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AHOTALIA Cmeopenns JiacHoCmMuyHUX 3aco0ie 01l MOHIMOPUHSY CYYACHUX CUCHEM MeNnio- ma X0J000NOoCmadanHs 0yoieenb €
Hapasi 0ydce aKmyanbHow 3a0ayero, PiuerHs SKoI 00360UMb ICHOMHKO 3HUSUMU eHeP2OCHONCUBAHH: T 3abe3neuumu HeoOXIOHUl
MeMnepamypHuLl PeXcum 6 NPUMIWEHHI 8 YLIoMY ab0 6 JIOKAIbHUX MICYsX 8elUKoi Cnopyou, 0e HeobXiOHA Op2aHi3ayis 30HAILHO20
0b6izpigy abo oxonodocenns. B Oanuil uac 3 nioguwjenHsm yiHu Ha eHepeOHOCIT 8ce OLNbW  8NPOBAOICYIOMBC CYYACHI
eHepeo3bepicaloui cucmemu mepmMompanc@opmayii st KOMNIEKCHO20 menio- ma Xxoaooonocmadanus. Pospobienns cucmemu
epekmugHo20 MOHIMOPUH2Y 003801UMb YCYHYmMU 6e31iu npobiem, sKi noe's3ani 3 6NIUGOM eKCHIYamayiiHux akmopis, we 00
MOMEHMY IX KpUMU4HO20 HAKONUYEHHSL, WO 8 NOOWILUOMY 003601UMb 3a0e3neuumu nomimuull eghekm enepeosbepecents. Memoto
pobomuU € CMBOPEHHS MEMOOUKYU 0OPOOKU OAHUX MOHIMOPUHEY CUCHEM MENLo- Ma X01000NOCMAYAHHs HA 6431 NapOKOMAPECOPHUX
MEeNI06UX HACOCI6 | YUNepi8 I3 3ANYUEHHIM CYYACHUX MemOoOi8 NPUKIAOHOT MepMOOUHAMIKU 0I5l OlACHOCMYBAHHA IX eHepeemudHol
egpexmuernocmi. Memoouxa 0036015€ 6 pedcumi «on-liney 30IicHIO6aMU MEPMOOUHAMIYHE MECMYB8AHHs POOOMU YCMAHOBKU 34
0OMEIICEHOI0 KILKICTIO RAPAMEMPIS, WO 3aMIPIOIOMbCS, 8 MOMY YUCHL 8 pexcumi podomu napOKOMNPEeCOPHUX MeNI06Ux HACOoCi8 |
uunepie 3 YACMKOBUM HABAHMAdCEHHAM. Po3pobaeno incmpymenmapiii 6USHAUEHHS PeaIbHUX eKCePeeMmUYHUX 6Mpan 6 eleMeHmax
NapoOKOMIPEeCOPHUX YUiepie i Meniosux Hacocie bes 3anyuenhs 6a3 OaHUX MenioQi3uUHUX BIACMUBOCMEN X0I000a2eHmis, MOOmMo
NepesasicHo 3a 0ONOMO20I0 MUX NAPAMempis, W0 DPecCmpylombCs KOHMPOIbHO-GUMIPIOGALbHUMU Npuiadamu (memnepamypa,
NOMYACHICMb NPUBOOY KOMNpecopa). 3anponoHO8aHO 2papoaHarimuynuil CNOCiO GU3HAYEHHS MeMNepamyp 6UNnaposy6anHs i
KOHOeHcayii 8 YuKi NapoKOMNPECOPHUX Yuiepié i meniogux Hacocis. Bukonano ananiz oanux monimopuney 0irouoi menioHacocuoi
cucmemu menyio- ma Xoi000NOCMAYAHHA AOMIHICMpamugHoi Oy0ieni, 3a pe3yibmamamy K020 GU3HAYEHO anomanii 6 pobomi
BUNAPHUKA YIET YCIMAHOBKU.

Knrouoei cnosa: monimopune, He360pomHicmy,; excepeis, eHmponiiHO-CMAamuCmMuyHull aHanis, ounep, menioguil HAcoc

HEAT PUMP ENERGY EFFICIENCY MONITORING AND
DIAGNOSTIC SYSTEM
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ABSTRACT The creation of diagnostic tools for monitoring of modern heat and cooling systems for buildings is now a highly
topical task, the solution of which will significantly reduce the energy consumption and provide the necessary temperature conditions
in the room as a whole or in local areas of a large construction, where the organization of zonal heating or cooling is necessary.
Currently, with the increase in the price of energy, the modern energy-saving thermal transformation systems for integrated heat and
cold supply are increasingly being introduced. Development of an effective monitoring system will eliminate many problems
associated with the impact of operational factors, even before their critical accumulation, and in the future will provide a noticeable
effect of energy saving. The aim of the work is to create a method for processing monitoring data of heat and cold supply systems
based on steam-compressor heat pumps and chillers, using the modern methods of applied thermodynamics to diagnose their energy
efficiency. The method allows the real-time thermodynamic testing of the unit's operation using a limited number of measured
parameters, including the partial load mode of steam-compressor heat pumps and chillers. The method was developed to determine
the actual exergy losses in the elements of the steam-compressor chillers and heat pumps using parameters recorded by measuring
devices (temperature, drive power of the compressor) without using databases on the thermophysical properties of refrigerants, that
is. A grapho-analytical method for determining the evaporation and condensation temperatures in a cycle of steam-compressor chillers
and heat pumps is proposed. The analysis of monitoring data during the operating heat pump of the existing administrative building heat
and cold supply system was carried out, the results of which revealed anomalies in the operation of the evaporator of this installation.
Keywords: monitoring; irreversibility; exergy, entropy-statistical analysis, chiller; heat pump.

Beryn JKUTIIOBO-KOMYHAJIBHOTO ~ CEKTOpY €  HalOUIbIIMMHU

CHoXKMBauaMu eHepropecypciB. Curyartis, sika ckiajacs

[linmpuemcTBa 3 BHpPOOHMITBA Ta 30epiraHHs  Hapasi B YKpaiHi, € HacliIKOM TOro, IO iHXKEHEpHi
Xap4oBOi TPOMYKINi, a TaKoX OUIBIIICTE OO0’€KTIB  CHCTEMH IUX MiIIPHUEMCTB, SKi BKIIOYAIOTh XOIOAUIBHE,
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BEHTWIAIIIHE, TEIUIOOOMIHHE, HACOCHO-KOMIIPECOPHE i
OiIMA psAn iHIOTo OOJamHAHHSA, MPOSKTYBAIUCS IMOHAL
20 pokiB TOMY, KOJIH I[iHM Ha €HeproHocii OyiIH BiTHOCHO
HU3bKMMH, TOMY Ha OUIBIIOCTI MHIANPUEMCTB HE
NPUAUISIOCS HaJeXHOI yBaru NHTaHHAM PO3POOKU
eHeproe()eKTUBHUX CXeM peKyIiepalii TermoBoi eHeprii
abo BOpPOBAaPKEHHIO e(EeKTMBHUX cHCTeM Ha 0asi
TepmoTpanchopmaTtopie. Hapasi 3 migBUINCHHIM I[iHH Ha
€HeproHocii CUTyalis KapIUHaJIbHO 3MIHMIIACS, a caMme
mpu OYIIBHUNTBI HOBHX JKHTIOBHX KOMIDIEKCIB i
TOPTOBO-PO3BaXKATBEHUX LIEHTPIB BCE OLTBII
BIIPOBAJKYIOTBCS CyYacHI eHepro3oepirarwdi cucTeMu
TepMoTpaHcopmMarii  ANIA  BHKOHAHHS  (pyHKIIiH
KOMIIJIEKCHOTO TEIUIO- Ta XOJIOAONOCTadaHHA. MixX 1uMm,
BIPOBA/UKEHHA IIMX CHUCTEM, HE3B@XKAIOUM Ha IX
PUBaOIUBICTh 3 TOYKH 30py Maii0yTHHOTO
€HEePro3aolaKCHHs Ta 3arajbHiil €KOJIOTIYHIA Oe3MmeKH,
rajJbMy€ThCS HE TUIBKH 332 PAXyHOK iX JOCTaTHHO BEJIMKOT
KalliTaIbHOI  BapTOCTi, aje TakKoX y 3B'S3Ky 3
Henpo(eCciiHUM MiAXOAOM JO IX TMPOEKTyBaHHS Ta
MoJaNbINoi exciuTyaranii. Lle nmpu3BoanTs 10 301MbIICHHS
TepMiHy IX OKYITHOCTI Ta B JEIKHX BHIIAJKaX, B3araii, 10
BIJIMOBH CIIO’KHBAYiB BiJ TAKAX CHUCTEM.

B3aram eHeproeMHICTh OIUHMIN BHPOOIEHOI
TeIwIoTH abo XONOAy TMPOTSITOM BCHOTO TEPMiHY
eKCIITyaTallii CHCTEM TEmJIOo- Ta XOJIOJONOCTAYaHHS Ha
0a3i cydacHHMX YWJIEPIB Ta TEIUIOBUX HACOCIB (PaKTHUHO
He KOHTPOMIOEThCs. [liciast MOHTaXy CUCTeMH Ha 00'€KTi
NHUTaHHS KOHTPOIIO i1 mapamMerpiB, SK MPaBHUIIO, CTAE BXKE
00OB'SI3KOM CIIO)KMBada, a HE BHUPOOHHMKA OOJaIHAHHS.

Mix 1uM, 3a HAIIUM TDIHOOKHM TEPECKOHAHHSM,
KOHTPOJTb BUTPATH eHeprii B cucTeMax
TepMoTpaHcopMallii  TTOBHHEH OyTH  TaKOK XK

00OB'SI3KOBOI0  TIPOIIETYPOI0, SK 1 KOHTPOJb BHUTPATH
MaJliBa B aBTOMOOUTI, SKIIO0 BHKOPHUCTOBYBAaTH MOIIOHY
aHaJIOTIIo.

