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IHOOPMALIA

VY TtpaBxi 2003 p. Ha 3acigaHHi creriani-
30BaHOi BueHoi paan npu KuiBcbkoMy Hamio-
HaJbHOMY YHiBepcHTeri OymiBHHITBA i apxi-
tekTypn (KHYBA) BigbyBca myOniunuii 3a-
XHMCT AucepTalii Ha 3000yTTd HayKOBOTO CTY-
IeHs JOKTOpa TexHiyHuxX Hayk KopOyra Banu-
Ma IlaBmoBuua Ha TeMmy “Eneprosbepiraroui
TEXHOJIOTil CTBOPEHHS MOBITPAHO-TEIIOBHX
3 PEKUMIB TEIUIOBHUX €NEKTPOCTAHIIN".

B ocHOBY fuceprallii MOKJaJeHO KOHIIET-
Lil0 eHepro3bepiratoyuxX TEXHOJIOTiH CTBOPEHHS MOBITPSHO-TEILIOBOTO pe-
xuMy TEC 3 BukopucTaHHAM 6arato3oHanbHHX aepaliifHO-MexaHiYHHUX
CHCTeM OpraHisamii HoBiTPOOOMiHY Ta TEIUIOBHKOPHCTAHHA, IO po3pobiieHa
Ha 6a3i KOMIUIEKCy TEOPETHYHHMX 1 eKCHEepHMEHTANbHHX AOCTiIKEHb.
JocnimkeHo Ta BpaxoBaHO O0COGIHBOCTI (OpMyBaHHS Ta PO3BUTKY TEPMO-
rpaBiTauifiHNX (KOHBEKTHBHHX) MOTOKIiB B YMOBaX eJIeKTpOCTaHLiii. 3ampo-
TIOHOBaHi TeXHOJIOTIi BIIpoBamKeHi Ha paai kpynuux TEC Yxpainu Ta xpain
CHA.

Kop6yt Banum ITaBnoBuy Hapoauscs 10 rpyzus 1946 p. y M. Kuesi.
Jo 1971 p. npawosae B iHcTuTyTi “KHiBnpoekt”. Ilicnsa 3akiHuenHs Kuis-
CBEKOTO iKeHepHO-OyAiBeIbHOro iHCTHTYTY B 1971 p. BCTynMB RO acmipaH-
TYPH i NMiATOTYBaB KaHAMAATCHKY AWCEpTaLilo (KepiBHHK, JOKT. TeX. HaykK,
npodecop B. M. Jlo6aes). 3 1975 p. npamoe Ha kadenpi Temiorasonocra-
yanHs i BeHTHanii KHYBA. Bin omyGnikysaB monan 120 HaykoBHX cTaTeid,
HAYKOBO-METOIHYHHX pO3po6OK, MOHorpadiif Ta HaBYAILHHX MOCIOHHKIB,
Mae 35 aBTOpCHKHX CBimOLTB i MaTeHTiB Ha BUHaxoan. Y 1996 p. B. I1. Kop-
6yt HaropomxeHwui Bin3zHakow “BigMiHHHK ocBiTH Yxpaiuu”, a y 2002 poui
HOMy TIpHCBOEHO moYecHe 3BaHHA ‘‘3acayxeHuil OymiBenbHHK Ykpainu”.
Bin € nilicHuM wieHoM akajeMil GyNiBHHLTBA Y KpaiHH, TONOBOIO MPABIiHHSA
3AT “EneproMoHTaxxpeHTHIALIA". HaropomkeHn#t Takox 30/10TOI0 Meaan-
mo “3a gocArHeHHA B Haywi” Ta opaeHoM “Caruit Kuasp Bonogumup” IV
crynens (2002 p.).

3AT “EHeproMOHTaXBEHTHIMALIIA” Ma€ 3HAYHHHA NOCBiA HayKOBO-AOC-
TMiTIHHX Ta NPOEKTHO-KOHCTPYKTOPCHKHX poOiT, MAroTOBKH Ta NOCTaYaHHA
o0JyiaHaHHA, BeleHHs MOHTAXXHHUX i HalaroKyBaabHHX p061'r 3 BEHTHJALIT
Ta KOHOWLIOHYBaHHA MOBIiTpsi. BHKOHYIOTBCA HAYKOBO-ROCIHiZHI pobOTH 3
¢$bopMyBaHHS MOBITPAHOTO.i TEINIOBOTO PEXHMIB CHOPYZR Pi3HOro MpH3Ha-
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YeHHs, BAOCKOHAJIEHHA TEINIOOOMIHHOrO i MOoBiTpOpO3NOMiIILHOrO 0o6mana-
HaHHA Ta CHCTEM KOHAHLIOHYBaHHA NOBITPA.

Iporarom Harateox pokis B. I1. KopGyT € HaykoBUM KepiBHHKOM KOM-
TUIEKCHIX HAyKOBO-TEXHIYHMX IporpaM, Aki 3 1991 p. BHKOHYIOTbCA Yy Me-
®ax fepxkaBHOI mporpaMu “CTBOpeHHA cucTeM i OGNajHaHHA €KOJOTiYHO
Ge3nevyHHX eHEProTEXHONOTi9HMX KOMILUIEKCiB YKpaiHu” i TicHo moB’s3aHi 3
mwranamu  gepx6romxernoi tematukn KHYBA. OcHoBHiI Hanpsamu poGiT:
HaykoBe OOIDYHTYBaHHA Ta BIOCKOHANEHHA CHCTEM JOKanilauii mumoraso-
BUX i Temnosux wximmeocret TEC ta AEC, poapoOka disuko-MareMaTi-
HUX Mozenel HopMyBaHH# NOBITPSHOTO Ta TEIUIOBOTO PEXHAMIB y TeNJIOHa-
npyxeanx 06’emax Oyzisens pisHoro mpusnavenns. B. I1. Kop6ytom pos-
pobiieHo TeopeTH4Hi OCHOBH NPHPOAHOI TypOyneHTHOI KOHBekIil 6iyst Bep-
THKAIPHHMX TEIUIOBiAaBajbHHX NOBEPXOHb (MOHOrpadis), po3poGieHo Ta
IIHPOKO BITPOBA/UKEHO HOBi KOHCTPYKIIl BUTDKHUX aepanifiHuX OpHCTPOiB
npu GyaiBauursi ronopHux kopryciB TEC ta AEC i3 Ge3nixtapuuMm mo-
KPHUTTM, a TaKoX eHeproexonoroebekTHBHi TexHoorii ¢opMyBaHHA NOBIT-
pano-temoBnx pexnMiB TEC i obnagaanna s ix peanizamii.,
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o0 BEHTUNALIA TA KOHOAULIIFOBAHHA NOBITPA

VK 697.9:621,697:621 O. T. Bo3usxk, xano. mexu. Hayk, ooyenm
A. O. Kosanbuyk, acnipanm

HamionaneHHit yHiBepcHTET

“JIsBiBCHKA TIOJIITEXHIKA™

NOBITPOPO3NOAIN 3YCTPIYHAMU HECNIBBICHUMU
KPyrnnmu CTPYMUHAMMU

Huni icHye 3HayHa KiNbKiCTh PI3HOMAHITHMX KOHCTpYKUiif mOBiTpo-
PO3HOALTIOBAYIB Ta CX€M PO3/adi NPUTUIMBHOTO TOBITPA AK y BEPXHIO, TaK i B
poGouy 30Hy mpumimmens {1]. HaifGinsm parioHansHuM crnocoGoM NOBITpoO-
PO3NOALTY € mojaya MPHILIMBHOTO MOBIiTpA Oe3mocependbo B pobouy 30HY.
Ji1a soro BHKOPHCTOBYIOTECS NOBITPOPO3NONiNIoBadi 3 BHCOKOIO iHTEHCHB-
HiCTIO MOTacaHHs mapaMeTpiB (WBHAKOCTI V i TeMniepaTypH f) OPHILIHBHOTO
NOBiTps. XapaKTePHOI BJIACTHBICTIO TAKHX MPHILTHBHHX CTPYMHH € NiJBH-
meHa TypOyAeHTHICTh Y NOPIBHAHHI i3 APAMOTEHiIiHEMH CTPYMHHAMH.

OauuM i3 cioco6iB ninBHIIeHNs TYPOYIEHTHOCTI € BUKOPHCTaHHA B3a-
€MOJil 3yCTPiYHMX TPHIUTMBHHX CTPyMHH. MOXXHa PO3pi3HHTH B3a€MOJiI0
CIiBBICHHX 3YCTPIYHHX CTPYMHH, CTPYMHH COPAMOBAHHX MiZi KyTOM OJlHa JI0
ONHOI TA HECNIBBICHHX 3YCTPIYHHUX CTPYMHH.

IcHye paa nosiTpopo3noniMIoBaviB, Ne BUKOPHCTOBYETHCA €(eKT B3a-
€MOZii CHiBBICHMX Ta HECNiBBICHMX CTPYMHH. 3rigHo 3 [1] icHyioTs nosiTpo-
PO3NONLNIORAYL, O TPEACTABIAIOTE BAAIUTYBaHHA 3YCTPiYHHMX HOBITPOBH-
MYCKHUKIB BilaCHEe AK BapiaHT mepdopalii UM NaHeNBHHX MOBITPOPO3NO-
JTIOBAYiB, e TOBITPOBUITYCKHI OTBOPH posTamonaHi B KillbKa PAXKIiB.

V ni#t poGoti PO3rNANAETECH MOXTMBICTh JOCATHEHHA BHCOKOi iHTEH-
CHMBHOCTi TIOracaHHA NAPaMeTpiB MPH PO3aYi MPHILTHBHOTO NOBIiTPS HecIiB-
BICHMMH 3yCTPIYHMMH IPHIUIMBHHMH CTPYMHHAaMH, INO B3a€MOJIOTH MiXK
coBoro. Posrmanaerees ‘edekT B3aeMOil 3yCTpiYHHX HECTBBICHHX CTPYMHH,
010 BHTIKAIOTE 3 HACAKM NP BiACTaHi MK OCSAMH 3YCTPIiIHHX CTPYMHH IO~
Haz 0,5d, i BincTaHi Mk 3ycTpiyHHMH Hacagkamu Bix 12d, no 33d,. B pe-
3ynpTaTi B3a€EMOAIl CTPYMHH YTBOPIOETHCS Pe3yIBTYIOUHl MOBITPAHWHA MO-
TiK, AXKHH He310cepeAHE0 HAXXOAUTE Y poGouy 30Hy. OCHOBHA yBara B JaHil
poboti npunineHa caMe KOCHKEHHIO 3aN€KHOCTI XapaKTEPHCTHK Pe3yb-
TYIOHYOTO NIOTOKY Bifi YMOB B3a€MOJil CTPYMHH.
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Puc. 1. Cxema excieprMeHTaNBHOT YCTAHOBKH
I - penTHAniiHHit arperar; 2 — 3achiika; 3 — nopiTponposia a x b = 350 x 350 mm; 4 — npuIUEBH]
nuninaphudi Hacagkn d, = 50 MM Ta ix Homepu (1+6); 5 — OCHORA; 6 — KOHCTPYKTHBHA 9aCTHHA
nositpoposnoaimosaqa: 1-1; II-IL; III-IL, IV-IV, V-V — xapaxTepHi nepepiss ApMIUIMBHAX CTPYMMH;
h — BincTans K0 XapakTepHol MIOIIHHHA NOJIB MBHAKOCTER

BakIMBOI0 XapaKTEpPHUCTHKOI TAKOTO MOTOKY € PiBHOMIpHICTh IIBHA-
KocTi Horo pyxy mo Bciii puiomuHi, 3 AKoi BiH cpAMoBYyeThca y pobouy 30-
HY, IO XapaKTepu3yeTsca KoediuieHToM HepiBHOMIpHOCTI @: @ = V. [V,
ne V. 1a Vi, — BiANOBiAHO, cepenHs Ta MaKCUMalbHa IUBHAKICTE MOBITpPA B
XHBOMY IIepepi3i NOBITPOPO3NOAiMIOBaYa.

Mera nanoi po60oTH — BHBUMTH XapakTep PO3NOBCIOIKEHHA pe3yib-
TYIOYOTO NOBiTPAHOrO NMOTOKY, BH3HAYWTH Ta ONTHMi3yBatH KoedilieHT
HepiBHOMIPHOCTI MOTOKY ( /I8 Pi3HHX BHIIZAKIB B3a€EMOJAIT 3yCTpiUYHMX He-
CIHiBBiCHHUX CTPYMHH, a came: [IDH pi3HHX 3HaUYeHHAX CHiBBiTHOINEHHA Bix-
cTaHeH MiX OCAMM 3yCTpiuHMX CTpyMuH (/,), BigcTaHi Mix 3yCTpiYHHMH
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HacagkaMH (X;) Ta CMiBBiZHOILIEHHA BHTPAT MOBITPAHMX MOTOKIB, LIO B3a-
eMOAiiOTE (L;Ta Lyp).

ExcrniepuMeHTaNBHI AOCTIKEHHS NPOBOAMIMCE Ha YCTaHOBHLi, cxeMa
SIKOi npezcTaBneHa Ha puc. 1. EkcnepumenTanbHi nocimkenss 6yan mpose-
JeHi IpH TaKMX YMOBaX Ta CIIPOIIEHHIX:

- CTPYMHHH i30TepMiuHi;

- NPHIUTABHI HacaiK¥ — LMHAPHYHI NaTtpyOxu 3 xoediunienroM nora-

CaHHA MIBHAKOCTI m = 6,8;

XHiif miameTp He 3MiHIOBABCA i CTAHOBMB d, = 50 MM;

NiHifHUi po3Mip MOBITPONIPOBOAIB He 3MiHIOBaBCA i cTanoBye H= 1,5 M;
BiICTaHb MiX OCAMH Hacanok /, Gyna 3MiHHOIO i cTaHOBHIIA:

1,;=100 MM = 2d,; 1,,=150 MM = 3d,; I,3 =200 MM = 4d,;

- DOBXHHH CTPYMHH X);, 0 B3a€MOJIiI0Th, Oy/IH 3MiHHHMH i CTAHOBHIIH:
Xu=0,6 M=12d,; X;2=0,8M =16 dy; X;3=1,0 M=20d,;
Xu=12m=24d,

- CMiBBiAHOILEHHA BUTpAT nonirpsumx rorokie L=L,/ an, IO B33a€EMO-
INi0Th, 3MiHIOBANOCK i cTaHoBMIO: L, = 1,0; L2 =2,0; L3 3,0;

- NOYaTKOBA IUBMAKICTH MOBITPA B NPHIUIMBHHX HacalKaX 3HaXOAMNAcCs B
Mexax: V'=>5-15m/c.
3amipu WBHAKOCTI pyXy NOBITpa V 31ilCHIOBANHCS TEPMOENEKTPOaHe-

moMeTpoM TA-9 i3 BUKOPHCTaHHSM KOODAMHATHHKA i3 CiTKOIO TOYOK 5 X
% 5 cM y nepepizax: I-I; II-II; II-I1I; IV-IV; V-V, Jli14 npoBeAeHHA eKcne-
PHMMEHTaNbHHX AOCIiKeHb Oylla ckiafieHa MaTpULA [L1aHyBaHHA 4-dakKTop-
HOTO excriepuMeHTy 6e3 BpaxyBaHHA edeKkTy B3aemonil ¢akropis, T06TO 6Y-
10 NpHAHATO NiHiHY MaTeMaTHYHY Mojeas. B sxocri BximHwx ¢haxropis
6ysM NpHAHATI BENUIHHH:

- x; =1,/ d, — BiaHoCHa BifcTaHb MiX OCAMH NATpyOKiB;

- x= X,/ H - BigHoCcHa BificTaHk MiX NOBITPOTIPOBOAAMY;

- x3 = L,/ Ly, — CHiBBiAHOMIEHHS BUTPAT NOBITPAHHX MOTOKIB Y NOBITPO-
npoBozax; uei ¢akrop Gys BBeNeHHH A CTBOPEHHA IIyIbCALIHHOTO
pexumy BHXOIy MOBIiTPAHOTO TOTOKY i 3abe3meyeHHA THM CaMHM JHHA-
MiYHOTO Mmpoxmmary B NPHAMIIIEHH;

- x4="h/H - BirHOCHA KOOpIHHATA.

OyHKLi€0 BIAryKy (IapaMeTpOM ONTHMI3auil) CAyXHTh KoeillicHT He-
piBHOMIpHOCTI @ = V. / Viax, A€ V. Ta Viyuy — BIINOBIAHO, CepeaHa Ta MaK-
CHMallbHa WIBHIKIiCTB Pe3yJBTYIOYOTO NOTOKY MOBiTPS B pPO3PaxyHKOBil
TLIONHHI NIOBITPOPO3NOAiII0BaYa.

TaxuMm ynHOM, HEO6XiAHO BCTAHOBUTH QYHKIIIOHANBHY 3aI€XKHICTh
© = f(x1; x2; X33 x4).



Marpuns iianyBanlst 4-QpaKToOpHOro eKCriepHMenTy

N | i=x/X; | x;=h/H | x3=L,/Ly X3=Ly/ Ly [0}
1 - - - - 0,53
2 + - - - 0,77
3 - + - - 0,83
4 + + - - 0,87
5 - - + - 0,45
6 + - + - 0,70
7 - + + - 0,75
8 + + + - 0,80
9 - - - + 0,42

10 + - - + 0,67

11 - + - + 0,73

12 + n - + 0,78

13 - - + + 0,35

14 + - + + 0,60

15 - + + + 0,65

16 + + + + 0,70

OtpHMaHe piBHAHHA perpecii Mae BUIIIAN:

_ x h L, Iy
¢—66’19+7’M7n-+10’19ﬁ_3’6 L, * :1;-. 1)

Ha nincrasi ananisy koediuieHTiB perpecii KoHCTaTYyEMO:!

- CYTTEBHIi BIUIMB Ha MOBEAIHKY QYHKLII BiATyKy BHABIAIOTH (AaKTOPH Xz
(simHOCHAa nonepeuna koopawHata h/ H) Ta x; (BimHOCHA MO37OBXHA
KoopaHHaTa x / Xy), a daxTopH x; (cniBBigHOImIEHHs BUTPAT) Ta X4 (BiA-
HOCHa BiICTaHB MiXk OCSMH NATpy6KiB) — BILIMBAIOTH HE TaK iCTOTHO;

- gHceNbHe 30iNbIIeHHA NO30BKHBOI Ta MONepevH0l KOOPAHHAT Befie A0
3pocraHHs QYHKUIT BiATyKy, a 36inbnIeHHAA CHiBBiHOIIEHHA BATPAT Ta
BigHOCHOI BificTaHi MiXk ocaMH NaTpyOKiB — 0 il cnafaHHs;

OTxe, A4 NOCATHEHHA MiABHINEHHA KoedillicHTa HepiBHOMIpHOCTI pe-
3yNbTYI090TO MOTOKY (p HeoOXifHO 30LNBIMIMTH BiAcTaHi Bifl MOBITPOBHMYCK-
HHX HacafioK A0 IUIOIMHH po60doi 30HH, a BIACTaHb MK OCAMH NaTpyOKiB
Ta CNiBBiAHOMIEHHA BUTPAT — 3MEHILHTH.
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3a pesynpTaTaMH €KCIIEPUMEHTAIBHUX JOCHIIXEeHb CKIafieHa HOMOTIpa-
Ma — puc. 2. :
IIpencTaBnena HOMorpama anpoKCHMOBaHa 3aJeXHicTIO (2):

! L h hY x
=0,1-0,05--+0,52—0,04- = +0,05-| 1+4,5 2 +{ 10~6. = | X |.
=5 4 L, H ( H)X,, @

3riTHO 3 OTPUMAaHHMH €KCIIEPHMEHTAIFHHMH JAHUMH, ONTHMAILHUMH
NiHiIfHUMH CHIiBBiTHOMEHHAMH [NIi OTPUMAHHA NOCTATHHO BHCOKOTO CTyTIe-
HS DIBHOMipHOI IIBHAKOCTI BHXOXY pe3yJBTYIOYOro MOBIiTPAHOFO MOTOKY,
TOOTO MaKCHMAJIBHOTO 3Ha4YeHHsA O, € Taki: x / X; =0,5; h/H=0,15; L,/
Lop =1 (Ly = Lyp); I/ dy = 2. Ilpn upoMy €bEKTHBHICTE 3aCTOCYBAaHHA
3YCTPi4¥HHX HECHiBBICHUX KPYTIHX CTPYMHH Oy/e MaKCHMAIBHOIO.

Ha ocHOBi oTpUMaHHX pe3yNIBTaTiB KOHCTATy€EMO:

- BH3HAYEHO Ta ONMTHMi30BaHO kKoedillieHT HEpiBHOMIPHOCTI IOTOKY @ A
Pi3HHX BHNAAKiB B3a€MOJii 3yCTpiYHHX HECIHiBBiCHHX KPYTJIMX CTPYMMH,
a caMme: IIpHU Pi3HHX 3HAYCHHAX BiXHOCHUX BiacTaHei Bix MOBiTPOBHITYCK-
HHMX HaCalOoK J0 IIOH{MHN poGodoi 30Hu x/X,, Ta h/H, a TakoX BiAHOCHHX
BiCTaHeH Mix ocAMHM UWIiHApWYHMX narpyokiB (/, /d,) Ta cniBBimHO-
IICHHSA BHTPAT MOBiTPAHHX MOTOKIB, IO B3a€EMOZAIIOTE (L, Ta Lyp);
noOyI0oBaHO HOMOTpaMy Ta OTPMMAHO PO3PaXyHKOBi 3aJeXKHOCTi Ans
BH3HAYCHHA O;

BU3HAYEHO, LIO JUIA JOCATHEHHA MifABHMIIEHHA KoedillicHTa HepiBHOMIp-
HOCTi pe3yNbTyI040ro NOTOKy (¢ HeoOXiiHO 30inbImHUTH BiCTaRi BiA MO-
BiTPOBHITYCKHUX HacaJOK [0 IUIOIMHHH poGOYOl 30HH, a BiACTaHb MiX
ocsiMH aTpyOKiB Ta CHiBBiAHOIIEHHS BHTPAT HOBITPAHMX MOTOKIB, MO
B3aEMOIIOTH, — 3MEHLIHTH;

0OrpyHTOBaHO, IO e(EKTHUBHICTh 3aCTOCYBAHHS B3a€MOZAIl 3yCTPiMHHX
HECTIBBICHMX XPYTJIMX CTPYMHH B IOBIiTPOpO3NOiMIOBaYax AJs Mojgavi
NoBiTpA B pobody, a TAKOK Y BEPXHIO 30HY NIPHMIILEHHS, € BUCOKOI.

BuxopucTana JiTeparypa
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YK 629.113.06:628.83  I1. JL 3inuy, C. C. KykoBcbkuii, kanoudamu
MexXHIYHUX HaYK, doyeHmu

HY “JInBiBcbKa momiTexHika”,

O. B. Yepnoyc, acnipanm

KHVBA

AHANI3 AEPOOAUHAMIMHUX XAPAKTEPUCTUK
MICLIEEBUX BIOCMOKTYBAYIB

3MeHIlIeHHA BTPaT TUCKY B MiCLIEBHX OMOpaxX, 30KpeMa BCMOKTYBAafb-
HHUX BEHTHUIIALIMHUX NPUCTPOIB (BiACMOKTYBaYiB), € aKTyaIbHOKX) 3aauero.

VY 38’A3Ky 3 [[MM HaMH IIpOBeAEHi TOCTiIKeHHA KoedilieHTiB MicLeBuX
OmnopiB IMITIHAPUYHHX BiACMOKTyBadiB (pHC. 1) 3a i30TepMiUYHHX YMOB.
KoeginieHT Micuesoro onopy { Bu3HadaBcs 3a Metoqukoo 1. €. Inenpunka
[7,8]. Ilpn Bu3HauenHi { npuiiManocs po3pilkeHHs, IO BigNOBiae MaKCH-
ManbHOMY BHMIpAHOMY CTAaTHYHOMY THCKY 3 BpaxyBaHHAM HOTO 3MiHH Ha
- BXigHi#t yacTHHI maTpyOka Ha BiacTaHi 10 4dy Bil BCMOKTYBANBLHOIO OTBOPY.
Pe3ynbTaTH eKCIEpHMEHTANBHAX AOCHIUKEHE 3MiHH KoeQillieHTiB MicLieBo-
ro omopy { npH BTikaHHi HOBITPA y BiACMOKTYBaYi HaBeleHi Ha puc. 2 Ta 'y
Tabmuui. Beranosneso, Wo A1 3MEHIIEHHS 3HAY€Hb BeJIMYHMHH { TOIiTHHO
3GiIBLUIYBaTH TOBLIMHY CTiHKH MiCLeBHX BifcMOKTyBauiB (puc. 1, 2, Tab-
L), TOOTO 3MiHIOBATH YMOBH MiJTiKAHHSA BCMOKTYIOYOTO MOBIiTPA.

a
| L1 1 ' . [ ' ||} 1
N MR MR BANAE VNN D AR S S S S S

g

Puc. 1. CxeMa MicueBoro BiACMOKTyBa4a 3 [iaMeTpOM BCMOKTYBalbHOIo natpybka d,
Ta TOBILHHOIO CTiHKH §
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Koed. MicL{eBOro onopy

0,02 0,1 ) 0,4
b/do
Puc. 2. T'padik 3Minu Benmuuny koediuienra Micuesoro onopy { BigcMokTyBauis
utiHApHYHoi dopmu (puc. 2) npu b/d, < 0,5 ta a = 90:
1-8/d,=0,00;2-5/d,=0,01; 3 -8/ d, =0,02; 4 - 8/ d, = 0,03; 5 — &/ d, = 0,04; 6 — 8/d, = 0,05.

MaremaTuyHui aHaNi3 pe3ynbTaTiB AOCHiMKeHb, MPOBEACHUH Ha OC-
HOBi METOy HaliMeHIIMX KBazxpaTiB [5,6], 3BeneHuit y Tabmui.

Tabruys

MaremaTH4Hi 32J1€)KHOCTi 3MiHH BeJIHYHHH { BiacMoxkTyBauiB
uuainapuunoi gopmu (puc. 1)

Ne | Bun micuesoro | T'padiuna

n/m_} BiICMOKTyBaua | 3aIeXHiCThL DopmyH IlpumiTkn
2 3 4 5
§=0,61 +2,54(b/d,) - 3,54(b/d,)* | b/d, <0,5;
- ©
Pre 1. (Puo. 2. [0 054+ L8IGA) -2400d)t  |*70

£=10,5+ 1,03(b/d,) - 1,19(b/d,)?
£=0,5 + 0,42(b/d,) — 0,4(b/d,)?
£=0,5+ 0,12(b/d,) - 0,14(b/d.)?
£=0,5

| Wl B Wl | ==

Mpumitkn: d, — ;[iamerbJ natpy0Oka, M; b — 3MiHHa BificTaHb, M; 0 — KyT Haxuy Bil-
CMOKTYBaua, rpap.

AHani3 JaHWX HaBeJEHHX Ha pHC. 2 Ta B TaOJIMLli NOKa3aB: BIAIITYBaH-
HA HamiBoOMeEXXeHOro CTiKaHHA MiCLIeBOro BiICMOKTyBaya Maibke y ABidi
3MEHIIy€e 3HAYEHHA HOro MiCIeBUX ONOpiB MOPIBHAHO i3 BiICMOKTyBayeM 3
BiIIbHHUM CTiKaHHAM; 36ilplIeHHA TOBIUMHH CTIHKHM MICIEBOTO BiJCMOKTY-
Baua 3MEHIIye 3HaYeHHs HOro MICLEBHX ONOPiB, MOPIiBHAHO i3 BiJCMOKTY-
Ba4YeM 3 YMOBHO TOHKHMH CTiHKaMH.
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BucuoBku

BramTyBaHHA HamiBOOMEXEHOro CTiKaHHA MICHEBOTO BiJCMOKTyBada
Maibxe y nBidi 3MeHIIye 3HaueHHsA HOro MiCUEBHX OMOPIB MOPIBHAHO i3 Bilt-
CMOKTYBayeM 3 BiIbHHM CTiKaHHAM; 30iIbIIEHHS TOBIIUHH CTiHKH MicHe-
BOTO BiICMOKTYBaya 3MeHIIye 3Ha4YECHHA HOro MiCHEBHX OMOpiB, MOPIBHAHO
i3 BIICMOKTYBa4€M 3 YMOBHO TOHKHMH CTiHKaMH.

I'padiuni 32nexHOCTI (pHuC. 2) € NpUJATHI 1% HAONMKEHOTO BH3HAYEH-
Hi Koe(iillieHTIB MICLIEBOTO ONIOPY MiCLI€BUX BiICMOKTYBa4iB,

MaremaruyHi 3anexHOCT (TabNHI) € yHIBepCcaldbHi Ta MpHAATHI AJIA
HaONIKeHOTo PO3paxyHKy KoedillieHTIB MICLEBOTO ONOpY MICIEBWX Bil-
CMOKTYBa4iB. BHKODHCTaHHA WX 3alEXHOCTEH KO3BOMAE ONTHMI3yBaTH
MicHeBi BiACMOKTYBadi 32 KOHCTPYKTHBHHM BHUPilllCHHAM.

Buxopucrauna Jirepatypa

1. Tanues B. H. AsponmnaMuka BeHTHIAlMH. — M.: Crpoiinsnar,
1979. -295 c.

2. Topaosnuxos b. M., Tabaunux B. E., E¢penos E. M. [IpoexTHpoBaHHE
npoMeinuieHHo# BenTwpMK / CopaBounuk. — K.: Byaisensnuk, 1983. - 256 c.

3. bozocnosckuii B. H. n np. Orornenue u BenTHmamua. Y. 11: / Iog.
Pen. B. H. Borocnosckoro. — M.: Ctpoiiusnat, 1976. — 439 c.

4. Czernous A., Zukowski S. Wykorzystanie wywiewnikow mie-
Jscowych dla ochrony powietrza w pomieszczeniu. Politechnika Warszaw-
ska. XXI Sympozjum-AQUA 2000. Plock, 2000. — s.324...329.

5.Jlensnoe C.II. OmnpennneHHe napaMeTpOB HENWHENHHOM perpecHH
METOJOM HaMMEHBIUX KBAaApaToB. 3aBojickas naboparopua, 1967, Ne 1. —
14...17c.

6. JIvsoacxuii E. H. CTaTHCTHYECKME METOABI TIOCTPOEHHSA 3MIMpHYe-
ckux popMmyn. — Beicas mikona, 1988. —238 c.

7. Hoenvuux H. E. M'napaBnugeckue conpoTHeienus. — M.: Tocanepro-
uw3gar, 1954. 316¢.

8. Hoenvyux H. E. CipaBOYHHK 1O THIPaBIMYECKHM CONPOTHBICHH-
saM — M.: MammHocTpoense, 1975. — 559 c.



VK 629.113.06:628.83  II. JI 3iuu4, C. C. KykoBchbKuii, kandudamu
mexHiyHux HayK, doyeHmu

HY “JIsBiBcbKa moniTexyika”,

0. B. Yepnoye, acnipanm

KHYBA

TEXHIKO-EKOHOMIYHI ACNNEKTU BUKOPUCTAHHA
KOHIYHMUX MICUEBUX BIACMOKTYBAYIB Y BUPOBHULITBI

EdexTuBHE BEHTHMOBAaHHA NPHMILIEHE € BaXJIMBOIO 33/1a4€l0, AKA IO-
B’f3aHa 3i 3MEHILICHHAM KaIliTaNbHUX i EKCIUTyaTaliiiHuX 3aTpaT Ha BHPOO-
HHULTBI. 30KpeMa, BAXUTHBHM IIPH HbOMY € YROCKOHAICHHS KOHCTPYKIiii Mic-
LEBUX BiICMOKTyBauiB [1-5], KOXHY 3 AKHX MOXHA XapaKTepH3yBaTH BTpa-
TAMH THCKY i 3MiHOX OCHOBOI IIBHAKOCTI BCMOKTYBIEHOTO CTPYMEHS.

V 3B’A3Ky 3 L{HM, HaMH [IPOBEAEHI JOCIiTKEHHA PO3MOAIICHHA OCBOBHX
mBHAKOCTeH (puc. 2, Tabn. 1) Ta koediuieHTtiB MicueBux omopie (pHc. 3,
TabJ1. 2) BincMoKTyBauiB KOHI9HOI dopmu (puc. 1, Tabm. 1, 2) 3a i3orepMmi-
HHX yMoB. [ToBiTpsHi MOTOKK BimcMoOkTyBauiB (pHC. 1) ZOCHimAKYBaIHCE MO
XapakTepy 3MiHH iX 0Cb0BOI MIBUAKOCTI V. KoedilieHT MiciieBoro onopy §
BH3HAYaBCs 3a Meroaukolo L. €. Inensyuka [8,9].

M—-——L——-‘ U4

o I ot o 2§ W af <

a

Puc. 1. CxeMH KOHIYHMX BiJCMOKTYBadiB:
a - BUTbHHH] 3 KiaMeTpoM BCMOKTYBaNbHOTO 0TBOPY D mpH KyTi po3KpUTTA BXiAHMX Kpais @; 6 — Ha-
niBoOMeExeHHH 3 iaMeTpoM BCMOKTYBaJBHOTO OTBOPY D nipH KyTi po3kpHTTA BXiaHKX Kpais ¢

Pe3ynbTaTH eKCIEpUMEHTAIBHAX NOCTiKEHb 3MiHH BiIHOCHHX BIBMI-
KocTel (Vox/V) Ta xoediLieHTiB MicuieBoro onopy { npu BTikaHHi HOBITPA Y
BifcMOkTyBayi (puc. 1) mpH i30TepMiYHMX YMOBax HaBeleHi Ha pHC. 2, 3 Ta y
1abn. 1, 2. BeradosneHo, wo s iHTeHCH(iKallil aKTHBHOI 30HH Ta 3MEH-
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IIeHHA 3Ha4YeHb Koe(illieHTiB MiCLIEBHX OMOpIB { BITLHHUX MICLIEBHX BiICMO-
KTYBa4iB JOIIBHO BIaiITOBYBaTH HamiBOOMEXEHe CTiKaHHA MOBITPAHOIO
notoky (puc. 2, 3, tabu. 1, 2).

Vo: v A
1,0
0,8
0.6 N 3
2
0,4 \§ Z
s \§

0,2

/

1

»
0 02 04 06 08 1,0 1,2 X/d,
Puc. 2. I'padik 3Minn BigHOCHOI 0CHOBOI WIBMAKOCTI V, v (—= V..V, V, ~ocsoBa

IIBMAKICTL Ha BiACTaHi X Bil BCMOKTYBaNLHOIO OTBODY, M/c V- CepeliHs 3a BUTPATOK
IBHIKICTb Y BCMOKTYBalbHOMY OTBOpi, M/C) 3 BIIHOCHOIO BiACTaHHIO X (X Xld,,
X - 6ixyua ocboBa KOODAHMHATA, M; do — AiaMeTp narpybka (puc. 1), M) npH BrikauHi no-
BiTP# y BiicMokTyBaui koHiunoi dopmu (puc. 1 a, 6):

1 - BimHHA 3 rocTpHMH Kpasmu (pHc. | @, ¢ = 60°, //D=0,49); 2 — nHanisob6Mmexenuit (puc. 1 6,
¢ =60°,1/D=0,49); 3 — sinvHuii 3 rocTpumu kpasmu (prc.l a, 9 =21°,1/D=15)

MatemaTHuHuii aHajli3 pe3yJIbTATIB AOCHiIKEHb, IPOBEASHHH Ha OCHO-
Bi MeTony HaliMeHmMX KkBajxpartiB [6,7], 3penennii y Tabn. 1, 2.

