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JHucepramiitHa po60Ta IpUCBAYEHA BUPIIIEHHIO aKTyaJIbHOTO TUTAHHS 3HM>KEHHS
€HEeproBUTpAT B IIpoLiecax 0OpOOKHU MOBITPSI, @ CaMe OCYIICHHS MPUIUIMBHOIO MOBITPS
B cucTeMax KoHauuioHyBaHHs moBITps (nam CKII) ans npumimieHb 30epiraHHs
CUTBCHKOTOCTIONAPCHKOT MPOAYKIIi (Ha MPUKIIA/Il TPUMIIIICHHS J1J1 30€piraHHs HaClHHS
rapoysy).

B po0oti mpoBeneHuil JiTepaTypHUN aHadi3 TEXHOJIOTl 30epiraHHs HAaCIHHS
ponvHU TapOy30BUX. PO3rssHyTI BiIoM1 Ha CHOTOAHI METOJM OCYIICHHS MOBITPS JJIs
niATpUMaHHs BiIHOCHOT BojiorocTi noBiTps B CKII npumitiens AJig 30epiranHsi HaClHHA
poauHU TapOy30BUX, a caMe: KOHJISHCAIIMHUN, aacopOmiiHuii MeMOpaHHUM Ta
koMOiHamii 1ux MeroxdiB. [IpoanamizoBaHi TEOPETUYHI OCHOBU 3aCTOCYBaHHS
130TEpMIYHOr0 MEMOpPaHHOTr0 OCcyIlIeHHs MoBITps. [IpeacTaBnena MmareMaTU4Ha MOJIEIb
OCyIIeHHS OBITps Ha HamiBIpoHukHUX [IBX MemOpaHnax.

[TopiBHSIHHA MOXJIMBUX CHOCOOIB OCYIIEHHS TMOBITPSA JUIsl MNPUMIILIECHHS
30epiraHHsI HACIHHS rapOy3y MPOBOIMIIN METOJIOM orJIMOJIEHOTO
€KCeProeKOHOMIYHOTO aHamizy. Buxoasuu 3 HasBHUX €HEPropecypciB Ta TEXHIYHOT
MOKJIMBOCTI iX peani3auii 10 MOpIBHSAHHSA Oylid BUOpaHi TPU CHOCOOM OCYIIECHHS
noBiTps. [lepmmii - TpaawiiiiHe KOHIEHCAIIHHE OCYIICHHS 3 OXOJIOHKCHHSIM MOBITPS
HUKYE TOYKH POCH Ta JIBOMA PEIUPKYJAIISIMU IS 3HIKCHHS BUTpPAT Ha JPYrui
H1ITPiB TOBITPS, @ TAKOXK 3 MOJATBIINM H1JITPIBOM NPUILTUBHOTO NOBITps (1ani DCM).
Hpyruit - KoMOiHOBaHE KOHJIEHCAIIMHO-aJCOPOIliiHE OCYIICHHS, TIOETHAHHS CTaIii

MONEePEAHLOTO KOHACHCAIIMHOTO OCYIIEHHS Ta MOJAJBIIOr0 JOOCYIIEHHS B CEKIIii



aacopoOmiitHoro ocymryBada. Cucrema 3 enekrpuyauM TEHoBum HarpiBauem mis
perenepariii agcopoepa (mani DAM). Tpetiii - koMOiHOBaHE KOHICHCAIIIMHE OCYIIICHHS
3 JIOOCYIIICHHSM TOBITPsI B CEKIlii MeMOpaHHOTro ocynryBaya (gaiai DMM).

MeToaoM nmoriauOIeHOT0 eKCePreTUIHOrO aHalli3y BU3HAYAIN BUTPATH €KCeprii
MEXaHIYHOi, TEePMIYHOI Ta BOJIOTICHOI CKJIaJIOBUX MOTOKY BOJOroro moBiTps. s
MOPIBHSHHS Ta aHalli3y OTPUMAHUX PE3yJIbTaTiB HaMH OYyJI0 MOOYJAOBAaHO IMOTOKOBI
eKCepreTHyHi JiarpaMu Bojororo moBiTps. [IoTokoBi miarpamu BimoOpaxaroTh 3MiHY
MOTEHIIIAIIB CKJIQJIOBUX €KCeprii BOJIOroro moBiTps mnpu o6pooii foro B cekiisax CKII
B1JI ITOBITPO3a0ipHOI PEIITKY JO BUKUY MOBITPs Ha30BHI. [Iponecu mopadi nmoBiTps B
NPUMIILICHHS, ACUMUIALII TEMJOTH Ta BOJOTH, a TaKOXX BHIAICHHS TMOBITPS 3
MPUMIIICHHS — TAKOX BiJIOOPaXKyIOThCS HAa TIOTOKOBIM jJiarpami 3MiHOIO MOTEHIIIAJIB
BIJINOBIJTHUX CKJIaJ0BHUX MTOTOKY BOJIOTOTO MOBITPSI.

JIisi TIOpIBHAHHS EKCEePreTUYHOi e(PEeKTUBHOCTI OOpOOJICHHS TMOBITPS IS
KOXHOTO0 3 crioco0y ocymeHHs noBiTps B ckiaal CKII BUKOpHUCTOBYBaIM eKCEpreTUyH1
Koe(DIlieHTH KOpHCHOI [li. BiAnoBiAHOI 10 Teopli MOriIMOIEHOro €KCEepreTHYHOTo
aHaII3y BU3HAYAIU MOKA3HUKU eKcepreTudHoi eextuBHOCcTI (nani EK]l) «uerro» Ta
«opytron. EKK/] «HerTo» - edekTuBHICTH MporeciB 00poOku nosiTps B CKII, ane 6e3
ypaxyBaHHss Brpar miaBenaeHoi ekceprii. EKKJI[ CKII «OpyrTo» - edeKTUBHICTH
mpoiieciB 00poOKHU MOBITPS 3 ypaxyBaHHs BTpAT B CUCTEMI MiJABEACHOI 30BH1 €KCEPTii.
3HaueHHs Koe(IlI€HTIB €KCEPreTUYHOI €PEKTUBHOCTI «HETTO» JIJIsi BAOPAHUX CIIOCOO1B
OCYIIIEHHS TIOBITPsI, 3T1IHO pe3yIbTaTiB po3paxyHkiB ckianae: st DCM — 1,93 %, nns
DAM — 1,17 %, nna DMM — 2,36 %. 3HaueHHS KOe(]IlI€HTIB EKCEePreTHUYHOI
e(DEeKTUBHOCTI «OPYTTO»  JUIsi BUOpAHUX CIOCOOIB OCYIIECHHS TMOBITPS, 3TIAHO
pe3ynbTaTiB po3paxyHkiB ckiamae: st DCM — 0,65 %, st DAM — 0,52 %, st DMM
- 1,22 %.

BusHadueHHS €KOHOMIUHHMX ITOKa3HHMKIB, BapTOCTI Ha 3IIMCHEHHS IPOIECIB
00poOku moBiTps B CKII mpoBoamyim 10 3alpoONOHOBaHIM HaMH METOJIHIII
€KCeproeKOHOMIYHOTO  aHamizy. Jias oIiHKM BapTocTi 0OpOOJIEHHS MOBITPA
BU3HAYAIOTHCA CyMapHI HAKOMHWYEHHS 3aTpaT eKceprii BOJOroro TMOBITPS Ha

o6po6sienHs B cekirisax CKII Big moBiTpo3abipHOT pEIITKY 10 BUAAJICHHS MOBITPS Ha



30BHI. 3aTpaTH SBISAIOTH COO0I0 JOOYTOK MUTOMOI €KCeprii eHeproHOCiiB MOMHOXKEHOT
Ha IMiHY MOTOKY ekceprii. Tapud Ha eHeproHocii MpUIMAETHCS 32 JaHUMU KOMMaHil
nocTavalibHUKa, JIJIsl IEBHOTO PETI0HY, HaNpuKIIaj 3a Tapudamu «KuiBeHeproy.

Jlnis OIliHKK BapTOCTi OOpOOJICHHS TMOBITPSI MO METOY E€KCeProeKOHOMIYHOTO
aHai3y BHU3HAYalM CyMapHI HAKONMUYEHHS 3aTpaT eKCeprii BOJOroro IMOBITpS Ha
o6po6sierHs B cekiisax CKII Big moBiTpo3abipHOT PEIIITKY 10 BUAAJICHHS MOBITPS Ha
30BHI. 3aTpaTH SABISAIOTH COO0I0 T0OYTOK MUTOMOI €KCeprii eHEproHOCiiB MOMHOKEHOT
Ha IIHy ITIOTOKY eKceprii. J{1s po3paxyHKiB BapTiCTh €HEPTOHOCIIB MPUMHSATA 3a TAHUMH
Tapudis Ykpenepro mis Temnosoi eHeprii 0,3139 x107 rpu/kJIx , A1 €JIEKTPHUHOT
enmeprii 0,456 x10° rpw/k/lk. 3a pe3ynbTaTaMM TEOPETUYHUX PO3PAXyHKIB
€KCEeProeKOHOMIYHOIO aHalli3y OyJio BCTaHOBJIEHO, 10 s cucteMu DMM Burpatu
cknagaroth 2,36 rpH/1000kr. s cuctem DCM ta DAM BignoBigHi 3HAYEHHS
ckaagaoth 5,05 rpa/1000kr ta 6,36 rpu/1000kr. IIpoBeneHuii exceproeKOHOMIHUMN
aHali3 pi3HUX CIOCOOIB OCYIIEHHS MOBITPS MOKa3aB MEpeBard 3aCTOCYBAHHS CXEMHU
DMM B CKII st ocyiieHHsI MOBITpsI, SIKMi Ja€ 3MEHIIEHHS BUTpaT Ha OOpOOKY
noBiTps BABIYl B opiBHsHHI 3 DCM Ta DAM.

MosxnmBocti  3actocyBanHs DMM  cnocoOy ocymenns moBitps B CKII
OIIIHIOBAJIM METOAOM (DI3UYHOTO MOJICITIOBAHHS TPOIECy OOpOOKM TOBITPS Ha
nabopaTopHiii ycTaHOBIN. [l BU3HAYEHHS MPOHUKHOCTI MEMOpaHH MPU yMOBax
eKCIIEPUMEHTAJIBHOTO JOCTI/DKEHHSI INTYYHO CTBOPIOBAINCH Ta MMiATPUMYBAJIHChH
HEOOXIJHI MapaMeTpu TEeMIIEpaTypu Ta BIJIHOCHOI BOJIOTOCTI MOBITPS Ha BXOJl B
MeMOpaHy.

Jlist nocmipkeHHst koediienTy npoHuKHOcTi DMM ocyiiienHs noBiTpst BuOpaHa
Mmembpana turry Strotex 1300 Basic 3 koedimienToM npoHUkHOCTI 1,5¢10-6 kr/(cem?eI1a)
MpU CTaHJAPTHUX YMOBax BunpoOyBaHHs (Temmeparypa 23 °C ta 85 % BigHOCHOI
BOJIOTOCTI MOBITPS). .

3a pe3ynbTaTaMu EKCIEPUMEHTAIBHUX JOCIIHKEHh MPOHUKHOCTI MEMOpaHH
turmy Strotex 1300 Basic BcTaHOBJIEHO, 10 HaMIBOPOHUKHA MEMOpaHa MOXe
3aCTOCOBYBAaTUCh Il OCYIICHHS B CHCTEMax KOHIUWIIIOHYBaHHS TOBITPS 3

KOHJICHCAI[IMHUM OCYUIEHHSIM, SK Jpyra CTyHiHb OCYIIEHHS, [JIi YHUKHEHHS



MO>KJIMBOTO OOMEp3aHHs TEIIOOOMIHHHMKA TIPW HU3BKIH TeMIlepaTypl OXOJIOKEHHS.
Haiibinpiie 3HaYeHHS OCYIICHHS MOBITPS B yMOBaxX EKCIEPUMEHTAIBHOIO
nociipkeHHs ckianano Ade(1,1...1,2) r/kr.

Ha miacraBi mpoBeA€HHUX MAOCHIDKEHb  OJEP)KAHO ONTUMAIbHE 3HAYCHHS
MUTOMOTO MOBITPSHOI'O HABAaHTAXKEHHs Ha MeMOpany Strotex 1300 Basic, 1o 1151 yMoB
eKcIiepUMeHTy cknanae 89 m3/(romem?).

3a pe3ynapTaTaMd MPOBEJACHUX EKCICPUMEHTAIbHUX JOCTIHKCHh TEMITY
OCYIICHHS TIOBITPsI, TPOBEJIM KOPUTYBAHHS PIBHSIHHS JIJIs BUSHAUYECHHSI TEOPETUUHOTO
TEMITy OCYIICHHS MOBITPS MNPU MPOXOHKEHHI HOro Kpi3b MEMOpaHHHI MOJIYJib
OCYLIEHHSI MOBITpsl. 3anpolOHOBaHUM emmipuuHuid koediuieHT ku = 0,0769, sxuii
BpPaxOBY€ BIJIHOIICHHS KyTiB HAXUITY /10 TO3UTUBHOIO HAMPSAMKY oci OX NMpsAMHX JiHIN
(aKTUYHOTO Ta TEOPETHUYHOI'O TEMIIIB OCYIICHHS IOBITPS B MEMOPAHHOMY MOJYJII
OCYILIEHHS.

3a pe3yiabTaTaMM NPOBEICHHUX JOCIIDKEHb 3alpONOHOBAHA KOHCTPYKIIS
TPUCTAAIITHOTO MEMOPAaHHOTO MOAYJISl OCYLIEHHS MOBITPA I MPUMILIEHHS 30€epiranHs
CUTBCHKOTOCTIONAPCHKOT MPOAYKITi (HaciHHa rapOy3a) B c. ['onoasku, BiHHUIBEKOT 0011
Onupatroyuch Ha OTpPUMaHHI 3HAYEHHS MPOHUKHOCTI MeMOpaHM B YMOBax
EKCIIEPUMEHTAIILHOTO JOCIIKeHHS, (PaKTUYHOTO TEMITY OCYIICHHS TOBITPSI OTpUMaHa
TEOpPETUYHA PO3paxXyHKOBA ILJIOIIA TTOBEPXHI MEMOPAaHH ISl KOXKHOI CTajlii OCYIIICHHS:
174 nepoi cranii 463,49 M2, s apyroi cranii 230,19 M2,  gns Tpethoi  cramii
59,38 ™2 IlogaHo onmMc MoOJEpHi3alii ICHYyIO4Oi CHCTEMHM BEHTHIALI Ta
KOH/JMIIIOHYBAHHS TOBITPS I[UIIXOM BKJIIOYEHHA B HEl MOAYJS TPUCTAAIHHOTO
MEMOpPaHHOTO MOYJISI OCYIIICHHS MOBITPAL.

HaykaoBiOBMW3HA OTpPUMAHWUX pe3ynbTarTtiB

Igjtehy
— po3po0seHO (hI3UYHY MOJIEITh MPOIIECY OCYIIECHHS MOBITPS IIPH PYyCi HOTO B3IOBK
MOBEPXHI MEMOpaHH, SKYy OIMCAHO 3aMpPONOHOBAHOI CHUCTEMOIO H(EepeHIITHNX
PIBHSIHB;

— HAayKOBO OOIPYHTOBAaHO IIOTOKOBI JiarpaMu CKJIQJOBHUX €KCEprii BOJIOTOro

MOBITpS MpH OOpOOJIGHHI HOTO B CEKIISX CHUCTEM KOHIUIIIOHYBAHHS IOBITPS



IPUMILLIEHB AJIs 30epiraHHs HaCiHHS POJIMHU TapOy30BUX;
— OTpUMaHa  eKCIIEpUMEHTaJbHa  3aJe)KHICTb  3MEHIICHHS  BOJIOTOBMICTY
MOBITPSHOTO TIOTOKY IO JIOBXKWHI MEMOPaHHOTO MOJYJISI TIPY 0OpOOIIi OBITPS B CEKIIIi
MEMOPaHHOTO OCYIICHHS.
1 0OBzdzs f BHOdZ "tsets tetsLodisC z:
- HayKOBE OOIPYHTYBaHHS Ta NOIJIMOJEHHS METOAUKU EKCEPrO€KOHOMIYHOTO
aHaJi3y JJIsl CUCTEM KOHIUIIIOHYBAHHS MOBITPS MPHUMIIIEHHS 7151 30epiraHHs HaCiHHS
pOJIMHU TapOy30BUX;
npaKTI/B‘—HI-ﬁEHeHHFI OTpPpUMWMaHMWMKX pe3yanaTiB.
[lonsrae B TOMy, IO B pe3yiabTaTli EKCIEPUMEHTAIBHUX Ta TEOPETUUYHUX
JOCTIKEHb PO3pOOJIEHO CXEMy, SIKa J1a€ 3MOTY MIJIBUIUTH E€HEProollaJHICTh Ta
eKCIUTyaTalliiHy HaJIiHICTh CHCTEMH KOHAMIIIOHYBAHHS MOBITPS NPUMILIEHHS s
30epiraHHsi HaCiHHS POJUHU TapOy30BUX, 3 3aCTOCYBAHHSM 130TEPMIYHOTO,

MeMOpPaHHOTro coco0y OCYLIEHHS MOBITPSI.

Sz yso fodzisoaenit  ekcepretMuHMii  aHami3,  MOMIMOJICHHM
€KCEeproeKOHOMIYHUI aHalli3, IOTOKOBI €KCEPreTUYHI1 JiarpaMu, MEMOpaHHE OCYIIEHHS
MOBITPS,, CHUCTEMHU KOHIUIIIOHYBaHHS TOBITPS, €KCEpPreTudyHa e(QEeKTUBHICTD,
EKCePreTUUHUN KOe(IIIEHT KOPUCHOI il «HETTO»,  EKCEpreTUYHUil KOe(IlieHT

KOPHUCHOI il «OpyTTO», IPOHUKHICTB.
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The dissertation is devoted to solving the topical issue of reducing energy
consumption in air treatment processes, namely the dehumidification of supply air in air
conditioning systems (hereinafter ACS) for storage facilities for agricultural products
(for example, storage facilities for pumpkin seeds).

The literature analysis of the technology of storage of pumpkin seeds is carried
out in the work. The currently known methods of air dehumidification to maintain the
relative humidity of the repetition in the ACS of premises for storage of pumpkin seeds,
namely: condensation, adsorption membrane and combinations of these methods.
Theoretical bases of isothermal membrane dehumidification of air are analyzed. A
mathematical model of air dehumidification on semipermeable PVC membranes is
presented.

Comparison of possible methods of air dehumidification for pumpkin seed storage
was performed by the method of in-depth exergoeconomic analysis. Based on the
available energy resources and the technical feasibility of their implementation, three
methods of air dehumidification were selected for comparison. The first is a traditional
condensing dehumidification with air cooling below the dew point and two
recirculations to reduce the cost of the second air heating, as well as with subsequent
supply air heating (hereinafter DCM). The second - combined condensation-adsorption
drying, a combination of stages of pre-condensation drying and subsequent additional
drying in the section of the adsorption dryer. System with electric heating heater for
adsorber regeneration (hereinafter DAM). The third is a combined condensation
dehumidification with additional dehumidification of the air in the membrane
dehumidifier section (hereinafter DMM).

The method of in-depth exergy analysis was used to determine the costs of exergy
of mechanical, thermal and wet components of the humid air flow. To compare and
analyze the obtained results, we constructed flow exerget diagrams of humid air. Flow
diagrams show the change in the potentials of the components of the exergy of moist air
during its processing in the sections of the ACS from the air intake grille to the release

of air to the outside. The processes of air supply to the room, assimilation of heat and



moisture, as well as removal of air from the room - are also reflected in the flow chart
by changing the potentials of the respective components of the flow of moist air.

To compare the exergetic efficiency of air treatment for each method of air
dehumidification in the composition of the ACS used exergetic efficiency. According to
the theory of in-depth exergy analysis, the indicators of exergy efficiency (hereinafter
ECD) "net" and "gross" were determined. EKKD "net" - the efficiency of air treatment
processes in the ACS, but without taking into account the loss of the supplied exergy.
EKKD ACS "gross" - the efficiency of air treatment processes, taking into account the
losses in the system of external exergy. The value of the coefficients of exergy efficiency
"net" for the selected methods of air dehumidification, according to the results of
calculations is: for DCM - 1.93%, for DAM - 1.17%, for DMM - 2.36%. The value of
exergetic efficiency coefficients "gross" for the selected methods of air
dehumidification, according to the results of calculations is: for DCM - 0.65%, for DAM
- 0.52%, for DMM - 1.22%.

Determination of economic indicators, the cost of the implementation of air
treatment processes in the ACS was carried out according to our proposed method of
exergoeconomic analysis. To estimate the cost of air treatment, the total accumulation
of costs of exergy of moist air for treatment in the sections of the ACS from the air intake
grille to the removal of air to the outside is determined. Costs are the product of the
specific exergy of energy multiplied by the price of exergy flow. The energy tariff is
accepted according to the supplier's company, for a certain region, for example
according to Kyivenerho's tariffs.

To estimate the cost of air treatment by the method of exergoeconomic analysis,
the total accumulation of costs of wet air exergy for treatment in sections of the ACS
from the air intake grille to the removal of air to the outside was determined. Costs are
the product of the specific exergy of energy multiplied by the price of exergy flow. For
calculations, the cost of energy is accepted according to Ukrenergo tariffs for thermal
energy 0.3139 x10-3 UAH / kJ, for electricity 0.456 x10-3 UAH / kJ. According to the
results of theoretical calculations of exergoeconomic analysis, it was found that the costs
for the DMM system are 2.36 UAH / 1000 kg. For DCM and DAM systems, the



corresponding values are UAH 5.05 / 1000 kg and UAH 6.36 / 1000 kg. The
exergoeconomic analysis of different methods of air dehumidification showed the
advantages of using the DMM scheme in the ACS for air dehumidification, which
reduces the cost of air treatment by half compared to DCM and DAM.

The possibilities of using the DMM method of air dehumidification in ACS were
evaluated by the method of physical modeling of the air treatment process in a laboratory
installation. To determine the permeability of the membrane under the conditions of the
experimental study, the necessary parameters of temperature and relative humidity at
the entrance to the membrane were artificially created and maintained.

A Strotex 1300 Basic membrane with a permeability coefficient of 1.5 « 10-6 kg / (s *
m2 ¢ Pa) under standard test conditions (temperature 23 °C and 85% relative humidity)
was selected to study the DMM permeability coefficient. .

According to the results of experimental studies of the permeability of the
membrane type Strotex 1300 Basic, it is established that the semipermeable membrane
can be used for drying in air conditioning systems with condensation drying, as the
second stage of drying, to avoid possible icing of the heat exchanger at low cooling
temperature. The highest value of air dehumidification in the experimental study was
Ade (1.1...1.2) g/ kg.

Based on the conducted research, the optimal value of the specific air load on the

Strotex 1300 Basic membrane was obtained, which for the experimental conditions is
89 m3 / (h » m2).
According to the results of experimental studies of the rate of air dehumidification, the
equation was adjusted to determine the theoretical rate of air dehumidification when
passing through the membrane module of air dehumidification. An empirical coefficient
ku = 0.0769 is proposed, which takes into account the ratio of the angles of inclination
to the positive direction of the Ox axis of the straight lines of the actual and theoretical
rates of air dehumidification in the membrane dehumidification module.

According to the results of the research, the design of a three-stage membrane air
dehumidification module for the storage room of agricultural products (pumpkin seeds)

in the village of Holodky, Vinnytsia region Based on obtaining the value of membrane
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permeability in the experimental study, the actual rate of air dehumidification obtained
theoretical theoretical surface area of the membrane for each stage of dehumidification:
for the first stage 463.49 m2, for the second stage 230.19 m2, for the third stage 59.38
m2. A description of the modernization of the existing ventilation and air conditioning
system by including a three-stage membrane module for air dehumidification is given.
Scientific novelty of the obtained results:
For the first time:
- developed a physical model of the process of dehumidification of air during its
movement along the surface of the membrane, which is described by the proposed
system of differential equations;
- scientifically substantiated flow diagrams of the components of the exergy of moist air
during its processing in the sections of air conditioning systems of the premises for
storage of pumpkin seeds;
- obtained an experimental dependence of the reduction of the moisture content of the
air flow along the length of the membrane module during air treatment in the section of
membrane drying.
Further developed:
- scientific substantiation and deepening of the method of exergoeconomic analysis for
air conditioning systems of the room for storage of pumpkin seeds;
The practical significance of the results.
The fact is that as a result of experimental and theoretical studies developed a scheme
that allows to increase energy efficiency and operational reliability of the air
conditioning system of the room for storage of pumpkin seeds, using an isothermal,
membrane method of air dehumidification.

Key words:deepened exergic analysis, deepened exergic economic analysis, in-
line exergic diagram, membrane dehumidification, air conditioning systems, exergic

efficiency, exergic efficiency "net", exergic efficiency "gross"”, permeability.
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BCTVII

O6rpyHTyBaHHSa B WO OpP)BCcyRaCHNKKOHDMIYEHX yMOBHK @
VYkpaiHi, 3a0e3neueHHss €)eKTUBHOIO BUKOPUCTAHHSI €HEPrOPECYPCIB CTAE OCHOBHUM
3aBJaHHSIM TIPHU IPOCKTYBaHHI Ta PO3POOJICHH] €HEPTONEePETBOPIOBAILHUX cUcTeM [1].

Cucremu xonautionyBants nositps (CKII) pi3Horo npusHayeHHs CIIOKUBAIOTh
eHepropecypcu B 00cs3i1, SIKM 3aKJIaJIeHO B MPOCKTHUX PIIICHHSX 1 K1 B CBOIO YEpry
BIJIMIOBIIaI0Th HOPMATHBAaM JJIi CTBOPEHHS Ta MIATPUMKHU BIAMOBITHUX KOM(OPTHUX
a00 TEeXHOJIOTIYHUX MapaMmeTpiB moBitps. s 3abe3neuenns nux napamerpis B CKII
3MIIACHIOIOTHCS TaKl OCHOBHI TEPMOJMHAMIYHI MPOLECH K OXOJIOJKEHHS, HarplBaHHs,
3BOJIOYKEHHSI Ta OCYILIEHHS MOBITpsA. BkazaHi mpoliecu MOCTIHO Y/IOCKOHATIOIOTHCS 3
METOIO MiJIBULLIEHHS €(PEKTUBHOCTI i OJTHOYACHOTO 3MEHILIEHHS €HEPrOCIIOKUBAHHS.

ITocranoBoto BepxoBHoi Paau Ykpainu Ne75/94-BP Bin 1.07.94 p. (3 ocTaHHIMU
3sMinamu Bix 9 kBiTHs 2015 poky N 327-VIII) [2] mro 3atBepania “3akoH YKpaiHu mpo
eHepro3oepexkenns” [3], a Ttakoxx JIBH B.1.2-11-2008 [4] BcTaHOBIIOIOTH OCHOBHI
BUMOTM II0AO0 3HWKEHHS EHEpProcrnoKUBaHHS OyAiBETbHUX OO0'€KTIB MpH  iX
eKCIUTyaTaIlii 3 ypaxyBaHHSIM KIIMAaTHYHUX YMOB, MICII€3HAXO/[KEHHS Ta IPU3HAYCHHS
0o0’ekta OymiBauiTBa. Bumorn JIBH B.1.2-11-2008 [4] po3mOBCIOIKYIOTBCS Ha
BUKOPUCTAHHS €HEPrii JJig OmajeHHS Ta OXOJIO/PKCHHS NPUMIIICHb, PEryTIOBaHHS
BOJIOroCTi, BeHTWIIMil. KpiM Toro, OyniBeIbHUMH HOPMaMH BCTAaHOBIIIOETHCS, IO
KpUTEpIEM TIOPIBHSAHHSA €()EKTUBHOIO BHUKOPHUCTAHHS €HEprii Mpu eKcIulyaTauli
IHKEHEPHUX CHUCTEM B T.4. CHUCTEM KOHIUIIIOHYBaHHS TOBITpS BiIOyBa€ThCs 3a
MOKa3HUKaMU KOe(ili€HTIB KOPUCHOI JIii TOro 4M 1HIoro oodnagHanus. [Ipore yiTkoi
METOJUKH JJIsl OOYMCIICHHS Ta BU3HAYCHHSI BUIIC BKAa3aHUX MOKA3HUKIB €(PEKTUBHOCTI
(koedirtieHTiB KOpHUCHOT iT) OyiBETbHUMH HOPMaMHU HE BU3HAYAETHCS.

Ouinka epeKTUBHOCTI BKAa3aHUX IMPOIECIB Ta OIIAJHOCTI €HEProCIOXKUBAHHS
JIOCTATHBO BJAJIO 3/11MCHIOETHCS METOJJaMU €KCEPreTUYHOTO aHai3y, SIKWI BCE YacTillie
BUKOPUCTOBYETHCSI B CYYaCHUX JOCIHI/DKCHHSX PIZHUX CHCTEM KOHJIUIIOHYBaHHS
noBitps [5]. B BkasaHili poOOTi, 30KpeMa, aBTOPH OI[IHIOIOTh CEKCEPTreTHYHY

e(eKTUBHICTh POOOTH LEHTPATHHOTO KOHJUIIOHEpA ISl «UUCTUX» MpUMIIIeHb. [

H

H !
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[[OTO BOHU BUKOPUCTOBYIOTh O€3pO3MIpHUN TOKa3HUK €KCEPTeTUYHOI €()eKTUBHOCTI —
excepretnunuil koedimienT kopucHoi aii (EKK]), skuit ysBise co00r0 BiTHOIIECHHS
BUTPAYCHOI KOPUCHOI €KCeprii 0 MiABEICHOI eKceprii BCiX BUAIB eHeprii. Taka orfinka
eKCepPreTU4HO1 e(PeKTUBHOCTI, sika po3pobiieHa e B 90-1 poKM MUHYJIOTO CTOPiUYSs, €
yCTaJICHOIO, Ja€ KOPEKTHI i HaaikHi pe3yapTaTh [1].

Jlns mpumitieHHs 30€piraHds ClIbChbKOTOCIIOAAPCHKOI MPOAYKIlIT TEBHOTO BUIY
ICHYIOTh, BU3HAYCHI TEXHOJIOTIYHHM pETJIAMEHTOM, YMOBHU 30epiranus [6, 7, 8], sxi
NMOBUHHI OyTH 3a0€3IeUeHH] BIPOJIOBXK BCHOTO Iepiody 30epiranHs. IliaTpumaHHs
HEOOXI1THUX NTapaMeTpiB MIKPOKIIIMATY, 30KpeMa TeMIlepaTypH, BIIHOCHOT BOJIOTOCTI Ta
PYXJIUBOCTI ~ TOBITPSHOTO  CEpENOBHUINA, BHMAarae  BJAIITyBaHHI  CHCTEM
KOHIuIlionyBaHHS ToBiTps [9]. Sk BigomMo, ChOrOAHI IS MIATPUMAHHS BiIHOCHOT
BOJIOTOCTI B TMPUMIMIEHHSAX 3aCTOCOBYIOTh METOAU  KOHJEHCAIIHHOTO  abo
ayncopOiiiHoro ocymenHs nopitps [10, 11, 12, 13, 14]. Jlnsg KOHACHCAIIIHHOTO CITOCO0Y
XapaKTEpHi 3HA4YH1 BUTPATH €HEPTii AJI1 IEPEOXO0JIOIKEHHS MOBITPS HHXKYE TOUYKH POCH
1 HACTYITHOTO HarpiBaHHs J0 apaMeTpiB NPUILIUBY. KpiM TOro nmpu nepeoxonoKeHH1
Hwkdye 5 °C BigOyBaeThcss oOMep3aHHs MOBEpPXHI TeriooOMiHHOTrO amapary [10] i
cucteMa (YHKIIOHYE B LHMKIIYHOMY PEXKUMI 3 TMEPIOJUYHUM  BiJITABAHHIM
TeIrI000MIHHKKA. JlaHOTO HEeOMiKY 11030aBJIeH] CUCTEMH OCYIIICHHS MOBITPS HA OCHOBI
COpOEHTHUX TEXHOJIOTIH, B SKUX 3IWCHIOETHbCS OCylIeHHs Oe3 koHaeHcarli. [Iporte
BOHHU MOTPEOYIOTh MOCTIMHOI pereHepaiiii aicoOpOeHTy, 110 MOB’SI3aHO 3 MiABEICHHIM
JI0JIATKOBOT €HEPrii B BUTJIAAI MTApH, eIeKTPHUHOI eHeprii, razy tomo [10, 13], a Takox
€HEpProBUTpaT MpPU CYXOMY OXOJIOJPKEHHI MOBITPS N0 MapaMeTpiB OpuUTOKY. Jlo
BKa3aHUX HEJOJIKIB CJI1JT JOAATH HEOOXITHICTh B JJOJAATKOBUX ILJIOIIAX MPUMIIICHB IS
PO3MIIIEHHSI OCHOBHOTO OOJIaZIHAHHS, II0 Pa3oM CTPUMY€E HIMPOKE 3aCTOCYBaHHS
JTAHOTO METOJly OCYIICHHS MOBITPS.

B ymoBax eHepreTruHOi Kpu3u B YKpaiHi, A MiABUIICHHS €HEPrOOIMaIHOCTI
CKII mpumimennsi 30epiraHHsi HaciHHs, BUOIp CmocoO0y O0OpoOKHM TOBITPS st
JOCSITHEHHSI HEOOXITHUX KJIIMAaTUYHUX YMOB 30€piraHHs NOpOAYyKIli, HEOOX1THO
MPOBOJUTH 3 BUKOPUCTAaHHSM MeToaiB mopiBHsSHHS ekcepretnynux KKJ[ CKII 3

PI3HUMHU CTIOcO0aMU 0OPOOKHM TMOBITPS, IO MOTPEOYy€E MPOBEACHHS OLIbII AETATBLHOTO
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aHautizy. 30KkpeMa, Ko B poOOTi [5] aBTOpH OIiHIOIOTH 3aranbHy edextuBHicTs CKIT
excepretuuHuM koedimientom kopuchHoi aii EKKJ[, To oxpemi ¢yHKIIOHaIBHI
€JIEMEHTH, 1[0 BXOJSTh /IO CUCTEMH 3aJIMIIAI0ThCS 1M03a yBarow. Kpim Toro 6axkaHoro €
ominka eneproomaanocti CKII Ha pi3HUX cTaaisX IpOoeKTyBaHHs, 100 BUOpaTH cXeMy
3 MCHIIHNM €HeprocrnokuBaHusM. B poGorti [15] Oyno momaHo mpomoswuiiii Imomo
BiJIokpeMyieHHs BTpat ekceprii Bcepeauni CKII, abo okpemoro ii exemeHTa BiJ BTpaT
exceprii, ski OOyMOBJIEHI MIABOJOM €HEPrii A0 CUCTeMH. Take pO3AUICHHS a€e
MOXJIMBICTh ~ BHU3HAYaTH  OKPEMO  BTpAaTH  €KCeprii  BiJ  HEAOCKOHAIOCTI
tepmoanHamiyHux npoueciB CKII B nutomy 4m ii elleMeHTa BCepeuHl Ta BTPATH BiJl
nepenaul eneprii qo CKII abo ii enemenTta. B mepumiomy BUNAAKY OLIHIOETHCS
BIJIHOIICHHS JIECTPYKIIi €KCeprii MOBITPS B MPHUMIIIEHHI JO CYMapHOTO 3HAa4Y€HHS
JeCTPYKIIII BIMOBITHUX CKJIAIOBUX €Kceprii Bojororo nosiTps B oonaaHanHi CKII, a B
JPYroMy — JI0 JECTPYKIl €KCepreTUIHUX MOTOKIB €HEProHOCIiB, SK1 IMABOJAUTHCS J0
CKII abo ii enemeHTa.

Jns Oubmr  aetansHOoro aHamizy CKII, HeoOXilHe BHUAUICHHS CKJIAJOBUX
enemenTiB CKII. Ilentpanbni CKII cxmamaroThCsi 3 JAEKUTBKOX (DYHKITIOHAIBHO
BIJIOKPEMJICHUX CEKI[IH, $KI 3a MOKa3HUKaMHU (YHKIIOHAIBHOT €(EeKTHUBHOCTI 1
CHEPrOCIOKMBAHHSAM 3HAYHO BIJAPI3HAIOThCS onHa Bim oaHoi [1]. OmiHroBaty,
HAIPUKJIIA, JECTPYKIIIO €KCEeprii 3a MOKa3HUKaAMU CYMapHUX €KCEPTeTUYHUX MOTOKIB 1
MIOPIBHIOBATH MiXK COOOI0 CEKIIii 3 pi3HUMH KOPUCHUMH e(heKTaMHu, sK I1e TIoJaHo B [1],
HEKOpPEKTHO. Tak sfK B OJIHIM CEKIlli KOPUCHUM e(DEKTOM MOXKe OYyTH OXOJIOJKEHHS
MOBITPS, a B IHIINK OXOJIOJKEHHS 3 KOHJEHCalli€r0, TOOTO KopucHi epextu — pi3Hi. Ha
ChOTOJIHI HE ICHY€E €AMHOT KOpeKTHO1 MeToauku oiiHku excepreruuynoro KKJI CKII. B
po6oTi [16], HanpuKIIa, MPOMOHYETHCS MigpaxoByBaTh ehekTuBHICTh podoTu CKII 3a
JEKUIbKOMa €KCepreTMYHUMH KOoe(]il[leHTaMu KOPUCHOI [ii, sIKI 32 OLIHKOI CaMHuX
aBTOPIB HE alOTh 0fHO3HAYHOI O1iHKHU edexkTuBHOCTI CKII.

Jiarpamu excepretrnunux motokiB B CKII, siki mpeacrasieHo B poborax [1, 17],
JAI0Th 3arajbHy YsIBY JECTPYKIli €Kceprii 1 J03BOJIAIOTH OIIHUTH €(EKTUBHICTh
OKpeMHX (PYHKITIOHAIbHUX BY3JIIB 1 CUCTEMU TUIBKHU IO 3arajibHUX BUTpPATax €HEPrii.

s kopekTHOI orfinku ekcepretTrudHoi epextuBHOCTI CKIT moTpiOGHO BUKOpUCTOBYBAaTH
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METOJIUKY, SIKa BPaXOBYE€ EKCEPreTUYHI CKJIAJ0Bl MOTOKY BOJIOTOTO MOBITPSI Ta Ja€
MOKJIMBICTh Ha I MiJACTaBl BIAUIATH BUTPATH Ta BTpaTH ekceprii. J[ms mporo
MOTPIOHO TMPOBOJUTH aHaJI3 CKJIAJOBUX €KCEprii BOJOTOro TMOBITPS: TEPMIYHOI,
BOJIOTICHOT Ta MexaHiuHoi. KokHa 3 HMX MOXe XapaKTepHu3yBaTHCh BIAMOBIIHUM
EKCEepreTUYHUM TMOTEHINAIoOM Ta XapakrtepusyBaTu KopucHuil edext B enementi CKII
32 (DYHKI[IOHAJIbHUM Tpu3HauYeHHAM. OCHOBOIO JJI IIbOTO MOKE CIYXKUTH Jlarpama
eKCepreTHYHUX MOTOKIB [18], sika mokaszye AecTpyKIlif0o KOXKHOI CKJIaJOBOi eKceprii
BOJIOTOT'O MOBITPs. 32 ii JOIIOMOT0 MOKJIMBO BIJIUIMTH BUTPATHY T4 KOPUCHY CKIIAJIOB1
JECTPYKIIIl eKceprii BIANOBIAHO 10 PyHKIIOHAIBHOTO npu3HadeHHs eneMenta CKIIL.

[Topsin 3 mum ekcruryatauiiini 3arpatd CKII ski npamtoroTs Ajid NiATpUMaHHS
BCTAHOBJICHUX TapaMeTPiB MOBITPS JJIA HAJEKHOTO MepeOiraHHs TEXHOJIOTTYHOIO
npoiecy ado MIATPUMAHHS CHPUSATIMBUX YMOB 30€piraHHs MPOIYKLIi IEBHOTO BHUIY
IPSIMOIIPOIIOPLIMHO BIUIMBAIOTh Ha BapTicTh Takoi mpoaykuii. 3rizHo [loctanoBoro
Kabinery MinictpiB Ykpainun Nel48 Bixg 5.02.97 p. “IIpo kOMIUIEKCHY Aep>KaBHY
nporpamy eHneprosoepexxenns Ykpainu” [19], B skiii BU3HAUEHO OCHOBHI CTpaTeTiuHi
HampsIMKK ~ MIABUIICHHS  €HEeproeeKTHUBHOCTI  Ta  peaiizailii  MOTEeHIary
eHepro30epekeHHsl MUISIXOM CTBOPEHHS HOPMATHBHO-TIPABOBHX Ta EKOHOMIYHHUX
MEXaHi3MiB, 10 CIPHSIIOTH MiIBUIICHHIO eHEProe()eKTUBHOCTI Ta €HEPro30ePeKEHHIO.
Kpim toro B mocranoBi [19] poOuTbCs akileHT, Ha MiJBUINCHHI PIBHSA CKCIUTyaTaIlii
ICHYIOYOTO €HEPreTUYHOI0 00JaAHaHH, MOJEPHI3allli TEXHOJOTTYHHUX MPOLECIB, IEPIII
3a BCE 3a PAaxyHOK MaJIOBUTPAaTHUX 3aXOIB, CHPSIMOBAHMX 3MEHILIEHHS BTpaT Ta
ONTHUMI3aLI0 PEeXUMIB poOOTH. BUX0As/UM 3 LBOTO MPH OLIHII Ta MOPIBHSAHHI PI3HUX
CKII maroTh BpaxoBYBaTHCh HE TUIbKHM TEPMOJMHAMIUHI MOKA3HUKH, a ¥ 3aTpaTu Bij
MEePETBOPECHHS eHeprii meBHoro Bumay B (yHkmioHampHux Omokax CKII.  Jlns
NOPIBHSHHSA Ta BUOOPY HaWMEHII EHEpProBUTPATHUX CXeM OOpOOKH TMOBITPH,
3aCTOCOBYIOTHCSI METO/IU €KCEProeKOHOMIYHOTO aHami3y [20].

3 BHILlE HABEACHOTO, MOKHA 3pOOUTH BHUCHOBOK, III0 €HEPTOOLIaJHICTh CUCTEM
3a0e3MeUeHHs] MIKpOKIiMaTy OyaiBedb 1 CHOPYH € aKTyalbHUM 3aBJAHHSIM, SIKE Ja€
MOXJIMBICTh OITHMI3aIlii CHCTEM 3a TOKa3HUKaMH €HEeProCIOKMBAaHHS HA BCIX CTaIIsAX

’KUTTEBOTO LIMUKITY OOJaJHAHHS BiJ PO3POOKH KOHCTPYKIINA CHUCTEM, a TaKOX IMpHU iX
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npoekTyBaHHI Ta ekciuryatanii. [Ipu Bubopi cxemuux pimens CKII Ta ix mopiBHsSHHI
MK cO00I0 3a E€KCepreTUYHUMH KPUTEPIAMU 3 SIBISIOTHCS MOXKIMBOCTI KOPEKTHOI
YUCEJBHOI OIIIHKM PI3HUX 3a MPUHIMIOM J1i OKpeMHUX (YHKI[IOHAIBHUX BY3IIB Ta
arperatiB. BigKpuBaloTbCs TaK0XX MOXKIMBOCTI MOJEpHI3allli Ta pO3pOOKHM HOBUX
eHeproomaaaux cxemMHux pimeHb CKII BiAMOBIAHO 0 KOHKPETHUX BHYTPIIIHIX Ta
30BHIIIHIX TapaMeTpiB MOBITPsA. ICHye HEOOXIHICTh B MOIIYKY HOBHX CIOCOOIB
OCYILICHHS MOBITPS JUIs 3HIKEHHS 3aTpaT Ha 00pobnenns nositps B CKIL. [opsn 3 num
nocrae mnuTaHHs KopekTHoro mopiBHAHHS CKII i momyky Ta 3HMKEHHS
Hee(DEeKTUBHOCTI NEPETBOPEHHS EHEPrii B OKPEMHX BY3JlaX YCTAHOBOK MIATOTOBKHU
NOBITPS, JUIs iX moganblioi ontuMizamii. Kpim Toro ontumizamis poOOTH cHUCTEM
MOJKJIMIBA HE TUIBKM 3a EKCEepreTMYHHMMH, a M TaKoX 3a €KCeproeKOHOMIYHUMU
KpUTEpIsIMU ITPU BUOOP1, HAIIPUKIIA/I, BapiaHTIB €HEPrOMNOCTAYaHHS CHCTEM.

B naniit po6oTi mogani pe3yabTaTh aHalli3y Pi3HUX CIIOCOOIB OCYIICHHS MOBITPS
CKII npuminieHHs 30epiraHisi CUIbChbKOrOCIIOAAPChKOT MPOAYKIlIi (HaCIHHA rapOys3a),
IUIIXOM EKCepreTMYHOro Ta eKceproekoHomiuHoro anamizy. llopsg 3 1um
MpEeACTaBIICHI PEe3yJIbTaTH €KCIIEPUMEHTAIBLHOTO JTOCTIKEHHS MOYKIMBOCTI 3HUKEHHSI
BOJIOTOBMICTY TMOBITPS JJIE CHUCTEMH TEXHOJOTIYHOTO KOHAMIIIOHYBAaHHS MOBITPS
OPUMIIICHHS JJi1 30epiraHHsl CUIbCHKOTOCTIONAPChKOT MPOIYKINT 13 3aCTOCYBaHHSIM
HaIIBIPOHUKHOI MEeMOpaHHU.

3B' 30K po6GOTM 3 HAYKOBMUMWU N Pabird a m
BUKOHAHAa 3rigHO 3 “Jlep’kaBHOIO MPOTpamMor0 MIATPUMKH EHEProeeKTUBHUX
MPOEKTIB”, O€3MoCepeIHhO TOB’s3aHa 3 IUIaHAMU JACPKOIOKETHOT TEMaTUKHU
KuiBChKOrO  HAI[IOHAJILHOTO  YHIBEpCUTETY OYIIBHMUIITBA 1 apXITEKTypH, Kl
BUKOHYBAJIUCA Ha 3aMOBJICHHS MiHicTepcTBa OCBiTH 1 Haykum Ykpainu (Ne
nepxpeectparii 0116U000846).
MeTa i 3 aB [ aH H Merolh matoll Ang@pragikei FOOOTH € 3MEHIIICHHS
CHEPrOCIOKUBAHHS CHUCTEM KOHAWIIIOHYBAaHHS TPUMINIEHHS JJis  30epiraHHs
CLITLCHKOTOCIIOAPCHKOT MTPOAYKIIiT (HACIHHS IITUPIMCHKOTO TOJIOHACIHHOTO TapOy3a) B
nporeci 0OpoOKH MOBITPS IIJISXOM 3aCTOCYBaHHS MEMOpPAHHOTO CHOCOO0Y OCYIIEHHS

noBiTps. IligBumienHs ekcryaramiiinux xapakrtepuctuk CKII, a came ycyHeHHs
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mukiaigHocTi B po6oti CKII BHacmiok oOMep3aHHsS Ta BiITaBaHHS TEIJIOOOMIHHHMKA
OXOJIOJIPKEHHS TOBITPS MPU KOHACHCALIHHOMY OCYIICHHI.

JInst qocsTHEHHS 111€1 METH HaMM BUPIITYBaIMCA Taki3 @ B J, & H H 4

— MPOBECTU JITEpaTypHUHN OTJISA Ta MpoaHali3yBaTH JIaHHI 3 MUTaHb CHOCOOIB
00poTHOM 3 OOMEp3aHHSAM TEIIOOOMIHHMKA B TPOIECi KOHJICHCAI[IHHOTO OCYIICHHS
MOBITPs MPUMIIICHHS JUIs 30epiraHHs HaciHHA rapoysa.

— po3po0OuTH (Hi3UIHY MOJEIH MTPOIIECY MEMOPAHHOTO OCYIICHHS MOBITPS;

— IIPOBECTH MOTJIMOJICHUM eKCEePreTUYHUI MOPIBHAJIBHUN aHa13 3 BUKOPUCTAHHSIM
MOTOKOBUX Jlarpam JJisl CUCTEM 3 KOHJEHCAILIITHUM, afcOpOLiiHUM Ta 130Te€pMIYHUM
MEMOpaHHUM OCYIIIEHHSIM MOBITPA 3 BU3HaueHHsM excepretuynoro KKJI;

— IPOBECTH €KCEPrOEKOHOMIUHUH MOPIBHUIBHUNA aHaII3 CUCTEM KOHIUIIOHYBaHHS
MOBITPS 3 KOHJAEHCAIHHUM, aJICOPOLIMHUM Ta 130TEPMIYHUM MEMOPAHHUM OCYLIEHHSIM
MOBITPS 3 BU3HAYCHHSIM BUTpAT €KCEPTii B mpo1eci 00poOKH MOBITPS;

— MIPOBECTH E€KCIIEPUMEHTAIbHI AOCTIHKEHHS MPOLECYy MEMOPAHHOIO OCYIICHHS
NOBITPS 3 BU3HAYEHHAM NOTEHLIaly ocywmeHHs noitpsa Ha [IBX memOpani, npu
3aJlaHuX BXIJIHHUX Ta BUXIJHUX MMapaMeTpax Mpoiecy OCYIICHHS MOBITPS;

— MIPOBECTH E€KOHOMIYHI TIOPIBHSIHHS CHCTEM KOHJUIIOHYBaHHS MOBITPA
OpUMIIICHHST JiIs1  30€piraHHsd HACIHHA POJWHU TapOy30BUX 3 130T€PMIYHUM
MEMOpaHHUM OCYIICHHSIM TIOBITPS METOAOM IMOTJMOJIEHOTO €KCeproeKOHOMIYHOTO
aHamizy;

— Ha OCHOBI HAyKOBOI'O aHaji3y, TEOPETUYHUX Ta EKCIIEPUMEHTAIBHUX JaHUX
PO3pOOUTH METOIUKY 1HKEHEPHOTO PO3PaXyHKY CHCTEM KOHJIMLIOHYBaHHS MOBITPS 3
MeMOpaHHUM OCYIIICHHSIM MPUMIILICHb J1JIs 30epiraHHs HaciHHs rapOy3y.

O6’' eKT [ O C1 CugroKi® KOHIAIIOHYBAHHS TOBITPS MPUMIIICHHS IS
30epiraHHs HaciHHs rapOys3a.

MpeamMeT [ O ¢ AHepMHIRAHCHIFTEPMIUHE OCYIICHHS MOBITPS 3a
JIOTIOMOTOr0 HamiBIpoHUKHUX [IBX-memOpan mist mpuMiliieHHs 30epiraHHs HaCIHHS
poauHu rapOy30BHX.

MeToAawun 40 cC flopigeake@sH eSkTUBHOCTI TIEPETBOPCHHS €HEpril B

dbyukmionansHux 6s10kax CKII mpu 006poOI1l MOBITPS 3 PI3HUMHU CIOCOOAMH OCYIIIEHHSI
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NOBITPA AJI1 TPUMILIECHHS 30epiraHHs MPOAYyKIli HAciHHA TapOy3a MPOBOAMIN
METOJIaMU €KCEePreTUYHOro aHamizy, 3a nmokasHukamu EKKJ] «uerro». IlopiBHsSHHS
e(hEeKTUBHOCTI NEPETBOPEHHS IMiABEEHOI 330BHI €Heprii B (PyHKIIOHAIBHUX OJIOKaX
CKII 3 pi3anMu ciocobaMu OCyIIeHHS MOBITPS AJIsl IPUMIIIICHHS 30epiraHHs MpOyKIIil
HAclHHA TapOy3a MPOBOAWIM METOJaMU EKCEePreTUYHOTO aHaji3y, 3 BH3HAYCHHSIM
EKK/[ «6pyrro». Buznauenns eneproomaanocti CKII 3 MeMOpaHHUM OCYIICHHSAM
MOBITPS Ta MOPIBHSIHHS HAKOMMYEHHSI €KCEPreTHUYHUX BUTpAT Ta BapTOCTI €KCeprii Ha
¢bynkuionyBanusa CKII 3 pizHUMH crocoOaMH OCYIIEHHS TOBITPSI MPOBEIEHO METOJIOM
€KCEProeKOHOMIYHOTO aHali3y.

ExcniepuMeHTanbH1l AOCHIPKEHHST MPOLECY OCYUIEHHS TOBITPS B CHUCTEMax
KOHAMIIIOHYBaHHS 3 MEMOPAaHHOIO TKAHWHOK BUKOHYBAJIUCh (DI3UYHOTO MO/ICITFOBAHHS.
OO6poOKy pe3yJbTaTiB EKCIEPUMEHTAIBHUX JOCIKEHb 3/I1MCHIOBAIN 32 JIOMIOMOTOIO
nporpamu Microsoft Excel 12,0.

Hayke®aM3HaAa OTpPWUMaAa HIoMracp sodyymp:b T aT i B

Ifjwhj
— po3po0seHO (HI3UYHY MOJIEIh MPOIIECY OCYIIECHHS MOBITPS MIPH PYyCi HOTO B3IOBK
MOBEPXHI MEMOpaHH, SKYy OINHMCAHO 3aMpPONOHOBAHOI CHUCTEMOIO JHU(EpEeHLIMHUX
PIBHSIHB;

— HAyKOBO OOIPYHTOBAHO TIOTOKOBI JiarpamMu CKJIAJOBUX €KCEprii BOJIOTOTO
MOBITPS MpU OOpOOJIEHHI HOTO B CEKIISIX CHUCTEM KOHIUIIIOHYBAHHS TMOBITPS
MpUMIIIEHB 17151 30epiraHHs HACIHHS POJUHU TapOy30BUX;

— OTpUMaHa  eKCIepUMEHTajJbHa  3aleKHICTh  3MEHIICHHS  BOJIOTOBMICTY
MOBITPSTHOTO MOTOKY MO JIOBXUHI MEMOPaHHOTO MOJYJIs ITpU 00OpoOLIl MOBITPS B CEKIIiT
MEMOpPaHHOTO OCYIICHHS.

1 0Bzdzs ftsHOdz "tsets tesLoadIsC z:

- HAayKOBe OOIPYHTYBaHHA Ta MOTJIUOJEHHS METOJUKU EKCepro€KOHOMIUHOTO
aHaI3y JUIsl CUCTEM KOHIUITIOHYBAHHS MOBITPS MPUMIIICHHS ISl 30€piraHHs HaCIHHS
poauHu rapOy30BHUX;

MpakKTMUWUYHAGYeHBHS OTPUMAHMX B ppespmralib T &

CKCIICPUMCHTAJIbHUX Ta TCOPCTHYHUX ,ZIOCJ'IiIDKeHB p03p06JICHO CX€Ma CHCTEMHU
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KOHJMIIIOHYBaHHS TMOBITPsS, SKa Ja€ 3MOTy MIJBUUINTH EHEProolaJHICTh Ta

eKCIUTyaTalliiiHy HAI1MHICTD CKII IPUMIIIEHHS IS 30epiranHs

CIIIbCBKOTOCIIOAPChKOI MpOAyKINi (HaciHHS TapOy3a), SKWA 3HAXOJAUThCA B C.

["onobky, BIHHUIIBKO1T 00JI., 3 3aCTOCYBAHHAM 130TE€PMIYHOTO, MEMOPAHHOTO CTIOCO0Y

OCYIICHHS TOBITPSI.

OcobuctTmin BHeCOK 3ao06yBauya.

be3nocepenHbo aBTOPOM 3/11HCHEHO:

— 1H(pOpMAaIIHHUN MTONTYK Ta aHaJIi3 JITEPATYPHUX JaHUX 3a TEMOIO JHUCEpPTaIlii;

— po3po0JieHO (Hi3UYHY MOJIEIb 130TEPMIYHOTO OCYIIICHHS MOBITPS,

— npoBenennii nopiBHsuibHUNA anam3 CKII 3 pi3HuMU cnocobaMu OCYIIEHHS TOBITPS

JUIsL  TpuUMIIIeHHs  30epiraHHs  HaciHHS TapOy3a, METOJIOM  MOTJIMOJIEHOTO

EKCEPreTUYHOTO Ta €KCEProeKOHOMIUYHOTO aHaII3Y;

—pPOBEJCHO EKCHEPUMEHTaNbHI JOCHIIKEHHSI MPOIECY 130TEPMIYHOIO OCYILECHHS

MOBITPS HA HAMIBIPOHUKHINA cuHTeTH4H1M [IBX MemOpaHi;

—OTPUMAHO EKCIIEPUMEHTAIbHY 3aJICKHICTh [JIs1 BU3HAYCHHS CTYMNECHIO OCYIICHHS

MOBITPS BiJ] TUTOMOTO MOBITPSHOTO HABAHTAXEHHS;

—po3pobiieno cxemy moaepHizaiii CKII npumiiiieHHs 1y1st 30epirands HaciHHs rap0ys3a,

3a aapecoro c. ['ooapku, BIHHUITBKOT 00J1. 3 3aCTOCYBaHHSAM MEMOPaHHOTO CIIOCO0y

OCYIIICHHS TTOBITPSI.