Crnixg 3a3HaYWATH, MO B OCTaHHI POKH CHUTYAIlisd
[IO/I0 BIPOBA/DKCHHS CHUCTEM MOHITOPHHTY TO4aia
3MIHIOBaTHCS i JIesIKi M ANPHEMHHUIITBA cami
BCTaHOBJIOIOTH  IIi  cUcTeMH Ha  o0’ekrax 3
TEIJIOHACOCHUM obOnanHauHsIM [1-3]. OfHaK MOHITOPUHT
TEIJIOBOTO Hacocy abo umiepa Ha IMX 00’€KTax B
6aratrox BUIIaJIKax 00MEXYEThCS TIIBKH
CIIOCTepEKEHHSIM 32 pOOOTOI0 YCTAaHOBKH 3 «on-liney
peecTpamilo  HE3HA4yHOi KUIBKOCTI MapameTpiB, IO
3aMIpsIOThCSA, CTBOPEHHSAM IX apxiBy, a TaKOX
mo0OyT0BOIO 0araThOX HE3pO3YMUTHX TpadikiB, IO MAIOThH
JIUIIE 1TFOCTPATHBHUI XapakTep, Ta 3a JOMOMOTOI0 SKUX
MOYKHA JIMIIE 3/AIHCHUTH YIPaBIIHHS YCTaHOBKOK Y TaK
3BAHOMY «PY4YHOMY» pexumi. KpiMm TOro, BiACYTHICTB
aHalizy Ta  y3araJbHEHHs  PE3yJbTaTiB  TaKoOro
MOHITOPHHTY B3arajli YHEMOXIIUBJIFOE CTBOPCHHS O1IBIII
JIOCKOHAIIMX TIEPCIIEKTHUBHUX IPOEKTIB CUCTEM TEIUIO- Ta
XOJIOZIONIOCTaYaHH OyniBenb TOPTIiBEJILHOTO,
aJIMIHICTPATHBHOTO TPHU3HAYEHHs, OO0 €KTIB Xap4oBOl
MIPOMHUCIIOBOCTI Ta J>KUTIIOBO-KOMYHAJIEHOTO CEKTODY.
Takum YMHOM, MOXHA CTBEpPIPKYBaTH, IO Hapasi icHye
3aAT Yy TIPOBEIEHHI 3aXOJiB, IO CIPSAMOBaHI Ha
BU3HAYCHHS CEHEProOmaJHUX pPEKUMIB eKCIUTyaTarlii

TepMOTpaHCPOPMATOPiB, SAKi TMPAIIOIOTh Yy  CKIAmIi
CydJacHHX CHCTeM 3abe3redeHHs MIKpokiIimary. A cawme,
CTBOPEHHS METOJUKH MOHITOPHHTY Ta JIarHOCTHKH
eHepreTuyHoi e(heKTHBHOCTI TaKUX CUCTEM, sKa 3JlaTHa
BUSIBIISITA TIOXMOKM y TIPOEKTYBaHHI OONagHaHHS Ta
JTO3BOJISUIA CKOPETYBaTH PEXXUMHU POOOTH ITMX CHUCTEM ITif
Yac IX eKcIuTyararii.

[lpn wpoMy cuixm 3a3HA4YMTH, IO 3aBJAHHS
CTBOPEHHS CHCTEMH MOHITOPHHTY Ha O0’€KTi, ne
BCTAaHOBJICHE JIOPOTE CyJacHE TEINIOHACOCHE 00JIaJHAHHS,
YCKIIQIHIOETRCS e OAHUM (pakTOpoM — Iie rapaHTiiiHe
00CITyTOByBaHHS YCTAaHOBKH. BIaCHUKH TOPTriBEIbHUX
00’€KTiB, SKi OCHAaIIEeHI CYYaCHUMH IMIIOPTHUMH
KIIIMaTHYHUMH CHCTEMaMH, IEPII 3a BCe MOOOIOI0YNCH 3a
MOPYIIEHHS BUMOT TapaHTIHOTO OOCIYrOBYBaHHS, HE
JIONYCKAlOTh ~ BTPYYaHHS y  KOHTYpP  LUPKYJISLii
XOJIOJIOAreHTY 3 METO0 3MiHCHEHHS 3aMipiB TeMIlepaTyp
Ta THCKY Y XapaKTePHUX TOYKax IHKIY. 3aMipIOIOThCs
JUIIe PeXHMMHI TapaMeTpd 30BHINIHBOTO KOHTYPY,
BOJIOTICTh ~ 30BHIIIHBOI'O  TOBITPS,  €HEpris, IO
BUTpAyYaeThCsl Ha TPHUBIN KOMIpecopa, BEHTHISITOpa Ta
Hacocy. Mk M 0e3 HasBHOCTI iH(oOpMaIii BiTHOCHO
napameTpiB IWKIYy XOJOMOAreHTY HEMOXKIHMBO SKiCHO
MPOBECTH JIarHOCTHUKY e()eKTUBHOCTI YCTaHOBKH 3
BU3HAUCHHAM  EKCEPreTHYHHUX BTPAT y KOXHOMY
enemenri [4,5].

Ha namy mymKy, TUTBKH aHalli3 TEpPMOJMHAMIYHOT

JOCKOHAIOCTI  CyYacHHX  CHCTeM  3a0e3ledeHHs
MIKpOKJIIMaTy  JIO3BOJIUTH  CYAWTH  TpO  AIHCHY
EHEPrOEMHICTh BHPOOJICHMX TEIUIOTH 1 XOJNomy Ta
CBIIYMTH B3arajii Mpo SAKICTh CUCTeMH. Y Takid

MOCTAHOBII 3aBJaHHS MOHITOPUHTY CHCTEM TCIUIO- Ta
XOJIOAONOCTAaYaHHS HaM YSBISIOThCS HabaraTo IIupIIe.
Ile HE TpoOCTO CHOCTEpEKEHHS 3a MapaMeTpaMu POOOTH
YCTaHOBKH Ta PEECTPALlis CIIOKUBAHOT CHEPTii, alle TaK0XK
aHalli3 1 JiarHOCTHKA TEPMOIMHAMIYHOI E(PEeKTHBHOCTI
BCI€T CHCTEMH.

Mera po6oTun

CtBOpeHHs IarHOCTUYHUX 3ac00iB IS
MOHITOPUHTY Cy4YacHHX cHCTeEM TEII0- Ta
XOJIOJIONIOCTayaHHs OyZiBesb Ta CHOpPY. € Hapasi JOCUTh
aKTyaJIbHOIO 3a/1a4€l0, BHUPINIEHHS $KOi JJ03BOJIUTH
CYTTEBO 3HHM3WTH CHEPrOCIOXKMBAHHSI Ta 3a0€3NeuuTH
HEOOXiHMHA TeMnepaTypHHH PEXHUM y TPHUMIIICHHI B
oitoMy ab0 y IOKaJFHUX MICIIX BEJIHMKOI CHOPYIH
(HampuKIIaa, TOProBoi 3aIK CymepMapKeTy, BHPOOHHYIOTO
exy i Tomo), Ae HeoOXigHa OpraHi3amis 30HAIBHOTO
00irpiBy abo 0XOJIOKECHHS.

MeTor0 poOOTH € CTBOPEHHS METOAMKH OOPOOKHU
JTAHUX MOHITOPUHTY cHcTeM TEIIo- Ta
XOJIOJIONIOCTaYaHHs. ~ Ha  0a3l  MapOKOMIIPECOPHUX
teroBux HacociB (TH) Ta uwmnepiB i3 3ainydyeHHAM
Cy4YaCHMX METOJIB NPHUKIAAHOI TEPMOJMHAMIKH 3 IIJLIIO
JIiarHOCTYBaHHS 1X eHepreTHYHOI e()eKTUBHOCTI.
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AHaJi3 iCHyI0YMX MIAXOAIB 10 JiIarHOCTYBaHHS PO0OTH
CYYACHHUX CHCTeM 3ale3nedeHHsl MiKpOKJIIMATY HA
OCHOBI YHJIepiB Ta TEIUIOBHX HACOCIB

Hakonmumuenunii mocsin ekciutyatanii TH mo3Bossie
CTBEP/UKYBAaTH, WIO TIIBKH 33 pPaxyHOK CTBOPEHHS
crcTeMU eEeKTUBHOTO MOHITOPUHTY Oe3itid mpobiem, o
TMOB'sI3aH1 3 BIUTMBOM EKCIUTyaTalliftHUX (akTopiB, MOXKe
OyTM yCyHEHO 1mIie [0 MOMEHTY iX KPHUTHYHOTO
HaKONMYEHHS, MO0 B  IOAAIBIIOMY  JO3BOJIUTH
3a0e3MeunTH MOMITHUH e(heKT eHepro30epe:KeHHS.

