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OXOJIO)KEHHA AB3 3 METOIO INIIJIBUINEHHSA II EPEKTUBHOCTI
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MODELING, DESIGN AND TESTING TO INCREASE THE EFFICIENCY OF THE
HELICOPER INTERNAL COMBUSTION ENGINE COOLING SYSTEM

PhD (Tech.) V. Cherednikov, PhD (Tech.) O. Cherednikova

Anomauin. Y cmammi nagedeno nocniooguicme 3D-moOent08anHs, KOHCMPYIOBAHHI MA
8UNpoOOBYBAHHA cucmemu 0xo0100%ceHns /[B3 cenikonmepa 3 memolo po3uiupeHHs Medxic U020
3acmocysanna Ha Kpainu 3 mponiunum xuimamom. OCHOBHUM 3A80AHHAM NpU YbOMY OVI0
niosuweHHs eghekmusrnocmi cucmemu 0xo100xcenHs /[B3 3a paxynox 30inbuents meniogioge0eHHs
8i0 Hb020. KoncmpykmusHo ye 30ilCHI08a10Ch 30i1bUEHHAM NOGIMPAHO20 NOMOKY Yepe3 padiamop
OLIbLUW NOMYHCHUMU BEHMUNAMOPAMU 3 eheKMUBHUMU JIONAMAMU MA 3ACMOCYBAHHAM padiamopa 3
niosuujenoro mennogiooauero. Buxoosauu 3 0ocmynHocmi KOMNOHEHMIE CUCTEMU OXOJI0O0NCEHHS HA
CYYacHOMY pUHKY OV10 3anponoHo8aHo 08a 6apiaHmu ii KOHCMPYKMUBHO20 piuleHHs. 3a
pe3yibmamamt MOOen08AHHs | KOHCMPYIOB8AHHS OYU Npoedeti eunpobyeanHs 060x apianmis 0
BU3HAYEHHA HAUOINbW egheKmuUsHo20 3 HUX. ¥V nodanbuiomy niaHy8anocs npogecmu UNPOOYEaAHHs.
eenikonmepa 3 HOBOI CUCMEMOIO OXON00NCEHHS 8 YMOBAX MPONTUHO20 KAIMAMY.

Knwuoei cnoea: cucmema 0xon00xcennsi, 08ucyH, 3D-modenv, 3D-mooentoamnns,
BEHMUNAMOP, padiamop, 2elikonmep.

Abstract. During the operation of the helicopter in tropical climate (African countries) showed
that the water cooling system of the helicopter engine was worked inefficiently in the hover mode or at
high outdoor temperatures. Inefficiency is a limitation of hovering time or time of horizontal flight. As
a result, the flight had to be interrupted due to heating of the engine to a critical temperature. In order
to safely operate the helicopter in conditions of heightened air temperatures, it was necessary to
upgrade the engine cooling system.

In the article, the sequence of 3D modeling, design and testing of the cooling system of the
internal combustion engine (ICE) of a helicopter is presented with the aim of increasing the limits of
its application in countries with a tropical climate. The main purpose was obtaining more efficient
cooling system of the ICE by increasing in heat removal from it. It was done constructively by
increasing the air flow through the radiator by more powerful fans with efficient blades and by using
of a radiator with high heat transfer. Based on the availability of cooling system components in the
modern market, two variants of its design solution were proposed.

The creation of a new cooling system went in two stages: a preliminary design and a prototype
(working design) for two design options: the first cooling system with TEMIC fans and the second
cooling system with SPAL fans. At the first stage, the possibility of installing these systems on a
helicopter was determined, and in the second stage, detailed 3D modeling was created to make
working drawings.
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After the production of variants of the new cooling system and their installation on
helicoptersio. The next step the testing were consisted of 3 stages. verification of the efficiency and
effectiveness of the variants of the new cooling system, determination of the maximum cooling
capacity of variants of the new cooling system; checking the efficiency and functionality of the

automatic engine temperature control unit.

The most effective of both options was found by the results of their modeling, design and testing.
Subsequently, it version of the cooling system was applied to the helicopter. That allowed increasing
the upper limit of operating temperatures to plus 45 °C.

Keywords: cooling system, engine, 3D model, fan, radiator, helicopter.

Beryn. JlocBinm ekcrimyaramii Temikomn-
TepiB 3 JIB3 mokasas, 1110 B yMOBax BHCOKHX
TEMIIEpaTyp HAaBKOJHWIIHHOTO  CEpEeIOBHIIA
TPOMIYHOTO  KJIMATy CHCTeMa  BOJSIHOTO
OXOJIO/DKEHHSI BUTYHA MPAIfO€ HEIOCTATHBO
edexTuBHO. Lle BUABIISIIOCS B 0OMEXXEHH] Yacy
BUCIHHS 200 TOPU30HTAIBHOTO MOJIBOTY, MICIIA
4oro 1iX JOBOJWJIOCS TepepuBaTH dYepes
HarpiBaHHd  JBUTYHA 7O  MaKCHMAaJbHO
JIOMTYCTUMOI TEMIIEPATYPH.

AHai3 OCTaHHIX HOC/iIXKeHb | my0Ji-
Kamii. Y cydacHWX HAyKOBHUX JIOCIIIKEHHSIX
NPUIUIAETBCS 3HAYHA YyBara JIOCIiIKEHHIO,
MOJIETIIOBAHHIO Ta KOHCTPYIOBAaHHIO JIBUTYHIB,
SAKi TIPAlIOIOTh Ha KOMOIHOBAaHUX BHJIAX
najauBa, 0COOJMBO TIOpUIHUM ABUTYHaM [14—
16]. Tennomnepenady BCepenvHi IMWIHIPIB Ta
Kpi3p Horo crinku s JIB3  (nBuryHiB
BHYTPIIIHBOTO  3TOPaHHSA)  JOCIIIKYBaJH
aBropu AGpamuyk @. 1., I'yrapeBuu 0. @.,
Tumuenxo I 1., Hikimayk C. B., I'amgyk I1. M.
[7, 8], [1-6]. 3acobamMm  MoOIEIBHUX
pO3paxyHKiB BU3HaUaiu Terionepeaayy B3y
npausix [9, 10]. BusHaueHHIO €HEPreTUYHOL
€(EeKTUBHOCTI JBUTYHIB MPHUCBITUIN CBOI
HaykoBi podotu ["amyk I1. M., Hikimayk C. B.
[11]. Hanpsam  BIIMBY  €HEPreTMYHOI
€(heKTHUBHOCTI JBUTYHIB Ha €KOJIOT1YH1 aCTIEKTH
iX po6OTH BUCBITIIEHO B cTaTTsx [12, 13].

Bu3zHaueHHsi MeTm Ta 3aBJaHHS
aocaigKeHHss. MeToo JochipkeHHs  OyIo
BHUPIIIEHHS npobaemMu HEJIOCTaTHHOTO
oxonompkeHHs JIB3 remikonrTepa mpu #oro
eKCIuTyaTallii B TPOIYHOMY KJIiMaTi.

