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MIHICTEPCTBO OCBITU I HAVYKU YKPATHU
JIOHELILKMI HAITIOHAJIbHMI YHIBEPCUTET EKOHOMIKU I TOPTIBJII
IMEHI MUXAWJIA TYT AH-BAPAHOBCBHKOI'O
HapuanbHO-HAYKOBHIl IHCTUTYT PECTOPAHHO-TOTEIBHOTO O13HECY Ta TYPUZMY

Kadenpa 3aranbHOIHXXEHEPHUX JTUCIMUILTIH Ta 00J1aTHAHHS

®opma 3100yTTS BUIIOI OCBITH JICHHA

Cryninp 6akanaBp

["any3b 3HaHb EnexkTpruyHa iHXKEHEpis

OcBiTHs nporpamMa: XoJ0IuIbHI MAIINHH i
CTaHOBKH

3ATBEP/IKY1O:
I'apanT OCBITHBOI IpOrpamMmn
«EHeprernuHe MammHoOy 1yBaHHS»
Omenbuenko O.B.
« » 2022 poky
3ABAJAHHA
HA KBAJI®IKAIIAHY POBOTY 3/I0OBYBAUYA BUIIIOI OCBITH

BbypakoBy KocrsasaTuny IropoBuuy

(mpi3BuIe, iM’s1, TO-0AaTHKOBI)

1. Tema kBaxigikauniiinoi podoru: «IliABUIICHHS  eKCITyaTaliiHuX

XapaKTCPHUCTHUK XOJIOANJIbHHUX KOMIIPECOPHHUX YCTAaHOBOK B CHCTEMI

X0J10103a0€3IeUYeHHs CYIIEPMAPKETUHI1BY
KepiBauk pobdotu __npodecop kadeapu, A.1.H., npod. Xoponabcbkuii B.11.
(HayKOBUM CTYIiHb, BUCHE 3BAHHSI, MPI3BUILIC TA 1HIIIATIH)

3arBepakeHo: Haka3zom nepiioro npopekropa JoHHYET imeni Muxaiina Tyran-
bapanoscrekoro Big «19 » muctonany 2021 p. Ne 416-c.
2. Ctpok noganss 3100yBaueM BO po6otu «1» uepsHs 2022 p.

3. Buxigni gaHi 10 poOoTH:

1. TexHiyHa TOKyMEHTAIlIA 10 YCTaTKyBaHHS.

2. MoHnorpadii, HayKoBi cTarTi, aBTopedepaTu aucepTalii, Te3u J0MOoBiaeH
Ha HayKOB1 KOH(epeHIi.



3. HaBuanbHa 1 MeTOou4HA JiTepaTypa, iHpopmarllis mepexi [HTepHeT.
4. 3MICT MOSICHIOBAJIBHOI 3aMHUCKU:

1. Berym.

2. Opranizamisgs poOOTH XOJOAWIBHOTO OOJIaJHAHHS Ha MiANPUEMCTBAX
TOPTIBI.

3. TexHoMOT1YHE XONOAMIbHE 00TaITHAHHS CYJacHUX
BHCOKOABTOMATHU30BaHUX IiIPUEMCTB TOPTIBIIL.

4. Pospobka KoMMpecepHOTO OO0IaHAHHS Ta XOJIOAOMOCTAYaHHS
CYNEPMapKETHUHT1B 3 MAIBUIICHHUMHU €HEProe(eKTUBHUMU XaPAKTEPUCTUKAMH .

5. BucHOBKH.

6. CIuCcOK BUKOPUCTAHUX JIKEPEN
5. Ilepenik rpadigaoro marepiary (3 TOYHAM 3a3HAYCHHSIM 000B SI3KOBHX KPECIICHB):

1. CepenubotemneparypHa kamepa KXC-2-6M

2. 36ipHa X0J01uIbHa KaMepa.

3. X010uIbHUN PUIIABOK - BITPUHA.

6. JlaTa Bugayi 3aBJaHHs «_2 JIOTOTO _ » 2021 p.
7. KanennapHuii rian
Ne : e e CTpoK BUKOHAHHS
Ha3Ba etaniB kBamigikamiitHoi poOoTu ,
3/m eTaniB poOoTH
1 Beryn 15.03.22
2 QpraHi3auiﬂ poboTtu .XOJ.IOI[I/IJ'IBHOFO o0JiaTHaHHS Ha Tlo 15.03.22
I ITPHEMCTBAX TOPTIBIIL.
3 TexHOIOTIYHE XOJIOAUIbHE 96J1az[HaHH51 Cy4aCHHX Tlo 15.04.22
BHCOKOABTOMATHU30BAHUX TIIPUEMCTB TOPTIBIII.
4 Po3pobka xo0101uapHOT0 00TalHAHHS Ta
XOJIO/I0TIOCTAYAHHS CYTIEPMAPKETHHT 1B 3 T 15.05.22
M1JBUIIEHHUMHU €HeProe(eKTHBHUMU
XapaKTEPUCTUKAMU .
5 BucHoBkM 110 po6oTi o 1.06.22
6 OdopmieHHst poOOTH 1 TOJIAHHS 10 3aXUCTY o 8.06.22
3006ysau euwoi oceimu byparos K.1.
(mimmc) (Tpi3BHILE Ta 1HILIAIH)
KepiBauk pobdoTu Xoposubcbkuit B.I1.

(miammc) (mpi3BwuILe Ta iHIIIATH)



3micT

Beryn
Po3xian 1 Opranizanisi po00oTu X0J10IWILHOT0 00JIaJTHAHHS HA MiAMPHEMCTBAX
TOPIiBJIi .

1.1 AHAJIITHYHUHA aHAJTI3 TOPriBeJIbLHOI0 Ta TEXHOJOTIYHOI0
X0JIOAUJIBLHOT0 00/ IaJTHAHHS BEJIMKHUX MiINPUEMCTB TOPTIBJII.
1.2 HoBiTHI KOHCTPYKIIiI X0JIOAWJIbHUX A

1.3 Cucmemu xono0o3abecnevyeHHA NPoyecie oxon00xceHHA npPooyKyii

Pozain 2. MaremaTu4yHi MoJeji XOJOAWIBHOIO  OOJAJHAHHA CYYaCHHMX
BHCOKOABTOMATH30BAHUX MIiANPHEMCTB TOPIiBJIi

2.1 MaremaTu4Ha MoJejb TeMIIEPATYPHHUX NOTOKIiB MOBITPSI I BOJIOrOCTI
XO0JIOAMJIBHUX KaMep CyllepMapKeTHHIIB

2.2 CutyaniiHuid aHAJI3 onTHUMIi3alii MpoueciB 3aMOPOKYBAHHS

Po3ainn 3 Po3podka x0101UIBLHOI0 001aJTHAHHSA TAa X0JI0JA0MOCTAYAHHA
CyNepMAPKETHHIIB 3 MiIBUIIECHHUMH eHeproe()eKTUBHUMMU
XapPaKTEePUCTUKAMM .

3.1 ExkcruryaTaniiiHi XapakTepuCTUKH 00J1aJHAHHSA CylIePMapPKETHHIIB

3.2 MoHTaXx i HAJIAro’KeHHS X010 IHJILHOI0 00/ 1aJHAHHSA
CynepMapKeTHHTIB.
BucHoBkH

Cnucoxk BUKOPUCTAHUX JKepeJt

JonaTku



PEDEPAT
MOSICHIOBAJILHA 3aNIMCKa KBaJi(pikauniiHol podoTu 0akajaBpa MiCTHTH

CcTOpPiHOK 69, 16 puc, 5 Tada

Ha temy: «IliaBUIIeHHS eKCIIYATAUINHUX XAPAKTEPUCTHK XO0JIOIWIbHUX
KOMIIPECOPHHUX YCTAHOBOK B CHCTEMI X0J10103a0e31e4eHHSs
CyllepMapKeTUHIIB»

06'ekm 00ci0HCeHHA— XONOAUNbHI  KOMMNPECOPHi YCTAaHOBKM B CUCTEMI
xonopo3abecnevyeHHs XxonoguAbHUX Kamep o06nagHaHHA CynepMapKeTUHriB
Mema pobomu— pocnigxeHHA cnocobiB  MiABULLEHHA  eKChyaTauinHuX
XapaKTEPUCTMK  KOMMPECOPHMX  YCTaHOBOK Ta  BMOip  onTMmanbHOro
xonopo3sabecnevyeHHsA xonoAnAbHOro 0b61agHaHHA cynepMapKeTUHTIB.

Memoou oocnioxcenns —xonopo3abecneyeHAa WOAO NPOAYKTUBHOCTI
KOMMPECOPHUX YCTAaHOBOK Ta BMOiIp ONTUManbHUX  eKcnayaTauinHux
XapaKTepUCTUK.

OcHogHi pe3y1bmamu, HAYKO6a HOBU3HA:

-MaTEeMaTU4YH1 MOJIeJI1, METOJIU aHaJl13y 1 MOJIeJl MPUYHUHO-HACIIIKOBUX
3BSI3KIB EKCIUTyaTal[liHUX XapaKTEPUCTUK ONTUMI3ALIT XOJI0I0IPOAYKTUBHOCTI
KOMITPECOPHUX YCTAHOBOK Ta BUOIp ONTHUMAJIBHUX PEXHUMIB POOOTH
X0J10/103a0€CTIeYeHHs X0JIOAMIBHOTO 00JIaJHAHHS CyIepMApPKETHHT 1B,

-PAaKTUYHI PE3yJbTAaTH OB’ A3aH1 3 PO3POOKOI0 METOIB PALIIOHATIEHOTO
BUKOPHUCTaHHS 00J1a/IHAHHA Ta MOTO eKCIUTyaTal[liHIX XapaKTePUCTHK B YMOBaX
MiHIMi3allli eHepro3arpar



BCTyNl
XonoauibHe 00J1aJHAHHS CYYaCHUX CYNePMapKETHHTIB SBJISiE COOO0I0
PI3HOBUIM MIPUCTPOIB, B AKUX CTBOpIO€TBC}I 1 BUKOPHCTOBYETHCS IITYYHUN XOJIO0T
3 METOI0 30epexKeHHs SIKOCTI M'sAca, pubH, Macia, MOJIOKa, OBOYiB, GPYKTIB 1
IHIIUX TPOAYKTIB, IO MIBUAKO MCYIOTHCS.

YcminrHe pimeHHs 3aBAaHb MO0 3HWKSHHS BTPAT Ta I ABUIICHHS SIKOCTI
MPOYKTIB XapuyBaHHS MOKJIMBO 332 YMOBH CTBOPEHHS XOJIOIMIEHOTO
KOMITPECOPHOTO TOCTIOAapCTBa 0€3M0CepeTHRO B CUCTEMAX JIOTICTUKH, PO3TIOILTY
Ta MPOJIAX MPOAYKIIi XapuyBaHHS.

Komnpecopre xonoaunpHe 00J1aAHAHHS IUPOKO 3aCTOCOBYETHCS B TOPTIBIII,
Xap4yoBid MPOMUCIOBOCTI, CUILCHKOMY TOCIIOJAPCTBI, Ha TPAHCIOPTI Ta B 1HIIUX
rajgy3six HapoAHOI'O rOCIOAapcTBa. 3alopyKoI0 YCIHiXy B cdepl BIPOBAIKEHHS
KOMIIPECOPHOT'O TOCHOJIapCTBa Ha MIJIPUEMCTBAX TOPTIBIL (CylepMapKETUHIaM)
€ CHCTEeMHMM MiXiJ JO0 NMPOEKTYBAHHS CyYaCHUX CHCTEM XOJI0/103a0ecreueHHs
X0JOAWIbHOTO oOnanHaHHsA. CynepMapKeTUHIaM, $IKI TOPTyIOThb HPOAYKTaMHU
XapyyBaHHA, JOBOJIUTHCA 30epiraTd 3HA4YHI 3amacd TOBapiB, 0Oararo 3 SKHUX
BIJIHOCATHCA A0 MBUAKONCYBHUX. Kpammii cnoci0 ix 30epiraHHs — BUKOPUCTAHHS
HITYYHOTO XOJIOAY B XOJOAWIBHMX KaMepax 3 XOJOJOMOCTayaHHSM BiJl
KOMITPECOPHUX YCTaHOBOK 3  MABUIIEHHUMH  EKCIUTyallliHUMU
XapaKTePUCTHKAMH.

CydacHa cTpaTerii  pPO3BUTKY  XOJOJ03a0€CIEYeHHS  XOJOIUIHHOTO
oOnaiHaHHS CYNEPMApPKETUHTIB Ta 1HIIMX MIANPUEMCTB TOPTIBIII OpPIEHTOBaHA Ha
3HIDKCHHSI TEXHOTC€HHOTO HABAaHTAXXEHHS Ha MPHUPOJHE CEPEOBUIIE 3a PaXxyHOK
MPOCKTYBAHHS Cy4YaCHUX aBTOMATH30BAHUX CHCTEM XOJIOJOTOCTAYaHHs

YTiM nume BuUOIp ONTHUMAJIbHHX EKCIUTyaTalllHHUX —XapaKTEePUCTHX
X0J10/103a0€CTIeUeHHs  XOJOIUIBHOTO  OOJaJHAHHSI  CYNEPMapKETUHTIB  J1a€
HaWKpal pe3yJbTaTy 010 3a0e3MeUeHHs IKOCT1 MPOAYKIIT XapuyBaHHS.

Mema pob6omu— pocnigxeHHAa cnocobiB NigBULLEHHA eKCnayaTauimHUX
XapaKTePUCTUK  KOMMPECOPHUX  YCTAaHOBOK Ta  Bubip  onTumanbHOro
xonopgo3abecneyeHHs X0N04MNAbHOro 06/1aAHaHHA CYyNePMapPKETUHTIB.

BianosigHo 3 MeTOrO poOOTH OYJIM ITOCTABIICH] 1 BUPIIIEH] TaKi 3a1a4i:

— TPOBECTH AHANITHUYHUNA TOPIBHSIBLHUN aHai3 eKCIUTyaTamiiHuX
XapaKTEPUCTHK  KOMIIPECOPHUX  YCTAHOBOK  IIOJIO 1 IBUIIICHHS
XOJIOIOTIPOTYKTUBHOCTI XOJIOAWJIBHOTO 00JIaIHAHHS CyTIEPMapKETHHT1B;

— Ha OCHOBI aHaJI3y Pe3yJIbTATIB HOCTIHKEHb €HEProeeKTUBHOCTI
XOJIOMUJIBHOTO O0JIaJHAHHS CYNEPMAPKETUHTIB OOIPYHTYBATH PEKUMHU POOOTH
XOJIOIMIHPHUX YCTaHOBOK;



— pO3poOUTH MaTeMaTHU4HI MOJIEII TeMIIepaTypHUX MOTOKIB MOBITPS 1
BOJIOTOCTI XOJIOJUJILHUX KaMep Ta MPOBECTH CUTYAIlIMHUM aHaTI3 ONTUMI3allii
PEXKHUMIB 3aMOPOKYBaHHS,

— BUKOHATH BUOIp ePEKTUBHUX METOIB €KCILIyaTallli X0JIOJUILHOTO
oOJaHaHHS CYIIepMapKETHHTY IIOAO IiABUIIECHHS eHeProe(EeKTUBHOCTI
KOMITPECOPHUX XOJIOIUILHUX YCTaHOBOK.

006'ekm 00cniddceHHA— XONOLWNNbHI  KOMNPECOPHi YCTaHOBKU B CUCTEMI
xonopo3abecneyeHHs X0N04MNAbHUX Kamep 00/1agHAHHA CcynepMapKeTUHriB

Memoou  oOocnioyycennsa  —xonopo3abecneyeHs Loa0 NPOAYKTUBHOCTI
KOMMPECOPHUX YCTAaHOBOK Ta BMOIp ONTUManbHUX  eKcnayaTauinHux
XapaKTEePUCTUK.

OcHogHi pe3yniomamu, HAYKO6A HOBU3HA:

- B IIPOIIEC] BUKOHAHHS 0aKaJIaBpPChbKUX JOCIIKEHb MOOYI0BaH1
MaTeMaTU4YH1 MOJIEJIl, METOIM aHaJ3y 1 MOJIEIl TPUUMHO-HACIIAKOBUX 3BSI3KIB
eKCIUTyaTalliHUX XapaKTePUCTUK ONTUMI3ALI] X0I0J0TPOLYKTUBHOCTI
KOMITPECOPHUX YCTAHOBOK Ta BUKOHAHO BHOIp ONTHUMAJIBHUX PEXKHUMIB POOOTH
X0J10/103a0€CTIeYeHHs X0JOAMIIBHOTO 00J1aiHAHHS CYyTIEpMAapPKETHUHT1B;

-PAaKTU4YHI PEe3yJbTaTU IOB’s3aHl 3 PO3POOKOI0 METOAIB  paliOHAJIBLHOIO
BUKOPHUCTAHHS KOMIIPECOPHOTO oOjazHaHHA Ta MWOro eKCIUTyaTalliHuX
XapaKTEepUCTHUK B yMOBaX MiHiMi3allii eHepro3aTpar



Po3nmin 1
Oprasnizanisi po00TH X0JI0ANJIBHOI0 00JIaITHAHHSA HA MiINMPUEMCTBAX TOPTiBJIi

1.1 AnaniTH4HM# aHATI3 TOPriBeJILHOTO Ta TEXHOJIOTIYHOI0 X010 AMJIBLHOT0
00J1aITHAHHS CylIepPMAPKETHHTIB

ToproBenbHUM  XOJNOAMJIBHMM  OOJNIAJHAHHAM  HA3WBAIOTh  Mali
OXOJIOJKYBAJIbHI TPUCTPOi, IO MPU3HAYAIOTHCS ISl KOPOTKOTEPMiIHOBOTO
30epiranHs, JEMOHCTpAIii 1 MPOJaKy IMIBUAKOIICYBHUX TOBapiB. Jlo HUX HaleXaTh
30ipHI XONOMWJIBHI KamepHu, XOJOAWIbHI 1madu, OXOJOKyBalbHI BITPUHU
3aKpUTOTO Ta BIIKPUTOrO THITY, XOJOAMIbHI MPUIABKHU, TPUIABKU-BITPUHH, T1PKH,
OoHeTH. B KOXHOMY CyNepMapKeTHHTY € XOJOAMIbHI KaMepu ISl Msica BEITHKOI
poratoi XyaoOu i BHpPOOHHIITBA TPOMYKII HA BIACHUX TEXHOJIOTIYHUX
miuisgg(cynepmapketuaru ATH).

«OpaHi€e0 3 HAUBAXUJIMBIIIUX TPyn 00JIaHAHHS OYb-IKOTO TOPrOBEILHOIO
MarasuHy, CymnepMapKeTy 4u 3akiaay T'pPOMAaJICbKOTO XapuyyBaHHS € XOJIOAUJIbHI
KaMepu, MpU3HaYeHi JJis 30epiraHHsl TOBapHOIO 3arnacy

ToprosenbHe X0JIOAWIbHE 00JIaTHAHHS KIACU(PIKYIOTh:

3a  CIocoOoM OXOJIOMKCHHA — 3 MalllMHHHUM, JIbOAJOCOJIIHHUM,
CYXOJIbOJOBUM OXOJIOIKCHHSAM,

3a TEMIIEpaTypHUM PEKHUMOM —  CepeAHbOTEeMIIepaTypHe (s
OXOJIO/DKCHHSI MPOAYKTIB) 3 TEMIIEPATYpPOIO B 0XOJIOKyBaHOMY 00'emi Bix 0 70 8
°C; HU3bBKOTEMIEpaTypHe (IJIsi 3aMOPOKEHHUX MPOJYKTIB) 3 TEMIIEPATypor0 B
OXOJIO/KYBaHOMY 00'eMi He Buile HIXK -18 °C;

32  KIIMaTUYHUMU 30HAMH BUKOPUCTaHHS — IS MIBJIEHHOTO
(Temmeparypa HaBKOJIMIIHHOTO mMOBITps 16—43 °C) 1 MOMIpHOTO KIIMATy
(Temmeparypa HaBKOJIHIIHBbOTO cepenosuina 16—32 °C);

3a METOJaMW BUKOPUCTAHHA — JJIs1 TIJIPUEMCTB 3 TPOJABISIMU, IS
Mara3uHiB cCaMOOOCITyTrOBYBaHHSI, /I TOPTOBEIHHUX aBTOMATIB;

* 32 PO3MIIIEHHSM arperaty — 3 BOYJIOBaHUM XOJOJIWUJIBHUM arperaTtom, 3
BiJIOKPEMJICHUM XOJIOTUITEHUM arperaTom, 3 IIEHTPaTI30BaHUM
XOJIOIOTIOCTAYaHHSIM.»

