAIOTCS BO BpeMeHd. llosTomy, mpu MNOCTPOEHUM TUHAMUYECKOW MOJEIH
MPOCTON THIPABIMYECKON CHUCTEMBbI OallaHCOBOE ypaBHeHUE (2.7) mpeBpainaercs B

00bIKHOBEHHOE quddepeHIaiIbHOe YpaBHEHHE BU/IA
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dVy
dt

= V] _Vg (28)

rae Vg — 00beM KUJIKOCTH B eMKOCTH THAPABIMYECKON CHCTEMBI.
Ecau eMkocTh sIBisieTCS IUIMHIAPUYECKOH, TO O00BEM IKUJIKOCTH B HEH
ompenenseTcs mo Gopmyiie

Ve=S-H, (2.9)

b

rae S — iomaab NOMNePEeYHOro CEYEHUs IUIUHAPA.
Torna npuBenennoe nuddepeHuanbHOe ypaBHEHIE IPUMET BH]L

dH , :VJ_Vz (2.10)
dt S

Hns  pemienuss auddepeHIManbHOro  ypaBHEHUSI HEOOXOIMMO  3aJaTh

HavaJIbHBIC YCIIOBH

npu t =0 H,=0. (2.11)
2.2 MaTemMaTn4ecKoe ONMCAHNE THAPABJIMYECKOI CHCTEMBbI B

CTAMUMOHAPHOM COCTOSSTHUH

Cucrema ypaBHEHMil, ONMCHIBAIOIIasl IMOBEIECHHUE MNPOCTOM T'MAPABINYECKON
cucTteMbl (pUCYHOK 2.1) B CTallMOHAPHOM COCTOSIHUM:

a) OTPEIICIICHNST CKOPOCTH IMTOTOKOB JKUKOCTH Yepe3 KJIallaHbl

L V,=k(F-P)

2. Vy=kJ(B,—Py)
0) pacuer OanaHca

3. V[ — Vg = 0 (212)
B) OIpeIeIiCHHUE IABJICHUH KUAKOCTH U T'a3a B 3aKPBHITOH eMKOCTH

4. P, =P+ pgH,

H
P.=P——
5. 3 OH—Hg

Cucrema nATM KOHEYHBIX ypaBHeHUU (2.12), pemaemass OTHOCHUTEIBHO

cleAyrIMX 5 onpeaenseMbix nepemenusix Vi, V2, Ps, Py, Hy gBAsieTcsa cUCTEMOMN
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HEJIMHEWHBIX YpaBHEHUM. /[[ng ee pemeHus HUCnoyb3yeM [JeKOMIIO3ULHOHHBIN
METOJ, TO3BOJSIIOIIMM  ONPENEIUTh 5  HUCKOMBIX  IIEPEMEHHBIX  IIyTEM
[IOCJIEOBATENIBHOTO PEIICHHWS] OAHOTO HEIMHEHMHOro ypaBHeHus. Jlug 3toro

MOCTPOMM M TMpOaHATM3UPYeM HH(OOPMALMOHHYIO MaTpPHUIly CUCTEMBbl YpPaBHEHHI

MO.

2.3 IlocTpoenne MH(POPMALMOHHOM MATPHLIbI cUCTeMbl ypaBHeHuiit MO

HNudopmauunonnas marpuna cuctemMsl ypaBuennit MO npezcraBisieT co0oit
KBaJIpaTHyl0 Matpuiy (Tabmuua 2.1), cTpOKHM KOTOpPOW COOTBETCTBYIOT HOMEpPaM
ypaBHEHUH, a CTOJAOLBI — OOO3HAYEHUIO  OINpPENEISEMBIX  I[EPEMEHHBIX.
Nudopmarnmonnas marpuiia GOpMUPYIOTCS CIEAYIONIAM 00pa3oM: Ha MepPECeUCHUH
i-oll CTPOKH, COOTBETCTBYIOLIEH i-y ypaBHEHHIO, C j-M CTOJOLIOM CTAaBUTCS 3HaK
IUTIIOC, €CIIM I-e YPaBHEHHUE BKIIIOYAET j-710 OINPEAEIIEMYI0 IEpPEMEHHYI0. OTa
IpoLeaypa MNOBTOPAETCS JUIsl BCEX HE3aBHCHUMBIX YPaBHEHUWA M OINpPENesIeMbIX
[IEPEMEHHBIX CUCTEMBI.

WudopmanimonHass Matpuiia CHCTeMbl YypaBHeHHM (2.8), omuchIBaromen
CTallMOHAPHBIN PEKUM THAPABIMYECKON cUcTeMBbl (pUCYHOK 2.1), mpeacTaBieHa B

tabauue 2.1.

Ta6muma 2.1 — Ioctpoenne nHGOPMAIIMOHHONW MAaTPHUIIBI

nmn | v, | v, | P | P | H, | M
1| + +

2 + +
|+ |+

4 + |+ | +

5 + +
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[Ipu mocTpoenne wuHGOpPMAIMOHHBIX MaTpull B [1,2] pekoMmeHayeTcs

HCIIOJIB30BaTh CJICAYIOMINEC YCIIOBHBIC 0003HaYEHUS:

a) JIJIs1 JIEBOTO CTOJI011a MUHPOPMALIMOHHBIX MAaTPUI — HOMEPOB YPaBHEHUIA:

1 KOHEYHOE YPaBHEHUE;

20 00bIKHOBEHHOE AU (pepeHranbHoe ypaBHEHHUE [IEPBOTo MOpsiJiKa,
Hud.yp. NOpeacTaBiIeHHOE B KOHEYHOCTHO-PA3HOCTHOM BUJE;

10 CHUCTeMa KOHEYHBIX YpaBHEHHI;

11  cucTeMa OOBIKHOBEHHBIX AU((EPEHIMAIEHBIX YPABHCHHI MEPBOTO
Tud.yp. OPAIKE, IPEACTABIEHHA B KOHEYHOCTHO-PA3HOCTHOM BHIE;

3 KOPPEKTUPYIOLLEE YPABHEHUE IJI1 HAXOKIEHUS ONpeIeasieMOi
Kop. yp. mnepemenHoM.

0) 11t mpaBoro ¢To011a MHPOPMAITMOHHBIX MATPHIL;

Ne MOCJIEIOBATEIBHOCTh BHIYMCICHUI COrIACHO BHIOPAHHOMY QJITOPUTMY
penieHus.

B) B T10JI¢ TH(POPMAIIMOHHBIX MATPHUIl TPUMEHSIOTCS CIICTYIOITHE
YCIOBHBIE 0003HAYEHUS:

3aJJaHuE HAYaIbHOTO PUOIHKEHUS;

OIIPCACIICHNEC 3HAUCHUA HCpCMCHHOﬁ;

MCTIOJb30BaHUE 3HAYCHU TIEPEMEHHOM, MMOIYIeHHOE U3 TPEIbITyINX
pacyeTos;

O KOPPEKITUs 3HAYCHUS TIEPEMEHHOM, 3aJJaHHOE KaK MPUOIMKEHNE TS
pacyeTos.

AHanu3 wWH()OPMAIMOHHOW MATPHUII TMPOBOJIUTCS CIEAYIOMUM 00pa3oM.
Kaxnoe ypaBHeHHE COMEpXUT TO 2-3 TIepeMEHHBIe, TOITOMY HaYalbHBIC
MPUOJIVDKEHUS 1JI UTEPAIIMOHHBIX PACUYETOB IIPH PEIICHUHN HETUHEHHBIX YPAaBHCHHM
CIeNyeT 3aJaBaTh B TEX YpPaBHEHHUSAX, TJI€ HAWMEHBINECEC YHUCIO OMPEIeIIEMbIX
NEePEMEHHBIX, U OHO MOXET OBITh XOpOII0O OOOCHOBAaHO U3 (DU3NUECKUX
coobOpakennii. Hammpumep, 11 paccMaTpuBaeMOi CUCTEMBI 3HAYCHHUE MPUOIMKCHUS

H, B ypaBHeHuu (5) cuctemsl (2.12) moxet ObITh 3a1aH0 B uHTepBasie [0, /], Tak kak
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BBICOTA EMKOCTH H 3a/1aHa B yCJIIOBUU 33/Ia4H.

Jlnst  o0o3HaueHWs 3aJaHus HAYaIbHOTO MPUOIKEHUS HUTEPAIMOHHOTO
mpoliecca BBIYMCICHHS B MH(POPMALMOHHON MaTpulle CTaBUTCA 3HAK IUIIOC,
COOTBETCTBYIOIINM 3a7]aBa€MOM MTEPEMEHHON B KOHKPETHOM YPaBHEHUU U OOBOIUTCS
KBaJpaToM (cM. Tabnuiry 2.2, CTpOKy 5).

[lepBbIM 1IaroM BBIYUCIUTENBHOW MpOLEAYphl OylneT ompenercHue
nepemMeHHoi P; B ypaBHeHuu (5) (cMm. uucio 1 B mpaBom croidie tadmuie 2.2). s
o00O3HaueHUs TMEpPEeMEHHOM, KoTopas  ompexaensercas B ypaBHeHuu (5),

COOTBETCTBYIOIINMA €i MTtoc B cTpoke (9) oOBoauTCs poMOOM. 3amaHHOE 3HAUYCHUE

~

HpI/I6J'II/I)KCHI/I}I Hg )41 HaﬁI[CHHa}I MNEePCMCHHAA P; CIIpaBCaAJIMBbI JIA BCEH CHCTEMBbI
ypaBHeHI/Iﬁ N TI09TOMY OTH BCJIWYHHBI [JOJDKHBI HCIIOJIB30BATBCA W JAPYTUMU
YpPaBHCHUSAMHA CHUCTEMBI. I[JI}I 0003HaYCHUS pacupoCTpaHCHUA 3HAYCHUH NEPEMCHHBIX
Ha BCC ypaBHCHHUSA CHUCTCMBbI, COOTBCTCTBYIOIIHNC UM IIJIFOChI B CTOH6H3X O6BOI[$ITC$I

OKPYKHOCTSIMHU.

~

H
B ypaBHenuu (4) OKpy>KHOCTSIMH OOBEIEHBI ILTIOCHI, COOTBETCTBYIOIIME ¢ H Pj3,
YTO TMO3BOJISIET PEIIHUTh 3TO YpPAaBHEHUE OTHOCUTENbHO P, Ha 1mare 2

BBIYMCIIUTEILHOMN TporieAyphI (Tadbmmma 1).

Ta6nuna 2 — Undpopmarmonnas matpunia MO cTalimOHapHOTO peKruMa

H, | M

1 @ @ 3
2| D] @
| @ | D

nn | vV, | v, | P

s
| D
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I[aHbHeI)'IHIHe MMOCJICAOBATCIIbHBIC MIark pPacdCTOB AA0T BO3MOKXHOCTDH

OIIPENIeIUTh TOJBKO MPUOIMKEHHBbIE 3HaYeHus V;, V>, 4To CBA3aHO C BBIOOPOM B
H

g
caMOM Hayalle peajnu3yeMon IpoLeAypbl BEIUUCICHUS IPUOTUKESHHS BETMIHHbI

~

H
Takum oOpazoM, ompeAeieHne KOPPEKTHOTO 3HAYCHUS ¢ TpHUBEHET
COOTBETCTBEHHO K MOJIYYCHUIO KOPPEKTHBIX 3HaueHuu u Ps, Py, Vi, V>, 1.€. 4 u3 5

HCKOMBIX IICPCMCHHDIX.

~

H
J{nst Koppekiuu ¢ JOJKHO MCIOJIb30BaThCsl ypaBHEHUE (3), B KOTOPOM BCE
MIEPEMEHHBIC M3BECTHBI M3 TPEIBIAYIINX PacYeTOB (COOTBETCTBYIOIINE WM ILITHOCHI
o0BeiIeHbI OKpYKHOCTsIMM) — Tabnuna 1, mar 9. Korma cucrema ypaBHenuit MO

peuieHa, To ypaBHeHue (7) Buaa:

vy mfley =0 -

H
JOJKHO TIPEBPATUTHCS B paBeHCTBO. llepeMenHas ~~ ¢ B (UTYpHBIX CKOOAax B 3TOM

CJIydac O3HA4YacT, YTO KAKJI0C CJIaracMocC 3TOro ypaBHCHUA 3aBUCUT OT HepeMeHHOﬁ

H
&, W OHO JOJDKHO OBITh PEIIEHO OTHOCHUTEIBHO & 7 TIOJMy4YeHHS ee
KOPPEKTHOTO 3HAYCHHSI.

Peanuzanuio anroputma pemieHusi ypaBHeHHs (3) MOXKHO paccMaTpuBaTh Kak

. H .
IpoLEIypy KOPPEKIMH MEPEMEHHON = € U COOTBETCTBEHHO OINpPEJEICHUE 3HAUCHUM

nepemMeHHsiXx P;, Py, V; u V). JIna o6o3Hauenus toro (akrta, uro ypaBHeHue (3)
H .
SBIIICTCS KOPPEKTUPYIOIUM aiisg ~ ¢, B cTpoke (3) mH(GOPMAMOHHONW MaTpPHUIIBI

. . H .
(TaGnuiel 2.2) B MO3UILIMK, COOTBETCTBYIOIIEH IEPEMEHHONU ~ &, CTOUT IyCcTON poMO.

2.4 biok-cxeMa aJropuTMa pacyera CTallMOHAPHOI0 PesKMMa JABUKeHUA
JKMJAKOCTH B IIPOCTOM IMAPABJINYECKON CUCTEMe

. H
HaubGonee s3ppexTuBHBIM anroputMoM [jisi KOPPEKIUU MEPEMEHHOW ~ & Hu

peuieHust ypaBHEHHMsS (3) SBIAETCS METOJA IOJOBUHHOIO JEJIEHUS, C HUXKHEH

-5
rpaHueil nHTepBaia noucka — 0 u Bepxueii rparumeii — (1 — 10107 1 k. tonbko

22



B 9TOM cCllydyae 3HaMmeHaTenb ypaBHeHHs (5) cuctembl ypaBHeHuit MO (2.12) nHe

. H
CTaHET PAaBHBIM HYJIIO IIPH IIOJICTAHOBKE B HETO BEPXHEU IPaHULIBI & .
Ha pucynke 2.2 n3zo0paxeHa 0J0K-cxema alropuTrMa pacyeTra CTalliOHapHOTO
peXUMa THUIPABIUYECKON CHUCTEMBI, M300pakeHHOW Ha pucynke 2.1. Ilpu stom

UCIIOJIB3YETCSl aNrOpuUTMHUYECKUid 050K (3), B KOTOPOM pealu3yeTcsl alropUTM

( Hauamo )

Y

Hcxonausie nanunie: Py,
P29 kla k29 €, p) H) P0

=

/ Vv pypoH,

H
MCTOAA IMOJIOBUHHOT'O ACJICHUA IJIA OIIPCACIICHUA g.

PucyHnok 2.2 — biok-cxema aaropurma pacyeTra CTallMOHapHOTO

peXrMa ruIpaBIndeCKON CUCTEMBI
2.5 IlocTpoenne cucTeMbl ypaBHeHUI MaTeMaTn4yeckoro onucanusi (MQO)
TUAPABJIMYECKON CHCTEMBI B JUHAMHMYECKOM COCTOSTHUU

Cucrema ypaBHEHHMH, OINMCHIBAIOIIAS TMOBEACHUE MPOCTOM THUIPABINYECKOMN
CUCTEMBI (PUCYHOK 2.1) B HECTAIIMOHAPHOM (IMHAMUYECKOM) COCTOSIHUM:

a) OIIPCACIICHUA CKOPOCTU IMTOTOKOB JKUAKOCTHU YCPC3 KJIAIIaHbI
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L Vi=kF-F,)
2. Vy=k,\(F,~P,)
0) pacuer O6anaHca
dH , _ V,-V, (2.14)
dt S

B) OIIpCACIICHHUC JIABJICHUM KMJKOCTH U raza B SaKpBITOﬁ CMKOCTH

4. P, =P;+pgH,
H
3. P; =F,

H-H

g
Cucrtema ypaBHEHHMH, ONMHUCHIBaeMasi TUHAMUYECKHN PEXUM CHUCTEMBI (2.14),
OTJIMYAETCS OT CHCTEMbl YPAaBHEHMI, ONHCHIBAEMOW CTaTHYECKUU pexum (2.12),
OanaHcoBbIM ypaBHeHHeM (2.10), koTopoe mpeacTaBisieT Co00H OOBIKHOBEHHOE
auddepeHnranbHoe ypaBHeHue. /s ero pemieHusi ucrmosb3yercss meron Pywre-

Kyrra npu HavanpHbIX ycioBusx: npu ¢ =0 H, = 0.

Anmnaparypa, 000py10BaHi€e U MATEPHAJIbI

JlaGopatopHass paboTa TPOBOAUTCA B  KOMIBIOTEPHOM  Kjacce C

rcrnojb30BanueM nporpammel MathCad.

MeToauka npoBe/ieHNs U 3aIaHUA K padore

PaGora Bemomusercs Ha [IOBM KaxapIM CTyJAEHTOM CaMOCTOSITEIHHO.
Wcxonnbie nannblie npuBenaeHsl B Tadnune 12 npunoxxenust b. Bapuant Beioupaercs
10 HOMEPY CTYAEHTA B CIIUCKE PYIIIIHI.

J171st BeIOSTHEHUS! paOOThl HEOOXOAMMO U3YUHUTh:

— TEOPHUIO MPOLECCa;

— IIOCJIEJOBATENBHOCTh COCTABIEHUS MaTEMAaTUYECKON MOJIEIH;

— METOJIUKY MOCTPOCHUSI UHPOPMALIMOHHON MaTpPHUIIbI;

— pemenue B cpeae MathCad nuddepeHnanbHpIX ypaBHEHU;

— HUCIIOJIb30BAHHUC MAaTpuIl JJIs1 ITIOCTPOCHUA Fpa(i)I/IKOB.
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3amaHus:

1. O3HaKOMUTBCS C TEOpUEH U METOJAMKOMN BBIMOIHEHUSI PAOOTHI.

2. MareMaTu4yecKu OIMUCaTh pacCMaTPUBAEMBbIN TEXHOJOTHYECKH OOBEKT B
CTaTUYECKOM M JUHAMHUYECKOM PEXKUMAX.

3. IIpoananu3upoBaTh CHUCTEMBI YpPaBHECHUU 51 OIPEICIIUTh
MOCJIEIOBATEIBHOCTh UX pacyeTa.

4. CoctaBUTh OJOK-cXxeMy (QJITOpUTM) pacueTra CUCTEeMbl ypaBHEHUH s
CTaTUYECKON U TUHAMHYECKOU MOJIEIICH.

5. PeanuzoBarh airoputMbl Ha JOOOM SI3bIKE NPOrPAMMHUPOBAHUS WM B
cuctemax MathCad, MathLab u otnanguts nporpammy.

6. IIpoBecTu ucclie0BaHMs, UCTIONB3YsI UCXOAHBIE JAaHHBIE, MPUBEJACHHBIE B
npuioxxennn A. Homep BapuanTa COOTBETCTBYET HOMEPY CTYAEHTA B KypHAJIE.

Hcnonb3ys CTaTHYeCKYH) MOAEJb IPOCTOW TUIPABIMYECKON CHCTEMBI
HEOOXOJMMO TMPOBECTU H3YyUYCHUE €€ TMOBEICHHUS IPU HU3MEHEHUM TMapaMeTpOB,
BBITIOJIHUB CJICYIOIIUE 3aJaHUSL:

3aganue 1. M3yuute BnusHue aaBieHuss Pl Ha pacxon moToka W BBICOTY
YKUJIKOCTHA B EMKOCTH.

3amanne 2. YCTaHOBUTE 3aBUCHMOCTH 3HAYCHUS KOI(PPUIIMEHTA MPOIMYCKHON
cnocoOHOCTH k; Ha pacxo/1 MOTOKa U BBICOTY CT0J10a KUJKOCTH B EMKOCTH.

3aganue 3. Onpeaenure, BIUSIET JIU BBICOTAa €MKOCTH HA pacXo/ MOToKa?

Ilpooeunymutii yposens

Hcnonp3yss NMHAMHMYECKYI0 MOJe]db IPOCTOM THAPABIMYECKONM CHUCTEMBI
NPOBEIUTE M3Y4YCHHE €€ TOBEACHHUS MpPU H3MEHEHHHM MapaMeTpoOB, BBIMNOJHUB
CIIeyIOIIMe 3aJaHus:

3aganue 1. M3yuure BiusHue ko3 duiimeHTa nponyckHon cnocoonoctu k1 Ha
BpEMs BbIX0JIa CUCTEMbI Ha CTAlIMOHAPHBINA PEXKUM.

3ananue 2. U3yunrte BnusiHue Ko3QpuImeHTa npomycknoit cnocoonoctu k2 na
BpEMsI BBIX0O/Ia CUCTEMBI Ha CTAlLIUOHAPHBINA PEXKUM.

3aganue 3. Onpeaenure, BIUSIET JIU BBICOTAa €MKOCTH HA pacxo/ MOToKa?
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Conepixxkanue oT4yera

OTtuet o mabopaTopHOU paboTe TOKEH COAEPKaTh: Ha3BaHWUE PabOTHI, 1ETTb,
baMUIMI0 ¥ WHHUIHMATIBl CTYNEHTa, TPYIIy, MCXOIHBIC IaHHBIC, PEaM30BaHHBIC
MaTeMaTUYeCKUE MOJIEIH, PE3YIbTaThl BHITIOJTHCHHUSI 3aJJaHUH, BBIBOIBI.

[Ipumep BBHITIOMHEHHWS pAacYETHOW dYacTh JabopaTopHOW paboTel 2 aiis
CTaTHUYECKON MOJIEH MPUBECH B MPUIOKESHHUH [, a Isl TMHAMUYECKOM MOIETTH — B

npuinoxeHuu /1.

KoHTpoJibHBIE BONIPOCHI

1. IlpuBenure HSTanmbl MOCTPOCHHSI CTAaTHYECKOW  MOJEIM  MPOCTOM
TUIPABINYECKON CUCTEMBI.

2.  KakuM ypaBHEHHEM ONHUCHIBAETCS CKOPOCTh MPOTEKAHUS KUIKOCTH YEPE3
KJIarnaH?

3. C KakoW UEeJpI0 MPU MOJAEIUPOBAHUU MTPOCTON TMAPABINYECKON CUCTEMBI
UCTIOJIb3YyeTCsl QYHKIUS Sgn(X)?

4. Kaxue 3Ha4eHHS] MOXKET TPUHUMAThH QYHKIMS Sgn(X)?

5. [IlpuBeaute dhopmyiy ajis onpeaeiacHus JaBICHUsS KUIKOCTH B 3aKPBITON
€MKOCTH.

6. KakoBo 6aslaHcOBO€ ypaBHEHHUE MPOCTOW TUJPABIMYECKON CHUCTEMBI MPH
CTaTUYECKOM PEXKUME?

7. C Kakoll 1eNbl0 OCYIIECTBISIETCS MOCTpOeHHE HHGOPMALMOHHON
MaTpHUIlbl CUCTEMBI ypaBHeHUH MO mpoCTON TUIpaBIMYECKON CUCTEMBI?

8.  Onummre anropuT™M noucka KopHs ypaBHeHHs F(x)=0 meTomom neneHus
WHTEpBaJa MOIMoJIaM.

9. UYewm orimuaeTcd IMHAMUYECKas MOJENb OT CTATUYECKOI?

10. Kakum ypaBHEHUEM OMHCHIBACTCS TABJICHUE B 3aMKHYTOM 00OBheMe?

11. Tlpuenure OGalaHCOBOE ypaBHEHHE MPOCTOW THUJAPABINYECKON CHUCTEMBI
JUTSI TMHAMUYECKOTO PeXUMa.

12. KakoBbl HauanmpHbIE YCJIOBUSI TIpH pernieHuu auddepeHuaIbHOro

ypaBHEHUS?
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13. Kakue meTosl perienus quddepeHnnanbHbix ypaBHeHH Bol 3HaeTe?

14. Kakass BctpoeHHas ¢yHkius nporpammbl MathCad ucnons3yercs nmst
peuieHus AU pepeHnnaIbHOro ypaBHeHNs?

15. Kak BausitoT 3HaueHUs Ko3(G(GUIMEHTOB MponyckHOU crnocoOHoctu k1 u

k2 Ha BpeMs BbIX0Jla CUCTEMbI Ha CTAIIMOHAPHBIA pexuM?

Cnucok pekoMeHIyeMoii TUTepPaTyphl

1. T'aprman T.H., Kamuakun B.H., AprempeBa JL.U. KomnerorepHoe
MOJIEJIMPOBAaHUE MPOCTHIX ruapaBianueckux cuctem / Ilox oOmeit pemaknueit n-pa
texH. Hayk T.H. I'aptmana.— M. : PXTY um. /I.1. MengeneeBa, 2002. — 40 c. .

HoctymHo: http://icm.muctr.ru/study/modelling/practice/hydraulics.pdf.

2. T'aptman, T.H. OcHOBBI KOMIIBIOTEPHOTO MOJIETUPOBAHUS XUMHUKO-
TEXHOJIOTHUECKHUX MpoIieccoB : yued. mocooue / T.H. 'aptman, /[.B. Kinymun. — M. :
Axanemknwnra, 2008. — 416 c.

3. MonenupoBaHue TEXHOJOTHMYECKHX OOBEKTOB : METOJUYECKHE YKa3aHUs
Ui CaMOCTOATENIbHOW paboThl cTyneHToB croenuanbHocted 240301 (250200)
«XuMHUuecKass TEXHOJIOTHS  Heopranudeckux BemiectB», 230201 (071900)
«Muadopmanmonnsie cuctembl U TexHonorum» / Coct. [lpockypuun A.JL. / oTB. pen.
bonnbipeB. — Hesunnombicck : HTU I'OY BITIO CesKasI'TY, 2008. — 28 c.

4. PemeHue aaropuTMHUECKUX 3ajad cpenactBamu cuctembl MathCad
METOJMYCCKUE yYKa3aHUs ISl CAMOCTOSITEIbHONW pabOThl CTYJCHTOB CIEIUATBLHOCTH
071900 "HNudpopmanmoHHbIE CHUCTEMBI M TEXHOJOTHMH" W JPYTUX HWHKEHEPHBIX
cneruanbHocTel / Coct. bomaeipes JI.B. / oTB. pen. B.M. Peiinep. — HeBurHOMBICCK

: HTUT'OVY BIIO CesKasl'TY, 2005. - 44 c.
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JIABOPATOPHASA PABOTA 3
Tema: MOAEJINPOBAHUE NTPOLECCA TEIIVIOOBMEHA B
MHNPAMOTOYHOM TEIIVIOOBMEHHUKE

Heas padortbl: [IpuoOpereHne HaBbIKOB MaTeMatuyeckoro onucanus (MO)
MPOLIECCOB TEMJIO0OMEHAa B MPSMOTOYHOM TeIIOOOMEHHUKe, peanu3aimus MO Ha
KOMITBIOTEPE W UCCIEIOBAHUE TEIJI0OOMEHAa MEXAY ABYMS TEIUIOHOCUTENSIMU C
MOMOILBIO KOMIIBIOTEPHON MOJIETH.

[TpunoOpeTaemMbie KOMITETEHIIUA O00OpPa30BaTEIHLHON MPOrpaMMbl TIPH U3YYCHUHU
marepuana pazaena — [IK-1, I[TK-9, IT1K-17.

[Ipu BBIMONIHEHUH JTAOOPATOPHOU PAaOOTHI OCYIIECTBIISIETCS MAaTEMAaTHUYECKOE
OMHCaHUE TEIIO0OMEHAa B MPSIMOTOYHOM PEAKTOPE C HMCIOJb30BAHHMEM OCHOBHBIX
3aKOHOB €CTECTBEHHO-HAYUHBIX AUCIUILINH (popmupoBanue [1K-1); ucrnonszoBanue
BCTpoeHHBIX GyHKIUNA cpenbl MathCad u YHCIEHHBIX METOMOB I PEIICHUS
cuctembl ypaBHeHU# ((dopmupoBanue [1K-9); mpoBeaeHne uccieI0BaHUN BIUSHUS
pa3NUYHBIX (PAKTOPOB C MCHOJIB30BAHMEM MATEMAaTUYECKOM MOJEIU M aHalIu3

BIIMSIHUS MX Ha TIoKasarenu nporecca ( hopmuposanue [1K-17).

Teoperuyeckasi 4acTh

TemmooOMenHble  anmapathl  (TEIVIOOOMEHHUKH)  NMPUMEHSIOTCA  AJIA
OCYIIECTBJICHUS TEIUIOOOMEHa MEXAY JBYMs TEIUIOHOCUTEISIMU C LIEJIbI0 HarpeBa
WM OXJIAKJEHUS OJIHOTO U3 HHUX. B 3aBUCHMOCTHM OT 3TOro TEMJI0OOMEHHBIE
anmnaparsl Ha3bIBAOT MOJOTPEBATEISAMHU WU XOJIOAUIbHUKAMH.

[To crocoOy mepenauu Temia pa3ivyaroT CIAEAYIOIIME TUIbI TEeII00OMEHHBIX
anmnaparosB:

— TOBEPXHOCTHbIE, B KOTOPHIX 00a TEIUIOHOCUTENS pa3/ieleHbl CTEHKOM,
IPUYEM TEIUIO MEPENAETCS YEPE3 NOBEPXHOCTh CTEHKH;

— pereHepaTuBHbIe, B KOTOPBIX MPOLECC NEpPEAadd TeIjla OT TOPSAYEro
TEIUIOHOCUTENS K XOJIOJHOMY pa3leisercss MO BPEMEHM Ha JBa IEpHoJa U
OPOUCXOAUT TPU  TIONEPEMEHHOM HAarpeBaHUM MW OXJIAXIACHUM  HACaJKU

TENI000MEHHHUKA;
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— CcMecHTeJIbHble, B  KOTOpPHIX  TEIUIOOOMEH  MPOUCXOAUT  MpH
HEMOCPEJACTBEHHOM COIPUKOCHOBEHUH TETNIOHOCUTEIIEH.

B XuMu4eckoil MpOMBIIUIEHHOCTH HauOOJblIee PaclpoOCTPaHEHUE MOTYUHIIH
MOBEPXHOCTHBIE TEIIOOOMEHHUKH, OTJIMYAIOIIMECS pa3HOOOpa3sueM KOHCTPYKIIH,
OCHOBHYIO T'PYIIy KOTOPBIX MPEACTaBISIIOT TpyOdarble TEMNIOOOMEHHUKH, TaKHe
KaK: KOXKYyXOTpYOHbIE, OpOCUTEIIbHBIC, TTOTPYKEHHbIE U "TpyOa B Tpyde".

TemnooOMenHuKU «TpyOa B TpyOe» (pucyHku 3.1 u 3.2) BKIIIOYAIOT HECKOJIBKO
PACIIOIOKEHHBIX JIPYT HaJ IPYTOM 3JIEMEHTOB, IPUYEM KaXIIbIi SJIEMEHT COCTOUT U3
IBYX TpyO: HapyxHOW TpyOel 1 Oonpmioro puaMerpa M KOHIIEHTPUYECKH

pacnojoKeHHOU BHYTpHU €€ TpyOsbI 2.

N

r

®
|
0

i {1

Puc. 12-10. TenooGmennux THHA ,Tpyba
B Tpybes:
[ = Hapywnan Tpyfa; 2= onyrpennaa Tpy0a; 3= ki,

1 — Hapy>xHas TpyOa; 2 — BHyTpeHHss TpyOa; 3 — Kajau.
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Pucynox 3.2 — TermmooOMeHHHK «TpyOa B TpyOe»

BuyTpennue TpyObl COEIMHEHBI JIPYr C JIPYroM IMOCJIEA0BATENbHO; TaKXKe
CBSI3aHBI MEX]Ty COOON M Hapy>KHbIE TPYOBI. J{7151 BO3MOKHOCTH OUMCTKH BHYTPEHHHE
TPyOBbl COENUHSIOTCS MPHU MOMOIIM CheMHBIX Kanaued 3. biaromapst HeOosbiioMy
NOMEPEYHOMY CEUYEHHMIO B ATHUX TEIJIOOOMEHHUKAX JIETKO OCTUTalOTCS BBICOKHE
CKOPOCTH TEIUIOHOCUTENIEH, KaKk B TpyOax, Tak U B MEXTpyOHOM mpocTpaHcTe. [Ipu
3HAUUTEIBHBIX KOJMYECTBAX TEIUIOHOCUTENEH TEIIOOOMEHHUK COCTaBISIOT U3

HCCKOJIbKHUX IMapaJJICIIbHBIX CGKHHﬁ, MMPHUCOCANHCHHBIX K O6I]_II/IM KOJIJICKTOpaM.

[TpenmyriecTBa TEmI000MEHHUKOB «TpyOa B TpyOe»: BBICOKHI K03 duiment
TEIUIONepeiayn BCIIEACTBUE OOJBIION CKOPOCTH 0OOMX TEIUIOHOCUTEINEH; MPOCTOTa

HU3TrOTOBJICHH.

Henocrarku 3TUX TEMmIOOOMEHHMKOB: TPOMO3AKOCTh; BBICOKAs CTOMMOCTH
BBUIy OOJIBIIOTO pacxoja MeTajla Ha HapyXHbIe TPyObl, HE Yy4YacTBYIOIIWE B

TEIJI000MEHE; TPYIHOCTh OUYUCTKH MEKTPYOHOTO MTPOCTPAHCTBA.

[TocTpoeHne KOMITBIOTEPHOM MOJIENH TEINIOOOMEHHHMKA BKIIIOUAET CIIEIYIOIINE
ATaNbI:

— O3HAKOMJIEHHE C Teopued Impolecca TeIooOMeHa i JaHHOIO THUla
TEMI000MEHHBIX aIlapaToB;

— noctpoeHne MO KOHKpETHOro mpoliecca Ternaoo0MeHa;

— BpIOOp M peanusauus anroputma pemeHus MO Mojenu  IaHHOTO

TEMI000OMEHHUKA.

JI71st TOCTPOCHUST CUCTEMBI YPABHEHHI MAaTEeMaTHYECKOTO OMHCAHUS Ipoliecca
TeIyionepeaay B TEIUIOOOMEHHHKE THUMa «Tpyda B TpyOe» NPUHUMAIOTCS
CJIETyIOIIKE JOMYIIEHUS:

— paccMmaTpuBaeTCs CTAllMOHAPHBIN pexuM Ipoliecca TeIIonepeaaum;

— KpoMe Tpolecca TeIvlonepeaayn HHUKAKUX JPYTHuX MPOIECCOB  HE
MIPOVCXOINT;

— KO3 GULMEHT TEIIoNepe1aun MOCTOSHEH U U3BECTEH;

— TEIUIOEMKOCTh OTOKOB TEIIJIOHOCUTEICH IIOCTOSHHA,
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— TOBEPXHOCTh TEIIOOOMEHa PAaBHOMEPHO paclipeneseHa BAOJIb Y4acTKa

JMAHHOTO TEINIOOOMEHHUKA,

— JABHIXCHHC IICPBOIr0O M BTOPOI'O IIOTOKOB TCIUIOHOCUTEIICH OITMCHIBAKOTCS

FHI[pOI[HHEIMH‘-IGCKOﬁ MOACIIBIO NACAJIBHOI'O BBITCCHCHU .

MartemaTH4ecKoOe OIUCAHNE INPAMOTOYHOI'0 TEeNnJ1000MEeHHHUKA THIIA

«Tpy0da B TPyOE»
Ha pucynke 3.3 mpexacraBieHa cxema MPSIMOTOYHOTO TEIMJIOOOMEHHHMKA,

HCIIOJIBb3yEeMas IJId MaTEMATUYCCKOI'O OIMMCaHus.

Bona
* v2, to,
Kucnora , . t(l)
[ |
vl , 10
L, F, Kt (L)

Pucynox 3.3 — Cxema miis pacdera npsSIMOTOYHOTO TEIUIOOOMEHHUKA

O6o03HaueHus:

Oxnasicoennwlil (2opsdull) Nomoxk
fo; — HavajbpHas Temmeparypa, °C (Ha BXojie B anmapar);
t1(L) — xoneuHas Temrneparypa, °C (Ha BbIXOJIe U3 anmnapar);
vl — pacxom, KMOJIb/C;

Haepesaemviii (xonoonwiti nomok)
to,— HavanbHas Temneparypa, °C (Ha BXoje B amnmapar);
t2(L) — xoneuHas Temreparypa, °C (Ha BbIXOJIe U3 ammapar);
02 — pacxo, KMOJb/C;
L — nnvHa TeriooOMeHHHKA, M; F'— TOBEPXHOCTh TEIIO0OOMEHa, M2
Kt — xo>dpdunument termonepenaun, Br/m*K.

"HauanbHble ycnosus: npu [=0, to;=ty;, o) =ty,.

M3meHeHne Temmeparyp TEIUIOHOCHTENEH MO JUIMHE TeriooOMEHHUKa

MIPUBEAEHO HA pUCYHKE 3.4.
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K 4.3 — I3MeHeHHne TeMnepaTyp TeIJIOHOCUTEIICH TIC
TEII00OMEHHUKA «TpyOa B TpyOe» (IpsIMOTOK)

Pucynok 3.4 — MI3MeHeHHe TeMIiepaTyp TEIJIOHOCUTENEHN MO JUIHHE

TErI000MEHHUKA MPH MPSMOTOKE TEIUIOHOCUTENEH

YpaBHeHHE TEIJIOBOTO OanaHca JJisl MPUHIATOW TUIPOAMHAMUYECKOW MOJIeNn
UJICaJIbHOTO  BBITECHEHUSI M BBIPAXKEHHE JUISl  JIOKAJIBHOM WHTEHCUBHOCTHU
terionepenaun  (/J/g) IS TEPBOrO  TOTOKAa TETUIOHOCUTENS — 3alKChIBAETCS

CIIEAYIOIIMM 00pa3om

at,, F

2. Aq, =Kt(t,-t))

ypaBHeHI/Ie TEIJIOBOro Oajlanca | BBIPAKCHUA JIOKAJbHOM HMHTECHCHUBHOCTHU

TCILIOICPpECaAaYn OJIsI BTOPOro IOTOKa TCINNIOHOCHUTCIIA 3aIllMChIBAIOTCA CIICAYIOIIHUM

obOpazom

3.
4. Aq, =Kt(t,-t,)

YI-II/ITBIBEIH, YTO JIOKaJIbHBbIE MHTCHCHUBHOCTH OOOHMX ITOTOKOB COBIIAJAarOT IIO

dt, _F.

BCIIMYMHEC, HO PA3JIMYHLI 11O 3HAKY MOJKHO 3aIlluCaThb

Ag=A4q,=-4q,

OTO MO3BOJIIET  COKpPaTUTh  KOJWYECTBO ypaBHeHud MO  monenu
OpSIMOTOYHOTO TEIIOOOMEHHUKA THNa «Tpyba B TpyOe». Cuctema ypaBHeHuir MO
3alHCHIBAETCSI KaK CHUCTeMa OOBIKHOBEHHBIX au(epeHInanbHbIX YpaBHEHHM
KOHEYHOCTHO-PAa3HOCTHOM TPEACTABIECHUN C HAaYaJbHBIMHU YCJIOBHUSIMM, 3aJlaHHBIMU
[IpY 3HAYEHUU POCTPAHCTBEHHOU KoopauHathl / = 0:

dt, F

S F g
| dl ~ LviCpl —
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LL)-400) . F . _
A S Lwigpr M=

dt, F
o (~2g)
7. d = Lv2Cp2 WIN

LOL)(0) o F 4=
e A S Lvacpz (TMIET2

3 Aq=Ki(t, - 1;)

5

I't,(0)=1t,,

' —
HauanbsHble yCioBUS: 2" 1,(0) =1y,

[=0

[TockonbKy HaYaJIbHBIE YCIIOBUS 3aJAIOTCS MPU OJHOM M TOM JK€ 3HAYCHUU
HE3aBUCHMOM TIepeMeHHOW [/, B JaHHOM ciydae pemaercs 3amgaud Komm. Oty
CUCTEMY MOKHO PEITUTh aHATUTHYCCKH TOYHO.

WudopmanimonHas MaTpuiia CHUCTeMbl ympaBieHud MO cTalmoHapHOTO
mporecca Terionepeaay B MNPsIMOTOYHOM TEIUIOOOMEHHUKE «Tpyda B TpyOe»
npuBeneHa B Tabmune 3.1.

Tabmura 3.1

nn | ,(0) | 4,(L)|£:(0) | t,(L) No

Ilui-yp @ <-I>
Ilui-yp @ <-I>
3@ ]
1 <|_> 1
o O|® S

P DD %

Anmnapartypa, 000py/10BaHHe U MAaTePHAJIbI

JlabopaTopHass paboTa  TPOBOJUTCS B  KOMIIBIOTEPHOM  Kjacce ¢

ucrnoiib3oBanrueM nporpammel MathCad.
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MeToauka npoBeieHNs U 3aIaHUA K padore

Pa6ora Bemomusercs Ha [IOBM KaxapIM CTYJAEHTOM CaMOCTOSITEIHHO.
WcxonHble JaHHbIE ISl pacueTa U UCCIEA0BaHMS TEIUIOOOMEHHUKA «TpyOa B TpyOay,
MPEAHA3HAYEHHOrO JUISl OXJIAXJACHHUSI BOJOW HArpeToro pacTBopa a30THOM KHUCIIOTHI
60%-Hol KOHIeHTpauuu npuBeAeHsl B Tabmuue [I3 npunoxenus b. Bapuant
BBIOMpAETCA 110 HOMEPY CTYIEHTAa B CIIUCKE TPYIIIIHI.

