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oQuqlranbHoro o[rroHeHTa

Ha ALIcceprallllro Tra.IeHro AHHrr EsreHrenHrr Ha reMy <<flosbrrueHue

gHeprooKonoN4ra.recrofi eQQerrznHocrrr KornoarperaroB c HLr3KoreMleparypHbrM

KI{[trILrM cnoeM cl4creM rennocna6)KeHr[r [raxr>, rrpeAcraBneHHyro Ha coLrcKaHrre

yteHofi crerIeHI,I KaHAI,IAara rexHr4qecKr{x HayK rro cleqlranbHocrlr 05.23.03

TerlJrocHa6xenue, BeHTpIJItIIIrtt, KoHArrquoHlrpoBarrne Bo3A)rxa, rasocHa6)KeHr4e LI

ocBerrleH14e

[pt coBpeMeHHoro o6qecrra upeearruafino ocrpa npo6rerr,ra

tennoc6epelKeHLlt. 3aAa.rz BHeApeHaf, pecypco- u eueproc6eperarorqr4x

TexHoJrorufi, rcarc B )KI{nuqHo-KoMMyH€lrrbHoM ceKTope, TaK u Ha rrpoMbrruJreHHbrx

npeAnpr,Itr*rilx rIMeIor 6onrnoe gKoHoMrlqecKoe I{ gKoJlofllqecKoe sHa.renue. B

paCCMaTpIIBaeMOM AIIcCepTaIIIftOHHOM IICCJI9AOBaIJi}/II penaeTOt HafIHO-

lpaKTnqecKaf, 3a4a.ra rroBbrrtreHaf, gHepro3KoHoNan.recrofi sQQerrranHocrlr

KoTeJIbHbrx ycTaHoBoK cIiIcTeM TeIIlIocHa6xeHLrs uraxT, npz gToM B KaqecTBe

TerlJrofeHepaTopoB paccMaTprrBaroTcr KoTJroalperaTbr c HLr3KoTeMnepaD{pHbrM

KI4rrtIqI{M cJIoeM (HTKC), no3BoJurrorru{e gKcurryarupoBarb Hrr3KocoprHoe rorrJrr,rBo,

qro o6ycnannklBaer cHI,DI(eHrre BpeAHbrx ru6pocoe B arrraocQepy, a raKxe

3HarII{TeJIbHoe yMeHbIIreHLre ce6ecrouMocrr{ npor,r3BoArdMoro rerrJroHocr,rrem. C

oAHofi cropoHbl, nau6onee qerecoo6pasHo rrpuMeHeHr{e AaHHofi TexHoJrorLrLI

rIMeHHo Ha ropHo4o6rraaroqr,rx lpeAnp rvrffi., rrocKoJrbKy no3BoJrf,er rfrcrroJrb3oBarb

co6craennrre orxoAbl yueo6orarrleHaf, vr HeKoHAlrqllonnufi yronb Ha rry)KAbr

caMoro npeArtpl4trvIs, a rarcI(e rrcKJrroqurb 3arparbr Ha AocraBKy rorrnuna. C gpyrofi

cropoHbl, y.Ier rexHoJlorl{qecKr{x oco6ennocrefi pa6orbr KorJroarperaroB c ronKaMlr

HTKC upu o6ocHoBaHrr\t nx pa6owx pe)Kr{MoB Mo)r(er 3HarrHTeJrbHo rroBbrcrrrb

eQQercruaHocrb Iftx QyHrqvoHrrpoBaHr4f,. Tarcuu o6pasou, ur6pannax reMa

ArlcceprallploHHoro uccJleAoBanufl. - qpe3Bbr.rafrHo aKTyarrbHa KaK c gKoHoMuuecrcofi,

TaK I{ c gKonorr{qecrofi ToqeK 3peHl{f,.