OCHOBHMMH 3aBIaHHSIMHU JOCTIIKEHHS
Oymu: 3D-monenmtoBaHHS 1 KOHCTPYIOBaHHS
JIBOX BapiaHTIB HOBOI CHCTEMH OXOJOKCHHS
(mam — CO), iX BUTOTOBJICHHS 1 TIepeBipKa

€(hEeKTUBHOCTI B yMOBaX Ha3eMHHUX 1 JIbOTHUX
BHUMPOOYBaHb HA BCIX peKUMAaX.

OCHOBHA YaCTHHA IOCJTiIKEHHA. Y
BUITQJIKaX, KOJIM HEOOX1THO 3MIHUTH ICHYIOUY
koHcTpykuito CO JIB3 migm HOBI yMOBHU

eKCIUTyaTallii, MA 3a3BH4ail BAKOPHCTOBYEMO
Cy4acHi METOAU TPUBUMIPHOTO MOEITIOBAHHS
Ta  KOHCTPYIOBaHHs, aji¢  IepeBipseEMO
e(EeKTUBHICTD MPUUHATUX PillIEHb HIIIXOM
MIPOBE/ICHHS EKCIIEPUMEHTAITBHUX JTOCIIIKCHb.
Icaytoua CO, mo cepiiiHO BCTaHOBIIO-
€ThCS Ha remikonTep (puc. 1), ckiIamaeTbes 3
BeHTIIIATOPIB 2123-1308008 dipmu BAJIEE-95
(Pocist) 1 airoMiHIEBO-TNTACTUKOBOTO pajiiaTopa
NISSENS 62727A (anis).
AHaJi3 KOHCTPYKIli Ta XapaKTEPHUCTHK
icayrouoi CO mokazaB, 1m0 30iTBIICHHS

MOTY)KHOCTI ~ BEHTWJIATOPIB ~ TPHU3BEAE [0
MiJBUIICHHS HABAHTAXCHHS HAa  CHCTEMY
EIIEKTPUYHOTO YKUBIICHHS reyikonTepa,

0c00JIMBO B MOMEHTH BMUKaHHS BEHTHJISTOPIB,
a ToMy Oylo  TPUUHATO  PIllICHHS
BUKOpUCTOBYBaTH y HOBiif CO BEHTHJIATOPH 3
OE3KOJIEKTOPHUMHU JIBUTYHaMU. Taki JABUTYHH
MalOTh IJIaBHE PO3KPYUYYBAHHS POTOpA, SIKE
KEPYEThCS OKPEMHUMH OJIOKAaMH yIIPaBIIiHHS,
0 TMOCHIOBHO NEPEMHUKAIOTh  IOJIOCU
cTatopa, a TOMYy y MOMEHTH BMHKaHHS iX
MyCKOBHH CTpyM JIopiBHIOE HYII0. L[5 mepeBara
TaKOX € 1 IX HEeJIOJIIKOM, Y TOMY BHUITAJIKy, KOJTH
BEHTUJISITOPH BUKOPUCTOBYIOThCS y CO, ToMy
110 MOBUIBHE PO3KPYYyBaHHS BEHTHJIATOPIB 110
HOMIHaJIBHUX 00€pTiB OyAe NPU3BOIUTU 10
Toro, 1o Temmeparypa JIB3 mim dac
pO3KpydyBaHHA 1ie Oynae IiABHIIYyBAaTUCS
nessikuii dac. llpomy Hemomiky HeEoOXiTHO
NPUIUIATH TIEBHY yBary i BpaxOBYBaTH IpU
MOJICITFOBaHHI MPOIIECIB OXOJIOKEHHS.
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Puc. 1. 3D-mozenb icayrouoi CO, 1110 cepiiiHO BCTAHOBIIOETHCS HA TEIIIKONTED:
1 — pamiatrop NISSENS 62727A; 2 — nudyzop; 3 — Bentunsarop 2123-1308008

AHani3 Cy4acHOTO PHUHKY IOKa3aB, IO
st moaepHizamii CO HalOLIBIT JOCTYITHUMH
Ta MEePCIEKTUBHUMHI KOMIIOHEHTaMHU Oy1yTh:

— pamiatop Nissens 60427;

—sentuiaropu pipm TEMIC, LUEFTER
a6o BOSCH 3 nosnauenasmu 3D 0959 453F,
3D 0959 453G, 3D 0959 453E a6o 3D 0959
453D, mo BCTAaHOBIIOIOTHCS Ha aBTOMOOLIb
WV  Phaeton. Ili BeHTWIATOpPU MAalOThH
MOBHICTIO aHAJIOTiYHYy Oy/IOBYy, a TOMY B
nojaneiiomy 6yaemo Hasusaru ix TEMIC;

— BernTwsitop SPAL VA116-ABL505P-
105A (nmami — SPAL).

Pamiatop 60427 (60427A)  dipmu
NISSENS, sikuil niuaHyBanocs 3acTOCyBaTH y
Bapiantax HoBoi CO, OyB TIOBHICTIO
MIOMIHIEBUM, Ha BIAMIHY BiJ  paHime
3actocoBaHoro pazgiatopa NISSENS 62727A.
Bin Takoxx mMae MeHIIy Bary, 30UIbIlIeHy Ha
27 % mmonry MOBEPXHI 0XOJIOKEHHS 1 BMIIILYE

OuIbIIIE 0XO0JIOJKYBATBHOT plauHHU.
[TopiBHSIIBHI XapaKTEPUCTHKHA 000X paaiaToOpiB
HaBejieHi B Ta0u. 1.

Jlo mepeBar 1  HEIOJIKIB
BEHTHJIATOPIB CIIiJ BITHECTH:

— BeHTIIIAITOpH TEMIC (puc. 2) manm
KOMITaKTHIITYy OyJOBY 32 BHCOTOIO, HAlpsSMOK
MOBITPSIHOTO TIOTOKY 30iraBcs 3 HaIMpsMKOM
notoky icHytouoi CO, ane OIOKM KepyBaHHS
IBUTYHAMH BEHTHJISITOPIB PO3TAIIOBYBAIUCS
OKpeMO 1 moTpedyBaJid 10IaTKOBOTO Miclid Ha
CO (puc. 4 1 6), mo pobmiIo ii BaKKOI 1 HE
TEXHOIOTIYHOIO;

—BeHTIisITop  SPAL  (puc. 3) wmaB
obepHennit g0 icHyrouoi CO HampsMOK
MOBITPSIHOTO  TIOTOKY, OLIbII  e()EeKTUBHMIA
npodine jomnated i BOYJOBaHI y IBUTYHH
Onoku kepyBaHHs. OOepHEHHH HAMPSIMOK
MOBITPSHOTO MOTOKY MPU3BOIUB JI0 TOTO, IO
OCHOBHY YaCTHHY BEHTHJISITOpA AOBOIUIIOCS

HOBHX
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po3mimryBatd  ycepeauHi audys3opa, 10
301BIIYBaIO HOro BHCOTY 1 BUCOTY Bciei CO
(puc. 51 7)1 yCKkIaaHIOBAJIO PO3MIIICHHS HOBO1
CO y Tomy camoMmy MicIii, ie iCHyrou4a.