HayxoBi poOoTu omny0sikoBaH1 y cmiBaBTOpcTBi 3 3anosHaum O.B.,

CniBaBTOpaMH HAyKOBUX TIpallb € HAYKOBUW KEPIBHUK, CHIJIBHO 3 SIKUM IMPOBEICHI

JOCIIJKEHHSI. Y HayKOBHUX IMpalsix, OMyOJIIKOBAHUX Yy CHIBaBTOPCTBI, JUCEPTAHTY

HaJICXUTh (PAKTUYHUHN MaTepian 1 OCHOBHUI TBOpUYUH JOPOOOK.

[TocTaHOBKa MeTH Ta 3aBJaHb, 0OTOBOPEHHS PE3yJIbTATIB MIPOBEACHI PA30M 3 HAYKOBUM

KEpPIBHUKOM.

Anpobauyi a pes3ynbTtTaTtiB gucepTtayirl
OcCHOBHI pe3yJIbTaTH OCHTIKEHb Ta OKPEM1 PO3JLTN AUCEpTallii TOTMOBIIAINCH

Ha HAYKOBO-TIPaKTUYHUX KOH(pepeHUisix KHiBCHKOro HAI[IOHAIBHOIO YHIBEPCUTETY

OyZIBHUIITBA Ta apXiTEKTypu PI3HOTO PIBHA: Ha HAYKOBO-TIPAKTUYHIN KOH(pEpeHIl

Moioaux BueHuX (Ykpaina, m. Kuis, 2012-2020 pp.); Ha MDKHApOJHIA HAyKOBO-
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npakTuuHid KoHpepeHuii «Eneprointerpamis» (Ykpaina, m. Kuis, 2013 — 2018 pp.),
HA MDKHApOJHIA HAYKOBO-TIpaKTHUHIA KOH(pepeHuii Monoaux BuyeHux «bY]I-
MAMCTEP-KJIAC» ( Ykpaina, m. Kuis, 2015-2016 pp.).

O6car i CTPpYKTypa AucepTtauyi:li

Hucepraniitna po6ota BukiagaeHa Ha 181 cropiHKax MAaIIMHOMMCHOTO TEKCTY,
CKJIQIa€ThCS 31 BCTyMy, 4 pO3MIiTiB, 3arajlbHUX BUCHOBKIB, CIUCKY BHUKOPHCTaHUX
mxepen ta 4 momatkiB. OOcsST OCHOBHOTO TEKCTy mmceprarii ckiamae 150 cropinok
JIpykoBaHoro Tekcty. PobOota umoctpoBana 4 rtabmuisiMu, 54 pucynkamu. Crnmcok

BUKOPUCTAHUX JIKepes MICTUTh 108 HaliMeHyBaHb.
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PO3AUI 1.  OTJISIJT TA TIOCTAHOBKA ITUTEM TA 3AJIAU
JIOCIHKEHHS

1.1  Omnwuc npouecy 30epiraHHs HaCiHHS POJUHU TapOy30BUX

BaxxnuBuM eTarnoM y TeXHOJIOTIT BUPOOHHUIITBA Ta BUPOIIMYBAHHS C/T KYyJIbTYp €
npaBWIbHE 30€piraHHs HACiHHA, 00 YTpUMAaTH MOT0 B CTaHI CIIOKOKO Oe3 BTpaTH
SAKICHMX TIOKa3HUKIB JI0 HOT0 BUKOPUCTAHHS B MPU3HAYCHUH Yac 1 y BU3BHAUCHOMY MICII].
Caig po3ymiTH, 10 MOYATOK 30€piraHHsl HACIHHS pO3MOYMHAETHCS B OyHKEp1 KoMOaliHa
y BUTJISII CBIKO310panoro Bopoxy. I1ig yac mepeBe3eHHs Ha TiK, HACIHHS 30epiraeTbes
B TPAHCIOPTHUX 3aco0ax. Jluiue micis 3aKiHYEHHS MOBHOIO LMKIY MiCISI30MpaibHOT
0oOpoOKM — CyYIIIHHS, OYMIIEHHS, COPTYBaHHs, TOINO, HACIHHA 3aKJIaJaloTh Yy
NPUMIIIICHHS, Ha JOBroTpuBaje 30epiranus [21, 22, 23].

VY 01070T1YHOMY BIJHOIIEHHI HACIHHS, SKE€ Majl0 BHCOKY CXOXICTh MICJIA
30upaHHs, Kpaite 30epiraetbes [24]. HaciHHs 3 BUCOKMMHE ITOCIBHUMH SIKOCTSIMH O1JIBIIT
CTiliKe TpoTH IpuOdiB, OaKTEpiil, MIKpOOpraHi3MiB. MepTBe, HECXO0XKE, THUJIE HACIHHS 3a
HECTIPUATIMBUX YMOB 30€piraHHs IICYETHCS Y TIEPITY YEPTy 1 € OCepeaIKaMHU MTOIITHPEHHS
MaToreHHoi Mikpodiopu.

Yucnenni pociimkeHHs [24] cBigyath, M0 OCHOBHOK IPHYWHOK HHU3BKOI
CXO0OCT1 HACIHHS € BUCOKHMI BMICT y HhOMY BOJIOTH IiJ1 4ac 30epiranss. [ligBuieHHs
BOJIOTOCT1 HACIHHS TTOCHJIIOE B HHOMY MPOIECH IUXAHHS, CTBOPIOE CIPUSITIMBI YMOBU
JUISL JISTTBHOCTI MIKPOOPTraHi3MIB 1 MIJBUINEHHS AaKTUBHOCTI 30YyJIHHKIB XBOpPOO 1
K1 THUKIB. [IpoMep3aHHs BOJIOrOro 3epHa MPU3BOAUTH 10 MEXAHIYHOTO ITOITKOIKEHHS
KJIITHH, 0COOJIMBO B 3apOJKOBIM yacTuH1. OcnabiieHi 3epHUHU MICsl C1IBOU YPaKyrOThCs
rpubkamu 1 MikpoOamu. Take HaciHHsS a00 30BCIM HE MpopocTae, abo nae ocnadieHi
CXOIW. 3HIKCHHSI CXOXOCTi, BTpaTy J>KUTTE3aTHOCTI HEMOXJIMBO KOMIIEHCYBATH

HABITh MiJIBUIIICHHSIM HOPMHU BUCIBY [24].
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1.1.1. Bwumoru g0 HaciHHS, O 3aKJIATAETHCS HA 30€piraHHs

OcCHOBHMM 3aBAaHHSM B IpoIleci 30epiraHHs HaClHHA € 30€peKeHHS SKICHUX
XapaKTEePUCTUK HACIHHS MIEBHUH Yac BiJl 30MpaHHS JO BUKOPUCTAHHS. Y 3aJI€KHOCTI Bij
NpU3HAYCHHSI TepMiH 30epiraHHs HACIHHA MOXe OyTH pi3HUM. Y O3UMHX KYJIBTYp y
O1TBIIOCT1 perioHiB YKpaiHU BiH CTAaHOBUTH OJIM3BKO 5 Mic, epeXiaHl POHIM 03UMHX
KYJIbTYD - 12-24 Mic, HaciHHS spuX - /-8 Mic, a ix cTpaxoBi pouau - 12-24 mic. Haciaas
KOJIEKI[ill HayKOBO-TOCIHUX 1 CENEKLIMHUX YCTAaHOB 30epiraeThCsi TPU-M'SITh POKIB 1
Olnb1Ie.

Hacinnsa, mo 3aknagaeTbcs Ha 30epiraHHs, IOBUHHO MaTH BHCOKY
KUTTE3AATHICTh. HaciHHS 31 3HIKEHOIO €HEPri€l0 MPOPOCTAHHS Ta CXOXKICTIO,
TpaBMOBaHE, MPOPOCIE, HESIKICHO BIJICOPTOBAHE, IOLIKOJKEHE IAaTOr€HHOIO
MIKpO(DI0pOI0 30€pIraeThCsi MOTraHo.

310pOB€ HACIHHSA, 110 HOPMAaJbHO JOCTHUIJIO, MAa€ HEMOLIKOIKEHI OOOJIOHKH,
MICTUTh MIKpOQJIOpY JMIIE€ Ha MNOBEpXHI HaciHMHM. [Ipyu BOJOrocTi HaciHHSA Ha
KPUTUYHOMY pIBHI PO3MOYMHAETHCS PICT 1 PO3BUTOK MiKpoopraHi3miB. ['pubu-
KcepodiTH MOXKYTh PO3BUBATHCS Ha MOBEPXHI HACIHHS 3€PHOBHX 3 BOJIOTICTIO 14,5-
15,0%, inoa1 — 13%, a Ha HaciHHI 000OBUX, pOJUHU rapOy30BUX - 3 BOJOTICTIO 16%. YV
TaKMX YMOBax, 0COOJIMBO Ha CBIXK0O310paHOMY HACIHHI, CTIOCTEPIraeThCs TaK 3BaHE B'siie
roricHsABIHHSL. [IpHy IbOMY MIKpOOpPTaHi3MH MPOHUKAIOTh Y BHYTPIIIIHI TKAHUHU HACIHHS,
ypaxaroTh HOTO 1 pyHHYIOTh HE JIMIIE MOKPUBHI TKAaHWHU, aje 1 3apojaok. B'sue
TUTICHSIBIHHSI, OCOOJIMBO B MEP101 MICISI30UpaIbHOT 00pOOKH HACIHHS MOYKE TIPU3BECTU
JI0 TIOBHOI BTpaTH cX0KoCTi [25].

J1iist TprBanoro 30epiraHHs Ciij BAKOPUCTOBYBATH HACIHHS 3 BOJIOTICTIO Ha 2-3%
HIDKYOI0 Bifg KputuuHoi [25]. Jlns poauHu rapOy30BHX 3aKjaJaHHS HACiHHS Ha
JIOBrOCTPOKOBE  30epiranHsi BiAOyBaeTbCd TMpU TeMIEpaTypl HaciHHSA pPIBHIA
TEeMIIepaTypi HABKOJIMIITHLOTO CEPEIOBHUIIA, IPU BOJIOTOCTI HaciHHS 8-9 % Bim MacH.
OmHOpPITHICTH HACIHHEBOTO MaTepiany 3a0e3neduye BUKOHAHHS TaKUX MPOIIECIB:
-BCTAHOBJICHHS ONITUMAJILHUX PEKUMIB 30€piraHHs;

-0JIep’KaHHs TOYHUX MMOKAa3HUKIB BOJIOTOMETPIB MPU BU3HAYCHHI BOJIOTOCTI HACIHHS;

-e()eKTUBHICTh CTA01TI3yIOUMX METO 1B 30€pIraHHs;
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-HOpMaJIbHE MPOXOKEHHS O10JIOTIYHUX TPOIIECIB, IO BIUIMBAIOTH HA SKICTh HACIHHSI.
OTxe, mapTis HACiIHHSA, KA OyAe BUKOPHUCTAaHA JIJIsl TPUBAJIOTO 30epiraHHs, Mae
dbopMyBaTHCs 3 ypaxXyBaHHSIM THX YMOB, 3a SIKHMX MOTO BHPOIIYBAJIH, a TAKOK YMOB

30upaHHs 1 MCAA30MpaTIbHOTO 00POOITKY.

1.1.2.  CyuriHHs HaCiHHS

[Tig cymiHHAM HACIHHA BapTO PO3YMITH IMPOLIEC 3MEHIICHHS HOro BOJIOTOCTi A0
PIBHSL CTIMKOTO 30€peXeHHS CXOKOCTI Ta IHIIMX OI10JIOTIYHUX BJIACTUBOCTEH, SIKi
BHU3HAYAIOTh MOTEHIIITHY BpOXailHICTh. BONOrICTh CTIHKOrO 30€piraHHsl HACIHHA - 1I€
Taka BOJIOTICTh, IPH SIKIM O10JI0T1YHI MPOLIECH Y HbOMY (IUXAaHHS Ta 1H.) 3BEJCHI 0
MiHIMyMy. BoHa moBuHHA OyTH Takolo, 100 BUMAJAKOBI KOJUBAHHS BMICTY BOJIOTH Y
HaCiHHI TIpY 30epiraHHi He MEPEBUIIYBaIH PIBEHh KPUTHYHOI BOJIOTOCTI [25].

J1J1st Cy1IIiHHS HACIHHA B C/T MPOMHUCIIOBOCTI BUKOPUCTOBYIOTh HACTYITHI CIIOCOOM:
A.  Ilpupoxane cyuriHHs, KOJIM areHTaMU CYIIIHHS BUCTYNAIOTh BITEP 1 COHIIE.

b.  AKTuUBHE BEHTWIIOBAHHS 3O0BHIIIHIM MOBITPSAM 0e€3 MiairpiBy (a Takox 3
M1ITPIBOM TOBITPSI) 3aCTOCOBYETHCS, SKIIIO 30BHINTHE TTOBITPS XOJIOIHIIIE 32 HACIHHSA,
a BIJIHOCHA BOJIOTICTh HOro He mepesulnye 75%. [1oBiTps npoayBarOTh yepe3 HaCHII
HaclHHA. [ MpUCKOpEHHs MpOLECy CYIIIHHS BUKOPUCTOBYIOTH MIJAITPIB MOBITPS 32
JIOTIOMOTO0 TETJIOT€HEPATOPIB.

B.  CymiaHs Ha 3epHOCYyIIapKax B JaHOMY BHUIAIKy areHTOM CYIIiHHS BUCTYIIA€
CYMIIII TTOBITPS 1 MIYHUX Ta3iB.

I Cyminss iHppauepBOHUMHU MpoMeHsIMU. [IpoMeHi TpoxoasTh yepe3 NoBITPs, HE
HarpiBarouyu ioro. HaciHHs moriivHae mpoOMEH1, HAarpiBa€eThCs, 1 BUMAPOBYBAHHS BOJIU
K 3 TIOBEPXHI, TaK 1 3 BHYTPIITHIX YaCTUH 30LTBITYE€THCS.

[Tpu BUCOKIM BITHOCHIM BOJIOTOCTI MOBITPs (Oubie 89 %) 1 TemmnepaTypi HoHax
25°C, nns cynriHHS HACIHHS 3aCTOCOBYIOTH TITPOCKOIMIYHI XIMIYHI PEYOBUHH, 30KpeMa
CUJIIKaresb. CHJIIKarelb - Telb JBOOKHUCY KPEMHIIO, HEUTpaiabHa, HE IIKIJIJIUBA JJIS
HACIHHA peYOBHMHA, ska noriauHae 10 30 % Bosyoru Bif cBoei Macu. [lepen moBTopHUM

BUKOPHUCTAHHAM Horo perenepyrots npu 250-350°C.
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Pexxum 30epiraHHs B CyXOMy CTaHI € HaWOUIbII CHOPUSTIMBUM IS
JTOBroTpuBajoro 30epiraHds HaciHHsI. CHCTEeMaTHYHE CIOCTEPEXKEHHS 3a CTaHOM
napTid CyXoro HaciHHS, iX CBO€YaCHE OXOJIOJKEHHS, JOCTATHS 130111 BiJ BIUIUBY
HABKOJIMIIHBOTO CEPENOBHUIA JO3BOJISIIOTH 30epiraTd HaCiHHS 3 MiHIMAJIbHUMU
BTpaTaMu IPOTAroM 2-3 pOKIB Ha efieBaTopax Ta 4-5 poKiB y CXOBHUIIIAX.

B pe3ynbTaTi NpaBUIBHOTO CYIIIHHS HACIHHS CIIOCTEPITal0ThCSl HACTYITHI SKICHI 3MIHH
[25, 26]:

- MOKpAIIEHHs MOCIBHUX Ta TEXHOJOTIYHUX BIACTUBOCTEH HACIHHS;

- CKOpPOYCHHS Mep1oAy MicIsI30MpaIbHOrO J03pIBaHHS HACIHHS;

- MIJBUILEHHS CXOKOCTI Ta €Heprii MPOPOCTAHHS;

- YacTKOBa CTEpWJII3allisi HaciHHS (3MEHIIEHHS YHCEIBHOCTI MikpodopH,

0COOJIMBO IUTICHABUX I'PHUOIB).

1.1.3. Pexumu Ta eranu 30epiraHHsl HACIHHS

3a CIpUATIMBUX YMOB HAaCiHHS 3[]aTHE TPUBAJIMK 4ac 30epiraTy BUCOKI MOCIBHI
BJIACTUBOCTI. 1{i yMOBM BH3HAYAOTHCS TOJIOBHUM YMHOM BOJIOTICTIO 1 TEMIIEPATypOIO
HaclHHA. YuM HM>K4Y€ BOJIOTICTH 1 TEMIIEpaTypa HaClHHS, TUM OUTbLI TPUBAIIMHI Yac BOHO
3naTtHe npopocratd. Ha perynroBaHHI BOJOTOCTI 1 TeMOeparypu 0a3yroThbCsl OCHOBHI
pPEeKUMH 30epiraHHs HaCIHHS B CyXOMY ¥ OXOJIOJDKCHOMY BUTIIAAL [26].

Ak 3a3Hauvanocs paxinie, 30epiraHHsl HaCIHHS JUIMUTHCS YMOBHO Ha JEKUJIbKa
eTariB:
[lepmmii eTan — miArOTOBYMUA (TMMYAacOBa KOHCEpBALlisl) — L€ HETpHUBAJIE, Y MexXax
NPUIYCTUMHUX CTPOKIB, 30epiraHHsl HECTIMKOrO CBIKO310paHOTO HACIHHS B €MHOCTSIX,
obOmagHaHnX 3aco0aMM aKTHMBHOI BEHTHJIALII 3 BUKOPHUCTAHHSAM 30BHIITHBOTO a0o0
OXOJIOJPKEHOTO TOBITPs. TumMYacoBa KOHCEpBalllsi HACIHHS $K CKJIajJoBa 4YacTHHA
BXOJIUTh B CUCTEMY MICISI30MPaTLHOTO OYUIIEHHS HACIHHS B PETiOHAX, JI€ MA€ MICIe
T IBUAIIIEHA BOJIOTICTb.
Hpyruii etan - TAM4acoBe 30epiraHHsi HaCIHHS, SIKE MPOUIILIO MOBHUM a00 CKOPOYEHUI
LUKJI CIs130MpaIbHOrO OYHILIEHHS, ajle He JOBEEHE J0 HOPM CTaHIapTy 3a UUCTOTOIO,

a B OKpEMUX BHUIIAJIKaX - 13a BOJIOTICTIO. TUMYacoBe 30epiraHHs HaCIHHS 3/1HCHIOEThCS
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B HACIHHECXOBMILAX, TEXHOJOTIYHO TMOB'A3aHUX TPAHCIOPTHUMH 3acobamMu 3
HACIHHEOYMCHUMH KOMITJIEKCAMHU.

[lepmnii 1 Apyruii eTanyd MOBUHHI OyTH SIKOMOTa KOPOTII, IO JIOCATAETHCS
MIOTOKOBOIO 00p0oOKOI0 HaciHHSA. OCcOOMMBO Ha IUX €Tanax HeOOXITHO CIIAKYBAaTH 3a
BOJIOTICTIO 1 TEMIIEPATYPOIO HACIHHSI.

Tperiit eTan 30epiranHs - ctamioHapHuid. Ha cramioHapHe 30epiraHHs 3aKjiaJaceThCs
HACIHHS, SK€ MPOWIUIO MOBHUM LMK MiCIA30MpalIbHOTO OYHUIICHHS 1 JIOBEJCHE 0
KOHIMUIIIIHOI BOJIOTOCTI.

OT1xe, Ha cTallioOHapHE 30€piraHHs 3aKJ1a/1al0Th HACIHHS, SIKE TPUBAJIMI Yac MOXe
NIATPUMYBATH BHUCOKMM piBeHb cxoxocTi. [Ipm AoTpuMaHHI HEOOXITHUX BUMOT
KOHTPOJIFO Ta JOTJISAY Ha JaHOMY €Tali MEHII 3a BCE CIOCTEePIraloThCsl BUMAIKU
3HUKEHHS CXO0’KOCT1 HACIHHSI, HE3BaXKAlOUW HA TPUBAJIMM Mepioj] 30epiraHHs.

Pexxum 30epiraHHs HaciHHS B CyXOMy CTaHl 0a3yeTbCsi Ha 3HIDKCHHI
(1310JI0T1YHOT aKTUBHOCTI Oararb0X KOMIIOHEHTIB HACIHHEBOI MacH MPHU HECTayl B HUX
BOAM. Y HaciHHI, 3 BOJIOTICTIO B MEXKaX KPUTHUYHOI, (i310J0rYHI MPOLECU
MPOSIBIISIIOTHCA JUIe Y (OpMi YITOBUTBHEHOTO JuXaHHs. Lle MosSCHIOETHCS BIICYTHICTIO
BUJIBHOI BOJIOTH.

30epiraHHsi HACIHHS B OXOJIOJDKEHOMY cTaHi. OXOJOMKEHHS HACIHHSA PI3KO
3HIJKYE 1HTEHCHUBHICTh BCIX OIOJOTIYHMX MPOIECIB Y 3EPHOBIM Maci, MPUTHIYYE
KUTTEAISUTBHICTh MIKPOOPIaHi3MiB. 3HWKEHHS TeMIiepaTypu Ha KoxH1 5°C npuOin3HoO
BJIB141 ITIIBUIITY€ CTIAKICTD 30epiranHs HaciHHA. OXO0JI0KCHHS Ta 3HMKCHHS BOJIOTOCT1
HACIHHS JTOCATAETHCS MIJITXOM BJIAINITYBAHHS CUCTEM KOHIUITIOHYBaHHS TTOBITPA .
HacinHst BBa)XkKaeThCsl OXOJOHKEHUM JI0 MEPIIOTO CTYMEHs, SKII0 HOro TemmepaTrypa
KonmBaeThes B Mexkax Bij 0 mo 10 °C. BBaxaeTncs, mo Temneparypa B mexax Bija 0 1o
5 °C € HalOIBII CIIPUSATIMBOLO JJIs 30€piraHHs] HACIHHS.

Jlpyruii cTymiHb OXOJIOKEHHS BiINOBIIa€ MIHYCOBI# Temreparypi B Maci HacinHs [21,
25].

OcHOBHE NMPU3HAYEHHS PEKUMY 30€piraHHsl HACiHHS B OXOJIOPKEHOMY CTaHl —

1€ TUMYAacOBa KOHCEPBAIlisl BOJIOTOTO CUPOTO HACIHHS Ha TOKY Ha TMepioJi, KOJU BOHO

YyeKae 4Yeprd Ha MPOBEACHHS CYIIiHHA. [ Takux mapTiil HaciHHS OXOJOIKEHHS €
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OCHOBHUM 1 IPAKTUYHO €IMHUM CIIOCOOOM 30epeskeHHs oro Bia ncyBanHs. HeoOxinHO
OXOJIOJIKYBAaTH W MapTii HACIHHSA, K1 MPU3HAYEH] AJI1 TPAHCIOPTYBaHHS. BUHATKOBO
BaXJIUBUM € CBOE€YACHE OXOJIOPKEHHS HACIHHEBHUX (DOH/IIB.

Ox010KeHHS AOLITIBLHO TPOBOAUTH 1 JIJIsl CyXOTO HACIHHS, BOHO MIABHILYE HOTO
CTIMKICTh, 3HWXKYE PU3MK TMOMIKO/PKCHHS IIKITHUKaMu Ta XBopoOamu. Cyxe #

OXOJIOJIPKCHE HACIHHS HanOLIbI foBropiune [21, 25].

1.1.4. Cnocobu 30epiranHsi HACiHHS

JUtst mATpUMaHHS ONUCAHUX BUIIE PEXUMIB 30€pIiraHHsl HACIHHA Y BUPOOHUIITBI
IIMPOKO 3aCTOCOBYETHCS KiJIbKA CIIOCO0IB 30epirans [22] HmKk4Ye HaBEJICHI OCHOBHI 3
HUX!

A.  Hacunom Ha mijyio3i - HIMPOKO 3aCTOCOBYETHCA MPH TUMYACOBOMY 30€piraHHi
HaciHHA. [Ipu 1bOMy HacCiHHS PO3MINIYETHCS y CXOBHIIAX Ha MiJjo31 y Oyprax.
Haii6iab11 mpocTHii crociO, sSikuii He BUMarae J0JJaTKOBOT0 00JIaJHAHHS CXOBHIII.

b.  30epiraHHs HaciHHA Yy CHJIOCaX 3aCTOCOBYEThCA Y BEJIHMKUX JEp>KaBHHUX
HaciHHecxoBHIIax. CUJIOCOM Ha3WBAaIOTh OYHKEPHY €MKICTh, BUCOTA SIKOi O1JIbIN, HIXK
BJIB14l epeBHILYye KHpUHy. Cuitocu o0agHaH1 aBBTOMaTUYHUMU CUCTEMAMH KOHTPOJIIO
32 CTAaHOM HACIHHS 13 CBITJIOBOIO Ta 3BYKOBOKO CHUTHAII3ALISIMHU MOPYIICHHS PEXKUMY
30epiranHs. €MKICTh oHOTO cuiocy 360 M3 1 Ounbiie. Tomy, mapTii HACIHHS MEHIIE
300 T 30epiraTu y TaKUX HACIHHECXOBHIIAX HEPAILIOHAIBHO, EKOHOMIYHO HE BUT1IHO.
B.  30epiranHs HacUIIOM Ha ITi/IJI031 Y 3aCiKaX MIUPOKO BUKOPUCTOBYETHCS Y BETUKHUX
rocrnojiapcTBax. HaciHHecxoBuIle OOJIAHYIOTh 3acikaMu, SIKI 3a HEOOX1JHOCTI
00JaTHyIOTh TPHUCTOCYBAHHSM JJIi AKTHBHOTO BEHTHIIIOBAHHs, 3aBaHTAXCHHsS Ta
MEXaH130BaHOTO BUBAaHTAKCHHS HACIHHS.

I 30epiranns y OyHkepax. HaciHHs 30epiraerbcs y MeTalleBUX OyHKepax,
CHeliaIbHO BUTOTOBJICHUX Uil I[boro. HaciHHs y OyHKepax MoOXKe pi3KO 3MIHIOBATH
TEMIEPATYPY, AKIIO BOHA 3MIHIOETHCS Y HABKOJIMITHBOMY CEPEJOBHILLI.

J.  Jlns 30epiraHHsa HEBEIMKUX MapTiid HACIHHS Ta LIHHOI HOro penpoaykKiii (emniTa,
CymepeniTa, pO3CaTHUKH PO3MHOXKEHHS, KOJICKI[IWHI Ta CeJeKIiiHI 3pa3Ku)

3aCTOCOBYIOTh KOHTeHepu. CrienianbHi KOHTEHHEPH MOXKYTh OyTH T€pMETUYHUMH Ta
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HErepMeTHYHUMU. ['epMeTHUHI KOHTeHHEPH MIMPOKO BUKOPUCTOBYIOTH y MICIIEBOCTI 3
BOJIOTUM 1 TETUTUM KJIIMATOM (TPOIIIKH, CyOTPOITIKH) Ta MPH 3aCTOCYBaHHI CIEI1aTbHUX
HEUTpaIbHUX Ta30BUX CEPENOBHIL, SIKUMH 3alOBHIOIOTH IMPOCTIp MiX HACIHHAM Y
KOHTeiHepl. HerepMeTnuHi KOHTEHHEPH, YACTIIIE BCHOTO MANEePOB1 UM TKAHUHHI MIIIIKU
(MIITIKK 3 CHHTETHMYHHMX MaTepialiB «0ir-0er»), MHUpPOKO 3aCTOCOBYIOTHCS Yy HAIIM

KpaiHi 11 30epiraHHsl HeBEJIMKHUX UM IIHHUX MapTid HACIHHS.

1.1.5. Tlpuminienns s 30epiranns HacinHs (HaciHnecxoBuina)

Jlnst 3a0e3neueHHs1 30epiraHHsl HAaclHHA B CHPUATIMBHX yMOBaxX B MPOAOBX
BCHOI'O CTPOKY BIIAIITOBYIOTh HACIHHECXOBHWINA. [[7 HACIHHECXOBWINA TEXHIYHUM
periamMeHToM 30epiraHHs HaciHHA [8] BHCYBalOThCS IEBHI BHMOTH, IIOAO HOTO
OCHAIICHHS:

- 13071511111 HACIHHS BiJ aTMOCHEpPHUX Ta TIPYHTOBUX BOJ| 1 PI3KHUX TIEpernajiB
TeMIiepaTypu (1€ 10CATAETHCS T1APOIZOIISIIIEIO TIOTH, TBEPIUM ii MOKPUTTSIM);

- e()EeKTUBHUI 3aXUCT B1J IPOHUKHEHHS TPU3YHIB, IIKIJTMBUX KOMax 1 MTHILL,;

- 3ano0iraHHs 3MINTYBaHHIO PI3HUX MapTid HACIHHS 1 3aCMIYEHHIO HACIHHS 1HIIIUMHU
BUJIAMHU; 11€ JOCSATAETHCS CIIOCOOOM 30epiraHHs Ta 00JIallTyBaHHS,

- KOHTPOJb 1 PEryjiroBaHHS IMpollecy 30epiraHHs HACIHHS: JO KOXKHOI MapTii
HaciHHA (1 0 KOKHOTO KOHTEWHepa) MOBMHEH OyTH BUIBHUN JOCTYI ISl OTJISAY 1
B1100pyY Mpoo;

- HAsSBHICTh CHUCTEM 3a0e3leueHHs Ta TMIATPUMaHHS Ha 3aJaHOMy piBHI
MIKpOKJIIMaTy (TeMIepaTypH Ta BOJOTOCTI TOBITPSI);

- MEXaHi3allld 3aBaHTAXXCHHS, BUBAHTA)KCHHS HACIHHSA 13 HACIHHECXOBMIIA 1
3a0e3MeUeHHsI JIETKO1 AC31HCEKITlT TPUMIIIICHHS 1 HACIHHS;

HacinnecxoBuiia 3a (yHKIIIOHATIbHUM MPU3HAYECHHSIM HOJISIOTHCS CIEl1ali30BaHl Ta
tunoBi. Creriami3oBaHi Ta THIIOBI HACIHHECXOBHIA 3a CIIOCOOOM 30epiraHHs
MOAUIAIOTh, HAa 4 TUNU: MIJIJIOTOBI, OyHKEpHI, CHJIOCHI 1 KOMOiHOBaHi (TI1JIOTOBO-
OyHKEpHi, MIJJIOrOBO-CUJIOCHI Ta 1H.). 3a pIBHEM MeXaH13allli BOHU MOAUISIIOTECA Ha
MEXaHi30BaHi - 00JlaHaHl CTaIllOHAPHUMHU 3ac00aMU 3aBaHTA)KCHHS 1 BUBAHTAKECHHS

HaclHHS, YacCTKOBO MEXaHi30BaHI - 0OJaJiHaHl CTallOHApHUMH  3aco0aMHu
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3aBaHTA)XCHHS, A BHBAHTAXCHHS TMPOBOAWTHCS TMEPECYBHUMH  3acobamu 1
HEMEXaHI30BaHI, B SKUX 3aBAHTAXKCHHS 1 BHBAHTAXCHHS HACIHHS TIPOBOIUTHCS
nepecyBHUMHU 3acobamu. CrerianaizoBaHe HACIHHECXOBHIE 3a0e3leuye IOBHE
30epiraHHsi CyXOro HaciHHS BiJ TICyBaHHS 1 3aCMIYEHOCTI IHIIUMHU KyJIbTypamH i

COpTaMH.

1.1.6. KonTtposs 3a HaCIHH:M, 110 30epiraeTbes

[IpoTsirom mepiogy 30epiraHHs HACiHHA Y HACIHHECXOBHUIIAX OOOB’SI3KOBO
MPOBOJSATH KOHTPOJIb: TEMIEPATYPHU Ta BOJOTOCTI HACIHHS, TEMIEPATYpH 1 BIJHOCHOI
BOJIOTOCTI TOBITPS, CXOKOCTI HAClHHS, HAsBHICTh WIKNIMBUX KOMax 1 TPU3YHIB.
[lepioanuHICTh KOHTPOJIIO: MEPIII OJUH-ABA MICSIII KOXKHOTO JIHS, MI3HIIIE — JIBa pa3u
Ha TWKICHB [22, 25].

TemnepaTypa HaciHHA - XapakTepu3ye CTaH HaciHHeBOi Macu. Hwu3zbka
TEeMIEpaTypa B yciX OUISHKAX MAach HACiHHS € MOKa3HUKOM ii HOPMaJlbHOIO CTaHy 1
CBIIYUTH NPO KOHcepmamito. [liBHUILIEHHS TeMmnepaTypH, 10 HE BIJIMOBIIAE 3MiHAM
TEeMIIepaTypy HaBKOJIMIIIHBOTO CEPEIOBHINA, CBIIUMThH MPO aKTUBAIIIO (Di310JIOTTUHUX
IpoLECIB 1 MOYaTOK caMmo3irpiBaHHs. ToMmy MOTpPIOHO OJHOYACHO BpPAXOBYBATH
TEeMIIepaTypy MOBITPsI 330BHI Ta BCEPEIUHI CXOBHILIA.

BosoricTs € BaXXJTMBUM MMOKa3HUKOM, SIKHI XapaKkTepu3ye CTaH HACIHHEBOI Macu
npu 30epiraHHi. PosmiapoByBaHHS HACiHHS 3a CTYNEHEM BOJIOTOCTi, SIKE
BCTAHOBIIIOETHCA B TIpolieci 30epiraHHs, CBIIUYMTh PO MITpallifo BOJOTH ab0 MpoIecu
copOrii Ta gecopOiii. HebGe3neka mosiBU B HAaCIHHEBIM Maci JAUISHOK 3 IMiJABUIIEHOIO
BOJIOTICTIO B TaKWMX BUIIAJKaX OYEBHUHA, 1 TOMY B TaKMX BHUMAJKaX MOTPIOHO HETAMHO
BXKWTH 3aXOJiB 3 ii JiKBiAarii.

OnHOoYacHO BHM3HAYAIOTh 1 3aCEJICHICTh HACIHHA IIKITHUKAMU, a TaKOX KOJIp
HACIHHSA 1 HOTO 3armax OpraHOJICITUYHO.

CXOXICTh HACIHHS BH3HAYalOTh y TOCHIOAAPCTBAX IIOMICSIS, a Y HAaCIHHEBUX
IHCIIEKIIISIX MPHU 3aCUIIl 1 Yyepe3 KOXHI YOTUPHU MicsAll 4yu Ounblie (3a BUMOramMu
CTaHJAPTIB) ANl OKpEMHUX KyJIbTyp. OJHOYACHO 31 CXOXKICTIO BHU3HAYalOTh CTYIIHb

3apaXEHHS IUTICEHHSIMH, IO YK€ BaXXJIUBO JUIsl O€3MeYHOro 30epiraHHs HACIHHS.
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OctanHsl TIepeBIpKa CXOKOCTI HACIHHS B HACIHHEBUX IHCHEKIISIX IMOBUHHA OyTH
npoBefieHa He mi3Hime sk 3a 20 nHiB A0 ciBOu. Jlormsg 3a 30epiraHHsM HaciHHS
BKJIIOYA€ TIPOBEJICHHS 3aX0/11B ITOKPaIaHHS YMOB, a TAKOX MOTIEPEHKEHHS 1 JIIKBIIaIlii
HeOakaHUX MPOLIECIB Y HACIHHI.

[IpoBiTproBaHHS HACIHHECXOBHII] 1 HACIHHS IPOBOASTH MPHU TPHUBAIOMY
30epiranHi. JIOMUIBHICTh I[HOTO 3aXOAy 3HAYHOI MIPOK0 3aJICKHUTh BiJl BOJIOTOCTI
HaciHHA. YuM BOHO cyXillle, TUM MEHIIIe ToTpeda y MpoBITPIOBaHHI. SIKIII0 HACIHHS Ma€e
BOJIOTICTh OJIM3BKY /10 KPUTUYHOI YM TPOXH BHUIILY, TO Y MPOIECI TUXAHHS BOHO BUJLISE
3HAYHY KUIBKICTh BYTJIEKHCIIOTO Ta3y, KWW 3alOBHIOE MIKHACiHHEBUU mpoctip. Lle
MO>KE€ HEraTMBHO BIUIMHYTH Ha CXOXICTh HaciHHS. [IpoBiTproBaHHS Moxe OyTu
OPUPOIHUM 1 aKTUBHUM. [IprpoaHe IpOBITPIOBAHHS MPOBOAATH, BIIKPUBAIOYHN BIKHA 1
JIBEpl HACIHHECXOBHUIIA 3a MEBHHUX MOTOJHUX YMOB. [IpyM akTUBHOMY HpPOBITPIOBaHHI
3aCTOCOBYIOTh NMPUMYCOBE BEHTWJIIOBAHHS HACIHHS 3a JOMOMOIOK0 MIATOTOBJIEHOIO
noBiTps [26, 25].

[Ipu mpoBiTprOBaHHI HEOOX1THO BPaxOBYBaTH TEMIIEPATYPY 1 BOJIOTICTh HACIHHS

1 moBITPs. BiTHOCHA BOJIOTICTH MOBITPS HE MMOBUHHA MEPEBUIIYBATH PIBEHb YTBOPECHHS
pOCH TIpU TeMIIepaTypi HACIHHSI, 11100 HE 30LIBIINTHA HOTO BOJIOTOCTI.
[Tpn HEOOX1AHOCTI MIACYNIYBAaHHS HACIHHS (SKIIO BOJIOTICTH MEPEBHUIYE KPUTUUHY)
BUKOPUCTOBYIOTh YCTAHOBKHM OCyIeHHs. OXOJOKEHHS TEIUIOTO HACIHHS MPOBOJISATH
JUISL TIJIBUIIICHHSI CTIMKOCTI 30€piraHHsi BOCEHU YW BIIITKY, KOJM MOro TeMmIiieparypa
nigsuinyerbest Oumbme 10° C. Jlmg 1pOro akTHWBHE BEHTHIIIOBAHHS TIPOBOJISTH
OXOJIO/IP>KEHUM TIOBITPSIM.

3HMILEHHS KOMIPHUX IIKIJHUKIB - BaXXJIMBHUH 3axiJ MpU 30epiraHHl HACIHHS.
['pu3yHIB 3HUIYIOTH OTPYEHUMU TIpUHAAAMHU, pijmie kKankanamu. [IkigHIKN - KoMaxu
1 K[l HE PO3BUBAIOTHCA Yy CYXOMY Ta XOJIOJHOMY HaciHHI. ToMy oXo0nokeHHS 1
MIJCYNIyBaHHS HACiHHA - €(EKTHUBHI 3aXO0Jd TOIEPEIHKCHHsS TOSBU IIKITHUKIB, a
BOJIHOYAC 1 TUTICHABUX TpHOIB [22, 25, 21]. ¥V neskux BUMaakax 1o0pi pe3ynbTaTH aae
JIOAaTKOBE MEXaHIYHE OYMINECHHS HACIHHA. AJjie HaWOUIbIl €(EeKTUBHUM 3aX0J0M

3HUIIEHHS IIKIIHUKIB € ra3aiis (pymiraris) Hacinus [25].
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Pe3ynbratu BCiX crocTtepexeHb (PiKCYIOThCS B JKypHaJl CHocTepekeHb. Takuit
MOPSAZIOK JTO3BOJIAE aHANI3yBaTW CTaH MapTiii HACIHHS, KOHTPOJIIOBATH MPABUIBHICTD
opraHizaiii Horo 30epiraHHs Ta CBO€YACHO BIXKMBATH 3aXOJUd TEXHOJOTTYHOTO

xapakTepy (OXOJIO/IKEHHsI, CYIIIKa, 3He3apakyBaHHS TOLIO).

1.2 MikpokiMaT OpUMIIIeHb s 30epiraHHs HACiHHS POJUHU TapOy30BUX, HOTO
0COOJIMBOCTI Ta ICHYIOY1 CXEMHI PIIICHHS CUCTEM KOHIUIIIOHYBAHHS MOBITPS TS

Horo 3a0e3rneyeHHs

30epiraHHsi HaCIHHS POJUHU rapOy30BUX B PErIaMEHTOBAHUX YMOBax MOTpelye
NIATPUMAaHHS MapaMeTpiB MOBITPSIHOTO CEPEAOBUILA - TEMIIEPATYPH MOBITPS B MEXAX
10...12 °C ta BimHOCHOI1 Bostorocti He Butie 60 % [6]. B kimiMaTiuHuX yMoBax YKpaiHu,
Jie TeMIeparypa 30BHIIIHBOTO TMOBITPS BIITKY Hepinko csrae 30 °C 1 Ouiblie, Ciij
BEJIUKY yBary MOPUIUISTA BOJIOTOCTI HACiHHSA (OCOOJIMBO CTPAXOBUX 1 MEPEX1THUX
(GOHIIB) y CXOBHINAX 1 HAa TOKAX MpH 30upaHHi Bpokato [25]. [TigBuiieHHs BOJOTOCTI 1
TeMIrepaTypy napTii HACIHHS UM 1i YaCTUHU MOKE MPU3BECTH JI0 CaMO3IrPiBaHHS, TOOTO
JI0 CITOHTAHHOTO ITiIBUIIICHHS TEMITEpaTypH Y HACIHHI BUIIE TEMITEpaTypH OTOIYIOUOTO
cepenoBuia. [Ipu camo3irpiBaHH1 HACIHHS BTPAYa€ CXOXKICTh AyXKe MIBUIKO. Y TIEpioj
30MpaHHs BPOKAKO OJIHA-/IB1 10OW CaMO3ITpiBaHHS MPU3BOAUTH 10 3HUKEHHS CXO0XKOCTI
Ha 5-10%.

[Ipu ocepenkoBoMy 1 TUIacTOBOMY  (IIOBEpXHEBOMY)  CaMO3IrpiBaHHI
000B’SI3KOBOI0 YMOBOIO € BUJIUICHHSI HACIHHS, SIK€ 31TPLIOCH Ta JIKBIAAISA JKEpena
MBUIIEHHS oro BosiorocTi. [Ipu 3aransHOMy camMo3irpiBaHHi, SKe MIOWHO MOYaIocs,
HAClHHA MOTPIOHO MIJACYUIUTH Ta OXOJOAWTU. B HaciHHeCXOBHUIIAX II€ JOCSTA€THCA
AKTUBHUM BEHTWJIIOBAHHSIM IIJATOTOBJICHUM (KOHAMIIHWHUM) TOBITPSAM 00 €My
npumitieHHs: s 30epiranHs HaciHHA. lle HalOLbm e)EeKTUBHUNM 1 E€KOHOMIYHO

BUTIIHHH CIIOCIO YCYHEHHS caMo3irpiBanHs HaciHHs [25].
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1.3 3acTtocyBaHHS KOHJICHCAIITHOTO CHOCOOY OCYIIICHHS TIOBITPSI B CHCTEMax

KOHMIIIOHYBaHHS MOBITPS

Ilin mporecoM KOHIEHCAIIMHOTO OCYIICHHS TMOBITPS BapTO PO3YMITH
KOMOIHAIIII0 TPOIIECIB CYXOro OXOJOKeHHs (0e3 BUMaaiHHA KOHJEHCATy) Ta Mpolec
KOHJIEHCAIlli BOJIOTM Ha TIOBEpXHI TeIriooOMiHHOTO amapary. [Ipomec cyxoro
oxosokeHHss Ha i-d miarpami (Puc. 1.1) mporikae npu HOCTIHHOMY BOJIOTOBMICTI
(mporrec ext-A), B iana3oHi TeMIiepaTyp MOBEpPXHI TEIIOOOMIHHOTO anapary: T < tr<t.
Konu TemmniepaTtypa moBiTpsi 3pIBHIOETHCS 3 TEMIIEPATYPOIO MOBEPXHI TETIOOOMIHHUKA
(t = t), HacTymae mpolec HACUYEHHs MOBITpA mapamu Boau npu ¢=1. Ilpouec
KOHJICHCAIlli BOJSIHOI Tapu TOYMHAETHCS IIICIS OXOJOJKEHHS TOBITPS HUKYE
TEeMIIepaTypyd TOYKH POCH 1 MPOTIKAE B3JOBXK JIHIT HACUYECHHS BOJIOTOTO MOBITPS 31
3MEHIICHHSM BOJIOTOBMICTY MOBITpsi (Bimpizok A-O, Puc. 1.1). Ilpomec ext-A-O €
171eaTi30BaHUM, 1 MOKJIIMBUU JIMIIIE TIPU PIBHOMIPHOMY OXOJIOJIPKEHH1 BC1€ET MAaCH MOBITPS
IpU TOCTYNOBOMY 3HMKEHHI TEMIIEpaTypu MOBEPXHI TeIIooOMiHHMKA. PeanpHuii
MpoLIeC KOHJEHCAUIMHOTO OCYIICHHS € MOJIITPOIMHUM, TOMY HpPH KOHTAKTI BOJIOIOrO
MOBITPS 3 MOBEPXHEI0, TEMIIEpaTypa SKOi HUKYE TOYKH POCH, BiIOYNETHCSI MUTTEBE
BUIIAIHHS KOHJeHcaTy (JiHisg mporecy ext-O Puc. 1.1) [12, 27, 28, 13]. IIpoTikanHus
naHoro nporiecy moxximBe nuiie B [II-my cekropi I-d miarpamu momix JiHIERO dex=CONSt

Ta JIOTUYHOIO MTPOBEICHOIO /10 KpUBOi (p=1.
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I, KOXK/Kr

d, r/kr

Puc. 1.1 I-d giarpama mpoiiecy KOHIEHCAIIHHOTO OCYIIIEHHS MOBITPS

B cucremax KOHAMIIIOHYBaHHS  TOBITpS JJIA  peajizamii  IpoLECIB
KOHICHCAIIIMHOTO OCYIIICHHS 3aCTOCOBYIOThH ITOBEPXHEBI TeII00OMiHHMKH [12, 13, 29,
30]. Bonwu, sk mpaBHJIO, BUTOTOBJICHI Yy BHUIISIII OpeOpPeHHUX TPyO 31 CTOPOHH pPyXy
noBitps [10]. TeruiooOMIHHMKHM BUIYCKalOTh OJHO Ta OaraTOpsHI BIHOCHO PyXY
MOBITPSHOTO TOTOKY. KiNbKICTh pPsiIiB TEIIOOOMIHHOTO amapata BHUOMpArOTh MpU
PO3paxyHKy BUXOJSYU 3 HEOOXITHOI IJIONI TeryooOMiHy. /{7 MpoXO/KeHHS BOIU
BUKOPUCTOBYEThCSI 0araroxoJoBa CXxema PyXy XOJIOJOHOCIS, KIJIbKICTh XOJIB IapHE
YHCIIO, 116 OOYMOBIIIOETHCS KOHCTPYKTUBHHUMH OCOOJUBOCTSIMU TETUIOOOMIHHHMKA Ta
pO3TalIyBaHHIM PO3IMOAUIEHOTO Ta 30ipHOTO KostekTopiB [10, 28, 13]. PeOpa Ha TpyOun
TEINIOOOMIHHMKA HAHOCATH OJHUM 13 METOMIB: JIMTTSIM IIiJ THUCKOM, HaKaTHUM
Crioco0OM, METOJIOM eKCTpy3ii, HaBaproBaHHS a0o maiiku. Haitkpami mokasHUKA
Koe(DilieHTIB €PEKTUBHOCTI JAOTh CIIpaibHO-HABMBHI pedpa criocoOOM BUTATYBaHHS
pebpa 3 matepiany Tpyou [31]. Ilpu mpomy pebpa i TpyOa SABISIOTH COOOIO OIHY
CYLIUTbHY OJHOPIJIHY KOHCTPYKIIIIO, B SIKIi BUKJIFOUEHI BTPATU TEIJIONMPOBIAHOCTI B
MICLSIX KOHTakTy peOpa Ta TpyOKd, IpH LIbOMY TOBIIMHA pedpa Mae MepeMiHHUN
XapakTep, 10 MO3UTUBHO BIUIMBAE HA TPOIEC TEIUIonepenayi. 3aiekHo Bij SKICHUX

MOKA3HUKIB TOBITPSIHOTO CEPEIOBHINA Ta XOJOAOHOCIS ISl TEMJI0OOOMIHHUX araparTiB
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3aCTOCOBYIOTh HACTYIHI KoMmmosuiii MarepiamiB: Fe-Al (craneBa TpyOka 3
anmoMiHieBUM opeOpenHsM), Cu-Al (MigHa TpyOKa 3 altOMiHIEBUM OPEOPEHHSIM).
Po3paxyHOK Isi TIpoIleCy CYXOTro OXOJIOJDKEHHS, IMPOBOJSATh BHXOISYU 13
PIBHSIHHS TEIJIOBOTO OanaHcy, TAKUM YMHOM, IO efleMeHTapHa riomra nosepxHi dF, 3
TEMIIEpaTypoI0 TIOBEpXHI T, OMHUBAETHCS MOBITpIHUM TmOoTOkoM G (Kr/rom) 3
temmepatyporo t (t> 1). Toai KUIbKICTh KOHBEKTUBHOI TEIJIOTH IO TIEPEAAEThCS Yepe3

CJIEMCHTAPHY IUIOIIMHY BH3HAYAETHCS 32 3aeKHICTIO [31]:

dQ:aL(t- l‘)dF,BT 11
0; — Koe(ILI€EHTH TEIUIOB1AIa4ul BIAMOBIIHO HA 30BHIIIHIN Ta BHYTPIIIHINA MOBEpXHI
TertoooMinHMKa, BT/M?K.

[Tpu oMy MOBITPS BTpava€ KiIbKICTh TEIJIOTH, 110 BUBUBAE 3MEHIIIEHHS TEMIIEPaTypu
noBiTps 10 tp [31]:

dQ=-G, fmdt, Br 1.2
[IpupiBHsABIIM 00MABA PIBHSHHS 3 IHTErpYBaHHAM IO TEMIEpaTypl BiJ 3Ha4Y€HHS t1 10
t; OTpUMy€EMO 3aJIEKHICTh IS OI[IHKA BUKOPHUCTAHHS IUIOINII TTOBEPXHI TETIOOOMIHY

[31]:

) aF
Gycp

1.3

L=t+(-1) ,°C

>

Cp - MUTOMA 1300apHa TEII0EMHICTh MOBITPsI K [x/Kr C; MOKa3HUK CTENEH1 €eKCIIOHEHTH

SBIISIE€ COOOO BEIMYMHY KUTLKOCTI OJIMHMIIb IIEPEHOCY siBHOTO Teruta [28, 31] :

aF
— =NTU, 1.4
GyCy
Toni Bupa3 HabyBa€e BUTIISAY:
=t +(t-£)e"™ o 1.5

3anexHicTh 1.4 BUKOPUCTOBYETHCS ISl BU3HAYCHHS Koe(DillieHTa 0X0JI0DKEHHS o, [31].
B ineanpsHOMY TErI00OMIHHOMY anapati JaHuid Koe(ilieHT o, JOPIBHIOE 1, B peanbHUX

BIH 3aBXKIU MEHIINN OOMHUILI, 1 TUM OUIbIINK YuM OuIblle BenuunHa NTU,.
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3BaXkarouy, 1110 B OpeOpPEeHNX TEIIOOOMIHHUKAX TeMIIepaTypa MOBEpPXHI T HEOAHOP1AHA
MO TUIOIIMHI TeTTIOOOMIHY Ta 3MIHIOETHCA 31 3MIHOIO 3HAUEHHS TEMIIepaTypu MOBITpS,
MPOLIEC CYXOT0 OXOJIOYKCHHS PO3TIISIAETHCS K PE3yJIbTYIOUUHN MPOIeC 3MIITyBaHHS
0OpOOTIOBAHOTO TOBITPS 3 MOBITPSAM TOHKHX IUTIBOK O€3MOCEPENIHBbO OISl MOBEPXHi
tertooominy. Ilponiec Ha i-d giarpami npu bomMy OyayeTbes pu d=const, a 3aMiCTh
PI3HUX TEeMIEparyp IOBEPXOHb NPUMUMAEThCS CEepeHsl Temreparypa MOBEpXHI
TEeTI000MIHY Teep [28, 10, 31].

Konu BukoHyeThCs yMoBa (t< T), SIK B)K€ 3a3HAYajOCh paHillle, MPH KOHTAKTI
MOBITPA 3 TAKOIO MOBEPXHEIO BIJIOYBAETHCSI KOHICHCAIlISl BOJIOTH, MOBITPSI IEPEXOIUTh
y cTaH HacuueHHs. Jlam Bi10yBa€eTbCs 3MIITyBAaHHSI HACUUEHOTO 3 OCHOBHUM IMOTOKOM
00pO0IIIOBAaHOTO MOBITPS, 10 B CBOIO YEPTy 3MIHIOE HANPSMOK NEPETIKaHHS MPOLIECY B
CTOPOHY 3HHUEHHSI BOJIOTOBMICTY. Jlayi Takuii mpoliec mepeTikae 31 3MIHEHHSM BCiX
napamMeTpiB TOBITPSI 1 3aKIHUYEThCS MPHU JOCATHEHI TeMIlepaTypu ONM3bKIH 10
TEMIEpaTypyu MOBEpxHI T. MakcMMaibHO MOXKIIUBE, peajbHe, 3HAUEHHS BiTHOCHOI
BOJIOTOCTI IIPU KOHJACHCAIIMHOMY OCYIIEHHI JEHI0 BUIIE 3a (=1, 1€ MOSCHIOETHCA
O0OMEKEHHSIM TUTOIII MOBEPXHI TeIm1000MiHHOTO amapary [32, 31]. 3HadeHHs KiHIIEBOT
TeMIIepaTypy MOBITPsSI B MPOLECI KOHAEHCAIMHOTO OCYIIEHHSI MOXKe OyTH BHU3HAYEHO

3a HACTYITHOIO 3aexHicTio [31]:
=t g DX,oC 1.6

tx2 — KiHIIEBa TeMIepaTypa xonoaoHocis, C; At — 3aneXuTh BiJ MPUHHATOI CXEMHU PYXY
TeIJIoHOCIA, ipuitmaeThes 1...3 C.

[Ipu KOHTaKTI MOBITPS 3 MOBEPXHEI TeMIlepaTyporo sikoi Huxkye 3a 0 °C
B1I0yBa€ThCs Mpoliec cyosmimaliii BOJIOTH 3 MOBITPsI, O MPU3BOIAUTH 0 3apOCTaHHS
TEIMJI000MIHHOT MOBEPXHI IapoM iHito. [ yHUKHEHHS 0OMep3aHHs TEIUIOOOMIHHO1
MOBEPXHI, MPOIIEC OCYIIECHHS MOBITPSI MEXaHIYHUM ( KOHACHCALIIITHUM CITIOCOOO0M) BapTO
3aCTOCOBYBATH IPH MO3UTUBHUX TeMIIepaTypax TeIIOOOMIHHOI OBEPXHi, IPU IILOMY
TeMIIepaTypa XoJI0A0HoCis 0OMexyeThes Ha piBai 2 °C [10].

OO6MesxeHHs 1100 3a0€e3MeUeHHs] HU3bKUX 3HA4€Hb B1THOCHOT BOJIOTOCTI MTOBITPS

B po0Oouiii 30HI HE JO3BOJISIIOTH 3aCTOCOBYBATH KOHJEHCAIIMHUIA METOJ OCYIIICHHS
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MOBITPS B CHCTEMax TEXHOJIOTIYHOTO KOHJUIIIOHYBAaHHS TMOBITPsS. 30Kpema JUIs
npuMinieHs  QgapmaneBtudHoi  npomucioBocti  [10, 33], me 3a BuMoramu
TEXHOJIOTIYHOTO MpoIecy, HEOOXITHO JOTPUMYBATHUCh 3HAYEHb BIJHOCHOI BOJIOTOCTI
Hwkue 30 %. BigxuiaeHHs B AOMYyCTUMHUX 3HAUEHHSX BITHOCHOI BoOJOrocTi £5%, He
JI03BOJISIIOTh  3aCTOCYBaHHS CHUCTEM TMEpioguvHOl [ii (KOHJEHCAIifHEe OCYIICeHHS
NOBITPs. 10 TOYkH pocu 2 °C, 3 CUCTEMOIO BIATAIOBAHHS TEIUIOOOMIHHOTO amapary).
Buxin 3HaueHb BiTHOCHOT BOJIOTOCTI 32 JJOMYCTHMI MEXKI MOKE TIPU3BECTH J0 3TTUTIAHHS
TIrPOCKOMIYHOI CHpOBHHU (apM IpernapariB, K HacHiI0K Opak MmapTii MpoayKIlii, 110

Hece 32 c0000 MaTepialibHI 30UTKH.
1.4 Po3paxyHKOBI 3aJI€KHOCTI JIJIsl HOBEPXHEBUX TEIIOOOMIHHUX araparis.