o6ocnosaHHocrb Ha)^rHbrx noloxenufi, BhrBoAoB, peKoMeHAaqnfi v
SaruroVeHzfi, IIOJIf{eHHbIx B ALICCOpTaIII4OHHOM I,ICCJIOAOBaHZ}VI, [oATBep)KAaeTCt

p*ynbraraMll HarypHbx gKCneprrMeHToB, KOppeKTHbrM LrcrroJrb3oBaHr,reM

Qyu4aueHTuuIbHbIX 3aKoHoB TeopuIa reuroo6ueHa, MeroAoB MareMarLrqecKoro n

KoMrrblorepHoro MoAeJII'IpoBaHvts, anpo6aqnefi ouronHbx pe3 braroB Ar.rcceprarluu

Ha rouQepenlllrfi u B ouy6nnroBaHHbrx pa6omx. Pesymrarrr pacqeroB

cornac)rlorct co 3HaYeHI4f,MtI pe3ynbraroB gKcrrepr4MeHToB rr o6rqeusnecrHbrMtr

HafrHo-TexHI4rIecKI4ML[ AaHHbIMl4, Bce rIoJIo)KeHLIt, BbIHoctIMbIe Ha 3arrII{Ty

rII4cneHHo rlpoBepeHb\ v\ cJIeAoBareJIbHo, tBJlf,rorc{ HecoMHeHHo a"4ersarHhrMrr I,I

o6ocHosaHHbrMr4.

,{ocronepHocrb HafrHbrx noloxeuzfi, BbrBoAoB n peKoMeHAaquir

ALICCepTaIIZoHHOTO UCCneAOBAHVTI noATBepl(Aaercfl rrpHMeHeHr4eM aAeKBarHhrx tr

o6IqeuenecrHblx MeroAoB pacqeroB, Aocraro.rHofi cxoArrMocrbrc pe3ynbraroB

BbIIII|ICJII'ITeJIbHO|O 3KCIIepI{MeHTa CO 3HaqeHI,IrMI,r p$ynbTaToB r,IccneAoBauuit

ApyrLIX t43BecrHbrx clequaJlrrcroB, a TarcKe c pe3yJrbraraMrr co6crseHHrrx

IIpOMbrIrrJreHHbrx gKCneprrMeHToB.

Hayurar HoBltsHa AI4ccepraIIuI,I 3aKJrroqaercr B ToM, qro ycoBeprrreHcrBoBaHa

MareMarl{rlecKutf, MoAenb npol{3Bo.{crBa n pacnpeAeJreHuf, rloroKoB Tennorbr B

Kornoarperare c ronrofi Hl,[3KoreMneparypHoro Kr{nrrlero cJror, BrrepBbre

no3BoJUIIonI€u ) ILITbIBarb rrapaMerpbr n Harrr4qlre [orpy)KHbrx nonepxnocrefi

HalpeBa, Ha ocHoBalJurr roropofi Bo3Mox(Ho nporHo3r4poBarb rroBeAeHlfte K[rrf,rrlero

cJlo-fl rlpu pa3nl4rlHbrx ynpaBJrrroqzx noa4eficrBwrx u paccqurbrBarb

coorBercrBylorqne 3HarIeHI,rt ero rexHoJroruqecKrlx napaMerpoB. Anroporr,r BnepBbre

HafrHo o6ocHosaH Iqpurepufi paIIIdoH€rJrr ofi pa6oru lpyrrrbr KoreJrbHbrx arperaroB

c rorlKaMn HTKC, olpeAeJIeHbI HzuloxeHHbre orpaHnqeHr,rf,. Tarx<e B npoqecce

LlccneAoBanuit 6ul npeAnox(eH MeroA rrolrcKa parlproHzubHoro cocraBa rpyrrnbr

KoTnoarperaroB c rorIKaMIa HTKC u pacqera paqlroHaJlrnofi npoI43BoAvreJrbHocrpr rd



TexHonofl{rlecKl{x napaMeTpoB Kax,uoro KoTna no nporHo3lrpyeMoMy TerrJroBoMy

crpocy.

3a4avz, rocraBJIeHHbIe aBTopoM B pa6ore, c rorrKrrr 3peHnr Hayrnofi a

rlpaKTllllecrofi IIeHHocTLI coorBercrByror ypoBHro KaHAnAarcrofi Alrcceprarlnu.