Ha mouatky nes’sHOCTHX pOKiB XX CT. 3’SIBHJIACh
[iTa HU3Ka HOBAaTOPCHKUX pOOIT IIOMO IiarHOCTHII
YUIepiB 1 YCTAaHOBOK KOHIWITIOHYBAaHHS, SKi OyJH
MEPEBAXKHO OpIEHTOBaHI HAa BHSABICHHSI B YCTaHOBKax
O3HAaK HECIIPaBHOCTEH 1 CKJIaJaHHs TaK 3BAHOI «MAaTpPHIIi
cuMmnTomiBy.  KokHii  HecnpaBHOCTI  BiINOBiAaio
30inblIeHHS a00 3MEHIIEHHS KOHKPETHHX BUMIPIOBaHUX
rmapameTpiB  (HampuKiag, TeMmeparyp 1 THCKIB B
TEpPMOAMHAMIYHOMY IHKJI) IIOAO IUX MapaMeTpiB IMpu
CIpaBHOMY CTaHi ycTaHoBkH [1, 6]. OcHOBHUMH
HEJONIKAMH TaKOl MiaTHOCTHKH Oylla HEMOXIIUBICTh
imeHTUdIKaIil TeKiTbKOX HeclpaBHOCTEH. B ocTaHHI 1Ba
JOECSITWITTA PO3pOOJIeHI METOOUKH OUTBII TOYHOTO
BHU3HAYCHHS aHOMauiii B poOoti umiepis i TH [2,7,8],
METOIO SIKMX OyJI0 BUSIBIICHHS IPUYMH, 110 BIIMBAIOTH HA
3MEHIIEHHS!  e(EeKTUBHOCTI  YCTAaHOBKH, a  TaKOX
3a0e3MeuyeHHs] MOYKIIMBOCTEN IS IIBUIIKOTO X YCYHEHHSL.
Po3pobseni  «on-liney FDD MeTOAMKH JiarHOCTHKH
TEepMOTpaHC(HOPMATOPIB  JTO3BOJISIIIM  BU3HAUUTH  BIUIMB
JEKUTbKOX aHOMalili Ha MPOAYKTHBHICTb YCTAHOBKH [2].
[pu peanizawii HUX METOAMK, 5Ki 0a3yIOThCs HA BUMipax

TEPMOAMHAMIYHMAX  TApaMeTpiB  YCTAaHOBKH,  JUIS
BHUABIICHHA  HECIPABHOCTEH, MO0 MPU3BOAATH IO
3HWKEHHA 11  TNPOAYKTUBHOCTI, BHKOPHUCTOBYIOTHCS

BIpTYalbHI JaTYMKH 1 CIPOIICHI MaTeMaTH4YHI Mojaemi
MIPOTHO3YBAHHS XapaKTEPUCTHK TEPMOTpaHCHOPMaTOPiB.
Crnixn momatw, mo «on-liney FDD METOAWKH, B BpPEIITi
pemr, MOXyTh iIeHTH(]IKyBaTH JUIIE KOHKPETHY
HECIPABHICTh, aji¢ BOHU HE JO3BOJISIFOTH OLIIHUTH, YH €
NeBHA TPUYMHA aHOMAJIl «BAKKOIO» ab0 <JIETKOI» Y
KOHTEKCT] 3arajbHOrO EHEpPrOCIIOXKMBAHHS YCTAaHOBKH.
Jdns 1uporo HeoOXiZHA OLIHKAa BIUIMBY BEIHYUHU
JNECTPYKIIi eKceprii B EIIEMEHTI dYepe3 aHOMANilo Ha
TIPUBOJHY TOTYXHICTh Bci€l ycraHoBkH. 11[00 kinbkicHO
OLIIHUTH 1€l BIUIMB, IIMPOKO BUKOPHUCTOBYIOTHCS METOIN
Cy4JacHOI MPHUKIATHOI TepMoIWHaMiku. B ocTaHHI poku
HaOyma  pO3BHTKY oOgHa 3 1l  HampsaMKiB  —
TEPMOECKOHOMIYHA JiarHOCTHKa [9].

Jlo uucna GbyHIaMEHTAILHUX JOCHTIHKEHb B raaysi
TEPMOEKOHOMIYHOT JIIarHOCTUKH EHEepreTUYHO1
e(EKTUBHOCTI €HEProNepeTBOPIOIOYNX CHCTEM IO TPaBy
MOJXKHa BifHecTH poOoTHM mmKoiu mpodecopa Kadenpu

€HEepPreTHYHOro  MAIIMHOOYJIyBaHHA 1  OXOPOHHU
HABKOJIMIIIHBOIO cepeloBUllA k. Tcarcaponica
(ImxenepHo-TexHiuHMH  yHiBepcuTeT, M.  bepiiH,

Himeuunna). Takox cmig BigzHauuTH poboTH mpod. A.
Banepo, npod. M. Jlozano (TexHiuyHHI yHIBEPCHUTET, M.
Caparoca, Icnanis).

3a pe3ynpTaTaMi TEPMOCKOHOMIYHOI TiarHOCTHKHU
MOXHa TMPEICTaBUTH IIOBHY KapTHHY DPO3HOALILY
JIECTPYKIii exceprii B eIeMeHTax ycTaHOBKH. BomHoudac,
BUKOPHCTOBYIOYM 3a3Ha4yeHi MeToauku [6-9] 0Oe3
BUMIPIOBaHHS TEMIIEPATYp 1 TUCKIB XOJIOJIOATEHTY B YCIiX
TOYKax TepMomuHamiuHoro unukity TH, orpumarn
BUYepnHy iHQopMamnilo 1po ePEeKTUBHICTH E€JIEMEHTIB
(haKTHIHO HEMOJKIIHBO.

Cepexn  BITYM3HAHUX  aBTOpiB, OJIM3BKUX 32
POTISIHYTHMH THMTAHHAMM, CIiJ BiJ3HAYHTH pPOOOTH
npod. B. B. Buuyxanina (Opechkuii HamiOHaJIEHUH
Mopchkuii yHiBepcuTer) [10]. Moro po6oti mos’s3aHi 3
YOpaBIiHHAM cUCTeMaMH KOM(pOPTHOTO
KOH/IWI[IOHYBaHHA  TOBITPS 32  PO3PaXyHKOBHUMHU
EKCEPreTHYHNMH XapakTepucTHKkamu. OfHaK pe3yiabTaTh
WX JOCHI/KeHb CIPSAMOBAHI JIMIIE Ha JIarHOCTHKY
LEHTPaTbHUX MPSIMOTOKOBO-PEIUPKYJISIIIHHUAX
MOBITPSIHUX CHCTEM KOHJWI[IOHYBaHHS 1 HE pPO3paxoBaHi
Ha TECTYBaHHS TEPMOJMHAMIUYHMX  XapaKTepHCTHK
yuiepiB. KpiM Toro, icHye e OAWH BaykKIIMBHH aCIEKT
excrutyatanii TH, sxuii 3amumaerscs 3a  pamMKamu
MOXIIMBOCTEH TIEpPEepaxOBaHMX METOOMK aHai3y 1
nmiarHoctukd. lle pobdora TH B pexkumi 3 HENOBHUM
HAaBaHTXXCHHAM. TepMOAWHAMIUYHUM  aHai3  IBOTO
PEKUMY 3a JOMOMOTOI TPaJULIHHUX «EHEPreTHIHHX)
METOJHMK IPOBECTH KOPEKTHO HEMOXINBO. HaiOimbmr
JOUUIPHUM TPU  OIIHII e(QEeKTUBHOCTI pEeKUMY 3
YaCTKOBUM HAaBaHTAXXECHHSIM € €HTPOIIHO-CTaTUCTUYHHIA
METOJ aHayi3y, L0 3alpOoIlOHOBaHUK y poOOTax BYSHUX
Jx. M. T'oppona i K. C. Hoxy [11-13].

IlocTaHoBKa 3aga4i X0CTiIKeHHSA

Sx  xoedimient meperBopenHss TH, Tak i
XOJIOMWIBHAN KOoedilieHT XoyoauiubHOI MamuHu (XM)
BU3HAYAIOTh  JIMIIE  IHTETpalbHy  XapaKTePUCTHUKY
e(eKTUBHOCTI 1 CBiYaTh MPO SAKICTh YCTAHOBKH. Y Psii
BHIAIKIB BOHM MOXXYTh HAaBiTh [€30pi€HTYBaTH. Tak,
Oy/Ib-sKa 3acTapija yCTaHOBKA, IO Ma€ B CBOEMY CKJIaji
Hee(DEeKTHBHI KOMIIpEcop, a TaKoX HeeQEeKTUBHHUN
KOHJIeHCaTop ab0 BUIIAPHUK, ajie 10 eKCIUIyaTyeThCs B
3HAYHO MEHIIHX TeMIIepaTypHUX Mexax
TEPMOJMHAMIYHOTO LUKy, Ma€ OUIbII  BUCOKHH
Koe(illieHT = TepeTBOpEHHs, HDK HOBa  TEXHIYHO
JIOCKOHAJIa yCTaHOBKA, ajJe M0 eKCIUIyaTYeThCs Y
OlMBIIMX ~ TEMHepaTypHHX  Mexax mukiy. Tomy
BUKOPHUCTaHHA TEXHIYHUX METONIB JiarHOCTYBaHHS
moTpedye YITKOTO BH3HAYCHHS TEMIIEPATYPHUX MeEXK
LUKITY Ta CIIBCTABJICHHS 3 CTaJIOHHUMH
XapaKTEepPUCTUKAMH YCTaHOBKHU. Bijblll yHIBEpCAIbHUM €
TEPMOAMHAMIYHUEN TMiaxim, 10 0a3yeThbcs Ha aHami3i
peajbHUX 3Ha4Y€Hb BTpPAT BiJl HE3BOPOTHOCTI, SIKHI
JIO3BOJISIE BU3HAYUTHU JiiicHy €HEeProEMHICTb
BupoOieHoro Teruia abo XoJoay Ta CBIAYMTH TIPO
KOHCTPYKTHUBHY SIKICTb TepMoTpanchopmatopa [4,5].
Po3yminHs TOro, mo icHylO4MH amapar KJIacHYHOI
TEPMOJMHAMIKM HE MOXXE JaTH BIJIOBiJb HAa HHUTaHHS
1010 peanbHuX 3Ha4YEHb BTpar B
TepMOTpaHCPOpMaTOpax, CIOHYKAae NIYKATH MOXKIIHBI
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[UISIXW BHPIMICHHS IHOTO 3aBIAaHHA. 30KpeMa IOIUIEHO
po3risiiaTH MiAXiA, [0 3aCHOBAaHMN Ha 3aJlydeHHI B
aHAI31 CTAaTUCTMYHUX JAHUX BIJHOCHO  3HA4Y€Hb
peaibHUX JWCHUIIATUBHUX BTpAT, SKI MalOTh Micle B
Cy4acCHHX dYMjepax 1 TEIUIOBHX Hacocax. Takuil mimxin
Jlae YSIBIEHHS IMOJO XapakTepy PpO3MOIUIEHHS Pi3HUX
BHUIIB  HE3BOPOTHHX BTpPaT B  3aJEKHOCTI  Bif
MPOAYKTUBHOCTI ycTaHOBKU. OONAcTI0O TPaKTUIHOTO
3aCTOCYBaHHS METOJTY EHTPOIMIHHO-CTATUCTHYHOTO
aHalizy, TOOTO Je BiH 0COONMBO 3aTpeOyBaHUA, Ha HALTY
JIYMKY € CHCTEeMH MOHITOPHMHTY 1 JIarHOCTHKH CHCTEM
TEIUIO- Ta XOJIOJOTIOCTaYaHHS Ha OCHOBI YHJIEPIB i
TEIUIOBHX HACOCIB.

