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XMenbHUIBKUI HalliOHATIbHIN YHIBEPCUTET

EKCIIEPUMEHTAJIBHI JOCJ/I/KEHHS ITAPAMETPIB
E®PEKTUBHOCTI HATPIBAHHSA TA AKYMYJIIOBAHHS TEILJIA
Y CUCTEMI "HAT'PIBAY-PI/IMHA-BAK"

B po6bomi 8u3HavyeHo wiasixu docaidxiceHHss napmempie eoekmusHOCmMi HA2piBAHHS MaA aKyMYyAO8AHHS menaa y
cucmemi «Hazpigay-piduHa-6ak». ONUCAHO eKcnepuMeHMAabHy YCMAaHo8Ky ma eJeKmpu4yHy cxeMy Kepy8aHHs YyCMaHO8KO0
015 docaidsceHHs1 cucumemu. [lasi 6U3HAYEHHS 8NAUBY KOHCMPYKMUBHUX napamempie Ha napamemp onmumisayii
npogedeHo pomomabesbHe NAAHY8AHHS Opy2020 NOpsidKy 045 mpudakmopHozo ekcnepumeHmy. OmpumMaHo pieHsIHHS
pezpecii, sske 00380/151€ hpogodumu aM.1i3 nau8y Ha napamemp onmumiszayii yacy HazpieaHHs, 06emy piduHu ma naouwi
6aky.
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EXPERIMENTAL STUDY OF PERFORMANCE PARAMETERS OF THE HEATING
AND HEAT STORAGE IN THE HEATER-LIQUID-TANK"

Abstract - The study also identified avenues for research Parmer efficiency of heating and heat storage in the heater-liquid-tank”.
System the power supply consists of a source of primary energy, the subsystem energy conversion and consumers of the converted energy. In
the system, there may be inconsistencies - both in time and in space - between power supply and needs. Overcoming these gaps is the purpose
of energy storage. Described the experimental setup and electrical circuit control device for investigation of the system. The results of single-
factor experiment on the heating system. An analytical description of the transition process the object "heater-liquid-tank” with the use of
analytical and experimental method. To determine the effect of structural parameters on the optimization parameter held rotatable
planning of the second order for traffictornado experiment. The resulting regression equation, which allows anlz impact on the parameter
optimization of heating time, liquid volume and area of Baku.
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Beryn

HaOyBae Bce OLIBIIOrO 3HAYCHHS! HAYKOBO-TEXHIYHE 3aBIIAHHS, [TOB’s3aHE 3 MiJBUIICHHSIM e€(eKTHBHOCTI
BUKOPHCTAHHS €HEPTii y CIIOKMBAYIB - B IPOMHUCIIOBOCTI, Ha TPAHCIIOPTI, B CLIIBCBKOMY TOCIIOZIAPCTBI 1 B TOOYTI.

TyT € Benuki pe3epBU, BUKOPHUCTAHHS SKUX JI03BOJIIE €KOHOMHUTH EHEPropecypcH 4acTo IMpH 3HAYHO
MEHIINX BHUTpaTax, HDK B Ipoliecax OTPUMAHHS Ta IEPETBOPEHHS NEPBHHHOI eHeprii. BeTaHoBneHO, Hampukiaz,
IO BUTPATH Ha OyIb-AKi 3aXOAW MIOAO CKOHOMIi MajmBa Ta eNeKTpOeHeprii B 2-3 pa3W HIKYI 32 BUTPATH Ha
PO3LIMPEHHS ATMBHO-eHepreTnyHoi 0a3u. /1o 3axofiB 040 IMiABUIIECHHS €EKTUBHOCTI BUKOPUCTAHHS EHEpPril y
CTHOXKMBAUYiB MOXKHA BIJIHECTH TepexiJ Ha OUIbII JOCKOHANI 1 MEHII EHEeProEMHI TEXHOJIOTii, BUKOPHCTAHHS
BTOPHHHHX CHEPTeTUYHHUX PECYpCIB i, HApEINTi, BUPIBHIOBAHHSI THMYACOBHX HEBIIIOBITHOCTEW MiXX BHUpPOOICHOT
eHepriero i morpedbaMu B Hiil 32 IOIIOMOT'0I0 aKyMYJTIOBaHHSI €HEprii.