OCHOBHMM 3aBAaHHSIM MPU PO3PAXyHKY TEINIOOOMIHHUX arapaTiB € BUSHAUCHHS
TEIJI000MIHHOT MMOBEPXHI. 3arajbHa IJIOH[a TEMJI00OMIHHOT MOBEPXHI CKIAAA€THCS 13
CYMH TIOINI HE opeOpeHoi MoBepxH1 TpyOKH Ta 1uionli opedpeHHs. [Ipu BukopuctanHi
opeOpeHHs BiI0YBalOTbCS 3MIHM yMOB TEIUIOBIAjaudl BiJ 30BHIIIHLOT TMOBEPXHI
OpeOpeHHsI OBITPIO, @ TAKOXK TEIJIONepeaadl BiJl 30BHIIIHBOI MOBEPXHI OpeOpeHHs 10
BHYTPIIIHBOI CTIHKH TpyOu. OCHOBHUM (PakTOpoM SKHI BIUIMBA€ Ha TIPOILIEC
Terionepeaayl Kpi3b CTIHKA TpyO € TepMiuHuid omip Teruonepeaadi. Cam mporec

TEeIUIonepeavi onmucyeThes 3akoHoM dyp’e [31]:
dQ = detfr]t, Bt 1.7

ne: k-xoedimieHT Terionepenayi, B1/M?°C; F- moma MOBEPXHI Terionepenayi, sKa
BKJIIOYAE B ceOe MIIOILY TOBEPXHi Tpyb Ta OpeOpeHHs, M2,

KinbKiCTh TEMIOTH 1110 BiIOUPAETHCS B MOBITPS BUZHAYAETHCS 32 (POPMYIIOIO:
Toni crpaBeqIMBO 3amucaTH PIBHSHHS TEIUIOBOrO OanaHcy s TEMJI000OMIHHOTO

amapaTy B IIpoIleci KOHJICHCAI[IHHOTO OCYIICHHS:
kFdt, = anr';g((tfrJL - 1ip) 19

At - cepenHbo JoraprudmiuHa pi3HUL TEMIIEPATYP MOBITPS Ta XOJIOIOHOCIS.
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N
N 2,3lg D, - *C 1.10
uOB

Ats, Aty- G111 Ta MEHIIIA PI3HULI TEMITEPATYP MOBITPSI X0JI0I0HOCIs, C, K1 3a1eKaTh
B1JI XapakTepy pyxXy HOBITPs Ta XOJ0J0HOCIA. {1 yMOB KOHAMITIOHYBAHHS MOBITPSI
NpUHMAIOTh TIEPEXPECHO-TIPOTUBOTOKOBY cXeMy pyxy [31], i3 maxoBuM po3MilIeHHSIM
TPyOOK.

KoedimienT Ttemonepenadi BpaxoBy€ TMPOIECH CKIATHOTO TEIUIOOOMIHY
KOHBEKIIIEIO BiJ] XOJIOJOHOCIS J0 MOBEPXHI TPYOKH Ta BiJ MOBEPXHI OPEOPEHHS 0

MOBITPS, a TAKOXK MPOIIEC TEIUIOMPOBITHOCTI B TOBII MOBEPXHI TPYOKH Ta OPEOPECHHSI.

. 1 B 1
R,*+R, +R, 1+ad':a 1, B’ 1.11
a, /I F, a

Rs, R; - TepmiuHMii omip Teruionepeaadi BiJi BHYTPIIIHBbOI Ta 30BHINIHBOI MOBEPXHI
Teroo6MinHOro amapara, M2K/BT; R, — Tepmiunmii omip Temnomnepenadi TpyOKH Ta
opeopenns, M°K/BT; o, 0, — Koe(illieHTH TEIUIOBiAaadi BilIOBIIHO HA 30BHIIIHIN Ta
BHYTPIIIHINA MOBepXHi TemooOMinHuka, BT/M?K; § — ToBHmIMHA TpyOKM, MM; A —
koedimieHT TerutonpoBigHOCTI Matepiany Tpyoku, BT/MK; F./Fu:=K,, — xoedimient
OpeOpeHHsl, AKUM SBJIsiE COOOK0 BITHOIICHHS BCI€T IUIOIII 30BHIIIHHOTO OpeOPEHHS 10
IUIOLLI BHYTPIIIHBOI TOBEPXHI.

Pexxum pyxy B TEmIOOOMIHHMX amaparax MpUAMarTh TypOyJIeHTHUI
(Re>10 000) mpu 11bOMYy MIBUAKICTH PYXY BOJU BCEpPEAMHI TPYOOK PEKOMEHIIYETHCS
npuiiMaty Ha piBHi 0,5-1,5 m/c [28, 10, 31, 34]. [y X0JI0A0HOCIS BOAM MPHU CEPEIHIMN

temnepatypi 10 C srigno 3 [31] a1 BU3HAYECHHS 0, KOPUCTYIOTHCS 3aJICKHICTIO:

y o8
a, :1400d—” Br/M*K 1.12

0,2 »

He: ox - mWBUAKICT PYXy BOAM B TpyOKax TEIIOOOMIHHOTO amapaty, m/c; ds -
BHYTPIIIIHIN JTIaMeTp TPYOKU, MM.
[Ipu po3paxyHkax OOTIKaHHS TIOBITPSIM OpeOpPEeHOi TPYOKH KOPUCTYIOTHCS

3aJISKHOCTSIMU SIK JIJISL PYXY MOBITPs B MIUTMHHKUX KaHanax [31]. 3rimHo sikoi koedirieHT
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TEIUIOBIAaul BiJA TOBITPS [0 30BHIIIHBOI IMOBEPXHI PO3PaXOBYIOTh BUXOISYH 3

HACTYITHUX 3aJIEKHOCTEMU:

al @
Nu=cRé‘%{l—8 1.13
GHi o

ne: 1 — moBkuHA MIUTMHOMOMIOHOTO KaHally sika OepeThecsl K BIACTaHb BiJl KPOMKH
HEPLIOro psiAy TPYOOK 10 KPOMKH OCTaHHBOTO psAY TPyOOK B HAPSMKY PyXy HOBITpH,
MM; d. — eKBIBaJeHTHHUU [iaMeTp, SKUH JUIsi peOpHcTOi MOBEPXHI MpPEICTaBIIsE
XapaKTEPHUM JIIHIMHUI pO3MIp, MM.
Jl71s BU3HAUEHHS €KBIBAJIEHTHOTO JIlaMETPy BUKOPUCTOBYIOTh 3aJIEKHICTh:
_2s-d,)s - o)
T a) G ) L1

ne: St — KpoK TpyO B HANpPsIMKY MEPHEHANKYISIPHOMY 10 HAMIPSIMKY PYXY MOBITPS, MM;

Sp — kpok opeOpenHs, MM; dy — 30BHIIIHIN JiamMeTp TpyOOmpoOBOILY, MM; O — TOBIIMHA
pebpa, MMm.

TpyOu 1uist IPOXOJKEHHS XOJIOJOHOCIS B CYMDKHHUX DsiIaX PO3TAIIOBYIOTH B
IIaXOBOMY TOPSAIKY, 10 Tokpamye mnporec temiopiggaui [10]. Koedimient
TEIIOB1/IJ1a4ul 30BHIIIHLOI OPeOPEeHOi MOBEPXHi, NMPU IIaXOBOMY pO3TaIlllyBaHHI TPYO,

OOYHCITIOIOTH 32 HACTYITHOO 3aexHicTio [31]:

aL — 4’16deO.095d}-—|0.5(g 30.595’ BT/MZK 115

Y@ — MacoBa IIBUIKICT PyXy HOBITps B NEPETHHI MOBITPOOXONIOMKyBada, Kr/mM’c. B
PO3paxyHKax IPOLECIB OXOJIOIKEHHS Ta OCYHIKH IPUIAMAEThCS HE BHIIE 6 KI/M2C Ui
3a0e3MeueHHs] YMOBHM HE BHHOCY KaIllellb KOHJEHCATy 3 TeIIo00MiHHOI moBepxHi [31,
35].

Oco0uBICTh MPOLECY TEIUIONPOBIAHOCTI B TOBLII OpeOPEHHS Ta CTIHKU TpyOu
BpPaxoBYeThCs KoedirieHToM edekTuBHOCTI pedpuctoi nmoepxHi K.. «Ha Bemmuuny
3TOro Kod(@UIMEHTa OKa3bIBACT BIMSIHHUE TEIUIOBOE COMPOTHRBIICHHE pedpa M Mecra
KOHTaKTa MEXIy peOpoM U HapYXHOW ITOBEPXHOCThIO TPYyOKH. 3HaueHHe
koddummenTa 3(h(PEeKTUBHOCTH OIEHUBAETCS MO BEIMYMHE U3MEHEHUN TEMIIEPATypPhl

BCEl peOpUCTON MMOBEPXHOCTU IO CPABHEHUIO C TEMIEpaTypoll Ha HapyXKHOM
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MIOBEPXHOCTH HEOpeOpeHHO yacTu TpyOook» [31, p. 239]. Jlns po3paxyHKy kKoedirmieHTa

eeKTHBHOCTI peOpPHUCTOT MOBEPXHI BUKOPUCTOBYIOTH hopmyny [31, 34, 36]:

5 = t- u,
T U 1.16
JIe: Vy - CepeaHs TeMreparypa Bciei pedpuctoi mosepxHi, “C;
V7~ CEpeIHs MOBEPXH1 HeopeOpeHoi yacTuHu Tpyoku, “C;
(t- u))F, +(t- u)F
t-uy = : 1.17
F,+F '

V1~ cepens moBepxHi pebpa, *C; Fp — mioma nosepxHi pebpa, M%; Fr — muroma nosepxHi
HeopeOpPEHOi YaCTHHH TPYOKH, M;
3MiHy TEIJIOB1I/1aul Bl 30BHIIIHROT OpeOPEHOI MOBEPXHI 10 MOBITPSI 3 TEMIIEPATYPOIO
to BpaxoByeThCs KoedilieHTOM e(hEeKTUBHOCTI pedpa:

) 118

- y,) |

3HadeHHs KoedimieHTa e(eKTUBHOCTI PeOpPUCTOT MOBEPXHI 3alekKUTh Bl 3HAYEHB

koediuieHTy epekTuBHOCTI pedpa K, 1 opedpenns Ko, Ta oB’s3aHe 3aJIeKHICTIO:

1-s
Ki=8ut—— 1.19
See

B imxeHepHIN NpakTUIll TPUIUMAIOTHCS OpeOpeH! MOBEPXHI TEIIOOOMIHHUX
arapartiB 13 3Ha4€HHSM Koe(iuieHTa eekTuBHOCTI pedpa Kep >0,85, Takum unHOM npu
BeJIMUMHAX KoedilieHTy epekTuBHOCTI opedpeHHs Ko, >10 moxkHa npuitasTy, mo K=
Kep.

Tonmi nns BU3HA4YeHHs KoedilieHTa Terionepenadi BijJ MOBITPS A0 XOJOAOHOCIH, 3
BpaxyBaHHSIM OpeOpeHOoi MOBEpXHI TPyO TETTI00OMIHHUKA, BUKOPHUCTOBYIOTh HACTYITHI
3aJIeAKHOCTI:

- JUTSI TIPOIIECY CYXOT'0 OXOJIOJKEHHS:

Ky, 1 1.20
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- JUTSI TIPOTIECY OXOJIOKEHHS 3 BUNIAAIHHAM KOHJEHCATy (KOHIEHCAIlIiHE):
1

Koy, 1 1.21
a, x &,

Jls1 mporiecy KOHASHCAIIMHOTO OCYIIICHHS TOBITPS P BU3HAUYCHH1 KoedilieHTa

k =

TeIUIonepenayl  BiA ~ MOBITPS 10  XOJIOJOHOCIS  XapakKTepHE  30UIbIICHHS
XOJIOIONPOYKTUBHOCTI TOBITPOOXOJIO/KYBaya 3a PAXYHOK MPHUXOBAHOI TEIUIOTH
KOHJIEHCAIlli BOJSHUX TIApiB HA TIOBEPXHI TEIJIOOOMIHHMKA. BrimB mpomecy
MacooOMIHY Ha MpoIlec TeII000MIHY BpaxoByeThes koedimientom & [10, 31, 36]:
— (|1 B Iz)
C'p(tcl - tcz) 122

l1, |2 — eHTaNBIIsS MOBITPSI HA BXOJ1 Ta BUXO/I1 3 MOBITPOOXOJIOMKYyBaya, KJ[K/Kr; cp’ -
nuToma i300apHa TerinoeMHicTh MoBITps KJK/KT C; te1, tcz — modaTkoBa Ta KiHIIEBa
TeMIepaTypu MOBITPs B Ipoliieci 0xoi0KeHHs, C.

Koedinient & (koedilieHT BOJIOTOBUNAIHHS) BHU3HAYAa€ KYT HAXWUIy JIiHIT
MpoIiecy KOHJCHCAIIMHOrO ocymieHHs Ha i-d miarpami. [ cucTeM TEXHOJOTTYHOTO
KOHJUIIOHYBaHHS MOBITPSl BapTO 3a0e3MeuyBaTH 3HAYEHHS JAAHOTO KOEQILIEHTY Ha
pieni 1,1....2,0 [10].

SIK BUIHO 3 pO3paxyHKOBHUX 3aJI€KHOCTEHN ISl TEIIIOOOMIHHUX arapaTiB CUCTEM
OCYULIEHHSl TOBITPSA, MNPABWIBHUN BHOIp TEMJIOOOMIHHOTO amnapary BHMAarae BiJ
1HXKeHepa-MPOEKTyBaJIbHUKA BpaXyBaHHs 0araTbox (pakTopiB, BU3HAYAIOUUMHU 3 SIKUX €:
IJIoIIa TOBEPXHI TEIIOOOMIHY, TeMrepaTypa XOJOJOHOCIS Ta KIHIIEBI 3HAYCHHS

napameTpiB MOBITPS MICIIS MPOIIECY OCYIIECHHS.
1.5 Peanizaris koHAeHcaIriiHoro (Mexaniunoro) ocymieHHs nosiTps B CKIL.

Jlns peanizaliii MpoIECiB KOHACHCAIIMHOTO OCYIIEHHS TOBITPS B CHCTEMax
KOHIUITIOHYBaHHS MOBITPS 3aCTOCOBYETHCS XOJIOJHA BOJIa 3 TapaMeTpaMu 06sm3bpKo 6°C

[12]. Tlopabie 3HMKEHHSI TEMIEpPATypH XOJOIAOHOCIS MPU3BOIUTH 10 OOMEp3aHHs
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TEII000MIHHOT MOBEPXHI, 110 HE JT03BOJISIE 3a0€3MeUyBaTH MOCTIHHO 3aJaH1 MapamMeTpu

BIJTHOCHOI BOJIOTOCTI 1 TeMIiepaTypu B 00ciayroByBanoMy npuminiersi [10].

1

7

v

Puc.1.2 [IpotuBoTOKOBa cxemMy pyxy xononoHocis st CKII 3 MexaHIuHUM OCYIIIEHHSIM
noBIiTps. 1- TemmooOMiHHMI anmapar CeKIlli OXOJIOJKEHHSI Ta OCYIICHHS MOBITPS;, 2 —
BXI1/]I TTOBITPSI; 3 — BUXIJI TOBITPS; 4 — BX1J] XOJIOAOHOCIS; 5 — BUX1Jl XOJIOJJOHOCIS;

Bona nomaeThcst Ha TEMIIOOOMIHHUKY, MEPEBAXKHO 3@ MPOTUBOTOKOBOIO CXEMOIO
pyxy Puc.1.2, Tum camum 3abe3nedyroun OUThII edeKTHBHE MepeOiraHHs MPOIECY
OXOJIOJKEHHST Ta ocymieHHs [28]. CxemMa cHcTeMH KOHAMIIIOHYBaHHS MOBITPS 3
MeXaHIYHUM (KOHJCHCAI[IHHMM) OCYIIICHHSIM MOBITps HaBeneHa Ha Puc.l1.3. Tlporec
OOpOOKH TOBITPS JIi CUCTEMU KOHIUIIIOHYBAHHS 3 MEXaHIYHUM OCYIIIEHHSM MOBITPS
HaBejeHa Ha Puc.1.4.

st HopMmanbHOI poOOTH TETIOOOMIHHMX arapaTiB MacoBa IMIBUAKICTh PYXy
HOBITpsT BUOMpaeThcsi B Mexax 3-6 kr m2/c [28, 10, 31, 33], npu Takiii MIBHIKOCTI
CKOHJICHCOBaHa BOJIOTA HE BUHOCUTHCS 3 TEIUIOOOMIHHOTO armapaTy MOTOKOM TMOBITPSI.
[Ipm OIMBIMIMX MIBUAKOCTAX TICIS  OXOJIO/PKYBAadiB  BCTAHOBIIOETHCS — CEKITis
KaIlICBJIOBJIIOBAHHS, BUTOTOBJICHA 3 IUIACTHH, IO 3MIHIOIOYH HAIPSIMOK PyXy MOBITPS

3aTPUMYIOTh HE CKOHJICHCOBaHy BoJiory [28, 10].
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Puc.1.3 Cxema cuctemMu KOHIUIIIOHYBaHHS MOBITPS 3 KOHJACHCAIIIMHUM OCYIIICHHSIM

MOBITPS.

1-3a01p NoOBITPsI; 2 — 3acCiiHKA 3 €IEKTPONPUBOJIOM; 3 — (UIBTP rpy00i OUUCTKH
noBITPs; 4 — QLIBTP cepeHBOT OUMCTKHU MOBITPS; 5 — TEMIIO0OMIHHUK MEPIIOTO
HIITPIBY MOBITPS; 6 — TEMIIOOOMIHHUK OXOJIOKEHHS Ta OCYLIEHHS MOBITPS; 7 —
KaIJIEBJIOBIIOBAY; 8§ — TEMJIOOOMIHHUK JIPYTroTo MIAITPIBY MOBITPS; 9 — MPUIITMBHUN
BeHTWIATOP; 10 — mrymornymHuk; 11 — moBITpOPO3NOAUTEHUN MPUCTPIH; 12 —
oOcnyroByBaHe npuMileHHs; 13 — pemniTka 15 BUganeHHs nositps; 14 — piietp
TOHKOT OYMCTKH MOBITPS; 15 — BUTSKHUNM BEHTHIIATOP; 16 — 3aciiHKa 3
€JICKTPOIIPUBOIOM Ha BUKUJI1 MOBITPS Ta JiHIT MEpIIoi perupKymsii; 17 — Buku
MOBITPS HA 30BHI.

B mpormeci MexaHIYHOTO OCYIICHHS TOBITPS  OXOJIOUKYETHCA  HUKYE
TEMIIEPATypU TOYKU POCH, SKa JIJIsI pO3PAXyHKOBOI TEMIEpaTypH 30BHIIIIHBOTO TOBITPS
B TEIUIUM MEPi0J POKY, Il TepuTopii YKpainu Jiexxuth B Aianazoni 10....12 °C, npu
MiATPUMaHHI BITHOCHOT BOJIOTOCTI MOBITPS B MpUMiIlieHH1 Ha piBHI 45+15%, ta 2...5 °C
IIpU MiATPUMAaHHI B IPUMIIIEHHI BITHOCHOI BosiorocTi Hux4e 30%. J{s mogadi moBiTps
B TIPUMIIICHHS], TA BUKOHAHHS YMOB TIOBITPOPO3MOAUICHHS, 3a0€3MeUeHHsT HAIE)KHOTO
dbopMyBaHHS TPUIIMBHOI CTPYMHUHH, TOBITPS MiAIrpiBalOTh. Butpatu Ha apyruit
HIJITPIB  MOBITPS 3HAYHO 3HIKYIOTH €(QEKTHBHICTh MPOLECY KOHIAEHCALIHHOTO

ocymieHHs moBiTps [28, 37].
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Puc.1.4 I-d niarpama mporieciB KOHAMIIIOHYBAHHS MOBITPS 3 MEXaHIYHUM OCYILIICHHSIM
MOBITPS Ta IPYTUM MIAITPiBaYEM MOBITPA

JUi 3HUKEHHSI BUTpAT TEIUIOTH B POLIEC] MEXaHIYHOTO OCYLIECHHS! HAMaratoThCsl
11030aBUTHCS BiJl TEIUIOOOMIHHUKIB Apyroro miairpiBy [28]. Jns nuporo B cucremax 6e3
MIATPUMaHHS BIJIHOCHOT BOJIOTOCTI BHYTPIIIHBOTO TOBITPS, 3aCTOCOBYIOTH MPOIIECH
KEPOBAHOTO OXOJIOKEHHS MOBITPS, 3MIHIOIOUN KUTHKICTh XOJIOAOHOCIS MPU HE3MIHHIN
TeMrnepaTypi (KUTbKICHE peryiarOBaHHs), 0 A03BOJISE 3YIIUHUTH MPOIIEC OCYIIECHHS B
TOYI[l 3 TeMIeparypor npurummBHoro mositps [28, 10, 33]. Cxema cucremu
KOHJUI[IOHYBaHHS TAKOTrO TUITY HaBeaeHa Ha Puc.1.5.

[Topsiz 13 KepoBaHUM MPOLECOM OXOJIOMKEHHS Ta ocyiieHHs noBiTpst B CKII s
3HIDKCHHSI BUTpAT Ha JPYTWA HArpiB 3aCTOCOBYIOTH CXeMH OOpPOOKH TMOBITPS 3
3aCTOCYBaHHAM Oalnacy YaCcTMHHU TOBITPsSl MOB3 MOBITpooxonoxkysau Puc.l1.6, abo,
SKIIO 1€ HE 3allepEeYHO TEXHOJOTI€I0 BUPOOHUIITBA, CXEMH 3 JBOMA PELUPKYIISIISIMU

MOBITPSI.
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Puc.1.5 I-d giarpama cuctemMu KOHIUIIOHYBAHHS MOBITPS 3 IPOLIECH KEPOBAHOTO
OXOJIO/KCHHS TIOBITPSI

[Tponec 06poOKku MoOBITPs Ha 1-d Alarpami, Ipu 3aCTOCYBaHHI Oail macy BUTIISAA€
aHAJIOTTYHO JI0 MPOIIECY KEPOBAHOTO OXOJIO/HKEHHS MOBITPs. [Ipu 3acTOCyBaHHI TaKMX
cxeM OOpOOKHM MOBITPSl YAaCTHHA MOBITPSI MPOXOAUTH YEPE3 MOBITPOOXOJIOMKYBAY J1€
OXOJIOJIPKYETHCA 10 MapaMeTPiB 3HAYHO HMKYUX HIK HEOOX1JTHO, TOTIM 3MIIIYIOUUCH 3
YaCTHUHOIO TMOBITPSIM sIK€ TMPOHIUIO MO Oalmacy HarpiBaeTbCs MO TOJITPOI 0
napameTrpiB nputoky. Ilpu 1boMy Biamagae HEOOXIJHICTH B 3aCTOCYBaHHI

TEMJI000MIHHUKA JIPYTOTO HATPIBY.
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Puc.1.6 Cxema cuctemMu KOHIUITIOHYBAHHS MTOBITPS 3 3aCTOCYBAaHHSIM 0aif macy

&
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%

YaCTHUHH 30BHIIIHEOTO HOBiTpH IIOB3 OXOJIO’KYBa4.

1 - 3a01p moBITPsL; 2 — 3aCIIIHKA 3 €JIEKTPOIPUBOAOM; 3 — PLIBTP rpy0O0i OUMCTKU
noBITPs; 4 — QLIBTP cepeHBOT OUMCTKHU MOBITPS; 5 — TEMIIO0OMIHHUK MEPIIOTO
HIITPIBY MOBITPS; 6 — TEMIIOOOMIHHUK OXOJIOKEHHS Ta OCYLIEHHS MOBITPS; 7 —
KaIlJIEBJIOBIIOBAY; 8§ — TEIMJIOOOMIHHUK JPYTrOTo MIAITPIBY MOBITPS; 9 — MPUIUIMBHUN
BeHTWIATOP; 10 — mymornymHuk; 11 — moBITpOPO3NOAUTEHUN MPUCTPIH; 12 —
oOcnyroByBaHe npuMileHHs; 13 — pemniTka 15 BUganeHHs nositps; 14 — piietp
TOHKOT OYMCTKH MOBITPS; 15 — BUTSKHUN BEHTHIIATOD; 16 — 3aciiHKa 3
€JIEKTPOIIPUBOJOM Ha BUKHUJI1 TOBITPS Ta JHISIX MEPIIOi 1 APYToi perupKysmii; 17 —
BHUKUJ MIOBITPS HA 30BHI; 18 — JIHIS Ipyroi peuupKyasaii

[Topsin 3 HaBeAeHUMU crIOcO0aMK 3HUKEHHS BUTPAT TEIJIOTU Ha APYTHM MITPIB,
TaKOX BUKOPUCTOBYIOTh TEIUIOTY KOHAEHcaTopiB xojomwibhux Mamwe [10]. Ipwu
IIbOMY TIOBITPOOXOJIO/I)KYBau BUCTYIIA€ B POJI BHUMApHUKA XOJOIWIBHOI MAIIWHU, a
TEIMJI000MIHHUK JAPYTOro HarpiBy B poJjii KOHAeHcaTopa. J[o mpuMiIeHHs IEHTPaTbHOTO
KOHJUIIOHEPA MPU TAKOMY CIOCOO0I 0OpOOKM MOBITPS BKJIKOYAIOTh KOMIIPECOp, AJIA
nepeKadyBaHHS XO0JIOI0AareHTy MIXK BUITAPHUKOM Ta KOHJIEHCATOPOM, a TAKOX JPOCEIIb-

KJIallaH KOHTPOJIIO TUCKY BUMAprOBaHHA xojoaoareHTy Puc.l.7.
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Puc.1.7 Cxema cucteMu KOHUIIOHYBaHHS MOBITPS 3 BUKOPUCTAHHAM TEIIOTH

KOHJICHCAIlli JUIsl APYroro MiairpiBy MOBITPSI.

1 - 3a0ip moBITpsI; 2 — 3aciiHKA 3 €NEKTPONPUBOIOM; 3 — QUILTP TPyO0T OUHUCTKH
noBITPS; 4 — QUIBTP CepeIHbOT OUMCTKH MOBITPS; 5 — TEMIIOOOMIHHUK MEPIIOTO
HITPIBY MOBITPS; 6 — TEIJIOOOMIHHUK OXOJIOPKEHHS Ta OCYIIIEHHS MOBITPS; 7 —
KaIIeBJIOBIIOBAY; § — TEIJIOOOMIHHUK JIPYTOTO MiITPiBY MOBITPS; 9 — MPUTUTMBHUN
BeHTWIATOP; 10 — mymornymsuk; 11 — moBiTpOpo3noAUTEHUNA NPUCTPIiid; 12 —
oOcnyroByBaHe puMilieHHs; 13 — penriTka 115 BUganeHds nositps; 14 — pinetp
TOHKOI OYHUCTKH MOBITPA; 15 — BUTSHKHMIA BEHTHIIATOP; 16 — 3aciiHka 3
€JIEKTPOIPUBOAOM Ha BUKU1 MOBITPSI TA JIHII MEPIIOi pelUpKyJsLii; 17 — BUKUL
MOBITPs Ha 30BHI. 18 — TepMoperymorounii BeHTUib; 19- kommpecop; 20 —
(bpeoHONPOBO/IH.

[Ipore, mo-mepiie: 3acTOCYBaHHS HABEJIEHUX  CIOCOOIB  PETYJIIOBAHHS
XOJIOIOTIPOTYKTUBHOCTI, T4 3MEHIIICHHS HAaBAHTAXKECHHS HA JPYTUN MIAITPIB MOBITPS
MicJIs MOTO OXOJIOJKEHHSI Ta OCYIIEHHs, HE 3HIMae OOMEXEHHs I0J0 MIHIMaJIbHO
MO>KJIMBOI TEMITEpaTypy MOBEPXHI TETIOOOMIHHOTO amaparty, 0 TaKOX HE J03BOJISIE
3aCTOCOBYBaTH JaHHI crnocoou o0poOku mnoBitps mas CKII ski moTpeOyroTh

TeMIIepaTypy TOUYKH pOCH B IPUILUIMBHOMY MOBITpP1 Ha piBHI 2...5 °C.
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[To-gpyre mst 3a0e3neueHHs TeMIepaTypu TOYKU pocH HuxKYe 6 °C, 3’ ABIsSETHCS
HEOOX1/IHICTh 3aCTOCYBaHHS JOOABOK IO 3HWXKYIOTh TEMIEpaTypy KpHUCTali3arlii
xonoaoHocis. [Tpu nbomy 301IbIIY€THCS MACOBA BUTPATA XOJIOJOHOCIS, 1110 TPU3BOAUTH
JI0 3pOCTaHHS BApPTOCTI HACOCHOTO Ta TEIJIOOOMIHHOTO O0JIaTHAHHS, TIJIOMTI HEOOX1THOT

L pO3TalllyBaAHHS ,ZIOHOMi}KHOI‘O O6Ha,ZIHaHH$I Ta 0aKiB IIOITOBHEHHS CHCTEM.

1.6 3actocyBaHHsS aJcOpOLIMHOrO crmoco0y OCYIIEHHS TOBITPS B CHCTEMax

KOHJUITIOHYBaHHS TTOBITPS.

[Tix mporiecoM aacopOIItHOTO OCYIIIEHHS MOBITPS BAPTO PO3YMITH 3aCTOCYBAaHHS
BJIACTUBOCTEN COPOEHTIB Il BUAAJICHHS 13 TMOBITPS HAIMIIKOBOI Bojoru. [Ipouec
cop6buii B CKII nepeBaxxHO 3ycTpidaerbcsi y BUTIIAAL (PI3UYHOI aacopOuii KoM MpU
B3a€EMOJIii aJICOpPOEHTY 3 aacopOTHBOM HE BiJIOYBA€ThCS 3MIHHM iX BIIACTUBOCTEH Ta
MOJIEKYJIIPHOT CTPYKTYPH; & TAKOK KalISIPHOI KOHIEHCALII1 — IEPEeBaXHO B1A0yBa€eThCA
Ha MMOBEPXHI aJCOPOSHTY SIK TepIia cTaais mpoiecy cop6iii [38, 39, 40].

®dizuyHa aAcopOIiss MPUCYTHSA HA PIBHI CHUJ MDKMOJIEKYJISIPHOI B3a€MOJII KOJIU
3HA4YeHHs BifcTaHi ([,<1HM) HaOIMKEHO IO pO3MipiB MoJIeKysl. BenwunHa B3aemoii

OLIIHIOEThCS MoTeHItianoM Jlennapaa-/xonca [10]:

U :4Uo|_(5/r)12' (Slr)GJ 1.23

G — BIJICTaHb MK MOJICKYJIaMHU, sika BianoBigae piBHoBaxHoMy ctany (ULc=0), mm; Uy
— MiHIMaJbHa eHepris B3aeMoii, [k, I — BiicTaHb MK MOJIEKYJIaMH, 110 BiJIOBIIA€
Uo, MM.

[ToTenrianpHa €HEprisi MOJICKYJT Ma€ TO3UTUBHUN 3HAK TIPU BUKOHAHHI BUMOTH: G<T, B
1HAKILIOMY BUIAJIKy IEPEBAXKAIOTh CUJIM BIAIITOBXYBAHHS MPH 111€ OLIBIIOMY 3pOCTaHH1
BIZICTaHI TIOTEHINIaIbHA eHepris cTany piBHa Hyiio [10, 41, 42, 11].

SBuine KanIsIpHOI KOHJIEHCAIlll CIIOCTEPITAEThCS Ha MaKPOIIOPUCTUX TUIAX MPHU
HAsIBHOCTI HA MOBEPXHI MOp 3aJMIIKOBOi BOJIOTH, 110 YTBOPIOE B MOpax BBITHYTHH
meHick. SIk Bimomo [42, 41] mapiiagbHUE THCK HAaCHYEHUX BOISHUX IapiB HaJ
BBITHYTOIO MOBEPXHEI0 MEHICKA MEHILIE HIXK HaJ MJIOCKOI0 MOBEpXHEI0. TakuM 4YMHOM

3a paxyHOK PI3HHUII MapiiabHUX THCKIB B OCYIIYBAaHOMY IIOBITpI Ta Kamijspi
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MOYMHAETHCS KOHJEHCAIliI BOMSHHUX TMapiB 3allOBHIOIOYM BECh O00’€M Kammuispy.
[HTeHCHBHICTh 32 YMOBU TepeOiraHHa MpOIECy KaliIspHOI KOHJEHCAIii 00epHEHO
MPOTOPLINHO 3ajexaTh B pajiyca Kamuigpa. Pamiyc MeHicka TIpu  KOTpOMY
IIOYMHACTLCA SBUILE KAMIAPHOT KOHAeHcalii 1exuTh B Mexax (1....1,5)*10° mxm [41].
SBuia copOritii BOASHUX TApiB CYMPOBOKYETHCS BUAIJICHHAM TEIUIOTH ajcopOiii, B
3B’SI3KY 13 BTPATOI MOJICKYJIOIO BOJSHUX TMapiB OJHIET 31 CTENEHIB CBOOOIU, TMPHU
KOHTAaKTIi 3 TBEP/A0IO MOBepxHer. Temnora afncopOiii BOATHUX HapiB qanc=3000 xJx/KT,
CKJIaIa€ThCS 3 TCIUIOTH BUIIAPIOBaHHS Ta TerioTu 3MouyBanus [10, 31, 11]. B mporeci
KOHJICHCAIlli BOJSHMX IMapiB MpUXOBaHa TeIloTa TpaHCHOPMYEThCS B SIBHY, Ta
MOBEPTAEThCSI HA3aa JO TOBITPS TMIABUIIYIOYM HOTO Temreparypy. Tlerora
3MOYYBaHHSI BUTPAYa€TbCsi B OCHOBHOMY Ha HarpiBaHHsS MacuBY ajcopOepa Ta
TETUTONIePEIavueo Yepe3 KOPIyC anapary BUBOJIUTHCS B HABKOJMIIHE cepenoBuine [31,
11].

B imkeHepHHUX po3paxyHKax MpoleciB 00poOku MoBiTps Ha i-d qiarpami yMOBHO
IIPOIIEC OCYIIECHHS MOBITPS 300paKy€eThes MPSMORO JIiHi€r0 10 130iHTaNbm Puc.1.8. s
BUPAXEHHS KyTOBOTO KOedilli€EHTa POLIeCy 3aMMCyeEMO PiBHSIHHS 0allaHCIB TEIJIOTH Ta

BOJIOTH B Tporieci agcopOirii [43]:
C-:'nIZ :Gnll_ \Nkcm):z_ qa\Nk +420Nk 1.24
G.d, /1000= G, d, /1000- W, 125

ne: Gn — Butparta mnositps, Kr/rof; li, |, — eHTanbmis MOBITPS HA MOYATKY 1 B KIHII
nporiecy ajacopOri, kJDK/Kr; ¢, — MUTOMa TEIIOEMHICTh mOBITps, KJ[K/KrK; t2 —
TeMIiepaTypa MOBITPS B KiHII mpouecy aacopOuii; Wi — KIIBKICTh CKOHAEHCOBAHOI
BOJIOTH B TIpOIIeCi aJcopOIrii 3a OJHy TOJUHY; (., — BUTpaTa TEIJIOTH HA HarpiBaHHS
a7icopOeHTy 1 KOHCTpYKUINA aacopOepa (mpuiimaerbest 420 xJlx/kr); 420 — nutoma
TersioTa 3MouyBaHHA 420 kJx/Kr.

PozninuBmm piBasaus 1.24 Ha piBHsSHHS 1.25 Ta CIpOCTUBINU HOTO, OTPUMYEMO

3aJIEKHICTD ISl BAPAKEHHS KyTa MPOILIECy:

e:fr:l/tz +Q- 420° f% 1.26
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[Ipouec apcopOuii BOoAsSHUX MapiB 3aKkiHuyeThcs B Toulll 2. [loBHE HacuyeHHS
ajcopOepa BOJIOTOI0 BiIOYBAETHCS KOJIM MAPITiadbHUN TUCK HACUYCHHUX BOJSIHUX TapiB
B MOBITp1 Ta B ancopOepl piBHI MK cO0O0, MPU IIBOMY CTaH IOBHOTO HAaCHYCHHS
aJIcOpOSHTY BOJIOTOIO BBAJKAETRLCS CTATHYHOIO EMHICTIO ancopoenty [10, 42]. B mporeci
HACHYCHHS aJICOPOSHTY BOJIOTOIO HOTO 3/1aTHICTh MOTJIMHATH BOJISIHI TIAPH 3 TTOBITPS HE
MOCTIMHA, 1 3aJICKUTH B1JI BIACTUBOCTEH aJICOPOCHTY Ta ajicopoary.

B peanbHux yMoBax mporiec aficopOIiiitHOro oCyieHHs MOBITPs Oy/1e MpOTIKaTh
MO0 1301HTAJBIN JIMIIE TIpu Temmeparypli mnoBiTps (t2=0), B IHIIMX BHUIIAJKaX

CIIOCTEPIraeThCs BIAXWICHHS KyTa mporecy npubiau3Ho Ha 160...200 k/Tx/xr [10].

|, KIDK/Kr

ti

l1=const

Ad
" di=const

d, r/kr

Puc.1.8 I-d giarpama npoiiecy ajgcopOIifHOro OCyIIeHHs MOBITPSI
HeoOximHa KUTBKICTh aJCOPOCHTY (KT') B MPOIIECI OCYIICHHS TOBITPSI PO3PAaXOBYETHCS

3a 3anexHictio [10, 43, 44]:

aV, _
W=Gnm=%,m‘ 1.27



55

JIe: 4 — BEIMYUHA a1copOLii, KI/KT; Vaye — 06’ €M afCcOPOEHTY, M>; Payc — IYCTHHA, KI/MS;
Z — 9ac MpOTIKaHHSI MPOIIECy aacopoirii, c.

Benmnunna ancopOmii a (KI/Kr) BHU3HAYAETHCA SK BITHOIICHHS KIUIBKOCTI
ajcop0ary, 1o MOTIAMHAETHCS JI0 TUIOITI MOBEPXHIi ancopOepa, 3BayKat0un Ha CKIIATHICTh
AQHAIITHYHOTO BHU3HAYCHHS TIUIONII TOBEPXHI aJcOpOCHTYy, JaHa BeEIMYHHA
PO3PaxOBYETHCS HA OAWHHMINIO MacH aJCOPOCHTY.

VoV
S | , KI/KT 1.28

[Ticnss HOCSTHEHHSI TMOBHOTO HACHUYEHHS aJCOPOEHTY HEOOXIJIHO MPOBOIAUTH
IpoIeC pereHeparlii oro 3gaTHocTeil mormuHaTH Bosiory [33]. Ilpomec pereneparrii
CKJIaJIa€ThCsl 3 JBOX ITOCIIJIOBHMX CTaJliid: JiecopOIii Ta oxoiomkeHHs. B mporeci
necopomii [10] 3abe3neuyerscst ymoBa P >Py, (P, — THCK BOASHHMX IapiB Ha IMOBEPXHI
aacopOepy, Pn — THUCK BOISHMX TapiB B MOTOLl TMOBITPSA) UMM 3a0€3MEUyETHCS
BU/JIAJICHHS BOJIOTH 3 Iapy ajicopOenty. [Jani amcopOep 0X0I0KYIOTh ISl JOCATHEHHS
HOro no4aTkoBoro crany P,<Pj.

Ha cporoani st 3AiiiCHEHHS MPOILECIB OCYLIEHHS TMOBITPSA B CHCTEMax
KOHJIUITIOHYBaHHS TIOBITPS 3aCTOCOBYIOTBCS J[BI OCHOBHI CXEMH aJCOpOIIMHUX
YCTAHOBOK OCYIIIEHHS MOBITPSL: MEPI0AUYHOT Jii (10 HUX TAKOXK BIAHOCSITHCA amapatH 3
aJcopOeHTaMH, 10 TEPEMHUKAIOTHCS 3 OJHOTO Ha JPYTHil) Ta HEMEPEPUBHOTO THUILY
(potopHo-copOenTHi amapatu) [28, 10, 11, 33]. [Ipouecu B amapaTax mepioguyHoOl dil
HecrarionapHi [11] BOHM TiepeBaKHO 3aCTOCYIOThCS JUISI OCYIICHHS TEXHIYHHX
crucHenux rasiB [10, 33]. PospaxyHku mporiecy OCYIICHHsS TMOBITPS B amapaTax
nepioguuHol Aii getampHo po3rssHyTi B [39, 40, 11, 43, 44] B mporpami aaHOi
KaHIUAATCHKOI TUCepTaIlii He PO3TIISIat0ThCS.

PoTopHO-cOpOeHTHa  TEXHOJIOTiI  OCYIIEHHS TOBITPS  peaii3yeTrbcs B
IEHTPAIBHUX CHCTEMaX KOHJIWIIIOHYBAaHHS TIOBITPS JJII OCYIIEHHS BEIMKHX Mac
noBiTps. Cxema cucTeMHu POTOPHO-COPOIIMHOTO OCyIllyBada Ha BeieHa Ha Pwuc.l.9.
Potop, sik OCHOBHUU €JIEMEHT, JAHOI CXEMH CKJIAAETHCA PO3TALIOBAHUX MOYEPTOBO
MJIOCKUX QJTFOMIHIEBUX TIIACTHH Ta TO(QPOBAHUX IIACTHH, TAKOK MOYKJIMBE BUKOHAHHS

poTopa B BUTIISAII pOTOpa, MepeBaxxHo 3 kepamiku [10].
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CeKyis ocyleHHs

» g @ n
out @

[+ ]

Cekuia perenepauil

Puc.1.9 IlpunnunoBa cxema aicopOIIiifHOTO OCYIIIEHHS TMOBITPSI.

1- noBiTpstHUM QUIBTP; 2 — BEHTWJIATOP HA JIiHII OCYIIIEHHS MOBITPS; 3 — pOTOp-
copOeHT; 4 — NOBITPSIHUI PLUIBTP; 5 — Kanopudep pereHepaTUBHOr0 MOTOKY MOBITPS; 6
— BEHTWJISITOP Ha JIIHIT pereHepartii. ext — 30BHIIIHE MOBITPS; 1N — MOBITPS MiCIA
ocylIieHHs (IPUILTMBHE MOBITPs); | — MOBITPA 118l pereHepartii ; out — moBITPA MICIs
pereHepari.

Ha moBepxHi amtoMiHIEBUX IUIACTUH HAHOCHUTHCS IAP JECHUKAHTY METO0M
XIMIYHO1 KpUCTaji3alli. Y TROpeHa TaKUM YHHOM CTPYKTYpa poTopa 103BOJISIE JOOUTHCS
IUIOLi IIOBEPXHI KOHTAKTy MOBITPS 3 AecukanToM 10 6000 M%/M* aepoauHaMivHmii omip
npu 1poMy JiexuTh B mianazoni 100...200 ITa [10]. Taki poTopu BrOTOBIISIOTHCS
cBiToBuMH KoMmaHisMu: Munters [45], Seibu Giken [46], Cotes [47].

B mporecax poTopHO-aacopOIIHHOTO OCYIIEHHS TOBITPS TeMIeparypa poTopa ta
BIJIPI3HSETHCS BiJl TEMIIEPATYPU OCYIIYBAHOTO IMOTOKY TOBITPSI thes [10], ipu womy t,>
thos, B HACHIJOK 4YOTO BiAOYBAa€ThCA BIIXWICHHS IPOMEHIO MPOLECY B CTOPOHY
301IBIIICHHS CHTAJIBITIT TOTOKY MOBITps. [Topsia 3 M B miteparypi [10] BkasyeTscst mpo
BIUIUB TEMIIEpaTypu PEreHEPATHUBHOTO IMOTOKY TMOBITPS Ta IMIBHJIKOCTI OOEpTaHHS
poropa Ha mepeOiranHs mporecy copOiii. Haiibinbie HaOMMKeHHS 10 130€HTAbIT
MPOIIECY OCYIICHHSI CIIOCTEPIra€ThCS MPU TEMIIEpaTypax pereneparlii Hmwkue Hixx 60 °C.
[IBuakicTe 00epTaHHS pOTOpa BHUCTYNA€ KEpOBaHUM (PAKTOPOM B TIpOLECI

a7copOIIHHOrO0 OCYHIEHHS MOBITPs. TakuM YMHOM Tpu 30UIbIIEHHI 00EpTIB poTOpa
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CHIOCTEPIra€ThCsl 3MEHILEHHS TMOIVIMHYTOI BOJIOTM 3a TOM K€ MPOMDKOK Yacy.
PexoMenoBaHui Miana3oH MIBUAKOCTEH MPUIMAETbCA B 3aJI€KHOCTI BiJl KOHCTPYKIIIT
poTopa-ocyiiyBaya i JeKHUTh B Mexkax 8-20 00/roz. B mitepatypi [10] Takox BKkazyeThes
Ipo MOXIHMBICTH TPOBEIAEHHS TIporecy axcopbmii mpu T=cont, TemmepaTypa
pere”epaiiii Tpu I1bOMY 3HaXoauTbcsa Ha piBHI 45 °C 1 3abe3nedyeTbcs
0araTocTyreHeBUi BIIBI TEIJIOTH BiJl pOTOpa-OCyIllyBaya.

TakumM YMHOM 3acTOCYBaHHS aJCOpOILIMHOrO OCYIIEHHS B CHCTEMax
KOHJUIIIOHYBaHHSI TIOBITPSl JI03BOJIIE OTPUMYBAaTH TEMIIEPATypu TOYKH POCU
npurumBHoro noitpa g0 -70 °C. Ilpore HailOUIbLII BUTpaTH TEIUIOBOI E€HEPTii,
INPUCYTHI B MPOIIEC] pereHepariii poTopa, 0 CTPUMY€E IUPOKE 3aCTOCYBaHHS JAHOTO
croco0y OCYIICHHS MOBITPS B CHCTeMaxX KOHAMIIOHYyBaHHs. [lepebiranHs mporieciB
copOl1ii qyKe 3aexarh BiJ SKOCTI aJicOpOEHTY, BUOpAHOI TEXHOJIOTIT AJIsl 3A1ICHEHHS
IPOLIECY OCYIICHHs Ta CIocoOy pereHepauii agcopOeHTy, 10 3HAYHO BILJIMBAE Ha

TEPMIH CIIYXOHU camoro ajcopOeHTy.

1.7 HenoJiku 3aCTOCYBaHHS KOHJICHCAIIHOTO Ta a7COPOLIIIHOTO CIIOCO01B OCYIIIEHHS

noBiTps B CKII myist mpumMitieHHs 30epiranHst HaclHHA rapOys3a

30epiraHHsl HACIHHS POAWHHU TapOy30BUX, KaIyCTH, PEIHCY, PEIbKH, OPYKBH,
Oypsika Ta IHIIOI CUIBCHKOTOCIOAAPCHKOI MPOAYKIi B PErJIAaMEHTOBAHUX YMOBAax
noTpedye miATPUMAHHS MapaMeTpPiB MOBITPSHOTO CEPEIOBUINA - TEMIIEPATYPU MTOBITPS
B Mexax 10...12 °C ta BigHOCcHOi Bojiorocti He Buine 60 % [6]. 3oHa MOTPIOHMX
napameTpiB oBITps HaBeneHa Ha Puc.1.10 (minis 1-2-3-4). J{ns BUKOHaHHS 3a3HAYEHUX
BUMOI' CHUCTEMH KOHJMIIOHYBaHHS MOBITPsI 00JIaHYIOTh CEKLIsIMU OXOJIOJKEHHS Ta
OCYUIEHHS TIOBITPSI.

Jlnst 3aioBOJIEHHST TIOTpeO MO MIATPUMAHHIO BIHOCHOI BOJIOTOCTI MOBITPS
tpaguiiiiHo B CKII 3acTocoByloTh mepeBaXHO CHOCOOM KOHJIEHCAI[IHHOTO Ta

aicopOIiiHOTO OCyIIeHHs moBiTps [48].
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Puc.1.10 I-d — giarpaMa BoJIOTOro MOBITPS 13 MporiecaMu 00POOKH JIjIst 30epiranHi
CUIBCHKOTOCTIOAAPCHKOT MPOIYKIIIT

Sx BiAOMO, I KOHAEHCALITHOrO CHoco0y OCYIIEHHS 31 3pOCTaHHSIM
TeMIepaTypd Ta BIJIHOCHOI BOJIOTOCTI IOBITPsSI 301IBIIYETHCS IHUTOMA 3/IaTHICTH
ocyuieHHst Ha 1 kBT cnoxkuBanoi eneprii. Kpim toro, epexkTuBHICTh KOHAEHCALIHHOTO
croco0y OCYIICHHS Pi3KO Maja€e 31 3SMEHIIISHHSIM B1JIHOCHOI BOJIOTOCTI IMOBITPS.

[Ipy HU3bKMX TeEMIeparypax MNOBITPA, I KOHAEHCAI[IMHOTO CHOCO0y
XapaKTepHI 3HAYHI BHUTpPATH €HEprii i mnepeoxosiofpkeHHs moBiTps (16 xJDx/kr
MOBITPS) HMJKYE TOYKM POCH, a TAKOXK HACTYIHOIrO HarpiBaHHS JO MapaMeTpiB
npuruuBy (8 kJ[k/Kr moBiTpsi). PazoM 3 TUM IpU MEPEOXOJIOKCHHI MOBITPS HIXKYE 5
°C BigOyBaeTbcss oOMep3aHHs MOBEpxHI TeriooOMmiHHoro amapary [10, 33] i Ha
MOBEPXHI TEMJIOOOMIHHOTO anapary 3’ sIBISE€ThCA Iap 1HII0, SIKUH TPU3BOAUTH 10 POCTY
TEPMIYHOTO Ta a€pOJAMHAMIYHOTO ONOPY TEMI000MIHHOTO anapaty. HapocTtanHus mapy
1HIIO Ta 3MiHA WOTO TETUIO(hI3UYHUX BJIACTUBOCTEH MPU3BOAUTH 0 HECTAI[IOHAPHOTO
XapakTepy Mpolecy Temio00MiHy Ha TOBEPXHI TEINIOOOMIHHOTO anapary, 1 Ik HaCJIiJJ0K
cucteMa (QYHKI[IOHYE€ B LHUKIIYHOMY pPEKUMI 3 TMEPIOJUYHUM  BiJITABAHHIM

TEII000MIHHHUKA.
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Ha i-d-nmiarpami Puc.1.10 HaBeneHO npoliec KOHIEHCAIHHOTO OCYIICHHS MTOBITPS
JUTSL 3aJI0BOJICHHSI HEOOXITHUX MapaMeTpiB MIKPOKIIMATy B MPUMIIIEHHI 30epiraHHs
HACIHHS pOJMHM TapOy30BUX, y BHIJISAI Bigpiska ext-B-O-O’-in. HeoOxigna
TEeMITepaTypa TMOBITPs Micis cekiii ocymeHHs ckimamae T. O° 2 °C. 3a Takux ymoB
CHUCTEeMa TIpaIfo€ HECTaOlIbHO 3 TEPIOJAMYHHMM BIJATaBaHHSIM TEIJIOOOMIHHUKA, IO
HIATBEPKYETHCS  JAaHUMHU  €KCIUTyaTallii CHCTeMH, SK pe3yJbTaT He CHpUse
CTaOlIbHOCTI MATPUMKH 3a/JaHUX MapaMeTPiB MIKPOKIIIMATY.

JlaHoro HeJOJIKY T1030aBjeHI CHUCTEMHM OCYIICHHS TIOBITPS Ha OCHOBI
copbenTHuX TexHojorid (mporec ext — A Puc.1.10). Pazom 3 Tum 3actocyBaHHS
a7copOLIMHUX OCYIITyBayiB, OUIBII BUMPABAaHE B 00JACTI HU3bKUX 3HAYEHb BIAHOCHOL
BoJstorocti noBiTps [33]. Jle Ha BigMiHY BiJ KOHAEHCAIIMHOTO Croco0y e()eKTUBHICTh
MOTJIMHAHHS BOJIOTH 3MEHIITYETHCSA HE CYTTEBO. [IpoTe BOHM MOTPEOYIOTh J0IaTKOBHX
CHEPrOBUTpPAT TPU CYXOMYy OXOJojpkeHHI (mpomec A-3 ) Ta nIpu pereHepariii
aacopOeHnty (54 k/[»x/kr o0pobroBaHOro MOBITPs). [0 BKa3aHUX HEOMIKIB CIJ JO1aTH
HEOOXIHICTh B JOJATKOBUX IUIOIIAX MPUMIIIEHb IS PO3MIIIEHHS OCHOBHOIO
oOnaHaHHs, OOMEXKEHUN TEPMIH CIIy)OH COpOEHTY, 0COOIUBO y pa3i BUKOPUCTAHHS
coieit mitiro [10], cXWIBHMX 10 BUMHBAHHS TPH BIIXHJICHHI BiJl HOMIHAJIBHUX
TEXHOJIOTIYHUX PEXHUMIB pOOOTH, IO Pa30M CTPUMYE HIUPOKE 3aCTOCYBAHHS JAHOTO
METOJIY OCYIIEHHS MOBITPSI.

VY pe3ynabTaTi MOKHA YITKO BHIUJIUTH O0JIACTI MEPEBAXXHOTO BUKOPHUCTAHHS

KOXKHOTO 3 31CTaBJISIIOTHCS TUITIB OcyIyBayiB puc. Puc.1.11
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Puc.1.11. O6nacti nepeBaKHOTO0 BUKOPUCTAHHS KOHAEHCAIIMHOTO Ta acopOLiitHOTro
OCYIIEHHS TTOBITPS

CyuacHi JOCIIJIPKEHHsI HaIlpaBJICHI Ha OMNTUMI3allil0 Ta 3HIKCHHS BUTpaT B
npoiieci ocymeHHs nositps [49, 50, 51, 52].

Hanpuknan B podoti Hua Liu, Yi Jiang — Kuraii [52] po3risaarotbes criocoou
3MEHILIEHHS] BUTPAT €KCeprii B MpoLect aAcopOLiHOro ocyueHHs noBiTps. OCHOBHY
yBary NPUAUIAIOTh 3HKEHHIO TEMIIepaTypu pereHeparlii ajacopOeHTy, IUITXOM
onTHUMi3alii TpoueciB 0OpoOJIEHHS MOBITPS B POTOPl ancOpOLIMHOIO OCYLIEHHS
noBiTps. [lopsa 3 MM aHai3y€eThes MONEPEIHE 0XOIOHKEHHS NOBITPs (KOMOIHYBaHHS
KOHJICHCAI[IHHOTO Ta aJICOPOIIITHOrO CrOCO0IB OCYIIEHHS MOBITPS) JJIS TiABUIIICHHS
3arajibHOi €KCEepreTUYHOl ePEeKTUBHOCTI mpolecy. K pe3yabTaT HaBEAEHO CIOCIO
Oararoctamiiinoro ocymieHHs moBiTps B CKII 13 3actocyBaHHSIM ancopOIiiiiHOTO
croco0y, KU Mae€ MEeBH1 TIEpeBary B MOPIBHAHHI 13 BKA3aHUMHU B €HEPTOBUTpATAX, aJie
HE BUKJIIOYAE 1X CYTTEBO, TOMY IO 3aJUIIA€ CTAJlli MEPErpiBy W MEPEOXOTOHKEHHS 1
TaKOX MOTPEOYIOTHh BIAMOBIIHUX JOJAATKOBUX ILIOMNI JJISI PO3MIIICHHS OCHOBHOTO Ta
JOMOMIKHOTO oOnagHaHHs. Cxema 0araTocTaliifHOrO MPOLIECY OCYUIEHHS MOBITPS,

3rigHo 3 [52] naBenena Ha Puc.1.12.
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Takox 3acimyroBye yBaru podota aBTopa A Icca - YCCP [53] sika npucBsiueHa
3aCTOCYBAaHHIO KOMOIiHaIlli HEMpPsSMOTO BUIIAPHOTO OXOJOKEHHS Ta aJCOpOLIHHOTO

OCYIICHHS TIOBITPSI 17151 3HMKEHHSI eHEPTOBUTPAT B MPOIIEC] MIATOTOBKY MOBITPSI.