Ananiz kpuBMX (pHcC.2, 3) moka3zaB: HamiBoOMeKeHi BiICMOKTyBadi
MmaioTh y 1,3-1,5 pasa Ginsnry 3oHy aif, Hix BinbHi Takol % gopmu; HaniBoO-
MeXeHi BiACMOKTYBa4i MaloTh Npuban3HO y 1,1-2 pa3u MmeHmle 3HaYECHHA
koediuieHTiB MicueBoro onopy, Hik BinbHI Takol x ¢opmu; xpauii Kine-
MAaTHKO-aepOAHHAMIYHI XapaKTEPHCTHKH Ma€ HaniBoOMEeXeHHH KOHidHHH
BiICMOKTYBa4 3 KyTOM PO3KPHTTA Kpais ¢ = 60°,
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0 0,1 0,2 0,3 04 0,5 id,

)P
0,4
5
47 —
23 4
0,2 -—
> "
1,2,3 ) ~
’
0 0,1, 0,2 0,3 0,4 05 Ud,

6

Puc. 3. Ppadixu 3mMiln koedinieHTiB MiceBoro onopy BiACMOKTYBa4iB
KoHiuHo1 opMu (puc. 1 a, 6):
a) BUTbHOIO (pHC. 1 a) 3 AiaMeTpoM BCMOKTYBansHOrO oTBopY D mpH KyTi poskpuTTa BXinHHX KpaiB
o (1-9=30%2-9=45°% 3 -9 =60° 4- ¢ =90° 5 - ¢ = 120°); G) HaniBoGMexeHoro (pHc. 1 6)
3 NiaMeTpoM BCMOKTYBAIBHOTO OTBOPY D HpH KyTi PO3KPHTTA BXimHHX kpaiB ¢ (1 —¢ =30°
2-9=45°%3-¢9=60°%4-9=90%5-¢=120°
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Tabauys 1

MaTtemaTuuni 3anexHocTi 3Minu BiHOCHOT ockoBoi mBuaKocti V, (V. /V)

NOBITPSHOI0 NOTOKY 3 BiACTAHHIO X (X / do)

Bun

ZliaMETpOM BCMOKTY-
BajbHOroO 0TBOPY D
(9=21%1/D=1,5)

N T . - I'padiuna
o HIT MICLIEBOIO MICLICBOTO 2aex- Homep Do -
n/n BiICMOKTYBa4a BiACMOKTY- . KPHBOI PMY
Ba4a HICTb
1 | Binbuuii KOHiYHHIA 3 v X
niametpoM BeMokry- | Puc. 1, a 1 -2 - 0.99 —1.43] —
BanbHoro oTeopy D v dy
(9 =60° 1/D =049) ¥}
+0.66] —
dy
2 | HaniBoOmexenui Puc. 2 vV X
KoHiuHmii 3 miamer- | Puc. 1,6 2 | ~==098-115{— |+
POM BCMOKTYBa/bHO- V d,
ro omogyy D X 2
(9 =60° 1/D =0,49) +042| =
d,
3 | BinbHuii KoHiuHuiA 3
Puc. 1, a 3

MpamiTka: 1. x — 6ixy4a ocb0Ba KOOPAHHATA, M; V,, — 0CBOBA WIBMAKICTH HA BiA-
CTaHi x BiJi BCMOKTYBANLHOrO OTBOPY, M/C; V — cepeins 3a BUTPATOIO IBKAKICTh Yy BCMO-
KTYBaJIbLHOMY OTBOpi, M/C; dp— AiaMeTp BCMOKTYBajlbHOrO mnarpybka, M; D — niametp
BCMOKTYBAJIbHOTO OTBOPY, M; / — 3MiHHa BiAICTaHb, M; @ — KYT PO3KPHTTH BiJACMOKTYBaua,
rpan. 2. MaremamqniD 3anexHocti Ailicxi npu x/dy < 1,4.

3—3-2781
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Tabauys 2

MaremaTuuni 3anexnocTi 3Minn koedinieaTiB MicueBnx onopis {

BiZcMOKTYBa4iB xoniunoi popmu

. B
Ne Tum Micuesoro Micu:goro o, I'padiuna | Homep
n/n BICMOK- BiICMOK- rpaa | sanexHicts | kpusoi Dopmym
TyBa4a TyBaua
1 2 3 4 5 6 7
30 1 £=0,9-3,15(/d,) +
1 |Binbuuii Puc. 1,a Puc.3,a +3,5(//d,)°
KOHiYHHH 45 2 £=0,86 - 3,72(//d,) +
+ 4,64(//d,)
60 3 £=0,75-1332(//d,) +
+4.29(//d,)*
90 4 £=0,71-3,19(/d,) +
+4.45(1/d,)*
120 5 £=0,62-2,12(//d;) +
+2,78(//d,)*
30 1 £=0,4—1,42(//d;) +
2 |Hanis- Puc. 1,6 Puc. 3,6 +1,85(1/d,))>
obMmexeHuit 45 2 £=0,31-0,86(/d,) +
KOHiTHHiI +0,89(l/d, )
60 3 £=0,325 - 1,06(//d,) +
+1,43(//d,)
90 4 £=0,375 - 1,06(//d,) +
] + 1,43(/d,)
120 5 {=0,4—-0,7(//d,) +
+1,01(0d,)?
IpumiTks:

1. dy — niameTp naTpyGka; / — 3MiHHa BiCTaHb, M; ¢ — KyT PO3KPHTTA BiJCMOKTY-
Bava, rpan;
2. Maremartnuni 3anexHocri AiéicHi npu (//dy) <0,2.

(S}

BucHOBKH

I'pa¢iuni 3anexxHocTi (puc. 2, 3) € NpuaaTHi 1uIs BH3HAYEHHA OCHOBOI

MIBMAKOCTI, JOBXHHH 30HH Aii Ta 3HaueHb KOeQillicHTIB MiCLEBOrO OMOPY
BiZICMOKTyBa4iB KOHi4HOT (POPMH.
Maremarnuni 3anexHocti (1abn. 1, 2) € yHiBepcanbHi Ta OpUaaTHi 1A
HabmokeHOro po3paxyHKy OCbOBOI IIBHAKOCTI, JOBXKHHH 30HM Iii Ta 3Ha-
yeHb KoedillieHTiB MiCLIeBOro ONOpY BiICMOKTYBa4iB KOHIYHOI GOpMH HpH
1/dy£0,2. -
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HanioGMesxeHi BiicMokTyBa4i MaioTs y 1,3—1,5 pasa 6inemy 30Hy Aii,
HiX BiBHi Takol s $opMH; HaniBoOMeXeHi BiICMOKTYBa4i MaloTs NpHOIH3-
Ho y 1,1-2 pasH MeHme 3HadeHHA koedillieHTIB MicneBoro omopy, HiX
BilBHI Takoi k GopMu.

Kpawi kiHeMaTHKO-a€pOAMHAMiYHi XapaKTEPUCTHKH Ma€ HamiBoOMexe-
HMH KOHIYHHH BifICMOKTYBa4 3 KyTOM PO3KPHTTA KpaiB ¢ = 60°.

Buxopucranus rpadiunux (puc. 2, 3) Ta MaTeMaTHYHHMX 3aJICKHOCTEH
(tabn. 1, 2) fo3BoNsE ONTHMI3YBATH MicIleBi BiICMOKTYBadi 3a KOHCTPYK-
THBHHM BHUpIiIlIEHHAM, a OTXKe, /i 3MEHIIUTH €KOHOMidYHi 3aTpaTH Ha BHpOO-
HHITBI.

Bukopucrana giteparypa

1. Tarues B. H. Aspomunamuka BeHTHwLHH. —M.: Crpoitnanar, 1979. -
295 c.

2. Topzoenuxos b. M, Tabaunux B. E., Egpenoe E. M. TIpoextupoBaHHe

TIPOMBIILIEHHOH BeHTwsmH / CrpaBounnK. — Kues: ByniBensHuk, 1983 —256.
: 3. Bozocnoscxuii B. H. u ap. Ororenue u BeHTHwsua. 9 11: /Tlon.
pexn. B. H. Borocnoeckoro. — M.: Crpoiinzaart, 1976. — 439 c.

4. Czernous A., Zukowski S. Wykorzystanie wywiewnikow mie-
jscowych dla ochrony powietrza w pomieszczeniu. Politechnika Warszaw-
ska. XXI Sympozjum-AQUA 2000. Plock, 2000. —s. 324...329.

5. XKyxoecwkuti C. C., Yepnoyc O. B. ExcniepuMeHTaNBHI JOCHIIKEHHS
KiHEMAaTHYHHX XapaKTEPUCTHK i30TEPMiUYHMX BCMOKTYBAIGHHX MOBITPAHHX
notokiB.VI MixnapoaHa HayxkoBa koHdepeHlis “AkryaneHi npobnemn 6y-
IOiBHHLTBA Ta itkenepil noskimna”. JIeBiB — Kommune — Xemys: U II. —
JIpgiB, 2001. — 14— 18 c.

6. Jlenanoe C. I1. OnpeauneHue napaMeTpoB HENMHEHHOH perpecuu
METOOM HaMMEHIIMX KBajparoB. 3aBojckas naGopartopus, 1967, Ne 1. —
14...17c.

7. JIveosckuii E, H. CTaTHCTHYECKHE METOAB! NOCTPOCHHS IMIHPHYe-
ckux ¢popMyn. — Beiciuas mkona, 1988, — 238 c.

8. Hoenvuux H. E. I'napaBnuyeckre conporusieHus. — M.: I'ocanepro-
u3nar, 1954. -316¢. °

9. Hoenvuux H. E. CripaBOYHHK 1O T'MAPABIMYECKHM COMPOTHBIICHH-
aM — M.: Maumnoctpoenue, 1975. — 559 c.
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V]IIK 697.92 B. €. Iicapes, dokm. mexn. Hayx
B. B. JloBramok, KaHo. mexH. Hayk

KuiBchKH#t HaLliOHATLHUHA YHIBEpCHTET

OyAiBHHITBA i apXiTEKTYPH

PETYNIOBAHHA NMAPAMETPIB NOBITPA 3A ONOMOIoO10
PEFEHEPATUBHUX NOBIYHO-BUNAPHUX
noBITPOOXONOMAXKYBAUYIB

B pesakux nexax i BApOOHHYMX ALIAHKAX IiATIPHEMCTB CTAHKOIHCTDY-
MEeHTallbHOI, eleKTPOHHOI, (apMaleBTHYHOI, KOHAUTEPCHKOI Ta I[yKpOBOi
TIPOMHMCIIOBOCTi, Ha CKIajax IJif AeAKUX BHUAIB NMPOAYKUIl 32 TEXHONOri4YHH-
MH YMOBaMH HeOOXiNHO MIATPUMYBAaTH TeMIiepaTypy mositpsa 10...25°C Ta
BiTHOCHY BONOTICTS 5...40%.

Husska BiTHOCHA BOJOTICTH MOXKe OYTH JOCATHYTa NMPH OCYWIEHH] I1o-
BiTpA XOJIONWIGHHMH MAIIHHAMH, BOJIOTOIIOTIMHAIOYHMH BOAHHMH PO34H-
HaMH abcopOeHTiB, AKi, B CBOIO 4Yepry, OXOJOMKYIOThCA 00OpOTHOKW abo
apTe3iaHCBKOI BOJOI) YM XOJOAMJIGHHMH MaloWHamH, Ta abcopOuilinamu
anaparaMH. BHKOpPHCTaHHA XOJIOAMJIBHAX MAIUHH [OB’A3aHO i3 3HAYHHMH
€HEPrOBHTPATAMH, a BUKOPHCTAHHS TLIBKH COpOLiHHUX OCyLIyBayiB NOBITPs
He MoxKe 3a0e3NeunTH y TeTUIHii nepiof HA3bKi TEMIIEpaTypH YM TEMIIEpATy-
pH, 61M3BKI 10 TeMmepaTypu aTMoc)epHOro MOBIiTPA BHACTIOK HarpiBy No-
BiTps pH copOyBaHHi 3 HEOro Bonor#. J[o Toro x copOriiiHi anapaTu MaloTh
HEBETHKHHA Jiana3oH 3MiHH TEMUIOBONOriCHAX NIapaMeTpiB MOBITPA Ha BUXO/i
3 YCTaHOBKH.

Sk BioMO, JuKkepenoM Ais BUPOOHHLTBA XOJI0Ay MOke GyTH BHKOpH-
CTaHa TEPMOMHaMiYHa HEBPiBHOBAXEHICTH y CHCTEMi “NOBITPA — Boja”, fAKa
BHPOKEHA NCHXOMETPHYHOIO Pi3HALICIO TeMNepaTyp (I — 4y ), A€ [, — TEMIIe-
paTypa Cyxoro TepMOMETPa, a {4, — TEMIIEpaTypa MOKPOTO TepMoMeTpa. Bu-
PpODHHIITBO XOIOAY MOXJIMBE IpH 06poOlli MOBITPs B pereHepaTHBHHX I10-
Giuno-BHNIApHKX MOBiTpooxonomkysadax (PIIBII) 3 oxonomkeHHAM NOBITPA
o TemrepaTypd Touku pocH. Cxema PIIBII mokasana Ha pucC.la, a Ha
puc. 16 — npouecu ©6pobku nosiTps Ha H-d-niarpami Bosororo noBiTpsi.

TloBuuii noTik G, TOBITPA OXOJIOWKYETLCA TIPH KOHTAKTI 3 CYXOI0 IO-
BEPXHEI0 BHYTPIilIHBOi CTiHKM (cTaH T.2', pHC. lg), MOTIM Ha BHXOZi 3
PIIBII posnoainseTscs Ha JBa NOTOKH: KOpHUCHUH Gy i nonoMixuui G, Jlo-
NOMDXKHMH NOTIK pyXaeTbcs MPOTHTOKOM 3 iHmoro 60Ky CTiHKH, IO 3BOJIO-
KYETBCA BOJAOIO, HACHYYETHCSA BOJIOTOIO0 32 PaXyHOK TEIUIOTH IMOBHOTO MOTO-
Ky NOBITpA i CTaHOM T. 3 BUKHAAETHCA y HABKOIHMIIHE cepenoBuie. Kopuc-
Hu#l NOTiK MOBITPA (CTaH T. 2) BUKOPUCTOBYETECS 32 MPH3HAYEHHAM.
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a) G Gn
KOPHCHKK NOTIK noauwit notix A ¢=100%
qx. @ \ G—eo t 3

VL LD

@ 2

AONOMEXHKE NOTIK

Puc. 1. Cxema pereHepaTHBHOTro noGiuHO-BHNAPHOTO NOBITPOOXOIOMKYBAUa ()
i npouecu o6pobku nositpa na H-d-aiarpami (6)

Y poborti [1] posrmanyTi mATaHHA HOpMami3alil BONOTICHOTO CTaHy
HOBIiTpA y CHOPYZiax B XOJMOAHUIH nepioa poky. [IpeacTaBneHo 3axoQu moORo
3anobiraHHA KOHAeHcallil BOJIOTH y NPUMiLIEHHAX, Y TOMY YHCJ TakHit 3a-
Xill, AK ocyIleHHs MOBiTpA oxomomkeHHAM. ONHaK 3ajada peryaOBaHHA
TEMIIEPATYPH Ta BiTHOCHOI BOJIOTOCTI NMOBITPA, 110 HOAAETHCA B IPUMIIEHHA
notpebye noxanemoro posrnany. [Ipu BupimenHi niel npoGaeMy iKaBHM €
CyMiCHE BHKOPHCTAHHA pEreHEpaTHBHHX MOOIYHO-BHUIIADHMX MNOBITPOOXO-
JI0JKyBadiB Ta copOLiiHUX OCYIITyBaYiB MOBIiTPA, M0 3HAALINO BUPIlIEHHA Y
npono3uuii {2].

Ha xpecnennsx (puc. 2,4,6,8) HaBoAHMO CXEMH MIOJO peryIOBaHHA Ia-
paMeTpiB NMOBIiTPA 3a JONOMOTOI0 pereHepaTHBHMX MOGIYHO-BHIAPHMX MO-
BiTPOOXOJIO/)KYBa4iB 3 BapiaHTaMH BHKOHAHHS, a Ha puc. 3,5,7,9 BianosiaHO
rpagiku Ha H-d-piarpamMax BOJIOroro mositps, Mo NOACHIOIOTE iX Ail0.

IoBiTpoocymyBaibHa YCTaHOBKa (pHC. 2) BKAIOYA€ BEHTHIATOPHMI ar-
perart 1, copbuiitnmii ocymyBa4 moBiTpsA 2, O 3’€AHaHI MOBITPONPOBOAOM
3, pereHepaTuBHHH NMOGIYHO-BHNAPHHI MOBITPOOXOJOMXYBaY 4 3 maTpyOka-
MH ITOBHOTO 5, KOPHCHOTO 6 Ta JONMOMiKHOro 7 MOTOKIB noBiTpa. ITaTpy6ok
TOBHOTO 5 NOTOKY NOBiTpA 3’€qHaHHMH 3 HOBITPOMPOBOIOM 3, a maTpybok
KOPHCHOrO 6 IOTOKY HOBiTpA 3 ocyHiyBaueM noBiTpa. IToBiTpoocymyBansHa
ycTaHoBKa (pHc. 4) IONATKOBO MICTHTH 0OBOAHMIT MOBiTpONpPOBiA 8 3 pery-
TOKYMM KIIallaHOM INOBITpA 9, AKWi 3’€AHY€E MOBiTponpoBiA 3 3 naTpyOKoM
KOPHCHOTO NOTOKY NOBIiTpA 6 pereHeparHBHOrO NMOGiYHO-BHIIAPHOTO NOBIT-
pooxonomkysada 4. [ToBiTpoocynlyBanbHa yCTaHOBKAa MiCTHTB KiIamaH IoB-
HOTO MOTOKY noBitps 10, mo po3ramopanuii Ha NaTpyGKy MOBHOTO NOTOKY
NOBIiTPA 5 pereHepaTHBHOrO MOGIYHO-BHIIAPHOTO MOBITPOOXONOMXKYBa4a 4.
IosiTpoocynrysansHa ycTtaHoBKa (pHC. 6) JOJATKOBO MIiCTHTH MOBIiTpAHHHA
KaHan 11 3 mOBiTPAHAM perymoO4YMM KianaHoM 12, skuil 3’€AHye NOBITpO-
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Puc. 2. Cxema perenepatiBHOro NoGiyHO-BHNIAPHOIO NOBITPOOXOJIO/KYBaYa
3 OCylIyBa4YeM MOBITPs

npoBiz 3 3 maTpy6KoM HOMOMIXKHOTO IMOTOKY MOBIiTPS 7, Ta JOMOMDKHHIA MO-
BiTpompoBin 13 3 JMONOMDKHHM DErymiOIOYMM KiIamaHoM 14, skuii 3’eqHye
NaTpyOOK JONOMIXKHOIO IOTOKY IOBIiTpA 7 3a MOBITPAHHM kaHamoM 11 3
narpybKoM KOPHCHOTO MOTOKY HOBITPA 6 pereHepaTHBHOro NOOiYHO-BHIIAP-
HOTO moBiTpooxonomkyBaua 4. IloiTpoocymryBanbHa ycraHoBka (puc. 8)
JIONATKOBO MICTHTh Ha NMOBITPONPOBOAi 3 3a BEHTHIATOPHHM arperaroM 1
JOTIOMIXHHIA copOLiliHuii ocymyBad moBitps 15.

B cxemax Ha puc. 2,4,6,8 BUKOpUCTaHHS PereHepaTUBHOrO MOGiYHO-
BHIapHOTO MOBITPOOXOJIOKYBaya Aa€ 3MOTy 3a PaXyHOK TEPMOAHHAMIiYHOL
HEpiBHOBXKHOCTi Y HaBKOIMIIHLOMY CEPENOBHIII 3HH3HTH TEMIIEPATYpy HO-
BiTp#, IO MOAAETHCA B ocyIryBad. [IpH 3MeHIIEHHI TeMIiepaTypH 3a3HaveHo-
TO TOBITPA MifIBHIIYEThCS cOpOLiiiHa CIPOMOXHICTh copOeHTa OocyIryBadga,
Ta 3MEHIIYETHCA TEMIIEpATypa NOBITPA, SKa MOJAETHCA O cnokuBada. Kpim
TOrO, CaMeé BHKOPHCTAHHA PEreHepaTHBHOTrO MOOIYHO-BHMApHOTO MOBITPO-
OXONOKYBaya Aa€ 3MOTY 3HH3HTH €HEPrOBHTPATH Ha 00poOKy moBiTpg, Ho-
r'0 OXOJIOJ>KEHHS B MOPiBHAHHI 3 TPaAMLitHHMH XONOAHILHHMH MAaOIMHAMH.

BukopHCTaHHA OGBITHOTO MOBITPONPOBOAY 3 PETyNIOIOYHM KIANIAHOM
HOBITpA JO3BOJIAE 33 PaXyHOK 3MilllyBaHHS KOPHCHOrO IOTOKY TOBITpA Ta
Heo6pobIeHOro NOTOKY aTMoc(epHOro HOBITPA OTPUMATH MapaMeTpH Mo-
BiTpA HAa BHXOJIi 3 per€HEPAaTHBHOTO MOGIYHO-BHIIAPHOTO MOBITPOOXOIOMKY-
Baya y Mekax Bifl mapaMeTpiB atMoc(epHOro MoBiTpA A0 Horo TeMmepaTypH
TO4KH pocH. lle n03BoNIsE 3 JOMOMOTOI PETYIIOIYOro KIanaHa 3MiHIOBaTH
CTaH MOBITpPA ('reMﬂepaTypy Ta BiJHOCHY BOJNIOTiCTb) Ha BHXOZAi 3 nonnpo-
OCYNIyBaIbHOI YCTAHOBKM i Pa3oM 3 THM JOINOMAarae CHOXHBadYeBi MOBiTpsA
perymioBaT! HOro HapaMeTpH MiCIs MOBITPOOCYIIYBabHOI YCTAHOBKH 3
YpaxyBaHHAM 3MiH Y CTaHi aTMOC()EpHOTO MOBIiTPA Ta CBOIX TEXHOMOTIYHHX
norpeo.

BuKOpHCTaHHA KJIallaHa IIOBHOTO TMOTOKY MOBITpA JO3BOJAE Y ACAKHX
peXHMax MepernycKaTH MoBiTps B 00XiJ pereHepaTHBHOIO MOGiYHO-BHIAP-
HOT0 MOBITPOOXOIOMKyBayua, HATIPHKIIAK, 110 00BiIHOMY TIOBITPOIIPOBOAY.
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Puc. 3. ITpouecu o6pobku nositps na H-d-piarpami y PIIBII 3a cxemolo Ra puc. 2

BHKOpHCTaHHA MOBITPAHOIO KAHAJTY 3 MOBITPAHHM DEryMIOIOHHM Kila-
NIaHOM Ta JOTOMDKHOTO MOBITPONPOBOAY 3 AOMOMIXKHHM DErymiolo49nM Kia-
[aHOM Ja€ MOXUIMBICTH 3a paxyHOK MEpeNycKy atMocepHOro HoBiTpA A0
JOMOMIXHOTO MOTOKY IOBITpA Ta HACTYNTHOTO 3MIIlIyBaHHSA 3 KOPHCHHUM II0-
TOKOM IIOBiTpA y OiNbII DIMPOKHX MEXax 3MIHIOBAaTH MapamMeTpH MOBiTpA
niepex copOuiifHiM ocylyBadeM NOBITPS BHACTIZOK {BOTO PO3LIMPHTH MEXI
TEIUIOBOJIOTICHHX NMAapaMeTpiB MOBITPA HA BHXOAI 3 MOBITPOOCYNIYBAIBHOI
YCTaHOBKH.

CnopskeHHs NMOBITPOOCYIIYBaJbHOI YCTAHOBKH JONOMDKHHM cOpO-
Lii{HUM OCYIIyBayeM MOBiTPA 103BOJAE eeKTHBHO MpaIfOBaTH NMPH BUCOKIiH
BiIHOCHIif BosorocTi arMocepHOTo MOBITPA i UM 3a0e3neuuTH poboTy yc-
TAHOBKH y TEIUTHH nepios poKy mpH Oyap-IKHX TEIUIOBOJIOTICHHX MapaMeT-
pax arMoc(epHOTO MOBITpA.

TakuM 4YHMHOM, 3amPONIOHOBaHAa YAOCKOHAJIEHAa NOBITPOOCYHIYBAIBHA
YCTaHOBKA DO3LIKPIOE Riana3oH 3MiHY TEIUIOBOJIOTICHHX NapaMEeTpiB Ha BH-
XOJIi 3 YCTAaHOBKH 3a PaXyHOK 3HW)KEHHA HHXKHEOI MEXi TeMnepaTyp noBiTps
Ta 3a6e3nedye eKOHOMIIO €HEpropecypcCiB Ta OXO0NOMKEHHA MOBITPA.

IoBiTpoocymyBalibHa YCTaHOBKA NPAIIOE TAKHM YHHOM.

TToTiK MOBIiTPs 3 HABKONKIIHEOTO CepeNIOBHILA 32 IONOMOTOI0 BEHTHIIA-
TOpPHOro arperary 1 BCMOKTYETECS Yy INOBiTPOOCYINYBalbHY YCTaHOBKY
(puc. 2) Ta CKpi3b MOBITPONPOBiA 3 i MAaTPy0OK MOBHOTO MOTOKY MOBITpPA 5
TIOCTYIIA€ y percHepaTUBHUi NOGIYHO-BMIApHMI MOBITpPOOXONOMKYBad 4.
Hani 3rigHo 3 BiIOMMM NpPHHIMNOM poGOTH pereHepaTHBHOrO NMobiyHO-BH-
NIAPHOTO TOBiTPOOXONOMKYBaya 4 MOTIK MOBITPA 3 HABKONUILHLOTO Cepelio-
BHIa craHy I (puc.3) (mo3HadeHHs CTaHy INOBITpA Ha KPECIEHHAX Ta
H-d-piarpamax Bonororo noBiTps CHiBmajaioTh) y HEOMY PO3ALIAETHCA Ha
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ZIBi 4aCTHHH: KODHCHHH Ta XomoMiXHHH. JIOMOMIXHHHA NOTIK HaCHYYETHCA
BOJIOTOI0 33 PaxXyHOK TEIUIOTH NOBHOTO MOTOKY MOBIiTPA i BHKMOAETHCH Y
HaBKOJHIIHE cepeyiopHie Yy ctaui T. Il ckpise matpybok gomoMixHoro mo-
TOKy moBitpsa 7 (puc. 2). KopucHnit moTik moBitTpsa, OXONOMKEHHI 3 mapa-
metpamu T. II (puc. 3) moctynae kpi3p Narpy60k KOPHCHOTO MOTOKY HOBITpA
6 (puc. 2) y copbuiitanit ocynrysad nosirpsa 4, e OCyLIYETHCA, Ta 32 paxy-
HOK TenIoTH cop0buii, Mo BHAINAETECA NpH MOTIMHAHHI COPOEHTOM BONOTH
i3 moBiTps, Tpoxw mixirpiBacrsca. CTaH NOBITPA Ha BUXO[] i3 YCTAHOBKH Xa-
paxrepusyetbes T. [V (puc. 3). 3 mapamerpamu T. [V moBiTps BHKOpHCTO-
BYETBCA 3a NMPH3HAYCHHAM. BHKOPHCTaHHA pereHepaTHBHOro nobidHO-BH-
[IApPHOTO MOBITPOOXONOMKyBada 4 (pHC. 2) NO3BONIAE 32 PAXyHOK TEPMOIH-
HaMiyHOi HEpIBHOBRXHOCTI y aTMOC()EpHOMY MOBIiTPi OXONOJMTH MOTIK
TIOBITPA mepen copOuifiHMM ocylIyBadeM MOBIiTPS 2 i THM KOMIIEHCYBAaTH
migirpie moBiTps y ocymyBaui moBiTpA 2. Mexelo 3Hau€HHA TEMIEPaTypH
noBiTpa y T. I (puc. 3) € TemnepaTypa TOUKH POCH.

TIpu BHKOpHCTaHHI 00BigHOrO MOBiTpOnpoBOAy 8 (pHc. 4) 3 perynoio-
YMM KIanaHoM 9 mpH HEOOXiHOCTI BIKpHTTA pery/ioiouoro KiamnaHa 9
YacTHHA MOBITPA 3 HABKOJIHIIHEOTO CEPEAOBHILA CIIPAMOBYETECA Y 00Xiz pe-
reHEepPaTHBHOTO MOGIYHO-BHMAPHOTO MOBITPOOX0NoMKyBaua 4. lle no3ponse
Ha BMXOJi 3 maTpybka KOPHCHOTO MOTOKY NMOBITPA 6 OTPUMYBATH NPH 3Mi-
HIyBaHHI KOPHCHOrO i aTMOC(EPHOro MOTOKIB MOBITpsA pi3Hy TeMIeparypy
TIOBITPA, IO CIOPAMOBYE y copOLifiHui OCcyIIyBad MOBITPA 2, i UM perymo-
BaTH IapaMeTpH IOBiTpPA HA BHXOMI 3 NOBITPOOCYNIYBaJbHOI YCTaHOBKH.
CrtaH noBiTps nepeJ OCymIyBa4eM MOBITPA MOXe 3MiHIOBATHCA Bill OMKCYBA-
Horo T. Il mo T.1 (pumc. 5). SIx npwxiag, HaBeneHa T. V, NpH LBOMY CTaH
HOBITPA Ha BUXOi 3 ycTaHOBKM — T. IV,
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Puc. 4. CxeMa pereHepaTHBHOro 1no6i4HO-BHNIAPHOIO MOBITPOOXONOMKyBaYa
3 oCylIyBaveM noBiTps i o6BogHHM NOBITPOBOAOM

Knanau moBHoro moroky mopitps 10 (puc. 4) mo3Bonse y BHIAOKax,
KOJIM HeMa MOTPe6H y OXOJOMKEHHI NOBIiTpPA, CIPAMOBYBaTH aTMocdepHe
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HOBiTPsA (KJIanaH MOBHOTO IOTOKY MOBiTpA 10 mepexpHTO) MOB3 pereHepa-
THBHHMH MOGIYHO-BHNAapHUH MOBITPOOXONOMKYBaY 4 y copOuiliuuii ocymry-
BayY MoBiTpA 2.
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Puc. 5. Ipouecn o6poGku noitpa Ha H-d-giarpami y PIIBII 3a cxeMolo Ha pHc. 4

Puc. 6. CxeMa pereHepaTHBHOIO NoGiYHO-BHNAPHOTO MOBITPOOXONOAKYyBaua
3 oCylIyBayeM HOBITPA, 06ROAHNM NOBITPOBOAOM i MIOBITPSHMM KaHANIOM

TIpu BHKOPHCTaHHI MOBiTPAHOrO KaHamy 11 (puc. 6) 3 MOBITPAHUM pe-
ryJIOI0YMM KJamnaHoM 12 Ta JOMOMiXHOro moBiTpornposoay 13 3 gomomixk-
HHM DPEry/TIOI0YMM KIanaHoM 14 npu HEOOXiXHOCTI perymoBaHHAM BiIKpHT-
TAM PEry/I0l0uoro Kianasa 14 MOXIMBO y Gilbll DIMPIIMX MeXaX 3MiHIO-
BaTH NapaMeTpu MOBITpA Nepexn copbuiiiHuM ocymryBayeM mositpsa 2. Ha-
OpHKNaz (puc. 7), npouec 3MilryBaHHA armoctepHoro nositps (craH T. I),
AK€ MOCTYyTAE M0 NOBITpAHOMY KaHany 11 (puc. 5), 3 JOMOMIKHHUM MOTOKOM
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HoBiTpa (cTaH T. 3, puc. 7) BU3HAYAIOTBCA Y 3aN€XHOCTI Bij CTymeHs Bin-
KPHTTA HOBITPAHOTO PEryMIOI0Y0ro kiamnaxa 12 (puc. 6) Touxow Ha jinii I-
III (puc. 7); xaii ue 6yae 1.VI. IIponec smimryBaHHs noBiTpa craHy T. VI 3 ko-
PHCHMM [TOTOKOM MOBITPA Y NaTpyOKy KOPUCHOTO MOTOKY MOBITpsA 6 (pHC. 6)
6yne BU3HAYATHCA Y 3a€)XKHOCTI Bill CTYIIEHsl BIIKPHTTA JOMOMIXHOIO pery-
morodoro kianana 14 touxoro Ha niHii 1I-VI (puc. 7); npunyctumo, mwo me
6yne 1. VII. Takum unsoMm, T. VII MOxe 3HaXOAUTHCA Ha Oyas-AKiil 9acTHHI
mnoutuHy I-1I-111, o K03BOJIA€ peryIOBaTH CTaH MOBITPA MIC/IA OCyLIyBa4a
noBiTpa 2 (puc. 6) mpu pobOTi OCTaHHBOTO y CTAIOMY PeXHMi y 3HAYHiH
MeXi TeIUIOBOJOTICHHX NapaMeTpiB aTMOc(epHOro NoBiTps.
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Puc. 7. Tpouecu o6pobku nositps Ha H-d-aiarpami y PIIBIT 3a cxemoio Ha puc. 6

IIpn HasBHOCTI momMOMiXHOTO copOLiiHOrO ocyuryBaga moBiTpA 15
(puc. 8) peanisyloTsca yMOBH poOOTH 3aIpONOHOBAHOI MOBITPOOCYLIYyBalb-
HOi YCTaHOBKH ITPH Bi/IIOBiHii BOJOTOCTi aTMoCcdepHOTO MOBITPA 6IIH3LKOT
no 100% (cran I, puc. 9). IIpn nsoMy y mOIMOMiXHOMY OCYIIYBadi MOBiTpA
15 (pnc 8) arMocdephe noBiTps ocymyersca y mpomneci I-VIII (puc. 9),
HOTiM OXOJIOIDKYETECA Y PereHepaTHBHOMY noﬁmno-nnnapnomy HOBiTpO-
OXONOMXKyBadi 4 (pnc 8) y mpoueci VIII-I (puc. 9) i nocTynae y copbmiii-
Huii ocymyBaq nositps 2 (puc. 8), fe ocymryersca y npoueci II-1V (puc. 9).

I'[omrpoocymyna:mua yCTaHOBKa Moxe OyTH peaJmoBaHa 3 BAKOpHCTAH-
HAM IIEPeCyYBHOTO nom’rpoocymyaaqa [3] npoayxrusamicTio 1000 M 3/ron.,
AKHH, HampHKIaz, pH ocymi mositpa 3 ¢ = 80% mo ¢ = 30% HarpiBae y
angcopbepi nosirps Big 30°C no 40°C. OnrMansHa NPOAYKTHBHICTH, AK Bi-
AIOMO, PEreHepaTHBHHX nonuo-nnnapan MOBiTPOOXONOIKYBaYiB 3HAXO-
IHTECS Yy Mexax 500 M® — KibKa JecATKiB THCAY M° Ha roaudy. Tobro min
TaKHH NepecyBHHH NOBITPOOCYHIyBaY 3a BiJOMHMH METOAAMH MOMJIHBO
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Puc. 8. Cxema pereHepaTHBHOIO No6iuHO-BHIIAPHOTO NMOBITPOOXONOMKYBaYa
3 OCyIlyBayeM IOBIiTPs, 0O6BOJHUM MOBITPOBOAOM, NOBITPAHMM KaHAJIOM i IONOMIXKHHM
copbuiiiHum ocymypadem noBiTps
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Puc. 9. Tpouecu o6pobku nositps Ha H-d-miarpami y PTIBII 3a cxemoro Ha puc. 8

pO3paxyBaTH Ta CIPOEKTYBATH PEreHEpaTHBHHMI NOGiYHO-BHUIApHHUIA IOBIT-
POOXONIOMKYBAY.