BaxxnuBuM  YMHHHUKOM, 110 BIUIMBAaE Ha  e(EKTUBHICTH POOOTH
KOMITPECOPHOTO  XOJIOJUIBHOTO OOJaJHAHHS, € WOTro eHEepProeeKTUBHICTS.
Orinka eHeproepeKTUBHOCTI XOJIOAMIBHOI CHCTEMH 32 OCHOBHOIO 03HAKOIO, TOOTO

3HM)KEHHSI €HeprOBUTPAT, MPOBOJUTHCA a00 METOAOM EMITIPUYHUX 3aJIeKHOCTEN



(HampuKiaa, UUIIXOM MOPIBHSHHS pealbHUX XOJOIWJIBHHUX Koe(ilieHTiB), abo 13
3aJTy4EHHSIM CTOPOHHIX €KCIEpTiB.

JIns  [OCATHEHHS €HEeproePeKTHUBHOCTI MPOEKTOBAHUX ab0  Jir0UHX
XOJIOMWJIBHUX YCTAHOBOK CYIIEPMApPKETHUHTIB HEOOX1THO 00OB'I3KOBE TIPOBEICHHS

€KCIIEpTHOT OI[IHKM KOMIIPECOPHOro oOJagHaHHS 1 HOro KOMIIOHYBaHHS
JUIs 3a0e3MedYeHHsT ONTHUMAJIBHOCTI CITIBBIIHOIICHHS XOJIOJOMPOAYKTUBHOCTI 1
CHEPTOBUTPATHOCTI (OCHOBHHX CKCILTyaTaI[lfHIX XapaKTePHCTHUK).

OO6nagHaHHIO, B 3aJICKHOCTI BIJl PIBHS CIIOKHWBAHHS €HEPrii, MPUCBOIOETHCS
KJIac eHepreTu4yHoi epekTuBHOCTI. IcHyt0Th «lIpaBuna Bu3HaUeHHS BUPOOHUKAMU
Ta IMIIOPTEPAMHU KJIACY €HEPreTUYHO1 €(PeKTUBHOCTI TOBApY Ta IHILIOI 1H(OopMaIlii
po MOro eHepreTUYHy €PEKTUBHICTHY. 3TITHO 3 UMM IPABWIAMH, BCTAHOBJICHI
KJIaCM 1 XapaKTepUCTUKHU JJIsI XOJOAWIBHOTO oOnaaHaHHsA. HaiGiabioro
EHEPreTUYHOI0 €(hEeKTUBHICTIO BOJIOJIIIOTH MpUIaan Kiacy A +1 A ++ .

EER — innexc enepretnuHoi eeKTHUBHOCTI MPU POOOTI HA OXOJIOKEHHS.
Bka3zye Ha BiZHOIICHHS XOJOAOMPOAYKTHBHOCTI (Qy) TIpu  HaMBHUIIOMY
HABAHTAKEHHI JI0 BHUKOPUCTOBYBAHOI MOTYKHOCTI (Ncpox). BusHauaerscs

dbopmyiioro:

EER = Qu Nenoxe (1.1)

IcHyrOYl TMOKa3HUKK €HEeproeeKTUBHOCTI XOJOJUIBHOTO OOJIaTHAHHS, IO
BU3HAYAIOTh MpHU CepTU(IKAIAHUX BUIPOOYBAHHAX OOJIaJHAHHSA, HE MOXKYTh
XapakTepu3yBaTU €HEProePEeKTUBHICTh BCIET CUCTEMHU XOJI0A03a0ECIICUEHHS IS
KOHKPETHOTO 00'ekTa (3 ypaxyBaHHAM MTPO(UII0 TEMJIOBOTO HABAHTAKCHHS Ta
IHIIIUX O0COOJIMBOCTEH).

EneproedekTBHICTE ~ CHCTEMH  XOJIOJIONMOCTAYaHHS  TPOIMOHYETHCS
OIIHIOBATH TIOKA3HUKOM piyHOi eHeproedekTuBHOCTI EP, 1m0 po3paxoByeThes 3a

bopmyiioro:

EP = (Qx + Q:) / Qe (1.2)



«ToprosenbHe X0N0AMIIbHE 00JIaIHAHHS TO3HAYAIOTh OYKBEHHO-IIU(PPOBOIO
iHaekcariero. [louaTkoBi OykBH cTaHOBIATH HA3By oOmagnanus [1XC (IT —
npuiaBok, X — xonoauibHui, C — cepeIHbOTeMIpaTypHuil), nepiia mudpa
micisi Tupe — po3MinieHHs arperaty (1 — BOyaoBaHMil arperaT, 2 — BUHECEHHI
arperar), HACTYIHi H(pPH — HOMIHATBHHIT BHYTPILIHIH 06'eM, M°; HiBICHHE
Bukopucranua — IO, cepennbotemneparypue — C, Hu3bkoTeMmneparypue — H.
Hampuknan, KXC-2-6 — xamepa Xo101ujbHa cepeTHbOTEMITPATypHa 3 OKPEMO
PO3MIIIIEHUM XOJIOJUILHUM arperaTomM, HOMiHaJIbHUM BHYTPIIIHIM 00'eMOoM 6 M
JIUISL PailoHIB 3 MOMIPHUM KJIIMaTOM).

PosrnsHemo OuIbII JeTaabHIIIE 3arajIbHI XapaKTEPUCTUKH 301pHO-PO30IPHUX
XOJIOUIILHUX KaMep, MPUHIIMIIH iX PO3MIIICHHS B 3aKj1a/iax TOPriBil Ta
IpPOMAJICHKOTO XapuyBaHHS.

Kamepa KXC-6 (puc. 1.1) mae omue Bigainenns. Kamepy KXC-12
MIPOMHUCIIOBICTh BUITYCKA€ B JIBOX BapiaHTax: 3 JBOMa OJHAKOBUMH BIJIJICHHIMH,
PO3IUICHUMHU TIYyXOI0 TMEPEropoJIKor0 (KOKHE BIIJIJICHHS Ma€ CBOi ABepi), 1 3
OJIHUM BijjaUIeHHAM (0e3 meperopoAku) 1 oaHuMH aBepuma. OXO0J0KyBaJlbHI
KaMepH, MaloTh BUIMAPHUK MO oOujBa OOKu Kamepu abo B cepeauHi ii. Kamepa
KXC-18b ckinanaerbcst 3 ABOX BIIIUICHD, PO3IIJICHUX TITYXOI0 MEPETOPOJIKOIO, 1y
KOKHOT'O BIJUIIJICHHS € CBOI JIBEPI.

Trrr————

Pucynox 1.1 - Cepenanroremneparypna kamepa KXC-2-6M

a — 3araJbHUM BUTISA; 6 — po3pi3; | — MOBITPOOXONOKYBAY; 2 —
TEPMOPETYJIOIOYHI  BEHTWUJIb; 3 — TaHedb OropokeHHs, 4 — mada
eJIEKTPOOOIaIHaHH; 5 — XOJOJWIBHUN arperaT; 6 — nmocyAuHa ajs 300py Taynoi
BOAM; 7 — TpyOKa JIUIsl BIABENEHHS Talol BOJAW; 8 — CTENaX JUIsl XapyoBHX
MPOIYKTIB; 9 — 3amok aBepeit; 10 — aBepi; 11 — nmynbT kepyBaHHA




Kamepu oOnagHani crenakamul 3 PEmIiT4aCTUMU 3HIMHUMH TOJULISIMH JJIST
po3MileHHsT ApIOHMX TPOJIYKTIB, BilIagaMu JJig M'SCHUX TYII 1 HaIlOJIbHUMH
rpaTaMu JUIsi PO3MIIIEHHSI MPOAYKTIiB y Tapi. KokHa Kamepa OXOJOIKYETHCS
OKpEeMHUMH  KOMIIPECOPHO-KOH/JICHCATOPHUMHU  arperaramud.  BumapoByBadi
XOJOMWIBHOT ~MAIlMHKA  PO3MIIIYIOTh Yy Kamepi Hang moiumsamu.  Ilig
BUIIAPOBYBaYaMH BCTAHOBIIOIOTH MiJIOHH JIJIs1 300py KOHJEHCATY.

Kamepa-ckiman wmoxxe Oyt oOJsamroBaHa CHCTEMOKO — CHUTHasi3arlii:
MOKEKHOI0, aBapiifHOO 1 "NMouHa B Kamepil'.

OCHOBHUMH CKJIaJ0OBUMHU XOJOJUIBHOrO OOJIaJHAaHHS, IO 3a0€3MeUyIOTh
(GYHKITIOHYBaHHS ~ XOJOMWJIBHOI ~ KamMepd €  XOJOMWIbHMWA  arperaT i
MOBITPSOXO0JIOJKYBay (TEIUIOOOMIHHMK). SK TpaBwiio, arperaT ajanTOBaHUU 0
YMOB TIOMIPHOTO KJIIMaTy, Ma€ MPOJAYMaHy CHUCTEMYy OOCIYrOBYIOUOi CEpPBICHOI 1
3aMmipHOi  apMarypu, IO JO3BOJISIE TPAMOTHO OOCIYrOBYBaTH XOJIOAWJIbHY
YCTaHOBKY.

Ha okxpemMoO 3MOHTOBaHMX KaMepax-CKJIaJax 3aCTOCOBYEThCA LIEHTPAJIbHA
CUCTEMa XOJIOJIONOCTauYaHHs 3 0e3MocepeHiM KHUITIHHSAM  XOJIOJOAareHTy B
OpPUCTPOSIX  oxoyiomkeHHs. lle mo3Bosisie 3HAYHO 30UIBIIUTA — TPUBAJIICTH
eKCILUTyaTallii KOMIIPECOPiB 1 3HAYHO 3HU3UTH CHOKUBAHHS €JIEKTPOEHEPTIi.

30ipHi kamepu KXC-610 1 KXC-1210 npusHaudeni ajigs poOOTH B MiBACHHUX
paifonax. Ix mpuctpiit He BinpisHAeThCs Bif npuctporo kamep KXC-6 i KXC-12,
ajyie BOHM YKOMIUIEKTOBaH1 OLIBII MOTYKHUMU arperaramu. Ha BiiMiHy Bijl 1HITUX
kamepu KXC-2-6M, KXC-12b 1 KXC-18b matoTs ¢anepHy 0oOIIMBKY 30BHIIIHBOT
MOBEPXHI IIUTIB.

30ipna HusbkoTemriepatypHa kamepa KXH-1-8 0K mpusnauena s
30epiraHHsl 3aMOPOKEHMX TMPOAYKTIB. 3a KOHCTpykiiero kamepa KXH-1-8,0K
ananoriyga kamepi KXC-1-8,0K. BigmiHHICTh TIONIITae B TOMY, IIO Ha CTENl
po3mimieHi aBi XojomwibHi Mamuau MXHK-630, mo mnpaimorote Ha R502.
XonoauiabpHI  arperaTd  BCTaHOBIIOIOTH 103a 30ipHO-pO30IpHUMHU  Kamep B
oe3nocepeHii OJIU3bKOCTI Bl HUX.

«Kamepa KXH-2-6Cm ckiagaeTbCsi 3 OXOJOKYyBaHOro oOcsry 1
MaIlMHHOTO BimaiuteHHsA. OXOJoMKyBaHUN OOCAT YTBOPCHHMM IMaHEISIMH, IO
ABJIIIOTE COOOIO0 JIEpeB'siHI pamu, OOJHIIbOBaHI 3 000X CTOpPIH MeETaJeBUMHU
auctami. ITpocTip Mi>k 0OJUIIBOBKAMH 3aITIOBHEHO TETUIOI30JISIIIHHUM MaTepiaioM
— minormiactoM [ICBh-C - tennoizossiisa tuny «CenaBiuy. s moctymny B kamepy
nepeadoavyeHa ABepi, 00JaHaHI 3aII0POM Ta 3aMKOM.

CramioHapHi XOJOIWIBHI KaMepu MiJMPUEMCTB TOPTIBII 1 TPOMAJCHKOTO
Xap4yyBaHHS MOXXYTh PO3TaIllOBYBaTHCS B MiiBajlax a00 Ha MEpHIOMY IMOBepCi y
BUTJISAZII OKpeMoro 0J10Ky. Bxin B kamepu 3A1HCHIOETBCS 3 TaMOypa, 1110 J03BOJIsIE
3MEHIIYBaTU MPUTOKH, IO BHOCATHCS 3 MOBITPSAM MpPHU BIJKPUBAHHI JABEpeil B
kamepy. [lopsia 3 kamepaMu po3TallOBY€ThCS MAIIMHHE BiIIITICHHSD)



CepennpoTemMneparypHi Kamepu 1 CKJIagd 3a0e3neuyroTh 30epiraHHs
POJYKTIB npu Temneparypax Big + 10°C mo -5°C.

Xonoounvri kamepu ons ¢ppykmie ma osouie Kamepu TpuBajaoro 30epiranas
¢pykTiB Ta oBoduiB. [Ipm mpoekTyBaHHI XOJOAWIBHUX KaMep BPaxOBYIOThCS
OCOOJMMBOCTI MPUMIIIEHb, NPHU3HAYEHUX [UIsI YCTAHOBKH Kamep, JaroThCs
HEOOX1THI peKOMEHAAITI1.

Husvkomemnepamypni  xamepu 1 cKiaau 3a0e3nedyroTh 30epiraHHs
NPOAYKTIB Mpu TemmepaTtypax Bix -5°C go - 25°C.

Pucynox 1.2 — 36ipHa xonoauibpHa Kamepa

[IIBuaKOMOHTOBAH1 301pHI XOJOJWJIbHI Kamepu cTaHmapTHoro psny (Puc.
1.2) 3 ToBmmHOW0 130l 100 MM mpusHaueHi s 30epiraHHs MPOJYKTIB MpHU
Hu3bKuX (Big -18 © C go -24 ° C) remneparypax.

Kamepu o6'emom Big 1,9 M° 1 BHCOTOIO Bia 2,24 M 30UparOThCA 3 TOTOBUX
3aMKOBHX TIaHeJel 3a TPodiIeM «IIHUI-Ta3y» 3 KPIIJICHHSIM MK COO0I0 CTSDKHUMU
3aMKaMH, BMOHTOBAaHHUMHU B 130JISI11O.

MoaynbHa KOHCTPYKIISL JT03BOJIsiE 3MIHIOBAaTH o0csAr 1 (opmy Kamepu
HUISIXOM JIOJaBaHHs CTaHIAPTHUX NaHesneu 3 KpokoMm 562 ta 1125 mm. KyTtu kamep
YTBOPIOIOTHCSA 3a JOTIOMOTOI0 KyTOBUX €JIEMEHTIB 31 CTOpoHaMH 175 mM.



Jlo HHU3BKOTEMIEpaTypHUX Kamep Hajexarb HactynHi: KXH-6, KXH-9,
KXH-12, KXH-18, KXH-24

3a mpu3HAaYEHHSIM BUIULSIIOTH HACTYIHI HU3BKOTEMIIEpATYpHI XOJOIUIbHI
KaMepHu: KaMepH-TyHeJll IMIOKOBOTO 3aMOpOXKYBaHHS; XOJOIWIbHI Kamepu MIJis
IPOAYKTIB XapuyBaHHS

Kamepu-TyHeni IIOKOBOTO  3aMOpOKYyBaHHS  3a0€3MEUylOTh  IIBHUIKE
KOHCEpPBYBaHHs MPOAYKTIB MpHU TemrepaTypi 1o - 40°C.

Kamepu-TyHeni IIOKOBOTO  3aMOpPOXKYBAaHHS TMPOAYKTIB  XapuyBaHHS
IpU3HAYEHI Ui IIBHUIKOTO 3aMOpPO’KYBaHHS: M'Aca; M'sca NTAUIMHOTO; pUOH 1
pubHoro ¢ine; cyONpoOAYKTiB; OBOUIB, (PYKTIB, TpUOIB; PI3HOMAHITHUX
HaniB(}aOpukaTiB (MeIbMEHI, BAPEHUKHU, CApACIbKH, ONIHYMKH, MUPIKKU Ta 1H.);
MOpO3HBa

«IIpogykTuBHICTh Takux kamep Moxke Oytu Bim 200 mo 1200 kr/rox., B
3aJIEKHOCTI BIJl BUAY MPOAYKIIIi, 0 3aMOPOKYETHCS 1 MOTYKHOCTI XOJIOIUIBHOTO
oO0J1aTHAHHS.

B kamepax IIOKOBOro  3aMOpPOXKyBaHHS  IPOJYKTIB  XapuyBaHHS
BUKOPUCTOBYIOTh CHElaJdbHl MOBITPOOXOJOKYyBadl 'mijyoroBoro" Tumy, SKi
3a0€3MeuyoTh PIBHOMIpHE OOAYBaHHS MPOJIYKTY OXOJIOUKEHUM MOBITPSHUM IO
BCIX sipycax crenaxa. Jlisi OUTbIl 1HTEHCHMBHOIO IMPOLIECY 3aMOPOKYBaHHS B
KaMepax J0JaTKOBO BUKOPUCTOBYIOTh CTEJIbOBI MIOBITPOOXOJIOAKYBaUl. »

1.2 HoBiTHi KOHCTPYKIII X010AWIbHUX AP .

HaliBaxnmuBilIMM BHJIOM TOPTiBEIBHOTO XOJOIWUIBLHOTO OOJaJHAHHS €
TOPTiBeNIbHI XOJOMWIbHI Tadu, Tpu3HadeHl st 30epiraHHs, IeMOHCTparii 1
MPOJIaXy IIBUJIKOTICYBHUX TOBapiB.

[Ipu xapakTepucTHUIl OKpeMux MoAudikamii mad roJOBHUMHU O3HAKAMU €
iX KopucHHU 00'eM, TeMIlepaTypHUI pEXUM, MaTepiayl 1 KOHCTPYKIIiSl JBEPEH,
KUIBKICTh TIOJIMIIb 1 HASBHICTH IM1JICBIYYBAaHHS 1 BEHTHJIATOPIB B OXOJIOHKYBAHOMY
o0cs3l.

binbuiicte mponoHoBaHUX 11ad 3 BOYI0BAaHUMH XOJOIUIBHUMU arperaramu
MaroTh 00'em 160-1400 .

Ha cBiTOBOMy pHHKY B OCHOBHOMY MpOMNOHYIOTHCS JBa BUAM
OXOJIO/DKYBAaHMX MIad: cepelHbO-1 HU3BKOTEMIIEPATypHI.l JIEMOHCTPYIOTHCS -
OCTpIBHMIA BapiaHT).



a) 0) B)

Pucynox 1.3 - XononunsHa mada: a) 3 BEpXHIM pO3TallyBaHHSIM arperara,
31 pO3NANIHUMU CKISHUMH (TIPO30pUMH) ABEpUMa; 0) 3 HUKHIM pO3TallyBaHHSIM
arperara, po3CyBHUMH CKIISHUMH (IIPO30PUMH ) JBEPUMA; B) 3 BEPXHIM arperaTom;

3 IIIyXUMU (HEMPO30pPUMHU) METATICBUMU JBEpPUMA.

«Y O11bIIOCTI Mad BUNAPHUK KOHCTPYKTUBHO PO3TAIIOBAHUN MiJ CTEJIEIO
madu. XoJ0JHE MOBITPS, MAIOYM BEIUKY HIUIBHICTh, OMYCKAETHCSA 10 HUKHBOT
noJyivill madu, OXOJIOMKYIOUM Ha CBOEMY IIUISAXY MPOAYKTH, SIKI 30€piratoThCs B
madi. [lpu Takiii npupoaHii HUPKYIAMII MOBITPS B OKPEMHX MOACNIX Iad
nepenaj TeMIeparyp MO BUCOTI MOXE JOXOAWTH J0 JEKUIbKOX TrpaayciB. Y
MapKyBaHHI IIMX MOJEJeH mad 1HOAI BUKOPUCTOBYIOTHCS JiTepu St, 110 O3HAYAE
"MpUpOAHE OXONOIKEHHS".

PiBHOMIpPHOCTI OXOJIO/DKEHHSI 1O BChOMY 00'eMy miagy MOXHA TaKOX
JOCSITTU, 3aCTOCOBYIOUYM OCOOJMBY KOHCTPYKIIIIO TOJIHIlb, peOpaMu KOPCTKOCTI
AKUX € TpyOku BumapHuka. Hemonmiku 1i€i KOHCTPYKIIT - dKOPCTKICTh KPITJICHHS
IMOJIMIb 1 HEMOJKJIMBICTH 3MIHH BIJICTaH1 MK HUMI).

3a MiciieM po3TallyBaHHA KOMIIPECOPHO - KOHJEHCATOPHOTO arperary
PO3PI3HSIOTH JIBa BapiaHTU: BepXHE 1 HUkHE. He Hagaroun Oynb-sSKOTro BILTUBY Ha
TEMIIEpAaTypHUN PEXKUM, MICIEPO3TAIyBaHHsS arperaty 3yMOBIIOE€ 3pY4YHICTb
00CIIyTOBYBaHHsI 1 pEMOHTY, a TaKOK B JICSKiM Mipi JOBrOBIYHICTb 1 HaIIMHICTb.