Bo nne4eHr{r,r npuBoAr,rrcr nlrQoprr,raqr{f,, pacKpbrBaroulaf, o6serr rr [peAMer

Ha) IHbIX I{ccneAoBanyttrt, HayqHyro HoBlr3rry, TeoperruecKyro u npaKTr{rrecKyro

3HaqllMocrb noJrfreHHbIX pe3yJrbraroB, a raK)r(e crerreHb anpo6aquu pa6oru.

B nepeoil anqee aBTopoM BbrrroJrHeH aHzlrrlt3 TeKyrrlero cocrorHr4f, clrcreM

TerlJlocHa6xenIa.f, Trraxr, cueqnQruecKrD( OCOOEHHOCTEN ITAXTHbIX

Terlnorlorpeburelefi, a raK)Ke rlerecoo6pa3Hocrr,r ucnonb3oBa:aur B KaqecrBe

tIcrorIHtIKoB Te[JIorbI Ha lopHbrx rrpeArrpruTwa. KornoarperaroB c HTKC.

Brr4enenbl npel4MylrlecrBa lr HeAocrarKlr gKcrrrryarawu rerrnoreHeparopoB AaHHoro

Trlla. PaccuorpeHbr rexHoJrorrrecrrae oco6eHHocrlr HTKC, a raK)Ke oco6ennocru

pa6oru KorJIoB AaHHoro BnAa B rpyrne. flpone4en aHaJrLr3 pe3ynbraroB

coBpeMeHHbrx I4ccJleAonaHIafi s o6racru rroBbrrrreHux eQQerrzBHocrrr gKcrrJryararlLrvr

KornoarperaroB c HTKC u o6ocnoBaHa rlerecoo6pa3Hocrb r4crroJrb3oBantra rpynnbr

KorJIoB c rorrKaMr,r HTKC B cr{creMax renJrocHa6xenur [raxr. O6ocnosaHa

qenecoo6pa3Hocrb orreparr{BHoro perynupoBaHur rrpor,r3BoAr{TeJrbHocrLr KoreJrurofi

ro uporHo3HoMy reruroBoMy clpocy [raxrHbrx rerrnonorpe6zrenefi.

C (p oprrayrup o BaHa rI e Jrb n 3a4avru u c c JreAoB alar4l^.

Bo emopoil zra6e paepa6orana MareMarr/rqecKaf, MoAenb rrpor,r3BoAcrBa a

pacupeAeJleHlrr rerrJrorbr B KorJroalperare c HTKC. flpone4ena crpyKrypHas. u

rapaMerpllrlecKar ra4euruQuKarlr{r{ Kornoarperara c HTKC Ha ocHoBe yparueuufi

TerIJIoBbIx 6arancon, xapaKTepr,r3yroqne pacnpeAeJreHue MaccoBbrx 14 TerrJroBbx

noroKoB B KorJre. Paspa6orana crpyKTypa KorJroarperara c HTKC co BceMLr

rloBepxHocrtMr{ HarpeBa, pearrrr3yrcrq:rf, Bce cnoco6rr perynupoBalanfl. ero

npol{3BoArlTeJrbHocrlr - [o pacxoAy rBepAofo rorrnlrBa, rro cKopocT]r AyrbeBoro

Bo3Ayxa kr Iro crerreHlr norpy)KeHrrr [orpyxmbrx noBepxHocrefi HarpeBa.



llpe4noxeHHaf, MarMoAenb peanr,r3oBaHa B cpeAe Simulink KoMrrbrorepHoro rraKera

Matlab, pe3ynbraroM qero sB[flrorcr rpaQuru nepexoAHbrx npoqeccoB ocHoBHbx

TeXHOJIOII4IIOOKTID( IIapaMeTpOB KOTJIOaIpeIaTa, KOTOpbIe HaTJIflAHO zJrJrIOCTptrpyrOT

ATIHaMI4Ky nOBeAeHI4f, Kr4IIf,IrIerO CJrOf, npu pa3nr,rrrHbrx ylpaBnrroq[x

sos.ueficrBnf,x.

