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3ACTOCYBAHHSA YUCEJIBHUX METOAIB ITPU JOCJIIKEHHI
TEINJIOBUX TPOLHECIB HA MATEMATUYHUX MOJIEJIAX

My3uuyk B.1.
Paoowanka B.b.
Bypoeiinuin O.M.
Binnuybkuii HayionanvHuli azpapHuti yHisepcumem

Hagedeno mamemamuuny moodenb, wjo cKIAOAEMbC 3 CUCMEM HENHIUHUX Ou@epenyianoHux pieHAHb )
YACMUHHUX NOXIOHUX MA HENIHIUHUX aleeOpaiuHux pieHAMb, AKI 6Ci pa3oM ONUCYIOMb CMAYIOHAPHI Ma nepexioHi
pedcumu pobomu meni00OMIHHO20 0ONAOHAHHS.

A mathematical model, which consists of the systems of nonlinear differential equalizations at the derivatives
of part and nonlinear equalizations of algebra, which describe the stationary and transitional modes of operations of
heat-exchange equipment all together, is resulted.

Bcmyn

B ocranHi poku y HpomoBOJbYOMY MalIMHOOYIyBaHHI 110YajOCh LIMPOKE 3aCTOCYBAaHHS
MaTeMaTUYHUX MOJEJIeH, Ha SKUX BHUBYAIOTHCS TEXHOJOIIYHI Ta TEIUIOBI MpOLECH, L0 Jae
MO>KJTUBICTh, B IOPIBHSHHI 3 ()I3MUHUMU, 3HAYHO CKOPOTUTHU TPYAOBI Ta MaTepiaibHi BUTPATH.

[Ipr mpoexTyBaHHI HOBOTO Ta aHaJi3i PEKUMIB pOOOTH MPALIOIOYOTO TEIIOOOMIHHOTO
oOnaHaHHS € MOJKJIMBICTh MPOBECTH JOCIHIDKEHHS Ha MAaTeMAaTHYHIM MOJENi BiJ] HalMEHIIIOTO
€IEMEHTY 10 TIOBHOI CHCTeMH OONagHaHHA. MaremMaThudHa MOJeNb CKIQJA€ThCd 3 CHUCTEM
HEeMHIMHUX AudepeHialbHUX PIBHSHb Yy YaCTMHHMUX TMOXIAHMX Ta HENHIMHMX anreOpaidHuX
PiBHSHB, SIKI BCl Pa3oM OINHUCYIOTh CTalllOHapHI Ta MepeXiJHI peXUMU POOOTH TEMI000MIHHOIO
o0J1aJHaHHS.

Ocnoséna wacmuna

[Ipu  nmociiKeHHI YUCENBbHUMH  METOJIaMH  TEIUIOOOMIHHOTO  YCTAaTKyBaHHS IO
BUKOPHUCTOBYETHCS B LIYKPOBOI I'aTy31 BUHUKAIOTh TakKl 3aJ1ayi:

- BU3HAYECHHSI OCHOBHHMX IapaMeTpiB Ipilouoi KaMepH, KHUII SITUIbHOI TPyOM BUIIAPHOIO
amapaTta, MOBHOI CUCTEMM TEIJIOOOMIHHOTO OOJaJHaHHS, K€ CYMICHO MpaIlo€ 13 30BHILIHIMU
CIOKMBAYaMU;

- PO3paxyHOK 3aJeKHOCTEH KpuTepiiB e(EeKTUBHOCTI BiJA HE3AIEKHUX 3MIHHHX Ta
YyTTEBICTH iX J0 IHIIUX MapaMeTpiB;

- BU3HAYCHHS ONTUMAJIbHUX MapaMeTpiB KOHCTPYKIIIT 1 peKuMiB poOOTH;

- BU3HAYEHHS yCTAJICHUX Ta JUHAMIYHUX XapaKTEPUCTHK TETUIO0OOMIHHOTO 001 iHaHHS.

B nopanemioMy ans po3paxyHKIB YHCENIBHHUMU METOJIaMU IapaMeTpiB TEMI00OMIHHOIO
oOnaHaHHS I[yKPOBOTO BUPOOHHUIITBA PO3TIITHEMO MPHUHIIUITN MOOYIOBU aITOPUTMIB Ta CKJIAJIEMO
ATOPUTMHU MaTEMAaTHYHHUX MOJICIICH.

