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BBEJAEHUE

B Hacrosiee BpeMsi Teopusi ONTUMHU3AIMU BHOCUT 3aMETHBIN BKJIAJ
B YCKOPEHHE HAay4YHO-TEXHUYECKOTO Mporpecca. Y CHEIIHOMY MNPUMEHEHHIO
METOJIOB ONTHUMM3AIMU CIIOCOOCTBYET COBPEMEHHAs BbIYMCIWTEIbHAS TEX-
HuKa. TpyIHO Ha3BaTh TaKylo OOJACTh MHXKEHEPHOU NEATENbHOCTH, Tlie Obl
HE BO3HHUKAJHU 33J1a4yd ONTHMHU3AIMOHHOTO XapaKTepa: OompeeicHue Hanbo-
nee 3 PexTUBHOTO pekrMa PabOThI PA3IMYHBIX TEXHUYECKUX CUCTEM, Opra-
HU3aLKs MIPOU3BOJICTBA, JAIOIIET0 HAaWOOJBIIYI0 BO3MOXHYIO MPUOBLIL TpU
3a/IaHHBIX OIPAHUYEHHBIX pecypcax, u Jp.

Onmumuzayus — 3mo blOOp HAUTYUUIE20 PEeUleHUsl U3 8CeX 803MONC-
Hbix. BIOOp HaMIyUIIero BapuaHTa TEXHUYECKOU CUCTEMbI OCYIIECTBIISIETCS
MyTeM Bapuallid HE3aBUCUMBIX IMapaMETPOB CUCTEMbl HA OCHOBAHHH HEKO-
TOPOTO Kpumepus 3¢hghekmusrnocmu.

HeszaBucuMmbie mapameTpbl CUCTEMBI, BIHUsIONIUE Ha 3()PEKTUBHOCTH
pabOTBI CHUCTEMBI, HA3BIBAIOTCSA onmumusupyemvimu (WA YNpasisieMblMu)
napaMeTpamu.

B nporiiecce ontumuzanuu TpedyeTcss HAMTH onmumaibHble 3HaYEHUS
ONTUMHU3UPYEMBIX MTAPAMETPOB.

OnTuManpHble TIApaMETPhl COOTBETCTBYIOT HauOoisiee 3(PGheKTUBHOM
paboTe CUCTEMBI.

Yuciio onTUMH3UPYEMbIX MMapaMEeTPOB XaPAKTEPU3YET pPA3MEPHOCHb
3a/1a4M ONTUMU3AIINH.

BriOop onTtumanbHBIX MapaMeTpOB OCYIIECTBISETCS C MOMOIIBIO He-
KOTOpOM (DYHKIIMH, CBA3BIBAIOLIEH ATH MapameTpbl U MO3BOJISIOIEH CYIUTh
00 3¢ pexTuBHOCTH pabOThl cucTeMbl. DYHKINIO, CBSI3BIBAIOITYIO ONITUMHU3H-
pyeMble mapamMeTphl U SBJISIIONIYIOCS KPUTEPUEM ONTUMAIBHOCTU (KayecTBa)
CUCTEMBI, HA3BIBAIOT yenegol gyukyuei. lleneBas QyHKIUS TOCTUTAET MU-
HUMyMa (MakCUMyMa) MPU ONTHUMAIbHBIX 3HAUYEHUSX ONTUMHU3UPYEMBIX Ia-
pametrpoB. Takum oOpa3om, HHKEHEpHAs ONTUMU3AIMOHHAS 3a/1a4a Gopmy-
JTUpPYETCs CICAYIOMUM 00pa3oM: 011 mMeXHUUecKOl CUCHIEeMbl nymem 6a-
puayuu He3a8UCUMbBIX NAPAMEMPOE HAUMU UX ONMUMAIbHbIE 3HAUEHUA,
6vl0pas 6 Kauecmee Kpumepusa Ihpgexmugnocmu Hekomopyio Qyukyuio,
Komopas oocmuzaem mMunumyma (Maxcumyma) 6 ORMUMAIAbHOU MOUKE
U Hazvleaemcs yenesoil hynkyueil.

OrpanuyeHusi, HaKJIaJIbIBAEMbIE€ Ha ONTUMHU3UPYEMbBIEC [TAPAMETPHI, OII-
PEACISIOT OONYyCMUMY0 00J1ACMb PEIICHUH.

Cxema pelieHus MpakKTHYECKON ONTHUMHU3AIMOHHOM 3a7a4u BKJIFOYAET

CJIEIYIOIME ATAIbI:
1) co3nanne MaTeMaTHYECKON MoJie 00beKTa (cneyuanucm),
2) BBIOOp MeTO/Ia PEICHUs (MamemMamux);
3) cocraBnenue nporpaMMmbl Ha OBM, npoBeneHne BeuUcIeHui (npo-
2pammucm).

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I = I OFNABREHHE <= I JARPBITD KI


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

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— 1 —

B upeanbHOM Ciyyae IOJMYYEHHBIE PE3YJbTaThl JOJDKHBI yJIOBIIETBO-
paTh cneranucta. OqHaKo, Kak 3TO 4acTo ObIBACT, UaeadbHas U Ha MEPBbIi
B3IJIs Oe3ympeyHass CXeMa B pealbHBbIX YCJIOBHUSAX HeE AeicTByer. Jleno
B TOM, YTO BCE 3Talbl B3aMOCBA3aHbl. CHENUAINCT, CO3JAOIINI MOJEIb,
JOJKEH CMOTPETH BIEPE — NMPEIBUAETh BO3MOKHBIE 3aTPYAHEHHUS IIPHU IIPO-
rpaMMHON peann3anuu. Co CBOEH CTOPOHBI, MATEMATHUK WJIM IPOrPAMMUCT
4acTO BBIHYXKJICH YIIPOIIATh MOJEJb, U3MEHAS €€. [ 3TOro HyXHbI KOH-
CyJIbTallUU CIIEIUANTUCTA. TOJBKO IMOCIE MHOTOUYHCIECHHBIX KOPPEKTHUPOBOK
ynaercst 10outhesi oT 9BM yi0BIETBOPUTENBHBIX PE3YyIbTaTOB.

B Takoii cuTyauum BoO3pacTaloT TpeOOBaHUA K MaTEeMaTUYECKON
Y KOMIIBIOTEPHOW MOJATOTOBKE CIIEHHAINCTOB. B HOBBIX YCIIOBUSIX WHIKEHED
JOJDKEH YMETh I'PAMOTHO IIEPEBOAUTH HA MAaTEMaTUYECKHH SI3bIK TEXHHUYE-
CKME 3aJlayy, aHAJIM3UPOBATh 3aBUCUMOCTh MX PELICHUN OT yCIIOBUH, PEXKU-
MOB, TaPAMETPOB PEATBHBIX MPOLECCOB U BbIOMPATh HAWITYUYIINE BapUAHTHI,
T. €. 001a/1aTh HABBIKAMU MAaTEMATUYECKOTO MOJICIMPOBAHUS U ONITUMHU3ALUN
TexHu4Yeckux cucteM. [loaToMy Kypcy METOAOB ONTHUMH3ALMU U MpPaAKTHUE-
CKOMY MPUMEHEHUIO UX ISl TEXHUKO-DKOHOMHYECKUX PACUYETOB OTBOIUTCS
3HAYUTEIbHAS POJb B MPOPECCUOHAIBHON MOJATOTOBKE CTYAEHTOB TOMCKOTO
MOJIUTEXHUYECKOTO YHUBEpcuTeTa. [10CKONbKY B OOJIBIIMHCTBE CIly4aeB aHa-
JUTUYECKOE PEHICHUE 3aa4 ONTUMU3ALMY 3aTPYAHUTENBHO WIM HEBO3MOXK-
HO, NHXEHEP-UCCIIEA0BATENb JOJDKEH BIIAJIETh YHCIECHHBIMU METOJAMH, pac-
CUMTAaHHBIMU Ha MpuMeHeHrne DBM.

Ponp OBM B pellieHUH ONTHMHM3AIMOHHBIX 33Jlad TPYAHO Iepeolie-
HUTb. VI3BECTHO, YTO INEPBBIM YUCICHHBIM METOJ ONTHUMHU3ALUN — JIUHEUHOE
mporpaMMupoBaHue — ObuT onmyOauKkoBaH B 1939 r. B Oporitope COBETCKOTO
yuenoro JI. B. KantopoBuua «MeTonbl opranu3any ¥ IJIaHUPOBAHUS MPO-
M3BOACTBa». B HeW M3naraJvch METOABI, CIUIIKOM CIIOKHBIE JJI PYYHOTO
cyeTa, Mo3TOMY paboTa OblIa MpaKkTUYeCKH 3a0bITa. M TOJBKO C MOSIBJICHUEM
OBM nuHeHOE NpOorpaMMUpPOBAHUE BO3POIMIOCH. 3a MPUMEHEHUE JIMHEM-
HOTO mporpammupoBanus B skoHomuke JI. B. Kantoposuuy B 1975 r. Oblna
npucyxaeHa Hobenesckas mpemusi.

Mexay noTpeOHOCThIO PEelIUTh 3a7ady ONTUMHU3ALMKU U €€ MPUBEIe-
HHUEM K OJHO3HAYHOM, MOAXOJAIICH s perieHus Ha 9BM dopme cymiecT-
BYET 3HAUMTEIbHAs JAMCTAHIUSA. DTOT 3Tal HA3bIBACTCS HOCMAHOBKOU 3A0a-
yy. OT MOCTaHOBKH 33Jja4H 3HAYUTEIBHO 3aBUCUT Ka4€CTBO U JOCTOBEPHOCTh
[IOJIy4aeMbIX PE3YyJbTAaTOB, A TAKXKE CKOPOCTh MX mnosydeHus. [locranoBka
KKIOW 3aJaud ONTHUMH3AIMM BKJIIOYAET JBa 00BEKTa: MHOXECTBO IOITyC-
TUMBIX PEHICHUN U LENEBYI0 (QYHKIUIO, KOTOPYIO CIeAyeT MUHUMHU3UPOBATh
WJIM MaKCMMH3UPOBATh HA YKA3aHHOM MHOKECTBE.

Mamemamuueckas gopmynruposka ONTAMUZAUOHHON 3aJa4d B 00-
IEM BUJIE
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F(X) — min (max),
XeDb
rae N —pa3MepHOCTH 3a7a4H;
F(X) — nenesast pyHkuus;
X (Xq,X2,...,Xy) — N-MEpPHBI BEKTOP HE3aBUCHMBIX ONTHMHU3UPYEMBIX
IapaMeTPOB;
D — nonycrumas o0nacth pemieHuid. MHOXKECTBO JOMYCTHUMBIX pellie-
HAW 33a€TCS CUCTEMOM OIPAaHMYEHMM Ha ONTHUMHU3HPYEMBIE ITapaMeETphl
B BUJIC PABEHCTB U HEPABEHCTB.
B nanbHeiimnem Oynem paccMaTpuBaTh JIMING 337a4d U METOMbI MUHU-
Muzayuu, T. K. TI00YI0 3a/1ady TOMCKa MaKCUMyMa (QYHKIIUU
F(X) — max,
XeDb
MOKHO CBECTH K 33/1au€ MUHUMHU3AIMU 3aMEHOM 11eJIeBOM (DYHKIIMHM Ha MpPO-
THBOMOJIOKHYIO BEJINUYUHY
—F(X) — min,
X eD.

Knaccupukanusi MeTo10B ONTHMHUA3ANNH

B 3aBucuMocTH OT 4HciIa ONTUMHU3UPYEMbIX MapaMeTPOB 3a/1a4d U Me-
TOIbI ONITUMHU3ALIMHI JICTIATCS Ha 00Homephbie (N = 1) u mHocomepHbie (N > 2).

B 3aBucumocTu oT xapaktepa (QyHKIUU U 00JacCTH OMpeeeHus pe-
aTh MHOTOMEpPHBIE 3aJlaud MUHUMU3AIUU MOXHO aHaiumuiecky (TOUHO)
00 OJTHUM U3 YUCIeHHbIX METOAOB (C 3aJJaHHOM MOTPEIIHOCTHIO).

[lpu omcymemeuu oepanuyenuti Ha ONTUMHU3UPYEMbIE TTAPAMETPHI 3a-
a4y ONTUMM3ALUA U METOJIbI UX PEIICHUSI Ha3bIBAIOTCS Oe3ycnio8Hbimu (T. €.
0e3 ycnoBuii, 6e3 orpaHUYCHH ).

IIpu nanuuuu ocpanuyenul 3a1a41 1 METObI HA3BIBAIOTCS YCI08HbIMU
(uHa4e — ¢ ycnoBUAMHM). JJIsi YUCICHHOTO PEIICHUS 3a/1a4 C 02PaAHUYEHUAMU
HCITOJIB3YIOTCSI METO/BI MAMEMAMUYECKO20 NPOSPAMMUPOBAHUSL.

Jliist periennst 6€3yCIOBHBIX 3a/1ad MUHUMHU3AIUA aHATUTUYECKUM Me-
TOJIOM HCTIOJIB3YETCS KIIACCHUECKHH amnmapar, 3aKJII0YarOIINiCs B MPUPaBHHU-
BaHWH HYJIIO YaCTHBIX MPOU3BOJIHBIX IEJICBON (DYHKITUHU IO BCEM ONTUMH3HU-
PYEMBIM MMapaMeTpaM U PelIeHUH MOJTYYEHHON CUCTEMbI ypaBHEHUM. AHaH-
TUYECKOE PEIICHUE YCIOBHBIX 3a/1ad MUHHUMM3ALMKU C OTPAaHUYCHUSIMU JaeT
METOJ HEONpEACICHHBIX MHOXUTENeH Jlarpanxka. AHAIUTUYECKHUE METO]IbI
MMEIOT OTPaHWYEHHOE MPUMEHEHHE B MHXKCHEPHBIX 3a7ayax, T. K. TPEOYIOT
muddepeHurpyemMocTy uccaeayeMon (GyHKIUUA U HAKIJIAIbIBAlOT 0COOBIE yC-
7oBUsl HA orpaHudeHusi. OCHOBHBIMU METOAAMU SIBJISIIOTCS YUCTIeHHble, YC-
MEITHOMY HCIIOJIb30BAaHUIO KOTOPBIX CIIOCOOCTBYIOT DBM.

OCHOBHbBIE TIOHATHS U ONPEICICHUS XOPOIIO U3JI0KeHBI B [1-4].
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1. MATEMATHYECKOE MOAEJIUPOBAHHUE
OBBEKTOB OIITUMM3ALINU

Onmumu3zayusi — 3TO BBIOOP HAWIYYIIETO PEIICHUS U3 BCEX BO3MOXK-
HBIX. /{711 TOro 4TOOBI MCIIOJI30BATh METOJbI ONTHMHU3AINN Ha TPAKTHKE,
HAJIO TIPEXKIIe BCEro chopMyIHpOBaTh pacCMaTpPUBAaEMyIO 3a1a4y Ha MaTeMa-
THYCCKOM SI3BIKE, T. €. MIOCTPOUTh MAaTEMAaTHYECKYI0 MOJEIb 00bEKTa OITH-
MU3AIIHH.

Mamemamuueckoe mooenuposanue — 3TO 3aMEIICHUE OpUTUHANIA Ma-
TEMaTUYEeCKOW MOJEeNbl0. MaTeMaTnueckoe MOJACTUPOBAHNE HAWITYUIIHM
o0pa3oM MOJXOAMT JUIsl IIeNield ONTHMH3AINH, T. K. IMO3BOJISICT CPAaBHUBATH
MEXIy cOO0M OOJIBIIIOE YMCIIO BAPUAHTOB.

DTansl TOCTPOSHUSI MaTEMaTHIECKONW MOJICIIN MPUBEACHBI Ha puc. 1.1.
OOmuit mMoaX0 K MOJISITMPOBAHHIO TETNIOOHEPTETUICCKIX YCTAHOBOK H3JI0-
EH B [5].

— 1. MNocTaHoBKa 3agayn onTMMU3aUmm

1.1. dopMynMpoBaHm1e 3a4aqu. 1.2. Onpepenexue uenu
BbiGop napameTpos n kpuTepreB. KayecTBeHHoe

onucaHune 3agaydn

_’ 2. CocTaBrieHne maTeMaTU4eCcKoro onncaHus

2.3.

2.1. 3 2.2. OkcnepumeHTanbHo-
KCiepUMEHTamNbHbI
AHanuTuyeckue cnepuMeHTa e aHanuTMYeckne

MeTofbl
MeTofpl A mMeToAbI

v

3. CocTaBneHue anroputma
N peanusauusi ero B Bue nporpamMmbi

3.2. CoctaBneHue

3.1. BbiGop uncneHHoro metoga
P A anroputMa nporpammbi

4.
3.3. MNMporpammupoBaHue 3.4. Otnapka nporpamme!

v

4. YcTaHOBMNEHWe afeKkBaTHOCTU Mogeny obbekTy

v

5. Vicnonb3oBaHue moaenu
B ONTUMM3ALMOHHbIX 3aJa4ax

Puc. 1.1
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1.1. OcHOBBI TEOPUH NOTPELIHOCTEN

OO61mue MeToauYECKHe YKa3aHUs U3JI0KEHBI B [6].
O603HaunM: A — TOYHOE YHUCIIO; & — MPUOIMKEHHOE YHCIIO.

AOCOJIIOTHASI MOTPEIIHOCTh
A=la-A.

OTHocHuTeIbHANA MNOrpemHoOCThb

I[CCSITI/I‘IHaﬂ 3aIllUCh YHUCJIAa

a=oq-10M+0,-10M 4+ 4o, -10™ 4
rae o —uudpsl yncna (i=12,...,n); a, #0;
M — cTapiuil JECATUYHBIN pas3psii.

3navamme uudpol

3HavamuMu 1dpamMu OpUOIMHKEHHOTO YHUCIa @ Ha3bIBAIOTCS BCE
udphI B €ro JeCATUYHOM H300paKEHUU, OTIUYHBIC OT HYJISA, U HYJIU, €CIU
OHM COJZIepKaTcs MEXKIYy 3HAaYalluMHu U(paMu WA pacliooXKEHbl B KOHIIE
YKCJIa U YKa3bIBAIOT HA COXPAHEHHUE pa3psijia TOYHOCTH.

IMpumep 1.1. B unce 0,001405 3Havammmu SBISTIOTCS Y€THIPE MUADPHI:

1,4,0,5.

BepHble 3HaKHM B Y3KOM CMbICJI€e

Om—l Om—n+1

[pubmmwkennoe wucno a=o,-10" +a, -1 +..+a,-1 +...

COZIEPKUT N 6EepHbIX 3HAKOB 8 V3KOM CMblcle, €clii a0COJIIOTHASI MOrpelll-
HOCTB 3TOTO YHCJIA HE MMPEBOCXOIUT NOI0BUHbL €OUHUYbL AECITUIHOTO pa3psi-
1a, BeIpaxkaemoro N-i 3Hauaiei 1udpoi, cuuras ciieBa Hampaso, T. €. eClu
BBITIOJTHSETCSI HEPABEHCTBO

A<0,5-10m "+
IMpumep 1.2. [Ipubmmwxennoe yncio a = 7,21508 umeet abCOMOTHYIO
norpemtHocth A =0,00007 .
A =0,00007<0,5 -10_3; paspsiz 1073 YKa3bIBa€T MO3ULIHIO MOCIIEIHEN

CIpaBa BEPHOH 3HavaImiel mudpsl, T. €. YUCI0 8 UMEET YeThIPe BEPHBIX 3Ha-
Ka B Y3KOM cMmbIcie: 7, 2, 1, 5.
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BepHble 3HaKH B IIMPOKOM CMBbICJIe

Om—n+1

[IpubnmKeHHOE YHMCIO A=y 10™ + oy 0™+ o,-1 +...

COJICPIKUT N 8EPHBIX 3HAKOB 68 WUPOKOM CMbIC/e, eCH a0CONIIOTHAS ITOIpell-
HOCTb JTOr0 YHCjIa HE MPEBOCXOAMUT eOuHuysbl ASCITUYHOrO paspsja, BbIpa-
»aemoro N-i 3HavarieH nudpoit, cunras cjaeBa HaIpaBo, T. €.
A<1.10M" L
IMpumep 1.3. a=7,21508; A =0,00007.

A =0,00007 31-10_4; paspsin 1074 YKa3bIBaCT TO3UIUIO IMOCIICIHEH

CIpaBa BEpHOI 3HavaIei mudpsl, T. €. 9YACI0 & WMEET IATh BEPHBIX 3HAKOB
B IIUPOKOM cMmbIche: 7, 2,1, 5, 0.

IIpenenbHasi a0COMIOTHAS MOTPEIIHOCTD

[IpenenvHast abCoOMIOTHASL MOTPEIIHOCTh MOXKET OBITh BBIYUCIICHA IO
dbopmyie
A< co-lOm_n+1,
rae M — BEpXHUU pa3psin;
N — KOJMYECTBO BEPHBIX 3HAYAIIUX ITUDD;
® = 0,5, ectu BepHbIe 3HaUaIME MUGPH YKa3aHBI B Y3KOM CMBICIIE;
o =1, ecnu BepHbIe 3HaUaIUE UGPHI YKa3aHbI B IIUPOKOM CMBICTIE.

HpeJIeJ'lI)Haﬂ OTHOCHUTC/IbHAA IMOIPEeIIHOCTD

[IpenenbHasl OTHOCHTENbHASI MOTPEITHOCTh MOJKET OBITh BBIUMCIICHA
o opmyiie
®

oy 10"

da* =

rne o4 — nepsas 3Hadamas uudpa uucna a;

N — KOJIMYECTBO BEPHBIX 3HAYANINX UDD;

® = 0,5, ecnu BepHbIe 3Havane MUGPsl yKa3aHbl B Y3KOM CMBICIIE;

® =1, ecu BepHBIC 3HAYANTHE ITU(PHI YKa3aHBI B IIUPOKOM CMBICTIE.

IMpumep 1.4. Onpenennth, Kakoe paBeHCTBO TouHee: & =13/19 ~ 0,684
wm a, =~/52 ~7,21.

Haxomum mnpenenbHble aOCOMIOTHBIE MOTPEIIHOCTH 4YMCET 8 U ap.
g aToro 6epem unciaa & U d, C OOJNBIIMM YUCIOM AECSITHUUYHBIX 3HAKOB:
13/19~0,68421; J52 ~ 7,2111. Onpenensem npeaeiabHble a0COTIOTHBIC T10-
TPEITHOCTH, OKPYTJIISA UX C H30BITKOM:

Aa* =[0,68421 - 0,684 < 0,00022;
Aa," =|7,2111-7,21/ < 0,0012.
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HaXOI[I/IM MMpCACIbHBIC OTHOCUTCIIBHBIC ITIOI'PCIIHOCTHU:!
5a =A a*/a, =0,00022/ 0,684 ~0,00033=0,033 %;
8a," = Aa," / &, =0,0012/ 7,21~ 0,00017 = 0,017 %.

BTopoe paBeHCTBO SBIAETCS GOJIee TOUHBIM, TTOCKOJBKY 03, < 83 .
Ipumep 1.5. Onpenenuts npeneiabHble aOCONIOTHYIO U OTHOCHTEIb-
HYIO TIOTPEIIHOCTH NMPpUOIMKeHHOro ynciaa a = 96,387, eciau OHO COACPKHUT
TOJILKO BEpHBIC IIHU(PPBI B Y3KOM CMBICIIE.
Tak xak mis uncna a=96,387 mocnenHsst BepHas 3Hadaras nudpa 7

CTOMT B pa3psaie THICIYHBIX JOJEH (10_3), TO AaSO,5-10_3, T. €.

Aa <0,0005, wm Aa* =0,0005. Torga 9mcio & MOXKHO 3alUcaTh Kak
96,387 +0,0005.

[IpenenbHast OTHOCUTENIbHAS IIOTPEIIHOCTh

sa* = #5_1 = 0,000005 =5-107°.
2,9-10

I[Mpumep 1.6. Onpenenuts npeeabHbIe A0COMIOTHYIO U OTHOCUTEIb-
HYIO MOTPEIIHOCTH HpHOImKeHHOro unciaa b= 6,32, ecad OHO COHEPIKHT
TOJIBKO BEPHBIC ITU(PHI B IMUPOKOM CMBICIIC.

[Mocneqnsis mudpa npudImwKeHHOro yncia b =6,32 crout B paspsie
COTBIX JOJIEH (10_2). Tak Kak 3TO YUCIIO COJAEPKUT BEpHbIE HU(DPHI B IIUPO-

KOM CMBICJIE, TO, CIemoBareiibHo, ADb 31-10_2, T.e. Ab<0,01, wm

Aa* =0,01. Torga umcio b moxwo 3ammcars kax 6,32 +0,01.
[IpenenbpHast OTHOCUTENIbHAS TIOTPEITHOCTh

sb* = — 1 o= 131:0,0016667.
o -10" 6.10%"

HorpemnocTu anredpanyecKux AeMCTBUM

® CyMMBI A(a+b)=Aa+Ab;
e pasHOCTH A(@a—-b)=Aa+Ab;
® IIPOU3BEACHHS d(a-b)=0a+0b;
® YACTHOIO d(a/b)=06a+4db;
e M-I CTEIIEHN da"=m-da;

. 1
e KOpHA M-ii cTemenn & 'Va=—-da.
m
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IIpasuia noacyera uudgp

[lpu croscenuu n eviuumanuy TPUOIMKEHHBIX YHCEI B PE3y/IbTaTe
CIIEZIyeT COXPAHHUTh CTOJIbKO JECATHYHBIX 3HAKOB, CKOJIBKO HX B IPUOIIH-
YKEHHOM, JJAHHOM C HaMMEHBIINM YHCIIOM JECATHYHBIX 3HAKOB.

Ipumep 1.7. a=0,12; b =0,37401; a+b =0,49401~ 0,49.

[pu ymHoCeHUU U OeneHuu B PE3YIBTATE CIEAYET COXPAHUTE CTOJIBKO
3HaYamux nudp, CKOJBKO HMX B IPUOIMKEHHOM, JTAHHOM C HAUMEHBIIAM
YHCIOM 3HAYAIIMX HHUDP.

Ipumep 1.8. a=0,2; b=0,41; a-b=0,82~0,8.

[pu 6036edenuu PUOIMIKEHHOTO YHCIA 8 K8aOpam uiu Ky6 B pe3yib-
TaTe CICAYEeT COXPAHUThH CTOJIBKO 3HAYAIIUX IH(P, CKOIBKO MX B OCHOBAHHHU
CTEIICHH.

IMpumep 1.9. a=95; a% = 90,25 ~ 90.
[lpu uzeneuenuu xeadpamunozo unu Kyouuecko2o Kopuet M3 MPUOIU-

JKCHHOI'O YHuCJjia B pE3YyJIbTAaTC CIACAYCT COXPAaHUTh CTOJIBKO 3HAYaIIHUX I_[I/I(l)p,
CKOJIBKO UX B ITIOAKOPCHHOM YHUCIJIC.

Mpumep 1.10. a=12,1; \/a =3,478505426...~ 3,48.
IIpu eviuucnenuu npomedxncymounvix pe3yabmamos CIeAyeT COXPaHUTh

Ha oJIHY 1Py O0JbIIe, YeM TpeOYIOT npaBuia. B okoOHUYAaTETEHOM pe3yiib-
TaTe Ta «3anacHas» nudpa oropaceBaeTCs.

1.2. Onpenesienne napaMmeTrpoB BOAbI
4 BOJASTHOT 0 nmapa ¢ nomoumbo [I9BM

MaremaTu4eckoe MOJICIUPOBAHHUE TEIJIOIHEPIreTUUECKUX YCTAaHOBOK
(TDY) sBisieTcss COCTaBHOM YacCThIO OOJIBIITMHCTBA TEXHUKO-DPKOHOMHUYECKUX
3amad. Ocoboe Mecto B mpoiiecce mMojenupoBanus TOY 3aHumaeT pacuer
TEPMOJAMHAMHYECKUX MapaMeTPOB BOJBI U Mapa B 3JIEMEHTaX TEIUIOBOM CXe-
MbI ¢ iomotbio [I9BM. Haubomnbliyto TpyITHOCTh MPEJCTABIISAET ONpesese-
HUE MapaMeTpoB IMapa B MPOILECCE PACIIMPEHUS €ro B TypOHUHE, T. K. BBIOOP
pacyeTHbIX (POPMYJI 3aBUCUT OT COCTOSIHUA Iapa, KOTOPOe N0 Mepe ero pac-
IIUPEHUS B TYPOUHE MOXET U3MEHATHCS U TIOATOMY TPEOYeT KOHTPOJIS.

Omnpenenenre TEPMOAMHAMUYECKUX U TEIJIOPU3UYECKHUX MMAPaMETPOB
BOJIbI U BOJASHOTO Tapa B KOMIBIOTEPHBIX pacueTax MOXHO BECTH C MOMO-
b0 yukyuti, paspadbotaHHeix U odopmieHHbIX Ha si3bike [TACKAJIb
B Buae mporpammuoro wmoxyins TABLL.TPU corpynnukamu kadeaps
ATOC: nouentamu A. B. BopoObeBbim u JI. A. bensieBbIM U acUpaHTOM
A. C. MartBeeBbIM.
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Hoaxkawuenune moxyas TABLL.TPU

[Iporpammusbiit Mmoayns TABL1.TPU xpanutrcas B nmamstu [19BM
B 00BEKTHBIX KOJaXx B OmOnmoreke Moayiei TPU u moakirodyaeTcss aBToma-
Tudecku, Hapsny ¢ apyrumu moxyisimu (PRINTER, GRAF wu T. 11.), mocne
obOpaieHust Kk Hemy mnpeaioxkenueM USES... cpa3y mocne 3arojioBka Ipo-
IpaMMBbl, HAITPUMED:

Program TURBINA;

Uses TABLI1;

Var..;

1.2.1. OnpenesieHue mapaMeTpoB NMeperpeToro napa
B Mpolecce pacuIupeHust

N3BecTHO, YTO BECh MPOLECC PACIIMPEHUs Mapa B TYpOMHE JIEKUT
B o0acTu neperperoro napa (cm. puc. 1.2).
3aaHbl:
Py, tp — maBieHuE U TemIepaTypa napa Ha BXOJE B OTCEK;

P, — naBieHue napa 3a OTCEKOM;
KPD — BayTpennuii orHocutensHblid KII/L oTceka.
Haiitu ty, y — Temmeparypy ¥ SHTaJIBIINIO TIApa 32 OTCEKOM.

YuuteiBas TOT (akT, 4TO AJIsi TEOPETUYECKOTO MPOLEecca PaCIIuPEHUs
napa B TypOMHE BBINOJHSETCS S =CONSt, aJirOpUTM pacuera MOXKET ObITh

CICOYIOIIHM.
AJNTOpUTM pacuera napaMeTpoB OO6parienue B mporpaMme
MIEPErpeToro napa K ¢ynkrusm u3 TABLI

SO=f(PO’tO); S0:=S_PT (PO, tO);
_ hl:=H PS(P1, SO0);

by = T(R, So); -

hy = ho (g —y) - KPD; t1:=T PH(P1, hl);

t=f(R.h)

1.2.2. OnpepesieHne napaMmeTpoB MOKPOro napa
B IIpolecce pacuiupeHnst

N3BecTHO, YTO BECh MPOIECC PACIIMPEHUS Tapa B TYPOWHE JICKUT
B 001aCTH MOKpOTO Mmapa (cM. puc. 1.3).

3agaHbl:

Py, Xo — laBJI€HHE U CTEIIEHb CyXOCTH I1apa Ha BXOJE B OTCEK;

P, — naBieHue mapa 3a OTCEKOM;

KPD — BayTpennuii orHocutensHblid KIIZL oTceka.
Haiitn by, X; — SHTaIBNMIO U CTENIEHb CYXOCTH IT1apa 32 OTCEKOM.
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AJropuT™ pacdera rnapaMmeTpoB OO0parienue B mporpaMme
MOKpPOTO Tapa K pynkuusam uz TABLI

hy = T (Py. Xp) hO:= H _PX (PO, XO0)

So=T(Ry, %) SO:= S_PX (PO, XO0)

hl':f(Pl) hlI:= HSW_P(P1)

hl":f(pl) h1II:= HSP_P(P1)

Sl':f(pl) S1I:= SSW_P(P1)

Sl"zf(Pl) S1II:= SSP_P(P1)

X =(So—S; VS, —Sy)

hy = £ (R %)

hy =hy —(hy —hy) - KPD

x = (=) —hy)

Puc. 1.2. TIponecc pacupenus Puc. 1.3. IIpouecc pacmmpenus
HeperpeToro mapa MOKpOT0 Tapa

31ech U B AaibHEHIIEM B UACHTU(UKATOpaX, 0003HAYAIOLINX apaMeTphl

kunsuyen ocuoxkocmu (0, S', V') u cyxoeo nacenyennozo napa (W', S"”, V"), ms
OJTHOTO IITpUXa NPUHATO 0003HaUeHHE «I», a 1 ABYX ITPUXOB — «l1».
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1.2.3. [IpoBepka cocTosiHUA Napa
B KOHIIE TEOPETHYECKOT0 paciIUupPeHUs

[Tap Ha BXOJ€ B OTCEK — nepecpemulii.

Ecnu map Ha BXOJie¢ B OTCEK — MOKpblli, TO KOHTPOJIUPOBATH €r0 CO-
CTOSIHHE B KOHIIE pacIIMpeHHsl He TpeOyeTcs, T. K. B 3TOM CJIy4ae 8ecb npo-
yecc nedcum  0061acmu MOKpo2o napa.

OueHuTh COCTOSIHME Mapa B KOHIIE TEOPETHUYECKOTO PACIIUPEHUSI OT
napaMeTpoB Ha Bxoze B orcek ( Py, ty) no naBnenus Ha Beixone P, (puc. 1.4)

MOXHO, CPAGHUBAS IHMPONUID MEeOPEMuUYecKo2o npoyecca Sy ¢ s3Hmponuetl
CYX020 HacvlyenHoeo napa S{ Tpy naBieHun P.
Ecin Sy >S{ (puc. 1.4, a), To KOHEI TEOPETHIECKOTO PaCHIMPEHHS

(Touka 1t) mexuT B 007aCTH nepecpemoeo napa. B atom ciydae miis onpene-
JIEHUSI SHTAJBIMUKN fy; HEOOXOIMMO BOCHONB30BATHCS (PYHKIMSMH TIEperpe-

toro napa u3 moayist TABLL [1].

PO 7 N
h 40« / t h 0o /b

Puc. 1.4

Ecim Sy <S{ (puc. 1.4, 6), To KOHEI TEOPETHYECKOTO PACIIHPECHUS

JCKUT B OOJIACTH MOKpoeo Tiapa W pacdeT MmapaMeTpoB B ATOW TOYKE HAIO
BBITIOJIHATL C TOMOIINBIO (YHKIUMH HachimeHuss u3 moayns TABLL [1]
1 (popMys1 MOKpOTO Tapa.

brok-cxema anropuTMa MpOBEPKH COCTOSHUS Mapa B KOHIE TEOPETH-
YEeCKOro pacIIMpeHus npuBeaeHa Ha puc. 1.5.
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Beoa
P,, t, - Ha BXoae B OTCeK ;
P, - Ha BbIXoAe 13 OTCeKa

Sy =f (P tp)
I
S,"=1(P,)
Ha Het
\ 4 v
MeperpeTbivi nap Mokpblii nap
(pnc 1.4, a) (puc. 1.4, 6)
h, = f (P, So) Sfjﬂpﬁ
< X1t = (S - S1) 1 (S,"-S1"))
A 4 I
Beigoa hy, h,'=f(P,)
I
h,"=f(P))
I
h;, =h;" +x,*(h," - hy)
I
Puc. 1.5

[TpuBenem mpumep IporpaMMsbl, pabOTarOIIEH IO STOMY aJlTOPUTMY.
Program PROCESS1;
Uses TABLL;
Var PO,t0,h0,S80,51,hlt,S1I,S1II,hlI,hlII,x1t : real;
Begin
Writeln (' BBemmre PO [MIla], tO [C], Pl[MIa] ’);
Readln (PO, tO0, P1);
hO:=H _PT (PO, tO); S0:=8_PT (PO, tO0);
S1II:=SSP_P(P1);
If SO>S1IT then begin {neperpeTedi Map B KOHLE TEOP. PaCUMPEHMS }
hlt:=H_PS(P1,S0) end
else begin {MOKpEII Hap B KOHILE TEOP. PaCUMPEHMU}
S1I:=SSW_P(P1);
x1t:=(S0-S1I)/(S1II-S1I);
hlI:=HSW_P(P1);
h1IT:=HSP_P(P1);
hlt:= hlI+x1t*(h1II-hl1I) end;
Writeln (‘hlt=’, hlt:7:1);
Readln;
End.
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1.2.4. IIpoBepka cocTosiHUA Napa
B KOHIIE IeiiCTBUTEIBHOTO0 PACIIMPEeHHS

Taxast mpoOiemMa MOXKET BO3HMKHYTb, €CIH MPOLIECC TEOPETUUECKOTO
paciMpeHus 3aKaHIUBAETCs B 00JIACTH MOKpPO20 TIapa.

Ecnu sxe TeopeTudeckuil mporecc 3aKkaHYMBaeTCsl B 00JIaCTH nepezpe-
mo2o mapa, TO KOHeI[ JCHCTBUTEIHLHOTO MpoIecca TakkKe JEKUT B 001acTu
nepespemo2o mapa u KOHmMpoIUpo8ams COCMosAHUe Napa 8 KoHye Oeticmeu-
MelbHO20 PACUUPEHUsL He HAOO.

Jliss TOYKH, XapaKTepU3YyIOIIeH COCTOSHUE Tapa B KOHIE IEHCTBH-
TEIBHOTO Tpollecca, Kak MpaBUiIo, OBIBAIOT M3BECTHHI JaBicHue Pl u »H-
tanbnusa hl. [ToaToMy omnpenensiTb cOCTOSHHE mapa (MeperpeThiidi Ui MOK-
pBIif) B 9TOM TOYKE YAOOHO, CPABHUBASL IHMAILNUIO NAPA 8 KOHYe OelicmEu-
menbHo2o pacuupenus hl ¢ sumanvnueii cyxoeo nacviyennoeo napa hl" nmpu
nasinenuu P1 (puc. 1.6).

Ecmu hl > hl" (puc. 1.6, a), To KOHEl AEUCTBUTEIHLHOTO PACIIUPCHUS
(Touka 1) nexxuT B 001acCTU nepecpemozo napa. [{ns onpeneneHus mapameT-
pOB mapa B TOUYKke | HEOOXOAMMO BOCIOIB30BATHCS (PYHKIUSAMHU MTEPETPETOTO
napa u3 moxyist TABLL [1, c. 4].

Ecmu hl < hl" (puc. 1.6, 6), To KOHEI[ AEUCTBUTEIHLHOTO PACIIUPCHUS
JEKUT B 00JIACTH MOKpo2o Tapa W JJis pacyeTa mapameTpoB IMapa B ITOU
TOYKE HAJ0 BOCIOJIb30BaThCs (YHKIMUSIMH HachlieHUs U3 moayis TABL1
1 hopMysIaMu MOKPOTO mapa.

brok-cxema anroputma onpeneneHus COCTOSHUS Mmapa B KOHIIE JICHUCT-
BUTEJIBHOIO IIpOLIECCca paclIMpeHus B TypOuHe mpuBeieHa Ha puc. 1.7.

O003HaueHus MapaMeTpoOB B AITOPUTME COOTBETCTBYIOT MIPOLIEcCaM Ha
puc. 1.6.

A

h

Puc. 1.6
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P,, h; - AaBneHve 1 sHTanbLNMs

B KOHLIEe JeNCTBUTENbHOIO
pacLInpeHus

h,"=f(Py

Ra Het

\/
A 4

[MeperpeTbin Nnap
(puc 1.6, a)

A

Mokpbin nap
(puc. 1.6, 6)

ty =1 (Py, hy) h,'=f(P,)
| I
X, = (hy - hy) [ (hy" -hy")

BeiBop, t;

BeiBOg X,

Puc. 1.7

[TpuBenem dhparMeHT MPOrpaMMbl, COOTBETCTBYIOIINI STOMY aJITOPUTMY:

h1I1:=HSP P (P1);

If h1>hlII then begin {meperpetslt Iap B KOHLE HEVICTBE. PACLMPOEHMS}
tl:=T _PH(P1,hl) end

else begin {MOKpHEIZ Map B KOHILE OEMCTB. pPacCUMpPeHVd }
hlI:= HSW P(‘C’,’'P’,P1);
x1:= (hl - h1I) / (h1II-h1I) end;

1.3. YUncyeHHbIE METO/IbI PellIeHUs] HeJIMHEHHBIX YPAaBHEHU I
NP MO/IEJIMPOBAHUU TeIJIOBOTr0 odopyaoBanus TIC

1.3.1. YucaeHHbIe MEeTOAbI PELICHUS] HEJIMHEITHOT0 YPAaBHEHUA
€ O/IHMM HEeM3BeCTHbIM

CriocoObl pelieHns] HEeTMHEHHBIX YPaBHEHUH YHCICHHBIMA METOaMH
U3JI0KeHBI B [6—8].
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JIto6oe ypaBHEHWE C OTHUM HEU3BECTHBIM MOKHO MPEJICTABUTH B BUJIC
f(x)=0. (1.1)

Pemiennem ypaBHenus (1.1) Ha3pIBaeTCSi COBOKYNMHOCTh 3HAUYECHUH X,
npu KOTopbIX ypaBHeHue (1.1) oOpamiaercst B TOXKAECTBO.

Kaxxnoe 3HaueHue X W3 3TOM COBOKYNHOCTH HAa3bIBACTCA KOpHeM &
yYpaBHEHUS.

Pewiums ypasnenue yucieHnvim Memooom o3Hadaem:
1) ycTaHOBUTB, UIMEET JI1 OHO KOPHU, CKOJIBKO KOPHEH;
2) HaliTH 3HAYEHHSI KOPHEHW € 33JJaHHOM TOYHOCTBIO.

3amaya YMCIeHHOTO perieHus ypaBHeHus (1.1) cocToUT U3 IByX ITAIOB:

1) omoenenusi xopueil (HaXOXKACHUSA JOCTATOUYHO MAJBIX OKPECTHO-
CTEH, COJIePKAIUX OJTHO 3HAUCHUE KOPHS);

2) ymounenus kopHsi (BBIYUCIICHUS KOPHS C 33J]aHHOM TOYHOCTBIO).

K nHan0oJsee monyaspHbIM YHCICHHBIM METOAaM PEIICHHS HEIIHHCHHO-
IO YPaBHEHUS C OJJHUM HEH3BECTHBIM OTHOCSTCS:

® Memoo NOJI0BUHHO20 O€leHUs,

® uemoo npocmou umepayuu;

® Memoo xopo;

e memoo Hvromowna.

1.3.1.1. I'pa¢mueckoe penieHue HeJTMHEHHOTO YPaBHEHMSI

Cmoco0 1
Pemute ypaBuenue (1.1) o3HauaeT Hatimu mouxu nepeceyerus rpadu-
ka ¢pyakuu Y = f (X) ¢ ocvro abeyuce (kopensb & — Ha puc. 1.8).

Cnoco0 2
VpaBuenue Buma f(x)=0 mnyrem mnpeoOpa3oBaHui 3aMeHSECTCS Ha
YpaBHEHUE

f1(x)=f2(x). (1.2)
I'padmyecku pemuth ypaBHeHue (1.2) o3HAYaCT Hatimu mouxu nepecede-

nust 2paguros ynxyui Y = f1(X) u y = f2(X) (kopenp & —Ha puc. 1.9).
I'paduaeckuit cnocod® ymo0HO UCIONB30BATH I MPUOIMIKEHHON

OLOCHKH 3HAYCHUA KOPHA C I[aJ'IBHCf/'IHII/IM €¢Tr0 YTOYHCHUCM OJHUM U3 IICPC-
YUCJICHHBIX BBIINIC YHCICHHBIX MCTOOOB.
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A yu
d y=f(x)
0 X
— > |
& |
|
|
|
0 J; » X

g

Puc. 1.8 Puc. 1.9

Mpumep 1.11. Otaenuts kopHH ypaBHeHUs SiN(X) —IN(X) =0 u Haiitn

WX MPUOIMHKEHHBIC 3HAUCHUS IPAPUIECKUM CITIOCOOOM.

Pewenue
[TpeoOpa3yem 3amanHoe ypaBHeHue K Buay (1.2) sin(x) =In(Xx) u Haii-

JIeM TOUKYy TiepecedeHus rpapukoB Y =sin(X) uy =In(x) (puc. 1.10).
Eouncmeennwiii kopenw & nexxcum na ompeske [1; /2].

A y=In(x)

— e — — — ——— — z @ — — — —— =

v

+~———————

@

y=C0s(x)

Puc. 1.10

1.3.1.2. MeToa NOJIOBUHHOIO 1€JI€HUSA

W3BectHO, uto ¢yukuus f(X) HenpepbiBHa Ha [@,b] 1 umeer equHCT-
BEHHBII KOpeHb. ITO 03HayvaeT, uTo BeimoaHsercs f(a)- f(b) <O0.
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CyTh MeTO/a MMOJOBUHHOTO JEJICHUS COCTOWT B TOM, YTO JJISI HAXOX-

JICHHSI KOPHS JISTTUM OTpe3ok [a;b] momonam toukoit
c=(a+b)/2,

orpeeNsieM 3HaK QYHKIMHU B TOYKax @, b, C 1 BRIOMpaeM KaxKIblid pa3 Ty I0-
JIOBUHY OTpe3Ka, Ha KOTOpoM (DyHKIIHs MeHsieT 3Hak (puc. 1.11):

[a;c], ecmm f(a)- f(c)<O;

[c;b], ecu f(c)- f(b)<O.

Pacuer 3akaHumBaercs, Korja WHTEpBaJ, COACpPKAUIUNA KOPEHb,
YMEHBIIUTCS J0 33JIaHHON MOTPEIIHOCTH.

vt y=f(x) | +
|
|
|
|
i b x
. e >
|
|
| |
| |
| |
| | |
| | '
.2 le b X,
| |
<
|a I'b X,
Puc. 1.11

AJITOpUTM METOJ1a TTOJOBUHHOTO JICJICHUS PUBEIEH Ha puc. 1.12.

1.3.1.3. MeToa npocroii HTepanuu
VYpasuenue (1) npuBeaem K BULy
X=(X). (1.3)
3T0 MOXKHO c/ieNiaTh, mpeodpa3oBaB ypaBHeHHE (1.1) pazmmyHbIME cCIOCOOaMHU.

UtepannonHas popmyia IMEET BUTT
Xp =0(Xq_1) + n=1223,...

Cxema npuMeHeHHs 3T0i POpMyJIbI CiIeIyroIIasl.

[IpuanMaeTcs Xy — HauanbHoe npubaudiceHue K KOpHIO ypaBHEeHHS (3).

Hmepayusa 1. X =¢(Xg).

Hmepayusi 2. Xo =@(X) U T. 1.

Takum oOpazom, oOpazyeM YHCIOBYIO MMOCIEI0BATEIBHOCTD

X0 Xqs X2, evy Xppyeem

KOTOPYIO Ha3bIBAIOT NOCIe008AMENbHOCbIO NPUOIUICEHUL, WA Umepayu-
OHHOU nociedosamenvrocmpio (OT TATUHCKOTO iteration — nosmopenue).
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< MeToa nonoBUHHOIO AeneHust >

Beon a,\b,j

\ 4

c=(a+b)/2
a »  DyHKUMSA
. fa) f(x)
® c
YHKUMNS
f(x) flc) R

v A 4

DyHKLMA MeHAeT PyHKLMA MeHsAeT
3Hak Ha [a; c] 3HaK Ha [b; c]

Het

Ha

X =(a+b)/2
I
AXx = (b-a)/2

BeiBOg X, AX

Puc. 1.12
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HTCpaHHOHHBIﬁ IpoHeCC 3aKaHYMBACTCs, KOrga 3HAUYCHUA X Ha JBYX
IMOCJICAHUX Iarax OTIMYArOTCA APYTr OT Apyra MCHBIIC, YCM Ha BCIIMYHUHY
Hareped 3a1TaHHOTO YHCJia € .

Xy = Xn_1|<e.

AJNTOpUTM METO/A MPOCTON UTEpaluu MpUBEAEH Ha puc. 1.13.

( MeToa npocton VITepaLWIVI)

<— HavanbHoe npubnuxeHue

XX =X <— [lepenpuceoeHue

X = (Xx) &— bBonee moyHoe eblYUCIIeHUE

Het [a

%

CpasHeHue BbiBoa x

Puc. 1.13. Aaroputm MeToaa NpocToi UTepalnuu

JlocTaTouHOE YCJI0BHE CXOMMOCTH HTEPALIMOHHOTO Mpolecca

Ecnu Ha Bcem uHTepBae [a,b] BhIMONHIETCS yCIOBUE

o'(x)| <1, (1.4)

TO IIPOLECC CXOOUTCA.
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IIpeoOpa3oBaHue ypaBHEHUS K UTEPAIIMOHHOMY BHY

CXOIMMOCTh MTEPAIMOHHOTO MPOIecca CYIIECTBEHHO 3aBUCUT OT 3a-
mucu Gyakmm O(X) .
VYpaBuenue f(X)=0 moxxHO mpuBecTH K BUAy X=@(X) MHOTUMH

2

cniocobamu; Harpumep, s Gyuaknuu f(X) =X —c, rae ¢>0, 370 MOXHO

CeNaTh CACAYIOIMUM 00pa3oM:
1) mpubaBUTH K JIEBOH U TPaBOH YacTIM X

X=X2+X—C:

2) pa3aeNuTh Ha X :
x=c/x, x=#0;
3) npeoOpa3oBaTh K BUIY:

X2 —¢ 1( c)
X=X— =—| X+—|.
2-X 2 X

OnHako, 4TOOBI UTEPAIIMOHHBIN TIPOIecC OBUT CXOSMIIUMCS, IPUBECTH
ypaBHeHue Yy = f(X) k Bugy X =@(X) Hamo TakuM 00pa3oM, 4TOOBI BBHITIOJI-
Hstoch ycnosue (1.4).

B HeKoTOphIX cityyasix, TOMUMO OOBIYHBIX MPEOOpPa30BaHUH, MOJIE3HO
UMETh B BUIY CIICAYIOLINE TPUEMBI:

1) ypaBHenwue (1.1) mpuBOASIT K BUITY

x=Xx—m-f(x), m=0,

rae
@o(X) =x—m- f(x).
Torna
@'(X)=1-m- f'(x).
[TonOuparoT (eciu 3T0 BO3MOXKHO) M TakkM 00pa3oM, 4ToObI Ha [a; b]
BBIMOJTHSJIOCH

P'()|=L—m- f'(x)| <1;
2) mycers |@'(X)|>1 Ha Becem otpeske [a,b], Torma Bmecto dyHKuMM

y =@(X) Oynem paccmatpuBath GpyHkimio X =B(y), ooparayro ¢(X). bynem
pemrath ypaBuenue Y =[(Y), ajas KOTOpOro

N |
PO

<1.
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HpaKTH‘leCKOC HCIIOJIBb30BaHUEC ME€TOAA leOCTOﬁ HTEpaAlu

Jocmouncmeo MeTona — MPOCTOTa AITOPUTMA.

Heoocmamxku:

1) He Bcerma o0ecnieynBaeT CXOAUMOCTb;

2) nist HepuddepeHupyeMoit PyHKIIUMKA BBISICHUTH CXOJAUMOCTD Tepe]t
UCTIOJIb30BaHUEM AIITOPUTMa HEBO3MOXKHO, 3TO OYJET U3BECTHO JIUIIIH B MPO-
I[ECCE PacyeToB.

Henoctatku mMeTona mpoCTOi WTEpallMK 3aCTaBISAIOT B JIFOOOM TIPO-
rpaMMe, MCIOJB3YIOMIEH 3TOT METOM, NPedyCMampusams KOHMpPOIb CX0OU-
mocmu (cuemuuk umepayuil) M nNpekpawyamv cuem, eciu CXOOUMOCmb He
obecneuusaemcs.

B texHnueckux 3amadax npoaupdepeHupoBaTh GyHKIUO ((X) ¥ TeM

OoJiee MpoaHAIM3UPOBATh MOBeAcHUE ¢'(X) C IENbI0 J0Ka3aTeIbCTBA CXO-

JVMOCTH TIOYTH HE MPEIOCTABISETCS BO3MOXHBIM. [loaTOMY ciienyeT mom-
HUTb OCHO6HOE MPAsuUO, TIO3BOJISIONIEE YCICIIHO MPUMEHSITh METOJ MpO-
CTOHM WTEpaluu Ha MPAKTHKE: yeM O1udice HauanibHoe NpudIudxdceHue K mou-
HOMY 3HAYeHUI0 KOPHS YPAGHeHUs, mem 00.blie 8epOSIMHOCHb MO20, YMO
UMepPaAyUOHHbLIL NPOYecc — CXOOAWULICS, U3 9eTO CIEeIyeT, YTO B KOMIIBIO-
TEpHBIX pacyeTax HHXKEHEPHBIX 3373y 603pacmaem polb CHeyuaiucma,
3[PaBbIil CMBICT M OMBIT (PELICHHUs 3aa4 MOJOOHOTO Poja) KOTOPOTo 3ame-
HUTh HE CMOXET HM MaTEMaTHK, HU MMPOTPAMMHUCT.

Mpumep 1.12. Yrounuth 3HaueHue kopus ypasHenus 1/x—In(x)=0

C Tounocteto €=0,001 MeromoMm mMpOCTOW HWTEpaluu, NMPUHSB B Ka4eCTBE
HA4aJbHOTO NMPUOIKEHUS Xy = 2.

Pewienue
VYpaBuenue 3anano B Buae (1.1). [lpusenem ero k Buay (1.3). g ato-
ro nmpuOaBUM K 00E€HUM YacTsIM X .
X=X+1/x=In(x).

Urepanus |
Xo =2; X =Xg +1/ X9 —In(Xg) =2+1/2—-1In(2) =1,8069;

¥ —%o| = /18069 — 2| = 0,1931 > ¢.

Urepanus 2
X, =1,8069;

Xy =X +1/ %1 —In(x) =1,8069 +1/1,8069 — In(1,8069) =1,7687 ;
[Xp — | =[1,7687 18069 =0,1382 > ¢.

Urepanus 3
X3 = Xp +1/ X —IN(X,) =1,7638; |x3 —Xo| =0,049 > ¢.

Urepanus 4
X4 = X3 +1/ X3 —In(X3) =1,7633; |x4 — X3/ =0,0005< ¢ .

Pacuet 3akoHYMIIN.
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1.3.1.4. Metoa xopa

N3zBectHO, uto ¢ynkmms f(X) HenpepeiBHa Ha [a,b] 1 umeer equHCT-
BEHHBI KOPeHb. DTO 03HauaeT, yto BemoHsercs f(a)- f(b) <O0.
[To meTomy xopn 3a ouepenHoe MPUOIMKEHHE X,, K TOUHOMY 3Hade-

HUIO KOpHSA & TpPHHUMAETCS TOYKAa IEPECCUCHHS XOPbl, MPOBEIACHHOW
K rpaduky QyHKIMM Ha oTpeske [a,b], ¢ ockro abcumcc (puc. 1.14).
3HavyeHUE a0CIUCChI B TOW TOYKE HAXOJIUTCS U3 YPABHCHHS XOP/IbI

P 1 ) R
X, =a @) (b—a), (1.5)

rIe a u b — KOOpJIMHATBHI HOBOTO OTPE3Ka, U3MEHSIONIMECS B MPOIECCe
WUTEPALUH.
[Ipu »TOM clieyeT MOMHUTb, YTO HENnOOBUMNCEH MOM KOHey, sl KO-
Mopo2o 3HAK PYHKYUU COBNAOAem co 3HaAKOM ee 8Mopoll NPOU3B00HOIL.
AJITOpUTM METO/a XOp/JI MpUBEJCH Ha puc. 1.15.

f(D) - — — — — — o+

f(a)-f(b)<0

0 b X
® *r—>

|

|

|

|

|

|

f(a) - — — &= | |
| X
a by X

Puc. 1.14. I'paduueckas umarocTpaius METo1a XOp/I
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( MeTton xopa )

Beog: a, b, &

X, = a-fla)-(a- b) (f(a) - (b))

XO >
()
L o) Yoo
[a Het
f(a)f(x,)<=0
b = X, a= X,
f(b) = f(x,) fla) = f(x,)
X, = a - f(a)-(a - b)/ (f(a) - f(b))
X, .
LOI
XO =‘X1
[a

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

Het

fla)-f(x,)<=0
b = x, a= X
f(b) = f(x,) fla) = f(x,)
Puc. 1.15
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1.3.1.5. MeTox Herotona

H3zBectHO, uro QyHKIus f(X) MMeeT KOpeHb Ha paccMaTpUBAEMOM
otpeske [a,b].

I'eomerpuueckn meron HpioTOHA 3KBHBaJCHTEH 3aMeHE HEOOJBIION
nayru kpuBoit Y = f (X) xacareiabHOH, MPOBEIEHHON B HEKOTOPOH TOUYKE KPH-
BoH (puc. 1.16). 3a ouepenHoe MpuOIMKEHNE K TOUHOMY 3HAYEHUIO KOPHS &
NPUHUMAETCS TOYKA IePeceyeHns KacaTelIbHOU C OChI0 alcIucc.

y
0 X
Puc. 1.16. I'paduueckas ummroctpanus Mmeroaa HeroTona
Utepanmonnas popmyna Herotona —
f(x
Xn+1 = Xn 10n) n=0,12,.... (1.6)

- ,
F'(xn)
B kxaudecTBe Ha4YaJILHOTO HpI/I6J'II/I)KeHI/I$I Xo MOJKHO IMIPHUHATH TOT KOHCIT

otpeska [a,b], Ha KoTOpoM 3HaKK (YHKIMH U €€ BTOPOH MPOU3BOIHON COB-
MaJIakoT.
Anroputm metona Hetotona npuseaeH Ha puc. 1.17.
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( MeTopa HbI-OTOHa)

Beoa: x0,E
\/
X,
- > PyHKUNA
o f(X) f(x)
Xo > Mepsas
) F (x,) I‘IpOI/I:(Ij((;,EI,Haﬂ

X4 = Xo - f(Xo) 1 F( Xo)

Puc. 1.17. Anroputm metrona Herotona

1.3.1.6. Bunousmenennnlii Metoa HeloTona

Brruucnenus ynpoiaroTcs, €ciid MPOU3BOAHYIO BBIUUCIATH OJUH Pa3
— B TOYKE HA4aJIbHOIO MPUOIMKEHUS Xp .