Ha ocHonannu rlpeAno)Kennofi MoAenr4 craHoBrrrcr Bo3MolKHbrM orrpeAeJreHr4e

BuAa 3aBl4clrMocru KfI,,{ KaxAoro KoHrqperHoro KorJroarperara c HTKC or ero

[IpoI43BOAI{TeJIbHOCTH, AJrf, pe€rJrrBarlr4r MeTOAa pacqeTa parlproHarrbHbrx TelnoBbx

npor43BoAnreJrbHocrefi rcornoB npr,r ux pa6ore B rpyrle.
B mpemoeil ala6e rIpLIBeAeHbr peyJrbrarbr HarypHolo eKcneplrMeHTa.

SrccnepurvreHTaJlbHbre LIccJreAoBa:rtwfl. ErHaMrrqecKr4x csoftcrs rorrKr,r HTKC

npoBoAI,IWIcb B ycJloBl,rrx rorenrnofi ycraHoBKrr rlaxrbr 4-21 fII
<IllaxroynpaBJleHl{e <IOxno4on6accrcoe>> Ns1) (r. ,{oneqr). Ha ocHoBaHlrr.r

sKCneprIMeHTaJIbHbrX AaHHbrx rrpoBeAeHbr crpyrffypHarr u [apaMerp]rrrecKilr

Ia4eHruQuKaIII4f, oJIeMeHroB KorJroarperara c HTKC, u4eHruQuqnpoBaHbr

nepeAaroqHble Qynrqran rorIKI4 HTKC rpu puBnruHbrx yrpaBnsrorqnx

nos4eficrBl{fi. Tarxe rIoATBep)KAeHa aAeKBarHocrb pa3pa6omnnofi MarMoAenu.

Cpannenue p$ynbraroB gKcrreprrMeHTa vr pe3yJrbraroM KoMrrbrorepHoro

IlMI{TaIIuoHHOro MOAenupOBaHLtt AOKa3bIBaeT, rITo paSpa6oraHHafl MoAenb TOrrKrr

HTKC npv ypoBHe AoBeplrrenrnofi Bepof,rHocrra 0,95 aAeKBarHa peaJrbHbrM

lpoqeccaM B KoTnoarperaTe.

B vemeepmoil ana6e HafrHo o6ourosaH rcpurepnfi eQQerrannofi pa6oru

lpyrrlbl KorJloarperaroB c HTKC. B rcaqecrBe Kpr4repus 6l';ut rprrrrrr xprarepufi

MaKcI,IM€lJIbHoro cpeAHemBerneHHoro KIIA KornoB npr{ BbrrroJrHeHlrv ycJroBr{t

yAoBJIerBopeHI{f, rlpol'Ho3Horo crrpoca rruxrHbrx rerrlonorpe6urelefi a

H€uIo)KeHHbIX orpaHuqeHnfi rro BpeMeHLr BbrxoAa KornoB Ha paccquraHHbre pa6ouue

TOqKI4' a TaKX(e IIO MaKCUMUIIIbHbIM lI MI4HIIM€LIIbHbIM 3HaqeHI{f,M TeXHOJIOTIqeCKUX

IIapaMeTpoB.

Taxxe o6ocnoBaHa neo6xo4raMocrb rrporHo3a rtMeHeHr{f, TerrJroBoro c[poca

norpe6zrenefi ru€xrbl B Aocraro.rHofi BpeMeHHofi nepcne Be AJrf, peaJrr,r3arlupr



orIeparLIBHOrO aBToMarrrqecKoro perynr4poBaHvrfl [poLt3BoAUTeJrbHOCTkr rnaxrHofi

KOTEJIbHOfi.