J151s BBIIOSTHEHUS pa0OThl HEOOXOAUMO U3yUYHUTh:

— KJIacCU(UKAIUIO TETJIO0OMEHHBIX aIlapaToB;

— METOJMKY COCTaBJICHUS MaTEMaTHUECKOI0 OMHUCaHuUs Mpolecca TermIo00MeHa
[pU IPSIMOTOYHOM TE€UEHUU TEILJIOHOCUTENEH;

— METOJIUKY MOCTPOCHUSI UHPOPMALIMOHHON MaTpHUIIbI;

— pemenue B cpene MathCad cuctemsl auddepeHnnanbHbIX YpaBHEHHIH;

3amanus:

1. MaremaTuuecku onucatb paboTy IpsIMOTOYHOTO TEMIOOOMEHHHKA «TpyoOa B
TpyOe».

2. [Ipoananm3upoBaTh CHUCTEMY YpaBHEHUU 151 OIPENICIIUTD
MOCJICZIOBATEIBHOCTh pacueTa, MOCTPOMB HH(DOPMALMOHHYIO MATPHUIy CHCTEMBI
ypaBHeHnii MO.

3. CocTaBUTh OJIOK-CXeMY (QJITOPUTM) pacyeTa CUCTEMbl YPABHEHHM.

4. Peanu3oBaTh anroput™M Ha JIOOOM fA3bIKE NPOrPaMMHUPOBAaHUS WU B
cucreMax MathCad, MathLab.

5. IIpoBectn wu3ydeHHE BIMSHHUS TOBEPXHOCTH TEIJIOOOMEHAa M CKOpPOCTHU
M0/1a4¥ BOJIbI HA KOHEUHYIO TEMIIEPATypy OXJIAXKIEHUS KUCIIOTHI.

6. [TocTpouTh KOHTYpHBIM rpaduK 3aBUCUMOCTH TEMIIEPATypbl KUCIOTHI OT

HN3Y4YCHHBIX I1apaMCTpPOB.

Conep:xanue oTyera

Otyet no abopaTopHO paboTe AOJKEH COJIepKATh: Ha3BaHUE PAOOTHI, 1IEIb,
dbaMuUIUI0 ¥ WHUIMAIBI CTYJICHTa, TPYIITY, HCXOJHBIC JaHHbBIE, pPEaM30BaHHBIC

MAaTeMaTUYCCKUEC MOJACIU IPAMOTOYHOIO M IIPOTHUBOTOYHOIO TGHHOO6MCHHI/IK3,
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pEe3yJbTaThl BBIIIOJIHEHUS 3aJJaHU, BHIBOIBI.
[Ipumep pacdyeTa NPSAMOTOYHOTO TEIJIOOOMEHHUKA B CpeAe MPOTPaMMBbI

MathCad npuBenen B npunioxenuu E.

KonTpoabHbIe BONIPOCHI

1. Kak nmoapa3aenstorcs TeIIO0OMEHHHUKH T10 CIIOco0y Tepeayu Tera’?

2. Kakue TermnooOMEHHUKM TMOJY4YUIM HauOoJblliee paclpoCTpaHEHUE B
XUMUYECKON TPOMBIIIIEHHOCTH ?

3. KakoBbl npenmyIinecTBa TeII000MEHHUKOB TUIIA «TpyOa B TpyOe»?

4. Kakue 9rambl  BKJIOYAET IOCTPOCHHE  KOMIIBIOTEPHOW  MOJENIN
MPSMOTOYHOTO TEIIO0OMEHHUKA?

5. llpuBenute cxeMmy NOPSMOTOYHOrO TEIJIOOOMEHHUKA THIIA «Tpyba B
TpyOe».

6. Kakue nomymieHus NOPUHUMAIOTCS TIPU MaTEeMaTUYECKOM OINHCAaHUHU
mpoliecca Terjionepeaadyu B TEMJI000MEHHUKE TUIA «TpyOa B TpyOe»?

7. llpuBengure ypaBHEHHUE TEII0BOr0 Oananca MPSIMOTOYHOTO
TEMI000MEHHHUKA.

8. ITlouemy  pemenue  cucrembl  audPepeHIMATBHBIX  YpaBHEHHM
MPSIMOTOYHOTO TEMJI00OMEHHUKA OTHOCUTCS K 3aj1aue Korm?

9. Kak Bnusier MOBEPXHOCTh TEIUIOOOMEHA Ha TEMMEPATYPHBIA PEXUM

Terioo0OMeHHUKa?

Cnmcoxk pekoMeHayemMoi JTUTepaTypbl

1. T'aptman, T.H. OcCHOBBl KOMIBIOTEPHOTO MOJEIUPOBAHUS XHUMHKO-
TEXHOJIOTHUECKHUX MpoIieccoB : yued. mocodbue / T.H. 'aptman, [{.B. Kiymun. — M. :
Axanemkuwnra, 2008. — 416 c.

2. Makapos, E. I'. Inxxenepusbie pacuetsl B MathCad 14 / Esrenuit Makapos.
— CII6. : ITutep, 2007. — 592 c.

3. OcHOBHbIE MPOIIECCHl U anmapaTbl XUMHUYECKOil TexHosoruu: [locobue mo

npoektupoBanuto /I".C. bopucos, B.I1. bpeixos, 10.1. [dsitHepckuii u ap. Iloa. pen.
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HO0.1. ApitHepckoro.— M.: Xumus, 1991.—496 c.
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JIABOPATOPHAS PABOTA 4
Tema: MOAEJINPOBAHUE NTPOLECCA TEIIVIOOBMEHA B
INPOTUBOTOYHOM TEINIVNIOOBMEHHHUKE

Heas paborbl: I[lpuoOpeTeHre HABBHIKOB MaTeMaTHYECKOTO OMHCAHUS
MPOIIECCOB TEIMIO0OMEHA B MPOTUBOTOYHOM TEINIOOOMEHHUKe, peanu3anus MO Ha
KOMITBIOTEPE W UCCIEIOBAHHUE TEIMJI000OMEHAa MEXAY ABYMS TEIUIOHOCUTENSIMU C
MOMOILBIO KOMIIBIOTEPHON MOJIETH.

[TpunoOpeTaembie KOMIIETEHIIUA O00Opa30BaTEIHLHON MPOrpaMMbl TIPH U3YYCHUHU
marepuana pazaena — [IK-1, I[TK-9, ITIK-17.

[Ipu BeIMONTHEHNH JTAOOPATOPHOU PAOOTHI OCYIIECTBIISIETCS MAaTEMAaTUYECKOE
OTHCaHUE TEIIO0OMEHA B MPOTUBOTOYHOM PEAKTOPE C MCIIOJIB30BAHUEM OCHOBHBIX
3aKOHOB €CTE€CTBEHHO-HAYUHBIX AUCIUILINH ((popmupoBanue [1K-1); ucrnonszoBanue
BCTpoeHHBIX (GyHKIUNA cpenbl MathCad u YHCIEHHBIX METOMOB I PEIICHUS
cuctembl ypaBHeHUH (dopmupoBanue [1K-9); mpoBeaeHue uccieI0BaHUN BIUSHUS
pa3IUYHBIX (PAKTOPOB C KCHOJIB30BAHMEM MATEMAaTUYECKOM MOJENIU U aHalIu3

BIIMSIHUS X Ha ToKasarenu npoiecca ( hopmuposanue [1K-17).

Teoperuyeckas 4acThb

Ha pucynke 4.1 mnpencraBieHa cxema MPOTUBOTOYHOTO TEMJIOOOMEHHHKA,

HUCIIOJIb3yCMad IJisl MATCMATHUYCCKOTO OITMCAaHU .

tA(L)

Kucnora , . H(L)

—>
vl, to; ' '

L, F, Kt

Bona % v2, to,

Pucynok 4.1 — Cxema Ji1s1 pacuera mpoOTUBOTOYHOTO TETNIOOOMEHHUKA

O0603HaueHMs TOTOKOB TaKHE K€, KaK Ha pUCYHKe 3.3.
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N3menenue temmeparyp TEIUIOHOCHTENEH MO JUIMHE TEIIooOMEHHUKA

MIPUBEICHO Ha pUCYHKeE 4.2.

& /52 i B 2 | e
LM MOKHO PpPCUlINTbL AHAJIMTUYCCKHN TOYHO.
PHEHUE TeMIepaTypbl TEIJIOHOCUTENEH Mo AT
asi TToKa3aHo Ha pucyHke 4.3.

Pucynok 4.2 — I3MeHeHue TeMIiepaTryp TeIUIOHOCUTENEH MO JIJIMHE

TeII000MEHHUKA «TpyOa B TpyOe» (IPOTUBOTOK)

VYpaBHeHHE TEIUIOBOro OanaHca JJisi MPUHATON THAPOJIMHAMUYECKOW MOJIEIH
UJCAIBHOIO BBITECHEHUS W BBIPAXEHUE JUIS  JIOKAIBHOW HMHTEHCUBHOCTH
teronepeaaun  (Aq) [ NEPBOr0 MOTOKA TEMJIOHOCHUTEIS 3aIMCBIBACTCS

CIeIyIonuM 00pazomM

a, F

y. Aq,=Ki(t,-1,)
VYnpaBneHue TemIoBOro OajlaHca M BBIPAXKEHMs JIOKAJIbHOM MHTEHCHBHOCTHU

TCINIOIICPCAauN JII BTOPOI'0 ITOTOKA TCIINIOHOCHUTCIIA 3aIIMChIBAOTCA CIICAYIOIHUM

obpazom

dt,
s V2-Cp27=%°Aq2;

4. Aq, = Ki(t, _tz).
YuuThiBasi, 4TO JIOKAJIbHBIE MHTEHCHBHOCTH OOOMX IMOTOKOB COBMHAAAIOT IO

BCIIMYMHC, HO PAa3JIMYHBI 10 3HAKY MOKHO 3aIINCaTh

Ag=A4q,=-4q,

Cucrema ypaBHeHuid MO 3amuceiBaeTcs Kak cUCTEMa  OOBIKHOBEHHBIX
audepeHInaabHbIX  YPaBHEHUH KOHEYHOCTHO-PA3HOCTHOM  TPEACTABIEHBI  C

Ha4daJIbHBIMH YCIIOBUAMU, 3aJJaHHbIMHA Ipu 3HAa4YCHUH HpOCT‘paHCTBeHHOﬁ
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KoopauHatel [ = 0:

dt, F

S F g
| dl ~ LviCpl —

LL-t(0) . F 4 _
A S Lvicpn M=1

dt,

@ __F /A
5 dl T Tvacpr (TAD

LIL)6(0) . F 4=
i A S | A9)=12.

;

Aq=Ki(t,-1;)

HavanbHbie ycioBus:

1’ 11(0) = lg; npu [=0;
2! tg(O) = lponpu [=1L;

HavanbHble ycnoBusi 3a7aloTcs MpU  pa3HbIX 3HAUYCHUSIX HE3aBUCHUMOU
MepEMEHHOM /. B TaHHOM clly4ae Mbl UMEEM KPaeBylo 3ajady.

Takyio cucremy auddepeHunanbHbIX YpaBHEHUH HEBO3MOXHO PEIIUTh
aHanuTHuecku. Pemraercst oHa npuOIMKEHHO.

ANTOpPUTM pELICHUs KpAeBOM 3aa4y CIIEAYOLINNA:

1 mar: 3agaeTcss KOHEYHOE 3HAYEHHE TEeMIEPaTypbl  XOJOJHOIO
TerioHocuTest pu /=0 (TO €CTh Ha HAYAJILHOM y4dacTke nuddepeHmpoBanms.

2 mar: pemaercs 3anaya Komn u paccuuThIBaeTCsl TeMIiepaTypa XOJI0JHOTO
TEIJIOHOCUTENISI HA KOHEYHOM y4acTke AuddepeHInpoBaHusl.

3 mar: CpaBHHMBAETCS PACCUMTAHHOE 3HAYCHUE TEMIIEPATYPhl XOJOIHOTO
TEIJIOHOCUTENSI C 3aJJaHHOW TEeMIIepaTypoil XOJIOJHOTO TEIJIOHOCUTENSI Ha BXOJE B
TETJI000OMEHHUK (10 YCIIOBUIO 3a/1a4N).

Ecmwm [t = [it; [ pacu /[ /= Jt[7[7[7[]][] [, TO pacdeT 3aKaHYUBaIOT.

B npotuBHOM citydae nepexoasTt K mary 1.

OTOT WTEPAMOHHBI METOJ] PEIIEHUS CHUCTEMbl YPAaBHCHHWHA Ha3bIBAIOT
METO/IOM «CTPeJIbObI».

B cucreme MathCad umeercs crangaptHas Qynkums sbval(z, o, [, D, load,
score), IpeHA3HAYCHHAS [IJISl OTPEIEICHUS HEJOCTAIONINX HAaYalbHBIX YCIIOBUW B
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nepBol TOYKe HHTepBana. [Ipumep ucnonp3oBaHus 3TOM (YHKUMM MOKa3aH B

npunoxenuu XK.

Anmnaparypa, 000py10BaHie U MATEPHAJIbI

JlaGopatopHass paboTa TPOBOAUTCA B  KOMIBIOTEPHOM  Kjacce C

rcrnojb30BaHueM nporpammel MathCad.

MeTtoauka npoBeaeHUs U 3aJaHUA K padoTe

Pabora Bemonusercs Ha [IOBM KkaxapIM CTYJAEHTOM CaMOCTOSITEIHHO.
HcxonHble JaHHbIE AJI pacueTa U UCCIIEA0BAaHNS TEIIIO0OMEHHUKA «TpyOa B TpyOay,
MIPEAHA3HAYEHHOr0 JUISl OXJIAXJACHHUS BOJOW HArpeToro pacTBopa a30THOM KHUCIIOTHI
60%-Hol KOHIEHTpauu TpuBeAeHbl B Tabmuie [I3 npunoxenuss b. Bapuant
BBIOMpAETCA 110 HOMEPY CTYJEHTa B CIUCKE TPYIIIIHI.

J151s BBIIOSTHEHUS paOOThl HEOOXOIUMO U3YUYHUTh:

— METOJIMKY COCTaBJIEHUSI MAaTEMAaTUYECKOI0 OMMCAHUs Mpoliecca TeII000MeHa
MPY NPOTUBOTOYHOM TE€UEHHUH TETUIOHOCUTENEH;

— METOJMKY MOCTPOCHUS UHPOPMAIIMOHHON MaTPHIIbI;

— pewenue B cpeae MathCad cuctembl auddepeHunanbHbIX ypaBHEHHM
UTEPALMOHHBIM METOJIOM;

— UCIOJIb30BaHUE CTaHAapTHBIX GyHKUMA nporpammbl MathCad st petenus

KpaeBbIX 3aja4.

3aganus:

1. Marematuuecku omnucaTh pabdoOTy MPOTUBOTOYHOIO TEIJIOOOMEHHHKA
«1pyba B TpyOE».

2. ITpoananu3upoBath CUCTEMY YPaBHEHUU 51 OIIPELIEIUTD
MOCJIEIOBATEIbHOCTh pPACUETa, IMOCTPOMB HMH(POPMALMOHHYID MATPHUIY CHUCTEMBI
ypaBHeHui MO.

3. CocTaBuTh 0JIOK-CXeMY (AITOPUTM) pacueTa CUCTEMbl YPaBHEHUIA.

4. Peanu3oBaTh QJIrOpuTM Ha JIOOOM S3bIKE€ MNPOrPAMMHUPOBAHUS WIH B

cucrtemax MathCad, MathLab.
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5. [IpoBectn wu3yuyeHue BAMSHUS Kodd¢uiueHTa Teronepenaun K¢ Ha
TEMIIEPATypPy BBIX0J1a KUCIOTHI U3 TEIIJIOOOMEHHHUKA.

6. CpaBHUTH 3aBHCHMOCTb TEMIIEPATyphbl BBIXOJA KHUCIOTHI OT IOBEPXHOCTH
Ter1000MeHa AJis IPSIMOTOYHOTO M MMPOTUBOTOYHOTO TEMI000MEHHUKOB.

7. CnenaThb BBIBOJIBI TIO paboTe.

Conep:xanue oryera

OTtuet o mabopaTopHOU paboTe MOKEH COAEpKaTh: Ha3BaHUE PabOTHI, 1IETTb,
GaMWIMI0 W WHUALWAIBl CTYyJEHTa, TPYIITy, WCXOIHBIC NaHHBIC, PEATM30BAaHHBIC
MaTeMaTUYeCKHe MOJEINA TPSIMOTOYHOTO W TMPOTUBOTOYHOTO TEIIOOOMEHHHKA,
PE3yNbTAaThl BBHITIOJIHCHUSI 3aJaHUH, BBIBOIBI.

[Ipumep pacueTa TPOTHBOTOYHOTO TEIUIOOOMEHHHWKA B Cpele MPOTpaMMbI

MathCad npuBenen B nmpuioxkenuu XK.

KoHTpoJibHBIE BOIPOCHI

1. IlpuBenure knaccudukanuo TeMI000MEHHUKOB.

2. KakoBbl HEOCTATKH TETUNIOOOMEHHHUKOB THIA «TPyOa B TpyOe»?

3. Kakue »sTambl BKJIIOYAET IMOCTPOEHHWE  KOMIIBIOTEPHOM  MOJIETHU
MPOTUBOTOYHOTO TEINIOOOMEHHUKA?

4. TlpuBeaute cxemMy MPOTHUBOTOYHOTO TEIMJIOOOMEHHUKA THUMA «Tpyda B
TpyOe».

5. llpuBegure  ypaBHEHHME  TEILUIOBOI'O Oajlanca  TPOTHUBOTOYHOTO
TEMI000MEHHHUKA.

6. Kaxkue pynkmum nporpammsl MathCad MOKHO MCTIONTB30BATh IS PEIICHUS
CUCTEMbI OOBIKHOBEHHBIX JU((EepeHIINATbHBIX YPaBHEHUI?

7. Uto sBISETCS ABUXKYIIEH CHIION TeTiooOMeHa?

8. Ilouemy  pemenue  cuctembl  auddepeHIHATbHBIX  ypaBHEHUH
MPOTUBOTOYHOIO TEIJIOOOMEHHUKA OTHOCUTCS K KpaeBoM 3ajiaye?

9. llpuBenuTte AITOPUTM PEIICHUS KPAeBOM 3a1auH.

10. IIpuBenute rpaduk U3MEHEHUS TEMIIEpaTyp TEIUIOHOCHUTENEH Mo JUIMHE

TEIIJIO0OMEHHHMKA IIpH IIPOTUBOTOKE TCIIOHOCHUTEIICH.
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11. B yem npeumyiiecTBa IPOTUBOTOUYHBIX TEMJIOOOMEHHUKOB MO CPABHEHUIO

C IPSIMOTOYHBIMU?

Cnucok pekoMeHIyeMoii TuTepaTyphl

4. T'aprman, T.H. OcCHOBb KOMIIBIOTEPHOI'O MOJEIUPOBAHUS XUMHUKO-
TEXHOJIOTHUECKUX Tporeccos : yuebd. mocodue / T.H. 'aptman, [I.B. Knymun. — M. :
Axanemknwura, 2008. — 416 c.

5. Makapos, E. I'. Unxenepusie pacuetsl B MathCad 14 / EBrennit Makapog.
— CIIG. : Iutep, 2007. — 592 c.

6. OCHOBHBIE MPOIIECCHl U ammapaThl XUMHUECKOi TexHonoruu: [locobue mo
npoektupoBanuto /I'.C. bopucos, B.II. bpeikos, FO.1. [deitHepckuii u ap. [loa. pen.
H0.1. qpitHepckoro.— M.: Xumus, 1991.—496 c.
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JABOPATOPHAS PABOTA 5

Tema: MOJIEJIMPOBAHUE PEAKTOPA JJISI
MPOBEJAEHUSI TETEPOTEHHO-KATAJIUTUYECKOTO
MPOLIECCA

Ieas padoThl: MpuOOpeTEeHHE NMPAKTUYECKUX HABBHIKOB B MAaTeMaTHYECKOM
ONMHCAaHWU pEaKTopa HUJCANbHOTO BBITECHEHHs U peanunzauus MO B Buzge
MOJIENTUPYIOIIEeH TPOTrpaMMBI.

[IproOperaemble KOMIETEHIIMH 00pa30BaTEIbHON MPOrpaMMbl MPU U3YUYEHUU
Marepuana paszaena — [IK-1, ITK-9, ITK-17, I1K-28.

[lpu BeIMONHEHMH JTa0OpPATOPHOI PabOTHI OCYLIECTBISETCS MOJAEIMPOBAHUE
peakTopa OKHCIEHHUS TUOKCUAA CEPbl C UCMOJIb30BAHUEM OCHOBHBIX 3aKOHOB XUMHH
U XUMHYECKOM KHHETHKH, YTO CHOCOOCTBYeT (POPMHUPOBAHUIO Yy CTYJIEHTOB
npodeccronanbHoit komnereHun [1K-1; ucrnonp3oBaHue YUCIEHHBIX METOAOB IS
pelIeHHsT  CHCTEMbl  ypaBHEHHH  MaTeMaTHYeCKOro  ONHMCAaHUA  XHUMHUKO-
TEXHOJIOTUYECKOT0 Tmpolecca (GopMuUpyeT y CTYACHTOB NpOodEeCCHOHATBHYIO
kommnerenimio [1K-9; nposenenue uccnenoBaHuii BIMSHUS Pa3InYHBIX (AKTOPOB C
MCIOJIb30BAHUEM MAaTEMaTHYEeCKOW MOJENU M aHAIW3 BIUSHUS HUX Ha IMOKa3aTesH
nporecca (GopMuUpyeT y CTYAEHTOB mpodeccuoHanbHylo kommeTreHuuto I[IK-17;
pa3paboTka MaTeMaTHYECKOW MOJIENIM XMMHUKO-TEXHOJOTMYECKOro poliecca B Cpele
nporpaMmMmbl  MathCad ¢ wucnonb3oBaHHMEM BCTPOEHHBIX (QYHKIMM W (QYHKIIHIA

oJIb30BaTelsl GOPMUNYET Y CTYJEHTOB NpodeccuoHanbHyo komneTeHuo [TK-28.

Teopernueckast 4acTb

B kadecTBe nmpumepa MOCTPOEHUST MOJAEIN PEAKTOpa UJICaJTbHOTO BHITECHEHUS
pPaccCMOTPHUM KaTAIMUTHYECKUI pEaKTOpP OKUCIEHUS JUOKCHIA CEPBI (OAHY IOJIKY).

[Ipu nocTpoeHNU MOJIENH TOIYCTUM, YTO:

— paccMaTpuBaeTcs aauadaTHUeCKUil peakTop, paboTarolMil B yCTaHOBMB-
HIEMCS PEKUME;

— TUAPOAVMHAMUYECKUH PEXKHUM  ONMCHIBAETCS  MOJIETBIO  MJI€aJTbHOTO

BBITCCHCHMU I,
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— B pEaKTope MpOoTEKaeT 00paTuMasi SK30TepPMHUUECKas XUMHUECKast PeaKius

250,+0, <> 250; _xpp.

>

— CKOPOCTBb PCAKIMH OIIMChIBACTCA YPABHCHHUEM

r—k’.P- 1—x 6—0,5-a-x_ x’
a 1-02-x|1-05-a-x P-K2-(I-x)

5

rje k; — KOHCTaHTa CKOPOCTH MPSIMOM pPeaKIluu;
a — conepxxkanue SO; B UCXOTHOU CMECH, MOJIbHBIE JI0JIH;
6 — coaepxanue O, B HICXOAHOW CMECH, MOJIbHBIC JIOJIH;
X — cTeneHs npeppanieHus SO:.
— CTPyKTypa TIOTOKa B ammapare COOTBETCTBYET PEXHUMY HICATHHOTO
BBITCCHCHHS;
— TEeMIIepaTypHbl€ 3aBUCUMOCTH KOHCTaHTbl paBHOBecHs (K)), KOHCTAHTBI

ckopoctu (kj):

4905,5 _E

5

lg K

p

rne k; — KOHCTaHTa CKOPOCTH MPSIMOM peaKiuy;
ko — IpeadKCIOHEHIMAIbHBIA MHOKUTEIND, 1/C;
E — sHeprus akTUBalMU NpAMOM peakuuu, J[>x/Mob;

R = 8,314 JIx/(monb-K) — yHUBepcanbHas ra30Basi IOCTOSTHHASL.

3aganus K padore

Pabora Bemomusercs Ha [IOBM KaxapM CTYJAEHTOM CaMOCTOSITEIHHO.
Ucxonnbie nanneie npuBeneHsl B Tadnune [11 npunoxxenust b. BapuanT BeiOupaercs
10 HOMEPY CTYAEHTA B CIIMCKE IPYIIIIBI.

J51s BEIIOSTHEHUS paOOThl HEOOXOIUMO U3YUYHUTh:

— BIIMSIHUE TEMIIEPATYPbl HA KOHCTAHTY PABHOBECHS U PABHOBECHBIN COCTAB;

— BIIMSIHUE TEMIIEPATYPBI HA CKOPOCTh PEAKLINHA OKUCIIEHUS TUOKCUIA CEPBIL;

— METOUKY pacyeTa paBHOBECHOTO COCTaBa KOHTAKTHOTO Ia3a;

— UCIOJIb30BaHUE CTaHAApTHBIX PpyHKIMI nporpammbl MathCad nis
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HaXOXJIEHUS MaKCUMyMa (PyHKITHH.

— pacyeT BpEMEHH KOHTAKTa JJIs TOCTUKEHHUS 3a]JaHHON CTETICHU
MIPEBPAILICHNS] HA OCHOBE KHHETUYECKOTO YPABHEHUS.

3amaHus:

1. Tloctpoiite rpaduk 3aBUCUMOCTH BJIMSHHUS TEMIIEpAaTypbl Ha CKOPOCTb
okucieHus: SO, npu 3aJaHHOM 3HAYEHHUM CTEIMEHU TMpeBpalieHus (x;). Onuimmre 3Ty
3aBUCHUMOCTb.

2. Onpenenure 3HaYCHUE MAaKCUMAJIBHOM CKOPOCTH peakUuu OKHUcieHus SO,
JOCTUTAEMOM TIPH X

3. Onpenenure TemmnepaTypy, COOTBETCTBYIOIIYI0 MaKCUMaJIbHOW CKOPOCTH
peakunu okucieHus SO;.

4. CocraBbTe (hYHKIIMIO MTOTH30BATENS JIJISl pacyeTa COCTaBa KOHTAKTHOTO rasa
npu J1t000M 3HaYEHUU cTeneHu npespaiuenus SO;.

5. PaccumtaiiTe BpeMs KOHTaKTa, HeoOXomumoe st okucieHus SO, oOT
CTEIECHU MPEBPAICHUS Xy 0 X, IPU MOCTOSIHHON TemMIepaType.

Pabora sBnseTcs npoaoKeHueM J1abopaTopHOU padoThI 1.

Conepsxkanue oT4yera

OT4er JOJKEH colepxkaTh: TeMy JabopaTopHON paloThl, (aMUIUIO, TPYIITY
CTYJIEHTa, UCXOJIHBIEC TAHHBIE, PE3YJIbTaThl BHINOTHEHUS 3aJJaHUM, BHIBOJIBI.

[Tpumep BrimonHenus 3ananuii B cpeae MathCad npuBenen B npuioxeHuu 3.

KoHTpoJibHBIE BOIPOCHI

1. KakoBbl yClnoBHSI [BWXKEHHS T[OTOKAa MPU PEKUME HACATBHOTO
BBITECHEHUS?

2. OxapakTepu3yHTe peaKINIo OKUCICHUS TUOKCU A CEPBI.

3. Kak  wu3MeHsercs  KOHCTaHTa  paBHOBeCHUS  JUId  OOpaTUMBIX
AK30TEPMUYECKUX PEAKIUA?

4. TlpuBeauTe 3aBUCUMOCTb KOHCTAHTbI CKOPOCTH PEAKIIUU OT TEMIIEPATypHhI.

5. IlpuBenute rpaduk 3aBUCUMOCTH CKOPOCTH PEAKIIUU OT TEMIIEpaTyphl.

6. IloueMy CKOpPOCTb pEaKIMU OKHCIICHUS AMOKCHAA CEPbl MPU MOBBIIICHUU
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TeMIepaTypbl IPOXOAUT Yepe3 MaKCUMyM?

7. Kak MOXXHO ompefenuTh MakCUMaldbHOE 3HaueHHe (YHKIUU B CUCTEME
MathCad?

8. Kakum o00pazoMm MOXHO ONpENEIUTh 3HAUYCHHUE TEMIIEpaTypHI,
COOTBETCTBYIOIIEE MAKCUMaJIbHOMY 3HAYEHHUIO CKOPOCTH OKHCIEHUS JAMOKCHIA
cepbl?

9. IlpuBenutre XapakTEepUCTUUYECKOE YPABHEHHE pEAKTOpA HJICATBHOTO
BBITECHEHUSI.

10. Kak paccunTbiBaeTcCsl BpeMsi KOHTAaKTUPOBAHUS [IJIs1 TOCTHKEHUS 3aJaHHOMN

CTENIEHU NIPEBPALLECHUS?

Cnucok pekoMeHIyeMoii TUTepaTyphl

1. T'aprman, T.H. OCHOBBI KOMIBIOTEPHOTO MOJEIUPOBAHUS XHUMHKO-
TEXHOJIOTHYECKHUX TporieccoB : yueb. mocodue / T.H. I'aptman, J.B. Knymun. - M. :
Axanemknura, 2008. - 416 c.

2. Makapos, E. I'. Umxenepubie pacuetsl B MathCad 14 / Esrenuit Makapos.
- CIIG. : ITurep, 2007. - 592 c.

3. OOmas XxuMHUYecKas TEXHOJOTHs : YUYEOHMK HJisi TEXHHYECKHUX BY30B /
AM. Kyrenos, T.U. bounapeBa, M.C. bepenrapren u np. — M. : AkaJeMKHUTa,
2007.—-528 c.
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JIABOPATOPHASA PABOTA 6
Tema: MATEMATHUYECKOE OIITMCAHUE TPOLLECCA HA
OCHOBE KCHHEPUMEHTAJIBHBIX TAHHBIX

Lens paGotei: IlomyuyeHue MPaKTUYECKHX HABBIKOB B  COCTaBJICHUU
DKCIEPUMEHTAIIBHO-CTATUCTUYECKOM MOJENIM HAa OCHOBE JKCIEPUMEHTAIBHBIX
JAHHBIX U IPOBEPKE €€ aJIEKBATHOCTH.

[IpnoOpeTaemble KOMIIETEHLIMH O00Opa30BaTEIbLHON MpOrpaMMbl IPU U3YUEHUU
Marepuana paszaena — [1K-1, ITK-9.

[Ipn BbIMOTHEHUU J1AOOPAaTOPHOUW PAOOTHI OCYIIECTBISETCA MOCTPOEHUE
MaTeMaTUYECKOW MOJEIM HAa OCHOBE OKCIEPUMEHTAIBHBIX JaHHBIX, YTO
CIIOCOOCTBYET (POPMHUPOBAHUIO Y CTYJIEHTOB Mpodeccruonanbuoi kommerenimu [1K-
l; moctpoeHme  MaTEMaTHYECKOM  MOJENM  BKIIOYAET  CTPYKTYPHYKO H
napaMeTpUUECcKyto UICHTU(DUKALINIO MATEMAaTUYECKON MOJIENN, KOTOpask MPOBOAUTCS
C HUCIIOJIb30BAaHUEM COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOJOrui (hopmMupoBaHUe

[1K-9).
Teopernueckast 4acTb

6.1 IlocTpoeHue SMNIMPUYECKUX MOAeIeH

Marematnueckoe ONHCAaHHWE TEXHOJOIMYECKOro O0bEKTa Ha OCHOBE
AKCIIEPUMEHTAJIBHBIX JAHHBIX (AMIIMPUYECKAs MOJIEIb) IPUMEHSETCS B TEX CIydasXx,
Korza jaubo HeT MH(OpMalUM O MEXaHU3ME MPOTEKAIOUIMX IMPOLECCOB, JUOO OHU
IJIOXO TOJAJMAIOTCS OINUCAHUIO C HCMOJb30BaHUEM (PU3UKO-XUMHUECKUX OJIOYHBIX
mozeinei. B atom ciyuae TexHonornyeckuii 00bekT (TO) npencrasisieTcss B BUIE Tak

Ha3bIBAEMOr0 4YEpHOro siumka (pucyHok 6.1) — kuOepHETHYECKON CHUCTEMBbI, B
KOTOPOM €IMHCTBEHHO JOCTYIIHONW HMH(pOpMalHel sBistorcs eé Bxoausle (X ) u

Y= [x],xz...,xn]

BeIXOHbIE (Y ) mepeMeHHbIE, T1e — BEKTOP BXOJHBIX [IEPEMEHHBIX,

BJIMSIFOIIMX HAa COCTOSIHUE CHUCTEMbI U €€ CBOWMCTBA, Y=[yp2-.9n] _ BEKTOP

BBIXOJHBIX IICPEMCEHHBIX, XapPaKTCPU3YIOIIUX COCTOSAHHUEC CUCTCMBI.

47



— TexHonornyeckun | 5 —
Bxoabl X XZ—’ OB BeKT y2 Boixogbl ¥

Pucynox 6.1 — M300paxeHue TeXHOJIOTHYECKOTO 00BEKTa B BUE

«YCPHOTO AIINKA

B o6mem Buje sMOupUYEcKUEe MOJEIU CTPOSATCS I KaXI0M OTIeIbHON

BBIXOJIHOM TIepeMeHHON u3 Bcex Vi (i=12,...m) 5 sapucuMocTH OT BoeX BXOJHBIX
TIepeMeHHBIX i (i= 1,2,...,n), T.C.

y:f(xl,x2,...,xn,5), (6.1)
e a= [050’051 e Oy ]T — (m + 1) k03hHUIMEHTOB SMITUPUIECKON MOIEITH.

Konkpetrnbii  Bua ~ (GyHKUMOHAIBHOM  3aBUCUMOCTH  (f) W 3HAYEHUS

K03 (HUIUEHTOB a OTIPEACIIAIOTCS U3 ONBITHBIX JAHHBIX, T.€. SMIUPUUYECKU.

Tak Kkak pe3ynbTaTbl ONBITHBIX M3MEPEHHH  SBJSIOTCS — CIIy4alHBIMU
BEJIMYMHAMH, TO JUIsi HMX OOpabOTKM UCHONB3yeTCsl OIWH U3 Haumbojee
pacrpocTpaHEHHBIX ~ METOJOB  MAaTeMaTHYeCKOM  CTaTUCTMKHM  —  METOJ
PerpecCHOHHOIO 1 KOPPeJsIHMOHHOI0 aHaIM3a.

B cooTBercTBUM C METOJOM PErPECCHMOHHOIO aHajlW3a y CUHUTACTCS

CJIyYallHOM BEIIMYMHOU, PACIIPEACIEHHON 110 HOPMAIILHOMY 3aKOHY pacIpeaciICHUs,

a KOMIIOHEHTHI BeKTopa X — IeTepPMUHUPOBAHHBIMU (HECTYyYalHBIMK) BETUYNHAMH.

ITosToMy, cOrIacHO 3aKOHOMEPHOCTSAM TEOPUM BEPOSTHOCTEH, IPU KaXKIOM
(ukcupoBaHHOM 3HaueHUH BekTopa X BejauurHa Y SBJISETCS CIyYalHOM BEIMYNHON

C OINpPEAENEHHBIM (3aBUCSALIUM OT Y) YCJIIOBHBIM PacIpeieeHUEM BEPOATHOCTEMN.
Jns TOCTpOCHUST ASMIMPUYECKON CTAaTUCTUYECKOW MOJIEIM Ha BBIOOPKE
AKCTIEPUMEHTAIILHBIX JAHHBIX HEOOXOJAUMO PEIIUTh TPU OCHOBHBIE 33/1a4u:
— ONpeNeNuTh KOHKpeTHbIH Buj ¢yHkmuu (6.1), T.e. pemuTh 3amady

CTPYKTYPHOU MACHTHU(PUKALMMN;
—  ONPEIENUTh BHIOOPOUHBIE (AMIIUPHUECKUE) KOIPPHUIIMEHTHI perpeccuu &
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T.€. PELIUTH 3a/1a4y apaMeTPpUYecKOi HAeHTH(PUKALMY;
— TPOBECTHM CTATHCTHYECKHMH (PerpecCMOHHBIN) AaHAJM3 I0Jy4YEHHBIX

PE3YNbTATOB C LIEBIO OLIEHKH MOTPEIIHOCTEN OJTYyYeHHOU MOJEIIH.

6.2 Onpenesienne B1Aa NPUOJIHAKEHHOTO YPABHEHUS perpeccun (pelieHue
3aa4M CTPYKTYPHON UACHTU(PUKALUN)

B o6mem ciyyae HeOoOXOIMMO aHaIU3UpPOBaTh TpaPUKUA 3aBUCUMOCTEH
HKCIIEPUMEHTAJIbHBIX TaHHBIX BBIXOAHBIX MIEPEMEHHBIX ) OT BXOJHBIX X U MO UX BUITY
BBIOMpaTh KOHKPETHYIO (popMy DyHKIIMOHATBEHON 3aBUCUMOCTH (6.1).

Bun ¢yHkmuu onHoM mepeMEeHHON MOXKET ObITh BBIOpaH TakKe Ha OCHOBE
aHanu3a TpadukoB (QYHKIMNA, OCH KOOPAMHAT KOTOPHIX MpeoOpa3oBaHbl B

COOTBETCTBHU C TaOuIe 6.1.

Tabmuna 6.1 — IIpeobpazoBanue PyHKIUN K TUHEHHOMY BHTY

Crioco6 nogy4yeHus npsMoil THHUH Ha
OyHKIUA (y) w(x)
rpaduke
JIunelinas 3aBUCUMOCTB ) OT X CTPOSIT B IMHEHHBIX
X
y=ap+ax Y KOOpJIMHATAX.
['unepOommueckas ; 3aBUCUMOCTB ) OT 1/X cTposiT B
aj y — JUHEWHBIX KOOPAUHATAX.
y=ap+— X
X
3aBUCUMOCTB ) OT ¥ CTpOSAT B
TlokasarenbHas 0Ty TOrapu(PMUYECKUX KOOPAMHATAX
ax Iny X .
y =ape” (ocb X — nuHENHas1, OCh Y —
Jorapudmuyeckas).
Crenennas 3aBUCHUMOCTH ) OT X CTpPOST B
¥ = agxt Iny Iny | norapndmmeckux xoopauHaTax.

B pesynbpraTe npeoOpazoBaHHbIE (DYHKIIMM CTAHOBSTCSA JIMHEUHBIMU HE TOJBKO

1o K03 UIMEHTaM PErpecCuu, HO | 10 TPEoOPa30BaHHBIM IEPEMEHHBIM ¥
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6.3 Onpenesenue ko3¢ PpuiueHTOB perpeccuu (pelieHue 3a1a49u
napamMeTpu4yeckoi uaeHTupukanum)

IycTs Tpebyetcsa onpenenuts napamerpsl 40 u %I s numeiinolt 3aBUCHMOCTH
BHUJIA
y=ap+ajx (6.2)
ITo skcniepuMeHTaNIbHOM BBIOOpKE 00BEMOM N

X1, X2, ..., Xy
(6.3)
yiv3.

DTy 3a7a4y MOKHO PEILIUTh IBYMsI METOJAMU:
— MeroaoM HauMeHblnXx kBagapaTtoB (MHK) — pekomenayemsiii;
—  METOJO0M MaKCHUMyMa MpaBaono00usl.
Ha pucynke 6.2 mpuseaena rpadudeckas umntepnpetarmss MHK nns cioygas
pErpeccuu OAHOU MEPEMEHHOM.

y

A
Y

\ 4
=

xl xn

Pucynok 6.2 — I'padmueckas uHTEpIpeTaIis MeTo1a

HaMMCHBIINX KBAAPATOB

B metone MHK mapamMeTpsl onpeenstoTcs U3 yCI0BUS MUHUMyMa Kputepus R.
c 2 c 2
minRzminZ(ylp—yl‘?) zminZ(a0+a1xi—yl-3) (6.4)
i=1 i=1

Ins onpeneneHus (moaroHkw) koddduiueHTor (mapamerpoB) moaenu (6.1)

He00X0uMO, YTOOBI KpuTepuii R cTam HauMeHbIIUM, T.€. 4TOOBI CyMMa KBaJpaToB
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BEPTHUKAJbHBIX OTPE3KOB HAa pPHUCYHKE cTajla HauMmeHblied. [losTomy 3amaua
onpeneneHuss kodhdumnrenToB moaenu (6.1) cBOaUTCS K peamu3aiyyl OJHOTO U3

AITOPUTMOB ONTUMU3AIMH JIs1 Ope/IeTICHUS] MUHUMYyMa Kputepus (6.4).

6.4 Onpenesienne KO3IPPUIMEHTOB JTMHEHHOH perpeccun
B nporpamme MathCad
MathCad BxmrouaeT psa GyHKIUNA 171 BelunciaeHust perpeccud. OOBIYHO ITH
(GYyHKIMHA CO37AI0T KPHUBYIO WM TOBEPXHOCTH OMPEIACICHHOTO THMA, KOTOpas

MUHUMM3UPYET OMHUOKY MEXIY COOON U MMEIOIIMMHUCS TaHHBIMU.

«" Mathcad P WHEHHAA perpeccHa_npHmep
File Edit Wiew Insert Format  Math Symbolics wWindow  Help

B Nuneiivan perpeccua_npymep

]-[PI‘[M&P. HOJTYHEHLI CIHEIYIOIHE SKCTICPHMCHTAIbHBIC JAHHBIC, ITPEACTaB ICHHLIC
B BHJIE BEKTOPOE.

X = (0 1 2 3 4 5§ G)T — BEKTOP JAaHHBIX apryMeHTa,
ya:=(26 2.4 3 45 42 52 56 )T — BEKTO]P SKCMEPHMEHTATBHBIX JAHHBIX.
Heobxommio HaiiTH ko5 G IICHTHI YPaBHEHHA IMHEHHOI perpece y = ag +ayX.

1 Cnocod — HenommsoBanme yurimm line(x, y).
line(x, y) — BeKTOp M3 ABYX 3IEMEHTOB (g, a;) Ko3 (I MeHTOB MIHeiHOI perpeceH.
line ) 2.23571
ne(x,ys) =
¥ 0.56429

yp(x) = line(x,y2)p + line(x,y3)1-x — pacueTHbIE SHAUEHHA.