3 ypaxyBaHHSM BiJ3HAUEHOTO TIPEICTABIIIACS
JIOLITBHOI0 PO3pOOKa iHTErpalbHHUX 3aco0iB  IIOIO
EKCIICPUMCHTAIBHOTO BH3HAYEHHS TEIIOBOI'O
MOTEHI[Ialy EHEePreTHYHUX MMOTOKIB Y CY4aCHUX CHCTEMaX
3a0e3rnevyeHHs MIKpOKJIIMaTy MPUMIIIEHb, 10
JIO3BOJISIFOTh TMPH  MiHIMAIBHIA KUTBKOCTI JOCHTIZIB, a
TAaKOX B HE3PYYHHUX MICISX CHCTEMH 3IIHCHUTH 3aMipH
rmapameTrpiB TOTOKy ToBiTps. Otpumana indopmanis
o070 JaHUX 3aMipiB TOBHHHa OyTH o00poOieHa 3a
JIOTIOMOTOI0 METOJIiB CTATHCTHKH Ta IPOaHATi30BaHa.
s iporo motpibHa po3podKa METOTUKH 00pOoOKH MaHUX
MOHITOPHHTY 1  JIarHOCTHKH  CYYaCHHX  CHCTEM
TepMoTpaHcpopMmariii, ska JO3BOISLE 32 OOMEKEHOI
KIJIBKICTIO MapameTpiB, IO 3aMipIOIOTHCS, TPOBOJIUTH B
«on-line»  pexxumi  TecTyBaHHS  TEPMOJMHAMIYHOT
e(eKTUBHOCTI KOXKHOT'O €JICMEHTa YCTAHOBKH.

Po3podka MeToaNKH 00POOKH JAHUX MOHITOPHHTY
AiI0Y0i TENIOHACOCHOI CHCTEMH TEIIONMOCTAYAHHSA
aaMiHicTpaTHBHOI OyaiBJi

PosrasiHemo eranm  0OpoOkM  maHUX — 3aMipiB
mapaMeTpiB Ta alrOPUTM PO3PAXYHKY TEPMOIMHAMIYHOT
e(peKTUBHOCTI Ha TPHUKIALI CHCTEMH MOHITOPHHTY
TEIUIOBOTO HACOCy, M0 eKCIUTyaTyeTbCsd Y CKIAJl
OiBaJIeHTHOI =~ CHCTEMH ONAJEHHS  aJMiHICTPATUBHOI
OyniBii.

3arajgpHa METOAMKA BKIIOYAE TPH €TAIM: MEepIInii
eran — wMoHitopunr TH, mo nepenbavdae TiNbKK
peectpanito gaHux i 30ip iHpopmarnii npo podory TH
(apxiBamito); Apyrmii eram — 00poOKka  maHUX
MOHITOPHHTY; TpeTidi eram — aHami3 1 JiarHOCTHKa
TepMoauHaMmiyHoi edektuBHocti TH 3 3amydeHHsM
EHTPOIIHHO-CTATUCTUIHAX MOJICIIEH.

HuspkoTemnepaTypHy CHCTEMY BOJSTHOTO
OMaJIeHHS Ha 0a3i TEIUIOBOrO HAacoca THUILy «IIOBITPS -
BOJ@» BIPOBAMKCHO y OymiBIi  TOProBo-0(hiCHOro
KOMIUIEKCY M. XapkoBa, o6'emom 17580 M, cymapuum
TEIJIOBUM HaBaHTaXEeHHIM 924 kBT. 3rigHo npoekty 0yIio
BCTaHOBJICHO JiBa TEIUIOBUX Hacoca Mapku Vicot cepii
VMN430L, 1o BUKOPUCTOBYIOTH SIK XOJIOZ0AareHT (peoH
R407C.

IIpoexTHuit
TETIONPOYKTHBHICTb
MOTYXHICTh ~ KOMIpecopa
TEeMIIepaTypi  30BHIIIHBOTO

pexum pobotu TH:
0=450 kBT, CIIO’KMBaHA
Nw=(59,9+76,8) kBt 1pu
moBiTps  Tu,=7°C i

TeMmepaTypax BOIM Ha BXOZi 1 BHXOHI KOHIEHcaTopa
T,=40/45 °C.

Ha puc. 1 HaBemeHO MHEMOCXEMY CHCTEMH
omaneHHs Ha ©0aszi TH, mo imocTpye mnepmmii eramn
METOJIMKH — 30ip iH(opMaIii Mmomo XapakTePHUCTUK
cucremu. Jlnst oONiKy BHUTpaT TEIUIOTH Ha OIAJICHHS
BUKOPHCTOBY€ETHCS MOHOKaHAIBHUH JIIYMIBHUK TeIUia
OOPT-04.

[HdopmaniiiHO-BUMIpIOBAIEHUH ~ KOMIUIEKC, IO
po3pobieHnit sl OUCTAHIHOTO  MOHITOPHHTY
TeMIlepaTyp TEIUIOHACOCHOI CHCTeMH, O0a3yeTbcsl Ha
TEXHOJIOTIi 300py, mepenadi abo 30epiranas iHpopMarii y
BUTJIAAI TpHUCTpOiB cimeiictBa iButton Termochron i
JO3BOJIAE 338 PAXYHOK CHHXPOHHOTO BHMIpIOBAaHHS
TeMIepaTypu OJHOYACHO y BENHKIH KITBKOCTI TOYOK
JIOCHI/DKYBaHUX O00'€KTIB  3acTocyBaTd Uit  0OpoOKH
JIAaHUX CYKYITHICTBh 3aC00IB perpeciiiHoro, KopessiifHoro
1 CHEeKTpaJbHOTO aHali3iB, IO TapaHTye HaWOUIbII
JIOCTOBIpHE BHU3HAYEHHS TEMIIEPATYPHUX XapaKTEPUCTUK
i e(heKTUBHOCTI pOOOTH OMATIOBAIILHUX CUCTEM Ha OCHOBI
TEIUIOBUX HAcociB (puc. 2).

B Waich ekl

MHemocxema cncTemn onaneHHn Ha 6asi
Tennosux Kacocia

3808
[t

3 EC1
112,578 er TH BATH
Wi 2853 49T

Criowssayi rannosoi aHepril

DaHKoHIM
i panizropn

Cuctema
npunnMaHST
senmunnull

TRMnE0ETEE
FORHIWHLON NORTDA 400 00

sanoiere.
308010 NOKITPA T4%

281 1 ranniea]

Puc. 1 — Muemocxema cucmemu onanennst 3 TH:
ECI, EC2 — enexmponivunvnuxu, THI,
TH?2 — mennosi nacocu; bA TH — 6ax-
akymynsmop,; TC-1 — nivunonux menna

—
GSM
LT3
A

Komn tomep

|
BIK-T¥

Puc. 2 — Ilpunyunosa cxema inghopmayiiino-
BUMIDIOBATILHO20 KOMNLEKCY

Jo cximaxy KOMIIeKCY BXOAATH (puc. 2):
— OJIoK aucTaHLiiHOro KoHTpOo Temmeparyp bJIK-T;
— w03 nepenadi inpopmarii GSM;
— TIepCOHAIBHUM KOMIT'IOTEP.

Ha npyromy erami mpoBoauThes 00poOKka maHHX
MoHiTopunry TH.
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Cucrema w™onitopunry TH 3milicHioe 3amip
HACTYIHHX HapameTpiB (puc. 3): TeMmepaTrypu «IpsMoi»
Boau Iyp, IO TIOJAEThCA O CIOXKHBada TeIlia
(BinnoBizae TemrepaTypi BOJAM Ha BUXOJI 3 KOHJIEHCATOpa
T.2), TeMmMmepaTypu «3BOPOTHOI» BOAM  Tugep, IO
NIOBEPTAEThCS  OXOJIOJDKEHOIO BiJl CHOXKMBaya TeIuia
(BinmnoBimae Temmneparypi BOJM Ha BXOIl B KOHIEHCATOP
Tw1), Temmeparypu Ty 1 BOJOrOCTI () 3OBHIIIHBOTO

MOBITPSI, @ TaKkoX  CIHOXHBaHHI  EJIEKTPOEHepTii
KOMIIpecopoM N, 10 3aMipIOETbCS Ha  KiIeMax
CJIEKTPOJBUTYHA Ta PEECTPYETHCS KOXHY CEKyHIY

poOOTH YCTaHOBKH.

IIpu posrsani ingopmarii mpo podory TH moxmo
MOTY)XKHOCTI Oyno BusABIeHo, mo apyruii TH He
BKJIOYAaBCS B med mepiox poborm (N, < 0,32 xBr).
Ilepmnii e KOMIIpecop TMpalioBaB 3  YacTUMU
OCTaHOBaMH — IEPiOJaMH, KOJIM HOTO MOTY)KHICTh N| HE
nepeBuIlyBasia 3HaueHHs 2,7 kBT.

Puc. 3 — Inlocmpamugna cxema napamempis, ujo
samiproiomscsi npu pooomi TH

Koegimient nmepersopenass COP;, BU3HAYAETHCS 3a
(hopMyII010 SIK CHIBBITHOIICHHS TEIUIONPOIYKTHBHOCTI Ok
JIO CHOXKMBAHHS EJEKTPOCHEPrii KOMIIPEcopoM, M0
3aMIpIOETHCS HA KJIEMax €IeKTPOJBUTYHA, N.

3BOp

COP;FQZM
N N

)
ae Gy, cpw — BUTpATa 1 TEMJIOEMHICTD BOIH.