- — ——(Dext-A-3
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Puc.1.12 |I-d-nmiarpama mpotieciB 6araTocTaaitHOro aJicOpOIIHOTO OCYIICHHS TOBITPSI
B CKII; 1 — ogHOoCcTaaiitHe ancopOiriitHe OCyIIIeHHs TOBITPs O€3 MOMepeIHHOTO
OXOJIOJIPKEHHS; 2 - OJHOCTaJiiHEe aacopOIiiiHe OCYIICHHS MOBITPS 3 MONEPEAHIM
OXOJIOJIPKEHHSIM; 3 - IBOCTa/AiiiHe ajcopOiliiiHe OCyIlIeHHs TOBITPs 0€3 MOonepeIHhOro
OXOJIO/DKECHHS; 4 - IBOCTalIiHE acOpOITiiHE OCYIIIEHHS MOBITPS 3 MONEPEIHIM

OXOJIOJ[KEHHSIM.
1.8 TeopernuHi 0CHOBH 3acTOCyBaHHs MeMOpaH [ ocymieHHs nositps B CKII

OrJsiz miTepaTypH 3 MEMOPAHHOTO PO3MOAUICHHS cyMmileii ra3iB [54, 55, 56, 57]
BKazye Ha Te, II0 Ha CHOTOJHI THUTAHHS OCYIICHHS TIOBITPS B CHCTEMax
KOHMIIIOHYBAaHHS MOBITPS, B TOMY YHCI1 AJI MIATPUMAHHS MIKpPOKJIIMAaTy BUBUEHE HE
nocTaTHbO. Hamu, mpu ompaiitoBaHHi JIITEpaTypy HE BJAJIOCS 3HAWTH CXOXI Ipalll, B

SKUX PO3KPHUTI MHUTAaHHS MPOLECIB AKI BIAOYBalOTbCA MPHU OCYIICHHI MOBITPS MNpU
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HU3bKUX 3HAUYEHHSM Mepenaay TUCKY Ha meMmOpani. Takoxx He 3HalIeHI TEOpeTUYH]
OCHOBH JIJIs1 BUOOPY Ta po3paxyHKy MeMOpaH mis 1ineit ocymenHs nositpst B CKIL.

Teopist MmemOpanHoro posziienHs [55] Buminsge ABa OCHOBHHUX KPUTEPIS SKHM
MOBHHHA BIAMOBIAaTH BUOpaHa TEXHOIOT1sI MEMOPaHHOTO PO3JLJICHHS KOMIIOHEHTIB: 1.
TEeXHIYHA MOKJIMBICTB 3J1MCHEHHS IPOIIECY PO3JUICHHS; 2. €EKOHOMIYHA JOIUIBHICTb.
CTOCOBHO MepuIOro KpUTEpis A BUKOHAHHS JaHOI YMOBH HEOOXITHO B MpOIECi
PO3ALUIEHHS OTPUMATH HEOOX1IHY CTYMIHb PO3AUICHHS Ta IUCTOTY» MPOayKTy. OnHaK
Ha CEKOHOMIYHY JIOIJIBHICTh CHJIBHO BIUIMBAE CKJIaJ Ta KOHIIGHTpaIlis BHUX1THOI
CHPOBHHH, a TAKOK BUOpaHa METOJIMKA PO3IIJICHHS pedoBHHU [55].

B TexHOMOTIYHMX Mporecax OCYIICHHS CTHCHEHOTO TOBITPS 3aCTOCOBYIOTH
CHCTEMHU MEMOPAHHOTO PO3/I1JICHHS TIOBITPS Ta BOASHUX MapiB [37], ki ass 3aificCHeHHS
MPOLIECIB PO3AUICHHS, HE TOTPEOYIOTh CYTTEBUX NEPENaaiB TEMIIEPATYPH, aJI€ 3 THIIOTO
00Ky TOTpeOYIOTh JIOCTaTHHO BEIUKHUX IepernajiB TUCKIB. J[o mepeBar MeMOpaHHOTO
PO3JIUICHHS CTHCHEHOTO IMOBITPSl MOYKHA BIJIHECTH HACTYITHI ToKa3HukH [58]:

- MIPOCTOTAa KOHCTPYKILIi, BIJICYTHICTh PYXOMHX YACTUH, XOJIOJOAr€HTY abo
a7ICOpOCHTY;,

- BIJICYTHICTh HEOOXITHOCTI B IOCTIHHOMY CEPBICHOMY OOCIIYyTrOBYBaHH],

- BIJICYTHICTh HEOOX1THOCTI B €JIEKTPOKUBJICHH1, BUOYXO0- Ta MOKEXKOOE3MEUHICTh,
- KOMITaKTHICTh, HEBEJIMKA Maca, Oe3IIyMHICTh, BIJCYTHICTh KOHJIEHCATY IPH
po0O0TI MEMOpPAHHUX OCYIITyBayiB, BOJIOTA BUHOCUTKCS 3 IIEPMEATOM y BUTJISIII MapH.

[Ipore cucremn MeMOpPaHHOTO PO3AUICHHS CTHCHEHOTO TMOBITPS Ta BOJSHUX
napiB XapaKTepU3YIOThCS BUCOKOK YYTIWBICTIO MeMOpaH no 3a0pyaHeHb [58]. B
MeMOpaHHUX OCYlITyBavyax He MOBUHHA NOTPAIUISITH P1AKa BOJIOTA 1 TBEp/Il YACTUHKH, Ta
KoMIipecopHe macio. [lomamanns ux cyOcCTaHIli Ha TTOBEPXHIO MEMOpaH BUKIIUKAE
3HMKEHHSI €()eKTUBHOCTI iX pOOOTH, a TakoXX B 0ararbOX BHMAJKaX IMOUIKOKESHHS
MeMOpaH TBEpAUMH YaCTUHKAMH. J1JIs 3aXUCTy MEMOPAHHOTO OCYIITyBayda BiJ] JOMIIIIOK,
K1 HAAXOAUTh 13 CTUCHEHUM TOBITPSIM 3aCTOCOBYIOTh MEXaHIYHY (DUIBTPAITiIO.

Kpim Toro, sik 3a3HadaroTh aBTopu podotu [48], maHi nporiecu NoTpeOyIOTh 3HAYHOTO
YIOCKOHAJIGHHS Marepialy MeMOpaH B HampsMKy 30LIbIIEHHS IPOITYCKHOI

CIIPOMOJKHOCTI.
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3aciyroBy€ yBaru 3aCTOCYBaHHS HAIMBIPOHUKHUX MeMOpaH B Oy/iBENbHI
ramy3i Juig 3amo0iraHHs KOHJEHcallii BOJSHUX MapiB B JaxOBOMY MPOCTOPI Mix
nokpiieto [59]. Po3pobiieHi crierianbHO Ij1s BKa3aHOI 111, HaIBIPOHUKHI MEMOpaHu
JOCTaTHLO e(EKTHBHO 3 MPOAYKTUBHIcTIO moHan 1300 kr/mo6-m? Ila, mpomyckaroTs
yepe3 cebe BOSHI mapH 13 MOJabIIMM BuAaleHHsAM Ha3oBHI [60, 61]. o mpomecy He
3aJIy4aroTh JIOJIaTKOBO1 €HEeprii, BIH 31MCHIOETHCS 3aBISIKU CYKYIMHOCTI KaIISIPHUX
edeKTiB Ta nepenaay napiiaabHUX TUCKIB BOJSHOL MapH.

Onucadi BUIllE HAMBIPOHUKHI MEMOpaHW BHUTOTOBJISIOTHCS 3 TOJIMEPHHUX
MmaTepiaiiB, nepeBakHo nodiBiHLIXpuA ([IBX). [62, 63] BbinbimicTe 3 HUX SBJISIOTH
co0010 TPHOXIIIAPOBUI MaTepial Ha OCHOBI HETKaHOTO NoJioTHA. [1lapu sSBISIOTH COO0I0
CUCTEMY, IO CKJIAQJa€TbCs 3 OCHOBHOI'O HETKAHOTO BOJIOKHUCTOrO  IIapy,
(YHKLIOHAIBHOTO Iapy 1 3aXMCHOro 3HococTiiikoro mapy. Illapu wmemOpanu
3'€IHYIOTbCS B «IIaKET» 3a JOMOMOTOK BHCOKOTEXHOJIOTIYHOTO YJIbTPa3BYKOBOI'O
3BaproBaHHA. BHyTpimHINA (QyHKIIOHANBHUI wmap sBise coborw mnonimepHy [IBX -
IUTIBKY 3 MiKponiep(popoBaHOIO (MIKpPOTIOPUCTOIO) CTPYKTYPOIO — SIKa BOJIO 1€ BHCOKUMH
MOKa3HUKaMU MapOMPOHUKHOCTI Ta BUKOHYE OCHOBHY (yHKIIIIO: Mu(]y3ii (BUBEACHHS)
BOJSHUX NapiB Ha30BHI. [Ipu oMy CTpyKTypa Ta po3mip mop 3a0e3neuyroTh MeMOpaHi
BHCOKI MOKa3HUKH BOJOHENpoHUKHOCTI (10 3000 MM BomsHoro crosma) [63]. Taka
CTpyKTypa (cynepaudy3iiHux, mudy31iiHux, HAMIBIPOHUKHUX) OyiBEIbHUX MeMOpaH
J03BOJISIE TM O€3MEPEIIKOJHO MPOMYCKATH MOBITPS 1 BOJSHUM map.

HaiiBaxnmuBimoro BiacTuBICTIO nu(dy3iitHOi MemOpanu € 1ii mpomyckHa
CIIPOMOXHICTh (maponpOHHUKHICTB). [TaponponyckHa CIIPOMOXKHICTh Q
mr/(m?-24ron-Tla) mOKpiBeNbHMX (HANIBOPOHUKHMX) MEMOpDaH BHMMIPIOETHCS B
KUIBKOCT1 BOJISTHOT apu (Tpam), 1o MPOXOAUTH Yepe3 1 M.KB. MOJIOTHA MeMOpanu 3a 24
rOJIMHU TpU Tepenaay napliajbHUX THUCKIB BOJAHOI mapu Ha memOpani 1 Ila/m. 3a
KpUTEPIEM MApONPOHUKHOCTI MEMOpaHU MOAUISIOTHCS Ha:

- Cna6o qudysiini. Q menme 300 mr/(m?-24ron-Ila).
- Cepennbo audysiiini. Q 300-1000 mr/(m?-24roxn-Ila).
- Bucoko mudysiini (cynepaudysiiini). Q nonax 1000 mr/(m?-24rox-la).
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Cynepaudy3iiiHi BUKOPHCTOBYIOTHCS TpHU OYMIBHUIITBI B CKIAAHUX KIIMATHIHHUX
yMoOBax (abo MpH BUKOPHCTAHHI TOBCTOTO YTEIUIIOBaya), B MICIX 3 PI3KOIO 3MIHOIO
BOJIOTOCTI. Po3paxyHKOBa NapoONpOHUKHICTh cynepAudy3iiHuX MeMOpaH Ipu
CTaHJApTHUX yMOBax BHIIPOOyBaHb ckiamae 1300 r / mxB / 24 romuny [59]. Ha
NpaKTUIll MPOMyCKHA 3JaTHICTh MEeMOpaH Ie BHUIE, TOMY IO 3CEpeIUHU
MOKPIBEILHOTO MHUpOra THUCHE TEIUIe TMOBITPS, a HaJl TOBEPXHEI MeMOpaHu
Oe3nepepBHO 3MIHCHIOETHCS KOHBEKIIMHUN pyX moBiTps [59].

Ha cporoani mnpomoHyrooThcs cynepaudy3iiiHi MeMOpaHH OINHMCAHOI BHIIE
CTPYKTYpPH pi3HHX BUPOOHUKIB, 30kpema Strotex (Ilomnbma), JUTA (Yexis), TOP ROOF
(Himeuuwnna). B Ykpaini aHaioriyai MeMOpaHU BrOTOBIISIOTHCS KoMIaHissmu Roofer,
komrianiero «[IpymmHcbkn» Ha 3aMoBiIeHHs koMmmaHii Strotex, TOP ROOF.

Marepiasiu MeMOpaH TOCTIHHO BIOCKOHATIOIOTHCS 3 METOK 301IBIIEHHS iX

HpI/IHHKHOCTi, IMOKpPAIICHHA MEXaHIYHUX BJIACTUBHOCTEH Ta 3MEHIIICHHS BapTOCTi.

1.9 TeopernyHuil aHami3 3aCTOCYBAHHS MEMOPAHHOI'O METOJIy OCYIIEHHS B CHCTEMax

KOH/IUI[IOHYBaHHS MOBITPSI.

Ocy1iieHHs OBITPA 3a JIOMIOMOTOI0 HaIMIBIPOHUKHUX (CEJIEKTUBHUX) MEMOpaH, a
TaKOK OCOOJMBOCTI MPOTIKAHHS TAKOTO IMPOIECY JACTATBHO PO3TISHYTI B poOoTi [54,
57]. B pobotax [64, 65] npeacraBieHi METOIM PEryJIOBaHHS BOJIOTOCTI MOBITPS i3
3aCTOCYBaHHSAM MEMOpPAHHUX TEXHOJIOTIH Ta MEPCIEKTUBU 3aCTOCYBAHHS MEMOpaH Jis
OCYILIEHHS TOBITps. B naHux poOoTax MiAKPECTIOEThCS MPUBAOIUBICTE HABEACHOTO
CrIoco0y OCYIICHHS 3aBSKH IPOTIKAHHIO IIHOTO TIPOIIECY 130TePMIYHO, 1110 HE TOTpedye
TEIUIOBOI eHeprii, ado X0J0.1y.

J1J1st TEOPETUYHOTO aHaI3y OCYIIEHHS MOBITPA HA MEMOpaHaxX BapTO PO3IJIAIaTH
o0po0IItoBaHe MOBITPS, IO PYXa€ThCS B YCTAHOBI KOHJIUIIIOHYBaHHS MOBITPS, SIK
OlHapHY CyMIII CyXOro MOBITPSl Ta BOASHOI Mapu. BijjiyieHHs: mapiB BOJOTU 3 TOTOKY
MOBITPS BIIOYBAETHCSA 32 paXyHOK HAIBHOCTI TPAJII€HTIB MAPIiaIbHUX Ta HAJJTUIIIKOBUX
TUCKIB TIO Pi3HI CTOPOHU MeMOpanu. MemOpaHa B 3arajJbHOMY BUTJISIIL SBJISIE COOOIO

MOJIEKYJIIPHE CUTO, 3 KAMUIAPHOIO CTPYKTYpoto. JIjisi aHami3zy mpoueciB nepeHeceHHs
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BOASIHUX TapiB (OCYIIEHHs TMOBITPS) [UIsl CHCTEM KOHAMIIIOHYBaHHS TOBITPS
PO3IIIAIAI0THCS HamiBIpOHUKHI  cynmepaudysiitni  [IBX  memOpanu, omnmc
XapaKTEPUCTUK SIKUX OYJI0 HaBEeICHO BUIIE.

[Iporec nepeHeceHHs! peYOBUHU KPi3b MEMOPaHy OIMUCY€ETHCS, 3 OJIHIET CTOPOHH,
TEOPI€I0 HEPIBHOBAXKHOI TepMoauHaMmiku [56], 3rigHo sKoi HOro BIAHOCATH 0
(EHOMEHOJIOTIYHUX TMOHATh 1 OIKUCYIOTh TEPMIHOM «IIPOHUKHEHHS». TepMmiH
MPOHUKHEHHS OXOIUTIOE 0araTo MexaHi3MiB MEPEHECEHHs] PEYOBHUHU, K1 MOXKYTh OyTH
BUKJIMKaH1 PI3HUMH 32 MPUPOJO0 PYIIIHHUMHU CHUJIaMHU 1 32 IPUCYTHOCTI Tpai€HTIB
pI3HUX TOTEHIIAJIB: KOHIIEHTpAIlii MapiB BOJOTH, MapIiaJlbHUX THUCKIB BOJIOTH,
HAJIJTUIITKOBUX TUCKIB 1O 0OMABI CTOPOHU MEMOpPaHU TOIIIO.

®di3uyHa MOJENb pyXy MapiB BOJOTUM Yepe3 MOPUCTY MeMOpaHy, A CeKuii
MEMOpPaHHOTO0 OCYIIEHHS MOBITPS CUCTEMU KOHAMIIIOHYBaHHs NOBITps (puc. 1.13) B

34araJIbHOMY BHUIIAAKY Ma€ HaCTyrIHI/Iﬁ BUTJIAA:

dg 7
}
4
| #
Tor Py P’.2 Z
F3 . T Py Pj7 F5 .
Linr' Gin Louf:L/nf
S qouz‘:q/n_dq

Puc. 1.13. ®i3uvna Moenb pyXy pedoBHHHU (BOASHUX MapiB) KPi3b MOPUCTY
MeMOpaHy

1 — ymoBHO MeMOpaHHa yCTaHOBKA; 2 — MopucTa MeMOpaHa; 3 — BX1JIHUM MOTIK
O1HapHOI cyMmiIIi 0OpOOIIOBAHOIO MOBITPS Ta BOASIHUX MapiB; 4 — MOTIK MapiB BOJIOTU

yepe3 eJIeMEeHTapHY TUIOUIMHY MeMOpaHu; 5 — BUXIIHUHM MOTIK O1HApHOT CyMIII

00poO0JII0OBaHOTO MOBITPS T BOASHUX IAPIB;

[ToTik GinapHOi cymimn oOpoOtoBaHOrO TOBITPS Lin Ta mapiB BOJOTH (i
BXOJIUThH B CEKIIIF0 MEMOPAHHOT'O OCYIIIEHHS TIOBITPS, B sIKiH 3aKpilyieHa MEMOpaHa, sika

po3auisge 00’ eM CeKIlli OCYIIEHHS MOBITPS Ha JB1 130J1b0BaH1 OJIHA B APYroi YaCTHUHHU.
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[Tix miero TpamieHTIB MapIiialbHUX THUCKIB MapiB BOJOTH MO Pi3HI CTOPOHH MEeMOpaHU
Api=(p'1 — p'2) I1a Ta HagmumkoBux tHckiB AP=P1-P, Ila, ¢opMyeThcs MOTIK Mapis
BOJIOTH Kpi3b MeMOpaHy d( BeJrunHa SKOI'0 BU3HAYAEThCS 3a popmysioro [55]:

_ pSd, GoP+Dp')
uq_

| , Kr/ToI

1.29

Jle: 04 — KUIBKICTh BOJIOTH, SIKa MPOXOJUTH Yepe3 eEeMEHTapHY IJIOIMMHY MeMOpaHu
oS, xr/rog; S — mioma MeMOpanu, M2; Qp — (GEHOMEHOJIOTIUHUN KOEPIIiEHT
IPOHUKHOCTI MeMOpaHU, KU BKJIIOYA€ MEXaHI3MHU IMEPEHECEHHs B IMOPUCTUX Ta
Hernopuctux MemOpanax, kr/(m*Ila*ron); AP = (P1-P2) - rpamieHT HaJUIMIIKOBUX
TUCKIB MO Pi3Hi cTopoHU MemOpanu, [1a; Api = (pil — pi2) - rpamieHT MapIiabHUX
THUCKIB TIapiB BOJIOTH IO Pi3Hi CTOPOHU MeMOpanw, I1a; | — ToBIIMHA MeMOpaHu, M;

PiBastaast 1.29 € 3pyyHuM Ui po3yMiHHS TIpOLieCy BIJJIUICEHHS BOJIOTH HE
BJAIOYNCH JI0 PEaTbHOTO0 MEXaHi3My TEepeHEeCeHHS PEUYOBHHU, KU BKIIOYae B cede
e(eKTH MPOHUKHEHHSI PEYOBHHM B MOrPAHMYHUX LIapax 1 B TOBILI caMOi MeMOpaHu
[55]. 3 piBHSAHHSA BHAHO, MO 3arajJlbHa MPOHHKHICTh PEYOBHHU HE € IMOCTIHHOIO
XapaKTEPUCTUKOI MEMOpPaHH 1 3aJICKUThH BiJl yMOB MepeOiraHHs Mpolecy OCYIICHHS:
nepenaay THCKY, BXIJIHUX Ta BUXIJHUX MMapaMeTpiB Tomlo. Takoi JyMKH 1 aBTOpHU B
po6ori [55].

OTxe, Teopis HEPIBHOBAKHUX TIPOIECIB JyKE BIAIO OMUCYE KUIbKICHI
XapaKTEPUCTHUKU MPOIIECIB IEPEHECEHHS PEUOBHUHU KP13b MEMOpPaHY, IPOTE BOHA HE J1a€
3MOT'H OIIIHUTH MEXaHi3M TPaHCHOPTY (MepECHECEHHs PEUOBUHH) KPi3h MEMOpaHy, 1110
KOPHCHO Ui pO3pOOKH KOHKpEeTHHX MemOpaH. ToMy g aHamizy MexaHi3Mmy
NEpPEeHECEHHS! PEYOBMHU (B HAIIOMY BHUMAAKy — IapiB BOJIOTH) BHKOPUCTOBYIOTH
TEPMOJMHAMIUHI MOJENl pyXy, SKI pO3MIAAalOTh CTPYKTYpy MemOpaHu. 3a
CTPYKTYPHUMHU O3HaKaMu MeMOpaHH MNOAUISIIOTECS Ha MOPUCTI Ta Hemopucti. Ha
ChOT'OJIHI PO3p00JIeHI 0araTo TaKWX TPAHCTIOPTHUX MOJEIICH SIK JJIs MIOPUCTUX TaK 1 JJIs
Hermopuctux MemOpan [55].  Jlns mopucTux MeMOpaH HaWBaKIUBIII CTPYKTYpHI

napameTpHu 1€ MOPUCTICTh Ta T€OMETPIsl Mop (PO3Mip MOP, PO3MOAUIEHHS MO TUIONII Ta
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00 emy wmemOpanu). [lyis HemopucTux MeMOpaH CENCKTHBHICTh BHU3HAYAETHCS
3JIATHICTIO MOJIEKYJI PEUOBUHH PO3UMHITUCSA B MEMOpaHi.
3Ba)kalouM Ha BHILIE CKa3aHe, MOXHa 3pOOWUTH HACTYNHHUI BHCHOBOK: B MOPHCTHUX
MeMOpaHax MepEeHECEHHs] PEUOBUH 31HCHIOETHCS IEPEBAKHO KOHBEKTUBHUM ITOTOKOM,
JUUISL HETIOPUCTUX MeMOpaH - AU y31iHUM ITOTOKOM.

KonBekTuBHMIA MOTIK Q ISl IEpeHECeHHs PiIUHHU Yepe3 MOPUCTY MeMOpaHy 3
MOopaMU B BUIJISI/II TOHKHX KamUISIPIB JOCHUTh MPABUIBHO OINUCYETHCA DPIBHIHHSIM

Xarena-Ilyaseiins [55]:

0= £0° B

Jie: € - TIOPUCTICTh TOBEPXHI h&%@ﬂnmoﬁo BIJIHOIIICHHSI IUIOII TOp JO TUIOIII

MeMOpaHu; I - cepeHii paaiyc mop, M; 1 — AMHAMIYHA B SI3KiCTh MPOHUKAIOYOI PiTUHH,
[Taxc; T - GakTOp MPOTHKHOCTI TOP, SIKUI 30UIbIITye TpUBaNicTh nUIIXy; Al - ToBIIMHA
MeMOpaHu, M; AP —pi3HUIS TUCKY IO OOUABI CTOPOHU MeMOpanu, [1a.

[Topsin 3 MM KoedIlIEHT MEPEHECEHHS PEUYOBUHM Yepe3 MOPUCTY MeMOpaHy
BJIAJIO ONMHUCYIOTHh 3aKkoHOM /Jlapci [54], me pylniiHOO CHIIOI TpOoIeCy HepeHECEeHHS
PEUYOBHMHHM 3T1IHO PIBHAHHS 1Jisi QUIBTpAIlii PIAMHYU € TPAJI€EHT THUCKIB, CTBOPEHHM MO
pi3HI CTOPOHM MeMOpaHH. 3arajlbHa NPOHUKHICTH PEYOBMHU B JAHUX PIBHAHHIX

BU3HAYAETHCS PI3HUIICIO TUCKIB PEUOBHUHU O OOUABI OOKH MEMOpPAHHU:

_ 2P, @O
(P1- P GF

1.31

ne: Q — o6'emna BuTpara pigman, m%/c; F — moma nosepxui ¢insrpanii, Mm% Py, P, —
PI3HHMIIS TUCKIB, CTBOPEHHUX TI0 Pi3HI CTOpOHU MeMOpanw, [la; p — quHaMivHa B'SI3KICTh
pigunm, [a-c; | — ToBumaa memOpanwu, m; P, — atmochepuuii trck, Ia.

3miBcraBuBim piBHsAHHS 1.30 Ta 1.31 MoKHa OTpUMaTH 3HAYEHHS] TPOHUKHOCTI
Hapci nis KanuispHOi MoJelli MeMOpaHW. 3Ba)Karo4H, IO MOPUCTICTh KamiIspHOT

MeMOpaHHu MOBUHHA OyTH:

e=n®0’ 1.32
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Jie: € - TIOPUCTICTh MOBEPXHI MeMOpaHu, TOOTO BIIHOIICHHS IUIONI MOP MO TJIOMNII
MeMOpaHu; N — KUIBKICTB TIOP; T - CEPEAHIN pajiyC mop, M.
PiBHsAHHS KOe(]illlEHTY MPOHUKHOCTI JJIA KaluIApHOI MEeMOpaHM MOKHa 3alucaTd y

HACTYITHOMY BUTJISIL

_e®?
8

Jie: € - TIOPUCTICTh TOBEPXHI MeMOpaHW, TOOTO BIMHOIICHHS IUIONII MOP JO TLIOMNII

1.33

MeMOpaHu; 1 - cepeHIN pajlyc mop, M.

3 3akony Jlapci BUIIHO, 110 OMIp pyXy MOTOKY OOYMOBIIIOETHCS CUIIAMH B’ SI3KOCTI,
a MPOHUKHICTH kK Bi100Opakae BC1 BIACTUBOCTI OPUCTOI CEPEIH.

[TpoTe anst po3aineHHs ra3oBux (a3 peUOBUHH, MOECII B SI3KICHUX MOTOKIB, sIKi
onucyroTbecsi piBHsSHHAMH [lyazeiins ta apci, OyayTh chopaBeiMBI JIMIIE IPH
HasBHOCTI B MeMOpaHi «Beaukux» nop (r>10 mkm). g nop Takux po3MipiB OLIbII
XapakTepHUM B’SA3KICHUI TMOTIK MpU SKOMY MOJEKYJIM PpPEYOBHMHM 4YacTille
CHIBYJIapSAIOTHCA OJHA 3 OJHOI HDK 31 CTIHKAMM MEMOpaHH, MpU IbOMY HE
B1JI0YBA€ETHCS PO3AICHHS KOMIIOHEHTIB ra30Boi cymitii. [Ipore, k1o nopu B MemOpaHi
3By>KeHi (r<10 MKM), Ipu HU3bKOMY THCKY Ta30BOi CyMIIlll CIOCTEPITAETHCS OUIBII
YacTl CHIBYJAPSHHS MOJIEKYJ ra3y 31 CTIHKaMu Mop, HIK MOJIEKYJ MiX coOoro. Ilpu
[bOMY XapakTep pyXy ra3iB B Mopax MeMOpaHHU ONMUCYEThCs piBHSHHSAM KHynceHa.

Taxoi gymku i aBTopu podotu [56, 55].

8G°  DP
32 ROV (T)°® DI - M/C

Q= 1.34

Jie: 1 - cepeaHii pajaiyc nop, M; M — MonekyisgpHa mara rasy, Kr/modb; T — Temneparypa
razy, K; AP —pi3Huns Tucky mno obuasi ctopoHu MmMemOpanu, Ila; Al - ToBummHa
MeMOpaHH, M;

Bapro 3BepHyTH yBary Ha psa BiaAMiHHOCTeH Mk piBHSHHsAMU [lyazens (apci)
ta Knyacena. Bemnumna mnortoky Ilyasenss mpomopiiiiiHa B’S3KOCTI pPEYOBHHH, a
piBHsHHS KHy/ceHa He Mae B CBOEMY CKJIaJli B’ si3kocTi. KpiM TOTO, MpH MPOXO0IKEeHH1

CyMilni rasiB uepe3 TpyOKky nmotokom Ilyazens 1i MOXKHA pO3TJIsaTU SIK OJTHOTHUITHHUMA
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ra3, IKUi MPOXOUTh Yepe3 TOHKUH KaljIsip 3 YCepPEeIHEHOIO B’ A3KICTIO, IPU LILOMY HE
BiJIOYBa€THCS PO3MIJICHHS KOMITIOHEHTIB Ta30Boi cymimm [56]. s motoky Kuyncena
XapakTepHO Te, IO KOMIIOHEHTH Ta30BOI CyMIillli MOXYTh PyXaTHUCh Yepe3 KariJisip
HE3aJIe)KHO OJIMH BiJ OJIHOTO, PO3IIJICHHS BiIOYBAa€THCS TOJIOBHUM YHMHOM 32 PaXyHOK
HAsIBHOCTI PI3HMII B MOJIEKYJISIPHUX Macax KOMIIOHEHTIB CYMIIIIi.

Judy3iiiHuii MOTIK, SKUW MPUCYTHIN 32 HaSBHOCTI PI3HMUII MapiiaibHUX TUCKIB
0 Ppi3HI CTOPOHM HEMOPUCTOI MEeMOpaHW, B 3arajJilbHOMYy BUTIJISAII OIMHUCYETHCS

piBHsHHAM audy3ii Dika [55]:

Dc
Q - Da , M3/c 1.35

ne: D — koedimieHT 1udy3ii MPOHUKAIOYOTro KOMIIOHEHTA B MaTepiaii MeMOpanu, M; KC
— PI3HULA KOHILIEHTpal1i 1o 00uAB1 cTOpoHU MeMOpanu, [1a; Al - ToBmHa MeMOpaHu,
M;

Benuuuna nudy3iifHOTO MOTOKY, SIK OyJIO 3a3HAYEHO BHUIIE, MA€ TIEPEBAKAIOUE
3HAYCHHS ISl HETIOPUCTUX MeMOpaH, TOA1 SIK JJISI IOPUCTHX MEMOpPAH PO3TIIAIA€THCS
MEepPeBaXHO KOHBEKTHMBHA CKJIaJI0Ba TOTOKY PEYOBHMHHU MPOTE B JIEIKUX BHUIIAJIKaX
BUHUKAE HEOOXIHICTh BpaxXyBaHHS 000X CKJIaJIOBUX MOTOKY. Takoi AyMKH aBTOpHU
po6otu [55].

Buxoasuu 3 anamizy (i3uuHOT MOJENl PyXy MapiB BOJOTU dYepe3 MeMOpaHy,
BApTO PO3TMIAHYTH (PI3UUHY MOJAENH MPOXOJKEHHS 0OpPOOJIFOBAHOTO MOTOKY TMOBITPS
4yepe3 CeKIiI0 MEMOPAHHOTO OCYIICHHS B CHUCTEMI KOHJUIIIOHYBaHHS TOBITps. Jljis
IILOTO PO3TIISTHYTO CTAIMI PyX MOTOKY BOJIOTOTO TIOBITPS Uepe3 eJIeMEHTApHY IUIOIMUHY
MONIEPEYHOTO TIepepi3y B3IOBXK OX MEMOpaHHOTO MOAaYJisi ocylieHHs moitps (Puc.
1.14). 3MeHIIIeHHS BOJIOTH B 00po0roBaHOMY moTolli oBitps —0G ( & G /, BeixS4u
3 aHamizy (QI3UYHOI MOJEJl pyXy MapiB BOJIOTH Yepe3 MeMOpaHy, € TpsiMO
NPOTOPLIHHUM TIepenaay HaUTMITKOBUX THCKIB MO pi3Hi cTopoHu MemOpanu AP £P1-

P2), ffharpormkHOCTI BigHECEHOT 10 TUIONI MeMOpaHu (TUTOMAa MPOHUKHICTB) QpF,

KTt/ (™M2 - dp@acranoayiipmerpi pykasa d, (55§
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G .. .
- “& =p@@,:QR-F) o 1.36

Je: 0G — KUIBKICTh BOJIOTH, SIKa BUBLIBHIOETHCS 3 00POOIIIOBAHOTO TOTOKY MOBITPS Ta
IIPOHUKAE KPi3b MEMOpaHy uepe3 eIieMEHTapHY IUIOIIKHY IMONEPEYHOro mepepizy OX,
KI/TOJT; X — JOBKUHA TPACKTOPIl pPyxXy 00pOoOIFOBAaHOTO TIOBITPS B3I0OBK MEMOPAHHOT

cekuli, M; Qpr — MUTOMUI KOE(]ilIEHT TPOHUKHOCTI KOHKPETHOI MEMOpaHU
BiJTHECCHMH J10 Tiomn noBepxHi, kr/(M2-I1a:-rox); AP = (P1-P2) - rpamienT

HAJUTUIIIKOBUX TUCKIB MO P13HI CTOpOHH MeMOpanu, [1a;

Puc. 1.14. Cxema memOpanHOro MoayJto ocymeHHs nositps B CKII

1-xamepa po3piKEeHHS; 2-pyKaB 3 MEeMOpaHHOI TKaHUHU; 3-BX1Jl BOJIOTOTO MOBITPSI; 4-
BUXI1J] OCYIIIEHOTO MOBITPS;
[arerpyBanns piBHAHHA 1.30 mae 3anexHICTb JJIsl BU3HAUEHHS 3MEHIIEHHS MOTOKY

BOJIOTH TIPU PYCl MOBITPS IO TOBXKHWHI MEMOPaAHHOTO MOJTYJIS:

- G:P@@pp QP, - Pz)X‘Io 1.37

ne 1 — noBxkuHa MEMOPAHHOTO MOJTYJISl OCYIIEHHSI TOBITPSI, M.
3a JaHMMU TEOPETUYHOTO PO3paxyHKy 3 piBHsSHHA 1.37 Oyna moOypoBaHa
TEOPETUYHA 3AIC)KHICTh 3MEHITICHHS BOJIOTH B ITOBITP1 IIPH 0XOJIOKEHHI HOTO B3JIOBXK

MOIYJIO ocymieHHs moBiTps Puc. 1.15.
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Puc. 1.15. TeopeTnyuna 3aj1€KHICTh 3MEHIIIEHHS BOJIOTH B MOBITP1 MPO MPOXOHKEHH1
HOT0 B3JI0BK MOJYJIFO OCYUIEHHS MOBITPS

[IpeacraBieHa TeopeTHYHAa 3aJIEKHICTh 3MEHIIEHHS BOJIOTM B TOBITPI MpHU
MIPOXOJI>KEHHI HOTO B3J0BXK MOJIYJIIO OCYIICHHS TIOBITPSI JIATA€ B OCHOBY JIOCIIIJKEHHS
MPOIIECY OCYIICHHS MOBITPS B CUCTEM1 KOHIUIIIOHYBAaHHS MPUMIIICHHS 1151 30epiraHHs
HaciHHA Tap0y3y. OTpuMaHi TaHHI TEOPETUYHOTO 3MEHIIICHHSI BOJIOTH IPHU PYCl MOBITPS
B37IOBX MEMOpPAHHOTO MOJYJII0 OCYIICHHS TMOBITPS 3aCHOBaHI Ha BEJIUMYMHI
MPOHUKHOCTI MEMOpaHM MpU CTAHJAPTHUX YMOBaxX BHUIPOOYBaHb MOKPIBEIbHUX
HAMBIPOHUKHUX MeMOpaH [66, 60]. 3Bakaroun Ha Te, 110 3HAYCHHS KOe(DilieHTY
NPOHUKHOCTI MeMOpaHu HE TMOCTIHHE 1 3aJeXUTh BIJl KOHKPETHUX YMOB
HaBKOJMIIHBOTO cepenoBuiia (I, p, P), mocrae 3amaua BU3HAYCHHS 3HAYCHHS
dakTruaHOTrO 3HAaUeHHs KoedirienTy nmporukHocTi [IBX MemOpanu mpu mapameTrpax
00poOku noBiTpst B CKII mpumimens nnst 30epiraHHst HaciHHS rapOy3y. Kpim toro
BU3HAYCHHS (akTUyHOrO 3HA4eHHs Koedimienty npoHukHocTi [IBX mMemOpanu

JI03BOJIUTH MOOYTyBaTH 3aJIEKHICTh 3MEHILIEHHS BOJIOTH B MOBITPI MPO MPOXOIKEHHI
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HOro B370BX MOJYNIO OCYIIEHHS TOBITPS Ui CHUCTEM KOHAWLIOHYBAHHS MOBITPS

MPUMITICHB U151 30epiraHHs HaciHHA rapOy3y.

1.10 IlocTanoBKa 1€l Ta 3aga4 JOCTIIUKEHHS

[TpoBenenwmii aHasi3 JiTEPaTypHUX HKEPEIT, aHATI3 ICHYFOUHX CIIOCO0IB OCYIIEHHS
MOBITPS I CHUCTEM KOHJMIIIOHYBaHHS TOBITPS, 30KpeMa 3 MO3HIli MOXKJIMBOCTI iX
3actrocyBanHa B CKII mpumimens myiga 30epiraHHd HAciHHS TapOy3y, a TaKoX
TEOPETUYHUI aHali3 OCYIIECHHS MOBITPS HA HAIIBIPOHUKHUX MEMOpaHax IO3BOJISIE
3pOOUTH HACTYITHI BUCHOBKHU:

3actocyBanHa CKII 3 koHAEHCAIITHUM OCYLIEHHSM MOBITPSI MPUMILIEHHS IS
30epiraHHsl HaciHHS TapOy3a HE J03BOJisi€ 3a0e3neunt Oe3nepeliiiHe MiATpUMaHHS
BIIHOCHOI BoJsiorocti moBiTps He Buime 60 % mnpu Ttemmneparypi 10-12 C. s
3abe3rneueHHs Oe3nepediiinocTi B poooti CKII HeoOxinHe AyOatOBaHHS CUCTEM, IS
NEPEKIIIOUEHHSI MK IBOMA PI3HUMHU TEIUIOOOMIHHMKAaMU 110 TOYEProBO MPALIOIOTh B
peXuMI1 OCyllIeHHs /BiaTatoBanHA. [IpoTe ny0iitoBaHHSA CUCTEM MPUBOIUTH 10 3HAYHOTO
3pOCTaHHs KalliTaJbHUX Ta €KCIUTyaTalllHHUX BUTPAT, SIKI B CBOIO YEPry HETaTHBHO
BIJTMBAIOTH Ha COOIBAPTICTH CAMOTO HACIHHSI.

CKII 3 aacopOuiiiHuM OCYIIEHHSM MOBITPsI NOTPEOYIOTh JOJATKOBUX BUTPAT
eKceprii Jyisl BIIHOBJIEHHS MOTJIMHAIIBHUX BJIACTUBOCTEN aficopOeHTyY (pereHepairii). B
mpoiieci  aJcopOIiitHOTO OCYIIEHHST OOpOOJIIOBaHE TMOBITPS HArpIBA€ThCs, JJIs
NIATPUMaHHS HU3bKUX 3HaueHb TeMnepaTypu noBitpss CKII B npuMilieHH1 30epiranHs
HaCiHHA OyJyTh BUTpA4aTH JOJATKOBY KIJIbKICTh XOJIOYy Ha JIOBEJCHHS MOBITPS MICH
OCYIIICHHS 70 TapaMeTpPiB MPUTOKY.

TeopeTuuHi 10oCaiHKEHHS MEMOPaHHOTO CIOCO0Y OCYIIICHHS TOBITPS HE JA0OTh
BIJIMOBI/Il HA MMUTAHHS [OJI0 pOOOTH HAMiBNPOHUKHUX, nopuctux [IBX memOpan npu
nepenaaax THCKy, siki xapakrepHi i CKII, a came B aianasoni Big 100 mo 500 Ila. 3
OTJITHYTHX JDKEpEeN JIITepaTypu BHUIUIMBAE, MO0 3HAYCHHS KOEQIIIEHTIB MPOHUKHOCTI
MeMOpaH 3ajeaTh Bl KOHKPETHUX YMOB OTOUYIOUOTO cepenoBuiia. Pi3ndyHi Moaeni

pPyXy PEYOBMHM Kpi3b MOBEPXHIO MEMOpAaHU HE AAIOTh MOXIJIMBOCTI aHAIITHYHUM
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IUIIXOM BHU3HAUWTHU 3Ha4eHHA KoediuieHtiB npoHukHocTi [IBX memOpan. Bunukae
HEOOXITHICTh B TIPOBEACHHI OMATKOBUX EKCIEPUMEHTANBHUX JOCHIKEHb IS
OTpUMaHHS 3HA4YE€Hb KOCQIIIEHTIB MPOHUKHOCTI MeMOpaHH JUIsl YMOB PoOOTH 1i mpu
napameTrpax ocymieHns noitps B CKII mpumimens i 30epiranus HaciHHS TapOy3y.

Busnauenns ta BuOip HalOUIbII €HEPrOOIATHOTO CIIOCO0Y OCYIICHHS MOBITPS
JUIS. TIpUMIIIEHHS 30epiraHHs HaciHHSA rapOy3a Mae MPOBOJIUTHUCS 3 BHU3HAYCHHSIM
MOKAa3HUKIB €()EeKTUBHOCTI /I KOKHOTO croco0y ocymieHHs. OHaK, /715 BU3HAUCHHS
notinbHOCTI 3actocyBaHHs CKII 3 MomynsiMu MeMOpaHHOTO OCYIIEHHS MOBITPSA
HEOOX1JTHO MPOBECTU MOPIBHAHHSA 3a KpUTepisiMHU epexkTuBHOCTI Ta BapTocTi 3 CKII 3
KOHJICHCAI[IMHUM Ta aJICOPOIIMHUM OCYIIEHHSIM TOBITPsA. SIK BiJIOMO, HAa CbOTOJIHI HE
ICHY€ yHIBEpCAIbHOI METOJIUKH MOPIBHAHHA e€(heKTUBHOCTI 00poOku mositps B CKII 3
pI3HUMH cXeMaMu OOpOOKM TOBITPS 3 KIHIICBUM BHU3HAYEHHSM TOKa3HUKIB
epexktuBHOCTI poboTH CKII Ta eKOHOMIYHMX TOKa3HUKIB BUTpAT Ha 0OpOOJIEHHS
noBiTps. OHAK 1€ HE BUKJIIOYAE€ MOKIIMBICTh BU3HAYCHHSI ITUX TTOKA3HHUKIB METOIaMU
MOTJIUOJIEHOTO €KCEPTOCKOHOMIYHOTO aHai3y.

OT1xe, HEOOX1THO PO3POOUTH CXEMY KOHAMUIIIOHYBAHHS MOBITPS JIJIsl 3SMEHIIICHHS
€HEProCHOKUBAHHS CUCTEM KOHAMIIIOHYBAaHHS MPUMILICHHS Uil 30€epiraHHsl HACIHHS
MITUPIMCHKOTO  TOJIOHACIHHOTO TapOy3a. [l 3HUXKEHHS  EHEProCroXUBaHHS
MJIAHY€THCA 3aCOTYBAaTU MEMOpaHHUM CrociO OCYIIEHHS MOBITPS, SIKUA HA BIIMIHY BiJl
aJcOpOLIIITHOrO OCYIIEHHS MOBITPS HE NOTpedye TOJATKOBUX BUTpaT €Heprii Ha
perenepainito. [lopsim 3 TUM 3Ba)kalouu Ha BIJICYTHICTH pereHepaiiii poOovoro
CepelloBUIA Ta OOMEXEHb LI0JI0 TEMIIepaTypl 0OpPOOIOBAHOIO MOTOKY MOBITPS MpPHU
MeMOpaHHOMY OCYIIE€H1 MOBITPS BIACYTHS IMOBIPHICTh UMKIIYHOCTI poOoTu. Ta
MPOBECTH MOPIBHSHHSA 3a mokazHukamu edextuBHOCTI pobotn CKII Ta exoHOMIUHOT
JOLIBHOCTI 3acTOoCcyBaHHS MeMOpaHHoro ocyumeHHsi st CKII 30epiranHst HaciHHS
rapOy3y. st moCATHEHHS MOCTaBJICHOI METH CJIiJ] pO3B’A3aTH TaKi 3a/1aui:

1.  mpoBecTH MOTIMONCHUN EKCepreTUYHHI aHali3 3 BUKOPHUCTAHHSAM TOTOKOBHX
EKCepreTUYHUX JilarpaM JijIsi CUCTEM KOHJAMIIIOHYBAHHS TOBITPS 3 PI3HUMH CIIOCOO0aMU
OCYIIICHHSI TIOBITPS, SIKI MOXYTh OyTH 3aCTOCOBaH1 JUIsl CTBOPEHHS Ta MiATPUMAaHHS

napaMeTpiB BHYTPIIIHBOTO TOBITPS MPUMIIICHb JJIsI 30epiraHHsi HaciHHS TapOy3y, a
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came: KOHJCHCAllliiHE OCYIICHHS TOBITPA, aAcOpOIiiHE OCYIIEHHS MOBITPS Ta
130TepMiuyHe MeMOpaHHe ocyieHHs MoBiTps. [IpoBecTn aHami3 CKIagOBHX €KCeprii
noToKy Bosiororo moBiTps, BusHaueHHs EKKJI mpomeciB 06po6ku moBitps EKKJI
«HETTO» Ta TpoleciB nepetBopeHHs miaBeaenoi eneprii EKKJ[ «6pyrro». IIposectu
MOPIBHSUIBHUHM aHaJli3 OTPUMAHUX Pe3yJIbTaTiB Ta MOIIYK Hee(EeKTUBHOCTI MPOTIKAHHS
npoI1ieciB 0OpoOKH MOBITPS Ta BUSHAYCHHS IIISAX1B MiABUIIEHHS ekcepreTnuyHoro KKJI
CUCTEMU;

2.  NpOBECTH TMOPIBHSUIbHUMA EKCEproeKOHOMIYHMW aHalli3 3 BHU3HAYCHHSIM
eKCepreTMYHoi BapTocTi mpu o0podui moitpa B cekuisix CKII ta moOynoBoro
HAKOMMYYBAIbHOI JiarpaMu €KCEepPreTUYHOI BApTOCTI ISl CHCTEM KOHIHUI[IOHYBaHHS
MOBITPS 3 PI3HUMH CIOCOOaMM OCYIIEHHS, $KI MOXYTh OyTH 3acTOCOBaHi s
CTBOPEHHSI Ta MIATPUMAHHS NapaMeTpiB BHYTPIIIHBOIO MOBITPS MNPUMIIIEHb IS
30epira”HHs HaCiHHS TapOy3y, a came: KOHJEHCAIliiHEe OCYIIIEHHS TTOBITPsI, aJIcOpOIIiiiHe
OCYLIEHHS OBITPsSI TAa MEMOpPAaHHE OCYILIEHHS MOBITPS;

3. MIPOBECTH E€KCIIEPUMEHTANIbHI JAOCTIIKEHHSI MPOLECcy MEMOPAHHOIO OCYIIECHHS
MOBITPS 3 BU3HAYCHHSIM TOTEHINAy OCYIICHHS TOBITPS NPU 3aJaHUX BXIJHUX Ta
BUXITHUX [apaMeTpiB 0OpOOIIOBAHOTO TMOBITPS Ta TEXHIYHUX [MOKa3HUKIB
EKCIIEPUMEHTAJIbHOT YCTaHOBKH. Bu3Hauntu (akTuyHi 3HAYEHHS KOe(DIIieEHTY
nponukHocTi [IBX HamiBmpoHukHOi MeMmOpaHnu, /st ymoB o0poOku moBitpsi B CKII
NpUMILIEHHS 30epiraHHs HaCiHHS TapOy3y;

4.  noOynyBaTH eKCIIEPUMEHTAJbHY 3aJ€KHICTh 3MEHIIEHHS BOJIOTM B
00p00IFOBAHOMY TIOTOIIl MOBITPS MPU MPOXOKEHHI HOTO B30BX MOJYJIIO OCYIIECHHS
noBiTps st CKII mpumimens ans 30epiranHs HaciHHS rapOy3y 3 BpaxyBaHHSIM
dbakTH4HOTO 3HaUYCHHS KoediiieHTy npoHukHocTi [IBX memOpanu;

5. PO3pPOOUTH TEXHOJOTIUYHY CXEMY OCYIICHHS OBITPSI CUCTEMHU KOHIUIIOHYBaHHS
MOBITPS TMPUMIMIEHHS JUIsl 30epiraHHs HaciHHA TapOy3a 3 BUKOPUCTaHHSIM
130TEpMIYHOTO, MEMOpaHHOro crnoco0y OCYIIeHHS TOBITPA [ 3MEHILEHHS
€HEProCcroKMBaHHS B Tpolecl OOpOKM MOBITPS Ta MiJBHUILEHHSA EKCIUTyaTalliHOT

HamiiHocTi CKII;
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6.  IlpoBectn Texniko-ekoHomiune nopiBHAHHA CKII 3 MemOpaHHMM OCYIIEHHSIM
noBiTps Ta CKII 3 KoHIEeHCAIITHIM OCYIIEHHSM TOBITPS JJIs PUMIILIEHHS 30epiraHHs
HaciHHSA TrapOy3y METOIaMH MOTJIMOJICHOTO €KCeProeKOHOMIYHOTO aHaI3Y;

7.  pO3pOOMTH METOAMKY I1HXKEHEPHOTO pPO3PaXyHKY CHCTEM KOHAMUIIOHYBAHHS
HOBITPs 3 MEMOpPaHHUM OCYILIEHHSM MOBITPA 3 3aCTOCYBaHHSAM JaHMX OTPUMAHUX Ha
OCHOBI IPOBEJIEHUX EKCIEPUMEHTAIbHUX JOCHII)KEHb MEMOPAHHOIO OCYLICHHS
MOBITPA;

Buxonsum 3 Buie ckazaHoro s 3HwkeHHs 3atpar B CKII mig migrpumaHHs
HEOOXITHUX IMapaMeTpiB MOBITPsS B NPUMIMICHHAX JUisl 30epiraHHs HaciHHs rapOy3a
HaMU B paMKax [aHOl JucCepTaliiiHOi poOOTH BUPINIYEThCA 3ajadya 3aCTOCYBaHHS
CHEProoIIaHOr0, 130TepMiuHOr0 (MEMOPAHHOTO) CHOCO0Y OCYIICHHS TOBITPA.
BusHaueHHs €HEeprooiagHoCTI 3aCTOCYBaHHS MEMOpaH JJig OCYIIEHHS MOBITps Oyje
OPOBOAUTUCA METOJaMU  MOTJIMOJEHOrO0 TMOPIBHSUIBHOIO — €KCEpreTUYHOro  Ta

€KCEProeKOHOMIYHOTO aHaMli3y.
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PO3ALI 2. EKCEPTETUYHA E®QEKTUBHICTH CUCTEM
KOHAMIIOHYBAHHA ITOBITPA

2.1 TeopeTnuHi OCHOBM NOTJIMOJIEHOTO EKCEPreTUYHOIO MOPIBHSAIBHOIO aHali3y
CHUCTEM KOHIUIIIOHYBaHHS TOBITpsA. Bu3HAYeHHS EKCEpreTHYHUX MOTOKIB.
Busnauenns BuniB ekceprii. ExcepreTnyHa moTtokoBa Jiarpama. BusHaueHHs

JEeCTPYKIIIl Ta BTpaAT €KCEprii.

B Vkpaini Ta 3a 1i MeXaMHU EKCEPreTMYHUMHU Ta EKCEPrOEKOHOMIYHUMU
JOCTIPKEHHSMHU TEXHIYHUX CUCTEM 3aliMarOThCs BXKE TPUBAJIMI yac. 3HaUHUI BHECOK Y
PO3BUTOK TEOPETUYHHUX HAIpPALOBaHb Ta MPAKTUYHUX METOJIB OLIIHKHA 3pOOMIM TakKi
BueHi: B.M. bpoasuckuii; A.A. Jlonunckuii; Mopostok T.B.; Tcarcaponic JIx.;
Hparanos b.X.; JIozano M.A.; b.C. Caxwun Ta iH. B po6oTax BKa3yeTbcs Ha Te, IO JJIs
KOXHOT JTOCJIIJIKYBAaHOT OKPEMO1 TEPMOAMHAMIYHOI CUCTEMH B 0araTh0X BUIAJIKAX, IPU
OIIHII Ta ONTHUMI3allii €eHeProoaAHOCTI CUCTEM, HEOOX1THO BPaXOBYBATH HE TUIbKU
Koe(DILIEHTH KOPUCHOI A1, a 1 BAPTICTh CIIOXKUTOI UM BUPOOJIEHOT €Heprii.

Exceprernunnii ananiz CKII nepenbauvae cknamanHs OanaHcy MaTepiajibHHX,
SHEPreTUYHUX Ta EKCePTeTUYHUX MOTOKIB, K1 B TPOIeci 0OPOOKH MOBITPS MIIAAIOTHCS
NecTpykKiii, abo BTpaTi. BigoMo, 1o AecTpykiisi eKceprii B CBOIO Yepry Moxe OyTH
KOPUCHOIO, a00 BHUTPATHOI 1 XapaKTEPHU3YEThCS 3MIHOK TEPMOIMHAMIYHUX
noTeHIiamB poboyoro TuTa. B mepmiomy BUNAAKy BKa3aHa 3MiHA B Mexax
(YHKIL10HAJIBHOTO €JIEMEHTY CUCTEMHU BIJMOBIIAE KOPUCHOMY €(EKTY, a B JPYTrOMYy —
CYNPOBO/IKYE KOPUCHHMM e(eKkT, ab0 BTpadaeThcs. B 3araqpHOMY BUTJISII PIBHSHHSA
OanaHCIB 3alMCYIOThCS HACTYHUM ynuHOM [1, 67, 50, 68]:

OaylaHc MaTepiaJbHUX MOTOKIB:

é mindini _ a I,noutdouti :0’ KF/C 21

i=1 i=1

OanaHC eHEePreTUYHUX IMOTOKIB:
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é I.ninhini _ a rnouthouti _ QD :O’ I[)K/C 22

i=1 i=1
OaJlaHC eKCEPTeTUIHNX MOTOKIB:

n n

al :n -arM=o, ke 2.3

i=1 i=1

Je: mi", m° — marepianbHi MOTOKM (MOTOKM MOBITps) B cucTeMmi, kr/c; dn, dou-
BOJIOTOBMICT TMPHUIUIMBHOTO Ta BUTSIKHOTO TOBITPS, KI/KT; hin. hoU-  eqraspmis
TPUILTMBHOTO Ta BUTSHKHOTO MoBitps, Jx/kr; Qp - BTpaty eHeprii B cuctemi, Jx/c; EM,
E°, Ep - cymMapHi eKcepreTuuHi IOTOKH, BiIIOBIAHO - BXiJ{HWH, BUXiIHWUIA Ta BTpaTH,
abo nmecTpykiis ekceprii, Jx/c.

Sk Oyno BkazaHo Buie, ekcepretnyHl noroku B CKII e pizaumu. 3a
kinacudikamiero [68], mo HaBeneHa Ha Puc. 2.1, B eneMeHTaxX CTPYKTYPHOI CXEeMHU
MpeCTaBJICHI BUIMU Ta BIJMOBIIHI CKIIQJ0B1 eKceprii, siki maroTh Mmicie B CKII.