] — k03 PHMLIMEHTEI YpaBHEHIA

6 2.24 2.6
2.8 2.4

4 3.36 3
yp(x) =| 3.93 ya = 4.5
, 4.49 42
0 2 4 6 5.06 5.2
- 5.62 5.6

+++ skmeprmeHT - y3
— pAacueT - VP

2 Conoco — HenoassoBanue (pyHrpm intersept(x, y) u slope(x, y).
intersept(x, y) — kosddrupieHT a; mmeiiHoii perpeccrr,
slope(x, ¥) — kosdrnpieHT 2y mIHeliHOI perpeceHm.

ap := intercept(x,y2) 2.23571
ay = slope(x,y») - [

— K03 HITHMEHTHI ABHCHIIA.
0.56429 ] be P

yr(x) := ag + a1°x — PAcUETHBIEC 3HAUCHIA

yr(0)! = (2.24 2.8 3.36 3.93 4.49 5.06 5.62)

+

Kos¢drnieHTs YpaBHEHHA H pacieTHBIE 3HAUCHIA YI' TAKHE JKe, Kak M B 1 crmocooe.
< b
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Pucynok 6.3 — [Ipumep nuneitno perpeccuu B nporpamme MathCad

QOyHKIMM OTIMYAKOTCS, NPEKIE BCETO, TUIOM KPUBOW WM NOBEPXHOCTH,
KOTOPYIO OHU MCIIOJIb3YIOT, YTOOBI alllIPOKCUMUPOBATh JJAHHBIE.
Camblii ipocToi U HanboJiee YacTo UCIOIB3YEMBIN BHJI PErPECCUU — JIMHEHHAS.
Hcnons3oBaHue €€ NpuBEICHO HAa PUCYHKE 6.3.
B nporpamme MathCad peanuzoBana Takxke perpeccus OAHMM MOJIMHOMOM,

OTPC3KaMU HCCKOJIbKUX ITOJIMHOMOB U IBYMCpPHAA pErpCCCriA MaCCUBaA JIaHHbIX.

6.5 IIpoBepka aIeKBaTHOCTH YPABHEHUS perpeccun

[Ton anexkBaTHOCTHIO MaTeMaTuueckoi moaenu (MM) nonumaercs:

— KauyeCTBEHHOE M KOJMYSCTBEHHOE COOTBETCTBHUE moBeJacHUI MM u
00bEKTa MOJICTTUPOBAHNS;

—  BBIMOJHEHUE 3TOTO COOTBETCTBUS KaK TPU OJHOM HabOpe pPEKUMHBIX
rmapaMeTpoB (aJeKBaTHOCTh COCTOSIHHSI), TaK M IIPH Pa3IMIHBIX HaOOpaxX peKMMHBIX
napameTpoB (aJ€KBATHOCTb MTOBEJACHUS);

— BO3MOXKHOCTb HHTEPHOJISIIIUA M DKCTPAMNOJSIIIUA CBOMCTB PEaIbHOIO
00BeKTa ¢ moMoIL MM.

KauecTBeHHOE COOTBETCTBHE — DTO COBHNAJICHHEC TECHICHIMNA H3MEHCHUS
IIEpPEMEHHBIX B MOJICTIH U OOBEKTE.

Jnsg  KONMYECTBEHHOW OLIEHKW AaJE€KBAaTHOCTHM ypaBHEHUS  PETPecCUuu

2
HEOOXOJIMMO OMPEICIUTh OTHOIIECHUE AUCIEPCUU aJIeKBATHOCTHU Sao K JUCIEpCUU

S2
BOCHpOI/I?,BO)II/IMOCTI/I € :

2

S
pacd _ Pao
FPE = 2 (6.5)
e

DTO OTHOIICHUE CPaBHHUBACTCA C TaOJMYHBIM 3HAYECHHEM pacupeaciaCHus

Fma6/1
Oduiepa B(1.1:) npu aoBeputensHoit BepoatHoctu £ (0.9, 0.95, 0.99, vame 0.95)

U JIByX 4YHUCEJ CTeneHed CBOOOABl — JUCIEPCHHM aJICKBATHOCTH f; U JHUCIEPCUHU
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Fma6fz
BOCIPOU3BOAUMOCTH f>. 3HAUCHUS p(1.1:) IPUBEIEHBI B IPUJIOKEeHUH. Ecinn

0.
Y S (6.6)

b

MO/IEJIb CUATACTCS AAeKBATHOM. B IPOTUBHOM Cllyyae — HeaJeKBATHOM.
Ecnu HeT mapamienbHBIX OMNBITOB, TO JUOO JJIs1 MOJEJIEH CpaBHUBAIOT

OCTAaTOYHbIC TUCIICPCHUN

E}(y_yi) 67

S =
n—p

b 1% (e0) CpaBHUBAIOT JOTy BCIHWYHHY C OH€HKOI>’I p3.36p003. OIIBITHBIX JAAaHHBIX

C
Y
OTHOCHUTEJILHO CPEIHET0 3HAUCHHSI i=1 " — pucnepcuen CpeHero
n
2 C,
(v —v7?)
: (6.8)
2 _i=l
SZ, =
n—1

2
Taxk kak mociemHssi Aucnepcus OOJbIIe SR, To 1A kpurepuss Dumepa

2 2
paccMaTpUBarOT OTHOILICHHE P K Sk U yCJIOBHE aJIcKBaTHOCTHU OYyJI€T UMETh BU/T

cp S Fma6ﬂ
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.

MeToauka BbINOJHEHHS U 3aIaHUA K padoTe

PaGora Bemonnsercs Ha [I9BM KaxabIM CTyZEHTOM CaMOCTOSITENBHO.
Ucxonnbie nannbie npuBenaeHsl B Tabmuie [14 npunoxxenust b. BapuanT Beioupaercs
110 HOMEPY CTYACHTa B CIIMCKE IPYIIIIBI.

J1y1s BBIIOSTHEHUS paOOThl HEOOXOIUMO U3YUYHUTh:

— METOJIUKY ITOCTPOEHHUS SMIIMPUYECKON MOJIEIIN;

— peuIeHue 3a/1a4i CTPYKTYPHOU UACHTU(DUKAIINN MOJCIIH;
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— pelIeHue 3a/1auy MapaMeTPUIECKON HASHTH(PUKAIIUN MOJIEIH;

— METOJIUKY MPOBEPKHU aJEKBATHOCTU YPAaBHEHUS PETPECCUM;

— UCIOJB30BaHUE CTaHIapTHHIX GyHKIMM nmporpammbl MathCad st
BBIYMCIICHHS PETPECCHH.

3aanus:

1. Ha ocHOBE HCXOAHBIX OSKCIEPUMEHTAIBHBIX JIaHHBIX 3aBUCHMOCTH
KOHCTAHTBl CKOPOCTH pEaKIMH OT TEeMIEparypbl MPOBEIUTE CTPYKTYPHYIO
UJICHTU(PUKAIUIO U BRIOEPUTE PErPECCUOHHOE YpaBHEHUE.

2. Paccuuraiite K03pGUIIUEHTH ypaBHEHUS, IPUBES €r0 K JIMHEHHOMY BUAY.

3. IlpoBeaute ananu3 ypaBHeHus. Iloctpoiite rpapukn 3aBUCUMOCTU
AKCIIEPUMEHTAIIbHBIX U PACUETHBIX JIaHHBIX KOHCTAHTBI CKOPOCTU OT TEMIEPATYPHI.

4. ITpoBepbTe aJ€KBATHOCTH MOJIEIH.

Copep:xanue oryera

OTyeT AOKEH cojep)kaTh: TeMy JIabopaTOpHOW paldoThl, paMUIIUIO, TPYIITY
CTYyJIeHTa, UCXOJIHBIC TAHHKIE, PE3YJIbTAThl BHIIOJTHEHUS 3aJJaHUH, BHIBOJIBI.

[Tpumep BhINOTHEHUS 1a0OPATOPHOM PaOOTHI MPUBEACH B MpUIIoKeHUH .

KonTpoabHBIe BONIPOCHI

1. B kakux ciydasx NPUMEHSAETCS MaTEMaTH4YECKOE ONMCAaHUE Ha OCHOBE
AKCIIEPUMEHTAIbHBIX JAHHBIX (3MIIPUYECKAsI MOAEIB)?

2. Kaxkue MeTo/1pl UCIIOJIB3YIOTCS IS TOCTPOEHUS SMIIMPUYECKON MOoIen?

3. VYKaxuTe OCHOBHBIC 3aJa4M, PEIIAEMbIC IIPU ITOCTPOCHHUH SMIIMPUYECKON
MOJENH.

4. Jlns yero HeIMHEMHbBIE (PYHKIIMH IPEOOPa3yIoT K TUHEHHOMY BUIY?

5. Kakue MeToipl HMCHOJB3YIOT JUIsl MOUCKA KOA(P(OUIIMEHTOB YypaBHEHUS
perpeccun?

6. B yeM CymHOCTh METO/Ia HAUMEHBIIINX KBaAPaTOB?

7. IlpuBeaute QyHkuumM, wumewnmecs B nporpamme MathCad ms
BBIYMCIICHHS PETPECCHH.

8. Yro moHmMaeTcs 1Mo ageKBaTHOCTHLIO MaTEMAaTHYECKOM MOICIIN?
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9. Kax mpoBepsieTcs KayeCTBEHHOE COOTBETCTBHE MOJICIH PEATLHOMY
TEXHOJIOTHYECKOMY OOBEKTY?

10. Kak mnpoBepsieTcsl KOJIWYECTBEHHOE COOTBETCTBUE MOJEIN PEAUTbHOMY

TEXHOJIOTHYECKOMY O0BEKTY?

Cnucok pekoMeHIyeMoii TUTepPaTyphl

1. T'aptman, T.H. OcHOBBI KOMIBIOTEPHOTO MOJCIUPOBAHMS XHMHKO-
TEXHOJIOTHUECKHUX TporteccoB : yued. mocodue / T.H. N'aptman, J[.B. Knymun. - M. :
Axanemkuwnra, 2008. - 416 c.

2. Makapos, E. I'. Unxenepusie pacuetsl B MathCad 14 / Eprenuit Makapos.
- CII6. : TTutep, 2007. - 592 c.

3. @anneeB M.A. DnemeHTapHas 00paOOTKa pE3yNbTAaTOB 3KCIEPUMEHTA:

yaeOHoe ocobue. — M.: Akanemus, 2011.
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JIABOPATOPHASA PABOTA 7
Tema: OIIPEJAEJIEHUE BBIUNCJUATEJBHOM
HOCJIIEJOBATEJIBHOCTHU PASOMKHYTbBIX CXEM

Heas padorbi: [lpuoOpeTeHue MNpPaKTUUECKUX HABBIKOB B OMNpEEICHUU
BBIYMCIUTEIBLHOM MOCea0BaTeIbHOCTH pazoMkHyTO XTC.

[Tpuobperaembie KOMITETEHIIME 00pPa30BATEIHLHON MPOTPAMMBI TIPU U3YUYEHUHU
Marepuana pazaena — [1K-26, ITK-28.

[Ipu BeITIONIHEHNH JTAOOPATOPHOU PaOOTHI OCYIIECTBIIACTCS aHAIN3 XUMHUKO-
TEXHOJIOTMYECKOW CUCTEMBI C UCIoyb3oBaHueM nporpammbl MathCad, uto siBisieTcs
OHOW M3 CTaAWil NPOEKTUpPOBaHUS TexHoyornyeckux mnpoueccoB (I1K-28);
UCIIOJb30BaHUE MIPU 3TOM JIAHHBIX, MOJIYYEHHBIX JIPYTUMU CTYJICHTAMU U UX aHAIN3

CIOCOOCTBYET (POPMHUPOBAHUIO Y CTYJIEHTOB MpodeccruonanbHoi kommnerenuuu [1K-

26.

Teoperuyeckasi 4acThb

7.1. Cnoco0b1 nnpeacraBiaeHus cTpyKTypbl XTC

g ctpykrypHoro ananu3a XTC ucnons3yroT MeToasl Teopun rpados. [lon
opueHTupoBanHbiM rpadpom G(X,U) mnoHMMAIOT TreoMeTpuueckyro ¢Gurypy Ha
IJIOCKOCTH, COCTOSAIILYKD W3 MHOXECTBAa BEpIIMH X, KOTOpPbIE COOTBETCTBYIOT
amnmaparaM, 1 MHOXXECTBA OpPHUEHTUPOBaHHBIX Ayr U (MaTepuanbHBIM U TEIUIOBBIM

MTOTOKAM) UX COSIUHSIONIUX (PUCYHOK 7.1).

L

Pucynox 7.1 — IlpencraBnenne XTC B Buae OpUEHTUPOBAHHOTO Tpada

[locnenoBaTenbHOCTh OPUEHTHUPOBAHHBIX AYT, NO3BOJSIIOUIUMX IPOUTH U3

OJIHOM BepIIMHbBI TpadoB B APYrylo, Ha3biBaeTcs myTeM. [lyTh, HayanbHas BepIIMHA
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KOTOPOTO, COBHAJAET C KOHEYHOM, NPHUYEM KakAas BEPIIMHA, 33 HCKIIOYEHUEM
Ha4yaJbHOM, IPOXOAUTCS TOJIBKO OJMH pa3, Ha3bIBAeTCS KOHTYpoM. Hampumep, Ha
pucyHke 7.1 uMeroTcs Tpy KOHTYypa (1o BepiuHaMm): 2-3-4-2, 3-4-3 u 6-7-6.

Komniiekcom, Ha3bpiBaeTCs 4YacTh Tpada, BEpIIMHBI KOTOPOro OOJIagaroT
CIEAYIOIIUMHU CBOMCTBAMM:

- KaK/1ast U3 BEPIIMH U TyT KOMILUIEKCa BXOJUT B OJIUH U3 KOHTYPOB rpada;

- €CJIM BEpIIUHA 1 BXOAUT B KOMILIEKC, TO B 3TOT KOMILJIEKC BXOJAT TaKXKe BCE
BEPIIMHBI, BXOJAIINE B KOHTYPBI, KOTOPBIE COJIEPKAT BEPILIUHY 1.

Hampumep, Ha rpade, mpeacrtaBieHHOM Ha pucyHke 7.1 umerorcs [1Ba
KOMILIEKca (1o BepmHHaMm): 2-3-4 u 6-7. B mepBblil KOMIUIEKC BXOJAT JIBa KOHTypa
(2-3-4-2 u 3-4-3), a BO BTOpOM — oauH (6-7-6).

BepmmHbl, coequHEHHBIE AYTrOW, HAa3bIBAKOTCS MHLUEHACHTHBIMU. BepiinHa, B
KOTOPYIO BXOAMT JAyra, Ha3bIBa€TCS IMOJOKUTEIbHO-UHIIEHAEHTHON IO OTHOLIEHUIO
K TOW, U3 KOTOPOW 3Ta JAyra BBIXOAWUT. BepiuinHa, U3 KOTOPOW BBIXOAUT Iyra,
Ha3bIBAETCS OTPULATEIBHO-HIEHAEHTHOM MO OTHOLIEHHIO K TOM, B KOTOPYIO 3Ta JIyTa
BXOJIUT.

Kaxmoit XTC B 3aBUCMMOCTH OT pelaeMoit 3a1a4i MOXKHO MTOCTaBUTh B
COOTBETCTBHE:

2. MaTepualbHbI OTOKOBBIN rpad no odmeMy maccoBomy pacxony (MIID);

3. TeruoBo# moTokoBbid rpad (TIID);

4. napameTrpuueckuii norokoBbi rpad (II1T).

[Tpu Takom npencraBnenun X TC BepmuHbI Tpada COOTBETCTBYIOT €€
3JIEMEHTaM, a IyTH — TEXHOJIOTUYECKUM ITOTOKAM.

[Ipu ncnonb3zoBannu st aHanu3a cTpykTypbl X TC cnennaibHbIX allrTOPUTMOB
BO3HUKAeT IMpobieMa BBOJAa B KOMIIBIOTED CTPYKTYpHOM CXEMbl, T.€. €€
dbopmanuzaius B KakoM JIMOO 4YMCIOBOM BHUJE. B 3aBUCHMMOCTH OT BBIOPAHHOIO
criocoba ananmza, cTpykrypy XTC o0O0blyHO (QopMau3ylOT B BHUJIE MaTPHUIIbI
CMEXHOCTH WJIM B BUJIE CIIUCKA CMEXHOCTH.

MaTtpuua cMeKHOCTH MPEACTABISIET COOON ABOMYHYIO TAOJIMILY, KOJIUYECTBO

CTPOK M CTOJIOIIOB KOTOPOW paBHbI KOJMYECTBY BepIIHH rpada. /s yuyera BXOIHBIX
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M BBIXOJHBIX TIOTOKOB MATPHIy CMEXKHOCTH MOOABIISIIOT HYJIEBOW CTPOKOW W
CTOJIOIIOM, YYUTHIBAsI KaK HYJIEBYIO BEPIITUHY — OKPYKAIOIIyI0 cpeny. B cimydae ecnu
MEXIy JByMs BEpIIMHAMH €CThb CBSI3b, TO DJJIEMEHTY MaTpHIbl CMEXKHOCTH,
HaXOJIAIIEMCS Ha TIEPECEUCHUN CTOJIOA M CTPOKU C COOTBETCTBYIONTUMU HOMEPAMHU
BEPIIIMH, TpUcBanuBaeTcsd 3HaueHue "1", a B ciaydae orcyTcTBus cBsizu — 0",

Jns rpada, n3o0pakeHHOTO Ha pucyHKe 7.1, MaTpuila CMEXHOCTH [A] umeer
BU/I;
1234567

(01 00100]
0010000
0001000
[4]=|011 010 0
0000010
0000001
0000010]

HNuoraa 3Ty Tabnuily JOMOJHSIOT HYJEBBIM CTOJOIIOM U HYJIEBOW CTPOKOM,
NOAPa3yMeEBAsl O HYJIEBOW BEPIIMHOW BHEUIHIOK CPELY:

CyMMa envHUI B CTPOKE MATPHULBI ONPENEIISET YUCIO BBIXOAHBIX ITOTOKOB U3
AIIEMEHTa, COOTBETCTBYIOIIEE HOMepy cTpoku. CymMma eIMHHUIl B CTOJIOIE paBHA

YHUCIIy ITIOTOKOB, BXOOAIIMUX B 3TOT 3JICMCHT.

Cnucok cmedxchocmu — 3TO MaTpulla pa3MEPHOCTU m X 2, 0 1]
r7ie m — 4ucio Iyr B rpade. B i-it ctpoke B mepBoM cronlie 12
YKa3bIBA€TCSI HOMEP BEPIINHBI, U3 KOTOPOU BBIXOJMT i - IyTa, 1253
a BO BTOPOM CTOJIOIle — HOMEpP BEpPUIMHBI, B KOTOPYIO iI-5 JIyTa 34
BXOJIUT. [s]= 43

Cnucok cMexxHOCTH [S] aist Tpada, mpeaCcTaBIeHHOro Ha j z
pucyHok 10.1, MoKeT OBbITh 3aMMCaH CIAEAYIOITUM 00pa3oM: 56

Nuorna ynoOHO TIPeICTaBUTh CIIMCOK CMEXHOCTH B BUJIE 76
nByx matpuil-ctosionoB [NBE] u [NBA], rne NBE u NBA — j (7)

NEPBBIA U BTOPOU CTONOIIBI CIIMCKA CMEKHOCTH.

A- 1 B-Tabnuiipl cBsizel cojiepKaT YUCIIO CPOK, PAaBHOE YUCITY BEPILIUH rpada.
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B i-it ctpoke A-Tabnuibl 3amMCHIBAlOT HOMEpA BEPIIUH, I.-M. BEPIIMHE i; B j-i

cTpoke B-Tabmuiel — HOMepa BEepIIMH, 0.-U. BEPUINHE j:

A-tTabnuua ceasen B-tabnuua
rpaca cBsAsen rpadpa

1 2 5 1 0

2 3 2 1 4

3 4 3 2 4

4 2 3 5 4 3

5 6 5 1 4

6 7 6 5 7

7 6 7 6

Pucynox 7.2 — A- u B-taGnuisi cBsizeit rpada

Momudukanusimu A- u B-tabmuiy cBsizeit sBisrotrcst NA- u NE-tabmunel. B
tabiune NA (aHamor A-TaGJMIIbl) B i-U CTPOKE CTOSIT HOMEpa YT, KOTOPhIE BBIXOAST
u3 i -ii BepumHbl, a B NE (ananor B-tabmuiel) B j- CTpOKE CTOSAT HOMEpa YT,
BXOASIIMX B j -10 BepmnHy rpada. A-, B-, NA- u NE-TaGauiibl HHOT/AA JAOTOJHSIOT

HYJICBBIM CTOJ'I6IIOM, B KOTOPOM YKa3bIBalOT YHCJIO0 AYI, HWHOUACHTHBIX ,Z[aHHOI\/’I

BEpPIIUHE:
NA-Tabnuua cBsasen NB-tabnuua cesasen
rpacda rpaca
1 2 3 1 1
2 4 2 2 7
3 5 3 4 6
4 6 7 8 4 5
5 9 5 3 8
6 11 6 9 10
7 12 10 7 11

Pucynox 7.3 — NA- u NE-taGnuisl cBsizeli rpada

OCHOBHBIM KpUTEPHUEM BBIOOpA TOTO MIJIM UHOTO criocoba dpopmanuzanuu X TC
SIBJSICTCSl BBIOPAHHBIA AJTOPUTM TOMCKA ONTHUMAJIbHOTO MHOXECTBA pPa3phIBACMbIX

cBA3el ¢ nenbto nepepoja XTC U3 3aMKHYTOIO B pa30MKHYTBII BUJL.

7.2. HaxoxaeHusi BLIYUCIUTEIbHOM MOCIeI0BATEIbHOCTH PA30MKHYTOM
cuctembl (BITPC)

JIns1 Hax 0K I€HUS BBIYUCIUTEIBHOM MTOCIEN0BATEIBHOCTH PA30MKHYTOM

cuctemsl (BITPC) cymecTByeT Takoe mpaBuiio.
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DneMeHT MOXeT ObITh BKIIFOUeH B cocTtaB BITPC eciiit u3BeCTHBI BCE BXOIALIME
B HETO MOTOKHU, HHA4e roBopsi, eciau B BIIPC Ha i-om MecTe cTouT HOMED ammapara
Ni, TO HOMepa Bcex annapaToB NOTOKA, U3 KOTOPBIX MOCTYIAKOT B anmapar Nj,
JOJKHBI B 3TOW BBIYMCIIUTEIBHON OCIEN0BATEIILHOCTH CTOSITh PAHbIIIE, YEM
armapar N;.

AunroputMm Beruucienus BITPC.

1. OteickuBaetcs K-s1 ctpoka B-Tabmuiibl cBsi3H, 7151 KOTOPOU Aj paBHO HYIIIO.

2. Homep 3TOM CTpOKHM ¥ HOMEpP BEpIIMHBI I'pada 3aHOCUTCS B
BBIUHMCIIUTEIBHYIO MTOCIEI0BATEIBHOCTD.

3. Uucao He3aBUCUMBIX BXOJIOB JIJIsl 3JIEMEHTOB, B KOTOPBIE MOCTYHAeT MOTOK
u3 K-ro anemenra, ymenbiaercs Ha 1.

4. Eciiy 4KCIIO 3JIEMEHTOB, BKIIOUEHHBIX B BHIYUCIUTEIbHYIO
MOCJIEIOBATEILHOCTD, paBHO HYJII0, TO BITPC noctpoena. B npoTuBHOM cityyae
MepexXoAaT K 1. 1.

OrnpenenuB BRIUUCIUTEIBHYIO MTOCIEA0BATEILHOCTD IJI KaXKI0TO KOMILIEKCA,
COCTAaBIIIEM OKOHYATEJIbHYIO IIOCJIEJOBATENBHOCTh pacyeTa CXEMbl C YYETOM

HE3aBHCHUMbIX 3JICMCHTOB.

Ilopsinok BbINOJIHEHHSI U 3a/1aHUsI K padoTe

Pabora Bemosinsercs Ha [IDBM KaXapIM CTYJEHTOM CaMOCTOSITEILHO B
COOTBETCTBUH C BRIOPAHHBIM BapHAHTOM.

1. Jna 3amannoit XTC cocTaBUTh TMapaMeTpUUECKUN IMOTOKOBBIM Tpad c
yKa3aHueM BHemHel cpenbl. Ha rpade 0003HaunTh HOMEpa BEPIIIMH U HOMEPA TYT.

2. Jlna 3apnanHod XTC cocTaBUTh MaTpHIly CMEXHOCTH, CIUCOK CBsi3eH, A- U
B-tabaune! cBaseii, NA- u NB-taOmuiibsl cBs3eii.

3. Onpenenutb BRIYUCIUTEIIBHYIO TTOCJIEI0BATEILHOCTh PacyeTa CUCTEMBI.

BapuanTsl 3ananuii npuseaeHsl B [Ipunoxenun b.

Conep:xanue oryera

OTtueTt 1o J1abopaTOpHON PadOTE NOTKEH COACPIKATH!

1. ITocTaHOBKY 3a7a4H.
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2. lIpencraBnenne XTC B Bue OpueHTHPOBAHHOTO Tpada.

3. Matpuity CMeXXHOCTH, CITUCOK CBsizel, A- u B-taGnuiel cszeii, NA- u NB-
TaOJIUIIBI CBA3EHL.

4. HaiiieHHY!0O BBIYMCIMTENIBHYIO  IIOCJIEI0BATEIBbHOCTh  Pa30MKHYTOM

CHUCTCMHEI.

KoHTpoJibHBIE BOIPOCHI

1. Kakum TpeboBaHuUsAM JOKHA yIOBIETBOPATH BRIYUCIUTEIbHAS
IIOCJIEIOBATEIbHOCTh PA30MKHYTON CXEMBI?

2. Yro Ha3biBaeTcs rpad)oM, OpUEHTUPOBAHHBIM rpadom?

3. Kak ctpoutcs rpad, COOTBETCTBYIOIIUN TEXHOJIOTHYECKOM cxeme?

4. Yto XapakTepu3yrOT CTOJIOIBI MATPHUIIBI CMEKHOCTH?

5. UTo XapaKkTepusyrT CTPOKHA MaTPULbl CMEKHOCTH?

6. Kak cTpouTcst CiucOK CMEXHOCTH?

7. Kak ompenensieTcss BBIYMCIUTENBHASA MOCIEAOBATEIBHOCTh PAa30MKHYTOM

CUCTEMBI?

Cnucoxk pekoMeHayeMoi JTUTepaTypbl

1. Meronsl ¥ cpelncTBa aBTOMATU3UPOBAHHOIO  pacdyeTa  XHUMHKO-
texHosjornueckux cucteM: / H.B. Ky3suukun, C.H. Caytun, A.E. Ilynaun u ap. — JL.:
Xumus, 1987.— 152 c.

2. MaremaTndeckoe MOJIETMPOBAHNE B XUMHYECKOW TEXHOJIOTHH: Y4eOH.
nocooue /.M. Komecuuko, B.M. Bunorpanos, B.A. BunokypoB u ap. — M.:
«Hedts 1 raz», 2000.— 360 c.

3. Maremaruueckoe MOJIETUPOBAHUE u ONTUMHU3ALIUS XUMHUKO-
TEXHOJOTUYECKUX TMPOIECCOB: TpakT. pykoBoacTBO /B.A. Xonomguos, B.II.
Hesikonos, E.H. NBanosa, JI.C. KupssnoBa. — CII6.: AHO HIIO Ilpodeccuonan,
2003.—478 c.
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JIABOPATOPHASA PABOTA 8
Tema: OIIPEJAEJIEHUE BBIUNCJUATEJBHOM
HOCJIEJOBATEJIBHOCTHU 3AMKHYTbIX CXEM

Heab padorhi: [lonyyeHrne npakTUYECKUX HABBIKOB pacyeTra 3aMKHyTorH XTC:
ompenelieHHe U BblJeneHue KomruiekcoB XTC, HaxXxoXIeHHE ONTUMAJIBHOTO
MHOKECTBA Pa3pbIBAEMbIX MOTOKOB U OMNPEACIICHUE MOCIEI0BATEIIbHOCTH pacyera
KaKJIOr0 KOMIUIEKCA.

[TpuobperaeMbie KOMITETEHIIME 00pa30BaTEIBLHON MPOTPAMMBI TIPU U3YUYEHUU
marepuana pazaena — [1K-26, [TK-28.

[Ipu BeITIONIHEHNH JTAOOPATOPHOU PaOOTHI OCYIIECTBIICTCS aHAIN3 XUMHUKO-
TEXHOJIOTHYECKOW CUCTEMBI ¢ UCIOb30BaHueM mporpammbl MathCad, urto siBisieTcs
OJIHOM W3 CTaAuil NPOEKTUpPOBaHMUS TexHoysorudeckux mnpoueccoB (ITK-28);
WCIIOJIb30BaHUE MIPU 3TOM JIAHHBIX, MOJIYYEHHBIX JIPYTUMU CTYJICHTAMU U UX aHAJIN3

CIOCOOCTBYET (POPMHUPOBAHUIO Y CTYJIEHTOB NpodeccruonanbHoi kommnerenuuu [1K-

26.

Teopernueckast 4acTb

8.1. BeiiesieHne KOMILIEKCOB

BI)I,ZICJ'H/ITI) KOMIIJICKCHI Ha rpa(be MOHO IIpHU ITOMOIIHU JIBYX METOAOB.

MeTtoa ¢ MCII0JIb30BAHMEM MATPHUIUbI IyTel

Matpuna myTeit — KBaJpaTHas MaTpulla, YUCIO CTPOK U CTOJIOIOB, KOTOPOM
paBHO uucny smemeHToB XTC. Ecnmu Ha rpade ecth myTh JIFOOOM  JITMHBI U3
BEpPIIMHBI 1 B j ,TO HA MEPECEYCHUN 1-0i CTPOKH U J-TO CTOJOIA CTABUTCS €IUHUIIA,
MHaue — HOJIb. B Marpuile myTeil Ha TJiaBHOW auaroHanu croAar "1", T.K. cuMTaercs,
YTO BCErJla CyUIeCTBYET MYTh, JJIMHON paBHOW HYJIO, U3 JAHHOTO 3JEMEHTa B 3TOT
xe sneMeHT. [locne mocTpoeHHsT MaTpuubl IMyTEM, CTPOUTCS BCIOMOIAaTENIbHAS
Matpuua "S" no npasuiy:

Sij =1 ecnu Sij = Sji = 1;

Sij =0 B IpOTHBHOM CiIy4ae.
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C nomoipto MaTpuilsl "S" ONpenensoTcss KOMIUIEKChI, BXOJAIINE B COCTaB
rpada, eciiv B i-0i CTPOKE ITOW MATPUIIBl UMEETCS TOJIBKO OJMH HEHYJEBON AIEMEHT
Sii , To aeMeHT XTC ¢ HOMEpOM 1 MOXKET OBITh PACCUMTAH OTAEJIBHO OT OCTaJbHBIX
ANEMEHTOB cucTteMbl. CTpOKM MaTpUllbl UMEIOIIME, KpOME B3JIeMEeHTa Sj, Ipyrue
HEHYJIEBBIE DJIEMEHTBI, COOTBETCTBYIOT KOMILIEKCaM. OJIMHAKOBBIE CTPOKU MaTPHULbI

"S" COOTBETCTBYIOT OJTHOMY U TOMY K€ KOMIUIEKCY.

MeTo/ ¢ MCIIOJIb30BAHHEM MaTpHIbI CMEKHOCTH

JlanHblit MeTO TpeOyeT HaXOXKJIEHUSI CTETIEHEH MAaTPHUIbl CMEKHOCTH, IMyTEM
ee TocJyenoBaTeibHOrO0 yMHOXKEeHHsT Ha '"cebs". Korma n-as cremneHb MaTpHILbI
CMEXHOCTHU TOJy4YeHa MOCJIECIOBATeIbHBIM YMHOKEHHEM Ha caMmy ceOs, TO MOXHO
J0Ka3aTh, 4TO N-asi CTENEHb MaTpulbl "A" OKa3bIBa€T CBA3U, KOTOPHIE MPOXOAAT U3
moboro Oyioka K J000OMYy Apyromy OJIOKy, 4epe3 n IMOTOKOB. Tak ke Kak W B
HCXOJHON MaTpHlle, €AMHULIBI Ha IEPECEUEHUH 1-0i CTPOKH U -0 CTOJIOIA O3HAYAET,
YTO CYIIECTBYET, MO KpalHeW wmepe, OJMH TNyTh Yepe3 n IOTOKOB, OT
0J10Ka 1 K OJIOKY j.

JIns ympolieHuss ¥ yMEHBIICHUS KOJIMYECTBA PACUETOB MOXKHO YIPOCTUTH
MaTpuily cMexHOCTH. Eciu B kakom Ju0O0 cTOJIOIE CTOST OJHU HYJH, TOTrJa
paccMaTpuBaeMbIil OJIOK MOXKET OBITh BBIIEIEH W3 CXEMBI , JUISI TIOCIEAYIOIIETO
pPacCMOTPEHHUS U YJaJ€H U3 MCXOJIHOW MAaTPHUIbl CMEKHOCTH MyTEM BbIYEPKUBAHUS
COOTBETCTBYIOIIMX CTOJIONA U CTPOKH. B pesynbTare mpeobOpa3zoBaHHil, UCXOIHAS
MaTpHIla CMEXHOCTH MPeoOpa3yeTcsi B MaTPUILy, TJ€ BCE OCTaIbHBIC OJIOKH BXOIST
100 B KOMIUIEKCHI, TUOO SBJISIIOTCS HE3aBUCUMBIMU OJIOKAMHU MEXIY KOMITJIEKCaMHU.
Ecnu oOpaszoBath OyseBy CyMMy BCE€X CTENEHEH MaTpHIlbl CMEXKHOCTH, TO €€
aneMeHT Oyner paBeH 1, ecnu paBeH 1 XoTst ObI OIMH COOTBETCTBYIOIIUMA AJIIEMEHT
3TOM MaTPULIBI.

Takum 00pa3omM TONydYarOT MaTpHIly JOCTIKMMOCTA Rn. JlanHas martpuia
COIIEPKUT MH(pOpMaANMI0O 0 MyTsX OT Oyioka 1 kK Onoky j. Eciaum TpaHcmoHMpoBaTh
MaTpUIly JOCTHKHUMOCTH, T.€. TIOMEHSATH CBSI3U OT Ojloka j K OJIOKY 1 ,TO HOBas
Matpuiia Rn/1/ maet undopmanuro o cBI3gx MKy j U 1 6okamu. [Ipu HamoxxeHun
Matpuilbl Rn Ha Rn/1/, equnuiia coxpaHsercst TOJIbKO TaM, e OHa ObLla U B TOU, U B
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npyroit matpuniax. OOpa3oBaHHasi MaTpuIla Ha3bIBaeTcs cynepno3uriueid(W).

Ecnmu snement Wi paBen 1, 3TO 0O3HaA4aer, 4TO CYLIECTBYET CBS3b MEXKIY
0JIOKaMH 1 U ] B 000X HAMpaBIIEHUAX, & TaKasi CBSI3b MOXKET CYIIECTBOBATH TOJIBKO B
Cllydae KOMIUIeKca. JT0 OyJeT MCKITIoUYaTh JIF000H OJ0K, HE BXOSIINI B COCTaB HH
OJIHOTO KOMIUIEKCa, a JIro0asi HeHyJieBas CTPOKa B CyNEepIo3UIMU OyAeT BKIIOYATh B
ce0s Bce 0JIOKM OHOIO HE3aBUCHMOI'0 KOMILIIEKCA.

Brimenenne KOMIUIEKCOB TIO3BOJISIET PEMIMTh 3aJady — ONpeneseHUs

HpC,Z[BapI/ITCJILHOﬁ MOCJIACA0BATCIbHOCTH PacuyCTa CXCMBI.

8.2. OnpenesieHne npeaBapuTeILHOM MOCJI€A0BATEILHOCTH pacyera

CXeMbI

B npenpaputenpHOM  mocnenoBarenbHocTH  pacuera cxembl  (IITTPC)
YKa3bIBa€TCsl MOPSJIOK pacuera He3aBUCHUMBIX 31eMeHTOB XTC U BBIICICHHBIX
KOMILUIEKCOB. llocnenoBaTenbHOCTh pacueTra OINpeneiseTcs TakK ke, Kak JUIs

Pa3OMKHYTBIX CHUCTEM.

8.3. BbijiesieHne KOHTYPOB

KoHTypsI BXOd1IME B COCTaB KOMILJIEKCA BBIIEISIOT C IOMOIIBIO aJIrOpPUTMa C
HCIIOJIb30BaHMEM IIpaJIepeBa KOMILIEKCa.

[TpanepeBo koMmIuiekca ¢ kopHeM K — Ha3pIBalOT Takoe H300pakeHUE BCexX
IIyTEH, CYLIECTBYIOIINX B KOMIUIEKCE, KOT/Ia B KaK1yI0 BEpIIMHY OTJIIMYHYIO 0T K
BXOJUT TOJIBKO OzHA nyra. B Bepmnny K npanepesa Hu onHa nyra He BXoauT. [l
IIOCTPOEHHUS ITpasiepeBa U3 JII000H BEPIINHBI KOMIUIEKCA, KOTOPYIO IPUHUMALOT 32
KOpEHb MPAJIEpeBa, CTPOAT BCE MMYTH, CYLIECTBYIOUIETO KomIuiekca. Kaxapiil myTh
CTPOSIT 10 TEX 0P, ITOKA HE BCTPETUTCA YK€ UMEIOIIascs CTpykrypa. Koneunas
BEpIIMHA BETBU IpajzepeBa — "'Bucsadasd'. Kaxnas "Bucadad" BeplInHA IPUHALICKUAT
KOHTYDY.

Jl51 BbIICTIEHUS! KOHTYPOB BXOJSIIUX B KOMIUJIEKC 11€JIeCO00pa3HO MOCTPOUTD
A-Tabnuily BHyTPEHHHUX CBSI3€H ISl BEPILUH, BXOIAIIUX B KOMIUIEKC U TIOCIIE 3TOTO
cTpouTh npaaepeBo. Korna yxe nocTpoeHo MpaaepeBo U onpeaesieHbl "Bucsume”

BEPIINHBI, TOTJIAa TTI0 HUM COCTaBJISIFOT CIIUCOK KOHTYPOB IO HOMEpaM BEpIIUH Ipada
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U CIIHCOK KOHTYpPOB MO HOMepaM 1yT. [Ipu 3ToM, OJTMH U TOT 7K€ KOHTYP MOXET ObITh
BBIJIEJIEH HECKOJIBKO pa3. OAMHAKOBbIE KOHTYPBI BBIYEPKUBAIOTCS. 3aT€M, HAXOIAT

OIITUMAJIbHO-PA3pbIBAOIICCCS MHOXKCCTBO AYT.

8.4. HaxoxaeHust oTUMAJILHO-PA3PHIBAIOIIET0 MHOKECTBA IyT

3ajaya HaXOKIAEHUS ONTHMAJIbHO-PAa3pbIBAtOIIEro MHOKecTBa 1yr (OPM/I)
penaeTcst AByMsl TpyInaMu METOJOB:

1. MeTronpl, OCHOBaHHbBIE HA UCIIOJIb30BAaHUN MATPULIBI KOHTYPOB;

2. DOBpuctHuecKkrue MeTo ibl. OHM OCHOBaHBI Ha BHIOOPE PEIICHUsI, HCXOIs U3
onpeaenEHHbIX MPAaBUII, BEIPAOOTAaHHBIX HA OCHOBE UMEIOIIETOCs OTbITA.

Paccmotpum nepByro rpynmy MeToAoB. s 3Toro He0OX0AMMO MOCTPOUTD
MaTpHUIly KOHTYPOB, 3JIEMEHThI KoTopor Kjj onpenensitoTes no npaBuiy:

Kj =1, ecnu 1yra j BXOAUT B KOHTYP 1;

K= 0, ecnu 1yra ] He BXOAMT B KOHTYP i;

[Tocne mocTpoeHus MaTpuIilbl KOHTYPOB, ONIPEACIIAECTCS KOHTYPHAs CTENEHb
ayru f, KoTopasi paBHa 4MCIy KOHTYpOB, B KOTOPBIE BXOAUT JaHHAs 1yra (CyMMa 1o
ctosibiiam). Uem Gouibiie BennurHa f, Tem 00Jbliie KOHTYPOB OYJET Pa30MKHYTO MPH
pa3pbiBe AaHHOU ayru. OqHaKo, eCl KOHTYpHAas CTETEeHb ABYX WK 0ojiee IyT
OyZeT oAMHAKOBAa, IPUYEM 3TU AYTH BXOJAT B OJHU U T€ K€ KOHTYPBI, TO
HEO0OXO0IUMO OTPEEIUTh NapPaAMETPUUHOCTh KaXK10M AYTH.

W3 nByx Ayr, uMeomux paBHyto f, pa3pbiBaeTcs Ta, IapaMeTPUUYHOCTD
KoTopoit MeHble. [Tocie BbIOOpa COOTBETCTBYIOLIEH AYTH, U3 MATPHUIbl KOHTYPOB
yOHpaIOTCs T€ KOHTYPBI, KOTOPbIE Pa3pbIBAIOTCS MIPHU Pa3pbiBE JAHHOM TyTH.

[Tocne naxoxnenuss OPM/I, onpenesnstoT Mociae10BaTeabHOCTh pacyera

KOMILIEKCA.
8.5. Onpenesienne noc/jie10BaTEJILHOCTH PacueTa KOMILIEKCA U
OKOHYATEJbHOMH MOCJIeI0BATEJILHOCTH PACYETAa CXeMbI

Jlist oripesiesnieHust MOociIeI0BaTeIbHOCTH pacyeTa KOMILJIEKCa, BBOASTCS
¢bukTHUBHBIE (UTepallMOHHBIC) OJ0KU. [Ipeanonaraercs, 4To B 3TUX OJI0KaxX 3a7at0TCs

Ha4dYaJbHBIC HpI/I6J'II/I)KCHI/I$[ 3HAYCHUM napaMCcTpoOB pPa3pbIBACMbBIX ITIOTOKOB.
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OHpeI[eJ'IHIOT IMOCJICAOBATCIIbHOCTDL paCdCTa KaXK/I0T'O0 KOMIIJICKCA TaK JKC, KaK JJIsA

PAa30OMKHYTBIX CHUCTCM.