Ha puc. 10 HaBeeHO y3arallbHEHHS MOXIHBOCTel 06po6ku moBiTps B
HOBITPOOCYILYBaPHEX YCTAHOBKAX 3TiZIHO 3 CXeMaMH Ha pwuc. 2,4,6,8 3 ypa-
XyBaHHaM npuHuumy aii PIIBIT Ta cop6uiiiHoro ocymysaya nositps. IIpuii-
HATO AJIA COPOIIEHHs aHali3y, {0 XapaKTEPUCTHKH OCYLIyBaya MOBITPA €
He3MinHumu. Ha H-d-giarpami (puc. 10) € Taki npouecn:

- a—6 — BiacHe npolec OCyIIyBaHHS B YCTAHOBII};
- 1o minii I-1I -- oxonomxenns y PIIBII 4 noBHoro (i B1acHe KOPHCHOTO)

[OTOKY IOBIiTPA (cXeMH Ha pHC. 2,4);
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Puc. 10. Y3aransHenns Ha H-d-aiarpami Bonororo nositps npouecis TemnJo-

BOJIOTiCHO!T 0GPOGKH MOBiTPA Y pisHuX MOAM(IKaLisX MOBITPOOCYIIyBaNbHOT YCTAHOBKH

- no niHii I-II-11I o6pobka nosirps y PIIBII 4 momoMiXHOro MOTOKY
niositpsa (o6nacte I-1I-1II — obnacts mapameTpis, KOTpi MOXYTh 3a6e3-
NIEYHTH CXeMH Ha pHc. 6,8 abo Tinsku PIIBII 4 npn 3MiniaHHi KOPHCHO-
o, JOMOMXHOTO Ta NOBHOTO (T. I) MOTOKIB NOBITPA);

- no niHii II-IV - ocymka y copGuiifHoMy ocymryBadi mosiTps 2 KOpHC-
HOT0 NOTOKy (CXeMHu Ha puc. 2,4,6,8) (obnacts I-1I-IV-I — o6nacts na-
paMerpiB, KOTpi MOXKe 3abe3eunTH CXeMH Ha puc. 2,4,6,8);

- mo ninii -V — ocymka motoxy moBiTpsa crasoM I y cop6uiitHoMy ocy-
IyBadi MOBiTPA 2 MPH 3aKPHTHX KIIallaHaX MOBHOrO MOTOKY MoBiTps 10
B cxeMax Ha puc. 4,6,8 (obnacte I-II-IV-V-I — o6nacts mapamerpis,
KOTpPi MOXYTb 3a0€3MeYNTH CXEMHU Ha pHc. 4,6,8);

- nio niHii III-VI — 06podka noBiTps y cxeMax Ha puc. 6,8 y copOuifiHoMy

ocyliryBayi moBitps 2 no 3MinianHo nosirps crany I i I1I, komu Yactka
noBiTps cray 1l no BinHOmEHHIO KO YacTku noBitpa crany III mana.
V 3arajbHOMY BHNAJIKy NpOLIEC OCYNICHHA MOBITPA BiAOyBaeThCA y Ha-
npamMky a-0 Bin mynkriB ninii I-1II (c6nacte napamerpie II-IV-V-VI-
III-1I — obnacre riapaMeTpiB, AKi MOXYTL 3a0€3MEYHTH CXEMH Ha
puc. 6,8).

Cxema Ha puc. 8 Moxe 3ab€3neyHTH Mpanio MoBiTPOOCYRIYBANLHOI yC-

TAHOBKH IIPH BiHOCHi# BoJorocti nosirps mo 100%.
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Takum 4YHHOM, HOBi MpoONo3uLil o 0OpoGLi NOBITPS 3 BUKOPHCTAHHAM
pereHepaTHBHHUX MOBITPOOCYNIYBANbHHX YCTAHOBOK AO3BOIAIOTH PO3MIHPH-
TH MEXi 3MiHH TEITOBONOTICHHX MapameTpiB 06poOIeHoro MoBiTpsA MpH OX-
HOYacHiH eKOHOMiI eHepril Ha OXOIOKEHHA MOBITPA.
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YK 697.1(075.8) €:xi IlioTpoBeki, xano. mexu. nayx
Bynisensnuit pakynsrer Ceenroxmuckoi Ionitexuiku
M. Kensue, ITonsma

METOAUKA EKCMEPUMEHTAIIBHOIO AOCHIIXEHHSA
nPUPOAHOMO NOBITPOOBMIHY B NMPUMILLEHHI

Tocuneni Aii, M0 HparHyTh 10 MOMIMUIEHHA TEIUIOBHX XapaKTepHCTHK
OyauHKiB, IO GyAyIOTBCA, @ TAKOXK ICHYIOUHX, IUIAXOM YIIUIBHEHHS Oropoj-
KYIOUHX KOHCTPYKIIi, BUKIHKAIH NOMYKH eQeKTHBHUX METOAIB, M0 JO3BO-
AAIOTH MPOBECTH AOCIIDKEHHA AificHOI BENWYMHM MOBITPOOOMiHY B IpHMi-
meHHAx i OyauHkax. MerofiM MapKipyBaHHs ra3am, IO MapKipyiOTh, [€
TIOBITPOOOMIH € QyHKIi€IO 3MiH KOHUEHTpaLil ra3y, 0GyMOBIEHOTO AK TIOKa3-
HHK, HaJIexars 40 OiIbII TOYHAX METOIB, HiXK 3aCTOCOBYBaHi METOIM THCKY.

Imes Meromy rasy, Mo Mapkipye, IOJsArac B aHaJi3i 3MiH KOHLIeHTpauil
rasy, akuil ynopckyerbes B noBitps. Leii ras He € ck/1aoBOK 9acTHHOIO MO-
BiTpA (T. 3. MapKep), 110 BiApi3HsA€ HOTO Bix KIACHYHOIO ra3oBOro Merony i
wo nepenbadae iHmui crnoci6 anamizy onepxyBaHux 3paskiB [1]. ¥V kmacuu-
HOMY Tra30BOMY METOJi aHaJi3 IPOBOANTHCS Ha OCHOBI XiMiYHOI peakiii, ska
BiAGyBaeThCA Y TeCTOBUMX QimbTpax. Meron rasy, 1o Mapkipye, 3aCHOBaHHH
Ha BHKOPHCTaHHI PE30HAHCHOTO ABHILA 3aXONJIEHHS €JIEKTPOHIB elleKTpOHe-
TaTHBHHMH MOJIEKYJIaMH JOCJiIKYBaHMX 3’€IHAaHb, a TaKOXK iOHI3yIOUMX
BJIaCTHBOCTE} ra3y. 3 3aralbHONOCTYIHMX, IO MAalOTh HU3bKE PO3KPHBaHHA,
Ge3mneKy JJIA cepelOBHILA, TEPMOCTIHKICTD i XiMiuHy crilikicTh, 06paHa mec-
dTopucra cipka (SFe).

Amnani3 3MiHy 3MicTy rasy BinbyBaeThcs y xpoMarorpadiaHomy Habopi,
ocHameHomy aerekropoM ECD. Puc. 1 Hamae OCHOBHY cxeMy ra3’oBOrO
xpoMarorpada. I'a3-Hocili mpotikae 3 6aoHa Yepe3 R03yI0Ye YCTaTKyBaHHI,
xpoMarorpadiuny KomoHy i Aerexrop. CHrHam neTeKkTopa JUIS OKPEMHX
CKJIAZIOBHX NpOOM 3alIHCYETLCA HA PEECTPAaTOpi Y BHAI XapaKTEPHCTHHIHHMX
cMyT (mikiB). Pomb peectpaTopa MoXe BUKOHYBATH €1€KTPOHHHMHA iHTErpaTop
abo xoMn’1oTep.

3pa3ok aHanizoBanoi cymiun, mo MicTuTh yBenenui SFg, BBOomMTECA B
noTik uncroro asory (N,) mepen xpoMarorpagiuHow konoHow. KommnoneH-
TH aHAi30BaHOTO 3pa3ka, AKi 3’ABAAIOTHCA MO 4Yep3i, BBOAATHCA B JETEKTOP,
CHTHAJT AKOTO 3alHCYEThCA Ha peecTpartopi. Hac, micas AKOro 3’ABIAETHCA
CKJIalOBHH €JIeMEHT Ha BUXOJi KOJIOHHM, BUMIpIOBaHHH 3 MOMEHTY BBEICHHA
3pa3ska B MOTIK HECY4YOro rasy, NMpu3HauyeHO 1A ioro imewtmdixanii. ITo-
BEPXHs X MiJ KPMBOX Ha XpoMarorpadi € mpomopuifiHow D0 KiNBKOCTI
CKJIAZIOBOTO €/IEMEHTA.
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Puc. 1. Cxema nocniaHuipbKOl yCTaHOBKM 3 XpoMaTorpadiyHoOK CACTEMOIO
| — 6anoH 3 HecyuyuM razom, 2 — no3arop, 3 — xpomarorpadiyHa KoJIOHa, 4 — AETeKTOp,
5 — enekTpomerp, 6 — peecTparTop, U — BUTPATa rasy-Hocis

ExcriepuMeHTaNbHUMH 00°€KTaMH MOXYTh OyTH: GynmiBensHuil 06’€xT
(npuMileHHs, GYJHHOK), MaTepian mifiandil POHHKHEHHS MOBITPA, €IEMEHT
a6o KOHCTpyKUiiiHa cHcTeMa (HampHKIIa[, BiKHO, BEHTUIALIHUIK KaHa).

MeTtonuka A0CHiKeHp Nepeadavac HACTYIIHY 4E€ProBiCTh Aii:

- BUGip 06’eKTa, OTMC BU3HAYANEHUX GaKTOpIB,

- iH’eKuiA Mapkepa,

- BUTAT 3pa3ka,

- JeTeKLis,

- KiHUeBa po3pobka, iHTephpeTanis, MacoBuii 6ananc.

JlocnimxeHus npoBOAsTE B TabOPAaTOPHHX i HATYPHUX YMOBAX.

3 meTor0 3anobiraHHs NOMIJIOK B iHTepHpeTallil eKcrepUMeHTaTbHHUX
pe3yibTaTiB BUMIipY 3 BHKOPHCTAaHHAM MapKepiB, 3aBXIH BapTO MPOBECTH
MAacoBHii 6anaHc Mapkepa B Miclli Bigbopy npo6, To6To:

Merog i3 3acTOCYBaHHAM MapKepiB rOJUTHCA TAKOXK AA MPAKTHYHOTO
BUKOPHCTAHHA Y BCIX BHmMajkax, A€ iCTOTHHM € fIKiCHe i KillbKiCHe BH3Ha-
YEHHA IIJIBHOCTI €JIEMEHTa, TOJIOBHUM YHHOM — BiKOH i JBepeii.

BHKOpHCTOBY10MH MOMUIMBOCTI METOAY, 10 MapKipye, MpOBEAEHO ILi-
KaBl 3 TOYKH 30py MiKpOKIIMaTHYHOro i BEHTHIALIHHOIrO, AOCHiIKEHHA
MPOTIKaHb MOBITPA B Mexax kBapTupu (pHc. 2) [2]. EkciepuMeHT nposene-
HUA Yy NPUMIILEHHAX KBAPTHPH IUTOWIEI0 75 M, po3mimenoi Ha 3 mosepci
5-noBepxoBoro 6yauHKy. BinmosinHo Ko Teopii npoTikaHs y 6yAHHKY, KBap-
THpA 11 3HAXOAHUTHCA B T. 3. HyJIbOBiii 30Hi, IPU YTPYAHEHi# BEHTHIALII

Ilicna BM3HAYeHHA 3 pPHUC. 3 THMYacOBHX BEIHYHH, MOXHA OJEpPKaTU
KpaTHICTh MoBiTpooOMiHy. ¥V npuMimeHHsx 2, 3, 4, 5 (puc. 2) cknagaid Bo-
HH BigmoBigHo n = 0.5, 0.3, 1.0, 1.2 rox’. Ilna Bciel xBapTupH cepenwii
NOBiTPOOOMiH cknanas 0.5 rox’.
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8)

Puc. 2. Cxema fgociipKyBaHoi

») KBAPTHPH 3 pilllcHHAM NPHILIMB-
HOT BEHTH/IALIT 30BHIilIHIM
OTBOPOM:
a) npumimeHAR oTBip; 6) nonepey-
Huii po3pi3; B) cxema OCNiIKYBAHOT
KBAPTWPH, A) perymolounit TpoC;
B) npocenbHa 3acyBka; Y) moBitps-
auit reunt; OT) posmillleHHs npu-
[UIMBHOrO OTBOPY B KBapTHpi i Ha-
NPAMOK BiTPY B 4ac EKCNICPAMEHTY
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Puc. 3. liarpama xpuskx C i noitpoobMin y nocnuvxynaﬂux npnmmeﬂﬂxx
1 — npumMimenns 5 (puc. 3) — nonrrpooﬁmm n=12rox",2 - npum.3-n=0.3 ron’,
3—npum.4—n=10rox", 4 —npum. 2 —n= 0.5 ron!



PesynsTata fociaimkens (aiarpama kpusnx C i moBiTpoOOMiH y mpuMi-
IEHHAX) MPEACTaBeHi Ha rpadiky puc. 3 NMiATBEPEKYIOTh HEBEJINKY BHTSIK-
Hy CHJIY BEHTHIAL{l BaHHOIO (npuM. 4, puc. 2) aGo BOupansHi (npum. 5).
3 6anancoBoro agamisy (5) BHIIHBAE, 1m0 61u3pk0 60% MOBITPS BHXOAMIO
3a TEpHUTOpifo KyxHi (npuM. 1), 3 sxux Tinbxu 10% Gyno nepexoruieHo kaHa-
oM BaHHOKO (puM. 5), a 61u3eko 18% NMpOHMKHYNO B KiMHATY, fAKa € CycCi-
JHBOIO 3 KyxHero (npum. 2). LlikaBum 6yB dakT mpoTikaHHs B KiMHATY, po3-
TalUIOBaHy NO Ti e CTOpPOHi, Mo 1 KyxHa (mpum. 3) Gaussko 14% BHKOpHC-
TaHoro MNoBiTps. lle He BiAMOBiNa€ MPUAHATHM NPUHIMIAM BEHTHIALIT, 110
BH3HAYa€ rOJIOBHUI HaPAMOK MPOTIKaHHA MOTOKY Ha MiABITPSAMY CTOPOHY
abo B HaNPIMKy BaKyyMy, 1110 3HAXOANTHCA Y BEHTHIMLIHHIX KaHanax.

BigHoCHO 3HauyHe MPOTiKaHHA BUKOPHCTaHOro NOBITPA B anMimeHHx 3
MOXe 6ym OB’ fA3aHe 3 HanpsAMKOM NPHILTHBY i BUTSKKH nosnpa Kpi3b mum-
HH y BixHI (KoedillicHT nosnponpounxnocn 1% BikoH a =1.5 M*/muaclla®’).
CrBopeHHit bakyyM OyB HACTIIbKM BEITHKHIi, 10 BUKIMKAB 3aCMOKTYBAaHHSA
HOBiTpA 3 KyxHi. KijlbKicHe BH3HaYeHHs BEJMYMHM MPOTiKaHHA, IO Jac Me-

. TOR, AKHi Mapkipye, Moxe OyTH NpHAaTHe I MPAKTHYHOTO pillIeHHA Bid-
TNOBiIHOT CYKYTTHOCTi NMPOTiKaHHA MOBITPA B 06nacTi KBapTUpPH i HeoOXinHO-
CTi YCTAHOBKH JOAATKOBHX OTBOPiB a60 NPHIUIMBHHX PEryJsTopiB.

BucHOBKH

Meroga, 1o Mapkipye, MOXe 3HAHUTH MIUPOKE 3aCTOCYBAHHA JANIA pillieH-
HA npobiieM BeHTHIALIT H iHOLNbTpaLii moBiTps, MUIBHOCTI i BH3HAYEHHA
HOBITPOOOMiHy.

MeTton Mae BeMKy TOUHICTh, BUMIPIOBRNbHY YYTIUBICTH i MOXIMBICTB
CKJIalaHHs MacoBOro GajlaHcy rasy, oo Mapkipye.

KutbkicHe BU3HaYeHHs BEIMYMHH NPOTiKaHE i MOBITPOOOMiHY Hae MOX-
JMBIiCTh aHAMI3yBAaTH NPaBWABHICTE NPHUHHATHX KOHCTPYKIiiHO-QyHKIiO-
HaIBHHX DillleHb, 4 TAKOXK CTOCYIOThCS LIIEHOCTI HABKOJHIIHBOT KOHCTPYK-
wii i HeoGXiAHOCTi YCTAHOBKM JOJATKOBHX OTBOPIB ab0 MPHILUIMBHHUX pery-
JATOPIB. N
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=0 TEMNSIOOBMIH, TENJNTONOCTAYAHHA,
FA3SONOCTAYAHHA

V]IK 536.1 A. A. Xyaeuxo, 0okm. mexs. Hayk, npog.,
KwuiBcekuif HanioHaneHu yHiBEpCHTET
OyniBHUIITBA i apxiTeKTYpH

TENNOBE MOAEMOBAHHA
CTOCOBHO XUBUX OPTAHI3MIB

Beryn

TerwtoBe MoIEOBaHHA CTOCOBHO JKHBHX OPraHi3MiB 3aCTOCOBYIOTH Y
MeauIuHi, panioGionorii, moxexHiif TeXHINi, caHiTApHO-TirieHiYHOMY HOP-
MYBaHHi MiKpOX/iMaTy HpHMilleHb Ta GaraTboxX iHIIHX ramy3sX HaykH i
TeXHik#. [ONOBHOIO METOIO0 TENNOBOTO MOJENIOBAHHA € BM3HAYEHHA TEIIO-
BTpAT OpraHi3My B 3aJIeXKHOCTI Bift $aKkTOPiB HABKONHIIHLOIO CEPeNOBHINA i
HOPMYBAHH$ ZIONYCTHMOTO ONPOMiHIOBAHHA Pi3HOTO BHAY €HEPIisiMH.

¥ pobori [1] HaBexeHi pe3yIBbTaTH TEIIOBOrO MOAETIOBAHHSA BILIMBY Ha
MeTabonisM NTaXiB TeMIepaTypHHX NapaMeTpiB HAaBKOIHIUHLEOTO CEpeno-
BHIIa. AHani3 pe3yNbTAaTiB TEMNOBOrO MOAEMIOBAHHSA TEIUIOi30LiiHOro
HOKpHUTTA Giisme sk 30 pi3HOBHAIB apKTHYHHX T4 TPOMIYHUX NTaXiB HaBe-
Jenuii y poboti [2]. XapakrepucTHKa METONIB TEILIOBOTO MOJENIOBAHHA Y
BiIHOILIEHH] [0 MIOAMHHM ¥ ckadaHApi KOCMOHABTA HaBeAeHa y pobori [3].

MeroziMka TEIUIOBOTO MOJEMIOBaHHA, 32 AKOKW MPOBOMWIMCH AOCHIA-
JEHHS, OJIrala Y HACTYIIHOMY: BUTOTOBIIAUIM T€OMETPUYIHY MOAENH 00’ €KTa,
SKHI JNOCTKYETBCA Y BHIIIANI CHOIYYEHHA CHEPHYHHX Ta LHIIHAPHIHHAX
dopm (pHc.1), apaniTHIHO BH3HAYAIKCH TEILIOBTPATH MOJAENI i OTpMMaHi pe-
3yJIBTATH TOPIBHIOBAMCH 3 €KCTIEPHMEHTANBHHMH pe3ylbTaTtaMH, AKi GynaH
oTpuMaHi 3 GionoriHUX JOCHINKEHb TAKOTO THITy OpraHismiB. PoaxomxenHs
PO3paxXyHKOBHMX Ta eKCIIEePHMEHTANBHHUX AaHuX ckianano 10-15% [4].

KpiM He IOCHTH BUCOKOI TOYHOCTI TaKHii METO]| TEINIOBOIO MOJETIOBAH-
H CTOCOBHO XXKHBHX OpraHi3MiB Mae iHILi CyTTeBi HeNoOMKH: AyXe CIITAIHO
BU3HAYaTH NPOMEHNCTHI TeTUI000MiH, 0COGNMBO MPH HaNpaBIEHOMY aCHMET-
PUYHOMY OIIPOMIHIOBaHHI MOJIENI, TEIIONPOBiIHICTE 130AL{HHOr0 MOKPHUTTA
BiANOBigae TiTbKM THM yMOBaM, 3a AKAMH BifOyBaIHCh AOCHIAM, NPAKTHIHO
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HEMOXJIMBO BH3Ha4aTH MeTaboMi3M OpraHisMy B 3aJIEXXHOCTi Bin 3MiHH mapa-
METpiB HABKOJMIIHLOTO CEpeIOBHILA.

MeTta pocaifxKeHHn

Meroro fmaHoi poboTH € mopaiblie BIOCKOHAIEHHS TEILIOBOTO MOJE-
JIOBAaHHA CTOCOBHO JKHBHUX OpraHi3MiB IIIAXOM 3aCTOCYBaHHA TEPMO-
rpadiyHOro METOAy BH3HAYEHHA TEIUIOBHX NapaMeTpiB JKepell Ta CTOKIiB
TEIUIOTH.

CyTHiCTb BAOCKOHAIEHHA METOY

CyTHICT TEILIOBOTO MOJIE/IIOBAHHA 3 BHKOPHCTaHHAM TepMorpadidaux
3aco6iB BUMipIOBaHHA MOJATAE Y HACTYIHOMY: BHI'OTOBIIOTH F'€OMETPHYHO
noAi6Hy MOPOXHUCTY MOJIENb JKHBOTO OpraHi3My, OPOXKHHHY MOZIENi 3aH0B-
HIOIOTH BOJOI0, TEMIIEPATYPY AKOI PETYIIOIOTH 3 METOK MOJIE/IIOBAHHA METa-
6oniaMy, Ha 30BHINIHIO MOBEPXHIO MOJEN] HAHOCATL CYNUILHKH map, abo no-
KPMTTA Y BHII OKPEMHX TOYOK PiJHHHO-KPHCTANiYHOi PEYOBHHH, fKa
3MiHIOE CBiif KOJIp B 3alI€XHOCTI Bil TemneparypH. To4HiCTb, 3 AKOIO peary-
10Th PilMHHI KPHCTAIIH Ha TeMIIEpaTypPHy Ailo HaBeaeHa y Tabuuni [5].

Tabauys
Konsoposuii nepexin
Piansauit kpHcTan
Yepsowunii, °C 3enenwii, °C Cuwiii, °C
Ne 32 32,5 33,1 33,7
Ne 34 34,7 35,1 35,7
Ne 36 36,4 36,3 37,4
Ne 38 38,6 39,1 39,7
Ne 40 40,6 41,1 41,7
Ne 43 43,3 43,9 44,6
Ne 45 45,1 45,6 46,2
Ne 49 - 49,8 50,0 51,2

MerToanka Moaea10BaHHS

PosrasneMo METOAHKY TepMOrpagiiHOro TeILIOBOro MOJEIIOBaHHA Te-
NI000MiHy JIOAHHH CTOCOBHO TaKoi CHTyalil: JIIOQHHA Yy NpHMilleHHi 3
TEMIIEPATYPOI0 #; ACHMETPHYHO OIPOMIHIOETHCA IDKEPENOM IPOMEHHCTOL
TemoBoi eneprii. HeoOxiguo BH3HaYMTH KoedillieHT KOHBEKTHBHOTO TEILIO-
oOMiny Ti€l yaCTHHM MOBEPXHi IIOAHMHH, fKa ONPOMIHIOETECA, MUIONIY NO-
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BEPXHi OIPOMIHIOBaHHA, il TeMnepaTypy Ta KiIbKiCThH MPOMEHHCTO! eHepril,
AKa HaJXOAHUTH HA OBEPXHIO Tila TIOAHHH.

o
o
olfl o
oflo
g
Puc. 1. Cxema mozeni tina nraxa Puc. 2. Cxema MoJeni HOBEpXHi NIOAMHH

Jina BH3HAUEHHS 3a3HAYECHHUX [TAPAMETPIB BUTOTOBNAIOTE MOPOXHHUCTHIHA
MaKeT MOoAHHH (pHc. 2).

HopoxHAHy MakeTa 3alOBHIOIOTH BOINOKO 3 MOMUIMBICTIO MiATPHMYBAaTH
3a JOMOMOrOK0 €NCKTpOHArpiBHMKa 1i Temmneparypy Ha piui 37 °C, mio
BIINOBiZla€ CTaHy CIIOKOIO NMIOAMHM, KONH BOHA NpoAykKye mpubnuzHo 100 Bt
eHeprii. 30BHIOIHA NMOBEPXHA MOAEINi 338 CBOIMH TeMLIO(I3HIHHMH XapaKTepH-
CTHMKaMH MNOBHHH3 BiIIOBiaTH TEIUIOMI3HYHUM XapaKTEPUCTHKAM JIETKOTO
KiMHaTHoro ozary. Ha 30BHIIHIO MOBEPXHIO MoZENi HAHOCATH BiAMOBIIHO
niniOpaHuii 32 TeMuepaTypHHM iHTEPBAIOM MIAp PiAMHHOKPHUCTATIYHOL peyuo-
BHHH, ITicns BKIOUEHHS Kepea IIPOMEHHCTOL TEIUIOTH i BUBEACHHS HOro Ha
CTailioOHAPHHH DEXUM [POBOJATH 3aMIDH XapaKTEPHCTHK TEMIEPaTypHOIO
HOJIA MOZENI, 32 AKUMH BH3HAYAIOTh NTAPAMETPH, 3a3HaueHi BHuIE,

KonpexTupuHii Tennoo6min. KoedillieHT KOHBEKTHBHOTO Temio-
oOMiHy noBepxHi MozAeni, Ka OMPOMiIHIOETECA BH3HAYAIOTH HACTYNHUM YH-
HOM. 3aMipsiOTh WIONIy MOBEPXHi OIpoMiHiOBaHHA F; (BoHa Maec iHIIH
KOTHp y MOPIiBHAHHI 3 NOBEPXHEIO MOJENi, KA He ONPOMIHIOETECA) i BUpaxo-
BYIOTb 33 KOJJbOPOBHMH NOKa3HHKAMH TEPMOTPaMH ii CEPENHIO TeMrepaTypy
t. 3a 3HaueHHAMH f; i f; BH3HAYAIOTh KpPUTEpIANBHY 3anexHicTb (Gr - Pr),,
Nuy,* )\.m

(Nu),, i koedinieHT KOHBEKTHBHOTO TEIUIOOOMIHY (1, = ’

.
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KinbKiCTh TEMNOTH, KA HAJXOOWTh Yy MPHUMIINEHHA 3 miowi onpomi-
HIOBaHOI MOBEPXHi MOJENi BHACHIAOK KOHBEKTHBHOrO ii TerurooOMiHy Gyxe
CKIIQJIaTH Qx =0k’ Fi(ti—tn)'

IIpomennctnii Tenioo6min. Kinokicte npomenmcroi TemnotH (pe-

3yJBTYIOUHI TEIUTOBH MOTIK), AKWi HAIXOOUTH 3 JKEpeNia TEIIOTH F; Ha
MOBEPXHIO Moxeni F; Bn3HauaeThCA 3a BiZIOMOIO HOpMYIIOIO:

4 4
= Ts Ti
Oy r, -5, = Farem Col 390 | ~ 106) Pra-nv

Y uaBezeHilt ¢opmyni HeBiIOMHM € KyTOBHil koedillieHT y cHcTeMi
“IXKEepeNio TEIUIOTH — MOBEPXHsA ONPOMIHIOBAHHA Mojeni”. 3HaYeHHA KyTo-
BOro koe(illieHTa MOXXHA BH3HAYMTH AK CNiBBiTHOMEHHA eQEKTHBHHX TEll-
JIOBMX TOTOKIB, SKHM HaAXOAWTh 3 JDKEpela TeIJIOTH Ha MOBEPXHIO OTi-
poMiHIOBaHHA F; i AKHii BAMPOMIHIOE Y HABKOJIHIIHIM HaNiBOpOCTIp JKEPENIo
TemoTH F.

EdekTuBHHIl Terutopui NOTIK, AKWH HAAXOMMTH 3 JXKepelia TEIUIOTH Fy
Ha TOBEPXHIO ONpoMiHioBaHHA Mojeni F; (i ruioma BM3Ha4YeHA 33 TEPMO-
rpamoio) 3 Temnepatypoo 7; (i 3HaueHHs BU3HaueHe 3a Tepmorpamoro) 6ysne
JIOPiBHIOBATH BJIACHOMY i BiTONTOMY BHIIPOMiHIOBaHHIO MOBEPXHi F;, TO6TO:

4
=F.g-C.| L
Qe(b’pn_pi _Fl €i C:(IOO) .

EdexrnBHe BHNPOMIHIOBAHHS JuKepeia TETUIOTH Y HAMIBNPOCTIp CKia-
Jae:

4
Ta

Qe(]:u,l?‘ll =Fn €1 Cs 100

KyTtoBHit koe(illiecHT B CHCTEMI “MXepeno TEIIOTH — MOBEPXHA OMN-
POMiHIOBaHHS MOZIENI” JOPiBHIOE:

- _Lar
Cr-F =" —

Qeq),Fn

3a 3HayeHHSIMH KyTOBOTrO KoedillieHTa BH3HAYaKOTh KiIbKiCTh IpOMeE-

HHCTOI TemIOTH Qf _r , KA HAAXOMHTD 3 JDKEPENA TEIUIOTH HA MOBEPXHIO
a [}

JIFKOJHHH.

3HaueHHA KyTOBHX KoedillieHTIB IS MPOCTHX 3a KoHirypatiero mo-
BEPXOHb ONPOMiHIOBaHHA MOXXHAa BH3HAYHTH TaKOX aHAIITHYHO.
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BucuoBku

3a pesynbTaTaMi JOCIKEHb MOXKHA 3pOOHTH TaKi BHCHOBKH.

BrockoHanennii MeTo, TepMOrpadivHOro TEIUIOBOTO MOJETICBAHHS
Moxe OyTH edeKTHBHO 3aCTOCOBaHHi JANA OTPHMAHHA TOYHOI KiMBKiCHOU
indopmauii mpu KOCHIHKEHHIX TEIUTOOOMiHY IIOAWHH B YMOBaX MpUMillleH-
HA i HABKOJIHUIHEOTO CEPENOBHILA, IPH BU3HAYEHHI HOPMATHBIB MPOMEHH-
CTOrO OMAajCHHA TA OXOJO/DKEHHS, NMPH JOCTIIKEHHI TEeOCHCTEM Ta TIPH
BHUpimIeHHi 6araTtsoX iHLIHX MpoblieM ONaoBaIbHO-BEHTHIALIHHOT TEXHIKH.

Oxpim kinskicHOi iHdopMalii, 3a KomoMoroo TepMorpadiuHoro rer-
JIOBOTO MOJENIOBAHHA MOXHA OTPMMYBATH TaKOX AKiCHY iHdopMariito mono
rpoiiecis TemIoo0MiHy, 30KpeMa MIOAO0 JaMiHAPHUX Ta TypOYJNEeHTHHX TediH
TIOBITPA B yMOBaX NMPHPOAHOI Ta BUMylIeHo! koHBekuii. IIpu obrikauni Tina,
[IOBEPXHA AKOr0 MOKPHTA IAPOM PiAMHHOKPUCTANIYHOI PEYOBHHH, NOTOKOM
noBiTpsA Gyzie crocTepiraTHCh pi3Kuit KonbopoBHi mepexin namiHapHOI Teuil
y TypOyneHTHy: B MiCIIAX Iepexofy CyLiIbHE KONbOpOBE 3a0apBlIeHHA Oyne
TIEPEXOAUTH B KpaIUIMHHE 3a0apBIEHHA, K€ XapakTepHe MA TypOy/IeHTHO-
'O NOTOKY [OBITPA.
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YK 621.18+621.438, B. IL. KopbyT, dokm. mexu. nayx
66.045.53 M. 1O. Nmenko, unsicenep

KueBckuiif HallHOHANBHEI YHUBEPCUTET
CTPOHTENBCTBA ¥ APXHTEKTYPHI

OCOBEHHOCTU COBMECTHOW PAEOTbI
KOTNOAIPErATOB U FA3OTYPEUHHBLIX YCTAHOBOK
C BAWEHHLIMU FrPAONPHAMU

IIpn 3kcrnyaTanuu OamieHHEIX rpajupeH HCIIApUTENBEHOTO THMA HA
T3C u A3C Bo3HHKaeT npobieMa H3OBLITOYHOTO YBJIAXKHEHHA BO3ZyXa He
TOJBEKO TEPPUTOPHH EKTPOCTAHIIMH, HO H 3a e€ NpeJieJlaMH, YTO BRI3bIBAeT
obnefleHeHHe M HAKOIUIEHHE BIIATM 3/IaHMAMH H COODPYXEHHSIMH, CO3JaeT
IUCKOM(}OPT M MOBERIDIEHHYIO 3a00/1€BaeMOCTh NPOXKUBAIOMKX BOIH3H ITHO-
JeH, CHIIKAET NMpo3pauHOCTh aTMOCPEPHOro BO3yXa, a TAkKe H3IMEHEHHE B
LEeTIOM MHKPOKJIMMATA.

OnHUM H3 BO3MOXKHEIX HAaNpaBlIeHHH CHIKEHHS YBIIAKHEHHMS MPH HC-
MapHTENEHOM OXJIAXKAEHHUHU BOJK! B OallleHHBIX MPalUpHAX ABIAETCS YBENH-
YyeHHE BRICOTHI NTOIbEMA, a TAKXKEe OCYIHNKa NMapoBO3AYIIHOro (hakena, HalmpH-
Mep, yTeM COBMECTHOH paboThl IpaXHpPHH ¢ BHIOPOCHBIMH YCTpOHCTBaMH
IIPOJYKTOB CrOpaHHA, MOCHe KOTIO0arperaTtoB HiM ra3oTypOMHHEBIX YCTaHO-
ok (I'TY).

B otedectBeHHO# npakTuke B 90-x rojax Ha OCHOBaHMH psja 3apy-
6exHBIX pa3paboTOK pacCMaTpUBaJIack BOIMOXKHOCTE HCTIONK30BAaHUS HCIa-
PHMTENBEHOMN IpaiNpHH IS OTBOAA NPOAYKTOB cropanus ot I'TY uim koTens-
HBIX ycTaHOBOK. IlpenBapuTensHble pacueThl MoKa3zanu 3((eKTHBHOCTH
JAHHBIX pa3paboTOK MO YAYYHIEHHIO SKOJIOTMYECKO CHTyalnUH B CaHHTap-
HO-3au{HTHOH 30He TOC U Ha MpUJIEraloNniuX TEPPUTOPUAX 3a CUET YBENIHYe-
HMA BBICOTEI ITObEMA ra30BO3AYMHOrO (akena MpH OpraHN30BaHHOM COpO-
ce OTXOISIIUX NMPOAYKTOB cropanus nocie I'TY uin koTioarperatoB B Bbl-
TAKHYyO GamHio rpagupHH. [IpH 3TOM NOABIAETCA BO3MOXXHOCTD HE TOJBKO
YIYYIINTh MHKPOK/IHMAT, Ha TNpHIeralomeid TeppUTOPHUH, HO H IOBEICHTB
addexTHBHOCTE pabOTHI MCIIApHTENBHBIX IPAXAPEH H, COOTBETCTBEHHO, Ma-
PpOTYPOHHHOM YacTH 3NIEKTPOCTAHIINH B TEIUIBIH IEPHOA To/a.

IIpakTHueckoe BHeapeHHe 3ToH pa3paCOTKH MpeamnonaraeT pemeHHs
pANa KOHKpETHHIX 3a/ad, CBA3aHHEIX C a’pOJMHAMHKOH BHYTDEHHEro H
BHEMIHETO PeXXHMA rPagHpHH, BOSHUKAIONIMX IIPH BBEJEHHH B HEE OTXOMf-
mux ra3oB I'TY (KoT/IOB), a TakkKe OMBITHO-KOHCTPYKTOPCKHX NMpopaboTOK.
YuHTBIBasA OTCYTCTBHE AHAJIOTOB B OTEYECTBEHHOH M MHPOBOH JHEpreTHKe

39



pa3paboTok Takoro poja, pacCMOTPHM HEKOTOphle paGoThl, B KOTOPHIX H3Y-
daercs npo6iieMa BBeieHH ALIMOBLIX I'a30B B IPagHupHIO. AHANN3 OCHOBHEIX
TEHAECHIHUH rpanupHecTpoeHna 3a pybexxoM [1] mokaswiBaer, 4T0 cpen HO-
BeHIIMX IIPOEKTOB — MONEPEYHOTOYHRIE IPafMpHH BEIcOTOMH 100 M, C ecTecT-
BEHHOH TATOH, HCIOMB3yeMble TAlKE I OTBOAA INPOAYKTOB CrOpaHHA.
Kpome HOBRIX MPOEKTOB, CHCTEMBI OTBOAA JEIMOBEIX Ta30B Yepe3 rpaidpHIO
MOXHO peanu30BaTh ¥ Ha CTaIMH PEKOHCTPYKUHH NeHCTBYIOMMX BIIEKTPO-
craHumi [2, 3].