Exceprist moToky — 11e, mepiu 3a Bce, — MOBITPsI, IK poO0UE T1J10, SIKE B CBOIO YEPTY
MOAUISETHCS HA JIBA BUAM: XIMIYHUHN Ta TepMoMexaHiuHui. [lepruii — 11e KoHIIeHTpalis
BOJIOTH (200 BOJIOTOBMICT) Ta JBOOKHCY BYIJICLIO, SIK OCHOBHI YMHHHUKHU, MO SKHX
PO3paxoBYIOTh MOBITPOOOMIH B TPOMAAChKUX OynmiBisix. B TepmomexaniuHiii ekceprii,
sk mokazaHo B [69], s CKII BapTo BHAUIMTH ¥ PO3MIAAATH OKPEMO TEPMIYHY Ta
MEXaHIYHYy CKJIaJIOBi, TOMY, IO iX BEJIMYMHH MAIOTh 3HAYEHHS OJHOTO MOPSAKY. B
MOTOLIl TOBITPS TEPMiUYHA EKCEpris 3aJIeKUTh B OCHOBHOMY BIJ TeMIEpaTrypH, a
MexaHI4Ha — B1J TOBHOTO TUCKY MOBITps. KiHeTHYHA CKJIaJ0Ba €Kceprii MOKe TaKoXK
pO3MIISIIATHCh B OKPEMHMX BHUIIQIKaxX JJIs MOBITps, ajie HOro BelIWYWHA HE3HAYHA B
MOPIBHSHHI 3 1HIIMMH BUIAMH 1 CKJIaJa€, HAIPUKIIAI, I MIBUAKOCTI pyXy MOBITpPS B
Mexax 2...5 m/c - 1...6 JLx/kr moitpsa. s maTepiaibHUX TOTOKIB TEIJIO- Ta
XOJIOJIOHOCITB MarOTh MICIIE Il K cami BUIU €KCepTii.

Po3paxyHKOBI 3al€KHOCTI [JIi BU3HAYEHHS €KCeprii BapToO MOAAaBaTH IO
ckianoBux. CKIIagoBi €KCceprii MPUILIMBHOTO MOBITPS BU3HAYAOTHCS 32 HACTYITHUMHU
3aje)xkHOCTAMU [68]:

TepMmiuHa cki1ajioBa eKceprii MOTOKY BOJIOTOI0 MOBITPS:
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-I—ln ) 1_ I -I—in )ﬂ )Id
Text Text H’ I[ C 2.4

[. ith _Glne-l—ext(c dinC )(

p,d,a a ~’p,w,\v

MexaHi14Ha cKJ1a/I0Ba €KCceprii MOTOKY BOJIOTOr0 MOBITPS:

[ b =GIEIR (0622+ d1')in L2 ext8 o/ 25
¢

BosnoricHa (xiMiuHa KOHIIEHTpaIliiiHa) CKJIaZoBa €KCEPrii MOTOKY BOJIOTOTO MOBITPSI:

0622+d> .. d" @
a +d a

in _ iné, ext : in N
[ Qchenw — Ga gTa R,é%,GZZ"‘ da )In m a N daext %, I[X(/C 2.6

ne: Ga" — macoBa BuTpara noBiTpsa, kr/c; T, - aGcomroTHa Temmeparypa
30BHiIIHBOTO TOBiTps, °K; T," - aGcomoTHa TeMnepaTypa NpUILIMBHOTO HoBiTps, °K cp,
— MUTOMA i300apHa TEIIOEMHICTh Bosiororo nositps, Jux/(kr-°K); d," — Bonorosmict

! _ BOJIOrOBMICT 30BHIIIHEOTO MOBIiTps, KI/KT; P,M-

IPUILUIUBHOTO TOBITPS, KI/KT; da
aOCOIIOTHUI TUCK TPHUILIMBHOIO moBitps, Ila; P,™- aGcomroTHUI TUCK 30BHIIIHBEOrO
noBiTps, [la; 2 - razosa crana BogsHO1 mapu, Jx/(kr:°K);

CkazoBl eKceprii MOBITPS, AKe BUAAISETHCSA, TaKi K caMi, ajieé TO3HAYAIOThCS
BEPXHIM 1HJEKCOM Out.
Excepreruuni notoku B CKII, siki acomior0ThCs 13 TOTOKAMHU TEIIJIOTH, «XO0JIOAY», BOJU
Ta Mapu JJi1 3BOJIOKEHHS TIOBITPS W €JEKTPUYHOI €Heprii 1 AKl >KUBJIATH BiJIMOBIIHI
CJIEMCHTH CHCTEMH, BU3HAYAIOTh HACTYITHUM YHHOM.
[ToTik hizuyHOi exceprii rapsiaoi Boau, kJx/c

st = Ot (s~ T°)- Te*tlng**i;:' B+ P - BE 27
é [ L ¥

ne: C { ki — MAacoBi BUTpAaTH PiAMHHOTO TEILIOHOCIA, Kr/c; A | — muTOMa
i306apHa TerUIOeMHICTh pimuHHOrO Tervtonocis, JUk/(kr-°K); 4 ' 4 —
abCOMIOTHA TEMITEPATypa, BiIMOBIHO, TEMIOHOCIS Ta 30BHiIIHBOTO MoBiTps,°K; O § |

— nuTOMUI 06’eM pimuHHOrO TemnoHocis, MY/kr; 0 j i’ O - THCK, BiANOBigHO,

PIIMHHOTO TEIUIOHOCIS Ta 30BHIMIHBOTO MOBITps, Ia.
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BusHauenHs1 ekceprii X0J0I0HOCIA-BOAM 3A1MCHIOIOTH 32 LI€I0 K 3aJEeKHICTIO,
[O3HAYarouM iHaekcoM cl 3amicte hta.

Y BumanKy, KOJW BHIAPHUK XOJOJWJIHHOI MAIIWHU BCTAHOBIOIOTH
Oe3nocepeIHbO B 0018 THAaHHT KOHAUITIOHEpa, a00 B moBiTponpoBoaax CKII, miaBeneny
JI0 BUTIAPHHUKA CKCEPTii0 OTOKY XOJI0I0areHTY y CTaHI HACHYEHOT ITapH BU3HAYAIOTh 13

3anexHocTi [70], Ix/c

ext ext cI r, satv ext
[clrvsatph gclrm prsatv% Tclrsatv Ta ) T ln% %’/J clrsatv( cIrsatv Pa) 28

[N el )

ne: C pp — MacoBa BUTpaTa XOJIOJOAreHTy, Kr/c; Ay j — MHTOMa i300apHa

TETUIOEMHICTh X0JIooareHTy B ctaHi mapu, JLx/(kr-°K); 4 sn 5 4  — abcosroTHa
TeMIiepaTypa, BIAMNOBIJHO, XOJOJOAreHTY B CTaHI Tapud Ta 30BHIINIHBOTO

. o . - o . (V) 9 1 3 .
noBiTps,°K; O pp 5 — mnHTOMUH 00’€M XOJOM0areHTy B CTaHI Iapu, M°/KT;
Omrn O - THCK, BIINOBITHO, XOJIOJOAreHTY B CTaHi Mapd Ta 30BHIIIHBOTO
noBitps, Ila;

a 'y CTaHl pIAMHU 32 aHAJIOTTYHOIO (POPMYIIOI0:

R Ko o
— Z { ext ext cI rl ext
rcl,r,l,ph_gcl,r,mq:p,r,ll(-rcl,r,l - Ta ) T |n§-|— %-I-Vlrl(Pclrl P )U H)K/C 29
e | Gla 3 v
ne: C g — MacoBa BUTpaTa XOJOIOAreHTy, Kr/c; A pp — muToMa i300apHa
TeIUIOEMHICT XoNofgoareHTy B crani pimman, Jix/(kr-°K); 4 ' 4  — abcomoTHa

TEeMIlepaTypa, BIAMOBIAHO, XOJIOAOAreHTY B CTaHI PIIMHU Ta 30BHINIHBOTO
noBiTpst,°K; O fj, — muromuii 06°eM xomomoareHTy B crai piguam, mY/kr; 0 r;’ 0 -
THCK, BIIMIOBITHO, XOJIOJI0OAr€HTY B CTaH1 PIAMHM Ta 30BHINIHBOTO MOBITpPs, [a.

[Ipu mizpaxynkax 3a ¢opmyrnamu 2.8 Ta 2.9 ciig BpaxoByBaTd BIINOBIAHI JI0
}i3MYHOrO CTaHy XONOJOAreHTy BeIHYHHM MHTOMOI TermoeMuocTi (A jr § # A fp

ta matomoro 06’emy (O ¢ 5 # O jj ) AKi CYTTEBO Bipi3HAIOTHCA.
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ExcepreTnunmii TOTIK €NEKTPUYHOI €HEprii MJisi >KUBIICHHS BIiJIOBITHUX
CIIOKHMBAYiB (€JIEKTpOKaIopudep, BEHTUWISITOP Ta iH.) BIAMOBIAHO A0 BIACTUBOCTEH

ekceprii [1] nopiBHIOE enekTpuuHii eHeprii, Bt (Ix/c)
(e = Nei, lxc/c 2.10

ne: Nel — enekTpuyHa MOTYXHICTB, J[K/C.

2.2 Bu3zHayeHHS €KCEPreTUYHOI €PEeKTUBHOCTI CUCTEM KOHIMIIIOHYBAaHHS MOBITPS, Ha
ocHOBI ekcepreTnuHux koedimientiB kopucHoi nii (EKK/]). Buznauenns EKK/]

«uerto» Ta EKK]] «OpyTTo». BuzHauenHs gecTpykiiii Ta BTpat eKceprii.

Jlns BU3Ha4YCHHS eKcepreTuHoi edekTuBHOCTI (KoedirienTy kopucHoi mii - EKK/I)
CKII nmoTpiOHe 4iTKe BUIIJICHHS CTPYKTYPH 3 BIATMIOBIIHUMH €JI€MEHTaMU Ta 3B’ SI3KaMu
Mk  HUMH. Ctpyktypa CKII moBuMHHA BIAMNOBIAATH yMOBaM, SIKI 3aKJIaJICHO B
knacudikamii rexniyanx cucreM [1]. CKII OyaiBenb i copys MOIUIEHO BiTHECTH 10
TaKuX, K1 OJTHOYACHO HaJeXaTh JI0 MEPIIOi 1 APYroi rpyr, TOOTO KOpPHUCHI eheKTH
BHUPAXEHI1 K B IEPETBOPEHHI PEYOBUHU — MOTOKY MOBITPSL B Mpolieci 00poOKH, TaK 1 B
nepeaayl i€l peuoBUHM BijJ OAHIET miacucTeMu 10 iHIoi. Kpim Toro B ¢popMyBaHHI
ctpykrypu CKII notpi6Ho 3a06e3neunTy mpuHIUI (GYHKIIOHATIBHOI €IHOCTI Ta 3B’ SA3KY
eneMeHTiB cuctemu. Ha puc. 2.2 mogano ctpykrypy CKII, mobynoBany 3a BkazaHUMHU
npuniunamMu [15]. Cucrema BK/IrOYae OCHOBHI (DYHKI[IOHANBHI BY3JIM: MiATOTOBKH
noBITps 1,3 1 crioXkuBaHHS NOBITPS 2 — mpUMilIeHHs, ke o0ciayroByerbest CKIL. Bysnu
M1ITOTOBKU MOBITPS MOJIUICHO Ha 1, IKMIl po3TaiioBaHui nepe] MPUMIIIEHHSIM 0 X011y
MOBITPS 1 SIKAW CIIYTY€E BIACHO JIJISl TIITOTOBKU MOBITPS TIEPE]T TTO1aU€I0 B MPUMIIIICHHS

Ta 3, IKUI BIIBOJIUTH MOBITPS BiJl IPUMIIIICHHS.

E1=Eext-in E:=Ewz Es=El-env

E ext ; 1 Ein \2 El 13 Eenv

Nt =

Puc. 2.2. Ctpyxtypa CKII
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BinnoBigHO A0 CTPYKTypu PIBHSIHHS Ui BU3HAUEHHS €KCEPreTUYHOro KoediimieHTta
KOPHUCHOI i1 B 3araJIbHOMY BUTJISI/II MOYKHA 3aIMCATH HACTYITHUM YMHOM [15]:

- EQ tSth E2 — EWZ 2 11
~ [aq’lsts E:L+E3 Eext—in-'-EI—env .

h

ne Ewz, Eext-in Ta Ejeny — BIAMOBIIHO KOPHCHA €KCEPTisl MOBITPS Ta BUTpadeHA TEpen
nmojayvero B MPUMIIICHHS Ta micist BugaiaeHHs 3 npuminienns B CKII, Tx/c.

Kopucny exceprito Ey,; B mpuMmilieHHi MOKHA YITKO BU3HAYUTH Ta mijgpaxyBaTu. Bona
€ pI3HUIICI0O 3HAYE€Hb TIOBHOI €KCeprii MOTOKY BOJIOTOrO TOBITPS  BiJ

MOBITPOPO3MOALTHFHUKA 10 BUTSKHOT PEIIITKH:

E,,=DE.,=E- E,, e 2.12
Takoi camoi a1ymku i aBTopu podoTH [5].
Butpauena ekcepris B By3ni 1 E1 siBisie co0010 cymy BUTpaT ekceprii Ha 00poOKy
noBiTps B kKoxxkHOMY eneMeHTi CKII nepen nmojgayero B npuMillieHHs. BiamnosinHo A0
ekcepreTndHoi Teopii [16], BpaxoByr4HM BTpaTH BiJ HE3BOPOTHOCTI MPOIECIB B

enemenTax CKII, moxxna 3amucartu:

D

El = DEext-in = E;-xt- in " Eext— in» JK/C 2.13
ne % — TiABeJIeHa /10 By3ida 1 ekcepris BiJl 30BHINIHIX Jpkepen, %0 - BTpaTu
exceprii B By3:i 1.
Tak camo yepe3 MiABEEHY €KCEeprito Ta BTPATH MOXHA BU3HAYUTH BUTPAYEHY €KCEPrito
B BY3J1 3:

Ey =DE ey = Bl en~ Een, Moc/c 2.14
ne % — MIJBEICHa 110 By3ja 3 eKcepris Bij 30BHIIIHIX keper, Yo - BTpatu
eKceprii B By3:i 3.
BpaxoByroui HaBeneHi 3anexnocTi 2.12, 2.13, 2.14, dopmyny 2.11 MoxkHa nepenucaru:

DE

I-in

hnet —
[

é. Eert- in,i +é. EIl?env,i 215
i=1 i=1
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ne Ejin— BiamosinHo kopucHa ekceprist mositps, Jx/c; EPey.in— BUTpauena nepen
nogauero B npumimenns B CKII, JIx/c, EPen— BuTpauena micins supaneHHs 3
npumimenas B CKII, Jx/c.
OTtpumana 3anexHicTs 2.15 minkom kopexTtHa 1y1s1 BusHaueHHs: EKKJ] CKII, Bxmrodae
KOPHUCHY €KCEprilo, 1110 B YNCETbHUKY Ta BUKOPUCTAHY, 110 B 3HAMEHHUKY. Hero MokHa
KOPHCTYBATHCh ISl aHAJII3y €KCepreTHYHO1 ePEKTUBHOCTI MPOIECiB 00pOOKH MOBITPA,
asie 0e3 ypaxyBaHHs BTpaT MiABeneHoi ekceprii. Butpatu exceprii OyayTh BimoOpakaTu
TIIBKHU BHYTPIIIHI TepMOuHaMiuH1 niepeTBopenHs noBiTpst B CKII, ToOTo 3MiHy cTaHy
ekceprii «HeTTo». Brpatu exceprii EP B manoMy Bumamxy BpaxoByrOThCS B IIiIoMy 0€3
MOJIIJIEHHS HA «30BHILIHIY Ta «BHYTPIIIHI».
Exceprernuna edextuBHicTs CKII 3 ypaxyBaHHSM TUIBKM MiABEACHOI €Kceprii Bij
30BHIIIHIX JPKEPEN B TOTOYHHUX ITO3HAYCHHSX Oyje MaTw BUIIIsiT [15]:

DE

hbrt — 1-in

é. E;\rxt-in,i +él = 2.16
‘=1

1- envi
i=1

ne Ejleny — BIAMOBIIHO KOPUCHO BUTpadeHa ekcepris moBiTps, Jlx/c; E extin —
MiJIBeICHA JI0 1 —TO By3Jla eKCepTis BiJl 30BHIIIHIX JDKEpEN J0 Mojadi B IPUMIIICHHS,
Jx/c ETien— migBeneHa 10 By3da 1 -TO €KCeprisi Bil 30BHIIIHIX JUKEpel
€HEpronocTavyaHHs Micis BUIAJICHHS 13 puMitieHHs, Jx/c.

1 06yne xapakrepusyBatu EKKJ] CKII «O6pyTTo», TOOTO 3 ypaxyBaHHS BTpaT B CUCTEMI
M1JIBEICHOT 30BHI €KCEeprii.

Cryninp eneproomagHocti CKII B misoMy JOMIBHO BH3HAYaTH 4epes
BIIHOIIICHHS BUTpadeHOI ekceprii moBiTpsim B obmaguanai CKII mo miaBeaeHoi exceprii
3 30BHIIIHIX Kepen [15]:

— Eext— in + E
es ET +E

ext- in

e 217

|- env

B ineansHOMY BUIIaJIKy, KOJIM BTpaT MijBeaeHoi exkceprii B oonaauanni CKII ne Oyne,
CTYMiHb €HEPrOOMIaAHOCTI OyIe IOPIBHIOBATH OJUHUIIL Nes=1, @ B yCIX 1HIIMX PeaTbHUX
BUIAJKaX MNes<l.

AOcomoTHe 3HaueHHs BTpaT noBHOi ekceprii B CKII MokHa BUZHAUMTH 13 3a7I€KHOCTI:
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(Eext in | - env) (Eext- in + EI env) (Eext in ext— |n) (Eext in ext—in) 218

Ominutu eneproomiaanicts CKII MokHa TakoK BITHOCHOIO BTPATOIO €KCEPTii «HETTOY,

sIKa JOPIBHIOE BIIHOIIIEHHIO BTPAT IOBHOI eKcepril MOBITps 10 ii BUTpar B cuctemi [15]:

D

DDnet —
Eext— in + EI-env ’ IL)K/C 219

1 BIJIHOCHY BTpaTy €Kceprii «0pyTToy, e BTpaTH BIJIHECEHO JI0 MiJBEICHOI 10 CUCTEMH

eKceprii

DDbI’t ED
El +E

ext- in

/e 2.20

I-env
Brpatu exceprii 8 CKII, sik BiloMO, TOIUISIOTHCSA Ha «BHYTPIIIHI» Ta «30BHIMIHI» [1],
[16]:
[”=Ep +Eq, Mxic 2.21
J11s1 iX 9MCeNTbHOI OIIIHKY Ta aHATI3y MOYKHA KOPUCTYBATHCH 3aralbHUM ITiTXOIOM, KU
HaBezieHo B [1], [16], anme 3 xoperyBanHsIM BiamoBiaHO 10 cTpykrypu CKII.
YacTka «BHYTpIMIHIX BTpaT» ( BIAHOCHOI JECTPYKIIl ) XapaKTepu3ye BIAHOCHY

HenockoHalicTh npoteciB B CKII 3 Touku 30py eHeproomniaaHocCTi:

— N
DD, ==— 2.22
ext-in I-env I[)K/C
Hapegena metonuka nosBosisie nopiBHioBatd CKII 3 pizHuMu cnocobamu 00poOKu
MOBITPS 3 METOIO BU3HAUCHHS HAO1IbIII eHeprooniaaHoro, nuisxom nopiBHsHHS EKK]]

CHCTECM.

2.3 OcHOBHU €KCEePTroeKOHOMIYHOI TeOopii 1715t OIliHKH BapTOoCcTi MOTOKiB ekceprii B CKII.

Merox SPECO

Sk Bimomo [20], excepreTHyHWIA aHaNI3 Ja€ MOXJIMBICTH 3PO3yMITH MICIIE,
BEIMYMHY Ta JDKEPEIO TEPMOJAMHAMIYHOI HEe(EKTHBHOCTI B TEPMOJIWHAMIUYHUN
CHEPronepeTBOPIOBAIbHIN cucTtemi. BiH € gocTaTHIM Ta MOBHUM [JIi PO3yMIHHS

TePMOJMHAMIYHOI HEe(EKTUBHOCTI CHUCTEMH, MPOTE MaE€ MEBHI OOMEXEHHS 3 TOYKH
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30py MOPIBHSHHS €KOHOMIYHOT TOIITLHOCTI 3aCTOCYBAHHS TOTO UM 1HIIIOTO TEXHIYHOTO
pimeHHs. /{7 ycyHeHHS MpOoTUpiuysl y BU3HAUYEHHI HAWOUIBII eHeproeeKTHBHOTO
croco0y oOpoOKH MPOTIOHYETHCS, MOPS/L 3 BU3HAUCHHAM KOS(IIIEHTIB €KCePreTUIHOT
¢(EKTUBHOCTI, OIIIHFOBATH BapTICTh MOTOKIB ekceprii [20, 71, 72]. Ouinka BapTOCTI
€KCepreTMYHUX  TOTOKIB  BJAJO  OMUCYEThCS  TEPMOECKOHOMIUHOIO  (4acTo
eKCeProeKoOHOMIuHO0) Teopiero [20, 73].

B po0Goti [74] aBTOpOM MMOaHO MaTEpialiv JOCHTIKEHb 3 KOMIUICKCHOI OIIHKA
TexHiKko-ekoHoMIYHNX noka3zHukiB CKII ansa cynen «CKII — xonoauinbHa yCTaHOBKAY.
B pesyapTari peTenpHUX JOCTIKEHb aBTOP PEKOMEHIYE CTPYKTYPHY CXEMy
B3a€MO3B 513Ky BU3HAYAJIbHHUX (DAKTOpPIB 3 OCHOBHHMMH OIEpallisiMU PO3PaXyHKIB
TeXHIKO-eKoHOMIYHUMH mokazHukamu CKII. ABTop poOuTh BHCHOBOK, WO 3
MaTeMaTU4HO1 (PO3paxyHKOBOi) TOYKH 30PY EKCEepPreTU4HI TEXHIKO-€KOHOMIYHI
MOKa3HUKMA MOXYTh BIJAITpaBaTH pOJb MapamMeTpiB, SKI XapaKTepus3ylOTh CTaH
xkoMmiiekcy CKII, abo Horo okpemux arperaTiB 1 3a UMMM HapaMeTpaMy MOXIJIHBA
ontumizaiis CKII.

Kpim TOro mpukiagum 3acTOCyBaHHA EKCEPrOCKOHOMIYHOTO aHamizy, IS
OIITUMI3aIlil TPOIIECIB TEIJIONEPETBOPIOIOYUX CHUCTEM 3yCTPIidaroThecsi B podorax [75,
76, 77].

B ocHoBi Bimomoi Ha chorogui MeToauku [20] ekceproekoHOMIYHOTO METOMY
aHajizy pI3HOTO POAY EHEPronepeTBOPIOBAIBHUX CHUCTEM, JICKUTh BHU3HAYCHHS
excepreTuuHoi BapTocTi. Ilopsag 3 1uM 3aTBEpAKYETbCs, L0 EKCeprisi BUCTYIAE
HaWOUTbII parfioHaTbHUM (TOOTO OUIBII palliOHAIBLHO HIXK EHEpris 4Yu Maca)
dbyHIaMEHTOM JUIsi BU3HAYEHHS EKCEPreTUYHOi BapTOCTI CHUCTEeMHU. [l KOKHOTO
OKpPEMOTr0 TMOTOKY €KCeprii B CHCTeMi 3amuCYIOThCS BIAMOBIAHI PIBHSIHHS IS

BU3HAYCHHS 1X BApPTOCTI B IOTOYHUX I[iHAX Ha eHepropecypcu. Takum unHom [20]:

#. =M ; UAH/c 293
t; =M &;; UAH/C 2.24

g, =M &,; UAH/c 225
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b, = & UAH/c 2.26
J€: C i e w, q — BapTICTh BIAMOBIAHOTO IMOTOKY €KcCeprii BXIAHHMX, BUXIJIHHUX, BIJ
NEPETBOPEHHS MOTYKHOCTI, BiA nepenadl remnotd UAH/JIx, C i e w, ¢ — EKCEpreTnyHa
BapTictb UAH/c, E i ¢ w, g — €Kceprist moToky peuoBunu, JIx/c.

BpaxoByroun 10 yBaru, 1o pi3HOTO POy HE €KCEepPreTU4YHl BapTOCTI CYTTEBO
BIUIMBAIOTh HA BapTICThb MAaTeplaIbHUX TOTOKIB, EKCEPrOoeKOHOMIYHA Teopis He
O0OMEKYETHCSI TUIBKH BapTICTIO CAMHUX MaTepiaJbHUX MOTOKIB. JI0 HE eKCepreTHIHUX
Baprocreii CNE  30Kkpema  BIOHOCHMTBCS: KamiTambHi — 3aTpaTd, BHTpPAaTH Ha
00CIIyTOBYBaHHS Ta MOTOYHUN PEMOHT OOJIaJIHAHHS Ta KOMIIOHEHTIB CUCTEMU Ta 1H. Y
BUIIAJIKaX , KOJM HE €KCePreTHYHI 3aTpaTy 3HAYHO BIUIMBAIOTH HA 3arajibHy BapTICTh
MaTepiaJIbHOTO MOTOKY, X BILIMB BPaXOBYETHCS HACTYIHUM piBHsHHAM [20]:

o =C; +Ci"  UAH/c 2.27
ne Cj - Bapricth, 0e3mocepenHbO MOB'A3aHa 3 ekcepriero motoky j, CNE — me
€KCEepreTHYHa BapTICTh MTOTOKY j.

AHani3 epeKTUBHOCTI MPOTIKAHHS TEPMOJUHAMIYHUX TIPOIECIB Ta €(h)EKTUBHOTO
MIePETBOPEHHS €KCEeprii B BIAMOBIIHUX KOMIIOHCHTaX CHCTEMH 3 €KOHOMIYHOI TOYKH
30py BiIOYBa€ThCS HAa OCHOBI OajaHCOBUX pIBHSIHBb BapTocTi. bamanc Baptocti k-ro
KOMIIOHEHTY TTOKa3ye, 1[0 CyMa BapTOCTEH BCIX BX1IHMX MOTOKIB €KCEePrii, KamiTaIbHUX
3aTpaT Ta BUTPAT HAa OOCIYyroBYBaHHSA Ta PEMOHT JOPIBHSIOTH CyMl BapTOCTEW BCIX
MIEPETBOPEHBb EKCEPTii B CHCTEMI 32 BUKIIOYCHHSIM BUTPAT, ITOB’I3aHUX 3 TPAHCIIOPTOM

eKceprii B cUCTeMI.

.. .

A b =aA i tZ g - oy, UAH/C 2.28

e=1 i=1
ne: Zx — 3arajgbHa BapTiCTh KalliTAIbHUX iHBeCTHIIN Zk“ i BUTpaT Ha 06CIyroByBaHHS
ZkOM'

_—CL oM
Z, =72, +Z, " ,UAH/c 2.29

banancoBi piBHSHHS BapTOCTI 3aMUCYIOTHCA JIJIST KOXKHOTO KOMITOHEHTa okpemo. [Ipu
IIbOMY BapTICTh BXIAHUX TMOTOKIB TIJBEACHUX IIOTOKIB €Kceprii Moxke OyTH

po3paxoBaHa 3a TapudamMu BapTOCTI «3aKyMiBIi» JAHOTO BHIY IOTOKY, a BapTICTh
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MOTOKIB, IO YTBOPIOIOTHCS 32 PaxyHOK MEPETBOPEHHSA eKceprii B k-My KOMIOHEHTI
ampiopi HeBioMa, 1 MOXe OyTH po3paxoBaHa JIMIIE 3a JOIMOMOTOI CKJIaJaHHS
nornomMikHuX piBHsAHb [20, 73, 78].

Exceprernunmii aHasti3 KOMIIOHEHTIB cUcTeMH 3TriHO 3 [20] onepye MOHATTAMHA
«manuBo» (anniL-fuel) 1 «mpoaykT» (aHri.-product), 3amicTh MHOHATH BXIAHHAK i
BUX1JIHMM €KCepreTUYHI1 MOTOKH.

Jlo exceprii manuBa 1y1st k-ro KOMITOHEHTa CHCTEMHU HaJICKaTh:

— eKCepris BCiX MEepepuBaHUX IMOTOKIB HA BXOJll B JIaHUW EJIEMEHT, BKIIOYAIOYH
eKCEePril0 EHEPreTUIHOTO TIOTOKY, CIIOKUTY B JAHOMY €JIEMEHTI;

— BCE 3MEHILIEHHS €KCeprii MK BXOJOM 1 BUXOAOM JJisi O€3MepEePBHUX €KCEPreTUIHUX
ITOTOKIB;

— yc1 301IbIIIEHHS €KCEePrii MI’K BX1ITHUMU 1 BUX1JHUMU TOTOKAMH, K1 HE BIJMOBIIaI0Th
[IJISIM I[HOTO €JIEMEHTA.

Jlo ekceprii NpoayKTy BIAMOBIIHO:

— eKcepris BCIX MOTOKIB, II0 BUXOAATH 3 JAHOTO €JIEMEHTA, BKJIKOYAIOYU €KCEpriko
€HEPreTUYHOr0 MOTOKY, BUPOOJICHY B JAaHOMY €JIEMEHTI;

— BCe 30UIbIIEHHS €KCeprii Mk BXOJOM 1 BUXOJIOM JJisi O€3NepepBHUX €HEPreTHUHUX
MOTOKIB, 1110 3a0€3MeUyIOTh IOBE MMPU3HAYEHHS €JIEMEHTA.

[ToHSATTS «mMamMBO» 1 «IPOIYKT» SIKI BHKOPUCTOBYIOTBCS B aHali3l OKPEMOIo
KOMITOHEHTY, MOKYTh OyTH TaKOX BHKOPHCTaHi IS BCi€l cHCTeMH. 3 ypaxyBaHHSIM

HaBCIACHHUX HOBHUX IIOHATDH OanaHc k-ro KoMIIoHEHTa 3allUCYETHCA HACTYIIHUM YHNHOM!

Cex =lpk T Lokt ik, Dxc 2.30
ne: Epx— ekcepris «manuBay, Epx— excepris «npoaykty», Epx=To.c.AS — aGcomoTHa
nectpykiisi exceprii, E_x — aOCoONMOTHI BTpaTh eKceprii mph KOHTAKTI eJIeMeHTa
CHUCTEMHU 3 HAaBKOJIUIITHIM CEPEIOBHILICM.
A excepreTuyHu KOeQIII€HT KOPUCHOT il I K-TO0 KOMIIOHEHTY CHUCTEMH 3T1IHO 3

[20]:

g = [Pk —1- (ok Tk

2.31

[ Fx [ Fx
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ba3oBi kputepii, 10 BHU3HAYAIOTh TEPMOEKOHOMIUHI XapaKTEPUCTUKU KOMITOHEHTA,
3aMUCYIOTHCS HACTYIMHUMU Gopmynamu [20]:

- I[1Ha MIOTOKY €KCEePTii majauBa:

d
M ==, UAH/Ix 2.32
F k
- I[1Ha MIOTOKY €KCEePTii MPOIYKTY:
=]
M =E. UAH/Ibx 2.33
P,

- BapTICTh, MOB'A3aHa 3 IECTPYKIIIEIO EKCEPTii:
CD,k = C|:,k CEDJ( ) UAH/c 2.34

- BapTICTh, IOB'I3aHA 3 BTPATAMH €KCEPTii:

Cry =Cry &Ly, UAH/c 2.35
- BAPTICTh KaMiTAIBHUX 3aTPaT Ta BapTICTh €KCIUTyaTalli 1 00CIyroByBaHHS:
Z,=2""+Z2 UAH/c 2.36

PimmenHs mnpo oONTUMI3AIlI0O CUCTEMH TPUWMAETHCS HA OCHOBI BH3HAYEHHS
EKCePrOCKOHOMIYHOTO (PaKkTOpy, MaKCUMaJdbHO MOJKJIMBE 3HAYEHHS SIKOTO TMpHU
ICHYIOUHMX OOMEKEHHSIX BiJOBIJIA€ TMTOHATTIO «ONTHUMAIbLHUNA KOMIIOHEHT:
_ Z
Z, +n, @ ox T ELk) 2.31

BuxopuctanHs Teopii eKCepProeKOHOMIKH JUIsl MPAKTUYHUX PO3PAXYHKIB BUKOHYETHCS

3a JEKITbKOMa METOJIOJIOTISIMU, OJHIEI0 3 SIKUX € METOJ| MUTOMOI eKCepreTUYHOI
BaptocTi (SPECO-meron). OCHOBHI TMOJOXKEHHS JAaHOTO METOAY TOJSAraloTh B
HactynHoMY [20]:

— Eran 1: Ha nepiomMy eTarni BUAUISIOTECSA TPAHULII €HEPTONepEeTBOPIOBAIBHOT CUCTEMHU
1 BHU3HAYAIOTHCA MMApaMETPU BCIX EKCEPreTMYHUX IMOTOKIB Ta iX CKIAJOBHUX, SKI
MEePETUHAIOTh TPAHUIII TAHOTO KOMIIOHEHTA 1 CUCTEMU B LILJIOMY;

— Eran 2: Ha apyromy etami BH3HAYalOThCS TMOTOKH «MalliBa» Ta «IPOIYKTY»,
JECTPYKIIil 1 BTpaT eKceprii, exceprernyHa eGeKTHBHICTh, BAPTICTh KamiTadbHUX 1

eKCIUTyaTaIifHuX MOTOKIB;
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— ETan 3: Ha tpeTboMy eTami, CKIa1atl0ThCs pIBHAHHS O0aJaHCy €KCepreTUYHOI BapTOCTI,
BUOMPAIOTHCS TOIaTKOBI PIBHSAHHS 1 PO3PaXOBYIOTHCS TaKi BETUYHUHU SIK: CEPEIHS 1liHA
eKceprii MPOAYKTY 1 1HII KpUTEPIi TEPMOCKOHOMIYHOTO aHaJIi3y;

— Eran 4: Ha uerBepToMy etari, Sikuii mepenbadae came ONTUMI3AIII0 CHCTEMHU 3a
E€KCeProeKOHOMIYHUMHU  KPUTEPISIMH, BHUKOHYETHCA  TOKOMIIOHEHTHMM  aHai3
TEPMOEKOHOMIYHUX KPHUTEPIiB Ta ONTUMI3alIHI pO3PAXYHKH IIJISIXOM BHECEHHS 3MiH
napaMeTpiB y eKCeproeKOHOMIYHUX MOJCTSX.

[Ipuknaam ekceproeKOHOMIYHOT ONTUMI3ALIT ASSIKUX €HEPronepeTBOPIOBATBHUX
CHCTEM 3a BHIIC HaBEJICHOIO METOIMKOIO BUKIIaJIeHI B podoTax [79, 80, 20].

JIiist aHani3y cucTeM KOHJIUIIOHYBaHHS MOBITPSI HAMH 3alIPOIIOHOBaHA METOIMKA
€KCEeProeKOHOMIYHOTO aHalli3y, sika 0a3yeThbcs Ha BU3HAYEHH1 BAPTOCTI MMOTOKY €KCeprii
MOBITPS Ta HOTO CKJIaJ0BUX B1J] MOBITPO3a0IpHOI PEUIITKH A0 BUKUAY MOBITPS HAa 30BHI.
Jlnst exceprii MOBITPSAHOTO TOTOKY, SKUW MpoxoauTh o0poOky mositps B CKII, sk
3a3HAYEHO B JIPYrOMY PO3AiI1 AaHOI AUCEPTAIIiHOT pOOOTH, BUIUISIIOTHCSI TPU OCHOBHI
CKJIJIOB1: TEpMIYHA, BOJIOTICHA Ta MeXaHi4HA. KpiM TOro B OCHOBHUX (DYHKIIIOHAJIBHUX
eJIEMEHTaX, /i€ BiIOYBAEThCS NMIEPETBOPEHHS €HEPTii, TAKUX SIK: MOBITPOOXOJIOMKYBaY,
MOBITPOHArpiBay, BEHTWJIATOP Ta 1H. — BPAaXOBYETbCA TAKOX BUTPATH €KCEprii BiJ
MiJBeACHUX JoKepeda. Jlis OIIHKKM BapTOCTI OOpOOJICHHS IOBITPS BHU3HAYAIOTHCS
CyMapHi HaKOIWYEHHS 3aTpaT eKceprii BOJIOroro MoBITPsS Ha OOpOOJIEHHS B CEKIIISIX
CKII Bix moBiTp03a0ipHOI pEUIiTKU A0 BUAAJICHHS MOBITPsI HA 30BHI. 3aTpaTH SBISIOThH
c00010 T0OYTOK MTUTOMOI €KCEPrii eHeProHOCIiB MOMHOKEHOI Ha 1IHY MTOTOKY €KCEepTii.
BapTicTh moTOKIB ekceprii Bu3HadaeThes 3a ¢popmynoro 2.38. Tapud Ha eneprosocii
NPUIMAETHCS 32 JTAaHUMHU KOMIIaHii MOCTa4aabHUKA, JIJIS IEBHOTO PETiOHY, HAIIPHUKIIA

3a Tapudamu «Kuisenepro» [81].
—_ 'rJ : tot Q
Hoo = A den Len, rpH/KT 2.38
i=1

€ €en'™ — MUTOMA EKCEPTis EHEPrOHOCIIB BigHECEHA 10 TOTOKY MOBITPs, JIMK/KT, Cex —
eKCepreTHYHa BapTICTh, TPH/KT, Cen - Tapu(Ha eHepris, rpH / JIx.
Tapudna eHepris Moke BpaxOBYBAaTH YacTKy BiJpaxyBaHb Ha KamiTaJbHI BUTpPATU

(mpuabanus Ta iHcTamsAnis ycratkyBanus CKII), rpu / JIx:
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Cern = A (M+1M)  rpu/ Il 239
Je: Ci— IMTOMa BapTICTh KamiTadbHUX BUTpaAT (BiApaxyBaHb Ha MNpUJOaHHS Ta
THCTAJISAIII0 YCTaTKyBaHHS) BIHECEHA 10 OJWHUIN TOTYXXHOCTI CeKIii 00poOKu
noBiTps, TpH/JIXK, cj - TapudHa enepris, rpH / Jx.
Pe3ynbratu po3paxyHKiB eKCEpreTUYHUX MOTOKIB Ta 3aTpaT eKceprii Ha 00poOKy
noBiTps B CKII nogatoTecst y BUMIISIII HAKOMUYYBaJIbHUX TOTOKOBUX Jllarpam.
Hanpukmang B poOoti [71], Oepyui A0 yBaru BHINEHABEICHI IOCSATHEHHS B
PO3BUTKY €KCEPreTUYHOTO, TEXHIKO-€KOHOMIUYHOIO Ta €KCEProeKOHOMIYHOTO METOIIB,
HaAMU TIPOBEJICHA OIlIHKa eKCeproekoHoMiuHoi edektuBHOcTi pobotu CKII 3
MO>KJIMBICTIO BUKOPHUCTAHHS TEIUIOTH KOHJIEHCATOPIB XOJIOAWJIBHUX MAIIUH JIJIst
Jpyroro MiIirpiBy B TEIUTHH mepion poky. B poboti [72] mpencraBiieHa mMeToanka
exceproekonoMmiynoro anamizy CKII ngns BuOGopy HaWOUIBII EHEProoIIaHOTO
CXEMHOTO pIIlIEHHS 3 OCYIICHHs MOBITps. [IpencTaBieHo po3paxyHKH €KCepreTHIHOI

e(EeKTHUBHOCTI, JIlarpaMH €KCEPreTUYHUX MOTOKIB Ta €KCEPreTUYHOI BapTOCTI.

2.4 HakonuuyBanpHa JiarpamMa €KCEPreTHUYHUX Ta EKCEeProeKOHOMIYHMX ITOTOKIB

CKII

Hiarpamu exceprii nist ananizy CKII BHKOpHUCTOBYIOTH TOJIOBHUM UYHWHOM Y
Burisaal giarpam ['paccmana Tta cymimenux i,d — E,t [1]. [iarpama I'paccmana
noOyAoBaHa 3a MPUHIUIIOM IOCIIIOBHOTO MPUPOCTY €KCEPTiil eHepreTUYHUX MOTOKIB
B CJIEMEHTaX CHCTEMHU 1 BIIOOpaKa€TbCSd y BUIJISAI CMYT B3JOBX PyXy po0OodYoi
PEUYOBUHHU, IUPUHA IKUX Y BITHOCHHUX JI0 TOYaTKOBOI'0, 200 B aOCOJIFOTHUX 3HAYCHHSIX,
BIJIMOBI/Ia€ IOTOYHOMY TIOTEHIIIATY €KCEeprii y BiIMOBITHOMY CKJIaIOBOMY eleMeHTi [1,
18]. Cymimenumu miarpamamu 1,d — E,t KOpUCTYIOTBCS IS OI[IHKH €KCEPreTUUHUX
NIEPETBOPEHb Ta BH3HA4YeHHs ekcepretuunoi edextuBHocTi B CKII [1]. ¥V Bunaaky
MOTOKOBHX Jiarpam I'paccMaHa aHami3yeThCs 3a JAYMKOIO aBTOPIB [1] «30BHIIIHS»
OLlIHKAa CHUCTEMH, sIKa XapaKTepU3ye BUTPATH Ta BTPATH CyMapHOi eKCeprii CUCTeMH Ta
il By3miB, a y Bumaaky cymimienux giarpam 1,d — E,t , 3’SBISI€TbCS MOXIIHMBICTD

KOPETYBaHHs €KCEPTeTUYHHX MOTOKIB. Y JPYroMy BUMAIKY € MOKJIUBICTH OI[IHIOBATH
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HE TUTBKU CyMapHY €KCEprii0 BOJOTOro MOBITPs, a M HOro CKIAJOBI — TEPMIUHY Ta
BOJIOTICHY, 1110 BaXKJIMBO MPH OLIHII (yHKIIOHANBHOT eexTuBHOCTI CKII.

3 Touku 30py oninku eHeprocnoxkuBanHs B CKII niarpama ['paccMana 1ocTtaTHRO
e(eKTHBHO BiTOOpakae MECTPYKIII0 CyMapHOI €KCeprii B CHCTEMI, ajie He BijoOpakae
JECTPYKIIIO CKJIAJAOBUX €KCeprii BOJOrOro MOBITPS — MEXaHIYHOi, TEpMIYHOI Ta
BojioricHoi. CyMillleH1 AlarpaMu Ha BiAMIHY Bij jiarpaM ['paccMana MarOTh 130J1iHIT
mapaMeTpiB CTaHy BOJIOTOTO TIOBITPS: TEMIIEPATypH, BOJOTOBMICTY, EHTAJbIIIi,
BIJIHOCHO{ BOJIOTOCT1 Ta ekceprii. Ha Ham moruisia miei iHdopmartii 3aMaino 111 TOBHOT
OI[IHKH Ta JIETAJILHOI0 aHaJ3y CUCTEMHU B I[1IJIOMY Ta ii OKkpeMux esneMeHTiB. [lo-nepie,
B jiarpami ['paccMaHa BIJCYTHS MOXJIMBICTh YHCEIBHOI OLIHKH €KCEepreTUYHUX
MepEeTBOPEHb, a € TUIBKW MOXJIMBICTh BIJHOCHOI OIIIHKH. THUM Olible giarpamu
['paccMana He MarOTh 130J1IHINA 3HAY€Hb €KCEprii CKIIAJIOBUX MOBITPA 1 BIAMOBIIHHUX
mkan. Jlo uporo cmia noaaru, mo aiarpamu ['paccmaHa BIZOOPaKyrOTh IPOLECH
nepetBopeHb B CKII Timbku y BUTIISAI1 BTpaAT eKceprii, BpaxoByroun odnagHanHs CKII
TUIBKH JO HPUMIIIEHHS, M0 OOCIYrOBY€ThCSI 1 HE BPAXOBYEThCA €KCEPrisl MOTOKIB B
MPUMIIICHH] Ta micas Hporo. Lle cyTTeBuil HEAOJIK, TOMY IO 3a HAITUMU OI[IHKAMHU
cymapHi Brpatu ekceprii B CKII micnst mpuminieHHsT MOXKYTh ckianatu Ao 15% Bin
3arajbHUX, a BTpaTH CyMapHOI €KCepTii MOBITPs B CAMOMY MPUMIIIIEHHI B11I0OPaKyIOTh

came kopucHuit eext Big podoru CKII [15, 82, 83]
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Puc.2.2 Cymimena i,d — E,t giarpama
Puc.2.1 diarpama ['paccmana

CyMileHi JiarpaMu Jar0Th MOKJIMBICTh OLIIHUTH 3arajibHI NMEPETBOPEHHS €KCEeprii B
nporecax o6pobOku moBiTps B CKII, ame oOMexeHi B MOXKJIMBOCTI BigoOpa3uTu i
OI[IHUTH TMEpPETBOPEHHS CKJIAJAOBUX €KCeprii Bojororo noBiTpsa. Tak, Hampukiaa, Ha
cyMinieHii miarpami i,d — E,t, o HaBenena B po6orti (Puc.2.2), HeMOXKIMBO BU3HAYMTH
JNECTPYKIIIO CKJIaJ0BHX €KCEprii BOJOTOro MOBITPS MPH 130€HTAJBIIKHOMY MpPOILEC
3BOJIOXKEHHSI TIOBITPSI B XOJIOJAHMM MEPIOJ POKY 1 iX 3HAYEHHS, 110 YHEMOKIIUBIIOE
KOPEKTHE TOpPIBHAHHSA €(PEKTUBHOCTI PI3HUX CHOCOOIB  3BOJIOKEHHs moBiTps. Lle
CTOCYETHCS ¥ 1HIIKUX MPOIIECIB B HaBeAeHOMY Tipukiiai. B 1,d — E,t - miarpami oOmexxeHa
MOXITUBICTh aHaJi3y eKCePreTHYHHUX MEPETBOPEHB MpoliecamMu, 1o Ha i-d — miarpami,
TOOTO — 0€3 ypaxyBaHHS MEXaHIYHOi CKIamoBOi ekceprii. KpiM Toro HeMOXIMBO
BUIJIVIMTH KOPUCHY JECTPYKIIIIO €KCeprii BijJ 3arajJibHUX BUTpAT Ta BTpar. BiacyTHs
TaK0>X MOKJIMBICTh BiJOOpa)KeHHS MPOILECIB B IAHUX JllarpaMax B 3HAYEHHSX MUTOMOI
€KCeprii, 110 € BAXKJIUBUM. BKka3zaHi HEJIOIIKHU BEJIUKOIO MIpOIO OOMEXYIOTh MOKIIMBOCTI

excepretrnunoro anainizy CKII.
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Hiarpamy excepreTH4Hux noTokiB Bosororo nositps B CKII 3 Hamoi Touku 30py
JOLUUIFHO TPEACTAaBIATH Yy BUIVIANI Jlarpamu-niHii (Tpadika) B JBOBUMIpHIN
NPSIMOKYTHIN cucTeMi KoopauHat. [lo Bicl opaAMHAT BIAKIAIAOTh MUTOME 3HAYCHHS
exceprii moBitps, kJk/kr, a mo Bici abcmuc - emementu CKII B mochimoBHOCTI
OCHOBHOI'O TIPOXOJIXKEHHS MOBITP4, 1110 00pobiiseTbes. Enementu CKII BpaxoByroThCs
10 BCIM CHCTEMI - BiJl HOBITPO3a0IpHOI PEIIITKH JI0 BUKHIY BIAMPAIlbOBAHOTO MOBITPS
30BHI. Ha Bici opiuHaT MOXKHA TaKOK BIJKJIAAaTH 3HAYCHHS TUTOMOI BapTOCTI eKcepril
Ta a0COMIOTHI 3HAYEHHS €KCEPTii JJIsl MOMXJIMBOCTI B1JICT€KEHHSI HAKOIIMYEHHSI BUTPAT
(BTpar) Ta AECTPYKLIi €KCEPrii B MPOLEC] TEPMOJUHAMIYHUX EPETBOPIOBAHB MOBITPA.
[ToOynoBa y BKa3zaHWX KOOpJMHATAaX IMEPETBOPEHb CKIAIOBUX E€KCEprii BOJOTOro
MOBITPS 1 CyMapHOi JyIst KO’KHOTO (hyHKIIIOHATIBHO BiiokpemiieHoro enxementa CKII gae
3MOTY BI3yallbHOTO BiJOOpa)X€HHs Ta YHUCEIBHOI OLIHKU il 3MIHU Yy BIAMOBITHUX
eJleMeHTax Ta B cucTemi B nuiomy. Kpim Toro Bizyamizallisi eKCepreTHYHHX
MEepPETBOPIOBAHb CKJIAJIOBUX €KCEprii B I1{ Jiarpami Ja€ MOKJIUBICTh BIIOKPEMUTH Ta
BU3HAUYUTH BEJIMYMHHM KOPHCHOI JECTPYKIUIi €KCeprii KOXKHOr0 BUIY BIJ 3arajibHUX ii
BUTpAT, SK JJIi KOXKHOTO (PYHKIIIOHAJIBHOTO elieMeHTa ( (PYHKI[IOHAJIBHOI TpyIH
€JIEMEHTIB ) TaK 1 JUisl CUCTEeMH B LUIoMy. Ll MOXIMBICTH 3HIMAe OOMEXEHHS Yy
BU3HAYCHHI EKCEPreTMYHoi e(PEeKTUBHOCTI BY3JiB Ta CHCTEMH 1 OOYMCIIEHHI
XapaKTepUCTHK eHeprooiiaaHocti [15]. ¥V BapiaHTi po3MiTKH BEPTUKAIBHOI KA B
OJIMHULISX MUTOMHUX 3HA4Y€Hb TPOIIOBHX BUTpAT ( TPH/KT TOBITPS ) 3 SIBISETHCS
MO>KJIMBICTh eKceproekoHoMiuHoi orinku podotu CKII. KpiM Toro y Bkazaiii giarpami
€ MOJKJIMBICTh OLIIHIOBATU B OJIMHULIAX €KCEPrii TiJIpaBiIiyHUI OMip MOBITPONPOBOAIB
CUCTEMHU 10 MOKA3HUKAX AECTPYKIIII Il MEXaHIYHOI CKJIaJI0BO].

B poboti [69] mnpencraBieHa mOTOKOBa €KCEPreTHYHA diarpama €KCeprii
BoJjiororo noBiTps ajst CKIT papmarnieBTuuHOro BUpoOHUIITBA, sika HaBeieHa Ha Puc.2.3.
Jliarpama TOTOKIB BiJOOpakae JECTPYKIIIO TEPMIYHOI, BOJOTICHOI, MEXaHIYHOI Ta
CyMapHOi ekceprii Bosiororo moBitps BiamoBigHo mo enemeHTiB CKII. Ha miarpami
MOKa3aHl 3MIHM 3HA4Y€Hb €KCEpriil Mpu MPOXOMKEHHI MOBITPSAM MOTr0 MOCHIIOBHOI
o0poOku B enementax CKII Bimx moBiTp03alipHOI PENIITKH Yepe3 MPUMIIICHHS, 1110

o0CITyTOBY€ThCS, ¥ /10 BUAAJCHHS Ha30BHI. BepTukanbHa BiCh JlarpamMu - IIKaia
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3HaYeHb MUTOMOI eKceprii moBiTps, kJ[k/kr, a ropuzoHTtampHa — enementd CKII B
MOCJTIIOBHOCTI OCHOBHOTO pyXy TIOBITps. BepTukanmbHa Bich Mae MacmiTao,
ropuzoHTajibHa — He Mae. [loyaTok KoOpAMHAT — PO3PAxXyHKOBI MapameTpu
30BHIIIHBOTO TOBITPS JAJISl TEIUIOTO MEPIoy POKY 13 3HaUeHHSIM ekceprii E,.=0 Ha piBHI
noBiTpo3abipHoi penritku CKII.

Hiarpamy mo6y10BaHo 3 BUKOPUCTaHHSM 3HAYEHb [TapaMeTPiB BOJIOTOTO MOBITPS,
mo Ha [-d —mgiarpami Ta nanmx TexHiYHUX Xapakrtepuctuk oOmagHanHs CKII. TIpswmi
JiHII Ha JiarpaMi MOTOKIB €KCeprii BOJOTOro IMOBITPS BII0Opa)karOTh BiAMOBIIHUIN
TEpMOJIMHAMIYHUM, a00 MexaHIyHuM nporec B neBHoMy enemeHTl CKII. 3HaueHHsM
eKCepriil KiHI Ta MOYaTKy MpOLECiB BIANOBIAAIOTh neperaomu JdiHIA. IlepeBaru
MPEICTABIICHOI JllarpaMu TOTOKIB ekceprii /1 aHanizy mpoieciB B CKII B mopiBHsIHHI
3 BigomMuMu HactynHi. Hanpuknag na nauigHii 3-4-5 eKcepreTHYHOi MOTOKOBOT
Jiarpamu, sika IoKa3ye MpOoLEec OXOJIOAKEHHS 30BHILIIHBOIO MOBITPS 3 KOHJIEHCAIIE0
BOJIOTH, YITKO BUJIHO JECTPYKIIIIO KOXKHOI CKJIaI0BOI €Kceprii Bosororo noBitps. JliHis
TEPMIUHOI €KCeprii pi3Ko MiAiiiMaeTbcsl 3aBASKH 30UIBIIEHHIO €KCeprii  mpu
OXOJIO/PKEHHI TIOBITPS B MOBITPOOXOJIOKYBaYi BiJl TOUKH ext 70 Touku M, 1o Ha I-d-
Jiarpami, Mae repesioM mpu Nepexoil Ha JUISTHKY KOHAEHCallli BOJIOTH BiJ TOYKH O JI0
TOYKU M.

BomoricHa ckmanoBa ekceprii 3MIHIOETBCS TUIBKY Ha IUISHIN 4-5, 110 BiANIOBIIa€
Npolecy BHUMNAAIHHA KOHJIEHCATy, a MEXaHI4Ha 3MIHIOEThCA 32 PaxyHOK
aepOJMHAMIYHOTO OIOPY MOBITPOOXOJIOKyBada Ha IJISHII 4-5.

3ayBa)xuMo, 10 y pa3i IPeICTaBICHHS €KCEPreTHYHOI AiarpaMu bOTO MPOIIECy
y BUMIISAL Alarpamu ['paccmaHna 4 CyMilIE€HOi, Bi3yani3alis Ta BUSHAYEHHS 3HAYEHb
CKJIIAZIOBUX eKceprii Oyno 6 HemoxiauBo. CyTTEBOIO MEpEBaror0 MOTOKOBOI JiarpamMu y
MPEJICTABICHOMY BUTJISI € T€, IO 3 Hel MOYKHA BU3HAUNTHU «KOPUCHY» €KCeprilo, sKa
BiJIMOBI/Ia€ (DYHKIIIOHATLHOMY MpU3HavYeHHIO BinmoBigHoro enementa CKII. Jlinsaka
4-5 (yHKIIOHAIBPHO TPU3HAYCHA I KOHJEHCAIl BOJOTH, a TOMY KOPHCHOIO

JECTPYKIIIIO € TUIbKM BOJIOTICHA, a pelITa — BUTPATH €KCeprii.
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XapakTepHOIO BIAMIHHOIO PHCOI0 TMPEACTABICHOI MOTOKOBOI E€KCEePreTHYHOT
JiarpaMu € MOKJIIUBICTB aHAMI3Y IECTPYKILIi ekceprii Ha MisHIN 3-4. Y BUNIAAKY OIIHKA
JeCTPYKIIIT €Kceprii BOJIOTOro MOBITPS 32 MOKA3HUKOM TUIBKH CyMapHOTO ii 3HaueHHS (
JK IIe Ma€ Micie B Jiarpamax ['paccmana ), sika yucenbHO Noka3ye 3miny Ha 0,171
kJK/KT, 11 CKJ1a7I0B1 B TOM Yac - TepMiUyHA Ta MEXaHIYHA 3MIHIOIOTHCS, BIJMOBIAHO, Ha
0,509 xJIx/kr ta 0,338 kJ[x/KT, a 11e BTpHUYil ¥ BABIYI ii IepeBUINYIOTh. Taka OIlHKa €
OUTBII KOPEKTHOIO. SIK BUIIHO 3 JliarpaMu, ypaxyBaHHs KO>KHOI CKJIAJIOBOi eKceprii 3 11
3HAKOM 3HAYHO PO3IMIMPIOE MEXI E€KCEPreTUYHOro aHajidy, 0 € HEMOXXIJIMBUM B
ICHYIOYMX Jllarpamax.