Binomo, 110 enekTpuyHa eHeprist - cama po3MnoBCIOKEHA OCHOBHA (hopMa eHeprii, 1110 BUKOPHCTOBYETHCS -
MiATAETECA aKyMYIJIOBaHHIO TIOKH 3 HAWOUIBIIMMH BHUTpaTaMu. €MHICTH E€IEKTPOXIMIYHHX aKyMyIISATOPiB He
JIO3BOJISIE BUKOPHUCTOBYBaTH iX B CKUIBKH-HEOyAb BEIMKHMX MaciuTabax; MEepCIeKTHBHI BEJIHMKI HaIIpOBiAHI
HaKOMHMYYBayi eJIEKTPOSHEPTil 3HAXOAAThCS 11I€ B CTAIT MONEepeIHIX HalpaIfoBaHb.

lippaBniyai MeTOOW aKyMyJTIOBaHHS €HEPTii JO3BOJAIOTH HAKONMWYYBAaTH 3HAYHY il KITBKICTB, aje Ie
TMOB'SI3aHO, 3 BEJIMKUMH KaIliTAIOBKIAACHHSIMU 1 3MIHAMH HaBKOJIMIIHBOTO CEPEIOBHINA, IIO € HE 3aBXKIU
CHpUsITIMBUMH. Pa3oM 3 TuUM iHMN, OLIBLI MPOCTI CIIOCOOM aKyMyJIOBaHHS €HEprii - TEIUIoBi, MHEBMAaTHU4HI,
TEPMOXIMIYHI 1 MEHII MacIITaOHI MeXaHiuHi - JeTalbHO PO3pOOJieH] 1 MPAaKTUYHO MepeBipeHi B caMHUX Pi3HUX
yMoBax. Ix 3acTocyBaHHs 7103BOJISIE BiKE 3apa3 MPH BiTHOCHO HEBEITMKUX BUTPATAaX OTPMMATH iCTOTHY EKOHOMIIO SIK
0e3rnocepeIHbO B EHEPreTHYHUX Pecypcax, Tak i MOOIYHO 3aBASKM 3HIDKCHHIO KaliTAIbHUX BUTPAT Ha EHEPreTUYHE
o0JsiaiHaHHA.

Ie noB's13aHO 3 MOXKJIMBICTIO 3MEHIIEHHSI BTPAT, [0 BUHUKAIOTH Y 3B'I3KY 3 PO30DKHICTIO 32 4acOM MIKIB i
NpOBaJiB BUPOOHHIITBA 1 CHOXKMBAaHHS €HEPril, a TaKOXX 3 KOMIICHCAII€I0 KOPOTKOYACHOI HEPIBHOMIpPHOCTI il
BUTpATH B 0araThOX TEXHOJIOTIYHUX MPOIEcaX, HA TPAHCIIOPTI i B MOOYTI.

Slkmo HEeBiATIOBIAHOCTI MiX ToAadero i morpebamMu B eHeprii 0OyMOBJIECHI BHOOM JpKepelia HEepBHHHOT
eHeprii 1 yCTaHOBKM Ul NEPETBOPEHHS €HEPrii, TO 3aB/JaHHs aKyMYJIIOIOUOi YCTAaHOBKH MOJIATAaE y BUPIBHIOBaHHI
BUPOOJICHHS eHEpTil NIISIXOM 3pi3aHHs MIKIB 1 3a1IOBHEHHSI TPOBAJIB BUPOOICHHS.

LenTpamizoBaHe aKyMyJIOBaHHS B CHCTEMi €JIEKTPOIMOCTauYaHHSI MOXe OyTH TEIUIOBHM a00 MEXaHIYHHM.
JeneHTpaiizoBaHe akyMyJIIOBaHHS Moke OyTH SK TCIUIOBHM, 3MiMCHIOBaHMM 3aKayyBaHHSM TEIUIOHOCIS, Tak i
MHEBMaTUYHUM a0o0 TIiAPaBIiYHUM; KpIM TOrO, BOHO MOXE 3/IHCHIOBATHCS O€3MOCEepeaHIiM aKyMyIJIOBaHHIM
CJIEKTPUYHOI CHeprii 3a OIOMOTOI0 EIIEKTPOXIMIYHHX 1 E€JEKTPOMATHITHHX aKyMYJSATOPiB a00 eNeKTPUIHUX
KOHJICHCATOpiB. AKyMYJIIOBaHHs €HEpTii y CIIO)KMBada MOXKe OyTH TEIJIOBUM, EJIEKTPOXIMIYHUM 200 MEXaHIYHHM.