Ha Hami B3rnsajn, 370 HANpaBleHHe BO MHOTOM 00f3aHO ycIieXy 3Kc-
TuTyaTauuu onertHo# “Tpy6nl-rpagupun” Ha TIIL Volklingen [4, 5, 6, 7].
Ha onuiTHOM 3Hepro6noke (napopas Typ6una 205 MBT 1 rasoBas TypGuna
35 MBT) cucTeMa MOKpOH CEPOOYHUCTKHM JABIMOBEIX Ta30B pacloNokKeHa
BHYTpH NONepeYHOTOYHOH OamieHHOH rpafiMpHM H yAAJIeHHEe OYHIOICHHBIX
JABIMOBEIX I'a30B MPOHCXOMHT BMeCTe C yXONAIIHM H3 OpOCHTeNA I'pagHpHH
BO3yXOM Yepes BHTKHY0 6anrHio. IIockonbKy mpH MOKPO# cepoodYHCTKe
JBEIMOBEIE Ta3sl OXJIaXAaTCA oT 150° 1o 50-55 °C, MX He3aBMCHMMBIH OT-
BOA 4epe3 BRICOKYIO ARIMOBYIO TpyOy nmotpe6osan 6nl nogorpes. CoBmecT-
HOe yZhaneHHe NPOAYKTOB CTOPaHHA M MapOBO3AYIIHOH CMECH IO3BOIMIIO
H3bexars 3TOro.

OcranoBuMca Gonee NOApPOOHO HA KOHKPETHHIX KOHCTPYKTHBHEIX
HpeUToXKEHHAX, OIMCHIBAIOIINX CHCTEMY YCTPOMCTB JUIS BBOAA ABIMOBRIX Ta-
30B B IpaHpHIO (puc. 1).

B pa6orte [8] nmpepnaraerca cineayronias KOHCTPYKUuA. BBOA OUMIIIEHHBIX
JIBIMOBBIX 'a30B B IPafupHIO 1: rasui, (pOIIEAUINX CEPOOTHCTKY ), OCYIIECTB-
nsercs B UEHTP IPagupHA OTAENbHEIMH TPyOKaMH HIIH LEHTpansHol Tpy6oit
6, KoTOpad MPOXOAHT Yepe3 KalUleyIoBUTeNb M opocutens. ITocae audysopa 8
B ra300TBOAHOM TpyOe mpeycMaTpHBaeTCs OPOCHTEND M KallIeyJIOBHTENS 9.
Jns yBenudeHHs CKOPOCTH BRIMOMHAETCA CyXeHHOe cedenme 10. Takas xoH-
CTPYKIMA HCKJIIOYAeT HAKOILIEHHE TBEPABIX YaCTHIL, COAEPIKANIHXCA B ABIMO-
BBIX ra3aX, Ha KOHCTPYKUMSX OPOCHTENS H rpaaupHy. Boza, npomiemas opo-
CHTENs 9, HampaBIgeTcs B IHKA CEPOOYMCTKH Mo JTuHMH 11,

Ha puc. 2 npeacrapieH HHOI BapHaHT BBOJA ALIMOBHIX Ta30B B Ipajup-
HIO, TakKe Nociie cepoodHcTKH [9]. s 3TOro MCNONE3YIOTCS HECKONBKO TPYD
€ MONBLEMHBIMA Y9ACTKAMH, MEPECEKAIOMHMH BOAOYJIOBHTENIb TPaaMpHH H
MMEIOIIMMH Ha BBIXOJIE OYMIICHHBIX Fa30B CBOM KAIUIEyJOBHMTEIH, NpPENOT-
BpallaloNiye ONagaHus B FPAIUPHIO BOABI, YHOCHMO# ra3aMy H3 YCTaHOBKH
ZUIA OYHCTKM MX OT cephl. CKOpPOCTh JRIMOBBIX Ta30B MpeJiaraeTca NpHHH-
MaTh paBHOi 5 M/c. Ha BHYTpEHHHMX MOBEPXHOCTAX NMOXLEMHLIX YYacCTKOB
TpYyO BRITOIHAIOTCA HAKINOHHEIE BEICTYIEL, C KOTOPHIX BOJA, Najaoniad H3
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Puc. 1. YerpoiicTBo n1st BBOZA OYHINEHHBIX JHIMOBBIX Ta30B B IPAIHPHIO

1 — rpanvphs; 2 — HacAAKH Ay MPOMBIBKA MapoyJ/IaBIHBATENA H OYHCTHTEIbHBIX NAKETOB
nepenyckHoi TpyObl CBEpXY BHHM3; 3 — HacaJKH, [j11 OMBLIBAHHA MapOYJIaBINBaTeNA H OUH-
. CTUTENBLHHIX MAKETOB CHH3Y BBEpX; 4 — KamneynaBIHBaTelb; 5 — koHdy3op nepenyckHOH

Tpy6HI; 6 — BBOA ABIMOBOrO rasa; 7 — BIarooTAeauTeNs; 8 — nudysop nepenyckHoit TpyOs!;
9 - maKeTHHIH KaruieynoBuTelb; 10 — BeIxoaHas TpyOa; 11 — ynasnuBatoluee ycTpoicTBo
Iyt oTaemsnomeics BoARl; 12 — opocuTeNnsHas CHCTEMA.

Puc. 2. Ycrpo#icTBo i BBOJA OYHIIEHHBIX ABIMOBLIX I'a30B B IPaHPHIO
1 — rpaaHpHs; 2 — BIArOyNOBHTENb; 3 — MepermyckHas Tpy0a; 4 — KanneHaKkoNmuTeNb; 5 — Ka-
neobpasyioliHe HacaJKH B NMepeNyckHoH Tpy0e; 6 — ocHoBaHHe meperycKkHoH TpyObi-Ha-
KOMHTENs BIark
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KarleyioBuTens u oOpa3syronascs Ha CTeHKax TpyO B pe3ynabraTe KOHIEHCA-
1M, HOJDKHA CTEKATh B BHAE KPYNHEIX Kallelb M OTBOJHMTHCS 3aTEM M3 PacIio-
JIOKEHHOTO CHH3Y BEepTHKAIBHOIO YJacTKa TPYOBI — HaKOIUTENs BJIarM A €€
HOBTOPHOTO HCIIONTB30BaHMA.

BaxxrM ¢axTopom GOpMHPOBaHHA ONTHMANBHLIX PEXHMOB IPaiUPHH B
YCIIOBHAX BBEAEHHA B Hee JBIMOBEIX Ta30B SBJIAIOTCS MPOLECCH MX mepeMe-
IIMBaHUA C BO3OyXoM. Mcrone3yeMble mud 3TOH HelM HampaBMsIOIHe ILIa-
CTHHEI CO3JAIOT JIOTMOMHHTENEHOE CONMPOTHBIEHHE H YMEHBINAIOT €CTeCTBEH-
HEII BO3Myx000MeH rpagipeH. JUia ycTpaHeHHA 3TOro HeJocTaTka B pabore
[10] mpeanaraercs BBOAMTL Trasbl LEHTpaibHOH TpyGoil 1, M3 KOTOpOH OHH,
KaK BHIOHO Ha PUC. 3 pacIpelensioTcs Mo Ta3oBEIM KaHajJaM 3 ¢ NMOMOILBIO
KOJIbleBOTO Komtektopa 2. TpyOrl 3 Ha KOHIle 3arHYTH! M MOTYT IOBOpayH-
BaThCS BOKPYT cBoeit ocu 4. TakuM o6pa3oM, HMeeTCs BO3SMOXKHOCTh YCTaHaB-
NMBaTh ONTHMANBHEIA YTON B 3aBHCHMOCTH OT BO3AYIIHOTO IMOTOKAa BHYTPH
rpagupHA. JIOMOMHHTENEHO MOXHO M3MEHATH YTOJl HAKIOHA ra300TBOIALIMX
TpyG.

Kak JomonHUTENbHBIH apryMeHT B MOJIb3y KOMOMHHPOBAaHHOTO pemle-
HUA “Tpy6a-rpanMpHsa” NMpUBEAEM pe3yNbTaTel HCCIENOBaHHH pacnpocTpa-
HeHHA BEIOpOCHBIX ¢rakenoB AHIMOBOH TpyOBl H TpYOHI-TpaiupHH.

H3yuenne nuiMOBHIX dakenoB TpyOsl U “TpyObI-rpaqMpHu” TIPOBOAH-
nuck (5] Ha Mozensx, MOMEILEHHBIX B a3POJMHAMHYeCKyI0 TpyGy 1 B peaib-
HBIX YCJIOBHMAX 3KCIUTyaTalu# omblTHOM TOL| denbkinHreH, a Takxe ¢ mo-
MOIIBIO PAaCYETHOH TpeXMepHOH Moaenn. Pe3ynbTaTsl SKCIIePUMEHTAIBHBIX
HCCNEIOBaHAM Ha QURMYECKHX M PAacCUeTHBIX MOJENAX, a TaKKe HATYypHBIX
HCHOBITaHHH YHOBJIETBOPHTENIBHO COrJIacyloTcs Mexkay coboil. Ha puc. 4
CXEMATHYeCKH IPEACTaBlieHb! Pe3yNbTaThl HCCIENOBaHMM NHIMOBBHIX (hake-
noB TpYOR M “TpyGbI-rpanupHi”. IIpHBeiCHHEIE pe3yNbTaThl HCCIEXOBAHMH
MOKA3LIBAIOT 3HAYMTEJIGHO OOJNBOIYI0 YCTOHYHBOCTh M BBICOTY pPacHpoCTpa-
HeHus dakena “TpyOn-TpagvpHH” MO cpaBHeHHIO ¢ (axeloM TpyOsl. Yka-
3aHHOE TONOXKEHH BNOJIHE O00BACHHUMO ¢ GH3NYECKOH TOYKM 3peHHs, BBHIY
3HAYUTENLHO Gombiiero oGseMa BeIGpocHOTO dakena U3 “TpyOLI-rpatHpHA”
0 CPaBHEHHIO ¢ 00bEMOM JBIMOBBIX I'a30B, a TAKXKe MEHbILEH, YeM y BO3Jy-
Xa TUIOTHOCTBIO MApOBO3AYIITHOM CMECH.

AHaITN3 CYLIECTBYIOIUHX HCCIENOBAHHHA NOKa3blBaeT, YTO YBEIWYEHHE
BEICOTHI NogbeMa (pakesia GamieHHBIX TPafMpeH U YMEHBIUEHHE €r0 OTHOCH-
TEJIBHOH BIIAXXHOCTH CYHIECTBEHHO 3aBHCAT OT:

- cocoba U ypoBHA MOAAYH B TPagHPHIO MPOAYKTOB CrOpaHHA MOCIE
I'TY unn xoTiIOoB;

- or0opa yBIa)XXHEHHOrO M HAarpeToro Bo3JfyXa M3 TpaivpHH C Tocie-
Aytoileit monageit k koMmrpeccopHoil rpymnme I'TY uid xoTnam;
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Puc. 3. YcrpoiicTBo Auist BBOAA JEIMOBBIX a30B B IPAHPHIO

1 ~ ueHTpansHbIfl CTBON; 2 — pacnpeleNHTENbHbIN KOMbLUEBOH KONNEKTOp; 3 — ra3oBbie KaHAE €
PEryJHpyeMbIM MIOBOPOTHBIM BEITYCKOM; 4 — OCh IOBOPOTA BEITYCKHOIO NaTpybka

hM
1000

Sm AT RIS e 2 a2

SOt KBRS

450 M
700 M

1 170 M
(=] I

1 2 3 Lrm
Puc. 4. Bubpochiie daxens AsMoBoii Tpy6s! M “Tpy6si-rpanupHu”

- IPUMEHEHNA KOHCTPYKTHBHEIX IEMEHTOB, obecneynBalomHX YCIOBUA
HHTeHCH}MIMPOBaHHOTO H PABHOMEPHOrO BEIXO/]a [TAPOBO3IyLHIHOro dakena
U3 OallHH, IPH BETPOBOM BO3AEHCTBHH.
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Ha puc. 5 noka3ad BapHaHT OJa4H B IPafiiPHIO OTBOIIIHX MPOAYKTOB
cropanus nocie korioB wiu I'TY, u 3a6opa Bo3xyxa yepes oTBEpPCTHA Ha-
PYKHBIX orpaxaeHuil Gamiennol rpagupHy. IIpuHuun peficTBus npenna-
raeMoii YCTAHOBKH CBOAMTCA K CIIEAYIOIIEMY.

B GanienHoit rpagupHe 3, KOTOpas UCIONB3YETCS AJA OXJIAXICHUA LUp-
KyJIAIMOHHON BOJKI TOCJIE KOHAEHCATOpa NapoBod TypOuHsl 6 mpH Tpamy-
HOHHOH MapOCHJIOBOH IHEProycTaHOBKH, aTMOcGepHBIH BO3ZyX 3a cHeT
KOHTaKTa C OXJIaXJaeMOif BOJOH B OpPOCHTENBLHOH cHcTeMe S5 OamleHHOMH
rpagypHH HarpeBaeTcs M HACHINAETCS BJaroi B pesynbTare KanelbHOTO
YHOCA U YaCTHYHOr0 MCHApeHWs UMpPKYIAnNOHHOH BoABl. YacTh 3TOrO BO3-
JyXa IocJie KaIuieyIoBuTens 4 6alleHHOH rpalupHi, B He06X0AUMOM KOJH-
YyecTBe JUIA CXKHUraHHs TOIUIHBA B KOTJaX WJIM ra3oTvpOMHHO#N ycTaHOBKE 1
3abupaercsa BO3ZyxoBooM 7 M3 o0beMa IpafupHM 3 M NOCTyNaeT yepes
IYThbeBEIE arperaThl B TOIKH TEIUIOarperaToB 1. YXoasuiye rassl nocie Tem-
JI0arperaToB HaIpaBiAIOTCA B BOASHOMN 1IOBEPXHOCTHBIA Moaorpesatens 2, B
KOTOpPOM BHIpabaTeIBaeTcd ropsadas BoJa, HCIoJb3yemas A Heled Tero-
¢duxanuu WM co0CTBEHHEIX HYXJ 3exrpocTanuuu. Hanuumne Bopononor-
peBaTens 2 onpeenseTcs NapaMeTpaMH YXOASIIHX ra30B Hocle KOTJIOB WIH
I'TY (B HEKOTOpBIX CiTy4asfx BOJONOJAOTPEBATENH HE IMPENyCMAaTPUBAIOTCA).
MponykThl cropaHns OT ra3oTypOHMHHON YCTaHOBKH NOCH€ OXNaXIAEHHA B
nozporpesaresne 2 1o temneparypst 150-200 °C no razoxonay [8] nonarorcs B
BEPXHIOIO 30HY GallleHHBIX rpajiupeH.

Ha puc. 6 nokaszaH BapuaHT COBMeCTHOH paGOTEI TEIUIOre€HepaTopoB C
rpagupHei, IPX KOTOPOM 0T0OD YBJIAXHEHHOTO ¥ HarPETOro B IrpajiipHe BO3-
JlyXa IpOH3BOMTCS 3a KanyeyJoBHTeNIeM U3 LIEeHTpallbHOMN 4acTH rpaMpHH.

Vxonsmue rassl ot keTioB M I'TY moparotcs Beiue ypoBHA 0100pa
BO3yXa. BRITAXHBEIE M NPHTOYHEIE BO3AYXOBOABI PACIONOKEHH MO CXEME
“tpyba B TpyOe”, 4TO COKpalaeT riomany, 3aHuMaemele razoxonamu. Iloa-
BOJ| YXOIAIIMX ra3oB TEIUIOArperaToB B rPaJHPHIO BO3MOKEH B OXHOM MM
JIBYX MeCTax H ONpPEAEIAETCS KOHCTPYKTUBHEIMH cOO6pakeHUAMM.

B cBs3u ¢ 5THM, MPEACTABIAIOT HHTEPEC CXEMBI TIOIa4M YXOAAIMX Ia-
308 oT KoT/I0B WK I'TY B pasnHuHble YCTPOHCTBa, pacTIOIOKEHHBIE B YCTHE
TPajMpHH H MpeAHA3HAYEHHBIE JUIA YBEIHYECHHA a3POAHHAMHYECKOTO H Terl-
JIOBOro noxneMa gakesia rpaJupHH.

AHamM3 KOHCTPYKTHBHEIX PelieHWH GalleHHBIX IpajupeH, CyIIeCTBYIO-
HiHe TeopeTHYecKHe pa3paboTKH BHYTPEHHHX TeILIOMacCOOOMEHHEBIX IIpo-
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Puc. 5. Cxema coBmecTHO# paboTs! Teruioarperaros (koten win I'TY) ¢ OawmenHo#
rpaJupHei Py MOABOAE OTBOAALIMX IMPOKYKTOB CTOPaHus B BEPXHIOIO 30HY FpaIpHU
 3a00pe BO3AyXa U3 rPafiHPHH NOCJIE KaluIEyIOBHTENS
I — koren (I'TY); 2 — BogononorpeBare)ns; 3 — GalleHHas rpagupHs; 4 — KarleyjaoBUTeENb; 5 —

OpOCHTE/TbHaA CHCTeMa; 6 — KOHJeHcaTop; 7 ~ BO3MyX0Boa; 8 — rasoxon

tH

Puc. 6. CoBmecTHas paGora TensioreHepaTopos ¢ GalueHHO#H rpaipHei pH
PacnonoXeHH: NPHTOYHO-BRITAKHEIX TPYOONpoBOI0B 110 cxeme “Tpyba B TpyGe”
1 — GaumlenHas rpagupHs; 2 — OPOCHTENH; 3 ~ KaIUIEyNOBHTENH; 4 — 3a60p BO3Xyxa AnA KOTeabHOH
nm I'TY; 5 — cGpoc yxoasmux rasop ot korensHolt (I'TY)
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LIECCOB MOKA3BIBAIOT. 3HAUHTENBHYK) HEROCTATOYHOCT TaKHX paboT B ycio-
BHSX B33aHMOJCHCTBHA apoBO3AYIIHOTO (paKesa Nocne HCIapUTENEHOIO OX-
NaXJeHHA BOJABI C OTXOAAIMMM ABLIMOBHIMHM ra3aMH KOTJIOBrPEraTroB WIH
I'TY. O1cyTCTBYIOT TAIOKE HCCIEAOBAHHA U NPEIIOKEHHA (10 BIHAHHIO KOH-
CTPYKTHBHHIX DJIEMEHTOB OrOJIOBKAa I'PaiHpHH, @ TAaKXKe BBOXA MPOAYKTOB
CTOpaHHA BO BHYTPeHHHT 06beM Ha adpOAHHAMUYECKHH U TEINOBO noAbeM
¢axena, ocobeHHO ¢ BeTpOBOro MoToKa. Takoe cocToAHHe BOMPOCAa He MO-
3BoeT OOOCHOBaHHO YNPaBIATH mpoueccaMu 3ddexTHBHOH paboTel rpa-
JHUPHH H CO3aHMsA HOPMAJILHOTO MHKpOKIKHMara B paitoHax TOC u ADC.
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VK 697.1 JI. @, YepHHX, KaHO. MeXH. HAYK
Kuis3HIIEI

PE3YNbTATU BOCNIIXEHDL TENNIOBOIO PEXUMY
NPUMILLEHb 3 ENEKTPUYHOIO KABENbHOIO CUCTEMOIO
ONANEHHA TENNOAKYMYNALIMHOI Ali (EKCO-TA)
MPU MIHIMANBHIA B YKPAIHI TEMMNEPATYPI
30BHILHLOIo NOBITPA

KniB3HIEII pasom i3 HIIII “Enerep” Bnepuie B YkpaiHi npoBiB Teo-
petuuHi [1] # exciepumeHTansHi [2] nocnimkenHs TemnodizHyHUX XapaKTe-
PUCTHK MoZelli NPHUMIIEHHA THIOBOTO XHTIOBOro OYIHHKY, 00JIafHaHOTO
“rerroro” mignmororo. Ind wi€l MeTH BHKOPHUCTOBYBalacd HaOimeur mep-
CIIEKTHBHA KOHCTPYKILf €NeKTPOHATPiBaNbHOI MiJJIOTH, IO CKIANAETHCA 3
HHU3BKOTEMIIEPATYPHOTO 1301b0BaHOrO Kabelnio, MOKNaAeHoTO Mif TEIUIoaKy-
MYJSLIHHAM 1IapoM Bakkoro OeToHy. SIkmio Taky mizmmory BKJIIOYaTH Ha
“zapanKy” yHoui (Hampuknazn, 3 23 10 7 rOAMH paHKY, KOJIH “memesa” enek-
TPOEHepris), a iHIIHH Yac BUKOPHCTOBYBATH aKyMYJbOBaHY BCiM NPHMILIEH-
HAM TENIOTY, TO TAKa CHCTEMA BUABUTECA 33 KaNiTanbHUMHM BUTpaTamMu Ha-
6araro AeleBUIONO iHIIHX TPaIULiiHHX CHCTEM ONAaeHHA.

Ha miacraBi HOBOi Metomuku, pospobnenoi B Kuis3HAIEIT [1], 6yna
JIOCITi/PkeHa TPUIIOBEPXOBA MOJENb THIIOBOTO KYyTOBOrO NMPHMillleHHs1 B Ha-
TypanbHy BeNHYHHY 0araTomnoBepxoBOro OyIHHKY 3 €JeKTPONiAJIorow, mo
[PALIOE B aKyMy/lLiiiHO-TIepeprUBYacToMy pexuMi. Ilig yac Bunpobysane y
kriMatuuHoMy kommnekci KuiB3HJIEIT [2], xpiM BINIHBY 3HMOBHX
KJTIMaTHYHUX YMOB [UIA HaHIWKYIUX B YKpaiHi pO3paxyHKOBHX AJIs ONaNcH-
HS 30BHIIHIX TEMIEPATYp f,, = —25°C, MOJIENIOBABCA TAKOXK BIUIHB CYCil-
HiX NpUMIillleHs JaHOTO MOBEPXY, BEPXHBOTO i HHXHBOTO NMOBEpXiB. TakHi
BemUKoMacmTaOuuii eKCrepuMeHT yreplie NpoBemeHui y nabopaTopHHX
YMOBaXx,

JlBa IMK/IH €KCTIEPUMEHTANBHUX AOCTI/KEHb BKJIIOYANH HACTYMHi 3a-
Jadgi:

1) ans enexTpomnimIors TOBMMHOW 90 MM (icHyroYa MOAENh) BU3HAYH-
TH i eKCIIepHMEHTANBHO MiATBEPAUTH YMOBH, NPH AKUX OCHOBHi MOKa3HHUKH
aKyMynAUifHO-IepEpUBYACTOTO PEXHUMY (TeMIlepaTypa MOBEPXHi ENEKTPO-
HiANOTH 3 aMIIiTYAa KONHBAaHb TEMIIEPATYPH BHYTPILIHEOTO MOBITpA) OY-
IYTh BilMOBigaTH AitounuM B YkpaiHi HopMawm;

2) nmnsa mignorH toBmMHOW 160 MM (yAockOHaneHHi BapiaHT) BU3Ha-
YUTH # eKCIIepUMEHTAIBHO NEPEBIPHTH MOXUIHBICTS il eKCILTyaTawii B aKy-
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MYJALIHHO-TIEPEPUBYACTOMY PEXXHMi UIA BChOTO Aiana3oHy pO3paxyHKOBHX
TeMIIEpaTyp 30BHIlIHEOTO MOBITPA [/ YMOB YXpaiHu.

Y wiii cTaTTi po3raaHeMo MOMJIMBOCTI YJOCKOHA/IEHOTO BapiaHTa €liek-
TPOMiJIOrH.

Pesicumu pobomu 160-mm nidnozu npu 3o8niwnit memnepamypi —25°C

Jpyraifl npKa eKCepUMEHTAIBHHX JOCHikeHb OyB IpoBeNeHH# micis
PEKOHCTPYKIil eNeKTPOIiUIOTH, NPH AKill NOBEpX iCHYIOYOl MiIOrH TOBLIH-
HOtO ) = 90 MM OyB MOKNaneHH JOAATKOBMI TeII0aKyMymotoumii map. [Ipu
BuOOpi Marepiamy Ajif JOJATKOBOTO MIapy BUXOAMIH 3 pe3y/bTaTiB po3paxyH-
KOBO-aHANITHYHUX AOCIIKEHb, 3TiJHO 3 AKUM 3HIKEHHIO TEMIIEPAaTypH IO-
BEPXHi eJIEKTPONIUIOTH B TEMIOAKyMyIAI[iHOMY PeXuMi CIpHAE HOro BHKO-
HaHHA 3 MaTepianiB 3 MAKCHMANEHAM 3HAaYeHHAM KoMIuiekcy (A - p) — BoGyTOK
TertonposigHocTi Gerony, A, Br/(M-K), Ha #oro wineHicts, p, kr/m™. Kpim
TOTO, JUIA 3pYYHOCTI MOHTAXY ycepeauHi MoJeni 6yno 6axxaHo BUKOPHCTOBY-
BaTH TOTOBi IUTV4HI BUpOOH HEBENHKOrO po3Mipy. 3 HasBHOrO aCOPTHMMEHTY
OyaiBebHMX MaTepianis HaiOLIBII PHAATHOIO JUIA Lii€l MeTH BHABHIacA Oe-
TOHHA TPOTyapHa IUIMTKA, L0 BHUIYCKAETHCA CepiiiHO, BMMipsAHA IMiNBHICTH
AKoi ciiana p = 2400 Kr/M°. JUI% BHTOTOBJIEHHS JOIATKOBOTO niapy 6yna BH-
KOPHMCTaHa TUIHTKA MPAMOKYTHOI GOpMH TOBILMHOIO & = 70 MM, y miacyMmKy
3araibHa TOBHIMHA TEIUIOAKYMYNIOKOYOrQ LIapy Mic/id PEKOHCTPYKUil enek-
Tpomiiord cknana &= 160 MM.

KpiM Toro, npu pexkOHCTpYKUii migmord GyMHM BXHTI 3aXOAW A HiA-
BHUIIEHHA PiBHOMIDHOCTI TeMmepaTypd NOBepXHi mimnorn. [lns mesoro 1o
BCHOMY IePHMETPY MiJJIOTH BEPTHKAIBHO IO CTiH OynH MOKIajeHi Temio-
i30MALiifHi MPOKIaIKYA BUCOTOIO B TOBIIMHY TPOTYaPHOI IUIMTKH 3 €KCTPYIH-
PYBaHOTO MIiHOMONICTHPONY 3 JyXe HHM3bKkUM KoedilicHToM TernJo-
nposingHocTi A = 0,029 Br/(M- K). LlUupmnHa npoxiaiok Ha rpaHULAX DifANOTH
i3 30BHimHIMH cTiHaMu cxianana 30 MM, a Ha TpaHHIAX i3 BHYTPImIHIMH
crinaMg — 15 mMm. IIpu3HaYeHHA UUX MPOKIANOK MONATaE B TOMY, 100
3MEHIUMTH BiATOKM TEIUIOTH JO 30BHIIHIX i BHYTpimIHiX CTiH Mopemi i
BiINOBiHO MiJBHILMTH TEMIEPAaTypy TPaHHYHHX 30H NO NEPAMETpPY MiA-
JiorH. 3MeHILIeHHs TEMIIEPaTypHOI HEPIBHOMIPHOCTI TIPHBOAMTD O 3HMKEH-
HA TEMIEPaTyPHHX MakCHMYMiB IIpH aKyMyJdLiiHO-IEpepHBYacTOMY OIla-
JIEHHI HarpiToO MiJIOTO0,

Jns 6inbml MOBHOrO BHKOPHCTAaHHA HiYHOTO MEPiONy 3apaakH eJeK-
TPOIIANOTH HaMH OyJI0 3alpOMOHOBaHO OOMEXKYBAaTH MMOJady eleKTpoe-
Heprii Ha kabeni, o TPitOTh, NPH JOCATHEHHI HOPMOBAHOTO 3HAYCHHA TEM-
nepaTypH moBepxHi mitord. Peaiizamis Takoro Merony 3apAikH eleKTpo-
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migmorn Oyna 3filicHeHa 3a JOIOMOIOI0 PeETyNATOpa TEMIIEPATYpH, ILO
paHillle BUKOPHCTOBYBaBCA AK aBTOMaT Oe3leKd Bij TeperpiBy enekTpo-
mignory. JaT4Mk Lporo perynsropa OyB 3MOHTOBaHHI y BEPXHBEOMY ApYcCi
6eroHHoOro mapy i 6yB posramoBanuii Ha ruOHUHI TpuOIN3HO 20 MM Bif TTO-
BEpPXHi miJuory, ToMy Tpe6a 6y0 BHECTH MOMPABKH A0 MOKa3iB AaTYHKaA IO
cepefHili TeMIepaTypi NMOBEpPXHi MiANOrK. Y mepiod 3apagkH eneKTpPOIif-
Jory HpH ROCATHEHHi 3aJaHOro 3HA4YEHHA TEMIEpaTypd Migjiord Bialy-
Balocs BUMMKaHHA BCix kabeniB, WO rpit0Th, OQHOYACHO, a MPH OXOJOA-
*KEHHi MiIUIOrK — IXHE MOBTOpPHE BKIIOYEHHA B po0OoTYy.

3 pexoHCTpyiioBaHOIO 160-MM mimnorolo mpm TemmepaTypi 30BHIMI-
HBOro HOBIiTpA £, = —25 °C Gyna HaMiueHa HaCTyIIHa Cepisi AOCHiiB:

1) crauioHapHH# pexuM, peTyIIOBaHHA anapaTypH i IpHIadiB;

2) aKyMyIAL[IHHO-IEPEPUBYACTHI PEXHM 3 MIATONKOIO KabeneMm Bepx-
HBOTO APYCY, BHKOHYBAHOIO aBTOMATHYHO ITPH 3HIKEHHI TeMmepaTypH
BHYTpIllIHEOTO MOBITPS;

3) axyMynauifiHO-nepepHBYACTHH PEXUM 3 aBTOMATHYHOIO IMiATOIIKOIO
€NIEKTPHYHUM KOHBEKTOPOM,

Asmomamuuna komgopmua niomonxa epxHiv kabenem wu KOHEEKMOPOM

B excrnepuMenTax mpH TOBIMHI mimmoru 8, = 90 MM Oylao BCTaHOBIIE-
HO, INO HiJTONMKa eNeKTPOKOHBEKTOpPOM Mae Ge3CyMHiBHY mepeBary Hepex
NiATONKOK BepXHiM KabejeM eNeKTPOIiLIOTH, 1ie MOIATaE B TOMY, IO NpPH
NiATONIi KOHBEKTOPOM Yy 3,3 pa3a 3MEHLIYETBCA CIIOXXHBAaHHA JOPOroi eleK-
TpoeHeprii B AeHHHi yac. i miaTBepAXEeHHA LHOTO Ba)XKIHBOTO BUCHOBKY
Oys0 BHpINIEHO NMPOBECTH AHAJIOTIYHI €KCIEPUMEHTH AJIA €NeKTPOIMiIOTH
3MiHEHOI KOHCTPYKLil, [0 MPalioE MPH TEMMEPaTypi 30BHIMIHEOTO MOBITPA
1, =-25 °C.

Tonepeanso 6ym BHkOHaHi po3paxyHkH 3a Meroauxoro Kuis3HIIEI
[1] mpouecy onaneHHs MOAENi 3 TOBIIHHOIO MiAIOTH &; = 160 MM 3 JEHHOIO
MiATONKOIO €NEKTPOIiAIOrY NpH HOPMATHBHIN PO3paxyHKOBiH TeMmepaTypi
JUIA onaJleHHs, MiHIMaJIbHe 3HaUeHHA AKOl B YKpaiHi ckmanae t,, = (-25) °C.
SIx moKa3anM po3paxyHKH, I OTPHMAHHA HOPMAJIbHUX YMOB Y NPHMIILEHHi,
o6naaHaHOMY eNeKTpOIIANOrol0 TAaKOi KOHCTPYKUii, HeoOXiaHa AeHHa mid-
TOIKA OJJHHM BepXHiM kabeneM MpoTATroM 4 roauH.

B excnepumeHTax 3 MiATONKOIO BepXHiM KabeneM 4H eneKTPOKOHBEK-
TOPOM BHKOPHCTOBYBAaJacd OJHa i Ta caMa CHCTEMa aBTOMAaTHYHOIO pery-
MIOBaHHA N0 TEMIeparypi BHYTPIIHEOTO IMOBITPsA, NEpeBarol AKOi €
imeHTHYHi yMOBH HOCHIAIB i MOXKJIMBICTH MOPIBHAHHA IXHIX pe3yNbTaTiB.
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YMOBH eKCNIEPHMEHTIB, YTOYHEHI Micig 0OpoOKK pe3yasTaTiB JoCHixy

1 (miaTonka BepxHiM kabeneM) i mocmimy 2 (miOTOIKa eNeKTPOKOHBEKTO-
poM), HaBeZIeHi B TaOMHIIi.

Tabruyn

®axTHyHi 3HAYEHHA TEMNEPATYP 30BHIIIHBOTO i BHYTpimIHLOTO
NOBIiTPA B eKcNePHMEHTAaX 3 MiATONKOIO NpPH ¢, = (-25) °C

Cepenni

Tapamerp 3HAYEHHN y AOCHiAi

Hocnio 1, akymynayiiino-nepepusuacmuii pexcum 3 ni0monkoo eepxHim xabenem npu
fop=~25°C

CepenHsa TeMIeparypa MiJIOTH 3a NepioJ; BHKOPHCTaHHA
npuMimenHs, °C 24,49
CepeiHs TEMIIEPATYpa 30BHILHBOTO OBITPA #;, °C —24,08
CepeziHsi TeMIIEpaTypa BHYTPIiluHBOTO TOBiTPs, °C 18,82

Hocnio 2, akymynayitino-nepepusuacmuii pexcum 3 niomonkoio enreKmpoKoHEeKMmopPOM
npu ty, = —25°C

CepenHs TeMneparypa MiiOry 3a ePiOR BUKOPHUCTaHHS

npumMimenns, °C 24,28
Cepenss TeMniepaTypa 30BHilIHBOTO MOBiTPs, °C —24,16
CepeIHsi TEMIEpaTypa BHYTPIlHEOTO TOBITPA, °C 19,05

PesynbraTv excniepuMeHTiB y rpadiuHiii ¢popmi HaBeneni Ha puc. 1, ne
TI0Ka3aHi TeMIIepaTypH BHYTpIilIHBOIO MOBITPs (KpHBa 1) i NOBEpXHi MiIIOTH
(xpuBa 2), i Ha pHc. 2, [e 3iCTaBleHi HAIXOMKEHHs TEIUIOTH Bil MiJOrH
(xpuBa 3) i BHyTpimHiX crin y gochinax 1 i 2. TlopiBHanbHuil aHasi3 HaBe-
JICHHUX JaHHX TOKa3ye:

1. ExcnepumenTH OynH rpoBeieHi PaKTHYHO B piBHUX yMoBax. ITpoTe
y IHX [OCHiIaX iCTOTHO PO3PI3HANACH CTIOKHBAHA €NEKTPUYHA MOTYXHICTb.
Hespaxkaroun Ha Te, IO aBTOMAaTHYHE PETyNIOBaHHA MNiATONKM 3JifCHIO-
Banoca B 000X MOCAIAX THM CaMHM pETYJATOPOM, HAJArOJEHHM Ha
HiITPUMKY ofHiel i Tiel caMol TeMriepaTyps NOBITpA ycepeauHi MpUMilIeH-
HA, OHAK IIiC/% BKJTIOYEHHA B po6OTY BEPXHBOro Kabeto npoTaroM 4 roanH
He Bigbynocsa xoaHoOro Horo BHMHKaHHA. 1le MOACHIOETBCA THM, MmO 36inb-
OIEHHA TEMIEPaTypH BHYTPIlIHEOrO MOBIiTPA B NMPHMIl{EHHI MPH MixTOMI
BepXHiM KabeneM BinOyBasocs HacCTiIIBKH HOBLTBHO, IO 32 Yac JOCHigy He
BiOynocs mepeBHIIEHHA Mexi YyTIMBOCTI perymsropa (6mmseko 0,7 °C).
CrnoxuTa eNeKTpoeHepris 3a Jac migronku ckiana 3,34 kBr-rog, nmosuuis 5,
JUB. puC. 2.
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Puc. 1. Temneparypu niiors i NOBITPA: ekcnepuMeHT npH £, = —25 °C,
migronka BepxHiM kabeneM (M1iBopyd) aG0 KOHBEKTOPOM (IIPaBOPYY)
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Puc. 2. Tennosinnaya niiory i BHyTpilHix cTiH: exciepument npw ¢, = —25 °C,
nigromnxa BepxHiM kabenem (iBopy4) a6o kOHBEKTOPOM (NpaBOpYY)

Hpu mixTonui koHBekTOpoM Ge3nocepenHiii yac poGOTH BIITIOUEHOTO
KOHBEKTOpa CMOXXHMBaHOW MOTYyxkHicTIO 750 BT cknas 0,6 roaunu. Taxkum
YMHOM, BHTpa4YeHa Ha MIATONKY KiIBKiCTh eJeKTpoeHepril JAOpiBHIOBAIA
0,45 kBr-roa, no3unis 4, puc. 2, uio B 7,4 pasa MeHILe, HiX AJIS BEPXHBOrO
kabemo. IIpuurHaMu nporo $hakTy € Te, IO MPH MIATONLI BepxHiM KabemeM
3Ha4yHa YaCTHHA €HEpril BUTpayaeThCA Ha HAarpiBaHHA MacH mimnord. Ilicms
BKJIIOYEHHS TiATONKM BEepXHiM kabeneMm y Kinbka pasiB 3pocTae rpafi€HT
TEMIEpaTyp Mixk MoBepxHew kabemo i BcimMa iHmMMMH enemeHTapHHMH
00’eMaMH TeMI0aKyMyJ1101090T0 Iapy, He3aleXXHO Bix Toro, Ae ui 06’eMu
po3TamoBaHi — Hax KaOeneM uM mix HUM. ToMy TemnoTa mepefacThes Bill
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Kabemto, Mo Tpi€, B yCi CTOPOHH, PO3NOALIAIOYHCH Mo Beilf maci mimmorw, i
TiJIBKH 11 HEBEINKA YACTHHA BiJAETHCA B IPHMIMICHHA,

2. Hamu Gyna BHKOHAaHa eKCIIEDHMEHTAIbHA NepeBipKka MOMUIMBOCTI
notpumaHHa HopM DIN 44576 no TemnepaTypi HOBepXHi MiAJIOTH XHTIOBHX
TpUMimeHs A7 Halripmmx KIiMaTHIHUX yMOB YKpaiHH, 110 BiIMNOBiAalOTh
MiHiMalbHil po3paxyHKOBiii Temmeparypi ANa oNaJieHEs 30BHIlIHBOTO IO-
BiTpa £, = —25 °C. Pesynpratu focmigy 3 yaockoHaneHoio EKCO 3 nenHoo
IiITONMKOIO €JIEKTPOKOHBEKTOPOM HaBeZA€Hi Ha puc. 1 mpasopyd.