[HIMKaTOpHA TMOTYXHICTH KoMIlpecopa Ny, IO
CIIOXKMBAETHCS HA CTHCK XOJIOZ0AareHTY, BU3HAYAETHCS SIK

N KM N- MNen >
Ie New — enexTpomexanigamii KK/ xommpecopa.

Ha puc.4 HaBeAeHO naHI MOHITOPHHIY IIOIO
3MIHM TEMIIEpPaTyp TEIUIOHOCIIB 1 BOJIOrOCTi MOBITPs 3a
PO3TIISIHY THH TEPMiH.

Ha mincraBi 3amipsHUX mapameTpiB Juis HEpIIOro
TH wmapku VMN430L Oyno BH3HAU€HO XapakTep
3MIHIOBaHHS TETJIONPOYKTUBHOCTI, CJIEKTPUYHOT
eHeprii, mo BuTpaudaerscs Ha npuBix TH (puc. 5), Ta
obumcieHo koedinient neperpopenns TH (puc. 6).

3 puc. 4—-6 BUIHO, IO TIPH 3HIKEHHI TeMIIEpaTypHu
30BHIMIHBOTO  TOBiTpss Hmk4e -1°C TH wacro
BIIKIIFOYABCS, a NpPU 3HIKEHHI 1. HmKIe -5 °C
BIJJKJIIOYMBCS Ha JIOBrUit nepiox yacy (5 ai6). Kpim Toro,
BUJIHO, LIO 32 BECh aHaJi30BaHMW TEPMIH eKCIUTyaTailii

TH #0oro TerIonpoayKTHBHICTh Oylla HMXKYE TPOEKTHOI
Ha 150 xBt. Onnak 3a 3HaueHHsMu COP), BUSIBUTH Oy/Ib-
skl HecripaBHOCTI B po6oTi TH ckiamHo, TOMy 10 BiH €
¢byHKLi€I0 TeMIepaTyp Ha BXOJ1 B TEIUIOOOMIHHUKH.

003 0503 0603 0703 0803 0903 1003 1L03 1203 1303 1403 1503 mems

100
80
60

L ,-'*J"L'a’-"_wm 40

N |20

0 24 48 72 96 120 144 168 192 216 240 264 T, T

I R Wl "
0 ‘ﬂr’/ \u"l‘.—{\\.m\?‘?\.’_\f\,_f

Puc. 4 — 3mina sonococmi ¢ i memnepamyp
306HIUHBbO20 NOGIMPs Ty, 600U Ha 6x00i Ty [ Ha
6ux00i konoencamopa T\ npomsicom
excnayamayii TH

O N, kBt

300 ' 1

200 1 O«

100 w P l ﬁ
0 18188 458! RS S v 1 8

0 20 40 60 80 100 120 140 160 180 200 220 240 260 T,T

Puc. 5—Ni Q,, wo susnaueni y pezyriomami 06pooKu
OaHUX MOHIMOPUH2Y

Cg@’l 3 Y
’ ik N, YR bl
30 frioe S b A L
s HHW LT L]
o ML TR T L
05 (I L
0,0 — JI\ \'L[ u \ y y y y y (\ﬂ fu\

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

T,T

Puc. 6 — Koegiyicum nepemsopennsa TH 3a
pe3yIbmamom 0o6pooOKu OaHux
MOHIMOPUHSY

Hnsi ouiHku e(eKTHBHOCTI 32 EHEPreTHYHHMH
XapaKTepucTukamMu  pexumiB  podorn TH  Oynm
noOyZ0BaHI 3aJIe)KHOCTI  XOJIOMOMPOAYKTUBHOCTI (Jy 1
noTyxHocTi N BiJ TeMmepaTyp TEIUIOHOCIiB Ha BXOXi Y
Bunapauk Ty 1 KoHaeHcatop 7, 3a JaHUMHU BHPOOHHKA
[14], BUKOPUCTOBYIOUH TTONPABOYHI KOSPILIEHTH.

Ha puc. 7 mpencraBiieHO MOPIBHSHHS CTaTUYHHUX
XapaKTEpPUCTUK YCTAaHOBKH, IO JIarHOCTYEThCS, 3
CTAJIOHHUMH PEKUMaMH.

Mapkepamu Ha  pHC. 7 TIOKa3aHi  peanbHi
XapaKTepUCTHKH, TYHKTUPHUMH JIHISIMA — €TaJIOHHI, IO
HaBe/IeHI BUPOOHUKOM B KaTaorax.

3 puc. 7 BUIHO, IO NPH OAHAKOBHX DPEKHUMHHX
napamerpax (Temreparypd TEIUIOHOCIIB Ha BXOAi B
terooOMinni anmapatu Ty 1 Ty1) B €TalOHHOMY Ta
JIarHOCTYyEMOMY ~ PEKUMax  XOJOAONPOAYKTHBHICThH
YCTaHOBKH, 1110 A1arHOCTYETHCS, ICTOTHO HIDKYE.
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Po3paxyHok  xonmommmpHOTO — KoedilieHTy 3a
(dbopmyiioro
.0 _O.=N,
N N

JIOBIB, IO JJIS CTAJIOHHUX PEKHUMIB BiH 3MIHIOETBCS Bij
2,4 o 3,06, a g giarHOCTOBaHUX — y Mexkax 0,98 + 1,7.

Qo BT

340

Ta=39.1°C | T,,=4038°C T,=40.7°C

A r‘,il:m:s‘vc A

190

A
L8750 T, =39.1°C

140 -
2 -1 0 1 2 3 4 5 6 TIy°C

Puc. 7 — Cmamuuni xapaxmepucmuxu TH VMN430L

Jns  amamizy  edekruBHOCTI  pobot  TH
3aJ@XKHICTh € /ISl €TAJIOHHOTO 1 JIHCHOTO pPEeXHUMIB
poOOTH BiA CHIBBIJHOIIEHHS TEMIIEPAaTyp Ha BXOAI B
TEIJIOOOMIHHI anapaTy HaBe/IeHO Ha puc. 8.

0,84

0,86 0,88 09 TowT,

Puc. 8 — 3anesicnicme € 6i0 cnisgioHoweHHs: memnepamyp
Ts1/Twi: 1 — emanonnuil pesicum;
2 — OanHi MOHIMOPUH2Y

3 puc. 8§ MOxHA 0auuTH, IO € YCTAHOBKH, IO
JIaTHOCTY€ThCS, ICTOTHO HIDKYE CTATOHHUX 3HAYCHb.
OnmHak TpPUYMHH TAaKOTO HHU3BKOTO  XOJOAWMIBHOTO
KoegirieaTa 3'scyBaTH 3a E€HEepreTUIHUMH
XapaKTEePUCTUKAMH HEMOJKIIUBO.

Amnani3z po0OOTH 32 €HEPreTMYHUMH MOKa3HHUKaMHU
e(EKTUBHOCTI JJO3BOJISIE 3pOOHTH JIUILIE TIPUITYLICHHSI, [0
BigkimoueHdass TH Moke BimOyBaTHcs 3 HACTYNHHX
npuunH. Ilepma npuunna — TH BigkimrowaeTbes, Konu
TemrepaTrypa Boau B Oaky-akymyssaTopi (BAq,) mocsrae
HeoOxinHoro piBHs. Jpyra npuunHa — Binkiarouenns TH
MOB'SI3aHO 3 OOMEp3aHHSIM BHUIIAPHHMKA 1 HEOOXIIHICTIO
MOJaJIBIIOI MpoLeaypy aedpocTamii (PO3MOPOXKYBaHH).

Tpers npuunHa — TH BigKIFOUa€eTHCS TIPH TEMIIEPATypax
30BHIIIHBOTO MOBITPs HIK4Ye -1 °C, micas d9oro mis
HOKPUTTS TEIUIOBOTO HABAaHTAXKEHHS CHUCTEMH OITaJICHHS
MOTPIOHO MIAKIIFOYATH TEILIOTCHEPATOP.

Hdns  Oimpln  nIeTanbHOrO  po30Opy  MPUYMH
Hee(peKTUBHOT POOOTH YCTAaHOBKHM HEOOXiIHO MepeiiTH 0
HaCTYITHOTO TPETHOT'O ETaIly.

Tperii  eram  3ampONOHOBaHOI  METOAMKH
nepenbavyae anamiz i jgiarHocTuky edexruBHocti TH 3
BUKOPUCTaHHSIM HAMIBEMIIPHYHUX TEPMOJUHAMIYHUX
Mozeneil. Ha mpomy erari 3'SCOBY€TBCS, UM BiANIOBiIAIOTH
peanpHI 3HaUeHHS eHepreTWIHol edexTuBHOCTI TH THM
3HAYCHHSM, SIKi BUPOOHUK 3asBJIsI€ K €TANIOHHI IS JaHO1
MOJEII.

Ockinpku TH, 1o giarHOCTYETBCA, € YCTaHOBKOIO

BeNUKOi  TermonpoayKTuBHOCcTI  (monax 150 kBr),
CHOYATKy JJIsi MaTeMaTU4HOTO OIHCY pEeXUMIB HOro
pobOoTH  Clii  BUKOPHCTOBYBATH  JIBOIIAPAMETPUYHY

TEepMOJUHAMIUHY Mozels [12].

MeronoM MHOXUHHOI perpecii Oyiau oOpoOieHi
3as1BJICH1 BUPOOHHKOM KaTaJIOXKHI 3HAYCHHSA
eneprernyHoi edekruBHOCcTi TH — ummepa VMN430L.
[lpu BimmOBIMHMX TeMIepaTypaX BOAM Ha BXOMdi B
KoHzaeHcaTop 7,1 1 MOBITPA Ha BUXOi 3 BUnapHuka 7y, a
TaKoXX 3aJaHoMy 3HaueHHI (Jo OTPHMAaHO perpeciiHi
PIBHSIHHS HACTYTIHOTO BHIY

{1+1—]7:‘”} 0, =3.0825T,, — 7754836 —83,701(T, /T, )> (1)
€

W
52

sIKe TP TEPMOAMHAMIYHOMY aHaji3i BUKOPHUCTOBYETHCS
K eTaJOHHa xapakrepuctuka TH.