[ToBHa oOIliHKa YCTaHOBKHM aKyMYJIIOBaHHS €HEprii BKJIIOYa€ HE TUIBKM €KOHOMIUHE IMOPIBHAHHS Pi3HUX
MOJKJIMBHX CHCTEM aKyMYJIATOPIB i MIKOBUX YCTaHOBOK, aje ¥ ONTHMi3amii IMiJCHCTEM aKyMYJIIOBaHHS B CHCTEMIi
eHepromocTayanHs. [HOAl Taki 30BCIM HE EKOHOMIYHI UYMHHUKH, SIK MaHEBPEHICTh, 3pYYHICTH 3aCTOCYBaHHS,
eKCIUTyaTaliiiHi mepeBary, OyayTh BU3HAYaJIbHUMH IIPU BUOOPI THX YH 1HIIHX aKyMYJIOIOTh YCTaHOBOK.
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Cxipg 3a3HauWTH, IO TNPH ONTUMI3alii aKyMyJIOIUoi YCTaHOBKM HEOOXINHO BOJIOJITH IOKJIaIHOO
iH(pOpMAIIi€I0 TIPO CIIOKUBAaHHA C€HEprii Ta HOro 3MiHI B 9aci i MPOSBUTH HaBITh OuIbIIe 00aYHOCTI, HIK IMpH
OIITUMI3aIlil YUCTO MEePETBOPIOBATHLHOT YCTAHOBKHU 0€3 aKyMyJIaTopa.

KamitanbHi BUTpaTH Ha TEIUIOAKYMYITIOOYY YCTaHOBKY MAlOTh CKIIAJIOBY, sIKa 3al€XHUTh BiJ i €EMHOCTI, i
CKJIQJIOBI, SIKi 3aJI€KaTh BiJ] IIOTYKHOCTI (3aPSIKH 1 PO3PSIAKH).

Merta podotn

Merta npoBeACHHS EKCHEPHUMEHTAIBHUX JOCIIKEHb IOJISITaE B IMEPEeBipii JOCTOBIPHOCTI OJIEpKaHHX
MaTeMaTUYHUX 3aJEKHOCTEH, a TaKOX MNPABUIBHOCTI MPUHHSATHX TEOPCTHYHMX NPHIYIICHD Ul BH3HAUCHHX
(axTopiB, 10 CYyTTEBO BIUIMBAIOTH HA XapakTep MPOIECy aKyMyJsimii Terua. A came: yac Hal"plBaHHS[ pmmm B
6a1<y, Yacy TeIulonepeaadyi MK TeIJIOOOMIHHHMKOM Ta PiJHHOI0, BIACTUBOCTEH DPIIUHM Ta MaTeplany 130JI1il,
KUTbKICTh HAKOTMYEHOT'0 TEIIa, Yac Terionepeayl Teria 3 0aky Ha OMajieHHs OOYTOBOrO MPUMIILEHHSI.

PobGoTa TemmoakymymnsTopa (00O€KkTa «HarpiBau-pimuHa-0ak») TMOB’s3aHAa 3 MEpiofaMy HarpiBaHHSA Ta
OXOJIOJDKEHHST po004O0l piAMHHM. AHAJIITHYHI JOCHIKEHHsI O3BOJISIIOTH BHKOHATH KUIBKICHY OLIHKY 4Yacy
HaTpiBaHHS PiAMHU 0 MAaKCHMAIFHOI Ta 4Yac Bi[gayi TeIula Ha 30BHI. BiTHOCHE BiIXWIIEHHS YacOBHX JIHIA MOXe
MPU3BECTU JI0 BUCHAXKEHHS TeIioakymyssitopa. ToMy BH3HAu€HHs MapMETPiB OO€KTa sKi BIUIMBAIOTh HA 4ac
HaAKOIUYEHHS Ta Yacy BiJiadi TeIuia 1 BU3HAYa€ OCHOBHY 3a/1a4y JIOCIIiIXKCHb.