Kpim Oioky KkepyBaHHS JBUTYHOM
BEHTHJIATOpA, Ui 3MIHM IIBUJAKOCTI HOTO
oOepTaHHs, HEOOXiTHO  BHUKOPHUCTOBYBATH
KEpOBaHUIl TreHepaTop, SKUH 3aleXKHO Bif
TEMIIEpaTypu  OXOJO/DKYBaJbHOI  PIAMHH
TeHepyE CUTHAJHM PI3HOI IINapyBaTocTi. 3a

BEJIMYMHOIO ILTAPYBAaTOCTI OJOK KepyBaHHS
JBUTYHOM BCTaHOBIIOE€ HEOOXITHY IIBHJKICTh
oro oOepranHs. [lopiBHsIIBHI — XapakTe-
PUCTUKM BEHTWIATOPIB HaBeleHI B Tabm. 2.
[Toganpma po3podka HoBoi CO Hmuia gBoma
eTamaMu — ECKI3HUM TPOeKT 1 JOCIiTHHMA
3pa3ok (poOoumii MPOEKT), IS JBOX BapiaHTIB
KOHCTPYKTUBHUX  pimenb — CO 3
BEHTHJIATOPaAMHU TEMIC i CO 3
BeHTUIsITOpamu SPAL.

Tabmnis 1

[TopiBHsanbHI xapakTepuctuku pagiaTopiB NISSENS P/ N 60427 (60427A) 1 62727A

NISSENS P/ N 60427A (60427) 62727A
Koncrpyxkuis pagiaropa
Bara, xr 7,50 8,99
Marepian AnromiHiii / AmoMiHii [Tnactuk / AmomiHii

I'aGaputHi po3mipu
(ToB)KMHA X BUCOTA X TOBIIMHA), MM

845 x 630 x 145

980 x 585x 119

Posmipu cepneunnka
(IOB’)KMHA X BUCOTA X TOBIIMHA), MM

725 x 480 x 40

426 x 669 x 40

O0’em, I

13,9 11,4

[Tnoma moBepXHi 0XOJIOKEHHS, M

1,4 1,1

1

2

Puc. 2. Bentunarop 3D 0959 453D (3D 0959 453E) dipmu TEMIC CO cepii 1-3.71.80:
1 — IBUTYH BEHTHJIATOpA; 2 — OJIOK KEpyBaHHS IBUTYHOM
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Puc. 3. Bentmisstop VA116-ABL505P-105A dipmu SPAL CO cepii 1-3.71.80

Puc. 4. Ecki3Huil mpoekT HOBOT CHCTEMH OXO0JIOKEeHHS 3 BeHTusiTopamu TEMIC

Puc. 5. Ecki3Huii mpoeKT HOBOT CUCTEMH OXOJIO/DKEHHS 3 BeHTWIsATOpamu SPAL
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Puc. 6. 3D-monens gocmigHoro 3paska HoBoi CO 3 Bentuwisitopamu TEMIC:
1 — pamiatrop NISSENS 60427; 2 — nudyzop; 3 — Beatmisitop TEMIC; 4 — 6510k kepyBaHHS
JIBUTYHOM BEHTHJIATOPA; 5 — OJIOK 3am001KHUKIB

Puc. 7. 3D-moznens mocmigHoro 3pazka HoBoi CO 3 BeHTHIISITOpaMu SPAL:
1 — pamiatrop NISSENS 60427; 2 — nudyzop; 3 — Bentunsatop SPAL

Ha nepmomy erami, 6a3yrounch Ha rada-
pUTHHX po3Mipax koMmoHeHTiB CO, Oynu po3-
pobieHi ecki3Hi npoektu HOBOi CO 3 BeHTH-
nstopamu TEMIC (puc. 2) i 3 BEHTUISTOpaMU
SPAL (mami — SPAL) (puc. 3) 1 BHU3HAYEHO
MOJKJTUBICTh YCTAaHOBJIEHHS IIMX CHCTEM Ha
TeIKOTTED.

BapianTtu HoBoi CO aBuryHa (nuB. puc. 4
1 5) KOHCTPYKTUBHO BHUKOHAHI 32 TIEI0 CaMOI0

cxemoro, 1o 1 icayroda CO, 1 CKIagaroThCs 3
MOBITPSHO-PIAMHHOTO pajiatopa 1 1 ABOX
BeHTHIIATOPIB 3. Ha pamiatop 1 Bcra”oBIIO-
€Tbcsl aUQY30p 2, HA SKUH MOHTYIOTHCS
BeHTHIIATOPH 3. (OCHOBHOIO  BIJMIHHICTIO
BapianTiB HoBoi CO Big ICHYIOYOi €
3aCTOCYBaHHsI OUTBIN MOTYXHUX BEHTUJISTOPIB
1 pagiaropa.
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Ha apyromy erami, mia yac AeTajabHOTO
3D-MonentoBaHHs JOCIITHUX 3pasKiB,
0COOIMBY yBary OyJio MpUAUICHO TepMeTH3allli
CTUKIB MK pajiatopoM i audyzopamu. s
IPOTO MDK HUMH [pOKJIajanacs Kiehka
repMeTU3ylo4ya CTpiuka, sKa JOJaTKOBO
(dikcyBamacs BiJ IepeMilieHb TU(y30poMm.

Ha rejikonTepi pearizoBaHa
JBOCTYTICHEBA CUCTEMA ITIITPUMKH HEOOX1HOT
TeMreparypu JBUTyHa. [l MigKITIOYCHHS
HoBoi CO 1o icHymdYoi cucteMu OyB
po3polsieHnit HOBUH OJOK aBTOMATHUYHOTO
peryJoBaHHSI TeMIEpaTypu ABUTYHaA (maimi —
BAPT/), sikuit kepyBaB MBUAKICTIO 00epTaHHS
BEHTHJIATOPIB, OCKIIBKH ICHYIOUA CHCTEMa
Oyma  po3paxoBaHa  Ha  3aCTOCYBaHHS
KoJieKTOopHUX NBHUTyHIB. 1yt HOBOi CO Takox
JI0OBEJIOCS nepeoOnagHaTu CIeKTPUIHY
CHUCTEMYy TejikonTepa uepe3 30UIbIIEeHHS
MOTY>KHOCTI BEHTWJIATOPIB. [[1s 3a0e3neueHHs
iX HOpMaJbHOI POOOTH ICHYIOUHH TEHEepaTop
Oysio 3aMiHEHO Ha OUTBII MOTY)XKHUH 3 Mak-
CUMaJIbHUM CTPYMOM HaBaHTakeHHs 130 A.