Ciipg 3a3Ha4uTH  OJHY BaXIMBY OCOOJMBICTD
eHTponiiHo-craTucTuyHoro ananizy TH. J{ns orpumanns
perpeciiinoro  piBHsiHHS (1)  0oOpoOka  maHmX
3ailicHIOBasacs 3a BenuuuMHaMH (o 1 € 3allydeHHS 10
00poOKH 3HaYEHB TEIUIONPOILYKTUBHOCTI Ok YCTAHOBKH 1
koedinienty mneperBopenHss COP, € HEKOPEKTHOIO
MIOCTAaHOBKOIO 337adi IIOZI0 CTBOPEHHS EHTPOIiifHO-
cratucTruHoi Mojeni. Ile BuMarae mMosCHEHHS. 3TiIHO
eHeprernyHoro Oamancy TH imankaTopHa MOTYXHICTH
KoMIipecopa Ny BU3HAYAE BEIMUMHY KOPUCHOI TEMJIOBOL
noryxunocti TH QOw—Q¢tNw. Ilpu 1pomy Ta X
MOTYXHICTh ~ BUTPA4Ya€TbCsi TAaKOX Ha  MOJOJIAHHS
TEPMOT1IPaBIiYHOT HE3BOPOTHOCTI B LUKII. Y 3BSI3KY 3
UM BHUJUTATH BIUIMB BTpPaT B IUKIL Ha KOCQIIieHT
neperBopeHas TH 6e3 ypaxyBaHHs Ny NpH 30€peiKeHHI
3a7aHOi TEMJIOBOI MPOJYKTUBHOCTI HEMOXKJIMBO. 3 IIi€l
NPUYMHE BTPaTH BiJ HE3BOPOTHOCTI MAaloTh OyTH
BiJJHECEHI JI0 XOJIOJJONPOTYKTHBHOCTI YCTAaHOBKH, a HE JI0
il TETIONPOAYKTHBHOCTI.

BiporigaicTs perpeciifHoro PIBHSHHS
MATBEPIKYETHCS  OLIHKOIO OCHOBHMX CTaTUCTUYHHUX
MOKa3HUKIB 1 kputepiiB [15]. Ha puc. 9 HaBemeHo
NOPIBHAHHS ~ pPO3paxyHKOBHX  JaHMX 3  JaHUMHU
MOHITOPHHTY.
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Puc. 9 — Baneacnicmo ¢ 6i0 Qo: ® — €, wo eusnauenuii 3a
OaHUMU MOHIMOPUHZY; O — €, WO BU3HAYEHUL NO
dsonapamempuuniu peepecitinitt mooeni TH

Ha puc. 10 nHaBemeno cymaphi BTpatu B TH
VMN430L. Brpatn, meBHI Uil NPOEKTHHX PEXHMIB
poOOTH  yCTaHOBKHM, MOXXHA ONHWCATH  JIHIAHUMU
3aJICKHOCTSIMU TIPU BapilOBaHHI TEMIICPATYPH TEILTOHOCIS
Ha BXOIi B KOHAGHCAaTOp. 3HAYeHHSA BTpaT M
nmiarHoctyeMux peskuMiB TH meskats nemro BuIie, HiXK Ti,
SIKi TIOBMHHI OYTH [UIA 1Ti€] YCTaHOBKH.

qloss, 110
kBT
100 Ty=40-°C
90 o . 36 C
%0 M
M’/w‘/
70
60 T . :
50 150 250 350 Qy, kBt

Puc. 10— Cymapni empamu ¢ ¢ TH VMN430L

Ha puc. 11 HaBeneHo BTpatu Bix HE3BOPOTHOCTI 3
PO3TOINIEHHSIM iX BiINOBITHO Ha 30HM BHUIIAPOBYBAHHS 1
KOHIeHcaTopa. SIk MO)kKHa OauuTH, BTPATH, IO BiIHECEHI
JIO 30HH BHUIIAPOBYBaHHS, IEPEBUILYIOTh BTPaTH, IO
MarTh OyTH npu HOpMaibHii poboti TH. [epeBumenns
BTpPaT y KOHJCHCATOpPi y 3pIiBHAHHI 3 HOPMaJIbHUM
pexxumom podotn TH He criocTepiraeThes.

qmlass’ kBT

130 T T T
50 150 250 350 Q. kBr
Puc. 11 — Posnooinenns empam ¢ TH VMN430L:
1 — empamu, wjo idneceni 00 301U KOHOCHCAMOpa G,
2 — empamu, wo éioneceni 00 301U UNAPOBYEAHHSL o'

Amnamiz TH Ha OCHOBI JBOTapamMeTpUYHOI MOJEITL
JIOBIB, WIO ICHy€ aHOMalis B 30HI BuIapHuka. s
aHomaJrist Moxe OyTH MOB'si3aHa HE TIJIBKH 31 3HWKEHHIM
e(eKTHBHOCTI Oe3nocepeJHb0 poOOTH BUIIAPHUKA, ajie U
IHIIIUX €JICMEHTIB.

st JTOKami3arii MOSKITUBUX aHoMaJtii
(HecmpaBHOCTEIT) HEOOXiTHO iTeHTU(IKYBATH
TeMIlepaTypy BUIAPOBYBAHHS 1 KOHAeH ANl B UK. s
TH Vicot cepii VMN430L mnpoBemeHo aHnamiz 3
BU3HAYCHHAM TEMIIEPATyp BUIIAPOBYBaHHS i KOHICHCALIT
B IMKJII Ta IOCIEMEHTHHM CKCEPreTHYHHM aHai30M.
Ilpy mpoMy Ui BH3HAYSHHS BHYTPIIIHBOI IHCHIIALi]
eHeprii B NWKJIi BHKOPHCTOBYBaJach HaIliBEeMITipHIHA
TphOXIIapaMeTpuiHa SHTPOIiI{HO-CTaTUCTHYHA
mozens [13]

€

7 [H 1}_1: 1,48, , 02 (T, -T,) , Ry [H 1] @
wl o 7.0, T, €

Y piBusgHHi  (2) BenmumHa AS,:  BHU3Ha4ae
BHYTPIIIHI JUCUTIATUBHI BTPATH €HEPril y IHKII, Y TOMY
YHCII, O MOB’s3aHi 3 BIUIMBOM TiPaBIiYHUX OIMOPIB 3a
Qo — TemnoBi BTpaTH 3

MOBEPXHI O00MamHaHHSI, Ry CyMapHi BTpaTH Bix
HE3BOPOTHOCTI BHACIIIIOK KIHIIEBOI Pi3HUIII TEMIIEpaTyp y
BUIIAPHUKY Ta KOHJEHCATOPI.

Benuuunu BHYTpiIHBOT qucumnanii eneprii mis TH
Vicot cepii VMN430L Bu3HaueHi METOJOM MHOXHHHOT
JiHIHHOT perpecii sk KoedilieHTH B piBHsAHHI (2) [uIs
MacuBy JaHUX, SKUH OTpUMaHWil HIIIXOM 00poOKM
EKCIEPUMEHTAIPHUX JIaHWX, 10 HaJaHi BHPOOHUKOM

AS, =0,1223 xBr/K, O =210 xBr i R, =0,044 K/xBr.
SIKIO yCTaHOBKA IMpALOE CIPABHO Y IUTATHOMY

pexuMi, 1l KOS(IIIEHTH MAIOTh 3aJHUIIATHCS TAKUMHU K,
SK 1 y eTaJOHHOMY pEeXHMi YCTaHOBKH. bynap siki

TPAKTOM XOJIOJOArceHry,

HECIIPaBHOCTI ~ ycTaHOBKM  (aHoMamii y  poOorti
oOnamHaHHS) BIiIOOpPAKAIOTHCS HA 3HAYCHHAX  I[HUX
KOeQIIliEHTIB.

Hamu 3ampomnoHOBaHO HOBH CHOCIO BU3HAYCHHS
KOeIli€eHTiB Reyw, OF 1 ASes ANd YCTAHOBKH, IO

gal
niarHoctyetbca. Bin mossrae B TOMy, IIO BOHH
BU3HAYAIOTECS BXKE HE SIK pEerpeciiiHi KoedimieHTH B
piBHSHHI (2), IO OTpUMaHi y pe3ynbTaTi 0OPOOKH JaHUX
BHIIPOOyBaHb (Ha BiAMiHY BiJ] METOIHKH, III0 HaBEICHA y
[13]), a oOUHCHIOIOTHCA TO 3AJIEKHOCTSAM, IO OTPUMAaHi
JUIs 3Ha4eHb BTpAT BiJ HE3BOPOTHOCTI y ETaJOHHUX
peXKHUMax, 3a HACTYITHUM aJITOPUTMOM.

ANTOpUTM BU3HAUCHHA Reyw, O 1 ASsw MOXHA

TIT

PO3MIINTH HA CTAIH:

1. 3a MerogoM  MHOXHMHHOI  JIHIWHOI  perpecii
00pOOIOIOTECS  1aHI  3aBOJICBKMX BHUIPOOYBaHb, IO
HaBEJCHI B KaTajgo3l BUPOOHHKA, Ta BH3HAYAIOTHCS

€TaJIOHHI 3HAYCHHS Ry, Qf:" 1 ASay.
2. Bu3HaualoThCs BTpATH BiJl HE3BOPOTHOCTI Ha OCHOBI
OTpPUMaHUX STAJOHHUX 3Ha4EHb perpeciifHux

KOEPILI€HTIB Reyy, O 1 ASpy TI0 3aJIEXKHOCTSIM:

TH
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— BHYTPIIIHI BTPATH BiJ HE3BOPOTHOCTI y UK
Loss,, =T,,AS,, ; 3
— BTpATH 3 TOBEPXHi 00T THAHHS

LOSSQ _ O (Twl _T;l); 4)
T,

— BTpATH BiJl HE3BOPOTHOCTI BHACIIIOK KiHIIEBOT Pi3HUIIL
TEMIIEPaTyp Y BUIMAPHUKY 1 KOHIEHCATOPI

R 2
cyMQ() 1+l . (5)
€

Loss, =

sl

3. Omucyerbcst (YHKIISIMA = 3aJIE€KHICTD
BTpArT Bif criBBigHOMICHHS 151/ T 1.

4. Bu3HaA4alOThCS HE3BOPOTHI BTpPATH JIs YCTAHOBKH,
110 JiarHOCTyeThes, o GyHKiIX Loss = f (Ts1/Tyw1), B sKi
MIJICTABIAIOTECSA CTAJOHHI KOe(IIIEHTH IS IMITaTHUX
PEXRUMIB Reyw, Q5 1 ASpi.