OcCHOBHA YaCcTHHA

Bynp-sika cucTemMa mOCTa4aHHs €HEpril CKIAJAeTbesi 3 JUKepeda IEepBUHHOI eHeprii, MiJCHCTeMH
TePETBOPCHHS eHepru i crioXuBayviB TePETBOPEHOI eHeprii. Y cucTeMi MOXKYTbh BHHHKHYTH HEBIMOBITHOCTI - 5IK Y
Yaci, TaK i B IPOCTOPi- MiXK MOJAYCO eHepru 7} l'IOTpe6aMI/I [MononanHs IUX HEBIMOBIXHOCTEH € OCHOBHOIO METOIO
akyMmyioBaHHs eHeprii [1-3]. SIkmio Taki HEBIAMOBIAHOCTI BHKJIMKAIOTHCS 3MiHAMH (OLNBII-MEHII PI3KUMH) Y
CIOXWBAaHHI €HEeprii, TO I 3aBHaHHS 3HATTSA IIKOBOTO HABaHTAXCHHS, II0 MO)ke OyTH BHpIllIeHa, MpHHANMHI
YaCTKOBO, 3a JONOMOIOK aKyMYJIIOBaHHS €Hepril. YCTaHOBKa IJisi aKyMyJIFOBAaHHS CHEPrii MO)XE BHUSBUTHUCS
JICUICBIIIC MIKOBOI €HEPreTHYHOI ycTaHOBKU. KpiM Toro, mpw ii 3acTOCyBaHHI MOXYTh OyTH 3HM)KCHI BUTPATH HA
MaJMBO (HE3BAXKAIOUM HA JIesIKi BTPAaTH B aKyMyJATOpi), TOMy WIO Ui 3apsyIKU aKyMyJsiTopa Moe OyTh
BUKOPUCTAHUI HAJUTMIIOK SHEPTii Bill yCTAHOBOK 0a3MCHOTO HABAaHTAXXEHHSI 3 HU3bKOIO BAPTICTIO MaJIMBA.

Jnsi mpoBeneHHs eKCIEepUMEHTAIBHUX JIOCHIDKEHb, OyJIO CIeliabHO CHPOEKTOBAHO 1 BHUTOTOBIICHO
eKCIIePUMEHTANIbHY YCTAaHOBKY, sKa JO03BOJsIE BH3HAUYMTH CHEPril0 Ta 4Yac HarpiBaHHsS poOouoi piavHU Yy
TEIUI0AKyMYJISITOpi. 3arajJbHUI BUTIISL YCTAHOBKH JUTS TOCTI/DKEHHS TEIUIOAKYMYJISITOpa IIOKa3aHo Ha puc.l.

Puc. 1. 3aranbuuii BUIJIS] YCTAHOBKH AJIS I0CTiIKEHHS TeNJI0AKYMYJISITOPA

ExcrniepuMeHTabHa yCTaHOBKA CKIIAIAEThCs 3 TEIUIOBOTO akymynsitopa ob’emom 500 mitpiB. B Gax
TEIUIOAKYMYJIATOpa BBEACHO KilbKa TETNTOOOMIHHUKIB sIKi 3aB’s3aHi Ha ONWH BXiA Ta oamH Buxinm. KokeH 3
TEIUIOOOMIHHHKIB BMHKA€ThCS OKPEMO, 32 KOHCTPYKIIEI0 Ta IUIOIICI0 BOHU IMCHTHYHI. 3BEpXy BHYTpi Oaka
PO3TaIIOBaHO TETUIOOOMIHHUK /sl OMAJICHHS, 1110 MiIKII0YeHo 1o OaTapei onaneHHs yepe3 Hacoc. HarpiBauem Bou
€ enekTpogHuil koten Ha 25 kBr. Okxpema mara ynpaBimiHHS Ta KOHTPOJIO YIPaBisie BKIIOYCHHAM Ta
BUKJIIOYCHHSIM KOTJIa Ta 3JiIICHIOE KOHTPOJb TEMIEpaTypd IO BOYZOBaHMX B TEIUIOAKYMYJSITOp JaTYHKIB
TeMIIepaTypH.