Urepanmonnas ¢popmMyina BUAOU3MEHEHHOTO MeTo1a HproTOHA —

xn+1:xn—%))((r(‘))), n=0,12,... (1.7)

1.3.2. OnTuMaJbHAas MOCJAEA0BATEIBLHOCTh pacyera cxem
TEeMJIOOHEPreTHYEeCKUX YCTAHOBOK

CnoKHOCTh M TPYJOEMKOCTh pacuera TemioBbix cxem TOC u ADC
B 3HAUMUTEIILHON Mepe OOYCIIOBJIEHBI HAJIUYHEM pPACUYCTHBIX IHUKJIOB Kak
B TEXHOJIOTMUECKON CXeMe, TaK U B 3JieMeHTax obopynoBanus. C mopaenu-
POBaHUEM TEIUIOBBIX CXEM Ha OCHOBE KOMILJIEKCHOIO MOAXO0/Ja MOXHO O3Ha-
KOMUTKCS B [5, 9-10].
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CyiiecTBOBaHUE IIUKJIA O3HAYAET, YTO MapaMeTpbl, BEIXOIAIINE U3 Ka-
KOT0-TM00 y4acTKa CXeMbl, BIMAIOT HA 3HAYE€HUS IOTOKOB, BXOJAIINX B AaH-
HBI y4acTok cxeMsbl. /[ cxemsl Ha puc. 1.18 KoaudyecTBO oTCEnaprpoOBaH-
HOW BOJBI Ol , 3aBHCHT OT pacxoja O, Bxomsuero B cernaparop (C) nmapa

u3 yacT Beicokoro aasneHus (UBJ1) TypOunbsl. BMecTe ¢ TeM BennuuHa ol
olpezeseTcss ¢ IOMOLIbIO pacxoxa Iapa o4 Ha mnoporpesarens II1:
O =0 —04, B TO BpeMsI KaK 3HAYEHHUE O, B CBOIO 0YEpElb, 3aBUCHT OT
O p - TakuMm 00pa3oM, B JAaHHOM CXeMe IOTOK O, BBICTYIA€T B KauecTBE
oopamnou céa3u, a coBOKynmHOcTh 3nementoB UBJ-C-II1 npencrasisier
co00M 3aMKHYMblL KOHMYP WA YUKIL.

PacuyeT 3aMKHYTOrO KOHTypa OCHOBBIBAECTCS Ha paspuvlee OOpaAmHbIX
ceészell B HEM. Takoil pa3phIB JI€NAET CXEMY PA30MKHYMOU, YTO IMO3BOJSAET

OCYIIECTBUTD TMOCJIEIOBATEIbHBIN Oe3bITepallMOHHbIN ee pacueT. Hampumep,
pasopBas cBa3b 0., Mexay UB/[ u cemapatopom B cxeme Ha puc. 1.18, momy-

YUM HOBYIO CXEMY, JIMIIECHHYIO KOHTypa Mexnay anemeHtamu UB/L, C, II1
(cm. puc. 1.19). B pa3omMKHyTOH cXeMe MOSBUJICS HOBBIN BXOJSIIUN B cemna-

*

*
paTop MMOTOK QO - Ecan 3a4aThb 3HA4YCHUC IIOTOKA Oy, TO MOKHO OIIPCACIINTD

*
o = f (o), paccunras nocnenoBarensro anements C, 11, UB/L,

Jlist Toro 4yToOBI BCE MapaMeTpbl B pa30OMKHYTOW CXEME COOTBETCTBO-
BaJIM TapaMeTpaM B 3aMKHYTOM, HEOOXOMMO BBINOJHEHUE PABEHCTBA

*

Qe =0¢
1581071
op = f (o).
OTHUM Kak Obl 3aMBIKAIOTCS PA30PBAaHHBIE CBS3H.

[IocnenHee paBEHCTBO €CTh MAaTEMaTUYECKOE IOATBEPKICHHE BO3-
MO>KHOCTH HCIIOJIb30BAaHUS ISl PELICHUs 3aJa4d METOAOB IIOCIEN0BATEIb-
HBIX MPUOIHKEHUN.

Ipumep 1.13. Ilycts ans cxemsl Ha puc. 1.18 u3BecTHBI

Mo, M, o, hg, e, e, b, g, g, e, by hgo 0 =1

Haitt oTHOCHTENBHBIE PACXObI IAPA U BOJBL.
[TocnenoBaTeIbHOCTD pacyeTa MOXKET OBITh CJICTYIOIICH.

*

1. 3agaem HavanbHOE pubIIKeHHe o, =0,8.
2. VI3 ypaBHEHMI1 MaTepraIbHOTO U TEIIOBOIO OaJIaHCOB CemapaTopa

OL: =0Qcq, T O0c g,y (1-7)
ocz ‘hy-0.99 =0, - +ac, -ho (1.8)
OTIPE/IeNISIeM Olg; U Olg g -
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<h|3110‘0 \]\ g3 d\ h

I

I

| |
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Puc. 1.18. Cxema napoTypOHMHHON yCTaHOBKH

Puc. 1.19. ®parmer cxembl NapoTypOUHHON YCTaHOBKH

3. CocraBisieM ypaBHEHHE TEIIOBOro OanaHca Jyis nojgorpesarens [11
(o - (M —hy) +ac s - (M2 —hy))-0,98 = ag - (Mg —y3) (1.9)

U OIIpeaeIsIeM U3 HETO A4 .

4. PaccunThiBaeM pacxo]i napa Ha Beixoje u3 UB/|

O =0 —04.
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*

O¢c —0O¢
———%>¢, IJIe € — Hamepes 3a1aH-

O

*
5. CpaBHuBaeM o 1 0. Ecian

Has MOIPEIIHOCTh, TO IOJIAraeM OLZ = Ol ¥ pacyer MOBTOPSIEM, HAYMHAs C II. 2.
B npotuBHOM ciiyuae repexoaum K Ii. 6.

6. PaccuntbiBaem mogorpeBatens 113, He BXoasnmuid B 3aMKHYTBIN
KOHTYD, U OIIPELEIsieM PacXo/ 1apa olg.

(az-(hg—hg)+ (g +oc ) (h —h3))-0,98 =0 - (hy3 —hy). (1.10)

brok-cxema pacuera OTHOCHUTEIBHBIX PACXOJ0OB paboyero Tema s
cxeMbl Ha puc. 1.18 npuBenena Ha puc. 1.20.

Ilepen cocraBiieHHEM MPOTPaMMbl pacueTa OTHOCUTEIBHBIX PACX0JI0B
Tpebyercs nepenucaTth ypaBHeHus (1.7—1.10), BbIpa3uB U3 HUX COOTBETCT-
BYIOIIIME NIEPEMEHHBIE:

Oeqr, = (0 -2 -0,99—ac - hp) /(he — 1) ; (a)
Ocp =0O¢ —Ocp (b)
ag = (0 - (hy —Ny3) /0,98 -0 - (hy —hy)) /(I —hy); (c)
Gy = (d)

[Tporpamma, cooTBeTCTBYIOIIAsA anropuTMmy Ha puc. 1.20, npenacrasie-
Ha HUXE.

PROGRAM ITERAC;

USES TABLI1;

VAR hO,hl,h2,hc,hk,.. : VAR;

BEGIN

{ Bronm mcxomHelx nmaHHBIX } AO:=1; Eps=0.005;

Ac:=0.8; { HavanepHOe npubnmxeHmue }

REPEAT
Ac p:= ..; { M3 ypaBHeHMsa a}
Ac w:= ..; { M3 ypaBHeHMS b }
Al:=..; { W3 ypaBHeHMs c }
AAc:=Ac; { HepenpmuceBoexmne }
Ac:=A0-A1; { Yrmouneume }

B:=(AAc-Ac) /Ac;
UNTIL ABS (B)<=Eps;

A3:=..; { M3 ypaBHeHMs d }
WRITELN (*Al='",Al1:7:4,"Ac=", Ac:7:4, .);
READLN;
END.
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Beop: h,, h;,h,h h,
h, h,', hy', he, hgy, hg,, 04, €

|
o. =0.8

g

Ocn. U3 ypaBHeHus (a)

Q¢ g, U3 ypaBHeHus (b)

0L, 3 ypaBHeHus (C)
ana M1

lNepenpucesoerne
OOl =0l

YTo4yHeHue
Qe =0y-0lg

0L3 U3 ypaBHeHus (d)
ana M3

BbIBO,D, OLl, ac, OLC.I'I; G’C.B.a ch
—_—

Puc. 1.20. Anroputm pacuera OTHOCUTEIbHBIX PACXOI0B IIapa U BOABI

AHanM3 CJIOXKHBIX CXEM TMOKa3bIBAaeT, YTO Pa3pbiB OOPATHBIX CBsI3EH
MOYHO OCYIIIECTBUTh MHOKECTBOM ITyTEM, CJIE€I0OBATEILHO, MOYKHO MOJIYYUTh
MHOECTBO MOCJIEA0BATEILHOCTEN pacuerTa.

Bo3nukaer 3agaua novicka Hanbosee palMoOHaIbHOTO MYTH, MPU KOTO-
POM yMEHbIIAeTCsl MOPSIIOK CUCTEMbI ypaBHEHUH U Bpems ee cuera. [loka-
KEM CYILIECTBYIOIIUE TPUEMbl CHUXEHHUS TPYIJOEMKOCTH HUTEPALMOHHOTO
pacuera Ha npuMmepe cxeMbl Ha puc. 1.21 [5].
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1 2 6 9 10 11 12 15 16
—» | | 1 P 1 v R ViiFPRVinEe ix 9 x R xXn»
X 4

7 X ,£14 J13
X1

VI

Puc. 1.21

1-i cmoco6. Pazopeem nomoxu 5, 8, 14. ImeeM cucteMy ypaBHEHHI

X5 = f(Xs);
Xg = f(Xg); (1.11)
X14 =T (X14).

Eciii MOTOKHM OfIHOTIapaMETPUYECKUE, HAMpPUMEp, MO HEH3BECTHBIMH
HO/Ipa3yMeBAOTCs pacxo/ipl paboyero teia, To cucrema (1.11) BriIouaeT Tpu
ypaBHeHus. Eciu ke oToku Tpexnapamerpudeckue (pacxon G, masienue P,
sHTaIBIHA N):

X5 = f(Gs,F5,hs); Xg=1(Gg,Ry,hg); X4 =1(Gra.Rg.mg),
to cuctema (1.11) Bkirouaer yxxe 9 ypaBHEHHIA.

2-i1 cmocod. Paspbie obpamuwix cea3ell MONCHO OCYUWecmeums 6 08d
smana.

| sman. CHavana pa3pbIBatOTCs CBSI3H 5 U 8 M PacCUUTHIBACTCS COBO-
KYITHOCTb 371eMeHTOB |-V, 4TO 03HAYaeT pacyer CUCTEMbI

X5 = f(X5);
Xg = f(Xg),
nocse 3toro paccuutbiBatoTes demMenTsl VI, VI, He oxBaueHHbIE KOHTYpPOM.
Il sman. Pa3peiBaeTcs cBsi3b 14 U pacCUUTHIBACTCS COBOKYITHOCTh DJie-
MeHTOB | X-X-XI, 0XBaueHHBIX CUCTEMOI YpaBHEHUI
X14=f(X14),
a 3aTeM BBINIOJIHSAETCS pacyeT nocieanero anementa X1 cxemsi.
Jlocmouncmea 2-20 cnocoba — anemenmst V11, VI u Xll, ne oxesa-

YyeHHble KORMYPaAmMu, paccuumosléaromcsa 0OUH pas.
3-#i cnocod. Pazopeem nomok 3. DTO MO3BOJUT 3aMEHUTHb CHUCTEMY

YPaBHEHHM
{Xs = T (Xs);
Xg = T(Xs)
CUCTEMOM 00Jiee HU3KOTO MOpsIKa
{X3=1(X3).
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Taxum oOpazom, Mpu pelieHur cucteM ypaBHeHud TOY urepannoH-
HBIMH CITIOCOOaMH HaJI0 TIOMHHTD:

1. IlpaBunBHBIM BEIOOPOM pa3phIBAEMbIX MOTOKOB (OOPATHBIX CBSA3EH)
MOHO CYHIECTBEHHO YMEHBIIUTh Pa3MEpPHOCTh pemaeMoi 3anadu. OyeHb
4acTo 3a7a4y peUIeHUs] CUCTEMbl YPABHEHUI BBICOKOTO MOPSAKA MOYXKHO CBE-
CTH K PEIICHHIO HECKOJIBKUX CUCTEM 00Jie€ HU3KOIO MOPSIIKA.

2. PazMepHOCTB pemiacMou 3a1a4y MOKHO CHU3HTH C ITOMOIIBIO JIBYX
OIepalyi:

a) BBIICJICHHUEM B CXEME D3JEMEHTOB, OXBAUEHHBIX KOHTYpPaMH,
U DJIEMEHTOB, KOTOPBIE HE BXOJAT HU B OJIMH U3 KOHTYPOB;

0) BBIOOPOM BHYTPU KOHTypa HaWJIy4dll€il COBOKYIHOCTH MOTOKOB,
pa3pbIB KOTOPBIX MIPEBPAILAECT KOHTYP B Pa30MKHYTYIO ITOCIEA0BATEIBHOCTb.

VY4yer pekoMeHJalui, W3JI0KEHHBIX BBIIIE, MO3BOJSET YCIEIIHO HC-
II0JIb30BaTh B UTEPALMOHHBIX PACUETAX MEM OO0 3eiei.

1.3.3. Pemienue cucreMbl HeJIMHEHHBIX YPABHeHHM I
MeTO0/I0M MPOCTOH UTepanuu
3agaHa cucrema N HEJIMHEMHBIX YPaBHEHUN
f1 (X1, X2,....Xp) =0;

fo(X1,X9,...,%X,) =0;
2 (X1, X2, Xn) (1.12)

fo (X, X2,...,%y) =0.

Yto0BI MCIIOJIB30BAaTh METOJI MPOCTOM uTeparmu, cuctemy (1.12) Hago
MpEJICTAaBUTH B BUJIC

(X1 = Q10X X2, Xn);

X2 :(Pz(Xl,XZ;--'!Xn); (1 13)

Xp = 0n (X1, X0,...,Xp)-

3arem, 33aB N HaydalbHBIX NMPHUOIMKEHUI Xl(o),xgo),...,xﬁo) U CTOJBKO XK€
3HAYEHHUN MOTPEIIHOCTEN 10 KaXKIOU IEPEMEHHON &1,€7,...,€,, MOXKHO BBI-

MOJIHUTh UTEPALMOHHBIN pacyeT COrIacHO OJIOK-cxeMe Ha puc. 1.22.

[IpakTUueckas peanu3anus 3TOTO aJITOPUTMA HATAJIKMBAETCS Ha 3Ha-
YUTENbHBIE MPOOJIEMBbI CXOIUMOCTH, KOTOPbIE B OOJIBIIMHCTBE CIy4aeB MO-
I'yT OBITh MPEOJIOJICHBI, €CIM KBaTH(PHUKAIUS CIELHUATUCTa MMO3BOJISIET OIle-
HUTH HauaJIbHbIC TPUOIMKEHUS OUeHb OJTM3KUMHU K 3HAUEHUSIM KOPHEH.
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MeTtoa npocTtoun ntepauumn
(cucmema ypasHeHul)

0 0 0
Beoa: x;, X, , .oy X, ;
€1 € o

_._0
__0
X3=X5
1
. > HayvanbHoe
. npubnuxeHue
__0
Xp=Xp )
>
XX1=X4 \
XX,=X,
|
. > : lMepenpuceoeHue
| |
| |
]
XX,=X,, )
|
X, =, (XX4, XX, ..., XX ) \

Xo=Fo(XX4, XX, ..., XX,)

Bbosiee moyHoe

T
|
. eblyucieHue
||
I B
_ bIBOA: Xy, Xo, -, X,,
X, = (XX4, XX, ..., XX,) )
|
Na Ha
| Her Het Hert

CpasHeHue /!

Puc. 1.22. Aaroputm MeToa MPOCTON UTEPALUU JJIsl CUCTEMBI YpaBHEHUHN
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1.3.4. Pemienne cucreMbl HeJIMHEHHBIX YPABHEHU
MeToaoM 3erifens

OcHOBHast uaes METoJa 3aKII0YAeTCs B TOM, UTO MPU GbIYUCTEHUU
(kK +1) —20 npubnuscenun neuzgecmmoil X; Y4UMbIGAIOMCA YHCe GbIYUC-
nennvte panee (K +1)-e npubnusicenus neuzgecmHvIx Xq,Xo,...,.X;_1.

CpaBHeHHe MeTo/1a 3eiIensl ¢ METOJIOM MPOCTOM MTEpallMi MPUBEIEM
JUIS CUCTEMBI TPEX YpaBHEHHIA.

MeToa nNpocToii HTEpaAuMu Meton 3eiinens
HavanpHbie mpuOImkeHus X10 , Xg , Xg
Ml d=aed 8 M = (G 6)
X5 =92 (X0, %5, %3) X5 = 9244, %5, %3)
X5 = 0304, X3, X3) X5 = p3(X0, %5, X5)

Hiar 2 X = o144, %3, %3) Har 2 X = o104, %3, %3)
X = @y (XT, X3, X5)
X3 = 92 (X1, X3, X5) X5 = @a (X4, X3, X3)
X5 = 93044, X3, X3) X5 = @304, X5, X3)
U T. O U T. 1.

1.3.5. Ucnnoan3oBaHuda MeTO0/1a MOJJOBUHHOIO JeJIeHUA
B MOBEPOYHOM TEIJIOBOM pacyeTe MOBEPXHOCTHOIO
NMapOBOASIHOTO MOAOTPeBaTe sl

ITocTanoBKa 3a1aun

Jli11 pereHepaTHBHOTO TTOBEpXHOCTHOTO mojorpesatenss TOC (puc. 1.23)
W3BECTHBI:
P.,t; — naBnenue (MIIa) u remneparypa (°C) rperorero napa;
G, — pacxox HarpeBaeMoi Bofbl, KI/C;
t,; — TemmepaTypa BoJbl Ha Bxoze, °C;
F — Iomaps TeII006MeHHOH TOBEPXHOCTH, M°.

CocTaBUTh MaTEeMaTHYECKYI0 MOJIENb TEIJIOOOMEHHUKA C IETBI0 pac-
Yyera TeMIeparypsl BoIbl t,» Ha BBIXOJE U3 mojorpesarelns (Hemorpesa 0).

VI3MeHeHHEM TEIIOEMKOCTH BOJIBI Cy HPEHEOpEUb.
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MaremaTH4yeckoe ONNMucaHue 3a1a9u

B ocHOBY pacueTa moJI0KeHBI J1Ba ypaBHCHHUS
1) ypaBHEHHe TerIoBOro OanaHnca

Q:Gl'(hl_h]’.)°n:GB'(tB2 _tBl)°Cp; (1.14)
2) ypaBHEHHE TEILIONepeIaun
Q=K-F-(ty —t5)/In((tsy —t1) /(tsg —152)) - (1.15)
Py, b, hy, D

[
l t311 hl|
l———Z—»
Puc. 1.23. Cxema Puc. 1.24. I'paduueckoe peuieHne
IIaPOBOJSIHOTO MO0 PEBATENS ypaBHenwuit (1.13) u (1.14)

Tepmoounamuyeckue napamempol
— sHTanenus napa B orbope hy = f (R, t;);

— TeMIlepaTrypa U SHTAIBINS APEHAXa T'PEIOIIEro Mnapa B COCTOSHUU
HAaCBIIICHUSA

ta=f(R);
hy=f(R).

Ecmu koaddumment remnonepenaun K He 3amaH, TO HEOOXOIUMO Ha-
MACaTh PSJT 3aBHCHUMOCTEH I €ro HaxoxkaeHus. UToOBl HE 3arpoOMOKIaTh
aNTOPUTM METOJa TIOJIOBUHHOTO JCIICHUS, MOIOXUM K =CONnst, 4To peasibHO
IIPH MaJIbIX OTKJIOHCHHSIX OT PACYETHOTO PEKUMA.

Bb100p YMCIICEHHOT0 METOAA

YroObl onpenenuTs t,,, Ha0 COBMECTHO PELIUTh CUCTEMY YpaBHEHUH

(1.14-1.15). AHaIUTHYECKOTO PELICHUS Y 3TOM 3a7aun HeT. J{1s ee perieHus
TPaIUIIMOHHO TMPUMEHSETCS 2pago-anarumuyeckuti memoo. CoraacHO 3TO-
My METOJy MPUHUMAETCS Psi 3HAYCHHWH 1 o, IS KOTOPBHIX BBIUUCISIOTCS

3HaueHus Q mo gopmynam (1.14) u (1.15) u cTpositcs n1Be rpaduyeckue 3a-
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Bucumoctn Q = fi(t,n) u Qy = f,(t,,). Touka mepeceueHns: MOTYyUCHHBIX

rpaduKoB JaeT peuieHue 3aaauu (cm. puc. 1.24).

['pado-ananuTryeckuit METOJ HE TOJUTCS NI KOMIIBIOTEPHBIX pacue-
TOB, TO3TOMY TIpHUBeAEM cucTeMy ypaBHeHuit (1.14—1.15) k ypaBHeHHIO BHIa
(1.1) 1 mpUMEeHUM OJIMH W3 YUCIEHHBIX METOAOB. J[Js 3TOr0 mpHUpaBHsIEM
MpaBble YacTH YPaBHEHHM TEIUIOBOTO OajlaHCa M TEIUIONEpelayu U TMepeHe-
CEM BCE B OJIHY CTOPOHY

K- F - (typ —ty)
GB'(tBZ_tBl)'Cp_ t th 2l =
|n£ sl — Blj
ts1 — 152

0. (1.17)

Nmeem HenmHeliHOe TpaHceHaeHTHOe ypaBHeHue f (t,,) =0, k xoToO-

POMY MOKHO MPUMEHUTH MemMO0 NOJOBUHHO2O O€NIeHUs.
Omnpenenym rpaHUIB oTpeska [a,b], coneprkariero HCKOMBIH KOpeHs t,»

a=t31+8t;
b=t —&t,

rae Ot — manoe uucino, Hapumep: Ot =0,01.
JIns ucnonb30BaHUS METoAa npocmoti umepayuu ypaBHenue (1.16)
HaJ0 TpeaCcTaBuTh B Buze t,, = f(t,5)

K-F o (t,—t,)
tB2:tB1+G L —p2 Bl
B'Cp In(tﬂ_tﬂj

tSl - tB2

(1.17)

HauanbsHoe npuOamkeHne MOXXKHO OLIEHUTh tgz =t —5.

CxomMMOCTh UTEPAIMOHHOTO Tporiecca st 3aBucumoctu (1.17) He
rapaHTUPOBaHA, a €€ MPOBEPKA YBEINYMUBAET TPYJOEMKOCTh pacUeTa.

Korma u3Becten oTpe3ok, copepKaiiuii KOpeHb, Haubojaee MPOCThIM
U YCIICUTHBIM SIBJISIETCS MemoO NOJOBUHHO20 OeleHUs.

Anaroputm pacuera t;; MeTOI0M MOJJOBUHHOIO JIeJIeHUSI

[TocnenoBatenbHOCTH pacueTa l,, MpencTaBiieHa B BUAE OJIOK-CXEMbI
Ha puc. 1.25.
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Beoa: Py, 1,,15,Gg, C,, ( dyHkuma F(ty,) >
FE K
T/ cowicTBa BOAbI gy - T
n BOOSAAHOro napa At = te, - tg
— Ln _S1 B1
h1 - f(Pl’ tl) ts1 - tBz
t, = f(P,) |
h,'= f(P,) Q,=Gg Cp (ts2 - t1)
| |
a=ty, +0,01 Q, = K- F At
b=tg, - 0,01 |
F= Q]_ - Qz
c=(atb)/2

D=Q/((h - h,) 0,98)

Her
Heporpes
Ma 0=1tg,-t5,
ts, = (atb) /2
A=(b-a)/2 BeiBoa: tg,,0, D
Q=Gg(tg - 1) Cp

Puc. 1.25. Aaroput™m noBepoYHOro TEIJIOBOTO pacyeTa TeII00OMEHHUKA
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IMporpamma pacuera t,; METOIOM NOJIOBUHHOTO J1eJICHUSI

Program POL DEL;

Uses TABL1; { HonkmiwueHme MOIYJIS pacuyera T/nd HapaMeTpOB }
Const Cp=4,19; KPD:=0,99;
Var P1l, tl,.. : real;

Function F(tB2: real): real;
Begin { Hawvamso o¢QyHKIMM}
delt:= (te2-tBl)/In((tsl-tel)/ (tsl-tB2));
Ql:= GB* (tB2-trl) *Cp;
Q2:= K*F* delt;
F:=01-Q2;
End; { Koxer QyHKIIMI}
Begin {Hayaso OCHOBHOM HpPOI'PaMMEI}
{BBOO MCXOOHBIX IAHHEIX B HIpoIpaMMme}
P1:=0,1; {MINa} tl1:=240; {C} Ge:=100; {xr/c} tBl:=70; {C}
F:=380; {M°} K:=3; {KBr/ (M*°*K)}
Eps:=0,05; {HorpemuocTes pacueTal
{KoHerr BBOOA MCXOIHEIX IOAHHEIX}
hl:=H PT(P1,tl); { Ob6pamenme x QyHKLMM 13 MOAysis TABLI }
tsl:=TSP(P1l); { Obpamenme K QyHKLMM M3 MOOyJis TABLI }
hlI:= TSW P(Pl); { Ob6pamenme x QyHKLMM 13 MoAysis TABLI }
a:=tsl+0.01;
b:=ts1-0.01;

Repeat

c:=(a+b)/2;

Fl:=F(a)*F(c);

If F1<=0 then Db=c else a=c;
Until (b-a)<=Eps;
te2:=(a+b) /2;
Ned:=tsl-tB2; {Hemorpes, °C}
Q:=GB* (tB2-tBl) *Cp; {TennoBasa Harpyska, kBT}
D:=Q/ (hl-hlI) /KPD; {Pacxon mapa, kr/c}
Writeln (Q:9:1, D:5:1, tB2:06:1);
Readln;
End. { Kouer; mporpamMmMsr}
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1.3.6. Ucnoib30Banue MeTo1a 3eiaenas

IJIA pacueTa TeIJaonepeaavu npu KOHJACHCAIMA I1apa
B MOBECPXHOCTHOM TEenJ1000MeHHUKe

IHocranoBka 3a1a4u

Jlyi pereHepaTUBHOTO MOBEpXHOCTHOrO nojorpesatessi TOC (puc. 1.23)
W3BECTHBI:

P, — IaBieHue U TemnepaTypa Iperoiiero napa;

G, — pacxon HarpeBaeMoil BOJbl;

tz1, 1,0 — TEMIEpaTypa BOAbI Ha BXOJIE U BBIXO/IE,

P, — 1aBineHue BOJBL;

W — CKOpPOCTb BOJIbI;

d,,d.,,0.; — COOTBETCTBEHHO HApyKHBIM, BHYTPEHHHH IHaMeETp

Y TOJIIIIMHA CTEHKH TPYOOK TEMI000MEHHOW MOBEPXHOCTH;

H — xapakTepHbiii reoMeTpruiYecKuil pazmep (111 BEPTUKAIBHBIX TEIl-
JI000MEHHUKOB — CPEJTHEE PACCTOSHUE MEXIY IMEPETOPOJIKAMU);

A¢p — TEIUIONPOBOJHOCTD CTAIH.

CocTaBuTh MAaTEMATHYCCKYIO MOJCIIb TEIJI00OMEHHHKA C OCJIBIO pac-
qcTa KOB(l)(l)I/IIII/IeHTa TCILIOIICPpCaAaun Kn Iomanan MMOBEPXHOCTHU F.

MaTtemaTHuecKkoe ONMHCAHUE 3aa9H

Tennosoii OamaHc

a) no 6ode Q=G - (o —hy);

0) no napy Q=D -(hy—hy)-0,98.

YpaBHEHHE TEIIONEpe1aun
Q=K-F-At.

CpennenorapugmMudecKuid TeMIiepaTypHbIN Harop

At = tB2 _tBl .
|n(tsl B tBl ]
tsl _tB2

Cpenssist TeMIiepaTypa BOJIbI
tep =t —At.
TepMmoauHAMHUYECKHE TTAPAMETPHI
a) 600wt hy = (P, 1) gy = F(R.t52);
0) napa (openaosica): hy = (P, t); tg = f(R);

= f(R); r=h .
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Tennmodpuznyeckue mapaMmeTpol
a) soovt: hy = (B, tp): Ky = F(Pytep);
vy = F (R tep): Pry = F(Rtep);

0) nieHKku KoHoencama:

A= f(ts1);
w=f(ts);
vi=f(ts);
p'=f(ts);
Pr'=f(ty).

KoaddumumenT Temnoornaun npu KOHASHCAIIUU T1apa 3aBUCHUT OT YHC-
n1a PeliHONIBACA IIJIEHKH KOHAEHCATa

2.
rac ( — ILIOTHOCTH TEIJIOBOTO IIOTOKA, Bt/m )

H — xapakrepnsbiii reomerpuyeckuii pazmep (st [THJ[ — cpennee
paccTosiHue Mexay neperopoakamu, mis [I1B/] — npousBeaeHue yncia 3mee-
BUKOB B MTAKETE Ha HAPYXKXHBIHM JraMeTp Tpyook N-d, ).

Ecmn Re, <100, To

1/3

oy =118-1"-| 9| .Re 3.
)

s Re, >100

1/3
g 016 (Pr)'3 Re,
v')? Re,—100+63,2-(Pr')!/3

Kosddumument temnoornaun npu BBIHYXIACHHOM TE€YEHHH OAHO(A3-
HOM cpeJibl BHYTPHU TPYO

0,8
oty =o,021-( o M}\B 'dBHj PrdA,
d

BH VB

O(,1=7\,'°

AJITOPUTM pacyeTra TeMIepaTypbl BOAbI MeTOA0M 3eii1esnst

[TocnenoBarenbHOCTh pacueTa t,, NpelcTaBieHa B BUAE OJIOK-CXEMbI
Ha puc. 1.26.
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L

K=K,
E g= KAt
i1 M BOASHOro napa |
[ =1(P, 1) ; Re =(qH)/(rp’-v')
i t, = f(Py) i
i h1I = f(P1) : ﬂ HeT
| V) =1(P) i Re,<100
E =h,-h/ i
E hg=f(Pg, t54) ! v
1| hg,=f(Pg, t i
P LBt b o = s 0810)) * (Re
Q=Gg -(hgy-hg,) v
1
1/3
At = t5p - Uy = 1-9,81/(v')")"™ 010 Pr_Re 7
S Re,- 100 + 63,2 -Pr
In=——
tS1_tBZ
| >
e = tg4-At
__________ | K1 =K
i T/ cBoncTBa BOA bl |
i 7\‘B :f(PB’ cp) E — 1
; He =f(Ps, top) | 1 Lo+ derl Aoy + Uat,
E P =f(Pg, t.,) E @
E Prg =f(Pg, t.,) E
! Vg= MB/pB :
---------- T-----------.

0,8 .1/3

o, = 0,021- Agldg, (W -dg,/vg) ") (Pr B)

. - Q1000

: = f(te) i K- t

5 u' =fts) | :

i p’ =f(ts,) i D=Q/((hl-h,)-0.98)
e al |

| YRR .I ............ 1

Puc. 1.26. Anroput™ TEmaoBOro pacyera TerI000MEHHUKA
IIpY KOHJEHCAIMH napa
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1.3.7. Ucnonib30Banue metoaa 3eigest
NPH NepeBo/ie KOHJIEHCAIMOHHOH TypO0yCTAHOBKH
B TeINIO(PMKALUMOHHBIN PEeKUM

ITocTanoBKa 3a1a4u
Hcxonnas cxema KOHACHCAIITMOHHOW TYpOOYCTAHOBKH C 3aJlaHHBIMHU

HayvaJabHBIMM NapaMmeTpamu By,t; ¥ naBieHHeM B KOHIEHCATOpE PK0 IIpUBe-

neHa Ha puc. 1.27. 13 pacuera cxeMbl Ha KOHIACHCAITMOHHBIA peKuM (Oyaem
B JlaJibHEHIIIEM Ha3bIBATh €T0 pacuemubim) C MAaKCUMaJIbHBIM PAacX0JIOM CBe-
xkero napa Dy u3BecTHBI mapamMeTpbl M pacxoibl pabodero Tesia BO BCEX

3JIEMEHTAaX TEIJIOBON CXEMBI:
Plo, hlo, hi(o), Dlo — JUISl TIEPBOT'O pereHepaTHBHOrO oTdéOpa M MoAorpe-
Batens I11;
0 L0 L(0) RO .
P>, hy,hy™, Dy — nna Broporo or6opa u moporpesarens I12;
DS =Dg — Df - Dg — pacxo[ napa B KOHIEHCATOp,

Ng — DJIEKTpUYECKasi MOIIHOCTh TYPOUHBI.

©)

Y5 o0 v
.. _l>:_">_ ______ _>___

0 0 0
P..,h.,D
I:):LO’h:LO, DlO K K K
on,hzo, D20
Bk 12
h° 0 Y h.r©
B1 N hBZ \ PB 4-\ K
N N o/
hlr(o) T

Puc. 1.27. Cxema TypO60OyCTaHOBKH 10 PEKOHCTPYKIIUU
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C uenblo OTIyCKa 3a/laHHOTO KoJnyecTBa Tera Q oT TypOuHbI ycTa-

HaBnuBaetcs ceteBoil moporpesareinsb (CII) (puc. 1.28), Ha KOTOpBIN Opranu-

3yeTcs mojjaua napa U3 Kamepbl HUKHETO HEPErYIMPyeEMOro oToopa.
Tpebyercsi paccuuTaTh TEIUIOBYIO CXEMy TypOOYCTaHOBKH B HOBOM

(TeruiopuKaMOHHOM) peXHUMe IpH 3aJaHHOM Temmeparype t,. oOpaTHOM

CETEBOM BOJBI U OMPENEIUTh JIEKTPUUYECKYIO MOIIHOCTh TYpOUHBI, YUUTHI-

L4

Basl, YTO 3aBUCUMOCTh BHYTpeHHEro otHocurenbHoro KII ng mociennero
OTCeKa OT OOBEMHOTO pacxoja mapa oIpejesieHa B pe3yJbTaTe HUCIbITaHUH.

Cuwurarts, uto KIIJI npoTouHOlf YacTu MEPBHIX IABYX OTCEKOB Mg H Mg 3a-

JaHbl 1 OCTArOTCs IOCTOAHHBIMH.
KpOMe TOTrO, 3aaHbl:
Py = const; ty= const, D,= const;
HEJIOTPEB B PEr€HEPATUBHBIX MMOAOTpeBaTeisx 0 ;
HEJIOTPEB B CETEBOM IIOIOTPEBATEIIE OC ;
JaBJICHUE ITUTATEJILHOU BObI PB .

Cucrema nmapopacrnpeieieHus — JpoccerbHasl.

Po:to ] IDo’

Pl’hl’ Dl |'|.C..
Cll
C.B.
v
hg, N
e BN

Puc. 1.28. Cxema TypOOyCTaHOBKH MOCIIE PEKOHCTPYKIIUU
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KadecTBeHHO€E onMcaHue 3a1a4u

[Tpu 3amaHHOM pacxone cBexero napa Dy HONOIHUTENBHBINA OTITYCK Ia-
pa u3 Heperynmupyemoro oroopa D. na CII mpuBener k M3MEHEHUIO pacxona

mapa Mo MPOTOYHOM YacTH TYpOMHBI IO CPaBHEHHIO C HX 3HAYCHUSIMH
B PaCU€THOM pexuMe. B coorBeTcTBUM ¢ 3aBUCUMOCTBIO CTOA0IBI — Diroress
3TO BBI30BET M3MEHEHME JABJICHUSA Napa B TypOuHe. 3HadeHus P, u P, monu-

3ATCS IO CPABHEHUIO CO CBOMMU MCXOTHBIMHU 3HAUCHUSIMU Plo u on :
[Ipyu HeusMeHHOM TMOJOXKEHUU perynupyromux kianaHoB (PK)

(Py = const) nanexne naBaeHUs MO NPOTOYHOH YAaCTH BBI3OBET yBEIUYCHHE

pacxoaa CBCKCTO Ilapa Do. qu/ITBIBaH, 4qTO pacxod OIpaHUYCH MaKCHUMaAJb-
HBIM 3HAQUCHHUCM, I ITOIACPIKAHNA Doz const Tpe6yeTC$I JOITIOJIHUTCIBHOC

npoccenuposanue B PK, uTo mpuBesieT k cHMXeHHUIO naBieHus napa By Ha

BXOJI€ B IIEPBYIO CTYIEHb TYpOUHBI (JIpoccesibHas CUCTEMA Mapopacipeaelie-
HUsI) MO0 B COIUIOBOM CETMEHT PETyJIHMPYIONICH CTyrneH! (COMIoBas CUCTe-
Ma). KauecTBeHHass KapTMHAa W3MEHEHUs MapaMETpoB Mapa B TypOuHE
C IPOCCENIbHBIM MMApOPACTIPEEICHUEM B CBSI3M C OpraHU3alleld Heperysiv-
pPYEMOTo0 TEeII0OPUKAMOHHOTO 0TOOpa npuBeaeHa Ha puc. 1.29.
IIpakTHueckue pacueTsl peKMMOB OTIIYCKa TEIlIa U3 HEPETYJIUPYEMbIX
0TOOpPOB KOHJEHCAIIMOHHBIX TypOWH Npu HEOOJBbIIOW J0J€ TEIUIOBOM Ha-
I'PY3KHM IIOKa3bIBAIOT, YTO W3MEHEHHUE NABJICHUM I1apa CYLIECTBEHHO B IIO-
CIIEIHUX CTYIIECHSX WM HE3HAYUTEIbHO JUIsl BEpXHUX. [[03TOMYy OYEeHBb 4acTo
JOTIOJIHUTENBHBIM JipoccenupoBanueM B PK MoxHO npeHeOpeyb.

MarteMaTH4ecKoe ONMCAHNE MOJEIH C LeIbI0 PACYETAa CXeMbl
B TCILIO(PMKALUOHHOM pPeKUMe

AOCOIOTHBIE PacXo/ibl TIapa uepe3 OTCEKU TypOUHBI B PACUETHOM pe-
KUME:

Dp = Dy;

0 0.
D =Do-Dr;

0 0 RO
Diy=Dg— Dy —D3.

Pacxon mapa Ha ceTeBOM MOJIOTPEBATEND

D. =Q/(h, —h5)/0,98, (1.18)

TennoBoit 6alaHC CETEBOTO MOOTPEBATENS IO BOJC
Q=G - (tc - hoc) "Cp- (1.19)
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Temneparypa ceteBoil Boabl 3a CII
t. =t —0.. (1.20)

Pacxonpl o oTcekam TypOUHBI B HOBOM pexuMe (cM. puc. 1.28)

D, =Dy
Di = Do — D (1.21)
D, =Djj; =Dy~ D; -~ D, ~ Dy (1.22)
[TapameTpsl mapa B KOHIEHCATOPE
toe =tgp + (toc —te1)- Dy / Dy (1.23)
Pe = F(tse). (1.24)

rae t§1 — pacyeTHas TeMIIeparypa OXJIAXKIAIOIIECH BOJBI HA BXOJ€ B KOH-
JICHCATOP; MOXKHO IIPUHSATS! tgl =12 °C He3aBHCHMO OT PEKHMA,;

tSOK — TCeMIICPpATypa HACBIMICHUA B KOHACHCATOPC IIPpU AABJICHHH PKO
B paC4YCTHOM PCIKHUMC.

VYpasuenusa Crogonsl — @mrorens 1 |, |1 u 11l orcexkoB TypOunsI co-
OTBETCTBEHHO:

D PZ - p2

R o R @29
D V(P)" = (F)
D R? - P}

0 =\/ 55 = R (1.26)
D V(R - (P)
D PI _ P2 ,

o O 0z
Dy V(R —(R)

VYpaBHeHUs TEII0BOro OanaHca AJs pereHepaTuBHBIX MOJ0rpeBaTeseit
Y TOYKHU CMEILICHHUS:

Dl(hl_h[)olg8: DH.B. '(hBl_hCM); (128)
D;-(h, —h3)-0,98+ D, - (h —h3)-0,98 = Dy - (hy2 — ) (1.29)
Dy +Dy+D;+ D =Dy 5
((Dl +D; + Dc) ’ hé + Dy - hI'() 099=Dy; - hCM' (1.30)
[TapameTpsl apa B npoliecce pacuupenus B Typoune (cM. puc. 1.29):
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ho =T (R, ty); (2.31)
to=f (P, hg); (1.32)
S, =f(Ry,15); (1.33)
e = (R, S); (1.34)
hy = hgy —(hg —hyt) - Mo (1.35)
Sy =f(R.hy); (1.36)
hot = (P, S3); (1.37)
hp =hy — (M —hyy) - Mo (1.38)
S3=1(P,,hy); (1.39)
Vo =(P,,hy); (1.40)
he = T (P, S3); (1.41)
he =y = (=) Mot ; (1.42)
Vi =f (R ho); (1.43)
noi' = V2.V, D). (1.44)
[TapameTpsl qpeHaXeN:
h=f(R); (1.45)
tg = f(R); (1.46)
hy = f(P); (2.47)
to, = (P); (1.48)
h. = f(P,). (1.49)
HapaMeTpLI BOAbBI HA BbIXOAC U3 HOI[OI‘pCBEITGJ'IGfIZ
ty =13 —-0; (1.50)
hey = (R, ta1); (1.51)
tyo =1, —0; (1.52)
he = T(Rts2). (1.53)
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Puc. 1.29. Ilpouecc pacuiupenus mapa B TypOHMHE B KOHJEHCAIIMOHHOM
pexume (MMyHKTUPOM) U TeTUIO(UKAIIMOHHOM (CIIJIONIHAS JIMHHMS )

Bb100op MeTO1a penieHUs 3a1a4u

Jlist mpocrelimei cxeMbl TypOOYCTaHOBKH UMEEM CIIOKHYIO CUCTEMY
(1.19-1.54), cocrosiyr U3 TPUALATH IIECTH YPaBHEHUH C TPUALATHIO IIIe-
cteio Hem3BecTHRIME: 1) D.; 2) G, ; 3) t.; 4) Dy;; 5) Dy; 6) tsc: 7) P
8) P,;9) B; 10) Py; 11) Dy; 12) D,; 13) h.,,; 14) hg; 15) tg; 16) Sqp; 17) hys;
18) hy; 19) Sy; 20) hyi; 21) hy; 22) Sg; 23) Vy; 24) hyy; 25) hy; 26) Vi 27) it
28) {; 29) tyy; 30) hy; 31) tep; 32) hi; 33) tyg; 34) hy; 35) typ:36) hyy.

AHanusupysi npuBeleHHbIe Bbimie 3aBucuMoctd (1.19-1.54), nerko
YBHIETH, 4TO pacueT 3HaueHuit Dy, D, u D, mo3Boiser onpenenuTs pacxo-
1Bl T1apa 1o OTCeKaM TypOMHBI, B TOM 4MCIE U B KOHAeHcaTop D, uro nact
BO3MOXKHOCTb [I€PECUUTATh JaBJIEHHs Iapa 1o npoTtoyHoil yactu P, P, P
u Py mo 3aBucumoctsim Cromonsl — @mrorens. OnHAaKO pacdeT ypaBHEHUIt
TEIUIOBBIX OanaHcoB nojorpesareneil ¢ uensto onpenenenus Dy, D, u D,

TpeOyeT 3HaHUs IapaMeTPOB Mapa, BOAbI M JPEHAXKEHN B IOJOrpeBaTesIX, KO-
TOpBIE, B CBOIO OY€pe/ib, 3aBUCAT OT 3HaueHuit P, P>, P, u Py.
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Takum oOpa3zom, Hu ofHO U3 ypaBHeHu# (1.19-1.54) ne pemraercst camo-
CTOSITENIEHO, BCE OHM YBsI3aHbl B cucTeMy. Pemarh cucrteMy TpUALATH IIECTH
YPaBHEHUII METOJIOM MPOCTOM WTEpalMy O3Ha4yaeT 3aJaTh TPUALUATh LIECTh
MPUOIMKEHU U B JAJIbHEHMIIIEM CBOAUTH BCE YPABHEHUSI CUCTEMBI K TOXKJIECT-
BaM JI0 T€X IOp, MOKa 3HAYEHHE Ka)XJIO0H MEPEMEHHOW OyAyT OTIMYATHCSA OT
CBOETO MPEABIAYIIEr0o 3HAYEHUSI MEHEE YeM Harepe]l 3aJlaHHYI0 MMOTPEIIHOCTb.
EcTtecTBeHHO, mponecc 3TOT TPYAOEMKHI, KPOME TOrO — YCIEX COMHUTEIIEH,
T. K. B 3HAQUUTEJILHOM CTENEHU OMNpEAessieTCs MPaBUIbHBIM BHIOOPOM Haydaslb-
HBIX MPUOTMKEHUH 10 KaXKJ0M U3 TPUALIATH IECTH HEU3BECTHBIX.

Yropoctuth pellieHHe 3aJayd MOXKHO, pa3OMB €€ Ha TI0JICHCTEMBbI
MEHBIIIETO MOPAJIKAa U PAa30MKHYTBIE MOCIEI0BATEIBHOCTH. Tak, HaIpumep,
€CJIM ONPEJCIICHBI 1aBJICHUs Napa Mo MPOTOYHOM YacTU TypOMHBI, TO Ompe-
NEJIEHUE DHTAJBIIAN I1apa, BOJABI U IPECHAXKEW Ul PELICHUS YPABHEHHUM TEIl-
JoBOro OamaHca He TpeOyeT uTeparuii, T. €. OOJIBIIMHCTBO 3aBUCUMOCTEH
CUCTEMBI MOKHO Pa3BEPHYTh B MOCIJIEI0BATEILHOCTH, HE BBI3bIBAIOLIUE IIHK-
JUYECKUX BblUMCIeHUH. Kpome TOro, CHU3UTh TPYAOEMKOCTh pacyeTa MOX-
HO NPABUNIbHBIM 8bl00POM HAYATLHLIX NPUOIUNCEHUTI 6HYMPU YUK108. B Teo-
pUU MaTeMaTHYE€CKOro MOJEIMPOBAHUS MIOCTABICHHAS 3a/1aya SKBUBAJICHTHA
ONTHMAJIBHOMY BBIOOPY M pa3pbiBy OOpaTHBIX CBSI3€W B IUKIMYECKUX CXe€-
Max. ['paMOTHO 3a7aB HadyaJibHblE MPUOIMKEHUS, MOKHO HAJEIThCS Ha ycC-
MIEIHOE IPUMEHEHHUE METoAa 3enaes.

VYuuThiBas, 4TO PACXOJ INHUTATEIBHON BOJABI 4YEPE3 pEreHEpPaTUBHBIC
IIOI0IPEBATENM B HOBOM PEKHUME HE U3MEHUJIICS, MOXKHO MPEAIIOJIOKUTH, YTO
pacxo/pl apa Ha pereHepaTuBHble nogorpesaren D u D, Oyayt mano ot-

JMYATHCA OT UX 3HAYECHUHN Dlo U Dg B PACYETHOM PEKUME.
[TosToMy B KauecTBEe HAYAIBHBIX IPUOIMKEHUI PEKOMEH Ty ETCs IPUHATH
_no. _no
Torna, cunras Dy =const u onpenenus D, u3 (1.19), MOKHO OLIEHUTH pac-

XoJ napa B KoHjeHcarop D, u3 ypaBHenus (1.23). HoBoe 3Hauenune Dy mo-

3BOJIICT MEpecYUTaTh AABJICHHE Mapa B KOHIEHCATOpPE IO 3aBUCUMOCTIM
(1.24-1.25). YuuTbiBass ©3MEHCHHSI PacX0JI0B Iapa Mo OTCeKaM TypOWHBI U KO-
HEYHBIX MTapaMeTPOB Mapa B HOBOM PEXHUME, IEPECUNUTHIBAIOTCS JaBJICHUS Mapa
B otOopax P, u P, u Ha Bxoze B TypOuny Py mo popmysiam (1.26-1.30).

Jlanee onpeaenstoTcs napaMeTpsl napa, IpeHaka U BOJbI 110 yPaBHEHU-
aMm (1.32—1.54), koTopble NO3BOJISIFOT YTOYHUTH 3HaueHUs pacxonoB Dy u D,.
C HoBbMM 3HaueHUsIMU Dy u D, Bbrumcnenus nosropstorcs. Pacuer 3akaHun-

BaCTCsA, KOraga 3HAYCHUA KaXKI0I'0 M3 pacxod0B 6}’IIYT OTIIM4YaTbCsAa OT CBOCIO
MMPCAbIAYIICTO 3HAYCHHA MCHCC, YCM HAIICPC/I 3aIaHHYIO IMOTrpCITHOCTD.
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AJropuTM pacuera cxembl

AJTOpUTM pacyeTa CXeMbl TypOOYCTAaHOBKH B TEIUIO(PUKAIMOHHOM
pexume npuseneH Ha puc. 1.30.

(oTnyck Tenna u3

PacuyeTt TennoBow cxemMbl ?
HeperynupyemMbix OTOOpPOB )

D= Q. /(h, - h, )/0,98

. 0.0 000 I
@DO, D,.D, ,Py,,P, P, Qg ...
PacueT pacxooB napa Ha
| pereHepatBHbIE Nogorpesarenm

D, ,D, n aHTanbnmm cmelueHmns

OueHnnn B NepBOM MPUONKEHWN: hem 13 (11)-(13)
Ds= Q. /11 0,98; |
D.=D. D.=D.° 3anomMH1M ctapoe 3HadeHvie
171 m2e =2 pacxofa napa B KOHAeHcaTop
Dd=Dy

) |
YTOUHWIM pacxof, napa B KOHAEHCaTop
DK = DO - Dl- D2 = DC

DK: DO - Dl- D2 - DC
I
D,=D, - D,
[
tsi o (6)
|
P= f(tsy)
|
Pacuet gaBneHui No NpoOTOYHOM YacTu:

P2, Py, Py’ no dopmynam (8)10) Qry =Dy .(hy -hg, )
|

I N,=Dg .(hg-h,)
Onpepenexne napameTpos napa I

B npoLecce pactumpenus: hy, h; ,h, N,=D, -(h;-h,)
n gp. no (14)-(27) .

N,=Dy -(h,-hy)
I

OnpegeneHue NapameTpoB ApeHaxa N.=N. +N. + N
rpetowero napa h,, t, , h)', t, ' 1. —
v ap. ro (28)-(32) KPDyy =N -0,99/(Qry -Q)

Onpegnenexne napameTpoB BoAbl
Ha BbIXOZEe M3 pereHep. nogorpesarernei

tg, » g1y g, 1 Ap. o (33)-(36)

Buisog: N; , KPDyy

Puc. 1.30. Anroputm pacuera cxeMbl TypOOYCTaHOBKH TOCJE €€ PEeKOHCTPYKIUH
C LIETIbIO OTIYCKA TEIUIa U3 HEPEryINPYEeMbIX 0TOOPOB
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1.3.8. MoaeupoBaHue TEMJIOBOMH CXeMbI

ITocTanoBKa 3a1a4u

Jlisg 3ajaHHONM TEIUIOBOM CXEMBbl BIAXXHOMAPOBOM TypOOYCTaHOBKHU
(cm. puc. 1.31) uzeecmnst B kauecTBE UCXOIHBIX JAHHBIX WK pacyeTa:
Py — HauanbHOE NaBJICHUE Mapa;

Xo — HayaJIbHas CTENIEHb CyXOCTH;

P, — KOHEUHOE AaBlIeHHE Napa;

P, P, ..., Py, ... — IaBnenns napa B pETeHEPaTUBHBIX 0TOOPAX U JIEA3PATOPE;
X — CTEIIEHb CYXOCTH I1apa 3a CEemapaTopom;

t 1 g2 — TEMIIEpATypsl Mapa 3a NepBOi U BTOPOU CTYIEHSIMHU IIPOM-

HeperpeBa COOTBETCTBEHHO;
0 — HeIorpeB BOJBI IO TEMIICpaTypbl HACBIIICHHS apa B TIOBEPXHO-
CTHBIX PEreHEePaTUBHBIX MTOJJOIPEBATEIISX;
onpeodesensl C UCIOIB30BaHUEM MOJTYJISI TEPMOANHAMUYECKHUX [TapaMeTPOB:
hp — SHTaJBIKS Tapa Ha BXOJE B TypOUHY;
hy, hy, hg,... — sHTaNBINM Mapa B pereHepaTHBHBIX 0TOOPAX;
h, — aHTaNBIHs Mapa 3a cenapaTopoM;
hg, h{, h5,... — dHTaNBIUK ApeHa)ka TPEIOIEero Iapa NPH JaBICHUIX
Po, R|.’ P2 nT. O
Paccuumamp oTHOCHTENBHBIE PACXOMbI MTapa W BOABI B XapaKTEPHBIX
TOYKaX CXEMBI: A9, OLo, O3, O‘zv Oy, Oy Oe gy Qe gy Oty Q2 s Qogs Oy . -

Po, X, hy ) O N,
Oz Ny

Ong=0otOmmy - 4{- - - --fF---=-----"
Ttswhm o hc;vo‘cn
C
Mm C o
_\A < o \
Oppy
thy' tao, Ny " [ g Ny o,
M2 o, h, ! @
<3 ,
o op
S e S
—> < (X'3’ h3 P'El o t h I-I4
] I‘—|3 .D. OK» ‘B4r ''B4 ,1/
1 A 2
© hﬂ | | ay, h
Ogpai s tss
Puc. 1.31
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MareMaTHuecKkoe onucaHnue

Jlyist pacdeTa mapaMeTpoB mapa, IpeHaka U BOJABI B XapaKTEPHBIX TOY-
kax cxembl Ha [I9BM HE00X01uMO BOCTIONB30BATHCS QYHKIIUSIMH U3 MOTYJIS
TABL1.tpu. MeTonuueckue ykazaHusi ¥ MPUMEPHI pacueTa nmapaMeTpoB napa
B TIPOIIECCE PACIIUPEHUs €ro B TypOMHE AaHbI B pazjaene 1.2 Hacrosmel pa-
OOTBHI.

UtoObl npuMenuTh GyHKIMU u3 Moayis TABLI, HeoOxoaumo orie-
HUTBH COCTOSTHUE pabouero Tena JJis BCeX MOTOKOB, BXOSAIIMX B pacyeT dJie-
MEHTOB 3aJlaHHOM cxeMbl. COCTOsSTHUE Tapa B MPOLIECCe PACHIMPEHUs B TYp-
OuHe (meperpeThiii / MOKpBIN) Ompenensercs B pe3ysbTaTe CXEMaTUYHOTrO
nocTpoeHus nporiecca B h, s-nuarpamme (cm. puc. 1.32), otkyna:

— map B nporiecce pacmmpenus B UBJI (touku 0, 1t(1), 2t(2), 3t(3)) —
MOKDUIUL;

— Tap Ha BBIXOJE M3 cemaparopa (TOYka C) — MOKpblil (CyXOM Hachl-
IICHHBIN, ecau X = 1);

— Tmap mocJie maporeperpepareneii (touku Py u Py) — nepeepemulii;

— cocTosiHue napa B oroope Ha 114 (4t(4)) u Ha BbIXOJE U3 TypOUHBI
(xt(K)) mpebyemcs oyenums, B 3aBUCUMOCTH OT AaBJIeHUH P4 u P, OH MOXET
OBITH U TIEPETPETHIM, U MOKPBIM.

Ypasnenus mennosoco u mamepuanvrHoeo 6anancos s dIEMEHTOB
TEIJIOBOM CXEMBI (ITOTEPSIMU TEILIa B OKPYKAIOIIYIO Cpey npeHedperaem)

I1: OL1°(hl_h]'.)+OLnn2 (hé _hJ'.) =0 p, '(hlxl_hBZ)’ (1.55)
IIe O 5 =0+ 0. Pacuer mogorpesarens I11 mpousBoaurcs € LEIBIO
OIIPENIEICHUS Oy .

112 ap - (N =hp) + oy - (M =) + 0ty - (M —12) = oy - (M2 —y3) ,(1.56)

rae o 01 + Oy - Pacder I12 mpom3BoAnTCS € LENBIO ONPEACIEHUS Oy .

apl =
Pacuer 12 npon3BOaUTCS € LENBIO ONPEAEIEHUS Oy .

M3: o (hg =) +opp (M5 —hg) =0, (g —1)i  (L5D)

THAC Oy =Olyyy + 0y +0lyyg . Pacder 113 nmpousBoautes ¢ nenbio onpenene-

HUS Ol3.

C: Olc =Olep O, (1.58)
o My =cte g+ he; (1.59)

[Tesp pacuera cenapaTopa — ONPEAEICHUE PACXOJ0B BOABI O, , M Mapa O

Ha BBIXOJIE.

T: Oy - (M =) = e g - (g =) (1.60)

Iens pacuera III11 — onpenenenue pacxona nmapa Oy -
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TII2: 2 - (hp — h(,)) = Qe - (N2 —hypg) - (1.61)

[Menb pacyera I1112 — onpenenenne pacxoaa napa oy, -

A Oy +0p3+ 0ok =0np (1.62)
Oy h3 TO0p3e h3 T 0ok hB4 =Oyp. - h&- (1.63)

TAe O3 =0pp +03. Pacder neadparopa MpOM3BOIUTCS C LENBIO OIpe-
JIENEHUSA Oy M Olg .
I4: oy (g =)+t (G —Mp) =0t -(Na =) (164)

Pacuer 114 mpon3BoaUTCA € LIEIBIO ONMPEIEICHUS Oy .