[Ticns BUrOTOBIIGHHS BapiaHTIB HOBOT
CO, iXx MOHTaXy Ha TeNIKOoNTepax Ta
nepepoOKH eNEeKTPUYHOT CHCTeMHU TepeHInIn
no ix BumpoOyBanb. Cami BUIIPOOYBaHHS
CKJIaJaJIuCs 3 TPHOX €TaIiB:

— 1-# eran. IlepeBipka mpare3naTHOCTI 1
eexTUBHOCTI BapiaHTiB HOBOT CO B Ha3eMHUX
BHUIPOOYBAHHSAX Y CKJIAJl TeIIKONTEPa;

— 2-ii etan. BuzHaueHHs MakCUMalbHOI
OXOJIO/DKYBAJIbHOI 3aTHOCTI BapiaHTiB HOBOI
CO;

— 3-i1 etan. IlepeBipka mpame3gaTHOCTI i
¢ynkuionansHocTi BAPT/I.

JI1st KO’)KHOTO 3 eTartiB OyJau po3poOIIeHi
BiJIMTOBIAHI IPOTPAMH JTOCTIIKEHb.

3a ymoBaMHM TMpOrpaM MEpIIUX JBOX
eTariB BUNPOOYBAaHHS MPOBOIMINCS Ha JBOX
reJkonTepax, mo oodmaaHani icHyrodoro CO i
onHuM 13 BapiantiB HOBoi CO. Ha nux eramax
BapianT HOBOi CO He Oynm obnamgnani BAPT/,
a TOMy Ha 000X TeNiKonTepax eleKTpuYHa
cucteMa Oyna mepepo0sieHa TaKUM YUHOM, III0
BMHUKAHHS 1 BHUMHKAHHS  BEHTHWJIATOPIB
BimOyBajgocsi  TIIBKM TpW  BMHKaHHI 1
BUMHUKAHHI JIPYrOro CTYIEHS OXOJOKCHHSI.
[Ipu 1bOMyY BEHTHIIATOPY BMUKAJIHCS HA IOBHY

NOTYXHICTh. llepmuii cTymiHb OXOJOIKEHHS
Ha 000X renikonTepax OyB HE 33 iTHHA.

Jlis  CHOBilIEHHS NP0  MOMEHTH
BMUKaHHS 1 BAMUKAaHHS BEeHTUWIATOPIB y KaOiHy
OyB BHBEIACHUN BIANOBITHUN  IHIAUKATOP.
BMukaHHsT BEHTWJIATOPIB BinOyBanocs TpU
85 °C, a Bumukanns — npu 80 "C. dDikcariro
JaHUX 3MIACHIOBANIM 332 TOKa3HUKAMH MOTOP-
tectepa S7000 1 Bizeokameporo.

Hns  BusHaueHHs edextuBHOCTI CO
BUKOPUCTOBYBAIMCS TaKi MOKAa3HUKH: 4ac, L0
MUHYB 3 MOMEHTY BMHKAHHS JKHUBICHHS
BEHTWISITOPIB 70 IOYAaTKY OXOJIOMKEHHS;
TPUBATICTh MEPIOAY OXOJOMKEHHS  IICIA

BUMHKAHHSI )KUBJICHHS] BEHTHUJISITOPIB; TIEP10T
UKy  BMUKAHHS-BUMUKAHHS  KUBIICHHS
BEHTHJIATOPIB a00 Tepioj MUKy HarpiBaHHS-
OXOJIOJDKEHHS;  TPUBAJICTh  HArpiBaHHS;
TPUBAIICTh  OXOJO/DKEHHS, MaKCHUMalbHUI
mepernaj; TeMmIepaTryp; CepelHs IIBUAKICTh
HarpiBaHHS, CEpeIHs IBHIAKICTh OXOJOJI-

KCHHSI; IIBUIKICTh OXOJIO/PKEHHS B CTAIIOMY
peXUMI; MiHIMaJIbHA IOCATHYTA TEMIIepaTypa.

Metonuka 1-ro eranmy BunpoOyBaHb
MoJiAraia B TOMY, 110 TPOTSATOM M'SITH ITUKIIB
HarpiBaHHA-0X OJIO/PKEHHS 3aMipsuTuCs
TPUBAJIICTh MUKITY 1 TeMIeparypa ABuryHa. Ha
MiJICTaBl OTPUMAHUX TaHUX TIPOBOJIUBCS aHAII3

eextuBHOCTI CO. J[01aTKOBO BUMIPIOBABCS

CTPyM, IO CIIOXHBABCS BEHTUJISATOPAMH, 3

METOI BHU3HAYCHHS iX €(EKTHBHOCTI 100
HABaHTAKCHHS.

OcHoBHa BIJIMIHHICTb METOIUKHU
BUNIPOOYBaHb 2-r0 eTamy BiA 1-ro moisraia B
TOMYy, IO MICJIs T'SATH IMKJIIB HarpiBaHHS-
oxono/keHHs1 BeHTWwiIsiTopy CO mpUMycOBO
BMUKAJIMCS HA MIOBHY NMOTYXHICcTb. [Ipu bomy
[UKIIIYHE BMUKAHHSI-BUMHUKAHHS BEHTHIISTOPIB
NPUMMHSIIOCS 1 TeMIeparypa  JBHUIYHA
MoyYrHaia 0e3nepepBHO 3HIKYBATHUCS, TTOKU HE
3yNuHSIacs Ha TMEeBHOMY 3HA4yeHHi, M0
XapaKTepU3ye MaKCUMAIbHY OXOJIOKYBAaITbHY
s3martHicTh CO.

MeTtoauka 3-ro eramy Oyia aHAJIOTT9HOIO
0 METOJWK TEpIIUX JBOX €TaImiB, 3 TIEIO
pi3HHIICI0, 1O JOJATKOBO TepeBipsiiacs
nparne3natHictb BAPT/] 1 po6ota CO B 1imomy
3 UM OJIOKOM.
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Ha nepwomy emani 6yno BUnpoOyBaHO
BapianT HOBOi CO 3 Bentunaropamu TEMIC,
OCKIJTBKM HOTO 3MOHTYBaJM paHime. Hikue
HaBeJ/IeH] pe3yJIbTaTH BUIIPOOYBaHb 1-ro eramy
11X aHami3.

O0'exTamu BUIIPOOYBaHb Oynu:
remikonTep, obmamHanuii Bapiantom CO 3
BeHTHwisiTopamu  TEMIC, 1 remikonrep,

obnagHaHui icHyr04or0 cepiitHoro CO.