OHpC,Z[GJ'II/IB BBIYUCIUTCIBHYIO IMOCICA0OBATCIBHOCTL JJIA KaXXI0Iro KOMIIJICKCA,
COCTAaBJKICM OKOHYATCJIIBHYIO ITIOCJIICAOBATCIIBHOCTL pPacCdCTa CXCMbI C YUYCTOM

HC3aBHCHUMBIX 3JICMCHTOB.

IHopsinok BbINOJIHEHHSI U 3aIaHUsI K padoTe

PaGora Bbimonnsgercs Ha [I9BM KaxaplM CTYAEHTOM CaMOCTOSITENIBHO B
COOTBETCTBUM C BBIOpaHHBIM BapUaHTOM. BapuaHThl 3aJlaHUil TPUBEICHBI B
IIpunoxenun b.

1. BeimenuTh KOMITIEKCHI Ha Tpade ¢ MOMOIIBI0 aIropuTMa, UCTIOIb3YIOIIETO
MAaTpPUILy TyTEW U BCIIOMOTATEIbHYIO MATPHILY.

2. BeimenuTh KOMIUIEKCH HA Tpade C MOMOIIBI0 alTOPUTMA, UCTIONIB3YIOIIETO
MATPUILy CMEKHOCTH WJIA MaTPHUILy MyTEH.

4. OnpenenuTs NpeABAPUTEIBHYIO IMOCIEI0BATEIBHOCTh PACUETa CXEMBI.

5. BelaenuTs KOHTYpPBI, BXOJSIIHUE B COCTAB KAXKAOTO KoMmIuiekca. [{ns aroro:

— IIOCTPOUTH MPANEPEBO KOMILIEKCA;

— MPOAHAN3UPOBATH MOJYYEHHBIE KOHTYPbI U UCKITIOYUTH
MTOBTOPSOIINECS;

— COCTAaBUTh CIIMUCKUA KOHTYPOB, 3alIMCAHHBIX MO BEPILIMHAM U T10 JTyTaM.

6. HailTu ontumanbHO-pa3phIBaIOIIee MHOKECTBO YT, UCIOJIb3Yysl MaTpUILy
KOHTYPOB.

7. B KaXXI0M KOMIUIEKCE ONPENEIUTh BbIUUCIUTEIBHYIO MTOCIEI0BATEIBHOCTD
pacyeTa KOMIUIEKCa, BKIIFOUYMB B MHPOPMAIIMOHHYIO CXeMY (DUKTHUBHBIC OJIOKH.

8. OHpC}ICJ’II/ITB OKOHYATCIIbHYIO ITOCJIICAOBATCIIBHOCTD pacucTa CUCTCMBI.

Conep:xanue oTyera

OTtyeT 1o J1abopaTOpHON PabOTE NOIKEH COACPIKATh:
1. ITocTaHOBKY 3a7aum.

2. Pesynbratel ctpykTypHoro ananmza XTC.
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3. Uadopmarnmonnyro 6mok-cxemy pacuyera XTC.

4. AHaiIi3 NOJyYEHHBIX PE3YIbTaTOB.

KoHTpoJibHBbIE BOIPOCHI

1. HazoBute ciocoObl npeactabienust cTpykTypsl XTC.

2. ChopmynupyiTe U MOSICHUTE ITOCTAHOBKY 3a7auu pacueTa 3aMKHYThIX X TC.

3. Ilosicuute Meton pacuera 3aMKHYTBHIX XTC.

4. HazoBuTE OCHOBHBIE 33/1a4¥ CTPYKTYPHOro aHayin3a 3aMKHYTbIX XTC.

5. Kakum 00pa3oM oCyIecTBISETCS BbIIEICHUE KOMILIEKCOB C
HCIIOJIb30BAHUEM MATPULbI ITyTEN?

6. [losicHuTE aNTrOpUTMBI BBIJEIEHHS KOMIUIEKCOB C UCIIOJIb30BAaHUEM
MaTpPUIIbI CMEKHOCTH.

7. Kax onpenensitorcs kKoHTypsl Ha Tpade XTC?

8. Kak ompenensercs MHOKECTBO pa3pbIBAEMBIX 1yT?

9. IlosicHUTE CMBICH «ITAPAMETPUYHOCTD TYTH.

Cnmcok pekoMeH1yeMoil JTUTepaTyphl

1. Merogsl ¥ cpeacTBa aBTOMAaTU3MPOBAHHOTO  pacyeTa  XUMHUKO-
texHosornueckux cuctem: / H.B. Ky3suukun, C.H. Caytun, A.E. [lynun u ap. — JL.:
Xumus, 1987.— 152 c.

2. MaremaTnueckoe MOJEIMPOBAHME B XHMHUYECKOW TEXHOJIOTMH: Y4eOH.
nocodue /.M. Konecuukos, B.M. Bunorpamos, B.A. BunokypoB u ap. — M.:
«Hedtp 1 razy, 2000.— 360 c.

3. Maremarnueckoe  MOJEIUPOBAHME U ONTUMHU3ALUS  XUMHKO-
TEXHOJIOTMUECKUX TMPOIECCOB: TMpakT. pykoBoacTBO /B.A. Xomomnos, B.IL
Hesaxonos, E.H. Usanosa, JI.C. Kupbsinoa. — CI16.: AHO HIIO IIpodeccuonann,
2003.-478 c.
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JIABOPATOPHAS PABOTA 9
Tema: OJHOIHAPAMETPUYECKHUE METO/bI
OIITUMU3ALNU

Heapr padorbl: 3HAKOMCTBO C ONTHMHU3ALMOHHBIMU 33JadyaMH, H3Yy4YECHHE
pa3IMYHBIX METOIOB OJTHOMEPHOW ONTHMHU3AINH, CpaBHEHHE UX 3()PEKTUBHOCTU U
IIPUMEHEHUE JJI PELICHUS 3a]a4 XUMUYECKON TEXHOJIOTUH.

[TproOperaeMple KOMIETEHLIMN O0pa30BaTEIbHON MPOrpaMMbl NIPU U3YYEHUU
Marepuana pasnena — [1K-9, I1K-26, ITK-28.

[IpumeHeHHe pPA3NUYHBIX YWUCIEHHBIX METOMOB U1 pELICHUs 3ajad
ONTHMU3ALMUA TAPaMETPOB XHUMHUKO-TEXHOJIOTMYECKOTO TpoIlecca CIOCOOCTBYET
npuobperenuto mnpodeccuoHanbHoil kommnerenuuun [IK-9, a peamuzanus 3THX
MeTo0B B nporpamme MathCad B Buzae mporpaMM M HCHOJB30BaHUE HUX IS
OTpe/IeNICHUs] ONTHUMAJIbHOW TEMIEpaTypbl, OOecIeunBarolell MaKCUMaIbHYIO
CKOpPOCTb IIpOLIECCa IIPU Pa3IMYHBIX CTENEHSX MPEBPALLIECHUS U MOCTPOSCHUH JIMHUU
ONTUMAJILHBIX TEeMIIepaTyp CIOCOOCTBYeT NPHOOPETeHHIO MPOQPECCHOHATBHBIX

komrmereHui 11K-26 u T1K-28.
Teoperuyeckasi 4acThb

9.1 IlocraHoBKA 32124 OJTHOMEPHOI ONTUMH3AIUU

OnTuMu3anusi — 3TO LIEJICHANIPABIEHHAs JEATEIbHOCTh, 3aKJIIOYAIOIIASACS B
[OJIyYUEHUU HAWIYYIIUX pe3yJbTaTOB IMPHU COOTBETCTBYIOIIMX YCIOBHSX. B
MaTe€MaTUKE ONTHMH3ALMSA CBS3aHA C HAXOXKJICHHEM ONTUMyMa (T.e. MakCUMyMa
WIM MUHUMYMa) HeKoTopod QyHkuuu. Ecinm paccmaTpuBaemas (QyHKLUS SBISETCS
dyHKLIMEH OIHOM TMEepeMEeHHOH, B 3TOM ciydyae TOBOpSIT OO0 OJHOMEPHOMH
ONTUMHU3ALUH.

Ecnu Ha 3HaYeHUs apryMEeHTOB HalarairoTcs OrpaHUYEHHs] B BHUJIE PABEHCTB
WJIM HEPAaBEHCTB, TO TAKWE 33J]a4M HA3BIBAIOT YCJAOBHBIMH 33/1a4aMM ONTUMU3ALNU
WJIM 33JladyaMy ¢ OTPaHUYEHUsAMH. B MpOTHBHOM citydae umeeM 3aaady 0e3ycJ10BHOM
ONTUMU3AIUH.

3ajaun OJHOMAPAMETPUUYECKON ONTUMHU3ALNH TOCTaATOYHO YAaCTO BCTPEYAKOTCS
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B MHXCHEPHOU MPaKTUKE U, KPOME TOT0, HAXOAT CBOE MPUMEHEHHE MIPH peaTn3aliu
00J1ee CI0KHBIX UTEPAKTUBHBIX MPOLIETYP MHOTOMIapaMETPUIECKON ONTUMH3AIIH.
s ompeneneHHOCTH OyneM CUWTaTh, YTO peIlaeM 3aaady OTBHICKAHHS
MUHUMYMa (pyHKUIMU y = f(X) Ha UHTEpBaje [a ,b], comepkalleil ICKOMOE pelIeHHe
x*. Takoil OTpe30K HA3bIBACTCS OTPE3KOM HEOMNpeaeJeHHOCTH, W OTPE3KOM
nokanuzanuu. OTHOCUTENIBHO 11eJIEBOM (PYHKITMH f(X) 4acTO Mpe/IoaracTcs, 4To OHa

YHUMOJAJIbHAS.

®OyHK1us f{x) Ha3pIBACTCS YHUMOAAJIBHOM Ha oTpe3ke [a, b], ecnu

— HMeeT eIMHCTBEHHYIO TOYKY MUHUMYyMa X* Ha 3TOM OTpE3Ke;

— flx)MoHOTOHHO yOBIBaeT Ha [a, x*], Bo3pacTaeT Ha [x*, b].

CBoiicTBa YHUMOAAJIbHBIX (YHKIUH.

[TycTs f(x) yaumonaneHa Ha [a, b], x;, X, TIpUHAATIEKAT OTPE3KY, X| < X2, TOTJA!
1) ecnu f(x;)<f(x2), TO x* mpuUHAIICKHUT [a, X2];

2) ecnu f(x1)> f(x2), TO x* mpUHAIISKUT [X1, b];

3) ecmum f{x1)=f(x2)), TO X* IPUHATICKHUT [X], X2].

f(x A f(x A

¢ ———————

\ 4

|

|

| |

| |

Ll
a x* xi

=
0
S

Pucynok 9.1 — CBoiicTBa yHUMOJIbHBIX (PYHKIIHN

CBOHCTBO YHUMOAAIHLHOCTH (PYHKIIMHM TIONPOCTY O3HAYaeT HaIW4uue y Hee
€IMHCTBEHHOTO JIOKAJTbHOTO MUHUMYMa U 3TOT MUHUMYM JOCTUTAETCSI B TOUKE X=X *,
Jlist ompenennieHHOCTH Oy[eM CUMTaTh, YTO PEIIaeM 3a7ady OTHICKAaHHMS MHUHUMYyMa
dbyukiuu y = f(x) Ha uaTepBaie (a, b).

MGTOI[bI MHHHUMH3allUN (bYHKLII/II/I OIHOI'0O NIEPpEMCHHOI'O0, B KOTOPLIX
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HUCIOJb3YIOT 3HAYCHUA (bYHKHI/II/I B TOYKax pacCMaTrpuBacMOIo IMPOMCIKYTKa W HC
HCIIOJIB3YIOT 3HAUCHU: €C ITPON3BOAHBIX, HA3bleAIOM memooamu RPAMO20 NOUCKA.
MoxHO BBIICIIUTE ABC I'PYIIIbI METOAOB IIPAMOIo IOMCKa COOTBCTCTBYIOIIHC

ABYM IIPUHIOHIIUAJIBHO PA3JIMYHBIM CUTYyallUsIM:

1) Bce N Touek xi, k =m, B KOTOPBIX OYJyT BBIUUCIICHBI 3HaUYCHUs (PYHKIIUH,
BBIOMPAIOT 3apaHee (10 BRIYUCIEHUS (DYHKIIMN B 3THX TOYKAX);

2) TOYKHU Xx BBIOMPAIOT IMOCEA0BATEIBLHO (1711 BBIOOpA MOCIEAYIOIIEH TOYKH
MCIIONIb3YIOT 3HaU€HUs (PYHKIIUH, BBIYMCICHHBIE B MPEIBIIYIINX TOUKAX ).

B nepBoM ciy4yae MOUCK 3HAYEHHUS f;, HA3bIBAIOT NACCUBHBIM, & BO BTOPOM —
nocnedogamenvubiM. K MacCUBHBIM METOJAM OTHOCSITCS METOJIbl CKaHUPOBAHMS,
CKaHMPOBAHUS C MEPEMEHHBIM IIIaroM, K IMOCJIEIOBATEILHBIM — METOJl JUXOTOMHH,

METOJ 30JIOTOT'O CEUCHHA, MCTO, dubonayyu u Apyrue.

9.2 Merox ckanupoBaHus (nepedopa)

Mertonx CckKaHUpOBAaHWS B KA4eCTBE KPUTEPUS JBIDKCHUS K MHHUMYMY
UCIOJIb3YET CPAaBHUTEIbHYIO OLICHKY BEJIMUMHBI 11eJIeBOM (DYHKIIMH, BHIYUCICHHOW B
COOTBETCTBYIOIIUX TOUKAX.

WNuTtepBan moucka [a,; b]pa3buBaeTcs Ha HECKOJIbLKO PaBHBIX OTPE3KOB,
KOKJBIH M3 KOTOPBIX paBEH IIary mnoucka h =(b—a)/n, TA€ N — YKUCIO OTPE3KOB

(pucyHok 9.2).

fix
W

A
A4

v
=

a [ I B | Ilb
o 1 2 3 4 5 6 7 8 9 10

Pucynok 9.2 — MeTtoj ckaHUpOBaHUS

Jlanee mocnenoBaTeNbHO ONpEAeNAIoTC 3HaueHust (QyHKIUM f(x) BO BceX
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TOYKaxX pa3OueHus apryMeHTa M B TOYKaX @ M b M 3allOMUHAETCS HAaWMEHbIIee
3HAYEHHE.

To ecTb MpoOM3BOAUTCS pacueT 3HAYeHUN (YHKIMM Ha UHTEpBaie [a; b] uepes
paBHbIE paccTosHUA h:

xi=a+hi i=0.n.

Ecnin muHuManpHOe 3HaueHHE (PyHKIMHM B T.7, CIEIOBATENIbHO WCTUHHBIN
MUHAMYM Haxonutcs B uHTepBaie [6, 8]. Tak kak mo ycnosuio (bx — ayx) < & TO

BeIMYMHA IIara JOJDKHA OBITh /h < g2, a KOJIWYEeCTBO TOYEK BBIUHMCICHUS

Nen+1=229
h

JlocToMHCTBa METOAA: MPOCTOTa, BO3MOXKHOCTh HAXOXKICHHUS TI100aIbHOTO
muHumMyMma. Henmoctatok Mertona: Oosblioii 00BEM  BBIYHCIEHUH, KOTOPHIE
HE0OXOIMMO BBITIOJIHUTD MPHU €TI0 peasin3aliu.

Meron ckanupoBanus dpPeKkTuBeH mpu ucnoib3oBanuu IBM u npumensieTcs
JUTSL JIOKAJIM3aluK r100aibHOr0 MUHMMYMa B MHTEpBaie [a, b].

Ecaun ucnonb3yercs yHumMopanbHas (GYHKIUS (MMEET OJUH MUHHMYM), TO
KOJINYECTBO BBIYMCIICHUN MPHU MOMCKE MHUHUMyMa MOXHO YMEHBIIUTh, CPaBHHUBAs
BBIYHMCIICHHOE 3HaYeHUe PyHKIMU ¢ mpeapiaymuM. Ecmu f(a; + hi) < fla; + h-(i—1)),
TO TIEPEXOIT K UCCIICIOBAHUIO CIICIYIONIECH TOUKH, a eciu f(a; + hi) > fla; + h-(i—
1)), TO MUHUMYM TIPOM/ICH, © MUHUMAJIBHOE 3HAYCHHUE B MPEABIAYIIEH TOUKe f(a; +

h-(i—1)) MOXHO TIPUHSATH 32 MUHUMATHHOE 3HAYCHHUE (DYHKITUH.

9.3 MeToa ckaHnupoBaHus (mepedopa) ¢ 0OPATHBLIM HIATOM

JlJiss yMEHBIICHNUS KOJTMYECTBA BRIYUCICHUH (QYHKITUH f{X) TIPH UCIIOIb30BAHUH
METO/Ja CKAaHWPOBAHUS TPUMEHSIOT TEPEeMEHHYIO BeIWYMHYy mmiara /4. Baauane
uHTepBaN [a, b] pa3buBaeTCs Ha Majlo€ YHMCIO OTpe3koB (Hampumep, n = 10) u

b—a
h =
BBIUUCJILICTCA BCJIIMYMHA IIIara n HpI/I HCCIICA0OBAHUN q)YHKHI/II/I HaxogdaT

TOYKY, B KOTOpOH f(a; + hi) > f(a; + h-(i—1)), 1. HyHKIMS HaYMHAET BO3pacTaTh. B

ATOM TOYKE IIar yMeHbIIaoT (Hanpumep, B 10 pa3) u npucBanBaroT €My 3HaAK MUHYC.

71



To ectb HauMHAIOT HCCIEAOBATH (YHKIMIO B MPOTUBOMOJOKHOM HANpPABICHUU C
YMEHBLIEHHBIM mIaroM. CHOBa HaxoIAT TOYKY, IIPU KOTOPOW MPONAEH MUHUMYM,
CHOBA MEHSIOT HAllpaBJICHWE M BEIMYMHY IIara. YCJIOBUEM OKOHYaHHUs pacyera

aBisieTcst yciaosue h < e.

9.4 O0mas cxeMa MOMCKA MUHMMYMA HA OTPe3Ke

[Tycts dyHKUMS f(x) yHUMOmanbHa Ha OTpe3ke [a, b]. Heobxommmo Haiith
TOYKY MUHUMYyMa (YHKIIUHA HA 3TOM OTPE3Ke C 3aJaHHON TOYHOCTHIO €. Bce meTombl
OJTHOMEPHOTO TIOMCKa 0a3WMPYIOTCS HA TMOCJIEIOBATEILHOM YMEHBIIICHUU WHTEPBAa,
COZIEpKaIero TOYKY MHHUMyMa. OTOT HWHTEpPBAJ HA3bIBACTCS HMHTEPBAJIOM
HeonpeneaenHoctu (MH).

Bosbpmem BHYTpH OTpe3ka [a, b] 1Be TOUkH x; U X2: a < x; < X2 < b U BEIUHUCIIM
3HaYeHUS (PYHKIIMH B 3THX TOYKaX. M3 CBOMCTBA YHUMOJATHHOCTH (PYHKIIMA MOKHO
CeNaTh BBIBOJ O TOM, YTO MUHUMYM DPAcCIOJIOKEH JTUOO0 Ha OTpe3ke [a, x»], 11ubo Ha

oTpeske [x1, b] (pucynok 9.3).
1), ),

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

N ____

_ nosevui MH L Hoevul UH

) '. |‘ I

§ mexywui UH B mexywui UH %
a) 0) |

PPucynoxk 9.3 — O0mas cxema noucka MUHUMyMa (QyHKITUU

HeiictBuTensHo, eciau f(xi) < f(x) (pucyHok 9.3, a), TO MUHUMYM HE MOXET
HaxXOJUTHCSA Ha OTpe3Ke [x2, b], a ecnmu  f(x1) > f(xz) (pucyHnok 9.3, 6), TO MUHUMYM
HE MOXXET HaXxOJIWUThCs Ha WHTepBaie [a, x;]. Ecim xe f(x)) = f(x), TO MuHUMYM

HaXOJUTCS HA UHTEPBAJIE [X1, X2].
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AJTOpUTM 3aKaHYMBAETCS, KOI/a JJIMHA MHTEpPBajla HEOINPEAENEeHHOCTH,
coZiepKallero MUHUMYM, CTAHOBHUTCS MEHbIIE €. Pa3nuuHble METOAbI OJJHOMEPHOTO
MOCJIEZ0BATEIHLHOTO MOUCKA OTIIMYAIOTCS BRIOOPOM TOYEK X, X2. OO0 addekTuBHOCTH
JITOPUTMOB MOKHO CYIHUTH IO YHUCIYy BBIYUCIEHUH (YHKIMA, HEOOXOAMMBIX IS

MOCTHIKEHUSA 3aJaHHOM TOYHOCTH.

9.5 MeToa AMX0TOMUM (J1eJIEHUSI OTPe3KAa MOM0JIaM)

Touku x;,x, BBIOMpPAIOTCA HA PACCTOSIHUM O < €/2 OT CepelHbI OTPEe3Ka:

x= (ax+ by)/2, xX;=x-90, xx=x+0.

i

| |
° °
®

x-0| x+o0

noevit UH x=(a+b)/2

Y _____
\4
><

mexywui MH

»i
)

S~

Pucynok 9.4 — Meron nuxotoMuu (JeeHUs] THTEpBaJia MOMoJiaM)

3a omHY UTEpaio WHTEPBAJT HEOMPEICICHHOCTH YMEHBIIAeTCs B 2 pasza
b—a
(pucynok 9.3). 3a n Wrepauuii JUIMHA HATEpBana OyJeT npuMepHo paBHa 2 . Jlus

b-a
JIOCTIDKEHHMsST TOYHOCTH € ToTpedyercs 2" wrepanumii. Ha kaxnoil wureparmu

MUHUMH3HpYeMasi (pyHKIUST BBIUMCIISAETCS MBAXIbl. B mpunoxennn K mpuBeneHa
nmporpaMma MoucKa MakcuMyMmMa (DYHKIIMH METOIIOM JAMXOTOMHH, PEaiM30BaHHAs B
nporpamme MathCad.

CYHIGCTBYI-OT MCTOBI ITOCJICAOBATCIIbHOT'O IIOUCKA, B KOTOPLIX HA KAKIIOM k-m
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miare HauvMHas ¢ k=2 BBIUUCISIOT JIMIIb OJHO HOBOE 3HaueHHE (YHKIUU B TOUKE,
NpUHAJJISKAIIEH OTPE3KY [dk+1, Dk+1]. DTO 3HAUEHHE BMECTE C YK€ BBIYUCICHHBIM Ha
OpeAblAyIIeM Inare 3HaueHueM (PyHKIMM BO BHYTpEHHeW Touke oTpeska [ax, by]
MCIOJIL3YIOT TPHU BBINOJHEHUU MPOIENYphl HUCKIIOUEHHUS OTpE3Ka Ha CIEAyIOIIeM

mare 1mocJa€aoBaTCIbHOIO IOUCKA.

9.6 MeTo/ 30J10TOT0 CeYeHU

Kaxk HU3BCCTHO, 30/10MbiM cedeHuem onpe3ka Ha3bIBalOT TAKOC Cro ACJICHUC Ha
ABC HCPABHBLIC YaCTHU, IIPH KOTOPOM OTHOIICHHC IJIHMHBI BCCTO OTPE3Ka K AJIHUHC €TO

OOJIBIIIEH YacTH paBHO OTHOHICHHWIO IJIMHBI OOJIBIIIEH YaCTH K JUIMHE MEHBIIIECH.

3 onuna [a,b] .
I |
3 onuna [a, xi] L onuna [xi, b] |
i‘ rI‘ 'I
| | |
I | | I
[ T | ‘r -
a X1 X2 b

Pucynox 9.5 — 3omnoTtoe ceuenue oTpeska [a, b

Toukwu xi, X, HAXOAATCS CUMMETPUYHO OTHOCUTEBHO CEPEIMHBI OTpe3Ka [a, b]
U JIEJIST €r0 B IMPOIMOPIIMH 30JI0TOTO CEYCHHS, KOT/Ia JITTHHA BCETO OTPE3Ka OTHOCUTCS
K JUTiHE OONbBIIeH ero 4YacTH TakKe, KakK JJIuHa OOJIbIICH YacTH OTHOCUTCS K JIJTMHE

MEHBIIIEN YaCTH;

b-—a b-x, b-a x,-a
b-x, xy—a , x—-a b-x
Otcrona
=a, +(3_—2‘/_5)(b—a) ~a, +0.381966011- (b, —a,),
X, =a, +(‘/§—_1)(b—a) ~a, +0.618003399 (b, —a,) = b, —0.381966011- (b, — a,).

2

3a OJHY HUTCpAllMIO HWHTCPBAJT  HCOINPCACICHHOCTH  YMCHBIIACTCA B

\/§+1
T =
2

=1618...
pas.

CnoBecHbII aIrOpUTM METO/1a (MIOUCK MUHUMYMA).
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1) Jlenmum oTpe3ok [a, b] Toukamu x| U X, 1O MPABUITY "30JI0TOTO CEUCHUS "

2) Beruucnsiem B 3THX Toukax 3HadeHUs dyHkuuid F'1 = f(x;) u F2 = f(x>);

3) CpaBuuBaeM FI u F2 wm otOpacekiBaeM MO0 HHTEpBail [a, X;), JUOO
uHTepBal (x2, b]. Eciu FI < F2, T0 oTOpackiBaeM (x», b] u nemaem mnepenprcBOCHHUE
b = x; (pucyHok 9.6), uHadye otTOpacbiBaeM OTPE30K [a, x|] ¥ JeaeM nepenprucBOeHUe
a=x;. B pesymprare umHTepBan [a, b] ymenpmmiics B T pa3. Ha ocraBmemcs
UHTEpBaJC YK€ €CTh OJHA TOYKa, MPOU3BOMAIIAS 30JI0TOE CEYEHHUE, MOITOMY Ha
KKJIOM IIIare WTEpaIlMOHHOTO TMpoIlecca TOWCKA, HA4YMHAs CO BTOPOTrO IIara,
JI0OCTaTOYHO BBIYUCIICHHS JIUIITh OJTHON TOYKH, POU3BOIAIIEH 30JI0TOE CEUCHUE.

4) Ilouck nmpomomkaeTcs 10 TeX mop, moka |b —a| > €.

Sk

|
|
|
; |
a : EXI X2
! :
L —1 4
T M | T
| ! : !
a’ xi' X! by’
Pucynok 9.6 — MeToa 30J10TOr0 CeueHHst
S In(G-1)/e)
J5-1
In .
JI71st MOCTHKEHUSI TOUHOCTH € TIOTpedyeTcs 2 uTeparum.

9.7 Metoa uuces ®PudooHaY4In

OTO0T MCTOJ NPUMCHACTCA, KOT'd YHUCJIO SKCIICPUMCHTOB N 3apaHeC 3a1aHoO.
MCTOI[ YUCCi cDI/I60H8}1‘{I/I, TaKXKE€ KaK M MCETOJ 30JO0TOIr0O CCUYCHHUA OTHOCHUTCA K
CUMMCTPUYHBIM METOAAaM, T.C. TOYKH, B KOTOPBIX BBIMMOJHAIOTCA ABA 3KCIICPHUMCHTA,
Ha OCHOBC KOTOPBLIX IIPOUCXOJUT YMCHBIICHHC OTPC3Ka HCOHpeI[eHéHHOCTI/I,

pacojIOKEHbl CHMMCTPUYHO OTHOCHTCIIBHO CCPCAMHBI OTPE3Ka. Bot Ttonbko BI>I60p

Touky ! MPOMCXOJUT HA OCHOBE JAPYTHX COOTHOLIEHWH. J{JIsl 3TOr0 MCHOIb3YIOTCS
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Fo,F],F2,F3,... F; :Fi—Z +Fi—] (i=2,3,...) " FO :F] :1.

ypcna OuboHayyu: ,rae i

Touka X onpCAcCIACTCA N3 COOTHOILICHUSA:

omunafa,x;]  Fy_j
onunala,b] Fy

)

xj=a+(b- a)M
T.C. N . Touxa *I nemur [@D] ya npe HEpaBHbIC YaCTH.

OTHOIIIEHHE MAajoro OTpe3Ka K OOJbIIEMY paBHO FN—2/FN-I Touxa *2

OIIPCACIICTCA KaK TOYKa, CUMMCTpPHUYHAA K X1 OTHOCHUTCIIbBHO CCPCIANHBI OTPC3Ka

xy=b—(b=a)iN=2 _ gy p_q)iN-1
[a,b] [TosToMy Fy N . Tlpu stom Oyzaer

BBITIOJIHATECS ycaoBue 1 <Xz,

B pesynbTaTe SKCIEPUMEHTOB B Toukax !/ u *2 y Hac MOTydHTCS OTPE30K

neonpenenéuroctn L 9%2/ | copmepwammit  touxy ¥/, wm  ortpesok

HEOonpeAeIEHHOCTH [x1.b] , COJIepKallluid TOYKY X2, Ocraromiascsi ToYKa IeTHT

HOBBIN OTPC30K HeOHpeI[eJ'IéHHOCTI/I Ha ABC HCPABHBLIC YaCTHU B OTHOICHHW M

MeHbUWLAsl _4acmbo

_FN73/FN72

Oonbuas _uacme To ectb B Merome PUOOHAYYM OCTAIOMIAACS

TOYKAa JEJIMUT OTPE30K Ha JBE HEPABHbIE YaCTU B IPOINOPLHUAX OIPEACIISIEMBIX
guciamu  @Oubonayun. Tak HA k-OM IMare 93TO  OTHOIIEHUE  PaBHO
menvuas _uacmo _ F,

F
, Mmenbuas _uyacmo = —L1L(p—q)
a JUIMHBI OTPE3KOB PABHBI: N u

oonvwas _wacmo  F,_,

F
bonvwas _uacme = —5(b—q)
N

Jlis Toro YTOOBI B CBOIO OYEpPEAb YMEHBIIUTH MOJYYUBIIMICS OTPE30K
HEOIPEAEIEHHOCTH, HAA0 ONPENEIUTh CUMMETPUYHYI0 TOYKY OTHOCUTEIBHO

CEPCANHBI OTPC3Ka U ITPOU3BCCTU IKCIICPUMCHT B Hell. DToT mponecc nmpoaoJrKacTcA,

noka He 6yer nposesieHo NV skcrepuMeHTOB.
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Cxema ancopumma

[Ilar 1. 3angarorcs a,b,N. Byrancnsiores uncia ®ubonaqdn Fo, By, Fy .

Onpenensiercs:
x;=a+(b-a)Fy_,/Fy,
Xy=a+(b-a)Fy_;/Fy,
yi=f(x1).y2=f(x3).

Ilar 2. a) Ecou Y1 =Y2 10 nonarator b=x3.X2=X1.Y2= VI y prrancusor

xp=a+b-—xy,y;=f(x1)

6) Ectu V1 ~ Y2 | 1o nonarator ¢ = *1-X1 = X2,V1 = Y2 y ppraucisor
xp=a+b-x;,y,=f(x3)
Hosroputs mar 2 N — 2 pasa.

lar 3. Ecau Y1 <2, 1o nonarator * =%/ u Y = VI Ecnu ylZyZ,To

~

nojarator ¥ X2

ut=Y2
3aKOHYHNTH TOUCK.

JlnrHa oTpe3ka HeolpeAeIeHHOCTH B MeToae PuboHayun Ly =(b-a)/Fy )

9.8 MeToabl NOJTMHOMHAJBHOH ANINPOKCUMALIMHU

Yyectb wuHOpMAIMIO, COJAEPKALIYIOCS B OTHOCUTENIBHBIX HM3MEHEHHSIX
3HaUYeHUHU f(x) B TPOOHBIX TOYKAX, IIO3BOJIAIOT MEmMOObl NOAUHOMUATLHOU
annpoKkcumayuu, OCHOBHAS UJES KOTOPBIX COCTOMT B TOM, 4TO s (GyHKIMH f(X)
CTPOUTCS aNMPOKCUMUPYIOUIMHA MHOTOWIEH M €ro TOYKa MHUHMMYMA CIY>KHUT
npubmmxenueM k x* JIng sddexTuBHOro uCnosib3oBaHUS 3TUX METOJOB Ha
byHKIIUIO f(X), KpOME YHHUMOJIaJbHOCTH, HaJlaraeTcs JOIMOJHHUTEIbHOE TpeOOBaHUE
JOCTATOYHOM IIaJIKOCTHU (10 KpaitHell Mepe, HeMPEPbIBHOCTH ).

B memoodax mnpamoco noucka He uMeeTCd HUKAKOW HHQOpPMAIMH O
MUHUMU3UPYEMOH (MAKCUMU3UPYEMOI) (PYHKIIMM 32 UCKIIOYEHUEM €€ 3HAUYECHHUH B
BBIOpDAHHBIX HaMHU TOYKaxX M TMPEIINOJOXKEHHUS, YTO OHA HENpEphIBHA U SBISETCS

VHUMOOAIbHOU  (DYyHKYueli HAa paccMaTpuBaeMoOM oOTpe3ke. Ecmu  ¢yHKIHUIO B
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HEKOTOPOW OKPECTHOCTHM TOYKM €€ MHHHMyMa (MakCUMyMa) MOXXHO JOCTaTOYHO
TOYHO 3aMEHUTh (aMMPOKCUMHPOBaTh) MHOTOWIEHOM, TO JJS €€ MHUHHUMH3AIUH
(MakcUMHU3aIMK) 11eJ1IecCO00pa3HO  HUCIOJIb30BaTh TaK  Ha3bIBaEMbIE  Memoobl
noauHOMUAnbHOU annpokcumayuu. VX o61mmas ocoOeHHOCTh COCTOUT B BBIYUCIICHUH
KO3 (DUIIMEHTOB MHOTOWIE€Ha IO K3BECTHBIM 3HAUEHUSM (YHKIUU B OTAEIbHBIX
TOYKaX U TMOCJIEIYIOUEM HaXOXKJICHUM MHUHUMyMa »JTOr0 MHOIOWIEHAa C
HCIIOJIb30BaHUEM HEOOXOIMMBIX M JIOCTAaTOYHBIX YCIOBHM 3KkcTpemyma. Hambonee
IIMPOKO HCIIOJIB3YETCS Memoo KeaopamuyHou annpokcumayuy MUHUMHU3ZHPYEMOU
byHkmuu  f(x), B KOTOpOM rpaduk 53TOH (PYHKIUH NPUOIUKEHHO 3aMEHSIOT
napaboJI0ii, MPOXOSINEH Yepe3 TpU U3BECTHBIE TOUKH (X;, fi), | = 1,2,3, tae fi=f(xi).
N3BecTHO, YTO Yepe3 TPU pa3IMUHbIE TOYKH, HE JIeKalllhue Ha OJHOU MPSMOH,

MOKHO IPOBECTH TOJBKO OJHY mapabony y=ax’+bx+c, a=0. Koopduuuents a, b, c
YIOBJIETBOPSIOT CUCTEME JTUHEHHBIX anredpanueckux ypasHeHuil (CJIAY):

ax} +bx, +c=f,, i=123

Onpenenutens sTon CIIAY:

xlox 1

x22 Xy 1= (06 = x,) (% —x;)(x, = X;)

X7 x, 1
npencTaBisieT co0oil onpedenumensy Banoepmonoda n OTIMYEH OT HYJIA, KOTJA X/, X2,
X3 mnomapHo paznuuHbl. B stom cinyuae CJIAY wumeer peleHue, U TPUTOM

€IMHCTBEHHOE. Ero MOXXHO 3amucaTh B BUJIE:

o . 4 .

=) 1) | (=35 = %) (6 — 1) —1y)

J1(x, +x3) + S2 (x5 +x) + S (x4 +xy)

(=)0 =x) (6 —x)(x—x,) (5 —x)(x;, —x3) .

a =

Six,x;3 " Saxsx, n S3xix,
(= x)(x —x3) (0 —x)(x —x3) (5 —x)(x; —x,)

.

Ecnu nHaiinennele BbIpakeHUS Ais KO3PQPUIMEHTOB @ U b TOACTAaBUTH B
HeoOxonumoe ycnoBue y'=2ax+b=(0 »skcTpeMyma (QYHKUUH, TO TOIYYHM €€

€MHCTBEHHYIO CTAllMOHAPHYIO TOUKY:
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~ :_i:l Sirs + for + fing
2a 2flsz3+fzs31+f3312,

7€ 7= Xi*— Xi* ¥ si=xi—x;, i, j=1,2, 3. Tak kak y" = a = const, T0 B TOYKE X+, ipu a > 0
“MeeM MUHUMYM (QYHKIHH )(X), a Tpu a < (0 — MaKCUMYM.

Ecnmn muaMMH3Npyemas (yHKIHS YHHMOJaldbHA, TO HET HEOOXOIMMOCTH
BBIUUCIIATh 3HaYeHHEe KodpduuueHta a. J[ocTaTouHo ASTOT OTPE30K MPHUHATH B
KadecTBe OTpe3Ka [X), x3], @ TOUKY x2€( X1, X3) BRIOpaTh MPOU3BOIHLHO B WHTEPBAJIC
(x1, x3). B aTOM cityqae umeem f1 > f> U f3> f>, oTKyna x«€[x;, x3].

Ha nepBoM miare Mmeroa KBaJipaTUYHOM anmpokcuManuy rnpu nomoinu (14.36)

x( f(l) f(x(l))
BBIUUCIIAKOT ™* H 3aTCM I[J'I}I BBIUMCJIEHUMN HA BTOPOM HIArc U3 4YCThIPEX

~() , y
Touek W x;, i=1,2,3, BHIOMpPAIOT HOBYIO TPOMKY Touek X2 IO clemyromemy

npaBuiy (IpU NOMCKE MUHUMYMa):

1 1 (2> 2 _ 2) _ >0
a) eciu #Yelox]nf< f, 1o M1 T M =N N =X
5V Z) (2) _ @ _ 50, (2)
6) ecitn M € [xp, X, 10 7> fy 1 =X, X3 =X =X,
~(1) o) ( ) _ (2) _ (2) _ =M
X X, X 1/1 < =X =X,, X, =X« .
B) cClin [ 1 f fz TO 1o X 29 A :
7V e () (1) (2) ) _
r) ecmm elx,x,]uf” > f, 1 1 =X, Ay S X Xy =Xy
~(2)

Janee u3 (14.36) Haxomsat *** | a 3aTeM OMMCAHHYIO IIPOLEAYPY MOBTOPSIOT
Ha TpeTheM Ilare W TaKk Jajee [0 TeX IMop, IOoKa JUIMHA UHmepeaid
HeonpeoeleHHoCmy, B KOTOPOM TapaHTUPOBAHHO JIEKUT MCKOMas TOYKa X«
MUHUMYMa PyHKIIUH f(X), HE CTAaHET MEHBIIIE 3aJJaHHOT0 HAUOOJIBIIIETO JOMYCTUMOTO
3HaueHus &. OTMETUM, YTO TMOATBEPKICHUEM NPUOTMKEHUS K TOUYKE X+ H

MPABHJIBHOCTH BBIYUCICHUN MOXKET CITy>KUTh YMEHBIICHUE 3HAaUeHUsI PYHKIMHU f{x) B

~(k) ~ (k1)
HAilJIEHHOI TOuKe * 1O CPAaBHEHHIO CO 3HAYCHHEM j(x*

)) Ha HpeabIIYIEM
ware.

MeTox ~ KBaJpaTU4HOM  ANIPOKCHMALMU  MOXHO  IPUMEHHTH  IIOCIIE
JIOKANM3allid TOYKH MHUHUMYMa MenmoOOM 30]I0M020 CeYeHus WIA Memooom

Qubonauyu. Peanuzanus MeTona KBaJpPATUYHOW amNMpOKCUMAIUU ISl TOMCKa
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MaKCUMyMa NpuBeIeHa B npuioxeHun K.

9.9 Bo3mo:xnocTu nporpammbl MathCad

Jlst moucka sxctpemyMmoB B MathCad cymectByer nBe pyHKImu:
- Minimize(f,x) — M1 OThICKAHUSA 3HAYEHUA X, COOTBETCTBYIOIIETO JIOKAJTHLHOMY
MuHUMyMY GyHKINN f(X);
- Maximize(f,x) — 1 OThICKaHUSA 3HAYEHUS X, COOTBETCTBYIOIIETO JIOKAJILHOMY
MakcumyMy ¢yHkiuu f(x).

Tak kak f(X) MOXET HMEThb HECKOJIbKO JIOKaJbHBIX JKCTPEMYMOB, a
¢byukiun Minimize (f,x) 1 Maximize (f,x) mo3BoJisieT HalTU TOJIBKO OJTHO 3HAUYCHHUE,
to B MathCad nonomHuTENHHO 3a7a€TCsl HaYaIbHOE PUOIMKEHUE ITepeMeHHoN x. B
pe3ynbTaTe HaXOAUTCs 3HadeHwe OJSkcTpemyma ¢yHkuuu f(x), Ommxkailmee k
3aJlaHHOMY Ha4yaJIbHOMY NMPUOIMKEHHUIO IEPEMEHHOM X.

Oyukruu f(X) B 3a1adax ONTUMHU3AIMN MOTYT OBITh KaK JIMHEWHBIMU, TaK U
HEIMHEHUHBIMU  (HarpuMep, KBajapaTHuHbIMU). [lo3ToMy mnpu HCMOIB30BaHUU
BCTpOeHHBIX (yHkuuid Minimize u Maximize npexycMoTpeH BBIOOp MeTOAA
ONTUMHU3AIMU (HAIPUMEP, METOJ] COMPSKEHHBIX IpaJAreHToB, MeToa HbroToHa st
HeJMHEeWHbIX (QyHKIUH (X)), 114 yero He0OX0AMMO HaXkKaTh MPaBYI0 KHOMKY MBIIITH

IIpY HaBEJEHUU Kypcopa Ha JiornH Minimize niun Maximize.