OCKIUTbKHM KO’)KHOMY PIBHSIHHIO B YaCTUHHUX MOXIIHUX HENIHIMHOI MOJeli mpuTaMaHHi CBOT
0COOJIMBOCTI, a I'paHUYHI YMOBH pOOJATH KOXHY 33jJady HE MOAIOHY IpYruM, TO HPAaKTUYHO
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HEMOXUTHBO C(OPMYJTIOBATH 3arajbHi peKOMeHaaIli, ki Oyau O KOpPHCHI IpH PO3B’s3aHHI TaKUX
PIBHSHB.

Opnak y BCiX BUIaJKaxX KOPUCHO MaTH Ha yBa3l HACTYIHI MpaBuia:

- Ha TOYATKy HAJEKUTh 3’SICyBaTH, fKa MOBHHHA OYTH TOYHICTH DIIIEHHS, SKIIO BOHA
BHCOKa, TO ISl PillICHHS JU(epEeHIIaTbHOrO PIBHAHHS Yy YACTUHHMX IOXITHUX MOTpiOHA Oy/e Tyke
Minka citka. Tpeba mMaru Ha yBasi, 110 KIHIIEBO-PI3HUIEBI METOIU JalOTh MOXHOKY mopsaky h?
(KpOKy CITKH);

- HeoOximHO BUBYUMTH ¢GopMy oOnacti, B fAKiil BiAmIyKyeTbcs pimeHHs. Jlyxxe dvacrto
HasBHICTh CUMETpIi T03BOJISIE 3MEHIIUTH KUIBKICTh BY3IIB CiTKH B 2 abo B 4 pa3u. B pesynbrati
32011a/HPKYEMO MAIIMHHUHN Yac Ta OyJ1IeMO BUKOPUCTOBYBATH MeHIHH 00’ eM ram’sti [TIEOM.

- HAJIC)KUTh TAKOX PETENbHO BUOMPATH MOYATKOBI 3HaYeHHS 3MiIHHMX. [Ipu BUKOpHCTaHHI
ITepaTUBHUX METOJIIB IIBUIKICTh 301KHOCTI B MPSAMY 3aJICKHUTh BiJ OJIM3bKOCTI TOYATKOBUX JaHUX
70 pileHHs. SIKII0 HE BAAETHCS OJEP>KATH PIIICHHS, TO BUSABISETHCS KOPUCHO PO3AUTUTH PIIICHHS
3amadi Ha ;Ba abo Oubmne eramiB. Ha mepmomy eramoBi 3a OTIOMOTOIO Jyke Tpy0oi ciTku abo
PO3KJIaJJaHHA Ha JOCUTH BEJIHKI €JIEMEHTH OJIEP)KYIOTh JIOCTaTHE HAOIIMIKEHHS, a MOTIM 3HAXOISTh
pillIeHHs Ha JOCUTh MUIKIiH CITII.

- OaxaHUM € BHUOIp METOMy, SIKW OUTBIN YChOTO IMiTXOAWUTH JUIS PIllICHHS BUOpPAHOI 3a/1adi.
[Tpu pOMy 3aBXJIM MOXKE IIOCTATH MUTAHHS, SKUA METOJ HEoOXiIHO BHOpaTH KiHLIEBUX Pi3HOCTEH
YW KIHIIEBUX €JIEMEHTIB. BiaNmoBiah 3aJICKUTH BiJ TOTO ISl IKOTO 00’€KTa CKJIaJACHI PIBHSIHHS Ta
ska popma 00’ekra. SIKIo 00’ €KT Mae NMpaBUiIbHI (HOPMU KIHIIEBUX PI3HOCTEH, TO I METOJ Mae
MeHIIM 00’eM oO4YHcleHb Ta 3aiimMae MeHIUKA 00’eM mam’siti y IIEOM, a, kpim TOro, mMeron
KIHLIEBUX PI3HOCTEH 3 JNESAKUM NPUITYHICHHSAM MOKHAa BHKOPHCTOBYBATH ISl OLNIBII CKJIATHHX
00’ €KTiB.