YcraHoBka [4-5] mpamtoe HacTymHIM 9uHOM. ITicisi BKITIOUEHHS JKUBJICHHS BHUCTAaBIISIETHCS TEMIIEPATYDa,
JI0 K0T MOBHHEH Harpitucs 6ak Teruoakymyistopa (ue 95°C). EneKkTponuii KOTEI BMHKA€ThCS i HACOC B KOHTYPI
HarpiBy IIOYMHA€E TIEpeMillyBaTH Harpiry Boay. Harpita Bojma uepe3 TEIUIOOOMIHHHMKM BiJJla€ Temjo a0
TEIUIOAKYMYJISITOPa Ta IIOBEPTA€ThCS 3HOBY 10 KOTJIA A€ W HarpiBaeTbCsi 3HOBY. 3aBISKH BHKOPHUCTAHHIO
EJIEKTPOHOTO KOT/Ia BOJA B KOHTYpi HArpiBy MaKCHManbHO Moske HarpiBaethes 10 99°C. KOHCTpYKTHBHO Ginblimmii
HarpiB il HEMOXIIMBO 3[IMCHUTH 4epe3 OCOOJIMBICTh €NEKTPOAHOTO HArpiBy. TakuM YMHOM MM MaeMo CTabijbHE
3HAYEHHS BXIJHHUX MapaMmeTpiB TeruioHocis. OKpiM TOrO BIJCYTHS MOXJIHMBICTh MApOyTBOPEHHS! Ta CTBOPEHHS
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HeOe3MeyHol cuTyallii o0 ypaKeHHs IeperpiTHM MapoM JIIoJel y MPUMIILEHHI, JIe pO3TaIllOBAHO CUCTEMY OIAJICHHS
3 Oakom. Harpita maibke A0 KHWIiHHS BOJAa BiZIa€ CBOIO TEIUIOBY EHEPTil0 BOXi, IIO 3HAXOAWTHCI B 0aKy-
akymyisitopi. Cam 0ak OcCHamIeHO, Ha BCSKMH BHITAJIOK, CHCTEMOIO 31 3BOPOTHIM KiamaHoM. Harpita Bonma
MPUPOJTHOI0 KOHBEKLIEIO PO3MOBCIOKYETHCSI B TEIUIOAKyMYJISITOpi. BUKOpHCTaHHS TeIUoi3ominifiHuX MaTepialiB
JIO3BOJIFJIO 3MEHIIUTH BTpaTh Terwia. Harpita Boga Moxe Binpasy, abo uepe3 IeBHUN MPOMIIIOK Yacy BiIaTH CBOIO
TEIJIOBY €HEPTil0 KOHTYpPY onajieHHs. sl Iboro BMUKAETHCS HACOC 1 uepe3 BepXHiil TerI000OMIHHUK 3/11HCHIOETHCS
BiZIOOp rapsyoi BOJM Ta BiJJlaua TEIUIAa B HABKOJIMIIHE CEPEIOBHUIINE uepe3 Oarapero omajicHHs. Peryimorodi yac
BMHKAHHS Ta BUMUKaHHS HACOCY MOYKHA KOHTPOJIIOBATH KiJIBKICTh TEIlIa, 0 HAIXOAUTh 10 Oatapei onaneHHs.

ExcrnepuMeHTanbHa ycTaHOBKA 00J1aIHAHA €IEKTPOHHOIO CUCTEMOIO (pHC.2), 110 J103BOJISIE KOHTPOIIOBATH
Ta peecTpyBaTH OXydi 3HAYCHHS TEMIIEPaTypH Ta Yyacy HarpiBaHHs 0aKky Ta OXOJIOKEHHS HOTo.
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Puc. 2. EilekTpuyHa cxeMa KepyBaHHs yCTAHOBKOIO 1151 Puc. 3. I'padiku 3aesxHocTeill TeMIepaTypu 3riiHo BUMipIOBaHb
JOCTIIZKeH sl TeNJI0aKyMyJIATopa JaTYHKAMH CHCTEMOIO YNPABJIiHHS Ta KOHTPOJIIO MiJl 4ac BUXOAY
TeIUIOAKYMYJISITOPA HA HOMiHAJILHUI pexkuM podoTH

OTpuMaHHA TOYHOTO OIHCAaHHA 00’€KTa «HArpiBad-pignHA-0aKk» aHATITHYHAM METOAOM Ma€ 3HaYHi
TPYIHOII, a caMe HEeOOXITHO BpaxyBaTH yCl MPOILECH, SIKi MPOXOIATh B 00’ €KTi Ta 3alUcaTH CHUCTEMY HeNiHIHHIX
qudepeHIiiHNX piBHSIHb. TOYHMH onHC 00’€KTa YCKIIaTHIOEThCS, 00 OUIBIIICTh MPOLECIB 32 CBOEIO MPUPOJIOIO €
HeNiHINHI.