PaccmoTrpum npumep. [lycts 3agana ¢pyHkuus f(x):= xte™X (pucyHox

9.7).
3agaeM HayaJabHOE MPUOIKEHUE x:=1

Haxonum MunumMywMm: Minimize(f,x) = 0,528
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Ecan MBI XOTMM HalTH MaKCHUMAaJIbHOE WU

1.4

1.2 MHHHUMAJIBHOC 3HAUYCHHC (I)YHKHI/II/I Ha

£00 1 HEKOTOPOM HHTEpBaJIE, TO HEOOXOIHUMO

ONpEeEIUTh 3TOT UHTEPBAI B OJIOKE given.
0.8

Given

0.6 l l l l
0 0.2 04 06 0.8 1 0<x<1

Minimize(f,x) = 0,528
Pucynox 9.7

Ilopsinok BbINOJIHEHHSI U 3a1aHUsI K padoTe

B kadectBe 00bEKTa ONTHUMH3ALUU CIY)XKUT PEAKTOP OKUCICHHUS TUOKCHAA
Cephl, PaCCMOTPEHHBIN B JabopartopHoil pabore 5. TpeOyercs ompenenutb, Ipu
3aIaHHOM 3HAYEHHMH CTETIEHU IPEBPALCHUs TUOKCUAA YIJIEpOJa, TEMIIEpATypy, IpU
KOTOPOM JOCTHUraeTcs MaKCUMalbHasi CKOPOCTh mpouecca. i1 3Toro ucnoiib3yercs
OIVMH W3 IIECTH PACCMOTPEHHBIX YHCIEHHBIX METOAOB IIOMCKAa MaKCUMyMma
(npunoxxenne K). Meton yka3piBaeT npernogaBaTeib. BapuaHThl 3a1aHUI TakHe XKe,
Kak B JlabopaTopHOU paboTe 5.

3amanus:

1. CocTaBUTh aNropuT™M YyKa3aHHOIO IMPENOJABATEIEM METO/Ja IOHMCKa
MakcumyMa pyHkuuu f(x) u peanimzoBats ero B mporpamme MathCad.

2. IlpoBecTn ompeneneHue OINpEAEICHHE TEeMIepaTypbl tm, IpU KOTOpPOH
JOCTUraeTCs rm — MaKCUMaJIbHOE 3HAY€HHE CKOPOCTH OKHUCIEHHS SO;.

3. OnpenenuTts YUCI0 UTEPALUH, 3aTPAYNBAEMBIX JIJIS IOMCKA MAKCUMYyMa.

4. CpaBHUTH YUCJIO UTEPALMIA JAHHOTO METOAA C APYTMMH METOJAMH MTOUCKA
MaKCMMYyMa, BOCIIOJIb30BaBIINCh TAHHBIMU JIPYTUX CTYJECHTOB.

5. OnpenenuThb 3Ha4€HUS tm U rm IpHU APYTUX 3HAYEHUSX X.

6. Iloctpouth rpaguku rm —tm u X — tm.

7. Cnenartb BBIBOJIBI.

Conepixkanue oT4yera

OT4eT NOKEH CoAepKaTh: TEMY J1labopaTopHOU paboThl, (pamuiinio, rpymniy
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CTyACHTA, UCXOAHBIC JAHHBIC, PC3YJIbTAThI BHITTIOJITHCHUSA BaHaHHﬁ, BBIBOJBI.

KonTpoabHbIe BONPOCHI

1. CpaBHHuTE METOIBI 30J0TOr0 ceueHusi, PUOOHAYUYM U JUXOTOMHYECKOIO
MOMCKAa MO YHCIY BBIYUCICHUM 3HAYCHUM (YHKUIUN IS JOCTHKEHHS 3aJaHHOU
TOYHOCTH IIPU JIOKAIM3ALMY MUHUMYMA.

2. JlaliTe TEOMETPUUECKYI0 MHTEPIpETaIlMi0 BbIOOpAa TOUYEK B METOE
30JI0TOI'O CEYEHUSI.

3. VYkaxuTe OTIMYME METOJA 30JI0TOTO CEYEHUS OT METOAA TUXOTOMHUHU.

4. Kaxk cokpamaercss TEeKyIIMid MHTEPBAJ JIOKAJIU3alHd MUHUMyMa B METOJIE
IUXOTOMHU?

5. Kak cokpamiaercst TeKyIMil HHTEpBajl JOKAIM3aMM MUHUMYMa B METOJIE
JIeJIEHUS UHTEpBaja nomnojam?

6. Yto Takoe yHUMOAAIbHASI (PYHKIHS.

7. Moxetre nu chopMyJIUpOBATH HEOOXOIUMBIC M JOCTATOYHBIC YCIIOBHS
MUHUMYMa (DYHKLIUN OJTHOM MepeMeHHON?

8. Kak mpeoOpazoBaTh 3aadyy Ha IMOUCK MaKCMMyMa B 3ajlauy Ha TOUCK
MUHHAMYyMa?

9. XapakTepHble 0COOEHHOCTH OpraHU3allyd OJJHOMEPHOTO TTOKUCKA.

10. laiiTe TEOMETpUYECKYI0 HWHTEpPIpETaIMi0 BbHIOOpa TOYEK B METOJIE
duboHay4H.

11.B yeMm CymHOCTh METO/Ia KBaAPATUYHOUN anmpoKCUMALIMH, UCIIOIb3yEMOT0
JUISL TIOMCKA SKCTpeMyMa 3a1aHHON QyHKITHH?

12. Kakue pyHKIMU A1 IOUCKA SKCTpeMyMa uMerorces B mporpamme MathCad.

Cnmcoxk pekoMeHayeMo JTUTepaTypbl

1. Taprman T.H. OcCHOBBI KOMIIBIOTEPHOTO MOJECIUPOBAHUS XHMHUKO-
TEXHOJIOTUYECKUX MpolieccoB : Yued. mocodue nis By3oB / T.H. I'aprtman, I.B.
Kiymun. — M. : Akanemknura, 2006. — 415 c.

2. MaremaTtuueckoe MOJICIMPOBAHUE u ONTHUMU3ALUSA  XHUMHUKO-

TEXHOJIOTUYECKUX IMPOIECCOB: TpakT. pykoBoacTBO /B.A. Xomnomguos, B.II.
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Hesikonos, E.H. WBanosa, JI.C. Kupssnoa. — CI16.: AHO HIIO IIpodeccuonan,
2003. - 478 c.

3. OOmas XuMHUUYecKas TEXHOJOorus: y4yeb. g TEeXH. BY30B /
AM. Kyrenos, T.!. bounapesa, M.I'. bepenrapten. — 2-e u3a., ucop. u gom. — M.:
Bricur.k., 1990. — 520c.

4. OuxoB B.®. MathCad njsi CTyJIeHTOB, MHXKEHEPOB W KOHCTPYKTOPOB. —

Cu6. : BXB-IletepOypr, 2007. — 368 c.
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Ipuioxkenue A
(obs13aTenbHOR)

NHCTPYKIUA
IO TEXHUKE BE3OITACHOCTHU U IPABUJIAM ITIOBEJAEHUA
B KOMIIBIOTEPHOM KJIACCE

OO01ue moJI0KeHs:

— K paboTte B KOMIBIOTEPHOM KJIacC€ AOIMYCKAIOTCS JIMIA, O3HAKOMJICHHBIE C JTaHHOM
WHCTPYKITMEH TT0 TEXHUKE 0€30MacHOCTH U MPaBUJIaM TTOBEIACHUSI.

— PabGora yuammuxcsi B KOMIIBIOTEPHOM KJIacCce€ pa3pemiaeTcsi TOIbKO B TPHUCYTCTBHH
npenoaaBatens (MHKeHepa, 1JabopaHTa).

— TloMHHTE, YTO KKl yJalIMiiCsS B OTBETE 32 COCTOSHHUE CBOETO pab0OYero mMecra H
COXPAaHHOCTh Pa3MEIEHHOTO Ha HEM 000pyI0BaHUSI.

Ilepen Hauaiom padoThI HEOOXOAUMO:

5. VYO0emuThes B OTCYTCTBHU BHIAMMBIX TIOBPEXICHHUN HA pabouyeM MeCTE;

6. IIpuHATH MPaBMIEHOK PAbOYYIO IO3Y.

7. TlocMOTpeTh Ha MHAMKATOP MOHHMTOPA U CHCTEMHOIO OJIOKA M OIPENEIHMTh, BKIIIOUEH
WU BBIKJIIIOYEH KoMmmbloTep. IlepemecTtuTe MBIIb, €CIM  KOMIBIOTEp HAXOIUTCS B
SHEProcOEperaroIeM COCTOSTHUN WIIH BKIIFOUNTE MOHHUTOP, €CJIM OH OB BBIKJTIOUCH.

Ilpu padoTe B KOMILIOTEPHOM KJIACCE KATErOPHYECKH 3aNpenaeTcs:
8. HaxomuThcs B Kj1acce B BEPXHEH OJEKIIE;
9. Knactb 0feXK1y ¥ CyMKH Ha CTOJIBL
10. HaxoauTbcs B KJ1acce ¢ HAIIUTKAMK U €/10¥;
11. Pacnonararscst cOOKy WM €334 OT BKJIFOUEHHOTO MOHUTOPA,;
12. TlpucoeuusTh UM OTCOEAUHATE KaOEIH, TPOTaTh Pa3beMbl, IIPOBOJA M PO3ETKH;
13. OrkpeiBaTh cHCTEMHEIH GIIOK;
14. TlerTaTbes caMOCTOATENBHO YCTPAHATH HEUCIIPABHOCTH B pabOTe armaparyphl;
15. Ypapsars no knaBuarype, HaXKHMaTh GECIENBHO Ha KIIABUIIIM;
16. Knacts kauru, TeTpaay u Apyrue BEIW Ha KJIaBHATyPy, MOHUTOP ¥ CHCTEMHBIN OJI0K;
17. Y aanare u nepememars uyxue Qaiiisr;
18. IIpuHOCHTE U 3amycKaTh KOMIBIOTEPHBIE UTPEL

Haxoasich B KOMIILIOTEPHOM KJacce, ydauuecst 00si3aHbI:

19. Cobnrogars TUIIHHY M TOPAIOK;

20. BomosnnsaTs TpeGoBaHus MPETOIaBaTeNs U J1ab0paHTa;

21. Haxopsck B ceTu paboTaTh TOJBKO 110 CBOUM MMEHEM H IIapOJIEM;

22. Tlpu TOSBIEHWH pe3U B IJa3ax, PE3KOM YXYANIEHUM BHIAUMOCTH, HEBO3MOXKHOCTH
c(hOKyCHpPOBATh B3TJIS WIIM HABECTH €r0 Ha PE3KOCTH, TOSBIECHHS OONM B TMANblax U KUCTIX PYK,
YCUJICHHUSI CEepAIeOMEHUsT HEMEIJICHHO IMOKHHYTh pabodee MECTO, COOOIIMTh O MPOUCIICIIIEM
IPENOIABATENO M OOPATUTHLCSA K Bpady;

23. Tlocne oKoHYaHUS pabOTHI 3aBEPINMTH BCE AKTHBHBIE IIPOTPAMMBI U KOPPEKTHO
BBIKJIFOYUTH KOMIIBIOTED;

24. OcraBuTh paboyee MECTO YUCTHIM.

25. JlokTeBble, Ta300€IPEHHbIE, KOJEHHBIE, TOJIEHOCTOIMHBIE CYCTABBI MO/ MIPAMBIM YIJIOM.

TpeOoBanus 0e30MaCHOCTH B ABAPHIHHBIX CUTYaIHsAX:

26. Tlpy MOSABJIEHUH MPOTPAMMHBIX OIIMOOK MM cOO0SX 00OPYIOBAHMS YUAIIUMHCS TOJDKEH
HEMEJIEHHO 00paTUTHCS K MpernoaaBarennto (JIabopaHTy).

27. Tlpu NOsIBJIEHUH 3araxa rapu, HeOOBMHOTO 3BYKa HEMEIEHHO NMPEKPATHTh paboTy, H
COOOHIMTH IpenogaBareio (J1a0opanry).
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IHpuiaoxenue b
(obs13aTenbHOE)

Tabauya I11 — Bapuaumot 015 evinoanenus iabopamopuulx pabom 1, 5 u 9

3HaueHusl MapaMeTpoB

Bapuant HcxonHble m1aHHbBIC 3an.2u 5| 3an. 6 3aganue 10
a, % b, % E, tzad, XZ X0 xk
JIK/MOITb °C

1 11 10 89000 530 0.74 0 60

2 5 14 88800 540 0.80 64 90

3 11 9 88600 550 0.85 0 50

4 7 11 88400 560 0.90 0 55

5 8 10 88200 570 0.76 0 70

6 9 8 88000 580 0.81 10 60

7 8 13 87800 530 0.86 50 90

8 7.5 12 89400 540 0.91 60 80

9 7 10 89200 550 0.77 20 70

10 6 13 89000 560 0.82 20 60

11 10 6,7 88800 570 0.87 30 70

12 6 12 88600 580 0.92 40 90

13 8 9 88400 570 0.78 45 75

14 11 8 88200 540 0.83 85 92

15 8 11 88000 560 0.88 10 75
[Tpumep 7.5 11,5 87800 550 0.75 0 64

Tabnuya 112 — Bapuanmei 011 evinoninenus iabopamopHuix pabom 2 u 3

3Ha4yeHHsI MapaMeTPOB

Bapuant
P1, MIla | P2, MIla ki ks H, M S, m?

1 2 3 4 5 6 7

1 2,0 0,150 0,010 0,020 5 0,5
2 2,2 0,145 0,012 0,018 6 0,6
3 2,4 0,140 0,014 0,016 7 0,7
4 2,6 0,135 0,016 0,014 8 0,8
5 2,8 0,130 0,018 0,012 9 0,9
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IIpooonsicenue mabauyvl 112

1 2 3 4 6 7
6 3,0 0,125 0,020 0,010 10 1,0
7 3,2 0,120 0,018 0,020 11 1,1
8 3,4 0,115 0,016 0,018 12 1,2
9 3,6 0,120 0,014 0,016 5 1,3
10 3,8 0,125 0,012 0,014 6 1,5
11 4,0 0,130 0,010 0,012 7 1,6
12 4,2 0,135 0,015 0,010 8 1,7
13 4.4 0,140 0,013 0,013 9 1,8
14 4,6 0,145 0,011 0,011 10 1,9
15 5,0 0,150 0,017 0,017 12 2,0
[Tpumep 2 0,115 0,01 8 1,0
Tabnuya 113 — Bapuanmul 015 evinoanenus 1abopamopHou pabomol 3
3HayeHus MapaMeTpoB
BapuanTt vl, v2, F, drp, L, Kt, toy, toy,
M3/4 M | M MM M B1/(M*K) °C °C
1 1,5 3,2 54 48 36 530 80 5
2 1,6 33 5,0 38 42 550 81 6
3 1,7 3.4 5,7 38 48 630 82 7
4 1,8 3,5 6,4 38 54 650 83 8
5 1,9 3,8 4,8 57 27 640 84 9
6 2,0 3.9 7,5 57 42 700 85 10
7 2,1 4,0 6,4 57 36 680 86 11
8 2,2 4,5 7,2 38 60 660 87 12
9 2,1 4,4 6,4 57 36 640 86 11
10 2,0 4,3 5,4 38 45 620 85 10
11 1,9 4,2 7,2 48 48 600 84 9
12 1,8 4,1 6,3 48 42 580 83 8
13 1,7 4,0 6,8 48 45 560 82 7
14 1,6 3,8 5,4 57 30 540 81 6
15 1,5 3,6 4,3 38 36 520 79 5
[Tpumep 1.5 3,0 6,0 48 36 500 80 10

Cpl =2,75 xJIx/kr-K — cpemnsisi TEIUIOEMKOCTh PaCTBOPA a30THON KHUCIIOTHI;

Cp2 =4,19 xJIx/kr-K — cpeansis TemI0eMKOCThb BOJIbI;

K, =500 Br/mM*-K; p1=1335 kr/m>; p,=1000 kr/m>.
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Tabauya 114 — Bapuaumol 015 8binoanenus 1iabopamoptou pabomst 6

B 3HaueHusi KOHCTaHThI ckopocTu peakiun k (1/c) ot remnepatypst T (K)
ApHart 290 300 310 320 330 340
1 0,01618 0,0638 0,3150 0,7755 2,1097 4,5379
2 0,03786 0,1493 0,7368 1,8140 4,9346 10,6140
3 0,00804 0,0317 0,1565 0,3853 1,0482 2,2546
4 0,02692 0,1063 0,5239 1,2899 3,5088 7,5473
5 0,03544 0,1397 0,7729 1,6981 4,6192 9,9357
6 0,02130 0,0840 0,4645 1,0205 2,4510 5,9710
7 0,00703 0,0277 0,1367 0,3367 0,9161 1,9704
8 0,00861 0,0339 0,1675 0,8080 1,7170 7,4740
9 0,01943 0,0766 0,3780 1,8240 3,8760 16,8720
10 0,01062 0,0719 0,3925 1,8918 4,0006 18,3582
11 0,00529 0,0358 0,1954 0,9419 1,9918 9,1400
12 0,01031 0,0698 0,3808 1,8354 3,8815 17,8114
13 0,00226 0,0153 0,0835 0,4025 0,8512 3,906
14 0,00434 | 0,01713 0,0848 0,4081 0,8678 3,7744
15 0,00639 0,0252 0,1245 0,6124 1,2752 5,5561
ITpumep | 0,00426 0,0168 0,0929 0,2041 0,4902 1,1942

Tabnuya 115 — 3nauenusn F-kpumepus Quuwepa npu yposre 3nawumocmu o.=0,05

fl o1 2 3 4 5 6 8 12 | 24 oo
f

1 [161,45 199,50 [215,72 (224,57 230,17 [233,97 |238,89 |243,91 [249,04 | 254,32
2 | 18,5 [19,00 [ 19,16 | 19,25 [ 19,30 | 1933 | 19,37 | 19,41 | 19.45 | 19,50
3 110,139,555 | 928 | 9,12 | 9,01 | 8.94 | 8,84 | 8,74 | 8.64 | 853
4 1771 [ 694 659 | 639|626 | 616 | 6,04 | 591 | 577 | 563
5 661 | 579 | 541 | 519 | 505 | 495 | 482 | 4,68 | 453 | 436
6 | 599 | 514 | 476 | 4,53 | 439 | 428 | 4,15 | 4,00 | 3.84 | 3,67
7 1559 | 474 | 435 | 4,12 | 3,97 | 3.87 | 3,73 | 3,57 | 3.41 | 323
8 | 532 | 446 | 407 | 3.84 | 3,69 | 3,58 | 344 | 328 | 3,12 | 2,93
9 | 512 | 426 | 3.86 | 3,63 | 348 | 337 | 323 | 3,07 | 290 | 2,71
10 | 496 | 410 | 3,71 | 348 | 333 [ 322 [3,07 | 291 | 274 | 2,54
11| 484 | 398 | 359 [ 336|320 [309 | 295|279 | 261 | 2,40
12 | 475 | 3,88 | 349 [ 3,26 | 3,11 | 3,00 | 285 | 269 | 250 | 2,30
13| 4,67 | 3,80 | 341 | 3,18 | 3,02 | 292 | 2,77 | 2,60 | 242 | 2,21
14 | 4,60 | 3,74 | 334 | 3,11 | 296 | 2,85 | 2,70 | 2,53 | 235 | 2,13
15 | 4,54 | 3,68 | 329 | 3,06 | 290 | 2,79 | 2,64 | 2,48 | 229 | 2,07
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Bapuantel 3aganuii k 1abopaTopHoii padore 7

1 Bapuant

10

2 BapHaHT

3 BapuaHT

4 BapuaHT

S BapuaHT

11

2 3 4 6 7 8 9

6 BapuaHT

10
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7 BapuaHT

2 3 6
10
11
8 BapuaHT
2 3 6
10 11 9
9 BapuaHT
2 3 7
10
10 BapuanT
2 3 6 7
10
9
11 BapuanT
2 3 8 10 11
3 9
12 BapuaHT
2 3 10 12 13
11

&9




Bapuanrsl 3ananmii k 1a0opaTopHoii padore 8

1 Bapuant

8
2 BapuaHT
2 4 5 6 7 10
9 8
3 BapuaHT
2 3 4 5 6 7 9
8
4 BapuaHT
8
2 3 4 5 6 7 10
9
S BapuaHT
9
2 3 4 6 7 8 11
5 10
6 BapuaHT
10

2 3 4 5 6 7 11
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7 BapuaHT

2 3 6 7 11
8 10 9
8 BapuaHT
2 3 6 7 11
10 8 9
9 BapuaHT
2 3 6 7 10
8 9
10 BapuaHT
2 3 6 7 11
9 10 8
11 BapuanT
2 4 10 11
3 5
12 BapuaHT
2 3 10 12 13
11
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IHpuiaoxenue B
(mHDOPMALIIOHHOE)

[Ipumep pacueTHOl yacTu 1a00paTopHOl padbOTHI 1

File Edit Wiew Insert Format Math  Symbolics Window Help
B NABOPATOPHAA PABOTA 1 FBX

5
Hcenoasszosamme MathCad pia MogeHp oBaHHA TEXHOIOTHYECKHX 00seKTOB

HMcxoOHble AaHHBIE:

Obparuman 3K30TepMudeckas peakmua SO + 0,505 < SO; ocylecTBIALTCS B MHOT 0-
II0JI0YHOM peakTope mpH Temmeparypax 400-6000C. T'az, mocTyIIarwiEi B peakTop, ©OJepHHT
80,, 05, N,. Copepxxarmme S0, — a momeH. goaeii, O, — b MomeH. qoaeii, ocramemoe N,.

a = 0.075 b =0.115 P=1

E - 87800 Ms/mom R = 8.314 Oximomk) ko = 0.302.10° 14cF)
MaTeMaTU4ecKOe ONMCaHMe XMMHUYECKOro NpoUecca B peakTope oKMcneHua S0.:
(@—4.6455]
KoucranTe papHORecHa: Kp(T) = 10
-E

KoucranTa ckopocTH peaxkipm:  k1(T) = ku-eR'T

YpapHeHHe CKOPOCTH peaKIHIM:
KT P 1-x b-05ax xz

r(x,T) = a 1-02x|1-05ax p.(Kp(T})z'“ - XJZ

X — CTereHb ONpeppauena S0,.
HMccnepgoBaHue npoulecca Ha OCHOBE MaTeMaTHU4eCKOro onncaHmAa:
SapaHue 1. II3HMTE BNMAHKME TEMMNEDATYPEl HA KOHCTaHTY DAEHOBECKMA.

T =400 + 273.15.,410 + 273.15.. 660 + 273.15

400 Kp(400 + 273.15) = 438.41

Kp(650 + 273.15) = 4.66

Ep(T) 200 BeiBopA: MK NOBLILUEHMKM TEMOERATYRLl OT
— \ 400 a0 650°C KOHCTAEHTA PAREHOEECKMA
YMEHLLWAETCA NOYTK B 100 pas.
\ 3TO XAPAKTERHO ANA 08paTHMMED
IKIOTEPMHHECKAY DEAKL M.
04!]0 450 500 550 600 650

T-273.15

Pucynor 1 — 3apHcHMOCTE KOHCTAHT BI
PABHOEECHA 0T TEeMIIEPATYPEL

JapaHve 2. COCTABLTE NPOrPaMMy ANA DAcHETa PAEHOEECHOA CTENEHM NPEERAWEHMA 1
BEMMCIMTE € NPK 334 3HHOA TEMNERaTYRE.

xp-+/1-05axp
F(T, = - .
< (T.xp) = Kp(T) (1—p) /Db 052w Tzad = 5§50 + 273.15 , v
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B NABOPATOPHAA PABOTA 1

eps «— 0.0001
A< eps

b« 1-eps
while (b —a) = eps

(a+h)
2

ip e

b +— xp otherwise

ip

Insert Format Math  Syrnbolics

a«<xp if F(T,a) F(T,xp) >0

Wincioey

xp(Tzad) = 0.858

SapaHue 3. MoCTRORTE rpatik 33EMCMMOCTI PREHOBECHDR CTEMNEHM NPEEPALLEHMA OT TEMNEPATYE

T=(673.15 723.15 773.15 823.15 B73.15 913.15}T Xp=|for ic0..5

1,»____4;\1
\

0.8 \

B N

0.6

AN

400 450 500 550
T-273.15

600 650

Xpj < xp(Ty
Xp
£0.992 "

0.975
0.935
0.858
0.738
. 0.62 /

BeiBoA: MpK NOBLIWEHKMWM TEMAERATYPE

Pucymok 2 — 3aRHCHMOCTE PABHOBECHOE CTeIIeHH  [JAEHOBECHAA CTENEHE NPEEQALEHWA
NpeBpaIeHHa Xp 0T TeMIIepaTyphl

S0, YMEHBLISETCA.

3aganue 4. ONpegenyTe BNMAHME TERMMENATYPEl HA KOHCTaHTY CKOPOCTA PEAKLMKM M NOCTROATE

rpaguK 3aEMcHMOCTH k1-t.

32
o /
2
8 16
g
-
E g
-]
2 L

0
400 450 500 550 600
TermepaTypa, rpag. Henschua

650

Pucynok 3 — 3apHCHMOCTE KOHCTAHTE CKOPOCTH

0T TEMIIEPATYPEI

k17400 + 273.15) = 0.464

k1(600 + 273.15) = 16.879

EblB0A: [0 NOBBILEHKMK TEMNERETYREI
KOHCTAHTA CKOPOCTH PEakUMK BOSPAcTaeT.
Tak NOBBIWEHKE TEMMNERETYDRI OT 400 g0
E009C NPWUECAMT K YEENWYEHWH KOHCTAHTH
CKOPOCTH B 36 pas.
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Eil= Edit W Insert Forrmat rath Syrmbolics L [ T [ R Help
£ NABOPATOPHASA PABOTA 1

SapaHve 5. MNoCcTROATE NPadKK SABMCHMMOCTI CKOPOCTHM QEAKLMKM MNP 3303HHOM SHaHEHMIA
TEMMAERATYRPEl OT CTEMNEHM NPEBRDALLEHIA.

Taanm = B23.15 =2 = 0.01 ,0.02 . . 0.95
15
* \\
5 e Beisoa: NprK wEENKMHEHKMI CTEMNEHKW MNPEERaWeH1A
\ MNpK NOCTOAHHOK TeEMMAepaType £t = S500C ckopocT
pPEarkUMK YrRMEeHbLWUaETCA M MPK = ~0.556 cTaHOBWTCE
o \ PARBHORM HYMNH, Tak Kak A0cTHMraeTcocA paEHoOEEecHaA
1] 0.25 0.5 0.75 1

CTEMEHE MPEBRAWWEHKWA [(CR. 3adaHKe 2).
CHOPOCTE ek IfEELD

FPrucyaok 4 — 3apHCHMOCTE CKOPOCTH P e akLEEL
OT €TeIlIe I IIp el P ale Eia

SapaHuve 6. [MoCcTROATE TPaKMK SABMCHMMOCTI BENHMAHMA TEMMAERATYPREl HA CKOPOCTE PEIKL MM MEK
FALAAHHOM ZHEYEHKMKM CTEMNEHK MNPEEQAWEHMA XZ.

T = 400 + 273.15 . 410 + 273.15 .. 660 + 273.15 =z = 0.75
2.5
BelBoOkI:
- > ,/"G‘Q 1. MpK NOBEILLUEHKMIK TERMMAERDaTYPEI
= CKOpPOCTE PEakUMI EHaHYane sospacTasl
;:“ / \§\ AOCTHIEET MIAKCHManNnseHOro sHadeHK1A, =
g 1.5 SATEM PE3KD CHMHEEeTCA.
= ff \ DTO XAPAKTERHD ANA Bcex 0GpaTUmMEB=
[ ’j AKIOTERPMMHECKMA PEAKUKMIA, TaK K3k MpK
g 1 MOEEILLUEHMI TEMMAERATYREl KOHCTaHTa
E.. /k % CKOPOCTH YEENMHMEIETCA, & KOHCTaHTa
= PREEHOBECHA YMEHBLWIaETCA.
0.5 2. MNpK 3a03aHHOR cTEMNEHK NPEBRaLEHM
a_e_e-e'e) \ CywLUECTEYET TerMnNepaTypa (topt), Npe
o EOTOROR A0CcTHMraeToA MakckManseHaA
400 450 S00 550 GO0 CEOPOCTE NMpouecca (Rmax).
Teroweparypa, rpasm. Iemscra
e oy =0, TS
FPrcyHok 5 — 3aPHCHMOCTE CKOPOCTH PeaKIiFHE OT

TeMIIepaATYPRI IIPH CTelleHH IIpeepaniessia xz — 0,75
SapaHne T. JNpegenyTe MAKCHMMaNneHYH) CEOROCTK PEakU ik Rmax npr xez.
ji=0. 250 Tlj = 400 + 273.15 + j
M — r(0.75, T1;) maxR — max M) maxR — 2.22
SamaHue B. OnNpefendTe TEMMOASRaTYRY topt, COOTEETCTEYHIWYHD MIKCHMMANEHORH CEKOPQOCTH PEe3kL M-
T2 = 850 Given 10%maxr — 10% ri0.75 ., T2) = 0O Topt = Find T2)
topt — Topt — 273.15 twopt = 5§59 “C -+

P
<
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File Edit Wiew Insert Format Math  Symbolics  window  Help

(B NAEOPATOPHAS PAEOTA 2

CraTHuecKkan MO ek Il]lﬂc‘l"ﬂﬁ TIII[[]HB.TII[‘IECIQGF[ CHCTeMEI

McxopHele AaHHbIE: ry

Pl Vl: kl THI Pz
— =] 3 ] e g
P4 VIJ k’:
Pl1=2 Ma P2:=0115 Mk Po =01 M= H=8 u ky =001 k=002
ro = 1100 /e  g= 081 mic?

MaTtemMaTH4acKad MOoOenk:

P3(x) = Po- (1
Pd(x) = P3(x) + rogx 107 ° [2]
v1(x) = ky-esgn(PL - P4(x))-+/ [PL - P4(x)] [3]
v2(x) = kz-csgn(P4(x) - P2) -/ [P4(x) - P2[ [4]
vI(x) - v2(x) =10 (5]

MareMaruyeckad MOTENE TP enCTaEnAeT cobof cHoTe My anrebpaldeckus ypapHeHHE 1-5.
PES'H'I'II:TB.TI:I pac4yeTa no Moaenu:

1 papHanT — Hemo m30E aHIe (pyHKIEH Find

X = — Given

vI(x) - v2(x) =0
Hg = Find(x) Hg - 6.122 v1(Hg) = 0.01228

2 BEApHAHT — HCIIOJIEIO0E aHHe MeToOa JeJIeHIHAd HHTepPE aJIa ITOII0JIanM

H= |a<0
b—H
while (b -a) > 0.0001
(a+h)
X
2 H=6.122 v1{Hg) = 0.01228

a«—x if vl(x) > v2(x)

b «— x otherwise
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B NABOPATOPHASA PABOTA 2

Mcnonb3oBaHWe MaTeMaTHHYecKol MoAenn AnAa uccnefoBaHnA;

3apaHue 1. MS"_I,NMTE ENWAHKME AaBneHK A P1 Ha PAcxon NOTOKA M BRICOTY *IAEOCTI B EMEOCTIA.
Pl=(25 20 15 1.0 05) - ucxoaHsle naHHble.

v =10.0138 0.0123 0.01053 0.00841 0.00555 }T — pe3ynbTaThl pacyerta pacxXona notoka no MM
He = (6.468 6.122 5588 4.686 2991 }T — pe3ynbTaThl pac4eTa ELICOThI XMuaKocTH no MM.

Pesvnprartsl Hocnenopanuil IoHEENEHE Ha bHCYHEAX 2.1 H 2.2,
15 8

125 6 __e_,...—-i
—
L2 = | 7

05 2

0s 1 15 2 25 0s 1 15 2 25
F1 F1
Pracynox 2.1 Prcysox 2.2

Brieog: 101 NOEBILWLEHWKM EX0AHOMD 4EENEHKA YEENMHMEAETCA PACK0L NOTOKA M BEBICOTA CTONGS
FMAKOCTI B EMEDOCTIA.

SapaHue 2. YCTAHOEWTE 3ABMCMMOCTE k] HA PAcK04 NOTOKA M BEICOTY #MAKOCTIA B EMKOCTH.
ky=(0 0.02 005 01 025 05 }T — HCXOOHBIE BAHHLIE.

v=00 00194 0.0255 0.0269 00274 0.0274 }T — pezynbTartkl pac4eta no MM.

He = (0.616 7.184 7518 7.567 7.58 7.582 }T— pezyneTatkl pac4eta no MM.

PE3YNETATE MCCNEA0EAHMA NPMBEAEHE! HA PUCYHKEX 2.3 1M 2.4

0.03 — . 8 ——= = 3
i
0.0z
v Hg 4
0.1
2
1] 1]
1] 0.1 o2 03 04 0s 1] 0.1 o2 03 04 0s
k) k)
Prcynox 2.3 Pracynox 2.4

BeiBoA: MpK yEENM4EHMM Ky 0T 0 A0 0,1 NPOMCKOAMT PE3KOE NOBLIWEHWE PACKOAA M BRICOTHI
CTONGE HKUMAKOCTM B EMKOCTH. JanbHERWEE NOBLIWEHKME Ky NPAKTMYECKM HE BNMAET HA 3HAYEHMA
PACKOAE HMAKOCTM M BE BEICOTEI B EMKOCTM.
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[Tpumep pacueTHoOM yacTu 1a00paTOpHOI pabOTHI 2 (TUHAMHYECKAst MOJEIIb)
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|| aial ~li0 ~||B 7 U

B NABOPATOPHASA PABOTA 3

| Marmal

2. Hcxopdbie pandeie: P=2 MlIa, k1 = 0,05, k2 = 0,02,

2 0.08 :
15 006 :
1 004 i
Lo L : w
05 o0z |} :
i i
’ ‘
L 0 500 1000 1500 2000 L 0 500 1000 1500 2000
Bpema, ¢ Bpena, ¢
= aememme P4 = IloTtox vl
=== apmeue P3 === TJloTox v1

Peaymerar: CrannomapHuf notor vl =v2 = 0.0255 m/c yoranaenueasTea gepes ~160c.

3. Ucxogdbie pgandpie: P=2 MIa, k1 = 0,01, k2 = 0,05,

0z 0015
1!""-
#'
/ -E---—,---.----— '-f

0.15 - 0.01 #

0.1 0.005

0.05 0

1] s00 1000 1500 2000 1] s00 1000 1500 2000
Bpens, ¢ Bpenin, ¢

= Napnewmme P4 = Tlotox vl

=== TNapnemie P3 === Jlotox vl

Pesymetat: CranuoHapHuE moTok vl =v2 = 0.0135 v/t yoTanaEnHEaeTCA gepes ~1250cC.

BbIBOA; MOELIWLEHWE AZENEHUA PL, YEENWMMEHWME ZHAYEHMA KOIPMUMEHTOE NPOMYCKHOMA
cnocoBHOCTM K1 WM k2 NPUEOAMT K CHIGKEHWKD BREMEHM OT Ha4aNna NpoLecca 40 YCTAHOENEHMA
CTALUMOHAPHOM PEXMME WM YEENWMYEHWID 0BBEMA NOTOKA KMAKOCTM B CTALMOHAPHOM PEXMME.
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(nH(pOpPMAILIMOHHOE)

[Ipumep pacuetHol yacTu 1abopaTopHOl paboOThI 3

File Edit “iew Insert Format Math  Symbolics Window  Help
) NABOPATOPHASA PAEOTA 4
Mopge s NMpAMOTOUYHOI ¢ TEILIO00MeHHHKA THIIA '"TPY0a B TpyOe"
ORIGIN =1
McxogHele AaHHbIe: EBona
é v2, tos
Kucnora . , (L)
I T
Vl, to;
L, F, Kt tz (L)
Kucnota: vl =1.5 mf rol = 1335 /w0 Cpl =275 EO=/:E) toq =80 °C
Bona: v2:=3 mif ro2 = 1000 /v’  Cp2 = 419 Elx/wE) top =10 °C
TennoodMeHHMK: L =84m F=6 m Kt = 500 Brimd )
MaTeMaTH4ecKaAa MoOenk:
Dil,t) = |dg — Kt [tz - tq)
F-3600
-dg
L vl 1ol -Cpl-1000
F-3600
(~dg)
L-¥2.1o2.-Cp2-1000
80
to = 10 — HAYANBHBIe YCI0BHA (2agada Kono).
PacH4eT no MaTeMaTH4ecKoil Moaenu: +
4K 2 3
Z = rkfixed{to .0 L 10 DI} L:=Z1 i1 :=Z2 tg::Z3
1 2 3 90
1 ol sof 10 80
2 84| 623|152
70
3 [168| 59]19.2 N
4 | 252|522 (222 60
_ . . t,
7|5 [336]471 244 —_— 30 =
6| 42[43.2[281 iy 40 ty(L)
T |a04 4032274 30 tZ(I-}
g |58.8|381 |29.4 20 e
9 |B7.2| 364 (291
10( 756 (352 (296 10
0
11 84342301 0 17 34 51 68 85
L
Prcyvaor 4.1 — HaMenense TemMmmepaTyp TerlJIoHoCHT eJIeEl
II0 A THHe TeILToobMeHHIKa
W

99



Wiew  Insert  Format  Math  Symbolics Window  Help

B) NABOPATOPHAA PABOTA 4

Mcnonb3oBaHWe maTeMaTUYeCcKOW MOAEenn AN UCCNefoBaHNA:
Japganue 1. M3yWTE ENMAHME NOBEQ¥HOCTK TENNOOOMEHS Ha TEMNEPATYDY BRXOAZ KMCNOTH £, (L)

vli=23 Ft=(2 4 6 8 10 12}T — HCXOOHLIE BAHHLIE.
tll. =503 38.8 342 325 318 315 }T — pezynbTaTkl pacyeTa No MaT. MOAENH.

PezynbTaThl HCCNeA0BaHWA NPUBENEHBI Ha PUCYHKe 4.2,

3apaHue 2. [13y4MTE BNMAHME CKOPOCTH NOAZYM BOAEl v2 HA TEMNEPATYPY BBIXO4A KMCNOTHI T,(L).
F=86 vl=(2 3 45 6 B}T — HCXOAHbIE NaHHbLIE.

tll1 =384 34.2 31.2 29.2 27.8 26 }T — pesyneTaTel pacyera No MaT. MOgernu.

Pe3ynbTaTbl HCCNeN0BaHWA NPUEEIEHB] HAa pUCYHKe 4.3,

55 55
50 K 50
45 \ 45
1L 40 \ 1 40

- ===
35 35
30 T 30
i
25 2 4 6 8 10 12 25 2 3 4 5 6 7 8
Fi v2
Pucynok 4.2 Pucynok 4.3

BeiBoA;: M MCNONb3OEAHKWKM TENNooAMEHHKES © GONBWER NOBRQHOCTEK TENNOOAMEHZ (AW
¥2 = 3} 1M YEENWMHEHWI NOA a9 BOAbBl B TENNOOAMEHHKE (NP F = 6] TEMNepaTypa KMCNOTel HA

Ebl00E K3 TENNOOOMEHHWES YMEHBLWAETCA.

SapaHue 3 TOCTROATE KOHTYPHEIA rpadiMka 33BUMCMMOCTIM TEMAEDATYREl KUCNOTH HA BEIXOAE
t,(L) OT NOBEPXHOCTK TENNOOOMEHA F 11 CKOPOCTK No4a4M BOAbI V2.

(222 2 444 4 666 6 8188 EJT
= — HCHOOHLIE NaHHLIE.

24812 2 4812 2 48 12 2 4 8 12

PE3]|'J'II:T3TI:I pac4eTa Nno MaT. MOOEenH:

¥y=0521 426 383 378 494 366 30 276 485 34.2 25 231 48 33 227 20.5}T

IInA nocTpoeHuA rpaMKH BOCNONb3yeMcA ABYMEepHOH NONHHOMHHANBHOR perpeccHei:

S=regress(x,¥,9) k=8 m=12 i=1.k j=1..m 1_3
k
PezynbTaTbl NpHBEeAEHb]I Ha pHcyHKe 4.4, Tj j = interp| 5.x.y, j
2 12
m
£ >
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MoeepxHOCTE TENNOOGMEHa, M

T CropocTk Nogadvn Boabl, M3/4

+
BeIBOA: TXNIAAEHME KMCNOTEl 40 TEMMNERATYPEl HMAE 25°C BOZMOMHO MNPK MCNONEI0EAHMIA
TennoodmMeHHKMEa © F > 8 M2 14 Nogade oXnNasiaiower B0l v2 = 6 M3,

Y

(£
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Ele Edit

B NABOPATOPHASA PABOTA 5

Forrnat

Wiey

Insert

Mogeas OpoOTHBOTOYHOI 0 TEILI000MeHHHKA THIIA ""Tpy0a B TpyOe"

ORIGIN = 1 I t2(L)
Ercnora

McxoaHble AaHHBIE:

, . @)
v1, to, i "
L,F, Kt Af
Boma 1 v2,top
Kucnota: vl =15 wifu rol = 13356 m/m®  Cpl =275 KIOxi(xxK) toq =80 °C
Bopa: v2=3 g ro2:=1000 m®  Cp2 =419 KIx{xk) top =10 2C

Tennoobmennn: L = 36m F=6 1 Kt =500 Bri{mE)

MaTemaTl4YecKad Mogenkb:
D(1,t) = |dq« Kt-(tp - tq)
F-3600 _
L v1 rol Cpl 1000
F-3600
L -v2 102 Cp2-1000

80
= ("JJ — HaYaJLHEIE YCJIOBHA (Kpaeead 3aga<da).

PacyeT Nno MaTeMaTH4eckoil Moaenu:
Cnoco6 1: MTEpaUMOHHEIR METO] PEIIEHWA KNAEREDA 38034 (METOA "CTRENEAR").