PimenHst cucreMu Takux piBHSHb MOXKE OYTH BCSKa CYKYNHICTh (DYHKIIIH, sIKa IMIJCTaBJI€HA
B CHUCTEMY DIBHSIHb 3aMICTh HEBIIOMHMX (YHKIIH, MEPETBOPIOE LI0 CHUCTEMY B TOTOXHICTh. [lpu
[IbOMY BMHHKA€ HEOOXIJAHICTh JOTPUMYBATHCh TaKUX BHMOT: 3allUCATH KOKHE PIBHSHHS MOAENI
BITHOCHO TOJIOBHOTO MapaMeTpa; 3aMIHUTH YAaCTMHHI MOXiJHI (PYHKIISIMH pilIEHHS TOYOK CITKH;
BUKOHATH MEPETBOPEHHS PIBHSIHHS BIJIHOCHO TOJIOBHOTO MapaMeTpa 3a J0MOMOTr0l0 MOYaTKOBUX Ta
IpPaHUYHUX YMOB; 3allMCaTH 3HAYEHHS LUX HapamMeTpiB B CITIHI y BUJII MOYATKOBOIO PIIIEHHS;
nigidbpatu MeToJl YTOYHEHHS I0YaTKOBOI'O pIIIEHHs MO0 3amoOirTH pPO3XOPKEHHS IpOoLecy
piIIEHHS.

Butpumaemo mopsI0OK oOnEp)KaHHA PIZHULEBUX PIBHSAHb BIJHOCHO TOPSAKY, KU
BUKOPUCTOBYETHCS TPH CKJIQJTAHHI MATEMaTHYHUX MOZEIICH.

PosrnsiHemo mpukian ofepxaHHs PI3HULEBOTO PIBHSHHS 3 AU(EPEHLIANbHOIO PIBHAHHSA
TeMIepaTypu Mapu B roprodi kamepi. |'0IOBHUM mapaMeTpoM y IbOMY DPIBHSIHHI € TemIeparypa
rparoyoi nmapu B kamepi. BiqHOCHO Hel 3anuieMo pi3HUIEBE PiBHAHHS

00 (8°6, 100 00,
— = s t———+— | (1)
or o’ ror oz
ne @ - Temneparypa rparo4oi naps, I - paaiyc KaMepH, Z - BUCOTa KaMepH, T -4ac, O -
Koe(ilLi€HT TeMIIepaTypOIPOBIAHOCTI.
[TouaTkoBi yMOBH
0.(z,r,0)=6,, 2)

146



Cepis: 36ipHMK HayKOBMX NMpaub NelO T. 2 (59)
TexHiuHi Haykun BiHHMLbKOro HaUioHaNbLHOro arpapHoOro yHiBepcuTteTy 2012 p.

ne 6 - TemepaTypa HaBKOJIHUIIHBOIO CEPEIOBHUIIA.

['pannyHi ymOBHU:

0,(z.r,7)=0,(zr.7), 3)
ne Qni - TeMreparypa IUTiBKM KOHJIeHC allii;
00 06 do
2, %% %% _ 5 h 92 ()
or or dr
ne A, A, - KoedillieHTH TEIIONnpPOBi AHOCTI Napy Ta IUIiBKH KOHACHCATY, P, - TyCTuHa

nap, h, - Termora napoyTBOPeHHs, O - TOBIIMHA IIJTiBKH.
Bubepemo citky 3 kpokoMm h;y ta h; BiAmoBigHO B310BXK pajiyca 1° Ta BHCOTH Z IPilOYOi

KaMepH, a TaKoX IHTepBaJl 3MiHM 4acy K, 1 B HomaipmoMy OyaeMO BHKOPUCTOBYBATH 11 Uis
OJICp>KaHHS PIBHSHbB VIS YCIX MTapaMeTpiB rplroyu0i KaMepH.
[IpencraBuMoO YacTUHHI MOXiJHI B PI3HUIIEBOMY BUII:
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[ToximHi MO CITIi 3aMIHMMO IIEHTPATbHO-PI3HUIIEBUMH, a TOXiAHI 3a 4YacoM IIPaBOIO
pi3HUIIEBOIO MOXiAHOIO. [lifCTaBIseMO 3HAUEHHS MNOXIIHUX Yy PI3HUIEBOMY BHJII B IHOYAaTKOBE
(BUXiJHE) pIBHSIHHS
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Buxkonaemo NEPECTBOPCHHA piBHHHHH Bi,I[HOCHO OCHOBHOI'O I1apaMeTpa, TOOTO Bi)IHOCHO
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B pesynbTarti onepxxyemMo (yHKIIIO BITHOCHO OCHOBHOI'O TIapaMeTpa TeMIrepaTypH Ipirodoi
napu B KOXHIiHM Touli ciTku Tpitodoi kamepH. Llei KiHIeBO-pi3HUIIEBUI BUPaA3, CIIpPaBEATUBHUI IS
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BCIX BHYTPIIIHIX BY3JIIB, JO3BOJISIE SBHUM YMHOM BHPA3UTH TEMIEPATYypy HapH B Irpitodiid Kamepi B
MOMEHT 4acy (T + k) 4yepe3 TEMIIepaTypy B MOMEHT 4acy 7 13 MOXHOKOI0, SIKy MOXKHA OOUUCIIUTH
3a hopmyoro
k 2
= F .
Bincranp Tpeba BUOMpATH BIAMOBIAHO Yacy Ta KOOPAMHAT I 1 Z Tak, mo0 moxubka Oyna B
inTepBaii €<0,5, 60 npu €=0,5 BUHUKAIOTh AEAKi KOJIMBAHHS PE3YJIbTATIB PIIICHHS.