OTxe, 3alpONOHOBAHA Jllarpama CKJIaJJOBUX MOTOKIB €KCEPrii BOJIOrOro MoBITPS
B CKII Haytae MOXIMBICTD BI3yaJbHOT OIIHKH JECTPYKIIIT €KCEPrii MOBITPSI B €JIEMEHTaX
CUCTEMHU Ta B MPUMIIICHHI 32 MUTOMUMHU Ta aOCOMIOTHUMHU 3HAYEHHSIMU EKCeprii
BOJIOTOTO TOBITPS, BiJIOOpakae IUIMHHI 3HAYEHHS CKJIQJIOBUX Ta CyMapHOi eKceprii
BOJIOTOr'0 TIOBITPSI B €IEMEHTAX Ta B CUCTEMI B LIUIOMY, HaJa€ MOMXJIHMBICTh Bi3yaJIbHOI
ySIBU Ta KOPEKTHOT YUCEIBHOI OLIIHKU IECTPYKIIi CKIaJ0BUX €KCEPTii BOJIOTOro MOBITPS
B CKII, BU3HaUEHHS 3arajIbHUX Ta 10 €JIEMEHTHUX BUTPAT Ta BTPAT BCIX BUIIB €KCeprii
BOJIOrOro NoBiTps, o MaroTh Micue B CKIL

3a JTIOMOMOTOI0 OMHCAHOI JlarpaMH CTa€ MOMJIMBUM BUIUIUTH KOPUCHI Ta
BuTpaueHi rneperBopeHHs ekceprii B CKII Ta kopekTHO OOYMCIWMTH Ha Ii OCHOBI
MOKa3HUKU €KCEPreTUYHOI (PEKTUBHOCTI KOKHOTO €JIEMEHTA T4 CUCTEMH B LIJIOMY.

[IpencraBieHHs] €KCEPreTUYHUX IEPETBOPEHb CKJIAJ0BUX IOTOKIB €Kceprii
Bojiororo ToBiTps B CKII y Burisai mnoTOKOBOI JiarpaMyd HaJa€ MOXKJIUBICTh
ynockoHaneHHs ekcepretuyHoro aHanizy CKII B Bizyauni3allii mepeTBOpeHb CKIIaJOBUX
eKceprii BOJIOTOrO TOBITPS, BU3HAYCHHI Ta MAPaXyHKY iX JECTPYKIi Ta BTpaT,
BitokpemyieHHs st eneMenTiB CKII Ta cuctemu B 1ijloMy KOpPUCHOI Ta BUTPaTHOI

eKceprii s po3paxyHKy MOKa3HUKIB €HEPTrOOIIaTHOCTI CUCTEM.
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2.5 Pesynbratu mornuOieHOro, MOpiBHsJIbHOTO ekcepretuuHoro anamnizy CKII 3

PI3HUMU CIOCOOaMU OCYIICHHS MOBITPS

JIns opiBHSHHS €KCepreTHYHOi €(eKTUBHOCTI PI3HUX CIIOCOOIB OCYIIIEHHS MOBITPS
NpUMIILIEHHS AJi 30epiraHHg HaciHHA rapOy3a HamMH BHOpPAHO TPH MOXIJIHMBI CXEMHU
OCYIIICHHS TIOBITPS JJIS JOCSITHEHHSI HEOOX1HUX TMapaMeTPiB 3T1JIHO TEXHOJIOTIYHOTO
periiaMeHty 30epiraHHs TPOAYKIlli Takoro BUAY. A caMe: MEXaHIYHE OCYIICHHS
(KoHACHCAIIITHUI CTTOCi0), 3 eJIEKTpOKaATOpUdepOM IS TOTPiBAaHHS IMOBITPS Ta CEKITIEI0
Oaifmacy MmoBiTPOOXOJIOAKYBaya JUIsl 3HUKEHHS MOTYKHOCTI TEMJI000MIHHUKA IPYTOTO
H1IITPIBY, aACOPOLIHE OCYHIEHHS 3 €EKTPUYHUM TEINIOOOMIHHUKOM JJI pereHepanii
a7cOpOEHTY Ta KOMOIHOBaHE 3 BUKOPUCTaHHSM MEMOpPAHHOTO OCYIIEHHS IOBITPA.
Crpykrypai cxemu CKII 3 Bulie HaBeieHUMHU cIOCO0aMU OCYIIEHHS TOBITPsI HaBEIEH1
Ha Puc. 2.4. Tlponecu oOpoOku moBiTpss HA i-d miarpamMi sl KOXHOTO CIIOCOOY

OCYIIIEHHS TTOBITpPs Moka3aHi Ha Puc. 2.5
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Puc. 2.4 Ctpykryphi cxemu CKII 3 BuIlle HaBeICHUMH CIIOCOOAMU OCYIIICHHS JIJIs

NpUMIIIIEHHS 30epiraHHs HaCiHHS rap0y3a. a - MeXaHIYHe OCYIIeHHS (KOHAeHC CaIlInHUN

crnoci0); 6 - agcopOIliiiHe OCYIICHHS; B - KOMOTHOBaHE 3 BUKOPUCTAHHSIM

MEMOPaHHOTO MOJYJIsl OCYILIEHHS MOBITPA.
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Puc. 2.5 I-d giarpama nporieciB 00po6ku noitpst CKIIT mist mpumineHHst 30epiraHss
HaciHHA rapOy3a a- 3 KOHJICHCAIlIMHUM OCYIIICHHSIM MOBITPS; O — 3 aAcOopOIiHHUM
OCYULIEHHSIM MOBITPS; B - 3 MEMOpPaHHUM OCYIIEHHSIM MOBITPSI.

Po3paxyHok ekceprii MOTOKY TMOBITpS BHUKOHYBAaBCS 33 METOAMKOIO
MOTJIUOJIEHOTO €KCEPTOCKOHOMIYHOTO aHai3y.

Ha Puc. 2.6 naBemeHo pe3ynabTaTH pPO3paxyHKIB CKJIQJOBUX EKCEPTETHYHUX
MOTOKIB IS TETJIOTO Mepioxy poky npu o0poobini nositps B CKII 3 koHaeHcaiinum
ocyumieHHsIM moBiTps. Ha miarpami 300pakeHO 3MIHY €KCEPreTHUYHUX MOTEHIaNiB
OCHOBHHMX CKJIQJIOBHX €KCEprii BOJIOTO MOBITPS — TEPMIYHOI, BOJIOTICHOT, MEXaHIYHOT Ta
cymapHoi B npotieci ioro o6po6ku B eaementax CKII Big moBiTpo3abipHOT pemIiTKH 10
BUKHUJIy BIJIMPaAIllbOBAHOTO MOBITPs Ha 30BHI. [lik BUTpaT TEpMI4HOi Ta BOJOTICHOI
ckianoBux exceprii notoky nositps B CKII 3 koHaeHcaliiHUM OCYIIEHHSIM MOBITPS
CIIOCTEPITalOThCs B CEKIIIi OXOJOMKEHHS Ta OCYIICHHS MOBITPS. 3HAYCHHS CKJIAJAI0Th
1,159 x/lx/kr Tta 0,879 x/Ix/kr BinmoBiaHO. BuTpaT MexaHiuHOT CKJIAOBOI eKCeprii
MOTOKY MOBITPS, SIKI MalOTh HaWOUIbIII MIKK B eleMeHTax 9 Ta 16 ekBiBaJeHTHI

MOBHOMY THUCKY MPHUIUIMBHOTO Ta BUTSKHOTO BEHTUJISITOPIB BIAMOBIIHO.
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—TepmiuHa CKJ1a0Ba

— CyMmapHiil OTIK eKceprii MoBITPs

Puc. 2.6 Jliarpama cki1ajoBUX €KCEPreTUYHUX MOTOKIB JIJIsl TETUIOTO MEP1oay POKY MpU

00po6111 moBiTps B CKII 3 KOHAEHCALIITHUM OCYIIICHHSIM MOBITPSI.

1 - 30BHIIIHE MOBITPS; 2 - ApOCENb-KianaH 3 npuBoaoM; 3 - punstp G4; 4 - dinbTp

MS; 5 - noBiTponarpiBau Nel; 6 - MOBITPOOXOJIOKYBAY 3 OCYIICHHSM; 7 -

KaIJIeBJIOBIOBaY; 8 — nmoBiTpoHarpiBad Ne2; 9 — npurnmBHUi Bentunstop; 10 -

MPUILTUBHI NOBITponpoBoay; 11 - mpurmBHa pemnitka; 12 - npumimenss; 13 -

BUTSKHA PEIITKA; 14 - BUTSKHI MOBITponpoBoau; 15 - unetp F7; 16 — BUTSHNHUN

BEHTWISITOD; 17 - BUKU] MOBITPS Ha 30BHI;
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Ha Puc. 2.7 naBeneHo pe3yabTaTd PO3PAXyHKIB CKJIAJOBHX EKCEPTETUYHUX
MOTOKIB JUIsl TEIUIOTO Tiepioxy poky mpu obpoomi moitps B CKII 3 agcopOmiitHum
OCYIIICHHSM TOBITps. [lik BUTpaT TEPMIYHOT Ta BOJOTICHOI CKJIAJOBUX €KCEPrii MOTOKY
noBiTps B CKII 3 agcopOuiiHuM OCYHICHHSIM MOBITPSI CIOCTEPIralOThbCsl B CEKIIISIX
azgcopOiiitHoro ocymenHsa noBiTps (cekuist Ne 6 Puc. 2.4 6) Ta B cekilii HarpiBaHHs
noBITpsL JUIsi pereHepaiii ajacopoenty (cekimiss Noe 18 Puc. 2.4 6). 3naueHHs mis

BIJIMOBITHUX CEKIlii 00pOOKHM MOBITPs ckIanaTh 1,543 kJx/kr ta 0,879 x/[x/kr.
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—BonoricHa ckianoBa —CyMapHiil MOTIK eKceprii MoBITPs

Puc. 2.7 [liarpama cki1aloBUX €KCEPreTUYHNX MOTOKIB JUIsl TETJIOTO MEPioy POKY MpH

00po61i nositps B CKII 3 ancopO1iitHUM OCyIIEHHSIM MOBITPSI.

1 - 30BHINIHE TOBITPS; 2 - ApOceTb-KiIanaH 3 npuBoaoMm; 3 - giastp G4; 4 - bibTp
MS5; 5 - moBiTpoHarpiBad Nel; 6 — agcopOriiinuii ocymrysay; 7 -
MOBITPOOXOJIO/KYBay;, 8 — KalJICBJIOBJIIOBAY; 9 — NPUILUIUBHUN BEeHTUIsTOP; 10 -
MIPUILIMBHI TOBITpOoNpoBoaY; 11 - mpuruiMBHA penriTka; 12 - mpuMiteHHs; 13 -
BUTSDKHA pelniTka; 14 - BUuTshkH1 nositponpoBoay; 15 - putetp F7; 16 - BUTSHXKHUMN
BEHTWJIATOP; 17 — HarpiBad MoBiTps AJis pereHepaitii aacopoenTty; 18 - ancopOuiitHuit

ocyiryBad (necopouisi); 19 - Buku moBiTps Ha 30BHI;
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Ha Puc. 2.8 naBeneHo pe3ynabTaTH po3paxyHKIB CKJIQJOBUX EKCEPTreTHYHUX
MOTOKIB I TEIJIOro mepioay poky mpu o6pobii noBitps B CKII 3 komOGiHOBaHUM
MEMOpaHHUM OCYIIIEHHSM MOBITPs. 3MiHA 3HaYEHb TEPMIYHOT Ta BOJIOTICHOI CKIIAAOBUX
exceprii notoky noBiTps B CKII 3 komOGiHOBaHUM MeMOpaHHUM OCYHIEHHSIM MOBITPS
B1/10yBa€eThCs 0€3 IBHO BUPAXKEHUX IMiKIB. MakcuMalibHI 3HaY€HHS TEPMIYHOI CKIa0BO1
ckranaots 0,571 xJbx/kr, mo B 2 pa3d MEHIIE BiJ MIKOBOTO 3HAYCHHsS MpHU
KOHJICHCAI[IHHOMY CIT0c001 00poOKM MOBITpSA Ta B 2,7 pa3iB MEHIIE HDK IIpH

a7IcOpOLIIITHOMY OCYILIEHHS MOBITPA.
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Puc. 2.8 [liarpama cki1aoBUX €KCEPreTUYHUX MOTOKIB JUIsl TETJIOTO MEPIoy POKY MpH

00po61i nositpst B CKII 3 koMOiHOBaHUM MEMOpaHHUM OCYLICHHSIM MOBITPSI.

1 - 30BHIiIIHE TOBITPS; 2 - ApOceTb-KianaH 3 npuBoaoMm; 3 - giastp G4; 4 - bubTp
MS; 5 - moBiTpoHarpiBay Nel; 6 - MOBITPOOXOIOKYBay 3 OCYIIEHHSM; 7 -
KaruIeBJIOBIIOBAY; 8 — MeMOpaHHHUI MOIYJIb OCYILICHHS TOBITPS; 9 — MPUIUIIMBHUM
BeHTWIATOP; 10 - mpuruiMBHI oBiTporipoBoAy; 11 - mpurnauBHa pemritka; 12 -
npumitieHHs; 13 - BUTsbKHA pewniTka; 14 - BUTsDKHI noBiTponpoBoau; 15 - duastp F7;

16 - BUTSOKHUI BEHTWISITOP; 17 - BUKHT TTOBITPS HA 30BHI
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Pesynbratu pospaxynkis EKKJI mis Tpbox BuUOpaHHX cxeM OOpOOKH MOBITPS
npuMileHHsT 30epiraHHs HaciHHA TapOy3a 3a Qopmynamu 2.15 Ta 2.16 momano B
Ta6muna 3.2. Ha Puc. 2.9 B Burisal  giarpamu rpadigyHo mpecTaBieH] 3HAYCHHS
EKKJI a5 Tppox BuOpaHux croco6iB ocymieHHs noBiTps. Haitbineini 3nauenns EKK/]
«HEeTTO» Ta «OpyTrTOo» cnocrepiratothess it CKII 3 xomOiHOBaHMM MeMOpaHHUM
OCYIIICHHSM TIOBITPS, 1 CKIanaTh 2,36 Ta 1,22. Ananoriudi 3HadeHHaMu EKK]] ps
CKII 3 xoHaeHcamiitHuM crmocoOoM ocyiieHHs moBiTps ckiagaroTs: EKK/] «HeTTo»
ckianae 1,93 a EKKJ] «6pyrro» 0,65; mist CKII 3 agcopOriiftHIM criocoO0M OCYIIEHHS
noBiTps ckimanaTh: EKK]] «aerTo» cknamae 1,17 EKKJI «opytTo» 0,52. Takum 9nHOM
EKK/I «nerro» qist CKII 3 koMO1HOBaHMM MeMOpaHHUM OCYIIEHHSIM MOBITps Ha 16 %
oinemie 3a EKKJI «uerro» CKII 3 xoHaeHcamiitHUM OCYIICHHSM TOBITps, 1 Ha 48%

ounbe 3a EKK/] «nerro» CKII 3 ancopOuiiiHuM cnoco0oM OCyIIeHHs TOBITPSL.

Taomuus 2.1
Pe3ynbTaTi po3paxyHKiB MOTOKIB TUTOMOI €KCEPTii Ta EKCEPreTUYHUX KoedillieHTiB
KOPHUCHOI JIii nmoriubneHoro ekceproekoHomiunoro ananizy st CKII 3 tppoma

PI3HUMH CTIOCOOaMU OCYIICHHS TOBITPSI

net

Atw; € (ext-in) T € (ext-in) D €(1- env) T €(1- env) b Ne T]ebrt CZ

kJDx/kr | kJK/Kr | kKJDK/KT | KJDK/KT | KJDK/KT % % TpH/KT

DCM | 0,131 | 5231 | 12,833 | 1,543 | 0,573 | 1,93 | 0,65 | 5,05x10°

DAM | 0,131 | 6,522 | 5435 | 4,641 | 8514 | 1,17 | 0,52 | 6,36x10°

DMM | 0,131 | 4,013 | 4599 | 1506 | 0,573 | 2,36 | 1,22 | 2,35x10°

EKK «opyTrTo» nns CKII 3 komOiHOBaHMM MeMOpaHHUM OCYIIEHHSIM MOBITPS
Ha 43,5 % 6ubue 3a EKKJ «6pyrro» CKII 3 KoHAeHCAIiHHUM OCYIIEHHSIM MOBITPS, 1
Ha 54,6% Oinbme 3a EKK] «OpyrTo» CKII 3 aacopOuiifHUM CrocoOOM OCYIIECHHS
MOBITPs. 3 po3paxyHKiB BUIHO, 1110 BukopuctanHs CKII 3 komOiHOBaHUM MeMOpaHHUM
OCYIIEHHSM JIsi OOpOOKH TOBITPS B CKJIaAl 30epiraHHs HaciHHS rapOy3y 301IbIIye

EKK][ «OpyTTo» Maike BIBIUI B MOPIBHSHHI 13 1HIIUMHU MOXJIMBUMH CIIOCOOaMH
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0o0poOKM TOBITPA Ui JOCATHEHHS TMapaMeTpiB MOBITPSI 3TITHO TEXHOJIOTTYHOTO

pernamMeHTy 30epiranHsi IpOAYKIIii TaKOTO BUY.

(=}

S 220

=L 2,00
1,80

EKK

1,60
1,40

1,20

1 2 3
® EKK/] "merro" ™ EKK]] "6pyrT0"

Puc. 2.9 IlopiBHsuTbHA JiarpamMa eKCEpPreTHIHUX KOe(IIiEHTIB KOPUCHOT 1T IS TPhOX
obpanux crnoco6iB ocymieHHs noBiTps B CKII nmpumitienns 30epiranast HACIHHS

rapOy3a

1 — CKII 3 konaeHcartiitauM ocymeHHs moBiTps (DCM); 2 — CKII 3 ancopOuiiiHum
ocymeHHsM moBiTps (DAM); 3 — CKII 3 MmoaysieM MeMOpaHHOTO OCYIIICHHS MOBITPS

(DMM).

2.6 Pe3ynbTaTé €KCeproeKOHOMIYHOro mnopiBHsuibHOTO aHamizy CKII 3 pizHumMu

crocobamMu OCYIISHHsI MOBITPS AJIsl IPUMILIEHHS 30epiraHHs HaCIHHA rap0y3a

Sk BUITHO 3 pe3y/IbTaTIB PO3PaxXyHKiB, EKCEPreTUUHUN aHaII3 J1a€ MPABUIIbHY, ajie
HE TIOBHY OLIHKY, SIK MOXJIMBE TNPOTHPIYYS y BHU3HAYCHHI HaWOUIbII
eHEepProePeKTUBHOIO Coco0y 0OpOOKH NP MPOEKTYBAHHI CUCTEM KOHAMIIIOHYBAHHS

MOBITPS.
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Ha rpadixy Puc. 2.10 noka3ano 3pocTaHHs TUTOMOT €KCEPreTUYHOI BapTOCTI Ha

1000 xr 06po0aI0BaHOTO MOBITPS AJIsI TPHOX BHOpPaHUX cXeM 00pOOKH MOBITPS
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—Hakonu4eHHs ekcepreTuuHoi BapTocTi Ha 06poOKy noiTps B CKII 3 konaeHcaiitnum

OCYIIICHHSM TOBITPS ‘ ' ‘
= Haxkonuuenns ekcepreruanoi Baptocti B CKII 3 agcopOmiitHuM oCyIeHHsIM MOBITPSI

@ HakonmueHHs excepreTrnaHoi BapTocti B CKII 3 MeMOpaHHUM OCYIICHHSIM TOBITPS

Puc. 2.10 IlopiBHsuTbHA rpadidHa 3a71eKHICTh HAKOTTMYCHHS €KCEPTeTUYHOT BAPTOCTI B
mpoiieci 00pooku noBiTpsi B CKII 3 TppoMa pizHuMHU clTOCOOaMU OCYIIICHHS MOBITPS. A
— oxnomiHiHa cxema DCM; b - onnomiHilHA cxema DAM; B - ogHoJTiHIMiHA cxeMa
DMM.

NpUMIIIEHHST JJis1 30epiraHHs HaciHHS rapOy3a mpu #Horo oOpoOii B CeKIsx
[EHTPAJILHOTO KOHIUIIOHEPY. 1151 3pydHOCTI MOJAIBIIIOT0 aHalli3y TPUHHATO HACTYIHI

CKOpPOYEHHS Ha3B MeToiB oO0poOku moBitps: DCM — KoHAeHcaliiiHe OCYIIeHHS
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noBiTps; DAM — axacopOuiiine ocymennst nositps; DMM - memOpanHe ocyiieHHS
NOBITPsA. 3 JlarpaMu BHJAHO, IO 3pOCTaHHs BapTocTi ekceprii B cxemi DCM, DMM
CIIOCTEPITa€EThCA 3 MOMEHTY OOpOOKM B CEKIlli OXOJOJKEeHHS (KOHJCHCAIlIHHOTO
ocymieHHsT — mo3. 6) moBiTps. [Ipm YoMy 3HAYEHHS EKCEpPreTHYHOi BapTOCTI Ha
OXOJIOJIPKEHHS Ta oCyIIeHHs MoBiTps st cxemu DCM ckianae 2,34 rpu/1000kr, o Ha
33,3 % mepeBulllye 3HaYCHHSI €KCEPreTUYHOI BApTOCTI CEKIlli OXOJO/KEHHS MOBITPS
s cxemu DMM, ske ckmamae 1,56 rpu/1000xr. ns cxemu DAM 3poctanHs
€KCepreTUYHOI BApTOCTI B CEKIIii aJICOPOIIHHOTO OCYIIICHHS MOBITPS HE CYTTERE, TaK 5K
JUIs. 3I1ACHEHHS TPOIIECY 330BHI IMIJIBOJUTHCS JIMINE EJEKTPUYHA EHepris Jyis
o0epTaHHs POTOPHOTO TEMJIOOOMIHHUKA, MMOTYKHICTh SIKOTO ckiaaae 45 BT.

[Ticns cexii agcopOIIHHOTO OCyIIeHHs MOBITPs B cxemi DAM crnioctepiraeThes
3pOCTaHHs 3aTpaTr Ha «cyxe» (mo d=const) oxosiomkeHHs MHOBITps. ExcepreTtmuna
BapTICTh 3IHCHEHHS MPOIECY OXOJO/DKEHHS MOBITPS JO MapaMeTpiB MPUTOKY st
DAM cxnagae 1,87 rpa/1000kr, mo wmaibke Ha 17% OuTbIIe HDXK 3a 3aTpaTd Ha
nonepeaHe 0XOJI0KeHHS OBITPs B cxemi DMM.

Hacrymne 3poctanns ekcepreTuuHoi BapTocTi s cxemu DCM crioctepiraerbes
B TpOILIECi OTPiBaHHS 1O MapaMeTpiB MPUILIMBHOTO MOBITPs, HAa Puc. Biapizok 7-8,
3HaueHHsa ckiuanae 4,25 rpa/1000kr. A Takoxk, s BCIX TPbOX CXEM, XapaKTepHE
3pOCTaHHSI €KCEPreTUYHOI BApTOCTI Ha 3/IMCHEHHS MPOIECIB MEPEMIIIEHHS MOBITPS
IPUILTUBHUM BEHTHIIATOPOM , Ha Puc. 2.10 Bigpizok 8-9.

Takum ymHOM, 3 JlarpamMu 3pO3yMUIO, IO Ha BIJIPI3KY BiJ MOBITPO3a0IpHOI
PELITKY A0 MOjAayl MOBITPS B NPUMIIICHHS HAKOMWYEHHSI €KCepreTUYHOI BapTOCTI B
nporieci 00po0IeHHs (I ATOTOBKHM) MPUILIMBHOIO MOBITPs s cxemMu DCM cKitanaroTh
4,79 rpr/1000xr, mo B 2,3 pa3u Ounbie HiX 11d cxemu DMM, 3nauenns ckiagae 2,10
rpH/1000kr. HakonuyeHHsT eKcepreTMyHOi BapToOCTi B mpoueci 00poOiIeHHs
(MTATOTOBKM) MPUTITUBHOTO MOBITPs At cxemu DAM cknanae 2,48 rpu/1000kr, o Ha
15,2 % Oinbmre HiX W1t cxemu DMM.

JIJist BCIX TPbOX CXE€M XapaKTepHE 3pOCTaHHS 3aTpaT eKceprii Ha MepeMilleHHs
MOBITPS BUTSDKHUM BeHTHIIATOpOM, Ha Puc. 2.10 Bigpizok 15-16. [Ipote, nns cxemu

DAM TakoX NpUCYTHI JOJATKOBI 3aTpaTH €KCeprii B MPOIEC] MiAIrpiBy MOBITPS AJIs
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pereneparii aacopoenty, Biapizok 16-17 wa Puc. 2.10, 3HayeHHS HAKOMMYCHHS
eKCEepreTUYHO1 BapTOCTI MICHS CEKIl pereHepamii aacopOeHTy mns cxemu DAM
cknanae 6,3 rpa/1000kr 06poOIIOBaHOTO TTOBITPS.

OTxe , 3 niarpaMu BUJHO, 10 CyMapHi 3aTpaTu ekceprii Ha 0OpoOIeHHS MOBITPS
st cxemu DCM B 2 pa3u Okl 3a aHanoriyHi 3aTpatu uist cxemu DMM. A cymapHi
3aTpaTv Ha 00pOOIeHHS TOBITPS Ui cxemMu DAM B 2,7 pa3iB OUIBII HIXK JJISI CXEMHU
DMM.

Haiibinpie 3pocTaHHs I[IH Ha €HEproHocii croctepiraeTbes B cxemi DAM, B
MpoIIeCl HarpiBaHHsS MOBITPsA JJIsl pereHepailii agcopoenty. s cxemu DCM, ne ans
OCYILICHHS MOBITPSl peali3yI0ThCSl IPOLIECH TPAUIIIHHOTO OCYILICHHS 3 KOHJICHCAIIIEIO
BOJIOTH, 301IBIIIEHHS 3aTpaT B mopiBHsIHHI 3 DMM cripuurHeHO OUTHITUMU BUTpAaTaMu
eKceprii B IpoLeci OXOJIOMKEHHS Ta OCYIIEHHS MOBITPS Ta HASBHICTIO CEKLIi APYroro

H1ITPiBY NPUIUITUBHOTO TOBITPSL.

2.7 BucHOBKU 1O po3aLTy 2

1. AHaJi3 pe3yibTaTiB HABEIEHMX EKCEPreTUYHUX PO3PaxyHKIB  IOKa3ye
notinbHICTh 3actocyBanHs B CKII kom0iHOBaHOro croco0y OCYIICHHS TOBITPS 3
BUKOPUCTAHHSM CeJIeKTUBHUX MeMOpan (DMM).

2. Butparu minBeaeHoi ekceprii TeroTH Ha 31HCHEHHS POIIECiB 0OPOOKH MOBITPS
IIPU TAHOMY CITOCOO01 BJIBIY1 MEHIII HIK BUTPATH T1JBEICHOT TETUIOTH MPU 00pOOIICHH1
noBIiTps B cekii konaeHcamiiaoro (DCM) uu ancopo6iitinoro ocymenus (DAM).

3. Exceprernunnii KK]I «aerTo» npu manomy croco6i 0opooxu nmositps B 1,9 pazis
BUILE HIXK MpU aJicopOLIiHOMY Ta B 1,2 pa3u BUIllE HIXK [TPU KOHACHCAI[IHHOMY.

4. Exceprernunnii KKJI «6pyrTo» mpu nanomy crnoco0i oOpoOku MoBITps B 2,2
pa3iB BUIIE HIXK MPU ajcopOiiitHoMy Ta B 1,8 pa3u BuIlle HIXK TIPHU KOHICHCAIIMHOMY .
5. BkazaHa eHeprooimagHiCTh JOCSITa€ThbCs TOJOBHUM UYMHOM 32 PaxyHOK
3MEHIIICHHSI BUTpAT €Heprii B MpOIeCl OCYIIEHHS TMOBITPS, BIJICYTHOCTI APYroro

MIITPiBY MOBITPS Ta BUTPAT JIJIsl pereHepartii afcopoeHTy.
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6.  3acrocyBaHHA €KCEPrO€KOHOMIYHOTO METOAY OLIHKH €Hepro30epeKeHHs B
mpolecax OCyIIEeHHS TOBITPS Ja€ KOPEKTHI pe3yJIbTaTH, sIKi MOKYTh OyTH 3aCTOCOBaH1
Ha CTaJlisIX MPOEKTYBaHHS Ta PEKOHCTPYKI 111 BUOOPY HAMOUIBII €HEPrOOIIaHOTO
croco0y 0OpoOKM TMOBITps. 3TITHO PE3YNbTATIB EKCEPrOCKOHOMIYHOTO aHalli3y,
HaWOLIbIIIe 3pOCTaHHs IIH HAa €HEeProHOCIi crocTepiraeTbes B cxemi DAM, B mporieci
HarpiBaHHs TOBITPs ISl perenepallii aacopoenty. s cxemu DCM, ae nist ocyieHHs
MOBITPS PEATI3yIOTHCS TPOILECH TPATUIIAHOTO OCYIICHHS 3 KOHICHCAIIEI0 BOJIOTH,
30UIBIICHHS 3aTpaT B MOpiBHAHHI ¢ DMM cnpuunHEHO HAsSBHICTIO CEKIlli JAPyroro
NIIIrpiBY ONpUILTMBHOTO MOBiTpa. CymapHi 3atpatu ekceprii Ha oOpoOJIeHHs MOBITPS
st cxemu DCM B 2 pa3u Oibll 3a aHaloriyHi 3atpatu Juist cxemu DMM. A cymapHi
3aTpaTu Ha 00poOIeHHs MOBITPs s cxeMu DAM B 2,5 pa3u OUIbIN HIXK JUIsI CXEMU
DMM.

7. 3riHO pe3yJIbTaTiB €KCEPreTUYHOr0 Ta €KCEProeKOHOMIYHOTO MOPIBHSILHOTO
aHani3y 3actocyBanHs DMM cxemu oOpoOKH MOBITPS HNPUMIILIEHHS sl 30€piraHHs
HaciHHS rapOy3a mae mepeBaru nepen cxemamu DCM, DAM, a came: 3HMKEHHS

€HEproBUTpaT Ha 0OPOOKY MOBITPS - K HACIIJOK 3MEHIIIEHHS €KCITyaTallliHIX 3aTpaT

CKIL
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PO3 LI 3. EKCIHEPUMEHTAJIBHI JOCJII/JPKEHHA MEMBPAHHOI'O
OCYHIEHHA TTIOBITPA B CKII

3.1 ExcnepuMeHTanbH1 JOCIIIKEHHS MPOIIECY MPOHUKHEHHS MapiB BOJOTU Yepe3

MeMOpaHy

MOXIIMBICTh 3aCTOCYBaHHS MEMOpPAHHOTO OCYILIEHHS TMOBITPS ISl CUCTEMH
KOHJIUITIOHYBaHHS TPUMIIICHHS 1Ji1 30epiraHHs CUIbChKOTOCIOMAPChKOT MPOIYKIIIi,
BUTIKAE 3 aHAII3y TEOPETUYHUX JAHUX II0JI0 YMOB IIPOTIKAHHS JaHOTO mpouecy. Takum
YUHOM JIJI1 00pOOKH MOBITPS Ta 3a0e31eUeHHS HeOOX1JHOTO PIBHS BITHOCHOIT BOJIOTOCTI
MOBITPS Nepea0avaeTbCsi BUKOPUCTAHHS TOCIIIIOBHOTO OOpOOJICHHS MOBITPSI B CEKIIil
KOHJIEHCA[IMHOTO OCYLIEHHS JJO TEMIIEpAaTypy MPUIUIMBHOTO MOBITPs. Jlai mpu crami
TEeMIIepaTypi JOOCYIICHHS MOBITPS B CEKIlli MEMOPaHHOTO OCYIIIEHHS, A0 JOCATHEHHS
HEOOXITHOTO 3HAYCHHS BOJIOTOBMICTY NpUIuMBHOTO ToBiTps (Puc. 3.1). Teopetnunuii
aHaI3 PO3PaXyHKOBUX JaHUX JIO3BOJISIE OTPUMATH 3HAUYCHHSI HEOOX1THOTO 3MEHIIICHHS
BOJIOTOBMICTY 00p001t0BaHOTO TOBITPS Admin T/KT. J1J1s1 BUOpAHOTO HAMU MPUMIIIICHHS
30epiraHHsl CUIbCHKOTOCIIOAAPCHKOI MPOAYKIT MIHIMaJIbHO HEOOXIJIHE 3HAYEHHS
3MEHIIICHHS BOJIOTOBMICTY CTAaHOBUTH 2,8 T/KT.

MemMmOpana, 1151 3a0e31eyeHHs IPOTIKaHHS MPOLECY MPOHUKHEHHS, BUOUPAETHCS
TaKUM YUHOM, 11100 OJTHOYACHO 33J0BOJBHSATH JIBI yMOBAaM: MaTH BUCOKY 3JaTHICTh JI0
MPOHUKHEHHS MapiB BOJIOTH, Ta OyTH MOBITPOHETIPOHUKHOIO (MaTH BUCOKUM OIIp 0
NPOHUKHEHHs MoBITPs) [55]. )1 ocmiKeHHsT OCYIIICHHS MOBITPsl HAaMU OyJjia BUOpaHa
HamiBnponukna, [IBX memOpana Strotex Basic [60]. Bubpana meMOpaHa Ma€ 3HaYCHHS
IIPOHUKHOCTI, 1[0 BU3HAYEHO B yMOBAaX eKCILTyarallii Takoi MemOpanu [66], ske ckiamae

1,510-6 kxr/cem2eIla.
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A/, Klx/ke

32°C L

o ()
12°C . 100%
10°C ¢
0
\A dm/n=2,8 2/K2‘
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0 } 7,6 d e/ke
4,8 14,0

Puc. 3.1 . I-d — miarpama BoJororo mositpsi i3 nporecamu 00poOKH Jutst 30epiraHHi
CUIBCHKOTOCTIOAAPCHKOT MPOAYKITIT

MemOpana — Mae MIKpPOIOPUCTY CTpyKTypy [55] i Bomomie rtimpodoOHUMM
BJIACTUBOCTAMHU. J[Ba MOJINPONUIEHOBUX HETKAHUX TMOJOTH 1 BHYTPILIHBOIO
(YHKITIOHAIBLHOIO TOJIIPONIJEHOBOI IUIIBKH, SKa 3a0e3reuye BHUPOOY BHCOKY
MPOHUKHICTh BOASHOI Mapy 1 OHOYACHO BOJIOHENPOHUKHICTh. Mikponopucra [IBX -
CTPYKTypa MeMOpaHH J03BOJISIE 3pOOUTH BUCHOBOK PO MOKJIMBICTH ii 3aCTOCYBaHHS
IpY MPOBECHHI OapoMeMOpaHHKX MPOIECIB PO3AIICHHS Ta30BuX cymirrei [55]. Cam
MEXaHi3M MEPEHECEHHS PEUYOBHHHU Yepe3 MEeMOpaHy OMUCYEThCS (PI3MUHOI MOEIUIIO
PYXy PEUOBHHHU — TIApiB BOJIOTH KpPi3b MeMOpany, piBHsHHS 1.29. Sk 3a3Hauanock BUIILE,
JUISL TIOPUCTUX MEMOpaH NEepeBaKalOUYUM € KOHBEKTHBHMUU MOTIK PEYOBUHH, MPOTE
HEOOX1JTHE BpaxXyBaHHS BIUIMBY JU(y31MHOI CKIAAOBOI JJii HEMOPUCTOI MOBEPXHI
meMOpanu. Ilopucticth MeMOpaHW BH3Hayajgach BAaroBUM METOJIOM, IIISXOM

3aHypEeHHS 3pa3Ky MeMOpaHU B BOJY /10 JOCSTHEHHsI TOBHOTO HACUYEHHS MaTepialy
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BOJIOI0. 3a PI3HUIICI0 Mac CyXOTO Ta HACHYECHOTO BOJOIO 3pa3KiB 3a 3ajexHicTio 3.1
pPO3paxoByBaJIM MOPUCTICTh AOCiKyBaHOi MeMOpanu. J[nms [IBX HamiBIpOHHUKHOIT,
MeMOpanu Strotex Basic oTpumaHO 3Ha4ueHHSI OpPUCTOCTI MemOpanu ckiangae 0,7.
BHCHOBKM 110710 MOXJIMBOCTI 3aCTOCYBaHHsS MEeMOpaHU POOWIHCS 3 TEOPETUYHOTO
aHaJ13y TeXHIYHUX XapaKTepUCTUK MeMOpaHH.

s
Jle: m; — maca 3pa3ky MeMOpaHu MPU yMOBaX OTOUYIOYOTO CEPEIOBHUINA, KT; My - Maca
3pa3Ky MeMOpaHM B CTaHI MOBHOTO HACHYEHHS PIIUHOIO, Kr; V — 00°eM 3pasKy
MeMOpaHu, M°; p — I'yCTHHA PiIUHH, KI/M>,

JIJisi 3MEHIIIEHHsI BIUTMBY IMOBITPSHOTO CEPEIOBUINA HAa MPOIYCKHY 3AaTHICTh
MeMOpaHu 10 TMapaM BOJOTM BHUKOPUCTOBYETbCS cxeMa (UIbTpalli 13 MOTOKY
HEPIICHIUKYIIIPHO JIO0 TOTOKY 00poOroBaHoro moitps [55]. BxigHuit moTik cymimri
MOBITPS Ta BOJSHUX TapiB MOJAETHCS B3JOBXK MOBEPXHI MEMOpAaHH 1 HAKOIUICHHS

PCUOBHH Ha IMOBEPXHI MEMOpaHu Maiike He crioctepiraetbes (Puc. 3.2).

-~

Puc. 3.2 Cxema niporiecy MeMOpaHHOTO OCYIIEHHS NOBITps. 1 — BXiJ1 00poOIr0BaHOTO
NOBITPS; 2 — BUX1J epMeary; 3 — KopIyc anaparty; 4 — MmemOpaHa; 5 — BUXiJl
OCYIIIEHOTO TIOBITPSI.

Jlist 3a0e3nedenHs npoiiecy QpiabTpallii BOJOTH Yepe3 HaIBIPOHUKHY MEMOpaHy
OJIHIEIO 3 YMOBOIO € CTBOPEHHSI HEOOX1THOTO Teperaay TUCKY MO Pi3HI CTOPOHU TaKOi
MeMmOpanu. TeopeTHUHHI aHali3 JgaHoro nuTaHHsA [56] mokasye o0yacTi HHU3BKOTO
THUCKY BUKOPUCTOBYIOTHCS TIEPEBAYKHO MOJIENI Ta30(a3HOr0 MPOHUKHEHHS B AKUX ICHY€E

IPSIMOITPOIIOPLIIHA 3aJIeKHICTh MPOHUKHOCTI BiJl TUCKY. B 00acTi cepeHbOro TUCKY
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CTHIOCTEPIraeThCsl 30HAa MpPH fAKiM B1AOYBaeTbCsl KOHIEHCAIS] BOASHUX MapiB B TOBIII
MeMOpanu. B pesynbTari 4oro BiZOyBa€ThCs 3aKyMOPIOBAHHS YacTHHH TOP
KOHJIEHCATOM, IO MPHU3BOJUTH JI0 PI3KOrO 3MEHIIECHHSI MPOHUKHOCTI 13 MOJAJIBIINM
pocToM TUCKY. B 0651acTi BUCOKOTO THCKY Mailke BCl IMOpU 3alIOBHEHI KOHJIEHCATOM 1
BILJIMB THCKY Ha POHUKHICTh HE CIIOCTEpiraeThes. Jiist po3ijieHHs MOBITPS Ta BOASIHUX
napiB JiTepaTypHUMHU JTaHUMH TPAHUIll 00JIaCTel HU3BKOTO Ta CEPEIHBOTO TUCKY HE
BU3HAYCHI, TOMY BHHUKA€ HEOOXITHICTh BH3HAYCHHS BIUIMBY JTAHOTO KPHUTEPIIO B
yMOBaX MPOBEJEHHS €KCIEPUMEHTAILHOTO JOCIIIKEHHSI.

Jlis cucTeM KOHIMWIIIOHYBAHHS TMOBITPSI ISl 3HMDKCHHS EHEPrOCTOXHBAHHS
HEOOX1IHO abu 3HAYEHHS TEepenagy TUCKY Ha CEKIisX 0OpoOKH MOBITpsS HaOyBasio
MIHIMAJbHUX 3HA4YeHb. 13 CKa3aHOIO BHIIE BHUTIKAE HEOOXIAHICTh MIHIMI3yBaTH
HAJUTMILIKOBUM THCK 3 OOKY MOTOKY 0OpOOJIFOBAHOTO MOBITPS, Ta CTBOPIOBATH NEpenal
TUCKY UUIAXOM 3a0€3Me4YeHHs] PO3PIPKEHHS IO 1HIIY CTOPOHY MEMOpaHH.
BukopucTtanHs po3plLKeHHS Ui peajizallii npouecy NPOHUMKHEHHS MapiB BOJOTH
yepe3 MeMOpaHy HE NPHU3BOJIUTH O 3HUKEHHS MPOIYCKHOI 3aTHOCTI MEMOpaHW.
TakuMm YWMHOM JUIsi CTBOPEHHS Ta MIATPUMAHHS Ha 3aJaHOMYy pPIBHI HEOOX1IHOTO
nepernagy TUCKY HaMu Oyjo BUOpPaHO METOJ] CTBOPEHHS PO3PIKEHHSI 31 CTOPOHU
BUXOJy TiepMmeaTy. BIUMB BeTWYMHHM PO3PITKEHHS Ha 3HAYCHHS] MPOHUKHOCTI Oyne
YTOYHEHO MpHU MPOBENEHHI EKCIEPUMEHTAIbHUX JOCHiKeHb. [ TeopeTuyHOro
aHai3y 3HAYEHHA BUOPAHO BUXOASYM 3 KOHCTPYKTHMBHUX OCOOJMBOCTEH CUCTEMHU
KOHJUITIOHYBaHHS, HASBHOTO MOXJIMBOTO THUCKY BUTSKHOTO BEHTHJIATOPA, 1 CKJIaaae
250 Ia.

Po3paxynku 3a 3anexHicTio 1.31 103BOJISAIOTH OTPUMATH OPIEHTOBHI 3HAYEHHS
HeoOX1HOT TIonT (inabTpalii A7 MPOEeKTYBaHHS JabopaTopHOTO OOJagHAHHS, TPU
BIJIOMHUX 3HAQYEHHSX TECOPETHYHO HEOOXIAHOI KIIbKOCTI BoJiorM G KI/roj, Tpaai€eHTy
HAJTUIIIKOBOTO TUCKY MO OOWJIBI CTOPOHM MEMOpaHU Ta MPOHUKHOCTI, SIKA 3aJICKUTh
BiJ THITy 00paHoi memOpanu [60].

Sk 3a3HaY€HO BUILIE, MPOHUKHICTH HE € XapaKTEPUCTUKOIO MEMOPAHH, 1 3AJIEKUTH
BiJl YMOB MPOBEACHHS MPOILIECY, TAKUM YMHOM JJI1 POOOTH MEMOpaHU ISl OCYIIEHHS

MOBITPS B CHCTEMax KOHIUIIIOHYBAHHS TOBITPS 3HAYEHHS MPOHUKHOCTI MEMOpaHH



116

ampiopi HeBigOoMe. AHami3 JITEPATypPHUX JAaHUX HE J03BOJSE AHATITHUHUM IIJITXOM
BU3HAYUTH TPOHUKHICTE MeMOpaHU. 3Bakaroul Ha HEMOXIUBICTb TEOPETUYHOTO
BU3HAYCHHs KOE(IIIEHTY MPOHUKHOCTI, UIsI KOHKPETHOT'O THUITy MEMOpaH!, BUHUKAE
HEOOXI1THICTh B POBEICHHI €KCIIEPUMEHTAIBLHOTO JTOCIIIKSHHS, ISl BH3HAYSHHS MOTO

dbaxkTryHoro 3HadeHHs B yMoBax po6otu CKII mis mpumimieHHs: 30epiraHHs HaClHHS

rapOy3y.

3.2 ExcrnepuMeHTalbHI JOCIIPKEHHS MPOLeCy NMPOHUKHEHHsS MapiB BOJOTH uepe3

MeMOpaHy

3.2.1 TlnanyBaHHS €KCTIEPUMEHTY

3rigHo 3 Teopiero [84, 85, 86] mporec MmIaHyBaHHS €KCIIEPUMEHTY Tepeadadae
BU3HAYECHHS KUIBKOCTI Ta YMOB IMPOBEACHHS JOCHIIIB JJIsi BUPIIMICHHS 3 JOCTATHHOIO
TOYHICTIO MOCTaBJIeHO1 3adaui. JIis onTuMmizaimii MpOmycKHOI 3AaTHOCTI BHUOpaHOi
MeMOpaHu, HEOOXIJTHO BH3HAYUTH 3HAUYEHHS NPOHUKHOCTI, MPH 3aJaHUX YMOBaX
MPOBEJICHHS €KCTIEPUMEHTAILHOTO JOCTIKEHHS, TapaMeTpiB MOBITPSHOTO TIOTOKY Ha
BXO/I1 Ta HAa BUXO/I1 3 MeMOpaHu. Tomy 3a mapaMeTp onTUMi3alii NPUHHATO IPOIYCKHA
3/IaTHICTh MeMOpaHnu ( (Kr/rom).
J1o BX1JIHUX MapaMeTpiB AOCTIAKYBAHOI CUCTEMHU BITHOCATHCS:
1 Temnepatypa noBiTps Ha BXO/1 B MEMOpaHHY CEKIIito ocymieHHs ty, °C;
2 BignocHa BosoricTh OBITPS HA BXOJI B MEMOpaHHY CEKI[iI0 OCyIIeHHs (1, %0;
3.  Ilnoma nosepxni membpanu F, M?;
4 [Tepenan Tucky na memo6pasi P, I1a;
5 Burpara nositps L, m%/rox;

J1o BUXIJIHUX TTapaMeTpiB BIAHOCATHCS:

1. Temnepatypa moBiTps Ha BUXO/1 3 MEMOPAHHOI CEKIIii ocymieHHs tp, °C;
2. BigHnocHa BosoricTh MOBITPSL HA BUXO/I1 3 MEMOpPAHHOT CEKIIiT OCYIIEHHS (2, %0;
3. [TponukHicTe MeMOpanu Qp, kr/cemella;

[Tnoma noBepxHI MeMOpaHW [Jsl 3AIMCHEHHS TMpOILECY OCYLIEHHS TMOBITPS Ha

MeMOpaHHI YCTaHOBIII BU3HAYAJIacsl 3 aHAIl3y JJAaHUX OTPUMAaHUX B XOJ1 MPOBECHHS
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MOTEPEIHIX eKCIepUMEHTANbHUX nocaiaiB. Ilicas anamizy gaHMX MO pe3yinbTaraM
MOTIEPEIHIX AOCTIIKEHB, 3 YpaXyBaHHAM JaHUX TEOPETHYHUX PO3PAXYHKIB, OTPUMAHO
3HAUEHHS IUIOIII MOBEPXHI 2,55 M.KB. 3riJJHO MOMEPEAHIX PO3PAXyHKIB 32 (POPMYIIOIO
1.31 npu nnaHyBaHHI €KCIIEPUMEHTAIBLHOTO JOCTIIKEHHS, 3HAUCHHS Tepernajy THCKY
Ha MeMOpaHi MPUIHATO HE3MIHHUM B ycCiX pekumax 1 piBHUM 250 Ila.

TakuMm YuHOM, 3BaKalOYW HA HE3MIHHICTh NEPIIMX YOTUPHOX BXIAHHUX
napameTpiB JOCIIKYBaHOI CUCTEMH, EKCTIEPUMEHTAIIbHI JOCTIPKCHHS BUKOHYBAJIMCh
no ojaHo(pakTOpHOMY IUIaHy. B sKOCTI KepoBaHOTro (akTopy MNpUHHATA BUTpATa
noBiTps, L M3/ron. MakcumanbHUl Ta MIHIMQJIBHHA pIBHI, @ TaKOX I1HTEpBal
BapllOBaHHS KEpOBaHOTO (DaKTOpy BH3HAYEHI BUXOAAYM 3 aHANI3y TEXHIYHOI

MOJKJIMBOCTI 3a0€3IeYCHHS IMPOBCACHH 3aIIJIaHOBAHOI'O I[OCJ'IiI[)KGHHH Ta6HHHH 3.1.

Tabmuma 3.1
PiBens akTopy .
HaiimenyBanus YMOBHE _ IHTEpBAI
MaKCUMaJl | MiHIMQJIbH | OCHOBH .
dakTopy MO3HAYECHHS BapitOBaHHS
bHUU 1705 1507
Butpara nositps L,
X1 400 40 220 90
m3/ron

Buxonsuu 3 JaHUX IJIaHYBaHHS €KCIEPUMEHTY 3aBJaHHS €KCIEPUMEHTAIbHOIO
JOCTIPKEHHS NOJISiTa€ B HACTYITHOMY:
1. [linTBEpHKEHHST MOXJIMBOCTI 3A1MCHEHHS! MPOLIECY OCYIICHHS MOBITPS IpH
HAsSIBHUX 3HAYCHHSX BUOPAHOI IJIONII Ta Eepenaay TUCKY Ha MEMOpaHi;
2. BuzHaueHHs1 onTUMaJIbHOTO J1ala3oHy €KCIUTyaTallii MeMOpaHu B 3aJIEKHOCTI
BiJl HASIBHOTO (PAaKTUYHOTO TOBITPSHOTO HABAHTAXKCHHSI;
3. Busnauennss (paxkTUYHOrO 3HAYEHHS MPOHUKHOCTI MeMOpaHuW Il yMOB
eKCIIEPUMEHTATBHOTO JOCIIIKEHHS;

4, Y To4YHEHHSI MAaTeMaTUYHOI MOJIEJII POHUKHEHHS BOJIOTH Yepe3 MEMOpaHy;
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3.2.2 Omnuc eKcriepuMeHTANbHOT YCTAaHOBKHU

s eKCHepUMEHTAIIBHOTO  JOCHIPKEHHA MHTOMOI MPOHUKHOCTI 0OpaHoi
MeMOpaHu Q,r, Kr/cem2eI1a Oyna po3pobieHa ekcriepuMeHTalbHa ycraHoBKa (Puc. 3.3).
JlocniKkyBaHUil €IeMEHT — CeKIlisi MeMOpaHHOTO ocylleHHs moBiTps — 9; 1,4-Bxin
MOBITPSTHOTO MOTOKY; 2 — 0XO0JIO/PKYBau MOBITPsI; 3 — pETyIIOBAIBHUMN JIPOCEIb-KIIalaH;
6,13 — pagianpbHUN BEHTUJATOP 3 YAaCTOTHUM IIepeTBOproBaueM; 7 — IudpoBHii
mudepentianpauit MaHomeTp JIMII-01M 3 tpyOkoro Ilito; 8,11 — kaHaTbHUN TaTYUK
TEMIEpAaTypyu Ta BIAHOCHOI BoJsorocTi moBiTps; 10 — marumk THCKy; 12 — BuXin
OCYLIEHOTr'0 MOTOKY MOBITPsI; 14 — BUX1J HOBITPSIHOTO MOTOKY Ta repmeary; 15- natuuk
TEMIIepaTypyd Ta BIJHOCHOI BOJIOTOCTI MOBITPS B HpuMinieHHI. [[ns perynroBaHHS
TEMIIepaTypH 1 BOJIOTOCTI MOBITPS B CXeMY OYJI0 BKIIFOUEHO OXOJIOKYBay 2 Ta MapOBUiA
3BOJIO’KYBau MOBITpst 5. MemMOpaHHUI MOAY/Ib BUKOHAHUW B BUIJISIII Mapasesieninena
nepetuHom 400x400 mm. MemOpaHa BcepeauHl MOJYJIO 3aKkpiljieHa B BUIJISII
NAaTPOHHOTO TO(PPOBAHOIO (PUIBTP-KAPTPUIKA. 3arajibHUid BUIJISAJ BHYTPIIIHBOTO
IPOCTOPY MeMOpaHHOTO Monyins 300paxkeHuit Ha Puc. 3.4. Bucora memOpaHHOTO
Moayis ckiagae 700 mwm, miiomia moBepxHi MemOpaHi ckinanae 2,55 M. kB. MemOpana
3aKpiIUIeHa TAKUM YMHOM PO3JILIse€ 00’€M KaMepH Ha /Bl 130JIF0BaHHI OJIHA B1J APYroi
yacTUHU. JlJI1  OXOJOPKEHHS  TOBITPS ~ BUKOPHUCTOBYETHCS  KOMIIPECOPHO-
kougeHcatopuuii 650k (KKB) 2 3 moBITpsSHUM OXOJIOMKEHHSIM KOHJEHcCAaTopa Ta
BOY/IOBaHMM TEIUIOOOMIHHUM amnapaTtoM SKWUWA € BUIApPHUKOM 1 CIyrye s
oxoJio/pkeHHs oBITpsi. Cuctemoro apToMarnyHoro kepyBanHs KKb cTBoproBanach Ta
NIATPUMYBaJlach HEOOX1JJHA TeMIepaTypa MNPUIUIMBHOIO MOBITPs. ['icTepe3nc 3HaUYEHb
TeMIepaTypy Ha BUXO/1 3 TEIJI000MIHHOTO anapaty ckiaaaB £1 °C. 3arajabHui BUTTIST
OJIOKY OXOJIOJPKEHHS TOBITps 300pakeHuit Ha Puc. 3.5. Jlns 3BOIOKEHHST MOBITPS
BUKOPHCTOBYBABCSl YJIBTPa3BYKOBU 3BOJIOKYBad, TOYHICTh MiATPUMAHHS BiTHOCHOI
BOJIOTOCTI MOBITPS, 3T1THO MACTIOPTHUX JaHUX ckiamae +5% Puc. 3.6.

[TinroroBnene moBiTps, 3 mapamerpamu t=10+1°C, ¢=95+5 % mnomaBanoch Ha
MeMOpaHHy CEKI[1I0 OCYIIEHHS, a B MPOCTOpPI MK MEMOpPAaHOI 1 CTIHKaMH Kamepu
CTBOPIOBAJIOCh Ta TMOCTIHHO MiATPUMYBAJIOCH PO3PIHKEHHSA, 3HAYECHHS SKOTO

KOHTPOIIOBAIOCHh MUGPOBUM MikpomMaHoMeTpoM 7/ Puc. 3.7. Po3pimxeHHs B Kamepi
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CTBOPIOBAJIOCH 3a JIOTIOMOTOI0 pajaiaibHOro BeHTwisTopa Salda VR225-4-L.3 3
nsuryHoMm 560 Bt ta wacrorHum neperBoproBadem (UII). [lpu HamamryBanHi cTeHTy,
aHAJIITHYHUM MeETOJI0M, Oyja po3paxoBaHa HEOOXIJHA dYacToTa Halpyru JUis
nigTpuManHs po3pimkeHHs 250 Ila, micns doro 3a momomororo YIl Bentumsitop

HaJIAIITOBYBABCS Ha HEOOX1IHI apaMeTpH.
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4

;

Puc. 3.3 CxeMa ekciepuMEHTaNIbHOT YCTAaHOBKH.
1,4-BX1 IOBITPSIHOTO MOTOKY; 2 - OXOJIOJIKYBay; 3 — peryJItoBajJIbHUN IpOceib-
KJIalaH; 5 — napoBuil 3BOJI0KYBay NOBITPs; 6,13 — paaianbHUil BEHTUIISATOD 3
YaCTOTHUM IepeTBoproBaueM; / — uudposuii gudepeniansauil manometp IMI[-01M
3 TpyOkoto [liTo; 8,11 — kaHaTBHUI HATYMK TEeMIEpaTypH Ta BIIHOCHOT BOJIOTOCTI
MOBITPS; 9 — MeMOpaHHUIT MOTyJIb OCyIlIeHHs MoBiTps; 10 — gaTuuk THCKY; 12 — BUXia
OCYIIIEHOTO MOTOKY MOBITPsI; 14 — BUXIJl MOBITPSHOTO TIOTOKY Ta mepmeary; 15-maTank

TeMIepaTypy Ta BIIHOCHOI BOJIOT'OCT1 MOBITPS B MPUMIIIICHHI.
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Puc. 3.5 3aranpHuii BUTsA 070Ky OXOJIOIKEHHS MOBITPSI.

Puc. 3.6 3aranpHuil BUrisa 610Ky 3BOJIOKEHHS TOBITPSL.