M2 Ps tone

v

I
I
I
|

Sy Stin

Puc. 1.32. [Ipouecc pacmupenus napa B TypouHe

Bb100p YMCICEHHOT0 METOAA

Onements 111, 112, 113, C, [, TIII1, III12 oxBadyeHbl KOHTYpOM, T. K.
HU OJIMH U3 HUX HE PEIAeTCs] CaMOCTOSTEIbHO. Tak, 4ToObl OMPEACIUTh 01

u3 I11, Hano 3HaTH O 9, KOTOPBIH HaXoAUTCs U3 TerioBoro Oamaxca [1112

nocje pacuera cenaparopa. B pacuer 112, I3 u neaspatopa BXOIAT HEU3-
BECTHBIC 3HAYCHHS JPEHAKEH BBIMIECTOSIINX MOAOTpEeBATENC M MOITOMY
ATH 3JIEMEHTHI Tak)Ke He MOTYT OBITh paccuuTaHbl. [y pacueTa cemaparopa
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C LIEIIbIO ONPENENIEHHs O, , U O, HEOOXOIMMO 3HATh pacxoj Iapa Ha Bbl-
XOJI€ U3 TypOMHBI O, KOTOPBIH 3aBUCHUT OT PACXOJOB O3, Olp, O3, CLy.
Takum 06pazom, UMeeM OJIMH 3aMKHYTBIN KOHTYp, KOTOPBIN OMHUCHIBA-
eTcs cuctemMoil neBatu ypaBHeHul (1.55—1.64) ¢ neBsATbI0 HEU3BECTHBIMU
O, O, O3, Ay Ol¢ gy Olg 1y Oyl s Qppg2s Oy Olg -

[TogorpeBatens 114 He BXOIUT B yKa3aHHBIM KOHTYpP U MOXET OBbITH
paccurTaH CaMOCTOSTEIILHO OCIIe pacyeTa cucteMbl ypaBHeHui (1)—(10).

IIpeBpatuTh 3aMKHYTBIM KOHTYP B PA30MKHYTYIO ITOCIEA0BATEIbHOCTD
MOKHO JBYMS Ty TSIMU:

— pa3zopBaB n0oTOKH napa Ha naponeperpesarenu [1I11 u ITI12 (uro o3-
HA4aeT 3aJaTh 3HAYEHUS Ol U Olyyo COOTBETCTBEHHO);

— pa3opBaB IOTOK I1apa 0., Ha BXOJE B CEIapaTop.

Hawnmydmmuii cioco6 — BTOpO#, T. K. OH TpeOyeT pa3phiBa JUIITL OJTHOTO
IIOTOKA ¥ COOTBETCTBEHHO OPTaHU3aLlMHA OJHOTO PACYETHOTO LUKIIA.

AJropurm pacyera

[TpuBenen Ha puc. 1.33 B Buje O6JI0K-CXEMBI.

@fc =0,7,e=0,01;0,=1

<

PacueT acg, 0,
n3 (4) n (5) |

Pacuer oy, 004 13 (8) 1 (9)

Pacuet o, 13 (6) |

| Oy = Ogy

PacueTt o, 13 (7) |

Pacuet o, 13 (1)

Pacuert a, 13 (2)

| Ha
Pacuyert a4 13 (3)
L

Puc. 1.33. Aaroputm pacuera OTHOCUTEIBHBIX PaCcX0J10B
JU1st cxeMbl Ha puc. 1.31
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2. METO/Ibl OJHOMEPHOH MUHUMU3ALIUU

2.1. llpenBapuTe/ibHbIE CBEAECHUS

PaccmarpuBaem nmpocrenime 3aga4d MUHUMHA3ALUHY, B KOTOPBIX LiENe-
Basi (DyHKLHUS 3aBUCUT OT OJHOW MEPEMEHHOM, a JTOIYCTUMBIM MHOXECTBOM
ABJISIETCS] OTPE30K BEIIECTBEHHONW OCH
f (X) > min;
x e[a,b].
Teopernyecknii MaTepHUal U NPUMEPHI UCIIOJIB30BAHUS PA3IMYHBIX AJI-
TOPUTMOB TIpHUBEIeHBI B [ 1-4].

I'1o0anbHBIM MUHEMYM

Yucno X e[a,b] naseiBaercs mouxoii 2nobarvrozo (abconomuozo)
MUHUMYMA, WA TIPOCTO moukou munumyma, Gpyaknun f(X) Ha oTrpeske, ec-

ma f(x") < f(X) msBeex X [a,b].

3navenne dynkpn foi, < f(X) HassBaror 2r06anenbiv (abeorom-
HbIM) MUHUMYMOM, WA TIpocTo Munumymom, yakmmu f (X) Ha otpeske [a,b].

Ha puc. 2.1 touka M — rinoGanbHblii MUHUMYM, Touka N — r1o0anbHbIN
MaKCUMYM.

JlokajibHbIi MUHUMYM

Yucno X e[a,b] maswBaercs mouxoii rokansrozo munumyma GyHK-
mwm f(X) Ha orpeske [a,b], ecrm f(X™) < f(X) mna Bcex x [a,b], mocra-

*
TOYHO OJM3KUX K X .
Ha puc. 2.1 Toukn 4 u B — n0KaabHbIE MUHUMYMBI.

Heo0xoaumoe ycii0BMe MUHUMYMA
(GyHKIMM OHOM MEPEMEHHOM B TOUKE X"
f/(x*). (2.1)
JocTaTouHble yCJI0BUA MUHUMYMA

(QYHKIHHU OJHON HEepeMEHHOM B TOUKe X
1) f'(x")=0;
2) £"(x")=0. (2.2)
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L 2o

Puc. 2.1

YHumonaabHbie QYHKIMHA

MHorue Meronsl moucka ToYkd MuHEMyma f(X) mpucmocobieHb!

TOJBKO IS (DYHKITUN, Y KOTOPBIX KaXIbIM JOKAJbHBIH MUHUMYM SIBJISICTCS
OJTHOBPEMEHHO U TJI00AJIbHBIM. DTUM CBOMCTBOM O0JAMAIOT YHUMOOALbHbLE

dyuKyuu.
Oyukius f(X) sBasgeTCS yHUMOOAILHOU, €CITU C YBEJIMUCHHUEM X Cle-

Ba OT X OHa MOHOTOHHO YOBIBAaeT, CIIpaBa — MOHOTOHHO Bo3pacTaeT. Ha
puc. 2.2 uzoOpaxeHsl rpaduku yHUMOJANbHBIX (pyHkiui. [Tpumep dyHK-
1M, HE SBISIONICHCS YHUMOIAIbHOM, PUBEICH Ha puC. 2.1.

A

yA y“ y

-

X

Q¢ --
I
X
* <L
oF-----------0

14§

i
I
! 1
i :
! 1
| i
i :
i | X
X* b a a* b b

Puc. 2.2. I'paduku yHumMoganbHbeIX QyHKITUH

Beinykiblie pyHKINH
Oyukius T (X), 3agannas Ha otpeske [a,b], HassiBaeTcst suinyxioi na

aToM oTpe3ke, ecimu ama Bcex X, X" e€[a,b] wu mpowmsBoibHOrO umcIa

ne[0;1] BbIIOIHSAETCS HEPABEHCTBO
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flu-X'+@0-p)-x)<p- F(X)+A-p)- F(x). (2.3)
Ecmu ¢ynkmusa f(X') — Beimyknas Ha [@,b], To Ha mo6oM orpeske
[X,x"]<[a,b] ee rpadux pacmosnoxxeH He BBIIIE XOP/Ibl, IPOBEICHHOMN Uepes3
Touku rpaduka ¢ abcuuccamu X u X" (puc. 2.3).
MOXHO TOKa3aTh, YTO BCSKas BBINMYKJIAsh HEMPEPhIBHAS HA OTPE3KE
[a,b] dyskums sBisercs yaumonaneHoi. OOpaTHOE, BOOOIIE TOBOPS, HE-
BepHO (puc. 2.4).

A A

Xe¢————————
[
v X
D¢ —— — — —
X4——————
X o——————— — — — —
or—————"——————=
v X

| |
' X” b X* ”

Puc. 2.3. B3anmHoe pacronoxxenue Puc. 2.4. I'padux yHUMOJaNbHOM,
rpa¢uka BeITYKIONW (QYHKIIMH U XOP/IbI HO HeE BBINYKJION (yHKIIMU

YcaoBue JInnuuna

Oyukuus f(X) yoosremeopsiem na ompeske [a,b] ycrosuio Jlunuu-
ya, eciny cyiiecTByeT takoe uucio L (kowcmamma Jlunwuya), 910 BBINOI-
HACTCSI

[F(x)— f (%) < L+|x =Xy (2.4)
IS BCeX X; U Xo, MpuHAmIexamux [a,b], T. e. ecnmu ckopocTh W3MEHEHUs
neneBoit pynkuu f(X) Ha moboM yuacTke oTpeska [a,b] orpanuuena ne-

KOTOPBIM YHCJIOM L, OJHUM U TEM K€ JJIsl BCEX YIaCTKOB.

Ycaosue (2.4) 03HaUaeT, YTO MOYJIb YTIIOBOTO KodddurreHTa 000
XopJbl Tpadguka He mpeBocxoauT L. Kpome Toro, eciu B HEKOTOPOW TOYKE
CYIIECTBYeT KacaTelbHas K rpadpuky f(X), To Moaynb ee yrioBoro ko3d-

duLmenTa TakKe He Moxer npesbimars L. Tak, Gyuxiums f (X) =+/X Ha o1-

peske [0; 1] ycnoButo Jlumnmuia He yIoBAETBOPSIET, HOTOMY uTO mipu X — 0
yIII0BO#M KOA((UIIMEHT KacaTeNbHOU K €€ rpaduKy HEOTpaHUYCHHO BO3pac-
Taet (Cm. puc. 2.5).

Yucnennvlie memoost, B OTINYNE OT aHATUTUYECKUX, AT ApuUbIU-

*
HCeHHoe PCIICHUC. To4HOCTh pacyeTra TOYKM MUHMUMyMa X M MHHHUMAaJIbHO-
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I'0 3HAa4YCHUA q)YHKI_[I/II/I fmin ONnpcACIEICTCA YUCIOM HUTCPAIMOHHBIX BBIYUC-

JieHuH (111aros), B 3aBUCUMOCTH OT METO/IA.
Cmpamecusn noucka (MUHUMYyMa) YUCJICHHBIM METOJIOM — 3TO ajro-
pUTM BBIOOpa TOYEK Ha [a,b], B KOTOPBIX MOCIIEIOBATEIBHO BBIUUCIISIOTCS

3HaueHus GyHKUMUA. Haumyuwied cTpaTerued Has3bIBaeTCsl Takas, KOTopas
TpeOyeT HaumeHbuieco Koauyecmea Gulyucienuti GyHkyuu TPy 3aJaHHOU
TOYHOCTHU. Pa3Hbie MeTOABI 00J1a0aI0T PA3IMYHON CTPATETHEH.

«Y1ayHasD> TPOMKA YHCeJT

Tpoiiky 4mcen X <Xp <Xz  HasplBalOT  «YOAYHOU»,  €CIU
f(x) < min{f (%), f (X3)} n f(x)< max{f (%), f (X3)} (puc. 2.6). OHa Ha-
3BIBACTCS «YAAYHOI», TIOTOMY YTO OTPE3OK [Xq;X3], BKITIOYAIOIINIA 3T TOY-
KH, 0053amMenbHO COOepHCUM MOYKY MUHuMymal

N k=1,1 f(x) y4
y
1,6 !
| X*€[Xq:X3] :
5 | |
0,010,1 02 1 . : L x
) I
a X; x* X Xa b
Puc. 2.5. I'paduk pyHkuuu Puc. 2.6. (X, Xy, %3) —
f(x)= Jx, xe [0:1], «yJladyHas» TPOWKA YHCEll

HE YJOBJICTBOPSIOIICH
ycaoBuro Jlumnmmna

KJ'IaCCl/I(l)I/IKa]_[I/Iﬂ YUCJICHHbIX ME€TOA0B OI[HOMepHOﬁ MHUHHUMHU3aNnu

Bce uuncnenHble METOIBI MOMCKa MUHMMYyMa (YHKIIMH OJHOWM Tepe-
MEHHOM MOYKHO Pa3JIeinTh Ha npsmvle METOIbI (HyJI€BOTO MOPSAKA, UCTIOIb-
3YIOIINE TOJBKO 3HaYEHUS! QYHKIIMH U HE TPEOYIOIMe BBIUYUCICHUS €€ TPo-
W3BOJHBIX) U METOJIbI TIEPBOTO M 00Jiee BBHICOKUX MOPSIKOB, UCHOIb3YIOWUE
npouU3800HbIeE.

Jlocmouncmeéa NpSIMbIX METOJIOB:

— MO3BOJIAIOT MCCIIEA0BATh 1eeBble (PYHKIUHU JII0O0r0o Kiacca, B TOM
yucie HenuddepeHmpyemsie;

— UMEIOT MPOCTHIE AITOPUTMBI U IPOTPaMMbl ONITUMHU3ALINH;

— TpeOyIoT Majoro 0obeMa MalIMHHOM MaMATH.
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Heodocmamku IpsSMbIX METOJIOB:

— TpeOyroT 60mbIIOro BpeMeHu pabotel DBM, T. K. cTpaTerus moucka
JaJeKa OT HaWJTy4Ilew;

— JUIsl TIOJIyYEHHUs PEHICHHS C BBICOKOW TOYHOCTHIO HEOOXOAMMO
00JIBIIIOE YUCIIO BBHIYUCICHUHN (DYHKIIUU; €CIH KE CYIIECTBYIOT OTpaHHYEHUs
Ha YHCIIO €€ BBIYMCIICHUH (HampuMmep, Mo NpUYuHE SKCIEPUMEHTAIBHOTO OTI-
penenenust PyHKIUM), TO IPSIMbIE METObI JAIOT HU3KYIO TOUHOCTb.

Lpsmvle memoQur.

— METOJ1 nepebopa,

— METOJI nOpA3psAOH020 NOUCKA,

— METOJIbl UCKIIOUEHUSL OMPE3KO8,
— METOJ napabo. u Jip.

Memoowi ucknouenus ompeskos.

— MeTOJI duxomomuu (IEPBBIA METOJ] ICJICHUSI OTPE3Ka MOIOoJIaM);
— BTOPOU Memo0 OelleHust ompe3Ka NonoJam,

— Metox Pubonauuu,

— METOJT «30J10M020 CeHeHUs» U JIp.

Memoouwl, ucnoav3yrowue npou3sooHble QYHKYUU.
— METOJI cpedHell MouKU,

— METOJI X0pO;

—Metoa Heiomowna,

— METOJI KYOU4eckou annpokcumayuy u Jp.

MeToabl HCKJIIOYEHHSI OTPE3KOB

Bce MeTonbsl uCKIIIOYEHUSI OTPE3KOB pabOTAlOT MO aJIrOpPUTMY: 0
yrumooanvnou na [a,b] ¢gyuxyuu f(X) na xascoou umepayuu evibuparom
mouku Xg U Xo makue, umo a<X; <Xo <b. Touxu X u X, Hasviearomcs
«npoouvimuy. Cpasnusaromcs snavenus f(X) 6 amux mouxax (cm. puc. 2.7).

Ecmu f(x) < f(Xo) (em. puc. 2.7, a), mo ons OanvHetiwezo paccmompe-
Hus ocmasnsiemcs [a,b], m. e. na credyroweii umepayuu X, nepexooum g b.

Ecnu (%) > f(xy) (cm. puc. 2.7, 6), smo o3nauaem, umo mouka mu-
numyma X npunaonexcum ompesky [%q,b], m. e. na cneoyroweii umepayuu
mouKa X; nepexooum 6 a.

[Tpu BBIOOpE TOUCK X M Xo YUUTHIBAIOT CIICAYIOLINE OOCTOSTEIbCTBA:

1) TOYKH X U Xp JTOJDKHBI OBITH PACIIOIOKEHBI CHMMETPHYHO OTHOCH-
TEJIBHO CepeauHbl oTpe3ka [a;b], 4TOOBI OTHOCHTEIIBHOE YMEHBIICHHE OT-
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pe3ka Ha OuEpeJHOW UTepalud HE 3aBHCEII0 OT TOro, Kakas 4YacTh
([a; %)) mmm (X,; b]) uckimovaercs u3 gaabHEHIIEr0 pacCCMOTPEHUS;

2) nisg Toro, 4ToObl MAKCUMAaJIbHO CY3UTh 00J1acTh MOMCKA, «OTCeKasl,
KaK MOKHO, OOJIBIIINE KYCKU», TOUKH X U X, JOJIKHBI OBITH PACIOJIOKEHBI

OJIM3KO K cepeinHe OTPE3Ka,
3) xenmaTenbHO OJHY U3 MPOOHBIX TOYEK (X; WIM X, ) HCIIOIb30BATh HA

CIIEYIONIEH UTEPAIH, YTOObI YMEHBIIUTD KOJMYECTBO BHIYMCICHUHN (DYHKIIUH.

yA yA

f(x,)<f(x,) f(x)>f(x)

270/ 777/ X,

107)770777 8 S YRR
a, X, Xzi) b Q: ! 2 ib X
! i . >
d K, X> a b
a b

a o

Puc. 2.7. I'paduueckast WILTIOCTpaIysi METOIOB UCKITIOUEHHUS OTPE3KOB

2.2. Meroa MaTtaHamn3a (KJIaCCHYECKHI)

Meton maetr mouwnoe peuieHue U Tpebyer auddepeHunpyeMocTu

GbyHKIUH.
Heobxooumoe ycnosue munumyma (QyHKIHMM OJHON MEpEeMEHHOM

*
B HCKOTOPOM TOYKE X —

£/(x*) =0. 2.1)
Mocmamounvie ycnosus munumyma QyHKIMHA OIHON IIEPEMEHHOM
B TOUKE X |
1) f'(x*)=0;
2) £"(x*)>0. 2.2)

ITocaenoBaTeIbHOCTL MUHUMHU3AIUH KJIACCHYECKHM METOA0M

1. Perraem ypasuenue f'(X) =0 nHa untepBane X €[a, b], kopau koto-

pOTO SIBIISIOTCS TOYKAMH BO3MOXKHOTO IKCTpeMyMma (QYHKIHUH (cmayuouap-
HbLMU TOYKAMU).
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2. BbruucisgeM 3HaueHUS (QYHKIMH BO BCEX CTAI[MOHAPHBIX TOYKAX
Y Ha KOHIIax oTpe3ka [a,Db].

3. BoiOupaem mMuHHManpHOE 3HaueHue (GyHkuum f, ¥ coorBerct-

*
BYIOIICC €My 3HAUYCHHUEC X .

Ipumep 2.1

f(x)= x°-3-x+1 — min, xe[-3,3].

Pewenue

1. £(x) =3-x* —3; 3- x* =3 = 0. CTauyoHapHbie TOUKK: X =-1; X, =1.

2. BoruncnsgeM 3HaueHUs (YHKIMH B CTAllMOHAPHBIX TOYKAX M Ha
KOHIIaX OTpe3Ka:

x=-3; f(-3)=(-3)>~3-(-3) +1=-17;

x=-1 f(-1) =3
x=1f@)=-%
x=3; 1(3)=1.

3. MunrumanbeHoe 3Hadenne GyHkmu f,ip = min{-17,3, -1, 1} =-17;

*

TOYKAa MUHHMyMa X .
Ipumeuanue. JIns naHHOW 3a/Ja4M HE BBI3BIBACT 3aTPYJAHCHHUI BhIUKC-
JeHue BTOpor mpousBogHoN f"(X)=6-X, MO3TOMY TOUKY JIOKaJIbHOI'O MHU-

HUMYyMa MOKHO OTIPEICTUTH 10 €€ 3HAKY.
Onpenenum 3HaK BTOPOM MMPOU3BOJHOM B CTAIMOHAPHBIX TOYKAX:
f"(-1) =6-(-1) =—6 <0 — Touka MaKCUMyMa,;
f"(1)=6-(1) =6 >0 — Touka MUHHMYyMa.
CpaBHuBaeM 3HaueHUs1 PYHKIMH B TOYKE MUHUMYyMa U Ha KOHIIAX OT-
pesKa i BeIOHpaeM HanMeHbinee i, =—17 B Touke X =-3.

2.3. Metoa nepedopa

Meron nepebopa — MPOCTEUIINN U3 TIPSIMBIX METOJOB (9TO €ro docmo-
UHCMEBO).

CyTb MeTOn1a:

1) pa3obbem otpe3ok [a,b] Ha N paBHBIX wacTelr TOYKaMuU

x;=a+i-(b—a)/n,i=0,1...,n;

2) BeraucnuM 3HadeHust f (X) B Toukax X;;

3) cpaBumBas 3HaueHus f(X;) mexmy coOoif, HaiigeM TOUYKY Xy,
0<m<n, mis xoropoit f(Xy,)=min f(x), 0<i<n,;

4) IOTOKIM X = Xpy ; fmin = T (X)) -
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[TorpemHocTh onpeeneHnusi TOUKM MUHUMYMa HE MPEBOCXOUT
en=(MO-a)/n

WITH ey =(b—-a)/(N-1).

31eck U B JalbHeleM OyjaemM o0o3HadaTth: N — KOJIMYECTBO BBIUMC-
neHud GyHKIUM; N — KOJIM4YecTBO utepanuil. s metona nepedopa

n=N-1.

Ha mpaktuke ymoOHO HCIOJIB30BaTh aJTOPUTM, KOTJA 3aJal0TCS HE
KOJTMYECTBOM BBIUMCICHUN (DYHKIMM HA 3aJaHHOM OTPE3Ke, a IaroM n3Me-
HEHMs AX ONTUMHU3UPYEMOrO IapaMmeTpa B 3aJaHHBIX I'PAHULIA Xmins Xmax

(puc. 2.8).
( Mepebop BapmaHTOB)
| < Het
fi
Beoa: Ax, 1= Trin
Ximin1Xmax Ha
foin=fl
fmin= 10 xX*=x1
I
x1= Xmin )
> X1 =x1+ AX
X1 | ®yHkums f(X)
) x1< b
Het
BoiBog: f, - MMHUManbHoe 3HaueHne cyHkumm f(X),

X* - onTMMarnbHoe 3Ha4YeHue napametpa X

Puc. 2.8. Anroputm mMeTona nepebopa

[Ipu npakTuyeckoil peanusanuu MeToja nepedopa A HeyHUMOoOdlb-
HbIX PYHKIMNA OCHOBHAs MpoOJieMa 3aKIII0YaeTCa B YCTAHOBJICHUH BEIMYUHbI
mara AX. Xapaktep (GyHKUHUU MOXET ObITh TaKOB, YTO JaXkKe MPHU CPaBHHU-

TETHLHO MaJioM AX BO3HUKAET OMACHOCTH «IPOCKOYHTH» TII00aTbHBIN MUHHU-
MyM (cM. puc. 2.9). B oOiiem ciaydae HEBO3MOXXHO PEIIMTh BOMPOC O TOM,
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HACKOJIBKO MaJIBIM CJICyeT BBHIOMpaTh mar, 9ToObl 3HaAYCHUE TTPHOIKEHHO-
ro MUHHMYMa OTJIMYAJIOCh OT UCTUHHOTO He OoJee, ueM Ha €5 >0

min f (x;)—min f(X')|<es, i=12,...,n. (2.5)

Onnako 11t QyHKIUN, YIOBAETBOPSIONIMX YCJIOBHIO JIMMIIMIA ¢ KOH-
ctanToi L, BeIOOp mara AX mo ¢gopmyie

AX=2°8f /L

rapaHTUPYET BBINMOJIHEHUE YCIoBus (2.5).

>

Y 4

T

0

X

AX
I \ X
& o : »
a a+tAx X*

Puc. 2.9

2.4. MeToa AMXOTOMUH
(mepBbIil METOX J1eJIeHUS OTPe3Ka MOIoJIaM)

Mero TMXOTOMHU OTHOCHTCSI K METOJIaM UCKITFOUCHUS OTPE3KOB.
Touku X; U X, pacmonaratorcsi OIM3KO K ceperHe oTpeska [a, b]:
_a+b-9, « _a+b+d
2
rae O — Majoe 4Kciio, BeioupaeTcs u3 auamnasona [0, 2g];

£ — IIOrPEIIHOCTE pacyera X .

OTHOLIEHHE JTIMH HOBOTO M HCXOTHOTO OTPE3KOB OIIM3KO K Y2, OTCIONA
Ha3BaHUE METOJIA.

AJNTOopuTM METO/Ia IMXOTOMUU NpUBEAEH Ha puc. 2.10.
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( MeTtoa anxotomuun )
[

| Beoa:a, b, € 0 |

g

x1=(a+b-8)/2
1

x2=(a+b+3)/2

A

x1 »| OyHKLMS f(X)
Wil :
X2 T L | .

f2 U

dl
w

Het
He f1< 12

b=x2 a=x1 v

Het /\ Ha
R< in’X*

\_8/ BeiBog : f

Puc. 2.10. Anroputm MeTo1a TUXOTOMHUHU

HOl"peH_IHOCTB OIIPCACIICHUA TOYKH MI/IHI/IMYMa Iocie N HTepaI_II/Iﬁ
b—a
= 2n+1 !

€n

rne  a u b— xoopauHaThl UCX00HO20 OTpE3KA.
Ecnu u3BectHO umciio BeraucieHuil pynkuun N, TO MOrpenrtHocTs Or-

penensercs

T. K. Uit MeTofa quxoromun N=N/2.
Ipumep 2.2. Haiitu Touky muaumyma pyukmun f(X) = x?+e* na
orpeske [0, 1] meTomom nuxoromuu ¢ morpemnocteio € =0,01.
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Pewienue
[Tpumem o =0,01. PacyeTsl BBHIONTHSIEM B COOTBETCTBUHU C AITOPHT-

MOM Ha puc. 2.10.
Urepanus 1. a=0;b=1;
X, =(a+b—8)/2=(0+1-0,01)/2 = 0,495;
X, =(@+b+38)/2=(0+1+0,01)/2=0,505;
f; =0,495% + e~949° = 0,8545;

f, =0,505% +e~%°9° = 0,8585.

Tak kak f; < f,, npuaumaem b =X, =0,505;
en=(b—a)/2=(0505-0)/2=0,2525>¢.

[Iepexoaum K Cleayromen nTepamnyu.

Urepanus 2. a=0;b=0,505;

¥ =(0+0,505-0,01)/2=0,2475, f, =0,2475% +e %2475=0,842;

X, =(0+0,505+0,01)/2=0,2575; f, =0,2575% +e %7 =0,839;
Tak kak f; > f,, npuanMaem a = xq =0,2475;
en=(b-a)/2=(0,505-0,2475)/2=0,1787 > ¢.

[Tepexonnm Kk cleAyrOLIEH UTEPALIH.

JlanpHeWmmii pacyeT cBoauM B Tadm. 2.1.
Tabmura 2.1

IIpume-
a b i | X | fx) | fie) |2 £n

Wr.3 | 0,2475 0,505 |0,3713 | 0,3813 | 0,8277 ]0,8284 | b=x2 0,062
Wt.4 | 0,2475 | 0,3813 | 0,3094 | 0,3194 | 0,8296 |0,8286 |a=x1 0,036
Wt.5 | 0,3094 | 0,3813 | 0,3404 | 0,3504 | 0,8277 |0,8272 |a=x1 0,0204
Wr.6 | 0,3404 | 0,3813 | 0,3559 | 0,3659 | 0,8272 |0,8275 | b=x2 0,0128
Wr.7 | 0,3404 | 0,3659 | 0,3481 | 0,3581 | 0,82720 | 0,8272 | b=x2 €,=0,009

PesynbTathl pacuera: X ~ (0,3404 +0,3582) /2 = 0,3493;
fooin ~0,3493% + 793493208272

2.5. MeTo «30J10TOr0» CeYeHHUs

Meton «3070TOr0» CEYEHUs — CaMbIM MOIYJSPHBIM U3 METOJOB HC-
KJTIOUEHHST OTPE3KOB.

Ob6manaer Haunywweri ocie Metona OUOOHAYYN CTpaTETHEH MOMCKA
TOYKM MUHUMYMA, T. K. OJJHa U3 MPOOHBIX TOUEK ( X; UIU X, ) MEPEXOAUT Ha
CJIEIYIONIYIO UTEPAIMIO U MMOITOMY Ha BCEX IIarax ajiropurma, KpoMme mepBo-
ro, TpeOyeTCs JIUIIh OJHO BBIUKCIICHUE (PYHKIIUH.
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B cooTBeTCTBHM C aNrOPUTMOM Kakaasi U3 TOUSK X; U X, JEIHT OTpe-
30k [a@,b] Ha nBe HepaBHBIC YacTH Tak, YTO OMHOULCHUE ONUHBL BCE20 OMPE3-

Ka K ONuHe e20 OOonbuiell Yacmuy pasHo OMHOWEHUI0 ONUH Oobliell U MeHb-
wieli yacmeti ompe3sKa:

(b-2) _(x-2)

(x2—a) (q-2a)
Touku, obnanaromue TakuM CBOMCTBOM, Ha3bIBAIOTCSA TOUKAMU «30710MO020%
ceuenusi oTpe3ka [a,b].

Paccmotpum otpesok [0;1] (puc. 2.11). IlycTe X, AenHT €ro B OTHO-
IIEHUU HEKOTOPOro 4Yucia T, T.€. Xp =T, TOrJa CUMMETPHYHO PacIojo-
keHHast Touka X, =1—t. IlogcraBum a=0; b=1 u 3Hauenns ¥ u X,
B oTHOIIeHUE (2.6):

(2.6)

1 T

T 1-1
~1+45

PemnMm kBagipaTHOE ypaBHEHHUE: 2 =1-1, Ty = >

—l+\/§

[TonoXuTeNnbHBIT KOPEHb T = > =0,61803... mo3BOIAET BHI-

YHUCIIATH KOOPAWHATHI TOYEK X; U X, OTpe3ka [a,b] Ha Bcex mreparusx me-
TOJIa «30JI0TOT0» CCUCHHUS:

X =a+@1-1)-(b—-a); X =a+t-(b-a).

X
N

- ——=-=--
a
H

v

Puc. 2.11. «3050T0€» CEYEHNE EAUMHUYHOIO OTPE3KA TOUKAMHU Xy U X,

AJIrOpUTM METOAA «30JIOTOTO» CEYEHU MPUBEACH Ha puc. 2.12.
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( Meton "3onoTtoro" cedeHus ) @
|
Beoa: a, b, ¢ x*=(a+b)/2
X*
— " DyHKUMSA
T —0,61803 P fmin f (X)
I |

x1l=a+(1-t)-(b-a)
]

x1
OyHKUMSA
< yl f(X)
X2
P OyHKuMSA
< y2 f(x)

v

x1=a+(1-1)-(b-a) x2=a+t-(b-a)

OyHKUMA |« Xi X2 > OyHKUMA
f(x) - . y2 f (%)
R=(b -a)/2

HeT RSS Dca @

Puc. 2.12. Anroput™ MeTO/1a «30JI0TOT0» CEUEHUS

TouHOCTH OnpezeneHusi TOUKM MUHUMYMa ociie N UTepauuid paBHa

1
en==-1 -(b—a),
2
rae  a u b — koopauHaThl ucxoonozo (1) oTpeska.
JInst MeToa «30J10TOr0» CCUCHHsI KOJMYECTBO BBIYMCICHUHN (DyHKIIMN

Ha o7HO OoJbIe yucia ureparuii: N =n+1.
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Ipumep 2.3. Haiitu Touky munumyma dynkmun f(X) = x?+e* na

orpeske [0,1] MmeTomom «30510TOrO» Ceuenus ¢ norpemHocthio € =0,01.

Pewenue
PacueTsl BBINIOJNIHSIEM B COOTBETCTBUU C AJITOPUTMOM Ha puc. 2.12;

1=0,618034.

Urepanus 1
a=0; b=1L

X =a+(L—1)-(b—a)=0+(1—0,618034) - (1L—0) = 0,3819;
X, =a+1-(b—a)=0+0,618034- (1L—0) =0,6180;
f (%) =0,3819% + e 03819 = 0 8284;

f (x,) =0,61802 + e %6180 - 0 9209.

Tak xax f(x;) < f(X,), npuHIMaem:

b =x, =0,6180; X, = x; =0,3819; f (X,) = f (%) =0,8284.
e, =(b-a)/2=(0,6180-0)/2=0,3090 > ¢.

ITepexoaum K ClIeAyIOLIEH UTEpPALIUH.

Urepanus 2
a=0;b=0,6180; x, =0,3819; f, =0,8284;

x, =0+ (1—0,618034) - (0,6180 — 0) = 0,2361;
f, =0,2361% +e 923610 8454,
Tak xak f; > f,, npurUMaem:
a=x =0,2361; X =x,=0,3819; f; =f,=0,8284;
g, =(b—a)/2=(0,6180-0,2361)/2=01910>¢.

JlanpHeHInii pacyeT CBOJIUM B TabII. 2.2.
Tabmauma 2.2

[pu-
a b X1 X2 f(x1) f(x2) Meya- €n
HHUEC
Hr.3 | 0,2361 0,6180 | 0,3819 | 0,4721 | 0,8284 | 0,8466 b=x2 | 0,118

Hr.4 | 0,2361 0,4721 | 0,32624 | 0,3819 | 0,82806 | 0,8284 b=x2 | 0,0729

Ur.5 | 0,2361 0,3819 | 0,29179 | 0,32624 | 0,83206 | 0,82806 | a=x1 | 0,0451

Wr.6 | 0,29179 | 0,3819 | 0,32624 | 0,34750 | 0,82806 | 0,82721 | a=x1 | 0,0278

ur.7 | 0,32624 | 0,3819 | 0,34750 | 0,36064 | 0,82721 | 0,82729 | b=x2 | 0,0172

ur.8 | 0,32624 | 0,3606 | 0,33938 | 0,34750 | 0,82739 | 0,82721 | a=x1 | 0,0106

nr.9 | 0,33938 | 0,3606 | 0,34750 | 0,35249 | 0,82721 | 0,82718 | a=x1 | &,=0,006<0,01

Pe3ynbTarsl pacuera:
X ~(0,3475+0,3606) /2 =0,3541; f.i ~0,3541% +e 9341 =08272.
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['paduueckas wuIroCTpays MeToa sl JaHHOTO IpUMepa IpUBeeHa
Ha puc. 2.13.

o 0102 03 04 0506 0,7 08 09 1,0 X
r——0—T—0T—t1+ 06— —T— 00— —0—0—)

_Q___

; : — 1 f00)<
£ : xl:) : Xz:) b nrep.1 f(x,)< f(X,)
. xl#/ i #Ib nrep.2 f(x,)> f(x,)
1 IX| 1 1
a- 11 1 2I 1 1
2 . l) ” 2

nrep.3 f(X,)< f(X,)

-D-p
-s¢
L 7
R

:

rep.4 f(X,)< f(X,)

Q
X

X
N

(eox

Puc. 2.13. I'padmueckas uyurocTpanus
METO/Ia «30JI0OTOr0» CEUECHUS IS IpumMepa 2.3

2.6. Metog ®uooHAYYH

Metox ®ubonauuan meopemuuecku 00IaNACT HAUTYYULel CPEAN METO-
JIOB UCKIIFOYEHUSI OTPE3KOB cTparerueil. OIHaKO Ha MPAKTUKE OH UCHOJIb3Y-
eTCs PEeAKO, T. K. B COOTBETCTBUU C JITOPUTMOM €Ill€ JO Hayaja pacueToB
HaJI0 3HATh KOJIM4YECTBO BbrurcieHu pyukuu N .

Ha xaxmom stane merona dubonauyun uaTepBan [a,b] menutcs Tou-

KaMH X; ¥ Xp B OTHOUIEHHMH ITOCJIENOBATENbHBIX yncen PubdoHayyu.
UYucna ®uboHauyu BeIpaOaTHIBAIOTCS PEKYPPEHTHON (HOPMYIIOit
Fe=FeatFeaiFo=R =1

Ha nepBoﬁ UTCpallk TOYKa X2 BBI6I/IpaeTC$I N3 yCJIOBUA ACJICHUS OT-

F F
peska [a,b] B oTHOmeHHH —N—1, a Touka X, — B OTHOIICHUU %, rIe
N N
N — KONMMYECTBO BHIYMCIACHUN (YHKIIUH:
F
X =a+-—3=2.(b-a); (2.7)
Fn
Fno
Xo =a+-—=21.(b—a). (2.8)
Fn

Ha K -it utepamuu (puc. 2.14) TOYKH Xq ¥ X9, BBIYUCISIOTCS IO GOpMYyIaM

FN_k-1 .
X = ay +———- (b —ay);
N—-k+1
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FN-k
Xak =8 + = (B = &),
N—-k+1

@ ————————————

\4

—d
by b

I

I

I
S
X

1
QD
S

1k Xk Dby

Puc. 2.14. K metony ®ubonayuu

I[Ipu N — o0 mMeronq OuOOHAYYN TEPEXOAUT B METO «30JI0TOTOY» Ce-
YCHUSI.

['paduueckas wmoctpaius metona OuboHayuu 11l YUCIa BHIYHCIIE-
Huit pynkun N =6 (xomuuecTBo uTepanuii N =5) npuBeneHa Ha puc. 2.15.
JJist onpeIeNIeHHOCTH YCIIOBHO OyJieM OTOpachiBaTh MPaBylO0 4acTh, CUMTAs,
gro Beerga f(xq) < f(x,).

F, F, F F, F. F, X
0 1 2@ 3 5! 8 13
. } V ” /I# .; e nN=1
a | : | Xl:) le) b
L L L ¥, ! _
a 1 xl:) ng) b N
. : _
a xlj;) X! b n=3
Omlb—l n=4
a X1:>X2: b
o—lb—dl n:5
a X=X, b

Puc. 2.15. Unmroctpamus merona @udonauuu st N = 6
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Heoocmamku wmerona ®duboHauyn (He MO3BOJIAIOIIAE IIMPOKO HC-
MOJIb30BATh €r0 B ONITUMHU3ALMOHHBIX pAacUeTax):

1) Tak Kak MPaKTUYECKU HUKOTJAa HEU3BECTHO, KAKOE YUCIIO BBhIUUCIIEC-
Hull QyHKIMU TpeOyercs ans obecriedeHus 3aJaHHOW TOYHOCTH, HAJIO0 Xpa-
HUTH W30BITOYHBIN HaOOp uncen PuOOHAYYN MO0 MHOTOKPATHO T€HEPUPO-
BaTh YKCIia 0 Mepe HeOOXOIUMOCTH;

2) meron GUOOHAYYHN HEJIETKO MPUCTIOCOOUTH K 9acTO UCTIOIh3yEMOMY
KPUTEPUIO OCTAaHOBA, TpeOyroleMy, yToObl 3HaYeHHS (HYHKIIMU HAa OKOHYA-
TETHHOM MHTEpBAJIC HEONPEICIICHHOCTH Pa3HIIIUChH HE OoJiee, YeM Ha 3ajaH-
HYIO BEJTUYHHY.

Toepewnocmo memooa QuboHaqyu
- (-2,

2-Fy
rae  a u b — KoopauHaThI ucxoonozo (1) oTpeska.

CornacHo aJirOpUTMy METOJa OJIHAa M3 MPOOHBIX TOYEK BCErna mepe-
XOJUT Ha CIEAYIOLIYI0 UTEPALIO, I03TOMY CBA3b MEXKIY YHMCIOM BbIUUCIIE-
Hul QyHkiuu N ¥ KOJTUYECTBOM MTEpaluii N Takas ke, Kak B METOJIE 30J10-
toro ceueHust N =n+1.

€N

IMpumep 2.4. Haiitu muaunmym Gyukiuu T (X) = x3 —3-X+1 mMeTozom
®dubonayun Ha otpeske [0,5; 2], ecnm 3amano N =5. Onpenenuts norperi-

HOCTb pacyeTa TOYKd MUHHUMYMa.
Pewienue
Haiinem mects nociaeqoBaTenbHbIX yncesl PuOoHaYUn:
Fo=LR=1LF=2,FR=3F=5FK=8 F=13.

Urepanus 1
a=05b=20;

X —a+ 4. (h—a)=05+--(205)=10769:
Fs 13

Xo = a+i-(b—a) :0,5+§-(2—0,5) =1,4231.
Fe 13
3HaueHus] PYHKIUHU B MPOOHBIX TOUKAX:

fi= 1,0769° —3-1,0769 +1=—0,9818;

fo= 1,4231% —3.1,4231+1=-0,3872.

CpaBHuBaeM 3HaueHHs1 QYHKIMU B IPOOHBIX Toukax. Tak kak f; < fy,
ISl TANBHEWIIer0 pacCMOTPEHUsS] OCTaBIsIeM OTPe30K [a, X,] um mepenpu-
cBanBaeM b =X, =1,4231, x, =x =1,0769; f, = f; =—0,9818 .
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Urepanms 2
a=0,5b=14231;

X, =1,0769; f, =—0,9818;

X| = a+%-(b—a) - o,5+§-(1,4231—o,5) —0,8462;
f, =—0,9328.

Tak xax f; > f,, 11 nanpHEMHIIEro pacCMOTPEHUS OCTABISIEM OTPE30K
[ X, b] n npuaIMaem:

a=x =0,8462; x =X, =10769; f; =f, =-0,9818.

Hrepanns 3

a=0,8462;b =1,4231;

X =1,0769; f; =-0,9818;

Xp =a+ % -(b—a)=0,8462 + g -(1,4231-0,8462) =11923;
4

f, =—0,8819.

Tak xax f; < f,, W1 manpHelmero paccMOTpeHNS OCTABISIEM OTPE30K
[ a, Xo] n mpuHIMaeM:

b=x,=11923; X, =X =10769; f, = f; =-0,9818.
Urepanus 4
a=0,8462; b=11923;

X, =1,0769; f, =-0,9818;

X, =a+ % .(b—a) =0,8462 + % (11923 0,8462) = 0,9616;
3

fi= 0,9616° —3-0,9616 +1=—0,9956.

Tak xak f; < fy, 115 DanbpHEIEr0 pacCMOTPEHHST OCTABIISIEM OTPE30K
[a Xp].
b=x, =1,0769; x, =% =0,9616; f, = f; =—-0,9956.
Hrepanms S5 (mocyie gHsIs)
a=0,8462;b=1,0769;
Xo =0,9616; f, =—0,9956;

X =a+ ? -(b—a)=0,8462 + % -(1,0769 - 0,8462) = 0,9616;
2

f, =0,9616° —3-0,9616 +1=—0,9956.
Pewenne sagaun: X ~ X =0,9616; f i, ~—0,9956.
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2.7. MeToa cpeHeil TOUKH

Metoa cpenHeil TOYKHM HCIONB3yeTcs Uil T QPepeHIMPYyEeMbIX Ha
[a, b] dyHukuuii, on aHamoruyeH MeToAy ACJIeHUs oTpe3Ka momnojam. OIHaKo
BMECTO BBIUMCIICHUS ABYX 3HAUYCHUH (YHKIHUH BOJM3H CEPEIUHBI OTPE3Ka
METOJT TPEOyET OJTHOTO BBIYMCICHHS TTpon3BoaHOM f{X) B cpenHeit Touke oT-
pe3ka
(a+Db)

2
Ecmu f'(X) >0, To X JeKUT Ha y4acTKe MOHOTOHHOI'O BO3pacTaHUs

X =

¢bynkuuu (puc. 2.16, a), moaromy X <X u TOYKY MHHUMYyMa X Hamo Hc-
Kath Ha [a, X].

IMpu f'(X) <0 X NPUHAIICHKUAT YIACTKY MOHOTOHHOTO YOBIBAHHUS
dyukuun (puc. 2.16, 6), cnemosarensHo X €[X,b]. Bemn f'(X)=0, To0

X =X.

Ay y‘

11 S

Puc. 2.16. B3aumHoe pacnonokeHue CpeHe TOUKU OTPE3Ka
Y TOYKM MUHUMYMa

AJropuT™ MeTOAa NPUBEIEH Ha puc. 2.17.

Ipumep 2.6. Haiitu touky muaumyma pyukmun f(X) = x?+e* na

orpeske [0, 1] meTomom cpeaneii Touku ¢ morpentHocthio € = 0,01,

Pewenue
PacueTsl BBINONHSIEM B COOTBETCTBUH C aJITOPUTMOM Ha puc. 2.17. 3a-
MUIIEM BBIPAKEHUE JUTS IPOU3BOTHOM

f(x)=2-x—e.
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Urepanus 1
a=0;, b=1

X=(a+b)/2=(0+1)/2=0,5

f'(x)=2-05-e"2°=0,3935.

Tak kak ‘f’()‘()‘ >¢l n ‘f’()‘()‘ >0, mpuaumaem b=X=0,5 u nepexo-
JIMM K CJICYIOIICH UTepaIlnu.

Urepanus 2
a=0; b=05

X =(0+0,5)/2=0,25;

f'(x)=2-0,25—e"%?° =0,2788 < 0. [Ipunumaem a =X =0,25.
JlanbHeumumii pacyeT cBouM B Tab. 2.3.

Tabmuma 2.3
a b X f(X) [Mpumeuanne
Urepanus 3 | 0,25 0,5 0,375 0,0627 b= X
Urepanus 4 | 0,25 0,375 0,3125 -0,1066 a=X
Utepanusa 5 | 0,3125 0,375 0,3437 -0,0217 a=X
Wrepanus 6 | 0,3437 0,375 0,3613 0,0258 b= X
Urepauus 7 | 0,3437 0,3613 0,3525 0,00207 x*~ 0,3525

MeTopn
cpegHen TOYKn
]
Beoa: a,b,e

<
X =(a+h)/2

3| [NponssogHasn
fr f'(x)

—p| DyHKLMA
fmin f(X)
<—

Puc. 2.17. Aaroputm Metoaa cpeHend TOUKU
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2.8. MeToa mapatoJ

SIBigeTCss METOAOM TTOJIMHOMUAIIBHOW anmpokcumanuu. Muess meronos
MOJIMHOMHUAIBHON alMPOKCUMAIIMK 3aKII0YaeTcsl B TOM, 4YTO I (PYHKIMH
f(X) crpouTcs amImPOKCMMHUPYIOUIMHA MHOTOWIEH M €ro TOYKa MHUHHMYyMa

CITYXKHUT MPUOIMIKEHUEM K X . Merox s dexTrBeH A PYHKIHM, KOTOPbIE SB-
JISIFOTCSl. YHUMOOAQIbHbIMU W, KPOME TOTO, JOCTaTOYHO 2naokumu (MO KpalHeH
Mepe, HenpepvisHbiMu). MeTo napaboia — NpOoCTEHIINA U3 METOAOB MOJUHO-
MHUAIBHOM alMpOKCUMAIIMH, OH MCIIOJIL3YET MOJIMHOMBI BTOPOTO MOPSJIKA.

Ha xaxnoil urepanuu merona napaboi CTPOUTCS KBaJIpaTHBIA TpeX-
4iieH, Tpaduk KoToporo (rmapadosia) NPoXOAUT Yepe3 TpU BbIOPAHHBIE TOUKHU
rpaduka ¢pyukiuu Y = f(X). Touka MuHHMYyMa m1apaboJibl X SIBISICTCS Ode-

*
pPEIHBIM TPUOMIDKEHHEM K TOYKE MHUHAMyMa X HCCIEAyeMOH (QYyHKIHH

(puc. 2.18).

napabona

I
I
I
I
I
I
I
I
I
I
|
[
X

X
[

X1 ---
X @-----
N

x

*

Puc. 2.18. Bzaumnoe pacnonoxxenue rpaduka pynkmun y = f(X) u napaboss

AJaropurm mMetoaa napadoJa

ITycte f(X) yHumopmanbHa Ha [a, b] 1 mocTHraeT MUHUMyMa BO BHYT-

PEHHEU TOUYKE OTpE3Ka.
1. BeibepeM Tpu TOUKU Xq, Xp, X3, AJI1 KOTOPBIX BBINOJIHAIOTCA HEpa-

BCHCTBA

X < Xp <Xz, f12f22f3.
W3 yaumonaneaoctu f (X) ciemyer, 4to X" e [Xl, X3].
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2. ITocTponM KBaIpaTHBIN TPEXUIICH
q(x) =ag +ay - (X—x) +ay - (X—X)- (X—X2),
rpaduk KoToporo nmpoxoauT depes Touku A (X, f1); Ao (Xo, T5); Ag(Xs, fa).
Koa¢ddunuents! 8, a,, ag onpenenseM 1o Gpopmyiaam

ag="f; ;
alzfz_fl;
X2 =X
1 fa—f, f,—f
a, = .(3 1_'2 1)-

X3=Xp Xz=X Xp—=X
3. OnpeaenuM TOYKY MUHUMYyMa KBaJIpaTHOTO TpexwieHa (Tlapadoibl)

~ 1 al
X == (X 4+ Xo — L
5 (X +Xo az)

¥ 3HaYcHUE (PYHKIIUU B 3TOH TOUKE f=f (X).

4. BeiOupaeM U3 TOUEK Xj, X9, X3 U X HOBYIO «yJAuHYIO» TPOHKY 4H-
cen (cm. puc. 2.19).

Cayyaii |. X <X <X,:

a)ecn f >y, 10 X €[X, Xg], T. e.

X =X, ﬁzf;

X2 = X2,

X3 = X3.

0) ecnn f< fo, TO X e[X, Xo], 1. €.
Xg =X

Xo =X, fo=7;

Xg = Xy, fa=f,.

Cayuaii 1. X, <X < X3!

a)ecmn f > f,y, 10 X*e[xl, X], T. e
X =X,

Xy =Xy

X3 =X, f3:F;

0) ecin f< fs, TO X*E[XZ,X3],T. e.
X =Xp;  fp=15

Xo =X; fzzf;

X3 = X3.

5. AarOopuTM MOBTOpsieM, HAYMHA C 1. 2.
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YCnoBreM OKOHYAHUS ITOUCKA CIYXKHMT OJIM30CTh K HYJIIO PA3HOCTH
A= ‘ Yk—'_l _ )"(—k‘

urcen X , HaliJIeHHBIX Ha JAHHOM U TPEIBIIYIIEH HTEPALHSX, T. €. HEPaBEHCTBO
A<,
rJ€ € — IOIPEIIHOCTh pacyeTa.

YA YA

Cryuaii 11
YA Y 4

>

Puc. 2.19. Boi6op «ynauHoi» Tpoku uucen
IUI OYepETHON UTepali METo 1a Iapado

2 X

Ipumep 2.7. Hatitn Touky muaumyma pyukuuun f(X)=X“+e " Ha
orpeske [0,1] meromom mapaboi. 3a KpuTepuii OCTaHOBA MPUHSATH a0COJIOT-

HYIO pa3HHUILY ABYX MOCIeAHNX 3HaueHuit X He 6oimee 0,05.
Pewenue

Urepanus 1
Bribepem «ymaunyro» Tpoiiky uucen: X =0,1; X, =0,3; X3 =0,9.

3nauenys GyHkym B omix Toukax: f; =0,9148, f, =0,8308, f; =1,2166.
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2. KoagduimeHnTsl KBaipaTHOTO TPEXUJICHA!

ag = f; =0,9148;
8 = fp—f _08308-0,9148 _ 10,4200
Xo —Xq 0,3-01

1 (f3— fi fp- flJ

a2 — . —_ =
X3—Xo \ X3—=X; Xo—Xq
_ 1 1,2166-0,9148 0,8308-0,9148
0,9-0,3 09-01 0,3-01

ANnpOKCUMHPYIOIINAN TPEXUIEH MOKHO 3aIIACATh KAaK

q(x) =0,9148 + 0,4200- (x —0,1) +1,3287(x - 0,1) - (x — 0,3) .

3. Touka MUHUMYyMa KBAaIpaTHOT'O TPEXWICHA

2y 1 (01403-29%2)_03580.
2 1,3287

j =1,3287.

X = S (X +Xp —
2 a,
4. 3nayenre GYHKIHUU B TOUYKE X
f =0,3580% + 793980 -0 8272.
Utepanust 2
HoBast «ymaunas» Tpoiika 9ucen: Xo, X, X3.
[IepenpucBauBaem:
X =X, =03; f; =f,=0,8308;
X, =X =0,3580; f,=f =08272;
X3 =0,9; f3=12166.
2. KoaddummenTs! KBaIpaTHOTO TpEeXWieHa:

ag = f; =0,8308;
8 = 0,8272-0,8308 _ 10,0621
0,3580-0,3
8, = 1 (1,2166-0,8308 0,8272-0,8308 ) _ 13008.
0,9-0,3580 09-0,3 0,3580-0,3

3. Touka MUHMMYMa KBaJIpaTHOTO TPEXWICHA

% = % - (0,3 £0.3580— _ 0'0621) —0,3529.

4. 3nayenue QYHKIMU B TOYKE X
f =0,35292 +e 0529 _ 08272,

5. CpaBHHBaeM 3Ha4eHHUs] X Ha MEPBOM M BTOPOM IlIarax:
A= \0,3529 — 0,3580\ =0,0051~¢.

3a TOYKy MHHUMYyMa IIPUMEM I0CTIeIHEE 3HAUCHHE X

X ~0,3529.
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3. METO/Jbl MHOI'OMEPHOH MUHUMMU3ALIUN

B o6mem Buze 3aaya moncka MUHUMYyMa (DYHKIIMM MHOTUX TIEpPEMEH-
HBIX MOKET OBbITh 3aMKcaHa

F(X)—min,
X eD,

rne  F(X) — ueneBas QyHKIMS MHOTHX MIEPEMEHHBIX;
X = (X1, X2, ..., Xy) — N -MEpHBI BEKTOP ONTUMU3HPYEMBIX TapaMETPOB;
N — pa3MepHOCTD 33/1a4H;
D — nomyctumas 0071acTh PEIICHUS.

TeopeTnueckuii Marepuall Mo METOJAAM MHOTOMEPHOM MUHHMH3ALUU
XOpOoUIO U3J0eH B [1].

3.1. I'pagpuuyeckass uHTEpHpeTALU HeJeBOl GyHKUMH.
JIunum ypoBHs

Jlnst mpowsBonbHOU 1eneBoi ¢ynkimu Y = F(X) BekropHOro apry-

menta X € E" ontummsupyemsix mapamerpos ypasrenne Y = F(X) ompe-

aenseT B (N+1)-MepHOM MPOCTPaHCTBE g+

HOCMb.
Korma n=2, 370 — 00ObIYHAST TOBEPXHOCTh B TPEXMEPHOM MPOCTPaH-
ctBe Y (X, Xy) (cm. puc. 3.1). Ilpu sToM mis kaxaoro mocrossHHoro C u3

HEKOTOPYIO 2uUnepnosepx-

MHOKecTBa 3HaueHHH QyHKmu F(X,X,) ypaBHenue F(X,X,)=C HesBHO
3a7laeT KPUBYIO B KoopaumHatax (Xq,X,) Ha miuockoctu Y =C. Ha puc. 3.1
MOKA3aHO MEePECEUYCHNE TTOBEPXHOCTH (QYHKITUH IBYMSI TAKUMU TUIOCKOCTSIMH:
Y=FluY=F2

Eciii HEeCKOJIbKO TaKWX KPHUBBIX, COOTBETCTBYIOIIHUX HEKOTOPOW BBI-
O0opke 3HAYCHHI mapaMeTpa C(Fl, F2,...), M300pa3uTh HA OJTHOM MJIOCKOCTH,
MOJIyYUTCS KOHTYpHBIM Tpaduk QyHkuuu. OOpasymoomue ero KpHUBbIE
F!=const, F2 =const MPUHATO HA3BIBATh AUHUAMU YPO8HS (CM. puC. 3.2).
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Puc. 3.1. I'paduueckoe npeacrapieHue 1eseBoid QyHKINUU IBYX MEPEMEHHBIX
Y = F (Xl’ X2)

v,dx

X,*
Puc. 3.2. JIunun ypoBHs neneBoit pynkunn Y = F (X, X,)

80

KOMIMJIEKT 3JIEKTPOHHbIX
YYEBHO-METOAUWYECKUX MATEPUAJIOB


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

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

IIpumep 3.1. M300pa3uth rpaduueckn HECKOJIBKO JTUHUN YPOBHS IIe-
neBoit pyrkmmn Y = (X —2)2 +5- (X —1)2 5% —4-%X, +2.
Pewienue

[Toctpoum munut0 yposHs F = 0.
bynem pemars ypaBHeHUE

(X1—2)2 +5'(X2 —1)2 -5. X1—4'X2 +2:0,
3a4aBasiCh 3HAYCHUECM OHHOﬁ KOOPAWHATBI 1 BBIYUCJIAA 3HAUYCHHUC BTOpOﬁ.

CHauana HaiijieM TOYKH TiepeceueHus (€CIM OHU CYIIECTBYIOT) C OCS-
mu Ox; u OX,.

[TpumeMm X, =0 u Haligem 3HaYEHUSI KOOPAMHATHI X
(X —2)%>+5-(0-1)?> -5-% —4-0+2=0;
x12—9-x1+11:0;
D=b?-4-a-c=(-9)-4-1.11=37;

—b+D _9+37

X = ,
2-a 2-1
X =1,46;
X =754.
OtmetnM 6 koopounamax (X Ox,) mouxu A(L,46;0) u Ay (7,54;0)
(cm. puc. 3.3).

[Tpumem X; =0 u HaiineM 3HAUYEHUS KOOPAUHATHI X, !

5-x5 —14-%, +11=0; D=-24<0.

OTtpuuarenbHOe 3HaUYE€HUE TUCKPUMHUHAHTA O3HAYAET, YTO IOCIIEIHEE
ypaBHEHHE HE UMEET JIeHCTBUTENIbHBIX KOpHEH, a muHus ypoBHa F =0 — to-
YEK NepeceueHus ¢ 0cbro OXy.