HauaneHeie ycnosus: HEOBXOJHMO MOJOBPATE TAKOE 3HAUEHHE = [xoy — 33.96

X0 = [t‘” ] YTOBLI BBEOIOJHAIIOCE ¥ CIIOBHE: toz = 10
X0z
Z = rkfived({xo ,0 L 10 D} L1 = 2{1} t1 = Z{z} tz = 2{3}
1 7 3 30 [ toq
1 0 80 |33 867 80
2 36| 71.452 30,222 7o o
3 7.2 63795 | 26.868 G0 \
4 10.8 [ 56.938 [ 23.8964 t1 50 \\___
7= L) 144 (50796 21173 1‘-2— 10 - o 1"“\.‘\‘
AREELE T 30 [~ T~
g 25235955 (14671 20 T —
g | 28.8|32003] 1294 10 E—— 107
10 324 (28463 [11.389 0
11 36 | 25.292 10 0 6 12 18 24 30 36
L1
+ Prucyvuok 5.1 — MzmMeHemiie TeMIiepaTyp II0 JJIHHEe
TelLIooOnMeHHIKA
b >
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B NABOPATOPHAA PABOTA 5

Cnoco6 2: IcNone30BaHWE CTaHAARTHORN dryHEL M shval
Tyurnua shval(z, 0, L, D, load, score) npegrazgauesa 104 oOpefeleHHA HEJOCTAROIHE
HaYANLHLE YCIOEHE B DepBol ToUKe HETEpEANA, T.€ 1.

Peanusopannui & dyuxnun shval anroputy crpentbu HINeT HegoCTACNTHE HAYATEHELS YOIOERA
TagkHM obpason, ITOOL pelleHHEe TonyieHHOH sagagn FKomn genane dyHEmHID score (1, 1) xax
MOMHO BIHEE ¥ HYIIO.

z1 =30 Heauanrwoe npubnuxeHne.

load(1,z) to1 Dyurnua load nepegasT EerTop HAaYANEHLY sHAUeHHH 1014
T EEETOPE F, CONEREANEre HEHSBECTHOE HAUalbHoE YOIOBHE.

':I:'E,FHKL[HH SCore HEMEPDAST QHCTAHIHED MEEOY KOHETHEIM 2HaUCcHHEM

score(l.t) = top — t3
EeKTORa {H ECo EelaeMEM ($afaHHEM B YOIOEHHE Sa0adl) sHAaYeHHEM.

I = shval(z ,0,L,D load,score)

Tenepk ycnoBuA 3aga4u Kowwn onpegenedsl: (I = (33.967)

/ toq
S = rkﬁxedL y ],0,L,10,D:| LesV go¢? o g¥
90 1 2 3
80 1 0| s033.97
70 - 2| 38(71.45(3022
60 . 3| 72| 6382687
a \u.\‘ 4| 10.8[56.094 [23.86
—_ - g |8] 144] soafz1a7
2 40 \\.... B| 18| 453(1876
— [ — S 7| 2106|4037 | 166
22 S —— 8| 25.2(35.96 | 1467
T —— | 288| a2|1204
10 — 10| 32.4|28.46 |11.39
0 11| 38(2520] 10
0 6 12 18 24 30 36
L
Pucynox 5.2 — Hamenemize Temmepatyp
TeILI0OHOCHT eJIel 110 A JIHHe TEHJIDDEMEHI—]HKH w
< >
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B NABOPATOPHASA PAGOTA 1

JapaHne 5. MNoOCTROATE TPAfKME 3AEMCMMOCTI CKOPOCTH PEAKLMM MR 334 3HHOM 3HAHEHMI
TEMMNEPATYPEl 0T CTEMNEHK NPEEPALWLEHKA.

Tzagz = 823.15 x2:=001,002..0.95

15

10

5 BeiBonA: MoK wEENMHEHM CTEMEHM NPEBRALEHKA
NpK NOCTOAHHOW TeMNepaType t = 9500C ckopocT
pEAKLMM YMEHBLWSETCA WM NPKW ¥ ~0.86 CTAHOBKMTCE

0 PABHOW HyNK, TAK KaK 40CTMIAETCA PABHOBECHAA

0 0.25 0.5 0.75 1 CTENEHb NPEBPALWEHKWA (CM. 3afaHKe 27

CKOpOCTE PeaKIHH

Prcynok 4 — 3apHcHMOCTE CKOPOCTH peakiiHi
0T CTeredH IIpeppaleHHsa

SapgaHue 6. NOCTROATE rpadivk 32BMCMMOCT BNMAHWA TEMNEQATYARI HA CKOPOCTE PEAKLMI MK
33A3aHHOM 3HIHEHMKM CTEMNEHKM NPEEPALLEHHMA XZ.

T:=400+273.15,410 + 273.15.. 660 + 273.15 xz = 0.75
2.5

BbiBOAbLI:

o 5 1. MNP NOBBILWEHWKM TEMAEQATYRBI

= CKOPOCTh pPEaKY M BHAYaNE E0O3PaAcTaE]

:‘ AOCTHUMAET MAKCHMMANeHOro SHaYeHKMA, &

g 15 3ATEM DE3KD CHMHARTCH.

= ITO ¥apakTepHD 4nA BCE}{UDEDETMMI:IH

A AKIOTEQMIMHECKMYE PEAKLMI, TaK Kak M

E 1 MOBBILUEHKMK TEMOEPATYPRl KOHCTAHTA

§ CKOPOCTH WBENMHMBAETCA, @ KOHCTAHTA

& 0.5 PABHOBECKMA YMEHBLWAETCA.

. 2. Mpr 3a8aHHORA CTENEHW NPEERALLEHK

CYLUECTEYET TEMMOEPATYRA (topt), MoK
KOTOROA AOCTMIAETCA MakCMManeHaA

0
400 450 500 550 600  CEOpOCTE Npouecca (Rmax).

Termeparypa, rpaxn. Henscua
=2 ox=10,75

Prcynok 5 — 3apHCHMOCTE CKOPOCTH peakiiii 0T
TeMIIepATYPEI IIPH CTeIleHH Npeepatuensa xz = 0,75

SapaHue 7. CNPEiENMTE MAKCHMMaNbHYH CKOPOCTK pEAKU KM Rmax npK xz.
j=10. 250 T1; = 400 + 273.15 + j
M;j = r(0.75 ,le] maxR = max /M | maxR = 2.22

SapgaHue 8. OnpedenyTe TeEMNepaTypy topt, COOTEETCTEYHOWYHD MAKCMMANEHOA CKOPOCTM peaky Ml
T2 = 850 Given 10°maxR - 10° r0.75, THh =0 Topt = Find( T2}
topt = Topt — 273.15 topt = 559 9C +

< >
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JapaHue 9. COCTaBLTE WHKLMID NONB30BATENA ANA PaCcHETa COCTABA KOHTAKTHOrMD rasa npM
NHAO0M 3HEHEHWKY CTENEHM NPEBRAWEHMA S0,

Nex) (a_ (1-x) b-05ax 1-a-b ax "‘T
L 1T=%85ax 1=-05ax 1-05ax 1-05ax
1.546 s02
CocTag rasanpn x = 0.8 N(x)-100 = 8.763 02 MpoBepka: i Nix)i=1
83.505 N2 .
6.186 SO3 i=0

3apanue 10. PaccyWMTanTE BREMA KOHTaKTA, HefXoAMMOe ANA OKMCNeHKA 50, 0T CTENEHM
NPeEpaWeEHMA X0 40 XK NpK NOCTOAHHOR TemnepaType Tz,

CKOPOCTE PEAKLMKM OKMCNEHWA SO, — 3TO CTENEHE NPEBPALWEHWA SO, B BAMHULY BOEMEHM, TO ECTh

dx
I =rx, T oTeyna de= . CoCTaeHM yHELMED NONb30EATENA 4NA DacHeETa .
T

E

rix,T)

1

(T ,.x0,xk) = T dx
rx,

Tz =500 + 273.15 «(Tz.0,064) =0.197 «(Tz,0.7.0.9) =0.264 +(1z,0.9,0.935) =0.615

£ >
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B NABOPATOPHAS PAEOTA 6

Ilo CTPOEHHE FRKCTEPHMEHTAJTBHO- CTATHCTHUYECKOH MO eTH

HMcxoaHble aKcNepMMeHTaNbHEIE AaHHEIE!

Temnepatypa, K (aprymMenT) T =290 300 310 320 330 340 )T
KoHcTaHTa cCKOpPOCTH XHMMYECKOH peaKuMH, MONb/C (3KCNEpUMEHTANEHEIE LaHHEIR )
ki =(0.00426 0.0168 0.0929 0.2041 0.4902 1.1942 }T

CTPYKTYPHAA NAeHTUMKALMA (BLITOR YOaBHEHMA)
Jlna erifopa ypaBRHeHHSA C IeJLI0 0OHCAHHA 3aBHCHMOCTH & = f{T) Ha ocHOBe IKCITepHMeH-
TAJMLHBIX JaHHBIX II0C TPpoHM rpadim (pHcymok 6.1)

1.5
ja

1
ks
3 A 0.5 .E'

e
0 E}@@
290 300 310 320 330 340
T
Pucynuox 6.1

Bumio, uto 3apHcHMocTE & = ff7) HinMeeT 3K CH0OHeHIHAILHEIR XapakTep. B cooTEeTcTEHH ©
TeopHei 3aBHCHMOCTE KOHCTAHTEL CKOPOCTH 0T TeMIIEpPaTYPEL OIHCEIE ARTCH YPAaRHeHHM:

k=kjexp(—EART), [1]
rae A, — npemKCcIIoHeHIHAJILHEBIIN MHOMXKHTeIb; £ — yHeprua ak THE amH, JLHx/Moos;

R=87314 I:a/(mome K) — yvineepcamaan razoead nocrogudan; I — remmeparypa, K.
Ormmmen K cIIepHMeHT ATbHBIe JAHHEIE ¢ HCI0/IL30BAHHEM 3T0r0 YPaBRHEeHHA.

MapameTpu4eckad MAeHTUHKUKALKA (ONPEJENEHME KOAGIMLMEHTOE])

Js pacyeTa Ko3d pHIEHEHTOR YPABHEHHA NPHE eIeM ero K JHeiHonmy eHay. s sToro
[pOHHTEerpHpyeM ypapuemse. B pesyinTaTte mosmyymn:

In(kz) =£n(kﬁ) —ER 1T [2]
Ecm1 obozaaunte y3 = Infks), x = 1T, b =infke), & = —F/R, To moyamM THHeiiHoe ypaBHeHHe:
ya=h+ax [3]
1
¥ = In(ka) X = T R =8.314
IIna pacyeta koacppHUMEHTOE NHHEHHOTO YypaBHeHHUA Bocnonb3yemcA pyHkunamu MathCad.
b = intercept(x ,y3) b = 31.13098 a = slope(x y3) a=-11070
yp=b+ax — pacHeTHoe ypaBHeHHe.
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OnpefeneHle 3Ha4MMOCTH KoadhhMLMEHTOB perpeccHm

AbconwTHaA BenNHYMHa KD:![I][I]HI.I,HEHTDB JHAYHTENEBHO OTNHYAETCA OT HYNA, NOITOMY MOXHO

YTBEHGaTh, 4T0 004 KU pilieHTa 5Haqinbi.

AHanus: ypaEeHeHWA [3] M onpeaeneHe KoadhuLeHTOE ypaBHeHUA [1]

"DE‘TPDI‘IH rpatl:mlm no IKCNepHMeHTanbHbIM H pacHeTHBIM 3Ha4YeHWAM ANA AHHERHOR MOooenu

o N\
., \k\
_4 *'\\
_62.3 3 3.2 34
1000 x

+ + - IKCTIEPHMEHT (Y3)
— PACYETHEIS THAYSHHA (YP)

Pucynox 6.2 — I'pademx Appenmyca

000 =

73.448
3.333
3.226
3.125

3.03

L 2.941

{-5.458 7
-4.086
-2.376
-1.589
-0.713

L 0.177

{5267
-3.994
-2.804
-1.688
-0.64
. 0.347

KoadhpiuneHT koppenayun:

colT(x ,y3) = —0.994

BHIEDA: ZHAYEHWE KDIHHMUMEHTE KOPPENALMM M A3HHBIE TPagIMKS CEMAETENBCTEYET O IMHERHONA
FABMCMMOCTM MEXLY SHAYEHMAMM X 11 Y3,

PaccuntbiBaew koapdpunenTsl ypasHeHun [1]:

PacyetHoe ypaeHeHHe — kpiT) = ko-e

-E

E=-Ra

h
ko =e

E = 92036

ko = 1.953 = 10

14

MocTpoum rpadhMKn No IKCNEePUMEHTaNbHLIM W PacHeTHbIM IHAYEeHHWAM ANA AaHHOH Moaenu (puc. 6.3).

1.5 r
f
1
0.5
'] e’
280 300 320 340
Termeparypa, K

2 - sxcmeprvient (k3)

- pacqet (kp)
Pucymor 6.3 — 3aRHCHMOCTE KOHCTAHT BI
CKOPOCTH 0T TeMIIEpPATYPEI

T — (290 300 310 320 330 340)
70.0043
0.0168
0.0929
k2= 02041 | (D=
0.4902
L.1.1942 ,

0.0052
0.0184
0.0606
0.1849
0.5274

L.1.4147
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OnpefeneHle 3Ha4MMOCTH KoadhhMLMEHTOB perpeccHm

AbconwTHaA BenNHYMHa KD:![I][I]HI.I,HEHTDB JHAYHTENEBHO OTNHYAETCA OT HYNA, NOITOMY MOXHO

YTBEHGaTh, 4T0 004 KU pilieHTa 5Haqinbi.

AHanus: ypaEeHeHWA [3] M onpeaeneHe KoadhuLeHTOE ypaBHeHUA [1]

"DE‘TPDI‘IH rpatl:mlm no IKCNepHMeHTanbHbIM H pacHeTHBIM 3Ha4YeHWAM ANA AHHERHOR MOooenu

o N\
., \k\
_4 *'\\
_62.3 3 3.2 34
1000 x

+ + - IKCTIEPHMEHT (Y3)
— PACYETHEIS THAYSHHA (YP)

Pucynox 6.2 — I'pademx Appenmyca

000 =

73.448
3.333
3.226
3.125

3.03

L 2.941

{-5.458 7
-4.086
-2.376
-1.589
-0.713

L 0.177

{5267
-3.994
-2.804
-1.688
-0.64
. 0.347

KoadhpiuneHT koppenayun:

colT(x ,y3) = —0.994

BHIEDA: ZHAYEHWE KDIHHMUMEHTE KOPPENALMM M A3HHBIE TPagIMKS CEMAETENBCTEYET O IMHERHONA
FABMCMMOCTM MEXLY SHAYEHMAMM X 11 Y3,

PaccuntbiBaew koapdpunenTsl ypasHeHun [1]:

PacyetHoe ypaeHeHHe — kpiT) = ko-e

-E

E=-Ra

h
ko =e

E = 92036

ko = 1.953 = 10

14

MocTpoum rpadhMKn No IKCNEePUMEHTaNbHLIM W PacHeTHbIM IHAYEeHHWAM ANA AaHHOH Moaenu (puc. 6.3).

1.5 r
f
1
0.5
'] e’
280 300 320 340
Termeparypa, K

2 - sxcmeprvient (k3)

- pacqet (kp)
Pucymor 6.3 — 3aRHCHMOCTE KOHCTAHT BI
CKOPOCTH 0T TeMIIEpPATYPEI

T — (290 300 310 320 330 340)
70.0043
0.0168
0.0929
k2= 02041 | (D=
0.4902
L.1.1942 ,

0.0052
0.0184
0.0606
0.1849
0.5274

L.1.4147
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Mpoeepka ageKkBaTHoOCTH MoAenu

File  Edit  “Wiew

Tak kak OTCYTCTBYHWT nNapannenbHble OoNbITel NPH NpOBedeHHHH JKCNepHMEeHTaNbHbIX HCEﬂEﬂ,DBaHHﬁ,
TO ONA KONMHYECTBEHHOH OUEHKH aieKBAaTHOCTH MOAENH (ypaBHEHHA perpeccHH) HeobXoaHMo
ONPenRNUTh OTHONEHWE AMCNencul cheadero (SS5cn) k nuenencuu anekratHocTi (SSadl w cparnuth
C TAbNUYHbLIM 3Ha4YeHHeM KpuTepua Dumepa.

PaccumtbiEaem CpelHee IKCNepHMeHTaNbHbIX FHAYeHHA KOHCTAHTLI CHKOPOCTH

last(k3)

Z ka;

i=0
koegp = ———— = kacp = 0.33374
P lastika) + 1 P

PaccumtbiEaem AHCNEPCHKD IKCNEePHMEHTANbLHbIX FHAYeHHA KOHCTaHTLI CHOPOCTH OTHOCHTENBHO
CpenHero zHa4YeHHA

last(ka)

S (s Kacp)?
SSep = == 0 SScp = 0.20974
' last(k3) '

PaccyMTbiBEaEM AHCNEPCHHD pacYeTHbIX H JKCNepHMEeHTANbHbIX 3Ha4eHHA KOHCTaHThI CKOPOCTH
[,II,H[:I'IEPEHH] dleKBaTHOCTH

last(k3) 5
Z (ka; - kp (T3
§§ad = = 170 S$Sad = 0.01028
last(ka)

PaccuvtoieaeM kputepuil @uwepa:
Fp=— Fp = 20.4
TabnuyHoe 3HaueHne kpuTepua Ouwepa npn x=0,05, f,=3 nf,=1 Frab = 10.128

Tak Kak Fp > FTab, MoAenb MOXHO CcHUTATb ANEKBATHOMW.
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UwucneHHple METOIbI TTOMCKA MakcuMyMa (K JJabopaTtopHoit padote 9)

'M Mathcad - [OnTUMKM3aUWA NpoUecca OKMCIEHWA AUoKckaa cepbll.xmed] { — | =] \ﬁ:ﬁ‘
f\;ﬂ Qarin Mpaeka Bwa [oGaewte Qopmat WMHcorpymedTtel Cumeonwka QOkHo Cnpaeka - & x
K naGopatopHoi paboTe -

OOHOMAPAMETPMHYECKWE METOBI ONTUMA3ALIMA

Lent pabotei: npuobpeTeHne NpakTMUYEC KMX HABLIKOE B HAXO0XeHUM ONTMMansHON Te MM epaTypel,
obecneunBamLL el MAKCUMANBHYH CKOPOCTb XM MW YECKOTD NPOLECCa NPY Pa3NUYHBL 3HAYEHWAX CTEMNEHK
NpeBpaLLeHNA.

PaccMoTpeHo Ha npuMepe Npoygcca OKWCAEHWA AHOKCUAA CEephl B NPOW3BOACTEE CEPHON KUCIOTHL.

m

WcxogHele QaHHBIE:
Peakmaa 50, + 0,50, = 50, ocymecTRIAETCA B MEOTONOI0MHOM PeaKTope OPH
Ttemmepatype 400-600 °C. I'az, mocTynmaromui B peakrop, cogep:kur SO;, 0,5, N,.

Conep:xanne S0, - a Moasa. qoaef, cogep:xarne O, - b Moasn. qo1ef, ocTamaoe N,.
a= 0.075 b= 0.115 P=1

E = 87800 [Ix/Momk R =8.314 Tw/(momK) ko= 0.302-10? L/(cP)
X — cTenenk npespamennn 50,. x=0.75

MaremaTu4ecKkoe onMcaHue XMMHWYecKore npouecca E peakTope oKMCNeHuA 5021

I §
(49053 cue)
Koncranra pagsoBecHs: Kp(T) = 10" 4
-E
Ko i . . i BT
HCTAHTA CKOPOCTH PeaKIHH: kl(T) = ko-e
VYpagHeHHe CKOPOCTH peakiHH:
EI(T)-P 1-x b-0.5ax 12

r(T:II a 1_“_2: 1—'}.53'I_ P(Kp(T:]leiﬂl—I]z

MoMcK MaKCHMMAnNEHON CKOPCCTH Npouecca NnpM 23aQ3aHHON CTENeHH NpeEpaleHnA X

1. MeToa nepedopa (cKaEHpOBaHHEA):

Max Pereb(f .a . b N)= [sn« 0
b-a
N
Fm « f(b)

for x=sa.a-h.b

h«

sn « sn + 1

Fm« f(x) if Fm < f(x) +
break otherwise
(f(x—h)"
i—-h
R«
b (2.2198")
oS , 832.1
Max Pereb(r 670 870, 2000)=
PesyneTat BEIMHCTEHIE: 0.1
\ 16823 ) -
4|1 b
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ﬁ@aﬁn Mpaska Bwa [oGaswte Qopmatr MHcTpymenTtsl Cumsonwka OgHo Cnpaska

2. MeToa nepedopa (CKAaHEPOEAHHAA ) C MEP EMeHHEIM MIAT0 M:

Max_Pereb obr h(f.a.b.e) = |x+a

F1 < f(x)
b-a
10
sn« 0

while |h >¢

sn « sn+ 1

h«

(x+x+h F2+« f(x))

|r ‘-\I
FleR he -2 it <R
\ 10 )

F1 « F2? otherwise
o ) BruiBOO pesyn uraroe:
{f(x—h)" MaxcHsamEHoe 2HE eane dyEKpH fmax
x-h | Temne parypa, C00TE eTCTEYIomR A fimax

R+«
h Hute pean HeoTpen &1 SHHD CTH

L sn ) Komdecteo BerMw-IeHHil GyHEIBH

(2.2199"
; . 832.22
PeaywikeT aT B RIMHCTE HIEL Max Pereb obr hir 670 .870.0.1) = 0.02
+ L0 )

3. MeToa ge1e HHA 0TpPe3Ka MOMO0.IaM (I HX0TOMITH):

Max Poldel(f.a.b.e) = |sn«< 0 AKTHEAIHA (9 ETYHEA.
while (b—a)z e Opramsamsmeia.

P a+h Pacyer cepenmel HETEPEATA

(Fl«f(x—e) F2+« f(x+€) PacueTF1F2 npu (x+€) u (x-€)
b+ x if F1 > F2 Ilpoeepka yonoemi. ECIH BEIIOMHARTC A TO b=X,

a+ x otherwise ecimyIcEHe HE ERITOHACTCA, TO =X

sn < sn+ 2 CHeTHHK KM eCTEa BEM HCIeHHE (yvHEKInm
{ fa+b)Y BrIBOL, Pesyn Hl ar 08!
f.‘ 2 /| MakciameHee 2HA eane $yerapm finax
Re a+b TeMmepaTypa. COOTEETCIEYHOIAA fimax
2
b-—a | HHTepEan HeoNPE eNeHHOCTH
L sn ) KommecTeo ermacnerii gyeranm
[ 2.2199
. . . 832.0605
Pe3vikTaT EEYHCISHI: Max_Poldel(r.670.870.0.1) = | 0.0877 |

< [m

[m
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m@aﬁﬂ Mpaska Bwa [obaswte @opmat MHcpymeHTol Cumsonvka OgHo Cnpaska - = *

4. MeTo0a 30,10TOT0 CedeHHA:

@YHKIIHA 111 pacdeTa TOYKH "30/I0TOro cedeHus"

3

1 1
GR(a.b) = [E-b— i E-ﬁ-(a— b)}

Max Gold(f,a,b.€) = |(x1 < GR(a,b) x2 <« GR(b,a))
(vl £f(x1) y2 « £(x2))

PezynkTar BEIMHCTISHHI: Max_Gold(r,670,870,0.1) =

<« [m

(x1 « GR(a,b) yl« f(x1)) -pacgerxlm yl
Ecnu yenosue yl > y2 He BEIONHASTCH, TO:

Pacuer zmagenmuii x1 u x2.

Pacuet znadenn GyHKIHH V] By

sn <« 2 AXTHEAIIHA CUSTUHKA.
while |a-b| > € Opranmsanus IHUEIA.
sn < sn + 1 CueTdHK KOMHYIecTBa BRIYHCTEHHE (DYHKITHH
if y1>y2 TIporepxka ycrmorua. Eciu y1 > y2 BHITIOIHAETCH, TO:
(bex2 x2« x1 y2« yl1) - b mepenocuTca e x2, ax2 B xl

[

otherwise

(a<x1 x1¢< x2 yley2) -amnepeHocuTcaiBxl, axlexl

(x2 < GR(b,a) y2 <« f(x2)) -pacuerxZuyl
a+h BbiBOA pesyneTaTos:

f 2 MakcumanbHoe 3HadeHre QyHrun fmax
a+bh
R < > Temneparypa, coOOTBeTCTRyIomas fmax
b-a HuTepean HeonpeneneHHOCTH
sn KomuuecTro BraucIeHHE DYHKITHH

2.2199
832.114
0.0906
18
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| X

‘m Qain [paeka Bua [loGasute Qopmar WMHcopymenTol CumMsonuka OkHo Cnpaska
5. Merox Pubtonayan noHcKa MAKCHMYMA:
Dopuupoeanie Gucen Pubonarnr: F= |Fp« 1
Fi«1 0
for ne2 .20 B 1
1 1
FpeFp1+Fp2 2 2
F 3 3
& 5
:Fn_z 5 3
Max_Fibonachi(f .a.b.n) = || xl «a+ 3 (b —a) Fl« f(x1) & 13
" 7 21
Fn ) 34
Il(—a—Fn+1-(b—aJ F2 « f(x2) S E 55
10 a9
sm <2 11 144
for ie1.n-2 12 233
if F12> F2 13 377
14 610
(b+«x2 x2+x1 F2+F1) = e
Fpi2 16 1597
il «a+ o -(b—a) Fl « f(x1) 7 2554
18 4131
otherwise 19 6765
(a+x1 x1«x2 Fl«F2) 0 10946
Fp-i-1
il —a~+ -(b—a) FI« f(x2)
n—i
sn + sn+ 1
b+« x2 if F1=F2
a+ x1 otherwise
a+h
Im <«
Brieog pesynsrartoe:
(f(xm)"| Maxrcumanssoe sHagenme hysrrpm fmax
R xm | Temnepartypa, cooTBeTcTEYROmMAan
{_ -
b-a HuTtepean Heonpe jeneHHOCTH
. sn ) Kommecreo esmmcienuit dyHEmM
870 - 670
Onpepenenmnen F = o1 F = 2000 (2.2198 )
. , 832.113
n=16 umm 17 Pesynerar BEIYHMCICHM Max Fibonachilr . 670 ,870,17) =
- ) : 0.0774
— AN 1? s
4 (1l

F

[m
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6. MeTon KEaQIpaTHYHOH annporcEManas (mapado.r):

I\-'Iax_]’arab{_f;a;b;&::] = Lxl —a x3<b x2¢& ath Xm a]
(F1 < £(x1) F2 «f(x2) F3e£(x3))
(F2—F1)-(x3-x2)
(x2-x1)

1
x¢e —{xl+x2-
2 (F3-F1) F2-F1

¥3-x1 x2-xl
(Feflx) sne4a)
while |III[—I| > E
(1 x2 F1« F2 x2¢x F2<F) if F>F2 if x> x2
(3¢ x F3<F) if F<F2 if x> x2
(3¢ x2 F3¢F2 x2¢x F2<F) if F>F2 if x <x2
(1 x Fl<F) if F<F2 if x < x2

{Im(—x sn{—sn+1:]
(F2-F1)-(x3-x2)
(x2—x1)
(F3-F1) F2-F1
3-x1 x2-xl

1
x<—5-11+12—

F «— f{I:] BelBCq pesynkeTaToB:
x MaxcumansHoe 3HaUeHHe GVHKIIH
flx) TeMmnepaTypa, coOTBETCTBYHOIIAAL
R« B f‘[HTepBa.]‘[ HEOTPEICICHHOCTH
Im-— X

sn Komnnuecteo BRUMCIeHHH QYVHEINK

(831.9143
. \ 2.2198
Pesynsrar BEUHCICHHIL Max_Parab(r,670,870,0.1) =
-0.0915
18

+

7. Hemoas3oganHe Berpoennol ¢pyaxknun Mathead - Maximize(r T):

T:=800 HauaneHoe sHa4ueHHE
Tm = Max'unlze{r . T:] Kcnone30BaHne GyHKLMK

Pesynerar erancineHni: Tm = 832.091 r(Tm) = 2.2199
< [m

F

m

114
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1 IHosicHUTEIbLHASA 3aIIUCKA

Hucrummaa  «MogenupoBaHue W ONTHUMHU3ANMS — TEXHOJIOTHYECKUX
IPOLIECCOB» OTHOCUTCS K 00s3aTE€IbHOM JUCUMILIMHE BapUaTUBHOM YacTu
0o0pa3oBaTenbHON MPOrpaMMbl TTOJATOTOBKH OakaiaBpoB, B yueOHOM 1utane 3P0
nmeeT unjekc b1.B.04. Ee ocBoeHne NpoUCXOIUT B 8 CEMECTPE U 3aKaHUYMBAETCS
craueit nudpepeHIMpoBaHHOIO 3a4eTa.

[lenpt0 OCBOCHMSI JUCHUIUIMHBI ~ SBIsieTCS  (opMupoBaHue Habopa
npodecCHOHANIbHBIX KOMIETEeHIMH Oyayniero OakajiaBpa I10 HaIlpaBJIEHUIO
nonroroBkn  15.03.02  TexHonoruueckoe 00OpyJOBaHHE XHUMHYECKUX U
HEe(DTEXUMUYECKUX TIPOU3BOJICTB.

OcHOBHBIC 3aJa4¥  M3Y4YEHUS JUCIUIUIMHBI MopenupoBanue u
ONTUMHU3ALIUS TEXHOJIOTHUYECKUX MTPOILIECCOB " COCTOAT B YCBOCHUU CTYACHTAMH:

— METOAOB CHCTEMHOr0 TMOJX0Ja K  HCCJICJAOBAaHUIO U  aHAIU3Y
TEXHOJIOTHYECKHUX MPOIECCOB;

— TPUHIMIOB CO3JaHUS MAaTeMaTHYEeCKUX Mojelel (PU3NKO-XUMUYIECKUX
MPOIIECCOB C  HCMOJIb30BAHUEM CTAHJAPTHBIX TMAKETOB W CPEACTB
aBTOMATU3WPOBAHHOI'O MPOECKTUPOBAHUS,

— MeToJaM peaju3allMi MaTeMaTHYeCKUX Mojenel (U3UKO-XUMUUYECKUX
nporieccoB Ha DBM u ycTaHOBJIEHUS UX aJ€KBATHOCTH.

— METOJI0B MPOBEJECHUS SKCIIEPUMEHTOB C UCIOJIb30BAHUEM MATEMATUUYECKUX
MOJIeJIeH U YCTAaHOBJICHUS IPAHUIl UX TPUMEHEHHUS.

B pesynbrare oOcBoeHusT y4yeOHOW AUCHMIUIUHBI CTYIEHT JOJKEH

OBJIAJIEBATh CICIYIOITUMU O00IIENPO(EeCCHOHATEHBIMU KOMIIETEHITSIMH:

Kop DopMyIHPOBKA:

I1K-2 YMEHHUCM MOJCIUPOBATbL TCXHHUYCCKHC OOBEKTHI M TEXHOJIOTHYECKHUE
npouecCbl C HCIOJIB30BAHUEM CTAaHAAPTHBIX IIaKETOB HW CPCACTB
ABTOMATU3UPOBAHHOI'O IIPOCKTUPOBAHHA, T'OTOBHOCTHBIO IIPOBOAUTH
9KCIICPUMCHTHI 110 3aJaHHBIM MCTOAWKaM C O6pa6OTKOﬁ H aHaJInu30M

pE3YyIbTATOB




O0beM yueOHOI TUCHUIINHBI:

AcTtp.

4acoB
O0wem 3anstuii: Utoro 81 33e
B 1.4. ayauTopHbIX 9
"3 Hux:
Jleknui 3
JlaGopaTopHbIX paboT 3
[IpakTnueckux 3aHATUN 3
CamocrosTenbHON paboThI 72

3auer § cemecTp

B pamkax kypca agucturumHbl «MoOAEIMpPOBAaHWE ¢ ONTHMH3AIUS
TEXHOJOTUYECKHUX IPOIECCOB» CaMOCTOsITeNIbHAsI paboTa CTYJIEHTOB COCTaBIISICT
72 gaca.

CamocTosiTenbHass paboTa SBISETCS OAHUM M3 BUIOB Y4YEOHBIX 3aHSATUN
CTYJIEHTOB, IIEJISIMU KOTOPOU SIBIISTIOTCS:

- CHCTeMaTH3allus W 3aKPEIICHUE TOJYYCHHBIX TCOPETUUYCCKUX 3HAHUU H
MPAKTUYECKUX YMEHUM CTYJIEHTOB;

- yriIyOJICHHE U PacCIIMPEHUE TEOPETUUECKUX 3HAHUM;

- (gopmupoBaHuE YMEHUN HCIOJIB30BaTh pa3inyHble HHOOPMAIIMOHHbBIC
WCTOYHUKHU: HOPMATHUBHYIO, TIPaBOBYIO, CIPABOYHYIO JOKYMEHTAIMIO U
CHEIUATBHYIO IUTEPaTypy;

- pa3BUTHE TIO3HABATEIBHBIX CIHOCOOHOCTEM M aKTHUBHOCTH CTYICHTOB,
TBOPYECKOU WHUIIMATHUBEI, CaMOCTOSTEIBHOCTH, OTBETCTBEHHOCTH n
OpraHU30BaHHOCTH;

- (opmupoBaHME CaMOCTOSTEIBHOCTH MBIIIJICHUs, CIIOCOOHOCTEH K
CaMOPa3BUTHIO, CAMOCOBEPIIICHCTBOBAHHIO U CAMOPEaTU3allNH;

- pa3BUTHE UCCIEAOBATEIBCKUX YMECHUM.

B xauectBe opM M METOJIOB KOHTPOJISI BHEAYTUTOPHOU CAMOCTOATEIHHOU
paboThl O0YyYaIOMIUXCSA, CTYJAEHTOB MOTYT OBITh HCIOJB30BaHBl MPAKTUUYECKUE

3aHATHSA, 3a4CThl, TCCTUPOBAHUEC, CAMOOTYCTBI, KOHTPOJIbHBIC pa6OTBI H 1p.



2 MeToanueckune PeKOMEHIAIMHA 110 CAMOCTOATC/ILHOMY U3YYCHUIO

JAUCIHMILINHBI

Ha mepBom »sTame HEOOXOIMMO O3HAKOMHUTHCS C pabouel Mporpammoit
JUCLUUIUIMHBI, B KOTOPOM pacCMOTPEHO COJAEpP)KAHME TEM  JIUCIUIUIUHBI
JEKIIMOHHOTO Kypca, B3aUMOCBSI3b C JIA0OPATOPHBIMM M IPAKTUYECKUMU
3aHATUSIMU, TEMbl U BUJBI CAMOCTOATENbHON paboThl. B Tabnuue 1 mpuBeneHa
TEXHOJIOTHUYECKAas KapTa CaMOCTOSTEIILHOM paOOTHI CTY/ICHTA.

Tabnuua 1 — TexHoJoruyeckasi Kapra caMOCTOSITEIbHOU pabOThI CTYEHTa

Konst Urorossrit Cpencrta u OOBeM 4acoB, B TOM 4HCIIe
peanuzy Bun MPOIYKT TEXHOJIOTHH (acTp.)
€MBIX JIEATENIBHOCTH | CAMOCTOSATEIIbHOU OLICHKU CPC KonrakTHas Bcero
KOMIIETE CTY/ICHTOB paboThI pabota ¢
HUUU MpernojaBaresieM
8 cemecTp
I1K-2 IloaroroBka k | OTuer CobecenoBanne | 0,855 0,045 0,9
1a00paTOPHOM
Y 3aHATHIO
IIK-2 IlogroroBka k | OTuer CobecenoBanne | 0,57 0,03 0,06
MPAKTUYECKOM
Y 3aHSITHIO
TIK-2 Camocrosrens | KoHncrekr CobecenoBanune | 56,29 2,96 89.75
HO€ HW3YyYEHHE
JINTEPATYPBI
IIK-2 Brimonaenue KoHTponbHast | KOMIUIEKT 10,69 0,56 11,25
KOHTPOJBHOH | pabora 3aJaHuil I
paboThl KOHTPOJILHOMN
paboThI
Hroro 3a cemectp | 71.40 3,6 72,00

CamocrosiTennbHasi paboTa CTyJeHTa B XOAE JEKIHOHHBIX 3aHATHH
BKJIFOYAET M3YYEHHE BOIIPOCOB TEOPUHU, BBIHECEHHBIX HA CaMOCTOSITEIBHOE
U3y4eHUE B COOTBETCTBUM C pabodeil mporpamMmoil JUCHMIUIMHBI, TPOPabOTKY
JEKIIMOHHBIX MATEPUAIOB [JIl TOATOTOBKM K TIPAKTUYECKUM 3aHSATUSAM H
KOHTPOJIXO 3HAHUH Ha JIEKUMOHHBIX 3aHATHUIX (OIPOC) U MOJATOTOBKY BOIIPOCOB JIJIS
00CyX/IeHHS IPU KOHCYJIbTAIIUU C MPENOAaBaATEIEM.

PabGota c JEKIMOHHBIM MaTepUajoM HE 3aBEpIIACTCA MO0 OKOHYAHUU
nexuuu. Ha 2 yaca nmekuuu HeoOXOOUMO 3aTpaTHTh OKOJIO Yaca Ha paboTy ¢
KOHCIIEKTOM. 3a 3TO BpE€MEHs HEe0OXOJMMO IMEepeyuTaTh 3alUCH, MOMOJHUTh HX
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JaHHBIMHU, KOTOPBIE yJaJI0Ch 3alIOMHUTh U3 PEUd MpernojaBaTelisi, HO He yIajoch
3anucath. PaboTas ¢ KOHCIEKTOM, HY)KHO OTMETUTh HEIMOHSTHBIE BOMPOCHI IS
BBISICHEHUS Y MpenojaBaress Ha KOHCYJIbTaI|H.

CamocTosaTenbHass paboTa B XO0/A€ MNPAKTHYECKHX 3aHATHUH BKIIOYAET
BBIIOJIHEHUE 3aJaHUM K MPAKTUYECKHUM 3aHATUSM, KOTOpbIE TPUBEACHBI B
METOAMYECKUX YKa3aHUSIX K MPAKTUYECKUM 3aHATUSAM M (OHAAX OLEHOYHBIX
cpenctB. KonTpoJibHasi paboTa BBITOTHSIETCS B COOTBETCTBUH C METOAMYECKUMU
yKa3aHUSIMH.

JUIs yCHEIHOTO OCBOEHUS AMCUMILIMHBI, HEOOXOJUMO CaMOCTOSATEIbHO
JETAIbHO ~ M3YyYUTh  TEMbl JMCUMIUIMHBL. ~ PekoMeHayemble  HMCTOYHUKU
uHpOpMaIlMK TPUBEJEHB B TaOmWIle 2, a TMEpPeYeHb TEM, UX COJCpKaHUE U
IPUMEPHOE BpeMs Ha UX M3yUeHHUE MPECTaBICHbI B Tabnuie 3.

Tabnuna 2 — PekoMeH1yeMble HCTOYHUKH MH()OpMaILIUH

No PexoMeHniyeMble HCTOUHUKY HH(DOpMAITUK
n/m | Tembl 1151 CaMOCTOATETLHOTO U3yUEHUS (Ne ucrouHmka)
OcHoBHas | JJononnu- | Meronu- | UaTepHer-
TeJIbHAas yeckas pecypchl
1 | IlogroroBka k 1abopaTopHBIM paboTam 1,2 1,2,3 1 1,2,3,4
2 | IToagroroBka K MpakTHYECKUM 3aHITUIM 1,2 1,2,3 2 1,2,3,4
3 | CamocTOsTENIBHOE U3YUEHUE JINTEPATYPhI
MeTo1010THYECKHE OCHOBBI TOCTPOEHUS 1 1 1,3,4 1,2,3,4
MaTeMaTH4YeCKUX MoAeeH
MaremaTuueckoe OMCAaHUE CTPYKTYPbI 1 1,2 1,3,4 1,2,3,4
MTOTOKOB B ammapare
MoaenupoBaHie THAPOMEXAHUYECKUX 1 1,2,3 1,3,4 1,2,3,4
MIPOIIECCOB
MaremaTudeckue MOJICIH TEIJIOBBIX 1 5 1,3,4 1,2,3,4
MIPOIIECCOB
MareMaTH4ecKrue MOJICIIH 1 1,2,5 1,3,4 1,2,3,4
MacCOOOMEHHBIX TTPOIIECCOB
Marematrueckoe MOAECIMPOBAHUE 1 2,3, 4 1,3,4 1,2,3,4
XUMHUYECKHX PEaAKTOPOB
CocraBicHHEC MAaTEMAaTHYSCKUX MOIEICH 1 3,4 1,3,4 1,2,3,4
AKCTIEPUMEHTATBHO-CTATUCTUICCKUMHU
METOdaMH
OnTuMHu3anys XHMHKO-TEXHOJIOTHUESCKUX 1,2 2 1,3,4 1,2,3,4
MIPOIIECCOB




Tabmuna 3 — Tembl A7 CAaMOCTOSITENIFHOTO U3YYSHHS TUCHUIUIMHBI U IPUMEPHOE

BpEMsI Ha U3YUYECHUE

0O0beM
HawnmeHnoBaHue TeM AUCHUIUIMHBI, UX KPATKOE COIEPIKaHUE 4acoB

(actp.)

1. MeTonoJiornyeckue OCHOBbI NOCTPOEHUS MATEMATHYECKUX MO eJIeid. 8
[ToHsTHE O KNOEPHETHKE XUMHKO-TEXHOJIOTHYECKHUX MporieccoB. CHCTEMBI U
MIPOIIECCHI — MPeaMET KUOCPHETUKH. BIIOYHBIN MPUHIIUT TOCTPOCHUS] MATEMATHYECKUX
Mojeneil. MaTemMaruueckoe onucanue PU3NKO-XUMHUIECKOU CHCTEMBI.

CocTaB MaTeMaTHYECKOTr'O OITHCAHUSL.