Puc. 3.7 Hudposuii mikpomarnometp JIMII-01M 3 tpyOkoro I1ito
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3HayeHHS PO3PIKEHHS Tepe] MPOBEACHHAM KOXHOI cepii eKCHEpUMEHTY
nepeBipsiock  MikpomanoMmerpom JIMI[-01M 3  t1pyOkoro IliTo 3 HasBHUMH
BIIMOBIAHUMU cepTudikaTaMu KajaiOpyBaHHA. [l BUMIpIOBaHHSA TEMIIEpaTypu Ta
BITHOCHOT BOJIOTOCTI MOBITpsi KopucTyBanucst Tepmorirpomerp HD-2301.0R 3 minoro
noainku Temreparypu 0,1 °C Tta BigHocHOi Bosorocti 0,1%. Ilpunagom s
BUMIPIOBaHHS TEMIIEPATYPH Ta BOJIOTOCTI MOBITPS (hIKCYyBaIUCh 3HAYCHHS B1AMOBITHUX
nmapaMeTpiB Ha BXOJ1 Ta Ha BUXO/I 3 CEKIII1 OCYIIEHHS MOBITPA.

Jns  Bubopy MeMOpaHHM, MJiE YMOB MPOBEJEHHS EKCIIEPUMEHTAIbLHOTO
JOCIIIJIKEHHSI MTPOHUKHOCTI, HAMU OYJIO MpOaHaIi30BaHO HAasiBHI Ha PUHKY YKpaiHH
MaTtepianu, SKI MarlTh MOJIOHI TEXHIYHI XapaKTEPUCTUKHU Ta XapaKTEPHU3YHOThCS
MOKa3HUKOM IIPOHUKHOCTI 1O BOASIHUM MapaM. TakuMm 4MHOM 0 o3Iy HOTpanuin
MOKpIBEJbHI cynepanudy3iiiHi MeMOpaHu BITUU3HSIHOIO Ta 3apyO1’KHOIO BUPOOHUIITBA.
Cynepaudysini MeMOpaHH XapakTEepPHU3YIOThCA 3JATHICTIO MPOIMYCKaTH Kpi3b cede
BOJSHI Tapu 3 MPUMILIEHHS Ha 30BHI, NPU LBOMY 10 MPOLECY HE 3aTy4aEThCs
nonatkoBa eHepris. IlepeHeceHHs BOJOrM Kpi3b Taki MeMOpaHM BiIOyBaeTbCs 3a
paxyHOK e(eKTy MPOHUKHEHHS 32 PaXyHOK Pi13HUIIl MapIiaIbHUX TUCKIB BHYTPIIIHHOTO
Ta 30BHIIIHBOTO TOBITpsA. 71 MpOBEIEHHS €KCIEPUMEHTAIbHOTO JOCITIIKEHHS s
BHOOpPY MeMOpaHH, IepeBara BijjaBajach BaplaHTaM IO 3TiJHO TEXHIYHMX JaHUX
BUPOOHMKIB MalOTh HAMOUIBII 3HAYEHHS TEPEHECEHHsS BOJOTU TPH CTaHIAPTHHUX
yMOBax BUIPOOYBaHb, a CaMe IIPH MapaMeTpax B BUITPOOYBaJIbHIN KaMepi TeMIieparypa
23 °C Ta 85 % BigHocHoi BosiorocTi [87]. KpiM TOro BaKIMBUMH KPUTEPISIMU ISt
BUOOpY MeMOpaHHOrO Marepiaidy: BapTICTh Ta HAABHICTh (AOCTYNHICTH JAHOTO
MaTtepialy Ha pUHKY YKpaiHu). 3a HUMH KpuTepisiMu Oyio oOpaHo cynepaudysiiiHy
meMOpany Strotex 1300 Basic sika BupoOmsieTbesi kommanieto Foliarex B Ilombi.
3HauYeHHs] MPOHUKHOCTI MEMOpaHW MJisi PO3PAXYHKY IUIOHII MEMOpaHU MPUHHATO 3a
JIOBIJIKOBOIO JIiTeparyporo Ta ckmamae 1,5¢10-6 kr/cem2ella [60]. Ilmoma moBepxHi
MeMOpaHu [IJIsi €KCIIEPUMEHTaIbHOI YCTaHOBKM po3paxoBaHa 3a ¢dopmyrnoro 1.31.
[lepemanq Tucky Ha MeMOpaHi Jii YMOB TIPOBEACHHS EKCIIEPUMEHTAILHOTO

JOCITIIXKEHHSI TUTOMOI MPOHUKHOCTI MeMOpanu ckianas 250 I1a.
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3HayeHHs BUTpATH MOTOKY MOBITPS BapioBanock B aianaszoHi Big 0 mo 400
M3/roa, 10 BIAMNOBIJANIO MUTOMOMY IMOBITPSHOMY HaBaHTaXXEHHIO JJII KOXKHOI cepil
excrepuMeHTiB 9,8; 19,6; 39,2; 78,4; 156,9 m3/(M2°ro) BianoBigHO. J1j1s1 BUMipIOBaHHS
BUTpATHU TMOBITPS BUKOPUCTOBYBAIM LU(POBHUI MikpoMaHoMmeTp 3 TpyOkoro Ilito Ta
(GYHKITi€I0 aBTOMAaTUIHOTO PO3PAaXyHKY BUTPATH MOBITPA.

BuMipsHi 3HaueHHs TeMrepaTypHy Ta BIZIHOCHOI BOJIOTOCTI Ha BXOJI1 Ta HA BUXOII
3 ceKlii MeMOpaHHOTO OCYIICHHS MOBITpS HaHOCWIHCh Ha i-d — miarpamy. 3 i-d —
JiarpaMyd po3paxoByBajd 3MiHY BOJIOTOBMICTY B IIporieci OOpOOJIeHHS IOBITpS Ta

3HAYEHHS MMPOMYCKHOI 3AaTHOCTI MeMOpaHu q (Kr/ron).

3.2.3 Pe3ynbpTaTu €KCIIEPUMEHTY

Buxonsuu 3 Teopii MaTeMaTUYHOT CTATUCTUKU OOPOOKH Pe3yabTaTiB (PI3UUHOTO
CKCIIEPUMEHTY 3HAYEHHS TMPU BHUMIPIOBaHHI (I3UYHOI BEJIMYMHU BPAXOBYIOTHCS
BUIIAJIKOBA MOXHOKA Ta Ay, Ta TOXHOKA BUMIPIOBAILHOT TEXHIKH Ay, [88, 89, 84]. [Tns
3aMiCy 3HAYCHHS BUMIPIOBAaHHS EKCIIEPUMCHTAIbHOI BEIMYMHM A  MOJKHA

CKOpHUCTATHUCA BUPA30OM .

¢ =©° Dp 3.2
ne: © — cepenne cTaTHCTHYHE 3HAYEHHS Pe3y/IbTaTiB BUMIPIOBAaHb (Di3NUHOT BETHINHH;

AA — 3aranbHa a0COII0THA MOXKUOKa pe3ysIbTaTiB BUMIPIOBaHb (JIOBIpYUI IHTEpBA).

[HIIMMY cioBamu, ICTUHHE 3HAYEHHSI BUMIPSIHOT (DI3WYHOT BETUYMHH 3 IMOBIPHICTIO O

JIEKUTH B Jlal1a30H1 3HAYEHb ((_D-AA; (_D+AA).

3riIHO Teopii MaTeMaTU4YHOI CTATUCTUKH, IS KOPEKTHOTO TIPEJACTaBJICHHS
pe3yJbTaTiB BUMIPIOBAHOI (PI3MUHOI BEIMUYMHM HEOOXIAHO 3ajaTHCs i1 HaJIAHICTIO
(imoBipHicTIO) 0. Ha mpakTuIli BemuurHa HaJiHHOCTI BUOMPAETHCS IKOMOTa OJIHIKYE 10
1. J1ns1 iH)KEHEpHUX pO3paxyHKiB IMOBIpHICTh npuiiMaeThes 0,95.

BusnaueHHs1 cepemHbOTO CTAaTUCTUYHOTO 3HAYEHHS PE3yJIbTAaTiB BUMIPIOBAHHS

(b13UYHOT BETUYMHU TIPOBOAIIIN 32 (POPMYIIOIO:
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— 1 n
O=-aa 3.3
Niz
JIe: N- YMCJI0 BUMIPIOBaHb, a; — BUMIPIOBAJIbHA BEIMYUHA.
3aranpHa a0OcoNIIOTHA MOXMOKA pe3yibTaTiB BUMIpIOBaHb AA MO€aHYE B €001

3HAYEHHS BHUMAIKOBOI MOXUOKU AAg,, Ta NOXHMOKM BUMIPIOBAJIBHUX MPUIATIB AAp.

Jnst Bu3HaueHHS AA gy BAKOPUCTOBYIOTh PIBHSTHHS:

Dq)a d II_' ta,n-lso 3.4

ne: ta,n-1 — 6e3po3mipuuit koedinieHT CTIOAEHTA, SKUM MOKa3ye B CKUIBKK pa3iB
IMOBIpHA BHUMAJKOBAa MOXHOKa OUIbIIE CEePeAHBOKBAAPATUYHOTO BiaxwieHHs, SO -
CEpEeIHbOKBAAPATUYHOTO BIIXWICHHS CEPEIHBOTO 3HAYCHHS, SKE BHU3HA4YalIOCAd 3a

HACTYITHUM PIBHSHHSM:

4 Q- a)’

i=1 3.5
n(n- 1)

S):

JIisi BU3HAYECHHS TOXUOKH BUMIPIOBAIBHUX MPUIIAIIB, CIIOYATKy BHUPAXY€EMO
3HAYEHHS MPUIIAJ0BOT TOXUOKH O ISl KOXKHOTO BUMIPIOBAIBHOTO Mpuiany. [ pannaHo
JOMYCTUMI 3HAYEHHS a0COJIIOTHOI MOXHMOKH BHMIPIOBAJILHUX IHCTPYMEHTIB 3T1AHO
MacMOPTHUX JIaHUX HaBeZeHo B Tabnuna 3.2. 3HaueHHsI IPUIIaI0BOi MOXUOKU OepeThes
3 TACMOPTHUX JaHUX BUMIPIOBAIBHUX TNPWIAAIB 1 XapaKTepU3YEThCS BUCOKOIO
IMOBIPHICTIO BU3HAYEHOIO B XO1 0araropa3zoBUX BUMIPIB ITiJ1 4ac BUTIPOOYBAHHS TOTO

YH THIIOTO TIpUjIady.

Tabmuna 3.2
F'PaHMUYHO AONYycTWUMI 3HayveHHsS abconwrti
| HCTPYMEHTI B
HainmvenyBanns BumiproBanbHa Benu4MHa, ['pannyHO nonmycruma

BUMIPIOBAJIBHOTO MPUJIAAY | OJWHHII BUMIPIOBAHHS nmoxuOKa BUMIPIOBAHb
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Hudposuit
Mmikpomanomerp  JIMII- Tuck, [1a +1,5 Ila
01M
Tepmorirpomerp HD-

Temneparypa, °C +0,1° C
2301.0R
Tepmorirpomerp HD- BigHocHa BosoricTh

_ +0,1%

2301.0R noBITps, %o

JUis BU3HAYEHHSI YMCEIBbHOTO 3HAYEHHSI IOXUOKU BUMIPIOBAJILHOTO MPUJIAAY 3
NONEPEIHHO BU3HAUEHOIO JOBIPUYOIO IMOBIPHICTIO 0O BUKOPUCTOBYIOThH 3aJI€KHICTh 13
Teopli MaTEMaTUYHOI CTaTUCTUKU:

d
Op = tao 3 3.6

ne: ta,oo - koediuieHT CTIOAEHTA IS 331aHO1 AOBIPYOI IMOBIPHOCTI O 1 AJ11 O€3KIHEYHO
BEJIMKOTO 3HAUYEHHS 4YKClia BUMIPIOBaHb n—oco. BeauunHu ta,co i pi3HUX 3HAUYEHb
JOBIPYOi IMOBIPHOCTI NPUMMAIOTHCSA 32 TAOTMYHUMU TAHUMH.

Buxonsun 3 Bulle 3a3HayeHOro, JJis BHU3HAYEHHS JOBIPYOTO 1HTEpBAILY
pe3ynbTaTiB BUMIPIOBaHb B TEOpPii MaTEeMaTHYHOI CTAaTUCTUKH BUKOPHUCTOBYETHCS

HACTYITHUM BUPa3:

ae
DO =° 02 F 072,=°|(tan:S) +§a 28 ar

A caMm pe3yibTaT BUMIPIOBaHHA (I3MYHOI BEJIMYMHU 3aMUCYETHCS B HACTYITHOMY

BUTJISIL:

= , & d3
=0 [(tn.S) +§a,n§2 3.8
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Binnocna moxubka Ea pe3ynbTaTiB A BUMIpIOBaHb (PI3UYHOI BEIMYMHU
BH3HAYAIACh SIK BITHOIICHHS 3arajbHoOi a0COIIOTHOT MOXUOKHU PE3yIbTaTiB BUMIPIOBAaHb
70 CepemHbOr0 CTATHCTUYHOTO 3HAYEHHS pE3y/ibTaTiB BHUMIpIOBaHb (i3UYHOL

BCINYUHU.

_Do
0

Jlyis BU3HaueHHS aOCOMIOTHOI MOXUOKM HEMIPSIMUX BUMIPIOBaHb AZ BUKOPHCTOBYBAJIU

(o 3.9

Gopmyy:

ms
oz = |3 Spacf
?ii; aA

~2
3 3.0
ne: 0f/0A — yacTkoBa MOXi/IHA 3aJI€KHOCTI BU3HAYEHOI ITYKAHOI BEJIMYUHU Z IO SIBJISIE
CO000 3aJICXKHICTD B OHIET 00 NCKITBKOX BEJIMYUHM NPSIMUX BUMiproBanb: Z=f(A,
B,C...), A, B, C... - ekcnepyuMeHTalbHI BEIMYNHU IPSIMUX BUMIPIOBaHb; M — KIJIbKICTh
3aJIEKHUX EKCIEPUMEHTAIbHUX BEJIUYMHM TMPSMUX BUMIPIOBaHb; AA — aOCOOTHA
noxuOKa pe3yibTaTiB MPSIMUX BUMIPIOBaHb BU3HAUYEHA 3a (GopMyIior0 3.7 ISl KOXKHOI
EKCIIEPUMEHTAILHOT BEIMUNHU TTPSIMUX BUMIPIOBAHb.

BusznaueHHs 70BipUOTO 1HTEpBATY Ta BIJIHOCHOI MOXUOKM BUMIpIOBaHb (Pi3UYHOT
BEJIMUMHM, a TAKOXK MOjaibilna oOpoOKa pe3yibTaTiB BUMIPIOBAHHS MPOBOJMIIACH 3a
3arajibHOBiTOMUMHU MeToaukamu [89, 90].

CratuctuuHa 00poOKa pe3yJbTaTiB  BUMIPIOBaHb  (DI3UYHOI  BEITUYHHU
MPOBOJMIACH 3 BUKOPUCTAHHIM IporpamHoro komiuiekcy Microsoft XL. B Tab6nuia
3.3 HaBeleHI 3HAUEHHA 3HAY€Hb TOXHMOOK BHUMIPIOBAHHS EKCIIEPUMEHTAIBHOT
BenuunHU. B momatky B HaBeneHO MmiaH eKCIIEPUMEHTAIBHOTO JTOCHIKEHHS a TaKOXK

pe3yJIbTaTh BUMIPIOBaHb.

Tadomnura 3.3

JoBi puymMin i HTepBa/sn Ta 3HaUYeHHSH B i

O H

eKcnepummMeHTanbHOI BeNNWYUNHMN

HaiimenyBaHHs BenmunuHU [Toxubxa
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JoBipuuii inTepBay, | BimHocHa moxu0ka,
AA, KT/KT Ea %

Bosnoroemict 06po0roBaHOTO
_ +0,0128 x1073 0,76 -5,2
MIOTOKY TOBITPS

Ha Puc. 3.8 nmogana anpokcuMoBaHa 3ajie’KHICTh 3MIHU BOJIOTOBMICTY TTOBITPS
BiJl TUTOMOTO 3HAYEHHS MOBITPSHOTO MOTOKY Ha MOBEPXHIO MEMOpaHH MpHU CTAIOMY
nepenaay Tucky Ha memoOpani AP = 250 Ila. Jlng yMOB eKCIEpUMEHTY ONTHMAJIbHE
3HaueHHs ckiano 89 m3/rogem2. [Ipu 1bOMy 3MEHIIIEHHS BOJIOTOBMICTY CIIOCTEPITaioch
B Mexax Ade(1,1...1,2) r/kr. IBuakicTe pyxy TMOBITPS B MEPETUHI MOIYJA
MeMOpaHHOTO OCYIICHHS MOBITps ckianana 1,4 m/c.

[IpeacraBnena amnpokcuMoBaHa TpadiuHa 3aJeKHICTh OMUCYETHCS PIBHSIHHIM

MOJIIHOMA JPYTOi CTEIEHI 3 :
E=-2-10"°b? + 0,004b + 0,9487 3.11

ne & — MOKJIMBE 3MEHIIEHHSI BOJOTOBMICTY IMOBITPSHOTO MOTOKY KI/KT; b — muToma

BUTpaTa NoBiTps B M3/roa Ha 1 M2 memOpaHu;

1,30

1,25

1.20 T T

—1,15

* 110 P

~

—_

1,05 |
5 v
1

<
1,00

—

0,95

0,90

0,85

0,80
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L/IF, 3( modn - m



129

Puc. 3.8 ExciepuMeHTanbHa 3aeKHICTh BETUYHNHHI OCYIICHHS B1J] TUTOMOTO

HOBiTp?IHOFO HaBaHTaXCHHAA

25

5

[EEN
a1
]

[EEN
o
]

0 T T T T T T T 1
0 20 40 60 80 100 120 140 160

G- B0kr / c)
Puc. 3.9 ExcriepuMenTanbHa 3a7eKHICTh TPOHUKHOCTI B/l KITBKOCTI BOJIOTH 1110
IPOXOJIUTh YEPE3 MEMOPAHY
Takox oTpuMaHO PIBHSHHS JJIi BU3HAYEHHS MUTOMOI MIPOHUKHOCTI MeMOpaHu
Qpr, kr/(c'M*T1a) K GyHKIIi Bi KiTBKOCTI BOJIOTH, IO MPOXOIUTH YEPE3 MEMOpPaHy

Ipu nepenaji Tucky Ha memOpasi B 250 I1a:
Qpr =-0,0002G? + 0,1824G - 0,4642, kr/c-m?-Ila 3.12

KUTBKICTB BOJIOTH G, KI/C 110 MPOXOJUTh Yepe3 MeMOpaHy OyJi0 BU3HAUEHO 3 PIBHSHb
OanaHCy BOJIOTH B MOAYJIlI MEMOPAHHOTO OCYIIIEHHS.

3a piBHaHHM 3.12 noOynoBana rpadivyHa 3anexHICTh 3MEHILIEHHS BOJIOTOBMICTY
MOBITPS. IPU MPOXOJHKEHH1 HOro Kpi3h CEKIII0 MEMOPAHHOTO OCYIIEHHS MOBITPS AJiA
nianaszony kimbkocti Bojoru G10-6, kr/c Big 0 go 160 Puc. 3.9.

OTpumaHHI €KCHEepUMEHTAJIbHI JIaHHI JI03BOJISIIOTH PO3paxyBaTH (akTUUHE
3HaUCHHSA Koe(]iIlieHTa MPOHUKHOCTI MEMOpaHM Ta 3MEHIICHHS BOJOTH B TIOTOII

NOBITPA K (QYHKIIIT BiJl TOBXKHHU CEKIlli 00poOKku moBiTps piBHsHHS 1.37. Hamu Oymo
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NPOBEJCHI PO3paXyHKHU sl BU3HAYEHHS ()aKTUYHOTO 3HAYEHHS 3MEHIIeHHS BoJjioru G
KI/C TIpY PyCl TOBITPS B3I0BXK MEMOpPaHHOTO MOy 0OpOOKH MOBITPs Ta MOoOyA0BaHa
MOpPiBHsUIbHA TpadiyHa 3aJIe)KHICTh TEOPETUYHOIO Ta (PAKTUYHOT'O OCYIICHHS MOBITPS

Puc. 3.10.

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
0,0000 -

-0,0001 ~

-0,0002 ~

-0,0003 N

N
,8-0,0004
=

—-0,0005
0)

/

/

-0,0006 ~.

/

-0,0007
-0,0008 N

RN

/

-0,0009

-0,0010
X, (™)

Puc. 3.10 3MmeHIIeHHS BOJIOTOBMICTY OBITPSIHOTO MOTOKY MO JTOBXKHHI MEMOPaHHOTO
MOYJISl TIpH 0OpOOIIi MOBITPSI B CEKIlIi MEMOPAHHOTO OCYIIEHHS (CYILIbHA JHIs —
TeopeTHyHa 3aJIexHICTh (.(1.4); myHKTUpHA JIIHIS — ATPOKCUMOBAHI
EKCIIEpUMEHTAJIbH1 J]aH1)

3anexnicte Puc. 3.10 xapakTepuszye Temm OCYyIIEHHS TOBITPS B MOAYMI
MeMOpaHHOT0 ocyllleHHs. 3 Tpadika 4iTKO BUJIHO, 10 (JaKTUYHE 3MEHIIICHHS BOJIOTH B
MOTOIl OOpPOOTIOBAHOTO TOBITPS B CEKIIlI MEMOPAHHOTO OCYIIICHHS 3HAYHO MEHIIIEC
TeopeTUYHOTO. [IOpIBHSHHA ampiOpHOr0 TEOPETUYHOro Ta (PAKTHYHOIO 3HAUYCHHS
nuToMoi mpoHukHOCTI MemOpanu QpF, (kr/cem2ella) oTpuMaHux B X011 MPOBEICHHS
TEOPETUYHOTO Ta EKCIIEPUMEHTAILHOTO JTOCIIIPKEHHS TaKOXK JEMOHCTPYE P13HHITIO MIXK
HUMHU. AHani3 3anexxHocTi 1.37 mokasye 10 OCHOBHUM BIUIMB Ha TEMI OCYIIEHHS

MOBITPS BHOCUTH CaMe€ BEIIMYMHA MPOHUKHOCTI MEMOpPaHH, fKa 3aJICKUTH BiJ YMOB
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NPOBEJCHHS eKCIIepUMEHTY. JlaHe TBepKEHHsI MiATBEPIKY€ETHCSA TAKOK BUCHOBKAMHU
aBTOpiB B poboTax [56, 55].

3Bakaroud Ha 3HAYHY PO301KHICTh TECOPETHYHUX Ta CKCIIEPUMEHTATBHIX JAHUX
TEMITy OCYIICHHS TMOBITpS B Moayli memOpanHoro ocymenHs Puc. 3.10 namun
3aIrpoIOHOBAHO B piBHSAHHS 1.37 BBecTH eMmipuunuii koedimient Ky = 0,0769 kopesiii
OTPUMAHMX PE3YJIBTATIB EKCIIEPUMEHTAIHHOTO JOCIIDKEHHS OCYIICHHS TOBITpS Ha
HamiBIPOHUKHIN MeMOpaHi. Koeditrient k, — BpaxoBye BiAHOIICHHS KyTiB HAXUIY /10
MO3UTHUBHOTO HAMPAMKY oci OX IpsiMUX JIiHIM (PaKTUYHOTO Ta TEOPETUYHOTO TEMIIIB

OCYULIEHHS MOBITPSI B MOLYJ Il MEMOPAHHOTO OCYILIEHHS:
- G=00769p @@, QR - B,) D e 3.13

ne | — noBxuHa MEMOPAaHHOTO MOAYJISl OCYLIEHHS MOBITPS.
3.3 BucHoOBKHU 110 po3ainy 3

1. OTpumaHi eKCHEepUMEHTAJIbHI 3aJIeKHOCTI MOXKYTh OyTH 3acTOCOBaHI B
MPaKTUYHUX PO3PaxXyHKaX MpH MPOEKTyBaHHI NociqoBHOI 00poOku nositps B CKII 3
MOTEPETHIM OXOJIO/DKCHHSIM Ta HACTYIMHHUM 130TE€PMIYHUM MEMOpPAaHHUM OCYIICHHSM
MOBITPSL.

2. Ha ocHOBI oTpuMaHuX pe3yJbTaTiB €KCHEPUMEHTAIBHUX JOCHIKEHb JTIOPEYHO
3pOOWTH BHUCHOBOK, IO HAIIBIPOHUKHA MeMOpaHa MOXKE 3aCTOCOBYBATHCH IS
OCYLIEHHSl TMOBITPS B CHUCTEMax KOHJMLIOHYBaHHS TMOBITpS B KOMOIHamii 3
KOHJCHCAIlIMHUM OCYIICHHSIM, SIK Jpyra CTYIiHb OCYIICHHS, JJs 3HIDKEHHS
EHEproBuTpaT Ha OOpOOKY TOBITpSI Ta  YHUKHEHHS MOKJIUBOTO OOMeEp3aHHs
TEMJI000MIHHUKA MPU HU3BKIA TeMIiepaTypl OXOJIOKEHHS.

3. [ToOGynoBaHa ekcriepuMeHTaIbHA 3aJIC)KHICTh BEJIMUUHUA OCYIIICHHS Bl TUTOMOTO
NOBITPSHOTO HaBaHTa)keHHs. Halibinblie 3HaUeHHS OCYIIIEHHS B €KCIIEPUMEHTI CKJIAJIO
Ade(1,1...1,2) r/kr.

4, OTpumaHO PIBHSHHS perpecii /Il BU3HAYEHHS KOe(IIIEHTY MTPOHUKHOCTI MapiB
Bojioru Q kr/(m2-I1a-rox) Bij moToky Bojioru G Kr/To/1, 10 IPOXOAUTh KPi3b MEMOpaHy,

s ymoB xapaktepHux ans CKII mpumimenns ans 30epiraHHs HAaciHHA TapOy3y.
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OTprMaHH1 eKCIIepUMEHTANbHI JaHHI JO3BOJISIOTh pO3paxoByBaTH (aKTUYHE 3HAYCHHS
Koeili€HTY TPOHUKHOCTI MEMOpaHH.

5. [TonamneIi gociiKeHHs HallpaBJIeH]1 Ha po3p00JIeHHS KOHCTPYKITI ISl KOPUCHOT
MOJIeTl OCyllyBaya TOBITPS 3 BHUKOPUCTAHHSM HAIlIBIPOHUKHUX MeMOpaH Ta

YTOYHCHHIO 1 OTJIMOJICHHIO TCOPCTUYHHUX I10JIOKCHD.
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PO3ALJI 4. PO3POBJIEHHA CXEMHU OCYIIEHHA ITOBITPA B CKII 3
3ACTOCYBAHHAM MEMBPAHHOI'O CITOCOBY OCYIIEHHA JIJTA
I[MTPUMIIIEHHA 35EPII'AHHA HACIHHA POJAVMHU I'TAPBY30BHX

4.1 Meroauka inxeHepHoro pospaxyHky CKII 3 MeMOpaHHUM OCYIIEHHSIM HOBITPS

JUISL IPUMIILICHHS 30epiraHHs HaciHHS rapOy3y

[Ipouiec 0OpoOKM TMOBITPS B TeIUWA mepiof poky st npsmoTokoBoi CKII 3
MeMOpaHHUM OCYILIEHHSIM MOBITps HaBeAeHo Ha [-d miarpami Puc. 4.1. 3MiHa ctany
BOJIOTOTO MOBITPsI Ipu 00poOIIi HOTO B CEKIIil KOHJeH calitHoro ocyeHHs ext-0-0’, a
B CEKLI1i MEMOpPaHHOr0 OCYyLIEHHs1 onmucyeThes BiapizkoM O’ —in. Ha I-d OynyroTecs
TOYKHU MapaMETPIB BHYTPIIIHBOTO WZ Ta 30BHIIIHBOTO MOBITPs eXt.

|.  Busnawaemo Temmeparypy Ta BOJOIOBMICT HPUILIMBHOTO MOBITPS Ta OyAyeMoO

TOUKYy 1n Ha [-d miarpami:
1:in =th - [Iwz, °C 4.1

din = dwz - I:xjwz, KI/KT 4.2

Toukw in Ta Wz JIeKaTh Ha OJIHIN MPSAMIM JIiHIT, sSIKa XapaKTepU3ye TEIIOBOJIOTICHE
BIJIHOIICHHS B TNPUMIIIEHHI. TakuM 4YWHOM TMoOJiaya TOBITPS B MPUMIIICHHS 3
napamMeTpaMmu in 3a0e3neuye aCUMIISIII0 TETUIOBOJIOTOBUIICHh B 0OCIYyTOBYBAaHOMY
npuminieHHi. Pazom 3 Tum, Touka in XapakTepusye mapaMeTpH MOBITPS MICIs CEKIi
MeMOpPaHHOTO OCYIICHHS.

Il.  Busnauaemo mosioxxeHHst Touku O’, sika XapaKTepU3ye MOYaTKOBI MapaMeTpu Ha
BXOJIl B CEKIII0 MEMOPAHHOIO OocylieHHs noBiTps. Touka O’ OyayeTbesi Ha MEPETHHI
130TE€pPMH tjn 3 JIIHIEIO MOBHOTO HacuueHHs noBiTpss ©100%.

[1l. Busnauaemo HEOOXiJHE 3MEHIIICHHS BOJIOTOBMICTY OOPOOIIOBAHOTO MOTOKY

MOBITPS B CEKII1i MEMOPAHHOTO OCYIIIEHHS MOBITP:
Ddin = do' B din , KI/KT 4.3

V.  BusnayaemMo KUIBKICTh BOJIOTH sIKA BIJIUISETHCS BIJl MMOTOKY IMOBITPSI B CEKIIii

MEMOpPaHHOTO OCYIIEHHS MOBITPA:



134

G=L,0;,@d, - d,), kr/ron 4.4

Ie: Lin — 06 eMHa BuTpara 0OpOOIIOBAHOIO IOTOKY IOBITPsS, M3/TOI; Pin —
rycTrHa oOpo0JIFOBAaHOTO TIOTOKY MOBITPS, KI/M3;
V. 3a 3aJeXHICTIO OTPUMAHOK 3 €KCIIEPUMEHTAIBLHOTO JOCTIKEHHS 3HAXO0IUMO

3HA4YCHHS MUTOMOT0 KoedimieHTy npoHukHocTi [IBX MemOpanu:
Qpr = -0,0002G? + 0,1824G - 0,4642, xr/c-m*-I1a 4.5

VI.  MiHIMaJIbHO HEOOXIJIHY IUIONTYy MOBEPXHI MeMOpaHU Fi yeos. M 3I1IMCHEHHS
MPOIIECY OCYIICHHS IIOBITPS BH3HAYAEMO 3a HACTYIMHOK EKCIEPUMEHTAIBHOIO
3aJIEXKHICTIO!
FlsdZJ ]S% O 076 e o P P ’ M2 4.6
) %QpF CQ 1 - 2)

Je: P1 — 3HaueHHS HAJJIMIIKOBOIO TUCKY B 00po0It0BaHOMY noToul nosiTps, [1a; P,
— 3HAYCHHS HAJIJTUIIIKOBOTO TUCKY (PO3PIKEHHS) B CEKIlii MEMOPaHHOTO PO3ILICHHS

MOBITPSI, 31 CTOPOHU PyXY BUTSKHOTO MOBITPA, 11a;

i | klx/ke q e

fexf le °
@

f o
bz, 1 100%
fo 1

d
0 / -
dm dwz da' dO d’ 2/K2

| klx/ke

Puc. 4.1 |-d niarpama npssmotounoi CKII 3 MeMOpaHHUM OCYIIICHHSM MOBITPS
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4.2 KoMIOHOBKAa Ta I1HXKEHEPHHMH PO3PAXyHOK MOJIYJII0O MEMOpPAaHHOTO OCYIIEHHS

noBiTps g CKII npumiieHHs 30epiraHds HaCIHHA rapOy3y.

J171s1 yMOB IIPOBEICHHS €KCTIEPUMEHTAILHOTO JJOCIIIKEHHSI HAOLTbIIIE 3HAUCHHS
3MEHIIICHHS BOJIOTOBMICTY OOPOOIIOBAHOTO IMMOTOKY TOBITPS 32 OJHY CTAJII0 CKIJIaaIo
Ade(1,1...1,2) r/kr. [Jnsa peansaux CKII HeoOXxigHe 3HAYE€HHS 3MEHILICHHS
BOJIOTOBMICTY MOKe OyTH OuUIbIlIe BKa3aHOro jaianma3oHy. B Teopii MemOpaHHOTrO
po3nuieHHs [56] npu HEMOXKIIMBOCTI JOCATHEHHSI TIOBHOTO PO3JIUICHHS KOMIIOHCHTIB B
OJIHY CTaJil0 BHUKOPHUCTOBYIOTh OaraTocTafiliHI TMPOLECH PO3AJICHHS Tra3iB.
bararocTaniiiHi mporecu B CBOiil OCHOBI BUKOPUCTOBYIOTh pOOOTYy KackajiB. B Takux
cXxeMax KO)KHa cTajaisi OyJe po3riisigatucs SK OKpeMma MUISIHKa CUCTEeMHU Ha SIKIH
BCTAaHOBUJIACh TOBHA pIBHOBAara Mpolecy. 3 aHalizy TEOPEeTUYHHX JaHUX poOOTU
KacKaJHUX CcHUcTeM razoposmoauieHHs [56, 91, 51] mns ocymieHHsS TOBITPS B
MeMOpaHHOMY MOJIyJIi BUOpaHHM Kackaj 0e3 pelupKyJsiiii mpoMi>XXHUX MOTOKIB. Ha
Puc. 4.2 HaBeneHa po3paxyHKOBa CXeMa MOJYJIF0 MEeMOpPAaHHOTO OCYIIICHHSI TTOBITPS, a
Ha Puc. 4.3 3aranbHa po3paxyHKOBa CXeMa KacKaJHOI cucTeMu 0e3 perupKyIsii
MPOMIKHMX MOTOKIB. J[J1s1 3py4HOCTI MPOBEICHHS aHali3y MPOIECIB 1110 BiI0YBaIOTHCS
pyu MEMOpPaHHOMY OCYIIEHHI MOBITPsl OyAeMO po3risaaTy O1HapHY CyMill MOBITPS A
Ta BOAsiHUX mapiB B. B mporeci MeMOpaHHOTO pO3/IiJIeHHS TOBITPS BX1JHUH MOTIK, 1110
CKJIQJIAETHCS 3 KOMIIOHEHTIB A Ta B 3a paXyHOK CHUJI, III0 CTBOPIOETHCS MIEPETIAIOM TUCKY

Ha MeMOpaHi, pO3AUIAE€THCS HA JIB1 YaCTUHM.

2
F, x: 1 R x
> / peme#m%zm

P, vy,

nepmeam

Puc. 4.2 Po3paxyHKoBa cxemMa MOAYJIsi MEMOPaHHOTO OCYIIEHHS HOBITPS
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1 — MeM0OpaHa; 2 — KopIyc MOIYJIsl MeMOpaHHOTO OCYIIeHHs MoBITps; F — BXxigHa
cyminr; R — perenTart; P — mepmear, Xg — MOJIbHA JI0JIT KOMITOHEHTY A B BX1AHIHI
CYMIIIIi; Xgr — MOJIbHA JIOJIS1 KOMIIOHEHTY A B MOTOIIl PETEHTATY; Yp — MOJIbHA JOJIS
KOMITOHEHTY A B MOTOIII TIEpMeary.

MeMOpaHa XapaKTepU3YEThCS BUCOKOIO CEJIEKTHBHICTIO 1O KOMIIOHEHTY B Ta
HU3BKOIO 1O KOMMOHEHTy A. B pe3ynbrari kommnoHeHT B mpoiieci MeMOpaHHOTO
pO3MiUIeHHS B TEBHIA Mepl NpPOHHKAE dYepe3 MeMmMOpaHy. BigHoOmeHHS KUIBKOCTI
KOMIOHEHTY B (mmepMmeary), 1o npoiiioB yepe3 MeMOpaHy 10 KiIbKOCTI KOMIIOHEHTY
B 110 3anummBcs B O1HapHIM CyMmilll — HA3UBAEThCS (PAKTOPOM PO3ALICHHS MEMOpPAHH,
s BU3Ha4YaeThes 3a popmyinoro 4.7. Ilpu npomMy BBakaeMo 10 MeMOpaHa aOCOIIOTHO
HEIPOHUKHA JJI1 KOMIIOHEHTY A.

Ha npakrtuni ¢akrop po3noaiieHHs JeXuTh B aiana3oHi Bix 0 mo 1 [55]. Jns
IPOMHUCIIOBUX YCTAHOBOK Ta30pO3JUICHHS NPUNMAEThCS O sKOMOra OJK4ye 0
onuuuui. KpiM Toro, s MpOMHCIOBUX YCTAHOBOK PO3MOJIJIEHHS MOBITPS MOXKJIMBA
po0oTa Kackaay 3 MEPEMIHHUM Ta MOCTIHHUM 3HAYEHHSIM Q.

Jlns Bu3HAYEeHHS HEOOXITHOI TUIOMII JJIS KOXKHOI CTajili BHKOPHCTOBYBAIH
piBHAHHS OanaHCy MaTepilalbHUX MOTOKIB. MarepianbHuii 6anaHc OiHapHOI cymimn A
ta B, m1s Bciel o moBepxHi MmeMOpanu Fio, 3rigHo 3 [56] 3amucyersest HaCTYITHUM
YUHOM:

a-= 4.7

R
P
qpyp = QS\F CF}. C.Ftot er - F)r yp) 4.8

qp(l_ yp) :QEF CPL C"Ftot Ql- Xr - Pr(l- yp)) 4.9

P = Ly 4.10

L.

He: Qp”, Qpe® — 3HauenHs koedilieHTIB MPOHUKHOCTI BiAIIOBIIHO KOMIIOHEHTIB A Ta

B; q@° — macoBa Burpara OiHapHOi CyMilll IO HAmNpaBISETbCS HA PO3AUICHHS B
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memOpani; Pi;, P, — BiAmoBigHO aOCOMIOTHUN TUCK BUXIAHOTO IMOTOKY Ta IMOTOKY
nepmeary; Pr — BiIHOIIEHHS HU3BKOTO TUCKY /10 BUCOKOTO BU3HAYAETHCS 32 PIBHIHHIM
4.10; XA, YA — MOJIbHI (PpaKiiii MOJIEKYJT A BIJMOBITHO B BUXITHOMY MOTOII1 (PETEHTATY)

Ta MOTOIII IepMeary.

Puc. 4.3 3aranpHa po3paxyHKOBa CXeMa KaCKaJIHOI CUCTEMHU 0e3 PerupKyJIsLii

IPOMIKHUX TOTOKIB

1 — memOpana; 2 — KopIyc MOIyJisE MeMOpPaHHOTO OCYIICHHS TOBITpsI; F — BXi/Ha
cyming; R1, R2, Rn, — BuXiiHU# I KOXKHOT OKpeMoi cTafii kackaaHoi cuctemu; P1,
P2, Pn, — mepmeat 11 KO’KHOI OKpeMoi cTafil kKackaaHoi cuctemMu; D — BuXin

pEeTeHTaTy 3 KIHIIEBO1 CTaii po3aijaeHHs (MPOAYKT);
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[Ticns BupimenHs cuctemu piBHHDb 4.8 Ta 4.9 Ta NEBHUX MEPETBOPEHb OTPUMYEMO
PIBHSIHHSL 711 BU3HAUYEHHA CyMapHOi HEOOXIJHOI IUIONIl JAJiSi MPOBEACHHS MPOLECY

MeMOpPaHHOTO PO3J1ICHHS MTOBITPS:

qf yp

F_ = Q
tot 2 411
- , M
QpF Pl Xr IDr yp
ne: © - BUIHOIIICHHS MOTOKIB IepMeaTy 10 BX1HOT CyMiIIi:
_9
- 4,12

B skocTi HacTymHOro KpuUTEpilo Mpolecy Ta30po3AUICHHS Ha MeMOpaHHI

BUCTYIIA€E ieaibHui (hakTop posaiieHus [56]:

ar = Q”
QB

Ha mnpaxrtumi igeanbHuii (akTop pO3IAUICHHS HA MeMOpaHi 3aBXIu OLIbIIe

4.13

OJMHMII, 10 BKa3y€e Ha Te€, MO0 MOJbHI (pakiii X Ta y 3aBXAH BITHOCATHCS [0
KOMITOHEHTY 3 OJIBIIIOI0 TPOHHUKHICTIO.

JIist  3pydHOCTI TIPOBEACHHSI 1HKEHEPHUX PO3PaXyHKIB BHUKOPUCTOBYETHCS
NOHATTS O€3pO3MIpHOI  TUIONII TMOBEpPXH1 fior, [0 BU3HAYAETHCA 3 PIBHSAHHSA

MaTepiaabHOro OanaHcy:

tot — q—f Ftot
QpF Pl

3 1H11101 CTOPOHM O€3p03MipHa IUIOIA TOBEPXHI MOXKE OyTH OTpUMaHa 3 piBHAHHS 4.15:

y
for =Q—2—
tot QXr'Pryp 4.15

B miteparypi [56] Bka3yeThcs, 1m0 BenuunHa fior OAIOHA 10 TEPMIHY «YHCIIO

f 4.14

onuuulls nepeHeceHHs» NTUp sSKuii OIMPOKO BHUKOPUCTOBYETHCS B MPAKTHUIN
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TEPMOJMHAMIKH, HANPUKIAL Ui PO3paxyHKy MOBEpXHI TEIIOOOMIHHUX amaparib.
3Bakarouu Ha BUILE BKa3zaHE HEOOX1HA IJIOIIA MOBEPXHI MEMOpaHU Ui 3/1HCHEHHS

IMpoHecCy OCymcHH:A HOBiTpH 3alIUCYETHCA HACTYITHUM YHNHOM!

NTU = A 4.16

pFPl

I:tot = I\ITUm dtot , M2 4.17

3aTpauena eneprisa N B mporieci MeMOpPaHHOTO PO3/I1JICHHS MOBITPSI BABHAYAETHCS

CITIOKMBYOIO HOTy}KHiCTIO BCHTHWJIATOpPA, IO CTBOPIOE IICPLCIIad TUCKY Ha MGM6paHiI

_ nRTIn o}

N
h p, BT

4.18

Jie: N — YKCIIO MOJIIB BIJIKAUyBaHUX BEHTHJIATOPOM B CEKYHY; 1] — KOE(DIIIEHT KOPUCHOT
nii BeHTWIATOpa; pl/p2 — BITHOIIEHHS THUCKY HAJ JO0 THCKY MiJ MeMOpaHow; R —

yHiBepcaibHa ra3ona crana, k/x/kr K; T — remneparypa, K.

4.3 AnpoOaiisi pesynbTariB poOoTu. Po3pobnenns cxemuoro pimenns CKII 3
MeMOpaHHUM OCYILIECHHSM TOBITPS NPHUMIIICHHS [ 30epiraHHs HacCiHHSA
rapOy3oBux. TexHiko-ekoHoMiuHe nopiBHsHHS icHyt0uoi CKII Ta cxemu CKII 3

MeMOpaHHUM OCYILIECHHSIM MOBITPS IJisl NPUMIILIEHHs 30epiraHHs HaciHHs rapOy3y.

SAx npuknax, TOpUMINICHHS I 30€piraHHd HACIHHA  IITHPIMCHKOTO
roJOHaciHHOrO rapOy3y, sike po3TamoBaHe B C. ['0J0apkH, BIHHUIBKOI 00JACTI, IO
BUKOPUCTOBYETbCSI JUIsl 30epiraHHs IMOCIBHOIO Ta €KCIIOPTHOIO MaTepialy B
periaMeHTOBaHUuX yMoBax [6], 0oOgajHAHOTO CHCTEMOIO KOHAMIIIOHYBAHHS MOBITPS.
Cnopynaa goBxunoro 90 M, mmpuHor 24 M, Bucotoro 6 M. CTiHM TUIyXi, BUKOHaHI 3
3aBOJICBKUX CaHJ[BIU-TIaHEJICH 3 MIHOMOJIYPETAaHOBUM HAMOBHEHHSIM TOBIIMHOKO 100
MM, TertonpoBinHicTh 0,022 Bt / M. Crens npoduibOBaHUN JIMCT 3 YTEIUTIOBaYeM 3

0a3abTOBOI MIHEpAJIOBATHOI TUIMTH TOBIIMHOKW 200 MM, 00'eMHO0 Barow 30 kr / m3,
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teronposiaHicTs 0,037 Bt / M. B nmepenHiii yacTuHi1 po3TaiioBaHi BOpOTa, YTEIUICHI,
POJIETHOTO THUITY, pO3MipoM 6X5 M - cIpsIMOBaHI Ha 3axiA. 31 CXiTHOI CTOPOHHU IO

MPUMIILICHHS IPWJISITAE aJIMiHICTpaTUBHA JBOTIOBEPXOBA OY/IIBIIS.

i | klx/ke

32°C s

L

13°C
12°C

16 d, 2/ke
Puc. 4.4 1-d — niarpama BoJIOTOT0 MOBITPS 13 TIpoIIECaMu OOPOOKH TOBITPS TSI
icaytoyoi CKII mpuminieHHs 30epiraHHsl HaClHHS POJIMHU rapOy30BUX

Cnopyna nobynoana B 2015 pomi 11 3a70BOJIEHHS MOTpeO 13 30epiraHHs
MOCIBHOTO Marepiaidy Ta HACIHHS JIs MPOJaXy, COPTY «IITHUPIMCHKUNA TOJI03EpHOBUI
rapOy3». [loBHUI UMK BUPOOHUIITBA CKJIANAETHCS 3 BHUPOIIYBaHHS TapOy3iB Ta
nepepoOsIeHHs] MOKpPOTO HAaCiHHS y CyXWHM MpOAYKT, TOTOBUW Ui MPOJAAXy Ta
TPaHCIOPTYBaHHS Ha JOBrOCTpokoBe 30epiranHs. I[lociBHMII MaTepial, a TakKoX
MPOJIYKT JIJISl POJIAXKY, MICTIS MPOIIECY OCYIIIECHHS, MaKy€EThCs B M K1 KoHTeHepu «bir-
oern» 3 MOJINPONiIeHOBOi TkaHUHU 00’emoMm 1500 1. B «bir-6erax» HaciHHS

PO3MINTY€EThCS HA MAJJIETaX PIBHOMIPHO 10 Mi/I7I031 MPUMIIIIEHHS 3 YTBOPEHHSIM 30H JJIsI
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mpoi3ay CKIaAChKOi TeXHIKU. BucoTa 36epiranns ckinagae 4 M. Cxema po3TanryBaHHS

najeT 3 HaciHHAM B «bir-6erax» HaBenena Ha Puc. 4.5 ta ¢pororpadii 3 micus Puc.4.6.
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Puc. 4.5 Cxema po3rairyBaHHs NajeT 3 HaCIHHAM B «bir-Oerax» 1- ctinu

IpUMIIIEHHS; 2 — BOpOTa; 3- yMOBHO TasieTa 3 HaciHHAM B «bir-6erax»;

-

-

=
17

\‘A%F%&'sﬁ

b Miv
b
! _-.u

Puc.4.6 ®otorpadis 3 Miciis. 3akiIaicHHs HaCiHHS Ha IOBMOCTPOKOBE 30epiraHHs

(v

MMOCIBHUN

[lepiox 30epiraHHs MiATOTOBIEHOTO HACIHHS ckiamae 10 wmicsiis,

Marepiall 30epiraeTbCsi IO TPaBHS MICSALS, MOYATOK MOCIBY 3HAMEHYETHCS CTAJIOO



142

temneparyporo rpyHty 10-15 °C. Hacinaga nas mpopaxy 30epira€Tbcsi BIPOIOBXK
BCHOTO POKY JO MOMEHTY IOBHOI peani3amii. 3arajgbHa KUIbKICTh HACiHHS, IO
30epiraeTbcs B mpuminieHH1 ckiagae 2500 ToH. 3akiajeHHS Ha 30epiraHHsS HOBOTO
BPOJKAI0 IOYMHAETHCS 3 BEPECHS 1 3aKIHUYETHCS B MiCsIIIl TucTomai. J{is 3abe3neueHns
HOPMAJIbHUX YMOB 30€piraHHs HACiHHS HEOOXIJIHO ILJIOA00OBO B MPOJIOBXK POKY
HiATpUMaHHS Temnepatypu noBiTps B Mexax +10...+12 °C Ta BITHOCHOI BOJIOTOCTI HE
Bumie 60% [6]. dusa 3amoBosieHHsT moTpeO 3 3a0e3reyeHHs MIiKpPOKIIIMaTy B JIAaHOMY
npuminieHHi, B uepBHi 2016 poky o01agHaAHO CHUCTEMOIO KOHIUIIOHYBaHHS MOBITPS.
CxeMa CHUCTEMHU KOHAWMIIIOHYBaHHS TMOBITpsS HaBeneHa Ha Puc. 4.8. IlizroroBka Ta
0o0poOIeHHA TOBITPS BIAOYBA€ThCS B CEKIISIX LEHTPATBLHOTO KOHIHUIIIOHEPY 3
MEXaHIYHUM CIIOHYKaHHSAM TIOBITPS, SKHM pPO3TAIIOBAHMMA 330BHI MPUMILIECHHS

30epiranHs HaciHHs, Puc. 4.7.

Puc. 4.7 llenTpanpHuii KOHAUITIOHEP 3 MEXAHIYHUM CIIOHYKAHHSIM TIOBITPS JIJIst
3a/I0BOJICHHS TOTPeO 3 3a0e3MeUeHHsI HeOOX1JHOTO MIKPOKIIMATy (TeMIepaTypu Ta
BOJIOTOCTI MOBITpPsI) B MPUMIIIICHHI 30epiraHHs HaciHHs rapOy3y, 3 KOHICHCAIIHHUM

OCYILICHHSIM TTOBITPA.
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17

2 A

16 5 14

@\5

Vod

<
S FE TP

Puc. 4.8 Cxema icHyIOUOi CXeMH KOHAMIIIOHYBaHHS TOBITPS MPUMILICHHS IS

12

W

30epiraHHs HaClHHS POJUHU rapOy30BUX.

1 - 30BHIIIHE MOBITPS; 2 - IpOCEIIb-KJIaaH 3 MpuBoJoM; 3 - binsTp G4; 4 - pinbTp
MS; 5 — knanan 6aiinacy; 6 - MOBITPOOXOJIOHKYBay 3 OCYILICHHSIM; 7 -
KaIIeBJIOBIIOBAY; 8§ — enekTpokanopudep; 9 — npurmiuBHui BeHTHWISITOP; 10 -
MPUILUIMBHI OBITporipoBoay; 11 - mpuruinBHa pemiTka; 12 - IpUMIILIeHHs; 13 -
BUTSDKHA penriTka; 14 - BuTshxHi moBitponpoBoay; 15 - pinetp F7; 16 - BeHTHASTOP
BUTSDKKA; 17 - BUKHI IIOBITPS HA 30BHI;

JUisi 3MEHILIEHHsSI KUIbKOCTI €Heprii Ha HarpiBaHHS MNPUIUIMBHOTO MOBITPS B
XOJIOIHUM Tepiof POKYy Ta OXOJIODKEHHS B TEIUIMM MepioJ, POKYy CHcTeMa
KOHJIMI[IOHYBAHHS TMpaIfo€ 10 PEeHUPKYJAiiHii cxemi [9]. 3oBHIlIHE MOBITPs
MPOXOJUTh OYMILEHHS B ceKUisiX ¢uapTpamii knaciB G4 ta M5 notiM 3MilIyeTscs B
KaMmepi Mepuioi peuupKyyIsailii 3 BiAMpalbOBaHUM MOBITPSIM. 3arajibHa MPOTYKTHUBHICTh
o noBiTpro ckiangae 39 630 m3/rox. CyMilll 30BHIITHBOTO Ta BiAMPAIbOBAHOTO MOBITPSI
MPOXOJUTh TMIATOTOBKY B HACTYMHHUX CEKILISX LEHTPAIbHOTO KOHJAMIIIOHEPY MJIs
JIOCSITHEHHSI TTapaMeTpiB MPUILUIUBHOTO MOBITPs. OXOJIOHKEHHS Ta OCYIICHHS MOBITPS
MPOXOJUTH B CEKIIIi BOJSIHOTO 0XOJIO/IPKyBaua, po3paxyHKOBa MOTYXHICTh CKagae 212
kBT, Temneparypa moBepxHi SIKOTO MIATPUMYETHCS HIDKUE TEMIIEPATYPH TOYKHA POCH.
[Ipu KOHTaKTI 00POOITIOBAHOTO MOTOKY MOBITPS 3 MOBEPXHEIO TEITNIOOOMIHHOTO anapary
B110yBa€ThCsl BUMAAIHHS BOJIOTH. B SIKOCTI J’Keperna X0J0A0MOCTauaHHs 3aCTOCOBaHA

NapoOKOMIpECiiiHa XOJIO0IMUIbHA MAIlIMHA 3 TIOBITPSIHUM OXOJIOJKEHHSIM KOHACHCATOPA.
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XonopoHociit — 40% po3uuH npomniaeHraikomo. [lapamerpu xonomoHoCis B cucTeMi
xoJojonocTtadanns: -2/+2 °C.

Jlns  gorpiBaHHS TIOBITPST JI0 TapaMETPIB NPHUIUIMBY BJIAIITOBAHA CEKIIis
SJIIEKTPUYHOTO Kanopudepy, po3paxyHKoBa MOTYXKHICTh ckiagae 108 kBt. B Temmii
nepiojy poOKy JUIsl JIOTPIBY TMOBITPSA JO TapaMeTpiB MPUILUIMBY TICJIS  HOTO
OXOJIO/PKCHHSI/OCYIIIEHHSI BUKOPUCTOBYETHCS IPYTa PEIUPKYJIIALIiS TOBITPSL.

[Tomaya moBITpsA B MpUMIILIEHHS st 30epiraHHs 3a0e3MeuyeThes 3a JOMOMOTO0
MEpeXi 130JIbOBAaHUX OIIMHKOBAHUX MOBITPOMPOBO/IIB 3 BIAMOBIIHUMH PETYIIOIOUUMHU
eseMeHTamMu. [IpuniMBHI MOBITPONPOBOIM, IO MPOKIIAIEHI B MPUMIIIEHHI 130Jb0BaH1
130JISII€F0 13 CHIHEHOTO MOJieTWIeHy ToBlMHOKW Imapy 20 mm. IloBiTpomnpoBoau
MPOKJIAJIEH] HA30BHI OY/IIBIII Ta B MPOCTOP1 MK (pepMamu 3a 130Jb0BaH1 KOMITO3UTOM 13
CHIHEHOTO MOJIIETHIIEHY, 3aBTOBIIKK 10MM Ta MiHEpaJbHOI BaTH TOBIIMHOIO 50 MM.
Bunanenuss moBiTps OpraHizoBaHO 3 BEPXHBOI 30HM B KUIBKOCTI 2/3 BiJ 3arajibHOl
BUTPATH NOBITPSI Ta 3 HH>KHBOI 30HU B KUIBKOCTI 1/3 B1J1 3arajgpHO1 BUTPATH MOBITPSI.

B xonomnuii mepion poKy BEHTWISLIMHA YCTAHOBKA IMPALIOE€ 32 HACTYIHUM
aJITOPUTMOM:

- 3a01p 30BHIIIHBOIO MOBITPS;

- OuwniieHHs BiJ rpyOUX 4acTOYOK;

- HarpiB noBiTpst 10 mapaMeTpiB MPUTOKY;

- [Togaya moBiTpsl 4O MepeEXki MOBITPOIIPOBO/IIB;

B ternuit nepios poKy BEHTWIALIMHA YCTAaHOBKA MPAITIOE 32 HACTYITHUM aJITOPUTMOM:
- 3a01p 30BHIIIHBOIO MOBITPS;

- OuwniieHHs BiJ rpyOMX 4acTOYOK;

- 3MinTyBaHHs MOBITPS B KaMepl NMEPIIoi pelupKyIIsIii;

- Ox0JI0/KEHHS Ta OCYIIEHHS 30BHIITHBOTO MOBITPS;

- 3MinTyBaHHS MOBITPS B KaMepi APYToi PEIUPKYJIALii MOBITPs (32 HEOOX1THOCTI)
- [Togada moBiTPst 1O MEpeXki MOBITPOITPOBO/IIB.

Jliist 3a6e3neuenns 0e3nepeOiiHOCTI B pOoOOTI Ta KOHTPOJIIO apaMeTpiB MOBITPS
mimopiyHo 1 mutogo6oBo CKII mpumimenas s 30epiraHHs HaciHHS rapOy3y

oOJajiHaHa CUCTEMOIO aBTOMAaTUYHOTO KepyBaHHs. [lapameTpu BHYTPIIIHBOTO MOBITPS
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OIATPUMYIOTBCSI B aBTOMAaTHYHOMY pexumi. s BUMIpIOBaHHS TeMmImepaTypu Ta
BOJIOTOCTI TOBITPS BCTAHOBJICHI BiAMOBIAHI BUMIPIOBaNbHI MpHiIagu (BCHOTO 6 IIT.