Jnst X, =1 pelieHre KBaJpaTHOTO YpaBHEHHsSI OTHOCHTEIBHO X; AAeT

kopan X =0,23; X{=8,77. Ormeuaem toukum Ag(0,231) u A,(8,77;1)
(cm. puc. 3.3).
AHanornyHo mosrydaeM momnapHo koopauwHathl Todek Ag(0,35;2) wm

As(8,65; 2); A7(2;3) u Ag(7;3); Ay(5—0,54) u Ap(5334); A1(3—-043)
u A, (3;3,23) n otmeuyaeMm ux Ha rpaduke.
[Toctpoum munHMO ypoBHs F =—11.
Pemaem ypaBHenue (X — 2)? +5- (X2 ~1)%-5. Xg—4-Xo +2=-11.
Touek nepeceyeHus ¢ OCSIMU KOOPAUHAT HET.
IIpumem X, =1 u Haligem 3Ha4EHHUs KOOPAUHATHI Xq

x12 -9-%+13=0;D=29; x=181; x/=7,19.
Ormeuaem Ha puc. 3.3 touku B;(1,81;1) u B,(7,19;1).
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ITpumem X, = 2. Pemaem KBaJpaTHOE ypaBHEHUE X12 -9.-%+14=0;
D=25 x=2; x =7.01meuaem touku B3(2;2) u B,(7;2).

Amnanoru4Ho nosrydaeM koopauHatsl Touek Bg(5;0,15) u Bg(5; 2,65) .

X, 4

5 VRO)=(4) g )

VF(X")=(-1;-4)

X(3:-3)

Puc. 3.3. Jlunuu ypoBHs 11e51€BOM HyHKIUN
Y =(%-2)2+5 (X, —1)%=5-% —4-X, +2

3.2. Kinaccupurkanmusi YUCJI€HHbIX METO/10B
MHOTOMEPHO MUHMMU3ALMHU

M3BecTHO, 9TO TEXHUYECKHE ONTUMHU3AIMOHHBIC 33a4ll UMEIOT Orpa-
HUYEHUS HA ONTHMHU3HUPYEMBIC IMapamMeTpbl U MOITOMY TPeOYIOT MpHUBICYE-
HUS METOJIOB YCJIIOBHOW MHHHMMU3anuu. MHTEpec ke K MeTogam 0e3ycioB-
HOW MUHMMHM3AIUN OOBSICHSICTCS CICIYIOIINMHU IPUINHAMHE:

— QITOPUTMBI YCIOBHOW MHHUMH3ALMU B OOJBIIMHCTBE CIy4acB
CTPOSITCSI HA OCHOBE aJITOPUTMOB ONITUMH3ALIUH 0€3 OTpaHUYCHUI;

— 3aJayl MUHHMH3AIMHA C OTPAHUYCHHMSIMUA OYECHb YACTO PEIIAr0TCs
myTeM npeoOpa3oBaHMs UX B 3a/1a4u 0€3yCI0BHOW MHHUMH3AIINH.

B cooTBeTcTBMU €O CcTpaTermell IMOWCKa METONBI JACSATCS Ha JIBE
00JIbILIKE TPYTIIIBL:

— METO/Ibl HATIPABJICHHOTO MOUCKA (METOMBI CNYCKa);

— METO/IBI «C/1en02o» TONCKA.
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MeTo/b1, UCTIONB3YIOIINE JHIIb 3HaYCHHs (PYyHKIIUU U HE Tpedyrolue
ux nuddepeHIpPyeMOCTH, Ha3bIBAIOTCS METOIAMU H)1€6020 NOPAOKA.

MeTtoasl nepsoco nopsodka TpeOyIOT BBIYUCICHUS MEPBBIX MPOU3BOJI-
HBIX, & METOJIbI 6MOpPO20 YW BBHICIIETO MOPAIKOB JOTOJIHUTEIHLHO TPEOYIOT
BBIYHCIICHHS] IIPOU3BOIHBIX BTOPOTO U 00Jiee BBICOKOTO MOPSAKOB.

Jna Heenaokux @yHKyuil UCHONB3VIOMCA NPEUMYUECNBEHHO MemOoObl
HY1e8020 NOps0Ka, OCHOBHBIMU U3 HUX SIBISIOTCSL:

— METOJ nepebopa;

— METOJl MHO202PAHHUKA,

— METO/Jl CIYYAaliHO20 NOUCKA.

Metoabl HYJI€BOTO MOPSIAKA TPUMEHUMBI JJIsl BCEX BUJIOB MUHUMU3H-
pPYyeMbIX (YHKIUN (3TO UX OOCMOUHCMBO0), HO B OOJBIIMHCTBE CIIy4aeB HX
CTpaTerusi MOMCKa yCTymaeT MEeTo/IaM CITyCKa.

Heodocmamku METOZI0B HYJIEBOTO TOPSIKA:

— Hu3Kasg 3(HEKTUBHOCTb;

— BeChbMa COMHUTENbHBIE, @ HHOTIa U TPOCTO OTCYTCTBYIOIINE TapaH-
THUU CXOJAUMOCTH.

Memoowt cnycka:

— METOJ KOOPOUHAMHO20 CITyCKa,;

— Tpylnna rpaJueHTHbIX METOAOB (METOJbl MEPBOro MOpsIKa: TpaJreHT-
HBI1, METO/T HAMCKOPEHIIIETO CITyCKa, METOJ] CONPSLKEHHBIX HAIIPABJICHU U Ip. );

— TpyIlIa METO0B BTOPOro nopsiaka (meroa Heromona; MeToN nepe-
MEHHOU MempuKy 1 1p.).

3.3. IuddepenuupoBanue PyHKUNM MHOTHUX MePeMEHHBIX

I'paouenm pynxumn F(X) MHOTMX NEpeMEHHBIX B HEKOTOPOM TOUYKE

X € E" — 510 BexTOp, KOOpAMHATAME KOTOPOTO SBIAIOTCSA YACTHBIE TIPOM3-
BOJHBIE (PYHKIIMU B ITOM TOUKE:

Grad F(X)=V F(X) = F/(X) = aaFZ()’ﬁaFg)"“’aaFiX)  (34)

B manoit okpecTHOCTH TOUkM X TpaMEHT YKa3bIBacT HaIpaBJCHUE
Hauckopetiwe2o 6o3pacmanusi GYHKIHUU, a €r0 HOPMa XapaKTePU3YET CKO-
pOoCcmb TOTO BO3pacTaHUs. BEKTOp-aHTUTPAJIMEHT YKa3bIBacT HaIpaBIICHUC
Hauckopeuue2o yovieanus QGyHKIIAN.

B mo6oit Touke moBepxHOCTH IieneBoit dyHkiuu F(X) sexmop-

AHMUSPAOUeHm  NepneHOUKyIsPeH  KAcamenvbHou K JUHHA  YPOBHS
F (X)=const B 3T0i1 TOUKE (CM. puc. 3.4).
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Hopma BexTopa-TpagueHnra

2 2 2
IVF(X)| = (L(X)J +(L(X)J +...+(L(X)j . (35)

0% 0 Xy 0 X

B Touke ¢ xoopamHaTamMmu X*(XI , X;, ...,X:), r1e UMEET MECTO DKC-
TpeMyM (YHKITUH, 8eKMOP-SPAOUEHM U 6CE €20 KOMNOHEHNbL 00paaomcsi
6 o F'(X)=(0;0:...;0).

[Ipu nepemenieHn U3 HEKOTOPO TOUKH X 0 h -MEpPHOI'0 IIPOCTPAHCT-
Ba C KOOpJIMHATAMH (Xlo : Xg eeny xR ) B HEKOTOPYIO TOUKY X! Brons BEKTOpa-

rpagueHTa 3aganHoi ¢yHkuu F (X, X5, ...,X,;) KOOpPIUHATHI HOBOW TOUKH

(X% : X%, - X},) MOJKHO PacCUMTaTh MO (hopmyam:

0
=@ 4 OFXD,
0%
1 _ 0 OF(X%)
X5 =Xy +———2;
27 0%, (3.6)

Xt =x? +—8F(XO).
0 X
Hst GyHKIMM OBYX HMEepeMEeHHBIX rpaduyeckas HUTIOCTpaLus mepe-
MEILEHHUS U3 TOUKU X 0(Xl0 ; Xg ) B TOUKY Xl(X%; X%) B HaIIpaBJIECHUM I'pajiu-
€HTa MpUBEJcHa Ha puc. 3.5.

A
X5 .
F =const

Puc. 3.4. I'paduyeckoe nzodpaxeHue Puc. 3.5. [lepemenienne BAOIb

rpajiueHTa U aHTUTpagueHTa pyHKIUU IpaJMEeHTa U3 TOUKH X O(Xf’ Xg)

JIBYX NIEPEMEHHBIX B HEKOTOPOW TOUKE
yX 1ep P B TOuKy X1(Xi, X3)
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Ipumep 3.3. Boraucnuth rpaaiueHT GyHKIUH
F(X)= x12 +3-x§ —4-(x3 —1)2 — X1 - Xo+5:Xo - Xz +3- % —Xo
B TOyke X 1(1; 1,1).
Pewenue
YacTHble IPOU3BOIHBIE:
OF(X)
0%
0 F(X)
0 Xy
OF(X)
0 X3

I'pangueHT B Touke x1
VFELL)=(2-1-1+3; 6-1-1+5-1-1;, —8-1+5-1)=(4;9; - 3).

=2X —Xo +3; (3.7)

=6Xy — X +5%X3 -1, (3.8)

= —8X3 + 5X2 +8. (39)

Ipumep 3.4. N300pa3uth rpaduuecku TpagueHT U AHTUTPATUCHT

byHKIIUN
F(X)=(x—2)?+5-(Xp 1) =5-% —4- X, +2 B 1ouxe X°(4;1).
Pewenue

Breruncnum 3HaueHue 1eneBoil (GyHKIMH B 33JaHHON TOUuke X 0 4;1):
F=(4- 2)2 +5- (1—1)2 —-5-4-4.1+2=-18. VYCJIOBHO MOKaXEM JHUHUIO

ypoBHs F =—-18 B xoopauHaTtax (X;0X;) (cM. puc. 3.3).
YacTHble TPOU3BOAHBIC (DYHKITHH:

aF(X):Z-xl—Q; aF(X):lo-xz—m.
8X1 6X2
3HaueHUS YACTHBIX MTPOU3BOAHBIX B TOUKE X 0(4; 1):
0
w:le—9:2-4—9=—1;
0%
aF(X?)

=10-x, -14=10-1-14=-4.
0 Xy

I'paguent VF(X 0) =(-1—-4), auturpaguent — VF (X O) =(L4).
Y4uThIBast, YTO KOOPAUHATHI BEKTOPA — 3TO MPOEKIIMU HA OCH KOOP/IH-

HAT, OTMEYaeM Ha puc. 3.3 BEKTOPBI VF(XO) u —VF(XO). [Tepemernenue
B HANPABJICHUU BEKTOPOB I'PAJMCHTA W aHTUTpaaueHTa ¢ marom h=1 naer

KOOPJMHATHI HOBBIX TOYEK X by x2:x 1(3; -3), X 2 (5;5).
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C npyroil CTOpOHBI, KOOPAWHATHI TOYEK Xl(x%;xé) u X2(X12;X§)

MOKHO MTOCUYMUTATH 10 (HopMyIam

0
X1_X0+5F(X )

0
0+5F(X )

- —4+(-1)=3, X =x =1+(-4)=-3;
S S D=3 %= T 1
0 0
szxf_w:4—(—l):5; X%:xg_wzl_(_z],):}s;
ax]_ 8X2

3aTeM OTMETHTh Ha PUCYHKE TOYKHU X1(3; -3)u X 2(5; 5) u, COETUHUB UX

¢ ucxogHot X o(4; 1), MOyYUTh BEKTOPBI IPAIMCHTA U AHTUTPAJUCHTA COOT-

BCTCTBCHHO.

Matpuua I'ecce

Marpuria I'ecce pynkuun F(X) MHOrHX mepeMEHHBIX — 3TO MaTpHIIA

BTOPLBIX ITPONU3BOIHBIX:

02F(X) 8%F(X) 0%F (X)
0%0%  O0%10Xy 0%10X,,

O2F(X) 0%F(X) 0%F (X)
HX)=F"(X)=| ox,,0%  9x,0%, OO, (3.10)
02F(X) 0%F(X) 0%F (X)

OXn0X  O0X,0X) 0Xn0 X

Ipumep 3.5. Borauciuts Matpuiry ['ecce miist dyHkimm u3 mpumepa 3.3.
Pewenue
[Tponuddepenurpyem BelpaxkeHue (3.7) MOCIEAOBATENBHO MO X1, X

U X3 U MOJIY4UM IEPBYIO CTPOKY MaTpullsl ['ecce:
FPEX) _, PR __ FPEX)
8X18 X1 0 X18 X2 0 Xla X3
[Tponuddepenurpyem BeipaxkeHue (3.8) MOCIEAOBATENBHO MO X1, X

U X3 M [OJYy4UM BTOPYIO CTPOKY MaTpuLsl I'ecce:

82F(X)__1 82F(X)_6 82F(X)_5

0 X26 X1 0 X28 X2 0 Xza X3

Tpetbst ctpoka MaTpuilbl ['ecce momydaeTcss B pe3yabTaTe Mocie0Ba-
TEJILHOTO JU(depeHIpoBaHus BIpaxkeHus (3.9) Mo X;, X U X3:
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PF(X) _,. 0°F(X) . CF(X)__
OX0% OX30Xp 0 X30 X3
Takum oOpazom, nosyursin matpuily I'ecce
2 -1 0
H(X,X2,X3)=|-1 6 5
0O 5 -8

epsblii 1udppepenuuan

[lepBrorit nuddepeniman q)yHKuHH MHOTHX TIEPEMEHHBIX B TOUke X 0
0 F(X
dF(X )= Z ( ) AXj, (3.11)
=1 0%
rae  AXj — NpHUpALICHHE OTICIBHON KOOPAMHATHI NP IEPEMCIUCHUH U3
HEKOTOPOW TOUKH X 0 Ha Manyto BenmuauHy AX (AX, AXs,...,AX,) .
B BektopHoit popme nepsoiit quddepennman Gynkimun F(X) B Touke
X0 sammceiBaercs xax CKaJIIPHOE MPOU3BEJICHUE BEKTOPA-TPAJANEHTa B 3TOU

touke VF (X 0) ¥ BeKTOpa mpupamieHnii AX :

dF (X %) = (VF(X?),AX). (3.12)
Bropoii ntuddepenuuan
Bropoit nuddepeniman q)yHKuHI/I MHOTHX NIEPEMEHHBIX B TOUKE X 0
2
d2F(x% =y v O FXT) F(X ) Ax; ;. (3.13)
i=1 j=1 OX 8
WJIU B BEKTOPHOU hopme
d?F(X%) =(H(X?)-AX,AX). (3.14)
IIpupamenune pyHKkunu
— gepe3 nepBbli Auddepeniman
AF(X?)=dF(X%) +O(ax]), (3.15)
rIie O(‘X ‘) — 0CTaTOYHAas TOTPEITHOCTb,
WK AF (X% ~dF (X %) = (VF(X?),AX); (3.16)
— 4epe3 NepBbId U BTOPOH AuQepeHnaibl
AF(XO)=dF(XO)+%d2F(XO)+O(\AX\Z), (3.17)

2
rae O(|AX|”) — ocratounas norpemHOCTb Gomee HU3KOTo HOPSIIKA.
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BblunciieHHe YaCcTHBIX INPOU3BOAHBIX

1. Ananumuueckuii cnoco6. C TIOMOIIBI0O U3BECTHBIX B MaTE€MaTHKE
MPaBUJI YaCTHBIC TPOHM3BOTHBIC OMPEICISIOTCS B BUIC aHATUTHYECKUX BHI-
PaXEHUM.

2. Yucnennviii cnoco6 (uucaennoe ouppepenyuposanue). ITponspo-
HBIC TIOJICYUTHIBAIOTCS C TOMOIIIBIO COOTBETCTBYIOIINX PA3HOCTEH
oF _ F(xXp,eo Xig Xi +AXi Xiagsee Xn) = F O, Xp10 0 X1 Xi s Xig021%n)
8xi AXi |

[Ipu yucnennom nuddepeHUpPOBaHUN CIIETYET YUUTHIBATh CIEHYIO-
IMe TPOTHBOPEUMBBIE OOCTOSTEILCTRA!

— ¢ OmHOW cTOpoHbI, 4eM MeHbIe AX; (AX; —0), Tem Ommxe mpu-

OJIMKEHHOE 3HAYEHHUE YaCTHOM MPOU3BOIHOM K €€ TOUHOMY 3HAUEHUIO;

— C Apyroul CTOpoHbI, AXj HE MOKET ObITh CKOJIb YTOJHO MaJIbIM, T. K.
IIPY 3TOM BO3pacTaeT MOrPEIIHOCTh PacyeTa.

B 3apaudax, CBSI3aHHBIX C BBIOOPOM ONTHMAJIBHBIX TE€PMOJMHAMHYE-
CKHX MapaMeTpPOB MAPOTYPOMHHBIX YCTAHOBOK, CJIEYET MPUHUMATh OTHOCH-
TebHBIN 1mIar nuddepeHpoBaHus paBHBIM

A% (0,0001+0,005).
Xi

HopmupoBaHHBIN BEKTOP-TPAIUEHT

I[eJ'IeHI/Ie Ka)KI[Oﬁ KOMITIOHCHTBI BCKTOpPa Ha €0 HOPMY HOPMAJIN3YCT

BEKTOP
OF(X) oF(X)  oF(X)
VE (X)_VF(X)_ oxg Oy | OXg
n - - .
VF
[VF| oF(X)),(F()), [oF(X)
0Xq OXo OXp,

3.4. Knaccuveckuit MeToa MUHUMM3AUN GyHKIMH
MHOTHX NepeMeHHBbIX

Heo0xonnmble u 10cTATOYHBIE YCI0BUS MUHUMYMA
(PyHKIMM MHOTHMX NepeMEHHBIX B TOUKke X

Heobxooumvle ycnosus cyujecmeosanus MUHUMYMA
1. I'pagueHT paBeH HyJIO B 3TOI TOUke X , T. €.

[VF(X)|=0,
1505041 L()():O; L()()ZO; “'; L()():O'
0% 0 Xy 0 X
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2. Matpuna I'ecce dpynkuuu F(X) HeoTpuiaTtensna (MOIOKUTETLHO

nonyonpenenena): H(X)>0.
Jlocmamounvle ycuosus cyuecmeo8anus MUHUMYMA
1. 'pamueHT paBeH HYJIIO: HVF ()?)H =0.

2. Marpuua 'ecce nonosxkutensHo onpeaenena: H(X) >0.

AJITOPUTM KJIACCHYECKOr0 MeTo/AA

1. Haxogum 4dacTHbIE
JIOBATEJILHO T10 BCEM IIepeMe

\

npousBoaHble GyHKIUU F (X1, X>,...,X,,) moce-
HHBIM U IIPUPABHUBAEM UX HYJIIIO
OF (X4, X, %) _

0;
0%
OF (X1, X0,...,Xp) 0
OXy ’
O F (X1, X2,...,Xp) _o.

OXn

2. PemaeM moJIy4eHHYIO CUCTEMY YpPaBHEHUH, KOPHU KOTOPOW SIBJISI-
I0TCSI CMAYUOHAPHBIMU TOYKAMU.

3. Haxonum mMatpuny

I'ecce H(X) B cTarmoHapHBIX TOYKAX MUHHMH-

supyemoii ¢pynHkiuu. Eciim H(X) > 0, To nccaemyemas Touka COOTBETCTBYET

MUHUMYMY QYHKIUH.

Ipumep 3.11. C nomoiplo KIaCCHYECKOTO METOAA HANTH CTaluo-

HapHble TOoukd ¢yHkuuun F(X)= X12 + X

JINTDb, ABJIAOTCA JIU OHU TOUYKAMU MUHUMYMa.

Pewenue

1. Onpeaem{eM YaCTHBIC ITPOU3BOIHBIC!

§+x§ — X1 —2X3 —XoX3 W oIpene-
£:2x1—1:0;
X
ﬁ=2X2—X3=O;
6X2
£=2X3—X2—2=0.
8X3

2. PemuB MOJIy4€HHYIO CUCTEMY TPE€X YPaBHEHUM, MOJYYUM CTAIMO-

HapHYIO TOUKY
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124
(5’5’5)
2 2 0 O
3. Marpuna I'ecce H(X)=A=|0 2 -1|=|0 2 -1|.
0 -1 2 0 -1 2

4. YtoOBl ONpEeAeInTh, SIBISETCS U MaTpuiia H TMONI0XKUTENBHO Of-
peneneHHoM, Bocnob3dyeMcs kpurtepueM CuiabBecTpa:

5 0 2 0 O
A=2>0; A,= =4>0; A;=10 2 -1=6>0.
1 2709 - 3
0O -1 2

Tak kak Bce MHUHOPBI ITOJIOKHUTCIIBHBI, MAaTPHIIA I'ecce MOI0XKUTEIBHO

o (1.2 4
OIIPpCACIICHA, OTKYOa CJICAYCT, YTO CTaAlMOHAPHAA TOYKA X = [E, 5, 5] SABJLA-

€TCSl TOUKOM MUHUMYMa.

3.5. Teoperuyeckue 0OCHOBBI METOI0OB CIIyCKAa

Pouib kBaapaTHYHBIX (PYHKIUH 1151 AHAJIU3A
U CPaBHEHHs METOA0B MHOIOMEPHO MUHUMM3ALUHN

KBanpaTtuunbie (yHKIUMU U UX CBOMCTBA UIPAIOT BAXKHYIO POJIb B TEO-
pPUM MHOTOMEPHOM MUHUMH3ALUU. DTO OOBSCHSETCA CIEAYIOIUMU NpUYH-
HaMH:

1) ecnu MeTOJ HENPUTOJEH Ui KBAJAPATUYHBIX (DYHKIHMH, TO OYCHD
Majo IIIaHCOB, YTO OH MOKET ObIThb HCIHOJIb30BaH Al (YHKIMM ¢ Oonee
CJI0KHOU CTPYKTYPOU;

2) B JJOCTaTOYHO MaJIOM OKPECTHOCTH ONTHUMAJIBHOW TOUKU X" BCAKYIO
HEKBAJIPATUUHYIO TJAAKYH0 (PYHKITUIO C MOJIOXKUTEILHO ONpeIeIeHHOW MaTpH-
ueit ['ecce MOXHO anMpOKCUMHUPOBATH KBAAPATUUYHON (DYHKITHEH.

Keaopamuunas ¢pynkyus N NEpeMEHHBIX B OOLIEM BHUJIE

n n n
F(Xl,Xz,...,Xn)IZZOLij'Xi'Xj+ij-Xj+C. (31)
i=1j=1 j=1

[onoxkus ojj =01}, MOJTYYNM CHUMMETpHUHYIO Marpuiy A= (a;),

C TTOMOIIIBIO0 KOTOPOi BeIpakeHHe (3.1) MOXKHO 3aruicarh B MAaTPUIHOM (hopme
F(X):%-(A-X,X)+(B,X)+C, (3.2)
re B=(bj), j=12,...,n.
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Ipumep 3.2. 3anucath GyHKIHIO
F(X):2-x12—2-x1-x2 +3-x1-x3+x§—

—5-x2-x3+4-x§+7-x1—8-x2 +9-x%3+10
B MaTpHU4IHOM BHIC.

Pewienue
2.2 -2 3
A=l -2 1.2 -5 B=(7 -8 9); C=10;
3 -5 4.2
TOTga
4 -2 3 X\ (% X1
F(X)=%- —2 2 =5||{X% |, % ||+(7 -8 9)|x, |+10.
3 =5 8 )\x3) \X3 X3

Beinykiibie pyHKIUM

®dyukmms F(X), 3agannas Ha BeImykioM maoxkectBe D — E" | Hazbl-
YH s y s

BACTCSl 8bINYKIIOU, CCIH ISl JTFOOBIX TOYEK Xl, X? eD u moboro cKajspa
u €[0, 1] BeIMOIHSICTCS HEPABESHCTBO

Fu X+ () X ) <p- F(X) + - - F(X?). (3.18)

JUis BBINYKJION (PYHKUMM JHOOOW €€ JIOKAJIbHBbIH MUHUMYM SIBJISI€TCS
OJTHOBPEMEHHO U TJI00ATbHBIM.

JIoCcTaToOUHBIM yCIOBHEM cmpoeoti Bbiykiaoctd Gynkiuun F(X) sB-

JSCTCS  nonoxcumenvHas onpedeiennocms € matpunbl ['ecce H(X), a

CUNbHOU BBIYKIOCTH — HOJONCUMEIbHASL  ONPEAEICHHOCTh MaTPHIIBI
H(X)-L-E,rne E — equanunas matpuma, a L > 0.

Co0cTBeHHbIE 3HAYCHUS U COOCTBEHHbIE BEKTOPbI

Henyneoii Bektop U, nns xkotoporo A-U =A-U, Ha3siBaeTcs cob-
CMBEHHbIM 8eKMOpOM KBAAPATHOM MaTpuibl A, a 4HUCIO A — COOTBETCT-
BYIOILIUM €MY cOOCMEeHHbIM 3HaUeHueM 3TON MaTPUIIbL.

CobcTBeHHbIE 3HaUEHHST HAXOATCS U3 XapaKTepPUCTHUECKOTO YPaBHEHUS

det(A—-A-E) =0,
rne E— emunuunas matpuua (Ha TJIaBHOM JUAroHald — €AWHUIIBI, BCE OC-
TaJbHbIE 3HAYCHHUSI PABHBI HYJIIO).
Eciu Aj — coOCTBEeHHOe 3HaueHHe MaTpullbl A, TO HETPUBHAIBHOE

(HeHyneBoe) pelieHne 0THOPOTHOM CUCTEMBbI TMHEHHBIX YpaBHEHUHN
(A-%;-E)-U=0
JTae€T COOTBETCTBYIOIIUN eMy COOCTBEHHBI BEKTOP.

91

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOOUYECKUX MATEPUAJIOB


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

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

IIpumep 3.6. Haiitu coOcTBeHHbIE 3HaYEHHS U COOCTBEHHBIE BEKTOPHI

MAaTPULBL
2 1
A= )
-1 4
Pewenue

Marpuna (2x2) nmeer aBa COOCTBEHHBIX 3HAYCHUS Ay U Ay .

2 1 1 0y (2-2 1
Al=A-} -E= - - :
e P

det AL=(2-4)-(4—1)—1-3=2%—6-A+5.
Pemaem ypaBHeHUE A2 —6-L+5=0:
~b+J/D 6+16

D=b?—4ac=36—-4-1.5=16; Ay, =
’ 2-a 2-1

CoOcTBeHHbIE 3HaUEHUS: A =5; Ay =1.

CoOCTBEHHBIE BEKTOPBI:
a) mepBblii coocTBeHHBIN BekTOp Uq(X(; Xo) ompenernseM H3 perieHus

cuctemsl ypaBHenuit (A—2q-E)-U; =0.
O6o3naunm Al=A—A,-E, Torna

wefg 1o o DG )

AL-U. = -3 1 X1 _ —3'X1+1'X2
- 3 -1 X2 h 3'X1—1°X2 .

Haxoaum xoopAWHATHI MEPBOTO COOCTBEHHOTO BEKTOpA, pelIas CHC-
TEMY ypaBHEHUI

-3 %X+ X, =0;
{ 3% — X, =0,
OTKyZa X; — JIt00O€ Uucio, a X, =3- Xy,
2 -05

Hanpumep, U; = LEJ wm U = (—1,5j UT. I

©0) Bropo#t coOcTBeHHBIH BeKTOp U, (X1, Xy) OlpenenseM H3 perieHus
cuctemsl ypasHenuit (A—A,-E)-U, =0.

O6o3naunm A2 =A—-A,-E, Torna

2 1 10 11
A2=A-%r, -E= -1 = :
3 4 01 3 3
A2U, = 11 IR 1-% +1-X, |
3 3) X% 3% +3-Xo
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Haxonum koopMHaThl BTOPOro cOOCTBEHHOTO BEKTOpA, peliasi CUcTe-
MY YpaBHEHUU

X+ X =0;
3°X1+3'X2 =0,
OTKyZAa X; — JII00O€ YMCIIO0, Xp =—X; WM, HA00OpOT, X, — J1t00O€ YHCIIO,
7 -01
X| = —Xo, Harpumep, U, :( 7j wm U, :( 01 ] UT. I

KBanparHas marpuiia A Has3bIBACTCS NOJONCUMENHO ONPEOeleHHOU
(A>0), ecnu Bce ee COOCTBCHHBIC 3HAUCHHS A TOJOXHTEIbHBIC. MaTpuiia

Ha3bIBaeTCs nonodxcumenvro noayonpeodenennou (A>0), ecim A >0. Mar-

pHIla ABISETCS 3HAKOHEONpeOeleH O, eCI CPEeIu ee COOCTBCHHBIX 3HaYe-
HUH UMCIOTCS ¥ MTOJIOKHUTEIbHBIC, M OTPHULIATEIIbHBIC.

YTOoOBI BBISICHUTH , SBJISICTCS JIU MaTpuiia A IOJIOXKHTCIBHO OIpeje-
JICHHOW, MOXXHO BOCIIOJIL30BaThCSl Kpumepuem Cunveecmpa: 0ns moco,
ymobwvl mampuya A OvlIa NOIOHCUMENbHO ONPEOeleHHOU, HeoOX00UMO U
00CmMamo4to, 4modwvl 8ce ee Y2i08vle MUHOPbL ObLIU NOJIONCUMETLHBIMU.

&1 - A

a a
AM=ay1>0; A,= 11 12>O; Ay=|... .. ..[>0.
1=9d41 2 n
dp1 Ay a a
nl - nn

Mpumep 3.7. Marpuna A(2x2) u3 npumepa 3.6 SBISICTCS TOJIOXKH-
TEIbHO OIpEAENeHHON, T. K. 00a ee coOCTBeHHbIX 3HaueHus (A;=5>0
U Ay =1>0) ABAAIOTCS MONOKUTEIbHBIMH.

6 0
Ipumep 3.8. Marpumia A= (O Oj SIBJSIETCS TTOJIOKUTENIBHO TOJIYOIl-

peleNeHHom, T. K. Ay =6; A, =0.

-7 0
Ipumep 3.9. Marpuna A= 0 4 SABJISETCS 3HAKOHEOIPEIEIIEH-
HOU, T. K. Ay =7<0; Ay, =4>0.
4 -2 3
Ipumep 3.10. [Jokazarp, uro matpuma A=|—-2 2 —2 | TOJOXH-
3 -2 8

TCJIBHO OIIPCICIICHA.
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Pewenue
Bocnonb3yemcs kpurepuem CunbBecTpa:
A 4 -2 3
A =4>0; A, =‘ , _2 ‘=4>o; Ay=|-2 2 -2/=22>0.
- 3 -2 8
Tak kak BCce MHHOPBI MOJIOKUTENbHBI, MaTpulla A — MOJOKUTEIHHO

oTpeiericHa.

Bo3Mo:kHbIe M TpHeMJIeMble HATIPpaBJIEeHUSsI
Bexmop nanpasnenusi
JIroGoii n-mepHsblii Bektop-cromden d =(dq,d,,...,d,,) moxer ciuy-
KUTb HaIPaBJICHUECM.
Iycrs nansl Toaka X° € E" n nanpasnenne d #0. Ilpn nsmenennn

ckansgpHoi BenuuuHBl h oT 0 10 o0 TOuKa X1 =X +h-d onmcsisaer Iy,
MCXOIIIHiT 13 Touk X ° B HampasieHnu d .

IMpumep 3.12. Ha miockocti X0 = (Xf; Xg) =(13);d= d; d) =(-2;5);
h=01.
Haiitu HOByIO TOUYKY x1= (Xl, X%) IpH TIEPEMEIEHUH U3 X0 B Ha-

npasiennd d ¢ mrarom h.

Pewienue

Xt =x0+h-d; =1+01-(-2) =0,8;

X5 =X9+h-d, =3+01-2=35;
X1=(08;35).

Bosmooicnvie Hanpaejierusl.

a) JUTsl METOI0B O€3 OrpaHWYCHHI — 3TO JI000e HanpasjicHue d |
0) 11 METOZIOB C OIPaHUYCHHUSIMH — TO BCSKOE HampaBJCHHUE, HE Ha-
pylLIaoniee OrpaHuYCHUI.

Hpuerzesze Hanpaejierusl

— 3TO HaIpaBJIeHUS, obecneyusarowue yoviganue yenegol Gyuxkyuu (s 3a-
Ja49 ¢ OTPaHUYCHHSIMHY €IIe ¥ HEe HapYIIAIOIINE HU OJJHO U3 OTPaHUYCHUN).

JUIss TByMEpPHOTO CJIy4asi MPUMEPhl BO3MOXKHBIX M MPHUEMIIEMBIX Ha-
MpaBJICHUN NPUBEICHBI HA puUC. 3.6.
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Ycnosue cnycka

[TocTpoenue yObIBaromieil MOCIeIOBATEIbHOCTH 3HAUYCHUN (YHKIIUU
B COOTBETCTBUU C ycioBueM (3.1) TpeOyeT OTpUIATENbHOTO MpUpAIlCHUs

byHKIMHA HAa KXol utepamun AF k= F(X I(+1) -F(X I() <0.
YYHTBIBas, 9TO B TICPBOM HPUOIIKEHUH TpUpaIieHue GyHKIIMH PaBHO
ee nepBomy auddepeHimany

AF(X¥) = (VF(X¥), Ax %),

1 0003HAYMB BEKTOP MPUPALIECHUI ITepeMeHHON AX K Ha k-it UTEpalnn, KaKk

HCKOTOpHﬁ BCKTOP HaIIpaBJICHUA d k, caparnmuio cnycka 3aliiuicm
(VF(X¥),d%)<o0.

k .
Takum oOpazom, nanpasnenue d° 6 manoi okpecmunocmu mouxku X K
obecneuusaem yovleanue QyHKYUlU, eciu CKaiapHoe npouzsedeHue 8eKmopa-

k . k
epaduenma VF(X") 6 amoii mouxe na nanpasnenue d° ompuyamenwvho.

d1 d2 ds D

4
X, 4 X2

F,=const

F,=const d3

NSSASIEINEGY JNEREF CASSSSSSANN

a 4]
Puc. 3.6. Bo3amoxHbIe 1 IpUEMIIEMbIC HATIPABJICHHS:
a — 3anada 06e3 orpanndeHuit: d1, d2, d3, d4 — Bo3MoKHBIE HaNpaBICHYS,
d4 — mpreMiieMoe HampaBICHHE;
6 — 3anmava c orpannuenusmu: ds, d6, d7, d8, d9 — Bo3mMoxHBIE HalIPaBICHUS,
d7, d9 — npuemieMble HampaBICHIE

CxaJIsipHOE TIPOU3BEICHUE MOYKHO PACIHCATh
(VF(X¥), dk)z‘VF(Xk)‘-‘dk‘-COS(p,
rae @ — yrox mexay Bekropamu VF (X k) udk.
Takum o00pa3oM, eciii yroil @ MEKIAy BEKTOpAaMH — OCHpblil

(90 <@ <180), To B HampaBienuu d k bynkuus eospacmaem (cm. puc. 3.7),

ecim ke yron @ — mynou (0<@<90), To B HampaBJIeHUH dk byHKIUSA
yowvieaem (cM. puc. 3.8).
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X1
Puc. 3.7. Ilepemenienne u3 Touku X k Puc. 3.8. [lepemenienue u3 Touku X k
B TOUKY X k+l BJIOJIb HampaBJeHus d K B TOUKy X k+l BJIOJIb HampaBJicHUs d k
Bo3pacTanus yHkimu (0<@<90) yobiBanus Gynkiwm (90 < ¢ <180)

Ipumep 3.13. [ns neneBoit Gpynxuuu F(Xg, Xy) = 2X12 + X% + X1 - Xo
poBepuTh, Kakue u3 Hampasienuit d1(4,0), d2(3,-3), d3(-4,—2) obec-
MEYMBAIOT YObIBaHUE (PYHKIIUU U3 TOUKU X 0 @n?

Pewenue

1. 'paaueHT 1ieneBoi GyHKITUU B TOUKE X O(1, 1)

VEQLD=(4-%X +X2,2-%X+X%)=(573).

2. CkanspHbIe IPOU3BEACHHS IPaMeHTa Ha 3aaHHbIC HAPaBJICHU:

(VF(X?),d1)=(5-4+3-0)=20>0;

(VE(X%),d2)=(5-3+3(-3))=6>0;

(VE(X?),d3)=(5-(-4) +3-(-2)) =-26<0.

Hanpasnenune 03 siBisieTcss mpueMIIEMbIM, T. €. YKa3bIBacT Ha yObIBa-

HUE (PYHKIIMHM B MAJIOW OKPECTHOCTH TOUKH X 0
['padmueckas wTrOCTpays pelIeHus 3a/1a41 MpeCTaBleHa Ha puc. 3.9.

MojaeabHasi cxeMa METO10B CIIyCKa

*
ITycts X k_ TeKyIee MPUOIMKEHNE K HCKOMOM TOUKe MUHUMyMa X .
Ilar 1. Ilposepka codarodenusn ycioeuii 0Cmanosa aizopumma.
Ecnu ycinoBus BBIOJHAIOTCS, TO BEIYMCIICHUS MTPEKPALIAIOT, ToJlaras

* k. k
X =X, Fhin=F(X").
Ilar 2. Pacuem nanpaeienusn noucka.
BriOpath HampaBiieHHe, BIOJb KOTOPOTO MPEANOJaraercs pacroio-

o k
KHUTh CJICAYIOIIYIO TOYKY, T. €. pACCUUTaTh N-MepHBIA BekTop 0, Ha3bIBac-
MBI HaIlPaBJICHUEM.
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Hlar 3. Pacuem onunst wmaza.

BBIMHCIUTD TOIOKHATENBHOE Yncao h (nmuHy mara), obecrneynBaro-
niee yoriBaHue GyHKIUU

F(X* ) < F(x¥)
npu nepemetennn u3 X € B X <L,
Urepanmonnas ¢popmyna
Illar 4. Ilepecuem ouenku pewenus:

F(X¥) = F(x*;
k=k+1.
BepnyTtbes k miary 1.
X, A

Puc. 3.9. Bo3moxHbIe HanpaBiIeHUs
DyHKIHH F = 2X2 + X3 + X - X, Touke X°(1,1)

Ilpumeuanue. B xauecTBe yCI0BUN OCTAHOBA AJITOPUTMA MOXKHO ITPUHSATS:
1) p(X k+l X I() <g,, [I€ P O3HAYAaCT PACCTOSHHE MEKIY TOUKAMH
2) ‘F(Xk”)— F(Xk)‘ <ep:

3) HVF(X k)H <eur.
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31ech €, €F, €y — 3apaHee 3aJJaHHbIC [IOrPELIHOCTH pacyeTa pac-
CTOSIHUSI MEXIY TOYKAMH, 3HAYCHMSIMU (HYHKIIMM W HOPMBI TPaJUeHTa COOT-
BETCTBEHHO.

YciaoBUA CXOAUMOCTH METOIO0B CIIyCKAa

1. ®yaknus F nBakabl HempepbiBHO nuddepeHnupyema.

2. OYHKIHS «CYIIECTBEHHOY» YObIBACT Ha KaXKIOW UTEPaALIUH.
Heynaunslii BbIOOp 1m1ara h¥ mosker IIPUBECTH K TOMY, YTO BEIUYHUHBI

yMEHbIIeHUs! (QYHKIUMU 1o urepamusMm AF = Fk gk OyIyT CIMIIKOM

opIicTpo cTpemuThcs K HymO (AF —0), T. e. cymecTBeHHOTr0 yMEHBIICHUS
byHKIIMN HE OyIeT.
3. Ilpu Bcex K (HOMep wTepammu) yrosi ¢ MEXIy HamnpaBiICHUEM

crycka d “u rpagueatom VF (X k) OTJIMYAeTCs OT MPSIMOTO HE MEHEe, YeM
Ha (MKCHPOBAHHYIO HEHYJEeBYI0 BennmuuHy A¢. Ecim d “ n VE(X k) — op-
toroHajbHbl (@ =90"), TO METOJ pacueTa BbIAACT BEKTOPHI, BAOIb KOTOPHIX
F k =const.

4. MuosxectBo ypoBHs L(F(X 0)) 3aMKHYTO M OrpaHu4eHo ( X 0 _ Ha-
yajbHas TOYKA CITyCKa).

Ilpumeuanue.
s nannowt ¢ynkiuun F(X) u yucnma B mHOXkecTBoM ypoBHs L(B)

Ha3bIBACTCA COBOKYITHOCTDb BCCX TOYCK X , YAOBJICTBOPAOIINX HCPABCHCTBY

F(X)<B.

Ipumep 3.14. J{ns nenesoit pynkuun F = (X —3)2 + (X5 — 2)2 HaWTH
MHOecTBO ypoBHs L(9).

Pewenue

MHOXeCTBO YpOBHS 3aAaHHOW (PYHKIUU JIsi =9 — 3TO COBOKYII-
HOCTh TOYEK, JIKAINX BHYTPH Kpyra (X; —3)2 + (X, — 2)2 <9 (3amrpuxo-
BaHHas 00yacTh Ha puc. 3.10).
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Puc. 3.10. MuoxectBo ypoBHs L(9) ¢pynkuuun F = (X —3)%+ (X, — 2)?

3.6. MeToan! cimycka

MeTOI[BI CITYCKa — 9TO MCTOAbI HAITPABJIICHHOT'O ITONCKA 6e3y0J'IOBHOFO
MWUHHMYMa Q)YHKHI/II/I MHOTI'UX IICPCMCHHBIX.
MeTOI[BI CITYCKa 3aKJIOYaroTCsA B IMOCTPOCHHU ITOCIICIOBATCIBHOCTH

TO4YeK X 0, Xl, oo X K v JUJIS KOTOPBIX BBITIOTHSIETCS YCIOBUE
FIXO) > F(XYH>..> F(XK)>.. (3.3)

Onu tpedytor nuddepenuupyemoctn GyHKINH, 4TO AaeT uHPOpMa-

LU0 O MOBeAeHUU (YHKUIHUHU B MAJOW OKPECTHOCTH TOYEK X K 1 nossoster
BECTH HAIIPABJICHHBIN ITOMCK TOYKM MUHUMYMA.

3.6.1. 'pagueHTHBIN MeTO/

CyTb TpaiMEHTHOTO METOJA: 8 KaAXCOOl MoYKe NOUCKA onpeoeisiem-
CA 6EKMOP-2PAOUEHN U Oellaemcs waz 6 Imom nanpasienuu (eciu uwem
MAKCUMYM) UJTU RPOMUBONOJI0NHCHOM (eCiu uem MUHUMYM).

B nanbneitemM Oynem BeCTU pedb JUIIL O TOUCKE MUHUMYyMa 11eJIeBOM
dbyukIuu U ee aHTtUrpaguenrte. llocienoBaTelbHOCTh pacueTa MUHUMYyMa
1eseBoi (PYHKIIUU TPAAUEHTHBIM METOJOM IMOJHOCTBIO YKIIAJIBIBACTCS B MO-
nenpHyIo cxeMy ciycka (1. 3.1.1.8), corftlacHO KOTOpo# Ha KaXkKI0W UTEpaAITUU
paccMaTpUBaEMOr0 METO/1a PELIAIOTCS ABE 3a/1aUH.
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3anaua 1. Onpenenenrie HanpaBieHUs CITyCKa
JInst 5TOM ey BBIYUCIAIOT YaCTHBIE MPOU3BOAHBIE MUHUMHU3UPYEMOUN

GyHKIIUN B HA4YaIbHOM TOYKE CIycKa X 0,

oF(x%)  oF (X9 oF (X 9)
O .

AOCOIIOTHBIE 3HAYEHUS! YaCTHBIX MPOU3BOAHBIX MO Xq, Xp,...,Xq — 3TO

OTPE3KH, COOTBETCTBYIOLIME IEPEMEINEHHIO BAOJIb OCEH KOOPAMHAT
Oxq,0X5,...,0X, COOTBETCTBEHHO. 3HAK IIPOM3BOJHON YKa3bIBaeT HaIpaBIle-
HHE NIEpEMEIICHNUS.

Cryck BIOIb aHTHrpajuenta GyHKuun F wu3 3azanpoil Toukn X°

C KOOpJMHATaMHU (Xf , Xg fens ,Xr? ) COOTBETCTBYET MEPEMEIICHUIO U3 ATON TOUKHU

B HEKOTOPYIO TOUKY X ©, KOOPAHHATBL KOTOPOL (X%, X% - ,X%) BBIYUCIISFOTCS:

0 0 0
doy0 FOXD. a0 F(XD). X%=X3—6Fa(xx )
n

8X1 8x2

Hnst dysakmmn F (X5 Xo) ABYX NEpeMEeHHBIX IepeMenIeHUe M3 TOUYKH

X% g TOYKY X! Ha MOJIHYIO JJIMHY aHTUTPAJIMECHTa MPOWLTIOCTPUPOBAHO HA
puc. 3.11, a.

X' F(X “)=const

F(X %)=const

a o
Puc. 3.11. Ilepemenienre B10Ib aHTUTPAIUEHTA U3 TOUKH X O(xf , xg )

B TOUKY Xl(x%, x%) Ha MOJIHYIO JUTUHY BeKTopa (a)
u C HekoTopeM marom h>1 (6)
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3agaya 2. BriGop 1miara B HarpaBJI€HUU CITyCKa
[lepemMernieHue BIOJb aHTHTPATUCHTA HA BCIO €TO JUIMHY MOXKET TPH-
BECTH K PACXOXJIEHHIO Ipoliecca MUHUMU3aKU (OyaeM yaaisaTbes oT Fin

BCE Jaibllie U Janblie, kak Ha puc. 3.12). YTtoObl 3HaueHue QyHKIHUH B KO-
HEYHOW TOYKE CIyCKa Ha Ka)XJOW HTEepallud HE MPEBBIIIANO €€ 3HAUYCHHUS
B MCXOJIHOM TOYKE, ClIeyeT U3MEHSTh Iar B HalpaBJICHUU aHTUTPAMEHTA,
T. €. IepEMEIaThCs He Ha BCIO JUTMHY BEKTOpa, a Ha BennuuHy h-VF , roe h
— HEKOTOPOE MOJIOKHUTEIBHOE YHUCIIO, 3HAUEHUE KOTOPOTO 3aBUCHUT OT Xapak-
Tepa 3a/a4d U OT 3HAYEHUU KOOPAMHAT B TOUKE, OTKYJa JIeJIaeTCs 1Iar B Ha-
MpaBJICHUW aHTUTpaaneHTa. [1o cBoemy cMbiciy h — mMacmTaOHBI MHOXH-
T€Jb, HO B COOTBETCTBHUH C MPUHATON TEPMHHOJOTHEH Oy/IeM Ha3bIBaTh €O
OJIUHOI Wiaza, U IPOCTO ULAZOM.

Buvibop onuner waza hX na xaxcooii umepayuu 00ax3cen obecne-
yums yovieanue QyHKyuu npu nepemenieHun u3 00HoU mouKu 2paoueHm-
HO020 cnycKa 6 opyzyio

F(X*) <F(x").

[Ipu BBIOOpE 11ara HA/I0 YYUTHIBATH CJIEIYIONIUE TPOTUBOPEUUBBIE 00-
CTOSITEJIbCTBA!

1) ecnu mar h BBIOpaTh JOCTATOYHO MAaJbIM, TO JBHXKCHHE OyIeT
MIPOMCXOANTHh MPAKTUYECKH M0 JMHUH aHTUTPaaHeHTa (Xopormio!), HO mpu
ATOM — OY€Hb MEJICHHAs! CXOJIUMOCTh UTEPAITMOHHOTO Tpoiiecca (TJ10X0...);

2) ecmu h — OOJBIION, TO BO3HHKAET OMACHOCTh HE 00ECIICUUTh CXOIU-
MOCTb MPOIIECCa, YTO rpapruecKy MPOULUTIOCTPUPOBAHO BhIlE (puc. 3.12).

v

Puc. 3.12. Pacxoasmuiicss uTepaliluOHHBIN mporecc
MIpU HEYAa4uHOM BBIOOpE 1I1ara
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Kpumepuit ¢vioopa waza cnycka h

Haoo osucamvca maxumu wazamu, 4moodvl RpUtimu K MUHUMYMY Ye-
71e601 PYyHKYUU 3a HAUMeHbuee Yucio umepayuii!

Jlnst KOHKpEeTHOM 3amaun mar h mpuamMaroT mombopom, TubOo, eciu
3TO BO3MOXXHO, Ha KaXIOM IlAre CIycKa OLEHHBAIOT €ro MaKCHMaJlbHOE
3HaYeHHUE C MOCIEAYIOIUM IpOoOJIeHnEM, TTOKa He OyIeT JOCTUTHYTO yObIBa-
HUsI QYHKIIMK HA 3TOM HampaBieHWH. BeIOpaHHBIH mar h mo3BossieT mepe-

MECTUTBHCSI B HANpaBICHUH AHTUTPATUCHTA M3 TOYKHU XO(Xf ,Xg,...,xg )

B TOUKY Xl(Xl,X%,...,Xrl]) (cm. puc. 3.11, 6), KoopAMHATHI KOTOPOU BBIUHC-
JSTFOTCS:

F(X° F(Xx° F(X°
x%zxf—h-—a ( ); xlzxg—h-—a ( );...x},:xﬁ—h-—a ( ).
6X1 8)(2 8Xn
AJTOpPUTM TPAAMEHTHOTO METO/AAa B MaTpUYHOW (opme MpUBEICH Ha
puc. 3.13. Pa3BepHyTHII alrOpUTM TPAJAUEHTHOrO CIyCKa [JIs ULEICBOU

(GyHKIIUHM IBYX MEPEMEHHBIX MPEACTaBIeH Ha puc. 3.14.

( MpagneHTHLIN MeToq, )

Boon F(X) — min
X°- HavarbHas To4Ka CrycKa;
h - HayanbHbIA LWar;
€ - NOrpeLLIHOCTb pacyeTa
XO
— P OyHKUUS
F
—— F(X)
P NG
——| [pagneHT
'VFQ VF(X)
X °=X* ol =
. H 1x*—xO
F,=F, e |
A Ty 0 _ X*
X =X "-h-VF, h=h/2 _,F DyHKL
x 1 min F X
——»| OyHKUMS l )
F(X) v
BbiBoa;

X*- ToUKa MUHUMYMA;
F.in - MMHUMaArbHOE

3Ha4yeHne yHKL M

HeTt

Puc. 3.13. Anroput™ rpaiu€HTHOTO METOJIa B 00IIIEM BUJIC
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[pagneHTHbIN MeToq, )

Beon:
X°(x,” X,°)- Ha4arnbHas Touka crycka;
h - HayanbHbIN War;

€ - MorpeLHoCTb pacyeTta

F(X,,X,) = min

(%", X,)
_F-;> dyHKUMA
——] F(x.X)
P (%)
oF(x," %) | OFX)
o o X, X,
) —
F(X) oF(x,°x,)
OX, X,
1
U |= \” OF(X," X, ) i oF(," %) |2
[VFo|= X, X,
Ha
X, =X, - h- OF(X," X, ) X*=X,
%, I
o_ 1 L Ky O
XX [ omee b 0P o) %
2 2 _6—
0_, 1 %o (X.*,%,%)
X, =X, ) —p| DyHKUMS
I 2 2y| dyHiuna Foin F(x,,Xx,)
Fo=F, F(x.,%,) —
X*(X,* X,*)- TO4Ka MUHUMYMa;
h=h/2 Frin- MUHUMarbHOE 3Ha4YeHne
doyHKLMMN
| I

Puc. 3.14. Pa3BepHyThIi aITOPUTM I'PaAUEHTHOTO METO/Ia
Ha puMepe GYHKIUU ABYX MePEMEHHBIX
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Ipumep 3.15. {ns neneBoii yakunn F = (X — 2)2 +3- (X, —1)2 Haki-
TH MUHHMAJIbHOE 3HaYCHUE TPAJIMEHTHBIM METOOM, BBIOpaB B Ka4eCTBE Ha-
JalbHOM TOUYKM ciycka X O(0; 0). 3a kpuTepwHii OCTAaHOBA MPUHSATH ||VF|| <g,
rae € =0,25. HaganpHbnii mar cioycka h = 1.

Pewenue

o F 0o F
I'paguenr V F=| ——— |=(2(X — 2); 6(X, —1)).
p (axlaxzj((l ); 6(xz —1))
Urepanus 1

HavanbHas Touka crycka X 0(0;0) :
3HaueHue QyHKIMHU B HAYAIbHON TOUYKE
Fo=F(X%)=F(0,0)=(0-2)?+3-(0-1)%=7.
3Ha‘leHI/Ie IrpaaucHTa B HaanBHOﬁ TOYKEC
VE(X%)=VF(0;0)=(2-(0-2); 6-(0—1)) = (~4;-6).
Monayne rpaguenTa

[VF 0O =47 + (62 = B2 >

1.1.h=1

KOOpI[I/IHaTBI HOBOU TOYKH, nonyquHoﬁ IIpu 1CpeMCIICHUN M3 XO
B HAIIPpaBJICHWHU aHTUTI'PAJUCHTA C IIaromM h=1

0
1_,0_ FEXT)

X=X - y =0-1.(-4) =4
1
0
x%:xg—h-a':(x )=O—1-(—6):6;
X2
X1(4:6).

3HaueHWe QYHKIIUA B TOYKE X1(4; 6) F=79.T.x. R=79>F,=7,

ymenbiaeM mmar h =h /2 = 1/2 u nepecuntpiBacm X1
1.2.h=0,5

X =0-0,5-(—4)=2;
X5 =0—0,5-(—6)=3.
3naucHre  (QYHKIUH F1=F(X1)=F(2;3)=12>(F0=7). CHoBa

ymenbiaem miar h = 0,5/ 2 = 0,25 u nepecuntbiBacm x1.
1.3.h=0,25

xi =0-0,25-(—4) =1;
X3 =0-0,25-(—6)=1,5.
F=FXY)=F®15)=175<(FRy=7).
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Urepanms 2

[TepenpucBanBaem: X 0_xi- (L15);, Fy=R=175 h=0,25.
VF(XO) =VF(115)=(2-(1-2);6-(1,5-1)) =(-2;3).

Monyib rpagueHTa

HVF(XO)H = J(-2)? +32 =3,606 > ¢

Koopaunater HOBO# Touku X L.
X =1-0,25-(—2) =1,5;
x5 =1,5-0,25-3=0,75.
F = F(Xl) =F(1,5;0,75)=0,438 < (Fy =1,75).

Urepanms 3
[IepenpucBauBaem:

X%=x1=(150,75); Fy=F=0,438, h=0,25.
VE(X%)=VF(1,5;0,75) = (-1 -1,5).
Monysb rpaguenTa

HVF (X O)H = (152 +0,75% =1,677>¢.

Koopaunater HOBO# Touku X L
Xt =1,5-0,25- (1) =1,75;
x5 =0,75—0,25-(—1,5) =1,125.
F = F(XY) =F(1,75,1,125) = 0,109 < (Fy = 0,438).

Urepanus 4
[IepenpucBauBaem:

X% =x1=(1,751125); Fy=F=0,109; h=0,25.
VE(X%) =VF(1,75,1,125) = (-0,5:0,75).
Monayne rpaguenTa
HVF(XO)H = /(-0,5)2+0,752 =0,901 > ¢.

Koopaunater HOBO# Touku X L
i =1,75-0,25-(-0,5) =1,875;
x5 =1,125—0,25- (-0, 75) =0,938.
F = F(XY) =F(1,8750,938) = 0,0273 < (Fy =0,109) .

Urepauus 5
[TepenpucBanBaeM:

X0 =x1=(1,875,0,938); F,=F =0,0273; h=0,25.
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VE(X 0) =VF(1,875;0,938) = (-0, 25;-0,375).
Monyib rpaguenTa

HVF(XO)H = \J(-0,25)% + (~0,375)2 =0,451> &.

Koopaunater HOBO# Touku X L.
X =1,875—0,25- (-0, 25) =1,938;
x5 =0,938—0,25- (—0,375) =1,0131.
F = F(X1) = F(1,938;1,031) = 0,00384 < (Fy = 0,0273) .

Urepanus 6
[IepenpucBanBaem:

X0 =x1=(1,9381,031); Fy=F =0,00384; h=0,25.

VE(X %) =VF(1,938;1,031) = (—0,124;0,186) .
Monysb rpagueHTa

HVF(X O)H = \J(-0,124)2 +0,1862 =0,224 <.

Pacuer npexpamiaeM. OnTumManbHOE PEIICHUE
¥, ~1,938-0,25-(~0,124) =1,969;
x5 ~1,031-0,25-0,186=0,969.
X" ~(1,969;0,969).

CoOTBETCTBYIOIIEE €My MUHUMAIILHOE 3HAUYEHHE LIEJIEBOM (yHKIIUN

3.6.2. Meroa HauCKOpeHLIero CIycKa

Ha xaxaoMm stame crmycka ompenensioT BekTop-rpaaueHT VF(X)
¢yukuun F(X) u aBurarorcs B HANpaBiICHUW aHTUTPAJUMEHTA JO TOYKH,

B KOTOpOH 1eneBast (yHKIUS MPUHUMAET MUHHUMAaJbHOE 3HAUYCHHE Ha JaH-
HOM HalpaBJicHUU. B HaWJEHHOW TOYKE BHOBBH ONPEAECACTCS TPATUCHT
Y IBJKEHHUE COBEPIIACTCS B HAMPABJICHUM HOBOTO AHTUTPAAUECHTA JI0 TOUYKHU
MHHMMYMa Ha HOBOM HaIlpaBJICHHH.