HarpiBanna migmorn Brmodanocs B 23 rogunu. IlpuGmmsno B 5:30
TeMmepaTypa ii nosepxHi gocsarana 28 °C i peryisarop NOYHHAB MpalOBaTH
B PEXXHMi M049eProBoro BMHKaHHA-BUMHKAHHSA, 3 iHTEpBanoM ONMN3BKO 25 XB.
VY 7 roauH paHKy noaaya eJeKTPOEHEPTii B CHCTeMy HarpiBaHHS TIPHITHHSA-
nacs, i 1o 23 roguH miAnora 0XonomKyBanacs. Koau teMneparypa HoBiTps B
MIpUMIIIEHH] 3HIKyBanaca A0 18 °C, aBTOMaTH4HO BKIIIOYaBCA KOHBEKTOP,
HepioANYHICTh YMHKAHHA-BUMHKAHHA AKOTO cKianana 25-30 xB. 3aranbHa
TPHBAJICTH IEpiOAy ACHHOI MiITONKH JOpiBHIOBaNa 4 TOAMHH, 3 HHX Oe3mno-
cepeaHiit 9ac po0OTH BKIIIOUEHOTO KOHBEKTOpa OyB Menmie 0,6 roanHu.

S0 mpoaHani3yBaTH OTpPUMAaHi pe3ylnbTaTH B 3iCTABIEHHI 3 PeKo-
Mesaanismu DIN 44576, To B nepios BUKOPHCTaHHSA NPUMimieHHs, TO6TO 3
7 mo 22 romuH, Majla MicLe HaAMipHa TeMneparypa Opn.x = 28 °C, Tpu-
BajTicTs Ail miel HaaMmipHoi TemmepaTypu cknana AT = 3 rogunu, 3 7 go 10
TOAWH PaHKy. 3BificH 3HaxoguMo HopMaTHBHHH mapaMeTp Tg = (Opmax —
— Onopisn) * AT/2 = (28 ~ 26) - 3/2 = 3 K'roz, mo 3aq0BOJBHAE HOPMaM
DIN 44576 [3] Tz < 4 K-rox.

IoTpibHo Takox Bi3HAYMTH, IO AMIUTITYJa KOIMBAaHb TEMIIEPATypH 110~
BiTpA B JaHOMY eKcriepuMeHTi ckiaana A, = £1 °C. Orke, 33 MOKa3HMKaMH
komboptHOCTi nmpuMimenns 3 EKCO icrotHo Kpaime, HiX Le ZOMYyCKaeThes
NifOYHMH HOpMaMH A aKyMylAUifHO-TIEpepHUBYACTOrO (HANMpHKIaz, Mid-
Horo, TAIT i 1. n.) onanesHs, i B po3paxyHKOBHX A YKpaiHH yMOBax 3ai0-
BONBHSAE 3aXiTHHM CaHITAapHHM HOpPMaM, 30KpeMa, HaBeJieHuM y DIN 44576.

Ortprmanmif 1ocein BUNpoGyBaHs B yMOBax, HAOMMKEHHX IO PealbHHX,
BHUKOPHCTaHHii IpH Po3poOLli BITYM3HAHOT HOPMATHBHO-TEXHIYHOI (a3u, He-
o0xinHoi Ans OCHaMIeHH XUTI0BHX mpuMimeHs EKCO-TA.,

3. Ilpu amanisi pe3ynsTaTiB JOCHiAIB 3 MATONKOI BepxHiM kaGeneMm i
KOHBEKTOPOM, BHKOHAHHMM IIPH MiHIManbHit s YkpaiHu po3paxyHKoBiit
IS OTANICHHS TEMIEPaTypi 30BHINIHBOIO MOBITPA #,, = —25 °C, 3Beprac Ha
cebe yBary Te, O B NMOPiBHAHHI 3 TAKUMH X JOCTiAaMH, Y SKHX TEMIEpaTy-
pa 30BHIMHBOro MoBiTpa 6yla icTOTHO BUIIOKO i ckiaaana Gauseko —10 °C,
He Biifynocs 30iNbImeHHs BUTPAT eNeKTPOeHEPTii Ha MiATONKY, a HABMAKH,
Li BHTPATH HaBiTh TPOXH 3HAU3HJIKCS:
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— BepxHiM kabenem y 5,0 kBt / 3,34 kBt = 1,5 pasa;

— eneKTpokoHBekTopoM y 1,5 kBt / 0,45 kBt = 3,3 pasa.

Ile € HacninkoM 36iNbIIEHHS TOBIUMHHA eJEKTPONMIUIOTH # iHIMX ymo-
CKOHaJIEHb ii KOHCTPYKLIi.

4. SIximo 3iCTaBHTH €KCIIEpUMEHTaNbHI JaHi 110 TeIoBiqadi miyiory B
MPAMIIEHHA B aHAIOriYHMX mocmigax 3 90-mM mimnororo (@, = 1080 Br,
[1]), i 3 160-mm (Q> = 1300 BT, mo3uuisg 6, AuB. puc. 2), HEBaXko GadnTH,
IO MiX Yac MiITONKH TeMIOBiAmaya HiJyIOTH B NPHUMINIEHHSs B OCTAHHBOMY
BUNaAKy npubmuszno Ha 20% Buma (1300 Bt / 1080 Bt = 1,2 pasa), uio €
IIpAMHM HacTigKoM 3pobiieHoi 3MiHM KOHCTpYKIIl eJeKTpomianori. 3Biacu
BHHHKA€ MHTAHHA, AKi X T'PaHHYHI MOXMUIMBOCTI YAOCKOHAaNeHOl MimorH,
AKIO 1i BUKOPHCTOBYBAaTH B HAMMpOCTIlIOMY BapiaHTi, Oe3 migronku. Pe-
3yIBTATH €KCIEPUMEHTAIBHUX JOCTIKeHb TAaKOTO BapiaHTa MOKa3ajM TeM-
nepatypy 30BHIIIHBOTO MOBITpA 2, ; = —20 °C.

TakuM 9HHOM, y pe3ynbTaTi BHKOHAHOTO 36iNbIIeHHs TOBIIMHY TEMIO0~
aKyMymmolodoro mapy no 160 MM i mogaTkoBoi TeruioBoi izonduii no nepy-
METpy IUapy, L0 aKyMYIIOE, iCTOTHO MiABHIEHi TermoakyMyJAUiiiHi BIa-
CTHBOCTI enelcrponmnom i BIAMOBiAHO 3HMKEeHa MaKCHMallbHA TEMIIEPaTypa
il NoBepxHi B aKyMyILiifHO-IEpEPHBYACTOMY PEXKUMI.

YnockoHajieHa KOHCTPYKLisi Moxke 6yTHM BHKOpHCTaHa IpH pO3paxyH-
KOBMX TeMIlepaTypaxX 30BHIIIHBOrO NoBiTps HmXk4de —20 °C — 3a paxyHOK
8-roxguHHOI HiUHOI 3apANKH eNeKTpOMiANord B KoMOiHauii 3 J€HHOIO aBTO-
MAaTHYHOI KOM(GODPTHOIO MiATOMKOIO, 10 BKIIIOYAETHCA HA KOPOTKHH 4ac B
3aJIeKHOCTI Bif TEMIEPATYpPH 30BHIMIHBOTO MOBITPA.

UYepes Te mo B YKpaiHi BUTpaTH eHeprii Ha OmaneHHs ACHHOIO Mij-
TOIKOIO TPH TEMIIEPaTypax 30BHIIIHBEOTO MOBITpsA HIk4Ye —20 °C He3HauHi,
BHGID MeTOAy mMiATONKM MpH aKyMYJIALiHHO-EpepHBYAaCTOMY ONMAaJCHHi
NPHMilllEHHA €NEKTPOIIIIONOI0 YAOCKOHATIEHO! KOHCTPYKIii MPaKTHYHO HE
BILUTABA€E Ha TEXHiIKO-€KOHOMi4Hi OKa3HUKH CHCTEMH.
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3. DIN 44576. DneKTpHYECKOE OTOIUIEHHE MOMEIUEHHH. AKKYMYIAIH-
OHHOE oTomleHHe HarpeThiM mnonoM. Hemeukwit cranpapt. JK 697. 278:
692.53:001.4. Mapt 1987 1.
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YK 728.98+628.8 . IO. K. PockoBmenko, kano. mext. Hayk, OoyeHm
B. A. Tka4eHko, kaH). mexH. HayK, O0yeHm

KuiBcbkuit HaltioHaNLHHil YHIBEPCHTET

GyniBHHMUTBA i apXiTEKTYpH

PEKOHCTPYKLIA CUCTEM ONAJIEHHA
3UMOBUX TEMNIULb AHFTAPHOIO TUMY

B Temnu4HMX rocnogapcrax YKpaiHH ChOTOZHI €KCIUTYaTyIOThCA PisHi
TEIUTHL, B TOMY YHCJIi, 3Ha4Hi TIOMIi 3ai{MalOTh 3UMOBI TiAPOMOHHI TeIHIIi
aHTapHOTO THITY, po3pobiieHi me B 60-X pokax MUHYJIOTO CTOMNITTA.

IIi Temnmui Bimpi3HAIOTECA Bill Cy4acHMX THM, IO IXHE OmaneHHS
3MIHCHIOETBCS 3 HOMOMOTOI0 TPYOHMX peEricTpiB, PO3TAlIOBAHMX IO IEpH-
MeTpy CHOpYAM i arperaris nosiTpasoro o6irpisy Tumy AITBC, posraniosa-
Hux B Topusx. [Ipu upoMy perictpu nokpiBensHoro o6irpiBy, xpiM ¢yHKuiH
ONAMIOBaJbHUX MPHIIA/iB, BUKOHYIOTE Ilie if GyHKUIl Hecyunx KOHCTPYKIii.

Tenuui aHrapHOTO THIY MOPIBHAHO 3 OJOYHMMH, K TPABHIO, MAlOTh
3aBHILIEH] TelwIoBHTpaTH. KpiM TOro, moeiHaHHA HECYUMX KOHCTPYKWLil Tem-
nMLi 3 CHCTEMOIO BOJSHOTO MIaTPOBOTO ONAJlEHHS, PO3TAMIOBAHOKO Y BEpPX-
Hiif (mix moKpiBiel0) 30HI COOPYAHM MPU3BOAMTE A0 CYTTEBOTO 30inmblIeHHS
TEIUTOBUTPAT i He B 3M03i 3abe3neuyBaTn piBHOMipHE pO3NOALIEHHA TENNOTH
1o ii BUCOTI.

ITapameTpy MiKpOKJIiMaTy TEMNHLE, SK CIIOPY/ 3 HEBUCOKOIK TEIUIOBOIO
inepuicto, B 3HaYHiil Mipi 3aneXaTs BiJ MOTOYHHX XapaKTEPHCTHK 30BHIll-
HBOTO cepeioBHIIa. CyTTeBa 3MiHa 30BHILIHIX YHHHHKIB MPOTATOM HEBEIH-
KHX IPOMDKKIB Yacy (mOoGM) MpHU3BOOMTHL A0 MEPEBHTPAT TEIUIOBOI €HEpril,
a6o 10 mepeoxoomKeHH pociuH. lle moscHIOeTECA, 3 oqHOrO 60Ky, HEBH-
COKOIO TEILTOBOIO YCTAJIEHICTIO CIIOPYAM, @ 3 IHIIOro — HAABHICTIO B Hilf Ten-
JIOIHEPIHUX CUCTEM BOAAHOrO onaneHHA. O4eBHIHO, MO AU 3MEHIIEHHS
UMX BTpAT i OMEpaTHBHONO pearyBaHHsA Ha 3MiHH XapaKTEPUCTHK 30BHilll-
HLOLO CEpeOBMINA, CHCTEMH 3a0e3neueHHA 3afaHWX MapaMerpiB Mikpo-
KniMary ciig o6nafHyBaTH cyd4acCHMMH 3aco0aMi aBTOMaTHYHOTO KOHTPOIIO
i aBTOMaTHKH.

HaseneHi BHIlle HEOOMIKH aHTApHHX TEIUIMIE € HAalOiNBI BaXKITHBHMH 3
TOYKH 30py iX onajeHH i BeHTHIAL|T. [T ycyHeHHS IUX HEAOJiKiB MOXHA
3aCTOCYBaTH BiZIOMi METOIH TEILUIOBOTO 3aXHCTy POCIHH, a JUIA 3MEHIICHHS
TEIVIOBUTPAT CIIOPYAH, TMOPSA 3 BIpPOBaLKEHHAM 3acobiB aBTOMAaTH3allii,
CIIiA BOOCKOHAJIMTH PO3MOALI TEIUIOBOI €Heprii B TEIUIMIi Ta 3poOMTH CH-
cTeMH 06irpiBy MeHuI iHepLifHHMH.
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CucreMa omajeHHA iCHYIOUMX TerMIb — KOMOiHOBaHa, MOBIiTPAHO-
BOJSHA.

BouasHe onaneHHA BUKOHaHO Ha 6a3i TpyOHMX pericTpis, fki po3Tamio-
BaHi 3i CTOPOHH 30BHIlIHiX OOKOBHX Ta IIATPOBOTO OTOPOIMKEHb.

TlosiTpsiHe omaneHHA nepexabadveHo TiBKA VIS MOKPHTTA MIKOBHX Ha-
BaHTAKEHB i yABNAE coOOI0 KalopH(peDPHO-BEHTHIATOPHY cucteMy (AIIBC-
110-80) 3 BUKHIOM HarpiToro NOBITPA Y BEPXHIO 30HY CIOPY.IH.

OCHOBHi NTOKa3HHKH iCHYIOUMX CHCTEM OMaJIeHHA HaBeJeHi HHKYe:

ToTtyxHicTb cicTeM onanenns (po3paxyHkoBa) — 423 KBt

— B TOMY YHCJI:

— LOKOBHHIA 06irpiB — 139 KBT;

— nokpiBensHuit — 243 KBr;

— MarictpansHi Tpy6onpoBoau — 41 KBrT.

3 MeTol0 3a0MIAMKEHHA TEMNOBOI CHEpril B TAKWX TeIUMLMX kadeapowo
“Tennora3onocTayaHHs i BeHTHALil” KuiBCHKOro HaliOHanbHOTO YHIBEp-
cutery OyniBHMUTBA i apXiTeKTypu pa3oM 3 naGoparopicio eHeprozbepe-
XEHHSA HAYKOBO-JOCHIZHOTO i HaBYaJBHOTO LIEHTPY arpokoMOinary “Ilyma-
Boguus” B 2001 pori BUKoHaHi poGOTH 3 PEKOHCTPYKIIl iX cHCTEM omajeH-
HA. CyTh 3ampoNmOHOBaHHX TEXHIYHMX pilleHs 3BOAMNAacA IO TOro, mob
HOJaTH TemnoTy 6e3nocepeaHso B 30Hy pocTy pocnuH. JUia nsoro nepeada-
Yal0Ch PO3MICTHTH HaJ IPYHTOM B MiXpaaaax TpyOHi Harpisagi, aki
niaxmodeHi 1o TpybonposoaiB 6okoBoro o6irpiBy (puc. 1). CucreMy noxpi-
BenbHOTO 06irpiBy nependavanock BiKMOYMTH. A ynpasniHHA po60TOI0
CHCTEMH OIAIEHHA 1 peryar0BaHHA il TEIUIONPOAYKTHBHOCTI Ha By37i BBOAY
TETUIOHOCIA 3aNmpONIOHOBAHO BCTAHOBHTH TPHOXXOJOBHi 3MIIIyBajbHHUHA
KnanaH, oOnajHaHWi BiONOBIAHMMHM 3acO0aMM KOHTPOJK i1 aBTOMATHKH.
Hupkynaiis Boau B cucTemi 3abe3nedyBanack HacocoM ¢pipmu “Willo”.

Tpy6m nignokpisensHoro obirpisy

[~ o

q@ 2 Tpy6n 45x2.5 B [—__——6'0

Puc. 1. AnrapHa Ternnus 3 TpyOHAMH HarpiBa4aMH B RIDKHiH 30Hi
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3anponoHoBaHi TexHiuHi pimieHHs OynH peamizoBadi B OmHiif i3 Ten-
naub arpo koMbinaty “Iyma-soguusa” M. Kuis (puc. 2).

Puc. 2. Posranrypanns TpyOHHX HarpisauiB B TETUIHLL

3 Meror BH3HAYEHHS edeKTHBHOCTI 3apONOHOBAHMX TEXHIYHWX pi-
HIeHb BY31H TEIUIOBOro BBOAY NOCHIAHOI i KOHTpONBHOI Tennuus Gynn o6-
NajHaHi NiYMIEHHKAMH TEILTOBOI eHeprii.

CucreMn HOBITPAHOrO ONAJEHHA NPAIIOBANIM B PEXMMax IMiKOBHX Ha-
BaHTaxeHb. TpyGonpoBoau mokpiBensHOro o6irpiBy B HOCHiAHIH TerLHmi
Oynu Bukmoveni. CHCTEMH onaieHHs B 000X TewMigx 3abesneuyBaid OIl-
THMAJIbHUH TEIUIOBHH PEXHM 1A BHPOILYBaHHsA OBOYiB.

Tenmuui exciuryatysanucs npotaroMm ce3oHy 2000-2001 poky. [Toxas-
HHMKH BHTpATH TEILTOBOI eHeprii B mocninuii (Ne 38) i xourtponsuii (Ne 37)
TENIHIAX HaBeAeHi B TaGuuui 1.-
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Tabauya 1

BuTpaTi TensoTH OpPH podoti cucremu onanenns B (2000-2001 pp.)

Ce . Butparil TETUIOTH B TETUTHLAX
Mi ‘I‘CMII(I:::TH;])H Ne38 Ne37 Piznuns
icanp 3OBHIIIH. Cepem-n:o- cymapui Cepe,umfo- cymapui Txan
nositps | A°09Bi | o nsvic, | A900BL | ko mic.
I'xan/noby I'kan/noby
JKOBTEHB 8,3 2,6 40 2,9 44 82 4,82
JIUCTOTAT 4,94 2,98 89,5 3,34 100,2 10,7
TpyAeHb 1,86 3,17 98,3 3,54 109,9 11,6
ciueHp -0,02 3,34 103,6 3,73 115,86 12,26
JIOTHI -2 3.9 19,2 4,36 122,08 12,88
Oepesenn 34 2,96 91,9 3,21 99,5 7,6
KBiTEHb 11,9 2,28 70,9 2,63 81,6 10,7
TpaBeHb
Y=5134 ¥=673.96] 3=

) Butpartu TpyO, apMarypu i Marepianis Ha nepeobiagHaHHs OfHieT Ten-
s posmipoM 14x70 M HaBeleHi B Tabnuui 2.

Tabnuys 2
Burparu Tpy6 i apmMaTypu
Hassa Oum.mui Kisbkicrs Baprri.cn, 3a}"anbﬂa
BHMipy OJMHHL, TPH. | BapTiCTh, IPH.
Tpy6u cranesi
BOZIOra3ompoBinHi: d,= 25 M 181 4,24 767,44
d,=32 M 88 5,46 480,48
d,=40 M 65 6,63 430,95
d,=50 M 891 8,5 75735
Tex, enexrpo3sapensi d,= 70 M 21 11,31 237,51
d,= 80 M 98 14,43 1414,14
_ d,=100 M 2 18,86 37,72
Kpan maposuii  d,=25 T, 10 15 150
3acyska ¢nannesa d,= 100 T, 1 120 120
4,=80 | uwr 5 98 490
Knanan enexrpoMarsiTHaiA
MOBOPOTHHMH d,=50 IIT. 1 4090 4090
Hacoc “Willo” TOP-S 65/10 INT. 1 2900 2900
Knanan enekrpoMarsiTHHit
d,=25 wr. 1 600 600
Onopn 1T, 174 1 174
3 =19465,74

8 —3-2781
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BaxnuBuM MOMEHTOM B POOOTI KOHTPOIBHOI i AOCHIAHO! TEIUTHLE €
thakt GLIBII MBHAKOrO POCTY OBOYIB i MOYAaTOK IUIOMOHOCIHHSA Ta Gimbmmmi
BHXin craHmapTHoi mpoxmykiii. Tak, 3a TepMiH 3 mortoro no ksiteHn 2001
poky 36ip ToBapHOI mpoAykuii B gocHigHiil Termmii cranoBur 5106 kr Ha
cyMy 21082,8 rpH., a KOHTpONbHil — 4462 xr Ha cyMy 18617,1 rpu. 3 HaBe-
ZEHOro OYEBHAHHM CTa€ €KOHOMiYHa JNOLIBHICTH NepeobNafHaHHA CHCTEM
OIaneHHA TaKHX TEIUIHIb.

ExonoMmiunnii edekT Bin BIpOBa/DKEHHS 3aMPOMOHOBAHHMX TEXHIYHHX
pilllenb, po3paxoBaHHii 32 MPHBEXEHUMH BHTpPaTaMH NPH BapTOCTi TEIIOBOT
eneprii 100 rpu. 3a 1 I'kan cranosurs 4623 rpH./pik, a TepMiH OKyNHOCTI
CHCTEMH 2,5 poku.



YIK 697.329 O. B. [Ipuiimax, kand. mexn. Hayx, doyenm
JIynpkuil gepxxaBHHA TEXHIYHHI yHiBEpCHTET

EKCNEPUMEHTANBbHI AOCNIAXEHHA TENNOBUX
| NIAPOAVUHAMIYHUX XAPAKTEPUCTUK TENJTOMACO-
OBMIHHMKIB 3MIWYBAJNTBHOIO TUMY (TM3M)

Tinpasaiuni gocaimxennsa

Y KuiBcbkoMy HamioHanbHOMY YHiBepcuTeTi OyniBHMITBAa i apxi-
TEKTypH GynH 3anpoNOHOBaHI KOHTAKTHI MAPOBONAHI TEMIOOOMIHHHMKH, IO
6a3yroTeCcs Ha B3aeMOJil MPUCTIHHOIO BifHEHTPOBAHOTO CTPYMEHA BOIH 3
pajiadbHUM JUCTIEPTOBaHUMH CTpyMeHAMH napH [1]. [IpoBeaeHi nocTaHORYi
JOCTiIKEHHS IPH BHYTPIIIHEOMY AiaMeTpi xopiyca d = 32 MM Ta fnianasoi
THCKiB napH 9+40 xIla, Bonu — 18+50 klIla; Temneparypi Bomu 1,4+15 °C,
. TIPHHIIHIIOBO MiXTBEPAHIIH MOXUIUBICTE JOCATHEHHA B allapaTax TAKoro THIY
xoe(illieHTiB TeruioBiANaui Bix mapu 10 Boau ao (70+100)-10* Br/(M*K).
IIpote HemocTaTHi# o6CAr i Aiana3zoH AOCHiMKEHs HE NaB MOMUIMBOCTI OT-
PHMMATH y3aralbHIOIOUi 3aJI€XHOCTI A7 BH3HAYEHHA TAPOAHHAMIYHHX 1 Te-
IUIOTEXHIYHUX XapPaKTEPHCTHK TAaKHX TEIUIOOOMIHHMKIB Ta NEPEBIpHTH iX
Npane3faTHICTh MPH iHIINX TEMIOHOCIAX, HAMPUKIAZ B CHCTEMi BOJa ~ BOJ.
JIs BUKOHAHHA KOMILIEKCY JOCHiMKeHb 6yn0 po3pobieHo i 3MOHTOBAHO €K-
CIepUMEHTaNbHUHA CTEHR, HaBeJeHUH Ha puc. 1.

HocnimkeHHAs BMKOHaHi B [iana3oHi THCKiB BOAH, IO TpieTheA, —
10+300 xIla, mapu Ta BomM, wio rpie, — 8+200 xIla; WBHAKOCTAX BOAH HA
BHXOAI 3 comma — 2+30 M/c; Temneparypu XxomoaHoi Bogu — 5+70 °C;
Aiametpax kopmyciB — 32+150 mM; aiamerpiB mepdopoBaHOrO HacaaKy —
20+100 m™; niameTpiB nepdopanifiHux OTBOPIB — 2+3 MM.

B gaHoMy moBimOMITeHHI HaBeAeHi pe3ynbTaTH OOpOGKH €KCIIepHMEH-
TalbHHX AaHMX N0 rimpasiivHoMy onopy TM3/1.

PesynsTaTn TENNOTEXHIYHMX AOCHimkeHb OyXyTh HaBeleHi B HAcCTyI-
HOMY TOBiOMJIEHHI.
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Tinpasniuna cxema TM3/] naBefiena Ha puc. 2.
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Puc. 2. 'iapasniuna cxeMa TM3]]

TigpaBniunpii ormip TM3]T cknafla€ThCA 3 TAKHX BEJTMUYHH:

AP=AP, +AP,  +AP  +AP

BHX?

me AP, — rifpaBmivHHii ONip Ha BXOAI Y TEMIOMAacooOMiHHHK; AP —

rigpaBliyHH# omip MiNBHMLI BiALEHTPOBaHOI CTPyMEHEeBOi Tedii BOIH;

AP, — rinpapniuHui Omip AinbHMLI PO3BHHEHOI Teyil By y TemnoMaco-

obminnmky; AP, —rinpapniunmii omip BUXOMY 3 TEILIOMaCOOOMIHHMKA.

d Y_
APBx=a[dl ]WBZX,

e a — xoedillieHT,, H‘CZ/M4; d\ — BHYTpilHiit aiamerp Ipyﬁonponogy, o
HiZBORHTH BOOY, M; dyx — FipaBIIiYHUi AiaMeTp BXigHOro oTBopy (comna), M;
W,, — CepeHA MBHAKICTH BOXM Y BXiAHOMY OTBOPi, M/C.

3HaveHHs koedilieHTa a Ta MOKA3HUKA CTYNEHIO /1 NP Pi3HHX KOHCT-
PYKLifAX BXiZHOro natpy6ka HaBeneHi B Tab. 1.
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Tabruys 1

KoHcrpyxuis BxigHoro
HaitmenyBaHHS narpybka 1 2 3
BEAWYMHH
Koedinient a, H-¢/m* 131,6 142,0 156,0
Tloka3HHUK CTYTEHIO n 1,05 0,33 0,25

APBHX = b (ddx } w:ﬂx’

BHX
ne b — koedinjent, H-c’/m*; d, - BHYTpimHiit aiamerp kopmycy TM3M, M;
donx —IiaMETp BUXiJHOro natpybka, M; w,,  — IIBUIAKICTH BOAH Y BUXiTHOMY

OTBOpI, M/C.
3uaveHHs KoedillicHTa » Ta NOKAa3HHKA CTYNEHIO m MpPH Pi3HUX KyTax
KOH(¢Yy30pa Ha Buxoai 3 TM3/] HaBeneni B tabum. 2.

Tabnuys 2
KyT xondyzopa
a’ <75 <15 <30
HaiimenyBanHs
BEIIHYUHH
Koediient b, H-c/m* 158,0 162,0 185,0
TlokasHUK CTyneHIo m 0,10 0,15 0,25

AP, , 3rifHo 3 [2] craHoBHTH

4-0,0395-p-w,,
p-T = Re°’25 : Ip.-p

o
Jie P — ryCTHHa BOAM, l(]‘/Ms; Wp_} — cepefHs LIBHAKICT, BOAHM Ha AUIAHLI

possuHeHoi Tewii, M/C; [, — HOBXMHAa NINAHKM DO3BHHEHOI Tedil, M;
p.le( s .
=——— — uH ; de — nia , M; V — KO€-
Re " cno Pefinonsaca; d, M KOpIyca, M; V — KO€
dillieHT KiHeMaTHYHOI B’A3KOCTI, M/C.
w2

APCTle =alcfp-2—fk,
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ae c;— KoedillieHT MOBHOTO TEPTA CTPYMHHH 3 noBepXxHero. 3riauo 3 [3]
¢, =0427(gRe, ~0,407) >

W — cepelHs IMBUIKICTh CTPYMHHH, M/C
Wox + wp.'r .
2 b
. 2
J«x — HOBEPXHS KOHTAKTY CTPYMHHH 3 BHYTDIIIHBOIO NIOBEPXHEIO KOPITyCa, M
S =mdl
lerpx — MOBXHHA NiNAHKH CTPYMEHEBOI Tedii; a; — koedilieHT, AkuH Bpaxo-

BY€ JIOAATKOBHIi OMip Ha NMOBEPXHi KOHTAKTY CTPYMHHH 3 TPilOYMM JHCIIEP-
TOBaHHM TEILIOHOCIEM

W=

xcrpn’

0,2
1 My

a, =1+(

01 505 ;
P P Woe m,

Py — THCK BOmH Ha BXOZi, ITa; Py, — THCK rpilo40ro €HEproHocis Ha Ho-
BEPXHi KOHTAKTY 3i CTpyMHuHOMW0, ITa; m,,, m, — Maca rpilo9oro eHeproHocis
Ta BOIOM BilIIOBiAHO, KT
3rigHo 3 nanumy [4] KyT po3KpHTTA cTpyMeHIo o = arctg 0,149 = 8,5°.
3BificH JOBXKMHA CTPYMEHIO

g_K_ ~dyy iil - dax
[ =2 =2 , M.
P go. 0,149
Ane 3 inmoro Goxy
I, =mdn,

A€ n — KiIbKiCTh BHTKIB CTPYMEHIO.
Togi noBkHHA CTPYMeHEBOI AUISHKH BU3HAYHTRCA 22 3aJIEXKHICTIO:

£1i+d l i‘-+d,(

— ] —pn. 2 B _fep 2 =
l‘_rp.Jl --nd(‘_lp =n- 5 = nd, 5 =
d, d a o,
=-d, *+d, —i—d
2 BX . 2 M.

T0449nd, 2O, 2981td
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VK 518.5:532.54 I. B. Bo3niox, indicenep

KuiBcekuit HallioHaNbHUI YHIBEPCHTET
6yniBHHNTBA i apXiTEeKTYpH

ANrOPUTMI3ALLII TA NPOrPAMYBAHHA ONTUMANBHOIO
CUHTE3Y BAFATOKOHTYPHUX CUCTEM
TEMNMOMNOCTAYAHHA

CxnangHicTs BHpilIeHHA 3234 ONTHMAIBHOTO CHHTE3y CYYacHHX TEIl-
JIONPOBIAHMX MeEpEX 3YMOBJIEHA THM, IO iM BiANOBINAIOTH AMUCKPETHI
HeNiHiAHI MaTeMaTH4Hi Mojell 3 6araToekCTpeManbHHM €KOHOMIYHHM KpH-
TepieM, 0cobnMBO [IA 33129 ONTHMAIBHOI PEKOHCTPYKIIIT Ta PO3BHTKY Tell-
noBux Mepex. Ile MOACHIOETECA THM, IO iCHyIoui AiNAHKH TpyGonpoBoaiB
IIPH3BOJATEL 10 BUHUKHEHHS 30H PO3PHBIB Ta JiHil JNOKATHHHX MiHIMyMiB,
KOXKHa 3 SIKO1 BiAnoBigae pimeHHIO i3 30epexXeHHAM JeAKHX iCHYIOUHX eJie-
MeHTiB 6e3 )OOHHX 3MiH, a y MIiCUAX NepeTHHY LMX JiHil yTBOPIOIOTECA J10-
JATKOBi TOYKH JIOKaIbHHX MiHiMyMiB. I1i 3amadi € cknagHAMH y MaTeMaTHd-
HOMY ILiaHi, TOMY 1[0 CHCTEMA YMOB Ta oOMexeHb HeliHiitHa, AUCKpeTHa Ta
Mae JIoTi4Hi HepiBHOCTI (THIy “MOXKHA” Ta “HeMOXKHa”) i Tpeba BpaxoByBaTH
Garato ¢akTopiB Ta TeXHiYHMX OOMexeHb, AKi 3YMOBIEHi CKIIAAHICTIO
CTPYKTYpPH Ta BEJIHKHMH PO3MipaMH TeIUIOBHX Mepex. Kpim Toro, cyTTeBH-
MH € ANCKPETHICTh THIOPO3MipiB 00nafHaHHA, HEPIBHOMIPHICTh po3noaity
HaBaHTaXEeHb, HEOJHAKOBICTH YMOB NPOKJIaIaHHA AUIAHOK Tpy6onpoBoiB, a
TaKoX OOMeXeHHA THCKY y By3Jax Mepexi Ta IUBHAKOCTI Tedii iIb0BOTO
npoayxry (LIIT). He ciuin 3a6yBaTi npo AMCKpETHICTH pO3MIlIEHHSA AxKepel
Ta HacocHux craHuiit (HC) i . in.

Orxe, noTpibHa po3po6ka HOBUX MaTeMaTHYHHX MoOJeNei Ta METOAIB
JUCKPETHOI ONTHMI3aLlil A1 BHUPIlIEeHHA OKPEMHX 3ajad, a TAK0X BHKOPH-
CTaHHS Ta PO3BHMTOK JIOJWHO-MAIIMHHMX MiTXOZIE, AKi JO3BOJIAIOTE NEPEATH
JI0 MOCTAHOBKH T BHPIILIEHHA KOMIUIEKCHOI Npo6IeMn oNTHMAJIBHOIO CHH-
Te3y PO3BHHYTHX TEIHIOBHX MEPEX.

MeToanyne 3HaYEHHs Y3aralbHIOKOUHX MAaTEeMAaTHYHHX MOJENEH y TO-
My, II0 BOHH JO3BOJIIOTH 3p0GHTH HOBHIA KPOK y ¢opManisanii 3afa4 onTH-
MalbLHOTO CHHTe3y 6araTOKOHTYPHHX CHCTeM TerutonocradanHs (BKCrtm).
Ile norpebye 6inpm diTkoro GOPMYJIIOBAHHA Ta YNOPANKYBaHHA BHXiIHHX
NOCH/IaHb, @ TAKOX PO3LINpPeHHs 4Hcia GakTopiB Ta 3MiHHHX, fKi BBaKa-
10TECA CyTTeBUMM. Lli Mozmeni maioTh 3mory 6imblr OGIPYHTOBAaHO CIIiB-
BiHOCHTH 3MiCT 3a/1a4 3 iXx MATEMaTHYHOIO CKIAJHICTIO i poBOTHTH JHe-
peHIliallil0 HAABHHX NMiAXOMIB Ta PO3PaXyHKOBHX METOJIB [ iX BHpIMICHHS.
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Pa3oM i3 UMM y3araneHIOOYi MOeNi MOBUHHI 6yTH He [yXe a0CTpaKTHUMH,
MarH peanbHy iH$opMauito, mob X MoxHa Oyno 6 peaniyBaTH 3a JONOMO-
roI0 CYYacHHX 3ac00iB 00YHCIIOBATEHOT TEXHIKH.