Cy4acHl XOJOIUIBHI BITPUHU € HEOOXIIHUM €JIEMEHTOM OYJlb-SIKOTO MarasuHy,
kade, Oapy. BiTumsnsani Tta 3apyOikHI (GIpMH TIOCTaBISIIOTH Ha PHHOK
pI3HOMaHITHE XOJOJWJIbHE OOJIaJHAHHS, SKE BIAPI3HAETHCA OJWH BiJ OJHOTO
dbopmoro, po3mipaMu, 30BHIMIHIM 03100JICHHSIM. YacTo 3pa3ku pi3HUX (ipM CXOXKi
30BHI, OJJHAK MAIOTh Pi3HY LiHY, B TPUHHATHOIO 10 BEIbMHU BUCOKOIO.

Ili wmomemi, sK mpaBwio, (YHKIIIOHYIOTh 3a TPUHIIUIOM MPUPOTHOL
MUPKYJISIil oxonomkenoro mositps. "lllap" xonoxy (MOBITpsSHUM MOTIK ) B TAKUX




BITPUHAX JISKUTH HAa PIBHI BUNIApHUKA a00 TpOXU HUXK4e, TOOTO BHIe Ha 10-20 cM
B1JI MOBEPXHI JIOTKIB JJIs1 BUKJIQJICHHS TTPOTYKTIB

Ilepeiinemo n0 aHaJi3y KOHCTPYKUIN XOJOAWJIBHUX NPHJIABKIB i
NPUJIABKYU — BITPUHHA

XO0JIOUITBHI MPUIIABKU BUKOPUCTOBYIOTH JIJIsl KOPOTKOYACHOTO 30€piraHHs ,
JeMOHCTpalli 1 Mpoaaxy po3dacoBaHMX Ta YIAKOBAHMX OXOJIOJDKEHUX 1
3aMOPOKEHHUX MIPOIYKTIB Mepe X MPOIaKeM.

Pexxumu 306epiranHst MOKyTh OYTH Ti K, IO 1 B XoJoAWIbHUX madax. Bonu
MOXYTh OyTH 3 BOymOBaHUM ab0 KOMIUICKTYBaTHCS OKPEMO BMOHTOBYBaHHUM
XOJIOJWJIBHAM arperatom, a TaKoX IiIKIIOYaTUCS JO CUCTEMH LIEHTPali30BaHOTO
XOJIOJTOTIOCTaYaHHS.

N I
)

Pucynox 1.5 - XnoaunbHbIN

Pucynox 14 - XioaunbHbBIN i
MPUJIABOK BIAKPUTOTO TUITY,+4...+8

MPUJIABOK BIIKPUTOTO THITY,+4...+8

XOJ0oAWIIbHI TPUJIABKH MOXYTh CKJAIaTUCS 3 JEKUIBKOX CeKIliH, 110
3'€IHYIOThCS TOPLIEBUMHM CTOPOHAMHU Ha MICI[l YCTAHOBKH. 30BHI KOXXHA CEKIIis
o0JIMIIbOBaHA CTaJIEBUMHU JIUCTaMH, TOKPUTUMU OUIOI0 €MaJullo, BCEPEeANHI —
MIOMIHIEBUMHU. MK OONMIIIOBAHHSIMU MOKJIAJI€HUH MIHOIJIACT, 1[0 BUKOHYE POJIb
TEINIO130JIS1III.

XOJ0OAWIIbHI TPUJIABKUA - BITPUHU - 1€ KOMIUIEKCHE OOJIaJIHaHHS, SIKE
CKJIAJIa€ThCsl 3 TIpUJIaBKa, B SIKOMY 30€piraeThCs 3amac MPOAYKTIB, 1 BITPUHH,
BCTAHOBJICHOT HA MPUJIABKY 1 CIY>XUTh JJII JEMOHCTpallii 1 MPOAaXy MPOIYKTIB.
XonoauiapH1 TPUIABKA - BITPUHU 3aWMalOTh 3HAYHUNA CETMEHT BCHOTO PHUHKY
TOPTOBOT'0 XOJIOMJIBHOTO O0JIa HAHHS.

XonmoaunpHe OONAJHAHHA 3 BHHOCHUM arperaToM 3pY4YHO MJISl BEITUKHUX
CylepMapKeTiB, OCKUIBKM 1O OJHOTO TaKOIrO arperaty MO’KHa TMIKIIOYUTH
JeKiJIbKa OAMHUIBL OOJIaJHAHHS, IO JO03BOJISIE CKOPOTHUTH E€HEProCIOKUBAHHIL.
OnHak Mpy HEHTPaTI30BaHOMY XOJIOJIONOCTAYaHHI y pa3l BUXOJy arperary 3 Jaay
nepecTae MpaiioBaTd Bce OOaJHaHHS, NMpUENHAaHE A0 Hboro. Take oOmagHaHHS




HEBUT1IHO KyIyBaTH HEBEJIMKUM MarasuHam ado cynepMmapkeram, JJis SKUX OLIbIn
3py4HI NPUJIABKH - BITPUHM 3 BOYJOBAaHUM arperaTom.

CepennboTemnepaTypHi TpPUJIABKH - BITPUHU OyBaloTh 3 MPUPOTHOIO 1
IPUMYCOBOIO BEHTWJISIIIEI0 OXOJIOMKEHOTO TOBITpA. B ocTaHHIX BEHTHISATOP
PIBHOMIPHO PO3IMOALISE MOBITPS IO BCbOMY 00’ €My .

Pucynok 1.6 - XonoaunbpHuii MpUIaBoK - BITpUHA .

BuB4eM0 KOHCTPYKTHBHI MOKJIMBOCTI X0JIOAWJIbHI JIapiB

3 ypaxyBaHHSM OCHOBHUX mapaMeTpiB (00’€M, TeMIepaTypHHUN pexuM,
KOHCTPYKIlisSl KPUIIIKK) JIapsi YMOBHO TMOAUISIFOTHCA Ha JBa TUIH: MOPO3UJIBHI Ta
XOJIOMWIIbHI. MoOpOo3uiibHI  Jlapi TMpU3HAuYEHI JUIsi 30epiraHHs 3aMOPOKEHHUX
MPOJIYKTIB Ta MOPO3UBA, XOJIOIUIBHI - JIJIT OXOJIO/PKEHHS HAMO1B.

Tumosi MoJien1 X0JIOAUIBLHUX JIapiB TTOKa3aHi Ha puc. 1.7.



Pucynok 1.7 - XonoaunbHi napi

BaxnuBumu ACTaJLIMHA J'IapiB € ix KOMHJ’IGKTYIO‘-Ii Ta aKCECyapu:

XOJOUIbHI TIPKA TaKOX € ONTHUMAJIbHUM PIIICHHSIM JUIsi Mara3vHiB
CcaMOOOCTYyroByBaHHs, ajie BIJMIHHO BIHIIYTHCA 1 B 1HTEp'€p TOPTOBOI TOYKHU
BeNUKOi Tuionli. Jlo3BOJISIIOTE  pO3MIlllyBaTh BEJIMKY KUIBKICTH TOBapiB,
3a0€3MeuyloTh JIETKMI J0CTyn. BumyckaroTbcs B YOTHPHhOX MOJU(DIKaIlIfX:
bpyKTOBi, M'SICHI, TACTPOHOMIYHI 1 TIPKU AJIs TPECEPB.

Pucynox 1.8 - I'ipka ractpoHomiuHa/(ppyKTOBa




1.3 TexHoJsoriune o00JagHAHHA 3 CHCTEMaMH X0J10710320eceYeHHs
npoueciB 0X0J0/:KeHHsI NPOAYKTIB

Jlo Hmx BimHecMMO nedpocTariiiHi KaMmepu.,iKi OCHAIEHI JIOTIYHUM
ynpaBniHHaM. Jledpocrariiini kamepu , 10 BUKOPUCTOBYIOTH MOTOKH MOBITPS ,
TEIUIOBY Ta XOJOJIWUJIbHY TEXHIKY , 103BOJISIOTH PO3ZMOPOXKYBATH 1 3aMOPOXKYBATH
yImakoBaHe M'sico , puOy Ta 1HII MPOIYKTH XapuyBaHHS B ONTUMAIbHOMY 1 BUCOKO
eKOHOMIYHOMY peXuMi. TiTbKM el METOJ J03BOJSiE YHUKHYTH BTparT y pasi
po3MopokeHHs1 M'sica. [IpuHIMN BHKOHAHHA TMpolecy aedpocraiii MOCTIHHO
KOHTPOJIIOEThCA JaTYUKaMU TEMIIEpaTypu B M'SCl , Ha MOBEPXHI MPOIYKTY , a
TaKOX y Kamepi.
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Pucynox 1.9 - JleppocTariiiino — MOpo3mIIbHA KaMepa 3 TOPU30HTATHHOIO
M0/Ia4Y€I0 MOTOKY MOBITPA .

Pucynox 1.10 - [ledpocTariitHo — MOpo3uiibHA KaMepa 3 BEPTHKATBHOIO
MoJa4Yer0 MOTOKY MOBITPSI.

OxoaomxyBau HanoiB tumy BIH (puc. 1.11) cknmagaerbes 3 mpo3opux
emkocreir (OH-30-2 — naBi emxocti o 151; OH-30-3 — Tpm emkocTi, omHa Ha 15
71 781 0o 7,5 1) 13 3HIMHUMU KPUILIKaMU JIJIs1 PI3HUX HAMO1B, KpaHiB JJis iX BUAAul,
MAIlIMHHOTO BIJIIJICHHS 1 IMJICTABKY JIJIS CKJISTHOK (Karie30ipHUKa).



14 7 15 4 11
Pucynok 1.11 - Cxema oxonomxysaua Hanois OH-30-2:

1 — xamne30ipHUK; 2 — BaXUIb KpaHa; 3 — TpyOKa BuAadl HaNow; 4 —
MarHiTHa MyQTa; 5 — €MKICTh; 6 — BIILIEHTPOBUIN HACOC; 7— KPHUIIKA EMKOCTI; 8
— TpyOka mnopaui Hamorw; 9 — Bunapuuk; 10 — wmamxera; 11 — pene
TeMneparypu; 12 — KOHIEHcATOp XOJIOAWIbHOI MamnHK; 13 — BenTmisaTop; 14
— (inbTp-ocymyBau; 15 — kamiyisipHa TpyOka; 16 — enekTpoaBUryH Hacoca; 17
— xoMmripecop; 18 — npyxuHa.

Pucynox 1.12 - Cxema X010auIbHOI MaIlIMHA OXOJIOHKyBada HamoiB BIII-
30-2: 1 — xommpecop; 2 — KamiyisipHa TpyOka; 3,4 — BHUNApHUKH; 5 — peie
Temreparypu; 6 — KOHJIEHCATOP; 7 — BEHTWIATOP; 8 — MEPEOX0I0IKyBay

VY MammHHOMY BIJJIUICHHI po3MillieHa XoIo0auiabHa MamuHa (puc. 1.12), mo
MpaIfoe Ha XJIAJO0HI, 3 TEPMETUYHUM OAHO(DAZHUM KOMIIpecopoM 1 1 TOBITPSIHUM
KOHJICHCAaTOpoM 6, 110 o0OIyBaeThCcsl 3a JONMOMOTOK BeHTWwiIATropa 7. 3
KOHJICHCATOpa PIIKUN XJIaJ0H MPOXOAUThH 4epe3 (PiIbTp-OCyIlyBau 1, APOCEITIOE
(MOHMKEHHS TEMIEPATYpH 1 THCKY) B KanIspHINA TpyOul 2, 3aMIOBHIOE 3MIHOBHK
BUMApHUKA 3, 4, akui mpunasHud A0 uuiaiHapa. [lornvHaiouM TEmaoTy COKYy,
XJIaIar€HT KUIUTh, 1 MOro mapa BiJICMOKTYEThCA KOMIIpecopoM. Bci 3'eqHanHs



XOJIOUJIBHOI MAIllMHU BUKOHAHI MasHHAM. [Ipu 0X010/)KyBaHHI COKY B MOCYAHHI
JI0 3aJaHOi TeMIIepaTypu TepMopesie 5 TepMoOaioH SKUM NPUTUCHYTHH 10
BUMAPHUKIB 3 1 4, BUMHUKAE KOMIIPECOp, 1 €JIEKTPOJBUTYH BEHTUIISATOpA
KOH/JIEHCaTOpa.

Oxon00xcyséau cokie ma iHwux Hanoig akTHBaTOpHOrO THUMy (puc. 1.13)
CKJIAJAETHCS 3 3 TIPO30PUX EMKOCTEH KOXKHA 3 IKMX MA€ MICTKICTb 5 JT 13 3HIMHAMH
KpHUIIIKaMHU JIJIs1 PI3HUX COKIB, KpaHiB JJIsI BUJA4l COKIB, MAIIIMHHOTO BUIIUICHHS 1
MIACTABKHU JJIA CKIISTHOK.
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Pucynok 1.13 - Oxom0/1KyBay COKiB aKTUBATOPHOTO THUITY:

1— Baxigb KpaHa JUisl BHAA4Yl COKYy; 2 — TpyOKa 3/1HMBY COKy; 3 —
MaIllMHHE BUIIUICHHS; 4 — €MKOCTI JJII COKYy; 5 — KpHIIKa €MKOCTI, 6 —
MICTaBKA.

JIbogoreneparopu. JlbomoreHepaTtopu TpPU3HAYEHI JJiI BUTOTOBJICHHS
Xap4yoBOro JbOAY 1 MIAPO3IUIAIOTBCA Ha Ti, IO BHPOOJSIIOTH JIyCKaTHUUH
(6e3dopmumit) mia, 1 Ti, mo (opmMoBaHi (KyOWKaMu, MHUIIHIpaMU, YCIYCHUMU
KOHYCaMHu). BeJI€ /10 MOJIOMOK.

Jlvooocenepamop JIT-50 (puc. 1.14) cknamaeTses 3 1BOX OJIOKIB - BiIIIJICHb:
JUTSL IPUTOTYBAHHS JIbOY 1 MAIIMHHOTO. B BiAIISIEHH] /1711 BUTOTOBJICHHS JIHOY Y
BUTJISIAI IIWIHAPUKIB TIOCTYNae y BaHHy 13, a ToToBHWil i 30epiracThCcsi B
TEIJI0130JIb0BaHOMY OyHKepi 14. Y miBiil 4acTHHI BaHHU BCTaHOBJICHMI Hacoc 3,
YaCTKOBO 3aHypeHWW y BaHHy 3 Bojor. Han Bawmnoro 13 mim rparamu 10
po3MillieHa 3pollyBajbHa TpyOKa 3 (opcyHKamu, sika 3'€HY€ 3 HArHITAIbHUM
naTpyOkoM Hacoca TpyoOkoto. I1[o0 3amobirtu momaganHio y OyHKEp BOJAH, IO
BUXOJUTh 3 (OPCYHOK 3pOIIyBaIbHOI TPYyOKHM y BUTIIANI (POHTAHUYUKIB,
nepeadaveHa 3aXMCcHa MTOPKa.

Hag 3pomryBaibHOIO TpyOKOIO BCTAHOBJIIGHWH BHIApHUK 9 y BUTIISAIL
OPSIMOKYTHOI TJIaCTMAacoOBOi BaHHHU, B Ky BCTaBJIEHI 56 MOPOXKHUCTHX MIJHHUX




najblliB, 3'€¢IHAHUX MDK COOOI0 TOCIIJOBHO MIJHUMH KajladaMH; BCEpEIHHI
KOKHOTO TaJIbliI € BepTUKajdbHa MepeThHKa. [liT BUMApHUKOM YCTaHOBJICHI
noxwm rpatu, 10, 3a skuMu i ckouyeThes y OyHkep 14. Kopnyc BiaaiieHHS s
NPUTOTYBaHHS JIbOAY TEIUIO130Jb0BAaHUN. Y MAIIMHHOMY BIJJIUIEHHI PO3MIIIEHI
XOJIOJWIIBHUAN arperar 3 TeII00OMiHHUKOM 15 1 eeKTpOoITuT.
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Pucynok 1..14 - Cxema nwoporeneparopa JIT-50:

1 — enmekTpoMarHiTHUN BEHTWJIb, 2 — TpyOKa mojadi BoaH; 3 — BOJSHHUI
Hacoc; 4 — (QinbTp-ocylryBay; 5 — KanuisipHa TpyOka; 6 — pene TeMriepaTypu
BUIIAPHUKA; 7 — BAaHHM BUMApHUKA; 8 — BIIUIBHUKA PIJIKOTO XJIaJIareHTy; 9 —

Bunapuuk; 10 — rparu; 11 — pene temnepatrypu OyHkepa; 12 — KoJeKTOp 3
¢dopcynkamu; 13 — BaHHa BoJgHOro Hacoca; 14 — OyHkep s Jnboay; 15-
TCIUI00OMEHHUK; 16 — kommpeccop; 17— konaeHcatop; 18 — BEHTHIATOP.

TakuM 4YMHOM, HaMHu [JE€TajJbHO PO3TJSHYTO EKCIUTyaTalliiHl XapaKTepUCTUKU
TOPrOBEJIBHOIO XOJOIWUJIBHOTO OOJIaHAHHA , IO JIa€ 3MOry BHOKPEMHTH IX
OCHOBHI YMHHHKU,SKI BIUIMBAIOTh HA XOJOJOMPOAYKTHUBHICTH KOMIIPECOPHUX
YCTaHOBOK.

3 wMeTor0 BuOOpa ONTHUMAJIbHUX E€KCIUTyaTalliliHUX  XapaKTEPUCTHUK
KOMITPECOPHUX YCTAHOBOK HEOOXIJTHO:

-JIETaJIbHO JOCHITUTH TEeMIEpPaTypHI PeXHMH iX poboTH , moOymyBaTu
MaTeMaTU4YHl MOJENl TOTOKIB MOBITPS 1 BOJIOTOCTI B XOJIOAWIBHUX KaMmepax
XOJIOAWJIBHOTO OOJafiHaHHs cynepMapkeTuHriB. [loOynyBaTu cutyauiiftHi Mozaeni
OajlaHCy EHEeproNnpOAYKTUBHOCTI KOMIPECOPHUX MAIMH 3 METOK MiHIMi3amil
BUTpPAT €HEPrii Ta ONTUMI3allli eHEPreTUYHUX XapaKTEPUCTHUK.



Po3zain 2
2.1 MaTtemaTH4Ha MoJeJIb TeMIIEPATYPHHUX IOTOKIB MOBITPSI i BOJIOTOCTI

XO0JIOAWIBHHUX KaMep cyliepMapKeTiB

BusHaueHHsT OCHOBHHUX  po0OOYMX  XapaKTEPUCTUK  3aMOPOKYBaHHS
(OXO0NO/KEHHs) 3 METOI0 MiHIMi3allii BTpaTH iX SKOCTI PO3MOYHEMO 3 aHaTi3y
TEMITEpaTypHUX TMOTOKIB MOBITPS B OXOJIODKCHUX KaMepaxX XOJIOTWIbHUKIB. Taki
OXOJIO/DKYBAJIbHI TMPUMIIIEHHA Oy/leMO Ha3MBaTH XOJOJUIBHUMHU KaMepaMu 3
XOJIOAWJIBHOTO CEPeOBUINA Ta Bizyauisallii reomeTpii (hopmu) 3aMOPOKYyBAHOTO
(0OX0JIOIKEHOT0) MPOJYKTY XapuyBaHHs. TopriBesibHE MiANPUEMCTBO, SIK IPABUIIO,
Mae N-XOJOIUIBHUX KaMep, a po3paxyHOK TEIIOHAIXOJ/KEHb, TOOTO MOOYIO0BY
MaTeMaTUYHOI MOJIeJll BUKOHAEMO JUJIsi HAWOLIbII  XapaKTEepHOI Kamepu
30epekeHHs (3aMOPOKEHHS) Tyl BEIUKOi poraToi xynoou (BPX).

BTiM 3 MeTOI0 OIIIHKM YMHHHUKIB 3HI)KCHHS TEMIIEpAaTypu MOBITPS B 3aKPUTOMY
OPUMILIEHH] (XOJOAWJIBHOI KamepH) 1 MIATPpUMaHHI ii Ha 3aJaHOMy pIBHI
XOJIOAWIBHY  KaMepy IOTpIOHO  OXOJOJUTH, TOOTO  BIJBECTH 3  Hel
TEIUIOTYHANPUKJIaA 32 JOTMOMOTOK0 KOMIIPECOPHUX YCTAaHOBOK. 3 MOMEHTY
3HIDKCHHSI ~TEMIEpaTypu  XOJOAWIbHOI Kamepu (KOHTeiHepa) . mpsiMo.
[IBuakicTe 3MiHM Temmeparypu iy, TOpsIMO TIPOMOpIiHA PI3HUIL MIXK
TEMIoMPUTOKOMQB MpuUMIIeHH] (KUTBKICTh TETUIOTH B JDKOYJISAX, SIKI HAAXOASATH B
NPUMIIICHHS 1 BUIUIAETbCS B HHBOMY B OJMHMIIO dYacy, 3a CEK.) 1
TerutoBiABeeHHIM Qp 13 HROTO (XOJIOAUIBLHOIO MOTYXXHICTIO y BaTTax BUnapHuka
XM a0o BCTaHOBJIEHHX B XOJOJIWJBHIA KaMepl MNpUiIaaiB OXOJOJKEHHs) 1

3BOPOTHO TIpomnopiiiHa koedirieHTy TemioBoi eaHocti C 00’exTa

dt.. /dt=(Qr— Qs /C
2.1)



Tyt xoedimient Temnoroi emuocti C (Ix/K) npencrasisie co0010 KUIBbKICTH
TEIUIa, siIke MOTPiOHO MiABECTH 10 00’€KTa ado BiJIBECTH BiJ HHOTO, JJISL TOTO 1100

3MIHUTH TEMIIEPATypPy X0J0auiIbHOT Kamepu Ha 1K.