Takum 00pa3oM, Ha KaXJIOM IIIare MeTo/ia HAUuCKOPEHIIEeTo CIycKa 13

HEKOTOPOW TOUKH X K pemaercs 3a0aua 00HOMEPHOU MUHUMUZAUUY.
o(h) = E(XX —h-VF(X*¥)) > min

*
IIpru UBMCHCHHUHU h , B pE€3YJIbTATC YCTO HAXOAUTCA ONTHMAJIbHBLIM IIar h na
JaHHOM HaITpaBJICHHH.
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*
[Tpu otknmonenun h ot onTumanbHOTO h B OJHY M JPYTYIO CTOPOHY
(marmpumep, Ha BennunHy Ah) 3HaYeHHe 1eNeBOi (YHKIIMU HA HATPaBICHUN

BekTopa-aHturpaauenta — VF (X k) YBEJIMYUBACTCS:
F(X > F(xk-h"-vF(x¥y),
rae
X1 =xK—(h"£Ah)-AF(X").

['padmyeckas miuTOCTpaIisi METOJa HAHCKOPEHIIIETO CITyCKa MpPUBE-
neHa Ha puc. 3.15.

X, A -VF(XY)

Puc. 3.15. I'paduueckas uimrocTpaiys METO/Ia HAaUCKOPEHIIIero CIycKa
OO0t anropuT™M METOo/1a MpeACTaBIeH Ha puc. 3.16.

Cnocoovl onpedeneHus onmumaibHo20 waza.

1) rpaduueckwii (puc. 3.15);
2) myTeM peuieHus 3aJadyd OJHOMEPHOW MUHHMH3ALUMU HA KAKIOM
HaIPaBJICHUU CITyCKa:
a) aHAJTUTUYECKH;
0) YHUCIIEHHO;
3) pacueToM CKaJsIpHOTO IMPOM3BEICHHS BEKTOPOB-TPAIMEHTOB B CO-

CEJTHUX TOUKax CImycka X “u X k+1(CM. puc. 3.17).
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(MeTo.q HauckKopewuiuero cnycxa> F(X) — min

| X=(Xg, Xpyeey X))

Beoa: X’-HauanbHasi Touka:
€ > 0 - norpeLwHoCTb

0
DyHKLMS [« X
Fo) | F 0
X
vEe | VF(X)
VEC <o HeT
Y
Aa PelweHue 3agadn
OJHOMEPHON MUHUMU3ALINN,
X'=X° T.€. HaxoxadeHve h*
Frin=F X'=X"-h-VF°
Xl
e F F(X)
Beisog : X F i, <
X0:X1
F=F'

> Xq
»4(% )

Puc. 3.17. I'paduaeckas unmaroctpaiys BbIOOpa ONTUMAIBHOTO II1ara

TPH CITyCKE W3 TOUKH X X METOIOM HAaHCKOPEHIIero Cycka
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Pacuer onTUMaJBHOIO 1IAra CIycKa

Haubonee mpocto onpenensaTb ONTUMAaIbHbIA Ha BRIOPAaHHOM HaIlpaB-
*
JeHud mar N BBIYHCICHHEM CKaJSPHOTO MPOU3BEICHUS BEKTOPOB- IPajIH-

€HTOB B COCEIHMX TOYKaX ciycka X K x kL

S =(VF(X"), VF(Xx**)).
X" FX>F'>F s (VE(XX),VF(X"))>0 (¢<90°) =>mnamoh?;
X" FKSF s FY s = (WR(XK), VE(X) <0 (¢>90°) = mamo hi;
XKL s = (VE(XX), VF(X*¥ 1) =0 (9=90°) =h=h".

* *
Jlns h BeImonHseTCS ‘S‘ =0. Ilpu uucieHHoMm ompeaeneHun h He-
00X0MMO BBITIOJIHUTH YCJIIOBUE ‘S‘ <g, e € — Hamepea 3aJjaHHasi orpenl-

HOCTb pacyera.
Pacuer S mnpoBOAUTCS MO M3BECTHBIM B Kypce JMHEWHON alreOpbl

dbopmynam:
o _[F(X aF(xM™ oF(x") oF(x  aF(X") aF(x*h
8X1 6X1 8X2 8X2 6Xn 6Xn
oo
S = ‘VF(X ")‘ -‘VF(X k+1)‘-COS(p,
rac

0% 0 Xy 0 X

Ky )2 ky )2 ky )2
‘VF(Xk)‘z (—GF(X ) + OF(X7) )] +...+(—8F(X )J ,

‘VF(X k+1)

0%y 0 Xy 0 Xn '

¢ — yrox mexay Bekropamu V F(X k) u VFE(X k+1) (puc. 3.17).

*
bnok-cxema anroputma ompenencHus h Ha OCHOBe pacuera CKajsp-

X k+1

HOTO IMPOU3BEICHUS BEKTOPOB-TpaareHToB V F(X k) u VF( ) mpuBe-

neHa Ha puc. 3.18.
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( Pacuet ontumanbHoro wara h*)
I

Beon F(X;, X,) = min
X%, %,), € h
-\—

0 0
X X oF
xlo, x20 Gr? OX,
oF [ Gr.0 ;
axz _2*

1 1
X, X
, AP oF
oF X, , X, | Gry Xy
1
OX Gr
2 2>(

h*=h
I
BbiBog h* |

Puc. 3.18. PacueT onTumManbHOro mara (MeToJl HAMCKOPEHILEro Crycka)

Mpumep 3.13. [Ina pysxmmn F = (X — 2)2 +3- (% —1)2 aHaIIMTHYIe-
CKHM IIyTeM HaifTH ONTUMAaibHbIC 3HAaYeHHss h Ha JBYX IIarax METOxa Ha-

MCKOPEHIIIETO CITyCKa U3 TOUYKH X 0 (0;0).

Pewenue
I'pamuent VF(X)=(2-(X—2);6- (X, —1)).
Urepanus 1
F(X%=F(©0,00=7; VF(X%=(-4-6);
0
x%:xf—h-M:O—h-(—4):4h;
X
0
x5 :xg—h-&xx):O—h-(—&:Gh.
2

Nmem MUHUMYM (YHKITHH
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o(h) = F(x;x3) = F(4-h; 6-h) =

=(4-h-2)?+3-(6-h—-1)> =124-h? —52-h+7
o h KJIaccHMYeCKUM METOI0M MUHHUMHU3AIIHH.
JI71st 3TOTO OTpeensieM MPOU3BOIHYIO @' (X) M MPUPAaBHUBACM €€ HYITIO:

¢'(X)=248-h—52=0; h" =0,2097.
[MosoxuTeNnbHBIN 3HAK BTOPOM mpou3BogHON @'(X)=248>0 cBunue-
TEJNBCTBYET O HANMYNKH MUHUMYMa QyHKIMu @(h) mpu h*=0,2097.
KoopauHaTel TOYKH, B KOTOPYIO MEpEeMECTHIHCh u3 X 00;0) B pe-
3yJIbTaT€ HAMCKOPEHIIETO CITyCKa C ONTUMAJIbHBIM IIarOM h™ =0,2097:
Xt =4-h" =4.0,2097 =0,8387;
X5 =6-h" =6-0,2097 =1,2582.
X! =(0,8387,1,2582).
3navyenne pynknun F(X 1) =1,5486.

Urepanus 2
X1 =(0,8387;1,2582);

F(X1)=15486;

VF(XY) =(-2,323;1,549);
xZ =0,8387 +2,323-h;

x5 =1,258 1,549 h.

o(h) = F(xZ; x2) = (0,8387 +2,323-h—2)2 +
+3-(1,258-1,549-h—1)? =12,59-h? — 7,792 - h +1,548;
¢'(x)=2519-h—7,792=0; h" =0,3094.

[TonoxxuTenbHBIN 3HaK BTOpO mpousBoaHoit ¢'(X) =2519 >0 cume-
TenbeTBYeT 0 Hanuunu Muanmyma dyukuun ¢(h) npu h™ =0,3094 .

B pe3ynbpTare HaucKopeuiiero crycka U3 TOUYKHU X1= (0,8387;1,258)
ONTHMAJIBHBIM  IIaroM h™=0,3094 NEPEMECTIIINCh B TOYKY
X 2 =(1,557;0,7789).

3nauenue ¢pyukmun F (X 2) =0,3429.
Ipumep 3.14. J{na ynkuuu u3 npumepa 3.13 Ha ABYX UTEpalusx

METOJIa HAWCKOPEHIIEro CIycKa W3 TOYKHU XO(O; 0) HaWTH ONTHMAJbHBIH

*
mar h  BBEIYKCIEHHEM CKaJIAPHOTO IIPOM3BCACHHUS BCKTOPOB-I'PaJHCHTOB
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B COCEHHMX TOYKax cmycka. HawampHblii mar cmycka npussate h=1. Ilo-
IPEIIHOCTb pacyeTa cKansgpHoro npousseaenus € =0,1.

Pewienue
I'paguent V F(X) =(2(x —2); 6(X, —1)).

Wreparms 1. Ucxomnas Touka X 0(O; 0).
['paguent B Touke X 0(O; 0) paBen

VFE(X%)=VF(0;0) =(-4;-6).
Urepamusa 1.1. h=1:

a) KOOPAMHATHI TOUKH X', B KOTOPYIO MepeMecTHMcs n3 X, BHra-
SCh BOJb anTUrpagueHra (—V F(X 0)) ¢ marom h=1:

0
x%zxf—h-M:O—l-(—4):4;
X
0
ngxg_h.M:o_l.(_e)za;
8X2

0) TpaJNeHT B TOYKE X1= (4;6)
VF (XY =VF(4;6)=(430);
B) CKaJIsIpHOE Mpowm3BecHue BeKTopoB V F (X O) uVv F(Xl)
S=(VF(X®):;VF(XY)=((-4)-4+(-6)-30) =-196 < 0;
S| =196 >¢.

Tak xak S <0, ymenbmraem mar h=0,4-1=0,4 u TOBTOpSIEM ITyHKTHI

a), 0), B) C HOBbIM 3HAYEHUEM IIIara.
Urepamus 1.2. h=0,4:

a) KOOpAMHATHI TOUYKHU Xl, B KOTOPYIO MepeMecTumcs u3 X 0, JIBUTa-

SCh BAOJb anTUrpagueHra (—V F(X 0)) ¢ marom h=0,4:
Xt =0-0,4-(-4)=16;
X5 =0-0,4-(-6)=2,4.
0) rpaIueHT B TOYKE xt= 1,6; 2,4)
VFE(XYH)=VF(186,24)=(-08;84);
B) CKaJIsipHOE Mpou3BeacHue BekTopoB V F (X O) uVF (Xl)

S=(V F(XO), \% F(Xl)) =((-4)-(-0,8) +(-6)-8,4) =—-47,2<0.
Tak xak S>€& u S <0, ymenbmaem mar h=0,4-0=016 wu moBTOpsiem

NYHKTBI a), 0), B) ¢ HOBbIM 3HaueHHeM N. JlampHe#muii pacdyer cBOAMM
B Tabm. 3.1.

112

KOMIMJIEKT SJIEKTPOHHbIX
YYEBHO-METOAUWYECKUX MATEPUAJIOB


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

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

Tabmuna 3.1
No
uTep. h X1 \% F(Xl) S |S|
13 | h=0,16 (0,640; 0,960) | (—2,72; —0,24) | 12350 | >e
14 | h=1,3-0,16=0,208 (0,832; 1,248) | (-2,336;1,488) | 0,41650 | >¢
15 h=1,3-0,208=0,270 (1,08; 1,62) (-1,84; 3,72) —-15,0<0 >e
1.6 h=0,4-0,27=0,108 (0,432; 0,648) | (-3,136; -2,112) | 25,2>0 >e
1.7 h=1,3-0,108=0,1404 (0,562; 0,842) | (-2,877;-0,946) | 17,2>0 >¢
1.8 h=1,3-0,1404=0,1825 (0,730; 1,095) | (-2,54; 0,57) 6,74>0 >¢

1.9 | h=1,3-1,1825=0,2373 | (0,949; 1,424) | (-2,102;2,543) | -6,85<0 >¢
1.10 | h=0,4-0,2373=0,0949 | (0,380; 0,569) | (-3,241;-2,584) |28,5>0 >¢
1.11 | h=1,3-0,0949=0,1234 | (0,494;0,740) | (-3,013;-1,558) | 21,4>0 >g
1.12 | h=1,3-0,1234=0,1604 | (0,642;0,962) | (-2,717;-0,226) |12,2>0 >¢
1.13 | h=1,3-0,1604=0,2085 | (0,834; 1,251) | (-2,332; 1,506) 0,295>0 >g
1.14 | h=0,2097 (ITpumep 1) | (0,839; 1,258) | (-2,322; 1,549) | 0,0072 <g

Wreparms 2. UcxomHas Touka X 1(0,839; 1,258).

I'panuenT B Touke X !
V F(X1) =V F(0,839;1,258) = (—2,322; 1,549) .
Ureparms 2.1. h=0,2097:

a) KOOpAMHATHI TOYKU X 2B KOTOPYIO IIEPEMECTUMCS U3 Xl, JBUTA-

sSCh BAOJb aHTHrpaauenra (—V F (Xl))c mrarom h=0,2097:

1
X2 =Xt —h- OF(X7) _ 083902007 (-2,322) =1,326;
X1
1
X2 =x5—h- 0 ':(XX ) _1,2580,2097-1,549 = 0,933:
2

0) TpaJUCHT B TOYKE X1(1,326; 0,933)
V F(X?)=V F(1,326; 0,933) = (-1,348; — 0,402) ;
B) CKaJIsIpHOE Mpou3BeieHre BekTopoB V F (X 1) u VFE(X 2)
S =(V F(X1),V F(X?))=((-2,322) - (-1,348) + 1,549 - (~0,402)) = 2,507 > 0;
S|=2,507>¢.

Tak xak S >0, yBenuuuBaem mar h=21,3-0,2097 =0,2726 u nmoBTopsi-

€M IYHKTHI a), 0), B).
Urepaims 2.2. h=0,2726:

a) KOOpAUHATHI TOUKH X 2 , B KOTOPYIO MIEPEMECTUMCS U3 Xl, JIBUTa-

sichb BJ10JIb aHTUrpaauenta (—V F (Xl))c miarom h=0,2726:
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X12 =0,839-0,2726-(-2,322) =1,472;
X% =1,258-0,2726-1,549 =0,8357;
0) rpaJueHT B TOUKe X 2 (4,472; 0,8357)
V F(X?)=VF(1,472;0,8357) = (—1,056; 0,9858);
B) CKaJIsIpHOE Mpowm3BeicHre BekTopoB V F (X 1) u VF(X 2)
S =(V F(XY),V F(X?))=((~2,322) - (~1,056) +1,549 - (—0,9858)) = 0,9250.
T.x. S>0un ‘S‘ > ¢, cHoBa yBenmuuBaeM mar h=13-0,2726 = 0,3544

U TIOBTOPSIEM ITYHKTHI a), 0), B).
JlanbHeumumii pacyeT cBouM B Tad. 3.2.

Tabmura 3.2
NQ 2 2
rep. h X VF(X?) S S|
2.3 | h=0,3544 (1,662; 0,709) | (-0,676; -1,746) | -1,13<0 | >¢

2.4 h=0,4-0,3544=0,1418 | (1,168; 1,038) | (-1,664; 0,228) | 4,22>0 >g
2.5 h=1,3-0,1418=0,1843 | (1,267; 0,973) | (-1,466; -0,162) | 3,15>0 >g
2.6 h=1,3-0,1843=0,2396 (1,395; 0,887) | (-1,21;-0,678) |1,76>0 >¢
2.7 h=1,3-0,2396=0,3115 | (1,562; 0,775) | (-0,876;-1,35) | -0,06 <g
2.8 h=0,3094 (ITpumep 1) | (1,557;0,779) | (-0,886; -1,326) | 0,003 <g

3.6.3. MeToa KOOPAUHATHOIO CIIYCKAa

Cymb Mmemooa KoopOuHamnozo CnycKa 3aKiiuaemcsa 6 MUHUMU-

3ayuu muozonapamempuueckoi gynkyuu F (X, Xo,...,X) chauana no
00HOMY napamempy Xi, 3amem no 6mMOpPomMy X, U m. 0. 00 nOcieoHezo
napamempa X .

Ha nepeom stane peumienust 3anauu gpuxcupyromcsa 3HaA4eHUs 6cex
napamempoe, Kpome nepeozo, u ONpeeNsaeTcs ONTUMaIbHOE 3HaUeHHE Iep-
BOT'O MapameTpa, T. €. perIaeTcs 3aja4a OJJHOMEPHON MUHUMU3AITUU

F =F(x(var),x3s ..., x% ) — min

IIpyu U3MCHCHHH IICPBOIoO ImapamMeTpa OT €ro MUHHUMAJIBHOTO 10 MAaKCHUMAJb-

HOro 3HaueHud. HalijieHHO€ OoNnTMMalbHOE 3HAYEHHWE MEPBOTO IapamMeTpa

%
0003HaIMM X' .

_ onr> 0 0
Hanee nmercs muaumyM ¢yHkuuu F =Fl\xgs X (var),X3¢ ..., Xpf
npU U3MeHeHUlU MOJbKO 8Mopo2o napamempa X,. Ilpu 3Tom mepBblil mapa-

MeTp (UKCUPYETCS TMpH HAWJICHHOM BBIIIC ONTUMAJLHOM 3HAUYCHUU

onr* onr*
le = Xl .
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HI/IKJI OINITUMHU3AINN 3aKaAHYUBACTCA II0CJIC OIPCACICHUA MHUHHMYMa

bysxm F = F(T, XS?T*,...,XE’r?_TBf .. X, (Var)) mpu u3MEHEHNH TTapameT-

*
pa X, 4TO COOTBETCTBYET YCTAHOBJIEHHIO €70 ONTUMATLHOTO 3HAYEHUS X'

OOBIYHO OJMH IUKII MOMCKA HE TO3BOJICT HAWTH MUHHMAIILHOE 3HA-
yeane ¢GyHkmuu F(X). IlosToMy HEOOXOAMMO IOBTOPEHHE YKa3aHHOTO

[IUKJIA.
B mpouecce BbINONHEHHUS BTOPOrO LMKJIA MUTEpPALMil KOOPIAMHATHOIO

CIIyCKa OIpCACIAIOTCA ONTUMAJIBbHBIC 3HAUCHUA OIITUMHU3UPYCEMBIX IIapaMET-

xx *x *x
POB BO BTOPOM NMPHOIMKEHUH: ont X[ X5 ' oo Xn© HT. I

KpurepueM ocraHoBa aJropuT™Ma SIBISIETCSA YCIOBUE OTIMYMS «OITH-
MAaJIbHBIX» 3HAYECHHWI OJTHOMMEHHBIX IEPEMEHHBIX Ha JIBYX ITOCJIEIHUX WTE-
panusx Ha BEJIMYMHY Hanepe 3alaHHOM NOTPEIIHOCTH

Xiornk _ XionT(k—l) <g,
rae | u3mensercs ot 1 go n;

K — HOMep uTepanuu.

ANTOPUTM KOOPJIMHATHOTO CIIyCKa CBOAUT MHOTOMEPHYIO 3ajady
K ITI0CJIEI0BATEIBHOCTH OJHOMEPHBIX 3a/1ad, KOTOPBIE PEIIAIOTCS METOAAMU
OJIHOMEPHOW MHUHMMU3ALINH.

Ha puc. 3.19 moka3ana rpadudeckas WITIOCTpAIUsS METO/a KOOPIH-
HATHOTO CITyCKa Ha MpuMepe GYHKINH ABYX epeMeHHBIX F (X, X5).

N3 pucyHka BUIHO, YTO KOJMYECTBO IIArOB HA MyTH IMOUCKA MUHUMY-

Ma METOJIOM KOOPAMHATHOTO CIyCKa MOYKET B 3HAYUTEJIbHOW CTEIICHU 3aBU-

CeTh OT BBHIOOpAa HAYAIBHOW TOYKHM M KOOPIMHATHI, KOTOPYIO (UKCHUpyEM
[IEPBOM.

Xt

Puc. 3.19. I'paduueckas ummtoctpanus
METOJ]a KOOPAUHATHOTO CITyCKa
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Ha puc. 3.20 u 3.21 npuBeAeHb! alrOPUTMBI IOMCKa MUHUMYyMa (QyHK-
IIUU IBYX TIEPEMEHHBIX METOI0M KOOPAMHATHOTO CITYCKa.

KoopavHaTtHbIn cnyck F(Xy,X,) — min
( mepebop sapuaHmos )
X 1 X X min X > X max AX
min max min max > = y
BBod: X, ,X; X, X, o AXy, AX; 1 1 1 1
- - min max
Wmﬂxl” %2 X =X 22X o, A
10
F.i,= 10
|
onTt min
X; =X
|
onTt min
X, =X;
|
_ min
Xog= %o
< (2)
onTt ont
XX, =X
S ———— -~
| — lepebop |
X=X, 6apuaHmos |
I PyHKUMA
| Fl > I
Oa HeT '
! F1<F, |
I I:min =F1 !
| I |
OI'IT_
| 1I M |
| ¥ :
_ I
I X=X, + AXy I
|
I Oa max Het :
| X< X I
onTt I
| Xy
o e . . _ _.TTT=_ _ _ |
_ onTt
X16= X4
Puc. 3.21. Aaroputm MeToJ1a KOOPJUHATHOTO CITyCKa
(omHOMEpHass MUHMMU3AIHS — iepedop) (Hayano)
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F, =10
OHJ onTt
XX2 :X2
I - ----=-=-=-=-- - |- — - - === - -
min
X=X,
-
PYHKLMS | Xigr X5 [lepebop
gapuaHmos
F(X1:X,) N
a
Aa _#7. F o~ Her
A 4
F. =F1

1
1
1
1
1
1
1
|
1
1
1
I onTt
1
1
1
|
1
1
1
1
1
1
1

v

ont ont

BeiBoa X; , X, SF.i

Puc. 3.21. Aaroput™ MeToga KOOPJAMHATHOIO CITyCKa (OKOHYAHUE)
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KoopauHaTHbIN cnyck _
( MeToA “30/10M020” ceyeHus ) F(X;.X,) — min
|

B . min max; min max_ min max
BOA: X1 ,Xl ,X2 ,X2 ;

|
X, =(a+b)/2

X <Xy 2 X, AX
€1,€11,€2,€22 - NOMPELLHOCTU ONP-HUA X; N X, min max -
X, <X, 2X, , AX
= 10
r=|==="=="=="=",=,ssss===r=="=Tm"E==== 1
| _ _ min 1
I a=x [
I “3onotoe “ —max '
1 b=x |
I ceyeHve 21 |
I I« I
_ I
: Xy,=a + 0,3820-(b-a) |
I ' I
I X;,=a + 0,6180-(b-a) :
I
: DyHKUMS | X110 X2 Py :
I F(x;,X,) » X, X 7| PYHKUMA I
: 1%2 1 121 %o F(X,,X,) :
,  F2 ,
I : I
: fa Het '
< I
: FIS F2 —t !
| b=x,, a=xy, |
I T , I
I I
I I
| | R=b-a | |
I I
I I
I I
I I
: OI'IT_ onTt :
I XX, T I
I I
I I
I I
1

Puc. 3.21. Aaroputm MeTo1a KOOPJMHATHOTO CITyCKa
(oHOMEpHasi MUHUMU3AIUS — METOJT «30JI0TOr0» ceueHus) (Havyao)
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I _ _ min |
I a=Xx, :
1 ; max
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Puc. 3.21. Anroput™ MeToia KOOPJIMHATHOTO CITyCKa (OKOHYAHHE)
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4. ONTUMM3ALIIUA TEPMOANHAMUNYECKHUX
IHAPAMETPOB ITAPOTYPBUHHBIX YCTAHOBOK

4.1. OcHOBHBIE TeOpeTHYECKHUE CBEICHUS

BnusiHue TepMOaMHAMHYECKUX IMapaMeTpPOB IMKJIOB MapOTypOMHHBIX
yctanoBoK (IITY) Ha 5KOHOMUYHOCTH M3JI0kKEHBI B [11].

4.1.1. Bausinve HA4YAJbHOI0 JABJICHUSA Mapa
Ha Tepmudeckuid KITJ nukiaa Penkuna

Cxema u tepmunueckuii KIIJI maporypOounHoii ycTaHOBKH

Cxema IITY Ha HachlllIeHHOM Mape npuBesieHa Ha puc. 4.1, Teopetu-
YECKUI MPOoIIeCcC paclIupeHus napa B TypOuHe — Ha puc. 4.2.
Tepmuueckuit KI1J1 (0e3 yuera paboTsl Hacoca)

=) Kt (4.1)

Q-0 0

O ¢
Puc. 4.1. Cxema IITY Puc. 4.2. Teopetnueckuii nporecc
pacumpeHus

3aBucumocts Tepmudeckoro KIIJ IITY or HayaabHOIro AaBJjieHUsI

Bnusnue navanpHOro naenenust Py Ha tepmumueckuit KIIJ[ HeonHo-

3HaYHO.

PaccMoTpuM LUK cyxo2o HacwviueHHo2o napa, TPUMEHSEMBbIA Ha
aTOMHBIX 3JIeKTpocTaHImsax. M3 h, S-nuarpamMmer pabodero mporiecca napa
B TypOuHe (cM. puc. 4.3) BUJIHO, UTO TIO MEPE MOBBIICHUS] HAYAJIBHOTO J1aB-
deHuss mapa  rteronepenax  Hg=hy—hy  chHagama  Bospacraer
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(Hp3>Hg2>Hgy), mocruraer makcumanbHoro sHadenus Hgsz =Hpay,
satem ymenbmaercs (Hg 4 <Hgs). Temnonepenan Hy mocturaer makcu-
MyMa B TOYKE, B KOTOpOH KacaTeIbHasl K MOTPaHUYHON KPUBOI MapasuienbHa
KOHEUHON m3oTepme t, =const (oHa xe u3obapa P, =const). Ha puc. 4.3
aT0 Touka 3. Pacxon Terua Qy =hy —h;. Taxke jmocturaer MakcuMyma, HO B
TOYKE, I/Ie SHTAIBIHUS CyXOro HachIeHHOro mapa hy =hp, TpuHEMaer

HanOoJiblee 3HaueHue (Touka 2 Ha puc. 4.3). Touka 3 norpaHM4HON KPUBOH,
OTBEYalomIas MakCUMyMmy Terionanenus Hg, B h, S-muarpamme mHaxomurcs
JeBee TOUYKHM 2 MaKCUMyMa SHTAJBIIUU CyXOT0 HACBHIIIEHHOTO Mapa, COOTBET-
CTBYsl O0Jiee BBICOKOMY HauyaJIbHOMY JIaBJICHUIO Tapa M MEHBIIEMY 3HAYEHUIO
sHTponuy S. C yuyeToM BBIIIECKa3aHHOTO, TP YBEJINYEHUN Py 10 3HaueHus B

touke 3, Tepmuueckuid KIIJ ny = Hp/ Qg Bo3pactaer. OnHako B 3TOH TOUKe
KIIJI eme He TOCTUTAET CBOEr0 MaKCHMAJIBHOTO 3HAYEHHUs, T. K. TEIUIOepe-
nan Hp, npoiias cBoe MakcHMallbHOE 3HA4YEHHUE, ¢ JajdbHEUIINM pocToM P
YMEHbIIAeTCsl 04eHb (OECKOHEUHO) MEUIEHHO, a pacxon Temia Qq, mporen-
U MakCUMyM paHee (Tpu 0oJjiee HU3KOM JaBJICHHWU), YMEHBIIIACTCS OTHO-

cuTenbHO ObicTpee. Takum 00pa3oM, IIpu HEOOIBIIIOM YMEHBIIEHUH YHCIIH-
tenss Hg 3Hamenatens Qp cHmkaercs ObIcTpee, T. €. T; JOJDKEH elle BO3-
pactatb. B nanbHeiiem Teruionepenan OyIeT CHUXKAThCS ObICTpee, YEM Ha-
qanpHast sHTanenus hg, u KI1JI, npoiins cBoe MakcuMaabHOE 3HaYCHUE, Had-
HET YMEHBIIATHCA. PacdeTsl MOATBEPKAAIOT HATUYUE MAKCUMyMa TEPMHUYE-
ckoro KIIJ[ muxiia PeHkrHa CyXOro HAacChIIIEHHOIO MHapa IMpU HadaJlbHOU

temneparype okoJio 350 °C 1 COOTBETCTBYIOIIEM HAayaJbHOM JIaBJIICHUM Iapa
okouio 17 MITa.

N
0,55 4
_— | 900
0,50 7100
/ 600
045 [— b¥sp,
b=y
040 |~ R Po,[MM3

10 30 50 70 90

Puc. 4.3 Puc. 4.4. 3aBUCUMOCTbh TEPMUYECKOTO
KIIJI naeanbHOTO IUKIa PeHKMHA
OT Ha4aJIbHOT'O JIaBJICHUS
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3aBUCHMOCTD T); LHKJIA CyXOTO HAaCBIIEHHOIO Iapa SIBISAETCS UCXOM-
HOM Ju1s1 3aBHCUMOCTei 1 = f (Po)t0 IIUKJIOB Tieperperoro napa. Tak kak me-

perpes napa nossimaet KI1/[ nukia, To Bce kpuBbie 1y = f () ¢ remmnepa-
TypOil BbIIIe KPUTHICCKOI (1, #374 °C) pacronararoTcs Bl KPHBOH Cy-

XOro HachellieHHoro mapa (cMm. puc. 4.4). Ilogo6HO KpHBOH TEPMHUYECKOIO
KIIJ cyxoro HaceimenHoro mapa 3aBucumoctu KIIJ[ meperperoro mapa
TaKk)K€ UMEIOT MAaKCHUMYM, CIBHUTAIOIIUICS MOCIEA0BATEIHHO B CTOPOHY 0O-
Jiee BBICOKOTO JaBJIEHUS C MOBBIIICHHEM HavyaJlbHOM TeMiiepaTypsl. [Ipu yBe-
JMYEeHUU HadanbHOU Temmeparypbl kpuBas KIIJ cranoButcs Bce 6onee mo-
JIOTOW M IIPH OYE€HBb BBICOKOW HadalbHOM TeMieparype napa makcumym KIIJ{
B HMHTEpBaJ€ HAYAJIbHBIX JIaBJICHUW, UCIOJIb3yEMbIX B COBPEMEHHBIX Mapo-
TypOMHHBIX YCTaHOBKAX, y>K€ HEe HaOII01aeTcs, epeMeNiasch B 00J1acTh elle
00J1ee BHICOKOTO HaYaJIbHOT'O JIaBJICHUS Hapa.

4.1.2. Bb100p oNTHMAJILHOTO 1aBJICHUS NIPOMIIEperpeBa

Cxema u KIIL IITY ¢ npomneperpesom

CxeMa TypOOYCTaHOBKH C MPOMEXKYTOUYHBIM NIEPETPEBOM Tapa MpuBe-
7ieHa Ha puc. 4.5, COOTBETCTBYIOIIMIA el mpoliecc pacimupenus B h, S- nua-
rpamMme — Ha puc. 4.6.

Po. 1, Ny
trn hnn
1 o
A
PK ’hK
o
Puc. 4.5. Cxema IITY Puc. 4.6. IIpouecc pacmmpenus napa
C POMEXYTOYHBIM ITEPETPEBOM TTapa B TypOWHE C IPOMITEPETPEBOM

AoGcomoTHbiii BHyTpeHHuit KIIJ[ [ITY ¢ mpomneperpeBom

(hO B hlci)n )+ (hnn B hK) — h0 B hK + Ahnn
(hO - h1,<)+(hnn - hl?l‘[) ho o hI’< +AhHH |

N = (4.2)

rae h, — SHTaIbIUs BOJBI B COCTOSIHMM HACBIIICHHS TIPH AaBieHuH P, .
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3aBucumocts KII/{ maporypOMHHOI yCTAaHOBKH
OT J1aBJICHUSA NIPOMEKYTOYHOI'0 Neperpesa

Paccmorpum 1ukn IITY ¢ npoMmexyTouHbIM IIEperpeBoMm Iapa
B T, S-nuarpamme. Takol UK SBISETCS CIOXKHBIM, COCTOSIIIUM U3 UCXO/]I-
HOTO IMKJIa 06€3 MPOMEXYTOUHOIO TIEperpeBa U U3 JOMOJIHUTEIBLHOTO 1UKIIA,
COOTBETCTBYIOLIEr0 MPOMEKYTOUHOMY meperpeBy mapa. KIIJl nukna ¢ npo-
MEXYTOYHBIM TIEPETPEBOM Tapa MOXKET OBITH BhIIE, paBeH win Hibke KITJ]
HCXOJHOTO IHUKJIa 06e3 MPOMEXYTOYHOTO IMeperpeBa mapa. ITO 3aBUCUT OT
CpPEIHUX TEMIIEPATYP MOABOAA TEIIA B OCHOBHOM M JOINOJIHUTEIBHOM LIHK-
nax. Ecnu cpennsis temnepatypa noasoaa temna 7y B uukie KapHo, sxBuBa-
JIEHTHOM JOTIOJIHUTEIIBHOMY LUKy, BBIIIE TAKOW TEMIIEPATYPhI B UCXOTHOM
LUKJIE, TO MPOMEXKYTOUHBbIN nieperpeB aaet nossimienre KII/1. B npotuBHOM
cnyuae nosbiiienust KITJ[ He mpoucxoaur.

Hannune ontumanbHOro 3HaueHus P, MOXHO IPOMJLIIOCTPUPOBATH,

paccMmaTpuBas, Kak BexyT ce0s uuciurens Hg =hg—h, +Ah,, n 3namena-
Tenb Qp =hg —h;. +Ah,, B dopmyne (2) mo mepe camxenus P, .

C ymenbmenueM adcomoTHOro 3Hadenusa P, or Py mo P, temno, 3a-
TpaunBaeMoe Ha mpommeperpeB Ah,, , a Takke oOmmil pacxon Tema Ha
npon3BoAcTBO | Kr mapa Qp HempephIBHO BO3PACTAIOT, B TO BPeMs Kak 3Ha-
yeHne H( cHadama yBeIM4HMBaeTcs, a 3aTeM MaJacT, NpUOIMKasch K 3Hade-

HUSM, KOTOpPBbIE UMEIOT MECTO IPU OTCYTCTBHM Ipomiieperpesa. O4eBHUIHO,
yto yBenaumueHue KII[ moxer mMeTh MECTO TOJIBKO O TEX IIOp, IMOKa C
ymeHblieHueM P temnonepenan Hg Bo3pacTaer u mpUTOM OTHOCUTEIBHO

obicTpee, ueM Q. B onpeneneHHoM nuana3oHe JaBiE€HUH 3TO JEMCTBUTEINb-

HO UMEET MECTO, T. K. CPEIHUM TEMIIEPATYPHBIM YPOBEHb IOJBOJA TEILIA K
JOTIOJIHUTEIBbHOMY LIMKITY CHaydaja, Py BBICOKUX JaBlieHUsAX P, Bblle, yem

B MCXOJIHOM IMKJe. Takum oOpa3oM, eciii MOCTPOUTh KPUBYIO U3MEHEHUS
BHyTpeHHero KIIJ[ nukia ¢ mpoMneperpeBoM B 3aBUCUMOCTH OT P, TO Ta-

Kasi KpuBas OyJleT UMETh BUJI, IPUBEACHHBINA Ha pucC. 4.7.

n; %
105+
100
95+ \
90
P, <«~— Pn Py

Puc. 4.7. 3aBucumocts BHyTpennero KIIJ[ IITY
OT JJaBJICHUS IPOMIIEPETPEBA
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I[aBJIeHI/IC, IIpA KOTOPOM 3HAYCHUC T|; MAKCHUMAJIbHO, 3aBUCHUT OT Ha-

YJaJIbHbIX U KOHEYHBIX MapaMeTPOB LMKJIA, CXEMbl PET€HEPATUBHOIO MOAOT-
peBa MUTATENILHOM BOJBI U TEMIIEPATYPHI MUTATENBbHON BOIbI. ONITUMAIIBHBIE
3Hauenus KII/[ yctaHaBnuBaroTcs, Koraa

P =(015-0,30)- R,
(mpu OIHOCTYNIEHYATOM IIPOMEKYTOYHOM IIEPETPEBE) U

P2 =(0,06—-0,09) - R,
(Ipu IBYXCTYIIEHYATOM).

D PexkTUBHOCTH MPOMEKYTOUHOTO TIEPETPEBA Mapa B ACHCTBUTEIHLHOM
[UKJIE TPOSIBISIETCS B OOJBIIEH Mepe, YeM B TEOPETUYECKOM. DTO OOBSIICHS-
eTcsl OMaronpUsTHBIM JEUCTBUEM MPOMEXKYTOUYHOTO MEpEerpeBa Ha BHYTPEH-
Huil oTHOcUTeNbHBIN KIIJ] cTynenen mocne npomMneperpena.

4.1.3. Bb100p oNTHMAJILHOH TEMIIEPATYPHI MUTATEILHON BOABI
Cxema u KII/] napoTypOMHHOI YCTAHOBKH

C OJHUM pereHepaTuBHbIM 0TOOPOM

Cxema TypOOyCTaHOBKHM C pereHEepaTUBHBIM IOJOTPEBATEIIEM CMelll-
sarowe2o TUIA MpEJACTaBlieHa Ha puc. 4.8, COOTBETCTBYIOIIMI €l Tpoiecc
pacmmpenus mapa B h, S-auarpamme — Ha puc. 4.9.

I:)o T vho
% 7‘
tI'I.B. 1 hI'I.B.
¢ ~
< Pl’ hl |
h

Puc. 4.8. Cxema IITY c onHoctynenyatsiM  Puc. 4.9. IIpouecc pacuimpenus napa
pEreHepaTUBHBIM ITOJIOTPEBOM B TypOMHE C pereHepaTUBHBIM 0TOOPOM

AocomotHbii BHYyTpeHHUM KIT/;
0‘0‘(h0—hl)+(0€o—0ﬁ1)'(hl—hx<)’ (4.3)
O - (hO - hl'[.B.)

rie  og =1— oTHocuTeNbHBIN pacXo]l napa Ha TypOuHY;

ni=
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N,z =M — PHTaNBIUS BOABI B COCTOSIHUM HACHIMICHUS TIPH JABJICHUH

Pl; 3HAa4YCHHUC OTHOCHUTCIIBHOI'O pacXoda Ilapa o1 OIpEeACIIACTCA U3 ypaBHC-
HMS TEIJI0BOro OajlaHca AJIs1 CMCHIMBAOMICTO ITOA0TPEBATCIIA

aghy+(og—ag)-he=aphy . (4.4)

Bansinue pereHepaTuBHOIO NMOAOIPeBa
HA TEIIOBYI0 3KOHOMUYHOCTSH IITY

B cxeMax ¢ pereHepaTuBHBIM MOJIOIPEBOM MUTATEIBHOW BOJBI TIAP pe-
TeHEPATUBHBIX OTOOPOB COBepIaeT paboTy B TypOWHE 6e3 nomepu menia
6 KOHOeHcamope, TIO3TOMY PEreHEpPaTUBHBIA TOJOTPEB 6ce20a TOBBIIIACT
KIT[ typboycranoBku. Teopernuecku 310 joka3zaHo B [1]. CTeneHb MOBBI-
menust KI1J[ 6maronapsi perenepanuu B 3Ha4YUTEILHOM Mepe 3aBUCUT OT TO-
ro, IpU KakuxX JABJICHUSIX Map OTOMpaeTcs U3 TypOUHBI Ha pEreHepaTUBHbBIC
nojorpesatenu. JleicTBUTEIBHO, IPU OJTHOM 0TOOpE, KOTJa Ha pereHeparfio
oTOMpaeTCsl map BBICOKOI'O JaBJICHHS, HArpeB BeleTcs 10 0ojee BBICOKOM
TeMIIepaTypbl MUTATEIBHOW BOABI t, ., YeEM B yCIOBHSX, KOTJa OTOUpaeTcs

nap Hu3koro naasieHus. KonnuecTtBo oTOMpaeMoro mapa o4 34€Ch TaKkKe

BBIIIIE, OJHAKO IPHU 3TOM HCIIOJIB3yeTCS HEOOJBIION TEIJIOBOM Ieperna
(hg —hy) — cm. puc. 4.9. Ilpu obGorpeBe mapoM HHU3KOTO JAaBJICHUS IEpera

(hg —hy) Bo3pacraet, HO 3aT0 yMeHbIIaeTcs t, , ¥ KOJMYECTBO mMapa oy, KO-

TI.B.
TOpOE€ MOKET ObITh OTBEICHO B O0TOOp. OUEBUAHO, UTO CYIIECTBYET OnmuU-
ManvHoe O0asnienue napa 6 pecenepamusHom omoope P, 1 cooTBeTCTBYOLIAs

eMy Temneparypa i, ., IpuU KOTOPOH TEIIOBAas 3KOHOMHUYHOCTH IAapOTyp-

OMHHOW yCTAaHOBKHU HAWBBICIIAA. JTO MOJIOXKEHUE TMOTBEPKIACTCS BapUAHT-
HbIMU pacuetamu. Ha puc. 4.10 npuBeaeHbl TUIIMYHBIE 3aBUCUMOCTH OTHO-
CUTEJBHOTO TOBBINIEHUs abcomtoTHOro BHyTpeHHero KIIJ[ ycranoBku oT

TCMIICPATYPbI MUTATEILHOMU BOAbI tH.B. M 9rCJjia pCTCHCPATHBHBIX ITOAOIPCBa-

Tenel Z npu paBHOMEPHOM IMOAOrpeBE B Kaxaou cryneHu. [Ipu onHol cTy-
[IEHU [OJI0IPEBA KpUBasi OTHOCUTENBHOTO noBeieHus KII/[ mpoxoaut uepes
HyJIEBbIE 3HAYCHUS B IBYX KpalHHUX ciydasx: npu t, . =t (t.g — Temnepa-

Typa BOABI B COCTOSHUM HACBIIIEHMs NpH AaBneHuu P.) u t, , =tgg (tgs —
TEMIIEpaTypa BOJAbl B COCTOSHUU HACBIIEHUS IpHU JAaBiieHuu Py) m uepes

MaKCHMYM, KOTJa IOJOIPEB BOIBI B MOJOTPEBATE]E COCTABIISIET IMPHUMEPHO
1/2 obmero mogorpesa (tgg —t.s). IIpu AByXcTymeH4aToM mojgorpeBe Hawu-

BoIciiee 3HaueHue KIIJl ycranaBimuBaercs, Korja 1moJorpeB COCTaBIISIET IPU-
mepHO 2/3 ot (fgg —lcs), IPH TPEXCTYNEHYAaTOM, — KOT/Ia MOJOTPEB PaBEH

npumepHo 3/4 ot (tog —t,g), U T. 1.
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Z=00
15 ’/_
/"\ Z=5
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Y SN,
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Puc. 4.10. 3aBUCUMOCTb OTHOCHUTEIHHOT'O TOBBIIIIEHUS
BHyTpeHHero KII/I oT remneparypsl nUTaTENbHOM BOIBI
Y YHMCJIa pereHepaTUBHBIX MOI0TpeBaTeeit

4.1.4. Bb100p ONTHMAJILHOIO PA3JIeJIUTEIbHOIO 1aBJICHUS

B NAPOTYPOMHHBIX YCTAHOBKAX HACBHIIIEHHOT0 Mapa
¢ cenmapaunuen

I[J'ISI CHHMIKCHUS BJIAJKHOCTH IIdpa B IIPOHOCCCC €T0 PACHIMPCHUA B TYpP-

OMHaX HACBIIEHHOTO IMapa MPUMEHSIOT CeMapalyio U MapoBOM MPOMEKY-
TOYHBIN MIEPETPEB.

Cxema u KII/I Bi1akHOnapoBoil TYp0OOyCTAHOBKH
C O/JHOKPATHOM cenapanuei

Cxema BIa)XHONAPOBOM YCTAHOBKM C OJHOKPATHOW cemapauuend NpuBe-

neHa Ha puc. 4.11, COOTBETCTBYIOMIMI €l MPOLECC PACIIUPECHUS Mapa
B TypOuHe — Ha puc. 4.12.

Py X0 sho

OLo:

ﬁ ....... )
0

hn_B_ PC’hC/é\PC’hCF PK,hK

o e’ _tlj é{

hy h
@ T—»S /

Puc. 4.11. Cxema Bnaxnomnapooii [ITY  Puc. 4.12. IIporecc pacuupenus napa
C OJIHOKPATHOM cerapanuei B TypOUHE C OTHOKPATHOMN
cernapanuen
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Ab6comotHslii BHyTpennuit KI1/1;
o Qo (hO — hg )+ (ao _ac)' (hc — hK)
Nj , (4.5)
Ao - (hO - hH.B.)

rie  oy=1 — OTHOCUTENBHBII pacxo/l napa Ha TypOuHY;

O, — KOJMYECTBO OTCENAapUPOBAHHOW BIIATU; ONpEAEISAETCS U3 ypaB-
HEHUS TEeIUIOBOTro OanaHca cenaparopa

OLO'hg)ZOLC'hcr:‘*_(OLO_OLc)'hc’ (4-6)
a  h,, — U3 ypaBHEHHs TEIUIOBOrO GajaHca Ul TOUKH CMEIICHUS
ac'hé+(a0_ac)°h1’<=a0°hn.3.' 4.7)

3Hauenus >HTanenuit h; u h; ompenensrorcst As BOABI B COCTOSIHUH
HACBIIICHUSA 110 1aBIcHUAM P, n P, cooTBeTCTBEHHO.

Cxema 51 KIIA BJI&JXHOIIAPOBOM TypOOYCTaHOBKH
C OJTHOKPaTHOMI cenapauuen u OJIHOCTYIIEHYaThIM
MapOBBIM MTPOMEKYTOUHBIM MEPETPEBOM

Cxema nmapoTypOMHHOM YCTaHOBKHM NpuBecHa Ha puc. 4.13, cooTBeT-
CTBYIOIIMH €H mporiecc pacmupenus mapa B h, S-auarpamme — Ha puc. 4.14.

AGcomoTHbI BHYTpeHHUN KI1/]

ni:G‘O'(hO_h((:))+(aO_ac)'(h11H_hR)’ (48)
(ao +a‘nn)'(h0 _hl'].B.)

rie  op=1 — oTHOCUTEIBHBIN pacxo] Mapa Ha TypOuHY;

O, — KOJIMYECTBO OTCEMapHpOBAHHOM BJIArd, ONpeessieTcs U3 ypaB-
HEHHMsI TETUIOBOTO OalaHca cemapaTopa

PO lXO ’ hO (x’l'll'l

hLS /

Puc. 4.13. Cxema BnaxHomnaposoi [ITY Puc. 4.14. Ilpouecc pacmnpeHus
C cenapaTopoM U MaporeperpeBaTeiem napa B TypOuHe ¢ cenapauueit
U IPOMIIEPETPEBOM
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O‘O'hg:OLC'h(':"'(OLO_OLC)'hc; (4.9)

Ogn — OTHOCHUTEJIbHBIN pacxon rpCromero mapa B IpoMEKyYyTOYHOM IIapPOIIC-
perpeBarcCiic; HAXOAUTCA N3 YPAaBHCHHUA TCIIJIOBOT'O OaaHca naporeperpeBa-

TCIIA
OLHH'(hO_h(’)):(oco_Otc)'(hnn_hc)’ (4-10)
a hl'I.B. — U3 YPAaBHCHUA TCILJIOBOT'O 6aHcha TOYKH CMCHICHUA TPCX ITIOTOKOB
o -h, +o,-hy+(og—a.) h. (4.11)

3nauenus sHTANBIUN hy, h; u h ompemensioTcs I BOIBI B COCTOS-

HUY HACBIIEHUA 10 naBiaeHusM Py, P, u P, cooTBeTCTBEHHO.

3aBHUCUMOCTh KIIA napoTypOMHHON YCTaHOBKU
OT Pa3ACIUTENBHOTO AaBICHUS

JlaBneHnue mapa Mex1y UWIMHAPAMH, MPU KOTOPOM IPOU3BOJUTCA
BHEIITHSA Cerapaiusi, Ha3bIBaeTCs paszdenumenvhviM. B cxeme ¢ 0JHOKpat-
HOI cenapanueit (cM. puc. 4.11) cemapaTop HEOOXOAMMO yCTaHABIUBATH TaK,
yT00BI BO Beex cryneHsax UBJ[ u UHJI TypOunbl BiaxkHOCTh mapa Y He mpe-
BBbILIAJIA JOIyCTUMBIX 3HaueHuH Y, = (12-14) %. Ilo Mepe noBbimeHus ab-

COJIIOTHOTO AaBJICHHA B CCIIapaTope Pc BJIAJKHOCTB IIapa, HOCTYyHaromero

B HEr0, YMEHBIIIAETCS, a BIAKHOCTH Mapa Ha Beixojae n3 YHJ[ TypOuHbI yBe-
JTUYUBAETCS. 3aBUCUMOCTh BIaXXHOCTH Ha Bbixoje u3 YH/[ u UBJl TypOunbI
OT BBIOPAHHOTO JaBJICHUsI B cemaparope mokazaHa Ha puc. 4.15. Tam xe
IyHKTUPOM YKa3aHO MNPEIEIbHO JOMYCTHMOE 3HAYEHHE BIKHOCTH Y .

B TypOuHe. Tak Kak BJIaXHOCTh Iapa He JIOJDKHA TPEBBIATh Y,y , TO, OYe-

BHJIHO, JaBJIEHHE B CerapaTope MOXeT ObITh BBIOpaHO B mHTepBasie P+ P!,

€CJIM TOYKa MEePECEUCHUS] KPUBBIX | U 2 JISKUT HUKE JOMYCTUMOTO 3HAYEHUS
BJIQXXHOCTH. Eciin KpuBbIE, ONpenessolIre BIaKHOCTh Mapa nepes cenapa-

TOPOM M IEPEJ KOHIEHCATOPOM TYPOUHBI, nepecekarores mpu Y > Y .. To

ATO O3HAYAET, YTO MPH 3aJaHHBIX HAYAIBHBIX M KOHEYHBIX JABJICHUSAX H
npunsaToM KITJ 1, BO Bcex cTymeHsX TypOMHBI IPU OJHOM cenapaTope He

MOKeET ObITh oOecrieueHa JOMyCTUMAas BIIAXXHOCTh. B 3ToM citydae, 4yToObI
BJIQYKHOCTb HE MPEBBIIIAJIA TIOMYCTUMBIX 3HAUCHHM, HEOOXOAUMO YCTAaHOBUTD
JIBE€ CTyIEeHM cemnapanuu (cMm. puc. 4.17) nubo cemaparop ¢ mapomneperpena-
tesem (cM. puc. 4.18).

Hamnune cenaparopa mensier mukn u KIIJ ycranoBku. Tunmunas
KpHYBasi, XapaKTepu3yolas 3aBUCUMOCTh u3MeHeHus abcomornoro KIIJ[ ot
JIaBJICHUS B cemaparope (B3STOrO MO OTHONICHHUIO K HAYaJIbHOMY JaBJICHUIO)
noka3aHa Ha puc. 4.16. PacueTsl noka3piBatoT, uto BHyTpeHHu KIIJ[ nmeet
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HauOoJIpllIee 3HaYEHHE, KOTJa 3HAU€HHs BJIAXXHOCTH Iapa, MOCTYMAIOLIETo
B CEmapaTop M KOHAECHCATOp TypOMHBI, MPUMEPHO paBHbBI Mexay co0oil (T. e.
npu Pc, COOTBETCTBYIOIIEM [IEPECEUEHUIO KPUBBIX 1 1 2).

N;
Y
A
o
I
! :
: ! PP, %
I | } } f f
P'c P" J Pe 20 40 60 80
Puc. 4.15. U3menenue Bnaxknoctu napa  Puc. 4.16. 3aBUCUMOCTb BHYTPEHHETO
OT JABJICHUS B CENIapaTope KITZA IITY ot naBnenus B cenapaTope

[Ipu ycTaHOBKE ABYX WJIHM TPEX CEMapaTOPOB HEOOXOIUMO CTPEMUTHCS
K TOMY, 4TOOBI BJIQXXHOCTh Iapa Ha BXOJI€ B cemapatopbl Oblja MPUMEPHO
paBHa BIaXXHOCTH Ha Bbixojie u3 YH/[ TypOuHBI.

B nuknax HachIIEHHOTO Mapa ¢ TPOMEKYTOYHBIM IMapOBBIM IEpETpe-
BOM 3HAYCHUS BIaXHOCTH Ha Beixonae n3 UBJ] m UH/I Takke DODKHBI OBITH
HUKE JIOMYCTUMBIX. B ONTUMaNbHBIX YCIOBHUSX BIIAXKHOCTH Mapa Ha BBIXOJIC
u3 UBJl momkHa ObITh MPUMEPHO paBHA BIAXHOCTH Tapa Ha BBIXOJE W3
YH/I[. U3 sT0oro ciuemyer, 4To IpH OJHUX M TeX ke 3HaueHusx Py u Py

B CX€Max ¢ MPOMIIEPErpeBOM JaBjieHue napa Ha Bbixoje u3z UBJl Oyzaer BbI-
e, 4eM B cxeMax 0e3 MpOMEeXYTOYHOTo MEPErpeBa, U CPeAHssl BIAKHOCTh
napa MOHU3UTCS B 00EUX YACTSIX TYpOUHBI.

[ToBbiienne BHyTpeHHero otHocutTenbHoro KIIJI ctyneneil TypOuHBI
3a CYET CEeNapaluy 1 MPOMIIEpPErpeBa IMIPUBOJAUT K TOMY, YTO B II€JIOM BHYT-
pennun KIIJI IITY yBennuuBaercs HECMOTps HA HU3KUKA TEMIIEpPATypPHBIN
YPOBEHb II0JIBOJIa TEIUIa B IIpoMIaporeperpesareine. /laBienue B cenaparo-
pe, Ipu KoTopoM gocTturaetcss Hanbombiee 3Hauenue KIIJ[ B cxemax c ma-
POBBIM IIPOMEKYTOUYHBIM MEPETPEBOM, B 3aBUCUMOCTH OT Py B NEPBOM IIpHU-
OJIM>KEHUHU BBIpaXKaeTCsl ypaBHEHUEM [2 ]

P, =0,675+012- (R, —4,5), MIla.

OnTuManbHble 3HaU€HUS P, MPaKTUYECKU HE MU3MEHSIIOTCSA MpU Tepe-
X0JIe OT OJIHOCTYIIEHYATOM CXEMbI TAPOBOrO MPOMIEPETPEBA K JBYXCTYIICH-

JaTol (cxema TYpOHMHBI ¢ IBYXCTYIICHUATHIM ITPOMITEPETPEBOM MPUBEICHA HA
puc. 4.18).
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Puc. 4.17. Cxema TypOuHBI Puc. 4.18. Cxema TypOUHBI ¢ cenapauuein
C IBYKpaTHOM cenapauueit napa U IBYKPAaTHBIM [IPOMIIEPETPEBOM

4.2. Ucniosipb30BaHue METOA0B MUHUMHU3aIIUH
JJIS BIOOPA ONTUMAJIbHBIX TEPMOAUHAMMYECKUX
napamerpos IITY

4.2.1. Metoa nepedopa AJisl MOMCKA ONTUMAJIBHBIX HAYAJIbHBIX
napamerpos IITY

1. IlocranoBKa 3a1a4u

[TapotypOunnas ycranoBka (IITY) pabotaeT mo ujacaaibHOMY IUKITY
PeHkuHa Ha CyXOM HACBIIIEHHOM Mape ¢ apaMeTpaMH:

Py(tys) — HavanbHOE NaBlIeHKE Mapa;

Xg =1 — HayanbHAA CTENEHb CYXOCTH;

P, — 1aBieHue B KOHEHCATOPE.

Haiitn makcumanbHoe 3HaueHue tepmudeckoro KIIZ n; npu usmene-
Huu tyg OT TemmepaTypsl HACBILICHUS IIapa B KOHAEHcaTope t.g 10 Temrie-
patypbl B KDUTHIECKOH TOUKE 1, COOTBETCTBYIOLICH KPUTUYECKOMY JaBlie-
Huto ~ 22 MIIa. [ToBeIlIeHHE SHTATBIIUKM BOJbI B HACOCE HE YUUTHIBATD.

C uenbto npuBieyeHUs K pemeHuto 3anaun maxcumyma KII meronos
MUHUMU3AYUY 32 TIETIEBYIO0 (PYHKIIMIO puMeM oTputiatesibHoe 3Hadenue KI1/1.

2. KauecTBeHHOE M1 MaTeMaTH4YeCKOe ONUCAHME 32/1a49H

Cxema IITY npuBenena Ha puc. 4.19, mpouecc pacmmpeHus: mnapa
B TypOuHe B h, S — quarpamMme npesacrasieH Ha puc. 4.20. U3 reopuu Tepmo-
JAMHAMUYECKHX IIMKJIOB U3BECTEH Xapakrep KpuBod 1, = f (tys) At BogsHO-

ro mapa (cM. puc. 4.21).
Llenesas ¢pynxkyus — tepmuueckuit KIIJ[ yctaHoBKU 1M¢; onmumusu-

pyembvlil TapaMeTp — HadallbHas Temneparypa tps (0QHO3HAYHO ONpenesio-
Imasi HadaubHOe MaBlieHue Py ); oepanuuenus t.g <tyg < tep -

33)13‘18, OTHOCHUTCA K OJHOMCPHBIM OIITUMU3ALIMOHHBIM.
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B nnamasone tog <t, GyHKUMS 1 YHEMOJAIBHA.
Tepmuueckuit KIIJI nrkina PeHKrHHA cyXOro HachIIEHHOTO Mapa

Nt = (hg — i) /(hg —hg) .

Po(tos)ixo h* P, los

14%)

!
:
&
"
So

Puc. 4.19. Cxema IITY Puc. 4.20. UneanbHblil mpoLiecc
pacuIMpeHust CyXoro HachIIEHHOTO Mapa

3. AuroputMm pacuyera repmudeckoro KII/1
Aunroputm pacuera tepmuyeckoro KIIJ[ mrs mpocrenmero nukna cyxoro
HACBIIIEHHOTO [1apa NpHUBeIeH Ha puc. 4.22.