ITobynyemo MaTeMaTHYHY MOAENS AJI1 omrTUMansHoro cuntesy BKCrn,
CMPOCTHUBILH BUMOTH IIOAO HaAiHHOCTI (TOOTO cHCTEMa CUHTE3YEThCA AK OH
3 abcomoOTHO HadifHUX €NIeMEHTIB, i HaeTscA PO ONTHMI3aNio 3aHOBO MPO-
eKTYI0Y0l CHCTEMH, KOJIM HeMa HeoOXiIHOCTI B ypaxyBaHHi il iCHyIo4oi 4ac-
THHH), BUKOPUCTABIIA HACTYNHi IpHIAOMMU.

1. 3aminpMo 3anmadi 3abe3nedeHHA HANIHHOCTI CHCTEMH, IO MPOEK-
TyeThCA GaraToKpaTHHM PO3rIAAOM 3afadi aHami3y ii HaaifiHocTi.

2. CopocTuMO MaTeMaTH4YHY Mojiefb abo YKpyIHeHHsM cXeMH, abo
IIepexofioM [0 eKBiBaJeHTHOI OO HanifiHocTi koHobirypauii cucremH B
AKiif NpHCYTHI nMOIe ejleMEHTH, 10 MaioTh Oe3nocepenHiif BIULIMB Ha ii
HafilHiCTE,

3. 3po6uMO ONTHMATEHHIH CHHTE3 HaJLHHOT pO3raykeHol CHCTEMH 33
nonomoroio nodynosu rpada-nepepa.

4. 3Benmemo 3amady [0 THTOBOI, AKa Ma€ Ao6pe BiAmpalpoBaHi MaTeMa-
THYHI MOAENI (HaNpUKIIaK, JTHIKHHOTO, KycKOBO-IiHiiiHOro abo AMHaAMi4HOTO
YH CTOXaCTHYHOTO NpOrpaMyBaHHA).

3aranbHa 3a0a4a Ta ii 3MiCTOBHA JEKOMIIO3HILIA, AKa CIIHPAETHCA Ha Ie-
peniyeHi NPpUHOMH, CTBOPIOE HOBi MOMUTHBOCTI A1 KOMIUIEKCHOI Ta FHY9IKOT
ayiropuTMisanii ontamanbHoro cuHredy BKCrn i3 HaBaHTaXeHHM pesepBy-
BaHHAM.

3aranbHa cxeMa ajirOpHTMIB AEKOMMO3HLIT MOKe OyTH OJHHM 3 MOXK-
JMBHX cnocobiB peanizauii izei moOyHoBH iTepauifiHHX pO3paxyHKOBHX
NPOLECiB 32 AOTOMOTOI0 PO3IIENIeHHA 3araibHoi 3amadi. I{s cxema opieH-
TOBaHa HA MHOXKHHHICTh I'OYaTKOBHX HAGNMKEHb 3 METOI 0OpoOkM Gilbll
HIMPOKOI 0OMacTi MOXIMBHX pillleHb i MaKCUManbHOrO HaOMMXeHHA 10
rnobasbHOro oNTHMyMYy 3afadi. 114 cxeMa po3paxoBaHa Ha poGOTY B pexHMi
nianory 3i cneuianic*rom;npoexryna.m,Hmcom.

IpuHIMnOBa 6J0K-CXeMa aIrOPUTMIB JEKOMITO3HIIIT HaBeJeHa Ha pH-
cyuky. PozpaxyHKoBHIi npoliec CKIaAacThCA 3 AeB’ATH OCHOBHHX €TamiB.

Ha nepuioMy etani 3ailicHroeTbcsa BUGIp Ha BuXimHiH HagMipHii cxemi
BKCtn “nepes mouatkoBoro HabmmwkenHsa” (MIIH), ski MaloTh xapaktepHi
piaactuBocTi. Hanpuknan, JepeBo Haiikoporiia Bincrans (JJHB) Bim ronos-
HOro IKepeja A0 By3JiB CIIOXKMBAHHA Ma€ yci MaKCHMAaJIbHO HaflikHi (3 ToY-
KH 30Dy CXeMH) LUupixH 7T{jeJ) oanobGiuHOro mnocrayaHusd, fAKi MaloTh
HaHOGIMEII (A1 KOXKHOrO j) 3HaueHHA R(®;). MoxyTe po3rnamaTHcs # iHmi
papiaHTi: omtuMaeHe aepeBo (OJ1) aGo mekinbka aepes, AKi OTPUMYIOTHCA
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B pe3yNbTaTi PillleHHA CXeMHO-CTPYKTYPHOI 3aiavi; OMTHMaJbHE MilrOTOB-
nene nepeso (OIINI) 3 ypaxyBaHHAM BHTPAT B KilbUEBHUX BiTKax; AEPEBO
HaliMeHmol cymapHoi nopxuuu (JJHCJI); Oyas-ske inmnie oOpaHe nepeBo Ha
BHXInHil cxemi.

Jpyruit eran 3BoAMTECA IO po3paxyHKy HagilHocTi umnxm ToCTavyaH-
Ha y JIIH # BHAiNEHHA Y HBOMY JBOX NiJIMHOXHH Byamn JR"™), wo ma-
I0Tb BY3JIH, Ki He OynyTh pe3epByBaTHCA Ta BU3Ha4YaTH “nepudepiiiny” pos-
raxyxeHy 4acTHHy cHcTeMy; i J(R®) ~ “ronossoi yacTHHH”, By3/IH AKOT 1O-
BHHHi OyTH 3aKiNbUBOBaHI.

Ha TpeTsoMy erani po6uThes mobynosa “Hagiinoi” cxemu mua J(R?) za
JOTNIOMOTOI0 pe3epBYBaHHA BY3NiB Li€i NMAMHOXHMHHM JOAATKOBHMH 3B’A3-
KaMH, sKi iCHylOTh y BHXiIHil HajaMipHiil cxemi. Jns koxsoro j 3 J(R®)
3ailicHIOETBCA Mepebip yCix BiTOK CXeMH, mo 3B’ A3yr0Th Horo i3 CyMi)KHHMPI
By3namH. Lle MPHBOZHTE /IO YTBOPEHHSA KOHTYPY, TOMY obupaerhbes Ta BiTKa,
sKa 3aMMKA€ KOHTYD i3 HaHONBIIO KiNBKICTIO By3/iB, W0 BXOAATH 4O HBO-
ro i NPOXOAHMTH Yepe3 OAHO 3 JpKepel. SIKIo B LbOMY KOHTYPi 3HaHAYTHCS
BY3I4 3 J(Rq’) fAKi 11e He 00po6IeHi, TO BOHH TaKOX BBAXAIOThCSA 3ape3epBo-
BaHHMMH, OCKIJIbKH iX ABOCTODOHHE MOCTAaHE Bike 3abe3neuene. Y mpoueci
BHKOHaHHs Takoi mpouenypu J(R'®’) moxe cnismacty 3 J. Lle 6yne o3naua-
TH, m0 JITH He notpibue pe3epByBaHHA i mpoexTyioda cucreMa Oyae Jani
OITTHMi3yBAaTHCA AK PO3raly’KeHa CHCTEMA.

3MicT YerBepTOro eramy — y MpOBENEHHI ONTHMi3allii YaCTKOBO 3aKilb-
1boBaHOI KoH(iryparii cHcTeMH MeTomOM GaraTOKOHTYpHOI OITHMi3alii.
B pesyasrari, Buxoasuu 3 obpaxnoro JITH, orpumyemo takuii Bapiant BKCrm,
axuid Oyzie MaTi CTPYKTYPHY HaNiHHICTh (3 NOTAAY Ha CIPYKTYDPY ¥ JOBXHHY
LUIAXiB [MOCTaYaHHA BY3IiB), a TAKOXK ONTHMAIBHUH PO3paxyHKOBHH IOTOKO-
posnoin (3 mornsxy giaMerpiB TpYOGOMPOBOMIB, AIFOYMX THUCKIB Ta IMPOAYK-
THBHOCTI JKepen).

Ha n’stomy erani poGutscs nepeGip Ta 06pobka inmux JITH (muisxom
TIOBTOPHOTO 3BEPHEHHs [0 MONepeaHix npouenyp) Ta Bubip Ha#Ginsw exo-
HOMI4YHOTO BapiaHTa MK OTPUMAHHMH JIOKJIBHO-ONTHMAIBHHMH pillleH-
HAMH JUI CHCTEMH, IO IPOEKTYETHCA.

Ha wocroMy, ChOMOMY i BOCEMOMY eramax poOHThCA nepeGip Hai-
Oinpui HeGe3nmeuHHX aBapiiHHUX CHTyauilf (MoJEmOEThCA BHXiA 3 naxy ro-
NOBHMX [iIAHOK Marictpasieif, Mo TATHYTBCS Bill JKEpen, i AIA KOXHOI 3
HHX 3abe3nedyeThca NOBTOPEHHA ycix omepalii, mo HeoOXiaHi [uid BH3Ha-
YEeHHS BiANOBiAHMX ONTHMAIBLHHX NAPAMETPIB €JIEMEHTIB, HO BiIHOCHO 3HH-
)EHOTO piBHA HaBAHTaXeEHb y CIIOXKHBadiB, T006TO st Q' = @;Q;. Onpasy x
POGHTECS MOPiBHAHHSA JiaMeTpis TpyO Ha BiTkax, xinekicts HC i Airounx Ha-
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NopiB ANA HUX, OTPHMAHMX 3TiMHO 3 aBapiiiHOIO CHTYyali€lo, MO PO3rIiAa-
€ThCA, 3 THMH, AKi OyJIH BU3HaYeHi paHilie i1 HOPMaJbHHX YMOB €KCILTya-
tauii., 1A DOmansmIOro po3paxyHKy 3ajdHiIaloTh MifABHMIIEHI TNapaMerpu
€JIEMEHTIB, AKIO 30iIbIICHHA MaJIO MicLie.

N

l 5 Busnauenna yactuan BKCtn, mo
IT 1| aH ?
[ 04aToK enepyBansa J{IITH > pesepayeTECH

K 7
[ STPesepBynaHHu cxemu BKCtn J

<1 4—-[ 4TOmnMi3auiﬂ Wapamerpis BKCTn Jﬁ

Yu Bei JAIMH
pO3rIAHYTI?

C 13 4————)[ ﬂBHﬁip HaliKpaIOro pilleHHs
R

|
14 ‘*-————>[7 rBuGip aBapilinnx cuTyauii J—)
l_.)

> 8 | Ananis aBapiltHux cuTyauiif

BH3HaYeHHA j
- 10 | “saproeri " || 9 | ®opmyBanHs i po3paxyHok
Kinews nanitiHocti” AiACYMKOBOTO pilIeHHs
BKCtn

Pucynok. ITpunnmnosa 610k-cxemMa anropHTMiB AEKOMIO3HLIT i ONITHMAIBHOTO
cuntesy BKCrn (11-14 — gianor kopHctysaya 3 EOM)

Hep’atuii eran — GpopMyBaHHA MiACYMKOBOrO ONTHMAIBHOIO PillIeHHS
(i3 npoBeAeHHAM HEOOXIMHNX JOMOMIXHUX PO3PaXyHKIB).

HecaTuit eran — BU3Ha4YeHHs “BapTOCTi HaAiHHOCTI”, TOOTO 30iMBLIEHHSA
sar a/ILHUX BUTpAT y cHHTe3yeMy BKCti nopisHAHO 3 il Hepe3epBOBaHUM Ba-
plasIom,

Y saranbHiil cxeMi anropuT™miB ontuMansHoro cunresy BKCrn me-
peabayalnTeca TOYKH Aianory 3 npoekrysansHukoM (11-14) nns crexeH-
HA 32 XOAOM pO3paxyHKOBOTO NpOLieCy, KOPEKTHPOBHi JaHHX, TOBTOPEH-
HA OKpeMHX ONOKiB YH HaBIIaKH, CKOpPOUYeHHSA abo NpHIHHEHHA po3pa-
XYHKY i T. iH,
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Takwuii migxing o ¢popmanizanii npoGaeMH ONTUMAIBHO CITOAYYAETHCA 3
il AeKOMIO3HLIIEI0 Ha BIMHOCHO CaMOCTiHHI ImiA3azgadi MEeHIOI CKIaAHOCTi, a
TAKOXX 3 BUKOPHCTaHHAM PeNIaKCalliiiHMX aNrOpUTMIB Ta €BPUCTHYHHUX TPO-
uenyp. Lle norpebye moSymoBu oOIpyHTOBaHMX e(heKTHBHHX iTepauiifHMX
TpolieciB Ta ix peanmizalilo i aBTOMaTH3aL[il0 Y BUTJIALNI MpOrpaMHO-O0YHC-
JHOBAJILHAX KOMILIEKCIB.
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0. H. 3aiiues, xano. mexn. nayx

Ounecckasg rocyjapcTBeHHas akaeMHs
' CTPOHTENBLCTBA H aPXHTEKTYPHI

CMNocCoOb PENYnMPOBAHUA PABOTDI
TENNOrEHEPUPYIOLLINX YCTAHOBOK MATIOKN
MOWHOCTH

Pa3BuTHe SHEpreTHYecKOro KOMIUIEKCa YKPauHHl B yCJIOBHSX MMIIOPTa
IPHPOTHOro rasa TpeGyer pa3paboTKu U MPHUMEHEHHA BLICOKOI((PEKTHBHBIX
sHeprocGeperatonux texHojgoruii. OqHako NMPUMEHSAIONIEeCS B HACTOAIIEE
BpeEMs TeIUIOreHepHpylomee 000pyAOBaHHE YCTaHOBJIEHO H3 pacyeTa Mak-
CHMAJILHBIX TEMJIOBHIX HAarpy3oK, YTO MpPEATNONaraeT ero pabory B pexumax,
OTJIHYHBIX OT HOMHHAIBHBIX, PUBOJAIIUX COOTBETCTBEHHO, K IEpEPacXony
TOIUIMBa. B To ke Bpems, yCTaHOBKaZ MeHee MOIIHOro o0OpyHOBaHMA HE
obecreuuT TpebyeMyio MPOU3BOAUTENLHOCTE B IEPHOIH IHKOBBIX Harpy3o0K
(Hampumep, AJIA OTOIUIEHHA — TIEPHOIa XOMOMHOM NATHAHEBKH), 2 YCTAHOBKA
CHCTEM MOMY/JBHOTO THIIA XOTA H YMEHbIUaeT AaHHble HeAOCTATKH, HO Tpe-
OyeT 3HaUMTENBLHEIX KANMUTANbHBIX 3aTpaT. Heo6xoauMo Takke OTMETHTb,
4TO IPH YCTAHOBKE TEIUIOT€HEPHPYIONIHX YCTAHOBOK GOJNBILIOH MOIIHOCTH
3T KoseGaHud PexXUMOB paboThl CrIaXKUBAlOTCA 3a CHET MPEBATMPYIOMICH
oMM HMoTpeOeHHd Teiuia Ha TEXHONOTMYECKHE HYMJIBI, YTO BBIJBHIaeT Ha
IepBEIii mIaH npobiaeMy pacIIMPEHHA peXXMMOB paboTEHl TEIUIODHEpreTHYe-
ckoro o06opynoBaHHA Manoi MOLIHOCTH, NPUMEHAEMOrO0 B OCHOBHOM Iyisi
CHCTEM [IELIEHTPATM30BAHHOTO TEILIOCHa0XKEeHHUA.

B nHacrosmiee BpeMs H3BeCTEH CNOco0 pery/lnpoBaHus TEIJIOBOH MOIIl-
HOCTH 000pyZOBaHHSA, 3aKMIOHAIOIIHHCA B N3MEHEHHH ITOJIOXKEHHS TEMIepa-
TYpHOTO MakCHMyMa B TOIIOYHOM IIPOCTpPaHCTBE [1], MyTeM HCHONb30BaHHA
a’pOINMHAMHUKH 3aKPYYEHHEIX TIOTOKOB, YTO IIPH HX B3aMMOJEHCTBHH H OHU-
HAKOBOI HanpaBleHHOCTH KPYTKH MOTYT NMpUOIMXAaTh MAKCHMYM K TIOBEPX-
HOCTSAIM Harpesa WIH OTJAIATh.

OnHako 3T0T cnoco6 npeanonaraeT B3aUMOJIEHCTBHE 3aKPYIEHHEIX IO~
TOKOB, TIpHY€EM, KaK MMPaBHJIO, 3TH MOTOKH HMEIOT K03 dHIMEHT KpyTKH 60-
nee 0,6, uto mpennonaraer o0pa3oBaHHe BHYTPEHHeH peLMPKYIALHOHHOH
30HEI B KaXI0M H3 [TOTOKOB U HATUYHE MPELECCUPYIOIIETO BHXPEBOTO A/1Pa,
obnaparoniero CBOMMH COOCTBEHHEIMH KOJIeOaHHAMH, YTO B ONperneIeHHbIX
C/Iy4assX MOTYT BBI3BATh pacnaj BHXPeBOH CTPYKTYpHL. To ecTh mjs mpHMe-
HEHHA JAHHOTO Crocoba HeoOXOAMMO BEIABHTE IONIe CKOpoCTeil 0Opa3oBaH-
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HOTO B pe3y/bTaTe B3aMMOAEHCTBYA 3aKpY4YeHHBIX MOTOKOB, a TaKKe pac-
CMOTpETh YCTOHYMBOCTD 3TOH CTPYKTYDBI C TEYEHHEM BPEMEHH.

Jina pemieHus naHHOM 3amaym Gpiia Mcnolb3oBaHa GopMyna IIpanaris
IUIA JJIMHBI ITyTH NEPEMEITHBAaHHA M MONy4YeHHOe Ha OCHOBaHMH ero B [2]
BHIpXKEHHE JJIA ONpeAeNeHus pe3yIbTHpYIoliel CKOPOCTH B 3aBHCHMOCTH
OT KOOPAHHAT H BPEMEHH:

U@y, H=0,5U,+ Uy) +0,5(U, - Up)(1,5y/b - 0,5(y/b)), 1)

rae U,, U, — paananbHble CKOPOCTH Pe3yNbTHUPYIOIIHX MOTOKOB; y — pac-
CTOSHHWE OT IEHTPa B3aUMOJEHCTBHA MOTOKOB; b — SMIMpHYecKas MOCTOAH-
Has, IPUHATAA B JAHHOM clTy4ae paBHoii 0,2.

OnHako, npuMeHeHHe JAHHOTO BEIPDAXKEHHA HE AAaeT HCKOMOIO pe3ylib-
Tara B CllyJae OIWHAKOBBIX CKOPOCTEH, MMO3TOMY pacyeT BeJICA HE AJi IeH-
Tpa B3aUMOJENCTBHA MOTOKOB, a JUI IPaHHIIEI OMHOTO M3 MOTOKOB, TO €CTh
KOOpIMHAaTa Y )18 epBoro NoToKa HaXOAWIach Kak y = y, + b, a 11 BTOpO-
roy=y,.

Jina onpeneneHus CkOpPOCTEH 3aKpy4deHHBIX IOTOKOB HCIONB30BAHCh
NONyYEeHHBIE BBIPAKEHHA AT OCRHMILIHPYIOLIEH COCTaBIAIOILEH NpPOAOIb-
HOH CKOPOCTH 3aKpydeHHOIO IOTOKA C YHETOM BO3JCHCTBHA MPENECCHPYIO-
ILIETO BUXPEBOTO AApa:

w(xy,0) = Qx + b)(1+ exp(—(x2 + b)2/4vt))(sin(nt)—exp(—y/S)sin(nt —-y/9)), (2)
u (1) = Qa1 +exp(=x,>/4vt))(sin(nt) —exp(—y/S)sin(nt — y/8)).  (3)

B pesynprare YyHCIEHHOrO MOJENHPOBaHHA GBI MOCTPOEH rpaduk H3-
MeHEHHs pe3yNBTHPYIOLIei CKOPOCTH B IONEPEYHOM cedeHHH (pHcC. 1).

AHamm3 3Toro rpajguka mokasai, YTO H3MEHEHHe CKOPOCTH B 30HE Ie-
peMELINBaHNA IOTOKOB HOCHUT IUIaBHBIN XapakKTep, a caM Iepexo] 0T CKopo-
cth notoka U, k U, 3aHMMaet He3HAYUTENbHYIO YacTh 06/1acTH, YTO N03BO-
et cAeNnaTh BEIBO O TOKATBHOM H3MEHEHHH IOMA CKOPOCTEH.

TlocTpoeHHas B pe3ylbTaTe YHCICHHOTO MOAETHPOBAHHA 3aBHCHMOCTh
Ppe3yIbTHPYIOMIEH CKOPOCTH OT BpeMeHH (pHC. 2) moka3ana, 4ro B Havasb-
HBIif TEPHOZ BpEMEHH MPOMCXOAUT POCT CKOPOCTH B 30HE NepeMeIlHBaHuA,
a 3aTeM ero CTaOMJIM3aLHA, YTO MO3BOJISET TOBOPHTL O MPUMEHHMOCTH JIaH-
HOTO METO/Ia B TEILIOr€HEPHPYIOMIUX YCTAHOBKAX.
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U3MEHEHWE PAOVANBHON CKOPOCTY BPEMEHN
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Puc. 3. Mamenenue pesynbTHpymomieii ckOpOCTH B TIOTIEPEHHOM CEYEHHH:
e—nput=10,m —npu¢=100, A —nput=200c

Onsxako noctpoeHHbie rpaduku (puc. 3) pacnpeneneHus pe3ylbTHPYIO-
IIel CKOPOCTH B NONEPEYHOM CEYCHUH B Pa3TAYHBIC MOMEHTEI BPEMEHH I10-
3BOJLTIOT CllefiaTh BBIBOJ O CMeIleHHH OT IieHTpa MaKCHMyMa CKOPOCTH, YTO
MOXeT OOBACHATHCA PaCIIMPEHHEM 3aKPYYEHHBIX CTPyH M NMPOHHMKHOBEHHEM
BHEIIHEH YaCTH OJHOTO 3aKPYdYEHHOro MOTOKA BO BHYTPEHHIOK PEIHPKY.IA-
[UOHHYIO 00nacTb Breporo. JlaHHbIH BEIBOA FOBOPHT O MCMOJIB30BaHHH B3aH-
MOJIEHCTBYIOIHX 3aKPYYEHHBIX MOTOKOB TOJNBKO B TEILUIONCHEPHPYIOIMX YC-
TaHOBKaX C MaJioi NIyOHHOHM TONKH, TO €CTh B TEMAONCHE-PHPYIOIMX yCTa-
HOBKaX MaJOH MOINHOCTH.

TakuMm 06pa3oM, B pe3ylbTaTe MPOBEACHHBIX HCCIEA0BAaHHH BEISBIEHO,
YTO ANIA YBENWYEHHs [JHAIa30Ha PeXXUMOB paloTHl TEIIOreHepHpYIOIHX yC-
TAHOBOK ITyTEM CMEILCHHS TeMIEePaTypHOr0 MaKCHMyMa B TOIOYHOM IIpO-
CTPAHCTBE BO3MOXHO MCITOJB30BaHHe CHEMUOHKH aIpONHHAMHKH 3aKpydeH-
HBIX TIOTOKOB, IIPH 3TOM GbUIO BBIABJIECHO, YTO PE3YJIFTHPYIOILAA CKOPOCTE IIPH
HaJIO)KEHHH MOTOKOB YCTOHUYMBA C TEUeHHEM BpEMEHH, HO CMEIaeTcs B CBA3M
C paclI¥peHMeM CTpyil, YTO OrpdHHYHMBAeM [aHHBIH METON YCTaHOBKaMH C
MaJio# rryOHHOM KaMephl CTOpaHHS.

Hcnonn3oBannas JHTepaTypa

1. Hatidenos I'. @. I'azoropenoynrie YCTPOHCTBA C PEFYTHPYEMBIMH Xa-
pakrepucTHkamu ¢pakena. — K.: Texnika, 1974, — 108 c.

2. Ulmuxnunz I Teopus norpaHuusoro cios. — M.: Hayka, 1974. —
71c.
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YK 556.072.532 I'. M. KoHOHeHKO, KaHO. mexH. HayK
KuiBcokuii HallioHAIBHHH yHiBEpCHTET
OymiBHHIITBA i apXiTEKTYpH

AOCNIAXEHHA KOHBEKTUBHOI'O
TENNO-1 MACONEPEHOCY NPU TEYII BOAU
B TPILLWHYBATOMY CEPENOBULLI

3ajgaua Tenso- i MacomepeHOCy MpH Tedii BOAX B TPILIMHYBaTOMY cepe-
JOBHIL € OHICIO 3 BAXKUX 33a4 KOHBEKTHBHOrO TEMIOOOMiHYy B 3B’ 43Ky 3
YHM peani3yeTsCsA A0 MEBHOI MipH CIIPOIIEHi MaTeMaTH4Hi MOJeIi mpouecy.
PosrnsHemo ozHy 3 TakuMx Mozieneit, moOynoBaHoOI Ha OCHOBIi Teopii TOHKoro
TIacTa i MeToRy JiHill Teuii [1], [2]. KonBexTHBHHMIi TennonepeHoc BinGysa-
€THCA MPH PYCi BOAH B OJJHOPiTHOMY IIACTi BUCOTOIO 2h NpH HEOOMEKeHiH
TOBILI MOPiA MOKpiBNi i mifomBH (BiCh aITiKaT MO HOpPMalli A0 IUIOUHHHA
pyxy Boau xOy):

a7, 9T,
o =P > ()
aT, <
ncl—=a(T2-Tl)—clﬁgradTl, x,y€e Q;
at
€3
(1- n)cz-—-(x(Tl T)+7L . H<n
divo=0; O=-kgradH; xye® |<h; ©))
T;)Il=0=7}ll=0=T2|l=0=T+; 7‘1|(0H=T+; (4)
x,yef), WyeQ;
Q=2h [9,ds; wpeQ, (5)
op
3 = z. _7d ad .
Ie 1‘)={1‘),,1§)y}=1‘)x1+1‘)y1, grad = l'é—+j—a—-, T — Ttemneparypa (4H
X X

KOHUEHTpaLlist JOMIMOK); 7 — MOPHCTICTh; A — KoedillieHT TemIonposia-
HocTi (audy3ii); ¢ — 06’€MHa TEIUIOEMHICTB; ¢ — Yac; () — KOHTYP APEHH,
CBepIUIOBHHY UM G’eda; Q — nebit; innexcu 0, 1, 2, 1, p BimHoCATHCH Bid-
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TIOBiIHO [0 HOpix B MacHBi, Mo orodye obnacts dinsrpanii Q, Boau i rpyH-
TY B Hi#f, KOHTYDiB HarHiTaHHA (KUBNEHHA) i po3BaHTAKEHHA (BOJ03ab0pY).
V 3agaui (1) — (5) nepile piBHAHHA — piBHAHHA 30epeXKEHHA eHepril B

mapax, siki oTouyloTh 0OnacTb (inerpauii, cucreMa piBHAHB (2) — L
PpiBHAHHA KOHBEKTHBHOTO TeIUIONiepeHoCcY B ABoda3HOMY CepeloBHILi, TpH-
yoMy iHaexc “1” BianoBigae pyxomiit pinuHi, a “2” — Onoxam mopoau, AKy

BOHAa OMHBaA€; 00 — koediuieHT Mk ¢asoBoro TemwroobMminy [3); piBHAHHA
. . . soe + . » .
(3) — piBHAHHA rigpoavHaMiky Tedil 3a ymoBu (5); T i T. — BiamosigHo
TeMIIEpaTypa Ha KOHTYPi HaTHITaHHA W, i TOYaTKOBA TEMIIEPATypa IUIacTa.
h

BBeneMo cepenHio IO BHCOTI Iapy Temmepatypy I, =L I]} dz,
~h
i=12 #3pobumo 3aMiHK

T -T -h ot o
= Zl=z H tl=———-——' E_‘=—— I ﬂ;
-T h c(i-n) Cl 2y Oy
- ahz . B:—_C_O' k= on

(1 ") G ’ c2(1 - ")’

9, - 20
f_l z X, 2=, ¢= f (x zx) — piBHSAHHA NiHil Tedil; Vy, Vy —
x
Po3B’ 130K piBHAHHA (3) IpH YMOBI (5).
3apaua (1)—(5) 3 BpaxyBaHHAM 3poGJIeHHX 3aMiH HaOyBae BUTIAAY:

e ﬂA—

9%0, 28,

=By—, 2z, >0; 6
aZIZ 'Y atl 1 ( )

1
=0; 7
18, o o .98 2‘ @

) 'Y az ! - atl
Bl, o =01, o =02), . =00l .. =0; 8| =1 ®)

Ilpu 3acTocyBaHHI iHTErpasbHOro neperTBopeHHs Jlamnaca mo 3amadi
(6) — (8) mo 3minHiit ¢, , npu z; = 0 oxepKyeMo po3B’A30K B 300pakeHHAX
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51 =%—exp{—(l+ks-~;;:/—;+—l]§}; )]

62 = ‘—————el .
s+bs +1
B ocranHLoMy Bupasi mapamerp b BpaxoBy€ BIUIMB Ha TEMIIEpaTypHe

fojie MPMTOKY Tervia Bif MOpiA, MO OTOYYIOTh OONacTh Tedil, MpHYOMY

b=‘/f;f.

Ilpu b =0, To6TO NpPH BIZACYTHOCTI MPUTOKY TeILTa BiAl MOpiZ MiJOIIBH
Ta HoKpiBni 306paxenns (9), (10) HabepyTh BUINALY PO3B’A3KiB, OfEPHKAHHX
B AochmimxeHHsx [1].

HoBepTatounck Big 306paxeHs (9), (10) mo opuriHanis (TeMnepatyp) Ha
OcHOBi 3acrocysaHHs TeopeMn A. M. Edpoca [3] moxHa oTpuMaTH 3amex-
HOCTi ANA BU3HAYCHHA BiJHOCHMX TEMIEpaTyp BOIH i OJIOKiB mopoau y BH-
rasai

el(§,1)=u(§,r,b)=e'§[1+JEje'“ll(z B Jult erfe fu__du]; (1)

(10)

2Vt-u
0, E-"T)zV(é’T’b)=eT§‘:[e_ulo(2 E_.u)'e'fcz,ﬁu_u du,

SAx nokasano y npaii; [3], sobpaxenna (9) MoxHa 3Bectn o nobyTKy
TaKHX 300pakeHb:

g
~ 1 b 1
9, = 0¥k} + + qisj,
1=e aG) " Tsq(s) 54 [

me gls)=s+bys +1.

Toni 3anexHicTh Jif BU3HAYCHHS TEMIIEPaTypy BOAH MOXKHa NTOJATH i y
TaKOMY BUIJIALI:

T vl
8, U, 7,6)=0, +¢ [e 1,2 ) 2E=W_ W0y (12)
0 2 n(t—u)?
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MokHa nMOKa3aTH, Mo Bignoiaui po3s’ssku (11) Ta (12) ToTOXHI.
Opurinan (11) moxHa ofepxarth 3 po3s’s3ky (12), interpyroun ¥Horo gactu-
Hamu. 3uavenns ¢yukuil U(E, 1, b) nna pisHux BenMuMH # y3aransHEHHX
KOOpJMHAT 4Yacy T i JOBXKHMHH & HaBemeHi B Tabnuui i HA PUCYHKY Y BHIMIAAI
rpadikis.

Ul
10 L T3 [T EEE
03 eI L7 LA T
‘ o7V AT )
08 F——ri i =} .:,i ‘:,/‘ E‘ -1 L . F?’ﬁq
0.”//' g /’7
07— T T ,37'/ // A 14 A
«r-’/’ - A
a8 - HHHH—-H A - r
y [ Ry
yeoi L=t /K
a4 — R ,/( . +H
as b—- u/ y, / | % 1
a2 S
R, 4
o 1] S A
RS- o _pl’q
0?2 10! o v
b
" 0 | 001 | 005 | 01 ] 02 | 05 | 10
£=0.1
0 09048 09048 [0.9048 Jo0.9048 J0.9048 To0.9048 |o0.9048

0.01 |0.9057 0.9057 0.9057 0.9057 0.9057 0.9057 0.9057
0.05 ] 0.9093 0.9092 0.9092 0.9092 0.9091 0.9089 0.9086
0.1 0.9135 0.9134 09134 0.9133 0.9131 0.9126 09118
0.3 0.9285 0.9284 0.9280 0.9276 0.9268 0.9247 0.9219
0.5 0.9409 0.9407 0.9403 0.9393 0.9378 0.9340 0.9239
0.7 0.9511 0.9509 0.9499 0.9488 0.9468 0.9416 0.9352
09 0.9596 0.9593 0.9581 0.9567 0.9542 0.9478 0.9401
1.0 0.9632 0.9629 0.9616 0.9602 0.9574 0.9504 0.9422
3.0 0.9945 0.9941 0.9923 0.9902 0.9863 0.9764 0.9643
5.0 0.9992 0.9988 | 0.9975 0.9958 0.9926 0.9841 0.9724
6.0 0.9997 0.9994 0.9982 0.9967 0.9939 0.9860 0.9754
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ITpoooexcenns mabn.

b
0 | o0t | 005 [ ot [ 02 | o5 [ 10
E=1.0
0 03679 103679 03679 (03679 [03679 [03679 (03679
00t [03715 [03715 |03715 03715 [03715 03714 [o03713
005 |0381 [03860 ]0.3859 [03857 [o03855 [0.3846 [0.3834
0.1 |04038 [0.4037 [04033 [0.4029 [0.4021 [0.4000 [0.3968
03 04702 [0.4698 |04682 [0.4663 [0.4627 [0.4532 [0.4407
0.5 05301 |05293 |0.5225 [0.5185 |0.5155 [0.4976 |0.4754
0.7 |0.5839 [0.5827 05780 [0.5723 [0.5619 |0.5358 |o0.5045
09 |o06321 [06305s 06242 [06167 [0.6030 05691 [0.5295
1.0 |0.6543 |0.6525 |06454 |0.6370 |06217 [0.5842 [o0.5408
30 (09061 [09022 [08871 [08694 [0.8373 |0.7615 |0.6778
50 09767 (09730 |09587 [0.9417 [09102 [08329 |0.7426
100 [0.9994 [0.9972 09883 [0.9773 [0.9s560 |[0.8970 [o0.8170

£=10
0.0021 0.0021 0.0020 0.0019 0.0017 0.0012 0.0008

1

3 0.0306 0.0299 0.0271 0.0241 0.0193 0.0108 0.0051
5 0.1198 0.1161 0.1026 0.0885 0.0667 0.0324 0.0130
7

9

0.2719 0.2625 0.2289 0.1944 0.1426 0.0648 0.0241
0.4547 0.4387 0.3813 0.3223 0.2346 0.1044 0.0376
10 0.5449 0.5259 0.4575 0.3879 0.2822 0.1256 0.0450
30 0.9996 0.9858 0.9309 0.8640 0.7382 0.4486 0.2030
50 1.0000 0.9907 0.9539 0.9082 0.8188 0.5818 0.3183
70 1.0000 ] 0.9931 0.9668 0.9259 0.8526 0.6507 0.3976
90 1.0000 0.9935 0.9679 0.9361 0.8729 0.6943 0.4552
100 1.0000 0.9939 0.9698 0.9399 0.8903 0.7107 0.4786

o)

Iinxpecmmo, mo po3s’sa3ku 3amadi (1) — (5) oneprkaHi g AOBLIHHOI,
IO Ay>Xe BAXIMBO, IUIOCKOI Tedil pilMHHU, AKa XapaKTEPH3YEThCA B KOXHiH
Touni o6nacti Q BexTopoM mBHaKOcTe#H YO,y ), X0Ua BKa3aHi po3B’sIKHU
MOXHA 3aCTOCOBYBATH 1 IUIA ONHOMIpHOI Tedwil (1OCKOmapanensHOI 4M
IUTOCKOPAdiaibHOT), @ TAKOX JUIA Tedil piluHH, 1A K01 aHATITHYHO BEKTOD
mBHAKOCTeH 3HaliTH He BAacThed. B pOMy BHIAAKy MOXHA BHKOPHCTAaTH
3anpoNoOHOBaHUi Hamu Merox niHiii abo cMyr Tewiit [1], moGymyBaBmuM
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rpadiuno a6o 3 JOOMOT010 MOJENIOBaHHA OTEHLANBHUX Teuiii rigpoAHHa-
MiuHy CciTKy pyxy BoaH. lle mac smory mobymyBard MHTTEBI TewIOBi moijs
piannA i OioKiB mopiA, TeMIepaTypy PiIMHH Ha KOHTYpPi pO3BaHTaXXyBaHHA
(Box03abip, ekcruryaranifiHa CBEpANOBHHA TOLIO) i ONIHHTH BIJIMB TEMNO
HPHTOKY BiJl OPiA MiKOLIBH Ta MOKPIiBIIi.