Piocti dt,, / dt = O BiamoBigae BUHUKHEHHS pPIBHOBarM MK
TEIUTONPUIOMOM 1 TEILIOBIABEACHHSAM, Ky OyIEMO XapaKTE€PH3yBaTH PiBHSIHHSIM

TEIJIOBOTO OajaHcy

Qr=Qs (2.2)

BcraHoBieHHs BU3HAYEHOI TeMIlepaTypH HOBITPA i, B XOIOAWIbHIA Kamepi
(koHTEitHEp1 g 30epiraHHs MPOAYKTIB XapuyBaHHA) OyAeMO Ha3HBaTH
PIBHOBJIACTHOIO TEMIIEPATYPOIO.

PiBHsiIHHA TeruioBOro OallaHCy, SKUW BKIIIOYAE TEIUIOMPUIIMB BiJl PI3HUX

JUKEpEIT IPU CTALIOHAPHOMY PEXHMMI MOKE MAaTU HACTYITHUI BUTIIA

Qs=Qor + Qpun + Qprr
(2.3)
i (S
Qor— TETUIONIPUIIMB Yepe3 OTOPOIKEHHS;
Qg4 — TEIJIOTPHIIUB BiJl BIAMPAIIbOBAHUX BaHTAXKIB;
Qg — BHYTPIIIHIA TETJIONPUINB Bif] JXKEpell, PO3TAlIOBaHUX B MPUMIIIEHH] (BiA
JIIOJIeH, B1J] IPUJIaAiB OCBITJICHHS, Bl ABUTYHIB TOII0). CxeMa TeIioBOro Oajiancy

OXOJIO/KYBAJILHOTO TIPUMITIICHHS (XOJIOAMIBHOI KaMepH) HaBeIeHa Ha puc. 2.1



to

QBAH

Pucynoxk 2.1 Cxema TerioBoro 6anaHcy 0X0J0IKYBaJIbHOTO MIPUMIIIICHHS

(X0M0aUIBHOT KAMEPH )

Taka piBHOBara yTiM, € HEJIHIHHOIO CUCTEMOIO. XOJOJWIbHI YCTaHOBKU
MPAIOI0Th IPHU 3MIHHUX 30BHIIIHIX YMOBAX, TOOTO MOCTIHHO BUBOJATHCA 13 CTaHy
piBHOBaru. Skmo TtemnonpuauBQr crae OUIBIIMM TeIUioBiABeAeHHS Qp, TO 1€
BU3UBAE MIABUIIICHHS TEMIIEPATYPH Ly .

S0 TeronmpWIMB CTaHE MEHIIE TEeIUIOBIABEACHHS, TO pe3yJIbTaToOM

TaKOro CTaHy HEpIBHOCTI Oyne 3HWKEHHS TeMIlepaTypd B TPUMIIICHHI
(XOOAMIIBHOT KaMepH).
B 3B’s13Ky 3 IUM Ba)KJIMBO 3HAWTH, K Bele ceOe JaHa cucrtema, Oyaydi BUBEACH OO
13 pIBHOBaru. JSKIO CHOPOCTHUTH If0 CHUTYyallilo, TOOTO BBaXaTW, IO B
OXOJIO[KYBaJIbHE MPHUMIIICHHS TEIUI0 HAJAXOIWUTh Bil OJHOTO JDKEpena — JIUIIe
4yepe3 30BHINTHE OTOPOKEHHS.

3 Hi€r0 NULTI0 PO3paxyHOK OYJIeMO BECTH B CTAI[IOHAPHOMY PEHKUMI.

Kinpkicte Terotu ([[x), sika mpoTikae depe3 OTOPOKEHHS B OJUHUIIIO

qacy



Qr=Qor=Kror™* For™ (tsn— 1)
(2.4)
Ie
K7 or—KxoedimieHT Temionepeaadi OropopKeHHS;

t37 — TeMnepaTtypa 30BHIIIHBOTO MOBITPAI.

3 immoro OOKy, KiubkicTh Temta (BT) 3a cexkyHmy, sike BiIBOIUTHCS

npuiaagaMn OXOJIOIKCHHS, BUBHAYACTHCA BUPA30M:

QB = KO * I:O * (tx.K. - to.)
(2.5)

hi (S
Ko — koedittieHT Terutonepeaadi mpuiaiiB 0X0JI0KCHHS;
Fo— nnmomuHa nmoBepxH1 MpUiIaiB 0XOJIO0KCHHS;
t,—TeMrIieparypa OXO0JO/KEHOTO Cepe/IOBHINA (KO0 HE BpaxOBYBaTH (HEXTYBATH)
TEPMIYHUM OMNOPOM BHYTPIIIHBOI TEIUIOBIAAAYl 1 CTIHOK TPyOH, i MOMKIIMBO
NPUIHATH PIBHIN TeMIepaTypl MOBEPXHI 0XOJIO0KYBAILHUX TIPHUIIAIIB).
Toni, BiamoBiiHO 3 BUpa3zoM (2.2)

Kror* For™* (tp—1t) = Ko * Fo ™ (tex — 1)

(2.6)

SK1110 30BHIINIHI YMOBHU 3MIHWIWCh, HAITPUKJIA] MIJABUIIUIACE TeMIIepaTypa
30BHIIIHBOTO MOBITPS, TO 1€ BU3UBAE 3pOCTAHHS TEMIIepaTypu MPUTOKY Tera Qr,
K chigye i3 Bupasy (2.6) i Horo MiABUINEHHS HaJ TerwioBiaBeneHHIM Qo, B
pPE3yNbTATI SIKOTO BUHUKAE MIABUIIICHHS TEMIIEPATYPH B XOJIOIUIBHIN KaMepi.

OcTtanHe, B CBOIO 4Yepry, BU3HMBAE 3POCTAHHS BIIBEJECHHS TeIIa, SKE
XapakTepu3yeTbest Bupa3zoM (2.6). YTiM miABUIILYBaHHS TeMIepaTrypu HoBIiTps i,
OyZie 3MEHIIYBaTH 3pOCTaHHS MPUTOKY TEIla 4epe3 OTOPOKEHHS 10 TUX IIip,

MOKM MPUTIK TEIJa He 3pIBHAETHCS 31 3pOCTaHHSAM BiABEAEHHS Temia (TOOTO



3pOCTaHHSM TPOIYKTUBHOCTI BHIIAPHWUKA) y BHUMAAKYy HOBOTO 3HAYCHHS
TeMmIeparypu i,

Take BnacHe BUPIBHIOBaHHS TEMIEPATypU OXOJOKEHOTO MPUMIILIECHHS
(00’exkTa) HE 3aBXKIM BHUPIIIYyE 3a7ady aBTOMATHUYHOTO PETrYJIIOBAHHS IIHOTO
napameTpa. BenuuuHa BIACHEPETYJIHOBAHOTO IMapaMeTpy MOXKe BHUUTH 3a
BCTAHOBJICH1 Y JIaHOMY BUITIQJIKy MEXi, 1 JIJIs 11 30epekeHHsI BCEPEIUHI ITUX MEXK
napaMeTpiB HeOOX1THO MaTH BIAMOBI/IHI 3aCO0H.

Axmo 13 piBHAHHSA OanaHcy (2.6) 3HAWTH BEJIWYHMHY PIBHOBICHOL

TEMIIEPATYPHU MOBITPS B XOJOIMUIBHIHN Kamepi.

t..= (Kror* For* sy +Ko * Fo * t,) | (Kror* For + Ko * Fo)(2.7)

Tonmi Bupasz (2.7) BkiIOYAaEe 1 BEJIMYMHHU, BIUIMBAIOYM HA SIKI, MOJIUBO
JOCATTH 3MIHU TEMIIEpATypH B XOJIOAUIBHIN Kamepi i, y Oa)kaHOMY HaIpsSIMKY.

Ocki1bKY B piBHAHHI (2.1) peryiro0uuM BIUTUBOM € XOJIOJONPOAYKTUBHICTb
BumnapHuka Qp, TO JUIsl CUCTEMHU aBTOMAaTUYHOIO PEryJIOBaHHA TeMmueparypu t, .
ciiaye 3MiHOBaTH BenuuuHu Ko, Fo, t,.

3MIHIOIOUM TIBUAKICTh IUPKYJAIIT MOBITPsA (HANPUKIA, 3yMUHKOI abo
3aIlyCKOM BEHTWJISITOpA) MOXJIMBO 3MIHIOBATH I1HTEHCUBHICTh TEIUIOOOMIHY B
npudopax OXOJOJKEHHS 1, BIAMOBIIHO, BEJIMYMHY K(BKIIOUEHHSM YacTUHU a00
yCIX MPUJIaAIB OXOJIOHKEHHS MOKIIMBO 3MIHIOBATH IJIONIMHY 11 ToBepxHi Fo.

Jlexiibka 1O 1HIIOMY BILJIMBA€ TEMIIEpaTypa KUIIHHA t, Tak SK BOHa IO-
nepiie He TOCTIiHA 1 OTXE BIAacHeperyoerbess npu 3MmiHl KopiFo. IHKomM
MOKJIMBO O€3IMOCEpe/IHbO 3MIHIOBATU Temmeparypy t, Hampukiam, 301IbIIYIOYN
ab0 3MEHILYIOYM XOJOJIWIbHY MOTYXKHICTb KOMIIpecopa abo MpHU OXOJIOMKEHHI
XOJIOMMJIBHOI KaMepU XOJIOAOHOCIEM 3HMXKYIOUM HOro TemmepaTrypy (B LbOMY
BUIAJIKy TEMIIepaTypa TOBEPXHI OXOJO/KYyBAJIbHUX TpWianaiB Oyae He
TeMIlepaTypl KUMIHHSA poOOYOro Tija, a TeMIIepaTypl X0J0A0HOCIs).

Sxmo y Bupasi (2.7) po3niiuty Bci uieHn Ha Ko * Fp, To BiH mpuiime

BUTJIS



tyx. = {[KrorFor/KoFoltsnto}/{[Kr.orFor/KoFol + 1} (2.8)

[Ipu 3maunomy 360imbmenHi Ky Fonan Kror For, T06T0 Ko Fo> Kror For
ypiBHOBa)keHa Temmepartypa t, (s BUIHO 13 Bupasy 2.8) Oyae HaOamxkaTuch 10 t,.
AHaJIOTIYHUM TIEPETBOPEHHAM J0BeaeMo, 110 npu Ko Fo< Kror For ypiBHOBaXKEeHa
TeMIlepaTypa MmoBiTps Oyae HabmmKaTuch A0 137 Takum uuHOM, Temmeparypa i,
(00’exkTa — XOJIOAWIBLHOI KaMepH) MOXKE€ BCTaHOBJIOBATHCH B Mexkax Bim t, 10
TEMIEPATypy 30BHIMIHBOTO MOBITPS t3;;. 3MIHIOIOYH XOJOJMIBHY MOTYXHICTh Qp
MOXXJIMBO JIOCATTH BCTAHOBJICHHS B TIPUMIIICHHI XOJIOAWIBHOI KaMmepu
TEeMIIepaTypH Ha 3aJ]aHOMY PiBHI.

HasiBHiCTh 1HIIMX TeMJIONPUTOKIBQ,; B OXOJIOMKYBAIBHY XOJOAUIBHY
KaMepy He BHOCUTb KIJBKICHMX 3MIH Yy HaBEJICHMX BHCHOBKax. PiBHOBarona

TeMmrepaTrypa y bOMY BUIMAJAKy MOKe OyTH BHU3HA4Y€Ha 3 BHUpa3zy, aHAJIOTTYHOMY

2.7)

te= (Kror * For * tyn + Ko * Fo * t, + Qum) | (Kror * For + Ko * Fop)
(2.9)

Tomy mo TemmonpunuBuQ r € 30BHIIIHIM 30ypeHHSIM, TO iX BILTUB Oyze
KOMIICHCOBaHMM 3MiHOIO Q3.

VYpiBHOBak€Ha BIJIHOCHA BOJIOTICTh TIOBITPS Y XOJOJWJIBHIM Kamepi.
BigHocHa Bojoricte MOBITps @D B OXOJIOMKYBAIbHIM XOJOAWIBHIN KaMepi
cTabuI3yeThes i JAi€l0 OanaHcy BOJOTH, TOOTO B pe3ysbTaTi Oa)KaHHS [0

piBHOBaru mix BojoronotokoMW,; B XK 1 BiaBenenns Bosioru Wy, 13 Hed.

[IBUIKICTh CTAHOBJICHHSI BITHOCHOT BOJIOTH B XOJIOJIMUJIbHIN KaMepi.

ddy, = (W — W) / D (2.10)



ne

D— koedinient emHocti XK 3a KUIBKICTIO BOJIOTH, SKHM MpPEJCTaBIsE COOOIO
KUTBKICTBh BOJIOTH (KT'), SIKY IOTPIOHO MOAATH B XOJIOJUIbHY KaMmepy a0bo BiABECTH
3 Hel JJIA TOro, U100 3MIHUTH BOJIOTICTh MOBITPS HAa OAMHMIIO (Hampukiad, Ha 1%

BIJIHOCHO{ BOJIOTH) Y BUMAAKY CTIHKOCTI, TOOTO MOCTIHHO1 BIZIHOCHOI BOJIOTOCTI.

dCDH/ dt = 01 WH=WO (211)

OpavH 13 BaXJIMBUX MPHUTOKIB BOJIOTHM — BUIIAPIOBAHHS BOJIOTU 3 MOBEPXHI
npoaykTiB xapuyBaHHsI AG. KpiMm mporo motik Bosoru W moske OyTH BiJl pi3HHX
JUKEpell, a caMme, MpH MoJadl BOJIOTM CHUCTEMOIO aBTOMATHUYHOTO PETYIIOBAaHHS
BoJioru B XK.

Binsenennst Bosoru Wy B XK BUKOHY€ETBCSI KOHJICHCAIIIEIO BOSHOI TTapH 13
MOBITPST TTOBEPXHI OXOJIOMKYBaHMUX MpuiaaiB. Omke OanaHc Bojoru Oyjae MaTu
BUTJIS]T

AG + W =W, (2.12)

B cutyarisix 3minu 0anancy BonorocTi B XK, 3B’s13aHO1 31 3MIHOIO PUTOKY
BOJIOTH a00 BIABEJCHHS BOJIOTH, B CHCTEMI, sSKa Ma€ BJIACTUBOCTI
BJIACHEPETYJIFOBAHHSI, BUHUKAIOTh MPOIIECH, SIKI OaKar0Th BCTAHOBHUTH PIBHOBAry,
ajie HOBOMY 3Ha4€HHI BIIHOCHO1 BOJIOrocTi. Tak, nmpu 301JIbILIEHHI IPUTOKY BOJIOTH
3a paxyHOK JOJIaTKOBOTO TEIUIOHAAXO/KeHHsT 3a BHeceHHs B XK Tterumx
MPOJAYKTIB, JiBa yacTUHA 3aiexHOCTI (1.12) Oyae Ounbiie npapoi. Lle npusene o
30uIbIIeHHS BoJiorw ToBITpsA B XK, a BiAmoBiAHO 1 BojoroiaBeaeHHIWy 10 THX
Tip, MOKHU 3HOBY HE OyJi€ TOCATHYTO PIBHOBATY JJIA JIEAKOTO MiABUIIICHHS BOJIOTH B
XK, sika 1 Oy/ie HOBUM 3HAYEHHSIM PIBHOBArOBOIO BOJIOTICTIO TOBITPS XOJOAMIBHOL

KaMepH.



Kinbkicte Bonoru AG (Kr/c), sika BUTPAYAETHCSA MPOIYKTAMU, M1 TUNHIETHCS
3aKOHOMIPHOCTSIMH TTIOBEPXHEBOTO BUTIAPIOBAHHS BOJIOTH.
4G :ﬁHP *Fpp™* (P{“I _PBﬂH)
ne
Prp — KoeQilieHT BUNAPIOBaHHS 3 TIOBEPXHI MPOAYKTIB, Kr/M2*c*[1a;
F/;p — IIOIIMHA TOBEPXHI MPOYKTIB, M2;
P{~I — THCK TIPOJYKTIB, I1a;
Ppr—nopLiiHUM THCK BOASHOIO Mapy B MOBITP1 XOJIOAUIBHOI KaMepH, [1a.
YucenpHe 3HA4Y€HHs KoeQill€HTa BUIIAPIOBAHHA Ui BOAM y BHUIAJKY
BUIBHOT'O PyXY MOBITPs 110 JIeBi
Brp = (89+98) * 10°*° ke/m2*c*I1a
a 115 TIOBEPXHI1, HaNpuKiaa m’sica Tyma BPT
Brp = (65=71) * 10™*° ke/m2*c*I1a
[Ipu pocraTHRO JOBromy 30epexeHHI MNpoaykTiB B XK  MOXIMBO
JONYCTUTH, IO TeMIlepaTypa iX HOBEpXHI {,3a paxyHOK BHIIapIOBAHHS BOJIOTU
3HI)KYETBCS HW)KYE TEMIIEpaTypd MOBITPS MPUMILIEHHS (XOJOAWIBHOI KaMepH)
t.x, HaOMMKAIOUUCh 1O TeMIlepaTypu MOKporo tepmomMerpa. CTaH BOJIOIOro
noBiTps B XK 1 HAacHIICHOTO MOBITPS HaJ MPOAYKTOM HaBeleHI B aiarpami -

droukamu K i IT (auB. puc. 2.2)



Pucynox 2.2 CtaH BOJIOTOro moBITPs B XOJIOIUIBHIN KaMepi.

Tonl B3a€MO3B’SI30K MIXK MapaMeTpaMy IIMX CTaHIB MOKIIMBO OJEpKaTu 13
TEIUIOBOTO OajlaHCy MOKPOTO TEPMOMETpPA, Y BIANOBIAHOCTI 3 KMM KOHBEKTHUBHA
TEIIOTA, KA NEPENA€ThCA Bl MOBITPS XOJIOAWIBHOI KAMEPH 10 OJMHHUIII IOBEPXHI1

MPOJYKTY B IIJIOMY 1JIe Ha BUTIAPIOBAHHS BOJIOTH 3 I11€1 MOBEPXHI1

an = (tex — ) = Pup *r* (P{"I — PBﬂH) (2.13)
ne
0.7 — Koe(IIleHT TeroB11aui;

I — TeruioTa mapoyTBopeHHs, Jk/Kr;

VY nesikoMy mepeTBOPEHOMY BUIJIS/II 1Sl 3aJICKHICTh HECE Ha3BY IMCUXOMETPHUYHOI

bopmynu

(Pl — Py = A * (L, — t) (2.14)



ne

A= ag * (Brzp * r)— NCHXOMETPUYHUN KOCQIIIEHT, KU 3aJIC)KUTD BiJl IIIBHIKOCTI
pyXy TOBITpSL.