4. @ynxus pacyera repmudeckoro KII/I na szbixke TYPBOITACKAJIb

Function KPDt (t0S:real) :real;
Uses TABL1; { HomknoueHmne Mmonmyss pacyera }
{ TEePMOOMHAMUUIE CKMUX HapaMeTpOB}
Begin P0:=PST (t0S);
hOIT:=HSP_T(t0S);
SOIT:=SSP_T (t0S);
PK:=0.005; {MIla }
SKI:=SSW_P (PK) ;
SKII:=SSR_P(PK);
XKt:=(S0II- SKI)/( SKII- SKI);
hKI:=HSW_P(PK);
hKII:=HSR_P(PK);
hKt:= hKI+ XKt-(hKII- hKI);
KPDt:=(hOII-hKt)/ (hOII-hKI) ;
End;

B TekcTe mporpaMMbl BeIACIICHBI oOpaleHus K GyHKIUSIM pacyeTa mapa-
METPOB BOJBI U BoJsiHOTO Tapa u3 moxayist TABLI1. TlogpoOHo o pacuere
napaMmeTpoB padbouero Tena Ha [I9BM cmotpu Boiie (pazaen 1).
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U BBO,EI, v
P tos [ X= (S,-S)(S("-S) |

o
S=1F)

]
|Sorl: f(tos)l | th: hK'+XKt'(hK”‘hK')
1 I
si=1Py | | [n= (hy"-hl(h,"-h)|

ty 1
» [

T LT (P o
ty = (Pe) Buigon M,

Puc. 4.21. 3aBucuMOCTh TEPMHUUECKO- Puc. 4.22. brok-cxema pacuera
ro KII/] uukira PeHkuHa OT HaYajb- tepmudeckoro KIIJI rmukina Penknna
HOUW TeMIEepaTypsl Iapa: a — Cyxoi Ha- CyXOr0 HacChIIIEHHOTO Tapa

CBHILICHHBIH nap; b — neperperslii map

5. IIporpamma pacuera MmakcumanbHOro 3Hadenus: KIIJ[ meronom me-
pedopa
[Iporpamma cocrtaBiieHa B COOTBETCTBUU C aITOPUTMOM METOJ1a epedopa
(cM. puc. 2.9). BBoJ UCXOAHBIX JAHHBIX JIJIsl IPOCTOTHI MPUBEICH B TEKCTE
OCHOBHOM ITPOTPaMMBL.

Program KPDmax;

Uses TABL1;

Var tOmin, tOmax, .. : real;

Function KPDt (t0S:real) :real; {Havasio @QyHKI[MM}
Begin PO0:=PST (t0S);

KPDt:= .. ;

End; { Koxnerr ¢QyHKIMM}

Begin {Havajo OCHOBHOM HpOI'PaMMBbl}
PK:=0.005; {MIIa}

Pkr:=22; {MIla}

DELT:=1; { llar usMeHeHMs HadaslbHOM TeMrneparypsbl, C };:

tO0min:=TSP (PK) ;
tOmax :=TSP (Pkr) ;
KPDmin:= 1E10;
REPEAT

tl:=tOmin; fl:= - KPDt (tl);

If f1<=KPDmin then Begin KPDmin:=f1l;
tOopt:=tl End;

tl:=t1+DELt;

UNTIL tl1> tOmax;
KPDmax:= — KPDmin;
Writeln (‘KPDmax=’, KPDmax:6:4, ‘OnTmMm. tos=’, tOopt:6:1); End.
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4.2.2. I'pagueHTHBIA MeTOA I BHIOOPAa ONITUMAJILHBIX 3HAYCHUH
JAABJCHHUS ABYKPAaTHOI0 MpoMIieperpesa

1. [TocTaHOBKA ONTUMU3ALIMOHHON 331a4l
IITY ¢ HavyanpHBIMH NapaMeTpamu napa Py u ty 1 KOHEYHBIM JaBie-

HueM P, pa0Ootaer no nuxily PeHKHHA ¢ JBYKpaTHBIM (Ta30BbIM) IIPOMEXY-

TOYHBIM MeperpeBoM mnapa. CxeMa yCTaHOBKM NpUBeJeHA Ha puc. 4.23, neu-
CTBUTEJLHBIN MPOIIECC paCcIIUPEHUS Tapa B TypOuHe — Ha puc. 4.24.
Omnpenenuts nasinenus P u P, B CTyIeHsAX IpoMmueperpesa, MIpu Ko-

TOphIX abcooTHBIN BHYTpeHHHI KIIJ[ TypOOycTaHOBKM JOCTHUTAeT MAaKCH-
MaJIBHOTO 3Ha4eHus. Bei0op ontumaneHbIX 3HaueHUd P, u P, ocymecTtBurs

IPaluEHTHBIM MeTonoM. [lenesasi ¢hymkyus — aOCONIOTHBIA BHYTPEHHUU
KILd; onmumusupyemoie napamempor — P, u P,; cucmema ocpanuvenuu —

A <P, <P; R, <R<R,.
Pazmepnocms 3anaun paBHa 1ByM.

2. KauecTBeHHOE ONMCAHUE 3aa4l

N3 TepMOIMHAMUKM M3BECTEH HKCTPEMANIbHBIM XapakTep LIEeJIEBOM
¢dbyHKIMKA 10 06ouM napameTpam [5, €. 8-9]. OnTumanbHbIEe 1aBICHUS TPOM-
reperpeBa COOTBETCTBYIOT 3HAUCHHSIM:

— TIPU OOHOCMYNEeHYamoM MIPOMEXYTOUHOM TIeperpeBe

P, = (015-0,30)- Py;
— TIPU 08YXCHMYNEeHUAMOM:
P =(0,25-0,30) - Ry; P2 = (0,06—0,09) - Ry .

AHanusupys rpaduyeckoe MpeacTaBiIeHue 1esieBoi (QyHKIMA OT OI-
TUMU3UPYEMBIX TTAPaMETPOB, MOKHO CHIE€NIATh BBIBOJI, YTO ONTUMU3AIMOHHAS
3ajla4a OTHOCUTCSI K MHO2OMEPHbLIM GbINYKIbIM HEeIUHeUHblM 3aJadyaM U Ha
JIOTTYCTUMOM MHOKECTBE PEIIEHUH UMEET €IMHCTBEHHBIN MAKCUMYM.

3. MaremaTnuecKkoe OnuCcaHue 3aJauu
AoGcomoTHbli BHYTpeHHu# KI1J[ ycTaHOBKM

. (o =) + (hey —Mp) + (hp2 — ) (4.12)
(ho =Py )+ (hpy =) + (hp2 —hy)

Paboroii Hacoca mpeHeOperaem.
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M1

2
P01 t0 P'T'l /l/ t1'||11 I:)rnz /l/ t1'||'|2
\ 4
e L‘—IBD, ﬁ Tan

T~

Py
©
Puc. 4.23. Cxema IITY ¢ nBykpaTHbIM ra30BbIM IIPOMIIEPETPEBOM
Py tono
I:)I'I'Il t1'||'|1 h
nn2
hr|r|1
Po/ t,
ho
\/ h,
/ h,
h,, '
ha —/ hy,
: PK
. ' he
' ' — hy, :
SO SOH 5152” Sz Skrr

Puc. 4.24. Iporecc paciupenus napa B Typoune B h, S-auarpamme
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4. MonenupoBaHUE 1IeTIEBON PyHKINN
Aneopumm pacuema KII/]

AnropuTt™m npuBeaeH Ha puc. 4.25.

(VPaNeTKﬂﬂ ) Program KPD_ pr;
T Uses TABL1;
var PO, tO, P1l, P2, tl, t2,
Beoa Py, t h0O, KPD, ... :real;

\__.l/- BEGIN

Writeln (‘Brenoure

ho= Po,to,Pk,P1,P2....7);
| Readln
(PO, t0,Pk,P1,P2,tl,t2,...);
| hO:=...{Onpengencume T/1 }
~ {mapamerpoB c nomomen }
ni= {MmMonmysss TABLI1}
| KPD:=
Writeln (‘KIII="', KPD);
Bbisog KrA Readln
END.
Puc. 4.25. Anroput™m pacuera KI1/]
lIpoepamma pacuema KII/[

Crpykrypa nporpammsel Ha s3bike TYPBOITACKAJIb npeacrasineHa
HIKE.

Odopmaenue nporpammsl pacueta KIIJ] B Buge pyHkimu
BxonHble napamerps! GyHKIMU — ONTUMU3UpYyeMble naBieHus P u P, .

Brixonnoi napametp — KPD.

Cneoyem nomuums:

1. Ilepemennbie P1, P2 u KPD ONUCHIBAIOTCS B 3aroyioBKe (QyHKLHH,
M03TOMY U3 MpeaoxkeHus “Var...” ux ciegyer yopars.

2. 3navyeHus napameTpoB Pl M P2 NOJKHBI MEPENABATHCS U3 OCHOB-
HOM MMpOrpaMMBbl, MOATOMY MX HE HaJ0 3a/1aBath B GyHKUMHU pacueta KIT/I.

3. W3 ocHOBHO# mporpaMMbl (ONTHMHU3AlUKA) OOpaiieHne K (yHKITUU
Oyzaetr MHOrokpaTHbIM. 1o 3Toi npuuKMHE BBOJ UCXOAHBIX JaHHBIX, 3HAUCHUS
KOTOPBIX JOJKHBI OCTaBaThCSl MOCTOSTHHBIMU B IPOLIECCE padOThl OCHOBHOM
nporpammel (PO, to, tl, t2, BHyrpeHHue oTHocutenbHble KII/] yac-
Tel BBICOKOTO, CPETHEr0 M HU3KOIO JaBJIEHUS TYpOWHBI), JKEIaTeIbHO BbI-
NOJIHATH U3 (paiina UCXOAHBIX JaHHBIX. [y 3TOro (ailn MCXOAHBIX TaHHBIX
OJKEH ObITH co3nmaH. HazoBem ero “GRAD . ish”.
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4. YuutsiBas TOT (hakT, 4YTO CIPaBEIITHUBO
max F(X) =-min(-F (X)),
CBEIEM 3aJady IMoucka MakcumyMma (pyHKuuu KPD K 3aJaue€ MUHUMHU3ALUU
¢bysakuu KPD1, OJIOKUB
KPD1 = -KPD.

Onucanue GpyHKkmu KPD1 MOXET OBITh CIIEIYIONTUM:
Function KPD1l (P1l,P2:real) :real;

Uses TABL1l;
Var PO,t0,Pk,tl,t2,... :real;
IMF : string [20]; {Ommcaume mveHm Qarina}l
{McxomHBIX ITAHHBIX }
F : text ; { Onmcanme ¢arna }
BEGIN { Hawvajso QyHKIMM }
IMF:=‘GRAD.ISH' ; { Hayvajsio BBOIJA MCXOIHEIX }

{ maHHERIX M3 Qaria}
Assign (F,IMF) ;
Reset (F);
Readln (PO);
Readln (to):;

Close (F) ; { Konel, BBOOa MCXOIHEIX }

{ mannsBRIX M3 damnna }
hO:=..
KPD:=... PDl:= - KPD; END. {Konerr onmcaHms QYHKIMM }

Buviuucnenue wacmmuuix npouszeoonwvix K11/ no oasnenuam

O6o3naunm rpaauent KIIJ n; kak Gradn, a ero cocrammstoniue 1o
nanenusim P, u P, (mpomsBoansie) coorBercTBeHHO Gradl m Grad?2.
Yactras mpousBognas KII/l mo naBnenuto P, B TOuke C 3aJaHHBIMU

napamMeTpamu (Plo, PZO) npHUOIMKEHHO MOXKET OBITh HaliIeHa
0 po 0 0 0 po
Grad].:ani(Pl ’P2) ~ nI(RI. +AF?|.’P2)_ni(P1 ’PZ)’ (413)
oPR, AR

rne AR ~(0,0001-0,005)- Plo — npoOHbIH 1war quddepennuposanus no P .
Yactaas npoussBogHas KIIJ[ nmo nasnenuto P, B TOouke C 3aJaHHBIMH

napameTpamMmu (Plo, p20) BBIYHCIISIETCS] aHAIOTUYHO:
0 O 0 O 0 O
Grad? = anl (Rl. 1 P2 ) ~ Ni (Pl ) P2 +AP2)—T|i (Pl ) P2 ) ’ (414)
0P, AP,
rne AP, =(0,0001-0,005)- p20 — poOHBIi mar auddepeHpoBanus mo P, .

Odopmiisiem yacTHbIe MPOU3BOAHBIE B BUe (HyHKIUN Ha si3bike [TAC-
KAJIb.
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Function GRAD1 (P1,P2,dPl:real) :real;
Begin

K1:=KPD1 (P1,P2);

K2 :=KPD1 (P1+dP1, P2);

GRAD1:=(K2-K1) /dP1l;
Function GRAD2 (P1,P2,dP2:real) :real;

Begin
K1:=KPD1 (P1,P2);
K2 :=KPD1 (P1, P2+dP2) ;
GRAD2:=(K2-K1) /dP2;
End;

Onucanue KIIJ[ u e2o npou3soonsix 6 cocmage mooyJis

Monaynb — caMocTosiTeNIbHAsT mporpaMMHasi eauHuna. OHa KOMIUIH-
pyeTCs ¥ 3alMChIBACTCS HA TUCK B 00OBEKTHBIX Kogax. K Momysto MokHO 00-
pamaThCs U3 pa3HbIX MPOTPaAMM.

Buumanue! HUmena mooynsa u ¢ghaiina, cooeparcaweco mooynsb, 00JIHCHbL
coenadamo.

[TpuBenem moayns, Braouaromuit hyukyuu KPD, GRAD1 u GRAD?2.

Unit GRAD mod; ( B3arosoBOK MOIOYJIS )
INTERFACE
Uses TABL1;
Function KPD1l (Pl,P2:real) :real;
Function GRAD1 (Pl1,P2,dPl:real) :real;
Function GRAD2 (P1,P2,dP2:real) :real;
IMPLEMENTATION
Function KPD1 (Pl,P2:real) :real;
Var KPDI1,
hO,htl,hl,hpl,ht2,hp2,hkt,hkI,hkII,hI,hII,ht,
PO, PK,
s0,s011,81,8111,82,8211,S1,S11,
t0,tl,t2,x :
Begin { Hawvaso ¢yHKIMM KPD1 }

KPDl:=...
End; { Komernr ¢yHkImm KPD1 }
Function GRAD1 (P1l,P2,dPl:real) :real;
Var ...
Begin { Hauasio @yHkImm GRADI1 }
End; { Kowmernr ¢yHkimm GRAD1 }
Function GRAD2 (P1l,P2,dP2:real) :real;
Var ...
Begin { HayvaJjsio ¢Qyukimmu GRAD2 }
End; { Komerr ¢yHkImm GRADZ }
END. { Kowmern momyss }
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5. MoaesupoBaHue ONTUMHU3ALUOHHOM 321241
AJITOPUTM ONITHMM3ALMHU JABJECHUH NIpOMIIeperpeBa
METO/I0M IPAJIMEHTHOI0 CIyCKAa
Jna QyHKIMM JBYX NMEPEMEHHBIX ajJrOpUTM MOHMCKa €€ MHUHHMYyMa
npuBegeH Ha puc. 4.25. OH SBISETCS YHUBEPCAIBHBIM U [IOTOMY, B LIEJIOM,
MO>KET OBITh MCTOJIB30BaH JIJIs IMIUPOKOTO KJlacca 3ajad ¢ TOW JIMIIb pa3HU-

1I€H, YTO KOOPJIMHATHI HAYAJIbHOW TOUKH crycka X O(Xf , Xg) ¥ 3HAUEHWE Ha-

YaJbHOTO 11ara 3aJ1aloTcsl B COOTBETCTBUU C KOHKPETHOM 3a/1auei.

B namem citydae mog0bopomM MOKHO YCTAHOBUTH HAYaJIbHBIN IIIar CITycKa
h=100. OxmHako ¢ 1eIbpI0 YCOBEPIIICHCTBOBAHMS arOPUTMA Ha Ka)KIOM IIare
IPaJMEHTHOIO CIyCKa OyJeM aBTOMAaTHYEeCKHU ONpeaessTh MaKCHMAaIbHOE 3Ha-
yeHue N ¢ ydeToM orpaHHueHuit Ha ONTUMU3HUPYEMbIE TTApAMETPBI.

Bb160p MakCMMAJILHOTO IATA TPAJJMEHTHOIO CIyCKA
Ilpeoenvt usmenenun P

B pesynbrare BBINOTHEHUS KKIOTO IIara TpaJUeHTHOro CITycKa (M3 To4-
Kku X O(Plo, PZO) B TOUKY Xl(Pll, P21) nepeMeHHas P mpuHUMaeT 3HaYeHue
Pt=R%-h, (4.15)

rae
hl=h-Gradl (4.16)
— COCTaBJIAIOLIAs TPAJIUEHTA 1IEJIEBOM (DYHKIIMHM 110 HANpaBIeHUIO P .

OrpanuueHus Ha JaBICHUE B IIEPBOM CTYIICHHU IIPOMIIEPETPEBA
Py <Pl <P
Pemraem nocnennee HepaBeHCTBO ¢ yueToM (4.15) u (4.16):
P —hi> P;
P° —h1<Py;
hl 0 1y. 0 1y. 0 1 .
<(P1 —Pz), h'Grad1<(P1 —Pz), h<(P1 —Pz)/Gradl,
> (P’ -Ry); |h-Gradl> (P2 -PRy); |h> (P’ —PRy)/Gradl.

h< (P - P})/Grady;
h> (P? - Py)/Gradl.

IIpyumeM BO BHUMaHHE IMANa30H, B KOTOPOM JIEKAaT OINTHUMAJbHbBIC
3HaueHus nasieHuid P u P,, u 3aganum P), no kpaiineit mepe, Ha 5 % BbIle

Ecmu Gradl > 0, To

P,, Toraa MakcuMasnbHbIN 11ar u3MeHeHus P

hmasx = 0,95+ (R — P3)/ Gradl.
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YyreM Taxxke, 4To (F’l0 —Py) <0, a Bcerma MOMKHO BBHIMOIHATHCS
h>0, u npumem hy,i,1 =0. Torma

{hmaxl =0,95-(P° - P})/ Grady;

(4.17)
hmin1 =0.

h>(P° - P})/Gradi;

Ecmu Gradl <0, To
h<(P® - PRy)/Gradl;

TOTa

hpint = 0;
mint . (4.18)
hmaxl = 0,95 (Pl - PO )/Gradl

IIpeoenvt usmenenusn P,

[Ipu mepemMenieHny U3 TOYKHU XO(PlO, PZO) B TOUKY Xl(Pll, le) HOBOC
3HaYeHHe nepeMeHHon P, ompenensercs

Pi =P —h2, (4.19)
rue
h2=h-Grad2. (4.20)
OrpaHuveHusi 1o BTOPOMY MapameTpy:
P <Pi<Pl.
VYyuuteiBas (4.19) u (4.20), pemaeM nociieiHee HEPABEHCTBO:
Py =h2>P  [h2<(PP-R); |h-Grad2< (P -R);
PP —h2<P'; |h2>(P2-PRl): |h-Grad2> (PP —RY;
(h<(P?-P.)/Grad2;
<
(h> (P - Pl)/Grad2.
h<(P? —P,)/Grad2;
Ecmu Grad2 > 0, to
h> (PP —PRl)/Grad2.
Torna
0 .
{hmaxz ~0,95-(P? - P.)/ Grad2; 4.21)
hmin2 =0.
h>(PY —P.)/Grad2;
Ecaun Grad2 <0, to (R =Fo)
h< (P —Pl)/Grad2;
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hmin2 =0;
hmax2 = 0,95- (PY — PL) / Grad2.

AJITOpUTM pacyeTa MaKCUMaJbHOIO IlIara IMpU CIYCKE U3 TOY-

(4.22)

KI/I(PlO, p20) B TOUKY (Pll, le) npuBeieH Ha puc. 4.26.

Monck MakcumanbHOro Luara npu cnycke
0 0, 1 1
n3 Toukm (P,, P,) BTouky (P,, P,)

PacueT yacrtHoi npoussogHon Grl

)
no nepsomy napametpy B Touke (P, , P,")
]
PacueT yacTtHoii nponssoaHoin Gr2

Mo BTOPOMY napameTpy B TO4Ke (Plo, PZO)

a
€> ° - Amaxl:o,gs'(Plo' le)/GR1

Al=A-GR1

Amax120195'(P10' Po)/GR1
PP,'=p,’
B |
P,'=P,°-AL
Ha 0
Gr2>0 Aae=0,95(P, - P,)IGR2 A2=A-GR1
Het

A..,=0,95(P,- P, )/GR2

max2™

<
<

N3 waroB A, . Y Anae
BblGMpaem HanMeHbLLINN

A = Anaxl

v
@ Hawnn makcmmanbHbii war A

Puc. 4.26. Anroput™m pacdyeTa MakKCUMaJIbHOI'O 11ara
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IIporpamma pacyera onTUMAJIBLHBIX AaBJICHHI IIpOMIIeperpeBa

[Iporpamma coctaBnena Ha si3bike [TACKAJIb u peanu3oBanHa Ha
[15BM IBM PC AT. TekcT nporpammbl IpUBEIEH HIDKE.

Program GRADIENT;
Uses KPDmod;
Var A,Al,A2,RAmaxl,Amax2,GR1,GR2,E1,E2,dP1l,dP2,KPD0,KPD1,
KPDmax, PO, PK,P10,P20,P11,PP11,P21,PP21,Plopt, P20opt : real;
IMF: string[20];
F : text;
Begin IMF:='GRAD.ISH';
Assign (F, IMF); reset(F);
Readln (F,P0); close (F);
Writeln('PO=',P0:4:1, 'Mlla',"' PK=',PK:6:4);
Writeln ('BBemmurTe Hau. npudimxeHms Prnnl u Pnn2 B Mla');
Readln (P10, P20) ;
E1:=0.0001; E2:=0.0001; ({HorpemHocTmi omnpeneseHus Pl mu P2}
dP1:=0.005*P10;
dP2:=0.005*P20;
Repeat
GR1:=GRAD1 (P10, P20,dP1);
GR2 :=GRAD2 (P10, P20,dP2) ;
{ Bribupaem npenejiel M3MEeHEeHMs mara A gis Pl wm P2 '}
P11:=P10; P21:=P20;
Repeat
if GR1>0 then Amaxl1:=0.95* ((P10-P21)/GR1);
if GR1<0 then Amaxl:=0.95* (P10-P0) /GR1;
if GR2>0 then Amax2:=0.95*((P20-PK)/GR2);
if GR2<0 then Amax2:=0.95*(P20-P11)/GR2;
{B xauecTBe MakKCHMaJILHOI'O mara m3 Amaxl u Amax’ BEOHUpaeM
HauMeHBIIMIT }
If Amaxl<Amax?2 then A:=Amaxl
else A:=Amax2;
Al :=A*GR1;
PP11:=P11;
P11:=P10-A1l;
A2 :=A*GR2;
PP21:=P21;
P21:=P20-A2;
Until (ABS((P11-PP11)/P11)<=0.001) and (ABS((P21-P21)/P21)<=0.01);

Repeat
Al :=A*GR1;
A2 :=A*GR2;

P11:=P10-Al;
P21:=P20-A2;
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KPDO :=KPD (P10, P20) ;

KPD1:=KPD (P11, P21);

A:=A/2;
Until KPD1<=KPDO;

P10:=P11;

P20:=P21;

writeln (' KIIO ', -KPD1:10:8);
Until (ABS(Al)<=El) and (ABS (A2)<=E2);

KPDmax:=—-KPD (P11, P21) ;

Plopt:=P11;
P2opt:=P21;
Writeln('Ponl =',Plopt:7:4,' Pnn2=',P2opt:7:4,"
KIII=',KPDmax:8:6); Readln;
END.

4.2.3. MeToa KOOPAUHATHOIO CILYCKA VISl PpACYeTa ONTUMAJbHBIX
3HAYEHM HAYAJIBHOTO JABJIEHHS U TEMIIEPATYPbI
NUTATEJbHOH BO/bI

1. ITocTraHoBKa 3a1a4M

[TapoTypOuHHasi ycTaHOBKA C OJHUM PETCHEPATHUBHBIM MOAOTpEBATE-
JeM paboTaeTr Mo ujacalbHOMY ITUKIYy PeHKHHA Ha HACBIIIEHHOM Iape ¢ 3a-
JAHHBIMU 3HAYEHUSMU CTECIICHU CYXOCTH X OCTPOrO Iapa U KOHEUHBIM J1aB-

nenueM P,.

Haiitn ontumanshble mapamerpsl IITY: naBnenue octporo mapa P,
Y TEMIIEPATypy MUTATEIbHON BOABI t, ., COOTBETCTBYIOLIME MAKCUMAJILHOMY
3HaueHnto Tepmudeckoro KIIJ[ mpu n3menennn P, oT naBineHus mapa B KOH-
neHcarope P, mo xpurmueckoro nasnenus ~ 22 Mlla u n3menenun t, , — or

TCMIICPATYPBbI HACBINICHUS TIPU KOHCYHOM HOABJICHHUU 10 TCMIICPATYPbl HACHI-
MICHUA OCTPOro I1apa. [loBbIlIEHHEM SHTAJIBIINHU BOJAbBI B HACOCC HpeHereqL.

2. KauecTBeHHOE 1 MaTeMAaTH4YeCKOe ONMCAHME 32/1a4H
Lenesas ¢ynkyus — repmuueckuii KIIJL 1, mapoTypOMHHON yCTaHOBKUY;

onmumusupyemvle napamempsbl — Ha4albHOE JABICHHE CBEKETO Iapa
Po 1 TemriepaTypa nuTaTeabHOR BOABI b ;

pasmepHocmy ONTUMU3ALMOHHON 3aJjaui paBHA 08yM IO YUCITy ONTH-
MU3UPYEMBIX [TapaMETPOB;
02panuyeHus Ha ONTUMU3UPYEMbI€ TapaMeTphl:
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P. <Ry <22 (Mlla);
tKS < tH.B. < tOS '
rje
tis = T(R). tos = F(Ry).
Cxema IITY npuBeaena Ha puc. 4.27, mpouecc paclIUpeHusl napa
B TypOuHe B h, S-muarpamMme mnpejcraBiieH Ha puc. 4.28.

Po(tos):Xo

hﬂ

SOV !
Puc. 4.27. Cxema IITY Puc. 4.28. neanbHblil mpoLiecc
pacuIMpeHus: HAChIIIEHHOTO apa

3. MoaeanpoBaHnue nesjieBoii QyHKunu

W3 Teopun TEPMOAMHAMUKHA HW3BECTEH OJKCTPEMANbHBIA XapakKTep
GyHKIUM 110 000MM ONTUMHU3HUPYEMBIM MapameTpaM. XapakTep W3MEHEHUs
Nt oT Py amanormuen 3aBucumoctu 1 = f (pg), mpencraBnenHoii panee Ha

puc. 4.21. 3aBucumocts M = f(t,,) wumeer mapaGonmueckuii Xxapakrep
(puc. 4.29).

Mey Anamusupys rpaduyeckoe Ipej-
' CTaBJICHUE II€NIEBON (YHKIIMU OT OMTH-
MU3HPYEMBIX MapaMeTpOB, MOXKHO CJe-
JaTh BBIBOJ], UTO ONTHUMHU3AIMOHHAS 3a-
Jlaya OTHOCHUTCS K MHO2OMEPHLIM 8bl-
NYKIbIM HelUHelHblM 3aladaM U Ha J10-
MYCTUMOM MHOXKECTBE PEIICHUI MMeeT
eIMHCTBEHHBIN MaKCUMYM.

Puc. 4.29. 3aBucuMocTb CeeneM 3ajady MOMCKA MaKCH-
tepmuueckoro KIIJI nukma MyMa LEJIEBON (byHKI_[I/II/I K 3aga4ye MH-
PeHkuHa OT TeMIepaTypbl HUMU3AIUH, TIPUHSB 32 1EJIeBYI0 (QyHK-

MHUTATEILHON BOJIBI uuio orpunarenbHoe 3Hauenue KII/I.

Pemenne 3amaun OyneM UCKaTh Memo-
00M KOOPOUHAMHO20 CITyCKa.
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Jls pacdera 1meneBo (PyHKITMH BOCIIOIB3YyEeMCS TOTOBOM MPOTpaMMOi
pacueta Tepmuueckoro KIIJI. [{nsa storo u3 mpumnoxenus 1 BeiOepeM MOIYIb
KPDMOD3, coaepxamuii pyakiuio KPD3 (PO, tpw, Pk, XO0) . Ilepsbie
7Ba TapaMeTpa (QyHKIMU — ONTUMHU3UpyeMble, ocTanbHbie (Pk m XO0)
JOJKHBI OBITh 33JaHbl B OCHOBHOM MPOrpaMM€ B KAUYECTBE UCXOAHBIX JTAHHBIX.

4. MopaeanpoBanue ONTUMHU3ANMOHHOM 3a1a4n

Aneopumm pacuema onmumanvrvix snavenuti Po u t g,
MemoooM KOOPOUHAMHO20 CNYCKA

AnropuT™M pacdera METOIOM KOOPAMHATHOIO CIIyCKa IPUBEIEH HA
puc. 4.30. /I ofHOMEpPHOW MUHMMH3ALUNA UCIIOIB3YETCS METOJ «30JI0TOI0»
CEYeHUs.

IIporpamma pacyera makcuMaabHOro 3Havyenuss KII/{
METO0/I0M KOOPJAMHATHOIO CIIyCKa

[Iporpamma cocTaBiieHa B COOTBETCTBUU C alrOpuTMoM Ha puc. 4.30.
BBoa MCXOIHBIX JTaHHBIX JJIsl TPOCTOTHI MPUBEJIEH B TEKCTE OCHOBHOM MpPO-
IPaMMBI.

Program KOORDIN;
Uses TABL1l, KPDMOD3; ({IlogkjsmouyeHMe MOOYyJid OJisS pacuera KIII}

Var x0, Pk, .. : real;

Begin { Hauajsio OCHOBHOM HOpOI'PaMMEBl }
PK:=0.005; {MIla} X0:=0.995;

El:=

POmax:=22; {MIla}

tks:=TSP(PK); tpwmin:=tks;
POopt:=0; tpwopt:=0;

tpwf:=100; { Bad¢mrcupoBas BTOPOM HapaMeTp }
Writeln (' tpwf= ', tpwf:6:1);
REPEAT { KoopomHAaTHBEDI CIIYCK }

{ MeTonm «30JI0TOIO» CeUeHMdI IOjasg onrTuMmmsaimy PO }
POmin:= PST (tpwf) ;
a:=P0min;
b:=POmax;

Writeln (' T'paHMUBE MB3MeHeHUs tpw V)
Writeln(‘ a= ', a:0:3, ‘! b= "', b:6:3);
REPEAT { «Bosoroe ceueHme» }
P0l:=a+0.3820* (b-a) ;
P02:=a+0.6180* (b-a) ;
f1:=KPD3 (P01, tpwf, Pk, x0) ;
f2:= KPD3 (P02, tpwf, Pk, x0) ;
If fl<=f2 then b:=x2;
else a:=x1;
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R:=(b-a)/2;
UNTIL R <= E1;
PPOopt:=P0opt;
POopt:=(a+b)/2;
{ KoHerr mMeToma «30JIOTOI'O» CEeUEeHMsS IJIsS onTuMmzarmu PO }
Writeln (' POopt = ', POopt:6:3);
KPD 1:= KPD3 (POopt, tpwf, Pk, x0) ;
Writeln (' KII B Touke (POopt, tpwf) paeen ’'; KPD 1:8:6);
POf:=POopt;
Writeln (' POf= ', PO0f:6:3); { Baomrkcupomasu }
{ mepmBeni napameTp }
{ MeTom «30JI0TOI'O» CEUEeHMS IJIS ONTHUMM3aIimu tpw }
tpwmax:= TSP (POf) ;
a:=tpwmin;

b:=tpwmax;
Writeln (' I'paHmMuUB M3MeHeHUs tpw ‘) ;
Writeln(\ a= Y, a:6:1, ="', b:o:1);
REPEAT { «Bosroroe ceueHme» }

tpwl:=a+0.3820* (b-a) ;
tpw2:=a+0.6180* (b-a) ;
f1:=KPD3 (POf, tpwl, Pk, x0) ;
f2:= KPD3 (POf, tpw2, Pk, x0) ;
If fl<=f2 then b:=x2; else a:=x1;
R:=(b-a)/2;
UNTIL R <= E2;
ttpwopt:=tpwopt;
tpwopt:=(a+tb) /2;
{ Kownerr Meroma «30JIOTOI'O» CEUEHMS IOJIA ONTUMM3AIIMM tpw }
Writeln (' tpwopt = ', tpwopt:6:1);
KPD 2:= KPD3 (POf, tpwopt, Pk, x0) ;
Writeln (' KII B Touke (POf, tpwopt) paeen ’'; KPD 2:8:6);
tpwf :=tpwopt;
Writeln (' tpwf= ', tpwf:6:1); { 3Bapurcmporasm }
{ mepmBrEI nmapameTp }
UNTIL (ABS (PPOopt-POopt)<=El) and (ABS (ttpwopt-tpwopt) ;
fmin:=KPD3 (POopt, tpwopt, Pk, x0) ;

KPDmax:=—fmin;
Writeln (' KPDmax= ‘, KPDmax:8:6); { 3Ba¢urcmporasm }
{ mepsBrEI mapamerp }
Readln
End. { Kowrer mnporpamMmel }
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Ontummsauma Poun t, o 1
( KoopauHaTHbIM crnyck ) —
| P, =0
I
Beon: PK,POmaX=22 MMa; ¢,,e, t “"=po
n.B.
I
th 5.4 = 100
' [
nun__ min
.B. | _ P0 = f(tn.B.q))
________________________________________ :
min
a=P,
"3onotoe" —ax
ceveHue b= P,

P,=a + 0,3820*(b-a)
1

P,,=a + 0,6180*(b-a)

PyHKUMNA Potsg
KPD1(Pg,t; 5, P X0

A 4

Pt OyHKUMSA
F, b KPDL(Py t, o, Py %)

Het

v

RLE,;
[a

onTt onTt
PP, =P,
]

P,”"=(b-a)/2

Puc. 4.30. Aaroput™M KOOpAMHATHOTO CIIyCKa
11 33Ja491 [TOUCKA ONTHMAJIBHBIX 3HaueHuilt Py u t,, (Hawano)
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max
t|'| B. = f(Poq))
__________________ 'l'_______________________1
min
a= tl‘I.B.
"3onotoe" —max
ceyeHue b=t

t . ,=a+ 0,3820%(b-a)

t .,=a+0,6180*(b-a)
< Poq)1t|'|.|3.1

OyHKUMA
KPD1(Py,t, o, P, X0

PyHKUMA
KPDL(Py th 5. P Xo

v

v
T
o
=2
s
3
©
(N

F,

y e, | OyHkums
| KPDL(P,t P x)

n.B.” " K

A 4
KPD, = -F
I

min

BeiBoa POOpt, tn_B.Opt, KPD,ax

Puc. 4.30. Aaroput™M KOOpAMHATHOTO CITyCKa
1715 3312491 TOUCKA ONTHMAJIBHBIX 3HaueHuil Py u t, (okoH4aHue)
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5. PesyabTarsl pacyera
Pe3ynbrathl pacuera y1oO0HO IPEICTaBUTh B BUE TAOIHUITHI.

Tabnuua 4.1
Ontumusanus B, Ontumuzanus t,
< tl? - ['paHuIb! ponT KPD pd | TI'pamuubr | tonr| KPD
= H3MEHEHMUS B TOYKE 0 NPUMEHEHHU " | B Touxke
<
5 i (R i) " s (R t23)
=
s a b a |b
1
2
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5. TUIIMYHBIE 3ATAYA
TEXHUKO-9KOHOMHUYECKON OIITUMU3AIIUU

C ocHOBaMH TE€XHHKO-?KOHOMHUUYECKOMH ONTUMH3allUU TCIIJIOOHCPICTH-

geckoro obopymoBanus W TEIIOBBIX cxeM TOC m ADC MOXHO TO3HAKO-
MUThCS B [12-15].

5.1. Bb100op onTHMAIBLHOIO IaMeTpa
aponpoBoAa OCTPOro napa

1. IlocTanoBKa 3a1a4M

TpebyeTcst BBIMOJHUTH TEXHUKO-DPKOHOMUYECKUHN pacdeT TpyOorpoBoO-
Jla OCTPOro Tapa 3aJlaHHOW TypOOYCTAaHOBKHM C HayaJbHBIMHU IapaMeTpaMu
napa Py u t; npu n3MeHeHnu ero auaMeTpa B Ipeneaax, COOTBETCTBYIOIIUX

JOMYCTUMBIM 3HAYEHHUSIM CKOPOCTH Tapa W, U ONpeAeNuTh 3HAYEHHE Jua-
METpa, COOTBETCTBYIOLEE MHHMMYMY IPHUBEACHHBIX pPACUETHBIX 3aTpart.
B cootBeTcTBUU € MemOOUKoOU mexHuKo-3KOHOMUYECKOU ONMUMU3AYUU NpU
MANbIX USMEHEHUSIX 8 MeNna06ou cxeme OAUH U3 BapUaHTOB C COOTBETCTBYIO-
MM JIMaMeTpOM MapoIpoBOja NMpUHUMAETCs 3a «0a30BbIi». Boibop «bazo-
BOTO» BapHaHTa MPOU3BOJEH. MOXHO TNPHUHATH 3a «0a30BBI» BapHAHT
C HAUMEHbIIUM JuameTpoM. B kauecTBe yenesoi ¢hyHkyuu WCHIONB3YETCS
M3MEHEHUE MPUBEJICHHBIX pacueTHbIX 3arpaT (83) Mo cpaBHEHHIO C «0a3o-
BbIM» BapuaHTOM. ONTHMHM3MpYEMBIM NapaMeTp — AUAMETpP OCTPOro Iapa
(d) wim cooTBeTCTBYyOIAs €My 10 YPaBHCHHIO HEPa3phIBHOCTH CKOPOCTh
napa (W). OnTuMHu3aluroHHas 3a/1a4a OTHOCUTCSL K OOHOMEPHbIM.

2. KayecTBeHHOE OnMCcaHKMe 32124

Cornacio meromuke [1] duxcupyercs naBiieHHe mapa 3a KOTJIOM
Py =const (cm. puc. 5.1) npu 3agaHHBIX 3HAYEHUSAX PACXO/a OCTPOro IMapa
Dy u HauanbHOU Temmneparype ty. M3mMeHenme amamerpa maporpoBona d
HEOJIHO3HAYHO BJIMAET Ha COCTABIISIIOIIME PAaCUETHBIX 3aTpaT B paccMarpu-
BacMyr TypOOycTaHOBKY. Tak, Hampumep, ¢ yMeHblieHueM O CHmKaercs
TOJIIIIMHA CTEHKH TPYOOINpPOBOJa, €ro BeC U KalHUTaJbHbIE BIOXKEHHS B Mapo-
npoBo (xopowo!). OaHaKo, ¢ IPYroi CTOPOHBI, yMEeHbIIeHHe d, COrIacHO
YPaBHEHHUIO HEpa3phIBHOCTH, BEAET K YBEIMUYEHHIO CKOpPOCTH Mapa W
BHYTPH MapoONpoOBOJa U COOTBETCTBYIOIIEMY POCTY T'HIPaBIMYECKOTO COMPO-
tuBneHus AR,. Ilpu 3TOM CHM)KaeTcs HauanbHOE JABJIEHHE IIapa mnepes Typ-
ounoit Py =Ry — AR, 1, COOTBETCTBEHHO, NaJaeT TEIIOBas S3KOHOMHUYHOCTb

TypOOYCTaHOBKH, YTO BBI3bIBAcT mepepacxoa TormiuBa Ha TOC (nroxo...).
Kpome Toro, ¢ yMeHblleHHEeM Py CHHKAIOTCS KalUTAIOBIOXKEHHS B Mapo-

BITYCKHYIO YaCTh TYPOUHBI.
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AP,

—

Puc. 5.1. Cxema napomnpoBojia ocTporo napa

Takum 006pa3om, MpU COMOCTABICHUH BApUAHTOB C PA3HBIMU JUAMET-
pamMu TpyOOIpOBOAa OCTPOrO Mapa AOHKHBI ObITh YUTECHBI:
1) kanumanvhvle 3ampamet.
a) Ha coopyxeHue Tpyobonposoga Ky ;
0) B 00OpyaoOBaHHE, HA CTOMMOCTh KOTOPOIO BIIMSIET MU3MEHEHUE
nuamerpa Ks;
2) edice200nble U30EPHCKU.
a) Ha aMOPTHU3ALIMIO U TEKYIIUI PEMOHT TpyOOompoBoaa U 00opya0-
BaHUs, CTOUMOCTh KOTOPOTO 3aBUCHUT OT auamerpa (U );
0) Ha JOMOJIHUTENBHBINA PACXO/ TOIINBA, BEI3BAHHBIN:
— TETJIONOTEPSIMU B OKpYXKaromiyro cpexay ( By );

— U3MEHEHHEM YKOHOMUYHOCTH TypOoycTtanoBkH ( B, ).

H3menenue I’lpUBBOBHHbZX pacyemHusvlx 3ampant no CpaeHeHUIo ¢ «bazo-
6bIM» 6APUAHNIOM.

03 =E, -0K; +3U +(E, + py) - 0K, +(8B; +3By) - C... (5.1)

[TpuHIMIIMATBHBIA XapaKTep MOBEACHUS 1EJIeBOU (YHKIIMU U €€ CO-
CTaBJISIIOIIUX OT ONTUMU3UPYEMOTO TTapaMeTpa MPEACTABIEH HA puc. 5.2.

8K 8K, 8U 5B, 3B, 83

A A

v

A\

Puc. 5.2. IlpunnunuanbHbeie 3aBUCUMOCTH 11€JI€BOI (PyHKINU
U €€ COCTaBJIAIOIIUX OT AMaMeTpa NaponpoBoa OCTPOro napa
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Pexomennyemast nocreoosamenvhocms pacuema onmumaibHo20 Oud-
mempa (cxopocmu)

1) 3amaercst 3HaUEHUSAMHU CKOPOCTH Iapa W B Tpeaeiax AOMYCTHMOTO
nuanaszoHa (0T Wpyip A0 Wipax) U A HEX ONPEICIIAIOTCS BHYTPEHHUE IUa-

MeTpbI 0, COrfIacHO YpaBHEHHUIO HEPA3PBIBHOCTH;

2) OJMH W3 BapHaHTOB (W0 (do)) NPUHUMAETCS 32 «0a30BBIN», U IS
HETO ONPEICISIOTCS:
a) ARy, 6) K{,8) U, 1) BY;
3) mist Beex apyrux BapuantoB (W(d)) paccuuThIBarOTCS:
a) APy ;6) Ky;8) U;r) By;
nO CpasHeHuIo ¢ «6a306bIM» 8aPUAHINOM
1) "3BMEHEHHE KaIlBJIOKEHUH B TPYOOIIPOBOJ
oKy =Ky —K¢; (5.2)

€) U3MEHEHUE KaIBJIOXXEHU B 000py/I0BaHKE, HA CTOUMOCThH KOTO-
poro BiuseT auameTp Tpyoonposoaa 0K ;

)K) HU3MCHCHHUC CIKCTOAHBIX JKCINTYAaTaAIMOHHBIX HU3ACPIKCK B II1apO-

IIPOBOJ
sU=U-UY; (5.3)
3) HN3MCHCHHUC I'OJOBOI'0 paCxoa TOINIMBA, BBI3BAHHOC TCINIOIIOTCPAMMA
0
6By =B, — By (5:4)
N COOTBCTCTBYHOHICC N3MCHCHHNC TOINIMBHBIX U3JICPIKCK
0U 3 = 0By -Cy; (5.5)

1) U3MEHEHHE TOA0BOI0 pacxoja ToIuMBa OB,, BBI3BAHHOIO H3Me-

HCHHUCM I1apaMCTPOB I1apa IICpea Typ6I/IHOI>'I U COOTBCTCTBYHOIIIMM U3MCHCHU-
€M TEILIOBOM 9KOHOMHNYHOCTH, 1 UBMCHCHHUC TOIINIMBHBIX U3ACPKCK

U, =06By-C,; (5.6)
K) HU3MCHCHHUC ITPUBCACHHLIX PACUYCTHBIX 3aTpar 03:
d3=E, -0K; +3U +(E, + py) - 0K, +(8B; +6B,) - C,.

3. MaremaTu4ueckoe ONMUCAHHUE 3a1a9H
Kanumanoenoocenus 6 mpyoonposoo

Ky =125k, G, (5.7)
rae kyﬂ — YJIeJIbHBIE KaTUTAJIOBIOKEHHS B TPYyOONPOBOI, KI/T;
G - Bec TpybompoBoa, T;
G=2Z-(n/4)-(d?-d3)-L-p, (5.8)
rne Oy u d, — HApYKHBII U BHYTPEHHUH JTHaMETphI TPyOOIIpOBOIa, M;
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L — nmuHa TpyOOmpoBOAa, M;
Z — 9iCII0 HUTOK TPyOOIpoBOAa (OpMEHTUPOBATHCS Ha MMPOTOTHI);
p — YIebHBIA BeC MeTamia TpyOoompoBoaa, T/M® (JUIS CTAd MOKHO

IpUHATE P =7850 Kr/nm).
Ecnm 3aman HapyxHBIH nuamerp TpyOompoBoxa d;, TO eHympenHuil
Oouamemp MOXKHO OTIPEICIIUTh KaK

d,=d;-2-S, (5.9)
BBIYUCIIUB MOJWUHY CTMEeHKU S , M, TIO (hopMyJie
__ Pt ¢ (5.10)
2-¢0-6+ P

ri€ © — JIOMyCKaeMoe HalpshKeHUE MeTasuia TpyOOoIpoBOa, pasmMepHOCHb
8eUYUHBL G O0NICHA COOMEemcmeosams pasmeprocmu Py

¢ — K03 UIMEHT MPOYHOCTH, JIJIsi OecioBHBIX TpYyO ¢ =1,0;
C — mpubaBKa K pac4eTHOM TOJIIMHE CTCHKH, M; MOKHO TIPUHSTH

C=01-S. (5.11)
BKCHHyaTaHI/IOHHBIC I/I3I(Cp)KKI/I B HapOHpOBOI[ MOXHO OICHUTH KAK
U=01K,. (5.12)

Hzmenenue kanumanoenoscenuii K, B 000pya0BaHUE, HA CTOUMOCTD
KOTOPOTO BIIUSET IUAMETP, 10 CPABHEHUIO C «0a30BBIM» BapHUAHTOM

0
APy — AR,
=0 0 N, p.,
0
rie AR, APOO — 3HAYEHUS TUAPABIMYECKUX COMPOTUBICHUI TApOIPOBOIA

8K, =— (5.13)

B TCKYILIEM U «0a3zoBOM» BapuaHTaX COOTBCTCTBCHHO, I1a.

N — snekTpuyeckast MOIHOCTh TYpOUHbI, KBT.

T'uopasnuueckoe conpomusnenue naponposooa

2
L w
ARy = (25 +&; )

e W — CKOpPOCTS I1apa B IaponpoBOIC, M/ C,

VO — y,[[@J'IBHBIﬁ O6’BGM Imapa, M3/ KT'; 3aBUCUT OT HA4YaJIbHBIX IIapaMCT-

Tla, (5.14)

poB Py, ty;
D & — CyMMa MECTHBIX COMPOTHBICHHIL;
&, — Koo UIMEHT TPEHUSL.

CBsi3b MEXKIy AUAMETPOM TPYOONpoBOAa U CKOPOCTHIO CPE/bl, POTE-
Karolleil B HeM, YCTAHABIIMBACTCS YPAGHEHUEM HePA3PbIEHOCU

Dg-Vo=W-Z-n-d3/4, (5.15)
rie Dy — pacxon cexero napa, Kr/c.
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Pacxoo monnuea, svi36annsiii menionomepsmu B TpyOOIPOBOJE, T y.T./TON

hy -y
B, =(0,044-ty-/dy)-L- ; y7 105 (5.16)
K

ty — HauanbHas Temneparypa napa, °C;

hy — YHUCJIO 4aCOB HMCIIOJIb30BaAHUA YCTaHOBJIeHHOP'I MOIITHOCTH,

Nt — K03 puuneHT neHHoCTH Teria (71 NaponpoBOJa OCTPOro napa
Nt=1, mug apyrux TpyOOIpPOBOAOB JOJKEH OBITH ONPENENIEH IO METOIAUKE
Pyounmreitna — [llenetunsaukoBa [16];

N, — KII/I xoTnoarperara.

Hszmenenue 20006020 pacxooa moniuea B CBSI3U C U3MEHEHHUEM men-

710601 9KOHOMUYHOCMY TYpOOYCTAaHOBKU IO CPABHEHHUIO C «OA30BBIMY» BapHU-
aHTOM, T V.T.

Ab

By =bo-hy N[\ 1073, (5.17)
0
rae by — ymempHBIH pacxoja YCIOBHOTO TOIUIMBA B 6a3080M BapuaHTE,
KT y.T./(kBT-9);
Ab

— OTHOCHUTCJIIbHOC M3MCHCHHC YJICIIBHOI'O pacxoja YCJIOBHOIO

b
ToruBa. 3nadeHue N, npencraBiasaTs B KBT.

Ommuocumenvroe uzmeneHue y0eabHo20 pacxo0a monaued, BbI3BaHHOE
M3MEHEHUEM TTapaMeTpOoB Tapa mnepes; TYpOUHOM, 10 CPaBHEHUIO C OA308bIM
BAPUAHTOM,

Ab to —600) (AP, —ARY) (5.18)

0 100 Py

Pacder m3MeHeHUs NMPUBEACHHBIX pacUeTHHIX 3aTrpar O3 IO CpaBHE-
HUIO ¢ 0a30BBIM BapMAHTOM BBITIOJIHSTH 10 BeIpaKkeHHIO (5.1).

4. UudopmaunonHoe odecnedyeHue MaTeMATHIECKOM MO/1eJTH

OnTuMHU3alMOHHBIE PACUEThl CIAEAYET MPOBOAUTH MPHU Pa3HbIX 3HAYE-
HUSIX CTOUMOCTH TOIUIMBA C, U YAEIBHBIX KalBJIO)KEHUH B APOIPOBOJ ky)1

(O 07+0,013-

J11st TOrO 94TOOBI YCTAHOBUTD TPAHMIIBI U3MEHEHUS AUAMETPa, CISAyeT 3a/1aTh
Jana3oH U3MEHEHUs] CKOPOCTH Mapa mo pekomeHparusam [1]. Opuentupo-
BOYHO MOXKHO HPUHATBE Wipjn=20+30 M/C; Wy =80+100 m/c. Mcxonusle
JTaHHBIE ISl TECTOBOTO pacyeTa MpuBeIeHbI B Ta0m. 5.1.

5. AJIrOpUTM pacyeTa ONTHUMAJBLHOIO JUAMETPAa HA MaTeMaTU4e-
CKOM MojeIU

BrlunciieHre ONTUMAJIBHOTO JIMAMETPa PEKOMEHAYETCS BBIMOJIHSTH,
pelias mocae0BaTeIbHO CIEAYIONINE 3a/1aUu:
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1) BBIUMCINTH MapaMETPhl NAPONPOBOJA, GlUAIOWUe HA pacdem yee-
6otl pyHKYuu B 3aBUCUMOCTU OT 3A0AHHOU CKOPOCMU NApa’ TUAPABINYECKO-
ro conporusieHus APR,), KanuTaupHBIX BJIOKEHUH B TpyOomposoxa K;, skc-

IJIyaTalMOHHBIX HU3ACPKCEK Umn pacxoaa TOIIIIMBaA Bl biok-cxema sToro ai-

ropuT™Ma NpuBEAeHa Ha puc. 5.3;

2) paccuuTaTh 1ENEBYI0 QYHKIUIO (M3MEHEHHS MTPUBEICHHBIX pacyeT-
HBIX 3aTpat O3 ) npwu J000H 3aJaHHON CKOPOCTH apa W 1o CpaBHEHHUIO ¢ Oa-
30BbIM BapuaHToM W’. AJITOPHTM pacuera B BHAE GIOK-CXEMBI PEICTABICH
Ha puc. 5.4;

3) ompenenuTh ONTUMAIbHOE 3HadeHHe ckopoctd W' (mmameTpa)
C MCIIOJIb30BAaHUEM NPUHATOTO METOJa OJHOMEPHOW MHMHMMH3ALMH. AJro-
PUTM METOJa «30JI0TOrO» CEUeHHUs — Ha puc. 5.5, a MeToja nepebopa — Ha

puc. 5.6.
Tabnuua 5.1
I/ICXOI[HLIG AaHHBIC JIA TCCTOBOI'O pacucTa IIapoIipoBoaa
Ne Ha3Banue 3HaueHue PasmepHoCTB
1 | daBnenue octporo mapa P Mlla
2 | Temmeparypa ocTporo napa to °C
3 | DnexkTpuyeckas MOIUTHOCTh N = 300000 kBT
TypOOYCTaHOBKH
4 | Pacxon ocTporo mapa Dy =230 Kr/C
5 | JlnuHa maponposoja L =90 M
6 | Yuciio HUTOK MaponpoBoja Z=2 —
7 | CyMMa MECTHBIX COIIPOTUBIICHUI Zé‘;l =9 —
8 | Koapduuuent tpenus &,=0,01 —
9 | KosdhduuueHt nieHHOCTH Tema Ne=1 -
10 | KTI/] xotna Mg = 0,92 —
11 | YnenwpHbIN pacxoa yCIOBHOTO TOTLJIMBA b0 =0,330 KT y.T./(kBT-9)
12 | Yucno yacoB MCTOIB30BaHUS h. = 6000 q
YCTAHOBJICHHON MOITHOCTH Y
13 | [InoTHOCTH cTaNMH p=17850 Kr/M°
14 | lomyckaeMoe HampsHKeHUE c =40 MIIa
B MeTaJlJIe TpyOOmpoBoIa
15 | CToumMoOCTh YCIOBHOTO TOTLJINBA c;=05 p./KT y.T
(OpHEHTHPOBOYHO)
16 | YaenpHbIC KAlTUTAIOBIOKEHUS ky;( =70 p./KT
B MApOIPOBOJ] (OPUEHTUPOBOYHO) '
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OCTporo napa

C Pacuet naponpoBsoaa

)

PO! tO ’

Beog w,

Vo, Do, N, by, h,

L1 Z’ Z‘:ia g-rp’ G P, G, (p9
N s K o G

d,=\(4-

Dy V,)(Z W)

OueHrBaem Ton LLINHY CTEHKN

K=125k, G
I

AP (34 + & - =) WI(2:V)

[a

d,=d,+2S

S=(Pyd)/(2-0)
i
Uu=0,1-K
d=d,+2.S I
I
3anomMHunm — (0’044'to'\/al'|-'hv‘m)
Ss=S ' n,7-10°
| I
YTOo4uHAEM Buisog
S = (Pyd)/(2:¢ -0 +P)*+C APy, K, U, B,
Het

G = ((rn-d, */4)

- (n-d, 4))-Z-L-p

Puc. 5.3. Anroputm pacyera napornpoBoja OCTpOro mnapa
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PacueTt uenesomn oyHKUMN
(M3MeHeHNa NpuBEeAEHHbIX 3aTparT)

— -

WO
. . . | Pacuer
AP KLU B naponposoaa
W
Pacuert
APy, K U, B, naponposoa
SK=K-K”’
I
sU=U-U"
I
8B,=B, - B’
I
ske AP,- APy’
= PO N
Ab t, - 600 . AP,- AP,
— = 7+0.013 . . 0 0
b, (0,07+0,013 100 )( P )

I
8B,=b, -h,N-(Ab Ib,)-10”

I
83 =E,- 6K +(E,*+p,)-0K+dU +c_- 8B, *+c-0B,
I

BbiBoAa 03

Puc. 5.4. Anroputm pacueta 11e1eBoi G yHKIIMH
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( Pacyet muHumyma dpyHKUmmM 33(W)

mMeTozoM "30M0TOr0" CEYEHMSA D
Beog: W', Wi, W, € w=(a+h)/2
onTt
T =(5-1)/2 W ®yHKUMA
‘83min 83 (W', w)

a,>" =(4-D, V) (z- ™)
|

BbiBoA: WOHT,dzonT, 03

w,=a+(1-T) ba)

min

w,=a+T-(b-a)

W, w,
53 P OyHKUMS
< L 53 (W', w)
w’, w,
> OyHKUMA
B 53w w)

W2:W1
83,=63,
W,=a+(1-T)(b-a) W,=a+T-(b-a)
0
W, w, 0
®yHkums |« W, W,
| DyHKUMA
33 (WO’ W) 631 > P 832 83y (WO W)
R=(b -a)/2
Het R<ge [a

Puc. 5.5. Anroputm noricka MUHUMYyMa EJIEBON (yHKIIUU
METOIOM «30JI0TOT0» CeueHUs (ONTUMU3ALNA JUaMETpa OCTPOTO Mapa)

157

KOMIMJIEKT 3JIEKTPOHHbIX R —— :
YYEBHO-METOAUWYECKUX MATEPUAJIOB


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

‘ | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

npsiMbIM NepebopoM BapuaHTOB
I

(Pacqu MUHMMYMa LieneBon oyHKUMM 53 )

Beon WO, AW,
Wmin’ Wmax
10 A 4
03,,,=1-10 W, = W, + AwW
I
Wi = Whin 'D'a
— |
0
WW Het
531 | OyHKUMS
0
: 33w, w,) D, = (4-D, V) ww™)
a
83, <83, A
A 4
Her 83min = 831
onT
W =w,
\ 4

Puc. 5.6. Anroputm noricka MUHUMYyMa 1I€JIEBOM (PYHKIIMU METOJIOM nepedopa
(onmTUMU3aLMs TMaMeTpa OCTPOro napa)

5.2. TeXHUKO-IKOHOMHMYECKHI BbIOOP ONTHUMAJIBHOTIO JUAMETPA
MaponpoBoAa ropsiueii HUTKH MpoMIleperpesa

CornacHo MeToaMKe PUKCUPYETCs NaBlIeHHUE Mapa Ha BBIXOJE U3 MPO-
MexyrouHoro naponeperpesarens (IIII) korna P,,. PaccuntsiBaem onrtu-
MaJbHBIN IMAaMETp MapomnpoBoja ropsiueit HUTKU mpommeperpesa ot I1I1 go
Bx0j1a B yacTh cpeanero nasnenus (YC/) typOunsl (cMm. puc. 5.7). Meronu-
Ka BBIOOpA ONTHUMAJIBHOTO JUAMETpPA aHAJIOTHYHA MPUBEICHHOW BBIIIE JJIS
napornpoBoja octporo napa. @opmyna ans pacuera 03 TakKe HE U3MEHSET-
csi. I3MeHeHns kacaloTcsi pacdeTa TEIUIOBOW SKOHOMUYHOCTH TPU U3MEHE-
HUY TIOTEPh JABJICHHUSI TTapa ¥ KABJIOKCHUI B TypOUHY:

. 0
ﬁ_b _0,085- (APHHP APun) (5.19)
0 TIII
_ 0
AK; = 0,25 (AP = APn) (5.20)

jesss
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AP

nn

D<—

< nn B[ dcn

]

nn

Puc. 5.7. Cxema napornpoBoja NpoMeKyTOUHOI0 Ieperpena napa

5.3. TeXHUKO-IKOHOMHYECKHI BbIOOP TeMIIePATYPHBIX HATIOPOB
B MIOBEPXHOCTHBIX PereHepPaTHBHbBIX MOJ0IPeBaTeIAX

B TemnoBbIX cxemax mapoTypOMHHBIX YCTaHOBOK IMPHUMEHSIOTCS pere-
HEpPaTUBHBIE IIOJOIPEBATENId CMEIIMBAIOLIEIO M IOBEPXHOCTHOI'O THIIOB.
Kpome ocHOBHOII nmoBepxHOCcTH Miu cobcTBeHHO nopaorpeBarens (CII), rae
HarpeB MPOMCXOJUT 3a CUET TeIlla KOHACHCAllUU Mapa, B oOLIeM ciaydae Io-
BEPXHOCTHBIN IMOJOTPEBATEL MOKET UMEThH BBIJIEICHHBIE TTOBEPXHOCTH OX-
namutens apenaxa (O/]) u oxnamutens mapa (ITO) — puc. 5.8. B O/ Harpes
IIPOMCXOJMT 32 CYET OXJAXIECHUsS KOHJIeHcara rperouero napa, B [10 — 3a
CUET CHATHS TeIJla Ieperpena napa.