Bnepnue pa^:pa6oraH MeroA rror4cKa parlr4oH€rlrHoro cocraBa rpyrrrrbr

KoreJlbHbrx arperaroB c HTKC, a raK)I(e npor{3BoAr,rreJrbHocru KaxAoro Korna Ha

ocHoBaHLIt4 BbIIrre o6ogna'reHHoro KprITe za. flpe4Jlo)r(eHHbrfi rvrero4 peaJrlr3oBaH B

BI{Ae KoMrrblorepuofi MeroALIKt4 aBToM ecKoro pacqera, pe3ynbraroM Koroporo

f,BJl'f,Iorcf, peKoMeHAarluv IIo cocraBy u pa6ouuM npoI43BoAprrenbHocrsM lpynubr
KorJIoB c HTKC c coorBercrBl{Ia c rlporHo3HbrM crrpocoM. I4cnomsoBaHve AaHHoro

MeroAa rIo3BoJUIer rroBbIcLITb cpeAHeB3BerueHHufi K|I! rpynnbr KorJroarperaroB Ha

2-4%.

B nnmoil znaee 6uln pa:pa6oraHbr crpyKrypHarr cxeMa lr €rnropLrru pa6oru

cplcreMbl aBTOMarI,rtIecKofo yrlpaBneHr4r npou3BoAcrBoM TerrJrorbr B cl4creMe

TerlJlocHa6xenzq ropHoro npeAlpl,I;Irut. [anbr peKoMeHAarl?rr4 rro ee rexnrrecKofi
peurvrcarJuvl.' B qacrHocrLl, o6ocnosaHH Tr4rrbr AarqLtKoB TexHoJrorzqecKlrx

IIapaMeTpOB' BLIA IIpOMbIIxneHHOTO KOMIIbIoTepa cLICTeMbI aBTOMaTLITIeCKoIO

yrlpaBneHut Bblclrero ypoBH-fl, [peAnox(eHbr perynrropbr upor43BoAzreJrbHocrlr

KornoarperaroB c HTKC. Pacc.ILIraHa npl{Hrlnrru€lJrbH€rr gneKTpr.rrrecKaf, cxeMa

6nora corJIacoBaHvIA BbIXoAHbIX cl{rHanoB AarqLrKoB co BX9AaMLT JroK€rrlbHoro

peryuropa rexHoJrorLrrrecKlrx napaMerpoB Tnrra TpM I 4 g .

BrruonHen pacqer rexHuKo-gKoHoMnrrecrofi e$QerrranHocrlr BHeApeHr{f,

pa:pa6orannofi crlcreMbl aBToMarr4qecKoro ynpaBneHufl, peuru:yroqefi MeroAr4Ky

pacqera paII[oHanbHbIX cocraBa u [polr3BoAlrreJrbHocrpr Kax(Aoro KorJra, Ha

npl4Mepe rpyrnbl KornoarperaroB rvrna KBKC c ronnofi HTKC. Oxu,uaeunfi

eKoHoMuqecrufi sQQert or BHeApeHufl, B npor,r3BoAcrBo npoeKrlrpyerraofi clrcreMbr

aBToMarl4qecKoro ynpaBJleHr{rr cocraBnr 6olee 140 rrrc. poc.py6hoA, a o}Kr4AaeMzur

roAoB€uI sKoHoMaf, ycJloBHoro rorrJrr{Ba no oAHoMy Kornoalperary 54,9 r.y.r./roA.

K pa6ore ecrb ptA 3aMerlaHl4fi, rcoroprre He cHLrx r o6qefi noJro)Kr{Tenrnofi

LIe 3aMeqaHnf,

orIeHKLt rrpoBeAeHHbrx r4ccJre4onauufi :



2.

l ' B rnane 2 ne4ocraroqHo rIoJIHo pacKpbrra MeroAr,rKa [onrreHr{r [epeAaroqHhrx

Syurcqnfi crpyKrypHblx eJIeMeHroB Kornoarperara c HTKC npu repexoAe or
an Q Q epeHrln€urbHhrx ypaBHeHr.rfi rc oneparopnofi Qoprrae.
Bo:uoxno, 6rrro 6u paqLroH€urbHo ylpocrLrrb crpyKTypHyro cxeMy
Kornoarperara c rourofi HTKC (Puc. 2.4), Harrpr4Mep, c rroMorrlbro reopr4u
qyBcrBLITeJIbHocrH) vrrvl ApyrLIM MeroAoM. 3ro yupocrlrJro 6rr Aa6nefiuuit
AHAJII43.