YMOBH MPOBEICHHS BUIIPOOYBAHb:

- TeMIeparypa HaBKOJHUIIHBOTO MOBITPS
—wminyc 1 °C;

- BigHocHa BosoricTs — 100 %.

Pesynpratu BUmpoOyBaHb 1-ro ertamy
BioOpaxkeHi Ha rpagikax 3MiHH TeMIIEpaTypH
neuryna giua  obox CO (puc. 8). s
JokiagHoro aHanmizy pob6otu HoBoi CO OyB
noOynoBaHuid  30UTbIIEHHH Tpadik 3MiHH
TEMIIEpaTypu JIBUTYHA, IO BiJOOpaXkae OJIuH
IIUKJI HarpiBaHHI-0Xo0J0keHHs (puc. 9). Ipo
BMuUKaHHS 1 BuMukanHg CO cuTHami3yBaiu
BI/IMOBI/IHI 1HIUKATOPH YEPBOHOTO KOJIBOPY,
0 TMO3HaueHi Ha puc. 8§ UYEPBOHUMHU
MYHKTUPHUMH JIiHIIMH. MOMEHTH BMHKAHHS 1
BUMHUKAHHS BEHTUJISITOPIB TAKOXX KOHTPOJIIO-
BaJIMCS T10 3aIMMCAHOMY BiJI€O.
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Puc. 8. IlopiBasHHS XapakTepucTrk icHyro4doi CO 3 BapianTom HOBOi CO 3 BeHTHissTopamu TEMIC
3a pe3ysbTaTaMu 1-ro erarmy BUITPOOYBaHb

Amnaniz rpadikiB (puc. 8 1 9) 1 Bimeo
nokasye, mo npu 85 “C BinOyBaocs BMUKAHHS
BEHTWJISITOPIB, TICIAS 4YOro TeMIeparypa
JIBUTYHA TIPOJIOBXKYBAJNa 3pOCTaTH 1 Jocsraia
makcumymy y 87 °C mns icayrouoi CO 191 °C
st Bapianta HOBOi CO 3 BEHTHIISITOpAMH
TEMIC. TIlo  1OCATHEHHI  MakCUMyMy
TeMIepaTypa IBUTYHA TIOYHHAJA TTaaTH 1 TIPU
nocsirieHHi 81 °C BEeHTUIIATOPY BiKITFOUATHCS.

[Ticnsa BIOKITIOYEHHST BEHTWIATOPIB IaIiHHSI
TEeMIepaTypy JBUTYHA TPHBAJO, B PE3YJIbTaTi
4oro MiHiMalmbHa TeMIepaTypa JIBUTYHa
sHmKkyBanacsa 10 79 °C mis icayrouoi CO 1 10
75 °C nns Bapianta HOBOi CO 3 BEeHTWIIATOpaMHU
TEMIC. ITo JIOCSITHEHH1 MIHIMYMY
TEeMIlepaTypa JBUTYHA TOYWHANA 3POCTaTH 1
UK HarpiBaHHS-0X OJIOJPKEHHS
MTOBTOPIOBABCS.
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Puc. 9. Anani3 uukiy HarpiBaHHA-0X0J0/pKeHHS Jutst icHytouoi CO 1 BapianTa HoBoi CO
3 BeHTuasiTopamu TEMIC

[TpoBeneHi BUIpoOyBaHHS TOKA3aJIH, 10
HoBa CO wmae Taki mepeBaru, MOPIBHSIHO i3
CepiitHOIO:

- 30UTBILICHUI TIEPi0/1 IUKITY HarpiBaHHS-
oxonoxeHHs (87 ¢ mpotu 67 ¢);

- 30inbpIIeHW Tepenax TeMmmepaTyp
(16 °C mpotu 8,5 °C);

- 30UIBIIEHA IIBUIKICTE OXOJIOKEHHS
(0,4 °C/c mpotu 0,2 °C/c);

- 3MEHILIEHA cepenHs HIBHJIKICTh
narpiBanus (0,30 °C/c mpotu 0,36 °C/c);

- 30iBIIIEHA 1HepUiHICTh npu
HarpiBaHHI-0XOJIOPKEHHI;

- 3HIDKEHHS HaBaHTAXCHHS Ha
eNEeKTPOCUCTEMY 332  paxyHOK  IUIaBHOTO

PO3KpYUyBaHHS BEHTHJISATOPIB.

36umpmiena  iHepmidHICTE HOBOT  CO
BUSIBISUIACS AK Yy 30UTBIIEHIM TpUBANOCTi
UKy HarpiBaHHI-OXOJIO/KEHHS, TakK 1 Yy
30UTBIIEHIM TPUBAJIOCTI Yacy, IPOTITOM SIKOTO
BiIOYBaOCsl OXOJIO/DKCHHSI JIBUTYHA ITICIIA
BUMKHEHHS BeHTHIsATOpiB. Y HOBiit CO et
iHTepBan gopiBHIOBaB 12 c; y cepiitnoi CO —

10 c. Ilpu upoMy MiHIMaNbHA JOCATHYTA
temneparypa s HoBoi CO  nmopiBHIOBaja
75 °C, a nna cepiinoi — 79 °C.

Jlo mepomnikiB HOBoi CO cimiji BiZHECTH
30UIBIICHUN TIepioJ dYacy MiK MOMEHTOM
0/1a4i )KUBJICHHS HA BEHTUISTOPH 1 MOMEHTOM
movatrky oxoJjomkeHHs (17 3 mpotu 6 ¢), 1o
3YMOBJICHUI 0COOJIMBOCTSIMH poboTtu
0E3KOJIEKTOPHUX JABUTYHIB BEHTHJIATOPIB. Tak,
TiCJIsA 1T0/1a4i HANPYTy Ha ABUT'YH BEHTUISITOPA,
crucTeMa KepyBaHHS JIBUTYHOM TIPOBOJUTH
CaMOTECTYBaHHS 1 MOIIYK KEPYIOUOro CUTHAIY,
MICJISE YOO TOYHMHAE TUTABHE PO3KPYIyBaHHS
BEHTHJIATOpPA.  3aTpUMKa MDK  I0Ja4yero
Hampyrd  HAa  JABWUTYH 1  TI0YaTKOM
PO3KpYyYyBaHHS  BEHTHJSTOpPa  CTaHOBHWJIA
om3pko 4,5  cekyHau. Po3kpydyBaHHSA
BEHTHJIITOPA J0 MaKCUMalbHUX 00epTiB
TpuBasio me 20 cexkyHna. Y TMIICYMKY IIe
OPU3BOJMIIO JO TOTO, IO BEHTHWIATOPU
MTOYMHAJIH OXOJIOJKYBATH JIBUT'YH TiTBKH Yepe3
17 cexkyHn micias MoOYaTKy Toja4di Ha HHUX
Hamnpyrd, 00 TPU3BOAMIO [0 3aKUIAHHS
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MakcHUMalbHOI TemnepaTtypu 10 91 °C, npotu
6 cexynn i 3akuaanns 10 87 °C B icayrouiit CO.