Ipu 6apomerpuuromy trcky 10° Ia i mBrakocTi oBiTps 4 M/c A=66,6

Ipu Gapomerpraromy Trcky 10° ITa i mBuakocti mositps 0,8 m/c A=73,5

IIpu Gapomerpraromy Trcky 10° ITa i msmakocti mositps 0,1 m/c A=13,33

Taxk sx @;; = PL/PE, 1o

AG = ﬂnp * an* (PH — @H* PBLZIY) (215)
Plr} ~ Dy * Pgﬂn =A* ., —1p) (1.16)

3anexHicTb (2.16) 103BOJII€ BU3HAYUTH BEIUYHUHY Pgﬂn yepe3 mapaMmeTpu
MOBITPS XOJOAWIBHOI Kamepu. TemriepaTypa MOBEpXHI NPOAYKTiBl; 3B’s3aHa 3
TUCKOM HACHMYEHOIO Mapy HaJ I1€10 TMOBEPXHEI0 JIOTrapu(PMIYHOIO 3aJICKHICTIO. 3
METOIO0 CIIPOILIECHOTO PIIIEHHS 1 IS OACpKaHHSA YITKOTO YSIBJICHHS PO SKICHI
3aJIEKHOCTI TPOLIECIB PETYIIOBaHHS BOJIOTOCTI MOJKJIMBO MPUIYCTUTH, IO
IHTEpBaJl TeMIlepaTyp 3MiHIOeThCs B Mexax 10K, a Mk TUCKOM 1 TeMIepaTyporo

ICHY€ 3aJIe’)KHICTh

P"=a + bt (2.17)
ne
a i b— xoeoiieHTH, MOCTIHHI Yy JaHOMY IHTEpBalli TeMIEpPaTyp, YHCEIbHE

3HAYEHHS SIKUX HaBeIeHO B Ta0i. 2.1

Sxmo 3amMiHUTH 3HAYCHHS TemrepaTypu B piBHsSHHI (2.16) THCKOM

HACUYEHOTO Mapy 1 KOPUCTYIOUUCH 3aIekKHICTIO (2.17), TO 01ep>KUMO

Plr} ~@p* Pgﬂl‘[ =4 (sz[n— PH)*b (2.18)

3BIIKHU



PH :PB,ZZH * (A +b@n) /(A + b) (219)
BusHnaueHe 3HaueHHS PH MOe OyTH Tpe/ICTaBlIeHEe y BHpasi
AG = Brp* Frp * {Pggn * (A + b®Pp)/(A + b)}(2.20)

AG = Brp* Fp ™ Pgan « [(1 = &) /M](2.21)
e
M = 1+b/4A — xoedilieHT A1 XOJ0AUIBHOI KAMEPH 3 BU3HAYCHOIO TEMIIEPATYPOIO

1 IIBUAKICTIO PyXy HOBITPsI, TOOTO € MOCTIMHOIO BEJIMYUHOIO.

3anexHicTb (2.20) nokasye, 1110 BUIAPIOBaHHS BOJIOTH 3 MOBEPXHI MPOAYKTY
3MEHILYETHCS 31 30UIBIIEHHSIM BOJOTOCTI MOBITPS Ta MOBHICTIO NPU3YNTHHSIETHCS Y
HAacHYeHOMY TOBITPi, Koy Oy = 1.

BenuuuHa yCymIKM 3aJIeKWTh Bl TEMIIEpaTypu MOBITPS B XOJIOAMIIbHIN

kamepi, ockuibku AG € QyHKIiEO Pgﬂn Ta 3MEHIIYETHCA 31 3HIKCHHIM
TEMIEPATYPH.
Ile nyxe BaXJIUBUM UYMHHUK, LIOJO0 IMpParHeHHS A0 CTBOPEHHS ONTHUMAaJIbHHUX
napameTpiB MikpokmiMaty B XK 15 30epiranHg IpOoayKTiB Ta MiHIMI3allli BTpaTH
iX sKocTi. 3a3BW4Yail, 1110 BTPATH BOJOTH MPOAYKTAMH MPOIMOPIIIHOBEIMYNHI
MOBEpXHi, 3 SIKOI Mpoxoje BUMapyBaHHSA. Hapemiri, Ha BEeTMYMHY YCHXaHHS
BIUIMBA€ IHTCHCUBHICTh BOJIOTOOOMIHY, SIKa XapaKTEPU3YEThCS Koe]illeHTOM
BUMNApIOBaHHSA [;p. OcTaHHIN, SK 1 KOe(]IIIEHT TEIIoBIAaaYl, 3aJCKUTh BIJ
HIBUIKOCTI PyXy MOBITps. BHAcHi10K IbOTO yCUXaHHS MPOIYKTIB B OJMHHULIIO Yacy
30UTBIITY€THCS TIPU MIACUIICHH] ITUPKYJIIAIIT MTOBITPS.

Kinpkicte Bosoru (Kr), sKa BIABOJMUTHCS NUIIXOM KOHJCHCAIll Mapu Ha

OXOJIOKYIOUHMX ITPHUJIalaX, BUSHAYAECTLCS BUPA3OM:

Wo = o * Fo* (sz[n— Pg) (2.22)



abo

Wo = Bo * Fo* (CDHPgﬂH_ Pg) (2.22)
ne
So — KoedilieHT KOHGH Al TTapy Ha MTOBEPXH1 0XOJIOKYBAIBHUX MPUJIAIIB,;

PY — THCK HacHUEHOTO BOJSHOTO Mapy HaJl MOBEPXHEIO TIPHIIAIB OXONOKEHHS;

[TpuTOK BONOTH BiJl IHITUX JDKEPEIT 3a3BUYAl HE BEIMKUH, TOI Benmnuuny W
B piBHsHHI (2.19) MOXHa BUKOPUCTOBYBATH B 1H(GOPMAIlIHHIN CUCTEMI KEpyBaHHS
MikpokiiMatoM XK.

BuxopucroBytoun piBHsHHS (2.21) 1 (2.22) MOKHa 3anKucaTi PiBHSIHHS

OayraHCy BOJIOTH y BUTJISII
Brp* Frp* Phpn * [(1 — @) /M] + W = o * Fo* (PpPpan— P)  (2.23)

I3 piBHsiHHs (1.23) BU3HA4Ya€ThCS PIBHOBICHA BOJIOTICTh MOBITPS XOJIOAWIBHOI

KaMmepu

3 METOIO0 CIIPOIICHHS PiBHAHHSA (2.24) BBeIeMO HACTYMHI TO3HAYCHHS
Bur*Frp | Bo*Fo = f(F)
Pg/ sz[n: Do

SAxmo BBaxkaTH, Mo fp 1 fo TPUOIM3HO MOCTIiHI 1 OJM3BKI OHA 0 OJIHOI,

to f(F)Oyme mnpencraBisTé BiTHONICHHS IUIONMHA TOBEPXHI MPOAYKTIB [0



IUTOIIMHU MPOIYKTIB OXOJOIKEHHS. 3 BpaxXyBaHHIM MPUUHATUX PaHIII MO3HAYEHb
BUpa3 (2.24) Moxke OyTH NEPETBOPEHO, SAKIIO HOro YHMCETbHUK 1 3HAMEHHHUK

po3nuutu Ha fo*Fo
@y = [f(F) + @o*M + WM/ (Bo*Fo*Pan)] / [f(F) + M] (2.25)

Bupaz (2.25) no3Bosise mnpoaHali3yBaTU pPsa TEXHOJOTIYHMX CHUTyaIlii
(mpeneeHTiB), KOPUCHUX IIOJ0 aHaJi3y YMOB BCTAHOBJICHHS 3aJlaHUX MMapaMeTpiB
BOJIOTH TOBITPS B XOJOAWIBHIM kKamepl. CrodaTky HOTpPIOHO MpoaHalli3yBaTH
Bunaaok, ko W=0, ToOTO BiJICYTHICTb OyAb-SKOTO BHUIiICHHA Bojoru B XK,
KpIM yCUXaHHS mNpoaykry. Toal piBHO3BaK€HAa BOJOTICTh TOBITPI Dp

OyJenoB’si3aHa JUIIIE C BUMAPIOBAHHSAM BOJIOTH 3 MIOBEPXHI MPOAYKTIB 1 JJOPIBHIOE:
O =[f{(F) + ©,M] / [T(F) + M] (2.26)

Ak o4ueBUHO 13 piBHSAHHS (2.26) piBHO3Ba)XKEHA BOJIOTICTh @7 3aJICKUTH BiJ
CHIBBIIHOIIEHHSI M1 TOBEPXHEI0 MPOJYKTIB 1 MOBEPXHEIO OXOJOKYBaIbHUX

MPUIIAJIIB, @ TAKOXK Bl BEIUUHHU D,
2.2 CutyaniiHuil aHAJTI3 oNTUMI3alii pe:KUuMIB 3aMOPOKYBAHHS

PosrisHemo 1Bi TexHojoriudi curyariii; konu 3HaudeHHs f(F) Bimmosimae
MIHIMQJIBHOMY 1 MaKCUMaJIbHOMY 3HAYCHHSIM.

1. IlnomHa mMOBEpXHI TMpUIATIB 3aMOPOXKYBAHHS Jy)Ke BelMKa B
MOPIBHSIHHI 3 IUIONTMHOI MOBEPXHI MUX MPOAYKTIB, TOOTO LoFo > frpFp. Lieto
BJIACTUBICTIO XapaKTEPU3YEThCS 1 HEAO3aBaHTAXEHE MPUMIIICHHS XOJIOIUIBHOI
KaMmepu, ad0 KOJU B KaMepl Hemae NpoaykTiB. B uboMy Bunaaky @, = @g. Takum
YUHOM, Oy/ZIeMO BBaXKaTH, 10 @y — PIBHO3BAXKEHA BOJIOTICTh XOJIOAMIBHOI KaMEPH,

sIKa BCTAHOBJIIOETHCS IIPH BIACYTHOCTI B IPUMILIEHH] BUIJIEHHS BOJIOTH.



Tax sx npu @;; = @, moBunHO 6yTH Py = PA/ PY. T0 piBHicTs Mapmiansaux
THCKiB TIApH CIIOHYKA€E [0 PiBHOBArM BMICTY BOJIOTH, TO6TO Ug;; =d . Lle o3nauae,
mo B giarpamii-dBosororo moBiTps Touka K, sika BIiAMOBigae cTaHy IOBITpS B
XOJIOWIIbHIM KaMepl OyJe JekaTh Ha JIiHIl MOCTIHHOTO 3HA4YEHHS BOJIOTH, sKa
npoBeJieHa 4Yepe3 ToukKy D, 1o xapakTepusye CTaH HACHUEHOTO TIOBITPS HaT
MOBEPXHEI0 OXOJIOKYBAIbHUX MpuiafiB (qus. puc. 1.3). [loTpiOHO mokazartu, 1o
®o — HaWOLILPII HHU3bKAa BIJHOCHA BOJIOTICTh, KA MOJKE€ BCTAHOB/IIOBATHCH B
XOJIOAWIBHIA Kamepl 3 TemmepaTryporo iy, TIpu TemiepaTypi IOBEpXHI

OXOJIOJIKCHHA .

Pucynox 2.3 PiBHO3Ba)xe€Ha BOJIOTICTh MOBITPS B XOJOAWIBHIN KaMepl IpH

B1JICYTHOCTI BU1JICHHS BOJIOTH

2. IlnonmHa MOBEpXHI MPUIAAIB OXOJIOHKEHHS Ay’KE Majla y TIOpPIBHSIHHI 3
TUTOIIMHOO MOBEPXHI MPoaAyKTiB, T00TO f(F) = 00. B nbomy Bunanky ®@p = 1.

Buxopucranns 3amexHocti  (2.26) He OOMEXYEThCS LHMMH JBOMA
ciocobamu. BoHa [03BOJisIE aHaMI3yBaTH HE JIMIIE YMOBH BCTAHOBJICHHS
PIBHO3BaXXEHOI BOJIOTHU TMOBITPS, aje 1 ii 3MiHK y OaxkaHOMy HampsmKky. [lo-nepiie
MOXJIMBO CTBEPIPKYBATH, 110 BEJIMYMHA PIBHO3BAKEHOT BITHOCHOI BOJIOTH TOBITPS

BCTAHOBIIIOETHCS B Mekax P,< @, < [. Y BUNAAKY OJHOrO JHKEpena MPUTOKY



BOJIOTM — BHIApPIOBAHHS BOJIOTHM 3 TOBEPXHI MPOIYKTIB, a TaKOX IOCTIHHUX
CHIBBIJTHOIIEHHSX MDK TIOBEpXHEIO TMPOAYKTIB 1 TOBEPXHEIO TMPUIIAIIB
OXOJIO/DKCHHSI. UMM MeHIlle MPOAYKTIB 3HAXOJUTHCA B XOJOJIMJIBHINA KaMepl THUM
HIOKU€ B Hel BIAHOCHA BOJIOTICTh TOBITpsA. [lpu 30epexkeHHI ymakoBaHHX
MPOAYKTIB BeIWYHMHA KOE(QIIIEHTIB BHUIIAPIOBAHHS I HUX OyJae Majiolo B
YOOPSIAKYBaHHI 3 KoedIIieHTOM  KOHJEHcallli Ha TOBEPXHI MpHUJIaIiB
oxonopkeHHs. lle BusmBae 3menmeHHs f(F) 1 3HWKCHHS BOJIOTH TIOBITPS B
MPUMIIICHH] XOJOAMIBHOT KAMEPH.

VY BUManky HEOOXiTHOCTI yTPUMYBATH BiTHOCHY BOJIOTY Ha 3aJaHOMY PiBHI
MK @, Ta Bunanky 1 3a cniBBigHomeHHsM (1.26) MoXKHA 3HAWTH BEJIMYMHU, HA
K1 CIIIJT BIUTMBATH ISl 3MIHU BITHOCHOI BOJIOTH Y Oa)KaHOMY HaIpsIMKY, a caMe B
it cutyarnii Takumu napamerpami € f(F)i @,.

Oyukiris f(F) Moxe 3MiHIOBATH CBOIO BEJIMYMHY IIPH 3MiHI He ynmie Fyane i
p,. B Toil )xe yac BenmuunHa BoJoru @, 3aJ€KUTh Bl TEMIIEpaTypu MOBEPXHI 1.
TakuM 4MHOM, pEryTIOBaHHS BiHOCHOI BOJIOTH BHKOHYETHCS 3a JOMOMOTOI0 THX
&KEe caMuX (aKTopiB, sIKI BUKOPHCTOBYIOTHCSI MPU PErYJIIOBaHHI TEMIEpaTypu
NOBITPS B XOJOJIWJIBHIA Kamepl, TOOTO 3MIHOIO IUIOIIMHUA MOBEPXHI MpUIIaaiB
OXOJIO/KCHHSI, IBUJIKOCTI MUPKYJISIT TOBITPS 1 TeMIEpaTypu OXOJIOKYBAHOTO
cepenoBuia. bynemMo BBaxaTH, 10 B JaHOMY BUMAAKY L1 (AKTOPU BU3UBAIOTH
3MIiHM BMICTY BOJIOTM MOBITPsI (KUIBKOCTI BOJIOTH), 30UTbIIYIOYM 200 3MEHIIYIOUU
IHTEHCUBHICTh BHITAPIOBAHHS BOJIOTM 3 TOBEPXHI NPOJYKTIB 1 1HTEHCHUBHICTh
KOHJIEHCAIli BOJIOTH Ha MOBEPXHI MPUIIA/IIB OXOJIOIKEHHS.

Oco0MMBICTIO TIPOLIECY PETYJIIOBaHHS BOJIOTH TMOBITPS B XOJIOJUIBHUX
KaMepax BEJUKOi MPOJYKTUBHOCTI € iX MPAKTUYHO TMOCTIHHA OJHOOIYHICTD,
NOB’si3aHa 3 TIOCTIMHMM BIJIBEJCHHSIM BOJIOTM B pe3yibTaTl Oe3nepepBHOT
KOHJIEHCAIlli Mapu Ha MpWIalax OXOJOKEHHS. 3 IIi€l NMpUYMHUA y 0aratbox
BUIAKaX JIMILIE 3BOJIOKYBATH MOBITPSI XOJOJWIBHUX Kamep 1 MiABUILYBAaTH TUM
caMuM ii BIJHOCHY BOJOTy. Y THX JXK€ BHUIAJKaX, KOJIM TOTPIOHO 3HUKYBATH
BOJIOTICTh, BUCYIITYBaTH TMOBITPS MOXJIMBO TUMU K€ 3ac00aMH, sIKI BUTIKAIOTH 13

3aJIe’)KHOCTI (2.26):



- 3HIDKEHHSIM TEMIEpaTypy MOBEPXHIi, 30UTBIICHHSIM IUIOMMHU OXOJIOKYBaTbHOT
noBepxHi (Tpu TiK ke TeMIepaTypi) Ta iIHTeHCU(IKAII€I0 TpoIlecy OOMiHY BOJIOTH
(301IBIIIEHHSIM ), HAPHUKJIIA, TIPH MABUILIEHHI IBUIKOCTI PyXY MOBITPS.

3BOJIOKEHHS MOBITPSI MOKE€ BUKOHYBATHUCH HE JIMIIE BIJIOMUMH METOJIaMH,
ajle 1 3a paxyHOK mojaadl KuibKocTi Bosiord W B XOJOJIWUIIBHY KaMepy Yy
BIIMOBIAHOCTI 13 3aiexHIcTIO (1.25).

Bonora B xonmoaunpHy KaMepy MOXK€ HAIXOAWTU y BUIJISIII BOASHOTO TMapy
abo KpamenbHOi BOJM, $KY PO3MIIIOEMO 3a JOIMOMOIOI YIIBTPa3BYKOBHUX
dopcynok. Ilpomec migMinTyBaHHS BOASHOTO Tapy JO BOJOTOTO TOBITPS
BUKOHYETHCS MPUOIU3HO MO 130T€PMI, TOOTO 3BOJIOKEHHSI TTOBITPS IAPOM BU3UBAE
JMIlle He3HAuHE MiJIBULICHHS TEMIEpaTypu MOBITPS XOJOAWIbHOI KaMepu, B TOU
XK€ Yac SK Mpolec MIIMIIIYBaHHSA KpareiabHOI BOAM MPOTIKAE MPUIMAHO IO
130€HTaNIbIl, TOOTO MpPH IOMY MOXIIMBE HE3HAUHE 3HW)KEHHS TeMIepaTypu
MOBITPSI.

Bupa3s (2.25) 3 BpaxyBaHHsM (2.26) MOKHa 3anucaTd HACTYITHUM YHHOM:
D =P WM [ {PypB.F, [f(F)+M 1} (2.27)

3anexHicTh (2.27) 103BOJIA€ NONEPEIUTH CUTYALIIO 3 MOXKJIMBUM HEBIPHUM
BUBEJIEHHAM 13 Oamancy Bojoru (2.12). MoxiauBo TmepeadayuTd, IO s
NPUMMHEHHS BUCYITyBaHHSA 4GB XONOAWIBHINA Kamepi 715 30epeskeHHs MPOTyKTIiB
pu Oy/b-sKiil, HABITh MPU HE3HAYHIN BOJIOTOCTI MOBITPS JOCTaTHBO mojaTu B XK
TaKy 3aMIHIOIOYY KIJIbKICTh BOASHOTO Tapy. YTIM, sK noBeieHo B [ 5,6 ],
3MEHIIUTH BHCHUXAaHHS TOJIaBaHHSM BOJSHOTO Mapy B TOBITPS MOKJIMBO JIMIIE i
TOMY BHUIIAJIKYy, SIKIIIO B XOJOAWJIBHIA Kamepi Oyjae MiATPUMYBAaTHCh BOJOTa
noBiTpss @, Oimpm Bucoka, Hikx PN, Tomy mo 3Hauenns Wmoxe OyTu

no3uTHBHEM jme npu Op>dh,
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Pucynok 2.4 3MiHa YMHHHKIB 0ajaHCy BOJIOTH IIPH 3BOJIOKEHHI MOBITPS

XOHO,Z[I/IJII)HOI KaMCpH.

CHiBBIAHOIICHHS MIX CKJIAJOBUMH OajlaHCy BOJIOTH ISl PI3HOT BOJIOTH
noBiTps ®p HaBezeHo Ha puc. 2.4. [Ipu aanii Benuuuni f(F), To6TO Mpu neskomy
BIJIHOIICHH] IUIOUIMHU TOBEPXHI MPOIYKTIB 1 IUIONIMHU TMOBEPXHI MPHUIIAJIIB
OXOJIO/DKEHHS, TIPU 3a/1aHiil TemriepaTypl npumimieHHs t; B XK BCTaHOBIIOETHCS
BimHocHa Boyora ®p. [if BiamoBimae MakcuMmaibHA B JAHUX YMOBaxX BUCHXaHHS
npoaykTiB 4G, SIKII0 MOTiM y MOBITPS XOJOAMIBHOT KaMepH TMO/IaBaTH BOJOTY,
HAMpPUKJIaJd, BOJASHY TMapy, TO 31 3pOCTaHHSM BOJIOTH TOBITPS 3MEHIIYETHCS
BCUXaHHS MPOAYKTIB. BTIM mpu 3pocTaHHI BOJOTM MOBITPS KUIBKICTH BOJIOTH,
HEOOX1THOT JI1 HACHYEHHS IIOBITPS, BCE X 3MEHIIUTLCSA, TaK SK KIUJIbKICTh
HaxoJ/KeHOoi1 (BmpbickuBaemoi) Bojoru W3pocTe 3a paxyHOK 301IbIIEHHS
KOHJICHCATy Ha MPHUJIaZaX 0XOJIOIKEHHS.

MakcuMalibHa KUIBKICTh BOJIOTH (KI/C), sKa HEOOXigHa IS JOBEIACHHS
MOBITPS /10 HACHMYEHOrO CTaHy, Oyne ojepkaHo 13 piBHAHHA (2.27), SKIIO

npeactaBuTH @y 13 piBHAHHA (2.26).