TIT

HE3BOPOTHUX

5. 3 piBugsp g Brpar (3—5) mnpu  mipcTaHOBII
rapameTpiB, L0 3aMipAlOThCS Yy XOJI MOHITOPHHTY,
BH3HAYAIOTHCSl MOTPiIOHI IUyKaHi KoedimieHTH  uIst
YCTaHOBKH, IO IarHOCTYEThCA.

6. TIpOBOAMTEHCS CIIBCTABJICHHS OTPUMAaHHX 3HAa4YeHb

CKB

KOeQIlLi€HTIB 3 €TAJOHHMMM 3HAYEHHAMH Reyw, O i

n
ASgs.

OdueBHIHOIO € TmepeBara Takoro cmocody. He
MOTPIOHO CTBOPIOBATH HOBHH MAacWB HaHUX IIMOJO
JIarHOCTYEMUX PEXHUMIB POOOTH YCTAHOBKH IS TOTO
00 BU3HAYATH IHCHI Reyy, QfI'I‘B 1 ASe 5K KOedimieHTH

perpecii, a MOXXHa BHW3HA4YaTH iX B pPEXHUMi «on-liney.
Kpim TOTO, BHW3HA4YCHHA TpPAaOUIiIHHUM CIIOCOOOM (3a
METOJIOM JIiHIHHOI perpecii) MoXe TPU3BOAUTH [0
NOXUOKHM pe3ysbTariB, TOMY IIO IPH MOHITOPHHIY Ma€
Miclie BEJIMKUI PO3KH]] JAHUX 3aMipIOBaHb.

Ha puc. 12 HaBeneHO 3MiHIOBAaHHSI 3HAUEHb Rcyy
JUISl €TAJIOHHKX Ta JIarHOCTYEMHUX PEKUMIB.

Rcyma
K/kBt
0,25 *\.
0,20
*
0,15 >
*
0,10 o
0,05 —200060060
0,00 . . :
0 100 200 300

Oy, kBT

Puc. 12 — 3minenns Reyy 6i0 Qo

TEPMIYHOTO OIOpy. 3a pe3ynbTaTaMd aHaji3y LbOTro
MTOKa3HHUKa, 3HIKEHHA HOro e(eKTHBHOCTI MOXe OyTH
CNIZICTBOM BHHUKHEHHsI HACTYNHHX aHOMalid y poOoTi
€JIEMEHTIB Ta BY3JIiB:
— 3MEHUICHHs BUTPATH TEIUIOHOCIS B KOHJEHCATOPI;
— TOIIKOIDKEHHS  TEINIOOOMIHHOT  TOBepXHI  Ta
pr60r1pOBomB 00B’S3KH KOHJIGHCATOPY;

3MEHILIECHHS BUTPATH TEIUIOHOCIS Y BUITAPHUKY;
— CKHIIaHHS;
— oOMep3aHHs OBEPXHI BUMAPHUKA;
— KoMOiHAIIisl BKa3aHUX HECIPaBHOCTEH.

Binpm KOHKpeTHHH BHCHOBOK IOJIO MOXIIHBOI
aHoMaiii MOXHa  3pOOWTH  TINBKH  BHU3HAYMBIIH
TeMIepaTypHi MEXi ITUKITY 32 OPUTIHATIHHOIO METOANUKOIO,
SIKy HaBeneHo y [16].

Y  nmaHoMy  JIOCTiIDKEHHI MU CyTTEBO
BJJOCKOHAJTWJTU BiJIOMY €HTPOMIHHO-CTaTUCTHYHY MOJIENb
T'opmona-Hmxky [13]. Sk Big3HaYaIOCS CaMUMK aBTOPaMHU
i€l MOJENi, TOJOBHOK BajOK ii 3aCTOCYBaHHS JUIS
miarHoctyBanHt XM 1 TH Oyno HeMOXIUBICTH
iTeHTU(IKaii KOHKPETHOI aHOMallii y  eJIEMEHTI.
TecTyBaHHA TepMOJMHAMIYHOI €()EeKTHBHOCTI YCTaHOBKH
Ha ocHOBi Momem ['opmona-Hmxky 3milicHroBamocs 3a
paxyHOK JIMIIE CITIBCTaBJICHHS BU3HAYCHUX perpeciiiHuX

KOCMIIi€HTIB Reyw, O 1 ASes M1 YCTAaHOBKH, IO

TI
JIIarHOCTY€ThCA, 3 TPAHUYHO JOITyCTHMUMH 3HAYECHHSIMHU
IUX Jke Koe(illi€HTiB, 10 BU3HAYHI 32 pe3yIbTaTaMU
3aBOACHKHX BUIPOOYBaHb. Y HIJIOMY II€ BKAa3yBaJIO JIMIIIE
Ha IHTerpaNbHUH eQeKT BIUIMBY aHoMamid. Jns
BH3HAYCHHS KOHKPETHO1 aHoMaJii HEOoOX1IHO
ineHTH(]IKyBaTH TeMIepaTypHi Mexi TepMOANHAMIYHOTO
LUKy 1 Jani TpOBECTH NOTIMONCHUH eKcepreTUYHHN
aHami3. Jlami HaBOOATBCA eTanu 3JIHCHEHHS LBOTO
PO3paxyHKy.

Taxk, sxmo 3ammcatan mMoxenb [opmona-Hmxy (2)
JUIs BU3HAYEHHSI OTYXKHOCTI KOMIIpecopa, sIK

KB R 2
N=Q0'{T‘”— }TMAS + 9 T, -7, ), Rl {nl}
T, T, €

sl

s1

TO BHUJHO, IO TIIOBHA TIOTYXHICTh CKIQNa€ThCA 3
MOTY)KHOCTI, IO BHUTPAYAaEThCS B 1CANHOMY ITHKII
Kapmo, sixa nopiBHIOE

T,
Ne =60y -1

sl

Ta BTpPaTh Bil HE3BOPOTHOCTI TEPMOTiIPABIIYHUX
MporeciB. 3amicaBIIN  XOJOAWIBHAN KOSQIIEHT IS
ineanpHOTO UKy KapHo

1 g ukiay KapHo B TeMmeparypHHX — MeKax
Sx mMoxxHa G6auntu 3 puc. 12, mis pexxumy TH, mo 5 ity Rap patyp
. . . BUINAapoBYBaHH 1 1 KOHAeHcalli Tk
JarHOCTY€THCS, CIIOCTEPIraeTbCs ICTOTHE 3pPOCTaHHSI
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N., (T, B ’ Puc. 15 iJIIOCpr'e rpadik PEKUMHIX HapaMeTpi§
€0y = 0 = -1 <gq TH, Ha ssxoMy HaHeceH1 3HadeHHs i 1 To, 110 BU3HAUYEHI
0 0

3a JOMOMOTO0 HoMorpamu (auB. puc. 14). CxymueHHS
. 6i TOYOK MOHM3Y Tpadiky  BIANOBIga€  3HAYCHHSIM
a TakOoX NPHITyCTHBLIN, MO PISHILA POOIT B WHX JIBOX  ronmenaryp muist peskEMIB, IO AiarHOCTYIOTHCSL.

uuknax (N, — N, ) /OpIBHIE BTpaTaM BHACIIIOK

KiHIIEBOI pisHMII TeMnepaTryp Loss, (puc.13), MoxHa ), 400 o _—
.. . . =0 . S 0-
BU3HAYMTHU CIIBBigHOMEHHS MiX Tk 1 T KB 150 g P S/
? o5 L S 5
1 T 300 SO T |
€0y = =
[TWI _1J+ RC)’MQO |:l+1:‘ TO 250 4 3
Tsl Tvl € 200 4 -7
-11
; 150 4 -15
N4 Lossg 19
T.? // 100 A e
-d
Tws /L @ 50 — 27

36 38 40 42 44 46 48 50 32 34

T, C
Tsl
Puc. 15 — I'paghix pesxcumnux napamempie TH

Qo

Sk MoskHa G6aunTH 3 puc. 15, nmpu excruryaranii TH
CTHIOCTEPIracThes CyTTEBE 3HIKEHHS 7.

3a pes3ynbTaTaMH eKCepreTHdHOro aHajisy, AKHii

Puc. 13 — Cxema susnauenns T/ To IpOBENEHO 33 METOAMKOW [16], BCTaHOBJIEHO, IO

. . Kommpecop Ta kKoHmeHcatop TH excmmyaryrotees 6e3

Hlani,  BUKOPHCTOBYIOWH  NaHI  3aBOJACBKHX  prryypenms amOMANi, PO IO CBifYMTH OIHAKOBHii

sunpodysans  TH ~ Vicot  VMNA430L, oTpUMAeMO  pnenn rpadikie mectpykuiit exceprii y eTaroHHOMy Ta

NONHOMIa/IbHy  3aNe)HICTh  XONOJOMPOAYKTHBHOCTL  riaryocrvemomy pewnmax (puc. 16-17). Mix mwim y

Qo (kBr)  HamiBrepMETHYHOTO  KOMNPECOPY  BIl  [0Gori pumaphhka MOKHa KOHCTATYBATH —CYTTEBE

S

TEMIIEpATYp BUIIAPOBYBAHH Ta KOH/ICHCALIIL 30iNBINEHHS JECTPYKIIi eKceprii, 10 CBiA4uTH mHpo
BUHUKHEHHS aHOMAJTIi y IboMY eleMeHTi (puc. 17).