TemnnoBas SKOHOMUYHOCTh MAPOTYPOMHHON YCTAHOBKU W 3aTpaThl B pe-
TEHEpAaTUBHbIE TMOJOTPEBATENM 3aBUCAT OT TEMIIEPATYPHBIX HAIOpOB
B 3JIEMEHTAaX Iojorpesareneii: ot Hegorpesa 0 Boasl B 30He CII, Temnepatyp-
Horo Harmopa O/l Atpy M ocrarouHoro meperpesa mapa Ha Bbixoxe u3 I10

Aty . Ha puc. 5.9 npusenena Q, t-quarpamma noBepXHOCTHOTO MOAOTPEBATENLS

¢ I1O u O/I. Bce ob6o3nauenus cootBeTcTBYIOT puc. 5.8. Uepes CII npoxoaut
Bech OoTOK Boibl. Ha I1O oT aToro motoka oTBOAUTCS HEOOMbINAS OIS, BHIOH-
paemas B 3aBUCUMOCTH OT CXEMbI BKITIOUCHHUS TIojiorpeBaress. B oOiiem ciydae
MOKHO PEKOMEHI0BaTh pacxoj Bojbl uepe3 [10 pasubiM (0,7+1,5) ot pacxona
napa Ha 3ToT nojgorpesatens. B O/] Takxke HampapisieTcss 4acTh MUTATEILHON
BOJIbl, 00bIYHO 14—15 % oT Bcero pacxona Boabl. Mi3MeHeHue Temneparypsl BO-
1wl B 11O u O/] nokazano Ha Q, t-guarpamme CIUIONIHBIMY JTUHUSMU, ITyHKTH-
poM H300pakeHo u3MeHeHue Temmneparypbl Bojabl B O/l u 1O npu nosHoM
pacxojie BOJbl YePE3 3TU 30HBI.

CrnemyeT MOMHUTD, YTO pacxoovl 600vl, omeooumsie na O]l u 110, He
eausom Ha memnepamypy cmecu nocie touek cmemenuss CM1 u CM2, stu
3HAYEHHUS JTOJKHBI YUYUTHIBATHCS B TEIJIOBOM pacyeTe TeII000MEHHHUKOB.
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no ¢ GBHO Atoﬂ - tp‘p_ tBX
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" 0 = tst,
v Crl
tcm2 v | tB /I/ tcm CM1 | tox GB
cm2 7 t T
{ OA O'D' G O" Aton
e B B
L=(P)  F T tw :
Puc. 5.8. Cxema noBepXHOCTHOTO MOJOTPEBATEIS
¢ BeiAeeHHbIMU 30HamMu O/ u 1O
t
F N - t
ts
tnp 4
— tBO)Zl
Aty
tcM1
tBX _
Qen G Qo
Q,
Puc. 5.9. Q, t-nuarpamma nogorpesatens ¢ O/ u I1O
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Bhusnue 0, Atg  u Aty Ha meniogyio JKOHOMUHHOCHY YCHAHOBKU

— TMPU CHUXKEHUU Hedocpeséa O B paccMaTpuBaeMOM IOJOTpeBaTesie
IpY HEM3MEHHOM J]aBJICHUU B 0TOOpaxX yBEIUYMBACTCS TEMIlepaTypa BOAbI 3a
ATUM NOJIOIPEBATENIEM U, COOTBETCTBEHHO, HAa BXOJE B CIIEIyIOUIUH, B pe-
3yJbTaTEe YEro pacxo]l mapa Ha pacCMaTPUBAEMBbIl MOJOTPEBATENb YBEIUYH-
BAETCs, @ HA BBIIECTOSIIUMN MO X0y BOJIbI — YMEHBIIIAETCS;

— CHWKeHUe memnepamyprozo nanopa OIl Atgy, T. . Gonee riybokoe

OXJIKJICHUE JpeHa)ka yBEJIMUYMBAET OTOOp mapa Oosiee HU3KOTO JIaBJICHUS Ha
MPEABLAYIIHIA 110 XOAY BOJIBI OJ0TPEBATENb, KY/1a OTBOAUTCS JIPEHAK;

— C YMCHBIICHHEM OCMAamo4yHo20 nepezpesa napa At BO3pacTaeT
noaorpes Boabl B [IO ¥ COOTBETCTBEHHO TEMIIEpaTypa BOJbI HA BBIXOAE U3
paccMaTpuBaeMOro TEIUIOOOMEHHHUKA; MPU 3TOM CHIKAETCsl pacxo]l apa Ha
CJIEIYIOLIUHI TI0 X0y BOJBI MOI0TpeBaTeNb 00Jiee BHICOKOTO JaBICHUS.

Bo Bcex ykazaHHBIX ClIy4yasX YBEJIMYHMBACTCS peceHepamusHds 8blpd-
bomxa snekmposrepeuu v KI1J1 mapoTypOUHHON yCTaHOBKH.

OpHako pU YMEHBIIIEHUU TEMIIEPaTypHBIX HAMIOPOB YEEIUUUBAIOMICSL
MMOBEPXHOCTh HAarpeBa, pacxoj] MeTajyla Ha W3rOTOBJIICHHE MOJ0IpeBaTelis
u ero cmoumocms. 1lodTOMy onmumanvuele 3sHaueHuss TEMIIEPATYpHBIX Ha-
IOPOB B TOJAOIPEBATEISIX  ONPeOensiomcs ¢ HOMOWbLIO  MEXHUKO-
9KOHOMUYecKkux pacuemos. IIpu cpaBHEHUU BapUaHTOB pa3HUIA B BbIPAOOT-
KE DJIEKTPOIHEPTUH YUUTHIBAECTCS 3aMEIIAIOIIEH 3JIEKTPOIHEPTUEH.

[lomaraem pacxon Tema Ha TypOOYyCTaHOBKY  HEHM3MEHHBIM
Qp =const, Toraa n3MeHeHHe 3aTpar M0 CPAaBHEHUIO C 0A3068blM BAPUAHTOM

33 =(E, + pa)-(8K1+8K2)+C-hy-8N, (5.21)
rie  OK; — u3MeHeHue KaluTalbHbIX 3aTpaT B MOAOIPEBATEIM MO CpaBHE-

HUIO C 6A308bIM BAPUAHTOM, P.;
0K, — M3MeHeHue KanuTaJIbHBIX 3aTPaT B HACOCHYIO YCTAHOBKY, IIPO-

KauMBarOIIyI0 HarpeBaeMbli TEIIOHOCUTENb Yepe3 TEMII000OMEHHUKH, P.;
P, — KO3QQUIMEHT aMOPTU3aLIMOHHBIX OTUUCIIEHUH (U1 SHEepreTuye-

CKOT0 000py10BaHUS MOXHO NPHUHATH Py =(0,06+0,08);
ON — U3MeHeHHe 3aMeIIarolIe MOIITHOCTH B dHeprocucreme, kBT;
ON =—-35N (5.22)

rae 8Ny, — H3MEHEHHE MOIIHOCTH TYpOOYCTAHOBKH [0 CPABHEHHIO C «Oa-

ycT!

30BBIM» BapUAHTOM, KBT;
ONyer =8Ny +6Ny; (5.23)
ON; —m3MeHeHue MolHoCcTH TypOuHsbl, KBT;
ON, — M3MeHeHHne MOIIHOCTH Hacoca, KBT;

hy — YHCJIO 4aCOB HCIIOJIb30BaHUs YCTaHOBJ'IeHHOI\/'I MOIITHOCTH,
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5Ky =1,25-Ky - SF , (5.24)
rac ky,[[l — YACJIbHBIC KAIIBJIOKCHUS B TGHHOO6MCHHYIO IOBCPXHOCTD, p./MZ;

8F — U3MCHCHHC ITIOBCPXHOCTH HAI'PCBaA HOI[OFpGBﬂTGJIGﬁ, MZ;
5Ky =1,25-ky 0 -5Ny, (5.25)

rae  Kyjo — yIesbHbIE KalBIOKEHHA B HACOCHYIO yCTAHOBKY, P./KBT.

MoIHOCTh HACOCa 3aBUCUT OT U3MEHEHHS IUIOIIAIA ITOBEPXHOCTH I10-
norpesareneil. CoramacHO METOJMKE I BCEX BAPUAHTOB MPUHUMAEM CKO-
POCTh BOJBI B TPYOHOM ITyYKE TEINIOOOMEHHOH MOBEPXHOCTH HEU3MEHHOM.
Takum oOpa3om, HpupalieHue MOBEPXHOCTH HArpeBa OCYIIECTBISETCS 3a
CYET U3MEHEHUS IJIMHBI TPYOOK MPU MOCTOSHHOM UX KOJUYECTBE U AUAMET-
pe. MI3MeHeHrne MOIIHOCTH HAaCOCHOM YCTAaHOBKH, BBI3BAHHOE WU3MEHEHUEM
TUIPABIMYECKOTO COIPOTUBIIEHUS MOBEPXHOCTH HArpeBa, MOYKHO OIpene-
JIUTH

oNp =Ly, -6F, (5.26)

2
rae L, — ynembHas pabora Hacoca, KBT/M".
®opmyust st pacuera 8Ny, 8F , L, 3aBuCsT OT KOHKpETHOH 3a1a4n

U IIPUBCACHBI HUKC.

5.3.1. BbiGop onTUMAIBHOI0 HeIOTpeBa

1. [TocTanoBKa 3a1a4u

TpeOyercss BBIMOIHUTL TEXHHKO-DPKOHOMHUUYECKHW pacueT pereHepa-
THUBHBIX TOJOTPEBATEIICH MPH U3MEHEHUU Hedozpesa B OJTHOM M3 HUX U OIl-
PEACIIUTh ONMUMANbHBIN Hedocpes, COOTBETCTBYIOIIUM MUHUMYMY IpHUBE-
JIEHHBIX PACUETHBIX 3aTPaT B TYPOOYCTaHOBKY.

CornacHO METOJMKE TEXHHKO-PKOHOMUYECKOW ONTUMHU3ALMKU TP Ma-
JBIX U3MEHEHMSIX B TEIJIOBOM CXEMe 3a yenesyio (hyukyuro MPUHUMAEM H3-
MEHEHUE MPUBEJICHHBIX PACUYETHBIX 3aTpaT 03 MO CPABHEHUIO C MPOU3BOJIb-
HBIM (6a306bim) BapuaHToM (5.21).

[Iycth onTUMU3MpYETCS 3HAYEHHE HENOTpeBa Gj B TOAOTpEBaTENE

1ozt HoMepoM j. st penieHus JaHHOM 3a1a4n noporpesarensb [1; HeoOxomu-
MO paccMaTpuBaTh B TEIUIOBOM CXEME COBMECTHO C BhlIeCTOAIUM Iljig
(cm. puc. 5.10).

Pemienue 3amaun OyaeM UCKaTh Ha OCHOBAaHUU TOTO, UTO 8apuayus He-
0ocpesa oCyujeCcmesemcs: U3MeHeHuemM no8epxXHOCmell Hazpeea TOoJ0TpeBa-
teneit 11 u Ilj;1 Tpy HEM3MEHHOM IOJIOKEHUH TOYEK OTOOPA M 33aJaHHBIX I1a-
pameTpax BOJbI Ha BXOJIE B j-i M Ha BeIX0oJe U3 (J+1)-To mogorpeBaTers.

OnTuMu3aIoHHAs 3a1a4a OTHOCUTCS. K OOHOMEPHOU.

OcpaHuuenus. MUHUMAJIbHOE 3HAYEHHWE HEAOTPEBA MOXKHO MPHUHSTH
oudeHb OM3KuM Hyt0, Hanpumep 0,01; MakcuManbHOE 3HAaYEHUE HE JTOKHO
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IIPEBBIIIATh PA3HUILY MEXAY TEMIIEPATypOM HACBIIIEHUS TPEIOLIEro mapa
Y TEMIIEPATYPOHN BXOSIIEH B ITOAOTPEBATEND BOJBI.

2. KauecTBeHHOE OnHCAHME 32Ja41

Kak Opu10 OTMEUEHO BHINIE, U3MEHEHHE HEIOTpeBa B IMOJOTpPEBATEIIE
[1j HEOAHO3HAYHO BIMSECT HAa COCTABJIAIONINE PACUSTHBIX 3aTpar B TypOo-
ycTaHoBKYy. C yMEHBIIIEHUEM HEJIOTPEBA MOBBIIIAETCS TEMIIEpaTypa BOJbI Ha
BBIXOJIe U3 noporpesatens 1 u Ha Bxone B mogorpesareins 1.1 (puc. 5.10).
Ilpn 3ajanHbIX Temmeparypax t,, # ty(j,q) 9TO O3HAYACT YBEIMYCHHUC I10-

JI0TpEeBa BOJIBI B |-i CTYIIEHU PEereHepanuy ¢ OJJHOBPEMEHHBIM YMEHBIIICHHEM
B (J+1)-ii. Ilpm mnOCTOSIHHOM pacxojie BOJbI 4epe3 IOJ0rPEeBaTEIIN
G, =const pacxox mapa B HIKECTOSIIMI moforpesarens Dj yBemmdunBact-

sl Ha HeKoropyro BenmduHy AD, a B cimexgyrommit mo xoxy Bomsl Djy

YMEHBIIIACTCS Ha ATO JKe 3HaueHue. B pesysbTraTe 3Toro B TypOMHE COBEpIIACTCS
JIONONHATENbHAs pereHeparusHas Beipadotka AN = AD-(h; 4 —h;) npu pac-

WMPEHUH apa oT napametpos (j + 1)-ro orbopa 1o masnenus Pj. Oxnako

CHIDKEHHUE HeJIOrpeBa MPUBOJIUT K POCTY TpeOyeMo MOBEPXHOCTH TEIIIO00Me-
Ha, B pE3yJbTATE YEro YBEIUUYHUBAIOTCS KAUTAJIOBIIOKEHUS B PETC€HEPATUBHYIO
yCcTaHOBKY. PocT Heorpesa, Ha000pOT, CHUKAET BBIPAOOTKY AJIEKTPO3HEPTUH,
HO TTO3BOJISIET COKOHOMUTh HA KalUTAJILHBIX 3aTpaTax. Y BEJIMYCHUE TTOBEPXHO-
CTH TIPUBOJIUT K POCTY CTOMMOCTH YCTAaHOBKH U AKCILTYyaTallMOHHBIX U3JIEPKEK
Ha HAaCcOChI, MPOKAYMBAIOIIKE BOLY YEPE3 MOAOIPEBATEIH.

Const: P;, Py, tg t

BX(j+1)
Pjtl' hj+1’ Dj+1
'DJ"_ hi’ DJ'
hB(j+1) V th } GB’ PB’ tBX’ hBX
f T 1. LV ’
B(j+1) Bj ,
{5 |
t h'
s(+1) 7l
Puc. 5.10

Takum oOpa3zoM, MpU COMOCTaBICHUN BApUAHTOB C PA3HBIMHU HEJOTPE-
BaMH JIOJDKHBI OBITh YUTEHBI:

1) kanumanvusie 3ampamol B pereHepaTUBHBIC IMOA0IPEBATEIN U B Ha-
COCBI;
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2) JOMOJHUTEIIbHBIC 3aTPaThl HA BO3MEIICHUE HEJO0OTIIYCKA AJIEKTPO-
SHEPTUM OT TYpOOYCTaHOBKHU MPH MOBBIIICHHBIX 3HAYCHUAX HEIOTPEBA.

[MpuHIMIUanEHBIA XapaKkTep MOBEACHHS LIETIEBOM (PyHKIHUU U €€ Co-
CTaBJSIOIIMX OT ONTHMH3UPYEMOIrO MapaMmeTpa IMPEACTaBI€H Ha PUCYHKAX
5.11u5.12.

_ Aty 1

ﬁj Qv =pJl

eJT = tBj\L i EG\IyCT‘L(N:’aMT))
’U‘ (?J'-I-l)r:>Dj.|.1)r

t o4
B(j+1)
L SE
Atn(j+1)/r &
Puc. 5.11
83 8K SN S

A A A

Puc. 5.12. IlpunnunuanbHpIid XapakTep U3MeHeHus QyHKIUU 33
U €€ COCTaBJIAIOLIUX OT HeI0rpeBa
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3. MatemaTH4eckoe ONMCaHue 32/1a4H
TepmoauHaMuUYecKre MapaMeTphbl BOJBI U BOASHOTO Tapa, HE 3aBUCH-
mue ot Hegorpesa 6!

— DHTAJBIHNH Mapa B 0TOOpax:

hj:f(Pj,tj); (5.27)
hja=f(Pji1tja); (5.28)
— IapaMeTphl HackleHus B mogorpesarenax IT; u I+
tsj = F(P); (5.29)
h’j = f(Pj); (5.30)
ts(j1) = F(Pj:1), (5.31)
]+1 = f (Pj+1) : (5.32)
— IapaMeTpsl BOJBI 3a moporpesarenem Il 1
ta(j+1) =ts(j+1) —9j41s (5.33)
hy(j1) = (R ta(j4)) (5.34)

rac HCaorpcBs 0 j+1 IIPpUHUMACM ITIOCTOAHHBIM,

— OHTAJBIIKA BOJBI HAa BXOAC B PACCMATPHUBACMYIO I'PVYIIITY IIOJOI'PCBA-

TeJen
th = f(PB’tBX)' (5.35)
[MapameTpst Bob! 3a [1]
tBj =tSj —91 ; (536)
hyj = f(Pustwj) - (5.37)
TermnoBas Harpy3ka noaorpeBarenei, KBT:
Qj =G, - (th —hyy); (5.38)
Qj+1 =Gy - (My(j4) —hyj)- (5.39)
Pacxonpl mapa, kr/c:
D; =Q;/(h; —hj)/0,98; (5.40)
Dj+1=Qjs1/(hj1—Nj1)/098. (5.41)
CpennenorapudgMudeckrie TeMIIepaTypHbIC HATIOPHI:
t; —t
Atj = L LS (5.42)
In 1:Sj — oy
tsj —tgj
Aty =2 "l 5.43
j+H1 t o —1t. (5.43)
In s(j+1) ~ 'sj
Ls(j+1) —la(j+1)
Cpennue 3HaYCHUS TEMIIEPaTyPhl BOJIBI B TIOIOTPEBATEIISAX
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tn(j+1) =ts(j+1) —Aljaa- (5.45)
[Lnomaay MOBEpXHOCTH MOIOTPEBATENEH, M
I:j+1 :Qj+1 '1000/(kj+1'Atj+1)’ (5.47)

2
roe K i k j+l — KOA(PGUITUEHTHI TEIUTONIepeaadr TEIIO0OOMEHHUKOB, BT/M”.

Koaddumument temnonepenaun mjis TEIIOOOMEHHOW IOBEPXHOCTH
C OTHOCHUTEJILHO HEOOJBIION TOMIIUHOW CTEHKU TPYOOK M KO3 HUIIMEeHTaX
TEIUIOOTIa4YM IO TPEIOIIE U HarpeBaeMon CTOPOHAM OJHOTO MOPSAKA MOXK-
HO OTIPENICIHTH TI0 BBHIPAKECHUIO

1
T 5 T 649
Otl 7\, OL2

rae o4, oy — KO3(QQUIUEHTH] TEIIOOTJaYl CO CTOPOHBI KOH/IEHCUPYIOIIIe-
roCsi Iapa u BOJIbI COOTBETCTBEHHO;

O, A — TOJIIIMHA U TETUTOPOBOTHOCTH CTCHKH.
3HaueHNs BEJIMYMH Oy U Olp HAXOIATCS B COOTBETCTBUH C XapaKTEPOM TEIoo0-
MCHA 110 M3BECTHBIM M3 Kypca TeIUIoNepeaadn 3aBHCUMOCTSIM. [Ipu MoaenmpoBa-
HUM 33]]a4¥ 3HAYCHUS Oy U 0L, MOXKHO OINPEENHUTh C MOMOIIBIO (DYHKIWMIH U Ipo-
nenyp m3 moayiei PWDmod.tpu o PNDmod.tpu (mprioskerue 2).

VY nenbHast paboTa Hacoca

G, -V, -(AP{ +APP;)-10°
yn 0. 0
Fj + Fj+1

rne  V, — ynenbHblil 00bEM BOBI, MS/I(F;

, KBT/M®, (5.49)

APjOI/I APJ-O 1 — ruapasimueckue conporusnenus Il u I, 1 1 «06azo-

BOro» Bapuanta, Mlla.
M3MeHeHne Teria, BHOCUMOTO B j-i IMOJIOTpeBaTeslb B CBSI3U C U3MEHE-
HUEM HEJOTPEBA B HEM,

8Q=G, - (hy —hg}) xBr. (5.50)
M3MeHeHre MOIITHOCTH TypOWHBI
0Ny =(ej;1 —€j)-0Q, kBr, (5.51)
rje ej u ej, — KoopPuimenTs nsmenenus momuoctn (KUM) J-ro

u (j + 1)-ro otdopor. Metoauka onpeaencaust KUM npusesena B [16].
CymMapHO€e U3MEHEHUE MOIIIHOCTU TYpOOYCTaHOBKH
SNyCT = SN]_ + 8N2 ,

rie  ON, — M3MeHeHHe MOLHOCTH Hacoca (CM. BBILIE).
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M3MmeHenne 3aMenaromed MOIITHOCTH
ON =—-0oN yer
BoipaskeHust 1711 ApYyrux COCTaBJIONIMX IEJIEBOM (PYHKIIMK OBLIM MPE/-

cTaBlIeHbI paHblie. LleneBas pyHKIMS BBIYMCIISETCS MO BhIpaxkeHuto (5.21).

4. AJropuTM pacyera oNTHMAJHLHOT0 HeI0TPeBa

Pexomennyemasi nociedosamenvHocms paciema ONMUMATbHO20 He-
doepesa 0

1) HaxoIAT AMAaINa3oH W3MEHEHHUS HEJIOTPeBa B pacCMaTPUBAEMOM I10-
JorpeBaTele

Omax = (tsj —1t5 ) —0,01;
2) samarorcs 3HaueHMsAMH O B mpenenax AOMYyCTUMOIO AManasoHa

U JIIS1 HUX OTIPECIIAIOTCSA:
a) TEIUIOBBIE HATrPY3KH PacCMAaTPUBAEMOTO U BBIIIECTOSIIETO TIO-
porpesareneit Qj 1 Qj,q;
0) pacxozbl mapa Ha nogorpesarenu Dj u Djq;
B) CpeiHENOrapu(pMUICCKIEC TeMIICPATyPHBIC HAOPbl Atj 1 Atj 4 ;

I') IUIOLIa/i! [IOBEPXHOCTH TEMIOOOMEHHHKOB Fj u Fj,q;

3) OJIMH U3 BapuaHTOB (OQ, F jo, F j0+1’ tSj) MIPUHUMAETCS 33 0A308bli,

" JJIsI HCT'O OMPCACIIICTCA YA CIIbHAsA pa60Ta Hacoca Lyz[;

4) nns BceX APYrUX BapUaHTOB (Oj Fij, F tBj) no CPasHeHuro

i+
¢ «6a308bIM» PACCUUTHIBAIOTCS:
a) U3MEHEHHE TUIOIAIN IIOBEPXHOCTH noporpesarens IJ;

SF; =F; - F; (5.52)
0) U3MEHEHHE IO NOBEPXHOCTH nogorpesarend IT; 4 1
0 .
oFj.1 =Fj1—Fyuas (5.53)
B) CyMMapHOE U3MEHEHUE TUIOIIAN MIOBEPXHOCTH
oF = 8Fj +8Fj+1; (5.54)

') I3MEHEHHE KallUTAIOBIIOKEHUH B mojgorpesarenu oKy ;

1) '3MEHEHHE MOLUIHOCTU HaCOCHOM yCTaHOBKH ONy;

€) U3MEHEHHUE KallBJIOKEHUH B HACOCHYIO YCTaHOBKY 0K ;

) u3MeHeHne Teria 6Q , BHOCHMOTO B J-i MOJ0rpeBaTelib B CBSA3U

C U3MECHECHHEM HEJIOTPEBa B HEM;
3) U3MEHEHHUE MOILTHOCTU TypOUHBI ONy ;
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) CyMMapHOE H3MEHEHHE MOIIHOCTH TypOOyCTaHOBKU SNy

K) U3MEHEHHUE MPUBEICHHBIX PACUETHBIX 3aTpaT 03 .
5) cpaBHUBAIOTCS MEXy COOOM MoTydeHHbIe 3HaueHus1 63 U BhIOUpa-

€TCs BapUaHT (G(j’HT ), ISl KOTOPOTO BeMu4rHa 83 — MUHUMAaJIbHAs.

5. UudopmaninorHHoe odecriedyeHue MATEMATHYECKOI MO/1eJTH

OnTUMHU3aLMOHHBIE PACYETHI CIEIYET MPOBOAUTH MPU PA3HBIX 3HAUYE-
HUSAX CTOUMOCTH 3JIEKTPOIHEPTHH C W YACIbHBIX KalBJIOKEHUIX B MOJIOTpPE-
BaTelb kyﬂl. JlnanazoH MU3MEHEHHUs HeJorpeBa — OT HEOOJIBIION BETUYUHBI

0,01 °C o Oy ax (cM. Bbime). McxoqHsle AaHHBIE Ui TECTOBOTO pacdera

npuBeneHbl B Tadu. 5.2. Jlns nmpumepa paccMaTpUBAIOTCS MOCIIE0BATENBHO
BKJIFOUEHHBIEC TIO TUTATEILHON BOJIE TMOJOTPEBATENN BHICOKOTO AaBieHus [16
u I[17 typ6oycranosku K-210-130.

Tabmuma 5.2
I/ICXOIIHBIC JAaHHBIC UL TCCTOBOI'O paCcuCTa OIITUMAJIBHOI'O HCIOI'PCBA
No Haszganue 3HaueHue Pa3zmepHocTh
1 Tun TypOoycTaHOBKH K-210-130
2 [Togorpesarens, 11 KOTOPOTO I1B/1-6
ONTHUMHU3HPYETCS HEJOTPEB
3 JlaBnenue napa B otoope Typounsl Ha [1B/]-6 Ps=2,48 MIla
4 Temmnepatypa mapa B or6ope Ha [1B/]-6 t; =340 °C
5 JlaBnenue napa B ot6ope Ha [1BJ]-7 P,=3,65 MIla
6 Temnepatypa mapa na [1B/I-7 t5 =390 °C
7 Pacxon BozibI uepes mojgorpeBarenu G,=176 Kr/C
8 JlaBiieHrE BOJbI B TOAOTPEBATENSAX PB =24 MlIIa
9 Temmepatypa Bojel Ha Bxojie B [1B/1-6 t,, =183 C
10 | Hemorpes Boas! B [IB/I-7 97 =3 C
11 |Im I1B/1-6 0_ MIT
npaBnudeckoe conpotusienue [1B]] AP?=0,047 a
B 0a30BOM BapuaHTe
12 | Tu IMBJ-7 0_ MIT
npaBnudeckoe conporusienue [1B]] AP?=0,051 a
B «0a30BOM» BapuaHTe
13 | Tunopasmep I1BJ16 [1B-775-265-31
14 | Tunopaszmep I1B/17 [1B-775-265-45
15 | HapyxHblil AMaMeTp ciupaibHBIX TPYOOK d;=0,032 M
16 | TonmmHa CTEHKU TPYOOK 0=0,004 M
17 | Yucio miockocTei! HaBUBKU OJJHOU TPYOBI m=2 -
18 | Jlnuna Tpy0 oaHOIM cniupanu | =26,69 M
19 | Cpeanuii paguyc cnupaiu R=0,15 M
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OkoH4YaHue Tabn. 5.2

Ne HasBanwue 3HaucHue Pa3mepHOCTH

20 | CkopocTh BOJBI w = (1,6+2,0) M/C

21 | Yucao 9acoB MCIOIb30BaHUS h. = 5000 q
YCTaHOBJIEHHON MOITHOCTH Y

22 Koaddurment nsmeHeHnss MOIHOCTH 0TOO- e;=0,390 -
pa na [1BJ1-7

23 Koaddurment nsmeHeHnss MOIHOCTH 0TOO- e = 0,358 -
pa na [1BJ1-6

24 | TeronpoBOAHOCTH CTAIN A=50 Bt1/(M°K)

25 | YenbHbIE KalBIOXKCHHS B TOBEPXHOCTH ky 1= (60-90) p./M°
(OpHEHTHPOBOYHO)

26 | YenbHbIC KalBIOKCHHSI B TUTATEIBHBII k 2 =(70+80) p./kBt
Hacoc (OPUEHTHPOBOYHO) Y

27 | CTOUMOCTB JIEKTPOIHEPrHH c=0,32 p./xBtu
(OpHEHTHPOBOYHO)

Temneparypy apenaxa Ha Bbixone u3 [IBJI-6 u IIB/[-7 mMoxHO npu-
HATh PABHOM TeMIIEpaType HACBHILICHUS IPU JABJICHUSIX Mapa B COOTBETCT-
BYIOIIIUX OTOOpax.

6. MoaesupoBaHue ONTUMU3ALMOHHOM 3a1a41

OO6mrast cxeMa MOJEIUPOBAHUS ONTUMHU3AIMOHHON 3a/auu MpeACcTaB-
neHa Ha puc. 5.13. OntumMu3zanroHHass MOJIENIb COCTOUT W3 TPEX OCHOBHBIX
0JIOKOB, BJIOKEHHBIX OAWH B Apyroil. [lonpoOHbIE alropuTMbl, OMUCHIBAIO-
e padoTy 3TuX OJIOKOB, MIPHUBEACHHI HA pHUC. 5.14-5.16 Ha mpuMepe BBIOO-
pa ONTUMAIBHOrO HenorpeBa Og pPereHepaTMBHOIO MOJOTPEBATENs IOJ HO-

mepom 6 TypooyctanoBku K-210-130. [Tonorpesatens [16 paccmarpuBaercs
COBMECTHO ¢ BpIecrosmum [17.

0, 0°
PacyeT MmHMumyma > ®yHKums
63 BbIbpaHHbLIM 53 pacyeta 63
METOAOM OQHOMEPHON |«
MUHUMM3aLUN
n onpegeneHue
onT
onTUmarnbHoro 0 Aty
B 3aJ4aHHOM AmnanasoHe —> ﬂr;glélegy;a
yer
oT 0,,, 40 6 F.F : .
min A9 Ymax P G nogorpeBaTenen

Puc. 5.13. O6mas cxema MoIeTMpOBaHUs ONTUMU3AIIMN HEJIOTPEeBa

169

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUWYECKUX MATEPUAJIOB


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

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

BBO,D' 96’ 97, P6’ t61 P?l t7’
w, dy, 8, R

th !

Cp_
tB6Cp =tgs~Alg q7:k7 *At,;
L7 :ts|7'Nn7 P,q,H,d,R
d,=d,-2°5| |PWDmod| o,
cp
<PB’tBG vW1dZ’R k77:k7
PWDmod o,
> 1
cp k7=
Puty W, dy, R 1 Lo .1
PWDmod |- o™ oA o,
H=d,*6
@ [a

| E;:28OO |

O=Ke"Atyg
P P61q61 H’ dl: R
PWDmod [ ¢, ™®

[

Kss=Ks
®

Puc. 5.14. Anroput™m TEmIoBoro pacyeTa rnojorpeareyien
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Pacuet ueneson oyHKUUK
(M3MeHeHus NpMBeaEeHHbIX 3aTpar)

Beoa: 0y, 05, G,, Vs, €, €,

APg . AP, G, hy, E,y Pas k

k.

yal “yn2

0,

« F6°, F7°,hBG0 nogorpesaTenen

> Pacuet

_G,V, *(APg +AP, )10

n=

FGO + F70

05

P

FG’F7’ hB6

<

8Fg=F, - F,’
8F, = L -F,
SF= 8|F6 +3F,

8K, = 1,|25- K1 OF

0

N, = L, SF

5K, = 1,25°K ,* 5N,

Pacyet
nogorpesaTenen

v

0Q= Gg* (hge— hBGO)
I

0N, = (e,-€5)* 6Q
I

ON,,,,= - (BN, +3N.,)

33 = (E,+py)° (é‘>KI1+8K2 ) +c *h,* N

I

BbiBog 63

3am

Puc. 5.15. Anroputm pacuera U3MEHEHMsI IPUBEIEHHBIX 3aTpaT
(omTuMU3aNKs HEAOTPEBA)
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PacueT MuHumyma doyHkumm 83(6;)
MeToA0M “30M0Toro” ceveHust

Beog: 6, , eﬁmin, eemax, £ (%)
T :(x/ls-l)/z 0, =(a+b)/2
min ont
a= 0Og 0
— 53 CDyHKu,OMﬂ
b :.96 «—133 (65 5 6)

0, =a+(1-t) (b-a)

BbiBoA;: GGOHT o3

! min

962:a+r-(b-a)

e 0’ e 1
e OyHKUMA
331 |53, 0,
05 0
> OyHKUMS
<332 153 6)

Ha 53,< 3, Het
b=0,’ a=0;
962;9; eﬁlzle;
632%831
0, =a+(1-1)-(b-a) 0. =a+t(b-a)
05 05 0 o2
;Dg TgL:'JMFé ) < 231 : % % , DYHKLIMS
o > B |53, 0
R=(b -a)/2
Het R<g [a

Puc. 5.16. Anroputm noucka MUHUMYMa LEJIeBOU () YHKITH
METOJOM «30JI0TOT0» CeUeHHUs! (ONTUMH3ALIUS HEIOTPEBA)
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MareMatnyeckoe MOJEIMPOBAHUE BBINOJIHAETCS HAa OCHOBE IMOCIIENO-
BATEJILHOTO PELICHUS CIEAYIOMINX 3a/1a4:

1) pacder mapamMeTpoB MOAOTPEBATEICH, GIUAIOUUX HA paAcyem yelle-
6o ¢hynkyuu (IIIOMIAEH NOBEPXHOCTH TEIIIOOOMEHHUKOB Fg 1 F7, a Taxke

TEMIIEPATYypPBbl BOIBI t,¢)) B 3aBUCUMOCTH OT 3a0aHH020 Hedozpesa Og . biok-

CXEMY pacueTa noJiorpeBaTeseii cM. Ha puc. 5.14;
2) pacuer I1esieBOM (yHKIMU (M3MEHEHUS TPUBEICHHBIX PAaCUCTHBIX
3aTpar) Mmpu JI00OM 3HA4YEeHUU HeporpeBa Oy MO CPaBHEHUIO € «0a30BBIMY

BapuaHTOM. biok-cxemy omnpezeneHus 1eneBoil GyHKIMHU cM. Ha puc. 5.15;

3) WCIMOJIb30BaHUE METOJa OJHOMEPHON MHHHMHU3AIUU JIJISl pacdera
ONTHMAJIBHOTO 3HAYEHHS HEJAOIPeBa. AJITOPUTM METOJAA «30JI0TOr0Y CEYEHUS
CM. Ha puc. 5.16.

5.3.2. Bb10op oNTHMAJBLHOI0 TEMIIEPATYPHOI'0 HANIOPA
OXJIQTUTEJIS IPEeHaKa

1. IlocTaHoBKa 3a1a4M
PaccunTeiBaeM onTuMalibHBIA TemnepaTypHbiid Hanop O/l momorpesa-
Tess o HomepoM | (puc. 5.17):

AtOI[j :tﬂpj _tB(j—l) . (555)

Const: Py, Py 4ty ty;y Atopti:tupj_tB(J-ﬂ

Bj !

Pt D Pty Dy

cn L1
b 1, Cou1 %M1 "u’ tag 1) 1, G,

. oaj O,D,J s on A
B B Ato,qj
tsj I | tnpj
Puc. 5.17

Jlns pemeHust JaHHOW 3amadm mojorpesarensd I HeoOxomumo pac-
CMaTpHUBaTh B TEIUIOBOW CXEME COBMECTHO ¢ Hukectosmum Il;_q), B KoTO-
PBIl OTBOAMTCS JPEHAX IPEIONIETro Mapa u3 TerooomMennuka I1;.

Pemenue 3agaun OyJeM HMCKaTh Ha OCHOBAHMM TOTO, YTO Gapuayusl
Algpj ocymiecTisieTcs u3MeHeHueM nosepxHocred Harpesa CIIj m O]

(cM. puc. 5.8) pu HEM3MEHHOM IIOJIOKEHHU Todek oroopa Ha II; m Ij _ g
Y 3Q/IaHHBIX ITapaMeTpax BOJbI HA BXOJIE M BBIXOJIC U3 J-T'0 MOIOTPEBATEIISL:
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tBj = Cconst;
tB(j—l) = const.

CornacHo MCTOJUKC TEXHUKO-DKOHOMHYECKOU OIITUMHU3allUU IIPHU Ma-
JIBIX M3MEHEHHUSIX B TEIJIOBOM CXEME 3a yejneesyro @yHKLﬂ/HO IMpUHUMACM H3-
MCHCHHUC IMPUBCACHHLIX PACUCTHLIX 3aTpar 03 1o CPaBHCHHIO C IIPOU3BOJIb-

HbIM («0a30BbIM») BapuaHToM (5.21).

OnTuMH3aIMOHHAs 33]]a4a OTHOCUTCS K 0OHOMEPHbIM.

Ozcpanuvenus’. MUHUMATbHOe 3HAYCHUE TEMIIEPATyPHOTO HAMopa COOT-
BETCTBYCT MUHMMAJIBHOMY 3HAYCHHUIO TEMIICPATypbl ApeHaxa U, KoTopas
HE MOXET OBITb HIKE TEMIICpaTypbl BOJBI Ha BXOAE ty(j_g):

AN ~0,01; (5.56)
MaxkcumanbHoe 3HAYCHNE Atoﬂj COOTBETCTBYET TEMIIEPATYpE ApEeHaXKa, paB-

HOM TeMmIlepaType HachlleHus rperowero napa tg = f(Py):

Ao =tg —ty(j-1 —0,01. (5.57)

2. KauecTBeHHOE ONMMCAHHE 320291
Kaxk Ob1710 OTMEYEHO BBIIIIE, U3MECHEHHUE Atom B OJJHOM M3 MOJI0TpEBa-

TEJEH pPEreHepaTHBHON CXEMbl HEOJHO3HAYHO BIMSET HA COCTABISIONINE
pacyeTHBIX 3aTpaT B TypOoycTaHOBKY. C yMEHBIIEHHEM TEMIIepaTypHOTO
Haropa O/j cHibkaercst Temmeparypa ApeHaxa Ui, OTBOAUMOTO B HIUIKC-
crosmi (j — 1)-i momorpeBaresb U yBEJIMUNBACTCS pereHepaTHBHAs BhIpa-
00TKa AJEKTPOIHEPTHH TypOOYCTAaHOBKOM MPU HEM3MEHHOM PacXo0]i€ TOTLIU-
Ba, OJHAKO IPU 3TOM YBEIMYUBAIOTCS KANUTAJOBJIOKEHUS B pEreHEepaTHB-
HYI0 YCTaHOBKY M3-3a YBEIMYCHHUS MOBEPXHOCTH TEIJI0OOMEHa B |-i TOJ0T-
peBarens. Poct TemriepaTypHOro Hamopa, Ha00OpOT, CHMIKAET BBIPAOOTKY
AIEKTPOIHEPTHH, HO MO3BOJISIET COKOHOMUTH Ha KalUTAIbHBIX 3aTpaTax.

Takum oOpa3zoMm, MpPH COMOCTABJICHUH BApUAHTOB C Pa3HBIMU Atg

JOJKHBI ObITh YUTEHBI:

1) kanuTagbHBIE 3aTPaThl B pereHepaTUBHBIE MTOI0IPEBATEIN U B HACO-
ChI B CBSI3H C YBEJIMYEHHEM IIOBEPXHOCTH HAarpeBa,;

2) JOMOJIHUTEIIbHBIC 3aTPaThl HA BO3MENIIEHUE HEAOOTIIyCKa 3JIEKTPO-
SHEPTUU OT TypOOYCTAHOBKH IPU MOBBIIICHHBIX 3HAYEHUAX TEMIIEPATYPHOTO
Haropa.

[IpyHIMOMANBHBIA XapakTep IOBEACHUS COCTABISAIOIMIMX LIEJIEBOMN
(GyHKIMM TIPU U3MEHEHUHM ONTUMHU3MPYEMOro IMapaMerpa MNpeJCcTaBiIeH Ha
puc. 5.18. IleneBas ¢pyHkuus Beuncusercs no Beipaxkenuto (5.21). 'paduue-
CKHM M3MEHEHUS OCHOBHBIX KOMIIOHEHT 1IE€J€BOM (PYHKIIMU MPE/ICTaBICHbl Ha
puc. 5.19.
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t onj
9 Ap cp =

03 oF OoN

A A A

Puc. 5.19

3. MaremaTu4eckoe OIUCAHHUE 321291
TepMoanmHaMHUUeCcKHe MapaMeTpbl BOJIBI M BOJSIHOTO Tapa, HE 3aBUCS-
e OT TEMIIEpaTypHOro Hamopa Atoz[j :

— SHTAJIBIIUSA T1apa B j-M 0TOOpE
h = f(Pj.t));

— MapaMeTpbl HACBIIICHUS B |-M MOJIOrpeBaTere:
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tgj = F(P));
hi = £ (P});
— IapaMeTpbl BOJbI 3a nogorpesarensamu I u Il 4.
th = f(PB’tBj);
he(j—1) = F(Ps ts(jn))-
Temmneparypa ¥ dHTaNbIK JpeHaXxKa Ha BeIxoae u3 11;

tzlp j :tB(j—l) +At0m , (558)
hpj = F(Pj tpj) - (5.59)

Tennosoit 6ananc (CIIj+ OfL))
Dj - (hj —hypj)-0,98=G; - (hy; —hy(j_1)) - (5.60)

Temutopoii 6ananc CII; mo napy
Qcrij = Dj - (hj —hj)-0,98. (5.61)

Tenuopoii 6ananc CIIj mo Boae
QCHj =Gy - (th - hCMl) : (5.62)

Tenutooii 6ananc O/J]; mo napy
Qopj =Dj - (hj —hy;)-0,98. (5.63)

Tennosoit 6ananc OJjmo Boxe
Qonj =G (" ~hu(jn). (5.64)

rae G]? A_ pacxon Bojibl uepes 300y O/1; MOKHO TPUHSTH

GO = (010+015)-G, ; (5.65)

hgﬂ — DHTaANBIUA BOJBI Ha BbIXxoxe n3 30HbI OJl; (mepen Toukoi cMe-

menust CM1 — cwm. puc. 5.8).
Temmeparypa HarpeBaeMoi BOJbI 3a MOBEPXHOCTHIO O/

tyrt = (R, h%h). (5.66)
TemnepaTypa HarpeBaeMoi BOJIbI 1ociie TOUKu cmenieHust CM 1

temi = F (B hown)- (5.67)
ITnomane nosepxnoctu Temiooomena CIJ;

Fer j = Qe j /(Kenj - Aterj) - (5.68)
Cpennenorapudmudeckuii remneparypssiii Hanop CII;

At = M . (5.69)

In sj — *CM1
tsj — 1y

Cpennss remneparypa Bozpl B ClI;

te) = tg — Atcpy;. (5.70)
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Kosddunuent rennonepenayn 30us1 ClI;

1
Kenj =— R (5.71)
CHJ x aCHj

% 2

ety ST _ ko3 pMUMEHTBI TEITOOTIAUN B 30He CIIj co cTopoHsb!

Tae oy M Oy
KOHJICHCHPYIOIIETOCS IMapa M BOJbI COOTBETCTBEHHO, UX MOXHO OTIPEICIIUTh
c momomibio (GYHKIUHA W mporeayp u3 Mmoxayiaed PWDmod.tpu wimm
PNDmod.tpu (proskenue 2).

IInomane nosepxHocTH Temooomena OJl;

Cpennenorapudmudecknit TemneparypHsiid Harop O/

o (tg i —tOMY = (ti —ty i
Atj?’m :(Sj B | ) (,up(]) B( ] 1)).\11’ (5.73)
tg —tO
|nSJ—B
Upj ~ta(j-1)

rie V¥ — koapdunueHT, yUuThIBAIOIINI OTIIMYME CXEMBbI JIBHXKEHUSI TEII0-
HOCHUTEJNEH OT NPOTUBOTOYHOM, B ONTUMH3ALUOHHBIX PACUETaX MOXHO IPHU-
Hate V= 1.

Cpennss Temmepatypa z[peHaxca B O/];

torep = (t5 +tpi)/ 2. (5.74)
Cpennss remneparypa Boasl B O/];
tOR = (ty i)+t /2. (5.75)
Koa¢ppunuent remnonepenayn nosepxHoctu OJ];
1
Komj =1 51 (5.76)
HJ K aolll

rae oc? Ay ocgﬂJ — Koa(b(bHuHeHTH TerooTAayu B 30He O/I; cO CTOPOHBI

JApEHaXXa U BOJbI, UX MOXKHO ONPEACIUTh C MOMOIIBI0 QYHKIME ¥ TPOLETYP
u3 moayaeir PWDmod.tpu nian PNDmod.tpu (npunoskenue 2).
VY nenwpHas paboTa Hacoca

G, -V, - (APO; + APSy) -10°

on= , KBT/M?, (5.77)

0 0
Fenj + Fonj
rae  V, — yJaenbHbI 00bEM BOJBI, M3/KF;

A PCOH ju A P(())I[ j — THAPaBIMYCCKUE CONPOTUBIICHHS CII; u OLlj nnsa

«0a30BOT0» BapuaHTA.
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M3meHenne Teria, BHOCHMOTO B (] — 1)-i mogorpeBarenb ¢ IpeHaKOM
BBIIIECTOSIIETO,

0 0

M3MeHeHne MOIHOCTH TYPOUHBI
6N1=(Ej —Ej_l)'SQ,KBT, (5.79)

rae e 1 €j_3 — Ko9(GULUUEHTbl U3MEHCHHUS MOIHOCTH |-ro U (j — 1)-ro

0TOOPOB.
N3menenne momHoctu Hacoca ON, ONpeeNsaTe IO BBIPAKECHUIO

(5.26), u3mMeHEeHNE MOITHOCTH TYPOOYCTaHOBKHU 0Ny — 1o (5.23), u3mene-

Hue 3ameraronieir MomHocT ON — 1o (5.22).
Pacuer neneBoil pyHkuuu 63 BBIMOIHATH MO 3aBUCUMOCTH (5.21).

4. AiIropuTM pacieTa ONTHMATBHOIO 3HAYeHHs Alpg |

Pexomennyemas nocredosamenvrocms paciema onmumMaibHO20 mem-
nepamyproeo Hanopa At METO0M Tiepebopa:

1) HaxoJAT IpaHUIBI U3MEHEHHS TEMIIEPATYPHOTO HAOpa B paccMart-
pUBAaEMOM IOI0TpeBaTelie Mo BeIpaxkeHus M (5.56) u (5.57) cOOTBETCTBEHHO;
2) npuHUMaeTcs psii 3HaueHUH Atgpj M ISl HUX PacCUMTBIBAIOTCS:
a) TeMIeparypa aApeHaxa t;;
0) pacxox mmapa Ha paccMaTpUBaeMslIi roporpesarens D ;
B) TEIUIOBbIE HArpys3ku BbiieneHHbIX mnosepxHocreil CIIj u O/,
Qcrij ¥ Qo s
r) Temneparypa Boxsl 3a O/]; tgﬂ U 10CJI€ TOYKH CMEEHus Ty

Ha Bxoji¢e B 30Hy CITj;
1) cpennenorapudmuueckue temneparypusie Hanopsl CII; m O/,
Atcpij 1 Atgjyj COOTBETCTBEHHO;

€) TUTOIIA U TTOBEPXHOCTEH 30H TertooOMeHa FCHj 51 FOIU X
0 0 0 0
3) 0oMH W3 BapHUaHTOB (Atonj, Femj» Fonj tapj) mpuHnMaeTes 3a «ba-
30BBIiD», M JUISL HETO OIPEAEIseTCsl yaAeIbHas paboTa Hacoca Ly, ;
4) mist BceX APYTruX BapHUaHTOB (AtOI[j’FCHj’FOILj’tnpj)’ no cpasHe-

HUIO ¢ «0A308bIM» BAPUAHMOM, PACCUNTHIBAIOTCS:
a) U3MEHEHHE TUIoIaau noBepxHocTH 30HbI CII;

0 .
SFCHj =Fenj — Fcnj ; (5.80)

0) U3MEHEeHHe IIoNIa 1 MOBEPXHOCTH 30HbI OJ;
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SFo; = Fonj — For (5.81)
B) CyMMapHO€E U3MEHEHHUE IUIONIAIU TOBEPXHOCTH
8F = Fcry +F oy (5.82)

') '3MEHEHHE KallUTAJIOBIOKEHUH B ogorpesarenu oKy ;

1) '3MEHEHHE MOIHOCTH HACOCHOM yCTaHOBKHU ON ;

€) U3MEHEHHE KallBJIOKEHUI B HACOCHYIO YCTaHOBKY 0K ;

X) n3MeHenne Teria 0Q, BHocuMoro B (j — 1)-it momorpeBareb

C IPEHa’KOM U3 BBILLIECTOAIIETO;
3) U3MEHEHUE MOIIHOCTU TypOuHBbI ON> ;
1) CyMMapHOE€ U3MEHEHUE MOITHOCTH TYpOOyCTaHOBKU
ONyer =8N +6Ny;

K) U3MEHEHHE 3aMmeniaronieid MouHocTu ON = —SNYCT;

J) U3MEHEHHE NIPUBEICHHBIX PACUETHBIX 3aTpaT 03 .
5) cpaBHUBAIOTCS MEXKAy COOOW MOTYUYCHHBIC 3HaUCHHS O3 | BHIOHMpa-

€TCS BApUAHT (Atg% ), 1711 KOTOPOTO BeM4YrHa 83 — MUHUMAaJbHas.

5. MoaesupoBaHue ONTUMU3ALOHHOM 321244
OO6mias cxema pacdeTa ONTHUMAaJIbLHOTO 3HAYCHUS AtOIU Mpe/IcTaBICHA

Ha puc. 5.20. OnTuMu3anMoHHass MOJENIb COCTOUT U3 TPEX OCHOBHBIX OJI0-
KOB, BJIO’)KEHHBIX OJMH B Apyroi. MareMarnyeckoe MOJIEIMPOBAHUE BBITOJ-
HSIETCA Ha OCHOBE MOCJEA0BATEIBHOIO PELIEHUS CIEYIOIIUX 3a1a4:

1) pacuer mapamMeTpoB MOAOTPEBATEIS, BIUAIOWUX HA PACYEm YeNeBolU

¢ynxyuu (mumomanein nosepxnocren CIIj m OJfj, FCHj u FOI[J' COOTBETCT-

BEHHO, a TAaKXXe TeMIEpaTypbl IpEeHaKa tﬂpj) B 3aBUCHUMOCTHU OT 3A0AHHO20
TeMIepaTypHoro Hamopa Atgy; ;

2) pacyer neneBoi (GyHKIUM (M3MEHEHHS TPUBEICHHBIX PACYCTHBIX
3aTpaT) MpHU JII0OOM 3HA4YCHHUH Henorpesa Algy; MO CpaBHEHHIO ¢ «0a3o-

BbIM)) BAPpHUAHTOM;,

3) wuCIOIB30BaHUE METO/a OJHOMEPHON MUHHMMHU3AIMH JUIS pacuera

ONTHMANLHOTO 3HaYeHHs Aty
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Aty Aty
Pacuer MuHMMyma —————»  DyHKUMA
33 BblOpaHHbLIM pacuera 83
METO0M OJHOMEPHON
MUHUMU3ALMN
non MeHu
onpeaenexue - s3
onTumarbsHoro At , ]
B 3ajaHHOM Auana3oHe
min max
oT At poAt,, 4
At
251 MMpoueaypa

) pacyeta

F Api| nogorpeBaTenen

F

omi’’ cnj

Puc. 5.20. O6mias cxema MOACIUPOBAHUS ONITUMHU3AIHH AtOI[j

5.3.3. Bb100p oNTHMAJBLHOI0 OCTATOYHOIO Neperpesa napa
B IApOOXJIAUTeEIe

1. ITocTaHoBKa 3a1a4M
PaccunThiBaeM onTUMAaNIBHBIM TEeMIIEpaTypHBINA HAIIOP

Atro j =t] —tg (5.83)

MapoOXJIaJUTENs MOI0rpeBaTes o1 HoMepoM | (ecMm. puc. 5.21). s peme-
HMs JaHHOW 3a7ja4y rojaorpesarens I1j Heo6XoauMo paccMaTpuBaTh B TEIIO-
BOW CXeMe COBMECTHO ¢ Bbimecrosmum I + 1). Pemenune 3anaun Oynem uc-
KaTh Ha OCHOBAHWH TOTO, YTO sapuayusi Atpg j OCYIIECTBISCTCS H3MCHCHH-

€M IOBEpXHOCTEN Harpesa napooxnagurens 110; u BeimecTosEero nogorpe-
BaTens I + 1) (MMEromEero ToabKO 30Hy KOHJICHCAIMK NTapa P HEU3MEHHOM
HOJI0KEHUH TO4eK 0TOOpa Ha TeroooMmeHHukH IT; u Il + 1) 1 3amaHHBIX Ha-
pamerpax Boxsl Ha Bxoze B I10; u Bexoze u3 I+ 1)):

tgfn — const:
tB(j—i—l) = const.

CornacHo METOAMKE TEXHUKO-DPKOHOMHUYECKON ONTUMHU3ALUU MPU Ma-
JBIX W3MEHEHUSX B TEIUIOBOW CXEME 3a yenesyro ()ynkyuro MpUHUMAEM H3-
MEHEHHUE MPUBEIACHHBIX PACUETHBIX 3aTparT 03 MO CPaBHEHHIO C MPOU3BOJIb-

HBIM («0a30BbIM») BapHAHTOM (CM. BeIpaxkeHue 5.21).
OnTuMH3aIMOHHAs 33]]a9a OTHOCUTCSI K OOHOMEPHBIM.
Ocpanuyenus: MUHUMAIbHOE 3HA4YCHUE Alpjgj COOTBETCTBYET TeMIle-

paType mapa Ha BBIXOJ€ U3 MMapoOXJIaJuTeNsl, paBHOW TeMIlepaTrype Hachle-
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*

HUSL [IPU JJaBJICHUH B mojorpesatene tj ~1sj 1 MOXeT OBITh PUHSTO OMH3-

KUM HYJIIO:
AT = 0,01; (5.84)
MaKCHMAaJIbHOE 3Ha4eHUE Alpjg j COOTBETCTBYET YCIOBUIO t]f ~tj:
AtE = (tj —tg)—0,01. (5.85)
P, t, D,
cn it
Const: P;, Piyq, ty1) B H .
SRR LA AtﬂOj_tj 'tSj
Pia i1 D S /0 N
- ] y/
e |
I_IJ+1 A 4 |/ cnj CI_IJ
Yo P I, 5 [ Ce
. CM2 !
N S
Puc. 5.21

2. KayecTBeHHOE OnMcaHKMe 3a1a4H
Hsmenenue Alppj B OZHOM M3 IOAOIpeBATelNel pereHepaTuBHOM

CXEMbl HEOJIHO3HAYHO BIIMSET Ha COCTABJISIOLIME PACUETHBIX 3aTpaT B Typ-
06oyctaHoBKy. C yMEHBILIEHHEM OCTaTOYHOTO neperpesa mapa B 11O moBbI-
1IaeTcsl TeMIEepaTypa BOJbl Ha BBIXOJAE M3 pacCMaTpUBAEMOro MOJ0TpeBaTe-
JIsI, 9TO BBI3BIBACT yBEIMYCHHC pacxoza mapa D; Ha 5TOT TeriooOMeHHMK

u cokpaenne pacxoga Dj,q nHa Beimecrosmuii. IIpu oToM yBenm4uBaeTCs

pabota, coBepiiacmasi B TypOMHE TIApOM j-il CTYIIEHU MPH HEM3MEHHOM pac-
xoze TomuBa. OqHAKO CHIDKCHNE Alpjg j TPeOyeT yBeIMYCHHs IOBEPXHOCTH

temooomena 30HbI 110j M COOTBETCTBYIOMIErO POCTa KallUTAIOBIIOKEHHUM.
[ToBbIlIEHHE TEMIIEPATYPHOTO HANIOPa, HAOOOPOT, CHUXKAET BHIPAOOTKY AJIEK-
TPOIHEPIUH, HO TTO3BOJISIET CHU3UTh KANUTAJIbHBIE 3aTPATHI.