Whax = (1 — @,) PgﬂnﬁOFo (2.28)



I3 puc. 2.4 chigye, 1o BCs KUIBKICTH BOJIOTH OyJe KOHJEHCYBATHUCh Ha
npuiIazax OXOJOPKEHHS. SIKIIO B XONOAWJIbHIM Kamepi 30epiraeTbCsi MPOAYKT —
BPX, 3 moBepxHi SIKOTO HE BUKJIMKAE BUIMAPIOBAHHS BOJIOTH, a 3a/laHa KUIbKICTh
BOJIOTU TOBITPsI @7 Oinbina HIXK D, TO I i1 BCTAaHOBJICHHS HEOOXIJIHO IMOJATH

BOJIOTY B KIJIbKOCTI
W = (@ — @,) PgpnfoFo (2.29)

3anexnocti (1.26-1.29) moka3yroTh, 10 KIJIBKICTh BOJOTH, SKa HAJIXOJUTh
JUTSL 3BOJTO’KYBAHHS TTOBITPST XOJIOAMIIBHOI KAMEPH, 3aJIC)KUTh HE JIUIIE Bij 3a1aHO1
BOJIOTOCTI.

Bona 3pocTtae mpu MIABHUILEHHI TEMIEPATypH IMOBITPs, NpU 301IbIICHHI
IJIOIIMHY MMOBEPXHI MPUIAAIB OXOJIOKEHHS 1 MJABUIIEHHS IHTEHCUBHOCTI BiJi1ayl
Bojioru. [liABUIIIEHHS BOJIOTH TOBITPS B XOJOAMIBHIA KaMepl NUISXOM Mojadi J10
HEi BOJIOTM HE BUMAarae 30UIbIIEHHS TUIOUIMHU MOBEPXHI NPHIIAIiB OXOIOIKEHHS,
ajle TpU LbOMY 3pOCTa€ HEOOXiJHA XOJOJWJIbHA TMOTYXHICTH KOMIIpecopa 1
YTBOPEHHSI 1HEIO0 HA OXOJIOKYBaJIbHII MOBEPXHI, IO 3 OAHOTO OOKY € HEJOJIIKOM
IILOTO METOAy KEpyBaHHSA, a 3 IHIOIOTO OOKYy — CTBOPEHHS ONTHMAJIBHOTO
MIKpOKJIIMATY B XOJOJWJIBHIA KaMepi B yMOBaxX 3MIHM TapameTpiB ii
3aBaHTAXCHHSA-PO3BAHTAXCHHS  BUMAara€ 3a JIOIOMOTOI0  IHTEICKTyaJIbHHX
TEXHOJIOT1# 3BEPHYTHU yBary MPOEKTAaHTIB Ha 1€l METOI.

KepyBanust mporiecom 30epiraHHsi TPOIAYKTIB XapuyBaHHA (OCOOIMBO
M’sica), MiHIMI3YIOUM BTpaTH SIKOCTI MPOAYKTY B Mpolieci Horo 30epiranHs. B Toi
K€ Yac MpU JOCTATHIA MOTYKHOCTI XOJOAUIBHOT YCTAHOBKH 3BOJIOKEHHS MOBITPS
IUIIXOM TI0Ja4i BOJIOTH HE CYTTEBO BIIMBAE Ha TEMIIEpaTypy IOBITPS B
XOJIOAWIIbHIN Kamepi. [{luM ocTaHHIN METOJl KepyBaHHS MPOLIECAMU OXOJIOKEHHS

(3aMOpOXKyBaHHS) BUT1IHO BIIPI3HAETHCS BiJl CIOCOOIB PO3TIITHYTUX BUIIIE.



3 METO ONTUMAJIbHOTO BHOOPY TMapaMmeTpiB XOJOAWIBHOI KaMepH
HEOOX1/THO OLIIHUTHU TEIUIOBUHN OallaHC MPHUMIILEHb Ta 3arajbHy KUIbKICTh TEILJIOTH,

IO HAAXOOUTh B OXOJIOIKYBAHC HpI/IMiHleHHH XK IIPOMHCIIOBOI'O XOJOAUJIbHUKA.

[lepeiinemo 10 aHaNi3y TEIUIOBOrO OajJaHCy MPUMIIIEHD 1 TETIOHAAXOIKEHb
BiJl IPOAYKTIB (BaHTaXIB) MPH IX TEPMIYHOMY OOPOOIICHHI.

B xomomunbHHUX KaMepax CyHepMapKeTiB TOPTiBEIbHUX MIJIPUEMCTB
BUKOHYIOTHCSI HACTYNHI BUAM TEPMIYHOT OOpPOOKM MPOAYKTIB (BaHTaxiB), SKi
CYNpPOBOJKYIOThCSL  BIJIBEJICHHSIM ~ TEIJIOTH 13  TPOJAYKTIB:  OXOJIO/KCHHS,
3aMOpPOKYBaHHSI 1 103aMOPOKYBaHHS.

OX0M0KEeHHS Tija 3aBKIU MPUBOAUTD J0 3HWKCHHS HOTO TEMIIepaTypH, a
JUTSL TUIA, SIKI MAlOCh PIAMHHY a3y, OXOJIOMKEHHS MEePEXO0IUTh B 3aMOPOKYBAHHS
IpU JIOCATHEHHI TeMIlepaTypu TMOYaTKy (Pa3oBOT0 MEPEeTBOPEHHS PIJIMHUA B
TBEPIUU CTaH.

[Ipotiec 3aMOpOKyBaHHS MOKE€ BUKOHYBATHCH JIMIIE B TUTI, SIKE MAa€ PIAKY
¢dazy (xapuoBi MPOAYKTH — M’5ICO), TOMY 110 OCHOBHHUM SIBUILEM I[bOTO MPOIIECY €
MIEPETBOPEHHSA P1IKOi (ha3u B TBEP/IC CTAHOBUIIIE.

ITporec 103aMOpPOKyBaHHS IOJIATAE B 30UIBIIICHHI KIIBKOCTI BUMOPOKEHOT
BOJIOTH B TIPOJIYKTI.

VY 3aragpHOMY BUTIISIAI KIJTBKICT TEILIA, KA BIIBOJUTHCS BiJ 1 KT Tina npu
Horo TepMiyHOMY OOpOOJIEHHI, MOXE BHUMIPIOBATUCH 3MIHOIO TEIJIOBMICTY
(erranpmist) Tuia (kx/kr) g0 oOpoOsieHHs 1 micas HEl, OCKUIbKU LI MPOLECH

TEIMJI000MIHY MPOTIKAIOTh MPH MOCTIHHOMY THUCKY

QR=t-0b (2.30)

3aranpHuil ceKyHIHUW npunuB Temia (BT) Big oOpoOstoBaHUMX BaHTaXIB,

3arajbHe BUJJICHHS TeIJa TMpH XIMIYHUX pEaKIisX CKIAJaloTh TpHU



MaKCUMaJIbHOMY J000BOMY HAJXO/KCHHI BaHTaXIB a00 MakCUMaJbHINA J00OBIN

TPOAYKTHBHOCTI IPHCTPOIB TS TepMidHOro 06pobnenns G' (kr/106.)
Q. =G' (t; — t,)10% / (3600*24) (2.31)

: 1
Axmo 3amaHa He 1000Ba, a MOroAWHHA MPOAYKTUBHICTH G (Kr/rof.), To

BHpa3 NpUTOKY Teria Q, BiJ BIAMPAIbOBAaHUX BaHTAXKIB
Q=G (t.—t) /3,6 (2.32)

Bupas (2.32) nae cepenne 3a 100y 3HAYEHHS TEIUIONPUIUIMBY 3a CEKYHIY 1
BOHO BIpHE JUIsl TEXHOJIOTIYHHUX MPUCTPOIB Oe3mepepBHOI Ail; A amapariB
NEepIOANYHOI NI HAAXOJKEHHS TeIia CJI1J BU3HAYaTH JIMILE JJI 4acy AIHCHOTO
CHIOYKUBAHHS XOJIOAY.

B upomy Bumanky cepemHe 3HAYEHHS MPUTOKY TeIa 3a CEKyHAY Bif

00poOneHHs Ty BPX noBuHHO BU3HAYaTUCH 32 PIBHSIHHSIM:
Q, =G (ty—tp) * (t,/ t,,) / (3,6 * 24) (2.33)

ne
t, — TPUBAICTH LUKy TEXHOJOTIYHOTO OOPOOJICHHS TIPOYKTY, sIKa BKIFOUYAE 1 4ac
Ha 3aBEpIICHHS T0AAaTKOBUX orepariii%

t,n — TPUBAJIICTH POOOYOTO NMEPIOY, 3a YAC AKOTO CIOKUBAETHCSA XOJIO/,.

[IpoBenenuii Buille aHami3 xonoo03ade3neueHss XK 103Bosie nmpoekTaHTam
PO3POOUTH METOAM TABUIIIEHHS EKCIUTyaTaIllIHHUX XapaKTEPUCTHUK KOMIIPECOPHHUX
YCTAaHOBOK B  CHCTeMi  XOJI0103a0€3MEUYCHHS  XOJOJAWJIBHOTO  O0JIaIHaHHS

CynepMapKeTiB



Po3aia 3 Po3pobka xkoMnpecopHOro o0JagHAHHS

cynepMapKeTnHriB 3 HiI[BI/IHIeHHI/IMI/I eHepFOC(l)eKTI/IBHI/IMI/I
XapaKTEepuCTUKaMu .

3.1 ExcnuyaTauiiiHi XapakTepucTUKH KOMIIPECOPHOIo 00/1aJHAHHSA
CylepMapKeTHHIIB

Mertoto po3aily € po3B’si3aHHS aKTyaJIbHOI 3a1adi BHOOPY ONTHUMAaIbHOI
TPAEKTOPIi XO0JI0/103a0€CIEYEHHSI XOJIOAWIBHOIO 00JIaJHAHHS CYTIEpPMAapPKETUHT1B
3a paxXyHOK BHOOpPY palliOHAJIbHUX PEXKHUMIB POOOTH KOMIIPECOPIB

Le MOCTAaBJECHE 3aBJIaHHS MOKJIMBO JOCATTH 3MEHIIECHHSIM BUTpaT
CHEpreTUYHUX XapaKTePUCTHK KOMIIPECOPIB  Ta BIUIMBY 30ypeHb BXIJHHX
XapaKTepUCTUK TMPOAYKIi 3aMOpPOXKYBaHHS (OXOJIOJKEHHS) Ha MapaMeTpu
€JIEKTPOCIIOKMBAHHS KOMITPECOHOTO OOJaJHAHHS CYNEPMAapKETUHTY 32 PaXyHOK
PO3pOOKM CHUCTEMH ONTHMAJIBHOTO KEPYBAHHS KOMILIEKCOM 1 IPOTHO3YBAaHHS
BUTPAT AKTHBHOI 1 PEAKTUBHOI MOTYXXHOCTEH EJEKTPONPUBOAIB XOJOJUIBHUX
MAaIIMH 3 TOCTINHUM KOHTPOJIEM F€OMETPii BHYTPIIIHBO KAMEPHOT'O 3aBaHTAKEHHS
(B mepioj; TEpMIYHOTO OOPOOICHHS MPOAYKTIB (BaHTAXKIB), SIKI CYPOBOIKYIOThCS
BIJIBE/ICHHSM TEILJIOTH BiJl MPOJIYKTIB TEXHOJOTTYHUMHU MPOLIECAMH OXOJIOKEHHS,
3aMOpPOKYBaHHS, JOMOPOKYBaHH).

CynepmMapKeTUHIM  Xap4yoBOi MpOMHUCIOBOCTI [IpHIHIMPOBCHKOTO pPETIOHY
JIOTICTUYHO YTBOPIOIOTh 3 M’ICOKOMOIHATaAMH, MOJIOKO3aBO/1aMH,
pubokoMOiHaTaMH, MIANPUEMCTBA 3 TEPEepOOKH IUIOJOOBOYEBOI MPOMYKIIIi,
IIPOMHUCIIOBI XOJIOAWIBHHUKM), 00’ €IHAHI B €JUHUN KOMIUIEKC 3 peajizalii cMapT-
MPOJYKTIB XapuyBaHHA 3 HaBaHTakeHHsM Bia 5,0 7o 10 MBT 1 BigHOCSTBECS 10
CEepellHIX  CIOXHUBAYiB EJIEKTPUKHU. DbBIIBIIICTh TEXHOJOTIYHUX BHUPOOHHUIITB
enexkTponoctayanHs nux mianpuemcts 3rigHo [TYE BigHocsaTees no 1, I kareropiit
enextponpuiimauis [20].

[le#t BaxxIMBUU aHai3 pPO3MOYHEMO 3 TMIepeBar 3aCTOCYBaHHS CYYaCHHMX
XOJIOZIOHOCI1B, 5Kl 320€3MeUyI0Th ONTUMI3AIlII0 EHEPTeTUYHUX XapaKTEPUCTHUK.



Ha ©puc3.] HaBegeHO CcXeMH BKJIIOYEHHS KOMIIPECOPHUX YCTaHOBOK
CyIepMapKeTHMHra 3  BHCOKMMH  CHEPreTUYHHMH  XapaKTepUCTHKaMU
X0JI0/103a0€CTIeYeHHsI  XOJOAMIBHOTO  OOJaJHaHHS : Taki  cxemnu
X0J10/103a0€eciedeHHs Oy/1eMO Ha3UBaTH KAaCKaJHUMHU.
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Pucynok 3.1 - IlepeBaru 3actocyBanns CO, 3 ToUIIl 30py €eHEepProepeKTUBHOCTI
xoJi0103a0ecreyeHHs: 00J1aJHaHHs CyNepMapKETHHI 1B

B nisoMy kackagHi CHCTEMH XOJIOJOIOCTAaYaHHS 3 JIOKCHJIOM BYTJICIIO 3a
NEPBUHHUMM BUTpATaMM JIEHIO JAOPOXKYE 3BHYANHUX aMmiauHUX a00 XJIaJl0HOBHUX
YCTAaHOBOK O€3MOCEPETHhOTO OXOJIOHKEHHSI 4Yepe3 OUIblly CymMapHy KUIbKICTb
KOMITpecopiB. SIK TOKa3ye MNpaKTUKA, JOJATKOBI BUTPAaTH Ha  BIPOBAJKEHHS
KacKaJIHUX KOMITpeCOpHHX ycTaHOBOK 3 CO, okymaroTbes uepe3 2-3 poku[2,5] .
JloBeaeHo, MI0O MO €eKCIUTyaTalliHUM BUTpaTaM BOHHM BUSBIISIOTHCA 3HAYHO
BUTIJHIIII B TOPIBHSAHHI 3 aMiauHUMU ab0 (PPEOHOBUMHU KOMIIPECOPHUMU
cucteMaMu 0€3M0CEepEeIHhOTO  OXOJIOJKEHHS, aje MaKCUMaJbHUI BUTpall
MPOSIBIISIETHCS] B IOPIBHSIHHI 3 CUCTEMAMH 3 MPOMIKHUM XOJIOJIOHOCIEM.



3.2 IIpUYMHHO-HACAIAKOBA MO/e/Ib YIPABJIiHHSA eKCIIyaTauiiHuMu

XapaKTEepUCTUKAMHU X0J0AUJIbHOIO0 Oﬁ.]'laJIHaHHH cynepMapKeTnHriB

HeoOxigHicTh eKOHOMIi eJeKTpOoeHeprii Ha MiJIPUEMCTBAX TOPTIBII
VYKkpaiHu Ha cTaaisX MpoJaX 3aMOpoKyBaHOi mpoaykuii xapuyBanHs (311X)
TaKoX 00yMOBJIEHO 3pocTaHHAM y 2022 potii I1iH Ha eJIeKTPOSHEPTIO.

B Toit ke yac, 3pocTaHHs i 4aCTKH y cOOIBapTOCTI MPOIYKIli eHEPrOEMHUX
TEXHOJIOT1A OXOJIO/DKCHHS, 3aMOpOKyBaHHS ckiamgae g0 20-25 %, a oTxke
noTpeOye BUKOHAHHS TMPOEKTHUX PIMICHh MO0 Y3TOHKEHOTO KEpyBaHHS
eJIEKTPOOOIaTHAHHIM  KOMIUIEKCY B TMepioAn  OOMEXEHb  MOTY>KHOCTI
eHeprocuctemu [1,2, 12, 24].

Oco0mnuBicTIO Cy4acHOTO YIPaBIIHHS €JIEKTPOCIIOKUBAHHAM
MIIPUEMCTBAMU TOPTIBIl € BIPOBA/PKEHHS CHUCTEM EHEPTOMEHEKMEHTY 1
aBTOMATH30BaHMX CHUCTEM KOHTpoito 1 o0miky enekrpoeneprii (ACKOE). Vci
MIJIPUEMCTBA TOPTIBI1 Ta XOJOJUIIbHI MIAIPUEMCTBA — MIMPUEMCTBA CIIOKUBAY1
(cymepmapketu) IlpuanHinpoBcbkoro periony pospaxoByioTbesi 3 [IAT «JITEK
JHIITPOOBJIEHEPT'O» VYkpaiHa 3a CHOXHUTY €JIEKTPOCHEPTil0 3a PHUHKOBUM
tapudom [1,12, 14]. Ilepexim Ha 1eill Tapud CTUMYIIOE E€HEPrOMEHEIKMEHT
MIJMPUEMCTB TOPTIBII Ta XOJOAMIBHUX MIANPUEMCTB IO BUOKPEMIJICHHS JICSIKUX
CHOKHMBA4YlB B SIKOCTI €HEProCHOXKMBAUIB - PETyJSTOPIB, TU(dEpEeHIIHOBAHUX 32
KaTeropisiMu i yacy ix poOOTH BIIPOJIOBXK JT00U.

Hanpuknan, OONOMIKHI LEXH MIANPUEMCTB 3 BHPOOHMIITBA XapyiB 1
XO0JIOJJOKOMOIHATIB MOXYTh CTaTH B TEPIOAM MaKCUMAaJIbLHOTO HaBaHTAXEHHS
EHEprocucTeMu croxkuBauamu — enektpoperynsropamu (CEP), xommpecopHe
TOCIIOAAPCTBO CTa€ HE JIMIIE EICKTPOPETYIATOPOM, aje W KOMIIEHCATOPOM
pPEaKTUBHOI TOTYKHOCTI, 11O JTO3BOJISIE 3HU3UTU BApPTICTh E€JIEKTPOCHEPrii Ha 5-
10% Big AIMITHHUX.

[HI11010 OCOOUBICTIO MIANPUEMCTB TOPTIBI (CynepMapKeTHHEIB) € Te, 110 B
SAKOCT1 €JEeKTPONPUBOJIIB HAMOUTBIT EHEPrOEMHUX TEXHOJOTIYHUX MPOIIECIB

BUPOOHMIITBA XOJIOAY BUKOPHUCTOBYIOThCS CUHXPOHHI ABUTYHU (CJI) mopurHeBux



KOMITPECOpiB MOTYXkHicTI0 Big 2,5 kBt mo 60,0 kBT, acuHXpoHHI ABUTYHU
TBUHTOBHX KOMIIpECOpiB MHOTyXHicTio Bifg 2,5 kBt mo 60,0 kBt i nBurynm
3MIHHOT'O CTPYMY HacOCiB KOHJICHCATOPIB, BEHTHJISITOPIB MOTYKHICTIO Bia 3 710 3,5
kBT — TrpucTopHi neperBoproBaui yactotu (TIIY), konnencaTopHi 6atapei To1o.

3 MeTor0 aHamizy W ONTUMI3allii eIeKTPOCHOKMBAHHS Ha MiAIPUEMCTBAX
XapyoBOi Taly3l CTPYKTYpy €JIEKTPUYHOI Mepexki NpeICTaBUMO Y BHUIJII
mHOxuHU J=[]j], J=1,2...n — piBHIB iepapxii, 10 SKUX BITHOCITHCS: BXiTHI (igepn
Ha MANPUEMCTBI; TpaHCHOPMATOPHI MiJCTaHIIli; CUJIOBI TpaHCHOPMATOPH; TPYIIU
eJIEKTpOTpUMaYiB  ,II0 PO3MOAUIEHI Ha 3HAYHIA TEPUTOPIl KOMILIEKCY
(mianpueMcTB  BUPOOHUKIB  MOPOAYKIIT  —  MOiANPUEMCTBO-IPOMHUCIOBUI
XOJOJWIBHUK — MIAIPUEMCTBO (CylepMapKETHHT) CHOKMBa4d 3aMOpOKYBaHOI Ta
OXOJIOPKEHOI MPOIYKLIIi TPAHCIIOPTHUX LEX1B, XONOUIBHUX KaMep). ToOTo rpynu
CJIICKTPOINIpUIMAYiB, SKI  3aiisHI Bl OJHIE] CEKIIi IUH Ta TPYyNH
eJIEKTpoIpuitMadiB abo, K1 3adisHI BiJ OJHOTO Giaepa HaWOLIBII €HEProeMHI
CHOKMBa4l (MOPIIHEBI KOMIIPECOPHU 13 TUIIOBUM CHUHXPOHHUM €JEKTPONPUBOIAOM
(C) noryxnictio Pou=25,0-50,0 kBT # Oinble, TBUHTOBI KOMIIPECOPH 3
ACMHXPOHHUMH €JIEKTPONPUBOJAMU TMOTYXHICTIO 10 35,0kBT, KOHIeHcaTopH,
BEHTWISITOPU ,Hacocu Tomo). B cucremax BHpoOHMLTBa Xonody Oyaemo
BUKOPHCTOBYBaTH KOMIIPECOPHI ~ MAIUIMHU 3 1HTEJNEKTyaJIbHUMHU CHCTEMaMu
KepyBaHHA MOTEHLIAIOM eHepro3oepexeHHss 10 20 BIACOTKIB 3a paxyHOK
aBTOMATHU30BAHOTO KOHTPOJIO MPOAYKTUBHOCTI JBOCTYINEHEBOTO CTHUCHEHHS
(MOpIIHEBUH KOMITPECOP 3 CMHXPOHHUM €JIEKTPOJBUTYHOM — MEpPUIMI Kackan) i
rBuHTOBUN Komrmpecop 3 A/l - TIIY Ta oxepxaHHS TeMIEpaTypHUX PEKUMIB
3aMOpOKYBaHHS M siCHUX mnpoaykTiB BPX, puOu, nruii, namiBpabpukatiB 3
M’SICOM, (PPYKTIB, SIT1]l, MOJIOYHUX MPOAYKTIB TOLIO.