Jnst oTpUMaHHS aHANITHYHOTO OIHCY O0’€KTy «HarpiBay-piJuHa-0aK» 3alpoNOHOBAHO 3aCTOCYBATH
AHAJITUYHO-EKCIIEPUMEHTAJIBHUI METO/ 13 3aCTOCYBAHHSM JIHIMHUX AU(EpeHIIiHNX PIBHSAHb. 3HAYEHHS CTaJIHX
KoeimmieHTiB (yHKIIi, KOO OMHCYETHCS PIMICHHSA, 3B’A3aHO BIIOMHMH CITiBBiTHOIICHHAMH 3 KOeQiIlieHTaMHu
mudepeHIifHOro piBHSAHHSA 1 HOro MOXHA BH3HAUMTH 13 JONOMOTolo rpadoaHaTiTHYHOI OOpOOKM KpHUBOI
MepexiIHOro mporecy. Ajie TaKMH METOA Ja€ OLIHKY MPOLECY i3 3HAUHMM HaONIMKeHHsM. Buxonsum 3 xapakrepy
KpuBoi po3sirpia (Puc.3) 00’ekT «HarpiBad-piagnHa-0ak» BITHOCHUTBCS MO AlePiOAMYHOI JAHKH MEPIIOTO TOPSIIKY.
Y npoMy Bunajxy audepeHiiiine piBHSIHHS Ta HOTO PIillIEHHS MalOTh BUTJISIA:

d L
Td_(t”+¢:[(.lu P =k-pd-el), )
ne T — crana yacy;

t — OTOYHE 3HAYEHHS Yacy;

e —aucno Eiinepa. (e = 2,81).
0 = u, 2)
Yo

ne @; - 3HAYECHHS BIZIHOCHOI KOOP/IMHATH B JIaHUH MOMEHT;
V; - BEIM4UHA BHXiTHOI KOOPJMHATH IIiCJIs BBEACHHA 30ypeHHS B (hiKCOBaHUH MOMEHT;
¥, - BeTIMYMHA BUXiJHOI KOOPAMHATH JI0 BBEICHHS 30ypeHHS.
X —X
M 0
,uj - s (3)
Xo
e M; - BUXilHA BeIMIHMHA 30yPEHHS, iF090r0 B JaHUH MOMEHT 4acy;

X, - BeJIMYMHA BXiJHOi KOOPJMHATH TIiCJIsl BEJICHHS 30yPEeHH;

X, - BETIMUMHA BXiJHOi KOOPMHATH JIO BEJECHH: 30yPEHHS.
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KoediuieHnT nigcuneHns k,- BU3HAYAETHCS BiHOLIECHHSM:

k=2, @)
H

VY pe3ynbTati MpoBEACHOTO EKCIIEPUMEHTAIFHOTO BUMIPIOBAHHS MPOIIECY HATPIBAaHHS CHCTEMH «HArpiBad-

pinnHa—0ak» (puc.3) Ta npoBeneHoro rpadiyHoro 00OpoOIIeHHST OTPUMAaHO KoeillieHTH AnpepeHLIIHOTO PiBHSHHS.
T4, p=K-pu (5)
dt

OTpuMaHa aHIITHIHA MOJCTH A€ MOXIITBICTh aHATi3yBaTH MEPEXiTHI MPOIECH SKi MPOXOIATH B O0EKTI
«HarpiBa4-piguHa-0ax», ane Juisi BA3HAYCHHS BIUIMBY Pi3HUX KOHCTPYKTHUBHHX NapaMeTpiB Ha MPOLEC HarpiBaHHS
00’eKTy «HarpiBau-pimmHa-0ak» OyJ0 MPOBEACHO MOCTIMHKCHHS 3 BHUKOPUCTAHHAM MATEMAaTHYHHX METO/IB
TUTAHYBaHHS 1 aHAITI3y eKCIIEPHUMEHTY, [0 TO3BOJHUTh YHUKHYTH HEAOMIKIB, 10 BIACTUBI OAHO(MAKTOPHUM METOAAM
JOCIIIDKEHHA.

[MapameTrpom onrtumisariii Oyia mpuUiHATa TeMIlepaTypa B Teroakymyssitopi. Lleit mapamerp onmrumizamii
TIOBHICTIO BiITIOBiJJa€ BUMOTaM, 1110 BHCYBAIOThCS 0 MMapaMeTpiB ONTHMI3aLlii Py IJIaHyBaHHI eKCTIepuMeHTy [9].