VYpaBHeHus OanaHca BEIIECTBA, YHEPTUU U UMITYJIbca. BeIOOp MeTona pemmenus u
peanu3aius ero B BUJI€ alrOpUTMa U MOJEIUPYIOIIEH porpaMMbl. AJIEKBaTHOCTh
MOJCIIH.

2. MaTemaTn4yeckoe ONMCAHUE CTPYKTYPHI IOTOKOB B anmapare. 13
CtpyKTypa MOTOKOB — r'HIPOJIMHAMUYECKAasi OCHOBA MAaTEMAaTHUYECKUX MOJIECH.
Mertobl uccae0BaHus CTPYKTYPhI MOTOKOB. MIMImysibCcHBIN MeToa. MeTon
CTYIIEHYaTOr0 BO3MYILEHUsA. MaTeMaTnyeckoe OMMCaHUE TUIIOBBIX MOJENIEN
TUAPOIMHAMUKU: WJCAIbHOTO CMEILIEHUS, U/I€aTbHOTO BEITECHEHHUS, STYeeuHasi MOJIeb,
QG dy3uoHHAS OTHOTIApAMETPUYECKast MOJIEIb.

3. MonenupoBaHue ruipoOMeXaHU4eCKNX MPOLECCOB. 11
3ajauu rTUAPOAMHAMUKH. 3aKOH CONPOTUBIICHUS ITPU MEUIEHHOM JIBUKEHHUH YacCTUIl B
*KuaKocTu. TeueHue B morpaHudHoOM ciioe. OOmIHii 3aK0H COMPOTUBICHUS CPEIIBI.

4. MatemaTn4yeckne MO/1eJIM TEIJIOBBIX MIPOLECCOB. 11
OcHOBHBIE TOHATHS. MexaHu3Mbl iepeHoca TermaoThl. [lepeHoc TemnoTs
TEIIONPOBOAHOCTHI0. KOHBEKTHBHBIN NepeHOC TEIIOThL. JIyducThIil nepeHoc
TEIUIOTHI. Y PaBHEHHUE pacnpocTpaHeHus 3Heprun. KoHBeKTUBHAS TEIIOOTAa4Ya
(KOHBEKTUBHBIN TersooOMeH). Pacuer koaddunnenTa TermooTaauym.
NuTencudukanus TeriooOMeHa.

5. MaTtemaTuuyeckue MoJ1eJId MacCOOOMEHHBIX MpoueccoB. OCHOBHBIE HTAIbI 10
COCTaBIICHUSI MATEMAaTUYECKOTO OMUCAHUSI MacCOOOMEHHBIX TpolieccoB. Moenu u
ITOPUTMBI pacyeTa npoiecca abcopomuu. PaBHoBecHe B cUCTeME ra3—KUIKOCTb.
Oduznyeckast abcopOriust 1 xemocopouus. Onucanue CTPYKTYphI TOTOKOB (a3 B
ammapaTe ¥ aJlfTOPUTMBI pacueTa CTallMOHAPHBIX PEKUMOB a0COpOepoB.

6. MaTtemaTnyeckoe MOIeJIMPOBAHUE XUMUYECKUX PEAKTOPOB. 10
CrpyKkTypa MaTreMaTH4eCKO MOJIETTH XUMHUYECKOTo peakTopa. KOHBEKTUBHBII
nepeHoc. {uddy3nonnsiii mepeHoc. XuMHUIECKask PeaKiius.

YpaBHEeHHE MaTepHaLHOTO OaaHca peakTopa u ero aHaiuu3. MaremaTu4eckoe
ONMCAHUE PEAKTOPOB C UICATBbHON U HEUACATBbHON CTPYKTYPOU MOTOKA B
M30TEPMUYECKOM PEeKUME. TernonepeHoc B XUMUYECKUX PEaKkTopax.

7. CocTaBieHHe MaTeMATHYECKUX Mo/eJIell IKCIIepUMEeHTAJIbHO- 12
CTATHCTHYECKMMH METOaMHU.

OCHOBHBIE TOHATHS U onpeiesieHus. [lacCUBHBIN M aKTUBHBIN YKCIIEPUMEHT.
Perpeccuonnslii 1 KoppensuoHHbIi ananu3. Onpenenenne KodpUIMEHTOB METOI0OM
HaMMEHBIIINX KBA/IpaTOB.

CrpykTypHas ¥ mapaMeTpudecKkasi HIeHTH(PHUKAIN MaTeMaTHUECKUX MOIeNen
XUMHUKO-TEXHOJIOTHYECKHUX MPOLECCOB. AIEKBATHOCTh MOJIEIIEH.

8. OnTUMH3AIMSA XHMHKO-TEXHOJIOTH4YeCKHX MPOILECcCOB. 14,75
8.1. AHasMTH4YeCcKHe M MEeTO/IbI O/THOMEPHOMH ONTHUMM3ALUHN
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ITocTanoBka 3aJa9M OIITUMHU3AIIUN.

Knaccudukanms 3agaa ontumuzaruu. Lleneas GyHKINUS 1 €€ CBOWCTBA.
HOpMaJII/ISaI_[I/ISI HE3aBUCHUMBIX HepeMeHHBIX.

Marematnueckas popMyIHpoOBKa 3a71a4 ONTHUMH3AIUH.

AHaquTHYecKHe MeTOAbI. AHAUTUTHYECKHN MMONUCK SKCTpeMyMa (DYHKITHH,
METOJI MHOXUTEJIEH JIarpanka, BAprualMOHHbIE METObI, IPUHLIUI
MaKCHMYyMa.

MeTtoabl oiHOMepHOIT MUHUMMU3aUN. OCHOBHbIC MOHATHUS. [laccuBHBII
U TI0CJICIOBATEILHBIN MMOUCK. MeTo 1uxoToMuu. MeTo 30JI0TOT0
ceuenusi. Meron ®udbonayun. MeToasl NOJIMHOMUAAILHON
armnpoKCUMAIUH.

Hroro 3a 7 cemectp | 89,75

3 I[loaroroBka K JeKIHUAM

['maBHOE B mepuoa MOATOTOBKM K JICKIMOHHBIM 3aHSATHUSIM — HAYYHUTHCA
METOJaM CaMOCTOSITEJIbHOIO YMCTBEHHOTO TPYyJAd, CO3HATEIIBHO PAa3BUBaTh CBOU
TBOPYECKHE CIOCOOHOCTH W OBJIJIeBaTh HAaBBIKAMH TBOpUYECKOW paboThl. Jlis
ATOr0 HEOOXOJUMO CTPOro coOJ0/IaTh JUCHUIUIMHY y4eObl U MoBeneHus. YeTkoe
IUIAHUPOBAHHUE CBOEro pabovyero BPEMEHM W OTIbIXa SBISETCA HEOOXOIUMbIM
YCIIOBUEM JUIsl YCHENTHOW CaMOCTOSTENIbHONW paldoThl. B OCHOBY €ro HyXHO
MOJIOKUTH paboure MPOrpaMMbl H3y4aeMbIX B CEMECTPE TUCLHUILIUH.

KaxnoMy CTyAaeHTy clelyeT COCTaBIATh €KEHENEIbHbIM U CEMECTPOBBIN
I1aHbl paboThI, a TaKXe IUJIaH Ha Kaxablid padouuid neHb. C Bedepa Bcerja Hajo
pacnpenenartb paboTy Ha 3aBTpallHUNl JeHb. B KOHIE KaXaoro aHs
1€JIeCO00pa3HO TMOABOJUTH HUTOT palbOThI: TIIATEIIBHO TPOBEPUTH, BCE JIU
BBINIOJIHEHO 0 HAMEYEHHOMY IUIaHy, HE OBUIO JIM KAaKUX-TUOO OTCTYIUICHUU, a
ecnu ObUTHM, MO KakoW NPHYMHE OTO Tpousonuio. HyKHO OCyIIeCTBISATh
CaMOKOHTPOJIb, KOTOPBIN SBJISICTCS HEOOXOMUMBIM YCJIOBHEM YCHEITHOW Y4eObl.
Ecnu 4TO-TO OCTaoCh HEBBINMOJHEHHBIM, HEOOXOAMMO U3BICKATh BpeMs MJis
3aBEPIICHUS ITOM YacTu paboThl, HE YMEHbIas 00beMa HeJIeILHOTO TUIaHa.

CiymaHue W 3amuch JIGKIMH — CIIOKHBIM BHUJl BY30BCKOM ayIaUTOPHOMU
paboTbl. BHUMaTeNnbHOE CylllaHWEe U KOHCHEKTUPOBAHHUE JIEKIUU MpeArnoaraeT
VHTEHCHUBHYIO YMCTBEHHYIO JAEATEIBHOCTh CTyAeHTa. KpaTkue 3anucu nexkuum, ux

KOHCIICKTUPOBAHHUC IIOMOIracT YCBOUTDH y‘IG6HLII>i MaTcpHuall. KoHcnekT siBiseTcs
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MIOJIE3HBIM TOTJA, KOTJa 3allMCaHO CaMOe CYIIECTBEHHOE, OCHOBHOE U CIIETIaHO 3TO
camMuM ctyneHToM. He Hamo cTpeMuThes 3anmucaTh JOCIOBHO BCIO JieKUui0. Takoe
«KOHCHEKTUPOBAHUE» MNPUHOCUT OOJbIlIEe Bpeaa, YeM IO0JIb3bl. 3alUCh JIEKIUH
PEKOMEHJIyeTCsI BECTH 110 BO3MOXHOCTH COOCTBEHHBIMU (DOPMYIMPOBKAMH.
KenaTenbHO 3aIUCh OCYIECTBISATh HA OJJHOM CTpaHUIIE, a CAEAYIONIYIO0 OCTABISATh
JUTsl IpopabOTKU y4eOHOTro MaTepuaia CaMOCTOSITENbHO B IOMAIIHUX YCIOBHUSIX.
KoHncnekT nekuuit myyrie noapas3aesTh Ha MyHKTHI, maparpadsl, coomonas
KPAacCHYIO CTPOKYy. DTOMY B OOJIBIION CTENEeHH OyJayT CIOCOOCTBOBATH IMYHKTHI
IUIaHa JIEKLIWH, MpeIJIoKEHHbIe MpernojgaBaTessiM. [IpuHIUNNANbHbIE MeECTa,
omnpezaeneHusi, (GopMynbl U JPYroe CIEAyeT COMPOBOXKAATh 3aMEYaHUAMU
«BAXKHO», «0CO00 BAKHOY», «XOPOIIO 3alIOMHUTHY» M T.M. MOXHO JenaTh 3TO U C
MOMOUIbIO PA3HOIBETHBIX MapKepoB WM pyuek. Jlydme eciu oHH OyAyT
COOCTBEHHBIMH, YTOOBI HE MPUXOJUIOCH MPUCUTh UX Y OJHOKYPCHHUKOB M TEM
caMbIM HE OTBJIeKaTb WX BO BpeMms Jekmnuu. llenecooOpazHo paszpaborath
COOCTBEHHYIO «Mapkorpaduio» (3Haukd, CHUMBOJIbI), COKpaiieHus: cioB. He
JUIIHUM OyJeT W M3y4YeHHE OCHOB cTeHorpadguu. Paboras Haj KOHCIEKTOM
JEeKIUH, Bcerja HEeoO0XOAMMO HCIOJb30BaTh HE TOJBKO Y4YEOHHMK, HO U Ty
JUTEpaTypy, KOTOPYIO JOMOJHUTEIBHO PEKOMEHAOBal JekTop. MIMeHHO Takas
cepbe3Hasi, KpOIoT/IMBas padoTa ¢ JIEKIIMOHHBIM MAaTEPHAIOM TMO3BOJIUT TITyOOKO

OBJIaACTh 3HAHUSIMMU.

4 IloaroroBka K J1a0OPATOPHBLIM 3aHATHAM

JIaGopaTopHble 3aHATHS CBSA3AaHBI C IPOBEACHUEM XUMUYECKHUX ONBITOB. J[i1s
TOTO 4YTOOBI JIaDOpATOPHBIE 3aHATHUS NPUHOCHIM MAKCUMAJIbHYIO TI0JIb3Y,
HEOOXOJMMO MOMHHTH, YTO OHHM IMPOBOISATCS MO PACCMOTPEHHOMY Ha JIEKIIMSIX
MaTepuansy M CBsI3aHbl, KaK MPaBWJIO, C JETaIbHBIM pPa300poM OTIEIbHBIX
BOIIPOCOB JIEKIMOHHOTO Kypca. CrenyeT NOMYEPKHYTb, YTO TOJBKO IIOCIHE
YCBOEHUS JIEKIIMOHHOI'O MaTepHalla C ONpPEIEICHHON TOYKH 3peHHUs (2 UMEHHO C
TOH, C KOTOPOH OH M3JIaraeTcsl Ha JIEKLIUIX) OH OYJeT 3aKpEIUISIThCS CTYIEHTOM Ha

J'Ia60paTOpHBIX 3AHATHAX KaK B PE3yJIbTATC O6CY>KI[€HI/I$I H aHaJIM3a JICKIIMOHHOI'O
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MaTepuaia, Tak U ¢ MMOMOIIBIO pelIeHns MPoOJeMHBIX CUTyaluH, 3agad. [Ipu sTux
YCIOBHUSX CTYIEHT HE TOJBKO XOPOLIO YCBOWT MAaTE€pUAN, HO M HAYYUTCA
IPUMEHATh €0 Ha NPAKTHKE, a TAK)KE MOJYYUT JOIMOJHUTEIbHBIA CTUMYN (U 3TO

OUYEHb BAXKHO) JIJIs1 aKTUBHOM MPOPaOOTKHU JEKIUH.

5 CamocrosiTeqibHOE U3y4yeHue TeMbl. KoHcnekT

KoHncniekT — Hambosnee coBepiieHHas U Haubosiee cioxHas (popma 3amucu.
CJ0BO «KOHCIIEKT» MPOUCXOIUT OT JATUHCKOTO «conspectusy, 4To O3HadaeT
«0030p, U3JI0KECHNE». B MpaBUIIBHO COCTABJICHHOM KOHCIEKTE OOBIYHO BBIJIEIICHO
caMoe OCHOBHOE B HM3y4aeMOM TEKCTE, COCPEIOTOYEHO BHHMAaHHME Ha HamOoiiee
CYIIICCTBEHHOM, B KpaTKUX W YETKUX (HOpMyIHpOBKax 0OOOIIEHBI Ba)KHBIC
TEOPETHYECKHE MOJIOKEHHUS.

Koncnekr TIPEICTABIISICT co0oif OTHOCHUTEIIEHO noJipoGHoOE,
NIOCTIeIOBATEIbHOE H3IJI0KEHUE COJICPIKaHUsl MpOYUTaHHOro. Ha mepBBIX mopax
1enecoo0pa3Ho B 3amucsax OJDKe JepiKaThbCs TEKCTy, Mpuberas 3adacTyio K
IpsIMOMY IIMTUPOBAHUIO aBTOpa. B manpHeiIeM, mo mMepe BBIPaOOTKH HAaBBIKOB
KOHCIIEKTUPOBAHUs, 3aITUCH Oy1yT HOCUTH Oosiee CBOOOAHBIN U CXKAThIA XapaKTep.

KoHcnekT kHUTH OOBIYHO BeJeTCs B TEeTpaau. B camoMm Hadane KOHCIEKTa
yKa3bpIBaeTCsl (haMIIusl aBTOpa, MOJHOE Ha3BaHHE MPOU3BEICHUS, M3AATEIbCTBO,
roJ U Mecto u3fanus. [Ipy mUTHpOBaHWMU OOs3aTEeNbHAsl CChUIKA HA CTPAHUILY
kaurd. Eciam mutara B3sita M3 COOpaHUS COYMHEHHWM, TO HEOOXOIUMO YKa3aThb
COOTBETCTBYIOMUI ToM. CleyeT MOMHHUTh, YTO YeTKas CChUIKA HA MCTOYHUK —
HENPEMEHHOE TMPABUJIO KOHCIEKTUPOBaHUA. ECIM KOHCHEKTHUPYETCS CTaThs, TO
YKa3bIBAETCs, € U KOT/1a OHa Obljla HareyaTaHa.

KoHcriekr moxpa3gensieTcs Ha 4YacTH B COOTBETCBTHH C  3apaHee
NPOJYMAaHHBIM IIaHOM. [IyHKTBI TUIaHA 3aMKMCHIBAIOTCS B TEKCTE WJIM HA MOJISAX
KoHcrekTa. [Iucath ero peKoMeHayeTcs YeTKO U pa3dopunBo, TaKk Kak HEOpexHast
3alUCh C TEUYEHHWEM BPEMEHH CTAHOBHTHCS MAJIONIOHSATHOW Ui €€ aBTopa.
CymiecTByeT MpaBWIO: KOHCIEKT, COCTaBJIEHHBIA sl ce0sl, JOJDKEH OBITh MO

BO3MOYKHOCTH HAMKMCaH TaK, 9YTOOBI €ro JIETKO MPOYUTAI U KTO-IM0O0 IPYTOi.
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®opmbl KOHCHEKTa MOTYT OBITh Pa3HbBIMH WU 3aBHCAT OT €ro IeJIEBOTrO
Ha3HAuYeHUs (M3ydyeHHWE Marepuaia B LEJIOM WIHA I0J ONPEAEICHHBIM YIJIOM
3peHus], MOATOTOBKA K JIOKJaay, BBICTYIJICHUIO Ha 3aHATUM WU T.JA.), 4 TAKKE OT
Xapaktepa npousBefeHus (MoHorpadus, cTaTbsi, AOKyMEHT u T.1m.). Eciau peub
UJET MPOCTO 00 M3JI0KEHUM COAECpPKaHUS pabOThI, TEKCT KOHCIIEKTa MOXKET OBbITh
CIUIOIIHBIM, C BBIJEJIIEHUEM OCO0O0 Ba)KHBIX IOJIO)KEHUH NOTYEPKUBAHUEM WIIU
Pa3JIMYHBIMUA 3HAYKAMM.

B cimydae, korga HE OIpaHMYMBAIOTCSA IIEPEIIOKEHUEM COIEpXKaHUSA, a
(UKCHUPYIOT B KOHCIIEKTE U CBOM COOCTBEHHBIE CY)KJICHHUS MO JTaHHOMY BOIIPOCY
WM JIONOJIHSIOT KOHCIIEKT COOTBETCTBYIOIIMMHM MAaTEpUAIAMU HX JIPYTUX
MCTOYHUKOB, CIEAYET OTBOJAUTH MECTO JJIA TAKOTO poja 3anuceil. Pekomennyercs
pa3ieNnTh CTPAaHULB! TETPAAW IOIOJaM IO BEPTUKAIM U B JIEBOM YaCTH BECTH
KOHCIIEKT ITPOM3BEIECHUSA, a B IIPABOM CBOM JIOIIOJIHUTEIIBHBIE 3aIIMCH, COBMEIIAs
UX IO COJICPKAHUIO.

KoHncniektupoBanue B 0oJbiiieil Mepe, 4eM JpYrue BUJIbI 3aMMHUCEH, TOMOTaeT
BbIpa0aThIBaTh HaBBIKM MPABHIIBHOIO M3JIOKEHHSI B TUCBMEHHON (popMe BakHbIE
TEOPETUYECKUX U MPAKTUYECKUX BOIPOCOB, YMEHHE YETKO UX (POPMYIUPOBATH U
SICHO M3J1araTb CBOMMH CIIOBAMM.

Takum 00pa3om, cocTaBlieHHWE KOHCIEKTa TpeOyeT BAYMYMBOW pabOThI,
3aTpaThl BPEMEHH M Tpyna. 3aTO BO BpeMsl KOHCHEKTHUPOBAaHUS MPHOOpPETaIoTCs
3HaHMSI, co3/1aeTcs (POH 3amucei.

KoHcnekT MokeT ObITh TEKCTYaIbHBIM WM TEMaTHYeCKUM. B TekcTyanbHOM
KOHCIIEKTE COXPAaHAETCs JIOTUKA U CTPYKTYpa U3y4aeMoro IpOU3BEACHUS, a 3aIIUCh
BEJIETCSI B COOTBETCTBHM C pACIOJOKEHUEM Marepuaja B KHUTE. 3a OCHOBY
TEMaTHUYECKOI0 KOHCIIEKTa OepeTcs He IJIaH MPOU3BEICHNUs, a COIep)KaHue KaKoii-
100 TEMBI WJIK TPOOJIEMBI.

TexcTyanbHbId KOHCIIEKT JKEJIATEIbHO HAYMHATH IIOCJIE TOTO, KaK BCSl KHUTA
IIPOYMTAHA U IIPOJYMAaHA, HO JTO, K COKAJICHUIO, HE BCET1a BO3MOKHO. B nepByto
ouepeab HEOOXOIUMO COCTaBUTh TUIAH MPOU3BEACHUS MUCbMEHHO WJIU MBICIEHHO,

MIOCKOJIbKY B COOTBETCTBHU C JTHUM IUIAHOM CTPOMUTCS JaibHeHmas padora.
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KoHcriekT BkirO9aeT B ce0si TE3UChI, KOTOPHIE COCTaBISAIOT €ro OocHoBy. Ho, B
OTJINYHME OT TE€3UCOB, KOHCIIEKT COJICPKHUT KPATKYIO 3allUCh HE TOJIbKO BBIBOJIOB,
HO M JI0Ka3aTelIbCTB, BIUIOTh M0 (hakTHUeckoro marepuana. lMHade roBops,
KOHCHEKT — OJTO pAaCUIMPEHHBIE TE3UCHI, JOMOJHEHHBIE PACCYXKIACHUIMHU U
JI0Ka3aTeNIbCTBAMH, MBICIISIMU U COOOPAKEHUSIMU COCTABUTEIISL 3aIMCH.

Kak npaBuio, KOHCHEKT BKJIIOYAET B €€0S M BBIIKUCKH, HO B HETO MOTYT
BOWTHU OT/EIbHBIE MECTa, IIUTUPYEMbIC JIOCIOBHO, a TaKXke (HaKThl, MPUMEPHI,
uudpel, TAOJIULIBI U CXEMBI, B3sThie U3 KHUTU. CleayeT MOMHUTb, YTO padoTa HaJl
KOHCIIEKTOM TOJILKO TOTJa Oy/IeT TBOPYECKOM, KOTJ]a OHA HE OTpaHUYCHA TEKCTOM
n3y4yaeMoro rnpousBeAeHusa. HyXHO HOMOMHATh KOHCIEKT JaHHBIMU W3APYTUMU
HUCTOYHUKOB.

B koHCmekTe HEOOXOAMMO BBIJACIATH OTIAEIBHBIE MeCTa TEKCTa B
3aBUCUMOCTH OT UX 3HAUUMOCTU. MOKHO MOJIb30BaThCS PA3IMYHBIMU CIIOCOOAMMU:
MOAYCPKUBAHUSIMHA,  BONPOCUTEIBHBIMA W BOCKJIMIIATEIBHBIMU  3HAKaMH,
periuKaMu, KpaTKUMU OILICHKaMH, MHUCaTh Ha MOJSAX CBOUX KOHCIEKTOB CIIOBA:
«BaYXKHOY», «OYEHb BAXKHO», KBEPHOY, «XapPAKTEPHOM.

B KOHCIIEKT MOTYT MOMEMIATHCA AMArpaMMbl, CXEMbI, TaOJIHUIIbI, KOTOPHIC
NpUIaAyT €My HarjsiTHOCTb.

CocCTaBlIeHMIO TEMATHUYECKOTO KOHCIIEKTa MPEAIIECTBYET TIIATEIbLHOE
U3y4YeHHUE BCEH JTUTEPaTyphl, TOI0OPAHHOMN ISl pACKPBITHS JaHHOUW TeMbl. bhIBaer,
YTO Kakas-Iu00o TemMa pacCMaTpUBAETCS B HECKOJBKUX TIJIaBax WJIU B Pa3HBIX
MeCTax KHHTH. A B KOHCIIEKTE€ BECh MaTepHas, OTHOCSIIMICS K Teme, Oyner
COCpPEIOTOYEH B OJHOM MecTe. B IUIaHe KOHCHEKTa PEKOMEHAYETCS JeJaTh
MOMETKH, K KAKUM MUCTOYHHMKAM (BILIOTh 10 CTPAHUIILI) MIPUAETCS 0OpaTUTHCS IS
PACKpBITHS BOMPOCOB. TeMaTUYeCKHii KOHCIIEKT COCTaBISAECTCS OOBIYHO JUIsl TOTO,
yTOOBI TJIYOKE H3YYUTh OMPENEJICHHbIA BOIPOC, MOJATOTOBUTHCA K JOKJIANY,
JIEKIIUU WIM BBICTYIUICHUIO HAa CEMHUHAPCKOM 3aHSITHUU. Takol KOHCIEKT IO
coJiepkaHuIo MpUoIIKaeTcs kK pedepary, T0KIaay Mo H30paHHOU TeMe, 0OCOOCHHO

€CJIM BKJIIOYAET U COOCTBEHHBIN BKJIAJl B U3yYEHUE POOIIEMBI.
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Cnmcok pekoMeHyeMoil JTUTePaTyphbl

OcHoBHas JauTEpaTypa:

1. bemos, II. C. Maremarnyeckoe MOJEIUPOBAHUE TEXHOJIOIMYECKUX
MPOIIECCOB [DNEKTPOHHBIN pecypc] : yuebHoe nocodue (koHcrekT jekmuit) / I1. C.
benoB. — ONEKTpOH. TEKCTOBbIE JaHHbIE. — EropseBck : EropbeBckuii
TeXHOJIOTHYeCKnii  WHCTUTYT  (prman) MOCKOBCKOTO — TOCYIapCTBEHHOTO
texHoJsiornyeckoro ynupepcurera « CTAHKHWH», 2016. — 121 ¢. — 978-5-904330-
02-6. — Pexxum noctymna: http://www.iprbookshop.ru/43395.html.

2. boukapeB, B. B. Ontumuszanus XWMHUKO-TEXHOJOTHUYECKHUX IPOIIECCOB
[OnekTpoHHBIN pecypc] : ydeOHoe mocobue / B. B. boukapeB. — DnexTpoH.
TEKCTOBbIE JIaHHbIEe. — ToMCK : TOMCKMII MOMUTEXHUYECKUN YHUBepcuTeT, 2014, —
264 C. — 978-5-4387-0420-1. — Pexxum JOCTyTa:
http://www.iprbookshop.ru/34690.html.

JlonoJIHUTeIbHAS JIUTEpaTypa:

1. KuamnoB, A. B. Maremarnuyeckoe MOJCIMPOBAHUE XHUMHUKO-
TEXHOJIOTHYECKHX MPOIIECCOB [DIIEKTPOHHBIN pecypc] : yuebnoe mocodue / A. B.
Knunos, A. I'. MyxameT3siHOBa. — DJIEKTPOH. TEKCTOBBIE aaHHbIe. — Ka3aub :
Kazanckulii HallMOHAIBHBIN HCCIIEA0BATEIbCKUN TEXHOJOTMYECKUN YHUBEPCHUTET,
2009. - 144 c¢. - 978-5-7882-0774-2. — Pexum = pmocryna:
http://www.iprbookshop.ru/62483.html.

3. Huxynun, K. C. Marematuyeckoe monenupoBanue B cucteme Mathcad
[DNEeKTpOHHBI pecypc] : METOAMYECKHE PEKOMEHJAMK TI0 BBIOJIHEHUIO
KOHTPOJIbHBIX paboT no kypcy «KommnbploTepHOe MHKEHEPHOE MOICIUPOBAHUE) /
K. C. HukymuH. — OIEKTpOH. TEKCTOBble naaHHble. — M. : MockoBckas
rocy1apCTBEHHAs akaJeMusi BOJHOro TpaHcropta, 2009. — 65 c. — 2227-8397. —

Pexxum nocryna: http://www.iprbookshop.ru/46717.html.

3. TI'aprman T.H., Kamunkun B.H., AprembeBa JL.U. KomnbrorepHoe

MOJICTMPOBaHUE TIPOCTHIX TUjipaBInueckux cucteM / [lox obiieit penakiuei a-pa
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HNuTepHeT-pecypcenl
1. http://biblioclub.ru/ — 3BC «YHuBepcuterckas OnOIMOTEKa OHIANH.

2. http://catalog.ncstu.ru/  —  SIEKTPOHHBIA  KaTaJlOr  acCOLMAIlUU
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MMHUCTEPCTBO HAYKU U BBICHIET'O OBPA30BAHM POCCUMCKON ®EJEPAIIUN
®denepalibHOE TOCYIAPCTBEHHOE aBTOHOMHOE
00pa3oBaTenbHOE YUPEKACHUE BHICIIIETO 00pa30BaHUS
«CEBEPO-KABKA3CKHWI ®EJIEPAJIBHBI YHUBEPCUTET»
Kadenpa xumMudeckoit TEXHOIOTUH, MAIIIMH M allllapaTOB XUMUYECKUX ITPOU3BOJICTB

METOANYECKHUE YKA3ZAHUA

MO BBITTOJTHEHUIO KOHTPOJBHOM pabOThI O AUCHUILIMHE
«MoaenupoBaHre U ONITUMHU3ALINS TEXHOJIOTHUECKUX MPOLIECCOBY
JUIsl CTYZI€HTOB HAIIPaBJICHUS MTOATOTOBKH
15.03.02 TexHOMOTMYECKUE MAILIUHBI U O0OPYIOBaHKE

Hesuaaompbicck 2020



Mertoandeckue ykasaHus pa3paboTaHbl B COOTBETCTBUH  C
TpeboBaHusiMu  DeAepalibHOrO TOCYJAPCTBEHHOrO0 00pa30BaTEIbLHOTO
CTaHJapTa B YaCTU COAECPKAHHUSA U YPOBHS MOATOTOBKHU BBIIIYCKHUKOB IIO
HanpaBieHU0 noAroToBku 15.03.02 TexHonoruvyeckue MalIuHbl U
000py0BaHMUE.

YkazaHnusd  colepKaT  BAapUaHTbl  3aJlaHUAM,  METOIUKY U
MIOCJIEAOBATEIIBHOCTh MATEMATUYECKOTO OINUCAHUA TEXHOJOTMYECKOTO
00bEKTa, BHIOOpP MOJICIUPYIONIIETO AJTOPUTMA, peaiu3alus €ro B BHUIE
MPOTPaMMBbI U UCIIOJIB30BaHKUE Pa3pabOTaHHON MOJIENU JIsSl UCCIIeIOBaHUM
KOMIIBIOTEPHOM MOJEIA THUAPABINYECKOM CHCTEMBI B CTallMOHAPHOM
COCTOSIHMM, MEPEUYEHb KOHTPOJIBHBIX BOIPOCOB JJIsi CAMONOATOTOBKH H
CIIMCOK PEKOMEHIYEMOU JINTEPATYPHI.

Meroguueckue yKa3aHUs PACCMOTPEHBI W YTBEPXKICHBI Ha
3aceganuu kadgenpsl X TMuAXII u pekoMeH10BaHbl K BHYTPUBY30BCKOMY
W3aHUIO.

CocraBuTenb KaHJl. XuM. HayK, noueHT A.JL. [IpockypHun

OTB. pemakTop  KaHI. Te€XH. HaykK, AoueHT JI.B.bonasipes



1 LEJU U 3AJIAYU

[{enbt0 BBINOTHEHUS KOHTPOJIBHOM pabOThI SBISETCS DPa3BUTHE Y
CTyJCHTOB HAaBbIKA B CAMOCTOSITEJIbBHOM IIOCTPOCHHM MaTeMaTU4YeCKON
MOJIENI TEXHOJIOTMYECKOT0 OOBEKTA.

B kauecTBe TEXHOJIOTMYECKOTO OOBEKTA HCIOJIb3YETCS MPOCTOU
TUAPABIMYECKUNA OOBEKT, BKIIOUYAIONIMI JIBE 3aKpbIThie eMKocTH. [lpu
NOCTPOEHUH MaTeMaTH4e€CKOW MOJEIN HEOOXOAUMO:

COCTaBUTh MAaTEMATUYECKOE OMMCAHUE TEXHOJIOTHYECKOr0 0OBbEKTa
(TO);

- BBIOpaTh ONTUMAJIbHBIN anroput™ pacyera TO;

- peanu3oBaTh aJrOPUTM B BHAE MOJICIHUPYIOLIEH MNPOTPAMMBI,
UCIIOJIB3YS JIFOOOH S3BIK MPOrpaMMHUPOBAHUS;

- HCCJEI0BAThH TEXHOJIOTUYECKUH 00BEKT  C MTOMOIIIBIO
COCTaBJICHHOU MOJEIIN.

[Ipy BBHINOJHEHUU KOHTPOJIBLHOW PabOThI CTYJEHT MNpUOOpEeTaeT
CJIEIYIONLYIO NPO(PECCHOHANBHYIO KOMIIETEHIIUIO:

[IK-2: ymeHueM MOJAEIMPOBATH TEXHUYECKHE OOBEKThI U
TEXHOJIOTUYECKHE TMPOILECCHl ¢ UCIMOJb30BAHUEM CTAHJIAPTHBIX MAKETOB U
CPEICTB  ABTOMATHU3WUPOBAHHOTO  IMPOCKTUPOBAHUS,  TOTOBHOCTBHIO
IPOBOJAUTH IKCIEPUMEHTHI MO 3aJaHHBIM METOJMKaM C O00pabOTKOW u
AHAJIM30M pPE3YJIbTATOB.



2 OCHOBHBIE ITOJIOKEHU A

3agaHvs Ha BBINIOJHEHHE KOHTPOJBHOM palbOThl  BBIJAIOTCSA
npenoaaBareneM Wil cTyJaeHToB OPO B TedYeHHE MEPBBIX JABYX HEACIb
Hayajla 3aHATUH, a i cTyAeHToB 3P0 — B mepHojJ yCTaHOBOYHOM
nekiuu. CTyAeHThl 3a09HOM (hOPMBI 00yYEHUS BBITOJHSIIOT U BBICHUIAIOT
KOHTPOJBHYIO pa00Ty Ha PEIEH3WPOBAHHUE JI0 Havajia COOTBETCTBYIOIICH
DK3aMEHAIIMOHHOMN CECCHUMH.

B 1ensx ycmemrHoro BBITIOJIHEHUS KOHTPOJIBHOM pabOThI, a TaKkKe
TEKYIIero KOHTPOJIA XOJia €€ BBIMOJHEHHUS MpernoaaBaresiMu Kadeapbl
OpTraHU30BaHbl PETYIISIPHBIE KOHCYJIbTAIUU.

1 XAPAKTEPUCTHUKMU ITPOCTBIX 'MIPABJIMYECKHUX
CUCTEM U KOMIIBIOTEPHOE MOAEJIUPOBAHUE

K npoctbiM ruapaBaudeckuM cucremam (puc. 1) orTHOcsTCS
TEXHOJIOTMYECKUE CXEMbl TPYOONPOBOJOB, ISl KOTOPHIX MPUHUMAIOTCS
cjeayroue J0myeHus:

® BO Bcex Tpybax mpoTekaeT OaHO(A3HBIM TOTOK KUJIKOCTH,
TEeMIepaTypa KOTOPOro OJMHAKOBA HA BCEX y4acTKax;

e BCce TpyOBl pacmojararorcsi Ha OJHOM YPOBHE, B CHCTEME HET
OOpaTHBIX  MOTOKOB  (PELMKIOB), HE  YYUTHIBAIOTCS  MECTHBIE
CONPOTUBIICHUS U Mepenajbl JaBJIeHUN B TpyOax, T.e. pacCMaTpUBAIOTCH,
T.H. KOPOTKHE TPYOONPOBO/IbI;

® CHCTEMBI BKJIFOYAIOT TOJIHLKO KJIalaHbl (BEHTUIIN) C MOCTOSHHBIMHU
HEM3MEHSIOMMUMUCS KO3 PUIIMEHTAMH TPOIMYCKHONW CIOCOOHOCTH U
3aKpBITBIE €MKOCTH (aKKyMYyJATOpHI), JaBJICHHE Ta3a B KOTOPBIX

INOAUYUHACTCA NICAJIbHBIM 3aKOHaM.
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Pucynok 1 — Cxemamuueckoe uzobpasicenue euopasiuieckol CUCmembl ¢
08Y M3l 3AKPLIMbIMU eMKOCHAMU (AKKYMYIMOPamu)

PeanbHple  TMApaBIMYECKHE  CHUCTEMBl  BKJIIOYAIOT  HACOCHI,
KOMIIPECCOphl M JPyTue €AUHUIIBI O00OPYJOBaHMS; B HHUX HapsIAy C
KUJIKOCThIO MOTYT IIEpEeMENIaThCsl MOTOKM Ta3a, ra3o- U Mapo->KUIKOCTHOM
cMecu. TeM He MeHee, M3y4YEHHUE OOIIMUX IMPUHIIMIIOB HMCCJEIOBAaHUS Ha
KOMIIbIOTEpAX MPOCTBHIX TUAPABIWYECKUX CHUCTEM IIO3BOJISECT MOJIYUYUTh
MpPEJICTaBJICHUE O  CTpATerdd  KOMIIBIOTEPHOTO  MOJICIMPOBAHUS
TEXHOJIOTUYECKHUX TIpolieccoB. IIpu 3ToM ynaeTca u30exarh HU3IUIIHETO
yriIyOjaeHusT B crmeruduKy TpeaMETHOM 00JIacTH W OTOOpaKCHUS B
MOJIEJIM TIOJPOOHOI0 MEXaHHW3Ma IPOTEKAIUX MpoleccoB. OCHOBHOM
aKIEHT JeJaeTcsl Ha peaju3alMd MaTeMaTUYeCKOM MoJend Ha
KOMIIbIOTEpPE (IMOCTPOCHUM MOJECIM) M PACUCTHOM HCCIECAOBAaHUU
KOMIBIOTEPHON MOJIenH (ITPOLECC MOICIIMPOBAHNA).

B o6mem cimydae mis TFOOBIX TEXHOJOTHYECKHUX CHCTEM MOXKHO
BBIJICJIUTE  TPHM  MOCJAEJ0BATEJNbHBLIX  JTalma  KOMIBITEPHOIO
MO/IeJIMPOBAHUSA:

® TIOCTPOCHHME MOJICNIM Ipollecca;

e oOecrecueHUe e¢ aJcKBaTHOCTH,

e peanM3alvsl MpoIecca MOJICIUPOBaHMS, T.€. IPOBEICHUE
PACUYETHBIX UCCIIETOBAHUM.



IlepBbIid 3TAnm BKJIOYAET IIOJATAIlbl, CBSI3aHHBIE C MOCTPOCHUEM
ypaBHEHUN (KOTOpBIE OMNUCHIBAIOT IOBEAEHUE PEATBHOrO IpoLecca),
BHIOOPOM aJTOPUTMOB HX PEUICHUs, pealu3aiueil BbBIYUCIUTEIbHBIX
porpaMM Ha KOMIBIOT€paX, HUX TECTUPOBAHUEM, HCIIPABICHUEM

CHUHTAKCUYECKUX U CEMAHTUYECKUX OIIHMOOK U T.1.

Ha BropoM »Jrtame i 0OCClEUEHUS KAuyeCTBEHHOTO U
KOJIMYCCTBCHHOTI'O COOTBCTCTBUA IMOBCACHUA MOOCIIN u 00BEKTa
(amexkBATHOCTH MOJEJH) TMapaMeTpbl MOJCIH KOPPEKTUPYIOT Ha
OCHOBAHUU IKCIMEPUMEHTAIbHBIX JaHHBIX. [Ipy 3TOM KOppEeKTUPYIOTCS
Kak  Kod(duiueHTsl  (mapaMeTpbl) yYpaBHEHUUW  MaTEMaTHYECKOTO
OMHUCaHMs, T.H. mapaMerpuuyeckasi wjaeHTH(UKANUA, TaK U CaM BHU]
ypaBHEHUM, YUUTHIBAIONIMNA MEXaHU3Mbl MPOTEKAIOIIUX MPOIECCOB, T.H.
CTPYKTYpHasi uaeHTU(ukauusi. PemieHue 3amad uASHTU(PUKAUM —
MapaMeTpUYECKOM U CTPYKTYpHOH, OOECIEeUUBaAIOIIUX aJIeKBATHOCTh
MOJIeJIel, BO3MOXHO C MPUMEHEHUEM CTAaTUCTUUYECKUX METOJIOM U
arrmapara perpecCMOHHOr0 aHanusa [2].

Ha TPeTbeM JTamne UCCIIEAYETCA napaMeTrpu4eckas
YYBCTBHUTEJIbHOCTHL MOJEJE W  ONPEACHSIOTCS  PeXKUMHbIE U
KOHCTPYKLIMOHHBbIE MNapaMeTpbl, HauOoJee CHUJIbHO BIHMSIONIME Ha
XapakTep  MNPOTEKAIOIIUX  MPOIECCOB,  KOTOpbIE  MOTYT  OBITh
YIPABJISIOIIMMH (onNTUMU3MPYOIMMH) MIEPEMEHHBIMU pu
ONTUMHU3AIMHU NPouecca. Takxke TPOBOAITCA PacYeTHbIE UCCICA0OBAHUS
MOJIEJIH, AJICKBATHOM pPEAIbHOMY MPOIECCY, CTABATCSA PA3JIUYHOrO poOJia
BbIYUC/UTEIbHbIC JKCICPUMEHTHI Ha KOMIIBIOTEPE, IMO3BOJISIONINE
Oosiee TIyOOKO MOHSATH 3aKOHOMEPHOCTH MPOTEKAHUS HCCIENYEMOro
nporuecca. Pe3ynpraramMu HCCIENOBAHUK SABJISIIOTCS  CTATHYECKHE W
AUHAMHUYECKHE XapaKTePUCTHUKHU IIPOLECCOB, YaCTO MPEICTABIIEMBIC B
BUJIe TpauKOB, aHAIM3 KOTOPBIX MO3BOJIAET MPUHUMATH PEIICHHS 10
YCOBEPIICHCTBOBAHUIO U MOACPHU3AIMH pa0OThI peajbHBIX MPOU3BOCTB.