Qo= (532439 +20260,27-To— 3118,06- T+ 302,629-To*— Ha puc. 18 mpencTaBieHo 3iCTaBICHHS MOTOYHUX

147,278 To- T~ 29,7935- T2 +1,602112-Tp*— 2,38901- T To>  3pavens BTpaT Rep TIPM  3MiHEHI  Temmepatypi

—0,14603-T- ;> +0,081979-7,°) / 1000. 30BHINIHBOTO MOBITPs Ty Y "aci. LI TpuxmyHKTHpHA JTiHis

BiJINIOBi/Ia€ CTAJIOHHOMY X 3HAYCHHIO.
Ha puc. 14 HaBeneHO MOOy0BaHY HOMOTPAMY IS
rpadoaHaTiTHIHOTO BU3HAUCHHS 7T 1 T) B 3aJICKHOCTI Bif

T 1 Ty Ta Qo it TH Vicot VMN430L. Epoinp 90
Crin 3a3HaYMTH, IO 3alPOTIOHOBaHY HOMOTpaMy KBt g5
HaBEIEHO BUKIIFOYHO 3 METOIO urocTpartii 2
po3paxyHKoBoro Tmporecy BusHaueHHI T, 1 To. Y 801
CTBOPEHOMY TMpOrpaMHOMY 3abe3redeHHi i 00poOKu 75 1
JnaHux MOHITOpUHTY T 1 Ty BU3HAYAIOTHCS Y PEXKUMI «On- 70 (@)
line» Ha OCHOBI YHCEIBHOTO MOJIECIIFOBAHHS. 65 /O ‘) O AN
=0
T/T, 60 1 OQQG—F
1,34
130200 55 ()
126" 50

0,85 0,86 0,87 0,88 0,89 09 091 0,92
TS‘I/TWI

T122

1,18

1,14 1,14 ]
80 120 160 200 240 280 320 360 Qp,xBr 80 120 160 200 240 280 320 360 J;. kBT

Puc. 16 — 3anexcuicmov cymaproi decmpyxyii excepeii' y

Puc. 14 — Homozpama ons eusnavenns Ty i To Ons TH Komnpecopi i opoceni 6i0 Tsi/Tyi: 1 — emanonuuti pescum;
Vicot VMN430L 2 — diaenocmyemuil pexcum
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Ep, 16

kBT
8
& o
BT LA
2 ©®
0

1

0,85 086 087 088 089 09 091 092
Tsl/ Twl

Puc. 17 — 3anexcuicmo decmpyxuyii excepeii' y
KkoHOencamopi i eunapruxy 6i0 Ts/Ty.: 1, 2 —
decmpykyis excepeil y 6UnapHuKy 0Jisi emaioHHUx ma
OIAZHOCMYEMUX PENCUMIB, 8i0N06IOHO, 3, 4 —
decmpyKyis excepeii y KOHOeHCamopi 01 eMalOHHUX
ma OlacHOCMYEMUX PENCUMIB, 8IONOGIOHO

R epns K/kBr T, °C
0.30 L6
0,25 - Tue 4
0,20 + 2
0,15 H 0
0,10 + || W 2
0,05 + | A 4
0,00 - AR 6

1 9 17 25 33 41 49 57 65 73 81 89 97 T,T

Puc. 18 — 3minennsa Reyy ma Ty y uaci

HymsoBi 3HAYECHHS Ry BIAIIOBIIAIOTH
BIIKJIFOYEHHIO KOMIIpECOpa 1 BKIIOUEHHIO PEXUMY
nedpocrarii (po3MopokyBaHHsS). Sk MokHa OaunTH 3
rpadika, TepMiuHMH oOmip Reyw U TIarHOCTyEMHUX
PEeXKHMMIB BHUILE ETATOHHUX 3HAUeHb (IITPUXMYHKTHPHA
miuis  Ha puc. 18). ITlpm wnpoMy, micias pexuMmy
nedpocrariii #oro 3HaueHHS! TPOXH 3HHKYIOTBCS, @ TIOTIM
3HOBY ITiJIBHIYIOTHCS.

Mu npumyckaemo, IO
MOTYXXHOCTI  TMOB'A3aHO 3 HEMOBHOTOIO
TEIJIOOOMIHHOI ITOBEpXHi BUITAPHHKA.

SHIDKEHHS  TEINIOBOT
BigTaBaHHs

BucHoBkn

CTBOpEHO METOANKY OOpOOKH JaHUX MOHITOPHUHTY
CHCTEM TEIUIO- Ta XOJIOJNOMOCTAYaHHS 13 3aJlydyeHHSIM
Cy4aCHHX METO/IB NPHUKIATHOI TEPMOIWHAMIKH, SKa
JIO3BOJISIE  TMPOBOJAWTH  OLIHKY  TEPMOJUHAMIYHOI
¢(CKTUBHOCTI  KOXXHOTO  €JIEMEHTa  CHUCTEMH 32
0OMEXEHOIO KITBKICTIO ITapaMeTpiB, 10 3aMipsIFOThCSL.

3anponoHOBaHO rpad)oaHaTI THIHU] crnocio
BH3HAUCHHS TEMIIEPATyp BUIIAPOBYBAaHHS Ta KOHIEHcAlii
y LUKJIi TAPOKOMIIPECOPHUX YHJIEPIB 1 TEIJIOBUX HACOCIB.

BukoHaHO aHami3 JaHUX MOHITOPUHTY MIiFOYOT
TEIUIOHACOCHOT CHCTeMi TEIUIO- Ta XOJIOAOIOCTaYaHHS
aJMIiHICTpaTHUBHOI OymiBIi, 3a pe3ylbTaTaMH SIKOTO
BH3HAYCHO aHOMAJIi1 y poOOTi BUMIApHUKA IIi€] YCTAHOBKH.
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AHHOTAIIUA Cosz0anue OuacHOCMuyeckux cpeocmeé 07l MOHUMOPUHSA COBPEMEHHBIX CUCMeEM Menjio- U XOA000CHAOJICeHUs
30aHULL AGISIEMCSL CEUYAC 8eCbMA AKMYAIbHOU 3a0ayell, peuleHue KOmopol NO3604UM CYyWeCmeeHHO CHU3UMb dHepeonompeoieHue u
obecneuums He0OXO0OUMBI MEMNEPAMYPHBLIL PEAHCUM 8 NOMEUJCHUU 8 YeLOM UIU 8 JOKALbHbIX MECMax DOIbUL020 COOPYICEHUs], 20e
HeoOX00UMa OpeaHU3ayUsl 30HAILHO20 0602peda Wil OXAadcOeHus. B Hacmosiwee epemst ¢ NOGbIULEHUEM YeHbl HA IHePOHOCUMENU
6ce Gonbule GHEOPSIOMCS COBPeMenHble dHepeochepesaiowue CUCmemMbl MepMOmMpanchopmayuy Ojisi KOMIAEKCHO20 Menio- U
xonodocHabacenus. Paspabomka cucmemol s¢hghexmuenoco MoHumMopuHea no3604um YCmpanums MHOICECMEO NPOGIeM, CEA3AHHBIX
¢ go30elicmeuemM IKCHILYAMAYUOHHbIX (DAKmMopos, euje 00 MOMEHMA UX KPUMUYECKo2O0 HAKOWLeHUsl, U 8 OallbHeuuiemM NO360UM
obecneuums 3amemmuviii dpgexm snepeocbepedcenus. Llenvio pabomul sensemcs cozoanue Memoouku 06pabomku OaHHbIX
MOHUMOPUHEA CUCMeM Meno- U X0I000CHabceHus: Ha 6a3e NapoOKOMNPECCOPHLIX MENI0BbIX HACOCO8 U YUEPO8 C NpUsiedeHuem
COBPEMEHHBIX Memo008 NPUKIAOHOU MEePMOOUHAMUKY 0N OUASHOCMUKU UX dHepeemuyeckou s¢ggexmusnocmu. Memoouxa
nosgonsiem 6 pedcume «on-liney ocywecmensims mepMOOUHAMUYECKOEe MEeCMUposanue pabomel YCMAHOGKU NO OZPAHUYEHHOMY
YUCHy 3amepsAeMblX NApamempos, 6 MOM Hucie 6 pedcume pabomvl NAPOKOMHPECCOPHBIX MENI08bIX HACOCO8 U YULNEPO8 C
yacmuyHol Hazpyskou. Paspaboman uncmpymenmapuil OnpeoesieHUs PeaibHblX IKCepeeMmuyecKux nomepb 6 AeMEHmax
NAPOKOMAPECCOPHBIX YUIIEPOS U MENTOBIX HACOCO8 De3 npusieuenus 643 OAHHbIX 0 MEeNnI0QUIULECKUX CEOUCMBAX XIA0A2eHMO8,
Mo ecmov NPeUMYWEeCmEeHHO C NOMOWbIO MeX NaApamempos, KOMopble pecUCmpupyiomcs KOHMPOLbHO-USMEPUMEIbHbIMU
npubopamu (memnepamypa, MOWHOCMb npusoda Komnpeccopa). Ilpednosicen zpagoanarumuueckuii cnocob onpeoenenus
memnepamyp UCnapeHus U KOHOeHCAyuu 6 Yukie NapoKOMNPeCCOPHbIX YULIEPO8 U Menlo8blX HACOCo8. Bvinonnen ananuz oanmnvix
MoHumopunea Oelicmeyroujetl MenIOHACOCHOU CUCMeMbl MeNnao- U XOA000CHAOXHCEHUs AOMUHUCTIPAMUBHO20 30aHUs, NO
Pe3VIbMamam KOmopozo onpeoeieHvl AHOMAIUY 8 pabome UCRAPUMest Smoil YCMaHo8Ku.
Knrouesvie cnosa: monumopune; neob6pamumocms,; 3Kcepausi; IHMPONULHO-CIMAMUCTIUYECKUT AHANU3, YULep; MEenio6oli Hacoc.
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