Hdns oTpuMaHHs yTO4yHeHOI Mojeni (mapaMeTpa ONTHMIi3allil) 3ampoNOHOBAHO BHKOPHUCTOBYBATH
anreOpaluHuil MOITHOM Apyroro nopsiaky [13]:

y=>b,+ Zbixi + Zbﬂxix, + Zbﬁxl.2 , 6)
1<i<k 1<i<I<k 1<i<k
ne b,,b,,b, - xoediuient perpecii;

X,;,X; - 3MiHHi (paKTOpH.

B 3B's13xy 3 nuM OyJ0 mpuifHATE pilIeHHS NPOBOJMTH EKCIIEPHUMEHT, BUKOPHUCTOBYIOUH HEKOMIIO3UIIIHHE
pororalenbHE TUIAHYBaHHS APYroro mopsaky. st 3amucy yMOB €KCHEpHMEHTY 1 0OpOOKM eKCIIepMMEHTAIbHUX
JaHuXx piBHI (akTopiB KoxyBanuch. [lpuitHATO poTroTabenbHe MIaHYBaHHS JPYTOro MOPSAKY Uil TPU(BAKTOPHOTO
excriepuMenTy. [IpuiiHsTI HACTYIHI 3MiHHI ()aKTOPH: 3HAUESHHS IUIOLII TeTUI00OMIHHMKA — X;; yac HarpiBaHHs — X5}

KUTBKICTh pIAMHU — XG;.

IIpu koxyBaHHI 3HaYCHBb X;, X 1 X3 BepxHiil piBeHb M03HaYar0Th +1, HMKHINA —1, a ocHoBHuU 0. KonyBanHs
(akTopa X; BU3HAYa€THCA BUpa3oM [136]:

_ i T
e i - Homep (akropy;
n .
X, - HarypanbHe 3HAYCHHS i-TO HaKTOPY;
n . .
Xy - HaTypaibHe 3HAYCHHs OCHOBHOTO PiBHSI i-TO (paKTopy;

&, - IHTEpBAl 3MiHM [ -TO (aKTOpY.

dakTopH 1 X KOJOBaHI 3HAYCHHS HaBeACHI B TaOn. 1 3HaYeHHS X3; BIIHOCHUTHCS IO TEMIICPATypHU BHU3Y

TEIJIOAKYMyJIsiTopa, X3, — TemIlepaTypa B CEpeldHI TeIoaKymyJjsTopa, Xz —  TeMmIeparypa BBEpXy
TEIUIOAKYMYJISTOPA.
Tabmuns 1
PiBHi Ta iHTepBaJu 3Minu ¢akTopiB
TEMJI0aKyMYJISITOD
HaiiMmenyBaHHs X, M X5, XB. HU3 cepenrHa BEpX
X31, M3 X32, M3 X33, M3
IHTepBan 3MiHN 0.06 30 0,15 0,15 0,15
PiBHi dakropis:

-1 0,06 30 0,20 0,20 0,20

0,12 60 0,35 0,35 0,35

1 0,18 90 0,5 0,5 0,5

3nadyeHHsA Oyiy TepeBipeHI Ha OTHOPIMHICTH gucrepcid moxmbok mo kputepito Koxpema [13].
Koedimientu piBHSHHS perpecii (6) 3HAXOAMIHCS 3a JOIOMOTOI0 MaTPpHYHOTO METOy [9], a TakoK mepeBipsuiach ix
3HAYMMICTB TI0 JIOBIPYMX IPAHHUIIX 32 JOIOMOroro Kpurepito CthronieHTa npu 5% piBHI 3HaunMocTi [9]. Busenena
OJTHOPIZAHICTh POBEACHHUX JIOCIIPKEHb.

[IpoBomsum perpeciiinuii aHamiz i MepeBipsIOYN aAEKBAaTHICTH Mojeni mo kpurepito Pimepa [13] Oynu
oJiep>KaHi piBHSHHS perpecii. JJyist ogep)kaHHs HATypalbHUX PIBHSHB MiJICTAaBISEMO 3HAUCHHS KOJIOBAHOTO (akTopa
X, 3rizHo 3 Bupazom (7) B OTpUMaHi piBHSHHS 1 0JiepKyeMO (YHKIIIT 3aJIe)KHOCTI Yacy HarpiBaHHS PiJMHH.

ExcniepuMeHTanpHI JOCTIIKCHHS TEMIIepaTypu HarpiBaHHA piguHA Oyimud TpOBEIEHI A TIEBHOTO
3Ha4eHHs. J{ocIiKeHHs TPOBOUIINCH Ha PIBHSIX Ta 3 IHTEpBaJlaMy, sIKi Ipe/ICTaBjIeH] B Ta0. 1.