[ro mpobGiieMmy MOKHA BUPIIIUTH, SIKIIO
3acrocyBatu y CO BAPT/I. Ilpu nipomy 3HMKaE
3aTpUMKa MIXK TI0JIaY€l0 HAMPYTHd Ha JBUTYH 1
MOYaTKOM PO3KPYUyBaHHS BEHTUIATOPA, a 4ac
HOTO pO3KpYy4YyBaHHS 10 HEOOXITHUX 0OEpPTIB
3HAYHO 3HMKYETHCS.

AHani3  pe3yJbTarTiB
oKasas, 110:

- po6ora HOBOI CO Oyna HUKIIYHOO 1
CKIajganacsi 3 TMepioJiB  HarpiBaHHsS Ta
OXOJIO/IKEHHS;

- TPUBAJICTh IIUX TEPiOJiB BU3HAYAJIACS

BUIPOOYBaHb

TEeMIIepaTypaMi BMHKAaHHA 1 BHMHKaHHS
BEHTHJISITOPIB;

- TeMIlepaTypyu BMHKAaHHS 1 BUMHKaHHS
BEHTHJISAITOPIB BiJIMOBiIATTN Hanepen

BU3HAUYCHUM BEJIMYMHAM;

- HoBa CO edekTuBHImA 3a CepiliHY:
IBUTYH  OXOJIOJKYETBCS  INBUANIE, A
HarpiBaeThCsl MOBUIBHIIIE;, TPUBATICTH IHMKITY
HarpiBaHHS-0XOJIOKEHHS 1 TIepenaa TemMiepa-
Typ NpH 0X0JI0KeHHI y HOBii CO Oisnblire;

T,°C

- BHACJIIOK OCOOJHMBOCTEH KOHCTPYKIIiT
JBUTYHIB BEHTHJIATOPIB 1 00paHOTro BapiaHTa ix
MIIKIIOYEHHS 70  eJIEKTPUYHOI  Mepexi
resikonrTepa, npu po6oti HoBoi CO BUHUKAIOTH
3aKHIU TEeMIepaTyp, SKi MOXXHAa YCYHYTH 3a
nonomoroto BAPT/I.

Ha opyeomy emani BunpoOyBaHHSA
TIPOBOIMIIHCS OJTHOYACHO Ha TIBOX
rekonTepax, mo Oynu obiagHaHI BapiaHTOM
HoBoi CO 3 Bentwmaropamu TEMIC i
icayrouoro CO. Bumoru 1o obGnagHaHHs, HOTO
CKJIay 1 MiIKIIOYEeHHsI OyJIu TaKUMU CAMUMH,
SIK 1 Ha TIOTIEPETHHOMY €TalTi.

YMOBHU IpOBEIEHHS BUTIPOOYBaHb:

- TeMIepaTypa HaBKOJMUIIHBOTO TOBITPS
—minyc 2 °C;

- BigHocHa BoJjoricTs — 70 %.

Pesyneratn BunpoOyBaHb 2-TO eTarmy
BiI0OpakeH1 Ha rpadikax 3MiHH TeMIEPaTypH
nsuryHa st 06ox CO (puc. 10). Ak i panime,
po BMUKaHHS 1 BUMHKaHHs CO cUTHaNII3yBaJIHA
BIIMOBIAHI  1HAMKATOPH, a TeMIeparypa
IBUTYHIB BU3HAyajacs 3a IOKa3HUKaMHU
Motop-Tectepa S7000 i3 3amucaHoro Bifieo.
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Puc. 10. IopiBHsHHEA XapakTepucTuk icHytouoi CO 3 Bapiantom HOBOi CO 3 BEHTHISTOpaMHU
TEMIC Ha 2-my etari BUIIpOOyBaHb
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Ha rpadikax (puc. 10) Mmoxxaa moGauutu
SK [UKITYHY poOOTY BEHTHIISATOPIB, TaK 1 IXHIO
poOOTYy TpH MaKCHUMaJIbHIN TMOTYKHOCTI. 3
aHamizy rpadikiB BUIUIMBaeE, 1m0 icHytoya CO
npu i BMHKaHHI Ha MOBHY MOTY>KHICTh 3/1aTHA
oxonogutu nBUryH ao 70 °C, y Toi yac sk
BapianT HOBOi CO 3 BenTmissTOpamu TEMIC —
no 51,5 °C. Pizuuns temmeparyp y 18,5 °C
CBIIYUTH MPO 3HAYHO KPaILy OXOJOKYBAIEHY
3naTHicTh HOBOT CO. XapakTtep poboTH HOBOL
Ta icayrodoi CO mpu HIUKIIYHOMY BMHKaHHI
BEHTUJISITOPIB HE BIAPI3HSABCSA BiJl XapaKkTepy

podoru CO, mo OyB onucaHuii Ha
MOTIepeTHLOMY €Tarli BUIIPOOYBaHb.

Tpemiu eman eéunpodyeans MPOBOIUBCS
micng  po3poOku 1 MoHTaxy BAPT/I.
KepyBanns IIBUIKICTIO obOepTaHHs
BEHTHJISITOPIB TPYHTYBAJIOCS Ha alrOpUTMi
JBOCTYIIEHEBOI'O DPETYJIOBAHHS TEMIIEPATypH
JBUTYHA, IO paHillle BUKOPUCTOBYBABCA Ha

remikonTepi. I[lapamerpum perymroBaHHS i
BiAMOBiAHI M [IBUIKOCTI obepTaHHA
BEHTHJIATOPIB BKa3aHi y TabI. 3.

Taomums 3

[TapameTpu TBOCTYIIEHEBOTO PEryIIOBaHHS TeMIepaTypH JABUTYHA

CryriHb Temnepatypa Temnepatypa [IBuKicTh OOEpTaHHS
BMHUKaHHSA, °C BUMHKaHHS, °C BEHTHJIATOPA, % BiJ max
1 75 70 50
85 80 100

BunpoOyBanHst mpoBoawivcs Ayt 000X
BapianTiB HOBOI CO — 4K 3 BEHTWJIATOPAMH
TEMIC, Tak i 3 Bentunstopamu SPAL, mio
Oynu obmnagnani BAPT/I.

Jist mpoBeieHHS BUIIPOOYBaHb KOKHHM 3
remikonTepiB  OyB  oOnagHaHMii  JBOMa
IHIUKAaTOpaMHu, SKI  CHUTHAII3yBAIA  TIPO
BMHUKaHHS a00 BHUMHUKaHHS Tepuioro abo
JPYroro CTYMNEHIB OXOJo/keHHs. [Haukaropu
po3TaloByBajMcsT B KaOiHI  TemikomTepa.
3eeHnit  1HAWKATOp BIATOBIAAaB BMHKAHHIO
IIEpLIOro CTYIEHS, a YEPBOHUHN — apyroro. B
IHIIOMY BHMOTH Ta CKJaa OOJagHAHHS
3aIUIIANUCS TAaKUMHU CaMHMH, SK 1 Ha JBOX
MOTIEPE/IHIX eTarax.