B minomy enekrpuune rocmomapctBo (EIY)  Takoro  komruiekcy
XOJIOAWJIBHOTO  OOJIaHAaHHS CYNMEPMApPKETUHTIB Ta TPAEKTOPIIO ONTHUMATbHUX
eKCIUTyaTaI[ifHIX XapaKTEPUCTUK KOMIIPECOPIB  MOXIJIMBO OMHCATH CHCTEMOIO

3QJIEKHOCTEN BUY:



EF:{Pmax'Knon'T'rH'Pcep'An'AEn}l (31)

1€ Pmax — MIBrOAMHHUN MaKCUMyM HAaBaHTA>KEHHS ITiIIIPUEMCTBA;

Ko — koedimieHT monury;,

T — piyHe YHCIIO TOJUH BUKOPUCTAHHS MAKCUMAJIbHOTO HAaBAHTAXECHHS 7ax
(ron);

/[ — K1IIbKICTh BCTAHOBJICHUX €JIEKTPOABUTYHIB (IIIT);

P.., — aKTUBHA NOTYXXHICTb IBUTYHIB, YMOBHHUX €JIEKTPOJIBUTYHIB, KBT;

A7 — enekTpoo3opoeHicTh npaii (MBT-roa/mon);

Agg —  TPOAYKTHBHICTb  Mpall  €JIEKTPOTEXHIYHOTO  MEPCOHAITY
(MBT Ton/n1077)

OnTtumizanis MPOLIECIB X0J10/103a0€CTIeYeHHs CyNEepMapKETHHI 1B
TOProBEJIbHOI ~ Tally3l BUKOHYEThCS  LUISXOM  YNPABIIHHA  TPAEKTOPIEIO
€JIEKTPOCTIOKUBAHHS KOMIUIEKCY Ha OCHOBI IPUYMHHO-HACIIIKOBOI MOJEII,
pO3p00JIEHOT aBTOPOM JUIIIIOMHOT POOOTH OakaiaBpa.

Ha puc. 3.1 HaBeneHO NPUYMHHO-HACTIAKOBY MOJIENh  YIPABIIHHS
X0JI0JI03a0€CIICUCHHSI  KOMIUIEKCY XOJIOJUJIBHOTO O0JaHaHHs 31 30epiraHHs
CMapT-POAYKTIB XapuyBaHHS B XOJIOAWJIBHUX KaMmepax — CIOXKHBaul, SKAN
BIIPI3HSAETBCSA  JIeTai3alli€l0  BIUIMBIB TPyl YHWHHHKIB Ha  TPAEKTOPIIO
X0JI0103a0€CTIeUeHHsT ~ KOMIUIEKCY  (€KCIuTyaTalliHi XapaKTEpUCTUKHU
KOMITPECOPHOTO OOJaJHAHHS , YIPAaBIIHHS EJIEKTPOCIOKUBAHHSAM, 30ypeHHs
TpaeKTOpii €JIEKTPOCTIOKMBAHHS XOJIOAUIBHUX MalluH (XM) ,
€JIEKTPOCIIOKMBAHHS KOMIIPECOPHUX YCTAHOBOK Ta €(EKTUBHICTh XOJIOJOHOCIIB

XOJIOAMIBHUX KaMep CYIEePMapKETHHTY)
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E; '€xTOpist KinbkicTh enexkTpoeHeprii, CIoXKUTOI 3a mepio podoTn
) MMaJIbHOTO | XOJIOAMIBHUX YCTaHOBOK CyNEPMapKETHHTY
€IIEKTPOCIIOKUBAHHS :annrf"rvmnn eheKTURHICTE  Fy )(1
KOMIIIEKCY KoediieHT TermmonpoBifHOCTI,
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P P+ ai — TIOTVXKHICTR XOMOTUTRHUX VCTAHOROK X
" TIMTOMI BHTPATH €IICKTPUKH 2
:3HI/I)K6HH51 TEMIIEPaTypH KUITIHHS X0JIOJOAreHTy X,
(HemocTaTHS 1M0/a4a XO0I0I0ATeHTY Y BUIIAPHY CUCTEMY)
<H1I[BI/IHICHHH TEMIIepaTypy KOH/IEHCAII] Ta 3HWKEHHS X,
XOJIOZIONIPOTYKTUBHOCTI KoMIpecopa. [1iABHIeHHS TeIIOBOTO
HARAHTAXEHHY HA KOHTTEHCATON
E; [BiﬂXerHH’I _3MeHIIeHHs X0JI0I0NPOAYKTHBHOCTI 32 PaXyHOK X;
CKTOp ‘pencHMy BOJIOTOT'O XOAY — TiIpaBIiyHMHN yaap.
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XM: nopuHeBux <3HI/I>K6HH$I THUCKY XOJIOOAareHTy Y BUIIApHUKY- X
KOMIIpECOpIB — KOHZICHCATOPY. 3a0pyaHEHHS KOHICHCATOpa
BUIIAPHUKIB — 3HWKEHHS THCKY B KOH/IEHCATOPI X
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HeCHpaBHOCTl CHUHXPOHHHUX JABUI'YHIB, ACHHXPOHHUX JABUI'YHIB —

TITY. 3aknuHIOBAaHHS BalV KOMIThECOona

BimxuieHHs TEOpETHYHOI T0/[adi OPIIHEBOI0 KOMIIpecopa m/c X
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B11 HOMIHAJIbHHUX

‘BlﬂXHHeHHﬂ MAacOBO1 NMPOAYKTHUBHOCTI1, IO IPOXOAUTH Y€PE3 X9

E; Bigxunenus

hal . .
KoMIIpECOp B OAUHUIIO YaCy, MOHITOPHHI IMOTY>KHOCT1 KOMIIpECOpa

mepioi Ta Apyroi crymneHiB. Yac poOOTH XOIOAMIBHUX YCTAHOBOK

'KOHTQOJ'IL BigXI/IHeHHﬂ TCMIICPATYPU Ha[!iB XOJIOJWJIIBHOTO ar¢Hra B XlO

KIHIIl CTUCHEHHS TIEPIIIO] CTYMEHI KOMIIpecopa

< THHSL-TDACKTODLL
al r r

GXOJ'IO,I[0336CCH€‘{6HH

_KOHTpOJIb €HepreTHYHUX BUTPAT 32 PaXYHOK 0araropa3oBoro
-

s IBOCTYIICHCBUX
CHCTEM CTHUCHCHHAA

APOCCIIIOBAaHHA XOJOAWIBHOI'O areéHra 3 HpOMi)KHI/IM BiI[60pOM Xll

manu [TarvwoicT. cTinwomawma wacwamang

‘OgiHKa XOJIOAOMPOXA yKTI/IBHOCTi Td MAaCOBUX BUTPAT XOJOANTIBHOT'O X12

areHTy KOMITPecopa MepIIoi CTyINeHi 3 KOHTPOJIEM PEakTUBHOI 1
akTUBHOI oTyx)HocTel CJI — koMmpecopa mepioi crymnesi, AJl-

TTTU — nnvroi eTviedi

~_3MiHa BaHTaKOMICTKOCTI XOJIO/IUIILHOT KAMEDH,

E4 . « X13
< BinxuneHss 3MIHA reoOMeTpii 3aMOPOXKYBAHOI IIPOAYKIIIT
ONTUMAJIbHOL . .
_MOHITOPHHT TEMIOBOr0 0agaHCy XONOAMITBHOI KaMepH;
TpaekTopii < X4
TeMIIepaTypH 3aMOPOXKYBaHOT'O TIPOYKT

X0J10]10320€31eUeHHS patyp POXY POAYKTY

XOJOJMIBHIX KaMep | MOHITopHHT Bosorocti XM i HOMiHAJIBHIX IaPAMETPIB Xis
hl

CyIepMapKeTHHTIB MikpokiMary B XM
_SIKicTh 3aMOPOXKYBAHOT'O IIPOJYKTY X
< 16

Pucynok 3.1 — IIpruunHHO-HACIIIKOBAa MOEJb YIIPABIIHHS X0J10/103a0€CeYeHHIM

XOJIOAWJIBHOTO 00JIaTHAHHS CyIIepMAPKETUHTY

TpaexTopiro

X0JI0J103a0€eCcIeYeHHS

XOJIOAUIIBHOT'O

oOJ1aTHaHHS

CYNEepMapKeTUHTy FEcpy BU3HAUYAIOTh apameTpu £y, E,, E3, E4 (puc. 3.1).



VY TO# ke 4yac TPaeKTOpIi0 ONTUMAIBLHOTO PEXHUMY POOOTH KOMIIPECOpPIB
cynepMapkeTunry E; BusHadaroTh umHHHKH Py, Qg, Ek, X1, Pxm, Kg, Xa.

BigxunenHsi Tpaektopii Xoi0703a0ecriedeHHs] XOJOAWIbHUX KaMmep  3a
paxyHOK BHOOpPY  ©KCIUTyallliHUX XapaKTePUCTUK  KOMIIPECOPHUX  MAIIUH
(mopIIHEBUX KOMIPECOPIB-BUIIAPHUKIB — KOHJICHCATOPIB — IHIIMX IPUJIadiB
OXOJIO/PKCHHSI) OLIHIOIOTH 32 JOMOMOTOI0 HACTYMHUX TEXHOJOTIYHUX YMHHHKIB:
Xz, Xa, Xs, X, X7, Xs.

3BepHEMO yBary Ha Te€, IO Il TEXHOJOTIYHI MapaMeTpu MaroTh TICHI
KOpEJSIIiiHI 3B’SI3KM 3 TapaMeTpaMH aKTUBHOI Ta PEaKTUBHOI IMOTYKHOCTEH,
Koe(illieHTa MOTYKHOCTI COSQ, 1110 CIIOXKUBAETHCS enekTpornpuiiMadamu EIT1, ET12
13 Mmepexi 6-10 xkBT.

JUist XM 3 HOpuIHEBUM KOMIIPECOPOM 1 CHHXPOHHUM ITPUBOJIOM:

Px.m. = Sxm. COSo, (3.2)

1e Sx . — MOBHA MOTYKHICTh XOJOAMIBHOT MAallIMHU 3 TOPIIHEBUM
KOMITPECOPOM 1 CHHXPOHHUM JBUTYHOM;

COS @ — KOE(]IIIEHT MOTYKHOCT1 CTIO’KUBAHHSI.

30UTBIIIEHHST CIIOKUBAHHS PEAKTUBHOI MOTYKHOCTI Qx ., TOB’s3aHE 3
TEXHOJIOTIYHUMHU TIapaMeTpaMHl aCUHXPOHHUX JIBUTYHIB HACOCIB, KOHJCHCATOPIB,
BEHTUJISITOPIB, TOIIO, IPU3BOAUTH JI0 3pOCTAHHSA CTPYMY B MPOBIJIHUKAX JIIBHUII
€JIEKTPOTIOCTAaYaHHsI KOMITPECOPHHUX XOJIOAMIBHUX MAIITUH.

Ha npinsHkax enekTpomocTadyaHHS XOJOAWJIBHUX MAIIHWH, J€ CIIOKHWBAaHHS
PEaKTUBHOI TMOTYXHOCTI 30UIbIIYEThCS, BTPAaTU AKTUBHOI MOTYXHOCTI TEX
30uTbITyrOThCS, a Hampyra UT1, UT2 ... 3amxkyerbcs. OTxe, 1HIUKATOPOM
ONTUMAJIBHOTO EJIEKTPOCIIOKUBAHHA JUTHbHUIN xonomwibHnx wmamuH 3 CJI €
3pocTaHHs Koe(ilieHTa MOTY>KHOCTI coS ¢ — 1 ab0 3MEHIIEHHS CIOXKHWBaHHS
PEaKTUBHOI MOTY>KHOCTI €JIEMEHTAMU CUCTEMU €JIEKTPOCTIOKUBAHHS IM1€1 TITHHUIIL,

3HMKEHHSI BTPAT aKTUBHOI MOTYXHOCTI Py Ta MiJBUILCHHS Hampyru. Takum



YUHOM, ONTHMI3YIOYM TEXHOJIOTI4HI mapameTpu Xz, Xi, Xs, Xg, X7, Xg cucrema
LITYE 3 LICVY koperye poboty perymnsatopi 30yauaukis C/[ (MKJI 1, MKJT 2 1 T.
1.).

Binxunennss TpaekTopii €IEeKTPOCHOXKHUBAHHS JBOCTYIICHEBHX CHCTEM
CTUCHEHHS, SIKI MPAIOITh MO CXEMl KOMIIPECOp MOPUIHEBUNA 3 CHUHXPOHHUM
MIPUBOJIOM 1 KOMIIPECOp TBUHTOBUM (Apyra cTymiHb cTucHeHHs) 3 AJI-TITY Takox
3aJIeKaTh BiJl TEXHOJIOTIYHUX MapaMeTpiB, a came E3 = f(Xo, Xio, X11, X12).

Y npoMy BUIAIKY oOJepkaHHA Temmeparyp Huwxkde -40°C s
3aMOpPOKYBaHHS TyIIl BeJMKoi poratoi xynoou (BPX), Hanpukian, B X0n0uIbHIN
kamepi XKM1 BUKOHAHO 3a TEXHOJOTIEIO ABOCTYIIEHEBOro cTucHeHHs 3 AJI-TITY
IBUHTOBOTO KOMIIpecopa. Taki TMpPOEKTHI PIMIEHHS 3HA4YHO 30UIBLIYIOTh
XO0JIOJONPOIYKTUBHICTh XM 3a paxyHOK BIPOBAKEHHS aJalTUBHUX PETYJISTOPIB
HIBUIKOCTI TBUHTOBOT'O KOMIIpECopa.

[Ipu oMy perysroBaHHs MIBUIKOCTI MOXJIMBO BUKOHATH SIK 32 JJOTIOMOTOIO
AJI-TITY, Tak 1 3a AOMOMOT'OI0 CUCTEMU 30JI0THUKOBOT'O PETYJIFOBAHHS.

Ha puc. 3.2 HaBeiaeHO 3aJeXHICTh CIOXHUTOI MOTY>KHOCTI TBHHTOBOIO
KOMIIpecopa BiJ XOJOJOMPOAYKTUBHOCTI 13 SKOi CHiaye, 0 Il METOJU
MPEACTABIIAIOTh 1HTEpEC JUIS TPOEKTAHTIB IIOJAO EKOHOMIi €HepropecypciB 3
OUIKYBaHHUM IOTEHITIaJIoM eHeprozoepexerHs 10 15-20% 3a paxyHok cTabimizariii
TUCKY BCMOKTYBaHHSI Ta KOHTPOJIO MAacOBOI MPOJYKTUBHOCTI , IO MPOXOIUTH
yepe3 KOMIIPECOop APYroi CTYNeH1 B OJIMHULIIO Yacy.

OntumanbHa  aKTUBHA  CIHOXKMBaHa  TMOTYKHICTh  KackajgoMm  Oyne
OMOCEPEIKOBAHO  CBiAuMTH  Tpo  edekTuBHy  podbory XM  miono
xoJ10/103a0e3neueHHst xonoamibHoi kKamepu XKM1 Benmkoi poraroi xymaobu 3a
pPaxyHOK:

— BukopuctanHsi CAP mpoayKTUBHOCTI TBUHTOBOTO KOMIIpecopa 3TigHO 3

nokasHukamu fatdukiB  THCKYy AKS33, skxi BMOHTOBaHI B JIiHIIO

BCMOKTYBaHHs [21, 22];



— BukopuctanHs CAP mpoayKTHBHOCTI KOHJEHCATOpa-BUIIAPHUKA 32
JONIOMOTOI0  TUPUCTOPHOIO 4acToTHOro mneperBoproBada TIITYU-A/J]

HACOCIB JILOJISIHOT Ta 000POTHOT BOM Ta PEryisTopa TUCKY [22, 23].
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Pucynok 3.2 — 3ajeXHICTh CIIOKUBAHOI MTOTY>KHOCTI €JIEKTPOIIPUBOAY BiJl
XO0JIOAOMPOYKTUBHOCTI XM: 1 — KOHTPOJIb MOTY>KHOCTI 32 JOIIOMOTI'OI0 IOB3YHA;

2 — KOHTPOJIb IOTYKHOCTI 3a jgoromororo TITY-AJ]

3.2 IIpuHiunu moOy0BH ONTUMAIIEHUX 32 KPUTEPIEM €HEPrOCTIOKMUBAHHS

IIPOMHCIIOBUX XOJ'IOI[I/IJ'IBHI/IKiB

[Ipouiecu 3aMOpPOXKYBaHHSI XapaKTEPHU3YIOThCA HACTYIHUMHU POOOUYHMHU
XapaKTEPUCTUKAMMU:
— TPUBAIICTIO  3aMOpPOXKYBaHHS,MTapaMETpaMH  CEPeIHbOT  KIHIIEBOI
TeMrepaTypyu MPOJIYKTY, KIJIBKICTIO BIABEIEHOI TEIJIOTH, BOJIOTOBMICTY
NPOJAYKTY, TYCTHHHU OXOJIOI)KYBAHOTO TMPOJYKTY, T€OMETpii po3MIpy

mMaTka (Tija) mpoayKTy;



— TPUBATICTIO XOJOAMUIBHOTO 30€piraHHs Pi3HUX MPOAYKTIB XapuyBaHHS Ta
MiATPUMYBaHHS CTaOUThbHOI HHM3BKOI TEeMIepaTypu B XOJOJUIBLHUX
KaMepax CYINEepPMapKETUHIIB  JIONOMAaraiTh CIOBUIBHUTH 3MIHU Y
NpOAyKTaxX, IO € HaciaiakaMu (I3UYHUX,XIMIYHUX Ta O10JIOTTYHUX
MpoIeciB 1 TPU3BOAATH JO BTpPaTH MAaCH,3MiHH  30BHINTHBOTO
BUTJISITY,XIMIYHOTO CKJIaJly ,KOHCUCTEHITII.

— YCHUXaHHSM TMPOAYKTIB TOOTO OIlIHKA BTpPAaTH MacH 4Yepe3 BUIAPIOBAHHSI
BOJIOTH,IIIO TPU3BOAUTH JO BTPAaTH MAacH Ta TMOTIPIICHHS SIKOCTI
MPOJYKTIB;

— pIBHEM BOJIOTH,II0O BHUIAPOBYETHCS 3 TMOBEPXHI MNPOAYKTY 1 sKa
KOHJICHCYEThCSI Ha TIOBEPXHI OXOJIOKYBAJIBLHUX TPHUCTPOIB y BHTIISAIL
CHITOBOI 1TyOu;

— IIap CHITY CTBOPIOE OAATKOBUN TEPMIYHUU OIIp, IO 3MYLIYE CUCTEMY
IHTEICKTYyaJIbHOTO KepYBaHHS 3HIKYBATH TEMIIEPATypy Ta TUCK KUITIHHS
XOJIOJIOATeHTY, a OTXKe MOTpiOHO B peanbHOMY MaciiTadi yacy (PMY)
KOHTPOJTIOBAaTH BUTPATH €IIEKTPOCHEPTIi;

— OKHUCJICHHS TPOAYKTIB XapdyBaHHs(CAJO,MaclIO, KUPHI TMOPOIU pHUO
TOIIIO), 110 MPU3BOJAUTH JI0 3MIHU CMAKY 1 KOJILOPY MPOTYKTIB.