IlpoBenena o00poOKa eKCHEPUMEHTANBHUX JAHMX JO3BOJMJIA OTPUMATH [apaMeTp ONTUMizamii
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(Temneparypa), KUl 3aJIeXUTh BiJ (akTopiB (IUIONI TEIUIOOOMIHHMKA, Yacy Ta 00’€My PEYOBHHH) Ul TPHOX
PpiBHIB.
[Ticnst mpoBeneHHsT €KCIEepHUMEHTy Ta OOpOOJIEHHS OTPUMAaHHMX PE3YJIbTaTiB OyJIM OTPUMAHO PiBHSIHHS
perpecii:
T,(S,t,v)=30.1+12.15p +27.85t —1.05v—9.67 pt —37.05v¢ —

, (3
-13.45pv— 20.52p2 +90.19¢* +14.46V*
S —128000 ) )
e S = —————— - npuBesieHe 3HaYEHHS IO TEIIOOOMIHHHKA;
72000
T-30 .
t= T - IPUBENICHE 3HAYCHHS Yacy HarpiBaHHS;
v, —0.0000015
V= - IpUBEICHE 3HAYCHHS KUTBKOCTI PiIWHU.
0.0000005

OTtpuMaHe piBHSHHS perpecii 703B0JIsiE ONMUCYBATH IPOLEC 3MIHHM TEMIIEPaTypH 3 YpaxyBaHHIM BCIX TPhOX
(axTopiB.

3 mpencraBneHuX TpadikiB BUAHO, IO AaHATITHYHA MOJENb Ta OTPHUMAaHI pPErpeciifHi 3ale)XKHOCTI 3
KoedilieHTaMH 33/I0BUTBHO Y3TOJUKYIOTHCS (BiTHOCHE BIIXWJICHHS €KCIIEPUMEHTAIBHUX 3HAYCHB BiJl TEOPETUUHHUX
He mnepeBuinye is HU3Y - 14%; mns cepemmnn - 12%; mns Bepxy - 13%), mo minTBepikKye HpaBOMIpHICTH
JIOTYIIEHb, SIKi OyJIM NPUIHATI MPU OOrPYHTYBaHHI aHATITHYHOT MOJIENI MPOLIECy HarpiBaHHSI.

Puc. 4. I'padik 3a1e:kHOCTi HArpiBaHHSA TEIIOHOCIA Bix yacy Puc. 5. I'padik po3noBcioKeHHS TeIIa B TEILIOAKYYMYJIATOpi: I—
HArpiBy (XB.) Ta IUIOIIi TeNJI00OMiHHMKA (IM7) TeOpeTUYHHH, 2 — eKCIIepUMEHTAIbLHMIT

BucnoBknu

Po30ikHOCTI MareMaTHYHOI MOJENi 1 pe3yNbTaTiB IOCTiAiB OOYMOBJICHI HEMHHYYOIO ITOMIUTKOIO
CKCIIEPHUMEHTY, a TaKOX [CeSKOK HEBIAMOBIAHICTIO MaTeMaTH4HOI MOJENi, B HACHIMIOK MPUHAHATHX MOpH
AHAJITUYHOMY JIOCIIJKEHHI MOJI0XKEHb JJIsl CIPOLICHHS.

3 oTpuMaHHX Pe3yJbTATIB y BUTIAAL TpadikiB BCTAHOBJICHO, IO 30UTBIIEHHS KITBKOCTI PITMHY Ta TDIOMIL
Belle 0 CKOPOYCHHS 4acy HarpiBaHHsi, sKe OOYMOBIICHO (haKTHYHOK IUIOMICH) TEIUIOOOMiHHHMKA. TakuM 4YHHOM,
OTpUMaHe PIBHSIHHS perpecii 3 JOCTaTHBOIO Ui PO3PaxXyHKIB TOUHICTIO OMKCY€E MPOLEC HarpiBaHHS TEIUIOHOCIS B
TEeIUI0aKyMyJIaTopi. Lle 03BoJIsie BUKOPUCTOBYBATH OTPUMaHI 3aJIeHOCTI JUI1 PO3paxyHKIB KOHCTPYKTUBHHUX Ta
TEXHOJIOTTYHUX MapaMeTpiB MOOYTOBOTO TEIIOAKYMYJISATOPA.
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