YMOBH MPOBEICHHS BUIIPOOYBAHb:

1-t  genp (BumpoOyBanHa CO 3
BeHTIIIATOpamMu TEMIC):

- TeMIlepaTrypa HaBKOJHUIITHHOTO MOBITPS
—mmoc 17 °C;

- BiTHOCHA BoJjoTicTh — 20 %.

2-i1  ngenp (BumpoOyBanns CO 3
BeHTUIIsITOpamu SPAL):

- TeMIlepaTrypa HaBKOJUIIHBOTO MOBITPS
—mmoc 10 °C;

- BigHOCHA BOJIOTICTE — 85 %.

Pesynbratn BUmpoOyBaHb 3-ro eramy
HaBe/leHI Ha Tpadikax 3MIHH TEeMIIEpaTypH
nBUTYHa nis  BapiantiB  HoBoi CO 3
Bentwisitopamu TEMIC 1 SPAL (puc. 11).
AHaniz 1wux rpadikiB MOKa3zye, WO TMpH
BukopuctanHi BeHTWwIATOpiB TEMIC BOHH
UKJIIYHO BMHKAIOTHCI 1 BUMHUKAIOTBCI. Y
po06oTi o "ep3i 6epyTh yuacTh 0OUIBA CTYTICHI
OXOJIOJPKEHHS, OCKUIBKM OXOJIOJKEHHS TUIBKHU

MepIIuM CTyIIEHEM HEIOCTATHEO.
TemmepaTypu  BMHKaHHS 1  BHMHKAHHS
BEHTWJISITOPIB  BIANOBIJAIM  BCTAHOBJICHHUM

3HaueHHsAM. [Ipu BMUKaHHI IpPYroro CTyMeHs
OXOJIOJDKEHHSI TeMIepaTypa JABUIYHA IIBUAKO
3HUKYBaJIacs, 10 CB1TYMIIO MTPO 3HAUHUH 3amac
MOTYXHOCTI po3citoBarHst HOBoi CO. Cepenns
IIBUJIKICTh HarpiBaHHs OyJia Maike B TPU pa3u
HIDKYE CEepeAHbOI IIBHJIKOCTI OXOJOKEHHS
(0,07 °C/c mporu 0,2 °C/c). 3akumum 10
MaKCUMaJbHIl Temneparypi Oynu BiACYTHI, a
0 MiHIMaIBHINA — 3MeHImmancga 3 6 °C mo 2 °C.
Takox He Oyno 3aTpUMKHM TpH BMHKaHHI
BEHTHJIATOPIB.  MakcUManbHUA  TIepenaj
temneparyp He nepeumyBas /7 C.
Temneparypa ABUTyHA HE TiTHIMAJACS BUIIE
85 °C.
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Puc. 11. IlepeBipka mpaue3nataocTi i ¢pyHkuionansHocti BAPT/] anst BapiantiB HoBoi CO
3 BentmiaTopamu TEMIC i SPAL

Uepes MOTO/THI YMOBH, 10
chopMyBamcs Ha MOMEHT BunpoOyBanus CO
3 BeHTWwisiTopamu SPAL (Temneparypa moBitps
sam3minacs Ha 7 °C), pobora 1bOro BapiaHTa
BiApi3Hsiacs Bim poborn HoBoi CO 3
BeHTmwisiTopamu  TEMIC.  bByB  BiacyTHii
IUKTIYHAA XapakTep poOOTH BEHTHIISATOPIB:
micnsg  TOro, K TeMIeparypa JIBUTYHa
nepesumuiaa 75 °C, yBIMKHYBCSA TEPIIHA
CTYMiHb  OXOJO/KEHHS 1  BCTaHOBUJIACA
TEIUIOBAa pIBHOBara — TeMIIEpaTypa JABHUIYHA
3pocna Ha 2-3 °C i jgami He MiABUIIYBaTacs.
HeoOxinny TEeMITepaTypy JIBUTYHA
OiATPUMYBAB  TUIBKM — NEPIIUH  CTYMiHb
OXOJIO)KEHHA. Takuil pexuM BUTPUMAIU
MPOTSATOM 5 XBWJIHH, a MOTIM, JJIs1 BU3HAYCHHS
MaKCUMaJIbHOT OXOJIO/PKYBaJbHOI 37aTHOCTI
CO, npuMycoBO YBIMKHYIM BEHTHJIATOPH Ha
MOBHY TOTYXHIcTb. Yepes 6 XBWIMH
Temneparypa ABUryHa 3Hu3uiacs 1o 55 °C i
Jani He 3HIDKyBanaca. 3 OISy Ha Te, WLI0
BUNIPOOYBaHHS B PEXUMI MaKCHUMaJIbHOI
OXO0JIOJKYBaIbHOT 37aTHOCTI HOBOi CO 3
BeHTHIsITOopamu TEMIC npoBoaunucs npu

temneparypi Minyc 2 ‘C, mo Ha 12 °C Huxue
TENepiIHix BUIIPOOYBaHb, MO>KHa
MPUIYCTUTH, IO 32 OJHAKOBUX IOTOJIHUX
YMOB MiHIMaJlbHa TeMIIepaTypa IBUTYHA, B pa3i
Bukopuctandss CO 3 Bentwiaropamu SPAL
YBIMKHEHHMH Ha MOBHY MOTYXHICTb, 3HU3MIIA-
cs1 6 mo 43 °C. BiamoBiHO OXOJIOMKYBajbHA
3natHicTh CO 3 BeHTHIsITOpamMu SPAL Oinbina,
HDK  OXOJo[pKyBajbHa 3aaTHicTh CO 3
BeHTuisiTopamu TEMIC.

Ha puc. 12 BuKOHaHO TOpPIBHSIHHS
MaKCUMAaJIbHOI OXOJIOMKYBaJbHOI 3/1aTHOCTI
Bcix CO, posrmsHytux Bumie. s BapiaHTa
HoBoi CO 3 BenTmisiTopamu SPAL BukoHaHa
KOPEKI[is 3a TEeMIEpaTypord 30BHINIHBOTO
MOBITPS 1 JJOJJAHO BiMOBIAHMIA rpadik.