Excieptn 3 muTaHh 3aMOpOXKYBaHHS Ta OXOJIO/DKEHHS TPOJYKTIB
xapuyBaHHs [2, 8, 9, 10] BBa)karOTh, 110 TEXHOJIOTIYHI YMHHUKHU, HABEJCHHI B
MozeNl Ha puc. 3.2 BHU3HAYAIOTh €HEpPreTuyHy e(ekTuBHICTh X1, KIUIbKICHI
napaMeTpu €JIEKTPOCHEpPTrii 3a TmepioJy poOOTH KOMIPECOPHUX  YCTAaHOBOK
CYNEepMapKEeTUHTIB , a 3arajibHUil Koe(dimieHT eHeproeEeKTUBHOCTI, KOEQIIIEHT
TEIJIONPOBITHOCTI, MOTYKHICTh KOMIIPECOPHUX YCTAHOBOK TICHO KOPETIOITH 3
MUTOMUMH 3aTpaTaMy E€JICKTPUKH Ha OJHY TOHY 3aMOPOXYBaHOI MPOMYKIIl
XapuyBaHHS.

Excneptu 3 eHepretudHoro ayauTy [23] BBakaloTh, 110 Ha BIIXUJICHHS
TpaekTopli enekTpocnoxuBanHss XM [IPX (mopiiHeBUX KOMIIPECOpPiB, TBUHTOBUX
KOMIIPECOPIB, BHITAPHHMKIB-KOHJEHCATOPIB, HACOCIB, MNPHIAIIB OXOJOIKCHHS

TOII[0) BIUIMBAIOTh K TEXHOJIOT1YHI, TaK 1 eHepreTuyHi 3axoau. [loeqnanHs mux



JIBOX METOJIB JTO3BOJISIE 3HUZUTH €HEPTOEMHICTH MPOIECY BUPOOHHIITBA XOJIOAY.
PosrnsHeMo 11 3axoau GBI AeTanbHIIIe, 3B€pHYBIINUCH 70 puc. 3.1.

HaBenena Meroaunka aHamizy elekTpudHoro rocmnogapcta [1IPX mo3Bossie
aBTOMATH3YBaTH  MPOLEC  YIPaBIIHHSI  TPAEKTOPIEID  EIEKTPOCTOKUBAHHS
CyllepMapKeTUHry  Ha eauHid 1HdopmamiitHii 1uargopmi SCADA-cucrem,
ACKOE, aBroMaTH30BaHHMX CHUCTEM YIpaBiiHHs enekTpocnoxuBaHHsiM (ACVYE).
B cBoto uepry TpaekTopis eIeKTPOCHOKMBAHHS MIAPUEMCTB TOPTIBIi , B yMOBax
OOMEXeHb TOTYKHOCTI EHEPrOCHUCTEMH, BHU3HAYAE TPAEKTOPIIO ONTUMAIBLHOTO
BUPOOHUIITBA XOJOAY 3a JOTMOMOTOI0 aBTOMATH30BAHMX CHCTEM YIPAaBIIHHS
TexHoorigHuM mporiecom (ACYTIT) [24].

3BiAcH CIiye, IO IHTETPOBaHY aBTOMATU30BAHY CUCTEMY YIIPaBIIIHHS
CYNIEPMapKEHHTy , MOXJIMBO TPEACTaBUTH y BHUIJIAI TPbOX B3a€MO3B’SI3aHUX
piBHIB yrnpaBiiHHA. HWKHIN piBEeHb YTBOPIOIOTS:

— ACVYTII xonomunbHOro 0OJIagHAHHS 3aliB 31 30€piraHHs M SICHHUX
MPOAYKTIB, TPAHCTIOPTYBAHHS CUPOBUHU , XOJOIMIBHUX KaMep 13 3aMOpPOKyBaHHS
M’SICHOT TIPOTYKITIi.

— ACVYE TexHOJOrYyHuX omnepauiid i TOproBelbHUX 3a1iB MOB’A3aHUX MIK
coboro 3a nonomororo SCADA — cuctem i1 aBTOMaTU30BaHUX CUCTEM YIIPaBIIHHS
YIPaBIIHHS TMPOIECaMU 3aMOPOKYBaHHSI(OXOJIOIXKEHHS) PI3HUX MPOYKTIB .

Cepennii piBenb ytBOprol0oTh MES (Manufacturing Execution System)
cuctemu [23,24], ski Opi€eHTOBaHI Ha I1H(QOpPMATU3AIIO 337ad ONEPATHUBHOTO
MJIAaHYBAHHS 1 YHOPaBIIHHA BHUPOOHUIITBOM OXOJOMKEHOI abo0 3aMOpPOKEHOI
NPOAYKIi, ONTUMI3ALII0 BUPOOHMYMMH MPOLECAMU Ta BTpPAT €JIEKTPOCHEPTrii,
razy, BOJW, MACTWIbHUX MarepiajiB, AU3EIHLHOTO TalIMBa, KOHTPOIIO U
aucrneTyepusalii BUKOPUCTaHHS TUIaHIB 1 MOPTQeEns 3aMOBJIEHb CYNEPMapKETIB 1
JUCTeTYepu3allii eeKTpornocTayaHHsI.

BepxHiii piBeHb aBTOMaTH30BaHOTO ympaBmiHHS mianpueMctBoM (ACVYII)
yTBOp1ot0Th ERP-cucremu, ski 3a0e3neuyroTh pILIEHHS CTpaTeriyHuX 3aaad
BUKOHAHHS NOPTHENs MpoiaXKy MPOAYKIIii, YIIPaBIIHHS PECypCaMu, IHBECTHUITISIMU

Ta 3a0e3Meuyl0Th MIATPUMKY O13HEC-TIPOIIECiB MiaAnpueMcTBa B 1iiomy [24]. Llei



piBEHb YIpPaBIIHHS MIANPUEMCTBOMHU TOPTIBII  MICTa TaKOX 3B’SI3aHUU 3
mifcucreMaMu iHQoOpMaIlliiiHoro 3abe3nedeHHs, nporpamuoro 3abesneuenus(I13),
OPUMHATTS CTpATETiYHUX PIlleHb, CUTYaAI[IHHOTO YyIpaBiiHHA, [IpommucioBoro
[atepuery-peueit (IloT) Ta yrtBOproe 3 lLlenTpom cutyariitHOro ympaBIiHHS
cynepMmapketutiB  «CIJIBIIO» (LICY) BuUpOOHUKIB MPOIYKTIB XapuyyBaHHS,
H1IPUEMCTBA-X0JI0uIbHIKA U (PpoBy miiatgopmy «XOJIO».

Ha puc. 3.4 mpeacraBieHO CTPYKTypy IHTErpOBaHOi I1HTENEKTYyaJlbHOT
CHUCTEeMHM, sKa 3a0e3ledyye ONTHUMI3allil0 BUPOOHHUIITBA TOPTdENs 3aMOBICHb
CHIOKUBadiB(TIAMPUEMCTB TOPTiBJII) B TIEpioaM OOMEXKEHBb EJICKTpOEHEepTii 3a
nonomororo excrieptHux cucrteM (EC) msixom modynosu 6a3u nanux (b/1), 6a3u
3HaHb (b3), nuHamMiuHOi 0a3u ONEepaTMBHUX TEXHOJOTIYHUX JIAHMX, JUHAMIYHOI
0a3u  omepaTMBHOrO CcTaHy eHeprocuctemu Ta ©Oasu  mnpasun  (BID),
aBTOMAaTU30BaHUX poOouux micips (APM) .

CripoekToBaHa cucTeMa X0J10/103a0eCIIeUeHHs CYIIEpMapKETUHTIB JI03BOJISIE
MaTH PE3EpBHI DKEpesia eJIeKTPONOCTa4aHHs XOJOAMIBHOTO KOMIIPECOPHOTO

oOnaiHaHHS Y BUTJISI IU3€Ib-TE€HEPATOPIB BIAMOBIAHOI MOTY>KHOCTI.
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(IToT), mudposoro mnarhopmoro «XOJIO/l»; mo-apyre BUKOPHUCTAHO THUIIOBE
JoKalbHEe  OONMagHAHHA AN ONTHMI3allii  3aJaHuX  eKCIUTyaTalliiHUX

XapaKTEpPUCTUK. 3BEPHEMO yBary Ha MPUHIUIKA POOOTH JIOKATILHOTO 00JIaJTHAHHS

1.Ilpecoctat — peryJarop THCKY KoHaeHcamii. «lleii mpuctpiit
BCTAHOBJIIOIOTH 32 CIELIAJbHUM 3aMOBJICHHSIM 1 BUKOPUCTOBYIOTH SIK PETYJISITOP
TUCKY KoHJeHcalli.. Koiu Tuck y npboMy TpyOONpoOBO/1 BUILE 33/1aHOT BEIUYUHH,
BEHTWISITOP MOYMHAE MPAILIOBATH, MI00 3HM3UTH THUCK KOHJEHCAIil; 1 HABMaKH,
SKIIIO TUCK HIDKYE, BEHTUJISTOP 3YIUHSIETHCS, 00 YHUKHYTHA HAIMIPHOTO TIaiHHS
TUCKY KOHJeHcarii. JlaHuii mpecocTar € CTYHmiHYaCTUM pEryIsTOPOM THCKY
KOHJICHCAIlli, 1Or0 BCTAHOBIIOIOTH MOPYY 13 KOMIPECOPOM, BIH KaliOpyeThCsl Ha
1,5 MIla B arperarax 3 xonomoarentomM R22 1 na 1,8 MIla B arperarax 3
xononoareHToM R404A.»

2.PeryJiiTop IIBHAKOCTI BEHTWJIATOPIB KOHAeHcaTopa. «JlaHuit
IPUCTPIA IJIABHO PETYNIIOE TUCK KOHJAEHCAIll, BXIJHUM MapamMeTpoM JJIsi HbOTO
CIIy’)KUTh TeMIlepaTypa XOJIOJ0AreHTy Ha BUXOJl 3 KOHJeHcaTtopa. BeHTuisTtop
npaioe 0e3 3ynuHOK. [licass HeTpuBaloro HACTPOIOBaHHS BEHTHISITOPU
MPaIio0Th 31 MIBUIKICTIO, IO MIATPUMYE TMOCTIMHY TeMIeparypy KOHIEHCaIlli.
Perynsarop mBuaKocTi nepedyBae ycepeauHi MuUTa KepyBaHHA 1 KaliOpyeThCs Ha
3aBOJIl, JIATYUK PETyJIATOpa IMIBUAKOCTI mepeOyBae B TUb31, HA TPyOl BUXOIY 3
KOHJICHCATOPa.»

Pucynok 3.5— JlokanbHl CHCTEMH aBTOMATHKa KOMIIPECOpPHHMX arperartis: | -
¢binpTp-ocyilyBay; 2 - IHAUKATOP BOJOTOCTI; 3 - PETYJIATOP TUCKY YCMOKTYBAHHS;
4 - perynsTop THCKY KOHJEHCAlli; 5 - peryasiTop MBHIKOCTI 0OepTaHHS
BEHTHWJISITOPA, 1110 00JlyBae KOHJEHCATOP; O- MaHelb KepyBaHHS; 7- COJICHOITHUM
BEHTUJIb BiJITABAHHS



3.CoJieHoinHMI BEHTWIb PiIMHHOTO TPpyOONnpoBoOaIy.
4 Tepmoperyawwuuii BeHTWIb. S.InaukaTop Bojorocrti pigmnu. 6.Knanan-
pPeryjsiTop THCKY YCMOKTYBaHHs. BCTaHOBIIOIOTH Ha arperarax, y SKHX
BiTaBaHHS 3IIHCHIOETHCS TapsSYMM  XOJIOJIOATCHTOM. BiH CiyXuTh IS
3armo06iranHs NMomagaHHsa B KOMIIPECOp XO0JI00areHTy Mij] 9ac MpoIecy BilTaBaHHH,
PO3MIIIAETBCA HAa YCMOKTYBajJbHIM TpyO1 Oins kommpecopa. lleit kiaman
KamOpyeeThes Ha 3aBo/11 puoiau3Ho Ha 0,25 MIla.

7.006irpiBay  maHesi  KepyBaHHfl. JIOMOMDKHUI  TPUCTPIA, IO
3aCTOCOBYETHCSI MPU BCTAHOBI[ arperary y CyBOPUX KIIMaTHYHMX yMOBax, J€
TpuBanuili yac temneparypa Hwkude -10 °C. OOirpiBay BCTaHOBIIOIOThH yCEepeanH1
KoMyTalniiHoi maneni. OcHaIIEHU BHYTPIIIHIM TEPMOCTATOM, BIH CIYKHUTh JJIS
OIATPUMKHA TEeMIIepaTypH, IO HeoOxiaHa aisi (PyHKIIOHYBaHHS EJIEKTPUUHHX
IpUIaIiB.

8.00irpiBau niggona Bunapuuka. 9. OoirpiBau TpyoKku 3JMBYy NMOTAJIOL
BOJIM.

XoJoauIbHI arperati KpiM MNpUCTPiiB KOHTPOJIIO 1 PEryIIOBaHHS OCHAIIICHI
[IJTUM PSIIOM TIPUCTPIiB 3aXUCTY Bijg aBapiit. Cepes HUX PO3TIITHEMO:

10.IIpecocTtaT BHCOKOro THCKY. [IpW3HaveHwWil s 3yNMWHKH arperary,
SKIIO TUCK HAarHITaHHS KOMIIpecopa 3aHajaTo Bedukui. [licis BigKIOYeHHS
MIPECOCTAT BUCOKOTO TUCKY IEPE3amyCKaeThcsi a00 aBTOMATUYHO, a00 Bpy4HY. Bin
OyBae JBOX THIIIB: 13 YCTAaHOBJIEHHMM a00 KalliOpyBaHUM pETyJIIOBaHHAM. Y
KOXXHOMY pa3i MakcuMmajibHa BeiauumHa TUcKy 2,4 MIla B arperatax 3
xononoareHToM R22 1 2,8 MIla B arperarax 3 xonogoareatom R404A. Ilpecocrar
BCTAHOBIIOETHCA Ha TPhOX(Aa3HUX arperarax, ajie 3a 3aMOBJICHHSIM BiH MOXe OyTH
BCTAHOBJICHUH Ha OyJb-SKOMY arperari.

Takum  4yumHOM, OaraTOpiBHEBUH  ITIAXIJ 040  IMPOEKTYBAaHHS
KOMITPECOPHOTO OOJIaJIHAHHS CYNEPMAapKETHHTIB J03BOJISIE MIHIMI3yBaTH 3aTpaTu
€Heprii Ta ONTHUMI3YBaTU EKCIUTyaTaIlliHI XapaKTEPUCTUKU XO0J0/103a0ecreueHHs
XOJIOAWJIBHUX KaMep XOJIOIUIBHOrO O0IaHAHHS CYIIEpMapPKETHHTIB.



BucHoBkn

B mepmiomy po3aii poOOTH AJIS CydyaCHHUX BHCOKOABTOMATH30BAaHUX
HiANPUEMCTB  TOPTIBIII MPOBEICHO aHATITUUYHUN aHalli3 TEXHOJOT1YHOTO
XOJIOMWJIBHOTO OOJNIagHAHHS CyNEepMapKeTHHTIB, $KE IIHPOKO BUPOOISIETHCA
3aBoziamMu kpain €C Ta eKcITyaTyeTbes B YKpaiHi

B sxocti kputepis BHUOpaHO TOKa3HUK €HEProeeKTUBHOCTI ,TOITO
MiHIMI3allisl eHepro3arpaT Ha 3aMOpPOXKyBaHHA a00 OXOJOKCHHS |TOHHHU

MPOYKIIIi.

AHATITUYHUN OTJISAJT HAYKOBO-TEXHIYHOI JIITEPATYpH Ta MPOBEICHI JOCIIIKESHHS
MOKa3aJId MOXJIMBICTh JOCSTHEHHS TAaKOoi METH 3a PaxyHOK BIPOBAHKCHHS Ha
OIANPUEMCTBAX 3  BUPOOHHUIITBA  XOJOJY CY4acCHOIO  aBTOMAaTH30BAHOI'O
XOJOJWIBHOTO 0OJaJHaHHS : XOJIOAWJIBHUX MAIllMH Ta MPOMUCIOBHUX
X0J0WIbHUKIB. [Ipy 11bOoMy poOoTa TakMX CHUCTEM IMOBMHHA OyTH y3roJKEeHa 3
ONTHUMI3ali€l0  TEXHOJOTIYHUX  MPOLECIB  BUPOOHUILTBA  XOJIOAY  —
XOJIOJIOTIOCTAa4YaHHSI TIEBHOI KUTHKOCTI XOJOAMWIBHUX KaMep — Ta €HEePreTUYHUMH
napamMeTpaMl CHHXPOHHHUX Ta aCHHXPOHHHMX JBUTYHIB TMOPIITHEBHX 1 TBUHTOBUX
KOMIIPECOPIB XOJIOAUIBHUX MaIITHH.

Y npyromy po3aiii poOoTH OyJi0 BU3HAYEHO, 1110 IHTETPATbHUM IMOKa3HUKOM
eHeproe()eKTUBHOCTI KaMep € CIOXMBAHHs XOJOIy 3a OJWHHUIII0 Yacy Ha TOHHY
npoaykuii. CroXxuBaHHs €JIEKTPOCHEPTii Ha BUPOOJICHHS XOJIOAY 3aJICKHUTh B[
TEMIIEpaTypHUX PEKUMIB B Kamepax. BiAMoBiAHO 10 BIJOMHX TEPMOJMHAMIYHHUX
XapaKTEPUCTUK XOJOJIUIBHUX MAIIMH 31 3HIKCHHSIM TeMIepaTypu B Kamepax,
MUTOMI BUTPATU EJIEKTPOEHEPTii Ha BUPOOJIEHHS XOJIOAY 3pocTaroTh. ONHaK 1ien
OuYeBHUJIHUN (DAKTOP 3MIHM €HEPrOEMHOCTI BUPOOJIEHHS XOJOAY CJIiJI BpaXOBYBAaTH
JUIIE TPU CYTTEBUX KOJMBAHHSAX TEMIEPAaTypu Kamep TMEeBHOTO IJILOBOTO
npu3HayeHHs. [[ns peasbHUX BUPOOHMYMX YMOB BUXIIHOIO 0a3010 €HEpreTUYHO-
€KOHOMIYHOI'0 aHaji3y poOOTH XOJOAWIBHUX KaMmep € TeruioBl OanaHcu. banancu
TEIJIOHAJIXO/IKEHb MOXYTh OyTH OTpUMaHl TphOMa CIOCOOAMHU: PO3PAXYHKOBUM,
OCJIITHAM Ta JOCIIIHO-aHATITUYHNM.

B apyromy po3aini po3poOsieHi Mojeni  3aMOpOXKYBaHHS TPOJYKTIB
Xap4yyBaHHS 1 3alMpolOHOBAHO JJIi BHKOPUCTAHHS IIIOKOBY 3aMOpO3KY, SIK
ONTUMAJIbHE E€HEepreTuyHe OoONaJHaHHg i 30epiraHHs 3aMOPOKYBAHUX
MPOJIYKTIB XapuyBaHHs.

IIpoBeneHo anam3 Ta BUOIp ONTUMAJIBHUX XOJOJOHOCIIB 1 0OJaJHAaHHS 3a
KpUTEpieM eHeproeeKTUBHOCTI /It 30epiraHHs 3aMOpPOKYBaHHUX (OXOJIOKEHUX )
CMapT-MIPOAYKTIB XapUyBaHHS.

B tpetboMy po3aii pO3TASHYTO PO3POOKY X0J0AMIBHOIO 00JIaJHAHHS Ta
X0JIOONMOCTAYAHHS CyNePMAPKETHUHTIB 3 MiJIBUIIIEHHUMH
eHeproe()eKTUBHUMHU XapakTepuctukamu . /[Jisi uboro aBTopomM po6oTu
3alpoINOHOBAaHI



OCHOBHI 3aBJIaHHS OTIEPATUBHOTO YIPABIiHHS 00CIYTrOBYBaHHSIM
KOMIIPECOPHUMH XOJIOMIBHUMHU yCTAHOBKAMH, TIPUHIIAIIN TTOOY/TOBU CHCTEMHU
yIpaBJIiHHS Ha OCHOBI J1arHOCTUKU PEKUMIB PoOOTH 00J1aIHaHHS Ta BUOpaHO
CTpaTETif0 00CIyTOBYBaHHS XOJIOAMILHOTO 00JIaJHAHHS CYIIEPMAapPKETUHTIB

JleTalbHO PO3IJIAHYTO NPUHIIMIIM MOHTAXKY I HAJIATO/I"KEHHS
XO0JIOAWIBHOIO 0012 JTHAHHSA CYyNIePMAPKETUHTIB, 10 103BOJISA€ AUCHETYEpPY —
orepaTopy Xo0J0AWIbHOr0 00J1aJTHAHHA MiHIMIZyBaTH aBapiiiHi cuTyauii Ta
aBpii B mpoueci ioro ekcmiyarariii.
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