Buxopucrana aireparypa

1. Kononenxo I M. HccnenoBaHue Teno- 4 MaccomepeHoca npu ¢Hib-
Tpauud xuaxoctH. — K., 1983. — 64 c. IIpenp. (AH YPCP IH-T MaTeMaTH-
KH; 83-2).

2. Kononenxo I. M. KoMOHHHPOBaHHE MOAENH TeIIO- H MacCOMEPEHO-
€a: MPHMHIMI HOCTPOCHHSA, CTPYKTYpa, alTOPUTMEL M METOABl MX pealu3a-
uan. — K., 1985. — 64 c. (AH YPCP Iu-T MateMaTku; 85—95).

3. Kononenxo I M. TIpo ouH po3B’A30K 3aiavi TEIUio- i MaconepeHo-
cy / MaTteMaTnuHi METONH B HayKOBO-TEXHIYHHX IOCHiMkeHHsX: 30. HayK.
npaus — K.: In-t matematuxa HAH Yxpaiun, 1996. — C. 156—162,



YK 536.24. 621.1 M. B. CrenaHoB, kand. mexu. Hayk, 0oyenm
0. K. PocxoBmeHko, kano. mexH. Hayk, ooyenm

B. I'. I3106enko, indxcenep

KuiBchknii HalioHanLHUR YHIBEpCHTET

OynmiBHHIITBA 1 apXiTEKTYDH

EKCNEPUMEHTANBbHE AOCNIAXEHHA
NONIETUNIEHOBOIO BOAOHAIPIBAYA

Tennoo6MiHHMKH, B AKHX Tem1000MiHHA TOBEPXHA BUTOTOBJIEHA 3 €la-
CTHYHMX MNOJIIMEPHHMX MarepialiB, HaNpUKIa] 3 nomieTwrieHy [1], B Haii-
6inbmiii Mipi MOXyTs OYTH 3aCTOCOBaHi B CHCTeMax YTHJi3alii HU3BKOTEM-
epaTypHHX JXKepes TEIUIOBOI eHepril AK HarpiBadi moBitpsa ab6o soau. JlnA
yTHnizauii TermnoTH rapsuux rasis A. f. Tkauyk, €. C. 3aifuenko Ta iH. 3a-
IpONOHYBaM [2] omamroBalbHMil paaiaTop, BUKOHAHMH 3 IOJiETHIEHOBOI
IUTiBKH, CKJIAJIEHOI BABOE Ta 3’€QHAHOI [0 NepHMeTpY IiTbHAM TEPMOHIBOM.
B cepenwiii yacTHHI paJiaTopa TaKMMH X TEpPMiYHHMH HIBAMH BHKOHAHi Ka-
Ha/IK J11 pyXy BOAH. AJle HU3bKa MIIHICTh TEPMiYHUX WIBIiB CTalla CYTTEBOO
HEPEeNKO0I0 B NMOAANBIIOMY 3aCTOCYBaHHI TaKMX pagiaTopiB. Y 3B A3KY 3
muM 6yB po3pobnennii [3] nonmiernnenoBuii TenI00OMiHHHUK, AKHH KOHCT-
PYKTHBHO BiIpi3HAE€TECA BiJ MONEPENHLOTO THM, IO TOPH3OHTATbHI HIBH
IUIA YTBOPEHHS 3Mi€BHKOBHX KaHAJIiB BUKOHAHI psAlaMH HAaCKpi3HHUX OTBOpiB
3 NPOILIABIEHNUMH KpasMH, IO 30UIBIIMIO0 HOro MilHICTh i HaNiHHICTE B €K-
crutyatanii. Ile#i TenmooOMiHHHK KoCTimKyBaBCa AK NMOBITPOHArpiBad B CHC-
TeMi yTHIi3anii reoTepMalbHUX BOJ JUIA ONAICHHA TeIUTHIb. [ BU3HA4YEH-
HA cepegHboro koedinieHra Teruronepenadi TemnooOMiHHMKA oOJepXKaHA
emmnipuyHa popMmyna [4].

S
- m . .\n 1
k—a(pv) @ —S;— s (1)
2
JIe (pPV) — MacoBa MIBMAKICTH NOBITPA, kr/M’ C; @ — WBHAKICTH BOJHM B
KaHamax, M/c; S; Ta S, — MOB3JIOBXHiH KpPOK OTBOpIB Ta HOINEpeYHHH KpOK
KaHAJIB, M; g, m, n, ¢ — eMIlipuYHi Yucna.

Kadenmporo Temmorazonocrayanus i Bentwranii KHYBA nposeneni
eKCIIEpHMEHTAIBHI JOCHiKEHHS MOJIETHIEHOBOTO TeIIOOOMiHHMKA, IPH-
3HaYeHOro [jis HarpiBaHHA BOAM iHUIMM TEIUIOHOCIEM (TEIUIMM HOBITpSM,
JUMOBHMMH ra3zaMu). Pe3ynbTaTi eKCIepAMEHTY AaM MOXJIMBICTh OJlepXaTH
eMIipHYHi 3aeXHOCTI A po3paxyHKy KoediuieHTiB Temnomimmadi Ta
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temnonepenavi. TemnooOMiHHUK U eKCIIepHMEHTANBHOTO cTeHay (puc. 1)
OyB CKOMMOHOBaHWI i3 okpeMux cekuiii (mo 6—14 mrtyk). KoxHa cekuis
TaKoOro BOJIOHArpiBaua BUI'OTOBIIEHA 3 MOMAPHO 3’€XHAHUX MOJi€THIEHOBHX
yuctiB po3mipoM 500500 ta 1000500 MM 3 KaHanamu M PyXy BOJH.
KaHan TeruiooOMiHHOT cekilil, B AKOMYy pyXajlach BOZa, B IONEpeuHOMY
mepepisi CTaHOBUTH ABAa CMIAPEHUX CETMEHTH, IO YTBOPIOIOTH F€OMETPHYHY
¢$irypy, Omm3pky no enminca 3 po3mipamu oceif 36 i 22 mm. ToMy B
HOJANBIIHX AHANITHYHHUX BHpa3ax i po3paxyHKax NpHIHATHI eksBiBa-
NeHTHUH niaMeTp KaHALy dg., = 24,9 MM. [lix yac nmpoBexeHHs eKCHEpHMEH-
TY, TIOBiTPS OXONOMKYBANOCH B TEIUI0OOMiHHUKY Bix 63—72 °C mo 28-32 °C,
HarpiBatoud Boxy Bin 14-19 °C no 52-54 °C. TigpoMexaHiuHHit pemuMm
pPYXy BOAH B KaHalax TemiooOMiHHHMKa crocTepiraBcs namiHapHuii (Re =
= 190--1820).

22

y . T

@ ™
R [
[

o

-~

Ay

a 6

Puc. 1. [TonieruneHoBHHA BoAOHArpiBay:
a — 3araneHAR BACAAR; 6 — MonepedHHi nepepi3 KaHamy Ajid pyXy BOAH

s po3paxyHKy cepenHporo koediuieHta Terosimmaui B Tpybax i
IUTOCKHX KaHaNaxX MpH JaMiHApPHOMY PycCi BOJH, [0 HArpiBaEThCs, aBTOPAMH
{5] 3anpononoBaHa popmyna

0,25

. 0,4
~ d) p.o33| Pr
Nu=14 Re—=| Pr*’} — 2
u ,4( el) r B , )

ocm

med-— niaMeTp Tpy6u abo mupHHa KaHally; / — HOBKMHA TPYOH.
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Pr
Pr

cm

(opmyia (2) cipaBeIHBa npH 711-> 10, Re>10, 0,06< <10 Ta

d . . .
Re—l—Prs’6 >15. @i3uyni BIaCTHBOCTI BHOHPAIOThCA 32 CepeqHBOIO TEMIle-

paTyporo BOAM Ta CTIHKH.
AHaloriuHy 3aJleXHICTB IUI1 BHM3HA4YEHHA CepeAHLOro KoedimieHra
TeIIoBiAaYi B MIocKi# abo kpyriuiit Tpy6Gi onepxas B. C. Tletyxos [6]

0,33 \d
— d Y (Mo
Nu=1,55(1>e7) ( u )e,, 3)

Ze Pe = Re-Pr; n = — 0,13 mpu HarpiBaHHi BoaH; n = — 0,14 upyn oxolomxeH-
Hi BOJIH.
®Popmyna (3) 3acTOCOByeETHCA 3a YMOBH, IO TEMIEpaTypa CTiHKH
B3OBX TPYOH (KaHary) miHseTsca cnabo abo 3anumaerhes mocTifiHomo, a
11

——<0,05.
Ped

OcHoBHHIT BiuB Ha TerIoo0MiH Mae 3aIeXHICTh U Bif ¢ B 3B’A3ky 3
LHM [IpH HarpiBaHHi BOM il IBHUAKICTE 6ing cTiHkM TpyGu Ginbina, HixX HpH
OXOJIO/DKEHHI, a TeIUIoBifiaYa 36inpuryeThes. 3MiHa p, ¢, Ta A, K NOKa3aIH
JociimkeHHa [6], BuiMBae Ha TemIOBimady Mano. BenuuwHa € sBIAE
co00I0 NOMpaBKy Ha MOYATKOBY HiNAHMKY TigpoAnMHamiunoi craGinmisamii
NMOTOKY (3a BaHHUMH [7] /no, = 0,07d Re-Pr) i BpaxoBye noB’a3aHy 3 LHM 3MiHY
cepeaHporo koedimieHta TemmoBinaaui B3ZoBK TPyOH. 3HaUEHHA MONPABKH
& 3aN€KUTH Bif BenHuuHH //d i, axmo I/d 250, To g =1, npu l/d ==20 g =
1,13,

Tonpaeka (Pr/Pr.,) "~ B dopmyni (2) i B inmmx dopmynax npu mManux
3HaYeHHAX DI3HHLI TeMmIepaTyp CTiHKM i Bomu Ar = (¢, — ) Mano Bia-
pi3HAETBCA Bi oAMHHLI. Y KpanenbHHX piinH i3 30iMbIIEeHHAM TeMnepaTypH
3HaueHHA KpUTepio Pr ameHmyeTbea. OTke, 1A KpanelbHUX DiIHH BeNH-
yuHa (Pr/Pr.,) > 1 npu HarpiBansi Ta (Pr/Pr.,) < 1 npH oxomomkeHHi i
itkeHepHi po3paxyHku RoedilieHra Temnomipmaui Ans piguH, mo Harpi-
BAIOTHCA, IHOAI BHMKOHYIOTH 6€3 BpaxXyBaHHA MHOXHHKa (Pr/Prc,,,)o’zs, Ao~
MYCKAlO4H TIPH IL[bOMY HEBENHKY MOXHOKY B CTOpOHY 3MEHmICHHA Koedi-
Li€HTa TeIUIoBiAAayi, TOOTO 3 NEAKHM 3anacoM MOBEPXHi HarpiBy Temnoo6-
MiHHHKA.

Y pexuMi JlaMiHapHOTO PYXy DilMHHA B TemIO0OOMiHHUKAX BHHHKAIOTh
me # KOHBEKTHBHI TOKH, 5Ki, TypOyJi3yloud moTiK, BIUIMBAlOTH Ha iHTEH-
CHBHIiCTh TeruooOMiHy. BpaxyBaHHA BIIHMBY Ha TemmooOMiH NpHpoOAHOL

0,25
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KOHBEKIIii IpH Pi3HHUX MONOXEHHAX TPYOH B YMOBaX HarpiBaHHs 4H OXONOJ-
XEHHA, YCKIAJHIOE OAEPXaHHA y3aralbHeHUX 3ajIeXHOCTeH, CpaBe,THBUX
JUTA BCiX BUIAKIB TEIUIOOOMiHHHX MPOLECIB.

Jns mpakTHyHEx po3paxyHKiB mpu 10<Re<2000 M. A. Muxecs [8] 3a-
IPONIOHYBaB NMpHOIH3HY hopMyny

0,25
Nu=015Re™ proe groaf Pr | ¢ @)
Pr,
Busnadatounm po3MipoM B Lifi ¢popMyni NpHiMaeTbCs eKBiBaleHTHHH
JiaMeTp de. I Boau dpopMyna (4) Mae Takuil BUTIAL;

0,25
A®PA% ( Pr
d%7 \Pr €.

€exe

o=

&)

Bennuima 4 B popMyani (5) 3anexuts Bia cepeIHBOI TeMIIEpAaTypH BOIH
i il MoxHa mpuiiMaTh piBHOIO 4 = 183 mpu ¢ = 30 °C, 4 = 193 npu ¢ = 40 °C,
A =208 npu =60 °C.

3a gannmu C. C. Kyrarenaase [9] B ymoBax crabinizosBaHoro naminap-
HOTO pyXy BomH B Tpy06i (/>>/.4) IIpH JOCHTE MalMX 3HaueHHAX Re Ta At
MOXHA KOpHCTYBaTHCh NpHOmH3HOW0 ¢opMmynowo Nu = const i Ana kaHany
IPAMOKYTHOI ¢OpMH i3 ClliBBiIHOIIEHHAM cTOpid 1:2 Nu = 4,10, nnsa kanamy
elninTHYHOl GOpMH i3 criBBiHOMIEHHAM ocef a:b = 0,5 Nu = 4,55,

Yucna Nu nna Tpy® Hekpyrnoro mepepily, po3paxoBaHi 3a eKBiBa-
JIEHTHUM RiaMeTPOM d,y, BiApi3HAFOTECA Bin umcen Nu ans kpyrioi TpyOu,
IO TMOSACHIOETHCA 3alEXHICTIO MpodiliB MBHAKOCTI i TeMIepaTypd Bim
reoMeTpH4HOi $HopMH momnepedHoro nepepisy. TOYHI rpaHHLI MOXIHBOCTI
3aCTOCYBaHHA B pO3paxyHKax d,, He BCTaHOBJeHi. B GaraTtbox BHMagKax
TaKi pO3paxyHKH Jal0Th KOCHTH 334OBLILHHI pe3yinTaT, ane TNpH JaMiHap-
HOMY pyci Bogu po30iXHOCTI MidK pO3paxyHKaMH 3a d,. i €KCIEpHMEH-
TaNbHUMH AHUMH MOXYTE 6ytn nocuts cyrresumi [10].

OcobnuBocTi pyXy piovMHH B 31my'mx prGax B TOMY, LIO 32 JEAKMX
YMOB B NOTOLli BHHHKAIOTH nosmpm Tedii Ta BieHTPOBi CHIH, Mill BILINBOM
AKHX B MONEPEYHOMY Nepepi3i BAHHKAE AONATKOBA IMPKYNALif, 30LIbIIyI0uH
Koe(iLieHT Teronepenadi. ToMy MIA po3paxyHKy TEILIOBiIAadi B 3irHYTHX
Tpybax HeoOxigHO B GOpMynH, OfepXkaHi IS MPAMHUX TpyO, BBOJHMTH JO-
JaTkoBHH KoedilLlieHT €g, AKUH BH3HAYAETHCA EKCIEPHMeHTanbHO. IIpH pyci
BOJIH B 3irHYTiit TpyGi kpuTHUHE uncno Peitnonbaca Re,, 6inpme, Hix 2300 i
3ANIEXUTH Bif pajiiyca KpUBH3HH R 3irHyToi TpyGM, 36imBUIyIOUHCH i3 3MEH-
IIEHHAM Iboro pagiyca. Asropu [6, 11] mosicHiolOTE Le crabinizyrouum
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BIUIHBOM BileHTPOBMX CHI. TeopeTMdyHy 3aleXHIiCTh JUIi BH3HAYCHHA
cepemnboro uncna Hycemsta mpu namiHapHOMy pyci pifmHM B KpyTuii
sirnyTi#t Tpy6i Hasoauts b. C. Ieryxos [6] :

Nu___ 01979k"?
Ny, A+ SR

ne Nu =g d/ A (tzm— 1); Nuy,— wmcno Hycensta ans npsamoi tpy6w; x = A/O —
BiAHOWIEHHA JOBXWHH TEIUIOBOTO i TipOJMHAMIYHOrO MPHMEXOBHX HIApiB,

¥ =APr). Ana Bogu
_2 f 77 1
x‘ll(” 1+—4 2 ) )]

3a yMOBH, HI0 MapaMeTp k=Re"2iR nocuth Bennkuil (k=100) ¢op-

(6)

Myia (6) criBnafac 3 eKCepUMeHTaIsHUMH naHuMH [12].
TemnoobumiH B 3irHyTi# TPYy6i eninTianoro nepepisy B. C. Iletyxos [6]
PEKOMEHYE PO3paxoBYBaTH 32 HOPMYIIOIO:

9

Nu=Nu,, 1+_.1_.L 8)
Pe d
dopmyna (8) crpaBe/IHBa IIpH %-520,02. Po3paxyHkoBa BelH-

upHa Nu Ta koediuienr C 3anexaTh Bif cmiBBigHOUIEHHA miBoceH enin-
THYHOTO Nlepepi3y TpyOH.

Bennunna nmompaBKoBoro koedimieHTa € 10 opMyn At pO3paxyHKY
TEIUIOBiNAaYi npH pyci BOAM B 3MiHOBHKy, 3irHyToMy 3 paniycoM R BH-
3HAYa€ThCcA 32 HopMyIIOI0, HaBeeHoIo B [5, 7]

O
ey =1+1,77%. ©)

B 3miiioBUKY Aisi BiRueHTpoBOro edekTy Ha IHTEHCHBHICTh TEILTO-
Binyaui po3NOBCIOAXYETHCA, AK BiIOMO, Ha BCKO JOBXHHY TpyOu. B moBopo-
Tax X€ BiALEHTpOBa Aif Mae ymme MiclleBui Xapakrep, mpoTte Aedkuid ii
BIUIMB 3alHIAcTECA i Aani. B 38°43Ky 3 nuM i B npamiit ainauni tpy6u 3a
IOBOPOTOM TeEIUIOBiAAa4ya TpoxH Oinbuia, Hik nepea nmoBoporoM. dopmyi
JUI po3paxyHKy TeIUIoBinzadi B TpyOi, Aika Ma€ OKpeMi mpaMi AUIAHKH Ta
oBOpOTH, HeMae. Takmuif po3paxyHOK, O4eBMZHO, MOXKHa BHKOHYBAaTH 3a

84



dbopmynamu nns npamMux TpyG 3 monmpaBKOBHM Koe(illieHTOM &g ,, BBOLAYH
JIONATKOBHH MHOXHHK 1,0, AKHH BpaxoByBaB OM JOMO BIUINBY IIOBODOTIB
Ha CepeHIO TeIUIOBiAIaYy.

d
8R,Tl =1 +3’54 28;; nnos . (10)

B nonieTuneHOBOMY TeIUIOOOMiHHHUKY JIOBXHHY KaHaiy Iy AR PYXy
BOJIM MOXXHA BU3HAYMTH AK CyMy JOBXHH NPAMHX IiNSHOK /,, Ta IOBOPOTiB
1,06 PAZIiyCOM R,

Iy=lp+ le= (L = 2R)n + WR(n - 1), an
ne L - noBxuHa TemnooOMiHHuMKa; H — BHCOTa TENNOOOMiHHHMKA;
2R=S= FI%—I — BiICTaHB MiX pAIaMH IPAMUX KAHATIB; 7 — KITLKICTE PANIB.

Tomi
e S(n-1)

I~ 064n(L-S)+S(n-1)°

np

(12)

nnoa =

©®opMmyny (12) MOXKHA IelO CIHPOCTHTH VIS TEIIOOOMiHHHUKA JOBXKH-
Hoto 500-1000 MM 3 kinekicTio pazie TpyO (kaHamiB) n > 4,

H
n,,, =——————— 3
"¢ 0,64nL+036H 13

Takum uuHOM, KoeillieHT TEIUIOBiAAadi B MONETHIEHOBOMY BOJO-
HarpiBadi 3 eTiNTHYHUMH KaHakaM{ B YMOBaX JJaMiHApHOTO pyXy BOAH MOXK-

Ha po3paxoByBaTH 3a popMynaMH (2), (4) 3 koedillicHTOM Eg ,;, BU3HAYEHHM
3a (10) 3 BpaxyBannaM (13), abo 3a hopmynoro:

0,33 0,25
ﬁ&—lsme"’”(m%) (_P—’) €€ (14)
v l Pr I"Rn*

cm
Ounepxani ekciepuMeHTaIbHI JaHi (puc. 2) cniBnanaoTs 3 GopMynoo
(14).
Jng po3paxyHKy koedillieHTa Temnomepenadi 3aCTOCOBYETHCH BiioMa
$opmyua

S R S (15)
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Nul

20 ?y

10

10? 10° 2:10° Re

Puc. 2. Cepeans Temnosinnaya npu naMiHapHOMY Pyci BOAH
B NOJETHICHOBOMY EMNTHIHOMY KaHANi

Oe ans paHoro TterutoobMinmmka & = 0,2 mM; A = 0,29 Br/(m °C); ap
BHM3Ha4a€ThCA i3 3anexHocti Hycenbra juia nositps [5] Nuj, =0,018Re?;8;
ag — 3 dopmynu (14).
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YK 697. 329 O. C. Kymnipos, acnipanm KHYBA
JI. ®. YepHuX, KaHO). mexH. HayK
Kuis3HIETI

OCOBNMNBOCTI CUCTEMU ONANEHHA
TMNY “TENNA NIANOrA”

Ha croroani, mopsan i3 3acTOCyBaHHAM pajiaTOPHHUX CHCTEM OIAJIEHHS,
IIHPOKOTO BIPOBa/KeHHA HaOyBalOTh MMaHENbHI CHCTEMH (OCOOJHBO CHCTE-
MH miyioroporo onanenHs). Ilig miyioroBuM onaneHHAM po3yMilOTE CHCTe-
My OnajcHHA, HarpiBa/ibHI €JeMeHTH aKol (TpyOonpoBoaM, eNeKTpHYHI Ka-
6eui) BMOHTOBaHiI B MaCHB MiUIOTH.

TIuTanHsa JOLIBHOCTI Ta 0cOOGMMBOCTEH BHKOPHCTaHHA B AKOCTI oma-
JIOBaJLHOTO NPHIANy MacHBY miAnoru Oyno mocTaBieHO wie 3a 4YaciB
PrMcekoi IMmepii, KoM TakuM YHHOM ONANMIOBANTHCH NPUMIMIEHHS TEPM —
TOorodyacHux Oaup. IIpy YoMy B SAKOCTi TEMIOHOCIA BHUKOPHCTOBYBaOCH
Harpite HOBITps, IO PyXalOYHCh KaHANaMH B MiJJ03i HarpiBalxo OCTaHHIO.
Ioni6Hi cucTeMn 3ycTpivatoThes i B enoxy CepeqHboBiyua mpu oGirpisi Be-
JIMKHX NpHMileHs 3aMkiB. B XX ¢T. cTpiMKe pO3NOBCIOMKEHHS MiTOTOBHX
Ta CTENBOBHX (HarpiBajbHi €1EMEHTH PO3MillleHi B CTENLOBOMY NEPEKPHTTI)
CHCTEM ONaJeHHA IIPUBENIO A0 NOSBH BIiANOBIJHHX HaYKOBHMX Hpallb, 0 Oy-
M TMIPHCBAYEHi NaHEIbHOMY OIANIEHHIO B3arati i mijuyioroBomy 3okpema. Ce-
pen HuX Taki Bimomi pobotw, sk “ITlpomenucre omanenus” JI. Bamxini ta
A. Maykami, “IIpoMenncTe HarpiBaHHs i oxonomkeHHA” A. Miccenapa Ta
id. B Pagsacekomy Cor03i TaKOX MPUALIANIOCH JOCTATHRO YBard MaHeIbHO-
My omnajeHHI0. Bennkuii BHECOK Y PO3BHTOK LHOTO HANPAMY OMAJCHHA BHe-
cin M. T. Panpuyx, H. B. Crponrin, H. K. [Tonomapsosa Ta iH. Ha xans,
HHHi B YKpaiHi He icHye QyHAaMeHTansHUX pobiT, NPUCBIIEHHX OCOOIHNBO-
CTSM KOHCTPYKHl i pO3paxyHKy JaHMX CHCTEM, YMOB MiKpOKIiMary, siki BO-
HH CTBOPIOIOTH B NIPHMiBIEH] Ta 6araThoX iHIIMX MMHTAHb.

3aBHaHAAM JaHOI CTATTI € BUCBITIEHHS 3aranbHUX OCOONMBOCTEH cuc-
TEM THNYy “Tea Mijmora” 3 METOK NPMBEPHEHHS YBard CHELianicTiB Z0
i€l Temu.

Taki cHcTEMH OnaleHHs 3aCTOCOBYIOTHCS B Pi3HMX Taly3sx *KHTIIOBOTO,
TPOMAJICEKOro Ta NPOMUCIOBOro OyAiBHUUTBA (Tpu OYAiBHMUITBI )KUTIOBUX
OyoMHKIB, 00’€KTiB COLHATBHO-KYNETYPHOTO NpPH3HAYEHHS, CIOPTHBHHX
3a/iB, MPOMHKCIOBHX OO’€KTIB Ta CKNAACHKMX OPHUMINIEHB), a8 TAKOK Y
OyniBHHITBi Ha3eMHO-MIA3EMHUX Cropy] (MOCTiB, M’ i3HMX INIAXiB, CIIOP-
THBHMX MaiiJaHuMKiB, TI3eMHUX rapaxiB TOMIO).
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B VkpaiHi BenHke po3NOBCIOKEHHA LIMX CHCTEM 3yMOBIIOETHCS aKTY-
ANBHICTIO NHUTaHHA HPO CTBOPDEHHA B NPHUMIIEHHI KOMQOpPTHHX YMOB i
BIIPOBAKEHHA eHepro3depiraloyux TeXHOJIOTiH.

B Ham d9ac, B YkpaiHi Ha omaneHHA >XHTIOBHX Ta TIPOMAACBKHX
6yniBens MOPiUHO BUTPAYAETHECA OIIM3BKO YBEPTi 3araJbHOro 06°€My CIo-
AHBaHHA eHepropecypciB. 3HaYHOIO CKJIAZOBOI0 L[HX EHEPrOBHTPAT € TaK
3BaHi “JapeMHi BHTpaTH”, fKi B CBOiii GinblIocTi MOB’s3aHi 3 HHU3BKOIO
AKICTIO TEINIOTEXHIYHOTO OOIamHaHHSA, HEAOCTATHEO BHCOKHMMH TEIN0i30-
AAUIHHAMH BIaCTHBOCTAMH OrOpPOMXYIOYHX KOHCTPYKLif Ta HH3bKHM
piBHEeM ApOBEJeHHA MOHTAaXy Ta €KCIUTyarauii cHcTeM onaneHHA. Tomy
MIOCTa€ MUTaHHA OO0 3MEHILEHHS 06CATIB TEMIOBUX €HEPrOBUTPAT HA MO-
TpeOH TEMNONOCTayaHHA. ICHye HOeKinbKa HIAXiB BHpIIIEHHA IBOTO IIH-
TaHHS, OCHOBHHMH 3 SKHX € MiHiMi3alli1 TenmoBTpaT Kpi3b OropoKytoui
KOHCTPYKLii, BHKOPHCTaHHA HU3BKOTEMIEPATYPHHX TEIUIOHOCIIB Ta aKy-
MYIIOBaHHA TEIUIOBOI €Hepril.

OCKiNBKH KamiTalbHi BHTPaTH HA BCTAHOBIEHHA “TENUNMX mimmor’
TIOPIBHAHO HEBHCOKi, a CTyliHb KOM(GOPTY, AKHil BOHH 3a0e3NedyroTb BH-

' WM y OPiBHAHHI 3 TPANMLIAHUMH CHCTEMaMH, TO CTa€ 3pO3yMillMM MifBH-
LIIeHHA iHTepecy 4O CHCTEM ONajieHHA BAHOTO THITy 3 60Ky CIOXHBauiB po3-
BHHEHMX KpaiH, Je KoM(GOPT CTaB HOPMOIO JKHTTA.

IIpobneMy wmiHiMi3alii eHeproBUTpaT HeoOXimHO BUpilIyBaTH Iapa-
TeNbHO 3 MHTAHHAM, IO CTOCYEThCA 3a0e3leyeHHs YMOB TEIUIOBOrO KOM-
dopry B onmamopanbHUX NpuMmimeHHaX. Lle 3aBaaHHA MOXHA BHPIINTH
MUIXOM 3aCTOCYBAaHHS HiJJIOrOBOi CHCTEMH OMAJIEHHSA 3 BHKOPHUCTAHHAM il
(mimmoru) TeMmaoaKyMyIT0I0490] 34aTHOCTI.

CucreMa TepMoperyJllii IIOAUHH, IKa KOOPAWHYETHCA LEHTPANBHOIO
HEPBOBOIO CHCTEMOIO, 3abe3nedye MiATPAMaHHA PiBHA KiIBKOCTI TEMIOTH,
10 YTBOPIOETHCA B Tili IIOAHMHM B MPOLECi Ti XUTTEAIAIBHOCTI, Ta TEIUIOTH,
IO BiABOAMTLCA Y HABKOJHILHE cepeNOBHILE. SIKINO napamMeTpH MOBITp4, IO
OTOYy€ MOAMHY 3a6e3nedyloTs MPHPOAHHUH BiABiA yciel KiNBKOCTi TEIIOTH
BiA 1i Tima 3a ymMoBH HOpPMaIBHOrO (YHKI[iOHYBaHHA TEPMODETYIIOI0YOr0O
amapaty opraHizmy, To6T0 6e3 #0ro HampyXeHHd, TO B LIbOMY pa3i JIOAMHA
BiguyBae cebe kom¢popTHO.

3po3ymino, 0 3aBOAHHAM OMNalEHHA € MiATPHMaHHA B NPHMIIEHHI
NIeBHHUX 33JJaHUX METEOPOJIOTiYHNX YMOB Ta CTBOPEHHS HEBHOr'O, ONTHMAJIb-
HOTO JUIA HOPMAJIBHOI JKHTTENIIBHOCTI MONHHH MikpokiiMaTty. OCHOBHOIO
BHMOTOIO IO CHCTEMH ONAJICHHA € MiATPHMAaHHA YMOB KOM(ODPTHOCTI, CIIpH-
ATIMBHX JUIA IOAEH, 10 3HAXOAATHCA Y NPHMIIIEHHI.

CucTeMa X ONAJIEHHA THIY “Telna mimjgora” Aa€ 3MOry JOCATHYTH
MaKCHMAJIBHO PiBHOMIPHOTO TEMIEPaTyPHOro PO3MOAINY IO BCilf MOBEPXHi
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nmignorn Ta Ginbll OAHOPiAHOro, Y MOPIiBHAHHI 3 KOHBEKTHBHOIO CHCTEMOIO
OMaJieHHA, PO3NOAiTy TEMIEpaTypH 1o BHCOTI MpUMilieHHA (pHUCyHOK). Pe-
3yJBTATOM LBOTO € BiNCYTHiCTh 36ypeHHsA MOBiTpA Ha rpilouilf moBepxHi i
3AifiMaHHA MY, K I{e Ma€ Micue y pa3i BUKODHCTaHHA pafmiaTopis. B oc-
TAaHHEOMY BHINAJKy MU MigiiiMa€eTsCA NOTOKAMH MOBITPA i 30CEPEMKYETHCA
y 3aBHCIIOMY CTaHi B 30Hi AuxaHHA moauHd. KpiM Toro, moBHicTIO BiaCcyTHE
ABUIIE PUIOPaHHs MUY, TaK AK TeMIlepaTypa Ha MOBEpXHi ONMaOBajbHOI
naHeni nigTpuMyeTses B Mexax 26 °C.

A )
—— OTBIIEHHA TOATIOTO0
=z — — pamiATOPHE OTANEHEA
~
]
T
S
H
g
H
=
E
:
=
&
) 4

16 18 20 2 24 26°C TemmepaType NOBITPA B MPHMIEHH

PHcysok. PosnojinenHs TeMnepaTypH o BUCOTI NPHMIllleHHs B YMOBAX BHKOPHCTaHHA
NiUIOr0BOTO Ta PafiaTOPHOTO ONAJICHHs

Jlo mepeBar mifNnOroBHX CHCTEM OMNAJIeHHA MOXHA BiJHECTH BiXdyTHE
3HIKEHHA TEIUIOBTPAT, AKEe NOCATAETECA 3aBAAKH: MO-MepIlie, ONTHMAILHO-
MY pO3MillleHHIO, MO-ApYyTe, BEMMKill miomi HarpiBanrHoOro enementa. Om-
THManbHa pobOTa CHCTEMHM NOCATAETHCA IUIAXOM BCTAHOBIEHHS MpHIANIB
YTIPaBIliHHA TeMIIEPaTypPHUM peXHMOM, a Oillnlia BenW4MHA TPOMEHHCTOL
CKJIAZOBOI B MOPiBHAHHI 3 KOHBEKTHBHOIO AA€ 3MOTY 3HU3UTH CEPENHIO TEM-
epaTypy MOBiTpA B npuMilieHHi 3 22° no 20 °C, He NOPYIUYIOYH IPH LBOMY
YMOB TEILI0BOro KoMG$OPTY B IPUMIIIEHH.

Hapgilinicts i [OBroBiUHiCTE IIMX CHCTEM BH3HAYAETHLCA HE TiNIBKM
SIKICTIO BUKOPHUCTAHUX MaTepiaiis (Tpy6onpoBoiB, KpillieHb Ta MOHTAXHUX
3’€HaHb HArpiBaJIbHX €NIEMEHTIB), CTIHKHUX 10 TeMIepaTypHUX Ta rifpaBnid-
HHMX HaBaHTaX€Hb, ajie H JOCKOHANICTIO TexHoNorii. ToMy BaXINBHM, MOX-
Ha HaBiTh CKa3aTH, BU3HAYAIBHUM KPHTEDI€EM JOBTOBIYHOCTi Ta HamifiHOCTi
poGoTH cHCTEMH onalneHHs — € JOCBix po6oTH ¢ipMU-BHpOGHHKA €l1eMEHTIB
CHCTEMH OMaJICHHA Ta MOHTaXHOi OpraHisanii. A IIpH HaleXXHOMY MOHTaxi
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Ta eKCIUTyaTallii CHCTeMH OmaJieHHA TepMiH CIyxOu 1i Moxe OyTH cmiB-
cTaByieHHit 3 TepMiHOM ciyx6u 6yaunaky. SIk mokas3as HOCBin, 3aMoHoTIYeH]
B OeroH TpybompoBoau cHcTeM omnaneHHs 30epiraroThes 3HAYHO AOBHIE
BiKpUTHX TpyGonpoBozais.

IIo cTocyeThes Ge3neky ekcuTyaTanii eneKTpUYHHX “Terux mimpior”,
TO i NOTpiGHMI piBeHL NOCATAETHCA ULIAXOM MNoABiifHOT abo, HaBiTh, mo-
TpiliHOi i30MA1i], eKpaHyBaHHA HarpiBaJLHOro Kabemo, a TaKoX BCTAHOB-
NeHHA o6JIaqHaHHA 3aXUCHOTO BiIKIIOUEHHA.