PIBHOMIPHO MO MEPUMETPY IPUMIILICHHS ).

[Tpomec 06po6ku moBiTpst B CKII mpumineHns 30epirannsi rapOoy30BOTro HaCciHHS 3
KOH/ICHCAIlIHHUM OCYIICHHSM MOBITPS IS TETJIOTO MEPioy POKY MpH

PO3paxyHKOBHX IMapaMeTpax 30BHIIITHBOIO MOBITPs 300pakeHuit Ha Puc. 4.9

A/' klx/ke
12°C

12°C

10°C

20 a/ke

2°C |

|
. . N d e/ke
4,1 14,0

Puc. 4.9 IIpouec 06po6xu noBiTps B CKII nmpuminieHHs 36epiranns rap0y30Boro
HACIHHA 3 KOHJICHCALIHUM OCYIIEHHSIM MOBITPS 7151 TEIJIOrO MEPIoay POKY MpHU
PO3pPaxXyHKOBHX MapaMeTpax 30BHIMTHBOTO MOBITPS

Ha i-d miarpamHi nmapameTpu 30BHILIHBOTO MOBITPS YMOBHO PO3JALJIEHI Ha TPU
obnacti. Takum ymHOM, 0OsMacTh mapameTpiB I, oOMexeHa 130JHIEID MIHIMAIBHOT
TEMIIepaTypyu BHYTPIMIHHOTO MOBITPs tw; =10 °C 3BepxXy Ta JHIEIO BOJIOTOBMICTY
dwz=4,1 r/kr oBITp# 3 1paBsa, JiHier ¢=100% 3uK3y. O6macTh | BiAMOBIAE XOTOTHOMY

nepiofy poKy, KOJH ISl MiATPUMAHHS TEMIEPaTypu Ta BiTHOCHOI BOJIOTOCTI MOBITPS
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3aCTOCOBYIOTHCSI TMPOILIECH 3MIIIyBaHHS (PEHUPKYJSALii) MOBITpsS Ta HarpiBaHHs. B
oOnacti | 3Ha4eHb mapameTpiB 30BHIMIHBOTO MOBITPSI OCYIICHHS HE 3aCTOCOBYETHCSI.
3rigno 3 [92] mas po3risayBaHOTO KIIMAaTHYHOTO paiony (BinHMIIBKa 00JacTb,
Binnuiig), TemnepaTtypa 30BHIIIHBOTO MOBITPs, TpuMaeTbes Ha piBHI <10 °C 202 no6u
Ha pik. [Ipore, pe3ynbTatu cnoctepeskeHb [93] Bka3yloTh Ha Te, IO MPH BKa3aHHX
napamMeTpax BHYTPIIITHBOTO MOBITPsI, TPUBAJIICTh TAKOTO MEPIOY CKIAJa€, 32 OCTaHHI 6
pokiB (3 01.01.2013 — 31.12.2018) B cepennbomy cknagae 155 nid Ha pik.

O6nactb napameTpiB Il 0OMeKyeTbCSI MAKCUMATBHO MOKIIUBOIO TEMIIEPATYPOIO
BHYTPIIIHBOT'O TIOBITPSI 3HU3Y, Ta JIHIEIO BOJIOTOBMICTY 4,1 T/KT oBITps 3 npaBa. /[aHHa
00JacTh BIJIMOBIJIA€ MEPIOY POKY, KOJIU JJIsl MIATPUMAaHHS TEMIIEpaTypHu Ta BIAHOCHOT
BOJIOTOCT1 TMOBITPSL 3aCTOCOBYIOTHCSl JIMIIE TPOIECH 3MIITyBaHHS (PEeHMPKYIIAIi)
HOBITPSL Ta CyXOro 0XojoJikeHHA. B obGmacti Il 3HaueHp mapameTpiB 30BHIIIHBOIO
HOBITPSL OCYLIEHHSI MOBITPS TAKOXX HE 3aCTOCOBYEThCS. 3a pe3ysbTaTaMu aHajli3zy
cioctepexkenb [93] 3a ocramni 6 pokiB (3 01.01.2013 — 31.12.2018) mapameTpu
30BHIIIHBOTO MOBITPsI siKi O BiAMOBIAamu 00JacTi 3HaueHb [ He BUsIBIEHO.

[Tin ob6nacts mapamerpiB Illa oOMexkeHa 1301HIEID MIHIMAIBLHOI TEeMIEPATypH
BHYTPIIIHBOTO MOBITPS tw; =10 °C 3HM3Y Ta niHi€0 BOiOroBmicTy dw,=4,1 r/Kr 3iiBa.
Jlanna oOyiacTh BIANOBIZAE TEIUIOMY Ta MEPEXiAHOMY TMEpPioAy POKY, KOJIU JUIs
MIATPUMaHHS TEMIIEPATYPH Ta BIAHOCHOI BOJIOTOCTI MOBITPS 3aCTOCOBYIOTHCS MPOIECH
3MIIIyBaHHS (PELUPKYJIALii) MOBITPS Ta OCYIIEHHS Ta oxoyiofmkeHHs. Kpim Toro
YMOBHO BH/IIJIEHA 111/100J1aCTh MapaMeTpiB 30BHIIIHbOTO TOBITPsI I110, sika B cBOIO Uepry
oOMe’KeHa 130JIIHIEI0 MIHIMAJIBHOI TeMIIepaTypu BHYTPIIIHHOrO MOBITPS tw, =10 °C
3BEpXy Ta JiHiI€I0 BOJOTOBMICTY dw,=4,1 I/Kr moBiTps 31iBa, niHie0 ¢=100% 3Hu3y. B
JaH1i mig o0acTi Juist 3a6e3medeHHsT HeoOX1AHOT TeMIiepaTypH Ta BITHOCHOT BOJIOTOCTI
BHYTPIIIHBOTO MOBITPS KPIM OCYIIICHHS TAKOX 3aCTOCOBYETHCS JIpyTa PEIUPKYIIAIIS Ta,
3a HEOOX1THOCTI, TOTpiBaHHS 0OPOOIIOBAHOTO MMOTOKY MOBITPSL.

Pazom migobnacti mapamerpiB Illa Ta III6 ¢opmyroTe TpeTto obnacTh, ska
XapaKTepU3y€eThCsl 3HAYEHHSIMHU BOJIOTOBMICTY 30BHIITHBOTO MOBITPs BUIle 4,1 /KT 1 B
K1 BUHUKA€ HEOOX1IHICTh OCYIICHHS MPUTUIMBHOTO MOBITPS HA MPOTSA31 yChOTO HaCy

po0OOTH cUCTeMH KOHAMIIOHYBAHHS MOBITPS. 3a Pe3ysbTaTaMH aHaJi3y CIIOCTEPEKEHD
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[93] 3a octanHi 6 poki (3 01.01.2013 — 31.12.2018) mapameTpu 30BHIIIIHBOTO TTOBITPSI
ki O Bignoiganu obnacti 3HayeHs 11 cioctepiratorscs 210 gi6 Ha pik.

AHaJ3 pexuMiB poOOTH CHUCTEMH KOHIWIIIOHYBAHHS, 3 YMOBH IiJATPHUMaHHS
TEMIEPAaTypd Ta BIIHOCHOI BOJIOTOCTI BHYTPIIIHBOTO TMOBITPS, MPUMIIICHHS 7S
30epiraHHs HaciHHA TapOy30BHUX CBIIYUTH IMIPO T€, IO OCYIIEHHS TMOBITPS
BUKOPHUCTOBYETHCS HAa TPOTsA31 57 % yacy poOoTH Ha pik. 3HayHi 3aTpaTtu (200 kBT*ron
CJIEKTPUYHOI €Heprii — BUPOOHHUIITBO XOJOJY, TPAaHCIOPTYBAHHS XOJOIOHOCIA Ta
JOTpiBaHHS MOBITPs) Ha OCYIICHHS IOBITPS HEraTHMBHO BiTOOPaXKylOThCS Ha BapTOCTI
UKy BUPOOHHUIITBA TapOy30BOT0 HACIHHS, TUM CaMUM 301IbIIYIOYH COOIBapTICTH
rOTOBOI MNPOAYKIii. [[7s MiBUILIEHHS KOHKYPEHTHOI CIPOMOKHOCTI Ta 3HUKEHHS
co01BapTOCTI TOTOBOI MPOAYKIIiT BUHUKIIA MOTPeOa B MONTYKY MOXKIUBOCTEH 3HUKEHHS
3aTpaT Ha OCYLIEHHS MOBITPS 1715l NPUMIIIEHHS 30epiranHsi rapOy30BOro HaCIHHS.

3 pospaxyHkiB Ha I-d miarpami puc. 4.11 mnpoueciB 0OpoOKH MOBITPS
mozepHizoBaHoi CKII npuminienHs 30epiranHs HACIHHS POJUHU rapOy30BUX, BUAHO,
10 NMPHU MPOeKTHIN BUTpaTi noBITps 39360 M3/rox i1 monepegHLOTO 0XOJIOIKEHHS Ta
OCYIIIEHHS TIOBITPsS HEOOX1HA XOJIOMIbHA MOTYXHICTh ckianae 40,7 kBt. [lapameTtpu
NOBITPs Ha BXxoAl oxonomkysau: t=13°C; d = 6,1 r/kr. IlapameTpu noBiTps Ha BUXO/I1
oxonomkysaua: t =10 °C; d = 6,1 r/kr. lyig oCyllieHHs MOBITPS B CEKIIIi MEMOPAHHOTO
OCYIIIEHHS HEoOXiJHa IJIoma MoBepxHI MeMOpanu ckianae 751,06 m2 Ilapamerpu
noBiTps Ha Bxoal MMO: t=10°C; d = 6,1 r/kr, mapameTpu noBiTps Ha Buxoai MMO:
t=10°C; d = 4,1 r/kr. Sk BUIHO 3 pO3paxXyHKIB 3aCTOCYBaHHS CEKIlli MEMOPaHHOTO
JOOCYIIIEHHS TIOBITPSl B 5 pasiB 3HMKYE BUTPATH XOJOIY Ha OCYIICHHS TOBITPS, TUM
caMuUM 30UIBIIYIOYM EHEProoIlaJHICTh CHUCTEMH B LuIoMmy. lle miaTBepKyeThCs
MPOBEICHUMH PO3paXyHKaMU KOE(PIIIEHTIB €KCepreTHYHOoi €PEKTUBHOCTI MPOIIECIB

oOpoku TIOBITpsE Ta mnepeTBopeHHs miaBeneHoi eHeprii CKII npumimenus ms
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30epiraHHs HaCiHHS POAUHU rapOy30BUX, K1 HABEICHI B pO3/iii 2 JaHOI JUCEPTAIIITHOT

poOoTH.

i [ kllx/ke

32°C
o//

13°C

. )
12°C < 100%
10°C ¢
>
0 4,1 6,1 d e/ke

Puc. 4.10 I-d miarpama nporneciB 00poOku mositpst MmogepHizoBanoi CKIT npuminieHHs
30epiraHHs HACIHHS POJUHU TapOy30BUX.

BusnaueHHsT KUIBKOCTI CTafid il TPOBEACHHS MPOIECYy MEMOpPaHHOTO
OCYIICHHSI TOBITPS BUKOHYBAJM ONUPAIOYNCh HA JaHHI EKCIEPUMEHTAIBLHOTO
nociipkeHHss. TakuM 4YWHOM 3a OJHY CTaJil0 MOKJIMBE 3HUXKEHHS BOJIOTOBMICTY
noBIiTps Jexuth B Mexax Ade(1,1...1,2) r/kr. Po3paxyHkoBa cxema TpUCTaIIHHOTO
MEMOpaHHOTO  MOMYJS  OCYIICHHS TOBITPS JUIsl  TPUMINIEHHS  30epiraHHs

CLIILCHKOTOCIIOIAPCHKOT MPOYyKIIii HaBeneHa Ha Puc. 4.11.
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Puc. 4.11 Po3paxyHkoBa cxema TpUCTaAIHHOIO MEMOPaHHOTO MOJTYJISI OCYILICHHS

MOBITPS AJI IPUMIIIIEHHS 30epiraHHs CUTBKCKOTOCTIONAPCHKOT PO TYKITii

1 — memOpana; 2 — Kopyc MOyJisi MeMOpaHHOTO OCyIlIeHHs NoBiTps; qF — BxigHa

CYMIIII BOJIOTOTO TIOBITPS; qr1, Or2, Or3, — BUXIIHUM JIsI KOKHOI OKPEMOT CTamii

KAaCKaJHOI CUCTEMH; qp1, (p2, (p3, — IEPMeEAT JJIs1 KOKHOI OKPEMOT CTaIii KacKaJIHO1

CUCTEMHU; ) dp — CyMapHa KUJIbKICTh IIepMeaTy 3a TPU CTaJlli OCYILIEHHS MMOBITPS;
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Pesynbratu po3paxyHkis 3a ¢popmynamu 4.7 - 4.18 nns TpuctaaiitHoro Momyss

MEMOpaHHOTO OCYIICHHS TMPUMIMEHHS JUIsi 30epiraHHs CLIbCHKOTOCTIONAPCHKOT

MPOAYKIIT 3BEJIEHO J0 TaOJIHIII:

Tabmuus 4.1

Pe3ynbraTi po3paxyHKiB ILIOII TOBEPXHI MeMOpaHU JIJIsi TPUCTAIIAHOTO MOy

MeMOpaHHOTO OCYIIIEHHSI PUMIIIIEHHS 7151 30epiraHHs HaClHHs Tap0y3y

Cranis
[TapameTp
IMOo3Hay Nel No2 Ne3
HallMEHYBaHHs
CHHS
BxigHunii MOTIK, KI/cC gr 13,731 13,715 13,704
MouJibHa 10JIS BOJIOTH Xe 0,0061 0,0049 0,0041
Buxigauii noTik, Kr/c Or 13,715 13,704 13,698
MosJpHA 10JIST BOJIOTH Xr 0,0049 0,0041 0,0037
[ToTik mepmearty, Kr/c Jp 0,0165 0,0110 0,0055
MoJpHA 10JIS1 BOJIOTH Yo 0,0012 0,0008 0,0004
[IpoHukHicTh, kr/cM?I1a Qe | -4,612E-08 | -4,622E-08 | -4,632E-08
BigHomeHHsT BUXIAHOTO TMOTOKY
O 0,0012 0,0008 0,0004

JI0 TIOTOKY TepMeary
daxTop po3aICHHS o 0,245 0,195 0,108
[lepenaa Tucky Ha MeMOpaHi AP 250 250 250
[Tnoma moBepxHi MmemMOpanu, M2 Frot 463,49 230,18 57,37

Ha ocHOBI nmpoBeneHnX po3paxyHKiB HAMHU 3alPOTIOHOBAHA KOHCTPYKITIS

MeMOpaHHoTro Moyito ocyiieHHs: (MMO) noBitps. J1Jist ocylieHHs MOBTIPS B CEKITii

MeMeOPaHHOTO OCYIIEHHs HeOOXiHA IJIONA TIOBEpXHI MeMOpanu ckanazne 751,06 M2,

Jlnis 3a0e3neueHHs: MaKCUMaNIbHOT epeKTUBHOCTI podoT MMO npuiiHsATa MIBHIKICTD
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pyxy noBiTps B nepeTtudi 1,4 m/c. 3aransuuii Buriiag MMO nHaBeneno Ha Puc. 4.12.
Moy CKIaIa€eThes 3 KOPIyca BUTOTOBIICHOTO 3 CEHJIBIU-TIaHeNel TOBIMHOIO 50
MM. BcepeauHi kopiryca 3aKpiIIIOEThCS HAIMBIIPOHUKHA MeMOpaHa 2, sika po3JIlise
BHYTpimHi 06eMm MMO Ha 1181 yacTiaH. BepxHs yacTuHa, 1110 To3HaUYeHa UPPOIO 5
IpU3HAYEHa JJIs IPOXOKEHHSI 00poOII0BaHOr0 MOTOKY NOBITpsA. HikHs yacTuHa 6,
sKa BIIOKpEMIJIEHa MEMOPaHOIO YTBOPIOE 00’ €M B IKOMY KOHLEHTpPY€eTbCs nepmeat. Ha
JTH1 KOPITyca 3aKpIiIUTFOETHCS MAO0H 3 IPSHAKHUM MaTPyOKOM JIJIsSi BUBOTY 3
KOH/IEHCOBaHO1 Bojiory. [IpoBesieHi HaMu JOCIIN MOKa3y0Th, 10 IPOLEC
MIEPEHECEHHSI PEUOBUHHU YePe3 MEMOpPAHY 3yNIUHSAETHCA MPU AOCATHEHHI MOBITPSIM B
00’eMi1 6 crany HacuueHHs. ToMy s IHTeHCU]iKalii MPOIEecy NPONOHYEThCS

BEHTHJIAIIS 00’ €My IMTOTOKOM HEOOpOOJIEHOTO MOBITPs B po3Mipi 1 kpar.

5
a. 5 0. 9 0 11
Ly
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Puc. 4.12 3aransauit sBurisiga MMO

a. BUTJIAN 3 niepefy; 0. Burisin 300ky; 1 — kopmyc; 2 — memOpaHa; 3 — narpy0ok
B1JIBOJIY KOHJIEHCATY; 4 — APEHAXXHUH MIJI0H; 5 — NPOCTIP AJII MPOXO1y
00pOOTIOBAHOTO MMOTOKY MOBITPS; 6 — MPOCTIP BUXOY MepMeary; 7 — BX11 MOBITps; 8
— BUXI1J MOBITPS; 9 — MOyJTb TIepIIoi cTajii o0poOku moBiTps; 10 — Mogys Apyroi

cTaaii o0poOku nositpst; 11 —Moaynb TpeThoi cTazli 00poOKH MOBITPS;
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Puc. 4.13 3-1 monens cexii MMO

1 — xopmyc; 2 — MmeMOpana; 3 — maTpyOoK BiABOIY KOHJAEHCATY; 4 — NPEHAXKHUI
HiJI0H; 5 — MPOCTIip A7 MPOXOAY IPUILITUBHOTO MOBITPSI; 6 — MPOCTip BUXOIY
nepmeary,

CKOMITOHOBaHI TaKUM YWHOM MOJYJi 00’ €THYIOTHCS MK COOO0, YTBOPIOIOUH
CEeKIIII0 OCYIICHHS TOBITPS, IS JOCATHEHHS HEOOXigHOI pOo3paxyHKOBOI ILIONIT
MeMOpanu. [loTik MOBITpS MOYEProBO MPOXOAUTH Kpi3b MOIYJIb MEMOPaHHOTO
OCYIICHHS MOBITPSI IPH IIBOMY OCYIITY€ThHCS.

Moayns MeMOpPaHHOTO OCYIICHHS IMOBITPS 3aPOTIOHOBAHUM JI0 3aCTOCYBAaHHS Ta
BIPOBA/DKCHHS  JUUIT  MIABUINCHHS  €HEProOIIaJHOCTI  ICHYIOYOi  CHCTEMHU
KOHJIUIIIOHYBaHHS TMOBITPsI NpUMIIIIeHHs 30epiranHs HaciHHs rapOy3y B c. ['oyoabkw,
BIHHHIIHKO1 00J1. JIJIs IIbOTO 3amporoHOBaHa MOJCPHI3AIlA ICHYIOUOI CXEMU CHUCTEMHU
KoHuIlioHyBaHHs TOBITps (Puc. 4.14) nuisixoMm BKJIIOYEHHS N0 1i CKJIaay CEKIIil
TPUCTAAIHOTO MEMOpaHHOTO ocyIeHHs ToBiTps. Ha pasi po3poOieHa mpoekTHa

JOKYMEHTAIlisl 10 MOJEpHi3amii ICHYI0uOl CHUCTEMH KOHAMIIIOHYBaHHS MOBITPA 3
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BIIPOBA/DKCHHSIM CXEMH 3 MOJYyJeM MEMOPaHHOTO OCYIIEHHS TOBITPS. AKT
BIIPOBA/KCHHS CXEMH HaBeJeHO B jomatky [. BukonanHs poOiT mo MojaepHizarii

CHUCTEeMHM KOHIUIIIOHYBAaHHS MOBITPs 3ariaHoBaHO Ha 2022 pik.

ﬂj
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Puc. 4.14 MopepHi3zalist iCHYIOUOi CXeMHU CUCTEMHU KOHAUI[IOHYBAHHS MOBITPS
MPUMIIIIEHHS 1)1 30epiraHHs HaclHHA rapOy3a, MUISIXOM BKJIFOUEHHS TPUCTAIIHHOTO

MEMOpPaHHOTO OCYIIEHHS MOBITPSL.

1 - 30BHIITHE MOBITPS; 2 - IPOCEIb-KIIanaH 3 npuBoJoM; 3 - binsTp G4; 4 - pinbTp
M5; 5 — knanan 6aifracy; 6 - MOBITPOOXOJIOMKYBAY 3 OCYIIEHHSAM; 7 -
KaruIeBJIOBIIOBaY; 8 — enekTpokanopudep; 9 — npuriuBHui BeHTHIIsITOP; 10 -
MPUIUTMBHI TIOBITpotipoBoay; 11 - mpurummBHa pemriTka; 12 - npumimenss; 13 -
BUTSDKHA pelniTka; 14 - BuTskH1 noBiTponpoBoau;l - ¢inetp F7; 16 - BeHTUnsTop
BUTSKKA; 17 - BUKUJ TIOBITPs HAa 30BH1; 18a — MeMOpaHHMII MOJYJIb OCYIIEHHS
noBiTps (mepioi cTaaii ocymeHHs); 180 — MeMOpanHuit MOy OCYIIICHHS MTOBITPS
(mpyroi craaii ocymenHs); 18C — MmeMOpaHHUIT MOJTyJIb OCYILIEHHSI MOBITPSA (TPEThOI

CTajil OCyIICHHS);
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MonepHizalisi iICHyI040i CHCTEMH TMOJISIra€ B BUKOHAHHI IEBHOTO alITrOPUTMY i,
3aBIAKH AKUM cekiis MMO iHTerpyerbes B iCHyI04y cucteMy. Sk BUaHO 13 cxemu Puc.
4.14 micns cekiii NMPUIIMBHOTO BEHTWISITOpa (HA TPaKTI HArHITaHHS MOBITPS, J€
CTBOPIOETHCS HAMOUTBIINI CTATUYHUN THCK) BCTAHOBIIOETHCS MOAYJIh MEMOpPaHHOTO
OCYIICHHSI, SIKUA B CBOIO YEPry CKJIATAEThCS 3 TPbOX IMOCTIIOBHHUX CEKIIM 00poOKu
noBiTps. Sk 3a3HavyeHo Bulle, cekiis MMO poszaineHa Ha B YACTUHU , TAKUM YHHOM
MPUILTUBHE MOBITPSI MPOXOAUTH KPi3b BEPXHIO YACTUHY , 1110 MTO3HAUYEeHa U(poro 5 Ha
Puc. 4.12. 3 inmoro 60Ky MeMOpaHu CTBOPIOETHCS PO3PIKEHHS, IMIJITXOM 3’ €THaHHS
o0’emy cekuii MMO mno3HaueHOro uu@porw 10 TPaKy pO3PIIHKEHHS BUTIKHOTO
BEHTWIsATOpa. HeoOXigHe  pO3pIIKEHHS  CTBOPIOETHCS  POOOTOIO  BHUTSHKHOIO
BEHTWISITOPA Ta  PETYJIOEThCS  JpOCENb-KIalmaHaMH, SIKI  BCTaHOBJIIOIOTHCS
IHIMBIAYaIbHO JUISI KOXKHOI CTaili-CeKIli ocymieHHs. TakuMmM 4uMHOM poOoTa CeKiii
MEMOpaHHOTO OCYIIEHHS TOBITPS B CKJAJl ICHYIOYOi CHCTEMU KOHIUIIOHYBaHHS
NPUMILIEHHS, HE BHUMAarae JO0JAaTKOBOI'O IMIJIBOJY €JIEKTPOCHEPrii Ta 1HIIMX
eHeproHociiB. PoboTa cekiii ocyleHHs MOBITPS NIATPUMYETHCS 3a PaXyHOK ICHYFOUHX
IPUIJTUBHOTO Ta BUTSKHOTO BEHTHJIATOPIB CUCTEMHM KOHAWLIOHYBAHHS HMPUMIIIEHHS

JUTst 30€epiraHHs HACIHHS POAUHU TapOy30BUX.

4.4 Texniko-ekonomiude nopiBHsHHA icHyr049oi CKII ta cxemu CKII 3 memOpanHuM

OCYIICHHSM TIOBITPS JIs1 IPUMIIIIEHHS U1 30€piranHs HaclHHA rapOy3y.

MeTronoM TOrIMOJEHOTO EKCEPrOeKOHOMIYHOTO aHajiizy OylM MpoBeACHI
MOPIBHSUTBHI TEXHIKO-€KOHOMIUHI PO3PAaXyHKH BUTpAT Ha 0OpoOJieHHs moBiTps. s
IIbOTO JIJIsI ICHYIOUOi Ta MOJIepHI30BaHOi cxeM 00poOku moBiTps B CKII npuminienus
30epiraHHsl HaciHHS rapOy3a, OyJM po3paxoBaHi CKJIaJ0BI €KCeprii MOTOKY BOJIOIOro
MOBITPS Ta BU3HAYCHI HAKOMHWYYBAJbHI BHUTpPATH TpH OOpOOIll MOBITPS 3TiAHO 3
METOJMKOI0 HaBelIeHOW B posaum No2 maHoi auceprarliiinoi podotu. s icCHyr4oi
CXeMH OOpOOKM TOBITPS TPUMIIMICHHS aJisi 30epiraHHs HaciHHS TapOy3y 3HAYCHHS
CKJIQJIOBUX €KCEPrii MOTOKY BOJIOTO MOBITPS HABEJCHO B BUIJISI/II MMOTOKOBOI JlarpaMu

Ha Puc. 4.15. [k BuaHO 3 Aiarpamu MiK BUTpAT TEPMIYHOI Ta BOJIOTICHOI CKJIaJOBHUX
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exceprii motoky moBiTpss B CKII 3 xoHaeHCAiiHUM OCYIIEHHSM TOBITPS
CTHIOCTEPIraloThCs B CEKIIl1 OXOJIOMKEHHS Ta OCYIIEHHS MOBITPs. 3HAYCHHS CKIIAAAI0Th
1,597 xIx/kr ta 0,696 x/X/Kr BianmoBiaHO. Butpatn MexaHi4HOI CKJIa0BO1 €KCeprii
MOTOKY TIOBITPs, AKIi MalTh HAWOUIBIII MKWA B eleMeHTax 9 Ta 16 eKBiBaJICHTHI
MOBHOMY THCKY MPHUIUIMBHOTO Ta BUTSXKHOTO BEHTWIATOPIB BiAnoBigHO. Jlis
MOJICPHI30BaHOT CXEeMH OOpPOOKH TOBITPS NPHUMIIICHHS Jia 30epiraHHs HaCiHHSA
rapOy3y 3HaYEHHS CKJIQJIOBHX €KCEprii MOTOKY BOJIOTO MOBITPS HAaBEJCHO B BUTIISAII
MOTOKOBOI Jiarpamu Ha Puc. 4.16. Slk BUIHO 3 JiarpaMyd BUTpaTH TEPMIYHOI Ta
BOJIOTICHOI CKJIaioBUX ekceprii notoky noitpsa B CKII 3 memOpaHHUM OCyHIEHHSIM
MOBITPS CLIOCTEPIralOThes 0€3 SIBHO BUPAKEHHX MIKIB. HallO11b1111 3HaYEHHS TEPMIYHO1
CKJIQJIOBOI ISl CEKIIii 0X0JIo/KeHHs ckiamaaroTh 0,846 x/[x/kr mo 1,9 pas3iB MeHIe B
MOPIBHSHHI 3 BUTpaTaMH B JAHOMY BY3JIl JUJISl CXEMH 3 KOHJICHCALIMHUM OCYIICHHSIM
noBiTps. HailOinpii 3HaYeHHsT BOJIOTICHOT CKJIAJIOBO1 /IS CEKIIli OCYIICHHS MOBITPS
cknagatoth 0,418 xJx/kr mo 1,7 pa3iB MeHIIE B MOPIBHSHHI 3 BUTPATAMH B JAHOMY
BY3JI1 JUISI CXEMH 3 KOHJICHCALIMHUM OCYIIEHHSIM MOBITPS.

Hamu mpoBeneHi po3paxyHKH HaKOTMUYEHHS €KCEPreTUYHOI BApTOCTI B MPOIIECi
o0poOKU MOBITPs B icHyrOUid Ta monepHizoBaHiii cxemax CKII nns nmpuminieHHs
30epira”Hs HaciHHs rapOy3y. 3a pe3yJbTaTaMu PO3paxyHKiB MOOyI0BaHA MOPIBHSIbHA
rpadiuHa 3aJeKHICTh HAKONMHMYEHHS ekcepretuyHux Butpar Puc. 4.17. 3rigHo
pPE3yNbTATIB €KCEPrOCKOHOMIYHOTO aHali3y, HaWOlIblle 3pOCTaHHSA EKCepreTUYHOI
BapTOCTi crioctepiraetbes B icHyrouiii cxemi CKII 3 xoHaeHCAIIiHUM OCYIICHHSIM
noBiTpsA, ske ckiamgae 2,56 rpH/1000kr. 3HaUyeHHS TPUPOCTY BAPTOCTI B CEKIIAX
OCYIIIEHHS Ta AorpiBaHHs MoBiTps ckianaoTh 0,37 rpu/1000kr ta 1,75 rpu/1000kr
BignoBiaHo. s 3anpononoBanoi cxemu CKII 3 DMM, ne mnst ocylieHHs MOBITPs
peanizyroThCs MPOIECH MEMOPAHHOTO OCYIIEHHsS TMOBITPs 0€3 KOHJEHcallli BOJIOTH,
CyMapHi HaKOIMYEHHS E€KCEPreTUYHOI BapTOCTI HAa OOpOOJIEHHS TMOBITPS CKIAIAIOTh
0,84 rpu/1000kr. 3HAYEHHS MPUPOCTY EKCEPTreTUYHOI BAPTOCTI B CEKIlli OCYIICHHS
noBiTps ckiagae 0,05 rpu/1000kr, mo 7,4 pa3iB MeHIIE HIX Uil OCYIICHHS 3

KOHJIEHCAITI€I0 BOJIOTH, SIKE peanizoBaHo ajs icHyto4doi cxemu CKII.
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MexaHiuHa CKJIa10Ba —Tepmiuna ckiamoBa
=—BooricHa ckiagoBa —]loBHa ekceprisi HOTOKY MOBITPs

Puc. 4.15 Jliarpama ckaJjoOBUX €KCEPTreTUYHUX MOTOKIB JIsl TETUIOTO TIEPIOTy POKY

npu 06poOi11i oBiTps B CKII 3 koHAEHCAIIIHHUM OCYIIEHHSIM MOBITPAL.

1 - 30BHIIIHE MOBITPS; 2 - ApOCENb-KianaH 3 npuBoaoM; 3 - puistp G4; 4 - dinbTp
M5; 5 — kamepa 3MminryBaHHS; 6 - TOBITPOOXOJIOXKYBay 3 OCYIIEHHSIM; 7 -
KaIuIeBJIOBIIOBaY; 8 — moBiTpoHarpiBay Ne2; 9 — mpurnimBHui BeHTUIATOp; 10 -
MPUILTUBHI NOBITponpoBoay; 11 - mpunuBHa pemiTka; 12 - npuMinieHHs; 13 -
BUTSKHA PEIIiTKa; 14 - BUTSKHI MOBITPONPOBOIH; 15 - ¢iaeTp F7; 16 - BeHTHIISATOD

BUTSDKKA; 17 - BUKU]T IOBITPS HA 30BHI;
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EnemMmeHT cucrtewmu

MexaHiuHa CKJ1aJ10Ba —TepmiuHa ckiagoBa

—BouoricHa ckiiagoBa —IloBHa ekcepris MOTOKY MOBITPs

Puc. 4.16 Jliarpama CKkJaJI0BHX €KCEPTETUYHHUX MOTOKIB JJISI TETIJIOTO TIEPIOy POKY

npu 06poO1i noBiTps B CKII 3 MeMOpaHHUM OCYIIEHHSM MOBITPS.

1 - 30BHILIHE MOBITPS; 2 - ApOCENb-KianaH 3 npuBoaoM; 3 - punstp G4; 4 - dinbTp
M5; 5 - noBiTponarpiBau Nel; 6 - MOBITPOOXOJIOKYBAY 3 OCYIICHHSM; 7 -
KaIJIeBJIOBIIOBAY; 8 — MEMOpaHHHUM MOAYJb OCYIIECHHS HOBITPS; 9 — MPUTIIMBHUIMA
BeHTHIATOD; 10 - mpurukBHI oBiTporpoBoay; 11 - mpurumBHa penriTka; 12 -
npumimieHHs; 13 - BUTsbKHA peiniTka; 14 - BUTSDKHI TOBITpOnpoBoan; 15 - biTpTp

F7; 16 - BeHTUIIATOp BUTSDKKA; 17 - BUKHI TTOBITPS HA 30BHI;
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—=Hakonun4eHHs ekcepreTuuHoi Baprocti notoky nositps B CKII 3 koHaeHcauitHum

OCYILICHHSM TOBITPS
s HakonmU4yeHHs eKCepreTU4HO1 BapTocTi moToKy noBiTpst B CKII 3 MeMOpaHHUM OCYIICHHSIM

MOBITPS

Puc. 4.17 TlopiBHsiibHa rpadivHa 3aJI€KHICTh HAKOMTUYEHHS €KCEPreTUYHOI BAPTOCTI B
mpoiieci 00poOKHU MOBITPS B iICHYIOU1M Ta MoaepHizoBaHiil cxemax CKII ms
MpUMILIEHHS 30epiraHHs HaciHHSA rap0y3y. A — onHoOMiHINHA cxema icHyrouoi CKII 3
KOHJICHCAI[IMHUM OCYIIIEHHAM MOBTipsA; b - ogHOMiHINHA cxema 3anpononoBanoi CKII

3 MEMOpPaHHUM OCYILIEHHSM IMOBTIPS;

4.5 BuchHoBku 1o po3ainy 4

1. Ha mizncraBi mpoBeneHUX €KCHEPUMEHTAIBHUX JOCIHIKEHb OCYIICHHS MOBITPS
Ha MeMOpaHHINA YCTaHOBII, PO3POOJICHO METOJIUKY 1HXeHepHoro po3paxyHky CKII 3
CEeKIIIsIMH MeMOpaHHOTO oOcyIIeHHs TmoBIiTps. Pesymbratrom pospaxynky CKII €
3HAXOJKEHHSI TEOPETHYHO HEOOX1THOI IUIONIl MOBEPXHI MEeMOpaHH Ajisi 3/1HCHEHHS

MPOIIECY MEMOPAHHOTO OCYIIICHHS TTOBITPS.
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2. 3anponoHOBaHa METOJMKA 1HXKEHEPHOTO PO3PAaXyHKYy MEMOpPaHHOTO MOIYJTIO
ocymenHsa noBiTps ans CKII, Ha OCHOBI eKCHEpPUMEHTAIbHUX JAHUX 3 OCYIICHHS
NOBITps B JlabopaTopHiil yctaHoBIi. [IpencraBieHa MeToauKa OCHOBaHA Ha pPoOOOTI
KaCKaJIHUX CHUCTEeM JJisi 3a0e3MeueHHs] PO3/AUIEHHS! KOMIIOHEHTIB ra30BOi CyMIllli, 10
JO3BOJISIE 11 3aCTOCOBYBATH ISl PO3PAXYHKY MOJYJIIB MEMOPaHHOTO OCYIICHHS IS
iHmmx ananoriyaux CKII.

3. Po6oTa MoaynpHOT cekilii MeMOpaHHOTO OCYIICHHSI MOBITPS, SIK II€ MOKa3aHo Ha
KOHKPETHOMY TPHKJIaJl CXEMH CHUCTEMH KOHIUIIOHYBaHHS MOBITPS MPUMILIECHHS
30epiraHHs HACIHHA POJIMHU rapOy30BUX, MOKE OyTH pealli3oBaHa IUISIXOM BKIFOUCHHS
JIOJIAaTKOBOI CeKIii B ICHyr4y cuctemy. IIpm mpoMy 3acTtocyBaHHA MEMOPaHHOTO
ocymenHss mnoBiTps st CKII mpuminieHHss 30epiraHHs HaciHHS — rapOy3y
npoayKTUBHICTIO 39630 mM3/ron 103BOJIsiE B 5 pa3iB 3MEHIIMTH BUTPATU XOJIOAY Ha
OXOJIO/DKCHHSI Ta OCYIIEHHS TMOBITPS, B TMOPIBHSHHI 3 3aCTOCYBAaHHSM BHUKIIIOUHO
KOHJICHCA[IHOTO OCYIIEHHS MOBITPSI.

4. Ha ocHOBI y3araibHEHHS TEOPETHYHUX Ta E€KCIEPUMEHTAIBHUX JIaHUX HaMHU
3aMpONOHOBAaHA KOHCTPYKIIiSI MOYJIsSi MEMOpaHHOTO ocyiieHHs NoBIiTps. KoHcTpykitis
MeMOpPaHHOT0 MOJYJIBHOTO OCYIIyBaya, JO3BOJISIE€ IHTEIPYBATH ii B ICHYIOUY CHCTEMY
KOHJIUITIOHYBaHHS MOBITPS MPUMIIIIEHHS 30€piraHHs HACIHHSA POJUHU rapOy30BUX 0e3
MPOBEICHHS 3aMIHM OCHOBHOTI'O OOJaJHAHHS, IUIAXOM JOMOBHEHHS 1CHYHOYOi
YCTAaHOBKH KOHJMIIOHYBaHHS MOBITPSI KAHAJILHOIO CEKIIE0 MEMOPAHHOTO OCYILIEHHS.

5. 3actocyBanHa MemOpanHoro ocymenHs moBitps s CKII nmpumimeHHs
30epiranHs HaciHHS rapOy3y s icHyrouoi CKII go3Bossi€e 3MEHIIUTU €KCePreTUuHy
BapTICTh MpOILIECY MIATOTOBKM MPUILTMBHOIO MOBITpA B 7,4 pa3iB B MOPIBHSHHI 3
icaytouoro CKII 3 BUKIIOYHO KOHICHCAI[IWHUM OCYIICHHSM TOBITPS. 3HAYEHHS
exkcepreTuyHoi BaptocTi mis icHyro4doi CKII mis cexuii KOHAEHCAIIHOTO OCYIIEHHS
noBiTps ckiangae 0,37 rpu/1000kr, a mama CKII 3 3acTocyBaHHSM CeKIlii MEMOPaHHOTO

ocymeHHst oBiTpst 0,05 rpr/1000kT 06p06IFOBAHOTO TIOBITPSL.
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3AT'AJIbHI BUCHOBKH

1. Ha migcraBi aHamizy miTepaTypHHX JOKEpeNl BCTAHOBJICHO, IO HAWOUIbII
palioHaIbHUM € 130TepMIuyHUN MeMmOpaHHuiM cnoci6 ocymeHnHsa noBiTps B CKII
MPUMIIICHB I 30epiraHHsl HACIHHS POJIWHU TapOy30BUX, 3aBISKH TOMY, IO MPOIEC
CEJICKTHUBHOTO TEPEHOCY MapiB BOJOTH B MEMOpaHi MPOXOIUTH 130TEPMIYHO, IO HA
BIIMIHY BIJl acOPOIIIfHOTO Ta KOHACHCAIIIMHOTO MPOIIECIB HE MOTPeOy€e J10JaTKOBUX
BUTpAT €HEeprii Ha miAirpiB a00 Ha 0XOJIOKEHHS TOBITPSI.

2. Po3pobnieno ¢izuuny Mojelb MpoLecy 130TEePMIYHOTO OCYIICHHS MOBITPS Ta
BIIMOBIJHY [0 HEl MaTreMaTU4YHY MOJIeNIb y BUIIISIAL JAU(EPEHIIaATIbHOTO PIBHSHHSL.
PiBHSIHHS BpaxoBye (pi3MUHUNA €(PEKT MEePEeHOCY BOJOTH Yepe3 TOBIIMHY MEMOpaHHU B
3aJIEKHOCT1 Bij] Mepernajay MOBHOTO TUCKY Ha MeMOpaHl MpH pycl TOBITPSI B3JIOBXK
MOJIYJIIO.

3. Po3pob6rieno ta anpoOoBaHO METOJUKY MOTTMOJIEHOTO €KCEPreTUYHOTO aHaJl3y
NCUXpoMeTpuyHuXx TmporeciB cxeMuux pimens CKII, sika m03Bojsi€ BU3HAYUTH
JNECTPYKIl TEepMI4yHOi, XIMIYHOi ( BOJIOTICHOI KOHILIEHTpPALIAHOI ) Ta MEXaHIYHOI
CKJIQZIOBUX €KCEeprii BOJIOTOTrO MOBITPs, 3 rpadiyHUM 300paKCHHSIM Ha IMOTOKOBIH
€KCEepPreTHYHIN AiarpamMi 3MIHH €KCEepreTUYHMX MOTEHLIANIB BCI€I CUCTEMU Bl 3a00py
MOBITPS 10 BUKHUIY TIOBITPSI HA30BHI.

4, [TpoBeaeHo noriubIeHUI MOPIBHUTBHUIN €KCePreTHUHUNA aHalli3 TPhOX OCHOBHHUX
cxeMHUX pimeHb 00po6ku noBiTpst B CKII 3 DCM, DAM Ta 130TepMiYHUM OCYIIEHHSIM.
Haii6inpin 3nauenns EKKJ[ «uerro» ta «Opyrro» cmnocrepiratotbest minsa CKIT 3
KOMOIHOBaHMM MEMOpaHHHUM OCYIIEHHSIM MOBITpsA, 1 ckiaaarTs 2,36% Tta 1,22%
BigmoBigHO. AHanoriudi 3HadeHHsIMu EKKJI nns CKII 3 DCM BianmoBigHO CKJ1aIai0Th:
1,93 % Tta 0,65%; ns CKII 3 DAM noBitps cknagarotse: 1,17% ta 0,52%.

5. Po3pobieno Ta anpoOoBaHO METOAMKY EKCEPro€KOHOMIYHOTO aHami3y skKa
MOEJTHYE NECTPYKINIO exceprii moBitpsiHoro motoky B CKII 3 BapTicHUMEU BUTpaTaMu
€HEepProHOCIIB, SIKI XKUBJIATH cucTeMy. Pe3ynpTaTi nmpeAcTaBiieHl B BUIIISII TOTOKOBOI
JlarpaMy HaKOMMYEHHS NUTOMOI ekcepreTruHoi BaptocTi Ha 1000 kr moBiTps, npu

fioro 06poOI11l B CEKIISAX LIEHTPATILHOTO KOHAUIIIOHEepY. OTprMaH1 3HaYeHHS ISl CXEMHU
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DCM cknamarote 5,05 rpa/1000kr, mo B 2 pasu Oumbine HDK st cxemu DMM,
3HaueHHs ckiagae 2,35 rpu/1000kr, mist cxemu DAM cknagae 6,36 rpa/1000kr, mo B
2,7 pa3iB OubIIe HIXK 111 cxemu DMM.

6. Po3pobieHo Ta CKOHCTpyHOBaHO JIAOOPATOPHUI JOCHITHUN 3Pa30K MOIYIIO
130TEepMIYHOTO OCYIIICHHS TMOBITpsl MpoaykTuBHICTIO 400 M3/rog Ta mNpoOBEICHO
CKCTIICPUMEHTaIbHI  JOCIIDKCHHS  130TEPMIYHOTO  OCYIIEHHsS  TOBITpS  Ha
HamiBrnponukHiii [IBX wMemOpani. 3a pesyiapTaramMu €KCIEPUMEHTY OTPHUMAaHO
(GYHKITIOHAIBHY 3QJICKHICTh 3MIHM BOJOTOBMICTY TOBITps Ad, T/Kr Bij IMHUTOMOIO
3HAYEHHS TOBITPAHOIO HaBaHTAaXKeHHsS Ha nosepxHio [IBX memOpanu Lr, M%/(rox-m?)
Ipyu cTajoMy mepenaal TUCKy Ha memOpani AP = 250 Ila. Jlng yMOB eKCEpUMEHTY
3HaueHHa ckiano 89 wM3/(rog m2). Ilpu 1bOMYy 3MEHIICHHS BOJIOTOBMICTY
crioctepiranoch B mexax Ade(1,1...1,2) r/kr.

7. OTpumaHO PIBHSHHSA perpecii /Il BU3HAYEHHS KOe(IIEHTY MTPOHUKHOCTI MapiB
sonoru Q kr/(m?-I1a-rox) Bix moToky Bosoru G Kr/roj, mo NpoXoAuTh Kpi3k MeMOpany,
st yMoB xapaktepHux aiisg CKII mpumimenHs ais 30epiraHHs HaciHHS TrapOy3y.
OTpumaHH1 eKCIEPUMEHTANIBbHI JAHH1 I03BOJISIIOTH PO3PAXOBYBATH (paKTUUHE 3HAYCHHS
Koe(DILIEHTY TPOHUKHOCTI MEMOpaHHU.

8. Jlist mpumitieHHs 30epiranHs HaciHHS rapOy3y B ¢. ['oyioapku, BIHHUIIBKOT 00JI.
3anponoHoBaHa cxema pekoHcTpykilii CKII 3 i30TepMiyHIM MEMOpaHHUM OCYIIIEHHSIM
noBiTps. IlpeacraBineni pe3yibTaTd MOPIBHSUIBHOIO €KCEPrOEKOHOMIYHOTO aHaji3y
3aCTOCYBaHHS MEMOPAHHOTO OCYIIEHHS TMOBITPS s MojepHizamii icHyrouoi CKII
npuMminieHHs: 30epiraHHs HaciHHs rapOy3y. Ekceprernuyna BapTiCTh 00poOJE€HHs
noBiTps icHyrouoi CKII ckmamae 2,56 rpu/1000kr, mist 3ampornonoBanoi CKII 3
MeMOpaHHUM OCYIIECHHSM TOBITPSl BiAnoBinHe 3HadeHHs ckiamae 0,84 rpu/1000kr
MOBITPS, 1110 B TPU Pa3u MEHILE HI’K OCYIIEHHS 3 KOHJICHCAIIE€I0 BOJIOTH.

Q. Po3po6iieHo Ta mpencTaBieHO METONMKY iHxkeHepHoro pospaxyHky CKII 3
CEeKIIISIMU MEeMOPaHHOTO 130TEPMIYHOTO OCYIICHHSI TOBITPS, 3a SKOK BH3HAYAIOTH
HEOOX1JTHY KUIbKICTh BOJIOTH, sIKa Ma€e OyTH BUJIaJieHa 3 MOBITPS, mioly nosepxHi [IBX

Ta KUTbKICTh MEMOPaHHUX MOIYJIIB.
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A.  PO3PAXVYHKOBI JAHHI JIA ITOPIBHAHHA CKII 3 PI3BHUMUA

CIIOCOBAMU OBPOBKHU ITOBITPA
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Taomurs 0.1
Pozpaxynkosi ganni CKII 3 pisauM# ciocobamu OCyImIeHHs TOBITPS U1 PO3PaXyHKY
EKK/]
XapakTepHa TOUKa IpoLecy
Hapavierp ext | A B C in | wz I D | out
CKII 3 KOoHJIeHCaIMHUM OCYIIEHHSIM HOBITPS
Temneparypa, °C 28 |1218|-14| 13 | 14 | 16 | 17 - -
Enranenis, k[ x/kr 722657 | 7,3 | 22 23 | 251 | 26,1 - -
Binnocua Bonoricts, % 69 | 100 | 100 | 36 | 34 | 30 | 28 - -
Bonoroswmicrt, r/kr 1721172 35| 35| 35| 35| 35 - -
TeMneopaTypa TOUKH | , 18| - ) ) ) ] ] ] ]
pocu, °C
AJcopOLIMHUM OCYIIEHHSIM HOBITPS
Temmnepartypa, °C 28 624 | - 13 | 14 | 16 | 17 | 70 | 35,5
Enranenis, kx/kr 722|722 - 22 | 23 | 251261 80 | 80
BignocHa Bonoricts, % | 69 2 - 36 | 34 | 30 | 28 2 45
Bonoroswmicr, 1/kr 17,2 | 3,5 - 35135135 |35 |35 (17,2
TeMnej)aTypa TOUKH | ,, 18| - ] ] ] ) ) ) ]
pocu, °C
MeMOpaHHUM OCYIIEHHSM MOBITPS

Temneparypa, °C 28 (21864 | 13 | 14 | 16 | 17 | 40 | 33,2
Enranenis, kx/kr 722|657 | 22 | 22 | 23 |251|26,1|49,5|495
Binnocna Bonoricts, % | 69 | 100 | 100 | 36 | 34 | 30 | 28 7 19
BomorosmMict, r/kr 172117262 | 35| 35| 35| 35| 35| 6,2
Temneparypa TOYKU 918

pocu, °C
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b . [IUIAH EKCIIEPUMETAJIBHOI'O JOCJIIDKEHHA

Tabmus 0.2
Pe3ynbraty BUMIpIOBaHHS JOCIIAKYBAHOI BEIMYMHU
o KinpkicTb piBHIB (hakTOpa eKCIepUMEHTY (BUTpaTa
KinpkicTe :
R noBITPs M3/T0)

40 130 220 310 400
1 1,7 1,2 1,9 1,5 1,7
2 1,3 1,2 1,5 2,3 0,7
3 1,2 1,4 2,4 1,9 0,7
4 1,2 1,5 1,1 1,4 0,8

HynpoBa rinoresa cTBEpAXKYE, 1110 BILIUB BUTPATU MOBITPS, K (PaKTOpa EKCIIEPUMEHTY,
OJIHAaKOBH MpHU BC1X 3HAYEHHAX BUTPATH MOBITPSL.

AJbTepHAaTUBHA TINOTE3a CTBEPIXKY€E, IO BIUIMB BUTPATH MOBITPs, SK (Qakropa
€KCIIEPUMEHTY, JJI OJTHOTO 3 PiBHIB BIAPI3HAETHCA BIJ IHIIUX (€ 3HAYHUU BILIMB OJTHOTO

piBHs (paKTOpa HA PE3YJIHTATH EKCIIEPUMEHTY).

PesynbTartwu OAHOMPaAaKTOPHOT O A WcCn
3
25
x
-~ ? . .
- .
— 15 ° e S,
9 4 $
.
0,5
O T T T T T T T 1

0 50 100 150 200 250 300 350 400 450
Pi BeHb dha ¥/ woopgy ,

Puc. 0.1 Jlucniepcisg 3MiHA BOJIOTOBMICTY OOPOOIIOBAHOTO MOBITPS, BiJl HOTUPHOX PIBHIB

3HAY€Hb BUTPATH MOBITPS 110 IPOXOIUTH KPi3b CEKIIIF0 00POOKHU TOBITPS.
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3Bakarouu Ha Te, o F> F kxpuTnuHe, Hynp0Ba TinoTe3a BiAKUIAETHCS U TPUMMAETHCS
anprepHatuBHa rinore3a. Ha P 1 ©.1 rpadiyno npeacTaBieHi pe3ynbTaTd AUCIEPCii
3MiHH BOJIOTOBMICTY OOpOOIIOBAaHOTO MOBITPS, BiJl YOTUPHOX PiBHIB 3HAUYCHH BUTPATH
MOBITPSA 10 MMPOXOAUTH KPI13b CEKI[it0 00poOKH MOBITps. 3 rpadika YiTKO BUAHO OLIBII

BaroMHil BIUTMB OJIHOTO MiBHS (paKTOpa HA PE3YJIbTATH EKCIIEPUMEHTY.
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B . PE3VIJIbTATU EKCIIEPUMEHTAJIbHUX JOCJIJI’)KEHb

ExcniepuMeHTabHI BEJTMYMHU 3MiHH BOJIOTOBMICTY OOpPOOJIFOBAHOTO TIOTOKY IOBITPS B
3aNIeKHOCTI BiJ] HAIBHOTO TIepenaay TUCKY Ha MeMmOpani B 250 Ila Ta mutorni noBepxHi

MeMOpanu 2,55 m?

Taomurg 0.3
L=40 m®*rom; V=0,1 m/c;

0 L/F A
N / ’ tl, °C CDl, % dl, F/KF tz, °C q)z, % dz, F/KF d’

o/ | M3/roa*m? /KT

1 15,6863 20,3 86 13,4 20,5 74 11,7 1,7

2 15,6863 20 89 13,6 20,2 78 12,1 1,5

3 15,6863 19,1 97 141 19,5 87 12,9 1,2

4 15,6863 19 99 14,3 19,4 89 131 1,2

Taomuus 0.4
L=130 m*/rox; V=0,1 m/c;

L/F,
No m/m | M3/rop* | t1,°C | @1, % | dy, r/kr | tp, °C | Dy, % | do, T/KT

M2

Ad,
/KT

1 |90.9804 | 174 89 116 | 189 73 10.4 1,2

2 509804 | 454 94 112 | 175 77 10 1,2

3 [90,9804 | 163 96 116 | 17.8 77 10,2 14

4 909804 | 155 99 12,1 18 79 106 | 15
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Taomums 0.5
L=220 m*/rox; V=0,1 m/c;
NQ L/F’ 2 t1, OC CDl, % dl, F/KF tz, OC CDz, 0/0 dz, F/KF Ad’
/u | M3/rog*m /KT
1 86,2745 15,3 94 10,7 15,5 84 9,9 0,8
2 86,2745 15,8 89 10,4 16,5 72 8,8 1,6
3 86,2745 16 91 10,8 16,7 73 8,9 1,9
4 86,2745 15,6 90 10,4 16,7 73 8,9 1,5
Tab6mums 0.6
L=310 m*/rox; V=0,1 m/c;
el LR e | on% | dyrir | t,°C | @0 % | dyoier | 20
/o | m3/rog*m r/Xr
1 121,568 18,3 99 13,6 18,2 83 11,3 2,3
2 121,568 18,3 99 13,7 18,3 86 11,8 1,9
3 121,568 18,5 99 13,8 18,5 88 12,3 1,5
4 121,568 19,8 99 15 19,3 86 12,6 2,4




Tabmumsa 0.7
L=400 m*/rox; V=0,1 m/c;
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11\/?[ M3/I;(/)Z'*M2 t,°C | @1, % |dy, r/kr | t,°C | @y, % | do, /KT | Ad, T/KT
1 156,862 17,4 99 13,3 17,7 85 11,6 1,7

2 156,862 17,1 92 12,1 17,8 80 11 1,1

3 156,862 17,3 97 12,9 18,1 85 11,9 1

4 156,862 18,3 98 13,9 18,9 89 13,1 0,8




[ . AKTHU BITPOBAJIDKEHHA

TOB "TEPPACLI" axpeca. 04210, m. Kuis, npocn. Tepoie Craxinrpaaa 6, kopm. 9

AKT BnipoBageHHS pe3yabTaTiB AucepTALiHOro JoCaiDKeHHS
€saoxumenxa FOpis Mukoaaiiosaua ua Temy: «Eneproomaana cucrema
KOH/IHLIOHYBAHHS NOBITPS 3 HANIBNPOHHKHOIO MeMOPaHOoI0 11 NPAMilleHb

30epiranns HaciHng poauan rap6y3oBux»

JlaHui aKT miaTeepmKye axT BOpOBaIKEeHHS pe3yJbTaTiB mJucepTaliiHOro
mocaxkenns €prokuMenka Opis MukonaiioBHua Ha TeMy: «EHeproomanua
CUCTEM2 KOHUIIOHYBAHHA NOBITPS 3 HAIIBHPOHHKHOW MeMOpaHoO  mjis
NpHAMIlieHb 36epiralHs HACIHHA POAHHH TapGy30BHX» IpH po3poblii npoekTHOT Ta
poboyoi joxyMeHTauil npoekTy TeXHIUHOro NIEPEOCHAMEHH ICHYROY0T CHCTeM
KOHIWLIOHYBAHHA TIOBITPS, 3 3aCTOCYBAHHAM MOALYIIO MEMOPaHHOTO OCYIIEHHS

HOBITpPS.

Hupemop
TOB «TEPP X

sy
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