.{nr onrnMv3aIII4rI CTpyKrypnofi cxeuhr KorJra c HTKC qelecoo6p€BHo 6Uno 6u
IpLIMeHLITb IInHq_ aHaJII43.

B ruIaBe 3 cneAoB€lrlo 6u 6onee y6e4zremHo npeAcraBLrrb o6ocnona'ne
aAeKBarHocrlt [peAnox(eHnofi MareMarl4qecrcofi MoAenn rorrKt4 HTKC. Tarc. na
rpa0nrcax (puc' 3.1 - 3.2), na Koropbrx npr4BeAeHhr AaHHbre oKcrrepr4MeHra, He
rIoK€BaHbI rlolpelxHocrl4 BbITIOJIHeHHBTX SKCfIepLIMeHTUurbHbrx uccne,rloB aunfi.

5' B -ase 3 cle4oaalo 6u [pLIBecrLI MeroALrKy an,,poKcLr Marluu lepeAaroqHhrx

Qynrqnfi rorKI'I HTKC uo rpaSzKaM rrepexoAHbx npoqeccoB, rronr{eHHbrx
9KCrrepnMeHT€LIrbHO.

B mane 3 ue pacrcpbrro, qro rroApa3yMeBaerc,

c pytrofi perr,rcrpaqraefi reMneparypu HTKC u
BeHTLrJrrTopa. . .).

llp" paspa6orrce MeroALtKLt oleparLrBHoro pacqera

NPOLI3BOALITEJIbHOCTI4 IPYIITIbI KOTJIOAIPE|ATOB C HTKC HE

auTyarJufl BhrxoAa r43 CTpOr oAHofo tr3 KOTJTOB.

8' llptl o6o'ronanuz eSQercrznHocrt4 BHeApeHr{f, rrpeAnoxeHHoro MeroAa
onpeAeneHllf, paqlloHanbHoro cocraBa u [pol43BoArreJrbHocrLr lpyn11br
pa6oratoulrlx KornoB Ans yAoBJlerBopeHr4.rr reryrqefi reunoeofi Halpy3Kra 6ruo
6u qelecoo6pasno rroMLIMo TexHLIKo-gKoHoMlrqecKoro pacqera xpnBecrr4 pacqer

3.

4.

6.

7.

rroA BhrpaxeHr{eM (.. .u3Mepe7c.us

lpor,r3BoArrTeJrbHocTz AyTbeBofo

cocTaBa u

npe.{ycMorpeHa

cHrrxeHur BpeAHbrx nrr6pocoB B arMoc$epy.



3arrno.reHHe

Hecnaotpfl Ha yKa3aHHbIe 3aMeqaHr{.f,, cqr4Tzrro, qro Ar,rcceprarlrEs (floBbrrrreHr,re

3HeprooKonouuqecrofi eQQerrunHocrlr KornoarperaroB c Hrfr3KoreMrreparypHbrM

Kt4IrtnII4M cJIoeM cl{creM TerlJlocHa6xenzs ur€xr)) rBrflercr 3aBeprueHnofi nayruo-

npnrua4uofi pa6oroft, coAepxfl,rr Ha) rHoe perneHrre arcryalrHofi upo6le1au,

orBeqaer rpe6onaHvtsM, rIpeAbtBJrf,eMbIM K KaHALrAarcKrrM Ar4cceprarlpt rM, a ee

aBTop Tra'reHrco AHna EsreHresHa, 3acJryr(uBaer rrpr4cprA eHus. yrenofi creleHLr

KaHALIAaTa rexHplqecKlfx HayK rro cnequaJrbHocru 05.23.03 - TerrJrocna6xeHue,

BOHTI{JIflIII4f,, KoHII,IqI{oHI{poBaHr{e Bo3A)xa, ragocna6xeHr4e r4 ocBerrleHue.
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