HopisngHo nerkwit i He TPYAOMICTKHH mpoLEeCc BCTaHOBIEHHS OMAJIO-
BaJBHOTO OONAmHAHHA A€ MOXJIMBICTL 3HH3UTH BeNMUYMHY KAMITAIBHHX
BHTpAT ANA LIHX CHCTEM Ha €Talli MOHTaXYy, a B OJANBIIOMY, B NEPiof eKc-
ILUTyaTallii, nigirpis miajioru Moxe BinGyBaTHca He MOCTiiHO, a NepiogudHO,
IO IOMIiTHMM YHHOM BIUIMHE HA BeJIMUMHY eKCIUTyaTauiduux utpat. Takuii
NEPiOANYHHI PEXXHM BCTAHOBIIOETHCA 33 AOMOMOTOI0 TEMIIEPATYpHHUX AaT-
YHKiB, fKi 3aKIaJalOThCA B HIAp CTHKKH mimnord. To6To HarpiBmIMCh O
NIEBHOI TeMIIEpaTypH, “Temnna Mmianora ” BAMUKAETHCA 1 MOYMHAE MPALOBATH

B aKyMYJIALIHHOMY PEXHMi.
‘ 3 ormany Ha Te, mo 3 1999 poky B YkpaiHi BBeZleHO B J1il0 BUKOPHCTaH-
HA JBFOTHOrO Tapudy Ha eNeKTPOEHepril0 B HiYHHI NPOMikOK dacy, ode-
BHHOIO € JNOINBHICTE poOOTH “Temol mignord” 3a NrOTHHM rpadikoM,
BHKOPHCTOBYIOYH MacHB MiAJIOTH AK TEIIOHAKOMHYYBay.

Kpim BCHOTO BHINECKA3aHOrO, HEOOXiAHO MOAATH, IO CHCTEMH OMAJIEH-
HA THMY “Teruia mijgora”, y cBOiil GiMBIIOCTI, AO3BONAIOTH MOBHICTIO BHK-
JIOYHTH BHKODHCTAHHA, MOPYIUYIOUHX iHTep €p MPHMIIeHHA, TPagHUiHHHX
OMANIIOBANIEHAX PHIIAIIB.

JouinsHo Gyno BKa3aTH Ha HEONIKH CHCTEMH OMaeHHs THITY ‘‘Temna
migora”.

HoMiTHHM HemOMiKOM BOOAHHMX MiAJIOTOBHX CHCTEM € CKIAIHICTH IIpo-
BefleHH PEMOHTHHX pOoOiT y BHNAAXy HMOMIKOAXEHHS TpyGONmpoOBOAIB CH-
CTeMH, 0CoONMBO AKIO BHHHKAe MoTpeba B JEMOHTaXi MOKPHTTA Ta BEPX-
HBOTO Mapy 6eTOHHOI CTSHKKH MiUIOTH B )KHTIOBOMY nmpuMimeHHi. lle# ne-
HOMIK JOCHThL TPHBAIHMH 4ac CTPHMYBAB TEMIH MOIIMPEHHA TOMIGHHUX CHC-
TeM, OfIHAK CHOTOAHI 19 mpo0iemMa BUPIMIYETHCA i3 3aCTOCYBAHHAM TPYGO-
OpOBOJiB, BHTOTOBJIEHHMX 3 MarTepianiB cCTilikMX 10 rigpaBmiyHMX Ta
TeMIEpaTypHHX HABaHTAXKEHb.

SIK HeOMiK MiJJIOTOBHX CHCTEM ONAJIeHHA MOXHA PO3riIAarTH iX 3Had-
HY, B IOPIBHAHHI 3 PafiaTOpPHHM ONANEHHSM, TelUioBy iHepuito. lleH He-
JoIiK € 0cO6MMBO BIAYYTHHM NpH Pi3Kiil 3MiHi TeMmepaTypd 30BHIIIHBOTO
noBiTpsa abo npH 30iNblIEHH] CTYIEHIO iHCOMALII Kpi3hb MPO30pi OrOPOAXKY-
109i KOHCTpykKuii. OAHAK MpH BHKOPHCTaHHI JOJATKOBHX 3axonis (obman-
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HaHHA BiKOH amo3sMHi ab0 rapAMHaMH, BCTAHOBJIEHHSA TEPMOPETYJIIOI0YNX
IPHUCTPOIB) Takmii HeraTHBHUIA (hakTOp, AK TENIOBa iHEPIia MOXe OyTH x04a
i He YCYHeHHid, ane NMpHHAHMHI 3MEHIIeHUI.

Jlo HemaBHiX Mmip CYTTEBUM HENOMIKOM €NEKTPHYHOI CHCTEMH HiX-
JIOTOBOTO omalnieHus Oyna 3arpo3a CTBOPEHHS eNeKTPOMAarHiTHOro mois, ke
HEraTHBHO BIUIMBA€ Ha opraHiaMm moxamsu. Came 3 wiei npuunHn y 80-x pp.
HOMMT HA eNeKTPUYHi CHCTeMH Ha 3axofi 3Ha4HO 3HH3WBCA. B cywacHmx
CHCTEeMax IIHMPOKO 3aCTOCOBYIOTH JABOIPOBIIHMKOBI eKpaHOBaHi KaOemi.
EnextpomarsiTHe noine, fke BOHH CTBODIOIOTH B mpoleci poOoTH, 3Ha9HO
HIDKYE BiJl MPUPOAHOrO 3€MHOTO i CTAHOBUTH NpuONu3Ho 0,2—1 MKTn.

I Bce-TakH, He 3BaXaroud HAa BCi BHUIEHABeACHI HENONIKM TAKMX CH-
cTeM, 3a OLiHKAaMH CHEIiaNicTiB, ollaneHHA B Niano3i edeKrnBHE i MOxke Oy-
TH peKoMeHI0BaHe Ans Ginbuiocti npuMimieHs (70-90% 3aranpHOro JKUTIO-
BOTO i rpoMafceKoro 6yaiBensHoro ¢poHay). B penrri Bunankis AominsHAM €
BHKOPHCTaHHA HOro CyMiCHO 3 iHITMMH ONaNIOBaNnbHMMH [IPHTAaMH.
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VK 621.183: 695 10. B. Binascukuit, acnipanm

KuiBchkuit HanioHANBHAI YHIBEDCHTET
OyniBHHMITBA i apXiTEKTypH

RO TEOPETUYHUX NONOXEHL ABTOMATUYHOIO
PEMNYNIOBAHHA CNOPYQ BOQRONOCTA4AHHA

TIpobnema perymoBaHHA piBHA piIWHM B pe3epByapax €, 3 TOYKH 30pYy
Teopil aBTOMaTHYHOTO PEry/IIOBaHHS, OCHOBHHM NPOLIECOM CHCTEMH YTIpaB-
ninEg K npy notoxkoposnoxini IJ1 (winmsoBoro npomykry) cepen cIoXH-
BauiB, TaK i NpH aBTOMATH3OBaHOMY YIPaBJiHHI poOOTOI0 HACOCHMX arpe-
ratiB HacocHuX cTaHUiii. IIpH LBOMY rCIIOBHMMH BHMOTAaMH, LIO BHCYBa-
IOTBCA JI0 CHCTeMH, € HaiilHiCTh Ta IpocToTa 06CIyroByBaHHS B €KCILTya-
Tauii. B Tof jke Yac Ha TOYHICTh perymOBaHHA He HAKJAAECHO SJKHXOCh
KOpCTKHX ymoB [1,2].

AHani3 gocnifmxeHs ta mybnikauidl, mo Nos’43aHi 3 i€ npobreMoio
[3,5,6], noBiB, MO caMe 3HAHHA Ta BUKOPHCTAHHA OCHOBHHX TEOPETHYHHX
NIONIOXKeHb HeoOX\IHI TpH po3B’A3aHHi 3aBJaHb 3 aBTOMATH3ALlil yIpaBIiHHSA
TEXHOJOTIYHUM IPOLIECOM, LI NPAaBWILHOTO BUOOPY METOMIB i 3acobiB aB-
ToMarH3auii miacucreM abo 06’€KTiB, y CyKYyMHOCTI CKIaqal04MX BUPOOHH-
4uii npollec, CyTTeBe 3HaYeHHsA Mae BceGiuHe BpaXyBaHHA BIACTHBOCTEH LHX
00’€KTiB, a aHaNi3 IMX BJIaCTHBOCTEH Y CYKYMHOCTi 3 BJaCTHBOCTAMM BHKO-
PHCTAaHMX 3aCOGiB aBTOMaTMKM Na€ MOXUIMBICTh MIpKyBaTtH Npo AKICTh i
HaflifHICTh aBTOMaTH3aLil 06’ €KTa, 30KpeMa BOAOIPOBiIHOrO FOCNOAapCTRa.

OCHOBHOIO TEMOIO 1aHOI CTaTTi € PO3TIs/l, O3HallOMIIEHHS Ta BHBYEHHA
OCHOBHHX TEOPETHYHHX TNOJIOKEHb CHCTEMH ABTOMATHYHOTO PEryIiOBaHHA
PiBHS BOAM Ha NPHKJIaZi CHCTEMH peryoBaHHA piBHA LTI B pesepByapi.

Pesepeyap, gk niacucremMa cnopyx BOAOTIPOBOAY, € OCHOBHMM elleMeH-
TOM (00’€KT) Oy B-1KOI CHCTEMH aBTOMAaTH4HOrO perymoBaHHsA. Po3risHeMo
Hed 06’€KT perynioBaHHS, UI0 XapaKTepu3yeTbcs NpUTOKOoM O, (moaadero)
Ta CTOKOM (J, (BmpaToxo) III1. Ipu pi3HULi MiX IPUTOKOM Ta CTOKOM B
00’ €KTi BHHHKaE nepexiaHuii npouec.

006’ eKTH, M0 MalOTh OOHY BXigHy X Ta OQHY BHXigHY Y BenuduHu, MO-
*XyTh GYTH ONHCaHi HaBeJIeHAM pimeHxM

—-—A 1)
Iy A0 (
Je A — nocriiingit xoedilieHT, U0 Ma€ KOHKPETHI 3HAYEHHA MIA TOTO YH

iHmoro mpouecy; AQ — pe3ynbTyiode MarepianbHe abo eHepreTH4HHH
BILIMB, 1110 BHKJIHKA€E BiAK/IIOYEHHS BUXiAHOT BETHYHHH.
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Koedimienr A xapaxkrepu3ye qHHaMi49Hi BIACTHBOCTI 00’€xTa Ta BH3HA-
gae xapakTep 3MiHn Y y 4aci. [I{o ctocyeTbea AQ, TO B 3arafbHOMY BHITAIKY
BOHA JOPIBRIOE Pi3HHII Mix mpuTokoM Q, Ta BuTparowo Qg HII y o6’exTi,
T0bTO

AQ= Qn - Qa . 2)
VY crari piBHOBard NpPHTOK NOBMHEH OyTH piBHHMM BHTpati: QO =(Qp.
Ipu meomy AQ = 0. IIpu 4, mo BigpizHseTses Big 0, MOXigHA TaKOX IIOBHHHA
OyTH piBHOIO Q, 1110 BiAIOBiAa€ HE3MiHHOMY (TOCTiliHOMY) 3Ha4YeHH!O Y.
IIpu nosBi AQ =Qp —Qp B 06’€KTi BUHHKA€ NIEPEXiAHHHA NIPOIIEC, IPH
AKoMY Y 3MiHIO€TBCA Y uaci. XapakTep Li€l 3MiHM BU3HAYa€ThCA BUpillIeH-
HAM AuepeHLiiHOro piBHAHHA.

PosrnsHeMo cucTeMy perymoBaHHA piBHA Boau sk LTI B pesepByapi,
HaBeIEHOMY Ha pHUCYHKY.

Henosmume nononi  Mexasysas

I, |
| U= X+ @ L4
Juza- | & Y T vewny - | at

B o -

mens mea i

[}
| |
o

e N ety

Pezynvpyrousee
yertpoue mbo
- Hsnrtepume nunoe
i cmpouembo
. Jdrenmn ye
peeyapolanan

PucyHok. Cxema CHCTEMH aBTOMATHYHOTO PETYJIOBaHHSA piBHA BOAH B pe3epsyapi
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Tyt H — piBeHb BoAH, 1O PETYIIOEThCA; Hy — piBeHs, M0 3anaHuil, T00-
TO CHCTEMa PETYNIOBaHHA NpaIlioe B pexcuMi crabinisanii; On — npuToK Boau
B pe3epByap; Op — BHTpaTa BOAH 3 pe3epByapa.

PerynioBanns piBHg BiIOyBaeThCA 3MiHOIO NPHTOKY BOJHW B pe3epByap
S, npu upoMy BUTpaTa (Jp MOXE pO3MIANATHCA AK 30BHINIHE 30YMIXKCHHA.
3rigHo 3 TepmiHonorielo CAP, peryisTop CHCTEMH CKIANAETHLCA 3 BHMi-
PIOBAJILHOTO €JIEMEHTAa Yy BHIIAAI TEMJIOBOrO BHMipioBaua piBHA [3, 4], mo
TIEPETBOPIOE €EMEHT (Ha CXEMi NOKa3aHHii), PETYNIOE MPUCTPOT, 3 OJHOIO
Goky! Bupobmoe curnan X =H —~H, 3 inmoro Goky, ¢opmye curaan

dX . . . .
U=X +a(—dt ), AKHil MONAEThCA Aajli Ha MIACHIIOBAY Ta BUKOHABUMH Me-
xaHi3M (BM). Takum unHoM, Ha BM nomaerscs curaai, nponopuiiiHuii cyMmi
. . .. dX .
Hey3romxeHocti X Ta Horo mHoxigHoi > 3 JIeAKHM MNOCTiHHHM KO-
ediuieHTOM mepemayi @, TOOTO perymOIOYMii NMPUCTPiii BUKOPHCTOBYE Tak
3BaHUii nponopuiliHo-qudepenuiinuii (I1/1) 3akoH perymosanud [5, 6].
B sxocti BM B CHCTEMi BHKODHCTOBYEThCS €JICKTPHYHHH JBUIYH, SKHH
BInBae Ha PO-xnanaH, aku# 3MiHr0€ IBUAKICTH IPUTOKY BOJH B pe3epByap
[4]. Mix S, H Ta Qp icHye HacrynHa 3AJIEXKHICTD:

( ) § -0, 3

ae T — niolia nonepeyHoro nepep13y pe3epByapa.

115 3anexHICTh CTAHOBHTE MaTeMaTHYHHIl omHC (Moaens) 00’ekTa pe-
TymoBaHHA. 3 TOYKH 30py PO3OMBKH CHCTEMH Ha THIIOBi JIAHKM 00’€KT pery-
JIIOBAHHA CTAHOBHUTH iHTErPYIOUY JaHKY. 3anMIIeMo iHuIi piBHAHHA CHCTEMH:

X=H,—-H-~ piBasanna BuMipioBanpHOTO eneMeHta; U =X + a(g— -

PIiBHAIHHS perynaTopa; ‘ji—'f=KU — piBHauHs BM, nme K - koeodilieHT

MiACHITIOBaYa.
TakuM YHHOM, BUMIpIOBAIbHHI €IEMEHT CTAHOBHTH Ge3iHepLiiiHy naH-
Ky, PerylaTop — 1e napajienpHe 3’¢qHaHHs Oe3iHepiiiHol Ta AndepeHuiiinol
JIaHOK, a BUKOHABYHH MexaHi3M Moxke OyTH mpeAcTaBieHHH AK iHTErpyloya
naHka [5,7].
3 piBHAHHA BHMIpIOBAIBHOIO €JIEMEHTa, BpaxoByloud KH,=const,
MaeMo
dX _dH
= @
dr dt
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ITincraBuBuIM B piBHAHHI 06°€KTa, OTPHMAEMO

dX
S-
1% )s-0, ©
Iicna nudepenuiroBanns, 3Hat0uH, mo O, = const, 6yzeMo MaTH
d*X \_ads
=T = 6
di* ) dt ©)

IlinctaBnsioun B piBHAHAS BM %‘—f— Ta BUKOPUCTOBYIOUH PiBHAHHA pe-

TYJIATOpPA, OTPUMAEMO

d*x 1704
~-T K| X +a=- 7
dt J ( ta dt ) ™
abo
d:x dx
== H+Ka KX = 8
T . + i =+ 0. (8)

Ile i € piBHAHHS 3aMKHEHO! CHCTEMHM peryiioBaHHA. SIK BMAHO, BOHO
2-ro NOPAAKY 3 NOCTIHHAMH KoedinieHTaMH,

HaseneMo aHami3 CHCTEMM peryjiloBaHHA, IO JOCHLIKYETHCSH, Ha
cTilfkicTh 3a onoMorow kputepito I'ypsina [7].

XapakTepUCTHYHE PiBHAHHS 3aMKHEHOI CHCTEMH MA€ BHIISAN:

Tp® + Kap+K =0. 9)

Jlna toro mo6 cuctema 2-ro nopanky 6yna criiikoro, Bci koedinienTn
piBHsHHS MOBHHHI OyTH Gimbmii 3a Hyns, T06TO T > 0; Ka > 0; K > 0. Ile
piamosinae ymosam 7> 0; K> 0; a > 0.

3aMiTHMO, IO B CHCTEMi, MO PO3ITIAAETHCA, i YMOBA BHKOHYETHCH,
TaK AK CTaNi KoedillicHTH MalOTh 3po3yMinuit Qi3HYHHI CEHC Ta HE MOXYTH
6yTH MeHINMH 3a Hyms, [ificho, T — nonepeynyit nepepis pesepsyapa; K —
koedillieHT MiICHNEHHA MiacunioBaYa; a — koedinicHT nepenayi audepeHna-
Topa. Takum YuHOM, cHcTeMa cTifika.

Hlo crocyeThcs aHamily AKOCTI perynioBaHHA, TO BOHa MOXe OyTH
OLiHEeHa 32 JONMOMOrOI MPAMHX METOHIB, TaK Ak AudepeHuiliHe piBHAHHA
3aMKHEHO! CUCTEMM Ma€ aHAJIITHYHE PillIEHHA BUIIIALY

—C oM -1
X=Ce ™" +Ce ', (10)
ne C) Ta C; ~ crani, o 3aJIeXaTh BiJl TOYaTKOBHX YMOB; y; Ta ¥, — KOPHi Xa-
PaKTEPHCTHYHOrO piBHAHHA, 1O € pyHKuiamu T, K Ta a.
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B 3anexuocri Big cniBBigHomeHs Mix T, K Ta a Ui KOpHi MOXYTb 6yTH
AK TiCHIMH, TaK i KOMIUIEKCHUMH, 110, B CBOIO Yepry, BILIUBAE HAa XapaKTep
nepexigHoro npoiecy B cucteMi. Tak, IpH cTymmeHEBOMY BXiIHOMY BILIHBI B
[epuIoMy BUMAJAKY MepexifHuii mporec B cucteMi Oyae amepioguyHuM, a y
JAPYTOMY — KOJTHBaJIbHHM,

TakumM unMHOM, 3HatouH T, K Ta a, MO’KHA aHaJIiTHIHO AOCIIMTH XapaK-
TEpH MepexiJHOro MPOollecy B 3aMKHEHiH cucTeMi perymoBaHHs [6].

BucnoBku

1. PezepByap — OCHOBHHi 06’ €KT peryioBaHHA CHCTEMH aBTOMATHYHO-
'O perynioBaHHA PiBHA BOIH.

2. lepexinnwnii npouec — pisHuI Mixk mpurokom (Jr Ta BUTpaToio Op
Il y o6’ekti, 10610 AQ =0, ~Qgz(Ha BM mnopmaerscsa curuain, mpo-

N . . . . dX
MOPIIMHUHK CYM1 HEY3TOKEHOCT1 X Ta Horo moxigHoi —T 3 NEAKHM II0-

cTiiiHUM Koe(illieHTOM mepenadi a).

3. OCHOBHHi1 3aKOH PpETYIIOBaHHA, IO BHKOPHCTOBYE peTyIIONYHiH
npHCTpiit — nponopuiiino-nudepenuiitauit (I17]) 3akoH perymioBaHHs.

4. BumipioBanpHHii eleMEHT CTAHOBUTH Oe3iHepliiiHy NaHKy, peryns-
TOp — lLie MapanensHe 3’eqHaHHd GesiHepuiiiHoil Ta QudepeHNUilHOl 1aHOK, a
BHKOHaBUHH MeXaHi3M Moxe OyTH mpeAcTaBlIeHHH AK iHTEIpylo4a JaHKa,
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=0 BUOATHI BYEHI, NEQAFOMM

NEOHIQ ®EQOPOBUY NMYLEHKO

I'nymenxo Jleonin ®PeaopoBuu
(1927-1995 pp.) — KaHAHIAT TEXHIYHHX
HayK, AOLEHT, 3aBixyBau KadeIpH Tem-
norexHiku (1973-1986 pp.) Kniscrkoro
iH)XeHepHO-0Yy1iBENbHOrO IHCTHTYTY.

Inywenxo Jleonio ®edoposuy Ha-
ponuscs 26 4epsHs 1927 poky B M. Ku-
€Bi y pobouiit poguHi.

IMicnsa 3akiH4eHHA cepeRHBO] IIKOIH
BiH 3 1945 p. mo 1952 p. cnyxuB y naBax
PapsHcpkoi Apwmii. Y 1952-1953 pp.
mpamioBaB y cepenHiid mkom Ne 52
M. Kuesa nabopaHTOoM, mOTIM MiBpPOKY
MeTomHcToM Y PecryOmikaHChKil cTaHmii
IOHHX TEXHiKiB.

Y 1953 p. JI. ®@. I'myuieHKO BCTyTIa€
10 KHIBCHKOrO NONITEXHIYHOTO iHCTH-
TyTy i 3aKiHuye Horo y 1958 p. 3 Big3sHakoro, 3a crienianeHicTio “Typ6ino-
O6ynyBaHHA".

Y 1958-1973 pp. JI. ®@. I'nmymenko npamioBas y KuiBcskoMy momitex-
HIYHOMY iHCTHTYTi iH)X€HEpOM-IOCIiAHAKOM MpobneMHol mabopaTopii Terio-
00MiHy i razomMHaMiky, HaBYaBCA B ACHIPaHTYpi, MiCIA 3aKiHYEeHHA AKOI Ipa-
IIoBaB y Til ke maboparopil cTapmMM iHXKeHepOM, MOJOIINM HAYKOBHM
cniBpobiTHHKOM. Y 1964—1973 pp., micis 3akiHYEeHHA acmipaHTypH — acH-
CTEHTOM, [OLIEHTOM KadelpH naporeHepaTopoGyAyBaHHs Ta iHXeHEpHOT Ten-
noizuxn. Y 1964 p. 3aXHCTHB KaHIWAATCEKY auceprauito. Y 1969 p. iiomy
IPHCBOEHO BYeHe 3BaHHA AOLEHTA Kadenpn maporeHeparopoOyIdyBaHHs Ta
imKkeHepHO] Teruodi3xKy.

3 1973 p. JI. @. I'mymienko mpamnosas y KHiBCekoMy iHxkeHepHO-Oyi-
"BeNIbHOMY iHCTHTYTi 3aBiZyBadeM kadeNpH TEmIOTEXHikM, o6paHHii 3a KOH-
KypCOM.
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3a yac poboTH y KHiBCEKOMY HMONITEXHIYHOMY iHCTHTYTi BiH MiAroTyBaB
KypcH nekniii: “TexHika Termodi3sHIHOro eKCrepuMenTy”, “ATOMHI eNeKTpo-
cranuit’, “ITaporeneparopu”, “VBenenus B cnemianbHicTs”. ¥ KuiBcbkoMy
imkeHepHO-Oy/liBeIBHOMY iHCTHTYTI BiH 4MTaB Jieknii 3 KypciB “Teruro-
MexaHiuHe obnaguanns TEC Ta AEC”, “KorensHi ycraHoBkH”, “ByniBensHa
terodisuka”.

JI. @. I'nymenxo 6yB roioBol0 HayKOBO-METOAHYHOI KOMicii 3 Temno-
TexHiku npu Minsy3i Vkpainu. 3a yac HayKOBO-TI€AaroOTiyHOl AisNBHOCTI y
KuiBcekoMy imxeHepHO-OyniBensHOMY iHCTHTYTI, a paHime y Kuipcekomy
nonitexnigyHoMy iHcrutyti JI. @. I'mymenko omyGnikyBaB 126 HaykoBHX
mpaue, y TOMy 9uchi BiH aBTop 26 BHHaxomis. Iliq #ioro HaykoBHM KepiB-
HHLTBOM migroroBneHo 12 kaHaMpaTiB TexHi4HMX Hayk. BiH OyB aBTOpH-
TETHHAM CHIEWianicTOM i Jyke A06poro NIOAHHON0, 3aiMaBcid I'POMAICHEKOI0
JUASBHICTIO B iHCTHTYTI.

V 1985 p. JI. ®@. CnymeHko noaas 3asBy peKTopY NpPO 3BilbHEHHS Horo
3 NOCaJH 3aBigyBava KadeApH TEIUIOTEXHIKH y 3B’A3KY 3 XBOpOOOIO Ta mepe-
" BeJIeHHs Ha Mocajy JouenTa kadenpu. HMoro npoxanus 6yo 3a10BOAEHO.

VY 1991 p. sin npusHadeHuii npodecopom xadeapu. Ha mili nocazni Bin
npaitoas A0 1995 p. i B usoMy % poui nomep. Iloxosanwii JI. ®. Inymenko
y Kuesi na BaitkopoMy ki1aioBumii.
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Bosusx O. T., Kosanvuyk A. O. IlosiTpopo3noain 3ycTpitHHMH HecmniBBicCHHMH
KPYT/IHMH CTPYMHHAMH.

Y wiit cTaTTi NpeacTaBIeHi pesyabTaTH eKCepHMEHTANBHHX JOCIiKEHb MOBiTPO-
PO3NOAINBHOTO TPHCTPOIO 3 BHKOPHCTAHHAM Yy BEHTHALIHHIH TexHiui 3ycTpiuHHvx He-
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HMX MapaMeTpax TNpPHIUIMBHOI CHCTEMH | CHiBBiJHOWIEHHAX BHTPaT MOBITPR Yy
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TpuBenenuii aHani3 aepoMHaMiYHUX XapaKTEPUCTHK MiCLEBHX BiICMOKTYBayiB Ta
MaTeMaTHYHi 3aJIeXHOCTI U PO3paxyHKy KoedillieHTiB MiCLIEBHX ONOpiB LHX BiACMOK-
TyBayiB. CriHCOK JiiT.; 8 Ha3B.

3inuy I1. JI, XKyxoecoxuti C. C., Yepnoyc O. B. Texmixo-exoroMiuHi acnexTH
BHKODHCTAHHS KOHIYHMX MiCIleBHX BiicMOKTYBauiB y BHpoGHHUTBI.

INpuseneni MaremaTuuHi Ta rpadiyHi 3ameXHOCTI JUIA PO3PaxyHKy OCBLOBOT
IIBHIKOCTI, JOBXHHM Oil Ta KoediLieHTiB MicLeBOro onopy BiACMOKTyBadiB. CITHCOK
nit.: 9 Ha3B.

Hicapes B. €., Joszanox B. B PerymoBanns napamerpis nosirps 3a xonomo-
rolo perenepaTABHHX No6ivHO-BHNAPHHX NOBITPOOX0J0XXKYBAYiIB.

Po3rnaxyra MOMXJHMBICT: CYMICHOrO BHKODHCTaHHf pereHepaTHBHHMX NOOi4HO-
BHIIADHHX NOBITPOOXONOAXKYBAYiB Ta COpOLiiHMX OCymyBayiB MOBITPA [IA perymoBaH-
Hf TapaMeTpiB NPHITMBHOTO MOBiTPA. IToka3aHo, IO BUKOPHCTaHHS pereHepaTHBHHX
NOBITPOOCYIYBANBHHX YCTaHOBOK Aa€ 3MOTY PO3LIMPHUTH MEXi 3MiHH TEITOBOJIOTiCHHX
napaMeTpiB oGpo6/ieHOro MOBiTPA NMPH OAHOYACHIH eKOHOMIl eHeprii Ha OXONOMKEHHA
TOBITPA. -

E€xci ITiompoecki. MeTONHKA eKCTIEPHMEHTANLHOTO JOCHIANEeHHS NPHPOAHOTO
nosirpoobminy B npuMimensi.

B cTarTi npeacTasneHa MeTOAMKA JOCTIIXEHHS MPOLECiB MPUPOAHOro MOBITPO-
o6MiHy B CyMacHHX >XHMTJIOBHX crnopyaax. OnucaHuif Metoj, 3aCHOBaHH#H Ha NPHHLAMNI
MapKipyBaHHA [MOBITPAHOTO CEPENOBHINA TNpPHMIillleHb Ta3aMH, LU0 MapKipyloTh, NpH
JOCHiKeHHi BeNTMYMHA NOBITPOOOMiHY, fKMil, HA AYMKy aBTOpa, HaleXWTh 10 OLIBII
TOYHMX METOAiB, HiX 3aCTOCOBYBaHi METOAM THCKY, IO Aa€ 3MOry MPOBECTH AOCIiN-
MeHHA AificHol BenHuuHN noBiTpooOMiMy B npumimennsx i Gyaunkax. Hasegeni paHi
JOCTi/KEHHS.
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Xyoenxo A. A. Tennosoe MORETHPOBaHHE OTHOCHTEILHO KHBLIX OPraHH3MOB.

Pa3paborannas MeToAHKa TepMOTpadHYECKOro TEMIOBOTO MOAETHPOBAHHSA JKHBBIX
OPraHM3MOB, B TOM 4YHCJiE TEIIOOOMEHA YeNlOBEKA [IPH YCIIOBMH, KOr/ja OBEPXHOCTH 4e-
s0BeKa 06Iy4aeTcs HCTOYHHKOM JyYHCTOH 3HepruH. TIpHBeeHHAs METOAHKA COAEPKHT
PEKOMEHJALHNH [UIA [IOCTPOEHHS TEILIORBIX MOJEJEH H pacueTHbIE COOTHOLIEHHA AIA 06-
paboTkn MoaensHO# HHPOPMALIHH.

Kopbym B. I1., Hyenxo M. 1O. Oco6eHHocTH coBMecTHO# pa6oThl koTnoarpera-
TOB H ra30TYpOHHHBIX YCTAHOBOK ¢ 6amieHHBIMH rPaAHPHAMH,

HaBenenuii aHani3 po6oTH GaWTOBHX TIpaaHpeHs BHIAPOBYBIBHOTO THIY Ta
MOUINBI HaNpAMH 3HIKEHHA BOJIOTOYTBOPEHHA NMPH BHMAPOBYBAILHOMY OXONOMKEHHi
BOAH, HANPHKIAM, NPH CyMicHIH poOOTi rpaaHpHi 3 BAKHAHHMH NMPHCTPOSMH TNPOXYKTIB
3ropanHsa kotnoarperariB. Criucok nit.: 10 Ha3B.

Yepnux JI. @. PesynbTaTH JOCHIKEHD TEIIOBOTO PEXKHMY NPHMIMIEHb 3 eJIEKT-
PHYHOI0 KabeIbHOI0 CHCTEMOIO omasieHHs Tennoakymy.sniiinoi gii (EKCO-TA) npu
miHiMaabhil B Ykpaihi Temuepartypi 30BRilIHLOr0 NOBIiTPA.

Ioxa3zaHa MOX/HBICTb MiJABHILEHHA TEMIOAKYMYJIOIOYHX BJAaCTHBOCTEH €leKTpO-
MiAOTH NPHMIlICHHA 3 ENEKTPUYHOI KaGeNnpHOI CHCTEMOIO OMaleHHsA TEMIoaKy-
mymotoyoi aii (EKCO-TA) mnsxoM 36inplueHHS TOBILKHM INApy BaKKoro O€TOHy Hal

eJiekTpoKabeneM Ta J0AaTKOBOI TEMIOBOI 130JIALliT 0 MEPHMETPY LBOTO LIapy.

Pockoswenxo F0. K, Txauenxo B. A. PekoHCTPYKIif CHCTEM onajgeHAs 3HMOBHX
TeNJIHUb AHFAPHOTO THITY.

HasefeHo TexHiuHi pillleHHA 3 PEeKOHCTPYKUii CHCTEM OMalieHHA aHrapHMX riapo-
nonrux Temuub HBIT “ArpokoM6inat IMyina Boauuis™ Ta pe3yssTaTH eKCnEpHMEHTalb-
HHX JOCHiHKEHD X TENI0BOT €eKTUBHOCTI.

ITpuiimax O. B. ExcnepRMeHTaNbLA| J0CIIHKEHHN TENJIOBHX i riapoaHHaMidHHX
XaPaKTePHCTHK TenomacooOminnHKiB 3MimyBanbHoro THy (TM3/Y).

B cratTi HaBefeHO pedynbTaTH 0OpOOKH JaHHMX riApaBliYHHX AOCIIKEHD TEILIOMa-
coobminnukiB TM3]] Ta eMnipuuni dopmynu nns po3paxyHKy X riAapaBnivHOro onopy.
3
Bosniok 1. B. AnropuTmizanii Ta nporpaMyBaHH# ONTHMAJIILHOTO CHHTE3y Gara-
TOKOHTYPHHX CHCTEM Tel/IONOCTAYAHHS.

V po6oti po3rnafaeTbCs 3aranbHa 3aja4a ONTUMANBHOTO CHHTE3y 0araTOKOHTYp-
HAX CHCTEM TEIUIONOCTAaYaHHA, a TaKOX OMHCYEThCA MPHHLMMOBA GJOK-CXeMa anro-
PHUTMIB ii JEKOMNO3HLII.
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3aiiyes O. H. Cnoco6 peryanpoBaHHa paGoTel TenioreHepHPYIOIMIHX yCTaHO-
BOK Maj10ii MOINHOCTH.

Ha ocHOBi aHajmisy Ta uHcensHoro MopaemoBaHHs ¢opmynn Ilpanpria Tta
3aMPONIOHOBAHHA METO/l Pery/IoBaHHs TEMJIOreHEPYIOUHX YCTAHOBOK Majiol MOTYXKHOCTI.
Cnncok nit.: 2 Ha3B.

Kononenxo I M. locnigxenHss KOHBeKTHBHOro TemJio- i MacomepeHocy mpH
Tewil BOAH B TPilUAHYBATOMY cepeAOBHII.

IToxasano po3s’A3aHHA 3a7a4 KOHBEKTHBHOIO TEMIOOOMiHY Ta MacornepeHocy NpH
JOBiNBHIiN NIOCKiH Teuil pigHHM B TpimMHyBaTOMY CcepenoBHmi. CITMCOK JiT.: 3 Ha3B.

Cmenanoe M. B. ExcnepaMeHTajJbHe AOCTIDKEHHS MOJieTHIEHOBOrO BOAO-
narpisaua.

HaBeneHi pe3yisTaTd eKCNEPHMEHTANEHHX NOCIIDKEHE MOJICTHIEHOBOrO TerJio-
obmiHHHKa Ta eMmipxuHi ¢opMynH Ins BH3HaueHHA KoedillieHTa TeruoBimmaui npu
naminapHoMy pyci Boau. Ciucox AiT.: 12 nass.

Kywnipos O. C.,, HYepnux JI. @. OcobanBocti CHCTEMA onajeHHs THUWY “TenJa
nigmora”.

B pauiif cratTi posrnsHyTO 3araibHi NMTAHHA CTOCOBHO BHKOPHCTAHHA CHCTEM
nizioroporo cnaneus. HabeneHi ix ocHOBHI mepeBard Ta Hemonikd. CTaTTa MiCTHTEH
rpadik, Mo UMOCTpye TeMmepaTypHe PO3NOAUIEHHA MO BHCOTI MPHMILUEHHA B YMOBax
BHKOPHCTaHHA MiVIOrOBOTO Ta pafiaTOPHOrO ONANICHHA.

FBinsscoxuii JO. B. o TeopeTHIHHX HOJIOXeHL ABTOMATHYHOIO pPery/il0BAHHS
CHOPYZX BOAOHOCTAYAHHSA.

B cTaTTi po3rnsHyTi OCHOBHi TEOPETHYHI MONOKEHHA CHCTEMH aBTOMaTHYHOIO pe-
ry/OBaHHA PiBHA PiTHHH Ha NMPHKJIA| CHCTEMH PEry/IOBaHHS PiBHA LILOBOTO NPOAYKTY
(LUT) B pesepnyapi (nocnimxeHni ocHOBHHIA 06’ €xT perymoBaHus — pelepeyap, posris-
HyTO OCHOBHi 3aKOHH peryjoBaHHA Ta BUAM NaHOK — OesiHepuifina, audepeHuiiina Ta
iHTerpyoua) Ta JOBEAEHO, IO caMe 3HAHHA Teopil T2 TEOPETHYHHX MOJIOKEHb JA€ MOX-
JHMBICTh Hajani QOCHiZKyBaTH Ta BHpIllyBaTH npo0JeMy aBTOMATHYHOTO peEryJOBaHHS
cnopya sogonoctayaHuA. CITUCOK JIiT.: 6 Ha3B.
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