[Ipn mocTpoeHun MOJENIEN MPOUECCOB B CTALMOHAPHOM COCTOSIHUU
(craTuyecKkux MoJejiell), IEPEMEHHBIE YPABHEHUM MX MATEMaTHYECKOTO
ONMCAHUs HE 3aBUCIAT OT BPEMEHH, a U1 AUHAMMYECKHUX MoJeJei,
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ONMCBHIBAIOIIMX HECTAMOHAPHBIE PEXKUMBI IIPOLIECCOB, IEPEMEHHBIE
YpaBHEHUM MATEMaTUYECKOrO0 OMUCAHUS SBISAIOTCA (PYHKIMAMHU BPEMEHU,
U JIMHAMUAYECKUH MPOIIECC OMUCHIBAETCS cucTeMamMu AuddepeHInanbHbIX

YPaBHEHUM.

2 MTOCTPOEHUE CTATUYECKHNX MOJIEJEW MPOCTHIX
I'MAPABJINYECKUX CUCTEM

CxeMa npocToi ruIpaBINYECKON CUCTEMBI MPEICTaBIIeHa HA puc. 1.

Jnd  moCcTpoeHMsl CTAaTUYEeCKOM  MOJEJIM  IIPE/ICTaBICHHOU
TUAPABINYECKON CHUCTEMBI HEO0O0XO0UMO BBITIOJTHUTD TPHU
NocJIeI0BATEIbHBIX ITaMNAa:

® U3YYUTh WJIU O3HAKOMUTHLCS C TEOPUEH MPOTEKAIOIIUX MPOIECCOB;

® [IOCTPOMTh MW  MPOAHAIM3UPOBATH  CUCTEMbl  ypaBHECHHUH
Maremarudeckoro onucanus (MO) nporecca;

e BbHIOpaTh U peanu3oBaTh Mojaenupyommi airopurma (MA)
pelieHus cucremsl ypaBaeHuii MO.

2.1 H3y4yeHue Teopuu npomecca

OcyIecTBISIETCS € LENBK0 MOCTPOCHUSI CHUCTEMBI ypaBHeHH MO
TUAPaBINYECKON CUCTEMBI, H300paXEHHOW Ha pUC. 1, U BKIIIOYAET:

e OaJIaHCOBBIC YPaBHECHUS;

® YpaBHEHUs ISl OINPEACICHUS CKOPOCTEU IBWIKEHUS KUIKOCTEU
yepe3 KilanaHsbl,

® VPaBHCHUs, ONPEACIAONIME JaBJICHUSA KUJKOCTA HA JHE
3aKPBITOM €EMKOCTH U JIABJICHUE ra3a HaJl HIOBEPXHOCTHIO KUJIKOCTH.

st cuctemsbl, U300pakeHHONW Ha puc.l, OyayT copaBemsivBhHI JIBa
ypaBHEHHUSI MaccoBOro OanaHca (TpeThe BO3MOXKHOE OanaHCOBOE
ypaBHEHUE — ypaBHEHHE 00Iero OajiaHca MOJy4yaeTcsl CIOKEHUEM JIBYX
MPUBOJIUMBIX, T.€. OyAET JIMHEHHO-3aBUCUMBIM):

Vi—-Vi—Vs=0 (1)
Vo+Vs—Vyi=0 (2)
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@opmyiia I ONpPEEICHUs] CKOPOCTH NPOTEKAHUS KUJIKOCTH YEPE3
KJIallaH B COOTBETCTBUM C ypaBHEHMEM bepHyiu [4] mins cymmapHOu
VICJIBHOW JHEPTUU DJIEMEHTAPHOU CTPYH HIACAUIBHOM KUIAKOCTH IPU
YCTQHOBUBILIEMCSI JBI)KEHHM M C YYE€TOM JIOMYIIEHUHM O TMPOCTOU

FHI[paBJIH‘ICCKOI)'I CUCTEME NMECT BU/I .

V=k\/(Pex_Pebtx) 3)

rae k — xko3hPuUIUeHT TPONMyCKHOM CIOCOOHOCTH KiamaHa, Pex , Peux —
JaBJICHUS KUJIKOCTH Ha BXOJIC M Ha BBIXOJIC M3 KJIAlaHa.
bonee cTporas 3anuck 3To#t OpMyJIBI UMEET BUI:

V=k'sgn(Psx_P8b1x)\/(Pex _Pebtx) (4)

rjae sgn(x) — GyHKIUS 3HaKa U MOKET MPUHUMATh TOJIBKO TPU 3HAYEHUS: —
1,0, +1 B COOTBETCTBHHU CO CXEMOU:
—1, ecnu x <0;
sgn(x) = 0, eciu x = 0; (%)
+1, eciim x > 0.

B pesynpraTe, B cooTBeTcTBUM C (popmynion (4) 3HAK CKOPOCTH
MMOTOKA UJKOCTH CTAHOBUTCS OTPULATENIBHBIM, €CJIM HANpaBICHUE €€
IBUKEHUS OyJIET TPOTUBOTIOJIONKHBIM, H300paXKEHHOMY Ha puc. 1.

Tak xak ruapaBiaudeckas cuctema (puc.l) comepKuT 5 KJarmaHoB, TO
NpUBEACHHBIX (GOopMyIT B cucTeme ypaBHeHUH MO NOJKHO OBITH 5.

[lo ananmorum, NOMHKHO OBITH JIBE TPYIIbl ypaBHeHu (puc. 1),
ONPENCIAOMNX JABJICHUE KUJKOCTH BHU3Y 3aKPBITOM EMKOCTH U
JABJICHUE Ta3a HaJl MOBEPXHOCTHIO KUJAKOCTU. [Ipum 3TOM mpuHMUMArOTCS
0ONnyuieHus:

e 00 HJIeaJIbHOM TTOBEJICHUU T'a3a B EMKOCTH;

® O MMWIMHAPUYECKON (opMe 3aKphITOH EMKOCTH C IUIONIAJbI0
TIOIIEPEYHOIO CEUEHHUS S ¥ TEOMETPUIECKOM BEIcOTON HE;

e 00 OJMHAKOBOM JaBjeHuM raza P B eMKOCTSX, HE 3aIIOJHEHHBIX
KUJIKOCTBIO.

B coorBercTtBUH CO cleactBueM H3 3akoHa JlambTOHAa HaBieHUE
KUJKOCTU Preuox. BHU3Y €MKOCTHU Olpeaensercs 1o gopmyse [4]:
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P, =P, +pgH (6)

HCUOK 2a3

rae: P.; — naBieHue raza HaJ HOBEPXHOCTBHIO )KUAKOCTHU; Q — IUIOTHOCTH
KUAKOCTU; H — ypOBEHB )KUJIKOCTH B EMKOCTH.

g onpenenenus aaBieHUst ra3a P..; WCIONB3YEeTCS COOTHOUICHUE
U1 UAcalIbHOTO rasa:

P V. =P VYN =const (7)

2asz’ 2a3s 5

rae: VY — 00beM eMKOCTH, He 3alOJIHEHHBIA kuakocteio (VV=S-HO);
Vzas — 00bEM Ta3a B 3aKpHITON eMKOCTH (Vaus=S(H—H))
B pesynbrare OyAeT CripaBeInBo:

HG
H®-H

®opMyiIbl I ONpENeNICHUS AAaBICHUS XKUIKOCTUH Pucuox. (6) U

P, S(H°-H)=P"SH® wumu P, =P"

2as3s

(8)

naBlIeHUS Ta3za P (8) UCIONB3YIOTCS IS OMMCAHHUS IOBEICHHUS IBYX
3aKPBITHIX EMKOCTEMN B THAPABINYECKOM cucteMe (puc.l).

2.2. IlocTpoeHue cucTeMbl YPABHEHUI MATEMATHY€CKOT0 ONMMUCAHUS
(MO)

CucteMa He3aBUCUMBIX YypaBHeHU (9), mpuBoAMMAas HUXKE U
OMUCHIBAIOIIAS MMOBEJEHUE MPOCTON TUAPaBINYECKON cuctemsbl (puc.l) B
CTAllMOHAPHOM COCTOSIHUM, COCTOUT U3 CIEIYIONINX YPABHECHUI:

a) OMpeJENICHUs] CKOPOCTU MOTOKOB HUJKOCTH 4Yepe3 KJIAMaHbl IO
ypaBHeHUIO (3) — mNpU NOPOrpaMMHPOBAHUU HCHOJIB3YETCSI CTPOroe
ypaBHeHuE (4):

L. V1=k1\/m
2. Vy=k(P,-P)
3. V;=k;\|(P;—P;)
4 Vy=k;/(P,—P,)
5. Vs=ks\|(Ps—P,) )

0) pacuera Oamancos (1) u (2):



6. Vi-V3—Vs=0
7. V2+Vs—Vi=10
B) ONpejeseHus JaBlICHUNU XKUJIKOCTU (6) U ra3za (8) B 3aKpBITHIX

EMKOCTSIX:
8. Ps =P, +pgH,
HE
9. P,=p" 2
Hy -H,
10. P6=P8+ng2
HE
1. K=pP" -
Hy - H,

Tak kak cucrema KOHEYHbIX YypaBHenuil (9) Brmouaer 11
HE3aBUCUMBIX YPaBHEHUH (B JaJIbHENIIEM HCIIOJIb3YETCS
nocJjeoBaTelibHas HyMmepalus ypaBHeHuil ot 1 1o 11), oHa MOXKeT ObITh
pellieHa, B MPUHIHUINE, OTHOCUTEIBHO JObIX 11 mepeMeHHBbIX, KOTOpbIC
HA3aBAalOT  onpedensaemviMu  nepemeHHvimu. Bce  ocTajbHbIE
nepeMeHHbie cucrembl (9), COOTBETCTBYIONIME UUCAY CHEneHell
C80000bl, NOJKHBI 3a1aBATHCH.

Kpome »3TOoro momxHbl OBITH cHEHUPUPOBAHBI KOIPDUIIUECHTHI

IPOMYCKHOM CIIOCOOHOCTU KIIaaHOB — BEKTOp K | MOCTOSHHBIE B cHCTEME

G G
ypaBHEHUH (9) — r€OMETPUUECKHUE BBICOTHI EMKOCTEH H, , H, , @ TaK¥XKe

JlaBIICHIHE B HE3QIIOJIHEHHOH JKHUIKOCTbIO eMkoctH P ¥ ILIOTHOCTH
KUIKOCTHU p.

Ucxonss w3 (U3MYECKUX COOOpaXEHUW, NPU TUIPABINYECKOM
pacuere CHUCTEM TpyOONPOBOJIOB, MPEICTABISAIONIEM CO0ON pelieHue
cuctemsl 11 ypaBuenutii (9), onpenienseMbIMU IEPEMEHHBIMU SIBJISTIOTCSL:

JaBnenus Ha Bxoae B cucremy P; m Pz, a TakKe NaBICHUSA Ha
BBIXO0JI€ U3 cUCTEMbl P3 U Py 3a1at0TCSI U UX KOJMYECTBO COOTBETCTBYET
yucJay cTenmeHed cB0o0OABI cHcTeMbl ypaBHeHuit (9), KkoTopoe
ONpPEeACISIETCS KaK Pa3HOCTh YHCJIA MePEeMEHHbIX — YHCJIA He3aBUCHMbIX
ypaBHeHMil u paBHO: 15 — 11 = 4. DTu yerblpe NEPEMEHHBIE MOTYT
3a71aBaThbCsl HE3aBUCMMO B COOTBETCTBUU C (PUBMYECKUM CMBICIOM
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periaeMon 3ajadyd. ITO 03HAYaeT, YTO €CIW IMPEANOoJiaraeTcs JIBH)KCHUE
KHUJIKOCTH B COOTBETCTBHH CO CTpEJIKaMH, M300paKE€HHBIMU Ha puC. 1,
TABJICHUS HA BX0j€ B cucTeMy P; u P2 NOMKHBI OBITh OOJIBINE JaBIICHHUI
Ha BeIXOoae Pz u Py.

Cucrema 11 xoHeuHbIX ypaBHeHUU (9), pemraemas OTHOCUTEIBHO
cineayromux 11 onpenensieMbIx TepEeMEHHBIX

Vi V> V3 V4 Vs Ps Ps P; Ps Hi H>

SBJISIETCSI CHCTEMOM HEJIMHEWHBIX YPaBHEHUM [S].

1 ee pemieHuss HamOosee Ieaeco00pa3HO MCIIOJIb30BaTh METO
MaTeMaTHYeCKOM JAeKOMIO3MIUM, KOTOPHIA IO3BOJISET CYIIECTBEHHO
CHU3UTh PA3MEPHOCTh PEIIaeMOi 3aJayd M ONpPEJSiaTh BCE HCKOMBIC
NEepEeMEHHbIE MYyTEeM pEUIeHUs CHUCTeMbl (WJIM CHCTEM) YpaBHECHUU
3HAYWTEJIb-HO MEHbIlEed Pa3MepHOCTH, Ye€M pPa3MEPHOCTbh HMCXOIHOMU
CHUCTEMBI [6].

2.3. Bei0op moaeamnpyomero ajgropurma (MA)

Pa3sMepHOCTh HMCXOJIHOUW cucTeMmbl ypaBHeHuiu (9) paBna 11. [ns
BbIOOpa aJroOpuTMa MATEMATHYECKON JEeKOMIO3MIUM, KOTOPBIA
MOo3BOJIUT  onpenenutb 11 uckoMbix nepeMenHbix (10) myrem
MOCJIEOBATEIIbHOTO  PEIICHUS OJXHOI0 HEJIMHEHHOr0 YpaBHEHHS
pa3MepHOCTbIO 1 U OJAHOT0 KBAJPATHOIO YPaBHEHHsI, HEOOXOIUMO
MOCTPOUTHh M TPOAHAIU3UPOBATH MHPOPMAIMOHHYI0 MATPHUILy CHUCTEMBbI
ypaBaenui MO (9).

Nupopmannonnas  marpuma  cucrembl  ypaBHeHun MO
npeAcTaBisier coOoW KBaApaTHyrO Marpuily (Tabi.l), CTpOKHM KOTOpOu
COOTBETCTBYIOT HOMEpaM YpaBHEHHM, a CTOJOIBI — OO0O03HAYCHUIO
onpenensieMblx nepeMeHHbIX. MHbopmanmonHas MaTtpuna GopMHUPYIOTCS
CJIEIYIOIIMM 00pa30M: Ha MEPECEUCHUH i-0il CTPOKHU, COOTBETCTBYIONIEH i-
OMYy YypaBHEHHIO, C j-bIM CTOJIOIIOM CTaBUTCA 3HAK IUTIOC, €CJIH i-0€
YpaBHEHUE BKJIOUYAET j-YIO ONpPEACIsIEMYI0 MEPEMEHHYI0. JTa Mpoueaypa
MOBTOPSICTCSL JUII BCEX HE3aBUCHUMBIX YpaBHEHUUW W OMNpEICIIeMbIX

IICPEMEHHBIX CUCTEMBI.
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NudopmannonHas MaTpuIa CHUCTEMBI ypaBHEHHI 9),
ONKMCBHIBAIONIEH CTAIMOHAPHBIN PEXUM THJIPABINYECKON CUCTEMBI (puc.l),
npejcTaBieHa B Tao. 1.

B Ta6nuity 1, cooTBeTCTBYIONICH HHGOPMAIIMOHHOW MaTpHIIE, BKITIO-
YeH TMPaBbI JOMOJTHUTEIBHBIA CTOJIOCH, KOTOPBHIM HMMEET 0003HAUYCHHE
Homepa (Ne). B atom cronbiie OyaeT oTpa)kaThCsi MOCIEA0BATEIBHOCTH
BBIYUCJICHUM COTJIACHO BHIOMPAEMOMY aJITOPUTMY PACUETOB.

Jlns BeIOOpa ONTHMAIBLHOIO aAJITOPUTMA PACUETOB MPHU PEIICHUU
CHUCTEMBI ypaBHEHUM 9) HEO0OXO0ANUMO poaHaIU3UPOBAThH
nH(popMalMOHHY0 MaTpully (Tadm.l).

Tabnuya 1 — Hugopmayuonnas mampuya cucmemol ypagHeHUll

nn (| Vi | V2| V3| Ve| Vs | Ps|Ps| P | Ps | Hi| H2 Ne

1 3

2 7

3 4

4 8

5 6

6 5

7 9

8 2

9 1
10 10, 11
11 10, 11

Kaxnoe ypaBHeHue cuctembl (9) COAEPKUT  HECKOJIBKO
omnpeNeNsieMbIX  MEPEMEHHBIX: KaKk MHUHUMYM JABe. HauanbHble
NPUOIMKEHUS 1711 UTEPAIMOHHBIX PAcyeTOB MPHU PEIICHUH HEJIUHEHUHBIX
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yYpaBHEHHH CIIEyeT 3a/1aBaTh B T€X YPABHECHUSX, T/l HAUMEHBIIIEE YHCIIO
OTIpeIeISIEMBIX TTEPEMEHHBIX (B JTAHHOM CITydae JIB€) M OHO MOXKET OBITh
XOpOII0 000CHOBAHO U3 (U3UUYECKUX cooOpakenuid. Hampumep, 3HaueHue

G
npubakenuss H; Moxetr ObITh 3a7aHO B uHTepBaie [0, H, ], Tak kKak

BbIcoTa emkocTu 1 IG 3a/laHa B YCJIOBUHM 3aJIaUHU.

Jlnst  o0o3HaueHUs  3aJaHusl  HAYaJIbHOTO  NPUOJIMKEHUS
UTEPALIMOHHOTO TPOIECCAa BBIYUCICHUS B WHQPOPMAIMOHHOW MATpPUIIE
CTaBUTCA 3HAK IUIKOC, COOTBETCTBYIOILIMN 3aJaBacMOW IIEPEMEHHOU B
KOHKPETHOM YPaBHEHUU U OOBOJIUTCS KBAAPATOM (cM. Tabm.1, cTpoky 9).

[lepBbIM IIaroM BBIYUCIUTEIBHOW MPOLEAYpPbl OyAET OmpeieicHue
nepeMeHHoi P; B ypaBHeHuu (9) (cMm. uncio 1 B mpaBom cTosiOiie taon. 1).
Jl1s1 0003HaUCHUST IEPEMEHHOM, KOTOpas onpeaeiseTcs B ypaBHeHUH (9),
COOTBETCTBYIOIIMI el IUIIoC B cTpoke (9), 00BoauTCs poMOOM. 3a1aHHOE

3HAYEHUE TPUOITMKEHUS H, y yaiinennas nepeMeHHasi P; cripaBeiuBbI
JUIE BCEM CHUCTEMbl YPAaBHEHHUM M II03TOMY OTH BEJIMYMHBI JIOJKHBI
HCMOJIb30BAThCS U APYTUMU YPAaBHEHHUSIMHU CHUCTEMBI (CM. ypaBHEHHE (8) B
Tabn. 1). Jlust 0603HaueHHsT pacIpOCTPAHEHUSI 3HAYCHUM MEPEMEHHBIX Ha
BCE YpPAaBHEHHUSI CHUCTEMBbI, COOTBETCTBYIOIUE WM IUIIOCHI B CTOJONAX,
00BOASTCA OKPY:KHOCTAMH. B ypaBHeHHM (8) OKpYKHOCTSIMU OOBEIECHBI
IUTIOCHI, cooTBeTcTBYIONe H; m P; dYTO TO3BONSET PEIIUTh OTO
ypaBHEHUE OTHOCUTENIbHO Ps Ha 1mare 2 BBIYUCIUTEIBHON MHPOIEAypbl
(tabn. 1). JlanpHelimume mocjaeaoBaTeIbHbIE IIarM PacuyeToB Jar0T
BO3MO>KHOCTb OIIPEJICIIUTh TOJBKO MPUOIMXKEeHHBbIE 3HaueHus Vi, Vi, Vs,
Ps, V2, V4, 4TO CBA3aHO C BBIOOPOM B CaMOM Haydajle peajru3yeMoiu

MPONEYPhl BRIUUCICHUS MPUOTMKEHUS BEJTMUUHBI H,

Takum oOpaszoM, orpejiesieHne KOPPEeKTHOTro 3HaueHus Hi npuBenet
COOTBETCTBEHHO K IOJIYYECHUIO KOPPEKTHBIX 3HaueHuut u Pz, Ps, Vi, V3, Vi,
Ps, V2, V4, 1.€. 9 u3 11 HCKOMBIX IEPEMEHHBIX.

s xoppexkuuu H; JOJKHO UCIHONB30BaThesi ypaBHeHue (7), B
KOTOPOM BCE€ IIE€PEMEHHBIE M3BECTHBI U3 MPEABIAYIIMX PacyeTOB
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(COOTBETCTBYIONIIUE UM IUIIOCHI 0OBEJIEHBI OKPYXHOCTSIMH) — Tab. 1, mar
9. Korna cucrema ypaBHeHnuii MO pemeHna, To ypaBHeHue (7) Buaa:

VotHi) + VsiH1} — Vi H1} = 0
JOJKHO MPEBpPATUTHCS B paBeHCTBO. [lepemennas Hy B ¢purypHsix ckobax
B 3TOM cClly4ae O3HA4aeT, YTO KaXJ0€ CclaraeéMoe 5TOr0 YpaBHEHUS
3aBUCUT OT nepeMmeHHor H; u OHO JOJIKHO OBITh PEIIEHO OTHOCHUTEIIBHO
H; nist nofydeHust e KOPPEKTHOTO 3HAYCHU .

Peanuzanuio  anroputMa pemieHuss  ypaBHeHUs (7))  MOXKHO
paccMaTrpuBaTh Kak IpoUeAypy Koppekuuu nepemeHHo H; wu
COOTBETCTBEHHO OIpEIe/ICHNe 3HAaUeHUM nepeMeHHbix Pz, Ps, Vi, V3, Vs,
Ps, V> u V4. Jlng o6o3HaueHust Toro akra, yto ypaBHeHue (7) sBIsETCS
koppektupytomum it Hi, B ctpoke (7) uHPOpMAIMOHHON MAaTpHUIIbI
(Tabin.1) B MO3MIIMU, COOTBETCTBYIOIIEH mepeMeHHoW Hj, CTOUT mycToMu
pomO.

Hanbomnee s3phekTUBHBIM aaTrOpUTMOM ISl KOPPEKIIUU MTePEMEHHON
H; v pemienus ypaBHeHus (7) ABIsS€TCA METOJI ITOJIOBUHHOTO JieJieHU [5],

C HWKHEW rpaHuIled uHTepBajia moucka — 0 m BepxHed rpanuuen — (

H{ -1,0x107
1 ’ ), T.K. TOJIbKO B 3TOM Clly4ae 3HaMeHaTellb ypaBHeHUs (9)

cuctemsbl ypaBHeHU MO (9) He cTaHeT paBHBIM HYJIIO NP MOJICTAHOBKE B
. H®
HETO BEPXHEH rpaHuIlsl 1 .

[Ipu pemenun ypaBHeHus (7) B UTEpAIMOHHOM IMKJIE Ha mare 6
(tabn. 1) Heobxomumo ompenenutb Ps u3z dopmynsl (5). Tak kak Ha
OpeAbIAYINUX — JdTamax  pacyeTtoB  Fs  MOXKET  IOIY4YUThCA — Kak
MOJIOKUTEIBHBIM, TaK U OTPUIATEIbHBIM, BBIPAKEHHUE JJIA ONpPEACICHUS
Ps NOMKHO YyYUTBIBaTH 3TO OOCTOSATEIBCTBO — MCIOJIB3YyeTCS (DYHKLIMS

3HaKa Sgn(Xx) i peuieHus: ypaBHeHus (5):
2

V.
P, = P, —sgn(Vs) k—5 (11)
5

Jns onpeneneHus BYyX OCTaBIIUXCs TiepemMeHHbX Ps u H> B
ypaBHeHue (10) mnoncraBisgercs Ps u3 ypaBHeHus (11) cucremsl
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ypaBHeHur MO (9). B pesynbprare moiy4daercss KBAaJpaTHOE YpPaBHEHUE
oTHOocUTeNbHO H2 (Ps N3BECTHO U3 MPEIBIAYIIUX pacuyeToB — Taou. 1):

G

H
P,=P" "2+ pgH 12
¢ HS —m, B (12)
Hns  onpenenenuss 3HadyeHus H> wucnonb3yercs — gopmya

BBIYUCJICHUSI KOPHEW KBAJPaTHOTO YpaBHEHUsSI U BBIOUpPAETCS TOT U3

G
KOpHEMN, KOTOPBIN pacrojiaraeTcs B MHTEpBaJie [0, H, ].

Ha puc. 2 wu3oOpaxkeHa OJIOK-cXxemMa ajropuTMa pacyera
CTAI[MOHAPHOTO PEXHMMa THIPABIMYCCKON CHCTEMBI, M300paKCHHOW Ha
puc.l. Hcnons3yercs 1Ba aJlrOpUTMHYECKMX OJIOKa — CTaHAAPTHBIX
anropuTMa:

® METOJ MOJIOBUHHOTO JAeieHu [5]: anroputmuueckuii 06110k (7) st
onpenenenus Hy;

® BBIUMCIICHUE KOPHEH KBaJAPAaTHOTO YPAaBHEHUS: aJlTOPUTMHUCCKUE
osoku (10), (11) nns onpenenenus Hz u Ps.

Tonosmorus TUIPABINYECKOU CHUCTEMBI oToOpaxkaeTcs
BBIYHCJIUTEIbHBIMUA OJIOKAMHU CBEpPXY OT ajaropurmMuueckoro Oisioka (7).
PesynbraToM pacdeTa 1mo BIYUCIUTEILHBIM Osiokam (9), (8), (1), (3), (6),
(5), (2), (4) sBNAETCS 3HAUECHUE BEIUYMHBI (DYHKIIUU:

f=V2+Vs—Vy, (13)
KOTOpasi HWCHOJIb3YETCA CTaHJAPTHBIM MOJIYJE€M METOJIa TMOJIOBUHHOTO
JEJCHUS B aJIrOpuTMHYECKOM Ojoke (7) s ompeaefeHus YpOBHS
KUJKOCTHU [ B IEPBOM €MKOCTH.
Wcxoauble gaHHbBIC 17151 pacueTa MPUBEICHBI B Ta0I. 2.

Tabnuna 2 — Vicxoaabie faHHbIE A1 pacyeTa

Bricota emkoctn, M: | HY _ 10 I1nomans ocCHOBaHUA Si1=1
eMKOCTH, M S>=1
G
Hy =10
[110THOCTB, KI/M> 1000 | HaganpHoe naBienue, Mlla 0,1
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HaBnenue (1-4), MIla

1,5

0,2

1,25

Koadduiuent
criocooHoctu (1-5)

IIPOITY CKHOM

0,01

0,01

0,01

0,01

0,01
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Hcxonausie pannsie: Pi, P2, Ps, P4,
ki-ks, & p, HE HS ,P".
v

(a +86)/2
¢ H,
9
P l
8
— y P
3 1
Vi l l Vs
6
v i g
5
Ps v n
2 4
V> l V4l v
f
v
] 7
v

10 11

1, V>, V3 Vi, Vs,
H:, H>, Ps, Ps, P7, Ps

PucyHOK 2 — Bnok-cxema ajleopumma pacdena cmayuOHapHo20 pescuma

2UOPABNIUYECKOU cUCmeMbl, U300padicenHol Ha puc. |
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PE3VYJIBTAT P>=1

h
8,58603
8,5756

p(S-8)

0,7915
0,78622
0,70723
0,70205

vm

8,41726
4,62361
7,69089
5,34997
0,72636

PE3YJIBTAT P»=1,5

h
8,80785
8,81998

p(S-8)
0,92527
0,93401
0,83882
0,84745

vm

7,58111
7,52321
8,51627
6,58797
-0,9352

PE3YJIBTAT P2=2,5

h
8,92831
8,97779

p(S-8)
1,02074
1,06639
0,93311
0,97827

vm
6,92285
9,66234
9,05947
7,5259
-2,1366

PE3YJIBTAT P»=2,5

h
9,00756
9,09379

PE3YJIBTAT P>=3

h
9,06536
9,18364

p(S-8)
1,09603
1,19275
1,00762

1,1035

P(-8)

1,1589
1,31508
1,06993
1,22495

vm
6,35585
11,4335
9,46589
8,32319
-3,11

vm
5,84036
12,9804
9,79235

9,0282
-3,952

HimeHeHne YPDBHEFI HNQKOCTH B
EMKOCTAX B 3ABHUCHMOCTI OT EXOOHOIO

AaEBNeHnA
9,2 —
- h2 e
9 +— ——hi ———
N .
- B8 /
8,6 ¥
E.4 T T T T T
0,5 1 1.5 P, 2 2.5 3 3.5
HimeHeHnAa ,ﬂ,'ﬂBﬂﬁHl‘lﬁ BHYTPH CHCTEMBI B
FJABHCHMOCTH 0T BXOOHOTG DaBNeHHA
14
pS -
124+—— —m e
- - = .p? . - -
- .-
= -8 T
0A .
-
D,E T T T T T
05 i 15 p, 2 25 3 35
2

13

M3meHeHNA pacxo4oB B 3aBMCHMOCTH OT
EXOoOHOro QaeneHnA

10

_:’_{i’.,-f — - =yl

_— . =T e ———
. — . v
- - = = =ymd
—_— —ymd

h- T T T T
' - — - =ymS

5 1 15 " =@, 25 3 3|5

Pucynok 3 — Cmamucmuueckue xapaxmepucmuxu 2u0pasiuieckou

cucmembvl. USMEHEHUA PENHCUMHBIX napamempoes 6 3ad6UCUMOCNnIU Om

00H020 U3 0aeleHUll HA 8xo0e — P>

18




PE3VJBTAT npu Ps=0.25 "’Tﬁ&fgﬁ"ﬂﬂ;‘r’: :;":‘;‘E““’
h p(5-8) vm 9.3
8,86407 0,96734 7,29835 P
8,89066 0,9887 10,0563 SR I /
0,88034  8,7598 91 4+ — 193 —
0,90144 8,59476 ] /_ -
-1,4614 ~ -
PE3YJIBTAT npu Ps=0.5 84 i
h p(5-8) vm g8 T T
8,92831 1,02074 6,92285 0 05 Ps 1,5
8,97779 1,06639 9,66234
0,93311 9,05947 WM3veHeHIIA gaBIeHITT BHYTPH
0,97827 17,5259 CHCTeMEI B 3aBHCHMOCTH 0T Py
-2,1366 14 ~
PE3YJIBTAT npu Ps=0.75 13 H s ——
h p(5-8) vm 12 +H— - -nb e
8,9863 1,07468 6,52163 11 = - L..J"”:
9,0618 1,15482 9,19337 LR 2
0,98648 9,35245 05 il
1,06588 6,36254
-2,8308 08 ' '
0 05 P, 15
PE3VJIBTAT npu Ps=1.0
h p(5-8) vm
9,03947 1,12982 6,08425 HimeHeHIA PACX0T0E E 3AaBHCHNMIOCTH 0T
9,14289 1,25645 8,62296 BEIXD/THOTO AABEHHA
1,0411 9,64271 === SR
1,16671 5,06405 13 1 |__.
-3,5585 : e 3
4 ~. _ ..
PE3YJIbTAT npu Ps=1.25 5 |
wh
h p(5-8) vm 0 . . |
9,08939 1,18737 5,59129 2 e E
9,2222  1,3762 7,89811 4 o
1,09816 9,93667 B |
1,28568 3,55244 Py
-4,3454

Pucynok 4 — Cmamucmuueckue xapaxmepucmuxu 2uopasiuieckoil
cucmembl. USMEHEHUSL PEHCUMHBIX NAPAMEMPO8 8 3a8UCUMOCIIU OM
00H020 U3 0asleHull Ha 8bixooe — Py
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Pe3ynbTaThl HEKOTOPBIX BapUAHTOB pACUETa, KOTOPBIE MO3BOJISIIOT
OLIEHUTh NAapPaMETPHUUYECKYI) UYBCTBUTEIBHOCTh KOMIIBIOTEPHOU MOIEIU
CTaTUYECKON T'MAPaBINYECKON CUCTEMBI (pHUC.]l) K U3BMEHEHHUSIM OJHOTO U3
BXOJHBIX gaBneHui (P2) m omHOro w3 BBIXOAHBIX naBieHuii (P4),
npeacraBieHsl Ha puc.3 u puc.4. Ilpu 3ToM oTpuUIIATENbHBIE 3HAYEHHUS
KOMIIOHEHTa BEKTOpa pacxoja MoTtoka V5 (B paccMaTpUBAEMBIX CIydasx
IPUBOAATCS 3HAYEHUS MaCCOBBIX pacxozoB VM5=V5-[1)
CBUJICTEIILCTBYIOT O TOM, YTO MOTOK V5 TeueT He Tak, Kak u300pakeHo Ha
puc. 1, a — HaoOopoT.

OCHOBHOM LEJNBIO PACYETHBIX HCCIEJAOBAHUM KOMIIBIOTEPHOU
MOJIETTH THUIAPABINYECKON CHUCTEMBI B CTAllMOHAPHOM COCTOSIHUU MYTEM
aHalIu3a €€ CTAaTHMYECKUX XAPAKTEPUCTHUK SIBISETCA OmpeiaeseHue Oosee
3O PEKTUBHBIX YCIOBUU pPabOThl pEATbHOTO OOBEKTa U BBISBICHUE

AOIIOJIHUTCIIbHBIX PECYPCOB JIA PCHICHUA 3a1a9Y OIITUMU3AIINHN.

Bonpocsl 11 KOHTPOJIA

1. TlpuBeauTe 3Tanbl MOCTPOCHUS CTATUYECKOW MOJENH.

2. IloueMy mpu TOCTPOEHHUHM QITOPUTMOB PEIICHUA  3aj]a4
PEKOMEHAYETCS UCIOJIb30BaTh METOJ] MATEMATUUECKON IEKOMITO3UIIAN?

3. Kak u c kakoil 1menpto cTpouTcs HHGOpPMALMOHHAs MaTpulla
CHUCTEMBI YPABHEHUN MAaTEMATUYECKOTO ONTUCAHUS?

4. Kakue MeTojpl pelieHUus ypaBHEHHUN ¢ OJHOM HEM3BECTHOW Bam
M3BECTHBI U YEM OHU OTJIMYAIOTCS JPYT OT Apyra?

5. KakoBbI yCIOBHSI OKOHYAHUSI UTEPALMOHHOTO MPOLEcCa PEIICHUS
OJIHOTO YpaBHEHUA?

6. Kakne OCHOBHBIE JOMYIICHUS TPUHUMAIOTCS IIPU KOMIIBIOTEPHOM
MOJICJIMPOBAHUU MTPOCTON THAPABIAYECKON CUCTEMBI?

7. Kak onucheIBaeTCsA NBUKEHUE MOTOKA )KUIAKOCTH Yepe3 KilanaH?

8. Kak ommceiBaeTcsa mnOporecc 3amnoJIHEHHUS 3aKPbITOM EMKOCTH
KUJIKOCTBIO?
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BapuanTsl 3a1anui

[MTPUJIOXXEHUE A

Bapuanm 1 Bapuanm 2
P1——4 >t Ps3 P1——< ><t— P2
% — P4 % — Ps
P2 —p— ><t— Ps >t P4
Bapuanm 3 Bapuanm 4
P1——< D>< D> P3 P1—— _ D>I—- P3
P2—>-l><J |—><1—>P4 = %
P2—»—< D>t P4
Bapuanm 5 Bapuanm 6
P1——< DI P4 P1——p<t > Py
FE e -
P2 —— > Ps P> —p— > Ps
:’:’3—>—l><1J P3_>_|><1J
Bapuanm 7 Bapuanm 8
P1—>—|><1—| — |—l><1—> Ps = >t p;
P2——< % D<t—p P4 P1—— % > Py
> s P2 ——< >t Ps
Bapuanm 9 Bapuanm 10
P1—>—D<l—| —
P2——< D>t Py

E

|—M—>P5
D<o Ps

P1—>—l><1—| —
Po—p—< % pt—oP3

— |—l><1—>P4
Dt P5

P3—»—<
Bapuanm 11 Bapuanm 12
— — — —D><— P3
P1—»—< Ps P1—»—< D><t— Py
P2—>—l><1J % = > P
P2——< > Ps
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Bapuaum 13 Bapuanm 14
Pr——<t— = — —
P2—p—p< D<t— Ps Pr——< P4
X = P2—>—l><J
P3—p— >t Ps Ps—p—pt—
Ps+—p—pa—
Bapuanm 15 Bapuaum 16
P1 —>—l><1—| — P1—>—l><1—| =
P2 ——< _ Dt Py P——4 > Ps3
Ps; —»—q % _ D>t Ps % >t P4
Bapuaum 17 Bapuaum 18
- = P1—>—l><1—| =
Pl pa L1 _oq pp, P2——< Dt P3
P, | | P, % = |—l><1—> P4
>t Ps
Bapuanm 19 Bapuanm 20
_ — |—l><1—> Ps
P1——< — D<— P4 P1——< D<—3 Ps
P2—»—< — % D<— Ps P2——< % ~ D<— Ps
P3—>—|><1J F’B‘—b—l><1J
Bapuanum 21 Bapuaum 22
P1 —>—l><1—| — |—l><1—> P4 — —
P2—»— >t Ps Pr——4 > D Ps
% = P2—>—l><!J D>t Py
P3 —»—< > Ps
Bapuanm 23 Bapuanm 24
P1——< _ D><t _ > 2 P1——< _ D> _ >t 3
|—l><1—> Ps Po—p—pt— > Py
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[MTPMJIOXXEHUE b

IIporpamma Ha sa3bike [lackaab 1J1 CTAaTUKHU

program stat;
const
np=8; nk=5; nv=11;
var
vim,v,ak:array[1..nk] of real; p:array[1..np] of real;
hg,h:array[1..2] of real;
a,b,c,e,ro,pn,g,x:real;
i,kl:integer;
bu:boolean;
FUNCTION SGN(ab:real):integer;
begin
if ab>0 then sgn:=1;
if ab<(0 then sgn:=-1;
if ab=0 then sgn:=0;
end;
FUNCTION FUNC (x:real):real;
label 300,400;
var vm:array[l1..5] of real;fx:real;
begin
h[1]:=x;
p[7]:=pn * hg[1] / (hg[1] - h[1]);
pI5]:=pl[7] + ro * g * h[1] *0.000001;
v[1]:=ak[1] * SGN(p[1] - p[3]) * SQRt(ABS(p[1] - p[S]);
v[3]:=ak[3] * SGN(p[3] - p[3]) * SQRt(ABS(p[S] - p[3]));
v[5]:=v[1] - v[3];
p[6]:=p[5] - SGN(V[S]) * sqr(v[5] / ak[5]);
v[2]:=ak[2] * SGN(p[2] - p[6]) * SQRt(ABS(p[2] - p[6]));
v[4]:=ak[4] * SGN(p[6] - p[4]) * SQRt(ABS(p[6] - p[4]));
fx:=(v[2] + v[5] - v[4]) * ro;
FOR i:=1 TO S do
vm[i]:=v][i] * ro;
IF kl = 0 THEN goto 400;
IF kl =1 THEN goto 300;

writeln;

writeln( h[1]:nv:5, p[5]:nv:5, vim[1]:nv:5);
writeln(' ', pl6]:nv:5, vim[2]:nv:5);
writeln(' ', pl7]:nv:5, vin[3]:nv:5);
writeln(' ', vim[4]:nv:5);
writeln(' ', vin[5]:nv:5);

300: writeln('x =", x, ' fx =", fX);
400: FUNC :=fx;
end;
PROCEDURE MPD(a,b,eps:real; var bu:boolean; var xcon:real);
var fa,fb,x,fx:real;
label met;
begin
fa:=func(a); fb:=func(b);
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if fa*fb>0 then
begin
writeln('!!! PEHIEHUS HET '); bu:=false; goto met
end;
repeat
x:=(a+b)/2; fx:=func(x);
if fx*fa<(0 then b:=x else a:=x;
until abs(a-b)<eps;
xcon:=abs(a+b)/2; bu:=true;
met:
end;
begin
writein(OTHOCHUTEJIBHAS ITIOT'PEITHOCTD ( % ) =");read(e);
writein('BBICOTA EMKOCTHU (1,2) /M/ = ");read( hg[1], hg[2]);
writeln('IINIOTHOCTD /kr/m3/ = ");read(ro);
writein("HAY. JTABJIEHUE /MIla/ = ");read(pn);
writeln(' JABJIEHUE (1-4) /MIla/ =");
FORi:=1TO 4 do read(pli]);
writeln("KO2®. ITIPOITYCKHOM CIIOCOBHOCTH (1-5) ="');
FOR i :=1TO 5 do read(ak[i]);
writeln('BBIBO/I IPOMEKYTOU. : HET - 0 HACT -1 MOJIH - 2 ");read(kl);
IF kl =2 THEN writeln(' h p(5-7) vm');
g:=9.815; e:=¢/100; a:= 0; b:= hg[1] * (1 - e);
MPD(a, b, e,bu, x);
if bu then
begin
a:=ro*g¥*0.000001; b :=p[6] +ro * g * hg[2] *0.000001;
c¢:= (p[6] - pn) * hg[2];
h[2]:=(b-SQRt(b *b-4*a*c¢))/2/a;
pI8]:= pn * hg[2] / (hg[2] - h[2]);
FORi:=1TO 5 do vm][i]:= v[i] * ro; writeln;writeIn("PE3YJIbTAT");
writeln; writeln("' h p(5-8) vm'); writeln;
writeln(h[1]:nv:5, p[5]:nv:5, vim[1]:nv:5);
writeln(h[2]:nv:5, p[6]:nv:S, vm[2]:nv:5);
writeln(' ', pl7]:nv:S, vin[3]:nv:5);
writeln(' ', pI8l:nv:5, vin[4]:nv:5);
writeln(' ', vin[5]:nv:5);
end
else
begin
kl:=2;
writeln('a=',a:12:5);
writeln(" h p(5-7) vim');
x:=func(a);
writeln('fa="',x);
writeln('b=",b:12:5);
writeln(" h p(5-7) vm');
x:=func(b);
writeln('fb="',x);
end;
END.
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