e (11)

AHJIOTIYHO OJep)KUMO KIHIIEBO-PI3HUIIEBUI BHpa3 A BHU3HAYCHHS TOBILIMHH IUIIBKU
KOHIeHcamii

Hn(i,J

>_9n<i—1,j>_l Onii) = Oy | K
h, 2 h, Priy

Oup =4 +0, (12)

i)

Bucnoeok

YucneHH1 METOAM AOCITIKEHHS B MOPIBHSIHHI 3 €KCIIEPUMEHTAIbHIUMHU MTOKA3aJH, 10 BOHU
3a0e3neuyoTh HabaraTo MEHIIY BapTiCTh, TOMY IO BUTpPAaTH Ha BapTICTh MAIIMHHOTO Yacy Ha
06arato TOpPSIKIB MEHIIMHA YHM BapTiCTh EKCIEPUMEHTY Ha peajdbHOMy oOnamHanHi. Crigye
BiJJ3HAYMTH, IO 3HAYEHHS LBOT0 (pakTopy 3pocTae mpu 30iIbIIeHI MacmTadiB Ta YCKIIAQAHEHHI,
MOoTPeOy0UOro BUBYCHHS (DI3UIHOTO TIPOIIECY.

JlocmikeHHsT 32 JTOTIOMOTOI0 YHCENBHUX METOMIB MOKJIMBO IPOBECTH JIOCUTH IIBUIKO,
ToMy 110 3a Aonomoroo cydacHux [IOEM B kopoTkuil 4ac ofepKytoTh COTHI PO3PAaXyHKIB a 3 HUX
BUOUPAIOTH ONTHUMANIbHY KOHCTPYKIIiIO, B TOHM Yac K MPH eKCIEPUMEHTI 1€ TOCIiKeHHs 3a0paiio 6
HabaraTo Oiible Jacy.

PineHHs 3agaui 4nceNbHUMH METOJJaMU Jla€ JieTalbHy Ta NOBHY 1H(opMalito npo GpisudHuit
npouec. 3 Horo JI0MOMOTOI0 € MOXJIMBICTh OJEpXaTH 3HAUYEHHS YCIX 3MIHHHMX HapaMeTpiB (TaKUX
SK IIBUJKICTb, TUCK, TEMIEpaTypa, KOHUEHTpAllis, BUTpAaTH MHapu Ta po3uuHy). Ha BigmiHy Bin
eKCTIEpUMEHTY JUIi BU3HAYEHHS [apaMeTpiB MPAaKTHYHO JIOCTYIIHA BCS 00NacTh, sKa
JOCITIJIKY€ETHCSI, Ta BIICYTHI 30ypeHHS TIPOILIECY, 1110 BHOCATH JATYUKHU MIPH €KCIIEPUMEHTI.

[TpuBeneHuit MeTOT 1a€ MOXJIMBICTh OJIEPKATH JaHl MpO peaJbHUH Mpolec, M0 JalIeKO He
3aBKIM MOJKJIMBO NPH €KCIIEPUMEHTI.

YucenbHi METOAM AOCTIIKEHHS HE MOKYTh OYTH BUKOPUCTaHI JUIsl TUX 00’ €KTIB, IS SKUX
11e He po3poOIeHi MaTeMaTUYH1 MOJIEII.
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