Takum 00pa3oM, MpH COIOCTABICHUN BAPUAHTOB C PasHbIMU Alpg j

JOJIKHBI OBITh YUTEHBI:

1) kanumanvuvie 3ampamel B pereHepaTUBHBIC TTOJIOTPEBATENIN U B Ha-
COCBI B CBAI3U C YBEIMYEHHUEM MOBEPXHOCTU HArPEBA;

2) JOMOJHUTEIIbHBIEC 3aTPaThl HA BO3MEIIEHUE HEJAOOTIIYCKa AJIEKTPO-
SHEPTUU OT TYpPOOYCTAHOBKH IPH MOBBIIICHHBIX 3HAYEHUAX OCTATOYHOTO TIe-

perpesa.
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[IppHIMOUANEHBIA  XapakTep IOBEACHUSA COCTABIAIOMIMX LEIEBON
GYHKIIUM TIpU U3MEHEHHH ONTHUMU3MPYEMOTO TMapameTpa MpeAcTaBlieH Ha
puc. 5.22. IleneBast GyHKIIUS BRIUUCISETCS 1O BhipakeHuro (5.21). I'paduue-
CKH U3MEHEHUS! OCHOBHBIX KOMITIOHEHT LIEI€BON (DYHKIIUHU MPEACTABICHBI Ha
puc. 5.23.

God =D = @D -
‘&7
v U

N
N —— 7N f
tBCP J‘L j+1
— (At T

Puc. 5.22

v

Puc. 5.23. TIpuHIMITHATBHBIH XapakTep U3MeHeHUst QyHKIuU O3
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3. MaremaTu4eckoe ONUCaHue
TepMoIMHAMHUYECKHE TTAPAMETPHI BOJBI U BOASHOIO Iapa, HE 3aBUCS-
LHe OT TeMIepaTypHOro Hamnopa Atpg j:

— SHTAJIBIUS T1apa B |-M 0TOOpE

=1 (Py.t):
— IMapaMeTpbl HACKHIIIEHHUS B |-M ITO0TpEBaTEIIe:
ts i— f (PJ ) ’
= f(P));

— mapameTpbl HackimeHus B (J + 1)-M mogorpesarene:
ts(jy = F(Pj1),
i1 =f(Pj1);

— napameTpsl BoJbl 3a 30H0M CIIj:

ty" =t —Ocr, (5.86)
hBCjH - f(PB,tgj?H), (5.87)

rae eCHj — HEJIOTPEB BOJIBI 10 TeMIepaTypsl HaceimeHus B 30H¢ CII;;

— IapaMmeTpbl BOJbI 3a ogorpesareneM I+ 1y

ta(j+1) =ts(j+1) =94 (5.88)
he(j+1) = F(Patagj) (5.89)
rae 0,7 — HEJOTPEB BOJBI JI0 TEMIIEPATYPBI HACBINIEHHUS B MOJOTPEBATENE
I+ 1);
— TeMIiepaTypa BObl B paCCMaTPUBAEMO# IPYIINEe TEII00OMEHHUKOB
th = f(PB’tBX)'
[TapameTpsl napa 3a 110;:
tj =tg +Ato j; (5.90)
h = f(Pj.t)). (5.91)
Tennosoii 6ananc CIJ;
D;-(hj—hj)-098=G, - (hg" —hyy). (5.92)
Temnnosoii 6ananc I10; no mapy
Qroj =Dj - (h; —h;j)-0,98. (5.93)
Temnnosoii 6ananc I10; no Boge
Qrioj =Gy~ (g ~hgj'), (5.94)
rac
G,'© =(0,07+015)- D;. (5.95)

TeruioBoil 0alaHC TOYKH CMEIIEHUS
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GEO ) hliglo +(Gy _GEO) : h}gl’[ =Gy -henp - (5.96)
Tennosas narpyska Il + 1
Qj+1=GCs - (Ny(j+1) —homa)- (5.97)

3Ha4YeHUs TEMIIEpaTyphl 3a noBepxHOoCcThIO IIO; M mocie Touku cme-
LIEHUS] MOYKHO ONIPENCIINUTD:

ty 0 = (P, ); (5.98)
temz = F (R homz) - (5.99)

[Lnonraap moBepxHOCTH Teriooomena I10;
Frioj = Qroj /(Krioj * Atioj) - (5.100)

Cpez[HenorapchMquCKHﬁ TemrepaTypHbli Harop I10;

Atpoj = A , (5.101)
In L b

rae kodgounment V', yUuTHIBAIOMINI OTIUYHE CXEMbl JBUKEHUS TEIUIOHO-
cUTEeNel OT IPOTUBOTOYHOM, MOKHO HPHUHSATH 3a 1.
Cpennsis reMneparypa napa B I10;

tm = (t; +1])/2. (5.102)
Cpennss remneparypa Bogsl B 110;

tms = (tyj " +15 )/ 2. (5.103)
Koappunuent remnonepenaqu I10;

K B 1
1oy =9 L0 S . 1
HOJ I10j
oy A o)
— k03¢ durueHTs Termtooraaun B 30He 110 co cTopoHsI

(5.104)

10j

rac a4 1oj

I/I(XZ

napa ¥ BOJbI, UX MOXKHO OTPEACTUTh C MOMOIIbI0 PYHKIIUH U TPOIEIyp H3
moyneit PWDmod.tpu i PNDmod.tpu (npunoxenue 2).
ITnomane nosepxuoctu Terooomena Il + 4

Fi=Qjsa/(Kjs-Atj,y). (5.105)

Cpennenorapupmuueckuil TemneparypHbiid Hamop I 4 1

ts(j+1) — oMz
Aty =) M2 (5.106)

n ts¢j+n) —lome

Ls(j+1) —la(j+1)
Cpennss remneparypa Bozbl B 11+ 1)

tn(j+1) = Us(j+1) —Atjia. (5.107)
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Kosddunuent remnonepenayn I+ 1)
1

Kja=—7 S 1
—
O+ A Op(j4
TIE Oy(j11) U Olp(j+1) — KOIDOUIMEHTBI TEMIOOT/AYM CO CTOPOHBI IPEFOLIE-

(5.108)

ro Iapa U HarpeBaeMoN BOJBI COOTBETCTBEHHO B mojorpesarene I1;. 1), ux
MOXKHO ONPEAETNTh C TOMOIIBI0 (GYHKIHA W MPOLEAYp H3 MOJyJeH
PWDmod.tpu niau PNDmod.tpu (mpuinoskenue 2).

VY nenpHas paboTa Hacoca

0 0 3
B GB 'VB . (APHOJ + APJ +1) 10
N 0 0
Frioj + Fj+1
rae  V, — yIenbHbli 00bEM BOJBI, M3/Kr;

- , KBT/M%, (5.109)

APICI)OJ- U APJ-0+1 — TMJPABINYECKHAE CONPOTHUBICHHUSA IOBEPXHOCTEH

I1O;j u I + 1y 1 6a30BOTO BapUaHTA.
M3MeHeHune Teria, BHOCUMOTO B j-if OJOrpeBaTelb B CBA3H C U3MEHEHU-
€M OCTaTOYHOIO MEPErpeBa apa 1o CPaBHEHHUIO C «0a30BbIM» BAPHAHTOM,

8Q =G, - (hy® —h; %), kBr. (5.110)
N3MeHeHne MOIHOCTH TYPOUHBI
8N1=(ej+1—ej')'6Q,KBT, (5111)

rae € u €j,; — Kodppuumentsl nsmenenust mownoctn (KMM) j-ro

j
u (J + 1)-ro otoopos. Metoauka onpeaencaus KM npusenena B [16].
N3menenne MomHoctH Hacoca ON, MOXKHO ONpeAenuTh MO BhIpaxe-

HHIO (5.26), N3MEHEHHE MOIIHOCTH TypOOycTaHOBKH ONy ., — 1m0 (5.23), u3-

MeHeHue 3ameniatonieii Mmomuoctu ON — mo (5.22). Pacuer ueneBoit yHK-
U O3 BBINOJHATH MO 3aBUCUMOCTH (5.21).
4. AJITOPUTM pacyeTa ONTHMAIBLHOTO 3HAYeHUs Alpq |

Pexomenayemasi nociedosamenvHocms paciema ONMUMAILHOZO 3HA-
uenusi Atpyg j MeTogoM mepedopa:

1) HaxXomsT IpaHUIbl K3MECHEHHUS OCTATOYHOI'O MeperpeBa 1o BhIpaKe-
HusiM (5.84) u (5.85);
2) mpuHMMaeTcs P 3HaueHuH Atppg j M JUIS HUX PACCUMTHIBAIOTCSL:
*
a) Temmneparypa napa 3a [10 tj;
0) pacxox mapa Ha pacCMaTpHBaeMblii oforpesarens D ;

B) TCIIOBBIC HATPY3KH MapOOXJIAIUTENs j-i CTYNEHU M BBILIECTOS-
wero (j + 1)-ro noporpesarens Qpoj 1 Qji1;
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r) Temneparypa Boasl 3a 110; tvaljo U TI0CJIC TOYKH CMEeMEHus oy,

Ha BxoJe B I+ 1),
1) romaas nosepxnoctu I10; B mocae10BaTeIbHOCTH:
— cpeaHenorapudmMuueckuii TemnepaTypHsiil Hanop I10; At ;

— cpenHss Temreparypa napa B [10; tHP ;
— cpenHsis Temreparypa Bojsl B [10; t,ﬁ? :
— K03 PUIMEHTH! TEIIOOTAA4YHu MO Mapy U 1o Boje B 30He 10

10j

noj o1

0(1 COOTBCTCTBCHHO,

— K03 PUIIMEHT TeruTonepeiayu kHOj ;
- Frojs
¢) Iomaae nosepxnoctu Il + 1y B mocnen0BaTeIbHOCTH:
— cpeaHenorapuMUIECKIil TeMIiepaTypHbli Hamop At j+1o

— CPeJHsIsl TeMIIEPaTypa BOIBI B IIOAOTPEBATENC tr(ji1);

— KOB(b(l)I/IuHeHTLI TCINIOOTAAYN OT KOHACHCHUPYIOHICTOCA IIapa
al(j+1) " OT CTCHKU K BOIC aZ(j+l) ;

— k03 duireHt Temronepeaaun K j+1;
- I:j+1-
3) onuH U At o Floi, FO 1, he 0
i 3 BapUaHTOB ( T0j » FHOJ, j+Ls Cv ) IPUHUMaeTe 3a «0a-
30BBI», U JJIs1 HETO OMpeenseTcs yaeabHas padboTa Hacoca Lyﬂ;
4) s Bcex IPYruX BapHaHTOB (AtHOj , FHOj F jto hCM2)’ no cpasHe-

HUIO ¢ 0A308bIM eapuarnmom, paCCUUTbIBAOTCA:
a) HN3MCHCHHUC IINIOIIaAX ITIOBEPXHOCTHU 30HBI HOJ

0 .
8Froj = Frioj — Frioj (5.112)
0) U3MeHeHHe IIoNIa gl noBepXHocTH nogorpesarend I . g
0 .

B) CYMMapHO€ N3MEHEHHUE TUIOIIA 11 TOBEPXHOCTH MOA0rpeBaTeseil
oF ZSFHOj +6Fj+1;

I') I3MEHEHHE KalluTaJIOBIOKEeHUH B nogorpesarenu oKy ;

1) U3MEHEHHUE MOIIHOCTH HACOCHOM YCTaHOBKHU ON 5 ;

€) U3MEHEHME KallBJIOXKEHUH B HACOCHYIO YCTaHOBKY 0K ;

) n3MeHenue Terwia 6Q , BHOCHMOTO B IOJIOrPEBATEb |-i CTYTICHH,

3) U3MEHEHUE MOUTHOCTU TYpOUHBI ONj ;

) H3MEHCHNE MOLIHOCTH TypOOYCTaHOBKH SNy ¢ ;
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K) M3MEHEeHHE 3aMelaronie MorHoct ON ;
1) U3MEHEHHE MIPUBEJICHHBIX PACYETHBIX 3aTpaT 03 .

5) cpaBHMBAIOTCA MEXIy COOOW MOTyYEHHbIE 3HAaUeHUsI 03 U BbIOUpa-

€TCsl BApUaHT (Atﬁlgj ), ISt KOTOPOTO BeMn4ynHa 83 — MUHUMAaJbHas.

5.4. Bb100p onTHMAIBHOM CKOPOCTH BOABI
B MIy4Ke TPY0 NOBEPXHOCTHOI'0 TeNJIO0OMEHHNKA

1. ITocTanoBKka 3axaun

JlJ11 IOBEpXHOCTHOTO PETEHEPATUBHOIO IMOAOIPEBATENs MUTATENBbHOM
BOABI M3BECTHOM KOHCTPYKLMM HAWTH ONTHMAJIBHYIO CKOPOCTH BOJBI ®
B IIyuke TpyO, BHIOpaB B KauecTBE KpUTepuUs 3PPEKTUBHOCTH HU3MEHEHUE
MPUBEJAEHHBIX PACUETHBIX 3arpaT 03 B TypOOYCTaHOBKY IO CpPaBHEHHIO

¢ «0a30BbIM» BapUAHTOM.

2. KauecTBeHHOE ONMMCAHHE 320291

C oagHOM CTOPOHBI, CKOPOCTh BOJIBI (® BJIMSIET HA TEIJIOOTAA4y CO CTO-
POHBI HarpeBaeMoi Cpeapl O, U, CIEN0BATEIbHO, HA KOA(P(UIUEHT TEIlIo-

nepenadn K u rmomaap TeruiooOMeHHoW moBepxHoctd F . [Tnomane mo-
BEPXHOCTH, B CBOIO OUE€PElb, ONPEACIIACT KAMMTAIOBIOKECHUS B MOIOTPEBA-
Tenb. C yBEIMYCHHEM CKOPOCTH WHTEHCHBHOCTH TEIUIOOOMEHA CO CTOPOHBI
HarpeBacMoOM Cpeapl pacTeT, YMEHBIASTCS TUIONIAAbh TEIIOOOMEHa M COOT-
BETCTBECHHO CHIDKAIOTCSI KAITUTAJIOBJIOKEHUS B TTOOTPEBATENb.

C npyroil CTOpPOHBI, OT CKOPOCTH BOJABI 3aBUCUT THIPABINYECKOE CO-
IPOTHUBJIEHUE IIydyKa TpyO TeriooOMeHHOM moBepxHoctu AP, u, cienosa-

TEJBbHO, 3aTpaThl MOIIHOCTH N Ha MpoKayMBaHWE BOABI HACOCOM, YTO OTpa-
’KaeTcsl Ha HKCIUTyaTallMOHHBIX n3fepxkkax U typOoycranoBku. C yBenuue-
HUEM CKOpocTH uznepxkku U pacTyr.

OnTtuManbHas CKOPOCTh BOJbI MOXET ObITh BbIOpaHa U3 TEXHHKO-
HKOHOMHUECKHX pacueToB. B kauecTBe kputepusi 3pPEeKTUBHOCTH PEKOMEHIY-
eTCsl IPUHATH SKOHOMMUIO ITPUBE/ICHHBIX PACUETHBIX 3aTPaT OTHOCUTENBHO «0a-
30BOro» BapuaHTa. [Ipu 3TOM BXOJHBIE U BBIXOJHBIE ITApaMETPhl TEMJIOHOCUTE-
nelt (pacxon Bonel G, TeMmmneparypa Bojbl Ha Bxoze ty; M BbIxoze t,,) cumra-

FOTCS 33/TaHHBIMH ¥ HE MEHSIFOTCSI TTPH U3MEHEHUH CKOPOCTH BOJIBI.
OnTuMH3annoo PeKOMEHIYETCS TPOBOIUTH TIPHU TIOCTOSHHOM JIHaMETpPe
TPYOOK, BapbUPYs IUIOMIA b MOBEPXHOCTH 33 CUET M3MCHEHUS MX JIJTUHBL.
Bri0op «6a3oBoro» BapuaHTa MPOU3BOJICH, HAMPUMEDP, 3a «0Oa30BBIN»
MOXHO TIPHHSTH BapHUaHT MPU MUHUMAJIHLHOM 3HAYCHHH CKOPOCTH BOJBI W3
JOIYCTUMOTO IMaIia30Ha CKOPOCTEM.
3. MaremaTuuyeckoe onucaHue
M3meHeHne MpUBEEHHBIX PACUYETHBIX 3aTpaT MO CPABHEHUIO C OA30-
8blM BaPUAHTOM
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03=(E,+P,)-0K+dU,

rae 0K — M3MEHEHME KaluTaIbHBIX 3aTpaT B TypOOYCTaHOBKY B CBSI3U
C U3BMEHEHHEM CKOPOCTH BOJIbI B TEIIIOOOMEHHUKE;

OU — M3MeHeHue IKCIUTYTAIlMOHHBIX U3IEP’KEK B TYpOOYCTaHOBKY.

C nmocTaToYHON TOYHOCTBHIO M3MEHCHHE KarsaTpaT B TypOOYCTaHOBKY
MOJKHO MPHUHSATH PABHBIM CYMME

oK = 8K1 + 0K 2,

rie  OK; — U3MEHEHHUE KallUTaJIOBIOKEHUHI B IIOBEPXHOCTh HAarpeBa MOAOT-
peBarens;

0K, — U3MEHEHHE KAIIUTAIOBIIOKEHUN B HACOCHYIO YCTAHOBKY.

MN3MeHeHne KanBIOXKEHUN B IMOBCPXHOCTH HArpcBa ImoaorpeBaTciri 110
CPaBHCHHIO C 0a306biMm BapHAaHTOM

dK, =1,25-k;1-8 F .,

rre SF=F'—F% - usmenenue IIOBEPXHOCTU HArpeBa IPU H3MEHEHUH
CKOPOCTH BOJIbI B TPyOKaXx;

2 2
k}l‘/[ﬂ — YACJIIBHBIC KAaIIMTAJIOBJIOKCHUA B I m ITOBCPXHOCTH, p/M , MO-

KET OBITh OLICHEHA B COOTBETCTBUU C JAHHBIMU MPUJIOKEHUS 2 [2].
M3MeHeHne KauTaloBIOKEHNN B HACOCHYIO YCTAaHOBKY

_ H
OK, —1,25-kyﬂ-8 N,
rae k;‘n — yJeNibHasi CTOMMOCTb HACOCHOM yCTaHOBKH, P./KBT; MOXXeT ObITh
OIICHEHA B COOTBETCTBUHU C JJAHHBIMU MpUIIOKeHus 7 [2].
TemnnoBast Harpy3Ka moJaorpeBaTes
Q=G ‘Cp (e —tg1)-
[Tnomany TemI000MEHHOW MOBEPXHOCTH IMOJOTPEBATENISI B TEKYIIEM
1
(F") u 6azoBOM (FO) BapUAHTAX PACCUUTHIBAIOTCS M3 YPABHEHHS TEILIOINEpe-
auu

Q=K-F-At

KoaddumumenT remnonepenaun depe3 YUCTYHO MOBEPXHOCTH IS TOH-
KOCTEHHBIX TPYyO

cpi®

1
1, % 1
o A‘CT A2
[Tpu 3TOM KO3 GUIMEHTHI TEIIOO0TAAYN O U OLp MOYKHO OIPEAEIUTH

¢ mnomoripio (GyHKIMHA W mpoueAayp u3 Mmoayinern PWDmod.tpu wim
PNDmod.tpu (11.4).

K=
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Lot =Kkt = F =k

t|32 y tB1 ’ GB WT

<]} N
/] APT = N7 KT
tg N Ut
—_—
Puc. 5.24 Puc. 5.25
N
83 8F Kol S

Puc. 5.26. KauecTBeHHas 3aBUCUMOCTbh U3MEHEHHUS IPUBEICHHBIX
pacUYETHBIX 3aTpaT OT CKOPOCTH BOJIBI B ITyUKE TPYO

B «pyuHbIX» pacyeTax MpUHSITH

o =9000 Brm 2 -K;
WO,8
A’
Cpennenorapudmuyueckuil TeMnepaTypHbIid Harop

oy =(1630+21-t—0,041-t2)- t=(t, +t,)/2.

t,—t
Aty ==
In S Bl
tS_tB2
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M3meHenune 3KCIuTyaTallnOHHBIX M3IEPKEK Ha TypOOYCTaHOBKY B TIEp-
BOM NPHOJMKEHUU MOXKHO CUMTATh PaBHBIM M3MECHEHHIO M3JIEPKEK HA Ha-

COC, MIPOKAYNBAIOIINH KUIKOCTh Yepe3 TEII000OMEHHUK:
oN =8NH°Ca°hy,

rre ON, = N%I —N 3 — U3MEHEHHE MOLIHOCTH HAacoca B TEKYLIEM BapUaHTE

110 CPAaBHEHHIO C OA308bIM.
MonHOCTh Hacoca Ha MPOKAYMBAHUE KHUIKOCTH Yepe3 IMOI0TPEBATENTh

N,=G,A P,/(p,-m,) ,BT,
rie G, — pacxon BoJbl yepes MoA0rpeBareb, Kr/C;
AP, — ruapasnuueckoe conpoTuBIeHNE NojorpesaTens, [1a;
Pp — CPEAHsA IUIOTHOCTH BOJBI B IIOJIOTpEBATeEe, KT/MS;
Ny — KIIJ Hacoca (moxHO nmpussts 0,75+0,83).

FI/II[paBJ'H/I‘-IeCKOG COIMPOTHUBJICHUC ITIOAOI'PEBATCIIA 110 BOJAC
2

I ‘W
APB:(ZaM-i_an'd )'pBZ , [a.
BH

HpI/I PacucTC Ir'MApPaBIMICCKOrO COIIPOTHUBIICHUA HCO6XOI[I/IMO YUYUTLIBATh HC
TOJIBKO U3MCHCHHMC W IIO BapHaHTaM, HO TAaKXXC HM3MCHCHHC 061ueﬁ JJINHBI
Tp}I6 | TermmooOMeHHOI IMOBCPXHOCTU B CBA3HM C M3MCHCHHCM KOJHMYCCTBA
Tp}I6 OJHOI'0 X044 n| 10 BOAC IIpU U3MCHCHHH €€ CKOPOCTHU U HCU3MCHHOM

pacxofe.

W, W DyHKUMA
pacyeta 63

Pacuetr MuHnmyma
33 meToaom
OLHOMEpPHOM
MWUHUMKU3aLMN

N onpeaerneHune 53
onTUMaribHOM CKOPOCTH

ont
W B 3aJaHHOM

AuanasoHe A

min max
OTW J[oWw

MNpouenypa
pacyera
nogorpesartenAd

F, AP, N

Puc. 5.27. [lppyHiunuanbHblii aITOPUTM pacueTa ONTUMAIBbHON CKOPOCTH
3Ha4YeHHE N; MOXHO OIPENEIINUTD U3 YPABHEHUS HEPA3PBIBHOCTH

2
GB/pB:nijH-nI-W.
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OO6mast nmuHa TPyO
F

="
TC‘dcp'n|

M.

Pexomenoyemasn nocnedosamenvnocms pacuema onmumMaibHOU CKO-
pocmu MOXET OBbITh CIIEeTyIOLIEH:
1) npuHrMaeTcs ps 3HAYEHU W U3 PEKOMEHAYEMOI0 Iara3oHa CKo-
pocTeit U 111 HUX PaCCYUTHIBAIOTCS:
a) ko3¢ durmeHT Temionepenadn K ;
0) momaas moBepxHoCcTH F |
B) KOJIMYECTBO TPYOOK OJJHOTO X0/1a IO Boze Ny ;

r) oOmas aauHa TpyooK |;
1) TUJIPaBINIECKOE CONPOTHUBIIEHHE TT0IorpeBarelts 1mo Boje AP, ;

€) MOIIIHOCTh Hacoca, MPOKAUYMBAIOIIETO KHUAKOCTh Yepe3 Mo0rpe-
Batesb Ny ;
2) OJIMH W3 BapHAHTOB NMPUHUMACTCS 3a OA308bllL (WO, FO.A PBO, N?)
Y TI0 OTHOIICHUIO K HEMY HaXOJASTCS JUIsl BCEX IPYTUX BapUAHTOB:
a) U3MEHEHNE TOBEPXHOCTU HarpeBa MnoJorpeBaress
2.
5F =F —F%, %
0) U3MEeHeHue Kan3aTpaT B rojgorpenareib O K ;

B) U3MEHEHHUE MOIIIHOCTH HACOCHOM YCTaHOBKU O N, = Ni - NS ;
I') I3MEHEHHUE Kal3aTpaT B HACOCHYIO YCTaHOBKY O K ;
1) U3MEHEHHUE IKCIUTyaTallMOHHbIX u3aepxkek oU ;
€) U3MEHEHNE IPUBEJCHHBIX PACUETHBIX 3aTpaT O3 ;
3) BbIOMpaeTCs BapHaHT ¢ MUHUMAaJIbHBIM 3HaueHueM O3. Emy coot-
BETCTBYET ONTUMAJIbHASL CKOPOCTH BOABI W, .
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HPUJIOXEHUSA

Hpuioxenue 1
Hcnoab3oBanue cpenst TURBO-PASKAL nis moaesinpoBanust

MonenupoBaHue 0OOBEKTOB ONTHUMHU3AIMKN M CAaMOU IIEJCBON (yHKIUN
TpeOyeT y CIeNuaicTa HaBBIKOB IMpOTrpaMMHpoBaHusA. Huke mpHBEICHBI
OCHOBHBIE MEPBOHAYAJIBHBIC CBEJICHUS IO HCIoib30BaHuI0 cpeansl TURBO-
PASKAL m1st MoiemMpoBaHusl ONTUMHU3AIMOHHBIX 3a71a4.

OTtiaaka nporpaMmmsl pacyera

1. Komnunayus npoecpammol. JIjis KOMIMIISIIUU HUCIOJB3YETCS KIIABH-
ma 7100 COOTBETCTBYIOIIAs KOMaHAa B BEPXHEW CTPOKE MEHIO JKpaHa.
VYcnenrHoe 3aBepiiieHue 3TOro Mpoiiecca MOATBEPKIACT MOsBICHHUE Ha dKpa-
HE MUTAIOIIETro TabJIo

Press any key!|

2. 3anyck npoecpammsl Ha cuem. JJig OTJIaXXEHHOW MPOTPaMMBI 3Ta
omnepanusi COOTBETCTBYET OJJHOBPEMEHHOMY HAXaTHUIO KJIABUII u .

Ha nepuosa otnagku ynoOHO BBITIOJHATH pacuer Mo maram. Hekoto-
pbI€ OCHOBHBIE ONIEPALIUN «IIOLIATOBOT0» PacyeTa MPUBEICHBI HUXKE.

IHomarosslii pacuer

Knasumm Pe3ynbpTat BHINOIHEHUS] KOMaH
OnHOKpaTHOE HAKAaTHE STOW KIIABUIIN MPUBOAMT K BHITIOJTHEHUIO OJTHOU
CTPOKHM OCHOBHOM Iporpammsl (TIIpH 3TOM BBINOJHSIEMasi CTPOKa Ha JK-
pane Boiaensiercs). [Ipu mocienoBaTeTbHOM Ha)KaTHH KIIABUIIN BBITION-
HSIOTCSI CTPOKA 3a CTPOKOW (Ha ’KpaHe BBIIEICHHAs CTPOKa IepeMelia-
€TCsl CBepXY BHU3)
BeinonHenue 3Toi onepanuy MoO3BOJISIET BBHIBECTH Ha JKpaH 3HAUYEHHUE
TOI NEepeMEeHHOM, Ha KOTOPYIO YKa3blBaeT Kypcop (BHU3Y OKHa c (aii-
+ , | JIOM OPOrpaMMBI MOSABIIAETCS OKHO PE3YJIbTaTOB PACUETa).
[Tpryem O0AHOBpPEMEHHOE HAXKaTHE MEPBBIX JIBYX KIABHII u |F7| BbI-
+ BOJIUT Ha 3KpaH TabJyio ¢ TOW MepeMeHHOM, 3HaueHHe KOTOpOoi MHTepe-
cyer. Ilpu mocnenyromeM HakaTUM KJIaBUIIH 3Ha4YeHUue mepe-
MEHHOH MOSBJISIETCS] BHU3Y PKpaHa B OKHE Pe3yJIbTaTOB
Haxatue 3TOM KIIaBUIIM MO3BOJISET BOWTH BHYTPb IPYrOW NpOTrpaMM-
HOW E€JWHUIBI, BIIOKEHHOU B OCHOBHYIO TpOTpaMMy (mporiemypsl,
¢bynkuuu, moayns). [Tomarossiit pacuer BHYTpH Iporeayps! (QyHKIHMH,
MO/TyJIs) BBIMOJIHAETCS MOC/IeA0BAaTeIbHBIM HAXKATHEM KIIaBHILU
HaxaTtuem 3TO#l KJIaBUIIM MOXXHO HayaTh IOIIATOBBIA cueT ¢ J11000ro
MecTa MPOTrpaMMBI, MPEIBAPUTEIBHO MOJBEAS Kypcop IMOJ KeIaeMYyFo
CTPOKY
Ctrl + OTMeHa «IIONIaroBOroy CYeTa
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BBoa HCXOIHBIX JaHHBIX U BBIBO/I Pe3yJIbTATOB
C HCIOJIL30BaHHMEM (pailIoB

O6o3HaunMm ucxonuelii (ain kak Fl, daiin pesynsratoB — FR, a ux
umeHa — coorBerctBenno IMFI n IMFR.

®aiinel ¥ KX UMEHA JOJDKHBI OBITh OMMHMCAHBI B pa3zelie ONMMCAHUHA MPO-
rpaMMBbl, Kak riepeMeHHbIe Tuna text u String cooTBETCTBEHHO.

®daiin UCXOAHBIX TAaHHBIX HAZ0 co30amb B cBoel nanke (!) u 3anucarthb
noJi KakuM-Jimbo umeneM, Hampumep 'TEST.ish’. 3nauenus nmepemeHHBIX
B UCXOJHOM (paiiyie HabmparoTcs yepe3 mpoOelT Uik 3alATyI0 B TOM MOPSJIKE,
B KOTOPOM IIPEIIOJIaracTcsi UX BBOJUTH B IPOTPaMMYy.

BriBomy pesynbraToB B (haii mpenniecTByeT 0ObSBICHUE HMEHU (aii-
Ja pe3ysbTaToB B mporpamme. Hazosem (aiin pesynbratoB *TEST.rez’.

[Tocne ucnonszoBanus ¢ainoB Fl u FR ux Hamo 3akpeITh oneparopom
Ciose.

®dparmMeHT nporpammsl ¢ UCIOIb30BaHUEM (ailIOB UCXOIHBIX JaHHBIX
U pe3yJIbTaTOB MPUBEACH HUXKE.

Program TEST,; ; {BaromoBokx nporpaMMer}
VAR FI, FR: text; {Onmcaume @ariion}
IMFI, IMFR: string [20]; { Ormmcaume mveH Qarios}

BEGIN {**********Haqaﬂo HpOl"paMMEI bR i g b b g b b b g b b g g g }

{ BBOO MCXOOHEIX HOAaHHEIX M3 ¢Qarma FI }
IMFI:='TEST.ish’; { oaroBor nepemeHHoy IMFI}

{ nmpmcroeno mms 'TEST.ish’}
Assign (FI, IMFI); {CBsgs3rBaeT mMsa QarioBoy nepemenHoy FI |}

{B mporpamme c mMeHeM BHemHeEIo Qaria}
{Ha gwmcke IMFI1}

Reset (FI) ; {OrxpriBaer ¢arin FI ngma ureHus}

Read (FI, x1, x2, x3, ..); {CumreBaer B nepemeHHre x1, x2, x3,}
{smemenTEl Qariia FI }

Ciose (FI) ; { BakprBaer ¢arir FI }

Y1l :=x1+x2+x3;
{ Opraumzanmsa ¢aria pel’yabTaToB FR }
IMFR:='TEST.rez’; { QarioBoy nepemMeHHOM IMFR MNpMCBOEHO}
{ mmsa "TEST.rez’ }
Assign (FR, IMFR); { CBsgs3rBaeT mMs QarioBOM nepemenHHoy FR '}
{ B mporpamme c mmeHeM BHemHeIro Qaria}
{ Ha gmucke IMFR }
{

Rewrite (FR); OrxpeBaeT ¢ari FR s sammucu }

WRITELN(FR, ‘Y1l = ', Y1:5:1 ); { BanucrBaeT 3HaueHMe }
{ mepemernnor Y1 B ¢arinm FR }
Ciose (FR) ; {BakprBaeT ¢arir FR }
{ BriBOm pesysnbTaToB B Qari FR }
WRITELN(FR, ‘Y1l = ', Y¥1:5:1 );
Readln; END. { Komern nporpaMMer }
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Onucanue pyHKUU ¥ IPoLEIYP B COCTaABE MOAYJISA

Monaynb — caMocToATeNIbHAasT porpaMMHas eauHuia. OHa KOMIUJIU-
pyeTcs M 3aIMChIBaeTCsl HA TUCK B OOBEKTHBIX Kogax. K Moyito MOXHO 00-
palaTbCs U3 pa3HbIX MPOTPaMM.

Buumanue! Umena mooyns u ¢ghaiina, cooepaicaujeco mooyib, 00NHCHD

coenaoame.
Crpykrypa MoayJisi (POU3BOJIBLHOIO)
Unit < Mumag momysiis >; { BaromoBox monmyJsis }
INTERFACE
Uses TABLI1; ...
Function F1l(x1,x2:real) :real;
Proctedure PROCI (yl,y2:real; var
y3:real);
IMPLEMENTATION
Function Fl(x1,x2:real) :real; var
Begin { Hayvaso npom3BOJILHOM }
{ oyHKIM F1}
Fl:=...
End; { Kowerr ¢yukrmm F1 }
Procedure PROCI (yl,vy2:real; var
y3:real); Var
Begin { Havaso npom3BOJILHOM }
{ mponenyper PROCI}
End; { Komern nponenyps PROCI}

END. { Kowerr momyiss }

KOMHI/IJIHIII/IH MOAYJ/IAd HA JUCK

F10 4—I—> Compile| ¢ 4—1—» Distination Memory| (1| Distination Disk| | F9
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Ipunoxenue 2
Ha0op nporpaMmMHBbIX MoayJIeit
nJis pacdyera repmudyeckoro KITJL IITY

HasBanue Ob6parmienue k GpyHKINUN
MOJIYJIS W3 MOIYJIS

Ne Cxema IITY

1 | [uxkn PeHkuHa HAaCBIIEHHOTO
napa ¢ OJJHUM pereHepaTUBHBIM
MoI0rpeBaTEIeM

KPDmod1 KPD1 (PO, P1, Pk, X0 )

ukn PeHknHa HACHIIIECHHOTO
Hapa ¢ OTHUM pCTCHEPATUBHBIM KPDmod2 KPD2( t0, P1, Pk, X0 )
MOI0TPEeBATEIEM

3 | lukn PeHkrHA HACBIIIEHHOTO
1apa ¢ OJHUM PErCHEPATUBHLIM KPDmod3 KPD3( PO, tpw, Pk, X0)
MOI0rPEeBATEIEM

4 | ITukn PeHKrHA HACBIIIEHHOTO
Hapa ¢ OIHUM pEreHEPATUBHBIM KPDmod4 KPD4( t0, tpw, Pk, XO0)
MOI0rpeBaTENEM

5 | Hukn PeHKrHA HACBHIIIIEHHOTO
napa ¢ OJHUM Cenaparopom

KPDmod5 KPD5 (PO, Pc, Pk, X0,Xc )

6 | [ukn PeHkuHA HACBIIIEHHOTO

7 | LHukn PeHkrHA HACBIIIEHHOT'O

1apa ¢ cernapaTtopomM KPDmod7 KPD7 (PO, Pc, Pk, X0, Xc)
1 TIapolieperpeBaresieM

8 | lukn PeHknHA HACBIIIEHHOTO
rapa c cernaparopom KPDmod8

KpPD8( t0O, Pc, Pk, X0,

Xc
U MaporeperpeBaTesemM )
9 | lukn PeHKMHA HACBIIIEHHOTO
l1apa ¢ IByMs cciapaTopaMu xpomod11  |KPP11( PO, Pcl, Pk, X0,
U IByMsI pereHepaTHBHBIMHU mo Xcl, Xc2 )
orbopamu
10 | lwukn PeHKMHA HACKHIIEHHOTO
KPD12( Pcl, Pc2, PO,Pk
napa c JByMs cernaparopaMmu 4 r EUrER,
p y parop KPDmod12 X0, xcl, xe2 )
11 | [ukn Penkuna neperperoro napa
C JIByKPaTHBIM POMIIEPETPEBOM KPDmod13 |{EPI3( Ppl, Pp2, PO,Pk,

to0, tpl, tp2 )

12 | Ilmkn PeHkwHA mTeperpeToro napa
C MIPOMITIEPETPEBOM U OJHOCTYNEHYA- | Kppmodl4
TBIM PETCHEPATHBHBIM MOJIOTPEBOM
13 | ukn Penkuna neperperoro mnapa
C TIPOMIIEPErPEBOM M OJHOCTYNIEHYA- | gppmodls | LP1°( PPp, tpw, PO, Pk,
TBIM PETCHEPATHBHBIM MOJIOTPEBOM £0, tep )

14 | [uxn PenknHa meperperoro mapa

C ABYXCTYIICHYATbIM KPDmodlé6 |KPD16( Po, tpw, Pk, t0)
pereHepaTUBHBIM IOJIOTPEBOM

KPD14 ( Ppp, P1, PO,Pk,
t0, tpp )
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OkoHYaHME TAOJUIIBI

HazBauue O6palenue Kk QyHKIUHU
MOIIyJIH 13 MOIYJI

Ne Cxema IITY

15 | lHukn Penkuna neperperoro napa
C IBYXCTYIIEHYAThIM PEreHEePaTHB- KPDmodl7
HBIM T10JIOTPEBOM

16 | lmxn Penkuna neperperoro napa
C IBYXCTYIIEHUYATHIM PEreHepaTHB- KPDmodl8 f;i D1 ‘: 0( le , tw2, Po,
HBIM [1I0JJOTPEBOM i

17 | lukn PeHKkrHA HACBHIIIEHHOTO MMapa
C IBYMsI CenapaTtopaMu U ABYCTYNCH- | xppmodl9
YaThIM PEreHEPATHBHBIM I10JIOTPEBOM
18 | Lluxn PenkuHa HacChIILIEHHOTO Mapa

C IBYMsI CenapaTopaMu U IBYCTYNICH- | xppmod20
YaThIM PEreHEPATHBHBIM M10JIOTPEBOM
19 | lukn PeHkMHA HACKHIIEHHOTO Mapa

C IByMsI cenapaTopaMu U IBYCTYNCH- | Kppmod21
YaThIM PEreHEPATUBHBIM ITOJOTPEBOM
20 | Lukn PenkuHa HACHIIEHHOTO Mapa

C ABYMsI CemapaTtopaMu U IBYCTYNCH- | gppmogzs | ZEP21( t0, tpw, Pk,
YaThIM PEreHePaTHBHBIM MOIOTPEBOM X0, Xel, Xez )

21 | lukn PenkuHa HACHIIEHHOTO Mapa
C IBYMsI CenapaTopaMu U IBYCTYNICH- | xppmod23
YaThIM PEreHEPATHBHBIM I0JIOTPEBOM
22 | Ilukn PenknHa HACHIIEHHOTO Tapa

C AByMsl cenaparopamu U ABYCTYNEH- | xppmod24
YaThIM PEreHEPATUBHBIM ITOJOTPEBOM

KPD17( P1, P2, Po, Pk,
to )

KPD19( Pcl, Pc2, PO,
Pk, X0, Xcl, Xc2 )

KPD20( P1, P2, PO, Pk,
X0, Xcl, XcZ2)

KPD21( PO, tpw, Pk,
X0, Xcl, Xc2 )

KpD23 ( PO, Pcl, Pk,
X0, Xcl, Xc2 )

KpPD24 ( t0, P1, Pk,
X0, Xcl, Xc2 )
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Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
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IIpunoxenue 3

ITapameTpsl pereHepaTUBHOM cxeMbl HeKOTOpPBIX IITY

1) Typ6oycranoska K-210-130 (P,= 13 MIla, D, = 186,1 kr/c)

P, MIla H, xJ[x/kr KM

M[IBA-7 3,65 3200 0,3877
[1B/-6 2,48 3100 0,3579
I[IBA-5 1,125 3419 0,3272

J (mpeaBKIIFOYCHHBI ) 0,68 3419 0,3272
[MHA-4 0,595 3227 0,2840
IMH/I-3 0,258 3025 0,2218
IMH/I-2 0,12 2875 0,1718
MH/-1 0,245 2640 0,0968

K 0,0034 2410 0

2) Typ6oycranoska K-300-240 (P,= 24 MIla, D, = 258,3 kr/c)

P, MIla H, xJx/xr KM

IIB-8 6,05 3043 0,3916
IBJ-7 3,90 2961 0,3650
I1B/1-6 1,57 3311 0,3317
JI-5 (caMOCTOSTEIIbHBIH) 1,04(0,68) 3202 0,3017
ITHO-4 0,504 3031 0,2559
IMTHA-3 0,216 2872 0,2074
IMHA-2 0,090 2692 0,1407
IMHA-1 0,0167 2482 0,0648

K 0,0033 2336 0
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3) Typ6oycranoska K-500-240 (P, =24 MIla, D, = 458,3 kr/c)

P, MIla H, x/[x/kr KM
[1B/-9 5,79 3012 0,3830
[1B/1-8 4,10 2942 0,3599
IBJI-7 1,71 3320 0,3287
J1-6 (caMOCTOSATEIIbHBI) 1,10(0,68) 3206 0,2975
ITHA-5 0,52 3031 0,2476
ITH-4 0,29 2916 0,2097
ITHO-3 0,157 2808 0,1748
[THA-2 0,083 2703 0,1361
IMHA-1 0,016 2487 0,057
K 0,0053 2358 0

4) Typ6oycranoska K-800-240 (P, =24 Mlla, D, = 736,1 xr/c)

P, MIla H, xJIx/kr KM
[IB/J-8 (nBe HUTKN) 5,72 3077 0,3849
[IBJI-7 (1Be HUTKN) 3,28 2979 0,3535
[IBJI-6 (1Be HUTKN) 1,6 3400 0,3310
J1-5 (caMOCTOSTEIIbHBI) 1,05(0,68) 3283 0,2997
[THO-4 0,58 3132 0,2611
ITHO-3 0,284 2975 0,2112
ITH/I-2 0,147 2808 0,1555
IMHO-1 0,0211 2563 0,0665

K 0,00406 2400 0
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IIpunoxenne 4
Hcxoanblie faHHBIE U1 TEIJIOBOI'O pacyera
pereHepatuBHbIX nogorpesaresien [ITY

KoncrpykruBubie napamerpsi IIBJ]

Tum Howmep Yucno Hnuna Ce it
1no- Tunopasmep | dy XO¢;| mrockocteit |  Tpy6 e
TypOO- . | mmamerp
YCTAHOBKH aorpe- moaorpeBareiisd Ha]iI/IBKI/I OJHOU crupany
BaTes OJIHOM TPYyOBI | ciupanu
K-210-130 | I[IBJI-7 | [IB-775-265-45
IIBJI-6 | TIB-775-265-31 32x4 2 26,69 0,3
TIBJI-5 | [1B-775-265-13
K-300-240 | IIBJ/I-8 | [IB-1550-380-70 | 32x5 2 26,19 0,3
I1B/I-7 | I1B-1700-380-51 32x5 1 15,3 0,3
I1BJI-6 | T1B-1250-380-21 32x%5 2 26,19 0,3
K-500-240 | ITIB/I-9 | I1B-2100-380-61 32x%5
IMB/I-8 | I1B-1900-380-44 | 32x5 1 19,07 0,36
IIBJI-7 | TIB-2100-380-17 32x%5
K-800-240 | I[IBJI-8 | [1B-1600-380-66 | 32x6 1 15,3 0,3
%331 ;IHTK“ TIBJI-7 | 11B-2000-380-40 | 325 1 1809 | 0234
IIBJI-6 | IIB-1600-380-17 | 32x5 1 15,3 0,3
Hexoropbie koHCTpyKTHBHBIE TapaMerpsbl ITH/I:
HapYKHBINA auaMeTp Tpyook  d =16 mwm;
TOJIIIMHA CTEHKU 0= 1 mm;
cpenHee paccTosiHue Mexay neperopoakamu H = (0,8 — 1) m.
PexomeHyemMble CKOPOCTH TEIIOHOCHUTEJIei
— Bojbl B ITH/I (1,6+2,2) m/c;
— Boxsl B [1IB]] (1,6+2,0) m/c;
—napa B [10 (10+25) m/c (MmakcuManbHas — 110 45 M/c);
—npenaxa B O  (0,5+1,0) m/c.
Term1onpoBOAHOCTH HEKOTOPBIX MapPOK cTaJeid, Br/(mM-K)
t °C Mapka cranu
' 22K 12MX 15XM 12XIMD | 25X2M®A | X18HI0T
100 49,5 50,2 445 41,3 42,0 16,3
200 47,7 50,2 41,3 40,8 41,5 17,5
300 45,5 50,2 40,8 40,3 41,1 18,8
400 43,5 48,6 39,0 39,7 39,5 21,4
500 41,5 47,0 36,1 39,0 — 23,0
600 39,3 46,0 33,7 38,2 — 24,6
700 — 44,0 — 37,4 — 26,8
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Hpuioxenne 5
MoayJib 1Jis aBTOMATH3MPOBAHHOI0 npoexkTupoBanus ITH/L

Moaynb coaepxut Habop PYHKIUN U MPOLEAYp ISl a8momMamusupo-
8anH020 Mooenuposarnus moBepxHocTHbIX [TH/I.

Ilooknwuenue mooynsa é npozpamme:
Uses PNDMOD;

Oobpawenue ¢ npozpamme X TpouenypaMm U (QYHKIIUAM U3 MOIYJIIS
PNDMOD.TPU:

1. K npouenype onpeneneHus Temiopu3NUIecKux CBOMCTB KOHAEHCATa
110 JaBJICHUIO

TFSK

{Bxonnoit mapamerp} (P, {/laBnenue nmapa, MIla}
{BbIx0o/IHbIE TApaMETPHI }

Ts, { Temneparypa HacbIenus, °C}

VI, { VienbHbIit 00beM, MY/KT}
hl,  { Owranenms, xJx/kr}
r, { Tennora Hap006paBOBaHI/I$[ Jx/xr}

ROk, { ITlmorHOCTH, Kr/M’}

LAk, { TemmonpoBoauocts, Bt/(M-K)}
MUK, { Junamudeckas BSI3KOCTb, [1a-c}
NUK, { Kunemarmdeckas BS3KOCTb, M°/C}

PRK) { Yucno [Ipanaris}

2. K npouenype onpezeneHus TemIopu3nIecKux CBONCTB BOJbI U Iie-
pEerperToro napa 1o AaBJICHUIO U TEMIIepaType
TFSWP
{BxoaHbie mapameTpsbl }
(P, { HaBnenue, MIla}
t, { Temmepatypa, °C}
{BbIX0/IHbIE TApaMETPHI |
V, { VienbHslii 06beM, MY/KT}
RO, { IlnotHOCTH, KI/M’}
LA, { TemonpoBognocts, B1/(M-K)}
MU, { Jdunamuueckas Bs3KOCTb, [1a-c}
NU, { Kuzemaruueckas BS3KOCTb, M2/C}
PR, { Ywucno [Ipannarns}
CP) { Tennoemxocts, Jx/(xr-K)}
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3. K ¢yHkmu omnpeneneHus: TeMrnepaTypbl BOJbI 10 JABICHUIO U DH-
TaJIbITUH
TCp {Temnepartypa, °C}
{Bxoanbie mapameTpsl }
(P, { HdaBnenue, MIla}
h) { Owrtamenms, kJx/kr}

4. K mpouenype pacuera koddduieHTa TemiooT/iaqyu OT CTEHKU K BO-
ne B [THJI (Botnyacoennoe meuenue sHympu npsamvix mpyo)
ALFA2
{BxoaHble mapameTpsl }
(Pw, {/laBnenue Bombi, MIla}
tw, {Cpenusis remnepatypa Bojsl, °C}
Ww, {CkopocTb BOABI, M/C }
dvn, {BayTpeHHuMIi AaMeTp TPYyOOK, M}
{BbixoiHOM apameTp }
A2) {Kosdduuuent temmoornaun, Br/(m*K)}

5. K mpornienype onpenencaus kodhGUIMEHTa TEINIOOTAAYH P KOH-
JIEHCAllMHU Tlapa

ALFA1sp
{Bxoanbie mapameTpshl }
(P, { laBnenue napa, MIla}
udQ, { VienbHbIH TEILIOBOI MTOTOK, BT/M*}
Hsr, { cpen. paccrosinue M/y meperopoaKamu }
{BbixoHOM apameTp }
Alsp) {KoadduimeHT Temnooraauu, BT/(MZ‘K)}

6. K nponienype onpenenennsi kodpuimeHTa TemIooTIaqu OT mapa K
creake B mapooxiaautene [THJl mpu HapyXKHOM MpoaoidpHOM OOTEKaHWUU
myudka Tpyo (Meroauka u3 xxypHana «Temnosnepretuka». 1987. Ne2. C.33)
A1NPOprod

{BxonHbIe mapameTpsl |

(P, { HaBnenue, MIla}

tp, { Cpenuss remnepatypa mapa, °C}

Gp, { Pacxon mapa, kr/c}

Wp, { Cxopocts napa, M/c}

dn, { HapyxHblit tuameTp TpyOOK, M}
{BeixomHOM mapameTp }

A1po) { Koaddrmment termmoormaun, Br/(M*K)}
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7. K mponienype onpeaenenusi kKodpduimenTa TemiooTIaqu OT mapa K
crenke B mapooxuaautene [TH]/] npu HapyxHOM momepeyHOM OOTEKaHHH
nyuyka Tpyo (Mertonuka u3 xxypHaia «Temnosnepretuka». 1987. Ne2. C. 33)

A1INPOpop
{Bxoanbie mapameTphl }
(P, { Hasnenue, MIla}
tp, { Cpennss temmneparypa napa, °C}
Gp, { Pacxon mapa, xr/c}
Wp, { Ckopocts mapa, m/c}
dn, { HapyxHbIii auameTp TpyOOK, M}

{BrixomHoit mapametp}
Alpo) {Kodbduimenrt Termoormatm, Br/(M*K)}

8. K mponienype onpenenenus kodhduirerTa TermiooTaaq9u oT ApeHa-
*a K CTeHKe B oxjaauTene apeHaxka [TH]I npu HapyHOM MpPOAOJIBLHOM 00-
TekaHuu mydka Tpyo (Meroamka u3 xypHana «Termmosneprerukay. 1987,

Ne2. C.33)

A1NODprod
{BxoaHble mapameTpsbl }
P, { HaBnenue apenaxa (napa), Mlla}
td, { Cpennss temneparypa apeHaxa, °C}
Gd, { Pacxon mpenaxa (mapa), Kr/c}
Wd, { Ckopoctb apeHaxka, M/C}
dn, { HapyxHblii quamMeTtp TpyOOK, M}
{BbIxo1HOM mapamerp }
Alod) {Koxddumment termooraauwm, Br/(v*K)}

9. K npornenype omnpeaenenus kodhuirieHTa TermIo0TAa49u OT ApeHa-
’Ka K cTeHKe B oxyanutene aperaxa [TH]I npu HapyXxHOM momnepedHoM 00-
TekaHuu nyuka TpyO (Meronuka u3 xypHana «TernosHepretuxay. 1987.
Ne2. C. 33)
A1NODpop
{BxonHbIe mapameTpsl |
(P, { daBnenwue apenaxa (mapa), MIla}
td, { Cpennss Temnepatypa apeHaxka, °C}
Gd, { Pacxox npenaxa (mapa), Kr/c}
Wd, { Ckopoctb apenaxa, m/c}
dn, {HapyxHbIii TuameTp TpyOOK, M}

{BpIixomHOM mapameTp }
Alod) {Kosddrmment termmooraawm, Br/(v*K)}
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IIpunoxenne 6
MoayJib 1y aBTOMAaTH3MPOBAHHOI0 poekTupoBanus 11B/]

Moaynb coaepxut Habop PYHKIUN U MPOLEAYp ISl a8momMamusupo-
B8AHHO20 MOOENUPOBAHUs KOJIIEKTOPHO-criupanbHbix [1B/].

Iooknwuenue mooynsa é npozpamme:
Uses PWDMOD;

Oobpawenue ¢ npocpamme x mporieaypam u GyHKIHSIM W3 MOTYJIISA
PWDMOD.TPU:

1. K mponieype onpeneneHus TemioGu3nIecKux CBOMCTB KOHACHCATA
10 JIABJICHUIO

TFSK

{BxoaHoii mapametp} (P, {aBnenue mapa, Mlla}
{BbIx0o/IHbIE TApaMETPHI |

Ts, { Temmneparypa Hacbienus, °C}

VI, { VienbHbIi 00beM, MY/Kr}
hl,  { Duranenus, kJx/xr}
r, { Teruora mapoo6pazoBanusi, JK/Kr}

ROk, { ITmotHoCTs, KI/M’}

LAk, { TerumonpoBoauocTs, Bt/(Mm - K)}
MUK, { Junamudeckas BSI3KOCTb, [1a - ¢}
NUK, { Kunemartndeckast BS3KOCTb, M°/C}

PRK) { Yucno [Ipanarns }

2. K mpouenype onpezeneHus Temopu3nIecKux CBONCTB BOJbI U Iie-
pPErpeToro napa o JaBICHUIO U TeMIIepaType
TFSWP
{Bxonnsie mapametpoi} (P, { JlaBnenue, MIla}
t, { Temmeparypa, °C}
{BbIX0/IHbIE TApaMETPHI |
V, { YaensHsli 06beM, M/Kr}
RO, { ILtoTHOCTH, KI/M’}
LA, { TermmonpoBoanocts, B1/(M-K)}
MU, { Aunamuueckas BSI3KOCTb, [la-c}
NU, { KunemaTmueckas BS3KOCTb, M°/C}
PR, { Ywucno Ilpanarns }
CP) { Tennoemxocts, [Ix/(xr-K)}
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3. K ¢yskmu omnpeneneHus: TeMnepaTypsl BOJbI MO JaBICHUIO U H-
TaJIBITNU

TCp {Temmeparypa, °C}
{Bxoanbie mapameTphl }
(P, { Hasnenue, MIla}
h) { Dnaramenums, xHx/kr }

4. K mpouenype pacuera kodhduiieHTa TemiooT1aqyu OT CTEHKU K BO-
ne B [IBJ] (BeiHy>kKneHHOE TedeHre BHYTPHU TPYO C y4eTOM MOIpPaBKH Ha U3-
rub crivpaim)

ALFA2W

{Bxoanbie mapameTphl }
(Pw, { JlaBienue Boasl, MIla}

tw, { Cpenusis remneparypa Boasl, °C}
Ww, { CkopocTb BOJIBI, M/C }

dvn, { BHyrpeHHuii tuamerp TpyooK, M}
Rsr, { Cpeanwuii paguyc cnupainy, M}

{BbixomgHoit mapametp}
A2) {Kosdduuuent temmoornaun, Br/(m*K)}

5. K mpornienype onpenencaus ko3hGUIMEHTA TEINIOOTAAYH P KOH-
JIEHCAIlMU Tlapa

ALFAlsp

{BxonHble mapameTpsl |
(P, { JaBnenwue napa, MIla}

udQ, { ViaenbHsI TeII0BOI TOTOK, BT/M}
Hsr, { XapakrepHblii reOMETpHUYECKUI pa3mep, M;
JUISL CIIPAIbHO-KOUIEKTOPHBIX [IB/]
OH paBeH Hsr =n -dn,tne
N — gucio TpyOoOK M/y IEPETOPOIKAMH,
dn — HapyXHBIH AHaMeTp TPyOOK
3MEEBHUKOB }

{BbixogHoit mapametp}
Alsp) {Kosbdumment termooraaun, Br/(m*-K)}
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6. K mpouienype pacuera korddunrerTa TeIiooTnaqu oT napa K CTeH-
Ke B mapooxiyaaurenecnupaibHo-koiuiekTopubix [IBJ] (HapyxHoe monepeu-
HOE 00TeKaHMe KOJIOHHBI 3MEeBUKOB [ 17]).

ALFA1Wpo

{BxoaHble mapameTpsl }
(P, { HaBnenwue mapa, Mlla}
t, { Cpennss temmepatypa napa, °C}
Gp, { Pacxox mapa, xr/c}
dn, {HapyxwHbiii nuameTp TPyOOK 3MEEBHKOB, M}
Npl, { Ywucmo miockocTeli HABUBKH 3MECBUKOB }
Npot, { Yucio noTokoB mapa}
Lzm, { Jlnuna 3mMeeBuKka, M}

{BbIX0/IHbIE TApaMETPHI |
Alpo, { Kosdduumer terrooraadn, Br/(m*-K)}
Wp) { Cxopocts napa, m/c}
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