Huxniaamii xapaktep podotu HoBoi CO 3
BeHTwsiTopamu SPAL OyB y monaibiiomy
MiITBEP/UKEHUN JIhOTHUMH BHUIIPOOYBAaHHSIMH
npu OLTBII BHCOKHX TeMIiepaTypax
30BHINIHBOTO MOBITPsA. BiH HE BiApi3HABCA Bia
xapakrepy pobotu CO 3 BEHTWISITOpAMH
TEMIC.
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Puc. 12. ITopiBHAHHS MaKCUMaJIbLHO1 OXOJIO/HKYBAJIbHOI 31aTHOCTI BUipoOyBanux CO

Amnani3 po6otu BAPT/] noka3zas, m1o:

- BiH 3JIICHIOE PETYJIFOBAaHHS TEMIIEpaTy-
pU JBHTYyHA BIAMOBIAHO A0 pPO3pOOIEHOTO
ATOPUTMY;

-y pesynbrari 3acrocyBanHs BAPT/]
YCYHEHI BCi omucaHi BuIe Heol1iku HoBoi CO;

-CO

3

BEHTHJISITOPAMHU
edexruBHima 3a CO 3 Bentunstopamu TEMIC;
- BUKOHaHI BCl 3aBAaHHS 3 PO3pOOIECHHS
nociiaHoro 3paska HoBoi CO.
Pesynpratn BunpoOysanb ycix CO Oyno
3BeZICHO Y TabII. 4.

SPAL

Taomuus 4
[TopiBHSIHHS MOKa3HUKIB €PeKTUBHOCTI pizHUX CO
IcH. Hoga CO
Hapanerp CO TEMIC SPAL
1 2 3 4 5

1. Temnepatypa HABKOJIUIIHbOIO NOBiTPH, °C «2» | «2» «+17» «+10»
2. Oco0MBOCTI KOHCTPYKILIT 2-ract. BAPT/ | BAPT/
2.1. Yac, mo MUHYB 3 MOMEHTY T10/1a4i )KUBJICHHS HA
BEHTUJISITOPH J10 MOYATKy OXOJIOJKEHHS, C 6 17 — —
- 3aTpUMKa BMUKAaHHS BEHTUJISITOPIB, C 0 4,5 - -
- TPUBATICTHh PO3KPYIyBaHHS BEHTUISATOPIB, C 3 20 10* 7*
2.2. TpuBamicTh nepiogy OXOJIOJKEHHS TTICIIsl BUMKHEHHS 10 12 9 3
KUBJICHHSI BEHTUJISTOPIB, C
2.3. Ilepion IMKJTIB BMHKAHHS-BUMHKAHHS KUBJICHHS 67 34 135 w
BEHTUJISITOPIB, C
3. lluky HArpiBaHHSI-0XO0JIO/I>KEeHHS BiJl MiHIMAIbHOL
A0 MAKCUMAJILHOI TeMIlepaTypu

36ipunk HaykoBux npaub YRpAY3T, 2021, pun. 198

79




36ipHuK HayKOBUX Mpanb Y KPAaiHCHKOTI0 1eP:KaBHOT0 YHiBEPCUTETY 3aJi3HUYHOT0 TPAHCIIOPTY

[Tponosxenns tadn. 4

1 2 3 4 5
3.1. Ilepiox mukiy, ¢ 84 135 o
3.2. TpuBanicTh HarpiBaHHs, ¢ 28 44 98 o0
3.3. TpuBasicTh OXOJIOKEHHSI, C 39 40 37 o0
3.4. Makcumansnuii nepenad memnepamyp,°C 8,5 16 7 0
3.5. Cepenns mBuAKicTh HarpiBanus, °C/c 0,30 0,36 0,07 const
3.6. Cepeons weuoxicms oxonooxceuus, °C/c 0,22 0,4 0,2 0
3.7. Tpueanicmo 0X0100)4CEHHA 8 CINATIOMY PEHCUMI, C 19 22 18 o0
3.8. [lepeman Temnepatyp y ctaiomy pexkumi, °C 5,4 12 5 0
3.9. Il1suokicmo 0x0100xcennsn 8 cmanomy pexcumi, °C/c | 0,28 0,55 0,28 const
4. AOCONIIOTHI MOKA3HUKHN ePeKTUBHOCTI
4.1. MinimanpeHa 10ocsTHyTa TeMieparypa, °C 71 52 — 55 (43*%*)
4.2. Yac nocsarHeHHs MiHIMallbHOI TeMIIepaTypH, ¢ 150 180 — 360
5. Henpsimi noka3Hnku epeKTUBHOCTI
5.1. CtpyM, ClIOKHBaHUI BEHTHJIATOpAMU O€3
HaBaHTg)}I](eHHH, A P 44 74 74 82
fl ia(;lgg(l\g;l;ggfg]amnn BEHTHUJISITOPaMHU ITiJ1 44 74 74 32
5.3. EexTuBHICTh CHUCTEMHU OXOJIOKEHHS, %0 100 100 100 100
5.4. Hanpyra >KMBJICHHSI BEHTUJISITOPIB, B 13,2 12,8 12,8 14,2

* TpuBaiCTh PO3KPYTKH BEHTHJIITOPIB HA OJTHOMY CTYIIE€H1 OXOJIOIKEHHS.
** 3HaueHHs OTPUMAaHO NUISIXOM KOPEKIIii TeMIepaTypyu HaBKOJIHMIITHHOTO MOBITPSI.

BucHoBKH. AHai3 pe3yNbTaTiB IPOBEE-
HUX BHITPOOYBaHb MTOKA3aB, II10:

- po6ora HOoBoi CO Oyna IUKITIYHOIO i
CKJIajanacsi 3 TepioJliB  HarpiBaHHS Ta
OXOJIOIKCHHS,

- TPUBAIICTh IHMX TEPIOAIB BU3HAYAIIACS

TeMIlepaTypaMd BMHUKAHHS 1 BHMHKaHHSI
BEHTHJIATOPIB;

- TeMIepaTypyd BMUKAHHS 1 BUMHKaHHS
BEHTHJIATOPIB  BIJANOBIJAJIM  BCTAHOBJIEHUM
TeMIIepaTypam;

- HoBa CO edekTuBHIIA 32 ICHYHOUY:
ABUT'YH OXOJIOIKYETHCS IIBUANIC, a

HarpiBaeTbCsl MOBUIBHIIIE, TPUBATICTD IHKIY
HarpiBaHHSI-0XOJIOIYKEHHS 1 nepena
TeMIepaTyp NpH OXoJo/keHHI y HoBiii CO
OlJblIIE;

- HalOUTBIIY OXOJIO/DKYBAJIbHY 3/1aTHICTh
Mmae BapianT CO 3 BeHTHIIATOpaMu SPAL;

- BeHTWIsAITOpH CO  mpamooTh SK Y
IUKTIYHOMY pPEeXHMiI, Tak 1 B PeXHMI
MaKCUMaJIbHOI MOTYXHOCTI,;

- pospobsmena CO  ngBuryHa  Oyma
3aCTOCOBaHA Ha TENIKONTEpi, IO JI03BOJIUIO
MIJIBUIIATA BEPXHIO MEXY EKCIUTyaTalliiiHuX
temneparyp ao mitoc 45 °C.
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